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Abstract 
 

Two types of sol-gel i.e. titania sol and hybrid sol-gel were used for coating on iron surface.  
Titania sols were prepared using Titanium diisopropoxide bisacetylacetonate (TIAA) and 1,3 
propanediol, and hybrid sol-gels were prepared by mixing titania sol with polyvinyl butyral.  Dip coating 
speeds in sol-gel coating step and drying temperatures after coating were varied. In this experiment, two 
different types of paint were used which are acrylic spray paint and oil paint. The iron samples after 
coating with titania sol and hybrid sol-gel were coated with paints. Adhesion between paint and iron 
samples was tested by Cross-Cut tape test. The results showed that adhesion between paint and iron 
samples was increased when the iron samples were coated with titania sol or hybrid sol-gel before 
painting especially for the samples painted with acrylic paint. In the case of corrosion resistance test 
using salt spray technique, the iron samples coated with titania sol or hybrid sol-gel before spraying with 
acrylic paint showed higher corrosion resistance than the samples without sol or hybrid sol-gel coating. 
For the best corrosion protection, the iron samples were coated with titania sol at dipping speed of 1600 
mm min-1 and dried at 100oC before painting with acrylic paint.  
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สารบัญ 
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ก)**)ก++,-+.ก/0 i 
123456789/:/;26 ii 
123456789/:/84<ก=: iii 
>/+14?  iv 
>/+14?+@-    vi 
>/+14?*/+/< vii 

122AB  1 12CD/ 1 
 1.1 3E/,>D/34?FG.2AB,/H8<-I?J/    1 
 1.2 E4*LM-+.><3N                   2 
 1.3 H81OH*ก/+E)P46       2 
 1.4 RG2AB;5S+41       2 
122AB 2 2=:TAFG.</CE)P462ABOกAB6EHS8< 3 
 2.1  ก/+ก45ก+78CH8<OJGUก                   3 
    2.2  >/+O3GV81R)E (coatings) OWVB8-X8<ก4Cก/+ก45ก+78C         5 

 2.3  ก+.1ECก/+YZGOPG                                                           13 
 2.4  [C)5H8<YZGOPG2AB\[SO-]C>/+O3GV81R)E      15 
 2.5  ก/+-+.6Mก*N\[SYZGOPG\C>AO3GV81OWVB8-X8<ก4Cก/+ก45ก+78C 17  
122AB 3 E)`Aก/+25G8< 19 
 3.1 E4>5M-8M-ก+aN >/+O3,AFG.O3+VB8<,V8 19 
 3.2 ก/+>4<O3+/.JN;2O2OCA6YZG 20 
 3.3 ก/+O*+A6,>/+O3GV81R)E 20  
 3.4 ก/+E45HC/58CM9/3H8<;2O2OCA6\CYZG   20 
 3.5 ก/+PM7,O3GV81R)EOJGUก5SE6>/+O3GV81R)E 20 
 3.6 ก/+E4537/ contact angle H8<R)EOJGUก 21 
 3.7 ก/+25>81ก/+6b5*)5H8<R)EO3GV811CR)EOJGUก 21 
 3.8 ก/+\[SY-+Fก+, Image J 21 
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สารบัญ (ต่อ) 
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 3.9 ก�� �5��ก��ก��ก����4��6�2���� �����9!�%�	��5,���1����
��� Salt spray 22 
  �������-�''�-�$�� ASTM B117 
�  !� 4 
	ก�� �	�� 23 
                 4.1 ก/+0bก:/ก/+ก+.P/6*4EH8<8CM9/3;2O2OCA6\CYZG2AB+.6.OEG/*7/<f 23 
 4.2 ก/+E4537/ contact angle H8<[)gC</COJGUก 24 
 4.3 ก���0�-��4��5!�����	�ก6���5����/��6�2������	�ก 28 
 4.4 ก���0�-��4��5!�2%�'����6�2������	�ก 31 
 4.5  ���'-��� ��-��ก��ก��ก����7��	�����ก	
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��5! 33 
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สารบัญรูป 

 ����  
+@-2AB 2.1 FR7C[)gC</C Galvalume 2ABR7/Cก/+2/>A Waterborne acrylic lacquer 3E/,

JC/ 23 µm 9/6JG4<ก/+25>81 salt spray O-]COEG/ 1200 [4BEY,<  
    17 

+@-2AB 2.2 FR7COJGUก[M1>4<ก.>AF11PM7,+S8C2ABR7/Cก/+2/5SE6 Solvent-based medium 
oil alkyd primer 3E/,JC/ 58 µm  9/6JG4<ก/+25>81 salt spray O-]COEG/ 
240 [4BEY,< FG.,ARGก/+25>81 Cross-hatch adhesion F>5<2AB,M,1CHE/  

    18 

+@-2AB 4.1 ก/+ก+.P/6*4EH8<8CM9/3;2O2OCA6\CYZG2AB+.6.OEG/*7/<f Y56ก/+E45
O23C)3 dynamic light scattering 

    23 

+@-2AB 4.2 HC/58CM9/3OlGAB6H8<;22/OCA6\CYZG2AB+.6.OEG/*7/<f 24 
+@-2AB 4.3 9/WL7/6J65CgD/1CR)E[)gC</COJGUก (*4E867/< Fe) 25 
+@-2AB 4.4 9/WL7/6J65CgD/1CR)E[)gC</COJGUก2ABO3GV81R)E5SE6;2O2OCA6YZGFG.2)g<;ES2AB

8MaJ9@,)JS8<O-]COEG/ 1 3VC (*4E867/< Fe-TiO2-rt) 
25 

+@-2AB 4.5    9/WL7/6J65CgD/1CR)E[)gC</COJGUก2ABO3GV81R)E5SE6;2O2OCA6YZGFG.812AB 
100 8<0/OZGOZA6> O-]COEG/  1 [4BEY,< (Fe-TiO2-100)  

26 

+@-2AB 4.6 9/WL7/6J65CgD/1CR)E[)gC</COJGUก2ABO3GV81R)E5SE6>/+-+.ก81;n1+)5YZG
OPGFG.2)g<;ES2AB8MaJ9@,)JS8<O-]COEG/ 1 3VC (*4E867/< Fe-Hybrid-rt) 

27 

+@-2AB 4.7 9/WL7/6J65CgD/1CR)E[)gC</COJGUก2ABO3GV81R)E5SE6>/+-+.ก81;n1+)5YZG 
OPGFG.812AB  100 8<0/OZGOZA6> O-]COEG/ 1 [4BEY,< (*4E867/< Fe-Hybrid-
100) 

26 

 
 
 
 
 
 
 
 
 
 
 
 



vii 
 

 
 

 

สารบัญตาราง 
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*/+/<2AB 2.1 *4E867/<>9/WFE5GS8,H8<ก/+\[S</C FG.ก/+OGV8ก\[S[C)5H8<>AFG.
H4gC*8Cก/+O3GV81>A>D/J+41OJGUกกGS/3/+N18C 

11 

*/+/<2AB 3.1 F>5<ก/+P45กGM7,*/,,/*+p/Cก/+25>81ก/+6b5*)5 22 
*/+/<2AB 4.1   37/ contact angle H8<[)gC</COJGUก*4E867/< 27 
*/+/<2AB 4.2 RGก/+25>81ก/+6b5*)5>A8.3+)G)ก [C)5>O-+6N1CFR7COJGUก2AB;,7O3GV81R)E 28 
*/+/<2AB 4.3 
 

RGก/+25>81ก/+6b5*)5H8<>A8.3+)G)ก[C)5>O-+6Nก41FR7COJGUก2ABO3GV81R)E
5SE6YZGOPG 

29 

*/+/<2AB 4.4 RGก/+25>81ก/+6b5*)5>ACgD/,4Cก41FR7COJGUก2AB;,7O3GV81R)E 31 
*/+/<2AB 4.5 RGก/+25>81ก/+6b5*)5H8<>ACgD/,4Cก41FR7COJGUก2ABO3GV81R)E5SE6YZGOPG 32 
*/+/<2AB 4.6 	�กG(�6�2���������	
��5!�����	�ก�	��
���ก����	
����	��	 ก���7	�

�	��ก�� �5�����'-��� ��ก��ก��ก�����������-�''�-�$�� ASTM 
B117 

34 

*/+/<2AB 4.7 	�กG(�6�2������	�ก �5!�2%�'���	��
���ก����	
����	��	 ก���7	��	��
ก�� �5�����'-��� ��ก��ก��ก�����������-�''�-�$�� ASTM B117 

35 

 

 



 
 

บทที� G 

บทนํา 
 

G.G ความสําคัญและที�มาของปัญหา 
OJGUกO-]CE4>5MWVgCp/C>D/J+41ก/+\[S</CY3+<>+S/<*7/<f ,/ก,/6 O[7C Y3+<>+S/<8/3/+ *4EL4<

+L6C*N  -+.*@ FG.+4gE O-]C*SC 24g<CAgOCVB8<P/กOJGUก,A>,14*)2AB5A\CO+VB8<3E/,FHU<F+< FG.OJCA6E2D/\JS
-+41F*7<545Y3S<<8O-]C+@-2+<*7/<f\JSOJ,/.>,Fก7ก/+\[S</C;5S  867/<;+กU*/,HS85S86H8<OJGUก2AB
2+/1ก4C5A3V8 ก/+Oก)5>C), ZbB<O-]C-I?J/\J?72ABก78\JSOก)5ก/+O>VB8,>9/WH8<OJGUก  54<C4gCก/+-X8<ก4C
ก/+ก45ก+78CJ+V8ก/+Oก)5>C),H8<OJGUกPb<O-]C-+.O5UC2ABC7/>C\P\Cก/+0bก:/ OCVB8<P/กก/+-X8<ก4Cก/+
ก45ก+78CO-]Cก/+6V58/6Mก/+\[S</CH8<OJGUก\JS6/EC/CHbgC 2D/\JSG5ก/+>@?O>A6Y3+<>+S/<OJGUก E)`Aก/+
-X8<ก4Cก/+Oก)5>C),H8<OJGUก2AB\[Sก4C86@7\C-IPPM14C>7EC\J?7O-]Cก/+O3GV81R)E5SE6E4>5M8VBC24g<YGJ. 
O[7C ก/+[M1OJGUก5SE6>4<ก.>A J+V8Y3+O,A6, FG.5SE6ก/+2/R)EOJGUก5SE6>A  O[7C >ACgD/,4C  >7EC\J?7ก/+
O3GV81R)EOWVB8-X8<ก4Cก/+ก45ก+78CH8<YGJ.2AB,A-+.>)2`)9/WC4gC,4ก,AY3+O,*O-]C8<3N-+.ก81  
>D/J+41>/+-+.ก812AB,AOnกZ/E/OGC2NY3+O,A6, (hexavalent chromium) C4gC O-]C>/+54g<O5),2AB[7E664164g<
ก/+ก45ก+78C;5S ,A3E/,*S/C2/Cก/+ก45ก+78C;5S5AกE7/>/+64164g<ก/+ก45ก+78C*4E8VBCf OCVB8<P/ก>,14*)
ก/+88กZ)O5[4C2ABF+<H8< Cr6+  O,VB8,Aก/+O3GV81R)EY3+O,*  >/+-+.ก81WEกOnกZ/E/OGC2NY3+O,A6, 
C4gCP.Oก)5W4C`.867/<JGE,fOก)5O-]CstGN,1/<FG.3786fL@ก-G5-G78688ก>@7*4EกG/<2ABO-]CCgD/  Y3+O,*
;888CP.2D/-T)ก)+)6/2ABR)EYGJ.Oก)5O-]C Cr2O3.nH2O F,SE7/ก/+O3GV81R)E5SE6Y3+O,A6,P.\JSRG5S/Cก/+
-X8<ก4Cก/+ก45ก+78C F*7ก/+JGM588ก,/2AG.CS86FG.>,14*)3E/,O-]C88กZ)O5[4C2AB5A,/ก 2D/\JSY3+-  
O,*P4586@7\CกGM7,>/+2AB;,7O-]C,)*+*78>)B<FE5GS8,  ก/+>4,R4>2ABR)E ก/+>@5J/6\POHS/;- FG.ก/+กGVCก)C
OHS/;-2D/Y3+O,A6,,AY8ก/>OHS/>@7+7/<ก/6H8<,CM:6N;5S  ZbB<OnกZ/E/OGC2NY3+O,A6,O-]C>/+2AB2D/\JS DNA 
Oก)53E/,O>A6J/6;5SFG.64<O-]CO-]C>/+ก78,.O+U<5SE6 867/<;+กU*/,3E/,O-]CW):H8<Y3+O,*;,7;5S86@7
OWA6<F37ก/+O-]C>/+ก78,.O+U<O27/C4gC  54<C4gCPb<,AกT+.O1A615S/C>)B<FE5GS8,2ABO3+7<3+452ABP.+.<41ก/+\[S
>/+-+.ก812AB,A Cr6+ O-]C8<3N-+.ก81\Cก/+\[SOWVB8ก/+-X8<ก4Cก/+ก45ก+78C 3E/,PD/O-]C\CO+VB8<ก/+
W4vC/ก/+\[S>/+2ABO-]CWEก>/+-+.ก812AB;,7,AY3+O,A6,Pb<O-]CO+VB8<2AB,A3E/,PD/O-]C867/<O+7<57EC 

C8กP/กE)`Aก/+-X8<ก4Cก/+Oก)5>C),H8<OJGUก2ABกG7/E,/FGSEHS/<*SC 64<,AE)`Aก/+O3GV81R)EOJGUก
8AกE)`Aก/+JCbB<ZbB<O-]CE)`Aก/+\J,72AB>/,/+LCD/,/25F2Cก/+Y3+O,*;5SFG.,Aก/+E)P46867/<กES/<HE/< 
\C-IPPM14C 3V8ก/+O3GV81R)EYGJ.5SE6YZGOPG ZbB<JG/6</CE)P46F>5<\JSOJUCE7/YZGOPG[7E6G5ก/+    
ก45ก+78CH8<YGJ.;5S  \C85A*R@SE)P46;5SO3625G8<O3GV81R)EYGJ.O<)C5SE6;2O2OCA6,;588ก;Z5NYZG 
(TiO2 sol) FG.OZ8+NY3OCA6,;588ก;Z5NYZG (ZrO2 sol) W1E7/ R)EO3GV8124g<>8<[C)5>/,/+L-X8<ก4C
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ก/+J,8<H8<YGJ.O<)C;5S C8กP/กCAg64<,A</CE)P468Aก</CJCbB<2AB,Aก/+CD/ TiO2 sol ,/O3GV81R)EOJGUก[M1
>4<ก.>A2AB,AY3+O,A6,O3GV81R)E86@7[4gC1C>M5 W1E7/ R)EO3GV815SE6YZGOPG[7E6-X8<ก4Cก/+ก45ก+78CH8<
OJGUก[M1>4<ก.>A2AB ,AY3+O,A6,;5S  54 <C4gCก/+E)P4 6CAg Pb < O-]Cก/+0bก:/-+.>)2`)9/WH8<YZG 
OPG\Cก/+[7E66b5*)5+.JE7/<>AFG.FR7COJGUก FG.ก/+-X8<ก4Cก/+ก45ก+78CH8<OJGUก   

 
G.' วตัถุประสงค์ 

OWVB80bก:/-+.>)2`)9/WH8<YZGOPG\Cก/+[7E6ก/+6b5*)5+.JE7/<>AFG.FR7COJGUก FG.-X8<ก4C
ก/+ก45ก+78CH8<OJGUก Y56ก/+O3GV81R)EOJGUก5SE6YZGFG.ก/+2/>A 

 

G.I  ขอบเขตของการวจัิย 
O-]Cก/+J/>9/E.2ABOJ,/.>,>D/J+41ก/+O3GV81R)EOJGUก5SE6YZGY56ก/+-+41O-GAB6C [C)5H8<

>/+O3GV81R)E-+.O92YZG FG.8MaJ9@,)ก/+81[)gC</CJG4<ก/+O3GV81R)EOJGUก5SE6YZG  
 

G.J  ��
�������� 

E)`Aก/+2ABOJ,/.>,>D/J+41ก/+O3GV81R)E5SE6YZGก78Cก/+W7CJ+V82/>A 
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บทที� ' 

ทฤษฎแีละงานวจิัยที�เกี�ยวข้อง 
 

2.1  ก��ก��ก������� !�"ก 

ก/+ก45ก+78CH8<OJGUกO-]Cก/+>@?O>A6OCVg8E4>5MP/กก/+2D/-T)ก)+)6/ก41>)B<FE5GS8, Y56RGP/ก
-T)ก)+)6/P.2D/\JSOJGUกOก)5ก/+O-GAB6C+@-กG413VC>@7>L/C.O5),\C+@->/+-+.ก81 O[7C >/+-+.ก81
88ก;Z5N Z4G;s5N 2ABO36O-]C86@7*/,`++,[/*)*/,JG4กO28+NY,;5C/,)ก>N 

 2.1.1  กG;ก-T)ก)+)6/ก/+ก45ก+78CH8<OJGUก  
 ก/+ก45ก+78C2ABW1;5S1786Oก)5HbgCO,VB8OJGUก>4,R4>ก41>/+G.G/6 O[7C CgD/ CgD/2.OG ;8CgD/\C
Y+<</C8M*>/Jก++, 3E/,[VgC\C8/ก/0J+V8\C5)C O-]C*SC ก/+O-GAB6CF-G<OJG7/CAgO-]C-T)ก)+)6/
O3,A;ssX/ Y56CgD/ZbB<8/P,A9/E.O-]Cก+5 57/< J+V8O-]CกG/<2AB>4,R4>ก41YGJ.C4gC2D/JCS/2AB O-]C
>/+G.G/68)OGUกY2+;G*N (electrolyte) OCVB8<P/ก\CCgD/P.,A;888CH8<`/*M*7/<f 2ABOPV8-C86@7O-]C>VB8CD/
;ssX/ 

ก/+ก45ก+78COก)5HbgCP/กก/+Oก)5-T)ก)+)6/88กZ)O5[4CH8<OJGUก Y56OJGUกP.-G5-G786
8)OGUก*+8C>7<L7/6\JSก41*4E+418)OGUก*+8C O[7C 88กZ)OPC hydrogen ion O-]C*SC 2D/\JSOJGUกO-GAB6C
>L/C.;-O-]C;888CJ+V8,AOGH88กZ)O5[4C>@<HbgC (1) 

Fe     --->     Fe2+  +  2e- 

 >D/J+41-T)ก)+)6/+A54ก[4C8/POก)5HbgC;5S54<CAg 
 ก/+Oก)5กy/Z;nY5+OPC:  

2H+  +  2e-     --->    H2 

-T)ก)+)6/+A54ก[4CH8<กy/Z88กZ)OPC\C9/E.ก+5:    
O2  +  4H+  +  2e-     --->    2H2O 

-T)ก)+)6/+A54ก[4CH8<กy/Z88กZ)OPC\C9/E.pH O-]CกG/< :   
O2  +  2H2O   +  4e-     --->    4OH- 

 -T)ก)+)6/+A54ก[4CH8<;888CYGJ.;->@7;888C2AB,AOGH88กZ)O5[4CG5G<:   
M3+  +  e-     --->    M2+ 

-T)ก)+)6/+A54ก[4CH8<;888CYGJ.;->@7YGJ.:   
M2+  +  2e-     --->    M 
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ก/+>7<L7/68)OGUก*+8CCAgP.Oก)5HbgC2ABR)E[)gC</COJGUก Y561+)OEa2AB,Aก/+\JS8)OGUก*+8CP.
O+A6กE7/F8YC5 (anode) >7EC1+)OEa2ABOก)5ก/++418)OGUก*+8CP.O+A6กE7/F3Y25 (cathode)  ZbB<3E/,
F*ก*7/<H8<37/04ก6N;ssX/+.JE7/<>8<1+)OEaCAgP.2D/\JSOก)5E<P+;ssX/HbgC Y568)OGUก*+8CP.;JGP/ก
F8YC5;-64<F3Y25 6)B<YGJ.Oก)5ก/+>@?O>A68)OGUก*+8C,/กJ+V8Oก)5ก/+ก45ก+78C,/กกUP.,A37/H8<
ก+.F>2AB;JG\CE<P+,/กHbgC5SE6 

 2.1.2  9/E.3E/,O-]Cก+5-57/<H8<>/+G.G/62AB,ARG*78-T)ก)+)6/ก/+ก45ก+78CFG.RG)*94a|N
P/กก/+ก45ก+78CH8<OJGUก 

\C9/E.>/+G.G/6ก+5 Y,OGกMGH8<CgD/P.O+7<\JSOก)5ก/+ก45ก+78CY56ก/+\JS hydrogen 
ions  F,SF*7CgD/2AB,A3E/,1+)>M2`)}>@<-+),/a CO2 2ABG.G/686@7\CCgD/C4gCกU>/,/+LOW)B,3E/,OHS,HSCH8< 
hydrogen ion ;5SO[7Cก4C Y56 CO2 P.2D/-T)ก)+)6/ก41CgD/;5SO-]C carbonic acid (H2CO3) ZbB<>/,/+LOก)5
ก/+F*ก*4E\JS bicarbonate, carbonate FG. hydrogen ion (2) 

*4E867/<ก/+ก45ก+78CH8<OJGUก2ABOก)5HbgC\C>/+G.G/6ก+5;nY5+3G8+)ก >/,/+LOHA6C
-T)ก)+)6/;5S54<>,ก/+HS/<G7/< Y56OJGUกP.Oก)5ก/+G.G/6กG/6O-]COs8+4>3G8;+5N (ferrous chloride) 
W+S8,ก41,As8<กy/Z;nY5+OPCOก)5HbgC 

Fe  +  2HCl   --->  FeCl2  +  H2 

>D/J+41\C9/E.>/+G.G/657/<FG.O-]CกG/<ZbB<W1;5S\C CgD/ CgD/2.OG  >/+G.G/6OกGV8 
>/+G.G/657/< ก/+ก45ก+78CP.Oก)5HbgC5SE6RGP/ก-+),/a88กZ)OPC2ABG.G/686@7\C>/+G.G/6C4gCO-]C
>D/34? Y56-T)ก)+)6/Oก)5HbgC54<CAg 

4Fe  +  6H2O  + 3O2   --->  4Fe(OH)3 

OJGUกP.2D/-T)ก)+)6/ก41CgD/FG.88กZ)OPC;5SRG)*94a|NG4ก:a.O-]C*.ก8C>ACgD/*/GF5<  
86@7\C>/+G.G/6 >7ECก+aAH8<ก/+Oก)5>C),OJGUก\C1++6/ก/0 ferric hydroxide 2ABOก)5HbgC8/PL@ก2D/\JS
FJS<J+V8>@?O>A6Y,OGกMGCgD/ (dehydration) ;5SRG)*94a|NO-]C ferric oxide (Fe2O3) >ACgD/*/GF5<O[7Cก4C  

2Fe(OH)3    --->  Fe2O3  + 3H2O 

>D/J+41\C9/E.H8<CgD/2.OGC4gCP45E7/O-]C>/+G.G/68)OGUกY2+;G*N2AB5A,/ก OCVB8<P/ก,A 
3G8;+5N;888C (Cl-) 86@7\C-+),/a>@<  ZbB<9/E.2AB,A3G8;+5NJ+V8Z4GOs* (SO4

2-) >@<C4gCP.,ARG;-O+7<\JS
R)EJCS/H8<YGJ.Oก)5ก/+ก45ก+78C;5S O+UEHbgC 8Aก24g<64<2D/\JSW/>Z)OE[4C (passivation) ZbB < O-]C
ก+.1ECก/+>+S/<stGN,-ก-X8<R)EYGJ.Oก)5;5S6/กHbgC ก+aACAg+@-F113E/,O>A6J/62ABW1P/กก/+ก45
ก+78C,4กO-]CF11+@OHU, (pitting) (3) 

Y5624BE;- corrosion product H8<OJGUก3V8 Fe(OH)2 (J+V8 FeO.nH2O) F*7RGP/ก-+),/a
88กZ)OPCFG.CgD/2AB,A86@7\CRG)*94a|NกU8/P>7<RG\JSRG)*94a|N86@7\C+@-*7/<f FG.,A>AF*ก*7/<ก4C;- O[7C 
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hydrous ferrous oxide (Fe2O3.H2O) ,A>ACgD/*/GF5<,  hydrated magnetite (Fe3O4.H2O) ,A>AOHA6EPCLb<>A
CgD/O<)COHS,  FG. magnetite (Fe3O4) 2AB,A>A5D/ O-]C*SC 
 

2.2 #�� $�%���&' (coatings)  (%��)*��ก��ก��ก��ก���� 

ก/+-X8<ก4Cก/+ก45ก+78CH8<YGJ.2D/;5SY56ก/+>+S/<[4gCE4>5M\CG4ก:a.O-]CRC4<กA5ก4gC 
(barrier) OWVB8-X8<ก4CYGJ.P/กก/+>4,R4>ก41CgD/FG.1++6/ก/0Y56*+< \CHa.O5A6Eก4CกU2D/JCS/2AB\C
ก/+64164g<ก/+>7<L7/6-+.PM+.JE7/<1+)OEa cathode FG. anode 5SE6ก/+OW)B,3E/,*S/C2/C;ssX/ 
(electrical resistance) J+V8 ionic resistance  \JSก41[)gC</C  
 >/+O3GV81R)E2AB\[SY5624BE;-F17<;5SO-]C 4 -+.O92 54<CAg (4) 

- Organic coatings ;5SFก7  epoxy, urethanes, alkyds, acrylics, coal tars 
- Inorganic coatings ;5SFก7 silicates, glass 
- Conversion coatings ;5SFก7  chromate, phosphating, anodizing 
- Metallic coatings ;5SFก7 galvanizing, electroplating, electroless plating 

>/+O3GV81R)E[C)5>/+8)C2+A6N  (organic coatings) O-]CE4>5MO3GV81R)E2AB,Aก/+\[S</C867/<
กES/<HE/< >/,/+L\[SO3GV81OWVB83E/,>E6</,FG.OWVB8-X8<ก4Cก/+ก45ก+78C  O-]CE4>5M2ABJ/ZVg8;5S<7/6 
FG.>/,/+LOGV8ก\[SE)`AO3GV81;5SJG/6E)`Aก/+HbgC86@7ก41G4ก:a.[)gC</C [C)5>/+O3GV81 FG.3Ma9/WR)E
O3GV812AB*S8<ก/+   ZbB<J/กW)P/+a/P45F17<-+.O92*/,8<3N-+.ก812AB86@79/6\C>/+O3GV81[C)5CAgP.
>/,/+LF17<;5SO-]C 3 -+.O92 54<CAg 

1. FGกOก8+N (lacquer) O-]C>/+2AB;5SP/กก/+CD/>/+6b5J+V8O+Z)C,/G.G/6\C*4E2D/G.G/6
8)C2+A6N (organic solvent) Y56stGN,2AB;5SP.Oก)5P/กก/++.OJ6;-H8<*4E2D/G.G/6 

2. E/C)[ (varnish) O-]C>/+O3GV812AB;5SP/กก/+CD/O+Z)C,/G.G/65SE6 drying oil FG.OPV8P/<5SE6
*4E2D/G.G/6;nY5+3/+N18C  Y56R)EO3GV81;,7;5SOก)5ก/++.OJ6H8<*4E2D/G.G/6867/<O5A6E F*7P.
Oก)5-T)ก)+)6/O3,A5SE6 ;5SFก7 polymerization, oxidation, curing (5) 

3. >A (Paint) O-]C>/+O3GV812AB,A8<3N-+.ก81JG/6>7EC ;5SFก7 >/+6b5 (binder) *4E2D/G.G/6 
(solvent) R<>A (pigment) FG.>/+O*),F*7< (additive) 

2.2.1 8<3N-+.ก81H8<>A2AB\[S\Cก/+O3GV81R)E 
1. >/+6b5 (Binder) J+V8O+Z)C (resin) ,A121/2\Cก/+-+.>/C+E,O8/8<3N-+.ก81

*7/<f 2AB86@7\C>AOHS/;ES5SE6ก4C FG.>/,/+LOก)5O-]CstGN,6b5Oก/.ก41WVgCR)E[)gC</C;5S5A \JS>,14*)5S/C3E/,
,4CO</  3E/,6V5J6M7C  3E/,OJCA6E Y5624BE;-,4กO-]C>/+8)C2+A6N-+.O92W8G)O,8+NJ+V8O+Z)C ;5SFก7 
alkyds, acrylics, epoxy, polyurethanes, melamine resins O-]C*SC  J+V8O-]C>/+-+.O92CgD/,4C ;5SFก7 
CgD/,4CG)C>A5 (linseed oil)  >F*C5N8865N (stand oil) O-]C*SC  
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2. *4E2D/G.G/6 (solvent J+V8 diluents)  ,A121/2\Cก/+G.G/6W8G)O,8+NJ+V8-+413E/,
JCV5H8<>AO3GV81OWVB83E/,>.5Eก\Cก/+\[S</C Y5624BE;-O-]C>/+8)C2+A6NFG.CgD/ \CกGM7, water-borne 
paints P.,ACgD/O-]C diluent JG4ก >7ECกGM7, solvent-borne J+V8 oil-based 8/P\[S diluent JG/6[C)5\C
8<3N-+.ก81 O[7C aliphatic, aromatics, alcohols, ketones, white spirit \CHa.2AB>A1/<[C)5;,7,A diluent 

3. R<>A (pigment) FG.*4EO*), (filler)   R<>AO-]C>/+8)C2+A6NJ+V8>/+8C)C2+A6N\C+@-R<
G.O8A652AB2D/JCS/2AB\JS>A \JS>,14*)\Cก/+-t514<WVgCR)E +E,Lb<\JS>,14*)64164g<ก/+ก45ก+78C *4E867/<O[7C 
TiO2, zinc oxide, carbon black,  red iron oxide, aluminium powder, chrome orange, phthalocyanine blue 
O-]C*SC >7EC*4EO*),O-]C8CM9/3H8<FHU<2AB,A121/2\Cก/+\JS3E/,OJCA6E \JSR)E>4,R4> (H+MH+.) G5
*SC2MC J+V8\JS>,14*)8VBCf *4E867/<O[7C talc, mica, clay 

4. >/+O*),F*7< (additives)  O-]C>/+2AB\[SO*),G<;-OWA6<OGUกCS86F*7\JSRG\Cก/+-+41-+M<
>,14*)*7/<f H8<>AO3GV81 >/+OJG7/CAg  ;5SFก7 catalysts, defoamers, dispersing agents, UV absorbers, 
plasticizers (6) 

2.2.2  O+Z)C2AB>D/34?\C>AFG.>/+O3GV81R)E 
O+Z)CO-]C8<3N-+.ก812AB>D/34?H8<>AO3GV81 OW+/.O-]C[4gCstGN,W8G)O,8+N2AB2D/JCS/2AB

-ก-X8<R)EE4>5MP/กก/+ก45ก+78C FG.O-]CE4>5MOCVg8WVgCZbB<O-]C2AB+E,86@7H8<8<3N-+.ก818VBCf 2AB,A8)2`)WG
*78>,14*)H8<>AO3GV81 ;5SFก7 3E/,*S/C2/Cก/+Zb,R7/CH8<CgD/FG.88กZ)OPC  3E/,*S/C2/Cก/+ก45
ก+78C 3E/,2C2/C*78F>< UV O-]C*SC  O+Z)C2AB>D/34?2AB\[SO-]C>7EC-+.ก81\C>A ;5SFก7 (7) 

1. Epoxy resins O-]C>/+2AB;5S+413E/,C)6,\Cก/+CD/,/\[SO3GV81R)E OCVB8<P/ก,A3E/,
2C2/C*78>/+O3,AFG.6b5*)5ก41WVgCR)E;5S5A  ก/+>4<O3+/.JN Epoxy resin ;5SP/ก-T)ก)+)6/+.JE7/< di J+V8 
polyhydric phenol  O[7C bisphenol-A  FG. epihalohydrin ;5SFก7 epichlorohydrin  

 

CH2

O

CH CH2 O C

CH3

CH3

O CH2 CH

OH

CH2
O C

CH3

CH3

O CH2 CH CH2

O

n  
 

*4E867/<Y3+<>+S/<2/<O3,AH8< epoxy resin 
 

ก/+\[S epoxy resin OWA6<GD/W4<P.;,7>/,/+L\[S</C;5S5A OW+/.64<3<,ACgD/JC4กY,OGกMG
*BD/ 867/<;+กU*/,>/,/+L2D/\JSOก)5Y3+<H7/6+7/<FJ;5S5SE6ก/+O*),>/+O[VB8,Y6< (crosslinkers) ;5SFก7 
aliphatic amine, aromatic  amine, polyamide resin, phenolic resin �G� ZbB<\Cก/+\[S</CP.P4586@7\C
-+.O92 two-package 3V8,A>/+ 2 >7ECF6กก4C86@7 ก78C\[S</C*S8<CD/,/R>,ก4CFGSE+A1\[S\JSJ,5
Y56O+UE  
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Epoxy resin [C)581 ZbB<\[S>/+17, ;5SFก7 phenolic resin, urea resin, melamine resin ,A
>,14*)2C*78O3,A94a|NFG.*4E2D/G.G/6>@< 6b5R)EJCS/;5S5A ;,7O-+/. ,A3E/,FHU<FG.2C*78ก/+H45>A;5S5A 
,4กCD/;-\[SO3GV815S/C\C278 8.G@,)OCA6, J+V89/[C.1++PM8/J/+  

>7EC Epoxy resin [C)5FJS<;5SO8<\C8/ก/0 ZbB<;5SP/กก/+CD/ epoxy resin ,/ esterify 
5SE6ก+5;H,4C ,4กCD/;-\[S2D/E/+NC)[O3GV81WVgC FG.>A+8<WVgC>D/J+41OJGUก 

2. Polyurethane  O*+A6,;5SP/ก-T)ก)+)6/+.JE7/< di J+V8 polyisocyanate ก41 di J+V8 
polyhydric alcohol Y56RG)*94a|N2AB;5SP.,AJ,@7 �NHCOO- 86@7\CY3+<>+S/< 24g<CAg>/+*4g<*SC2AB>D/34?
; 5S Fก7  toluene 2,4-diisocyanate (2,4 TDI) toluene 2,6-diisocyanate (2,6 TDI) FG .  4 -4 ´-me th ylene 
diphenyl diisocyanate (4,4´-MDI)  

 

                  
          2,4 TDI           2,6 TDI      4,4´-MDI 

[4gCO3GV81H8< polyurethane ,A>,14*)2C*78ก+5 57/< CgD/ *4E2D/G.G/68)C2+A6N O[7C  
aromatic solvent, chlorinated hydrocarbon FG.2C*78CgD/,4C (F*73E/,3<2C*7857/<P.5S86กE7/ epoxy 
resin 2ABR7/Cก/+81J+V817,O6UCFGSE) polyurethane 2AB17,FGSEP.,A3E/,2C2/C*78ก/+H45>A 6b5R)EJCS/;5S
5A ,A3E/,OJCA6E>@< FG.2C2/C*78>9/WG,sX/8/ก/0;5S5A 

3. Acrylic resins >/,/+LO*+A6,;5S24g<-+.O92O28+NY,WG/>*)ก O28+NY,OZ* FG.
8),4G[4C  Y56O-]CW8G)O,8+NFG.Y3W8G)O,8+N2ABO*+A6,;5SP/กก+58.3+)G)ก FG.8CMW4C`N +E,24g<O8>O28+N
H8<ก+5OJG7/CAg  ;5SFก7 polymethyl methacrylate FG. polyethyl acrylate FG.OCVB8<P/ก\CY,OGกMG;,7,A 
tertiary hydrogen 2ABOก/.86@71CFกC>/6YZ7W8G)O,8+N Pb<,A>,14*)2ABO>LA6+*7888กZ)OPCFG.F>< UV (8) 

         
Polymethyl methacrylate     Polyethyl acrylate 

 

stGN, acrylic resins ,A3E/,O</FG.6b5R)EJCS/;5S5A ก+aA[C)5>/+G.G/6P.CD/;-\[S2D/
FGกOก8+NO3GV81E4>5M*7/<f O[7C ;,S YGJ. JC4< OZ+/,)ก WG/>*)ก >7EC[C)58),4G[4C ,4ก\[S2D/>A2/1S/C
24g<9/6\CFG.9/6C8ก 

R N C O R
1
OH+ R NH C O

OR
1

CH3

NCO

NCO

CH3

NCONCO

CH2 NCONCO

CH2 C

CH3

CO O CH3

CH2 CH

CO O CH2
CH3
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4. Alkyd resins O-]CW8G)O,8+N2AB;5SP/ก-T)ก)+)6/+.JE7/< polyhydric alcohol ;5SFก7 
glycerol ก41ก+5-+.O92 di J+V8 polybasic ;5SFก7 phthalic anhydride (5) 

 
 
 

  alkyd resin 2AB;5SP/ก-T)ก)+)6/54<กG7/EP.64<3<,A3E/,O-+/. FG.;,7G.G/6\C*4E2D/
G.G/624BE;- ZbB<;,7OJ,/.>D/J+41ก/+\[SO-]C>AO3GV81 54<C4gCPb<,4กO*),ก+5 monobasic >/6YZ76/EOHS/;-
\CY,OGกMGH8< alkyd resin O+A6กE7/ oil-modified alkyd resin Y56LS/O-]C long-oil alkyds ,4ก\[S>D/J+41
</C9/6C8ก O[7C >ACgD/,4C2/1S/C  medium-oil alkyds OJ,/.>D/J+41\[SO3GV81O3+VB8<,V8O3+VB8<\[S\C1S/C 
>7EC short-oil alkyds LS/\[S*4E2D/G.G/6[C)5CgD/,4C;,7FJS< P.\[SR>,ก41;CY*+OZGG@YG>OWVB82D/FGก
Oก8+N 

5. Urea resins O*+A6,;5SP/ก-T)ก)+)6/+.JE7/<6@O+A6FG.84G5A;n5N ZbB<;5SFก7 formaldehyde 
Y56ก/+2D/-T)ก)+)6/\C9/E.2ABO-]CกG/<J+V857/<OGUกCS86P.Oก)5O-]C monomethylol urea FG. dimethylol 
urea */,GD/541 P/กC4gC dimethylol urea P.2D/-T)ก)+)6/ก4CO8<;5SO-]C>/+Y,OGกMG\J?72ABO[VB8,*78ก4C5SE6
W4C`.O,2)GACFG.W4C`.8AO28+N 

 
Urea resin [C)5812AB\[SR>,+7E,ก41 alkyd resin O-]CR)EO3GV812AB,A>,14*)6b5R)EJCS/;5S

5A ,4กCD/;-\[S\Cก/+O3GV81*@SO6UC +L6C*N O3+VB8<,V8 O3+VB8<\[S\C1S/C 

6. Phenolic resin O*+A6,;5SP/ก-T)ก)+)6/+.JE7/< phenol J+V8 substituted phenol ก41 
aldehyde J+V8>/+2ABP.Oก)5O-]C aldehyde ;5S ZbB<Y5624BE;-,4ก;5SP/ก-T)ก)+)6/+.JE7/< phenol ก41 
formaldehyde 

C

C

O

O

O

+

CH2

CH

CH2

OH

OH

OH

C

O

OHC

O

COH

O

C

O

O CH2CH CH2

OH

O

-H2O

-H2O

-H2O

C

C

O

O

O CH2

CH

CH2OH

OH

OH

-H2O

NH2 CH

OH

NH2 + CH2

O

NH CH2 OH

CO

NH2

NH CH2 OH

CO

NH CH2 OH

polyester (alkyd)  G4ก:a.Y3+<H7/6+7/<FJ 

polyester (alkyd)  >/6YZ76/EFG.,Aก)B<>/H/ 

2
nd

 step 1st
 step ester 
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methylolphenol 2ABOก)5HbgCP.E78<;E*78-T)ก)+)6/,/ก Y56P.Oก)5-T)ก)+)6/*78;-54<CAg 
 

 
 

J+V8 

 
 

ก/+>4<O3+/.JN phenolic resin ,A 2 F11 3V8J/ก2D/\C9/E.2AB\[S phenol ,/กOก)CW8P.
;5SRG)*94a|NO-]C Novolac resin F*7LS/2D/\C9/E.2AB\[S formaldehyde ,/กOก)CW8P.;5S resole resin  
*4E867/<ก/+\[S</C\C8M*>/Jก++,O3GV81R)E ;5SFก7 resole resin 2AB545F-+5SE6 alcohol ZbB<P.O-]CstGN,2AB
,A3E/,FHU<F+< 2C*78O3,A94a|N>@< OJ,/.>D/J+41\[SO3GV81ก+.-�8<1++PM8/J/+ 

7. Silicone resin  ก/+O*+A6, silicone resin OWVB8\JS;5S>,14*)2ABOJ,/.ก41</CO3GV81R)E 
,4กO*+A6,Y56E)`Aก/+;nY5+;GZN trichlorosilane OWVB8\JS;5SY3+<>+S/<2AB,A-+),/aก/+O[VB8,Y6<>@< Y56O+
Z)C[C)5CAg>/,/+L2C2/C*78ก/+>G/6*4E2AB8MaJ9@,)>@<FG.O-]ClCEC;ssX/2AB5APb<OJ,/.>D/J+41ก/+\[S
</C9/6C8ก *4E867/<O[7C \[SR>,ก41R< Zn >D/J+412D/>A+8<WVgC FG.R>,ก41R< Al >D/J+412D/>A241JCS/ 
FG.64<>/,/+L\[SR>,ก41O+Z)C8VBCf ;5S O[7C alkyd resin, phenolic resin, amino resin, epoxy resin, 
acrylic resin OWVB8[7E6\JSR)EO3GV812C*783E/,+S8CFG.G,sX/8/ก/0;5S5AHbgC  

 
     R-SiCl3    R-Si(OH)3         
 
 

   

OH

+ CH2

O

OH

CH2
OH

OH

CH2
OH

OH

CH2
OH

+

OH

CH2

OH

CH2
OH

OH

CH2OH

CH2 OH

OH

CH2OH
CH2OH

+

OH

CH2
O

CH2

OH

CH2OH

CH2 OH

Si O Si O Si

R

OH R

OH R

O Si O Si

OH

R R

R

O

Si O Si

OH

R

R

O Si O Si

OH

R OH

R

Si OOH Si O Si

R

OH OH

R

R

OHH2O 
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8. Chlorinated rubber O-]CO+Z)C2ABO*+A6,;5SP/กก/+CD/6/<`++,[/*)J+V86/<>4<O3+/.JN
,/2D/-T)ก)+)6/ chlorination Y56O*),3G8+ACOHS/;-2ABW4C`.3@7H8<Y,OGกMG6/< PC,A3G8+AC86@7-+.,/a 
65-68 %  FG.3E+O*), plasticizer 5SE6OCVB8<P/ก6/<2AB;5SP.,AG4ก:a.FHU<FG.O-+/.  

 
 

Chlorinated rubber ,A>,14*)2Cก+5 57/< FG.ก/+ก45ก+78CP/ก>/+s8ก>AFG.*4E88กZ)
;5>N*7/<f ;5S5A Pb<,4กCD/;-\[S2D/>A>D/J+41ก/+\[S</C2AB*S8<ก/+3E/,2C2/CO-]CW)O0:Y56OlW/.O+VB8<
ก/+Zb,R7/CH8<CgD/  O[7C 2/\*SCgD/FG.>Aก4COW+A6< (9) 

2.2.3  [C)5H8<[4gCO3GV81>A 
O,VB82D/ก/+O3GV81>AG<1CR)EYGJ.P.;5SO-]C[4gCstGN,O-�6ก (wet film) JG4<P/กC4gC 

solvent P.3786f +.OJ6;-PCก+.24B<OJGV8O-]C[4gCstGN,FJS< (dry film) 2AB-+.ก815SE6O+Z)C R<>A FG.
>/+O*),F*7<86@71C[)gC</C  867/<;+กU*/, ก/+\[S>AO3GV81\C</C-X8<ก4Cก/+ก45ก+78CH8<YGJ.867/<,A
-+.>)2`)9/W Y56OlW/.867/<6)B<J/ก[)gC</CYGJ.C4gCP.*S8<L@กCD/;-\[S</C9/6\*S>9/E.2AB+MCF+<,4ก
*S8<2D/ก/+O3GV81PD/CECJG/6[4gC ZbB<F17<88ก;5SO-]C [4gC>A+8<WVgC  >A[4gCG7/<  FG.>A241JCS/ (7) 

>A+8<WVgC (Primers) O-]C>A2AB\[SO3GV81O-]C[4gCF+กG<1CR)EYGJ.2ABR7/Cก/+O*+A6,R)E
,/FGSE O-]C[4gC2AB[7E62D/\JSOก)5ก/+6b5Oก/.;5S5A+.JE7/<R)EYGJ.ก41[4gCO3GV81L45;- +E,Lb<[7E6G5ก/+
Zb,R7/CH8<3E/,[VgCFG.88กZ)OPC  >/+6b52AB\[S>7EC\J?72D/,/P/ก polyurethane [C)5 2 >7EC, epoxy 
resin [C)5 2 >7EC, alkyd resin, chlorinated rubber O-]C*SC C8กP/กCAg64<8/P,Aก/+O*),>/+2AB[7E664164g<
ก/+ก45ก+78CH8<YGJ.+7E,5SE6 ;5SFก7 ก/+O*), pigment 2AB,A>,14*)64164g<ก/+ก45ก+78C O[7C red lead J+V8
\[S>A+8<WVgC2AB,A anodic metal O[7C zinc-rich primer  

>A[4gCG7/< (Intermediate coats J+V8 undercoats) O-]C[4gC2AB2D/ก/+O3GV81JG4<P/กก/+2/>A
+8<WVgC,/FGSE Y5624BE;->A[4gCCAgP.,A3E/,JC/,/ก2AB>M5\CHa.2AB,A-+),/aR<>A86@7,/ก Pb<,A
3E/,>/,/+L\Cก/+-t514<WVgCR)E;5S5A ,A>AO+A61>,BD/O>,8 Y56-ก*)P.,A3E/,O</86@7+.JE7/<5S/CLb<กbB<
5S/C >/+6b52AB\[S\C>A[4gCG7/< ;5SFก7 phenolic resin, alkyd resin 

>A241JCS/ (Finish coats J+V8 Top coats)  O-]C[4gCO3GV812AB86@71C>M5 >,14*)H8<[4gC
O3GV81CAgPb<*S8<ก/+3E/,>E6</,FG.3E/,2C2/C*78>9/WFE5GS8,H8<ก/+\[S</CYGJ.C4gCf O[7C 
2C*78;8>/+O3,A ;82.OG F><F55 

*4E867/<H8<>/+6b52AB\[S\C>A241JCS/*/,ก/+\[S</C-+.O92*7/<f ,A54<CAg 

CH3

CH CH

CH3

CH CH CH C CH CH CH

Cl Cl

ClClCH3

Cl Cl Cl

Cl Cl

ClCl

Cl

CH3

Cl Cl Cl Cl Cl

CH3
Cl

Cl
Cl

ClCH3

Cl CH3 Cl Cl
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- \[Sก41E4>5MY3+<>+S/<2AB*S8<>4,R4>ก411++6/ก/0O[7C ;82.OG O3,A94a|N\CY+<</C8M*>/Jก++, 
;5SFก7 chlorinated rubber , epoxy resin 

- \[SO3GV81O3+VB8<P4ก+ ;5SFก7 alkyd resin 
- \[SO3GV81+L6C*N ;5SFก7 alkyd/amino resin, acrylic resin [C)5 thermoplatic 
- \[SO3GV81OJGUกFG.38Cก+A*2AB*S8<ก/+-X8<ก4Cก/+ก45ก+78CP/ก>9/WFE5GS8, O[7C 2S8<O+V8 

>.W/C2AB6VBC88ก;-\CCgD/ ;5SFก7 epoxy resin/CgD/,4C5)C, polyurethane 
- \[SO3GV81E4>5M2AB*S8<\[S</C9/6\*S3E/,+S8C O[7C -G78<;s 278;8O>A6 ;5SFก7 silicone resin 

2.2.4  ก/+OGV8ก+.11H8<[4gCO3GV81>A\JSOJ,/.>,ก41ก/+\[S</C 

ก/+OGV8กE7/P.2D/ก/+O3GV81R)E5SE6>A[C)5\5 PD/CECกAB[4gC 3E/,JC/O27/\5 *S8<W)P/+a/
P/ก>9/WFE5GS8,\Cก/+\[S</CE4>5M2ABR7/Cก/+O3GV81C4gCf  ;5SFก7 >9/W8MaJ9@,)  F><F55  ก/+>4,R4>
ก413E/,[VgC  Y8ก/>2ABP.>4,R4>ก41>/+O3,A J+V88M*>/Jก++,O3,A2AB86@7\กGSO3A6< O-]C*SC  ZbB<\C2ABCAg;5S2D/
ก/+6ก*4E867/<ก/+OGV8ก\[S[C)5H8<>AFG.H4gC*8Cก/+O3GV81>A>D/J+41OJGUกกGS/3/+N18C (carbon steel) 
OWVB8\JSOJ,/.ก41>9/WFE5GS8,H8<ก/+\[S</C ;ES\C*/+/<2AB 2.1 

*/+/<2AB 2.1 *4E867/<>9/WFE5GS8,H8<ก/+\[S</C FG.ก/+OGV8ก\[S[C)5H8<>AFG.H4gC*8Cก/+O3GV81>A
>D/J+41OJGUกกGS/3/+N18C (8) 

>9/WFE5GS8,H8<ก/+\[S</C H4gC*8Cก/+O3GV81>A 
1. >9/WFE5GS8,2AB;,7+MCF+< O[7C OJGUก2AB�I<
86@7\C38Cก+A* 

[4gC2AB 1 O3GV81 epoxy mastic JC/ 75-125 µm 

2. 9/6\C8/3/+2ABFJS< O[7C >D/C4ก</C  Yก54<
OกU1H8<FJS< 

[4gC2AB 1 O3GV81 acrylic primer JC/ 50-75 µm 

[4gC2AB 2 O3GV81 acrylic finish JC/ 50-75 µm 
3. 9/6C8ก8/3/+2ABFJS< O[7C O>/;s [4gC2AB 1 O3GV81 aluminum epoxy mastic JC/ 100-150 µm   

[4gC2AB 2 O3GV81 polyurethane finish JC/ 50-100 µm 
4. 1+)OEa2AB*S8<>4,R4>ก41CgD/ (>.8/5) O[7C 
1+)OEa9/6\CFG.C8ก8/3/+2AB*S8<,Aก/+GS/<
2D/3E/,>.8/5 

[4gC2AB 1 O3GV81 aluminum epoxy mastic JC/ 100-150 µm 

[4gC2AB 2 O3GV81 acrylic finish JC/ 50-75 µm 

5. 1+)OEa2AB*S8<>4,R4>ก41CgD/OกGV8 O[7C 1+)OEa
9/6\CFG.C8ก8/3/+2AB*4g<86@7\กGS[/6�I�<2.OG 
J+V886@7\กGS8M*>/Jก++,2AB,A;8OกGV8J+V8\[S
CgD/2.OG 

[4gC2AB 1 O3GV81 inorganic zinc JC/ 50-75 µm 

[4gC2AB 2 O3GV81 epoxy primer JC/ 100-150 µm 

[4gC2AB 3 O3GV81 polyurethane finish JC/ 50-100 µm  
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*/+/<2AB 2.1 (*78) *4E867/<>9/WFE5GS8,H8<ก/+\[S</C FG.ก/+OGV8ก\[S[C)5H8<>AFG.H4gC*8Cก/+
O3GV81>A>D/J+41OJGUกกGS/3/+N18C (8) 

>9/WFE5GS8,H8<ก/+\[S</C H4gC*8Cก/+O3GV81>A 
6. 1+)OEa2AB*S8<PM7,F[7\CCgD/  [4gC2AB 1 O3GV81 epoxy mastic JC/ 100-150 µm 

[4gC2AB 2 O3GV81 epoxy mastic JC/ 100-150 µm 
7. 1+)OEa2AB*S8<PM7,F[7\CCgD/OกGV8 [4gC2AB 1 O3GV81 aluminum epoxy mastic JC/ 100-150 µm 

[4gC2AB 2 O3GV81 epoxy finish JC/ 100-150 µm 
8. 1+)OEa2AB,AY8ก/>>4,R4> (;5S+41;8J+V8>/+
ก+.O5UC\>7) ก41>/+O3,A-+.O92ก+5 (pH 2-5)   

[4gC2AB 1 O3GV81 epoxy novalac JC/ 150-200 µm 

[4gC2AB 2 O3GV81 epoxy novalac JC/ 150-200 µm 
9. 1+)OEa2AB,AY8ก/>>4,R4>ก41>/+O3,A-+.O92
O-]CกG/< (pH 5-10)  

[4gC2AB 1 O3GV81 aluminum epoxy mastic JC/ 100-150 µm 

[4gC2AB 2 O3GV81 polyurethane finish JC/ 50-100 µm 
10. 1+)OEa2AB,AY8ก/>>4,R4>ก41*4E2D/G.G/62AB
;,7+MCF+< O[7C mineral spirits, lower 
alcohols, glycols 

[4gC2AB 1 O3GV81 inorganic zinc JC/ 50-75 µm 

[4gC2AB 2 O3GV81 epoxy mastic JC/ 100-150 µm 

11. 1+)OEa2AB,AY8ก/>>4,R4>ก41>/+O3,A2AB
+MCF+< O[7C solvent 2AB+MCF+<, >/+ oxidizing, 
ก+52AB+MCF+< 

[4gC2AB 1 O3GV81 epoxy phenolic primer JC/ 200 µm 

[4gC2AB 2 O3GV81 epoxy phenolic finish JC/ 200 µm   

[4gC2AB 3 O3GV81 epoxy phenolic finish JC/ 200 µm 
 

2.2.5  ก++,E)`Aก/+O3GV81R)E 
ก/+OGV8ก\[SE)`Aก/+\Cก/+O3GV81R)EC4gC-IPP46>D/34?2AB\[S\Cก/+W)P/+a/ ;5SFก7  

E4*LM-+.><3Nก/+\[S</CH8<[)gC</CC4gC >9/WFE5GS8,H8<ก/+\[S</C [C)5H8<>/+O3GV81R)E G4ก:a.
+@-+7/<H8<[)gC</C +.6.OEG/2AB\[S\Cก/+O3GV81R)E FG.*SC2MC O-]C>D/34? E)`Aก/+2AB\[Sก4CY5624BE;-,A
54<*78;-CAg [7,9,10] 

ก������ (dip coating) O-]CE)`Aก/+O3GV81R)E2AB2D/;5S<7/62AB>M5FG.-+.J645OEG/ OJ,/.
>D/J+41ก/+O3GV81>A[)gC</C2AB,AHC/5OGUกFG.,APD/CEC,/ก Y563E/,JC/H8<R)EO3GV81P.L@กกD/JC5
P/ก84*+/O+UE\Cก/+5b<[)gC</CHbgCP/ก>AO3GV81 +E,Lb<ก/+3E13M,3E/,JCV5FG.ก/++.OJ6H8<*4E2D/
G.G/6\C>AO3GV81 

ก������������ (brushing) O-]CE)`Aก/+2AB2D/;5S<7/6 *SC2MC*BD/ >/,/+L2D/ก/+O3GV81
R)E[)gC</C2AB,A+@-+7/<Z41ZS8C;5SFG.2D/ก/+O3GV81;5S[4gCstGN,2ABJC/ F*7,AHS8O>A6O+VB8<3E/,>,BD/O>,8H8<
R)EO3GV81 >A2ABOJ,/.>D/J+41ก/+2/5SE6E)`ACAg,4กO-]C>A2ABFJS<[S/ 
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ก��������!"กก!#$� (roller coating) O-]CE)`Aก/+2/2AB2D/;5S+E5O+UE OJ,/.ก41ก/+2/1C
WVgCR)E2AB,A3E/,O+A61FG.,AWVgC2AB,/กY562AB;,7*S8<ก/+3E/,OCA6CO+A61>,BD/O>,8H8<R)EO3GV81,/กO27/ก41
R)EW7C>O-+6N 24g<CAg>A2AB\[S2/*S8<,A3Ma>,14*)5S/Cก/+;JG2ABOJ,/.>, *4E2D/G.G/6*S8<;,7+.OJ6[S/
PCOก)C;- FG.,A3E/,2b1F><>@< 

ก��'�( (spraying)  O-]CE)`Aก/+2AB2D/;5S+E5O+UE OJ,/.>D/J+41ก/+O3GV811CE4>5M2AB,AWVgC2AB
,/กFG.,A1+)OEaZ8ก,M,2AB6/ก*78ก/+2/5SE6F-+<J+V8G@กกG)g< F*7HS8O>A63V8P.,Aก/+>@?O>A6>A2ABL@กW7C
88กC8กO-X/J,/6 (overspray) \C-+),/a378CHS/<>@<  E)`Aก/+W7C>/,/+LF17<;5SO-]C 3 E)`A 3V8 

1. ก/+W7CY56\[SG, (air spraying) E)`Aก/+CAg>AP.O3GVB8C2ABR7/COHS/;-\Cก+.F>H8<
8/ก/02AB,AF+<845FGSEL@ก atomized \JSO-]CG.88<�86O3GV81*)51C[)gC</C Ha.2D/ก/+W7CJ65G.88<
H8<>AOJG7/CAgP.JC/FC7C,/กHbgCPC+E,O-]C[4gCstGN,2AB,A3E/,*78OCVB8< HS85AH8<E)`Aก/+CAg3V8 2D/;5S
+E5O+UE FG.;5S[4gCstGN,2AB378CHS/<>,BD/O>,8 OJ,/.>D/J+41ก/+RG)*2AB*S8<ก/+-+),/a,/กf FG.*S8<ก/+
3E/,>E6</,>,BD/O>,8H8<WVgCR)E 

2. ก/+W7CY56;,7\[SG, (airless spraying) E)`Aก/+CAg>AP.L@ก-I�,5@5HbgC,/Y56*+<P/ก
9/[C. FGSE\[SF+<845>@<\Cก/+845>AO3GV81\JSL@กlA5W7C88ก,/Y56;,7\[S8/ก/0 ZbB<ก+aA>AO3GV812AB,A
3E/,JCV5>@<P.*S8<2D/ก/+\JS3E/,+S8CO>A6ก78C E)`Aก/+54<กG7/E>/,/+LO3GV81Y56\JS[4gCstGN,2AB,A
3E/,JC/,/กกE7/E)`AW7CY56\[SG, 

3. ก/+W7C5SE6;ssX/>L)* (electrostatic spraying)  E)`Aก/+CAgO3+VB8<W7CP.*7886@7ก41FJG7<
WG4<</C;ssX/2AB,A3E/,*7/<04ก6N>@< Y562ABJ4E-�CW7CP.,AH4gE;ssX/ >7ECE4>5M2AB*S8<ก/+O3GV81P.L@ก*78
>/65)CO8/;ES O,VB8,Aก/+P7/6ก+.F>;ssX/R7/C>A P.2D/\JS>A2AB,A-+.PMOJG7/C4gCL@กW7C;-Oก/.*)586@71CE4>5M
2AB*S8<ก/+O3GV81 PCกE7/1+)OEaC4gCกG/6O-]ClCECC4BC3V8Oก)5ก/+O3GV81-t5WVgCR)E867/<>,1@+aN E)`Aก/+
CAgPb<;5SR)EO3GV812AB,A3E/,>,BD/O>,8FG.,Aก/+>@?O>A6>ACS86 F*7HS8O>A63V82D/;5S[S/  ,A*SC2MC>@<  FG.
[)gC</C2ABP.2D/ก/+O3GV81*S8<O-]CE4>5M2ABCD/;ssX/;5S 

2.3  ก�,�'�ก��-.� /� 

ก+.1ECก/+YZGOPG>/,/+L\JS3D/PD/ก453E/,24BE;-E7/O-]CO23C)3ก/+>4<O3+/.JNOZ+/,)กP/ก
H4gC*8C*7/<f 54<CAg 3V8 ก/+O*+A6,YZG  ก/+O-GAB6C>9/WP/กYZGO-]COPG */,5SE6ก/+2D/\JSFJS< ก/+
>G/6*4EH8<>/+8)C2+A6NH8<OPG5SE63E/,+S8C ก/+2D/\JSY3+<*/H7/6OPG (gel network) Oก)53E/,
JC/FC7C,/กHbgC FG.H4gC*8C>M52S/63V8ก/+Oก)5O-]CRGbก*/,Y3+<>+S/<2AB*S8<ก/+ >D/J+413D/E7/ �YZG� 
8/P\JS3D/PD/ก453E/, ;5SE7/ O-]Cก/+ก+.P/6*4EH8<8CM9/3HC/538GG865N J+V8 polymeric molecule \C
H8<OJGE (11) ก+.1ECก/+YZGOPG\C>/H/OZ+/,)กOกAB6EHS8<ก41YZG24g<>8<F113V8 24g<\C+.11H8<
38GG865N2AB8CM9/3H8< metal oxide J+V8 metal hydroxide ก+.P/6*4E86@7FG.Oก)5ก/+P41*4Eก4CPC
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กG/6O-]COPG\C2AB>M5  >D/J+41\C polymeric system Y3+<*/H7/6H8<OPGOก)5P/กก/+ polymerization H8<
>/+*4g<*SC-+.O92 metal carboxylate J+V8 alkoxide 

ก/+W8G)O,8+N;+OZ[4BCH8<>/+*4g<*SCWEก metal organic O[7C metal alkoxide Oก)5HbgC 2 H4gC*8C
5SE6ก4C3V8ก+.1ECก/+;nY5+;GZA> (hydrolysis) FG.ก+.1ECก/+38CO5COZ[4C(condensation) 
OWVB8\JSOก)5ก/++E,*4EO-]CกGM7,กS8CH8< oligomeric alkoxide 54<F>5<\C>,ก/+2AB 1 FG. 2 

ก) ก+.1ECก/+;nY5+;GZA> 

M(OR)x + H2O  →   HO � M - (OR)x-1  +  ROH            (>,ก/+2AB 1) 

M(OR)x + x H2O →  M � (OH)x  +  x ROH                    (>,ก/+2AB 2) 

-T)ก)+)6/Oก)5HbgCY56 nucleophilic substitution 8`)1/6;5S 3 H4gC*8C 54<CAg  

1. Nucliophilic addition H8<Y,OGกMGCgD/1C-+.PM1EกH8<YGJ.2AB86@7*+<กG/< 
2. Proton transfer 2AB transition state P/กก/+OHS/H8<Y,OGกMGH8<CgD/;-64<กGM7, alkoxy 2AB

P.JGM588ก;- 
3. ก/+88ก;-H8< positively charged protonated species 

                   (1)                 (2)         (3) 
              δ-       δ+                                   δ-               δ- δ+ δ+ δ- 

X OH + M-O-R  → X-O-M-OR → XO-M-R-OH→ XO-M + ROH 
 H 
 δ+   

         O,VB8  δ   3V8 -+.PMH8<F*7G.8.*8, 
  

H) ก+.1ECก/+38CO5COZ[4BC2D/\JSOก)5ก/+Y*HbgCH8< organic-inorganic polymer 54<CAg 

X-1 (RO)-M-OH  +  HO-M(OR) X-1  → X-1 (RO)-M-O-M-(OR) X-1  +  H2O  (>,ก/+2AB 3) 
                 (oxolation) 

X-1 (RO)-M-OH  +  RO-M(OR) X-1  → X-1 (RO)-M-O-M-(OR) X-1  + ROH      (>,ก/+2AB 4) 
 (alkoxolation) 

 P/ก-T)ก)+)6/HS/<*SC2D/\JSOก)5 polycondensation FG. polymer formation 

 ก/+O*+A6,stGN,H8<YZGOPG1CR)EYGJ.OWVB8-X8<ก4Cก/+ก45ก+78C2D/;5SY56O23C)3*7/<f ;5SFก7 
ก/+PM7,O3GV81R)E (dipping) (12,13)  ก/+W7C (spraying) (14,15) J+V8 ก/+J,MCOJEAB6< (spinning) (16,17) 
ZbB<O23C)3ก/+O3GV81F11PM7,O3GV81FG.ก/+J,MCOJEAB6<OJ,/.>D/J+41ก/+>+S/<stGN,1CR)E2ABF1CO+A61
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O27/C4gC \Cก+aA2AB[)gC</C,A+@-+7/<Z41ZS8Cก/+O3GV81R)E\JS>,BD/O>,88/P2D/;5S6/ก ,AJG/6</CE)P462AB
F>5<\JSOJUCYZGOPGstGN,2AB,A3Ma9/W5A O,VB8O3GV81R)E5SE6E)`A electrochemical deposition  H4gC*8C>D/34?
*78P/กก/+O3GV81R)E3V8ก/+2D/\JSYZGOPGstGN,FJS<*4E \CH4gC*8CCAgO-]Cก/+\JS3E/,+S8CFก7[)gC</C2AB
O3GV81R)EY56+.5413E/,+S8C2AB\JS8/P>@<Lb< 900 8<0/OZGOZA6> ZbB<ก+.1ECก/+2ABOก)5HbgC+.JE7/<ก/+
\JS3E/,+S8C8/PF17<O-]C+.6.*7/<f54<CAg 3V8 +.6.2AB 1 ก/++.OJ6H8<*4E2D/G.G/6FG.ก/+3E1FC7C 
(polycondensation) 2ABOก)5HbgC-+.,/a 100-200 8<0/OZGOZA6>  *78,/O-]C+.6.2AB 2 ก/+>G/6*4EH8<
>/+8)C2+A6NFG.ก/+2G/6H8<+@OGUกf ZbB<Oก)5HbgC2AB 300-500 8<0/OZGOZA6> FG.+.6.>M52S/6 O-]Cก/+
2G/6H8<+@2AB,AHC/5\J?72D/\JS;5SO-]COZ+/,)กstGN, >D/J+418Aกก+aAJCbB<O-]Cก/+2D/\JSOก)5YZGOPGstGN,
2AB8MaJ9@,)*BD/ (CS86กE7/ 200 8<0/OZGOZA6>) ;,7OWA6<F*7O-]Cก/++.OJ6*4E2D/G.G/62ABOก)5HbgC\CH4gC*8CCAg
O27/C4gC F*7O-]Cก/+Oก)5OPGFG.ก/+J5*4EP/กก/+Oก)5OPG5SE6  ก/+2D/\JSstGN,FJS<2AB8MaJ9@,)*BD/OJ,/.
>D/J+41ก/+O3GV81R)E5SE6YZGOPGY56,A>/+8)C2+A6NO-]C8<3N-+.ก81 
 

2.J  ชนิดของโซลเจลที�ใช้เป็นสารเคลือบผวิ 

 E4>5M2/<OZ+/,)ก*7/<f ;5SFก7 Z)G)ก/ (SiO2), OZ8+NY3OCA6 (ZrO2) , 8G@,)C7/ (Al2O3),;2O2OCA6 
(TiO2) FG. ZAO+A6,88ก;Z5N (CeO2) O-]C*SC O-]CE4>5M2AB,A3E/,O>LA6+*78>/+O3,A>@<,/ก Pb<OJ,/.Fก7ก/+
O3GV81R)EYGJ.OWVB8-X8<ก4CR)EYGJ. 
 Z)G)ก/>/,/+L-+41-+M<ก/+*S/C2/Cก/+ก45ก+78CH8<YGJ.F1188กZ)O5[4CFG.ก/+ก45ก+78C
9/6\*S>9/E.ก+5  9/6\*S8MaJ9@,)*7/<f OCVB8<P/กก/+*S/C2/C3E/,+S8CFG.ก/+*S/C2/C>/+O3,A>@<  
(18, 19)  Vasconcelos FG.3a. (19) 2D/ก/+O3GV81R)EOJGUกJGS/;+S>C),Oก+5 AISI 304 5SE6Z)G)ก/  Y56
\[S tetraethyl orthosilicate (TEOS) O-]C>/+*4g<*SC W1E7/ ก/+O3GV81R)E,A`/*M Si, O FG. Fe Oก)5HbgC
+.JE7/<[4gCOJGUกFG.[4gCH8< SiO2  R)EO3GV81Z)G)ก/2AB;5S,A3E/,>,BD/O>,8FG.;,7,A+86F*ก O,VB8*4E867/<
;5S+41ก/+25>819/6\*S>9/E.>/+G.G/6ก+5Z4Gs@+)ก 3E/,OHS,HSC 1 mol/l FG.>/+G.G/6OกGV8
YZO5A6,3G8;+5N 3E/,OHS,HSC 3.5% W1E7/ 37/04ก6N;ssX/ก/+ก45ก+78C>@<HbgCFG.37/3E/,JC/FC7C
ก+.F>;ssX/ก/+       ก45ก+78CG5G< O-]Cก/+F>5<\JSOJUCE7/ R)EZ)G)ก/2AB,A3E/,JC/-+.,/a 100 C/YC
O,*+ >/,/+L-+41-+M<-+.>)2`)9/Wก/+*S/C2/Cก/+ก45ก+78CH8<OJGUกกGS/;+S>C),;5S 
 OZ8+NY3OCA6 ,A37/>4,-+.>)2`)}ก/+H6/6*4E>@<FG.\กGSO3A6<ก41YGJ. ZbB<[7E6G5ก/+Oก)5+86F*ก
+.JE7/<ก+.1ECก/+\JS3E/,+S8C (12, 20)  C8กP/กCAg64<,A3E/,O>LA6+*78>/+O3,A>@<FG.3E/,FHU<>@< 
(21) Pb<OJ,/.Fก7ก/+\[SO-]CE4>5MO3GV81R)EOWVB8ก/+-ก-X8<   Perdomo FG.3a. (22) O3GV81R)EOJGUกกGS/
;+S>C),Oก+5 304 5SE6 ZrO2 Y56\[S zirconium peroxide O-]C>/+*4g<*SC FG.\JSFC7C*4E\C8/ก/0FG.\C
1++6/ก/02AB;,7,A88กZ)OPC (8/+Nก8CJ+V8;CY*+OPC)  W=*)ก++,ก/+ก45ก+78CH8<OJGUกกGS/;+S>C),
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0bก:/5SE6 potentiodynamic polarization curve W1E7/ ก/+O3GV81R)E5SE6 ZrO2 [7E66V5+.6.8/6Mก/+\[S
</CH8<E4>5M;5SOกV81 8 O27/ \C>9/WFE5GS8,2AB+MCF+<,/ก  
 8G@,)C7/O-]C2AB+@SP4ก5A>D/J+41ก/+\[S</C5S/Cก/+O-]ClCEC FG.,A37/ก/+CD/;ssX/*BD/,/ก 54<C4gCPb<
OJ,/.Fก7ก/+\[SO-]CR)EO3GV81>D/J+41ก/+-X8<ก4C  Masalski FG.3a. (23) O*+A6,R)EO3GV818G@,)C7/ 2, 4 
FG. 6 [4gC 1COJGUกกGS/;+S>C),Oก+5 AISI 316 OWVB8-+41-+M<3E/,>/,/+L\Cก/+-X8<ก4Cก/+ก45ก+78C
F11OlW/.2AB  W1E7/ 3E/,JC/FC7Cก+.F>;ssX/F3Y25F-+O-GAB6C;-*/,8MaJ9@,)ก/+OR/RCbก6)B<
8MaJ9@,)ก/+OR/RCbก>@<HbgC (\C[7E< 500-800 8<0/OZGOZA6>) 37/3E/,JC/FC7Cก+.F>;ssX/6)B<*BD/G<    
 ;2O2OCA6,A3E/,O>LA6+*78>/+O3,A>@< ก/+*S/C2/C3E/,+S8C>@< FG.ก/+CD/8)OGUก*+8C*BD/ 2D/
\JSOJ,/.>D/J+41ก/+\[SO-]CE4>5M>D/J+41ก/+*S/Cก/+ก45ก+78C TiO2 stGN,1+)>M2`)}>7EC\J?7,4ก\[S\C5S/C
*4EO+7<-T)ก)+)6/  ก/+E)P46>D/J+41\[S TiO2 stGN, OWVB8ก/+-X8<ก4Cก/+ก45ก+78CH8<R)EOJGUก64<,A86@7CS86 
 C8กP/กCAgก/+O3GV81R)E2AB,A88ก;Z5N 2 [C)5J+V8,/กกE7/ >/,/+L\[S</C;5S867/<กES/<HE/<\C
JG/65S/C C8กP/กCAg64<[7E6-+41-+M<ก/+*S/C2/Cก/+ก45ก+78CH8<R)EOJGUก *4E867/<O[7C 70 SiO2-30 
TiO2 FG. 75 SiO2 - 25 Al2O3 \[SO3GV81R)EOJGUกกGS/;+S>C),Oก+5 316L stGN,54<กG7/E>/,/+L6V58/6M 
ก/+\[S</CH8<E4>5M;5SLb< 10 O27/ \C>/+G.G/6OกGV8Fก<3E/,OHS,HSC 3% FG.6V58/6Mก/+\[S</C;5S 5 
O27/\C>/+G.G/6ก+5Z4Gs@+)ก3E/,OHS,HSC 15% (12) 

\C[7E<2ABR7/C,/,A</CE)P46PD/CEC,/ก2AB\JS3E/,>C\P0bก:/;n1+)5YZGOPG (Hybrid sol-gel) 
OCVB8<P/กO-]CE4>5M\JS>,14*)2AB5A Y56OlW/.>/+O3GV81+.11 Hybrid organic�inorganic materials 2AB
CD/,/\[S\Cก/+-X8<ก4Cก/+ก45ก+78CH8<YGJ. +.1154<กG7/EO-]Cก/+R>,R>/COWVB8+E,3Ma>,14*)H8<
>/+8)C2+A6NFG.OZ+/,)ก  Y56OZ+/,)กZbB<O-]C>/+-+.ก818C)C2+A6NP.\JS>,14*)5S/C3E/,2C2/C*78
>/+O3,A 3E/,*S/C2/C*78+86HA5H7EC FG.ก/+6b5Oก/.ก41WVgCR)EYGJ. \CHa.2AB>/+-+.ก818)C2+A6N 
ZbB<;5SFก7 O+Z)C P.\JS>,14*)2AB5A5S/C3E/,6V5J6M7C 2D/\JSR)EO3GV81YZGOPG ;,7O-+/.F*ก<7/6 Pb<>/,/+L
O3GV81;5S3E/,JC/2AB,/กHbgC ZbB<>7<RG\JS-X8<ก4Cก/+ก45ก+78C;5S5AHbgC  

*4E867/<</CE)P465S/Cก/+O*+A6,>/+O3GV81[C)5;n1+)5YZGOPG ;5SFก7  </CE)P46H8< Varela 
Caselis FG.3a. (24)  2AB0bก:/ก/+\[S>/+O3GV81[C)5 Polymethymethacrylate (PMMA)-silica hybrid 2AB
;5SP/กก+.1ECก/+YZGOPG >D/J+41O3GV811COJGUก>O*COG> 316L ZbB<W1E7/ก/+\[S PMMA-silica 
hybrid >/,/+L6b5*)5ก41R)E[)gC</C;5S5AกE7/ก/+\[S PMMA OWA6<867/<O5A6E   >7EC</CE)P46H8< 
Salahinejad FG.3a. (25) ;5S2D/ก/+0bก:/ก/+O3GV81>/+YZGOPG G<1C[)gC</COJGUก>O*COG> 316L 
F11JG/6[4gC Y56O-]Cก/+>G41ก4C+.JE7/<[4gC inorganic FG. organic ZbB<2D/;5SY56O3GV81[4gCF+ก5SE6  
ZrTiO4 FGSEOR/RCbก (sinter) 2AB 700 8<0/OZGOZA6> P/กC4gCO3GV81[4gC2AB>8<5SE6 ZrTiO4-PMMA FGSE81
2AB8MaJ9@,) 150 8<0/OZGOZA6> 
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2.5  ก��)�,01ก2345�-.� /�4�#� $�%�� (%��)*��ก��ก��ก��ก���� 

YZGOPGL@กCD/;-\[S</C,/ก,/6>D/J+41ก/+W4vC/>AO3GV81 (paint) OWVB864164g<ก/+ก45ก+78C 
Y56>/+O3GV81R)EOJG7/CAgOก)5P/กก/+2D/</C+7E,ก4C+.JE7/<YZGOPGก41R<>AJG/6f [C)52AB,A3E/,
-G85946*78ก/+\[S</CFG.,A-+.>)2`)9/W*S/C2/Cก/+ก45ก+78C O[7C R<>A-+.O92 zinc phosphate  
Y3+<H7/6+7/<FJH8<YZGOPGC4gCP.2D/JCS/2AB-ก3GM,WVgCR)E[)gC</CFG.ก4กOกU18CM9/3R<>A;ES9/6\C 2D/
\JSR<>A>/,/+L-G5-G786;888C2AB,A>,14*)64164g<ก/+ก45ก+78C O[7C phosphate, zinc, calcium ions ,/64<
WVgCR)EYGJ.;5S867/<,A-+.>)2`)9/W  (26) 

ก/+R>,YZGOPG+7E,ก41>AO3GV81>@*+CgD/ (waterborne) ;5SFก7 ก/+R>,YZGOPG\C-+),/a 2 % 
Y56CgD/JC4กG<;-\C>AO3GV81[C)5 Water reducible alkyd enamel ZbB<W1E7/ ,AHS85AJG/6-+.ก/+ 8/2) 
[7E6+4ก:/3E/,,4CO</ OW)B,>,14*)ก/+6b5Oก/. FG.*S/C2/Cก/+W8<*4EH8<R)EO3GV81 >D/J+41ก/+
-+.6Mก*N\[SYZGOPG\C>A-+.O92 Waterborne clear lacquer >D/J+41ก/+O3GV811CR)E[)gC</C Galvalume 
(OJGUกFR7CO3GV81>4<ก.>A-8G@,)OCA6,) W1E7/ ก/+\[SYZGOPG+7E,ก41R<>A2AB,A>,14*)-X8<ก4Cก/+ก45ก+78C
P.,ARG[7E6OW)B,-+.>)2`)9/Wก/+-X8<ก4Cก/+ก45ก+78C\JSก41[)gC</C867/<OJUC;5S[45 54<RGก/+25>81 
salt spray \C+@-2AB 2.1  
 
 
 
 
 

 
 

 
+@-2AB 2.1 FR7C[)gC</C Galvalume 2ABR7/Cก/+2/>A Waterborne acrylic lacquer 3E/,JC/ 23 µm  9/6JG4<
ก/+25>81 salt spray O-]COEG/ 1200 [4BEY,< : (A) >A2AB;,7,A>/+64164g<ก/+ก45ก+78C  (B) >/+2/<ก/+3S/ 
3%  (C) YZGOPG 3%  FG. (D) YZGOPG 3% + R<>A64164g<ก/+ก45ก+78C  3% 
 

C8กP/ก>AO3GV81>@*+CgD/FGSE \C>@*+2AB\[S*4E2D/G.G/6 (solventborne) 8/2) vinyl wash primer 
กU>/,/+LCD/O23YCYG6AYZGOPG,/-+.6Mก*N\[S</C;5SO[7Cก4C Y562AB wash primer C4gCP45E7/O-]C9/E.2AB
+MCF+<OCVB8<P/ก,Aก/+\[S phosphoric acid O-]C*4EO+7<-T)ก)+)6/ 54<C4gCR<>A2AB\[SPb<*S8<,A3E/,2C2/C*78
9/E.2AB+MCF+<54<กG7/E;5S5A  ZbB<\C85A*2ABR7/C,/>/+2AB;5S+413E/,C)6,3V8R<>A[C)5Y3+O,*  F*7P/ก
ก/+0bก:/25G8<W1E7/ +.1154<กG7/E>/,/+L25F2C;5S 5SE6ก/+CD/YZGOPG,/\[S+7E,ก41R<>A2AB,A3E/,
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-G85946FG.,A>,14*)64164g<ก/+ก45ก+78C Y56W1E7/ R)EO3GV81,A>,14*)ก/+6b5Oก/.ก41R)E[)gC</CFG.
2C2/C*78ก/+ก45ก+78CF11G.88<OกGV8;5S5A 

C8กP/กCAg 64<,Aก/+-+.6Mก*N\[S</CYZGOPG\CกGM7,H8< Solventborne medium oil alkyd prime 
>D/J+41ก/+2/>A[)gC</C[M1>4<ก.>AF11PM7,+S8C (Hot dip galvanized)  ZbB<Y56-ก*)FGSEก/+CD/>A alkyd ,/
2/1CR)E2ABR7/Cก/+[M1>4<ก.>AY56*+<,4ก,AHS8PD/ก45P/ก-I?J/ก/+JGM5G78C;5S<7/6H8<stGN,[4gCO3GV81 
OCVB8<P/กก/+Oก)5-T)ก)+)6/ saponification +.JE7/<57/<2AB86@71CR)E[)gC</Cก41O+Z)C 24g<CAgP/กRGก/+
25>81 salt spray \C+@-2AB 2.2 F>5<\JSOJUCE7/ YZGOPG>/,/+LOW)B,-+.>)2`)9/Wก/+6b5Oก/.FG.ก/+
-X8<ก4Cก/+ก45ก+78CH8<R)EO3GV81;5S5A 

 

 
 
 
 
 

 
 

 
+@-2AB 2.2 FR7COJGUก[M1>4<ก.>AF11PM7,+S8C2ABR7/Cก/+2/5SE6 Solvent-based medium oil alkyd primer 
3E/,JC/ 58 µm  9/6JG4<ก/+25>81 salt spray O-]COEG/ 240 [4BEY,< FG.,ARGก/+25>81 Cross-
hatch adhesion F>5<2AB,M,1CHE/ (A) ;,7,AR<>A64164g<ก/+ก45ก+78C (B) R<>A64164g<ก/+ก45ก+78C 6% + 
YZGOPG 1%   FG. (C) R<>A64164g<ก/+ก45ก+78C 6%+ YZGOPG 1.5% 



 
 

�

�� 3 

'&6�ก��
���� 
 

3.1  '�#�1-�1)ก�83 #�� $9�:�, $�%���9%� 

 3.1.1  E4>5M-8M-ก+aN 
 1.  1AกOก8+N 
 2.  HE5WG/>*)ก 
 3.  JG85J65 
 4.  F27<FกSE3C>/+ 
 5.  FR7COJGUก+A5O6UC H8<1+):42 1G@>Y3- (-+.O20;26) PD/ก45 HC/5 2 x 3.5 

OZC*)O,*+ JC/ 0.4 ,)GG)O,*+ 
 3.1.2  >/+O3,A 
 1.  ;2O2OCA6,;5;8YZYWW8ก;Z5N  1)>8.OZ22)G8.ZAY*OC* 
  (Titanium diisopropoxide bisacetylacetonate 

[Ti(OCH(CH3)2)2(CH3COCHCOCH3)2] J+V8 TIAA, 75 wt% in isopropanol  
(Aldrich)) 

 2.  1,3 YWOWC;584G (1,3 propanediol [HO(CH2)3OH] (Aldrich, purity > 99% )) 
 3.  O82/C8GOก+5ก/+3S/ (Commercial Ethanol (96% EtOH)) 
 4.  F81YZGM2 O82/C8G (Absolute Ethanol (BDH, 99.7-100 %v/v)) 
 5.  W8G);EC)G1)E2A+4G (Polyvinyl butyral, PVB (Aldrich)) 
 3.1.3 O3+VB8<,V8 
 1.  กGS8<PMG2++0CNF115)P)*8G H8< Celetron +M7C Amoeba   
 2.  O3+VB8<[4B<20C)6, 4 *D/FJC7< H8< Satorius 
 3.  O3+VB8<PM7,O3GV81R)EHC/5OGUก (Mini dip coater) F11PM7,O+UE  
  (-+.5):pNY563MaE)[46 Os��8<s@CEก)P)  
  4.   O3+VB8<PM7,O3GV81R)EF11PM7,[S/ (-+.5):pNY563Ma85)04ก5)}  LV8WG86)  
 5.  O3+VB8< Hot plate stirrer 
 6.  *@S81;ssX/ 
 7.  O3+VB8<E45 contact angle H8< Kyowa +M7C DM-CE1  
 8. O3+VB8<E45HC/58CM9/3H8< Malvern +M7C Nano 2590 
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3.2  ก��#�� $��,!3�
 
 ��0-.� 

 R>, TIAA FG. 1,3 propanediol \C84*+/>7EC 1 : 1 Y,G Y56+AsG4กZN>/+R>,O-]COEG/ 60 C/2A 
P/กC4gCPb<กG4BC2AB8MaJ9@,)-+.,/a 80 8<0/OZGOZA6> OPV8P/<>/+G.G/6YZG2AB>4<O3+/.JN;5S5SE6  
absolute Ethanol \JSO-]C stock TiO2 sol 2AB3E/,OHS,HSC 1  M 
 
3.3 ก�� 2��09#�� $�%���&' 

 ก/+O*+A6,>/+O3GV81R)E;2O2OCA6YZG2D/;5SY56ก/+OPV8P/< stock TiO2 sol 5SE6*4E2D/G.G/6    
O82/C8GOก+5ก/+3S/\JS;5S>/+G.G/6;2O2OCA62AB,A3E/,OHS,HSCO27/ก41 0.1 M 
 ก/+O*+A6,>/+O3GV81R)E;n1+)5YZGOPG (Hybrid sol gel) 2D/;5SY56ก/+R>,>/+-+.ก81W8G)
;EC)G1)E2A+4G (PVB) \C>/+G.G/6;2O2OCA6YZGY56;2O2OCA6YZG,A3E/,OHS,HS,-+.,/a 0.05 M FG.
\[SW8G);EC)G1)E2A+4G-+.,/a+S86G. 0.25Y56CgD/JC4ก  
 
3.4 ก��'��������1<�$����
 
 ��04�-.� 

  OPV8P/<;2O2OCA6YZG\JS,A3E/,OHS,HSC 0.05 M OWVB8E45HC/58CM9/3H8<;2O2OCA6\CYZG2AB
+.6.OEG/*7/<f Y56E)O3+/.JN;5S5SE6O23C)3 Dynamic light scettering O3+VB8< Zetasizer H8< Malvern +M7C 
Nano 2590  Y56E45HC/58CM9/3;2O2OCA6YZG2Mกf 15 E4C  
 
3.5  ก��/1�9 $�%���&' !�"ก��'0#�� $�%���&' 

1.  2D/3E/,>.8/5R)E[)gC</COJGUก5SE6O82/C8GOก+5ก/+3S/ FGSE,/PM7,O3GV81R)E5SE6>/+
O3GV81R)E2ABO*+A6,;ESY56ก/+PM7,[)gC</CG<\C>/+G.G/6YZG5SE6O3+VB8<PM7,O3GV81R)EHC/5OGUก Y56\[S
+.5413E/,O+UE\Cก/+PM7,-+.,/a 1,600 ,)GG)O,*+*78C/2A J+V8+.5413E/,O+UE-+.,/a 100 ,)GG)O,*+
*78C/2A 

2.  2)g<;ES\JSFJS<2AB8MaJ9@,)JS8<\CกG78<5@53E/,[VgCO-]COEG/ 1 3VC J+V881[)gC</C2AB8MaJ9@,) 
100 8<0/OZGOZA6> 

3. W7C>A[)gC</C5SE6>A8.3+)G)ก[C)5>O-+6NJ+V82/>ACgD/,4C 2)g<\JS>AFJS<O-]COEG/ 7 E4C ก78Cก/+
CD/;-25>81ก/+6b5*)5H8<>A 
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3.6 ก��'��$�� contact angle ����&' !�"ก 

             E4537/ contact angle H8<R)EOJGUก2AB;,7O3GV81R)EFG.O3GV81R)E5SE6YZG Y56ก/+\[SO3+VB8<E4537/ 
contact angle H8< Kyowa +M7C DM-CE1  
 
3.7  ก��
�#��ก��0D�2&�����&' $�%�����&' !�"ก 

ก/+25>81ก/+6b5*)5H8<R)EO3GV815SE6E)`Aก/+*/,,/*+p/C ASTM D 3359-02 Standard Test 
Methods for Measuring Adhesion by Tape Test ,AE)`Aก/+54<CAg 

1.  2D/3E/,>.8/5[)gC</C2AB*S8<ก/+25>81 
2.  CD/O2-ก/E867/<5A O[7C O2-ก/E*+/ 3M *)5G<;-2AB[)gC</C\C1+)OEa2AB*S8<ก/+25>81 
3.  \[S6/<G12AB86@72AB5S/C-G/6H8<5)C>8L@OWVB8\JSO2-*)5FC7Cก41[)gC</C 
4.  5b<O2-88กY565b<\JS2D/,M,\กGSO3A6< 180 8<0/ \JS;5S,/ก2AB>M5 
5.  *+EP5@ก/+JGM5G8กH8<>A  L7/69/W[)gC</COWVB83D/CEa+S86G.H8<ก/+JGM5G8กH8<>A   

 
3.8 ก��45�-)�:ก�9 Image J  
           Y-+Fก+, ImageJ O-]CY-+Fก+,>D/J+41ก/+3D/CEaJ/>45>7ECH8<WVgC2ABP/ก9/WL7/6 OWVB8\[S
3D/CEaWVgC2ABก/+JGM5G8กH8<>A Y56,AE)`Aก/+\[S</C54<CAg 

1. O-t5Y-+Fก+, Image J  P/กC4gCOGV8ก3D/>4B< File FG.OGV8ก3D/>4B< Open FG.OGV8ก+@-2AB*S8<ก/+
E)O3+/.JNJ/WVgC2ABH8<>A2AB*)586@71CFR7COJGUก 

2. กD/JC51+)OEa2AB*S8<ก/+E)O3+/.JN Y56OGV8ก3D/>4B< Image FG.OGV8ก3D/>4B< Crop  
3. OGV8ก3D/>4B< Image FG.OGV8ก3D/>4B< Type 8 - bit  
4. OGV8ก3D/>4B< Image P/กC4gCOGV8ก3D/>4B< Adjust OGV8ก3D/>4B< Threshold FG.OGV8ก3D/>4B< Apply 
5. OGV8ก3D/>4B <  Analyze P/กC4gCOGV8ก3D/  Analyze Particle  FG.OGV8ก Summarize FG. ok 

*/,GD/541 
6.Y-+Fก+,P.2D/ก/+E)O3+/.JNJ/WVgC2ABH8<>A2AB86@7FR7COJGUก 
7. CD/RGก/+3D/CEaWVgC2AB;-O-+A61O2A61Oกa|N*/,,/*+p/C ASTM D3359-09 OWVB8P45กGM7,

H8<[)gC</CJG4<ก/+2D/ Tape test E7/86@7\CกGM7,\5Y565@P/ก+S86G.H8<>A2ABJGM5G8กP/ก[)gC</COJGUก 
Y56ก/+P45กGM7,,A 6 กGM7, 54<CAg 
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*/+/<2AB 3.1 F>5<ก/+P45กGM7,*/,,/*+p/Cก/+25>81ก/+6b5*)5 
 

กGM7,2AB +S86G.H8<WVgC2AB>A2ABJGM5G8ก 
5B 0 % J+V8 ;,7JGM5G8ก 
4B CS86กE7/ 5 % 
3B 5-15 % 
2B 15-35 % 
1B 35-65% 
0B ,/กกE7/ 65 % 

 
3.9   การทดสอบการกัดกร่อนของชิRนงาน โดยวิธีจําลองสภาวะในเครื�อง Salt spray อ้างอิงตาม

มาตรฐาน ASTM B117  
1. �%�7
��6�2���� �5��'�-��������	�กG(��ก����� �6�� -%���� ���43�4!�7	�����5��' 

��� 0ก
	 !�5���ก-"�� 7	�� %�ก��.����3�6�2���� �5�� 
2. �%�6�2���� �5�� !�
���ก��-��������7	�� "�������#�ก�(/���6�2���� %�'#' 30 ��I� 1�

���
��� �5��ก��ก��ก����7��	�����ก	
� : Q-Fog Salt Spray Chamber  �������#'�#(�,3'�1����3�
1�6��� 35+1oC  ��-��ก��:!����4���2%��ก	
����'�4�'4�� 5% ����2%����ก 1�6��� 0.4-0.6 	�-�-��
6����'�   !�'!���'����ก��������3�������� 6.5 .0� 7.2  ����7������������ 12-15 psi  

3. �'
����	�
���"� 24, 72 7	� 120 6����'� �%�6�2���� �5����ก'���ก���
��� �5��7	��

�%�'� %����'5�������16��2%� !�'!�#(�,3'�"'��ก�� 38°C "�	
���  %�ก��-�������� .����3�7	���� 0ก
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4.1 ก��IDกJ�ก��ก�,/�02�'�����1<�$�
 
 ��04�-.�
���,0, '��2���K 

 

 
+@-2AB 4.1 ก/+ก+.P/6*4EH8<8CM9/3;2O2OCA6\CYZG2AB+.6.OEG/*7/<f Y56ก/+E45O23C)3 dynamic light 
scattering 
 

 P/ก+@-2AB 4.1 F>5<\JSOJUC[7E<ก/+ก+.P/6*4EH8<8CM9/3;2O2OCA6\CYZGZbB<*+EPE452AB
+.6.OEG/*7/<f JG4<P/ก>4<O3+/.JN;2O2OCA6YZGO,VB8E4C2AB 18 ก4C6/6C 2556 Y562D/ก/+*+EPE4524g<>)gC 
7 3+4g< (3+4g<2AB 1 : E4C2AB 23 ก4C6/6C 2556  3+4g<2AB 2 : E4C2AB 8 *MG/3, 2556 3+4g<2AB 3 : E4C2AB 24 *MG/3, 2556 
3+4g<2AB 4 : E4C2AB 8 W=0P)ก/6C 2556  3+4g<2AB 5 : E4C2AB 25 W=0P)ก/6C 2556 3+4g<2AB 6 : E4C2AB 9 `4CE/3, 2556 
FG.3+4g<2AB 7 :  E4C2AB 24 `4CE/3, 2556) Y56O-]Cก/+E45\CF*7G.[7E<J7/<ก4CO-]C+.6.OEG/-+.,/a 15 
E4C RGก/+E)O3+/.JNW1E7/ 8CM9/3[7E<H8<ก/+ก+.P/6*4EH8<8CM9/3;2O2OCA6\CYZG>7EC\J?7O-]C+@-
+.�4<3EBD/FG.,AOWA6<WA3O5A6E 6กOESCRGก/+25G8<\Cก/+E45ก/+ก+.P/6*4EH8<8CM9/33+4g<2AB 4 FG.3+4g<
2AB 7 ZbB<,A8AกJCbB<WA3F*7O-]CWA3HC/5OGUก2AB;,7,A8)2`)WG*78ก/+ก+.P/6*4EH8<8CM9/3Y56+E,  C8กP/กCAg
ก/+ก+.P/6*4EH8<8CM9/3;2O2OCA6\CYZG,AFCEYCS,;-\C2)02/<H8<8CM9/32AB,AHC/5\J?7HbgC*/,
+.6.OEG/2ABR7/C;-   >4<Oก*;5SP/กWA3ก+.P/6*4EH8<8CM9/32ABH641;-2/<HE/*/,FกC x ZbB<O-]CFกC
H8<HC/58CM9/3   
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+@-2AB 4.2  HC/58CM9/3OlGAB6H8<;22/OCA6\CYZG2AB+.6.OEG/*7/<f 

  
 P/ก+@-2AB 4.2 F>5<8CM9/3OlGAB6H8<;2O2OCA6\CYZG2AB+.6.OEG/*7/<f ZbB<P/กRGก/+E)O3+/.JN 
W1E7/ HC/5H8<8CM9/3;2O2OCA6JG4<ก/+>4<O3+/.JN 5 E4C ,AHC/58CM9/3OlGAB6-+.,/a 8 C/YCO,*+ 
Y56HC/58CM9/3OlGAB6,AHC/5\J?7HbgCOกV81O27/*4E\CF*7G.3+4g<H8<ก/+E45HC/58CM9/3  FG.8CM9/3         
;2O2OCA6,AHC/5\J?7กE7/ 100 C/YCO,*+ O,VB8OEG/R7/C;- 82 E4C JG4<P/กก/+>4<O3+/.JN;2O2OCA6YZG  
>D/J+41HC/5H8<8CM9/3;2O2OCA62AB\J?72AB>M5E45;5S,AHC/5-+.,/a 600 C/YCO,*+ O,VB8OEG/R7/C;-
-+.,/a 110 E4C JG4<P/กก/+>4<O3+/.JNYZG  *78P/กC4gC;2O2OCA6YZGO+)B,O-GAB6CO-]COPG  ZbB<RGก/+E45
HC/5H8<8CM9/3;2O2OCA62D/\JS2+/1Lb<[7E<+.6.OEG/2ABOJ,/.>,>D/J+41ก/+\[S;2O2OCA6YZG Y56;2
O2OCA6YZG2AB>4<O3+/.JN;5SP/กE)`Aก/+>D/J+41ก/+25G8<CAg,A8/6Mก/+\[S</C;5S-+.,/a 3 O5V8C ก78CYZG
2AB>4<O3+/.JN;5SP.O-GAB6CO-]COPG 
 
4.2  ก��'��$�� contact angle ���5&L���� !�"ก 

 RGก/+25G8<E4537/ contact angle H8<[)gC</COJGUก*4E867/<2AB;,7O3GV81R)EFG.O3GV81R)E5SE6        
;2O2OCA6YZGY56\[SCgD/J65G<1CR)E[)gC</C*4E867/< F>5<;5S54<+@-2AB 4.3 � 4.7 
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+@-2AB 4.3 9/WL7/6J65CgD/1CR)E[)gC</COJGUก (*4E867/< Fe) 
 
 
 

 
 

+@-2AB 4.4 9/WL7/6J65CgD/1CR)E[)gC</COJGUก2ABO3GV81R)E5SE6;2O2OCA6YZGFG.2)g<;ES2AB8MaJ9@,)JS8<O-]C
OEG/ 1 3VC (*4E867/< Fe-TiO2-rt) 
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+@-2AB 4.5 9/WL7/6J65CgD/1CR)E[)gC</COJGUก2ABO3GV81R)E5SE6;2O2OCA6YZGFG.812AB 100 8<0/OZGOZA6> 
O-]COEG/ 1 [4BEY,< (Fe-TiO2-100) 

 
 

 
 

+@-2AB 4.6 9/WL7/6J65CgD/1CR)E[)gC</COJGUก2ABO3GV81R)E5SE6>/+-+.ก81;n1+)5YZGOPGFG.2)g<;ES2AB
8MaJ9@,)JS8<O-]COEG/ 1 3VC (*4E867/< Fe-Hybrid-rt) 
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+@-2AB 4.7 9/WL7/6J65CgD/1CR)E[)gC</COJGUก2ABO3GV81R)E5SE6>/+-+.ก81;n1+)5YZGOPGFG.812AB                  
100 8<0/OZGOZA6> O-]COEG/ 1 [4BEY,< (*4E867/< Fe-Hybrid-100)     
 
*/+/<2AB 4.1 37/ contact angle H8<[)gC</COJGUก*4E867/< 
 

*4E867/< 37/ contact angle (8<0/) 
Fe 96.7 

Fe-TiO2 -rt 75.6 
Fe-TiO2-100 111.1 
Fe-Hybrid-rt 105.7 

Fe-Hybrid-100 104.2 

J,/6OJ*M   Fe         3V8 [)gC</COJGUก2AB;,7O3GV81R)E 
       Fe-TiO2- rt  3V8 [)gC</COJGUก2ABO3GV81R)E5SE6;2O2OCA6YZGFG.2)g<;ES2AB8MaJ9@,)JS8< 
          O-]COEG/ 1 3VC 
       Fe-TiO2-100  3V8 [)gC</COJGUก2ABO3GV81R)E5SE6;2O2OCA6YZGFG.812AB 100 8<0/OZGOZA6>  
          O-]COEG/ 1 [4BEY,< 
       Fe-Hybrid-rt  3V8 [)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5YZGOPGFG.2)g<;ES2AB8MaJ9@,)JS8<                
          O-]COEG/ 1 3VC 
       Fe-Hybrid-100  3V8 [)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5YZGOPGFG.812AB 100 8<0/ 
         OZGOZA6> O-]COEG/ 1 [4BEY,< 
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  P/ก*/+/<2AB 4.1 F>5<37/ contact angle H8<[)gC</COJGUก2AB;,7O3GV81R)EFG.[)gC</C
OJGUก2ABO3GV81R)E5SE6;2O2OCA6YZG W1E7/[)gC</C2ABO3GV81R)E5SE6;2O2OCA6YZGFG.2)g<;ES2AB8MaJ9@,)JS8<
,A37/ contact angle -+.,/a 75.6 8<0/ ZbB<O-]C37/2AB2AB*BD/กE7/[)gC</COJGUก2AB;,7O3GV81R)E5SE6;2O2OCA6
YZG,A37/ contact angle -+.,/a 96.7 8<0/  24g<CAgO-]COW+/.R)EO3GV812ABOก)5P/กก/+O-GAB6CP/กYZGO-]C
OPG64<,A3E/,W+MC*4E>@<    Pb<O-]C;-;5SE7/CgD/>/,/+LF2+กG<\CR)EH8<;2O2OCA6OPG;5S  867/<;+กU*/,
>9/W2AB[81CgD/H8<R)E[)gC</COJGUก2ABO3GV815SE6;2O2OCA6YZGG5G<J+V837/ contact angle OW)B,HbgCO,VB8,A
ก/+81[)gC</C2ABO3GV81R)E5SE6;2O2OCA6YZG2AB8MaJ9@,) 100 8<0/OZGOZA6> Y5637/ contact angle OW)B,HbgC
O-]C 111.1 8<0/  24g<CAgO-]COW+/.ก/+81[)gC</C2D/\JS;2O2OCA6OPG1CR)EOJGUกJ5*4E2D/\JS3E/,W+MC*4E
H8<R)EO3GV81G5G<   >D/J+41[)gC</C2ABO3GV81R)E5SE6>/+-+.ก81;n1+)5YZGOPG24g<F112AB2)g<;ES2AB
8MaJ9@,)JS8<FG.2AB81[)gC</C2AB 100 8<0/OZGOZA6>  ,A37/ contact angle -+.,/a 105.7 FG. 104.2 8<0/ 
*/,GD/541 >@<กE7/37/ contact angle H8<[)gC</COJGUก2AB;,7 O3GV81R)EOGUกCS86 OCVB8<P/ก;n1+)5 
YZGOPG,AW8G);EC)G1)E2A+4GO-]C8<3N-+.ก812D/\JS[)gC</C2ABO3GV81R)E5SE6;n1+)5;ZGOPG,A>9/W2AB;,7
[81CgD/>@<HbgCOCVB8<P/กW8G);EC)G1)E2A+4GO-]CW8G)O,8+N2AB;,7G.G/6CgD/   37/ contact angle H8<R)E[)gC</C
F*7G.-+.O922D/\JS2+/1Lb<FCEYCS,\Cก/+O-�6กR)E5SE6>A2AB\[SW7CJ+V82/OJGUก  
 
4.3  ก��0D�2&����#��,$�&�&ก5�&�# )�03��5&L���� !�"ก 

4.3.1  *4E867/<[)gC</COJGUก2AB;,7,A>/+O3GV81R)Eก78CW7C>A8.3+)G)ก1C[)gC</COJGUก 
 
*/+/<2AB 4.2 RGก/+25>81ก/+6b5*)5>A8.3+)G)ก[C)5>O-+6N1CFR7COJGUก2AB;,7O3GV81R)E 
 

*4E867/< ก/+H45R)E[)gC</Cก78CW7C>A 3E/,JC/H8<
>A (µm) 

+S86G.H8<WVgC2AB>A
2ABJGM5G8ก 

กGM7,*/,ASTM   
D3359-09    

Blank A1 ;,7H45R)E 21.3 88.8 0B 
Blank A2 ;,7H45R)E 25.2 47.4 2B 
Blank A3 ;,7H45R)E 26.6 60.7 1B 
Blank-PA1 H45R)E5SE6ก+.5/:2+/6 21.4 11.4 3B 
Blank-PA2 H45R)E5SE6ก+.5/:2+/6 18.7 13.2 3B 
Blank-PA3 H45R)E5SE6ก+.5/:2+/6 20.7 15.5 2B 
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ก/+25G8<CAg,Aก/+H45R)E[)gC</COJGUก1/<[)gC5SE6ก+.5/:2+/6OCVB8<P/ก [)gC</COJGUก1/<[)gC,A
>C),Oก)5HbgC+.JE7/<2ABOกU1;ESก78Cก/+25G8<   54<C4gCก/+H45[)gC</COJGUกCAg,APM5,M7<J,/6OWVB8ก/+HP45
>C),OJGUก  867/<;+กU*/,[)gCOJGUก2ABL@กH45Oก)5+86P/กก/+H45 2D/\JSR)EOJGUก,AG4ก:a.;,7O+A61OJ,V8C
[)gC</C*4E867/<O+)B,*SC  F*7O,VB825G8<W7C>A1CR)E[)gC</COJGUก24g< 2 [C)5 W1E7/[)gC</COJGUก2ABH45R)E 
(*4E867/< Blank PA1,  Blank PA2 FG. Blank PA3)  F>5<ก/+6b5*)5ก41>A;5S5AกE7/[)gC</COJGUก2AB;,7H45
R)E (*4E867/< Blank A1,  Blank A2 FG. Blank A3)    Y56[)gC</C2ABH45R)E,Aก/+6b5*)5>A86@7\CกGM7, 2B 
FG. 3B  \CHa.2AB[)gC</COJGUก2AB;,7H45R)E,Aก/+6b5*)5>A86@7\CกGM7, 0B, 1B FG. 2B 54<*/+/<2AB 4.2 24g<CAg
C7/P.O-]CRG,/P/กG4ก:a.3E/,O+A61J+V83E/,H+MH+.H8<R)EOJGUก2ABO-GAB6C;-2AB>7<RG*78ก/+6b5*)5
H8<[)gC</COJGUกก41>A  54<C4gCOWVB8\JS[)gC</C,A3E/,>,BD/O>,8ก4C2Mก[)gC</Cก/+25G8<*78;-Pb<OGV8ก\[S
E)`Aก/+กD/P45>C),OJGUก5SE6ก/+F[7[)gC</C*4E867/<2ABOก)5>C),\C>/+G.G/6ก+5;nY5+3G8+)ก3E/,
OHS,HSC+S86G. 15 Y56-+),/*+ 

4.3.2  *4E867/<[)gC</COJGUก2ABO3GV81R)E5SE6YZGOPGก78CW7C>A8.3+)G)ก1C[)gC</COJGUก 
 
*/+/<2AB 4.3 RGก/+25>81ก/+6b5*)5H8<>A8.3+)G)ก[C)5>O-+6Nก41FR7COJGUก2ABO3GV81R)E5SE6YZGOPG 
 

*4E867/< [C)5H8<
>/+
O3GV81 

84*+/O+UE
ก/+PM7, 
(mm min-1) 

ก/+81
[)gC</Cก78C
2/>A 

3E/,
JC/H8<
>A (µm) 

+S86G.H8<
WVgC2AB>A2AB
JGM5G8ก 

กGM7,*/,
ASTM   
D3359-09    

Blank A1 -  - 26.5 88.7 0B 
Blank A2 -  - 28.2 47.4 2B 
Blank A3 -  - 23.5 60.7 1B 
AT-slow-rt (1) TiO2 100 8MaJ9@,)JS8< 14.3 95 0B 
AT-slow-rt(2) TiO2 100 8MaJ9@,)JS8< 17.2 51.3 1B 
AT-slow-rt(3) TiO2 100 8MaJ9@,)JS8< 12.5 98.8 0B 
AT-slow-100(1) TiO2 100 100 oC 25.9 98.9 0B 

AT-slow-100(2) TiO2 100 100 oC 12.6 98.8 0B 

AT-slow-100(3) TiO2 100 100 oC 14.7 98.7 0B 

AT-fast-rt(1) TiO2 1600 8MaJ9@,)JS8< 40.6 8.8 3B 
AT-fast-rt(2) TiO2 1600 8MaJ9@,)JS8< 41.2 7.0 3B 

AT-fast-rt(3) TiO2 1600 8MaJ9@,)JS8< 38.2 7.9 3B 

AT-fast-100(1) TiO2 1600 100 oC 62.2 18.3 2B 
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*/+/<2AB 4.3 (*78) RGก/+25>81ก/+6b5*)5H8<>A8.3+)G)ก[C)5>O-+6Nก41FR7COJGUก2ABO3GV81R)E5SE6YZG
OPG 
 

*4E867/< [C)5H8<
>/+
O3GV81 

84*+/O+UE
ก/+PM7, 
(mm min-1) 

ก/+81
[)gC</Cก78C
2/>A 

3E/,
JC/H8<
>A (µm) 

+S86G.H8<
WVgC2AB>A2AB
JGM5G8ก 

กGM7,*/,
ASTM   
D3359-09    

AT-fast-100(2) TiO2 1600 100 oC 50.1 12.9 3B 

AT-fast-100(3) TiO2 1600 100 oC 57.6 11.4 3B 

ATP-slow-rt(1) Hybrid 100 8MaJ9@,)JS8< 22.0 86.5 0B 
ATP-slow-rt(2) Hybrid 100 8MaJ9@,)JS8< 16.8 18 2B 
ATP-slow-rt(3) Hybrid 100 8MaJ9@,)JS8< 17.3 74.6 0B 
ATP-slow-100(1) Hybrid 100 100 oC 28.6 15.4 3B 
ATP-slow-100(2) Hybrid 100 100 oC 26.9 11.4 3B 
ATP-slow-100(3) Hybrid 100 100 oC 13.0 3 4B 

 

 P/ก*/+/<2AB 4.3  [)gC</C2ABO3GV81R)E5SE6;2O2OCA6YZGY56\[S84*+/ก/+PM7,O3GV81R)E2AB*BD/24g<F11
2AB-G786;ES2AB8MaJ9@,)JS8< (*4E867/< AT-slow-rt (1),  AT-slow-rt (2) FG. AT-slow-rt (3)) FG.2AB812AB
8MaJ9@,) 100 8<0/OZGOZA6> (*4E867/< AT-slow-100(1),   AT-slow-100(2) FG. AT-slow-100(3)) ,A37/
ก/+6b5*)5ก41>A2AB*BD/,/ก J+V8OกV81;,76b5*)5ก41>AOG6 3V8>7EC\J?7,A37/ก/+6b5*)5ก41>A86@7\CกGM7, 0B F*7
RGก/+6b5*)5ก41>A5AHbgCO,VB884*+/O+UE\Cก/+PM7,O3GV81R)E>@<HbgC (*4E867/< AT-fast-rt(1), AT-fast-rt(2) FG.  
AT-fast-rt(3) FG. AT-fast-100(1), AT-fast-100(2) FG.  AT-fast-100(3)) 24g<CAgC7/P.O-]COW+/. 84*+/O+UE
\Cก/+PM7,O3GV81R)E2AB>@<HbgC2D/\JSR)EO3GV81YZGOPGJC/HbgC 2D/\JS>A6b5Oก/.ก41R)E;2O2OCA6;5S5A 
OCVB8<P/ก;2O2OCA6,A88กZ)OPCO-]C8<3N-+.ก81Pb<2D/\JSOก)5W4C`.;5S5Aก4124g<OJGUกFG.>A-+.O928.3GA
+)กO+Z)BC   >7EC*4E867/<[)gC</C2ABO3GV81R)E5SE6>/+-+.ก81;n1+)5YZGOPGF>5<ก/+6b5*)52AB5AHbgCกE7/
[)gC</COJGUก2AB;,7O3GV81R)E5SE6;2O2OCA6YZGO,VB8,Aก/+81[)gC</C2AB 100 8<0/OZGOZA6> 3V8,Aก/+6b5*)5
86@7\CกGM7, 3B FG. 4B    
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4.4  ก��0D�2&����#��LM�9����5&L���� !�"ก 

4.4.1  *4E867/<[)gC</COJGUก2AB;,7,A>/+O3GV81R)Eก78C2/>ACgD/,4C1C[)gC</COJGUก 
 
*/+/<2AB 4.4 RGก/+25>81ก/+6b5*)5>ACgD/,4C (Oil paint) ก41FR7COJGUก2AB;,7O3GV81R)E 
 

*4E867/< ก/+H45R)E[)gC</Cก78CW7C>A 3E/,JC/H8<
>A (µm) 

+S86G.H8<WVgC2AB>A
2ABJGM5G8ก 

กGM7,*/,ASTM   
D3359-09    

Blank O1 ;,7H45R)E 67.5 48.2 1B 
Blank O2 ;,7H45R)E 57.9 47.4 1B 
Blank O3 ;,7H45R)E 44.4 64.2 1B 
Blank-PO1 H45R)E5SE6ก+.5/:2+/6 49.7 36.0 1B 
Blank-PO2 H45R)E5SE6ก+.5/:2+/6 44.9 30.9 2B 
Blank-PO3 H45R)E5SE6ก+.5/:2+/6 41.5 35.0 1B 

 

P/ก*/+/<2AB 4.4 RGก/+25>81ก/+6b5H8<[)gC</COJGUก2AB;,7O3GV81R)E5SE6;2O2OCA6YZGก78C

ก/+2/>A W1E7/ [)gC</C24g<F112AB;,7,Aก/+H45R)EFG.2AB,Aก/+H45R)E5SE6ก+.5/:2+/6   F>5<+.541ก/+6b5

*)5ก41>ACgD/,4C86@7\C+.541O5A6Eก4C 3V886@7\CกGM7, 1B O-]C>7EC\J?7  ZbB<F>5<\JSOJUCE7/+.5413E/,O+A61

H8<R)E[)gC</C;,7;5S>7<RGก+.21867/<OJUC;5S[45*78ก/+6b5*)5H8<[)gC</COJGUกก41>ACgD/,4C  867/<;+กU

*/,ก/+25G8<*78;-OGV8ก\[Sก/+กD/P45>C),H8<OJGUก5SE6ก/+GS/<5SE6ก+5O[7CO5A6Eก41ก/+25G8<

HS/<*SCZbB<\[Sก41>A8.3+)G)ก[C)5>-+6NOWVB8\JS[)gC</C,A3E/,>,BD/O>,8*G85ก/+25G8< 
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4.4.2  *4E867/<[)gC</COJGUก2ABO3GV81R)E5SE6YZGOPGก78C2/>ACgD/,4C1C[)gC</COJGUก 
 
*/+/<2AB 4.5 RGก/+25>81ก/+6b5*)5H8<>ACgD/,4Cก41FR7COJGUก2ABO3GV81R)E5SE6YZGOPG 
 

*4E867/< [C)5H8<
>/+
O3GV81 

84*+/O+UE
ก/+PM7, 
(mm min-1) 

ก/+81
[)gC</Cก78C
2/>A 

3E/,
JC/H8<
>A (µm) 

+S86G.H8<
WVgC2AB>A2AB
JGM5G8ก 

กGM7,*/,
ASTM   
D3359-09    

Blank O1 -  - 67.5 48.2 1B 
Blank O2 -  - 57.9 47.4 1B 
Blank O3 -  - 44.4 64.2 1B 
OT-slow-rt (1) TiO2 100 8MaJ9@,)JS8< 78.0 60.6 1B 
OT-slow-rt(2) TiO2 100 8MaJ9@,)JS8< 97.7 69.5 0B 
OT-slow-rt(3) TiO2 100 8MaJ9@,)JS8< 77.2 48.5 1B 
OT-slow-100(1) TiO2 100 100 oC 107.1 65.6 0B 

OT-slow-100(2) TiO2 100 100 oC 111.2 72.6 0B 

OT-slow-100(3) TiO2 100 100 oC 74.1 71.3 0B 

OT-fast-rt(1) TiO2 1600 8MaJ9@,)JS8< 77.4 24.6 2B 
OT-fast-rt(2) TiO2 1600 8MaJ9@,)JS8< 106.0 20.3 2B 

OT-fast-rt(3) TiO2 1600 8MaJ9@,)JS8< 133.0 20.6 2B 

OT-fast-100(1) TiO2 1600 100 oC 132.0 16.9 2B 

OT-fast-100(2) TiO2 1600 100 oC 136.0 23.8 2B 

OT-fast-100(3) TiO2 1600 100 oC 126.0 25.3 2B 

OTP-slow-rt(1) Hybrid 100 8MaJ9@,)JS8< 95.5 64.6 1B 

OTP-slow-rt(2) Hybrid 100 8MaJ9@,)JS8< 48.4 34.0 1B 

OTP-slow-rt(3) Hybrid 100 8MaJ9@,)JS8< 94.7 44.2 1B 

OTP-slow-100(1) Hybrid 100 100 oC 64.4 41.5 1B 

OTP-slow-100(2) Hybrid 100 100 oC 65.1 54.8 1B 

OTP-slow-100(3) Hybrid 100 100 oC 55.3 37.5 1B 
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P/ก*/+/<2AB 4.5 *4E867/<2VBO3GV81R)E5SE6;2O2OCA6YZGFG.;n1+)5YZGOPG ;,7F>5<RG\Cก/+
-+41-+M<>,14*)ก/+6b5*)5ก41>A867/<[45OPC Y56[)gC</C2ABO3GV81R)E5SE6;2O2OCA6YZGFG.;n1+)5YZGOPG
F>5<RGก/+6b5*)5ก41>ACgD/,4C\C+.541O5A6Eก41[)gC</COJGUก2AB;,7O3GV81R)E 3V8ก/+6b5*)5ก41>A86@7\C
+.541 1B  ,AOWA6<[)gC</C*4E867/<2ABO3GV81R)E5SE6;2O2OCA6YZGFG.\[S84*+/O+UE\Cก/+O3GV812ABO+UE 
(*4E867/< OT-fast-rt(1), OT-fast-rt(2) FG. OT-fast-rt(3) FG.*4E867/< OT-fast-100(1), OT-fast-100(2)  
OT-fast-100(3)) O27/C4gC2ABF>5<RG\Cก/+-+41-+M<ก/+6b5*)5ก41>ACgD/,4C1S/<OGUกCS86 3V8ก/+6b5*)5ก41>A
86@7\C+.541 2B 24g<CAgC7/P.O-]COW+/.-IPP46P/ก3E/,JC/H8<R)EO3GV812ABOW)B,HbgCO,VB884*+/O+UEH8<ก/+PM7,
O3GV81R)E>@<HbgC 2D/\JSก/+6b5Oก/.ก41R)EOJGUกFG.>A5AHbgC 

O,VB8O-+A61O2A61ก/+6b5*)5H8<>Aก41R)EOJGUกP/กRGก/+25G8<2AB5A2AB>M5O,VB8\[S>AF*7G.[C)5P.
OJUC;5SE7/[)gC</COJGUก2ABO3GV81R)E;2O2OCA6YZGJ+V8;n1+)5YZGOPGก78Cก/+W7C5SE6>A8.3+)G)กF>5<37/
ก/+6b5*)5ก41>A86@72AB+.541 3B Lb< 4B ZbB<>@<กE7/[)gC</C2AB2/5SE6>ACgD/,4C Y56,A37/ก/+6b5*)52AB5A2AB>M586@7\C
+.541 2B 24g<CAg8/PO-]COW+/.>A8.3+)G)กFG.>ACgD/,4C\[S>7ECR>,H8<O+Z)C*7/<ก4C  Y56>A8.3+)G)ก\[S 
8.3+)G)กO+Z)C (Acrylic resin) \CHa.2AB>ACgD/,4C\[S84G3)5O+Z)C (Alkyd resin) >7<RG\JS3E/,>/,/+L\C
ก/+6b5*)5+.JE7/<OJGUกก41YZGOPG FG.YZGOPGก41>A*7/<ก4C  >D/J+41ก/+25G8<CAg2D/\JS2+/1E7/         
;2O2OCA6YZGFG.;n1+)5YZGOPG2ABO*+A6,;5S OJ,/.ก41ก/+\[S</COWVB8OW)B,-+.>)2`)9/Wก/+6b5*)5H8<
OJGUกก41>A8.3+)G)ก,/กกE7/ก/+\[S</Cก41>ACgD/,4C 

 
4.5  $'�92���
��2��ก��ก��ก����:���,��� ก�%����5&L���� !�"ก $�%��#�!���/�ก����ก�� $�%��

-.� /� 

RGก/+25>813E/,*S/C2/Cก/+ก45ก+78CF11G.88<OกGV8H8<[)gC</COJGUก[M52ABR7/Cก/+
O3GV81R)E5SE6YZGOPGก78C2D/ก/+W7C>A8.3+)G)กF>5<54<*/+/<2AB 4.6 Y56[)gC</C2ABO3GV81R)E5SE6;2
O2OCA6YZGFG.[)gC</C2ABO3GV81R)E5SE6>/+-+.ก81;n1+)5YZGOPGก78Cก/+25>81 [)gC</C2Mก[)gC,A
+86ก/ก1/21CWVgCR)EFG.;,7,A3+/1>C),ก78Cก/+25>81 O,VB8OEG/ก/+25>81R7/C;- 24 [4BEY,< 
[)gC</C2Mก[)gC,A>C),>ACgD/*/GF5<Oก)5HbgC1+)OEa+86ก/ก1/2 Y56-+),/a>C),F5<1CWVgCR)E[)gC</C 
Blank ,A-+),/a,/กกE7/[)gC</C8VBC  FG.O,VB8OEG/ก/+25>81OW)B,HbgCW1E7/ ,A>C),>ACgD/*/GF5<1C
[)gC</C Blank O*U,WVgC2AB[)gC</C25>81 FG.,A-+),/a,/กกE7/[)gC</C2ABO3GV81R)E5SE6;2O2OCA6YZGFG.
>/+-+.ก81;n1+)5YZGOPG   F>5<\JSOJUCE7/ [)gC</C2ABR7/Cก/+O3GV81R)E5SE6YZGOPGFG.;n1+)5YZG
OPGก78C2D/ก/+W7C>A8.3+)G)ก>/,/+L*S/C2/Cก/+ก45ก+78CF11G.88<OกGV8;5S5AกE7/[)gC</C2AB;,7R7/C
ก/+O3GV81YZGOPG  FG.P/กRGก/+25>81 salt spray O-]COEG/ 72 [4BEY,< W1E7/ [)gC</C2ABO3GV81R)E
5SE6;2O2OCA6YZGY56\[S84*+/O+UE\Cก/+PM7,O3GV81R)E2AB 1600 ,)GG)O,*+*78E)C/2AFG.812AB8MaJ9@,) 100 
8<0/OZGOZA6> (AT-fast-100) ,AFCEYCS,*S/C2/Cก/+ก45ก+78C;5S5AกE7/[)gC</C8VBCf  
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-���� !� 4.6 	�กG(�6�2������	�ก�����	
��5!�����	�ก�	��
���ก����	
����	��	 ก���7	��	��ก��
 �5�����'-��� ��ก��ก��ก�����������-�''�-�$�� ASTM B117 
 

 
 
RGก/+25>813E/,*S/C2/Cก/+ก45ก+78CF11G.88<OกGV8H8<[)gC</COJGUก[M52ABR7/Cก/+

O3GV81R)E5SE6YZGOPGก78Cก/+2/>ACgD/,4CF>5<54<*/+/<2AB 4.7 Y56[)gC</C2ABO3GV81R)E5SE6;2O2OCA6YZG
FG.[)gC</C2ABO3GV81R)E5SE6>/+-+.ก81;n1+)5YZGOPGก78Cก/+25>81 [)gC</C2Mก[)gC,A+86ก/ก1/2
1CWVgCR)EFG.;,7,A3+/1>C),ก78Cก/+25>81  2ABOEG/ก/+25>81 24 [4BEY,< 1+)OEa+86ก+A5H8<
[)gC</C2Mก[)gC ,A>C),>ACgD/*/GF5<Oก)5HbgC FG.,A3+/1>C),>ACgD/*/GF5<;JGO-]C2/<6/E1CWVgCR)E 
-+),/a>C),1+)OEa+86ก+A5OW)B,HbgCO,VB8+.6.OEG/ก/+25>81OW)B,HbgC 2ABOEG/ก/+25>81 72 [4BEY,< 
-+),/a>C),H8<[)gC</C;,7F*ก*7/<ก4C,/กO,VB8O2A61ก41[)gC</COJGUก2AB;,7O3GV81R)E5SE6YZGOPG Y56;,7
F>5<RG\Cก/+-+41-+M<>,14*)ก/+*S/C2/Cก/+ก45ก+78C867/<[45OPC 
 
 
 

 
 

�%����
6����'� 

Blank AT           
-slow-rt 

AT             
-slow-100 

ATP        
-slow-rt 

ATP         
-slow-100 

AT        
-fast-rt 

AT           
-fast-100 

0 h 

 

24 h 

 

72 h 
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-���� !� 4.7 	�กG(�6�2������	�ก �5!�2%�'���	��
���ก����	
����	��	 ก���7	��	��ก�� �5�����'
-��� ��ก��ก��ก�����������-�''�-�$�� ASTM B117 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

�%����
6����'� 

Blank OT           
-slow-rt 

OT             
-slow-100 

OTP        
-slow-rt 

OTP         
-slow-100 

OT           
-fast-rt 

OT           
-fast-100 

0 h 

24 

72 
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 ;2O2OCA6YZG2AB>4<O3+/.JN;5S>D/J+41ก/+25G8<CAg,AHC/58CM9/3OlGAB6H8<;2O2OCA6-+.,/a 8 
C/YCO,*+ ZbB<O-]C8CM9/3OlGAB62ABE45;5SJG4<ก/+>4<O3+/.JN-+.,/a 5 E4C  8CM9/3;2O2OCA6,AHC/5\J?7
HbgCO,VB8OEG/R7/C;-  Y568CM9/3;2O2OCA6,AHC/5\J?72AB>M52ABE45;5S-+.,/a 600 C/YCO,*+ JG4<ก/+
>4<O3+/.JN-+.,/a 110 E4C 54<C4gC;2O2OCA62AB>4<O3+/.JN;5S,A8/6M\Cก/+OกU1;5S-+.,/a 3 O5V8C 
 ก/+O3GV81R)EOJGUก5SE6;2O2OCA6YZG2D/\JS37/ contact angle H8<R)EOJGUกO-GAB6C;- Y5637/ 
contact angle H8<OJGUก2AB;,7O3GV81R)E,A37/-+.,/a 90 8<0/ O,VB8O3GV81R)EOJGUก5SE6;2O2OCA6YZG37/ 
contact angle H8<OJGUก2ABO3GV81R)EG5G<OJGV8OWA6< 75 8<0/  F*737/ contact angle H8<OJGUกOW)B,HbgC;5S
O,VB8O3GV81R)EOJGUก5SE65SE6;2O2OCA6YZGFG.81[)gC</C2AB 100 8<0/OZGOZA6> J+V8O3GV81R)EOJGUก5SE6
;n1+)5YZGOPG  Y56 contact angle ,A37/,/กกE7/ 100 8<0/ 
 ก/+25>81ก/+6b5*)5H8<>A8.3+)G)ก[C)5>O-+6Nก41R)EOJGUก  W1E7/[)gC</COJGUก2AB;,7O3GV81R)E
5SE6YZG,Aก/+6b5*)5ก41>A8.3+)G)ก86@7\C+.541*BD/3V8 86@7\C+.541 0B, 1B FG.2B    >7EC>9/E.2AB
OJ,/.>,>D/J+41ก/+O3GV81R)EOJGUก2AB-+41-+M<ก/+6b5*)5H8<>A8.3+)G)ก   3V8ก/+O3GV81R)E5SE6;2O2OCA6
YZGY56\[S84*+/O+UE\Cก/+PM7,O3GV81R)E2AB 1600 ,)GG)O,*+*78C/2A Y56RGก/+6b5*)586@7+.541 3B  >7EC
ก/+O3GV81R)E5SE6;n1+)5YZGOPG2AB84*+/ก/+PM7,O3GV81R)E2AB 100 ,)GG)O,*+*78C/2A FG.81[)gC</C2AB 100 
8<0/OZGOZA6> [7E6ก/+6b5*)5>A8.3+AG)ก5AHbgCO[7Cก4C Y56\JSRGก/+6b5*)5\C+.541 3B FG. 4B  
 ก/+25>81ก/+6b5*)5H8<>ACgD/,4Cก41R)EOJGUก W1E7/[)gC</COJGUก2AB;,7O3GV81R)E5SE6YZG,Aก/+
6b5*)5ก41>ACgD/,4C86@7\C+.541*BD/ 3V886@7\C+.541 1B  ก/+O3GV81R)E5SE6;2O2OCA6YZG[7E6-+41-+M<ก/+6b5
*)5ก41>ACgD/,4C;5SOWA6<OGUกCS86   O,VB8[)gC</C*4E867/<O3GV81R)E5SE6;2O2OCA6YZGY56\[S 
84*+/O+UE\Cก/+PM7,O3GV81R)E2AB 1600 ,)GG)O,*+*78C/2A   Y56RGก/+6b5*)586@7\C+.541 2B  

ก/+25>813E/,*S/C2/Cก/+ก45ก+78CF11G.88<OกGV8 W1E7/ [)gC</C2ABR7/Cก/+O3GV81R)E
5SE6YZGOPGFG.;n1+)5YZGOPGก78C2D/ก/+W7C>A8.3+)G)ก>/,/+L*S/C2/Cก/+ก45ก+78CF11G.88<
OกGV8;5S5AกE7/[)gC</C2AB;,7R7/Cก/+O3GV81YZGOPG  Y56[)gC</C2ABO3GV81R)E5SE6;2O2OCA6YZGY56\[S
84*+/O+UE\Cก/+PM7,O3GV81R)E2AB 1600 ,)GG)O,*+*78C/2A FG.812AB8MaJ9@,) 100 8<0/OZGOZA6> ,AFCEYCS,
*S/C2/Cก/+ก45ก+78C;5S5AกE7/[)gC</C8VBCf  >D/J+41ก+aAH8<[)gC</COJGUก2AB2D/ก/+2/>ACgD/,4CW1E7/ ก/+
O3GV81R)E5SE6YZGOPGก78Cก/+2/>A;,7F>5<RG\Cก/+-+41-+M<>,14*)ก/+*S/C2/Cก/+ก45ก+78C867/<
[45OPC 
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ก. HS8,@Gก/+E)O3+/.JNHC/58CM9/3;22/OCA6\CYZG 
 

2����
�� �1 :#��������1<�$ P���0����
 
 ��04�-.�  

 

E4C2ABE45HC/5 +.6.OEG/P/กE4C>4<O3+/.JN (E4C) HC/5OlGAB62ABE45;5S (nm) 
23 ก.6. 2556 5 8.0 
8 *.3. 2556 20 16.8 
24 *.3 2556 36 25.8 
8 W.6. 2556 51 42.8 
25 W.6. 2556 68 74.9 
9 `.3. 2556 82 115.8 
24 `.3. 2556 97 215.1 
6 ,.3. 2557 110 599.3 

J,/6OJ*M ;2O2OCA6YZG>4<O3+/.JNO,VB8E4C2AB 18 ก.6. 2556 
 
 

H.  9/WL7/6RGก/+25>81ก/+6b5*)5H8<>A5SE6E)`A Tape test 
H (1)  >A8.3+)G)ก[C)5>O-+6N 
 
 

 
 

+@-2AB R1 9/WL7/6[)gC</COJGUก2AB;,7O3GV81R)E5SE6YZG  W7C5SE6>A>O-+6N *4E867/<2AB 1 (Blank A1)
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+@-2AB R2 9/WL7/6[)gC</COJGUก2AB;,7O3GV81R)E5SE6YZG W7C5SE6>A>O-+6N *4E867/<2AB 2 (Blank A2) 
 
 
 

 
 
+@-2AB R3 9/WL7/6[)gC</COJGUก2AB;,7O3GV81R)E5SE6YZG W7C5SE6>A>O-+6N *4E867/<2AB 3 (Blank A3) 
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+@-2AB R4 9/WL7/6[)gC</COJGUก2AB,Aก/+H45R)E5SE6ก+.5/:2+/6FG.;,7O3GV81R)E5SE6YZG W7C5SE6>A>O-+6N  
*4E867/<2AB 1 (Blank PA1) 
 
 
 

 
 
+@-2AB R5 9/WL7/6[)gC</COJGUก2AB,Aก/+H45R)E5SE6ก+.5/:2+/6FG.;,7O3GV81R)E5SE6YZG W7C5SE6>A>O-+6N 
*4E867/<2AB 2 (Blank PA2) 
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+@-2AB R6 9/WL7/6[)gC</COJGUก2AB,Aก/+H45R)E5SE6ก+.5/:2+/6FG.;,7O3GV81R)E5SE6YZG W7C5SE6>A>O-+6N 
*4E867/<2AB 3 (Blank PA3) 
 

 
 
 
+@-2AB R7 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ W7C5SE6>A>O-+6N 
*4E867/<2AB 1  (AT-slow-rt(1)) 
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+@-2AB R8 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ W7C5SE6>A>O-+6N 
*4E867/<2AB 2  (AT-slow-rt(2)) 
 

 
 
 
+@-2AB R9 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ W7C5SE6>A>O-+6N 
*4E867/<2AB 3  (AT-slow-rt(3)) 
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+@-2AB R10 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C2AB 100 
8<0/OZGOZA6> *4E867/<2AB 1 (AT-slow-100(1)) 
 

 
 
+@-2AB R11 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C2AB 100 
8<0/OZGOZA6>  W7C5SE6>A>O-+6N  *4E867/<2AB 2 (AT-slow-100(2)) 
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+@-2AB R12 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C2AB 100 
8<0/OZGOZA6> W7C5SE6>A>O-+6N  *4E867/<2AB 3 (AT-slow-100(3)) 
 

 
 
+@-2AB R13 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< W7C5SE6>A>O-+6N  
*4E867/<2AB 1  (AT-fast-rt(1)) 
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+@-2AB R14 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< W7C5SE6>A>O-+6N  
*4E867/<2AB 2  (AT-fast-rt(2)) 
 

 
 
+@-2AB R15 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< W7C5SE6>A>O-+6N  
*4E867/<2AB 3  (AT-fast-rt(3)) 
 



47 

 

 
 

 
 
+@-2AB R16 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< 81[)gC</C2AB 100 
8<0/OZGOZA6> W7C5SE6>A>O-+6N  *4E867/<2AB 1 (AT-fast-100(1)) 
 

 
 
 
+@-2AB R17 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< 81[)gC</C2AB 100 
8<0/OZGOZA6> *4E867/<W7C5SE6>A>O-+6N  2AB 2 (AT-fast-100(2)) 
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+@-2AB R18 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< 81[)gC</C2AB 100 
8<0/OZGOZA6> W7C5SE6>A>O-+6N  *4E867/<2AB 3 (AT-fast-100(3)) 

 
 
 
+@-2AB R19 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ W7C5SE6>A
>O-+6N  *4E867/<2AB 1  (ATP-slow-rt(1)) 
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+@-2AB R20 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ W7C5SE6>A
>O-+6N  *4E867/<2AB 2  (ATP-slow-rt(2)) 
 

 
 
+@-2AB R21 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ W7C5SE6>A
>O-+6N  *4E867/<2AB 3  (ATP-slow-rt(3)) 
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+@-2AB R22 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C
2AB 100 8<0/OZGOZA6> W7C5SE6>A>O-+6N  *4E867/<2AB 1 (ATP-slow-100(1)) 
 

 
 
+@-2AB R23 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C
2AB 100 8<0/OZGOZA6> W7C5SE6>A>O-+6N  *4E867/<2AB 2 (ATP-slow-100(2)) 
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+@-2AB R24 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C
2AB 100 8<0/OZGOZA6> W7C5SE6>A>O-+6N  *4E867/<2AB 3 (ATP-slow-100(3)) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



52 

 

 
 

H (2)  >ACgD/,4C 

 
 

 
 
+@-2AB R25 9/WL7/6[)gC</COJGUก2AB;,7O3GV81R)E5SE6YZG  2D/5SE6>ACgD/,4C *4E867/<2AB 1 (Blank O1) 
 

 
 
+@-2AB R26 9/WL7/6[)gC</COJGUก2AB;,7O3GV81R)E5SE6YZG 2/5SE6>ACgD/,4C *4E867/<2AB 2 (Blank O2) 
 
 
 



53 

 

 
 

 
 
+@-2AB R27 9/WL7/6[)gC</COJGUก2AB;,7O3GV81R)E5SE6YZG 2/5SE6>ACgD/,4C *4E867/<2AB 3 (Blank O3) 
 
 
 

 
 
+@-2AB R28 9/WL7/6[)gC</COJGUก2AB,Aก/+H45R)E5SE6ก+.5/:2+/6FG.;,7O3GV81R)E5SE6YZG 2/5SE6>ACgD/,4C
*4E867/<2AB 1 (Blank PO1) 
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+@-2AB R29 9/WL7/6[)gC</COJGUก2AB,Aก/+H45R)E5SE6ก+.5/:2+/6FG.;,7O3GV81R)E5SE6YZG 2/5SE6>ACgD/,4C
*4E867/<2AB 2 (Blank PO2) 
 

 
+@-2AB R30 9/WL7/6[)gC</COJGUก2AB,Aก/+H45R)E5SE6ก+.5/:2+/6FG.;,7O3GV81R)E5SE6YZG 2/5SE6>ACgD/,4C
*4E867/<2AB 3 (Blank PO3) 
 



55 

 

 
 

 
 
 
+@-2AB R31 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 2/5SE6>ACgD/,4C
*4E867/<2AB 1  (OT-slow-rt(1)) 
 

 
 
+@-2AB R32 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 2/5SE6>ACgD/,4C
*4E867/<2AB 2  (OT-slow-rt(2)) 
 



56 

 

 
 

 
 
 
+@-2AB R33 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 2/5SE6>ACgD/,4C
*4E867/<2AB 3  (OT-slow-rt(3)) 

 
 
 
+@-2AB R34 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C2AB 100 
8<0/OZGOZA6> 2/5SE6>ACgD/,4C *4E867/<2AB 1 (OT-slow-100(1)) 
 



57 

 

 
 

 
+@-2AB R35 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C2AB 100 
8<0/OZGOZA6>  2/5SE6>ACgD/,4C *4E867/<2AB 2 (OT-slow-100(2)) 
 
 
 

 
 
+@-2AB R36 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C2AB 100 
8<0/OZGOZA6> 2/5SE6>ACgD/,4C *4E867/<2AB 3 (OT-slow-100(3)) 
 
 



58 

 

 
 

 
 
+@-2AB R37 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@<  2/5SE6>ACgD/,4C  
*4E867/<2AB 1  (OT-fast-rt(1)) 
 

 
 
 
+@-2AB R38 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< 2/5SE6>ACgD/,4C
*4E867/<2AB 2  (OT-fast-rt(2)) 
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+@-2AB R39 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< 2/5SE6>ACgD/,4C
*4E867/<2AB 3  (OT-fast-rt(3)) 
 

 
 
+@-2AB R40 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< 81[)gC</C2AB 100 
8<0/OZGOZA6> 2/5SE6>ACgD/,4C *4E867/<2AB 1 (OT-fast-100(1)) 
 
 



60 

 

 
 

 
 
+@-2AB R41 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< 81[)gC</C2AB 100 
8<0/OZGOZA6>  2/5SE6>ACgD/,4C *4E867/<2AB 2 (OT-fast-100(2)) 
 
 

 
 
+@-2AB R42 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E>@< 81[)gC</C2AB 100 
8<0/OZGOZA6> 2/5SE6>ACgD/,4C  *4E867/<2AB 3 (OT-fast-100(3)) 
 



61 

 

 
 

 
 
+@-2AB R43 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 2/5SE6>A
CgD/,4C  *4E867/<2AB 1  (OTP-slow-rt(1)) 
 

 
 
+@-2AB R44 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 2/5SE6>A
CgD/,4C  *4E867/<2AB 2  (OTP-slow-rt(2)) 
 



62 

 

 
 

 
 
+@-2AB R45 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 2/5SE6>A
CgD/,4C  *4E867/<2AB 3  (OTP-slow-rt(3)) 
 

 
 
+@-2AB R46 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C
2AB 100 8<0/OZGOZA6> 2/5SE6>ACgD/,4C  *4E867/<2AB 1 (OTP-slow-100(1)) 
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+@-2AB R47 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C
2AB 100 8<0/OZGOZA6> 2/5SE6>ACgD/,4C  *4E867/<2AB 2 (OTP-slow-100(2)) 
 

 
 
+@-2AB R48 9/WL7/6[)gC</COJGUก2ABO3GV81R)E5SE6;n1+)5;22/OCA6YZG2AB84*+/O+UEก/+O3GV81R)E*BD/ 81[)gC</C
2AB 100 8<0/OZGOZA6> 2/5SE6>ACgD/,4C  *4E867/<2AB 3 (OTP-slow-100(3)) 
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