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ABSTRACT

Performance of the sponge MBR with a moving-cube sponge medium
(20% v/v) was evaluated at different HRT for removing organic from
catfish pond wastewater and membrane fouling. The sponge MBR was
operated at different HRT values of 8, 4 and 2 hours, corresponding to
membrane fluxes of 5, 10 and 20 L/m°.h, respectively. The results showed
that the COD removal efficiencies were maintained at 94%, 93% and 87%
at a HRT of 8, 4 and 2 hours, respectively, indicating that HRT affected
the permeate quality in an inversely proportion with HRT (h). This fouling
rate was defined by the increase of the TMP according to operating time
(kPa/day). The freely movement of sponges inside the reactor could reduce
membrane fouling due to sweeping of sponge media on membrane surface
and attaching of MLSS on the interior and surface of sponge media.

TOM TAT

Hé théng Sponge Membrane Bioreactor (Sponge MBR) sir dung gid thé
dang béng xop di dong, gid thé chiém 20% thé tich bé phan vmg, dwoc vin
hanh o cdc thoi gian lvu nuéc (HRT) khac nhau nham ddanh gid hiéu qua
xir Iy chdt hitu co va déc tinh ban mang cia hé thong xir Iy nuée thdi ao
nuéi cd tra. Hé thong sponge MBR dwgc vin hanh ¢ HRT 8, 4 va 2 gio
twong 1ng véi théng luong 5, 10 va 20 L/m’.h. Hiéu qua xir Iy COD dat
94% ¢ HRT 8 va 4 gio, con ¢ HRT 2 gic chi dat 87%. Két qua nay cho
thday sw thay doi HRT lam dnh huéng dén hiéu qud xir Iy COD ciia hé
thong sponge MBR. Ngodi ra toc d¢ ban mang cang tang khi HRT cang
giam. Toc d¢ ban mang dwoc tinh todn bang bién thién ciia dp sudt chuyén
mang (TMP) theo thoi gian vin hanh hé thong (kPa/ngay). Cac gia thé
chuyén dong tir do trong bé phan vmg gitip giam ban mang do sw co sdt
lam sach bé mdt mang va sy bam dinh bun hoat tinh trén bé mat va bén
trong gid thé.

1 GIOI THIEU

Ap dung phuong phap xtr 1y sinh hoc cac chat

cia ca... Phuong phap sinh hoc phd bié'nrla‘l bun
hoat tinh, loc sinh hoc, ho sinh hoc va dat ngéap

hitu co va dinh dudng trong nudc thai ao nudi ca
tra duoc xem la phu hop vi trong nudc thai nay
thanh phan 6 nhiém chu yéu 1a cic chat d& phan
huy sinh hoc tir thirc an thira ctia cé, chat bai tiét
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nudc nhan tao. Tuy nhién, cac hé théng trén doi hoi
phai co dién tich xay dung cong trinh rong rai, bi
gidi han bdi thoi gian van hanh vi con phu thugc
vao thoi gian xur 1y nudc ao nudi ca sau khi thu
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hoach ca dé tiép tuc vu nudi ké tiép. Trude thuc
trang do6 thi hé théng nho gon, hiéu qua, linh hoat
va co thé xur 1y lién tuc trong sudt vu nudi duoc dé
xuit 1a hé théng sinh hoc mang (Membrane
Bioreactor - MBR). Cong nghé MBR c6 nhiéu uu
diém hon so v&i bun hoat tinh thong thuong. Uu
diém vuot troi cia MBR la chét luong nudc thai
sau xur ly rt cao c6 thé tai su dung nudc thai, dién
tich hé théng xir Iy nhé gon, thoi gian luu bun dai,
lugng bun sinh ra thép va van hanh linh hoat
(Visvanathan et al., 2000). Tuy nhién, han ché
ctia cong nghé MBR 14 van dé ban mang. Vi thé,
d3 c6 nhiéu nghién ctu nham phat trién cac vu
diém cua cong nghé MBR vao linh vuc xir Iy tai
su dung nude thai dé gop phan vao viéc sir dung
hiéu qua va tiét kiém tai nguyén nudc. Mot so
nghién ciru phat trién cong nghé MBR bang cach
két hop voi cac loai gia thé lo limg goi 1a sponge
MBR. Sombatsompop et al. (2006) da nghién ctru
so sanh hiéu qua xir 1y cua cac hé thong MBR vai
cac loai gia thé khac nhau va diéu kién van hanh
khac nhau (HRT, MLSS). Két qua thu duoc hiéu
suét xir Iy cua hé thong sponge MBR 1a cao hon so
v6i MBR théng thuong va MBR véi gia thé cb
dinh, & HRT 8, 6, 4 va 2 gio, hiéu suét xir ly chat
hitu co dat 97-98%. Diéu nay cho thiy céng nghé
MBR v6i gia thé sponge di dong da phat huy tac
dung ting cudng hiéu qua xtr 1y cia hé théng MBR
thong thuong. Nghién ctu cua Jamal Khan va ctv.
(2011) cling so sanh hi¢u qua xu ly cuia MBR véi
sponge MBR. Két qua cho thdy rang higu qué loai
boé cac TN va TP trong sponge MBR la 89% va
58% cao hon trong MBR théng thudng. Tir két qua
trén suy ra rang su hién dién cua gia thé gitp sinh
khéi phat trién phirc tap bén trong cic gia thé
sponge trong bé MBR, gitp cai thién kha niang xur
Iy TN va TP trong nudc thai. Basu va Huck (2005)
dd nghién ctru anh huoéng cia gia thé trong hé
théng MBR nhung chim. Trong nghién ctru tap
trung danh gia toc do ban mang va chat luong
nude thai sau khi qua mang. Két qua 1a toc do ban
mang ting gap doi khi khong c6 cac gia thé trong
bé. Téac gia ciing cho ring cic gia thé nay ting
cudng co rira bé mit mang va gitip ting truong cac
mang sinh hoc trén cac gia thé, cai thién hiéu qua
xir Iy ctia hé théng MBR.

Hé thong sponge MBR 1a mot hé thing MBR
két hop gia thé sponge chuyén dong lo ling trong
hon hop bun hoat tinh, tao diéu kién cho loai hinh
tang truong bam dinh cua sinh khdi phat trién song
song véi sinh khdi ting truong lo limg trong bé
bun hoat tinh, va kha ning phan tach chat long/ran
ctia mang loc. Uu diém cta sponge MBR 1a nong
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d6 sinh khéi cao giup hé théng van hanh ¢ tai trong
cao giam duoc dién tich bé phan tmg va ting hiéu
qua xir Iy ciia hé théng (Leiknes et al., 2001, Thanh
va ctv., 2009). Céac gia thé sponge con gitip giam
ban mang do sy bam dinh cua cac chat lo ling va
chat keo 1én sponge va do su co sat giira sponge
v6i bé mdt mang lam giam 16p banh bun trén bé
mat mang (Chae et al., 2004; Ngo va ctv., 2006;
Guo et al., 2009).

Muc tiéu cua nghién ctru nay nhim danh gia su
anh huéng cua thoi gian lvu nude dén hidu qua xu
ly chat hitu co va ddc tinh ban mang ciia hé thong
sponge MBR xtr Iy nuéc thai ao nudi ca tra.

2 PHUONG PHAP NGHIEN CUU

2.1 Vit liéu nghién ctru

Nudc ao nudi ca tra dwoc lay tir ao nudi ¢4 tra &
doc by Nam rach TAm Bot thudc dia ban Thanh
phé Long Xuyén, tinh An Giang. Ao nudi co
dién tich 800 m?, @6 siu 1.5-2 m, mat do tha c4 1a
30 con/m?, trong luong cé luc bt dau 1y nude ao
lam nghién ctu 1a khoang 200-500 g/con va lugng
thirc an 1a 30 kg/ngdy. Nhung sau khi hé théng van
hanh dugc mot thoi gian thi tr ngay tha 88 tro di
do 1ii Iut (cudi nam 2011) tran vao ao nén hé thong
duoc van hanh véi nudce thai ao nudi ca tra nhan
tao. Nudc thai nhan tao dugc pha ché tir nude cép,
thirc an vién cua c4 tra va NH4Cl. Nong d6 6
nhiém trung binh cia nuée thai ao nudi ca tra va
nuéc thai nhan tao (c6 cung tai lwong 6 nhiém)
trong nghién ciu: TSS 200+82 mg/L, COD 66+
29 mg/L, NH4" 10+5 mg/L, NOy™ 0.65+0.81 mg/L,
NOs™ 0.25+ 0.45 mg/L va TP 1a 1.69+1.19 mg/L.

2.2 M0 hinh h¢ théng sponge MBR

Bé sponge MBR hoat dong véi thé tich hiru
dung 134 40 L va 1 module mang nhiing chim loai
micro-membrane (Motimo, China). Kich thudc
module mang 210 mm x 450 mm va 16 loc qua
mang 14 0.2 pm. Hé théng mang hoat dong theo
chu ky 8 phut loc/2 phit nghi. Thoi gian luu bun
(SRT) dugc kiém soat 1a 30 ngay ¢ cic giai doan
van hanh. Nong d6 oxy hoa tan (DO) dugc duy tri
trong bé sponge MBR & mirc 16n hon 4 mg/L bang
hé théng phan phdi khi va may thdi khi co luu
lwong ti da 75 L/phut (CO-Resun). Ap suét chuyén
mang (TMP) cua sponge MBR dugc ghi nhan béi
ddng hd do 4p (Pressure gauge). Khi TMP dat t6i
0.4 bar thi bom rira ngugc (Bluewhite C-660P,
USA) s€ hoat dong dé loai bo cac 16p bun bam
trén bé mat mang. Bom rira nguoc c¢6 luu luong
Qrn = 2Q. Nudc rira ngugc 1a nuédc sach chira sin
trong thung (Hinh 1).
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Hinh 1: So' dd nguyén ly hoat dong ciia hé théng Sponge MBR

2.3 Gia thé sponge

Gi4 thé dang x0p (sponge) dwoc lam bang chat
liéu Polyurethane c6 san ngodi thi truong véi ti
trong 18.2 kg/m® va duoc cit thanh hinh lap
phuong 2 cm x 2 cm x 2 cm, dugc cho di chuyén tu
do trong bé MBR nh¢ vao luc ning cia bot khi.
Gia thé dang sponge di dong lam bang chét
liéu Polyurethane da dugc lya chon cho hiéu qua
xir 1y tbi wu theo nghién ctru ctia Guo ez al. (2010).
Kich thuéc cua gia thé sponge & 2 cm x 2 cm x 2
cm cing duoc Tien va ctv. (2010) nghién ctru va
dura ra két luan mang lai hiéu qua xir Iy tot nhat.

Bun nudi cdy ban dau cho bé sponge MBR la
bun dugc liy tir bé bun hoat tinh thong thuong
(70% v/v) va bin day ao ca tra (30% v/v). Nong do
MLSS ban déu cua sponge MBR 1a xap xi 6000
mg/L. Sau khi hé théng MBR hoat dong thich nghi
v6i diéu kién van hanh trén, hiéu qua xi ly COD
ctia hé thong 6n dinh, thi cho thém gi4 thé sponge
vao bé MBR véi s6 lugng bang 20% thé tich hitu
dung ctia bé MBR.

2.4 Diéu kién van hanh

Trudc tién, hé théng MBR dugc van hanh thich
nghi trong didu kién thong thuong (khong co
sponge) & HRT 8 gig, nude thai ao nudi ca tra voi
nong do 6 nhiém nhu muyc 2.1. Sau 26 ‘ngay khi hé
thong MBR da thich nghi tdt voi diéu kién van
hanh (théng qua sw 6n dinh cua hiéu sudt xu ly
COD cua hé théng MBR).

Sau khi hé théng hoat dong thich nghi ta thuc
hién thi nghiém chinh. Bé MBR dugc thém vao 20
% gia thé sponge so voi thé tich bé dé tién hanh
nghién ctru trai qua 3 giai doan van hanh voéi céac
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HRT 8, 4 va 2 gid tuong tng thong lugng 1a 5, 10
va 20 L/m?.h, va luu lwong dong ra 1a 120, 240 va
480 L/ngay, voi thoi gian luu bun (SRT) 1a 30
ngay. Hé thong sponge MBR duoc van hanh véi
cac HRT 8, 4 va 2 gio.

2.5 Phwong phap phan tich

Phwong phap phéan tich COD theo tiéu chuin
APHA (1998).

Phuong phép phan tich MLSS trong sponge:
Say kho cdc sir & 105°C dén khdi luong khong doi
va sau d6 dem can ta duwoc mo (mg). Liy ra 10
miéng sponge khoi bé sponge MBR, vo that sach
bun trong sponge vao 100 mL nud6ce cét. Cho nudc
bun nay vao coc str, dem nung & 105°C dén khi
khéi Iuong khong dbi. Can khdi lugng sau khi
nung ta dugc m; (mg/10sponge), ma trong bé
sponge MBR sir dung 1000 miéng sponge va thé
tich hitu dung cta bé 12 40 L nén suy ra: MLSS =
(m;—mp) x 100/40 = a (mg/L).

3 KET QUA VA THAO LUAN
3.1 Hiéu qua xir ly COD

Nbdng d6 COD diu ra trung binh twong tng voi
cac HRT 68,4 va2 gio la 3, 5 va 11 mg/L. Hiéu
suat xir Iy COD ciia hé thong sponge MBR duy tri
muec trung binh 94%, 93% khi van hanh véi HRT 8
va 4 gio, nhung chi dat 87% ¢ HRT 2 gio. Khi h¢
thong van hanh voi HRT 8 va 4 gid c6 hiéu suat xir
ly twong duwong nhau nhung HRT hon kém nhau
mot nira 13 vi trong bé MBR co ché phan huy chét
hitu co c6 trong nude thai phan 16n nhd vao bun
hoat tinh, ma néng d6 MLSS ban dau ciia sponge
MBR Ia x?ip xi 6000 mg/L. Do do, khi van hanh hé¢
thong v6i HRT 4 gid thi hiéu qua xu 1y van cao.
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Nhung khi van hanh hé thdng véi HRT & 2 gio thi MBR s¢i rong duy tri & mirc dudi 16 mg/L sau khi
do HRT qua ngin khong du thoi gian cho cac vi qua 5 giai doan van hanh hé théng véi HRT thay
sinh vt trong bun hoat tinh va trong gia thé tiéu dbi tir 2 dén 24 gid. Con ddi v6i nghién ctru cia
thu va phan hiy cac chat hiru co trong nudc thai Guo et al. (2008) thi tim ra dugc hiéu sudt xtr Iy
dau vao hé théng. Qua két qua trén ta thiy nong do COD dat trén 97%.
COD trong nudc thai sau xu ly dat QCVN
11:2008/BTNMT (COD = 50 mg/L), QCVN 08:
2008/BTNMT (COD = 10 mg/L) va ca cac tiéu
chudn vé tai st dung nudc thai cua US EPA
(1<17;2(§)08I/I]l3g4"114\¥1\/1[19 %VSNEIE) A8(2;)(§)(§3 4])3]TNMT, QCVN voi HRT khac nhau c6 ndng do trung binh 6.33+
’ > ' 3 mg/L), hé thong van thich nghi tot khi nong d6
Coté va ctv. (1997) ciing da dura ra két qua nong COD dau vao bién ddi (Hinh 2).
d6 COD trong nudc thai sau khi xir Iy qua hé thong

Mit khac, ta thdy dwoc mot wu thé 16n cua hé
thong sponge MBR 1a it bi sdc tai. COD dong vao
c¢6 bién dong (70£12 mg/L) nhung COD dong ra
luén 6n dinh (dong ra cua ba giai doan van hanh

v COD-v@o -8 COD-ra ¢ Hiéusuat
1“Thich nghi HRT-Bh HRT=4h HRT=2h ‘
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Hinh 2: Hi¢u suiit xir Iy COD £ i o i E
& cac giai doan van hanh § 1 : ' L 3
1 : I
3 16 28 33 30 47 54 61 92 98 105 110 116 122 129 139 145 151 161
Theoi gian (ngay)
3.2 Pic tinh bin mang ciia h¢ théng khac la toc do ban mang ting khi HRT giam, didu
sponge MBR nay gidng voi két luan ctia mot sé nghién ciru trude

day (Cho et al., 2005; Kok-Kwang et al., 2011).

Téc d6 ban mang duogc xac dinh bang xu hudng
su gia tang ton thit ap luc qua mang theo thdi gian Thong luong cang ting thi téc do ban mang
(dAP/dt). Hinh 3 cho thdy téc do bin mang la cang tang la do bun sinh hoc trong bé MBR bam
0.0437, 0.2046 va 0.8853 kPa/ngay twong ung voi vao va bit kin 16 mang lam cho ton that ap luc qua
cac thong luong 14 5, 10 va 20 L/m2.h. Tc d6 ban mang cang 16n. Khi toc do ban mang cham thi s
mang thap nhat & thong lugng 5 L/m*h (HRT 8 lan rira mang it, gitip cho tudi tho cia mang tang
gi0) c6 gid tri 1a 0.0437 kPa/ngay. Két qua nay cho cing nhu giam dugc chi phi dau tu cho thay méi
két luan 1a thong luong tang ti 1¢ thudn véi toc do mang va héa chat str dung cho viéc rtra sach mang.
ban mang cua hé thdng sponge MBR, hay noi cach
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 MLSS trong sponge = TéngMLSS @ MLSS trong sponge/Tdng MLSS
Khéng sponge HRT=8h HRT=4h HRT=2h _
18000 %0% ¥
16000 80% 9
14000 0% =
1 b - o
Hinh 4: Ham lwgng MLSS £ 12000 60% &
re R =~
trong sponge so v6i tong MLSS 5 10000 50% 3
trong bé sponge MBR @ 8000 0% §
E 6000 30% ;
4000 2% 5
2000 10% ¢
0 A 4 2. 4 o Li 0% 2
=
O = OWwr~
-~

Hinh 4 thé hién ham luong MLSS trong sponge
s0 voi tong MLSS trong bé sponge MBR chiém tir
20-70%. Ti 16 MLSS trong sponge/Tong MLSS c6
xu huéng ting dan theo thdi gian van hanh. Két
qua nay cho thiy uu diém cia sponge trong bé
MBR la khi MLSS tap trung trong sponge cang
nhiéu 1am cho MLSS trong bun lo ing cang it lai
va sponge co sat voi bé mit mang tao diéu kién
giam dugc bin mang (Hinh 5). Basu va Huck

Hinh 5: Bun trén bé mit mang khi
khong c6 sponge (A) va khi c6 sponge (B)

4 KET LUAN

Két qua cho thay hiéu qua xir Iy COD cua hé
théng sponge MBR ¢ HRT 8 va 4 gio dat 94% va
93%; con & HRT 2 gio chi dat 87%. Kha nang xu
ly COD cua hé thong hiéu qua véi thoi gian luu
nudc 4 va 8§ gio.

Thoi gian luu nuée lién quan dén thong luong
ctia hé thong sponge MBR va anh huéng manh dén
tbc d6 ban mang. Toc d6 ban mang ti 16 nghich véi
thoi gian luu nudec.

Gia thé sponge thém vao bé MBR gitp lam
giam dugc ban mang nhd vao sy bam dinh cta sinh
khéi 1én bé mat sponge, di vao trong sponge va
viéc chuyén dong ty do trong hé thong tao diéu
kién co sat gitra gia thé sponge va bé mat mang dan
dén loai bo 16p mang vi sinh vét trén bé mit mang.
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(2005) da nghién ciru anh hudng cia gia thé trong
hé théng MBR nhung chim. Trong nghién ciru tip
trung danh gia toc do ban mang va chat luong
nudce thai sau khi qua mang. Két qua duoc tim thay
1a tc d6 tic nghén mang tang gap d6i khi khong co
cac gia thé trong bé. Cac tac gia cling cho rang cac
gia thé nay tang cuong co rua bé mat mang va giap
tang truong cac mang sinh hoc trén cac gia thé, cai
thién hiéu qua xir Iy cia hé théng MBR.

Nudc thai ao nudi ca sau khi xir Iy ¢ thé tuan
hoan truc tiép cho ao nudi cé tra hay mot s6 muc
dich sir dung khac voi yéu cau chat luong nudc
phut hop. Hé théng nho gon c6 kha ning di dong
(mobile system) dé xir Iy nudc thai cac ao nudi
khac nhau phuc vu muc dich tai stir dung nudce thai.
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