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crust as a function of atomic number.

Other 3.6
Canada 3.9
Zimbabwe 6.4
Russia 14.5
South Africa
Platinum Group Metals (PGMs) 71.5

y A
P r eC | O u S M etal S (P MS) Gordon B. Haxel, Sara Boore, and Susan Mayfield from USGS S D U /i‘



Background Cl2SSIC
270
OChemicals ®Electrical
240 1 mGlass B Investment
4 OPetroleum T Medical
1 mother
180 -
] G.M.Mudd etal./
150 1 Science of the Total

Platinum Demand by Sector (t Pt/year)

Platinum Metals Rev., 2012, 56, (1), 29;

Environment 622—-623

120 ] (2018) 614 —625

90

60

Jewellery

30 -
] Vehicles (catalytic converters)
0
230 - Recycled
Recycled - Other
-60 L} L] L} L} L] L] L} L] LI | L] L] L} L] L} L} L} L] L] L] L} L] L} L} L] L] L] L] L] L} L} L} L] L] L] L} L] L} L] 1
1975 1980 1985 1990 1995 2000 2005 2010

2015

Prlmary ore: ~E-3wt%

Auto catalyst: ~E-1wt%

VIECHENRISMS:

PGM usages per industry as in 2010
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Type of plant material Concentration [ng/g]

Concentration [ngfg]

Pt Pd Rh Pt pd Rh
Grass 8.98 3.20 0.68 Shellfish tissue 0.04-12.4 - -
Pine, birch 120 2.0 2.0 (Asellus
Tomato (without skin) 0.10 - - aguaticus)
Carrot 0.31 - _ Mussel tissue 0.1-0.5 1.0 -
Cabbage 1.1 - - (Dreissena
Lettuce 21 - _ polymorpha)
Celery 1.3 _ _ Eel liver - 018 -
Onion (without skin) 0.03 - - L";:;%‘:;ﬂg‘;‘
Dandelion 5.4-30 0.83-1.5 2.0-7.0 ety
Greater plantain 36-10.1 04521  1.1-34 ;ﬂ:;f:;;r us) 0.1-0.4 03-70  01-20
Lichen 30.0 24 5.4 Peregrine
Rye grass 4.6-5.8 0.1 21-22 falcon (Falco
peregrinus)
Feathers 0.5 14 03
Blood 27 0.8 0.6
PGM content in selected samples Eges o4 05 03
Ces . - -
of plants and animal tissues Liver 0.2 0.7 03
Kidneys 0.2 0.3 0.3
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Current industrial PGM

recycling technologies

Consignment Planning and preparation De-canning Extraction Q%
weighed of catalyst ﬁ
*

Catalyst ground
into powder

High temperate - energy demanding and
may generate harmful substances

Hydrometallurgy g

P Refining

Accumulate optimum
batch size for smelting

.

Consignment Sample sent

weighed for analysis
—— —— —— Report of
Hazardous chemicals such as the toxic complexing e e o vZT:Effst?:h -—
agent NaCN or the corrosive aqua regia T, relayed to client
Platium  Palladium  Rhodium Analysis

Market grade material for resale
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Fundamental principle of platinum dissolution is
described by surface reaction dominated by transit
potential treatment.

(1) Pt*! @ P
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4 : Platinum Dissolution u&,\“; u;\ ,V;\ = RN, E:>u°uw. 2 2 >

{G‘\ED 20
(1) —>(4)
= Pt catalyst § 10} ﬂ l
= degradation el “
Carbon Corrosion in PEMFC g :'!2 1 Pt Pt
Ostwald Ripening ) g_w_ _ oo) | ‘9 Q
W T = 5 | VOV
NNNNNINY ' Potential, £/ Vvs. SHE

S ANNSNANNS

@ /I/
QPt @Pt2 or P14
YHO oH \ _

@ OorO* A steady state at 1.4V

Electrochemical potential cycling enhances the dissolution
rates (2-3 order) as compared to static potential
A
SDU-&

Particle Detachment

Agglomeration

Dissolution efficiency > 95%

J.C. Meier, et al. Beilstein J. Nanotechnol. 2014, 5, 44-67 Y. Sugawara, et al, J. Electrochem. Soc. 2012, 159, 11, F779-F786
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R. Sharma, S. Gyergyek& S.M. Andersen. ChemSusChem, 2018, 11, 3742 — 3750.
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Economy and benefit

Secondary raw materials

* 90% cheaper than primary production
 Reduce environmental and health issues
e Smart waste management — urban mining

Alternative process

* Flexible and low capital cost

« Environmentally friendly

» Potential for decentralized facility
» Value added products
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For Sustainable Development

 Improve waste management and regulation

I I Mi.w ...
e Sustainable recycling development il _M
 Green transformation
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Thanks for your attention
mashu@kbm.sdu.dk
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