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e R WG A K 345 BT AL R 30 d VS HC EE Oy 4 1B 25 FRGe PERE SO, B Be ™ 38 7™ PR e i 0 e AL SR 3 B FR e 32 43
HiEF) 354.8 mL-g”' VS.93.3%.0.88 L+ L™ -d™'. {FIRAS Wkl s 3% bb (9 i , T 2R 40 1 A 100 o) JRURG: o bl vy o e bR 3 35 3
12.1% 28R, VSTCEE o 41 1B A U5 B8 2 M B A2 VS ECEE N 10 LIRHAY 1.47 4%, 1551 223.2 mg- L' WFST R, 15 28 S RFHR & TR
VSECEL A 4: 1(BE R Y C/N=22~23: 1) B, W $2 g e IR i AL AR RN AR B e 38 5 [RIEE , 20 0} TS Wk BE AR T 12.19% (A3 AL fuf 26
H2.87 g VS- L7 -d™) AT BEAR D & e R ) Uil BRIV TR AR E 121 1

KABIA HEA FAAT s PR IR R 7 TP bR

HRESEES:XT] SERFRAEAD : A EHE:2095-6819(2021)02-0305-12 doi: 10.13254/j.jare.2020.0162

Effects of feedstock concentration on methane—producing performance of anaerobic co—digestion of pig
manure and rice straw

GUI Lun', CHEN Sha-sha', HUANG Zhen—xia>, YU An', YAO Jian', CHEN Liu—meng"

(1. Institute of Applied Agricultural Microorganism, Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China; 2. Jiangxi
Agricultural Ecology and Resource Protection Station, Nanchang 330046, China)

Abstract: To investigate the effects of total solid (TS) concentration on the methane—producing performance of the anaerobic co—digestion
of pig manure (PM) and rice straw (RS), batch bottle tests were carried out at volatile solid (VS) ratios (PM/RS) of 1:0,4:1,2:1, 1:1,
1:2, 1:4, and 0: 1. Furthermore, continuous fermentation experiments were carried out at feed concentrations of 4.6%, 7.1%, 9.6%, and
12.1% TS, with VS ratios of 1:1 and 4: 1. The results showed that the methane—producing performance of VS ratios of 4: 1 for the mixture
of PM and RS was the best in batch bottle tests. The methane production potential (P—value ), reactive power constant (), the maximum
rate of methane (R.), and its arrival time (f,..) were 380.3 mL ¢ VS, 0.098 d™', 37.2 mL-g" VS-d”, 4.4 d, respectively. When the
hydraulic retention time was 30 d, the continuous methane production performance with VS ratios of 4: 1 was better. In the continuous

fermentation experiments, the specific methane production, methane potential conversion rate, and volume methane production rate were
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354.8 mL-g" VS, 93.3%, and 0.88 L- L' -d', respectively; however, the higher the proportion of PM in the mixed materials, the higher the

risk of ammonia inhibition. When the TS concentration reached 12.1%, the free ammonia concentration with a VS ratios of 4: 1 was 1.47
times that of the VS ratios of 1: 1, reaching 223.2 mg-L™". The results indicated that the VS ratios of 4:1(C/N=22~23:1) of the mixture of

pig manure and rice straw can improve the conversion efficiency of fermentation raw materials and the yield of methane by volume.

Concurrently, the feed concentration of TS was lower than 12.1% (organic load rate was 2.87g VS+ L' +d™), which could reduce ammonia

inhibition in the anaerobic fermentation and ensure the stable operation of biogas projects.

Keywords: pig manure; rice straw; feedstock concentration ; co—digestion; methane—producing performance
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25 MR, BEE I & 7K K it i vt 2875
WA T TR, R SR A A TS 1 TS YR IE A B B 2,
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S M 8 FE 91 (Volatile solids, VS) T fif 5% ot T & 1
A, B TR SIS VST N 1:1.3: 1/
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N) W JE /N9y 5 & R (Volatile fatty acids, VFAs) ¥
e R = 2R B8 )E (Total inorganic carbonate, TIC) Fi
VFAs/TIC A BB AR H , 73 Br H 2 PR AAU™ H e 4
PE, U S JE TR 5 RAT IR UK B L 250 TR 42
HERRIRARHE FIH A SCHE

1 MREFE

1.1 ZBEESEMRY

B E R S I [ VLV A AR B B B O B
[Tk, 2 T R BR sh W) B & F K F5 2405 &
T4 COKH A28 FH s REFFEL A VPS8 RO BBk
TR T, B AR I T 5 PR LR 6, i 16 B
i (291 mm) , & FH o R ECE VPG4 B % b
VRS ik s A T TR ST R R T v B (i SR
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Table 1 Basic characteristics of raw materials and inoculum

HHH i T B
Index Pig manure Rice straw Inoculum
TS/% 21.5+2.1 88.6+1.2 3.9+0.8
VS/% 14.4+1.5 73.8+1.5 2.3+0.4
C/% 7.8 39.6 3.7
N/% 0.6 0.6 0.4

C/N 13:1 66:1 9.3:1

pH — — 8.0
NHi-N/(mg-L™") — — 2012.2+78.4
VFAs/(mg-L™") — — 185.4+21.3

TIC/(mg-L™") — — 3165.1£184.6

12 R EE
1.2.1 fER PR K i g e

AR B SR FH 4 B 8 B BT 13 Bk R 4
(AMPTA?®) , 1 % #it Nova Skantek 23 7 BF il . iZ R 5¢
o3 R ACKEERIT) (B ORRMESAM T L COR B
I ERIT) 3O, i A BRITAH 15 R,
A R TR CAT AT 9 2 S S 45 00 3 () AL AR A3 4 3=
4t 5 BEICA 15 WO, AW IBOR N 245 3 mol -
L7 NaOH ¥ 9 , FH AR BEEHA A i R 1 S (HoS
CO, %) ; CHIL N e SR R G0, B AR 5 5
AELE AR SRR, LS AE K ZE SR R
Hh R it A R S B FE A e P I, S 2 SR 1 R o
SRBAE B AR DL (0 °C, 101.3 kPa) T AR, 52

http://'www.aed.org.cn

KR R (37+1) °C, #5420 8] 30~68 d (L1245 H
Lt/ N TR AR 1% M 1E) o
1.2.2 ELLRA KRB E

T S IR AR R T2 R AL AT e 1 IR AR R I I
Nige (1), iz & ACRBERIT) (B (FRME AR
B 1 CCHRBEAARFRIN ) 3 S B0 . o A BT I
H Fi# Nova Skantek [ 2 L2 R K e hE |, B4 & i
TR A AT I8 4 S A AL P R 45 B BT IC A 3 mol -
L7 () NaOH %5 ¥ DLW B VA <0 Al 2 1 <k (C oL il
HLS %6, A L ERES 7 A R I 5 RRR) 5 C o
JCR FHHEA ISR i R e (AR

Shy kG DR UK T RE A I B SE TN ORI I | ke A
HEEHIAE 1.8 Lo 7EIRE IS8 sh 3097, In A2/ 4
7.688 kg(TS=3.9% ) FI§# 3 2.456 kg (TS=6% ) , i 4t /K
InE) 1.8 L dR-A REEY TS=4.6%. KM P e 28
B 5, A AR FE T I HE AL ) O AR R IR AR
30~45 s, DAHE & IEE P 3 25 A, i DR R T 1) DR AU A
Be 48 37 CAAF R U T & 1k, B 2 R BEREN
H = B AR T 100 mL-d™ i, PEA % 22 R 48 R BE R
BE ;7 2 DR AR e T 1 T 7K T 4 1R 4 o 7 (37 =
1) °C; K TR H 4+ 6 1, K 30 min,
1.3 RIigItT
1.3.1 #ERIREA K I

PRARR BEHERVIIAE 37 CA41F T IREHE IR 5~7 d,
DI /D He Rl B B i = W e i o TR JRORE g 2
AR VSBC EL (PM/RS )% 7 AN AbFE (52 2) ARk K
0:1.1:4.1:2.1:1.,2:1.4:1.1: 00 F3C VST L4 LA
PM/RS 1) , F A4 L5 3 A~ F A1) S 0 2o i rp 42 i

2

ol &

W

in

7/

ANAANANAN [ 1 [ ]
A C
AN R EERICCLIERRE 2 B AN, 3 dURHR, 4 1R, 5K 8 5
By CO MM EATT 5 C il BT (6 52U, 7 B2/
Unit A : Fermetation unit(including 1:feed hopper, 2 :stirring shaft,
3:bleeder valve,4:biogas outlet valve, 5 : water bath) ; Unit B: CO,

absorption unit) ; Unit C(including 6: gas collecting bottle, 7 : water

gt

collecting bottle)

Bl REABRNRFTEE

Figure 1 Sketch map of anaerobic fermentation reactor
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Table 2 Feed amount of raw materials and inoculum

R R VSEH (e rEr) MBI R Feed amount of feedstock/y  RBFUEAIAIL  PIRNGUHG VS At
Feedstock Ratio of VS(PM/RS) | ccd amount of 3 S T3 of VS amount of ran
inoculum/g 7% Pig manure FAFT Rice straw fermentation/% material (PM+RS)/g
25 A (BRI — 400.0 0 0 3.90 —
FE b 2H R 2SR AT) 0:1 393.7 0 6.3 5.23 4.65
1:4 389.0 6.2 48 5.19 4.44
1:2 385.3 10.5 42 5.25 4.61
1:1 381.2 157 3.1 5.25 4.55
2:1 3773 20.7 2.0 5.23 4.46
4:1 373.1 25.6 1.3 5.30 4.65
1:0 369.4 30.6 0 5.25 4.41

YIRNR A FURHG VS TIL L R 2 1, B2 Rl AR A J5 k)
() BT B 3L 400 g, TS Mk FEFH91H R 5.24% , JFRHE)

VSRV 4.54 g
1.3.2 LA K I T
BT ORI A R B 0 25 0L, S8R A TR

VSBCEE R 101 F1 401 43 00 iE A7 3% 25 IR AR T i 3
HRT %4 30 d, & H #ERL S0 it - 60 g, 8 TS ik
FE43 50 4.6% .7.1% .9.6% F1 12.1%, 25184 J5 K1)
TS ¥ R 3 13% W), FEAT TR 7K %5 ik 2 AR & e D et
AU S A5 00 e B AFAE R R | Rk IR X g
ROR 22 SEAE 00, WA i R B2 E R 12%
A H B 9:0000 5 HGE AR R A5 % 3 d BURE
K pH  TIC NH;=N 1 VFAs ¥ B 3 A [A) gERI R
() P TRk () H b i L3R 3
1.4 DHFE
Sk [T 0 e B2 RN i P [T e J32 SR B ot 3
C FIN & 5% H Vario EL ]]Ijt%%ﬁifﬁﬁ(ﬂWT{m'
FE(CFIN & & LR BRI o B b ™ itk A
i 2 3 mol - L' A NaOH 1 VU HEZK 2L 00 AR FH .
PR pH ZEBRURE J5 37 RIR A 1 75 G PHS-3C EM&E
FRAE . &A= IR AT 12 000 remin™ #5010

®3 EERARBARPLBRELRH#ME ()

Table 3 Daily amount of substrate feed in the continuous

'J*HGI

bench experiments(g)

PM/RS=1:1 PM/RS=4:1
TSI% gz RFE Ok % RFF K
Pig manure Rice straw  Water Pig manure Rice straw Water
4.6 72 1.4 514 11.1 0.5 48.4
7.1 10.8 2.0 47.1 16.6 0.8 42.6
9.6 14.3 2.7 43.0 222 1.1 36.7
12.1 18.9 3.7 37.4 28.5 1.4 30.1
—308—

min, B F 35 50 53264 T VFAs  TIC A1 NH{-N ¥ & 1Y
Mg , HH s VEAs A1 TIC 2R F Nordmann B3 5 7407
DE , NHI-N ¥ FE R AN QA3 G BE S e
L5 itEAH*
1.5.1 WA TR E C/N

WERSBEREE CONRAAKX (D715

C X +CXo+C3 X5 + _ ZCiXi

C/Nooa = NiXy + NoXo + NaXs + -or - ZNiXi
(1)

K COR B — i JrUBH k9 T o 3 40, % s NS B — i
R R R BT, % TS X TR A R JEURHAY
i, go “HEBILITSIT
1.5.2 BB a5 r ik

Bt = 3 5 (2) P 5

Vi () = Vicwy X s
M = : mic (2)
' mys,ss

Ao MR R e R PR BRTR G o™ B e it B
FH e r= 28 mL e g7 VS Ve 52 FE 0 4 IR A 5B
LRV e, mLs Vieo) S22 23 2 (B ) ) v
(4 77 B e o, mL s s 2 B Qﬂqj%ﬁ‘%ﬂ’lﬁk EI_I
PR, g5 muc S 28 2 e RI ) (0 4 e M T A ot
g3 mvs.ss R i 2 TP JORE I e P TR T i L g5 thIBE
SR REREL A IUE R 0,1,2,
1.5.3 HBe) ™ S MR i 5

K HMEIE ) Gompertz 87 (233 3) X AL 231
SEPRAR 0 F G 7 SR B A TS b FR )

M,=PXeXp{—eXp|:RP C(A-t)+ 1}} (3)

s M. Sy T S0 ) B — I ) ¢ % FR e 72 % mL - g7

sNo
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VS; P oAy O 28 1k 1t 11 SRR e =2, RV F e s 7
mLeg" VS; Ru I K= I BEHR  mL g VS d 5 e=
2718 285 A HAEHF AL, 5 PR, I A T8 i 45511 4
DRI

s 1 FRGE 7 SR B R AE R BT, d, A2 (4)
TS

P
bmax = A +

R. Xe (4)
kR RN BN 2w R, A7 AR R ORI R A
#R A (5) TR

= Ru
k=3 (5)

1.5.4 U5 & R (Free violate fat acids, FVFAs) Fllif
B2 (Free ammonia, FAN) ¥ & (318 )7
FVFAs Fl FAN % BE i1 A 2K (6) FI A 2 (7) 353k

e,

__ KiCr

[HA]_K,\+[H*] (6)
_ KBCTolul

[NHS]_KB+[H+] (7)

[ HA JHI[ NHs | 4351 0 FVFAs Fl FAN f ¢ &
mL g VS; Cr N Crow R 5L VFAs F1 50 NH;-N e J5 |

mg'Lﬂ;[ H* ] AU, mg- L' Ky Fll Ks oA VFAs
T NH B i 125 -5 55 %50, pKa A pKs 78 37 CH A 4.8
8.9,
1.5.5 Hfiab

SRR 5% 5 BRSPS AP X 4T
P BEAT A0 I 5 T e 7 B B9 4805 R H Origin B v
EIER Gompertz f I EF AL BE

HR 5T

21 BESHEHEREARR VSEEE THRE~ B
T

H 7= B i & (Daily methane production, DMP) Fl1
S % 77 1 (Cumulative methane production, CMP)
FIE A% T 00 52 Bt 2 R DRk A — A DR AR R T J) 4 v ™
YER sh A8 #2182 FE 2b 23 50 ASTR VS He
R A JERHAY DMP FI CMP, — 3% 76 77 B Bt 3o 7 Hh 7
a3 IEA —5, Hrp . DMP £ 4~7 d N H B
ot e DI, i R [T IR RS 13 d R EACPFEE TR
FEBT B, B2 RS . TR — A ), VST
R 1:0.4:1.2:1,1:1,1:2.1:4.0: 1 kb B & |2 5 R}
() 77 B o 06 {E 43 531 A (200.7 +4.1) | (236.5+7.7) |

2

2507 a. 0= et —O- PM/RS=1:0
Daily methane production ~O- PM/RS=4:1
200 -0 PM/RS=2:1
A~ PM/RS=1:1
= 1s0b - PM/RS=1:2
< -@- PM/RS=1:4
= 3 —- PM/RS=0:1
< 100f |
=
50
SO ANy, e 7N
O % 1 1 1 1 VIZ = S AZA
1 5 9 13 17 21 25 29 33 37 41
HiF [] Time/d
400 1
~ 300
un
-
TE:D
= 2001
8
=
=
S 100 F
0 1 1 1 1 1 1 1 1 1
1 5 9 13 17 21 25 29 33 37 41
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I 8] Time/d

B2 HEREGETHARRELENBZRIEE(DMP) R RR =R iE(CMP)
Figure 2 Daily methane production(DMP) and cumulative methane production(CMP) in the anaerobic batch co—digestion of PM with RS
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(227.6+7.7) . (208.7+9.5) . (198.3+5.3) . (172.7+4.3) |
(144.8+3.6) mL-d™'. FHMVSELH>1: 15 ,RA
B DMP 7E 55— 77 S e W s ) R B AE T =l 0 T4
eIk, X 5 Li SFUE AR 2 SR AR A IR AT
SRR 3 7R85 13 d 2R R R IR BE b, 4l
FEFFALBE (PM/RS=0: 1) H BUEE — A3 45 R - 22 1)
JPRIE(43.3 mL-d™) s ARG ZE AL 3 (PM/RS=1:0)JC
W I R 50 A A, R IR AR R ek A8 v, R AT
() B2 i 5 6 JE A LU A7 ARl e M o M R R L R
A VSHEIEE M 1:0.4:1.2:1.1:1,1:2,1:4.0: 19 CMP
MUk M (397.31+4.23) |, (396.33+11.16) . (392.79 +
9.85) . (389.23 + 11.26) . (373.00 +9.60) . (347.72 +
8.68).(300.80+10.03) mL-g"' VS,

B 15 W RO B S A E R Y
LB R R/IN B T AR R RN RS . A S B
o B 2 B e v o] DLGE o B B R R T A T, A5
B = FRGE Bl g 20 8, 77 AR R R TR I
2 ORBIRIE S i A 2 (2) RHR B B AT H e
RITHE JE R B IE B Gompertz F57Y J 8 2 3~/ 20
5 X ARAT B SR AT LA b 3, I s T (P) |
e R FUBE TR (R N 8l 78 B0 k) AR Jg 7= %6
TR B A B 1] () SR EE R WL 4

M AFH, s ) PAEAE VSEL L 1:0.4:
1.2:1,1:1,1:2,1:4.,0: 1 Zb #4351 & 389.6,380.3 .
373.9.372.6.358.2.340.7.295.6 mL-g"' VS, JEZHy P
(B 5, 2 ) B 28 VS HL I BRAIR , P (B 72 i B AI , 4
FEFF I PAEL IR/ o o0 B L R R A h AR FE A e i
B R R EE AR ZR IR AR FEFE VS o e, AT
HGEAL I BT/ . 55 Rt B K (ELABGEE— 20 5
MrR P VSELE R 4:1.2: 1 B30 41 i 32 30 34
T, o VSELEE A 4 1 BB e =, Ru ke F
boa 734372 mL- g VS-d™.0.098 d™' Fl14.4 d, £ H]
1 IR B 38 B (C/N 20~30:1) TR K BERE i 41
T %2 e DRk (4] o8 figt 0 5 ARG AL 0% 4 J ik 31y

BEm R BT Ia] . AN, 4 VSECH R 1 1B BR tna O6,
R EEI S TR, A BRI A, 5
FEE AL A BT, 32 A FE 0 LA B e B e
Al B R AL

T LR R WS, AP VS T FE 40 1 i AR
Foo fHSCHRM2MRIE VSECEE 12 1 i R b, A ik,
ARG S S R TR S, VERE VST EL M 4: 1(IEF
FEEEIFORE) RN 12 1 (58 THE 28 508 i W9 20 A [R] C 1L I
R A SR IR A FGE R X B A3 AT
2.2 #RERERA THESYRIR R A B FiRdF It

VMPR F1 SMP 2 PEAl A& 8 2 4t 7 FBe 2 g 1
ANEESEbR, HA, VMPR TR & B JORHE & 19
ARG B e RE 77, SMP U 5 e 2z 2 TR 4 AR R 3%
. [ 3a A 3b 43 51 8 P AR [R] VS BE L (PM/RS=
12140 1) PTR A TEORHE SERH R B 3R T B P g VM-
PR 1 SMP 1L 1L

gk s fon , BE#ERRK BEER T, 2 VST (101
F4:1)F 1 SMP V-3 {H 300 B 248 1k, B R LR R34
XF AR E , SMP (1 8V 418 43 5] 237.2 mL - g VS
354.8 mL-g' VS, SMP 2 {LaH 5 Li S b 5E 45
—E. B, S5BEIE Gompertz B 1) PAEXT L
ST R B VSEC HE g 4: 1 B SMP - 2118 K P (H
(380.3 mL-g "' VS) [ 93.3%, X £ I &4 RIS
B 7 FRBE TS 0 5% AR A% 72 HRT 2 30 d 1 25 1F
TS BN AN T8 BRI T VS TLEE 1: 1 R A Y0k
R 7= F B T 1 AL R 63.7% , AT — & HL Bl
R T SRR AR A 7 4 R R 400 5 FLAAIR 1) & 4.(0.072
d)A K. BN, 5 A BAHT A SO 50 L TR A
HRT 4 30 d, #43€ FAAHE A B — JsURHE JERETS Wk B2
KE12.1% B, H SMP 205 TR T 13.6% F125.1%.
TR A JEORHE BEHERNR B 251 T, fL 3 B B ke, L
SMP {R AR E -

VMPR Fifi AR B 4 T SR B i 45, 55
bV St TE A Sk (L 4) o i 50di 4005 i £k [

R4 FEVSELFHTRESRHUSE

Table 4 Fitting model parameters of methane production for anaerobic digestion with various VS ratios

F5H5 Index 1:0 4:1 2:1 1:1 1:2 1:4 0:1
C/N 13:1 22:1 28:1 37:1 45:1 52:1 66:1
Pl(mL-g'VS) 389.6 380.3 373.9 372.6 358.2 340.7 295.6
R./(mL-g"' VS-d™) 322 37.2 323 26.8 21.8 189 16.3
k/d! 0.083 0.098 0.086 0.072 0.061 0.055 0.055
tmandd 5.0 4.4 4.4 5.0 5.3 5.9 7.0
R 0.991 1 0.981 6 0.968 4 0.973 8 0.969 7 0.979 0 0.986 2
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Figure 3 Volumetric methane productlon rate(VMPR) and specific methane production(SMP) for the anaerobic continuous co—digestion
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Table 5 Specific methane production at various feedstock concentrations

VST S GE = 2K Average of specific methane production/(mL-g™ VS) B P P

VS ratio 4.6% TS 71% TS 9.6% TS 12.1% TS Total average/(mL-g™' VS) P value/(mL-g™" VS)
PM/RS=1:1 220.9+29.4a 234.3+18.4a 244.1+11.4a 249.2+14.6a 237.2 372.6
PM/RS=4:1 348.9+29.0a 364.4+12.7a 355.8+10.9a 350.1x12.1a 354.8 380.3

T [ — VS TC LR AR /ING T B R AN ] HEARRR B T g™ 4 28 5 A 1 35 (P<0.05)

Note: The same lowercase letters under the same VS ratio indicate no significant difference of specific methane production with different feed

concentrations (P<0.05).

AR TR VSTCEL A 10 1 VMPR 78 4 Fl iR R
e T 43914 0.23.0.36.,0.48 L- L' -d' #10.61 L-L'-
d', VSTig kb ok 4: 1 BF VMPR 4351 4 0.35.0.53.0.71 .
0.88 L-L"-d" #—L5 5G40 BN A 2058 1Y
SMP il VMPR ##i& (3% 6) vl Al ARS8 S HEFF

TRA DREUR IR SMP A XS FEE | 1] VMPR Bl SEARNA B
PE Mg, X AR L R s A e A
— 3, {H VMPRAEAL T Li S 4521, 2 2%
AR5 2R FH 5 6 49 7K 7 495 B B [ R B8 P L S,
BT R , VMPR AR B . Ak, 506 S Ul %
LI R AR L, TR B R BRI SMP ASBEZERHA B2 34
I B, 1 HH VMPR L T a2 soph e %, JU L AE i
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Figure 4 Relationship between VMPR and TS for the anaerobic

continuous co—digestion
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Table 6 Comparison of SMP and VMPR on the continuous co—digestion of different mixed feedstock

aidave] VSFHCH KIS EIBH A LB 2 OLRY e 7= 28 AR s E=PUN
Raw materials VS ratio HRT/d ETS/%  (gVS-L'-d")  SMP/(mL-g'VS) VMPR/L-L'-d')  References
THAATERT 1:1 30 7.1 1.67 234.3:18.4 0.35 AR
Pig manure+Rice straw 12.1 2.87 249.2+14.6 0.61
4:1 30 7.1 1.67 364.4+12.7 0.53
12.1 2.87 350.1£12.1 0.88
biE H— 5k 30 7.1 1.67 366.0 0.55 (8]
Pig manure 12.1 2.87 332.5 0.79
e B — 5Ok} 20 6 2.43 178.4 0.44 [9]
Pig manure 12 49 36.9 0.18
S 5k 20 8 2.9 270.9 0.43 (7]
Pig manure 14 5.1 70.4 0.29
FEFE+FRFT 1:1 19 6 3.0 218.1~228.4 0.69 [14]
Pig manure+Rice straw 10 4.8 1.1

BETS We R 3 12.1% B, VS BL kb 4: 1 2544 F VMPR
(0.88 L L+ d™ ) T HoAth SCHR i i 18 A 45
23 BRAREEBRENEE S

pH{H . VFAs NH;-N fil VFAs/TIC &5 & B i 72 W
D& 55 DR S I 1) 40 i A A & T 8 % DI AH G
2.3.1 pH

pH 2 A 5 PR AUk I8 22 G ik ) EE AR A 2
— o Park ZFPR1 Wang SI0F 57 2 B, 7 It o4
i P 1) fee ol pH B AN AR TR o 33 B B BE 1 79 pHL B
TE 7.0 2 A7, T K it R Ak 40 7 1) 453 pH MU 7E 5.5~6.5
ZIa, B IR A DA KB RGN pH 4EF57F 6.8~
8.0 Z [A]P LR AIG R A 4 i, PRtk >4 pH Ak F 6.5~8.0
B, &R G N IEH . ABF B 2R B
AR TE, 2 PR [A] VS L FL Y pHAE (8] 5a) S8 4 R
Fagh H AL F el pH YRS E JE B P, Hod bk} TS
WREIRH] 12.1% 5, 2 AN [R] VS L L (PM/RS=1:1 F14:
1) pH 23 5l 2 7.54 F17.65.,

232 /NP FHERIR (VFAS)

VFAs 28248 DA et 72 vl /K R e 1k 4
PR — RN FHER TR, EEALEE LR R E
TR 5 TR OE RN S IR ST, B AIAUR & B
LK BR AL R 7= 9, [R) Bt 2 R e B B IR 9 o
b, A AU 1 VIF As 1R 32 2 BH K ik 8 Ak 200 8RN R e
W Z AT sh AR A A TR IR E R
T R GEAR V™!, VEAs YR IR 248 12— D AROKF
W) WK i R AR 7 A 1 VI As BERS T3 1 7 H 4 1
TG B, VEAs A b o FH ST S0 FH o 1 1) 3 2 52
SN . S, VEAs T B R W IR A5 R I R 48 0E
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BT — AN EEAEFR, 2 VFAs KT 1 000 mg- L™
BF, R RGN I 5 2 VFAs>1 000 mg- L™ B,
R RGRE TS R BB RIS 5 R B AT G
HH & 5b AT, 2 FOAS [] VS L EL 1) VE As Y BE Bl RHA
JESE I LT FE SRR TS W B R F] 12.1% 5, VS L EL
1:1.4:1 /9 VFAs ¥ FE 19 Y8 53 1) 35 3] (388.4 =
41.0)mg- L' F1(447.5+49.1) mg- L, 2L F 1 000
mg - L7 {958 Y0 BBl ERREY, b Ah , VRAS/TIC FE AR
A R 1 W7 e T 3R 496 02 5 32 S0 ) 0 T 248 AR, 2
VFAS/TIC FLAE/NT 0.3 BF, B R G b Aa g s 24
VFAs/TIC A AL T 0.3~0.8 Z [A] B, & 1% 2 S5 gl
AT 5 24 VFAS/TIC FUAE K T 0.8 I, K R Geak T
FEEFRRA . WK 5 FToR, 2 RS TE VS EE Y
VFAs/TIC LR T 0.1, KB R G ab FRa g ik
L, R B VEAs SR A 00
2.3.3 Z A (NHi-N)

S8 R T 22 K DA R S R TR 55 ) R R T
B, AR R P A K A B R i L A
VFAs [ — S HE M pH (ERRE 70T, SR 1 = R B 1 2
W23 = F e R A TG o SRR B R T, 2k
JE B TR A5 Ak PR 28 T o g 3G e 38 o, SRR
Wi NHs + H,0 + CO(aq ) — NH: + HCO: (TIC) [i] 45
HEAT (8175 & T R 45 00 NHI-N ¥R R e ksd ., 76
WS, 2 FPASR] VS L EE 9 NHE-N ¥ BE (8] 6) Bk
AR ST R ORBI A S . FEUERFTS MR IR )
12.1% W}, VST FE 1:1.4: 1 254 F NH:-N ¥ & 43 51
i5F(3 666.4+224.1) mL-g ' F1(4 245.9+328.2) mL-g ™',
I H B ] A 2 4 IR (NHE-N V& B2 i 5 000
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Figure 5 Change of pH, VFAs,NHi-N and ratio of VFAs/TIC during the anaerobic continuous co—digestion
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TR, NHG-N B2 2 23 5 000 mg - L7, 3 32 B PRAR K 22 48 0 B pH B Fh — 1> LLSUIURE 64 7

REFT A TR AT B 08052 & I 22 G v NHE-N ¥ ) 4 E B ZE AR T DI, Y pHETE 6.0~8.0 2
http://'www.aed.org.cn —313—



KA FREMEFH - E 385 F 214

8 000
a. PM/RS=1:1
7000 f
A
- “a
22 6000
%
£ &ﬁﬁa 1=0.726 41+3 296
S 5000 R*=0.746 6
P
4000 A M
3 000 1 1 1 )
1000 2 000 3000 4000 5 000
NHi-N/(mg-1.)
9,000
b. PM/RS=4:1
8000
~ 7000t e
n (ode)
¥ 6000 OOCQQ%DQg
< -5
&
£ 5000 @%,% y=1.194 6x+2 138.6
9 R*=0.8139
4000 | ¢
3 000 . . . .
1000 2000 3 000 4000 5 000

NHi-N/(mg-L™")

6 NHi-N 5 TICHIHEXE
Figure 6 Relationship between TIC and NHi-N for the anaerobic
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PSR T I 2 7™ FRGE TR, R 12 g LR TR 7™ R
PR CFRGEEZ TR 1), X g S0 7™ FE o P N R T 400 7 G (2
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Figure 7 Change of free ammonia during the anaerobic continuous co—digestion
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