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Jesik Park*, Hee Dong Jang** and *Churl Kyoung Lee*

*School of Advanced Materials & System Eng., Kumoh National Institute of Technology
**Nano-Materials Group, Korea Institute of Geoscience & Mineral Resources

o of

I =
AP goluggolr] BAsle AEE A ERE M2 2 BEtAE 2EE U, dsiyioz d4agee HEs 3
e ATE SN ABE EERY] T8 BEEE WA, FE5ECE, AE 2 dE JhlEs £ S Jdoh 71AF
Agyon HE)dt A, B E BEES 1,0000C0 1A17HsSE 3} - viAsle] S5l 349 AldaREES oA
A [Bmpy]TENe] galldte] Moz ARGl AU RE Bmpy|TENS] SFF3E A7k Aldshde) &S g8l
3 [Bmpy|TEN Asfolofla] dejEe] siglo s e AUYAE A 5 AT FAIH(19V vs. PQRENIAM 1117H5<t
F AT Aol Asfdt oS, AFEHES XRD, SEM-EDS 2 XPS £48 E3lo] 2g|Eo] d4Fez AZHNS-S Fsnon,

nge] At AFHE A Aol M) 3] Fol wEHely] o WekE,

FHo : AelZ SEA, A, 3¢, dal, veAl Hafy

Abstract

As a recovery of elemental silicon from the sludge of Si wafer process, a process of mechanical separation-chlorine roasting-
electrolysis has been suggested. The silicon sludge consisted of Si, SiC, machine oil, and metallic impurities. The oil and metal
impurities was removed by mechanical separation. The Si-SiC mixture was converted to silicon chloride by chlorine roasting
at 1,000°C for 1 hr and the silicon chloride was dissolved into an ionic liquid of [Bmpy]Tf;N as an electrolyte. Cyclic vol-
tammetry results showed an wide voltage window of pure [Bmpy]|Tf,N and a reduction peak of elemental Si from [Bmpy]T,N
dissolved SiCly on Au electrode, respectively. The silicon deposits could be prepared on the Au electrode by the potentiostatic
electrolysis of —1.9 V vs. Pt-QRE. The elemental silicon uniformly electrodeposited was confirmed by various analytical tech-
niques including XRD, FE-SEM with EDS, and XPS. Any impurity was not detected except trace oxygen contaminated during
handling for analysis.

Key words : Silicon sludge, Elemental silicon, Recovery, Electrolysis, Non-aqueous electrolyte

* Received : June 7, 2012 - Revised : July 25, 2012 - Accepted : August 6, 2012
*Corresponding Author : Churl Kyoung Lee (E-mail: cklee@kumoh.ac.kr)

Advanced Materials Engineering and System, Kumoh National Institute of Technology, 1 Yangho-Dong, Gumi, Kyungbuk, Korea

Tel : +82-54-478-7742 / Fax : +82-54-478-7769
(©OThe Korean Institute of Resources Recycling. All rights reserved. This is an open-access article distributed under the terms
of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0/), which permits
unrestricted non-commercial use, distribution and reproduction in any medium, provided the original work is properly cited.

31



32 FIHE - DRERR - 2R

1. M £

AZF YIAE(ingot)ZHE olHE 3
Al 20um Z719] BArA 52 ?:}%?l g &9
7F ARRE T Q) o] oM AeE, el E &

]

59 9 Ay Bo] FpE e A7 HiE
2=

W, Ageg B0 wel, Astel 83 A9
O Aol§ e ABEIE A ALY BEH of
2 B 99025 o)) kw5 9o

gukxo g Ao AHL F=E oAs14A(Si0,)

A 9} 722 FAAE o83l Aol WHEAIA &

=t ek 98% TEE VA HEE 1 &

f&ﬁlﬂ At BEgh Al oA B dUAE &

stH, thEge] ol isteaEs %é}ﬂl Hi BeEe
3]

1

2

S He Aol vk vk, B o

B
S =X
[

o T 3 to

g |
A A o] AR Aol ARE7] flsiA
AsAel FHolnt. dejEe] Al dEAlset
o] AT F-ol oJste] 99.9% o] £k

o] W SRk, ouA] tha

oM fFrEEdS FAFshes T Wil AN of

W

2 iAol HEEe] A= ek
g WA 52 B FAR AREY] flEi e 1wt
2stabgol sl wedl ols 8-8-8a 1% %
Z'

JE dagAow fojdE wErY &2 3
(chemical vapour deposition)®]1t iﬂﬁ%‘(sputtermg)
53 722 Saho] dashy olys ¥ uxFol
A Zdstoof sh Agg7go] w9 o] W] H
fo] mj§ @ol] == FHeo|th

A FH 9 ERbel A wEks golsk Axd
T e 3l Wk A7 gl olFoAL YA
o} 5 Ase 2Ao| 7k

4 thole] gl ool 2
3 A3 AR SO e 2o dake 549 4
ER: g A% ATl ks

[e)

A} b
E7Fssltt.

EAZA] oJ3hH H]—r?ﬂ Hadore] dafHel <
gk A Ak digh o] AFEo] Yt
Cohen¥} Hugginsg)—‘: L1H—KF€— JollA A7)Esfol] 2

A
3l SiFE Azsle] RiedeEst ody Al of
3 A77F A1ZEATE Elwell 598 &-84812] LiF-

J. of Korean Inst. Resources Recycling Vol. 21, No. 5, 2012

KF-NaF-K,SiFsoll A etz o] A&49] S2vks
2doll iall HESISITE o5 500~1400°CS] 1% |4
BEHE ol &g AFL AFenon, B3¢ 348 ¢
I2Fo] FEo] W H&F oAUA|7t —/-\—F-EJ‘:}.
H|Z2EA 2 (aprotic solvent)! M} 8- D15 x] 2]
AP Z H3ghdeA dEZe] FFHLE K,SiF,
NazsiF6, Si0, 52 AREEte] 9] &-gHolA AE
T Yo, o 025 um T & g §
Ao] F¥ssitka ®Baskgdeh 419 a3 H2 Nicholson
T2 HIFA SuE o)gste] W 259 &-FHoA

UTHL 3oL, o5 HEF}
| Ao Ze Asds vehlo] Aerts 34
thx naskgTHo,

W A718eEd e A7HEEE TR E ol
QA E A= ALgsle] -8HA] HaidellN B7Fs
A GFula, Elolelr, vElgd 22 1] 359
Zsl ghlo] 7hFEsitie A77F BaEa Qek 2§
BujE o]gdte] TS Hasket wHEde] A3
o] Austin?ell 2Js] AFEATh AnH oz d=as)
A2]&(silicon halide)} PC(propylene carbonate)-} THF
(tetrahydrofuran)?r B =224 &1fj(aprotic solventy&
ol g&ate] M dS AP, 0|52 AEA] §17] o
ol XA Asde] a2 A Fr). Austin® Oﬂ:rLoﬂ
Ae 273 A& AAANAZR  tetrabuty-
lammonium perchlorate(Bu,NCIO,)E 7}l &
f7] AL AHEEEeH, Buckerst Amick®el 2]
8] Aoty < Fukunaka Z&°] 23] PCE
ol g Ae|Fo| Hagd A7t B o, XPS
A4 Ay A AEEe 37] ol =25 slH
23, Munisamy 52& o} Evko] EE (acetonitrile)oll
A dalHez A2y 271443 dig A+E 118
315}, Abedin =200 AL o] A MAE o] L5l A
YL AFATL BIFAIL, Mallet 527 2
o AEE vieoteloE HxE P B

il

al

o .
T A EE Az

F

o

i

[‘

¢}

B AreMe delE seAERE 2ede 5ot

o
of Aarel 55 Bcw 52 7AA AdEHes AlA

o g, Seld del, wslele EEL el
adte] AlSHEl RS Az AES 2 )
S ol AlRIHER TS Salstn AsioE Lk
Pele) dee Ay DAk AE ANY ANE
o romvy Ao AYH, 24T BoE 24
ofrg zARIEIL



AR SexmyE e B

2.4 #
2.1. d2|2 SHX2ERE Agshias M=
7129 A7Ap9} o] Al doly HaFAd

Al sk AElE SEXERY dEE EYES

g - aldih. B SRR E A £

A2 Fig. 13 2ol Aol og o AlA, A=A

I AFH SR FEETES AAS T SUdA

YEorRY el Es FRHoR -2t

3788 At Aaket & EFE < e f71

S =, dichloromethane (CH,Cl,)S #H|&eix|e} &3F

stgom ek wiks AAlsle] HEeX25E Hr)

FE AdUx oz galsiqitt. LE|a T At o

lEglel o3l A}l AP, ek E 9 &

714 24S et AAME AAS HssA

= AT g3 oo Aol H Rl 3

F o> nE ol Mo

[
®
4o
g;l"

Si sludge
(Si+SiC+Oil+Fe)

Washing
with CH,Cl,

Oil removal

Fa]

Magnetic
separation

Acid washing

ey

Cl, roasting

SiCl,

Fig. 1. Schematic diagram of Si recovery process from Si
sludge.

33

=] ok o] H BUE wire sawe} Az v
of oJ3) A==, Als WA et $XE] Aol
w2t 3 e & HAE Zdeth meEd 7848 2
Aol 2, AAE 3 = T HE 2L S5
UE 500 gauss®] AFE AW 7](Eric manufacturing)Z
ARgSte] EEjEigith. FRHoZ AS AAT EHE
S 1 mol/L g4 24| 1:
Wk o JAATL SRR AAT § Az
a3 2 w5E AEE, s E £ B
B Swi% A7 the ol AAYskal d4 -
YA 1,000°C0A 1A]7HE<E st - w4 e,
FHEE 7IAE 53] Alds A

stk

8]
2
@
oft
o)
fd

22, dE|29| Malsls

AFe] Mg 9l 712 [ 2= Fig. 2
oA Hi uiel rom, 397 HFAIZHES ARSI
3, A AFsEES &g o] dAAE AL
Skt wet AeEe] 4kslE WAs] flet I
T ofZ2 7IAG5N, Ak 3 1ppm oW, 571
% 3ppm olU)E YT FElHu: YoM BE
ARE FdstAt o] gAA ] A F7H(voltage
window) B HAZAEF, o299, HEE T %)
o] M7138}8tx FAd WA= P2 Potentiostat/
Galvanostat(Solartron 1287y ©]-8-3}] cyclic voltammetry
Hoz A3tk Hete] HelE —4~2 V(vs. OCV)°]
™ FAREIZ (scan rate)= 10 mV/sZ S 33T

25 (working electrode)y & (AuyS 7|EC=Z 3}
3 AEFe] A5 LkshE AES AT
WFA Pt wire)S A= (counter electrode, 4 cm?)
I} 7154 (QRE, quasi reference electrode)> = 77}
AREIITH BB AAE sl RE HAa3 Ao A

o,

R.E
O-Ring C.E

bolt W.E

Fig. 2. Schematic diagram for electrochemical test cell.

AdeelZd Al 21 A A 535, 2012



34 FIHE - DRERR - 2R

J(HZSO4)J4— —‘4”)\]'§]"|"_1_(H202) 50:50 vol%
%‘ AlF g o A ARkt
E ojeAdA = Ay X4 100°C AFLEoA 24
Bt Axst wE EEUE S AAS
A718ker gl AME-siiTh HaHo R Az
Fejeo] AEjEe] B, 24 2 A4S B
AdshE] S 0.5M &a3E [Bmpy|THNSZ
B AAIHE-19V vs. P-QRE) &J&te] 4
AP ETE A Fdsks A4S Tk

r\ov o

>
i 1-1:1 n:

|

*

L b

of
-

S

™

_4

lo Jr o ¢o

lJ

23. 24

Ao FAE AAGAE FARAE A (field
emission scanning electron microscope, FE-SEM,
JEOL, JSM-6500F) ©]8-3fo] #&3Iar, Hak5e
ZA 2 FE-SEMo| #2d XA #3324 7] (energy
dispersive spectrometer, EDS)E F3}o] #olal3it).
Az Hef2e] EwE #le XA FdA SE71(X-
ray photoelectron spectroscopy, XPS, ULVAC-PHI,
Quantera SXM)E ©]&-3le] #4351, THEA
S RHOZRE <F 50 nme] Zo|Z depthitA] S
it =3k XAl - £47](X-ray diffractometer,
XRD, Rigaku D/MAX-2000, Cu-Ka)Z o]-&ste] g
o] ARAE EIs

3. 8% d 1IF

1. M2[2 SHXZRE Aldst d2|2e] M=

710l A7AIIg o] duE s ¢t vg
2] EFEEEM 1:2)S 3417 52 300 rpm
oldom ksl RS AgHom gefsila o
g2 oel alEeel olsl A(SiHSIC)
W71 LdyE it AARE AT Hs
Aol Al dekde]E olelole ade] d &
HrElo] Slnt me eds A Sk
AR 500 gausse] AEAAHTE AME-S)
A deje dekdeE £
<A TE T 963 wikelSirh A H
EFES ImolL FaHgelol wnbye]
THTE AHY F st
ARt Ak de] FF 0.1 wik ot
k. AF EFLe =A 3
< XA FdF RS olgste] B4E s
Fig. 30 Z=AIH o] =t 2| peaks #EHA B3

o

-

l' 0{)1

z Ruk

i
rlo

&
{r ¢
L)
_0|L

)
>
m

it

HUMHUHOE
o 2
=
= 3 >
B RS )
}1_:
rot
£

J. of Korean Inst. Resources Recycling Vol. 21, No. 5, 2012

°
- ® Si
= .
< o SiC
s L
Z °
)
=
2
=
= L
'
m]
o O *
WHJ Lo S8 0
20 30 40 50 60 70 80
20
Fig. 3. XRD patterns of the Si-SiC mixture recovered from

the Si sludge.”
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