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Abstract

In order to review the recycling status of urban mine resources in Taiwan, background and history of recycling indusiries, sys-
tem of the recovery fund management committee(RFMC), copper recycling with non-ferrous metals, recycling of ELV(end of
life vehicles) and recycling of EAF dust were surveyed.

Taiwan is a leading country of the world in the metal consumption per capita. Therefore, a lot of waste metals were generated.
In other words, urban mine resources are abundant in Taiwan and have some advantages in recycling. There are more than thou-
sand recycling plants in Taiwan. Half of them are non-ferrous metal recyclers.
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Table 1. Overview on the consumption of steel and copper in Taiwan, Korea and Japan(2008)

21 )l ks SR
SEHH (1,000 km?) 36 99 378
215(1,000%) 22,000 48,000 126,000
A A7ANHEE) 21,290 50,000 120,000
191 M bAN ) 0.97 1.0 0.95
AR T AN EHEHE) 760 907 1,200
el e Al ke) 345 19.0 10.0

& Tainan(G/ )Pl A0 SH S HEH@ELBIAE)
8 Aztuz AR, B s SAdNg DL
(G 2A) R RENETSALDY TGl A )
B S50l ZH AAE HE Atk ot
L BARE RSl Hael2YERES 7t
A3 AL, 19983FE= 712 g 2t
Blold (Zn0ye AAele FUEZ) 7FEdlL ik of
2 2 SEuElelE QIR EARE el &Y
el

olo} 22 BN RMe Bl EASI@EL
&) Ee1E g IR viEgse| el gty
2 9 ERelERARY ARIE Jestaat W

M

2. TAIBL TiXpelsEt dgdol oAy

2.1, MujsiEiel THRE (BES ), MM

gl 1960 olF T B ARNEY v
st 3, Y] SE£23Ye skl Ao
et 53 tiRy 2 ~2aR{HE & Ay
AP Uiyt FR du Faiges dgsly

f
%
T
z O

k.

AeteiAge 2 2a3e giF AEd B opE,
shAlel prtale] Aol Fefah= e R FAAE
R AARFO FAFI HEL U B %
Folla Wge AesiAde] FeMe o Fridt
ABE Aolg - A Askes AT v A8
o 3 A3 ojole) Ao g&Aas E3Es TR
hipi o2 SRS TELE BV 435S
ke GAlE Al fske 48 ohiet viF
& dE 5 PR AVAAE 9 52T

J. of Korean Inst. Resources Recycling Vol. 20, No. 4, 2011

22 H2ZE (Bhd) MM M3F sed 7
Ny

BH4goZRE vE §83458 sk AR &
S0 A% 4, o7], E¥Y 29 2 A B3R 59
AAFAZL hesiA =k Bhee FE5AAEAN
o3t o Ho] A EAR chFe 22 1983 AE B
figrel 5ol S5y wWhiteln, F U =
I deeldey. 1 B, AV JEE e wel
Kaohsiung@ (FHEE) 3 TananB (B A
3-4vtgo] EhRAR A AR AATE 1980'dTH
Ftoll e A7k 40-5058kE9] BIgo] U= I
(Fig. 1 22). 0] Haxo] 23 o diwt Wox
T BES 3 A AYHL a7k 707E o)y
o7 FHsiz Y. FAH EE WAL 5 qEst
AAF, A4, BE), FHE 5o A8t 28l
Bie Aeidate] diEe Ao =5
ol pARRioR ¥l - I8 3 AUt

S e GEAIZY AzsiA B 198330, AR T
g o A% LARA AHL2A AARH v
A7t AE YW G0 5 AT Tk

0 199

G .. - . " |

WEE 1985 198 ISR 1B 1080 o ey
LR R )]

Fig. 1. Import of waste Non-ferrous metals in Taiwan.
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Fig. 2. System of the recovery fund management com-
mittee(RFMC).
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Table 2. copper consumption in Taiwan @8 B
¥ = A A Rk TARE @ A
2001 517,371 79,625 196,355 793,351
2002 528,075 97,828 262,646 888,549
2003 459,288 128,071 308,528 895,887
2004 491,507 139,716 336,318 967,541
2005 452,777 124,650 329,311 906,738
2006 449,771 121,767 332,962 904,500
2007 423,353 122,892 306,517 852,762
2008 393,842 108,378 259,505 761,725
2009 377,134 99,083 235,655 711,872
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Fig. 3. Copper import and consumption in Taiwan.
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Table 3. PCB industry waste and copper recovery(2008)

& Bl EE (HE) +HEH A Fed ey KR
Sludge 127.8 if" 5785;? 7-104E LB
Spent etching solution 119.4 Cu : 100-150g/L 12-18HE sOli Zzezzzﬁm
Waste debris 26.9 C;g;_;(;f: & 1038E 22925

Table 4. Recycling amount of due recyclable waste(general waste)

P AANAAAE () Ao

G PR R PR AR R EEE EEEARE ) Rraal BN Bty ) R
2001 | 221,718 | 308,633 | 798,786 | 329,464 | 531,588 | 188,919 - 1,662 | 579,065 | 582,683 | 84,536 -
2002 | 198,024 | 344,570 | 515,844 | 261,098 | 333,307 | 189,986 - 2,866 | 686,985 | 805,235 | 206,251 -
2003 | 142,549 182,994 | 473,564 | 263,324 | 318,942 | 227,383 - 2,507 | 680,568 | 646,771 | 490,037 -
2004 ) 155,026 | 260,741 | 410,175 | 282,751 | 327,460 | 264,957 - 10,460 | 823,000 | 536,173 | 560,421 -
2005 | 186,819 | 306,329 { 505,884 | 334,668 | 358,607 | 264,839 - 2,002 (1,028,910 335,622 | 640,382 -
2006 | 221,137 | 356,577 | 545,621 | 272,385 | 360,052 | 287,351 - 4,712 [1,112,364] 259,841 | 760,609 -
2007 | 223,637 310,483 | 602,857 | 311,284 | 331,520 | 377,426 | 14,254 | 31,412 | 934,455 | 634,364 | 687,272 | 6,592
2008 | 205,644 | 309,163 | 484,454 | 293,731 | 318,943 | 360,046 | 16,860 | 38,255 | 988,087 | 691,416 | 690,237 | 371,952
2009 | 163,489 | 274,922 | 504,978 | 292,000 | 293,869 | 326,283 [ 9,454 44813 | 839,120 | 822,353 | 583,086 | 280,601

Table 5. The amounts of copper recycling from general waste

O AARFRZEY 35 @ FAY 5A(E)

gE\d 2001 2002 2003 2004 2005 2006 2007 2008 2009
252} 8,514.0 | 7,604.1 54739 | 59530 | 71738 | 84917 | 85877 | 78967 | 62780
283 493.8 551.3 292.8 4172 490.1 570.5 496.8 494.7 4399

A 9,007.8 | 8,554 | 57667 | 63702 | 7,6639 | 90622 | 90845 | 83914 | 67179

O AVtdezRY 3¢ A 7Y SA(E), [AE :E&E F% x 78]

FEA\G 2001 2002 2003 2004 2005 2006 2007 2008 2009
TV 718.1 463.7 4257 368.7 454.8 490.5 542.0 435.5 454.0
BAT 948.4 594.6 569.0 584.2 639.8 642.3 591.4 569.0 524.3
A= 774 61.4 61.9 66.4 78.6 64.0 732 69.0 68.6
EESES 965.4 970.8 1,161.9 1,353.9 1,353.3 1,468.4 1,928.6 1,839.8 | 1,667.3
PC £ 514.8 610.7 605.0 731.6 914.7 988.9 830.7 878.4 746.0
PC 2UH 623.5 861.6 692.0 573.7 359.1 278.0 678.8 739.8 879.9
=g 8.5 20.6 49.0 56.0 64.0 76.1 68.7 69.0 583
A 3,856.1 3,5834 | 3,564.5 | 3,7345 | 3,8643 | 40082 | 47134 | 46005 | 43984
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Table 6. Consumption and recycling of the non-ferrous metals in Taiwan

e 7 2eleu Eid
Sn 22,000 & 3,000 E recycling plant : 5
Al 600,000~700,000= 260,000 & smelting plant : 20
Pb 100,000~150,000& 40,000 & recycling-smelting plant : 6
EAF Dust ZnO" EAF Dust recycling plant : 5,
7 ,
n 260,000% 60,000% capacity : 300,000
V. Mo o e 3kE) Table 77 rﬁecycling< planf 3 )
11,000 (HDS/RDS) A 2098 A, 103E ¢

1) R sEoA A,
2) Table 7 #=

Table 7. The composition and recycling volume of waste
HDS/RDS

Composition | V,05 | MoO; | NiO | CoO |ALO;, C, S

Weight(%) 119 | 83 1.3 0.8 balance
Reeycling -\ 350 | 917 | 143 | s8 8,543
amount(ton)
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Fig. 4. The ELV Recycling System including subsidy in Tajwan.
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Table 8. Historical automobile sales volume, estimated waste volume and auditing/certification recycling volume and rate

Year Sales Estimated A/C Recycling Recycling

Volume Waste Volume Volume™ Rate™
1998 456,577 320,612 52,031 16.2%
1999 329,404 400,200 102,257 25.6%
2000 425,552 185,334 137,668 74.3%
2001 393,359 261,041 221,718 85.0%
2002 404,202 212,837 198,024 93.0%
2003 411,747 201,153 142,549 70.9%
2004 479,502 224,110 155,026 69.2%
2005 517,328 238,972 186,819 78.2%
2006 365,544 282917 221,137 78.2%
2007 331,281 313,169 223,637 71.4%
2008 226,483 254,968 201,045 88.8%

*a 1 A/C = Auditing and Certification

*b : Recycling Rate = A/C Recycling Volume / Estimated Waste Volume
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Fig. 5. Distribution of waste vehicle dismantling and shredding plants.
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Fig. 6. The ELVs recycling and processing system in Taiwan.

Table 9. Production of crude steel in Taiwan

(Unit : million ton/year)

Fiscal year Blast furnace and Electric arc furnace process Total (I/H2H+O)
converter process(l) Carbon steel(2) |Stainless, Alloy steel(3){  Sum (21+(3)
2005 9.85 6.92 1.60 8.52 1837
2006 10.68 753 1.81 9.34 20.02
2007 10.88 7.80 1.62 9.42 20.30
2008 10.09 9.76 141 11.2 21.29

J. of Korean Inst. Resources Recycling Vol. 20, No. 4, 2011
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Table 10. Composition of dust generated in EAF carbon steel

mill
EAFD(%)
FeO Zn Pb Cu Ca0 | Mgo
2046 | 17-38 | 1.9~5.0 0.18~0.38| 4.7-9.9 | 4.7~9.9
Si0, | ALO; | Na K cr
1848 | 0924 | 16 12 3~10

a7} AES SRS TS

Table 12 Uk 9] 8 EAF H2E 2|3
A} JHQE HAZE AolH, o] FollA] F JAN &
&3ttt

51. Taiwan Steel Union Co., Ltd.(TSU), =R
R EIRAR

o] BAle #ALER IR TE $1X|sh EAF ¥

EZRE slolds slgshe tint Hz9] 3ijoid

A . 45404 m?

Z> : Waelz Rotary Kiln Process

— F9448] =UA : Lurgi Metallurgie GmbH, 52
- ZAEZ . NT $ 915,600,000

— A AY E% ;19953 59 249

- EAF H2E A&7 : 70,000 &4

— 2480} (Zn0) AL ¢ 25,830 B

- 594 : 449

199635 748 A, 19980 A8 22
320033900k 50,0008 X7t A= 20079
o= B AALT 70,000 E/3S HE A HAG-
Fig. 79 Waelz Rotary Kiln®] F73&, Fig. 8 EAF
H2E9] A3 EE BABAT

A, TSUAIME 70,0002/32] EAF TI2EE g
3lo] Zn E9 57-62%2] ZAME}e}A(Zn0) 25,000%/
W Aaksla Ath Table 139] tEZFQ ZAbslobad

Table 11. Composition of dust generated in EAF stainless steel mill

EAFD(%)
Fe(tot) Zn Cr Pb Ca0 MgO
25~30 6.0~10.0 8.0~12.0 2.5~3.0 6.0~8.0 2.5~3.5
Si0, Al Oy Ni K Cr
5.0~7.0 0.5~0.7 0.5~0.7 1.0~1.5 2.0~3.0
Table 12. Recycling status of the EAF dust in Taiwan
EAF dust Design capacity
Zn0
Type recycling mill Process Furnace (ton/year) Crude Zn
. Taiwan Steel . R 70,000
Joint ventures Union(TSU) reduction Waelz Kiln (90,000)"" Crude ZnO
Yiech Uited Steel . Steel billet
Copri | i o font B | o o
(stainless steel mill) pyrometaliutgy Y & Crude Zn0O
Katec Creative x5 Reducing Furnace 324 Pig iron
40,000
Issued Resources Corporation ESRF Submerged furnace ’ Crude ZnO
Recycling -
Permit Dragon Steel reduction Multlple-Hea@ *4 Steel billet
Corporation rometallur, Fumace Electric 100,000 Crude ZnO
P by & Arc Fumace
China St'eel reduction Rotary Hearth Furnace 120,000™ DRI Crude ZnO
Corporation

*1 : The second furnace of TSU
*2 . EAF dust for stainless steel
*3 : The stage of trial run

*4 : The capacity include EAF dust and other solid waste(dust/sludge/sinter) in mill
*5 : ESRF be defined(Electric Smelting Reduction Furnace) technology

AdEolEw A 20 @ A 45, 2011
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Fig. 7. View of the Waelz Rotary Kiln in TSU.
£ty
Fig. 8. Production flow of crude ZnO from EAF dust at TSU plant.
Table 13. Chemical compositions of crude ZnQO and slag(TSU)
Crude ZnO (%)
FeO Zn Pb cr F
1.9~3.2 56.8~61.8 44-68 5.4~87 0.29~0.33
@3) (58.7) 6.9 (1.5) (031
Slag (%)
FeQ Zn Pb Cu Ca0 MgO SiQ, ALO;
21.4~49.5 0.6~5.1 0.01~0.38 0.19~0.29 55~8.4 0.8~1.75 28.4-48.3 2.9~49
(40.1) (208) 0.2) (0.24) (7.4) (1.27) (33.4) (3.6)

J. of Korean Inst. Resources Recycling Vol. 20, No. 4, 2011
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Fig. 10. Basic concept of ESRF.
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Table 14. Chemical compositions of crude ZnO, pig iron and slag(KCRC)

Crude ZnO(%)

Zn Pb Cd Fe Cu Si Ca Cr Na K
(50‘623;3;)3}) (0.3‘;3;'22) (0.0?f)(?.IS) 349 0.13 112 518 6.51 2.46 235
Pig iron(%)

C Si Mn P ) Cu Ni Cr
3.29 0.47 1.02 0.036 0.027 0.47 0.05 1.26
Slag(%)

Ca0 MgO Sio, ALO; FeO Zn Pb Cu Cr
28.61 9.16 20.86 9.02 2.86 0.48 0.04 0.03 0.54
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