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EFM RA-24-1 BEBRFARRREELRNETHAE HO,NCl [l KF JEikrhiy
BRRE. XRLERBRTATELMKN NaCl IFE HEOERERRIKHEBGE KF Eikq
RIS IR B R, HBE KF RO BRI BEIOTH ST Ko 75 400°C WG RITRARELIK 4.43
mg/L, B3 T RTBRARNEKEBIRE.

HERIELEGY Sa(OH)F £ Sa(IV) ERBEAMMBERTFENEREHtthES
EARRY IEPEENEBHR. SEBNRY IEPESEEEER,

& =]

. THRB\ERT IR PHERE XTI KGRI RGT RKR X2 1 21,
bR MBS R R ERIRE, RSV KHREERYEANTR, BHX
G RN RENERREE 260, BRRAFTE AT K AR B EERD,
i1 B EARAR—B, % DL T MR B A VE A FOpLEED

AEHEREH, R ERFAABTRUBRBNENIRY BEXEH, ERiEE
ETRBEAERR. Kiuanosa 1 Bapeykos (T % A7 25—200°C KOG Hpas i o
BB RELR, BRBBERERDTRUEBEESWOE IR HEXNMLREE

&> XARIEIAE 77, B ik, AU RS RO B AE—RAR T8

ROVELRP,BREET RRRFBEEROMERRE HO,NaCl 1 KF FRIEG R E
LRE RSN, ERERERT KT W EREAMNEE, & BEER T LREEME
77, BIHEEE 250—400°C, [E /7 600 X 10°Pa, SLWEERIBINT HAESEE MY EE PR
ERERERR, RPREREREEEUHZELEY Sn(OH)F™ BEXITH. AX
BUBEBRELRERAEMEN VT HERBRXT- TRPOEEE R KMo

ERER PR SE DR EE AR RS T MR AP TR PR E, 2+
BB BRENRKEZREEELRNANEEIBRAT TS H#E, Fik—
— &l
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BMNEFRNEER SERTXRNET AT K S Y E &AL s
WERE. HAESE. SEREPRERESRREMER RA-2A-1 RPE BT
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ABRE ARG TRN. CENBRELRESEARERENRES, BREREERK
HIAEEZRABBRUIT. IHF/ENEREREREZSE. BEXMTET WP
BOBRBNRIRE, IARAEEEME N TR BE, RZEREXLBERKH. B
BHABERRENRRNAREBELRIEE ., ENFETMUERAZREHER
R RZRGNEDSRERE JENRE TR WIHELERE. ZXRFEANTERE
FATHE LGN ERRERRF T2 M0 B CETY,

BBRELE

@

ERES

B BERARNERATRER

Fig. 1 The flow diagram of Barnes volumetric hydrothermal system

VAR R SR B RO 1A R AL, WIRET =T A Sn0, {LFAR, B LK AT ALK
BEXHHEIFTEA G E. SR FETHER.EHATHREN lon EENRRE A
TRAISELEASBREEURERF. GALXNONEEAEE BT WiE. L4 R
BN, EREETEENS EAENLRNEXN SR S ETHBRETUIERT R, &
$E R TR AR EPER T

LHEFRNENERNEZBE, FHRESH PYS-3 BMFEHBRERETNE. ¥
ExBHERBNRERHAE £1c, Gk, BELRY, BTHRERSNFERNZ
Wi, LB AN TATEMNIREN 2—3Co LRHENH Heise FEENER, &
BALBN S5—7 BRE. ATRENESMEENEHES—KA 20X 10°Pa—30X10°
Pa, H5EENN 4—5%, BREBEIFHIFOKNE, HERTEREBNEEXRBEN. R
BB 25°C BB AR RN —N AR KRR, Ll 25C EMESREET /A
Bo SEVEETLRAENNEEMRE Kmaosa 2 AN ERMAINLR AR
200°CR R 7 B E R, RIIMKLR 300°Cc LT RFE 7 B, 350°C F1 400°C FYLH
Fg 5 BRo B RIR, BATRBASS B X ISR XK EEEE RS To
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S5 TR B O W R R S TR O 3 & R 1 o TR M IR R 2 e A R AT A A AR i
EMERTRECEENERN. HTHENERERIK, BRPHE NN —ERRAE
PREESCINAO SR BN, X WA T IE AT REUEIR 1 ppb, REATRREKWBHDIT T o
g ik, BN T I H HR Y EA0ERE R, 28R T 28R N RE R
BEATARR VRS bSO, SRV W PO SRSl M B (LRSS 7 A T8, MERTN LRIB K
TR LA A g6 43 B R AR B IR SR KA S MEHE R Tibo £ LRALE, BB E&IN
DI RBEEFX 0.001mg/Lo X B & IEFER MR B FHSITIRES 0.00nmg/L, X i&&
H AR ITIRZEA <50%.

Sk R R R
EFZH 25°C, 101325Pa J; 250—400°C, 600 X 10°Pa &K THRMETHAASL
K~ NaCl KB KF KB PRBERE. IR MELERRME RGBT,
SR EIERE

BAEAKPOERERK, WERAE 400Cc BEAHETHEENN G& Do £k
R & B H ARSI RAREUT.IAT 1 ug/Le R 1 FIHNE
iR B s R IR 5 I SE Yo

R1 BEEKPHBIRELTRER

Table 1 Experimental results of solubility of cassiterite in water

S S e LR faABKEE (S)
NO. i
(Solution) mp}(oc) ’,n:jj (10°Pa) B?]’E{](days) mg/L mol/L log$

Sn-1 H,O 25 1 120 0.00003 | 2.54%10°*® ~9.59
Sn-33 H,O 60 1 30 0.0004 3.37X10"* —§.47
Sn-41 H,O 200 600 7 0.0005 4.18X107° —8.38
Sn-42 H,O 250 600 7 0. 0008 6.74%10°° —-8.17
Sn-43 H.O 300 600 7 0.0009 7.58%x107? —8.12
Sn-44 H,O 350 600 5 0. 0007 5.90%10°? ~-8.23

BT AAEX T EAISER B RMRD, HE AR K. 0 Kommosa Z43H Y 200°C A dEg
ALY 0.968mg/L, i1 Mamse 7EARFEEL T IHAIY 0.0685mg/L™ J5 e 3% Az
TSR, R ERIE B REE & T o

BOERT A, RIEKOBRIBERE, SIUEREHENELEEE Y. BABRT
7K WIS S B o T RIS T VR RITEBR 9 88 F0R 65 DB & B2 AL 48 & Wit A X e
Bl T - MO AR A

$n0,; + 4H™ = Sn** 4+ 2H,O (1)
Sn*t + H,O = Sn(Ofr1)* + H* (2)
So(OH)*' + H,O = $n(OH)$* + H* (3)

Sn(OH)F + H,0 = $n(OH)4 + H* )
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Sn(OH)F + H;0 = $n(OH )% + H* (5)
Sn(OH)} + H,0 = Sn(OH); + H* (6)
Sn(0oH); + H,0 = Sn(OH):™ + H* (N

P2 IS FT AL RIS R, SE R KR EEL Sn(OH)%M, T ZKEWS T

ML EE. BHit, BEPHAPNERRR AT H TRRRW2)EG)EMBM),
Sn'* + 4H,0 = Sn(OH )% + 4H* (8)

#R#E B. A. Haszapenxo % (8) REITHY 25°C BAUFHTHEL, logK = —0.86, %
EHEA Sn*t fRIHE, AR EHARE oH EEKFE Sn(OH)L M IRE pH
=7 K, log[Sn(OH){] = —9.2, YT KPHRREN 0.07 ug/Lo XERIIL
LMENBAELAKPNEREERIEERIIN,

WL a P, BEEKTNERERIEERN, BEPEXKIHNEEFEEXE
Sn(OH %o

$507E NaCl KiBZHPHIERE

£ 60°C, 101325Pa F1 250—350°C, 600 X 10°Pa &ATFHITHBAERRIKE
NaCl KRR HE BRI REN, DAERMTKE R PROERE B E 0K
Ho LRGRMYBERPHBOREFHETONNREE RERBE LT 2)o M
®2 HEE NaCl KFRPHOBRELRER

Table 2 Experimental results of solubility of cassiterite in NaCl solutions

T LRI SEBRE (5
NO.  |(mol,NaC | ooy | Ey(10°Pa) | WHICdays) | mag/L molfL logs

Sn-32 0.01 60 1 30 <0.0004 ([<3.37X107° <-—8.47
Sn-33 0.1 60 1 30 <0.0004 |<3.37X107% <-—8.47
Sn-34 0.5 60 1 30 <0.0004 |<3.37X107% < -8.47
Sn~-35 1 60 1 30 0.0012 10.1%X107% —8.00
Sn-51 0.1 250 600 7 0.0026 2.19%x 1078 -7.66
Sn-52 0.1 350 600 7 0.0018 1.51 % 1078 ~7.82
Sn~69 0.316 250 600 7 0.0003 2.53%10°° —8.60
Sn-70 0.316 350 600 5 0.0009 7.58% 107° —-8.12
Sn-38 1 250 600 7 0.0010 8.42%x10°® -8.07
Sn-57 1 300 600 7 0.0011 9.27% 1077 —8.33
Sn-59 1 350 600 5 0.0009 7.58%10°° -8.12

TSR, S EERANSR . SETHEAMKBERPNBERE R SHEN R
EE T4 KRR AR, BIEES NaCl EETE, F—ERE, RE NaCl EEZ®

WP R R 2 BB SR B SRS TR Z (B 2).
B YR RS, B2 VGIETE SnO,-NaCl-H,O A

KEW. BAERMDERPEIERALSIERATRRA,

Sn** + 4Cl™ = SnClkq

B Sn(OH)S,SnCl,SnCl2™ 5

(93
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Fig.. 2 Relation between the solubility of cassiterite and the concentrations

of NaCl in aqueous solution

SnCléq + 2Cl™ = SnCIZ" (10)
fREE Stirrup A1 Hempson % MY E WA AR B, AR AT
logK gy = —1.75, logKp = 5.79,

(k!

log [SnCléq] = —10.16 — 4pH + 4log[Cl7],

log[SnClZ™] = —4.37 — 4pH + 6log[Cl™]
I E BB RS S MR BB TR B NBREMENEE. SnCli 1 SncCll
REERBRYERN HC WRPA S, MEEFHEN NaCl SRR El10e 8 R
Ho MBEREY pH =6 REEEN 1 M. BETHELDEEDOSEY

log{SnCl{] = —34.16, log[SnCli"] = —28.37,
HKHHy Sn(OH)L. #BEL, /NERRLAME Rit,

R, RATAT LI, Sn(IV) ZEHEEHERN NaCl BRFHEERRIERBHE
A4 Sn(OH ke, BRR DB EYEMARER, RIMNWIBRERTHEY, SETH
B ERME. XBERT HHABEER B IR PG RE 57 /KPR R
BRI,

%% KF KigRPHSHE

BETEWRE 0.01—1Imol /L B KF iE# PROE MR DA 1B (25°C) 71 250—400°C &
600 X 10°Pa RERMEDFKETHTT ZRIE, ARLE 3 RE 3. NIRERE
Y. B EERNYBETERER > EAKNEMY BRI EREE T RE2NES,
EANE T » SEAL RO 1 R B WAL SO R B KT B o Tm7E 300°C AW 600
X 10°Pa %544 F 5 0.01mol/L 7 il RS MR B 3ug/L 547, B K SRS, S
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R SPHOYREE SEZE 0.3mol /L B, SUSEAL S0 P O TR R BEHR A E) 1508/ L, ek PRIB RS
B 100 &%, ME . UARPEAFRE—EN,. BLBERELAHEBENA SR, 2
L H 1mol/L F1400°C HIB K &EH B 4430ug/Lo

log S(mol/ L)
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L
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B3 AT KF XBRFOERE O RESEENBRKRENRXR
Fig. 3 The solubility of cassiterite related to temperatures and

concentrations in KF aqueous solution

£33 HE%E KF KFRPHERELBRER

Table 3 Experimental results of solubility of cassiterite in KF solutions

sme | mpgE EBA BEBRE ()

NO- ) MK gy |EAG0PD| WAy | me/t | melUL | logs
Sn-19 0.01 25 1 120 <0.0007 | 5.90%10~ —8.23
Sn-71 0.01 250 600 7 0.0082(2)| 6.90x10-* -7.16
Sn-72 0.01 300 600 7 0.0036 | 3.03%10°* ~7.52
Sn-73 0.01 350 600 5 0.0130 |1.10%10™ —6.96
Sn-2 0.1 25 1 120 <0.0009 |7.63%10~° —-8.12
Sn-75 0.1 250 600 7 <0.0047 | 3.96%x107 —7.40
Sn-76 0.1 300 600 7 0.0085 | 7.16X10-* —-7.15
Sn-78 0.1 400 600 5 0.1650 | 1.39%x10° —5.86
Sn-30 0.5 25 1 120 0.0041 | 3.45%107% | —~7.46
S0-79 0.316 250 600 ’ 7 0.0750 | 6.36x10~7 —6.20
Sn-80 0.316 300 600 7 0.1500 | 1.27x10° —5.90
Sn-82 0.316 400 600 5 0.5000 | 4.24x10- —5.37
Sn-44 1 25 1 120 0.0095 | 8.00%10"¢ Z7.10
5n-83 1- 250 600 5 0.8700 | 7.37%x10- —5.13
Sn-84 1- 300 600 5 2.0800 | 1.76%10~* —4.75
Sn-86 1 400 600 5 4.4300 | 3.75%10° —4.43

N IR R B, B R B R R B T REE D& ASD, BT R
A UL A 4 2 Rl 075 2200 A S T F U R BE L E K PR R B SR 10
BRI R P BRI T RS A T EL A (R S AR
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EORTHRERKN,

BEXN—EBERNEITHEABREBESER KF RERNRBE Z AR
WL RITTUBHE S 5 F- f1 HO ERHIEAWHE R % SnO-KF-H,0 &
ZH, AREERNBENESYAINTRELEESY Sn(OH) ™, FLWEESY SnFl™"
FEBRELZ S Y Sn(OH)Fimo RNEW R RE S W FHEREIRA, LML S
#RFE SnO,-HF KR ZEBMEIAFE R ARE, BRERMNOPHEBERN KP KEE
EAIRBRERN . X#E, ERNM Sn0,-KF-H,0 LIk R, RIRG A I R X BHI%
AERNAZERMATHTEWE NHEZ:

Sn0, + (X + 2)H;0 + yF~ == Sn(OH )y, FG " + XH* (1)
LREEEE K 4
[Sn(OH)x+4F§x+y)_] [H*]*
[F7]
DLEBERTPHOEREREN, EETHASNRRECRRSENERE SORKEMEN
BB BEITE B, Bl

K_—_

X y
Smg = >, > [Sn(OH )y, FF+"]

x=0 ¥Y=0

* log 2 m,, = logK -+ ylog[F~]1 4+ XpH

X LR R,
Olog m,, —
( OpH )T:[F"l X (12
Blog mg, - 3
( Olog[F~] )TspH Y . (13

(D)ADRXWH. PANERESREE ERT F- EER pH X, BXAXES
BoRET HHNE S ERARBBETERNEEYIER. ¥—ERERESE TNERE
NI B EH ol (EEL AIRE AR (OH) WHE,¥—EREM—E pH THERE
X BN VB TR LTS B BRI, ORI ERALR F- B, BWREMGEE 2 RERE
& & YR RO B

HMWHE R THROBRMBRERRBER R Kmosa 200°C i i7 R B L5 2kt 5158, 7
SnO,-KF-H,0 X SnO,-NaF-H,0 hA&H,ER pH EHE—EHEENZE/L(pH 4—10) X
BABRERMT AR, XHE X =0, XREGDXATEMLY:

S$nO, + 2H,0 + yF~ = Sn(OH),F}~ (14)

B4 RE—CERBERMTHANERESHERBKRENNBR R HERATRT LN
T, 25°C 5 KF BB HNEEYHE AN Sn(OH )%, K KF BHHlP SRBNEE
¥4 Sn(OH).I o TZEDIRE, R —F KF RKENPREBEEEERT, MBEEEeY
Sn(OH).Fi~ I T HMEEEEE K.

MREEHEEZ SRR ZERE, ROTLUH & & S YERREBE AR
WREBRPREER. REFRIA M LR FERHRIZEEE. Rd, BATTUNES
AR —B B A EK B B RO R AR FE SN LT EE sa(IV) &
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EREAWEARRENEMAFERPOOE, NTMEERM T BRBERT REPHEH
SE SRANTIE S o

(14)dh y 25 0,1 Fo2 b, WA Tog S (mol /L) —
Sn0O, + 2H;0 = Sn(OH )%, i I
Ky = msncomyiaq * 7o (15)

SHOZ -+ ZHZO +F = SH(OH)4F—,

K, = Msacomyie” * Ty (16)
mp— *+ 7y
Sn0O, + 2H,0 + 2F~ = Sa(OH),Fi~,
K, — MsnonuF3 - 7, an
mf.-—- -7 ’
Yo, i M 72 DEAZRN —M A M ETHE
ERB. —BAHR vo=1, v,=7], v, A[H
Debye-Huckel 5ERH o
Lﬁfﬁ%é‘%i@ SnO,-KF-H,0 &AW —-10l—L 1 ! 1

EEL LY, TR AT LLE DU 4 Y e
GHIERE. TE, B4 7 25°, 300° % 400°C K TF4H
S = msnomyng + Msnomy,F~ T Msnom) 51 ABMESHRERENER RSN
| FEWR

2_
=K0+K1mp-+&;f”;L (18)

2 Fig. 4 Relation between the solubility

of cassiterite and F concentrations in “aq-

Ko ARG ZEK BB R B (15) 3SRt ) . e
. ueous as well as specics of tin at’ s

5—K Bl
0= ¢ = K, + 27 (19 300%C and 400°C
me— i

BE—EEELGTHEMEKREBRBEDIHBEREERANDRTUBHE—ZI] ¢ {8,
e me- 5 ¢, BIRAHILE, me- — 0 N ¢ HIAZEETH K, K REBEFEmHT
i“‘%ﬂ:‘l K,

(:—K)7ri _ K, (20)

AT Ko, K, f1 K, ERIFIHED Sn(IV) BEBRLEYESMHRE. EFHIRE KF &
W, B2 EB G, FREAME—ERE TRER F~ RKENSE(E 5,

MBERETER/RENHEOES Yo EBERETUER, E4KF KF HERH,
BEEURELEEY So(OH)h. WERELE, HFHARTHNSERTEN. E5EN
KF i, SHEREE A Sa(OH)Fr Sib3, 400 Rl s 2E v i oh =T LUK B8k
=R Eo

GEARIZPHIBHRIRRE R

MWRARRE SR EROSVIRY, S0KFIS Y7 ik fe v R AR A R 7S TR R -
BETOWREN, TEERIRTERNTNEBERRKE. B-—FHH. HHEERLHF
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logC logC logC
—6 =5 ] -5 7
/ /
- 4 /| o/ %
/ /57
& 5 /'/
-8 [.::N/ —7+ S‘Q\/ e - /%.
S 5/ PV .
5 /. %f?/ A7
& p )
- IS 4 Lo el SO
0
S0 %g A7 | o Sl SO ag
ressessenrrinsnereni liiannnne ‘/
-10 /// / / : i
~2 =1 0 -2 b [ — E=) 0
logmp— logmp = logmp~

E5 7E 25°C,200°C f1 400°C I} Sn(Iv) WYKAMZE KF ERhi i
Fig. 5 Partition of aqueous Species of Sn(IV) in KF Solution at 25°C,200°C and 400°C

EHRPOBEREAELS K. MR o - 107mol/L HIEE AT A AR BT FERT 51
PR AR B IR B, B0 4., 350°CRA_ NS TS M BE BB IRIVB X B T RMERE . B>
AT AR H &5 18 A0 EE R B HORGK BB BT BT Bl RITX—M
LE/ENEREREEHEBTRKRART BROMRERET5 -8 EEL E
ERU KRBT R AR SRRSO TR, R AR E RN, RERUE ARG
AER XHLBRITERSBBWG, LB R B E— RN E S X
R 43 KO 25 1 P R RS o

BAEEACYBEERPOERES,BHT o™ SHEHRH F- X HO BERTRE
e, BERLMDERTITRNEEEREREEMNBEEZ Y. AADEEDER
HELE S, (BB R KR SRR H TR, 75 300°C DL EiErh i
i A TE I R SR H% S R A —F, R0 Sn(OH)Fi o HULHERT, BRI
BHERRUBNEEELAY Sn(OH)F WERARTMENTEBN. BHELES
EVRELOSH—EE HREMER pH H, BREBHEBITENEEZRE,
350°CRl LR RB MEREE SN P RBEEEEDIBNEN&H. BETHIRE B
TR (MRS EERSREKREMEREER) WSRERTEEWIENB AT
BEo

BT GBTSUR B, BAERY RRE R S BR T RE T EENER, B k-
EWEZH XA BT AMERE N ST ML TREBEX. B, BN SRAB
LRI H IR 238 7R o

B IRARTEARZFEORMARN. RITWELRMARVT . ZH BN S
WERRT M ANy DA TTRAER R MERS T BRI T RIRD, Xk
BERSEE—POF R
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AN EXPERIMENTAL STUDY ON CASSITERITE
SOLUBILITY AND TIN TRANSPORT DURING
'MINERALIZATIO N

Liu Yushan and Chen Shuging
(Institute of Mineral Deposits, Chinese Acedemy of Geological Sciences)

Abstract

In order to examine the possible modes of tin:transport and deposition during hydro-
thermanl mineralization, cassiterite solubility was determined experimentally in pure
water, NaCl and KF solutions, at room temperature and temperatures up to 400°C at
600x10° Pa. The solubility experiments were carried out in the Barnes Volumetrie
Hydrothermal System model RA-2A-1 . '

Results obtained revealed that the solubility of cassiterite in water and chloride so-
lutions was very low, about 0.001 mg/L (8.4X10-"mol/L) or less, at. temperature ranging
from. 25 to 400°C. But the solubility in fluoride solutions was considerably higher, and
it increased with KF' concentration and the rise in temperature of solutions. A ‘maxi-
mum solubility of 4.430 mg/L (about 1X10°mol/Li), which has exceeded the minimum
concentration of tin of ore-forming solutions, was found at 1 mol/L KF solution and at
400°C. Fluoride solutions at high temperatture may thus serve as an ore-forming solu-
tion for tin deposits. '

High~selubility of cassiterite in fluoride solutions was due to the formation of
complex compounds from Snt and F- in solutions. Thermodynamical analysis of so-
lubility data illustrates that the hydroxofluoride complex Sn(OH).F.*~ is the dominant
species in fluoride solutions at high temperature, and therefore, is the main form for
tin transport. ' :

The experimental results were well comsistent with data obtained from fluid ineclu-
sion analysis for minerals of tin deposist in South China. Both show the important
role of fluorine in the process of tin mineralization.
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