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Nudrc thai nhiém diu (NTND) phat sinh tir nhiéu hoat déng khac nhau nhw khai thac dau, tinh ché dau,
cong nghiép héa dau, gia cong kim loai, hoic sira chira, vé sinh ciac phwong tién co gi6i... Loai nuéc thai
nay ld mot trong nhirng ngudn thai c6 nguy co gy 6 nhiém méi truong 16m do c6 chira nhi¢u thanh phin
chit 6 nhiém khé phan hiiy. Bén canh d6, do diu mé trong nuéc thai thwong anh huwéng khong co loi ddi
v6i vi sinh viat nén cac phwong phap sinh hoc thong thwong khong dat dwoc hiéu qua xir ly cao. Trong
nhfmg nim gén diy, cong nghé mang loc sinh hoc (MBR) da dwoc ap dung rong rii dé xir Iy nwéc thai cia
nhiéu linh vire cong nghiép. Do vy, viée phan tich, dinh gia nhlrng wu diém va han ché ciia cong nghe nay
thong qua cac cong trinh nghién ciru da dwgc cong b6 sé gop phan thic day phat trlen cong nghe dé xir ly
NTND phit hop diéu kién Viét Nam. Ni dung chinh ciia bai bao tip trung vao cac van dé vé van hanh hé
thong, nguy co tic nghén mang loc trong qua trinh vin hanh va cac bién phap kiém soat hién tweng nay,

ciing nhw véin dé chi phi lién quan dén cong nghé MBR.

Tir khéa: chit thii nguy hai, cong nghé sinh hoc két hop loc mang, nuéc thai nhiém dau.

Chi sé phin logi 2.7

THE MBR TECHNOLOGY FOR TREATMENT OF
OILY WASTEWATER: APPLICATION FEASIBILITY
IN VIETNAM

Summary

Oily wastewater generated from many popular activities such as crude oil
exploitation, oil refining, metal processing, washing mechanized vehicles,
etc., is one of the sources of serious environmental pollution. Treatment
of oily wastewater using the activated sludge process only is not really
effective due to its toxic and refractory characteristics. Recently, membrane
bioreactor (MBR) technology has been widely applied in treating various
kind of industrial wastewater and promises to be a potential solution. In this
paper, the feasibility of applying the MBR technology to treat oily wastewater
has been analysed. The discussions are mainly focused on the operational
characteristics, fouling characteristics, fouling control strategies, and costs
of the MBR technology in the treatment of these types of wastewater. It
is expected to provide useful information for researchers and engineers in
development of this novel technology in Vietnam, especially to treat oily
wastewater.
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pat van de

NTND c6 thanh phan rat
phtrc tap va c6 ndng do cac chit
kho phan hity sinh hoc nhu dau
md, amin, phenol, hydro cacbon
mach vong va cic din xuét rat
cao [1-3]. Loai nudc thai nay
phai dugc xu 1y trude khi thai
vao mdi truong, néu khong céac
thanh phan cta chung se gay 0
nhim ning cho cic ngudn tlep

nhéan nhu nuée bién, song, hd va
dat [4, 5].

Céac phuong phap thong dung
dé xir Iy NTND nhu phan tach
bang phuong phap trong luc,
tuyén noi, dong keo tu, hap
phu... déu ¢6 han ché nhu hiéu
suat thip, chi phi van hanh cao
va c6 thé gay an mon [6, 7].
Ngoai ra, hdu hét cac phuong



phap thong thuong nay khong tach duoc cac hat dau
phéan tdn ¢ dang kich thudc nho c& micromet. Qua
trinh bun hoat tinh truyén thong (BHT) thuong duoc
st dung dé phan hily cac hop cht hiru co trong nudc
thai do phuong phap nay ré tién va dat hiéu qua tuong
d6i cao. Hién nay, NTND ciing da duoc xir Iy bang qua
trinh BHT c6 kém theo cong doan tién xur 1y phén tach
dau [8]. Tuy nhién, NTND thudng c6 ham luong N va
P thip, nén qua trinh BHT khong thé van hanh hi¢u
qua va van d& bun ndi trong hé thong ciing thudng xay
ra [9]. Bén canh d6, ham lugng mubi cao trong NTND
con co thé gdy anh huong dén hoat dong cua BHT va
c6 thé lam tang kha nang ty phan hity ctia bun. O Viét
Nam, NTND ciing thuong dugc xtt 1y theo cac phuong
phap truyén thong nhu déng keo tu, ling, hodc tuyén
n6i, sau d6 qua xur 1y sinh hoc yém khi, hiéu khi. Nhin
chung, hiéu qua xur Iy cta cac cong nghé nay dat mirc
thap [10, 11].

Trong nhitng nim gan day, cong ngh¢ MBR da thu
hat duoc nhiéu nghién ctru va tng dung trong xt 1y
nudc thai [12-14]. Cong nghé MBR c6 nhiéu wu diém
s0 voi cong nghé BHT, d6 1a chat lugng nude sau xir Iy
rat tdt, co thé tai st dung; dién tich mat béng cla tram
xtr Iy nho; lwgng bun thai thap va rat linh dong trong
qua trinh nang cip, md rong cac hé thong sin co [1,
14]. Cho dén thoi diém nay, cong nghé MBR da duoc
tmg dung dé xtr Iy nhiéu loai nuéc thai cong nghiép
nhu ché bién thuc pham, gidy va bot gidy, dét nhuom,
thudc da, nudc ri rac va nude thai dugce pham [15-18].
Trong khi d6, théng tin vé& xir Iy NTND bang cong
nghé MBR mdi bt dau dugc cong bd va bude dau da
cho thay c6 nhirng wu diém so véi mot sé phuong phap
xu 1y khac [19-21]. Tuy nhién, Gmg dung cong nghé¢
MBR dé xtr Iy nudc thai noi chung va xir Iy NTND
ndi riéng con kha moi mé ¢ Viét Nam. Vi vay, viéc
so sanh, phan tich cic nghién ctru hién nay trén thé
gidi vé timg dung cong nghé nay dé xu Iy NTND la
rat can thiét, nham rat ra cac thong tin quan trong dé
tung budc ap dung cong nghé MBR cho xtt [y NTND ¢
nudc ta trong tuong lai. Bai bao duoc thyc hién nham
cung cip céac thong tin tong quan vé céng nghé MBR
dung cho xir Iy NTND, céac yéu t6 anh huéng dén qua
trinh xr 1y, kha nang trng dung, cac diéu kién van hanh
va cac chi phi lién quan dén cong nghé MBR ciing
dugec tap trung trinh bay va thao luén.
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No6i dung nghién ciu

Trong nghién ctru nay, phuong phap phan tich tong
quan da dugc sir dung dé danh gia tiém ning tng dung
cong nghé¢ MBR xur Iy NTND ¢ Viét Nam dua trén cac
tai liéu nghién ctru ky thuat, cong nghé dugc lya chon:

- Céc bai bao dang tai trén cac tap chi chuyén nganh
va sach tham khao dién hinh vé cong nghé MBR néi
chung va ung dung MBR dé xu Iy NTND noi riéng.

- Céc tai liéu tham khao dugc thu thap, cap nhat
theo tién trinh thoi gian va tong hop, phan tich theo co
so 1y ludn vé dic trung ngudn thai, didu kién xay dung
hé thong xir 1y, céc thong s6 van hanh co ban...

- Téng hop, phan tich va so sanh gbp phan cung cap
cac luan chirng khoa hoc can thiét cho viéc nghién ctru
dinh huéng tmg dung cong nghé MBR dé xir [y NTND
trong diéu kién kinh té - k¥ thuat ¢ Viét Nam.

Két qua
H¢ théng MBR

Hinh 1 biéu dién 2 dang lip dit chinh ctia hé thong
MBR. Hinh la la hé théng MBR c6 mang lip bén
ngoai bé xtr 1y sinh hoc. Hon hop bun - nudc thai duoc
bom qua don nguyén mang loc, mot phan nudc trong
s& duoc dua ra ngoai va mot phan bun s& tuan hoan
lai bé. Hinh 1b biéu dién hé théng MBR c¢6 mang loc
dit nhiing chim bén trong bé xur 1y sinh hoc. Trong hé
thong nay, hé thong phan phdi khi duoc lap dit bén
dudi don nguyén mang nham thyc hién hai nhiém vu
cung cap oxy cho qué trinh xir 1y sinh hoc va dao tron
hdn hop nudc thai dé giam hién twong tic mang [16].
Hién nay, hé théng MBR mang loc dat nhiing chim
thuong dugc lya chon dé xtr Iy nudc thai [13, 15].
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Hinh I: cdc dang ldp ddt hé théng MBR: (a) mdang dit ngodi
(b) mang dat nhung chim



Mang vi loc (MF) va siéu loc (UF) thuong dugc
dung trong cong nghé MBR xu 1y nudc thai cong
nghiép. Céc loai mang c6 thé & dang dng, dang soi
rong hodc dang tim phang (hinh 2). Vat liéu ché tao
mang c6 thé duge chia 1am ba nhom chinh: polyme,
kim loai, v6 co (gdm xdp). Mang ché tao bang kim loai
va gbm x6p ¢6 d6 bén cao va c6 thé rira nguoc dé giam
hién twong tic mang [22]. Tuy nhién, loai mang nay dat
hon cac loai mang polyme nhu polyvinylidene fluoride
(PVDF), polyethersulfone (PES), polyethylene (PE)
va polysulfone (PSf). Cho nén, hién nay cac loai
mang polyme dugc dung phd bién nhét. Kich thudc
16 ctia mang thuong nam trong khoang 0,01 dén 0,45
um [23]. Trong qué trinh van hanh, MBR thuong su
dung hai phuong thtrc: van hanh loc lién tuc va van
hanh gian doan. Phuong thitc van hanh gian doan cho
thdy c6 wu viét hon so v6i van hanh lién tuc trong viéc
kiém soat hién tugng tic mang loc [24]. Nang suét loc
thuong dao dong trong khoang 25 dén 140 1/m¥h ddi
v6i dang mang loc 1ap bén ngoai va khoang tir 3,7 dén

85 1/m%h d6i véi mang loc dat nhing chim.

Hinh 2: cac dang mang ding trong hé théng MBR:
(a) dang ong, (b) dang soi rong, (c) dang tam phang

Ddc trung cua NTND
Mic du NTND c6 thanh phan phtc tap, nhung dic

trung ctia chung c6 thé duoc biéu dién théng qua cac
thong s6 co ban nhu COD, BOD, SS, NH . -N, TN, TP,
kim loai nang, pH, d6 mau, do duc... Cac dac trung

co ban cia NTND duoc tong hop va trinh bay trong

bang 1.
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Bang 1: cde dic tring co ban cia cde nguéon NTND [1, 6, 25-30]

Cic nguﬁn mudc thii nhiém dAu (tham Khdo tir nhiéu nglﬁn i liéu)

Thingsd | Donvi

| [ (23] (2] enoo (s

pH - - 6,5-68 2527 7888 - - - 11,5

Nhu ci oxy héa

heCOD 500-1000

55000-60000 | 250-613 | 4345-6864

(mgl) | 72-296 24| 280215 | 22250

Nhu cau 6xy sinh

hoc (BOD) 30000-32000

(mg/l) | 90-188 919-1360 | 52 | 112-119

Cantin lo limg
(89)

(mg/l) | 245950 | 90-300 20-300 108-159 | 253889 | 60 - 613

Amoni (NH,-N) | (mg/l 56,0-1250

Tong phot pho

|| 0830

10202270 05 - - 50

400-1000 360 35-55 - B0 041

Diumi | (mgl) | 2047

Bang 1 cung cdp cac thong tin hitu ich dé tham
khao cho viéc tinh toan thiét ké hé thong MBR. Cac
thong s6 cho thdy NTND c6 muc d6 6 nhiém rat cao,
dic biét chira thanh phan cac hop chét hydrocacbon va
dau m& 16n. Céc thanh phan nay c6 dic tinh khé phan
huay sinh hoc va c6 thé gy trc ché vi sinh vét trong hé
thong xur Iy. Cac phuong phap xir Iy nude thai truyén
thong thuong khong thé xur 1y triét dé cac hop chat
hydrocacbon khé phan huy sinh hoc nay [31]. Do do,
viéc nghién ciru va phat trién cac phuong phap xur 1y
tién tién s& dong vai tro quan trong dé xir Iy NTND.
Yéu cau ngay cang khit khe vé tiéu chuan nudc thai
sau xur 1y ciing 1a mot yéu t6 thiic day viéc img dung
cong nghé MBR xtr ly NTND, dam bao dong sau xu Iy
dat chét luong cao.

Xir Iy NTND bang cong nghé MBR

Ban chat cta cong nghé MBR chinh 1a dang cai tién
cta cong nghé BHT, trong d6 qua trinh bun hoat tinh
dugc thyc hién theo nguyén téc thong thuong va sinh
khéi dugc tach bang mang loc. Do hiéu qua xir 1y cac
chat 6 nhiém cao va gir lai hoan toan sinh khoi trong
bé nén cong nghé MBR s& c6 tiém nang rat 16n dé tmg
dung cho cac muc dich xu Iy nudc thai cong nghiép
no6i chung va NTND noi riéng [31]. Hé thong MBR
(hinh 3) dung trong nghién ctru nay la dang mang loc
(UF, dang 6ng) dit bén ngoai bé xur 1y sinh hoc.
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Hinh 3: so dé hé thong MBR xir 1y NTND [31]

Trong nghién ctru nay, hiéu qua xtr 1y dau dat 99,9%
& diéu kién thoi gian lvu (HRT) 1a 13,3 gio, COD dong
vao 500-1000 mg/1. Chét lugng nudc sau xir 1y rat cao
nén c6 thé tai su dung cho cac muc dich khac nhau.
Céc két qua cho thay, cong nghé MBR lam ting quéa
trinh phan huy sinh hoc cac chit 6 nhim va cai thién
chat luong nudc sau xir 1y.

Nguén nuéce thai tir tram tinh ché khi co thanh
phan dau cao va thuong tach khong triét dé néu ding
phuong phap trong luc thong thuong. Mot nghién ctiru
d tién hanh xir Iy nuéc thai nay bang cong nghé MBR
[32]. Hinh 4 biéu dién so d6 thi nghiém trong nghién
ctru nay. Cac két qua thu dugc cho thay, hé thbng MBR
c6 thé dat hiu qua xir Iy cao va rat on dinh cho du
dong vao ¢ su bién dong 16n. Cac diéu kién van hanh
t61 uru xac dinh duoc tir nghién ciru nay véi HRT 4 gid
va tai trong xur Iy dau dat 1,8 kg/m*/ngay.

Mot nghién clitu quan trong khac la st dung cong
nghé MBR dé xir Iy NTND tir nha méay ché tao dong
co 0t [27]. Sau qua trinh xtr 1y, hiéu suat xir Iy COD,
dau, phenol thu dugc déu dat trén 90%. Mic du hau hét
cac nghién ctru ap dung cong nghé xir 1y hiéu khi MBR
va cho thay hiéu suét xtr Iy COD rét cao, nhung viéc
mg dung cong nghé yém khi MBR ciing c6 nhiing
wu viét nhat dinh [33]. Vi du, tai luong hitu co (OLR)
c6 thé 1én dén 25 kg/m’/ngay va COD trong dong ra
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thuong thip hon 500 mg/l, twong tng véi hiéu suat xir
ly COD dat trén 97%. Trong khi d6, OLR d6i v6i quéa
trinh hiéu khi thuong chi khoang 0,5-3 kg/m3/ngay.
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Hinh 4: so do hé thong MBR diing trong nghién ciru

Qua trinh lai ghép gitta cong nghé yém khi, hiéu khi
v6i MBR ciing da duoc nghién ciu dé xir Iy NTND
[1]. So db thi nghiém duoc biéu dién trén hinh 5. Cac
két qua thu dugc cho thay, hiéu suat xir Iy COD, BOD
rat 6n dinh va trung binh dat trén 92%. Hiéu SUAt xur
Iy NH,*-N, dau, d¢ duc lan luot dat 93,7%, 75.3% va
94,6%. Hiéu qua xtr Iy TP, TSS, SS va phenol dat 1an
luot trén 98,5%, 97,9%, 93,8% va 99,9%. Cac két qua
ching t6 rang, cong nghé MBR c6 thé xir Iy NTND dat
hiéu qua rat cao.
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Hinh 5: so do hé thong A/O MBR diing trong nghién ciiu



Diéu kign vé thoi gian lwu thity lyc va thoi gian
Iuwu bin

Nhin chung, NTND chira ham lugng céac chét hiru
co it cao nén hé thing MBR ciing can phai kéo dai
HRT dé dam bao dat hiéu qua xu 1y cao. i voi viee
xir Iy NTND bang yém khi MBR, gia tri HRT thuong
dugc duy tri tir 2-10 ngay, con ddi véi hé thong hiéu
khi MBR, gia tri HRT thuong tir 0,5-3 ngay [1]. Thoi
gian luu bun (SRT) ciing 1a mot thong s6 van hanh
quan trong. Hé thong MBR thuong duoc van hanh véi
SRT 16n va ty 1¢ co chét/sinh khoi (F/M) thap dé giam
bun thai phat sinh. Tuy nhién, khi tang SRT s& lam tang
hdn hop bun - nude thai (MLSS) trong bé va cé thé
gy anh huéng dén van dé tac mang loc va c6 thé lam
giam hoat tinh cua bun [18]. Khoang SRT thich hop
dbi v6i hé thong MBR thuong tir 20-50 ngay. Céac gia
tri nay ciing phu thudc vao HRT va dac trung ctiia dong
vao. Dbi v6i hé théng MBR, ham lugng MLSS thuong
duoc duy tri trong khoang 12000-15000 mg/1 [17].

Diéu kién vé pH va nhiét dé vin hanh

Hau hét cac hé thong MBR déu van hanh ¢ khoang
pH trung tinh. Tuy nhién, tir bang 1 cho thay, pH cua
cac loai NTND c6 thé dao dong kha 16n. Do do, dé
xtr 1y dat hiéu qua thi can phai c6 qué trinh 6n dinh va
trung hoa pH ctia nude thai. D6i v6i hé théng BHT khi
pH > 12 c6 thé gay anh huong 16n dén hoat dong cua
sinh khéi [28]. Do vay, khoang gia tri pH nay ciing ¢
kha ning anh huéng 16n dén hoat dong cta vi khuan
trong cac hé théng MBR. Céc hé thong MBR hiéu khi
thuong van hanh ¢ khoang nhiét d§ thuong (20-30°C),
trong khi d6 céc hé thong MBR yém khi lai thuong van
hanh & nhiét d6 cao hon, tir 30-40°C. Nhiét do tang co
thé anh hudng dén hiéu qua xu Iy cac chat hitu co. Tuy
nhién, cic hé thing MBR véan hanh & khoang nhiét
d6 cao lai cho thdy c6 su suy giam vé ning suét loc
do nang suét loc c6 mdi quan hé ty 1¢ nghich véi do
nhét ciia hdn hop nudce thai [18, 29]. Do d6, can luu
¥ dén viéc ting nang suat loc khi van hanh h¢ thong &
khoang nhiét d6 cao.

Phuwong thirc kiém sodt hién twong tic nghén
mang loc

Hién tugng tac mang loc la mot trong nhitng nhugc
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diém 16n nhat ngan can viéc ap dung cong nghé MBR
trong xtr Iy nudc thai. Vé co ban, hién tuong tic mang
c6 thé gay ra boi cac 16 mao quan bj bit kin boi cac hat
keo, bai sy hdp phu ciia cac hop chit hoa tan va céc vi
khuén, sy bam dinh cta bun trén bé mit mang loc [30].
Tat ca cac thong s lién quan dén thiét ké va van hanh
hé thong MBR déu cé thé anh huong dén van dé tic
mang. Cac thong s nay c6 thé chia 1am bén nhom dic
treng: dong thai, bun hoat tinh, mang loc va diéu kién
van hanh [31]. Viéc t6i wu qua trinh thiét ké thiét bi
cling giup ich cho viéc kiém soat hién twong tic mang,
vi du tdi vu qua trinh suc khi, cac bot khi min va thé co
kha niang kiém soat van dé tic mang [32].

Chi phi cho hé thong MBR

Chi phi chung cho hé théng MBR 1a téng chi phi
dau tu, van hanh va bao dudng. Chi phi dau tu chu
yéu bao gom chi phi cho mang loc, xdy dung bé phan
{mg, thiét bi may moc. Chi phi van hanh bao gdm ning
luong tiéu t6n, xir Iy bun thai va hoa chat ding dé rira
mang loc. Chi phi bao dudng chi yéu lién quan dén
viéc thay thé mang loc. Chi phi lién quan dén ning
luong tiéu ton, xur 1y va thai bo bun thai dbi voi hé
thong MBR lan lugt c6 thé 1én dén 79,6%, 17,9% va
2,5% tong chi phi van hanh [33]. Nang lugng tiéu ton
udc tinh khoang 0,2-2,4 kWh/m?® va riéng nang lugng
cho qua trinh suc khi c6 thé chiém dén 80% tong ning
lwong tiéu ton [17]. Toc do suc khi va ning suét loc
mang anh huéng rat 16n dén chi phi van hanh [21]. Do
vay, viéc nghién ciru téi wru giita ning suét loc va qua
trinh suc khi 1a mot yéu cau co ban cho qua trinh thiét
ké va van hanh hé théng MBR. Mang loc ciing chiém
mot ty 18 chi phi 16n trong cac hé théng MBR. Chi phi
dau tr mang c6 thé chiém 25-50% tong chi phi dau tu,
trong d6, chi phi thay thé mang chiém khoang 25-33%
tong chi phi van hanh va bao dudng mang loc [18].
Nhin chung, do phai du tu thém mang loc nén chi phi
cua cong nghé¢ MBR thuong cao hon so vdi cac cong
nghé BHT. Tuy nhién, tudi tho ciia mang c6 thé 1én dén
11 nam [32] nén chi phi thay thé mang s& giam dang
ké. Ngoai ra, gia thanh mang loc c6 xu huéng giam
trong thap ky gan day. Nam 1992, gia mang loc udc
tinh khoang 400 USD/m?2, dén nim 2005, giad mang
loc giam xudng con duéi 50 USD/m? [33]. Gia thanh



mang loc giam 1a mot yéu td quan trong dé mo rong
ung dung cong nghé MBR cho xtr Iy nudc thai.

Két luan

Duya vio cac théng tin danh gia tir nhiéu nguoén tai
lidu khac nhau cho thay, cong nghé MBR 1a mot cong
nghé c6 tiém ning va trién vong 16n p dung cho xir Iy
NTND. Qua trinh xir Iy c¢6 thé thuc hién bang hé thong
MBR lap dit mang bén ngoai hodc nhing chim trong
bé phan tmg. Sir dung cong nghé MBR xir Iy NTND
hoan toan c6 kha nang dam bao nudc sau xir Iy dat chat
lwong rét cao, dap tng duoc yéu cdu ngdy cang khat
khe ctia cac quy dinh va tiéu chuan thai. Tuy nhién,
cong nghé MBR van con phai doi mit v6i nhiéu tro
ngai khi ap dung dé xir Iy NTND. Trong d6, viéc ap
dung cac bién phéap kiém soat van dé tic mang loc s&
kéo theo céc chi phi va cac van dé phat sinh lién quan
dén van hanh, tiéu ton nang luong ctia hé thong MBR.
Vi vay, dé c6 thé mé rong kha nang Gmg dung cua cong
nghé MBR ding cho xtr Iy NTND, viéc t6i wu hoa cac
thong sb k¥ thuat va hiéu qua van hanh cua hé thong
can tiép tuc dugc nghién ctru. Ngoai ra, hi€n nay co rat
it nghién ctru danh gia vé khia canh kinh té khi 4p dung
cong nghé¢ MBR xtr Iy NTND, cho nén day cling la
mot van dé can duge dau tu dé thic déy viéc tng dung
cong ngh¢ MBR trong xir Iy NTND.
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