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Effect of Natural and Hydrothermal Synthetic Goethite on the Release of

Methane in the Anaerobic Decomposition Process of Organic Matter
YAO Dun-fan, CHEN Tian-hu, WANG Jin, ZHOU Yue-fei, YUE Zheng-bo
(School of Resource and Environmental Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: The effects of natural goethite (NGt) and synthetic goethite (SGt) on the release of methane in the anaerobic biochemical
system consisted of dissimilatory iron-reducing bacteria ( DIRB) and methane-producing bacteria ( MPB) were investigated through
batch tests with sodium acetate as the carbon source. To explore the effects and mechanisms of both mineral materials on the release of
methane in the anaerobic decomposition process of organic matter in the presence of DIRB, the main gas components and total organic
carbon (TOC) , total inorganic carbon (TIC), and Fe** in the aqueous phase of the experimental process were determined and XRD
analyses were conducted for the solid-phase product. Moreover, the minerals were analyzed by specific surface area ( BET), X-ray
diffraction (XRD), X-ray fluorescence ( XRF). Modified Gompertz equation was used to fit the cumulative methane and carbon
dioxide. Results showed that the maximum cumulative production of methane was brought forward by 60-78 days by the addition of
goethite and CO, was effectively reduced by 30% -67% compared with the control samples. SGt was more effective than NGt in
promoting the release of CH, and reducing the CO, emission. Furthermore, the analysis of the solid product showed that the addition of
goethite can fix part of CO, by the formation of siderite.

Key words: goethite ; methane-producing bacteria( MPB) ; dissimilatory iron-reducing bacteria( DIRB) ; methane; anaerobic digestion
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M, BA S5 AR AR s e | RUEYE R
LRI PRI ES IR AT L 2 BR AN A Ay ik
T, 2R 17 H ¢ B ( methane-producing bacteria, MPB )
I8k 38 JR B ( dissimilatory iron-reducing bacteria,
DIRB) EAFERIE T, S8k kA DL 43 fift 7 B Joe
SRR, B 7R A AL R ) RE DR AL A1) I 4 43t
EE e =3

1 #MBEFZE

1.1 ZRihkEsRit

BRI Ay S RAN 20 g, T T R IE W 10
mL, 4E4: Z VW 10 mL, MgCl, 0.1 ¢, NH,Cl1 1.0 g,
K,HPO, 0.4 g,KH,PO, 0.2 g, 7%/%/K 980 mL, 7£ %)
AL N Z HT PR H T 121°C K TE 20 min.
FEATRERT MK BEE R 0.5 ¢, PUIRIMAR 0.1 g,
NaHCO, 3 g, DAt — 20 L BR i i 460, P8 15 pH |
7. 0(10~13'.

TR (mg- L") M, CoCl, -6H,0 130,
ZnCl, 70, CaCl, - 2H,0 2, MnCl, - 2H,0 80, NiCl, -
6H,0 24 ,H,BO, 6,Na,MoO, -2H,0 36.

ek RV (mg- L) D(+)EWE 10,
MR 30, M2 (V,,) 100,Ca-D( +)-1ZFR 50, 4i4 &
B, 100, MEMEHE (V) 150 ,4-Z K H R 40.

1.2 BRI

FBERR ( MPB ) B A I8 S 1% 35 K A # T ()
REATG RSN E I & E5 5%, B ERFRINE
WLSCHR[15 . BRIE )53 ( DIRB) [ 242 U B vk vl 2
B oAb, TRl BOR PR IR AR B
FORFPIR | 2% FCBAE, BELL ZRAE R i R R 5+
eyt
1.3 T ¥kE

Sk K AR &F 2k B ( natural goethite, NGt)
7K 4G B ER 8 87 ( synthetic goethite, SGt) A I
TPy, RAREH R I H RO B 5 K IRA B Bk
WO TTAS AL T Tk 2 7= & Wi Ah 4 44 k)
KIWFEE 1k 200 F 9% 45 1. FH X 5498 66 1% X
( XRF-1800, H A & #t) DL K b 3% 1 A fL 4% 4 #r
X (NOVA 3000e, 3 [E FE 3 ) W 45 P Fl 44 6} 19 B
3R G 2 TR S8 v e AR 9 1 AP R R
AR 1 R,

F1 RAHHTKRSRI KT WLRET, AERFME

Table 1  Specific surface area, purity and dosage of natural goethite and synthetic goethite

TR R/ m g Fe,05/% 7n0/% AL O,/ % MnO/ % S05/% Si0,/%
NGt 14.09 94.21 0. 56 0. 65 0. 54 0.25 2.98
SGt 16. 55 97.76 0. 008 0.08 0. 009 1.42 0. 10

Uk WinfE/g- L' Fe,03/g-L™'  ZnO/mg-L~'  ALO;/mg:L™"  MnO/mg-L~'  SO;/mg-L"" Si0,/mg-L"!
NGt 8. 00 7.54 44.80 52.00 43.20 20. 00 238. 40
SGt 8. 00 7.82 0. 64 6. 40 0.72 113. 60 8. 00

1.4 Srtscseiiit TOC) . A JCHLER (total inorganic carbon, TIC) | Fe’*

LA 300 mL #KHME N Rias , AR FR D 250 - MREE | pH Il ORP SF48 05, 17 S 45 HUm |, I (4

mL. SCE T E 1 N IR 4 A SEER 2 DL gk
W XA WL IR 53 CH, B A S2 . an T B,
TERG SR 5L b 4 5 AR R 3 B0 2% 45 Tl & 1Y
MPB | KR8 2% 3R 2 1Y DIRB BT84, 5%
N,5 min, U DL T REf € 3 R 0, BT
34CHHIRF G SR

SCEGZH 1 (Run 1) ;MPB 2% . 525241 2 (Run 2) ;
MPB 2% ,NGt 8 g+L~". SZ56 41 3(Run 3) : MPB 2% ,
DIRB 2% , NGt 8 g-L~'. SC5: 4 4 (Run 4): MPB
2% ,SGt 8 g+L~". SL¥841 5(Run 5) : MPB 2% ,DIRB
2% ,SGt 8 g-L.7".

J2 7 3k 7 v S SR A B R AR o U
ST AR FE ST 0. 22 wm I8 B U8
VLA % W B A HLBKR (total organic  carbon,

i L2 R [ AR v ) TOC AT TIC, X AT
XRD 43477
1.5 SEEHr

CH, & il R ISR B35 75 (GC-2010, 116
SHEABRAE]) AR B RTX-1 8 (25 m
x0.25 mm) , JXAL IR JE 250°C , K6 4% 15 300°C
AN N, R 20 pL. WP TOC, TIC, ik
CO, e 5 [ A b 1) e R AR €0 B2 AW ik (48
[ Jena C/N 2100 TOC 4 A 430) 5", %5
Fe” * ¥ B A0 5 SR FHABE Mk A3 et ek X-
SRR ARATHE (XRD) (SR I DX-2700X 514k
TS0 HEA T AR 2B
1.6 Gompetz J7F2

fEIER Gompertz J7 #2 C 245 12 F FIF 4k =X



2 WK . KINFKIAG BUEH R XA WL IR0 BRI CH, FA52NR 637

SO LRV} A UK U] K170 X TR

R,
P =Py el = exp[ =Ca 20 w1]] (1)

m;

X, P (mL) 2 RS &, P, (mL) J& 0 72
i KBRS, R, (mL-d ™) i K= Al
RN () SN I AL AR 2 B R
etk N fi /N R AU, SR A AR I 15 S 4
SO R/ NEE A TR ARG TF S E P L R s
ARSI HESR 10 75,

2 HRE5HM

2.1 PAVEMER G DR A A TR A 5

WK 1 (a) s, 520 Run 2 ~ Run 5 ¥ CH,
PR E ROV S 12 d JF R AR B, 3 AR 45
60, 48 Fl142 d iK% FitH KMEH1 361, 1345, 1352
F11 280 mL. i %FHEZH Run 1 B CH, 774 F SOV AR 9
d Bk TF ORI BN, 7255 120 d 35 3 Bt K ME
1077 mL, ¥ Run 2 ~ Run 5 #iifJ5 60 ~78 d. X £ W
FEURZ IR IINET 2R 1T LA R i CH, =R
KN & 25 W g Fe'* #% DIRB Al MPB 3£ J&i 4
Fe?* 12 R’ fE Ny i e e RIS T MPB 4 I
PEP IRE T CH, PR Run 2 B CH, 77X
HOE L Run 3 &, 1 Run 5 A9 CH, P 3% Run
4 5 BXJEH T NGt BT (W3R 1) 7224 T DIRB
F MPB A= K AR T 2 it oo R, it & 128
PITE e s S — i, kRS Y AR Y & AT R
R TR Y TR A 1 AN O i A A T 43 2 L 2 A o
CH, 724, ARS8 i F NGt %5 ZnO 44.80 mg-L~',
AIfE 2 %R A & B = CH, A — & M &l /E 1, H
DIRB 3458 fT it B4 £ FR 40 B (i L MPB iK™, B
7£ DIRB 1 MPB Xt Ji& 4 1 L F X (1) 5 5+ 1, DIRB
Ab T, Br LA Run 3 B CH, 77 3R, 1M SGt 6
WAER,FTLL Run 5 /) CH, 7= 38R L Run 4 /4.
Run 5 B CH, PSR L Run 3 &, Li % A48k
M D R E ARG T A A W i L 2R i T AR SE G D
SGt [ LLERTAT L NGt YR (L3R 1) , BV SGt 1140 i
RRT NGL KRR T Fe* &K, X #&5 MPB i
PEEVE IR, T LL Run 5 (9 CH, 7= % X Run
3.

WE 1 (b) iR, 3520 Run 1 ~ Run 5 (1) CO,
PR AR NS 9 d FRARIEE N, 2 BIFESS 18| 36,
24, 42 F130 d LB RiFERK(E 57, 32, 40, 19 F0
26 mL. Run 2, Run 3 i CO, fx K 23177 Run
4, Run 5 {5 14 mL, X J& i T RIREH e v i) 22 it

(MR D) 7Y T A KA T iR T,
B TR BT CO, PR R IRE. Run
3. Run 5 ) CO, it K BIT/*S &t Run 2, Run 4
5L ZEM T Run 3. Run 5 H Run 2, Run 4 #IEATH
YR Z Lk CO, A iR . Run 2 ~Run 5
) CO, P X HRZH Run 1 1%, 5 Qu &P BFSY
AT 18 d LU CO, PR E T8, B
FHY o, PRI/ T CH, PR X T COo,
WA A pH THE , NI T CO, i
B BRI 20 co, AR AR P, Ha /N F
CH, /=< &

1500

(a) CLRR =SB A At
1200
= 900 -
£
o
o 600 = Runl
4 Run2
300 v Run3
A Rund
v Run§
0 us 1 ! ! 1 1 1 !
0 12 24 36 48 60 72 84 96 108 120
60
_ g s mEmmEmESR
50
40 |
E
< 30
8 nnnnnnnnnnn
20 |
10
(b) CO.AMPK &
0 ! | 1 1 1 1 ! ! | 1
0 12 24 36 48 60 72 84 96 108 120

t/d

E1 CH, 2BFKEM CO, EMF=SEME Tk ik

Fig. 1 Variation of cumulative CH, and CO, production with time

HMEIE Gompertz J5#£ Xt Run 2 ~ Run 5 ) CH,
PGSR Run 1 ~ Run 5 Y CO, F=Aud B2 EAT
LG, ME R ME 1 FoR, BES L 2. 1
222 Fi7x, Run 2 Fil Run 4 ) CH, P, It Run 3 Al
Run 5 /5,1 XJ&HF Run 3 1 Run 5 F14%# T DIRB,
DIRB il MPB 56 4+ G W) R FELF-XF i MPB 176 #: AH X
i, rLA Run 3 F1 Run 5 9 CH, P, tt Run 2 Fil Run
4f%. Run 2 A9 CH, Rt Run 3 /&, Run 5 Y CH,
R, Run 4 & X 5K 1 (a) LR —E Run
2 Ffil Run 3 #Y CO, P,, kY Run 4 Al Run 5 /&, Run 3
1 Run 5 1Y CO, P, Run 2 F1 Run 4 & ,Run 2 ~
Run 5 % CO, P, I Run 1 1%, X2 5K 1(b) s
g —30. Run 1 9 CO, R, ¥ Run 2 ~Run 5 1,
BOR M T U EH R B R PR R CO, 5 Fe® " 45
BIE WL ERA (FeCO, ), Ml B AR 1 AT A8 0 1) 1Y
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CO, #eJ¥ % Run 1 i CO, R, It Run2 ~Run 5 .
Run 2 ~Run 5 % CH, 7”& Ml Run 1 ~Run 5 1Y
CO, UG R (E#RTE 0. 980 LU I+, Rk
57 R A RE T BRI 5T e AR TR AT T

HRA G JRBEC L (COD/VSS) H 2,17 g-g ' 5%
R K™ CH, 3% 4 1,31 mL-h~". Hu 25 0F
I8 R I PR AL B A AN 10 w mol - L™/ =
LR B K™ CH, #%0] ik 1. 88 mL-h ™.

£ 2 {BIE Gompertz FIEM IS SE

Table 2 Fitting parameters to modified Gompertz equation

CH, CO,
Hi5
P R x A P R, A R

Run | — — — 53.57 12.51 9.19 0.986 1
Run 2 1361. 04 56.75 12. 14 0.998 1 2.22 2.50 8.92 0.9973
Run 3 1344.90 33.79 6.92 0.994 4 39.06 4.78 8.27 0.9840
Run 4 1351.83 54.41 16.92 0.995 0 18.63 0.78 7.46 0.996 4
Run 5 1280. 30 61.36 11.25 0.998 5 26. 17 2.25 8.63 0.990 6

2.2 PFPEHERE IR EUEBER R ORP A1 pH 221k
OpA|

Wi 2(a) 75, Run 1 ~ Run 5 1 ORP 7E - 420

~ =210 mV Z [ ¥ 8, il 4R IR A A YA K.

AN —320 mV LA B ELAS R R B B A E R
KIAEE, M SEEUER] TFF - 150 mV A9 & ALIA R
MRS BT AT DA B R G218 R IR 4
AL RGBSR ORP BT - 300 ~ —380 mV'?)
DIRB i J5 4F 45 1Y) ORP 7E - 260 mV 22471, 52
54 Run 2 ~ Run 5 i ORP 7E Wil 18 d FFF- =
-245 ~ -210 mV,18 d J5 FFEIFIEARE ELE - 350
~ =245 mV Z[a], X BRZH Run 1 WREE T F 914k
FFfE -420 ~ =385 mV Z[]. L5520 Run 2 ~ Run 5
) ORP 273 HEZH Run 1 &5, X2 T4HE0 T i
Fe' " fEh —Fh LR, B2 2 i T Akl Fe? ' AT
BLUEIR Ao B, SRARAAE T
ORP"®’ Rt , 7E R AU it i 18 d, Fe® " X H B T 11
Az K R R A A — 22 1Y B TR I, 5 00 1 7=
CH,, SARX B H s % L Run 1 I,

WK 2(b) Fi78,Run 1 ~Run 5 B pH {H £ I
FHEa#, 5 ORP AR LA HAH I, X 5 0 R BET B 52
ZE 2 STIGH Run 2 ~ Run 5 B _ETH@#® S T
XTHEZH Run 1,3X 5 CO, =< a28b—2, pH {HH
BRI 7.1 B TFZE 9.5, 3% 2 BB AL W 7716 A
T AR Z 085 45, BT LA Run 2 ~ Run 5 1% CO,
PP LU RRZE Run 11K, WA MPB 7] 1 3
FIFM R8N, A =R B By, i pH (A2 L TH#
POWA B TR RN R ER Co,
fift WA, co, MW H 454 E i HCO,
THFE TIWh W 1 =4 TR, BT LA pH {H
B ETHESNT RO R

CH,CO0™ + H,0 — CH, + HCO;  (2)

-200

—a—Runl —2&—Run4

250 | i —&—Run2 —v—Run5
> =300 |
£
[=]
o L
) 350

-400

(a) ORP
-450 & L

1 1 1 1 1 1 1 1 1
0 12 24 36 48 60 72 84 96 108 120

pH

7.0

36 48 60 72 84 96 108 120
#d
B2 &% ORP #1 pH BT E 254k &

Fig. 2 Variation of ORP and pH in aqueous solution with time

2.3 PRRER R X ISP AR 1 5

W 3(a) Fr7n,Run 1 ~ Run 5 ) TOC ¥ 14
BT ES, R RY6000 mg-L~" T P F| 500
mg-L~" 00 SGt 1R R TOC 76 12 ~48 d B T
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