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Status and Strategy on Recycling of Domestic Used Chemical Catalysts
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Abstract

Chemical catalyst products are applied to various fields such as petrochemical process, air pollution prevention facility and
automobile exhaust gas purifier. The domestic and overseas chemical catalyst market is increasing every year, and the amount
of waste catalyst generated thereby is also increasing. Most of the used chemical catalyst products, such as desulfurized waste
catalysts and automobile waste catalysts containing valuable metals are important recyclable resources from a substitute resource
point of view. The recycling processes for recovering valuable metals have been commercialized through some urban mining
companies, and SCR denitration catalysts have been recycled through some remanufacturing companies. In this paper, the
amount of domestic production and recycling of major catalyst products have thus been investigated and analyzed so as to be
used as basic data for establishing industrial support policy for recycling of used chemical catalyst products. Also tasks for pro-
moting the recycling of used chemical catalyst products are suggested.
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(Fig. 1).
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Fig. 1. Comparison between reuse, remanufacturing and material recycling.
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Ao TE 2 39 03 mgll )4 Pl Sfst S Ak
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715 A 5%(Z 4] 71F) o1 21, 27 A9
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Table 2. Waste recycling type classification
i T
1998 Q
2% vz AN R 89 o e :
R2 : 9B 554, Aol AAE ke BF
2 Aol S E BE R-3: Aol & F e FHE vl=s &%
e Fe R4 : A Aol g3 BE
3 %9l 24 AN ABE R-5: F 77184 E 94 719 BH0E A2g
Cem e ° R-6: f71Ed & EA/NA EHow qEE
4. A-BEA T27)2A = R-7 : AEA, BEA, E2/ZAE QS-S
S NS SIere o5 RS S A ek 0E
s RO : A E 5T 5 e FH(AB)2 B=E 5
6. St IES EE EF R-10 : R-3~R-9°] & S7Hsd7l=es Hes &%

AdeolEd Al 26 A Al 3 3, 2017



Table 3. Recycling types and methods of waste catalysts®
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Table 4. Status of Yearly Emissions by Type of Waste Catalyst by Year (Unit: tons/year)®
T 2008 2009 2010 2011 20129 20134 20143
Ay 2 29,346 37,705 38,690 47,742 38,289 54,860 63,072
o g 5,329 7,300 7,300 14,272 4,453 13,031 11,279
Eavay 37 0 37 110 37 110 37
7282 23,981 30,405 31,354 33,361 33,799 41,720 51,757
A -5 (%) 82 81 81 70 88 76 82

*Z3]: A=t #7218 24 2 A 213 (https://www.recycling-info.or.kr)
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Table 5. Status of waste catalyst production by major region
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(unit: tons/year)®
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Ay 2 8,333.7 5,629.7 6,025.9 3,034.4 917.7 416.6
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Table 6. Installed capacity based on SCR catalyst fixed pollution source (unit: m?)?
T 2011 2012 20134 20143
=8 3,833 4216 4,638 5,101
A EF 11,970 13,166 14,483 15,931
G
N 7} 446 490 539 593
i
Fh2E3) 5,391 5,930 6,523 7,175
A 21,639 23,303 26,184 28,303
Ak 2,708 2,978 3,067 3,159
S84k 795 874 900 927
A7} 4,430 4,873 5,019 5,169
Al E Ak 4,518 4,970 5,119 5272
) 34,090 37,498 40,289 43,330

*Z2]: EE AR R A
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Table 7. Global Market Size of New SCR Denitration Catalyst Products” (&4 - M$)
T 20109 20154 2020 CAGR(%)
&9 558.6 600.6 562.8 038
R=Rel] 1,135.4 1,149.4 1,187.2 2.26
Y] 75.6 99.4 113.4 2247
o}z )7} 1232 159.6 179.2 20.60
Zabolalo} 1932 284.2 303.8 25.40
Ao} 218.4 2338 231.0 2.84
ol 166.6 259.0 308.0 35.97
=3 936.6 1,274.0 1,446.2 24.26
3 A 3,407.6 4,060.0 4,331.6 12.75
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Table 8. Domestic and overseas desulfurization catalyst market size

S = 9
SR HEE & HEET) AR HES & EEE
oF 1,450 oF 4% 3,200919

200,000 x $18/kg x 1,200¢

ARG g S AR gY S
°F 2,0109]€ oF 53 4,20091
= 8,382% x $20/kg x 1,200¢1 = 226,000F x $20/kg x 1,200¢
Table 9. Domestic refiner's desulfurization catalyst consumption
4% ARG
RAE A HEEBD) - -
=5 (%) =3} AH|(HB/D) ZiARE-FHE) SjAHEFHE)
SR E] 390 39.1 153 1,220 1,218
S-OIL 669 25.5 200 1,595 2,089
SK o]:=ujo]A 840 23.4 197 1,571 2,623
GS Zre 785 34.9 274 2,185 2,452
Al 2,684 824 6,570 8,382
*Z22]: A8 E], ZAE FElolA], GAIRAL, ARV oA T EWE F4
Table 10. Estimation of global desulfurization catalyst usage
T A4 A5 (*B/D) AAf EEEE) st ARl Y (E) TS EHE(E)
=t 2,684 8,382 824 6,750
A A 72,370 226,000 24,341 200,000

*Z3]: Oil&Gas Journal Data Book, 2015.1¥9 715 AlA]l F23F AF AA 58 2 258} Au] pE2 3 ) 520l wE vg 34t

Y3 lom, ol FYARS] a7l o
A Al S sivig 4.0%8 4EE e
A5, FRFFAFS] vTo] WA v Fae]
40% o1dE AAT Aom At e

14d 7, AR 99 S S AASge
6,570, Hat wAF7) 0759 2 FHFSTHEER
% g, U FHeR A& F o) o

25% Z7h2 E e, A7F oF 10,95029] &3 #Z
A

w7} whAyEty, 742 d
AL 8382800, HaF wAFY] 108 ¥ TS

7Fe I, A7k oF 1,048E<] &3 HEwrt LA
ke o FgHEn. b C1ad Vs, Sl 9R
Aol oF 12,000E0] BAsh= 202 vofE. o]
= A 20061 NN AR A5 2y 3 A
e AL kRt Hwd o 98 FEe LAyl
2 d7elM FA9 BT fAkt 2s & 5 Sirh

o\

S5 AFo) o5 Fu AL TAelA LS
|Z0l= 44,4405(05~06.6¥)2.2 A7+ 30,000=
o] HEu7t B, SEG €8 HEve vsol
40%(12,0008)2 7H¢ =31, SEFHERN S, 7
Af 2% A5, vz AEHE 5o so= W
Ak Zloz oo,

149 71E FdlellA 2AEE g% HEue of
12,0005 2 A=} A4 SAZAFAE S8l AR}
AslE oke oF 24,0008 FEZE HEZn) WA=} )2
Q3lo] FA) o7}t k. JAl A A3k oA
Hsle g8 ASH S%0] Ao g8 ASmE 79
slo] B3RS gy Qe Aoz, 153 SAHEAA
7ol M2 14 71F $9E HSEuRke] 14,6022
2 98 HS AT Y dstE ARdewF
I FARE X8 Ho|T Qe AL & F o =
ellXe €% A5a=2Ry Egidy, viuES 3
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e

3.3. XSAt miE0q Ld W M2y

el om At Ake] w77k wjEs]871%ol
A&H 0w Ayshel] wet At ARsAte] wj7)7ks A
S A= 53] drfjElo] $hom, Eurod e
887158 A8 2006d o] Foll= AR gl WA
glo] =fle] BE At AFAE, 8, 5%, 3=, 5
Fele W77k At AEEo] dEL gl
H, A7 Fuje] FRE AH ARl wel S 9
LPG 2Fge] Z-olle AdEuivh, 3 Addle 55
DPFZ(DOC + DPF)7} tslof s Qb =

Fo AMRIAIE @3S, EolsE s, AR,
frld=r, Fed 5 vl AAIZE SASIAL Table 11
ol H= wiel o] AF A qtE= oF 12 5200
¢l qiee FHEn 9] F2 AAAIE Umicore,

Table 12. Number of scrapped cars by year

A 2013 2014 2015
=g 590,964 573,726 589,769
23} 64,937 60,010 59,777
3z 114,168 114,130 122,593
S 1,027 1,228 1,297
34 771,096 749,094 773,436

*Z22]: FFAEASH AN LA G

Johnson Matthey, Sud-Chemie 5°] At}

144 71, =S AbeAr w717k A4ske S
S oF 2360 TR vpebEh AR A
FE 75U, ©] T 10% BEVF SRR SEE
Jom!l e} W& Fg S H2, A2
4 5 GAIRAE B A oF 35kegE FHUTH

14d 7%, SelA BAEE ARt dEe) dE
o] EAIFAAAE B ATEEEHL e oz Tt
At AFsAF A= P, Pd, Rh & 37te] A5
< BABIAL Slo] A €A & HEZ RAsia
HE&u) 3)gAol Baistar Uk AR HE =4
AR @8l guiEle] 14 A8 5,896%
T3, Ffella WAYsle AHEAF HEW 5 90%
AL 3t e Z20E FoHe] 2,124E H=E
s|4atar lom!h, wx] s)5ake et wEu)
A, AREATA A NEEF SoERE Fo}
Aggsla Je Aow AdHET, TG 3]0
w2 Azl Y Aok FWolA BAsk=
s A& dRE Slgsle] FEE e BleE

A A,

o lo

Table 11. Number of vehicle registration by fuel type

5 7 s A5 LPG i
2014 19,663,050 9,479,405 7,575,040 2,380,337 228,268
2015 20,411,896 9,670,447 8,156,412 2,314,211 270,824

Adu| 27+ 748,846 191,042 581,372 (-)66,126 42,556

7K AEA T A A 0 SeEEl s
¥ TACIR) AFA : SHEEE(DOC, DPF) 33

# AT

~ 7§ DOC-DPFZ:) A 1%.

oF 1% 4,5209](581,371tH x 2,500,000 /)
— A (TWC) Em) AATFE < 67099 (191,042t x 350,0009/H)

“2A: HEDFY, ARM AR 55 4% A=
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OZ0] XHXpIE 7|5 )
4. HZ0) XRteIst 71 E—
S GRHASAEORRE f7tES B : 2
AL 2] A Al Sl TgElel g & T4

2B, vpgEe] 7HEe] 53 20059 FE o]tk 2005
FERoE T=ollA 71es T3] o] Age Al
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Fig. 2. A valuable metal (vanadium, molybdenum) recovery
process from the devolatilization catalyst (EG Metal
Co., Ltd.).
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Fig. 3. A process for recovering valuable metals from auto-
mobile waste catalysts (www.retech-platform.or.kr).
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Table 13. Remanufacturing process and technology of used SCR denitrification catalyst
SCR 22wl &
AMAZ 27
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A3 8 Zu) A Fo] £
(Disassembly) 7} BB Sojle Eu unitS 7H7t Ba
=24, 3ok A A
7k Zvl Aol Dust 3 W FAER B Sle 2 4537, L&
IS8 BY o 2glo g A
Cleaning) o) molo] A4 584 2 0950 BAL ANZAFN 0% AFY
(Cleanine) QBN FF W Yo meh £7]77] o] £ L FEAS,
289 AA A A E)
Lo A MiREHY, 25, M 5
A Zu) A5 AAF
(Testing) AAzE S dF 2AS BARSI] 20 A5 AAL
AA=AL Bs AE)
i/\
ER ! )\]v'%-—t}]}ﬂ] AE HgA] Zu) SHES AT A
(Reconditioning) —w e = = AMEE 38
AP, FAEAET)
RS i}
= 3z
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ARk AAEE B ol TN glo] B F ok ¥ Fere
SNE SCR B ZujAEe] AAzE F9 Sk ehsieuso)
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Table 14. Remanufacturing process and technology of used desulfurized catalyst product
SRS uiAF
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E7H F7494, A0 9REA 5)
ANzY -
= Z = 3L
(Re-Assembly) AZR A Z SoAE)

Table 15. Main material and weight of SCR denitration
catalyst product

No. T8 A4 Z % (kg/ea)
1 Module(§+2273(Carbon Steel)) 680
2 TiO, 31

*Eo] 57]: 1,880 x 946 x 1,164(LxWxH, mm), <] F
AE-LS TiO, (65~75%)

o

¥ SCR BEZujAIFe] dA 9 AlFdA A Fl

2g sl
AL A3 dhte] RELS 16719 U EhjAEL
2 T glon, RED 540 kg~750 kgZHA] TR

B EAleht 7 Hael) AEse] AEHT Y= =
59 FHE 680 keol™, olo] )3 Bau|EAFE
Table 189 JERA 217} o] B sA] A4S
2833t
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Table 16. GHG Emission Factor Applied to SCR Denitration
Catalyst Module After Use

A7 B E A S ..

h=IARe: | = =

=E (keCOkg) A

€27} 234 AR, A EAS
TiO, 0.339 AR, A EAS

Table 17. Reduction of GHG emissions from re-manu-
facturing of SCR NOx removal catalyst after use

w| waa SIS ety
75 (kgCOy/ea Module)
Module(gta=7¢
1 1,591.20
(Carbon Steel)) ’
2 TiO, 10.51
Al 1,601.71

SCR & Zmi& Ash= AEY F% 2 &
AFE o]43le] SCR €4 H3E0) E =S AAx
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Table 18. The amount of major waste catalysts generated and processed (unit: ton)
25 s A g e a7} ARG F2 YA
LEE) (=) 12,000 12,000 - FEGH S, FfU-2, GSAlZHE(F),
CEREES
FRHNED) 11,000 11,000 - A7 A2 24,0008 TFE
SYANHE, AN E, BEF3] 5
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