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Abstract Critical anomaly of solubility is the basic principle of supercritical fluid extraction, which is used widely in food and
chemical engineering fields. But the application of supercritical fluid extraction to geological field is very few. The solubility behavior of
metal minerals needs experimental determination in hydrothermal geofluids in critical region. Using rapid quench pressure vessel
techniques, the scheelite solubilities of chemical reagent were experimental determined in 4. 0% NaCl solution at 34MPa 250C ~
470°C and 420°C .20 ~50MP. The critical temperature and pressure of 4. 0% NaCl solution are about 411°C and 31.4MPa. At 34
MPa, the solubility of scheelite increases with temperature slowly, but reaches the steep maximum value near the system’s critical
temperature. At constant pressure of 34 MPa and temperatures between 250°C to 400°C, the solubilities of scheelite and WO, are
almost identical in mmol/L unit in 4. 0% NaCl solution, which indicates the soluble tungsten species of scheelite and WO, in
hydrothermal solution may be also identical. At 420°C, the solubility of scheelite increases with pressure, and solubility fluctuation
maybe occurs near the system’s critical pressure, which needs other experimental determinations. In the critical region of 4. 0% NaCl
solution, the solubility of scheelite is sensitive to the system’s temperature and pressure, which indicates the critical anomaly of
scheelite solubility emerged in the system’s critical region. Combined with the former experimental results, we found the solubility
behavior of scheelite, quartz, WO, and MoO, are similar in hydrothermal fluids. Their solubilities increase with the system’s
temperature and pressure in hydrothermal solution, and in the critical region emerged critical anomalies of their solubilities, which
showed important implications for the ore-forming mechanism of hydrothermal tungsten deposits on the aspects of extraction,
transportation and deposition of ore-forming minerals.
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—H EBEiE, £4.0% NaCl REARBFERA, G457 GEREERBEAENGERRLHE, LA OBT HERE
ARARAEERERALABRAEFAL, B4TAFRLEREA, QBT  E X W0, MoO, F i Jf £ BRI T 6955 M A
A AR, PEREMAABEREANA SRR, EBRERALABREFAL, ¥HEREABRA TR
B TRABET RAT HAAER EBFRAREENHEATZE L,

X§iA G EMAE; BERAK; BRFF; 45K
hEEHHS  P618.67
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G R EFR AKX SRR TRER
AR ARG, ERRT KR LR PR P
BB YRNOE R ICEENFKANEEEMR, BER
AR FSEABRTRITH FEHERRIHLRIEE
AR ERAXKB(UIBR AP O —ERB)RER
A ERIAR, PR RRN G BEF RO, —FM
SANEZER X EREARE (REHE,2003), EAR
ARBBRT IR P, BREENBRREEAREGR AT,
AT ABFRERT YERENTERHFT LR ES KR D
KPEBAKE, MEERNRESHRBEGERXEE, R
AKRFZHERLABERLER R AR, KA RETER
O it A DI AR AT O B R MR B R B AR, A
MAR T HEREGERTERAREMFEETR PN,

AERMFTPEE RNTYZ—, LR KR
VRAREASR D, ARBERENTITRESR TR T B
Fbkch Y R AT AR MO FIUTIEML . R BB P A %
TR B LR B BUONE 50 4 LUR K B M SL 3 s 3R b 2
HIE SR N A Z— (Fournier, 1982; Von Damm, 1991;
Steféinsson, 2001) . B BTXF AR 2 K s 3t B ok b A 2
NERECEARE, TR RRVIERRTIEMIEF X8
WEERETARNBEREERF SME LR KE, 8
BRETARNBREEERRES VTR TR, EBR S
BHEMEEE ., X—RRREMNERBREXABWET K
BARKEY RWBY IR AAEESEMNE,

BEINEEESRIT UHESRY WERBFRIEER X
HERENLRRMME, KA (2003,2005) & xf
4.0% NaCl KIEBAR S WO, BRI RAKEKE+
MoO; §9¥% MR BETE I 5L XX B BAT A F T KRR 4R
RIARARE R XA, (1) ERRET MO, M7
RERERENNFABWE K, EERAHHEEIFEEE, X
SRENERETMLT ML R, )EERSET WO,
BOP AR BETE I S S BRIt )RS HE B IR B2, MR BB K
HAR, X 5ARNBERETATAR—B. XREFRHT
WHERARPTEIR? ARHRX— 08, 43O 855 Y T iR
BEHATER IR A (B % 15 P 5 ST BRI, AR I e X
RER FRAREEHEPEAEE, HEERA DR
RS N, BT FE R B A 5 )2 B A B

WO AT R, 4 S0 4 7 SR X B B B A B R X
£,NVERAEER T EETEREXRNE, DERER
KIBAT VB R ENELITR.

2 SEWSJk

BT FE SR LR, IR 4. 0% i NaCl K%
R EZARF AR, LRAERER KB ER DT,
BEETBERM NaCl KBREHESER, UESENE
TS . BRENERERERETFETI X, RMEEK
AFIDH TAREEBRGEEE  NPREBEBRABEON
HATE 5T B, RIEHER Soul. B FHRET, F WA 5%
NaOH /K ¥ Sl LM R o

FTEPAKEE R 0.35 ZAtnHEE 13 (YB200) , K5 &
4 + 1MPa; ZK-1 BITT i pkes R B4R 5 XCT-191 # B 0H
BLEHIERE R £5C; B ]OTRAREARS- =K
b/ BB Eas EER3%.

BT 4.0% NaCl KIFRWImASH: BEN 4T E
12k 31. 4MPa B K 0. 461 g/cm’® ( Knight et al. , 1989) 74
KRABRERENERAALR, HibEER LB IR H
HEREEEHE20C  FlEELRIRPERER EHES
E 34MPa, HyRE = TH N A F S5

3 FR5iE

3.1 FEX®
350°C 34MPa 444 F , 435 7E 4.0% NaCl KW 9
WML IMTEER IR | RE 1 FiR, B 1 hERRE

F1 350C . 34MPa &4 T 4.0% NaCl kB EPBEBET B

BMITBER

Table I  Tungsten concentration in NaCl-H, O-scheelite system

at 350C and 34MPa
H5 BB ETE(d)
Sch01
Sch02
Sch03
Sch04
Sch05
Sch06

B (mg/L)  E%E (mmol/L)
1853 7.99
2631 11.35
2291 9.88
2184 9.42
2016 8.69
2014 8.68
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LR PRI R, BT 7E 4.0% NaCl K%
at W R SR e TR R R A T REETT 3 K, IR
BTN . LR AN RERNE 2 ME 2 FoR. B2
O T . 3 4 s ¢ PR E LB, 7E 34MPa fEE AN F BT MBI 54
o (@) REEMERE(E 2a) FEA R 2 bk B R BT B
RBOE , B SRR R R A TR (SO ST
1 350C 34MPa &4 TR SRR R
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Fig. 1  Relation of tungsten concentration with time in

NaCl-H, O-scheelite system at 350°C and 34MPa.

®2 4.0% NaCl AABHPABT BREIRER
Table 2 Scheelite solubilities in 4.0% NaCl solution

S BE(C) ESA(MPa) E¥KE(mg/L) HBERE(mmo/L) || A5 BE(T) EH(MPa) B (mg/L) EWEE (mmol/L)
Seh07 250 34 1981 8.54 Schl6 300 34 2118 9.13
Sch08 300 34 1559 6.72 Schl7 430 34 6215 26. 80
Sch09 370 34 2079 8.96 Sch18 420 20 3054 13.17
Sch10 390 34 2691 11.60 Sch19 420 25 3168 13.66
Schil 410 34 3249 14.01 Sch20 420 30 33384 14.59
Schl12 430 34 7144 30.81 Sch21 420 33 4028 17.37
Schl3 450 34 3908 16.85 Sch22 420 35 3238 13.96
Schl4 470 34 3833 16.53 Sch23 420 40 3671 15.83
Schil5 250 34 1630 7.03 Sch24 420 50 3833 16.53
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Fig.2 Relation of scheelite solubility with temperature (a) and pressure (b) in NaCl-H,O-scheelite system.

MHE 2a FE]LIF H, 7E 4. 0% NaCl-H,0 {& % 34MPa {6
E£#TESY HBREHINTHER: 1) EBREAHER
KIS S5 v R R R IR A9 T8 T B 18 0k
Q) EERERBERERBRERALIRAENS ., X—
RR5 A RALB RN R X IR0 %8 B AT LAT N (H 3a)

M. 5 WO, ZEAMFER AR E R4 T 088 E
AT (B 4) AT LUZ B, (1) 7E 250C ~400CRER
BN EE85 WO, Fir ¥ il i) 5 vk BE B A 4 [F] , 3X 7T % 94
RS BERARRE D WA EERAAR (0 H, WO, ER) ;
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Fig.3 Relation of quartz solubility with temperature (a) and pressure (b) in seawater. Data from Von Damm et al. , 1991,
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Fig.4 Relation of WO, solubility with temperature in 4.
0% NaCl solution at 34MPa. Data from Gong et al. , 2003.
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WO, ¥EEmEXRERERT  RTMHARKERS, BF
B — X RRIE,

B 2b ] PLE H, 7E 4. 0% NaCl-H, O &K & 420C 1H
BEGTAST HERELRRNTHERL: (DEKRERE
FIMEO BT B ®E LR KX, 0 33MPa B & &
17. 37mmol/L, T #E 35MPa i} & 13. 96mmol/L, X 7] fEFH
PERRDGR AREEREHRAKERR, HFHRAD
35 (2)FEEI G A KSR S A BE B Ak R L 0 B 7 R T 3
K, MRAH 8 33MPa 1 35MPa [ B, W 75 8 BE ZE G R R
MHE L BUER B E RS X—IR5HI(E 3b) M0, (A
5 ) FE R PR 5 DX R P AR B T AU AT A AR AL

B EREEE A WO, MO, IRk R 78 i i
DRI AP A BEXT EL A AR TT LA (1) R IE R KR &
T, 5 Y50 ¥ Al T A B 1 R R BE 0 O B T R T 4 K
(2) #E30 W 57 B 48 4 T P A BETE I 570 0 FBE Y 30T o AR
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Fig. 5 Relation of MoO, solubility with pressure in pure
water at 417°C. Data from Gong et al. , 2005.
HEREEEGREAMELBAERKERAR, AXS
MoO; IR EIGR ENMHHE AR S ERBRAL,
3.3 IERRESERE
WASEREBREERRAS ENVERTRITIMEL
FEs 5 DI P s 57 B R BRR (R 5 30%%,2003) , EIE R X
BN R WK 8 BEXHA R IR E S B 8UR, R B4
TR A AR R BB, B R BR A M X
BRI R AR R i 3R 2R BRI 7E I R DX N o PR
RAIER AW o
BoRIETHKMEENMFRERERABEARBEN
Lg% (Johnson et al. , 1991), WA 6 FA[UEH, %R
FERR(B) B E 75 % B A R B 7 F18 B 4% 7+ T i 30
FIXE Tl R B R R B B, W 57 Hh W R R AR
RAB(FENE 5 m IR BEA 38 2 5 B0 7 28 0 4 7 W L i A 188
REE(ERAXBUER NS EMR) AR, MLERES
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Fig.6 Variation trends of density (a) and B(b) of water with temperature. (from Johnson and Norton, 1991)

FRIEFRE, IEFFHRROHHK

Pfe PRI R XM AR R L BB R F IR R
PR (1) REE (p) BB (T) R A, 200 165 B B /Y
ERAHTRESEN) STEE(p) WRXAME T iR
(Sengers, 1994) B p RNIMGERFEE . BAeTH A A5+
F R EE T EA IR TR (A L) MHERTER(A) BT
gr: A(p,T) =AA(p..T) +1(p,T) ,A.A(p., T) Rl KB E
ERRSIRANETR, MERTMR A (0, D AFEBEREHK
R HRFTETT LUK R BB E TR A, (T) MEE
TR AA(p.) : A(p,T) =2,(T) +AA(p,) o AT, PfERH
AAZEEN LHEFRERR, BFEER CORUEH(E
e 5 s BHE R RO ME ) MZE I 5 KR P B 358 451

R RE BN T2 EMEAE RS R, R
T A L RV IR 9 B RO KT S, SR — P LR 9 4 T ) A
TEBUNE o TG 55 53 6 ) S B SR I F 407 18] 9 4 B2 R R BT
(Levelt Sengers, 1994) , 3X b1 F- 136 B 7% Ak J3E 76 i 5 X 388 P g
AEr=HERHMAL . BEER XA, A RBE5HE K%
/NEEAEHT LA R A M B E R, Y R M
S+ FiEfEFIBE BT, HBLA TR KB R BRI N . A 7
MBEMEOMZRERERL ERLBERAREAR. X5
AP IS TR R B SR 45 R — 3K, R LR i ks 2 3
ST RSB SRR FI R

SZER BRI HSEIL A T KRS ORERR,
BN THITARZERAES THRW, R -FHERK
R (Sengers, 1994) . Xf F 75 i B W (X% S8 A B 5% M &+ F
(BB T)ZEMEBREEEM, 2618 HO0E B IR B E &4
PR BE oh B FURRF IR AR SR LR, o R
WRFRI R B (FREN B ) SBOSMER/, B
HRBRRA D TERBEGRHENRS) SBBEHEN K.
Y48 BE TR o5 3 5 0 01 B 08 2 90 L R AR E RO R R R T
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B7 HESEWIEFIERRR T EE (I Sengers,
1994)
Fig.7 Schematic map of critical enhancement of thermal

conductivity (from Sengers, 1994)
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4 HBRRLA

BRENERREASEBIGRRAEREANEIL
Eull, BRTAEKBARAEERERERH A THFHAHEHFE
IR (B RS M L, AR BT R
BXRERS5HTE WO, MoO, Y[ i 75 B BTRI X L3R
PEBRRAERRBREEEAN, T ONERERERR
REAR ARBESEMBNELTUSIRERELAR
EFYE , X AR T R BT LRI 5T X B Y
BMER BN EERRMEENER.

B ERESTBRETHWX, R 585 B RXRMIER
AFERTHFREBRARKSA LT HEgm B RS %8
41,1989) AZXBER EAZRBAEBETENERSY
BRE, — B9 h sl 10 50U F L, B R RE
Bkt S e R At ROk IR, FH Ik, R X
WEPENIBRERXFIERARPENEFGER A
LRAEFHEOTILE)  FRAESTERNEERE
B (b F R B AL A LA, 1989; XM E,1981),
WFREERIERKE AR TR PSR E R E 5
R R AR InPGE EE BB RRE, YRR AR ES 06X
Blis R X Eet v 2P S (L aSY  BE8rERGFE)
HITERERNEE, E4AERERELERMNRRETE
Hib SRS RPERBBEN TABIBERREIIR
IEFRREMHEDE, YRR AELEBERRES, REE
It 5 DX IBAR 25 B TT X2 R Bt 2 o 4 AR EE S T R AT
ABRAOKBARNE . XA B YR BRI
SRPNREBIEANE B MLEREN EBRESHA
BIRE, 5 | RT YR E B TR, AT SBOAR R IR
WENE AAESRAREIE, SAEREELT YR
RIFER

Wood et al. (2000) ¥t F FIJL+ A RBKE . ZHE
B AREARET RKAGASERSESTHITLZBR, B K
PRI B K L/NF 15% NaCl, TE &£ 4% ~7% NaCl,
By P BB B K £ 3 200C ~ 500C; K A7 20 ~
150MPa, kK £ H7E 40MPa £ 47, KA (2004) R EH
WEHTEZRE-V FEB KRB EZS R KR IAGEEK
RREZAMRBL WTESELREY KRBT RIANEEE
EHEPLE 1% ~4% NaCl, KPUEHH 6 B 1B & 4 1 250C

~350°C , tBT A WK E 1 KA 7E 38 ~ 68MPa, T LA I
PR IR B KK T 400 CH EF LS LR B ENRY T
B, NXERT REMFATLIE S, R FEE RS K
BRI F 4 54 LR A4 B &AM 8E , h A58 f1 WO,
MERELRER TR, ST ONBREARRERR S0
Wi ARE R T 2RI, LR LEAN, 85 R
BEy EREFEREARBRALER SHKRIEREBER

T S5 YRR R R IR R 5 R R (BISiR
ESHNEURKHNE) REBBYYREARETRNEE
Pl

5 &

HST B R EERR GRS XN EA R 7R
K BRI AR REME N AZR R,

HET 5H3 W0, MoO, EY) 578 B8 it 14 o i) 75 i
BEARALAT T A AR L , BV o BE B A4 22 0B BE O EE T B ARG T
B ERFXEALBIGRR AR,

TYERE AR R ERRXHE R ABY KR YR
MER IBMAREEIGEAEERL,

il  AXZRTEEPEBER) T N RRET R
PR FEELEE SR, 1 IR
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