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W ERAAMSTTRIBRLEREEMIAELRLESYNOELEBZ ML, A TH R Fe* Nit' &%
Gt 3T PR A M F I A R A R e A B AT AR P A AL R R AT A KR B 0 g vk AL
FAKBEBE A BT 5 5 KA A B AR R E AR RB 8 %, 5 A0 EE & 243 COD,
A B 69 Gompertz B2 5t &KX B oy K0 & PIe A it A2 AT, RIR 2 R A . bR ie P
A 15 mg/L 8 Fe™ F= 0.005 mg/L & Ni** st &4 = Wix B AR R | F A TR S AW 5 6
B ABST ARG it e BRI R Ak E B Am N 5 mg/L 69 EDTA 7T A 8 45 /A2t = &, 545 &,
M e R 05 AR KGRI 0 = AR Ao R T i 3 3 AR T D AR X B 5 7 49 Gompertz 42 AY 3 &
Ko EH TR B R FEAE I LE RAT e ey Fe®™ Ni* A= EDTA 89 K30 b 3L = 9 ke ik 3
(24.344 59 ml/g) .k K HL = ¥t % (0.765 24 mL/ (g « d)) J&4 &M% (4 535 mg/L) ik K& %
fiik £ (197.8 mg/ (L - d) ) F AHARL JAM , B KRIE 69 A EAH I B T AR, AF &K
BFERITHAEGN N FHE, ARELET F ks LTI SRS a5 RELTELS
BREN, HRBALIAFHARANT T BRELERL WSS A0 Fixe)em, 3t A BT
st = A AR P 8 B A K T AR 3 — F 09I IR AR R A Tk TARACAR AR — 699X 30 A Rl
KER BB T, 80U, 2T, RELE; A F
FE 45 ES:TQ536 XEEREG A X EHS:0253-2336(2021)08-0220-06

Study on effect of Fe’*, Ni’* and complexes on

biomethane from coal and its kinetic mechanism
DING Rui',XIA Daping'”, WANG Xinjie’, YAN Xiatong'
(1.School of Energy Science and Engineering , Henan Polytechnic University , Jiaozuo 454150, China ;2. Collaborative Innovation
Center of Coalbed Methane and Shale Gas for Central Plains Economic Region ,Henan Province , Jiaozuo 454150, China ;3 Shaanxi Chunlin
River Energy Co. ,Lid. ,Shaanxi Province,Tongchuan 727099, China)
Abstract ; The process and results of anaerobic fermentation of methane production are closely related to the existence of trace elements and
complexes , in order to study the influence of Fe** , Ni*" and complexes on the production of coal-based biomethane and the changes of pa-
rameters in the process of gas production, using the method of comparison amplification experiments, the low-rank coal in Yima coal mine
was taken as the research object, and the mine drainage was used as the strain source. Four different schemes were set up to record their
gas production data and COD value respectively, and the improved Gompertz model was used to simulate the methane production and deg-
radation process of each experimental scheme.The test results show that the addition of 15 mg/L of Fe** and 0.005 mg/L of Ni** in the

comparative testhas a promoting effecton biomethane production, which is beneficial to increaseoutput of coal bio—methane production as
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well as the degradation of organic matter.On the basis of the above experiment,the addition of 5 mg/L of EDTA can better promote the gas
production and make the substrate degradation rate higher, the gas production effect and substrate degradation rate of the scale—up test are
better than those of the sample test; the improved Gompertz model for the experimental scheme of methanogenesis and degradation process
of the simulation results show that Fe** and Ni** and EDTA are with small sample test, its methane production potential (24.344 59
ml/g) , and the maximum methane production rate (0.765 24 mL./(g - d) ), the substrate degradation rate (4 535 mg/L) and the maxi-
mum substrate degradation rate (197.8 mg/ (L + d) ) and other parameters are optimal, and the above parameters of the scale—up test
should be excellent for sample test. The corresponding kinetic equations of each experimental scheme were established and tested by math-
ematical statistics method. The results show that the established regression equations were reliable and highly significant. The experiment
and its kinetics study are helpful to understand the influence of trace elements and complexes on coal—to—biomethane, and to have a fur-

ther understanding of the changes of various parameters in the process of gas production, providing a certain experimental basis for the en-

gineering of coal—to—biomethane.

Key words: Fe—Ni ions; complexes; biomethane; anaerobic fermentation; kinetics
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2 em FEATRIES  FFAEAE SR BRIEIBRARIE 1SO 17247—
2013 HATICE 3, i B E PRARE 1SO 17246—2010
AT T30 (R 1) o REFET I AKIFAE 4 C A
PR ORAEAS H  FE IR LN 5532 360 HoK e ik
18 S 7 (NH, Cl it 3=V 1.0 ¢/L, MgCl, -
6H,0°% 0.1 ¢/L,K,HPO, - 3H,0 “50.4 ¢/L.,KH, PO,
702 g/ LR 1 o/ L, LB &E LR 0.5 ¢/ 1., Na,S
0.2 g/L,NaHCO, }y 2.0 g/L, FIREN 2.0 /L, ZEREN
20 /L IRE AN 0.1 /L), RESREFERTE 2 0.18 ~
0.25 mm/JiE N K BEIRY) . FFECHI 3 FhA[a] Y 35 57
VL, A3 AR AE 7 B o8 DA B SR VORI 43 3 I Fe™ +
Ni%* Fe® +Ni* +EDTA F4 77 FUGE i 55 35
1.2 KETER
T v R K T B %o P ) %) 855 R L AT K TR, K
PG KBS SR 58, BN i AR IR 355 R 4
EESE 4 & UEY S IS BT B O B X /INRE
HATor %, TS pH FIER(E A 7.0, I ) 3
A 4 min [ N, BRIEIE 0 DRI 1 H A et 1
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Table 1 Coal analysis
534/ % TR/ %
SRR Ry/%
M A Vad FC, w( Cyy) w(Hyy) w(Ngyr) w( (0+S) )
g 10.45 5.32 31.15 53.08 76.24 5.29 1.08 17.39 0.52

FERAIR P R 37 C W/ RS T H kT 8 5%
R /IR L 1 7= AR AT RAR A AL 50, & e
KB iR 5 5 2R I Y S o AR AT AT 1
YRR S /IVREA BRAH R, 15 B R 37 C ., AR HE
IREER RN P A R = R A T I A , BB 4 d
X & TR P Ak 2 75 U COD FA Tl A
1.3 REigit

WF5E 0 4 41, A U1ERZS IR, B . C 4l IRTY
HILE S EDTA R4 G174k (£ 2),
I BE A IFFENE Fe™ RN 15 mg/L, Ni** 5
FVREH 0.005 mg/L, EDTA K E R 5 mg/L'> |
eI A TR 1A TR (D 41)

x2 HEARIET

Table 2 Experimental programs design

S TR Wi/ g KRB AAF/ mL
A — 20 200
B Fe? +Ni* 20 200
C Fe?* +Ni?* +EDTA 20 200
D Fe?* +Ni** +EDTA 300 3 000

2 KEHER

21 FHREAEER

J% A B C.D BRI H g it 435I oy 348
378.436 17 386 mL, fie K Hb 7= H Ge 43 510 17.4
18.9 .21.8 .24.6 mL/g, /= F BERf ] 4351k 35 .38 (42,
40 d, W3, XTI, TE C 5HE B WKL
FERBE R HR TS A B 1.25 {51 1.09 £, i
LD MR BERIE T C 1Y 115 £5, BB/
FEIRIS REE D AT RIS

xR3 FEER
Table 3 Gas production results
L YA R M= 7 e
T . , ;

Yot B/ mLL K/ (mL - g™h) M a]/d
A 348 17.4 35
B 378 18.9 38
C 436 21.8 42
D 7 386 24.6 40

2.2 COD PEESURTEE

TEBEHHE AN COD PR R IEAR M,
fHJE T B 1 COD PEMEZIL TR A Z (B 1) 1l
Ji% C Y COD IR BUR L T8 B FIT % A R,
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Fig.1 Comparison of COD degradation effect
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Fig.2 Improved Gompertz model curve
R 5T %) B i o 2 R e ) Gompertz 52751
/AW

P,..e
SO—S=SmGXeXp{—eXp{SW(,B—t)+1}} (2)

max

R S NV IR RWI IR I, mg/L; S 7E 5 & BEIE 20 (%)
TR L, mg; S, I KK Y % i, mg; P, M
i, d

%}[
fhid



T BUARFe™ NI B 285 W x JE] A= 4 FR e R 5l B ) 01 25

www.chinacaj.net

2021 4F%6 8 )

i % R H Levenberg — Marquardt 59 X} 8l ) 2%
SRR F /M EL R B HLASt
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A N i s SR R H 50 O
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3.1 FAFHEEM
311 FWRLEh 5 dh LA
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Fig.3 Methanogenesis kinetic curves
F4 FREHHZRESHY

Table 4 Parameters of methanogenesis kinetic model

H0/ R/

UE S Ad R?
mlL (mL g™t -d™)
A 18.972 08 0.719 03 5.16177  0.997 98
B 20.855 19 0.750 88 541857  0.997 28
C 24.344 59 0.765 24 3.32286  0.995 14
D 26.888 31 1.071 12 8.63932  0.997 72

M LA ESR AT LUE 7% A B.C.D IAHC R
]R3k 0.997 98.0.997 28 0.995 14 #10.997 72,3
Eﬁﬂ(ﬁﬂ/‘] Gompezrt ﬁ*ﬁXﬂ'ﬂ:%ﬁ%E/‘Jfﬁqaﬁﬁ}&
#iEA . H%E C 57 % B WK™ H biig #ar
BT A B 1.28 45 R0 1.04 475, oK L7 B g i
HRYPHITRE A B 1.04 45 77 HUBERE IR I [H] 43 51 b 5
FAGET 1.84 d, I RIEKT 0.26 d, MHE D
{14 5 A7 FP o v AR e R b 7 FH o 1 2 0 3l 2 5
C 1 1.10 50 1.44 % 1 7= F B2 23R B A] L € C
2% 5.32 d, BIRHCKIRIE 1Y 77 B Jog 228 3R ) a1 A Fp 448
T A B A7 R TR AR i K B = Y ol SR A 22
PETF /IR, U BH AR50 5 A ) F 7 F e
3.1.2 [ Al AW

KA Gompertz FE7 (50 (2) ) X4 R
COD $54 (B #E 47 b 3 30L& 15 H Je K1 IS ) B4 i

i BRI YIRR A 5 JEC A A 1) ZE i 19 A 56 3R
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P 3500F —a— EB 1
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Fig.4 Degradation kinetics curves
K5 HEBAINFEISY

Table 5 Degradation kinetic model parameters

P[[h‘x/
Vi S S/ MG B/d R?
(mg-L"'-d™")
A 4093 1 83.8 27.4 0.985 93
B 4532 188.6 26.0 0.983 45
C 4535 197.8 27.0 0.994 82
D 5098 225.0 24.4 0.993 01

LRSS RAT LA, 758 A B.C.D IAHG
B R*3514 0.985 93 .0.983 45 .0.994 82 #i10.993
01, =R Gompezrt J5 T2 X 45 5 5 WY i 1o 7
#iEE ., HE C H5FE B MERKXIKY MR
R A LA, BRI R 52530 5 58
A 1) 1.08 £5 1 1.03 A%, iS40 % fifk 1 22E s 48 43l L6
RAGET 0.4 d A 1.4 d, FER D KK
AR FRYIERRE R R 2 C 1Y 112 f5A0 1.
38 175, WA RO ZEVHFT L 5 %R C 46 72.6 d, 7T I
TGRS IS W R R 2 5 T/ ZE R v
T PREE A A AR 20 TR R T e 0 B
3.2 BFAFEBEIESL

E 3 FE 4 s, SR Gompezrt J7 2 AT LA
FRTE A B, C.D 1y Wt 3l ) 2% R R i 5 )
2 FIAZ T BREXT 407 R 0 8l J7 S gl AR 45
7 HGEs g2 R o X (4) —X(7) | BEfg B
R (8) —=(11) .

H
1“(18.97) =-exp[0.013 0(5.16 —¢) + 1] (4)

H
1{20’86) = exp[0.097 9(5.42 — 1) + 1] (5)
H
1n(24.34j =-—exp [0.083 2(3.32 — ) + 1] (6)
1 H = 0.018 3(8.64 +1 7
n[mgj = exp[0.018 3(8.64 — 1) + 1] (7)
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4 184 - S
n( 4003 ) —exp[0.122 1(27.4 —¢t) + 1]
(8)
4 268 - S
- 1 1(2 -
n( 1532 ) exp [0.107 1(26.0 —¢) + 1]
(9)
4156 S
—exp[0.118 6(27.0 — 1) +
4 535
(10)
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( 5 008 ) == exp[0.120 0(24.4 — 1) + 1
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Table 6 Statistical test of methanogenesis kinetic model

B n m n-m R? F 10F 45
| 20 5 15 0.997 98 12 155 29.0
1 20 5 15 0.997 28 8 763 29.0
I} 20 5 15 0.995 14 5 448 29.0
vV 2 5 15 0.997 72 8 809 29.0
\ 7 5 2 0.985 93 493 193.0
VI 7 5 2 0.983 45 443 193.0
il 7 5 2 0.994 82 1351 193.0
VIt 7 5 2 0.993 01 1195 193.0

HRYEE G 8h F12E AN, A5 R B R KT 0.9
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