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A study on recovery of Platinum Group Metals(PGMs)
from spent automobile catalyst by melting technology'
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Abstract

The dry method and wet method are currently used for the recovery of platinum group metals (Pt, Rh, Pd) contained in spent
automobile catalysts. The study herein aims to identify the melting condition and optimum collector metal in accordance with
a comparison of each concentration change in melting waste catalysts, using Fe and Cu in a basic experiment to recover waste
catalysts through application of the dry melting method. As a summarized result of the experiment herein, it was determined
to be more advantageous to use Fe as a parent material rather than Cu from the aspect of recollection rate, and the concentration
change rate of platinum group metals within slag was greatly enhanced at 1,600°C melting condition rather than at 1,500°C in
terms of melting processing temperature. The mean concentration of platinum group metals — Rh, Pd and Pt — within slag after
a melting process at 1,600°C were 6.21 ppm, 5.98 ppm and 6.97 ppm. The Rh and Pd were 50.58% and 55.31% respectively
greater than the concentration change rate of platinum group metals in slag at a melting temperature of 1,500°C. However, since
the initial concentration of Pt within the waste catalysts was 12.9 ppm, is relatively low, it was difficult to compare concentration
change rates after the melting process.
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Table 1. Chemical composition of spent automobile
catalysts. (ppm)

Al & Pt Pd Rh
AE T 12.9 180 2235
NED 745 863.4 438.2

Table 2. Chemical compositions of spent automobile
catalysts.(wt%)

Al & Al& A&

qa
g 2 ] 2 3 4 5

SiO, | 2865 | 2332 | 25.02 | 2647 | 19.31 | 24.55
ALO; | 53373 | 61.55 1 5946 | 5688 | 63.98 | 59.12
MgO 1642 | 1229 | 1428 | 1411 | 11.23 | 13.67

Fe0p | 0.19 | 015 1 013 | 016 | 010 | 015
P,0s | 015 | 017 | 004 | 025 | 005 | 013
TiO, | 009 | 015 | 011 | 012 | 010 | 0N
MnO | 012 | 025 | 003 | 027 | 0.00.| 0.13

CaO 009 | 005 ] 002 007 | 003 | 005

Table 3. Experimental conditions for Heating Microscope.

Temperature rate 20/min
Microscope Scale 10x10
N, gas purge 35/min
limit temp. 1,700°C
retention time 3min
Amount of sample 0.01g
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Fig. 1. Schematic diagram of Heating Microscope.
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Fig. 2. Schematic diagram of muffle fumace.
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Table 4. Melting conditions of spent automobile catalyst.

Melting . Spent automobile
Temperature Collector Metal catalyst
sample 1 Fe 40g 40g
1,500°C
sample 2 Cu 40g 40g
sample 3 Fe 40g 40g
1,600°C
sample 4 Cu 40g 40g

Table 5. Experimental conditions for muffle furnace.

Item Condition

setting temperature 1,500°C, 1,600°C

Heating rate 4/min

Retention time 30min
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Fig. 3. Heating Microscope image of spent automobile catalysts.
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Table 6. Experimental conditions for ICP-MS

RF Power Generator

Max. Power 23 kW
Frequency 40.66 MHz
RF Stability 0.05 %

Sequential Monochoro meter

Grating Dual (4320 &1800 grs/mm)
Mounting type Czerny turner
Wavelength 150 to 800 nm
Working resolution 0.006nm
Minimum Step size 0.00lnm
Focal length 1.0 m
Media gas purge

Table 7. Result of melting point of spent automobile catalyst.

sample Softening Semi melting Flow
P Point(°C) Point(°C) Point(°C)

1 1,170 1330 1,490

AE
2 1,150 1,290 1,480
3 1,140 1,250 1,385
N 1,160 1,250 1,450
5 1,160 1,300 1,445
B 1,156 1,284 1,450

¥ Pt, Rh, Pd®] ¥4 HAE 742} Fig. 49 Table
8ol VJeRfSITE.

Fig. 4o vehd wvie} Zo] wigE g&o] fEuz
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Fig. 4. Concentration of PGMs in metal after
melting at 1,500°C(Fe).

Table 8. Concentration of PGMs in slag after melting at

1500°C(Fe).

ppm Rh Pd Pt

1% 458 37.80 6.97
2 2} 108.60 77.00 7.76
3% 64.10 51.50 7.09
4 =+ 42.10 32.30 329
5 2} 203.60 149.30 8.65
6 =} 93.10 77.00 8.17
7 2} 173.40 96.40 7.68
b 104.39 74.47 7.08
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Fig. 5. Concentration of PGMs in metal after melting &
1,600°C(Fe).

Table 9. Concentration of PGMs in slag after melting
at 1,600°C(Fe).

ppm Rh Pd Pt

1 =} 7.14 9.31 7.39
2 2 3.61 4.79 7.07
3 2+ 432 5.33 7.70
4 =} 3.95 7.39 5.54
5 =} 12.40 5.86 7.70
6 Xt 2.51 424 7.32
7 =} 9.55 4.93 6.06
b 6.21 5.98 6.97

Table 10. Slag compositions at Fe-base.

A ) 1500:%2 ? 2 1600;(;3 g? &3
8i0, 34.01 31.781
ALO; 46.346 44.631
MgO 12332 12.662
Fe,0; 0332 0.290
P,05 0.132 0.133
TiO, - i
MnO 0.248 0.187
Ca0 0.133 0421

Mg0/8i0y+ALO; 0.153 0.165
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Fig. 6. Concentration of PGMs in metal after melting
at 1,500°C(Cu).
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Fig. 7. Concentration of PGMs in metal after melting
at 1,600°C(Cu).
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Table 11. Concentration of PGMs in slag after melting
at 1,500°C(Cu).

ppm Rh Pd Pt
12 3369 682.2 6.8
2 &} 257.7 600.4 7.7
3% 2103 531.9 6.2
4 Z}F 206.4 5324 6.6
5 2} 238.8 5793 6.2
6 ZF 4143 854.7 9.2
7 2} 235.4 593.6 6.7
b 2714 624.9 7.1

Table 12. Concentration of PGMs in slag after melting
at 1,600°C(Cu)

ppm Rh Pd Pt
12 66.2 159.6 6.4
23 104.1 262.0 6.6
3 15.9 74.1 6.7
47 39.1 1294 8.7
5 3} 38.1 1117 6.5
6 19.2 732 6.5
7 &} 359 1145 6.4
B 45.5 132.1 6.8

Table 13. Slag compositions at Cu-base

N %) 1500("CEC_§7‘QF P;J * 1600(2; g ? F
Si0, 31.287 28.890
ALO; 45315 48.826
MgO 10.942 11261
Fe,05 0229 0.158
P,05 0.190 0.156
TiO, . -

MnO - -
Ca0 0.131 0.099
MgO/$i0;+ALO; 0.143 0.145

50.58%, Pd=55.31%% Z7}8}4th.

5. Fe2 ¥FF40E 3 48 £ Slag 74 A=
3 A& AsEde] BE WIE 8va 2Ag Az
Fo wste] dig Aol ZA et



RS FINS SRl Bdlk &8 [k BT 81

7. Slag IFEE 71FCE PGMsY BE #HISS
A A3 150000 BlEke] 1600°ce] 8§ A 7k}
Rh=51.56%, Pd=56.73%, Pt=8.72%& Z7}sl9ic),

8. 2§ el & Slagll PGMs®] {58 nlw
o A3 FY XM Cug IHFEHOE F A9
Hlglo] Fe ¥HFL0E 8 797t 40|}

5. =8
1. 735, 1998; BwiA (473 2529 5 .:38000-67030-

06-51), %‘év‘i‘ﬁlr(-r), pp. 316~317.

2. e ol E Y sts], 2009: ol HmMA | P 281-
P286.

3. Verlag stahleisen M.B.H dusseldorf, 1981: Schlackenatlas
Slag atlas.

4. T. Murakami, T. Tshida, K. Sasabe, K. Sasaki and S.
Harada, 1991:
sewage sludge.

Characteristics of melting process for

5. Byung-Su Kim, Jae-chun Lee, Seung-Pil Seo, Young-Koo
Park, and Hong Yong Sohn, 2004: A process for
ewtracting precious metals from spent printed circuit
boards and automobile catalysts.

6. Wan-tae Kim, Hyung-seok Kim, Sung-baek Cho, Jae-chun
Lee and Sang-bae Kim, 2008: Effect of attrition scrubbing
on the recovery of Platinum Group Metals from spent
automobile catalytic converters.

7. Mi-Ae Kim, Jae-chun Lee, Chi-Kwon Kim, Min Seuk
Kim, Byung-Su Kim and Dyoungkeun Yoo, 2006: Solvet

I

extraction of Platinum Group Metals from the leach liquor

of spent automotive catalyst.

Bong-Chan Ban, Chang-Min Kim, Young-Im Kim and

Dong-Su Kim, 2002: Recovery of precious metals from

waste PCB and auto catalyst using arc furnace.

James E. Hoffmann, 1988: Recovering platinum-group

metals from auto catalysts.

. M. Benson, C.R. Bennett, ].E. Harry, MLK. Patel, M. Cross,
2000: The recovery mechanism of platinum group metals
from catalytic converters in spent auwtomotive exhaust
systems.

. Angelidis, T. N. and Skouraki, E., 1996: Preliminary studies
of platinum dissolution from a spent industrial catalyst,
Applied Catalysts A:General, Vol, 142 pp 387~395.

AR, 1999: #7823} V)&, o ChaRicda-a
37l i, 3Apd R HF EELH‘

. Y. Akimoto, Japanese Patent No. 62810-1975, Japanese
Patent No. 87920-1975, Japanese Patent No. 51-32419,

. Ariake K, Kaga A, Matsuoka Y, Kinoshita K, Yasui T,
Shimoyama N, 1995: Plasma slagging incinerator for

incineration ash. pacific basin conference on hazardous

waste, Edmonton, canada.

A B ®#

< FA) Aoskn wRjelatgst g
= 4514 A3 15 B

LR IR

APaelg A 209 A 23, 2011



