
A
permanent anti-graffiti clear polyurethane coating, using a silicone addi-

tive, was prepared and studied. Various techniques, such as contact angle

measurements and EDX were employed to characterize and investigate the

surface properties of the coatings. The results revealed that with inclusion of silicon

additive to clear coating, according to Wu method, surface free energy was decreased

from 45.13 mJ/m2 for neat clear polyurethane film to 25.25 mJ/m2 in a coating con-

taining 5% additive. With inclusion of higher mole percentage of additive, surface

energies remained constant as revealed by EDX technique, which was considered to

be due to the excessively covered surface by silicone additive. Ageing under UV

radiation revealed that the inclusion of additive up to 5 mole percentage could

improve the anti-graffiti property during the first few aging cycles. However, by

increasing the number of aging cycles and higher concentration of silicone additive,

the rate of degradation in coatings increased. The results showed that PU5% has the

best anti-graffiti and ageing properties among other compositions.
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„ì†¬û|¶†²ÿ ô ¶�̧ �õü¼ ¶Ç¦ ‹±…ÿ ºñ†¶†üþ ô {Ïýýò �±…Þñ¼ Îñ¿±

iS| …ðœ†ï º~.

‹±…ÿ ‹±°¶þ ð¥õû ô {Ïýýò ¶±Î• �ý±¶†²ÿ ðíõðú|ø†€ …² ¬¶}ã†û

„²ìõó º±…üÈ ›õÿ º}†Ž|ü†Ö}ú º~û )VUQ(| …¶}×†¬û º~. ‹~üò {±{ý�€

…‹}~… ì±‹Ïþ ‹† …‹Ï†¬ mc4×4 …² ¶Ç¦ ðíõðú|ø†ÿ „²ìõó ‹† ì†́üà ¶ý†û

)…¶}~è± „èí†ó( Îçì•|â̄…°ÿ ô ‹ú ì~– h051 ¬° ¬¶}ã†û VUQ| ìÇ†‹Ü

‹† …¶}†ð~…°¬ 7854 D MTSA| Ú±…° ¬…¬û º~. „²ìõó VUQ¬°

Ÿ±̈ú|ø†ÿ ²ü± …ðœ†ï º~:

|-h|4 {†‹¼ �±{õø†ÿ AVU| ‹† Æõë ìõž mn043€ º~– 2m/W|98/0 ô

¬ì†ÿ Co06 ô

-h|4 ¬° ¬ì†ÿ Co05 ô º±…üÈ °Æõ‹• ð·Œþ  HR%|001 )ìýÏ†ó(.  |

�̧ …² „²ìõó€ Îçì•|ø†ÿ °ôÿ ¶Ç¦  ‹† ¬¶}í†ë Þ†Ò̄ÿ ̈»à �†á  ô

¶�̧ ì¥õ°ø†ÿ °ðãþ )*b€ *a ô L( ô {Óýý±…– „ðù† )EΔ( ¬° ²…ôüú 01

|¬°›ú ô ðõ° 56D| …ð~…²û|âý±ÿ º~. °ôð~ Îçì•|â̄…°ÿ ¬° ìß†ó ÚŒéþ€

Ú±…°âý±ÿ ¬° Þ†‹ýò VUQ| ‹ú ì~–h 051€ �†á Þ±¬ó ¶Ç¦ ô

…ð~…²û|âý±ÿ ¬…¬û|ø†ÿ °ðãþ )EΔ( º¼ ì±{Œú {ß±…° º~.

ð}†ü� ô ‹¥™

ìÛ†¬ü± ì±‹õÉ ‹ú ²ô…ü†ÿ {í†¹ ì†üÏ†– ì©}éØ )ì}õ¶È �ñ� …ð~…²|û|âý±ÿ

¾¥ý¦( °ôÿ ¶Ç¦ ðíõðú|ø†ÿ „²ìõó ¬° ›~ôë 3 „ô°¬û º~û …¶•.

μ

μ

μ

›~ôë 1 -{±Þý� ¬°¾~ ìõèþ {±ÞýŒ†– ìõ›õ¬ ¬° ø± ðíõðú.

Silclean 3700  

(mol %)

Uracrone

CY433

(mol %)

Desmodure N75

(mol %)
ðíõðú

-

20/0

50/0

1/0

51/0

1

1

89/0

59/0

9/0

58/0

-

2/1

2/1

2/1

2/1

2/1

2/1

%0UP

%2UP

%5UP

%01UP

%51UP

%001UP

›~ôë 2 -ìÛ†¬ü± Þ»¼ ¶Ç¥þ Þê ô …›³…ÿ ÚÇŒþ ô Òý±ÚÇŒþ ì†üÏ†–

…¶}×†¬û º~û ¬° ì¥†¶Œú …ð±ÿ́ ¶Ç¥þ ðíõðú|ø†  ]|21[.

Þ»¼ ¶Ç¥þ )mc/enyd(
ì†üÏ†–

Þê ›³Š Òý±ÚÇŒþ ›³Š ÚÇŒþ

8/27

8/05

0/14

8/12

8/05

6/82

0/15

0/0

4/11

„Ž

¬ÿ|ü~ôì}†ó

‹ñ³üê|…èßê
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‹±°¶þ …÷± èßú|�̄ü±ÿ �õº¼ �éþ|üõ°{†ó ðõº}†° ð†�̄ü± ¬° ‹±…‹± º±…üÈ ›õÿ º}†Ž|ü†Ö}ú  | Îéþ ì¥í~°‹ýÐ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 

øí†ó|Æõ° Þú ¬° ›~ôë 3 ì»†ø~û ìþ|ºõ¬€ ‹† …Ö³…ü¼ ¬°¾~ …Ö³ô¬ðþ€

²ô…ü†ÿ {í†¹ {í†ï ì†üÏ†– …Ö³…ü¼ ìþ|ü†‹~. …üò …ì± ìþ|{õ…ð~ ‹ú Îé•

Þ†ø¼ …ð±ÿ́ ¶Ç¥þ ð†ºþ …² ô›õ¬ …Ö³ô¬ðþ ü† ô›õ¬ …Ö³ô¬ðþ ô ²‹±

º~ó ¶Ç¦ ‹ú Æõ° øî ²ì†ó ‹†º~ ]21[|. ²ü±…€ ‹±…¶†¹ ìÏ†¬èú lezneW

)ìÏ†¬èú 1( ]|31[|€ Þú ¬° „ó W|θ| ²…ôüú {í†¹ °ôÿ ¶Ç¦ ²‹±€ r| �†°…ì}±

²‹±ÿ ¶Ç¦ ô θ| ²…ôüú {í†¹ °ôÿ ¶Ç¦ ¾†Ù ô ‹† ºýíþ ¶Ç¦ üß·†ó

)²…ôüú gnuoY( …¶•€ ²‹±ÿ ¶Ç¦ ìõ›� {»~ü~ °Ö}†° {±ºõð~âþ „ó

ìþ|ºõ¬. ‹~üò {±{ý�€ …â± ¶Ç¦ „Ž ¬ô¶• ‹†º~€ „Ž ¬ô¶•|{± ô …â±

„Ž|â±ü³ ‹†º~€ „Ž|â±ü³{± ìþ|ºõ¬:  |

)1(                                                          θsoCr = vl/)ls-vs(r = wθsoC

|…ì†€ {¿†ôü± MFA| ô ì¥†¶Œú ìÛ†¬ü± ì©}éØ �†°…ì}±ø†ÿ ²‹±ÿ ]|9[| ð»†ó

¬…¬ Þú …Ö³…ü¼ ²…ôüú|ø†ÿ {í†¹ {ñù† ð†ºþ …² {Óýý± ºýíþ ¶Ç¦ …¶• ô

…Ö³ô¬ó ¶ýéýßõó …÷±ÿ ‹± ²‹±ÿ ¶Ç¦ ðíõðú|ø† ð~…º}ú …¶•. øî|Ÿñýò€ ‹†

…Â†Öú Þ±¬ó …Ö³ô¬ðþ ¬° ðíõðú|ø†ÿ %2UP| ô ‹ý»}±€ ²…ôüú {í†¹ „Ž

°ôÿ ¶Ç¦ ðíõðú|ø† ‹ý»}± …² 09 ¬°›ú º~û …¶•€ ¬° ð}ýœú ‹ú …üò ¶Çõ§

ìþ|{õ…ó „Ž|â±ü³ …ÆçÝ Þ±¬ ]|41[|. Îé• …üò …ì±€ ìù†›±– …Ö³ô¬ðþ ‹ú

Îé• ô›õ¬ …̈}çÙ ¬° Þ»¼ ¶Ç¥þ „ó ô �éþ|…ë€ ‹ú ¶Ç¦

ðíõðú|ø†¶•. �©¼ Þ†ìê ‹ñ³üê|…èßê °ôÿ ðíõðú %0UP| ìþ|{õ…ð~ ¬°

ð}ýœú ‹ý»}± ‹õ¬ó …ð±ÿ́ ¶Ç¥þ …üò ðíõðú …² Þ»¼ ¶Ç¥þ ‹ñ³üê|…èßê

‹†º~. ‹±°¶þ ²ô…ü†ÿ {í†¹ ì†üÏ†– ì©}éØ °ôÿ ðíõðú|ø†ÿ „²ìõó ðý³

ð»†ó ìþ|¬ø~€ ‹† ›†ÿ|â³üñþ …Ö³ô¬ðþ ‹ý¼ …² 5% ìõë ‹† �éþ|…ë€ {Óýý±…–

²ô…ü† ð†Ÿý³ ìþ|ºõ¬.

‹±…ÿ ì¥†¶Œú …ð±ÿ́ ¶Ç¥þ ðíõðú|ø†ÿ ì©}éØ …² °ô½ uW€

ìÏ†¬æ– )2( ô )4( ô °ô½ snewO€ ìÏ†¬æ– )3( ô )4(€ …¶}×†¬û º~:

Þú ¬° „ó€ vlÞ»¼ ¶Ç¥þ ì†üÐ ‹ú Þ†° °Ö}ú€ θ²…ôüú {í†¹ ì†üÐ °ôÿ

¶Ç¦ 
VS

P€ ›³Š ÚÇŒþ …ð±ÿ́ ¶Ç¥þ ¶Ç¦ ‹±°¶þ º~û€ 
Vl

P›³Š ÚÇŒþ

Þ»¼ ¶Ç¥þ ì†üÐ€ 
vs

P›³Š �©»þ …ð±ÿ́ ¶Ç¥þ ¶Ç¦€ 
vs

d›³Š

�©»þ Þ»¼ ¶Ç¥þ ì†üÐ  ô 
vs

…ð±ÿ́ ¶Ç¥þ ¶Ç¦ …¶•.

…ð±ÿ́ ¶Ç¥þ ðíõðú|ø†ÿ ì©}éØ ô ›³Šø†ÿ ÚÇŒþ ô �©»þ „ó

ì¥†¶Œú ô ð}†ü� „ó ¬° ºßê 1 )ì±‹õÉ ‹ú ìÏ†¬èú uW( ô ºßê 2 )ì±‹õÉ

‹ú ìÏ†¬èú snewO( ð»†ó ¬…¬û º~û …¶•.

ð}†ü� {Ïýýò …ð±ÿ́ ¶Ç¥þ ð»†ó ìþ|¬ø~€ ‹† ›†ÿ|â³üñþ 2% ìõë

…Ö³ô¬ðþ€ …ð±ÿ́ ¶Ç¥þ ðíõðú Þ†ø¼ Ú†‹ê {õ›ùþ ìþ|ü†‹~. ‹†

›†ÿ|â³üñþ ‹ý»}± ¬°¾~ …Ö³ô¬ðþ€ ¶±Î• Þ†ø¼ …ð±ÿ́ ¶Ç¥þ Þí}±

ìþ|ºõ¬€ ‹ú Æõ°ÿ|Þú ‹±…ÿ ðíõðú|ø†ÿ ¤†ôÿ 5% ìõèþ …Ö³ô¬ðþ ô ‹ý»}±€

{Óýý±…– …ð±ÿ́ ¶Ç¥þ ð†Ÿý³ …¶•. Îé• ÷†‹• º~ó …ð±ÿ́ ¶Ç¥þ °…

ìþ|{õ…ó ‹ú ¶ý±º~ó ¶Ç¦ �õº¼ …² …Ö³ô¬ðþ ¶ýéýßõðþ ¬° ðíõðú|ø†ÿ

¤†ôÿ 5% ìõë …Ö³ô¬ðþ ô ‹ý»}± ì±‹õÉ ¬…ð·• )¬° …¬…ìú ‹ú Þíà „²ìõó

XDE| ô ‹ú ¬¶• „ô°¬ó {¿õü± �±…Þñ~âþ ¶ýéýßõó ¬° ¶Ç¦ …üò ì·‰éú

‹±°¶þ º~û …¶•(. ìÛ†ü·ú …ð±ÿ́|ø†ÿ ¶Ç¥þ ì¥†¶Œú º~û  ‹ú

°ô½|ø†ÿ uW| ô  snewO|)ºßê 3( ð»†ó ìþ|¬ø~€ ¬° ø± ¬ô °ô½ °ôð~

üß·†ðþ ì»†ø~û ìþ|ºõ¬. …â± Ÿú ìÛ†¬ü± …ð±ÿ́ ¶Ç¥þ ì¥†¶Œú º~û ‹ú

γ

γ γ

γ γ

γ

γ γ γ

›~ôë 3 -²ô…ü†ÿ {í†¹ ì†üÏ†– ì©}éØ °ôÿ ¶Ç¦ ðíõðú|ø†.

*‹ú ¬èýê {± º~ó ô �©¼ Þ†ìê ‹ñ³üê …èßê€ …ð~…²û|âý±ÿ ²…ôüú {í†¹ …ìß†ó|�̄ü± ðŒõ¬.

‹ñ³üê|…èßê ¬ÿ|ü~ôì}†ó „Ž ðíõðú

*|-                                             

4/15

2/36

3/46

6/36

2/17

7/74

27

7/57

4/87

7/67

3/77

1/18

9/001

7/301

7/301

1/401

6/601

%0UP

%2UP

%5UP

%01UP

%51UP

%001UP

( ) ⎟
⎟
⎠

⎞

γ+γ
γγ

+⎜
⎜
⎝

⎛

γ+γ
γγ

=θ+γ
d
lv

d
sv

d
lv

d
sv

p
lv

p
sv

p
lv

p
vs

lv 4cos1 )2( 

( ) d
lv

d
sv

p
lv

p
svlv 22cos1 γγ+γγ=θ+γ )3( 

d
sv

p
svsv γ+γ=γ )4( 

ºßê 1 -…ð±ÿ́ ¶Ç¥þ ðíõðú|ø†€ ì¥†¶Œú º~û ‹ú °ô½uW.



‹±°¶þ …÷± èßú|�̄ü±ÿ �õº¼ �éþ|üõ°{†ó ðõº}†° ð†�̄ü± ¬° ‹±…‹± º±…üÈ ›õÿ º}†Ž|ü†Ö}ú  |Îéþ ì¥í~°‹ýÐ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 288

°ô½ uW| Þíþ ‹ý»}± …² ìÛ~…°  ðíõðú ìÏ†¬ë ‹ú °ô½ snewO| …¶•.  |

Ÿãõðãþ �±…Þñ¼ ¶ýéýßõó ¬° ¶Ç¦ ðíõðú|ø†ÿ º†ìê 5 ô 01% ìõèþ

…Ö³ô¬ðþ ¶ýéýßõðþ ›†ÿ|â³üò º~û ‹† �éþ|…ë€ Þú …² „²ìõó XDE| ‹ú

¬¶• „ì~û€ ¬° ºßê 4  ð»†ó ¬…¬û º~û |…¶•. Ÿñ†ó|Ÿú ¬° ºßê 4

ì»†ø~û ìþ|ºõ¬€ {œíÐ ¶ýéýßõó ¬° ¶Ç¦ ðíõðú|ø†ÿ %5UP| ô

%01UP| ô›õ¬ ¬…°¬ Þú …üò ¶ýéýßõó ‹ú Æõ° üßñõ…̈• ¬° ¶Ç¦

ðíõðú|ø† �±…Þñ~û º~û …¶•. øî|Ÿñýò€ {¿õü± {õ²üÐ ¶ýéýßõó ¬° ¶Ç¦

ìÛÇÐ Î±Âþ ðíõðú )ºßê 5( ð»†ó ìþ|¬ø~€ ¬° ðíõðú %5UP{œíÐ

…Ö³ô¬ðþ ¶ýéýßõðþ ¬° {õ¬û ðíõðú ô›õ¬ ð~…°¬. ôèþ€ ¬° ðíõðú %01UP

{œíÐ …Ö³ô¬ðþ ¶ýéýßõðþ ¬° {õ¬û ðíõðú ì»†ø~û ìþ|ºõ¬ ]|9[|. ‹† {õ›ú ‹ú

Î~ï ô›õ¬ ¶ýéýßõó ¬° ¶Ç¦ ìÛÇÐ Î±Âþ ðíõðú %5UP| ô ô›õ¬

¶ýéýßõó ¬° ¶Ç¦ ìÛÇÐ Î±Âþ ){õ¬û( ðíõðú %01UP€ …üò Æõ°

…¶}~æë ìþ|ºõ¬€ ¬° ÒéË• ¤~ô¬ 5% ìõë ›†ÿ|â³üñþ …Ö³ô¬ðþ

¶ýéýßõðþ€ ¶Ç¦ ðíõðú …² {±ÞýŒ†– ¶ýéýßõðþ ¶ý± ìþ|ºõ¬. …Â†Öú º~ó

ºßê 2 -…ð±ÿ́ ¶Ç¥þ ðíõðú|ø†€ ì¥†¶Œú º~û ‹ú °ô½ snewO|.

|ºßê 3 -ìÛ†ü·ú …ð±ÿ́ ¶Ç¥þ ðíõðú|ø† ‹ú ¬¶• „ì~û ‹†°ô½|ø†ÿ uW|

ô snewO.|

ºßê 4 -{¿†ôü± �±…Þñ~âþ ¶ýéýßõó ¬° ¶Ç¦: )…èØ(%5UPô )Ž(

%01UP.

)…èØ(

)Ž(

ºßê 5 -{¿õü± {õ²üÐ ¶ýéýßõó ¬° ¶Ç¦ ìÛÇÐ Î±Âþ ðíõðú%01UP.
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‹±°¶þ …÷± èßú|�̄ü±ÿ �õº¼ �éþ|üõ°{†ó ðõº}†° ð†�̄ü± ¬° ‹±…‹± º±…üÈ ›õÿ º}†Ž|ü†Ö}ú  | Îéþ ì¥í~°‹ýÐ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 

‹ý»}± ÒéË• …Ö³ô¬ðþ€ …÷± Ú†‹ê {õ›ùþ ‹± �±…Þñ~âþ „ó ¬° ¶Ç¦ ð~…°¬ ô

‹ý»}± ¬° {õ¬û ðíõðú ‹†Úþ ìþ|ì†ð~. …üò ì·‰éú ìõ›� …Ö³…ü¼

â±û|̈õ°¬âþ Öý³üßþ ¬° ¶†ì†ðú ô …Ö³…ü¼ ì~ôë Þ»·†ðþ ðíõðú|ø† ¬°

ð†¤ýú Þ»·†ó ìþ|ºõ¬. ð}†ü� „²ìõó {œ³üú ìß†ðýßþ -â±ì†üþ ¬üñ†ìýßþ

)ATMD( ðý³ …üò ì·‰éú °… ÷†‹• Þ±¬û …¶• ]|11€9[|. øî|Ÿñýò ìþ|{õ…ó

ð}ýœú â±Ö•€ …Ö³ô¬ðþ ¶ýéýßõðþ ‹ú ¶Ç¦ ðíõðú|ø† ìù†›±– Þ±¬û …¶•

ô ‹† {õ›ú ‹ú Þí}± ‹õ¬ó …ð±ÿ́ ¶Ç¥þ ¶ýéýßõó ð·Œ• ‹ú ›³Š

�éþ|üõ°{†ó€ …üò ìù†›±– ‹†Î™ Þ†ø¼ …ð±ÿ́ ¶Ç¥þ ðíõðú|ø† º~û

…¶•. …² „ó ›† Þú …Â†Öú Þ±¬ó ‹ý¼ …² 5% …² …Ö³ô¬ðþ ¶ýéýßõðþ …÷±ÿ ‹±

Ÿãõðãþ �±…Þñ~âþ „ó ¬° ¶Ç¦ ðíõðú|ø† ð~…°¬€ …ð±ÿ́ ¶Ç¥þ ðíõðú|ø†

¬° ðíõðú|ø†ÿ º†ìê 5% ìõèþ …² …Ö³ô¬ðþ ¶ýéýßõðþ ô ‹ý»}± {Û±üŒ†_ ÷†‹• …¶•. 

…ðœ†ï „²ìõó ffo lluP| ‹ú Îé• Î~ï Ÿ·Œñ~âþ …¶}õ…ðú|ø†ÿ ¬¶}ã†û ‹ú

¶Ç¦ ìÛ~ô° ð»~ ô …¶}õ…ðú|ø† …² °ôÿ ¶Ç¦ �õº¼ ›~… ìþ|º~ð~. …üò

ì·‰éú ðý³ {†‡üý~ÿ ‹±Þî ‹õ¬ó …ð±ÿ́ ¶Ç¥þ ðíõðú|ø† ‹ú Îé• ìù†›±–

›³Š …Ö³ô¬ðþ ‹ú ¶Ç¦ …¶•. …Ö³ôó ‹± …üò€ …² „ó ›† Þú ðíõðú|ø† °ôÿ

¶Ç¦ ºý»ú {ùýú ìþ|º~ð~ Þú ¶Ç¥þ ÚÇŒþ …¶•€ ‹ñ†‹±…üò {í†üê ‹ú

›ù•|âý±ÿ ‹©¼|ø†ÿ ÚÇŒþ �õº¼ )‹©¼|ø†ÿ Òñþ …² �ýõð~ø†ÿ

üõ°{†ðþ( ‹ú ¶í• ºý»ú ô›õ¬ ¬…°¬. ¬° ‹†°û Ö¿ê ì»}±á �õº¼ ô øõ…

ðý³ ìþ|{õ…ó â×•€ ‹ú Îé• Òý±ÚÇŒþ ‹õ¬ó øõ…€ {í†üê ‹ú Òñþ º~ó ¶Ç¦

‹† ›³Š Òý±ÚÇŒþ )›³Š ¶ýéýßõðþ ¬° ðíõðú|ø†ÿ º†ìê …Ö³ô¬ðþ( ô›õ¬

¬…°¬. …² …üò °ô€ Ÿõó ²ðœý±ø†ÿ ¶ýéýßõðþ …ðÏÇ†Ù|�̄ü±ÿ ‹ý»}±ÿ

¬…°ð~€ …üò ›ù•|âý±ÿ|ø† ìþ|{õ…ð~ °…¤•|{± ô Þ†ìê|{± …ðœ†ï ºõ¬. ‹ú

Æõ°ÿ Þú ‹±°¶þ …ð±ÿ́ ¶Ç¥þ �»• Öýéî|ø†ÿ „²…¬ {ùýú º~û …² °ôÿ

¶Ç¦ ºý»ú ¤†Þþ …² ²ü†¬ ‹õ¬ó …ð±ÿ́ ¶Ç¥þ „ðù†¶• ô ì†üÏ†–

ì©}éØ )„Ž€ ¬ÿ|ü~ôì}†ó ô ‹ñ³üê …èßê( „ðù† °… ‹ú Æõ° Þ†ìê|{±

ìþ|Þ±¬ð~€ ‹ú ð¥õÿ Þú ̈õ…ð~ó ²…ôüú {í†¹ ô ì¥†¶Œú …ð±ÿ́ ¶Ç¥þ

ìÛ~ô° ðŒõ¬. ‹ú ìñËõ° ºŒýú|¶†²ÿ Îíéß±¬ �õº¼ ¬° ì¥ýÈ ÆŒýÏþ ô Æþ

Ÿ±̈ú|ø†ÿ ì©}éØ …üœ†¬ ¬¶• ðõº}ú °ôÿ ¶Ç¦ ô {íý³ Þ±¬ó „ðù†€ …²

„²ìõó VUQ| …¶}×†¬û º~. ð}†ü� °ðä|¶ñœþ �̧ …² 6 ì±{Œú {ß±…°

Îçì•|â̄…°ÿ€ º±…üÈ VUQ| ô {íý³ Þ±¬ó ‹±…ÿ ðíõðú|ø†ÿ „²ìõó ¬°

›~ôë 4 „ô°¬û º~û …¶• )¬° …üò ›~ôë Ÿ±̈ú ¾×± ì±‹õÉ ‹ú

…ÆçÎ†– °ðãþ ¶Ç¦ ðíõðú|ø† �ý¼ …² …Îí†ë ¬¶• ðõº}ú °ôÿ

„ðù†¶•(.

øí†ó|Æõ° Þú ¬° ›~ôë 4 ì»†ø~û ìþ|ºõ¬€ °ôºñ†üþ ðíõðú|ø† �̧ …²

ø± ì±¤éú Þ†ø¼ ìþ|ü†‹~ ô øî|Ÿñýò *a| ‹ú ¶í• …Î~…¬ ìñ×þ|{± )¶Œ³{±(

ô *b| ðý³€ Þú ¬° …‹}~… º†ìê …Î~…¬ ì˜Œ• ÞõŸà ‹õ¬û …¶• )²°¬ Þí±ðä(€

‹ú ¶í• …Î~…¬ ìñ×þ )„‹þ|{±( ìþ|°ô¬. ‹ú ìñËõ° …°²ü†‹þ ‹ù}± …² Îíéß±¬

�õº¼|ø†€ …̈}çÙ °ðä )EΔ( ‹ýò ø± Ÿ±̈ú ð·Œ• ‹ú Ÿ±̈ú ¾×±

)¤†è• ‹~ôó ¬¶• ðõº}ú( ¬° ºßê 6 „ô°¬û º~û …¶•.

ºßê 6 ð»†ó ìþ|¬ø~€ …â±Ÿú �̧ …² Ÿ±̈ú …ôë€ ‹ý»}±üò {Óýý± °ðä

ì±‹õÉ ‹ú ðíõðú %0UP| …¶•. …ì† ‹† …Ö³…ü¼ {Ï~…¬ Ÿ±̈ú|ø†€ ¶±Î•

{Óýý±…– Ö†ï ‹±…ÿ ðíõðú|ø†ÿ ¬…°…ÿ …Ö³ô¬ðþ ‹ý»}± ìþ|ºõ¬€ ‹ú Æõ°ÿ Þú

{Óýý± °ðä ‹±…ÿ ðíõðú %01UP| �̧ …² Ÿ±̈ú 4€ ‹±…ÿ ðíõðú  %51UP|

�̧ …² Ÿ±̈ú 5 ô ‹±…ÿ ðíõðú %001UP| �̧ …² Ÿ±̈ú 2€ ‹ý»}± …²

�éþ|üõ°{†ó ‹~ôó …Ö³ô¬ðþ )%0UP( º~û …¶•. ‹ú Æõ°Þéþ€ {©±ü� ¬°

º±…üÈ ›õÿ º}†Ž|ü†Ö}ú€ ðÛÇú ÂÏØ ì»}±á {í†ï ì»}Û†– ‹± �†üú

¶ýéýßõó ̈Çþ ô ¤éÛõÿ …¶• Þú …üò ì·‰éú {õ¶È reviarG| ô

øíß†°…ó ]51[| ðý³ ‹±°¶þ º~û …¶•. ¬° …üò �µôø¼ …º†°û º~û …¶•€

Ÿ±̈ú

ðíõðú
…ÆçÎ†–

°ðãþ6 5 4 3 2 1 0
1

75/85

41/26

10/16

27/95

64/65

43/84

74/5-

4/5-

80/6-

69/4-

50/5-

38/4-

91/8-

9/6-

11/7-

33/7-

20/8-

39/9-

48/16

72/26

19/16

98/95

40/95

10/15

72/5-

34/5-

40/6-

80/5-

49/4-

96/4-

64/7-

78/6-

9/6-

3/7-

14/7-

34/9-

70/26

38/36

69/46

47/16

14/36

76/25

24/5-

52/5-

87/5-

60/5-

26/4-

9/4-

54/7-

16/6-

60/6-

49/6-

4/6-

42/9-

8/26

29/46

8/56

93/36

89/46

96/45

64/5-

21/5-

98/5-

19/4-

25/4-

75/4-

4/7-

82/6-

20/6-

15/6-

39/5-

87/8-

29/46

3/66

2/17

18/27

8/46

7/65

92/5-

81/5-

5-

18/3-

16/4-

40/5-

7-

28/5-

11/4-

58/3-

9/5-

23/8-

21/56

12/96

81/77

16/87

45/77

34/77

24/5-

40/5-

25/4-

22/3-

42/3-

40/3-

89/6-

13/5-

46/2-

61/2-

4/2-

95/2-

34/88

73/88

34/88

45/88

36/88

94/88

37/2-

17/2-

76/2-

37/2-

66/2-

55/2-

84/1

42/1

52/1

23/1

52/1

42/1

%0UP

%2UP

%5UP

%01UP

%51UP

%001UP

%0UP

%2UP

%5UP

%01UP

%51UP

%001UP

%0UP

%2UP

%5UP

%01UP

%51UP

%001UP

L 

*a 

*b

›~ôë 4 -ì»©¿†– °ðãþ ¶Ç¦ ðíõðú|ø† �̧ …² ø± ì±¤éú �†á Þ±¬ó

¬¶• ðõº}ú.

)1( ‹~ôó ¬¶•|ðõº}ú.



‹±°¶þ …÷± èßú|�̄ü±ÿ �õº¼ �éþ|üõ°{†ó ðõº}†° ð†�̄ü± ¬° ‹±…‹± º±…üÈ ›õÿ º}†Ž|ü†Ö}ú  |Îéþ ì¥í~°‹ýÐ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 290

‹±…ÿ {©±ü� �õº¼|ø†ÿ ‹± �†üú ¶ýéýßõó ô›õ¬ °Æõ‹•€ …Þ·ýµó ô

…ð±ÿ́ Â±ô°ÿ …¶•. ‹ñ†‹±…üò€ …² „ó|›† Þú ¬° ¬¶}ã†û VUQ€ …Þ·ýµó€

°Æõ‹• ô …ð±ÿ́ )�±{õø†ÿ Ö±…‹ñ×¼( ‹ú Æõ° øî ²ì†ó ô›õ¬ ¬…°¬€

ì¥~ô¬ Þ±¬ó ð×õ® °Æõ‹• ô …Þ·ýµó )‹† …üœ†¬ ì†ðÐ ‹ú ô¶ýéú ð†ðõ®°…–

¾×¥ú|…ÿ( ô ðý³ ›Ž̄ ‹©»þ …² …ð±ÿ́ Ö±…‹ñ×¼ )‹† …¶}×†¬û …²

›†®Ž|ø†ÿ �±{õø†ÿ Ö±…‹ñ×¼( ‹ú º±É „ó Þú {Óýý±ÿ ¬° °ðä ô

º×†Öý• ðíõðú|ø† …üœ†¬ ð»õ¬€ …¤}í†æ ‹}õ…ð~ ‹ú ‹ùŒõ¬ Îíéß±¬ …üò

°ôÞ¼|ø† Þíà Þñ~.  |

ð}ýœú|âý±ÿ

²ô…ü†ÿ {í†¹ ì†üÏ†– ì©}éØ ‹† …Â†Öú Þ±¬ó …Ö³ô¬ðþ ¶ýéýßõðþ …Ö³…ü¼

ü†Ö}ú ô ¬° ÒéË• 5% ìõë …Ö³ô¬ðþ ›†ÿ|â³üò º~û ‹† �éþ|…ë ‹ú Îé•

¶ý±º~ó ¶Ç¦ …² ‹©¼ ¶ýéýßõðþ€ ›†ÿ|â³üñþ ‹ý»}± �éþ|…ë ‹† …Ö³ô¬ðþ€

…÷± Ÿñ~…ðþ ‹± {Óýý± …ð±ÿ́ ¶Ç¥þ ð~…°¬. ‹† {õ›ú ‹ú ð}†ü� „²ìõó XDE| ô

{¿†ôü± �±…Þñ¼ ô �õü¼ Îñ¿± iS| ¬° ¶Ç¦ ðíõðú|ø† ô ô›õ¬ ¶ýéýßõó

¬° ¶Ç¦ ìþ|{õ…ó ð}ýœú â±Ö•€ ›³Š ¶ýéýßõðþ …Ö³ô¬ðþ ‹ú ¶Ç¦

ðíõðú|ø† ìù†›±– Þ±¬û …¶• ô ‹† {õ›ú ‹ú Þí}± ‹õ¬ó …ð±ÿ́ ¶Ç¥þ

¶ýéýßõó ð·Œ• ‹ú �éþ|üõ°{†ó€ …üò ìù†›±– ‹†Î™ Þ†ø¼ …ð±ÿ́

¶Ç¥þ ðíõðú|ø† º~û …¶•. ‹±°¶þ �ý±¶†²ÿ ðíõðú|ø† ¬° ‹±…‹± ¬¶•

ðõº}ú€ ¤†Þþ …² ‹ùŒõ¬ Îíéß±¬ ðíõðú|ø†ÿ º†ìê …Ö³ô¬ðþ ¶ýéýßõðþ ¬°

Ÿ±̈ú|ø†ÿ …ôèýú Ö±¶†ü¼ …¶•. ‹† …Ö³…ü¼ {Ï~…¬ Ÿ±̈ú|ø† ô ¬°¾~

…Ö³ô¬ðþ€ ¶±Î• Îíéß±¬ ¬° …÷± Ú±…° â±Ö}ò ¬° º±…üÈ ›õÿ º}†Ž|ü†Ö}ú

Þ†ø¼ Ÿ»î|âý±ÿ ìþ|ü†‹~ Þú …¤}í†æ_ ð†ºþ …² {©±ü� …Ö³ô¬ðþ

¶ýéýßõðþ …¶•.

|ºßê 6 -…̈}çÙ °ðä )EΔ( ø± ðíõðú ¬° ø± Ÿ±̈ú ð·Œ• ‹ú ¤†è•

‹~ôó ¬¶• ðõº}ú.

1. Maty J., Anti-grafitti Coatings: Taking Aim against Tagging, J.

Arch. Coat., 4, 18-26, 2007.

2. Zielink A., Durability: Rules of the Grafitti Game, J. Arch.

Coat., 4, 29-34, 2007.

3. Scheerder J., Visscher N., Nabuurs T., and Overbeek A., Novel,

Water-based Fluorinated Polymers with Excellent Antigraffiti

Properties, J. Coat. Technol. Res., 2, 617-625, 2005.

4. Chattopadhyay D.K. and Raju K.V.S.N., Structural Engineering

of Polyurethane Coatings for High Performance Application,

Prog. Polym. Sci., 32, 352-418, 2007.

5. Liao S.K., Jang S.C., and Lin M.F., Phase Behavior and

Mechanical Properties of Siloxane-Urethane Copolymer, J.

Polym. Res., 12, 103-112, 2005.

6. Kayaman-Apohan N., Demirci R., Cakir M., and Gungor A., UV

Curable Interpenetrating Polymer Networks based on Acry-

late/Vinylether Functionalized Urethane Oligomers, Radiat.

Phys. Chem., 73, 254-262, 2005.

7. Su T., Wang G.Y., Xu X.D., and Hu C.P., Preparation and Prop-

erties of Waterborne Polyurethaneurea Consisting of Fluorinated

Siloxane Units, J. Polym. Sci., Polym. Chem., 44, 3365-3373,

2006.

8. Feng L., Zhang X., Dai J., Ge Z., Chao J., and Bai C., Synthesis

and Surface Properties of Polyurethane Modified by Polysilox-

ane, Front. Chem. China, 3, 1-5, 2008.

9. Mohammad Rabea A., Mohseni  M., and Mirabedini S.M., Inves-

tigating the Anti-Graffiti Properties of a Polyurethane Clear Coat

Containing a Silicone Modified Polyacrylate Additive, J. Coat.

Technol. Res., (Submitted), 2010.

10. Mohammad Rabea A., Mohseni M., and Mirabedini S.M., An

Attempt to Study the Cleanability of a Polyurethane Coating in

the Presence of a Silicone Modified Polyacrylate Additive, 3rd

International Color and Coating Congress (ICCC), Iran, 16-18

November 2009.

11. Mohammad Rabea A., Mohseni M., and Mirabedini S.M., A

Study of Staining Behavior of a Polyurethane Coating Contain-

ing an Anti-Graffiti Additive Using Optical Parameters, 9th

ì±…›Ð



291

‹±°¶þ …÷± èßú|�̄ü±ÿ �õº¼ �éþ|üõ°{†ó ðõº}†° ð†�̄ü± ¬° ‹±…‹± º±…üÈ ›õÿ º}†Ž|ü†Ö}ú  | Îéþ ì¥í~°‹ýÐ ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î ô ¶õï€ ºí†°û 4€ ìù± -„‹†ó  9831 

International Seminar on Polymer Science and Technology

(ISPST),  Iran, 17-21, October 2009.  

12. Hikita M., Tanaka K., Nakamura T., Kajiyama T., and Takahara

A., Super-Liquid-Repellent Surfaces Prepared by Colloidal Sili-

ca Nanoparticles Covered with Fluoroalkyl Groups, Langmuir,

21, 7299-7302, 2005.

13. Wenzel R.N., Resistance of Solid Surfaces to Wetting by Water,

Ind. Eng. Chem., 28, 988-994, 1936.

14. Adamson A.W., Physical Chemistry of Surfaces, John Wiley and

Sons, New York, 1990.

15. Graiver D., Farminer K.W., and Narayan R., A Review of the

Fate and Effects of Silicones in the Environment, Polym. Envi-

ron., 11, 129-136, 2003.


