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TR TS 5 8k AR S0 TG S 00 5 4% SR 4% F) B0 BB 4 Ak [Tk (VS ) AR RN TS VS B £ BR B TS 7 B P 5 7 TS 7 o 10% Y
3R, AT UE AT (w/w) = 1001 B 5L 7 SRR T 3 4835 U6 MK IR (w/w) =25:1 F170:1 P41 AL B, 3 45 B 35 76 1% 4k
W pH AT M2 BRAL BTy B3t A 5% 5 Bk IR 46 R BUH e 7= B i K AH O 5482mL (TS 5 84 10% , 38 4835 Y6 WRFF R M (w/w) =
10:1) , Bfr FF Ak VS B e S de KAH K 362 mL-g ™" (TS AN 3% , @ 4675 V6 MW IR W (w/w) = 11:1) , BT BLIX WIAD Tll % My 36 A D430 L B
A E KK B e ).
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Abstract: Methane production was investigated during anaerobic co-digestion of paper mill sludge (PS) and monosodium waste liquor (MWL) . TS ( total
solid) content, C/N (the ratio of organic carbon to total nitrogen) and inoculum concentration were varied in batch reactors. The results showed that in
methophilic (37 £2)°C anaerobic digestion, the CH, yield increased as the TS content increased. In each reactor, the accumulative methane production
per gram of VS (volatile solid) content and the removal efficiency of TS and VS content decreased as TS increased. For the reactors with 10% TS, the
CH, yield in the reactor with a PS:MWL ratio of 10:1 was higher than those with ratios of 25:1 and 70:1, which was expected due to the change of pH.
The maximum CH, yield (5482 mL) was attained in the reactor loaded with PS and MWL at a ratio of 10:1 by weight (TS =10% ) and the maximum
CH, production efficiency (362 mL-g~') was attained with a PS:MWL ratio of 11:1 by weight and TS =3% . The results indicate that anaerobic co-
digestion of two industrial wastes has great potential for methane production.

Keywords: paper mill sludge; monosodium glutamate waste liquor; anaerobic co — digestion; methane production
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1 5|5 (Introduction)

ERTURXRRERZFHOEZ ™, BHATR
B A 4R 7 B IE DU AR T 10% BY 3 B2 53 4 (A4
£5,2008). [Al B, AR Tk L& — M5 R B &
AT, EE G RBEEEET LN R B E.

74 65kg 15 U8 , #% BRI K 15 6 & 7K & 80% £
5, 2007 45 3% B K 27 A 2389 x 10% ¢ JBE K ¥5 U
478 x 10*t F{5 U8, Biit 2] 2020 47, 3k [ K 2K 7= 4=
30889 x 10*t i /K 75 6189 x 10*t FI5 I ( # H &
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I I 0 &

A2 ,2008) . L, SLHLIX 265 R A E FE AL B E
AR PR A Ak 2 38 7 JE BE

BEE —PERE TR A H s, BB U8 5 Gk [a] B8R
RIVE. HAT, A& B ERRIRER T HAERIR
HIF &5 A, TR E IR A TR BB A BB 7 68
M W 4 % 2 I ( Mata-Alvarez et al. , 2000;
Hartmann et al. , 2005; Edelmann et al. ,1999). 4
BREFAIEYHLEER X 10 (BRI £
A X LR Y B A AR A B A SR (R k)
AR E SR MK (HEAE ) (Montgomery, 2004). B 5% %
WERGRTE SHDFE RTRLEMTEY .
BRI, HFEA —EBRNED R (LELF,
2006) , 5 it , 2 Wy 4k 2 A 3 4R TS 8 BT R AL R Y
—NEERRZ HREA,AHERTRETRKE
HAFEAIRTAN, B THERES . SAR
AR EFFEIFRERAETNYRHATEKS
K & 8 1t ( Ratnieks et al. , 1997; Poggi et al. ,
1997).

I ER IR A7 K E , B4 10009 x 10t
2o RN R (2B % FE 4%, 2000 ; 4 37 g, 1997) .
REERTSAEFEMNERR AR . AKME
EEFY, T H AT RE R BB E T
£ NH," -N H 8 R AE X 4 & 2% 55 7] # ( Sabine
et al. , 2001 ; Jia et al. , 2007 ; Z=2£1 5%, 2007). Wi R
FAHE AR SR MG K5 RPHTERE
REEEBATRRERETRE.

X G PRI A A2 38 2o X R T R R A R L, 7E TN
Rk R ST R — R BN G R Il i X R B
Yty C/N/P K43 DL B HoAth IR B A 1 1 0 75 2R
KHEFHTHE,QERFHRBESRNG, NTHiRE
AHEYREHEAWBEIIBMANYFILE B
L IR &Z BT A IR M5 K5 RGES
R4 78 1k ( Callaghan et al. ,1999; Chan, 1999),F
RERFRGMTHRESH AN AREAERE
(Poggi et al. ,1997) , 1M K T i& 4L75 U6 5 TR K IR T A9
A REH AR TF R E R WAGE. B i, A5
3 5 Fp R ) R R T A R, R A (TS)
R VRAL(C/N) MEMES T Z S8 GRS
5 WAE R & R EH ARG be ™= R # 0,
DA A 3 495 8 5 R N B B U AL ) R R 48 i
HHE.

2 #PBE5FHiE (Materials and methods)

2.1 REHH

EARGIRB A MIELR) ™, B 4R K b B i
PR A A IT VR, T 65 08 A B Je AR I E] 5 B
FTACUKAERA SR RER I A T M BRI
T SR RN R B 2R R A B[] 5 4 BB T 4°C 0K
FRAE & L. SRR YT KB IR M, sl &0t 2 4
HRE R BEYIML G 1 1 4895 Je AF 4 #5015 U8, BLE
A YR BEA AR IR 1 R,

®1 YHHEXRELER

Table 1 Main characteristics of the materials

Ykt TS Vs OC (A HLEK) TN( #%0) C/N pH
& 465 8 29.32% 52.18% 32.75% 1.09% 30.05 7.82
IS 20 43.00% 68.51% 29.5% 11.83% 2.49 5.36
Hefhis ve 10.76% 45.35% - 37.61 7.85
EANBRMBASRYYU TR -7 RRKRWE.
2.2 RBEE
o

ARE R EWME 1A, HEEH R : 1000
mL {9 = FUR B (A R0 B 900 mL) R PSR IR
Yol (AR SE Ca(OH), | Tolk £ ) .1000 mL £
ML 100 mL B . ZRBRER KB SRESIK
W WORRAR 2, & B AR 7 A Y AR Y R A RO R
ARSI, FIB, FERRA KB EAB R, &
BB A R AR AR i TEY LS T
Ca(OH), NaOH W e A0 T2 ol 7 JB2 B W5 i, oo
CO, \H,S&F BR P S 1 . NH, Fl /K 28 3 B i .

A A R O
3%NaOHYE

Bl SRFESHBEERKEREELIREE

Fig. 1 Reactor set-up for co-digestion
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I, AR REERBORMERZE, HEA
B A VBAA R BRURT LA A R i B e AR R (B ROT AR,
2003).
2.3 REBF*
REFERTHRRE R B SR (R 4,2009),
456 sk E P (2006) HYBF 52 BSR4 8 Xt 1 4005
Ve 5 R 2 WK 6 IR T A6 7= ROBOR R e A K Y
TS & & .C/N. #F & 1F Jy A 8 =0 R EH il 5
R, EHEBZRITHAFESH R TS E8H 3% 6%
10% (LAB % 3t) ,C/N =13.20.25, %M EH 5% .
10% 20% ( A FEit) . iR L% 9 4R 28, 4 =
Ay 81K T1.T2.T3.T4.T5.T6. T7.T8.T9,S =& 235 H X}
R RO R P RS i R T B, AR U A A AT
Yk RIS AR AR BER (K 2)
PRI [ R & B 3 4R35 U WRRG IR TR RN B2 7 V5 U
AL A B, SR G A ZE K, R &
R ) BB & ¥ Ol 700g, 5 SR P 3R  3%
NaOH %, fF ¥k &5 , # R E 1 fin 8
AR R EEE RO RN RE T (37 +
2)CHIKB R, A8 O, I m =N A
2min, MRIER G FRERS. RE S B S, B

R2 BEASRSKEERKARSEALBETRUNAE

Table 2 The experimental design and thedosage of test materials for
anaerobic co-digestion of paper mill sludge and monosodium

glutamate waste liquor

g C/N TS R it
T1 13 3% 10%
T2 13 6% 20%
T3 13 10% 5%
T4 20 3% 5%
TS 20 6% 10%
T6 20 10% 20%
T7 25 3% 20%
T8 25 6% 5%
T9 25 10% 10%
S 38 11% 0

5 e BRMER &4 WREER iﬁﬁ&‘ﬁﬂ%/
/g /g /g TR R R (w/w)

T1 20 55 5 11:1

T2 78 96 11 8:1

T3 33 196 18 10:1

T4 10 64 2 31:1

T5 39 122 4 30:1

T6 130 179 7 25:1

T7 39 56 1 56:1

T8 20 133 2 66:1

T9 65 209 3 70:1

S 50 0 0 0

WMHELER WEERE FRBAL R BNHARSE
ek 554, HR RGAF LR B H B AR i 3 1~ F
T, BEEMHK.
2.4 WEF%E

RE R (TS) & 2R K B A (VS) R A 4t
TR E ¥ K MR MLER (VFA) >R F 28 18 185 7 ¥5 1
FE G R LA ZBR T P COD SR A 2 4% R 77 i 2
B E , BAKBRAE S BUAE 6 (1998 ) 1Y IR 4855 T A
T3 BT 71255 OC I 5 K FH 22 4% BR 4 -k B BR VK &
P E , TN € % ALK E Akl , Rk #ES
2% NY525-2002.

3 Z R (Results)

3.1 BRERAHAKIRFTERE BNk

B 2 WL, R TR] R R (T1 ~ T9) By RS
B R/NFE RT3 >T9 >T6 >T2 >T5 >T8 >T4 > Tl
>T7, HH,T3.T6.T9 [N a% B 7= < BT i T HAth
R4 ,3X 3 R AF ) TS S BHH 10% ;TS & &
3% (T1.T4.T7) 6% (T2 .T5.T8) .10% ( T3 .T6 .
T9) Yy 3 28 )2 B #% B9V 7= & 437 o 13282296,
5360mL( A beit) , Hor, TS 25 6% & & 4 F 37~
SEH3I ERBARE T 72.89% ,10% & EH T
FPREN3% EBEARE T 303.61% ; LTS & &
X RGP RIBR K.

B2 REHUTENEREFNRATSE
Fig. 2 The total CH, yield during co-digestion

HE 3 AW, ARR TS SRR AH, B H
FREREHEA/NRFEHR T3 >T6 >T9~T2 > T5 > T8
>T4>TL>T7, A FBEIEULTRE:TS=3% F &
H<TS=6%5BHA<TS=10% S BH, XERS
ER& RN B RER/DIF—B £ TS B
H10% K 3 448 (T3.T6.T9) H , ¥ 4 45 S 2%
VS GBS NS5.4% .5.2% 5.2% , B SEH A
BG4 5k 0. 98.0.94.0.94 g-L~"-d ™" (A VS
1) ,3 AR R ER BB bR VS & B A P A 2 R
AK. BB 3c /A, T3.T6.T9 R4 K H= S BEH
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I I 0 &

W38 4 3 tH BRAE 5 6.15.17d, AT DL T3 2 B 4% Y J
o if 18] S R BE R 7R 7 BT BEAY SR 2d T3 ) B 4 Y
PR E B F 268mL, 2 T6 J NI 4% [ 7= &
(184mL) i 146% , 7= T9 [ i s FI# =R & (111mL)
i 258% ; di1 (&1 4 AT AL, FEREAS =R N, T3.T6. T9
3 B A% B9 P 7 R 4 A 0 170. 21,163 94,
185.72 mL-g ' (LA VS i) , ZH M=K EMER K,
o T3 XL T9 15 8.4% ;455 L3k 3 AR AT A,
T3 [ i g B9 7= BRI T T6 A1 T9 L4

ey,
30 40 50 60

o
— .
o
%)
S

30 40 50 60

[}
[}
353
=4

/
o
wn
S
T T T T T T T

0 10 20 30 40 50 60

B3 REHASBPEREFB=SE(a TS K 3% % KL
#%,b. TS N 6% £ P4, c. TS N 10% £ X B 7% )
Fig.3 The daily yield of methane for each treatment during co-
digestion (a. Reactors with 3% TS, b. Reactors with 6%
TS, c. Reactors with 10% TS)

(R B, phy [ 4 3 AT, 4% R A% B9 B R VS
B RBU=REE TS S BARMZE 7 8%, 5K
BTS HEBE, AR E VS BRPRAEBE” M
M R ERE TS & B R AR &N R B>
SER,VS SR MM, RPN M
R EEART VS RS g, B, i R R AL TR VS
A9 SR BT RIS ZRa B 2 ANIE 4 AT, TS A R
ME, ARSI ERE, BARE VS PREM
5. Bk, FESCBR B, O T a8 B i R KB A
LR T 50 W A B9 B BY , AT AR B o BE L 40 it

PLIN BV UL B LML ST L) S 1L B ML S L
T1 T2 T3 T4 TS T6
43

EH4 REHASBHEREBNAMRE VS =KX
Fig. 4 The production efficiency of CH, during co-digestion

ARIH, TS Jy 10% B 45 [ L 2% B AL i & VS
BRPEREHRM UT A, HBER=KER
170.21 mL-g™" (LA VS i) . #i%F F E £ (2006 ) 74
JF B3 (CORIR A 5% I PR B PR B SRR HLR AT N
F)ON—BEEMPHBRETFHRABHEOBEIKIER
(135.66 1 134.56 mL-g™", LA VS i) i &, 9915
25.47% \26.49% ; H WY 5 70 55 (2003 ) ) A 7 b7
B (R B ZEFRENH R B R
EHYRNE) RERBELHAH LR (107
mL-g ™", LA VS i1) H 58. 14% . 48 J§f 35 3% A= I 5r
P Bk ULER R B AL 55 i B AR R ), T 3 4K05 TR
FENBRER R 32.75% (K1), FEULFHER
AR AREERNERE, BEKGFRESKBERER
WERARAH MG, R &E VS =R EFEME TR
J6iF 37 35 P A 1 3 3k BRL e R 4R T Ak R B R R 8, T
REJR KR PR RV R AN 42 & T 1 45 TR 19 AR 4k
AT e, TR B T B9 Fh Tl R M BE A IR Al 1k
4 B ot 7= 6.

SH KB —EMBRMNBHR=KE, HE 2. K
3 RHLRINE MG RS EILE N 0, B & KR
O 25 B 7= S0k VR T o 4K 75 U 5 BRORE IR R R BE 4
fife, H I, S RBLAS RS 5 5 2L & 8 hn 1 AT
3.2 BARAHAIBRPEAREBHANG A EY

G

TS RBLR A RS B B k& & (R R
B) VS RBLRAEMUMRE TR EEKEE, W
ATRIEERRF TS EM A AN BN E. B
B s s, A RAN LS ES , TS.VS ERHE
Rk s o, TS PEARIE BE R 14.36% ~38.24% ,
SEHIRE IR S 24. 25% , VS &K I8 B 21. 05% ~
46.17% ,5F- ¥ % 18 7 32. 03% , VS F& 1% i & Kk F
TS, EFZEREH T TS P8 E&M K ERE KB
AR A N 28 TS\ VS By KRR
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Z(FK3),TS FEA 3% 4% (TL.T4 M T7) F
“ERERRRR, X 5X RN A PR E VS
B RPER R -2 (A 4), FBREH THIE
VIRER (MBS RET VS TR H N 1.6% .
1.6% \1.5% ) 48 T A AL & A9 5% AL K i, AT
B Jot B A

—=—T] ——T4 ——T7
12.0% ——T2 ——T5 —— T8

100% b ——T3 ——T6 —+—T9
8,0%?%
60%'{% e

4.0% ol S
Z,O%M

0

TS &

0 5 10 15 20 25 30 35 40 45 50 55 60

it i) /d

—a—T] ——T4 —%—T7

6.0% ——T2 —T5 ——T8
——T3 ——T6 —*—T9

5.0%

4.0%
3.0%
2.0% -xi ;

VS & i

1.0% -

1 1 1 1 1 1 1 1 1 1 1 I

0 5 10 15 20 25 30 35 40 45 50 55 60
eI /d

ES5 REHUSEBPEREHFF TS(a)F1 VS(b) AW
Fig. 5 The change of TS(a) and VS(b) during co-digestion

HIZR 3 AT L, Ji W ok 3 A R A9 S L A% (B IR B
Trea et TS & BAHR B BL48) o, ENT8 TS.VS &
REAMF (B TI=T4=T7,T2=~T5~T8,T3 =~
T6~T9) , Al JLJR 4 ¥k B X &R G2 A WL W A9 & B &R
HEW X TIRY W E AR B T3.T6 F1 T9 [
#,T3 B9 VS EBRF /T To M T9, 71l T3 REGE
B TH LY A g

90

*3 HFEFSREZLRMERER TS.VSHELE
Table 3  The decreased efficiency of TS and VS after the peak of

methane production

g TS KB VS KRR
Tl 38.24% 34.39%
T2 18.06% 25.61%
T3 15.49% 28.52%
T4 40.50% 46.17%
TS 17.28% 34.45%
T6 14.36% 27.99%
T7 38.22% 40.72%
T8 18.51% 29.36%
T9 17.62% 21.05%

HE R = (Cy - C1/Cy) x 100% ;Co LI 5 B, Cr 4K
it
3.3 BAERAHAKLEFLAREE pH EHE X

P pH {H A 28 46 7T LA 51 S 40 g R e o7 B9 Bk
AR, DT 5 Wi A= ) of 8 3% W) Jo Y % Wi, 3 T %2 i)
B R B A TS 1, BB B SR Y R T SRR
FY AR, A B pH E A U R A Y ) A
K, EZEZMUEDES. pHEREE FIEEDN
TEREBE T AN ER 7, FEREH P
[&] F= ¥ A HLER \H,CO, #1 H,S % (Ren et al. , 2004;
%% ,2008).

B 6 AT, & L AS B9 HI 4 pH EITE 7.5 ~
7.8 Z I8, A FHRAER) pH B H L, A R T H b i /Y
AR ETE (KIETT4E,2005) . REGEA 3G, & L 4%
B pHEEEH T —NETHE EANSRE, 8
JEH T HIEE R AR ER (VFA) R R 51 pH H
REAR , T )5 3 VEA B #E, AR, LR ST R E A
IR, RSB RE pHEFAR(RD 2,
2009).

I ] /d

EH6e REFEUIEDRZ pHEHEL

Fig. 6 Variation of pH during co-digestion
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% %

30 &

P AR R G pH E & B, T3 O 4% Y
pHETHRZ , HF7EH 8d THEH 6.79, R5—H
YERFTEIX N KF ELRIS 19d, T H B RN 4% 89 pH {E
HRAE 7.0 LAE. XU B T3 JRLAS B9 7K fift BR 1L RE 1 1R
5% ,1X 5 T3 [N % 7 X B B AR KRB VFA B 45
KA & (VFA 08 3 0L 3k (R 4> 42,2009) ), A
LB T T3 SO A B H B OB A BA E AR
SRR, X5 T3 KB4 RPUS R (B 2) 4
R —B

4 %518 (Conclusions)

1) i 4575 U8 5 WRORE R Tk 5 IR AT Ak 4% R B
) RPU=RBEEE TS & & 895 0 im B 838 hn,
AL TS X 2R S8 7 RBCR B R B, B4 RN AR
A A R VS PR AR L R A AR - TS B
BB VS R R BB A ML

2) & AR TS\ VS B K BR R EA HE: TS
FEBE, ALY ERRBIR A, X586 R
B VS RRFRARMAE B EHEH TIRYEK
BEAR, A A T L A S5 B A K il BT 3K

3) REAH A 72 o 4 L BL 4% 19 pH E #5947 F
6.5 ~8.5, K, T3 K& 7EH L H pH EH T [
R 2% BALRE 1 fR R, X 2 S EE TS & & (10% )
I7] £ S B A, T3 L i B 7= SRCR A F T6 A1 T9
B A B R 2 —.

4) I 4RTT U 5 WRORE R R IR AL TH 1 R AR
SERKME N 5482mL (T3 4% ) , BALRE VS
PR KA A 362 mL-g ' (T1 AR , AT WX
PR Tolk BR W Bk PR SR A R R | R 4 e
BRAEM I A ERIG I : WHEEBR (w/w) = (10
~11):1.

REMFEEEN: TEX(1965—)  #&E WL LW, EEZN
FEEEMF R ALK,
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