252 20194 10 H

35 19 Vol. 35 No.19

Oct. 2019

A&k TR AR

Transactions of the Chinese Society of Agricultural Engineering

R FHRGEAA A TR

0

RGOS 5 £ MR K AT EEHMRRAR
TRk, B, B, R, BRA, R LK,

C1. AN AR AT R R BET I 5T B AR A BEIR 5 PR ARIFFT BT, AL 5 100125 5
2. AV G PAE AR B SR 25 %, JE AT 100125)

8 O SEILVH R A AN IERY, DL ORFEAT by 204 I B sk 308 v 8, T e v Y bk 5 T 0 AR ) IR R L 4
PRI, 73 BT H BTN B AU R T R IR ), DA S R AT RN AR ) SRR 8 R o 45 AR B M i S oK FS
TR B It 08 8 VR XS SR, RS AT 5 7K - 5.92% 43 ) BT 42 76.35% Fi1 85.72% , ik AL LL £h 42.4 430 BT+ &
50.2 11 51.7, R BBV B0 B FRAIG T 34.42%~43.78% A1 20.00%~41.01% , 11 % 15 i 25 1R 5 B < B B
TR — Mo VIR b T S A M A R I v Y] 2 A5 I L b, AT LT S BRI T 10.42%~18.63% » LB AT
YRR 6%~21.5% Jr A7, T HE v AR BT BARE , (R SR TR T T I A o VAN AR e T A R IR I I O 4
PR YD B AT R T AR AN VE .V VB IR R RN A A B B A AR I S R EA BRI VE AR P HUIE G
(1, 2 SRR T A 0s 2 —

KRR  AEAT R BE; A M B8R R TRALA) A

doi: 10.11975/j.issn.1002-6819.2019.19.031
PESES:XT1 SCHRAR &S : A X EHS 1002 -6819(2019)-19-0252-07

THEE D L EE BN, ZBK, RIMKAP BRBKEH SEMRBEESIFEABMRARIIRL
T %4R,2019,35(19):252—258. doi: 10.11975/j.issn.1002-6819.2019.19.031
Ding Jingtao, Ma Yanru, Shen Yujun, Cheng Hongsheng, Meng Haibo, Song Liqiu, Zhang Pengyue. Effect of corn

http://www.tcsae.org

stalk and biochar aerobic fermentation combined with biogas slurry spraying [J] Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2019, 35(19): 252—258. (in Chinese with English abstract)

doi: 10.11975/5.issn.1002-6819.2019.19.031  http://www.tcsae.org

5l

it

2 FEFF LB S 5 b 2% 77 %60 i (chemical oxygen demand,

BRI HEDNG I R MW ] PN =R TN P e Ll
) 7, 22 o BRI AU TR I 3s AT VR 2 i AR
RN R R B R R " WIS A R A
B A SR T R AN I L BRAER T R AL
BEUS 5 QAT AT A AR 0 Ak B3R, S 3V TG 5 A
20 BEIEAL A ] — B LIORZ B 2E H I R =Y

VTR, [ N Ah O A — Se I 70R0 N I R) T 4 4 K
Kb B TR BE 26 K S TR TR R VS5 v TR A LR K™, %
BORTT LR AN 7 85 26 (5 0 RS AT S di 46 5 19 I 1) U
AR RTHRBO™ AR A 2 [N R] DU SR HE K
VB AR P B P e A O RS AT AR R
(K1 B S8 IR T0 B AT U R B I A S TR I AR
WRATER R D KA MM b T BOKR A AT AR
— T PR SR R 2 A I I I ORIV W

WeFe H 115 :2019-04-22 BT Hi:2019-08-25

S H AN RAFHB R G Ve B iR I (2018ZZYF0202)
PEZ WA T 50, Wb, BN GER N E 54 SR AR BRI 2
Email: dingjingtao@163.com

OB AR AR« d iR, B 9E 01, B NSRRI 5 AR B 574 ot R

A RIPHE AR - [ Email:newmhh7209@1:63icom

COD) Fll 51 &% ) (total suspended solid , TS) [ 25 Bk % 4
WK F) T 50% 1 60% LA I, & A (total nitrogen, TN [
B2 0 10%~15% , izt 1 (total phosphorus, TP) 1] 2
bk 26 8 ey 1] IA 45% , B UE T FOKAE FEAE R VWO A
BHEATAT 1 o A5 RS AT L 480 9 Ak PRV W i, XS R
HAFUH DL A R AT A 5L 22 AT O SO RO 1 Y R K
PRI, UE W T R AT A SR I A BV K AT AT o A T
IS 5050 FH 2 R RN 5% B R 7K TR B A 26 7KO TR A I 28 R
W, 85 R DI AE AL B 1.0 t ERE n W 9l R K 1.8 ¢, T H) T
Wy ARG . KIS S SRR A MRS AT L R AT
IR TR IR I AECOR I T A LE DI L, IR B (N,
P,0,.K,0)220% , A 4 fie HEAR A1 Py 18 W Wie . BAR H T
e [ 0 2 26 R AT R YRR B R A A LI R
ARAT — 8 2 FE R FC , AR S A4 1 Ak Tl 40 B ST o B0,
V) A LV VT AR 5 A R K 5 B AR R T A R T R AT DG
Fo TEREFT 5 THWUF R eI R b, RS AT AR D R TR 1) i
L ATHLBTE B, 1 A4 R A R AR IR B i AT LA B
W B AP OB AR IR 2R Ju R, I E AR i R
TF B AR A R, AR IR v il SIS o AR DA G AU R
L R TP s RV AV HBR 20 8 T KR AR 4 26
VI TR XS 21 T R W A T i A S, ) R B I ) S T O



191

TS USRS T L AR R BB 1 0 R R R R R AT 9 253

U S R W 5 23 03l O3 AT T 4% 26 T IR RS 2 IS
EA G S R IR BRI 7™ i it B 52 180 5 LUSYI DA 9 7
TR R I ORI AR A )RS FT (0 £ 15 A0 B A1t BE IR MK
LBARZHL
1 #MRERHE
11 kIR

FORFEAT B E A 50 LA H B 2 3~5 em; X5 3%

VI E KX LA 36 A e e ORI S v A< DR i 3%
THBCE 1T SCIX LA 35 Sy R R TSR PR v AR s R T
VR B A A 2 I A TSI AR e B TR R b s R )
WA R RAEFTE B 0T A 1) 328 22 QAR e A 1 2% At I
J8, AR E 2 650°C , AWk LE AR T B 21.66 m*/g, fL
B A 68.71%, P B FLBRFLAE A 2.18 umo  FKAEFF A
I FEFN A R FE A BRI L2 1

=T IFRABYRIE LR

Table 1 Physic-chemical properties of aerobic fermentation materials

Hib TE 0 J WE KRR R
Index Biogas slurry of pig manure Biogas slurry of chicken manure ~ Pig manure  Corn stalks Biochar
pH {H pH value 7.14 7.77 6.58 — —
% 7K % Moisture content/% — — 67.76 5.92 7.35
75 [ % Solid content /% 0.64 0.16 — — —
b2 T 40 4 COD /(mg - L) 802 1.1 245 16.0 — — —
S5 Total nitrogen /( mg+L™) 363 1.4 104 59.2 — — —
2% Total phosphorus /( mg-L™") 25.52 168.71 1.62% 0.31% —
S8 Total potassium /( mg-L™") 838.05 232 4.26 0.95% 2.30% —
SRR 53 45 Total carbon mass fraction /% — — 38.52 38.38 69.03
SV 43 41 Total nitrogen mass fraction /% — — 4.82 0.58 1.32
ik % Lt Carbon nitrogen ratio — 7.99 66.17 52.30
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PIVH WA o DALECRERS AT 8 Jsukel , DU 30 1 38 70), FH VA
VRO RS K 65%~70% , C/N % 25~30, A=W T
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AN 30 d, BFFE 45 min SRR 10 XUITH] 5~7 min, 18 4
4 0.25~0.3 L/(kg - min), [F] I EAT 7H 7 AR AN B A0 A0 2
LA L FFE] 50°C LA P AR HEL TV BT, T35
3 dWEHR 1 IR, TR T HEAR 7 K, BRI IR 4
HITEHEAR 7K 60%~65% 2 1], T2 T4 [FIWTIR S (1] Rk
TN RIS 6 K 1.6.2.3 L, KIEZE 9 K434 1.04
2.0 L, RIEER 12 K415 °0 0.6.1.0 L, KSR 15 K405k
0.7.0.5 L, KI5 18 K435 0.4.0.3 Lo
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Table 2 Experimental treatments

b P HERG TS KR IS IR H RNl s
Treatment No. Types of biogas slurry Fermentation material Spraying and mixing Spraying amount /L
CK1 FEISH FEFF+ 36 2 77 — —
CK2 R AT+t % i 2R — —
T1 R IR AFF0 S B+ 0 — —
T2 R IR FEFE-H0 S B 70+ ¢ R FEHTBRBE R 43
T3 I FEFT-+0 S B 7+ 40 ¢ — —
T4 X FETH M R FT+48 S U B+ AR X0 ZE TR R 4 6.1

HI1FARHERREETER
Fig. 1 Diagram of aerobic fermentation reactor
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Table 3 Changes of physicochemical properties of pig manure biogas slurry and chicken manure biogas slurry before and after
corn stalks adsorption filtration

e ¥ 451 Pig manure biogas slurry

X2V W Chicken manure biogas slurry

Items - .
adsorption filtration

Wt i i€ 1T Before corn stalks Wi B i i€ J5 After corn stalks
adsorption filtration

W B 1L 98 7 Before corn stalks Wi i€ /5 After corn stalks ad-
adsorption filtration sorption filtration

ME TN /(mg LD 3 631.06+136.34

S TP /(mg-LD 25.14+5.32 14.8342.55
SAPTK /(mg- L") 838.05+97.53 628.54+41.13
SEAKTS /% 0.16+0.02 0.09+0.01

2977.47+126.12

10 459.05+556.12 9 622.33+496.32

168.13£10.55 134.504+18.32

2324.26+121.13 2022.11+117.53
0.64+0.00 0.42+0.01
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Fig.2, Changes of temperature during fermentation
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Fig.3 Changes of pH value during fermentation
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Fig. 5 Changes of organic matter contents of composts before
and after fermentation

B 6 0y £ Ab BT A R PR Jo HEAR N PLK 7 AR iy
B, ] LA H, AR HENGP K A A AN R R 42
IS S RIS A R B30 d )5, T2 AL BEN VP LK
TR T 37.69%, CK1 AT 40 542 5 T 16.94% A
20.77% ; MG EEVH W SRR G I UK W30 d J5 , T4 Ab 2
N.P. K & & T 49.40%, CK2 F1 T3 2» & T
12.62% 11 18.13%. X W] BE A2 H T~ I 46 i e oo 42 1) ke 4
Nk D T HEARARER , TS B T NGPLK s Nk
W CARBEAT BT ARER ) v] $2 S MEA NG P K & &, (H
B AN K 5 T 8 VA VR AR AL B PR HE AR NP LK R
% 90K [0 A PR R S B R T 6%~21.5% AT, X 5 A A
HHBA G SH —E /MNP KICHE. Hif,PHKE
BEIREEE R TREZSE, T2HAAK P K & &5 5k
i 1 56.25% F149.28%, 11 N & = 4¢ 5 T 26.49% , T4 HE4A
(K P ATK &8 M3 = T 65.57% F158.56%, 1] N £ 5 12
1 1 38.38%, 1X A BE 2 DA by I A R IR Ik B vl T A )
P2 R RN R i R 6 U5 I Ak A 15 N AT 7 fil i
2, T PRI K ANAEAE 3401 0%, DRI, 76 VH TR i 5 BAR
WP NS ST PRK S &, (il R e, ek
PR K AN KR B8, JHL 240 o) 8 R G 3 A 385 0, X 5 86
B A5 TR 5 SR — 3,

I! 0
I P;OS

Fi 4y B Sy A

Nutrient content/%

A A A A A A A AASAASAAS A

Kb BE Treatments

A 6 R 3R RA B AT )G R AT & B R AL
Fig. 6 Changes of NPK contents of composts before and
after fermentation
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Effect of corn stalk and biochar aerobic fermentation combined
with biogas slurry spraying

Ding Jingtao, Ma Yanru, Shen Yujun, Cheng Hongsheng, Meng Haibo™, Song Liqiu, Zhang Pengyue
(1. Institute of Energy and Environmental Protection, Chinese Academy of Agricultural Engineering Planning &
Design, Beijing 100125, China; 2. Key Laboratory of Technologies and Models for Cyclic Utilization from
Agricultural Resources, Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: At present, the demand for the quantitative reduction and resources recovery of biogas slurry is increasing rapidly. In this
study, an aerobic fermentation experiment of biogas slurry with biochar and corn stalks after adsorbing and filtering the biogas slurry,
was conducted to investigate the effect of biogas slurry spraying to the fermentation, and the effect of co-fermentation with corn straw
and biochar was also analyzed. The results indicated that crushed corn straws had better water absorbing ability and suspended matter fil-
tering ability. Moisture content of crushed corn straws, after adsorbing and filtering the biogas slurry of pig manure and chicken manure,
increased from 5.92% to 76.35% and 85.72%, and the carbon nitrogen ratio increased from 42.4 to 50.2 and 51.7, respectively. Due to
the effect of corn stalks adsorption filtration, total suspended matter and total phosphorus in the biogas slurry of pig manure and chicken
manure decreased 34.42%-43.78% and 20.00%-41.01%, respectively. The adsorption and filtering effects of crushed corn stalks to the
total phosphorus and total potassium were not significant in slurry. After adsorption saturation, carbon nitrogen ratio of corn stalks was
not suitable for aerobic fermentation, indicating amendments were important assistant materials in the composting process. Biogas slur-
ry spraying and compost turning could prolong the duration of high temperature phase more than 2 times during fermentation. The addi-
tion of biochar to the compost could shorten the temperature raising period and prolong the high temperature period, which could be ben-
efit of utilizing biogas slurry. The content of nitrogen, phosphorus and potassium were found to increase constantly in the composting
process. After aerobic fermentation, organic matter content of fermentation materials with slurry spraying decreased by 10.42%-18.63%
and the total contents of nitrogen, phosphorus and potassium increased by 6%~21.5% compared to other treatments without slurry spray-
ing. The compost maturity of fermentation materials with slurry spraying was also improved. The test results demonstrated that the tech-
nology of corn stalk and biochar aerobic fermentation combined with biogas slurry spraying could be feasible to make use of quantita-
tive reduction and resources recovery of biogas slurry to produce organic fertilizer, which had better environmental, social and economic
benefits. Meanwhile, there are some further studies are needed to conduct. Firstly, process parameter optimization of the technology in
the paper will be needed. Secondly, the effect of different amount of biochar added to the compost still needs further study. Thirdly, the
technology in the paper is more suitable for gutter fermentation process, and the related process parameters worth in-depth study.
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