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LO1 MO DAU

Sur phat trién dén so, cong nghi¢p hoa da va dang gay ra mot ap
lwe nang né cho moi truong. Nguan mwoc thai sinh hoat, cong nghiép
khong dwoc xu ly da lam o nhiém nguon nude, lam thay doi méi truong
song cua ci"ang vat thuy sinh va anh hm}'ﬂg den sirc khoe cua con nguoi.
Do viy, xit Iy nuée thai la mét cong viée hét siee can thiét dé loai bo
nhitng chat déc hai trude khi thai ra méi truong.

Giao trinh “Cong ngh¢ xw ly nwoc thai” dugc bien sogn voi mong
muon dong gép nhiing kién thirc co ban ve xir Iy nuoc thai cho nhitng doi
tirong la sinh vién cac truong dai hoc va cao dang nganh Céng nghé mai
truong.

Gidao trinh “Cong nghé xw ly nwoc thai” dwoc tham khao va diic
rut tir cac cong trinh nghfén cuiru cua cac nha khoa hoc moi truong, cac
tai liéu giang day cua cdc vién, trwong dai hoc noi tiéng trén thé gidi voi
nhung noi dung duoc chat loc va cé dong nhat gitp cho nguoi doc dé
tiép cdn, nam bdt nhanh chéng bdan chdt cua cde qua trinh trong xir Iy
nuwoc thai.

Phan lém néi dung dwoc bién soan trong gido trinh tdp trung cho
qud trinh xir Iy nuéc thdi bang céng nghé sinh hoc. Pdy la céng nghé
duoc sir dung kha pho bién hién nay trén thé givi. Hau hét, cac nha may
xu ly nuoc thai o Viét Nam déu suw dung cong nghe sinh hoc. Doc gia co
thé tim hiéu cac qua trinh xit ly sinh hoc dé ki sBOD, NBOD va P bang
cac ky thuat hiéu khi, thiéu khi, ky khi voi cac qua trinh tang truong bam
dinh hoac tang truong lo lirng.

Ngoai céng nghé sinh hoc, mét s6 cdc céng nghé khac lién quan
dén linh vuec héa hoc, vit Iy va héa Iy dwoc ap dung riéng biét hodc két
hop trong he¢ fhang xir Iy nude thai nhe két tua, keo tu/bong tu, oxy héa
bdc cao, tuyén noi, trich ly, hap phu va trao doi ion ciing dugc trinh bay
mot cach chi tiét Hham dap umg cho doc gia co thé van dung mot cach
linh hoat khi giai quyét mot doi tuong nueée thai cu thé nham dat dioc
hiéu qua cao nhat trong xir Iy nude thdi.

Trong qud trinh bién soan sé khong thé tranh khéi nhitng sai sot,
tac gia xin chan thanh tiép thu nhirng dong gop cua déc gia.

Tac gia


http://naphoga.vn/bao-gia-nap-ho-ga-bang-composite/



http://naphoga.vn/bao-gia-nap-ho-ga-bang-composite/

Ky hiéu
DO
7S
TSS

DS
VSS

FSS

BOD

BOD:s

BODy;

COD

roc
TKN

HRT(ty)

SRT (6c)

MLSS

M

CAC KY HIEU VA bON VI

Noi dung
Oxy hoa tan
Tong chat ran

Tong chat ran lo himg

Tong chat ran hoa tan

Chat ran lo ling bay
hoi

Fixed suspended solids
Nhu cau oxy sinh héa

Nhu cau oxy sinh héa
sau 5 ngay u o nhiet
d6 20°C

Tong nhu cau oxy sinh
hoa cho cac bon va ni
o

Nhu cau oxy héa hoc

Téng cacbon hitu co

Téng ni to kjeldahl
Thoi gian luu nueoc

Thoi gian luu bun
trung binh

Chat ran lo ling tron
lan chat long

Ty lé thirc an — vi sinh
vat

Dissolved oxygen
Total solids
Total suspended

solids
Total dissolved solids

Volatile suspended
solids

Chat réin lo limg co
dinh

Biochemical oxygen
demand

Biochemical oxygen
demand with 5-d
incubation at 20°C

Total of oxygen
demand measured of
carbonaceous and
nitrogenous demands

Chemical oxygen
demand

Total organic carbon

Total kjeldahl

nitrogen

Hydraulic retention
lime

Mean cell residence
time

Mixed liguor

suspended solids

Food-to-
microorganic ratios

Don vi
mg/l
mg/l
mg/l

mg/l
mg/l

mg/l
mg/[

mg/l

mg/l

mg/l

mg/l
mg/l

mg/l

kg BOD/kg
MLSS


http://naphoga.vn/bao-gia-nap-ho-ga-bang-composite/

FMT

CAS

SFAS

CSAS

CMAS

SBRAS

RBC

AEBR

AFBR

ASBR

CEPT

AOP

DAF

UASB

Bé khuay tron hoan
chinh

Qua trinh bun hoat
tinh truyén thong

Qua trinh bun hoat
tinh nap tung bdc
Qua trinh bun hoat
tinh tiép xuc on dinh
Qua trinh bun hoat
tinh khuay tron hoan
chinh

Qua trinh bun hoat
tinh me ké tiép

Tiep xuic sinh hoc quay

Bé ky khi tang trirong
bam dinh lop bun gidn
no dong hwong lén

Bé ky khi I6p gia héa
long tang trieong bam
dinh

Bé ky khi gidn doan ké
tiéep

Xur Iy phot pho bac
mot tang cuong chat
hoa hoc

Oxy hoa bdc cao

Bé tuyén néi khi hoa
tan

Bé phan g dong
chay nguwoc qua lop
butn ky khi

Full mixing tank

Conventional
Activated Sludge

Step Feed Activated
Sludge

Contact Stabilization
Activated Sludge

Complete Mix
Activated Sludge

Sequencing Batch
Reactor Activated
Sludge

Rotating biological
contact

Upflow Attached
Growth Anaerobic
Expanded-Bed
Reactor

Attached Growth
Anaerobic Fluidized-
Bed Reactor

Anaerobic
Sequencing Bed
Reactor

Chemically
Enhanced Primary
Treatment

Advanced Oxidation
Processes

Dissolved air

flotation

Upflow anaerobic
sludge blanket



O oo

Vs

ol
EBCT

Vo

Ks

K

Do nhot ciia nieoc
Ty khéi

S6 Reynold

Luru luong

H¢é s6 thai

Sw chénh léch toc dé
trung binh

Duwong kinh cua hat

Gia toc trong trieong
Toc do lang ciia hat

Ty khoi cua hat ran
Thoi gian tiép xuc lop
trong

Vén toc ngang hodc
tai trong bé mat

Dien tich bé mat
Chiéu rong, chiéu dai
ciia bé

Hiéu suat sinh khoi

Hé 56 phan hiry oxy

Hang so bdao hoa mot
nua

Téc do tang truong
sinh khoi rieng

Toc do tang truong
riéng cuc dai

Viscosity of water
Density

Reynold number
Flow rate

Coefficient of
discharge

Mean velocity
gradient
Diameter of particles

Gravitational
acceleration

Setting velocity of
particles

Density of particales

Emty-bed contact
time

Overflow rate or
surface loading rate

Surface area

Width and length

Biomass yeld

Deoxygenation
coefficiency

Half-saturation
coefficient

Biomass specific
growth rate

Maximum biomass
specfic growrh rate

N.s/m
Kgfmj

m/s

m/s

m/s

m/s

Kgfm‘i

m’/(m’.d)

m

M

Kg/kg

mg/l

mg sinh khoi
moi / mg sinh
khoi. thot gian



Isu

Io

Nong do chat nén

Téc do su dung chat
nén

Hdang so su dung chadt
nén cuc dai

Hang s6 ho hap noi
bao
Toc do sur dung oxy

Dung lirong hap phu

Substrate
concentration

Rate of substrate
utilization

Maximum specific
substrate utilization
rate

Endogenous decay
coefficient

Oxygen uptake rate

Adsorption capacity

mg/l
mg BOD /l.d

mg chat nén/
mg sinh khor.
s

=
s

mg Oxl.d

mg/g



Chwong 1
NGUON GOC VA THANH PHAN
CUA NUO'C THAI

Muc tiéu chwong 1: sau khi hoc xong chuong nay, sinh viéen nam dwoc:
e Nguon goc, tinh chat cua nuoc thai.
o Anh huong cua nwoc thai chwa xu ly dén méi truong tw nhién va
suwc khoe cua con nguoi.
e Co so ha tang va phwong phap thu thap dit liéu cho hé thong thu
gom nwoc thai.

o Cac phuong phap xu ly nuoc thai.

1.1. NGUON GOC NUOC THAI

Nude thai ¢6 ngudn gde tir cac nguﬂn nude su dung trong cong
nghiép va sinh hoat. Nudc mua va nude tham ciing 1a mét HngDl'} nuoc
thai kha 16én. Ban than nudc mua la nude sach nhung khi roi xuéng mat
dat s& bi pha trén va nhiém ban.

1.1.1. Nudc thai sinh hoat

Nudc thai sinh hoat bao gom nuéc thai den va nudc thai xam.
Nudc thai tr toilet duoc goi la nudce thai den. Nude thai den chira ham
lugng cao chat rin va mot lugng dang ké thirc n cho vi khuén (nito va
plmtphn] Nudce thai den c6 thé duoc tach thanh hai phan: phan va nuéc
tiéu. Moi mot nguoi, hang nam co thé thai ra trung binh 4 kg N va 0,4 kg
P trong nuwoc tiéu va 0,55 kg N va 0,18 kg P trong phan.

Nudce thar xam bao gom nudc giat ru quan ao, tam rua va nudc su
dung trong nha bép. Nudc tir trong nha bép cé thé chira lugng 16n chat
ran va dau mo.

Ca hai loal nuoc thar den va thalr xam co thé chira mam bénh cua
nguoi, dac biét la nudc thai den.

1.1.2. Nudce thai cong nghiép

Rat kho phan loai nudc thai tir tat ca cac nganh cong nghiép. Moi
mot nganh cong nghiép c6 nudc thai dac tru‘ng cua nganh do. Vi du, nudc
thai cua nganh cong nghi¢p dét nhuém chira cac chat hitu co mang mau va
mot s6 hoa chat doc hai kho phan hity. Nudc thai ctia cac co s¢ xi ma chira
ham luong kim loai ning cao va c6 pH thap. Nudce thai ché bién thue pham
chii yéu 14 chira cac hop chat hiru co d& phan huy bing vi sinh.



1.2. TINH CHAT CUA NUOC THAI
1.2.1. Tinh chat vat ly ctiia nuwée thai

Tinh chat vat 1y cua nuéc thai bao gdm nhiét do, mau sic, mui vi
va chat ran.

1. Nhigt dp

Nhiét d6 cia nudc thai thay doi rat 1o, phu thudc vao mua trong
nam. Sy thay doi nhi¢t d6 anh huong dén toc d lang, mic do oxy hoa
tan va hoat ddng cua vi sinh vat. Nhiét d§ cuia nudc thai 1a mot yéu td hét
sirc quan trong d6i vai mot s6 bo phan ciia nha may xur 1y nude thai nhu
bé lang va bé loc.

2. Mau sac

Nudc thai chira oxy hoa tan (DQO) thuong ¢6 mau xam. Nudc thai
c6 mau den thuong c¢6 mui hoi thoi chira lugng oxy hoa tan rat it hodc
khong c6.

3. Chiit rin

Chat ran bao gom céac chat lo ling hodc cic chat hoa tan trong
nude va nude thai. Chat ran dugc chia thanh cac phan khac nhau, nong
do cua ching cho biét chat lugng cua nudce thai va la tham s quan trong
dé klem soat cac qué trinh xu 1y. Thanh phan chat ran trong nudc thai
bao gom:

- Tng chat ran, (TS), bao gom t{mg chat ran lo lung (755) va tnn;j
chit rin hoa tan (7DS). Mdi modt phan cta chét ran lo lung va chét ran
hoa tan c6 thé chia thanh phﬂn bay hoi hodc phan c6 dinh. Tong chat ran
la cac chét con lai trong coc sau khi bay hoi mau nudce thai trong mét gio
hodac qua dém trong 10 nung ¢ nhiét do tw 103°C d@én 105°C. 75 dwoc xac
dinh bang cong thirc:

(A-B)x 1000
mg TS/l = : (1.1)

The tich mrﬁt, ml

A - trong luong cua can kho + trong luong cua coc, mg
B - trong luong ca coc, mg
1000 — hé s6 chuyén doi 1000 ml/I

- Tong chat ran lo ling, (TSS), dugc quy cho can khong co kha nang
ling. 7SS 1a mot tham sé quan trong d6i voi nude thai va 1a mot trong
nhitng tidu chuan trong x{r Iy nude. Tiéu chuan 7SS d6i voi nude thai sau
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khi xur 1y so cap va thur cap thuong bang 30 va 12 mg/l. TSS dugc xac
dinh bing cach loc mau da dl_r{:rc tron déu qua gidy loc c6 kich thude 16
bang 0,2 gm. Can gnr lai trén giy loc Chrcrc nung trung 16 nung trong thoi
gian it nhat 1a 1 gid ¢ nhiét do tir 103 °C d@én 105 °C cho dén khi khoi
luong khong doi. 7SS duoce xac dinh bang cong thire:

(C—D) x 1000

mg 1TSS = ; = (1.2)
The tich mau, ml

C - trong luong cua giéy loc va coc nung + can kho, mg
D — trong luong cua gidy loc va coc nung, mg

- Tong chat ran hoa tan, (IDS), chat ran hoa tan duoc goi 1a can
khong ¢6 kha ning loc. Tong chét ran hoa tan trong nudc thai thd nam
trong khoang tur 250 — 850 mg/I.

TDS duge xac dinh nhur sau: mau sau khi duge tron déu, loc qua
gidy loc soi thuy tinh c6 kich thuge 16 bang 2,0 um. Dich loc dugc bay
hoi trong thoi gian it nhat 1a 1 gio trong 16 nung & nhiét d6 180 + 2°C.
Trong luong tang Ién cua coc nung la trong lugng cua 7DS duoc xac
dinh bang cong thirc:

(E-F) x 1000

mgTDS/l =—— - (1.3)
hé tich mau, ml

E - trong luong cin kho + coc nung, mg
F - trong luong coc, mg
- Chdt ran bay hoi (chat ran co dinh — can tu TS, 7SS ]gm:_"lc TDS)
dugc nung ¢ 5’50“_(3. Trong luong bi mat sau khi nung 1a chat ran bay hoi.
Nguoc lai, chat ran con lai la chat ran c6 dinh. Phan chat ran bay hoi va
chat ran ¢6 dinh duoc xac dinh bang céng thiec:
(G - H) x 1000

me chat rdan bay hoi/l = : - 1.4
® ¢ Thdtchmbn w7

(H-1) x 1000

mg chat rdn co dinh /I = (1.5)

Thé tich mau, ml
G — trong lugng cua cin + trong lugng coc trude khi nung, mg
H — trong lugng can + coC nung hodc phin loc sau khi nung, mg

[ —trong luong coc hoic phin loc, mg
1



http://sachviet.edu.vn

Xéc dinh phan bay hoi cta chat ran dé kiém soat hoat dong ctia nha
may xur 1y nudc thai, bai vi né cho biét két qua thé cua lugng chat hiru co
trong phan chét ran cua nudc thai.

Két qua xéc dinh chat ran bay hoi va chat rin ¢6 dinh khong phan
biét d6 chinh xéac giira chat hiru co va vo co, boi vi luong mat khi nung
khong x4c nhan chi ¢6 hop chat hitu co ma con mét so hop chat muo1 vO
co cung bi phan huy. Xac dinh cac chat hiru co co thé dugc tién hanh
bang kiém tra nhu cau oxy sinh héa (BOD), nhu cau oxy héa hoc (COD)
va tong cacbon hiru co (TOC).

- Chat rdn cé kha ndng ldng - cac vat licu lo lung c6 kha ning ling
trong mot thoi gian x4c dinh. Chat ran ling duoc biéu dién theo don vi
ml/l hoac mg/I.

Phuong phap thé tich dé xac dinh chat ran c6 kha nang lang nhu sau:

Cho nudc thai vao Dng dong hinh tru ¢6 cac vach chia thé tich. Sau
khi hén hop duge tron déu, dé im trong thoi gian 45 phut. Dung dua thuy
tinh dau boc cao su dao nhe quanh thanh ong. Sau do, dé im thém 15
phut nita. Ghi thé tich chat ran lang theo mi/l.

Mot thi nghiém khac dé xac dinh chat ran c6 kha nang lang la
phuong phap trong luong. Dau tién, xac dinh tong chét ran lo ling nhu
da gio1 thiéu ¢ trén. Sau do, xac dinh chat ran lo lung khéng co kha nang
lang tu dung dich cua cung mot mau da duoc dé hing trong thot gian 1
gio, tlep theo, xac dinh TSS (mg/l) cua dich long. Két qua thu duoc 1a
tong chat ran khong c6 kha nang lang. Chat ran c6 kha nang lang duoc
xac dinh theo cong thirc:

[mg chiit ran co kha nang ling /1 | = [mg TSS/) - (mg chit ran
khong co khd nang ling/l) (1.6)

1.2.2. Thanh phan héa hoc cia nwée thai

Chit rin lo ling va chat rin hoa tan trong nudc thai chira cac chat
hitu co' va vo co. Chat hitu co ¢ thé 1a hydrat cacbon, m&, dau, chat béo,
chét hoat dong bé mat, protein, thudc trir siu, cac hop chat hitu co bay
hoi, cac chat héa hoc doc hai, v.v. Céc chat vo co bao gom kim loai ning,
chat dinh dudng (N, P), pH, do kiém, clo, sulfua... Cac chat khi nhu CO»,
N, O,, H,S va CHy cling ¢o thé ¢6 mat trong nudc thai.

Nong do nito trong nudce thai sinh hoat thd (nudce thai chua xur 1y)

tir 25 — 85 mg/I d6i voi tong nito (bao gﬂm N-nitrat, N-amoni, N-nitrit va
N- hiru co); 12 — 50 mg// 1a N — NH,"; 8 — 35 mg/! 1a N — hiru co. Nong

d nito hitu co duoc xac dinh bang tong nito kieldahl (TKN).

Tong nong d6 phot pho trong nudc thai tho nam trong khoang tir 2
— 20 mg/l, trong d6 bao gom tir 1 — 5 mg/l 1a phot pho hiru co va tir 1-15
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mg/I 14 phdt pho vo co. Phdt pho va nito trong nudc thai 1a nhitng chat
dinh dudng cho su phat trién va tai tao ca vi sinh vat trong qué trinh xur
Iy nudce thai va trong nudc tu nhién.

Nong d6 chat hitu co cua nude thai thudong duoc do bang nhu cau
oxy sinh hoa trong tho1 gian 5 ngay (BODs), nhu cau oxy hoa hoc (COD)
va tong cacbon htru co (TOC). Do BOD:s la do lucmg OXy doi hoi dé oxy
hoa chat hiru co trong mau trong thoi gian 5 ngay 6n dinh sinh hoc &
20°C. Giai doan nay la gia1 doan oxy hoa cacbon BOD (CBOD). Xu ly
nude thai bac hai dugce thiét ké dic biét dé khu CBOD.

Ty 1¢ cua C, N va P trong nudc thai la mot tham s6 hét stc quan
trong d6i v6i qua trinh xur 1y sinh hoc. Ty 1& chung chap nhan duoc trong
nude thai BOD/N/P dé xir 1y sinh hoc 1a 100/5/1 twong (mg, nghia 1a 100
mg/l BOD, 5 mg/I N va 1 mg/l P.

Nhu cau oxy héa hoc (COD) 1a do luong tuong duong oxy véi ham
luong chat hiru co trong mau bi oxy hoa bai chat oxy héa manh nhu la
K,CrO,. Bo COD thuan tién cho viéc kiém soat qué trinh xir Iy nudc thai
vi thol gian xac dinh nhanh hon BOD;. Gia tri COD thuong cao hon
BOD:s. Tjk 1& dién hinh giua COD va BOD:s trong nudc thai tho thuong la
0,5: 1 va c6 thé giam xudng 0,1: 1 d6i véi nude thai sau khi xir 1y bac
hai. Viing COD tiéu chuan d6i v&i nuée thai tho tir 200 — 600 mg/l.

1.2.3. Thanh phan sinh hoc ciia nwée thai

Cac nhém vi sinh vt chu yéu tim thay trong nuée thai 1a cac vi
khuan, nam, protozoa, vi thuc vat, dong vat va virus. Hau hét cic vi sinh
vat (vi khuan va protozoa) co loi1 trong xu ly nuoc thai. Tuy nhién, mot
s0 vi khuan gay bénh, nam, protozoa va virus tim thay trong nuéc thai
cting duoc quan tam dac biét do tinh doc hai cua chung.

Vi khudn chi thi: cac vi sinh vat gay bénh thudng duoc dao thai boi
con ngudi tir hé thong tiéu hda. Ngudn bénh lan truyén trong nude thuong
la bénh tiéu chay, thuong han, sot thuong han, ly, v.v. Noi chung, noéng do
vi khudn gay bénh trong nudce thai 6 nong do rat thap va rat kho nhan biét.
Hi¢n nay, mot s6 loai vi khuan nhu tong coliforms (TC), coliform cua phan
(FC) va khuan nhiém trung phan (FC) dugc stir dung lam vi sinh vét chi thi
cho ngudn nude va nude thai bi 6 nhiém ngudn bénh.

1.3. TAC PONG CUA NUOC THAI CHUA PUQC XU LY

Cac chat ban trong nudc thai la tac nhan tac dong truc tiép do6i voi
moi truong va strc khoe con nguoi. Do 1a chat ran lo lung, chat hitu co
phan huy sinh hoc, vi khuan gay bénh, hop chat hitu co kho phan huy,
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chét dinh dudng (N, P), kim loai ndng va cac chat vo co hoa tan. Bang
1.1. dua ra su tac dong dién hinh cua cac chat 6 nhiém trong nudc thai
d6i véi moi trudng va con nguoi.

Chat ran trong nudce thai sinh hoat c6 thé ling dong thanh cin, 1am
tic hé thong Dng thoat nudc, lap day kénh rach va song ngoi. Dau md tao
thanh bot troi noi gdy mat tham my cua nguon nude tu nhién.

Chat dinh dudng N va P giy ra su pha dudng trong nude. Cac ho
va nude song chay véi toc dd cham bi anh hudng nhiéu hon so véi nude
song chay toc do nhanh hon. Trong cac ho va song c6 dong chay cham,
tao dugc nudi dudng bing cac chét dinh dudng, khi chung bi phén huy sé
lang xudng mat ddy nhu tram tich. Sau dé, chat dinh dudng lai duoc giai
phong khoi tram tich tro lai pha nudc. Pay 1a chu trinh sinh san va chét
cua tao trong moi truong nudce. Trong giai doan dau, su séng dudi nude
phu dudng kha phong phu, tao phat trién rat manh, mot luong lon tao bat
dau chét dé cho mot chu ky sinh san mé1. Sy phan huy tao chét 1am cho
BOD cua nudc tang Ién, dan dén nudc bi suy giam lugng oxy. Mot $0
loai tao tiét ra chat doc co the lam nguy hai dén cac loai chim n c4 va
lam gay bong 1én da khi tiép xac véi nude. Nude bi phu dudng s& nang
gia thanh xur 1y, dac biét trong x{r Iy nuédc cho muc dich sinh hoat.

Kim loai nang va cac ch’it doc hai khac dugce sur dung trong nha la
nhirng nguﬂn 0 nhiém cho ngumn nuoc. Kim loar nang bao gom Cu, Zn,
Cd, Ni, Cr va Pb ¢co nguun gOc tir nhirng vat liéu ché tao dudng 6ng cung
r.:ap nudc, cac chat tay ria, cac loai vat lidu s dung dé lop mai nha, hé
thong thoat nude, v.v. Khi ham lwong kim loai ning trong nude thai du
cao, ching sé dau doc vi khuan, thuc vét, dong vat va con nguoi. Cac
nguén khac cua nhitng vat liéu déc hai c6 trong nuédc thai gia dinh 1a
thuéc chita bénh qua dat, chat diét con trung va diét co, ciac dung moi
hitu co, son va cac chat héa hoc khac. Céc chat nay cé thé an mon duong
6ng dan nudc thai va lam anh huong nghiém trong dén cac hé thong cia
nha may xu Iy nudc thai. Khi ¢é mat véi ham lugng cao, kim loai ndng
trong nude thai sé gay bat lgi cho qua trinh xir 1y.

Pé ngan can su huy hoai méi trudong, nude thai can phai duge xir
1y. Xt 1y nude thai 1a loai bo cac chat ran va BOD cua nudc thai. Trén co
s d6, can phai dwa ra mic do xu 1y nude thai dé dat duoc néng do toi
han cua chat ban trudc khi thai ra mo1 truong. Muc dé xu ly nudc thai sé
phu thudc vao cac tiéu chuan cho phép cua ting quoc gia.

Phan tich BOD trong nwdec thai

Phan tich trong phong thi nghiém do6i v&i cac vat liéu hiru co trong
nudc va nude thai bao gom cac thi nghiém nhu cau oxy sinh hoéa (BOD),

14
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nhu cau oxy hoa hoc (COD), téng cacbon hitu co (TOC') va tnng nhu cau
oxy (TOD). Phan tich BOD lién quan dén sir dung vi khuan. Phén tich
COD la st dung tac nhan héa hoc. 7TOC va TOD dugc do bang cac thiét
bi chuyén dung.

Xac dinh BOD dugc st dung rong rai dé do nf’ing d6 chit 6 nhiém
trong cac nha may xir Iy nudc thai, dinh lwong hiéu suat khir cac chat hiru
co cua qua trinh xtr 1y va danh gia kha nang tu phan hay chat 6 nhiém
cta hé thong song ngoi. Phép do BOD la dé xac dinh:

« S0 phan tir oxy tiéu thu trong mét thoi gian u dé phan hiy céc hop
chat htru co (CBOD).

« Oxy str dung dé oxy hoa cac chit vo co nhur 1a sulfit, va Fe(IT).v.v.

e Khu cac dang cua I'lltU (NBOD) voi chat Gc ché nhu
trichloromethylpyridine. Neu chat tc ché khéng dugce su dung, thi
nhu cau oxy do duoc la tong cia COD, NBOD va dugce goi 1a tong
BOD hay la BOD su dung (BODu).

Muc do oxy hoa cac hop chat cua nito trong 5 ngay u phu thudc
vao loai va nnng d6 vi sinh vat thuc hién oxy hoa sinh hoc. Vi khuan
nitrat hoa thuong khong c6 mat trong nuoc thai thd. Vi sinh vat nitrat hoa
c6 mat vai so lugng da 16n trong nude sau khi xir 1y sinh hoc (xu ly bac
hai). Do vay, nuoc thai sau khi xu ly bac hai dugc sur dung dé gdy mam
vi khuan cho phan tich NBOD ctia cac mau khac. Su tre ché nitrat héa la
can thiét dé phan tich CBOD.

Két qua do BOD sau 5 ngay u duoc xem la nhu cau oxy sinh hoa dé
khu cacbon htru co (CBOD) néu uc ché vi khuan nitrat héa. Khi nitrat
hoa khong duoc e ché thi két qua do duge 1a BODs. Quy trinh phan tich
BOD c¢6 thé tham khao trong phu luc 5.

Khi nudc thai khong duge gidy mam, BOD duoc tinh theo cong thirc:

D —-D,
BOD,mg/l =— - (1.6)
Khi nude thai duoc gdy mam:
D -D)-(B —-B
BOD,mgHz( ' =B~ B.)f (1.7)

P
Trong do:

D;, D;— oxy hoa tan (DO) ciia mau ngay sau khi pha lodng, mg/I.
D>, D, — DO ctua mau pha loang sau khiu ¢ 231 5 8
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P - Phan the tich ciia mau duge sir dung, ml trong thé tich cta binh
do BOD thudng bang 300 ml

B,— DO cia mau gdy mam so sanh truge khi 1, mg/l
B, — DO clia miu gdy mam sau khi 1, mg/I
f—ty 1& cia mam trong mau pha lodng va mam trong mau kiém soat
e phan trim mam trong mau pha loang / phg’in trim mam trong
mau kiém soat
Néu vt liéu gay mam dugc thém vao mau truc tiép va mau kiém soét
thi f'sé la:
£~ thé tich clia mam trong mau / thé tich cia mam trong mau kiém soat.
Vidu 1.1

Pé do BOD, lay m_pori 75 mau nwde thai sinh hoat sau khi xw ly cho
vao 3 lo do BOD co thé tich 300 ml ma khong dung mdam. DO ban dau
trong 3 lo doc dwoc twong ung la 8,86, 8,88 va 8,83. Muec DO sau 5 ngay
i ¢ nhiét dé 20°C doc ci"zrgc fuong ung la 5,49, 5,65 va 5,53. Xac dinh
BOD nam ngay (BODs) doi voi mdu nuwoc thai nay.
Gidi:

1. Xac dinh DO tiéu thu trung binh x:
(8,86 —5,49) + (8,88 — 5,65) + (8,83 —5,53)

2 =3,30(mg/1)
2. Xac dinh % giong trong mau pha loang:
p=_"> =025
300
3. Tinh BODs,  BOD, =~ =298/ 13 5a/i
P 0,25

Vidu 1.2

Mau nuoc thai dwgc pha loang voi hé sc;r 1720 su dyung dung dich
kiém sodt mmﬂ Mirc DO trong binh chira mau va binh chira mam dwoc
do sau moi ngay mot lan. Cdc ket qua duwa ra trong bang duoi day. 1 ml
cua vat liéu mam duwoc thém vao truee tiép dé pha loang mau va thém vao
binh kiém soat. Xdc dinh gia tri BOD hang ngay.

Gidi:
Iml

I. TinhfvaP: f=—=10; P= = =0,05
' lml 20

18
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Két qua thay doi nhu cau oxy va nhu cau oxy sinh héa theo thoi gian

Oxy hoa tan, mg/|

Thoi gian, ngay  Miy pha lodng Kiém sodt mam BOD, mg/l

0 7,98 8,25 -

| 5,05 8,18 57,2
2 4,13 8,12 74,4
3 8,07 8,07 87,6
4 2,95 8,03 96,2
5 2,60 7,99 102,4
6 232 7,96 1074
7 211 7,93 111,0

2. Tinh BOD;:
Ngay 1.

BOD, =

_(7,98-5,05)—-(8,25—-8,18) x1

(D, -D,)-(B,-B.)f

' o

0,05

Mot cach twong tu, BOD ngay 2:

BOD,

- (7.98-4,13)—(8,25-8,12)x1

=57,2(mg/1)

0,05

=T744(mg/l)

Doi véi cdc ngay khac, BOD c6 thé xdc dinh twong tw. Cdac két qua
cua BOD;s duoc trinh bay trong bang tren bang 102,4 mg/l.

Bing 1.1. Anh hwong ciia nwéc thai dén méi trweong

Chét 6 nhiém

Ngu{’in gﬁc

Téc dong dén moi truwdong

Chét ran lo ling

(55)

Nudce sinh hoat, nudc
thai cong nghiép, xo1
mon bo1 dong chay

Gay ra su ling dong bun va
diéu kién ky khi trong moi
truong nuoc

Hop chat hiru
co phan ra sinh
hoc

Nuoc thai sinh hoat va
nudc thai cong nghiép

Gay ra phan huy sinh hoc
dan dén sir dung qua luong
oxy ma nguén nudc co thé
tiép nhian din dén cac diéu
kién khong thich hop

17
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Vi khuan giy Nuoc thai sinh hoat Truyén bénh cho cong dong
bénh
(Pathogens)
Chat dinh Nude thai sinh hoat va | C6 thé gy ra hién tugng pht
dudng nudc thai cong nghiép | dudng
Céc chat hiru co | Nude thai cong Co thé gay ra mui va vi, c6
kho phan huy nghiép thé la chat doc hoac chat gay
ung thu

Kim loai nidng Nudce thai cong Poc

nghiép, nudc ham

mo. ..
Cac chat vo co | Nude str dung cho Anh huong dén viéc str dung
hoa tan sinh hoat va cong lai ngudén nudce thai

nghiép.

1.4. HE THONG THU GOM NUOC THAI

1.4.1. Mang lurdéi thu gom nudée thai

Trude khi dua vao hé théng xir 1y, nude thai can phai dugc thu gom
tir cac co sO san xuat (nude thai cong nghiép) hodc tir cac khu vue dan cu
(nudc thai sinh hoat). He thong thu gom nudgc thai dugc tinh toan thiét ké
dong bo va phu hop v6i cong suat cua nha may xu 1y. Hinh 1.1 dudi day
dua ra so do dién hinh hé thong thu gom nude thai bao gﬂm hé thong thu
gom nudc thai riéng biét va hé thong thu gom nudce thai két hop véi nudce
mua pha trdn.

1.4.2. Hé thong thu gom nudéc thai két hop

St dung cho ca nudc mua va nudc thai. Hé thong thich hop véi
nhitng viing ¢6 mia mua kéo dai va nhirng ving kho lap dat hai hé thong
trong duong phé dz‘iy dic cac mang ludi dich vu khac nhu dién, vién
thong, 6ng dan khi..

Hé thdng thu gom két hop khéng thich hop véi nhitng viing ¢6 mua
mua ngan va nhung vung co duong giao thong con xau dan dén tich lay
cat trong duong Ong.

~ He thong thu gom két hop ¢6 gia thanh thap hon 40% so véi hé
thong riéng biét.

18
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Hé thong thu gom nude thai dién hinh

Hé thong két hop,
nuodc vé sinh va
nudc mua

Hé thong riéng
biét, hé thong
nudc vé sinh

Hinh 1.1. So dé hé théng thu gom nwdéc thai

1.4.3. Thiét ké hé thong thu gom nuéc thai

Pé thiét ké va lap dat hé thong thu gom nude thai can thiét phai

nam dugc nhiing diém chinh sau day:

L

o

9.
10.

Xay dung ban dé chi tiét cua khu vyc

2. Nghién ciru vé tho nhudng (cic loai dat)
3. Nghién ctru thiy van (nudc ngam)

4,
5

Céc s0 liéu vé thoi tiét (mua)

Xay dung chi t1et so d6 noi glan nhau cua cac con duong, cac khu
Vuc lap dat hé thung dién, cap vién thong..

Nghién ctru kha nang tiéu thu nudc va cung cap nuoc sach

. Ghi nhén nhitng viing phat trién cong nghiép, dich vu thuong mai,

cac khu vuc dan cu. ..

. Chi ra nhitng diém thu nudc thai, tram bom va noi lay nudc thai dé

xu ly
Du doan phat trién dan s6
Du doan cac vung s¢ phat trién

Thict ké hé thong dan nude la tim ra cdc phan chénh léch cua dong

chay trén cung mot duong ong, Tuy nhién, van c6 nhung thay do6i vé tinh
chit dong chay trong h¢ thong ong dan cho nén can phai dugc xem xét
cac diém sau diy mot cach can thin trong thiét ké:

]

Nudc cong chua cac chat lo lung. Chat lo ling ¢6 kha ning lang O
day cua duong ﬂng va lam cho téc do dong chay cham lai dan dén
lam tic ong dan. Dé tranh ling trong duong ong, can thiét phai dat
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dng dan v&i mot do nghiéng (gradient) dé tao ra toc do chay co kha
nang tu lam sach.

2. Puong 6ng dan nude thai tuin theo nguyén ly trong luc va dugce
lap dit theo mot do nghiéng lién tuc tdi noi thai. O d6 nudc thai
duoe xir Iy hodc chén lap.

3. Toc do dong chay trong cong du manh sao cho chat lo Iung trong
nudc thai khong bi két lai voi nhau dé Ian;:,, nghia la toc do sé tao
ra kha nang tu lam sach trong duong ong. Diéu nay hét sittc quan
trong boi vi, néu nhu mot sé chat lang dong xay ra ma khong bi
loai bo s€ lam can tro dong chay, gay ra su lang dong tlep theo dan
dén lam tac duong ong. Bé mit phang bén trong dudng 6ng bi tic
do bi an mon lién tuc gay boi chét rin lo lung trong nudce thai. Do
vay, can thiét phai gigi han dong chay cuc dai trong duong ong.

1.4.4. Nhirng cong trinh phu ciia hé thong cong

Céc cong trinh phy cua hé thong cdng bao gom cira cong, 10 dén
chiéu sang, bé ham, 51phnn tram bom... Cua cong c6 dang hinh tron hodc
hinh chir nhat, lién ket vGi cong dan dé dam bao cho cong nhan bao hanh
c6 thé di vao dé quan sat, lam sach va co rua. Cua cong con dugc xem la
hé thong thong g1o vo1 cac 10 o nap day. Cua cnng, tai do la not ndi lién
cua hai hay nhiéu duong cong, ﬁuc:fng kinh nng dan, hudng 6 ong dan co
thé thay doi hodc sap dat cac vi tri ghép noi cac dudng ong co do cao

khac nhau.

1.4.5. Dinh lwgng luu lwgng nwdéc thai

Pé dam bao luong nudce sir dung trong mét khu vue dan cu hay mot
khu do thi, viéc xay dung hé thong cap nudce can phai ¢6 nhirng sé lidu sau:

I. Toc do tiéu thu nudc (so lit nude trong mot ngdy trén mot dau
nguol)

2. S6 luong dan s€ dugce cung cﬁp:
(Lwong nwéc) = (Nhu cau trén dau nguoi) x (dan sé) (1.8)

Sé rat kho khan dé danh gia mot cach chinh xac s6 luong nude co
thé dam bao nhu cau cho cong dnng vi ¢6 rat nhiéu nhiing tham sn
thuong xuyén thay dm anh hudong dén su tiéu thu nude. Nhitng yéu to
anh huéng dén nhu cau sir dung nude trén mot dau nguoi 1a:

I. Quy md ctia thanh phé; nhu cau nudc trén mot dau nguoi d6i vai
thanh pho.
2. Hién dién cac khu cong nghiép
20
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3. Diéu kién vé thoi tiét
4. Théi quen sir dung nude va tinh trang vé kinh té

5. Chat lugng cua nude: Néu nude c6 chat luong cao va an toan, muc
do tiu thy s¢ tang lén vi nguoi ta khong tim cac nguon nude khac
dé st dung (vi dy nhu dao giéng va sir dung nude mua...).

6. Ap suat trong hé thong phan phoi nudc
7. Gia thanh cua nuéce

Tuong Ung vl lmmg ti€u thy nuoc sach, mot lugng nuoc thai thai
ra hang ngay vao hé thong cong dan. Su thay doi luu lwong nuée thai
tuong Ung theo thoi gian cua ngay, ngay cua tudn va mua clia nam (hinh
1.2). Dinh luong sy bién doi luu lwong nudc thai hét sitc quan trong dé
thiét ké va van hanh nha may xu ly nude thai. Bang céach sur dung gio,
ngay, thang str dung nude, hé s6 cuc dai cua luu luong nudce thai co thé
duoc xac dinh theo cong thuc:

H?é 56 cuc dai (PF) = Luu lirgng cuee dai

(1.9)

Luru lwong trung binh trong mot thoi gian dai

Luu luong cuc dai
(nude sinh hoat)

! rd

Luuluong

| l | 1
3.00h 9.00h 15.00h 21,00h 3.00h

Thé gian >
Hinh 1.2. Sw thay doi luu lwong nwdéc thdi theo thoi gian trong ngay

Cac tham so luu lugng cuc dai va luu luong trung binh thudng
duogc xac dinh bﬁng cach so sanh céc gi4 tri luu luong cuc dai c6 sin tur
cac nha may xir 1y khac nhau. Dé c6 nhimng két qua chinh xac vé luu
lugng cuc dai can phan tich cac s0 lidu va thoi gian it nhat 1a 3 nam.
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Lugng nudce thai khi khong ¢6 nudc mua trong mua kho dugce xac
dinh theo dau ngudi nhu sau:

(Lwong nwée thai) = (Nwéc thdi trén dau ngwoi déng gép méi
ngay) x (Din so) (1.10)

1.4.6. Thiét ké thoi gian siv dung va du dodn dan sé cho hé thong thu
gom nudc thai

Can phai du doan chinh xé4c s6 luong nudc thai va su phat trién dan
s6 kém theo trong tuorng lai. N61 chung, hé thﬂng thu gom nuoc thar phai
dam bao hoat dong co hiéu qua tur 5 — 10 ndm sau khi xay dung.

Thiét ké thoi gian sir dung dwoc thiét lip nhw sau:
- Kéo dai thoi gian st dung cua céc thiét bi
- Co kha nang mo rong

- C6 thé tién doan trude su tang truong dan so, bao gobm phat trién
cong nghiép, phat trién thuong mai, di cu va nhap cu, v.v.

- Céc nguon nguyén liéu co san
Phuwong phdp duw dodn dan sé:

Mot s6 phuong phap da duge chap nhan dé di doan dan s trong
tuong lai cho dudi day:

1. Phuong phap toan hoc
2. Phuong phap phan tram tang truong khong doi
3. Phuong phép tang truong giam
4. Phuong phap duong cong logic
Phwong phap s6 hoc

bay la phuong phap du doan dya vao gia thiét toc do ting la hing
s6 va duoc biéu dién bang phuong trinh:

dP
—r=k, (1.11)
Trong do:

P — déan s6

t — thot gian (ndm)

k, — hang s6 tang trudng toan hoc

22
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Sép xép va lay tich phan phuong trinh trén véi P; va P, 1a dan sb
twong ang ¢ thoi gian ¢; va ¢,

ja’P jk dt (1.12)
Giai phuong trinh tich phan, nhan duoc:
‘DE —J.DI =kﬁi(t2 —t])

kﬂ:PE_P'Jﬁ‘D (1.13)
t,—t, At
hoac: P=P +kt (1.14)
Trong do:

— dan s6 & thoi gian teong lai
P, — dan s6 hién tai, thuong sir dung P> (thdng ké gan nht)
Ty I¢ giam cua phwong phdp tang truéng - do giam trung binh
trong phan tram tang dugc tim thay, sau d6 dugc trir phan tram ting moi
nhat dé nhan phan trim tang ¢ thap ky tiép theo.

Gla thlbl cua tang truong phan tram khong doi hoic tang truong sO
hoc cho rang toc do tang ty 1é véi dan s6. Do vay, c6 thé viét:

dP
— =P 1.15
i (1.15)

Lay tich phan, thu duoc:
InP,-InP, =k,(¢t,~t,)
InP,—InP,

ks = - ' 1.16
- (1.16)

S6 luong dan sd dugce tinh theo cong thirc:

nP=InP+K,(-t,) (1.17)

Phwong phap ting truong giam

Pay la toc do giam cua sy tang trén co sO toc do tang truong 1a mot
ham cua sy thiéu hut dan so6. Co thé bicu dién bang toan hoc nhu sau:

dP
—=k, (P -P 1.18
df .r.f( X ) ( )

Trong d6: P,— dan s6 bio hoa, gia tri tong.
23
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Léy tich phan phuong trinh trén, ta co:
dP

P,

—— _=kd|dt 1.19
I —p I (1.19)
P =P
—In—=—2=k (¢ 1.20
P_p (6 —14) (1.20)
Sﬁp xép lai, nhan duoc:
k, = B (1.21)
rz _'rl Pr_RP
Din s6 trong tuong lai sé 1a:
P=P+(P-P)l-¢") (1.22)

Py — dén s6 co ban.
Phuwrong phap dwong cong logistic

Phwong phap lam khop — dudng cong logistic dé mo hinh hoa
khuynh hudéng voi dang chir S d6i voi trung tAm dén s6 16n dé phan doan
dan s6 mot thoi gian dai. Cong thire cua duong cong logistic nhu sau:

P
P= HE—"M (1.23)

P, — dan so6 bao hoa, ¢ va b la hang so.

2R PP, - P (R +F)

P = ? 1.24
“ RP - R s
P-P
a=ln—=_"0 (1.25)
F

P,(P.—P,
p =L Fol ) (1.26)

n PI(R._ {})

n 1a khoang thoi gia cua hai 1an diéu tra dan s6

1.5. MUC PICH VA CAC PHUONG PHAP XU LY NUOC THAI

1.5.1. Muc dich xir ly nwée thai

Muc dich cua xu Iy nudc thar la dam bao nudce sau khi xur 1y thai
ra moi truong phai an toan, khong lam nguy hai dén suc khoe cong
24
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dong va khong 1am 6 nhiém céc nguén nudc hoac gay ra thiét hai cho
moi1 truong Khac.

Hé thong xir 1y nudc thai duge thiét ké dé lam gidm mot s6 thanh
phan tmng nudce thai nhu cac vat lidu hitu co, chat ran, chat dinh duong
(N, P), cac vi sinh vat gay bénh va cac chat 6 nhiém khac téi muc chap
nhan theo quy dinh cua tung quoc gia. O Viét Nam, c6 bd tiéu chuan
nude thai cong nghiép va tiéu chuan thai TCVN (xem phan phu luc).

Cac nguun tiép nhan ciia nuée thai sau khi xu ly chu yéu la song,
sudi, ao, hd.

Nudc thai sau khi dugce xur Iy phai dat dugce néng do to1 han. Nghla
1a, khi thai ra ngunn tlep nhén khong lam cho céc chat ban vuot qua
ngudng ma song, sudi, ho, ao cé kha ning ty lam sach.

1.5.2. Cac phuong phap xu ly nudéc thai

Tuy thudc vao tinh chat cua cac loai nudc thai (nudce thai sinh hoat,
nudce thai cong nghiép hoac hon hop nudce thai cong nghi€p va sinh hoat),
cac phuong phap xu ly sau day thuong dugce ap dung:

- Phuong phap vat ly: chan bang ludi loc cac vat lieu tho troi noi
trong nudc thai; khuay tron; keo tu/ bong tu, tuyén noi, lang, loc..

- Phuong phap hoa hoc: két tua; hap phu, hap thu; oxy hoa khu va
khu trung.

- Phuwong phap sinh hoc: qué trinh hiéu khi; qué trinh ky khi

Phuong phap xur 1y bac cao bao gom phuong phap vat 1y va hoa hoc
nhu qua trinh khir nito va ph-::rt pho trong nudc thai (xur Iy bac ba), la su két
hop cua ca ba qua trinh: vat ly, hoa hoc va sinh hoc, trong do chu yéu la
qua trinh sinh hoc (dm vé1 qua trinh nitrat hoa va khu nitrat). Pé khir ph(}t
pho, trudc hét sur dung qua trinh sinh hoc dé chuyen d6i phét pho hiru co
thanh céc ortho phﬂt phat bang chu trinh ky khi/hiéu khi, sau dé, phot pho
dudi dang ortho phc:t phat dugc két tua bang cac tac nhan héa hoc. Hinh
1.3 dua ra so db tong quat cua cac phuong phap xur ly nuoc thai. Trong
thue té, mot nha may xtr 1y nude thai thuong c6 thé két hop ca ba phu{mg
phap: vat 1y, hoa hoc va sinh hoc hoac sur dung timg phuong phap riéng r&.
Vi du, khi xir Iy nuwde thai sinh hoat chi chira chit thai d& phan huy bang \2
sinh vat, thuong két hop phuong phap vat ly (ludi chan rac, khuay tron,
ling...), phuong phap sinh hoc (hiéu khi hoic ky khi hodc ca hai) va
phuong phap hoa hoc (khir tring). Nhicu loai nudc thai co thanh phan
phurc tap (chira kim loai nang, ham lugng COD cao) nhu nudce thai dét
nhudém, nudc thai thude da, xi ma, v.v., can phai két hop ca ba phuong
phap voi tat ca cac k¥ thuat moi dat hiéu qua xu 1y cao.
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1.5.3. Phan loai mirc do xir Iy nuwdce thai

- Xuw ly bdc mgt, trong giai doan xu ly bac mot, cac phuong phap vat
1y nhu chén réc, lang, tuyen noi, v.v., duoc str dung dé loai bo cac vat ran
tréi noi va co kha nang lang.

- Xuw ly bdc hai, cac qua trinh héa hoc va sinh hoc duogc sur dung dé
loai bé hau hét cac vat chat htru co. Chat lugng nudce thai dat loai A, B
(QCVN 24:2009/BTNMT).

- Xuw ly bdc ba, tach cac thanh phan khac nhur nito' va phot pho, hai
thanh phén nay rat kho loai bo trong xur ly béc hai. Chat lugng nudce dugc
nang cao va co6 thé su dung lai.

- Xwly bdc 4, dé loai bo cac hat keo tan. Loai bo cac vat liéu hiru co
khong phan huy sinh hoc.

- X Iy béc 5, 1oai bo cac chat vo co.

Cac phuwong phap xir Iy nwdc thai
Bang phwong phap Bang phwong phap Bang phwong phap
vat Iy hoa hoc sinh hoc
Hiéu khi Ky khi
I Y 1
Két tila Hép phu Khi tring
Luoi Trén Bongtu | [ Tuyén Loc Léng Truyén
chan noi Khi

Hinh 1.3. So dé tong qudt cdc phwong phdp xir Iy nwéc thii

Xt 1y bac bon tro di con duge goi 1a xir 1y bac cao. So do xir 1y
nude thai dua ra trong hinh 1.4. Bang 1.2 trinh bay tom tat mirc do xur 1y
dugc ap dung trong xur Iy nudce thai. Bang 1.3 mo ta su phan loai cac qua
trinh xtr 1y nude thai duoc dé nghi boi WHO.
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Bang 1.2. Mirc do xw Iy nwoc thai

Mibe do xur ly Muc dich

Tién xu Iy Loai bo cac thanh phan cua nude thai nhu 1a ré, manh gd, vat
troi noi, cat va dau mo.

Bac mot Loai bo hoan toan hodc timg phan chat ran lo ling va céc vat
chat httu co tir nuoc thai

Bic hai Loai bo vat chat hitu co ¢6 kha niang phéan ra sinh hoc (hoa tan
hoac lo ling) va cac chat lo ling. Khu triung cling la mét
truomg hop dién hinh trong xu ly bac hai

Bac ba Loal bo cac chat lo lung tan du (sau xu ly bac hai) thuong

duoc sir dung bang phuong phép loc véi moi truong loc la cat
hodc loc bang ludi loc kich thude 16 nho hodc ludi loc min.
Khur !rung cing la mot truong hop trong xu ly bac ba. Loai bo
céc chat dinh dudng ciing ¢6 thé tién hanh trong giai doan nay.

Xu ly bac cao

Loai bo cac vat liéu lo Itrng va hoa tan con lai sau khi xu ly
sinh hoc khi ma nudc thai duge yéu cau su dung lai.

Muc tiéu cua xir Iy bac mot 14 han ché su hu hai gy ra boi cac chét
ran c¢6 do ctng va rac cho cac thiét bi va dudng 6ng & cac qué trinh xur 1y
tiép theo. Trong xtr 1y so bd, st dung phuong phap vat ly (loc, lang so
bo) co thé duoc ting cudng bang cach thém vao cac chat hoa hoc. Céc
chat hitu co duoc loai bo chu yéu trong xur ly bac hai véi cac qua trinh
héa hoc va sinh hoc. Trong xir 1y bac cao, chat rian lo limg con lai va céc
thanh phan khac ctia nuéc thai khong thé giam thiéu trong qua trinh xur ly
trude do duoc loai bo bang su két hop cac qua trinh khac nhau nhu hap
phu, oxy hoa, loc sau, v.v.

bic hai

Xu ly bac mot bao gﬂm tién xir ly va Iﬂng biac mét dé loai b ric,
chat rin vé co va chit ran hitu co c6é khd néing ling.

Xir Iy bdc hai tiép theo xii Iy bic mot bang cdc qud trinh sinh hoc dé
khir BOD tan (sBOD) va chit rin hitu co lo litng khong ling ¢ bé
ling bic mot. Qud trinh nitrat héa va khir nitrat xdy ra trong xir Iy
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Bang 1.3. Ddc trung cua qua trinh xw ly nwoc thai

theo mirc dp tang dan (WHO)

Xir Iy so bd Béc hai Bic 3 Bic cao
Song, ludi Bun hoat tinh Nitrat hoa Xt 1y bang héa hoc
chan rac
Loai bo cat Suc khi kéo da1 | Khu nitrat Tham thau nguoc
Lang so bd Bé suc khi Két tia hoa hoc Pién ly
Nghién rac Loc nho giot Khur trung Hap phu bang than

hoat tinh
Tach dau md Pia quay sinh Loc truc tiép Trao doi ion chon
hoc loc
On dinh dong | Xt 1y ky khi Oxy héa bang héa | Loc 4p suat
chay /UASB chét
Trung hoa pH | Loc ky khi Tach phét pho bang | Oxy hoa
sinh hoc
Imhoff tank Ho 6n dinh Xay dung cac bé Khwr doc
chura
Canh dong tudi | Nuéi trong thuy san

Nudi trong thuy
san
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Xir Iy
bac hai

Xir Iy
bic cao

Nuwoe thai chwa xuwr
1"

Xur Iy
So b

| May nghién ric |>| Pidu hoa dong I

-

Xiely @

EFEEEEEEEEEEN Sl-lc khisﬂ‘hﬁ

""" ]
Bun hoat tinh, sl tap

A/S

Thai

Thai
Khir triang I—p

Quin Iy bun béc hai

T4ch chit rin Tha
Ki¢m soat nito Khir tring

Loai b6 phot pho
Quan ly bun bac ba

Hinh 1.4. So d6 céng nghé xir Iy nwéc thii
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CAU HOI ON TAP VA BAI TAP

Cau héi ly thuyét
1. Trinh bay tinh chat cua nudc thai. Néu su khac biét nude thai den
va nudc thai xam.
2. Anh huong nhu thé nao dén moi truong néu nude thai khong duoc
xur 1y?

3. Néu so do xir Iy nude thai bang cac phuwong phéap khac nhau.

4. Néu ra nhitng diém can thiét trude khi xdy dung hé théng thu gom
nuoc thai.

5. Trinh bay cac phuong phap xu ly nudce thai.

Bai tap

1. Lay 50 ml méu nu6c thai dé phan tich chét rén lo limg. Céan dia bay
hoi ¢6 mau va khong c6 mau bang cach lam kho bang bay hoi hodc nung
cho dén khi trong luong khong do1. Két qua thu dugc nhu sau:

Trong lugng dia = 42,4723g. Trong lugng dia + can cua mau sau
khi bay ho1 ¢ 105 IC=4] ,4986g. Trong lugng dia + can cua mau sau khi
nung ¢ 550 OC = 42,4863 2. Trong lugng coc nung + gidy loc = 21 5308
g. Trong luong can va giay loc + coc nung sau khi lam kho o 105 '1C=
21,5447 g. Trong lugng can va gidy loc + mc nung sau khi nung ¢ 550
UC 21,5349¢. Tinh nong d¢ cua 75, Lhﬂt ran bay hoi, chat ran c6 dinh,
7SS, chat rin lo limg bay hoi va chat rin lo lung cé dinh.

2. Tinh lugng BODs va TSS sinh ra trén mot dﬁ}l ngudi moi ngdy. Gia
su luu lugng trung binh cua nudc thai sinh hoat bang 378 lit/nguoi/ngay
vo1 nong do BOD;s va TSS tuong ing l1a 200 va 240 mg/l.

3. Mot thanh pho c6 s6 dan 1a 113000 nguoi trong thang 4 nam 1980
va 129000 nguoi trong thang 4 ndam 1990. Xac dinh dan s6 trong thang |
nam 1999 bang cach so sanh (a) phuong phap toan hoc (b) phuwong phap
phan tram khong d6i, (c) phuong phap ting trudng giam.
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__ Chwong 2
XU LY SO BO NUOC THAI

Muc tiéu chwong 2. Sau khi hoc xong chwong nay, sinh vién nam dwge:
e Nam duoc co sé ha tang cia qua trinh xit Iy so bé

e (6 kha ndng tinh todn va thiét ké cac thiét bi chan rdc

o  C6 kha ndng tinh todn va thiét ké cac ddap @é on dinh dong chay

o  C6 kha ndng tinh todn thiét ké cac loai bé ldng cat

e (0 kha nang tinh toan va thiét ké bé diéu hoa

2.1. GIOI THIEU CHUNG

Xt 1y so bo 1a giai doan dau tién cia nha may xir 1y nude thai. Khu
trung doi khi cung dugc sir dung trong giai doan xur ly so bo. H¢ thong va
thi€t bi sir dung trong giai doan xur 1y so b bao gom:

1. Song va ludi chin rac
2. May nghién rac

3. Bé lang cat, dau m&
4. Bé lam thoang so bd
5. Tiét trung

2.2. THIET BI CHAN RAC

2.2.1. Luwéi chin rac

Su dung ludn chan rac dé loai bo hoan toan cac vat li¢u troi noi nhu
réc, gié rach, gidy, nilon, xac chét dong vat, manh v& kim loai dé bao vé
cho hé thong bom cua nha may cung nhu ngan can khong cho ching di
vao giai doan xu ly sau. Luol chan rac c6 thé dugc chia ra nhiéu loai:
ludi chan rac thd, chan rac trung binh hodc ludi chin rac min (hinh 2.1).
Hoat dong lam sach cta ludi chan rac cé thé bang thu cong hodc co khi.
Bang 2.1 dua ra cac loai luéi chan rac thuong duoc ding trong giai doan
xu 1y so bo.
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Bing 2.1. Cdc loai luéi chén rdc

Loai ludi Bé miit luéi
chiin ric
Phan loai | Kich thudc Vit lidu ché tao Ap dung
kich 16 (inch) ludi
thudce
(inch)
Song chanrac | Thé 0,6 —1,5 | Thép, thép khongri | Xir Iy so b
Luéi chin Trung 0,01-0,1 Thép khong ri Xu ly thtr
nghiéng binh cap
Ludi nghiéng Tho | 0,03x0,09%2 Tam dong Xt 1y so b
quay
Dang trong Tho 0,1-0,2 Thép khong ri, day | Xu ly so bo
(quay) thép dan
Trung 0,01 -0,1 Thép khong ri, sgi | X ly so b
binh thép dan
Min 0,01 -0,1 Thép khong Xu ly thir
cap
Dia quay Trung 0,01 -0,4 Thép khong ri Xu ly so bd
binh
Min 0,001 — 0,02 Thép khong ri Xt 1y so bo
Ly tam Min 0,002-0,02 Thép khong ri, Xur ly so
polyeste... cap, bac hai

Ludi chan rac tho lam sach bang thu cong sir dung pho bién nhat
duge dat ¢ trude hé thong bom nude thai. Sau day, chung ta s€ nghién
ctru ve co so ly thuyét va thiét ké song chan rac (bar rack) trong nha may

xu ly nudc thai.

2.2.2. Song chin ric

Song chan rac (hinh 2.2) bao gdm cac thanh bang thép khong ri,
sap xep song song vo1 nhau tao thanh cac khe ho. Hinh dang bé mit cua
cac thanh huéng vé phia dong thai chay t6i. Thanh c6 thé 1a hinh chir
nhat, hinh chit nhat c6 canh sac, hinh ban nguyét, hinh tron..

Ton thét thuy luc qua song chidn rac 1a mot ham cua téc do dong

chay tdi va toe d6 dong chay qua song chan rac (hinh 2.3). Phuong trinh
Bernoulli c6 thé sir dung dé xac dinh ton that thuy luc qua song chan rac:
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Hinh 2.2. Song chin rdc

T

. T

V
W&#

Hinh 2.3. Ton that thiiy lwc qua song chin rdc

r.?'_-"'l'q"::'

(2.1)
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D6 chénh 1éch dong nuée thai chay qua song chan rac duge xac

dinh bdi cong thire:

h=h —h, =—0 (2.2)

Trong do:

h; - d0 sau phia trén dong chay, m

h> - d0 sau phia dudi dong chay, m

h - ton that ap luc, m

¥ - toc @6 dong chay qua thanh chan rac, m/s

v - toe @6 dong chay téi song chan rac, m/s

g - gia toc trong truong, 9,8/m.s”

C - hé s6 thai, gia tri dién hinh cia C = 0,84, C° = 0,74
Phuong trinh (2.2) co thé viét:

2 2
_ 1 (V°=v 2.3)
0,7\ 2g

Phuong trinh 2.4. dudi day trinh bay su ton that ap luc lién quan

dén hinh dang cta thanh va khe hé ctia song chén réc:

a4

2

413
H=,B(g] ;—gsiné‘ 2.4)

Trong do:

H - ton that ap luc, m

w - d6 rong cuc dai cua mat thanh chin rac déi dién véi dong thai, m
b - khe ho nho nhat giita cac thanh chin rac

y - the d6 dong thai téi song chan rac

g - gia toc trong trudng

6 - gbc nghiéng cua song chin rac

f-hé sO phu thudc vao hinh dang thanh chin rac (hinh 2.4 va bang 2.2)
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10 10 A0 10 10 10

\/ l
B=242 183 1,67 1,035 092 0,76 1,79

Hinh 2.4. Hinh ddng thanh chin rdc

Bang 2.2. Gia tri cua
Hinh dang thanh chin rac B

Hinh chtr nhat meép nhon 2.42

Hinh chir nhat véi bé mit tron 1.83
Hinh tron 1.79

Hinh chir nhat c6 mat hinh ban nguyét
O phia trén va duoi dong chay 1.67
Dang giot nudc mat 0.76

Cic thong s6 thiét ké song chin rac

Van toc dong chay trong thoi gian luu luong cuc dai khong vuot
qua 0,7 m/s.

Do rong khe ho gitra cac song chin rac tir 25 dén 44 mm
Song chan rac dat nghiéng véi do doc tir 300 dén 450

Ton that thuy luc qua song chan rac cho phep tu 0,60 dén 0,70 m.
Song chan rac nén duogc 1am sach khi ton that thuy lIyc Ién hon céac
gi1a tr1 cho phép nay.

Vidu 2.1

Tinh toc d6 (V) qua song chan rdc khi toc dé (v) cia nudce thai 16i
song chan rac la 0,60 m/s va ton that thiy luc do dwoc la 38 mm

Giai:

Su dung phwong trinh (2.3):
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V? —(0,60m/s)’

0,038m =

0,7(2x9,81m/s*)
V? =0,082
V=094m/s

Vi du 2.2

Giai:

(a)

(b)

(c)
(d)

Thiét ké song chan rac. Cho biét cac thong s6 sau dady:
Liru lwong thiét ké cuc dai vao mia muwa la 0,631m’/s

Toc do qua song chdn rac o dong chay cuc dai trong mua muwa la

0,90 m/s
Toc do qua song chan rdc thiét ké cwe dai vao mia khé la 0,6 m/s
Song chan rac dat nghiéng 6 = 60", véi thiét bi lam sach bc‘fng co hoc

D¢ sau phia trén song chan rac cua dong chay bang 1,12 m

Tinh khoang cach va duong kinh cua thanh:

Xac dinh tong dién tich khe ho (A) qua song chan rdc:
A gt FI'['ILI?'L
v

Fomiai d{iﬂg cheiy cuwe dai cua nwoc thai
v - Toc do qua song chan rac o dong cuc dai vao mua muwa

4= 0,631m” /s

=0,70m’
0,90m/s

Tinh tong chieu réng cdc khe ciia song chdn rdc
w=Ald
W - tong do rong ciia cdc khe ho, m
d - do sau cua dong thai, m
w=070m/1,12m= 0,625 m
Chon chiéu réng ciia khe bang 25 mm
Tinh s6 khe ho, n = w(m) / 0,025m = 0,625m / 0,025m = 25.
Sit dung 24 thanh c6 chiéu rong bang 10 mm va chiéu day 50 mm
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(e) Tinh chiéu rong (W) cua bué:ng dat song chan rdc:
Chiéu rong (W) = 0,625 m + 0,0lm x 24 = (0,86m

(f) Tinh chiéu cao ciia song chan rdc
Chiéu cao = 1,12m /5in60° = 1,12m / 0,086 = 1,29m

Cho phép tang do rong ciia khung thém toi thiéu la 0,6m, nhu vy
chiéu cao cua song chan rac dwoc chon la 2 m

(g) Xac dinh hé 56 hieu dung (EC)
' EC=( T{;ﬂg do rong cua khe ho) / (i Chiéu rong cua bu{i:fig dat song
chdn rac)
EC=0625m/0865m=0,72
2.2.3. Lwéi chin ric min

Lu6i chan rac min duge st dung trong cac nha may xu Iy nudc thai
dé xur 1y so bo hoac xur 1y so cép (bic 1). Khe hé cua ludi loc ¢6 thé dugc
dan bang day thép, duc thanh 1 trén tim kim loai hoic sap xép céc thanh
chin sat nhau véi do rong cua khe ho tir 1.5 — 6.4 mm. Ludi loc min
trong tién xu 1y ¢6 thé ¢ dang quay hodc ¢6 dinh (hinh 2.5).

Ton that ap luc qua ludi loc min cé thé duoc xac dinh theo phuong

trinh:
h = ] (1} =l[£} (2.5)
2 2\ CA

h - ton that ap luc, m

Trong do:

v - tde do, m/s

C - hé sb thai cua luéi

g-gia toe trong truong, m/s’

O - dong qua luéi loc ni’/s

A - dién tich khe ho ¢6 hiéu qua cua phan ludi loc dat trong nuée, m”

Gia tri ciia C phu thude vao kich thude, khe hd va phan tram dién
tich khe ho cua ludi. Gia tri dién hinh cta C do6i véi ludi loc min sach 1a
0,60. an tha't ap luc cua nuoc sach qua luéi loc sach twong ddi nho. Tuy
nhién, ton that ap lyc cua nudc thai qua ludi loc min trong thot glan van
hanh phu thuuc Vao phu(mg phap va so lan lam sach, phu thudc vao kich

thude va so luong cua chat ran lo limg trong nude thai va kich thuée khe
ho cua luoi loc.
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Hinh 2.5. Luoi loc quay (Rotary discscreen)
2.2.4. Thiét bi nghién ric

Thiét bi nghién rac (hinh 2.6) c6 thé thay thé song chin rac hoic
ludi loc dugc sir dung dé cat va nghién cac vat liéu tho téi kich thude tir
6 — 10 mm sao cho chung khong lam hu hai cac thiét bi xur Iy trong hé
thong sau d6 va dugce thu lai trong bé ling so cap (bé ling loai 1).

Mé tor
B4 phan nghién

Hinh 2.6. Thiét bi nghién rdc

2.3. BE LANG CAT
2.3.1. Muc dich ciia bé ling cat
- Bao vé cac thiét bi khoi bi an mon
- Giam sy lang dong chit rin trong cac dudng 6ng va cac kénh dan
- Giam tan s6 1am sach céc thiét bi
2.3.2. Pic trung ciia chit rin trong nwoc thai
- Ham luong chat ran tir 35% dén 80%
- Ham lugng chét bay hoi tir 1% dén 55%
- Khéi luong riéng cua cat xap xi bang 1,6 gam/cm’
38
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2.3.3. Thiét ké bé ling cat
Muc dich thiét ké:
- Cung cip du thoi gian luu dé cat ling
- Duy tri toc d6 khong doi dé rira sach bun hiru co

Tdc d6 chay cua nudc thai trong bé lang duoc xac dinh theo
phuong trinh cua Camp — Shields:

Exkxoxd| Ps—Ps
y,= [—% { ‘ ] (2.6)
f pw

Trong do:

V.- van tdc cla nudc, m/s

g — gia tdc trong truong, 9,8 1m/s”
d — dudng kinh hat ran, m

f—hé sO ma sat Darey — Weisbach, bﬁng 0,02 doi v6i nudce thai
sinh hoat

Po— khoi luong riéng cua hat rin, kg/m’
0w — khoi lugng riéng cua nude, kg/m’

k — hang s6 thuc nghiém, lién quan dén d6 day cia chat hiru co
bang 0,04 - 0,06

Vin toc qién hinh, V. = 15 t61 30 em/s ddi véi cac hat htru co. Kho
khan trong thiét ké bé lang cat la duy tri ¥, luén khong do1 vi sy khong
on dinh cua luu lugng nudc thai.

D¢ khac phuc van dé nay, nguoi ta thiét ké cac loai dap chan cho
nuoc chay qua dé duy tri toc do cua nudc thai.

1- Kiém soat dong chay qua dép chin c6 16
Cong thirc dé kiém soat dong chay qua 16 nhu sau:

Q=C,A\gH (2.7)
Trong do:
Q — luu lugng nudc thai
Cy— hé so thai
A — dién tich 16
g - gia toc trong trudng
H — chiéu cao nudc trén trung tam cua 16
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2- Kiém soat dong chiy qua dap
Phuong trinh thai d6i voi dap ngang hinh chit nhat 1a:
O=CzLH" 2.8)
Trong do:
O — lvu luong, m™/s
L — chiéu dai dap chan, m
H — chiéu cao tir dinh dap toi bé mit nude, m.
Goiyla chiéu cao cia dap, hé so thai Cpduoc xac dinh bﬁng cong thure:

H

C, =178+0,24— (2.9)
Y
QO con duogc xac dinh theo cong thirc:
212 ..;
=—L.|—gH" 2.10
0 slyf2 (2.10)

g — gia toc trong truong
Phuong trinh (2.10) c¢6 thé duoc viét:
O =1,705LH""* 2.11)
3- Kiém soat dong chiy bing mang parshall

‘Mang parshall dugc phat trién boi R.L Parshall vao nam 1920 cho
hé¢ thong cua Anh. No da dugc su dung rong rai dé do luu luong cua mot
kénh ho (hinh 2.7)

Phin phin k3

—

Hinh 2.7. Mang Parshall
40
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Mang Parshall bao gém phém hoi tu, phén that hep va phén toa ra.
bay cua phan thit nghiéng vé phia theo dong chay. bay cua phan toa ra
bi déc hudng 1én. Hinh hoc tao ra d sau t6i han xay ra gan phan dau cua
phan khe hep va ciing tao ra vong nudc nguge co thé cho phép do do sau
H,. Phép do diém thir hai Hj, & vi tri dudi cua phan that. Ty 1& H/H, 1a hé
s6 ngdp cua mang dua ra trong bang 2.3. Luu luong qua méang la mot
ham cua H, va dugc xac dinh bang cong thic:

0,026
1,522

Q=4WH (2.12)
Trong do:
O — luu lugng dong thai tu do, m’/s
W- dd rong cua vung that, m
H, - d6 sau cua nudc o thuong ngufin trude diém do, m

Bing 2.3. Ty 1é Hy/H, twong ieng véi dj rong ciia viing thit trong

mdang Parshall
W (ﬂl) Hb/l]a
76 - 299 < 0.6
0,3-2,44 <0,7
3.05-15,2 <0,8

2.3.4. Tiéu chuin thiét ké bé ling cat

C6 ba dang bé ling cat thuong duoc st dung trong cac nha may xur
ly nudc thai: bé lang cat ngang hoic bé lang cat dong chay ngang hinh
chir nhat; bé ling cat suc khi, va bé ling dong x0dy (vortex). Toc d6 ling
ctia cac hat hinh cau phan tan trong dong chay tang duoc trinh bay theo
dinh luat Stoke:

g(p, —p)d’
187 (2.13)

YV, =

Trong do:
v, - toc do lﬁng, m/s
g - gia toc trong trudng, 9,81 m/s”
— khdi luong riéng cua hat ran, kg/m’
0 - khoi lwong riéng cua chat long, kg/m’
1- d6 nhot cua chat long, kg/s.m
L] |
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2.3.4.1. Bé ling cdt hinh chiv nhdt

Bé ling cat hinh chir nhét c6 thé kiém soat toc do dong chay tot

hon cac loai bé ling khac va thuong duge su dung trong cac nha may xu
ly nudc thai co cong suat nho (hinh 2.8). Bang 2.4. dua ra tiéu chuan thiét
ké bé lang cat ngang hinh chir nhat.

Dong vao —=

Ranh trrotdé
dong mé clra chan

P Kénh chua cat
,fl_/’ "N

S g
mét phang

A Mang diéu chinh

Hinh 2.8. Bé ling cdt hinh chii nhdt cé kénh dan hep d@é on dinh dong chay

42

Bing 2.4. Tiéu chuan thiét ké bé ling cdt ngang

Tham s thiét ké Khoing Dién hinh
Thoi gian luu (s) 45-90 60
Téc do ngang (m/s) 0,25-0,4 0,3
Téc d6 ling d6i vai (m/phut)
d = 0,21mm 1,0-1,3 1,15
d = 0,15mm 0,6-0,9 0,75

% cua % do6 sau cua kénh

Ton that thuy luc trong viang kiém soat theo 30-40 36

Do dai cho phép bo sung doi vai su sao tron

vung vao va vung ra (%) ~3sal "
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2.3.4.2. Bé ling cdt suc khi

1- Uu diém ciia bé ling cat suc khi:

Co thé sur dung dé bo sung hoa chat, khufiy tron va keo tu trudc xu
ly bac mot. Bé lang cat suc khi duge mo ta trong hinh 2.9

Nudc thai con moi, do vay s€ khu duge mui va khu BODS.

Ton that thuy lyc rat nho

Loai ddu mé& bé’mg thiét bi gat
- Khir cac vat liéu hitu co ¢6 kha nang bi thdi rira bang suc khi.
2- Nhuoe diém

Giai phéng céc hop chat hiru co bay hoi (VOC) va gay mui.
3- Thong so thiét ké bé ling cét suc khi

]

Séu tir 2 dén 5 m; chicu dai tir 7,5 dén 20 m; chieu rong tir 2,5 dén
7 m; ty 1€ chiéu rong / do sau: 1: 1 - 5: 1; ty 1€ chiéu dai / chiéu
rong: 2,5: 1 - 1.

Téc dd ngang tai bé mat: tir 0,6 dén 0,8 m/s.

Thoi gian luu tai lwu lugng cuc dai tir 2 dén 5 phit.

Cung cap khong khi tir 4,6 dén 12,4 lit / s. m theo chiéu dai bé. Luu
lugng khi cao hon dugce st dung d6i vaoi bé rong va sau hon.

Kiéu dong chay
Xoan ﬁ_ﬂ

et

~IJuroe thai vao

Bap chan 16i ra

Buang di
cua hat cat

Hinh 2.9. Bé ling cdt suc khi

2.3.4.3. Bé ling cit dong xody
Nguyén tac ctia bé la'i'ng dong xoay (vortex) la nudc thai chua cat di
vao bé lang theo hudng tiép tuyén vadi bé va tao ra dong xody. Dudi tac
3
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dung cua luc ly tam va trong luc, cat va cac chét ran khac nhanh chong
dugc thu vao ving trung tdm cua bé, di vao phéu thu cat va ling doc theo
do doc cua day bé (hinh 2.10a va 2.10b). Uu diém cua bé lang cat dong
xo0dy l1a ¢6 thé tich hgp nén tiét kiém dwge mat bang; hiéu suat tach cat
cao; nhu cau ning luong thap; dung tich cua bé dat dén 3000 //s; giam s6
luong dap chin va bao dudng.

G g Motor
Nuwoc thai ra . P
N Nuéc thai vao
- - Ong dan tao vong xoay

7| Tudc bin quay kiém soat
)~ toc dg trong be

‘;1 [:I%‘\, » >
AN Kiéu di chuyén cua hat cat
Vao : 5
P T Bom day khéng khi
a ¢
O} b ~Bau x6i khong khi

Matphang  Mat cat (a)

Bo lam léch dong

Nudre thai da khur cat .
_ Thai tryre tuyén

Dong vao

o __Kiéu di chuyén clia hat cat
Thanh bé vortex

Hinh 2.10 (a) va (b): Bé ling cdt dong xody

2.4. BE TACH DAU
2.4.1. Dic diém ciia dau mé trong nwéc thai

Dau trong nudc thai ton tai & cac dang nhii twong va bén vé lién két co
hoc, hoa hoc va vat ly. Dang ton tai cua dau dugce mo ta trong hinh 2.11.

LL]
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Dau trong
-6 - nuoc

Hinh 2.11. Cdc dang ton tai ciia dau trong nwéc thdi

Noi chung, dé tach dau ra khoi nudc can phai pha V0 cac dang bén
cua dau bang cac phuong phap hoa hoc (dién ly) hoac bang phuong phap
vat 1y (keo tu).

2.4.2. Phuwong phap xir ly dau mé
C6 hai qua trinh tach dau m& thuong duoc sir dung:
1. Téch trong lyc cta dau mé& tu do, khong tao nhii tuong
2. Xu ly hoa hoc va tach nhii tuong

Tach bang trong luc véi dau md tu do, 1a chét rin khong tan sur
dung thiet bi APl (American Petroleum Institute) va thiét b1 CPI
(Corregate Plate Interceptor) CPI. Ly thuyét tach tuan theo dinh luat
Stocke.

CPI bao gom mot bé hinh chir nhat, nudc chay theo chiéu doc bé.
Dau nm [én trén duoc vot ra bang can gat. Thlet bi tach CPI (hinh 2.12)
bao gom hop nghiéng chira 12 — 48 dia c6 nép nhin dit song song voi
nhau va cach nhau tr 1,9 — 3,8 em. Khi nude thai chay gitra cac dia, cac
giot dau nho ndi 1én theo do nghiéng dé di vao mat 1om phia trén cac nep
gap, tar do chung tap hop lai thanh mot khm Ion va di chuyf:n theo chiéu
doc cac dia di xudng phia dudi va sau do ndi 1én trén bé mat.
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vich ngin dicu ‘ Diéu hoa dong chay
hoa dong ra Ban gt Lépdéu  vao

Cée dim cd nép gp (24 - 48 ¥m)
dat nghieng song song v nhau

Hinh 2.12. Hé théng tich dau CPI

2.5. BE DIEU HOA

Nude thai chay vao nha may xu 1y ¢6 su thay do6i vé luu lugng va
tinh chét cta n6. D¢ dat duge hiéu qua xir 1y t6t nhat, luu lugng dong thai
c:an phai 6n dinh. On dinh luu lwgng dong thai bang céch xay dung bé
diéu hoa dong chay trude khi vao cac hé th{:mg xu ly. Trong hau hét cac
truong hop, bé diéu hoa ~dong chay dugc dat sau ludi chin rac, bé lang
cat va trudc bé lang so cap.

Thong qua diéu hoa, toc d6 nudc hoac luu luong duoc kiém soat
qua hé thong xir Iy nudc thai. Ngoai ra, diéu hoa dong chay c6 thé kiém
soat dong chay qua mdi giai doan cua hé thong xur 1y, cho phép du thoi
gian dbi vdi cac qua trinh xur 1y bang cac phuong phép vat 1y, sinh hoc va
hoa hoc.

Bé dicéu hoa c6 thé duoc thiét ké trong diy chuyén xir 1y hodc bén
canh day chuyén xtr 1y (hinh 2.11a va 2.11b). Thé tich can thiét cua bé diéu
hoa dugc thiét ke dua trén dong khdi lugng cta nudc thai bién doi theo
thoi gian. Céac yéu to chinh can phai nghién cuu trong khi thiét ké bé dicu
hoa 1a hinh déng, thiét bi tron va cung cap khong khi, hé théng bom...

2.5.1. Nhitng wu, nhwoc diém khi sir dung bé diéu hoa
1- Uu diém

- Tang cuodng xu 1y sinh hoc, giam thiéu bi soc¢ do tai trong cao céac
chat trc che vi sinh vat vi chung da bi pha loang va co pH 6n dinh.

46
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- Cai thién qua trinh lang cac bé ling thi cap (sau khi xt 1y sinh hoc)
do duy tri dugec tai trong chat ran.

- Nang cao hiéu qua do6i voi nha may cong suiat nho da qua tai.
2- Nhuwoe diém

Gay mui.

Phai bao dudng bo sung
Tang gia thanh xur 1y

Can c6 mét dién tich dat 16n dé xay dung

2.5.2. X4y dung va vin hanh bé diéu hoa

Vit liéu xdy dung bé dicu hoa c6 thé bang dat, bé tong hodc bé
bang thép. Hinh hoc cua bé duoc thiét ké theo kiéu bé phan ung khuay
tron hoan chinh, str dung thiét bi suc khi khi nén hoic bang thiét b khuay
co hoc. Ham lwong DO trong qua trinh Syc khi trong bé diéu hoa bang |
mg/l. Toc d6 cung cip khi bing 0,16 I/m’.s.

Nude

Bé 2001 4 Xit 1 Xt 1§ e
: ol Be difuhoa y i J e 2]
1 ting et bacmét | 7| bécha ¢
(a) Trambomkem Ty 1) do va kidm
soat luu lvong so4t hru hyomg
Bt ; / Xit I X If Nirée
ling cat TT T [ mdt béc hai Iy
(b) BE ditu hoa
Tram bom it
soat luu lwong
Hinh 2.13. Bé di¢u hoa dong chdy trong diy chuyén
(a) — online; (b) — sideline
Vidu 2.3

Xéc dinh kich thuéc bé diéu hoa sir dung nhitng ghi nhan so liu
hang ngay sau day

47
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Tho1 gian Luu luong Thoi gian Luu luong
(i) m’/s (gid) (m’/s)
Giira dém 0,0492 Giira trua 0,01033
| 0,0401 1 gio chiéu 0,0975
2 0,0345 2 0,0889
3 0,0296 3 0,0810
4 0,0288 4 0,0777
5 0,0312 5 0,0755
6 0,0375 6 0,0700
7 0,0545 7 0,0700
8 0,0720 8 0,0688
9 0,0886 9 0,0644
10 0,0972 10 0,0542
11 0,1022 11 0,0512

Giai:

I- Tinh thé tich bé diéu hoa bang phuong phéap cong thé tich luu

Badng phan tich diéu hoa leu heong

(1) @ @ ©® ©
Thoi gian Luu lwvong Thé tich Thé tich ra Thé tich luu X thé tich luu
m’/s m’ m’ m’ m’
8 giosang 0,072 259,2 235,8 23,4 23,4
9 0,0886 318,96 235,8 83,16 106,56
10 0,0972 349,92 235,8 114,12 220,68
11 0,1022 367,92 235,8 132,12 352,8
0,1033 371,88 235,8 136,08 488.88
1 gio chiéu  0,0975 351 235.8 115.2 604,08
2 0,0889 320,04 235,8 84,24 688,32
3 0,081 291,6 235,8 55,8 744,12

48



http://sachviet.edu.vn

4 0,0777 279,72 235,8 43,92 788,04
3 0,0755 271,8 235.,8 36 824,04
6 0,0740 2664 235,8 30,6 854,64
7 0,0700 252 235,8 16,2 870,84
8 0,0688 247,68 235,8 11,88 882,72
9 0,0644 231,84 235,8 -3,96 878,76
10 0,0542 195,12 235,8 -40,68 838,08
11 0,0513 184,68 235,8 -51.12 786,96
12 0,0492 Lrv.]2 235,8 -58,68 728,28

1 giosang  0,0401 144,36 2358 -91,44 636,84
2 0,0345 124,2 235,8 -111,6 525,24
3 0,0296 106,56 235,8 -129,24 396
4 0,0288 103,68 235,8 -132,12 253,88
5 0,0312 112.32 235,8 123,48 140.4
6 0,0375 135 235,8 -100,8 39,6
7 0,0545 196.,2 235,8 -39,6 0

Buoc 1:

Tinh heu luong trung binh QO
0= q/24=0,0655

Biroc 2:

Tinh luu lwong quan sdt dwoc va luu lwong trung binh tir cdc sé
lieu da cho trong bang trén. Luu luong quan sat duwoc ban dau luc 8 gio
sang.

Buoc 3.

Xay dung bang sap xép theo trinh tw, bat dau tir 8 gio sang. Tinh tir
cot 3 dén 6 cho cac buoc sau:

Buoc 4:
Déi véi ot 3, chuyén luu lwong thanh thé tich trong thoi gian 1 gio
Thé tich = 0,072 m’/s x 1 h x 3600 s/h = 259,2 m’
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Buoc 5:

Doi voi ¢ét 4, moi mot hang: tinh thé tich trung binh dé xir Iy:

Thé tich = O x 1h x 3600 s/h

= 0,0655m3/s x 1 h x 3600 s/h

=235, 8m’

Buoc 6:

Déi voi cot 5: tinh thé tich du can thiét dé liru.

Cot 5 = cot 3 — cot 4

Vidy: 2592 m° — 2358 m’ =23 m’

Buoc 7:

Doi véi cot 6: tinh té‘lng thé tich tich lity cua hiéu 56 (cot 5 )

Vi du: doi véi khoang thoi gian thir hai, luu giit tich liy la:
cs =23,4m’ + 83,16 m’ = 106,56 m’

Chu y gia tri sau cung cua tich liy sé bang zero. Nghia la bé diéu
hoa khong chira nwoc deé san sang cho ngay tiep theo.

Biuroc &:
Tim the tich can thiét cua be diéu hoa.

Thé tich can thiét cia bé diéu hoa ddi véi mét ngay la luwong tich
lity cwe dai. Trong truong hop dang xét, la 882,72m’ lic 8 gio (cét 6).
Tuy nhien, can cung ca:p tur 20— 50% dzrng tich dw dé cho luu lwong r!my
doi khong mong muon, fap ddt thiét bi, va su lang dong boi ddp bé cia
chat ran. Nhiwe vdy tong thé tich bé leu sé la:

Tm:g thé tich bé = 882,72 m’ x 1.35=1192 m’
2- Phuong phép giai bang do thi (hinh 2.15)
Bucée 1: Tinh thé tich tich liiy twong tw nhu trong phan 1

Buoc 2: Ve do thi giita ngay trén truc X (diém goc la gitta dém)
theo thé tich tich lity trén truc Y

Burée 3: Noi diém ban dau va diém cuéi cia do thi. Két qua cho luu
licong trung binh hang ngay (m’/d).
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hang ngay
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D3 thi déng khdi
lhrong

The tich d&1
héi cia bé
= ditu hda

Luu lugng
trung binh
hang ngay

Thi gian cua ngay

DEIA’ thi déng
khéi lugng

" Thé tich dii hai

cua bé diéu hoa

)

Thén gian cia ngay

Hinh 2.15: Dé thj xdc dinh thé tich bé diéu hoa
(a) luu lwong dat cyc dgi mgt lan trong ngay;
(b) luu lhrong nwoc thai dat cuc dai hai lan trong ngay

Buoc 4: Vé hai dwong song song theo luu lwong trung binh va
dieong tiép tuyén téi duong cong & diém cao nhat va diém thap nhat.

Bude 5: Xac dinh thé tich doi hoi cuia bé diéu hoa

(Vi Vo).

Chit rin ling trong be ling cdt thujc Iang phan tin tudn theo
Dinh ludt Stocke. Be ling c6 hi¢u qua, vin toc !ang, V, pkax bang
hodc lén hon vin toc ngang, Vy ciia dong nwéc théi vao bé ling

al
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CAU HOI ON TAP VA BAI TAP
Céu héi 1y thuyét

1.
2.

Hay cho biét muc dich ctia song chan rac va bé lang cat

Tai sao phai thiét ké dap chan? Pap chan c6 y nghia gi trong hé
thong lang cua nha may xi ly nudce thai?

. Khi thiét ké bé ling cat phai chi ¥ dén nhiing diém gi?

. Tai sao lai phai xay dung bé diéu hoa? Trong hé thong xir 1y nudce

thai nao khong can phai c6 bé diéu hoa?

5. Trinh bay cac budc tinh toan thiét ké xay dung bé diéu hoa.

6. V, la van toc lang cua hat ran, ¥ 1a van toc ngang cua nudc thai

trong bé lang cat. Trong diéu kién nao thi hat cét ling hoan toan
trong bé lang cat?

Bai tap

a2

18

Song chin rac co hoc duge sir dung trong mot kénh dan nuéce thai
voi toc d6 cyc dai 13 Im/s. Cac thanh chin rac ¢6 do day bang 15
mm va do rong cua khe ho bang 25 mm. Xac dinh:

a) Toc do giira cac thanh

b) Giam thuy luc theo don vi m

. Luu lugng trung binh duogc thiét ké ctia mot nha may xur 1y nudc

thai 1a 0,438 m’/s. Thiét ké bé lang cat suc khi khi thoi gian luu cua
lvu lwgng dinh la 4,0 phut (thong thuong tu 3 — 5 phut). Cho hé )
luru luwong trung binh té1 lwu luong dinh bang 3.

. Mitc nudc ¢ trén dong chay va dudi dong chay tuong tng la 4,0 va

1,2 m (minh hoa trong hinh dudi day). Mot 16 hinh chir nhat c6 mép
nhon vai kich thuéde cao 1m va rong 1,2 m. Tinh luu luong thai Q.
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I- Mot be kiém soat luu lugng hinh chir nhat c6 mot dap chén hinh
chlr nhét ¢ chiéu dai 1,5 m. Dong vao bé la 0,283 m’/s. Dinh
cua dap cach day cua bé 1,2 m. Tinh d§ sau cua bé.

2- Thiét ké bé ling cat hinh chir nhat. Cho biét cac thong tin sau
day: luu lwong Q = 0,5787 m s ducmg kinh cua hat tm thiéu ¢6
thé lang d = 0,20 mm; ty trong cua hat bang 2,65; tuc do dong
chay ngang bang 0,30 m/s; d6 sau ly thuyét cua bé bang 1,0 m.
Tinh kich thudc va dé doc cua bé lang cat.

3- Mot nha may xu Iy nudc thai sé tlep nhan luu lugng 35000 m’/d.
Tinh dién tich bé mit, thé tich va thoi gian luu cia bé ling cat

hinh chir nhat sau 3 m sé tach cat c6 ty trong > 1,9 va kich thude
> 0,2 mm.
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' Chwcvng 3
LANG, KEO TU VA TUYEN NOI

Muc tiéu chwong 3. Sau khi hoc xong chuwong nay, sinh vién:

o Nam dwoc Iy thuyét co ban ciia qud trinh lang, qua trinh keo tu /béng
tu trong xu ly nwoc thai

Thiét ké dwoc hé thong keo tu / béng tu

e Nam dwoc phiong phdp tinh va thiét ké bé lang dot I cho ldng loai 2

Thiét ké dwoc bé lang dot Il cho lang dinh va lang ving (lang logi 3
va loai 4).

e Nam dwoc dac trung va kha nang ap dung cua cac loai bé lang.

3.1. QUA TRINH LANG

Lfmg la qua trinh nham tach chat ran ra khoi dich long. Qua trinh
tach nay rat phuc tap vi cac hat ran khﬂng ¢6 mot hinh dang, khoi luong
riéng va kich thudce c6 dinh. Pé don gian hoa trong nghién ctru ly thuyct
lang, nguoi ta thuong dua ra mot hé lang 1y tuong, trong d6 cac hat ran
¢6 tinh chat ling tuong d6i gidng nhau duoc phéan loai thanh kiéu ling
loai 1, 2, 3 va loai 4.

e Loai 1: lang cua cac hat ran phan tan ¢ ﬂDl‘l}D d6 thap. Khong c6 su
bong tu va tuong tac 1an nhau giira cac hat ran.

e Loai 2: lang cua cac hat & nong do thap cé su lién két hodc bong tu
gitra cac hat. Khi su két hop gitra cac hat xay ra, khoi lugng sé tang
Ién dan dén toc d6 lang nhanh 1én.

o Logi 3: lang dinh hay ling vung. Cac chat ran ¢ nong do cao sé day
lan nhau ngan can toc do lang. Ngoai luc day, khoang trong gilra
cac hat ran rat nho dé cho dong chay cua dich chat chay xung
quanh hat rin tao ra dong luc cho hat rin lang.

e Loai4: lang ving (hay ling nén), trong qua trinh lang, nude bi day
khoi chét rén tao thanh 16p lang nén kha chat.

! Hinh 3.1 dué6i day minh hoa lapg’lual 1, loai 2, loai 3 va loai 4.
Lang loai 3 va loai 4 dién hinh trong bé lang bac Il xur ly bun hoat tinh.

9
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Léng loas 3 |
(ldng dinh hodc ldng ving) 'ﬁ

¢ PP
BRPEX. =

Léng loai 1 Ling loai 2
(lang r&i rac) (bdng ty)

Hinh 3.1: Cdc kiéu ling logi 1, 2, 3 va 4

3.1.1. Lang ctia cic hat roi rac

Khi nf‘mg dd cta céc hat rén thép, moi mot hat ran sé lz‘:'mg roi1 rac va
khong bi tac dong boi cac hat ran khac. Toc d6 lang cua mot hat ran don
1é trong chat long dudi tac dung cua trong luc s& tang 18én khi khoi luong
riéng cua hat 16n hon khoi lugng riéng cua chat long. Van toc lang cua
hat ran bi ngan can boi luc cua dong chay chat long. Toc do lang cua hat
ran tré nén khong doi khi ¢6 su can bang cua cac luc nay. Toc d6 ling &
giai doan can bang luc duoc goi la toc do lang téi han.

Hau hét cac tinh toan ly thuyét va thuc té d6i voi toc do lang, déu gla
thiét hat ran co dang hinh cau. Phuong trinh tong quat ddi véi toc do ling
to1 han cua hat ran hinh cau xuat phat tir sy can bang céac luc tac dung lén
hat ran. D6 la luc kéo (D), luc nang (B) va trong luc (W), (hinh 3.2).

Luc trong truong tac dong 1én hat ran (trong luong), W dugce xac
dinh bo1 cong thire:

4 T
W= —plggm"”=—plggd" 3.1)

Trong do:

o1 - khoi luong riéng cta hat ran hinh cau, kg/m’
a9
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d — dudng kinh cua qua cau, m

r — ban kinh cua qua cau, m

g—gia toe trong truong, m/s’

Luc nang qua cau do sy thay thé dich chat, B:

B = ,og§m~‘ = ,og%aﬁ (3.2)

Trong do:
p - khoi lwong riéng cia dich chat

D B

Y w
Hinh 3.2: Cac lwe tic dpng 1én hat ran hinh cau trong qud trinh ling

Luc kéo qua cau D bang:
| AT T
= pCD[Ed'JVS' (3.3)

Cp — hé s6 kéo (v hudng)

Vs— toc do cua hat, m/s

Pong lwong vudng goc doi voi qua cau:
—d GL—W+B+D (3.4)
6 Ot

Trong thuc té, hat ran gia toc chi trong mot thoi gian ngan. Do vay,
ching ta c6 thé xem toc do cudi khi luc kéo, trong luc va luc nang can bang:

% —0sw+B+D=0 (3.5)

ot
T .3 T o1 s |rza
— —a” + — —d* Ve =0
p]gﬁ %6 zpcn[4 J:&
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T
; (px - P)g F d’
Vs = 1 T
27
1/2
V5= i pl_p gd (36}
3%, B2 My
Trong do:
Cp — ham sb cua sé Reynold, Re
B Pl (3.7)
77

¢ la h¢ sO hinh dang dugc tinh cho cac hat cat klmng co hinh dang
dnng nhat va co gia tri bang 0,85. Moi quan h¢ gitra hé s6 kéo Cp va so
Reynold duogc trinh bay trong hinh 3.3.

Trén d6 thi trong hinh 3.3 ¢ thé quan sat duoc ba ving rd rét:

1. Ving dong chay tang, R, < 1, tai viing nay, luc nhét 16n hon rat
nhiéu so vo1 luc quan tinh, do vay:

Cp = 24/R. (ving nay khong xudt hién luc kéo).
Tdc d6 qua cau sé 1a:
_gd’(p—p)
4 181
(Dinh luat Stocke doi voi dong chay tang).

I ]

I Chiy ting ' Lan truyén ' Chiy réi _l

Hinh 3.3: Moi quan hé giita Cp va R,
a7
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2. Vang dong chay chuyén tiép, 1 < R. < 10%, tai viing nay, 0 nhét
xap xi luc quan tinh:

Gy =—re 5 + 0,34 (3.8)

R, R,

3. Dong chay rdi, R. > 10™;
C;J = 0,4
Vt.; a gd(pl _p) (39)
) 0,3p

Piy la dong chay trong bé lang hinh chir nhat va duoc mé ta trong
hinh 3 4.

Thoi gian lang, thdi gian luu va véan tde ngang trong bé ling duoc
xac dinh bang cac biéu thic:

Thoi gian lang: ¢, = £ (3.10)
Vs
Thoi gian luu: ¢, = g (3.11)

Q

Tong
vecto
cua cac

Ving vao

dé triét

tiéu su

hon loan

ban dau

Ving bin
Hinh 3.4: Dong chay trong bé ling hinh chir nhat
U - van toc ngang, m/s va dugc xac dinh theo biéu thire:
U= O (3.12)

HW
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W - chiéu rong cua bé (m); HW — dién tich tiét dién cua bé theo
hudéng cua dong chay, (m°).

Néu van toc ngang U 16n, hat ran dé bi tro lai trang thai lo lung.
Thong thuong, van toc ngang duogce lua chon: U <9x V.

’ Pé nhan dugc su lﬁng thich hop véi kich thude bé dat hiéq qua
nhat thi tz = 5 khi Vs = Vj (hinh 3.5); V) con duoc gﬂl la tai trong bé mat
(hinh 3.5).

Mobi quan hé gitta ¥y, U, H va L duoc biéu dién qua cac cong thirc
sau day:

H
- (3.13)

Yo
U

- == = (3.14)

Trong do:
Ap — dién tich mat phang cua bé, m”

Q

- - A - 5 - 3
V, = — -tai trong bé mat cua bé, (m’/m’-d)
o

L
1
1

Hinh 3.5: Dong chdy trong bé ling hinh chiv nhit véi tai trong bé mdt V,

Thong thuong bé lang 12 bé hinh tron véi dong vao ¢ trung tam va
dong ra doc theo mép bé (hinh 3.6 va 3.7). Vi bé c6 béan kinh r:

0
e (3.15)
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D6 doc cua duong cong trong hinh 3.7 dugc biéu dién bang ty so
cua dh/dr:

dh i
— = = 3.16
dr ¥ (30

/\\
\

Hinh 3.6: Bé ling tron

Thay Vs = Vy va U trong phuong trinh (3.75):
dh V, V,2mH

dr U 0

A
Y

L

|

Hinh 3.7: Déong chdy trong bé ling tron

Lay tich phan tir 0 dén H:

.[rdr (3.17)

g

H R
jdh _ V,2rH
0
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R
V,2aH r?|" _ HY, H
pett b 032 {(R* —r?) = 4
g 32

n

H =

(3.18)

Q

Y, == - tai trong bé mit giong nhu bé hinh chir nhat.
A,

Posaucuabé: H=V,xty

Trcmg tinh toan ly thuyct nguoi ta déu gia thiét toc do ]ang la dong

nhat & moi thoi diém. E\leu nay khong thé xay ra trong thuc té, cac hat co
kich thuoc nho hon co tﬂq d6 lang Vs < Vo sé khong khong lang dong
thoi. Nghia 1a, chung co6 thé di ra khoi vung lang (hinh 3.8).

Néu su phéan b6 toc do lang cua hat rin duoc biéu dién bang ham

s6: F(Vy) nhu: duoc mé ta trong hinh 3.9. Trong d6, F la phan cac hat ran
S€ lang véi toe do lang < Vs.

(1-

Cac hat sé
khong ling 9 ——— |

Cac hat sé
ling 3

“

Hinh 3.8: Kha nang ling va khéong ling ciia hat ran
cé toc doVs=VyvaVs<V

Phan lang doi vadi téec do ngang cua hat ran Vj la:

Fo
i f VLdF = Phin ling (3.19)
0

0
Trong do:
(1- Fy) - tat ca cac hat ran léng nhanh hon Vj

Fo
|4 \ , ‘
| —dF - phin céc hat c6 tdc dd nhé hon ¥ s ling

]

61
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v“ vm ax

Hinh 3.9: Phin bé téc do ling ciia hat rin

Vidu3.l:

Xadc dinh toc do Eang toi cua hat cat co duo‘ng kinh trung binh baﬂg
0,5 mm va khéi leong neng bang 2600 kg/m’, lang f.F ong neée ¢ 20°C.
Khoi heong riéng cia nuée o 20°C bang 998,2 kg/m’ va dé nhét 1 bang

1.002x10° N. s/m”

Giai:
I A}J dung dinh ludt Stocke doi véi fri:ng toi cua hat cat
_gd’(p,—p)
> 187
2 B 3 4. \2
y, = 9,81m/s” (2600 998,2)fgz‘m (5;:10 n) —0.22m/s
‘ 18x1,002x107" N.s/m
2. Kiém tra sé Renold. R,
Ap dung céng thirc (3.7) tinh s6 R,.:
4 3
R — 0,85(0,22m / s)(5x107 m)(998,2kg/m”) ~ 932

‘ 1,002x107° N.s/m’

Do 56 R. > 1, do vy khéng thé xdc dinh toc do lang bang dinh ludt
Stocke. Sur dung phwong trinh (3.6):

1/2
N ¢
P .

3. Xdc dinh hé s6 kéo Cp theo céng thirc (3.8)

62
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a R
D R{, \/E
=24 3 034=091
93,2 /932

b. Tinh van toc fd:ng cuoi cua hat rdn:
Thay Cp vao phwong trinh (3.8)

v (4/3)(9,81m/5°)(2600—998,2)kg/m’ (5x10~* m)

> 0,91(998,2kg/ m*)

=0,0121 m%/s*
Ve=0,11 m/s

4. Tinh lai buoc 2 va buoc 3 dé kiém tra su chinh xac cua van toc
lang trong buoc 3b

a. Su dung toc do !Lfng tinh dwoc trong bude 3b dé tinh lai sO R,
~ 0,85(0,11)(5x1 07*)(998,2)

R, = = 46,5
1,002x10°°
b. Tinh lai gia tri Cp:
Cp= at + +0,34 =1,30
46,5

c. Tinh lai toc do cua hat ran:

(4/3)(9,81)(2600 —998,2)(5x10™*)

=0,0081m" /s°
1,30(998,2)

2
v, =

V5= 0,09 m/s

5. Ldp lai cdc bude 2 va 3 sir dung két qua trong budc 4. Két qud
thu duwoc: R, = 38,1, Cp = 1,46; Vs = 0,085 m/s

6. Lap lai cic bude 2 va 3 sir dung két qua trong buéc 5. Két qua
thu dwoc: R, = 36,0; Cp = 1,51; Vs= 0,083 my/s.
3.1.2. Thiét ké bé ling bac I cho ling bong tu loai 2

Khi thiét bé lang cho lang loai hai, doi hoi phai hiéu biét sy phéan
bo toc do lang Thiét bi nghién ctru lang phong thi nghiém la mét cot
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lang bang:, plastic, co do sau tuong duong bé lanb va vol duong kinh = 5
in, dé lam giam hiéu tmg cua thanh 6ng.

Chat ran lo limg duoc tron déu, sau dé cho vao cot lang (hinh
10) C6 thé su dung dung dich két tha Fe(OH); hoidc Al(OH); dé nghién
ctru lang.

Vi tri

2m =
lay mau

A J
Hinh 3.10. Mé hinh cét ling

Trong moi mot thoi gian nhat dinh, mu duoc lay & cac vi tri khac
nhau trén cot lang Xéc dinh ty s6 ham luong chét ran (C,) tai thoi gian
va nnng do chat ran ban dau (Cy). V& d6 thi biéu dién su phu thudc vao
do sau lay mau trén cit ling theo thoi gian. Xay dung do thi cac duong
cong phan tram tuong duong cach nhau mot khoang bang 10% (hinh
3.11). Phan tram lang cta chat ran & mdi vi tri lay mau dugc xac dinh
bang cong thirc:

R%z{l——-nglOG

{

(3.24)

Ty s6 tai diém giao nhau gitra dudng dang nong do va thoi gian la
tai trong van toc Vy:

V, =~ (3.25)

Trong do:

R% - phan tram chat ran bi khir tai thoi gian ¢

C;—nong do chat ran tai thoi gian ¢ & do sau da biét, mg//
Cy — nong do ban dau cua chat ran, mg/!

64
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H — chiéu cao cua cot, m

t; — thoi gian duoc xac dinh tai diém giao nhau cua dudng dﬁng

phan tram lang vudng goc vai truc thoi gian.

Trong thuc té, khi thiét ké bé la‘f’,ng bac moét, nguoi ta thuong nhan
thém hé s6 an toan va lay bang 0,65 d6i véi tai trong va bang 1,75 doi
vO1 thot gian luu. Tfmg phé,n tram chat ran bi loai dugc xac dinh theo
cong thirc:

%R = Z(M’” IR" * R Jx 100% (3.26)
m\ H -

Vi du céc thi nghiém cot lang do dugc:
Donvi: %

Thoi gian, phut

Chieu sau, m

10 20 30 40 60 80
0,6 22 37 49 58 71 74
1.2 14 29 38 45 60 68
1,8 12 26 36 43 55 63

1. Xay dung do thi s6 liéu

Time (min)
] 10 20 30 40 50 60 70 80 90

0
0.2
0.4

22 37 49 58 k| 74

0.6 - - » * v *
0.8

E

£

14 29 38 49 B0 68

1.2 & * ] & L B
1.4
1.6

12 26 35 43 55 63

1.8 - = - - - =

2. V& d6 thi duong cong phan trdm ling khong doi:
1]
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(b)

0.2

0.4
042

078
o8

Desth ]

- -
' ¥ =

1.8

1.8

F L

Hinh 3.11: Pé thi duong cong phiﬁiﬂ triim lang trong thi nghiém cot
lang cho lang logi 2

3. Tinh téng phan trim chét ran bi loai

Phwong phap 1:

Vo= (1,8 m)/(50 phut) = 0,036 m/phut
66
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Tir d thi, ¢ thoi gian 7, 50% chat rén bi loai ¢6 V, > V¥, Can thiét
phai xac dinh chat ran s€ bi loai, nhung c6 V; < V.

Phan chét rin thue té bi loai theo ty 1¢: h/H trong cac vung ry, > va rs:
(1,8m +0,7m)
y - x (60 —50) = 7,2%

1,8m
(0,78m + 0.42m)

r, = : x (70 — 60) = 3,3%
1.8m

(0,42m + Om)
r = 2 % (100 — 70) = 3,5%

1,8m

Tong phan chat ran bi loai & cac do sau duoc cong véi phan da bi
loaico V=V

%R = 50% +7,2% +3,3% + 3,5% = 64%

Phwong phap 2:
Ap dung cong thic (3.26).
Sl 0
- (L.8—0,78)m  (60+50)% _ .,
1,.8m
z 0 A
= (0,78—-042)m _ (70+60)% _ 1,
1,8
_ 0
" (0,4?; : Om  (100+70)% _ 9.8%

Téng chét rin b1 loai:
R%=r;+r+r;=31%+ 13% + 19,8% = 64%

3.1.3. Mt so loai bé ling bac I dé ling bong tu loai 2
Muc dich: dé loai cac chat hitu co ¢6 kha nang lang trong mot bé
I6n ¢ diéu kién thu dong vai:
e Hiéu suét khir ctia bé ling:
BOD:s: tir 30% dén 40%

- TSS: tir 50% dén 70%
67
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e Chat rin lang: dugc thu bang thiét bi nao vao hd thu bun, tir hd bun
chung dugc bom ra noi xu 1y bun.

e Dau, md va céc vat lidu troi ndi khac duoce thu bang thiét bi gat &
bé mat.

« Nudc sau khi ling thai qua dap vao hé thong xur 1y tiép theo.
Mot s6 lpai bé lang bac mot thuong duoce thiét ké trong hé thong xur
ly nude thai gom:
« Langngang
« Ling chat ran tiép xuc
o Ling bé mat nghiéng

Tiéu chuan thiét ké bé lang bac mot cho xur 1y bac I, xtr 1y bac 11 va
bun tuan hoan dua ra trong bang 3.1.

Bang 3.1. Cdc tham s6 dién hinh trong thiét ké bé ling

Trong Pién
khoang hinh
BE LANG BACICHO XU LY BACII
Thot gian luu () 1.9—2.5 2
;1:21:: ;;ng bé mat khi luu lugng trung binh 30 — 50 40
O luu luong dinh theo gidy (m’/m’d) 80 — 120 100
Tai trong dap (m’/m d) 125 — 500 250
BE LANG BAC I VOI BUN HOAT TiNH TUAN HOAN
Thot gian luu (/) 1.5—-2.5 2
Tai trong khi Iuu lugng trung binh (m’/m’d) 24 — 32 28
O luu luong dinh theo gid (m’/m’d) 48 — 70 60
Tai trong dap (m’/m d) 125 — 500 250
BE HINH CHU NHAT CHO XU LY BACI
Do sau (m) 3-49 43
Chiéu dai (m) 15—90 24 — 40
Chiéu rong (m) 3-24 4,9-9.8
Téc do lan truyén (m/phiit) 0,6 1,2 0,9
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BE HINH TRON CHO XU LY BAC I

D6 sau (m) 3-49 4,3
Duong kinh (m) 3-60 12 -45
Do dbc day (mm/mm) 1/16 — 1/6 1/12
T6c do lan truyén (#/phiit) 0,02 — 0,05 0,03

Nguon: Metcalf & Eddy, 2003

3.1.3.1. Bé ling dong chéy ngang

Uu diém:
Chiém it dién tich khi nhiéu don vi xur Iy duoc su dung.
Kinh té hon vi str dung cac tudng chung cho nhiéu don vi.
D& che chén dé kiém sodt mui.
Tao khoang cach dai dé lﬁng dé xay ra.
it c6 dong chay quan.
Tiéu thy nang luong it khi thu bun.
Nhuwoc diém:
Co6 nhitng khoang khong gian khong lam viéc.
Nhay cam vo1 dong déang.
Han ché chiéu rong boi cac thiét bi thu bun.
Poi hoi nhiéu dap chan dé duy tri tai trong thap.
Chi phi cao cho bao quan hé thong thu gom bun.

Bé ling dong chay ngang dugc minh hoa trong hinh 3.12
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Phéu clira bim Motor Gat bin
\ Mang thu mroc

Nuoc ra
MFoC
Vao

Rut bun
thai '

I <—Bot Bot <o

A

Hop clara bot

a) Hinh chi¢u bang

Truyen C'a1 zat bimn

r chuyen dong ' \\
. \é

Phen clura bun

b) Hinh cit doc

Hinh 3.12: So' dé bé ling ngang hinh chir nhdt

3.1.3.2. Bé ling chit rén tiép xiic
Mo ta bé lang chat ran tiép xuc:

- Chit ran vao bé tiép xtic voi chit ran trong 16p bun. Lép bun hoat
dong nhw tam chan, cac chat ran tap hop lai voi nhau thanh cac hat
c0 kich thudce 16n hon ¢ lai bén trong 16p bun. Chat long dang lén,
trong khi do6 mat phan cach git chat ran ¢ phia dudi (hinh 3.13).
Pic diém chung cua bé ling chat ran t1ep xuc bao gom

- Thuc hién thuy luc va thoi gian luu t6t hon dbi véi lugng chat rin
twong dwong bi loai trong bé ling ngang.

- Bé lang c6 thé 1a bé tron hodc bé hinh chit nht.
- Khong thich hop ddi v&i bun sinh hoc vi thoi gian luu bun dai ¢6
thé tao ra mui hoi thoi kho chiu.

1
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B& phén chuyén d6ng Viing trdn thir cép va
vung phan ing

b f ' | i‘
Dongra 4 \\.k '})! } Dong vao
nn oL NG W N/
s B . tugighégﬁg

Thoi khi varit nwée 3

Ving trén so cép va
vung phan img

Hinh 3.13: Bé ling chit rdn tiép xiic

3.1.3.3. Bé ling tiam nghiéng

Céac hé thong ling nghleng dugc mo ta tmng hinh 3.14. Bé lang
nghiéng ndi chung bao gom cac tAm phang hodc cac ong, dugc lap dat
trong bé Iang trén co s& hudng di chuyen cta dich chat lién quan dén
hudng lang cta chat lo ling:

- Poi dong
- Pong dong
- Dong ngang

Muc dich dit cac tam hodc cac nng dé tang dién tich lang va glam do
sau cua bé lang:, Tt cong thirc xac dinh toc do ]ang, Vs >V, cua hat ran:

Q
V == 27)
y A(3

O — Iuu lugng (hang s6), 4 — dién tich bé mat bé ling.

Khi tang dién tich bé lang, toc do ¥, s& giam dan dén tang hiéu qua
lang cua hat ran.

n
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Chit 16ng YChit Chat ¥ Chdi ol
Chat ran long ¥ Chat ran

(a). Lang doi dong (b). Lang dong dong

Chitlong €

Chat ran

(c). Ling dong ngang
Hinh 3.14. Cdc kiéu ling tdm nghiéng

1. Liang déi dong
Thoi gian ¢ cho hat ran lang mét khoang cach giira hai bé mat
nghiéng song song vdi nhau dugce xac dinh bang cong thic:

W
V. cosé@

F l—

(3.28)

W — khoang cach vudng goc gitra cac bé mat, 0 1a goc nghiéng so
vo1 huong cua dong chay. Chiéu dai bé mit Lp, du cho thoi gian ling ¢
néu toc do cua chat long 1a Vy:

1



http://sachviet.edu.vn

W, -V, sin8)

L. = 3.29
3 V. cos@ iy
Piéu kién dé hat lo lung lang 1a ¥ > Vs:
V
Vs = . : (3.30)
L,cos@+Wsin€

2. Lang dong dong

Trong lang dong dong, thoi gian dé cac hat ]ang trong mot Khoang
cach vudng goc gitra hai bé mit tuong tu nhu ling dm dong. Chiéu dai bé
mat duoc xac dinh dua trén dong dich chat huon g xuang duoi:

Vo+V sin@
g, —ppile HT, 800 (3.31)
V. cos@
Diéu kién dé khr hat rén lo lung:
V.
Vs > il (3.32)

L,cos@—Wsinf

3. Lang dong ngang

Tho1 gian cho hat lo lung lang mot khoang cach vubng goc gitra hai
bé mit tAim nghiéng cho trong phuong trinh (3.28). Dong chat long nim
ngang khong tuong tac véi toc d6 lang vudng goc cua hat ran, do vay:

V. w

L =— 3.33

" V. cos@ —
V.W

va > (3.39)
L,cosd

4. Cac dang hinh hoc dong chay khac

Ba kiéu ling phan tich & trén chi 4p dung cho cac hé tam phing dat
song song vdi nhau. D€ don gian hoa cho cac dang hinh hoc khac, nguoi
ta dua ra mot tham so S., duoc dinh nghia nhu sau:

(sin@+ L, cosf)
AY

S =V

. 3.35
: 7 (3.35)

L, = L/W1a chiéu dai tuong d6i cua tam ling.

Téc do lang V'* la dai lugng dugc xac dinh trong truong hop dic
biét, khi tat ca cac hat voi toc do Vy hoac 16n hon toc do khu, Vi, sé lang

13



http://sachviet.edu.vn

d6i voi bé mat dat song song, S. = 1. Tuy nhién, gla tri S, d6i voi cac dng
tron bang 4/3 va doi voi 6ng hinh dan hinh vuéng, S, = 11/8.

Thiét ké tai trong cling dugc xac dinh bang V*:

K. KV
P* et (3.36)
L
trong d6 K; 14 hang s6 va bang 8,64 x 10° m’/d.m?, va
L
K= Rl (3.37)

sin@+ L, cos @

Ddi vai cac gia tri da cho va khoang khéng cua bé mat khi 8= 0,
phuong trinh (3.37) tr¢ thanh:

S,

= = const (3.38)

Vidy 3.2:

Mot bé lang dwoc ldp dat 2 m cdac tam phang nghieng hinh vuong.
Moi tam mch nhau 2 in. Goc dat nghzeng cia cdac tam cé thé thay doi tir
50 dén 85°. Loi vao va l6i ra cia bé cé thé lap ddt sao cho bé cé thé sir
dung doi véi cac kf,eu Iang doi dong hoac dang dong hoac dong ngang.
Néu nhue khong can rkzet xie Iy cde van dé vé thuy lwc do phan bé dong
chay, vay sdp dat cac tam nghiéng nhu thé ndo la tot nhit?

Giai:
Tir cac phwong trinh (3.30-3.34), xdc dinh ty 1¢ Vo/Vy doi véi lang
doi dong & goc nghiéng 6= 85
V 50 50

s = = =0,223
V. 2000c0s85° +50sin85°  174,3+49,8

Bdi todn dat ra can ¢é gid tri nho nhdt cia Vy trong vimg géc
nghiéng 6. Cac gia tri Vy thu dwoc cua lang nguwoc dong, dong dong va
dong ngang o cac goc nghiéng khdac nhau dwa ra trong bang duoi day:

Géc (6) 5 IS | 30 | 45 | 60 | 75 | &5
Déi dong (Vi/Vy) 10,025 0,026 | 0,028 | 0,035 | 0,048 | 0,088 | 0,223
Dong dong (V/Vy) 10,025 0,026 | 0,029 | 0,036 | 0,052 | 0,106 | 0,402
Dong ngang (Vy/Vy) 10,025( 0,026 | 0,029 | 0,035 | 0,050 | 0,096 | 0,287

14
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Tir cdc ket qua thu duoc, cé thé .fhm s khac biet khong !ﬂn giva

ba loai lang doi voi goc dat nho hon 60". Khi goc dat lon hon 60°, lang
doi dong cho phép lang ciia cdc hat véi toc do lang nho nhat.

3.1.4. Cac thong s thiét ké bé ling bac 1
3.1.4.1. Muc dich thiét ké

Cung cap du thoi gian ¢ diéu kién tinh dé lang cuc dai xay ra.

Cac diéu kién anh huong lam giam hiéu suat khir chét rin bao gom:
Dong xo4y tao ra do dich chat di vao bé

Dong chay bé mat tao ra boi gio

Dong dirng tao ra bdi cau tric bé mit

Dong d6i luu dirng tao ra bai nhiét do khac nhau giira dong vao va
bé

Dong mat do gay ra nude lanh hodc nudc niang chiy phia dudi bé
va nudc nong va nhe chay qua trén bé mat cua no.

Dong tao ra do hé thong thu bun.

3.1.4.2. Co ciu dong vao

dich:

Dong vao bé lang dugc di qua cac dap hodc vach ngan véi muc

Tiéu hao nang Iugng trong dong vao boi cac vach ngan hoac dap.
Luu lugng phan bé bang nhau doc theo bé rong bé.

Ngin can xo4y nuéc do nhiéu loan nhiét do va phan tang ty trong.
Cung cap ton that ap luc nho.

Kiém soat Iuu luong, thiét bi gat bot, bao dudng.

Toc do tai duong émg vao: 0,3m/s.

Mot s6 hé théng tao dong vao bé lang bac I duoc minh hoa trong

hinh 3.15:

15
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Hinh 3.15: Cdc kiéu thiét ké cho dong vao bé ling

3.1.4.3. Co ciu dong ra

16

Muc dich thiét ké cac vach ngin, dap dbi vai dong ra la:
Luu lugng phan b6 dong nhat trén mét dién tich 16n cta bé.
Han ché lam noi cac hat va thoat vao dong ra.

Giam thiéu c4c vat liéu troi noi di ra ngoai.

Tai trong dap ddi véi cac nha may: < 44 /s— 124 m3/m id;

Xay dung vach ngan ¢ truge dap dé giir cac vat liéu troi ndi thoat
vao dong ra. Mot sé kiéu sap xép vach ngan trong bé lang dot I dua
ra trong hinh 3.16.

Vach ngan Vachngan

—a

-I—.-

‘ %
|
L

— | —
Vachngan
4l
— ] Sy [R——
%

A A |
A
0
2% 1%

Hinh 3.16: Sip xép vich ngan trong bé ling
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Vidu 3.3

Mot nha may xir Iy nuée thai tiép nhdan leu hmﬁg nwoc thai 3.500
m’/d. Tinh dién tich bé madt, duong kinh, thé tich va thoi gian luu cua bhé
ling tron c6 do sdu 3m. Cho biét tdi trong bé mdt cia bé, SOR = 60
m’/m’/d.

Giai:

1. Tinh dién tich bé mdt bé:

0 (35000:11 d™"
SOR Gﬁ(m m2d™)

2. Tinh dwong kinh bé:

A=’ 1'=\/£=1/E =13,6m
T T

D=2r=270m
3. Tinh thé tich bé:

V=AxH =583x3=1749m"
4. Tinh thoi gian luu:

=583m’

tp = 4 = 1785 =0,05d =1,2h
O 35000
tr la thoi gian trung binh luu nuéde thdi trong bé lang
V
IR = E

3.2. KEO TU, BONG TU

Lang roi rac nhu da trinh bay trong phan bé ling cat thuong rat
hiém gip trong xir Iy nudc thai. Khi chit ran lo [ung roi xuong phia dud,
ching sé va cham va dinh lai v&i nhau dé tao thanh céc hat c6 kich thudc
16n hon. Hién tuong tao thanh cac hat Ién hon tir cac hat ¢6 kich thudc
nho duoc goi 1a bong tu. Dé ting kha nang bong tu ¢ thé cho thém céc
tac nhan hoa hoc hodc cac polymer.

Lang hat rin bao gom hai qua trinh: keo tu va bong tu.

1
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Ban kinh higu dung

{b)

Hinh 3.17: Qua trinh keo tu va béng tu cua cac hat keo
(a) Keo tu, (b) Bong tu

3.2.1. Keo tu

Keo tu la pha v& d6 bén va lién két cac hat keo; bong tu la tao
thanh cac hat 16n hon tir cac hat nho (hinh 3.17).

Cac hat keo bit gap nudc tu nhién va nude thai bao g0m sét, silica,
sat cac kim loai ning khac, chat mau va nhimng chat ran hitu co nhu cac
mau xac chét sinh vat. Ngudi ta phan biét ra hai loai keo wa nudc
(hydrophilic) va keo ky nuéc (hydrophobic). Hau hét cac loai sét ty nhién
la keo ky nude. Cac chat hiru co gy mau la keo wa nudec.

Cac hat keo ton tai trong dung dich voi kich thuac rat bé vi ching
mang dién cung dau nén giita céc hat keo ludn xuat hién luc day tinh dién
va khong bi ling. Su chénh I¢ch dién thé giira lop bé mit bién dang cua
hat keo va dung dich ludn ton tai dugc goi la thé zeta. Poi véi hat keo
trong cac nguon nude tu nhién ¢ pH trong khoang tur 5 dén 8, thé zeta co
gia tri tir -14 dén — 30 mV. Hat keo cang c6 thé zeta am thi hat keo d6
cang bén. Khi thé zeta bién mat, cac hat keo c6 thé tién lai gan v6i nhau
hon din dén lam ting kha nang va cham. Dé lam trong nudc, cac chat
dién ly duoc thém vao dé khir thé zeta cua hat keo.

Qua trinh keo tu ¢6 thé xay ra theo mét sb co ché chinh sau day:
1. Nén lop kep,

Khi ¢6 mit chat dién ly mang dién tich trai dau, 16p ion tich dién
xung quanh hat keo s& bi nén lai. Néu luc nén du 16n, luc Van der Walls
gitta cac hat keo sé& thiang duoc luc day giira cac hat keo. Lop kép khuéch
tan tao ra boi cac cation tan cong cac hat mang dién am (lop ¢d dinh), cac
18
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cation va anion gén vO1 nhau mot cach long I¢o trong 1op khuéch tan &
ngoai cung (hinh 3.18a va 3.18b).
2. Trung hoa dién tich
~ Thém cac ion tich dién duong hép phu trén bé mit cua hat keo cé
thé giam dién tich bé mat va giam luc day.
3. Bay trong ket tua
Céac mudi cua Al va Fe thém vao & khoang pH thich hop s& két tia
nhu 1a nhiing bong tu véi nhan 1a cac hat keo.
4. Cau noi cdc hat keo
Céc phan tir hitu co kich thudc 16n (ca anion va cation) gan nhiéu
hat lai v&1 nhau tao ra mot bong tu lon lam tang téc do lang.

e

(a)
1 ,
- % Luc dién tir khong cd chatkeo tu
e L} g
E % Luc difn tlr v chét keo tu
=2 "
4 “
!tg / ar? “-*—---
= St
o 2
B ; Luc van der Waals
2 ]
= f
— i
[}
(b) ;
Hinh 3.18: (a) Lop kép khuéch tan va (b) cdc luc twong tac trén bé mat

hat keo
19
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3.6.1.1. Cac phan wng hoa hoc trong nwoc cua mit s6 chit keo tu

tu la:

I
2. FeCly
3
4
5

Mot s6 hop chat hoa hoc thuong duoc sir dung trong qua trinh keo

Al(SO4);5.14H,0 hoac Aly(SO4);.18H,0 (phén nhom)

FeCl; (voi voi)

: FE3(504)3 (Vfﬁi Vﬁ'i)
. FeS04.7H,0 (vo1 voi)

Cac chat dién ly ciing 1a chat keo tu bao gom:

- Chat dién ly tu nhién (tinh bét, xenluld, chitosan...)

Chat dién ly tong hop tir cac monomer (polyamine, sulphonate...).
Vi du mét so chat dién ly tong hop:

Cationic Trung hoa Anionic

—CHE—CHQ-N— C—U —cHQ—
mz

Polyacrilamide
Polyethyleninine Poly(meth )acrilic acid

Nhirng hop chat c¢6 kha ning lam tang qua trinh keo tu/bong tu va

lang dugc goi la chat tro bong ty (chat bo sung) bao gom:

- Silica hoat hoa

- Céc chat dién ly

L.

Phan wrng thuy phian cua phén nhom

Khi thém phén nhom vao trong nudc thai s€ tao ra thuy phan cua

sulfat dan dén A1(OH); két tua theo cac phan tng:
Al,(S0O,),.18H,0+6H,0 < 2A4I(OH),  +6H" +3S0,” +18H,0

kiem:

Néu trong nuoc thai ¢6 do kiém 16n, phén nhom s€ tac dung vaoi do

AL(SO,),.18H,0+3Ca(HCO, ), < 2A4I(OH), L +3CaSO, +6CO, +18H,0
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Néu nhu do kiém khong du, 6 thé thém voi vao dé két tia AI(OH)s:
Al,(SO,),.18H,0 +3Ca(OH), <> 2AI(OH), L +3CaSO, +18H,0

2. Phan wng thuy phan ciia FeCl; va Fe;(SO0y);

Khi thém FeCl; vao nudc thai, phan Umg thuy phan xay ra véi sy
tao thanh Fe(OH); khong tan kéo cac hat keo theo co ché quét:

FeCl, +3H,0 <> Fe(OH), \ +3H" +3CI~
Do sinh ra H' trong phan (g thiy phén, nén phai can dém pH d¢
duy tri két tua Fe(OH)s.
Khi d6 kiém trong nudc thai du lon, gibng nhu phén nhém, phan
img cua FeCl; vo1 do kiém tuong (rng nhu sau:
2FeCl, +3Ca(HCO,), < 2Fe(OH), \ +3CaCl, +7CO,
Trong trudng hop bo sung thém voi khi d6 kiém cia nudc thai nho:
2FeCl;+3Ca(OH); < 2Fe(OH), v +3CaCl,
Phan rng cua sulfat sat (I11) khi c6 mat d6 kiém hoac voi:
Fe,(S0,), +3Ca(HCO,), <> 2Fe(OH), 1 +3CaS0O, + 6CO,
Khi voi dugc bd sung:
Fe,(SO,), +3Ca(OH), < 2Fe(OH), { +3CaSO0,
3. Phdn irng ciia sulfat sit (TI) véi do kiém va véi
FeSO,.TH,0 + Ca(HCQO,), < Fe(HCO,), + CaSO, + 7H,O

Fe(HCO,), +2Ca(OH), < Fe(OH), +2CaCO, +2H,O
4Fe(OH), + O, +2H,0 < 4Fe(OH), 4

3.2.2. Bong tu
Bong tu la qua trinh két hop cac hat keo da tich tu lai thanh ting
bong 16n ¢6 kha nang lang boi cau noi cua tac nhan hoa hoc (hinh 3.19).
Bdng tu xay ra boi:
|. Chuyén dong Brown — mot hanh vi quan trong d6i v6i cac hat keo

¢o kich thude nho (< 0,5 um). Khi chuyen dong Brown, cac hat keo
tién lai v6i nhau du gan dé két tu thanh bong lon.

2. Bong tu xay ra do tao thanh sy chénh l1éch toc do bén trong nudce
thai dé ting tuong tac cua cac hat (vi du khudy nhe bang co hoc).

Lang bong tu thuong duoc goi 1a lang loai 2.
81
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3.2.3. Thiét ké qua trinh keo tu/bdng tu

Ap dung keo tu/bong tu trong xiur 1y nudce thai cé thé s dung qua
trinh gian doan hodc qua trinh lién tuc.

3.2.3.1. Keo tu/bong tu gian doan

e Hai bé phan tmg dugc su dung dong thoi. Mdi mot bé hoat dong
theo mét chu trinh day du (cho nudce thai vao, keo tu, bong tu, lang).

e Moi mdt giai doan duoc tién hanh theo ting dot va phu thude vao
tho1 gian.

e Sau khi bé phan (mg chira day nude thai, thém chat keo tu, nudc
thai dugc khuay manh (khoang 1-3 phat).

e Tbc d{’jukhufiy glam x}téng. Giai doan lf:ing bat dau khi khuﬁy tron
dung han. Thoi gian lang khoang vai gio.

‘!..!

Hinh 3.19: Qua trinh keo tu va bong tu cua cac hat keo
(a): keo tu; (b): bong tu

3.2.3.2. Hé th f';ng keo tu/bong tu lién tuc

Hé thong keo tu / bong tu lién tuc bao gom:

e H¢ théng bo sung chat hoa hoc: bom lién tuc chat keo tu vao nude
thai.

e Bé tron nhanh: tao diéu kién cho tdc do di chuyén cao cta hat keo
va tron chat keo tu vo1 nudc thai.

e Bé bong tu: khudy nhe dé gia tang su két hop cta hat keo

e B¢ lang: dé tach cac hat bong tu.

82
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3.2.3.3. Mo hinh toan hoc cua qua trinh bong tu
Toc d6 bong tu ¢ thé xac dinh tir phuong trinh:

. -tiG t (3.19)
N[] T ave '

»
Trong do:

N, — so hat keo tach

N, 0_sé hat keo ban dau

n - hiéu suat va cham cua hat

0 - thé tich cua hat keo trén mot don vi cua chat lo ling

Gave — sur chénh léch toc do trung binh, su bién do61 van téc cua
nudc trong mot don vi thoi gian.

Chénh léch toc do trung binh G,,. dugc xac dinh boi cong thurc:

G,. = Fore (3.20)
. v

P... — nang lwong bi tidu tén trong thé tich ¥ cua dich chat.

Cong suat can thiét tronng xur 1y nude va xir 1y nude thai véi mire
do khuay tron duoc do bang gradient G. Gradient G 1la mét ham s6 cua
cong suat ap vao mét don vi thé tich:

G = L (3.21)
yrid
G — Gradient toc dd, s/
P — cong suat ap, W
¥ — thé tich nudc trong bé tron, m’
- d0 nhot dong luce, Pa.s

G ¢6 thé xac dinh bang thyuc nghiém. Tong sO cac hat va cham ty 18
voi Gx1,, trong do 7y la thoi gian luu trong bé va bang V/Q. Gia tri dién

hinh cta G d6i véi nudce thai c6 mau va do duc cao va thap dua ra trong
bang 3.2.
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Bang 3.2: Gia tri dién hinh ciia G trong xwr ly nwoc thai

Diéu kién G(s) G %ty (v hudng)
Keo tu khir mau, d6 duc thap 20— 70 80.000 téi 200.000
Keo tu khir chat ran, dd duc cao | 30 - 80 36.000 — 96.000
Lam mém, 10% chat ran 130 - 200 200.000 — 250.000
Lam mém, 39% chat ran 150 — 300 390.000 — 400.000

Khi thlct ké thiét b1 tron dé tron nhanh va trén trong bé bdng tu,
cong suat truyén cho chét 1ong trong bé c6 vach ngin boi canh khuay
(hinh 3.20) c6 thé xac dinh theo phuong trinh ciia Rushton d6i véi dong

chay r6i:
P=K,(n) (D) p (3.22)

P - cong suat, W

K7~ hing sb canh khuay

n — toc do quay, vong/giay

D; - dudng kinh canh khudy

o - khoi lugng riéng cua chat long, kg/m’

Trong bé khong c6 vach ngin cong suat truyén cé thé thap va bﬁng
khoang 1/16 gia tri thu dugc tir phuong trinh Rushton. Cac gia tri hang sO
canh khuay K dirge nha san xuat cung cap.

Cong suat truyen boi thiét bi tron ¢6 canh khui;iy dang mai cheo la
mot ham cua luc kéo 1én mai cheo:
Cpdp(v,)’

p=-—2 4 3.23
> (3.23)

Trong do:
P — cong suat truyén, W
Cp — hé s6 kéo cua mai chéo
p - khéi lwong riéng cua dich chat, kg/m’
A — dién tich tiét dién ctia mai chéo, m’

v, — toc do tuong doi cua mai cheo m/s

8
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(a) Truc quay (b) Chén vit (c) Tubc bin
Hinh 3.20. Cdc kieu cdnh khuay sir dung trong bong tu

D61 vai thiét bi tron bang khi nén:

h+1033
— ko 1| 222 3.24
Q. n( 1033 ) (52

P — cong sudt truyén, w
K — hang s6 = 1,689
0. — lwu lwong dong khi & ap suat khi quyén, m’/phuit
h — ap suat khong khi & diém thai, m
3.2.3.4. Tiép xiic chit rin ciia dong huong lén

Tron, bong tu va ling c6 thé tién hanh trong mot bé phan ung.
Dong vao cua nudce thai va tac nhan hoa hoc duge trén trong trung tam
bé ¢o Lau truc dang hinh nén. Dong chét rin di xucmg, day (do1 khi dugc
goi la tam chan) khi d6 dong thai di tr phia duoi di 1én. Chat ran lang tao
thanh mdt tim chin bun. Uu diém cua hé thong tlep xuc 1op chat ran cua
dong hudng Ién lam giam dugc kich thudce cua bé lang. Bé lang tiep xuc
chét ran cua dong hudng 1én chi phu hop vdi nude thai co chat lugng 6n
dinh.

Vidu 3.7

Thanh pho A ¢6 ké hoach xay dung nha mdy xi Iy nuwde dé khir Fe.
Mot nha may keo tu Fe do duc thap da diroc dé nghi xay dung voi cac
tham so thiet ké nhw sau:

Q=2ms

to tron nhanh = 10s

G trén nhanh = 1000 s
to bong tu 20 phuit
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G bong tu = 30 5™
Nhiét @6 nuée = 18°C
u=1053.10" Pa.s

Chon may khuay model JTQ1500 toc d6 quay 110 rpm (1,83rps)
voi canh khudy phang. Cho Kr= 6,3.

Thiét ké bé dong tu va tron nhanh, kich thudc cua thiét bi (cong sudt
I6n nhat cia fhzer bi = 11,9 kW véi hé s6 rruyen hiéu qua cua moto vao
nueée = 0,8). Lay ty 1é dwong kinh canh khudy va dwong kinh bé la 0,33.

Giai:
a) Thiét ké tron nhanh
Thé tich ctia bé trén nhanh:
V= (0)(ty) = (2n’/s)(10s) = 20 m’
Thiét bi ¢6 cong sudt trén lém nhat cé thé dat dwoc:
(11,19kW)(0.8)=8,95kW

Hé 56 0,8 duoc gia thiét la hiéu sudt truyeri cong sudt clia moto vao
nudc. Thé tich can ﬁue‘t dé khudy tron co thé tim dwoc tir phiwong trinh
(3.21) cho G = IGQG s~ va cong sudt ciia nude bang 8,95 kW. Bo nhot n
ciia nuwde o 18°C bang 1,053% 107 Pa.s:

P 8.95x10. W

V= ——= - i = 8,50m’
G’u (1,000s™)2(1,053x10°° Pa.s)

e S0 bé can xdy dung:
20 m’

8.50 m’/bé
Moi bé sé co thé tich bang 6,67 m’.

= 2,35 hay 3 bé

o Puong kinh canh khudy dwoc xdc dinh theo phwong trinh (3.22):

D.—=[ (P) ] :( (8.95x10°W ':{{}23)],,5:03?5?“
(p) (

(K, )(n)’ 6,30)(1,83rps), (1,000kg /m’)
o Puong kinh bé sé la: S =2,2Tm
0,33
e Dién tich bé mdt ciia bé: @ = 4,05m°
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6.67m’
4,05m°

e Do sdu cua bé: =1,65m

b) Thiét ké bé bong tu
o Thé tich dé bong tu:
V'=(0)(t)
= (2m’/s)(20phiit) (60s/phiit) = 2.400 m’
o Xay dung 3 bé trén nhanh giong nhau: 2.400 m’ /3 = 800 m’

Moi mét bé chia thanh ba bué"ng dé dat dwoc sw bong tu giam dan.
Thiét ké G cho mai ngan la 40s”', 305 va 20s™. Gid tri trung binh G sé
la 30s™.

Thé tich cue dai cé thé trén:

P 895x10° W

=——= ~ = =9.444m*
G (305 )(1,053x107 Pa.s)

O gid tri G nay, céng sudt ciia may trén sé khéng han ché. Sir dung
bé 800m’ chia thanh ba ngdan, moi ngan 267m’. Céng suat doi héi cho
ngan thir hai sé la:

P=G’pV =(30s")2(1,053x 107 Pa.s)(267m’ ) = 253W = 0,253k W
Gia s do sau cua ngan dong tu la 4m, va la hinh vuong dién tich
ngan sé la:
267m’

4m
Moi canh cuia hinh vuong ff}f;fng (66, 75{!:3)”‘? = §8,17m. Chon ty lé
duong kinh canh khudy va chiéu dai bé bang 0,3. Puong kinh canh
khuay la: (8,17m).(0,3) = 2,45m.

=66,75m’

3.3. TUYEN NOI

Tuyen noi khi hoa tan (DAF) da dugc sur dung rong rai trong hon
40 nam gan day dé khir chat ran lo ling (7SS), dau, m& va nhu cau oxy
sinh hoa (BOD). H¢ th::mg DAF thuﬂmg duoc sir dung dé xir 1y so bd
nuée thai, thu hoi san pham va nén bun sinh hoc trong cac nganh cong
nghiép ché bién thuc pham, cac nganh san xuat gidy va cong nghiép dau
mo (hinh 3. 21).
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Miing thu bot néi

llllllllllllllllllllll
-

\, Motor truyén djng

khuéch ¢
tan

Khi

s =

Bom tuin hoan -.
Van diéu dp | Méng thu ¢iin / | Thiét bj gat ciin

Hinh 3.21. Hé théng DAF

3.3.1. Co so Iy thuyét

Luong khong khi ¢6 thé hoa tan trong nude duoc xac dinh theo
dinh luat Henry: ddi v&i chat khi khong ion hoa c6 do tan thép tmng
nuge, thé tich hoa tan trong nudc thay d6i v6i ap Suat tuy¢ct dm Vi dy, ¢
ap suit 5 bar, khi hoa tan gap nam lan so véi & ap suat khi quyen Ltrrmg
khi giai phong ra tur dung dich khi giam ap suat téi ap suat khi quyén
dugc xac dinh bang cong thirc:

P
= 1 B
=G {147 ] (3.24)

G, - luong khi giai phong, mg/l; G, - d tan cua chat khi & ap suat
khi quyén, mg/l; P, - ap suat tuyét doi trong bé bao hoa

Cong thic (3.24) phat duge hiéu chinh d6i voi hiéu suat hap thu
ctia chét khi trong bé bio hoa vi thuong b1 anh huong bot sy khuay trén
va thoi gian luu. Hiéu suat thay doi trong khoang tir 40% dén 60%. Do
vay, luong khi giai phong ra chi bang khoang mot nua so vo1 gia tri tinh
bang cong thirc (3.24). Bot khi dugc tao ra bang phuong phap phén tan
c6 kich thudc xap xi 1000 um. Bot khi bam vao bé mat hat ran theo co
ché bam dinh hodc vudng vao cac bot khi khac dé bam dinh trén bé mit
hat ran. Pé ting cuong co ché bam dinh, ngudi ta bo sung vao nudc thai
chat keo tu nhu phen nhom, polymer dé khu su tich dién trén hat va cac
bot khi. Co6 ba h¢ thﬂng tuyén n6i DAF, bao gdm hé thung suc khi toan
b0 nudc thai, hé thnng suc khi mot phan va hé thﬂng tuan hoan (hinh
3.22a, 322 b va 322c¢).
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O Dong ta
Bé tuyén néi
s
>
Khong khi V an gidi phong ép suit
(@) Suc khi toan b nude thdi

M . O Dong ra
>

Nuoc thai

Keo tu

—M— Khong khi

g

—

Nt

N

D1 qua

D{]_

Bé tuyén
noi

Van giai phong ap suat

(b)Suc khi tirng phan nuede thai

Bé tuyén ndi

>
Nudce thai

O

Dong ra

(c) Suc khi tuan hoan

&
l Tuén hoan

—O

N

Khong khi

Hinh 3.22: Cic hé thong DAF
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3.3.2. Thiét ké hé thong DAF
3.3.2.1. Ciin bang khoi lugng trong bé DAF

Hinh 3.23 dudi day mé ta sy van chuyén va cén bang khéi lugng
vat chat trong h¢ thong DAF.

Phwong trinh cin bang khéi luong trong hé thong DAF:
Toc @9 tich liiy = toc do khoi lwong vao — toc do khoi luong ra
+ toc do khoi lwgng phan ing

Cé thé biéu dién phuong trinh can bang vat chat bang biéu thirc
toan hoc. Goi M, 1a khoi lugng cua khong khi:
dM _ am . _aM . " aMm .. (3.25)
dt dt dt dt
O trang thai dimg (6n dinh) va khong c6 phan tng héa hoc:
ey Do
X¢ét cac truong hop:
1. Toc d@o khoi lwong cia khéng khi vao (dM..,/dt)
= Toc do khoi lwong vao + Toc do khoi lwong tuan hoan — (3.26)
= 5,0 + sR.
Theo dinh luat Henry, ta co:
s =KP (3.27)
K — hang s6 Henry; P — ap suat cua khong khi.
vis, = K (1 atm)
do vay: 5 =gs,P (3.28)

Do khi khong bao hoa hoan toan, dat R = Rf. Thay vao phuong
trinh (3.26), ta co toc d§ cua khoi Iuong khong khi vao:

=540 + s.PRf (3.29)

Pit X = R/ Q — R = XO. Phuong trinh (3.25) ¢6 thé duoc viét nhu
sau:

Toc dé khoi lwong vao + Toc dé tuan hoan = 5,0 (1 + fPX) (3.30)
2. Xét truong hop toc do khoi lwong khi ra, dM ou/dt

dM, pu/dt = Toc do giai phéng + Toc d@é dong thdi (3.31)

=A+ 5,0+ R)=A+ 5,0+ X0)=A4 +5,0(1 +X)
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Khi giai phong = 4, g/phut
L — Bién gidi cua hé
I/ phut. : :

Nong do bdo hoa O+R s

khong khi o I atm : 5
. A ~ ‘ 4 Qr Sf:
Bé DAF :

Dong tuan hoin
= R, I/phut

Nong d6 khi nén = s, g/l

Binh ap suét
Hinh 3.23: Dong vt chat trong hé DAF

Tré lai phuong trinh can bang khoi lwong cua hé & trang thai dimg
va khong co phan tng hoa hoc, ta co:

0=s5 00+ fPX)—[A+s,0(+X)] (3.32)

Trién khai phuong trinh:
=85 0+50/PX —A—-5,0~-s,0X
sap xép lai:
A=5 0+s5 0FPX —-5s,0—-5,0X
=5,0X(fP-1)
thay X = R/Q va R = XQ:
A=s,(fP-DR (3.33)

Co s¢ thiét ké h¢ thong DAF la dwa vio ty s6 khoi lwgng ciia khi
gidai phong va cua chat ran.

T cac phuong trinh di biét:
A =s.P— 1R
91
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sos,0: A_S.UP=DR A4 _135,(/P-DR .30
s S0 s 5,0

1,3 1a hé so chuyén doi don vi: s, ml/l thanh s, theo g/l va S, mg/I
thanh S, theo g//

3.3.2.2. Mjt 56 tham sé co bén trong thiét ké DAF
I- Ty 1& A/S = 0,005 t&i 0,06
2- P =27516i 350 kPa (40 — 50 psi)
3- R/0=0,15—1,2
4- Tai trong bé mit = 0,2 — 1,5 lit/m’-min

5- Tai trong chat rin = 0.1 -1 kg /m°-h
6- Thoi gian luu = 10 — 60 min

CAU HOI ON TAP VA BAI TAP
1. Trinh bay co so cua 1y thuyét ling
2. Lang roi rac 1a gi? Lang roi rac duoc ap dung trong bé lang nao?
3. Trinh bay co ché keo tu
4. Trinh bay co so 1y thuyét cua tuyén noi.
Bai tap
1. Thiét ké hé thong lang cho nudc thd véi cac tinh chat sau:
Luu luong cuc dai hang ngay: 4m’/s
Luu lugng trung binh hang ngay: 3m’/s
Chat keo tu: phén nhom
Toc d6 sa lﬁng doi voi bong tu: 3,2 m/h

Yéu cau thiét ké bé hinh chir nhat dong chay ngang voi day xich va
hé thcmg vét bun. Gia stir d6 nhot dong lm: ctia nudc bang 0,000131 kg/ m-
s. va khoi lwgng riéng bang 999,7 kg/m Xac dinh s6 bé lang can thiét,
kich thudc cuia bé ling, toc do chay tran va thoi gian luu nude. Thiét bi vét
bun vao bé lang c6 kich thudce chiéu dai tiéu chuan la 6 m, do vay chiéu
rong bé ling thiét ké phai tang 1én 6m. Cac tham s6 thiét ké tiéu chuan cua
bé lang hinh chir nhat dong chay ngang dua trong bang dudi day:

Cdc tham s6 yéu cau thiét ké
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Tham sé Pon vi Gid tri
S6 lhwong 16i thiéu cia bé 2
Do sau cua nwoc m 3-5
Ty Ié chiéu dai va dg séu t6i thiéu 15:1
Ty Ié chiéu réng va chiéu sdu 3:1 toi 6:1
Ty I¢ chiéu dai va chiéu réng toi thiéu 4:1 t6i 5:1
Luu lwong chay tran m/h 1,25 toi 2,5
Toc dp trung binh cia dong chay ngang = V; m/phit 0,3 t0i 1,1
Thoi gian luu gio 1,5 toi 4
Tai trong ddp 16i ra m’/m-h 9toi 13

2. Mnt nha may xtr ly nudc thai tlep nhan mét luu luong nudc thai
35000 m’.d”"'. Xéac dinh dién tich bé mat (m°), duong kinh (m), thé tich
(m’), va thoi gian luu cia bé Iang so ¢ap hinh tron c6 d sau 3m. Biét tai
trong bé mat cua bé bang 60m’ m=d”.

3. Nudece thai dugce thi nghiém lang trong diéu kién phong thi nghiém
vO1 nhiing két qua thu duogc theo nong do Iang chét lo lung dua ra trong
bang dudi day.

a) Tir cac so liéu ling, hiy cho biét day 1a kiéu ling nao?

b) Nudc thai trong truong hgp nay duge dua vao xu ly trong bé ling
hinh chir nhat c6 thoi gian luu 2 gio va d6 sau bang 4m. Xac dinh
phan tram chat ran lo lung sé bi loai bo.

¢) Néu nhu luu lugng nude thai 1a 7500 m’/d. Dién tich va thé tich
cua bé lang sé bang bao nhiéu?

Két qua thi nghiém cét lang

Tai 30 phut Tai 60 phut Tai 90 phut
D¢ sau duoi Ty l¢ D¢ sau dudoi Ty s6 Dg sdu duoi Ty 56
bé mat, h (cm) C/Cy | bée mat, h (em) C/Cy bé mat, h (em) C/Cy
38 0,23 34 0,05 32 0,03
118 0,81 114 0,46 i1z 0,23
198 0,94 194 0,73 192 0,52
278 0,97 274 0,86 272 0,70
358 0,98 354 0,92 352 0,83
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Chwong 4
BE PHAN NG VA PONG HOC PHAN I'NG
SINH HOCTRONG XU LY NUO'C THAI

Muc tiéu chwong 4. Sau khi hoc xong chwong nay, sinh vién:

e Nam duoc cdac khai niém co ban cua dong hoc phan wng trong hoa
hoc va hoa sinh.

o Trinh bay doc cac mé hinh toan hoc bé phan img, so sanh danh gid
hieu qua cua cac loai bé phan wng trong ky thudt xu Iy nuwoc thai.

o Nam dwoc cac phan irng sinh hoa, phan vng xuc tac cua enzym va
vi khuan. Xdc dinh cac théng sé dong hoc va moi lién hé ciia chiing
trong xu ly nuoc thai.

e Tinh toan duoc cac tham so toi vu cho hé thong xu Iy nwoc thai

4.1. KHAI NIEM BE PHAN UNG TRONG XU LY NUOC THAI

Bé phan tng la thudt ngt chung dé trinh bay cho bat ky mot ho
nude tu nhién hodc bé nhan tao tiép nhan va thai nudc. Bén trong n6 la
cac qua trinh bién ddi sinh hoc hodc hoa hoc xay ra sao cho nudc o dong
ra c6 tinh chat khéac véi dong vao (hinh 4.1).

Dong vao > C:Jé) Dong ra

Hinh 4.1: Mé hinh bé phdn irng

Céac bé phan ung dugc goi theo cac qua trinh xay ra, vi dy bé phan
irng hoa hoc, bé phan ing sinh hoc va bé phan ang vat 1y.

4.2. PONG HOC BE PHAN UNG
Trong bé phan Gng xtr 1y nudce thai, cac phan Gng sinh hoc hoic
hoa hoc thuong xay ra mot hay hai giai doan.
Vi du:
e Phan img mdt giai doan:
A—P
94
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A+B—->C+D

e Phan ung hai giai doan:
A+ B — E + F (cham)
E + F — C + D (nhanh)

Mot s6 cac phan tng khong xay ra hoan toan (khong dat dén can
bang mot cach nhanh chéng). Do vay, can thiét phai biét bac cua phan

irng dé du doan trang thai cua hé, hay muic dé xu 1y nudce thai.
a. Phan irng bdc nhat:
Téc d6 cua phan tmg ty 1é véi ndng do:
dC
=
k - hf’ing sb toc do phan ung bac nhat, 1/

<l 4.1)

C- nﬁng do (khéui luong trén don vi thé tich, mg/l.

A

C

Co
Phan huy theo ham mu

/

0
t

Hinh 4.2: Pwong cong phén hiiy chit hitu co theo théi gian
dc _
dt

& = —kdt
C

—kC

Lay tich phan thu duoc:

dC
?=lnC=I—kd5=—kI (4.2)

InC = -kt + const
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C=t ™ (4.3)
(Cy— ndng d6 ban dau)

Su phén huy chat hitu co bang vi sinh vat theo thoi gian duge bicu
dién trong hinh 4.2.

b. Phan ung bdc hai

Phan g bac hai lién quan dén hai chit A + B

T o
dt (4.4)
9 _ kec,
dt (4.5)

k - hang s6 toc do phan mg bac hai
Pon vi cua k: 1/ [(thoi gian (t) x nong do (M).]
Néu Cz>> Cy.
dc,
dt

thi- =~—k'C (4.6)

trong do k™ = kCp
k’ 12 hang sb toc do gia bac nhat [1/T]

kCp gan nhu khong doi
c. Phan ung bac khong:
dC
—=k 4.7
7 (4.7)

Téc dd cua phan tng khong phu thude vio nong do chat phan tmg.

Thong thwong, cac phan wng trong xuw Iy nwdc va nudc thai tuan
theo dong hoc phan ng bdc nhat

4.3. CAC BE PHAN UNG
4.3.1. Bé phan tng gian doan

q Bé phan ung don gian la bé tron hoan chinh (FMT), hay dugc go1
la bé phdan Umg khudy tron dong lién tyc (CFSTR). Hinh 4.3 md ta bé
phan trng khuay tron hoan chinh (FMT).
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o

Hinh 4.3: Bé phdan trng FMT

Bé phan ing CFSTR ly tuong c6 nong d6 cua chat phan b dong
déu bén trong bé - dong vao dugc tron déu ngay lap tirc va hoan toan.
Hinh 4.4 mé ta dong khoi luong déi vai bé CFSTR:

m(ﬂ- Q C:'n g V. C —> QC

VikC

Hinh 4.4: Can bang vit chit trong bé CFSTR

m(t) — dong khdi luong vao trén don vi thoi gian = Q.Ciy, kg/s

V — thé tich ctia bé, m’

O- luu luong dong, m’/s

C;, —nong do chat 6 nhiém vao bé, mg/!

C- nong d6 chat 6 nhiém trong bé, mg/I

k — hang sb toc d6 bac nhat, 1’

Can bang khoi luong trong bé CFSTR duoc md ta nhu sau:
m) - CQ = CkV + %V (4.8)

(Khoi luwong (Khéi luong  (Khéi luong  (Thay déi khoi +
Dong vao /' t) dong ra/t) phdn huy) lwong trong bé)
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Chia hai vé cho V. ta co:

) Lo fE (4.9)
V V dt
thay 7, = g = thot gian luu, phuong trinh (4.7) tro thanh:
1 {
£+C[k+_J=_’”() (4.10)
dt {5 V

1. Xét truong hop nude thai bom vao bé theo timg dot (gian doan), tai
thot gian ¢y, (hinh 4.5). Tai ¢ = ¢y, ta c6: m(t) = o(t —t,).

Trong do: o (i-ty) - ham delta dirac:
js:?(z —t,)dt =1 4.11)
0
5(&‘—1‘”):0 @ =022 =1s

m(t)=0(t—t,)

m(t) 4

1

B
to {

Hinh 4.5: Lwong chit 6 nhiém vao bé tai t =,
Khi bom vao tai thoi diém ¢ =, = 0,

M t
C(t) = —exp—| kt+—
(1) e {f IRJ

M ;
do C, =?,nﬁngdﬁj taiz=0:
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C@)=C, exp—(kr+ ti) 4.11)
R
Néu: O=0,tg — 00— C(t) = Coe™
Diy la truong hop cua bé phan (mg gian doan.
Néu: k=0—C(t) =Cpe™™"

Véi gia tri k 1on, nghia 1a ¢6 sy giam nhanh chéng nong do theo
thoi gian. Véi k = 0, C/Cy= 0,38, khi ¢ = t, dan dén toan bod luong chét
di ra khoi bé. Nhiéu don vi xur ly nude thai va hé thnng nuoc tu nhién
hoat dong tuong tu nhu bé FMT.

2. Xét bé FMT véi khbi luong chat thai dua vao bé lién tuc:
Phuong trinh cin bang vat chat dugc viét:
m(t) = const = Q,Ci, (4.12)
Piéu kiénban ddu:  C=Cytait=0
C., = const d6i voi t >0
Nong do tai thoi diém ¢ duoc xac dinh theo cong thic:

Ci ‘[::;””] . Cue_[f#w] (4.13)

= _|1_e
O 14kt

Khi £ — oo, dat trang thai 6n dinh:

C,
C=——= (4.14)
| + kit

Hiéu suat xur 1y 1a ty s6 ctia ndong do bi khir so véi nong do ban dau
(Cr'r-' - C):
C.—C 1 kt,

in - = = Hiéu suat
. 1+ kt, 1+kt,

i

Bé phan ng FMT hoidc CFSTR ¢o:

Nong do dong nhat trong bé bang nong dé trong dong ra. Doi voi
dong vao c6 ndong do khong doi thi:

|
C, 1+kt,

i

(4.15)
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4.3.2. Bé dong chay déu (PFR) ngwoc véi bé FMT
Bé PFR ¢6 hinh dang dai va tiét dién nho (hinh 4.6).

0, m(t) O\_,_

D% Dién tich tiét dién A

Hinh 4.6: Bé phin trng PFR

Bé PFR ¢6 thé tich V, thoi gian luu, & = V/O.

Dong thai chay vao bé lién tyc, O véi nong dé chat & nhiém, Cj,.
Sau thoi gian 7z, nong d6 161 ra la C:

C=g™x (4. 16)
Hiéu suat dat duoc trong bé PFR xac dinh bang cong thirc:
L= —kt

i =]—e"F (4.17

c )

m

Su khac biét cua C, C;, gitra bé FMT va PFR khi chung co cung thé
tich V. luu lurcmg 0, thoi gian luu 75, ndng d6 dong vao Cj,, hé sb phan ra
bac nhat &, ty s6 C/C;, dugce xac dinh theo cong thuec:

FMT : ¢ __ | PFR.—ize'“ff

C. 1+kt,’ C,

i i

O cung mot thoi gian luu zg, bé dong chay déu cho hiéu suat xur 1y tot
hon bé FMT (hinh 4.7). Tuy nhién, trong thuc té kho dat dugc dong chay
déu 1y tuong, do vay, trong bé phan ing thuong thiét ké thém vach ngan.

k=05 ngay
1.0
0.9 4+ — FMT
0.8 -
0.7 -
0.6 1
0.5 1
04
0.3 -
0.2 -
0.1 - b, SR
0.0 . - ———s =
0 2 4 6 8 10

Thn gian lnn, ngay

Phin can lai

Hinh 4.7: So sdnh hiéu qud xir Iy ctia bé FMT va PFR
100
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4.3.3. Bé phan ng dong khuéch tan
Mo hinh bé phan tmg dong khuéch tan dua ra trong hinh 4.8.

— CHCM

% —> -« Tiét dign A

Hinh 4.8: Mé hinh bé phdn ting dong khuéch tdn

Can bang khéi lugng qua 1at cit dx duge mo ta trong hinh 4.9:

" / i+ 22
dx
L

Hinh 4.9: Ldt cat ¢é dé day dx (m - dong khoéi lwong)

Hai co ché truyén khdi qua lat cat minh hoa trong hinh 4.10:
1. Dong chay tang = AUC
2. Dong khuéch tan: AD f—c

oX

Phuong trinh can bang vat chét qua lat cit duge biéu dién:

(Khd:.i lwong vao) (K!?fi:r' lwong ra) (Khoi luong mat di) (Thay doi khoi lwong)

(Don vi thoi gian) (Don vi thoi gian) (Don vi thoi gian) (Don vi thoi gian)

(4.17)

oC

-~

ot

m —[rﬁ + @)ﬁx —AVCk = AV
ox

(4.18)
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".i*;t?z=Q(Z’—Aﬂ£:f_tUC—A,DE
ox ox

L I

- Ox ox o’ x
Gia st 4, U, D 1a hang so:
Tro vé phuong trinh (4.18):

(4.19)

m—(m+@]gx—aV=aVa—C
Ox ot

AU A+ aDZC px - aveE = AV 2E
o ox’ ot

Chia hai vé cho AV va ¢o:

E M oC o°C
ot ox ox?

—kC (4.20)

O trang thai on dinh: —=0

va dong chay déu D =0

ko
ox &

in

C _ e (0 dong ra) (4.22)

et 4
Cr'n

Loi giai cho bé dong khuéch tan véi nong do chat thai C (hinh 4.13):
Phuong trinh cin bang khoi luong:

ot Ox ox”

—kC (4.23)

Dong vao duogc gia thiét cho qua mot 6ng dan cé kich thude nho,
nén dong khuéch tan tai day co thé bo qua. Do vay, tai diém cua dong vao:
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0C =0C- DAa—C (4.24)

%] s

U
— o

! ; H E e

\ :  Déngkhuéchtén

Vung L
trin Vung ra

Hinh 4.10: Dong khuéch tan véi nong dé chit thdi C

Tai di€ém cua dong ra:

oc-pa’E

ox

=0q (4.25)

x=L

O 16i ra dong khuéch tan ciing khong dang ké, do vay:

qu:.{. - qu)u.r (426)
hoac:

3_(:' =0 taix=L

ox

Loi giai 1a mot ham cua sé Peclet (Pe) cho ty 1& cua khdi luong
dong ngang vo1 khoi lugng dong khuéch tan:

_OL _UL
AD D

Khi D — 0, Pe —» co: bé phan ting 12 bé PFM

Khi D — o0, Pe — 0: bé phan tng la bé FMT.

D dugc xac dinh bﬁng thuc nghiém. Hé s6 khuéch tan theo chiéu
doc do1 vo1 dong chay cua kénh ho:

Uuw*

Pe (4.27)

D =0,03

(4.28)
H

Ry — ban kinh thuy luc = dién tich / chu vi.
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_ So sanh higu suat xir ly giita bé dong chay déu (Pe = o) va bé tron
lan hoan chinh (Pe = 0) dugc minh hoa trong hinh 4.11.

~ Phuong trinh thyc nghiém d6i voi khoi luong dong vao lién tuc
(nong do khong thay doi) nhu sau:

C 4aexp(Pe/?2)

= _ , (4.29)
C., (+a) exp(aPe/2)—(1-a) exp(—aPel?2)
Trong do:
4kt, )"
a =(1 + H] (4.30)
Pe
1.0
9.9+ —Pe = 0 (FMT)
o 0.8 — -Pe=1
0.7 1 . Pe = 2
- i Dqﬁ' R et PE‘ = 1'[1
= 05 ANN Pe = = (PFR)
S 04-
FS .
= 0.3- :
= 02- i S
= 0.1 - '--.._____‘__-_-:"'- -----
0.0 L] L] L] e
0 2 4 6 8 10

Tho gian hnu, ngay

Hinh 4.11: Hiéu sudt xir ly o cac gia tri Pe khdac nhau

4.3.4. Bé phan trng khuay trén hoan chinh noi tiép

C6 thé tao ra bé dong khuéch tén, tham chi 1a dong chay déu bing
cach dat cac bé FMT no1 tiép nhau (hinh 4.12):

Vi Va Ve

¢ Q
Q — — 4 anaaae P > O

NSNS ~7

Hinh 4.12: Bé phdn irng khudy trén hoan chinh noi tiép
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Nghién ciru can bang khdi lugng trong bé thi i cua day:

dc,

V i QOC,, -0C, -VikC, (4.31)
Chia cho thé tich V, ta co:
_ C;_—C % (4.32)
R

Gia sur tat ca bé co cung thé tich va thoi gian Iuu, z bang nhau:

C (1) =nC, e:-cp-{kaiJ (4.33)
iy
Trong do: C, = L
nV

Lo1 giai doi voi nhiéu bé bang su bién doi Laplace:

=1
C n" t t
st = - — <+ kt 4.34
Co (”‘1)![’15'.%} . (IIR ] oy

Két qua thu dugc gilra ty s6 C,/Cy vao t/tz trong cong thirc (4.34)
trinh bay trong hinh 4.13.

Trong trudng hop cac bé ké tiép giwfmg bé dong khuéch tan:
Pe=2n-1
Déi v6i trang thai 6n dinh trong mdi bé va trong n bé:

&
! : 2 FMT: ¢, ]

C.~ (+kty)’ "C (+kly)

m

G 1 onpiip Gog 1 (4.35)
C. (1+kf,) C,  (1+kt,)"

m

4. £l
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CiC,

t/te
Hinh 4.13: Sw phu thuoc C,/Cy vao vty

4.3.5. Bé FMT néi tiép c6 dong trao doi

Dong trao doi x

Hinh 4.14: Bé phdn irng FMT néi tiép cé dong trao déi

~ Dong trao doi tao ra hi¢u ung khudy tron bo sung cho cac bé ké
tiép giong nhu mot bé phan ing FMT mo ta trong hinh 4.14.

Bé dong chiy déu thuong duge sw dung trong bé suc khi xir Iy sinh
hoc béc hai va bé tiép xiie dé khir tring bing clo

4.4. CAC PHAN UNG SINH HOA TRONG XU LY NUOC THAI
Phuong trinh hoa hoc d6i voi su oxy hoa sinh hoc cua nudc thai:

i kchudn
CgHppMNo O3 + 30— CsH70.N + NH; + 3CO; + HoO (4.36)

Casein (t2 bao mdr)
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Cong thuc cua té bao vi khuan 1a Cgo Hg7023N1,P. Vi khuan trong
phan tmg (4.36) 1a vi khuan di dudng (heterotrophs), hay vi khuan h]E:Ll khi
(aerobic). V1 khuan di dudng su dung cacbon hiru co lam nguon niang
lwong va nguon cacbon dé phat trién. Cac vi khuan tu dudng (autotrophic),
vi khuan ky khi (anaerobic) st dung CO, lam nguon cacbon. Vi khuan
aerobic su dung oxy nhu la chat nhéan electron. i véi vi khuén ky khi su
dung cac nguon khic dé lam chat nhan electron. Céc vi khuan (thiéu Khi)
anoxic, su dung nitrit hoac nitrat :ie khu thanh N> (denitrat). Cac vi khuan
chi c6 thé sir dung oxy dé phat trién hodc 1a c6 thé sir dung O, hodc NO,
/NO;™ goi la vi khuan tity y. Dé hiéu duge khai niém nhén electron, phuong
trinh (4.36) duoc chia thanh hai thanh phan sau:

e Tong hop (té bao méi):

%C’KHIEJ'\G(}3 +éH20—P>C5H?OZN+%NH3 (4.36a)
e Sinh nang luong:

3 3 9

gCEH,zNEOﬁB.OZ —3C0, +ZNH3 +§HEO (4.36b)

Pé nhan biét rd hon cac chat nhan electron va cho electron, cac
phuong trinh (4.36a) va (4.36b) duoc viét thanh:

e Tong hop:

Chét cho electron:
2Cc.H,N,0,+2 H,05500,+2 NH, +20H* +20¢
3 PHaTg 2 g

Chat nhan electron:
5CO, + NH, +20H" +20e” > C;H.,O,N +8H,0

¢ Ning luong:

Chit cho:

%CEthNzoj +§HEO —>3COE+% NH,+12H" +12¢”

Chat nhan: 30, +12H" +12¢” — 6H,0

Cac phuong trinh nay c6 thé chuan héa sao cho mot electtron &
phia phai cua moi phuong trinh:

Té bao:
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LCSHTOEN+%H20:1CO,J +LNH3 +H" +e
20 5 4 20

Chit cho:

%CEHHNEOS +SHIO = %C{)2 +%NH3 +H +e

Chat nhan: %Hzca:%oz +H +e

Tir cac phuong trinh trén ta c6 thé thiy ning luong can thiét dé sur
dung:

o Ning luong doi hoi dé tao té bao moi

e Nang lugng dugc tao ra trong chat cho electron dé truyén electron
to1 chat nhan. CsH;oN>O; dong vai tro 1a chat cho electron. O, dong
vai tro 1a chat nhan electron. Cac chat nhan elctron ky khi dugc sap
xép theo diy giam dan vé mit nang luong: NO; > Fe > SO~

Su khéac nhau trong san sinh nang luong két hop véi cac chat nhan
electron khac nhau dugc minh hoa bang cac phan ung cua glucose trong
bang 4.1.

Vi sinh vét phat trién can:
. Ngur’:“m cacbon dé tao thanh vt liéu cua té bao.
« Nguodn ning luong dé téng hop nhién liéu cua té bao.
E Ngufin thire dn dé tao vat liéu té bao.
+ Nguon thire an da luong: N va P.
pilt 877y nguf‘m thitc an can thiét khac: S, K, Mg, Ca, Fe, Na, Cl.
+ Nguf:‘m thirc an vi lwong: Zn, Mn, Mo, Se, Cu va Ni...

Bang 4.1: Cac phan wng sinh hoa cua glucose

Phan trng Nang lwgong tu do
(kJ/mol glucose)

Phan (rng aerobic
ChHIQOﬁ + Og —> 6(:01 + GHQO

- 2880

Khir nitrat
SC(,HIIO(, + 24N03_ +24H — 30C02 i 3 42]‘130 + IZNQ

-2720
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Phan tng khur sulfat 497
2CH 204 + 6 SO +9H" — 12C0O, + 12H,0 + 3H,S + 3HS
Sinh metan
-428
C{,ngﬂﬁ —> 3(:03 =t 3CH4
Lén men etanol 544
C¢H,,04 — 2CO, + 2CH,CH,0H )

Vi khuan sinh san trnnb 20 phut cho to1 vai ngay (mot vi khuan véi
thoi gian 30 phit sinh san cé thé tao ra so luong vi khuan la2** =16.8
triéu vi khuan trong 12 gio). Vi khuan phat trién ¢ toc do cao, som hon
hay mudn hon tuy thudc cac nguon thie dn can thiét. Trong nudi cay
(lucmg chat hitu co ¢ dinh va khong c6 su bo sung thic in), su phat
trién vi sinh vat duoc biéu dién trong hinh 4.15.

Chét nén
(thitc an)
: T i i
Nongdd | : ;
I = H
. ] H
- : Biomass
I g
. i
i '
i i
i P
- :_n
Pha ting Pha j Thiis
trndmg finh ¢ a
b : >
Pha chet

Hinh 4.15: Cac chu ky sinh trwong ciia vi sinh vit

Xir Iy nwéc thai sinh hoc phu thudc vao sw cin bang gifva chit nén
(thirc an) va sinh khoi. Mt cach Iy twong, bé phan ieng sinh hoc sé
hoat déng trong pha tinh. Do viy, cin phdi nim dwgc trong qud
trinh xi Iy ¢6 bao nhiéu chit nén sinh ra, bao nhiéu sinh khoi va
chit nén dwoc sir dung nhanh nhuw thé nao.

4.4.1. Hiéu suat sinh khoi
Hiéu suat sinh khéi (Y) dugc dinh nghia:
= (lwong sinh khoi tao ra)/(lwong chit nén tiéu thuy)  (4.37)
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Hiéu suat sinh khoi ¢ thé xac dinh bang cac phuong phéap sau day:

A. Xdc dinh hi¢u sudt sinh khoi Y tiv cdc phép do BOD hodc COD
Cac vat liéu hiru co trong nudc thai duge do theo BOD hoac COD.
Sinh khéi duoc 1ay theo VSS 1a chat ran lo ling.

7SS 1a tong chat ran lo ling bang khdi lwong cua chat ran giir lai
sau khi loc trén phin loc soi thuy tinh ¢6 kich thudce 16 bang 1,58 um.

V'SS, chat ran bay hoi bang khoi lugng mét di cua chét rin sau khi
nung & 500 "C.

- FSS, chat ran lo lung ¢6 dinh bﬁng can con lai sau khi nung hay
bang 7SS — VSS.

TS, tong chat rin bang tong cin sau khi bay hoi va lam khé & 104 °C.

TDS, tong chat ran hoa tan bang khoi luong cua chat ran di qua
phin loc va con lai sau khi lam khé ¢ 104 &

T8 =T8S + TDS.
B. Xdc dinh hiéu sudt Y tie ty lwong ciia phin iing
Glucose — té bao
3CsH ;06 + 80, + 2NH; — 2CsH;NO; + 8CO; + 14H,0
Trong lugng phan td (MW):
3(180) 8(32) 2(17) 2(113)
« Hiéu suat theo glucose:
Y = (2 mol (113g/mol)/(3 mol(180g/mol) = 0,42 (g cells)/g(glucose)

Hiéu suat theo COD (COD 1a nhu cau oxy hoa hoc bang luong oxy
can thiét dé oxy hoa chat nén):

Déi vai glucose: CsH 206 + 60,5 —» 6CO; + 6H,0

A0, __6m03.32gfm0!‘_107 gCoD
"AC,H,,0, 1mol.180g/mol ~  g(glucose)

e Hiéu suat d61 vo1 COD:

COD

2molx1138/
3mol(glu cos e) x I 80%/;;? ol (glu cos e) x ngof_.fg (glu cose)

039 g(cell)
g(COD)

2
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Hiéu suat thuc thuong nho hon so vai 1y thuyét vi vi sinh vat st
dung mdét lugng chat nén dé duy tri té bao.

C. Xdc dinh hiéu suat Y tir nang lwong sinh hoc

Phuong phap A la phuong phép thich hop nhat cho thuc té, thiét ké
0 quy mo phong thi nghiém.

_Bé thiét ké cling can phai biét luong oxy can thiét dugc stir dung dé
chuyén glucose thanh nang lugng va tao ra sinh khoi.

T ty lwong cua phan ing:
3C.H,,0, +80, +2NH, > 2C.H,NO, +8CO, +14H,0
3(180) 8(32)

8mol x32g0, / mol
3mol x180g(glu cos e)/ mol

O, su dung / glucose =

g0,
g(glu cos e)
g0,
gCOD

= 0,474

?

Co thé thﬁ}{ luong O, bi thiéu hut. Néu du lwong oxy can thiét thi
luong oxy phai bang: 1,0 gO:/ g COD?

Do mot luong COD st dung dé tai tao té bao.

Tu phuong trinh phan Gng:
CsH-NO; + 50, —» 5C0O; + NH;3+ 2H,0O
113 5(32)
gCOD 5(32) 142 gCOD
geell 113~ geell
Hiéu suat té bao sé& la:
Y = 0,42 g(cell) —0.42 g(cell) y 1,42 —0.56 2(CODcell)
g(gluc.) g(gluc.) 1,07 2(CODgluc.)

Cua 1 gam COD trong nude thai chua glucose can 0,56 gam su
dung dé sinh san té bao va 0,44 gam bi oxi hoa boi oxy. Nudc thai
thuong duoc bicu dién theo BOD — nhu cau oxy sinh héa. BOD xay ra
trong ba qua trinh:



http://sachviet.edu.vn

1. Oxy hoa thanh nang lwong

Vi khuan

Chét thai + O » COy + HO +NH; +E + Chét khac

2. Téong hop té bao
Nudc thai + O, + Nang luong (vi khuan) — CsH;NO,
3. Ho hdp néi bao (vi sinh vit sir dung chinh sinh khoi dé duy tri té bao)
CsH;NO; + 50, —5C0O; + NH; + 2H,0
BOD dugc do trong lo thi nghiém tiéu chuan:

Nuée thai + mam vi khuan trong lo. Po ndng d6 oxy hoa tan, DO.
Lo dugc bit kin va u trong thoi gian 7 ngay. DO duoc do ¢ ngay cudi
cung, ¢ ngay. Su chénh léch cua DO 1a BOD:

ADO = BOD
t thuong duogc lay 5 ngay = BOD:.

t thuong dugc do 20 ngay = BOD,y, khi BOD;s qua nho hoac do cho
nudce thai cham phan huy. Do6i khi 7 duoc lfiy dé do DO rat dai, tham chi
dén 100 ngay doi véi nude kho phan hiy nhu nude thai nha may giay,
cac loal nu¢c thai phan huy cham.

BODw

BODs

= -
5 £, ngay
Hinh 4.16: Duong cong BOD theo thoi gian
BOD dugc xéc dinh trong thoi gian ¢ va BOD, (BOD st dung dé
oxy hoa hoan toan chat thai), hinh 4.16 lién hé bang cong thurc:
BOD, = BOD, (1—e ") (4.38)

k; 1a hang so khir oxy
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Trong xu ly nudc thai, Ermfng OXy can thiét (bang 4.2) khong nhimng
dé oxy hoa cacbon hiru co ma con duge sir dung dé khir nito — hiru co va
nito amoni (NH4"). Hinh 4.17 biéu dién dudng cong BOD trong nudc thai.

BOD su dung dé khir N duoc goi 1a NBOD.

NBOD biéu dién nhu cau oxy dé chuyén amoni thanh nitrat boi vi
sinh vat theo phan tng:

e Vi su tham gia cua vi khuan nitrosomonas:

2NH;" +3 0; - 2NO; +4H" + 2H,0 (4.39)
e Véi su tham gia cua vi khuan nitobactery:
2NO; +3 Oy — 2NO;5 (4.40)
NBOD c¢6 thé dugce xac dinh mot cach ty luong tir phéan Ung nitrat hoa:
NH; + 20, —»> NO; +2H + H,0 (4.41)

I gam NH," tiéu thu 4,57 g oxy. NBOD c6 thé bj khur bang cach
thém chat rc ché nitrat hoa vao lo BOD khi bat dau thi nghiém.

4

; Nhu ciu oxy nitrat héa
BOD s dung de khir cachon g

Bit dau nitrat héa

» Nhu cau oxy khie cacabon

1 1 ¥ 11 1 L1 1 L1 L1
¥ I hy L] | 5 [ 7 H 2 10 112 13 14 IE

‘l ]
BODS Thoi gian, ngay

e

Hinh 4.17: Puwong cong phdn irng nhu cau oxy dé
khir cacbon hitu co va khiwr nito

Bing 4.2: Cac gid tri dién hinh ciia BOD trong cic logi nuéc thdi

Nuéc thai do thi COD CBOD:; NBOD | BODyCOD
(mg/l) (mg/l) (mg/l)
Chua xu Iy 450 200 220 0,3-0,8
Xt 1y so bo 250 130 0,4 - 0,6
Xt 1y béc hai 50 30 40 0,1-0,3
Pha tron nudc cong 370 170 290
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4.4.2. CAc phén ing sinh hoc lién quan dén xic tac enzym

Phan Gmg xic tac cua enzym dugc biéu dién theo phuong trinh
phan trng sau:

K K3
E+ S &—5 ES &8 E + P (4.42)
S ‘“ ¢
Enzym Chat nen San pham
Vi du:
Sucrose + Invertase — Sucrose — invertase

——» (Ghicose - Fructose + invertase

4.4.3. Dong hoc cua phan &rng xuic tac enzym

Michaelis va Menten (1913) dé nghi phuong trinh dé xac dinh dong
hoc cua phan tng x10c tac enzym:

E+S =2 ES ——E+P
k2 (4.43)

Gia str phan Gng tai thoi diém ban dau, 7 = 1, = 0:

[E]1=[E], [ES]=0([S]>>[E]

Tdc d6 phan huy phirc trung gian ¢ trang thai 6n dinh:
%=KI[E][S]~K2[ES]—K3[ES]zO (4.44)

Ngoai ra:

[E] + [ES] =[E]o — [E]=[E]o - [ES]

Ki([E]o — [ES]) [S] = (K2 + K3) [ES)

Ki[E]o [S] = (K2 +K3) + K [S]) [ES]

[ES]= KI[EL}[S] _ [E],[S] _ [E]U[S]
KI[S]+(KE+K3) [S]+K3 +K3 [S]"I‘Km

(4.45)

K - hiing s6 Michaelis — Menton, hodc hﬁng s6 toc d6 mot nira,
hodc hang s6 bao hoa mét nuira (hinh 4.18).
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Tdc dd tao thanh san pham, 7

Pi= d[P] = K,[ES]
dt
_ Ki[E][S]

5]+ K,

(4.46)

K3[E]o 1a toc @6 cuc dai tao thanh P, xay ra khi tat ca £ o trong
dang ES:
d[P]

—— = K,[ES]

_ 18]
df nax K [E](} = (447)

nmc 2 nax [S]+ K

Trong diéu kién phong thi nghiém, Monod (949) tim ra biéu thirc
tuong tu trong su ting trudng té bao nudi cay:

S
_ 4.48
H, ﬂm(KS +S) (4.48)

S — nﬁng d6 chét nén, mg/[

Ks— hang s6 bdo hoa mot nia, mg/!
Pg— toc do tang truong té bao riéng
Lmax — tOC d0 ting truong riéng cuc dai

Muc dich cua xtr ly nudce thai la nudi vi sinh vat dé tiéu thy chat
nén trong nudc thai. Téc d6 sir dung chit nén lién quan dén su ting
truong sinh hoc va tuan theo phwong trinh Monod (hinh 4.19). Phuong
trinh Monod tinh dén anh huong cua nong do chat nén (S) ciing nhu la
anh huong cua ndng do sinh khoi (X).

Bao hoa

-3

Ko [S]

Hinh 4.18: Duwong cong tang triwong vy,
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Toc do st dung chat nén, rgy:

KXS
K;+8§

(4.49)

Feu

re, - toc d9 st dung chat nén, mg/l.t

K — hang so6 toc do su dung chat nén riéng cuc dai, [g chat
nén /g vi sinh vat].

X — ndng dd vi sinh vat (sinh khi), mg/!.
S —nong d6 clia chat nén, mg//.

K- h:‘:‘mg s6 bao hoa mot nura, mg/l.

Toc dj ting trudng riéng p, [khoi lwgng té bao méi / khoi lwong té
bao x thoi gian], lién quan dén toc dp siv dung chit nén rg, [khoi
lwong chit nén / thoi gian] béi hi¢u suit tao thanh té bao [khoi
liwegng té bao mdi / khoi lugng chit nén] va nong d@j té bao X x[khoi
liwong té bao / thé tich].

116

S
ﬂnﬁx{ J
l, KXS L, K.+S
Y & ST =6 e sY0) x  (4.50)
y TS y
va: K= ‘”T (4.51)

K — hang s6 toc do su dung chat nén riéng cuc dai

Umax— t0c dO phat trién riéng cuc dai

>
s o

Hinh 4.19: Puwong cong biéu dién téc dé siv dung chat nén
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Thuc t€, vi khuan tang truong nd1 chung nho hon . va phu thudc
vao chat nén co trong nuoc thai va ho hap nd1 bao:

ro=-Yr, —kX (452

g

r‘.L - tnc d¢ sinh bun thyc (tang truong) thucmg c6 don vi (gV'SS/
n’.d); k. —hang s6 phan huy hd hap ndi bao (d”).

Phén hity ndi bao bao gom:
- Vat liéu té bao duoc su dung dé sinh nang luong duy tri té bao.

- Bi an boi protozoa va cac vi sinh vat khac.

4.4.4. Téc d0 ting truong sinh khoi riéng

Tdc do tang trudng sinh khoi riéng u duge xac dinh boi cong thire:

r KXS
7 =~H—:—I—FSU -k, = Y —k, =Y L —k, (4.53)
X X X K;+8 Ko +8 |
=M, -k, =u, -k, 4.54
H Julmx KS 1+ S ¢ JNL ¢ ( )
i co don vi: AL
oVSS.d

4.4.5. Céc gia tri hé so sinh hoc dién hinh trong xir Iy nwéc thai

Hang s6 toc do sir dung chat nén cuc dai, K =5 g bsBOD / g VSS.d
(bsCOD tan ¢6 kha nang phan huy sinh hoc).

Hing s6 bdo hoa mot nira, K5 = 60 mg BOD/I = 40 mg bs COD/I.
Hiéu suét ting truong té bao, ¥ = 0,6 mg VSS / mg BOD.
= 0,4 mg VSS bs COD.
Hing sb toc do ho hap ndi bao, k.= 0,1 mg VSS / mg VSS.d.
Téc do tidu thy oxy dugc xac dinh bﬁng cong thuc:
ro=-rou—1,42r, (4.55)
o = toc do ticu thu oxy, mg Ox/1.d
rsu theo mg bs COD / [.d hoac mg BOD /l.d.
ro theo mg VSS/ 1d.

1,42 = COD cua té bao theo g bs COD/g VSS.
17
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4.4.6. Cac yéu t6 méi truong anh huwong dén sur ting truéng cia té bao

a. Anh hwiong ciia nhiét dp

Vung nhiét 46  Vung toi vu

)
Psychrophilic (ura lanh) : 10 —-30
Mesophilic (va mat) 20 - 50
Thermophilic (wa nong) : 35—-175

Téc d6 tang truong thay doi theo nhiét do:
_ (T-20)

Trong d6:  k7—toc dd phan img ¢ nhiét 4o T °C.

k20— tbe d phan tng & 20 °C.

- hé s6 hoat do nhiét do.

‘)
12-18
25 - 40
55 - 65

(4.55)

0= 1,047 — tang truong gap doi voi AT =15 "C

0=1,072 — tang truong gap doi vai AT =10°C

T - nhiét d6 °C.

Khi nhiét d6 thap (5 — 10 "C), doi hoi kéo dai thoi gian luu va giam

tai trong dé bu trir cho hoat dong sinh hoc thé‘ip.

b. Anh hwong ciia pH

Hoat dong cua vi sinh vat trong khoang pH rat rong (pH tr 4 — 9).

Tuy nhién, khoang pH thich hop nhat la 6,5 - 7,5
¢. Anh hwéng ciia oxy hoa tan (DO)

Luong oxy can thiét dé vi sinh vat hoat dong trong cac dic¢u kién:

Hiéu khi: DO > 1,5 dén 2,0 mg/lit.
Thiéu oxi: DO < 0,2 mg/lit (Khir nitrat).
Ky khi: DO << 0,1 mg/lit NO; < 1 mg/lit.

CAU HOI VA BAI TAP
Céu héi 1y thuyét

1. Thé nao la bé gian doan, bé lién tuc va dong nut. Su khac nhau cua

cac loai bé phan uing.

18
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2. Vai tro cua oxy trong xu ly nudc thai. Cac phan ung sinh hoa doi
vo1 gluco ¢6 thuan loi vé nhiét dong hoc. Giai thich dudng cong
khu CBOD va NBOD trong hinh 4.7.

Su khac nhau cua vi khuan di dudng va tu dudng nhur thé nao?
Viét phuong trinh oxy hoa sinh hoa cua vi sinh vat trong nuée thai.

Trinh bay dong hoc phan (mg xuc tac ezyme.

il LA

Hay cho biét bé gian doan kf: tiep trong xur Iy nudc thai twong tu
nhur bé dong nut hay bé khudy tron hoan chinh, tai sao?

Bai tap

1. Mot hé thong xir 1y nuée thai sé& dugc thiét ké dé xir 1y nudce thai
sinh hoat chra 200 mg/l BOD. Dong nuoc thai chay vao bé phan tmg co
thoi gian luu ly thuyet 1a 1 ngay (d) voi luu lugng 1a D 2 trigu gallon moi
ngay (mgd). Cac chét hitu co bi oxy hoa ¢ toc do 1 d” (toe do phan ung
bac nhét).

So sanh hiéu qua xur ly ¢ trang thai Ul‘l dinh tuwong dm clia cac bé
phan Umg c6 hinh dang sau day. Cho biét tat ca cac bé co tong thoi gian
lwu 1y thuyét giong nhau.

a) B¢ hinh tron khudy tron hoan chinh, dudng kinh 80 feet, véi dong vao
O trung tam va dong ra doc theo thanh bé. Xac dinh do sau cua bé,

b) Bé dong chay phan tan hinh chir nhat, chiéu dai 100 feet va chiéu
rong 50 feet, chira mot vach ngin theo chiéu doc ¢ gitra. Xac dinh
chiéu sau cua bé

_ —> @
¢) Bé dong chay khuéch tan c6 cing kich thuée nhu bé trong phan b
nhung khong c6 vach ngan.

—t —i

d) Cac bé hinh tron khuay tron hoan chinh giéqg nhau va ndi tiép
nhau. Xac dinh dudng kinh va do siu cua cac bé.



http://sachviet.edu.vn

e) Ban sé lua chon bé co hinh dang nhu thé nao va tai sao?

2. Mot bé phan tmg dong chay déu, dong vao cé nong dé chat doc
hiru co (TTO) bang 150 mg/l véi luu lugng 1a 380 I/phut. Phan g bac
nhat xay ra voi hang so toc do bang 0,4/h.

a) Xac dinh thoi gian luu can thiét va thé tich cua bé dé dat dugce néng
do chat TTO cua dong ra bang 20 mg/l.

b) Xay dung d6 thi TTO bj khur theo thoi gian luu.

3. Néu sir dung bé phan tmg khudy tron hoan chinh dé xir Iy nude thai
nhu trong cau 1. Hay xac dinh:

a) Xac dinh thot gian Iuu can }‘hiét va thé tich cta bé dé dat duoc né‘mg
do chat TTO cua dong ra bang 20 mg/l.

b) Xay dung do thi TTO bi khir theo thoi gian luu

¢) Thoi gian luu phai 16n hon bao nhiéu so voi bé dong chay déu dé
dat duoc 80% khu TTO ?
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Chwong 5
XU LY NUOC THAI BANG QUA TRINH
BUN HOAT TiNH

Muc tiéu chwong 5. Sau khi hoc xong chuwong nay, sinh vien:
e Nam dwrogc cac khai niém co ban vé cac qua trinh xir ly nwoc thai

o Nam duoc cdc tham sé can thiét dé tinh todn cdc qud trinh bin
hoat tinh, bun ky khi.

o Nam dwoc nguyén Iy thiét ké bé lang bdc 1.

o Tinh toan thiét ké hé thong xir Iy nueée thai hoan chinh.

5.1. MO HINH HOA BE PHAN UNG BUN HOAT TINH

M6 hinh hoa bé phan (mg nham muc dich xay dung phuong trinh
can bang khoi luong cho toan bo hé thong xur 1y nudc thai dé dat duoc
hiéu qua cao nhat trong thiét ké va van hanh. So dd toan bod qua trinh bun
hoat tinh dua ra trong hinh 5.1.

[
Q'Qw
05Xe | S <
S X,
S5 XV
On Xp 8 le,XaS

Hinh 5.1: M6 hinh xiwr ly bun hoat tinh
Xét hé xiv Iy don gidn nhit - bé phan vrmg FMT (Full Mixing

Tank) voi dong hoc Monod:
Hinh 5.2 trinh bay bé phan tng FMT:

O, 8y, Xy é 08 X
>

Hinh 5.2: Bé phin iing FMT
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Trong do:

O - luu lugng nuoc thai, m’/s

Sin — néng do chat nén ban dau, mg/l

Xy — nﬁng do bun hoat tinh sau khi qua xuwr 1y bac mot, mg//
S — nong d6 chat nén trong bé suc khi, mg//

X — nong d6 bun hoat tinh trong bé suc khi, mg/l

V — thé tich bé suc khi, m’

Q — luu lugng nudce thai dong ra, m’/s

e Tang trudong té bao

Phuong trinh ting truong té bao dugc biéu dién nhu sau:

dX
v = =v{(u X K X)-0X (5.1)
¥ dX L] = a:. A Ll -'x - b >
Trong do, VE la bién doi sinh khoi; g, X - tang truong;

K.X — vi sinh vt chét (ho hap ndi bao); QX — nong d6 dong ra
(trong truong hop nay x, = u).

O trang thai on dinh: B =()
dt
,u:gX—.~’q,)('=Q}(=£ (5.2)
V £
do: M, X ==Yry, (5.3)
Fsu— toc do sur dung chat nén, mg /t <0.
Y- hiéu suét té bao, mg VSS/ mg BOD.
‘ V
va: I, = 5
Tu phuong trinh (5. /0) nhan duogc:
I Yr
NI ... .- SN 3 5.4
: H, — K, y (9.4)

Mot tham s6 khac rat quan trong la thoi gian luu bun hay tudi cua

bun, &, duoc dinh nghia:

122



http://sachviet.edu.vn

Tong khoi liong chat ran trong hé
6.= 7 — — (5.5)

Toc do loai chat ran ra khoi he

hoac:
0= =2 =i, (5.6)
ox 0
i -
Vitg=6.va —=u, —k,
] _
1 S
do vay: — = —k 3.7
y fﬁ- 4umax S'l' KS e ( )
Goi S 1a chat 6 nhiém con lai sau khi xir ly:
K.(1+1t,k
- ."5'( R f’) (58)
Ih’ (J‘unux o kl) o 1

key Ks, thmax 10 cdc tham sé sinh hoc dic trung, do vy la nhitng hing
so. S la mdt ham cua thoi gian luu tg (tham $6 thiét ké) va khong phu
thudc vao nong dé chdt 6 nhiém ban dau, S;,.

Ta ciing c6 thé xét tham s6 thiét ké khac 1a U:

Fais
U=--=2X 5.9
¥ (5.9)
U dugc goi la ty 1€ thirc an va vi sinh vat tuong tu nhu ty 1€ F/M.
1 Ho X
V1. *"su = - Y
S X
nén. sy =— 5.10
St Hirax S+K, Y (3.10)

Moi lién quan giira S va U dugc biéu dién theo cong thirc:
KUY
By ~Y

(5.11)

Phuong trinh (5.8) va phuong trinh (5.10) cho bict nong do chat
thai ¢ dong ra va la ham s6 phu thudc vao dac tinh s6 lugng sinh hoc
(Unmax Va Ks) va tham so thiét ké U.
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Hiéu suat xur 1y dugc xac dinh bang phuong trinh:

E(QA}) = Sm B S

x 100 (5.12)

trong do: £ — hicu Suat xur ly (%)
Méi lién quan gitta £ va S,
K.(1+t,k)/S,
EZ(I— S( R e) m] (5!-3)
IR (Jumax uke)—l

Dé xac dinh nong do sinh khoi (biomass) X, tir phuong trinh can

bang khoi lugng cua chat nén S:

124

9 _ 08, —0S +Vry, (5.14)
dt ‘
Trong dé:
V % - toc d¢ thay doi chat nén.

0Si, — lugng chat & nhiém (ché‘it nén hay thir¢c an cho vi
sinh vat) vao hé.

OS — luong chat 6 nhiém ra.
Vrg - luong chét 6 nhiém chuyén thanh té bao (rsy <0).
Chia hai vé cho thé tich (V) trong phuong trinh (5.22):

dS QO i
—==(5. - 85)—-——X 5.13
dg V( in ) }/ ( )
I H
=—(S, -S)-——-<X 5.16
IR( n ) Y ( )
Xét ¢ trang thai on dinh, d—S=0: Y = =ﬂgX (5.17)
dt £, Y

Tu phuong trinh (5.4), u, = fl-i- k, va phuong trinh (5.8) cua S.

i

Thay vao phuong trinh (5./7) va giai cho X ta co:

S K
Xz}}' in _ 5 (5}8)
b4l et~ IR KT

max
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5.2. XU LY BUN TUAN HOAN

Hinh 5.3. m6 ta hé thong bin tuan hoan véi luu luong nudce thai ban
dau, O (m /5) nong do chat 6 nhiém, S, (mg/l) va nvf}n;, do bun hoat tinh
(tEID ra tu qua trinh xu 1y bac mat), X, (mgﬂ) Bé suc khi co thé tich V
(m ) cO ndng do chét 6 nhiém, S (mg/l) va nong do bun hoat tinh, X (mg/1).
Nudc thai sau khi xu Iy qua bé Iang dot hai ¢6 luu lugng bang (41,0,
l4 luu luong dong tuan hoan (m /s) voi nﬂng d6 chat 6 nhiém S va bun hoat
tinh X. Luu lugng dong chay qua bé lang dot hai 1a O, (m’/s) v6i nong do
bun hoat tinh, X, (mg/l) va nnng do Lhdt 6 nhiém, S, (mg/l). Luu lugng bun
thai tir bé lang dot hai, O,, (m’/s) v&i nong do bun, X, (mg/).

Tuin hein biin Qw Xy

Hinh 5.3: So' dé hé thong biin tuan hoan

Dong tuan hodn trich tir bé ling dot hai nham bo sung bin hoat
tinh cho bé suc khi cé luu lwong Q,(m’/s), néng dé bin X, va chit 6
nklem con lgi S. Mo hinh o trén gia thiét chi ¢é X lang trong bé
ling bic hai. S hoa tan khéng bi ling.

5.2.1. Céc thong s6 dién hinh trong hé thong xir Iy bun tuin hoan
X — Nong do vi sinh vat (mg VSS/L) 2000 — 4000 mgVSS/I.
S — Nong d6 chat nén, mgCOD/I 220 mg BOD3/I.
X.—15mg VSS /L
= 2000 - 4000 mg VSS /1.
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5.2.2. Can bang vit chit va cac tham sé thiét ké trong hé thong bun
tuan hoan
Can bang khéi luong cho toan bo qua trinh:

V%_QXN -0.X,-0.X, +Vu, X -Vk X (5.19)
4
O trang thai 6n dinh véi X;, = 0:
Vip, -k )X =0X, +0 X, =P (sutao bun) (5.20)

Tuoi cua bun:

T (5.21)

Q'II.' Xr' + Q&'Xf.’
- VX
0.X, +(0-0,)X,

Trong diéu kién 6n dinh, luong té bao tao thanh can bﬁng vai luong
té bao bi mat. Do vay:

VX
&= (5.22)
S
ﬂ!'t'l‘:l}{ e [& X
( S+ K J
1 S
% = —k 5.23)
9 #I‘I‘Iﬂx S +KS [ (

Chu v 6. #tg (tudi bun tach biét véi thoi gian luu).
Phuong trinh (5.32) c6 thé sap xép lai dé giai cho S:
K (1+6 k
S .'.'( & E’) (524)
HF(}J‘HHK _kt’)_l
Phuong trinh (5.24) gidéng phuong trinh (5.8) dbi v6i bé khudy tron
hoan chinh, trur £z dugc thay bang 6.

Thay thé tg béﬂg 0. la sw thay doi cé y nghia; ngwoi ta cé thé thiét
ké cho 6. lén dé nhdn dicgc hiéu qua xw ly cao (S rkap) va khong

phy rhupc vao thé tich bé. Gid tkanh X {}r ph tkupc vao thé tich
bé, do vy, xir Iy bin hoat tinh tuan hodn c6 thé tiét kiém dwoc kinh

nhi
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Thong s6 thiét ké dién hinh tudi bun, 6, = 4 — 10 d, va thoi gian
lwu, =4 — 10 h, s& tiét kiém 24 lan kich thudc bé

Xac dinh U — toc dd sir dung chit nén
U= [(sur dung Chr,f{ nen dé tang truong té bao)/ don vi thoi gian)] /
(don vi khoi lwong cua te bao):
Q(Sr'n il S) S!’tr - S
R

U

(5.25)

hodac: U= = = ;‘f"“ (Ks +SJ= ;’ (5.26)

Don vi ctia Y [ M chat nén/ M té bao. T) hoic (g COD) / (g VSS.d).

Phuong trinh (5.26) co thé duoc su dung dé tim S 14 ham so cua U:
__ UK,

. —UY

(5.27)

Ngoai ra, co thé xac dinh ty 1¢ thl'gc an va vi sinh vat (F/M). Nhung
phai chi ¥ mét s6 trich dan c6 thé bi nham lan:
e Theo Reynolds & Richards:
F/M = (Khir chdt nén) | (don vi khéi lwong té bao x thoi gian)
— Q(S:'n - S)
VX
e Theo Metcalf va Eddy:

F/M = (chdt nén vao)/(don vi khoi lwong té bao X * thoi gian)

=T (5.28)

S, S
— Q L - in (529)
X t.X
vi I il
SHJ‘
[E:I i E — i‘:i] (5.30)
Mye E ELM Jg

Tuy nhién, hau hét cac tham khao déu sur dung phuong trinh cua
Metcalf va Eddy (5.29) cho ty s6 F/M.
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5.2.3. Mt s6 phwong trinh bo sung ddi véi 6. cho thiét ké

Tu cac phuong trinh trudec, ta co:

1 S
i max _kc 53'1)
0, = S+K; f
S
=UY 5.32
Hrex G K i
S e UY -k, (5.33)
6.
- ‘ , F
va tir phuong trinh (5.39) taco: U = E T
L. EEY—IQ, (5.34)
) M

Tdc d6 tao bun P duge dinh nghia:

P= QE = [Khdi luong té bao trong hé) | [toc dé khir chat ran ra

¢

khoi hé] (5.35)

Nong dé bun tuan hoan, X, dugc xac dinh bang thi nghiém qua chi
s0 bun, SDI hodc chi so thé tich bun, SVI:

X, =8DI = 1/ 8VI

5.2.4. Dong tuan hoan, Q,
Xét can bang khoi lugng dbi voi bé lang trong dot hai:

Q+o)x = ax. + X ¥ 090X (36

(Biin trong dong vio) (Biin cua dong ra) (Bitn thai) (Bin tuin hoan)

Ty 18 tuan hoan, r duoc xéac dinh:

0,
= =L (5.37)
"o

Thay vao phuong trinh cin bang vt chat:

Q@-Xf + QHXP = ( Q + Qr)X - QrfYr

Ta co:

QX ;QWX r =(1+r)X —rX. (5.36)
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Tu phuong trinh (5.21): 0 = L
QH'XP T Q;_JX.-_:

Thay vao phuong trinh (5.46), thu dugc:

- . 2.4
T OA+MX —rX,

[
Ha g & 5.39
¥ l+r—r(X./ X) 239

Tir phuong trinh (5.39), co thé kiém soat r va ty s6 X,/X, ta c6 thé

dat dugc 6.> tg va cai thién dugc qua trinh xu ly.

Nong do bun hoat tinh X duoc xac dinh tir can bang khdi luong doi

vO1 chat 6 nhiém sau xur 1y S:

O trang thai on dinh:
ds

E = Sf” — QS-I— VFSU =} (540)

Ta da biét toc do sur dung chat nén:

U
sy = __},g"
va: l(JS’F.H—S)=ﬁ}'('
% Y
s rumax S X (54})
Y Ko+S8
. , S 1
Tur phuong trinh: y7 . =—<+k,
K.+8§ 6.
iy l(Sm —S):E L+ke (542)
tr Y16,
& | YO58, —3& 9.
hoac X == (5, =5) =S¥ (5. =5) (5.43)
tn| 1+6.k, i

Trong do Y,»s — hi€u suat quan sat duoc.

Thay phuong trinh (5.24) d6i v6i S vao phuong trinh (5.43):
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a9 S K
X=-—=Y ) (5.44)
IR 1+€c'ka #umx ¢ _(I_I_g k )
Phuong trinh (5.43) va phuong trinh (3.44) cho tbc d6 tao bun P:
i MR
Sz Q ( m ) (545}
L+ 0.k,
5.2.5. Nhu cau OXy trong bé suc Khi
Luong oxy doi hoi (kgO»/ngay):
= O(Si-S)-1,42 P (9-46)

Trong do:
P — toc d6 tao bun, kg VSS/d va P = Q.X. + QuX,
1,42 1a g COD/ g sinh khoi.

1,42 mang dau (-) vi no6 dai dién cho phan chét nén lay dé chuyén
thanh sinh khi va sau d6 ra khoi hé trude khi sir dung nhu ciu oxy.

Néu nong do chat 6 nhidm trong nudc thai duoc ghi nhin theo
BOD:s, lugng oxy doi hoi cho toan by BOD (BOD,) dugc xac dinh theo
phuong trinh:

oGS, —S)

R, = ~1,42P (5.47)

f=BODs/BOD,

Phuong trinh (5.47) chi méi tinh cho lugng OXy can thiét dé khur
CBOD. Thuc té, trong nudc thai o mot luong lon N ¢ dang N- hitu co, N-
NH;. Do vay phai can mot lugng oxy bo sung dé cho qua trinh nitrat hoa:

Ro:n = 4,57Q(TNK, - TNK) (5.48)
Trong dé:
Ro.n — luong oxy doi hoi dé nitrat hoa, keO>/d
O — luu lugng nudce thai, m’/d

TNK, — tong luong nito trong nudc thai, dugc xac dinh bang
phuong phap Keldan, kg/d

TKN — tong lugng nito trong nudc sau xir Iy duge xac dinh bing
phuong phap Keldan, kg/d.
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Do viy, lwgng oxy can thiét dé khit CBODu va nitrat hoa, Ro; v,
dugc xac dinh theo cong thirc:

Ro, n=[O(Si-S) /f] -1,42 P + 4,57Q(TNKy- TNK)  (5.49)

_Tésc do tiéu thu oxy 1a luong oxy doi hoi trén mot don vi thé tich
cua bé suc khi:

R _
OUR = =% = Sin = 5-1423 457(TKNU-TW) (5.50)
V tof I© 7 it
hodc:
OUR=3n"5 _1422 (5 =5) 457(?@ ~TKN) (5.51)
b ty(1+k,0,) 1,

Thé tich khong khi doi héi, Vi, dé khir BOD va nitrat hoa trong
qua trinh xir Iy hiéu khi duoc xac dinh theo cong thirc.

- R (;kgf d) 5 52
d(kg/m’)x0,231
d — ty khoi cua khong khi, kg/m’
0,231 - phan tram cua oxy trong khong khi (w/w)
Tdc do thé tich khong khi dién hinh 1a 62 m” khéng khi/ ke BOD:.
Nong d6 DO doi hoi t6i thiéu 1a 0,2 — 2,0 mg/l.

Hiéu suat truyén oxy = (Khoi lwong oxy hoa tan trong nudoc)/(khoi
lirong oxy trong khong khi cho vao).

5.2.6. Cac qua trinh cai tién xir Iy bun hoat tinh

Cac qua trinh cai tién bun hoat tinh dugc sir dung bao gom: bun
hoat tinh tmyen tthg (CAS); bun hoat tinh nap tirng bac (SFAS); bun
hoat tinh ti€p xic on dinh (CMAS); bun hoat tinh suc khi kéo dai
(EAAS); bun hoat tinh oxy tinh khlet cao (HOPAS); bun hoat tinh chon
loc (SAS) va bun hoat tinh mé ké tiép (SBRAS)...

5.2.6.1. Qud trinh bun hoat tinh truyén thong (CAS)

Trong qua trinh bun hoat tinh truyﬁn thong, bé suc khi sinh hoc c6
hinh chtr nhat vo1 dong ra va bun tuan hoan (RAS) b6 sung & mot phia.
Dung dich dugc trn ¢ phia ddi dién. Dong chay dugc phan bd gan nhu
dong chay déu. Phan bo thoi gian luu phu thude vao ty 1€ chleu dai va
rong cua bé. Trong qua trinh CAS, nude thai duge tron déu bang cac thiét
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b1 suc khi. Thot gian luu nuoc di%n hinh tu 4- 8 gio, tho1 gian luu bun tuo
3 — 8 ngay. Cac tiéu chuan thiét ké qua trinh CAS dua ra trong bang 5.1.

Bing 5.1: Tiéu chudn thiét ké hé thong xur Iy biin hoat tinh truyén thong

Tham so Gia tri
Tai trong hiru co 0,2 - 0,5 kg BODs/kg MLSS.d
Tai trong thé tich 0,4 — 1,8 kg BODs/m’. d
Thoi gian luu bun 5 —15 ngay
Thoi gian luu nudce 3-8 gio
Nong d6 MLSS 2,000 — 4,000 mg/!
Ty 1& bun tuan hoan 25 - 100%
Do sau cua nuoc 3-5m
Oxy cung cap 1,2 - 1,5 kg Oxkg BOD:5
Su tao bun 0,5—-0,7 kg/kg khit BODs

5.2.6.2. Qua trinh bun hoat tinh nap tirng bdac (SFAS)

Su khdc biét cua qua trinh SFAS va qua trinh CAS 1a nud6e thai
dugc nap vao céq vih tri doc theo thémhﬁ bé suc khi. Do vay, nong do nudc
thai dugc phan bo déu trong toan bd bé phan ung. (hinh 5.4a va 5.4b).

Dong vao

RAS (Téi bé lang)

e
(Tir bé lang trong)

(a) Bé don hep voi dong vao bo sung o mot so diém doc theo chieu dai
cua bé.
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(Tir bé l'fmg]

Nudce thai

r g

< ML (Tai be

ling)

(b) Day bé hep voi dong vao dwoc nap vao moi bé

Nudac thai

€

Hinh 5.4: Qua trinh bun hoat tinh nap tirng bac

5.2.6.3. Qud trinh bin hoat tinh tiép xiic on dinh (CSAS)

Nguon: Grandy va céng su, 1999

Bol vol qua trinh CSAS, bé sinh hoc duoc chia thanh hai vung: (1)
vung tlep xtc, tai d6 chat hitu co bi loai khoi nuoc that; (i1) vang on dinh,
tai do On dinh chat hiru co bang suc khi bun tuan hoan tir bé ldng trong.
Nnng d6 cua MLSS trong bé 6n dinh tuwong doi cao, cho nén tong thé tich
ctia bé sinh hoc sé& nho hon CAS. Trong khi d6, thoi gian luu bun (SRT)
dugc duy tri nhu nhau (hinh 5.5). Do vay, qua trinh CSAS sé duoc su
dung dé thay thé qua trinh CAS khi thé tich 16n. Thoi gian lru nude
(HRT) phu thudc vao dong bun tuan hoan (RAS), d6i véi ving tiép xic va

viing 6n dinh tir 0.5 dén 2,0 gio va tir 4 dén 6 gio twong ing.

Bé tiép xuc

Bé 6n dinh bun

trong

Bé lang dot 0
—" mot —
0,
Ow

QW

Hinh 5.5: Qua trinh bun hoat tinh ﬁép xiic on dinh (CSAS)
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5.2.6.4. Qua trinh bun hoat tinh khufiy tron hoan chinh (CMAS)

Qua trinh CMAS dugc cai tién tir qua trinh truyén thong (CAS)
khi ndy sinh nhu cau vé xir 1y nudc thai cong nghiép c6 do 6 nhiém cao
(hinh 5.6). Trong qua trinh CAS, nong dé cua chat hitu co cao & 16i vao
gay soc cho hoat dﬂng ctia vi sinh vat, dan dén lam han ché hoat dong
cua qua trinh. chu nay co the khic phuc trong qua trinh CMAS. Mat
khac, trong hé thong CMAS nong d6 cua chat hitu co ¢6 kha nang phan
ra duoc duy tri & muc thap boi su phan bd dong nhat cua dong vio theo
chiéu dai cua bé phan tng.
5.2.6.5. Qua trinh suc khi kéo dai

Suc khi kéo dai trong qua trinh bun hoat tinh kl}uﬁy tron hoan
chinh, duoc van hfmh_t’r tho1 gian lvu nuoc (HRT) twong do1 dai (ip =16 —
24 hoac 36 gid) va tudi bun cao (6. = 20 — 30 ngay).

Pic trung cua qua trinh 1a thoi gian suc khi kéo dai, nong d6 MLSS
cao, toc d6 bom bun tuan hoan (RAS) 16n va bun thai hoat tinh it. Suc khi
kéo dai thuong dugc st dung trong cac nha méy xur Iy nudc thai ¢6 quy
mo nho nhu ¢ trudng hoc, khu dan cu, cong vién, v.v. Dong thai vao hé
tlmng xu 1y chi can qua luéi chin rac va bé lang cat ma khong can bé
lang dot I (hinh 5.7).

Hé thong suc khi kéo dai cho phép nha may hoat dong c6 hi¢u qua
trong vung rong cua luu lugng nudc thai va su thay doéi 1on tai trong chat
htru co.

Dong vao

[

Bé suc khi

RAS

Hinh 5.6: Qud trinh CMAS; sir dung hé théng suc khi khuéch tin;
tron hoan chinh dat dwec béi sw phan bo dong vao
doc theo mét phia ciia bé; dong ra dwgc thu ¢ phia doi dién.

Ngnﬂﬁ: Grandy va cong suw., 1999
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0 , Bé ling Q-0
Xu ly so bo — Be suc khi trong
O,
RAS
Oy
Cung cdp
TOC AG OXY  Jurvereeessreressersesssesssssesssnsssssssssssssssens

Poi hoi

Hinh 5.7: Qua trinh suc khi kéo dai

5.2.6.6. Qud trinh biin hoat tinh mé ké tiép (SBRAS)

Bé phan ung gian doan ké tlep (SBRAS) hoat dong ké ttep, khong

c6 bé lang bac hai. Hoat dong clia mot bé SBRAS co 5 budc ké tiép khac

nhau:

Nap day nudc thai

Phan tng

Lang

Rut nude

Thai bun

Chu trinh tho1 gian trong qua trinh SBRAS thay doi tir 4 — 48 gio

voi tudi bun (SRT) tir 15 — 18 ngay ((hinh 5.8). Ty 1¢ F/M thay doi theo
su thay d6i ctia chu trinh thoi g gian va thuong co gia tri nam trong khoang
tir 0,03 dén 0,18. Uu diém cta qua trinh SBRAS 1a khong can tuan hoan
la1 bun.
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Thé tich Chu trinh thoi gian Muc dich Van hanh
25 =100 % 25 % Thém chét nén Khéng suc khi
100 %% 35% Thin gian phan ing  Suc khi
100 % 20 % Léang trong Khéng suc khi
Nuéc lang trong
'_
00 — 35 % 15 % Théao nudc Khiong suc khi
35-25% 5% Tha bin  Khing syc khi
Tha ban

Hinh 5.8: Chu trinh thoi gian hoat dong cua hé thi‘r{ng SBRAS

5.2.6.7. Mwong oxy hoa

Muong oxy héa 1a mot qué trinh xir 1y bun hoat tinh cai tién sir
dung thoi gian lwu bun (SRT) kéo dai dé phan huy chat hiru co c¢6 kha
nang phan huy sinh hoc. Muong oxy hoa la mot hé thong khudy tron
hoan chinh dién hinh, nhung co thé cai tlen dé dat duoc dong chay déu.
Hé thcmg muong oxy hoa dién hinh bao gﬂm mot hodc nhiéu muong co
hinh tron, hinh ovan hay hinh mong ngwa. Thiét bi suc khi co thé dat nam
ngang hoic thiang ding dé tao ra dong chay, truyén oxy va suc khi trong
muong.

Xu 1y so bo, nhu la song chan rac va lang cat thuong dugce tién
hanh truéc muong oxy hoa. Ling so bo nudc thai truge khi cho vao
muong oxy hoéa la can thiét. Loc bac bon co thé duge doi hoi sau khi ling
trong, phu thudc vao yéu cau chat lugng nudce sau khi xur ly. Dong vao
muong oxy hoa duoc suc khi va tron véi bun tuan hoan tir bé lang dot
hai. So d6 clia qua trinh dién hinh d6i v6i nha may bun hoat tinh sir dung
muong oxy hoa dua ra trong hinh 5.9.
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Phéu thu bun

Khu trung

Hinh 5.9: Mwong oxy hoa
Nguon: EPA, 2000

Suc khi bé miit béng dong co quét, thiét bi suc khi dia hodc khuéch
tan bot khi min. Qua trinh tron dua oxy vao hon hop dich chét dé thuac
day sy phat tllen ctia vi sinh v4t va tao su chuyén déng cia dong nude
thai dé tang tiép xuc cua vi sinh vat vdi nude thai moi dua vao bé. Suc
khi lam tang luong oxy hoa tan tai mot vung hep cua muong nhung lam
glam sinh khoi tidu thu oxy khi dich chat tron 1an di chuyén qua muong.
Chét ran dugc duy tri ¢ trang thai lo ling, di chuyén xung quanh muong.

Qua trinh nitrat hoa xay ra trong muong oxy hoa voi hi¢u suat cao,
néu thiét ké thoi gian luu bun thich hop. Nudc dong ra trong qua trinh
muong oxy hoa thuong duge dua vao bé lang dot hai. Mot bé ky khi co thé
duoc lap dit trude muong oxy hoa dé nang cao kha nang khir phét pho.

Muong oxy hoa cling ¢6 thé van hanh dé khu nitrat. Mot trong
nhirng hé thﬁng phd bién nhat dé nang cao kha nang khu nitrat 1a qua
trinh cai tién Ludzack — Ettinger (MLE) dugc minh hoa trong hinh 5.10.
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Tuan hoan dich chat tron lan

Bé ling

3Q-4Q dot hai

Léng bac mot

Anoxic Aerobic

Tuan hoan bun hoat tinh

0,5Q-1Q

Bun so cap v

Bun hoat
tinh thai
Hinh 5.10: Khir nitrat bang hé thong MLE
Nguén EPA, 2000

Nhiing wu diém va nhwoc diém clia mwong oxy hoa
a. Uu diem

Uu diém chinh cia muong oxy hoéa la ¢6 kha nang khur dugc chat 6
nhiém vai chi phi van hanh va bao dudng thip. Mot s6 uu diém khac cia
muong oxy hoa la:

e Tho1 gian luu nudce kéo dai va tron hoan toan, han ché dugce soc do
tai trong thay doi

e Tao ra it bun hon qua trinh sinh hoc khac nho kéo dai hoat dong
cua vi sinh vat.

e Chi phi ning lugng thap
b. Nhwoc diém

« Nong d6 chat ran lo ling cua dong ra tuong doi cao so voi cac qua
trinh bun hoat tinh cai tién khac.

« Doi hoi dién tich dat 16n hon so vdi qua trinh bun hoat tinh khac.

Tiéu chuan thiét ké mwong oxy héa
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a. Xdy dung

Muong oxy hoa thuong xay dung bang bé tong cot thép, mot sb vat
liéu khac cting thuong duoc st dung nhu cao su butyl, khoang sét... Noéi
chung cac vat li¢u phai chiu dugc an mon.

b. Cdc tham sé thiét ké

Nudc thai sau khi loc qua song chén rac di vao muong oxy hoa,
duoc suc khi va duge luu thong voi vén toc khoang tur 0,25 dén 0,35 m/s
dé duy tri chat ran & trang thai lo lung. Ty 1€ tuan hoan, RAS, tir 75 dén
150 %, va nong d6 hdn hop chét rin long, MLSS tir 1500 dén 5000 mg/l.
Tiéu chuan thiét ké muong oxy héa bi chi phoi boi cac tham sb trong
nude thai dua vao muong va tinh chat cia nudce thai sau khi xtr 1y ké ca
qué trinh nitrat hoa va khir nitrat. Nhitng tham s6 dac trung cho thiét ké
muong oxy héa bao gom:

I- Thoi gian luu chét ran (SRT): thé tich can thiét cia muong oxy hoa
duoc tinh toan dya trén SRT doi hoi dé dap ing yéu céu chit luong
cua nuoc thai. SRT duoc lua chon nhu 1a mot ham cua su nitrat hoa
va nhiét dg, cta dich chat tron Ian it nhat. Cac gia trj thiét ké SRT
thay ddi tir 4 dén 48 ngay hodc nhiéu hon. Gia tri dién hinh cua
SRT doi hoi dé nitrat hoa nam trong khoang tir 12 dén 24 ngay.

2- Tai trong BOD: toc d6 tai trong BOD thay d6i tir nho hon 160.000
mg/1000 lit dén 16n hon 4 x 10? m5/1000 lit. Toc do tai trong BOD
bang 240. 000 mg/1000 lit mm ngay dugc s dung kha pho bién
trong thiét ké. Tuy nhién, toc do tai trong BOD khong st dung mot
cach dién hinh dé xéc dinh c6 hay khong su nitrat héa xay ra.

3- Thoi gian luu nuée, (HRT): it duoc sir dung dé 1am co s& cho thlEl’
ké muong oxy héa. Néi chung HRT bén trong muong oxy h6a nam
trong khoang tir 6 — 30 gidr d6i v6i hau hét cac nha may xur 1y nude
thai sinh hoat.

5.2.6.8. Bé truc siu

Bé tryc siu la mot cai tién ciia qua trinh bun hoat tinh dugc phat
trién & Anh (hinh 5.11). Bé truc sau duoc sir dung khi mat bang rat nho
va dat. Bé truc sau dugc su dung khi nudc thai c6 d6 6 nhiém cao. Bé
truc sau kiéu hinh giéng, bao gom mét truc thang dung co do sau khcrang
120 — 150 m, su dung hé thﬂng suc khi hinh chir U. Bé truc sau thay thé
bé lang trong dot mot va bé suc khi. N6 duge 16t mét 1op vo bang thép
vOl mot Ong dﬂng tam tao thanh bé phan (ng hinh khuyén. Nudc thai,
bun hoat tinh tuan hoan va khong khi duge bom vao trung tdm cua gleng
Ap suét cao thu duge & do sau 1am tang kha ning hoa tan ctia oxy. Nong
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dd DO trong bé truc sau c6 thé dat dén tir 25 dén 60 mg/l. Dong chay
trong bé truc sau 1a kiéu dong chay déu. Ty 1& F/M nam trong khoang tu
0,5 den 5,0 trén ngay va thoi gian luu nuée HRT tr 0,5 dén 5 g10. Mot bé
tuyén ndi duoce thlet ké bén canh bé truc sau dé tach bun tir hén hop bun
thai. Hau hét chat ran sinh hoc dugc tuan hoan lai bé truc sau.

Uu diém cua bé tryc sdu 1 gia thanh xay dung va van hanh thap,
khong can dién tich mat bang lén, c6 kha nang hoat dong trong moi di€u
kién cua thoi tiét.

Nue thai Thai bun

Mav nen Tu :EII‘I. hoan bun

Khong klu | : g e
$ = ) Nwdc sau xu ly

Freyseg—___ 1~

Hinh 5.11: Bé truc séiu

5.3. SO SANH CAC QUA TRINH BUN HOAT TINH

Uu diém va nhuogc diém cua céc qua trinh bun hoat tinh dua ra
trong bang 5.2. dudi day:

Bang 5.2: So sanh cac qua trinh bun hoat tinh

Qua trinh Uu diém Nhwoc diém
Bun hoat tinh | = Quen thudc = G1a van hanh va
truyén thong | « Qua trinh va thiét ké thiét bj da | VvOn dau tu trung
(CAS) duoc biét binh

« Cac tham s6 hoat dong duoc * Kha nang lang bun
mo ta tot trung binh
* Thuan lgi trong ap dung
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Bun hoat tinh
nap tirng bac

« Giam bé sinh hoc so véi CAS

= Giam gia thanh dau tu so voi

* Van hanh phirc tap
hon

(SFAS) CAS « Giam hiéu qua
nitrat hoa

Bun hoat tinh | = Giam thiéu bé phan img sinh | = Véan hanh phire tap

tiép xhc on hoc so voi CAS hon

dinh (CSAS) | « Giam gia thanh du tu so v6i | = Giam hiéu qua
CAS nitrat hoa

Bfl]‘l'hﬂat tinh | = Thiét ké va van hanh don gian | = Gia dau tu va van

khuay tron * Chiju duoc nhiéu hon sc tai do | hanh trung binh

hoan chinh chat doc so véi cac qua trinh | = DE bi anh hudng

(CMAS) khac do su phat trién

« Ap dung trong viing rong cac

cua vi sinh vat

tai trong khac nhau dang so1
Bun hoat tinh | = Thiét ké va hoat dong don gian | = Thai khong lién
bé gian doan « Nuéce sau xtr Iy ¢6 chat luong cao | tUc

ké tiép
(SBRAS)

* Pic tinh cua ql.}ﬁ trinh van hanh
¢0 kha nang diéu chinh boi su
dicu chinh cac chu ky hoat dong.

« Thé tich bé tuong
dbi 16n

Nguon: Grandy va cong su, 1999

5.4. TINH CHAT CUA NUOC THAI SAU KHI XU LY

Céac tham s6 chu yéu xéc dinh chit lugng nude thai sau khi xt ly
sinh hoc la nong d¢ con lai cac hop chat htru co, chat ran lo lung va chat
dinh duong:

I- Cac hop chat hitu co con lai ¢6 kha nang phan huy sinh hoc tan bao
gom:

a.
b.

T

Céc chét hitu co thodt ra trong qua trinh xir 1y.

Céc chat hiru co tao thanh nhu 1d mot san pham trung gian trong
phan rd sinh hoc cua nudc thai.

Thanh phan cellular (do té bao chét hodc phan ly).
Chét hitu co lo limg,
Sinh khdi tao ra trong qué trinh xir 1y thoét ra trong bé lang cudi.

Chat ran hiru co dang keo thoat ra tir qua trinh lang.
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2- Nito va phét pho:
a. Chtra trong sinh khéi chét ran lo ling & dong ra.
b. Nito tan ¢ cac dang amoni, nitrat, nitrit va nito hiru co.
c. Orthophét phat hitu co.
3- Céc htru co khong phan huy sinh hoc:
a. C6 mit ban dau trong nude thai.
b. San pham phu cua phan ra sinh hoc.

Trong qua trinh bun hoat tinh dé xir ly nudc thai sinh hoat v61 thoi
gian luu bun hang 4 ngay hodc hon, BOD cacbon cua mau nude sau Xir 1y
thudng co gia tri dién hinh nho hon 3,0 mg/. Ham luong BOD du doan
theo 1y thuyét trong nude thai sau xur Iy thudng nho hon 1 mg/l, nhung thuc
té thudng nam trong khoang 2 — 4 mg/l. Cht ran lo limg tir 5 dén 15 mg/l.

5.5. BE LANG BAC HAI POI VOI BUN HOAT TINH

Bé ling bac hai 1a mot bd phan quan trong trong qua trinh xtr ly
bun hoat tinh. Co so thlet ke bé Iang bac hat bao gom cac tham 50 tai
trong bé mat, tai trong chét ran, hé s6 an toan cho nhing su b ve dnng
chay nhu luu lugng tang dot ngdt, luu luong dong bun hoat tinh tuan
hoan va su dao dong cua ndng d6 MLSS. So d6 va cac tham sé lién quan
dén thiét ké bé lang bac hai dua ra trong hinh 5.12. Tai trong bé mit st
dung dé thiét ké bé lang dot hai dua ra trong bang 5.3.

(Po+ &) X

(o Xe

Chdy fran
Loy phéan cich

Nc:":ng 46 chdt chdin fai
mof vung , X;

Dwla
Dong bim thdai

Déng tuan hoan

Hinh 5.12: Bé ling béc hai
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Bé Eang bac hai dugc phan chia thanh hai vang: vung Iang trong va
vung nen bun. T{}ng dién tich cua hai ving 1a kich thudc doi hoi dé thiét
ké. Dién tich phan lang trong phar du 1on sao cho luu lugng dong chay
tran nho hon tdc d6 lang cua 16p phan cach dé cho chét ran ling hoan
toan trong bé.

Téc d6 lang ban dau vy ctia ving lang véi nong d6 X, m/h duge xéc dinh:

vy = (5.53)

O. — luu luong dong chay tran, m’/h
Ay — dién tich bé mit bé la‘f',ng trong, m

Dién tich ving ¢6 dic bun phu thudc vao dong khdi luong trong bé.
Dong khoi luong duoc dinh nghia la khoi luf(mg chét ran di qua mot don
vi dién tich trong mot don vi thoi gian (kg/(m’.h). Chat ran va chat long
trong bé lang dot hai di chuyen theo hudng di xunng O trong vung co
dic, luong chat long it hon 11h1eu so vo1 lugng chat ran do vay toc do
chat long nho hon tdc do chat rin va nong do cua chat rin tang dan theo
chiéu siu cua bé.

Bing 5.3: Cdc tham so thiét ké dién hinh doi véi bé ling bac hai
cua quda trinh bun hoat tinh

Tai trong Tai trong chat
Do sau (m’/m’d) ran (kg/m’h)

Kiéu xir 1y
' (m) | Trung | oo | Cwe | b
binh dai

Lang sau bun hoat tinh v&i
khong khi (bao gom suc khi | 3,5-6 | 16-28 | 40-64 4-6 8
kéo dai)

Chon loc khur chit dinh

. — 3,5-6 | 16-28 | 40-64 | 5-8 9

Lfing sau khi bun hoat tinh

- 3,5-6 | 16-28 | 40-64 | 5-7 9
Vo1 OXy

Ling sau khi suc khi kéo

% 3,5-6 8-16 | 24-32 1-5 7
dai

Lang ddi véi qué trinh khir

Pitngd dotga gl | 0

Téng phot pho 16-24

Nguon: Metcalf & Eddy, 2003
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D6 sau cua 16p nén bun trong bé lang bac hai doi hoi phai du kich
thuée dé tranh phﬁt ran khong bi tuan hoan tro lai ving ling trong va
duoc su dung dé lyu giir bun tam thoi. Dong chat ran trong ving cd dic
di chuyén di xuﬂng bi tac dong boi hai luc: trong luc va lyc hut (do bom
hiat). Cac tham s6 thiét ké dién hinh ap dung cho bé lang dot hai dua ra
trong bang 5.3. O d6 sau bat ky tmng bé ling, dﬂng khoi luong di chuyén
do tac dung cua trong luc dugc xac dinh boi cong thuc:

G, =VX, (5.54)

G, - dong trong luc, (kg/(m”.h).

V- toc do l:fing tai mot vung chat ran cé dic ¢6 nf‘mg do X;, (m/h).
X; - nong d6 cia chat ran, (kgfmj)

Cic budc thuc hién dé tinh toan thiét ké bé ling dot hai
Budc A- Xic dinh toc dé ling ving

Thiét lap mot thi nghiém bao gom mot cot lang bang vat liéu trong
sudt co chiéu cao tir 1,5 — 2 m duge trang b1 may khuay co hoc. Sau moi
thoi gian nhat dinh, lay mat thé tich cua ving ¢o dac dé xac dinh nong do
chat ran (bang phuong phap trong lwong). Sau mdi thoi gian thu duoc
nong d6 chat ran trong ving ¢6 dic 1a X}, X5, X;..., tuong (g véi thé tich
lay phan tich, V; > V> > V;..., trong cac thoi gian, 7, 1, 1;..., Xay dung
d6 thi cua nc}ng do X; theo thm gian ¢. PO doc cua phan ban dau cua cac
dudng cong 1a toc do lang dinh (hinh 5.13).

(ot lang cao 1,5-2m
Ket hop khuay co hoc

/ Xi<X; <%
:lr "|’1>'H-_.J'li’]

/ Toc &6 ling

Lop ngan cach J

Thot g1an, ¢

Hinh 5.13: Xdc dinh toc dé ling bang cét ling
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Budc B — Xay dung toc dp f&ng tir buwoc A theo nfjng do
4

e

Vs

Téc d6 lang dinh

\....u..u_..._

X A Nong do X

Hinh 5.14: Sw phu thuéc toc dp lang vao nong dp
Tir cac ké:t qua i]h.g'in dugq 0 budc A, xay dung d6 thi biéu dién sy
phu thudc cua toc d6 lang vao nong do (hinh 5.14).
Buée C— Vé do thi dong trong lie theo nong dé

Dong trong luc Gg duge xac dinh bdng tich cua nﬂng do X; va thé
tich V; tuong ung thu dlIUC trong budc B. Mbi lién hé giira Gg va nong do
X; dugc biéu dién trén hinh 5.15.

Dong chét rin, G,

Nong dé, Xi

Hinh 5.15: Do thi biéu dién dong chat rin G, theo nong dj X;

Buwoc D - Xac dinh dong hut

Dong chat ran di xu{’:}ng do bom hut voi tde do u, up duoc xac dinh
theo cong thirc:

QH
A

- tbc d6 dong chat rin bi hat, m/h.

U, =

(5.55)

O, - luu lugng dong di xubng, m’/h.
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A - dién tich bé mat cua bé ling, m”.
]
i
Il
o5
|
B | QA
)
(u]8
b
0
Q
Néng d6, X

Hinh 5.16: Dé thi biéu dién dong khoi lwong G, theo X;

O do sau bat ky cua bé lang, dong khoi lugng di xuong, G, (kgf’(m h)

ludn la tich s6 cua vén toc u, va ndng do X;:
G =u X, (5.56)

o

Xay dung d6 thi cua G, phu thudc vao nong do X;. Do doc cua do
thi 1a van téc u; (hinh 5.16).

Buwdc E- Xdc dinh dong toan phan ciia chit rin

Dong toan phﬁn G cua chét ran trong bé ling voi nong d6 X; duoc
xac dinh theo cong thurc:

G=G, +G, (5.57)
hay: G=Xyv,+Xu,, G=X,(v.+u,)

D6 thi cua dong toan phﬁn G duara trong hinh 5.17.

P Dong tong
- Dong hut
= Dong gioi han
T R e e B e e e -.p--T--
= : *
g 1
f i Xy X
1 =
4 = i
! L]
'-1 1 XV
. Dong trong Iuc_ | J,

Nong dé chat ran, meg/l
Hinh 5.17: Pé thi xdc dinh dong toan phin Gy
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Buwoc F - Xac dinh dong gioi han G

Dong gio1 han G duge xac dinh trén d6 thi (hinh 5. 17) bang céach
vé dudng tiép tuyén VO diém cuc tiéu trong dong toan phan G. Piém
giao nhau cua duong nm tir diém tlcp tuyén voi truc tung la gia tri G. bé
dam bao toan bd chat ran ling nam trong bé, dong vao bé lang phai nho
hon dong gidi han.

Muc dich thiét ké cua bé lang dot hai la lam thé nao dé dat dong
gid1 han G;. Dién tich viing ¢6 dac bun duoc xac dinh theo c¢ong thirc:

X,
A= 5.58
G (5.58)

Trong do:
O - lvu lwong dong vao, m’/h
Gy - dong gidi han, ke/(m”.h)

X, - ndng d6 chat ran ctia dong vao, ke/m’

5.6. HE THONG TRON VA SUC KHi

Hi¢u qua xu ly cua qua trinh bun hoat tinh phu thugc vao luong
oxy hoa tan trong bé suc khi va su truyén oxy tir oxy khong khi hodc tir
oxy tinh khiét. Oxy truyén vao dich long trong bé suc khi boi su phan tan
cac bot khi bi nén qua hé thong khuéch tan & dudi day, hoidc di vao dich
long b}::ing suc khi bé mit.

5.6.1. Truyén oxy va sir dung oxy

Truyen oxy va su dung oxy qua hai giai doan. Giai doan dau, oXy
hoa tan (DO) trong dich long bang cach khuéch tan hoac bang suc khi co
hoc hodc ca hai. Giai doan tlep theo, oxy hoa tan dugc vi khuan st dung
trong qua trinh chuyén héa chat hiru co. Khi toc do oxy str dung vuot qua
téc ¢ oxy hoa tan, oxy hoa tan trong chat long sé bi thiéu hut.

Toc do truyen oxy tur bot khi vao trong dung dich dugc xac dinh
bo1 cong thirc:

r=k(BC; —C) (5.59)
Trong do:
r —toc d6 truyén oxy tir khong khi vao chét long, mg/Lh
k —hé s6 truyfin, h
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B - hé sb bdo hoa oxy cta nude thai: 0,8 — 0,9.
Cs — néng dd DO khi bao hoa ¢ mat nuwéce, mg/!
C;—nodng do DO trong dich long, mg/!

BC; — C;— thiéu hut DO, mg/I

5.6.2. Suc khi khuéch tan

HE thong suc khi khuech tan bao gcm hé khuech tan dat o duoi hcm
hop chat long. Thiét bi khuéch tan c6 thé bang gom dudi dang hinh & Gng,
vom hay dia phang (hinh 5.18, 5.19). Khong khi nén di qua mang khuéch
tan tao ra cac bot.

g

Hinh 5.18. Mang phén phéi khi Hinh 5.19. Phéi khi kiéu xwong cd

Khéng khi nén di qua ong dan vai su giam ap sut. Ap sudt giam
tong cﬂng tir may thoi khi téi mang khuéch tan khong duge vuot qua 3,4
kPa ¢ diéu kién hoat dong binh thudng.

Gié tri ciia hé s6 ma sat £ d6i véi ong bang thép dan khong khi nén bang;
f- — 0,029Dl].02? f Q[H&IE (560)
f—hé s6 ma sat
D — duong kinh cua 6ng, m
— luu legng khong khi, m™/phuit
O — luu luong khong khi, m’/phii
Su giam ap suit (headloss) trong dudng éng thing duoc xac dinh
bo1 cong thuec:
H =f(L/D)h, (5.61)

H - giam ap suat trong ong, mm
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L — 36 dai cua ong, m
D — dudng kinh cua dng, m
h, — toc do ban dau, mm
Co thé tinh gﬁn dung su giam ap suét trong i:":‘mg bfing cong thuc:
H=982x10% (LTQ’)/(PD’) (5.62)
Trong do:
—nhiét do khong khi, K
P — 4p suat tuyét doi, atm
Ap suit tuyét ddi co thé duoc xac dinh tir 4p suét ting 1én bing
cach su dung phuong trinh:
= Ty(Po/Py) 24 (5.63)

Co6 dinh hé thnng phan phm khong khi co thé chuyén thanh do dai
tuong duong cua ong dan khi thing:

L =554.CD" (5.64)
Trong do:
— chiéu dai 6ng twong duong, m
D — dudng kinh cta ong, m
C - hé s6 can tr& (0,25 — 2,0)

May théi khi: str dung dé truyén khi t6i ap suat 103 kPa. C6 hai
loai may théi khi thuong duoce st dung 1a may dich chuyén vi tri quay
(PD) va may thoi ly tam. May thoéi ly tam thuong dugc sur dung dé cung
cap khong khi 16n hon 85 m /jt?hur kha phn bién ¢ chau Au. May thm PD
dugc su dung chi ¢ cac nha may nho vai dnng khi thap c6 ap suat 16n
hon tir 40 dén 50 kPa va luu luong dong 1a 15m° /phit.

Cong suat can t]m:t ddi voi may théi khi duoc xéc L:'Iinh tr luu
lwong dong khi, &p suat vao, ra va nhié¢t do cua khong khi bang phuong
trinh dya trén gia thiét cac diéu kién nén doan nhiét:

 wwRT, ( P2 ”‘”3_] 5.65)
29.7ne\ Pl '

_ s nRT, |:[ El] 0,283 1} (5.66)

8.41le
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Trong do:

P — cong suat doi hoi, kW hoac hP
w — khoi luong cua dong khi, kg/s
R — hang s6 khi: 8,314 kJ/ kmol. K
T, - nhiét d6 tuyét d6i 16i vao, K
P;—ap suat tuyét ddi 161 vao, atm
P, — 4p suat tuyét doi 16i ra, atm

n = (k-1)/k = 0,283 d6i véi khong khi
k= 1,395 d6i véi khong khi

e — hiéu suat ciia may (0,7 — 0,9)

Vidul.1

Xac dinh cong sudt can thiét cia may thoi khi dé cung mp 890 kg
oxy moi ngay qua hé rkong khuéch !an khong khi voi hiéu suat truyen la
7,2%. Gia su nhi¢t do o l6i vao la 27 "C, dp sudat thai khi ¢ 6 m nwéc va

hiéu suat cria may théi bang 80%.

Giai:
Budc 1. Tinh khoi hrong dong khi, w
Oxy doi hoi: = (890 kg/d)/(0,072) = 12360 kg/d
Trong khong khi co 23,2% oxy
w = (12360 kg/d)/ 0,232 = 53280 kg/d = 0,617kg/s
Bueée 2: Xde dinh cong sudt doi hoi cua may thoi, P
T; =27+ 273 = 300(K)

P, =1 atm
P> =1 atm + 6m/10.345 m/atm = 1,58 atm
e =038

Sw dung phuong trinh (5.68):

- HRTI B,_. 0,283
p= -1
8.4le|| P
_0617x8314x300[ 1587 . o
8,41x0.8 1 ’
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5.6.3. Hé thong suc khi co hoc

Suc khi co hoc bao gom cic moto dién va canh quat truyen dit co
dinh hodc ndi trén mit nudce (hinh 5.20). Dong dién chuyen dong canh
quat lam tung nudc thanh bot trong khong khi. Su van chuyén oxy xay ra
ca & bé mit cua giot nudc va bé mit ctia nude thai.

Hinh 5.20. Suc khi co hoc

Suc khi co hoc liﬁn quan dén téq do truyén oxy, duogc biéu dién
theo kg oxy / kW.h ¢ diéu kién tiéu chuan, tai d6 nudc may voi 0,0 mg/l
DO va nhiét 6[6 thi nghiém o 20 °c. May suc khi bé mat thuong mai co
kha nang truyén oxy 1,2 — 2,4 kgO»/kW.h. May syc khi co hoc lua chon
dé lap ddt trong xur ly nudc thai theo cong suat ciia nha san xuat va chét
luong nude, nhiét do va do cao va mirc DO thich hop. S6 liéu hoat dong
phai duoc hiéu chinh cho phu hop véi diéu kién sir dung theo phuong
trinh sau:

N = N{ﬁc"" i J1,024""-2”a (5.67)
S20

Trong do:

N - toc dd truyén oxy & diéu kién thuc t&, kg/kW.h

Ny — toe do truyén oxy cung cap boi nha san xuat, kg/kW. h

f-hé s6 hiéu chinh strc cang bé mat nudc man (thuong bﬁng 1)

Cy — ndng dd bio hoa oxy d6i véi nudc may da biét & do cao va

nhiét do
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CL— néng do DO van hanh (2,0 mg/I)
Csop — lli}ing do oxy bao hoa trong nudc may ¢ 20 ‘e, mg/l = 0,02
T — nhiét @6, ’C

a - hé s6 hiéu chinh truyén oxy doi voi nude thair: 0,6 —0,9.

CAU HOI ON TAP VA BAI TAP
Céu hoi Iy thuyét
1. Viét phuong trinh can bang vat chat cho bé suc khi.
2. Viét phuong trinh can bang vat cho bé lang bac hai.
3. Trinh bay qua trinh hoat dong bé phan g gian doan ké tiép.

4. Vi khuan hinh soi tao vang trong hé th{mg xir Iy bun hoat tinh khac
v6i vi khuan tao bong theo mot s6 trao d6i chat. Thir nhat, vi khuan dang
s¢1 ¢O duong cong tang truong khac voi vi khuan tao bong nhu hinh vé
dudi day. Thi hai, vi khuan dang soi chi st dung oxy nhu la chat nhan
electron va khong thé sir dung nitrat cho chic nang d6. Vi khuan tao
bong cé thé sir dung hodc la oxy hodc la nitrat nhu 1a chat nhan electron.
Thir ba, vi khuan dang sgi khong thé luu giir polyphosphat hoic str dung
axetat dé tang truong nhu 1a mot s6 vi khuan tao bong.

Thiét ké hé thong xur 1y nude thai da su dung mot hodc nhiéu cac
tinh chat nay dé tao ra bd phan chon loc ¢6 1oi cho vi khuan tao bong hon
la vi khudn c6 dang soi. Bo chon loc duogce tao ra 1a mot hodc nhiéu bé &
phia trudc bé suc khi theo so d6 dudi day. Muc dich cua bo chon loc la
dé han ché su ting trudng cua vi khuan dang soi va bang cach d6 dé kiém
soat tao bot cua bun.

0.4 T T T T

Vi khuén khdng phai dang sot

0.2

N

Vi khuén dang soi
0.1

Técdd tig trudng niéng, 1/h

1 L |

0 20 40 60 BO 100
Chét dinh dudng, mg/l
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— | Béling B§ chon o BE suc khi »| BEling dot ;
SO Cap loc hai

Biin tudn hodn v

Hay cho biét cac diéu kién co thé tao ra trong bd chon loc dé dat
dugc muc dich thich hgp cho vi khuan tao bong.

5. Ban diéu hanh nha may xir 1y nudc thai sinh hoat quyét dinh giam
thoi gian luu bun (SRT) cua qua trinh xur 1y bun hoat tinh cua nha may tur
6 ngay xudng 3 ngay bing cich ting ty 1¢ tuan hoan bun. Muc dich la dé
glam su do1 hoi oxy. Anh, chi hay yéu cau mot chuyén gia vé linh vuc
nay dé cho su danh gia co tinh dinh tinh vé ké hoach ctia nha may.

a) Lugng oxy doi hoi ¢6 thye sy giam? b) MLVSS s¢€ tang, giam
hoac khong d6i? c) Tinh chat ling cta bun s& dugc cai thién, hay khong
thay dm hay kém di? d) Nong do BOD ¢ dong ra sé tang 1én, giam di,
hay van khong thay d6i?

Bai tap

1. Ghi nhan cua nha may xtr 1y nudc thai bun hoat tinh truyén thong
cho céc gia tri cho trong bang dudi day:

Liru lirong nuoc thai, O 7570 m’/d
Nhiét dg nuce thai 20°C
Thé tich bé suc khi 2260 m’
BODs dong vao 143 mg/l
TSS dong vao 125 mg/l
TS dong vao 513 mg/l
TS dong ra 418 mg/l
1SS dong ra 24 mg/l
BOD dong ra 20 mg/l
Luu lwong dong tuan hoan, O, 3180 m’/d
MLSS (= 0,8 MLVSS) 2600 mg/l
TSS trong bun thai 8900 mg/l
Thé tich bun thdi 200 m’/d
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Tinh cac tham sé hoat dong cua nha may:
- Tai trong thé tich ciia BOD
- Tvso F/M
- Thoi gian luu nudc, tg
- Tylé tuan hodan biun hoat tinh
- Hiéu suat khir déi véi BOD, TSS va téng chat rén (TS).

2. Bé suc khi d6i voi qué trinh khuay Er@n hoan chinh co kich thudc
thiét ké cho hru luong nude thai 1a 4500 m’/d. Ham luong COD dong
vVao bang 150 mg/l. Ham luong COD thiét ké cho dong ra 1a 7 mg/l. Cac
tham s thiét kc duoc dé nghi: tudi cua bun bang 10 ngay, MLVSS bang
1400 ml. Chi s6 thé tich bun 1a 100 mg/l. Hay lua chon céc gia tri nay dé
tinh su thay d6i luu luong dong thai va d6 6 nhiém. Cac hang s6 dong
hoc thu dugc trong phong thi nghiém cho duéi day:

Y = 0,60 mg VSS/ mg COD va k.= 0,06/d.

Tinh:

a) Thoi gian luu nudc va thé tich ctia bé suc khi
b) Ty 1¢ thirc an va vi sinh vat, F/M

¢) Téc do tao bun (san luong bun)

d) Ty 1é tuan hoan bun

¢) Luong oxy doi1 hoi

3. Mot bé lang trong két hop vo1 qua trinh bun hoat tinh tiép nhén
2,64 m’/ phut nude tir bé suc khi c6 néng do chat rin bang 2000 mg/l. Su
dung céc sb liéu sau day dé xac dinh dién tich 1y tudng cua bé ling hoat
dong véi van toc dong di xudng 12 9,14 m/d.

Chat ran (mg/l) Vs (m/h)
0 0
500 3,67
1000 2,74
1500 2,01
2000 1,37
2500 0,73
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3000 0,42
4000 0,22
5000 0,13
6000 0,07

4. Nha may xu ly bun hoat tinh dat o do cao 210 m, muac DO thich
hop trong bé suc khi 1a 2,0 mg/l. Ving nhiét d6 hoat dong tir 8 i I 1,
°C. Gid tri bdo hoa DO ¢ 8 °C, 20 °C va 32 "C 1a 11,84 va 9,02 mg/l va
7,29 mg/l twong tmg. Hé s6 hiéu chinh truyen OXy cua bé ¢ diéu kién tiéu
chuan la 2,0 kg oxy/kW.h. Xac dinh cong suét can thiét dé cung cap 780
kg oxy mdi ngay cho hé suc khi.

5. Thiét ké hé thong bun hoat tinh dé sir dung xur 1y béac hai nude thai
sinh hoat ¢6 luu lwgng 10.000 m’/ngdy. Sau khi léng trong bac 1, BOD
bang 150 mg/l, va nudce sau khi xu ly bac hai BOD bang 5 mg/l. Be tron
hoan chinh duoc sir dung va phén tich cac hing sé sinh hoc thu dugc:

+ Y=0,5 kg/kg
+ k.=0,051/d
+ 6.=10d

- Giasu nong d6 MLSS bing 3000 mg/l va nong d6 dong tuan hoan
bang 10.000 mg/l.

- V& so d0 hé thong

- Tinh thé tich bé

- Xac dinh khoi lugng va thé tich chat ran phai thai ra hang ngay
- Xac dinh ty 18 tuan hoan

6. Xac dinh BOD trong mot mau nudc thai bang cach pha loing nhu
sau: thém 250 ml nudce cat vao 5 ml mau dé lam day lo BOD 300 ml. Po
BOD cua mau pha lodng thu duoc gia tri ndng do oxy hoa tan ban dau
bang 7,9 mg/l. Sau 5 ngay u, nong do oxy hoa tan do duoc 1a 4,5 mg/l.

a) Xac dinh BODs cua nudc thai.

b) Hfmg s6 toc do khir oxy, ki, bs:ing 0,013/d. Xac dinh BOD, cia mau
nudc thai.
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Chwong 6
QUA TRINH SINH TRUONG BAM DINH

Muc tiéu chwong 6. Sau khi hoc xong chwong nay, sinh vién nam diroc:
o Ly thuyét co ban cua ting truong bam dinh
o Tinh toan thiét ké hé fhcfng loc nho giot
o Tinh toan thiét ké hé rh-:i‘:ng fiép xuc sinh hoc quay.
o Cdc phuong phdp xir Iy nwde thai két hop

6.1. GIOI THIEU CHUNG
Ting trudng bam dinh ¢6 thé phan loai thanh ba nhém chinh:

- Qua trinh tang truéng bam dinh khong ngap lut (nonsubmerged
attached growth processes).

- Qué trinh ting truong lo limg v6i 16p mang nhoi ¢6 dinh
(suspended growth processes).

- Qua trinh ting truong bam dinh ngadp lut (submerged attached
growth processes).

1- Qua trinh tang truwong bam dinh khong ngap lut:

Loc nho giot (tricking filter) va tiép xuc sinh hoc quay (rotating
biological contactor) voi vt liéu loc bang da hodc plastic 1a mot qua
trinh cua tang truong bam dinh khong ngap lut.

Vit liéu loc trong loc nho giot co thé bﬁng da, so1 hoac plastic.
Doi vai tiép xuc sinh hoc quay thuong bang plastic c6 nép gap.
Uu diém ctia qua trinh ting trudng bam dinh

e Dot hoi it nang lugng

e Van hanh don gian

e Khong co hién tugng bun vang trong bé lang dot 11

e (o tinh nén bun tot

o [t c6 nhu cau bao tri thiét bi

e Hobi phuc nhanh tir tai trong chat doc tang dot ngot.
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2- Qud trinh ting trwong lo lieng véi I6p vit liéu nhéi co dinh

Day la mét qua trinh duoc su dung kha pho bién hién nay. Vat liéu
nhoi dé lo lung trong bé suc khi voi nude thai va lam tang hiéu qua cua
qua trinh bun hoat tinh:

e Tang kha nang xu ly

e Su 6n dinh cta qua trinh t6t hon

e (Giam su tao bun

« Naing cao kha ning lang ctia bun

o Giam tai trong chét ran 1én bé lang dot I1

e Khong tang gia thanh bao dudng va van hanh
3- Qua trinh tang truwong bam dinh ngap lut

Qua trinh nay dugc thyc hién tu nhirng thap nién 1970 va 1980 dé
cai tién qua trinh xwr Iy d6 1a dong nudc thai di xuﬂng hodc di 1én qua bé
phan tmg dugc nhdi vat liéu loc ma khong can st dung bé 1ing bac I1.

6.2. LOC NHO GIOT

Loc nho giot la qua trinh tang truong bam dinh, trong do vi sinh vat
dap ting cho xur 1y bam dinh vao céc vat liéu nhoi tro. Vit liéu tro duge
sir dung trong qua trinh ting truong bam dinh bao gom d4, séi, xi quing,
cat, go, va phan 16n cac chat déo tong hop (hinh 6.1). So dd bé loc nho
giot dua ra trong hinh 6.2.

Qua trinh xtr 1y bang cong nghé loc nho giot xay ra khi dong nudc
thai chay qua lop mang sinh hoc gan trén vat liéu loc. P sau cua 16p vat
liéu loc bang da tir 0,9 — 2,5 m, trung binh 1a 1,8 m. Lop loc thuong la
hinh tron va nudc thar dugc phan b6 trén lop loc bang thiét bi phan phm
quay tron. Loc nho giot str dung vat liéu nhéi bang plastic co the lam
tang hi€u qua xu ly. Ngay nay, p phan 16n phin loc nho giot chu yeu su
dung viét liéu bam dinh bang plastic. D9 sau cua 1op vat licu loc bang
plastic nam trong khoang tir 4 dén 12 m.

Lép nhot sinh hoc phat trién trén bé mat vat lidu loc trong loc nhod
giot chira vi sinh vat dé phan huy cac hop chat hiru co trong nudc thai.
Cong dong vi sinh vat trong phin loc bao gom vi khuan hiéu khi va vi
khuan tuy nghi, mot so loai nam, tao va protozoan, cac dong vat bac cao
hon nhu giun, au trung cta con trung. ..

Vi khuan tuy nghi c¢6 thé chiém wu thé trong loc nho giot va phan
hiy chét hiru co trong nude thai cing voéi vi khuan hiéu khi va vi khuan

197



http://sachviet.edu.vn

ky khi. D¢ day lop nhot sinh hoc co thé dat dén 10 mm. Vat liéu hitu co
tir nudce thai hap phu 1én trén bé mit 16p nhdt sinh hoc. O phan bén ngoai
(0,1 — 0,2 mm), vat liéu hitu co b1 phan ra boi vi khuan hiéu khi, dan dan
16p nhét sinh hoc day thém do vi sinh vét phét trién, khi oxy khé tham
sau vao phia trong do vay moi truong ky khi bén trong 16p nhét sinh hoc
gan v4i bé mat vat liéu loc duoc thiét lap. Tuorng tu nhu oxy, cac chat
hitu co ctia nudc thai s& dan bi thiéu hut nén vi sinh vt trong 16p nhot
sinh hoc s€ o trang thai ho hap noi bao va mat kha nang gan vao bé mat
vat liéu loc dan dén bi rtra troi va mot 16p nhay sinh hoc mdi duoc tao
thanh. Hién tugng mat 16p nhay sinh hoc dugc goi la su bong troc ¢o lién
quan dén tai trong chat hiru co va tai trong thuy Iuc ap 1én bé mit phin
loc. Tai trong thuy luc tinh cho toc do dich chuyén va tai trong chat hitu
co tinh cho toc do trao doi chat trong 16p nhdt sinh hoc. Tai trong thuy
lue va sur bong troc ¢6 thé kiém soat hang cach sir dung thiét bi phan phoi
nude voi mot mo to dién dicu khién téc do quay.

Co ché mat lop nhay sinh hoc khi sir dung vat liéu nhoi bang da
khac véi vat liéu nhoi bang plastic. Tinh lien tuc, bong troc trong mot
pham vi nho cua 16p mang xay ra ¢ bé loc toc d6 cao do sy dich chuyén
thuy luc trong khi dé su bong troc xay ra ¢ pham vi rong vao thoi gian
mua xuan ¢ vat liéu loc bﬁng da xay ra 0 nhiing vung nong. Su bong troc
la do hoat dong cua cac au trung, ching rt hoat dong vao mua xuan c6
nhiét 36 am ap. Khi bé loc nhoi vat liéu loc ban}__, da xay ra bong troc,
nuée ra tir bé loc trude khi lang sé chira luong BOD va TSS cao hon nudce
thai vao.

Hinh 6.1: Phin loc sir dung trong loc nho giot bang plastic
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Mai che

B6 phan phan phoi

: Lwé'i théo bao vé be
nro'c

Moi
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May thoi khi
Dong vao T
Gia do’ Nwocra
mo Tuan hoan
trwong

Hinh 6.2: Bé loc nhé giot

6.2.1. Phan loai loc nho giot va ap dung

Ap dung va tai trong cua loc nho giot dua trén nhiing tiéu chuan da
duogc x4c dinh khi sir dung vat liéu loc bang d4 duoc dua ra trong bang
6.1. Thiét ké loc nho giot duge phan loai béi tai trong thuy luc hodc tai
trong chét hitu co. Loc tai trong thé{.p, loc tai trong trung binh hay loc tai
trong cao dugc sir dung dé thiét ké loc nho giot.

1- Loc tdi trong thdp 1a mot qué trinh twong d6i don gian, cho chat
luong nudce sau khi xur ly phu thudc vao chat luong nudce thai vao bé loc.
Bé loc ¢c6 thé co dang hinh tron hay hinh chit nhat. N6i chung, dong nudc
thai ap vao be loc tir bé chira dugc duy tri bang hé thong bom. Trong hau
hét bé loc tde do cham, chi cé phan trén cua bé loc tir 0,6 dén 1,2 m 1a ¢6
|6p nhay sinh hoc. Phan sau hon ¢ thé tap trung vi khuan tu dudng nitrat
hoa oxy héa amoni thanh nitrit va nitrat. Néu nhu mat d6 vi khuan nitrat
hoa du 16n va bé loc hoat dong tot trong diéu kién khi hau va nudc thai
thich hop, loc toc do cham sé khir tot BOD va nudce sau bé loc duoc nitrat
hoéa cao.
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2- Loc tai trong cao va trung binh, vat licu nhoi trong loc tai trong
cao hodc tai trong trung binh c6 thé bang da hoic plastic. Dong thai co
thé chay lién tuc va duoc tuan hoan qua bé loc. Tuan hoan nudc thai da
qua bé loc cho phép tai trong chat hiru co c6 thé cao hon, cho toc do lidu
cao hon trén bé loc dé cai thién su phan bo chét long va kiém soat tot hon
do day 16p nhat sinh hoc, cung cap nhiéu OXy cho dong nude thai vao bé
loc va khoi phuc céc vi khuan c6 kha niang song. Tuan hoan c¢6 thé ngin
can dugc su dong nudc trong bé loc va lam giam su phién phitc do mui
va rudi mudi.

Bang 6.1 Phdin logi ap dung loc nho giot

Tinh chat Tocdd | Técdd | Tocds | Tocdd | Loc thd
thiét ké cham trung binh cao cao
Kiéu vat liéu loc Pa Pa Pa Plastic Da/plastic
Tai trong thuy 1-4 4-10 10-40 10-75 40-200
lwe, m’/m’.d
Tai trong chat 0,07-0,22 | 0,24-0,48 0,4-2.4 0,6-3,2 =3 s
hitu co,
BOD/m’.d
Ty 1é tuan hoan 0 0-1 1-2 1-2 0-2
Bong tréc Khéng Khong Lién tuc Lién tuc Lién tuc
lién tuc lién tuc

Do sau, m 1,8-2,4 1,8-2,4 1,8-2,4 3,0-12,2 0,9-6
Hiéu suét khur 80-90 50-80 50-90 60-90 40-70
BOD, %
Chat lugng Nitrat héa | Nitrat héa Khong Khong Khong
nudc ra tot binh thuong | nitrat hdéa | nitrat hoéa | nitrat hoa
Céng suat, 2-4 2-8 6-10 6-10 10-20
kWw/10°m’

3- Loc thé 1a kiéu loc tde do cao xur 1y tai trong hiru co 16n hon 1,6
kg/m’.d va tai trong thuy luc t6i 190 m’/m”.d. Trong hau hét cac truong
hop, loc thd duge su dung trude khi xur 1y bac hai. Trong loc tho, vat lidu
nhoi thuong bang plastic. Uu diém cua loc thé 1a chi phi nang luong thap
dé khiar BOD cua nudc thai c6 nong do chat hiru co cao vi ning lugng doi
hoi chi sir dung dé bom nudce thai va dong tuan hoan.
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4- Loc hai giai dogn, hé théng loc hai giai doan v6i bé lang trung gian
dé tach chat ran sinh ra tur giai doan tha nhat thuong duge su dung vai
nudce thai 6 nong d6 hiru co cao, dugc sur dung khi can thiét nitrat hoa.
Loc hai giai doan c6 bé ling trong trung gian dé khir BOD ¢ giai doan
thir nhat, su nitrat hoa xay ra & giai doan thir hai.

S- Nitrat héa, Khit BOD va nitrat hoa c6 thé thuc hién trong bé loc
cham duge nhdi bang da hodc plastlc hoat dong ¢ tai trong chat hiru co
thap. Vi khuan di dudng vo1 hé so hi¢u suat cao va ting truong nhanh
hon so véi vi khuan nitrat hoa trong khong gian 16p vat licu nhoi. Nhu
vay, qua trinh nitrat héa cé y nghia chi xay ra sau khi nong d6 BOD trong
nudc thai nho hon 30 mg/l dé khoi dong nitrat hoa va it hon 15 mg/l dé
hoan tat nitrat hoa. Nitrat hoa cling ¢6 thé duoc thyc hién trong cac phin
loc cham riéng biét tiép theo la bé ling bac II.

6.2.2. Cac yéu t6 can phai dugc xem xét trong thiét ké bé loc nho giot

o Kiéu va tinh chat vt 1y cta vt liéu loc dugc str dung

Toc do liéu luong

Kiéu va tinh chét liéu lugng cua hé théng phan phoi.

Hinh dang ctia hé thong 6ng thoat nudc ngam

Cung cap khi

e Bélang

1- Toc dp liéu lugng 1a d6 sau cia chat long thai trén bé mat vat lidu
nhoi cua bé loc doi vai moi mot lan di qua cua thiét bi phéan phdi nudc.
Khi toc d6 quay cao cang cao, toc do liéu lugng cang thap Truoc day,
nguoi ta thuong su dung toc do quay cua phan phdi nude bang 0,5 tdi 2
phit mdi mot vong. Véi 2 hodc 4 canh tay, toc do quay tu 10- 60 giay/
vong. Cac két qua nghién ctru cho thay néu giam téc do quay, bé loc s&
hoat dong co hi€u qua hon.

Toc d6 quay doi vai bd phian phan phdi nude duoc xac dinh theo
cong thuec:
_(I+R)+(gq)1 0’ mm/ m)
(A)(DR)(60min/ h)

(6.1)

Trong do:
n — toc do quay, vong/min

g — tai trong thuy luc 4p vao phin loc ctia nude thai, m’/m’.d
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R — ty 1¢ tuan hoan
A — s6 canh tay trong bo phan phan phéi nudc
DR — toc d@6 liéu, mm/lan qua cua cach tay phan phéi nuéc.

2- H¢ théﬂg phan ph:;;r', bao gf)m har hay nhiéu canh tay duoc gém
trén mot truc nam gitra bé loc va quay theo mat phang ngang. Canh tay la
nhing Gng rong chira cac voi dé phun nudce thai 1én bé loc. Su di chuyén
cta canh tay phan phdi nudc co thé duge str dung bang chinh phan tng
dong hoc cua nude thai hodc bang mo to dién.

3- Thodt nudéc, he thong thu nude trong loc nhd giot bao g0dm cac
mang thoat nudc ngam thu hoi nude thai sau loc va chat ran thai ra tir vat
liéu nhoi dé van chuyén téi bé lang.

4- Dong khi, cung cap mot lun*ng khi day du la mot yéu to quan trong
dé bé loc nho giot hoat dong c6 hiéu qua trong xu ly nudc thai va ngan
chin mui. Gi6 lua tu nhién 1a mot phuong phép c6 d1er1 su dung trong bé
loc nho giot, nhung luon khong du lugng khong khi GdI‘l thiét. Ngay nay,
cac loai quat ap suat thap dugc sir dung cho dong khi 6n dinh.

Trong trudng hop sir dung gié lha ty nhién, luc day dong khi duoc
tao ra la sy chénh léch nhiét do phong va nhiét do khong khi bén trong
cac 16. Néu nudc thai lanh hon nhiét do phong, nhi¢t do khong khi trong
cac 16 s& thap va huong cua dong khi sé di tir trén xunng dudi. Nguoc lai,
néu nhiét do khong khi bén ngoai thap hon nhiét do clia nudce thai, thi
dong khi s€ di chuyen tir dudi 1én trén. Truong hop thur hai khong thich
hop tr quan diém truyén khm boi vi ap suat riéng phan cua oxy sé thap
nhat trong nhirng ving ca:n nhiéu oxy. G106 lua la ap suit tao ra tir su
chénh léch nhiét do va do am duogc xéac dinh theo cong thuc:

D = 353{i - iJZ (6.2)

€ h
Trong do:
D, — g10 1ua cua khong khi, mm cua nudce
—nhiét d6 lanh, K
T, — nhiét do nong, K
Z — chiéu cao cua phin loc, m

Dr: tinh lwgng oxy su dung trong loc nho giot, nguoi ta gia thiét
hiéu suat truyén oxy bang 5%, nhu vay, lugng oxy doi hoi duoc xac dinh
theo cong thurc:
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(1) Luong oxy sir dung chi dé khuw BOD:
Ro = (20 kg/kg) [0,80¢°8 + 1,2¢"'781 (PF) (6.3)
(2) Khu BOD va nitrat hoa:
Ro= (40 kg/kg) [0.8¢**" + 1,2¢"% + 4,6Noy/ BOD] (PF) (6.4)
Trong dé:
Ro — luong oxy cung cép, kg O»/kg BOD ap vao bé loc
L — tai trong BOD 16i bé loc, kg BOD/ m’.d
Nox/ BOD — ty 1€ nito b1 oxy hoa va BOD cua dong vao, mg/mg

PF — hé sb dinh. Xac dinh bé‘mg cach lfiy tai trong cuc dai chia cho

tai trong trung binh.

Luu luong dong khi & 20 °C va 1.0 atm duoc tinh nhu sau:

Ty khéi cta oxy & 20 °C va 1.0 atm bang 1,204 kg/m’ va phan trim
cua oxy trong khong khi bang 23,18 % (theo wfw) Nhu vay, thé tich cua
oxy trong moi mot kg khong l(hl la 3,58 m'/kg = [1 / (1,024 kg/m’)
(0,2318)] va luu lwong dong khi can thiét duoc xac dinh bang cong thirc:
(R, NO)(S, )(3.58m’ / kgl kgO,)

(10° g/ kg)(1440 min/ d)

AR,, = (6.5)

AR3p — luu luong dong khi ¢ 20°C va latm, m’/min
O — lwu luong nudc thai, m’/d
Sy — BOD cua nudc thai vao, g/m‘;

Luu luwgng khong khi duge hiéu chinh theo nhiét dé va ap suat
tuong ing voi khi 1y tuong:

AR, - aR,[2TTPAS+T,Y 760 55
a 27315 )\ P

AR7, — luu lugng dong khi & nhiét d6 phong, “C

T, — nhiét d6 phong, 'C

Py — ap suat ngay tai nha may, mm Hg
Khi nhiét d6 1én hon 20°C, luu luong dong khi tang 1én 1%:
T, - 2{}J

(6.7)

T>20"C

AR .= AR, [1+
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Su giam 4p suat ctia dong khi khi di qua 16p nhdi lién quan dén toc
do khong khi 6 bén ngoai theo biéu thirc:

AP = N,,( v } (6.8)

2g

AP — sy giam tong ap suat, kPa

2 - gia toc trong trudng, 9,81 m/s’

— toc d6 bén ngoai, m/s

Np — tré khang cua thap

Np dugce xac dinh theo cong thire:
N = 1035(D)e 040" Xl 4 (6.9)

Trong do:

D — d9 sau cua 16p nhoi, m

L — tai trong chat long, kg/h

2

A — tiét dién cua thap, m”

6.2.3. Qua trinh thiét ké

Qua trinh loc nho giot xem ra co ve don gian, hé thong bao gom
16p vat liéu nhoi dé cho nudce thai di qua va bé lang trong bén ngoai. Tuy
nhién, loc nho giot 1a mot hé thdng kha phirc tap néu nhu xét dén cac tinh
chat tang truong bam dinh va dong thuy luc bén trong be. Nhu vay, thiét
ké bé loc nho giot chi yéu dyua vao kinh nghiém bit ngudn tir cac qua
trinh xay dung phin loc ¢ quy mo pilot hoac cac nha may trude do. Yéu
t dé quyet dinh dén thiét ké bé loc can duoc xem xét 1 hoat dong cua
nha may dé khir BOD va nitrat hoa.

1- Tinh chat ciia dong ra, loc nho giot duoc xem 1a mot giai phap
cong nghe sur dung it nang luong hon qua trinh bun hoat tinh. Nhung loc
nho giot ¢o nhimg nhugc diém la tao ra mui va chat luong nudc xu ly
thap,, nguyén nhan la do cung cap khi khong day du, thiét ké bé lang
trong kém. Ngay nay, v6i su thiét ké thich hop, loc nho giot da va dang
dugc str dung thanh cong trong xur 1y nudce thai.

2- Tiéu chudn tii trong, trong qua trinh bun hoat tinh, higu suat phan
huy sinh hoc lién quan t41 tudi cua bun d6i véi sinh khéi hodc ty 1& F/M.
Doi vai ca hai tham s nay, chat ran hoac sinh khdi c6 thé duoc lay ra va
xac dinh tinh chat. Tuy nhién, trong loc nhé giot, xac dinh tinh chat cua
sinh khoi trong hé 1a khong thé. Do ting truéng bam dinh phan bé khong
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dong nhat, do day cua lop nhay sinh hoc luon b1 thay doi, nong d6 chat rén
sinh hoc ¢ thé thay doi trong mot ving rat rong tir 40 — 100 g/l va chat
long khong chay dong nhat trong toan b dién tich bé mit caa 16p nhoi.

Nhu vy, dé thiét ké bé loc nho giot, mot sb tham s6 thd duoc st
dung nhu tai trong thé tich, tai trong don vi dién tich, ty 1€ ap thuy luc...

Dé khir BOD, tai trong thé tich BOD da duoc hiéu chinh voi hoat
dong xir 1y cho ca khir BOD va nitrat hda. M6 hinh thiét ké ban dau doi
vGi bé loc nho giot str dung da lam vat liéu nhoi da duogc phat trién bang
NRC (Natioanal Research Council). Cong thirc cua NRC dya trén so liéu
hiéu suat khir BOD va tai trong BOD ban dau. Loc nho giot toc db trung

binh va toc dd nhanh c6 thé thiét ké theo qua trinh mot hodc hai giai doan
(hinh 6.3a va 6.3b).

S(+R)

R

R(+S)

Hinh 6.3a: Qua trinh loc nho giot mot giai doan

165



http://sachviet.edu.vn

Hinh 6.3b: Qua trinh loc nho giot hai giai doan

- Bé lang dot hai - Bé ling trung gian

@ loc giai doan 1 @ Bé loc giai doan 2

Bé lﬁng dot mot

3- Thiét ké khir BOD

Doi vai bé loc sir dung vat liéu nhodi bang da, phuong trinh NRC
doi voi giai doan mot ¢o6 dang:

100

(W,
[+0,4432. |
VF

— hi¢u suat khir BOD ¢ giai doan 1 ¢ 20 °C bao gém dong
tuan hoan, %

E = (6.10)

Trong do:
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W; —ta1 trong BOD to1 phin loc, kg/d
V — thé tich cua 16p nhdi, m’
F — hé s6 tuan hoan
Hé s6 tuan hoan dugc xac dinh theo cong thic:

s 6.11)
(1+ R/10)’

R — ty 1¢ tuan hoan

Hé s6 tuan hoan biéu dién s lan di qua trung binh cua céc vat lidu
sinh hoc qua bé loc. Ty 1€ tuan hoan thuong thay doi tir 0- 2,0.

DPoi voi hé loc cham hai giai doan, hiéu suat khir BOD cua giai
doan thu hai dugc cac dinh:

100
0,4432 (W,
1+ =
1-E, VVF
E> — hiéu suit khir BOD dbi v6i giai doan thir hai ¢ 20°C, %
E;- phan BOD bi khir ¢ giai doan thir nhat

E, = (6.12)

W, — Ta trong BOD ap vao phin loc giai doan hai, kg/d

Anh hudng ctua nhiét d6 nudc thai dén hiéu suat khir BOD duoc
tinh nhu sau:

E, = E,,(1,035)72 (6.13)
Er— hiéu suét khir BOD & nhiét do T theo °C, %
E>o — hiéu suét khir BOD ¢ 20°C, %
4- Céng thirc dé thiét ké vt ligu nhéi plastic

Trong loc nho giot str dung vat liéu loc nhéi bang plastic, cong thirc
thiét ké dua trén gia thiét luong BOD con lai theo dé sau c6 thé dugc md
hinh hoéa bai quan hé phan ng bac nhat. Thoi gian tiép xtc cua dich chat
qua bé loc duge xac dinh bang cong thirec:

e 2 (6.14)
q
0
= 6.15
q 1 (6.15)
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Trong do:
t — thoi gian tiép xuc, phiit
C — hang s6 ddi voi 16p nhoi sir dung
D — d0 séu cua 16p nhoi, m
g - tai trong thuy luc, I/m” . phiit
n — hing so thuy luc dbi véi vat lidu nhoi duoc sir dung
O — luu lugng vao, I/phut
A — tiét dién phin loc, m’

Xét su bien doi nong do BOD trong bé loc theo thoi gian doi véi do
sau tuan theo phan ing bac nhat:
dS

— =—kS 6.16
7 (6.16)

k — hﬁng s6 tdc d6 duoc xac dinh bﬁng thue nghiém
S —nodng do BOD ¢ thoi gian f
Lay tich phan phuong trinh (6./6) tir 0 dén t ta s& cé:

S —f{f_};"q”

_'3:6
< (6.17)

S. —nong d6 BOD cua dong ra da duoc lang, mg/!
Sp—nong d6 BOD dong vao, mg/l

k — hé s6 nhoi va kha ning xt 1y cua nude thai, (I/s)”/m’ (khi

n=0,5)

D — d6 sau 16p nhoi, m

g - ty 1¢ ap dung thu;r lyc cua nude xir 1y so cap bao gom ca

dong tuan hoan, //m”.s

— hing s6 dic trung cho l6p nhoi.
5- Thiét ké loc chdm dé nitrat héa
C6 hai kiéu qua trinh thiét ké da duoc sir dung dé thuc hién nitrat

hoa trong loc nho giot. D6 la hé thong két hop véi khir BOD hoic hé
thdng nitrat tiép theo sau xur Iy bac hai. Qué trinh xtr 1y bac hai ¢6 thé 1a
tang truong lo lung hoac tang truong bam dinh. Tac dong chinh dén hoat
dong nitrat héa la nong do BOD cua dong vao va lugng oxy hoa tan bén
trong bé loc nho giot. Khi ty 1&¢ BOD va TKN trong nudc thai vao tang
1én, phan 1on dién tich bé mat phin loc bao phu boi vi sinh di dudng va
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toc do nitrat hoa bi giam xuong. Mot s6 nghién ctru da cho thay néu nong
d¢ BOD du 16n sé Grc ché sy nitrat hoa. Toc dg nitrat hoa xay ra cyc dai ¢
nong do BOD tan (sBOD) duoi 5 mg/l.

Co s thiét ké két hq‘p khu BOD va nitrat hoa, hicu suat nitrat
hoa da dugc hiéu chinh voi tai trong BOD d6i voi bé loc nho giot sur
dung vat lidu nhoi bang da. Dé dat dH{)’C 90% hiéu suét nitrat hoa, tai

trong BOD can it hon 0,08 kg BOD/m’ d.

Thay cho gi4 tri tai trong thé tich BOD (g BOD/ m’.d), hiéu suat
nitrat hoa lién quan dén tai trong BOD trén co so dién tich bé mit cua lop
nhoi. So sanh higu suat nitrat hda d6i véi vat liéu nhoi bang dé va plastic,
hiéu suat nitrat hoa tuong tu nhau (g BODfm'?.d). Pé dat duoc 16n hon 90
% hiéu suét nitrat hoa thi tai trong dién tich bé mit BOD phai nho xép Xi
bing 2,4 g BOD/ m™

Su oxy hoa BOD va N-NH4 trong bé loc nho giot nhoi bang
plastic dugc dic trung bang toc do oxy héa thé tich:

_[S, +46(NO,)I0
(V)(10° g/ kg)

(6.18)

Trong do:
VOR — toc do oxy hoa thé tich, kg/m’.d
Sp—nodng d6 BOD cua dong vao, g/m’
NO, — luong N-ammoni bi oxy hoa, g/m’
O — luu lwong nudce thai vao, m’/d
V — thé tich 16p nhoi, m’

Phuong trinh sau day xac dinh toc d6 nitrat hoa:

BODJ—U',J:I

6.19
TKN (025

R =0 082[

Trong d6: R, — toc do nitrat hda, g N/m”.d
BOD/TKN —ty 1¢ BOD/TKN, g

6- Nitrat hoa bdc ba, Mot so nha may xur Iy nudc thai sir dung bé loc
nho giot voi vat lidu nhdi bang plastic sau qua trinh xu ly béc hai dé
nitrat hoa. N(}ng dd BOD vao bé loc rat thap, nho hon 10 mg/l. Hoat dong
nitrat hoa cua bé loc phu thudc vao tai trong ammoni, luong oxy va thiét
ké vat liéu nhoi. Nﬂng do nude ra cua N-NHy ' thay d6i theo nhiét do.

Pé xac dinh thé tich 16p nhoi can thiét va toc do ap thuy luc doi voi
phin loc nho giot nitrat hoa, phuong trinh kinh nghiém sau day duoc sur dung:
169



http://sachviet.edu.vn

N y
ZT)= —— e 6.20
( ) 'Iu M(KH 4 NJE ( )
Trong do:

(2, T) — toc 30 khit N-NH, bé mat hoic toc do nitrat hoa & do sau

Z vanhiét do T, g/m".d

Frmax — toc 0 khir N-NH, bé mat cuc dai ¢ nhiét d6 T (°C), g/m”.d

N — nong dé NH, trong toan bo dich chat, mg/l

y— hﬁng s6 kinh nghiém mo ta sy giam toc dd nhur 1a mot ham s6

cua do sau.

Z — Do sau cua phin loc, m

Su giam dan cua nitrat hoa theo do sau quy cho rZ c6 thé do cac
nguyén nhan: (1) giam su tang truong sinh khoi khi nong d6 N-NH, thap
(2) hoat dong ticu diét 1an nhau cua vi sinh vat. (3) su thay dm hi¢u suat

tham uot. Gia tri r, max duoc cho dé kiém soat dac tinh truycn khoi cua
oxy cua bé va sinh khoi.

Trong loc nho giot, qua trinh nitrat hoa chi xay ra khi qua trinh

khir BOD gan két thiic

6.2.4. Uu va nhuoc diém ciia ciac qua trinh loc sinh hoc nhé giot

Uu nhuoc diém cua cac qua trinh loc nho giot duoc trinh bay trong
bang 6.2 dudi day:

Bang 6.2: So sanh cac qua trinh loc nho giot

Qua trinh U'n diém Nhuwoe diém

MUC PICH XU LY

Thé » Kinh te, dac biét doi voi nude thai | = Can thiét xur Iy tiep trude
6 nhiém cao khi thai ra moi truong
» Don gian thiét ké va van hanh = Can thiét bé ling trong
» Qua trinh va thiét ké dé dang bac hai
Oxy hoa « Kinh té * Van hanh phu hop
cacbon » Pon gian thiét ké va van hanh nhung co6 theé khong co

kha nang tin cay dap
ung dugc cac tieu
chuan nghiém ngat.

« Qua trinh va thiét ké dé dang

* Poi hoi bé lang bac hai
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Két hop oxy | » Pon gian thiét ké va van hanh * Qua trinh turong d6i méi
hoa cacbon
va nitrat hoa

Giai doan *» Pon gian thiét ké va van hanh * Lya chon qua trinh
nitrat hoa twong doi moi
riéng biét

KET HQP LOC NHO GIQT VA BUN HOAT TINH

Loc nho giot | = Hiéu sudt 6n dinh va tin cdy « Vén dau tu thap
/chat ran tiép | « D thiét ké va van hanh
R « Nang luong thap

« P biét tot qua trinh va thiét ké

Loc sinh hoc | * Pon gian trong thiét ké va van hanh | » Hiéu suét cao
hoat tinh » Niing luong thap
« Di biét qua trinh va thiét ké thiét bi.

Loc thd/ bun | = Hiéu suat 6n dinh va tin cay = Chi phi cho nang luong:
hoat tinh - Pon gian trong thiét ké va van hanh. | trung binh

» Pau tu thap.
Loc sinh * Hiéu suat tin cay va on dinh « Gia dau tu cho nang
hoc/ bun = Thiét ké don gian va van hanh lugng trung binh.
hoat tinh don gian.

» Gia dau tu thap.

= Cai thién dic tinh l:fing bun hoat tinh.

Nguén: Grandy va cong su, 1999

6.3. TIEP XUC SINH HOC QUAY

Tiép xuc sinh hoc quay (RBC) 1a mot dang cua bé sinh hoc ting
truong bam dinh. RBC bao gf’jm mot truc nam ngang, boc 16p nhua tao
nhirng gap khuc 1am mai truong cho vi sinh bam dinh. Truc quay duogc
dat mot phén trong nudc thai (thuong 1a 40%). Vi toc do quay 1/2 vnng
moi phut, ting truong bam dinh ké tiép nhau tiép xtc véi nude thai va
khong khi (hinh 6.4).

Cac vat licu htru co ¢6 kha nang phan huy sinh hoc va hop chat
chira nito duoc chuyén héa bai vi khuan bam dinh trén méi trudng. Sinh
khm tao ra tach khoir mo1 truong bam dinh chuyén vao nudc thai toi bé
lang trong. O tai trong du thap, vi khuan nitrat héa c6 thé phat trién trén
bé mat mdi truong dé chuyén N- amoni thanh N — nitrat.

m
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6.3.1. Md ta thiét bi

Kich thudce cia RBC duge cung cap bai hau hét cac nha san xuat
cung tiéu chuan: maéi trudng boc c¢6 duong kinh 3,66 m va dai 7,62 m &
trén truc nam ngang dai 8,32 m véi téc d6 quay 1,6 vong mdi phit va toc
do ngoai bién cua dia la 18,3 m/ phut.

Moi truong bam dinh dugc lam bang polyethylene ¢o6 khéi luong
riéng cao chura chat {rc ché (carbon black). Nhirng tam riéng biét dugc
gap nep tuong tu trong loc nho giot dé tang do chéc chan cho dia, tang
dién tich bé mat, cai thién sy truyen khoi va dinh 6 khoang trong giira
cac dia riéng biét (khéng gian méi truong / khoi luong riéng). Dién tlch
bé mat riéng cua moi truong bam dinh khoang bang 115 va 175 m’/m’.
Pbi voi mdi mot truc tiéu chuin cua nha san xuat, dién tich bé mat
thudng bang 9300 m” va 13900 m”.

Truc quay (thiét bi riéng biét cia RBC) néi chung, dugc sap xép
theo mot diy dé c6 cong suat va hiéu qua cuc dai. Cac truc tich voi nhau
bang dap chan tao thanh hé théng RBC hoan chinh. Mét truc dién hinh ¢6
thé tich bang 45m’. Truc cua mdi RBC riéng biét vudng goc vo1 huong
dong chay qua hé thnng Cac tryc quay theo hudng di chuyén nguoc véi
hudng dong chay dé toi thiéu vong xoay ngan, (hinh 6.5).

Hinh 6.4: Twp xuc sinh hoc quay
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Moi
trrong

Oug phun
Truc khong klu

Hinh 6.5: So d6 hogat dpng ciia RBC

6.3.2. Cac qua trinh trong RBC

RBC dugc st dyng dé khur cac vat liéu hiru co c6 kha nang phan
huy sinh hoc va chuyén N — amoni va N — hiru co thanh N — nitrat. RBC
su dung co hi¢u qua dé loai bo vat li¢u httu co.

Két hop qua trinh oxy héa cacbon va nitrat hoa co thé dat duoc
trong hé thong RBC. Su oxy hoa vit liéu hitu co xay ra trong giai doan
thir nhat cua hé thong. Khir nong do chat nén tan dat t6i 20 mg// theo
COD (25 mg/l theo BODs). Tai trong hiru co thé‘ip du cho sinh vat di
dudng oxy hoa cacbon hiru co hoan toan & giai doan tiép theo cua qua
trinh. Nhu vy, tai trong hitu co la mot yéu t6 quan trong dé phan biét
murc do xu 1y.

RBC ciing co thé duwoc sw dung cho nitrat hoa dong thai chira N-
NH," cao va nong dp chit hivu co thap; nitrat héa thwong xdy ra 6
giai doan riéng bi¢t. Do nir:ng do chat hivu co tfu’fp, nén khong cin
bé ling trong. Ty ¢ BODyTKN ciia dong vao nhé hon 1,0 mg/l
hodc BODs bing 15 mg/l cho biét qud trinh nitrat héa ¢ giai doan
riéng biét sé xay ra.
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6.3.3. Uu diém va nhwoe diém ciia qua trinh RBC
Uu diém va nhuge diém cia RBC dua ra trong bang 6.3. dudi diy

Bing 6.3: Uu diém va nhwoc diém ciia RBC

Uu diém Nhuwoc diém
* Co khi don gidn » Nhay cam v&i tinh chat cua
» Qua trinh don gian, d& van hanh nuoc thai
« Doi hoi ning luong thip = Kha ndng linh hoat cua qua trinh
« D x4y dung va mo rong khi can o hgn che + )
thiét » Kha ndng ting cuong bi han ché
* Poi hoi xu ly so bo trude

6.3.4. Qua trinh thiét ké RBC
6.3.4.1. Khir BOD

M6 hinh phan Gng bac nhat dugc ap dung dé xac dinh nﬁng do
BOD tan trong moi1 bac cua RBC:

= 1+ /1+(4)(0,00974)(4, / Q)S, | —
(2)(0,00974(A./ Q)

Trong do:
S, —nong d6 BOD tan (sBOD) trong mdi giai doan, mg//
As - dién tich bé mat cua dia trén giai doan n, m’
O — Iuu lugng nudc thai, m’/d
6.3.4.2. Bac cua cac don vi RBC

Bac 1a su phan chia thanh timg ngin dia RBC dé tao thanh mot day
cac dia RBC riéng biét. Ap dung qua trinh RBC bao gom mot s6 don vi
RBC hoat dong trong mét day. S6 bac phu thude vao muc tiéu xu ly chat
thai. O mdi bac ¢ thé duge ngan cach bai cac vach ngan. Sy sap xép céac
bac RBC dugc mo ta trong hinh 6.6 duoi day.
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Trac cua RBC
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Hinh 6.6: Sip xép cic bdc RBC dién hinh trong xir Iy nwéc thi.
(a) va (b): truc RBC theo hirong dong chay nwoc thai hodc vuong goc
vai dong chay; (¢) va (d): nap nwoc thai tirng bdc
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6.3.4.3. Cdc bwde thue hién trong thiét ké RBC

1. Xac dinh BOD tan (sBOD) cua dong vao va dong ra, luu luong
nudc thai.

2. Xac dinh dién tich dia RBC ddi voi bac thir nhat dua trén luong
sBOD cuc dai (12 — 15 g sBOD/m’d).

3. Xac dinh s6 truc RBC béng cich s dung mat d¢ dia tiéu chuan
bang 9300 m”/truc.

4. Lua chon sb diy RBC dé thiét ké, dong chay o mdi diy, sé bac va
dién tich cua dia trén mot truc & mdi bac. Poi voi trang thai tai
trong thap hon, C6 thé sir dung mat do dia cao hon.

5. Dua trén gia thiét thiét ké o budc 4, tinh nong d6 sBOD trong mdi
bac. Xac dinh nong do sBOD ¢ dong ra sé& dat duoc. Neu khong dat
duogc gia tri sBOD thich hop ¢ dong ra, phai thay d6i s6 bac, so truc
mdi bac hodc s6 dia moi bic.

6. Thiét ké bé ling dot hai.

6.4. QUA TRINH XU LY HIEU KHI KET HQP

Mot s6 qua trinh xu ly hiéu khi két hop da va dang dugc phat trién,
trong do6 chu yéu la qua trinh két hop loc nho giot v&i qué trinh bun hoat
tinh. Qua trinh xur 1y két hop sé dat duoc cac wu diém cua hai qua trinh
riéng biét, do la:

- On dinh va chong duge sdc do tai trong thay doi cua qué trinh ting
truong bam dinh.

- Thé tich hiéu dung va nang lugng do1 hoi thap clia qua trinh ting
truong bam dinh dé khir mot phan BOD.

- Vai tr6 cua tang truong bam dinh nhu la giai doan xu ly so bg, ¢6
thé nang cao kha nang lang bun hoat tinh.
- Nang cao chat lugng nudc thai sau xtr 1y v&i xir 1y tiép theo bang
qua trinh bun hoat tinh. C6 ba nhom xtr Iy két hop dua ra sau day.
1- Qué4 trinh loc nhé giot/tiép xic chat ran va loc nhé giot/bun
hoat tinh
Nhom thir nhat cua qué trinh két hop dugc minh hoa trén hinh 6.7,
dugc goi 1a loc chdm / tiép xuc chat ran (TF/SC) hoac lo¢c cham / qua
trinh bun hoat tinh (TF/AS). Sy khac nhau chinh gitra cac qua trinh nay
la tho1 gian van hanh ngan cua TF/SC so voi1 TF/AS. Trong ca hai qua
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trinh, nuoc ra tu bé loc nho giot duge dua tryuc tiép vao qua trinh bun
hoat tinh va bun hoat tinh tuan hoan tir bé lang bac II dugc dua vao bé
suc khi.

2- Qua trinh lgc sinh hoc hoat tinh va bun hoat tinh loc sinh hoc

Nhém thir hai ctia qua trinh két hop tuong tu nhu nhom thir nhét da
dugc trinh bay ¢ trén, tmn}, y @6 bun hoat tinh dugc tuan hoan tuc tiép vao
bé loc cham (hinh 6.8) va bé suc khi ¢ thé hodc khong can sir dung. Qua
trinh loc sinh hoc hoat tinh (ABF) va qua trinh bun hoat tinh loc sinh hoc
(BF/AS) it dugc sur dung do gia thanh xu ly cao.

Bé

loc

nhd

giot

Nude thal sau
it I bie 1
1
(@)
Tuén hon bin :

Nude tha sau
xixly sobd
-
Tuan hoéan
(&)
Tuin hoan bun hoat tinh

Hinh 6.7: Cic qud trinh két hop loc chdm/bin hoat tinh
(a) qua trinh TF/SC; (b) qua trinh TF/AS
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Loc
(a) ahs
giot
—'.
Nudre thii sau Tuén hoan
xir 1§ bic 1
Tuén hoan bin hoat tinh
Loc
(b) i
hoc
Mrde thai san
¥ir Iy bac [ - Bé ling
Bé suc khi ™ Lac Il "
—- .

Tuan hodn bim O \.1/

.

Hinh 6.8: Qua trinh két hop loc Hﬂh hoc / bun hoat tinh voi tuan hoan
bin vao bé loc sinh hoc.
(a): loc sinh hoc hoat tinh, ABF; (b): loc sinh hoc / bun hoat tinh,
BF/AF

xir I béc |

O Tuén hoin

Hinh 6.9: Qud trinh biin hoat tinh két hop loc nhé giot
véi bé hmg trong trung gian

Nguon: Metcalf va Eddy, 2003

Mo thal san l
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3- Qua4 trinh ndi tiép loc sinh hoc nho giot — bun hoat tinh

Qua trinh ndi tiép loc nho giot va bun hoat tinh dwgc minh hoa
trong hinh 6.9. Qua trinh nay thuong dugc st dung véi muc dich: (i)
nang cap hé thong bun hoat tinh; (ii) giam cuong do nuéc thai khi nudc
thai cong nghi€p va nudc thai sinh hoat duge xu 1y tmng cung mot h¢
thnng, (ii1) bao v¢€ qua trinh bun hoat tinh nitrat hoa khoi cac chat doc va
chit \rc ché.

Trong hé thong xir Iy nwéc thii c6 dé 6 nhiém cao, cdc bé ling
trung gmn thuong dwgc su dung giva cac don vi lpc cham va bé suc
khi dé gram tdi trong chit ran téi hé thong bin hoat tinh va lam
giam thé tich suc khi.

CAU HOI ON TAP VA BAI TAP
Cau héi 1y thuyét
1. Trinh bay co ché su ting truong bam dinh.
2. Hay cho biét uu va nhwoc diém cta loc nho gioft.
3. Trinh bay nguyén 1y cta tiép xuc sinh hoc quay.
4. Mo ta qua trinh bun hoat tinh két hop loc nho giot, cho vi du.
Bai tap
1. Thiét ké bé loc nho giot toc do cham dé xur 1y 6,0.10° lit/ ngay.

Nugc thai ¢6 ham lugng BOD la 210 mg/l. Dong ra s€ c6 ham
lwong BOD bang 30 mg/l va tai trong hiru co 1a 320 g/m’/d.

2. Thiét ké RBC dé khir BOD. Cho céc diéu kién thiét ké sau day:

Tham sb Don vi Dong vao Tham s6 dat dugc ¢ dong ra
Luu lugng m’/ d 4000
BOD g/ m’ 140 20
sBOD g/m’ 90 10
1SS - - -

3. Xéc dinh luu lugng dong khi can thict cua loc nho giot. Cho biét
tinh chat cua nudce thai nhu sau:

- Luu lugng: 19000 m’/d
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- Nong d6 BOD: 140 mg/l
- Nhiét do: 20°C
Piéu kién cho thiét ké:
- Tai trong BOD: 0,56 kg/m’.d
- Hé s6 dinh tai trong hitu co: 1,4
- Puong kinh thap loc: 22 m
- So thép loc: 2
- D6 sau 16p nhdi: 6,1 m
- Nhiét do khong khi = -7 dén 28 °C
- Do am = 20 dén 100 %

4. Mot nha may xu ly nudce thai sé tiép nhan 3500 m’/d, nude thai c6
nong do CBOD; bang 250 mg/Il. Sau khi xur Iy so bo da khir xap xi
25% BOD. Tinh dudng kinh (m) cua bé loc cham ¢ chleu sau 3 m.
Cho biét bé loc cham c6 tai trong | thu iy luc bang Sm’.m?.d" va tai
trong hiru co bang 250 ¢ CBOD.m™.d".
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o ' Chwong 7 ] . '
XU LY NUOC THAI BANG QUA TRINH KY KHi

Muc tiéu chwong 7. Sau khi hoc xong chwong nay sinh vién nam dwoc:
o Co so ly thuyét cua qud trinh ky khi
o Ndam vitng cdc tham sé anh huong dén qua trinh ky khi
o Tinh todn thiét ké cho hé thong xir Iy ky khi.
o Thiet ké hé thong UASB.

7.1. GIOI THIEU CHUNG
7.1.1. Cac giai doan cua qua trinh ky khi

Qua trinh ky khi (anaerobic) 1a qua trinh phan huay sinh hoc chat
thai trong d6 khong c6 oxy hoa tan va nitrat hoa. Qua trinh ky khi dugc
sir dung kha pho bién dé chuyén vat liéu hiru co ¢6 kha niang phan huay
sinh hoc thanh metan va CO,.

Chat dinh dudng trong nudc thai cho vi khuan phén huy c6 thanh
phan rat phtrc tap. Ching bao gnm cac polymer sinh hoc nhu protein,
cabonhydrat va lipid. Qua trinh phan huy cac hop chat hitu co bao gom
(1) giai doan thuy phan, (2) giai doan sinh axit, (3) giai doan sinh acetat,
(4) giai doan sinh metan.

(1) Giai doan thuy phan

Do vi khuan khong c¢6 kha niang hap thu vat chat hiru co ¢o kich
thuge 16n va cau tric phtrc tap, cho nén, giair doan dau tién cua qua trinh
ky khi 1a thuy phan polymer qua hoat dﬂng cua cac enzyme ngoaz vi dé
tao nén cac phan tir bé hon dé chiing c6 thé vuot qua ngudng cia té bao.
Trong qua trinh thuy phan, protein bi thuy phan thanh cac amino axit,
polysaccharide thanh cac dudng don gian hon va lipid tr¢ thanh cac axit
beo mach dai (LCFA). Thuy phan la mot truong hop dang chu y nhat
trong qua trinh xur ly ky khi, n6 quyét dinh téc do cia toan bo qua trinh
va rat nhay cam véi nhiét do. Do vy, thiét ké bé phan tmg ky khi thudng
dua vao giai doan thuy phan.

(2) Giai doan sinh axit

Trong thoi gian sinh axit, cac san pham thiy phan la nhimg hop chat
tan, co kich thuoc be khuéch tan vao bén trong té bao cua vi khuan qua
mang té bao va tiép theo 1a 1én men hodc 12 oxy hoa ky khi. Qua trinh nay
xay ra boi mét su cong sinh phirc tap cua cac vi sinh vat thuy phan hoac vi
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sinh vat khong thuy phan 1a ngudn nang luong cho vi khuan sinh axit. Cac
san pham axit bao gom mot loat cac hop chat hiru co ¢6 kich thude nho,
chu yéu la céc axit béo dé bay hoi (VFA - acetat va cac axit hiru co cao
hon nhu propionat va butyrat) H,, CO,, axit lactic, etanol va amonia.

(3) Sinh acetat

Cac axit mach ngan duoc tao ra tmng giai doan sinh axit duoc tiép
tuc bién doi thanh acetat, khi hydro va CO, boi vi khuan sinh acetat. Su
oxy hoa -B 1a co ché cua oxy héa ky khi cc axit béo mach dai cho céc
san pham axetat va hydrn Hydrﬂ va CO, mot phan bi bién thanh acetat
bai vi khuan cing ngudn goc sinh acetat. Hai san pham quan trong trung
gian la axit propionat va butyrat trong phan huy ky khi dugc bién doi
thanh hydro va acetat bai vi khuén sinh acetat san xuat ra hydro:

CH,-CH,-COO +3H,0—-CH,COO +HCO, +2H" +2H,
CH,-CH,—-CH,-COO +2H,0—2CH,COO +2H" +2H,
(4) Sinh metan

Piy la giai doan cudi cliing cua su phan huy ky khi cac vat liéu htru
co, nhom vi khuan sinh metan khir CO, bang hydro va khir cacboxylat
acetat dé tao thanh metan (CH,j,) Vi khuén sinh metan 1a vi khuan ky, khi
¢ kha sur dung chi mot so chat nén nhat dinh. Ching str dyng chat nén
hiru co hoac nguun cacbon riéng biét nhu la acetat, H,. Mot s0 chung la
chung tu dudng chi s dung CO; hoac CO dé 1am ngudn cacbon. Noi
chung, tu 70% dén 80% metan duoc tao thanh tir cac vt li¢u hitu co ¢o
nguon goc tir acetat, phan con lai chu yéu tir Hy va CO.,.

Xir 1y anaerobic bao gom cac qua trinh: ting truong lo ling ky khi;
tang truong bam dinh lo img dong hudng Ién hodc dong hudng xudng;
tang truong 16p bam dinh- dich long; ting truéng bam dinh bun ky khi
dong hudng 1én (UASB), v.v.

Uu nhugc diém cua qua trinh ky khi duoc tong két trong bang 7.1.
Bang 7.1. Uu va nhuwoc diém ciia qua trinh ky khi

- Su dung it nang lugng

- Tao ra it bun sinh hoc
- - Sir dung it chat dinh dudng
Uu diém X
- Tao ra metal — nguon nang luong
- Bé phan Gng can thé tich nho

- Han ché 6 nhiém khi
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- Pap tng nhanh khi bo sung chat nén sau mét thoi
gian dai khong cho vao

- Khoi dong cham

- C6 thé phai b6 sung kiém

- Phai xir Iy tiép bang aerobic
Nhuwoc diem | - Khong khir duge P va N

- Nhay cam va&i nhiét do

- D& bi anh huong do cac chat doc
- Tao ra khi co mui va an mon

7.1.2. Cac yéu to anh hwéng doi véi qua trinh anaerobic

Dé thiét ké hé thong xir 1y ky khi can phai quan tim mot so cac
tham s6 quan trong sau day:

1- Tinh chét ciia nwéc théi

Qué trinh xur 1y ky khi dugc ap dung cho nhiéu loai nudc thai co
murc d6 6 nhiém khéac nhau. Pic bi€t thich hop cho cac loal nudce thai co
mirc d6 6 nhiém cao va c6 nhiét do am.

2- Bién déi luu lwong va tdi trong

Khi lru lugng dong thay doi, thuﬂng gay ra roi loan can bang cua
qua trinh men héa va tao metan. D6i véi nhimg hop chat hiru co tan, dé
phan hity sinh hoc nhu 14 duong hoic tinh bot, phan tng sinh axit ¢6 thé
xay ra nhanh hon ¢ tai trong cao va c6 thé tang lugng axit beo bay hoi
(VFA), va khi hydro nhung s€ lam giam pH. Do vy, can thiét phai diéu
hoa Ivu lwong dong chay vao bé dé tranh cac diéu kién tai trong va luu
lugng cuc dai.

3- Néng dj chit hitu co va nhiét do

Nong d6 chat hiru co va nhiét do anh huong dén qua trinh hoat
dﬂng trong bé anaerobic. Nhiét d6 thich hop cho bé hoat dong tir 25 — 35
C. Nong d6 COD 16n hon 1500 — 2000 mg/l can thiét dé tao ra du luong
metan dun néng nudc thai ma khong can ngudn nhiét bén ngoai. Khi
nong d6 COD bang 1300 mg/!l hodc it hon thi nén xur 1y bang phuong
phap hiéu khi.
Xir 1y ky khi ¢6 thé tién hanh & nhiét d6 thap va c6 thé duy tri &
nhiét do tu 10-20 ﬂC trong bé phan tng ting truong bam dinh lo lung. O

nhiét do thap hon, toc d6 phan g xay ra chdm va thoi gian luu kéo dai,
can thé tich bé 16n va tai trong COD thip. Hon nira, & nhiét do tir 10—
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20°C, su phan huy cac axit mach dai br han ché. Néu lugng axit mach dai
tich lily trong bé nhiéu sé& gy ra bot.

4- Thanh phan cdc vt liéu hitu co khéong hoa tan

Thanh phan cac chat hiru co khong hoa tan anh huong dén su lua
chon kiéu bé phan ung. Vi dy, nudce thai vor nong do chat ran cao thuong
duge xir 1y trong bé ting trudng bam dinh lo ling.

5- D¢ kiém ciia nwée thii

Véi nong do CO; cao (dién hinh tr 30 — 50%) & trong hdn hop khi
duoc sinh ra khi xtr 1y ky khi, nong d6 kiém can duy tri trong khoang 2000
— 4000 mg/I theo CaCOj3 dé dam bao pH cua nudc thai gan trung tinh.

Moi quan hé gitra d6 kiém va pH dugc xé4c dinh trong hé can bang
carbonat:

[HCO, 1[H"] _
(H,co,] “

(7.1)

K,; 1a hang s6 axit thir nhat phu thudc vao nhiét d6 va hoat do.

Nﬂng do axit HoCO; duge xac dinh bang cach su dung dinh luat
Henry va 4p suit riéng phan cia CO, trong khi quyén trén mat nude:

x, = % F (7.2)

Trong do:
— phan mol cua chét khi trong nude, mol chat khi/ mol cua nude

= (mol chat khi, n,)/[(mol chat khi, n,) + (mol cua nudc, n,)].
Pr— tong 4p suat (bang latm).
H — hang s6 Henry [atm (mol khi / mol khong khi)/(mol khi/mol nuéc]
P, = Phan mo! cua khi trong khong khi..

6- Chit dinh duing

Mac du qua trinh xtr Iy ky khi sinh ra it bun, do vay, can it luong N
va P dé téng truong sinh khoi. Nhleu loai nudc thai cong nghiép co thé
khong du chat dinh dudng, do vay, can phai bo sung N va P. Tuy thudc
vao tinh chat cua chat 6 nhidm va thoi gian luu ma cac chét dinh dudng
bao gom N, P va S thuong duoc bd sung trong khoang tir 10 dén 13 mg
N, tir 2 dén 2,6 mg P va 2 mg S cho 100 mg sinh khoéi. Hon nira, dé duy
tri qua trinh sinh metan, nong do pha loang cua N, P va S tuong tng bang
50, 10 va 5 mg la thich hop.
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7- Cdc chat dinh dwing da leong

Cac nguyén t6 kim loai c6 mdt vai tro quan trong trong qua trinh
hoat dong sinh metan. Ham lugng cac nguyén t6 duge bo sung theo mg/g
san pham acetat: Fe = 0,02, Co = 0,004, N1 = 0,003 va Zn = 0,02.

8- Tao khi metan

Nude thai ¢ mic dd 6 nhiém cao sé tao ra lwgng lon metan trén
mot don vi thé tich ciia nude thai xur ly dé cung cap ngudn ning luong
lam tang nhiét do cua nudc thai. O diéu kién chuan luong CHy sinh ra
trén mdt don vi COD trong diéu kién ky khi bang 0,35 lit CH4 / g COD.
Thé tich bi chiém boi 1 mol CH, duogc xac dinh bﬁng cong thuc:

nRT
V= . (7.3)
V- thé tich bi chiém bai chat khi, /
N - s6 mol cua chat khi, mol
R - hang s6 khi, R = 0,082037 atm.l/mol."K
T - nhiét d6 K (273,15 +°C)
P - ap suat tuyét doi, atm
Nhu vay, ¢ 35 "C thé tich bi chiém bai mot mol CH, 1a:
V= [(1 mol)(0,082057 atm.l /mol.K) (273,15 + 35°C)]/(1atm)= 25,29 .

1 mol CH, twong duong véi 64 g, lugng CHy sinh ra moi 1 don vi
COD bién dbi trong diéu kién ky khi & 35 "C twong dwong véi 0,4 /-

(25,29 1)(64 ¢ COD)/molCH,) = 0,4 CH4/gCOD.

Néu nhu thanh phan cua nuoc thai da biét va bo qua luong thanh
phan duogc st dung dé tong hop té bao, c6 thé xac dinh luong CHy, CO,,
NH; va H,S trong diéu kién ky khi theo cong thure:

C,.H“.OTN_,.S: +(1;—_ +_.2_.|.3_y +_}H:O—}(-— +—+ = +-?£+—]CH4 25

Khi NHj; tao thanh s& phan Gng voi CO; tao thanh 1on amoni theo
phuong trinh phan Ung:

NH, + H,0+CO, — NH! + HCO,” (7.5)
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Day la phan Ung biéu dién sy tao do kiém trong diéu kién ky khi
chuyen hop. chat chira protein (N). Phan mol cua CO,, CHy va H>S dugc
biéu dién bang cac phuong trinh (7.6, 7.7 va 7.8) m’cmg ang. Phan mol
cua H,S nho hon chut it do bi tao phirc hodc két tua v&i ion kim loai:

vy —w+2x—-5v+2z

= = 7.6
feo =400 m (7.6
dv+w—-2x—-5y—-2z
feu, = i (7.7)
(v—y+2z)
. z
- 7.8
Jmss 8(v—y+2) (45

9- Su tao thanh sulfit

Cac hop chat cua luu huynh nhu sulfit, sulfat, thiosulfat ¢6 thé c6
mit véi mot nong do dang ké trong nudc thai cong nghiép va nudc thai
sinh hoat. Cac hop chat cua luu huynh trong nude thai dong vai tro la
chat nhan electron d6i voi vi khudn khur sulfat tidu thu chit hitu co trong
bé ky khi va tao ra khi H,S. Qua trinh khtr sulfat thanh H,S duoc biéu
dién bang phuong trinh phan (ing sau:

0,119504 + 0,167CH;0H + 0,010CO; + 0,03NH," = 0,03HCO; +
0,17H" = 0,03CsH;NO> + 0,060HS + 0,33H>0 (7.9)

H>S c6 thé bi oxy héa thanh H,SO, theo phan (mng:
H,S+20,=H,S0, (7.10)

H>S Ia mot khi ¢6 mai kho chiu, an mon kim loai. H>S hoa tan
nhiéu trong nudce vol do tan 1a 2650 mg/l ¢ 35 g,

Nong d6 cac hop chit cua luu huynh dé bj oxy hoa thanh luu huynh
trong nudc thai sé giy ra hi€u ung khong co lgi cho qua trinh xu 1y ky
khi. Vi khuan khur sulfat canh tranh véi vi khuzln tao metan doi voi COD
s€ lam giam luong khi metan tao ra. Khi nong d6 cac sulfit nho hon 20
mg/l, can thiét phai t6i wu hoa hoat dong tao metan cua bé ky khi. Khi
nong do sulfit cao hon 20 mg// c6 thé gay doc. Hoat dong cua vi khuan
sinh metan giam dén 50% hoic cao hon khi nong do cua H,S tir 50 dén
250 mg/l. pH la mot trong nhting yéu td quan trong dé xac dinh do doc
cua H,S. H,S ton tai trong nude & dang ion HS hodc S* phu thudc vao
pH cua dung dich twong ing theo cac phan ing sau:

H,S HS +H (7.11)

HS & S* +H' (7.12)
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Ap dung dinh luat tac dung khoi luong ta co:

HSUH) e STNHT
[H,5] [HS]

(7.13)

~ Tron do K,; va K> la h'fmg s6 phan ly axit cua H,S tuong Ung
bang 1.107 mol/l va 10™° mol/l & 25 °C.

Phan tram H>S 1a mot ham cua pH, c6 thé xac dinh theo phuong trinh:

[H,S]x100 100 100
[H,SI[HS"] 1+[HS [H?S] 1+K,/[H']

H,5(%) = (7.14)

10- Déc to cua amoni

Doc t6 cua amoni cling can quan tam d6i véi qua trinh xir ly ky khi
khi nudce thai c6 nong do6 amoni cao. Khi nong dé6 NHs du 16n, c6 thé giy
doc cho vi khuan tao metan. Ngudng doc ctia amoni 1a 100 mg// theo N-
NHj. Tuy nhién, sau thoi gian thich nghi, vi khuan sinh metan c6 thé chiu
dung duoc ndng d6 amoni t&i 5000 — 8000 mg/l.

7.2. CAC QUA TRINH XU LY KY KHi
7.2.1. Qua trinh ting truwéomg lo lirng ky khi

Pay la qué trinh duoc ap dung rat sém dé xu 1y nudc thai cong
nghiép (hinh 7.1a, 7.1b va 7.I¢). Qua trinh tdng truong lo ling ky khi
bao gom:

e Bé phan huy ky khi tang truong lo lung khudy tron hoan chinh.
e Qua trinh tiép xuc ky khi.
e Bé ky khi gian doan ké tiép.

C-l I—h Khi

[

Dong vao Dong ra
— —

'd
Hinh 7.1a: Bé ky khi phan huy tang truong lo lung khm’i'fy tron hoan chinh
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Khi Bé ling
| trong

Nudc
Dong vao o xir ly
Bé tao bong B il
hodc phéan hiy khi ‘
l Bun
Hinh 7.1b: Qua trinh tiép xuc ky khi;
—» Khi —  Khi — Khi
—p Khi
T T— e — .
Nap Phan trng Ling Gan

Tuan hoan bun
Hinh 7.1c: Bé ky khi gidn doan ké tiép

7.2.2. Qua trinh khudy trén hoan chinh

i vai bé phan huy ky khi khufay tron hoan chinh, thot gian luu
nude (HRT) va thoi gian luu bun (SRT) bang nhau. Thoi gian luu bun tur
15 dén 30 ngay dé dam bao hé sb an toan cho qua trinh hoat dong on
dinh. Bé phan huy ky khi khuay trén hoan chinh khong co hé thﬂn g tuan
hoan bun c¢6 thé xir Iy nudc thai co muc do 0 nhiém céc hop chét hitu co
hoa tan cao. Tai trong thé tich chat hiru co doi véi bé khuay tron hoan
chinh thuong tir 1,0 dén 5,0 kg BOD/m’.d.

7.2.3. Bé ky khi gian doan ké tiép

Bé ky khi gian doan ké tiép (ASBR) c6 thé duoc xem nhu la qua
trinh tang truong lo lung. Tmng do, phan ung sinh hoc xay ra va qua
trinh tach long ran trong cing mot bé. Hoat dong ctia ASBR bao gom
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bon giai doan: (i) nap nuoc thai, (1) phan ung, (i11) lang, (iv) gan va thai
nudc. Trong thoi gian phan ng, qua trinh khuay trén 13p lai nhiéu ian
trnng thot gian mot gio. Mai lan khuay khoang mét vai phit dé chat nén
va sinh khoi phin bd dong nhat.

7.3. THIET KE QUA TRINH TANG TRUONG KY KHI

Qua trinh thiét ké tang truong Ky khi trude hét, nén tién hanh trong

phong thi nghiém hodgc tir cac ket qua thi nghiém ¢ nha may ¢ dang pilot.
Quy trinh thiét ké va tham s6 thiét ké dién hinh dua ra trong bang 7.2 va 7.3.

Bing 7.2: Quy trinh thiét ké qud trinh ting truéng ky khi

STT

Miéu ta

Lua chon thoi gian ‘lu'u bun, SRT, dé dat duoc nfirng do trong nuoc
sau khi xur ly va phan tram khu COD.

Xac dinh san lugng sinh chat ran hang ngay va khoi lugng chat
ran trong hé dé duy tri thoi gian luu nude, HRT.

Lua chon n{mg d6 chat rin va xéac dinh thé tich bé.

Xac dinh tdc do tao khi.

Xac dinh luong du bun thai va chat dinh dudng can thiét.

Kiém tra tai trong thé tich chit hitu co.

]l || n | B W

Xéc dinh d0 kiém cén thiét.

Bing 7.3: Cdc tham sé thiét ké doi vai bé khudy tron ting truéng lo ling

Gi4 tri

Tham s6 Pon vi Ving Pién hinh

Hié¢u suat chat ran, y

Su 1én men g V85/g COD | 0,06-0,12 0,10

Tao metan gVs8s/ g CoOD | 0,02-0,06 0,064

Két hop toan bo qua trinh | gVSS/g COD | 0,05-0,10 0,08
Hé so phan ri, k.

Su Ién men g/e.d 0,02 —0,06 0,04

Sinh metan gle.d 0,01 - 0,04 0,02
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Két hop toan bg qua trinh g/ed 0,02 - 0,04 0,03
Téc d§ ting truwdng riéng cue dai
35°C glg.d 0,30 —0,38 0,35
30 °C g/g.d 0,22—-1028 0,25
25 ¢ g/g.d 0,18 - 0,24 0,20
Hing s6 toc dd mot nira, K
35°C mg/l 60 - 200 160
30 ' mg/! 300 - 500 360
25 'c mg/l 800 - 1100 900
Métan

Taora & 35°C m’/kg COD 0,4 0,4
Khéi luong riéng ¢ 35 “C kg/m’ 0,6346 0,6346
Ham luong khi % 60 - 70 65
Lugng ning lugng kJ/g 50,1 50,1

Nguon: Metcalf & Eddy, 2003

7.4. QUA TRINH LOP BUN KY KHI
MGt trong nhitng phat trién dang ghi nhan trong cong nghé xu 1y ky

khi 1a bé phan Gng chay ngugc qua 16p bun ky khi (UASB). Nguyén 1y
hoat dong cua UASB dugc minh hoa trong cac hinh 7.2a,7.2b,7.2¢. Nuoc
thai vao bé duoc phén phoi deu 0 phia duo1 va chay tur duoi 1én qua lop
bun ky khi. UASB duoc cai tién c¢6 thém bé lang trong hodc vat lidu nhoi
& phan trén cua bé.

Do tao thanh nhiing bong bun hat, nong dé cua chat ran ¢ dudi day
c6 thé dat dén 50 — 100 g// va tir 5 dén 40 g// trong cac vung khac ¢ phia
trén bé. Hat bun ky khi c6 kich thuée tir 1,0 — 3,0 mm c6 tinh nén bun tot
voi gia tri SVT < 20 ml/g. Dé phat trién bun hat, c6 thé can dén hang
thang, mot lugng bun ky khi nho dé tao mam lam gia tang hoat dong cua
hé thong thuong dugce lay tir cac bé UASB da van hanh trudce.
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{2\_]_ Dong ra _[_\ ling

Lop bun ky
L 24> .

Lnk;u?hﬂnkx
Mang phan
(a) phoi nuée (b) Tuin hoin bim
Khi
-
I Lép vit liéu
nhoi
‘
I ~ Lop bun ky
khi
Ming phin
(E‘) phoi nwoc

Hinh 7.2: So do cdc bé UASB:

(a) qua trinh UASB truyen thong;
(b) UASB voi bé fang va tudn hoan bun;
(¢c) UASB véi I6p nhoi dé vi sinh tang trwéng bam dinh cé dinh

Thiét ké UASB
1- Tai trong thé tich chit hivu co

Tai trong COD la mét ham s6 cla cuong dé nudc thai, phi’in COD
khong tan trong nudc thai, nong do 7SS trong nudc sau khi xu ly. Gia tri
tai trong COD dién hinh trong qua trinh UASB dua ra trong bang 7.4.

Tai trong thé tich 1a mot ham cua nhiét 46 d6i véi nudc thai chira
chti yéu COD hoa tan (sCOD) dua ra trong bang 7.5. Ta1 trong nay ap
dung cho thé tich 16p bun va hé so thé tich hiéu dung cua bc bang 0.8 t4i
0,9. Tai trong dua ra cao hon ddi v6i nude thai chira chu yéu axit béo bay
hoi (VFA) 1a dya trén tiém nang thu duge bun hat day dac hon.Thoi gian
luu nudce 1z dua ra dé thiét ké nude thai sinh hoat (bang 7.6) dua trén thi
nghiém bé dang pilot.
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Bing 7.4: Ti trong thé tich COD déi véi UASB ¢ 30 °C

dé khir COD duwoc 95%

Nuére thai, Tai trong thé tich, kgCOD/m’.d

COD, mg/l
Phan bun | Bun dong tu | Bun hat khw | Bun hat khu

COD 7SS cao TSS thap

1000 — 2000 | 0,10 -0,30 24 2 §-12
0,30 — 0,60 2 =4} 24 8— 14
0,60 - 1,0 - -

2000 - 6000 | 0,10 - 0,30 35 3~ 1218
0,3-0,6 4-8 s 12 -24
0,60 - 1,0 4-8 2-6 .

6000 - 9000 | 0,10 - 0,30 4-6 4-6 1520
0,30 -0,6 5 7 3 =7 15-24
0,60 - 1,0 6-8 3-8 -

9000 - 18000 | 0,1- 0,3 5-8 4-6 15-24
0,3-0,6 . 37 ]
0,60 - 1,0 - 37 z

Nguon: Metcalf & Eddy, 2003

Bing 7.5: Tii trong thé tich chat hitu co la ham ciia nhiét d¢ doi véi sCOD
dé khik tiv 85% dén 90% COD. Nong dp bin trung binh bang 25 g/l

Tai trong thé tich, kg sCOD/m’.d

VFA cua nudc thai Nude thai khong ¢6 VFA
Nhiét do, °C Ving Pién hinh Ving Dién hinh
15 2 3 23 2
20 4-6 5 y 3
25 6-12 6 4-8 4
30 10— 18 12 812 10
35 15 — 24 18 1218 14
40 20— 32 25 15-24 18
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Bang 7.6: Thoi gian lwu nuoc, tg d‘é’: xuw ly nwoc thai sinh hoat
trong UASB co chiéu cao 4m

Nhiét do, ’C | tz trung binh, & | fz cuc dai, d6i véi dinh tir4 — 6 gio, h
16 - 19 10 - 14 T—9
22-26 7-9 5-7
>26 6-8 4-5

Nguon: Metcalf & Eddy, 2003

Dic trung co ban ciia bé UASB cho phép sir dung tii trong the tich
COD cao so voi cac qud trinh ky khi khdc la do phat trién bun hat
mdt d¢ cao.

2- Téc dé dong chdy hwong lén

Toc do dong chay huong 1én dya trén luu lugng va dién tich cua bé
va la mot tham s6 then chot. Cac gia tri dién hinh toc do dong chay trong
UASB dua ra trong bang 7.6

Toc do chay hudng lén ciua dong nude thai v duge xac dinh bang
cong thire:

_9
v== (7.15)

v - toc do dong hudng 1én, m/h
A — tiét dién cta bé, m’

O — luau luong, m’/h

Bing 7.7: Toc dp dong chdiy huwéng lén dién hinh trong bé UASB

Loai nudec thai Téc d dong chay Ién, Chiéu cao cuia bé, m
m/h
Trong Pién hinh Trong Pién
khoang khoang hinh
COD gan 100% tan 1,0-3,0 1.5 6- 10 8
COD tan mot phan 1,0 - 1,25 1,0 3-7 6
Nudc that sinh hoat 0,8-1,0 0,7 3-5 o,

Nguon: Metcalf & Eddy, 2003
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3- Kich thuéc ciia bé phdn ikng

Dé xac dinh kich thude cua bE phan tUng can phai xem xet cac yéu

to nhu tai trong thé tich COD, van toc bé mat va thé tich xtr 1y hiéu dung

cia UASB. Thé tich xir Iy hiéu dung la thé tich bi chiém bai l6p bun ky,

khi va sinh khdi hoat dong. Thé tich bo sung ton tai gitra thé tich hiéu

dung va khong gian thu khi. Thé tich tiéu chuan cua bé phan tng dya trén
su chap nhan tai trong chat hiru co dwge xac dinh bang cong thirc:

S
= 9 (7.16)
Lm‘g
V,, — thé tich chét long tiéu chuéan (hiéu dung) cua bé, m’.
O — luu lugng nudc thai, m’/h
So— COD cua dong vao, kgC'OD/mj.d
L, — tai trong chat hiru co, kgC OD/m’.d.
Pé xac dinh toan bo thé tich chat long ¢ phia dudi b phéan thu khi,
hé s hiéu dung duoc st dung. Do la phan bi chiém bai 16p bun va

thuong nhan gia tri tr 0,8 — 0,9. Tong thé tich doi hoi cua chat long trong

bé UASB trir dién tich chira khi dugc xac dinh bang phwong trinh:
VH
V, = = 7247}

Vy - tong thé tich chat long ctia bé, m’

V, - thé tich chat long hiéu dung cua bé, m’
E - hé s6 hiéu dung

Dién tich bé mat cua bé:

A= 9 (7.18)
v
Chiéu cao chat long cua bé duoce xac dinh bang cong thirc:
V
H; = j (7.19)

V, - tong thé tich chét long cua bé, m’
A - tiét dién cua bé, m”

H; - chiéu cao cua bé trén co so thé tich chat long, m
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Thé tich thu khi b6 sung vao thé tich ctia bé UASB. Do vay, chiéu cao
cua bé cling sé dai thém. Goi Hr 1a tong chiéu cao cua bé, Hr s€ bang:

Hr=H; + Hg (7.20)
Trong d6 Hg— chiéu cao phan thu va giir khi cua bé, m.
4- Thu khi va tach chit rin

Bo phéan tach khi va chat ran dugc thiét ke dé thu khi sinh hoc
(biogass) va ngén can chat ran thai ra ngoai. Sau khi tach khi, chat ran
quay tro lai lang xuong viing chira 16p bun. Mot s6 tiéu chuan thiét ké bo
phan tach khi — chat ran dua ra nhu sau:

e Thanh cua bd phan thu khi nam nghiéng c6 d6 ddc trong khoang tir
45 - 60°.

e Dién tich cua khe ho gitta bo phan thu khi khong nho hon tur 15 -
20 % tong dién tich bé mit cua bé.

o Cpleu cao cua bd phan thu khi nam trong khoang tir 1,5 — 2 m khi
bé cao tur 5 — 7 m.

= Bé mit tiép xtic khi — long nén dugc duy tri trong b phan thu khi
dé dé dang giai phong khi va kiém soat 16p vang tao thanh.

e Phan 06i 1én cua cac vach ngin th1et ké o phla dudi khe ho cach xa
tir 100 — 200 mm dé tranh bot khi néi 1én di vao ngin lang.

Céu tao bé UASB duogc minh hoa trong hinh 7.3.
Be UASB

'nmkhi/\ / FRET RN .
> Khi biogass

Nwoe thai

¥ Riihin

Hinh 7.3: Bé UASB
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7.6. QUA TRINH BE KY KHI VACH NGAN

Trong bé ky khi vach ngan (ABR), cac vach ngan duge str dung dé
huong dong chay cua nude thai qua mot loat bé chira 16p bun. Bun trong
bé noi 1én va ha xudng vai su tao khi nhung chuyén dong qua bé véi toc
do cham (hinh 7.4a).

Uu diém cta bé ABR:

e Don gian, khong c6 vat li¢u nhbi, khong c6 by phan tach khi dac
biét, khong co6 thiét bi khuay.

e Thoi gian luu bun dai (SRT) véi thoi gian luu nude ngan.
e (Co thé xtr Iy nhiéu loai nudc thai.

e On dinh, chiu dugc soc tai trong

Khi

Dong

_T_' _4 | A

Tuan hoan

Dong vao
—

(b)

Hinh 7.4: Qua trinh thay ﬂte lop bun ky, khi,
(a) bé vich ngan ky khi; (b) bé lép bin di chuyén
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7.7. BE KY KHi LOP BUN DI CHUYEN (AMBR)

Qua trinh cua bé AMBR Eléllg vGi ABR véi thiét bi bo sung la h¢
thong khuay co hoc nham duy tri bun trong hé théng ma khong bi nén
hoic lang. Trong qua trinh AMBR, diém nap nudc thai vao thay d6i theo
tung thoi Ky dé diém lay nude sau khi xir 1y cling bi thay d6i nham muc
dich phan bd lép bun ky khi trong bé ludn dugce dong nhat.

7.8. QUA TRINH KY KHi TANG TRUONG BAM DINH

7.8.1. Bé Ky khi ting truéng bam dinh dong hudéng lén

Trong bé ¢ 16p nhéi ¢6 dinh dong hudng 1én (hinh 7.5b). Lp nhoi
¢ dinh va dong nuoc thai chay qua khong gian gitra lop nhoi va sinh
khoi. Hé thong loc ky khi 16p nhéi ¢6 dinh vo1 dong huong 1€n 1a mot be
hinh chit nhat hodc hinh tru. Vat liéu nhoi duqc sap xép trong bé co thé
chiém toan bd d6 sdu cua bé hoic timg phan (tar 50 den?[]%) d6i voi bé
dugc thiét ke lai tap (hybrld) Vat liéu l‘lh()l su dung ph{) bién nhat la cac
tam nhua uén gip hoic co dang ﬂng Tiét dién bé mit riéng cua 16p nhdi
trung binh tor 100 m’/m’. Uu diém cta bé ky khi ting truéng bam dinh
dong hudng Ién 1a thé tich bé twong d6i nho va van hanh don gian. Han
ché chinh cua bé ky khi ting truong bam dinh dong huéng lén la gia
thanh cta vat liéu nhdi va thuong hay bi tic do [op bun bam Ién l6p vat
liéu. Qua trinh ky khi tang truong bam dinh phu hgp cho cac loai nudc
thai co nf’:‘mg d6 chat rin lo lung tha{ip.

7.8.2. Bé ky khi ting truéng bam dinh 16p bun gidn né dong hwéng
lén (AEBR)

Trong bé AEBR, vt liéu nhdi thuong dung la cat thach anh voi
duong kinh tir 0,2 dén 0,5 mm Vi ty trong bang 2,65. B¢ duy tri hoat
dong gian nd cua lop vat licu nhoi (dao dong khoang 20 % theo thé tich),
luu lwong dong vao khoang bang 2 m/h la thich hop. AEBR duge st
dung dé xwr 1y nudce thai sinh hoat.

7.8.3. Bé ky khi 16p gia hoa long ting truwéng bam dinh (FBR)

Qua trinh hoat dong cua FBR tuong tr AEBR. Vat liéu nhoi 1a cat co
kich thudc 0,3 mm. Nhung FBR ¢6 luu lugng dong vao 16n hon luu lugng
dong vao cua AEBR, khoang 20 m/h dé dam bao 16p nhoi gian no 100 %.
Pé duy tri tc do nudc, hé thong tuan hoan nudc ra dugc thiét ké. Be FBR
c6 d6 sau tir 4 dén 6 m. Ngoai cat thach anh la vét li¢u nhoi, mot sb cac vat
1l1éu khac ctng duoc su dung nhu diatomic, nhua trao d6i ion va than hoat
tinh. Uu diém cua FBR 14 co nf‘mg d6 sinh khdi cao, chiu dugc tai trong
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chat hitu co 16n. Tuy nhién, FBR c6 nhugc diém la phai can hé thong bom
dé tao 16p gia hoa long mai ¢6 kha nang gian no hoan toan.

7.8.4. Qua trinh ting truéng bam dinh dong huéng xuong

Qua trinh ky khi tang truong dong hudng xuéng dugc minh hoa
trong hinh 7.5 va da dugc ap dung xu ly nude thai 6 do 6 nhiém cao. Vit
liéu nhoi dugce sir dung bao gom than xi, ong nhua, v.v. Chiéu cao 16p nhoi
tir 2 dén 4 m, c6 hé thﬂng tuan hoan nudc dong ra. Bé tang truong bam
dmh dong huong xuodng co the hoat dong o tai trong tir 5 — 10 kg COD/
m’.d dbi voi nude thai c6 chat hiru co dé bi phan huy sinh hoc.

Khi
Dong vao Lép nhoi dé vi
sinh bam dinh
> ||| |
A 1R
= o
a u
= .
= a
i ] L]
= . ‘
B 1 Dong ra

Hinh 7.5: Bé phan teng ky khi tang truwéng bam dinh dong hudng xuong

CAU HOI ON TAP VA BAI TAP
Céu hoi Iy thuyét
1. Trinh bay wu va nhuogc diém cta qua trinh xtr 1y ky khi.
2. Hay cho biét cac yéu té anh hudng dén qua trinh ky khi.
3. Cho biét nguyén 1y hoat dong cuia bé UASB va bé ky khi vach ngan.
4. So sanh qua trinh ky khi va hiéu khi.

5. Phan biét su khac nhau cua bé anaerobic va anoxic?

Bai tap
1. Xac dinh kich thudc ciia bé phan tng, téc do sinh khi, nang luong,
toc do tao chat ran, do kiém va chat dinh dudng can thiét do1 vol qua
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trinh tiép xtc ky khi dé xur 1y nudc thai dat 90% COD bi khu. Pic tinh
cua nudc thai cho trong bang duoi day:

Tinh chit Pon vi Gid tri
Luu luong m’/d 300
COD g/’ 6000
sCOD (COD tan) a/m’ 4000
Ty 1é COD /TSS g/g 1,8
Phan phan huy TSS % 80
Nito (N) g/m’ 10
Phét pho, P a/m’ 20
Do kiém 2 CaCOs/m’ 500
Nhiét do L 25

Cac tham s6 thiét ké va gia thiét

a.
b.
¢

d.

c.

5 @

¥

k.

L.

Nong do TSS trong dong ra = 150 g/m’

Hé sb an toan dé thiét ké SRT=1,5

VSS/TSS = 0,85

f2=0,15g, xac vi sinh vét ¥SS/ g VSS cua sinh khéi phan huy

Luong chat dinh dudng doi hoi dua trén ty s6 VSS: N =12%
vaP=24%

O SRT > 40 d, TSS ¢6 kha nang phan huy da bién doi.
MLSS = 6000 g/ m’

Toc dé lang = 24 m/d

Thanh phan khi = 65% CH, va 35% CO,

1:~0,20 g/g.d

Ks =900 mg/I

ke=0,03 g/g.d

m. ¥ (hiéu suét chat ran = 0,08g VSS/g COD.
2. Thiét ké qua trinh xir Iy cia UASB. D6i véi qué trinh xir Iy nuée
thai cong nghiép bang UASB, can phai xac dinh: (1) kich thudc cua bé;
(i1) thoi gian luu; (i11) thot gian luu bun cua bé, SRT; (iv) nong dd trung
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binh VSS trong vung sinh khéi cua bé phan ung; (v) su tao khi metan;
(vi) Nang luong sinh ta tu qua trinh tao metan; (vii) do kiém doi hoi di
v&i nudc thai voi cac tinh chat cho trong bang duos day dé¢ dat dugc hon

90% khir COD. Nude thai chu yéu chira chat tan cta cac hop chat cacbon
hydrat va bun hat ky khi. Gia su, 50% COD va VSS cua dong vao bi phan
huy, 90% sunfat cua dﬂng vao bi khir bang sinh hoc va néng d6 VSS &

dong ra bang 150 g/m’. Gia su, cac tham s6 thiét ké lya chon 1a cac tham

http://sachviet.edu.vn

s6 dién hinh trong céc bang 7.3, 7.4.

200

Tinh chét cua nudce thai

Thanh phin Don vi Gid tri
Luu luong m’/d 1000
COD g/m’ 2300
sCOD g/m’ 2000
7SS g/m’ 200
VSS o/m’ 150
Do kiém g/m’ theo CaCOj; 500
SO, g/m’ 200
Nhiét do ‘e 30

Cac tham so thiét ké va gia thiét
a. Tu bang 7.3:
Y=0,08 g VSS/g COD
k.= 0,03 g VSS/VSS.d
tn=0,25 g VSS/g VSS.d
b. f;=0,15 g té bao V'SS/g phan hiy sinh khoi VSS
c¢. Sinh metan ¢ 35°C = 0,401 CH/g COD
d. Hé s6 thé tich hiéu dung cua bé 1a 85%
d. Chiéu cao cia phan thu khi 14 2,5m
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] Chwong 8
CAC PHUONG PHAP XU LY NITO, PHOT PHO
VA XU LY NUO'C THAI BANG HO SINH HOC

Muc tiéu chwong 8. Sau khi hoc xong chwong nay, sinh vién nam dwoc:
e Bdn chat ciia qud trinh khir nito va phot pho trong nude thai..
o Cdc quy trinh cong nghé khir nito va phot pho.
e Tinh todn thiét ké hé fh-:f;ng khue nito va phot pho.
e (Cong nghé xu ly nuoc thai bcir:g qua trinh tu nhién

o Tinh todn thiét ké trong xir Iy nuée thai bang ho sinh hoc.

8.1. GIOI THIEU

Nito (N) va phot pho (P) 1a chat dinh dudng can thiét cho su phat
trién ctia thue vat thuy sinh. Khi du luong N va P trong moi truong nudc,
nude co thé tro thanh pht dudng. Vi du: rong tao (algae) phat trién can
luong N, P theo ty 1& mol hoiic khoi luong:

Algﬂﬂ: CmaHgHOImNmP[I C:N:P=106:16: 1 (thﬂﬂ H’IU!)

Nong d6 dién hinh cua N va P trong nuéc thai:

Tong N, mg/l Tong P, mg/l

Nudc thai tho 50 (15 - 100) 10 (4—-15)
Sau xu 1y so bd ~40) ]
Sau xur 1y bac hai 25-30 ~6
Khir N bang sinh hoc 5-8

Khir P bang sinh hoc <1

8.2. QUA TRINH NITRAT HOA

Qua trinh khu nito trong nudc thar dugce goi la qua trinh nitrat hoa
— chuyén amonia thanh nitrat.

Qua trinh nitrat hda gom hai giai doan:

1. Oxy hoa amonia thanh nitrit:

2NH; +30, —reerdei ya) NO; +4H* +2H,0 (8.1)
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2. Oxy hoa nitrit thanh nitrat:

ZNOE— % 02 MNitro=bacteria }ZNO; (82)

Qua trinh nitrat hoa it thudn lgi vé nhi¢t dong hoc. Tuy nhién,
qud trinh cé thé tién hanh trong xu ly sinh hoc o bé bun hoat tinh
(AST). Vi khuﬂn nitrat hoa phat trien chiam hon vi khuén di duing
va cé higu suit té bao fhap Do vy, thoi gian lwu phdi kéo dai dé
dat dwoc nitrat héa trong bé AST.

Phuong trinh tong cong cua phan ng nitrat hoa:
NH; +20, > 2H" + H,O+ NO; (8.3)

Vi khuan nitrat hoa can it luong Oxy tu bén ngoat, vi oxy dugc tao
ra trong qua trinh ¢d dinh CO, va N vao té bao. Vi khuan st dung do
kiém trong qua trinh nitrat hoa:

NH; +2HCO; +20; — NO; +2€0;+3H;0 (8.4)

Tir phuong trinh (8.4), cho thay cir 1 gam N sir dung 7,14 g do kiém
(Alk) theo CaCOjs. Qua trinh nitrat hoa dugc minh hoa trong hinh 8.1.

Tong phan tmg nitirat hoa véi hé so ty luong cia phan tmg duoc viét:
NH; +1,8630, +0,098CO, — 0.0196C, H,NO, +0,98NO; (8.5

Theo phan L'rng‘ (8.5), 1 gam N can 4,25 gam O,, 0,16 g té bao méi
hinh thanh, 7,07 g kiém theo CaCO; dugc sir dung.
8.2.1. Pong hoc nitrat hoa

Tdc do nitrat hoa 1a mot ham sb cua dong hoc néng d6 amoni:

1d5s - §

8.6
X dt ﬂKS+S( /

=

1 - tbe d6 tang truong nitrat hoa, d”*

; - tbc do tang truong riéng cuc dai cua nitrat hoa, d’
X — nong d6 vi khuan, mg/!

S— nf:‘mg do chat nén, mg/l

t — thoi glan ngay, ngay

K¢— hﬁng 30 toc dd mot nira, nghia la nﬁng do chat nén
(mg/l) tai mot nura toc do tang truong
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~ Phuong trinh (8.6) gia thiét khong c6 sy truyén khoi hodc gisi han
truyén oxy.

Phdn huy cua vi
khuan va thuy phéin

» Qua trinh nitrat hoa+

|

Nito Jnh..* co N- NH,' ‘ NO; | ‘
(protein,
urea) i

: oo —P

: ; o Cacbon hiru co >
BDéng hoa Lysis va tir g—
oxi hoa 3

2

=

Nito hitu co Khi N
(te bao vi khuan)
Nite hiru co
(tang truong thiec)

Hinh 8.1. Qua trinh khuwr nito

Gia tri K dbi véi vi khuan Nitrosomonas va Nitrobacteri no1 chung
bang hodc it hon Img/l (trong da 50 truong hop bang tir 0,18 dénl,0 mg/l)
& nhiét do cta chat long bang 20 °C. Biéu dién mé hinh Monod déi véi
nitrat cho mot sur bién dm lién tuc glua ddong hoc bac nhat va bac khong
dua trén nung d6 chat nén. Vi cac gia tri K, d6i vi nitrat hda nho hon
nhiéu so nong dé amoni trong nuoc thai. Do vay, dong hoc tang truong
nitrat hoa duoc biéu dién bang phuong trinh bac khong:

1 dS -

o A B 8.7
U Y 7 U (8.7)

Phuong trinh (8.7) cho thﬁy tdc d6 nitrat hoa phu thudc vao n-::ilng
do chat nén ban dau va ché do khuay tron. Khi chat nén (5) b1 khir va dat
dén gia tr1 Kg hodac nhé hon, phan Gng xay ra theo co ché phan rng bac
nhat,

Téc do tang truong trung binh cuc dai, ;r va K tang khi tang nhiét
d6. Khoang gi tri dién hinh cua ciac hé so dong hoc doi véi qua trinh

tang truong lo lung s dung méi trudong tinh khiét dé nudi ciy dua ra
trong bang 8.1.
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Bang 8.1. Gia tri cac hé s6 dong hoc doi vai quda trinh nitrat hoa tang
truwong lo lirng (trong méi truwong nudi cdy tinh khiét)

Hé s6 dong hoc Don vi Gia tri (20°C)
Vung Pié¢n hinh
Nitrosomonas
Ly d’ 0,3-2,0 0,7
Ks NH; -N, mg/l 0,2 -2,0 0,6
Nitrobacer
L d’ 0,430 1,0
Ks NO;-N,mg/l 0,2-5.0 1,4
Toan bo

L d’ 0,3-3,0 1,0
K NH, -N, mg/l 0,2-5,0 1,4

Y mg VSS/mg NH;, -N | 0,1-0,3 0,2
k. d’ 0,03-0,06 | 0,05

8.2.2. Khir nitrat

Khu nitrat sinh hoc la qua trinh chuyén nitrat thanh khi nito va blén
thanh té bao boi vi khuan hiéu khi tuy y di dudng va mot s0 loai nam.
Kht nitrat bao gom nhom vi khuan Pseudomonas, Micrococus,
Archrombacter va bacillus. Cac nhom sinh vat nay c6 thé sir dung nitrat
hodac oxy la chit nhén electron (cho hydro) dé chuyen nitrat thanh khi
nito. Khur nitrat xay ra trong ca hai dicu kién hiéu khi va thiéu khi. Bién
doi nitrat thanh san pham khi xay ra hai giai doan dugc goi 1a khir nitrat
di hoa v6i mot loat cac phan ting cua enzyme keém theo. Giai doan dau
tién 1a chuyén nitrat thanh nitrit va giai doan tiép theo la chuyén nitrat
thanh khi nito:

INO; +4e” +4H" —2NO, +2H,0 (8.8)

2NO, +6e +8H" — N, +6H,0 (8.9)
Phan Umg chung cua ca qua trinh:

2NO, +10e” +12H" - N, +6H,0 (8.10)
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M6i mot phan tr nitrat bi khur, cO thé mat 5 electron. Khi metanol
(CH;0H) dugc st dung dé lam ngudn cacbon, khir nitrat di hoa dugc
biéu dién theo phan tmg nhiéu giai doan:

Giai doan thtr nhat:
6NO, +2CH,OH — 6NO, +2CO, (8.11)
Giai doan thir hai:
6NO, +3CH,OH — 3N, +3H,0+60H" (8.12)
Phan trng tong cong cta qua trinh bién doi:
6NO, +5CH,OH — 3N, +7TH,0+5C0O, + 60H" (8.13)

Co thé thay nitrat la chat nhan electron va metanol la chat cho
electron. Khl metanol st dung dé lam ngu(}n cacbon trong chuyén doi
nitrat thanh té bao (vi sinh vét), phuong trinh ty luong sé la:

3NO,” +14CH,OH +4H,CO,—3C,H,0,N +20H,0+3HCO,” (8.14)

Néu nhu sy tong hop té bao khong dang ké, thi ctr 1,9 mg metanol
can thiét dé khur 1 mg N — NOj’ (ty 1¢ metanol /nito). Trong truong hop
metanol dugc s dung mot phan dé tong hop té bao thi luong metanol
ting l1én dén 2,47 mg. Téng luong metanol doi hoi cé thé tinh tir luong
khtr nitrat va nitrit va kha oxy theo cong thuec:

Cn=247 (NO;—N) + 1,53(NOs-N) + 0,87DO  (8.15)
C,, — luong metanol doi hoi, mg/I.
NO; -N — nito- nitrat bi khu, mg/I.
NO;>-N — nito — nitrat bi khu, mg/I
DO — lugng oxy hoa tan bi khu, mg/L.
Luong sinh khoi tao thanh C, (mg/l) c6 thé dugc tinh theo cong thirc:
Cp = 0,053 (NO;-N) + 0,32(NO>-N) + 0,19DO

Bteu ki¢n ky, khi trong chit long khong thich hop cho khir nitrat va
nong dé DO tir 1 dén 2 mg/l khong di dé khir nitrat

Hinh 8.2a,8.2b, 8.2¢ va 8.2d mé ta cac qua trinh khr nito.
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Tuén hoan ndi, Oz .
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Hinh 8.2a: Qud trinh khir nito két hop thiéu khi va hiéu khi

1
. Be
Anoxic ling L »
Qras
Cras
Qwas T Qwas ¥

Hinh 8.2.b: Qud trinh biin hoat tinh kép dé khir nito

Giai doan khir Giai doan nutrat Metanol  Giai doan khi
cachon hoa nitart

Qras l Qras l Qras

Hinh 8.2c: Qud trinh biin bic ba dé khir nito

Ving aerobic / M4 ‘
v suc khi

.

Y

i " &
Nude thay vao

Nudc ra

Ving anoxic

Hinh 8.2d: Khw nito trong mwong oxy hoa
206



http://sachviet.edu.vn

8.2.3. Do toc do nitrat hoa va khwr nitrat hoa

Maic du dong hoc nitrat hoa da dugc mo _phong bang cac phan ung
béac khong va bac nhat, phuong trinh Monod bién dién anh hudng ctia chat
nén dén su tang truong cua vi khuan nitrat hoa da xac dinh duoc la phu
hop voi s6 liéu trong hau hét cac nghién ctru nitrat hoa. Anh hudng cuia cac
chat nén gi01 han doc lap riéng bigt dén toc do tang trumlg rleng cling co
thé dugc biéu dién twong tu. Nhu vy, anh hudng cia NH4  va oxy hoa tan
dén toc do ting trudng cua Nitrosomonas duoc trinh bay nhu sau:

NH DO
ﬂ.v:#.vm{ . }[ } (8.16)

K,+NH;-N | K,+DO

Trong do: uy la téc do tang trudng riéng cua Nitrosomonas (1/h);
Hpmax 12 toc do ting truong riéng cuc dai ciia Nitrosomonas. Ky 1a hfmg
0 bao hoa mot nua (mg/l), DO la lugng oxy hoa tan (mg/l), Ky la hang
s6 bdo hoa dbi véi oxy (mg/l).

Moi quan hé tuong tu cling c6 thé dugce viét déi véi su oxy hoa
nitrit thanh nitrat theo Nitrobacter va véi N-NO,™ 1a chat nén. Do toc do
phan g cua giai doan nay quyét dinh toc do phan Ung cua ca qua trinh,
toc d6 tang trudng nitrit hoa cd thé duge mo phong dua trén su chuyén
d6i amoni thanh nitrit bang Nitrosomonas.

Toéc d6 oxy hoéa amoni c6 thé do lugng amoni bi oxy hoda thanh
nitrat. Can phai biét rang trén 99% tong amoni nito (NH; = NH; -N) trong
nuoc thai sinh hoat 6 pH 7 1a ¢ dang amoni (NH4 -N). Toc do oxy hoa
amoni (qy) d6i vai bun hoat tinh thuong biéu dién theo don vi mg NH; -N
bi khir mdi gio d6i véi mdi gam MLVSS trong bé suc khi nhu sau:

d(NH, — N) . (8.17)
dt
Tdc dd oxy hoa amoni (gy) néi chung thudng bang 1-3 mg/g/h).
Thiét bi va dung cu:
- Mot bé phan tng 10 Iit
- May suc khi
- Pipet
- May do DO

- Thiét bi do NH;+NH, -N va NO,+NO;-N
- Dung cu do VSS
- Dung cu loc
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Quy trinh
Quy trinh dé xac dinh toc d6 oxy hoa amoni (gy) nhu sau:

l. Chuan bi 8 lit mau nudc thai

2. Chuan bi 8 lit bun hoat tinh da thich nghi

3. Lay mdt phan nudc thai va bun hoat tinh cho vao bé phan (mg 8 lit.
Ty l¢ pha loang su dung co thé cung ty I¢ F/M ¢ nha may xur 1y
nudc thai ma ta quan tam. Vi du ty lélrFfM = 0,67. Nhu vay, 1,3 lit
bun hoat tir!h cO V5SS = 240 mg/l c6 theé tron va6i 6,7 lit nude thai tho
c6 BODs bang 240 mg/l dé thu dugc ty 1€ F/M bang 0,67 trong bé
phan ung 8 lit.

e Do VSS ctia hon hop

e Suc khi bé phan ung dé dat mirc DO gan bang 2 mg/l. Neu nhu
bom khi v&i khuéch tan khi khong c6 kha nang trdn, thi can bd
sung may khuay co hoc.

e Xac dinh m}ing do téng amoni (NH; + NH,;" -N) nitrit va nitrat (NO>
+ NOj -N) trong cac khoang thoi gian 0; 0,5; 1; 1,5; 2; 2,5; 3; 4; 5 gio
trong dich loc sau khi loc bang gidy loc ¢6 kich thudc 16 0,45 zm.

- EHEHE Ly
T I s 6.7L e
Heiama 1 3L O I
Brm hoat tink e thii Eé phin fimg
cd W33 = 1840 mgl cd BODS= 240 mgil vid Fild = 0,67

Phan tich sé liéu

Vi nito hitu co s& bi bién doi boi vi khuan dé tao thanh tong amoni
nito, nén do téc do tao thanh nitrit va nitrat dwoc xem la chat chi thi cho
toc d§ oxy hoa amoni. Bang 8.2 va hinh 8.3 dua ra cac so liéu vi du xac
dinh toc do oxy hoa amoni.
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Bang 8.2. Vi du xac dinh nitrat hoa

Thoi gian | NH; +NH, - N [ NH; +NH; - N |[NO; + NO; - N [ NO; + NO; - N
(h) mg/l trung binh mg/l trung binh
(mg/l) (mg/l)
33,5 19,8
0,5
31,8 20,8
1
30,5 21,4
1
1.5
30,0 22,7
1.5
2
29,5 23,7
2
2.5
28.0 240
2D
3
27,2 25,0
3
4
26,8 25,6
4
3
25,2 25,2
<
40 T T o] T ' T L
[ NH #NH "-N 7
35 R
' © NO,+NO,-N |
'E'.D W - * ., =
= & . : &
E' 25 : , & o ° . -
%ﬂ 20 42 © » -
'E 15 :. -
0 [ N W T | T R
0 i) 120 180 2401 300 360
Thin gian

Hinh 8.3. Toc dé oxy héa amoni
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Toc d6 oxy héa amoni la:
(27,6 — 19,8 mg NO» + NO3 /1)/5 h / 2,454 mg/l = 6,4 x 10™ mg/mg/h.

Trong d6 lugng sinh khéi ban dau (MLVSS) trong bé phan tmg =
2,454 mg/l.

Pé xé4c dinh toc do khu nitrat hoa, quy trinh dugc thyc hién twong
tu nhung luong oxy cap cho bé phan ung ¢ mac DO < 0,1 mg/l. Cac
budc thuc hién nhu sau:

1. Po VSS cia hon hop

2. Tron phan tng véi may khuay tir va do DO dé dam bao mirc DO <
0,1 mg/l

3. Thém NaNO; néu thﬁy can thiét, dé cung cﬁp nfing do nitrat ban
dau bang 25 mg/l.

4. Xéc dinh nong d6 tong amoni (NH; + NH," - N), nitrit va nitrat (NO
+ NOj - N) trong cac khoang thot gian 0; 0,5; 1; 1,5; 2; 2,5:3;4; 5 h

trong dich loc sau khi loc bang gidy loc c6 kich thude 16 0,45 zum.

8.3. KHU PHOT PHO

Phot pho (P) 1a nguyén t6 dinh dudng hién dién méot lugng tuong
d6i 16n trong nude thai sinh hoat. Cac thanh phan cua phot pho tim thay
trong nudc thai bao gom ﬂﬁhﬂphosPhat polyphosphat va phot pho htru
co. Cac orthophosphat (PO4", HPO,™, HoPO4, H3PO4) duoc hap thu sinh
hoc kh(‘mg can phan huy tlE]J tuc. PDlyphOSphat bi thuy phan rat cham
trong mo1 truong nudc va bién thanh cac dang orthophosphat. Nong do
dién hinh cta phot pho trong nuoc thai va trong cac giai doan xu ly dua
ra trong bang 8.3. Phot pho la mot trong nhirng tac nhan dong gop cho su
phti dudng trong cac ngudn nude tiép nhan.

Khir phot pho dién hinh trong xir 1y sinh hoc bac hai dat tir 10 dén
30% tfmg phé-t pho. Hé thong khur phét pho dugc thiét ké dé tao diéu kién
tot nhat cho vi sinh vat tich liy phdt pho (PAO). Mot so loai vi khuan
nhu Acinetobacter tnng hop polyphotphat va luu giit trong té bao. PAO
thich hop bai cac diéu kién luan phién anaerobic/ aerobic.

8.3.1. Cac giai doan khir phot pho
I- Giai doan thir nhat — giai doan anaerobic

Lugng cacbon va electron co san dugc luu gitt trong
polyhydroxybutyrat (PHB) va cac axit dé¢ bay hoi khac. Sy luu gitr nay
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khong thé thyc hién dugc néu chét nhéan electron nhu 1a O, hodic NO; ¢6
mat. Do vdy, can thiét phai c6 di€u kién anaerobic, dong thoi,
polyphotphat b1 phan huy va ortho-P giai phong vao hon hop long.

2- Giai doan thuw hai - giai doan aerobic hoac anoxic (khw nitrat)

Vi khuén chuyén héa PHB, hap thu ortho-P va lru gilr nhu poly-P
bén trong té bao. Vi khuan dugc lam giau phét pho ¢ dang polyphotphat.

Bing 8.3: Nong dé dién hinh ciia phot pho trong nwéc thii

Nudre thai Nong dd phot pho Nong d¢ phot pho
tong, mg/1 hoa tan, mg/l
Nudc thai sinh hoat 10 7
chua xur ly

Sau khi x1r 1y bac mét

Sau khi x1r 1y bac hai 7 7

3- Giai doan cudi — logi vi khudn (bin sinh hoc) giau phét pho

Chia khoa thanh cong dé khu phnt pho la tao dleu kién cho cac loai
vi khuan c6 kha ning tich lity phot pho phét trién. Cac bé phan Ung
anaerobic gy men héa phan huy COD thanh acetat, mdt thirc dn rit thich
hop cho PAO. Gial doan nay duoc goi la giai doan chon loc. Qua trinh
ludn phién anaerobic/aerobic dé khir P vgi vi khudn lién quan duoc minh
hoa trong hinh 8.4 va hinh 8.5.

PO*
N _ Acinetobacter
V1 khuan tuy nghu . (v e Zn khiy P
Cac san pham # ; ’
< tang truong
_O_. acetat va lén A
chém)
An;eru}:dr:
Aerobic
Sinh khéi ma
+ (O

Hinh 8.4: Co ché khir phét pho
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q—.hmerul:ir-_pl < Aerobic

Hinh 8.5: Sw gidm dan BOD va P trong bé khir chét dinh dwong

8.3.2. Céc qua trinh xir Iy phot pho
8.3.2.1. Cac quda trinh sinh hoc

So do cua cac qua trinh khu phot pho dua ra trong cac hinh 8.6a,
8.6b va 8.6¢. Trong d6 bao gom cic qué trinh (A°0), khur nitrat trudc khi
Khu phm pho (hinh 8.6a); qua trinh Bardenpho la su két hop anoxic va
aerobic sau khi xur ly anaerobic (hinh 8.6b). Hinh 8.6¢ minh hoa qua trinh
anaerobic/acrobic két hop phuong phap két tia phdt pho sau khi duogc
lam giau (qua trinh phostrip).

A. Hé thong Khir nitrat trude (qué trinh A%0)

A w
Tuan hoan

Anaerobic Anoxic Aerobic
(Kl
nitrdat)

\ Tuin hodn bin /
Y

Qua trinh khu N trudce anoxic

Hinh 8.6a: Qud trinh A*O khii phét pho

B. Qua trinh Bardenpho

Qua trinh Bardenpho c¢6 thé cho nong do rat thap nito va phot pho
trong nudce ra sau khi xu ly ma khong dung bat cir mot tac nhan hoéa hoc.
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Qua trinh bardenpho dé xur Iy nudc thai dugc phat trién bai James Barnar
& Nam Phi vao thap ky 70.

Tuan hoan

Anaerobic

Tudan hoan bun

Hinh 8.6.b: Qud trinh baedenpho khir phét pho
Qua trinh Bardenpho ¢6 thé khir 93% N va 65 % P.
C. Qua trinh phostrip

Trong qué trinh phostrip, P — hiru co bi thuy phan trong bé
anaerobic giai phong poly — P vao trong nude véi nong do 30 — 70 mg
P/l. Sau d6, voi dwgc thém vao dé két tua Cas(PO4).. Hé thong
Phospostrip hoat dong kha phurc tap. Bé phan tng gian doan (SBR) c6
thé ciing dugc str dung dé khur phét pho va nito.

Aerobic

F Y F Y
Tuin hoan bitn
Voi
Ham
lwrgng
Anaerobic P cao z -
Két tua hoa
hoc P
Ham
lirgngP 30-70 mgPA
thap
Thai

Thdi két tiia

Hinh 8.6¢: Qua trinh phostrip
8.3.2.2. Xur Iy phét pho bic mét ting cuong chit héa hoc (CEPT)

Phuong phap CEPT duogc goi la xur 1y so cap bac cao. Chat héa hoc
duoc sur dung dé tro gitp cho qua trinh xtr 1y va cai thién lang. Cac chat
hoa hoc str dung thuong la FeCls, Al,(SOy)s, cac polymer anion. ..

213



http://sachviet.edu.vn

Nong d6 dién hinh FeCl; tir 20 — 30 mg/l; polymer - 0,25 mg/I.
Phan @ng két tia P:
Két tua voi FeCls
FeCl, + H,PO; + HCO,” — FePO, \ +3CI” +2CO, +2H,0
Két tua P véi mudi nhom:

ALY +H PO, — AIPO, L +nH"*

Nhf}m sulfat (Al»(SOy); (alum) thuong duogc sir dung. Phan g két
tua duoc viét nhu sau:

Al,(S0,),.18H,0+2HPO,” —2A4IPO,y +2H" +350,” +18H,0
Doi voi natri aluminat:
Na,0.41,0, + 2HPO,” +4H,0 — 2AIPO, \ +2NaOH + 60H +2H"
Phan tng két tua véi voi:
CaO+ H,0 — Ca(OH),
5Ca(OH), +3HPO,” — Ca.(PO,),OH \ +3H,0+60H"

Phén nhom va clorua sat lam giam pH, trong khi d6 vo1 la1 lam
ting pH. pH t6i wu ddi véi phén nhém va sit clorua ndm gitta 5,5 va7,0.
pH hi¢u dung cua v6i 1a 10. Theo ly thuyet cr 9,6 g phen nhom can thiét
dé loai 1gam phot pho. Tuy nhién, can mot luong du nhém dé phan tng
tao phuc vor do kiém tu nhién. Phan ung gitta do kiém va phen nhom
nhu sau:

AL (SO,);.14H,0 +6HCO,” — 2AI(OH), +350,” + 6CO, +14H,0
Luong phén nhom doi hoi dé loai P theo ty 18 13:1, 16: 1 va 22: 1,
tuong duong 75, 85 va 95 phan tram P tuong img bi loau.

Ty 1& mol cua ion Fe’" va Orthuphﬂtphat la 1:1. Tuf(mg tu nhu phen
nhom, mot lwong 16n cua Fe doi hoi dé ket tua phnt pho va phan Umg véi do
kiém trong nudc thai. Phan tng giira F e’" voi d6 kiém tu nhién nhu sau:

FeCl,.6H,0 +3HCO, —> Fe(OH), 4 +3CI"~ +3CO, + 64,0

Ty 1é khoi luong gitra Fe: P la 1,8: 1. Ty lé khoi lugng cua véi CaO
va P 1a 2,2: 1. Phan Ung gitta Fe*" vé4i kiém xay ra chim. Do vy, vOi
hodc mot s6 chat kiém khac co thé bo sung vao dé ting pH va cung cap
ion hydroxyt dé keo tu tot hon:
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2FeCl,.6H,0+3Ca(OH), — 2Fe(OH)\ +3CaCl, +12H,0

Ca ion Fe’" va Fe’" duogc sur dung dé két tua phét pho. Ion Ca®’
phan tmg véi ion phot phét khi ¢6 mat ion hydroxit dé tao thanh hydroxyl
apatit. Hinh 8.7 dudi ddy mé ta so d6 xur 1y phét pho nhiéu giai doan két
hop phuong phap CEPT va suc khi.

FelA
May tron

y R
’ Bé ling cit | ‘

Hinh 8.7: Khir phot pho bang phuwong phap CEPT két hop phuong
bun hoat tinh

8.3.2.3. Xac dinh cac hang s6 sinh hoc

Hang s6 hiéu suit té bao (¥) 1a mot trong nhing tham s6 quan trong
su dung trong mo hinh dong hoc sinh hoc. ¥ biéu dién khoi luong cua
sinh khoi tao ra tren mdi chit nén bi ker Téc do phan ra nQ1 bao, kd, cua
sinh khoi miéu ta toc do sinh khdi mat di do ho hap no1 bao. HE so hiéu
sudt té bao Y, va tdc d6 phan ra ho hap noi bao, ky, 1a nhimg tham sé quan
trong d¢ phan doan su tao thanh bun thai hoat tinh. Trong qua trinh BPR,
phot pho bi khir ¢ trong dang bun hoat tinh.

Ty luong gitra chat hiru co tiéu thu va vi sinh vt tao ra ¢6 thé duoc
biéu dién bang phuong trinh:

ﬁ—rﬁ—k X (8.18)
dt dt

Trong dé:

X — nong do cua chat ran lo lung bay hoi tron lan chat long
(MLVSS), mg/l; t — thoi gian, ngay; S — nong do chat nén, mg/l; Y — h¢
s0 hiéu suat, mg VSS/mgCOD:; k; — hang s6 phan rd ho hap ndi1 bao, 1/d;

Phuong trinh nay c6 thé duoc viét sau khi chia cho X

dX dS
ﬁ=},ﬁ—‘ka‘, (8;’9)

hoac:
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A
M =Y —— 3 —k, (8.20)
Xm XAt

Trong dé, YAt 1a lvong khéi luong té bao riéng sinh ra trong mot

don vi thoi gian, 1/d; va E 1a toc do st dung chat nén riéng, U (1/d)

- A g 9 " Eo - - AX . .
Toc do tang truong cua khoi luwgng sinh vat, v dugc biéu dién
[

nhu toc do ting truong riéng, pu (nghia 1a, toc do ting truong trén don vi
trung binh cua sinh khoi trong mot khoang thoi gian.

Nhu vay: u=YxU-k, (8.21)

Xac dinh ¥ va k; bang phwong phap gian doan

Céac tham s6 Y va k, chu yéu anh huong dén su tao bun hoat tinh va
c6 moi lién hé tuong dbi it dé phan doan chat luong cua dong ra. Tuy
nhién, khir P trong qua trinh BPR xay ra qua thai bun hoat tinh, do vay, Y
va k4 1a nhimg tham s6 quan trong trong thiét ké BPR. Dé xac dinh Y va
kqc6 thé st dung phuong phap thi nghiém gian doan va do su thay doi
cua VSS dé xé4c dinh sy tang trudng cla sinh khoi. Nhu vay, bé phan ung
phai duoc khuay tron manh trude khi lay mau dé phan tich ¥SS va COD.
Gia tri cua S va X duoc chon tir phan ban dau cua dudng cong tai do sinh
khéi & pha ting truong logarit. Cac s liéu nay duge chuyén d6i thanh U
la toc do s dung chat nén va u, toc do ting truong riéng, doi véi mot
khoang thoi gian (At tir i -1 cho tdi /) bang cach st dung phuong trinh
sau day:

. (Si—l _S:)’f‘&ri (8 22)
(X +X)/2 |
(X=X, ) A (8.23)

S T

Vé do thi cua moi lién hé tuyén tinh gitra gva U co thé xac dinh ky
va Y. Trong do, ¥ bang d6 dbc cua do thi, ka bang khoang cach tir diém
goc dén diém cat cua duong ngoai suy cta do thi va truc tung,
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L~

Ky

Hinh 8.8. Do thi tuyén tinh moi quan hé giita U va u

8.4. XU LY NUOC THAI BANG HO SINH HOC

Sur dung cac bé ¢6 do sau it d¢ xu 1y nudce thai bang cac qua trinh tu
nhién va duoc xem nhu qua trinh xur 1y bac hai, hodc xu 1y bac ba.

Xir Iy nude thai bang ho sinh hoc ¢6 toc d6 oxy héa nude thai cham
hon cac h¢ thong ky thuat.

8.4.1. Cac loai ciia hd sinh hoc
- Ho ky khi
Khir COD bang lang, sau d6 bun dugc phan huy & lop day.
2- Hotay ¥

Vi khuan phan huy chat thai, st dung oxy va tao khi CO», alga sur
dung CO; va tao ra O,.

3- Ho trudng thanh
Khtr trung.
H6 sinh hoc dugc phan bd theo hinh 8.9.

Nwoce thai Hi"-} ".uu.ng
! thanh

Hinh 8.9. Phén bé hé thong hé sinh hoc

8.4.2. Ho ky khi

H6 ky khi chi yéu 1a ho léng tai trong chat thai cao. Chét rin thiéu
oxy lang xudng ho. Phan huy ky khi bun xay ra ¢ day ho.
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8.4.2.1. Qua trinh phan huy ky khi

1- Thity phén (hydrolysis), cac hop chat hiru co phire tap (proteine
polysaccaride (duong da vong) bi pha v& thanh cac hgp chat don
gian boi vi khuan.

2- Men hoa (sinh axit), oxy hoa cac axit béo va alcol. Men héa cac
amino axit va carbonhydrate tao thanh cac axit béo bay hoi va hydro.
Vi du:
Puong (gluco) tao thanh axit acetic:

C,H,,0,+2H,0 - 2CH,COOH +4H, + 2CQO,

Hoac axit propionic va axit butiric khi néng do H> cao:

C.H,,O, + H,O— CH,CH,COOH +3CO, +10H,
C.H,.0QO. — CH,(CH,),COOH+2C0O, +2H,
(axit propionic) (axit butyric)
3- Sinh acetic, chuyén cac axit béo phirc tap thanh axit acetic:
CH,CH,COOH +2H,0— CH,COOH + CO, +3H,
4- Phdn ting tao metan, chuyén axit acetic thanh metan va CO»; Hs
va CO, thanh metan:
CH,COOH — CH , + CO,
CO,+4H, -»CH,+2H,0
O nhiét dé 16n hon 15°C, su phan huy sé tao ra du khi sinh hoc

(biogas) gy ra ndi bot trén bé mat. Thanh phan biogas bao gom 70%
CH,4 va khoang 30% CO,.

Dé phan huy chét thai tich liy trong ho va can lam sach hoan toan,
thoi gian can tir 1 — 3 nam.

Thoi gian luu nude ngan ¢d 1 ngay, do sdu cua ho tr 2 - 5 m
(thuong 1a 3 m).
8.4.2.2. Thiét ké hé ky khi

Thiét ké ho ky khi thuong theo kinh nghiém: dya trén tai trong thé
tich (gBODfmj.a’) va nhiét do khong khi toi thiéu vao mua dong, 7,

T, 510% tai trong= 100 g BOD/m’.d
T, ~ 20°C 300
T, 208°¢C 350
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100 g BOD/m’.d vao hd sau 3m = 3000 kg/ha.d

pH 1a tham s6 anh hudng 16n dén ho ky khi:

O pH = 7, ho hoat dong t6t.

Luu huynh, S, tr¢ thanh ion bisulfit (HS ) khong ¢6 mui.

Khi pH thap (dudi 7), H,S tao thanh va giy ra mui.

Duéi pH = 6.2, gy doc ddi v6i vi khuan ky khi.

Phan bd céc thanh phan cua luu huynh trong ho sinh hoc dua ra
trong hinh 8.10.

A 16 —-——_._.__HK\ T T T ’ T
.\\‘ /
i - '\\" -
\ [
\
ol - -
.ﬁ Has \',5 _ ff 3
£ \ £
, \\
X+ , g -
H O
o . , .
5 t T K 2 10 I

Hinh 8.10. Phén bé ciia luwu huynh theo pH

8.4.3. HO tuy nghi
Tai trong nude thai thap hon nhiéu so véi ho ky khi, tir 00 — 400
kg/ha.d ciia BOD.
T& bao méi
-

Tao ( algae)

Vi kehuidin

BEOD / Té bao méi

Hinh 8.11: Hoat déng ciia hé tiy nghi
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Nuéc ho trong dicu kién hicu khi va c6 mat do rong tao 16n, tao ra
OXy bang phan tmg quang hoa khi ¢6 anh nang mat troi. Lugng oxy sinh
ra dé oxy hoa nudc thai bang vi khuan (hinh 8.11). Bén duai Ia:rp nuéc bé
mat la l16p day ky khi tai do 16p bun bi phan huy. HO tuy ¥ ¢o thé hoat
dong nhu la ho xtr 1y so cap (khong co ho ky khi dé xir 1y so bd) hoic l1a
ho xur 1y béac hai (sau ho ky khi). Ho hoat dong thay déi theo hai hudng:
thoi gian va khong gian.

8.4.3.1. Sw thay doi theo khong gian trong ho tuy nghi

Rong tao doi hoi anh sang nhung d§ sau cua vung anh sang (anh
sang truyén qua) c6 thé bi gio1 han trong hé do lugng rong tao phat trién
manh va d6 duc cua nudc. Anh sang truyen trong nudc chi dat dén do sau
khoang 30 c¢m. Rong tao c6 khuynh hudng di chuyén toi mirc anh sang
ti uu trong ho. Nhing vat khong tu di chuyén phai nho ¢6 gié khuay
tron dé diéu hoa ving cé anh sang. Gid cung la mot nguyén nhan xao
tron oxy tur vung quang hoa to1 d sau cua ho6. Trong ving nhiét déi, ho
c6 cac tang nhiét do khac nhau va c6 thé quan sat dugc & do sau 1.5 m.

e Vao budi sang — gié khuay tron, nhiét do dong nhat theo do sau.

e Vio gitta ngay — am & bé mit, khi c6 gi6 tao thanh cac 16p phan bo
nhiét khong déu: nong ¢ bé mat, lanh phia duon.

e Vao budi t6i — trén bé mit mat, khi c6 gié xay ra thi 16p nudc bé
mat mat hon l6p day.

Do siu t6i wu cho alga di chuyen — khong Ién trén be mat (vi qua
nong) hoac khong qua sau (qua t6i) — ving t6i uu o tir 30 dén 50 cm dum
bé mat. C6 su thiéu hut oxy, & do sau tai do DO bang khéng, va tang
thiéu oxy di chuyen lén trén hay xudng dudi trong ngay (hinh 8.12).
Ngoai tao ra oxy, vi khuan tiéu thu CO, din dén thiéu hut CO, trong cén
bang carbonat:

2HCO; - COF +H,0+CO,
CO; +H,0—CO, +20H"

Su lam giam pH sé glet chét vi khuan Fecal. Tir su bién dm DO do
duoc theo thoi gian co thé thay pH cta nudc va DO ting 1én vé ban ngay
do vay s€ lam giam Iwong Coliform. Khi tang BOD va TSS s€ 1am cho tao
xanh (chlorophyll-a) phét trién.

Chiéu séu ctia ho c6 tinh quyét dinh dén su phét trién cta vi sinh vat:

Néu do siu, 4 < 1 m, thyc vat va mudi phat trién. # > 1,8 m, ho
mang tinh chat anaerobic chiém wu thé.
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Hinh 8.12: Sw thay doi nﬁng do DO vao ban ngay trong ho tuy nghi

8.4.3.2. Thiét ké ho tuy nghi

Trong thuc té, hd duoc thiét ké theo kinh nghiém, dua trén tai trong
dién tich (kg BOD/ ha.d) 1a ham cua nhiét dg. Tai trong BOD do61 voi ho
tuy nghi ¢ nhi¢t do khac nhau dugc dua ra trong bang 8.4.

Bing 8.4: Tai trong BOD doi véi ho tuy nghi

Nhiét d¢ trung binh DP9 sdu cua nudée Tai trong BOD

ciia muia déng, °C (m) (kg/(ha.d)
<0 1,5-2,1 11—22
0-15 1,2-1,8 2245
>15 1,1 45 - 90

Neuon USEPA (1974)
Thoi gian luu nude cua hd duoc xac dinh bang cong thire:

tr dugc lua chon phu thudc vao nhiét dé:
t, > 5 ngay d6i véi T < 20°C.
t, >4 ngay dbi voi T > 20°C.

221



http://sachviet.edu.vn

Dién tich bé mat doi hoi ctia hd tuy nghi dugc xac dinh bﬁ“ing cong thirc:
_ Q(BOD)

8.24
(LR)(1000) (3.29)

Trong do:

A — dién tich doi hoi cua hé tuy nghi, Aa.

BOD — nong d6 BOD trong dong vao, mg/!

O — luu lugng nudc thai vao, m’/d.

LR — tai trong BOD d6i vé6i nhiét d6 trung binh ctia mua dong, kg/ha.d.
1000 — hé s6 chuyén doi, 1000 g = 1kg

8.4.4. HO trudmg thanh

Ho truong thanh dugc sur dung dé khir vi khuan va vi rut gdy bénh.
Do6i véi vi khuan Ecoli ¢6 thé bi khir dén 6 don vi log (6 s6 99, 9999%)).
D&i v&i virus c6 thé khir 99,9997%.

Co ché khir vi khuan trong ho truéng thanh:

Khir bang 4nh sang mit troi — anh sang UV va su tao thanh goc
HO® khir hoat tinh cua vi khuan.

pH cao ciia nude ho ciing 13 tic nhan tiéu diét virus.

Ho truong thanh thuong c6 d6 sau gan 1m va thoi gian luu téi 10 ngay

CAU HOI ON TAP VA BAI TAP
Céu héi 1y thuyét
1. Trinh bay qua trinh nitrat hoa va khir nitrat

2. Giai thich tai sao dé khir phdt pho lai phai qua qua trinh ky khi —
hiéu khi ?

3. Trinh bay qua trinh xir Iy nude thai két hop khir N va P.

4. Xu ly nude thai bang ho sinh hoc ty nhién 1a gi? Miéu ta tom tat
hoat dong va muc dich cua cac loai ho sinh hoc.

Bai tap

1. Phén nhom dugc cho vao bé suc khi cua qua trinh bun hoat tinh
truyen th{mg dé loai phnt pho. G161 han m:mg do tong ph{]t pho ¢ d:}ng ra
1a 0,5 mg/l. Liéu luong cua pheén nhom thém vao 1a 140 mg/l. Tong nong
d6 trung binh ctia phot pho la 10,0 mg/l va 9,0 mg/ d6i voi dong vao va
dong ra (dong vao cua bé suc khi) cua b¢ lang trong bac mot. Xac dinh ty
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I¢ mol cua nhom va phét pho va ty 1é khoi lwong cua nhém cho vao
lugng nhom trong nude thai. Xac dinh lugng bun tao ra, gia st 0,5 mg//
chat ran sinh hoc dugc sinh ra boi 1mg/l do khit BOD va sit dung céc s6
lidu cho sau day doi véi bé suc khi (vdi liéu luong cua phén nhém)

BOD vao = 148 mg/[
BOD ra= 10 mg/l
TSS vao = 140 mg/I
TSSra=12 mg/l

Ngoai ra, can xac dinh su ting san lugng bun cua xu 1y sinh hoa so
voi xu ly sinh hoc, gia su 30 mg/l d6i vGi TSS va BOD trong hé thong
truyén thong.

2. Thiét ké mot ho tily ¥ & nhiét do 6n hoa khi luu lugng nude thai 1
3800 m’°/d va nong dd BODs bang 200 mg/I.

a) Chon d6 sau cua ho thich hop.

b) Tinh dién tich bé mit ctia ho dua trén tai trong dién tich BOD:s.
¢) Tinh thé tich ho va thoi gian luu nude.

d) Tinh tai trong thé tich (kg BODs/(1000m’-d).

¢) Néu nhu sy phan hiy trong ho tuy ¥ c6 thé duoc xem 1a qua
trinh bac nhét v6i tée d6 phan ra 12 0,2 &”. Nong dd6 BODjs trong
nuoc ra tir ho sé bang bao nhiéu?

3. Luu luong thiét ké cua ho tiy v cho mdt thanh phd nho la 1100
m’/d vGi nong d6 BOD bang 210 mg/l. Nhiét do trung binh cua mua dong
bang 10"C. Hay thiét ké ba hé thdng hd véi tai trong chét hitu co nho hon
80 kg/ha.d trong ho thir nhat. Xac dinh thoi gian luu khi d6 sau trung
binh cta bun bang 0,5m. Cho biét 2,0 mm nudc bi mat do bi tham va bay
hoi méi ngay.
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] Chwong 9 )
BUN SINH HOC VA ON DPINH BUN

Muc tiéu chwong 9. Sau khi hoc xong chwong nay, sinh vién nam dwge:
o Tinh chat cia bin sinh hoc.
Qua trinh 6n dinh bin sinh hoc bang phwong phdp ky khi
o Cdc quy trinh cong nghé xit Iy va on dinh bun sinh hoc.

o Tinh todn thiét ké hé thong xit Iy bin thai

9.1. BUN SINH HOC

Thanh phan dién hinh cua bun sinh hoc dugc dua ra trong bang 9.1.
Cac dang bun sinh hoc tao ra trong qua trinh xu 1y nudc thai:

o Bun so cap: chat ran hiru co, cat, cac hat v6 co min, dau, mui, chat
long dac, bao gom 1% bot, nong dd chét ran 4% - 6%, VSS: 60% -
80%.

e Bun hoat tinh thdi: sinh khoi mau nau toi, lo Iung khong co hai
nhung sau d6 c6 mui khé chiu. Nong d6 chat ran tir 0,5% — 1,0%,
VSS: 60— 80%

Bang 9.1. Thanh phén cua bun sinh hoc

Thanh phan Bun so cap | Bun hoat tinh Bun phén
(WAS) hity
pH 50-6.,5 6,5—7.5 6,5 ~1,5
Téng chat ran kho, % 3~8 0,5~ 1 5~10
TVS, % khéi lugng kho 60 ~ 90 60 ~ 80 30 ~ 60
Ty trong cua hat bun, 1,3~1,5 1,2~1,4 1,3~ 1,6
Ty trong thd 1,02 ~ 1,03 1,0 ~ 1,005 1,03 ~ 1,04
BOD/TVS 0,5~1,1 - -
COD/TVS 1,2~1,6 - -
Do kiém, mg/l theo CaCOs | 500 ~ 1500 200 ~ 500 2500 ~3500

e Bin loc chdm: tuong tu nhu bun hoat tinh thai, nong d6 chat rin:
4% - 5%, VSS: 45% — 70%
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* Bun phéin huy ky, khi: mau den, ddc quanh, mui giémg dat vuon,
VSS: 30% - 60%; chat ran: 3% -12%.

e Bun hoat tinh phin hiity hiéu khi: mau nau t6i, chat ran: 1% - 2%,
VSS: 35% - 40%.

e Ban khir nwée co hoc: chat rfm: 15% — 40%. Chat ran sinh hoc —
sau khi xtr Iy 1a nhitng san pham co ich duwoc su dung lam phén
bon, tang dg phi nhiéu cho dat trong.

9.2. PINH LUQNG CHAT RAN (BUN)

Tong chat ran tao ra trong qua trinh xu ly nudce thai duge xac dinh
bang cong thirc:

Wy= W+ W,y (9.1)
Trong do:

W,— tong chat ran kho, kg/d
W — chét ran so cép tho, kg/d
Wy — chat ran thir cap tho, kg/d
W =1 SS.Q
f- phén chat ran lo Iung bi loai trong 1§ng bac mot
f~0,4 t6i 0,6, thuong bang 0,5 doi vai nude thai sinh hoat
SS — nong d6 chat ran lo lung trong nude thai, mg//
O — lwu luong, m’/d

W, =K. BOD. Q (9.2)
K- phan BOD cua nudc thai tro thanh sinh khdi (biomass)
K =03 —0,5 (d61 voi F/M = 0,05 — 0,5 kgBOD/ kg MLVSS.d)
K thap ddi véi AST va RBC suc khi ting cuong.

9.3. HE THONG XU LY BUN

Hé thong xtr 1y bun dugc minh hoa trong hinh 9.1, bao gom qué
trinh xur 1y sinh hoc (tao ra bun hoat tinh). Bun duoc tap trung & bé thu
bun sau khi duoc c¢6 dac. Tiép theo 14 qué trinh phan huy bun, lam mat
nude va chon lap.
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Nude
thai

Nuoc xu ly

Aeration Bé ling

l . ac I

=

Bé ling
bac I

5 i Bun thai
T'uan hoan bun

C'6 dac bun I

Phan
huy bun

Hinh 9.1: H¢ théng xir Iy bin hoat tinh

Qua trinh 1am ddc bun ciing c6 thé xay ra sau khi tréon bun so cap
va thir cap. Chat ran sinh hoc rat khoé tach khoi nuée do cac nguyén nhan
sau day:

- Nudc dugc giir trong cau tric cua bong tu.
- Nudc bi hap thu boi hat bun.
- Nudec chira trong céc té bao vi khuan.
Tuy nhién, bun so cap chira cac phan tir kich thudc 16n nén dé tach
nudc.
9.3.1. Bé ling bun

.. pé Ifmg bun (lam dam dac bun), bé léng bun hoat dong ¢ trang thai
on dinh va q‘ugc minh hoa trong hinh 9.2. M{t bé lam dam dac bun ly
tuong bao gom co hai ving:

e Vung lam trong: cac hat riéng biét lang tr nudc thai (lang loai I va
loai II)

e Ving nén bun: ting dot ngdt nong do chat ran va ving nén (lang
loai IIT va loai IV)
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Q. (chay tran)

[

Vang nude trong
sssmsnnnnnnnnnnnnnnnn) O
Vang dinh

SRS RS EE RSN EE R A P‘ Uﬁngnéﬂbﬁn
Yung nén

Q+ Qu

Qr ( tudn hoan)
Hinh 9.2. Cdc viing phin l6p trong bé cé dic bun

Trong vung lam trong, chét rin khong tiép xtc voi nhau. O vung
nén bun, chat rin lién két vi nhau do vay can phai nén ching lai va day
cac phan tu nude ra khor chat ran. Su lan}:, ctia chat ran trong vung nén la
mot ham cua nong d6 chat rin. Téc d6 lang cua chit rin c6 thé xéac dinh
bang thuc nghiém, (xem phan thiét ké bé lang bac II).

9.3.2. Nén bun
I- Nén bin bang trong luc

Piy la phuong phap khéa pho bién. Nguyén tic cua phuwong phap la
cao bun, pha v& hat bun va giai phong nuée. Bun so cap dugc nén tir 4%
— 8%, bun hoat tinh dugc nén tir 1% - 3%. Hon hop bun so cap va thir
cﬁp dugc nén tr 4% - 6%. Bun nén duogc rut ra ¢ day, nudc trong rut ra ¢
phan trén va cho tuan hoan lai bé 1am trong dot .

Tiéu chuén hoat dong:
- Chat ran ap trén don vi dién tich day, d6i voi:
- Bun thir cap: 100 — 150 kg/m”.d
- Bun thit cap + AST: 40 — 80 kg/m".d
- Bun AST: 20-40 kg/m”.d
- Chat ran trong bun nén chiém tir 90 — 95%

- Lop bun ¢ day c6 do sau Im dam bao cho bun nén chat (thoi
gian luu bun, 6. = 24h)
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2- Tuyén néi khi hoa tan (DAF)

Phuong phap tuyén noi khi hoa tan hau hét duoc ap dung véi chat
ran ¢6 do noi trung gian, vi du nhu bun hoat tinh. Khong khi hoa tan trong
nudc thai & ap suat cao. Khi nudc thai di vao bé, khong khi thoat khoi
dung dich va hoat dnng nhu hat nhan ngung tu (hinh 9.3). Nhimg bot khi
bam vao chat ran ndi 1én bé mat, & d6 chat ran tao bot di qua dap. DAF la
mot ky thuat lang don gian. Bun nén chira khoang 3% — 6% chat ran. Cong
ngh¢ DAF khong phu hgp cho bun so cap hoic lcr{: cham. Tai trong dién
hinh chat ran cua cong ngh¢ DAF bang 240 kg/m .d. Néu polymer thém
vao dé 1am chat trg noi chat ran c6 thé loai dén 90% — 98% chat ran.

Van kiem soét van 4p suat

Dong ra I‘ - JE?

|| Bun
: ndi

L&i vao

3
Thai bun

Bom nén
Bé bio hoa

Bin

diét_;

khién

khd ' i

May nén

Hinh 9.3. So db tuyén néi DAF

Uu diém ciia DAF:
e Su dung mit bang c6 dién tich nho

e C6 kha nang xu Iy su thay doi 16n chat vd co va hitu co va dong
chat thai hoa tan

e Thoi gian luu thap
e PO trong cao ddi hau hét cac loai nudc thai
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e D¢ dang lam sach va bao dudng

¢ Bun c6 mat do cao ¢6 ham lugng nudc thz:ip
e Gia thanh thiét ké thap d6i voi luu lugng nho
3- Nén biun bang ly tim

Ly tam la qua trinh tach chat ran ra khoi chat long bang cach sir
dung luc ly tdm. Bun duoc ly tim dé chat ran dam dic (co thé thém
polymer) bun nén tir 5% — 8%. Phuong phap nay tiéu tén ning luong va
chi sir dung khi khéng gian hep.

4- Nén bun bang béng tdi trong luc
Bun dugc xu ly vo1 polymer dé tao bong sau d6 van chuyén toi
bing chuyén c6 16 ké tiép lién tuc. Nude duoc tach ra khoi bun dudi téc
dung cua trong luc (hinh 9.4)

Difu chinh bing
ta

Bé keo tu

Bin ] Bom biin 43 nén
. Loc va t& nude

tha

Hinh 9.4: H¢ thong nén bun bang tdi trong luc

9.4. ON PINH BUN

Qua trinh xu ly chét ran dé lam cho ching o6n dinh, nghia la bun
khﬂng bi phan huy tiép tuc, khong bi thoi rira. On dinh bun dé khir mui
va vi sinh vat gy bénh.

Cic qud trinh dwoc lwa chon dé én dinh bun:
e Phén huy ky khi
e Phan huy hiéu khi
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¢ Phan trdn (composting)
e Bén hoéa kiém (trén voi)

e Thiéu dot

9.4.1. Phan hiiy ky khi

Phuong phép phén huy ky khi dugc sir dung kha phé bién dé on
dinh bun. Cac giai doan phan huy ky khi bao gom:

1) Thuy phan phan huy cac chét hitu co phtrc tap
2) Sinh axit (len men) tao thanh cac axit béo bay hoi
3) Acetic hoa, phan huy céc axit béo phuec tap thanh axit acetic

4) Metan hoa, chuyén axit acetic thanh CO, va CHy

Sinh axit Tao metan
Cahon hydrat, Glucd, Azt acetic, V1 khudn,
Protei, Azt amino, At Cac hop
Lipid, Axit béo, propionic, chét hiru
c4c hop chét POy Lactic + té cor bén
hitu co phit bao
pho hda

Hinh 9.5. Qud trinh én dinh bin

Toan bd qua trinh 6n dinh sé phan huy khoang 40% — 60% VSS.
Luong VSS bi phan huy phu thudc vao tinh chat cua bun — phan tram
phan huy thap khi cac chat hitu co phitc tap va kho phan huy cO mat
trong bun. Hinh 9.5 mé ta qua trinh phan huy bun ky khi bang vi sinh vat.
Phan (g tong quat cua qué trinh 6n dinh bun ¢6 thé duge biéu dién trong

hinh 9.6.

Vi du, phan tmg dic trung doi véi glucose (mot carbonhydrat va
duong don gian):

CsH 206 + H O — 2CH3;COOH + 4H, + 2CO,
CH;COOH — CH, + CO;
CO, +4H, —» CH4 + 2H-0
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, Nang
£ .. Té llr;j‘ng'
9hat 4+ Kethop Ancxcrabes\ bao 4 chote 4 CHa+CO,
hitu co 0XY Y méi bao
A
T 4+ Céac f{i;}phém
ac
COF", SO, NOs, POF
H3S, H3, N3

Carborhydrate, axit béo, proteine, ddu

Hinh 9.6. Phdn irng tong qudt ciia qud trinh on dinh bun

Qua trinh phan huy ky khi

Qua trinh phan huy ky khi dién hinh d6i v6i cacbonhydrat, protein
chat béo va dau m& duge biéu dién nhu sau:

¢ (Cacbonhydrat - Pudng don gian — alcohol, aldehydes — axit htru co
¢ Protein — amino axit — axit htru co + NH3

e Protein: phan tir phirc tap 16n cua C, H, O, N va ¢6 thé chira P, S.

¢ Amino axit chita nhém amino:

e Chat béo va dau m& — axit hiru co.

Cac axit htru co tao thanh tu sy phan huy la cac axit bay hoi co
khoi luong phan tir thap co thé thoat ra ¢ ap suat khi quyén. Vi khuan
sinh metan (Methanogenic bacteria) ¢6 ¢ khap moi not trong tu nhién ¢o
thé tao ra phan mg smh metan ngay lap tire. Tuy nhién, véi nong do vi
khuan rat thap nén can phai gdy “mam” vi sinh vt trong bé ky khi cho
chung khot dong. Vi khuan anaerobic khac khoi dong nhanh hon wi
khuan sinh metan va co thé tao ra axit béo bay hoi. Hai loai vi khuan nay
phat trién dong thoi trong bé phan tmg ky khi. Vi khuan sinh metan bj trc
ché & pH < 6,5. Vi khuan 1én men va sinh axit bi e ché & pH < 5. Gitra
pH 6.5 va pH 5, lugng axit bay hoi sinh ra voi nong do dat t61 2000 —
6000 mg/l. Bun tr¢ thanh “chua”- tinh axit. Vi khuan sinh metan rat nhay
cam vo1 nhiét d¢ va pH. Hinh 9.7 trinh bay cac trang théi 1én men metan
ctia chat thai c6 thanh phan phirc tap. D6 kiém cua bun thay d6i pH do
qué trinh trung hoa lugng axit sinh ra:

R—-COOH+ HCO; - R-COO +H,0+CO, (9.3)

Kha nang duy tri dém pH ctua hé giam xunng do mét phan HCOy
bi mat trong qua trinh trung hoa. pH sé thay do6i rat manh khi d6 kiém

231



http://sachviet.edu.vn

theo CaCO,;‘ trong hé nho hon 1000 mg/l. Bo kiém duoc duy tri trong hé
anaerobic bang hai céch:

1. Tir san phﬁm phu, khi CO:
CO, + H,O < H,CO, <> H" + HCO; (9.4)
2. B6 sung NaHCO;

Thuy phan va lén men

l 20 % 76 % 4 % l
52 9% Axit hh 24 %
co bac o H-
cao hon -
72 % 28 %
<

Hinh 9.7. Phdn trdm cdc qud trinh phéan hiiy chat hitu co phirc tap
trong qud trinh ky khi

Chia khoa dé thuc hi¢n thanh cong trong xw ly ky khi la giiv cian
bang vi khudn sinh metan va vi khudn sinh axit béo. Do viy, phai
kiém soat pH dé theo doi trang thai cua hé

9.4.2. Céc diéu kién cho phén hiiy ky khi

Hiéu qua cua phan huy ky khi phu thudc vao cac yéu to nhu nhiét
d6, pH, d6 kiém, axit béo bay hoi (VFA), cac hop chat trc ché, v.v. Bang
9.2 dua ra cic tham s6 dic trung trong qua trinh 6n dinh bun bang
phuong phap ky khi.
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Cac hop chit e ché trong qua trinh ky khi

Nong d6 cao cia mét s6 kim loai, khi amonia va sulfit 1a nhiing
chat e che cia qua trinh ky khi (bang 9.3). Khir H»S ¢6 thé st dung
muoi cua sat (FeCl, hodc FeSO,):

FeCl, + H,S — FeSJ{ + 2HCI
FeSO4 + H>S — FeS4 + HS,0,

Khi hydro ¢6 thé ngin can qué trinh sinh metan va acetat nhung bi
ticu thu bo1 CO,. Do vay, h¢ can phai dat dugce sy can bang cua cac khi
trong qua trinh hoat dong trong bé ky khi.

Bing 9.2. Cdc tham soé trong on dinh biin bang phwong phdp ky khi

Tham sé T6i wu Vung sir dung
Nhiét do 35°C 29 - 35°C
pH T—7,2 6,7-17,4
Do kiém (Alk) 1000 — 5000 mg/1 theo CaCOs;
: : 50 — 250 mg/] cua axit acetic
Agithay o (& 200 mg/l cc dai)

Thanh phan khi | 55— 75 % CHy

50- 75% VSS

Khir chat rin
25 —45% TSS

0,75—1,1 m*/

SUEIIGUEI. |4 088 whin Tt

9.5. PHAN HUY HIEU KHI

Qua trinh phan huy hiéu khi twong tu nhu qué trinh bun hoat tinh
(hinh 9.7) va ¢6 mét s6 vu diém so vdi qua trinh ky khi nhur sau:

e Gia thanh dau tu thap
o It gdp kho khian trong qua trinh hoat dong
e [t kiém soat va bao dudng

Nhuwoe diém:

Can nhiéu nang luwong cho suc khi va khuﬁy tron, khong tao ra khi
metan la mot loai khi ¢6 lgi cho san xuat nang lugng. Ham lugng chat
ran cua bun thap, thé tich bun 16n hon va kho loai nuoc.
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nhuw hoat dong ciia bé AST

Phén hiiy biun bang phwong phdp hiéu khi dwoc siv dung ¢ nha mdy
xuw ly nwéc thai nho. Hoat djpng phan huy bun hiéu khi twong tw

Bing 9.3. Cic chit irc ché trong qud trinh ky khi

Chit Nong do rc ché | Nong dd e ché
trung binh (mg/l) | manh (mg/l)
Na~ 3.500 — 5.500 8.000
K™ 2.500 - 4.500 12.000
G 2.500 - 4.500 8.000
Mg 1.000 — 1.500 3.000
N-NH; " (phu thudc vao pH) 1.500 - 3.000 3.000
H,S 200 200
Cu - 0,5 (tan)
50 — 70 (tong)
Cr(VI) - 3,0 (tan)
200 — 250 téng
Cr(T1T) ’ 180 — 420 (tbng)
Ni - 2,0 (tan)
20,0 (tong)
Zn - 1,0 (tan)

Thoi gian luu bun Xap Xi bang 40 ngay ¢ 20 ’C, 60 ngay 0’ 159
Tai trong chét ran bay hoi (VS) x4p xi bang 1,6 — 4,8 kg VS/ m ' d. (cao
hon so v&i phan huy ky khi). Hoat dong cua vi sinh vat chu yéu trong giai

doan ho hap ndi bao.

Bé hiéu khi

—A—b[ Bé lang dot I }‘_

Phan huy
hiéu khi

Gan bun

Hinh 9.7. Hé thong én dinh bun bang phwong phdp hiéu khi
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Cac phan &ng hoa hoc xiy ra trong phéan hiiy hiéu khi
e Phan huy sinh khoéi:
CsH7NO; + 50, —» 4CO; + H,0 + NHsHCO;
e Nitrat hoa:
NH,;" + 20, - NO;y + 2H" + H,0O

9.6. CAC QUA TRINH KHAC PE PHAN HUY BUN

Dé tach nude va 6n dinh bun, ngoai phuong phap phan huy ky khi
va hiéu khi da gigi thiéu ¢ trén, mot so phuong phap khac ciing da duoc
ap dung:

e Phoi kho bun ngoai khong khi hoac rai bun trén mot 16p cat tho.
Phuong phap nay thuong gay ra mui, chi thue hién duge khi mua
khd, can nhiéu mat bang va nhan luc.

e Phan compost bang cach tron voi chat htru co nhu mun cua, vo trau
lam phan bon kho.

e Loc ap suat.
e Lytam.

e Lam khé bang san phoi cat.

CAU HOI ON TAP VA BAI TAP
Ciu hoi ly thuyét
1. Thé nao la bun so cap, bun thir cap? Tinh chat ctia bun sinh hoc?
2. Hay dua ra cac k¥ thuat cong nghé xu 1y bun sinh hoc.
3. Trinh bay qua trinh 6n dinh bun.
Bai tap
1. Xac dinh luong chat rin tao ra trong xir 1y so cap va thir cdp & nha
may xir 1y nude thai bun hoat tinh.Gia sur bé Iang so cap loa1 65% TS va

33 % BODs. Xac dinh thé tich bun trong hai bé Eang blet rang & moi bé
lang so cap va thir cap tuong tmg chira 6 va 12 % chat ran. Cho biét:

- Luu lugng trung binh nuoc thai = 3785 m ’/d; TSS cua dong vao bé
SO cap 240 mg/l; BOD vio bé so cap 200 mg/l; BOD dong vao bé
thu cap = 30 mg/l; TSS dong vao bé thu cap 24 mg/l; Y = 0,23 kg
bun ran trén BOD khur.
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1 2. Xac d:inh' thé tich bun bi giam khi bun duoc nén tur 4% to1 7% theo
nong do chat ran. Luong bun sinh ra hang ngay 1a 100 m’.

3. pH cta hé thong xir Iy bun do duoc bang 6,3. Can bao nhiéu NaOH
dé lam pH cua bun ting 1én 7,02 Thé tich cua bé xur 1y bun bang 378 m’.
Két qua thu dugc tir thi nghiém jar test cho biét cir thém 36 mg NaOH
vao 2 lit jar test, pH s€ tang Ién 7,0.

4. Xac dinh kich thuéc bé ky khi can thiét dé xu 1y bun so cap & cac
diéu kién cho dudi day, st dung bé tron 1an hoan chinh. Ngoai ra, hay
kiém tra tai trong va dinh luong khi metan va tong lugng khi tao thanh.

Luu luong thiét ké: 3785 m’/d; chit ran kho khur: 0,15 kg/m : khu
BODu: 0,14 ffg/mj ; ty trong cua bun: 1,01; lugng chit rin cua bun: 5%;
Oc:15 ngay; nhiét do: 35 °C; ¥: 0,5 kg té bao’kg BODu; Ke: 0,04 d”;
Hiéu suat sir dung nudc thai: 0,66.

5. Xac dinh kich thude cua bé hiéu khi dé xu 1y bun so cap voi luu
lugng bun 590kg/d cong voi bun ky khi 1a 380 kg/d. Gia s bun da dugce
tron c6 ham lugng chat ran bang 3,8% va thoi gian luu 1a 18 ngay.

6. Parkin va Owen (1986) bao cao cac gia tri cua cac tham s6 sau day
do1 voi su phan huy ky khi cuia bun xur 1y bac I

Ks — hiang s6 bao hoa mét nira = 1,8 (1,12 %) [g COD/]; Mmax —

toc do tang truong riéng cuc dai = 0,27 (1, 035 - H"') [cf I k- toc do su

dung chat nén riéng cuc dai = 6 67 {1, [}35” ?5]) [d" |; k.— toc d6 hd hap

nd1 bao = 0,03 (1, 035" ?51) [d']; Y — hiéu suat té bau = 0,04[g VSS/g
COD]; T — nhiét do [°C].

Néu luu luong bun vao bé gap doi va nhiét do dong thoi giam tir 35
°C t6i 20 °C, vay nhtng ty 1€ gi s€ lam hé s6 an toan glam xunn,g'?
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Chwong 10
XU LY NUOC THAI BANG PHUONG PHAP
HOA LY

Muc tiéu chwong 10. Sau khi hoc xong chwong nay, sinh vién nam duwoc:
o Co so ly thuyét cia qud trinh hap phu
e Phwong phap trao doi ion
o Tinh todn thiét ké hé thong hap phu
o Tinh todn thiét ké thap khir khi

e Cac qua trinh oxy hoa bdc cao trong xut Iy meoc thai

10.1. HAP PHU

Hap phu la qua trinh trong do cac chét trong dung dich tap trung
trén mot bé mat thich hop; day 1a mot qua trinh truyén khoi cua cac thanh
phan trong pha long di chuyén t&i pha rin. Qua trinh hap phu xay ra theo
mot sO giai doan nhu sau: (1). Di chuyén chat tan trong dung dich, (ii).
Khuéch tan mang, (iii). Di chuyén vao 16 chat hap phu, (1v). Hap phu
hodc hap thu.

Hap phu c6 thé xay ra trén bé mit cla pha hap phu hoac trong cac
16 ¢6 kich thude 16n, nho hodc trung binh. Luc hap phu bao gom:

= Luc Coulombic

« Pién tich diém va ludng cuc.

= Tuong tac ludng cuc — ludng cuc.

« Cac phan tir trung hoa tich dién diém
* Luc London va luc Van der Walls.

« Lién két cong hoa tri.

« Lién két hydro.

10.1.1. Hap phu diing nhiét

Luong cua chat bi hap phu c6 thé bi hap thu boi chat hap phu la
mot ham so cua tinh chat, nong do cua chat bi hdp phu va nhiét do cua
moi truong hap phu. Céc tinh chat cta chat bi hap phu bao gom do tan,
cau tric phan tu, trong luong phan tu, do phan cuc va do bao hoa
hydrocarbon (d6i vdi chat hitu co). N6i chung, luong chat bi hap phu la
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mot ham s6 cua nfmg d6 ¢ nhiét do khong doi. Khi hap phy chat tan
trong dung dich ¢ nhiét do khong doi duoc goi 1a hap phu ding nhiét.
Nong d6 pha hap phu sau khi can bang dugc xac dinh theo biéu thirc:

- (C{]l B C{J)V

o

(10.1)

m
Trong do:

ge— nong d6 chat bi hap phu trén pha ran sau khi can bang, mg chat
bi hap phu / g chat hap phu

Cy — nong d6 ban dau cua chat bi hap phu, mg//

C, — nong do can bang con lai trong dung dich cta chat bi hap phu,
mg/l

V — thé tich cta chat long trong binh thi nghiém, /it
m — khoi lwong chat hap phu, gam.
Cic mé hinh hap phu dang nhiét

Cac md hinh hap phu dang nhiét dugc su dung dé biéu dién cac s6

liéu thi nghiém dang nhiét da duoc phat trién bai Freundlich, Langmuir,
Brunauer, Emmet va Teller (BET).
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1- Mé hinh hip phu diing nhiét Langmuir
Mo hinh hﬁp phu Langmuir duge dinh nghia nhu sau:

K,0'C
q. = € (10.2)
1+K,.C,

Trong do:
— dung tich hap phu khi can bang hap phu, mg/e.
~ hang s6 hay hé s6 Langmuir, lit/g;
0.” - dung luong hip phu cuc dai, mg/g
C,—nong do chat bi hap phu trong dung dich sau khi can bang, mg//

Ping nhiét Langmuir dwa trén mot s6 gia thiét sau day:

a. Hap phu don 16p, cac vi1 tri hép phu 12 ¢6 dinh c6 cung ning luong

trén bé mat chat hap phu.

b. Hap phu thuan nghich. Can bang hap phu dat dugc khi tnc do hap

phu cua cac phan tu 1én trén bé mat uhat hap phu bang toc do giai
hap phu cua phan tu tur bé mit chat hap phu di1 vao dung dich.
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Do thi cia mé hinh Langmuir theo biéu thic (70.4) duge biéu dién
trong hinh 10.1.

Q’

Qe

Ce

Hinh 10.1. Do thi cia mé hinh Langmuir

Cac h%ing so trong phuong trinh dang nhiét Langmuir €0 thé xac
dinh bang do thi cua C./(x/m) theo C, cua phuong trinh bac nhat;
& C
T R (10.3)
9. K, 9, 0,
Xay dung d6 thi tuyen tinh cua Ce/g. theo C., phan duong thang b1 chin
gitra tryc tung va do thi bang 1/K;0,” va hé s6 goc cua do thi bang 1/0,".

2- Phwong trinh hap phu dang nhiét Freundlich

\ Dé:i voi trudong hop ning luong bé mit cia chat hap phu khong
dong nhat, mé hinh Freundlich dugc sir dung:

= K_.C"" (10.4)
Trong do:

K — hé s6 dung luong Freundlich, (mg chat bi hap phu/ g chat hap
phu)(l lit nuwde / mg chat bi hap phu)

I/n — tham s6 cuong d6 Freundlich.

Moi lién quan giita gia tri »n trong phuong trinh Freundlich dua ra
trong hinh 10.2
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n>l

Hinh 10.2. Do thi ciia mé hinh Freundlich

Cac hing s6 trong dang nhiét Freundlich co thé dugc xac dinh bang
cach vé do thi log(x/m) theo C, trong phuong trinh bac nhat:

logg, =logk, +llogCE (10.5)
f

3- M6 hinh hﬁp phu BET (Brunauer, Emmett va Teller)

MO hinh BET gia thiét hap phu da 16p va nang luong gitra cac 16p
hap phu cén bang trir 16p hap phu dau tién. Cong thirc toan hoc cia BET
dugc trinh bay nhu sau:

KBCEQ;}
(Cs —COU+ (K —D(C, /Cs)}

q. = (10.6)

Cs- néng d6 bao hoa (do tan gidi han) cua chét tan, mg/l
Kp - tham s6 lién quan dén cuong d6 lién két d6i vai tat ca cac 16p

Khi C, << Cs, Kp>> 1 va K= Kp/Cs thi m6 hinh BET tiép can to1
mo hinh Langmuir.

Do thi cia méd hinh BET dua ra trong hinh 10. 3

Hinh 10.3. Pé thi ciia mé hinh BET
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~ Céc hing s6 trong hap phu ding nhiét BET ¢6 thé duge xac dinh
bang cach vé do thi Ce/(Cs-Ce)ge theo C, trong phuong trinh bac nhat:

C K,-1 C
£ — —R—Eq : ” (10. 7)
(CS o Ce.)'qe! KB 'Qﬁ CS KE 'Q:’?
K1 an 1h wof oo st bloated s : ..
Trong d6: —=—— 1a hé sé goc cua do thi va -~ la khoang
HQHC KBQH

cach tir goc toa do dén diém giao nhau cia truc tung va do thi.

Hiip phu dﬂng nhi¢t Langmuir duoc gia thi¢t la hdp phu don lop,
cdc tam hap phu tren bé mat chit hﬂp phu co nang luong dﬂng
nhat. Dang nhiét Freundlich ciing dwoc gid thiét hip phu don lop
nhung khong doi hoi nang lwong cac tam hap phu phai d‘ang nhat.
Bm:g nhiét hﬂp phu BET la sw mo réng ciia dang nhiét Langmuir
va Freundlich véi sw hap phu da l6p.

10.1.2. Hap phu hon hop nhiéu cau tir

Trong xu ly nuoc thai bén}: phuong phap hép phu, sé& o nhiéu
thanh phan co trong nudce thai tham gia hap phu lén bé mat chat ran. Qua
trinh hap phu xay ra voi nhiéu chat co co ché hap phu sé rt phuec tap. bé
xac dinh dung lugng hap phu cua mot chat trong nhiéu chat bi hap phu c6
trong pha long, can thiét phai tién hanh thi nghieém trudc d6i voi tu‘n;_-j
chat bi hap phu, hon hop cua chung dé tim ra diéu ki¢n thich hop cho qua
trinh xir 1y. Dung tich hap phu d6i véi mdi nguyén m to nghién cuu hap
phu gian doan trong dung dich chira nhiéu nguyén t6 duge xac dinh bang
phuong trinh:

(CD i—multi ( i— ;rrmi'.rr) V

qe.f —omulti . ( 10.8 )
m

Geimui - dung tich hdp phu can bang cua cua nguyén to i
quan sat duoc trong nghién cuu gian doan hap phu nhiéu
nguyén to, mg chat bi hap phu / g chat hap phu.

Co.i-multi - nong d6 ban dau cua chat i, mg/l hodc mmol/l
C cimulii - néng do sau khi can bﬁ”‘mg hép phu cua chat i, mg/l
V- thé tich cua dung dich nghién ctru, /7.
m - khoi lugng cua chat hap phu, g
M6 hinh Langmuir ap dung cho da cau tir trong dung dich hap phu

dugc trinh bay nhu sau:
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Q:.J' 'Kr' 'Ceui
1+ Z K.

qg,; = (10.9)

Trong phuong phap hap phu ¢6t, vi du st dung than hoat tinh dé
hap phu nhleu chét hitu co dong thoi trong nude thai. Dung tich hap phu
d6i véi moi mot chat sau khi qua cdt duoc xéac dinh bang biéu thire:

(t, - _flf(r)df)QC”. V= f JF»ydvc,,

Ch Vy
= = 10.10
qm,; W W ( )

Ce v,
.- [ rmanoc,, V.- [f»anc,

va: g = Ch = L 10.11
q,, % ” ( )

g mi - lwong cua chat hﬁp phu trén mot don vi khoi luong
cua chat hap phu, mg/g.

q .; - lwong cua chét i hép phu trén moi mot don vi thé tich
chat hap phu, mg/ml.

O - toc o dong chay qua cot, ml/ phiit.

C.i- ndng do cua chat i nudc ria ra khoi cot ban dau, mg/ml

W - trong luong khé cua chat hap phu nhéi trong cot, g

V - thé tich ctia chat hap phu kho nhoi trong cot, m!/

te va V. - thoi gian (phut) va thé tich qua cot dé dat bao hoa

chat hap phu (/it)

ty va Vp - thoi gian va thé tich qua cot dat dén diém thoat

(phut va lit tuong ung)

f(t) va f(V) - ham s6 biéu dién duong cong rira thu duge tir thi

nghiém cot

Dién tich trong vung du:(mg cong thoat (breakthrough), A ¢ diéu

kién hap phu bao hoa duwoc biéu dién boi cong thie:

A=(z, — j S (@)dr) (10.12)
f—”‘h
Hiéu suat xtr 1y bang phuong phap cot duge xéc dinh:
1 qm i X W
Hiéu suat = : x 100% (10.13)
C{’ X Q A (r{’ o rh)
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10.1.3. Chét héap phu

Cac chat hap phu duoc sir dung kha pho bién trong xur ly nude thai
bao gmn than hoat tinh, cdc polymer tong hop. Ngay nay, nhiéu loai vat
liéu hap phu v6 co da dugc nghién clru va diéu ché dé sur dung trong xur

1y nudce thai.

Than hoat tinh duoc diéu ché tir xwong dong vat, gu Vo trau, gdo
dira, v.v. Chat lugng cua than hoat tinh phu thudc chu yéu vao vat liéu
ban dau va phuong phap diéu ché than hoat tinh. Than hoat tinh c6 kich
thuéce 16 16n > 25nm, trung binh > Inm va < 25nm; vi 16 < Inm. C6 hai
loai than hoat tinh la than hoat tinh bdt (PAC) ¢6 duong kinh hat <
0,074mm, va than hoat tinh hat (GAC) duong kinh > 0,1lmm. Bang 10.1
dua ra cac dac tinh cua than hoat tinh hat va than hoat tinh bot.

Bang 10.1: So sdnh mét sé tinh chit ciia than hoat tinh hat

va than hoat tinh bot

Thong s6 GAC PAC
Tong dién tich bé mit (m’/g) 700 — 1300 | 800 — 1800
Khéi luong riéng (kg/m’) 400 - 500 | 360—-740
Khoi luong riéng, tam udt trong nude (kg/l) 1-1,5 1,3-1,4
Vung kich thudce hat (mm, [pm])) 0,1 -2,36 [5 —50]
Kich thudce hiéu dung (mm) 0,6 -0,9
Hé s dong nhat (UC) <19
Ban kinh 16 trung binh (4) 16 —30 20—40
Tro (%) <8 <6
Do am dong goi (%) Bl § 3-10

Nguon: Metcalf & Eddy, 2003

Than hoat tinh duoc st dung trong viéc lam sach cac loai nudce thai nhu:

e Loai cac hop chat hitu co bén

e Loai bo lugng tan du cac hgp chét vé co nhu 12 nito, sunfit va kim

loal nang.

¢ Khu mui va vi

e Nudec sau khi xur 1y co BOD = 2-7 mg/l; COD = 10 — 20 mg/I,
e O mot s6 diéu kién téi wu COD ¢6 thé khir dén nho hon 10 mg/l.

1- Xu ly voi than hoat tinh hat (GAC)

Nuge thai xir 1y dugc cho qua lop GAC (16p tiép xtc) ¢b dinh trong
cot hdap phu. Dong chay cua nudc thai qua lop GAC trong cot co thé
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dugc nén bang ap suat, bang trong luc, hl.r(mg:, tur dudi 1én hodac tur trén
xudng trong cot don hodc nhiéu cot nhdi ndi tiep nhau (hinh 10.4).

2- Xw ly voi than hoat tinh dang bot (PAC)

Dé nang cao chat luong nude sau khi duoe xir Iy trong cac nha may
xu ly nudc thai sau qua trinh xu ly sinh hoc, than hoat tinh bot dugc cho
vio bé tlep xuc chira dong ra. Sau mot thot gian tlep xuc, than hoat tinh
bot duoc lang xunn;_, day bé. Do kich thuéc hat rat min nén cac chét dién
ly dugc thém vao de ting hiéu qua lang, hodc loc qua hé thong loc cat
nhanh. Trong mot $0 truong hop, PAC duoc truc tlep cho vao bé suc khi
cua qua trinh bun hoat tinh dé loai bo nhiing hop chat hitu co kho phan
huy. Tmng, qua trinh xu ly bang phuong phap hoa ly, PAC dugc su dung
két hop voi cac chat hoa hoc dé két tua chat 6 nhiém.

Vao Vao
Than hoat
— | [ | [ | tinh (GAC)
.‘_
| : [
Ra Ra
(a) (b)
> Ra
i Ra

Than
hoat tinh

Va

K

va

(c) (d)

Hinh 10.4: Cac ct hap phu than hoat tinh hat (GAC),
(a) dong chay di xuong; (b) dong chay song song di xuong,
(¢) I6p than di chuyén; (d) dong chay di lén
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10.1.4. Péng hoc hap phu
10.1.4.1. Viing truyén khoi

Dién tich cua lop GAC, ta1 d6 qua trinh hap phu xay ra dugc go1 la
vung truyen khoi (MTZ) (hinh 10.5). Sau khi chat 0 nhiém trong nude
thai bi hap phu trong vung MTZ, nudc thai huong xuung phia dudi vang
co do sau can ban;s voi 16p MTZ, nong do chat 6 nhiém con lai s& giam
dén gia tri toi thiéu. Khong co su hap phu xay ra thém dudi l6p MTZ.
Khi lop trén cung cua GAC da bao hoa chét bi hap phu, lop MTZ sé di
chuyen xuong phlﬂ dudi cho dén khi dlem thoat (breakthrough) xay ra.
Piém thoat 1a vi tri, tai d6 ndng d6 t6i wu chat 6 nhiém trong nudc rua
dat 5% gia tr1 cua nong do & dong vao. Lop GAC dat bao hoa khi nong
d6 chat 6 nhidm trong nude rira bang 95% ndng dd chat 6 nhiém cua
dong vao. Chiéu dai 16p MTZ la mot ham cua tai trong nudc chay vao
cot va tinh chat cua than hoat tinh. Néu nhu tai trong nuoc qua lon, chiéu
cao cla 16p MTZ sé& 16n hon chiéu sau cta 16p GAC dan dén r.:hat 0
nhiém khong bi hap phu hoan toan trén cot. Khi bao hoa, m}ng do chat 6
nhiém trong nudce rira sé can bang véi nong do chat 6 nhiém ban dau.

MTZ

MTZ |} =MTZ

C/Cy

III-il.I sEaERE®

b=
bd

VE

Hinh 10.5. Qud trinh truyén khoi trén cét hiap phu GAC

Moi lién hé giita chiéu cao ctia 16p MTZ va chiéu cao cia cot hap
phu, thé tich V3, va Vg duoc biéu dién theo cong thirc:

vV, -V
B =7 A (10.14)
V. ~Q5(V: —V)
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Hyrz — chiéu cao cua vung tm}’én khfii, m
Z — chiéu cao cta cit hi;ip phu, m

Vi — thé tich qua cot toi bao hoa, / m’

Vg — thé tich qua cot téi diém thoat, /, m’

Dign tich phan trén cua duong cong thoat, Sy biéu dién khoi luong
cua chat b1 hap phu bén trong cot tuong duong theo phuong trinh:

S, = f(Cy —C)aV (10.15)
Lay tich phan tir ¥ = 0 dén V= Vs, thé tich qua cot cho dén diém
thoat. Khi cot GAC bao hoa hoan toan, ta co: C = (.

10.1.4.2. Dung tich hép phu tai diém thodt

Trong thyc t¢, dung tich hap phu tai diém thoat bao hoa (x/m)b cia
than hoat tinh trong cft dat dugc nho hon nhiéu so voi ly thuyét va dugc
xac dinh gan dung bang phuong trinh:

")
{i] _ X :Q[Cn— f*) L (10.16)
mj, Mgy 2 Jmg,e

(x/m)y — dung tich hap phu thuc té, g/

x;, — khdi luwong chat bi hip phu trong c¢6t GAC & diém thoat
bao hoa, g

meac — khoi luong than hoat tinh trong cot, g

O — luu lugng, m’/d

C,y —nong do chat bi hap phu trong nudce ria, g/m’

ch — ndng d6 chét bi hap phu tai diém thoat, g/m’
- thoi gian dat dén diém thoét bao hoa, d

Gia str nong do Gy .-’-:hong d6i va nong do cua chat bi hap phu trong
nuge raa tang tuyen tinh voi thoi gian tr 0 cho dén C,. Hiéu s6 (Cy —
Cy/2) biéu dién nong do trung binh cua chat hap phu téi diém thoat bio
hoa. Thoi gian dat téi diém thoat bao hoa dugce xac dinh theo biéu thirc:

_ (x/m),mg,. (10.17)
Q(Cu - Cb f2)

b

10.1.4.3. Phén tich va thiét ké lop tfé:p xtic than hoat tinh hat

Kich thudc cua 16p tiép xtic than hoat tinh sir dung trong c6t nhdi
dugc xac dinh dua vao bon yéu to: (1) thon gian tiép xuc, (11) tai trong
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nuoc, (111) do sau cua lop cacbon, va (1v) sO lan tlep xuc. Thong thuong,
khi thiét ké sb cot than hoat tinh, it nhat phai thiét ké hai cot dé thay doi
cho viéc tai sinh hoic thay thé ma khong lam gian doan qua trinh xr 1y.

Phuong trinh can bang khéi lwgng & trang thai 6n dinh trong cot
than hoat tinh duoc viét:

Tichliy = Viao - Ra - Lwong hip phu (10.18)
0 = QCot - QCd - Mgicqe
O — luu luong thé tich, /A
Cy— nong do ban dau cia chat bi hap phu, mg/l
t — thoi gian, gio
C,— ndng do6 sau khi can bang cua chat bi hap phu, mg//
Mec — khoi luong chat hﬁp phu, g
g. — dung luong hﬁp phu, mg/g
Tir phuong trinh (0. 16), tbe dd sir dung chét hap phu duoc xac dinh:
MaE G —C. (10.19)
Ot q.

Néu nong do luc can bang, C, nhé hon nhiéu so véi lugng bi hap
phu, ¢6 thé bo qua tich ciia QC.t trong phwong trinh (10.79). Do vay:

mﬁﬁ(.' ~ C{]‘ (1;020)

ot  q.
Cac thong sO sau day thuong dugce st dung dé thiét ké cot nhoi hﬁp
phu GAC:
I- Théi gian tiép xiic lop trong (EBCT)
Vv, AD D

EBCT =-b.=25" (10.21)
1"_;"45 V,

EBCT — thoi gian tiép xtc 16p trong, h
V), — thé tich cua GAC trong cot, m’

O — luu lugng thé tich, m’

Ay — tiét dién cua 16p loc GAC, m

D — chiéu cao 16p GAC trong cot, m
v;—toc do chay tuyén tinh, m/h
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2- Khoi lwwong riéng cua than hoat tinh

Khbi luong riéng cua than hoat tinh duge xac dinh:

n -
Pose =—2° (10.22)
Vh

Digar= khoi luong riéng cta cacbon, g/
Mo = khéi luong cuia cacbon, g

v, - thé tich cua 16p loc cacbon, /

3- 86 lwong nwée thai ST, m” dwa vao xiv Iy trén mét don vi khoi

lwong (g) cachon
t V¢
SF= nife =0 / 10.23
&= = /EBCT xmg, (40-23)
V1
hay: ST ; £ (10.24)

- EBCT(pg,c XV;)  EBCTpg,c

4- Toc dp siv dung cacbon (CUR) biéu dién mot gam cacbon trén
Im’ nuwée xir ly

Mee _ |

CUR(g/m’) = = 10.25
(g/m”) Or ST (10.25)
5- Thé tich ciia nwéc dwoe xiv Iy doi véi EBCT da cho, biéu dién
theo lit (1)
Thé tich cia miede Khoi lwong GAC doi véi EBCT da cho (10.26
thai dwoe xie ly (1) = , 20)
Toc do sur dung GAC
6- Thoi gian phuc vu ciia l6p hdp phu (d)
Thé tich nuée thai diege xir 1y
: doi véi EBCT da ch
Thoi gian song (d) = 7 4 (10.27)

Q

10.2. TRAO POI ION

Trao doi1 1on la mot qua trinh, trong do cac 1on cua chat tan trong
dung dich trao d61 10n vai cac nhom chire cua chat trao doi1 1on. Chat trao
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doi ion thuong o rang ran va khong tan. Phuong phap trao doi ion dugc
str dung pho blen trong xur Iy nude sinh hoat nhu lam mém nudc, tach Fe
va Mn va mot s6 chat hoa tan khac trong nuéc ngam. Qua trinh trao déi
ion c6 thé 1a phuong phap gian doan (phuwong phap mé) hoic phuong
phap lién tuc (cot nhoi).

10.2.1. Chét trao déi ion

Chat trao d6i ion ty nhién da duoc phat hién rat sém, do 1a cac
zeolite str dung dé 1am mém nude. Zeolite 12 aluminosilcate phirc hop voi
Na va céc ion linh dong. Ngay nay, céc zeolite dugce diéu ché c¢6 nhimng
uu diém vuot troi so voi zeolite ty nhién nhu dung tich trao doi 16n hon
va tang kha ning hap phu chon loc hon.

Cac chat trao d6i ion hitu co duoc tong hop trén co so dong
polymer hoa styrene va divinylbenzene la mot thanh tyu to Ion trong
cong nghé hoa hoc. Céac chit trao doi ion hitu co tong hop da dugc su
dung rong rdi trong xur Iy moi truong nude. Co nam loai chat trao doi ion
tong hop thuong duge st dung:

- Nhua trao do1 1on axit manh
- Nhua trao doi ion bazo manh
- Nhua trao doi1 ion axit yéu

- Nhuya trao d61 ion bazo yéu

10.2.2. Phén g trao doi ion

Cac phan rng dac trung cua cac chat trao doi1 1on tu nhién va nhan
tao xay ra nhu sau:

Doi v6i Na-Zeolite tu nhién (ZNas):

Ca* Ca**
ZNa, +| Mg®" | <> Z| Mg*" |+2Na
F€2+ F€l+

Doi voi nhua téng hop (R):
+ Trao doi ctia ion axit manh:

RSO,H + Na* <> RSO,Na + H"

-+

2RSO,Na + Ca** <> (RSO,),Ca+2Na
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+ Trao d6i ion axit yéu:
RCOOH + Na™ <> RCOONa+ H"
2RCOONa + Ca** <> (RC0O0),Ca +2Na"

+ Trao do6i cua anion bazo manh:

RR', NOH +Cl” <> RR', NCI +OH"
+ Trao d6i anion bazo yéu:

RNH ,OH +Cl~ <> RNH,Cl + OH"

2RNH ,CI + SO,” <> (RNH,), SO, +2CI~

10.2.3. Dung tich trao dodi cia nhwa trao doi ion

Dung tich trao ddi cta nhua trao doi ion thuong duoc biéu dién
theo gam cua CaCOj; trong mo1 mot m’ nhua (g/’mj) hodac duong lugng
gam trong mot m” (g eq/m’):

leg  (leq)(50gCaCO,/eq)

3 3
m m

=50gCaCO;, /| m’ (10.28)

10.2.4. H6a hoc caa trao doi ion

Hoéa hoc cua qua trinh trao d6i ion ¢6 Ehé biéu dién b:';ing phuong
trinh phan ng cua chat A trong nhua trao d61 ion va ion B trong dung
dich nhu sau:

nR™ A" +B" <> R, B"" +nAd" (10.29)

R- 1a nhom anion gan trén nhua trao doi ion, A va B la cation trong
dung dich. Theo dinh luat tic dung khéi luong ta c6 thé viét:

[4+[5[R, B ], _
[RARFE)

(10.30)

K . .. -hésochon loc
A" B ¥ e

(4" ] - nong do chat A trong dung dich
[R"A"], - nong d6 A trong nhua trao doi

Phan (ing trao doi giira ion Na' va ion Ca® dé lam mém nudc sir
dung nhua trao doi ion axit manh R. Nhua dugc tai sinh lai sau khi bao
hoa bang HCI va NaCl nhu sau:
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+ Phan tng trao doi:
RH" +Na" >R Na"+H"
2R Na® +Ca** > RZ_CHZJr +2Na'
+ Tai sinh
R Na* +HCl < R H" + Na(Cl
R;Ca* +2NaCl — 2R Na* + CaCl,
Phuong trinh can bang doi véi Ca® va Na' nhu sau:

ka > -
+ Po1 voi1 Na

H R Na']_
R H [Na'] K ioe
+ D6i véi Ca®'
[Na*'[R Ca™] _
NaosCa

[R Na P[Ca®]

H¢ s6 chon loc phu thudc chu yéu vao ban chat va hoéa tri cua 1on,
dang cua nhya, pH va nong dd ion trong nudc. Hé s6 chon loc tang dan
theo day:

+ D61 véi cation:
Li"<H"<Na'<NH; <K'<Rb"<Ag’
Ma* = Zi” < 0o < Gt "« € <8 2 Ba®
+ P6i vai anion:

OH <F <HCO <CI' <Br <NOj3 <ClOy4

10.2.5. Ung dung phuong phép trao doi ion
I- Kiém sodt nito

Pé kiém soat nito, ion can phai tich tir nudc thai la amoni (NHy")
va nitrat (NO5"). Cac zeolite ty nhién thuong duogc sir dung dé hﬁp phu
ion amoni, khoang clinopotilotie 13 mét vi du. Do ¢6 4i luc rat manh voi
1on amoni nén clinopotilotie duge su dung kha rong rai trong xu ly nuoc
thai. Tai sinh lai khi zeolite bdo hoa bang Ca(OH),, ion amoni chuyén
thanh ammoniac tach ra khoi chat trao d6i bang phuong phap trich ly.
Hinh 10.6 giGi thiéu so d6 tach amoni bang zeolite.
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Khi st dung nhya trao doi ion tong hop dé loai NO5', hai van dé
thunng gap phai la: (i) anh huong cua cac anion khac, dac biét 1a ion
804 s€ lam cho dung tn:h trao d6i cua nhya giam xuong; (1) vi ai lyc
ddi véi NO;™ yéu hon SO4 nén s€ ¢ hién tuong luong nitrat bat ngo giai
phong ra khoi cot. Pé khic phuc céc khé khin nay, mot sn loal nhua da
dugc tnng hop v6i dung tich trao doi 16n hon dén 25% tong dung tich
trao ddi ciia nitrat va sulphat.

2- Tach kim loai nang

Loai bo ion kim loai ra khoi nudc thai sau khi xur 1y truée khi thai
ra moi truong 1a mét trong nhirng doi hoi cua nhiéu hé thong xir Iy nuée
thai. Trao d6i ion 1a mét trong nhiing phuong phap thuong dugc ap dung
trong cac truong hop sau day:

e Tach trude cac ion kim loai ¢6 kha nang gay ddc cho vi sinh vat
trude khi xu 1y bac hai.

e Thu hoi 1on kim loai trong nudc thai cua cac co so xi ma, luyén
kim, san xuat linh kién dién tur.

e Tach 1on kim loai sau khi tach truodc bfmg cac phuong phap héa hoc
nhu két tua, oxy hoa khur...

e Thu hoi kim loai quy

Sau i 1§ Than Thai chit rén
béc hai Thaéi
>
_lT_ _l _ kk-NH3
H ‘ép Tr?u Trich
phu ddi ly NHz
c1la cla
cachon zeolite
] Nudre sau
| Kk T l xir 17
I ;
e
v R
= 1ra
Rira nguore e nguoe

Thém vt

Chat ran

Hinh 10.6: So do tich amoni

Qud trinh trao doi ion pku thugc rat manh vao pH cuia moi !rm)’Hg hép
phu. Cdc ion kim logi ¢é thé ton tgi nhitng ion tw do hodc ion phirc sé
lam ting hodc giim dung tich hap phu ciia nhwa trao doi ion.

292




http://sachviet.edu.vn

10.3. TRICH LY

10.3.1. Co sé ciia phuwong phap trich ly

Phuong phap trich ly duogc sir dung dé loai bo céc hop chat htru co
bay hoi (VOCs), amonia, H,S. Co s¢ cua phuong phép la su trao do1 khoi
lugng gitra pha khi va pha nudc tuan theo dinh luat Henry:

C.
—S - H (10.31)
Cy

H’ — hé s6 cua dinh luat Henry

C; — ndng do cua chét khi trong pha khi (mol/m’)

Cw— nfing do cua chat khi trong pha nudc (mol/m’)

Cac gia tri H’ cua mdt s6 chat khi dua ra trong bang 10.2. Dinh luat
Henry co thé biéu dién theo ap suat riéng phan:

H= P (10.32)
&
Trong do:
H — hé s6 cua dinh luat Henry (atm m‘i/’ﬂml)
P — ap suat riéng phan cua chit khi (atm)
va:
H’ = H/RT (10.33)

R — hang s6 khi = 8,206.10” atm.m’/mol K;
T—nhiét d6 tuyét doi (“K).

Sy trao doi khoi lugng cua chat khi giira hai pha nuéc va khi dugc
trinh bay bang 1y thuyét hai 16p. Qua trinh truyén khoi gitra pha long va
pha khi b1 gidi han boi sy khuéch tan qua cac 16p mang ¢ bé mat ranh
gigi khi- long.

Bing 10.2. Cac gid tri ciia H’ doi véi mot sé chat khi

Chit khi H’ Ghi chi

Trichloroethylene | 0,53 |Dung méi sir dung kha phd bién trong cong nghiép

CCly 0,98

Benzen 0,24

0, 26

Khi amoni (NH3) | 0,73 |Phai ting pH dé chuyén NH, " thanh NH;
Phan tram NH; = 100/(1 -1,75.10° [H']
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Su truyén khdi cua chat khi va chat 16ng dwge minh hoa trong hinh

Cu_prar,

W

Doi véi cac hop chat hitu co dé bay hoi (VOC) khi #' >> 0,01, 16p
mang & pha khi khong anh huong dang ké dén qua trinh truyén khoi. Anh
huong chinh dén qua trinh 1a 16p mang & pha nudce (hinh 10.8).

Mang mong

khong khi

(~ Imm)
i fe—— }/
; ‘ }

LDI’Ig 1 Mang mong
chat long
: ~ 50— 3500 pm

Nong do

Hinh 10.7: So do biéu dién sw truyén khoi ciia chit khi va chit long

Toc d6 truyén khoi cua chat khi cta pha khi va pha nude duoge xac
dinh bang céng thirc:

i . —D,,,A{Caf chead } (10.34)
di 1

Trong do:
m- khoi luong
oy~ d9 day cua 16p phan cach phia pha nuoc
Dy — hé s6 khuéch tan phan tir cia nude

A- dién tich 16p tiép xuc giira khong khi va nude
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&
Z Mang phia khdng khi
anh hudng khéng déng
; Ca K
Khi
0

Pasgaassss s assiasae s EEnsEnaEeEEnEEE
Nircre /

Co

>
Néng dd

Hinh 10.8: Sw truyén khi ciia cdc chit hivu co dé bay hoi (VOC)

Ap suat hoi dugc dinh nghia la nEm;:, d6 bao hoa cua chét hoa hoc &
trang thai khi. Ap suat hoi bang ap suit riéng phan ciia mot chat hoa hoc
& pha khi khi can bang véi chat héa hoc tinh khiét. Néu 4p suat hoi cua
mot hop chat hitu co 16n hon 1,3x10~ atm, hop chat d6 dugce xem 1a chat
htru co bay hoi. Muc dich cua qua trinh xu ly la dat dugc cuc dai su
truyén khoi luong:

V&1 cac tham s6 dugc xac dinh:

(;u.- — duoc c¢b dinh (néng do dong ra);k Dw, H’ — c6 dinh (cc} thé
thay do1 theo nhiét do); 4 — dugc tang lén bang cach phun nudc dé tao
thanh nhting giot nudc nho hon;

ow — dugc giam xuong bang cach tang su hon loan;

(C./H' — Cy) duoc tang 1én bang cach giam C,.

10.3.2. Can bang khoi lwong ddi véi thap khir Khi

Mo hinh thap khur khi dua ra trong hinh 10.9 véi su trao doi nguoc
cua dong khi di vao thap ¢ phia day védi1 dong nudce di vao tir trén thap.
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Nuede vao O, Cir £y Croui Khong khi ra
0 0., G, Khong
Q'H’CHIH khi vao
Hinh 10.9. M6 hinh thap khw clo
Trong do:

Oy — luu luong nude, m’/s
0. — luu lugng khong khi, m’/s
C;» —nong do cua nude dong vao, mg/!
Cout - né}ng do dong ra, mg/I
G — nong do khong khi dong vao, mg/l
Gout — néng do6 khong khi dong ra
Z — chiéu cao cua cot khir khi, m
C(Z) - nong d6 nude & Z
G(Z) - nong d6 khong khi & Z
a. Cin bang khoi lwong giiva cdc vi tri trong thdp
Giwavitri Ova Z
(Khoi lieong vao) (Khoi lwong ra)
0,C(2) + QuGin = QCou + QuG(7) (10.35)
Gia su G;, =0, ta co:

G(Z) = % (C2)-C,,) (10.36)

a
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1. Dbi voi toan bd cot khir:
Gum‘ - (Q",- an )(C:'H - C'.rm:) (1037)
2. Theo dinh luat Henry:

Q0

G, =HC, = Q—“'(C. —iC..) (10.38)

ot mn

i

Ty 1€ toi thiéu cua khong khi va dong nuée:

Qa = Cfn B Cm.'.* — l

0 T gcH (10.39)

' n
min

Goi S 1a hé s6 khu,

S — Qa L ]
2
S = s6 ty 1é t6i thiéu khong khi va nudce can thiét dé dat hiéu qua

khu cao. Trong truong hop ly tuong, 5 = 7. Nhung trong thuc € S bang
tir 2 dén 10, gia tr1 S = 3,5 1a t61 wu. Néu § < 1, sy khir khong thoa man.

(10.40)

b. Can bang khoi lwong doi ciia mét nguyén té vi phén cé dp dai AZ
o chiéu cao Z bén trong thap

dm'
QC(Z+AZ) - QC(Z) = d—a&V (10.41)
t
(Khoi lwong chat (Khdi lwong chat 6 nhiém
6 nhiém trong dong nudc) trong nudc dong ra)

?ﬁ: - dong khéi luong trén don vi tiét dién 16p phan cach nude —

khong khi, g/m’.s.

a - dién tich 16p phan céach trén don vi thé tich cua thap, m”/m’

AV — thé tich ctua nguyén t6 vi phan, m’ = ATAZ

Ar— tiét dién cua thap, m’

Tir thuyét mang mong voi su kiém soat phia bén nuée:
dm' D, G(Z)/ H'-C(Z)
dt 2 S,

(10.42)
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= (C(Z) ~Co (Z)) (10.43)
Sy
=K,(c@)-c,@) (10.44)

K; — hé s6 truyén khoi cua pha long (van toc piston) [L/T]
Cog— nong d6 ctia nude can bang voi nong do cua khi= G/H’
Tro lai phuong trinh can bﬁng khoi luong:

Q (Z+AZ2)-0,C(Z2)=K, (C(2)-C, (L)ad, Az (10.45)

QO C(Z+AZ)-C(2)

=C(Z)-C.(Z 10.46
1K q i (2)-C,,(2) (10.46)
Khi 4Z — 0
O dc
L =C(Z2)-C_(Z 10.47
A.K,a dZ (2)=C,(2) (oAl
0, g dZ (10.48)

AK,aC2Z)-C.(2)

if

0, “j dC
4,K,a;l C-C,

L
= [dz = L (chiéu cao doi hoi cta thap) (10.49)
0

Pé tim L can C,, la mot ham cia C:
T phuong trinh (/0.30):

G(Z)= %(C(Z) -C,..)

i

Gz)_(©Q,/2,XC(2)-C,,)

C,Z)= .
= H' H (10.50)
Cin
_ 2 [ 4c , (10.51)
AKal2 C—(Q /0)C-C, )/ H
hoac:
€ 4(C. .—C /Q.)/ H'
Q“ ] lll in T+ ( ol in )(Q,,- Qu) (10 52)
A4,K,a|1-(Q /0,)/H' €.
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Vi S = (0./Ow)H’ = hé s6 khir
1+(C, /C =]
i Qll’ [ S ]ln + (Cm ’r{ C{mi‘ )(S ) (] G 53)
4K, a\S-1 S

Dé thiét ké, thap khir dugc biéu dién nhu 1a mét éng cua nhiéu don
vl truyén:

L = HTU x NTU (10.54)
&

10.55
A K, a ( %

HTU — chiéu cao cua don vi truyén =

Gia tr phé bién cua Ow/Ar< 0,014 m/s.

Céc nha san xuat ¢ thé cung cép cac gia tri K;a theo nhiét do va
luu lugng (nhung tot nhat la thir nghién ciru ¢ dang pilot trude khi thiét
ké) K;a=0,01 dén 0,05 s dbi vai VOC.

St dung Ow/Ar = 0,014 m/s, néu biét Oy ta tim duoc Ar. Su dung
Kia, Ow/Arxac dinh HTU.

NTU — s6 don vi truyén:

NTU = S | Lo (5'1}1-1 (10.56)
L 0 S S

ot

in

. _ ; cC -C
Do thi dudi day (hinh 10. 10) cho cac phan khu [ = ””’J theo
SvaNTU.

10.3.3. Quy trinh thiét ké thap khir khi

Dé thict ké thap khir khi, mdt so bude can thiét dé lya chon cac
tham s6 cho tinh toan dua ra dudi day:
1. Xac dinh H’ d6i vé6i chat khi quan tam, (dua vao bang 10.2)
2. Chon Sgita2 val0§5=3,5
S

3, Tl
Oy H

4. Xac dinh A tir Oy v6i % <20gpm/ fi* =0,014m/s .

5. Xac dinh nong do 16i ra thich hop Cyu.
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6. Tinh NTU:

NTU =—>_n| So [S_1J+i
s1lc. i\ S.) 8

ol
7. Tu cac soO liéu cua nha san xuat doi voil K a, tinh:

0,

K,a

HTU =

8. Tinh chiéu cao cua thap:
L = NTU x HTU

Vidu 10.1
Xdc dinh chiéu cao thap khir khi d@é khir CCHCI3. Cho biét:
T = 200C = 293K
Ow/A =L =80 m’/m’
Cin = 131ug/l, Coue = 13,1 ug/l
Kio = 44
S=1236
Giai
Buéc 1. Tinh HTU:
0, L _80m/h

HTU = — = —=1,82m
AK ,, K,, 44h
Buroc 2. Xac dinh NTU:
o =L, _ 131-13,1 ~09.
. 131

i

Tir do thi trong hinh 10. 10, véi S = 12,36 tim dwoc NTU = 1,78 va
L=182x178=324m.

260



http://sachviet.edu.vn

0%

(i = Cout) / Cin

Fraction Removed

13

1 2 3 4568 10 20 30 40 50

Number of Transter Units (NTU) —»

Hinh 10.10: Sé don vi truyén doi véi thap khir khi véi cde hé sé khir S
Nguon D.A. Cornwell (1990)

10.4. OXY HOA BAC CAO
10.4.1. Gioi thiéu chung

Xt 1y chat thai doc hai tir cac hoat dong cong nghiép, quan su,
thwong mai la mot trong nhirng thach thuc 16n doi1 véi cac ky su cong
ngh¢ moi truong. Qua trinh oxy hoa bac cao (AOP) la phuong an thay
thé cho thiéu do6t chat thai cé nhiéu nhuge diém. Trude day, thiéu dnt
chat thai dugc xem nhu mot giai phap thay thé chén cat. ‘Nhung thuc té,
thiéu dot chat thai cé thé giai ph{mg ra cac hop chat doc hai nhu
polyclodibenzodioxin (PCDD) va polyclodibenzonfuran (PCDF) vao
trong mo1 truong qua khi thai hoac tro bay.

Qua trinh oxy hoa béc cao xay ra theo mot trong hai con dudng:
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e Oxy hoa vo1 oxy trong vung nhi¢t d¢ trung gian gitra nhiét do
phong va nhiét do trong 1o dot. Qua trinh oxy hoa wét (WAOQO) trong
ving 1-20 Mpa va 200 — 300 °C.

e Su dung chét oxy hoéa nang luong cao nhu ozon va H,O, hodc
photon c6 kha ning sinh ra goc tu do HO®

Nam 1987, Glaze va cong su dinh nghia AOP “la qua trinh xur ly
nudc O nhict do phong va ap suat khi quyen lién quan dén tao ra goc
hydroxyl du sO lugng dé¢ 1am sach nudc”. Goc tu do hydroxyl (HO®) la
mot chat oxy hoa rat manh, khmng chon loc (bang 10. 3), no phan tng rat
nhanh v&i hau hét cac hop chat hiru co (bang 10.4). Hang so t(}c do phan
ung thay doi trong mot vung rat rong tur 0,01 dén 10* M's™". Khi duoc
tao ra, goc hydroxyl tan cong mau le vao tat ca cac hop chat huu co. Phuy
thudc vao ban chat cua chat hiru co, hai kiéu phan tng tuong tac cua gbc
hydroxy va hop chat hiru co ¢ thé xay ra: goc hydroxyl rut nguyén tu
hydro tir nuoc giong céac alken hodc cac alcohol, hodc n6 c6 thé cong vao
chat 6 nhiém nhu trong truong hop cua olefin hodc cac hop chat vong
thom. Phan tng phé bién la phan (g rat nguyén tir hydro dé kich hoat
mot chudi oxy hoa:

RH + HO®* - H,O +R°®
2HO — H,0;

R*+ H>O0, - ROH + HO®
R®*+ 0, -» ROO*

ROO®* + RH - ROOH +R*

Vi du, phan tmg v&1 metanol xay ra nhu sau:

0 0
Il Il
CH;0H +HO® - *CH,0OH —%%% s g-_(C.H 2% sH.C.OH
OO 5 COy+H0

Sy tan cong cua goc ty do HO® khi c6 mit oxy s& khoi mao mot day
phan tmg phtrc tap dan dén vo6 co hoéa hop chat hitu co. Co ché cuia phan
img Fenton & trén van chua biét mot cach chinh xac. Vi du, doi véi cac
hop chét clo hoa, trudc hét bi oxy hoa thanh san pham trung gian nhu cac
aldehyde, cac axit carboxylic va cudi cung thanh CO,, H,0, ion clo. Nito
trong cac hop chat hitu co thudmg bi oxy héa thanh nitorat, hodc nito tu do
(N2). Luu huynh bi oxy hoa thanh sulfat. Cyanit bi oxy hoa thanh cyanat
sau do b1 oxy hoa tiép thanh CO, va NO; (hodc c6 thé thanh N»).
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Bang 10.3. Lwc oxy hoa twong doi ciia mot s6 chit oxy hoa

Chat oxy hoa Luc oxy hoa twong doi
Clo 1,00
Axit HCIO 1,10
KMnO, 1,24
H>O, 1,31
O3 1,52
0 1,78
HO® 2,05
L6 mang dién tich duong trén TiO," 235

Bing 10.4: Hang sé toc dp phan iing (k, M'S™) ciia O3 theo HO®

Hop chat 03 HO*®
Clo alken 10° - 10° 10” - 10"
phenol 10° 10%-10"
Hop chat hitu co chira nito 10 - 10 10%-10"
Céc hop chat thom 1-107 10°-10"
Céc keton | 10°-10"
Céc ancol 107 -1 10% - 10°

Theo quy tic, toc dd phan huy chat 6 nhiém ty 1¢ thuan véi hing so
toc do phan ung chat 6 nhiém voi goc HO®. Tir bang 10.4 cho biét xu 1y
cac alken clo hoa bang phuong phap Fenton hiéu qua nhét vi lién két doi
rat dé bi gdc HO tAn cong. Céac phén tur htru co bao hoa (vi du cac alkan)
phan lmg vGi toc dd cham hon, do vay, rat kho bi oxy hoa. Oxy hoa bac
cao co thé phan huy cac hop chat hiru co vitng bén, dic biét phu hop cho
phan huy cac hop chat 6 nhiém hitu co hoa tan nhu cac ‘halogen
hydrocacbon (trichloroethane, trichloethylene), cic hop chat thom
(benzen, toluen, ethylbenzen, xylen — BTEX), pentachlorophenol (PCP),
nitrophenol, chit tﬁy rira, thude trir sdu, v.v. Oxy hoa béc cao co thé sur
dung dé oxy héa céac chat 6 nhiém vo co nhu cyanit, sulfit va nitrit.

Noi chung, oxy héa bac cao khi dugce ap dung dung chd, sé dap tng
tot kha nang giam thiéu nﬂng d6 chat 6 nhiém tir vai trim ppm téi mirc
nho hon 5 ppb. Tir nhitng trién vong kha quan do, c6 thé néi oxy hoa bic
cao la “qud trinh xit Iy nudce cia thé ky 217
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10.4.2. Phwong phap oxy hoa bac cao
Mot sO phuong phap dugce st dung dé tao ra g{:}c tu do HO®, bao
gom cac phuong phap khéng quang hoa va phuong phap quang hoa:
- Ozon hoéa ¢ pH cao (>8,5)
- Ozon + hydroperoxit (O3/H,05)
- Ozone + chat xtc tac (03/CAT)
- O5/UV
- H,0,/UV
- O3/H,0,/UV
- Hé théng Fenton/ quang Fenton
- Oxy hoa xuc tac (UV/TiO;,)
10.4.2.1. Cac phwong phap khong quang hoa

C6 bbn phuong phap da duoc biét dé tao ra g-:f.rc hydroxyl ma khong
su dung nang lugng. Hai phuong phap lién quan dén phan mg cua ozon,
maot phan ing su dung ion F e’ 1a chat xuc tac.

1- Ozon hoa o pH cao

Khi tang pH, toc do phan hiy ozon trong nudc ting 1én. Vi du, &
pH 10, tho1 gian ban huy cua ozon trong nudc nho hon 1 phut Su oxy
hoa cac chat hitu co co thé xay ra do két hop céc phan tng véi phén tir
ozon va phan ung véi goc tu do HO®.

Phan Ung gitra ion hydmx:t va ozon dan dén tao thanh gﬂc anion
0,* va gm: hydrnpemxyl HO,*. Bang phan tmg giita ozon va goc anion
0,", gﬂc anion ozonit O3*" dugc tao thanh, sau do phan huy ngay lap tuc
cho goc HO®. Nhu viy, 3 phéan tir ozon tao ra hai goc tu do HO®:

30;+OH +H — 2HO® + 40,

Bicacbonat va cacbonat dong mét vai tro quan trong nhu la chat bat
gitr gﬂc tw do HO® tmng hé thong nudce ty nhién. Cac san pham cua phan
ung giira gnc HO® va ion cacbonat hodc ion bicacbonat la cac goc
bicacbonat hoidc cac goc cacbonat thu dong khong phan tmg tiép tuc voi
ozon hodc cac hop chat hitu co. Khi c6 mit tert- butylalcohol sé ngin can
phan tng day chuyén.

Tlf)c: d6 tan cong cua g6c tw do HO® dién hinh trong khoang tir 10°
dén 10’ lan nhanh hon toc do phan ung turong ung cua phan tu ozon. Gia
thanh van hanh chu yéu trong qué trinh oxy héa bang ozon tap trung vao
ngudn ning luong cho may phat ozon. Ning luong can thiét dé tong hop
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ozon su dung khong khi lam khi nguyén li¢u nam trong khﬂang, tr 22 dén
33 kWh'kg O3 ké ca gia thanh thu khi va cho O; tlep Xuc vol1 nudce thai.
Nang lugng can thiét dé san xua Os tir oxy tinh khiét trong khoang tu 12
dén 18 kWh/kg O cong thém gia thanh cta oxy tinh khiét.

2- Ozon + hydroperoxit (O3;/H,0;) — (peroxone)

Khi cho hydro peroxit vao ozon ¢6 thé khoi mao chu trinh phan
hay cua ozon, dan dén tao thanh céc goc tu do HO®:

HgOg — HO}_' + H
HO, + O; —» HO,® + O3

Phan ung tiép tuc theo con duong gian tiép (tao ra céc san pham
trung gian) va goc tu do HO® dwogc tao thanh. Két hop cac budc phan lrng
khac nhau cho thiy, ctr hai phin tir ozon thi tao thanh hai goc tu do HO®:

0; + H;0, = 2HO® + 30,

Phu{mg phap peroxone da dugc su dung dé khir hop chat atrazine
trong nude thai. Két qua cho thay khi két hop H,0, véi ozon, hiéu suat
cao hon so voi1 qua trinh oxy hoa chi dung ozon. Ty I¢ khoi lucm}:, toi uu
cua H,0,/O5 tir 0,35 den 0,45. Qua trinh oxy héa phu thudc vao licu
luong ozon, thoi gian tiép xuc, va do kiém cta nudc.

3- Ozon + x1c tac (O3/CAT)

Mot phuong phap khac dé gia toc phan (mg ozon héa la st dung chat
xtic tac dong thé hodc chat xuc tac di thé. Mot s6 oxit kim loai va ion kim
loai (Fe;0s, AlLOs — Me, MnO,, Ru/Ce0,, TiO; — Me, Fe2', Fe**, Mn?") di
va dang dugc nghién ciru lam chat xuc tac di thé trong qua trinh ozon. Tuy
nhién, trong hau hét cac truong hop, co ché cia phan ung xuc tac van chua
duge biét rd. Phuong phap O3/CAT dugc st dung dé oxy hoa clorobenzen
trong nugc thai su dung ion cua sat va mangan lam xuc tac di thé. Két qua
cho thiy khir tong cacbon hiru co (TOC) va nhu ciu oxy hoa hoc (COD)
trong nudc thai dat hi¢u qua hon so véi st dung mot minh ozon ¢ pH cao.
Str dung hé O3/Mn(Il) va Os/Fe(1l) dé khir cic hop chét hiru co clo hoa ¢o
hiéu qua hon khi st dung hé Os/Fe(III) va O3/pH cao.

4- Hé Fenton (H,0,/Fe*")

Qua trinh Fenton lan dau tién dwgc phat trién boi Fenton tr hang
tram nam nay dé oxy hoa axit maleic:

Fe*" + H,0, — Fe’ + OH + HO®

:l .:. .l:. - .;F Fou A L - . 2 v F e .:. F b

Hiang so toc dd doi vai phan ing cua ion Fe”' voi HyO; rat 1on va

2+ L L b 3".‘ y = ) A y 4 " . ’
Fe® bi oxy héa thanh Fe® trong vai giay cho dén vai phut trong su co
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mat lugng du hydroperoxit. H;O, phan huy boi xuc tac Fe** va mot lan
nira sinh ra goc tu do hydroxyl theo phan ung:

Fe’" + H,0, < H  + Fe —- OOH*"
Fe — OOH*" — HO," + Fe**
Fe** + H,0, — Fe*" + OH" + HO®

T cac phan tmg trén, ngudi ta cho rang su phan huy chat thai hau
nhu dugce xic tac béi tac nhan Fenton, don gian la qua trinh xtc tac phan
huy cua hé Fe’'— HgOz, va tac nhan Fentcm vOl1 su CD mat ]m;mg du H»0,.
Do vay, ion Fe™" c6 thé thay thé ion Fe’'. Cac mudi cua sat hoat dong
nhu chat xtic tac dé phan huy hydmpernmt Tac nhan Fenton co kha nang
phan huy phenol, nitrobenzen, cac loai thudc bao vé thuc vat trong moi
truong nudc cung nhu khir COD trong nudc thai sinh hoat.

Sir dung hé Fe*'/H,0, 1a chit oxy hoa manh dé xt 1y 6 nhiém dt.
Vi du, xur Iy PCP va trifluralin. Trong xtr 1y nude, Fenton ¢6 nhiéu wu thé
nhu sat 1a nguyén t6 san cé, va khong doc, H,O, dé cat giir va than thién
vO1 moi tru'r:rng Nhu vay, qua trinh Fenton la mot qua trinh rat hleu qua
dé tao ra gbc HO®; tuy nhién, can phai tiéu ton mot luong 16n Fe””

10.4.2.2. Cac phwong phap quang hoa

Trong nhiéu truong hop, su oxy héa cac hop chat htru co bang ozon
hoac bang hydmpermut khong xay ra hoan toan dé dat dén san pham cudi
cung la CO, va H2O. Trong mot s0 phan Umg, cac san pham oxy hoa trung
gian con lai trong dung dich co thé 1a chat doc hodc tham chi doc hon hop
chat ban dau. Pé phan huy hoan toan nhiing hgp chat khé phan huy bang
ozon va hydroperoxit ¢ thé sir dung bo sung birc xa UV.

Peén UV phai phat ra birc xa cuc dai & 254 nm dé phan quang ozon
¢6 hiéu qua. Nhiéu chit 6 nhiém hiru co hép thu ning luong UV trong
ving 200 — 300 nm va phan hay do quang phan truc tiép. Hodc tré thanh
kich thich va hoat dong manh hon vo1 cac chét oxy hoa hoa hoc. Tuy
nhién, cac dén UV cong suat cao thuong mai san cé chi ¢6 15% hiéu qual
nang lugng. Hién nay nhiéu loai dén UV duoc nghién cru va phat trién
c6 hiéu suit niang lvong 16n hon nhiéu.

1- Ozon — bire xa UV (03/UYV)

Ozon dé dang hﬁp thu buc xa UV ¢ bude song 254 nm (H¢ sO tat
€254nm = 3300 M crx}") tao ra H>O; nhu la mot san pham trung gian, sau
d6 phéan huy thanh goc ty do HO®:

O3 +hv— 0,+0 ('D)
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O('D) + H,0 - H,0, - 2HO"

C6 thé tao ra génc tw do HO® mot cach truc tiép tir UV/H>0; nhung
H,0, 14 chat hap thu UV ¢ bude séng 254nm. Nhu vay, doi hoi cong suat
dén UV phai 16n hon rat nhiéu so v6i qué trinh st dung O3/UV va gde tu
do HO® sinh ra ciing nhiéu hon. Bang 10.5 dudi day dua ra két qua so
sanh su dung ozon va H,O, vo1 UV,

Bang 10.5. Su tao thanh HO® tir sy quang phdn ciia ozon va H,0;

Chat oxy hoa Essanm M e Ty lugng Tao OH cua
moi photon téi
H,0, 20 H,0, — 2HO® 0,09
0O; 3300 30; = 2HO® 2,00

Néu dung dich nudc chira cac hop chat hiru co hﬁp thu manh anh
sang UV, thi birc xa UV thuong khong tao ra hiéu img bo sung cho ozon
vi ozon bi che chin birc xa UV béi cac hop chat hoat dong quang hoc
nhu 12 phenol, S-methylresorcinol, xylenol, v.v. Mic du cac hop chat cua
phenol (phenol, p-cresol, 2,3-xylenol, 3,4-xylenol...) dé oxy héa boi
ozon, hoan toan khéng bi v6 co héa thanh CO,; va H,O. St dung hé
03/UV v co hoa duge hoan toan cac hop chat hitu co ¢6 mach phan tir
ngan (glyoxal, axit glyoxylic, axit oxalic, axit formic...).

2- Hydroperoxit — birc xa UV (H,0,/UV)
Quang phan truc tiép hydroperoxit dan dén tao thanh géc HO®:
H,0,—“—>2HO"

~ Ngoai ra, HO; sinh ra trong can bang axit — bazo ctia H,0, ciing
hap phu buc xa UV ¢ budc séng 254nm:

H,O, < HO; + H'
H,0, > HO +0O"

Qua trinh H,0,/UV da va dang duge sir dung dé phan huy cac
chlorophenol va cac hgp chat clo hoa khac.

3- Ozon - hydroperoxit — birc xa UV (O3/H,0,/UV)

Su b sung H>0, vao qua trinh O5/UV lam gla téc su phan hily cia
ozon, dan dén tang toc do tao thanh goc tu do HO®. Trong qua trinh oxy
hoa lién quan dén chat 6 nhiém hap thu yéu buirc xa UV, sé hiéu qua hon
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khi thém H>O, tor bén ngoai khi thong lugng UV giam. Néu nhu su
quang phan chat 6 nhiém khong phai la yéu t6 chinh, thi h¢ Os/H,0, sé
duoc xem la su thay thé cho qua trinh oxy hoa quang hoa.

Bang 10.6. So sanh gia van hanh cua mot s6 AOP

Qua trinh Gid thanh ciia chdt | Gid thanh ciia UV
oxy hoa
0,/UV Cao Trung binh
03/H,0, Cao 0
H,0,/UV Trung binh Cao
Oxy hoa quang x1uc tac Rat thap Trung binh téi1 cao

Gia ca dau tu va van hanh dbi véi hé UV/O; va H,0, thay doi rat
lon va phu thudc vao luu luvong nudce thai, dang va nong do cua chat 6
nhiém va muc d6 lam sach chét 6 nhiém. Bang 10.6 dua ra su so sanh gia
van hanh cua mo6t loat AOP.

4- Hé twong tu Fenton va hé quang — Fenton

Khi thém ion Fe’'vao qué trinh H,0,/UV, qua trmh dugc goi la su
oxy héa twong tu quang — Fenton. O pH 3, phirc Fe(OH)*" duoc tao
thanh do mai truong axit:

Fe’" + H,0 — Fe(OH)* + H'
Fe(OHY < Fe’" + OH
Khi chiéu bfrcjxa UV, phtc Fe(OH)*" phén huy tiép tuc thanh gbc
tu do HO® va ion Fe™ '
Fe(OH)*" —“— Fe*' + HO®

R& rang rang, phan ung tucmg tu quang — Fenton dua vao buc xa
UV dé khoi mao sinh ra goc HO® tu do. Trong diéu kién thich hop, céc
chit hitu co ¢6 thé bi v6 co hoa hoan toan véi birc xa UV/vis. Vi du, cac
loai thube diét co va thude diét con tring co thé bi vo co hoa bang qua
trinh hy — Fe’" /H,0,.

Hiéu qua tang 1én cua tac nhan tuong tu Fenton/Fenton véi buc xa
UV/vis duge dong gop boi:

e Khu quang cua ion Fe'": Chiéu xa ion Fe'" tao ra ion Fe’™ theo

phan tng: Fe(OH)*' — 5 Fe*" + HO®. lon Fe*' sinh ra phan tng
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v6i H,0, tao ra gde tu do HO® thit cip va ion Fe’". Ctr thé, mot chu
trinh xdy ra lién tuc.

* Su dung hieu qua luong tu anh sang: Quang ph(j:‘:f hap thyu cta H,0,
khong mo rong qua 300 nm va co hé so huy bién th:fip O trén 250
nm. Mat khac, quang pho bép thu cua ion Fe3? (hoac hydroxit
Fe(Ill)) mo rong dén vung gan UV/vis va ¢é hé s6 huy bién tuong
d6i 16n, do vay du 1am cho oxy hoéa - quang hoa va vo co hoa cht
hiru co tham chi bang ca anh sang nhin thay.

Phan g hoat hoa quang lan dau tién duoc phat hién trong nam
1833. Sau d6, n6 dugc si dung dé do cuong dD cua anh sang. Vi du,
chiéu xa ferrioxalat trong dung dich axit tao ra Fe’" va CO,:

[Fe(C204)5]” + hv — [Fe(C,04),]" + C,04*
C,04" + [Fe(C204)3] = [Fe(C204)2]" + C,04™ + 2CO,
C204'- +0 > 03" + 2C0,

Hiéu suat lugng tir cua sy tao thanh Fe** khoang béng 1,0 - 1,2,
khong phu thudc budc song cua buc xa trong vung 250 — 450 nm
(UV/vis) va giam voi su ting tiép tuc theo bude soéng. Su quang phan
ferrioxalat tao ra 1on Fe2 (dang tu do hoac phire voi oxa lat) két hop val
H,0, cung cap mot nguon lién tuc tac nhan Fenton va goc ty do HO®.

5- Oxy héa quang xuc tac (UV/TiO»)

Co s0 ctia quang xuc tac la su kich thich quang cua chat ban dan la
chat ran dan dén hap thu birc xa dién tu, thong thuong, nhung khong phai
1a rlcng biét, trong vung quang pho UV, & gan birc xa UV, mdt vit licu
ban dan thich hop co6 thé bi kich thich boi _photon ¢6 néng luong du 16n
dé tao ra ving electron dan dién va cac 16 ving héa tri. Cac vung nay
mang dién tich c6 thé tao ra su khur hoic oxy hoa t-.rc:mg ung. O bé mat
cua cac hat TiO, xay ra phan tng giita céc 16 (h) vdi cac chat hap phu:

e- +0; - 0,
h" +A- > A°
h' +OH —HO*
HO® + RH — *RHOH
HO®* +RH — *R + H,0
h"+RH — *RH’
Cac 16 so hiru mot thé oxy hoa duong rat manh va c6 kha ning oxy

hoéa hau hét cac chat hoa hoc. Tham chi oxy hda ca nudc dan dén tao
thanh gbc¢ hydroxyl tu do:
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H-O+h" —> HO®*+H"

T10; trong ca hai dang anatase va rutite duogc su dung rong rai
trong cong nghi¢p. Chi so khue xa cua TiO; trong vung nhin thay rat 16n
cho phép ché tao thanh nhiing 16p phim mong trong cong nghiép son.
Mat khac, TiO, st dung nhu 1a chat mang xuc tac hodc ban than no la
chét xtic tic va chét xtc tac quang. TiO, ¢ dang anatase co dai 16 nang
luong bang 3,2 eV va co thé kich hoat bang cach chiéu bic xa UV véi
budc song t01 387,5 nm. O murc nén, birc xa mat troi bat dau 0 budc song
bang 300 nm. Do viy, chi c6 4- 5% nang lugng mat troi dén duge bé mat
Trai Dat va dugc sir dung truc tiép hodc gian tiép boi TiO, nhu 1a chat
XUc tac quang.

Thuc té, tat ca cac loai chat hoa hoc doc hai c6 kha ning phan huy
bang phuong phap oxy hda xuc tac quang (PCO). Cac hydrocacbon
halogen hoa d& dang bi v6 co hoa. Cac phan tir chat thom ciing bi oxy
hoéa mét cach dinh lugng. Phenol clo hoa, blphennl va tham chi ca dioxin
ciing bi oxy héa hoan toan tao thanh san phim cudi ciing la CO, va HCI.

10.4.3. Mot s6 vi du ap dung thuc té ciia oxy héa bic cao (AOP)

Ozon hoa va su két hop ozon voi hydroperoxit va /hodc burc xa UV
la nhimg phuong phap xu ly tot nhat d6i véi chat thai doc hai. Hé thong
day du ozon/UV da duoc thiét ké 0 My dé xir Iy phire kim loai véi cyanit
va cac hop chat hiru co viing bén.

Trong cong nghi¢p ché tao mach in, nudc st dung doi hoi co dd
tinh khiét cao, ngudi ta su dung ozon dé kiém soat vi khuan. Tm:rng tu,
ozon cling dugc sir dung dé giét vi khuan trong cong nghiép bot gidy.

Ozon ciing duoc ap dung dé pha hily mau trong nude thai cia cong
nghlep dét nhuom. Ozon L,ung vO1 than hoat tinh dang hat (GAC) la mot
giai phép tot nhat cho xur Iy nudc thai chira dau trong cong nghiép dau mo.

Ozon, ozon/UV va ozon/H,O, ¢6 kha nang khur chét doc cap tinh
ctia nudc thai tir cong nghiép bot giay. Ozon oxy hoa phéan huy dibenzo-
p-dioxin va dibenzofuran la nhing chat dau cho cac hop chat clo hoa.
Ozon hoa trude khi tay trang bang clo trong cong nghiép gidy lam giam
su tao thanh cac hop chat daoc.

Nguoi ta da st dung ozon va ozon/H,O; dé xu 1y nude ri ric &
Phap. Két hgp ozon va birc xa UV trong xur ly nudce 11 rac dé 1am giam
thiéu céc chat 6 nhiém dé bay hoi nhu cac hydrocacbon, hydrocacbon clo
hoa, cac hop chét luu huynh...

Cong nghé UV/ oxy hoa (hé O3/H,O,/UV) da va dang duoc ap
dung mot cach thanh cong dé loai bo cac chat 6 nhiém hitu co dé bay hoi
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(VOC) (benzen, axeton, dichloroethan, tetra chloethan...) tr nudc ngam &
My. Hiéu suat hon 90% da dat duge vai hau hét VOC. Trong nam 1994,
hé thong oxy hoa/UV dugc thiét ké o Milan, USA, dé xir 1y toan bo cac
ho chira chat 6 nhidém 12 cac hop chat gay no (2,4,5-trinitrotoluen, 2,4- va
2,6-dinitrotoluen, nitrobenzen...). Ciing trong nam 1994, h¢ thong
UV/03/H,0, dugc thiét ké & Bofors (USA) dé phan huy chat thai doc hai
chira benzen, toluen, chlorobenzen, tetrachloethan, benzidin, v.v.

CAU HOI ON TAP VA BAI TAP
Cau héi ly thuyét

1.
2.

Hay trinh bay cic mo hinh dang nhiét hap phu.

Cac yég t6 nao anh huong dén duong cong thoat trong phuong
phap hap phu dong.

3. Néu cac tng dung x1r Iy nuéc thai bang phuong phap hap phu.
4.

5. Thiét ké thap khir khi dua trén co so 1y thuyét ndo?

6.

Trinh bay co so 1y thuyét co ban cua trao doi ion.

Trinh bay tom tat qua trinh oxy hoéa béac cao.

Bai tap

1.

Mot ¢ot hap phu nhoi than hoat tinh c6 toc do truyén khoéi nhanh.

Cho cac s6 lidu sau day va xéac dinh lwgng cacbon can thiét dé xir 1y nude
thai ¢6 luu lugng 1000 //phut va thoi gian phuc vu cua chat hap phu.

2,

Chat bi hap phu trichloethylen (TCE)

Nong d6 ban dau, Cp = 1,0 mg/I

Nong d6 sau khi xur 1y C. = 0,005 mg/I

Khbi lugng riéng GAC = 450 g/I

Heé s6 dung tinh Freundlich K¢= 28(mg/g)(L/mg)""
Tham s6 cudng d6 Freundlich 1/n = 0,62

EBCT = 10 phuit

Thiét ké mot thap trich ly cho nudc ngﬁm chtra benzen. Nudc ngam

duge hat tir giéng voi luu lugng bﬁmg 0,1 m’/s va nong do benzen 1a 100
gf? Non;: dd benzen trong nudce ngam sau khi qua thap trich ly s& giam

xudng mirc cho phép 1a 5 ug/l. Pai dién cua nha san xuat cho biét céac
héop trich ly bing nhya day 3,5 inch cé gia tri Kya = 0,011/s. Xéc dinh
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duong kinh va f:hiéu cao cua thap. Gia su luu lugng nuoc la 0,014 m/s va
hé s6 trich ly bang 3,5. Cho gia tri Ky, d61 vo1 benzen trong cac hop trich
ly bang nhya day 3,5 inch = 0,011/s.

3. Xéc dinh lugng khong khi can thiét theo 1y thuyét ¢ 20°C dé khi
amnm c6 nong do tir 40 dén 1 mg/l trong nude thai voi luu lugng 4000

m’/h. Gia 511‘ pH cua nudc thai ting dén gia tri 11. Hang s6 Henry cua
amoni ¢ 20°C bang 0,78 atm va khong khi di vao day cua thap khong
chura amoni.

4. Cho cac thanh phan ctia nudc thai trong cac bang dudi diy. Qua
trinh str dung nhua trao do6i ion dé khir nitrat khi khong c6 mat sulfat va
c6 mat sulfat. Xac dinh lugng cuc dai cua nude thai co thé xur Iy trén mot
lit nhua trao déi ion bazo manh c6 dung tich trao ddi bing 2,0 dwong
luong gam/I.

Nudce thai A
Cation Nf‘mg mg/meq | meq/l | anion leg mg/meq | meq/l
do do
(mg/l) (mg/l)

Ca®’ 32,2 20,04 4,10 | HCO5 | 305,1 | 61,02 5,00

Mg™ [ 17,9 12,15 | 1,47 |[SOs | 0,00 |48,03 0,00

Na' 46,4 23,00 2,02 | CI 78,0 | 3545 2,20
K" 15.5 39,10 0,4 | NOy 50,0 |62,01 0,91
Ycation | 7,99 Yanion | 8,11
Nude thai B
Cation | Nong | mg/meq | meg/l | anion | Nong | mg/meq | meq/l
do do
(mg/l) (mg/l)

Ca*' 82,2 20,04 | 4,10 HCOs™ | 305,1 | 61,02 |5,00

Mg [17,9 |12,15 |[147 |SO& |[79.2 48,03 | 1,65

Na' 46.4 23,00 2.02 CrI 78,0 35,45 2,20
K’ 12,5 39,10 0,4 NOy 50,0 62,01 0,91
Ycation | 7,99 Tanion | 8,27
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‘ Chwong 11 ]
KHU TRUNG NU'O'C THAI SAU KHI XU LY

Muc tiéu chwong 11. Sau khi hoc xong chwong nay sinh vién nam dwoc:
o Cosoly thu[_vér cua qua trinh khur trung
e Phuong phap lwa chon chat khir tring
o Tinh todn liéu ki trimg

o Tinh todn thiét ké hé thong khir tring

11.1. KHAI NIEM VE KHU TRUNG

Khir tring 1a tiéu diét cac vi khuan gay bénh co trong nuéce sau khi
xir 1y. Cac tinh chat can thiét cia mét chat khur trung 1y tuong dua ra
trong bang 11.1. Trong thuc té, co rat it chat khur trung dép tmg duoc dé’iy
du tinh chat nhu da néu trong bang 11.1. Tuy nhién, day la nhiing diéu
kién can phai dugc xem xét can than trude khi lya chon chét khir tring.

Chat khur trung c6 thtf: su dung la: (1) cac tac nhan hoa hoc, (11) cac
tac nhan vat 1y, (ii1) cac thiét bi co hoc, (iv) buc xa.

11.1.1. Cac tac nhan khir trung
I- Cdc tac nhdan hoa hoc

Cac hop chat da dugce nghién ctru va sir dung trong tiét trung 1a: (1)
clo va cac hop chat cua no; (2) brom; (3) iod; (4) ozon; (5) phenol va céc
hop chat cua phenol; (6) cac ruou; (7) kim loai nang va cac hop chat lién
quan; (8) chat mau; (9) xa phong va cac chat tong hop; (10) cac hop chat
amoni béac bon; (11) hydrogen peroxit; (12) axit paracetic; (13) mot sO
alkali va axit. cac hop chat dugc xir dung phd bién nhét trong cac hop
chat da néu la clo va cac hop chat cta no.

Bing 11.1. Tinh chit ciia chat khir tring ly twéng

Pic trung Tinh chat /dap Gng
San co C6 nhiéu vé so lwong va gia ca phu hop
C6 kha nang khu mui S€ Khur mui trong khi khur trang
Dong nhit Dung dich phai dong nhat thanh phan
Tuong tac voi cac vit liéu la | Khong bi hz’ip phu boi cac vat liéu htru co
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Khong dn mon va gay ri Khéng lam bién dang kim loai va gy 6 vai

Khoéng doc voi dong vat bac | DPoc vai vi sinh vat va khong doc doi voi nguot

cao va dong vat

Tham C6 kha ning tham qua bé mat

An toan An toan dé véan chuyén, cat gitr, quan ly va su
dung

Do tan Phai hoa tan trong nudc hoidc té bao

Do bén Bi suy giam hoat do tiét trung it trong mdt thoi

gian dai

Ddc voi vi sinh vat Anh huong ¢ liéu pha loang cao

Boc & nhiét do phong Co tac dung ¢ nhiét d6 phong

2- Cac tac nhan vit ly

Nhiét, anh sang va am thanh ciing c6 thé st dung dé tiét trung.
Nhiét duoc sir dung kha pho bién trong ti€t trung cong nghiép, nguoc lai
it duoc sir dung trong xir Iy nudc thai. Anh sang mit troi chira birc xa UV
co thé tiéu diét vi sinh vat.

Cac dang birc xa c6 thé sir dung trong khir tring nude thai 1a birc
xa dién tir, song am thanh, va hat. Van chua c6 thiét bj thwong mai dé su
dung d{mg electron ning luong cao, tuy nhién, birc xa gamma (phat ra tir
dong vi phong xa nhu Co-60) di duoc sir dung dé khir tring nude thai.

Bang 11.2 dua ra mét s6 tinh chat dac trung cua cac chat khir trung
thuong dung hién nay. Kha ning tiét trung cua cac phuong phap trong
cac bo phan xu ly dua ra trong bang 11.3.

Bing 11.2. So sinh cdc tinh chat Iy tuwéng va thuc té ciia chit khir
triung dwge s dung (Nguon: Metcalf & Eddy, 2003)

Pic trung Clo Natri Canxi Clo Dioxit| Ozon | Birc
Hypochlorit| Hypochlorit xa UV
Tinhsanco | Gia | Gidtrung | Gidtrung | Gidtrung | Gia Gia
thap binh binh binh thap | trung | trung
binh cao| binh
cao
Kha nédng Cao | Trung binh | Trung binh Cao Cao
kKhu mui
Tinh QE’ing Dét}g Dong nhat | Pong nhat | Dong nhat E}fit]g
nhat nhat nhat
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Tac dung vai| Oxy Chét oxy Chét oxy Cao Oxy hoa| Hap
vat liéu hoa vat | hoa hoat hoa hoat cac vat |thubiic
ngoai liéu dong dong cao liéu hiru | xa UV
htru co co
Khéng an |Anmon| Anmon Anmon | Anmon | Anmon
mﬁn_vfi cao cao cao
khong 6 mau
Khﬁng doc Poc Poc boc Poc Poc Boc
doi voi dang | cao
cao hﬂp
cua su song
Su thdm Cao Cao Cao Cao Cao | Trung
binh
Quan taman | Cao Trung binh | Trung binh Cao Trung Thép
toan binh
Do tan Trung Cao Cao Cao Cao
binh
Do bén Bén | it kém bén Tuong doi Khong | Khong
bén bén bén,
phai tao ra | phai tao
khi ra khi su
su dung dung
Poc voi vi Cao Cao Cao Cao Cao Cao
sinh vat
Poc o nhiét | Cao Cao Cao Cao Cao Cao
do phong

3- Cic thiét bi co hoc

Céac thiét bi co hoc nhu céac lugi chin co thé duoc st dung dé loai
bo hoac tiéu diét vi sinh vat.

Bdng 11.3. Kha nang logi bo hodc tiéu diét vi khuan
bang cac qud trinh khac nhau

Qua trinh Loai bo (%)
Ludi chin tho 0-5
Lwé6i chan min 10 —20

Bé ling cat 10 - 25

Lang tho 25 —75
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Két tua hoa hoc 40 — 80
Loc nho giot 90 — 95
Bun hoat tinh 90 — 98

Khir trung bang clo 98 — 99,999

Nguén: Metcalf & Eddy, 2003

11.1.2. Co ché khir trung

Nam co ché chinh dugc néu ra dé giai thich hoat dong cta chét khur
trung:

1- Pha huy thanh té bao

2- Bién d6i kha ning tham thau cua té bao
3- Thay thé ban chat keo cua plasma

4- Bién doi DNA va RNA

5- Ut ché hoat dong ctia enzym

Cac chat khtr tring ¢6 tac dung 1a 1am hu hai hay pha hiy thanh té
bao dan dén té bao bi chet. Mot so tac nhén nhu penicillin 1am trc ché sy
tong hop thanh té bao. Cac horp chat ctia phenol va chat tay rira lam thay
d6i kha ning tham thau ctiia mang té bao. Nhiét, birc xa va cac tac nhan
c6 tinh axit va kiém cao lam thay d6i ban chat keo ctia plasma. Nhiét sé
lam ngung tu protein cua té bao, axit va bazo lam bién tinh protein dan
dén chét.

Birc xa UV gay ra su bién déi lién két doi trong vi sinh vét gay dut
vd chudi DNA. Khi cac photon UV bi hap phu bai DNA trong vi khuan
va dong vat nguyén sinh, lién két kép bi pha v& dan dén vi sinh vat khong
thé tai tao va tro thanh bat hoat.

Mot co ché khac cua khir tring 13 wc ché hoat dong cua enzyme.
Cac chat oxy hoa manh nhu clo va cac hop chat cua n6 c6 thé lam bién
d6i su sip xép hoa hoc clia enzyme va lam bat hoat enzyme.

11.1.3. Cac yéu t6 anh hwéng dén hoat dong ciia chit khir tring

Cac yéu tn anh huong dén hiéu qua cua khur trung la: (1) thor glan
tiép xuc, (i) nong do chat khur trung, (iii) cuong do va ban chat cua cac
phuong tién vat 1y, (iv) Nhiét dg, (v) loai vi khuén.
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1- Théi gian tiép xiic
Thoi gian tiép xtc 1a mot trong nhitng yéu to co tinh quyét dinh

dén hi¢u qua cua khir tring, Thoi gian tiép xtc va lugng vi sinh vat bi
chét tuan theo dinh luat Chick (1908):

dN
—— =—kN, o 40
7 : (11.1)
Trong do:
dNF A ,\ I, X s o TR i Wi
y la toc do thay do1 ndong dé vi sinh vat theo thoi gian
[

k — hang s6 tdc do bat hoat, [1/T]
N, — sb luong vi sinh vat ¢ thoi gian t [L7]
t — thoi gian

Néu N, la so6 lwong vi sinh vat o thoi gian ban dau, ¢ = 0; tich phan
phuong trinh (11.1) ta dugc:

N :
—L=¢™" (11.2)
Nﬂ
N
hoac: In—- = -kt (11.3)
Nﬂ'

‘ Hing s6 toc do bat hoat k trong phuong trinh (77.3) 1a d6 doc cua
do thi - In(N/Ny) theo t.

2- Nong dp ciia chat khir triing

Herbert Watson (1908) da chimg minh hang so toc do bat hoat lién
quan dén nong d6 chat khir tring theo biéu thirc:

k=k'C" (11.4)
Trong do:
k - hang so toc do bat hoat
k’ - hang s6 suy giam
C - nong d6 chat khir tring
n - hé so6 pha loang
Két hop hai phuong trinh cua Chick va Watson ta co:
dN,
dt

=—k'C"N, (11.5)
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Léy tich phan phuong trinh (/3.5) nhan duoc:

; —k'C"t
—=e 11.6
N, (11.6)

hoac:
]nﬁ’—z—k'C”I tllir)

0

Dang tuyén tinh cua phuong trinh (/1.7):

h1€=—-1-k1r+lln Ll .3
n n |kK'\ N,

Gia tri cua n co thé thu duogc khi vé do thi biéu dién su phu thudc
cua /nC theo

n = I- thoi gian va nong d6 quan trong nhu nhau
n > I —nong do quan trong hon thoi gian
n < I —thoi gian quan trong hon nong do

3- Cwong dé va ban chit ciia tdc nhan vit Iy

Nhiét va anh sang la nhirng tac nhan vat 1y da duoc s dung kha lau
dé khur tring. Nguoi ta dd xé4c dinh hiéu qua khtr tring 1a mot ham s6 phu
thuc vao cuong dé cac tac nhan. Vi du, néu nhu phin huy vi sinh vt ¢6
thé duoc trinh bay véi phan Gmg bac nhat thi anh huong cua cuong do tac
nhan dén khu trung dugc phan anh trong hang sb & thong qua mot s6 moi
quan hé ham s6 voi:

+ Nhiét d - Anh huong cua nhiét do den toc dd giét vi khuan cua
chiat hoa hoc dugc biéu dién duol dang moi quan h¢ van’t Hoff —
Arrhenius. Nhiét do tang dan dén toc do giét vi khuan nhanh hon. Con vé
mat thoi gian thi doi hoi mot khoang thoi g:an nao do dé dat duoc hiéu
qua so phan tram vi khuéan bi giét da cho, moi lién hé dé la:

& E(L~T)

InL =2 "1 11.8)
t, RTT, L

Trong do:

t> va t;- thoi gian dé tiéu diét % vi khuan da cho & nhiét do 7, va
15, (K)

E — nang luong hoat hoa, J/mol hoac cal/mol
R — hang s6 khi, 8,314 J/mol. K
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11.2. KHU TRUNG BANG CLO VA CAC HQP CHAT CUA CLO

Clo 1a chat khtr trung hoéa hoc duge sir dung kha phd bién vi nd
thda man hau hét nhitng yéu cau ctia mot chat ti¢t trang 1y tuong. Cac
hop chat chinh cua clo dugce st dung trong khir tring nude thai 1a clo
(Cl;), natri hypochlorit (NaOCI), canxi hypochlorit (Ca(OCl),;) va
chlorine dioxit (ClO,).

11.2.1. Phan irng cua clo trong nudc

O trong nude hai phan ung ion héa va thuy phan cua clo xay ra:
Cl, + H,O & HOCl+H + CI

Hfing s can bﬁng K

_[HOCN[H"[CI]
= [Cl,]

=4,5%10™* (mol/l) & 25 °C

Do hang s6 Ky, rat 1én nén luong 16n Cls tan trong nudc
lon hoéa axit hypocloro thanh ion hypoclorit (OCI) theo phan irng:
HOCl & H" + OCI
Hing sb ion hoa K; ddi v6i phan (mg la:
[H"]{OCI"]
T [HOCH

Tong [HOCI] va [OCI'] co mat trong nuoc duge got 1a clo tu do su
dung. Su phan bé hai thanh phan nay trong nudc rat quan trong vi hi¢u
suat diét Vi khuan ctia ching ; khac nhau, HOCI diét vi khuan khoang bﬂﬂj:
40 — 80 lan cua OCI. HOCI ton tai & pH dudt 7.5, nguoc lan OCI ton tai
¢ pH>7,5.

a. Phan ung cua hypoclorit trong nuwoc

=3x10" mol/l &25°C

Muoi ciia Ca hodc Na hypoclorit thuy phan trong nuéc tao thanh
axit HOCI:

Ca(OCl); + 2H,0 — 2HOCI + Ca(OH),
NaOCl + H,O — HOCI + NaOH
b. Clo phan wng voi ammoni

Trong nudc thai chira nito ¢ dang amoni va mét so cac hop chat
ctia nito. Vi hypoclorit 1a chat oxi héa rat manh nén sé phan Ung voi
amoni dé tao thanh mét sd dang cloramin la nhirng chat khur trung duoc
goi 1a “clo két hop c6 gia tri”:
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NH; + HOCI —- NH>CI (monocloramin) + H,O
NH,CI + HOCI — NHCI; (dicloramin) + H,O
NHCI1; + HOCI — NCl; (nitro triclorit) + H,O

Céac phan mg trén phu thudc vao pH, nhiét do, thoi gian tiép xtc
va ty € cua clo va amoni (bang 11.4).
Moi quan hé cua clo ¢6 gia tri trong dang dicloramin va clo gia tri
trong dang monocloramin nhu sau:
BM

“Ip-BMe-M)7 ey

Trong do:
A -ty 1€ cua clo ¢6 gia tri trong dicloramin va monocloramin
M - ty I¢ mol cua clo (Cl,) thém vao dung dich khi ¢6 mat amon-N.
B = 1- 4K [HH]
¢. Clo phan iing véi cic chit hitu co

+ Phan (g véi phenol tao thanh clorophenol, mot hop chét c6 mui
va vi kho chiu.

+ Phan (rng vo1 cac chat hitu co tu nhién (NOM) nhu axit humic,
tao thanh tri-halo methan (THMs) 1a mét tac nhan gay ung thu.

11.2.2. Phan trng diém thoat (breakpoint) véi Clo

Duy tri luong du clo (bao gom clo két hop va clo tu do) dé khur
trung nuGe thai 1a rat khé vi clo du khong nhimg tac dung v6i amoni ma
con 1a tic nhan oxy hoéa rat manh. Thuat ngir “clo hoa dlcm thoat -
breakpoint” ap dung cho qua trinh nhd ¢6 du clo thém vao dé phan tmg
vOi tat ca cac chat c0 kha nang oxi hoa sao cho néu clo dugc cho thém
vao sé con lai mot phan clo tu do. Hay néi mét cach khéc, lidu luong clo
dugc xé4c dinh sao cho dam bao du du duoc goi 1a clo hoa diém thoat.

Tién hanh thi nghiém trong phong thi nghiém vo1 lugng clo thém
vao nudc thai, sau mot thoi gian xac dinh lugng clo con lai. Xay dung do
thi vé moi quan hé cua lugng clo du va liéu lugng clo cho vao dé xac
dinh diém thoat. (hinh 11. 1)
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Ty 1€ mol Cl,: NHy pH
6 7 8 9

0,1 0,13 0,014 1E-0,3 0,000
0,3 0,389 0,053 5E-0,3 0,000
0,5 0,668 0,114 0,013 1E-0,3
0,7 0,992 0,213 0,029 3E-0,3
0,9 1,392 0,386 0,082 0,011

1,1 1,924 0,694 0,323 0,236
1,3 2,700 1,254 0,911 0,862
1.5 4,006 2,343 2,039 2,004
1,7 6,875 4,972 4,698 4,669
1,9 20,485 18,287 18,028 18,002

Tir d6 thi trén hinh 11.1 c6 thé thay qué trinh khir tring chia thanh

cac gial doan:

a. Giai doan thit nhat, khir cac chat vé co nhu NO;, H,S, Fe**, Cl, —

2CT,

b. Giai doan thoa min nhu cau ban dau, tac dung vé1 amoni tao thanh

cac cloramin — clo du két hop.

¢. Khi tang lidu luong clo, dicloramin tao nhiéu hon so véi
monocloramin. Tricloramin khong bén, bi phan huy thanh N, va
giam luong du clo.

d. Piém thap nhat cua luong du clo 14 diém thoat (breakpoint).

e. Liéu luong clo ting 1én 1am tang clo tu do.

Liéu lwong clo thich hop cho xtur 1y nudc thai phai vuot qua diém
thoat. Tuy nhién, nong d6 tai diém thoat thay d6i voi chat luong cia
nudc thai. Khi thém clo hoac hop chat cua clo sé tao ra tinh axit cho nudc
thai, tang cao chat ran hoa tan va lwong du clo. Bang 11.5 dua ra cac anh

huong cia thanh phan nudc thai dén khir tring bang clo.
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A
Clo thém vao ’.'.
=
50
§_ Clo tir do dir
=2 A
LS
*‘g.
20
qa o
. S (D
Diém thoat w
X ¥
Liéu cia clo, mg/l Choguckichiop
Hinh 11.1. Dwong cong khir trung voi clo
Bang 11.5. Cac tac dong cua thanh phan
cua nwoc thai khi sw dung clo dé khuwr trung
Thanh phén Anh hwéong
BOD, COD, | Cac hgp chat hitu co bao gdm BOD va COD c6 thé sir dung
TOC, v.v. nhu cau clo. Murc d6 anh huong phu thude vao cac nhom chirc
va cau tric héa hoc cua chung
Axit humic Giam hi€u qua cua clo boi tao thanh hop cht clo hiru co. Céc
hop chat nay dugc xem la clo du nhung khong c6 tac dung khu
trung.
Dau, m& C6 thé str dung nhu cau clo
TSS Che chin cho vi khuin
PO kiem Khong hoac it anh hudng
Do cung Khong hoac it anh huong
Ammonia Két hop vai clo tao thanh cac cloramin
Nitrit Ox1 hoa bai clo, tao thanh N-nitrosodimethylamine (NDMA):
NO; + HCl - HNO, + CI
HNO, + CH; — NH — CH; — CH; — N — CH;
NO
Nitrat Liéu clo bi giam vi cac cloramin khong tao thanh. Nitrat hoa

hoan toan ¢ thé dan dén tao thanh NDMA do sy c6 mit clo t
do. Nitrat hoa timg phan ¢6 thé dan dén khé xac dinh liéu clo
thich hop.
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Sat Bi oxy hoa bai clo

Mangan Bi1 oxi hoa boi clo

pH Anh hudng dén su phan b giira axit hypochlorous va ion
hypochlorit

Chat thai Phu thudc vao thanh phan, c6 thé thay d6i theo mua, ban ngay

cong nghiép

hay dém, li€u cua clo.

Vidull

ik

Nguon: Metcalf & Eddy, 2003

Keét qua thi nghiém nhu cau liéu clo khir trung nwéc tho o 20 'C
cho trong bang duwoi ddy

ap

Mau | Liéu heong clo, mg/l | Luwong clo con lai sau 10 phiit tiép xiic, mg/l
/ 0,2 0,19
2 0,4 0,37
3 0,6 051
4 0,8 0,50
3 1,0 0,20
6 1l 0,40
7 1,4 0,60
8 1,6 0,80

a) Nhu cau clo bang bao nhiéu ¢ liéu clo cho vao la 1,2 mg/I?

b) Xay dung do thi nhu cau clo

¢) Xde dinh diém thoat cia liéu clo ?

Giai

a) Ket qua xac dinh liéu nhu cau clo = lieu cho vao — luwong du

Mau Liéu lwong clo, Luong clo con lgi Liéu nhu cau clo,

mg/l sau 10 phuit tiep xuc, mg/l mg/l

1 02 0,19 0,01

2 0.4 0,37 0,03

3 0.6 0,51 0,09

4 0.8 0,50 0,3

5 1,0 0,20 0,8

6 1,2 0,40 0,8

7 1,4 0,60 0,8

8 1,6 0,80 0,8
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Liéu nhu cau clo = 0,8 mg/l
b) Xay dung do thi nhu cau clo

2
1.8 +
1.6 4
1.4 4
1.2 1

1 -
0.8 -
0.6 4
0.4 4
0.2 -

== Clo dir
—— Clo cho véo

Clo duw, mg/l

biem gy

0 0.5 1 1.5 2
Ligu clo, mg/l

¢c) Piém thoat (breakthrough) cia liéu clo la 1,0 mg/I

11.2.3. Khir tring bing clo dioxit

Clo dioxit 1a chat oxy héa manh hon clo va tao ra lugng du clo kéo
dai. Ngoai ra, ClO, khir mui va mau rat ¢6 hiéu qua, it tao ra san pham
phu. Do ClO; kém bén, dé phan huy cho nén thudng duoc tao ra ngay tai
noi xur 1y bang cach sir dung NaClO, tac dung véi clo theo phan tng:

2NaClO; + Cl, — 2ClO; + 2Na(Cl

11.2.4. Khwr clo

Khu trang bang clo 1a mot trong nhirng phucrng phap su dung kha
pho bién trong xir Iy nudc thai dé ticu diét cac vi sinh vat co thé gay nguy
hai cho sirc khoe. Tuy nhién, mot s6 cac thanh phan hitu co trong nuéc
thai ¢6 thé phan tng voi clo tao thanh nhing san pham phu ¢6 thé la
nhitng hop chat doc. Do vay, can thiét phai khir lvgng clo du trude khi
nudc duge xur 1y thai ra moéi truong,

11.2.4.1. Khir clo bang SO

SO, la hop chat ¢6 san & dang khi chira trong cac binh bang thép.
Khi cho vao trong nudc, SO, tao thanh axit H,SO3;, mét tac nhan khu rat
manh. H>SO; phan ly thanh HSO;™ sé phan g véi clo du tu do va két
hop theo phan trng:
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SO, + H,0 —» HSOy + H'
HOCI + HSO;” — CI'+ SO4* + 3H"
SO, + HOCl + H,0 — CI' + SO,* + 3H"

Phan tng gitta SO, va monocloramin, dicloramin va nito triclorit
xay ra nhu sau:

SO, + NH,Cl + H,O — Cl'+ SO,* + NH," + 2H"
SO, + NHCl, + H,O — 2CI' + SO,* + NH; + 21"
SO, + NCl; + 3H,0 = 3CI'+ SO + NH;" + 2H'

Luong SO» str dung dé khir Cl, can phai tinh sao cho phan tng hét
vér@ clo du ¢ dang tu do va két hop. Khi SO; du ¢6 thé s€ tiéu thu mét
phan oxy trong nudc thai:

HSO;™ + 0,505 — SO, +

Phan ung trén lam giam lucmg oxy hoa tan va lam tang lu'{mg BOD,
COD, va lam giam pH cua nudc thai. Pé han ché luong SO, du can phai
kiém soat lugng clo du tu do va két hgp sau khi khir tring bang clo.

11.2.4.2. Khir clo bang cdc hop chit sufit

Khi natri sufit (Na,SO3), natri bisufit (NaHSO;), natri metabisufit
(Na;S;0s5) duge st dung dé khur clo ¢ dang clo tu do va két hop. Cac
phan tng hoa hgc xay ra nhu sau:

o Déi véi natri sufit:
Na,SO; + Clp, + H,O — NaSO,4 + 2HCI
Na,SO; + NH>Cl + H,0 — Na,SO4 + CI' + NH,'

e Doi véi phan g ciia natri bisufit

NaHSO; + Cl; + H,O — NaHSO4 + 2HCI

NaHSO; + NH,Cl + H,O — NaHSO4 + ClI'+ NH; "

o Doi véi natrimetabisufit:

Na;S,05 + Cly + 3H,0 — NaHSO4 + 4HC

Na,S,0s5 + 2NH,Cl + 3H,0 — Na,SO4 + H,SO4 + 2C1 + 2NH,~
11.2.4.3. Khwr clo b&ng than hoat tinh

Than hoat tinh hap phu clo du tu do va clo két hgp. Phan {mg giira
than hoat tinh va clo du xay ra nhu sau:
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e Déi véi clo du tir do:
C + 2Cl; + 2H,0 — 4HCI + CO;
e Doivdi clo dir két hop:
C + 2NHCl + H,0 — CO, + 2NH," + 2CI’
C +4NHCI; + 2H,0 — CO;, + 2N, + 8H' + 2CI°

11.2.5. Thiét ké hé thong khir trung bang clo

Nhirng yéu t6 can phai duge xem xét can than trong thiét ké thiét bi
tron va tiép xuc clo la:

1. Xac dinh liéu luong clo

. Thiét bi kiém soat liéu luong

. Thiét bi bom clo va khudy tron
Thiét ké bé tiép xuc clo

Duy tri vén toc di chuyén chét rdn
Do va kiém soat clo du & 16i ra
Thiét bi cat giir clo

Thiét bi trung hoa

Thiét bi khtr clo

Thiét ké bé: tiép xuc clo dé dat két qua tot nhat 1a s dung bé phan
irng dong chay déu (hinh 11.2.)

T - NI

................................................................................................ i sedt ki trang
H . clo va khir clo
. BomClo —p. 4 ¥

K]m:,*i; ch .

Thiét bj do

Hinh 11.2. Bé phan irng khir triing bang clo
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11.3. KHU TRUNG VOI OZON

vn

Ozon c6 thé dugc sir dung trong xir ly nuoc thai dé kiém soat mui.
Ozon ¢6 thé duge tao ra bang dién phan, bang phan (g quang hoa hodc
bang phan tng hoa phﬂng xa bai su phong dién. Ozon c6 thé giy no khi

nong d6 dat dén 240 g/m’.

Phan Urmg dac trung cua ozon la phan ing phan huy:

O3+ H-O - HO; +
HO; + OH — 2HO,

OH"

O3 + HO, —» HO + 20,

HO + HO, — H,0 +

0O,

Céc goc ty do HO, va HO ¢6 luc oxi hoa rat manh c¢6 thé oxy hoa
cac hgp chat hitu co va tiéu diét vi sinh vat trong nude thai. So do su

dung ozon dé khir tring dua ra trong hinh

153

B6 phéan chinh cta hé théng khir tring bang ozon la nguén dién
(bang 11.6), cac thiét bi dé nap khi, thiét bi tao ozon, thiét bi dé tiép xuc
giita 0zon va chat 16ng va thiét bi phan hity ozon.

T

Cung cflp Rut khi
dién ap phén huy
Khon .
i s | pitu [ l T
—> £ ;
ché khi ; -
Khi : > -
0. May phat _;Be '
Nguon thay thé oxy " azou P tiep xuc
Oxy I
Nudc thai
duoc xu ly

Hinh 13.3: So dé khir triing nwéc thii bang ozon

Nuoc
duoc khir
trung
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Bang 11.6. Nang luwong can thiét dé khir trung bﬁ"ng ozon

Bo phan kWh/kg ozone
Chuan bi khong khi (may nén va lam kho khong khi) 44 —-6.6
Tao ozon:
Nap khong khi 13.2-19.8
Oxy tinh khiét 6.6 -13.2
Tiép xtc ozon 22-6.6
Cac thiét bi khac 1.2~2.2

11.3.1. M6 hinh to4n hoc qua trinh khir tring biang ozon

Tuong tu nhu mé hinh toan hoc khur trung bang clo, Finch va
Smith (1989, 1990) da dua ra biéu thirc nhu sau:
N .
—=1d6ivoi U <gq (11.10)

N,
N i ks
N—u=[(U)fq] doi voi U > ¢ (11.11)
Trong do:
N — s6 vi sinh vat con lai sau khi khir trung
Ny — s0 vi sinh vat ban dau trudce khi khur trung
U - Liéu ozon st dung, mg/l
n - 406 dbc cua duong cong dap (mg — liéu
q - gia tri ngoai suy x khi N/Ny= 1 hoac log N/Ny =0
l:iéu lugng ozon doi hoi phai ting 1én. Liéu cua ozon duge xéc
dinh bang cong thirc:
D=U[@J (11.12)
TE

Trong do:
D - tong liéu ozon doi hoi, mg/l
U - liéu ozon s dung (hoac truyén), mg/l
TE - hiéu suat truyén ozon, %
Hiéu suat truyén ozon dién hinh tir 80 — 90%
288




http://sachviet.edu.vn

11.3.2. Céc san pham phu tao thanh khi khir triung bing ozon

Giong nhu khtr trung bém:, clo, cac san phém phu (DBP) tao thanh
trong qua trinh Khur trung bang ozon la khong thé tranh duge. Céac san
pham phu co thé doc véi thue vat va dong vat. Hop chat DBP duoc tao
thanh dudi tac dung cua ozon vé1 mot loat axit htru co, cac aldehit va
keton. Ngoai ra, H,O; cting co thé tao thanh.

11.4. CAC PHUONG PHAP HOA HOC KHAC

Mdi quan tam chu yéu hién nay d6i v4i chat khir tring 1a su tao
thanh cac san pham phu. M6t s6 chat hoa hoc da duoc nghién ciru va ap
dung trong khtr trung nude thai. Qua trinh khu tring co thé sir dung mot
chat hoa hoc don 1é hay str dung nhiéu chat két hop dé dat duoc hiéu qua
khir tring cao nhat nhu sir dung axit peracetic hodc str dung két hop sir
dung peroxon.

e Axit Peracetic

Axit Peracetic dd dugc st dung nhu 1a chat khir tring va tac nhan
tiét trung trong cdc bénh vién va duge st dung dé diét khuan va chéng
nam trong ché bién thuc pham. Str dung axit peracetic khong tao thanh
lwong du bén trong nudc thai, khong tao ra san pham phu, chiu duoc su
thay doi pH, thoi gian tiép xtic ngan, va tinh hiéu dung cao. Phan ng tao
thanh axit peracetich tir axit acetich dugc biéu dién:

CH;CO;H + H,0, «<» CH;COs;H + H,O

Su khnng két hop cua axit CH;CO3;H (PAA) dugc xem la dang diét
khuan trong hon hop can bang. Tuy nhién, H,O, c6 thé ciing dong gop
dén qua trinh khtr tring.

e QOzon/Hydro Peroxit (Peroxon)

Peroxon la mdt qua trinh ox1 hoa bac cao (AOP) l1én quan dén sir
dung ozon va hydroperoxit. Qua trinh peroxon bao goém hai budc: hoa
tan ozon va thém H>0,. Bo sung H,0, dé gia tang su phan huy ozon dan
dén tao thanh gbc hydroxyl c6 nong dd cao twong tng theo phwong trinh
phan ung:

H,0, + 20; > HO®* + HO® + 30,

Phuong phap peroxon dat hi¢u qua cao hon so voi khu trung chi
bang ozon dic biét lam bat hoat cc vi khuan giy bénh va thuong dugc
sir dung khir tring nuée thai sau cac phuong phap vi loc hodc tham thau

nguoc.
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o Cic qud trinh khir tring héa hoc két hop

Trong nhting nam gén dﬁy, ngudi ta da sir dung hai hay nhiéu chat
Khtr trung cung mot luc dé nang cao hiéu qua trong qua trinh khwr trang
dic biét trong nude cap. Ly do cua qua trinh khir trung két hop d6 1a:

+ Sur dyng it chat khu trung, nhu la cloramin da lam giam su tao
thanh san pham phu DBP va c6 hiéu qua hon dé kiém soat 16p biofilm
trong hé thong phan phéi.

+ Quy dinh va ap luc cua khach hang can phai san xuat ra nudc co
murc do bat hoat cac loai vi khuan gay bénh cao trong nudc sinh hoat va
ca nudc thai.

11.5. KHU TRUNG BANG BUC XA TU NGOAI (UV)

Hé thong khir tring bang UV duogc phéan biét thanh ba tiéu chuan
tuong img v4i cac tham so hoat dong ¢ bén trong cua dén bao gom:

1. Cuong do thap, 4p suat thap
2. Cudng d6 cao, ap suat thap
3. Cuong do cao, ap suat trung binh
Tinh chét cua mdi mot loai duoc tong két trong bang 11. 7.

Cong nghé moi xuat hién trong linh vuc khir tring bang UV duoc

sir dung dé khur trung nudc thai la dén xenon dai niang lugng xung rong
va dén UV dai hep.

Bing 11.7. Dic trung hoat dong dién hinh doi véi cic dén UV

Khoing Kié¢u dén (Ap suat/Cuwong dd)
Thap/Thap Thap/Cao Trung
binh/Cao

Cong suat tiéu /4 70 — 100 200 — 500 J—5

thy kw 1,2°

Cudng d6 dong mA 350 — 550 | Co thé thay doi | Co thé thay doi

cua dén

Thé cua dén V 220 Co6 thé thay ddi | C6 thé thay d6i

Hiéu suat % 30 - 40 25-35 10=12°

Cong suat dén W 2527 60 — 400

phatra ¢ 254 nm

Nhiét do ¢ 35 —45 90 — 150 600 — 800
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Ap suit mmHg 0.007 0.001 —0.01

Chiéu dai cnadén |  m 0.75—1.5 | Co thé thay d6i | C6 thé thay doi
Pudng kinh cua mm 15-20 C6 thé thay d6i | C6 thé thay doi
den

* Cong suat phat rat cao

® Cong sudt trong ving sat tring (~250 — 260pum)

Nguén: Metcalf & Eddy, 2003

e Cac bo phan va cau hinh

Bé phan chinh cua hé thérng khur trung UV la dén UV, dat trong
mot ong boc bang thach anh. Céac bo phan khac bao gom nguon dién va
bo phan diéu chinh cong suat dén. Bang 11. 8 dua ra céc tac dong dén
nude thai khi khir tring bang UV.

Bing 11. 8: Anh hwong cia cic thanh phén trong nwoc thai

khi sir dung birc xa UV dé khir tring

Thanh phan Anh huéng

BOD., Khi}ng hodc it anh huong trir phi cac vat liéu axit humic

COD, TOC | chiém lugng l6n gia tri BOD.

Cac vat liéu Hﬁp thu manh buc xa UV

axit humic

Dau, m& C6 thé bam vao dng boc thach anh cta dén UV va hap thy
birec xa UV

TSS Hap thu birc xa UV, c6 thé che chén cho vi sinh vat

Do kiém Co thé tac dong dén kha nang khur trung, ngoai ra anh
huong dén d¢ tan cua kim loai dan dén hap thu birc xa UV.

DJ cing Can xi, ma nhé va céc mudi khac c6 thé tao thanh l6p
khoang lang dong trén ong thach anh dac biét l1a khi tang
nhiét do.

Ammonia | Khong hoac it anh huong

Nitrit Khong hoac it anh huong

Nitrat Khoéng hodc it anh huong

Sat Hﬁp thu manh butrc xa UV, ¢6 thé két tua trén fmg thach anh,

c6 thé hap phu chat ran lo limg va che birc xa cho vi khuan.
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Mangan Hép thu manh birc xa UV

pH C6 thé anh hudng dén d6 tan cta kim loai va cacbonat
TDS C6 thé tac dong kha niang khir tring va tao thanh 16p lang
dong vo co.

Chét thai Phu thudc vao thanh phan (vi du nhu chit mau) c6 thé dan
cong nghiép | dén sy thay doi vé d6 truyén qua vao ban ngay va theo mua.

Nguon: Metcalf & Eddy, 2003

11.6. SO SANH CAC PHUONG PHAP KHU TRUNG

~ Uu diém va nhugc 'diém ciia moi mdt phuong phap duogc st dung
dé khur triung duoc tong két trong bang 11.9 dudi day

Bang 11.9. Uu va nhwoc diém ciia clo, clo dioxit, ozon
va UV trong khw trung nwoc thai

Uu diém Nhuoc diém
|. Cong nghé da duoc biét 1d I. Chét hoa hoc doc hai
2. Chat khir tring ¢6 hiéu qua. 2. Thoi gian tiép xuc dai

3. C6 thé kiém soat va duy tri | 3. Do doc luong du anh hudng dén
lugng du clo. moi truong

4. Lugng du clo két hop tao thanh | 4. Tao thanh THM va cac san pham
¢o thé thém vao amoni phu doc hai khac

5. Luogng du clo sat trung c6 thé | 5. Giai phong cac hop chat hiru co
duy tri bay hoi tir bé tiép xtic

6. Sén c6 hé thong hoéa chat dé bo | 6. Oxy hoéa Fe, Mn va cac chat vo

o | tro s dung nhu kiém soat mui, | co khéc

O | hé thong xir Iy nude thai 7. Oxy héa mot loat cac chat hiru co
7. Oxy hoa sulfit 8. Mirc TDS cua dong thai xur 1y
8. Tuong doi re anh huong ting 1én
9. Sin ¢6 ¢ cac dang mudi 9. Ham lugng clo ctia nudc thai co thé

bi giam néu nhu do kiém khong du

10. Tao ra axit, pH cua nudc thai
giam xuong néu do kiém khong du
11. Tang quy tic an toan

12. An mon céc thiét bi trong hé
thong xu ly

292




http://sachviet.edu.vn

1. Chat khir triing ¢6 hiéu qua

2. Hiéu qua hon clo 1am bat hoat hau
hét cac virus, bao fir, nang, trimg
3.Tinh chét diét trang khoéng phu

1. Khong bén phai tao ra tai noi khir
trung

2. Oxy hoa Fe, Mn va cac hop chét vo
co khac lam tiéu ton chat khur trung

thai ra

6. Hi¢u qua phan huy chat hitu co
bén nhu NDMA

7. An toan so v&i cac chat khur

E thudc vao pH 3. Oxy hoa mét loat cac hop chat
E 4. G didu kién thich hop, san | hituco
o pham phu DBP khong tao thanh 4. Tao thanh DBP
{'-j 5. Oxy hf}? cac sufit 5. Phéan huy trong anh sang mat troi
6. Cung cap luong du 6. Co6 thé tao ra mu
7. Tang mirc TDS cua dong xu ly
8. Gia thanh cao
1. Chat khur tring c6 hiéu qua 1. Khong do duoc ngay su khu
2. Hiéu qua hon clo lam bét hoat | trung c6 hi¢u qua khong
hau hét cac virus, nang, tring. .. 2. Khong anh huong cua lugng du
3. Tinh khu tring khong bi anh | 3. it hiéu qua trong bt hoat mot s6
huong boi pH virus, nang, trung ¢ licu thap su
4. Thoi gian tiép xuc ngan hon clo dung doi vai vi khuan coliform
5. Oxy hoa céc sulfit 4. Tao thanh DBP ,
% 6. Doi hoi it khong gian 5. Oxy hoéa Fe, Mn va cac hop chat
N | 7. Dong gbp oxy hoa tan N GO Rk
o g g0p OXYy o - J_—
6. Oxy hoéa mot loat hop chat hiru co
7. Xu 1y doi hoi thai khi
8. Quan tam an toan
9. P an mon cao va doc
10. Cuong dd - nang lugng
11. Tuong dbi dit
12. Phai bao tri thuong xuyén
1. Chat tiét trung hiéu qua 1. Khong do dugc ngay su tiét tring
2. Khong dé lai tan du doc ¢o thanh cong hay khong
3. Hiéu qua hon clo lam bit hoat | 2. Khong anh huong ‘3}13 tan du '
E hau hét virus, nang va trirng 9 ﬂié_u qua it lla.m‘li)ﬁl h»pal mét SO
<. | 4. Khong tao thanh san pham phu loai VIIuS, nang o lieu thap st dung
¥ | & mic liéu tiét trung cho coliform
.:E 5. Khong ting mirc TDS cua dong | 4- Nang lugng lon

5. Thiét ké thiy lyc ciia hé thong
UV ¢é tinh quyét dinh

6. Twong doi dat

7. S6 16n dén UV doi hoi & ndi hé
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trung hoa hoc

thong cuong do thap, ap suat thap

8. Doi hoi khong gian hep hon so dugc sir dung

vo1 st dung clo

9. O lidu cao, birc xa UV ¢6 thé
su dung dé khur lugng vét cdc chat
htru co vi du nhu NDMA.

Nguon: Metcalf & Eddy, 2003

CAU HOI ON TAP VA BAI TAP
Cau héi 1y thuyét

1

h & »B N

7.
8.

tuong.

. Clo két hop la gi?

. Muc dich cua khur trang? Néu dic diém cua mot chat khir tring 1y

. Trinh bay co ché khir tring bang clo.

. Hay cho biét cac phuong phap khir clo

Viét cic phuong trinh phan tmg khir clo 1) véi SO, 2) véi

Na;SQOs, 3) NaHSO;,.

Viét phuong trinh phan tng su hap phu cta than hoat tinh déi véi

clo.

Trinh bay cac phuong phéap khir tring bang ozon

Co ché khtr tring cta tia UV

Bai tap

1. Cho két qua khir tring bang clo ddi voi E.coli dugc biéu dién theo
phan tram trong bang dudi day. Xac dinh cac hang so trong phuong trinh
Chick doi véi 99% khu E. coli.

Clo tu do, Phan tram quan sat
mg!l T o 4 : ’
Thoi gian tiép xuc, phat
1 3 > 10 20
0,05 97 82 63 74| 0.3
0,07 93 60 28 0.5 -
0,14 67 11 0,7 - 8
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2. Xéc dinh thoi gian can thiét dé 99% vi khuan bi giét doi voi licu clo
bang 0,05 mg/l & nhigt do 20°C va pH 8, S Str dung cac sO liéu trong bai
tap 1 voi diéu kién thi nghiém & nhiét do 5°C trong bé phan tmg gian doan.

3. Xac dinh ty 1¢& khéi luong cua clo va amoni ¢ diém thoat va luong
kiém can thiét cho méi mg/l cia amoni bi oxy hoa tai diém thoat.

4. Xac dinh kich thudc cua bé tiép xuc cho luu luong trung binh thirét
ké bang 0,131 m’/s va luu lugng dinh bing 0,329 m’/s, cho thoi gian tiép
xuc l1a 20 phut.

5. Nude duge xur 1y ¢6 pH bang 7.4, ¢ nhiét do 25°C va lugng clo du
bang 1,2 mg/l. Cloramin dugc st dung trong hé thong phéan phdi. Can
bao nhiéu amoni dé duy tri ty 1 dicloramin va monocloramin bang 1,5,
gia sur tat ca cac luong du déu khong bi bién mat.
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PHU LUC 1
QCVN 24:2009/BTNMT

Quy chuin k¥ thuit qudc gia vé nwéc thai cong nghiép
National Technical Regulation on Industrial Wastewater

Bing 1. Gid tri C ciia cic thong so6 6 nhiém trong nudc théi cong nghiép

g Gia tri C
TT Thoéng so Don vi
A B
I | Nhiét do °C 40 40
2 | pH - 6-9 5,5-9
3| Mui - Khong khé | Khong khé
chiu chiu
4 | Po mau (Co-Pt & pH =7) : 20 70
5 | BODs (20°C) mg/| 30 50
6 | COD mg/| 50 100
7 | Chat ran lo ling mg/l 50 100
8 | Asen mg/I 0,05 0,1
9 | Thuy ngan mg/I 0,005 0,01
10 | Chi mg/l 0,1 0,5
11 | Cadmi mg/l 0,005 0,01
12 | Crom (VI) mg/l 0,05 0,1
13 | Crom (III) mg/l 0,2 1
14 | Pong mg/l 2 2
15 | Kém mg/| 3 3
16 | Niken mg/l 0,2 0,5
17 | Mangan mg/| 0,5 1
18 | Sat mg/| | 5
19 | Thiéc mg/ 0,2 1
20 | Xianua mg/l 0,07 0,1
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21 | Phenol mg/l 0,1 0,5
22 | Dau m& khoang mg/l 5 5
23 | Dau dong thuc vat mg/| 10 20
24 | Clo du mg/| 1 2
25 | PCB mg/l 0,003 0,01
26 | Hoa chat bao vé thuc vat mg/| 0,3 1
lan hitu co
27 | Hoa chat bao vé thyuc vat mg/I 0,1 0,1
Clo hiru co
28 | Sunfua mg/I 0,2 0,5
29 | Florua mg/| 5 10
30 | Clorua mg/| 500 600
31 | Amoni (tinh theo Nito) mg/I 5 10
32 | Tong Nito mg/I 15 30
33 | Tong Photpho mg/l 4 6
34 | Coliform MPN/100ml 3000 5000
35 | Tong hoat d6 phong xa o Bq/l 0,1 0,1
36 | Téng hoat d6 phong xa p Bq/l 1,0 1,0
Trong do:

- Cot A quy dinh gia tr1 C cua cac thong s0 6 nhiém trong nuoc thai
cong nghi€ép khi xa vao cac ngudn tiép nhan 1a cac ngudn nude duge
dung cho muc dich cap nudc sinh hoat;

- Cot B quy dinh gia tr1 C cua cac thong s6 6 nhiém trong nudc thai
cong nghiép khi xa vao cac nguon tiép nhan 1a cic ngudn nude khong
dung cho muc dich cap nudc sinh hoat;

- Théong so clorua khong ap dung do1 vol ngudn tiép nhan la nudc
man va nuac lo.
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PHU LUC 2

QCVN 14:2008/BTNMT
Quy chuian k¥ thuit quﬁc gia vé nuwde thai sinh hoat
National technical regulation on domestic wastewater

Bing 2. Théng sé 6 nhiém va gici han cho phép

TT Théng so Pon vi e
A B
1 |pH - 5-9 1 5-9
2 | BODs (20 °C) mg/l 30 50
3 | Tong chat rin lo ling (TSS) mg/l 50 100
4 | Téng chat ran hoa tan mg/l 500 1000
5 | Sunfua (tinh theo H,S) mg/l 1,0 4.0
6 | Amoni (tinh theo N) mg/I 5 10
7 | Nitrat (NOj3’)(tinh theo N) mg/I 30 50
8 | Dau md dong, thuc vat mg/l 10 20
9 | Tong cac chat hoat dong bé mit mg/l 5 10
" w | 6| o
11 | Tong Coliforms MPN/100 ml | 3.000 | 5.000
Trong do:

- Cot A quy dinh gia tri C cua cac thong s6 6 nhiém lam co so tinh
toan gia tri téi da cho phép trong nuoc thai sinh hoat khi thar vao cac
ngudn nude duge dung cho muc dich cap nude sinh hoat (c6 chat luong
nuéc twong duong cot Al va A2 cia Quy chuan k¥ thuat quoc gia vé
chét luong nudc mat).

- Cot B quy dinh gia tri C cua cdc thong s6 6 nhiém 1am co s tinh
toan gia tri t6i da cho phép trong nuoc thai sinh hoat khi thar vao cac
nguon nude khong dung cho muc dich cip nude sinh hoat ( co chat lugng
nuée twong duong cot B1 va B2 ciia Quy chuan ki thuat quoc gia vé cht
lwong nude mit hodc viing nude bién ven bo).
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PHU LUC 3
HE SO CHUYEN DPOI BON VI
Pon vi US Heé Asu Don vi SI hoac US
nhan
Chiéu dai (Length)
+ 2,540 centimetters (cm)
Inches (in)
0,0254 meters (m)
0,3048 m
Feet (ft) .
12 n
Yard (vd) 0,9144 m
ar
4 3 ft
1,609 kilometers (km)
miles 1760 yd
5280 ft
Dién tich (Area)
in” 6,452 cm’
, 0,0929 m’
ft >
144 in”
4047 m’
0,4047 ha
acre (a) S
43,560 ft-
0,001562 mi’
2
Squzarc miles 2,590 km
(mi”) 640 a
Thé tich (volume)
28,32 lit (L)
i 0,02832 m’
7,48 US gallons (gal)




http://sachviet.edu.vn

6,23 Imperial gallons
1728 in’
yd’ 0,7646 m’
3,785 L.,
0,003785 m’
4 varts (qt)
Gallons (gal) - _ _ (9
8 pints (pt)
128 fluid ounces (fl 0z)
0,1337 ft
million 3785 m’
gallons
(Mgal)
32 fl oz
quart (qt) 946 mL
0,946 L
1,233 X cubic hectometers (hm’)
acrce. ft (ac. 1073
ft) 3
1233 m
Trong lwgng (Weight)
4536 grams (gm or g)
0,4536 kilograms (k
pound (Ib, #) g. 8
7000 grains (gr)
16 ounces (0z)
grain 0,0648 g
2000 Ib
ton (short)
0,9027 tonnes (metric tons)
ton (long) 2240 b
gallon of 8,34 b
water (US)
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Imperial 10 b
gallon
Don vi trong lwong (Unit weight)
3 62,4 Ib
ft” of water
7,48 gallon
157,09 Newton per cubic meter (Nﬁm3)
pound per
cubic foot 16,02 kg force per square meter (kgf/m®)
3
(b/it) 0,016 gram per cubic centimeter (g/cm’)
Nong do (Concentration)
parts per 1 mg/L
million (ppm) ~ g 34 Ib/Mgal
grain per 17,4 mg/L
gallon
(ar/gal) 142,9 Ib/Mgal
Thoi gian (Time)
24 hours (h)
day (d) 1440 minutes (min)
86400 seconds (s)
hour 60 min
minute 60 S
Do doc (slope)
feet per mile 0,1894 meter per kilometer
Vién toc (velocity)

720 inches per minute
feet per 0,3048 meter per second (m/sec)
second
(ft/sec) 30,48 cm/s

0,6818 miles per hour (mph)
inches per 0,043 cm/s
minute
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0,4470 m/s
miles per :
e (/i 26,82 m/min

1,609 km/h

0,5144 m/s

knot
1,852 km/h

Luwu Iwgng (flow rate)

0,646 million gallons daily (MGD)
cubic ﬁ:ctjper 448.8 gallons per minutes (gpm)
second (ft’/s, _
ofs) 28,32 liter per second (L/s)

0,02832 m’/s
3,875 m*/d (CMD)
o 0,04381 m’/s
million
gallon daily 157,7 m’/h
L 694 gallons per minute
1,547 cubic feet per second (ft'/s)
3,785 liters per minute (L/min)
0,06308 liters per second (L/s)
gallons per | 0,0000631 m’/s
minute (gpm) 0.227 m/h
8,021 cubic feet per hour (ﬁ3fh)
0,002228 cubic feet per second (ft’/s)
gallons per 3,785 Liters (or kilogrames) per day
day
MGD per 0,4302 gpm per cubic yard
acre.feet
acre. feetper  0,01427 m>/s
day
Tai trong (Loading rate)
pounds per 4,8827 kilograms per square meter (kg/mz)
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square foot

(1b/ft%)

Pounds per
1000 square
foot per day
(Ib/1000
ft*.d)

0,00488

kilograms per square meter per day
(kg/m”.d)

pounds per

cubic foot
(Ip/ft)

16,017

kilograms per cubic meter (kg/m’)

pounds per
1000 cubic
foot per day
(Ib/1000
ft.d)

0,016

~ kilograms per cubic meter per day (kg/m>.d)

pounds per

food per hour
(Ib/ft.h)

1,4882

kilogram per meter per hour (kg/m.h)

pounds per
hore power
per hour

(Ip/bp.h)

0,608

kilograms per kilowats per hour (kg/kW.h)

Pound per
acre per day
(Ip/acre.d)

1,121

kilograms per hectare per day (kg/ha.d)

gallons per
acre
(gal/acre)

0,00935

m’/ha

million
gallons per
acre
(Mgal/acre)

0,93526

m’/m>

million
gallons per
acre. foot
(Mgal/acre.ft)

0,43

gpm/yd’

gallons per

0,04074

cubic meter per square meter per day
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square foot (m’/m”.d)
fer day
(gall A2 d) 0,04356 Mgal/acre.d
gallons per 58,674 m’>/m”.d
minute per
square foot
(galpm/ft2)
square root of 2.7 (L/s)*>/m’
gpm per
square foot
(gal/m)’/ft*
gallons per 0,01242 m’/d.m
day per foot
(gal/d.ft)
square foot 3,28 m*/m’
per cubic foot
(/1)
cubic foot per 7.48 m’/m’
gallon
(ft’/gal)
cubic foot per | 0,06243 m’/kg
pound (ft’/1b)
cubic foot per | L/m’.min
1000 cubic
foot per
minute
(ft’/1000
ft*.min)
Luc (Fore)

0,4536 kilograms fore (kg 1)
pounds 453,6 grams (g)

4,448 newton (N)

}ip suat (Pressure)

pounds per 2,309 feet head of water
square inch 2,036 inches head of mercury
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(Ib/in”, psi)

51,71 mmHg
6895 newton per square meter (N/m”) = Pascal
(Pa)
0,0703 kgf/em?
703, 1 kgf/m?

0,0690 bars
pounds per 4,882 kef/m?
?ﬁ}“ﬂ;“‘; oot 47,88 N/m? (Pa)
pounds per 0,01602 gmf/cm’
cubic inche 16,017 emf/L
tons per 1,5470 kg/mm’
square inche
millibars 100 N/m’
(mb)

345,34 kg/m’
inches of 0,0345 kg/em’
mercury 0,0334 bar

0,491 psi (Ib/in’)
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