'!UUUUUUUUUUUU'UUU!VUUUUUUUUUU‘UUUUUUUUUUUUUI!UUUIUUU'UUUUUU'UUUUU"!VUUUUUUIUUUUU'UUUV

-

Al

*
M &

E-(

WA

PRIV AFFEREELS
BARASNAEMTR

&
1993 4

L3

ﬂlﬂﬂﬂnl!lnlﬂﬂnﬂﬂ!ﬂlﬁﬂﬂﬂhlnﬂﬂﬂnknll!ﬂﬂhﬂﬂllﬂﬂ!hﬂllﬂlﬂiﬂ!l!ﬂlnﬂﬂﬁﬂllﬂﬂﬂ!haﬁlliﬂﬂnhlﬂ‘l!h



MEE.1919 41 A 15 B4, BEEHILE
201942 40 N F 348 K O JE AL T B 1049
EE FEBERFLLHEFEEH . FHLL
REHFEREREC AEPH I b AFHER.
LW RESRFULNERSE _FERT
CWHRR L S KB SR E,
BELZE#TEARE RAAFEERKL
FRIEGSPOEAFIIER2BIERS
R. ERkHNBHELBR ML LRE
WHHFERAT I, FRCERECRE%
SRE)CQEEBRRAFREEHITH).GEHR
BEREE BEAHAELRBAE L)%
FEIRRELER), F4BHERLE)
PERRI L LRRABIFRF AP REH

80 £ R LK HY 10 £ 3 E, = EMFF
C EAFCREEBEIERR X AERFH

AUXERCHER SN RAEMAR)—F hH
¥ B B . '



]

-7
-8
-9

H X

A EREUA S BT RER
SHBEA SN ERBIR (1) — X TRERLER 1
BB MIA £ I ERIPISE (1) — BB P SR X STR
M F BRI A 12
VR B ALOHE - 22
FEAILYD e AT IO T 2 10 1 45 i R ST 28
BB TE R R ALK TR R RO 1 (1D ——NisS;
. il _ 36
LR A ) 7E B A4 K P R A S D (D) —— B
i 44
ERER KR T R RS HEE RS0 53
S ACA R Ni-MnO, [& i i3 1 60
T AR 10 45 1 R EAL TR A 9 3T (3630 68"
.10 ZEELFRTA T b FIARGE IR IR M AR 25 1 (330 78
11 VPR BOR R AR T 47 8 (30 87

= e e e

(3]

2.1
2.2
2.3

12 KT LT R R G0 97

RXTFHEER-RAK KRRWLT - EE'.LL‘HE K%
PR 5 O AR

*F Cu-Clm-H,O Zay# 2547 R s fii-pH & 119
-8B T KRR R 136
A 6 B T AR R BB A T8 5 3K 147



o o RS
O o = oy WL

w

S e W by

YT B S F KR AR B T R & P T O BT

i 154
(T ELYBERPE.BEHOBHBET - 166
PbS-Cl7-H.O R E-log{Cl~ 1 K Ko i 176

XFE&ERB-BELF- KRN TPHERERRERRF 187
EFH-BETF-RFEPFoE MR HE GE30 199
HB PR HERBIIT (D) —ShS-C-HO R
W5 (FE30 208

EHERAERRPATEETERNENGSE
=S TEERR - B EEEERSRRRE2]1S

o P 5.4 95 BE RV 2R 4L T 0 05 1 224
£ 5T R M BV B RO BT 0 : 231
365 = 7T M P LT B OB 0 241
b 2 8 = 7T R T B 250

BRI TR G B TR =T R BT R “P%,.HJU?%E%%T

RGO . 260

7 WA R R B R F TR GEYD - 268

B 0 R PR B A LT T BE BB 3 (30 271,



_ Contents _
Advances in fundamentals studies of extractive

metallurgy for nonferrous metals
Fundamental studies on hydrometallurgy of antimony
( I )—— About the so-called explosive antimony and
its formation 1
Fundamtental studies on hydrometallurgy of antimony
( T )—— A study by XPS method on-the chioride in
explosive antimony ' 12
A study on the leaching kinetics of stibnite 22
An investigation on the preparation Ic.)rocess of the inor—_
ganic ultramicro colloid system 28

" Cell-couple corrosion dissolution of nickel sulphides in
the acidic chloride solutior_l( 1 )—Ni,S;
dissolution 36
Cell- couple corrosion dissolution of nickel suphides in
the acidic chloride solution( T )——Nickel matte disso-
lution 44

. Leaching of manganese nodules with nickel matte in
acidic chloride solution 53
An investigation on the simultaneous electro-deposition

of Ni-MnQ; in chloride system 260

An investigation on the conditions of forming explosive
antimony and the form of chloride in it {68

C I



. 10 Reduction leaching of manganeée nodules by nickel matte
in hydrochloric acid solution 78
. 11 A novel hydrometallurgical process for the treatment of

ocean manganese nodule 87

1. 12 Decomposition processes of rare earths concentrates, 97

New ideas on the equilibrium studies in nonfer-
rous metal-ligand-water system and sulphide min- -
eral-ligand-water system

Thermodynamic analysis on the Cu-Cl=-H,0 system

—

and its potential -pH diagrams 119
.2 A stoichiometrical analysis on chemical reactions in the _
copper-chloride ion-water system . ' 136
.3 Equilibrium constants for the forfnation reactions of lead

( I )=—chloro complexes ‘ 147
.4 Equilibrium study on the lead-chloride ion-water system

at high ionic strength and elevated temperatures 154

. 5 A theoretical analysis on the crystallization separation of

lead and silver in chloride solution _ 166
.6 E-log [Cl~] diagrams in the PbS-CI~-H,O system and
their appl_icatiOns 176

.7 Equilibria in metal-ligand-water systems and a general-
ized computer program for their calculations 187

.8 A discussion on the applications of equilibrium diagrams
in the lead-chloride ion-water system 199

. 9  Fundamental studies on hydrometallurgy of antimony
( I )——Equilibria in the Sb,S;-Cl--H,0O



(%)

system 208
Novel methods for calculating and measuring ac-
tivity of component in various pyrometallurgical
systems

A method for measuring and calculating the first and

second order interaction parameters for activity in

ternary and multicomponent system 215

A method for calculating the activity of components-

from an activity product of two components in the

ternary and multicomponent systems 224

New methods for calculati ng activity of component from
Iphase diagram of binary peritectic system 231

New methods for calculating activity of compont from

phase diagram of binarg eutectic system 241

New methods for calculating activity of component from

phase diagram of ternary eutectic system 250

A new method for calculating activities of components

of ternary and multicomponent system from known ac-

tivity ratio of two components ' 260

Extension of linear concentration rules at constant par-

tial molar quantity 268

A novel method for directly measuring the activity of

sulphide component in molten mattes 2770



| BEEIASENTRNER

1.1 $iEZEEHEMPRC)
—— RTRELEER

WEPFRE R E R, AR EIBOK B RS B 50
T ERREMSR B R, BB REES, B RERR -
W Hepede — R AT k. AT, SEAGE - L E S R B
BT . HEEREZ—RAEEO RS K A L et &
PTG, BTIRRE, R—MEXERM Y, Y REY LT 5t
. e K TEEBUM#AE] 120°C LL LR, 2R KRR B A . B
R RAXFER S, £ T EAMUERBAER. Bl Btk

B AYTE B AR A DT SR B L B $5 7 LA i SRR S BT B, E R IRIE. -

BEMRBRR— MR B HIRE.

BAE19 AN, AME2RIBENTEE BEH —BA
R 56 1O 1 R B X AR 46 T R B9 B 0 R R HEAT 9T e X Co-
hen(®) %1 Strengers'™) fBFFTE R4 . B, AR BFF L UL &
T BB IR 3R, 3R LU SBCL & B A 1E 35 4R BFOE
EHEEHEEEROENE. LG H— SRRSO
AT A D R TR R . R A DSk A AT X
BT R R IA B T REFEAT 4 K T T LR SR BT R
EE— A EEWEE, SR EE S HARNER.

A 30HE E P FF v B o ShCL & B X — 35 4R RBE MR
BTS2 AR S RO MR B TR R, ST R
T BRI 5745 12k o

AR RRTE R UG HEBEE 1986 4E5 3 91, A EEHVFTESN. HH 5.
1




RS R S

SR P 500ml f BEARAE I EAREE 0 L SR AN . MR b AL 7R
e 798 1V FEE A2 SR D T LA B A o PR PRI 7 0 6 09 84
R 15mm FEEE. T B L PR R R K i T B E B
BT A R B8 BB A SR B T DUAR PR M BT B AR KO P A
LK PR R TR BB R4 o (PR R LA 7T B
7= A 1 B /N B R AT PR L 48 VIR A X T S 3l i 4 -
HIBPAEH e B R TR NG, B FHARRE Y 35mm, iy AR IS B6 %
7B B B8 B o SR B T S 0 TR TR K Y MY e L YR A A
AE B HE 0. 1°C . i R B3t WYJ-15A 751 i [ v U
fite.
o FER T4 W7 s Sb,O, AR AT o FiJ HOL NaCI (g FeCl)
HCIO, 247 845 ¥ 10 A T B L8 S B ok U
7 11 F R P A K R 2 » $5 1 o A 1) (LR A BE S
3t 2mm, LR BB S Tk KRS+ ATFHR
1525 4 3 A%  XAE T AR T SR A TLAR A 14 3 F 0 B AR DU
BT S TN, 1E 30~10C K4 F 102 TR % AN,
TRIGHENT » 2 2SN 07 R KR40 ) — i L0 R A 7 ok 24
SRR S B BT L TR MR 17 120C F i — AW B AY %S
T R . T L ARAE 25 SRS H7 SRR , 24008 5 — i, 25 R 28 1 4%
I TR 4 W 75 15 400 R M L S B A B BT B » AT 5 i L
FREA I & B E HE o T DL » 3 3 25 R AX AT A B A s B4
oA AR T ELVE T DA E i A B

EFRESEREREE

PRA S A > TERRETE SR B BT iy IR 38 o » 1 B £ 2 ) i



AR B 2~ 3°C (T g B RS B AT E B, %

[

R W ST A Clm 8 vk B X AR B A TR AR R R K AR R e
{83 B3 da ff i S P B3R B B SR HOR s — MO BE IR B AR
By T 38 D e, R R R T s A N 0 S8 B AR AT

BYBFSE TAE A 51t I 7R B & 0

Il R U LB

HAEH A SR R St (O H FI Fet SRTFIRBLRE
SLEHE R AR HER AR LR BT R

BEEISHKIE R B AR AT

BriR i 4 4 SRR TE BUIE % 8 5T BUR 86 Z W SR (453 5
o WnFIREE & BE SR %ﬁ!ﬁmﬁcf HTEBEIE_.%% %iﬁﬁ‘[ﬂi

- T BHE AR . R
T S I, MR RE

BERTF i BB BLIE #8624
B &EET . i RE

AR R DO 2eE UBHMEE Y
T t=t. 5 i=ic B9 & 3t
B BEAT IE 3 S th A AR T AL

Wi, RETBIE RLe R

BHWE. ACAILHAME
SR B P 3~
526 I 74 e 8 A 14 0 D il A
RIS EH. '

B 1-1 R—AMRE T

fige 8 BT 45 BA AR B 19 2 A

%, Bz 1 vIREARA

BB E BB 10090 19
EAMLE. ZELE 1 W4

e SR

1 1 sl i I L I ]
60 100 140 180 220 260 300 340

LT

B -1 ORIRIE TR i AY R

gk hYike

1——25C;:2— —38C:3——39.5C;
4——40C;5——417TC

TEHE U 24 100 A7, WIS T 0 3~5 Ay 2 £ 4 Bvd i

3



B o AR A e B S K S5 A IR, SRR A R B S R 3~
5% . RBEM, X r=t+N(E i=ic— OB} B IR B 2 H N IE
W M ZE RN - HR WL ). Hr=—&(FHi=

C OO R BRI AIERE 10 R IR PRSI SR

240 109 Ol 3). X B, & —fK 0.5~1.0C,M & X 0.05
~0. lic, ' : :
RLZAE B » X B R B AR R » i T B S50 A HGE I 57 LY
B SRS PR A SR A 0. 618 fRAL S AR 4B W ) M B 2 5 4 /)
FEXIE, B3 X0 DT HET 20(57 280, RIFWM X |E]
R R R R IE AR ISR R B N 3~5 HiL,

HRHESEH B MR TR TR Y B R 86, TR ERHLRE . T
R IR TTERY R I 8, A T g Rt i,
SRR N TR B9 & O F I R R BRI PR B BUG IR BB A9 &
B g/ FEXE, AR X ERENT % T 4G40 w7 FF
Hh AR ITE T E S 5 A '

HR5iE

L SEEFREMSRM

FEH R B BE i=250A/m?, LRk & HY B3k BN 1. 815mol/L
1 [Cl~ Jr>5. 00mol/L ity &4 T » s SR BE BE 5% 7 7 B ok FE [ Sb
(D B X R T FHE 1-2 ik 1-1.

Fr I 1-2 B I« o R O BE B B A TR P LS (I I3 T 955
t-[SbCI ) Jrith 846 BRI 4 A A KR - X3 T B RIE# &R 8
i K I RIEAURSEW K. ERN, MREREIERFER

R EERIREE (B =) R RS, Y H AR AT S C B ) T 2

F o B BUER B B 31T, (SDCID IrZ ¥ T M, {838

TR TERMEBS . RREERE 1 . iR asy=

YEBRBETRHERS: YUMATRAESHDIAYT o
A .



Y S N
KTﬁ%ﬂAﬁﬂﬁﬁww
RSSO TR E | -
AT R B ¢ & 5p
PR A OB R o~ —- L o
B.R BTEBEEE |
W EX I EERE - - -
R K REAE
B 57 B BB B B 2 s
7 44 % 6t R 7oL
RN S I P
S R L P AT
RGN ERE., S8 SeDlost
BRSO CD IR 1o AR ToBREE
BH o B BB E R
BB ERE D J SATXTREY ¢ LA L, i A 1R i R
UMARS | AHR. - [SODIRRMEH TR
RAMBHATEERNE L.

I
1
i
|
|
|
|

K11 TESRETHIESREE

[Sb¢ & ))r.g/L 70 80 90 100 115 - 130

v 32.5 35.8 38.0 40.0 41.8 43.5

2. REX ISR ERR M
1 BE S 55— M 57 5% 44 BP s 57 v, % 485 BE A S 0 R TRCK 9 R
R HT WETEMNZEEREME1-3 iR, it fMETRER 1-3
S BRI K R 1 R R 8 Y X3 s X3 1 1 ARAE % )
3. PR BA 75— S B0 o AR 2 T b T (30 L 370 2 T B
REREHTEBENEAR. o MR T &R HEEMRAE
5



'400[ TH J,mo!/L

® -~ 2.300 i
o— 2.800

F— - — — 4 —

. 2, L 3
22 24 26 28 0
1. C o

B3 OREHY T RS R X R
SHBSTLARAISEFUN . (U ict. MEEATIATR I SRAEAEFHR 2.5°C,
. N s .o TG 5 K 0 T A
50F ' - k—%n@’ru*ﬂiﬁfﬁﬁsﬂﬁ
: SRR EETE B 520 EE B 34
45L N HEEAEE, EREEN—
: ' TRIES .
3. AEFREMKM
e R BE S B T
ERIRFME 1-4 Prr. i
BRI, ELC g R B
HLC TR « RBIFHE .
—. E4{C" I F amol/L B
0| : s CHEFLC T [SCT) 3>
. €13, mol /L 6.96) ¢ FE[Cl™ AR (L R AR
| W11 GRESC TmEs /DT RS X —BHER H

‘© dor




¥

]

Wi > B FC ]rﬁé%%‘ [a- ]rxnms;nrﬂum&%fr

B 1-5 FoRER R 7

g5l TRF. & |
38.6C M W To 4 |
(O Tt e LI T
CEXA R N

BATCL T AL R T T
B, XM G -[O- T

't

[Cl-Jri& F 5mol/L B, i. |“¢:
I~
|

REHML

B it % — R ) S

R E, AFAET

YR B B AR AL X RR B T LAY
PR KE.
4. FeCl, 3R BRI

800_

-t

g

2 3 s 5
CCI jf,rno]/;,

8
I

A 1-5 lﬁﬁﬂaﬁiﬁﬁ ‘ﬁECl JTH‘JX%

Iﬂﬁﬂhh—m@ﬂd_%%ﬁﬁ%#TWmﬁﬂﬁﬁﬁﬁ
Wik FeCl, WS 22 R T 1-6. FeCl RIEMIMA KRR HAERE -

RBERA T M. A 1-4

BT BLIA N FeCl ¥R B2 AU XTI
ﬁﬁﬁ%%%i%%ﬁ?fk
[CI- T8 {512 9, Fe™ X4 |1
B 19T R T BAT A 2. &

rp**

’ .I ]

© 3% O sRAFRIIE K SO 1-6 RIRRIE TICU T AT, B 1-6 %
BY, B35 FeCl, v i RO . 1 7 '

(FeCL] ,mol/L

. 1 1.5 2
E&B!E#%miﬁﬁﬁ%ﬁﬁll | 1 i 1 1

L HRIERBREA RS,

6 7 8 9
rCl- jr mol/L

) CI~ WREE LB SRR BT 16 %ﬁ;?g&'ﬁFeCsz&B‘J%%
B 1 Sk 4 7 VR B K R R

FeCl, H 75 fm NaCl EEA A, % NaCl g A% CL™ ¥k HER93R

7



25 . L i . '
2 2.5 3.0 3.5
CH") mol/L

& 1-7 Imﬁiﬂﬁ'—i[}l ]&33&%

RA R,
5. PR IR B A 2 Al
Tw(Sb(n)Ir=70g/
L,[Cl=Jr=5. 00mol/L fg
AT, B AR WP HY 3%

R I R e

5 0 0 B2 0 53 9 T
1-7 A1 1-8. BT L)
ity o BECH T K 7 7
i T i WBECH KT
T B B4 (H >3

. 25!’1101/14 Eﬂ‘y L *ﬂ ?:c %

1501

ier A/m?

100~

50 ! L | i
.5 2.0 2.5 3.0 3.5

CH*] molIL

18 i S L S (H T 6 R

KEIEA .
6. IR ERIRI

[H TR R LR, S
1-4 FE 1-5 4 AR AT L
B [ IxHlE Rty
M5 (O o) 500 1F
10K, T B % (H-] #

(Crlr R s et, —F R

TR B T 2
B¢, X#kR Cohen &5 AL

R AR P HC g

& Gy A A0E

BRI, BRI AR R B R — e R
TEPEIRBE 30 2 {EIE . N TR RRHR L AT I T B KR
HTE IR AR A » b R0 5 R B AR AE B Fk (Bt — 25 1 K Bk
PEARFE XS ¢ DRRD MIFR THEIM. R 1-2 K 1-3 5515
T B 3 B N W LB 2 BELSEC ) 1LA[C 1Rk

8



R, HXRAPRTFE 1-9 fIE 1-10, ,

R1-2 TRAEHEETH ([SHEID ] XE

[SbCE)Img/l. 70 80 90 00 115 - 130
(HH) . T 32.5 35. 8 38.0 . 40.0 41.8 43.5
(). C 25.8 29.5 32.4 34.2 36.5 371

&, C 6.7 6.3 5.6 - 5.8 5.3 6.4

£1-3 TEEHERETH (O rXEA
[Cl-Jp»mol/L 2.5 2.8 3.2 3.5 40 45 50

LCEEY,C 50.5 42.5 38,6 36,5 33.5 3.8 320
f(fib).'C  40.3 3.3 350 33.0 30.5 29.8 26.2
&, C 0.2 4.2 3.9 3.2 30 30 28

1

50}

2

40-

e
T osb
1
25 ~ L L 1. - ] l 20 L I 1
60 80 100 120 140 2 3 4 5
(Sb(mJ,&/L - (CI" I mol/L

Bl 1-9 AR [ShOID IR B 1-10 #i#sd (O kA
try S0 i3 2
I MR BB — R L
B 1-9 MIE 1-10 B B, N 0 % W B BEPRIRBE NG, B

9



[SbC 1) TR0 [C1 1o 4 g 3L A AR DL B0 LB EES, B
SR 6 T B S AT BRSO TR B AR SR B, By E PR e R R A I R
TS RET X B2 & A o BEREE.

7. BAR AT R RI R i

7E[Sb( I ) ]r=100g/L,[H* ]=1. 815mol/L.f} i=250A/m* £
#FT,%FFJ%EU#\K%ﬁﬁ%ﬂﬁﬁf?%mﬂwﬂ,ﬂﬂﬁﬁmmﬁ?ﬁﬁ
SRR L) =40, 0C . CREER) = 37. 0C I £ (Bk) =33. 0C,
T T B3R SR BT L 1 BE IR FIBKERAN R 915 B R A1 Bt L A
Wi, BHRBOR ELRTAREBRET (KRR EHTTRYE
2R, R 5 DR RS RBIRLE 38°C L L KR EE T A RS,

MRS TR A AR BV R AR R R A T AR B R B

HTHEARS =P8 BE.
Bk B GR B BT LA SE R T BB K R e B i
o T BAAR ST BOH 1 LB RS T 88 B I 3 A0

% it

AW AGERT RE. BREE. BERTH. AMEET
TR PSR 1A K el AR bR 5 B B R B T B R M 3 TR Y R
DL T 1 R TR B (VR RS o B L B B SRR
BIAT R TR L2 SO0 T 36 S T MR 6 ARLERE i 5 U B
e 55 e, it 25 5 L R PR R Z (A1) S LR AR R ST AR B M 4R
B R R T R R R R AR R B R TR IR L. R
B i LA e i SR B BRHE A BE B R IR, FE R BB
FeCl,-HCL 32 th 0] 25 ) Fis S 0 o » S8 F VR B PR B ) AR B9
9 B TR R LA 220 244 S UKk BE AR LR A L B . A SR
W B R e o T o 0 VR AR I AR YR R 0 e B T
SO B e R BL | 3~5C SE 2 AT LB SR SRR TE . AT -

o TERREE A [0 AR R DA S v AR BB B R A R A K S

10



