¥ 25% %9
20004  9H

ek T R % it
Transactions of the CSAE

Vol.25 No.9
Sep. 2009 237

LIEEALZBRIRMREABEFI TZMKL
T KT

(gl K TRERUR 2B, X 430070)

B F TR L ZSHS AU R A, DPREIL TE S8, N maE U R, R
PRI LA, SR = PR3 =PI R B IR AT e 2 5 vk S Wi S it T2 BT, S T IREEUR B A L2 A
AU IR B TAHCAR, S LU BN NS AR R TR R, B EE T LB 2N AR ) R N )
4 pH E Ky {5 BN TR RUR B O SR 3 AR 3 AT BAR DO S U I . T 4 R, SR K
W= LU T 24 0. ¥4 pH 5.98, /K4 BB ] 4.123d, & TR 51.98g/lL; UL LAKMT, A~

3y 32.4 mL/g.

A REAAEE, ik, T8, AHHEA, BE
doi: 10.3969/j.issn.1002-6819.2009.09.042
FESHES: X705 XERFRIZAD: A

NEHS: 1002-6819(2009)-9-0237-06

F8EE, HKOM. DIBEENZBRYRELXBESSIZHMMLI]. RITIEFHR, 2009, 25(9): 237—242.
Wang Yuanyuan, Zhang Yanlin. Optimization of technology for hydrogen production by anaerobic fermentation of swine
manures[J]. Transactions of the CSAE, 2009,25(9): 237—242.(in Chinese with English abstract)

0 31 &

SR IVE AR B (142,35 kdig), HIRKE S HL™
K, ANFHEIBATAT 75 B e, DR g — i vk ey
fRak L RET S 2 KK M. HIE MR Z, Hil
WFFCRA |z 1) e AR R B AR =0

AR AN EARNERE, AT EZREZEE
A I 7/ Y87 - At NI T 2= 2 TN /= AN
AP pHAE. REEE AR B, ERRE,
TR h MR R SR T R i . v, SRR
WRE L K SRR (HRT). W pH . AP
BN A2 F AT 1 o = S B B K LA R &

pH {H B8 2B A= P R BT A A 0] 5k A R it
IR . ERIBR R RCR . AR A R BRI 2 R
Foyd /D H AR . S S HIIAE pH B RO R
NS PR, B R AE R R R B A pH (L Ak
T &R R . KA pH W &S =, RZF5E
Egé }FH—%[lZ—lB] s

JEC A IR R 58 A, 25 5% W R T 7 ) S e R T
BN, AEAGHR I FR AL I B 2 L ) R 4 R R AR T TR
{H— HLUR P et 5 W PR 7 4 A i P e A T
1M H, R A 2 = S A 0 ) A R = ) 1
R, Ah e K L K R A BT e AR, D

Wk HiH: 2008-11-04  1&ITHIH: 2009-01-07

ReamH: BHEEA R4 H (05DIB3J030)

EH S FUE (1980—), %, WWRBEITTA, 44, dELLT
P45 43 1 (E040000109A), WFFTTr I RN AMI S RENE. B 4
Hoplb k2 TREAHR 2 58, 430070, Email: wyywjb@sina.com

MOUAFEH: SkfThk (1957—), U3, LA, hERL TS SN
(E041200097S), FZ AR ALY EE 5 REUR 7 I WFTT . I ferp
Al KA TREHA A B, 430070, Email: zhangyl @mail.hzau.edu.cn

Ao MU DREES e« AR b e %, A 36 A Kl
Wb, HEARAWIR T LSO SRR 5 .

HRT ORIERIED 5255504 EESEm N = . A7
NiKJy HRT GESEZ I IR BOR N A ISR, AT 5 1
SUBE e P SR A 7 19 h
KRR 2 E A R MERR TR RS, AR SR
JERDA A it 2 (1 fee HRT 2 A

BT, AWIEWITT TR pH B HRT MRYIIRE
Xt A=A ) ) R DR R R i R A TG . O T A A% A
AR S AT TAE RIS R A, A RS
A TIRF ARSI RN W-a e Y Y W A S T/ BURZ A
LR LSS B E AR R M A A, UGSk
AL T EZS 5, N mel U &

1 M55

1.1 #ZMiSR

FER G IR B LB S REEIRY) . IEHIE1T 2 a )R
ARBEE A, 1 0.119 om K R E T AL R IE
bR 2 N, 5 COD MeBE 5000 mg/L, 7K e
NFE) 48 h, ¥R (35+1)°C. HAUE. Wik, BT
KB, T 80°C INHALFE 30 min, DAAIIH] = FH g R
TR R AR PR A o 1% UL I ¥ T B S
SURINE Y WARTR
1.2 Rt

MY 23 41, ALK RSJRAARIE A 1L, L
AL BRI A LRI, R Z 0 25%. LU iERE 2500
RV, I TCALER B LA A A E KT, M
PR 4 500 mL J& LA 4 mol/L HCI 5 pH 11 %2 i T 1R
£, FRRRBR N maiE R 30s LLEBRPEA,
R E N (354 1) C IR AT RE R S o



238 Al TRE 224

2009 4F

PR e E AR (TS iR 43ty 8.18%, &iF
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Fig.l Experimental set-up
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Tablel Codeand level for thetria variables

X1 X2 X3
iy R RN - LY

It pH {4 HRT/d
+1(1.682) 6.54 7.68 66.58
+1 6.2 7 56.88
0 5.7 6 42.66
-1 52 5 28.44
-r(-1.682) 4.86 332 1874
Aj 05 1 1422

1.3 MEHZE

RS AR %055 K GC-900C HY A AH (A3 A3
TCD i asdi e, AA . HERE D, S Hhig & 55k 60,
60, 100°C. DA/ SAFNES, #AmEA 30 mL/min.
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Table2 Quadratic orthogonal regressive rotational
combination design

R X . JEpRE it
e e e ESEbger S
1 1(6.2) 1(5) 1(56.88) 660.5
2 -1(5.2) 1(7) 1 3917
3 1 1 -1(28.44) 4238
4 -1 1 -1 166.8
5 -1 -1 1 3721
6 -1 -1 -1 142.1
7 1 -1 -1 3128
8 1 1 1 754.4
9 1.68(6.54) 0(6) 0(42.66) 407.7
10 -1.68(4.86) 0 0 152.9
1 0(5.7) 1.68(7.68) 0 542.3
12 0 -1.68(3.32) 0 556.7
13 0 0 1.68(66.58) 460
14 0 0 -1.68(14.22) 154.5
15 0 0 0 761.4
16 0 0 0 754.4
17 0 0 0 7718
18 0 0 0 781
19 0 0 0 769.6
20 0 0 0 759.6
21 0 0 0 765.4
22 0 0 0 770.8
23 0 0 0 761.1
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Table3 Analysisof variance for regression model of

hydrogen yield
AR kU T H H By Fif Pt
sit) 1.037E+006 6 1.729E+005 5416  <0.0001
R 2= 41503.95 16 3192.61
SRAIR 10036.210 8 12545 4.98 0.1982

R=0.9704 RP=0.9437 #/}¥;/¥=16.086

x4 SRFERFERERAKEEHREER
Table4 Test results of significance for regression coefficient of
hydrogen yield

95%E 5 95%E

H#E R AdUE bedEx S

F{H Prob>F

TN 765.76 1 20.82 71959 811.93 36.28
X 11237 1 1375 81.94 14320 67.05 <0.0001
X2 1431 1 1375  -16.32 4495 108 0.3223
X3 12526 1 1375 94.63 155.89 83.01 <0.0001
XiX2  -8.67 1 1796  -48.70 3135 023 06395
XiXs  56.68 1 1796  -16.65 9670  9.96 0.0102
XXs ~ 18.84 1 1796  -21.55 5850 106 0.3279
x? -13295 1 1338  -16277  -103.13 98.69 <0.0001
X2~ -37.82 1 1338  -67.64 800 799 0.0180
X -11988 1 1338 -149.70 -90.06 80.24 <0.0001
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Fig.2 Response surface and contour plot of the effect of pH value and hydraulic retention time (HRT)
and their mutua interactions on the hydrogen yield
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Fig.3 Response surface and contour plot of the effect of pH value and substrate concentration
and their mutua interactions on the hydrogen yield
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Fig.4 Response surface and contour plot of the effect of HRT and substrate concentration
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Optimization of technology for hydrogen production by anaerobic
fer mentation of swine mauures

Wang Yuanyuan, Zhang Yanlin>
(College of Engineering and Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: In order to set up the mathematical model between fermentation process parameters and hydrogen production,
obtain optimized parameters and higher hydrogen production, a hydrogen-producing technique using anaerobic
fermentation method was researched on the basis of one-factor tests and the quadratic orthogonal regressive rotational
combination design principle, and the method of response surface analysis with three factors and three levels was
adopted. A quadratic equation for hydrogen yield was built. Response surface and contour were graphed with the
hydrogen yield as the response value. Based on the analysis of the response surface plots and their corresponding contour
plots, effects of pH value, hydraulic retention time and substrate concentration and their alternant effects were explored.
By using the new method, the optimum hydrogen-producing conditions were obtained as follows: initial pH value of
5.98, hydraulic retention time of 4.123 d, substrate concentration of 51.98 g/L. Under the optimized conditions, the
hydrogen production rate in the latter validatory experiment was 32.4 mL/g.

Key words. anaerobic digestion, optimization, technology, bio-hydrogen, swine manures



