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R, XS FEVE AR AT, ER TR T 4 K AL [ (b, A7 AR RS 2
NG RS 0] @, X R R TR — P XS SR A ) T

AR, WARER£RVE: (Sulfite pretreatment to overcome recalcitrance of lignocelluloses,
SPORL ¥ X A5 £F 4 2 A I IR FE AT AL B2 (0BT 72 e 2 B9, (B 4k A0k e 37
D T P DA i AT M 180, T ST T X X8 AT A F 6 AT WL A B R T T 7
ARIWARIE . WHRER ShAE PR, TR BRI OR BT R 1) o-B SR 1 UGS, TR RGIER
B, HEe 5 RV PSRRI, E a-fik S5 10 1 H A0 o7 B0 I R 1 A S A% I Rl
MRS oL, M a-fik R Rmifl, AR R mamR Hh s A 0T 2 IR SR 7 it i 1 1)
A N EEACTE UK PR SR FERR £, AR REERR o S A AR R AR . E R &
Ko FEEWAED: SRVEHEFAHL, WEBEAE, (HEAE BB, B L)k
AR B TR A2 R AR T B R (13t

Wi N % (Response surface methodology, RSM) &I &3 R IG 1T 4E, WRIEL
M I E R e I S PN = ) R [ P EI NN SR s b s Ra N EIN 2 Wi = YA I A ie S
KRB TS MM, BrIRT AL R0, X I\ rh M S0 5 e v ) 5 1 v G L Ak 4
AL & AR Fi, AR Wi, LIRS SEREA A LR & EE 8V fE
B, B ROC VAR PR B FH B S SR T e vl FEE DR T N 7]« B0k B DY A BRL DR 32 % AR kAT 56
if 7 5 5L DAL 3R (1) SR AR YL TR, A G At ) e S T A A S R 2% 1 - AR 7 I E 38 SPORL
R RS FEREAT AL BRI R S AL & B, IR T AR IR R DT R R A,
SPORL V£ Tl Ab 3 7E & 85 FE 08 DSR2 354 AR A 77 01 FH v i (R Bk 4 A 5 S 35 o

1 MESEITHA

1.1 e

XS IS A IR T IR IR RS, KR RS S 5K BEDK N 12 1RG5
{5 PR AR FE AR LIZEAT oK 73 B o 3 85 JE g 3 i [ 445 43 48 AR AT 5 FH T SPORL 4k
FR . 4B 5 M SE AR /A WU BB 280.9 g kgt 4F 4 7B 80.30 g kgt R 4f 4 257.1
gkg'. AREZE 137.7gkg™.
1.2 BREZRAE
1.2.1 WHIERE A RMIHE 48 SPORL VARIA M T 2SI K Fiscin st B, AR
FVE AR, TEBRER B2 0N 0%, 2%. 5%. 10%. 15%. 20%. 25% CAHNTT Bk}
THE, ww, FFED , Wk 10:1 (viw, TRED , RMNIEE 120°C, ARRERE G R
60 min; H4XSFEE T =i R RSN, IANENT], BHRMNE, FEHEMHA R
Jo, FERNAERET, BUBENIER, A 200 BB RMESHHMTI S5, HeEPd, W
=R G BT ACUKAET, HTIE85 M, BT a5 AR & 2370 E 7
Br, BT 3 REH .
1.2.2 KMV ERITRE RN R E 508 120°C, 130°C. 140°C. 150°C. 160°C. 170°C
F1180°C, WAl &N 15%, WORHEL 10:1, ARV E IR 5 IR 60 min, FHAhZ1F Kk
Kb IRIA 1.2.1.
1.2.3 i B R e A BB e I S SRR 7] 235028 15 min, 30 min, 45 min.
60 min. 90 min A1 120 min, WAREREH &N 15%, WoRktt 10:1, MIRE 120°C, HAh%
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i Rk g D IR A 1.2.1.
1.2.4 WoRH e ORI B8 2:10 3:1. 5:1. 10:1. 15:1, WhifRE RN 15%, X
IRFE 120°C, 3K FIW e i B JE AR 1E] R 60 min,  HAh &4 Bakie b R IA 1.2.1.
1.3 Moz X3 T

PR AR ARG 45 R, 15 B)) Design-Expert F 44X i N7 1 iR 36 3547 Bt b7 B 26 AR AL
DO AR RS FH B I MRS« Bl R TB) . ORI E N 4 N AR, A AL B,
C. D, AHZEI 3 MK, Bih3t 29 AR & i B7 1 /3 Bk ae,  CARS ZE[E A= Bl
R (V) AEAWNAE, @EALEVEATRE; FE5m N AT A, 44 R T 43 211
SHHET RS FE SPORL AL FE SR IE IR LS, LB A= M0 WL -2 B i T 5 szl
B, IRIERRI AR SEE, DR E BRa AL 45 R
14 SHAESHIELE

PR 43 M R F AR AT Wb v N'Y'525-2012%2 e (gt s 7 v A LIS 2 B i il s SR
BRI A RE, 4R, FA%R. ARESENERM NREL (National renewable
energy laboratory, 3% [ [E 5 nf Fi2E g i 55 ) a0, seid$diFI A Design expert 8.05b 43
Mg F 4 57 22 8 IR [l AR AL 5 R

2 4 R

2.1 EEREFBEE Y BHR S ERF M

SVt P e FH) 2 0 X 35 [ A = A WL sz e AL IST 1o AR mT DI IR, At e e FH 2
1E 0%~15% [A]IF, A AL 7 mBE A WA ER s F S Fh i A&, R B H ik 2 15%
I, AHUREEIAT] 278.7 g kgls 1024 AR ERE: B KT 15%I, ALK & &2 TR
B3 & TR ERE A B A2 N A RSB N B2, TR R A N AR R AR ALK
B0 SOsZ M HSOs', EBEA R 2 (IR A 358 10 SO 1 e o8 A ot S5 56 10 v 1y
SN, AL, AR ER R AN 2R TR R B E A A MU S . R, B L
AT DA AR PR F B R a2 10%~20%
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Fig. 1 Effect of ammonium sulfite on organic matter content in chicken manure relative to dosage
S5 JEE 0T X AT WLJTT P e ) s DL PR 20 s N 3 R P 738 A S X 38 rh A Joit 3% PR RS A6 R
IR BB Bk, IR H., & AR P B AL J5 AR B B Eh B SR A HERE . &
2 M, IRETHRE 130°CHY, XA WU A Rk FIR M 319.4 g kg, X T AR BT IR
kT 130°CHY, ARBTR BB = TIF A, SRS T 130°C A B & ERERHE
JEMBE RN, ZilE s T 150°CHY, XSIEHEHLTE BAE TR B8 858, R E
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IR T N ERE W R R IR, RAEESE VU S E K. Bk, fER 2 Ha] DU E
5 N i P ) Y L 2 120°C~1407C .
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Fig. 2  Effect of reaction temperature on organic matter content in chicken manure

o UL PS5 R () 6 X 26 A BT 7 = P sl L P 3 e vk P 1180 (Rl 1) ] A2 i A
%ﬁ@ﬁ%ﬁ%%ﬁﬁﬂﬁﬁ%ﬁm%%mﬁﬁﬁ,mﬁ3ﬂﬁhﬁm%ﬁﬁﬁﬂﬁmﬁ
15~ 45 min i, 3SIEHUR S E R LT, fELNE 45 min A PUR & 2183 m1E 302.6 g

s MPRIRET R RFSE S 60 min EASIEA NGRS E R FRES, 90 min FAEVUR S EB TP
$0@3¢% & [E A =0 WL B B E 55 v Y T 1R R LA 18] 9 30~60 min.
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Fig. 3 Effect of highest temperature holding time on organic matter content in chicken manure
WORHE RS SEAHUR & B2 W 4. HERTAD, S0RHEAE 3:1~10:1 Z BB, X5
[ AP LR & R BT, EMORHELA 10:1 A HLBR & BRI 1l 278.7 g kg™
AMEHLTH R E 15:1 EEIEAE R & B GE S IR . RS AR T XS SR YA
HUF S S AN . H1 & 4 W] DARA 52 0K L BRod Vi 6l 2 5:1~10:1.
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Fig. 4 Effects of liquid solid ratio on organic matter content in chicken manure
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gL, Zabxt R ARG R IGHT, T UARR 2 AR R EL & B AF 10%~20% 2 [7]. 3
TREAE 120°C~140°C 22 [A] . iR} [A]7E 30 min~60 min 2 [a]. WORIELAE 5:1~10:1 I, 492 [
PR BT Fr Bk B f s Y
2.2 SPORL JEFRA I T ZHIMHL

Rt — ARG SPORL VA TRALFRSE m A =W A WL & B AL T2, i madm
DRI ZARFE S, SR PR SETHT 40 Bri2s 1) Box-Behnken 56 T J5 ELEE AT 1 S T 49 B 1R 563
BARRIG T IS R 1.

T e B 1) 2 s ik BLERL S, AT BRI EHE (A, %) RNRE
(B, C) . i EARENTE (C, min) o R (D) SX83E[EAE VRS & (Y)
=R BIHTTHRE, anF

Y =3212-19.63%A+4.43%xB -1383%C - 6.67>D + 287 xAxB +10.25 <A xC -127 xAxD

-567 B xC +2390%B xD + 2137 xC XD - 4573 xA? - 2340 xB? +100<C? -1183xD?
1 MM EIRE T FIZER

Table 1 Results of response surface experiments

2 Factors

o _ . o N Y AP R
e A IR AE BRMNREE  C mEREMENTE D Wkt :
Organic matter

Number ~ Ammonium sulfite Reaction Highest temperature Liquid solid B
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 3154
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 2335
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
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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 10:1 323.2
27 15 130 45 10:1 314.6
28 15 130 45 10:1 327.2
29 15 130 45 10:1 318.5

D5 MR LIS R, AR p /N T 0.000 1, 5B IZ AR S BRBUE LA
BB L 35 R (p=0.498 1) AN, ULHHIZ R 75 FE v % DR 2 S5 N AE 2 (a1 0 &
BRI o ARHEIZ[EA TR R B M T A3 B R R P s OB . GRIRI TE) L Ok
ECI p B3/ T 0.05, $EBHPYAN PR Z0 S FEA ML & & B 2R MERUSIE 2132 2 K TR #%
Rl SO B R BRI p B /N T 0.000 1, 13 B I = AN BRI 28— YRI5 R0 1D 5 M ik 21
FAKPs RRETTE (p=0.62) RIS AN, 10 NS 73 515 AR I T R R L R 22
FAEF . EAR R B S R m e 1] A8 ELAE S AT it 1) 5 0k L A2 FL AR S B 2 . |
KRR 7 225307 AT 5, BRI e e 240 R? 9 0.987 8, T b R BT R%g 9 0.975 6, R*-R%y;
<0.2, ULHIRIRZRUN, TRIE S SeMME T {5 B s, BB T DL 1560 38 3 [ 4 =
VI WU AT S A A .

23 REEXEEAFEESNREENEIN

Wi S TRV T R R 6 LRI TR 2R AL By C D S5 E AU RAAE Y 22 [B) 44 Al ) = 4 25 1A 1],
RES L0 b 5 i 2% DR 2 DA R 8% DR 2% 22 1) R A8 TEL 8 I ko i 7 PR SR o 368 3 6} 50308 (K 4804 20 A
AT DAY B R B P i OSSP PR LN 8] ROk X A AL 7 e 1) — 4k 2 ) iy
M, WK s,

HE 5 (Q)r A1, EARER L 5 I N FE i ma B R V28 HE sk 2R, X il i AR
Wk 5 ONIR AR BAE AR ZE . B 5 (D)1, 24BN 130°C . Wkl N 10:1.
PR R FH B 15%. AT (R 45 min B, XS 2EE A=A PR & 1A B 5ok (E 322.6
g kg, EVHRERE: A S HE 52 EAE R R . B S ()T A, 4R MR N 130°C
TRIRS R4 45 min B, A3k Eb ik o7 i T, 0 R e FH 2 1 i o2 TR B, S i 2k
AR FERLOR, 150 BH I B OB e FH B 6 A WL & B s M BBk L By B2, HLR 3 128
HAEHEmARZE . 5 ), HmREHEN 15%. R 10:1 B, FE A ORI ]
P3N, XS FEEAF=YA VR & B2 TR, MR MIRETE 120°C~130°C X (A1, AL
SRR LTS, URNEEET 130°C/E, AHURE FREEE, HIR NS SRR TR
LHAERE R AEE. E-5 @ME S5 ()F, KBHRESHOR . SRR R R 5008
LHAERRAREE . B 5 ()T Ui HEH 15%. fRIRET A 45 min, RFEEE N
130°C. kL 10:1 I, A HUR SRk B HoRE AN 322.6 g kg™, IR TEAS 4k 75 14 K145 5
2R KT NI FE R AR T ), U5 B PR T T ) S B X A LR & R s o 3, X
FHESHTER B B5@)F, PRI RS0k AR T ) 1) = 2 i T A8 e P 308K
X B LR T 8] 5 00K} O XS S R P2 MU & R R, MR IRER FH &N 15%.
SNIEFE S 130°C . AR 1] 30 min, WORHEL A 5:1 I, A HUR S8 N 347.7 g kg, ik F]
. B 5 s =42k EIH — AT, BB PR & BRI ROE, HIEn DAEARTGR
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5
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Liquid solid ratio Reaction temperature (°C) 1560 . %M*EXE&D‘?‘”E. .
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H: (a) WERERE: MR BIREZE HAE M (b) TEARER E AN e i B ORI B R A2 BAE () TEARER
BEANORHEE A EAE R (dl) 50 RNE Ik B AR e vl FEE DRl N ) (R 52 ELAE s () e Ll BE ABORE L R 28 ELAE A
(f) i 5 B IR N IR AR EE B9 22 HAE AT Note: (a) Interaction of ammonium sulfite dosage and reaction
temperature; (b) Interaction of ammonium sulfite dosage and highest temperature holding time; (c) Interaction of
ammonium sulfite dosage and liquid solid ratio; (d) Interaction of reaction temperature and holding time; (e)
Interaction of reaction temperature and liquid solid ratio; (f) Interaction liquid solid ratio and highest temperature
holding time
5 H DRI H AR RIS A3 HLTT S R0 ) = 4 i 1 ]
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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AR 3ok 7 T R (R AR ) o AT B, ARG IR R I ACTYE L2 N, T DU S A A i 2%
A AR ER e & 13.38%. [NIRE 126.8°C. {364 18] 30 min. WRHEL A 5:1, fEIL &M
XS E AR A BB S R I TRIINAE A 3 359.1 g kgt B REIRG (1K T2 bR S UL R AR AT
T, KRR AT G, RN R R B 13.4%. RAEGRE N 127°C. R
B[ 30 min VR 5:1, FFHEAT 3 AT IGIEIREG, 30 UE IR0 45 SR NS 3 AR e
HUR & & 365.8 g kgt, ST MImZEH 6.7 g kg™, Sl 5 FME BT, 1R iZ R 7
FEXE XS S [E A = P LT 25 B 1R 43 B TO0N P S A o E b, TRAL RIS RS ZE [ R PP 4 4 2
A YE RN RSB 7 66.03 g kgty 107.2 g kg™, 27.30 g kg™, AL i kb FE )
MGFEAALL, AdiR. PARER SRR S EHMEIC, WAL SPORL VAT B IS R, F4F
PFKMRES, FECEA%4R SRR AT RS B HBROR i T XS 38 [ R 7= A R
55 AR R B R AR S S, AR R o B RS £, A T 2R B R SR 1 iR o PR P 858 I Tk B i
o Uk P B R 8 — T (VT T, 3R VAT 48 5 LA T B R  FE BT (R AR T R 4 S LA R A ol 3R
WERR S — 2 ISRk, I FEOR R & =21
3.2 SPORL A EERZFMIEEBH RS ERNIE

SR CEHIEEY7 SN 1 - FUE 2N T SRV SN P CE el Uy i S K /P e
HEEESE SARTAERED, BHARRTIE, AT A7 7 o iR &
ENXTRGIEHATAL R, AEROK TR RIS, T DA S A = A MR & &, e
258 (B AL R FE A1 - F SPORL 3 T AL B rhte 3 S 4E P A3 P 2R 12 SE 1k SO A HS Oy,
FATT AT AR JFERL R AR R a-BR BT, 75 W2 I R Hp o= A S B IE B T A SR A R T
IR R, BEJE BRI RR Eh; R, 7EmiR s R, Retg AT A SRR £ 7 S
FAR A AR, Ak 2 R R FA MR £h, M OCHEFLR A, BB A 2R 5 J 1R 6 724
WRERE IO v, FLbiAT AT B oy LR R o1,

ZHFFH N, SPORL VATRAL B FE A5t 26 IR A AN B B B B, Poldch B0
AR T B ER LB, F A AU (1) MIREZRH E A% 130°CHY,
RS FEE A= AR &= 2 TS, IXATRER T AT 2 B R SO AT, A Y
R A T 2 = T e 7 — D7 T T RER T RO R A B (LRI ER ) K&
BRI, BN REISAKR AR, RS2, (2 BE%STHEE 150°CH,
AR EERIG A& T 150°CH, SEEANUR S8 ETRE S ERIK, XrlfZH
FREAL S Bk SR AT , AR R IR 25 1SR /K MRS 5, IR AC I3 2R 1RV HH TR I i TR AL %,
6 UF BRI AR 25 B 1 B B A0 B B T O A e, A A R R T RE S R
FTAEDAE A, T TEIE 203E B R R RR S — e i (] (1 [T, AT DA EAC o R R 3R 1 R A 1k
HERE, BTRL, & AR RSO A B TR m S S AR A U S & AR ER B S R A
B F H SRR SO” M HSO MR MK, R HEA R ZR AL S AT AT 38 i
FEVI A LT s O B AR R i FH & T DAY RO TR 2 T R 5k s tH R, A =
MUTE & fE P A o 170 B e B RN (D L SR (R VBOARk LAS A o 2R e 2k P 7 HH R P 3 K
SO A 2R R L P S T AR, RIRH (R AR 2 BIIAS, &R BIRIR % . [HARE
B, TER AR SN R B R 2 R A 40 A RS, BEAL AN & S B8 R AR TE R — 25 6 B T
W) o-B T b, BRI, PRARE A ORI R AN RE AR S AR T A [ B, B DAFE TR B A2
TR N, AR TR S AT I8 i B R R e A T2, 7 4 1 7
RS TR TAL B AR LA AR S = A NUR & B A & R R EEIER . AR T —F
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% SPORL A TRANER 5 XS FE [ 7474 (AL A EEAG R N A, RE T WA )38 SPORL 2
XS FETRAL BB, JREXG S [ A= Mt T 3, SR HS R IRAE T 15

4 75 %

V57 R B A BN 36 J P [l A P A LB 2 B o T B PRI B A 2R, Je i 7 T
XHRIEREAT it A Design-Expert #AFXT 2 Jolml A5 REBEAT 507 20 M, S5 RR WA
VAREAAY R 2%, LA RCR B, 1R R RT DLAER A ROt T SPORL i TiAL BEXS S (& 474
AU R, IS RER T B BRI Ha AR VAR AR e A S X 13.4%. [
RN 127°C L Fe i B ORIGLN 18] 29 30 min YBORHEE DY 5:1, HA ML & & A FINME = 359.1
g kg™ IRUEIRIGEE N 365.8 g kg, SHUME S HUME BT . SPORL VXS 1S 38 FHALHR (1 4L HE

(ipeims AT

& F X Mk
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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, 5:1~15:1 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
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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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