") Check for updates

Journal of Hydrogen and New Energy, Vol. 35, No. 6, 2024, pp. 643~649 .IHNE
DOI: https://doi.org/10.7316/JHNE.2024.35.6.643 pISSN 1738-7264 * eISSN 2288-7407

T2HURTX| H7|= 71H =20 XXt} A EE SERIK S+

1. s1902 =1
HeE - 3897 - HoIs
flslefata A ARAN LT, “Qlsieieka 2 et

Research on Leaching Process Factors in Recycling Platinum Catalyst
Based on Waste Hydrogen Fuel Cell
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mecsakwon2004@hanmail.net Abstract >> Platinum group metal (PGM) are important rare metals used in ad-

vanced industries, and their reserves are geographically concentrated, limit-

Received 29 October, 2024 ing their stable global supply. This study is an experimental study to derive

Revised 29 October, 2024 process conditions that show the maximum and optimal leaching rate by ap-
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propriately combining three process factors: first, leaching concentration, sec-
ond, leaching temperature, and third, concentration time, in the leaching proc-
ess, which is the most important recycling process for platinum contained in
trace amounts in various wastes such as first, waste catalyst (solid), second,
waste catalyst (liquid), third, waste water, and fourth, waste membrane elec-
trode assembly generated during the hydrogen fuel cell manufacturing
process. As a result of a comparative leaching test of PGM with several oxidiz-
ing agents, aqua regia, which has a strong oxidizing power, was used as a plati-
num leaching agent because it generates nitrosyl chloride.

Key words : Hydrogen fuel cell($ A % & M X|), Leaching rate(% £ &), Aqua regia
(%4), Waste catalyst(H Z0), Concentration(s ), Temperature(2 )
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Platinum (Pt)

2bbp or less

Automobile exhaust gas

purification catalyst

Chemical process catalyst
0.4 bbp or less Layered ceramic capacitor
Automabile exhaust gas purificatio  Hard disk drive iridium(Ir)
catalyst 0.4 bbp or less
Glass fiber optical fiber Employment point glass
Hydrogen economy extrusion die
Hydrogen-related chemnical High temperature reaction
reaction crucible
catalyst Dental materials
Oxygen-related chemical reaction Insoluble anode
catalyst Catalyst manufacturing

Osmium(Os)

0.4 bbp or less

Light bulb filament
Sound meter needle
Precision bearing alloy

Rhodium(Rh)

0.4 bbp or less

Catalyst for ammonia oxidation
Heat-resistant and corrosion-
resistant materials

Rhodium electroplating
Catalyst manufacturing
Platinum hardening element

0.4bbp or less

material Electronics and
petrochemical catalysts
Supercapacitor electrode

Alloy material in pivot
manufacturing
Electrical contact material materials
Electrical contacts
Semiconductor memory
manufacturing

Fig. 1. Applied industries of each element of PGM
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Table 1. Comparison of key items in the carbon economy and
the hydrogen economy

Items Carbon economy Hydrogen economy
Energy Carbon resources (o0il, |Decarbonization
paradigm | coal, gas)-centered hydrogen center
Import dependence Contributing to energy
(99%) independence through
domestic production
Energy Large-scale investment |Small investment
supply  |Centralized energy Distributed energy
supply supply
Large location Less location constraints
constraints High acceptance by resi-
Low public acceptance | dents
Compe- Securing competitive- |Securing technological
titiveness | ness in resource devel-| competitiveness
opment Competition for econo-
Competitive energy mies of scale
security
Enviro- Large amount of green- | Less greenhouse gas
nmental | house gas emissions emissions

Large amount of air
pollutants emissions
(CO2, NOX, SOX, etc.)

Eco-friendly
(Byproduct is water
[H0])
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(Hy) 2oz whold Hifolth TA FCV Zofof| £ &
= WaE AREs] HH A AlA A 7P wel
&= & NEXO (Hyundai Motors, Seoul, Korea)
It W5Em) oF 40 go] &8 ¥tk oS 2022139
81,000t} 7|=Co.& ALS] B ApEA; Zopolut ¥
2 400 Ty 3240 kgolth

ulge] 2o, sfetd B4 9 S=8 Byl Ay
L5 = Zujjo|tiTable 2).

A e A | e A Al E & 57}
x| A| A~ El(Korean National Material Flow
Analysis, K-MFA)oJA] 2019 RARSE ui- 4=29] 7+
o] BE5(Fig 42 xahE T A A HofolAlel

FegonmveonCome e fo ot ecmni
@-2- Roadmap of Hydrogen Economy Actlvatlaj;
Classificaiton ||| 2915 || A 2022 — I 2040
FCEV -
A & (automobile 100% Domesti zesrin B
P B Bus [ 2 |
P 1 Taxi -1 (| Over 5007 km
L L Truck J)[__- ] Stontruck 100% Domestic
. 1 [FR Station 310 $3.000g
? X [(Sres e R&D Commercialize unti 2030 >
1 = Fuel Cell
o g Generation $3,500kW 50% Costdown 15 GW |
N E RPG, Building ) [ 7MW | § 15.000kw $5.000kw [21 GW]
Y [H, Gas Tubine R&D 1 Commercialize until 2030 >
H, [_Amountof supply
SUPPIY [ Production Type Large Scale e
Cost of H, (= $3.6lkg $ 2.5/kg|
Fig. 3. Roadmap of hydrogen economy activation
Table 2. Characteristics and applications of platinum
Metal Characteristics Application
Platinum |It is very stable in the atmos-| Because it is excellent
(Pt) phere, does not change as a catalyst, it is used

even when heated to high
temperatures, and has
high corrosion resistance
It reacts with aqua regia and
slowly dissolves, and is
corroded when reacted
with caustic alkali at high
temperatures

in fuel cells, pet-
rochemical industry,
automobile exhaust
gas control devices,
IT-related industries,
jewelry, experimental
equipment, and medi-
cal devices
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Table 3. Corrosion of platinum group metals in various solutions

and conditions

Qe HA ARHA| 2e(stack)©] 5=Ho| 58}
o] AL 800047t o)A, AF8-x1e] 72 30,0004 7F Reagent Pt | Pd | Rh | Ir | Ru | Os
oAl he ok 8]—1:]—7) HNO:s aq. A o X x X x
S 9 Aege] A sl gaisl] o N

o] sl 4 glont Bl4fo] AU ey TOCHTR@L S L
e s H>SO4aq. x o A x x o

D= oim] AASHA Hom wigs gkl et 9 Alkali cyanide +

A - - - -

= 9 AR, 153} 34 Ve A YH VR oxidizing agent °

AR5 Hashar §lo] Mg w50l thet tiehil=
o] ZHAIA QL B4, A, BE 7l At il Al
shcka Aot

Wb 2 Aol MIE 45 2 s A
S| &= &8sl vl I_E(Table 3)gt gloe &

o: Dissolves at room temperature or when heated.
A Dissolves when fine powder or alloy.

x: Does not dissolve.

-: No data available.

Table 4. Experiment procedure

Zrzolo] 7345t AFSES 714l Y4(aqua regia) Al Experimental
_ Contents Notes
2 A] gshto|E & A(nitrosyl chlonde, NOCI)©] A Sequence
Aoz W &2 AHslr|2 sk Sample ‘ Waste resources 1 kg prepared (mixed)
preparation | (waste)
Calcination |Sample collection |600-700°C, 3 hours
process analysis
Reference Istand 2nd aqua | Analysis of residual plati-
sample regia leaching/ num in filtrate
filtrate verification
Aquaregia |50 wt% aqua regia |Use hydrochloric aci
——— — - . make-up Make-up (35 Wt%)/nitric acid
® ‘ (68 wt%) extra pure grade
e o @ Leaching (D Concentration | Take samples
| g process @ temperature (10 mL each)
: - § @ time variables
L S ’ g:&l:\zllft?é" - - -
: Leaching rate |Perform platinum |AAS analysis
o « ——————— Q'* rrrrrrrrrrr ot analysis leaching
3. 3o Data Analysis of sample |Perform comparative
et T s gy organization| Results by analysis
i condition

Fig. 4. K-MFA flow chart of platinum AAS, atomic absorption spectrometer.
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Table 5. Leaching experiment conditions

Experimental | Detailed | Number of| Leaching | Special
items variables | variables | solution notes
i(ir}lcelntra}t:.on 10, 20, ,
of the leaching 30, 40 Aqua
solution (Wt%) Regi
gia .
Concentration (hydrochlo Agitator
temperature 50, 60, 5 ric acid + (400
P . . RPM
19 70,80,90 nitric acid )
: mixture)
COI’.ICCntI‘atIOI’I 1.2.3 3
time (hr)

Vol. 35, No. 6, December 2024

[n}
i
i
ol
0

- Jols 647

15gSHELA 7 (atomic absorption spectrometer, AAS)
A

F2HS oAz ofif & A= A
ol A We vk 24 43K
(ppm)oll F& 2 HT F HARK10 gy Ll
9] SRS 9I5ke] 1,0008 URH Z42Ee] Ao

A A2 uFgke S AL 4 Atk ol 59
Zzke] 2l e BERAE 7 uF et
A 2 90T A vk, %) AR vl Blelsick

22 10, 20, 30, 40 wWt% FE&
ﬂyl 400 RPM &% oA Wig & AF

HSFRS 1 = 40 wi%oll A A= A7t 3A]7to]
BElS W 84%2] EEo] AkEEo] Fd 3
o] =ZFIthFig. 5).

4

i

65% 72%

62% 9
s7% 58%
F 60% 52%
g 50% 3% 8% —a—10% HCl+ HNO3
= o 1% 20% HCl+ HNO3
£ 42% 30% HCl+ HNO3
G 30% 23% 40% HCl+ HNO3

1hr 2hr 3hr
Leaching Time (hr)

Fig. 5. Graph of leaching rate according to leaching time by
aqua regia concentration
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