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Abstract

Typical high-temperature recycling processes for precious metals use molten metal as a collector to concentrate the
precious metals. The purpose of this study is to compare the performance of the collector metals and to investigate the
feasibility of selective recovery of precious metals. Using the two liquid phases separation of the ternary alloy system,
Rh, Pd, Pt, and Au were added to the Fe-Cu-C, Fe-Pb-C, or Fe-Ag-C systems at 1500 K and to the Ni-Ag-C system at
1700 K under carbon saturation, and the distribution ratios of precious metals between the two liquid phases of each
system were determined. In all conditions, the molten metal was separated into two liquids. Rh was mainly concentrat-
ed in the Fe-C or Ni-C phases, Au in the Cu, Pb, or Ag phases, and Pd and Pt in the intermediate distribution.
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Table 1 Experimental conditions

Substance (g)

System T(K) Time (h)
Fe-C  Ni-C  Cu Pb Ag Rh Pd Pt Au
Fe-Cu-C 10 — 10 — — 0.2 0.2 0.2 0.2 1500 4,20
Fe-Pb-C 10 — — 10 — 0.2 0.2 0.2 0.2 1500 4
Fe-Ag-C 10 — — — 10 0.2 0.2 0.2 0.2 1500 4
Ni-Ag-C  — 10 — — 10 0.2 0.2 0.2 0.2 1700 4
KBFFE LR F BRI T IC 35\ T Fe-Cu-C, Fe-Pb-C, Fe- 3. BREER

Ag-C, Ni-Ag-C MM Hh BT s E&FIHL, &£
WHIROMLAME I NE L, av sz z2—x 21054
BlEEENICY 2 5B/ \WwE LR L, FeC,
Ni-C, Cu, Pb, Ag D& GIE DAL B % ME T 5
Z LItk Y, W@ Fe-C, Ni-C, Cu, Pb, AgtHioa v 2
Z—x 20 LTORINEERLE T2 XA E L
Too Efo, BB REEIR 7 w2 A & LT Fe-Cu-C,
Fe-Pb-C, Fe-Ag-C, Ni-Ag-C %D WM #x M &
&8 & BRI BT 5 & & AN ETRED R Lo

2. EBREIUNH

28.8 g DTNy (FHFE 98.0 mass%) & 1.2 g DK
RoOBRMEZEAL, ThzaEmE 60mm, HNEE 20 mm O
B D oTCiiA L, SIC#oFEAE AV IcEBRC
1500 5K, Ar FP% FC4RRREE L7, T8, 5
DFE T ERR KRG L, Fe-C RRIALAIER Lz, [
ERiC, 294 g ORI DO Ni (i 98.0 mass%) & 0.6¢
D ER AR D BE A FA T 1700 £5K T 4 FERI AR L,
Ni-C R PGS AFR L, BESEHHL, 10g0
Fe-C R4 F 721X Ni-C R4, Cu (HEE 99.5 mass%),
Pb, ¥7:1x Ag7Z 10g, Rh, Pd, Pt, AuZx & 02g %5
X 60mm, AR 13mm OREH{LHOFECFHFAL, Fe-CH
& Ni-C 3L B FE 1426 K & 1600 K L EOEETH
% 1500 £5 K F 7213 1700 £5 K, Ar KPR T T 4 B4
BL, x50 L kE Lic, BHEILICRARHE SR
MOBEABETAHNT, 774 vh v 2 —THEIH
UM L7, F 70 4 RFHI PN E T 2 0 R R T 57
8, Fe-Cu-C 52l 1500 K “C 20 FEfHIf-FE 3 5 2 1T -
Too FERGA A Table 110”9, SHE T ANCHIE L4
B EE oM & PR OM A ERE S oL, A A i
5 L OVE K TEML, ICP-OES (Agilent Technologies,
5100 B) & H 7 b E e &b C DS o gy A
Uiz 72120 Ag R &3 5D Pt I X O Rh 2%
1% ICP-OES o #: IR F UL T H - 7o 72, ICP-MS
(Agilent Technologies, 7700x %) 7% F\~C Pt %5 L OYRh
iR LT, T A O CEZ L CS T 2% & (HORIBA)
B TR e R L e,
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X-C % (X: Cu, Pb, Ag) & Ni-Ag-C 52D Fe-C #¥ X O°
Ni-C #H® (mass%C) & Fe-C Hl% X OV Ni-C H D s X
(Cu, Pb, Ag) & 548 DEE OB (mass%X,,) =
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Fig. 1 View of two liquid phases separation.
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Table 2 Experimental results for phase separation

Substance
System T (K) Phase ny (mol)
Fe Cu Pb Ag Ni Rh Pd Pt
Fe-Cu-C 1500 Fe-C (mass%) 3.87 87.7 5.58 — — 1.76 ~ 0.196 0911 0.0383 2.00
et Cu [mass%] 0.1> 4.56 90.7 — — 0.210 1.78 0917 1.78 1.54
FePb-C 1500 Fe-C (mass%) 4.14 91.6 — 0.315 — 1.71  0.196 1.79 0.226 2.02
e-Fo- Pb [mass%] 0.1>  0.206 — 95.7 — 0.110 196 0.0975 1.85 0.497
Fe-Ae-C 1500 Fe-C (mass%) 4.21 90.5 — — 0.519 — 1.79 1.06 1.77  0.116 2.01
e-Ag Ag [mass%)] 0.1>  0.139 — — 97.3 — 0.00044 0.785 0.0072 1.73 0.925
Ni-Ag-C 1700 Ni-C (mass%) 1.95 — — — 2.49 90.2 1.82 1.19 1.86 0477 1.76
Ag Ag [mass%)] 0.1> — — 96.7 1.13  0.0021 0.750 0.019 1.44 0.930
5 %, Fe-Pb-C & & Fe-Ag-C K% Fe-Cu-C RICHRTH
? N MHOMBEBME NS <, 2R BRI AA . 72l
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§ 32 BE£EB0HEEE
é 24 o Fe-Cu-C, Fe-Pb-C, Fe-Ag-C, Ni-Ag-C % ® Fe-C #H ¥
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Fig.2 Relationship between C concentration and total
concentration of elements except C, Fe, and Ni.
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Fig. 3 Concentrations of collector metal components in each phase.
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Fig. 4 Relationship of precious metals concentration
between Fe-C and Cu phases in the Fe-Cu-C system

at 1500 K.
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Fig. 5 Relationship of precious metals concentration
between Fe-C and Pb phases in the Fe-Pb-C system at
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Fig. 6 Relationship of precious metals concentration
between Fe-C and Ag phases in the Fe-Ag-C system

at 1500 K.
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Fig.7 Relationship of precious metals concentration
between Ni-C and Ag phases in the Ni-Ag-C system

1500 K. at 1700 K.
Table 3 Experimental and calculated values of distribution ratio for precious metals
Fe-Cu-C Fe-Pb-C Fe-Ag-C Ni-Ag-C
LMp LMp
Mp X cal. R cal. L cal. L cal.
. Yamaguchi Ly, . Yamaguchi Ly, Mp Ly, Mp Ly,

This study 4 Tokeda (1500K)  Thisstudy 4 cda (1500K)  (1500K) (1500K) (1700K) (1700 K)

(1500K) (1453 K) (1300K) (1453 K)
Rh 8.4 8.2 770 15 62 4000 12000 850 —
Pd 0.11 0.10 0.83 0.10 0.043 2.1 1.4 7.3 1.6 0.93
Pt 0.99 0.78 15 18 55 250 890 96 54
Au 0.022 0.011 0.025 0.12 0.063 0.41 96 54 0.33 0.89

FHCHLL T 554, X (2) BBOLT %,

(aMp) = [aMp] ()
22T, (ay) & lay] EHEhFe Ly Cutio
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a=y-N (3)
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Table 4 Activity coefficients at infinite dilution in binary

systems
Phase T(K) 7 Vra e Viu
Fe 1500 0.006272) 0.0387 0.00466 2 3.582)
Cu 1500 4237 0.02742) 0.06042" 0.0780 >
Pb 1500 0.1056%7 0.0209" 0.0692% 0396
Ni 1700 Nodate 03392 0.0673% 0.909 2"
Ao 1500 4002 0.142% 21520 0393
1700 25920 0.171% 1972 04382
Wyp) _ Do) s)

Nl ()

5, Ny DT NS B BTG B ERBL py, % IR A 7 D
EEAE Y, &R L, Fe s X 08 Cutld Mp DE & %
% Fe 38 L O Cu DR T8 my, me, M5 ERXK (6) &
(7) tkIhs,

mMp'(NMp) .
My - (Nyy) + mp - {1= (N )}

=" W) 1

(mass% Mp) = 100

(6)

M

My ‘[NMP] .
My [Ny 1+ me, - {1=[N 1}
= My '[NMp]

me

[mass % Mp] = 100

M
-100

u

Yo, X () EREBRICER I NS Mp O MERRLA 757

ic s B AR LS R (5), (6), (1) XK (®)
TRDDLZENTE D,
o _ (mass% Mp) . me, (V) _ e, [] ®)
" [mass% Mpl my [Nyl mee (ra)

T Ty HEBRA RIS B 1 5 888 Mp DA ILHE D
TR TH D, STHIE? O v, SCHEE DR
JERAGHEOENE E Ris s a1, X (9 OEMERK
MM, T,

Tlnyy, = const. 9
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Table 3 ICHRERfE L & IR LTc, AFRICKL hRES
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CHBLENAEEICH B Z ENGh-Te, Tho, AFER
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o
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o o
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o o
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—In Y Mp in Fe-C.1500 (Fe-Ag-C) 4+ Y Mp in Ag.1500 (Ni-Ag-C) (18)
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[EILBE 43" % Table 5 35 & O Fig. 8 Io/R" ¥, RICRE 1
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Table 5 Precious metals recovery ability of collector metals
with reference to Fe at 1500 K

Collector metal AR A A™ Are
Fe-C 1 1 1 1
Cu 0.16 12 1.31 60
Pb 0.26 41 0.22 33
Ni-C 0.54 1.3 0.76 4.5
Ag 0.00054 1.6 0.0088 33

100
n 3
10 + $
Fe Reference i
1 b ITIEIEL Jo S e
2. ﬁ 3
01 *
X
0.01 ¢ o 4 Cu
o B Pb
0.001 | Mp _ YMp in Fe—C A Ni-C
0 4x yl(\)’lp in X OAg
0.0001

Mp =Rh Pd Pt Au

Fig.8 Recovery ability of collector metals for precious
metals with reference to Fe at 1500 K.
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1
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CZTC, Nypo, insagrec VR Fe-C I E P35 2 7 7 #
DEGBBILY MpO, DELGEREFT, LoTavy
2 — X LT 5 2 5 7 o & REEELY MpO, O
%, WFe-CHETVE+T5H2T 7DEEREILY MpO,
DYLE A FLHE L LT AY O K BT %, § 213 Table
504 =45THHID IS00KIZRKNTAT 7 1A
D Au OPBEEIL, Ni-CRravzz—xzrrlick
X Fe-CREWMRTDOUASTECIR A Z ENRA I NS,
AY DL D, A7 7 a2 % EMT 55 2T, Ri kIO
Pt LT, Fe-C ¥ X OSNi-C %75, Pd % X U Au i
HLTIECuRBIOPb A2V 27 2 — 2 2L T
LEEZBND,

XHIECH 2l 7 v+ 2 & LT, Fe-Cu-C, Fe-Pb-C,
Fe-Ag-C, Ni-Ag-C & D ¥ 55 it % Fi\ o~ 7o i 5 8 oD 58
RIUZEIR 7 7€ 2D THRTT 5, AFFZEIC X b5
HEhiemhitthiciko5< L, wFhoav s za—xsn
DA HRIC I\ TH B2 0.1 ~ 1 RETH S Pd
WBL T, D R 7R TR I s 1 % BN
B 72 Bkl D B BB N TR TH B, 7, Pd
FHRWICESBRTRCE L @Y av s 2 —x a0
DL LR EIET LT, HEED 10 PEE 7213 0.1
FERD, kb, HEEOGHE 7 v A flis
T, RS EEA R R L TREEDOENN
ENAAEECTH B LB 2 B b,
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jll]

RFEFIF Fic B\ T, 1500 K T Fe-Cu-C, Fe-Pb-C,
Fe-Ag-C 5212, 1700 K T Ni-Ag-C 5212 Rh, Pd, Pt, Au
UL, % %0 —WHE OB 48 0520 Ui,
Rh (% Fe-C #H % 721X Ni-C #iZ, Au (X CufH, Pb A, #*
7ok Ag e % < L& R, Pd kX OY PR RE ) &
NHZERNGThot, Tl b, FEHEBICK LT
WRICEHDAT 7 AR/PNELTHAV I Z—2Z LD
BEE, RO B D 2SR T B B [l I o LM
RS Tz,

#t i

REIDORF IR NT, HFRFHLFTONPIHH
NBIZIH It & F Lie, AR L ET 9,
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