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Enhancement of Volatile Fatty Acids Production from Rice Straw
via Anarobic Digestion with Pretreatments

AT Ping' TIAN Qihuan' XI Jiang® JIANG Hua® PENG Jingjing' YANG Zhihao'
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Biogas Institute, Ministry of Agriculture, Chengdu 610041, China 3. Ezhou Eco Energy Office, Ezhou 436000, China)

Abstract; The use of anaerobic fermentation technology of agriculture wastes for the production of volatile
fatty acids (VFAs) is a promising approach. The aim of this investigation was to evaluate the different
pretreatments of rice straw like hydrothermal, acid and alkali on the AD process parameters and the VFAs
production at mesophilic (35°C ), thermophilic (55°C ) and hyper-thermophilic (70°C ). The results
showed that the alkaline pretreatment was more favorable for VFAs production than acid and hydrothermal
treatments. The lignin degradation rate with Ca( OH), at 35°C was 63.27% , which was much higher
than that of hydrothermal treatment group (12.45% ) and that of HCI treatment group (12.40% ). The
pH value was in the range of 6 +0.5 at alkali pretreatment. The efficiency of converting the degraded
straw into VFAs at mesophilic was high, resulting in the highest VFAs yield. The VFAs yield with per
degradation volatile solid in the pretreatment group was 0. 79 ~ 1.20 g/g and 0.24 ~ 0.51 g/g at 35°C
and 70°C , respectively. The preferred alkali treatment group gave a yield of VFAs production of 0. 25 g/¢
at 35°C and 0. 09 g/g at 70°C , respectively. The results can provide some theoretical basis to enhance
the VFAs production from rice straw under different conditions.

Key words: rice straw; anaerobic fermentation; volatile fatty acids; temperature; pretreatment
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Tab.1 Characterization of raw materials composition
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Ty o o o B (I3 ) /% 10.79 86. 89
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WA 65

pH 5.05
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LR TR BT 5 /% 9. 40 28.13

ARBR B (T 3) /% 6.37 3.29

TRy A 3 B (T3 ) /% 3.31 6.11
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Tab.2 Lignocelluloses composition and recovery of raw rice straw before and after pretreatment

Toab 2 8 A [l Wi % R/ % [ A 2 T oAb B9 S FF AR BT 2T 48 2R 20 43 BT ik 3 5/ % YR FLTgER

J5 ik T Ry W/ % I FLFgER ENGIE WU/ % [l %/ %
JERE RS 43.38 £0.53 28.13 £1.38 3.29 £0.30
IR 96.66 £0.12 86.24 +0.86 13.67 +0.47 47.35 £0.78 28.92 +3.97 6.33 +0. 26 94.23 +6.75 88.74 +£3.43
2% HCI 72.38 £0.49 55.68 £0.65 34.20 +0.42 62.93 +1.93 4.11 £1.55 15.15+1.01  95.46 £2.70 4.93 £1.01
1% Ca(OH), 90.68 +0.70 78.40 +0.15 13.43 +0.65 42.55+2.79 16.23 +2.09 4.09 +£0.24 84.95 +2.41 49.96 +1.81
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R E/C
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Fig. 1 Changes in sCOD mass concentration before and after anaerobic fermentation
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Fig.2 Effects of fermentation temperature on pH value of fermentation broth
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Fig.3 Concentration of volatile fatty acids and ethonal in process of anaerobic fermentation
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Tab.3 Changes in chemical composition and anaerobic digestion characteristics of rice straw with different pretreatments

R 28 RERFREMR R PRI IR ﬁﬁ@ﬁﬁ” L BR /%
WEC B v P/ T LT GUE CREME K
K 9.22 +0.13 0.07 0. 01 0.79£0.22  12.60+1.78  9.31 =1.89 7.19 £1.47  12.45 £0.90
35 2% HCL 9.83 +0. 04 0.15 +0.01 0.61 0. 04 6.69 +0.22 8.05+0.72  46.50+0.57  12.40 0. 40
1% Ca(OH),  20.44+0.08  0.25+0.02 1.20 0. 01 11.88+0.44 22.41+1.03  30.46+0.77  63.27 0. 80
7K A 5.59 £0. 04 0.04 £0.01 0.72 £0.01 15.33+1.79  2.34 £0.31 1.96 =0. 33 4.95 +0.30
55 2% HCl 6.12 £0.05 0.08 +0.01 0.51+0.02  11.67 +2.21  4.75+0.93  28.85+0.12  4.96 +1.00
1% Ca(OH),  16.47 +0.18  0.12 £0.02 0.82+0.02  15.68 £0.32 19.000.37 12.17 £0.34  34.12 £1.60
K 12.64£0.20  0.02 £0.01 0.24+£0.03  19.51 £3.30 10.77 £0.88  9.08 £0.23  17.16 0. 10
70 2% HCI 12.41 £0.05  0.04 +0. 05 0.22 £0.01 14.23£2.89  6.19+0.35  13.30+0.12  8.75+3.40
1% Ca(OH),  20.28 20.11  0.09 0. 04 0.51+0.02 19.96+1.69 26.65+0.51 14.65=0.11  46.92 £0.20
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TELEE 1 K Ab B AL 12.45% 1 HCL 4b 3 41 1)

29%HCl 1%Ca(OH),
Pl 4 A A ToUAL 30 K DR A7 IR 4k W 1 AR ST 21 48 3R T

Fig. 4 Lignocellulose mass contents of pretreated and

AD digestate from rice straw

RORASEAR i HCL 40 B2 10 7 R 5 i 5 ok A
JoE 2R 5 i e, 2T 24 2R o A S A
H 5 o3 B AR R RS R AR A R AT AR AR B

12.40% . KB4 £F 4 2 FK 2T 4 2, W1 100 g J5URS FF o 2 2
2.3.2 FUARBRAPR AR RE LR 0 i FALLFYE R 0 IE 7151 g, T 7 W2 A% i 11 5% A7 47

DL 100 g FEFF (156 ) Jy B, 28 3 A [] 192 Ak 2
o5y BIAE 3 i B8 DR S I8 7 R I 1) 3% s AR Joit 21 4
Fr At an & 4 iR, IRA =R AR E L 1%
Ca( OH), &b 20 1) A Jo £ 4 5 o 5 300 2% Je K, B
fiff R i ey, X5 Ak B 4L A X UK BRI 2% HCD 4b 2R
A S HERERRI R ™ R RN — . 1%
Ca( OH), /™ 2 5% it bt 2 9% I B Tt o , SR e R MR 2F
Y Z R AR, 78 35°C K I L BE 17 B A R AR i K
JoT £ 4 3 T e K, X 5 35°C & IR N R R
e MR Ao KA RS R R AT 4k R R A R AT,
i, B Bl K PR Ak PO A BT 2 4 R 7 4 R P TR T R

YEZR RSP 27 2 R B R b T RS FE Y 50% |,
MR fe = 19 35°C (1% Ca(OH ), 2, H 7™ 1R 5% 3 114
AR ML YE R B 38. 81 g, oy JEURE AT A NiL
oy B 54.27% , TR ] i — 2P B T R
RO R A I AR AT R D4R e AR R
FUF R0 2 5 AT 7™ 44 2 IR 5 R 5 R 1R & p AR
A B X HEIETT I

3 Hig

(1) B T 70°C J5 i 7 ¥ M PR 52 S5°C A i
FART, B K A Ja nl s YA ALY R e (E A
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1% Ca(OH), Wi A 320 3K 1%, 24 7 198 mg/L, ik T
55 °C 5 A IR J3E s 7 1 s 9 A X IR AR & I AR
MR AME, 1% Ca(OH) , T AL HE4H B AR W) i pH A
BT 8.5 (HE 7= /R 1F AT, W) he 14 55 0 & BE T A
Sl bRl Es R M Y pH L B I B B R
e A W P i T ) IR AR 7 4 M IR U R
(2)1% Ca( OH) , 15 &b ¥ 41 vh R & I8 1 ¥ &
I T3 T VAR 3 e v, b 5 3R 8 1) T v, 9 i U R I
B 13.63 g/L FF&F 4.77 g/L #15.26 /L,
Ay FIEAR T 186% F1 159% ., fii 7K #4240 Fll 2% HC1 20
RN T R W B A2 B AR Ak R e 4 /N o T R TR RN

B HE HR 5 A A 2 Al vl 3 P 0 oG S B AR K
NEITRR ™ 3 o A% AL PR AL 35 & T SR B T IR Ik e I
Wl B DR 47 4 1 O U TR I, L X 4 O T U TR
B 2 R

(3) B AR 35°C I [H Dy it JS8 50 VR 150 45 755 T I fie o3¢
AN AELIR 23 2 T A Ak 110 R T 5% Ak o 4 e 1 B
TR R R0 e, B LLARAT T i e 1) 7 R R, 4% AL B
21 BT I 9 6 11 AR 77 R AR AE 35 °C 1T 70°C 4 5
H0.79 ~1.20 g/g #1 0. 24 ~0.51 g/g, FfEAIHRAL
HZH 35°C 1 % S VIR W RS W 95 K o e AL R R
0.25 g/g, i 70°C WAL 0.09 g/go A [ 7 4b B 4%

W

Vo 2R A A PR U PR ™ AR g, R I O R
i 0 e L P AT R AT B g ) A BIL R

x5 ¥ kM IR W R B Ak R 52 m R BN R
Ca(OH), HCL 7K i
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