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Effects of two types of adsorptive additives on biogas production
characteristics of chicken manure in anaerobic fermentation
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Abstract: [Objective] The effects of biochar and nZVI on gas production characteristics of chicken ma-
nure in medium temperature anaerobic fermentation were studied to obtain appropriate adsorbent and its

addition amount. [Method) Chicken manure was used as raw material for batch fermentation at medium
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temperature (35=+1) ‘C with addition of biochar (0% (contrast),2.5%,5%,7.5% and 10%) and nZVI
(0% (contrast),0.25%,0.5%,0.75% and 1%). Then,the effects on gas production characteristics of the
anaerobic fermentation of chicken manure were analyzed. [Result] With biochar addition,cumulative biogas
production of chicken manure anaerobic fermentation increased with time. At the end of experiment,cumu-
lative biogas production and methane content of chicken manure were significantly higher than the control
(P<C0. 05). The optimal amount of biochar was 5%. Under this condition, cumulative biogas output was
21 532 mL. With nZVI addition, cumulative biogas yield increased with time as well. Cumulative biogas
yield with 0% nZVI was the highest of 11 101 mL at the end of experiment. With the increase of biochar
addition,average biogas production showed a unimodal trend. The highest average biogas production was
414 mL/d with 5% biochar. With the increase of nZVI amount,average biogas production decreased first
followed by increase and subsequent decrease. Compared with the control, biochar addition can significantly
increase methane content, while only 1% nZVI can significantly increase methane content. With the in-
crease of fermentation time,pH showed increase-decrease-increase trend with biochar addition, while it in-
creased gradually with nZVI addition. Mass concentration of volatile fatty acids in fermentation process
showed a trend of increase-decrease-increase-decrease. Concentration of ammonia nitrogen increased rapidly
at the beginning of fermentation,followed by a general decreasing trend. Compared with the control, total
solid mass and gas production efficiency of volatile solids treated with biochar were significantly increased
(P<C0.05) with the highest in 5% biochar treatment. Gas production efficiency of total solids and volatile
solids reduced with nZVI addition. [Conclusion) Biochar addition can promote anaerobic fermentation of
chicken manure. The maximum cumulative biogas output of 21 844. 75 ml was obtained with dry chicken
manure 250 g,total fermentation volume 700 mL,fermentation temperature (35+1) ‘C,and biochar addi-
tion 15. 32 g. Adding nZVI had no effect on anaerobic fermentation of chicken manure.

Key words: biochar; nano zero-valent iron(nZV1) ; chicken manure; anaerobic fermentations; fermenta-
tion characteristics
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Table 1 Fermentation characteristics of raw materials and biochar
. YGRS S I A/ s P o
BOH AR PR PRI 06 o i WA % AR/ % WA
Feed (g - ke 1) (g« keg™') C N C:N
Total solids Volatile solids

2% Chicken manure 207. 8 147.6 36. 20 3.69 9.81
R Inoculum 9.2 3.7 35.16 1.75 20. 09
A ¥ 1% Biochar / / 53.25 0. 50 106. 50

1.2 REWEE
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Table 2 Experimental design of anaerobic fermentation of chicken manure

Ry o X T B B L/ 6

b3 : s AEYIRE N/ g nZVI B/ g R SART/ mL T YRR/ g

Treatments Ratio O.{ additives to dry Amount of biochar Amount of nZVI Total volume Dry chicken manure
chicken manure

By 0 0 0 700 250

Bos 2.5 6. 250 0 700 250

Bs 5.0 12. 500 0 700 250

Bi s 7.5 18. 750 0 700 250

Bio 10.0 25.000 0 700 250

No 0 0 0 700 250

No. 2 0.25 0 0.625 700 250

No.s 0. 50 0 1. 250 700 250

No. 75 0.75 0 1. 875 700 250

N, 1. 00 0 2.500 700 250
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R R R (VS) B ORI 58 TS R S
[RE SR AE (5502200 °C 19 I 3 o v it 22 o o 4 2
RGBT E . FH TS W AW H 5 & A VS i
ey pHE AR A E #5 20 pH 3 (PHB-4, B D
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Fig. 2 Cumulative production of biogas during anaerobic fermentation with biochar (A) and nZVI (B)
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Effect of biochar (A) and nZVI1 (B) on average biogas production and methane content during anaerobic fermentation
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Fig. 4 Effect of biochar (A) and nZVI (B) on pH during anaerobic fermentation of chicken manure
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Fig.5 Effects of Biochar (A) and nZVI (B) on VFAs of anaerobic fermentation of chicken manure
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Fig. 6 Effects of biochar (A) and nZVI (B) on ammonia nitrogen of anaerobic fermentation of chicken manure
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Table 3 Comparison of gas production efficiency of anaerobic fermentation of chicken manure

after adding biochar and nZV1 mL/g
i3] TS R VS PR 3] TS P ORR VS FARE
Treatments TS production efficiency VS production efficiency Treatments TS production efficiency VS production efficiency

By 198.23+13.8 ¢ 288.19+20.1 ¢ No 198.234+13.8 ¢ 288.19+20.1 ¢

By 5 329.52+25.7 b 479.05+37.4 b No. 25 164.3449.1 cd 238.914+13.3 cd

Bs 384.504+29.2 a 558.98442.5 a No.s 193.84+17.1 cd 281.804+24.9 cd
Br.s 373.88+15.0 a 543.54+21.8 a No. 75 174.73+10.9 cd 254.02+15.8 cd
By 318.024+35.3 b 462.33+51.3 b N1 160.96416.6 d 234.01+24.2d

TE < [ 50 B0 5 Bn AN 7] /NG 5 B 3 7R A R Ak B ) 22 7t g 35 (P<C0. 05) 6

Note; Different lowercase letters indicate significant differences between treatments (P<C0. 05).
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JH SPSS #4556 45 S 7 47 43 A R 3K
M A AU HE A7 AR M Il I, A5 R BUE T
Feo) SAYmima (O W EIE 7R .
F(x)=—45.0452"+1 280.526x+11 267. 257,
T 22 BT 45 S m] LU 7 R v i — R I,
YR IR B0 2 38 Bt 3 K S (P<C0. 05) , A5 A ()
R* 25 0.996, i [mIH 7 B ALG 45 R AT AR Yk
WA (o) A 15,32 g W, RBHA” & fom ik
21 844.75 mL,
3 4 ik
TN 0 A= 0 e X X 25 TR AR R A A AR T LS
I RERR A ARG EREL 1M HLAE 4 m RAH A7 & 7R DL

250 g X8 A A JRURL L A SRR 700 mL, K
HPE 35+ 1) CRZMT YA sk h 15, 32

g I BB A i 21 844, 75 mL; YR nZ-
VTS X 28 R AR e 7 38 U i o A 2R
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