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The membrane bioreactor (MBR) technology has been widely applied
to treat various industrial wastewater and has significant advantages
over conventional activated sludge biological processes. In this study,
the membrane bioreactor (MBR) is applied to treat Direct Blue 86
(DB86) dye. The reaction tank is designed with a useful volume of 36
liters (L*W*H = 30*30*50 cm) and utilizes submerged membrane
modules with pore sizes equivalent to 0.3 um. The experimental model
of the MBR process is designed to include the decomposition of
organic matter and biomass separation processes using membranes.
Under the conditions of a temperature of 25 + 5 °C, pH conditions
ranging from 6.5 + 7.5, dissolved oxygen (DO) concentration ranging
from 4.0 + 5.0 mg/L, and influent COD concentration of 375 + 8 mg/L,
the evaluation conditions include a sludge retention time of
approximately 30 days, aeration/non-aeration cycle of 60 minutes/60
minutes, MLSS concentration of 6,000 — 7,000 mg/L, the COD
removal efficiency exceeding 95%. Therefore, the membrane
bioreactor (MBR) biological process technology can be applied in the
research about the treatment of textile dyeing wastewater.
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Qua trinh sinh hoc - mang MBR
Xt 1y nudc thai

COoD

Thuébc nhuom DB86

Nong do chét ran lo ling

Cong nghé sinh hoc — mang (MBR) da dugc ung dung rong rai dé xir 1y
nudc thai cong nghiép khac nhau va di ¢6 nhimg wu diém vuot troi so
véi qué trinh sinh hoc bun hoat tinh thong thuong. Trong nghién ctru
nay, tng dung qué trinh sinh hoc - mang MBR dé xir 1y thuéc nhuém
Direct blue 86 (DB86). Bé phan g duoc thiét ké véi dung tich hiru ich
36 lit (L¥*W*H = 30*30*50 cm) va st dung modun mang nhing chim
c6 kich thuéc 16 loc twong dwong 0,3 um. Mo hinh thi nghiém qué trinh
MBR duogc thiét ké gom qua trinh phan huy cac chat hitu co va qua
trinh tach sinh khéi bang mang. Tai diéu kién nhiét d6 25 + 5 °C, diéu
kién pH tai 6,5 = 7,5; luong oxy hoa tan DO tir 4,0 = 5,0 mg/L, ndng do
COD trong nudc dAu vao lan lugt tai 375 + 8 mg/L, céac diéu kién danh
gia vé thoi gian luu bun khoang 30 ngay, qua trinh suc khi/ngung suc
khi 60 phut/60 phut, ndng d6 sinh khéi MLSS: 6.000 — 7.000 mg/L, két
qua hiéu suit xir Iy COD dat trén 95%. Qua d6, cong nghé qua trinh
sinh hoc - mang MBR c6 thé 4p dung trong nghién ctru xir 1y nudc thai
dét nhuom.
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1. Gigi thigu

Hién nay, véi sy phat trién ctia xa hoi, nganh dét may ngiy cang gia ting san luong san Xut.
Nganh nay di thu hiit sy dau tu 16n véi hon 5.000 doanh nghiép. Tuy nhién, su phat trién d6 kéo
theo céc van dé 6 nhiém méi truong ngay cang nghiém trong do nudc thai dét nhuém co du
lwong hoa chét 1on. Trong nudc thai dét nhudm ¢ nhitng thanh phén dé hoa tan béi vi sinh vat va
kho phén huy nhu polyvinyl axetat, thudc nhudm phan tan, thudc nhugm hoat tinh va cac chat tay
trang vai. Mot dic dlem cua nudc thai dét nhudm 1a thudng c6 mau gy anh huong dén cam quan
va chét lugng nguon nude. Khi cong nghiép héa ngiy cang gia ting s& dan dén 6 nhiém moi
truong nghiém trong va tré thanh mot van dé toan cau. Hién nay c6 khoang hon 100.000 loai
thudc nhuém dét may dugc ban trén thi truong va khoang 700.000 = 1.000.000 tan thudc nhuom
dugc san xuat trong d6 c6 280.000 tan nudc thai tir nganh dét may di thai vao méi truong toan
cau hang nam [1]. Theo wdc tinh trén thé gisi c6 khoang 17% — 20% 6 nhiém nudc cong nghiép
la do nganh cong nghiép det may gy ra [2]. Thanh phén nudc thai cia cac nha may dét may kha
phuc tap vi sy da dang vé chung loai thanh phan hoéa chat, nén nuéc thai co nhidu mau sic khac
nhau, do pH cao, chét thai bén va doc. Thubc nhudém c6 doc tinh cao c6 thé giy ung thu cho con
nguoi va gay nhiéu bénh khac: viém da, gay anh huong dén hé than kinh trung wong [3].

Hién nay, cong nghé xir Iy nudc thai dét may co thé ap dung cac qua trinh nhu oxy hoéa hoa
hoc, qué trinh xir 1y sinh hoc, qué trinh loc mang, qué trinh hap phy [4]. Trong d6 qué trinh sinh
hoc mang (MBR) cho thiy hiéu qua vuot troi trong qua trinh van hanh va xtr Iy nuéc thai cong
nghiép (ké ca nudc thai chira chat 6 nhidm vi mo) so véi cac cong nghé xur 1y thong thuong khac
[5]. Qué trinh sinh hoc mang MBR 14 qua trinh két hop hai quy trinh xtr 1y phu thudc 1an nhau
bao gom: xt 1y sinh hoc va loc mang. Qua trinh MBR c6 loi thé khi lwong bun tao ra thip hon va
6 kha nang loai bo cac chit hiru co kho phan hiy cao hon so v6i qua trinh xtr 1y bun hoat tinh
thong thuong. Tuy nhién, su tic ngh&n cia mang ciing 12 nhugc diém cua qua trinh MBR [6], qua
trinh hoat dong lam ting 4p suit qua mang (TMP), dan dén chi phi van hanh mang cao hon va
lam giam tudi tho ciia mang.

Cong nghé xir Iy bang qua trinh sinh hoc mang MBR ¢6 tiém ning nhiéu ung dung, trong d6 c6
xir Iy nudc thai dét may. Mot s nghién ciru da danh gia hidu qua xur Iy nudc thai dét may bang
cong nghé MBR. Nam 2005, Schoeberl va cong su da nghién ctru danh gia kha nang xir Iy COD va
mau trong nudc thai dét may vai hiéu suat xtr 1y 1an luot 13 89% - 94% va 65% - 91% [7]. Bén canh
d6, nghién ctru cua Brik va cong su da bao cdo rang, khoang 60% - 95% COD dugc xir Iy va hiéu
sut xir Iy mau dat tir 46% - 98,5% & budc séng 525 nm béng qua trinh MBR [8].

Nghién ctru nay, tap trung danh gia kha nang xu ly thudc nhuom DB86 bang cong nghé¢ MBR.
DB86 1a mot loai thudc nhudém thuwong mai, dwoc sir dung rong rai trong in an trén cac loai vai va
nhudm lua, len [9]. Kha ning xir Iy DB86 bang qua trinh sinh hoc mang MBR véi cac diéu kién
nghién cttu vé ché do suc khi/ngirng suc khi, mat do sinh khdi MLSS, thoi gian luu bun SRT,
thoi gian luu thay lyc HRT anh huéng dén hiéu suat xir Iy thuéc nhuom DB86.

2. Phuwong phap nghién ciru
2.1. Héa chat

Thudc nhuém DB86 c6 cong thirc CsH14CuNgNa,06S, — Merck, 99%. Cau trac héa hoc cua
DB86 dugc thé hién trong Hinh 1. MAu nudc dau vao cua hé sinh hoc mang MBR 13 mau nudc
thai nhan tao, dugc pha tir nuéc cit 2 1an va duoc tién xir Iy bang qua trinh fenton dién hoa va
thudc nhuom DB86 c6 ndng do 200 mg/L, pH = 6,5 - 7,5; nong do COD = 300 — 400 mg/L.

DB86 c6 khdi lwong phan tir 780,17 g/mol, budc song hap thu téi da & A = 594 nm. Cac ho4
chat khac duoc st dung trong nghién ciu gém: Glucozo (Merck, 99,7%), NaHCO; (Merck,
99,7%), NH4Cl (Merck, 99,8%), K,HPO, (Merck, 99%), FeS0,7H,O (Merck, 99,5%),
MgS0,.4H,0 (Merck, 99%), ZnS0,.7H,0 (Merck, 99%). Cac hoa chat nay dugc cung cap trong
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dung digh dau theo ty 1& nhu trong Bang 1 mo ta ngudn dinh dudng can cung cap dé duy tri sy
phat trién cua vi sinh vat véi ti I¢ chat dmh dudong COD:N:P = 100:5:1.

NaO;S

N

}“/
/C\
d} %

4
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Hinh 1. Cdu triic héa hoc cua thuéc nhugm DB86
2.2. Qud trinh thuc nghigm

Hé thi nghiém trong qua trinh sinh hoc mang MBR duoc thiét ké gom mot bé phan ng sinh
hoc hiéu khi véi dung tich hitu ich 1a 36 lit (kich thu6c bé 1a: 30 cm* 30 cm* 50 cm), bé chia
bun hoat tinh dwgc nudi trong phong thi nghiém trong khoang 4 thang bang cac hoa chét theo ti I¢
chat dinh dudng nhu & Bang 1 dén khi nong d6 sinh khéi MLSS dat khoang 4000 < 7000 mg/L
thi bat dau tién hanh thi nghiém. M6 dun mang loc 12 mang soi rong lam tir vat liéu PE
(polyethylen), kich thudc 16 loc twong dwong 0,3 pm, chiu ap luc tir 10 + 30 kpa, mang loc c6
dién tich bé mat 12 0,4 m?, modun mang loc duoc nhing ngap chim trong bé phan wng sinh hoc.
My thdi khi dung dé cung cip khong khi cho vi sinh vat hoat dong trong bé phan ting véi luu
lwong khong khi thdi vao tir 6,0 + 8,0 lit khong khi/phat dam bao duy tri DO trong bé dat muc tur
4,0 = 5,0 mg/L. Ngoai viéc cung cép khong khi cho vi sinh vat, qua trinh suc khi giup lam giam
bit tic mang va lam tach cac mang bam cin trén sgi mang. Sau thoi gian xir Iy trong hé MBR,
bom hut ¢ vai tro hit nudc sach khéi modun mang loc, dugc van hanh luan phién 8 phut hat
nudc sau Xt Iy (nudc sach) va 2 phit ngung hat. Khi d6 chénh 1éch ap sudt qua mang cao hon 35
kPa s& gay ra tac nghén mang, khi d6 bom sé& tu dong nging hoat dong va bom ria nguoc dugc
hoat dong dé lam sach mang. Hé thong cac mdy bom, may cam bién (cam bién myc nuéce, do luu
lwong nude, nhiét do, pH) duoc diéu khién bai hé thong diéu khién logic (PLC). Sau thai gian xir
ly mau nudc sach duge hiit qua mang dugc dem phan tich COD dé danh gia kha nang xur 1y ciia
hé thi nghiém bang qua trinh MBR.

T didu
khién
PCL

Thuing chira—
nroc sau xir
Ly

Thing chira
nudc can Xir
Iy

Hinh 2. So do hé thi nghiém qud trinh sinh hoc - mang (MBR)
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So d6 hé thi nghiém dé xir Iy DB86 bang qua trinh sinh hoc — mang (MBR) sir dung trong
nghién ctru nay dugc minh hoa trén Hinh 2.
1: Tu diéu khién PLC: diéu khién lap trinh may bom, may cam bién myc nudc, pH, do luu
lugng nudc
2: Modun mang loc nhing chim trong bé phan tng sinh hoc
3: Bé MBR: B¢ phan ung sinh hoc
4: Ap ké xac dinh d6 chénh léch ap suat qua mang
5: May do pH
6: Thung chira nuéc can xi ly
7: Thung chira nudc sau xu ly
8: May bom cap
9: May bom hut
10: May thoi khi cung cap khong khi cho vi sinh vat hoat dong

Bang 1. Bang héa chdt dinh dudng dé nudi bin hoat tinh

STT Héa chat Nong d¢ (g/L)
1 Glucozo 0,90
2 NaHCO, 0,70
3 NH,CI 0,03
4 K,HPO, 0,01
5 FeS0,.7H,0 0,02
6 MgSO,.7H,0 0,03
7 ZnS0,.7H,0 0,20

2.3. Phwong phdp phdn tich

Trong nghién ciu nay, noéng d6 COD duoc phan tich bang phuong phap dicromat (TCVN
6491:1999). Nong d6 COD duoc tinh cho cac mau chua xir Iy va da xir Iy bang qua trinh MBR.
Hiéu suit (%) loai bo COD duoc tinh theo cong thirc (1):

%COD = % 100 1)
trong d6: COD, 1a COD ban du cia mau dung dich xu 1y;
COD; 1a COD cuia mau dung dich sau xur 1y.
3. Két qua va ban luin
3.1. Yéu 16 suc khi/ngirng suc khi anh hwong dén qud trinh xir Iy COD

Trong qua trinh xur 1y sinh hoc, qua trinh suc khi va ngung suc khi c¢6 vai tro rat quan trong
trong viéc xtr 1y. Viéc cung cip khi s& gop phan cung cép luong oxy hoa tan, vi vy qua trinh suc
khi tang s& gitip cho céc vi sinh vét hleu khi hoat d6ng manh va nguoc lai néu nging suc khi s&
1am cho hé vi sinh vat hiéu khi phat trién.

Tai nghién clru nay, khi nghién ctru anh hudng cua qua trinh suc khi va ngirng suc khi cac thi
nghiém duoc tién hanh trong 3 diéu kién suc khi/ngung suc khi (S/D) tai ché do: 30/90
(phtt/phut); 60/60 (phut/phut); 90/30 (phat/phit). Diéu kién nong do sinh khéi (MLSS) tai gia tri
6000 ~ 7000 mg/L; thoi gian luu thiy lyc (HRT): 12h. Két qua danh gia kha nang xir 1y khi
nghién cttu anh huéng caa ché d6 suc khi/ngung suc khi dwoc thé hién trén Hinh 3.

Két qua trén Hinh 3 cho thdy, khi ting thoi gian suc khi tir 30 phat 1én dén 90 phit thi hidu
qua xir Iy COD tang tir 74,19% lén t6i 95,58% sau 30 ngay xir Iy. Cu thé tai diéu kién S/D: 30/90
(phat/phut) hidu suat xu 1y dat 74,19%; tai diéu kién S/D: 60/60 (phat/phut) hiéu suit xu 1y dat
92,15% va tai diéu kién S/D: 90/30 (phut/phut) hiéu suit dat 95,58%. Piéu nay cho thiy khi
lugng oxy hoa tan thip cac vi sinh vat ki khi tang thi kha ning xtr ly COD thap, sau xir 1y tai diéu
kién S/D: 30/90 (phtt/phat) ndng do COD 1a 96,01 mg/L, nong dd nay vuot ngudng két qua vé
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gia tri COD theo QCVN 40:2011/BTNMT cot A. Tai hai diéu kién S/D: 60/60 (phut/phut), 90/30
(phtt/phut) cho thay, khi lugng khi dugc cung cép ting lén dong nghia lugng oxy hoa tan (DO)
tang s& tao didu Kién tét cho cac vi sinh vat hiéu khi phat trién, dong thoi e ché sy phat trién cac
vi sinh vat ki khi, ddn dén higu qua xir Iy COD tang tir 92,15% dén 95,58% tuong @ng véi nong
d6 COD 1a 31,82 mg/L va 16,79 mg/L.
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Hinh 3. Anh hieong qud trinh suc khi/ngung suc khi @én kha nang xit Iy COD

Két qua nghién ctru véi hai didu kién S/D trén, thi nong do COD dat theo gia tri twong Ung
ciia QCVN 40:2011/BTNMT cét A. Két qua trén cho thdy qua trinh syc khi ting s& gop phan lam
tang hiéu qua xtr Iy COD, tuy nhién trén thyuc té néu lién tuc qua trinh suc khi s& dan dén tiéu ton
nang luong cho qua trinh xir 1y [10]. Vi vay khi tién hanh qua trinh xtr Iy can tién hanh syc khi va
ngung suc khi theo diéu kién pht hop nham tiét kiém niang lugng. Trong cong bd nay, diéu kién
suc khi/ngung suc khi tai ché d6 60/60 (phut/phut) dugc lya chon dé 4p dung cho cac diéu kién
nghién ctu tiép theo.

3.2. Yéu té thoi gian lwu bitn dnh hwéng dén higu qud xie Iy COD

Trong qua trinh sinh hoc mang MBR, yéu t6 v& thoi gian luu bin ¢6 anh huéng quan trong dén
kha ning xir 1y ciia hé théng. Thong thuong trong hé thdng MBR dugc thiét ké van hanh véi thoi
gian luu bun kéo dai, nham muc dich lam giam lugng bun thai tao ra. Khi néng d6 sinh khi bun
trong bé 16n s& lam han ché kha nang ndi ciia bun va 1am ting hiéu qua xu 1y ciia bun hoat tinh.

O day, nghién ciru vé anh huong caa thoi gian luu bun (SRT) dén higu qua xir ly COD cua
nuéc chira thanh phan DB86 duoc tién hanh tai 3 ché do thoi gian luu bun 1a: SRTy: 1 + 10 ngay,
SRT,: 11 = 20 ngay, SRTs: 21 + 30 ngay, ché d6 suc khi/ngiing suc khi (S/D): 60 phit/60 phut,
pH: 6,5 — 7,5. Két qua anh huong cua thoi gian luu bun dén kha niang xtr Iy COD duoc thé hién
trén Hinh 4.

Két qua trén Hinh 4 cho thay, khi ting thoi gian luu bun thi kha ning xa Iy COD ciing ting
1én. Cu thé tai ché d6 SRT; hiéu suat xir Iy COD chi dat 76,97%, tai SRT, hiéu suit xir Iy COD
tang lén dat 92,02% va tai SRT; hiéu suat dat 96,42%. Dong thoi nong dd COD dau ra tai cac ché
do SRTy, SRT,, SRT; lan luot 1a: 86,34 mg/L, 29,59 mg/L; 13,37 mg/L. Nhur vay tai diéu kién
SRT,, SRT; nong do COD sau xir Iy dat QCVN 40:2011/BTNMT cot A. Két qua nghién ctru cho
thiy tai cac diéu kién nong do sinh khdi MLSS ting, méat do vi sinh vat trong bé sinh hoc bun
hoat tinh hoat dong ting. Piéu d6 chung to, khi thoi gian luu bun cang nhiéu thi kha nang xir 1y
dat hiéu suit t6t. Mat khac, Hinh 4 ciing cho thdy, khi ting thoi gian luu bun tir 1 ngay 1én 20
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ngay thi hiéu qua xu 1y trung binh tang 19,45%, tuy nhién khi tang tir 21 ngay dén 30 ngay thi
hi¢u suat xtr 1y chi tang 4,4%.
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Hinh 4. Anh hirong cua thoi gian leu bin dén kha néing xir Iy COD
Két qua trén co thé giai thich 1a do khi ting thoi gian luu bun qué 1au din téi mat do vi sinh
vat trong bun hoat tinh tang 1én, vi vay can mot lugng oxy hoa tan 16n dé dam bao qua trinh sinh
truong va phat trién hoat dong cua vi sinh vat, trong khi diéu kién suc khi va thoi gian suc khi &
cac ché d6 khong dbi dan toi lwong oxy cung cép cho céac vi sinh vat & didu kién SRT; thip hon
S0 v&i SRT,. Vi vy, mic du hiéu qua xi Iy COD & diéu kién tir 21 + 30 ngay c6 ting so \ didu
kién 11 + 20 ngay nhung su gia tdng la khong dang ké. Theo Curko va cong su [11], khi nong do
bun qua 16n, toc do truyén oxy trong cac bong cdn cua bun hoat tinh s& giam, qua trinh ho hap
clia cac vi sinh vat trong pha hiéu khi s& bi han ché hon ¢ diéu kién SRT trung binh. Ttr két qua
thi nghiém trén cho thay, diéu kién Iuu bun dai s& t6t cho hiéu qua xa 1y COD, tuy nhién ciing
khong nén tién hanh ¢ thoi gian luu bun dai hon 30 ngay.

3.3. Yéu té thoi gian lwu thiy lwc anh hwéng dén khd nang xir 1y COD

Trong nghién cuu Xu 1y bang qua trinh sinh hoc mang MBR thi thoi gian luu thuy luc (HRT)
dugc coi 1a chia khoéa dé nang cao higu qua xtr 1y cia qua trinh. Cac nghién ctu vé anh huong
thoi gian Iuu thity lyc thudng dwoc nghién ciu tai cac didu kién tir 1,5 h + 7,5 h trén quy mé thir
nghiém & phong thi nghiém va & diéu kién tir 2,7 h — 34 h & cac quy mé Ién hon [12]. Khi
Rosenberger va cong su nghién ctru Xt Iy nude thai do thi tai cac diéu kién HRT khac nhau duoc
ap dung tir 10,5 — 15 h. Két qua cho thay nong do (MLSS) ting dan va kha nang xir Iy COD dat
hiéu qua dén 95% [13]. Nam 2001, thoi gian luu nudc thap nhat 1a 1,5 h duoc Stefan va Walter
nghién ciru dé xir 1y nudce thai tong hop Véi tai lugng chét hiru co trong khoang tir 6,0 — 13 kg/m®
ngay, két qua nghién ctru bao cao hiéu suat xir Iy COD dat trén 95% [14]

O nghién ctru ndy, anh huong cua thoi gian luu thuy lue duge danh gia tai 3 ché do: HRT: 9 h,
HRT,: 12 h; HRT: 15 h. Céac diéu kién vé thoi gian suc khi/ngimng suc khi (S/D): 60 phut/60 phut,
thoi gian Iuu bun trong 30 ngay (MLSS: 6.000 + 7.000 mg/L). Két qua anh huong cia thoi gian luu
thily luc dén kha nang xir Iy COD dugc thé hién trén Hinh 5. Két qua trén Hinh 5 cho thay, khi
HRT: 15 h thi hiéu qua xt ly COD dat hiéu suit 96,65% va nong d6 COD sau xir Iy dat gia tri
12,86 mg/L. Tai diéu kién HRT: 12 h, hiéu qua xir Iy COD dat 92,44%, nong d6 COD sau xr 1y tai
ché @6 nay 1a 29,15 mg/L. Tai HRT: 9 h, thi hiéu qua xir Iy COD chi dat 68% va nong d6 COD sau
xur Iy dat 124,51 mg/L. Qua két qua trén cho thay tai hai ché do6 HRT, va HRT; thi ndng d6 COD
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dat gia tri dau ra cot A theo QCVN 40:2011/BTNMT. Nhur vay tai thoi gian luu thiy lyc HRT la 12
h va 15 h ¢6 thé dugc ap dung deé thiét 1ap dieu kién xi 1y nudce thai dét nhudém.
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Hinh 5. Anh hirong cia thoi gian leu thity lwe dén kha nang xir Iy COD
4. Két luan

Qua trinh sinh hoc mang MBR dugc ap dung trong nghién ctru nay da cho thay hiéu qua xir ly
t6t dbi vi gia tri ndng d6 COD trong nudc chira thudc nhuom DB86. Nghién ciru nay di danh
gi4 cac yéu t6 anh hudng vé nong do sinh khdi (MLSS), thoi gian luu bun, ché d6 suc khi/nging
suc khi, thoi gian luu thity luc anh hudng dén kha ning xtr Iy DB86. Két qua thuc nghiém cho
thdy, hiéu suat xir Iy COD dat trén 95% trong cac diéu kién: suc khi/ngung suc khi S/D: 60
phiit/60 phat, ndng do sinh khdi MLSS: 6000 ~ 7000 mg/L, thoi gian luu thiy lyc HRT: 12 h.
Céc két qua nghién ctru da khang dinh qua trinh sinh hoc mang MBR c6 tiém ning wng dung tot
dé xtr Iy mdi trudng nude bi 6 nhiém thude nhudm va cac cht hiru co.
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