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AR ST FEE, SRR, R
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1 MRERE

1.1 RIEFR

TRI6 BT FH /N 22 A5 FF R BT 9548 A BB /22 4k
I, HARRTEEER 2~3 cm BT HELAEH. &
TS JRESBUN 87.50%+0.01%, FEKIERE A (volatile
solid, VS) Jl B/ #N 90.50%+0.12%, BRZELL (C/N) A
69.22., 5 T AN E Ve ok B B SR IR IR A b
Bl st EYIME R, V5l TS JESHCN 5.63%+
0.02%, VS JfiE 55N 56.78%+0.23%.
1.2 RERE

IR E NER 16 cm. & 55 cm HAE 10 L 1)
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B R A ML 3 R G, KA EAR 16 em = 5 cm 1)
YER, AMEKIRE, HIGEEHEKRMES, WK1 s,

8
A

5=

LEAma 2B 3.k 4K A SOKIAT 6.3
TARFHE SN 94EAUM 10887k

1.Biogas outlet 2.Reflux valve 3.Reflux spray head 4.Water bath outlet
5.Water bath inlet 6.Trestle 7.Peristaltic pump 8.Biogas sampling position
9.Biogas collection bottle 10.Water collection bottle

A1 AmEEcE

Fig.l1 Schematic diagram of anaerobic fermentation device

KIFHEN L& R EAIE, 2 2 DMER 14 em. &
40 cm HIEBFERA BB 2 A PHET R, KERkES
FUBR, ABEAN R e BE AL e AT it i, P [ 5 0 A -
F I PR B T DATRCT A I S A (K SO 2R 1, SERR Y
2R IR R W 2 Bk,

a. FHE

a. Front view

b. JHERLIM
b. Top view

LArRRt 2.miE s 3JRHZ LR
1.Separator plate  2.Protruding point  3.Perforated distribution plate of bottom

B2 A#NETEH

Fig.2 Schematic diagram of inner fermentation tank

IR TR —3L 3 &, Hh—EMREENIEIEN N &
FE 134 26 cm AL 2 2 MR, K RTEVIRISE S 3 )2,
A EE 1 (T , 252 BRKBENIELE R & 20 cm
AR 2 Ay BRAR B R B RL Sy 2 2, INAREE 2 (T2) ,
Sy BEAR A K&/, Al R BRR R, BEAR R
EREENE S b, ER EME. 5 3 BERNARANHE
AT B, i NAREE 3 (T3) &
1.3 REHFE

AR J5 /N REFENIES, B KRR T i
N 600 g, BIEFEN 4.2 kg, FERFEICA 32%, FrisfE
EFRESECN 14% (TS=14%) , T1. T2 A& ZETYH
RS RN 200 300 go BREERE TN KIEREN, %
REEHE, TFARK, THEAAIYIRHEAE N 0.58 g/om’,
RGN R B, PAHEKZ E RS H =S R, &
H SRR I E e & &, KRR N(37+1) Co

K30 dJ5, AbFE TL. T2, T3 20%IH 400 mL &
100 mg/L MEAEEA R CHRar A aRIe ) ARE R
WER 1R, SRR AN A /KT FES, DO ERH

TEAETEH. B RERE, RURAKES R, %
URJG BUE YR, R & B I P, 4
BRI, T1. T2+ T3 A FTE R YRR 2500
9T, T2+ T3 Hli. DAVPRME T B AR X H, T &
BN Y S, YRR EAAR S SONE S (0D, BT AR
% (X-0-Y) , £ X=0. 7. 10.5cm 5 ¥Y=2.5. 7.5. 12.5.
17.5. 22.5. 27.5. 32.5. 37.5 cm MIAZ fikk (3L 24 4>
HURE, AR Y #6E S cm — 2B 2 2, WL
RIGENE1E (0~5ecm) « F2ZF (5~10cm) . F
3)2 (10~15cm) « 4 )2 (15~20cm) « 35 5 )2 (20~
25¢cm) « B6FE (25~30cm) . F7E (30~35cm) .
8 )7 (35~40 cm) . WIRHHIT . YRl o J2 SR st
Kl 3 Fiose

40 -~
X
= 30 x

o

= 20 -
10 -
X

4

X/em
VE: X BUFEAIE.  Note: X:Sampling position.
B3 AR e AP E &R
Fig.3 Schematic diagram of fermentation substrate profile and
sampling position

YRR E e G, DAHEKIENAS 1% 2P EHAT,
YR PHRERE, HHEHZZERE. RN Ee
e BB TS B U LY A2 Y (extracellular
polymeric substances, EPS) & .

1.4 SDWEE
141 WP RGAER THAMNRNH &, nE

PL1:5 [EZKEE. 180 r/min #E9% 30 min 15 2IFE 7
PEL B2 mL BT =M i 10 mL SRR (fR 4%
i) MTFHEARMEE, FHEEBEEHE, FHIEM®
30 min. HURNAAN, HEAKERZE 100 mL, 33H Mk
B AR B AN, R PR VR S TR S A I % T
] b o AR 25 7 1R 0 R FH 3 B #HE iICAPQ HALJEGHE
BEE TR E, TAERM: TR 1548 W; B2
AR 13.80 L/min; fiE)SIMI#E 0.79 L/min; &5 TS
WE 098 L/min; Z T E 5.0 mL/min; FfRiEA &
0.1 mL/min; & RFE 3 K.

1.4.2 P aast % Rah (EPS) #94RI. &

BE S AN 2 YR 8% A RR RS E 2", ZHER
IR —ZR AN 2, WA ZR S8R LI —nT I
43966 BT (Lambda35 UV/VIS PerkinElmer) 5!,

EPS B AN=HEEZ M,
1.4.3 FinbFene

KA (GC-7890A) TCD A% A%
T 120 °C s ~F it R s 2 B8 TDC-01 4 mmx
1 m; ZATAEREE 100 C, #HA: @AiE (299.999%) ;
BWAIMEN 50 mL/min; | mL & IMpEEE, b
HESARA S 25.8% Ny+43.6% CH4+30.6% CO5.
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1.5 HIEALIE B R A R R BT E, T, T2, T3 Ab#

1.5.1 #4E4E4b

FE R BB TSR RE S EPS 4RI EPS (1947
B 5 4 AR S R B T B T
HEPS [0 4, meke Hpasty S 10

m

TR (FREUBD /KIS M4 2 758 EPS & &, mg/L;
V FRONZEE GREGED AL, mLs m FoRIE %0 B
IFRE S, go
1.5.2 #¥EHER

SR B T LR 7 AT (0 R R B B S A kL EPS
ERAHH LR ATENL, P24 RESONERE, SR
T R AR P b T et AT A, E A Surfer
8.0 1EH % BRI _ERIZEELE K. SPSS 17.0 3
BT REMESNT, BEKT 95% (P<0.05) .

2 HER55H

2.1 REIEZSISHE
AR EPESE R ER TS A E. B EILE 4.

x1000, C;

= BRATS <t
Daily biogas yield  Total TS biogas yield
=TI =TI
-T2 T2
_, 12000 =T 13 350 %
£ 10000 '*250 mg
1 ‘2 1782
A PRV | 2007 2
5L & 6000 150 » &
o3 22
= 4000 54 100 = 5
'z 8 4 R84 o & E
A 2000 . ~
03 6 9 12151821242730 e
1} 1) Time/d
a. = URE
a. Biogas production characteristic
55
© 50
® e 45
£2 4
Eé 8 35 —a—T] ——T2——T3
ﬁ: Q 30
R E s
3 2
=
15
1007376 9 121518212427 3033
[ W) Time/d
b. FgE

b. Methane content

E: T1, T2, T3 3HPDNKEEENY 32 22 0 BA0E,
Note: T1, T1, T3 were the treatments with 3, 2, 0 layer.

B4 TRAAEABERRTAEL TREFHTN
Fig.4 Changes of total bio-gas production and methane content
for T1, T2, T3 fermentation tank

P 4 a0 T1. T2, T3 4B H =S BRI
L, ¥y deitudighn, RN FES 3 RINEAGEE 1 AH™
SEIEME, 435108 10 8004 10 900, 11 160 mL, HJFA
Wi TR, TE5 6 Rukah BJt, 5 13 RETEUSEE 2 A~ H
PR EIE(E, 43008 7700 8 620, 7540 mL, UbjE H~
SEAW FHESIRBEA R, T1. T2, T3 AHAFSE
43518 161 9304 168 020+ 165 620 mL, ZAH TS p*A &
S 270, 280, 276 mL/g, WA REER. NEL

IIRIFESE T Ry 6 K. BB 6 RHHRF BT 50%,
T 12 Ry 2B 9 R, 28 10 RIEBIEKAE, N 52.99%.
52.51%- 53.19%, MJGEIESE 50%/A 4. 47E Tl T2,
T3 B HSEE B B ES, SaARLn=
SERTRIARIER Y, B 3 AbEE ) R R BT R A R 1
WA Z 2N H0H
2.2 FARLEYRERETK

VEHEAR E 2SR REALERANEESH, ]
)42 S B FL ISR L, e 5 VR AR 3% H DL [l
WP RO BE VI G . SUGRIE ATkl 2B A E, &
YIELERFUKERE TR, Mk RlEH g a8
P 7K R 45 B A B S K, BARIX R 4 K A TE UK S
SRR &5 45— FLBR S R 2 IR AR L, (X4
WA= B RS2, Aaigmas Ra WAL E . |\
FABEAR Z R A B RS (R 1D "l T1. T2,
T3 A EEES 8 JEYIEHE A E /N, 4310 0.54.0.46 1 0.40
glem’, BURTYRIVIG K BB A E 0.58 glem’s H T3 4k
B 8 EHHANE X ZEREE (P<0.05) , Tl. T2,
T3 MEYRNE AR E G KA IEE 4 2. BS 2. H 4
JEALEAS, 431N 0.65. 0.63 F10.63 glem’, JRAE R KA
HEBIAFZR, (EEF AL, T1 KRR
32 8 EMRL, T2 KEEFHERREE 4. 2 8 EWEL, T3
RIEHERREE 7+ 56 8 EWRl, HAWERMENEA EH KT
YIRIIIA R T2 0.58 g/em’ T1 R IEREVIRIE 73 BE b
SrRC3 B, MR EEAKONEE 1B CBFEEE 1~3 J2)
2B (W4 52 L BIB (BFEH6~8 ),
T2 RIZGEVIRE 2 Bt B, R EARTCNEE 1
BO(AEE 1~42) . B2 B (BHES~82) , B
TI3IBH 6. TEMT2HE 1BE 1. 2)Z2, T1. T2 K
Al )2 IR (R R 75 S5 o v PS5 () BRI T 3G K. T3 R R
VRN S B R I B R R R e BN S AR AR R
EMRRAFESE . T1. T2, T3 KREEREY)RIG A 514
(range) 5785 2% (coefficient of variation, CV) KXY
K, HIN0.11. 0.17. 023, 5.99%. 10.17%. 13.00%,
LK T1. T2, T3 KEFGESZVEHE A H I — G

x1 AELEBLBEFRRIILEESETHLER

Table 1 Change of layer wet bulk density for T1, T2, T3
fermentation device
g-cm'3
PIRHR TI 2 T3

Substrate layer
%5 8 JZ 8th layer (35~40 cm)
28 7 J2 Tth layer (30~35 cm)
% 6 J2 6th layer (25~30 cm)
% 5 2 5th layer (20~25 cm)
% 4 )2 4th layer (15~20 cm)
%8 3 )2 3rd layer (10~15 cm)

0.54+0.03d  0.46+0.05d 0.40+0.05b
0.63+0.02ab  0.58+0.01a 0.54+0.04a
0.59+0.00bcd*  0.60+0.01a 0.61+0.01a
0.59+0.02bed  0.63+0.01a* 0.60+0.00a
0.65+0.01a*  0.51+0.01b 0.63+0.03a
0.57+0.05cd  0.60+0.03a 0.59+0.00a
% 2 JZ 2nd layer (5~10 cm) 0.61+0.0labc ~ 0.62+0.02a 0.61+0.03a
1 )2 1st layer (0~5 cm) 0.63+0.00ab  0.58+0.01a 0.60+0.03a
4= Range 0.11 0.17 0.23
BRRECVI% 5.99 10.17 13.00
Ee FRAERAE, FAARNG T RRREREZERRZE (P<0.05) .
Note: * is the separator plate position, different lower case letters in same
column indicate the significant difference (P<0.05).
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2.3 AEAIEERI&RSIEIFE
PLE A AR R R, S I VUM 8

IR, PR FRER S, RZ, YRS 7R
WK, Dk, @I H R R T E L, TR
SR [B] 8 VR LE R B R R B DB 0 o AN TR AL B A )
AR A T ALK 5, mE s wa, Ti. T2,
T3 SR BRH YRR B AL B T B0« B, FEB(R”
WIHFAE, R IR AR R R A A 5 3 AN Ab B
AP E3E (Y 71 35~40 cm) BR B 75 B i
fr, T T 5% B A i KAE 20N 20 mg/kg, T2 T2
40 mg/kg, T3 HIMZH 34 mg/kg. Hr T1 ALFEEEIH
fE X 51 9~14 ecm. Y 71 0~30 cm, T2 ACHEFIHEE X
JE 8~14 cm. Y 51 0~23 cm, T3 AFEH|HIZE X J5 [
10~14 cm. Y J711] 0~25 cm [X 35k Py 01 ik B9 4 8 125
LEPALAEN, SELILT-PAT THII Y #H0T X 4
T AR . BRIV H I B S I R B BN BE T
BILG . REFREE T 6N 0.59 mg/kg, HEHEHT
PSR R, BoE YRl vk F e 5l 24 B b k4

FEALT 2 mgkg XN “RIRESEX ", BI: [BlH
WA B /DB R IX I, #E T1 #I1i X J7H 5~7 cm. Y
7711 20~25 em; T2 H#|1H X J717) 1.5~2.5 cm. Y /7] 0~
22 cm; T3 HIH X /17 2~8 cm. Y J71A] 0~24 cm Ab¥4F
FE R AE X, T FA LY o S TS AR 2.32%412.69%
20.66%, FHHoERT LA “ EAAERX” .

40 ? : X

40

N V- — \ A il A
02468101214 02468101214 02468101214
Xlem Xlem Xlem

a. Tl b. T2 c.T3

B 5 REAEI @D EGEE T FELE
Fig.5 Li'-residue contour map of T1, T2, T3 profile

2.4 AELBHIEIL EPS S EF(ELKE

Hush 2 2 (BPS) EEMMAN M ENEAR. £
Wil L S A% R S5 AN ISR B (K 7 T I ALk, A2 20
FVEVI N EE Ry, AV BRI AR, EPS
KEFWBIAIESS, B TR T a 2, [
TR I X A S R AR i Te o), IRERED
Bz B, Yk EPS S REUR. WAL X H
BUEYIaME 2z, REMAEY 2 BH0], EPS 7k
I, Sribi) EPS o RHTE KIEIRY Z R LI, =N
BIFBBERL T, A% it — 0 %Ak . AR AL EL A )
KLEPS SRS HL T 6 s, NRIETEE, K EPS
A AR T S S E LT R . EPS SRR
e 1R B XSOy <Rl X7, s 6 mrk, 3 Ak
BRI EPS S sAEA R “ LS, FEE” 1RE

fE, SRR S T H R AL, o T1 A2, &
YKL EPS Ji &8 3 s (IR FE X 7717 3~6 cm, Y J7lA]
35~40 cm X33, EPS JFi&5%%1°8 2 400 mg/kg, T2 i
[ EPS Jii i 0 B ARALE X 5[] 4~8 cm, Y J7[a] 31~
34 cm X3, 42200 mg/kg, T3 #IiH EPS 7 &7
RAEZ9 M 2 000 mg/kg, fE X 71 5~10cm, Y J7lH] 37~
40 cm X1, 3 MCHEEFITE EPS iR BERAREIIE Y
] 35~40 cm WXk, TMiZXBEFREESETSEN
Rem (E5) , BB —XIR BRI E7e 7, EE KA
TAEPIAAE, Wk EPS SR EK. T1 FIHEA B
AEYIIIHIX, T2 HIHAE XI5 3~9 cm, Y J7H 5~
15 cm ARAELETAE AN X, FLHAR o A5 TH Y 8.17%,
XA BRI SE S b P R X LT ES, KW
[FI AR 70 0 ke i X 3, IR AR ) 2 240, EPS
YIAIEAN. T3 HIHAEE A B2 MyEIHIX, A NX
J51A 0~8 cm, Y5 4~9 cm, B N X JiH 4~10.5 cm,
Y J7 1 25~32 cm, FEIA Y J7mhiE, PN X AR 2 Al
21 5 HIH ST 17.96%. 456K 5 ¢ o, A X
AT S T AKX BN, YRR IEA RS, EPS
s B XA T K S o B TS 2 SR AR AL
&, £ B XL L, BB (E 4% 5 Halb IR PRI, &
/MEZ) 8 mg/kg, TE B XIHLLTR, HHES T {ALMET, &
KIEA 4 mgkg, B XBHMESE S ¢ Y J7m 32~
40 cm K EZFIME AV &, R RE IR A A=A
) EPS IHFE T kHE] L B s A R g B 0t — 2D 1
T T P AEERAEYHIHIX, T2 T3 HIH A7
TEREDINGIX, H 5 HARKIKIE R, [FFER I 5 2 b
T “RAEMIHRIX” .

02468101214
Xlem Xlem

a. Tl b. T2

02468101214

Ay B NBUEHIEIX. HB60h mgkg.
Note: A, B are the inhibition area of microbe. Unit is mgkg™.
B/6 RRLAEZHTmPYA EPS A F (mgkg) FHELA
Fig.6 EPS content contour map of T1, T2, T3 profile

3 i

FEAARIE A (B0 S D8 3 ST VEAEAS [R) /b B B) A7 A
Z 5, ABAFEYR = SHE. PR ESH RS R
HHEAAN, BREENTEA IS ok B2 B U,
HL B[R AL X AR e RIS o5 F T AR ) 20.66%, & A
R TRl R = A 3 5o . T8 SEbR TRE R B
BREERKTARKGEE, “RRBEEX” BAERS
EWPIRLE R, B E Rt — B,
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U A NGRS v ] PR R R TR I A e 2% P AR A K
TERD, BRZRISIRIE, DR A e B e i A b ARl
BHEIBUAE NS % . Chen SEP2MEHT 58 A HEIE AR
TRFEHEAR S ARG RO HEAAZS B SR R PR % IE
MRKR, HRZNELIERH, Ea@mERNEE. A
Oy IR o0 An 3R 5 0 HE AL R B . st g R0
R Fe 45 RABAE B 13X — Bl G . B S HE IR Rl HE 25 4 5
LR FF A S 420 v [l A PR R R B e LA &85 4 1 A 4L
P, HERE I AR 5 PR S R B I R B N e S e T B A
AHLYI SRR, DRI AE HE AEORE e Hh B S F B2
5 CAFEFT A Je 42 ) o [l DR A8 T v eh B, R 8 T
T2. T3 AFE R E 25 5 22 e MR IR K, T3 KIEREY)
Fol 10 2% i 1 PEE O AR A1 2 0 e 18 5 AR B 1) AR Ak
fay, RAFEELE 0.6 glom® A7, KTYIRAIME KB
I RHE R E, R BHTE CURSFF N JEUR} i g ] 1 PR A2 K
FRl R A7 AE B R SRR

FEFITH Rk EPS & & @ M X L R R s 1 & &
BAR, 1 EPS & EERMKH XL A S T o B,
2 W [l Y0 91 R T DA e v ] A A T R SRUB A Ak
AEASIABE, DGR R i B sl AR 8T 4 B AR 2 = A
YEF . T1. T2, T3 AbEEHIH A “ EURBBEIX AR ” 5“4l
AW X AR R AN, A BRI R 5
SRS, VIR E A R BRI 5150

4 & i

D s R AR EE G, PENEA B R AN, *
BRI T1. T2, T3 LB CREERID N3, 2, 0)2)
FES 8 JZEUSYRHE 2 5 i/ ME H 35/ Foaaye
JBZRE 0.58 g/em’, T3 ALFRYR}JZ 10 7% 25 B = 5 10 B 56
NG FEARFF A, FEAE 0.6 glem® £4. T1. T2.
T3 AHEYIRNE R B2 585 KREUK KGN, 5508
0.11. 0.17+ 0.23, 5.99%. 10.17%-+ 13.00%, & HYk}
5y EE BT YRR 2R E 13—k

2) EARREEMET, T1. T2, T3 ALH “[RIRRIE
X7 5 “Tl AP X7 TR & el 2.32% 12.69%
20.66%, 0+ 8.17%-. 17.96%, B K YRl A7 75 Rl
WOMIEARFE 20 1 X4 BN T1 3 T3 [F1R B IEAS 7543 X
BTRAR AR RIG TN, AR A Xk SRR e AR

AR

(& % % #]
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Characteristic of leachate distribution at profile in straw anaerobic
digestion with high solid content

L2 7Zhang Yingpeng'?
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Abstract: High solid content anaerobic digestion is an environment friendly and cost efficient way to dispose the organic
wastes because of little water added and renewable energy produced. In high solid digestion system, substrate has little free
water so that the mass transfer is inhibited frequently, leading to volatile fatty acids (VFAs) accumulation and fermentation
system failed easily. Many researchers report that leachate recirculation in reactors is an efficient way to enhance mass transfer
leading the increase of anaerobic digestion efficiency. Most of the investigators are keen on making mathematics model to
indicate the movement of leachate in substrates, these mathematical models require skillful person to play a key role in
practices. Therefore, it is important to have better and easier understanding of leachate distribution characteristics in substrates.
The trial was designed to determine such distribution. Lithium-Ion tracing method and contour map were used to achieve these
goals. A batch wheat straw anaerobic digestion experiment was conducted at 14% total solid content and mesophilic conditions
in special designed batch fermentation device, three treatments (T1, T2 & T3) were set to investigate the leachate distribution
characteristics, and anaerobic digestion substrates for T1, T2 & T3 were all same. For T1, we divided the substrates into three
equal parts by two separator plates. T2 was divided into two equal parts by one separator plate. T3 was not divided but as a
whole. A certain amount of lithium chloride solution instead of leachate was circulated in T1, T2 & T3 at the end of
fermentation. When the circulation process was over (no water dropped from the fermentation device bottom), we took the
inner part of fermentation device out and froze them. The substrate profile was obtained by sawing off the substrate. Samples
for measuring residue-lithium-Ion and Extracellular Polymeric Substances (EPS) were taken from profile substrate regularly.
The distribution characters of leachate in substrates were expressed by the contour map obtained by SUFER 8.0 based on
residue-Lithium-Ion and EPS data. At the same time, the daily biogas production, methane content, layer wet bulk density
before and after digestion were analyzed. The results showed that there were no significant differences among total biogas
production, accumulation of TS biogas production, and methane content in T1, T2 & T3 treatments. At the end of fermentation,
the layer wet bulk density of T1, T2 and T3 was high at the top layer and decreased generally. The wet bulk density of T3
decreased in substrate depth before reaching a constant of 0.6 g/cm’, but it was larger than the initial substrate wet bulk density
of 0.58 g/cm’. From the Li'-residue contour map, the area of residue Li" content below 2 mg/kg in T1, T2 and T3 profile took
up 2.32%, 12.69% and 20.66% of total profile area respectively, indicating that the “leachate dead zone” existed in three
treatments. The conclusions drawn from profile EPS contour map were the same as these conducted from Li -residual contour
map, they both showed leachate recirculation was not homogeneous substrates high in straw solid content anaerobic digestion.
These results provided scientific evidences on improvement of leachate recirculation technologies in high straw solid anaerobic
digestion.

Keywords: straw; fermentation; biogas; infiltration; high solid content anaerobic digestion; particle tracing



