www.chinacaj.net

Fi0BE I R B e BOR Vol.46 No.4

20184 4 A Coal Science and Technology Apr. 2018

EBERIIShE
KIEEHESELEEEFIE~TEEE YRR R

ZTF, B0, 8 F,KFE, XN
(RFHET K2 Bl T2, 117 KB 030024)

H E AR AKGEATL RRRENBE RS = FIe ey, o T RAF S e 2 b -3 Pz
FEA e, A AR RS T RAEDER TR RATFGMEIERA LR, EREAW KGR
TR EACHEE AN FIa 3540, ERAF SR Z 0.3 1 1 6954 T, 00 P OB
LR R K IR 7 A A 643.25.627.90.208.46 wmol/g, Yo Bk gk I R 64 3T BR 4038 Im T
1 268.08% .1 644.16%F2 1 633.33% ; "o A #F 2 Jk 5 fif 64 3T PR LA3E m T 556.12% .540.71%F= 112.24% .,
ESRIE LR B N, F AR S Tt E B R e e A AT A K AT S S P AR Ak
M R TWAA06: 1. 1: 14 1.5: 1, 2w srsd R AW, B Fb LS MG 0 &Rk
HEEER BFERZ N LRI GHEER, AFREREARGEAF S G/ = F e
BAER, XA —FTRGEEE LD TIR T T, ARSI REAT TR 6 5200 AR T A K& Z,
KEEIF A T BEE A 7 RAGFEAT  BE
hESZES.P618. 11 XHkFRERD A X EHS:0253-2336(2018)04-0215-07
Experimental research on enhancing biogenic methane production in coal seam by

co—degradation of rice straw and coal

LI Yaping, GUO Hongguang, HAN Qing,ZHANG Yiwen, LI Xingfeng

( College of Mining Engineering , Taiyuan University of Technology , Taiyuan 030024, China)
Abstract ; In order to study the potential of methane production from co—degradation of rice straw and different rank coals, the effect of coal
rank and the mass ratio of rice straw to coal on methane yield was determined.The interrelation between coal and rice straw under biodegra-
dation was analyzed by scanning electron microscopy.The results showed that rice straw could significantly promote the conversion of coal to
biogenic methane in coal seam.Under the condition of mass ratio 0.3 : 1 of rice straw and coal ,the maximum methane yields of co—degra-
dation of high—rank coal ,medium—-rank coal ,low-rank coal and rice straw were 643.25 .627.90,208.46 pmol/g, respectively, which were
1 268.08% ,1 644.16% ,1 633.33% more than that produced from only coal as substrate ,and 556.12% ,540.17% ,112.24% more than that
produced from only rice straw as substrate.The results of orthogonal experiment showed that the lower the coal rank,the greater the propor-
tion of straw added to produce the most methane.The best quality ratios of straw to high—rank coal ,mid-rank coal and low-rank coal were
0.6 :1,1:1 and 1.5 : 1,respectively.The SEM results showed that the structure of rice straw and coal were damaged greater after co—
degradation,and there was a synergistic effect between rice straw and coal. These results provide that the potential of co—degradation of
methane from rice straw and coal is great, which provides an effective way to further improve the biological methane production in coal
seam and the efficient utilization of rice straw resources.
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Table 1 Proximate and ultimate analysis of coal samples
Tk 5341/ % TCR I/ %
TR
M, A Viat w(C) w(H) w(0) w(N) w(S)
15 1.90 10.41 8.82 83.01 3.24 1.76 1.27 0.31
ERlge 0.70 8.32 13.69 84.03 3.83 1.76 0.99 1.08
R A5 6.81 22.65 38.07 62.40 3.94 9.44 0.94 0.62
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FR A F B MEETR AR R R
FIY: e 22 R — i AL A R

TR TCRA I S U :FeCl4H,0(0.15 mg/L) |
AIK(S0,),(1.00 mg/L) ZnCl,(7.00 mg/L) NiCl, - 6H,0
(240 mg/L) . MnCl, - 4H,0(10.00 mg/L) NaMoO,(0.60
mg/L) .CuCl,(0.20 mg/L) H,BO,(3.60 mg/L) CoCl, -
6H,0(19.00 mg/L) 25% HCI(10.00 mg/L) .,
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Table 2 Orthogonal experiment program of

co—degradation of rice straw and coal
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Fig.1 Methane generation from co—degradation of

rice straw and different rank coal

I FEFEG R -5 LR A 7= PR e A2 4 B 4 A4
FH i BARE SR B RIVE R 2R R A A
Yy SR R T AR TS LR BRI
AW B I SR R B B R AR R AR R
PR LR AR R RS04 P R 1
FHAR W] BB 2 R 1 8% FF R 7 9T 7 A 19 A HL A A&
S S 5 EE Y R i R, R R T
A I R A 4 T A B R i
22 BEMIKBEMEENRELTEY R R~

2RI
2.21 KRR G LR T I E AT

IKFERGFT S B IR EAS [R5 a2 b S A i)
Py AL AN B 2a PIE7R . KRS RS A1 5 505 1 L
0.3 :1~0.6 : 1 B, i IAASFF L BIER A, H e 7 i
R, iRl 0.6 ¢ 1 BF, g P i B R R
1 001.27 pmol/g, FEFFSHEFE LA 0.6 1 1~1: 1
IF, RN AR BT i b 1 2 1 9 B e i b B L
0.6 : 1A, MG WITE L 0.6« 1 % H o 72 i ot
TR 1 F R, FEh 1.5 1 HH
St 7 W v T B AR Al A g FH e o H IR T
AR I ot = i AN IOK REAS AT A0 B = Ll
BRI 3 fFR R B B B4 K 76.6% ~2 029.8%

217



2018 4F55 4 1A

HEMFHA

www.chinacaj.net

546 45

IKFEREFE B IR AN 8] o i b R %)
VS RA T r%tzmz] 2b iR, K FERE AT 50 T L
0.3 : SR BINAYFE R LA, F e G B
j(fgiﬂj( Fifm b 1 1 BRI B AR K, IR E 1
035.29 wmol/g, Fi LA 1.5 ¢ 1 B, Flbg = 2 R
WD B I T RS FRR G A B B R R
AR R i 1 B o ™ e, LAE W R e i LR Y
L PR A ISP 15K 166.70% ~2 775.00%

R B 526 W R P B2 AV, 7 I B2 T A 4 W e
AU (R B AR RS sl 2 0 A 4 R e %) 2 ™ A
MHERYT . L, A A K RS RS FF
AR TR B A= 4 F B i AR KRR RS FE S5 0

B BREAEAS ] 5 2t bU T e 3 A 1% B e 7 26 15 0 2 (%]
2¢ iR, REFFSBER R ILTE0.3 £ 1~0.6 = 1 JulH
i, R R ot = o 5 e L ) B4 R T s/ 5 o i HE A
0.6 1 1~1.5: 1 JERIAT, F kK H b= i 'ﬁﬁgttIE
I, FEFFSMEM RN 1.5 0 1B, b= e i
K,i5 1 081.50 wmol/g, s A% FF B9 H e 7= &,
Ll BRSO [ i ) FE e 7 I T 1 233.30% ~
8 980.30%,

IKFEREFEXSAS R BB A W AL L B
PEHEVER , FLAZ RS FRS I A5, A FFS M B

B R B T, RS AT IR RO, S i
MK R e Y B e e R, B
FEFRR L 0.6 ¢ 1 B, H g 7= et d K 1 o B A A
1 10, e m e ok, il XN R UE S, ffFa
M, e AU | SOOI, e A
Ho1.5 0 1 B, H e = m R R AT RE S R AF A6 T
FRBEfR) =

555 RN R S [ AR B B BT R
i, B AR T AR B R AR 2 AR W e g
AT TR A S S A RO L
TEIVER, A= 9 B2 v %) 4 Jm A Ak 0 T DA i B A
Pyt RIS (AR B A e A T R KR
T FF, ﬁiﬁii({EET B T B JE X 7 H o %) 410 ) A
M REFF SR R 0.45 5 1 F10.6 1 I
Eﬁk;nfﬁaﬁ?ﬁ%itlz 0.3 : 1 Ay H b= i, B HA ot i
Fb/NF 0.6 0 1 I, 32 B0 S5 R g 7= W Joe, 5 P 6 A
(IR ARA PR EVE . EUR RS AT R 7= A (0 A DR

SRR A P L DR, R e i B T ik LY
RIMFEAL, HB ERT 0.6 1 )5, AR ke il al
RETF iR A2 LR AL B AR S RE AT ™ e, JEHOR R
T 1 Ja AR B X A R LA A
YEHL,

<1200 —= HRSO0.3 <1200 = MRS0.3 2~ 1200 = LRS0.3

20 —— HRS0.45 b ——MRS0.45 el ——LRS0.45

= L HRS0.6 S 1000 —— MRS0.6 5 1ooor LRS0.6

g 8007 —HRsI1.0 g 800" — MRSI1.0 £ 800F —RsI1.0

< 600 ——HRSI5 < 600 =— MRSI1.5 < 600 == LRS1.5

U5 400~ — HL.O I 490 = MIL.O 0 400- = LI1.O

& 200 = ﬁé 200 Lg 200

E 0 1 1 1 1 1 1 1 1 1 ,I 57 0 1 1 1 1 1 1 1 1 1 | H 0 1 1 1 1 1 1 1 \ﬁ ,I
0 7 14 2128 35 42 49 56 63 0 7 14 21 28 35 42 49 56 63 0 7 14 2128 35 42 49 56 63

7 d i /d I ) /d

(a) BT (b) P
B2 AKABERTE T RS LR R BE H 3t A ey 9O 7 2 R b
Fig.2 Methane generation from co—degradation of rice straw and different rank coal at different mass ratios
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Fig.3 Methane production rate of co—degradation of rice straw and different rank coal at different mass ratios
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Table3 The maximum methane generation from co—degradation of rice straw and different

rank coal at different mass ratios
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LRlpe 627.90+44.61 650.75+37.91 758.82+40.74 1 035.29+52.61 96.89+12.57 36.38+2.39
s 208.46+22.46 174.44+14.43 160.06+14.72 222.42+24.78 1 081.50+51.09 12.97+2.09

IKFEFEFE S 3 AR LA ) 5 e LU SRR i i
KIPLE -t Ai i 4 firzs . AL 4 w0, BEfS {2
PEREIZ LW e AL RO RS AT AR i A2 AR
A A — A L BRAE, HRE B s, x> B BRAA
R,

R 52 e T A 4= ) T e 7 2 B T RE DL IR A 2
DT, — 7 T fol A A R X A A B B A B
PEY ARG R FH 7 F e R R OR e B
B K DRI BT RT vmg A 10 35 1 e e £
TERSAT AR L0 T, s vl LRI s B b i 2
PIERTE I o T TR AT T B RER Bi A 0 aef of 0
WEIE R TR N 22 R I, A RE R B W 16
PeRE Az o 55—, AR RIS e o
AT BERRRA , LR o3 S5 R AT AR (LR o ol e
PR, 55 BT RS R AT (0l 0 22 S P d K, A D s
AR RESE BERAE Y TG 4, LU h AR A B 2 %

BR TR My A 7 1, 5 B B R AT L i
REGEHE I Be ™A, R SBEBR /T 10 1,
TR R AT L A A PR e 7 i g

FEFF SR BURE LT 12 1, s B B
AR ) P e e R e TR B 0 S 3 o, X — B
SRV TR T 1 1Ja, AWH s E2k
U LRIIR AT RE A A T A2 Al 55085 Jo R A9 1 L
AT AR YRR AR R BT, A AT BRI
A A T e 08 FE AT T s B AR R I JRE X
AR ARR ™ A 1 AR A AR B AR 0 2 B 1 A
fift o BARBLHNEA 55 S M A E R s B S5 J7
VT By ORI, JE— DO SRS AT R4
FHPLEE,

3 KREKBHFEEIERIRBASH
N T WS AT RAR AR DG & R A 4

219



2018 4F55 4 1A

www.chinacaj.net

% EMEFRK 446 %

B4 ARBEE =R LR R E
P S 2SNV P

Fig.4 The maximum methane generation from co—degradation of

rice straw and coal with different coal ranks at
different mass ratios
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Fig.5 Electron microscopy results of degradation of rice

straw alone , degradation of coal alone,and co-degradation
of rice straw and coal
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