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Abstract

Indium, as one of critical elements, is widely used in such high-tech industries as electronic industry, semi-
conductors, solder alloys and aerospace industries, thus playing a significant role in national security and econo-
my. Since the indium concentration in granite-related tin polymetallic deposits are much higher than that in other
types of deposits, the In-Sn polymetallic deposits are ideal for studying indium mineralization. Indium-rich depo-
sits are known to be genetically associated with granitic magmatism. During magmatic evolution, the potentiality
of indium ore formation decreases greatly if the main host minerals of indium, such as biotite and hornblende,
crystallize and separate from the melt. In hydrothermal fluid, indium, which is closely associated with tin, can be

transported in the form of chlorides, fluorides and hydroxides of indium. Such a process is controlled by tempera-
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ture, pH as well as types and concentrations of ligands in ore-forming fluids. When indium precipitates, it mainly
enters sulfides (e.g. sphalerite, chalcopyrite and tetrahedrite) due to similar ionic radius of In’" to metal elements
in Zn-Cu-bearing sulfides and decouples with tin. After precipitation, these indium-bearing minerals might under-
go subsequent geological processes, resulting in reactivation, migration and diffusion of indium and contributing
to further indium enrichment. The close association of tin and indium might result from similar geochemical be-
haviors. They are immobile in surficial environments and tend to remain in clay-rich sediments during chemical
weathering, which would form biotite and muscovite during metamorphism. Then the breakdown of biotite at
high temperature would result in synchronous enrichment of indium and tin in magma source. Recently, signifi-
cant indium enrichments have been found in tin-poor polymetallic deposits associated with granitic magmatic hy-
drothermal systems, but the enrichment mechanism of indium in such a system remains unclear. Consequently, fu-
ture studies should focus on the pre-enrichment processes of indium and tin as well as the enrichment mecha-

nisms of indium in tin-poor polymetallic deposits so as to obtain a better understanding of the coupling and decou-

pling of tin-indium enrichment and the metallogenesis of indium.
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8, It H 2 AR 8 #1016 ) (Indium Tin Oxides, 1TO)
BB 2R 7 ) 3 ol b & # 4E HE EAE T (Schwarz -
Schampera, 2014; K55, 2019) 21 22 LIk, #A
VE R EZ RS IR 2t H A 52 R KR
A [ 8 O 4 R 2 — (B S0, 2019; 2RI IE
4%,2019), i Werner (2017 WG T45 51, 28k &2 /0
A 356 kt 15 (FL 3G PR BTAY 76 ke M TE Y 280 kt) .
Fie YT 78 2 KT 3 SE A0 T DL 2 A 20 1 T
Ko AFR, IR BT IR 2 A AN DL 32 A IR
R % U BSR4 5 T, A >k 1 40 5 1R T 45 SR A7 A
HE R XUBS: (Werner et al., 2017), PRI, g 4R s #1
VeI ST Hh T Y 0 U S b Dt DR AR 9 D4 4 it
VAT L= s

BAE MR HOTER e 7E iy FE BEAAIL, H AR
4 3 7= H (Schwarz-Schampera et al., 2002; 7%
AE, 2004), BT In* 5 Sn? H A AR (14 2k 1k 2
PRI 92, 1984), V1 2 EE T 4 580 14
(R %, 2006; Zhang et al., 2007; Ishihara et al.,
2011a; 2011b) o HHT, X T4 o™V F ARt 52
BOLT X 2 & m e R . AR HGE 198
By e SRR, BERA AE 8 0 IR B AR AT T AR
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Fig. 1

Indium content of sphalerite from different types of deposits

Date Source: Zhang et al., 2004; Li et al., 2009; Cheng, 2011; Ye et al., 2011; Cao et al., 2014; Cheng, 2015; Li et al., 2015; Pei et al., 2015;
Pi et al., 2015; Tian et al., 2015; Zhang et al., 2016; Jin, 2016; Qian, 2017; Tao, 2017;
Xin et al., 2017; Ye et al., 2017; Chen et al., 2019; Zhang H et al., 2019
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Fig. 2 Genetic models of indium deposits (modified after Schwarz-Schampera et al., 2002)

WE LA AT AEE (Gion et al.,, 2019). Gion 25£(2018)l]
SE T HRITE A N AT SR Z 18] 19 73 e A 802 0k 36, HL
DN A0 1 8 4 X6 3 T 28 8050 Wl S K, T A A PR
RE 58 R Z 8] 14 53 T 2R 802 2R s bRy (O A
7 & Fe?* Y & £ A U T 4 AL &5 55 ) (19 5% i (5] 3a,
b), 7B R EULE 0.6~16 Z [1] 25 1k (Gion et al., 2018),
X TRAE B, OB g # b BR AT R o B 2
Ao S Z A0 R A D A A A TS 1Y
A BUAE B o B BB ) DL R = B 2, kb
N AT, BT LA T B AR B 0 SR A6 7 ) B4R (Cook
et al., 2011a; Simons et al., 2017; Gion et al., 2019),
(EAS TR A2, TEAE B BUE b, A A 2 E A2
i 2B = B (B 35 25 I A T8 AL, BB = Bk X 4 A A
BE 2 B LA, 10 OIS 28 i /Dy TN A Y
TRBf G PR 22 BRI 45 i ST 23 B 5 i 1 80 5 i (R
RIMEAE,2019) , X WAFE HHE ML H 55 70 S AL R e
EPSIUE s

RS, 6 P R B 45 % 23 (F LCLLUB L P 35 ) L 2 il
LY A ny B R L A YR D A e ek A
F.CL.B &0 60 (A7 78, AT AR 9 1 [ AH £ U
JEE 8 B T R TE S R v BV A E RS O, A R T
W IC R #E AKE KA P (Hu et al., 2009; Moura et al.,
2014; Valkama et al., 2016; Gion et al., 2019), 24X

SER R oy R ARSI S 1 — 20 B AR A 1 [ AH £
A I 45 o3 S adk A A R SRS B /N Rl
JEEBEAR , 3G T L JT R TR AR b i o O B
(Keppler et al., 1991; London, 1997; Simons et al.,
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PN HRTH T A A 22 45 & 3 S A F) 52 W (Simons
et al., 2017; Gion et al., 2019),
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T34 Pearson(1963) 1) “ A AR R L IE ", I J& T
BERR , TEA R AR SN AT 5 2 245 G A s 1
A OH™ .F~ .Cl- D) & SO, %98 fif (Pearson, 1963;
Wood et al., 2006). Seward %5(2000)IA A, In*FE K
R T LU % 5 ) (InCLL) ALK 4 ) (In-
CIOH ) I A7 7 , 78 300~350°C 1 FA VB I 14
InCI, 193 B ik B ey o ST IS AR, FERR 1 |
fen AR T, DL InCL 8 27 78 19 40 28 Tt i vk |
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Fig. 3 The influence of tetrahedral aluminum (Al") (a) and
the proportion of Fe** in the octahedral site (X /") (b) of biotite
from A, I, S-type granites on the compatibility of indium in

granitic magma(modified after Gion et al., 2019)
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TR ITIE 7 2 1A ZUL ] (Gaskov et al., 2020).
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IR AL LT L1 S 4 B 0 T8 G 8, IR 4
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KHAE, 2000). TESLPRELL , HH 1L 2 5 5 o
AL B A DG, Xl o0 e YRR R AR R AR EE | 5
I R FLS =8 ¢ (Simons et al., 2017) . Wood 4§
(2006) W95 i, 7EbRME S 1F T ClLBE 25°C, JK 7 100
Pa), 4 pH=5 LAY G 2K T 1073 B, 40 9 381k 4 XoF
A I RS R G B AR (I 4) , I HE I 78 R 14 | 9
AT (=g A 4k, APt )2 In® 78 R
PR i 7% i — i HE 2P 2 (Wood et al., 2006; Bro-
man et al., 2018), Moura % (2014)7A J} I 7§ Manga-
beira #1 X (1Y In-Sn &1k 55 & #UA WA Bl = 9e e b
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Fig.4 The fields of predominance of fluoride and hydroxide
complexes of In*" at 25°C and 10° Pa (modified after Wood
et al., 2006)

IR A D S A e AR R SR Y IR R R L iR Bz
SEEGEAIE

QAR I A B B B 27 2R 0 R 4 i TS AR Y
T MR BE X AR AE i M b i 12 AR B O R
(Gaskov et al., 2020) . [HAEVFZHH KD, B0 IR
T rp A 4 Jm B 7 i i 2 Ry A L
T, E S A EYRET L BT 0 B R S A
T Cut (1 1% £ T8 23 02 #F 40 i A TR 8% 7 (Cherniak,
2010; Cook et al., 2012; Shimizu et al., 2012; Anders-
en et al.,, 2016; Frenzel et al.,, 2016; Torrd et al.,
2019b) ; BF 10 % i o B i AF AR R 20, Y B i
e I B AN BE, R, B LA ST T ) Y
JE 2 HY B (Cook et al., 2011a; 2011b) ; 2k % 40 (1) & 4
WA 5 W, o B N B A AR 1 B B 1Y B
(Seifert et al., 2006; Pavlova et al., 2015; Li et al.,
2015; Valkama et al., 2016); 24 w(Cd) 7E 0.2%~0.6%
IF DAV 1Y A S5 1 2 R A= 8T | I I 1) TN B A
LA e 5 i, PR R B AR Sy R e AR
(Dill et al., 2013). FH L AT 0L, BA 3 4 Hh HoA 4 )
BT BB T AT Sl R
HHAEA [ [y BN BEAT 9 e 51 5 4 (Cook et al.,
2011b; # ¥ MR 45, 2012; RE p* pli 45, 2015; Liu,
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2017),

ANAT AW B — A S TR R ZH IR T, 48
XTI & SR A EE W m . WM 1
B NG B B — S T A — 1l A7 AR
LAy - 5REA kAR 1 2 72 In 5 Sn b
ZARFFIEA SME(CERMEAE, 2019), U S I AR R &
A B A A BT B TR A B A DR O R R e AR
(Zhang et al., 2007; T K% %, 2019) . Zhang %
(2007 )0 28 FI185 76 LA™ I A4 AT g AR R 4B & 4
WL LR R  (AAE B e RS B AEw IR
FE LAY IE A B, 80 R DL AR
L AAETE . TR fE ik h A2 Ffew
A3 B EIALE H EE JCE e . WS X st
TCE W HLIR A PR R F |, 8 7 K 22 850 o7 i) 7
A2 F+4 4, Horp Sn2 A1 Sn* 75 U BT A 1 S T2
#4391 0.93 A #10.69 A(Shannon, 1976), H T4}
W2 50 5P R RN K H LRV, B e
TG I s A RN I AR b 2 DL St I SUAE 7 T
In* 7SR B TS 21420 0.94 A, 5 Sn2 AT, LA
B AR Z Sn? () B AR B A AT Ind iR S
M TG R UIRE RS, BB B (N | B4
W BT 5F) Y 4 R TR DU YR A, 0 Y YK T
{7 Zn? (Cu® (Fe [ B T2 4200010 0.74 A .0.74
AL0.78 A, X 5 In* PUR LA 1Y 2 2142 (0.76 A) A
oL, BRI R o 1) In? 25 1E A AE 0 (RS %5, 2019),
A R T RS R AR A R A OG

BT XSS B I 2 AR IR DA
BT S, Hrhiim b IS - RS
RV 2 4 )@ 0 A A AR aA 2] T R ARUBIEL (>500 ¢)
W IR B -IN B0 A 1) w(In) 443K 122.9% 107
(Liu , 2017; Yuan et al., 2018b), R4EZH R ,H
H1'E 4 Cu .Pb.Zn Ag.Cd . Fe . Mn.Te.Ga .Ge .In%%,
FERXRER 24 2 & E AR R g, AU Ab 4 )8 5
T UAr B R |, LA AR Ak 1 454 B B R
55 A TG A S AT i 2 AT

3 BARYIAPIRES

5 HABFBOCE AL, A AR A S B
B S Y& B R E24E, 2003), R EAFAE T INEED %
BT EE T RUEE B A EL A D AR S5 A8 1 B AL
Yyrp o UL B T S B o B, 5 H ek
# % PR B9 95%(Zhang et al., 1998; Werner et al.,

2017), HATHRIE B #IA P34 18 B H A A%
B BB S SRR S, T H AR Y Kawazu
WK, H0 32 E DUB B AR 6 I 40 A R U7 7E (An-
dersen et al., 2016; Lerouge et al., 2017),

TEA I N B TE LAY 5 #08™ PR vh , 56 B {1
T LA G 7 X AN B . R4 B0 In it
ATNEER 1Y 5 TP e T K& S TAE AR 627
P TR A B HLE A DIn¥+Cuto2Zn®
@In*+Sn*+ []<3Zn?; @In®**+ Cut+ Sn2"<>3Zn* Hl
I’ + Cu’ + Sn* + [J«4Zn?, JLFME 7
In®*— [m] A TN BT 19—t 4 J& 25§ B Cu*h, i8]
BE A /> & [ Ag® (Cook et al., 2009; Ye et al., 2011;
Cook et al., 2011b; Cook et al., 2012; Murakami et al.,
2013; Belissont et al., 2014; Belissont et al., 2016;
Frenzel et al., 2017; Xu et al., 2020a), H i, XD
CA 3 22 07 T UEE 19 3R, X T @M@, (N
Hh i 8 B LU AR X0 B, A i it — 25 0F5E (Be-
lissont et al., 2014; Wei et al., 2018),

XF TR L2 A R4 0y AR T INBE
BRI 5, 24 In® 1 Cut/Ag XF INEER™ h Zn® B 1 1)
B ARIR B0 A i A B I 8 2 Y SR R i U AR 1 B
G (LR B AR 0L A 7 AR ™) (R RIS, 2020) o
A B AR T Y Cu I 28 R X AR R 4 i | R
fH AT RE - O A0 2 B CANBR AR AR ) 3 il
DRV 2 S5 Sl 2R 0007 1 T 400 5 4 AT B A
WSS AR I J7 i R, A ek 2 B [ RO 2l
SEAT RS I AR D R AR 2SR I S
23t AR RS b R BTN BT/ 2T B [ D9 7 i
Z5 B HA 5 67/ 55 B B 5% 78 (Dill et al., 2013) . 56
HHIN B 1 f e S5 AR A7 A 45 1) S PE A TR —E(Oh-
ta et al., 1989), fc iz X & HH DA BE A" FT Jié 1) 41 41 425
HL 45 (STEM) B BIF 58 R W, 1 T Cu In £ A TN BE
W, PR b I A% B (2T ) iR ) e 2
AR BT A 45 R 0 (e 25 i R 5% S 00 07 i 018
TR A HE TR K 28 A% S T BB 07 (Xu et al., 2020b) .

XF T RRE R, T B R, ) B
SR B AT BEVEAE 2 RGN (Cook et al., 2011a;
2011b), 44" 1 In/Zn LX A >50( 547 43 51 J& 10
F1%) , 10(In)>40x 10 f , G | T 814 P i E 1 ( Valka-
ma et al., 2016a; 2016b) . L HAH1 4™ (CulnS,) VE K A
AR R B DL A ST R AT ), G B R R i
BT IE5 0 R R4 & e i 2 S7 B g
MR E B . WFESF 2% Sarvlaxviken M X & 4 7%
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BERE Bk, S DT ) (AR R ) T 2
B, 1M 7E Jungfrubergen Fl1 Getmossmalmen M [X #) 1)”
ok Fh A R DR, AR X R AR ) 32 B R A A TN
BEW W (Cook et al., 2011a) . Toyoha £ 4 J&#™ & H
A S R B BAAT DR, 120 PR v (%) B e LA i
B A ) P (shihara et al., 2006; Shimizu et al.,
2012), ATAFR, H I AR R 4R LU B L P RHE
U8~ IR 22 4 B U NG AR AT - H e i i 2
GBS, WARE TR A R H AR
S5 ST B BT W) B AETE GBS T 2055, 20105 R AE,
2014; Liu et al., 2016), 1fii % T H b 1 - P4 o 1 1) ) 22
G B AR XA Ay v ] o 32 ) 40 7 b ) A 4 A
AR S IAEAE . XA VLR, B AR SRR IR A
FITBRARE G e B AN FERE BRI AT A e S5 AN
TR P A A O TN R L B A R s o
AT B ) (Andersen et al., 2016), X FEZEHT
In ANBEHE ARG A 9555 W) S s g HE S , 18
BHTER AR B ) ) L 4, B 2 B ST AR )
AT

R T AT Rk S R A fig AR 0
WA A AL By v o AN R Y A8 T 7 R 4 i — L
Sn=W PR, AR B BT R Bk
2T AT AR T INRERT 28] B AR 5 v ) A 7 it (Lerouge
et al., 2017); % % " Neves Corvo & #i #" PR+ , 85
") w(In) = ik 0.7%(Benzaazoua et al., 2003) ; 3% F1] 4
V) Poopd 2 & J@ A H, 8 A1 1 w(In) B i B AT 3k
18%(Torres et al., 2019a), A 2= & H 81 IE A A 1)
75 AT fE K - 2(Sn, Ti)* <> (In, Fe)*+ (Nb, Ta)** il
Fe*™+ (Nb, Ta)’* <> In**+ (Sn, Ti)*" (Lerouge et al.,
2017), NN HRBE A HEA B A1 Bk T A Z H Nb  Ta
TG 2R R /b Nb | Ta i A% 32 22 30E AN B
W o AEAFOCTERY R, W 5 N PR Hh A2 A9 7 8594 Na-
CLAUZERE , HAR B 2112 5 B AH 22 KK, A AN A
TR RS (XA, 1984) o T MIMFSE &K B,
TESS % P R b X5 B0 AR £ o R B9 ik i R
W2 UG INBUR B UL 7E 7 50, AL-Ani 45
(2018) 48 A S BHA) 1y & S AE 7 #0500 vp, 7 A A
TR AR v T2 B S AR . BRIX S 4 R 54, — Lk
R A IR A A 1 A B B A B s A,
#BIE Zn-Sn-In Z & /W IR A 1A 1, wn) K
166x1076~629x1076(Xu et al., 2020a) ., % [ frik, R
EHTE 4R 2800 R i E 2R R IN B (AR
Jeiy BT 1 00 P T AR 285 DA R332 i R R A7 RS 1 4

AL A AT R — N E AR A 1R

4 WZHBE

LA, 17 2% 4 F I EMPA \LA-ICP-MS L) ¢
[F] 25 4 St X S 4 WIS 7 2548 (XANES ) 45 J7 1 6
AR YT e T — R ARG TAE , & BRI
TE R — & N B N A W AR — 1 3R
IR A S DR BT 1 A 07 5 HAT HE e 25 4 (A
W gk S AER AR 45 ) b 4R (Murakami et al.,
2013; Belissont et al., 2014; Bauer et al., 2019b).,
FERM, 24 B R 300~500°CHT , 7 Cu-Fe-Zn-S & &
L INVBRED Y CuS Vi R A BIR B 2R 43 Bl i A
AL 2.4% (W I w(Cu) 274 1.58%) , M INEF 1Y I 46
) R e 2 i R PR TR R b (5 2 o
B 2 LK (Kojima et al., 1984; 1985; Sugaki et
al., 1987; Keith et al., 2014), 2 & S N0 UTTERT,
Cu il In> 4% 8 1: 1 09 LU 9136 A DN B S A TN B
o8 A A R AR Go(In) AN 2.81%) , {H 2
FEE AR INERET )R 3 Y w(In) AT 1 20% ,
w(Cu) AT 1T 10%(Liu et al., 2017), Qi) g A 477 bl 11
AW HH A B N B B 0 S5 ) S AR
FEAZ AR S I s SRS A B4, ELAR B VR B D 19 TN B
W w(In) % 25 3% 21.96%(Liu et al., 2017; 2018), X i
W] — 2 A AE At S5 o P A A5 B A A B e vy 5 B 1)
WA,

Bauer %5 (2019b) 7 1% [¥] Freiberg 1 X [ % Kk
B IR R B, S INAR AR 1 B B A T % A
I BT O ) S 23 B A BRI TR B4 A 2038
1 BN EERT 121358 Y w(In) B 3T 17%. Torré 55 (2019¢)
%% BB A 2 WV Huari Huari 5 R 5 A9 A 22 5 408 ik
o, HUA 4R & B B0E 1Y Anton Bravo W ik A4 B4 5 (1)
A, DR R AR B IR 8 Anton Bravo 5 fik
WA E N, A AR B S B AL i
G Jo e 2 3 U AR OT R AR R R A
SRR PR 1) Ja B8 HF U s B A L R U
Hi S50 7 408 ) (Jonsson et al., 2013; Lockington
et al., 2014; Carvalho et al., 2018), X Fh K R Z M |
AR W O3 itk LA S 728 ot AP 3 IR O A e AR Y
4%, TEBHEZE San Roque Hb [X 5 22 P g 3 &K
Mount Pleasant }i [X DA} H 4% Toyoha #" K3 il
(Sinclair et al., 2006; Cook et al., 2011; Shimizu et al.,
2012; Dill et al., 2013),
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Je W10 Hb T SR 2 B DL e A A kAR AR
HA AR T 5 01 Bl B 1 e e SR a AL B
b ) BRAG A SR AR T R IR 2 ) A
A TR I, BRI 49 4 A= PR 4R (Shimizu et
al., 2012; Carvalho et al., 2018; Bauer et al., 2019a),
T ARG In R A DR BERT B0 IR , PR 2 —
SRET (LU Cu A EH)NS 5, 2T K
e, DAVRERT i R SR DU A R D] Y R ER A (M-
rakami et al., 2013; Liu et al., 2017; 2018; Bauer et al.,
2019b), KA E PHERHE 50 b o o R A
T 22 S R R R PR AN S A R RE el A
Jo A& A TR 3 AR A 55 30 (Peterson et al., 2014), Fij &
R REZE TOCRIEN W) Z M (9 B4 . AX T
Cu'lii & , In** 199 #HE 71 55 (Cherniak, 2010), i@ i3~
R R AR 1Y In = 24 7R N BE 1Y 33T
T A Cutn A HLI PR (Bente et al., 1995), 7£
XHER Y B B ST R Y B B B T TN
WY k% 1 19 T R LA R K B A 7E T4 52 (Bente et
al., 1995; Yuan et al., 2018a; Torr6 et al., 2019¢), 1E
Z B Bo At B b, ol TS IR G B 0 3 ok
—E K X AE— e R BRI TR ) 2 ]
E/

5 B HHRYIEE E AR

51 HBEMMEEIRE

HATE D) 22 4 R i ) T A B s o i o A2
R R o AR H AR B — A R, 5 200 ) TE X
K IR AL B R IRA R 47 N 1
BRALEVE R, By 1 B A KU e v 0 5 i
BE AR H.%5 5 %% %6+ 87 4 W B (Romer et al., 2014,
2016). 58, 0 7E R AL B b Ry T B AR
55, FE R A WAL IE AN I, 275 I AR AR (R T 422,
1984; Lopez et al., 2015),

FORE g dR th AN IHE 2 &80 XY )2 ] 1k
WA R RO R (SRR AR, 2020) , BEHI A 7ER
Az AL AR P B AL S ST R TR Ak il T
TSP 22 e e o 4 . DR, 22 Ak 2 AR T 1
1w R UUBUE A A T80 B D06 AR X S A
T UORUE PR AR B E B 2 s = B )
(RIS B (Wolf et al., 2018) . FEXE A4 914, B
FEBAR SRR B A B SE SE Y, E
FEAMER SN A, PR a bR I

[H) 1 2% (K 5 9 (X1 92 48 , 1984; Gion et al., 2018;
2019) . FER T fF o an A X S W i o3,
FOR B A B 5 R0 aa s U550 T RE I 4 22 Sn In
s %, EREE MRS, d T In* 5 Sn? M BR
2t AR, 3 (L RS , 1 5 S e R T
h A s o HR Sk BB EK T W I o i 5 B AE
e T Rl (>800°C ) 5 B (Wolf et al., 2018; Yu-
an et al., 2019), 1M £ 35 B XA 19 /& TR ST 20k A H
& B4 i A (Romer et al., 2016) , (N FE 4 = #h75 N
P A A X LAl X 26 B ) & A= 43 i (Clark et al.,
2011) . PRI, b £ 41 o5 YL 55 S In A BE K BT 4
Yoy iR Sn . In 60 %, W] e T 30 VW 2P
LM LTI
52 EEEMRELES HNEBES

H R AR R R AR A R AR R AR
A 2 R R G 2206 e B, v DA AR R A B R 2 119 41 40
N, R E R IRA R e A HAE
Z 4B IR(ILAK H, 2009; 28B4 2010; F2 # #E
85, 2015; MFFRAE, 2017)0 X ELH° PRIG LA BT L
AE 7R I Y 1 (98~82 Ma) (TR 4545, 2018; 17 ¢4k
45, 2019), 500 A SR A R 32 A B SR S AR
L, X BE A 5 A T JEA R R e A (TR
Sk, 2015; YR, 2017; Bk, 2019),

BT T 2R B, T R B 0T AR B 1) 0 S 02
AT AR 5 G 1 RIS 1 ™ 1) 3 24 L
il (Zhang et al., 2017; 2018; #4555, 2018; Huang et
al., 2019), 8B ¢ H2E AT 5 0 B v, 0 e
- YR 7 b P B AR OB e A v T sl
() [, S FEAT R B 2 BE 0 (R, 2019), B 1%
s B CBRD) YR 3 JB7 2 9R (7T BB A /D 6 b g ) Joit B0
TR 28 D3 AN ) R B85 PR 2485 o o S D e 2O 7 T e
KRB A B R . th T e e
(1= BEAR 1K (0.056 > 1070) , & 48 1) 2 3 U X B AEAE A
AR AR T EE MY TR . R R
F1R) s A VR R, B2 (800420 ) °C A H: Hh e il 5 €2 fal R 11
FELE 7R T IS 58 W™ A7 G A A6 5 5 1 TE g
HET FE LAY (Yuan et al., 2019; Liu et al., 2020),

R T e SN A TR N E TE TGS
VIR VG (B ZE Y AR R I T B A L
F SRR, B TR R e b
58 A A6 R A 1 L (700~800°C) L 24 1™
185 A BT (590~689°C ) B iy, HiZHs L HIAE K &
T B R [ AR U T UTRUA B8 43 il ()3 Hh g ok
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5 AR R T 305 B A7 AR IR T b S 430 ml 2 1%
T 35 R (Liu et al., 2020; Yang et al., 2020) ,
ZE AR R E A R SRR
RV AR e . R, AR X A AE DA
Ll 8 AR v 3 75 43 Rl Sn-In B 1A R 5%
1 AR H AT BESE TARE 2060 7 e i 72 b i
B IAH OGO FR % TR 78 iU i R v R AR AT
RIHEE D AR B REA i 2 KAk ) 2
T VTR e Al o B v ) AR A P SR S R N B
B TR A A R R 114 S, 00T B A AR 1
Yy BRI AT F A SRR B

6 %5 i

(1) AR A PN R EREEMNA B
FEAFEEER T ) . T e A DA RS IR Z 8] 1Y) 43
Bic R 0E HARE  TRAE R A TR it e v i A A
AN AT 4G i AR T I T S R A AU AR
HE

(2) MM R AR TR B A A T S ; ik
T B BRI B T AR AE N R R
JE 5 T AR R R RE AR O S R R 20 T S AR (an
TR ) B . BE5E 2 4 Jm i IR R e A 0 5
AL FE RN A AR B A I B 2 A A R R
R AR G

(3) INEE 2 i EZE N EMAT P, In* + (Cu’,
Agh) < 2Zn? JEEHFE AN 1 2 0. BRINGE
WA, BT AR B BT B Ba A
WA s e,

(4) JE IR A B 0k AR E =A% - i
S . CutIn 99 HLLL K 3 A2 PR35 1 AL 48 AR T
T — ST R R DN B AT B A R R R Y
JEA

(5) By IR 2L & B 02 & A IR ) S e, 3
HOX — IR AR JE R ] B2t T fER AR
H TG SRS, 2 Ak BT W R R TR IXRERY
TEAFE A A s B E Sy Sn-In B AL $R A T Wy A
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