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MFRE:CH, fl CO, EAIMM RGP0y E ISR A 53, W8 2Z 18 10 5 S ML R — A~ B iRl 4= a8, 78
BRAE B0 G0 A A ) 258 18 22 5 T 4 L AT o R S, AR T i B L CHL A CO, BT A 23 2k 78 BT 3 A 11 5
CO, B REZE MR pH, 0 ™ TC 3R I A 0 VE 55 SR 220 . T A8 A A 5 il = BT 2R ST 1 o i e 2 L —
BL L EELOHME RO PR AR B R R AT R a RS R4 REK CH, &AL IR CO, ,
SR fe 20 AR 5C ) S 36 3 Bk AR AR . DRI R AR 50 6 4 PR B AR D AR SR T R T CHL B SRS R AT 5T .l g
X Rz BT K AR R R B AR KRR DR T bR R R B SR BT 8 & B GESE T R = BERE SO CH, %1k
H CO, BIG RN IRE L 150°C  im K F o FROF 745 1. Xt T 28 = B F -7k 0 22 00 /K Mk R 52 36 L R LG il &
24 T A A Sy SORE JES 5 T X T R s Bl A K A R SR DU SR TR A S A S RO IS . X B S R BE AR R B BE T
SR EM TR Fe G KRBT, RUB A H =M Fe ENRANSE TR, X8R B RS PR
=R SEOER I T  FE T RIE AR A AL CHL TR R CO, 82488 T SEg MBS 8 . 1 CH, 1 CO, MR AR A2 0
DR AR R B B, A R T CO, AT SRR BT 1 3 & R R AL A R 3.

KW WA BB I 5 CO, Wik

CH, Ml CO, RaHPM P EZEH Iy, —HZ
Vi) 1) 5 J8 o 4 S 0 A 19 T B L b R o, L
B — A 5 Y SR B A, [l . CH, #51k
H CO, R BRAG R Y T Z IR, X T 7 8 I8 350 Bk 1
Wit |EE ., B ERBE.CH, Al CO, XK
T A £ 05 T I 2 . B 4N FE BB K R, CHL, Al
CO, AT LAY R A 16 ASTR 151X, 38 i 3 A4k 11
AR o AT X B AT I 2 A0 3 A% AT TE 7= A 5 R
(Naden et al. ,1989; Jiang Neng et al. ,1995), |f]
L CH, F1 CO, At 23 B A% 3 1A 7Y A B %
AT TR D% G YT (Kokh et al. .
2016) ., 74, CH, EAIE A CO, 5 H,O A4
) H A HCO, - . i B8 22 i i K 1) pH (Wang
Xiaolin et al. » 2019) , 3% X F 76 f M 45 1 T 7% 1 i
HE Ry TR TR AR A A, R Z R TR NS
UUVE & . MRS KB R R, &

EASCNER A AP RS T I H (%5 41830425) BEBIAR .

CO, MPE AKXt Bt Rm | E R A HE
M= X (Laznicka, 1999; Zhang Dehui, 2001), &
ERRE VE CO, S Kl R R A5 e T OB U A 1
HLAVIE (Chen Yanjing et al. , 2009), — &k l,
B AR CO, BREE A REA S, Bk AR
AR D . SR AT CH, #& S 4 8 T R 10~
WAEALIE B CO, BIBLEI BT AT 4y 55
HIATERT /R il R T R = B Mk CH, 1Y
W B % . Mullis et al. (1994) 7F i 1 Ff JR B2 8y 11y
AR A AR B b E g o A R A S b Y O A
A e B A4 20 43 DAL 20 R ) 38 Al SR AR A A1, 2
BRI E R JCH, KA CO, o Horfr B eais Y 25
UL AR B AR SR th K& CO, Rdndi., W
Bt i E 2 WG R R BB RO &bk A
AL CO, TR IR G S A H =
BRI R = B G s TE KA, B 2= BE ) 58 4 Bl 4t )
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ARE = BB, ik, 6T CH, 16 K 1 5 A,
Tarantola et al. (2007, 2009) 1\ N & A4 7E 270 +
5°C I B = B A L CH, A ALK R CO, ., %
R =M S S8 CH, Rib &AL, i
HABRES SO =M S Bt R B
e/ A e DV AL I A 1 CH,  {H 3 — fiff B i Gk
AT ARG . 06T CH, AL LR Y 52 55 0F
5 Wi 2 ] Bk A A ) B 1R 3k 45 4R Ry 41k )
A S5 T A A B R e 5 S i )
VEREALT R )t B BESERERR RO . i, 7
TR IR & 5 I AR 2 sl N R BT OB TR £ A i
(TSROAEH  UE WA B 2 £ 7T LA Ak CH, SR IR I B
CO, (Worden et al., 1996; Hao Fang et al.,
2008) , Kiyosu et al. (1996) LA Fe, O, ,MnO, ,CuO
AR BESE CH, AL A2 (9 [ 57 3 53 18 0]
Horita (2001) LARGERE" 7R k67 2% vhifl 1 58 CH,
E AT R, Seewald (2001) DA IRERH" | g 2k 07 Fl 5
BRSO v R BE s R R H AL . Hu
Wenxuan et al. (2018) 7F 1 1 /K L Hb 0 b 75 i )2 v
R E N Mn H AW E L CH, B4, 256 bF
FEALE W B AL 5 7E =>200°C B AL Bk =250°C 1 41
Tr L% AL CH,(Wan Ye et al. , 2021), {HETF K
SR A W B AT AR 2D, ik T T R 2 AF 5 48 s S
Prh R ER B CH, AL 5 &0

BFL LR TR A Fe' ' iR
=B T CH, FAL LI 05, LLiE /R BT &R 48
CH, ¥4k R CO, BRI 2 FFIHLEE,

1 FF R IS5 5 4k

1.1 SKEHGA

SR SEF AR BAR SR BT B R R
Al AR R B e 25 % (BEJR B Ar H) B 75 %
(BEIRE A . BASIAS 5 RN ATE R N bR 5
B A 2H 43 () & B AR A, SEIR Al A B A 18,2
MQ « em FFBALK .

B BERE R W R SR U A LA A k. SR
HA B BEEAT 35 T WS X A 6 0 B T 4R
EERCAY BT AR, LU E R m B RS S Mk, RS
FoA A A (BT 1) B2 B EL A 20 %% 09 f 3
FESROE T B B a0 B IR B A 2 A, IE S R
N e T Ak R (K lab) . FE& Y
X GHEfTH AN E 1, FEM D W B, /0
KB B, KBRS EBKAEH LY
(Xing Xijin et al. ,2009), 7ZEHIRHE T, B=HH)

| \ Biotite

| L1 o

Hydrobiotite

Bl BR R RAE A X S 2 AT 5 o0 B 25 5
Fig. 1 Microscopic characteristics and X-ray diffraction
analysis results of biotite

(a) — BB BFFEFRE 4 BT MBS (b — R BFEIESOE 4 £
BTFRIESR: (O Rt X SR H ST, TERS N BB
(biotite) » & A4t K i = £ (hydrobiotite)

(a)—Microscopic picture ( X 4) of biotite under single polarized
light; (b)—microscopic picture ( X 4) of biotite under orthogonal
light; (¢)—X-ray diffraction analysis result of biotite, showing that
the main composition of used sample is biotite with only a small

amount of hydrobiotite

KA S B AR b, 52 58 rP 2 I A 2K XA
FRERFE BB R = B XTS5 A 5 A] L2
W, MR RERYH TR T AR W 1, R
FeO N2 E&H. *H Lin Wenwei et al. (1994)
FMAINEITRE TR BE Fe, O, & & ,Fe, O, i
HEITHA 2. 1%,

F1 BREBNETREBRSSHER(%)

Table 1 The electron probe microscopic

analysis results (%) of biotite

415y Ml 2 53 =
CaO 0. 00 0.01 0. 00 0. 00
F 5.55 5.23 5.50 5.56
K,O 9. 46 9.63 9.53 9.33
TiO, 0. 00 0.02 0.01 0.03
Na, O 0. 46 0. 44 0.50 0. 41
FeO 19. 92 20.02 20. 03 20. 99
MgO 0.01 0.00 0.00 0.00
MnO 0.78 0.98 0. 94 0.79
Al, O, 23.75 23. 64 23.20 22.95
SiO, 38. 46 38.35 38. 54 38.62
Rb, O 0. 54 0. 54 0.55 0.55
Cs, O 0.02 0. 00 0. 00 0.02
Total 98. 95 98. 86 98. 80 99. 25
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ST R RS 356 19 JE 25 BERE S B S I R 0 S
B ARAR T 70~80 H (212~180 pm) FIKE &, 4R
Je 2 A /INBEAR T BT RS 2 R . TR R
BB TRE R IBOIE DEAX T VR RE U, K 5 min,
R4 1V, SR T T A 4R 35 /NBEAR 11 DL 3kt B i
S FFABFE BT 50 C AT &,

1.2 RMEH&

S At R B W R fe B BE, — & Chou et al.
(2008) JF & 19 55 @ & 40 rf & K % (Fused Silica
Capillary Capsule, FSCC) 1 J 5t 27 WL £ A1 5% 3% 47
Mrigis ik, T # % FSCC ks B Mk a ™M
i, 43 51k . DM AR 300 pm, AME 600 pm, 4 47
i) FSCC K EZ A 50 mm; @ N4 200 pm, M4
800 pm., il £ 4FHY FSCC KE 4N 50 mm, X T
o e [ R RE S B3 2 B R i DU SR R REORL Y A A
g RE S HNAR R 2 mm L AME N 4 mm, K2
70 mm, FSCC # i  BE i HE W], 76 2% W
A hr = O A% R W, B ] B A ¥ A f (Linkam
CAP500) it #4FE f, BT LS B 50 56 o B2 1Y) 2k
W, SR FR TR AR T AR R b
AR TRAG PEE . KA 58 B, fE dF 17 40
SOLTE ST AE SR RLSS . R i TILAE A A
T 22 SN ) o N AR 7 4 e AE X 22 L A R T LA
SR 7 W) 43 T

il £ FSCC B i H] &0 48U b 58 o ik A8 3 T 1Y) 2% Tk
VR U 2 SR m O AR B — s L R AR S
B TR R B KA R AREE D, B0 B ER,
FHPERE AT W G AR 48, R 1 Horh 3Ry <. MG
B E i i AR Sl R 28 ROR 2238 A Ak, Jf
BLO BRI, T8 SARHT FH SE 5 B IR & AR
(CH, + N EE L 2, ] Es Zia
25 DM A HA SRR A . 6E 8 JF D a4 A
Bk P R B E T A A T R
ST S B BRI R V2RV TR R ALK L SRS PR
2 EBREE DA CERATBT 2 mm A4, 7
NS R R RV B SR 5 T8 K & ) DB
SR, BT TR R A RS T T SR A R R A
AR E, il FSCC,

il B R A A B N s B T) AR ol P G S0 R
— Nl R PR B R AR R R B T RE A IR,
T Ja P S e T AR 4K IR B A 9848 5 —Im 1,
T Ak S0 A R e i 2B 90 IR S S B Ak R 5 K R g R
H: B BE (Yang Qiong, 2001):

Al,C,+ 6H,0—3CH, + 2Al,0, (D

S I L A OGRS WO AR AR S B AR
T LR R A B BT e AU A BRI I
Fefth A JE CO,,
1.3 XWig&E

PR % F B2 Linkam CAP500 ¥ & FiJ™
T ST B 2 AL A A PR A F] GLMS15KW Y ¥ 35f
XEEE., BREFIRIEE K —180~500C , K &
K40, 01°C, T FSCC FESIRE, B E A
JEZFEWRIEE R 0~1200°C KGR E£1°C H T4
TR AT S AR SORLEE . 3 T i A R Horiba JY
LabRAM HR800 #I 6 Fi & o 1% A, H K% =
(—70°CHCCD R M 5 4 % 7 35 1024 X 256 R &,
WOLAR R 532. 11 nm MILRE. W5 o BAKEL T 50
f K TAERE B0 8%, JE M RLAS S 1800 %14/ mm, o
BEE A2 20 200 pm. ST B9 G 2 BER A4 R 1
em . WA G R AR A R 5200 20 em g X AY
AT RCHE

N T ) 58 2 BEAE S 43 4 BT 38 B R 2
WA & JE A R B B I 5 [ R S e R
X S AT 5/ M A R A Dmax Rapid 1T % X 54k
T HHC(XRD) 43 B B A7 5 3181 Mo #EA1 300 pm
EIARHI MG AL, AL B8 7E 50 KV H1 90 mA B &4 T
AT R 6°/s, BEOGAF ] 15 min, {#/H Jade 6
A b PR BCHE . TR o AT AR LS R
JXA-8100(JEOL) . in # H & Ry 15 kV, i Ky 20
nA,BIEJ AR ZAF . RV BRI 2 B iy E 4
LR i A T = = I IR TS = A
(SEM) ISy Carl Zeiss Supra 55, g ¢ (Energy
Dispersive X-ray Spectrometer, EDS) & 5 4
Oxford Aztec X-Max 150, TAEHJE R 5 kV,
1.4 L&t
1.4.1 EBRE-FRE-K-BSE R (B-CH,-H,0-N,)

%S I AR R 2 X P R A A B ) R 4
JO7 R . MR A LS 4 B L T S S 0 I O
S 270°C . T AN O AR R e TR R AR
P S 06 245 TR W R S IR R T 270°C
250°C,200°C ,150°C ., 142°C . 130°C . 125°C Fil 100°C
it 8 S (K 2>, RN HIFE R IR KM N IESR
AETE A RE R N AR S CO, . H B S AL 1 ™
Yl CO, , N Ja AR 8] CO, {55, W FK B & 4
T HVGE I AR B S S =z W) SR BT B R R AR K
CO, B2 KR AE I & 1285. 4 cm ' 1 1388.2 cm !
(Wang Xiaolin et al. , 2011),Rosso et al. (1995)
Ao CO, Rl R 1 #IF 5%, 76 % iR 451 F . CO, 7R
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Fig. 2 A schematic diagram showing the experimental processes and setting

~1285. 4 cm ' A PR WKL P BRJZ 0.1 MPa,
~1388.2 em ' i E Y HBOKIEKL I FRIE 0. 05 MPa,
P, R (i CO, 7 AR RIAT g R N 2, o R A
] CO, B B i S0 S B B A K. S
FORLAF R 2 d, K FSCC il B 708 # A 1
B G LR A RIE sz 2. L STC/min 1Y
R TV IR TR AR O T B Lk R
W TH g PR 3 FSCC K ViR . Sy 58 il
PL10°C /min A9 380 B [ 22 28 0L, 100 RHR A L O 7E
FIAE TR DG O 22 S A 3 Jg A3t
B.200°C B SE I BT AR RS A Ve B IR
P ouih . SCH BT A REE LA USRS R 2,
SCHRCE MR N BRI 2,
®2 Bt-H,O-CH,-N, RN HBSHIEE

Table 2 The experimental settings for Bt-H, O-CH,-N, system

4 BF ] (s SAPAS/ &
St | RS I | HOLH J’H‘ﬁm'ﬂ“) CHff’\“‘ﬁ
G5 | (um)| (C)  |EE(mW) CO, CO,

N, N,
1-1 300 270 106 30 120 3 3
1-2 300 250 105 30 120 3 3
1-3 300 200 104 30 120 3 3
1-4 300 150 104 10 360 10 3
1-5 | 200 | 142 | 104 20 120 | 10 5
1-6 | 200 | 130 | 104 20 120 | 10 5
1-7 200 125 104 20 120 10 5
1-8 200 100 104 20 120 10 5

1.4.2 EBZREF-BRALB-KE R (Bt-ALC;-H,0)

S K PR 25 B 4 kA 7 ) T 5 R S AL
AR AL B AR F e e A2 00 L 8547 T B-AL C3-H, O
KRR . B 300 pm PR Y94 il 36 40 5 4 b
B BERE S B AT R BB A B AR B ) A

DR TFRAET YRS E ., RANAE 2 mm, SME
4 mm 1A S AE R SON L AT LA T Z 1R =
BERESD . ARSI I A 02 AR 2R = B DU n
Wy LI SR 7 A A B AR W I R AR . S R
JEBEE N 270°C , BT E] 2 130 he B FE S OBCE 7E
AEXEEE P2 h W E RV IRE, S
SiE B m RS ARRIR R E R, s Bk
PR HEAT S A UL R RE BT

1.4.3 ZTEZBHEZE(H,0-CH,-N,)

A 5E B B 1 AR SR A ER R B Y e AR TS
ABI ST B2 AT LG S . Ao A B L ER
LB F K AR =B, PS8R E RN
150°C , ) I 8] 2 d. 2% R JF AR I E) CO, 17
S M4k TR = 200°C PEATSE 2 d, T & ik
FOERE ., LRI ALY Be-H,O-CH,-N, k&
L, AR,

2 FREER

2.1 ERB-BR-K-BS5EFR
2.1.1 SHEAHEN

FE S RS EUREE T 5 CO, FRAE Wy
R O B, RO % 5 T IR 3. B A iR E
270°C . 250°C , 200°C F1 150°C Ay 52 &6 #4146 0 ) 1T
CO, WP 255, LI 1-3 (200°C) #if7 T fELk 52
¥r,4 h NRIATAGEIN 2] CO, 55, {5 Bl 5 52N i [a] Y
FER,CO, FRIREFELM, HIREEN 100°C,
125°C \135°C Fl 142°C Ay 5256, WA A I 2] CO, Ay

SAET . VYA S R — PR AR i DR
AT LS 7 d.
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2.1.2 EHAssEES

SN I S AR AL 43 ) RE S 2 BT BOHE L% 3. A
WA LU Y BN AT e A 2 4 e 3 AR Ak R AR
Hr 48 L FE Fe.Mn Kati A, Hr, Fe by & Wil
) 16. 16 %8 /0 & 12.39% ~6. 45% » Mn 0 i1 2
B EY 0. 64 %04 & 0.59% ~0.31%. %4k F.Na,
KSR MET R S WA kK. R E T E S &
FEANAR . Al F PR T e S RN AR R A
Fe BRALER 5K R B AL O, CF 72 1) 78 35 7 [#]
RS T 53 M 45

®3 RENBIEE=SHMRIEHE(%)
Table 3 The energy dispersive spectroscopic analysis

results (%) of biotite before and after heating

TR SR i SR Ja PR b

EE R sl R2 3 ;4
0 39. 46 43. 27 43.67 | 45.68 46. 85
F 4.29 - — - -
Na 0. 37 — — — -
Al 12. 11 18. 54 19. 00 23.08 19.51
Si 19.50 19. 14 19. 41 19.37 23.6
K 7.47 6.07 5.76 3.94 3.23
Mn 0. 64 0.59 0.49 0.31 0.35
Fe 16. 16 12. 39 11. 67 7.62 6. 45

2.2 ZERBHEKZR

o B A RHA R (H,O-CH,-N,) 2 B i 5 #9504
G UL IE 4, N HTEA RI CO, 2K, ik
Z 150°C S W K5 AR B CO, 55 % B i 4k
ZeTHR E 200°C W — K AR R CO, fF5.

3 B

3.1 BHEREM4REEGFE

Bt-H, O-CH,-N, {& & 75 & 51 270°C . 250°C ,
200°C A1 150°C (9 5256, BRI 2] T CO, WHi & (5
ORI B &R T AR N . T I B S 100°C
125°C \135°C Al 142°C A 5255 , AR I AT R 1) CO, 1Y
P2 AF 5, F B e oK & AR A, 12 U YK S 56 48 )
— R 100°C SR & A IR T 4k S TR e 4T 2
142°C AL HEAT S8 7 d, A7 AR K 2 S Ak 7= ) CO,
UE B o ok & A Ak . HR I e R B
B CO, By GRIRE 2 150°C ., LK 1-3(2007C)
FERVE 4 hJE BPZESOM PR I 2 CO, 545, UEBH B
B EALTE R I [ N B & A . SR Bl 2 R
[E] A 36 i (4~26 h) . CO, {55 58 B I JC % By 38
(& 3b), SE 1-4 (150°C) Y 4 48 ~ 138 h (i &
ik, CO, 55 B T8 B B 1 . W09 N A

S IF () PRIV 1 -6 ml i ) B S AR S B Rz
R SR FEAR, B CO, 5t B B[] 14 i G . 3 A8
. B BER AR 7 A R BE SR Z ] A R
ARE i B FULIE (Jiang et al. , 1994), R #E
RETE ATl R 2B & )8 Fe Mn K4 TGk,
TGS A 2B = BE AT g3l o 55 A o Uk A s,
PR ik 22 J5 [ AH Fe . Min 5 2 820, HE 48040 H 6 19 1L
BT AR -
4Fe,O,+ CH,— 8FeO + CO,+ 2H,0 (2)
4MnQO, + CH,— 4MnO + CO,+ 2H,0 (3)
AR T2 1 R BE AR AR AE W) A LA M BT B
FEALBN MGV A R ) AR AR R R T Fe' A5
ol 7 [ Sl & S =W A L S S I N L
(Tarantola et al. , 2009) .
CH,+ 12Fe, Oypiome >
CO,+ 8Fe; Oy¢ehionio T 2H, O €]
Wan Ye et al. (2021)Pd Fe,O, 1 MnO, {EH
AL T e T WY e 1Y R A T S 56 BT 5L 4 2R R B
Fe, O, TEiE =250°C \MnO, £ =200°C [ 7J
A VT 2 HE AR S R A ) R = B4R A CHL, (5E
IR R . X ATRES Fe 7E LW A1 2= B v iy K
FPREA K Fe FEMH LI Fe-O #IE X A71E . (H
A Fe-O BEWT 24 T 75 19 5 1 A 5] I8 2 8 4 B s 1)
BERRES AT 25, Feff Fe,O, F5 O I+
BEREES. BEKAH 0.1999 nm (Wu Zhonghua
et al. . 1999), i Fe 7EMR =B A M1 A1 M2 Biff
{7 (Yang Xueming et al. , 1992),5 O &5
M1-O ft M2-O & 78, £ — B = & . M1-0
5K R 0.2076 ~0.2114 nm, M2-O ) 5 K
0.2061~0. 2083 nm (Brigatti et al. , 2008), #f
M & Fe, Oy W Fe-O 195 | BT, SERE T34
W, A AR B2 0 ) 7R S 3 FR R Fe-O B k2R W
2L 77 Y Fe fr 5 2 B9 BE 5 A 8], 2L Fe, O,
AALH BRI IR E & TR, far i, B
REAFE A8 AR S A T e 1Y BE 0 AR T 4 R AR A
W X R 2R S BRI (™ ) (R =
B AT UTE B AR I B2 T 48040 F e o 0 3 8 R A T e 4R
A F AT RE 2 3 ik A7 R R
TETC R = B ZR 1 S2 g vh B0 K TN 3] CO, L 3R
R SCHT 32 21 /Y HE e S A O B Y L T2 R 2 R =
). Tarantola et al. (2000421 . %A 5 Fe' ' 1y
WP AF A B 2 A AR CO, AIK . Chou
et al. (2008)F1 Xu Xiaochun et al. (2017 )i i3 3£
e B SER RTE A K Z 5 A & i 48 A
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(a) 250°C%270°CL 5 (b) 200°CTE £k 5L 3
Co, CO.« > CO,
Co, v ! v
v
270°C (2d) #1
oA
250°C (2d) #2
S . SRR | 23025 A Wi et
() 150°CSE ¥ (@ 100~142°CHE £ 7 52 5
co Co, 100°C (2d) + 125°C (2d) +135°C (2d) + 142°C (1d) #5
2 v
v
128 h f4 1100°C 2d) 125°C @d) L I3 d) L #6
M Mada 4 i LSS D ekl Al i WHevatiamtuli
66 h 100°C (2d) +125°C (2d) #7
48h ) ) 1og°C(2d) #8
S B B LR e sttt pesetiomreronsebrametbmeborognd
W W o AU i L aaih ihdiad
1200 1250 1300 1350 1400 1450 1250 1300 1350 1400 1450 1500

b 8 f% (em™)

PLEALFE (cm™)

B 3 Bt-H,O-CH,-N, & % & W i J5 <A G 1%

Fig. 3 Raman spectra of the vapor phases in the systems of Bt-H, O-CH,-N, before and after heating

150~200°CH% 4 # i 52 36

150°C (2d) +200°C (1d)
150°C &Zd)

1200 1250 1300

SRR ' ‘
l T T T I T T T T T T

I
1350

[
1400 1450

H 2% (em™)
Bl 4 H,O-CH,-N, & & [ i #if J& 1 <A G
Fig. 4 Raman spectra of the vapor phases of the systems of H,O-CH,-N, before and after heating

A 554 4 A R AE A B 25 R A RE A B e
MR, A S AN CO, . AR LR E RS
TN BRSNS 56 25 R AT 5

Kiyosu et al. (1996)f#i il Fe, O, #1 MnO, %4
J& SE ALY AL CH, L 4 H -5 T 9 R o 48010 7 Bk
TER AT e i A A, AT R o AL
CH, ny& & 52 i B2 i T 46 Jm Ak 9, R e 7 B
TEH T, BB T CH, B4k, AT gl 78 K

A UK

1500

AR AR R DR R A CH, 7E 3 ik &
H— B RRE BT N 8 e T B9, B A AR A
WA AE AR DL T A2 A A A B — b ik 2

%A REMN,
3.2 MWMEHIERANESR

B B R T R i AR R Y S R T 5 A
A NEIE F O i R IR PR R AR T CO,
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Abstract

The conversion mechanism between CH, and CO,, two essential volatiles in earth system, is one of
the most important scientific problems that is significantly related to many geological processes, such as
carbon cycle and fluid-rock interaction. For example, CH, and CO, have a deep impact on the migration
and enrichment of ore-forming elements, since CH, and CO, could change the properties of ore-forming
fluids in the process of mineralization, especially CO, could buffer the pH of fluids. Based on the fluid
inclusions in fractured quartz from Carboniferous, Permian, and Triassic strata in central Swiss Alps, it
has been shown that CH, might be oxidized to CO, along with the chloritization of biotite at high
temperatures. However, there is no relevant experimental work to illustrate it. This study focused on the
oxidation mechanism of methane through a series of laboratory experiments using biotite as the oxidant.
Through three batches of experiments i.e., (1) biotite, methane and water, (2) biotite, aluminum
carbide and water, (3) methane and water, this study confirms that CH, can be oxidized to CO, by biotite
at an initial reaction temperature of ~150°C, which is much lower than the results of field geological
studies. Fused Silica Capillary Capsule was used for batch one and three, and thick quartz tube was used
for batch two. The energy spectrum analysis on residual biotite show that the content of Fe in biotite
decreases greatly, indicating that the trivalent Fe in biotite was involved in the reaction as an oxidant. This
result provides experimental and theoretical support for the oxidation of CH, to CO, by biotite and other
Fe-Mn minerals in geological system at low temperature. The conversion of CH, to CO, will change the
properties of hydrothermal fluids, which could benefit the formation of CO,-rich ore-forming fluids, and is

significant for the formation of metal deposits.

Key words: methane oxidation; biotite; experimental study; CO,-rich fluids



