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Abstract

This study conducted the Life Cycle Assessment(LCA) of recycling technology for recovering
precious metal(gold, silver) from the waste organic solvents generated in production process of
LCD, semiconductor, etc. Environmental impacts were assessed for the five categories of
impacts: global warming, resource depletion, acidification, eutrophication, and photochemical
oxide production. When recycling 1L of waste organic solvents, global warming impact was
5.26E-02 kg CO:-eq., resource depletion impact was 3.06E-04 kg Sb-eq., acidification impact
was 1.31E-04 kg SOs-eq., eutrophication impact was 9.70E-05 kg PO437—eq., and the
photochemical oxide production impact was 5.82E-05 kg CsHjy—eq. In terms of overall
environmental impacts, electricity and KCN contribute the greatest impact, so it is necessary
to improve energy efficiency, change to low-energy sources, and apply renewable energy. In
addition, it is necessary to compare the environmental impacts of the raw materials to replace

the KCN, and a method to reduce the KCN usage in the process is needed.
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D @A igaAe] delgeolnz 3 3 & gle dHolges #d 7w dwvtd Ay AE
TS 3l At oF EAFAE &SI TH

2) daEdel AN i3t A AL Open loop recycling®] Cut-off 7|5& % &3le] B
Ao A A ]k T}

3) FHEE =2

Ao 5584 dolgwo]~(LCl DB, Life Cycle Inventory
Database)7} §l= 7% @¢] LCI DBE #&stlon, w=li¢] LCI DBolA wdd Edo o
& DB7F 9l A9 AR =4 digh LCI DBE A Aste] % -&3F3ith

- KCN : A3} 4 tH(Sodium cyanide, NaCN), 3+7 5

- 29 : Sodium hypochlorite. 15% in H20, at plant, Ecoinvent

- ZEA : Magnetite, at plant, Ecoinvent

- w5 TYEE, A EAAd R

- A9 H4=*2] : Treatment, wafer fabrication effluent, to wastewater treatment, class 2, Ecoinvent

y ol
H
N

- AL : Silver, secondary, at precious metal refinery, Ecoinvent
- A : Gold, secondary, at precious metal refinery, Ecoinvent
4) MIAAS 7e2 9524 9 A7EY FFo dig JE7 EAEA Rof =, A 9
KeX

FETAE A =G ANA A 9T
3. "oy 3 2 Ait
31 FRFZEE FA
z7] 89 FHEZEZ(process flow diagram)E <AZ AFHoH FHEL G FAHS 2
AstAd. dole 3 &ol4, ¥4 54 58 ndsd dFAS w3y, AHdFA, 71E
a5 EY T, TeSAATAH, Aa5LdATE, AeS3F3d 62 FESAT. FgHAd AL
fo 3 TAHZELEE U3 fig. 1] A AT
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T R EﬂolEi Hlo]~5 A &8k, ale] LCI Holgulo]2= Ecoinventol A = bt o] Ef Hj o]
25 &y

A
EALA], GFA, 7EES, HolH B3 52 ARHAI} durdH S we dolHE 5 ALl
stk o 98 9 H2EA 5 5YEG AEE g Holy A+ v Table 29 #th
Table 2 S8 H A M 7/=2 HolgH &K
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£ At HI7HHA| \Y
IEPS == _E_E%Jé! Vv
3 off L4 X| 7| H= MFT| V
3y — ——
= X = V
i & | of TAHHE = Vv | =& 2|
2= IgHI| = \% F| 7| & 2
33 A4 dFF7}
AT AUt A FdFH7F HHE(Type IS AE390. AHRAH7 AZEY Q]
SimaPro® #§ske] AFevsl, Adam, Ash FRYs, FaHARYYe 50 IF
T o8l 4 9EdS FFsk .
Table 3 HeHHFTH EMS 2 (Typelll)
gRA ey F £t =X
AT 2k kg CO» IPCC 1996, GWP 100
o , ears.
(GWP) 9 Y
xpelam EIA, International Energy Annual 2000, 2002
(IATDP) kg Sb-eq (Crude oil, Natural Gas, Coal ol sl &)
U.S Geological Survey(USGS) 200172002(12])
LM 5t .
AP) kg SO—€q. CML 1999, Hauschild & Wenzel, 1998
e el
o o 3 . . Lo .
EP) kg POy —eq. Heijungs et al 1992, (with some modifications)
AstetristE 4o kg CHieq CML 1999, Jenkin & Hayman, 1999;
(POCP) 9 : Derwent et al. 1998; high NOXx
* Typellls &tdzigl Ro| o JiX|Z2, HE2 staMol| st HEE Makslstod M Eo| EAIste #dg 2olgh
fE|L2te AR 2Pt SHAMMEXMTIL 2o, ol MZE U HES HM HMIE 2o Mot
&, ] & HIchA S Mut™o s sdM HEE IR Z FEAlst=E MEel.
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4. 734 H7r A3
41 FHFE FQol £4
sAHAA 1ILE Mgt dol dFgFaFE JFFrHERE ST A, AT FsHGWP) =
526E-02 kg COz-eq.o2 A HSow, 24 -04 kg Sb-eq., HJSHAP)=
1.31E-04 kg SO2-eq., _‘lj_og % sHEP)= 9.70E-05 kg PO, eq., &ﬂ@'ﬂ’ﬂ%"g’ﬂ (POCP)< 5.82E-05
kg CoHieq.o] S+ Q&
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t}S Table 4, Table 59 @9 &7

2 FoakEEd 543 29E AN Yo, 8 s
n A= 290S XA
Table 4 =™ Mg 7= ct3™YH SMS ZgClsE=: A 1L M2l 7[F)
A7eds | xezm e Soferst | msletsdele
a5 (GWP) (ADP) (AP) (EP) A4 (POCP)
kg COzea. kg Sbeq kg SOx-eq. kg PO -eq kg CHieq.
ska| 2 1.14E-02 5.63E-05 391E-05 5.42E-06 1.82E-05
HMEH 421E-03 2.68E-05 8.52E-06 1.34E-06 3.26E-06
Jlel2xE2e|a2s | 363E-04 221E-06 9.63E-07 1.26E-07 2 54E-07
&M A2 1.62E-02 1.04E-04 3.11E-05 4.38E-05 1.35E-05
HIHEH2N 471E-03 1.66E-05 2.26E-05 2.80E-06 1.03E-05
2L $2Y 1.57E-02 9.96E-05 2.90E-05 4.36E-05 1.27E-05
st 5.26E-02 3.06E-04 131E-04 9.70E-05 5.82E-05
Table 5 S HMH M 7|2 F-AME2YH SMs ZugIsce: HA 1L M2l 71F)
A7edst | xALe e Solorst  |msletmMEE A
Tg (GWP) (ADP) (AP) (EP) A (POCP)
kg COz eq kg Sb eq kg SO» eq. kg PO eq. kg CoHs eq.
KON 1.01E-02 3.38E-05 5.16E-05 6.35E-06 2.34E-05
At 8.75E-04 4.72E-06 3.94E-06 3.08E-07 2.28E-07
PEIPE 9.73E-05 4.93E-07 411E-07 2.95E-08 2.36E-08
2= 9.15E-04 6.56E-06 3.78E-06 3.28E-07 8.58E-07
®7| 3.96E-02 257E-04 6.68E-05 1.24E-05 3.34E-05
2% 1.49E-04 5.53E-07 1.64E-09 1.27E-10 6.59E-08
o $xja] 8,63E-04 2.08E-06 4.57E-06 7.756-05 1.71E-07
H7le azt 1.85E-05 1.06E-07 1.35E-07 1.84E-08 2.12E-08
s 5.26E-02 3.06E-04 131E-04 9.70E-05 5.82E-05
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4.1.1 AF233H(GWP)

AN ILE ALEst=t 526E-02 kgol COE wiE3stH, 554734 (30.80%), =
T34(29.78%), Bre]l ¥ (21.76%), A=< &3 (896%), HHAEFH®01%), 7IEta&HEds
069%) oz 2 JIFS MAE HAoezr ZHHIIY FYAEE oz Ay A
(75.31%)7} 7v4 22 943 mxn, 1 thS oz KCN(19.14%), S5(1.74%), 24 (1.66%), =
2121 (1.64%), &9-(0.28%), AFE23(0.19%), HA71E427F (0.04%) o2 AF2ste] & JqFS v
A= AR EEHJAT. olgld Ade TaH5AATH B ATEsFeB8oAA &g A7) oYy

AE AbgshE, e TR Be %o KONS AHgah] mEow zAs g,

s
=
oL

N
S A PRC . .}

A0 e oX

4.1.2 A4 312 (ADP)

AN ILE ALdEst=d ALdALE F3F2 3.06E-04 kg Sh-eq.clH, TH 54713 4 (34.06%)

75458 2 A (32.58%), el (18.42%), A& (878%), #lusH&allsd(5.44%), 7IEtaEHE

2 FH0.72%) w02 & J4FS "XE Aow EE2HY FY-AESE VFor AYRy H7)
14%), =4 (1.54%), 3= 2(0.68%), &(0.18%), =+ 21(0.16%),

H 71 & 2740.03%) co2 Adare] F FFS VA= Aem Yeut A5S faleAds A

o) BE ¥ Faolgr: zylelH, Ay Aat Al dFe] A8 I}F suEEY o2 Q%
)

N

4.1.3 4 8 (AP)

TAAN ILE AZEeed A3 dFS 1.31E-04 kg SO2-eq.o1™, ]34 (29.79%), &
AT (2370%), A553F34(2211%), Aa5833417.18%), 3 dF4(6.49%), 7| Ea
JFH(073%) oz 2 9GS nAE oz EEHYL Y AEE v|Foz AvHuy
(50.89%), KCN(39.33%), ¥4 #2](3.48%), #(3.00%), &=(2.88%), AH41(0.31%), = 7|%&
(0.10%), &5(0.001%) £o2 sbgdstd & dFS mAE Aoz E&2HAY. AF5S 2

Bl dbool
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9% vhagolo] ALSEE KONo| w24 2 Ag&8azgel e Faololth = 9 Uy
A A FRolHE FALAL A W) Apgol).

4.1.4 794 43HEP)

FTAAY ILE AZga=d F9Ls JFS 970E-05 kg POS -eq.olw, FFEAATA
(45.11%), A=43]T374(44.91%), el F4(5.58%), HAu&&8lE4(289%), HHF4(138%), 71
528 TH013%) T2 & TS A= o EEHAT. FYatEE veo® Aun
H 4= A 2] (79.93%), #171(12.82%), KCN(6.55%), &=(0.34%), 2+ (0.32%), #A-41(0.03%), ¥ 71&
7H0.02%), 45(0.00%) wo2 F-ggsle] & JgFS nAE oz =EHAL F9ddst= o
FIgHF = E‘rf“—ﬂl AeAe7t FoolaE EEHAOH, T

A HAS HAS HFT AT wo] FFLste] FFS A= BHo] vhEF wEE

2 l-> ) —Vl

£AATY R AFHIFTH
A

4.1.5 %3 3k3E A4 (POCP)

IAAY 1ILE AZgsted Fsetyitst=A4d 93-S 582E-05 kg CoHy—eq.01™, =He 3
(31.26%), FTa&5AAETH(2314%), A=53F34(21.83%), Aa&&aEH(17.73%), FAF
(560%), 71Et=& 28 E8(044%) w02 & TS A= 3oz EE2HAY FPAEE 7
o= AurEyW H7|(57.38%), KCN(40.27%), +=(147%), 2+<1(0.39%), =4321(0.29%), &+
(0.11%), FHA(0.04%), AN =22 (004%) =02 Fddslo] 2 S v Ao w3y
Atk AFES EHsr] 9% e & del AMEEE KCNo| wE|ad 2 #Aa&8a gl A9
Foolfrolth 1 o ywA FA FoolpE FAHLAS AT A7) AREolth

oo(’
AN ol od

_—

_I

3] 9] o 3 (Avoided impact) &4
<

A48kl 3t 3] 99 F(Avoided impact) A A AEAAS RE AW AYA AlAdHOo
2 FZAA et Aol o E 59 01“* s dopyg Al 2="lo A E-o] AH&HE § AL 8
of o WA dEEHE AR EHE A5, o] ALZEd %X‘J Abg O 2 Qlsto] Thg whA o A
Tad G g o555 H ‘:}74] ﬂﬂrﬂ Al 2=glof] ol 3= Wi o]t
2 Ao FAHY AEETAHAAE AT ALl AiEE, o= gE AFY A" A
Al AHEE 4 dermg AATH AASd tE 3agFS s FoloF Ak =, ¥4
N A FAgol A ABFI Aol A i avrEFe] T3 25 s fEiA o
59 AFFE Aol o2V 7A e T AbEE o FAFEIF TASAS AolAN, A
I A& B s g AT AV s WA A w4 a3E 94 "1y
ol & 3|FPolet Aot UwtHow () #;e zteth
3|y geFs A7l el B Ao Al="d %Xéﬁﬂ‘iﬂ g TZANA Bakd A=A A
ool B AgdgAzdlol A Bakd AT B S-S AT Aew A ojwf 39 g e
S A3 7] Y8l Ecoinvent® Gold, secondary, at precious metal refinery(A =), Silver,

secondary, at precious metal refinery(#4-) LCI DBE &3} t},

th5 Table 6, Fig. 4= A=, AL Al wE 3agFs 13t A7-=2d3t Axo|ty. 347
d 1ILE AT w] 526E-02 kg olitsteAas wiEsiedH, AT AdSS dAFgozA
2.35E-01 kgl olitstetart vi&y = 1S BAS 30 sdgh a3E JepAth weps] A8 A
Lo 3|y gars el AH Y 1L Ao gk A>3t daFS -1.83E-01 kg CO: - eq.0lth

- 32—



Table 6 3/x|PF &0l DdE HHX 2o XF2ctst Fe(SHHA 1L Me2|7|F)
2o A F2ctst SEMds 2ot
- (kg CO2 eq.)

EHEI RS RN 1.14E-02
AMEH 421E-03
JIEtEEEE 3 3.63E-04
sE25HHASH 1.62E-02
HEEEH3H 4.71E-03
HEHs+=2H 1.57E-02

X A2 Avoided impact -3.96E-03
XA = Avoided impact -2.31E-01
H oM 1L M2| St HEF -1.83E-01

5.00E-02

0.00E+00 _ ——

-3.00E-02
-1.00E-01
-1 .50E-01
-2 00E-01
[
Z250E 1TV pITE
= jE|:|—| zl:l_| %% g‘% ‘.:”_ ‘.:H:l HDﬁ"ILiE
g =H HH=E Hl ;l_ _ Avoided Avoided ﬂ_ :1 !
=cj53 HAHZE Salz3 b R . : HEBF
impact impact

GWP 1.14E-02  4.21E-03  3.63E-04 | 1.62E-02 4.71E-03 1.57E-02  -396E-03 -231E-01 -1.83E-01

Fig. 4 slugefol najal SHHA Malsdel XF2tat Aek(ehel: kg CO2 eq)

B ATAAE T4 ALE BA g ARAWAE FAsGgen, 1 A3
23 2.

i
fo
12
QL
(i
°

1) &A@ 1L A Al A>3 ddFS 526E-02 kg COzreq.,, AFA2E 9IS 3.06E-04 kg
Sh-eq., 2H3 3t 4L 1.31E-04 kg SOzr-eq. FF %3t &S 970E-05 kg PO, -eq., #33}3t
At EAA] 932 5.82E-05 kg CoHy- eqi EEH QT
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