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.nA. I t , , \ | ? | r ,Tdi uu h5a qu| trinh xt ly nuoc
bdng phuong ph6p

/
thai s6n xuAt bia
khiki

nhrmg m6t sO kh6c lai kh6ng th6 di6u khi6n
tluqc [7-12]. Trong phpm vi nghiOn cr?u niry,
chring tdi ung dUng phAn mdm
STATGRAPHICS vd phuong ph6p todn hoc tlii
x6c ttinh di6u kiQn tdi uu cria mQt s6 th6ng sd

nhu: n6ng d0 bnn ho4t tinh, thdi gian luu thriy
lpc, ti lQ ch6t mang nhim tdi uu hi€u suAt xri l1i

theo COD [11-13].

2.VAt liQu vi phuong phip nghiGn cf'u

Nrdc thdi

Ngudn nu6c thii du-o. c sri. dpng ld nu6c thii
cia xudng bia - ViQn C6ng nghi€p Thuc phAm

tld clu-o. c tach cdn thdng qua bC l6ng so bQ,

LO Dirc M?nhr, Luu Th! LQ Thtry2
tvi4, 

COng nghiep th4c phdm, 301 Nguydn Trdi, Hd NQi, ViQt Nam

'PhA, ViQn C6ng nghiep thuc ph(im tqi thdnh phii nA CW Uintt

Nhfln ngdy 03 thdng 6 ndm 2009

T6m t6t. Xrl l), ki khi li phuong phep c6 hiQu quA nh6t trong st dung dC xri lf nudc thni c6 tlQ 6
nhiSm hiru co cao, c6 khd ndng thu h6i nang luqng, t4o ra ft btn, khi n[ng ph6n hu] chAt htu co
ta75%. D6ng vai trd quy6t dinh sg thdnh c6ng cria qu6 trinh xri lli ki khi ld nhting nh6m vi sinh
v4t tham gia qu6 trinh, bao g6m ciic vi sinh v|t l€n men axitvdr vi sinh vflt l6n men m6tan. C6c

hudng cria rAt nfri6u.y6y t6 lli ho6 hgc trong mdi
hgc dugc 6p dung de tOi uu. h6a mQt s6 th6ng s6

dpng hQ UASB cii ti6n. K6t qud cho thdy, ndng

,5 gid vd ti lQ ch6t mang 58,3Vo v/v ld gi6 tri ti5i
ta.

Tb kh6a; f6i uu h6a, xri l! nudc thdi bia, xn lf ki khi, UASB.

1. Gioi thiQu

HiQn nay c6 nhi€u phucrng ph6p xti ly nu6c
th6i. Php thudc vdo tinh ch6t cfia nu6c thai dC

lpa chon cdc phuong phSp xri lf cho phn hqrp.

Nudc thii tu c6c nhA mrly chrl Uitin thr,rc phAm

c6 ti l€ BOD/COD cao n€n r6t ptrtr hqp cho ring
dpng c6ng nghQ sinh hoc [,2]. C6ng ngh6 t6i
rru ld cdng ngh6 xu bt ki khi [l,6]. Trong qurl

trinh niy, r6t nhiAu nh6m vi sinh vft tl6ng vai
trd quan trgng quy6t <tinh sU thdnh c6ng cria hQ

th6ng. Tr€n thuc t6,, cftc tr4m xft lj nudc thii
ldm vi€c trong <li6u kiQn kh6ng 6n <linh do ddng
thdi, nhi6t cl6, tl{c trung ngu6n thAi...kh6ng 6n

dinh. MQt vdi y6u t5 c6 th€ clugc kitim so6t,

' Tric gid li6n h€. DT.: 84-4-38584481.
E-mail: manh@fi ri.ac.vn
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chtng c6 thdnh phAn h6a hgc nhu sau: COD

2500 - 3000 (mgll), BOD5 1500 - 2000 (mg/l),

DO 1-1,5 (mg/l), TS 2500 -2800 (mg/l), SS

1200 -2500(mg/l), pH 4,5 - 5,5.

Xdc dinh COD

Theo ti€u chuAn Vi6t Nam TC\IN 6491:1999

Qui hoqch thqc nghiQm

Qui ho4ch ho5 thgc nghiQm theo md hinh

horl b|c 2 tAm trgc giao. D5nh gi6 tinh c6 nghia

cria cic trQ sO trOi qui theo chuAn Student. D6nh

gi6 tfnh phn hqp cria phucrng trinh hoi qui theo

chuAn Fisher. PhAn m€m STATGRAPHICS
dugc sri dung de tinh to6n c5c st5 liQu trong qui

hogch vd chc gi6 trl trong b6ng elon hinh.

3. X6t qui vi binh lufn

Qui hoqch thw nghi€m 
t

Sau khi khio s6t so bQ 6nh hucrng cria c5c

y6u t6 nhu ch6t mang, pH, lugng bin ho4t tfnh,

nhiqt d0, tditrgng ch6t hiru co, thdi gian luu gifr

thuy luc, c6c chAt kich thich vd irc chli l€n qu6

trinh xri l)t ki khf. Chfng t6i chgn 3 y6u t6 c6

Anh hucmg chinh l€n qu6 trinh xir lf ld: pH, thdi
gian luu trft thuj' lyc vd ti lp ch6t mang dugc
dirng trong hQ th6ng ki khi.

Eii nghidn ciru inh hucrng cria 3 nhdn tti ndy

l€n qu6 trinh xt li ki khf, chring tdi chgn ma

trQn thr,rc nghiQm bflc 2 tdm trgc giao dAy dri vd

d{t: Xr ld hdm lugng birn hoqt tinh trong
khoing ti 5% - 15% (gi5 tri md ho6: x1); X2 ld

thdi gian luu trii thuj' lgc x6c elfnh khoing tit 3
d6n 18 gid (gi6 tri md ho6: x2); X3 ld phAn trdm

thC tich hQ chAt mang trong hp th5ng bC ki khi
vdi khoAng x6c clinh tu 20 - 60% (gi6 tri md

ho6: x3); Y ld gi5 tri COD (mg/lit) do dusc sau

qu6 trinh xt lf (hdm mpc ti6u).

Gie tri md ho6 c6c mfc thuc nghiQm vd

khoAng bi6n thi6n cta c6c y6u t6 thgc nghiQm

dugc x6c cllnh theo Bdng 1. V€ mat hinh hoc

m6 hinh li mQt hinh lap phuon"g c6 8 dinh m6i
ttinh ftng v6i mQt thgc nghiQm. O6 tim dugc ciic

s6 h4ng bdc 2 ta ti6n hdnh th6m cric thgc
nghipm o t6m (mirc goc) vd nhirng thgc nghiQm

d ctir3m sao (*) ld nhfrng dii5m nim tr6n trqc to4

rtQ cria c6c nhdn td tucrng r?ng. Nhu v4y d6 x5c

<tinh 10 hQ s6 cia phucrng trinh h6i qui ta phdi

ti6n hdnh 15 thgc nghidm theo ma trin qui

ho4ch, trong d6 s6 thf nghiQm d t6m ne :1 vir

c6nh tay ddn sao d:l,215 vd sti hiQu chuAn ho6

rp : 0,7303. Dang ma trfn thpc nghiQm m6 ho6

bQtc 2 t6.m trgc giao dAy dn cria 3 nh6n t5 c6

d4ng nhu Bhng2. K6t qud thqc nghiQm theo ma

trfn dugc trinh bdy trong bing 3. Thi nghiQm

thf 15 ld thi nghiQm o tAm duoc ti6n hdnh 4 lAn.

Phuong sai tdi hiQn clugc x6c dinh theo thi
nghiem b6 xung d tAm ld S2,n: 86,92, dQ lQch

chuAn thu dugc lir Sx, : 9,32, Kt5t quA thgc

nghiQm cho thdy, khi ta thay d6i c6c y6u tti
trong c6c khoAng tl5 dugc chgn thi gi6 tri COD
do clugc bi6n thi6n trong khoin gft 270 d6n 738

-' Imgllit, tli€u ndy chr?ng t6 c\c y6u t6 lga chgn

d€u c6 6nh hucrng l6n kdt qud thuc nghiQm y.
pe Aann gi6 mric ttQ Anh hudng cira c6c y6u t6

, a.tr€n l€n k€t qu6 thgc nghiQm chring t6i ti6n

hdnh x5c dinh gi5 tri cua c6c hQ s6 vd d6nh gi5
ri

chuAn t cria tirng hQ s6 thu cluoc. K6t qui tinh
to6n cria c6c hQ sd hdi qui bi1 tluoc trinh bdy

trong bdng 4. D6nh gi5 tinh c6 nghia cria hQ s6

h6i qui thu clugc th6ng qua chuAn phdn ph6i

student (t). Tra b6ng ta c6 to(f: to,os (3) :2,92,
khi chgn itQ tin cay th6ng k€ P=0,95 vi b4c tq

i i.^ , i.do cta tdp s6 liQu kdt qua thi nghiQm f : n-1:2.
Circ giit tri tuyQt tl6i cria t23 ve tr r < to(D n6n 2 hQ
x , l.

s6 hoi qui thu tlugc ndy khOng c6 nghia, do d6

ta nhin duoc phuong trinh h6i qui nhu sau :

Y = 32,6 - 5,4x1 -28,7x2 - l3x3 - 7,9x62 *
3,4x63+12x22+243x32
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Oe ti€m dinh sW phi hqp cria phuong trinh

h6i qui thu du-o. c vdi thr,rc nghiQm trong c5c

mi6n bi6n s5 de chgn, chring t6i ti6n hdnh thdm

8 thi nghiQm trong c5c mi6n dd chQn vd sau d6

<t6nh gi6 sU tuctng thich cria phuong trinh qua

chuAn phAn phdi Fisher.

SO UAc qu do fi: N-l:7, gi6 tri phucrng sai

du thu clugc ld 52 du = 412,6, voi gi6 trl phucrng

sai khi ldm 4 thi nghiQm b6 sung d tam S2,n:

69,2 thl chuAn Fhiser c6 gi5 tri F,i"r, : 15,6' Gi6

tritra bdng cria chuAn Fisher v6i mric ii nghia p

= 0,95 vd c5c b0c tU do f1:7, fz=2ld F ra'*(fr, fr)
: 19,353. Nhu vdy gi6 tri F,i"r( Fuan* do d6

phucmg trinh hdi qui tim ttugc tuong thich vdi

thqc nghiQm. Khi thay th6 Uii5n rnd ho6 bing

bi6n th{t (X;) ta c6 phucrng trinh h6i quy sau:

Y : 27 - l,6xr - l2X2 - 2,3Xt - 1,1XrX2 +

0,5X2X3 + 0,34X22 + 0,46Xr

Tiit w thtc nghiQm

DC xdy dpg mQt qui trinh c6ng nghQ t5i uu

chring ta cAn x6c tlinh cu thi5 gi5 trf cria tirng

nhdn t6 trong khodng x6c dinh cl6 chgn dugc.

Sfr dung phucrng ph6p m4ng dcrn hinh sE cho

ph6p chring ta x6c clinh nhanh ch6ng gi6 trf c6c

bi6n s6 md o <16 gi6 tri COD thu <luqc ld th6p

nh6t. Trong khdng gian nhAn t6 3 chiAu, clon

hinh ld mot hinh tOi cO + dinh, m5i dinh ld mot

t6 hqp 3 di6u kipn tmg vdi 3 nh6n tO anh hudng

l6n ktit qud thpc nghiQm. Nguoi ta dd chimg

minh dugc tga tl6 cria 4 tlinh cria dcrn hinh trong

khdng gian R3 ld c6c toa d0 cria 4 v6c to hdng

cta ma trfn X nhu trong BAng 6. gien d6i tir

cac bitin md ho6 (x;) sang c6c bi6n that (Xi) vd

ti6n hAnh thi nghiQm theo dcm hinh tr6n c6c

mi6n bir5n sii da chgn, hdm lucrng birn hoqt tinh

tir 5- 15%, thdi gian luu trfr tu 3 d6n 18 gid, ti
lQ ch6t mang tir 20-60% v/v. Khi d6 ma trin vd

ktSt qud thpc nghiQm ctra dcrn hinh vdi kich

thu6c thit thu dugc trong bdng 7. Ti0n hinh t6i

uu ho6 theo m4ng <lon hinh ta d6 ddng nhfn

th6y: khi thUc hiQn li6n ti6p c5c don hinh So,

Sr,....Sa thi c6c don hinh xoay quanh clinh thuc

nghiQm thft l2 r?ng v6i qu6 trinh xri li ki khi clo

dusc c6 gi6 tri COD th6p ntrAt 1S+21. Dinh ndy

ring v6i di€u kiQn thgc nghiQm ld: ndng tlQ birn

ho4t tinh ki khi ld 14,2o/o; thdi gian luu giii thuj'

luc ld 14 gid 30 phrit; ti lQ ch6t mang ld 58,3Vo

v/v . Dil kitim tra tinh chinh x6c cria phuong

ph6p chfng t6i tii5n hdnh 4 thsc nghiQm d di6m

thgc nghiQm ndy. Ktit qui thgc nghiQm thu

clugc o bdng 8 cho th6y, gi6 tri trung binh cria 4

lAn thgc nghiQm lA 553, gi6 trf phuong sai thu

dugc ld 52 = 57,15 < 526,:86,92, nhu vfy ktSt

qud thgc nghiQm nim trong gi6i h4n tin cfy.

DiAu d6 chfng td ring kt5t quA thgc nghiQm thu

clugc li chinh x6c.

Bdng l. Muc thr,rc nghiQm vd khodng bi6n thi€n cta cdc y6u t6 thgc nghiQm trong quii trinh xt l)? ki khi

Muc thuc nshi6m X1 x2

18

3

10,05
7,95

mrlc giic; )': khodng bi6n thi1n)

X3

15

5

l0
5

60
20
40
20
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Bing2. So t16 ma tr0n thuc nghiQm md ho6 b0c 2 tdm t4rc giao

N xo X; x2 X3 xlx2 xlx3 x2x3 xr2 xz2 X:2

l+++++
'rL!lzl

3++-+
4++
J+++
6+-+
nl

8+
9++d00
10 + -d 0 0

ll + 0 +d 0

t2 + 0 -d 0

13+00+d
14 + 0 0 -d

15 + 0 0 0

xr2-g . yl
xr2-g Y2

x:2-q Y3

xe2-q y4

xr2-g y5

xr2-q Y6
7-xr--9 Yl

x:2-q Y8

-q]D
-q ylo

-q yll
-a vl2
(+a;'?-* vl3
(-d)t-q Yr4

-q v15

+

T

xr2-q

xr2-q

xr2-g

xr2-g

xr2-g

xi2-g

xr2-q

xr2-q

(+d)1q

(-d)1q

-9

-rnY

-9

-q

-q

xz2-q

xz2-q

xz2-e

xz2-q

xz2-g

xz2-e

xz2-g

xzz-q

-9

-9

(+d)'z-q

(-d)1q

-9

-q

-9

+

+

+

+

0

0

0

0

0

0

0

+

+

0

0

0

0

0

0

0

+

+

0

0

0

0

0

0

0

Bing 3. Ma tr{n vi k6t qua.thlrc nghiQm quri trinh xri lf ki khi

TN Bi6n st5 md ho6 Bii5n s6 thuc Ki5t qud

X1 x2 X3 X1 Xz X3

1+
2-
3+
4-
5+
6-
7+
8-
9 1,215

l0 -1,215

ll 0

120
130
t40
l5r 0

t5z 0

l5r 0

l5a 0

+
+
+

+

T

T

;

0

0
1,215

-1,215

0

0

0

0
0

0

0

0

0

0

1,215

-1,215

0

0

0

0

l5
5

15

5

l5
5

l5
5

16,72

3,79

10

10

l0
l0
l0
l0
l0
l0

l8
l8
J

J

l8
t8
J

3

10,05

10,05

19,71

3,9

10,05

10,05

10,05

10,05

10,05

10,05

60

60

60

60

20

20

20

20

40
40
40

40

64,3

15,7

40
40
40

40

313

432

580

672

356

549

613

738

325
515
270

736

341
696
347

336

J58
3'42
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Bang 4. Gi6 tri c5c hQ s6 cria phuong trinh h6i qui cria quri trinh xn lf ki khi

bo

br
b2

b3

bri
br:
bzz
brr
bzz

32,6
-54
-28,7
-13
-7,9
3,4
-1,6
0,6
t2

14,63
24,24
12,37
3,60
4,06
2,62
1,54
3,08
5,43brr 24,3

t1

t2

t3

tp
tn
tzz

trr
tzz
ts:

Bdng 5. Cdc thi nghiem ki€m tra sU thich img m6 hinh cria qu6 trinh xri lf ki khi

N Bi6n s6 md hod Bit5n s6 thgc Kiit qud

16
,a

I8
19
20
2I
22
23

X1 X2 X3

0,2 +l +l
-0,2 +1 +l
0,4 0,5 +1

-0,4 0,5 +l
0,6 -0,5 -l
-0,6 -0,5 -1
0,8 -l -l
-0,8 -1 -l

X3 Yto

60 347
60 371
60 326
60 403
20 584
20 650
20 714
20 822

Yn DQ sai biQt
321,2 84,9
348,4 73
332,3 5,6
381,8 64
575,6 l0
667,9 45,6
68 1,5 l5 l

xr
1l
9
l2
8

l3
7

6

x2
18

18

l4
t4
6

14 .3
6
1

3 794,9 104,7

Bang 6. To4 dQ vdc to cta ilon hinh xudt ph6t

0,5

-0,5
0
0

0,289
0,289
-0,578
0

0,204
0,204
0,204
-0,6t2

Bing7. To4 tl6 vdc to ciic tti€m dnh cta don hinh vd k6t qud tffi toiin

S Dinh X, X, x3 Yn

Se

S,,
Sr'
S,,
Soo

Sru

Suu

Srt
Srto
Sn'

13,8
14,2

13,8

12,35
12,35
5,45
10,05

l7.t
14.4
r5.8
16. I
8.9

7,5
4,2
14,5
'1 ',l

44,08
44,08
44,09
27,76
33.2
27.9
34.8
31.8
29.6
48,2
45,0
58,3
35,0
56,0

578
813
1052
942
457
1226
58s
874
638
884
915
542
815
942

| 12,5
2 7,5
310
4t0
510
6 5,9
7 9,2
8 7,4
9 14,6
l0 9,2
l1
l2
l3

s,ott 14 6.2 12.3



26 L.D. Manh, L.T.L. Thiy / T4p chi Khoahoc DHQGHN, Khoahoc Ty nhi|n ah C6ng ngh€ 26 (2010) 2L-26

'.:Bang 8. Kdt qud thr,rc nghiQm ki6m chimg theo
phuong phdp don hinh

TT Di6u ki€n thuc nehi€m K€t qud

Y, Y, Sai s6

J. Gruller, C6ng trinh ldm sqch ntdc thdi loqi
rfid. Nhi xu6t ban Xdy dr,rng, He NOi, 1985. Tr
50 -l 15.

Harald Cramen, Phwong phdp todn hoc trong
th6ng k2, NXB Khoa hgc vd K! thudt, 1970.

J.M. Hicks, Fundamental Concepts in
Design of Experimenls. 3rd ed, Rinehort
Winston, NY., 1982.

L€ Dric Nggc, X* Iy sij lieu vd kd hoach hod
th4c nghiem, 1997.

L€ Huy Hoirng, Chuy€n ai A nttiSn n*dc, D4i
hoc KHTN HA Ndi, 1991.

Nguy6n V6n Uy6n, Nguy6n Ti6n Thing, Nhftng
ki€n th*c co bdn vO c6ng nghQ sinh ftpc, NXB
Gi6o dpc, He NQi, 1999

TrAn Hitiu Nhu€, Ldm Minh Tri6t, Xi lj, ntbc
thai, Trudng Dai hoc Xdy dr,rng, HA NQi.

Trin Thi Thanh, C6ng nghg vi sinh, N)(B Gi6o
dsc, Hd NQi, 2003

TrAn V6n Nhdn, Ng6 Thi Nga, Gido trinh C6ng
nghg xtr ly rurdc /rdi, NXB Khoa hoc vd K!
thu4t, Hd N6i, 2002

J. Antharry. M.CH.E. Boonicore, Waste
management Perrys chemical engineers
handbook. 6thed, Anniversary edition, Section
26.p3 -74.
M. Arora, Biological Conlrol of Environmental
Pollution, Vol 1, Anmol Publications PVT, Ltd.
New Delhi, India, 1998.

W.W. Ekenfelder, Industrial water pollution
control. Mc, Graw Hill Book Company Inc.
1989.P117-137.

t2l

XtXX
r?l
L- j

t4lI
2

J

4

14,2 74,5 58,3 528 542
14,2 14,5 58,3 566 542
14,2 14,5 58,3 548 542
14,2 t4,5 58,3 571 542

7,63
2,87
0,07
3,67

the
and

4. r6t tufn
, .',

Qua ciic k€t qui thgc nghiQm thu tlugc khi
xu l! ngudn nuoc th6i cria nhd m6y bia bing
phuong phSp sinh hgc. Chring tdi nhfn thAy).,
ngu6n nu6c thdi nhd m6y bia c6 chi s6 COD
cao cht y6u ld trong thdnh phAn nhi6u tinh bQt

vd c6c ch6t hfu co...D6 xri lli tdt ngudn nudc
thdi ndy ddi h6i qu6 trinh xft lj ki khi phAi duoc

,Athpc hiQn vdi cdc y€u td inh huong chinh nhu
n6ng dQ birn hopt tinh, thoi gian luu thriy luc vd

, t.ti lQ ch6t mang trong UASB d chc giir trj l6n

luqt ld 14,2o/o; 14 gid 30 phft vd 58,3Yo. '

Tii li6u tham khio

tll DQ Thi Huydn, Nguy6n Xudn Nguy€n, Ph4m
H6ng Hdi, Quan lfi nudc thai thdnh ph6, 1998.
Tr 246 - .-53.

t5l

t6l

t7l

t8l

tel

t10l

[11]

[ 12]

t1 3l

Optimization of factors in wastewater anaerobic treatment

Le Duc Manhl, Luu Thi Le Thuy2
tFood Industries Research Institute (FIRI), 301 Nguyen Trqi, Hanoi, Vietnam

2Branch of Food Industries Research Institute in Ho Chi Minh city

Anaerobic 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%o

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 anaerobic beer
wastewater treatrrpnt. The results shown that the optimal value of activated sludge concentration,
hydrolyic retention time and supporter ratio were 14.20 ,145% and 58,3%o, respectively.

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


