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In this article, hybrid organic-inorganic materials were prepared by free radical copolymerization of
2-hydroxyethyl methacrylate (HEMA) and 3-methacryloxy-propyltrimethoxysilane (MPTMS) via
sol-gel process. The methoxysilane-containing copolymer precursors were synthesized at different
compositions. These copolymer precursors were then hydrolyzed and condensed to produce
PHEMA-SiO2 nanocomposites. The samples were characterized by FTIR spectra and TGA thermo-
grams. Optical properties and hardness were measured by visible spectroscopy and Shore D, respec-
tively. Morphological characteristics were investigated with SEM images and finally the formation
and distribution of nano SiO2 particles were characterized by AFM images. FTIR spectra showed the
formation of silica bonds (Si-O-Si) and TGA thermograms showed high thermal resistance up to
340oC for hybrid samples. Also samples possessed very good transparency in visible wavelength
range. Microscopical images showed the existence and suitable distribution of nano silica particles. 
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…¶†¹ Â±…ü� …¶}õÞýõì}±ÿ üÏñþ 3 ‹ú 1 ¬° ðË± â±Ö}ú º~ )ô…Þñ¼ 2(.

‹† º±ôÑ ô…Þñ¼ {±…Þî ‹ýò â±ôû|ø†ÿ ¶ýçðõë€ „èßõÞ·þ ô

øý~°ôÞ·ýê ìõ›õ¬ ô  …üœ†¬ â±ôû|ø†ÿ 2OiS|€ {±Þý� ºŒßú|…ÿ º~û

{»ßýê ìþ|ºõ¬ ô ‹† �ý»±Ö• ºŒßú|…ÿ º~ó ì¥éõë …² ¤†è• …ôèýú ̈õ¬

¨†°ž º~û ô ‹ú ¤†è• ́ë Þ†ìê ¬°ìþ|„ü~€ ô…Þñ¼|ø†ÿ ì¥}íê ¬°

ì±¤éú {±…Þî ‹ú ¶ú â±ôû Þéþ ¬¶}ú|‹ñ~ÿ ìþ|ºõð~. …üò ¶ú â±ôû ô…Þñ¼

¬° Æ±§ 1 ì»†ø~û ìþ|ºõð~.
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ô›õ¬ ¬…°¬€ ̈†°ž ºõ¬ {† ðíõðú|ø†ÿ ›†ì~ ‹~ôó ¤çë ‹ú ¬¶• „üñ~.

…üò Îíê ‹† …¶}×†¬û …² Ö±…üñ~ â±ì†¬øþ Æþ üà �±ôÖýê ‹† ºý� â±ì†üþ

‹·ý†° Þî Þú ‹ú ô¶ýéú â±ï|̈†ðú „²ì†ü»ã†øþ Ö±…øî º~€ …ðœ†ï â±¬ü~.

|ºßê 1€ ¬ô ðíõðú ‹†èà °… ‹Ï~ …² …{í†ï Ö±…üñ~ â±ì†¬øþ ð»†ó ìþ|¬ø~.

ð}†ü� ô ‹¥™

ºñ†¶†üþ ¶†̈}†° ðíõðú|ø†ÿ {ùýú º~û ‹† RRIITTFF|

ðíõðú|ø†ÿ {ùýú º~û ‹† …¶}×†¬û …² ÆýØ|¶ñœþ ²ü±Ú±ì³ ‹±°¶þ º~ð~.

ºßê 2€ ÆýØ|ø†ÿ ì©}éØ ì±‹õÉ ‹ú �ñ� ðíõðú {ùýú º~û °… ð»†ó

ìþ|¬ø~.  |

‹† {õ›ú ‹ú …üò Þú ìõðõì±ø†ÿ ìõ°¬ …¶}×†¬û ¬° {ùýú ðíõðú|ø†ÿ

øýŒ±ü~ÿ ¬…°…ÿ â±ôû|ø†ÿ „Þ±üéýßþ ø·}ñ~€ �ýà º†̈À â±ôû

Þ±‹õðýê )O=C( ¬° {í†ï ÆýØ|ø† ¬° ð†¤ýú ¤~ô¬ 1-mc0371 ì»©À

…¶•. …² „ðœ† Þú â±ôû ü†¬ º~û ¬° ¶±…¶± ô…Þñ¼ ‹~ôó {Óýý± ìþ|ì†ð~€

‹ñ†‹±…üò ‹† º~– ô ìõÚÏý• üß·†ó ¬° ÆýØ Ê†ø± ìþ|ºõ¬ ]9[.  

ð†¤ýú ¤~ô¬ 0013 {† 1-mc0063 üßþ …² ìùî|{±üò ‹©¼|ø†ÿ ÆýØ

…¶•. øí†ó|Æõ° Þú …² ºßê ì»©À …¶•€ …üò �ýà �ùò ¬° {í†ï

ÆýØ|ø† ô›õ¬ ¬…°¬€ …ì† º~– „ó ¬° ðíõðú|ø†ÿ ì©}éØ ‹† üß~üã±

ì}×†ô– …¶•. °ôð~ {Óýý± º~– ‹ú …üò {±{ý� …¶• Þú ðíõðú 0MHP|
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¶†̈}†° …üò ìõðõì± â±ôû øý~°ôÞ·þ ô›õ¬ ¬…°¬. øí¡ñýò€ ‹† {õ›ú ‹ú

…üò Þú Æþ ô…Þñ¼ �éýí±º~ó °…¬üß†èþ€ …üò â±ôû ¬° ô…Þñ¼ øý¢ ðõÑ
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SMTPM| â±ôû øý~°ôÞ·þ ô›õ¬ ð~…°¬€ …ì† â±ôû|ø†ÿ ì}õÞ·þ
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â±ôû|ø†ÿ ¶ýçðõë ‹† â±ôû|ø†ÿ øý~°ôÞ·þ ìõ›õ¬ °ôÿ AMEH€

�ýõð~ø†ÿ -iS-O-C- {»ßýê ìþ|ºõ¬ ô ‹† ¬° ðË± â±Ö}ò �ýà ì±‹õÉ ‹ú

…üò â±ôû Þú ¬° ð†¤ýú ¤~ô¬ 1-mc0501 Ú±…° ìþ|âý±¬€ ìþ|{õ…ó {†

¤~ô¬ÿ ¾¥• …üò ìõÂõÑ °… ‹±°¶þ Þ±¬. ‹† {õ›ú ‹ú øî|�õº†ðþ …üò

�ýà ‹† �ýà ì±‹õÉ ‹ú �ýõð~ -iS-O-iS-|€ Þú ¬° ð†¤ýú ¤~ô¬  1-mc0801

Ú±…° ìþ|âý±¬€ ‹±°¶þ „ó ì»ßê …¶• ]11-9[.

¬° ìõ°¬ ðíõðú 001MHPìõÂõÑ Þíþ ì}×†ô– …¶•. ¬° ¶†̈}†°

…ôèýú …üò øíõ�éýí± â±ôû øý~°ôÞ·þ ô›õ¬ ð~…°¬. …ì†€ �̧ …² ô…Þñ¼

„‹ß†Ö•€ ‹† Ö±Å Þ†ìê ‹õ¬ó ô…Þñ¼€ ø± üà …² â±ôû|ø†ÿ ì}õÞ·þ

ìõ›õ¬ °ôÿ ¶ýçó ‹ú â±ôû|ø†ÿ øý~°ôÞ·þ {Œ~üê ìþ|ºõð~ ô

øí†ó|Æõ° Þú â×}ú º~€ ¬° ô…Þñ¼ {±…Þî º±Þ• ìþ|Þññ~. …â± ô…Þñ¼

{±…Þî Þ†ìê ‹†º~ ô {í†ï â±ôû|ø†ÿ øý~°ôÞ·þ ì}±…Þî ºõð~€ øý¢ ðõÑ

�ýßþ ¬° ð†¤ýú 0013 {† 1-mc0063 ì»†ø~û ðíþ|ºõ¬. …ì† ‹† {õ›ú ‹ú …üò

Þú �ýà ì³‹õ° ¬° ÆýØ ì±‹õÉ ‹ú ðíõðú 001MHP| ô›õ¬ ¬…°¬€ ìþ|{õ…ó

â×• Þú ô…Þñ¼|ø†ÿ {±…Þî Þ†ìê ðý·• ô â±ôû|ø†ÿ ¶ýçðõë ¬° ¶†ì†ðú

‹†Úþ ìþ|ì†ðñ~. ‹† {õ›ú ‹ú …üò Þú ‹ý»}± â±ôû|ø†ÿ ¶ýçðõë ¬° ô…Þñ¼

º±Þ• Þ±¬û|…ð~€ º~– …üò �ýà Ÿñ~…ó ²ü†¬ ðý·•. º†ü~ ‹}õ…ó ð†ÚÀ

‹õ¬ó ô…Þñ¼|ø†ÿ {±…Þî ô ‹†Úþ ì†ð~ó â±ôû|ø†ÿ ¶ýçðõë °… ‹ú ìí†ðÏ•

ÖÃ†üþ ¶†̈}†° …üò øíõ�éýí± ì±‹õÉ ¬…ð·•.  |

…ì†€ º†ü~ ìùî|{±üò ‹©¼ ÆýØ|ø†ÿ ‹ú ¬¶• „ì~û€ �ýà|ø†üþ ‹†º~ Þú

{»ßýê �ýõð~ø†ÿ iS-O-iS-°… ð»†ó ìþ|¬ø~. ²ü±…€ ô›õ¬ …üò �ýõð~ø† ‹ú

ìÏñ†ÿ {»ßýê ®°…– ¶ýéýß† ¬° ²ìýñú �éýí±ÿ …¶•. �ýà ìõ›õ¬ ¬°

¤~ô¬ 0801 ô 1-mc0711 ‹ú {±{ý� ì±‹õÉ ‹ú …°{Ï†½ ì}Û†°ó ô ð†ì}Û†°ó

�ýõð~ø†ÿ iS-O-iS-| …¶•. ô›õ¬ …üò �ýà ¬° ðíõðú|ø†ÿ 52MHP| {†

001MHP| ð†ºþ …² …ðœ†ï ô…Þñ¼ {±…Þî â±ôû|ø†ÿ ¶ýçðõë ‹† üß~üã± ü†

‹† â±ôû|ø†ÿ ì}õÞ·þ „‹ß†Ö• ð»~û …¶•. ð}ýœú ø± ¬ôÿ …üò ô…Þñ¼|ø†

{»ßýê üà �ýõð~ …¶• ô ðíþ|{õ…ó ‹ýò „ðù† {×†ô{þ °… {»©ýÀ ¬…¬. …èŒ}ú

ô›õ¬ …üò �ýõð~ ¬° ðíõðú|ø† ¤}í†_ ‹ú ì×ùõï {»ßýê ®°…– ¶ýéýß† ô

›~…üþ Ö†² ¬° …‹Ï†¬ ìõ°¬ ðË± ðý·•€ …ì† ìþ|{õ…ó …ìý~ô…° ‹õ¬ Þú …üò …{×†Ý

…Ö}†¬û ‹†º~. º~– ì©}é×þ Þú …üò �ýà|ø† ¬° ðíõðú|ø†ÿ ì}×†ô– ð»†ó

¬…¬û|…ð~€ ‹ý†ó|Þññ~û {»ßýê ®°…– ¶ýéýß† ‹ú ¤†è•|ø†ÿ ì}×†ô– ¬°
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…°{Ï†½ ì}Û†°ó€ …°{Ï†½ ð†ì}Û†°ó ô {Óýý± ºßê ð†ì}Û†°ó â±ôû 3HC| ¬° â±ôû

3HC-O-iSô �ýà ¤~ô¬ 1-mc518 ì±‹õÉ ‹ú …°{Ï†½ â±ôû O-C| …¶•. ‹†

¬Ú• ¬° ÆýØ|ø†ÿ ì±‹õÉ ‹ú 57MHP| ô 001MHPÊ†ø± º~ó …üò �ýà|ø†

ô›õ¬ â±ôû|ø†ÿ ì}õÞ·þ ¶ýçó °… ¬° …üò ðíõðú|ø† ð»†ó ìþ|¬ø~ ô …üò ̈õ¬

¬èýê ‹± ô…Þñ¼ ð†ÚÀ „‹ß†Ö• ¬° …üò ðíõðú|ø†¶• ]11€01[. 

�ýà ¬üã±ÿ Þú ìþ|{õ…ð~ ¬° ºñ†¶†üþ ‹ý»}± ðíõðú|ø† Þíà Þñ~€ �ýà
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â±ôû ì}†Þ±üç– …¶•. ‹† ðã†øþ ‹ú ðíõðú|ø† ì»©À ìþ|ºõ¬ Þú …üò

�ýà ô›õ¬ ð~…°¬€ ‹† {õ›ú ‹ú …üò ìõÂõÑ ìþ|{õ…ó …² Þ†ìê ‹õ¬ó ô…Þñ¼

�éýí±º~ó °…¬üß†èþ â±ôû|ø†ÿ ì}†Þ±üç{þ …Æíýñ†ó ¤†¾ê Þ±¬ ]01[.

¶†ü± �ýà|ø† ¬° ÆýØ ‹±…ÿ ì˜†ë 1-mc0441-0141 ì±‹õÉ ‹ú â±ôû|ø†ÿ

2HC| ìõ›õ¬ ¬° â±ôû ì}†Þ±üç– …¶• ]11€ 01[. |

{œ³üú â±ì†üþ ðíõðú|ø† )AAGGTT(  |

�†ü~…°ÿ â±ì†üþ ðíõðú|ø†ÿ {ùýú º~û ‹† …¶}×†¬û …² „²ìõó AGT| ‹±°¶þ

º~. ð}†ü� …üò „²ìõó ¬° ºßê 3 ð»†ó ¬…¬û º~û …¶•. ÆŒÜ ð}†ü� ‹† ‹ú

Þ†°âý±ÿ Ö†² ìÏ~ðþ€ �†ü~…°ÿ â±ì†üþ ðíõðú|ø† ‹ú|Æõ° Ú†‹ê {õ›ùþ

…Ö³…ü¼ ìþ|ü†‹~.

|ºßê 4 ‹±°¶þ ¬ÚýÜ|{± …üò ìõÂõÑ °… ð»†ó ìþ|¬ø~. ¬° …üò ðíõ¬…°

ìÛ~…° ô²ó ‹†Úþ ì†ð~û ¬° ¬ì†ÿ Co003 ‹±…ÿ ø± ðíõðú ð»†ó ¬…¬û º~û …¶•.  

ìÇ†‹Ü ºßê€ ðíõðú 0MHP| Þú Ö†² ìÏ~ðþ ¬° „ó ô›õ¬ ð~…°¬€ ¬°

¬ì†ÿ Co003 ‹ý¼ …² 05 ¬°¾~ …² ô²ó …ôèýú ̈õ¬ °… …² ¬¶• ¬…¬û …¶•.

�†ü~…°ÿ â±ì†üþ ðíõðú 52MHP| ‹† ô°ô¬ Ö†² ìÏ~ðþ ìÛ~…°ÿ ‹ùŒõ¬

ìþ|ü†‹~ Þú …èŒ}ú Ÿñ~…ó Ú†‹ê {õ›ú ðý·•. ‹† …Ö³ô¬ó ìÛ~…° Ö†² ìÏ~ðþ

…Ö³…ü¼ Ú†‹ê {õ›ùþ ¬° �†ü~…°ÿ â±ì†üþ ðíõðú ì»†ø~û ìþ|ºõ¬€ ‹ú

ð¥õÿ Þú ¬° ðíõðú 05MHP| ¬° ¬ì†ÿ  Co003 ‹ý¼ …² 09 ¬°¾~ ô²ó

…ôèýú ‹†Úþ|ì†ð~û …¶• ô …üò �†ü~…°ÿ â±ì†üþ ‹·ý†° Ú†‹ê {õ›ú …¶•.  |

ðß}ú Ú†‹ê {õ›ú ¬° ðíõ¬…°ø†ÿ {œ³üú â±ì†üþ …üò …¶• Þú ‹† …Ö³ô¬ó

Ö†² ìÏ~ðþ€ �†ü~…°ÿ â±ì†üþ ðíõðú|ø†ÿ 57MHP| ô 001MHP| Þ†ø¼

ìþ|ü†‹~. …üò ìõÂõÑ ‹† ð}†ü� ¤†¾ê …² ÆýØ|¶ñœþ RITF| ðý³ {Ç†‹Ü

¬…°¬. øí†ó|Æõ° Þú â×}ú º~€ ¬° ðíõðú|ø†ÿ 57MHP| ô 001MHP|

â±ôû|ø†ÿ ì}õÞ·þ ¬° ÆýØ ¬ü~û º~ð~ Þú …üò ìõÂõÑ ð†ºþ …² ð†ÚÀ

‹õ¬ó Ö±…üñ~ „‹ß†Ö• ô ¬° ð}ýœú ¶©•|{± º~ó ô…Þñ¼ {±…Þî …¶•.

º~– Þî �ýà|ø†ÿ ì±‹õÉ ‹ú �ýõð~ iS-O-iS| …üò ìõÂõÑ °… {†‡üý~

ìþ|Þñ~. …üò ‹~…ó ìÏñ†¶• Þú ¬° ðíõðú|ø†ÿ 57MHP| ô 001MHP| Þú

�†ü~…°ÿ â±ì†üþ Þí}±ÿ ð·Œ• ‹ú 05MHP| ð»†ó ¬…¬û|…ð~€ Ö†² ìÏ~ðþ

üÏñþ ¶ýéýß† ‹ú|Æõ° ìñ†¶� {»ßýê ð»~û …¶• ]41[. {õ›ýú ¬üã± …üò

ìõÂõÑ€ ð×õ® ìñ†¶� ºŒßú „èþ ô ìÏ~ðþ ¬° ðíõðú 05MHP| …¶• ‹ú
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In this work, leather fibers were employed as a component of elastomeric compounds based on NBR,
CR and EPDM and studied were made on their effects upon curing characteristics and mechanical
properties of the prepared compounds. Evaluation of curing characteristics of the compounds
demonstrated that leather fibers have no considerable effect on initial viscosity and curing time of
the compounds. The study of mechanical properties of the vulcanized compounds showed that inclu-
sion of leather fibers leads to increasing of tensile strength in NBR based compound due to compat-
ibility between NBR and leather fibers. It is also found that increase in tensile strength in NBR com-
pounds depends on the curing system of the compounds. The results of this work showed consider-
able increase in hardness for all of the prepared compounds.  Abrasion resistance and resilience of
the compounds were also measured and reported.
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