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Abstract

This study analyzed the economic and environmental effect of recycling rhodium used in the non-catalytic field. As an
analysis methodology, economic effect analysis applied cost-benefit analysis and resource-saving effect analysis and the
environmental effect analysis applied life cycle assessment (LCA). The results show that from an economic point of view, the
cost-benefit ratio was 1.28, which was feasible, and the cost reduction was 237,000 won based on 1 g of rhodium recycled and
the amount of rhodium recycled was 7.17 billion won in 2025. As for the environmental effect, the greenhouse gas(GHG)
emissions were compared between the case of recycling based on rhodium 1 kg and the case of overseas sales. The calculation
results show that based on rhodium 1 kg, greenhouse gas emissions were reduced by 99.8%, from 65 kg CO,eq./kg-Rh when
recycling to 28,800 kg CO,eq. when sold overseas. The results obtained from this study could suggest that rhodium recycling is
necessary in Korea where resources are scarce by analyzing the economic and environmental effect of recycling rhodium used

in the non-catalytic field.
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Table 1. Applications of Platinum Group Metals(PGMs)

Metals Applications Metals Applications
« Glass fiber, Optical fiber « Catalyst for oxld.atlon of Am.moma .
. . * Used as Heat resistant material & Corrosion
. * Hydrogen Purification . . .
Palladium |, Chemical Reaction Catalyst related to Hydrogen Rhodium resistance material
Pd) [ o Y yarog (Rh) |+ For Rhodium Electroplating
+ Applioations in Fuel Cells * For Catalyst Manufacturing
pp * Used as a Hardening element for Platium
* Purificaion catalysy of automobile exhaust gas * Electronic industry & petrochemical catalyst field
Platinum |° Catal.yst appllcathn in che.mlcal process Ruthenium |° Superca}pamty electrode materlal
(o) » Multi-layer ceramic capacitors (Ru) * Formation of black matrix of PDP front board
* Hard disk drive « Electrical contact materal
* Application of dental alloy » Semiconductor memory manufacturing
* Dies for high melting point glass extrusion * Light bulb filament
L * Crucible for high temperate reaction . » Gramophone needle
Iridium . . Osmium .. . .
(Ir) * Electrical device (0s) * Precision bearing alloy material
* Application of dental materials * Alloy materials when manufacturing pivots
» Used for catalyst production and insoluble anode » Electrical contact material
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Table 2. National Rhodium Supply by Years (unit : ton)

Supply tonnes 2015 2016 2017 2018 2019 2020 Total Ratio(%)
South Africa 19.0 19.1 19.0 19.2 19.4 14.0 197.7 80.4
Russia 2.5 2.6 2.4 2.1 2.1 2.0 13.7 10.0
North America 0.8 0.7 0.7 0.7 0.7 0.7 43 32
Zimbabwe 1.1 1.4 1.3 1.3 12 1.3 7.6 5.6
Others 0.2 0.2 0.2 0.2 0.2 0.2 1.2 0.9
Total supply 23.6 24.0 23.6 23.5 23.6 18.2 136.5 100

source: Johnson Matthey Pgm market report February 2021
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Table 3. Rhodium Supply and Demand (unit : ton)

2015 2016 2017 2018 2019 2020

Total supply 23.6 24.0 23.6 23.5 23.6 18.2
Autocatalyst 23.6 25.1 25.8 275 31.8 28.7

Chemical 23 2.0 23 2.0 1.9 1.8

Demand Electronics 0.1 0.1 0.2 0.2 0.3 0.3
Glass 1.7 2.6 3.1 32 1.4 0.2

Other 1.0 1.3 0.6 -0.4 0.6 0.3

Total gross demand 28.7 31.1 32.0 32.5 36.0 31.3
Recycling(Autocatalyst) -8.7 -8.6 -9.6 -10.3 -11.1 -10.5
Total net demand 20.0 22.5 22.4 222 24.9 20.8
Movement in stocks 3.6 1.5 1.2 1.3 -1.3 -2.6

source: Johnson Matthey Pgm market report February 2021
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Table 4. Change in domestic rhodium of recycling and
overseas sales (unit : kg)

Change
20154) | 2019(8) | " p7xS
Domestic
Recyeling | co[jection 154 342 188
input
Import 275 361 86
Recycling 395 513 118
Overseas sales 15 182 167
Disposal 19 8 -11

source : Korean National Material Flow Analysis(www.k-mfa.kr),
Based on material flow analysis(MFA) of rhodium in 2015 and
2019
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Stage | : Inbound of rhodium plating waste liquid and scrap

Stage Il : Pretreatment Process

@ Evaporation & Conci
ing & Separa

s of Electrical & Electronic Rhodium plating waste liquid

Waste th and Plati hodium alloy scrap
® Acid cleaning Process of Electrical & Electronic Rhodium-plated scrap

@ Calcination - Roasting Process

Stage Il : Refining Process Flow

©® Leaching Process
® Refining Process

Reduction Process

Fig. 1. Rhodium Recycling Processes Flow.
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Table 5. Recycling amount and Recycling benefit of rhodium
in waste liquor and scrap

R Recycling benefit

R;;yoﬂgig (unit:ymilli%)n KRW)
(e, ke) 600,000 400,000
(KRW/g) | (KRW/g)
2021 25 15,000 10,000
2022 30 18,000 12,000
2023 35 21,000 14,000
2024 40 24,000 16,000
2025 50 30,000 20,000

Rhodium (unit: USD/t 0z)

30000
25000
20000
15000
10000
5000

Jan 2015 2017 2019 2021 2023

source: tradingeconomics.com

Fig. 2. Rhodium price trend from October 2012 to June 2023.
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Table 6. Input costs of processes (unit: million KRW)

Labor costs | Indirect costs Drug costs Utility costs treatgjtiecosts Dep ;Z(S:izﬁon Total costs
2021 4,800 3,456 45 250 15 1,100 9,666
2022 6,000 4,200 55 300 18 1,344 11,917
2023 7,000 5,040 64 350 22 1,630 14,106
2024 7,700 5,544 73 400 25 1,930 15,672
2025 10,100 7,500 91 500 31 2,300 20,522
Total 35,600 25,740 328 1,800 111 8,304 71,883
Table 7. Cost-Benefit Analysis by years (unit: million KRW)
Benefit Benefit(r)
Cost(r)
600(KRW/mg) | 400(KRW/mg) 600(KRW/mg) | 400(KRW/mg)
2021 15,000 10,000 9,666 15,000 10,000 9,666
2022 18,000 12,000 11,917 17,503 11,669 11,588
2023 21,000 14,000 14,106 19,856 13,237 13,338
2024 24,000 16,000 15,672 22,066 147,11 14,409
2025 30,000 20,000 20,622 26,821 17,881 18,437
Total 108,000 72,000 71,983 101,246 67,496 67,437
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Table 8. Items of rthodium recycling Costs(As of Sep. 2021)

Ttem Rhodium 1 kg production
costs(KRW)
Labor costs 20,000,000
Indirect costs 14,400,000
Drug costs 170,000
Utility costs 950,000
Waste treatment costs 50,000
Depreciation costs 4,500,000
Total costs 40,070,000

Table 9. Analysis result of economic effect due to resource
saving (unit : KRW/g-Rh)

Overseas Domestic
sales(A) | recycling(B) Benefit(B-A)
Supply company |3, 320,000 20,000
revenue
Recycling . 180,000 180,000
company revenue
Demand 577,000 | -540,000 37,000
company revenue
Total revenue from Recycling. 237,000

Skt Ao AARASE H-8-2 40,070,000 €0]H
(Table 8), 2F AAHLs} U2 oF 40,0009)/g-RhO.
2AEE

S571%, 7271, AR} 71949 F4-21-2 237,000
H/g-Rho|m, Z}7}9] 42012 Table 99 UebdTh F57]
Aol &0 =g o ARG v oA BE A
T Wizt 71w ZEo 2 20,0009/g-RhoIth(4] (2)).
871 €92 39 uijzt A] 577,0009/g-Rhof| L}
gout, AALst ZE-L 540,0009/g-Rhof|A] FLufato]
37,0009/g0 2 YERFTHA (3)), AR &2
ALt 25 T 540,0009/g-RhofA] H71E
o2 320,0002/g-Rhe} 24 H|E- 180,000 /g-RhE A|
9J51H 180,000¥/g-Rh7F HTHA] (4)). whetA], 25 At
Atz yehts A8 aT= 237,0009/g-Rho]H,
AZE 30 kg EFES AT B9, AUEGAT=
711992 et §3] Table 9] oJohd, 252 A
Apstet uf, Ak 9] 420l0] FF7IAY 2R
o} oF oull, =27 9] o] H e} of suff e WS A 4

ek
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4. 25 TXI2ist Tl 2 24 2810] 8515, SYeIER 4 71 LPG 524
0k AR BRE o, S350 WHECE 25 | ke

LA A AT S F9) IR HLife Cycle  yjzom st Wl W AT Y 25 YRIETH =Y
Assessment, LCA)7|H-& 0]-85}3th. LCA 7|HE &4 B3} A5 A5 Table 119] UL Qi)
3 ®9] "d2)(Goal and Scope Definition), Mg S5 723, 7t 3] BB AR it B 24
X(Life Cycle Inventory Analysis), 234 9 7HLife

Ay} 14 ion) = . . .
Cycle Impact Assessment), 2} 31 4(Interpretation) - Table 11. Input and Output in recycling process of thodium

o7 FA=EC B Ao ALSELCAS &3 TA= in waste liquor and scrap
oL At} Classification Unit Material Quantity
kg Rhodium Waste Liquor 218
4.1. 2 9l Q| Xo| kg Scrap 91
B AILo|Aq LCAS] BEAXL «“Hi 9 A9 | 2F kg Hydrochloric acid(HCI) 36
= ARLs) Ao} 71£9] sQjujo &2 QIS 2AIVEA kg Nitric acid(HNO;) 36
AZ-a s uHHA] Ea37ol2 AolslAat 75T A, ke Ammo:ljllll_lmc(l})hloride 18
4
25 AAMEeE H 2 AT 0 2 RE RISk = " Hydrazine(Natly 5
_ g ydrazine
F 1 kg'2, 25 sjelrae sl 25 1 kg o2 4 ———
~ Input kg Zinc powder 9
Aok, A28 AANA, H) 9 AagozyE A
kg Chlorine gas 2
Aol 25e ARISHA, ARl AT AR 4 ,
kg Nitrogen gas 5
7o = O o yal
31, sjeirEle RS ARISTHA, S5TAR 4 - iy drogen gt ;
slgiek. 714 2 AlsARolA, 24S Be HlE 25 ke Caustc soda 5
2 5 ARAStE T, 25 Sfuidage AR & A kg Water 182
ZF == o7 71yttt kWh Electricity 55
kg LPG 0
4.2 Mipy SEE4 kg Rhodium 1.0
dlole] =3 SAlA, H I AT 0 2HE A2} Output kg Waste Water 364
ke 259 49, ALY HolHE 25 1 kg 71& kg Condensate 200
oz ek, FAEE FUETAEES BT F
Sict S Qu el 259 F9, 1 kg 7]&0 2 3fj<jujzt Table 12. Applied LCI DB* and sources
AgE 35t 28 1 kg 7|&0 2 £ of|Qjujzt & Type LCI DB Sources
2] 2% LCI DB+= Table 109] =50 It} LPG LPG MOTIE**
25 QPALE T A= GAE DAL HAATHS Electricity Electricity MOTIE**
Water drinking water ME***
Table 10. Applied LCI DB and sources Nitric Acids Nitric Acids ME***
Type LCIDB Sources Hydrochloric Acids | Hydrochloric Acids ME***
- . . . Ammonium chloride
Rhodium Rhodium, at regional Ecoinvent Ammonium Chloride production ME**%*
storage
Land transport Land transport ME* Caustic soda Caustic soda ME***
(3 ton~5 ton) (3 ton~5 ton) Hydrogen Hydrogen ME***
Opter port, Outer PortﬁContainer KEITI** Nitrogen Nitrogen ME***
Container(average) ship(average) * LCI DB : Life Cycle Inventory Database
* ME: Ministry of Environment ** MOTIE: Ministry of Trade, Industry & Energy
** KEITI: Korea Environmental Industry & Technology Institute *** ME: Ministry of Environment
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Table 13. GHG emission reduction by years

Rhodium amount GHG emission(kg CO, eq./yr)
(kg-Rh/yr) Overseas sales Recycling Reduction
2021 25 720,000 1,625 718,375
2022 30 864,000 1,950 862,050
2023 35 1,008,000 2,275 1,005,725
2024 40 1,152,000 2,600 1,149,000
2025 50 1,440,000 3,250 1,436,750

Table 14. Rhodium reduction in waste liquid and scrap for rhodium recycling

Consumption due to overseas sales(kg)

Reduction after

Recycling(k .
Sales of Rhodium in Purchase of new Y (C)g( & recycling(kg)
waste liquid and scrap(A) materials(B) (D=A+B-C)
Amount(kg) 30 30 30 30
Reduction Rate(%) o
[(D/(A+B))*100] 50%
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25 AUl 12 LA BT AUFS B
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