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NUOI TAO BUN HAT HIEU KHi VOI NUOC THAI
CONG NGHIEP TREN BE PHAN UNG HOAT PONG THEO
ME LUAN PHIEN

Tran Quang Loc*, Nguyén Dang Hai, Tran Thi Ta

Vién Tai nguyén va Méi truong — Dai hoc Hué

Tém tit. Qué trinh nudi tao bun hat hidu khi tir bun hoat tinh dwoc thuc hién trén 02 b&
phan tng hoat dong theo mé luan phién(Sequential Batch Reactor, SBR) quy m6 phong thi
nghiém 1a R1 va R2. Hai bé c6 cdu tao va ché d6 van hanh gidng nhau véi thoi gian cho moi
me 240 phut va luu lwong cap khi 6 L/phut. V&i bé R1, blin dugc nudi bang nudce thai ti khu
cong nghiép (KCN) Phu Bai, tinh Thita Thién Hué, trong khi bé R2 stt dung hon hop nuée
thai KCN Phui Bai va nudc thai tdng hop vdi ty 16 thé tich thay ddi theo thoi gian van hanh
1:3; 1:1 va 3:1. Két qua sau 7 tuan van hanh, ¢ b&€ R1, bun hat véi kich thuwdc nho hon 1 mm
duoc hinh thanh, sinh khéi bun dat 5,8 g/L, trong khi 6 b€ R2, bun hat ¢é kich thuéc 1 mm
chiém wu thé véi sinh khéi bun dat 6,8 g/L, 16n hon so véi sinh khéi bun trong bé& R1. Bun
hat trong hai bé c6 kha ning ldng tot, thé hién qua gid tri chi s§ thé tich bun (Sludge
Volumetric Index, SVI) thdp khoang 30-32 mL/gTSS. Hiéu qua xtt ly COD, NHs-N va POs-P
trong hai b€ twong tng 92-94%, 93-96% va 65-71% khi b€ van hanh 6n dinh. Ty 1é NHs-N
chuyén thanh NOx-N ting tir 7-12% 1én 43-52% vao cudi thi nghiém, chting t6 kha ning
nitrat hda ctua bun hat duoc cai thién theo thoi gian van hanh. Dong thoi, trong 43-52% NHs-
N chuyén thanh NOx-N ¢6 t6i 40-47% chuyén thanh NOs-N cho thdy qué trinh nitrat hda
dién ra gan nhu hoan toan trong hai bé.

Tw khoa: b& SBR, bun hat hiéu khi, nuéc thai cong nghiép, nitrat hda, tao hat bun.
1 Moé dau

Hién nay, bun hoat tinh la mot trong nhitng qua trinh x ly nudc thai phd bién dang
duoc 4p dung trén thé gidi cling nhu tai Viét Nam. Tuy nhién, qua trinh x& ly nay van dang ton
tai mot s8 nhuroc diém nhu bong bun lang kém, lwong bun dw phat sinh 16n, tai trong xtt ly chat
httu co va nito thdp, it chiu duoc thay ddi tai trong [1,2]. Nghién cttu vé bun hat hiéu khi dwgc
tap trung tir khoang 15 nam tro lai day va so véi bun hoat tinh, bun hat hiéu khi ¢ mét s6 déc
diém vuot troi nhw kha nang léng rat tot, duy tri nong do sinh khoi tot, kha nang chiu tai trong
httu co (Organic Loading Rate, OLR) cao, OLR c6 thé€ 1én dén 15 kg COD/(m3.ngay), chdng chiu
duoc s6c tai trong cling nhu xt ly dwgc dong thoi chdt hitu co, nito va photpho [3-5]. Cac
nghién ctru cting cho thdy, b€ phan tng hoat dong theo mé ludn phién (Sequential Batch

Reactor, SBR) phu hop cho viéc nudi tao bun hat hiéu khi. Qua trinh hoat dong theo mé tao
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diéu kién giau va thiéu co chat luan phién trong bé phan ting va vi sinh vt tao ra polyme ngoai
bao (Extracellular Polymeric Substance, EPS) két dinh cac phan bun lai v6i nhau, két hop voi
diéu kién xdo tron cua bé phan ting boi dong khi cdp dé€ tao thanh hat [5,6]. Ngoai ra, bé SBR
cling dé dang thay ché& d6 van hanh cho pht hop véi tiing d6i tuong nudce thai dé cé thé xu ly
duoc dong thoi chat hitu co va dinh dudng trong mét bé phan tng [5,7,8]. Qua trinh hinh thanh
va phat trién ctia bun hat hiéu khi da dwgc nghién cttu trén nhiéu d6i twong nudc thai khac
nhau nhu nudc thai tdng hop véi nguodn co chét tir glucose, saccharose, acetate, phenol [1,2,9]
hay trén nuwdc thai ché bién, san xudt stta, nudc thai ché bién thuy san va giét mo gia suc [10-
12). Két qua cho thdy, d6i véi mdi déi tuong nuée thai khac nhau thi kha nang hinh thanh hat

hun hiéu khi cting khéc nhau va hiéu qua xt ly co chét ciing thay déi.

Nudc thai tir khu cong nghiép la mot ngudn nude thai cé thanh phan phic tap do sy tron
1an tr nhiéu nganh nghé san xuét. Véi cac wu diém ctia minh, bun hat higu khi cé tiém ning
trong tng dung xw ly ngudn nudc thai nay. Tuy nhién, hién tai cdc nghién ctru vé bun hat hiéu
khi tai Viét Nam van con kha it va hon nita chwa ¢ mot cong bd nao lién quan dén viéc danh
gid qua trinh hinh thanh va x& ly cia bun hat véi d6i twong nudc thai cong nghiép. Do vay,
nghién ctu nay dwgc thuc hién dé€ danh gia kha ndng nudi tao va hiéu qua xw ly ctia bun hat
hiéu khi trén bé SBR véi nguén nude thai tte KCN Phu Bai, tinh Thira Thién Hué.

2 Vatliéu va phwong phap nghién ctru
21 Vatliéu nghién ctitu
Bun nuoi
Bun st dung trong nudi tao bun hat hiéu khi & nghién ctu nay la bun hoat tinh duwoc lay
tr bé€ xr ly sinh hoc cua Tram x@ ly nuwdc thai KCN Phu Bai, tinh Thira Thién Hué, véi dac

trung nhu sau: TSS: 3.350 mg/L; VSS: 2.680 mg/L; SVI: 135 mL/gTSS. Trong thi nghiém, mdi bé
SBR dua vao 02 lit hon hop bun hoat tinh lam ngudn bun nuoi cdy.

Nudc thai
a. Nuwdc thadi tong hop

Thanh phan chinh (d¢€ pha 1 L nudc thai tdng hop) duoc tham khao tir Nguyén Trong
Luc va cong su [1] gom: CeHi206 564 mg/L, NaHCOs 270 mg/L, NH4Cl 127 mg/L, Ko2HPOs 20
mg/L, CaCl2H20 15 mg/L, MgSO4+.7H20 12 mg/L. Thanh phan vi luong, st dung 1ml/L gém:
HsBOs 0,15 g/L; CoCl2.6H20 0,15 g/L; CuSO+5H20 0,03 g/L; FeCls.6H20 1,5 g/L; MnCl2.2H20 0,12
g/L; Na2M04O24.2H20 0,06 g/L; ZnSOs+.7H20 0,12 g/L; KI 0,03 g/L. Nudc thai tong hop duoc
chudn bi bang cach can lugng hoéa chit (nhu trén) du d€ pha 25 L nude thai, dung trong mot
ngay van hanh. St dung nudc 14y tlr voi cap nude sinh hoat da d& qua dém nham loai bé phan

clo du d€ pha nudc thai. Bdc trung nudce thai tong hgp duoc thé hién trong Bang 1.
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Bang 1. Déc trung nudc thai tdng hop

STT Thong s6 Pon vi Két qua, TB + S (n=5)
1 pH - 7,3+0,1
2 COD mg/L 517 +37
3 NH4-N mg/L 32,9+25
4 P-PO4 mg/L 4304

b. Nudc thai cong nghiép

Nudc thai cong nghiép duoc 18y tir h§ thu gom tap trung cua KCN Phu Bai, tinh Thira
Thién Hué. Thoi gian 1dy mau tir thang 9 dén thang 11 ndm 2019. Nudc thai chira trong cc can
nhuwa 30 L va duoc gan léng bét can lo lting, bao quan trong ti lanh bao quan mau 0 nhiét d6 2-
3°C sau khi chuyén vé phong thi nghiém st dung cho van hanh bé& SBR. Theo diéu tra, khao sat
cua nhom tdc gia, trong tong lwong nudce thai phat sinh tit KCN Phu Bai dwgc thu gom, c¢6 dén
55-60% luong nudc thai tir nha mdy san xuat bia Hué, phan con lai la nudc thai tir cdc nha may
may mac, dét soi, san xudt son...Tai thoi diém thuc hién nghién cttu nay, nha may san xudt bia
Hué da xay dung mot module d€ xi ly so bo nuwedce thai ctia nha may triede khi thai vao hé thong
thu gom nudce thai chung caia KCN. Nudc thai tir hd thu gom chung cua KCN Phu Bai ¢ nong
do COD khong qua cao, gia tri COD trung binh 480 mg/L, ty 1é BODs/COD dao dong trong
khoang 0,72-0,76, nong d6 NHi -N, TN va POs-P tuong tng 28,5 mg/L, 43 mg/L va 3,1 mg/L.
Sau khi lang bét can lo lting c6 trong nuede thai, nong do COD con 453 mg/L, N-NHa 27,5 mg/L
va P-PO: 2,7 mg/L. Dic trung nude thai KCN Phti Bai trede va sau khi ldng duogc thé hién trong

Bang 2.
Bang 2. Dac trung nuwdc thai KCN Phu Bai
Két qua, TB = S (n=5)
STT | Thongsé Don vi Nu6c thai KCN Pht Bai | Nuée thai KCN Phu Bai sau
(Nudce thai tho) gan va lang cén lo ling

1 |pH - 8,1+04 81+0,4

2 | TSS mg/L 93+35 35+7

3 | BOD5 mg/L 35319 3309

4 | CoD mg/L 480 + 27 453 + 14

5 | NH4-N mg/L 28,5+2,3 27,5+1,8

6 | NO+N mg/L 0,69 +0,35 0,42 +0,07

7 | TN mg/L 43+4 39+3

8 | POsP mg/L 3,1+04 2,7+0,2
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2.2 Mo hinh b€ phéan ttng hoat dong theo mé (SBR)

Nghién cttu duoc thuc hién trén 02 bé€ SBR ¢ quy md phong thi nghiém 1a R1 va R2 c6
cau tao giéng nhau. B& ¢6 hinh tru tron lam bz\?mg nhua acrylic, chiéu cao 100 cm, duwong kinh
trong 8 cm. Thé tich hoat d6ng ctia mdi bé 1a 4 L. Nudc thai dwoc bom vao tir bé chita bang bom
dinh lugng va nudc thai dwoc rit ra qua van dat cdch ddy bé 40 cm sau mdi meé, tuwong ting voi
hé s8 trao ddi thé tich ctia bé 1a 0,5. Khong khi cdp vao ting bé vao bang may suc khi véi bd
khuéch tan khi dat & day bé tao nén dong xao tron trong bé. Bé hoat dong ¢ nhiét d6 phong, pH
van hanh trong khoang 7,5-8,2.
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Hinh 1. M6 hinh b€ SBR st dung trong nghién cttu

2.3  Ché d6 van hanh bé SBR nuéi tao bun hat hiéu khi

Céc nghién cttu triede d6 cho thdy, van hanh bé SBR véi luu luong cap khi tao ra van toc
khi nang dat tir 1,2 cm/s, thoi gian 1ang ngén (15-5 phut), thoi gian cho mdi mé khoang 3-4 gio
la phtt hop cho viéc nuoéi tao bun hat hiéu khi [1,10,13]. Trong nghién cttu nay, chon thoi gian
cho mdi mé 1a 240 phut bao gom 04 pha: bom nudc thai vao (5 phut), cdp khi (220-226 phut),
ling (10-4 pht); thao nudc ra (5 phat). Luu lugng c&p khi vao hai bé Q = 6 L/phtit, twong ting
v6i van toc khi nang tao ra khoang 2 cm/s. Hai bé R1 va R2 van hanh theo ché dé6 mé tw dong
gidng nhau nho cac by diéu khién hen gio.

Trong tuan 1, hai bé duoc khoi dong voi nudce thai tong hop. Sau do6, bé R1 duoc van
hanh véi nwdc thai KCN Pht Bai va bé R2 stt dung hén hop nude thai nudce thai tong hop va
nudc thai KCN Pha Bai véi ty 16 thé tich thay doi véi muc dich bd sung thém phén co chét. Thoi
gian lang dugc diéu chinh giam dan tr 10 phat (tuan 1) xudng con 8 phut (tuan 2) va 4 phat (tl
tuan 3 tro di). Cac thong sd van hanh va néng do co chat dau vao & bé R1 va R2 trong thi

nghiém dwoc tém tit & Bang 3.
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Bang 3. Céc thong s6 van hanh va néng d6 co chét dau vao cta tirng bé SBR trong thi nghiém

Théng s6 Pon vi BéR1 B& R2
Thoi gian cho mi mé gio 4 4
pHvao - 7,6 +0,3) 7,7+0,4
Luu luong cap khi, Qkk L/phut 6 6
Van t6c khi nang, v cm/s 2 2
aTuan 1 (ngay 1-7): CODvao: 510 +10; NHs-N: 36,8 +0,9
bTuén 2-7 (ngay 8-50): | < Tuén2 CODvao: 510 + 2
- CODvao: 444 + 16 (ngay 8-14) NH4-Nvio : 33,2 + 0,4
“NHeNwe: 26811 aTyan3 CODvio: 492 +7
Ei&i igOCOD va NH4- mg/L (ngay 15-21) | NH«-N: 30,3 + 0,6
eTuan 4 CODvio: 457 + 4
(ngay 22-28) | NHa-Nvao:28,7+1,3
bTuan 5-7 CODva0: 440 + 9
(ngay 29-50) | NH-N vio: 26,6 = 1,2
HTh;; gian luwu nudc, gid> 8 8
Tai trong httu co, OLR kg COD 1,37-1,58 1,33-1,49
/(m3.ngay)
Téi trong nito, NLR ke NH4:N 0,11-0,12 0,10-0,13
/(m3.ngay)

Ghi chti: a: Van hanh véi nudce thai tong hop; b: Van hanh véi nuée thai KCN Phu Bai; ¢: Van hanh véi ty
1é 1:3%; d: Van hanh véi ty 1€ 1:1%; e: Van hanh véi ty 18 3:1%; * ty ¢ thé tich (v:v) cia nwde thai KCN Phii Bai va
nwdc thdi tong hop pha sin

24  Phwong phap 1dy mau va phan tich
Phuong phap 14y mau va x& ly mau

Mau nuéce thai dau vao dugc 18y tai x6 chita nuée thai va dau ra duoc 18y qua van cach
d4y bé& SBR 40cm sau khi két thtic pha c&p khi va bun da duoc 1dng. Cac mau nuwdc duoc loc qua
gidy loc kich thuéc 16 0,45um (Hang Whatman, Anh) d€ loai bo chat ran lo ltng trude khi phan
tich. P&i v6i phan tich nong do bun (MLSS), 18y 100mL hén hop bun khi dang trong giai doan

cap khi d€ dam bao bun da duoc tron déu trong bé phan tng.

Cac phuong phap do va phan tich
a. Chi so'thé’tich bun, SVI
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Trong cac nghién ctru vé bun hat trude d6, chi s§ SVIo (do thé tich bun lang sau 10 phut)
thuong duoc stt dung dé€ danh gia kha nang léng ctia bun hat [7,11]. Do d06, chi s6 SVIo dwoc
tinh toan va st dung d€ danh gia kha ning lang ctia bun. Gid tri SVI duoc tinh theo cong thiic
2.1 [14]:

V,
SVI = bT x1.000 (mL/gTSS) (Cong thic 2.1)

trong d6, Veun: Thé tich buin 1dng (mL) ling sau 10 pht trong 6ng dong thé tich 1Lit; X: Nong dd
tong chat ran lo litng TSS (mg/L) ctia hdn hop bun trong 6ng dong

b. Phwong phip phan tich thong s6'héa -1y

Thong sd pH va oxy hoa tan (DO) duoc do bé“mg may cam tay, cac thong sd TSS, VSS,
COD, BODs, NHs-N, NO2-N, NOs-N, POs-P st dung cac phuong phap phan tich da dwoc cong
nhan tai tiéu chuan, quy chudn ky thuat ctia Viét Nam (TCVN, QCVN) va tai liéu Standard
Methods for the Examination of Water and Wastewater (APHA-AWWA-WPCEF, 2005). Riéng
tong nito (TN) dugc do bang may TNP-10DKK ctia Hang TOA (Nhat Ban) sau khi da pha mau
bang hé phd mau va tao mau bang kit thir (di kém may TNP-10DKK). Cac phuwong phap do,
phan tich st dung dwoc trinh bay ¢ Bang 4.

Bang 4. Cac phuong phap do dac va phan tich duoc sit dung

STT Thoéng s6 Ponvi Phwong phip do, phén tich
1 pH - Do bang sensor, may pH cam tay WTW 340i, Dtic
2 DO mg/L. Do bang sensor, May do DO cam tay, Oron, M§
3 TSS mg/L Phuong phap trong lwong, TCVN 6625-2000
4 VSs mg/L  Phwong phap trong lwong, TCVN 6625-2000
5 BOD:s mg/L Phuong phap pha loang va i, TCVN 6001-1 : 2008
6 COD mg/L.  Phuong phép trdc quang, SMEWW 5220 - D:2005
7 NH4-N mg/L.  Phuong phép trdc quang, SMEWW 4500-NH3 F:2005
8 NOz-N mg/L.  Phuong phép trdc quang, SWEMM 4500 B:2005
9 NOs-N mg/L.  Phuong phép trc quang, TCVN 6180-1996
10 T-N mg/L.  Trac quang, do bang may TNP10 - DKK, Nhat Ban
11 PO#-P mg/L.  Phuong phép tric quang, TCVN 6202:2008
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2,5  Cac cong thirc tinh toan

Cac gia trj tai trong hitu co (OLR), tai trong nito (NLR), thoi gian Itu nweéc (HRT) va thoi
gian ltu bun (SRT) dwoc tinh todn theo Minh [13] va Vives[15].

kg COD/(m3.nga
OLR-NLR = 22& _ Y ;nxcv x10° & (mngay) (Cong thirc 2.2)
SBR SBR kg NHs-N/(m?.ngay)
V, V,
HRT = QSBR = 24 (gid) (Cong thitc 2.1)
V.. xX V.. xX
SRT=—28—28% = B8 —% (ngay) (Cong thirc 2.2)

QR XXR Vv XHXXR

trong d6, n: s6 mé/ngay (n=6); Vssr: thé tich hoat dong ctia bé SBR (4L); Vv: thé tich nude cdp vao
1 mé (2L); Cv, Cr: nong do COD, NH4+-N dau vao va dau ra bé€ SBR (mg/L); Xser, Xr: Sinh khdi
bun (gia tri TSS) trong bé SBR va trong nuwdc thai dau ra tai thoi diém t (mg/L)

3 K&t qua va thao luin

3.1 Qua trinh tao bun hat hiéu khi
Sw hinh thanh bun hat trén hai bé SBR

Su hinh thanh bun hat hiéu khi dwoc cho gom 3 giai doan: (1) chon loc bun lang 6t va
hinh thanh mam bun hat ¢ dang bun soi li ti; (2) bun s¢i két dinh lai v6i nhau nho polyme
ngoai bao (EPS) va dugc vo tron dudi diéu kién xdo tron cua dong khi trong bé va tao thanh
hat; (3) hat bun phat trién vé kich thudc va mat dé bun hat [5,7]. Két qua theo doi cho thay, su
hinh thanh va phat trién bun hat ¢ hai b€ R1 va R2 trong nghién cttu nay twong ting vdi co ché
hinh thanh bun hat hiéu khi da duoc cong bd. Sau 1 tuan van hanh, tir cac bong bun hinh thanh
nén cac khoi bun cudén vao nhau va vét bun chiéu dai khoang 4-5mm, liic nay bong bun va bun
so0i chiém phan 16n trong hai bé. Ti€p dd, vdi ché do xao tron manh do dong khi trong b€, bun
soi duoc két dinh lai véi nhau thanh cdc ddm nho trong khoang thoi gian tir tuan 2 dén cudi
tuan 3. Khi tiép tuc van hanh véi thoi gian lang ngan (4 phut) dé& chon loc phan bun dé lang,
cac hat buin nho li ti (mam buin) bat dau hinh thanh trong bé R2 & tuan tht 4 va trong bé R1 &
tuan thit 5. Cac mam bun nay ti€p tuc phat trién va bun hat khoang Imm xuat hién trong ca hai
bé vao cudi tuan thit 7. Tuy nhién, & bé R1 van con trdn 1an gifta bun hat 6 kich thuéc ITmm va
bun soi (Hinh 2a dén Hinh 2f), trong khi d6, bun hat véi kich thudc hat Imm chiém phan 16n &
bé R2 (Hinh 3a dén Hinh 3f).
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Lol

Hinh 2. Sy thay d6i hinh thai bun trong bé R1 theo thoi gian van hanh (a: 2 tudn; b: 3 tuan; c: 4 tuén; d: 5
tuan; e: 6 tuan; f: 7 tuan)

Hinh 3. Sy thay d6i hinh thai bun trong bé R2 theo thoi gian van hanh ( a: 2 tuén; b: 3 tuan; c: 4 tuan; d: 5
tuan; e: 6 tuan; f: 7 tuan)

Trong thi nghiém nay, bé R1 van hanh véi nudce thai KCN c6 ty 1é BODs/COD khoang
0,72-0,73, trong khi bé R2 ¢ giai doan dau (tuan 1-3) duoc van hanh b:;“mg hdn nuéc hop thai
cong nghiép va thai tdng hop véi véi ty 18 thé tich (v:v) thay d8i tir 1:3, 1:1 va 3:1, hdn hop nude
thai nay cé ty 1é BODs/COD khoang 0,81-0,90. C6 thé thiy, bé R2 duoc cap nude thai voi phan
co chit dé phan huy trong cao hon so véi & bé R1 nén thuan loi hon cho sy phat trién ctia cac
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nhoém vi sinh vat trong bun, diéu nay c6 thé ly giai cho sy hinh thanh, phat trién man bun ¢ b&
R2 ciing nhanh hon ¢ bé R1. Két qua nay cho thay, dé tao bun hat duoc thuan loi thi viéc két
hop nudce thai tirt KCN Phu Bai va b6 sung thém co chat tir nwde thai tong hop trong qua trinh
nudi tao 1a can thiét.

Bang 5 trinh bay so sanh dac diém ctia bun hat trong nghién ctu nay so véi cac cong bd
trudc d6. So véi cac cong b cua Nguyen Trong Luec [1], Tran Quang Loc [16] khi st dung nuwdc
thai tong hop véi co chat glucose, ctia Nguyén Thi Thanh Phuong véi nudc thai tinh bot san
[10], ctia A.val del Rio véi nuwde thai ché€ bién ca dong hop [12] va B.Arrojo v6i nude thai tir ché
bién bo sita [11], bun hat trong nghién cttu nay c¢6 kich thuwdc nho hon. Tuy nhién, sinh khéi bun

tao duy tri trong b€ 6 nghién cttu nay la kha twong dong.

Bang 5. So sanh mot s& dédc diém bun hat tao thanh cua nghién ctu nay voi cac cong bé trude do6

OLR Luu ch%‘ Thoi Sinh
. " thude | gjan < s e

T | Loai Nguon Loai nuéc thai ¢ COD luong hat hinh khéi Tac gia/Tai liéu
T bé bun ) o ingay) khi bin | thanh bun tham khao

Bun hoat | Nuwdc thai KCN A
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Bin hoat NTKCN+Nuw6e
2 | SBR t;h °% | thai tong hop | 1,315 6 12 50 | 6,8(SS) | Nghién ctru nay

(NTTH)

Bun hoat | NTTH, co chét Nguyén Trong
3 | sBAR | Clucoce 2,6 4 112 | 40 969 | Lye.p1]

Bun hoat | NTTH, co chat Tran Quang Ldc,
4 | SBR | Clucoce 2,8 4 102 3| 5469 | g

Bun ki g Nguyén T.T.
5 SBR Khi NT tinh b6t san 3,2-5 5 203 70 7,2 (SS) Phuong, [10]

Bun hoat | NT ché bién ca 5-6

BR ’ 1,2 4 2 7 A. Rio, [12

6 | SBR | ik déng hop ' & > | vy o 1121
7 | spr | Bunhoat | NT — cong 12 5 35 60 | 5(VSS) | B.Arrojo, [11]

tinh nghiép

Ghi chti: SBR (Sequential Batch Reactor): B€ hoat ddng theo mé luan phién; SBAR (Sequential Batch Airlift

Reactor): B& khi nang hoat dong theo mé luén phién
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Sinh khdi bun va kha ning ling

Hinh 4.a,b thé hién su thay ddi sinh khoi bun, SVI va SRT ¢ bé R1 va R2 theo thoi gian
van hanh. Sinh kh&i & ca hai bé ¢ xu huéng giam nhanh khi van hanh véi thoi gian ling giam
con 8 phtit (trong tuan 2) va 4 phit (trong tuan 3) d€ chon thanh phan buin dé 1dng dé tao mam
bun cho sy hinh thanh bun hat, néng d6 sinh khoi trong bé R1 va R2 ¢6 thoi diém giam xudng
chi con twong ting 2,3 va 2,6 g/L vao ngay 17. Tuy nhién, sau khi da chon loc va gitt lai duoc
phan mam buin dé 1dng va bun hat phét trién, sinh kh&i bun trong hai bé tir ngay 28 tré di 6 xu
hudng tang tro lai. Dén ngay 50, nong d6 sinh khéi bun do duwoc trong hai b€ R1 va R2 dat duoc
twong tng 1a 5,8 va 6,8 g/L, dong thoi ty 1é VSS/SS cling tang lén muc khoang 85-87%.
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Hinh 4. Bién thién sinh khd&i bun, SVI va SRTo bé R1 (a) va bé R2 (b) theo thoi gian van hanh

Kha ning lang ctia bun ciing thay ddi theo qua trinh hinh thanh va phat trién bun hat.
Trong thoi gian tir ngay 1-21, sy phat trién ctia bong bun tao thanh cac khéi bun dinh két nhau,
bun trd nén kho 1dng nén SVI trong bé R1 va R2 ting 1én khé cao, twong ting 188-220 va 148-154
mL/gTSS, 16n hon SVI cua bun hoat tinh ban dau chi khoang 120-130 mL/gTSS. Tuy nhién, tir
ngay 27-50, su gia ting thanh phan bun hat da gitp bun ldng t&t hon, SVI ctia buin & hai bé R1
va R2 giam dan, SVI do vao ngay 50 cua bun trong bé R1 va R2 twong tng chi con 35 va 32
mL/gTSS, ching to bun tao thanh cé kha nang lang rat tot. Dic diém nay cta bun hat hiéu khi
cling duoc xem 1a moét wu diém, gia tri SVI cua bun trong hai bé ciing khé twong dong véi cong
bd khac truede d6 [1,10,12,17]. Dong thoi, bun léng tot cling da giap luu gite lai duoc sinh khoi
trong bé va SRT tang 1én duy tri 6 mikc 13,1-20,6 ngay véi bé R1 va 14,2-22,5 ngay voi bé R2.

3.2  Hiéu qua xit ly co chit caa bun hat hiéu khi
Hiéu qua xt¢ ly chat hitu co (COD)

Hinh 5.a,b thé hién hiéu qua xt ly COD cua hai bé R1 va R2 theo thoi gian van hanh. Ché
dd van hanh véi thoi gian lang gidm dan nén mot phan 16n bun khé lang bi troi ra khoi bé gay
nén su suy giam sinh khéi bun trong hai bé va anh huong dén su chuyén héa chat hitu co trong

khoang thoi gian tir ngay 1-25. Hiéu qua xt ly COD trong hai bé ¢ giai doan nay thay d6i lién
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tuc, dao dong 67-85%. Tuy nhién, tir ngay 28-50, hiéu qua xtt ly COD trong hai bé tang lén va
duy tri 6n dinh 6 muic 92-94% & OLR 1,4-1,5 kg COD/(m3.ngay). Sw hinh thanh bun hat, sinh
khdi bun cao trong hai bé (Hinh 4.a,b )va duy tri DO cao (>4 mg/L) tao diéu kién cho cac nhém
vi sinh vat chuyén hoa chat hitu co trong hai bé hoat dong, diéu nay c6 thé ly giai cho hiéu qua
xt ly COD cao va on dinh.
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Hinh 5. Hiéu qua xtt ly COD 6 b& R1 (a) va R2 (b) theo thoi gian van hanh

Hiéu qua xtt ly amoni (NH4-N)

Hinh 6.a,b thé hién hiéu qua xt ly NH4+-N va néng d6 NHs-N, NO2-N, NOs-N trong nudc
thai dau ra ¢ bé€ R1 va R2 theo thoi gian van hanh. Két qua cho thay, trong 25 ngay van hanh
dau tién, hiéu qua x ly NHs-N trong ca hai bé chi dat 55-57% & NLR 0,11-0,13 kg NHa-
N/(m3.ngay). Tinh toan cho thay, so véi dau vao, ty 16 NHs-N con lai trong nuwde thai dau ra 1én
t6i 43-45%, chi 7-12% NHs-N chuyén thanh NOx-N (gom ca NO2-N va NOs-N), ching to qua
trinh nitrat héa trong thoi gian nay dién ra rat han ché. Viéc diéu chinh thoi gian lang ngan (chi
8-4 phut) thuén 1oi viéc chon loc phan bun dé léng cho sy hinh thanh hat bun nhung ciing dan
dén suy giam sinh khoi bun do mét phan bun bi cudn trdi ra khoi bé & pha rut nuwdce. Diéu nay
6 thé€ anh huong dén su phat trién cdc nhom vi khudn phat trién chdm nhu nhém vi khuan oxy
héa amoni (Ammonia Oxidizing Bacteria, AOB) va nhém vi khuan oxy hoa nitrit (Nitrite
Oxidizing Bacteria, NOB) trong bé phan ting. Day cling c6 thé la nguyén nhan ly giai cho hiéu
qua chuyén hda amoni va nitrat khong cao khong cao trong giai doan nay [18]. Két qua nay
cling tuong tw v6i nghién ctru cia Mosquera [11], Kusmierczak [17] va Jungles [19] cho thay

hiéu qua chuyén hda nito trong hé thong khong cao trong qua trinh hinh thanh hat bun.

O giai doan tir ngay 28-50, hiéu quéa xt Iy NHi-N trong hai bé duy tri & muc 94-96% 6
NLR 0,12-0,14 kg NHs-N/(m3.ngay). Luc nay c6 41-53% NHs-N chuyén hoa thanh NO«N, ty 1é
nay cao hon hon han véi trude do chi dat tit 7-12%, cho thay qua trinh nitrat héa ctia bun hat
duoc cai thién theo thoi gian cung véi sy phat trién bun hat va sinh khéi bun trong hai bé. Tuy
nhién, trong khoang thoi gian tir ngay 28-39, theo doi thdy nong d6 NO2-N trong nwdc thai dau
ra & hai b& con khé cao tlr 4,9-5,6 mg/L. O giai doan nay, trong 40-44% NHs-N chuyén thanh
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NOx-N, chi cé 16-30% thanh NOs>-N va 14-34% van ton tai & dang NO2-N, cho thdy qua trinh
nitrat hda van chua dién ra hoan toan. Khi van hanh bé&, DO luén duy tri > 4 mg/L phtt hop cho
qué trinh nitrat hoa, Pollice cho rang khi DO khong phai la yéu t§ anh huong thi SRT quyét
dinh dén kha nang nitrat héa, duy tri SRT ngan c6 thé dién ra qud trinh nitrat héa ban phan
[20]. Trong thoi gian tir ngay 28-39, SRT ctia hai bé duy tri khoang 7-8 ngay va sinh khéi bun hai
bé chi méi dat khoang 3,4-3,8 g/L do bi cudn troi ra ngoai khi diéu chinh thoi gian lang c6 thé ly
giai cho viéc NO2-N van con trong nuwdc thai dau ra. Nghién ctru ctia Li [21] cfing cho thay két
qua twong tu, khi van hanh bé& SBR véi SRT 5 ngay. Khi ti€p tuc van hanh, tir ngay 40-50 nhan
thdy nong do NO2-N trong nudc thai dau ra giam xudng chi con 0,51-0,62 mg/L va NOs-N ting
dan 1én mtc 10,8-13,2 mg/L. Theo tinh toan, trong 43-52% NHs-N chuyén thanh NOx-N ¢ giai
doan nay ¢ t6i 40-47% chuyén thanh NOs-N va chi 3-5% con ¢ dang N-NO, chiing t6 qua trinh
nitrat hoa ¢ hai bé gan nhu hoan toan. Nong d6 sinh khéi bun cao trong hai bé (5,4-6,8 g/L), SRT
O muc 17-22 ngay, dam bao duy tri phat trién 6n dinh cia nhém AOB va NOB trong bun
[18,19,21], diéu nay co thé ly giai cho quad trinh nitrat hda gan nhu hoan toan trong thoi gian

nay.
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Hinh. 6. Hiéu qua xtt ly amoni va nong dd NHs-N, NO2-N, NOs-N trong nuéc thai cia b€ R1 (a) va R2 (b)
theo thoi gian van hanh
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Hinh 7. Hiéu qua xtt ly TN ctia b€ R1 (a) va b& R2 (b) theo thoi gian van hanh
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Céc nghién ctru trudce d6 cho thdy, bun hat hiéu khi ¢6 kha nang x ly nito kha tot nho
quad trinh nitrat va khi nitrat dong thoi [4,22]. Qué trinh nay duoc cho dién ra véi bun hat kich
thudce tir 1,5-2 mm khi van hanh ¢ ché€ d6 suc khi lién tuc cling nhu gidn doan c6 kiém soat do
su suy giam khuéch tan oxy hoa tan vao trong bun hat va tao ra cac vung hiéu khi 6 bén ngoai
va thiéu khi ngay bén trong bun hat [5,7]. Nhém AOB va NOB dugc ghi nhan phan bd ¢ d6 sau
khoang 70-100 pm tir bé mdt hat bun, trong khi nhém vi khudn kht nitrat duoc xdc dinh hién
dién ¢ cach 800-900um ttr bé mdt hat bun [7]. Tuy nhién, trong nghién cttu nay, hiéu qua xt ly
NHs-N ¢ hai bé cao (93-96%) nhung NOs-N van tich lily trong nuwdc thai dau ra (10,8-13,2 mg/L)
va hiéu qua x& ly tong nito (TN) kha thdp chi khoang 39-43% (Hinh 7.a,b). Biéu nay cho thay,
quad trinh nitrat héa van la chuyén héa chinh trong ca hai bé. Nguyén nhan c6 thé do van hanh
bé ché do cap khi Q = 6 L/phat, duy tri nong dé DO cao (4-5 mg/L), kich thudc hat bun trong bé
ltc nay chi 1 mm nén khé cé thé hinh thanh duoc vung hiéu khi - thi€u khi ngay trong hat bun
do sy suy giam khuéch tan oxy dé cé thé dién ra qud trinh nitrat va khtt nitrat dong thoi [5,9].
Do vay, dé€ tang cuong hiéu qua xt ly nito, ché d6 hoat ddng ctia bé can c6 nhirng thay d6i nhw

duy tri DO c6 kiém soat ,xen ké thiéu khi — hiéu khi phtt hop.

Hiéu qua xt 1y photpho (PO4-P)

Hinh 7.a,b thé hién hiéu qua xt ly POs-P cta bé R1 va R2 theo thoi gian van hanh. Hiéu
qua xtt ly POsP ¢ hai b€ khoang 4 tuan dau tién khé thap, dao dong trong khoang 35-57%. Sau
khi bun hat hinh thanh ttr tuan thit 5 va sinh khoi trong hai bé tang 1én dat tir 5-6 g/L, hiéu qua
xtt ly PO+-P méi tang nhe va dat khoang 65-71%. Cac nghién cttu cling da chiing minh qua trinh
loai bo photphat sinh hoc dwa trén viéc tang ceong kha nang tich Ity cia nhdm vi sinh vat tich
laly polyphotphat (Polyphosphate Accumulating Organisms, PAO) can két hop pha ki khi-hiéu
khi [23]-[25]. Liu Xioaying [25] va Ong Ying [24] khi van hanh bé& SBR vé4i bun hat hiéu khi &
ché€ két hop pha ki khi-hiéu khi xen ké cho hiéu qua xtt ly POs-P twong ting t6i 90 va 97%. Trong
nghién cttu nay, hai bé duoc van hanh véi muc dich nuoéi tao bun hat véi pha hiéu khi kéo dai
c6 thé' ly giai cho nguyén nhéan hiéu qua xtt ly P-POs khi van hanh 6n dinh thap hon nhiéu so
véi cac cong bd cua Ong Ying va Liu Xioaying. Luong P-POs duoc loai bo ¢6 thé do st dung
cho phat trién sinh khéi va tich liiy trong bun [6,7] hodc c6 thé duoc loai bd bang qua trinh két
tua trong vung bén trong (16i) cua bun hat hiéu khi [23].
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Hinh 8. Hiéu qua xtt ly P-POs trong b€ R1 (a) va bé R2 (b) theo thoi gian van hanh

Khao sat van hanh mot mé on dinh ctia bé SBR.

Hinh 9.a,b thé hién bién thién pH, DO va Hinh 10.a,b thé€ hién bién thién gia tri COD,
NH;-N, NO2-N, NOs-N va POs-P trong mot mé van hanh on dinh cua bé R1 va R2 vao ngay 48.
Luc nay hai b€ van hanh véi OLR va NLR tuwong tng khoang 1,4 kg COD/m?3.(ngay dém) va
0,11 kg NH4+-N/md.(ngay dém).

Két qua cho thdy su chuyén hoa chat hitu co (COD), amoni (NHs-N) va phot phat (POs-P)
trong hai b& R1 va R2 sau khi bun hat da hinh thanh c6 sy twong dong. Khi bat dau cap khi,
hiéu qua xtit ly COD tdng 1én 61-63% sau 60 phut va dat khoang 85-87% sau 90 phut, khi tiép tuc
cap khi, hiéu sudt xix Iy COD ting nhe 1én mutc 90-91% va khong thay d6i nhiéu dén cudi mé do
hau hét cac chat hitu co dé phan huy ltc nay da dugc vi sinh vat chuyén héa. Két qua nay ciing
phu hop véi cdc nghién cttu trude d6 khi phan 16n chat hitu co cling déu duoc chuyén hda ngay
sau khi bat dau cap khi trong mdt meé cta b& SBR [2,10,11]. Khi qua trinh chuyén héa chat hitu
co dién ra manh trong khoang 60-90 phtit dau tién, nhan thdy gia tri pH c6 sy gia tang nhe
(pH~8,3). Nong d¢ DO lac nay chi duy tri 6 muic 4,2-4,7 mg/L trong khoang 90 phuat dau tién do
phan 16n oxy duoc sit dung trong qua trinh phan hay chat hitu co.

V6i chuyén hoa NHs-N, trong 30-60 phut dau tién, hiéu qua xi ly NH+N & hai bé dat
khoang 26-28%. Tir phit 90, chuyén héa amoni bét dién ra nhanh hon, hiéu qua loai NHs-N
tang 1én 77-81% tir phut 120. Két thuc mé, hiéu qua xtt ly NHs-N ¢ hai bé dat 97-98%, nong do
NH;-N trong nuwdc dau ra thdp chi khoang 0,59-0,71 mg/L. Nhuw vay, cd thé thdy chuyén hoa
amoni dién ra manh khi phan 16n chat hitu co da dwogc xtt 1y it phit 90, nguyén nhan do hoat
dong ctia nhém nhém vi khuan phan huy chéat hitu co thuwong canh tranh va hoat dong manh
hon so véi so véi nhém vi khuén chuyén hda nito [11]. Vao cudi mé, NOs-N do dwgc khoang
8,7-9,4 mg/L, trong khi NO2-N chi 0,47-0,59 mg/L, cho thdy qua trinh nitrat hoa dién ra kha tot.
Bén canh d¢, ghi nhan pH giam xuéng 7,6-7,8 tir phut 120, twong tng vaéi thoi di€ém nitrat hda
dién ra (NOs-N téng lén 8-9mg/L), c6 thé do qua trinh nitrat héa thuong tiéu thu mot luong
kiém khoang 7,14 mg CaCOs/mg NHa-N [26] lam thay d6i pH trong bé. Ngoai ra, tinh toan
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trong mo6t mé cho thdy, NHs-N con lai trong dau ra chi 3-4%, khoang 37-42% NHs-N duoc
chuyén thanh NOx-N. Nhu vy, mot lwong NHs-N mét di ¢6 thé da duoc sit dung vao cac qua
trinh phat trién sinh khéi bun khoang 0,12 gN/g sinh khdi [26], thoat ra khoi hé thdng dudi
dang amoni tw do (Free Amonium, FA) do su thay d6i pH trong qua trinh van hanh [18] hodc
hap phu vao bun hat khoang 0,9-1,7 mgNHs-N/gVSS [27].

Hiéu qua xt ly POs-P tdng nhe theo thoi gian van hanh, dén cudi mé, hiéu qua x& ly POs-P
dat khoang 48-50%. Viéc van hanh véi pha hiéu khi kéo dai trong mdi mé da khong tao diéu
kién d€ tang cuong kha ndng tich lity polyphotphat vao trong t& bao cua nhém PAO [23] nén
hiéu qua xt ly khong cao nhu cac nghién ctru trede d6 [23,25].
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Hinh 9. Bién thién pH va DO trong mot mé cua b€ R1 (a) va bé R2 (b) vao ngay 48
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Hinh 10. Bién thién COD, NHs-N, NO«x-N va POs-P trong mot mé & b&€ R1 (a) va bé R2 (b) vao ngay 48

4  Kétluan

Bun hat hi€u khi duoc hinh thanh sau 7 tuan trén ca hai bé R1 va R2 khi van hanh twong
tmg véi nuede thai KON Phu Bai va hon hop nuée thai KON Pha Bai véi nude thai tdng hop.
Bun hat c6 kha ning ling rat t6t véi chi s8 SVI thap, chi khoang 30-32 mL/gTSS. O bé R1, bun
hat véi kich thude nhé hon 1 mm duoc hinh thanh va sinh khéi bun dat 5,8 g/L, trong khi ¢ bé
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R2, bun hat c6 kich thwéc 1 mm chiém wu thé véi sinh khoi bun dat 6,8 g/L. D€ tao bun hat
duoc thuan 1oi thi viéc két hop nwde thai tr KCN Phu Bai va bo sung thém co chét tir nuwde thai
tong hop trong qua trinh nudi tao la can thiét.

Trong giai doan hinh thanh mam bun hat, hiéu qua x& ly COD va P-POs trong hai bé dat
twong tng 65-80% va 35-57%, hiéu qua xtt ly N-NHx chi dat 55-57% va qua trinh nitrat héa dién
ra han ché véi chi 7-12% NHs-N chuyén thanh NOx-N. Sau khi bun hat da duoc hinh thanh va
b€ van hanh 6n dinh, hiéu qua xtt ly COD, NHs-N va POs-P trong hai bé dat twong ting 92-94%,
93-96% va 65-71%. Pong thoi, kha nang nitrat hda ctia bun ciing tang lén véi ty 16 NHs-N
chuyén thanh NOx-N tang tir 7-12% lén 43-52% vao cudi thi nghiém. Ngoai ra, trong 43-52%
NH4-N duogc chuyén thanh NOx-N ¢6 t6i 40-47% dugc chuyén thanh NOs-N cho thdy qua trinh

nitrat héa gan nhu hoan toan trong hai bé.
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CULTIVATION OF AEROBIC GRANULAR SLUDGE
WITH INDUSTRIAL WASTEWATER
IN SEQUENTIAL BACTH REACTOR

Abstract. Cultivation of aerobic granular sludge from activated sludge was carried out in 02
lab-scale Sequential Batch Reactors (SBRs) named R1 and R2. During the experimental
period, both reactors were operated in similar condition with 240 minutes of cycle time and
an airflow rate of 6L/min. R1 was fed with industrial wastewater collected from Phu Bai
Industrial Zone, Thua Thien Hue Province, meanwhile, R2 has used a mixture of industrial
and prepared synthetic wastewater with stepwise feeding of different volumetric fraction
including 1:3; 1:1, and 3:1. After 7 weeks of operation, tiny granular size less than Imm was
observed, sludge biomass reached 5,8 g/L but filamentous sludge still appeared in R1.
Meanwhile, in R2, granular sludge size of Imm was dominant and biomass reached 6,8 g/L
which was higher than its concentration in R1. Granules sludge in both reactors has good
settling properties with a low SVI of 30-32 mL/gTSS. The removal efficiencies of organics
(COD), ammonium (NH4-N), and phosphorus (P-POs) in steady-state operation of R1 and
R2 were stabled at 92-94%, 93-96%, and 65-71%, respectively. The rate of conversion NH+-N
to NOx-N increased from 7-12% to 43-52% at the end of the experimental period. It was
indicated that the nitrification of sludge was leveled up with the appearance of granular
sludge and the development of biomass. Furthermore, in 43-52% rate of conversion NHs-N
to NOx-N, the percentage of NH4+-N converted to NOs-N accounting for about 40-47%, this
result demonstrated that the nitrification process was nearly completed in both reactors.

Keywords: Aerobic granular sludge, SBR, industrial wastewater, sludge granulation, the
nitrification
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