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S 8,967.17 kgCOseq. AFE] 2, A4 AW 10.10 kgSb-eq. THEE= Z 0 & Uepth E3L ks AAHESE Igh 2
FO YA HARA ARBATES 50%E Vet

ZFHI0] : Tehs ARt HET Y, AIFBIHLCA), 27 A5, A A5

Abstract

Palladium present in colloidal-type plated spent catalyst solution that is used in electroless plating process has not been
recovered but discharged as wastewater so far. Recyclig of paladium in colloidal-type plated spent catalyst solution is achieved
with this study. This study presents the estimation of resource consumption and GHG emissions during the recycling and disposal
of palladium in the plated spent catalyst solution using life cycle assessment. The reduction of resources and GHG are also
estimated. Based on the palladium amount of 1 kg during disposal, the GHG emission amount was estimated to be 9.67E+03
kgCO»eq., and the amount of resource consumption was 3.94E+01 kgSb-eq. However, GHG emission was 1.96E+03 kgCO-eq.,
and the amount of resource consumption was 1.54E+01 kgSb-eq. during recycling. Considering the major substances affecting
GHG emissions and amount of resource consumption, CO, was found to significantly affect GHG emissions, accounting for
91.42% in disposal and 98.37% in recycling. The major substance affecting the amount of resource consumption was hard coal,
which accounted for 40.63% in disposal and 60.73% in recycling. Upon recycling 1 kg palladium, 8,967.17 kgCO-eq.
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of greenhouse gas emission was reduced, while the resource consumption was reduced to 10.10 kg Sb-eq. In addition, the direct

palladium resource reduction rate due to palladium recycling was 50%.

Key words : Palladium Recycling, Spent Catalyst Solution, Life Cycle Assessment (LCA), Greenhouse Gas (GHG) Reduction,

Resource Reduction
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Process 1: Palladium Recovery in Rinse Water

Recovery b P Dissolution b C¢ ion b Wash Water Filtration 1 b Reaction b
Wash Water Filtration 2 B Return » Wash Water Filtration 3 » Dissolution » High Purification b

‘Wash Water Filtration 4 & Dry b Palladium Sponge

— Process 2: Palladium Recovery in Spent Catalyst

Recovery B Pre-treatment W Dissolution B Concentration » Wash Water Filtration 1 B Reaction b

Wash Water Filtration 2 B Return B Wash Water Filtration 3 B Dissolution » High Purification B
‘Wash Water Filtration 4 » Dry » Palladium Sponge

Process 3: Palladium Recovery in Spent Liquor*
Recovery B Pre-treatment » Wash Water Filtration 1 B Acid Treatment »
Wash Water Filtration 2 B Dissolution B Concertration B Wash Water Filtration 3 b Reaction b
‘Wash Water Filtration 4 » Return » Wash Water Filtration 5 » Dissolution » High Purification »
Wash Water Filtration 6 » Dry » Palladium Sponge

+ Spent Liquor from Process 1.and 2

Fig. 1. Detailed palladium recycling process.
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Selecting Target

Selecting Scope

Collecting Data

Calculating Data

Calculating
Amount of Resource Consumption
and GHG Emissions

Calculating
Resource and GHG Reduction

Fig. 2. Procedure of this study.
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Fig. 3. System Boundary of Palladium Disposal/Recovery
Processes.
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Table 1. Input and Output in Recycling Process of Palladium in Spent Catalyst Solution
Quantity
Classification Unit Material

Process 1 Process 2 Process 3
kg Spent Adsorbents 2.50E+02 - 9.03E+03

kg Spent Catalyst - 7.22E+03 -
kg Spent Solution from Process 1 and 2 - - 9.03E+03
kg Hydrochloric Acid 5.72E+02 6.20E+02 7.78E+02
Input kg Nitric Acid 1.00E+02 1.22E+02 9.83E+01
kg Other Materials 1.51E+02 1.66E+02 1.58E+02
kg Water 2.00E+04 2.11E+04 1.83E+04
kWh Electricity 3.63E+03 3.92E+03 3.62E+03
kg LPG 2.72E-04 3.01E-04 3.33E-04
kg Pd 1.00E+00 1.00E+00 1.00E+00

kg Spent Liquor 5.66E+02 4.97E+02 -
Output kg Waste Water - 4.97E+02 1.13E+04
kg Atmospheric Emissions 6.95E+02 4.97E+02 5.02E+02
kg Residue 8.55E+01 5.66E+01 7.67E+01
kg Water Vapor 8.47E+00 4.97E+02 5.02E+02

* Process 1 : Low Concentration (0.5~1ppm) Palladium Recycling Process
* Process 2 : High Concentration (above 100ppm) Palladium Recycling Process
* Process 3 : Recycling Process to Recycle Palladium in the Spent Solution from Process 1 and 2

* The above data is processed such as rounding off decimals.

Resources Recycling Vol. 30, No. 3, 2021
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Table 2. Applied LCI DB and Sources

Classification LCI DB Sources
Electricity Electricity MOTIE
Hydrochloric Acid Hydrochloric Acid ME
Nitric Acid Nitric Acid ME
Drinking Water
Water (Han River System) ME
LPG LPG MOTIE
Palladium Palladium, at regional Ecoinvent
storage
Wastewater Treatment | Wastewater Treatment ME

* LCI DB : Life Cycle Inventory Database
* MOTIE : Ministry of Trade, Industry & Energy
* ME : Ministry of Environment
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Table 3. LCI and LCA Results
Material Group | Env.* L&ﬁﬁgs Char(f;ecfgjetm(gctor fmpact Assessment
Disposal Process 9.67E+03
Carbon Dioxide (CO,) Emission Air 8.84E+03 1.00E+03 8.84E+03
HFC-134a (CH,FCF3) Emission Air 1.41E-04 1.30E+03 1.83E-01
HFC-152a (C;H4F>) Emission Air 4.43E-06 1.40E+02 6.20E-04
HFC-23 (CHF5) Emission Air 1.33E-07 1.17E+04 1.55E-03
Methane (CH,4) Emission Air 1.70E+01 2.10E+01 3.57E+02
Nitrous Oxide (N,O) Emission Air 1.44E+00 3.10E+02 4.46E+02
Perfluoroethane (C,Fs) Emission Air 1.32E-04 9.20E+03 1.22E+00
Perfluoromethane (CF,) Emission Air 1.15E-03 6.50E+03 7.51E+00
Sulphur Hexafluoride (SFs) Emission Air 7.68E-04 2.39E+04 1.84E+01
Process 1 1.95E+03
Carbon Dioxide (CO,) Emission Air 1.92E+03 1.00E+03 1.92E+03
Methane (CHy) Emission Air 1.42E+00 2.10E+01 2.98E+01
Nitrous Oxide (N,O) Emission Air 6.26E-03 3.10E+02 1.94E+00
Process 2 2.11E+03
Carbon Dioxide (CO,) Emission Air 2.08E+03 1.00E+03 2.08E+03
Methane (CHy) Emission Air 1.54E+00 2.10E+01 3.23E+01
Nitrous Oxide (N,O) Emission Air 6.79E-03 3.10E+02 2.10E+00
Process 3 1.98E+03
Carbon Dioxide (CO,) Emission Air 1.95E+03 1.00E+03 1.95E+03
Methane (CHy4) Emission Air 1.44E+00 2.10E+01 3.03E+01
Nitrous Oxide (N,O) Emission Air 6.44E-03 3.10E+02 2.00E+00
* Env. : Environment
Table 4. Impact Assessment: Result value, level of contribution and reduction effect
Impact Category (unit) Disposal Recycling Reduction Effect (%)
9.67E+03 1.96E+03
FCarbqn DCO; (91.42%) @ CO» (98.37%)
ootprint = - 80
(keCOseq.) ><N20 (4.61%) @ CH, (1.53%)
(B)CH4 (3.69%) @ N0 (0.10%)
Resource _ 3.94E+01 7 1.54E+01
Footprint (DHard coal (40.63%) (DHard coal (60.73%) 61
(kgSb-eq.) @Soft coal (34.93%) @Crude oil (27.49%)
@ Crude oil (23.50%) (Natural Gas (11.73%)

11, Table 50f| VFebd v} o] 2A7RA viE 5752
8,967.17kg CO,.eq., AU 7HZE2 10.10kg Sb-eq. 2 At
AE At -3 AL 2k BAL oh3y) ol 4
(25 Boto] APgst AL, 11 A7, Table 60] Urehd HEe}
o] Wk ARFYSlR g AHY AR ATLEL 50%=
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Carbon Footprint
1.20E+04

1.00E+04 9.67E+03
8.00E+03
6.00E+03
4.00E+03

2.11E+03
2.00E+03 1.95E+03 1.98E+03

0.00E+00
Disposal Palladium Recovery
(Process 1)

Palladium Recovery
(Process 2)

Palladium Recovery
(Process 3)

m Carbon Footprint

Resource Footprint
450E+01
4.00E+01 3.94E+01
3.50E+01
3.00E+01

2.50E+01

2.00E+01 1.67E+01

1.52E+01 1.58E+01

1.50E+01
1.00E+01
5.00E+00
0.00E+00

Disposal Palladium Recovery
(Process 1)

Palladium Recovery
(Process 2)

Palladium Recovery
(Process 3)

W Resource Footprint

Fig. 4. Carbon Footprint and Resource Footprint: Disposal vs. Recovery.

Table 5. Reduction of Resource Use/ GHG Emission by Palladium Recovery (1kg) in Spent Catalyst (Indirect Effect)

Classification (unit) Palladium Recovery (A) Disposal (B) Reduction Q’ty (C=B-A)
GHG Emission (kg CO,-eq./kg) 1,962.83 10,930 8,967.17
Resource Use (kg Sb-eq./kg) 15.36 25.46 10.10

Table 6. Reduction of Resource Use by Palladium Recovery in Spent Catalyst (Direct Effect)

Usage Quantity by Disposal (kg) Recycled ngntit)’ Re(iuced
. . Quantity after Recycling
Classificat %
asstiication °p Volume of Sale/Disposal Volume of Purchase (kg) (kg)
(A) (B) ©) (D=A+B-C)
Q’ty(ton) 100 120 120 120 120

%p Decrease [(D/(A+B))*100]

50%
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