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º £

� ��öBº >êÚ B� ";7 z�' Vê �î(CMP) ö> 7~ ¦F 
Ò� ^B¢ �Ö~º O»~ ~¾� *Û

'� w÷ O»ö z~� �Ö, îÖ, "Ö �~ 
Ò� �WzB¢ º&'b� ÒÏ~º ãÖ Î"& ®rj BÒ~� �



Ò� �WzB& w÷ö �~º 'Ëö &~� �Ò~&
. 
þÖ" ¦F 
Ò� >Ï�ö 
Ò� �WzB¢ Î&~�


Ò�~ «ã� Ã&>� «¶ ��~ r*~~ ^Vê ÿ�ö Ã&�j r > ®î
. 6� 
Ò� �WzB, r�N �Ò

^ w÷Bf Ca(OH)2 w÷B¢ BN'b� R«~º O»ö ~� ;W>º 
Ò� �« w÷Ú~ �Vf &êê Îv �²

Ã&>îb� Ö"'b� �« w÷Ú~ �* ßW� BFNj r > ®î
. 
Ò� �WzB�º �Ö� &Ë Ö>� Ö

"¢ "º ©b� &V>îb� '.� ·~ 
Ò� �WzBf w÷B¢ R«~º ãÖ «ã 15 mm~ .&; �&ê w÷

Ú~ ;W� &Ë�j r > ®î
.

Abstract − In this study the use of silica activators such as sulfuric acid, nitric acid and chloric acid, in addition to the con-

ventional coagulants and flocculants, was found to give much better results in flocculating and sedimenting the colloidal silica

particles from CMP process which is now generally used in semiconductor industry for the purpose of planarizing the surface

of the silicon dioxide. Experimental results show that both the diameter of the silica particles and the negative charge build-up

on the surface of the silica particles are increased when the silicon activator is added into the colloidal silica solution. It was

also found that the final silica floc formed by using a silica activator, an anion polymer flocculant and Ca(OH)2 has a higher

density and a larger size than the floc made by using only the polymer flocculant and Ca(OH)2. Among silica activators sul-

furic acid was found to yield the best flocculation results from the stand point of the floc size and density. It was even possible

to form a dense silica floc having a diameter of 15 mm if proper quantities of a silica activator, an anionic polymer flocculant

and Ca(OH)2 are added into the colloidal silica solution.

Key words: Silica Activator, Flocculation of Colloidal Silica Particles, Waste Water Treatment

1. B �

>êÚ ²¶~ ÷'ê~ Ã&f z®Ú 
[ VF �;� 
Ïz>�

®
. ~¾~ V6çö ;WB 
[ VF~ �ÖWj Ëç�ÊV *�

Bº ''~ VF[ Ò�ö ;W�Î .�[" VF[ Îv& ïê~

�¢ �
. .�[~ ïêz 6º VF�j ;W~V *~� '[�Î

VF[~ ïêz¢ *� VF�º N�(pad)ö ~� Vê' �îf �

îBö ~� z�' �î& ÿ�ö >¯>º z�' Vê' �î(CMP:

chemical mechanical polishing) O»� "� �ÏB
.

z�' Vê' �î O»ö ÒÏ>º �îB�º ¦b ï� «ã 80 nm

� SiO2 �ã¶¢ >Öz ¢�(KOH) >Ï�ö *ç�Î >Öz¢�ê

�îB& ÒÏ>Úzb¾, �"öº zÎîj >Ï�ö SiO2 �ã¶¢

*ç�Î zÎîjê �îB& 7º*~² ÒÏ>� ®
. ��� �î

B¢ ÒÏ~� z�' Vê' �î O»b� .�[j �î� êöº

>Â ppm ³ê~ SiO2 �ã¶& *ç>Ú®º ö>& B�>² B
.

ö>ö ��B SiO2 �ã¶º ¦b ï� «ã� 80 nm ;ê� �^~

æ� ¢>'� î���jV �"ïj ÒÏ~º �"O» 6º �*�
†To whom correspondence should be addressed.
 E-mail: yscho@kist.re.kr
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ö �*�Êº �*O»b� �ã¶¢ B�~º ©� ®&Ë~
. V¢

B b& SiO2 �ã¶¢ w÷ ¾Ò~� �V& 
ê �ã¶ w÷Ú¢ ò

� êö � w÷Ú¢ �" 6º �*�B ªÒ 5 B�~º O»� Ò

Ï>� ®
.

w÷ ¾Ò~ *Û'� O»b�º *Ú �; 7ö B�~º ®Ö ö

>f CMP ö>¢ ª~~æ p� b�~� ¢*'b� ¾Ò~º O»

" Mg(OH)2 6º Ca(OH)2f �� &æ �ª¶ w÷B¢ R�~� ¾

Ò~º O» �� ÒÏ>Úz
[1]. ��� *Û'� O»ö ~� ö>

¢ ¾Ò~� w÷Ú~ ï� «ã� 0.1 mm ;ê� ·² ;W>� 6�

w÷Ú~ &ê& ·jB �¢ �*�ÊV *�Bº �*�öB ö>¢

10�* �ç Ú~�B¢ ~�, �" O»j ÒÏ~º ãÖöº �" �

;öB ÒÏ>º U.F.(Ultra filtration) jV~ æ³K� 6²~² >º

^B6� B�~² B
.

V¢B � ��öBº ö> ¾Ò ê ;W>º w÷Ú~ �V 5 &ê

¢ Ã&�B �* 5 �" ßWj Ëç�Êº ©j Ï'b� ~� î�

Ú w÷ O»ö &� ��¢ >¯~&� � î�Ú O»ö ~~� ;W

>º w÷Ú~ w÷ öÒf z�î¾ö &~� �«~�¶ ~&
.

2. 
Ò� ���� >Ï�~ ßW

2-1. «¶~ potential" pH~ &ê


Ò� «¶~ �*6(isoelectric point) ¯ «¶~ �� *~& zero

~ 8j <º 6f pH 2öB �Ò�
. SiOH ��� Si-O-Si(siloxane)

Ö�b� >º »� >w~ ê¯�" &>ª� �>w~ ê¯� ~ 


pH 2öB �²~ 8j ¾æÚº� �º 
Ò� «¶~ �ÿê& �²

z >V r^�
.

òSiOH+SiO−
�òSi-O-Siò+OH−

V¢B pH 2öBº 
Ò� «¶
� £* 6º *& *~¢ �æ p

b�, Ïò~z¢ê «¶*~ Si-O-Si Ö�~ ;W" gel~ ;Wf 
Ö

¶Ò² B
. ��� pH& 7 �ç� >� r�N~ *~& «¶~ ��ö

;W>Ú «¶*~ >BK� B�~� � 8f pH& Ã&�ö V¢ j

f~� Ã&�
. V¢B «¶¢Ò B� Ïò~� w÷� &ËW� 6

²~� Ö"'b� n;B ���� ç�¢ Fæ~² B
[2].

2-2. *V'� �7 [ �� ��(Double Layer Theory)

·~ *~¢ �º �N
� r~ *~¢ �º 
Ò� «¶~ "*ö

�Ò~º ãÖ, &¦ª~ ·�N
f 
Ò� «¶~ "*öB ªÖB

�ª~ ;�¢ ;W~² B
. �r «¶ ��~ r~ *~f � :�

�#ö �O~� ;W>º ·�N [j Stern layer¢ ~�, � Stern

layer~ �#ö ·�N &ê& r�N &ê�
 Ö^� ·�N Ö^[

j Gouy layer¢ ~�, ��� ��¢ ��: *V'� �7 [~ ��

(Double layer)¢� �
. «¶& �ÿ~² >� Stern layer~ �N
f

«¶ö ^JB ?� æç�² B
. � æ6" ªÖ>Ú®º �ª [ 7

öB Z�&~ æ6öB~ �v�"~ N�¢ Bæ �v��¢ ~º�

�º *V 'ÿ Î"(electrophoretic effect)ö ~�B G;� > ®
[3].

2-3. 
Ò�~ �Wz


Ò� �F Ï�ö �Ö 6º "Öj Î&~� b�~� 
Ò� «

¶¢ ~�" Stern layer, Gouy layerf SO4
2−
6º Cl− Ò�~ �Kö ~

� 
Ò� «¶*öº �£� Ö�~ ;�& B�~�, 
Ò�~ specific

volume� Ã&>º�, � Ö" «¶~ *~&êº 6²~� «¶*~

Ïò� �
 Ï��æº ç�& B
. 6� �-² �WzB 
Ò�º

Ö� ���� «¶~ w÷j /ê~� w÷Ú~ �V¢ �²~� w

÷Ú ;W �*j �»~º ��j �
[4]. &�'� �WzB�º �

Ö, "Ö, �Ö r��ª �� ÒÏ>� �7 �Ö� &Ë ¢>'b�

ÒÏ>� ®
[5-6].

2-4. >& *~ �N~ Î"

�� *~f >& WÏ~ *~¢ �º *�îj Î&~º ãÖ «¶

~ �� *~º «¶
 Ò�ö ·Ï~º >��BÊ �K �~� 6²

~V r^ö «¶
� Î�² B
. V¢B r~ *~¢ �º 
Ò� «

¶~ ��ö �OB ·�Nf 
Ò�~ w÷öB 
Ò ��j ~² B


. Ï� ÚöB ·�Nf b ª¶ 7~ Ö² ö¶
ö ~� ~���

² >º�, � ·�N� 
Ò� «¶~ ��ö �OB
� 1B 6º �

�ç~ bª¶ 7~ Ö² ö¶& «¶ ��~ 
¢¦(silanol) �� 7

~ Ö² ö¶f ~~F > ®� V¢B ·�Nö ~� 
Ò� «¶
f

ç7'b� �ÖB
. ��� z�î¾� >>B
� 
Ò�~ �* �

�' � �Oï 6º �N v~B ·�N~ ·f 6²~�, 
Ò� «

¶~ �Vº Ã&~² B
[7-11].

3. 
 þ

3-1. 
Ò�~ �Wz

� ��öB ÒÏ� �� >êÚ ö>º zÎîj�~ ~Ö ³ê&

25 ppm� zÎîj>ö 14 Z²%~ amorphous silica& ��B Rodel

Inc. Ò~ ILD 1,300 CMP �î�j 20V� �C~� SS³ê& &Û

7,000 ppm� >ê� B�~&
. V¢B �~ � 
þöB~ >êÚ ö

>º ��� CMP �î slurry~ �C>¢ ~��
. � �� ö>~ pH

º £ 9.8-10.1��, ;çf Wï~ ®R«� *ç�~ ç��
. �-

² B�B �� CMP ö> 1 l¢ j
ö If ê 250-300 rpmb� /³

v>~�B 
Ò� �WzB�� H2SO4¢ R«~&
. �r H2SO4º

10% >Ï�b� �C� ©j 0, 0.5, 1.0, 1.5 ml� Î&ïj æz�B

&� R«~&�, 10ª* 250-300 rpmb� /³ v>~&
. � 
r

''~ ãÖö ®ÚB~ 
Ò� «¶ �V~ æz¢ �Ò~&
. ÒÏ

� 98.08% H2SO4 �£f Junsei ChemicalÒ~ B®��, 
Ò� «¶

�V~ æzº Beckman CoulterÒ~ Particle Size Analyzer(LS-230)¢

ÒÏ~� ªC~&
. 6� H2SO4 ��~ 
� 
Ò� �WzB
~

Î" jv¢ *~� HCl, HNO3, H3PO4 �j ÒÏ~� �öBf ÿ¢

� O»b� 
þj >�~&
. �VöB ÒÏB �£ê Îv Junsei

ChemicalÒ~ B®�� HClf 36.46%, HNO3º 63.01%, H3PO4º 98%

� ©j ÒÏ~&�, R«>º ' �WzB~ ·f 0.5 ml~ 10% H2SO4

>Ï� 7~ H+ �Nï" ÿ¢� ·~ H+ �N� ��>ê� ';ïj

R«~&
. ''~ 
þ� Îv jòB êöº 'ï~ �ò¢ j�~

� particle size¢ ªC~&
.

3-2. *Û' O»ö ~� ���� 
Ò� w÷~ �'z

���� 
Ò�¢ B�~V *~� ÒÏ>º *Û' w÷ O»öº

Ca(OH)2 6º Mg(OH)2f r�N �ª¶ w÷B 6º ·�N �ª¶

w÷B¢ ÒÏ~º O» 6º º&'b� FeCl3 �~ Væ w÷B¢ Î

&~º O» �� ®
. � ��öBº .j 
þj Û~� Ca(OH)2f

r�N �ª¶ w÷B¢ ÒÏ~º ãÖ &Ë ±f Ö"¢ áîb�, �

� CMP ö>~ w÷ö &Ë '.� R«ïf ö> 1 l � Ca(OH)2&

0.25 g/l�� r�N �ª¶ w÷B(Çö Öë SA 407J)& 3 ppm/l ö>

� ©b� 
þ>î
. V¢B �VöBº ' w÷B~ R« BBö V

� w÷ ÎN æz 
þj >¯~&b� 
þÖ"ö &� �Cj B�

~�¶ ~&
.

�C>¢ 1,000 ml O v B~ 1 l j
ö ¾*Ú �f ê Ñ ®� j�


~ �C>º ¢>'b� �Ï>� ®º w÷B~ R« BBö V¢

B Ca(OH)2¢ 0.25 g R«~� 5ª* 250-300 rpmb� /³ v>� 
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r 0.1% r�N �ª¶ w÷B >Ï� 3 ml¢ R«~� �� 5ª* /

³ v>� ê 50 rpmöB 30ª* v>~&
. v ®� j�
~ �C>

öº Ñ ®� j�
ö R«� ©" ÿ¢� ·~ Ca(OH)2f r�N �

ª¶ w÷B¢ BBò :ÞÚB R«~� ¾Ò~&
.

�ç~ ¾Ò& Îv �¾�, sludgef ç�� *~ ªÒ& ¢Ú¾²

>�, £ 3�*ÿn ;~�BB v>b� �~� ªÖB floc� Ïª®

&¢oj > ®ê� � ê ' j�
~ sludge volumej G;~&
.

6� ''~ ç��j j�~� çê¢ G;~� � 7~ SS ³ê(mg/

l)¢ ªC~&
. çê~ ªCöº HACHÒ~ Turbidimeter¢ ÒÏ~&

�, SS~ ³êº Whatman GF/C glass filter¢ �Ï~� ç��j ��

Þ ê ��V *" ê~ filter~ Z² æz�¦V êÖ~&
. 6� '

";öB £*O �ò¢ j�~� Bæ �v�" particle size¢ G;~

&b�, Bæ �v�~ G; VV�º Malvern InstrumentsÒ~ Zeta

Potential Measuring Instrument¢ ÒÏ~&
.

3-3. 
Ò� �WzB¢ º&� î�Ú w÷ O»

3-3-1. 
Ò� �WzB� �Öj ÒÏ� ãÖ

�� 
Ò� �WzB
 &Ú� &Ë �Þ'b� ÒÏ>º �Öj F

�~� Î&ïj æz�Êº 
þj ê¯~&
. �C>¢ 1 l j�
ö

¾*Ú �f ê H2SO4 10% solutionj '' 0.5, 1.0, 1.5, 2.0 ml O Î

&~� 5ª* 250-300 rpmb� v>~&
. �Ò� r�Nê �ª¶�

SA-407J >Ï�(0.1%)j 3 ml &~� 5ª* 250-300 rpmb� v>~&


. îæïb� 0.25 g~ Ca(OH)2¢ R«� ê ¾r 5ª*f 250-300

rpmb�, � �ê 30ª*f 50 rpmb� v>~&
. ;æ ê 3�*�

ã"~� sludge volumej G;~&b� ç��~ çê 5 SS¢ ªC

~&
.

3-3-2. 
Ò� �WzB~ «~ö V� w÷ ÎN jv


Ò�~ �WzB� �Ö &�ö HCl, HNO3, H3PO4 �j ÒÏ~

&
. R«>º ' �WzB~ ·f 0.5 ml~ 10% H2SO4 >Ï� 7~

H+ �Nï" ÿ¢� ·~ H+ �N� ��>ê� ';ïj R«~� 5

ª* 250-300 rpmb� /³ v>j ~&
. � 
röº r�Nê �ª

¶� SA-407J >Ï�(0.1%) 3 ml¢ &~� 5ª* 250-300 rpmb� v

>~�, îæïb� 0.25 g~ Ca(OH)2¢ R«� ê ¾r 5ª*f 250-

300 rpmb�, � �ê 30ª*f 50 rpmb� v>~&
. v>j ;æ~

� 3�*� ã"� ê sludge volumej G;~&b� ç��~ çê 5

SS¢ ªC~&
.

3-3-3. Sulfate z�b~ «~ö V� w÷ ÎN jv

�Ö 7~ SO4
2−�N~ 'Ëj rj�V *~� Na2SO4, CaSO4, Al2

(SO4)3f Fe2(SO4)3 �~ �� &æ sulfate z�bj �Ö &� Î&��

~
. �£
 7öB Na2SO4f CaSO4º Junsei ChemicalÒ~ B®j,

Al2(SO4)3f Fe2(SO4)3º Kanto ChemicalÒ~ B®j ÒÏ~&
. ' z

�b
~ Î&ïf 0.5 ml~ 10% H2SO4 >Ï� 7~ SO4
2−�Nï"

ÿ¢� ·~ SO4
2−�N� ��>ê� ';ïj R«~&
. �Ò� ¾

B r�Nê �ª¶� SA-407J >Ï�(0.1%) 3 mlf 0.25 g~ Ca(OH)2¢

�~ 
þ
öBf ?f O»b� R«~� ' ãÖö &~� sludge

volumej G;~&b�, ç��~ çê 5 SS¢ jv~&
.

3-4. �Ö� 
Ò� �WzB� �Ï>º w÷ �;~ �'z

Ca(OH)2~ �' R«ïj Ö;~V *~� �C>¢ 1 l j�
ö ¾

*Ú �f ê 250-300 rpmb� /³ v>~�B 10% H2SO4 >Ï�

0.5 ml¢ Î&~� 5ª* v>�Î ê 3 ml~ r�N �ª¶ w÷B�

SA-407J >Ï�(0.1%)j Î&� ê 5ª* v>�V
. � 
r Ca(OH)2

~ Î&ïj 0.1-0.5 gb� 
·~² æz�B&� R«~� 5ª* v>

�Ê� 30ª* 50 rpmb� v>�V
. v>j ;æ� ê 3�*� æ

¾� ''~ sludge volumej G;~� SS~ ³ê¢ ªC~&
.


röº r�N �ª¶ w÷B~ �' R«ïj Ö;~V *� 
þ

j ê¯~&
. îR&æ� �C>¢ 1 l j�
ö ¾*Ú �f ê 250-

300 rpmb� /³ v>~�B 10% H2SO4 >Ï� 0.5 ml¢ Î&~� 5

ª* v>�Î ê r�N �ª¶ w÷B� SA-407J >Ï�(0.1%)j

1-5 ml� 
·~² æz�B&� Î&� ê 5ª* v>�V
. � 
r

Ca(OH)2¢ 0.25 g Î&~� 5ª v> ê 30ª* 50 rpmb� v>�V


. v>j ;æ� ê 3�*� æ¾� ' ãÖ~ sludge volumej G;

~� SS~ ³ê¢ ªC~&
.

4. Ö" 5 �V

4-1. 
Ò�~ �Wz

Fig. 1öº 10% �Ö >Ï�j 
Ò� �WzB�� ÒÏ~> � Î

&ïj 0.5, 1.0, 1.5, 2.0 ml� æz�BB ¾Ò� 
r PSA¢ �Ï~

� ªC� Ö"¢ ¾æÚî
. ö> 7~ 
Ò� «¶~ ï� �Vº £

0.08 µm��, 0.5 ml~ �Ö >Ï�j Î&� ãÖ ¦b ï� «ãf £

0.136 µm�� 1.0 ml~ ãÖº £ 0.122 µm, 1.5 ml~ ãÖº £ 0.117 µm,

2.0 ml¢ Î&� ãÖº £ 0.112 µm �î
. ¯ 10% �Ö >Ï�~ Î

&ï� 0.5 ml¢ ."�>� �^ 
Ò� «¶~ �V& 66 z ·j

æº ãËj ��æ�, �Ö >Ï�j 0.5 ml �~~ ·b� 0.25 ml¢

Î&~� 
þ� �~b¾ � Ö"º £ 0.107 µm��, Î&~æ pf

ö>7~ «¶ �Vf jv~� �² �¢ææ pf ©j r > ®î
.

V¢B �WzB� �Öj ÒÏ� ãÖ~ �'~ Î&ïf ¾Ò ö>

1 l� 10% �Ö >Ï� 0.5 ml ¢ ©b� º;� > ®î
. �f ?f

Ö"º r�N~ Î&& .Z 'f ãÖ 
Ò� «¶¢ ~��� ®º

Fig. 1. Particle size distributions with varying dosages of sulfuric acid.

Fig. 2. Particle size distributions for various silica activators.
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Stern layer~ ·~ *~f r�N Ò�~ �KÎ"& ��~� 
Ò�

«¶
*~ Ïò²> Ã&ö ~� >w�~ æz 6º �ö V� 
Ò

� «¶ �V~ æz& �~ ìb� r�N� æ¾~² ô� Î&>º

ãÖöº Stern layer ·~ *~f r�N
 Ò�~ �K� ªÖ>º Î

"& 
öö V¢ 
Ò� «¶
*~ Ïò &ËW� J®J *Ú
 >

®
º &;ö ~� �C� > ®º ©b� �'B
.

Fig. 2öº ö> 7~ 
Ò� «¶~ �Vf �Ö, "Ö, îÖ �~ 


Ò� �WzBòj Î&~� >w�Î �êöB ¾Ò> 7~ 
Ò� «

¶ �V~ ªC Ö"¢ jv~� ¾æÚî
. ö> 7~ 
Ò� «¶~

ï� �Vº £ 0.08 µm�� 0.5 ml~ 10% �Ö >Ï�j Î&� ¾Ò

>º £ 0.136 µm��, �f ÿ¢� pH �� 5 ÿ¢� H+ �Nïj

��~ê� êÖ~� "Öj Î&� ¾Ò>º £ 0.128 µm, îÖ~ ¾

Ò>º £ 0.125 µm�î
. V¢B 0.5 ml~ �Öj Î&� ãÖ 
Ò

� «¶~ �V& £ 1.7V &r� Ã&~� &Ë ±f Î"¢ �&
.

' �WzB¢ Î&� ê G;� Bæ �v�~ ¶ò¢ Table 1ö º

£~&
. Î&B �WzB& Ö~ ;��æ� >Ï� ÚöB �ÒB

ê H+ �Nf 
Ò� «¶ ��~ OH− �N" �ö^B bª¶¢ ;

W~� ÎÚ^ ¾&º »� >wö &�~² B
. ��æ� H+ �Nf


Ò� «¶~ *Ú'� *~ö jZ� 'Ëj ¢~æ pb�, 
î'

b� 
Ò� «ã~ Ã&ö &v ��j � r�N~ 'Ëö ~� *Ú

'� �v�� ö>ö j� r~ OËb� Ã&� ©b� º;>î
. 

4-2. *Û' w÷ O»öB~ w÷B R« BB~ �'z

¢>'b� rJê w÷B R« BBö V¢ ZV w÷B� Ca(OH)2

¢ b& R«� ê �ª¶ w÷B¢ Î&� ãÖf BB¢ :ÞÚ �ª

¶ w÷B¢ b& R«� 
r Ca(OH)2¢ R«� ãÖ~ Ö"¢ B�

jv~� Table 2f Fig. 3öB ¾æÚî
. BB¢ :ÞÚ ¾Ò� ãÖ

�« sludge volume� 370 ml/löB 250 ml/l� 6²~&�, �W>º 2

�~ �Vê *&~² Ã&~&
. Fig. 3j �� Î&B~ ·j Îv

ÿ¢~² ~� ¾Ò~º�ê 
Ò� «¶~ �V& 6�~² 
� ª

� �Fj ¾æÚº ©j r > ®
. V�~ O»b� ¾Ò~� �«

'b� �W>º 2�~ ï� «ã� £ 17.5 µm�� BB¢ :â ã

Ööº 55.6 µm�î
. ¯, Î� w÷ Î"�öB BB¢ :ÞÚ R«

� ãÖ& z ±f Ö"¢ �ªj r > ®î
. �f ?f Ö"º Fig. 4

öB º;~º :f ?� Ca(OH)2& b& R«>� Ca2+f 
Ò� «

¶ ��~ r~ *~& �þ 7zB ê r�N �ª¶ w÷B& R«N

b�� r�Nj �Ï� �ª¶ w÷B~ &v ��� B&� >¯>

æ á~º� j� BB¢ :ÞÚ R«~� r�N �ª¶� �� r~

*~f 
Ò� «¶~ r~ *~& ÿ�ö Ca(OH)2ö ~� 7z>º

";öB �ª¶ w÷B~ &v ��� ;z>V r^� ©b� �'

B
. V¢B w÷f ¦z ÎN'b� ��Ú^ Fig. 3öB ���� �

W>º floc~ �V& Ã&>Ú �«'b� �W>º sludge volumeê

6²~º ©b� º;� > ®
. ��� r�N �ª¶ w÷B¢ ZV

w÷B�
 b& R«~º ©� z Î"'� ©j r > ®î
.

4-3. 
Ò� �WzB¢ º&� î�Ú w÷ O»

Table 3öº �Ö~ Î&ïj æz�B 
Ò�¢ �Wz � ê *Û'

*Ú w÷ �;b� ¾Ò~º ãÖö ®ÚB~ �« sludge volumej

jv~� ¾æÚî
. 0.5 ml~ 10% �Ö >Ï�j Î&� ãÖöº Î

&~æ pf ãÖ�
 sludge volume� £ 40% &r� 6²� ©j r

> ®î
. ��¾ Î&>º �Ö~ ·j 6N Ã&�Ê� J®J sludge

volume� Ã&~º Ö"& ¾æÒbæ�, �B Þ/� 
Ò�~ �Wz

��" ÿ¢~² ¾Ò ö> 1 l � 0.5 ml~ 10% �Ö >Ï�j Î&~

º ãÖ& sludge volumej �²z~º ��ªj r > ®î
.

*~ Ö"öB ¾æ¾�� ';ï~ �Ö� Î&>� �«'b� �

W>º sludge volumej 6²�Êº Î"& ®º ©b� ¾æÒ
. �

º �Ö� Î&Nb� �~� .Vö 
Ò�¢ �Wz�BB � �V

¢ 1N'b� Ã&�Ê� 
Ò� «¶ ��~ r*~~ ^V¢ Ã&�

B �«'b� ;W>º floc~ �V¢ �²~º ÿ�ö &êê Ã&�

Êº ©b� º;B
. ��¾ ¦z �Ú'b� 
Ò�~ w÷öB �

Ö� ÚÊ ��j ~ºæ, �Ò� ��� *ç� �Ö~ ÚÊ ßW" �

Table 1. Zeta potential values for various silica activators

Silica activator Zeta potential(mV)

Raw water −45.1
Sulfuric acid −46.4
Nitric acid −46.5
Chloric acid −45.4

Table 2. Effect of sequence changes in chemical treatments for the con-
ventional method on sludge volume and average sedimentation
velocity

Sequence
 Sludge volume

(ml/l)
Average sedimentation

velocity(ml/min)

Ca(OH)2+SA 407J 370 68
SA 407J+Ca(OH)2 250 107.14

Fig. 3. Effect of sequence changes in chemical treatments for the conven-
tional method on a particle size distribution with using 0.25 g/l of
Ca(OH)2 and 3.0 mg/l of SA-407J.

Fig. 4. Postulated flocculation mechanism.

Table 3. Sludge volumes with varying dosages of sulfuric acid

H2SO4 dosage(ml) 0 0.5 1.0 1.5 2.0 

Sludge volume(ml/l) 250 150 190 350 400
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&>º ©�æ¢ rj" jº& ®bæ� �Ö 7~ H+ �N" SO4
2−�

Nj ��~º 
� z�b
j ÒÏ~� 
þ� Ö"¢ jv��~
.

b& �Ö 7~ acidic property, ¯ H+ �N~ 'Ë�æ¢ rj�V

*~� HCl, H3PO4 �Ò� HNO3 �j Î&~� 
þ� ãÖ~ �«

sludge volumej jv� Ö"¢ Fig. 5ö ¾æÚî
. �r ''~ Ö~

Î&ïf 10% �Ö >Ï� 0.5 ml 7~ H+ �Nïj V&b� �f ÿ

¢� ·~ H+ �Nj ��~ê� êÖ~&
. Ö"¢ ÚÚ�� jZ©

ê Î&~æ pf ãÖ 250 ml, �Öj Î&� ãÖ 150 ml, îÖj Î

&� ãÖ 210 ml, "Ö~ ãÖ 220 ml, �Ö~ ãÖº 680 ml� ¾æ

Ò
. îÖ" "Öj Î&� ãÖöê sludge volumef £* 6²~º

©b� ¾æÒæò, �Öj Î&� ãÖ�
º � Î"& 'b� 6�

flocê ��~æ á~� �Ö~ ãÖö ;W>º floc�
 £² ¦B^

ªÒº ãËj ¾æÚî
. �ö V¢ Ö
 7öBº �Ö~ Î"& &

Ë Ö>� ©b� Ö�æj > ®î
.

Fig. 6öº *~ Î"
� �Ö 7~ SO4
2−�N~ 'Ë�æ rj�V

*~� Na2SO4, CaSO4, Al2(SO4)3f Fe2(SO4)3 �~ �� &æ SO4
2−  z�

bj �Ö&� Î&� ê ' ãÖö �«'b� �W>º sludge volume

j jv~� ¾æÚî
. �r ''~ SO4
2−z�b~ ·f 10% �Ö

>Ï� 0.5 ml 7~ SO4
2−�N" ÿ¢� ·~ SO4

2−�Nj ��~ê�

êÖ~� Î&~&
. � Ö", jZ©ê Î&~æ pf ãÖ 250 ml,

�Öj Î&� ãÖ 150 ml, �Ö ¢¾~ ãÖ 360 ml, �Ö r��ª

~ ãÖ 310 ml, �Ö¾Þ�~ ãÖ 320 ml, �Ö Æ~ ãÖ 810 ml�

¾æÒbæ� �Öj Î&� ãÖ& &Ë ô� sludge volumej 6²

�Ò > ®î
. ''~ ãÖö Îv ÿ¢� ·~ SO4
2−�N� Î&>

îröê �Ö~ Ö"& &Ë Ö>~² ¾æÂ ©f SO4
2−�N" �þ

Î&B ·�Nê w÷~ ";ö 'Ëj &
º ©j z�~º ©�
.

*~ Ö"
j «�� " r �Ö� 
� Î&B
ö j� &Ë ±f

Ö"¢ êÂ� > ®î~ �Fº �Ö~ ·�N� H+~ ;��V r^

� ©b� �'B
. ¯ Î& ê �Ò>� H+ �Nf 
Ò�~ OH− �

N" �ö^B bª¶¢ ;W~æ� 
Ò� «¶~ *Ú'� *~ö j

Z� 'Ëj ¢~æ pº
. ��� " ;�~ SO4
2−z�b
f �Ò>

�B 2& 6º 3&~ ·~ *~¢ �º �N
j OÂ~² >æ� �

�N
ö ~� 
Ò� «¶~ r*~& 1N'b� 7z>ÚªÖ
. V

¢B �êö "º w÷B� Ca(OH)2& Î&>Úê �� *~& ¦ª'

b� 7z>Ú®V r^ö w÷~ ÎN� �ò¢ 6²>² >º ©b

� º;B
. V¢B ·�N� H+~ ;�� �Ö� &Ë ±f Î"¢

��² B
� � > ®
.

4-4. �Ö� º& R«>º w÷ �;~ �'z

�Ö" r�N �ª¶~ Î&ïj '' 0.5 mlf 3 ml� �;�Ê�

Ca(OH)2~ Î&ïò 
·~² æz�B&� 
þ� Ö"¢ Table 4ö

¾æÚî
. Table 4¢ �� ¾Òê~ sludge volume" ç�� 7~ SS

³ê¢ ¾æÚîº�, Ca(OH)2~ Î&ï� 0.25 g �ç� r¦V SS~

³ê& /Ï® 6²�j ���, sludge volume 6� �f FÒ� ãË

j ��
. V¢B &Ë '�� Ca(OH)2~ Î&ïf 0.25 g� ©b�

Ö;>î
. �VB Ca(OH)2~ Î&ï� 0.1 g �~� ãÖ .>;ê<

ö 6²~æ p² >º� �º r~ *~¢ �º ���� 
Ò� «¶

ö j~� .Z ¦�� ·~ Ca2+ �N� �/>îV r^b�, Ca(OH)2

~ Î& êöê *Ú'� *~& ç�� r~ 8j <² >æ� >BK

� ·Ï~� «¶*~ bÒ' Ïò� �~ ¢Ú¾æ p² B
. V¢B

w÷f ¦ª'b�ò ê¯>� Ö"'b� sludge volume~ 6²º �

�� >&ö �~² B
. �fº >&� Î&>º Ca(OH)2~ ·� 0.3 g

j ."~² >� sludge volume� 
� Ã&~º ©j r > ®º�

�º .Z "
� ·~ Ca2+ �N� �/>ÚB w÷ ;W~ �� æ¾

~² ôjæ� w÷Ú ��~ *~& röB ·b� æz>V r^�

©b� º;B
. w÷Ú «¶~ *Ú'� *~& ·~ *~� �*>

� J®J «¶*ö >BK� Ã&~² >Ú sludge volume� Ã&~

² B
.


röº 10% �Ö >Ï�" Ca(OH)2~ Î&ïj '' 0.5 mlf 0.25 g

b� �;�Ê� r�N �ª¶ w÷B~ Î&ïò 
·~² æz�B

&� 
þ� Ö" 6� Table 4ö ¾æÚî
. 0.1% �ª¶ w÷B >

Ï� 3 ml �òj Î&~� �W>º 2�~ �Vê ·� &êê ·j

B j*® �;~º� ôf �*j jº� ~&
. 6� 3 ml �çj Î

Fig. 5. Sludge volume with using various silica activators.

Fig. 6. Sludge volume with using various sulfate compounds.

Table 4. Sludge volumes with varying dosages of coagulants

Ca(OH)2 dosage(g) SA407 dosage(ml) Sludge volume(ml/l) SA407 dosage(ml) Ca(OH)2 dosage(g) Sludge volume(ml/l)

0.10 3 480 1 0.25 610
0.20 3 180 2 0.25 300
0.25 3 150 3 0.25 150
0.30 3 160 4 0.25 200
0.40 3 195 5 0.25 190
0.50 3 200
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&� ãÖ Î&ïj jZÒ Ã&�Bê sludge volume~ 6² Î"ö

º �² N�& ìb� J®J �W>º 2�~ 6ê& .Z ¸j^B

�� oöªÒº Ö"¢ ¢V~æ� 3 ml& &Ë ';� Î&ï� ©b

� ��� > ®î
.

V¢B *~ Ö"
�¦V áÚê �'~ ��b� ' �êî
~ 


þj ê¯~�B ' �êî
 PSA~ ªC" zeta potential~ G;j 


�~&
. b& PSA� ªC� Ö"¢ Fig. 7ö ¾æÚî
. 0.5 ml~

10% �Ö >Ï�j Î&� 
r 0.1% SA-407J polymer >Ï� 3 ml

f 0.25 g~ Ca(OH)2¢ Nf� Î&~� 5ª ÿn /³b� v>� ê

öº «¶~ ï� �V& 1,000-1,200 µm�îb�, j³ v>ræ �Â

êöº z× 
^B £ 10-15 mmö ��º ©b� ¾æÒ
. ���

r�N �ª¶� SA-407J¢ Î&� êöº «¶~ �V& 
² 6²~

º ãËj ¾æÚº ©j r > ®
. � �Fº 
r" ?� º;B
.

r~ *~¢ �º 
Ò� «¶~ ��ö ·~ *~¢ �º zÎª �N


� ~��� ®º *V' �7 [~ ��¢ ;W� ���� 
Ò�

>Ï�ö �Ö� Î&>Ú �Wz>�B 
Ò� «¶~ �V& Ã&~

&
. ��� 
� r~ *~¢ �º �ª¶& Î&>� ·�N
� ~

��� ®º 
Ò� «¶~ ¢¦& r�N �ª¶� ÎÚ^ ¾f ¿Ú

ªÚ > ®bæ� b& aggregation >î~ 
Ò� «¶& �^ªÒ²

>Ú Ö"'b�º 
Ò� «¶~ �V¢ ·jæ² ~º ©b� º;

>î
.

6� ' �êöB~ zeta potentialj ªC� Ö"¢ Table 5ö ¾æÚ

î
. SA-407J polymer~ Î& �êræº zeta potential 8� �
æ

æ~æ p~b¾, ·~ *~¢ �º Ca(OH)2¢ Î&� êöº potential

� /Ï® 6²~� zeroö "7~º ©b� ¾æ¾ w÷� Î"'b�

��Ú rrj r > ®î
.

Table 6öº ''~ ¾Ò ê~ �« sludge volume" ï� �; ³ê

¢ G;� Ö"¢ jv~� ¾æÚî
. �r sludge volumef �öB

f îR&æ� îæï ¾Ò& �¾� 3�* ê~ 8��, ï� �; ³

êº �¢ 300 rpmb� 1ª* /³ v>~� ;æ�Î 
r 1ª ÿn

~ �; ³ê~ ï�8�
. Sludge volume" ï� �; ³ê~ v &

æ G� Îv SA-407J polymer¢ b& R«� ãÖ& z Ö>� ©b

� ¾æ¾, Ca(OH)2¢ b& Î&� ãÖ�
 �W>º 2�~ &ê&

z ¸� z ��� ©j r > ®î
.

�ç~ Jar-testö ~� Ö"¢ ;Ò~� �' ç�~ w÷Î"¢ áV

*�Bº, 7,000 ppm~ SiO2� J"B CMP ö> 1 l� 10% H2SO4 >

Ï� 0.5 ml¢ Î&~� v> ³ê 250-300 rpmöB 5ª* v>� 
r,

r�Nê �ª¶ w÷B�B 0.1% SA-407J >Ï� 3 mlf 0.25 g~

Ca(OH)2¢ Nf� Î&~�, ''~ �êöBê v> ³ê 250-300 rpm

b� 5ª* /³ v>� ê, îæïb� 50 rpm~ j³ v>b� 30ª

* Fæ�Êº O»� &Ë Ö>� ©b� ªC>î
. � ãÖ �«'

b�º çã 10-15 mm ;ê~ �& 2�� ;W>� sludge volumef

150 ml/l �~� 6²~�, ç�� 7~ SS ³êº 7,000 ppm�çöB

10 ppm �~� *&® 6²~º ©b� ¾æÒ
.

5. Ö �

� ��öBº 
Ò�~ SS ³ê& 7,000 ppm Ú�� �� CMP ö

>¢ &çb� ö> 7~ 
Ò� «¶¢ B�~V *~� 
Ò� �W

zB¢ �Ï~º î�Ú ;�~ w÷ 5 �* 
þj 
�~&b� 


þj Û~� 
r" ?f Ö�j áj > ®î
.

(1) 
Ò� �WzB�º �Ö, îÖ, "Ö, �Ö, �Ö r��ªj 


þö �Ï~&b�, �Ö R«ïj V&b� ~� îÖ, "Ö, �Ö~

ãÖ H+ �N~ ³ê¢, �Ò� �Ö r��ª~ ãÖöº SO4
2−�N

³ê¢ R«B �Öï" ÿ¢~ê� ~� 
�� 
þÖ" 10% �Ö

>Ï� 0.5 ml¢ Î&~º ãÖ 
Ò� «¶~ «ãj 1.7V Ã&�V

b� 
Ò� �WzB 7 &Ë Ö>� w÷ Î"¢ ¾æÚî
. �º 


Ò� «¶¢ ~��� ®º NH4
+�N"  SO4

2−�N Ò�~ �K� Cl−

6º NO3
−f~ �Kö j� �
 ;K~² ·Ï~¾ ·�N� Al3

+&

º&'b� R«>º ãÖ Al3
+& 
Ò� «¶ö �O>Ú 
Ò� «¶

~ �� r*~¢ 6²�Êº Î"f V¢B 
Ò� «¶¢ ~���

®º NH4
+�N~ ^Vê £�æº Î"¢ ¾æÚÚ Ö� ^V& £�

ê NH4
+�N" SO4

2−�N Ò�~ �K� 6²~² >V r^� ©b

� �CB
.

(2) �Öj �Ï~º ���� 
Ò�~ w÷ö ®ÚBº w÷B~ R

« BB¢ �Ö, r�N �ª¶ w÷B, Ca(OH)2� ~º ãÖ& V�~

w÷B R« BBö j� w÷Ú~ �Vf �« Ò�æ~ ¦b �öB

&Ë Ö>� Ö"¢ "î
. �º �WzB 
Ò� «¶ö NH4
+�N�

�~ ·�N� b& R«>� ¾� � ·�Nj �b� ~� r�N �

��� «¶
~ w÷Ú& ;W>� ·�Nf w÷Ú~ 7�ö *~~

²>� �ö V¢ r*~~ ^V& 6²� w÷Ú ��" NH4
+�N Ò

�~ �Kê £�^B Ö� º&'b� R«>º r�N �ª¶& w

÷Ú Ò�~ &vB ��j � > ì² B
. ��¾ �WzB ���

�ö r�N �ª¶ w÷B& b& R«>º ãÖöº ���� «¶

��~ r*~ ^Vf �ª¶ w÷B~ r�N ßW� Îv Fæ>V

r^ö º&'� Ca2+ �Nf w÷Ú~ �b� ·Ï� ö jî¢ �ª

¶ w÷Bf ���� «¶ Ò�~ &vB� ·Ï~² >Ú �
 � w

÷Ú ;Wj &Ë~² ~º ©b� �C� > ®î
.

Fig. 7. Particle size distributions at each stage of chemical treatments.

Table 5. Zeta potential changes at each step of chemical treatments

 Sample Zeta potential(mV)

 H2SO4 −47.6
 H2SO4+SA407J −46.9
 H2SO4+SA407J+Ca(OH)2 −15.4
 H2SO4 −47.6
 H2SO4+Ca(OH)2 −14.4
 H2SO4+Ca(OH)2+SA407J −14.7

Table 6. Effect of sequence changes in chemical treatments on sludge
volume and average sedimentation velocity

Sequence
Sludge volume

(ml/l)
Average sedimentation

velocity(ml/min)

H2SO4+Ca(OH)2+SA 407J 340 73.3
H2SO4+SA 407J+Ca(OH)2 150 121.43
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(3) �« w÷Ú~ �V¢ &Ë �² ~� �« Ò�æ~ ¦b¢ &Ë

'² ~º Ö"¢ "º �'~ w÷B R«ïf �� ö> 1 l ¾Ò�

10% �Ö >Ï� 0.5 ml, 0.1% r�N �ª¶ w÷B >Ï� 3 ml,

Ca(OH)2 0.25 g� ©b� 
þ>îb�, � ãÖ w÷Ú~ �Vº ï�

çã 10-15 mm�� Ò�æ ¦bº 150 ml �Ú� 6²~�, ¾Ò>~

SS ³êº 10 ppm �ò� ©b� ªC>î
.

6 Ò

� ��º ;¦~ "�VF¦öB æö>º �& 76 �� Òë~

~¾� “>¶ö �Ï�; VFBB” �� Òë~ ¢¦� >¯>îb�

"�VF¦~ ��j æöö &� 6Ò�ãî
.
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