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Table 1  Contents of inoculum and rice straw (%)
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Fig. 1 Schematic diagram of experimental setup
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Table 2 Test factor level and coding

x/KF NaOHIERE/%  H.O.MFE/% AR A]/h
-1 2 0.5 12
0 4 1.0 24
1 6 1.5 36
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Table 3 BBD design and test result

RIS NaOHWEEX/% — MOMKEX/%  FALBEAI R Xyh B KEEME/mL S S TR0 S {8 /mL
1 4 0.5 36 14019 14350
2 6 1.0 36 12563 13063
3 4 0.5 12 13298 13955
4 4 1.0 24 15591 15223
5 6 1.5 24 14814 14971
6 4 1.0 24 15476 15223
7 2 0.5 24 12661 12504
8 2 1.0 36 12026 11852
9 4 1.5 36 13584 12927
10 4 1.5 12 15042 14711
11 4 1.0 24 15403 15223
12 6 0.5 24 14307 13476
13 4 1.0 24 13928 15223
14 6 1.0 12 15172 15346
15 4 1.0 24 15715 15223
16 2 1.0 12 11458 10958
17 2 1.5 24 9512 10343
H Design Expert.V.8.0.5 {4 &b B 58 B | &t xt REERB TR EZW I . B3R 4 90T E 1, 0,

3 P RA R B RS R S E S T ik 2 i
PLA A A R E R B R A w (Y )X 3 AN AR
NaOH Y& FE ( X, ) \HO. V& FE ( X, ) FBUALFRAY ] C X, )
w7 R (2)

Y=-357+4160.28X, + 3062.15X, + 403.5X, +
914X,X, - 33.09X, X, - 90.79X, X, -
447.5X,, - 2436.2X,, - 4.36X,

24 FR N R BN 2 0y 25 M. SR F
R 9075 Xy FR I 1] 9 R B AT B A A th 3k 4
A, o | 7 R AR R F=6.24 , B AU
P=0.0123<0.05 , R Z B A HA 2 E X . NaOH
W RE (X, )R X /) P AE 4T AR 0.0025 i1 0.0038, 7E
P<0.01 7K FA7 i PR, 2200 NaOH ¥R BE( X, )X

(2)

FECX,) AL BEEHE (X, ) J [ AS P 2 6] X, X,
X, X, Al X, X, (28 BIGXTR P> 0.05 , Ui B 52 A i
LR HLO W B (X, ) AL BEA A C X, )X B R
Wi 2 A KK o AR 2 L30T (Lack of Fit) X 1) F {E R
1.905 & P=0.2702>0.05 , Jo B & X, Won %A
TR P TR B N 9 25 DR 3R S e AR B A 5 S BV E
R

A BT U [ AR AR T £ B AR (2) )R 1
BE R 7.55(>4) 1 WA 4 B ) R B U R
R*=0.889 , & HIRIAL (2) A] 4 B H rh 88.9% 9 A5 1k, (H
BAFAE 11.1% W2 AL R AR (2) B 5 R 3 e i R
R, =0.747 , R WKLY (2) ] fif B 74.7% W j {8 19 725
o ZE LB A (2) LA R EE B R, v T A



63 LhEik%5 . NaOH 5 H0,25-6 WA BHK RERS FF S H R 48 & BE P2 1RSSR T I 139

NaOH 5 H,0, £ £ Tl Ak PR 550 FF 0 IR 4804 8% ™
AU AR R, AR B X TR Y B A T R A )
PRAR K T ™ Rk B AT B0, OF B ARl {5 o (H 532

M R 46 X 6 1) TR SR AR 22, s 2 T 8 1 400 7
JERH X T — MR 1 e T B HEA A A S R A T ) 4005

PR

F4 ROEFRBRFEDRER

Table 4  Analysis of variance (ANOVA) for response surface quadratic model

Kol V-5 H ¥y FIH Piy B E
HEAY 4.19x10 9 4.66x10° 6.2461 0.0123 *
X, 1.57x10" 1 1.57x10" 21.0070 0.0025 s
X, 2.22x10° 1 2.22x10° 0.2978 0.6023
X; 9.65%10° 1 9.65%10° 1.2930 0.2930
XX 3.34x10° 1 3.34x10° 4.4780 0.0721
XX, 2.52x10° 1 2.52%10° 3.3810 0.1085
XX, 1.19x10° 1 1.19x10° 1.5910 0.2477
X 1.35%107 1 1.35%107 18.0780 0.0038 o
X;? 1.56x10° 1 1.56x10° 2.0930 0.1912
X: 1.66x10° 1 1.66x10° 2.2240 0.1795
2% 5.22x10° 7 7.46x10°
AL 3.07x10° 3 1.02x10° 1.905 0.2702
a2 2.15x10° 4 5.38x10°
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Fig. 2 Response surface graph of H,0, and
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H,0, concentration
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Fig. 4 Response surface graph of pretreatment time and

NaOH concentration
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EFFECT OF NaOH AND H.O, INTEGRATED PRETREATMENT OF
RICE STRAW ON ITS ANAEROBIC FERMENTATION

Ma Ruijie, Qin Guodong, Li Kun, Cui Shaofeng, Wu Lijuan, Liu Ronghou
(Biomass Energy Engineering Research Centre, School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In order to realize the efficient utilization of crop stalks in biogas projects and to solve the problem of the biogas
projects over-reliance on livestock and poultry breeding plants. Rice straw being used as anaerobic fermentation feedstock
was pretreated by NaOH and H,0,, and the biogas anaerobic fermentation experiments with an anaerobic fermentation
facility made in our laboratory were carried out. In this study, effects of different concentrations of NaOH, H,0, and
pretreatment time on biogas fermentation of rice straw are analyzed. Response surface method is used to optimize the
pretreatment process conditions. And the optimum pretreatment conditions are as follows: NaOH concentration is 5.71% ;
H:0; concentration is 1.48% ; pretreatment time is 12 h. In the validation experiment, methane content reaches to 61.2%.
Biogas yield is 15866 mL in which the relative error with the predicted value of 16061 mL is 1.21%, which is less than 5%.
The results of the validation test indicate that the model is valid. The pretreatment conditions in this work can provide a
scientific reference for rice straw anaerobic digestion technology.

Keywords: straw; response surface experiments; anaerobic fermentation; biogas; pretreatment



