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INTRODUCTION
¾ÅÒÊµÔ¡¼ÊÁàÊ�¹ãÂ¤ÒÃ�ºÍ¹àÊÃÔÁáÃ§ (Carbon fiber reinforced polymer; CFRP) ä �́ÃÑº¤ÇÒÁ¹ÔÂÁà»�¹ÇÑÊ Ǿã¹ÂÒ¹¾ÒË¹Ð à¹×èÍ§¨Ò¡ÁÕ
¤ÇÒÁá¢ç§áÃ§ÊÙ§ã¹¢³Ð·ÕèÁÕ¹íéÒË¹�¡àºÒ áµ�ÂÑ§¾º»�­ËÒÃÐËÇ�Ò§¡ÃÐºÇ¹¡ÒÃ¼ÅÔµáÅÐÊ�§¼Åµ�Í»ÃÐÊÔ· Ô̧ÀÒ¾ ¤×Í ¿Í§ÍÒ¡ÒÈ (void) ·Õè
ÊÒÁÒÃ¶ÈÖ¡ÉÒ �́ÇÂà·¤¹Ô¤ image processing ÇÔà¤ÃÒÐË�ÀÒ¾¨Ò¡ optical microscope áÅÐ Micro-CT ¹Í¡¨Ò¡¹Ñé¹¡ÒÃÈÖ¡ÉÒÇÑÊ Ǿ
CFRP ·ÕèÁÕÅÑ¡É³Ðâ¤Ã§ÊÃ�Ò§»ÃÐ¡Íº �́ÇÂªÑé¹ºÒ§ (Laminate) í̈Òà»�¹µ�Í§à¢�Òã¨¶Ö§¤ÇÒÁÊÑÁ¾Ñ¹ �̧ã¹ÃÐ Ñ́ºâÁàÅ¡ØÅ à¾×èÍÇÔà¤ÃÒÐË�¶Ö§¡ÒÃÂÖ´
àË¹ÕèÂÇáµ�ÅÐªÑé¹ Laminate «Öè§à»�¹áÃ§¾Ñ¹¸ÐÃÐËÇ�Ò§âÁàÅ¡ØÅ¢Í§ epoxy áÅÐàÊ�¹ãÂàÊÃÔÁáÃ§ Ñ́§¹Ñé¹¡ÒÃãª� molecular calculation Ö̈§ÁÕ
¤ÇÒÁÊíÒ¤Ñ­µ�Í¡ÒÃÈÖ¡ÉÒ¤Ø³ÊÁºÑµÔº¹ Interface ÀÒÂã¹ CFRP
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¼Ù�ÇÔ Ñ̈ÂÊÒÁÒÃ¶ÈÖ¡ÉÒÀÒ¾ surface appearance �́ÇÂÀÒ¾¨Ò¡
digital microscope ¾ºÇ�ÒÇÔ Õ̧ non-vacuum ·íÒãË�à¡Ô´¿Í§ÍÒ¡ÒÈ
¨Ò¡¡ÒÃ¢ÂÒÂµÑÇ¢Í§ÍÒ¡ÒÈÃÐËÇ�Ò§¡ÒÃÍºÁÒ¡¡Ç�Ò

ã¹§Ò¹ÇÔ Ñ̈Â¹Õéä �́ÈÖ¡ÉÒ¡ÒÃãª� commercial toaster oven ã¹¡ÒÃ¼ÅÔµ CFRP
â´Âä �́à»ÃÕÂºà·ÕÂºà§×èÍ¹ä¢¡ÒÃ¼ÅÔµã¹áºº non-vacuum áÅÐ vacuum
â´Âãª�ÇÔ Õ̧ non-vacuum à¾×èÍÈÖ¡ÉÒ maximum void content 

¼Å¡ÒÃÇÔ Ñ̈Â Through-thickness void ¨Ò¡ÀÒ¾ X-ray micro-CT ¾º
Ç�Ò void ã¹¡ÒÃ¼ÅÔµáºº non-vacuum ÁÕ 10.78% áÅÐáºº vacuum ÁÕ
0.297% «Öè§»ÃÔÁÒ³ void ·Õè 0.2%-0.5% ¹Õé¹Ñºä �́Ç�ÒªÔé¹§Ò¹ÍÂÙ�ã¹ÃÐ Ñ́º
good quality Ö̈§à»�¹¡ÒÃÃÐºØÇ�Ò toaster oven ÊÒÁÒÃ¶¼ÅÔµªÔé¹§Ò¹
CFRP ä �́ÍÂ�Ò§ÁÕ¤Ø³ÀÒ¾

The surface apperance 

The distribution of through-thickness voids 

Non-vacuum condition Vacuum condition
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§Ò¹ÇÔ Ñ̈Â¹Õéä �́ÈÖ¡ÉÒ PEEK/CF composite
material ã¹ÊÔè§áÇ´Å�ÍÁ·Õèà»�¹¹íéÒ â´Âãª�¡ÒÃ¤íÒ³Ç¹
Density Function Theory (DFT) à¾×èÍ
à»ÃÕÂºà·ÕÂº alignment ¢Í§âÁàÅ¡ØÅ PEEK

¤³Ð¼Ù�ÇÔ Ñ̈Â : ´Ã.ÊÇÃÃÂÒ ÊØÇÃÃ³Ç§È� áÅÐ ¼È.´Ã.¾ÔÁ¾�à¾ªÃ ÊÃÐ·Í§ÍØ�¹

¨Ò¡¼Å¡ÒÃÇÔ Ñ̈Â ÊÒÁÒÃ¶ÈÖ¡ÉÒ Influence of
solvation on electronic properties áÊ´§â´Â
visualization ¢Í§ HOMO áÅÐ LUMO 

ÈÖ¡ÉÒ¤�Ò ã¹áµ�ÅÐµíÒáË¹�§¢Í§âÁàÅ¡ØÅ
PEEK º¹ carbon cluser à¾×èÍÇÔà¤ÃÒÐË�
àÊ¶ÕÂÃÀÒ¾·Ò§» Ô̄¡ÔÃÔÂÒà¤ÁÕ «Öè§¤�¹¾ºÇ�ÒàÁ×èÍ PEEK
ÇÒ§µÑÇµÒÁá¹Çá¡¹ Y áÅÐ¢¹Ò¹¡Ñº cluster ¨ÐÁÕ
¤ÇÒÁàÊ¶ÕÂÃ·ÕèÊØ´

Example of arrangement
PEEK on carbon cluster

â¤Ã§¡ÒÃÇÔ Ñ̈Â¹Õé ä �́ í́Òà¹Ô¹¡ÒÃÈÖ¡ÉÒ¤Ø³ÊÁºÑµÔáÅÐ
»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ CFRP �́ÇÂÇÔ Õ̧¡ÒÃ image
processing ã¹¡ÒÃÇÔà¤ÃÒÐË� void ã¹ªÔé¹§Ò¹ «Öè§
ÊÒÁÒÃ¶ÃÐºØ¤Ø³ÀÒ¾¢Í§ªÔé¹§Ò¹ CFRP ä �́à»�¹
ÍÂ�Ò§ Ṍ µÅÍ´¨¹¡ÒÃãª� molecular calculation
ã¹ÇÔ Õ̧ DFT à¾×èÍ í̈ÒÅÍ§¤ÇÒÁÊÑÁ¾Ñ¹ �̧¢Í§ PEEK
áÅÐ carbon cluster ã¹¡ÒÃÈÖ¡ÉÒ¡ÒÃÇÒ§µÑÇ¢Í§
âÁàÅ¡ØÅáÅÐÍÔ· Ô̧¾Å¢Í§ÊÔè§áÇ´Å�ÍÁ â´Â¼ÅÇÔ Ñ̈Â
ÊÒÁÒÃ¶áÊ´§¡ÒÃà»ÃÕÂºà·ÕÂºä �́ã¹àº×éÍ§µ�¹
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