HSSEH AW
2018 47 H

Vol. 55, No. 4
July, 2018

+ o il
ACTA PEDOLOGICA SINICA

DOI: 10.11766/trxb201709250365

SPORLEFIACIBXM BEBHN RS =2 WA EMEH

v

hE xEH

FEW k& B fmk TEHE

(MR IR SR S R BE, KE 130118)

TPz W %

m = HI TS FEMARIRE S, B g Fe e By B, AT LR BR S Fe b i bR A TEHLAY
HFERE > SRR, BHEALRKT)S, FIHSPORL (Sulfite pretreatment to overcome
recalcitrance of lignocelluloses, SEARARER VL ) 100X 288 [ AR FR 43 #EAT AL 3, #8337 B N RHE A
BRI AT PR o AR e AR PR B, DL IR B i (AN TIOR8, w/w ) o ROV . femil
FERRITTE] . ORI Cv/w ) AR FE R R, el dE AT D Rl . 45 R RMT . W AR B 1 7
10%~20% . S BE BEAE 120~140°C | 5 o i B ORI I 6] 7E30~60 min L KBOREEAES = 12 15 ¢ 1{E ]
W, HPWA LS A . A TR R IG5 A, s e RLE ,  DAXS 2 A A LT A
BLAEbR, X RE AT B I A S B AR P o 45 R W 4% DR 30 o R R I 2, EL [ DR kB 2
KAV, 1A 5 R AT A e b UL S TR 5 O R A A A T X 2 A A LT TR A R R
W BN RAL M. 5, BiE B AL B AR . TR IR B 4 13.4% . SOVIRE N 127°C | fieres i
PRI} 30 min. WORHECAS 1, XRG4 DU & B 0359.1 ¢ ke, SRiE R4 RN
365.8 g kg, WTEIIGLE B S WG AN 2E 6.7 g kg, U R D7 RN X 2 AR S A WL
fR9 53 B U AT SE A o DRI, SPORLYAX XS FEHEAT AL Bl Al 45 24 HLBT & 8w I R 72 1, %45 2R
FTEXSFERT AR A= 7 T rh B BEAR 5C B BRIR 48 S R S .

XHEiE  SPORLL; X9J&; AHLTSHE; Wk, HEEHME

FESES X713 XERFRIRED A

Wit 2 i [ BLAR A M A 7= 5 24 1k DL e LA A6 1Y
K, wEFIIKEARTR R, B, fEEES
TR ASE KA R I & B S IR 5 e, R
e [ Al mT 5 252 A S e I I 1) LR PR, TR
B B FEE 0 F L AT IR AL A B i 1 i DR Y )
R 3R R A 2 S A A O 2 IR A
M, sEEMEEERm. . A, A, BELR

W, HAL PR EE AR FFERMA
PR A, HAWKMIEEA 2 E . o, X3
TEITA & &M 3 Sr it o i TRk
MTHAE R G, X3 A M IRRER 22 58 4 R FF 29
40%~70% 1) E F= 90 AR RS, S A 25 i [
W BRI R LY LB, AR 5
TREWLAER . FAYR . RRRE, AOEE

* [ E AR ITRITIE (2017YFD0201801 ) Al My BT B RFHESRIF LI (20150203004NY ) L[ BEH) Supported by
the National Key Technology R&D Program of China ( No. 2017YFD0201801 ) and the Research Foundation of the Science &

Technology Agency of Jilin Province, China ( No. 20150203004NY )

+ 1 A # Corresponding author, E-mail: wujingguiok@163.com
EF TN BgAE (1992—) , L&, WENIHMEIURA, BUEagEA, By 1n ol i se s Ak R . E-mail: yaoyanying@

foxmail.com

ek HI . 2017-09-25; YeBMEmES H: 2017-11-16; fL2ee i H ) ( www.cnki.net) : 2017-12-08

http: //pedologica. issas. ac. cn



848 + e

S ¢

55 4%

HIXGFe P R TR & e SR AT ROR B R & i
T RS FEME N AR S, TR B A 4
R IA) ] A 2 B, AR XS S i R RN
ARG AE )R, 30l e 23 oK — o 00 2 bRk fie
W7k

P4, WARARER L (Sulfite pretreatment to
overcome recalcitrance of lignocelluloses, SPORL
) WK BT LR 4 2 A AR IR 5 Wy kAT AL B A 5
Fege 10T (A Lo A T T AR S B T
DA e 3 ARAT o, T R PR R 6 A 2 AT b B
FEXTA AL 12 5 06 A 90 0 oK LRI o A R R
TEPPEZRAET AT LUBE 2 S50k R B R 1Y o -k Jit
TR, JEROEmRE T, HAES RN bRy R
R R N, TE o - S5t 14 TE H o 37 3 I R A
AR BT 8 o -BEIR , AT o -k Jit 4
b, AR TR AR A s AR TR R R R 7 v Tl e T
26 T R FEACTE R B R S AR £, KRBT RIS
FEIRER T S A AR BUR B ARG « W R A AR T
WANLAS; SRAEH AL, PEBEA AR,
{25 FIZH B ARG, BT AR AR T R R A R A
TSR IR TRl

M )7 AT 7% ( Response surface methodology,
RSM) & FI & Byl s it o i, M4 2 oo
H53 M7k, A G PR AR 5 b 2 ] Y R EOG A%
30 X [ 5 75 A R e 7 T 6 B R SR e A T2
S8 RTBR AR R, A FE A T TR
2 B T B S A v AR P A L 5 s ABESY
o, AEAGTR R T AR R B, LS S [ K 7=y 1) A AL
s AR PR R bR, H AR R B I B R
TR BE L e ey U R DR IR N ) L VBB Bl A B PR R AR
PEIEAT IR, 0E & R R SR L, e
filt b AR T w17 T ARG AR R R A A . AR IESE B TR
i SPORL X Xt 3 47 T AL B IF 4 2 H 7™ 1 A L
B i, RS HAE T IEEE Oy A w] A I, R
SPORLIE Tl ib PR 7E & & FE18 DL SRl 2 5 W HE A
A 77 R FH v B P O R R AR S

1 ARSI
L1 g

S B X I T R SR T R SR G 3,
K B i 0 2 5 K 7 EORLK FE o 1 298 A J5 T IR

TR H B AK MLHEAT G 7K 53 B o 0 15 I X0 288 1 1 44 3
A2 HIR T 5 I TSPORLIEAL B . 4385 J5 14 3
A 20 A5 WL &5 b 280.9 g kg 4R S
80.30 g kg™, FLF4E%257.1 g kg, KIEZE137.7

gkg's

1.2 BEZRERARE

1.2.1 A R B FH o 1) T ik HHESPORLL Y
ZL T R S L R TS A R, LI R 4 A

FpEART], R B = 3 5 0% . 2% . 5% .
10%. 15%. 20%. 25% (MXIFIRETE, ww,
), WRH10 21 (viw, FRED) , RV IRE
120°C, A BB IR EE S IR IR60 min; MY FEE T
R RN, AR, AR, I
FRURMIR s RN ZEHRE, O AR 2R, U
ZWJERL, FH200 B2 B MASHEATEIE B, JFUE
e, WA IE R B T4CkA T, TR
SR, A= BT I e A P AT
30T, B3R ER
1.2.2 S0 B 1 0 S S e ek B 43 5 R
120°C . 130°C., 140°C. 150°C. 160°C. 170°C A
180°C, WHilREH & R15%, WokEHE10 @1, &
B 5 IR S AR 60 min, Al 5 Kk 56 A B[R]
1.2.1,
1.2.3 g e et 5 DR UL IRF [] 74 9 6 ik BB E IR
B S IR AR 43 ) 15, 30, 45, 60, 90F1120
min, WHRREHE N15%, BRH10 01, VIR
fE120°C, HiAth Z5 0k Soakse 0 3R W] 1.2.1
1.2.4  WORLEE Y 7 Wk 32 0 1, 3
1.5:1,10:1, 15:1, WHREHEN15%,
SR BE120°C, 3k B 8E IR BE IS O TR T 2 60
min, HAbS SO0 PR R 1.2.1,
1.3 Mgk Eit i it

G R R 4528, B Design-Expert4X
At e 1 TR B AT T T B AR AL, DAL
PR i e . SN BE L e e TR ORI B R L VOB
AR Na A&, srilidc 4. B, C. D, &4
R B3AIKE, BT 3E294 10505 A5 0 me 7 1 43 Bt
R, DIXGIEER AL S (Y) ARy L
B, @2 EIHJ R JF 5w R AR A TG, 4%
SERE TR 000 15 2] ) 2 Bk 47 X8 FE SPOR L i b 3
HY SRS, AN 2 [ R 7 A BT Y P
HS5SCME, KuEE R AT e, DAR 2 i s A

http: //pedologica. issas. ac. cn



4 1 RIS . SPORLYATIAL B RS IEAT HIL I 1 2 K

Il SR A 849

(&P
1.4 A ESHIELE

7 9 530 R AR AT AR N Y 525-2012 2
TR T s A HILIET S B Y I R B TR A
Bk R RARER . KRESRIE
K HINREL ( National renewable energy laboratory,
S KT AR REIR LI R ) Bk SeR B A
HiDesign expert 8.05b4 AT 4k {4 37 22 70 — ¥k Al 4
RIJ5FE

2 45 R

2.1 BERMBERKREMEINRESER M
VL PR e P X X 2 R 7 W A AL T
S UL, N AT DLR B, B R A AR
0%~15% 5, A HILIT 14 75 ok Wi A7 S0 2 B FH a 1%)
TR, AR ER B A B 15 %R, AL
KF1278.7 g kg5 M 2404 R B FH R K T 1S5 %M,
AU SR TR ER G E, WHR

_ 3¢
o 300 -
S 280 ¢ -

juc § 260 /

EE My b o

=3 220

®E 200
2 180 f
2 160 " . . " " . .
S 0 2 5 10 15 20 25

T B A4 ] it Ammonium sulfite dosage (%)

P B R B FH of 39 Z AT HILITT 3 A 52 )
Fig. 1 Effect of ammonium sulfite on organic matter content in

chicken manure relative to dosage
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Fig. 2 Effect of reaction temperature on organic matter content

in chicken manure
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Fig. 3 Effect of highest temperature holding time on organic

matter content in chicken manure
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Table 1 Results of response surface experiments

% Factors

Y AP B

A=) A WM b B RS C 5t 18 Ik 32 A3k 7] D WRLEG _
Organic matter
Number Ammonium sulfite Reaction Highest temperature Liquid solid o
content (g kg ')
dosage (%) temperature ( C ) holding time ( min ) ratio
1 10 120 45 10:1 274.9
2 20 120 45 10:1 227.5
3 10 140 45 10:1 270.5
4 20 140 45 10:1 234.6
5 15 130 30 5:1 347.7
6 15 130 60 5:1 279.5
7 15 130 30 15:1 298.1
8 15 130 60 15:1 315.4
9 10 130 45 5:1 289.1
10 20 130 45 5:1 253.1
11 10 130 45 15:1 274.6
12 20 130 45 15:1 233.5
13 15 120 30 10:1 298.8
14 15 140 30 10:1 328.1
15 15 120 60 10:1 278.7
16 15 140 60 10:1 285.3
17 10 130 30 10:1 319.9
18 20 130 30 10:1 261.8
19 10 130 60 10:1 273.3
20 20 130 60 10:1 256.2
21 15 120 45 5:1 315.6
22 15 140 45 5:1 275.1
23 15 120 45 15:1 251.7
24 15 140 45 15:1 306.8
25 15 130 45 10:1 322.6
26 15 130 45 10:1 3232
27 15 130 45 10:1 314.6
28 15 130 45 10:1 327.2
29 15 130 45 10:1 318.5

HREH130°C . OAHEEON 10 @ IF, AHLR & EE BOREXA YRS B Oy ¥, X5 &
Bl R 7322.6 ¢ kg, PRIBRBSEVZEATT M M5 BrAOSER—20 BI5 (F) hr, PRIEITA] 5808 22
1o 2 R T SN B A DT 1), U ORIRINTTR] AT ) B8 = 4 g TS TR R RO, X U PR I
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Fig. 5 A 3-D surface diagraph of effects of interactions between various factors on organic matter content in chicken manure
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Effect of Pretreatment of Chicken Manure with SPORL Method on Organic
Matter Content Therein and Screening of Optimal Conditions

YAO Yanying WU Jinggui’ LI Jianming FAN Wei HE Ruicheng WANG Duchao WANG Caiyun

SUN Ling
( College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China )

Abstract [ Objective ] Thanks to its peculiar shape, fresh chicken droppings or manure, after solid-
liquid separation, can be processed easily to remove sands and other inorganic substances therein. The solid
part of the manure contains a large volume of lignocellulose. After being air-dried naturally, the solid part
was treated with the SPORL (Sulfite pretreatment to overcome recalcitrance of lignocelluloses) method to
explore feasibility of recycling the part as fertilizer. [ Method ] Ammonium sulfite was used as catalyst, of
which single factor tests were carried out to assess effects of four main influencing factors, namely, dosage of
ammonium sulfite, temperature, temperature holding time and liquid/solid ratio. The tests show that the solid
part, 5 1 1~15 : 1 in solid/liquid ratio, pretreated with 10%~20% of ammonium sulfite (relative to dry weight
of the solid, w/w) at 120 ~ 140°C for 30~60 min was high in organic matter content. Based on results of the
single factor tests, conditions for the pretreatment were redesigned and optimized with the response surface
methodology and content of organic matter in the solid as response indicators. The Design-Expert software
was used to analyze variance of the multiple regression equation. [ Result ] The following findings were
obtained. 1) When the ammonium sulfite dosage varied between 0% and 15%, the content of organic matter
increased with rising ammonium sulfite dosage, but when it above 15%, the content decreased significantly. 2)
When pretreated at 130°C, the solid part was the highest in organic matter content, reaching up to 319.4 g kg™',
but the content turned downward gradually when the temperature continued to rise. 3) With the temperature
holding time and the liquid-solid ratio increasing, the content of organic matter in the solid part decreased
gradually. To sum up the content of organic matter was high in the solid part, 5 : 1 ~15 : 1 in solid/liquid
ratio, pretreated with ammonium sulfite 10% ~20% in dosage at 130 ~ 150°C for 30 ~ 60 min. And it is
predicted that the content may reach as high as 359.1 g kg™' in the solid part of chicken manure, 5 : 1 in
solid/liquid ratio, pretreated with ammonium sulfite 13.4% in dosage at 127°C, for 30 min. In validation
tests the content was 365.8 g kg ' on average, 6.7 g kg ™' less than the predicted, which indicates that the
regression equation is reliable and accurate for use to analyze and predict organic matter contents in the
solid part of chicken manure. [ Conclusion ] In a word, in chicken manure treated with ammonium sulfite
as catalyst in a reactor under high temperature and high pressure, lignosulfonates is formed and then turned
into humic acid which contains mixture of lignohumic acids, fulvic acids, and a smaller proportion of low-
molecular organic compounds. This method can be used to improve chicken droppings into organic manure
with high organic matter content, and increase the value of value-added utilization of waste. So this method
may have a good prospect of application to the industry of turning chicken droppings into organic manure.

Key words SPORL method; Chicken manure; Content of organic matter; Response surface

methodology; Fertilizer
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