KHOA HOC & CONG NGHE

Panh gia vé cac yéu to anh hudng dén
hién tuong tac mang trong hé théng MBR

Evaluation of the impact of membrane fouling in the MBR

Tom tat

So v6i cong nghé xi Iy bang bun hoat tinh truyén
thdng, bé phan iing sinh hoc dang mang (MBR) c6
nhiéu wu diém nhu chat lugng nudc thai tét, dién
tich céng trinh nhé, nang suat bun du thap va dé
dang diéu khién tu dong. D6 la cdng nghé day trién
vong trong viéc xi Iy va tai si dung nudc thai. Tuy
nhién, ¢6 nhiéu nguyén nhan gay nén gay nén hién
tugng tac mang va do ciing la tré ngai I6n nhat doi
véi viéc ing dung rong rai MBR. Bai bao nay nham
muc dich tom tat cac cac yéu td anh huéng dén su
bam ban ctia mang bao gom cac yéu té vé thudc tinh
ctia mang, cac dac tinh ca hon hgp bun hoat tinh
va cac yéu té van hanh.Bai bao ciing dong thai tong
hgpcac bién phap kiém soat hién tugng tic mang
nham ¢6 cai nhin téng quan trong viéc iing dung
cong nghé MBR trong xt Iy nudc thai.

Tir khéa: MBR xir ly nudc thdi, mang loc sinh hoc, yéu td dnh
hudng, hién tugng tdc mang loc

Abstract

Compared with the traditional activated sludge treatment
technology, the membrane bioreactor (MBR) has many
advantages such as good wastewater quality, small
construction area, low residual sludge yield, and easy
control. automatic. It is a promising technology in
wastewater treatment and reuse. However, membrane
fouling is the biggest obstacle to the widespread
application of MBR. This paper aims to summarize the
factors affecting the fouling of the membrane including
those of the membrane properties, the properties of the
activated sludge mixture, and the operating factors. The
paper also shows solutions to control membrane fouling
in order to have an overview of the application of MBR
technology in wastewater treatment.

Key words: MBR, wastewater treatment, membrane, impact
factors;membrane fouling
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1. Gi¢i thiéu

Co6ng nghé xt ly sinh hoc dang mang (MBR) két hop ca xt Iy sinh hoc
va phan tach vat ly (s& dung mang loc) cac chat 6 nhi&m khac nhau dé xd
ly ch&t thai Ing sinh hoat va céng nghiép. Do sw két hop clia cac quy trinh
néu trén, nwéc thai sau x&r Iy MBR c6 chét lwong cao hon so véi quy trinh
bun hoat tinh théng thuwong. MBR van hanh don gidn khi st dung nhirng
ngwoi van hanh cé kinh nghiém, tao ra it bun hon va yéu cu dién tich cong
trinh nhd. Nhitng wu didm néu trén, cling v&i gia thanh vat liéu mang ngay
cang gidm va yéu cau ngay cang khat khe vé chat lwvgng nwéc thai sau xo
ly, ddng nghTa V@i viéc cdng nghé MBR ngay cang dwoc rng dung rong rai
hon trong xt ly nwéc thai. Tuy nhién, viéc bam ban mang sé anh huong
dén dong hoat dong va tudi tho cuia mang Mot khi sy tac nghén mang xay
ra, né sé lam giam théng lwong thdm thau, ting ap suat cép liéu, giam
nang suét, tdng thdi gian nglrng hoat déng clia hé thdng, ting chi phi van
hanh va bao tri mang do lam sach mang, va gidm tudi tho clia cac mo-dun
mang. Cé nhiéu yéu té gay ra hién twong tdc mang, bao gébm vat liéu cua
mé-dun mang, chénh léch ap suét qua mang trong qué trinh loc, van téc
dong chay chéo, thoi gian lwu thay Iwc (HRT), thoi gian Iwu bun (SRT),...
Cac yéu tb nay don Ié hodc két hop voi nhau tao ra cac diéu kién cho sy
tdc nghén clia mang, hodc gép phan truc tiép hodc gian tlep vao viéc lam
ban mang. Hiéu va ndm ving anh hu’cyng clia cac yeu t& khac nhau dén
sy tAc nghén mang la didu can thiét d& ngdn ngira, kiém soat va du doan
sy tAc nghén clia mang.

2. Cac dang tac cia mang loc MBR

Hién twong tdc mang MBR c¢6 thé do cac nguyén nhan: (i) thu hep 16
mang; (i) sw hap phu clia chét tan trong dung dich béi mang; (iii) sw l&ng
dong cta bdéng bun trén bé mat mang; va (iv) sw nén chét cla Iép can loc
trén bé mat mang.

Téc mang c6 thé dwoc phan loai thanh tic nghén bén trong, tic nghén
bén ngoai va tdc nghén phan cuc ndng do. Sw tc nghén gay ra bdi sw
l&ng dong ciing nhw sw h&p phu clia cac chat hoa tan va cac hat keo &
bén trong cac 16 mang duoc goi 1a sw tAc nghén bén trong. Sw l&ng dong
cla cac hat, chat keo va dai phan tir trén bé mat mang dwoc goi la sy bam
ban bén ngoai. Sw bam ban bén ngoai tao thanh I&p bam ban trén bé mét
mang. L&p bam ban cé thé dwoc phan loai 13 16p gel hodc I&p banh. Lép
gel dwoc hinh thanh do sy Iéng dong clia cac dai phan tt, chét keo va cac
chét hoa tan vo co trén bé mat ciia mang do sw chénh léch &p suét gitra
cac mat thirc &n va chét thdm cdia mang. Lép banh duwoc hinh thanh do
s tich tu ctia chét rén trén b& mat mang. Sw phan cuc ndng do dé& cap
dén sw tich tu cac chat hoa tan va ion trong I&p chét 16ng méng tiép giap
Vi bé mat mang, la mét hién twong cb htru trong qua trinh loc mang. Sy
phan cuwc ndng dd 1am téng strc cdn dong chay va giam thong lwgng mang.

Thoéng thwong, tdc nghén mang dwoc chia thanh tc nghén thuan
nghich va téc nghén khong thuan nghich tiy theo mirc d6 loai bé chét ban.
Bam ban thuan nghich d& cap dén phan chét ban c6 thé duoc loai bd bang
cac bién phap vat ly nhw rlra nguoc hodc hoat dong gian doan clia mang
dwéi qué trinh loc dong chay chéo. Bam ban khong thuan nghich dé cap
dén viéc bam ban can lam sach bang hoéa chat va khong thé loai b bang
cach lam sach vat ly.

3. Cac yéu t6 anh hwéng dén hién twong tic mang loc
3.1. Anh hudéng cta céc thudc tinh ctia mang

Cac dac tinh bén trong clia mang ¢ anh huéng dén sw bam ban cua
mang bao gom vat liéu, tinh wa nwéc/ky nwédce, dién tich bé mat, 6 nham,
kich thwéc 16, dd x6p va cau tric ctia mo-dun mang.
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Anh hwéng cta vat liéu mang

Mang dwoc st dung phd bién chi yéu dwoc phan loai
thanh mang hu co, mang gdm va mang kim loai. Mang hivu
co duwoc st dung rong rai nhat do cé chi phi thap, tuy nhién,
chiing c6 strc bén khong cao ciing nhw tudi tho ngén. So véi
mang htru co, mang gbm va mang kim loai c6 (i) tinh chét
co hoc tbt hon, (i) khd néng chiu nhiét do cao, va (iii) théng
lwong cao; tuy nhién, hai vat liéu nay rat khoé ché tao va dat
tién.

Anh huéng cda tinh wa nwéc / tinh ky nuéc

Tinh wa nwéc/ky nwédce cla vat liéu mang cé anh hwéng
I&n dén hiéu suat chdng bam can ctia mang. Mang wa nwéc
it bi anh hwdng bdi sw hdp phu, cé théng lvgng mang 16n
hon va cé dic tinh chéng bam ban vuot troi so véi mang ky,
nwéc. Nguwdi ta cho rédng nudc thd cé chira cac chét hivu co
wa nwéc gay ra hién twong tdc nghén mang nghiém trong
[6]. Tinh wa nwéc/ky nwéc cia mang thwdng chi cé anh
hwéng dang ké& dén sy bam ban clia mang & giai doan dau
cutia qua trinh loc.

Anh huwéng cta dién tich b& mat mang

Khi dién tich b& mat mang c6 cuing dién tich ctia cac chat
6 nhiém trong nwéc, N6 co thé cai thién sw nhiém ban bé mét
mang va ting lwu lwong mang. Gia tri tuyét dbi ctia mat do
dién, thé zeta va mat do dién tich tang I&n cung voi sy gia
tang cua trang thai hoa tri cation hoac anion. Chénh léch ap
suét hoat ddng va néng do clia dung dich chét Idng cang cao
thi van tdc cia dong chay va anh huéng cla trang thai héa
tri clia cac ion cang giam. Cation co cung trang thai hoéa tri
¢6 anh hwéng Ién hon dén hiéu suét dién tich cia mang so
v&i cac anion [15].

Anh hwéng cua kich thwéc 16 mang, sw phan bd va cau
trdc clia mang

Khi kich thwéc 16 clia mang téng lén, chénh léch ap suét
xuy&n mang cla mang tdng nhanh [2]. Kich thwdc 16 mang
cang nhd, sy tdng chénh léch ap suét xuyén mang cang
cham, th&i gian chu ky lam sach mang cang dai, kich thwéc
I6 mang cang lén, tic nghén mang cang nghiém trong va
thei gian chu ky lam sach mang cang ngén. Tuy nhién, do d6
xbp b& mé&t mang cao va ciu tric 16 x6p dang mang dan xen
soi, (i) mang cé thé dwoc 1am sach hiéu qua, (i) hiéu suét
clia mang cé thé dwoc phuc hdi sau khi lam sach mang, (iii)
théng lwgng clia mang bj thay déi rét it.

Anh huwéng ctia do x6p va dd nham

D6 x6p va dd nham clia mang ciing cé tac dong tiém tang
dén hanh vi bam ban ctia mang. Néi chung, dd xbp cang lén
thi ap suat xuyén mang cang nho. Tuy nhién, khi dd xop thay
déi thi tinh chat bé mat clia mang nhu d6 nham ciing thay di
theo. Diéu nay lam thay dbéi kha nang hap phu cac chat ban
trén b& mat mang. Mang hivu co cé do x6p clia mang thuwong
cao hon mang vé co, nhung théng lwong thudng thap hon
mang vo co. Khi & nham bé& mat mang Ién thi cang dé bi
bam can [7].

Anh huéng cla ciu tric mé-dun mang

M6-dun mang la cbt 16i clia cong nghé loc mang. Co thé
th4y réng trong cuing mét diéu kién hoat déng, diéu kién dong
chay cla bé phan (ng sinh hoc mang véi thanh phadn mang
dwoc dat thadng ding 1a tét hon, va hiéu &ng cét clia dong
hai pha khi - 1dng dwoc tao ra béi suc khi manh hon nhiéu
so v&i mang dwoc dat ngang.
3.2. Anh huéng clia céc diéu kién van hanh

Cac diéu kién hoat ddng anh hudng dén sw tic nghén
mang bao gdm théng lwong mang, TMP, suc khi, SRT, HRT

va nhiét do.

Anh huwéng cua théng lwong mang va ap suét xuyén
mang

Trong hoat dong loc mang, théng lwgng mang va ap suét
xuyén mang la hai dai lwong anh hwéng qua lai véi nhau
[3]. Néu ap suét xuyén mang tang hodc gidm, théng lwong
mang sé& thay déi theo (tdng hodc giam). Van hanh MBR
v6i ap suét xuyén mang téi han lam tang sy bam bén cla
mang. Gidm ap suét xuyén mang ban dau cé thé l1am gidm
tdc nghé&n mang va lam cham tbc do suy gidm théng lwong
mang [9].

Anh hwéng ctia suc khi

Suc khi khong chi cung cép oxy can thiét cho qua trinh
trao ddi chat cta bun hoat tinh ma con rira sach bé& mat
mang, tranh l&ng dong cac chét 6 nhiém va lam cham qua
trinh bam can cda mang. Khi cwéng d6 suc khi tang dén mot
merc do nhat dinh, sw hdp phu 16 mang, sw tic nghén va strc
can cula Iép gel mang tré thanh lwc can chinh clia mang va
tbc dd bam ban tang Ié&n [4].

Anh hwéng ctia SRT va HRT

SRT c6 thé anh hwéng dén MLSS (hén hop chét ran lo
Iwng Idng), thanh phan bun va cac théng sbé khac Ia nhwng
didu kién hoat déng quan trong anh hwéng dén ty 1& tic
nghén mang trong MBR. HRT c¢6 anh huo’ng gian tiép dén
s bam ban clia mang, dAu tién la thay déi théng lwong cla
mang va lam thay ddi trang thai loc mang, anh huéng dén
tbc d6 bam ban cla mang. HRT cang ngén thi ap suét xuyén
mang cang I&n va lam trAm trong thém hién twong tac nghén
mang, khéng cé loi cho hoat déng 4n dinh 1au dai cia MBR
ky khi [13].

Anh hwédng ctia nhiét do

Sy thay ddi nhiét d anh hwéng dén hoat dong cla
enzym, tc dd truyén khéi va hoat tinh vi sinh vat ctia vi sinh
vat ky khi. Viéc tang nhiét do sé& lam gidm dé nhét cha hén
hop chét Idng trong MBR, (|) tang kha nang hoa tan clia cac
hat lo Iung (i) tang hé s khuéch tan truyén khéi, (iii) thic
day chuyen doéng clia chét tan trén bé mat mang thanh dung
dich khéi, (iv) gidam dé day ctia I16p phan cyc ndéng dd, dé cai
thién van téc dong chay chéo, va (v) tang théng luong clia
mang.
3.3. Anh huéng cta déc tinh ctia hén hop bun hoat tinh

Anh huéng ctia MLSS

Trong didu kién téc do dong chay cla nuwéc dwoc gitk
khong dbi, khi ndng d6 khéi lwong cla bun ting lén, do
nhét cia chat 16ng hdn hop ciing tang gay tdc nghén mang
nghiém trong, dan dén giam do xop clia mang, do dé lam
tang kha nang loc va tang ap suat xuyén mang [11]. Nhiéu
nghién ctvu da chi ra rdng ndng do khéi lwvong bun cang cao
thi kha nang can tré qua trinh loc cia mang cang lén.

Anh hwéng ctia d6 nhét bun

D6 nhét chia dung dich cang 1&n thi khd nang chiju trng
suat bén ngoai hodc lwc cét cang 16n. Chét 1éng hdn hop cé
dd nhét cao lam cho cac béng can dé dang bam vao bé& mat
ctia mang, do dé lam tang téc d6 bam ban clia mang, déng
thoi 1am gidm téc do dong khi-Idng duoc tao ra bdi qua trinh
suc khi ciing nhw hinh thanh hiéu &ng cét trén bé& mat mang.
D6 nhét qua cao clia hén hop bun lam tang kha nang can
bam trén b& mat mang, do d6 1am téng téc d6 bam cén cla
mang. Nghién ctru clia Hu va cong sw cho thay rang bun cé
dd nhét cao khong dé& 1am sach sau khi bi hap phu 1&n bé
mat mang, dan dén kha nang thu hdi théng lwong ctia mang

kém [8].
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Anh hwéng cla vi sinh vat

Judd va cong sw [10] phat hién ra rang vi khuan dang
soi déng mét vai trd cwe ky quan trong trong viéc gay téc
mang trong qué trinh hoat déng ctia MBR. Qué nhiéu hodc
qué it vi khuan dang soi c6 thé gay tdc mang nghiém trong.
Céc bdng bun thiéu vi khuan dang soi twong déi min, dé gay
tac 16 mang nghiém trong, bun hoat tinh chiva qua nhiéu vi
khuén dang soi sé tao thanh I&p banh loc day va chac, lam
tang kha nang loc.

4. Mot sé bién phap kiém soat hién twong tdc mang
4.1. Téi wu héa cac mé-dun mang

Cac yéu t6 can dwoc xem xét trong viéc t6i wu hda mo-
dun mang la hinh dang cia mo-dun mang, vi tri cia moé-dun,
didu kién thay lwc, dwong kinh va chiéu dai cling nhu d6
kin cla cac soi rong. Viéc gidm dwong kinh cla 16 théng
khi va viéc tang s lwong 16 thong khi cé thé thuc ddy su
phan bd ddng déu cta dong chay hai pha khi-léng va van
tbc pha 16ng, ciing nhw (*ng suét c4t vach va. Phuwong phap
Box-Behnken cé thé dwoc str dung dé tdi wu hoa thay lwc
ctia moé-dun mang. Nhiéu théng sé nhw duwéng kinh 6ng vao,
chiéu dai 6ng vao, chiéu cao mang, chiéu dai 6ng dau ra, géc
nghiéng dau vao va daura ... cé thé dwoc st dung lam céac
bién trong thiét ké thi nghiém [5].
4.2. Thém chét déng tu hodc chéat hép phu vao nuéc thai
déu vao

So v&i mudi don phan tir, mudi cao phan t&r ¢ thé cung
cap nhiéu dién tich dwong hon va trung hoa dién cac hat lo
Itrng trong chét 16ng, didu nay c6 thé cai thién téc dd loai bd
cac hat lo Itrng va tdng dwdng kinh clia cac hat. Thém chét
hép phu, vi du nhw than hoat tinh dang bét (PAC) vao MBR,
c6 thé kiém soat hiéu qua sw phat trién ctia tdc mang, lam
cham tdc do tng &p suat xuyén mang va kéo dai chu ky hoat
dong clia mang. Zeolit ciing co6 thé Ia mét chat hap phu hiéu
qua. Zeolit c6 th& h&p phu mét phan cac hat buin va 1am gidm
kha nang t&c ctia mang. Tuy nhién, néu Zeolit nhidu qua muc
, N6 sé& dwoc hap phu lén bé mét clia mang va lam ting kha
nang tc mang.
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