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$� %& '()� ���� *+,-� ./"-�0 ��� ����� 123 45 67 8 $� +9:� ;<� =>?. �

�� ���� ���� @5-� )A BC(HCl)/8CDEFG(NaOH) �� H5 IJK& BL +M �� N5 BLDK� O

P� =>?. ��� ���� ���� 1 M BC 8QHR 80
o

CR 1 6S TU IJ6V-�0 W8X ��� ���� '

Y)� %� �23 49 ppm Z� ./)[-\, 1 M 8CDEFG 8QHR 50
o

CR 1 6S TU IJ6V-�0 ��� ��

��  'Y)� ���� �23 860 ppm Z� ./)[?. N5 BLD ]^_ `a 2.4 cm, b� 32 cm� cN� �� +d

�� efgE hi� j� ��� ��������kl6mn, oLp BL�qr+M3 st= �uv���f#w�

x, ]^y2 500
o

C, ]^6S 4 6S, +Mz{ 300 cc/min, BL |�} 10%� ~� )R ��� ����  %& ����

'Y �23 48 ppm& 405 ppm Z� �J 8 $�?.

��� � ��� ���, ��� ����, ���, ��]^N, N5 BLDK

Abstract

In the present study, the possibility of recovering and recycling the silicon carbide(SiC) from a silicon sludge by removing

Fe and Si impurities was investigated. Si and SiC were separated from the silicon sludge using centrifugation� The separated

SiC concentrate consisted of Fe, Si and SiC, in which Fe and Si were removed to recover the pure SiC. Leaching with acid/alkali

solution was compared with the vapor-phase chlorination. The Fe concentration removed in the SiC was 49 ppm, and it was separated

by leaching with 1 M HCl solution at 80
o

C for 1 h. The Si concentration removed in the SiC was 860 ppm, and it was separated by

* Received : October 2, 2012�1st Revised : November 14, 2012�2nd Revised : December 28, 2012 �Accepted : January 11, 2013 

Corresponding Author : Kyun Young Park (E-mail : kypark@kongju.ac.kr)

Department Chemical Engineering, Kongju National University, 275 Budae-Dong, Cheonan, Chungnam 330-717, Korea

Tel : +82-41-521-9354 / Fax : +82-41-554-2640

�The 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.



��������	
������������������� ,����� 23

����� !" 22#" 2$ , 2013

leaching with 1 M NaOH solution at 50
o

C for 1 h. The SiC concentrate was chlorinated in a tubular reactor, 2.4 cm in diameter

and 32 cm in length. The boat filled with SiC concentrate was located at the midpoint of the alumina tube, then, the chlorine and

nitrogen gas mixture was introduced. The Fe and Si concentration removed in the SiC were 48 ppm and 405 ppm, respectively, at

500
o

C reactor temperature, 4 h reaction time, 300 cc/min gas flow rate, and 10% Cl
2

gas mole fraction. 

Key words : Silicon sludge, Silicon, Silicon carbide, Tubular reactor, Chlorination
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��� � ��� �	
� �� ��� ��� �

�� �� ��� ��(ingot)����  !"�#(wire

saw)
 $� ��� %&'  ()* +,
�  !-

(cutting fluid), ��� ./�01 2345.  ( 6

��� ������ 7#8 9: ��� ;<,  ! "

�# �=>% ?�  !-" ��� ./�0
 @3

A# B* C�$ ��� D>E1 F 10,000G ,�

��H� IJAK B5.
1) ��� D>E L  !-"

MN3O 20 µm �C$ ��� ./�0* P� ;�Q

RSA# ��� ���$  (T,
 UV�)K B�

9, 9WE ���+  !+,
� ��� ./�01

�=>8 IJ4 XYZ ��� ./�0* [%H�

\]A#^5. � [%H_ `ab�� ��� ./�

0 83 wt.%, ��� 15 wt.%, c 2 wt.%1 deA#

B�f, �g���� hi;�2-3) � jLkl4)' m

� ���' ;�QRS)* Fn1 SoAp�9, �

�� ;� �6
� ;� q rs$ t 75%
 u)*

��� ./�0 vwH� IJ)f xU \] �y$

Uz� {|� }~A# BE �5.

� Fn
�* �" �� ��� D>E ��$ ��

(�
��s A* ��� ./�0 vwH� �� c,

��� ?' ��e��� ��� ./�0$ ���

�C �� S B* 1��' ��� ��5. ��� ;

� 6 �s 4 ��� ./�0 vwH
* ��� .

/�0 �� ��� hi;�� �q� ;�AE �Z

��$ ���, ��� ��'  (� � wire saw$

}�
 $� IJA* c� deA# B5. jLkl �

hi;�� m� ;�4 ���
 e-4 c � � ¡

�H¢' ��)% �� £> �¤$ �+ �¥�¦ §

+1 �K4 / B5.
5-6)

 2.5% ¡�(HF)+ 2.5% ¨�

(HCl) �©' @ª)£ 60 - 80
o

C :�
� �¥�«

99.7%$ ���' ¬_ V1 �KAp�f,
4) ¨�/®

�/¡�(HCl/HNO
3
/HF) @ªS�©' V�)£ 60

o

C


� 12�¯ �¥' m� 99.995%$ ���' ¬_ V

1 �KA%� )°5.
7)

 Glycol based slurry� ��

F}U� RS)* +,
� ���' ��)% ��

S�±9²³(NaOH) S�©?´µ�¶(alkali leaching)

�� ·¸�¦ ¹º1 �K4/ B�f,
8) ��� D>

E��� V¨±»�(SiCl
4
) �� Fn
 ¨� 1=�

��Z %C ¨�± �¥� So4/ B5.
9)

� Fn
�* ��� ./�0 vwH ¼ c, ��

� ��� �� ¨�+ S�±9²³ S�©' V�)

* �/́ µ� ©C ·¸¶+ ¨� 1=
 $Z %C ¨

�± �¥' m)£ ��� ./�0 vwH� �� c,

��� ��� m� ��� ./�0$ ��� �C �

� S B* �b$ T,�½' ��� �K¾ Z5.

2. � �

2.1. ��

� Fn
 �¿� V�4 ��� ./�0 vwH_

Fig. 1$ T,' �À ��� D>E��� hi;��

m� ��� ;<' ;�Z 6 ÁÂ)* ��� ./�

0 vwH� ZÃE®¾hFnh���� �TÄ� V

�)°5. ��� ./�0 vwH_ ��� ./�0

;< � ��� hi;�� m� X ;�4 XY ��

� 3¾" c' jÅZ �  ¡�H ?� deA# B

�f vwH ¼ ��_ Table 1
 9Æ¼p5.

2.2. ����

2.2.1. �/́ µ� ©C ·¸¶

300 ml$ÇÈÉj�Ê
���./�0vwH 1 g,

Table 1. Chemical analysis of SiC concentrate

Component SiC Si Fe Al Cr Cu others

wt. % 79.4 14.2 5.06 0.11 0.07 0.07 0.99
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1 M$ ¨� Ë* 1 M$ S�±9²³ S�© 100 ml�

Ì_ 6 Í�Z5. �¥ 6 hi;�� m� ¨� Ë*

S�±9²³ �©���� ��� ./�0 ;<' ;

� Z 6 70
o

C ÎÏ
� ½�)°5.

2.2.2. %C ¨�±¶

q�bÐ �¥�* ®� -��, �Ñ%, q%�
 $

� 1ÒA* ´ÓX9 ÔÕ�¥%, dÖ×Ø, X �¥�

�ÂU)* �̈1=�ÙS��)%�ZS�±9²³

ÙSÚ?�� n�A#B5.q�bÐÛa�* Fig. 2


9Æ¼p5.ÔÕ�¥%*¼O 2.4 cm, Ü� 32 cm$

´ÓX9 �¥Ô+ �¥Ô' 1Ò)% �� Ô' 
Ý

ÞK B* Õ�$ q%�� n�A# B5. �¥Ô_ q

%�
 $� 1ÒAf ?:n¯_ �¥% 3n
� w

{��� 7 - 25 cm V�� �¥ � ´ÓX9 �²(Ü�

70 mm, ß 13 mm, à� 10 mm)
 1 g$ ��� ./

�0 vwH' á� �¥Ô$ Li
 �Ø�¦5. �¥

Ô ¼ deA# B* T%* ®� 1=� âãäå�

��Z 6 q%�1 æ,:�
 �u)å ¨� 1=�

23Z5. �¥Ô' ç89: 1= ¼ de4 3¾¢_

è�
� SÖAf, è�� m+Z 1= L
 deA#

B* X �¥ ¨� 1=* `% L�� {¸A% q

S�±9²³ ÙSÚ
� ÙS)°5.

Käé -�§ª ê�ë}(ICP-OES, PerkinElmer,

5300DV) ;ì' m� ·¸4 �© ¼ �Â �;


`Z ,�;ì' So)°�f, XRD(X-ray diffrac-

tion, SMD 3000);ì' m� 3¾ ¼ §,n�� í

Ð)°5.

3. ���� 	 
�

3.1. � /�	
 �� ��

3.1.1. � ·¸¶

300 ml$ÇÈÉj�Ê
���./�0vwH 1 g,

1 M$ ¨� S�© 100 ml
 Ì_ 6 �¥�¯+ �¥

:�� î±�« ��5. c$ ��ï_ ·¸ �© ¼

,�;ì' m� ¬_ ð���� ñ (1)
 $� ��

)°5.

(1)

ñ (1) ;¾$ c e-�_ �¥ 6 ¨��©
 ÂU

)* c$ v�� ICP ;ì' m)£ ò,Z 6 ·¸

�©$ �ó� ô)£ §,)°K, ;�$ c e-�_

Table 1$ �¿ ¼ c$ L�;ï
 ¨� ·¸
 V�

4 �¿$ L�' ô)£ ��)°5.

% ./} (%) =

1 M BC IJQH  % "z{
× 100

������� ���  % "z{

Fig. 1. Si recovery process from silicon sludge.

Fig. 2. Schematic drawing of experimental apparatus.
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C:(�¥:� 23
o

C)
� �¥�¯' 1, 2, 4, 8�

¯�� î±�« �¥�¯
 õö c ��ï' ´��

�5. Fig. 3_ �¥�¯
 õö ��� ./�0 vw

H ¼ c$ ��ï� �¥�¯� 1, 2, 4, 8�¯��

÷1ø
 õ� 64.6, 79.6, 85.4, 98.6%� c ��ï�

÷1Ap5. �¥:�
 õö c ��ï' ´��% �

� �¥�¯' 1�¯�� K, Z ù �¥:�� C:

(�¥:� 23
o

C)
� 80
o

CúE î±�« ��5. Fig. 4


� �£E* g+ �� �¥:�1 ÷1 ûSü c$

��ï� ÷1A# 80
o

C
�* 100%
 ýþ)°�f,

RS4 ��� ./�0 ¼ Á¤)* c$ v�*

49 ppm �� 9Æ�5.

3.1.2. ´µ� ·¸¶

300 ml$ ÇÈÉ j�Ê
 ��� ./�0 vwH

1 g, 1 M$ S�±9²³ S�© 100 ml� Ì_ 6 �

¥�¯+ �¥:�� î±�« ��5. ���$ ��

ï_ ·¸ �© ¼ ,�;ì' m�¬_ ð���� ñ

(2)
$� ��)°5.

(2)

ñ (2) ;¾$ ��� e-�_ �¥ 6 S�±9²

³�©
 ÂU)* ���$ v�� ICP ;ì' m)

£ ò,Z 6 ·¸ �©$ �ó� ô)£ §,)°K,

;�$ ��� e-�_ Table 1$ �¿ ¼ ���$

L�;ï
 S�±9²³ ·¸
 V�4 �¿$ L�'

ô)£ ��)°5.

C:(�¥:� 23
o

C)
� �¥�¯
 õö ��� .

/�0 ;< ¼ ��� ��ï' ´�� §+ Fig. 5"

�� �¥�¯� 1, 2, 4, 8 �¯�� ÷1ûSü 3¾

¼ ���$ ��ï� 73.8, 83.5, 90.0, 100.0% úE

÷1Ap5. �¥�¯' 1�¯�� K,Z ù �¥:

�� C:(�¥:� 23
o

C), 30, 50
o

C� î±�¦ §+

Fig. 6+ �� 73.8, 78.1, 100.0%úE �¥:�1 ÷

1ûSü ���$ ��ï� ÷1Ap�f, 50
o

C
�

RS 4 ��� ./�0 ¼ Á¤)* ���$ v�*

860 ppm�� íÐAp5.

3.2. �� ����

¨� 1=
 $Z %C ¨�±¶
 õö ��� ./

�0 vwH ¼ c+ ���$ ��ï' ´��% ��

��� ./�0 vwH 1 g, ¨� 1= mol% 10, �

¥�¯ 4�¯$ �½
� ¨�± �¥:�� 100,

200, 300, 400, 500
o

C� î±�«��5. ¨�± �¥

:�
 õö c+ ���$ ��ï_ �/́ µ� ©C

·¸¶+ �PZ {¶�� íÐ)°5.

¨�± �¥ñ_ 5�+ �5.

• SiC + 2Cl
2
� SiCl

4
 + C (3)

• Fe + 3/2Cl
2
� FeCl

3
 (4)

• Si + 2Cl
2
� SiCl

4
(5)

���

./} (%) =

1 M 8CDEFG IJQH  

��� "z{
× 100

������� ���  

��� "z{

Fig. 3. Effect of reaction time on removal of Fe in silicon

carbide sludge at room temperature.

Fig. 4. Effect of reactor temperature on removal of Fe at

reaction time of 1 h.
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��� ./�0 ¨�± �¥ñ_ ñ (3)+ ��f

��� ./�0$ ¨�± �¥:�* 600
o

C �C�

�,
10) � Fn
�* ��� ./�0 ¨�± �¥_

P#9E �' g�� V¿45. ¨�± �¥
 $Z

��� ./�0 vwH ¼ c, ���$ ���¥ñ

_ �� ñ (4), ñ (5)" �5. Fig. 7_ ¨�± �

¥:�
 õö XRD ;ì§+� c ó�* �¥:�

200
o

C
� �� ��Ap�f, ��� ó�$ O� �

¥:� 500
o

C
� �� 	�A# �¥ 6 Á¤H®


�* ��� ./�0 ó�� Ô
A* g' íÐ�

S Bp5. Fig. 8_ ¨�± �¥:� 500
o

C
� �

¥�¯
 õö ���$ ��ï� �¥�¯� 1, 2,

4�¯�� ÷1û Sü ���$ ��ï� 74.7,

84.5, 97.5%� ÷1 Ap5. Fig. 9* ¨�± �¥

6 ��� ./�0 vwH$ Á¤®��� �¥:�

500
o

C
� �¥�¯� ÷1ø
 õ� Á¤®�� 	

�ø' ��51 ¨�±�¥ 4�¯ 6 ��� ./�

0 vwH$ Á¤®�_ 78.0%� 9Æ�5. � ð_

Table 1$ �¿ ¼ ��� ./�0 e� 79.4% �

5 t¯ �_�,  �-* �¥ 6 Á¤H$ S�

+,
� IJ4 ��
 %Ð)* g�� &(45. �

¥:� 500
o

C, �¥�¯ 4�¯
� ¨�± �¥ 6

Á¤)* c+ ���$ v� ;ì§+ �� 48 ppm,

405 ppm�� 9Æ���� ��� ./�0 �¿ ¼

c+ ���� `�; ��Ap�' �£ä* XRD

§+" PØ)°5.

Fig. 5. Effect of reaction time on removal of Si at room

temperature.

Fig. 6. Effect of reactor temperature on removal of Si at

reaction time of 1 h.

Fig. 7. XRD patterns of SiC treated with Cl
2
 gas at vari-

ous temperature. (a) Before chlorination (b) 100
o

C

(c) 200
o

C (d) 300
o

C (e) 400
o

C (f) 500
o

C

Fig. 8. Effect of chlorination reaction time on removal of Si

at reactor temperature 500
o

C.
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4. � �

��� D>E$ Uz�' �Z ��+,
� IJA

* ��� ./�0 vwH� �� c, ���$ ��


 ¨�+ S�±9²³ S�©' ��Z©C ·¸¶+

¨� 1=
 $Z %C �¥¶' b��� §+, 21E

{¶ ���+1 B�' íÐ)°5. ©C ·¸¶$ O

� 1 M ¨� S�©' V�)£ 80
o

C
� 1�¯ �¥

����� c$ e-�' 5.06 wt.%
� 49 ppm úE

	����f, 1 M S�±9²³ S�©
 $� 50
o

C,

1�¯ �¥�« ���$ e-�' 14.2 wt.%
�

860 ppm úE �¸ S Bp5. ¨� 1=
 $Z %C

�¥¶$ O� 500
o

C, 4�¯ �¥
 $� c+ ���

$ e-�' �� 48 ppm+ 405 ppm�� �¸ S B

p5. ¨�/S�±9²³ ·¸¶� C`b�� �_ :

�
� Soû S B* ×�� B�9 c+ ���$

��� ��� l�$ �¥� è�)K, �¥ 6 ;�,

Y�, ½�$ +,' �À� )* ? T,� C`b�

� ��)5. Z�, %C ¨�±¶$ O� 500
o

C ,�

$ K:' è�� )9, c+ ���' ��
 ���

S B�f, �¥ 6 ½�C�$ ��� ./�0 ;<

' �þ ¬' S B5* ×�' 1EK B5. ���

O�� ��� �À ¨�/S�±9²³ ·¸¶+ %C

¨�±¶ L
� 11E {¶' k�)£ ��± Fn

1 SoA#� � g�� &(45.

� �

� ��_  O� !�"#  O%$ÛIV	 L [

� -�¾hUz�%$ÛIV	$ Eh
 $)£ Fn

Ap�f �
 	V0]�5.(+�%&:11-A08-IR)
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