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Phenolic resin is among the oldest thermoset resins that have found wide spread applications in sev-
eral industries, largely due to its high thermal resistance. In this research, room temperature curing
of phenolic resin and its reinforced silica composite has been investigated by p-toluene sulphonic
acid as a catalyst. Mechanical properties of the composites such as impact strength, flexural proper-
ties and hardness are studied. The results show that for achieving an optimum gel time in the order
of 20 min an amount of 5.5 wt% acid is required. FTIR studies of the cured resin show no signifi-
cant difference in chemical structure of both room temperature and hot cured resins. Based on ther-
mal gravimetric analysis the thermal resistance of both systems is similar, but the residual char of the
room temperature cured system is higher by 17%. The difference is not related to the carbon content,
as revealed by elemental analysis. The room temperature cured composite system shows lower
mechanical properties than the heat cured composite. Improved mechanical properties however, can
be achieved by its post curing at high temperature. 
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ì¥éõë 08 ¬°¾~ ô²ðþ �†°…{õèõò̂ ¶õè×õðýà …¶ý~ ¬° „Ž ìÛÇ±€ {õ²üò

ô ‹ú ô²ó ìÏýñþ …² °²üò …Â†Öú º~ ô ‹ú ô¶ýéú øî|²ó ìß†ðýßþ ‹ú ì~–

nim|3 ¬° ¬ì†ÿ ì¥ýÈ )¤~ô¬ Co32( ì©éõÉ º~. Îíéý†– „Ò»}ú|¶†²ÿ

…èý†Ù ‹† ì©éõÉ °²üò ô …¶ý~ ‹† Òé}à ¬¶}þ …ðœ†ï º~ ô ¶ú æüú …²

�†°Ÿú …èý†Ù „Ò»}ú|º~û€ ‹ú ì~– h42 ¬° ¬ì†ÿ ì¥ýÈ ‹ú ô¶ýéú �±¹ ²ü±

Ö»†° rab05 Ú±…° â±Ö• ô ¬° ì±¤éú ‹Ï~ ‹ú ì~– h3 ¬° ¬ì†ÿ Co06

Îíéý†– �̧ �©• …ðœ†ï º~. ðíõðú ÚÇÏ†– Þ†ì�õ²ü}þ �©• â±ì†üþ

�̧ …² „Ò»}ú Þ±¬ó …èý†Ù ‹† °²üò ¬° ²ü± �±¹ ¬° ¬ì†ÿ Co021 ‹ú ì~–

nim|01 ¬ÚýÛú ‹ú ì±¤éú �ý¼ �©• °¶†ð~û º~. ¶�̧€ ¬° ¬ì†ÿ Co561 ‹ú

ì~– nim|01 ô ²ü± Ö»†° rab|05 �©• º~. …ð~…²û|âý±ÿ ¬°¾~ …èý†Ù ¬°

ðíõðú|ø† ð»†ó ¬…¬ Þú ìÛ~…° …èý†Ù ¬° ÚÇÏ†– �©• ì¥ýÇþ 16 ¬°¾~ ô

¬° ÚÇÏ†– �©• â±ì†üþ 56  ¬°¾~ ô²ðþ …¶•.

ð}†ü� ô ‹¥™

…÷± ìÛ~…° …¶ý~ ‹± ²ì†ó ́ë º~ó

‹±…ÿ ìÇ†èÏú …÷± ìÛ~…° …¶ý~ ‹± �©• ì¥ýÇþ °²üò °²ôë ìõ°¬ …¶}×†¬û€

ìÛ~…° g52 …² …üò °²üò ‹† ¬°¾~ø†ÿ ì©}é×þ …² �†°…{õèõò̂ ¶õè×õðýà

…¶ý~ {ùýú ô ‹ú ô¶ýéú øî|²ó …èß}±üßþ ‹ú ì~– nim3 Þ†ìç_ ì©éõÉ º~.

�̧ …² „ó€ …›†²û ¬…¬û º~ {† ¬° ¬ìƒƒ†ÿ ì¥ýÈ )¤~ô¬ Co32( �©• º~û ô

²ì†ó ́ë º~ó „ðù† ‹ú ºßê ¬¶}þ ìÏýò º~ Þú ð}†ü� „ó ¬° ºßê 1 „ô°¬û

º~û …¶•. ð}†ü� ð»†ó ìþ|¬ø~ Þú ‹† …Ö³…ü¼ ¬°¾~ …¶ý~ …‹}~… ²ì†ó ́ë
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ìÇ†èÏú �©• ì¥ýÇþ °²üò Öñõèþ ô Þ†ì�õ²ü• {Ûõü• º~û „ó ‹† …èý†Ù ¶ýéýß†ìù~ÿ Þ±ìþ Úùþ ô øíß†°…ó
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º~ó ‹ú ¶±Î• Þ†ø¼ ìþ|ü†‹~. ¶�̧€ ‹† …Ö³…ü¼ ‹ý»}± ¬°¾~ …¶ý~€ …²

¶±Î• Þ†ø¼ „ó Þ†¶}ú ìþ|ºõ¬. ø± Ÿñ~ …Ö³…ü¼ ìÛ~…° …¶ý~ ¶Œ�

Þ†ø¼ ²ì†ó ́ë º~ó ìþ|ºõ¬. …ì† ¬° ìÛ†¬ü± ‹ý»}±€ ‹ú Îé• â±ì†²… ‹õ¬ó

ô…Þñ¼|ø†ÿ �©•€ °²üò ¶†̈}†° …¶×ñœþ ‹ú ̈õ¬ ìþ|âý±¬. ºßê 1 ð»†ó

ìþ|¬ø~ Þú ‹±…ÿ ¬…º}ò ²ì†ó ́ë º~ó ¤~ô¬ 02 {† nim03 Þú ²ì†ðþ

Þ†Öþ ‹±…ÿ …Îí†ë °²üò ¬° üà Ö±…üñ~ ¬¶}þ …¶•€ ìÛ~…° 5/5 ¬°¾~

ô²ðþ …¶ý~ ìÛ~…° ìÇéõ‹þ …¶•.

‹±°¶þ ¶†̈}†° ºýíý†üþ °²üò Öñõèþ �©• º~û ‹† �†°…{õèõò̂

|¶õè×õðýà …¶ý~  |

üßþ …² °…û|ø†ÿ ìÇ†èÏú ô…Þñ¼ �©• ô ‹±°¶þ Þíþ ô Þý×þ „ó …¶}×†¬û

…² ÆýØ|¶ñœþ ²ü±Ú±ì³ …¶•. øñã†ìþ Þú °²üò °²ôë ¬° ìœ†ô°– …¶ý~

�©• ºõ¬€ �ýõð~ø†ÿ ºýíý†üþ ›~ü~ ô …{¿†æ– Î±Âþ {»ßýê

ìþ|ºõð~ Þú …ð}Ë†° ìþ|°ô¬ Þú ¬° ÆýØ ²ü±Ú±ì³ °²üò|ø†ÿ Öñõèþ ¬°

Ö±…üñ~ �©• �ýà|ø†ÿ ›¯‹þ ì±‹õÉ ‹ú …üò �ýõð~ø† ì»†ø~û ºõð~. ¬°

°²üò|ø†ÿ Öñõèþ€ ‹†°²{±üò �ýà ì±‹õÉ ‹ú �ýõð~ HC| ¤éÛú ‹ñ³ðþ …¶•

Þú ›¯‹þ ¬° ì¥~ô¬û 077 {† 1-mc|047 ìþ|¬ø~ ]11[. â±ôû Î†ìƒéþ ìùî

¬üã±€ â±ôû ì}ýéõë )HO2HC( …¶• Þú ¬° °²üò °²ôë �ý¼ …² �©•

ô›õ¬ ¬…°¬ ô �̧ …² �©• ‹ú �ê ì}ýéñþ {Œ~üê ìþ|ºõ¬. …üò â±ôû ¬°

ì¥~ô¬û 1-mc|0101 �ýà ›¯‹þ ¬…°¬.

ÆýØ ²ü±Ú±ì³ °²üò ÚŒê …² �©• ¬° ºßê 2 ô °²üò �©• º~û ‹ú

°ô½ â±ì†üþ ô ì¥ýÇþ ¬° ºßê 3 „ô°¬û º~û …¶•. ‹±…ÿ …ðœ†ï …üò

„²ìõó€ ø± ¬ô ðíõðú �̧ …² �©• ‹ú ¤†è• �õ¬° ¬°„ì~û ô �̧ …² {ùýú

Ú±Á rBK| ÆýØ RITF| „ðù† ‹±¬…º• º~. ìÛ†ü·ú ºßê|ø†ÿ 2 ô 3

ð»†ó ìþ|¬ø~ Þú º~– �ýà ›Ž̄ ì±‹õÉ ‹ú â±ôû ì}ýéõèþ ¬° ø± ¬ô

°²üò �©• º~û Þ†ø¼ Ú†‹ê ìç¤Ëú|…ÿ ¬…º}ú ô ÂÏýØ º~û …¶• Þú

‹ý†ðã± …ðœ†ï ô…Þñ¼|ø†ÿ �©• …¶•. ìÛ~…° Þ†ø¼ ‹ý»}± ¬° ðíõðú �©•

â±ì†üþ ¤†Þþ …² …üœ†¬ …{¿ƒƒƒ†æ– Îƒƒ±Âþ ‹ý»}± …¶•.

ìÛ†ü·ú ÆýØ ²ü±Ú±ì³ ðíõðú °²üò �©• º~û ‹† �†°…{õèõò̂ ¶õè×õðýà

…¶ý~ ô ðíõðú �©• â±ì†üþ€ ‹ý†ðã± {»†‹ú ð·Œþ ¶†̈}†° ºýíý†üþ °²üò

�©• º~û â±ì†üþ ô °²üò �©• º~û ì¥ýÇþ …¶•.

‹±°¶þ �†ü~…°ÿ â±ì†üþ

‹±…ÿ ‹±°¶þ �†ü~…°ÿ â±ì†üþ °²üò|ø†ÿ Öñõèþ �©• º~û ‹ú ¬ô °ô½

ì¥ýÇþ ô â±ì†üþ€ „²ìõó â±ì†ô²ó ¶ñœþ °ôÿ ðíõðú|ø†ÿ �©• º~û

¬° ¶±Î• â±ì†¬øþ nim/Co01 ¬° …üò ¬ô ¶†ì†ðú …ðœ†ï º~ Þú ð}†ü� „ó

¬° ºßê 4 ð»†ó ¬…¬û º~û …¶•. …üò „²ìõó ¬° ì¥ýÈ â†² ̈ñþ̃ ðý}±ôó́

…ðœ†ï ô ¬° …ð}ù†ÿ „²ìõó€ â†² …Þ·ýµó ›†üã³üò „ó º~ Þú …Ö• ô²ðþ

ðù†üþ ì»†ø~û º~û ð†ºþ …² ô›õ¬  …Þ·ýµó …¶•. ‹† {ƒƒƒõ›ú ‹ú ºßê 4

ºßê 1 -{Óýý±…– ²ì†ó ́ë º~ó °²üò ¬° ìÛ†¬ü± ì©}éØ �†°…{õèõò̂

¶õè×õðýà …¶ý~.

ºßê 2 -ÆýØ ²ü± Ú±ì³ °²üò °²ôë ÚŒê …² �©•.  |

ºßê 3 -ÆýØ ²ü± Ú±ì³ °²üò °²ôë �©• º~û ‹ú ¬ô °ô½ ì©}éØ:

)…èØ( â±ì†üþ ô )Ž( ì¥ýÇþ ‹† �†°…{õèõò̂|¶õè×õðýà …¶ý~.



ìþ|{õ…ó ð}†ü� ²ü± °… ‹ý†ó Þ±¬:

-|¬ì† ¬° 5% …Ö• ô²ðþ ø± ¬ô ðíõðú �©• â±ì†üþ ô ì¥ýÇþ Co012 …¶•.

…üò �~ü~û ìþ|{õ…ð~ ‹ú ¬èýê ̈±ôž ìõ…¬ Ö±…° ¤Œ̧ º~û ¬° ðíõðú|ø†

‹†º~.

-|51% …Ö• ô²ðþ ø±¬ô ðíõðú �©• â±ì†üþ ô ì¥ýÇþ ¬° ¬ì†ÿ Co064

…{×†Ý ìþ|…Ö}~.

-|¬° ¬ì†ÿ Co006 ìÛ~…° ²Ò†ë ‹ú ›† ì†ð~û …² °²üò �©• ì¥ýÇþ 27% ô

°²üò �©• â±ì†üþ 55% …¶•€ üÏñþ …¶}×†¬û …² …¶ý~ ¶Œ� º~û …¶•

Þú ²Ò†ë ‹†Úþ|ì†ð~û 71 ¬°¾~ ô²ðþ ‹ý»}± ºõ¬. ‹† {õ›ú ‹ú …¶}×†¬û

°²üò|ø†ÿ °²ôë ¬° ¶†̈• ÚÇÏ†– ìÛ†ôï ‹ú â±ì† ü† ÚÇÏ†–

Ö~…ºõð~û€ …¶}×†¬û …² …¶ý~ ‹ú Îñõ…ó {·±üÐ|Þññ~û �©• ì³ü}þ …¶†¶þ

‹ú ºí†° ìþ|°ô¬€ ²ü±… …ìß†ó ¶†̈• ÚÇÏ†– ‹† �†ü~…°ÿ â±ì†üþ ‹ý»}±

°… Ö±…øî ìþ|Þñ~.

‹±…ÿ „â†øþ ‹ù}± …² ðõÑ {±Þý� ü† ̈†Þ·}± ‹ú ›†ì†ð~û ¤†¾ê …² {©±ü�

â±ì†üþ€ „²ìõó {œ³üú Îñ¿±ÿ °ôÿ °²üò|ø†ÿ �©• º~û ‹ú °ô½|ø†ÿ

â±ì†üþ ô ì¥ýÇþ …ðœ†ï º~ Þú ð}†ü� „ó ¬° ›~ôë 1 „ô°¬û º~û …¶•.

…üò ›~ôë ð»†ó ìþ|¬ø~ Þú {×†ô– ¬° ìÛ~…° ̈†Þ·}± ‹ú ›†ì†ð~û ¬°

¬ì†ÿ Co006 ð†ºþ …² ²Ò†ë )ü† Þ±‹ò( ‹†Úþ ì†ð~û ðý·• ô ºñ†¶†üþ Îé•

…üò {×†ô– ðý†² ‹ú ‹±°¶þ|ø†ÿ ‹ý»}±ÿ ¬…°¬.

‹±°¶þ ̈õ…Á ìß†ðýßþ Þ†ì�õ²ü• ø†  |

‹±…ÿ ‹±°¶þ ̈õ…Á ìß†ðýßþ Þ†ì�õ²ü•|ø†ÿ �©• º~û ì¥ýÇþ ‹†

�†°…{õèõò̂ ¶õè×õðýà …¶ý~ ô øí¡ñýò �©• â±ì†üþ {Ûõü•|º~û ‹†

…èý†Ù ¶ýéýß†€ „²ìõó|ø†ÿ ¶©}þ|¶ñœþ€ ìÛ†ôì• Â±‹ú …ü³ô¬ ô „²ìõó

¨í¼ ¶ú ðÛÇú|…ÿ …ðœ†ï º~. ð}†ü� ‹ú ¬¶• „ì~û ¬° ›~ôë 2 „ô°¬û º~û

…¶•. ‹† ‹±°¶þ ð}†ü� ì»†ø~û ìþ|ºõ¬ Þú ̈õ…Á ̈í»þ€ ìÛ†ôì• ‹ú

Â±‹ú ô ¶©}þ Þ†ì�õ²ü•|ø†ÿ �©• ì¥ýÇþ Þí}± …² Þ†ì�õ²ü•|ø†ÿ

�©• â±ì†üþ …¶•.

‹±…ÿ ¬°á ‹ù}± ̈õ…Á ìß†ðýßþ€ ðíõðú|…ÿ …² ìñ¥ñþ|ø†ÿ {ñ¼ -

|Þ±ð¼ „²ìõó ̈í»þ ¬° ºßê 5 „ô°¬û º~û …¶•€ …üò ºßê ðý³ ð»†ó

ìþ|¬ø~ Þú ̈õ…Á ìß†ðýßþ Þ†ì�õ²ü• �©• â±ì†üþ ‹ú ì±…{� ‹ý»}± …²

Þ†ì�õ²ü• �©• ì¥ýÇþ …¶•.

…üò �~ü~û °… ìþ|{õ…ó ‹† Îõ…ìê ²ü± {õ›ýú Þ±¬:

1 -‹† {õ›ú ‹ú …üò Þú üßþ …² °ô½|ø†ÿ …°²ü†‹þ ìÛ~…° �©•€ {Ïýýò

¶©}þ Þ†ì�õ²ü• �©• º~û …¶•€ ìþ|{õ…ó â×• Þú ¬°¾~ �©• ô

Ÿã†èþ …{¿†æ– Î±Âþ ¬° Þ†ì�õ²ü•|ø†ÿ �©• ì¥ýÇþ Þí}± …²

Þ†ì�õ²ü•|ø†ÿ �©• â±ì†üþ …¶•.

2 -…² „ó|›† Þú ¬ì†ÿ �©• Þ†ì�õ²ü•|ø†ÿ ì¥ýÇþ {Û±üŒ†_ Co001 Þí}±

…² ¬ì†ÿ �©• Þ†ì�õ²ü•|ø†ÿ â±ì†üþ …¶•€ ìþ|{õ…ó â×• ‹ú Îé• �†üýò

‹õ¬ó ¬ì†€ …{¿†æ– Î±Âþ Þí}±ÿ ¬° ìÛ†ü·ú ‹† …üò Þ†ì�õ²ü•|ø† {»ßýê

º~û …¶• ô ‹† …¶}×†¬û …² …¶ý~ ‹ú Îñõ…ó {·±üÐ Þññ~û ô…Þñ¼€ …{¿†æ–

Î±Âþ æ²ï …üœ†¬ |ðíþ|ºõ¬.

‹±°¶þ …÷± �̧|�©• ‹± ̈õ…Á Þ†ì�õ²ü•|ø†ÿ �©• º~û ‹ú °ô½ ì¥ýÇþ

‹±…ÿ ¬°á ‹ù}± ôÂÏý• �©• °²üò Öñõèþ �©• º~û ì¥ýÇþ ‹† …¶ý~

°Ö}†° „ó ‹ú ô¶ýéú „²ìõó CSD| ¬° ¶±Î• â±ì†¬øþ nim/Co01 ìõ°¬

‹±°¶þ Ú±…° â±Ö•. ð}ýœú …üò „²ìõó ¬° ºßê 6 „ô°¬û º~û …¶•. øí†ó
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ºßê 4 -â±ì†ðã†º• AGT| °²üò Öñõèþ �©• º~û ‹ú ¬ô °ô½ â±ì†üþ

ô ì¥ýÇþ ¬° ¶±Î• â±ì†¬øþ nim/C
o01.

›~ôë 1 -ð}†ü� {œ³üú Îñ¿±ÿ °²üò Öñõèþ �©• º~û ‹ú ¬ô °ô½

â±ì†üþ ô ì¥ýÇþ.

âõâ±¬

)tw%(

ðý}±ôó́

)tw%(

øý~°ôó́

)tw%(

Þ±‹ò

)tw%(
ðõÑ �©•

---

56/0

60/0

20/0

34/5

39/5

63/37

00/47

â±ì†üþ

ì¥ýÇþ

›~ôë 2- ð}†ü� „²ìõó ø†ÿ ̈õ…Á ìß†ðýßþ Þ†ì�õ²ü• ø†ÿ �©• º~û

ì¥ýÇþ ô â±ì†üþ.

ì~ôë ̈í»þ

)aPG(

|…¶}¥ß†ï

¨í»þ)aPM(

¶©}þ

‹†°Þõë

ìÛ†ôì• Â±‹ú

)m/J(

ðõÑ

�©•

2/1±1/51

2/1±5/7

91±891

5±37

5±24

5±23

03±025

03±042|

â±ì†üþ

ì¥ýÇþ



Æõ° Þú ìç¤Ëú ìþ|ºõ¬ üà �ýà â±ì†²… ¬° ì¥~ô¬û ¬ì†üþ Co081-07

ô›õ¬ ¬…°¬ Þú ‹ý»ýñú „ó ¬° ¬ì†ÿ  Co|031 …¶•. …â±Ÿú �©• â±ì†üþ

°²üò|ø†ÿ Öñõèþ )‹~ôó ô›õ¬ …¶ý~( …² ¬ì†ÿ C
o031 º±ôÑ

ìþ|ºõ¬ ]01[ ô ‹ý»ýñú „ó ìÏíõæ_ ¬° ¬ì†ÿ Co051 …¶•€ …ì† º±ôÑ ô…Þñ¼

�©• °²üò ‹† …¶ý~ Co06 ô ‹ý»ýñú „ó Co02 Þ†ø¼ ü†Ö}ú …¶•. ô›õ¬ …üò

�ýà ‹ý†ðã± �©• ð†ÚÀ °²üò ¬° ìœ†ô°– …¶ý~ …¶• ô {†‡üý~Þññ~û ð}†ü�

‹±°¶þ ÆýØ|¶ñœþ ô ̈õ…Á ìß†ðýßþ Þ†ì�õ²ü•|ø†ÿ „ó …¶•.

‹ñ†‹±…üò€ ‹±…ÿ ìÇ†èÏú …÷± �̧|�©•€ ‹ú ìñËõ° …Ö³…ü¼ ̈õ…Á ìß†ðýßþ ô

Þ†ìê Þ±¬ó �©•€ Îíéý†– �̧|�©• ¬° ¶ú ì±¤éú °ôÿ Þ†ì�õ²ü•|ø†ÿ

�©• º~û ‹† …¶ý~ ¬° ¬ì†ÿ ì¥ýÈ ‹ú ºßê ²ü± …ðœ†ï º~:

1 -�̧|�©• ¬° ¬ì†ÿ  Co06 ‹ú ì~–  h|3  |

2 -�̧|�©• ¬° ¬ì†ÿ  Co021 ‹ú ì~– h|2  |

3 -�̧|�©• ¬° ¬ì†ÿ  Co561 ‹ú ì~– h|2  |

�̧ …² …Îí†ë …üò º±…üÈ€ ¶©}þ Þ†ì�õ²ü•|ø† ‹±°¶þ º~ Þú ð}†ü� „ó ¬°

ºßê 7 ð»†ó ¬…¬û º~û …¶•. ì»†ø~û ìþ|ºõ¬ Þú ‹† …Ö³…ü¼ ¬ì† ¶©}þ

‹ú ìÛ~…° Ú†‹ê {õ›ùþ …Ö³…ü¼ ü†Ö}ú …¶•. …üò ð}†ü� ‹ý†ðã± „ó …¶• Þú

Ÿã†èþ …{¿†æ– Î±Âþ …Ö³…ü¼ ü†Ö}ú …¶•. ›†è� {õ›ú …üò Þú ¬°

ðù†ü•€ ¶©}þ ðíõðú|ø†ÿ �©• ì¥ýÇþ ‹ú ¶©}þ ðíõðú|ø†ÿ �©•

â±ì†üþ °¶ý~û …¶• Þú …üò …ì± ìõöü~ Ö±Å �ý»ýò ¬°‹†°û ð†ÚÀ ‹õ¬ó

�©• Þ†ì�õ²ü•|ø†ÿ �©• º~û ‹† …¶ý~ ¬° ¬ì†ÿ ì¥ýÈ …¶•.

ìÛ†ôì• ̈í»þ ÚÇÏú Îçôû ‹± ìÛ~…° …èý†Ù ‹ú Ÿã†èþ �ýõð~ø†ÿ

Î±Âþ )Þú ̈õ¬ ô…‹·}ú ‹ú ìÛ~…° ô ðõÑ …¶ý~ ì¿±Öþ …¶•( ô øí¡ñýò
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