
N
anoclay/triphenyl phosphate hybrid system was employed to examine the

fire retardancy and mechanical properties of PC/ABS blends. Each of the

polymers and their blends are widely used in the automotive, electrical and

electronic industries. Because most thermoplastics are easily combustible they need

to be flame retarded to reduce the burning rate especially in the initial phase of a fire

incident. The effect of nanoclay on the fire resistance of nanocomposites has been the

subject of many research works. Nanosize clay particles improve the fire perform-

ance of composites with no significant effect on the ignition ability and extinguish-

ing time. The improvement in flame retardancy of composites has been observed

only when nano size species are present with conventional flame retardant additives.

Such combinations may result in either a desired level of flame retardancy lower than

the normal conventional level with matrix property retention. In this study, the sam-

ples were prepared via a direct melt blending process in a twin-screw extruder, and

the processing temperature was set at 200-250oC. The effects of nanoclay/triphenyl

phosphate hybrid system on the fire retardancy of PC/ABS blend were assessed by

cone calorimetry, LOI (Limited Oxygen Index) and UL94 (Underwriters

Laboratories), and tensile and impact properties of the composites were determined.

The synergistic effect of nanoclay on flame retardancy of TPP has been observed

from the fire test and the mechanical properties were improved.
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ìþ|ºõ¬.  Â©†ì• ðíõðú|ø† ¬° …üò „²ìõó mm3  ‹õ¬.  |

æ²ï ‹ú ®Þ± …¶•€ …üò „²ìõó ‹ú Ÿñ~ °ô½ Ú†‹ê …ðœ†ï …¶• Þú

ð}ýœú|âý±ÿ …² ø± °ô½ ì}×†ô– …¶•. æ²ï ‹ú ®Þ± …¶•€ ¬° …üò ‹±°¶þ

…² ¬ô °ô½ 49LU| …ÖÛþ  )BH ,gninrub latnoziroh(| ô Îíõ¬ÿ

)V ,gninrub lacitrev(| …¶}×†¬û º~û …¶•. {×†ô– ¬ô °ô½ ¬° ð¥õû

Ú±…°âý±ÿ ðíõðú|ø† ¬° ð³¬üà º~ó ‹ú ºÏéú …¶•. ìõ…¬ ‹± …¶†¹ ìÛ~…°

ìÛ†ôì• ¬° ‹±…‹± ºÏéú|ô° º~ó€ ›³Š üßþ …² â±ôû|ø†ÿ BH€  0-V|€1-V| ô

2-V| ¬¶}ú|‹ñ~ÿ ìþ|ºõð~. 0-V| ‹ý»}±üò ìÛ~…° ìÛ†ôì• °… ¬…°¬. ‹±…ÿ

‹±°¶þ …÷± …Ö³ô¬ðþ|ø†ÿ ‹†²¬…°ð~û …º}Ï†ë °ôÿ ̈õ…Á ìß†ðýßþ „ìý³û

SBA/CP€ …² ¬¶}ã†û Þ»¼ ÆŒÜ …¶}†ð~…°¬ 725 OSI| ô …² ¬¶}ã†û Â±‹ú

ÆŒÜ …¶}†ð~…°¬ 081 OSI| ‹±…ÿ …ðœ†ï „²ìõó Â±‹ú …¶}×†¬û º~û …¶•.

ð}†ü� ô ‹¥™

‹±°¶þ ð}†ü� ¤†¾ê …² „²ìõó|ø†ÿ …¤}±…Ý

„²ìõó â±ì†¶ñœþ ì©±ôÆþ

�†°…ì}±ø†ÿ Ú†‹ê {õ›ú ¬° …¤}±…Ý ðíõðú|ø† ‹ú °ô½ {œ³üú â±ì†¶ñœþ

ì©±ôÆþ …ð~…²û|âý±ÿ º~û Þú ð}†ü� „ó ¬° ›~ôë2 …°…̂ú º~û …¶•. {í†ï

…üò Ö±ìõë|‹ñ~ÿ|ø† ¬° ¶Ç¦ {†‹¼ üß·†ó 2m/Wk05 „²ì†ü¼ º~û ô

¬…°…ÿ …‹Ï†¬ mc3/0*01*01 ‹õ¬ð~. øí†ó|Æõ° Þú …² ð}†ü� …°…̂ú º~û ¬°

›~ôë2 ì»†ø~û ìþ|ºõ¬€ …² ðË± �†°…ì}±ø†ÿ Þê °ø†ü¼ â±ì† ôâ±ì†ÿ

¶ṏ}ò ìõö÷± {×†ô– ̈†¾þ ‹ýò Ö±ìõë|‹ñ~ÿ|ø†ÿ ¤†ôÿ …Ö³ô¬ðþ|ø†ÿ

‹†²¬…°ð~û …º}Ï†ë ô „ìý³û SBA/CP| Ö†Ú~ …üò …Ö³ô¬ðþ|ø† ì»†ø~û

ðíþ|ºõ¬. Ÿ±… Þú …üò ðíõðú|ø† ¬° ðù†ü• Ú†‹ê ¶ṏ}ò ø·}ñ~ ô ¬°

ìœ†ô°– ìñŒÐ …º}Ï†ë ̈†°›þ ¬° ì~– ²ì†ó|ø†ÿ ì}×†ô– {† …ð}ù†

ìþ|¶õ²ð~. ìÛ~…° Þ±‹ò ìõðõÞ·ý~ ðý³ üßþ …² º†̈À|ø†ÿ ìùî

…ð~…²û|âý±ÿ …¶•€ ²ü±… ¬° „{¼|¶õ²ÿ|ø† ̈Ç±ð†á|{±üò â†² ¶íþ

ì¥·õŽ ìþ|ºõ¬ ]|6[|. ‹† {õ›ú ‹ú ›~ôë2 ‹ý»}±üò {õèý~ …üò â†² ¬°

„ìý³û ‹~ôó …Ö³ô¬ðþ …¶• ô Þí}±üò „ó ¬° „ìý³û øýŒ±ü~ÿ

)onaN %2+PPT %21(+SBA/CP| ì»†ø~û ìþ|ºõ¬.

ºßê1€ ìñ¥ñþ|ø†ÿ ¶±Î• °ø†ü¼ â±ì† °… ð»†ó ìþ|¬ø~ Þú

ìùî|{±üò º†̈À â±ì†üþ …¶• ô ‹ú ô¶ýéú „ó ìþ|{õ…ó {×†ô– ‹ýò

ðíõðú|ø† °… …² è¥†Í …º}Ï†ë|�̄ü±ÿ {»©ýÀ ¬…¬. ìþ|{õ…ó â×•€ ‹ùŒõ¬

¨õ…Á …º}Ï†ë|�̄ü±ÿ ¬° „ìý³û|ø†ÿ onaN+SBA/CP| ‹ú ¬èýê ¶†²ôÞ†°

Þñ~Þññ~âþ …¤}±…Ý ¬° Ö†² ì}±…Þî …¶•. ìñËõ° …² ¶†² ô Þ†°ø†ÿ

Þñ~Þññ~âþ …¤}±…Ý ¬° Ö†² ì}±…Þî€  ¶†² ô Þ†°ø†ÿ Þ†ø¼ …º}Ï†ë|�̄ü±ÿ

›~ôë 1-Ö±ìõë|‹ñ~ÿ „ìý³û|ø†ÿ {ùýú º~û.

ìÛ~…°)%tw(
Þõ�éýí±

yalconaN PPT SBA CP

-

2

4

6

-

-

-

2

2

2

4

6

-

-

-

-

01

31

51

8

01

21

01

01

53

3/43

6/33

9/23

5/13

54/03

57/92

5/12

8/02

1/02

1/02

4/92

56

7/36

4/26

1/16

5/85

55/65

52/55

5/85

2/75

9/55

9/55

6/45

PC/ABS

PC/ABS+2% nano

PC/ABS+4% nano

PC/ABS+6% nano

PC/ABS+10%TPP

PC/ABS+13%TPP

PC/ABS+15%TPP

PC/ABS+(2%nano+8%TPP)

PC/ABS+(2%nano+10%TPP)

PC/ABS+(2%nano+12%TPP)

PC/ABS+(4%nano+10%TPP)

PC/ABS+(6%nano+10%TPP)
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¬° ¶†̈}†° �éýí± ‹ú Îñõ…ó üà Ö†² ì}±…Þî …¶•. ‹ú Îñõ…ó ì˜†ë€ …üœ†¬ æüú

²Ò†èþ ¤†¾ê …² …¤}±…Ý …Ö³ô¬ðþ|ø†ÿ ‹†²¬…°ð~û …º}Ï†ë ¬° ¶Ç¦ �éýí±

Þú …² …ð}Û†ë â±ì† ô „{¼ ‹ú �éýí± ›éõâý±ÿ ìþ|Þññ~€ ›³Š ¶†² ô Þ†°ø†ÿ

Ö†² ì}±…Þî …¶•. ¶†² ô Þ†°ø†ÿ Þ†ø¼ …º}Ï†ë|�̄ü±ÿ …{×†Ý …Ö}†¬û ¬°

ÖÃ†ÿ …Æ±…Ù �éýí± ì±‹õÉ ‹ú ¶†² ô Þ†°ø†ÿ Ö†² â†²ÿ …¶•. ‹ú Îñõ…ó

ì˜†ë€ …üœ†¬ ‹±̈þ â†²ø†ÿ Ö±…° ¤†¾ê …² …¤}±…Ý …Ö³ô¬ðþ|ø†ÿ ‹†²¬…°ð~û

…º}Ï†ë ìñœ± ‹ú Þ†ø¼ ÒéË• â†²ø†ÿ Ú†‹ê …º}Ï†ë ìþ|ºõð~.

Þ†ø¼ ¶±Î• °ø†ü¼ â±ì† ¬° …üò ¬¶}ú …² „ìý³û|ø† …¶†¶†_ ‹ú ¬èýê

{†‡̈ý± ¬° {œ³üú …Þ·†ü»þ -â±ì†üþ „ðù†¶•. …Ö³ôó  ‹± …üò€ Þ†ø¼ ²ì†ó

…¤}±…Ý ‹ú ¬èýê {Œ©ý± ¤†¾ê …² {œ³üú …¾ç§|Þññ~û|ø†ÿ „èþ ð†ðṏ†á

°¹ ðý·•€ ‹éßú ‹ú ¬èýê {œ³üú ì†{±ü̧ �éýí± …¶• Þú ‹ú ô¶ýéú ð†ðõ

¨†á °¹ {·±üÐ º~û …¶•. „÷†° ¶~ÿ æüú|ø†ÿ ô°Úú|…ÿ º~û ¶ýéýß†–

¶ùî Þíþ °… ¬° {†‡̈ý± {©±ü� â±ì†üþ ô Þ†ø¼ º~– °ø†ü¼ â±ì†

¬…°¬. ¤†¾ê {œ³üú â±ì†üþ ̈†á|°¹ „èþ …¾ç§ º~û ìõÚÏý•|ø†ÿ

…¶ý~ÿ …¶• Þú °ôÿ æüú|ø†ÿ °¹ {»ßýê ìþ|ºõ¬. …üò ìõÚÏý•|ø†ÿ

ÖÏ†ë ìþ|{õ…ðñ~ �̄ü±ð~û {à|…èß}±ôó …² üà ìõèßõë|¬øñ~û ‹†ºñ~ ô ¬°

ðù†ü• üà {±Þý� °…¬üß†ë „²…¬ {õèý~ Þññ~. ‹ú ÎŒ†°– ¬üã±€ …üò

ìõÚÏý•|ø†ÿ ÖÏ†ë€ {œ³üú …ôèýú ì†{±ü̧ �éýí± °… {·±üÐ ìþ|Þññ~. ‹† {õ›ú

‹ú …üò Þú ìõÚÏý•|ø†ÿ ì³‹õ°€ {»ßýê æüú ²Ò†èþ ì¥†ÖÌ °… ¬° ¶Ç¦

�éýí± ìñœ± ìþ|ºõð~€ ²ì†ó …º}Ï†ë °…  ðý³ Þõ{†û ìþ|Þññ~ ]|8€7[|. æ²ï ‹ú

®Þ± …¶•€ ºßê|ºñ†¶þ ‹ú ¬¶• „ì~û …² ð†ðõ ̈†á °¹ …¶}×†¬û º~û€

ºßê|ºñ†¶þ ‹ýò|æüú|…ÿ º~û …¶• Þú {¿†ôü± MET| …² ìõÚÏý•|ø†ÿ

ì}×†ô– ðíõðú ¬° ºßê2  ð»†ó ¬…¬û º~û …¶•. ‹† {õ›ú ‹ú ºßê2 ‹ú

¨õ‹þ ìþ|{õ…ó ô›õ¬ æüú|ø†ÿ ð†ðõ ̈†á °¹ °… ¬° Ö†² ÚÇ±û|ø†ÿ SBA|

ì»†ø~û Þ±¬. ¬° ºßê3 ô ›~ôë3 ð}†ü� „²ìõó DRX| ðý³ ìõöü~ ‹†²º~ó

›~ôë 2-ð}†ü� „²ìõó â±ì†¶ñœþ ì©±ôÆþ „ìý³û|ø†ÿ SBA/CP|.

ìý†ðãýò ‹†²¬û

Þ±‹ò|ìõðõÞ·ý~

)gk/gk(

ìý†ðãýò â±ì†ÿ

ìõö÷± ¶ṏ}ò

)gk/JM(

ìý†ðãýò Þ†ø¼

º~– ›±ï

)s2m/g(

ìý†ðãýò º~–

°ø†ü¼ â±ì†

)2m/Wk(|

²ì†ó …Ö±ô²½

)s(|
Ö±ìõë|‹ñ~ÿ

931/0

521/0

021/0

511/0

321/0

911/0

211/0

011/0

801/0

501/0

111/0

901/0

51/72

43/52

28/52

54/42

68/32

56/42

71/52

02/52

08/42

54/32

54/42

92/32

78/4

54/4

49/3

32/3

41/4

30/4

21/3

70/3

26/3

61/3

21/3

18/3

2301

006

345

074

028

986

836

534

023

003

083

133

53

03

92

82

04

44

64

83

44

54

04

73

PC/ABS

PC/ABS+2% nano

PC/ABS+4% nano

PC/ABS+6% nano

PC/ABS+10%TPP

PC/ABS+13%TPP

PC/ABS+15%TPP

PC/ABS+(2%nano+8%TPP)

PC/ABS+(2%nano+10%TPP)

PC/ABS+(2%nano+12%TPP)

PC/ABS+(4%nano+10%TPP)

PC/ABS+(6%nano+10%TPP)

ºßê 1 -ìÛ†ü·ú �ýà|ø†ÿ º~– °ø†ü¼ â±ì†ÿ SBA/CP‹† „ìý³û|ø†ÿ

onaN+SBA/CP.|
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æüú|ø†ÿ ¶ýéýß†– ð†ðṏ†á °¹ …¶•. ‹† {õ›ú ‹ú ºßê3€ Þ†ø¼

º~– �ýà ¬° „²ìõó DRX| ¬° ‹†°û ðíõðú „ìý³û ¤†ôÿ ð†ðõ ̈†á °¹

ð»†ó|¬øñ~û ‹†²º~ó æüú|ø†ÿ ð†ðṏ†á °¹ ‹ú ô¶ýéú „ìý³û �éýí±ÿ ô ‹ú

Æõ° ¬ÚýÜ|{± ‹ú ô¶ýéú Ö†² SBA| …¶•. ºßê4 ðý³ ì±‹õÉ ‹ú MES| „ìý³û

SBA/CP| ̈†èÀ …¶• Þú ºßê|ºñ†¶þ …ìõè·ýõðþ °… ð»†ó ìþ|¬ø~ ô

‹ú ̈õ‹þ ìþ|{õ…ó {õ²üÐ Ö†² ÚÇ±û|ø†ÿ SBA| °… ¬° Ö†²�ýõ¶}ú CP|

ì»†ø~û Þ±¬.

ºßê5 ìñ¥ñþ|ø†ÿ ì±‹õÉ ‹ú ¶±Î• °ø†ü¼ â±ì†ÿ

Ö±ìõë|‹ñ~ÿ|ø†ÿ ¤†ôÿ PPT| °… ð»†ó ìþ|¬ø~ Þú ‹† ðíõðú ‹~ôó …Ö³ô¬ðþ

ìÛ†ü·ú º~û …¶•. ‹ùŒõ¬ ̈õ…Á …º}Ï†ë|�̄ü±ÿ „ìý³û|ø†ÿ PPT+SBA/CP|

‹ú ¬èýê ¶†² ô Þ†°ø†ÿ ì±‹õÉ ‹ú Ö†² ì}±…Þî ô â†² …¶• )ø±Ÿñ~Þú ¶†² ô

Þ†°ø†ÿ Ö†² ì}±…Þî …°›¦|{± …¶•(. ‹† …Ö³ô¬ó PPT| ðý³ ì†ðñ~ …üò …¶• Þú

PPT| ‹† ì¥¿õë ¤†¾ê …² {œ³üú �éýí± )…¤}í†æ_ CP( ô…°¬ ô…Þñ¼

ìþ|ºõ¬. CP| ‹† ðõ„°…üþ Ö±ü³ {Œ~üê ‹ú ì¥¿õèþ ìþ|ºõ¬ Þú ¬…°…ÿ

â±ôû|ø†ÿ Öñõèþ …¶• )ô…Þñ¼ 1( Þú …üò ì¥¿õë ‹† PPT| …² °…û ¶†²ôÞ†°

{Œ†¬üê …¶}±ÿ ô…°¬ ô…Þñ¼ ìþ|ºõ¬ )ô…Þñ¼ 2(.

…² „ó ›† Þú PPT| ¬…°…ÿ Ÿñ~ �ýõð~ C-O-P| ÖÏ†ë …¶•€ ìíßò …¶• ‹†

¶†ü± ²ðœý±ø†ÿ CP| ðý³ ô…Þñ¼ ¬…¬û ô ì¥¿õë ºŒßú|…ÿ {õèý~ Þñ~ ]|9[|.

…Ö³ôó ‹± …üò€ ¶†² ô Þ†° ì¥¿õæ– ¤†¾ê …² {œ³üú â±ì†üþ {±ÞýŒ†–

Ö·×±¬…° Þú º†ìê 2P€ OP€ 2OP| ô 2OPH| ø·}ñ~€ ̈õ¬ {±ÞýŒ†–

‹†²¬…°ð~û …º}Ï†ë ìõö÷± ø·}ñ~ ô ‹ú …üò {±{ý� Îíê ìþ|Þññ~ Þú …² ÒéË•

…{î|ø†ÿ øý~°ôó́ ¬° Ö†² â†²ÿ ìþ|Þ†øñ~. …{î|ø†ÿ øý~°ôó́ ‹† …Þ·ýµó

ô…°¬ ô…Þñ¼ º~û ô °…¬üß†ë|ø†ÿ øý~°ôÞ·ýê ‹† …Þ·ýµó °… {»ßýê

ìþ|¬øñ~ )ô…Þñ¼ 3(. …üò °…¬üß†ë|ø†ÿ ¤†¾ê ‹† {±ÞýŒ†– ¶ṏ}þ ô Ú†‹ê

…¤}±…Ý ô…°¬ ô…Þñ¼ º~û ô Ö±…üñ~ …º}Ï†ë °… ¬ô…ï ìþ ‹©»ñ~ ]|7[|. ºßê6

ìñ¥ñþ|ø†ÿ ì±‹õÉ ‹ú ¶±Î• °ø†ü¼ â±ì†ÿ Ö±ìõë|‹ñ~ÿ|ø†ÿ ¤†ôÿ

ð†ðõ°¹+PPT| °… ð»†ó |ìþ|¬ø~ Þú ‹† ðíõðú ‹~ôó …Ö³ô¬ðþ ìÛ†ü·ú º~û

…¶•. ‹† {õ›ú ‹ú …üò ºßê ì»†ø~û ìþ|ºõ¬€ „ìý³û|ø†ÿ øýŒ±ü~ÿ

‹ý»}±üò ¬°¾~ Þ†ø¼ ¶±Î• °ø†ü¼ â±ì†| °… ð»†ó ìþ|¬øñ~.

ºßê 2 -MET| ¤†¾ê …² ìõÚÏý•|ø†ÿ ì©}éØ ¬° ðíõðú  onan

%2+SBA/CP.|

ºßê 3 -DRX| ¤†¾ê …² ¬ô ðíõðú ð†ðṏ†á °¹ ô onan %2+SBA/CP.|

›~ôë 3-�†°…ì}±ø†ÿ „²ìõó DRX| ðíõðú|ø†ÿ ð†ðõ ̈†á °¹ ô

onan %2+SBA/CP.

* eulav-d

²…ôüú)|θ2( ìÛ~…°d*)mn( Ö±ìõë|‹ñ~ÿ

58/3

1/3

92/2

28/2

ð†ðõ ̈†á °¹

onan%2+SBA/CP
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„²ìõó|ø†ÿ IIOOLL| ô 4499LLUU|

ð}†ü� …º}Ï†ë|�̄ü±ÿ ðíõðú|ø† ¬° ›~ôë4  ̈ç¾ú º~û …¶•. ð}†ü� IOL|

„ìý³û onaN+SBA/CP| ð·Œ• ‹ú SBA/CP| ̈†èÀ Þ†ø¼ Þíþ °… …²

32% ¬° SBA/CP‹ú 2/22% onaN%2+SBA/CP| ð»†ó ìþ|¬ø~. ‹†

…Ö³…ü¼ ¬°¾~ ð†ðṏ†á °¹ ìÛ~…° IOL| Þ†ø¼ ìþ|ü†‹~.

‹±…ÿ „ìý³û|ø†ÿ PPT+SBA/CP€ ìÛ~…° IOL| …² 32% ¬° SBA/CP| ‹ú

1/62% ¬° PPT%01+SBA/CP…Ö³…ü¼ ü†Ö}ú …¶•. ‹† …Ö³…ü¼ ¬°¾~

PPT| ìÛ~…° IOL| …Ö³…ü¼ ìþ|ü†‹~. ‹† {õ›ú ‹ú ìÛ†¬ü± IOL| ì»†ø~û º~û

¬° „ìý³û|ø†ÿ øýŒ±ü~ÿ ìþ|{õ…ó ‹ú …°{Œ†É ‹ýò PPT| ô ð†ðõ ̈†á °¹ ¬°

‹ùŒõ¬ ̈õ…Á …º}Ï†ë|�̄ü±ÿ �þ ‹±¬. ‹ù}±üò ðíõðú ‹ú è¥†Í „²ìõó IOL|

Ö±ìõë|‹ñ~ÿ )onaN%2+PPT%21(+SBA/CP| …¶•. ð}†ü� „²ìõó 49LU|

ìÇ†‹Ü „²ìõó IOL| …¶•. „ìý³û|ø†ÿ SBA/CP€ onaN+SBA/CP| ô

PPT+SBA/CP| ‹ú è¥†Í „²ìõó 49LU| Îíõ¬ÿ °¬ º~û|…ð~€ ôèþ ¬°

¬¶}ú|‹ñ~ÿ BH| Ú±…° â±Ö}ñ~. ¬° …üò „²ìõó )49LU| …ÖÛþ( …üò ðíõðú|ø†

�ý¼ …² °¶ý~ó ‹ú Îçì• mm52  ¬° ðíõðú€ ̈õ¬ ̈†ìõ½ ºõð~û

‹õ¬ð~.

ºßê 4 -{¿õü± MES| „ìý³û SBA/CP| ̈†èÀ ‹† ‹³°å|ðí†üþ 0002.

ºßê 5 -ìÛ†ü·ú �ýà|ø†ÿ º~– °ø†ü¼ â±ì†ÿ SBA/CP| ‹† „ìý³û|ø†ÿ

PPT+SBA/CP.|

›~ôë 4-ð}†ü� „²ìõó|ø†ÿ IOL| ô 49LU.|

)mm 3( 49LU )%( IOL Ö±ìõë|‹ñ~ÿ

HB

HB

HB

HB

HB

HB
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