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Toi uu héaqua trinh xtr Iy nuéce thai sin xuat bia
bang phuong phép ki khi
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?Phan Vién Cong nghiép thuc phim tgi thanh phé Hé Chi Minh

Nhan ngay 03 thang 6 nam 2009

Tom tat. Xu |y ki khi 1& phuong phép c6 hiéu qua nhat trong sir dung dé xur Iy nuéc thai ¢6 do 6
nhiém hitu co cao, c6 kha nang thu hdi nang luong, tao ra it bun, kha nang phan huy chat hiru co
t6i 75%. Pong vai tro quyét dinh sy thanh cong ciia qué trinh xtr 1y ki khi 1a nhitng nhém vi sinh
vat tham gia qué trinh, bao gdbm céc vi sinh vat 1én men axitva vi sinh vat 1én men métan. Céc
nhém nay nhin chung |én men rat cham vabi anh huong ciarat nhidu yéu té Iy hod hoc trong méi
truong. Trong nghién cu ndy, phurong phép todn hoc duoc &p dung dé téi vu hda mot sb thdng sb
qué trinh trong hé thong xir Iy nuée thai ki khi sir dung he UASB cii tién. Két qua cho thiy, nong
d6 bun hoat tinh 14,2%, thoi gian leu thay luc 14,5 gid varti 16 chit mang 58,3% viv 1a giatri téi

wu cho quatrinh xtr ly ki khi nude thai san xuat bia

Tur khda: Toi wu hda, xir ly nudc thai bia, xir 1y ki khi, UASB.

1. Giéi thigu

Hién nay c6 nhidu phuong phép xir ly nuéc
thai. Phu thudc vao tinh chit cua nuoc thai dé
lya chon céc phuong phép xir Iy cho phu hop.
Nudc thai tir cac nha mdy ché bién thyc phim
c6 ti 18 BOD/COD cao nén rat phil hop cho ang
dung céng nghé sinh hoc [1,2]. Cong nghé tdi
uu la cong nghé xu ly ki khi [1,6]. Trong qua
trinh ndy, rat nhiéu nhém vi sinh vat déng vai
trd quan trong quyét dinh sy thanh cong caa hé
thong. Trén thuc té, cac tram xu ly nuéc thai
lam viéc trong diéu kién khéng 6n dinh do dong
thai, nhiét do, dac trung ngudn thai...khdng 6n
dinh. M6t vai yéu té co thé duoc kiém soét,
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nhung mot s khéc lai khéng thé diéu khién
duoc [7-12]. Trong pham vi nghién ciau nay,
ching tdi tng dung phin mém
STATGRAPHICS va phuong phép toan hoc dé
xéc dinh diéu kién ti wu caa mot sd théng sb
nhu: ndng d6 bun hoat tinh, thoi gian leu thay
luc, ti 18 chit mang nham téi wu hiéu suat xu |y
theo COD [11-13].

2. Vit liéu va phwong phép nghién ciru
Nwoc thai
Ngudn nuéc thai duoc st dung 1a nuéc thai

cua xuong bia — Vién Cong nghiép Thuc pham
da duogc tach cin thdng qua bé ling so bd,
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chiing c6 thanh phin héa hoc nhu sau: COD
2500 — 3000 (mg/l), BODs 1500 — 2000 (mg/l),
DO 1-1,5 (mgl), TS 2500 -2800 (mg/l), SS
1200 -2500(mg/l), pH 4,5 - 5,5.

Xac dinh COD
Theo tiéu chuan Viét Nam TCVN 6491:1999

Qui hogch thyc nghiém

Qui hoach hoa thuc nghiém theo mé hinh
hod bac 2 tdm tryc giao. Banh gié tinh c6 nghia
cua cac hé sb hdi qui theo chuin Student. Banh
gia tinh phu hop caa phuong trinh hdi qui theo
chuin Fisher. Phin mém STATGRAPHICS
duoc sir dung dé tinh toén cac sd liéu trong qui
hoach va cac gia tri trong bang don hinh.

3. Két qua vabinh luan
Qui hogach thyc nghiém

Sau khi khao sét so b anh hudng cua cac
yéu t6 nhu chat mang, pH, luong bun hoat tinh,
nhiét o, tai trong chét hitu co, thoi gian luu giit
thuy luc, c&c chét kich thich va e ché 1én qua
trinh xir ly ki khi. Chang téi chon 3 yéu té ¢6
anh huong chinh [én qua trinh xu ly [& pH, thoi
gian luu trir thuy lec va ti 1é chit mang duoc
duing trong hé théng ki khi.

Dé nghién ctru anh huéng caa 3 nhan té nay
[én qué trinh xir ly ki khi, ching t6i chon ma
tran thuc nghiém bac 2 tam truc giao day da va
dat: X; la ham luegng bun hoat tinh trong
khoang tur 5% - 15% (gi& tri ma ho&: x,); X, la
thoi gian luu trir thuy luc x&c dinh khoang tir 3
dén 18 gio (giatri ma hod x,); Xz la phan tram
thé tich hé chat mang trong hé thong bé ki khi
v6i khoang xéc dinh tr 20 - 60% (gia tri ma
hoa: x3); Y lagiatri COD (mg/lit) do dugc sau
qua trinh xtr ly (ham muc tiéu).

Gia tri ma hoad cac mac thuc nghiém va
khoang bién thién caa cac yéu tb thuc nghiém
dugc xé&c dinh theo Bang 1. Vé mat hinh hoc
md hinh 1a mot hinh 1ap phuong ¢ 8 dinh méi
dinh tng véi mot thuc nghiém. Bé tim duoc cac
sd hang bac 2 ta tién hanh thém cac thuc
nghiém & tam (mirc gc) va nhirng thuc nghiém
& diém sao (*) 1a nhitng diém nam trén tryc toa
d6 cia cac nhan té twong tng. Nhu vay dé xéc
dinh 10 hé s cia phuong trinh hdi qui ta phai
tién hanh 15 thuc nghiém theo ma tran qui
hoach, trong d6 sb thi nghiém ¢ tam ny =1 va
canh tay don sao d=1,215 va sb hiéu chuin hoa
j =0,7303. Dang ma tran thuc nghiém ma hoa
bac 2 tam truc giao ddy du cia 3 nhan té co
dang nhu Bang 2. Két qua thuc nghiém theo ma
tran duoc trinh bay trong bang 3. Thi nghiém
thir 15 la thi nghiém & tam duoc tién hanh 4 1an.
Phuong sai td hién dugc xéc dinh theo thi
nghiém bd xung ¢ tam la S%= 86,92, d6 léch
chuin thu duoc 1a Sy, = 9,32. Két qua thuc
nghiém cho thiy, khi ta thay d6i cac yéu tb
trong cac khoang da duoc chon thi gia tri COD
do duogc bién thién trong khoang tir 270 dén 738
mg/lit, didu ndy chirng to cac yéu té lya chon
déu c6 anh huong 1én két qua thuc nghiem .
Dé danh gia mirc 6 anh huong cua céc yéu to
trén 1én két qua thuc nghiém ching toi tién
hanh xé&c dinh gia tri cia cac hé sb va danh gia
chuin t caa tirng hé sb thu dugc. Két qua tinh
todn coa cac hé sd hoi qui by dugc trinh bay
trong bang 4. Béanh gia tinh c6 nghia cua hé sb
hdi qui thu duoc théng qua chuan phan phéi
student (t). Tra bang ta cd t,(f)= toes (3) = 2,92,
khi chon db tin cay thong ké P=0,95 va bac ty
do caa tap sb lidu két qua thi nghiém f = n-1=2.
Céc giatri tuyét d6i cuatysvaty < t,(f) nén 2 he
sd hdi qui thu dwgc ndy khéng cé nghia, do d6
ta nhan duoc phuong trinh hdi qui nhu sau

Y = 32,6 - 5,4X1 '28,7X2 - 13X3 - 7,9X1X2 +
3,4X1X3 + 12X22+ 24,3X32
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Dé kiém dinh s phu hop caa phuong trinh
hdi qui thu dugc véi thuc nghiém trong céc
mién bién sb da chon, ching téi tién hanh thém
8 thi nghiém trong cac mién d& chon va sau d6
danh gia su twong thich caa phuong trinh qua
chuan phan phdi Fisher.

S6 bac ty do f;= N-1=7, gia tri phuong sai
du thu duoc 1a S*du = 412,6, véi giatri phuong
sai khi 1am 4 thi nghiém bb sung ¢ tm S%=
69,2 thi chuin Fhiser c6 gia tri Fy = 15,6. Gia
tri tra bang ciia chuan Fisher voi mirc y nghia p
= 0,95 va c4c bac tw do f,=7, £,=2 14 F png(fs, f2)
19,353. Nhu vay gié tri Fnn< Fpang do dO
phuong trinh hdi qui tim duoc tuong thich véi
thyc nghiém. Khi thay thé bién m& hoa bing
bién that (X;) ta co phuong trinh héi quy sau:

Y =27 - 1,6X1 - 12X2 - 2,3X3 - l,lX]_Xz +
0,5X,X3+ 0,34X,%+ 0,46X 5

Toi uu thec nghiém

Dé x8y duwng mot qui trinh cdng nghé tdi wu
chiing ta cin x&c dinh cu thé gia tri caa ting
nhan té trong khoang xéc dinh da chon duoc.
Str dung phuong phdp mang don hinh s& cho
phép ching ta xac dinh nhanh chéng gia tri cac
bién sb ma ¢ d6 gia tri COD thu duoc 1a thap
nhat. Trong khéng gian nhan té 3 chiéu, don
hinh 1a mot hinh 18i ¢6 4 dinh, mdi dinh 1a mot

t6 hop 3 diéu kién ung véi 3 nhan té anh huong
lén két qua thyc nghiém. Nguoi ta da chang
minh duoc toa do cia 4 dinh cua don hinh trong
khong gian R® 1a cac toa do cua 4 véc to hang
cua ma tran X nhu trong Bang 6. Bién d6i tur
céc bién ma hod (x;) sang cac bién that (X)) va
tién hanh thi nghiém theo don hinh trén céc
mién bién sb da chon: ham lugng bin heat tinh
tir 5- 15%, thoi gian luu trir tir 3 dén 18 gio, ti
|& chat mang tir 20-60% v/v. Khi d6 ma tran va
két qua thuc nghiém caa don hinh voi kich
thudc that thu dugc trong bang 7. Tién hanh téi
wu hod theo mang don hinh ta dé dang nhan
thdy: khi thuc hién lién tiép cac don hinh S,
Sy,....Sg thi cac don hinh xoay quanh dinh thuc
nghiém thir 12 (tng voi qué trinh xu 1y ki khi do
duogc co gia tri COD thap nhét (542). Dinh nay
rng véi diéu kién thuc nghiém l& nong d6 bun
hoat tinh ki khi 1a 14,2%; thoi gian luu gitt thuy
luc 1& 14 gio 30 phit; ti 16 chit mang |& 58,3%
v/v . Bé kiém tra tinh chinh xé&c caa phuong
phép chiing téi tién hanh 4 thyc nghiém ¢ diém
thyc nghiém ndy. Két qua thuc nghiém thu
dugc & bang 8 cho thdy, gia tri trung binh cua 4
lan thuc nghiém 1& 553, gia tri phuong sai thu
dugc 1a $? = 57,15 < S%4,=86,92, nhu viy két
qua thyc nghiém nam trong gidi han tin cay.
Diéu d6 ching to rang két qua thue nghiém thu
duoc la chinh xéc.

Bang 1. Mirc thuc nghiém va khoang bién thién caa cac yéu td thuc nghiém trong qué trinh xir 1y ki khi

Murc thuc nghiém X1 X X3
+ 15 18 60
- 5 3 20
0 10 10,05 40
[ 5 7,95 20

(Ki hiéu: +:miccao; - : micthap; 0: muircgoc; | : khodng bién thién)
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Bang 2. So dd matran thuc nghiém mé hoa bac 2 tam truc giao

N Xo X1 Xo Xg xXIx2 xIx3 x2x3 X2 o Xg? Y
1 + + + + + + X% Xo] Xs] yl
2+ - + - - + Xi*j X2 Xaj y2
3 + + -+ - + - X% X% ] Xs>] y3
4+ - - 4 - - X1 X2 Xa*] yA
5 + 4 - - Xi*j X2} Xaj y5
6 + - + - Xi*j X2} Xaj y6
7+ o+ - - - - + Xi*j X2 Xaj y7
8 + - - - + + + Xi*j X2 Xaj y8
9 + +d 0 0 O 0 0 (+d)%j - - y9
0 + d 0 0 O 0 0 (-d)*j -] - y10
11 + 0 +d 0 O 0 0 - (+d)%j - Yaki
2 + 0 d 0 O 0 0 - (-d)*j -j y12
13 + 0 0 +d O 0 0 - - (+d)%j y13
4 + 0 0 -d O 0 0 - - (-d)% yl4
15 + 0 0 0 O 0 0 - - - y15
Bang 3. Matran va két qua thuc nghiém quatrinh xu 1y ki khi
TN  Bién sb mahoa Bién sb thuc Két qua
X1 Xo X3 X1 X5 X3 Y

1 + + + 15 18 60 313

2 - + + 5 18 60 432

3 + - + 15 3 60 580

4 - - + 5 3 60 672

5 + + - 15 18 20 356

6 - + - 5 18 20 549

7 + - - 15 3 20 613

8 - - - 5 3 20 738

9 1,215 0 0 16,72 10,05 40 325

10 -1,215 0 0 3,79 10,05 40 515

1 0 1,215 0 10 19,71 40 270

12 0 -1,215 0 10 39 40 736

13 0 0 1,215 10 10,05 64,3 341

14 0 0 -1,215 10 10,05 15,7 696

15, 0 0 0 10 10,05 40 347

15, 0 0 0 10 10,05 40 336

15, 0 0 0 10 10,05 40 358

15, 0 0 0 10 10,05 40 342
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Bang 4. Giatri cac hé s caa phuong trinh hoi qui cua qua trinh xtr 1y ki khi

Hé sd hoi qui Chuéan phan phdi Student
bg 32,6

b, -54 ty 14,63
b, -28,7 to 24,24
bs 13 ts 12,37
b, -7,9 t1o 3,60
bis 34 t13 4,06
bys 1,6 tos 262
b1 0,6 t1n 154
by 12 o, 3,08
b3z 24,3 ta3 5,43

Bang 5. Céc thi nghiém kiém tra sy thich tng mé hinh ciia quétrinh xir y ki khi

N Bién sd mahoa Bién sb thuc Két qua
X1 Xo X3 X1 X5 X3_ Ytn Ytt Do sai blét

16 02 +1 +1 11 18 60 347 321,2 849

17 -02 +1 +1 9 18 60 371 3484 73

18 04 0,5 +1 12 14 60 326 3323 56

19 -04 0,5 +1 8 14 60 403 3818 64

20 06 -05 -1 13 6 20 584 5756 10

21 -06 -05 -1 7 6 20 650 667,9 456

2 08 -1 -1 14 3 20 714 6815 151

23  -08 -1 -1 6 3 20 822 7949 104,7

Bang 6. Toa d6 véc to cia don hinh xuat phét

0,5
-0,5

0
0

0,289
0,289
-0,578

0

0,204
0,204
0,204
-0,612

Bang 7. Toa d6 véc to cac diém anh caa don hinh va két qua tinh toan

S binh X1 Xz X3 Y

1 12,5 12,35 44,08 578
S 2 75 12,35 44,08 813

3 10 5,45 44,08 1052

4 10 10,05 27,76 942
S 5 10 17.7 33.2 457
St 6 5,8 14.4 27.9 1226
S2 7 9,2 15.8 34.8 585
st 8 7.4 16.1 31.8 874
S8 9 14,6 8.9 29.6 638
S$ 10 8,2 75 48,2 884
S8 11 138 4,2 45,0 915
S 12 14,2 14,5 58,3 542
s° 13 13,8 7,2 35,0 815
St 14 6,2 12,3 56,0 942
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Bang 8. Két qua thuc nghiém kiém ching theo
phuong phé&p don hinh

TT Diéukién thucnghiém Keét qua

X1 Xz X3 Yo Yo SIS0
142 145 583 528 542 1,63
142 145 583 566 542 2,87
142 145 583 548 542 0,07
142 145 583 571 542 3,67

A OWDNPF

4. Két luan

Qua céc két qua thic nghiém thu duoc khi
xir ly ngudn nuéc thai cia nha méy bia bang
phuong phép sinh hoc. Chiing t6i nhan thay
nguon nudc thai nha méy bia co chi s6 COD
cao chi yéu | trong thanh phin nhiéu tinh bot
va cac chat hiru co...Dé xir ly tot ngudn nuéc
thai nay doi hoi quatrinh xir ly ki khi phai dugc
thuc hién véi cac yéu té anh huong chinh nhu
nong d6 bun hoat tinh, thoi gian luu thay luc va
ti 1é chit mang trong UASB & céc gia tri lan
luot |a 14,2%; 14 gio 30 phit va 58,3%.
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Optimization of factorsin wastewater anaerobic treatment

Le Duc Manh?, Luu Thi Le Thuy?

Food Industries Research Institute (FIRI), 301 Nguyen Trai, Hanoi, Vietnam
Branch of Food I ndustries Research Institute in Ho Chi Minh city

Anaerabic process is the most effective method for high-organic polluted wastewater treatment. It
was able to generate energy, to cause less activated sludge and to improve treatment yield to 75%
COD based. In this process, acidifying and methanogenic microorganisms plays an important role in
the success of process. These groups, in general, grow slowly and sensitive to chemical-physical
factors. Mathematical method has been used in this study to optimize several factors in anaerabic beer
wastewater treatment. The results shown that the optimal value of activated sludge concentration,
hydrolytic retention time and supporter ratio were 14.2%, 14.5% and 58,3%, respectively.

Keywords. Optimization, beer wastewater treatment, anaerobic process, UASB.



