
���������	
��	�����
�����������������������������	����
���	� �

��������	
�����������������  !"��#��
$�%�&'()�*���'+,-,.��/0-01)�0

���������	
��	�����
���������������
�������������	����
���	�

	�/����/�2���������3/������	����/��������������	������3/��45�

�����3���	�����6��%�2���7�	�3%�����8

��������� �9(''�)*�:�')�,���� ������;��0:���<��4������=(''�),-:'()�>'('�?,:�?*':@

�A('0:�.�,=�*9'�),-:'()�>0)��&')*�.0*':�,� @�4�µB�(,�.9'))����)��)*(0*'�0*��8 °�@���� ���90)
0�?,*0?*�0.-'�,=��°��>9�?9��)�)'&'�*�B')��'**'(�*90���;��0:���<��4���),-:'()@��'**�.��0-0?'

>0)��)':�*,�)*�:1�*9'�>'**�.�*�B'��>'**�.�=,(?'�0:�)�(=0?'�*')�,�0*�:�=='('*�*'BA'(0*�(')��)�.�*>,

:�=='('*�=-�C')@��,(���<��4���),-:'(��/3���?,BB'(?�0-�0B'��=-�C�.�&')�9�.9'(�>'**�.�=,(?'�0:

>'**�.�*�B'�?,BA0(':�*,�3�-�=-�C�=,(��?('0)�.�*'BA'(0*�(')@��9'�)�(=0?'�*')�,�,=���� ���),-:'(

:'?('0)')�>�*9��?('0)�.�*'BA'(0*�('�>9'('0)�*9'�)�(=0?'�*')�,�,=���;��0:���<��4���),-:'()��)

,*��=-�'?':��1�*9'�*'BA'(0*�('@�3,>'&'(��*9'�0::�*�,�,=�4D����(':�?')�*9'�)�(=0?'�*')�,�,=�*9'

�������)1)*'B@���)*�:1�,�*9'�)A('0:�.�,=���;��),-:'(�0--,1�,����>�*9�)�(=0?'�(,�.9'))

�'*>''� @44�0:��@84�µB�>0)�0-),�?,:�?*':@���(=0?'�(,�.9'))��'-,>� @���µB�:,')�,*�?,*(���*'

*,�*9'��BA(,&'B'*�,=�>'**�.���*�0�,&'� @���µB��*9'('�>0)�0��BA(,&'B'*���*9'�?,*0?*�0.-'�0:

)A('0:�.�0('0@

�	������� ���=(''�),-:'(��)A('0:�.��(,�.9'))��>'**�.�A(,A'(*�')��)�(=0?'�*')�,

�������� ��.0�+0E�0�*'(90:0A���� ������;��:0���<��4���A0*'(��*0A0�A-�B��B�*'-09

:�E0-0+0@��'1'�0(0�A0*'(��A0*'(�����:�+0E��*'(90:0A�)��)*(0*����10.�B'BA�10��+'+0)0(0� @�4

µB�A0:0�)�9���8 °�@���� ���B'BA�10��)�:�*�)'*�90��'(�-0���°���0�*��*�E�9�+0-��-'��9��0�+
�'(�0:�.�A0*'(��A0*'(����;��:0���<��4��@��'*�B�0.��0)090�:�.�0+0��*�+�B'.+0E�

*'BA,9�:0�:010��0)090�)'(*0�+'*'.0.0�A'(B�+00�A0:0�)�9��10.��'(-0�0�B'..�0+0�:�0

=-�+)�10.��'(�'F0@�%*�+�A0*'(����<��4���� =-�+)�/3���0B0�+,B'()�0-��B'B�'(��:010�:0

*'BA,9��0)090�10.� -'��9� *�..���'(�0:�.�:'.0� =-�+)�3�-��*�+�)�9��10.�B'�.+0*@

7'*'.0.0�A'(B�+00��*�+�A0*'(����� ����'(+�(0.0�0A0��-0�)�9��B'�.+0*�*'*0A��)�9��*�:0+

B'BA'.0(�9��+'*'.0.0�A'(B�+00��*�+�A0*'(����;��:0���<��4��@��0-0���0.0�B00A��

*0B�090�4D����B'.�(0.+0�+'*'.0.0�A'(B�+00�)�)*'B�������@��0*��+0E�0�:�-0+�+0

B'.'0�A'1'�0(0�A0*'(��0-,����;��+'�0*0)�A'(B�+00�����0.��+'+0)0(0�A'(B�+00��0*0(0

 @44�:'.0��@84�µB@���:0A0*���090>0�+'+0)0(0�A'(B�+00�:���0>09� @���µB�*�:0+�B'B�0*�

:0-0B�A'�.+0*0��0)090��*'*0A��+'+'(0)0�B'-'��9�� @���µB�B'�.+0*+0�)�:�*��0)090�:0�-�0)

A'1'�0(0@

�����
���� �0*'(��*0A0�A-�B��B��A'1'�0(0��+'+0)0(0��)�=0*�)�=0*��0)090��+'*'.0.0�A'(B�+00

� %�&'()�*���'+,-,.��/0(0���'(-�)��(0?9�� ��  ��(0����'(-�)��/0-01)�0@
��468 �?9,,-�,=�/0*'(�0-)�0:�/�'(0-)�	'),�(?')��.�''(�.���.�''(�.��0BA�)��%�&'()�*���0�)

/0-01)�0����4  ����,.��'�0-����-0����0.��/0-01)�0@
� �'A0(*B'*�,=�/0*'(�0-��?�'?'���,+0��%�&'()�*1���0A0@
5 �,((')A,:�.�0�*9,(@

JTjun46C[1]baru.pmd 6/10/08, 1:50 PM1



	�/�������3/������	������������	������������3��6��%�2���7�	�

��� ���	
� !��
�

�'0:������90)��''��)':�=,(�0�>�:'�&0(�'*1�,=�0AA-�?0*�,)�(0.�.�=(,B�A-�B��.�*,
'-'?*(,�?)�=,(�B01�1'0()@�����?,B��':�>�*9�*�������=,(B�0�-,>�B'-*�.�A,�*
B0*'(�0-�*90*��)�'0)1�*,�A(,?'))��90)�.,,:�'-'?*(�?0-�?,:�?*�&�*1��.,,:�('-�0��-�*1�0:
-,>�?,)*�0)�),-:'(�.�B0*'(�0-)�G�H@���(*9'(B,('�������),-:'()�90&'�*9'�0:&0*0.'�,=
B'?90�?0-�A(,A'(*�')�0:�'C?'--'*�>'**�.�,�?,AA'(@�%=,(*�0*'-1����0:��*)
?,BA,�:)�0('�*,C�?�*,�*9'�9�B0��,:1�0:�?0�)'�)'(�,�)�'&�(,B'*0-�A(,�-'B)@
�,��B01�?,�*(�')�0('�.,�.�*,��0�*9�)�)��)*0?'���*9'�'0(�=�*�('�G�H@��9�)��*9'
:'&'-,AB'*�,=����=(''�),-:'()�>�*9�*9'�)0B'�A(,A'(*�')�0)�����0)':�),-:'()��)��
A(,.('))�G4H@

�,(� :'&'-,A�.� '>� ���=(''� ),-:'()�� &0(�,�)� A(,A'(*�')� )�?9� 0)� >'**0��-�*1�
B�?(,)*(�?*�('��B'?90�?0-�A(,A'(*�')��.,,:�B0�=0?*�(0��-�*1��0==,(:0�-'�?,)*�0)�>'--
0)�*9'�('-�0��-�*1�,=�),-:'(':�E,�*)�B�)*��'�*0+'��*,�0??,�*�G�H@��9'�=�()*�?,)�:'(0*�,�
��=�:�.�0�)��*0�-'����=(''�),-:'(��)�*9'�B'-*�.�*'BA'(0*�('�,=�*9'�0--,1�B�)*��'�'0(
*,�*9'���4!���),-:'(���@'@��<4°��G���H@

�-*9,�.9�)'&'(0-�?,BB'(?�0-�0:�'CA'(�B'*0-����=(''�),-:'(�0--,1)�'C�)*��,'
?,BA-�')�0--�*9'�)*0:0(:)�('I��('B'*@���(('*�A(,?'))�.�'I��AB'*�0:�?,:�*�,
��&,-&�.�=-�C')��90&'��''�,A*�B�F':�=,(������),-:'(�0--,1)@��,��*9'�:'&'-,AB'*
,=�A(,A'(�0--,1�=,(�*9'�'>�),-:'(�)1)*'B��>�*9�)��*0�-'�=-�C')�0:�0))'B�-1�A(,?'))')
=,(����=(''�),-:'()���)�0-),�'':':�G8H@

�B,.�*9'����0)':�),-:'(�0--,1)��*9'���;��90)��''�?,)�:'(':�0)�0�)��*0�-'
?0:�:0*'� �'?0�)'� ,=� �*)� -,>�B'-*�.� *'BA'(0*�('� ,=� �;<°�� G�H@�3,>'&'(�� )�?'
��?,*0��.�0--,1)�90&'�*9'�A(,�-'B)�,=�,C�:0*�,�0:�?,((,)�,��'>������0)':
0--,1)�>�*9�*9'�0::�*�,�,=����B�.9*��'�0�A,*'*�0-�?0:�:0*'�G�H@

��*9'�'-'?*(,�?)��:�)*(1��9,>�>'--�*9'�-�I��:�),-:'(�>'*)�*9'�)��)*(0*'��)�0�*,A�?�,=
=�:0B'*0-� �*'(')*@� �� 0::�*�,�� )�(=0?'� ?90(0?*'(�)*�?�� =,(� 'C0BA-'� *9'� )�(=0?'
(,�.9'))��=-�'?')�*9'�>'**�.��'90&�,�(@��9'�)��)*(0*'�)�(=0?'�(,�.9'))�>�--
�=-�'?'�*9'�)�(=0?'�''(.1�0:�*9'�>'**�.��'90&�,�(�,=�*9'�('0?*�.�-�I��:J),-�:
�*'(=0?'@��1�(,�.9�.�*9'�)�(=0?'��0::�*�,0-�)�(=0?'�0('0��)��*(,:�?':�0:�*9�)�?0
�'�('.0(:':�0)�'=='?*�&'-1�?0�)�.�0��?('0)'����*)�)�(=0?'�''(.1@��'F'-�G!H�=,�:
,�*�*90*�*9'�'CA'(�B'*0-�?,*0?*�0.-'�:'?('0)')�>�*9�*9'�(,�.9'))�>9'�*9'�?,*0?*
0.-'��)�-'))�*90�; °@��,��*9'��=-�'?'�,=�)�(=0?'�(,�.9'))�,�*9'�)A('0:�.�,=�-�I��:
),-:'(��)��&')*�.0*':���*9�)�A0A'(@���,�(�A('&�,�)�(')'0(?9�G<H���*�>0)�=,�:�*90*
��� ���0:���<��4���),-:'()�:�:�,*�)9,>�01��BA(,&'B'*���>'**�.�=,(?'���*
��;��),-:'(�)9,>)�),B'��BA(,&'B'*���>'**�.�=,(?'�=,(��?('0)�.�:>'--�*�B'@

�9'('�0('�*>,�B0��B'*9,:)�*,�?,:�?*�>'**0��-�*1�*')*@�
'��)�)A('0:�.��('=-,>�
B'*9,:"�A�**�.�0�),-:'(�:�)?�,�0�)��)*(0*'��),�0)�*,�0?9�'&'�),-:'(�.��1�9'0*�.�*9'
)��)*(0*'�0�,&'�*9'�),-:'(�B'-*�.�*'BA'(0*�('@��,*9'(��)�*9'�:�AA�.�B'*9,:��1
>9�?9�*9'�),-:'(�E,�*)�>'('�=0�(�?0*':��1�:�AA�.�*9'�)��)*(0*'��*,�*9'�-�I��:�),-:'(@
��*9�)�A0A'(����;��0:���<��4���-'0:�=(''�),-:'()�>'('�)*�:�':�0:���� ���),-:'(
>0)��)':�0)�('='('?'@��9'�)A('0:�.�B'*9,:��('=-,>��>0)��)':�*,�)*�:1�*9'�?,*0?*

JTjun46C[1]baru.pmd 6/10/08, 1:50 PM2



���������	
��	�����
�����������������������������	����
���	� 4

0.-'�,�?-'0�������)*(0*'�=,(�*9'�*9(''�),-:'()@��9'�?,*0?*�0.-'�0:�)A('0:�.
0('0�>'('� �&')*�.0*':� =,(���;��),-:'(�0=*'(� )A('0:�.�,�:�=='('*����)�(=0?'
(,�.9'))@��9'�:�AA�.�B'*9,:�>0)��)':�*,�)*�:1�*9'�>'**�.�A(,A'(*�')�0*�:�=='('*
*'BA'(0*�(')��)�.�*>,�:�=='('*�=-�C')@

"�� �#�
	$

"�� �%�&�'�(�)*��)+'&��)����&�,&��+�-	&*+).�,&�/)'0

�,-:'(�)A('0:�.�,�0�)��)*(0*'��)�=�:0B'*0-�=,(�*9'�:'&'-,AB'*�,=�'>�),-:'()@��*
�)�0�?,BA-'C�A9',B',� �&,-&�.� E,�*�?,=�.�(0*�,�� =-�C�)'-'?*�,�� )��)*(0*'
=��)9�.�0:�B01�,*9'(�=0?*,()�G;H@��9'�*9'�),-:'(�B'-*)��*9'��?('0)'���?,*0?*
0('0��:�?0*')�*9'�>'**�.��'90&�,(�,=�),-:'(�G� H@��9'�'C*'*�,=�>'**�.��)�B'0)�(':
�1�*9'�?,*0?*�0.-'�*90*��)�=,(B':�0*�*9'�E�?*�('�,=�0�),-�:�0:�-�I��:��B,-*'�),-:'(��
0)�)9,>�����.�('��@

�9'�?,*0?*�0.-'��)�:'*'(B�':�=(,B�*9'��0-0?'�,=�)�(=0?'�*')�,�0*�*9'�E�?*�,@
�,(�0�,�('0?*�.�)1)*'B��*9'�?,*0?*�0.-'��θ2���)�A(':�?*':��1�2,�.K)�'I�0*�,"

.) -) -) 2?,)γ γ γ θ= + ���

.) -)
2

-.

?,)
γ γ

θ
γ
−

= ���

>9'('�γ.)��)�*9'�)�(=0?'�*')�,�,=�*9'�),-�:���*9'�A0(*�?�-0(�'&�(,B'*��γ-)��)�*9'
)�(=0?'�*')�,��'*>''�*9'�),-�:�0:�*9'�-�I��:��0:�γ-.��)�*9'�)�(=0?'�*')�,�,=�*9'
),-�:���*9'�)0B'�'&�(,B'*@��9'�.,,:�>'**�.�,??�()��*9'�>'**�.�0.-'�)9,�-:
�'�)B0--���@'@�γ-)�0:�γ-.�)B0--'(�0:�γ.)�-0(.'(�@

��(1�&�� �?9'B0*�?�:�0.(0B�,=�*9'(B,:10B�?�'I��-��(��B���>'**�.

 
Base metal

γls

Gas

θ

γlg

γgs

Liquid

JTjun46C[1]baru.pmd 6/10/08, 1:50 PM3



	�/�������3/������	������������	������������3��6��%�2���7�	�

"�" ��%%�(��&��� ��(��&���(���+��&

�9'�:�AA�.�*')*��)�.�>'**�.��0-0?'�B'0)�(')�*9'�=,(?')��BA,)':��1�*9'�B,-*'
),-:'(�,�*9'�*')*�)A'?�B'�0)�*9'�)A'?�B'��)�:�AA':��*,�0:�9'-:���*9'�),-:'(��0*9@
�9'�>'**�.�=,(?'��)�B'0)�(':�0)�0�=�?*�,�,=�*�B'�0:��)�A-,**':@��9(''�,=�*9'�B,)*
?,BB,-1�0AA-�':�>'**�.��:�?')�0('�*9'�>'**�.�*�B'���,���*9'�B0C�B�B�>'**�.
=,(?'���B0C��0:�*9'�>�*9:(0>0-�=,(?'���>�@���*1A�?0-�>'**�.�?�(&'��)�)9,>�����.�('
��G��H@��9'�>'**�.�*�B'���,���)�*9'�B,B'*�>9'�*9'�>'**�.�=,(?'��)�'I�0-�*,���,10?1
=,(?'@��9'�*9'�)��)*(0*'�>0)�:�AA':��*,�*9'�B,-*'�),-:'(����*�0--1�*9'�=,(?'��)
'.0*�&'@��9�)��:�?0*')�*90*�*9'�),-:'(�90)�,*�1'*��'.��*,�>'*�*9'�)A'?�B'�0:���
=0?*�)9,>)�0���,10?1�'=='?*@��9'�=,(?'�'C'(*':��1�*9'�),-:'(�0AA(,0?9')�F'(,�0)�*9'
),-:'(��'.�)�*,�>'*�*9'�)A'?�B'@��9'��,��)�*9'�*�B'�*,�?(,))�*9'�F'(,�0C�)�,=�>'**�.
=,(?'@��9�)�A,�*��:�?0*')�*9'�*(0)�*�,�=(,B�,*�>'**�.����<� ��*,�>'**�.����>� �@
�9'�B0C�B�B�>'**�.�=,(?'���B0C��?0��'�,�*0�':�>9'�*9'�B'�)?�)�)9,>)�0
)*0�-'�)*0*'�0=*'(�?,BA-'*'��BB'()�,�0:�*9'�B'0)�(':�=,(?'�('B0�)�?,)*0*@

��0�)*0*�?�'I��-��(��B�?,:�*�,)��*9'�>'**�.�=,(?'�����?0��'�'CA('))':�0)�=,--,>)
G��H"

?,)� � ��γ θ ρ= − �4�

>9'('����)�*9'�A'(�B'*'(�,=�*9'�)A'?�B'��γ��)�*9'�)�(=0?'�*')�,�,=�*9'�),-:'(��
?,*0?*�>�*9�*9'�=-�C��θ��)�*9'�?,*0?*�0.-'��ρ��)�*9'�:')�*1�,=�*9'�),-:'(�����)�*9'�.(0&�*1
0??'-'(0*�,�?,)*0*�0:����)�0��BB'()':�&,-�B'@

�9'�)*''A�(�)'�*,�*9'�>�*9:(0>0-�=,(?'�?�(&'�B'0)��?('0)'�,=���,10?1�=,(?'��1
>�*9:(0>0-�A(,?'))��0:�*9'�*,A�A,�*�)9,>)�*90*�)-�:�.�),-:'(�0-,.�*9'�)�:'�,=�*9'
)0BA-'�B''*)�*9'��,**,B�?,('(��0:�?,*0?*�0.-'�=0--)�:,>�*,�F'(,@����)'I�'*-1�

��(1�&�" ��*1A�?0-�>'**�.�?�(&'�0:�>'**0��-�*1��:�?')�G��H

F=0

Force (mN)

F<Fb F=Fb F=Fmax F=Fw F=Fe

A B C D E F

F e 
F 

B 

A 

C 

D 

T o 

Fw 

Fmax 

Time (Sec) 
Fmax: maximum wetting force 
Fw: withdrawal force 
Fe: end force 
T o: wetting time 
Fb: buoyancy force Not yet wetting 

Fb 

Not yet
wetting

Fmax: maximum wetting force
Fw: withdrawal force
Fe: end force
To: wetting time
Fb: buoyancy force
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Time (sec)
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