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Abstract − Flotation deinking experiments were conducted in order to understand the effects of surfactant, pH, and electro-

lyte concentration on old news paper deinking efficiency. Both removal efficiency and brightness were found to increase in

anionic surfactant systems both at acid and alkali conditions, because added counter ions reduced electrostatic repulsion

between negatively charged air bubbles and ink particles. In mixed surfactant systems, both removal efficiency and brightness

were shown to increase with a decrease in pH, mainly due to reduction in electrostatic repulsion by an increase of hydrogen ion

concentration. When electrolytes were added in anionic surfactant systems or mixed surfactant systems, ink removal efficiency

increased or decreased, depending on the change in electrostatic repulsion between ink particles and air bubbles. On the other

hand, both pH change and addition of electrolytes did not have a significant effect on physical strength of the pulp fiber, and

contact angle and surface tension of the ink particle.
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23� *�4+ 5	 �� �67 58' ���

� $%. 9:; <= �>?@3� AB CD E F� CDG H��

�+(old paper)	 =
 E =�4I .J K6L� MN �OP� $

3Q, &' RST=UV	 WX3� .YZ	 �[\]/ ^.J _	

�+G �`I 	abc �7 Xd	 �e �+ =�4 fgI .J

bh� ijJ jk�%.

=
lm\]	 �nokp fq@3� �+	 rs-b�-tL-nr-

uv-kr-u�	 7�+ ok3� Pw $%. �xJ =
lm\] ok

KI; �y z{� P7 |� uv ok(deinking process) }7 u

~M ok3� �� ��~M/ ���� �p ���� Z��7 o

k�%[1].

�+I; ~M`UG ���7 uv okp ~M	 ��(detachment)

/ Z�(separation):� �7 � ��	 n�3� .s� � $%. ~

M	 ��� lm�,3�Y� ~M`UG �wd7 \�(pulping) ok

� ��Q, Z�� �� lm�Y� �w� ~M`U�� lm�Y�

�s�7 |� �J%.

�� ~M`U	 Z�I7 ��`UG <��� � �fI f�G �

`�� ��L `U�� f�/ "# Y��  Z��7 YmY�¡

(flotation process)� \] ¢x�G £¤�u��� ¢x� KI ZA

¥ ~M`UG ���7 >k¡(washing process)	 � �+� MN Z
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�¦ � $%. >?@3� YmY�¡� 65%, >k¡� 35%G §+�

� $3Q, >k¡p ¨>J `U	 ��I ©�@�ª 4� «4¬�

­p ��� $7 ®,I YmY�¡p ��bc ¦ ���	 Mf/

¯!I �%+ °±�+ ²�  ³@ ´ `U! ��� �µJ y��

$%. �UV� �J¥ e� ª:, m¶, �q 1p �� YmY�¡�

«4��, �UV� ·YJ ¨X 1 ¸¹º�»7 >k¡� �� «4

�� $%.

j� YmY�¡I 	J uvp ~M`U¼	 �D�4, ~M`U/

f�¼	 �D�4 E `U/ f�	 �, &LI 	b +½P7 ?,

�[@� L� 1� ¾¿¥ ¾0J �kI 	b; �Àw�%. YmY

�¡	 ©ÁI ¨Â7 ��@ Ã� �U�7 ��� `U	 Mf, ¯

!, ~M	 L�� `U Mf, f�Mf E f�¬, VÄ	 Å!, Æ!

��� YmY� yÂ dI;	 Ç! E ÈÉnÊ 1� $3Q �[@

Ã��U�7 �	 �!, VÄ	 pH, «4�7 �[ËÌ, ���, f�

� 1� $%[2-8]. �/ �� �+	 uvI Ã�� �7 �x �U

� KI; &' uv ©ÁI Í%� Ã�� �7 |3�7 ~M`U	

&L, ~M`U �,I	 �� mÎ E ��(_�Æ Ïp Ð�Æ), «

4�7 ?,�L�	 ��(_�Æ, Ð�Æ, Ïp  �Æ ?,�L�), �

. �Æ(counter ion)	 Å!/ ��, pH 1I 9Ñ `U/ f�	 ?

,�[@ &L3� ÒÓÔ $%[9-13].

Xd�Õ@3� uv ok, uv ËÌ, =
 Ö�, ��~M	 ��

E nLZ, ��� V+	 &LI ×J S�7 ­� �2Pw Ø%.

Bochardt[14]7 uv jÙI «4J ?,�L�	 Ú¦ }7 fq@�

L��, Wood[15]7 nonylphenol ethoxylate, octylphenol ethoxylate, al-

cohol ethoxylate 1	  �Æ ?,�L�G «4�� *��+	 Û[

@ L�Ü�G, Putz[16] 1p Ð�Æ, _�Æ,  �Æ ?,�L�G Ý

Ý«4�� ~M ��Á�  ³�Þ%. }J  �Æ ?,�L�	 HLB

ßI 9Ñ uv ©Á[17],  �Æ ?,�L�	 ��L «¢ à�I 9

Ñ Û[@ L�[18], alkyl chain ZU�n� %Ñ Ð�Æ ?,�L�G

«4J ¾«4+ uv okI;	 Û[@ L�[19], áâ ~M LZ	

nL	 Ü�I 9Ñ uv ©Á 1I ×J jÙh��� 
�Pã%[20].

�/ �� �2¥ .YZ	 uv jÙ� ?,�L�	 Lµ jÙI

×J |� .YZ3�; uv ok K �wª7 ?,�[@ <�I .

J �?@� S�7 ­� �2P+ ²ä%. YmY�¡I 	J uv }

7 u~M okp ~M`U� ?,�L�/ �p �å�I 	�� f�

I 	b Y�Pw ��P7 ok3� uv ok	 ©Áp ~M`U�

f�I æçª ©�@3� Y�� � $7+I 9: hk¥%. YmY

�¡I; ~M`U� f�I Y�P7 �kp ~M`U/ f�«�	

èé, Y�� � h¿I 	�� Ã�� ê3Q, �K èé�kp ~M

`U/ f�	 MfI 	�� hkP7 �� �ë[@� nÊI 	�

� +½P� Y�� h¿	 �kp ~M`U/ f�¼	 ?, &LI

	�� hk¥%. 9:; YmY�¡I 	J ©Á@� uv �k� H

b;7 ~M`U/ f�«�I �4�7 ?,�[@� &L� f�/

~M`U/	 èé� ìe�7 m�[@ í,� î� �Ó��c �+

� �kJ Mf	 ~M`U/ f�G uv �kI «4�7 �e uv

©Áp ~M`U/ f�¼	 ?, &LI 	�� �� hk¥%� ¦

� $%[9-13]. ï uv ©Á� (.��f Hb;7 ~M`U	 &L,

~M`U �,I	 �� mÎ E ��I @¿J ?,�L� �ðñ�

rk�� uv okI «4�7 |� K6J ×Ê�: ¦ � $3ª

uv okI;	 ~M`U	 &L, ~M`U �,I	 �� mÎ E

��, «4�7 ?,�L�	 ��, �. �Æ	 Å!/ ��, pH 1

I 	J `U/ f�	 ?,�[@ &LI ×J S�7 &' ¨¨J

jk�%.

9:; q S�I;7 *� �+I .J YmY� uv okI; ~

M `U �,I	 �� mÎ E ��, ?,�L� �� E Å!, �.

�Æ	 Å!/ ��, pH 1I 9Ñ ~M `U/ f�/	 ?, &L

� �b�� j� YmY� uv jÙI @4¦ � ò7 (@ nÊ�

ó�U �Þ%.

2. �� �� 	 
�

2-1. �� ��

jÙI «4J �+7 XdI; ��J *� �+�Q, ?,�L�7

*_ AôI; �nJ EO/PO �5 Òõö ?� SY series/ �÷ �

[I; �nJ NP(nonylphenol ethoxylates)?G «4�Þ%. SY series

K SY-1310p Ð�Æ ?,�L��Q, SY-1100, 1400, 1500p  �

Æ ?,�L��; +øA� ÝÝ 1%, 3%, 5%�"Pw $%. NP series

7  �Æ ?,�L��; NP-x	 x7 ù�Lf� ethylene oxide �

G ªúû%. 4ü	 pH7 H3PO4/ NaOHG ý��� ni�Þ�, �

b��7 KCl(Junsei«, 99.0%), CaCl2�4H2O(Sigma«, 99.0%), AlCl3�

6H2O(Merck«, 99%)G k� �k þ� jÙI «4�Þ%.

2-2. �� ��

Fig. 1p YmY�¡I 	J uv jÙ yÂ îÿ!�Q, \�p 2 L

4¬	 ��� 3�� disintegratorG «4�Þ�, ³®Ç!7 2,000 rpm

3� �Þ%. \�p � 2 LI �+G 88 g ý��� �+ Å!� 5%�

PN �� �I �+ Y� f�3� 0.6%	 ?,�L�G �`�� 20

Z �� 2�Þ%. \� � �� ý��� �+	 Å!G 0.8%� ��

� 5 L 4¬	 YmY� cell� «4�� Table 1	 i§I 	�� u

v jÙ� 6Z �� �ÆI; �2�Þ%.

2-3. �� 	
 ��

��	 �L ík� HJ �Ä7 ��fG �4�� T� �¬ 80

g/m23� �n�� «4�Þ%. �	!(brightness)7 HunterLab DP-

90003� ík�Þ3Q, dirt count7 BumMi Universe «	 image analy-

zerG «4�� �� �Ä ,@ 222.8023 mm2I ~M`U� §+�7

,@� mm2/m2, ï ppm �H� ík�Þ%. �y
! íkp Cha-

tillon tensile testerG «4�Þ� �� 1.5 cm� �� �Ä g/m2� 


Fig. 1. Schematic diagram of experimental apparatus.

Table 1. Deinking experimental procedures

� agitation for 30 sec

� agitation with air for 1 min

� agitation with air for 30 sec (removal of ink)

� agitation for 30 sec
� agitation with air for 30 sec (removal of ink)

� agitation for 1 min

� agitation with air for 1 min

� agitation with air for 1 min (removal of ink)
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� � $7 (. �� ík�� kgf/(g/m2)	 �H� FA�� ªúd

ã%. �,yë� ��Ýp Kruss«	 maximum bubble pressure ten-

siometer BP-2/ First Ten Angstroms«	 dynamic contact angle an-

alyzer FTA-125G ÝÝ «4�� ík�Þ�, `U �,	 �ú �H

(zeta potential) íkp Brookhaven«	 ZetaPlusG «4�Þ%.

3. �
 	 ��

3-1. ��
 ����� ���

Ð�Æ ?,�L�(SY-1310)G «4J *� �+ uv �kI; pH

Ü�I 9Ñ Û[@ L� E ��@ L�� ��Cä%. Ð�Æ ?,

�L� �ðñI;	 uv ©Áp ~M `U �,� f�I ÝÝ a=

�7 ��	 ��/ MfI 	b �� hkPQ �I Ã�� �7 �

6 Ü��7 uvI «4�7 ?,�L�	 �� E Å!, �. �Æ

� _�Æ	 ý� mÎ/ ý��	 Å! E ��, pH, Æ! 1� $

%[9-13]. &' ��J Ð�Æ ?,�L�G �kJ Å! «4J �e

I $w; f�I a=�7 ��	 Mf7 pHI ×?þ� �	 �k

"� b� �ðñ	 �ú �H íkI 	�� ���3Q[10, 21-23],

9:; Ð�Æ ?,�L� �ðñI;	 uv ©Áp ~M `U �,

I a=�7 ��	 ��/ MfI 	b �� hk¥%� ¦ � $%.

Fig. 2(a)I; � � $�� dirt count7 pH7	 nÊI; Ë 1,300mm2/

m2� �y �ä� Ò��/ AL	 nÊI;7 pH nÊI �×þ�

�	 �k"� Ò � $ã%. Fig. 2(a)	 pH� 7� nÊI;7 uv

jÙI «4J Ð�Æ ?,�L� SY-1310� ~M `U �,� f�

I ÝÝ ��Pw ~M `U/ f�«�	 �f@ ®
ë� Y�"3

�� ~M `U� f�I Y�P7 |� øb�7 ®,I AL� Ò�

� nÊI;7 ÝÝ ý�J H3PO4�Y� b�¥ ���Æ� ý�¥

NaOH	 Na+� ~M `U/ f� �,	 Ð�Æ ��G K���3�

� �f@ ®
ë� ±��  ~M �� ©Á� ��J |3� 
Ý¥

%. }J Ò�� nÊ�I;7 ý�J NaOHI 	�� ~M �+�

 ��-��Zb®�(saponification-hydrolysis)� �3  lm�  N

!"P!# �� ~M `U� lm�Y� $Ô ª�7 |� 4��N

J%� ÒÓÔ $%[13].

Dirt count jÙh�7 Fig. 2(b)	 pHI 9Ñ ~M `U �,	 �ú

�H ík h�/ ��J ��� ªú%� Ò � $%. ï pH 7I; Ë

~42 mV	 �ú �H ß� pHG 4, 9, 11� Ü��&� �e �ú �H

ß� ÝÝ -18, -21, -20 mV� î� ±��7 |� Ò � $%.

�	!7 Table 2I ªúû |'( pH 4� ) 51%� �y �ä3

Q KL� �e/ Ò�� nÊI;7 Ë¼ ±��7 |� Ò � $%.

� h�7 Fig. 2(a)	 dirt count h�/7 %Ñ ��� ªú%� Ò

� $7* �®@3� ~M� §+�7 ,@� 12.5-50% k!� �e

I7 dirt count� ��"I 9: �	!7 ±��ª, ~M� §+��

$7 ,@� +e @p �eI7 ~M `UC%7 ���ª �+ V,

	 	-� �	!I ¨Â7 Ã�� +e Mf )��%. 9:; k-

J uv ©Á ík� Hb;7 �	! C%7 dirt count ík� ./

@¿�%� ¦ � $%. Table 2I; � � $�� �y
!, �,yë,

��Ýp î� pH Ü�I 9: ´ Ü�� þÐ� Ò � $%.

J0 pH 7	 KL nÊI; Ð�Æ ?,�L�(SY-1310)G «4J

uv jÙI KCl, CaCl2, AlCl3G ÝÝ 10−3, 10−2, 10−1M ý��Þ�

) ~M �� ©Á, �ú �H, �	! E �y
! 1I ¨Â7 Ã�

I ×�� ��Cä%. Fig. 3(a)I; � � $�� �b� KCl� ý�

J �eI7 Å!� ��"I 9: dirt count� ±��Q, CaCl2	

�eI7 Å!� ��"I 9: dirt count� 10−2 M1+ ±��Þ%�

� ��	 Å!I;7 ®.� dirt count� ���Þ%. ®,I AlCl3

� ý�J �eI7 10−3M1+ Ë¼ ±��%� � ��	 Å!I;7

58' dirt count� ��"� Ò � $%.

�/ �� �b�� ý�¦ �e ~M �� ©Á� ��J �m7

Fig. 3(b)	 �ú �H ík h��Y� Ò � $�� ý�J �b�

K	 _�Æ� ~M `U/ f� �,I a=�7 Ð�Æ� K�� 

`U/ f� «�I a=�7 �f@ ®
ë� ±���3�� ~M

`U� f�I Y�P7 |� 4��N �Þf )��%. 9:; ~M

`U� ��G 2� $7 �e `U �,	 ��G K��3 � $7

�. �Æ� ý�¦ �e uv ©�7 ��¦ |3� 4�¦ � $3

Q, �xJ �. �Æ	 ý� ©�7 Å! ÕI! �. �Æ	 VU�

(valence), Mf, pH nÊ 1I 	b;! ×?¥%. 4G �w �, �

�G 5�' K��  ~M `U/ f� «�I a=�7 �f@ ®


ë� (��"3�� uv ©Á� (.� �f H�� 66J �. �

Æ	 Å!7 VU�� ��"I 9: �¹+N ¥%. �b�� CaCl2
/ AlCl3� ÝÝ ý�J �e ý�J �b�	 Å!� ��"I 9:

Fig. 2. (a) Effect of pH on dirt count in systems containing 0.6% SY-
1310 surfactant. (b) Effect of pH on zeta potentials of ink parti-
cles in the same system as in Fig. 2(a).

Table 2. Effect of pH on brightness, tensile strength, surface tension and
contact angle in systems containing 0.6% SY-1310 surfactant

Brightness
(%)

Tensile strength
[Kgf /(g/m2)]

Surface tension
(mN/m)

Contact angle
(o)

pH=4 51.04 3.80 33.1 15.74
pH=7 48.45 4.06 34.2 15.78
pH=9 48.40 3.87 34.4 16.85
pH=11 47.99 4.50 34.6 16.55

Fig. 3. (a) Effect of electrolytes on dirt count in systems containing 0.6%
SY-1310 surfactant at pH=7. (b) Effect of electrolytes on zeta
potentials of ink particles in the same system as in Fig. 3(a).
���� �38� �3� 2000� 6�
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uv ©Á� ���%� %� 58�N ±��7 |p ~M `U/ f

� �,I a=�7 Ð�Æ ��G 5�' K��77 * 66J Å!

��	 _�Æ� a=¦ �e �fI Ð�Æ� 2� $8 �,� �'

Ó _�Æ	 ®. ��G 2N P7 �� Ú�(charge reversal) <�

� �wªN Pw %� ~M `U/ f� «�	 �f@ ®
ë� �

��f )��%. 9:; ~M `U/ f� �,� �p ��	 ��G

2� $7 �eI7 �, ��� 5�' K�P7 1��(isoelectric

point), ï �ú �H ß� 0� P7 nÊI; YmY�¡I 	J uv

©Á� (.� � |3� 4�¦ � $3Q, Fig. 3(b)	 h�I 	�,

H	 jÙ nÊI; 1��p CaCl2	 �e 10−2-10−1 M, AlCl 3	 �

e 10−3-10−2M, KCl	 �e7 10−1M �� ý�J ÃÚI a=¦ |3

� 4�¦ � $%.

Fig. 3	 jÙ� ��J nÊI; �	!, �y
!, �,yë E �

�Ý� íkJ h�G Table 3I ªúdã3Q, �	!, �y
!, �,

yë, ��Ý î� q jÙI; «4J �b�	 ��/ Å!I ×?þ

� �	 �k"� Ò � $ã%. �	! ík h�7 Fig. 3(a)	 dirt

count ík h�/ %Ñ ��� ªú%� Ò � $7 * �7 �	!

~M� §+�� $7 ,@� +e @p �e ~M `UC%7 ���

ª �+ V,	 	-I 	J Ã�� ­� êf )��%.

�®@3� YmY�¡I 	J uv ©Áp Z���U �7 ~M `

U	 ��L(hydrophobicity) k!I 	b MN ìeP+� ~M`U�

��G 2� $� �e ~M `U� f� �,I Y�P7 <�p ~

M `U	 ��Ý� �p wetting property E �,yë� �p ~M

`U	 ��L k!G ªúd7 �UC%7 `U/ f� �,I a=

�7 k�f@ ®
ë� vander Waals �ë	 �.@� MfI 	�

� MN Ã�� ê7 |� Fig. 3� Table 3	 h��Y� Ò � $%.

3-2. �� ��
 ����� ���� ��� �� �� � !"

# $%& '(

EO/PO �5 Òõö ?,�L�� SY-series/ NPE type ?,�L��

NP-seriesG ÝÝ 0.6% ý��� uv jÙ� �2J h� SY-series K

I;7 SY-1100� �ÕJ ª9+ ?,�L� �ðñ� dirt count, �	

! ,I; e��Þ3Q, NP-series	 �e NP-10� dirt count/ �	

!� �y e��Þ� �y
!7 SY-series/ NP-series ��I 9:

�	 Ü�� þÐ� Ò � $ã%[24]. }J SY-series ?,�L�/

NP series ?,�L�G 1 : 1, 2 : 1, 5 : 1� ÝÝ :¿�� «4��

?,�L� :¿  ÁI 9Ñ Û[@ L�� ��@ L� Ü�G ��

q �e SY-series/ NP-seriesG :¿J �e� ÝÝ	 ?,�L�G

�;3� «4J �eC% ~M ��Á� �	!� î� ��Pã3Q,

&' SY-1000� NP-10� 5 : 1� :¿�� «4�Þ� ) uv ©Á�

�y e��Þ%[24].

9:; uv ©Á� �y e�J |3� <=¥  �Æ ?,�L��

SY-1000� NP-10� Y� f�3� ÝÝ 0.5%, 0.1%G :¿�� «

4�Þ� �e pH=7	 nÊI; �b� ��/ Å!I 9Ñ ~M �

� ©Á� �y
!I ¨Â7 Ã�I ×�� ��Cä%. �b��7

H	 jÙ�� ���N KCl, CaCl2, AlCl3� ÝÝ 10−3, 10−2, 10−1M

ý��� jÙ� �2�Þ%.

Fig. 4	 h�I; Ò � $�� KCl, CaCl2G ÝÝ ý�J �eI7

Å!� ��"I 9: Ð�Æ ?,�L�G �;3� «4J �eI

 �� dirt count Ü��  ³@ �Ð� Ò � $%. �7 Ð�Æ ?

,�L� �ðñ	 �eI7 ~M `U/ f� �,� î� Ð�Æ�

2� $3>� ý�J �b�	 Å!/ �. �Æ	 VU�I 	��

uv ©Á� MN Ã�� ê+�  �Æ ?,�L��� «4J �e

I7 ~M `U/ f� �,� î� ��G 2� $+ ²3>� Ð�

Æ ?,�L�G «4J �e/  ³��  ³@ �b�	 ��/ Å

!I MN Ã�� ê+ ²f )��%. ®,I AlCl3� ý�J �e

10−2 M1+7 Å!� ��"I 9: ~M �� ©Á� MN ?�P�

� ��	 Å!I;7 ~M �� ©Á� ���Þ7*, �7 ý�J

Al+3� �� ®��� %_J ��	 aquometallic �Æ�� 
L��

ÿL¥ aquometallic �Æ�p `U �,I .J ´ ù�ë3� ��

� `U �,I ��Pw �, ��G Ü��7f )��%. ï @p

AlCl3 Å!I;7 ��¥ _��	 aquometallic �Æ�¼	 �f@ ®


ëI 	�� ~M `U/ f�¼	 �å� wAN �� uv ©Á�

±��� � ��	 Å!I;7 �A�� BC(floc)�� ÿLP,; �

å� �wªN Pw ~M �� ©Á� ���N ¥%. �xJ ��p

%Ñ jÙ h�/! �Â�7 |3� &' pH� 7��	 nÊI; �

Dx+N ªúª7 |3� ÒÓÔ $%[10, 22, 25].

Table 3. Effect of electrolytes on brightness, tensile strength, surface tension and contact angle in systems containing 0.6% SY-1310 surfactant at pH=7

Electrolyte Conc.(mol/L) Brightness(%) Tensile strength[Kgf /(g/m2)] Surface tension(mN/m) Contact angle(o)

KCl 10−3 50.33 3.84 35.4 18.97
10−2 50.09 3.86 35.4 18.39
10−1 51.08 3.77 35.4 18.45

CaCl2 10−3 50.40 3.88 34.7 18.16
10−2 51.79 3.89 34.8 18.89
10−1 51.33 3.73 34.8 20.05

AlCl3 10−3 49.96 3.62 35.0 21.53
10−2 49.09 3.62 35.0 22.48
10−1 49.10 3.50 34.9 22.20

No addition 48.40 3.87 34.4 16.85

Fig. 4. Effect of electrolytes on dirt count in systems containing surfac-
tant mixtures of 0.5% SY-1000 and 0.1% NP-10 at pH=7.
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Table 4I; � � $�� KCl� CaCl2G ÝÝ 10−3M ý�J nÊ

I; �y
!7 ÝÝ 4.5, 4.1 kgf/(g/m2)� �y �ä3ª 10−3 M �

� �b�� ý�J �eI7 KCl� CaCl2	 �e î� �y
!�

±��Þ3Q AlCl3� ý�J �eI! Å! ��I 9: �y
!�

?�E� Ò � $ã%. J0 �	!7 �b� ��I ×?þ� �b

� Å! ��I 9: ´ Ü�� þÐ� Ò � $ã%.

3-3. ��
) ��
 �� ����� ���

Ð�Æ ?,�L� SY-1310 0.5%/  �Æ ?,�L� NP-10 0.1%

G :¿�� «4J *� �+ uvI; pH E �b�I 9Ñ Û[@

L� E ��@ L�I ¨Â7 Ã�� ��Cä%. Fig. 5(a)I; ��

� � $�� dirt count7 pH 4	 nÊI;7 Ë 500 ppm3� �y @

ä3ª pH ��I 9: ��"� Ò � $3Q, (b)	 pHI 9Ñ �

ú �H ík h�I;! ��J ��� ªú%� Ò � $%. �7

dirt count� pH 7	 nÊI; �y �� Ò��/ AL	 nÊI;7

pH nÊI �×þ� �	 �k�N ªúF Ð�Æ ?,�L� �ðñ

h�/7 %Ñ ��� ªúû |3� �xJ §�7 ý�J  �Æ ?

,�L�I f�J |�%. �®@3�  �Æ ?,�L�7 pH� �

�"I 9: ~M `U �,I ��P7 _� �¹+N PQ, �.@

3� `U �,I a=�7 Ð�Æ ?,�L�	 _� ���N Pw

`U �,I	 Ð�� ßp ���N ¥%. �� ��� �f@ ®
ë

� ���N EI 9: ~M `U/ f�¼	 �å� wAN Pw ~M

�� ©Á� �w+7 |3� ÒÓÔ $3Q[16], �xJ ��p  �

Æ ?,�L� �ðñI;	 pHI 9Ñ ~M `U �,I;	 �ú

�� ík h�I 	b;! ��� G $%[10]. 9:; Ð�Æ�  �

Æ :¿ ?,�L� �ðñI;7 Ð�Æ ?,�L� �ðñ�7 %H

N ý�J  �Æ ?,�L�	 Ã�3� ��� pH� ��"I 9:

~M �� ©Á� ±�J |3� 
Ý¦ � $%.

J0 Table 5I; � � $�� �	!7 dirt count/ k®.	 �

�� ªúI3Q �y
!, �,yë, ��Ýp î� pH Ü�I 9:

´ Ü�� þÐ� Ò � $%.

Ð�Æ ?,�L� SY-1000 0.5%/  �Æ ?,�L� NP-10 01%G

:¿�� «4�Þ� ) pH=10� nÊI; KCl, CaCl2, AlCl3	 Å

!G ÝÝ 10−3, 10−2, 10−1M ý��Þ� ) ~M �� ©Á, �	!,

�y
!G ík�Þ%. Fig. 6	 h�I; � � $�� ~M `U	

�ú �H� ��"I 9: dirt count7 ���Q �ú �H� ±�"

I 9: dirt count7 ±�"� Ò � $%. }J KCl, CaCl2	 �e

Å!� ��"I 9: dirt count	 ±� ��  ³@ @Ð� Ò �

$7* �7 Ð�Æ ?,�L�� �;3� «4J �e/  ³��

�.@3� Ð�Æ ?,�L�	 Å!� �f )�I ~M `U/ f

� «�I a=�7 �f@ ®
ë� �3Q 9:; �, ��G K�

�77 * 66J _�Æ	 Å!/ ý�J _�ÆI 	J �f@ ®


ë	 ±� }J �f )��%. AlCl3� ý�J �eI7  �Æ ?,

�L� �ðñ� çJ�+� 10−2 M1+7 ~M �� ©Á� ���%

� � ��	 Å!I;7 �A�� BCI 	J �åI 	�� ~M

�� ©Á� ���Þ%.

�	!7 KCl� 10−3M ý�J �e/ AlCl3� 10−3M ý�J �e

G �Õ��7 �®@3� Ü� �p @+� m«J ��� ªúdã3Q,

�y
!7 KCl, CaCl2, AlCl3	 �e î� Å!G ����I 9: ±

�"� Table 6	 h��Y� Ò � $3Q, �,yë� ��Ýp ý�J

�b� ��/ Å!I 9: �	 Ü�� þÐ� Ò � $ã%.

Table 4. Effect of electrolytes on brightness and tensile strength in sys-
tems containing surfactant mixtures of 0.5% SY-1000 and 0.1%
NP-10 at pH=7

Electrolyte
Conc.

(mol/L)
Brightness

(%)
Tensile strength

[Kgf /(g/m2)] 

KCl 10−3 49.31 4.47
10−2 50.02 3.93
10−1 50.58 3.81

CaCl2 10−3 49.09 4.14
10−2 50.20 3.76
10−1 49.53 3.51

AlCl3 10−3 47.90 3.85
10−2 46.51 3.55
10−1 48.65 3.10

No addition 48.14 3.95

Fig. 5. (a) Effect of pH on dirt count in systems containing surfactant
mixtures of 0.5% SY-1310 and 0.1% NP-10. (b) Effect of pH on
zeta potentials of ink particles in the same system as in Fig. 5(a).

Table 5. Effect of pH on brightness, tensile strength, surface tension and
contact angle in systems containing surfactant mixtures of 0.5%
SY-1310 and 0.1% NP-10

Brightness
(%)

Tensile strength
[Kgf /(g/m2)]

Surface tension
(mN/m)

Contact angle
(o)

pH=4 49.89 4.20 33.6 18.56
pH=7 48.38 4.80 33.6 19.02
pH=10 47.92 3.81 33.8 19.57

Fig. 6. (a) Effect of electrolytes on dirt count in systems containing sur-
factant mixtures of 0.5% SY-1310 and 0.1% NP-10 at pH=10.
(b) Effect of electrolytes on zeta potentials of ink particles in the
same system as in Fig. 6(a).
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YmY�¡I 	J *� �+ uv �kI; Ð�Æ ?,�L�/  

�Æ ?,�L�G �;3� }7 :¿�� «4J �e pH/ �b�

	 Å! E ��G Ü��7,; dirt count/ ~M `U �,	 �ú

�HG íkJ h� Ð�Æ ?,�L� �ðñI;7 pH� KL� n

ÊI; ~M �� ©Á� �y �w�3Q ®,I AL�ª Ò�� n

ÊI;7 ÝÝ H+/ Na+� ~M `U/ f� �,	 Ð�Æ ��G

K���3�� �f@ ®
ë� ±��  ~M �� ©Á� ���Þ

%. J0 Ð�Æ ?,�L�/  �Æ ?,�L�G :¿�� «4J

�eI7 Ð�Æ ?,�L�G �;3� «4J �eI  �� pH Ã

�� @+� pH ��I 9: ~M �� ©Á� ±��Þ7* �7

pH ��I 9: `U �,I a=�7 Ð�Æ ?,�L�	 _� ��

�N Pw `U �,I	 Ð�� ß� ���  �f@ ®
ë� ��

�f )��%.

Ð�Æ ?,�L� �ðñI; �b� Å!/ ��I 9Ñ uv ©Á

� ��q h� CaCl2� 10−2M ý�Pã� ) �y �p ~M ��

©Á� CÞ� � ��	 Å!I;7 �� Ú� <�3� ��� ~M

�� ©Á� ±��Þ%.  �Æ ?,�L� �ðñI;7 KCl, CaCl2
	 Å!� ��"I 9: ~M �� ©Áp �	 Ã�� ê+ ²ä3Q

AlCl3	 �eI7 10−2M ý�¦ )1+7 ~M �� ©Á� ±��%

� � ��	 Å!I;7 aquometallic �Æ� �A�� BC ÿLI

	b ~M �� ©Á� ���Þ%. Ð�Æ/ �Æ :¿ ?,�L� �

ðñI;7 KCl, CaCl2	 Å!� ��"I 9: ~M �� ©Á� �

��Þ3Q, AlCl3 Å!� ��"I 9: ~M �� ©Áp ±��Þ%.

J0 �	!, �y
!, �,yë� ��Ý� íkJ h� uv 4ü

	 pH/ ý�J �b� ��/ Å!I 9: ´ Ã�� ê+ ²ä%.

9:; ~M`U� ��G 2� $� �e uv ©Áp ~M `U	

��Ý� �p wetting property E �,yë� �p ~M `U	 �

�L k!G ªúd7 �UC%7 `U/ f� �,I a=�7 k�

f@ ®
ë� vander Waals �ë	 �.@� MfI 	�� MN Ã

�� ê3Q, &' ~M `U �,I	 �� a= mÎ/ ��	 Mf

I 	b; MN Ã�� êÐ� Ò � $ã%. 9:; ~M `U/ f

� �,� �p ��	 ��G 2� $7 �eI7 �, ��� 5�

' K�P7 1��, ï �ú �H ß� 0� P7 nÊI; YmY�

¡I 	J uv ©Á� (.� � |3� 4�¦ � $%.

� �

q S�7 1998K JX[g�L=�	 Umoî�� [gS�  +V

I 	b �2Pã3Q �I ±«DMN%. }J uv jÙ� �2¦ �

$!# ½Ób�* (�)*ÎB�+ S�� ×?U Z�# ±«DMN%.
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Table 6. Effect of electrolytes on brightness, tensile strength, surface tension and contact angle in systems containing surfactant mixtures of 0.5% SY-
1310 and 0.1% NP-10 at pH=10

Electrolyte Conc.(mol/L) Brightness(%) Tensile strength[Kgf /(g/m2)] Surface tension(mN/m) Contact angle(o)

KCl 10−3 48.00 4.62 35.1 18.32
10−2 50.29 4.35 35.0 19.49
10−1 50.32 4.12 34.9 19.52

CaCl2 10−3 49.62 4.33 35.0 20.14
10−2 50.49 3.80 34.8 20.53
10−1 50.73 4.13 34.8 21.15

AlCl3 10−3 50.04 3.73 35.7 21.81
10−2 48.31 3.55 35.7 21.39
10−1 50.18 3.69 35.6 22.33

No addition 48.38 4.80 33.6 19.02
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