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Tricalcium phosphate as hydroxyapatite is used as a suspension stabilizer in styrene polymerization
process. Particle size of TCP plays an essential role in the particles’ size distribution and geometri-
cal form of polystyrene products. As the particle size of TCP is reduced, there will be much better
chance to engulf the styrene particles. The higher the number of TCP particles surrounding each
styrene particle, the lesser will be their tendency to form a large particle after collision. Therefore,
there will be higher percentages of spherical polystyrene with small particle size and narrower size
distribution in the product. Experimental results have indicated that the addition of sodium hexa-
metaphosphate (SHMP) to the reaction mixture of lime and phosphoric acid, after drying the prod-
uct by spray dryer, lead to decrease the size of TCP particles from ca. 5 μm (without SHMP) to ca.
1.5 μm (with SHMP). In this study, the role of TCP containing SHMP as polymer suspension stabi-
lizer and consequently the beads size of polystyrene is investigated in laboratory scale. The results
show that despite addition of SHMP to the reaction mixture of lime and phosphoric acid decreases
the TCP particles size and the mean bead size of the product of polystyrene become larger than the
product prepared by TCP without SHMP.
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|Þ†°‹±¬
ÚÇ± ¬…ðú|ø†ÿ �éþ|…¶}ý±ó

Ú†‹ê …ðŒ·†É )mm(

‹éõá|ø†ÿ ¶Û×þ

‹éõá|ø†ÿ Î†üÜ â±ì†üþ

‹éõá|ø†ÿ Î†üÜ â±ì†üþ ‹† Ÿã†èþ ²ü†¬ ô ÚÇÏ†– ºßê  ¬…¬û º~û ‹† ¬üõ…°û Â©ýî|

ÚÇÏ†– ºßê ¬…¬û º~û ‹† ¬üõ…°û ð†²á ô Ú†è�|ø†ÿ ð†²á

Ú†è�|ø†ÿ ð†²á ôüµû

2>

2-1

1-7/0

7/0-4/0

4/0<
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°…Þ}õ° …Ö³ô¬û º~  ô  ¬ì†ÿ  ì©éõÉ ô…Þñ¼ ‹ú  Co98 …Ö³…ü¼ ü†Ö•.

¶±Î• øî|²ó ìß†ðýßþ ¬° Æõë ô…Þñ¼ �éýí±º~ó ÷†‹• ðãú ¬…º}ú º~.

nim09 �̧ …² º±ôÑ ô…Þñ¼ g9091/0 Þíà �±…Þñ~û|¶†² „èþ ‹† ð†ï

{œ†°ÿ 21KC| ‹ú ì©éõÉ ô…Þñ¼ …Â†Öú º~. ¬°  �†ü†ó ô…Þñ¼ Þú ¤~ô¬

h|9-8 �̧ …² º±ôÑ �éýí±º~ó …¶•€ ¬…ðú|ø†ÿ �éþ|…¶}ý±ó ¾†Ù€ ̈»à

ô ¬…ðú|‹ñ~ÿ º~ð~. º±Þ•|ø†ÿ {õèý~Þññ~û ìõ…¬ ºýíý†üþ ìõ°¬ ì¿±Ù

¬° „²ìõó Þ†°‹±¬ÿ ðíõðú|ø†ÿ ¶ñ}³ÿ PCT¬° ›~ôë 2 ®Þ± º~û …¶•.

|

ð}†ü� ô ‹¥™  |

{±ÿ|Þé·ýî Ö·×†– Æþ ô…Þñ¼ ¬ôì±¤éú|…ÿ …² ô…Þñ¼ …°{õÖ·×±üà

…¶ý~ ‹† „øà {ùýú º~. ì¥¿õë PCT| ‹† ̈»à Þ±¬ó ¬ôÒ†Ž ¤†¾ê ‹ú

ô¶ýéú ¬¶}ã†û ̈»à|Þò …Ö»†ðú|…ÿ ‹ú ¬¶• „ì~ )1-PCT(|. Ÿãõðãþ

{õ²üÐ …ð~…²û ®°…– …üò ðíõðú ¬° ºßê 4 ð»†ó ¬…¬û º~û …¶•. ‹† ô›õ¬

Þñ}±ë Îõ…ìê ìõö÷± ‹± ô…Þñ¼ ¬° º±…üÈ ‹ùýñú€ ®°…– °ü³ PCT| ¬° …÷±

ðý±ôø†ÿ ‹ýò ®°…– ìễ ðý±ôø†ÿ ô…ð~°ô…è·þ ô ‹†° üõðþ€ {í†üê ‹ú {œíÐ

¬…º}ú ô ¬° ðù†ü• ì¥¿õèþ ‹† …ð~…²û ®°…– ¬° ì¥~ô¬û  m|8-3 ‹ú

¬¶• „ì~. ‹† {õ›ú ‹ú ̈†¾ý• �±…Þñ~û|¶†²ÿ ðíà|ø†ÿ �éþ|Ö·×†–€ ¬°

„²ì†ü¼|ø†€ …Ö³…ü¼ PMHS| ‹ú ì©éõÉ ô…Þñ¼ ô Ÿãõðãþ …÷± „ó ‹±

…ð~…²û ®°…– PCT| ‹±°¶þ º~ )›~ôë 3(.

|…ð~…²û|âý±ÿ …ð~…²û ®°…– ð»†ó ìþ|¬ø~ Þú …Ö³…ü¼ PMHS| ‹ú ì©éõÉ

ô…Þñ¼€ ‹†Î™ Þ†ø¼ …ð~…²û ®°…– PCT| º~û …¶•€ ‹ú Æõ°ÿ Þú 78

¬°¾~ …² ì¥¿õë ‹ú ¬¶• „ì~û ¬° ìÛ~…° ‹ùýñú PMHS|)3-PCT( …ð~…²û

ÞõŸà|{± …²  m|2 ¬…°ð~ )ºßê 4(.

ì»©¿†– ºýíý†üþ ô Öý³üßþ 1- PCT| ô 3- PCT| ‹† ðíõðú {œ†°ÿ

{õèý~ÿ º±Þ• miehneduB| ìõ°¬ ì¿±Ù ¬° �}±ôºýíþ {Œ±ü³€ Þú ¬°

ìÛ†èú ‹† ð†ï  miehneduB-PCT| ‹ú „ó …º†°û º~û …¶•€ ìÛ†ü·ú º~

)›~ôë 4(.

øí†ó|Æõ° Þú ìç¤Ëú ìþ|ºõ¬€ {×†ô– ðíõðú|ø†ÿ PCT| ¬° …ð~…²û

®°…– „ðù†¶• ô ¶†ü± ôüµâþ|ø†ÿ „ðù† º†ìê ð·Œ• |P/aC| ôHp| {ÏéýÜ

¬ôÒ†Ž 01 ¬°¾~ Þú …² ôüµâþ|ø†ÿ ‹·ý†° ìùî ô ìõö÷± ‹± Þ†°…üþ ìñ†¶�

μ

μ
ºßê 3 -°…Þ}õ° ìõ°¬ …¶}×†¬û ‹±…ÿ �éýí±º~ó ìõðõì± …¶}ý±ó.

›~ôë 2 -º±Þ•|ø†ÿ {õèý~Þññ~û ìõ…¬ ºýíý†üþ ìõ°¬ ì¿±Ù ‹±…ÿ

„²ìõó Þ†°‹±¬ÿ ðíõðú|ø† ÿ ¶ñ}³ÿ PCT|.

º±Þ• {õèý~Þññ~û ð†ï ì†¬û ºýíý†üþ

ðíõðú {œ†°{þ {¥• èý·†ð̧ º±Þ•

RUOPNUS

NAPETS

º±Þ• �}±ôºýíþ {Œ±ü³

º±Þ• �}±ôºýíþ {Œ±ü³

21KC

ð†Þ†ðõë G09|

…¶}ý±ó 

�éþ|…¶}ý±ó ®°…– °ü³

›~ôë 3 -�†°…ì}±ø†ÿ ‹±°¶þ º~û ¬° {ùýú PCT|.

ì}õ¶È …ð~…²û

®°…– )m(μ

ìÛ~…°

�±…Þñ~û|¶†² )g(
�±…Þñ~û|¶†² ð†ï ì¥¿õë

98/4

56/2|

95/1|

57/1

-|

4|

6|

6

-|

PMHS

PMHS

PMHS

1-PCT

2-PCT

3-PCT 

4-PCT){ß±…°�̄ü±ÿ(|

›~ôë 4 -ì»©¿†– ºýíý†üþ ô Öý³üßþ 3-PCT| ¬° ìÛ†ü·ú ‹† ðíõðú

{œ†°ÿ º±Þ• miehneduB.

1-PCT 3-PCT miehneduB-PCT ì»©¿ú 

2/05

0/04

0/7

8- 3

05|

0/04

1/7

95/1-0

5/45-5/25

5/24-0/04

5/7-0/7

2-0

)%( OaC

)%( 5O2P

){ÏéýÜ%01( Hp

ÚÇ± )mμ(



PCT| ‹ú Îñõ…ó �†ü~…°Þññ~û ¬° �éýí±º~ó {ÏéýÛþ …¶•€ {×†ô{þ ‹†

üà|¬üã± ð~…°ð~.  ìõÚÏý• �ýà|ø† ¬° ÆýØ  DRX| ðíõðú 3-PCT| ‹†

ðíõðú {œ†°ÿ miehneduB-PCT| )ºßê 5( ô ÆýØ â³…°½ º~û ¬°

ì±…›Ð ]|12€02[| ìÇ†‹Û• ¬…°¬.

‹ú ìñËõ° ‹±°¶þ …÷± ô›õ¬ PMHS| ¬° ì¥¿õë PCT| ‹± Þ†°…üþ „ó ¬°

�†ü~…°ÿ {ÏéýÜ �éýí±€ ‹† …¶}×†¬û …² ðíõðú|ø†ÿ 1-PCT€ 3-PCT| ô ðíõðú

{œ†°ÿ miehneduB-PCT| ô…Þñ¼ �éýí±º~ó ìõðõì± …¶}ý±ó …ðœ†ï

º~. ì¥¿õæ– �éþ|…¶}ý±ó ‹ú ¬¶• „ì~û …² „²ìõó|ø†ÿ Þ†°‹±¬ÿ€

¬…ðú|‹ñ~ÿ º~ )›~ôë 5(.

øí†ó|Æõ° Þú ¬° ›~ôë 5 ìç¤Ëú ìþ|ºõ¬€ ô›õ¬ PMHS| ¬° PCT

)3-PCT(‹†Î™ …Ö³…ü¼ …ð~…²û ¬…ðú|ø†ÿ �éþ|…¶}ý±ó º~û …¶•. ¬°

¤ÛýÛ•€ ô›õ¬ PMHS¬° ì¥¿õë PCT| ‹†Î™ Þ†ø¼ �†ü~…°ÿ {ÏéýÜ

�éýí± º~û ô ð»†ó ìþ|¬ø~ Þú ¬…ðú|ø†ÿ �éþ|…¶}ý±ó øñã†ï ‹±̈õ°¬

{»ßýê …ðŒõøú|ø†üþ ìþ|¬øñ~ ô ‹ñ†‹±…üò {õ²üÐ …ð~…²û „ðù† â·}±¬û|{± º~û

…¶•.  |

…² Îõ…ìéþ Þú ‹†Î™ ð†�†ü~…°ÿ ¶†ì†ðú {ÏéýÜ �éýí± ìþ|ºõ¬€ ô›õ¬

ð†̈†è¿þ ¬° ìõ…¬ …ôèýú ìõ°¬ …¶}×†¬û ¬° Ö±…üñ~ �éýí±º~ó …¶•. …÷±

ð†̈†è¿þ|ø† ‹± ¶†ì†ðú {ÏéýÜ ìþ|{õ…ð~ ‹ú ºßê üßþ …² Îõ…ìê ²ü± ‹†º~:
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ºßê 4 -{õ²üÐ …ð~…²û ®°…– PCT|ø†ÿ ¶ñ}³ º~û.

 (μm) (μm)

 (μm) (μm)

¬°¾~ ¬…ðú|ø†ÿ �éþ|…¶}ý±ó °¬ º~û …² …èà|ø† ‹†

…ð~…²û ìñ†Ȫ ì©}éØ )mm(|
PCT‹ú Þ†° °Ö}ú ¬°

{ùýú �éþ|…¶}ý±ó 
595/0 148/0 00/2 38/2 00/4 67/4

5/2|

2/0|

2/0

4|

7/0|

3/0

6/17|

3/05

8/42

4/39|

7/58|

9/95

7/99

8/99

9/39

9/99|

001|

2/89

miehneduB-PCT

3-PCT

1-PCT

›~ôë 5 -ð}†ü� ¬…ðú|‹ñ~ÿ ¬…ðú|ø†ÿ �éþ|…¶}ý±ó ‹ú ¬¶• „ì~û …² „²ìõó

Þ†°‹±¬ÿ ðíõðú|ø†ÿ PCT.|
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|ð†̈†è¿þ|ø†üþ Þú Þ»¼ ¶Ç¥þ „Ž ü† ìõðõì± …¶}ý±ó °… {Óýý± ¬øñ~.

ð†̈†è¿þ|ø†üþ Þú ìñœ± ‹ú {œíÐ|�̄ü±ÿ  ü† {œ³üú Î†ìê {ÏéýÜ Þññ~û

�éýí± ºõð~.

ð†̈†è¿þ|ø†üþ Þú {Ï†¬ë …èß}±ôèý}ýßþ ¶†ì†ðú {ÏéýÜ °… ‹ú ø± Æ±üÛþ …²

‹ýò ìþ|‹±ð~.

Ÿñýò ‹ú ðË± ìþ|°¶~ Þú ¶~üî øã³…ì}†Ö·×†– …² üà Æ±Ù

…ð¥çë|�̄ü±ÿ {±ÿ|Þé·ýî Ö·×†– °… …Ö³…ü¼ ¬…¬û ô ‹†Î™ …Ö³…ü¼

°¶†ðñ~âþ …èß}±üßþ ì¥ýÈ „‹þ ìþ|ºõ¬. ¬° ð}ýœú€ Þ†°…üþ ð†ìñ†¶�

Îõ…ìê ìõö÷± ‹± �†ü~…°ÿ {ÏéýÜ �éýí± Æþ Ö±…üñ~ �éýí±º~ó …¶}ý±ó º†ìê

�±…Þñ~û|¶†² „èþ 21KC| ô ì†¬û ÖÏ†ë ¶Ç¥þ „ðýõðþ)¶~üî ¬ô¬¶ýê ‹ñ³ó

¶õè×õð†–( ìþ|ºõ¬ Þú ¬° ðù†ü• ìõ›� Þ†ø¼ �†ü~…°ÿ ¶†ì†ðú {ÏéýÜ ô

…Ö³…ü¼ ÚÇ± ÚÇ±û|ø†ÿ ìõðõì± …¶}ý±ó ìþ|ºõ¬.

…² Æ±Ù ¬üã±€ ¶~üî øã³…ì}†Ö·×†– {±ÞýŒþ ìÏ~ðþ ‹† ì†øý• „Ž

¬ô¶• …¶• Þú ‹± ̈çÙ ¶~üî ¬ô¬¶ýê ‹ñ³ó ¶õè×õð†– {í†üéþ ‹ú

›Ž̄ °ôÿ ÚÇ±û|ø†ÿ ìõðõì± …¶}ý±ó )‹† ì†øý• „Ž â±ü³( °… ð~…°¬.

‹ñ†‹±…üò€ Öýéî …üœ†¬ º~û ‹ú ô¶ýéú  ì†¬û ÖÏ†ë ¶Ç¥þ ô PCT| ¬° ¤Ãõ°

¶~üî øã³… ì}†Ö·×†– {ÃÏýØ º~û ô ²…ôüú {í†¹ ®°…– PCT| {Óýý±

ìþ|Þñ~.

ºßê 6 …÷± ²…ôüú {í†¹ ®°…– PCT| ‹± �†ü~…°ÿ „ðù† °… ð»†ó ìþ|¬ø~.

øí†ó|Æõ° Þú ìç¤Ëú ìþ|ºõ¬ ²…ôüú {í†¹09 ¬°›ú ‹ý»}±üò �†ü~…°ÿ °…

…üœ†¬ ìþ|Þñ~. ‹ñ†‹±…üò€ ‹† {Óýý± ²…ôüú {í†¹ ®°…– 3-PCT| ‹† …¶}×†¬û …²

PMHS€ ‹† ô›õ¬ …ð~…²û ®°…– ìñ†¶� )ì»†‹ú ðíõðú {œ†°ÿ

miehneduB-PCT(|€ �†ü~…°ÿ ¶†ì†ðú {ÏéýÜ Þ†ø¼ ü†Ö}ú ô ¬° ð}ýœú

…¤}í†ë {»ßýê …ðŒõøú ÚÇ±û|ø† ‹ú øñã†ï ‹±̈õ°¬ ‹† üà|¬üã± …Ö³…ü¼

ìþ|ü†‹~ Þú ìñœ± ‹ú °º~ ‹ý»}± ¬…ðú|ø† º~û ô ¬…ðú|ø†ÿ ì¥¿õë

�éþ|…¶}ý±ó ‹³°å|{± ìþ|ºõ¬. 

ð}ýœú|âý±ÿ

¶~üî øã³… ì}†Ö·×†– ‹ú Îñõ…ó �±…Þñ~û|¶†² {±ÞýŒ†– ìÏ~ðþ ¬° ì¥ýÈ

„‹þ ºñ†̈}ú º~û …¶•. ‹ú øíýò ¬èýê ¬° ‹·ý†°ÿ …² °ô½|ø†ÿ

…ð~…²û|âý±ÿ …ð~…²û ®°…– ›†ì~€ …üò ì†¬û ‹ú Îñõ…ó �±…Þñ~û|¶†² ‹·ý†°ÿ …²

ìõ…¬ ìÏ~ðþ ìÏ±Öþ º~û …¶•. øí†ó|Æõ° Þú ð}†ü� {õ²üÐ ®°…– )ºßê 4(

ð»†ó ìþ|¬ø~€ …Ö³…ü¼ PMHS| ‹ú ì©éõÉ ô…Þñ¼ Ö·×±üà …¶ý~ ô

¬ôÒ†Ž „øà ‹†Î™ Þ†ø¼ ì}õ¶È …ð~…²û ®°…– PCT|{† ¤~ô¬ m|5/1

º~û …¶•. …üò ð}†ü� ð»†ó ìþ|¬ø~ Þú ̈†¾ý• �±…Þñ~û|¶†²ÿ PMHS|

¬° ²ì†ó °¶õŽ|âý±ÿ PCT| ô ̈»à Þ±¬ó ì¥¿õë ‹† …¶}×†¬û …²

¨»à|Þò …Ö»†ðú|…ÿ€ ì†ðÐ …² ‹ú øî �ýõ¶}ò ®°…– °¶õŽ º~û …¶•. …²

Æ±Ù ¬üã± ‹† ›õ¬ …üò Þú ®°…– 3-PCT| Þú ¤†ôÿ PMHS| …¶•€

ð·Œ• ‹ú ®°…– 1-PCT|)‹~ôó PMHS( …ð~…²û ÞõŸà|{± ô {õ²üÐ

üßñõ…̈•|{± ¬…°ð~€ ôèþ …ð~…²û ¬…ðú|ø†ÿ �éþ|…¶}ý±ó {ùýú º~û ‹† „ó ð·Œ•

‹ú �éþ|…¶}ý±ó {ùýú º~û ‹† 1-PCT| ‹³°å|{±…¶• Þú ð»†ó|¬øñ~û Þ†°…üþ

ð†ìñ†¶�|{± 3-PCT| ¬° �†ü~…°ÿ {ÏéýÜ �éýí± …¶•.  |

μ

ºßê 6 -®°…– PCT| ‹† ²…ôüú {í†¹ 09 ¬°›ú ô …üœ†¬ ‹ý»}±üò �†ü~…°ÿ.
ºßê 5 -ÆýØ DR-X|: ) ( ðíõðú 3|-PCT| ¬° ìÛ†ü·ú ‹† ) ( ðíõðú

{œ†°ÿ miehneduB -PCT.   |
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