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§Ò¹ÇÔ̈ ÑÂ¹ÕéÈÖ¡ÉÒ¼Å¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹â¾ÅÔ«ÑÅâ¿¹ é́ÇÂÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇª¹Ố äÁèÁÕ»ÃÐ Ø̈
Brij-58 ·ÕèÁÕµèÍ¡ÒÃÅ´¡ÒÃà¡Ố à¿ÒÇìÅÔè§à¹×èÍ§¨Ò¡ÊÒÃÅ´¿Í§ 2 ª¹Ố ¤×Í Disfoam CE-120R áÅÐ silicone
oil â´Â¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹ 2 ÇÔ¸Õ ¤×ÍÇÔ¸ÕÊáµµÔ¡ (static) â´Â¡ÒÃáªèàÂ×èÍá¼è¹ã¹ÊÒÃ»ÃÑº
ÊÀÒ¾¼ÔÇà»ç¹àÇÅÒ 24 ªÑèÇâÁ§ áÅÐÇÔ¸Õä´¹ÒÁÔ¡ (dynamic) â´Â¡ÒÃ»éÍ¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇãËéäËÅ¼èÒ¹
àÂ×èÍá¼è¹·Õè¤ÇÒÁ´Ñ¹µèÒ§æ ¡Ñ¹ 4 ¤èÒ à»ç¹àÇÅÒ 2 ªÑèÇâÁ§

¼Å¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹¾ºÇèÒ¿ÅÑ¡«ì¢Í§ÊÒÃÅ´¿Í§·Õè¼èÒ¹àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ
ÁÕ¤èÒÊÙ§¡ÇèÒàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ â´Â¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ ¨ÐãËé¤èÒ
¿ÅÑ¡«ìÊÙ§¡ÇèÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÇÔ̧ ÕÊáµµÔ¡ ÊèÇ¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÇÔ̧ Õä´¹ÒÁÔ¡·Õè¤ÇÒÁ Ñ́¹µèÒ§æ
¾ºÇèÒ·Õè¤ÇÒÁ´Ñ¹ 68.94 kPa ¨ÐãËé¤èÒ¿ÅÑ¡«ì¢Í§ÊÒÃÅ´¿Í§ÊÙ§ÊØ´ àÁ×èÍ¾Ô¨ÒÃ³Ò¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ
¾ºÇèÒ¤ÇÒÁµéÒ¹·Ò¹ËÅÑ¡·Õè·ÓãËé¿ÅÑ¡«ì¢Í§ÊÒÃÅ´¿Í§ÁÕ¤èÒÅ´Å§¤×Í ¤ÇÒÁµéÒ¹·Ò¹à¹×èÍ§¨Ò¡
¡ÒÃà¡Ô´à¿ÒÇìÅÔ§ áÅÐ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹·ÓãËé¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ Å´Å§ 15-45 à»ÍÃìà«ç¹µì
â´Â»ÃÐÁÒ³
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Pretreatment of Polysulfone Ultrafiltration Membrane
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Abstract

The objective of this work was to study the pretreatment of polysulfone ultrafiltration
membrane by nonionic surfactant, Brij-58 for reduction of membrane fouling by two types of
antifoams, Disfoam CE-120R, and silicone oil. Two treatment methods were employed, i.e., the
static method, in which the membrane was soaked in the pretreatment solution for 24 hours, and
the dynamic method, in which the solution was recirculated through the membrane at 4 different
pressures for 2 hours.

The permeation flux of antifoam solutions through the pretreated membrane was higher
than that of the non-pretreatment membrane and pretreatment by dynamic method gave higher flux
than that of the static method. Comparison of pretreatment by dynamic method at different pressures
showed that the permeation flux was highest for the membrane pretreated at 68.94 kPa. Fouling
resistance was the major resistance which reduced the permeation flux and pretreatment was able to
decrease flow resistances of approximately 15-45 %.

Keywords : Ultrafiltration / Polysulfone / Membrane Pretreatment / Fouling /
Surfactant / Antifoam
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1. º·¹Ó
»Ñ¨¨ØºÑ¹ÁÕ¡ÒÃ¹Ó¡ÃÐºÇ¹¡ÒÃàÂ×èÍá¼è¹ª¹Ô´ÍÑÅµÃÒ¿ÔÅàµÃªÑ¹ (ultrafiltration process) ÁÒãªéã¹

ÍØµÊÒË¡ÃÃÁµèÒ§æ ÍÂèÒ§á¾ÃèËÅÒÂ ÃÇÁ·Ñ é§ãªéÊÓËÃÑº¡ÒÃáÂ¡â»ÃµÕ¹ËÃ×ÍàÍ¹ä«ÁìÍÍ¡¨Ò¡
à«ÅÅìã¹¡ÃÐºÇ¹¡ÒÃËÁÑ¡ â´Â»¡µÔ¡ÃÐºÇ¹¡ÒÃËÁÑ¡¨ÐÁÕ¿Í§à¡Ô´¢Öé¹à»ç¹¨Ó¹Ç¹ÁÒ¡ «Öè§ÍÒ¨¨ÐÅé¹
ÍÍ¡ÁÒ¹Í¡¶ Ñ§ËÁ Ñ¡·ÓãË éÊ ÙàÊ ÕÂ¼Å ÔµÀ Ñ³±ìáÅÐÍÒ¨à¡ Ô´¡ÒÃ»¹à» × éÍ¹¨Ò¡ÀÒÂ¹Í¡ä´ é
¨Ö§µéÍ§ÁÕ¡ÒÃàµÔÁÊÒÃÅ´¿Í§ (antifoam) ¶Ö§áÁéÇèÒ¡ÒÃàµÔÁÊÒÃÅ´¿Í§¨ÐªèÇÂÅ´»ÑËÒ¡ÒÃÅé¹
¢Í§¿Í§ä´é áµè¾ºÇèÒÊÒÃÅ´¿Í§à»ç¹ÊÒàËµØãËéàÂ×èÍá¼è¹à¡Ô´à¿ÒÇìÅÔ§ (fouling) ·ÓãËé¿ÅÑ¡«ìÅ´Å§
«Öè§à»ç¹¢éÍ¨Ó¡Ñ´·ÕèÊÓ¤Ñ¢Í§¡ÃÐºÇ¹¡ÒÃàÂ×èÍá¼è¹

ã¹ÍØµÊÒË¡ÃÃÁ¹ÔÂÁãªéàÂ× èÍá¼è¹ÍÑÅµÃÒ¿ÔÅàµÃªÑ¹·Õè¼ÅÔµ¨Ò¡â¾ÅÔ«ÑÅâ¿¹ ·Ñé§¹Õ éà¾ÃÒÐÁÕ
ÊÁºÑµÔ·Õ è·¹µèÍ¤ÇÒÁÃéÍ¹ ÊÒÃà¤ÁÕ áÅÐÁÕ¤ÇÒÁ¤§·¹µèÍáÃ§·Ò§¡Åä´é´Õ áµèà¹× èÍ§¨Ò¡àÂ× èÍá¼è¹
â¾ÅÔ«ÑÅâ¿¹à»ç¹àÂ× èÍá¼è¹ª¹Ô´äÁèªÍº¹éÓ ¨Ö§à¡Ô´¡ÒÃÅ´Å§¢Í§¿ÅÑ¡«ìà¹× èÍ§¨Ò¡¡ÒÃà¡Ô´à¿ÒÇìÅÔ§
ÃÇ´àÃçÇ¡ÇèÒàÂ×èÍá¼è¹ª¹Ố ªÍº¹éÓ (àªè¹ àÂ×èÍá¼è¹à«ÅÅÙâÅÊÍÐ«Ôàµµ) ·Ñé§¹Õéà¹×èÍ§¨Ò¡àÂ×èÍá¼è¹ª¹Ố äÁèªÍº¹éÓ
¨Ðà¡Ố áÃ§¡ÃÐ·ÓäÎâ´Ãâ¿ºÔ¡ (hydrophobic-hydrophobic interaction) ¡ÑºµÑÇ¶Ù¡ÅÐÅÒÂ àªè¹ ÊÒÃÅ´¿Í§
ä´éÁÒ¡¡ÇèÒàÂ×èÍá¼è¹ª¹Ô´ªÍº¹éÓ

¡ÒÃ¤Çº¤ØÁËÃ×ÍÅ´¡ÒÃà¡Ô´à¿ÒÇìÅÔ§à»ç¹ÊÔè§ÊÓ¤Ñ «Öè§ÊÒÁÒÃ¶·Óä´éâ´ÂàÅ×Í¡ÀÒÇÐ¡ÒÃ·Ó§Ò¹
·ÕèàËÁÒÐÊÁ ËÃ×ÍÍÒ¨ãªéÇÔ¸Õ»ÃÑºÊÀÒ¾ÊÒÃ»éÍ¹¡èÍ¹à¢éÒÃÐºº áÅÐ/ËÃ×Í »ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹´éÇÂÊÒÃ
»ÃÑºÊÀÒ¾¼ÔÇ (surfactant) ·ÕèÁÕÊÁºÑµÔàËÁÒÐÊÁ

Kroner áÅÐ¤³Ð [1] ¹ÓàÂ×èÍá¼è¹ÍÑÅµÃÒ¿ÔÅàµÃªÑ¹ÁÒãªéáÂ¡â»ÃµÕ¹·Õèä´é¨Ò¡¡ÒÃàÅÕéÂ§
àª×éÍáº¤·ÕàÃÕÂ Brevibacterium sp. ã¹¹éÓáªè¢éÒÇâ¾´ â´ÂÁÕ¡ÒÃàµÔÁÊÒÃÅ´¿Í§Å§ã¹ÍÒËÒÃàÅÕéÂ§àª×éÍ é́ÇÂ
¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇèÒÊÒÃÅ´¿Í§·ÓãËé¿ÅÑ¡«ìÅ´Å§áÅÐ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹â»ÃµÕ¹ÊÙ§¢Ö é¹ «Ö è§Í¸ÔºÒÂÇèÒ
ÊÒÃÅ´¿Í§ÍÒ¨·ÓãËé¢¹Ò´ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹Å´Å§ ¹Í¡¨Ò¡¹ÕéÂÑ§ä´éÈÖ¡ÉÒµÑÇá»Ã·ÕèÁÕ¼ÅµèÍ¿ÅÑ¡«ì
áÅÐ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ «Öè§¾ºÇèÒàÁ× èÍà¾ÔèÁ¤ÇÒÁàÃçÇáÅÐ¤ÇÒÁ´Ñ¹ã¹¡ÒÃ»éÍ¹ÊÒÃÅ´¿Í§ ËÃ×ÍÅ´
¤ÇÒÁà¢éÁ¢é¹¢Í§ÊÒÃÅ´¿Í§ ¨Ð·ÓãËé¿ÅÑ¡«ìÊÙ§¢Öé¹áÅÐ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃÅ´Å§

Jonsson [2] ä´éÈÖ¡ÉÒ¼Å¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÁÕµèÍàÂ×èÍá¼è¹ÍÑÅµÃÒ¿ÔÅàµÃªÑ¹ â´Âãªé
ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ 3 ¡ÅØèÁ ¤×Í ª¹Ô´äÁèÁÕ»ÃÐ¨Ø ª¹Ô´»ÃÐ¨ØºÇ¡ áÅÐª¹Ô´»ÃÐ¨ØÅº à»ç¹ÊÒÃ»éÍ¹¼èÒ¹
àÂ× èÍá¼è¹·Õ èÁ Õª¹Ô´áÅÐ¢¹Ò´ÃÙ¾ÃØ¹µèÒ§¡Ñ¹ áÅÐ¾ºÇèÒ¿ÅÑ¡«ì¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÁ× èÍ¼èÒ¹
àÂ×èÍá¼è¹ª¹Ô´äÁèªÍº¹éÓ¨ÐÅ´Å§ÁÒ¡¡ÇèÒàÂ×èÍá¼è¹ª¹Ô´ªÍº¹éÓ â´Â¿ÅÑ¡«ì¢Í§àÂ×èÍá¼è¹ª¹Ô´ªÍº¹éÓ
¨Ð¤èÍ¹¢éÒ§¤§·Õè ÊèÇ¹¡ÒÃÅ´Å§¢Í§¿ÅÑ¡«ì¢Í§àÂ×èÍá¼è¹ª¹Ô´äÁèªÍº¹éÓ¢Öé¹¡Ñºª¹Ô´áÅÐ¢¹Ò´ÃÙ¾ÃØ¹
¢Í§àÂ×èÍá¼è¹ ¹Í¡¨Ò¡¹ÕéÂÑ§¾ºÇèÒ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇª¹Ô´äÁèÁÕ»ÃÐ¨Ø¨ÐÁÕ¤èÒ
µèÓ·Õè¤ÇÒÁà¢éÁ¢é¹µèÓ¡ÇèÒ¨Ø´ CMC (critical micelle concentration) «Öè§µèÒ§¨Ò¡ÊÒÃ»ÃÑºÊÀÒ¾
¼ÔÇª¹Ô´ÁÕ»ÃÐ¨Ø·Õ èÁÕ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃÊÙ§áÁé·Õ è¤ÇÒÁà¢éÁ¢é¹µèÓ ÊÒÁÒÃ¶Í¸ÔºÒÂ´éÇÂ¡Åä¡¡ÒÃà¡Ô´
à¿ÒÇìÅÔ§ã¹ÃÙ¾ÃØ¹áÅÐ¡ÒÃ¨Ñ´µÑÇ¢Í§äÁà«ÅÅì¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ ¡ÅèÒÇ¤×ÍÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
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ª¹Ô´ÁÕ»ÃÐ¨Ø¨Ð¶Ù¡´Ù´«Ñºã¹ÃÙ¾ÃØ¹¢Í§àÂ× èÍá¼è¹â´Âà¡Ô´à»ç¹ªÑ é¹´Ù´«Ñº·Õ è¤èÍ¹¢éÒ§á¹è¹ ·ÓãËé
¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃÊÙ§ ÊèÇ¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇª¹Ô´äÁèÁÕ»ÃÐ¨Ø («Öè§â¤Ã§ÊÃéÒ§ÁÕ¢¹Ò´
¢Í§ÊèÇ¹·ÕèªÍº¹éÓã¡Åéà¤ÕÂ§¡ÑºÊèÇ¹·ÕèäÁèªÍº¹éÓ) àÁ× èÍ¶Ù¡´Ù´«Ñºã¹ÃÙ¾ÃØ¹¢Í§àÂ× èÍá¼è¹ ¨Ðà¡Ô´
à»ç¹ªÑé¹´Ù´«Ñº·ÕèäÁè¤èÍÂá¹è¹ ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ¨Ö§µèÓ

Yamagiwa, Kobayashi áÅÐ Ohkawa [3] ·Ó¡ÒÃ·´ÅÍ§â´Â¹ÓàÂ×èÍá¼è¹â¾ÅÔâÍÅÔ¿Ô¹áÅÐ
àÂ×èÍá¼è¹â¾ÅÔ«ÑÅâ¿¹ÁÒãªéã¹¡ÃÐºÇ¹¡ÒÃÍÑÅµÃÒ¿ÔÅàµÃªÑ¹¢Í§ÊÒÃÅ´¿Í§ Disfoam CE-120R
«Öè§à»ç¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇª¹Ô´äÁèÁÕ»ÃÐ¨ØáÅÐäÁèªÍº¹éÓ (hydrophobic nonionic surfactant) ¾ºÇèÒ
àÂ×èÍá¼è¹ª¹Ố ªÍº¹éÓà¡Ố à¿ÒÇìÅÔ§¹éÍÂ¡ÇèÒàÂ×èÍá¼è¹ª¹Ố äÁèªÍº¹éÓ â´ÂÍ Ô̧ºÒÂÇèÒàÂ×èÍá¼è¹ª¹Ố äÁèªÍº¹éÓ
¨Ðà¡Ô´áÃ§¡ÃÐ·ÓäÎâ´Ãâ¿ºÔ¡áÅÐ´Ù´«ÑºÊÒÃÅ´¿Í§ä´é´Õ¡ÇèÒàÂ× èÍá¼è¹ª¹Ô´ªÍº¹éÓ ¹Í¡¨Ò¡¹Õé
ÂÑ§ä´éÈÖ¡ÉÒµÑÇá»Ã·ÕèÁÕ¼ÅµèÍ¿ÅÑ¡«ì¢Í§àÂ×èÍá¼è¹·Ñé§ÊÍ§ª¹Ô´ ¾ºÇèÒàÁ×èÍà¾ÔèÁÍØ³ËÀÙÁÔ ¤ÇÒÁ´Ñ¹
áÅÐ¤ÇÒÁà¢éÁ¢é¹¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ áÅÐÅ´¤ÇÒÁàÃçÇ¢Í§ÊÒÃ»éÍ¹ ̈ Ð·ÓãËé¿ÅÑ¡«ì¢Í§àÂ×èÍá¼è¹Å´Å§
â´Â¿ÅÑ¡«ì¢Í§àÂ×èÍá¼è¹â¾ÅÔ«ÑÅâ¿¹¨ÐÅ´Å§ÁÒ¡¡ÇèÒàÂ×èÍá¼è¹â¾ÅÔâÍÅÕ¿Ô¹

Yamagiwa, Kobayashi áÅÐ Onodera [4] ·Ó¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹â¾ÅÔ«ÑÅâ¿¹
´éÇÂÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ 15 ª¹Ô´ â´ÂáªèàÂ×èÍá¼è¹ã¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇà»ç¹àÇÅÒ 24 ªÑèÇâÁ§ ¨Ò¡¹Ñé¹ÅéÒ§
àÂ×èÍá¼è¹´éÇÂ¹éÓÊÐÍÒ´áÅéÇ¨Ö§¹Óä»ãªéã¹¡ÃÐºÇ¹¡ÒÃÍÑÅµÃÒ¿ÔÅàµÃªÑ¹¢Í§ÊÒÃÅ´¿Í§ Disfoam CE-
120R ̈ Ò¡¡ÒÃ·´ÅÍ§¾ºÇèÒ¿ÅÑ¡«ì¢Í§ÊÒÃÅ´¿Í§·Õè¼èÒ¹àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
ª¹Ô´äÁèÁÕ»ÃÐ¨ØÁÕ¤èÒÊÙ§¡ÇèÒàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂáÍÅ¡ÍÎÍÅì â´ÂàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂ
Brij-58 ¨ÐãËé¤èÒ¿ÅÑ¡«ìÊÙ§ÊØ´ áÅÐÅ´¡ÒÃà¡Ô´à¿ÒÇìÅÔ§à¹×èÍ§¨Ò¡ÊÒÃÅ´¿Í§ä´éÁÒ¡·ÕèÊØ´

»ÃÐÊÔ·¸ÔÀÒ¾¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¢Öé¹¡Ñº¤èÒ Hydrophilic Lipophilic Balance (HLB value)
áÅÐâ¤Ã§ÊÃéÒ§·Ò§âÁàÅ¡ØÅ¢Í§ÊÒÃ «Öè§¨Ò¡¡ÒÃ·´ÅÍ§¢Í§ Yamagiwa [4] ¾ºÇèÒÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
·ÕèÁÕ»ÃÐÊÔ· Ô̧ÀÒ¾ËÃ×ÍÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¾ÔèÁÊÁºÑµÔ¡ÒÃªÍº¹éÓ¢Í§àÂ×èÍá¼è¹â¾ÅÔ«ÑÅâ¿¹ä é́ÁÒ¡·ÕèÊǾ
¤×Í Brij-58 «Öè§à»ç¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÁÕ¤èÒ HLB = 16 áÅÐÁÕËÁÙèÍÑÅ¤ÔÅÊÒÂµÃ§ (straight alkyl chain)
à»ç¹ÊèÇ¹·ÕèäÁèªÍº¹éÓ

Kim, Fane áÅÐ Fell [5] ÈÖ¡ÉÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹ÍÑÅµÃÒ¿ÔÅàµÃªÑ¹·Õè¼ÅÔµ¨Ò¡
â¾ÅÔ«ÑÅâ¿¹´éÇÂÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇáÅÐâ¾ÅÔàÁÍÃì 3 ª¹Ô´¤×Í methylcellulose (MC ·Õ èÁÕÁÇÅ
âÁàÅ¡ØÅÊÙ§áÅÐµèÓ) polyvinyl alcohol (PVA) áÅÐ polyvinylpyrrolidone (PVP) ¡ÒÃ»ÃÑº
ÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹ÁÕ 2 ÇÔ̧ Õ ¤×ÍÇÔ̧ ÕÊáµµÔ¡ â´Â¡ÒÃ Ø̈èÁàÂ×èÍá¼è¹ã¹ÊÒÃÅÐÅÒÂâ¾ÅÔàÁÍÃì à»ç¹àÇÅÒ 24 ªÑèÇâÁ§
áÅÐÇÔ̧ Õä´¹ÒÁÔ¡â´Â¡ÒÃ»éÍ¹ÊÒÃÅÐÅÒÂâ¾ÅÔàÁÍÃì¼èÒ¹àÂ×èÍá¼è¹·Õè¤ÇÒÁ Ñ́¹¤§·Õè 100 ¡ÔâÅ»ÒÊ¤ÒÅ à»ç¹àÇÅÒ
5 ¹Ò·Õ áÅéÇ¹ÓàÂ×èÍá¼è¹´Ñ§¡ÅèÒÇÁÒÇÑ´¤èÒ¿ÅÑ¡«ì¢Í§ÊÒÃÅÐÅÒÂ BSA ¤ÇÒÁà¢éÁ¢é¹ 0.1 à»ÍÃìà«ç¹µì
â´Â»ÃÔÁÒµÃ ¾ºÇèÒàÁ×èÍ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÊÒÃÅÐÅÒÂ N100 ¨ÐãËéÍÑµÃÒÊèÇ¹ÃÐËÇèÒ§¤èÒ¿ÅÑ¡«ì
¢Í§ÊÒÃ·Õè¼èÒ¹àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ¡Ñº¤èÒ¿ÅÑ¡«ì¢Í§ÊÒÃ·Õè¼èÒ¹àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ
·ÕèÊÙ§¡ÇèÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹´éÇÂâ¾ÅÔàÁÍÃìª¹Ô´Í×è¹ áÅÐàÁ×èÍà»ÃÕÂºà·ÕÂºÇÔ¸Õ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
´éÇÂÇÔ¸ÕÊáµµÔ¡¡ÑºÇÔ¸Õä´¹ÒÁÔ¡ ¾ºÇèÒàÁ×èÍ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂ N 100 áÅÐ HMC ´éÇÂÇÔ¸ÕÊáµµÔ¡
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¨ÐãËé¤èÒÍÑµÃÒÊèÇ¹¿ÅÑ¡«ì´Ñ§¡ÅèÒÇÊÙ§¡ÇèÒÇÔ¸Õä´¹ÒÁÔ¡ã¹ªèÇ§áÃ¡à·èÒ¹Ñé¹ àÁ× èÍàÇÅÒ¼èÒ¹ä»¾ºÇèÒ
¤èÒÍÑµÃÒÊèÇ¹¿ÅÑ¡«ì·Õèä´é¨Ò¡¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸ÕÊáµµÔ¡ÁÕá¹Çâ¹éÁÅ´Å§ «Öè§µèÒ§¨Ò¡¡ÒÃ»ÃÑº
ÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õ ä´¹ÒÁÔ¡·ÕèÁÕá¹Çâ¹éÁà¾ÔèÁ¢Öé¹ ÊèÇ¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇª¹Ô´Í×è¹
(PVP áÅÐ PVA) ãËé¼ÅäÁèµèÒ§¡Ñ¹ÁÒ¡¹Ñ¡

¨Ò¡¡ÒÃÊÓÃÇ¨§Ò¹ÇÔ¨ÑÂ·Õè¼èÒ¹ÁÒ ¾ºÇèÒÊÒÃÅ´¿Í§à»ç¹ÊÒàËµØÊÓ¤Ñ·Õè·ÓãËéà¡Ô´à¿ÒÇìÅÔ§
ã¹àÂ×èÍá¼è¹â¾ÅÔ«ÑÅâ¿¹à¹×èÍ§¨Ò¡à¡Ô´áÃ§¡ÃÐ·ÓäÎâ´Ãâ¿ºÔ¡ÃÐËÇèÒ§àÂ×èÍá¼è¹¡ÑºÊÒÃÅ´¿Í§ [3]
¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ× èÍá¼è¹´éÇÂÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇª¹Ô´äÁèÁÕ»ÃÐ¨Ø Brij-58 ¨Ð·ÓãËéÊÒÃÅ´¿Í§
¼èÒ¹àÂ×èÍá¼è¹ä é́ÁÒ¡ ¿ÅÑ¡«ìÁÕ¤èÒÊÙ§áÅÐÅ´¡ÒÃà¡Ố à¿ÒÇìÅÔ§ ·Ñé§¹Õéà¾ÃÒÐàÁ×èÍ·Ó¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹
ÊèÇ¹·ÕèäÁèªÍº¹éÓ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¨Ð¨Ñº¡ÑºàÂ×èÍá¼è¹áÅÐËÑ¹ÊèÇ¹·ÕèªÍº¹éÓÍÍ¡ÁÒ ·ÓãËéàÂ×èÍá¼è¹
ÁÕ¤ÇÒÁªÍº¹éÓÁÒ¡¢Öé¹ [4] [6] â´ÂÇÔ¸Õ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡¨ÐãªéàÇÅÒã¹¡ÒÃ»ÃÑº¹éÍÂ
¡ÇèÒáÅÐä´é¼Å´Õ¡ÇèÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸ÕÊáµµÔ¡ áÅÐÂÑ§ÊÒÁÒÃ¶»ÃÑºµÑÇá»ÃÃÐËÇèÒ§·Ó¡ÒÃ
»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹ä´é àªè¹ àÇÅÒ ¤ÇÒÁ´Ñ¹ áÅÐ¤ÇÒÁàÃçÇ «Öè§¤Ò´ÇèÒ¨ÐÁÕ¼ÅµèÍ¡ÒÃÊÐÊÁ¢Í§ÊÒÃ
»ÃÑºÊÀÒ¾¼ÔÇã¹àÂ×èÍá¼è¹

ã¹§Ò¹ÇÔ¨ÑÂ¹Õé¨Ö§ÁØè§ÈÖ¡ÉÒ¼Å¢Í§ÇÔ¸Õ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÁÕ¼ÅµèÍ¿ÅÑ¡«ì ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ
áÅÐ¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ ·Õèà¡Ô´¢Öé¹ã¹ÃÐËÇèÒ§¡ÃÐºÇ¹¡ÒÃÍÑÅµÃÒ¿ÔÅàµÃªÑ¹¢Í§ÊÒÃÅ´¿Í§ à¾×èÍËÒ
ÀÒÇÐ·ÕèàËÁÒÐÊÁã¹»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹à¾×èÍÅ´¡ÒÃà¡Ô´à¿ÒÇìÅÔ§ áÅÐà¾×èÍãËéà¢éÒã¨¡Åä¡¡ÒÃ»ÃÑº
ÊÀÒ¾¼ÔÇ·Õè·ÓãËé¿ÅÑ¡«ìà¾ÔèÁ¢Öé¹áÅÐÅ´¡ÒÃà¡Ô´à¿ÒÇìÅÔ§ä´é´ÕÂÔè§¢Öé¹

2. ·ÄÉ®Õ
ã¹¡ÃÐºÇ¹¡ÒÃÍÑÅµÃÒ¿ÔÅàµÃªÑ¹ ¿ÅÑ¡«ì̈ Ðà»ç¹µÑÇºè§ºÍ¡¶Ö§»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº â´ÂáÊ´§

¶Ö§»ÃÔÁÒµÃ¢Í§à¾ÍÁÔàÍµ·Õè¼èÒ¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹µèÍË¹èÇÂ¾×é¹·ÕèµèÍË¹èÇÂàÇÅÒ ÊÒÁÒÃ¶áÊ´§
ã¹ÃÙ»¢Í§¤ÇÒÁµéÒ¹·Ò¹µèÍ¡ÒÃ«ÖÁ¼èÒ¹´éÇÂÊÁ¡ÒÃ¢Í§ Hagen-Poiseuille [7] ´Ñ§¹Õé

JV       =          ∆P (1)
                           µV * Rt

àÁ×èÍ JV  = ¿ÅÑ¡«ì¢Í§ÊÒÃÅÐÅÒÂ·Õè¼èÒ¹àÂ×èÍá¼è¹ (m3/m2
•s)

∆P = ¼ÅµèÒ§¢Í§¤ÇÒÁ´Ñ¹·ÕèãËé¡ÑºÊÒÃÅÐÅÒÂ (Pa)
µV = ¤ÇÒÁË¹×´¢Í§ÊÒÃÅÐÅÒÂ·Õè¼èÒ¹àÂ×èÍá¼è¹ (Pa•s)
Rt  = ¤ÇÒÁµéÒ¹·Ò¹ÃÇÁµèÍ¡ÒÃäËÅ¼èÒ¹ (m-1)

¤ÇÒÁµéÒ¹·Ò¹ÃÇÁµèÍ¡ÒÃäËÅã¹¡ÃÐºÇ¹¡ÒÃÍÑÅµÃÒ¿ÔÅàµÃªÑ¹ Í¸ÔºÒÂâ´Âãªéáºº¨ÓÅÍ§
Í¹Ø¡ÃÁ¤ÇÒÁµéÒ¹·Ò¹ (resistance-in-series model)

Rt     = Rm+ Rf+ RP (2)
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àÁ×èÍ Rm  = ¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹
Rf = ¤ÇÒÁµéÒ¹·Ò¹à¹×èÍ§¨Ò¡¡ÒÃà¡Ô´à¿ÒÇìÅÔ§ à»ç¹¡ÒÃÊÐÊÁáÅÐÍØ´µÑ¹¢Í§ÊÒÃ·Õè¼ÔÇ

áÅÐã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ «Öè§äÁèÊÒÁÒÃ¶ÅéÒ§ÍÍ¡´éÇÂ¹éÓÊÐÍÒ´
RP = ¤ÇÒÁµéÒ¹·Ò¹ÀÒÂ¹Í¡à¹×èÍ§¨Ò¡¡ÒÃà¡Ố â¾ÅÒäÃà«ªÑ¹ à»ç¹¡ÒÃÊÐÊÁáÅÐÍǾ µÑ¹

¢Í§ÊÒÃ·ÕèÊÒÁÒÃ¶ÅéÒ§ÍÍ¡´éÇÂ¹éÓÊÐÍÒ´

«Öè§¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ ¢éÒ§µé¹ ÊÒÁÒÃ¶¤Ó¹Ç³ä´é´Ñ§¹Õé
1. ¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹ ¤Ó¹Ç³ä´é¨Ò¡¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´

Rm = ∆P / µW JW (3)
àÁ×èÍ Rm = ¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹ (m-1)

∆P = ¤ÇÒÁ´Ñ¹·ÕèãËé¡ÑºÃÐºº (Pa)
µW = ¤ÇÒÁË¹×´¢Í§¹éÓÊÐÍÒ´ (Pa•s) ·Õè 25ðc ÁÕ¤èÒ 8.9793 x 10-4 Pa•s
JW = ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´¡èÍ¹¡ÒÃãªé§Ò¹ (m3/m2

•s)

2. àÁ×èÍÅéÒ§àÂ×èÍá¼è¹·Õè¼èÒ¹¡ÒÃãªé§Ò¹´éÇÂ¹éÓÊÐÍÒ´à¾×èÍ¡Ó¨Ñ´ªÑé¹â¾ÅÒäÃ«ì áÅéÇÇÑ´¿ÅÑ¡«ì
¢Í§¹éÓÊÐÍÒ´¤ÇÒÁµéÒ¹·Ò¹·Õè¤Ó¹Ç³ä é́¤×Í¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹ÃÇÁ¡Ñº¤ÇÒÁµéÒ¹·Ò¹à¹×èÍ§¨Ò¡
¡ÒÃà¡Ô´à¿ÒÇìÅÔè§ «Öè§¤Ó¹Ç³¨Ò¡ÊÁ¡ÒÃ

Rm+ Rf = ∆P / µW JW′ (4)

àÁ×èÍ Rm+ Rf = ¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹ÃÇÁ¡Ñº¤ÇÒÁµéÒ¹·Ò¹à¹×èÍ§¨Ò¡¡ÒÃà¡Ô´à¿ÒÇìÅÔ§
¢Í§ÊÒÃ»éÍ¹ (m-1)

JW′ = ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´·Õè¼èÒ¹àÂ×èÍá¼è¹áÅÐÅéÒ§´éÇÂ¹éÓÊÐÍÒ´áÅéÇ (m3/m2
•s)

´Ñ§¹Ñé¹¤ÇÒÁµéÒ¹·Ò¹à¹×èÍ§¨Ò¡¡ÒÃà¡Ô´à¿ÒÇìÅÔ§¤Ó¹Ç³ä´é¨Ò¡
Rf = (Rm+ Rf) - Rm (5)

áÅÐ¤Ó¹Ç³¤ÇÒÁµéÒ¹·Ò¹à¹×èÍ§¨Ò¡¡ÒÃà¡Ô´â¾ÅÒäÃà«ªÑ¹¨Ò¡
RP = Rt- (Rm+ Rf) (6)

¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ (Rejection, R) à»ç¹¤èÒ·ÕèáÊ´§¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¡Ñ¡ÊÒÃ¢Í§àÂ×èÍá¼è¹
ÁÕ¤èÒà»ç¹à»ÍÃìà«ç¹µì ÊÒÁÒÃ¶¤Ó¹Ç³ä´é¨Ò¡ÊÁ¡ÒÃ

R = [1 � (Cp / Cb)] ∗ 100 (7)

àÁ×èÍ Cp = ¤ÇÒÁà¢éÁ¢é¹¢Í§ÊÒÃÅÐÅÒÂã¹à¾ÍÁÔàÍµ
Cb = ¤ÇÒÁà¢éÁ¢é¹¢Í§ÊÒÃÅÐÅÒÂã¹ bulk
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3. ¡ÒÃ´Óà¹Ô¹§Ò¹ÇÔ¨ÑÂ
1. ÍØ»¡Ã³ìáÅÐÊÒÃà¤ÁÕ
ÃÐººÍÑÅµÃÒ¿ÔÅàµÃªÑ¹·ÕèãªéÍÍ¡áººáÅÐÊÃéÒ§¢Ö é¹·ÕèËéÍ§»¯ÔºÑµÔ¡ÒÃà·¤â¹âÅÂÕàÂ× èÍá¼è¹

ÀÒ¤ÇÔªÒÇÔÈÇ¡ÃÃÁà¤ÁÕ ÁÕÅÑ¡É³Ð¤ÅéÒÂÍØ»¡Ã³ìáºº thin channel (Minitan) ¢Í§ºÃÔÉÑ·ÁÔÅÅÔ¾ÍÃì
(Millipore) ̈ Ó¡Ñ́  «Öè§ãªéàÂ×èÍá¼è¹ÊÑ§à¤ÃÒÐËìáººá¼è¹·ÕèÁÕ¾×é¹·Õè¡ÒÃ¡ÃÍ§ 60 cm2 «Öè§á¼¹¼Ñ§¡ÒÃ Ñ́̈ ÍØ»¡Ã³ì
áÊ´§´Ñ§ÃÙ»·Õè 1

ÃÙ»·Õè 1 áÊ´§ÍØ»¡Ã³ìÃÐººÍÑÅµÃÒ¿ÔÅàµÃªÑ¹

ÊÒÃà¤ÁÕ·Õèãªé ä´éá¡è ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹ª¹Ô´ nonionic surfactant ¤×Í Brij-58 ÁÕ¤èÒ HLB
= 16 áÅÐ¹éÓË¹Ñ¡âÁàÅ¡ØÅ = 1124 ¨Ò¡ºÃÔÉÑ· Sigma Chemical ¨Ó¡Ñ´ áÅÐÊÒÃÅ´¿Í§ÁÕ 2 ª¹Ô´¤×Í
ÊÒÃÅ´¿Í§ Disfoam CE-120R à»ç¹ÊÒÃÅ´¿Í§ª¹Ô´ hydrophobic nonionic surfactant ÁÕ¤èÒ HLB =
4 áÅÐ¹éÓË¹Ñ¡âÁàÅ¡ØÅ = 2000  ¨Ò¡ºÃÔÉÑ· Nippon Oils & Fats ¨Ó¡Ñ´ áÅÐÊÒÃÅ´¿Í§ª¹Ô´ silicone
oil à»ç¹ÊÒÃ»ÃÐ¡Íº»ÃÐàÀ· polydimethylsiloxane ÍÂÙèã¹ÃÙ»ÍÔÁÑÅªÑ¹ ¤ÇÒÁà¢éÁ¢é¹ 30 à»ÍÃìà«ç¹µìã¹¹éÓ
¨Ò¡ºÃÔÉÑ· Fluka ¨Ó¡Ñ´ ã¹¡ÒÃ·´ÅÍ§µÅÍ´¨¹¡ÒÃàµÃÕÂÁÊÒÃÅÐÅÒÂãªé¹éÓÊÐÍÒ´·Õèä´é¨Ò¡¡ÒÃºÓºÑ´
´éÇÂÍÍÊâÁ«ÔÊ¼Ñ¹¡ÅÑºáÅÐ¼èÒ¹à¤Ã×èÍ§·Ó¹éÓ»ÃÒÈ¨Ò¡ÍÔÍÍ¹ Barnstead ÃØè¹ E-pure µÒÁÅÓ´Ñº

·Ø¡æ ¡ÒÃ·´ÅÍ§·Ó·ÕèÀÒÇÐ¤§·Õè ·ÕèÍØ³ËÀÙÁÔ 25 Í§ÈÒà«Åà«ÕÂÊ ¤ÇÒÁ´Ñ¹¢Í§ÊÒÃ»éÍ¹ 34.47
kPa ÍÑµÃÒ¡ÒÃäËÅ¢Í§ÊÒÃ»éÍ¹ 400 ml/min ÊÒÃÅÐÅÒÂã¹¶Ñ§»éÍ¹ÁÕ¡ÒÃ¡Ç¹µÅÍ´àÇÅÒ áÅÐ
ÊÒÃÅÐÅÒÂ·Ñé§´éÒ¹ÃÕà·¹à·µáÅÐà¾ÍÁÔàÍµ¨Ð¶Ù¡»éÍ¹¡ÅÑºà¢éÒÊÙè¶Ñ§»éÍ¹ à¾×èÍ¤Çº¤ØÁ¤ÇÒÁà¢éÁ¢é¹
ã¹¶Ñ§»éÍ¹ãËé¤§·Õè
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2. ÇÔ¸Õ¡ÒÃ·´ÅÍ§
ÇÑ´¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´·ÕèÀÒÇÐ¤§·Õè ÊÓËÃÑºàÂ×èÍá¼è¹¡èÍ¹¡ÒÃãªé§Ò¹ (JW) ¨Ò¡¹Ñé¹¤Ó¹Ç³ËÒ

¤èÒ¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹ (Rm) â´Â¤èÒ·Õèä´é¨Ðãªéà»ç¹¤èÒÍéÒ§ÍÔ§ã¹¡ÒÃ¤Ó¹Ç³ËÒ¤èÒ¤ÇÒÁ
µéÒ¹·Ò¹µèÒ§æ  µèÍä»

ã¹¡ÒÃ·´ÅÍ§áºè§à»ç¹ 2 ªØ´¡ÒÃ·´ÅÍ§µÒÁàÂ×èÍá¼è¹·Õèãªé¤×Í àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ
áÅÐàÂ×èÍá¼è¹·Õè¼èÒ¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÊÒÃÅÐÅÒÂ Brij-58 ¤ÇÒÁà¢éÁ¢é¹ 1.00 g/l ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
àÂ×èÍá¼è¹ÁÕ 2 ÇÔ̧ Õ¤×Í ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÇÔ̧ ÕÊáµµÔ¡ â´Â¡ÒÃáªèàÂ×èÍá¼è¹ã¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇà»ç¹àÇÅÒ
24 ªÑèÇâÁ§ áÅÐ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ â´Â¡ÒÃ»éÍ¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¼èÒ¹àÂ×èÍá¼è¹
áººÇ¹ÊÒÃÅÐÅÒÂ¡ÅÑº·Õè¤ÇÒÁ´Ñ¹µèÒ§æ ¡Ñ¹ 4 ¤èÒ ¤×Í·Õè 20.68, 34.47, 48.26 áÅÐ 68.94 kPa
â´Â·ÕèáµèÅÐ¤ÇÒÁ´Ñ¹ãªéàÇÅÒ 2 ªÑèÇâÁ§ ËÅÑ§¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇáÅéÇ ¡Ó¨Ñ´ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇÊèÇ¹à¡Ô¹
´éÇÂ¡ÒÃÅéÒ§·Ôé§´éÇÂ¹éÓÊÐÍÒ´ 5 l ·ÕèÀÒÇÐ¤§·Õè ¨Ò¡¹Ñé¹¹ÓàÂ×èÍá¼è¹ÁÒÇÑ´¿ÅÑ¡«ì¢Í§ÊÒÃ»éÍ¹ â´Â
ÊÒÃ»éÍ¹·ÕèãªéÁÕ 3 ª¹Ô´¤×Í ¹éÓÊÐÍÒ´ ÊÒÃÅ´¿Í§ Disfoam CE-120R ¤ÇÒÁà¢éÁ¢é¹ 0.50 g/l
áÅÐÊÒÃÅ´¿Í§ silicone oil ¤ÇÒÁà¢éÁ¢é¹ 0.10 g/l

¡ÒÃÇÑ́ ¿ÅÑ¡«ì¢Í§ÊÒÃ»éÍ¹¼èÒ¹àÂ×èÍá¼è¹·ÕèÀÒÇÐµèÒ§æ â´ÂàµÔÁÊÒÃ»éÍ¹»ÃÔÁÒµÃ 2 l Å§ã¹¶Ñ§»éÍ¹
»ÃÑºÀÒÇÐ¡ÒÃ·Ó§Ò¹ãËé¤§·Õè ·Õè¤ÇÒÁ´Ñ¹¢Í§ÊÒÃ»éÍ¹ 34.47 kPa ÍÑµÃÒ¡ÒÃäËÅ¢Í§ÊÒÃ»éÍ¹ 400 ml/
min ÇÑ́ ÍÑµÃÒ¡ÒÃäËÅ¢Í§à¾ÍÁÔàÍµ ·Ø¡æ 10 ¹Ò·Õ áÅÐà¡çºÊÒÃÅÐÅÒÂ é́Ò¹»éÍ¹áÅÐ é́Ò¹à¾ÍÁÔàÍµ·Ø¡æ
30 ¹Ò·Õ (à¾×èÍ¹Óä»ÇÔà¤ÃÒÐËìËÒ¤ÇÒÁà¢éÁ¢é¹áÅÐ¤Ó¹Ç³¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ ´éÇÂÇÔ¸Õ COD áºº closed
reflux) à»ç¹àÇÅÒ 120 ¹Ò·ÕËÃ×Í¨¹¿ÅÑ¡«ì (JV) à¢éÒÊÙèÀÒÇÐ¤§·Õè áÅéÇ»ÅèÍÂÊÒÃÅÐÅÒÂÍÍ¡¨Ò¡
ÃÐººáÅÐ¶Ñ§»éÍ¹ ¨Ò¡¤èÒ JV ·ÕèÇÑ´ä´é ÊÒÁÒÃ¶¹ÓÁÒ¤Ó¹Ç³ËÒ¤èÒ¤ÇÒÁµéÒ¹·Ò¹ÃÇÁ¢Í§àÂ×èÍá¼è¹
ËÅÑ§¼èÒ¹¡ÃÐºÇ¹¡ÒÃÍÑÅµÃÒ¿ÔÅàµÃªÑ¹ (Rt) ä´é ËÅÑ§¨Ò¡¹Ñé¹ÅéÒ§àÂ×èÍá¼è¹´éÇÂ¹éÓÊÐÍÒ´à¾×èÍ¡Ó¨Ñ´ªÑé¹
â¾ÅÒäÃ«ìÍÍ¡¨Ò¡¼ÔÇàÂ×èÍá¼è¹áÅéÇÇÑ´¿ÅÑ¡«ì¹éÓÊÐÍÒ´ËÅÑ§¨Ò¡ÅéÒ§ªÑé¹â¾ÅÒäÃ«ìÍÍ¡¨Ò¡àÂ×èÍá¼è¹ (JW′)
¤Ó¹Ç³ËÒ¤èÒ¼ÅÃÇÁ¢Í§¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹¡Ñº¤ÇÒÁµéÒ¹·Ò¹·Õèà¡Ô´¨Ò¡à¿ÒÇìÅÔ§ (Rm+ Rf) ä é́
áÅÐ¤Ó¹Ç³¤èÒ¤ÇÒÁµéÒ¹·Ò¹·Õèà¡Ô´¨Ò¡ªÑé¹â¾ÅÒäÃ«ì (RP) áÅÐ¤ÇÒÁµéÒ¹·Ò¹·Õèà¡Ô´¨Ò¡à¿ÒÇìÅÔ§ (Rf)
¨Ò¡ÊÁ¡ÒÃ (4), (5) áÅÐ (6)

ËÅÑ§·Ó¡ÒÃ·´ÅÍ§·Ø¡¤ÃÑé§ ̈ ÐµéÍ§·Ó¤ÇÒÁÊÐÍÒ´àÂ×èÍá¼è¹ é́ÇÂÊÒÃÅÐÅÒÂâ«à ṌÂÁäÎ´ÃÍ¡ä« ì́
0.1 âÁÅÒÃì áÅÐ¹éÓÊÐÍÒ´ ¨¹¿ÅÑ¡«ì¹éÓËÅÑ§¨Ò¡ÅéÒ§àÂ×èÍá¼è¹ÁÕ¤èÒã¡Åéà¤ÕÂ§¡Ñº¿ÅÑ¡«ì¹éÓ¢Í§àÂ×èÍá¼è¹
·ÕèÂÑ§äÁè¼èÒ¹¡ÒÃãªé§Ò¹
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4. ¼Å¡ÒÃ·´ÅÍ§áÅÐÇÔ¨ÒÃ³ì
1. ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´áÅÐ¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ
ÇÑ́ ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´ ·Õè¤ÇÒÁ Ñ́¹ 34.47 kPa ·Ó¡ÒÃ·´ÅÍ§«éÓ 3 ¤ÃÑé§ ä é́¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´

·Õè¼èÒ¹àÂ×èÍá¼è¹â¾ÅÔ«ÑÅâ¿¹ (JW) ·ÕèàÇÅÒ 120 ¹Ò·Õ ÁÕ¤èÒ 119.11, 115.11 áÅÐ 110.96 l/m2-h áÅÐ
¤Ó¹Ç³¤èÒ¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹ (Rm) ä´é Rm ÁÕ¤èÒ»ÃÐÁÒ³ 1.160 x 1012, 1.201 x 1012 áÅÐ
1.245 x 1012 m-1 µÒÁÅÓ´Ñº «Öè§¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹à©ÅÕèÂÁÕ¤èÒ 1.202 x 1012 m-1 («Öè§¤èÒ¹Õé
¨Ðãªéã¹¡ÒÃ¤Ó¹Ç³¤èÒ¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ µèÍä»)

2. ¿ÅÑ¡«ì¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇáÅÐ¤ÇÒÁµéÒ¹·Ò¹ÃÇÁ¢Í§¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂ
ÇÔ¸Õä´¹ÒÁÔ¡·Õè¤ÇÒÁ´Ñ¹µèÒ§æ

¢³Ð»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹´éÇÂÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ Brij-58 ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡·Õè¤ÇÒÁ´Ñ¹µèÒ§æ
ä´éÁÕ¡ÒÃÇÑ´¿ÅÑ¡«ì¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇà·ÕÂº¡ÑºàÇÅÒà¾×èÍà»ç¹¢éÍÁÙÅ»ÃÐ¡Íº (¼ÅáÊ´§´Ñ§ÃÙ»·Õè 2
áÅÐÃÙ»·Õè 3) «Öè§¾ºÇèÒ¿ÅÑ¡«ì¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇÁÕ¤èÒà¾ÔèÁ¢Öé¹àÁ×èÍ¤ÇÒÁ Ñ́¹ã¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇà¾ÔèÁ¢Öé¹
·Ñé§¹Õéà¾ÃÒÐàÁ×èÍà¾ÔèÁ¤ÇÒÁ´Ñ¹«Öè§à»ç¹áÃ§¢Ñº´Ñ¹¢Í§ÃÐºº ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¨Ð¼èÒ¹àÂ×èÍá¼è¹ä´éÁÒ¡¢Öé¹
·ÓãËé¿ÅÑ¡«ìÁÕ¤èÒÊÙ§¢Öé¹ áÅÐàÁ×èÍ¤Ó¹Ç³¤ÇÒÁµéÒ¹·Ò¹ÃÇÁ¢Í§¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ·Õè¤ÇÒÁ´Ñ¹µèÒ§æ
¾ºÇèÒàÁ×èÍà¾ÔèÁ¤ÇÒÁ´Ñ¹ ¨Ð·ÓãËéÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¼èÒ¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ä´éÁÒ¡¢Öé¹ ËÃ×Í¨Ó¹Ç¹
ÃÍºã¹¡ÒÃ¡Ç¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¼èÒ¹àÂ×èÍá¼è¹à¾ÔèÁ¢Öé¹ à¡Ô´¡ÒÃ´Ù´«Ñº·Õè¼ÔÇáÅÐã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹
ÁÒ¡¢Öé¹ âÍ¡ÒÊ·ÕèÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¨Ð¶Ù¡´Ù´«Ñºº¹¼ÔÇáÅÐã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ÁÕÁÒ¡¢Öé¹ ËÃ×ÍàÂ×èÍá¼è¹
Ù́́ «ÑºÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇä é́ÍÂèÒ§·ÑèÇ¶Ö§ÁÒ¡¢Öé¹ ·ÓãËéàÂ×èÍá¼è¹ÁÕ¤ÇÒÁµéÒ¹·Ò¹ÃÇÁÊÙ§¢Öé¹ áµèÍÂèÒ§äÃ¡çµÒÁ

¤ÇÒÁµéÒ¹·Ò¹·Õè¤Ó¹Ç³ä´éäÁèà»ç¹ä»ã¹·ÔÈ·Ò§à´ÕÂÇ¡Ñ¹ ¡ÅèÒÇ¤×Í¡ÃÒ¿¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§
¤ÇÒÁµéÒ¹·Ò¹¡Ñº¤ÇÒÁ´Ñ¹ÁÕÅÑ¡É³ÐÅ´Å§áÅéÇ¨Ö§à¾ÔèÁ¢Öé¹ (ÃÙ»·Õè 3) â´Âã¹ªèÇ§¤ÇÒÁ´Ñ¹ 20.68-34.47
kPa ¤ÇÒÁµéÒ¹·Ò¹ÃÇÁÁÕ¤èÒÅ´Å§ «Öè§ÍÒ¨Í¸ÔºÒÂä´éÇèÒ·Õè¤ÇÒÁ´Ñ¹ 20.68 kPa ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
¨ÐäËÅ¼èÒ¹àÂ×èÍá¼è¹ä é́ªéÒËÃ×Í¨Ó¹Ç¹ÃÍº·Õè¼èÒ¹àÂ×èÍá¼è¹¹éÍÂ¡ÇèÒ·Õè¤ÇÒÁ Ñ́¹ 34.47 kPa ̈ Ö§ÁÕàÇÅÒÊÑÁ¼ÑÊ
¡ÑºàÂ×èÍá¼è¹¹Ò¹¢Öé¹ËÃ×ÍÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇÁÕâÍ¡ÒÊÊÑÁ¼ÑÊ¡ÑºàÂ×èÍá¼è¹áÅÐà¡Ô´¡ÒÃÊÐÊÁä´éÁÒ¡¢Öé¹
·Õè¤ÇÒÁ Ñ́¹ 20.68 kPa ̈ Ö§ÁÕ¤ÇÒÁµéÒ¹·Ò¹ÃÇÁÊÙ§¡ÇèÒ·Õè¤ÇÒÁ Ñ́¹ 34.47 kPa áÅÐ·Õè¤ÇÒÁ Ñ́¹ÊÙ§¢Öé¹ä»ÍÕ¡
(48.26, 68.94 kPa) ¤ÇÒÁµéÒ¹·Ò¹ÃÇÁ¡ÅÑºÁÕ¤èÒÊÙ§¢Öé¹ à¹×èÍ§¨Ò¡·ÕèáµèÅÐ¤ÇÒÁ Ñ́¹ ãªéàÇÅÒã¹¡ÒÃ»éÍ¹ÊÒÃ
»ÃÑºÊÀÒ¾¼ÔÇà·èÒ¡Ñ¹ (¤×Í 2 ªÑèÇâÁ§) ̈ Ö§Í Ô̧ºÒÂä é́ÇèÒ¡ÒÃà¾ÔèÁ¤ÇÒÁ Ñ́¹·ÓãËé¿ÅÑ¡«ìÊÙ§¢Öé¹ÁÒ¡ «Öè§ËÁÒÂ¶Ö§
¨Ó¹Ç¹ÃÍºáÅÐ¡ÒÃÊÐÊÁ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ·Õèà¾ÔèÁ¢Öé¹
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ÃÙ»·Õè 2  áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤èÒ¿ÅÑ¡«ìà©ÅÕèÂ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¡ÑºàÇÅÒ
¢³Ð»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹´éÇÂÇÔ¸Õä´¹ÒÁÔ¡·Õè¤ÇÒÁ´Ñ¹µèÒ§æ
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ÃÙ»·Õè 3  áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤ÇÒÁµéÒ¹·Ò¹ÃÇÁ¢Í§¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
·ÕèàÇÅÒ 120 ¹Ò·Õ ¡Ñº¤ÇÒÁ´Ñ¹·Õèãªéã¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹´éÇÂÇÔ¸Õä´¹ÒÁÔ¡

3. ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´áÅÐ¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ ¢Í§àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ
·ÕèÀÒÇÐµèÒ§æ

¹ÓàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇÁÒÇÑ´¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´ áÊ´§¼Å´Ñ§ÃÙ»·Õè 4 ¾ºÇèÒ àÂ×èÍá¼è¹
·Õè¼èÒ¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇÁÕ¤èÒ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´µèÓ¡ÇèÒàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ ·Ñé§¹Õéà»ç¹à¾ÃÒÐ
àÁ×èÍ¹ÓàÂ×èÍá¼è¹ä»»ÃÑºÊÀÒ¾¼ÔÇ¨Ðà¡Ô´¡ÒÃÊÐÊÁ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ·Õè¼ÔÇáÅÐã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹
·ÓãËé¢¹Ò´ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹àÅç¡Å§ «Öè§ÊÍ´¤ÅéÍ§¡Ñº¼Å¡ÒÃ·´ÅÍ§¢Í§ Yamagiwa áÅÐ¤³Ð [3] áÅÐ
Kim áÅÐ¤³Ð [5]
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ÃÙ»·Õè 4  áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤èÒ¿ÅÑ¡«ìà©ÅÕèÂ¢Í§¹éÓÊÐÍÒ´¡ÑºàÇÅÒ
â´ÂãªéàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇáÅÐàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÀÒÇÐµèÒ§æ
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äÁ�ä´�»ÃÑºÊÀÒ¾¼ÔÇ
»ÃÑº´�ÇÂÇÔ̧ ÕÊáµµÔ¡
»ÃÑº·Õè 20.68 kPa
»ÃÑº·Õè 34.47 kPa
»ÃÑº·Õè 48.26 kPa
»ÃÑº·Õè 68.94 kPa

ÃÙ»·Õè 5  áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡
·ÕèàÇÅÒ 120 ¹Ò·Õ¡ÑºÀÒÇÐµèÒ§æ ·Õèãªéã¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹ àÁ×èÍÊÒÃ»éÍ¹¤×Í¹éÓÊÐÍÒ´

(â´Â ■ ¤×ÍäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ, ▲ ¤×Í»ÃÑº´éÇÂÇÔ¸ÕÊáµµÔ¡, ◆ ¤×Í»ÃÑº´éÇÂÇÔ¸Õä´¹ÒÁÔ¡)

àÁ×èÍà»ÃÕÂºà·ÕÂºàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÇÔ̧ ÕÊáµµÔ¡¡ÑºÇÔ̧ Õä´¹ÒÁÔ¡ ¾ºÇèÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
´éÇÂÇÔ¸ÕÊáµµÔ¡¨Ðä´é¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´ÊÙ§¡ÇèÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ ·Ñé§¹Õéà¹×èÍ§¨Ò¡
¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ ÊÒÃÅÐÅÒÂ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¨ÐäËÅ¼èÒ¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹
ÀÒÂãµéáÃ§¢Ñº´Ñ¹ ¨Ö§à»ç¹ä»ä´éÇèÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ ¨Ðà¾ÔèÁ¡ÒÃà¡Ô´à¿ÒÇìÅÔ§ËÃ×Í
¡ÒÃÊÐÊÁã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ â´ÂâÁàÅ¡ØÅ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¶Ù¡´Ù´«Ñºã¹ÃÙ¾ÃØ¹ä´éÁÒ¡¡ÇèÒ
¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸ÕÊáµµÔ¡ «Ö è§à»ç¹¡ÒÃáªèàÂ× èÍá¼è¹ã¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇâ´ÂäÁèÁÕ¡ÒÃãªé
áÃ§¢Ñº´Ñ¹ãËéÊÒÃ¼èÒ¹àÂ×èÍá¼è¹ ¹Í¡¨Ò¡¹ÕéÂÑ§¾ºÇèÒ¡ÃÒ¿¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤ÇÒÁµéÒ¹·Ò¹¢Í§
àÂ×èÍá¼è¹·Õè¼èÒ¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇà·ÕÂº¡Ñº¤ÇÒÁ´Ñ¹ (ÃÙ»·Õè 5) ÊÍ´¤ÅéÍ§¡Ñº¡ÃÒ¿¤ÇÒÁµéÒ¹·Ò¹
ÃÇÁ¢Í§¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇà·ÕÂº¡Ñº¤ÇÒÁ´Ñ¹ (ÃÙ»·Õè 3 ã¹¢éÍ 4.2) ¡ÅèÒÇ¤×ÍàÁ×èÍ¤ÇÒÁµéÒ¹·Ò¹ÃÇÁ
¢Í§¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇà¾ÔèÁ¢Öé¹ ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´ (JW) Å´Å§ËÃ×Í¤ÇÒÁµéÒ¹·Ò¹¢Í§àÂ×èÍá¼è¹
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·Õè»ÃÑºÊÀÒ¾¼ÔÇÁÕ¤èÒà¾ÔèÁ¢Öé¹ ´Ñ§¹Ñé¹¨Ö§àª×èÍÁÑè¹ä´éÇèÒ¡ÒÃÅéÒ§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇÊèÇ¹à¡Ô¹ÍÍ¡µÒÁ·Õè
ä´é¡ÅèÒÇ¶Ö§áÅéÇã¹ÇÔ¸Õ¡ÒÃ·´ÅÍ§à»ç¹ÇÔ¸Õ·ÕèÂÍÁÃÑºä´é ¨Ö§ä´é¤èÒ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´áÅÐ¤ÇÒÁµéÒ¹·Ò¹
¢Í§àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇáÅéÇÊÍ´¤ÅéÍ§¡Ñº¤ÇÒÁµéÒ¹·Ò¹ÃÇÁ¢Í§¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ

4. ¿ÅÑ¡«ìáÅÐ¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ ¢Í§ÊÒÃÅ´¿Í§ Disfoam CE-120R áÅÐ
silicone oil

¿ÅÑ¡«ìáÅÐ¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ ¢Í§ÊÒÃÅ´¿Í§·Õ è¼èÒ¹àÂ× èÍá¼è¹·Õ èäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ
à·ÕÂº¡ÑºàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÀÒÇÐµèÒ§æ áÊ´§ã¹ÃÙ»·Õè 6 áÅÐ 7 (àÁ×èÍÊÒÃ»éÍ¹¤×ÍÊÒÃÅ´¿Í§
Disfoam CE-120R) áÅÐÃÙ»·Õè 8 áÅÐ 9 (àÁ×èÍÊÒÃ»éÍ¹¤×ÍÊÒÃÅ´¿Í§ silicone oil)

¨Ò¡ÃÙ»·Õè 6 áÅÐ 8 ¾ºÇèÒ¿ÅÑ¡«ì¢Í§ÊÒÃÅ´¿Í§·Õè¼èÒ¹àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇÁÕ¤èÒ
¤èÍ¹¢éÒ§µèÓ à¹×èÍ§¨Ò¡à¡Ô´¡ÒÃÍØ´µÑ¹áÅÐÊÐÊÁ¢Í§ÊÒÃÅ´¿Í§º¹¼ÔÇáÅÐã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹´éÇÂáÃ§
¡ÃÐ·ÓäÎâ´Ãâ¿ºÔ¡·ÓãËé¢¹Ò´ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹àÅç¡Å§ËÃ×Í¤ÇÒÁµéÒ¹·Ò¹µèÍ¡ÒÃäËÅà¾ÔèÁ¢Öé¹
«Öè§ÊÍ´¤ÅéÍ§¡Ñº¼Å¡ÒÃ·´ÅÍ§¢Í§ Kroner áÅÐ¤³Ð [1] áÅÐ Yamagiwa áÅÐ¤³Ð [3] â´Â¼Å·Õèä´é¹Õé
áµ¡µèÒ§¨Ò¡¡Ã³Õ·ÕèÊÒÃ»éÍ¹¤×Í¹éÓÊÐÍÒ´ (¼Å¡ÒÃ·´ÅÍ§¢éÍ 4.1) ¤×Í ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´·Õè¼èÒ¹àÂ×èÍá¼è¹
·ÕèäÁèä é́»ÃÑºÊÀÒ¾¼ÔÇ (JW) ÁÕ¤èÒÊÙ§¡ÇèÒ¿ÅÑ¡«ì¢Í§ÊÒÃÅ´¿Í§ÁÒ¡ ·Ñé§¹Õéà¾ÃÒÐ¹éÓÊÐÍÒ´ÁÕÅÑ¡É³ÐªÍº¹éÓ
Ö̈§äÁèà¡Ố áÃ§¡ÃÐ·ÓäÎâ´Ãâ¿ºÔ¡¡ÑºàÂ×èÍá¼è¹ ã¹¢³Ð·ÕèÊÒÃÅ´¿Í§ÁÕÊÁºÑµÔäÁèªÍº¹éÓ ̈ Ö§à¡Ố áÃ§¡ÃÐ·Ó

´Ñ§¡ÅèÒÇ¡ÑºàÂ×èÍá¼è¹ä´é

àÁ×èÍà»ÃÕÂºà·ÕÂº¡ÑºàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ ¾ºÇèÒàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ¨ÐÁÕ¤èÒ¿ÅÑ¡«ì
¢Í§ÊÒÃÅ´¿Í§ÊÙ§¡ÇèÒàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ ·Ñé§¹Õéà¹× èÍ§¨Ò¡¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹
â¾ÅÔ«ÑÅâ¿¹«Öè§à»ç¹àÂ×èÍá¼è¹ª¹Ô´äÁèªÍº¹éÓ´éÇÂÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ Brij-58 ·ÓãËéàÂ×èÍá¼è¹ÁÕÊÁºÑµÔ
ã¹¡ÒÃªÍº¹éÓÁÒ¡¢Öé¹ â´ÂÊèÇ¹·ÕèäÁèªÍº¹éÓ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¨Ð¨Ñº¡ÑºàÂ×èÍá¼è¹áÅéÇËÑ¹ÊèÇ¹
·ÕèªÍº¹éÓÍÍ¡ÁÒ ( Ù́ÃÙ»·Õè 10 »ÃÐ¡Íº) «Öè§¨ÐÅ´áÃ§¡ÃÐ·ÓäÎâ´Ãâ¿ºÔ¡ÃÐËÇèÒ§ÊÒÃÅ´¿Í§¡ÑºàÂ×èÍá¼è¹
Å§ä´é

áÅÐ¾ºÇèÒàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ÁÕ¿ÅÑ¡«ì¢Í§ÊÒÃÅ´¿Í§ÊÙ§¡ÇèÒàÂ×èÍá¼è¹
·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸ÕÊáµµÔ¡ ·Ñé§¹Õéà¾ÃÒÐ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸ÕÊáµµÔ¡à»ç¹à¾ÕÂ§¡ÒÃáªèàÂ×èÍá¼è¹
ãËé¤èÍÂæ ´Ù´«ÑºÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ â´ÂäÁèãªé¤ÇÒÁ´Ñ¹à»ç¹áÃ§¢Ñº´Ñ¹ã¹¡ÒÃ»éÍ¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
¨Ö§ÍÒ¨à»ç¹ä»ä´éÇèÒâÁàÅ¡ØÅ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¨Ð¤èÍÂæ «ÖÁ¼èÒ¹à¢éÒä»áÅÐà¡Ô´¡ÒÃ´Ù´«Ñº
·Õè¼ÔÇáÅÐã¹ÃÙ¾ÃØ¹·ÕèºÃÔàÇ³ã¡Åéæ ¼ÔÇ¢Í§àÂ×èÍá¼è¹ «Öè§ÂÑ§ÁÕàÂ×èÍá¼è¹ºÒ§ÊèÇ¹·ÕèäÁè¶Ù¡´Ù´«Ñº´éÇÂÊÒÃ
»ÃÑºÊÀÒ¾¼ÔÇ áÅÐàÁ× èÍ¹Óä»¡ÃÍ§ÊÒÃÅ´¿Í§ âÁàÅ¡ØÅ¢Í§ÊÒÃÅ´¿Í§ÍÒ¨´Ù´«Ñº¡ÑºàÂ× èÍá¼è¹
ã¹ÊèÇ¹·ÕèÇèÒ§¹Ñé¹á·¹ ã¹¢³Ð·Õè¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ãªéáÃ§¢Ñº´Ñ¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ
ãËéäËÅ¼èÒ¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ ¨Ö§à»ç¹ä»ä´é·Õè¨Ðà¡Ô´¡ÒÃ´Ù´«Ñºã¹ÃÙ¾ÃØ¹ä´éÍÂèÒ§·ÑèÇ¶Ö§¡ÇèÒËÃ×Í
ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ã¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇÊÙ§¡ÇèÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸ÕÊáµµÔ¡
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ÃÙ»·Õè 6  áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤èÒ¿ÅÑ¡«ìà©ÅÕèÂ¢Í§ÊÒÃÅ´¿Í§ Disfoam CE-120R ¡ÑºàÇÅÒ
â´ÂãªéàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇáÅÐàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÀÒÇÐµèÒ§æ
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äÁ�»ÃÑºÊÀÒ¾¼ÔÇ »ÃÑº´�ÇÂÇÔ̧ ÕÊáµµÔ¡ »ÃÑº·Õè 20.68 kPa »ÃÑº·Õè 34.47 kPa »ÃÑº·Õè 48.26 kPa »ÃÑº·Õè 68.94 kPa
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ÃÙ»·Õè 7  áÊ´§¤èÒ¤ÇÒÁ¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ ¢Í§àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇà·ÕÂº¡Ñº
àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÀÒÇÐµèÒ§æ àÁ×èÍÊÒÃ»éÍ¹¤×ÍÊÒÃÅ´¿Í§ Disfoam CE-120R

àÁ×èÍ¾Ô¨ÒÃ³Ò¤èÒ¤ÇÒÁµéÒ¹·Ò¹·ÕèÀÒÇÐµèÒ§æ (ÃÙ»·Õè 7 áÅÐ 9) ¾ºÇèÒ¤ÇÒÁµéÒ¹·Ò¹ÃÇÁ
¢Í§àÂ× èÍá¼è¹·Õ è»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡·Ø¡æ ¤ÇÒÁ´Ñ¹ÁÕ¤èÒµèÓ¡ÇèÒàÂ× èÍá¼è¹·Õ èäÁèä´é»ÃÑº
ÊÀÒ¾¼ÔÇáÅÐàÂ× èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸ÕÊáµµÔ¡ áÅÐ¤ÇÒÁµéÒ¹·Ò¹¢Í§ªÑé¹â¾ÅÒäÃ«ìáÅÐ
¤ÇÒÁµéÒ¹·Ò¹à¹×èÍ§¨Ò¡¡ÒÃà¡Ô´à¿ÒÇìÅÔ§¢Í§àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ÁÕ¤èÒÅ´Å§
ÍÂèÒ§àËç¹ä´éª Ñ´ ·Ñ é§¹Õ éÍÒ¨à»ç¹à¾ÃÒÐ¼Å¨Ò¡¡ÒÃ»ÃÑºÊÀÒ¾´éÇÂÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ Brij-58
ªèÇÂÅ´¡ÒÃà¡Ô´áÃ§¡ÃÐ·ÓäÎâ´Ãâ¿ºÔ¡ÃÐËÇèÒ§ÊÒÃÅ´¿Í§¡ÑºàÂ× èÍá¼è¹Å§ä´é «Ö è§ÊÍ´¤ÅéÍ§¡Ñº
¼Å¡ÒÃ·´ÅÍ§¢Í§ Fane áÅÐ Fell [6] ¨Ö§¡ÅèÒÇä´éÇèÒÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇªèÇÂÅ´¡ÒÃà¡Ô´ªÑé¹â¾ÅÒäÃ«ì
áÅÐà¿ÒÇìÅÔ§à¹×èÍ§¨Ò¡ÊÒÃÅ´¿Í§ä´éÁÒ¡
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»ÃÑº·Õè 20.68 kPa
»ÃÑº·Õè 34.47 kPa
»ÃÑº·Õè 48.26 kPa

»ÃÑº·Õè 68.94 kPa
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»ÃÑº·Õè 68.94 kPa
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ÃÙ»·Õè 8  áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤èÒ¿ÅÑ¡«ìà©ÅÕèÂ¢Í§ÊÒÃÅ´¿Í§ silicone oil ¡ÑºàÇÅÒ
â´ÂãªéàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇáÅÐàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÀÒÇÐµèÒ§æ
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»ÃÑº´�ÇÂÇÔ̧ ÕÊáµµÔ¡
»ÃÑº·Õè 20.68 kPa
»ÃÑº·Õè 34.47 kPa
»ÃÑº·Õè 48.26 kPa
»ÃÑº·Õè 68.94 kPa
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äÁ�»ÃÑºÊÀÒ¾¼ÔÇ »ÃÑº �́ÇÂÇÔ̧ ÕÊáµµÔ¡ »ÃÑº·Õè 20.68 kPa »ÃÑº·Õè 34.47 kPa »ÃÑº·Õè 48.26 kPa »ÃÑº·Õè 68.94 kPa
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ÃÙ»·Õè 9 áÊ´§¤èÒ¤ÇÒÁ¤ÇÒÁµéÒ¹·Ò¹µèÒ§æ ¢Í§àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇà·ÕÂº¡Ñº
àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÀÒÇÐµèÒ§æ àÁ×èÍÊÒÃ»éÍ¹¤×ÍÊÒÃÅ´¿Í§ silicone oil »ÃÑº´éÇÂÇÔ¸ÕÊáµµÔ¡

ÃÙ»·Õè 10 áÊ´§¡Åä¡·ÕèÍÒ¨à»ç¹ä»ä´éã¹¡ÒÃ¡ÃÍ§ÊÒÃÅ´¿Í§¼èÒ¹àÂ×èÍá¼è¹
àÁ×èÍ ο− ¤×Í ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ áÅÐ •− ¤×Í ÊÒÃÅ´¿Í§

ÊÒÃ»éÍ¹ ÊÒÃ»éÍ¹ à¾ÍÁÔàÍµà¾ÍÁÔàÍµ

(¡) àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ (¢) àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ
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5. ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹¢Í§ÊÒÃÅ´¿Í§
¡ÒÃÇÔà¤ÃÒÐËì¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ¢Í§ÊÒÃÅ´¿Í§ Disfoam CE-120R áÊ´§ã¹ÃÙ»·Õè 11 ¾ºÇèÒ

¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃÁÕá¹Çâ¹éÁà¾ÔèÁ¢Öé¹¡ÑºàÇÅÒ ·Ñé§¹Õéà¹×èÍ§¨Ò¡à¡Ô´¡ÒÃÊÐÊÁËÃ×Í¡ÒÃ´Ù´«Ñº¢Í§âÁàÅ¡ØÅ
¢Í§ÊÒÃÅ´¿Í§·Õè¼ÔÇáÅÐ¡ÒÃà¡Ô´à¿ÒÇìÅÔè§ã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ «Öè§¡ÒÃ´Ù´«Ñº´Ñ§¡ÅèÒÇÁÑ¡ÁÕ»ÃÔÁÒ³ÊÙ§
¢Öé¹àÁ×èÍàÇÅÒà¾ÔèÁ¢Öé¹ áµèã¹ºÒ§¡Ã³Õ (àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇáÅÐàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ
´éÇÂÇÔ¸ÕÊáµµÔ¡) ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ¨Ðà¾ÔèÁ¢Öé¹áÅÐÅ´Å§áÅéÇ¨Ö§à¾ÔèÁ¢Öé¹ÍÕ¡¤ÃÑé§â´Âã¹ªèÇ§·Õè¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹
Å´Å§ÍÒ¨à»ç¹à¾ÃÒÐÊÒÃ·Õè¶Ù¡´Ù´«Ñºº¹¼ÔÇáÅÐã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹¶Ù¡ªÐãËéËÅØ´ÍÍ¡ÁÒã¹¢³Ð
´Óà¹Ô¹¡ÒÃ
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»ÃÑº´�ÇÂÇÔ̧ ÕÊáµµÔ¡
»ÃÑº·Õè 20.68 kPa
»ÃÑº·Õè 34.47 kPa
»ÃÑº·Õè 48.26 kPa
»ÃÑº·Õè 68.94 kPa

ÃÙ»·Õè 11  áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹¢Í§ÊÒÃÅ´¿Í§ Disfoam CE-120R
¡ÑºàÇÅÒàÁ×èÍãªéàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇáÅÐàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÀÒÇÐµèÒ§æ

¹Í¡¨Ò¡¹Õé ¼Å¡ÒÃ·´ÅÍ§¾ºÇèÒã¹ªèÇ§áÃ¡¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ¢Í§àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ
é́ÇÂÇÔ̧ Õ ÊáµµÔ¡ÁÕ¤èÒÊÙ§¡ÇèÒàÂ×èÍá¼è¹·ÕèäÁèä é́»ÃÑºÊÀÒ¾¼ÔÇ ·Ñé§¹Õéà¾ÃÒÐàÁ×èÍ·Ó¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ ¡ÒÃÊÐÊÁ

¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ à»ç¹¡ÒÃ¡Õ´¡Ñ¹ãËéâÁàÅ¡ØÅ¢Í§ÊÒÃÅ´¿Í§¼èÒ¹ä»ä´é¹éÍÂËÃ×Í¶Ù¡¡Ñ¡
ä´éÁÒ¡ áµèàÁ×èÍàÇÅÒ¼èÒ¹ä» ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ¢Í§àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇÁÕ¤èÒÊÙ§¡ÇèÒàÂ×èÍá¼è¹
·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸ÕÊáµµÔ¡ ·Ñé§¹ÕéÍÒ¨à»ç¹à¾ÃÒÐ¡ÒÃ´Ù´«ÑºáÅÐÊÐÊÁ¢Í§âÁàÅ¡ØÅ¢Í§ÊÒÃÅ´¿Í§
º¹¼ÔÇáÅÐã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ ·ÓãËéÊÒÃÅ´¿Í§¼èÒ¹ä»ä´é¹éÍÂËÃ×Í¶Ù¡¡Ñ¡ä´éÁÒ¡¡ÇèÒàÂ×èÍá¼è¹
·Õè»ÃÑºÊÀÒ¾¼ÔÇ «Öè§ÊÍ´¤ÅéÍ§¡Ñº¼Å¡ÒÃ·´ÅÍ§¢Í§ Jonsson [2] áÅÐ Yamagiwa áÅÐ¤³Ð [4]

ÊèÇ¹¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ¢Í§àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ ¾ºÇèÒ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ
ã¹áµèÅÐ¤ÇÒÁ´Ñ¹·Õèãªéã¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇÁÕ¤èÒäÁèµèÒ§¡Ñ¹ÁÒ¡¹Ñ¡ ¨Ö§ÍÒ¨¡ÅèÒÇä´éÇèÒ¤ÇÒÁ´Ñ¹·Õèãªé
ã¹¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇÁÕ¼ÅµèÍ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ¢Í§ÃÐººÍÑÅµÃÒ¿ÔÅàµÃªÑ¹¹éÍÂÁÒ¡ «Öè§¼Å·Õèä´é
ÊÍ´¤ÅéÍ§¡Ñº¼Å¡ÒÃ·´ÅÍ§¢Í§·È¾Ã ·Ã§§ÒÁ·ÃÑ¾Âì [8]

àÁ× èÍà»ÃÕÂºà·ÕÂº¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃÅ´¿Í§¢Í§àÂ× èÍá¼è¹·Õ è»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸ÕÊáµµÔ¡
¡ÑºàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡ ¾ºÇèÒ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹¢Í§àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õ

0
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ÊáµµÔ¡ÁÕ¤èÒÊÙ§¡ÇèÒ ·Ñé§¹Õéà¹×èÍ§¨Ò¡ÊÁºÑµÔ¢Í§ÊÒÃÅ´¿Í§ Í Ô̧ºÒÂä é́ÇèÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÇÔ̧ Õä´¹ÒÁÔ¡
ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇà¡Ô´¡ÒÃ´Ù´«Ñº¡ÑºàÂ×èÍá¼è¹ä´éÍÂèÒ§·ÑèÇ¶Ö§¡ÇèÒÇÔ¸ÕÊáµµÔ¡ µÒÁ·Õèä´éÍ¸ÔºÒÂáÅéÇ
àÂ×èÍá¼è¹¨Ö§ÁÕ¤ÇÒÁªÍº¹éÓÁÒ¡¢Öé¹ ÊÒÃÅ´¿Í§ Disfoam CE-120R ¨Ñº¡ÑºàÂ×èÍá¼è¹ä´é¹éÍÂËÃ×Í¼èÒ¹ä»
ä´éÁÒ¡ ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹¨Ö§µèÓ
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äÁ�»ÃÑºÊÀÒ¾¼ÔÇ
»ÃÑº´�ÇÂÇÔ̧ ÕÊáµµÔ¡
»ÃÑº·Õè 20.68 kPa
»ÃÑº·Õè 34.47 kPa
»ÃÑº·Õè 48.26 kPa
»ÃÑº·Õè 68.94 kPa

ÃÙ»·Õè 12 áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹¢Í§ÊÒÃÅ´¿Í§ silicone oil ¡ÑºàÇÅÒ
àÁ×èÍãªéàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇáÅÐàÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ·ÕèÀÒÇÐµèÒ§æ

¡ÒÃÇÔà¤ÃÒÐËì¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹ÊÒÃ¢Í§ÊÒÃÅ´¿Í§ silicone oil áÊ´§ã¹ÃÙ»·Õè 12 ¾ºÇèÒ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹
¢Í§ÊÒÃÅ´¿Í§ silicone oil ÁÕá¹Çâ¹éÁàªè¹à´ÕÂÇ¡ÑºÊÒÃÅ´¿Í§ Disfoam CE-120R â´ÂÊÒÃÅ´¿Í§
silicone oil ÁÕ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹µèÓ¡ÇèÒ ·Ñé§¹Õéà¹×èÍ§¨Ò¡¢¹Ò´âÁàÅ¡ØÅ·ÕèàÅç¡¡ÇèÒ ̈ Ö§ÊÒÁÒÃ¶¼èÒ¹ä»ä é́ÁÒ¡¡ÇèÒ
ÊÒÃÅ´¿Í§ Disfoam CE-120R ·ÕèÁÕ¢¹Ò´âÁàÅ¡ØÅ¤èÍ¹¢éÒ§ÂÒÇáÅÐà¡Ð¡Ð¡ÇèÒ

5. ÊÃØ»¼Å¡ÒÃ·´ÅÍ§
¨Ò¡¼Å¡ÒÃ·´ÅÍ§áÅÐÇÔ¨ÒÃ³ì·Õèä´é ÊÒÁÒÃ¶ÊÃØ»ä´éÇèÒ
1. àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ¨ÐÁÕ¤èÒ¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´µèÓ¡ÇèÒàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ

áÅÐ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÇÔ̧ ÕÊáµµÔ¡ ̈ Ðä é́¿ÅÑ¡«ì¢Í§¹éÓÊÐÍÒ´ÊÙ§¡ÇèÒ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÇÔ̧ Õä´¹ÒÁÔ¡
·Ñé§¹Õéà¹×èÍ§¨Ò¡¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹¨Ðà¡Ô´¡ÒÃÊÐÊÁáÅÐÍØ´µÑ¹¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ·Õè¼ÔÇáÅÐã¹
ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ ·ÓãËé¢¹Ò´ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹àÅç¡Å§ â´Â¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ´éÇÂÇÔ¸Õä´¹ÒÁÔ¡
ÊÒÃÅÐÅÒÂ¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇ¨ÐäËÅ¼èÒ¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ÀÒÂãµéáÃ§¢Ñº´Ñ¹ ¨Ö§ÍÒ¨à»ç¹ä»ä´éÇèÒ
¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÇÔ̧ Õä´¹ÒÁÔ¡¨Ðà¾ÔèÁ¡ÒÃ Ù́́ «Ñº¢Í§ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ÁÒ¡¡ÇèÒ
¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇ é́ÇÂÇÔ̧ ÕÊáµµÔ¡ «Öè§à»ç¹¡ÒÃáªèàÂ×èÍá¼è¹ã¹ÊÒÃ»ÃÑºÊÀÒ¾¼ÔÇâ´ÂäÁèÁÕ¡ÒÃãªéáÃ§¢Ñº Ñ́¹
ãËéÊÒÃ¼èÒ¹àÂ×èÍá¼è¹

2. ¿ÅÑ¡«ì¢Í§ÊÒÃÅ´¿Í§·Õè¼èÒ¹àÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇÁÕ¤èÒ¤èÍ¹¢éÒ§µèÓ à¾ÃÒÐà¡Ô´¡ÒÃ
ÍǾ µÑ¹áÅÐÊÐÊÁ¢Í§ÊÒÃÅ´¿Í§º¹¼ÔÇáÅÐã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ é́ÇÂáÃ§¡ÃÐ·ÓäÎâ´Ãâ¿ºÔ¡ ·ÓãËé¢¹Ò´
ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹àÅç¡Å§



159ÇÒÃÊÒÃÇÔ¨ÑÂáÅÐ¾Ñ²¹Ò Á¨¸. »Õ·Õè 24 ©ºÑº·Õè 2 ¾ÄÉÀÒ¤Á-ÊÔ§ËÒ¤Á 2544

3. àÂ×èÍá¼è¹·Õè»ÃÑºÊÀÒ¾¼ÔÇ¨ÐÁÕ¤èÒ¿ÅÑ¡«ì¢Í§ÊÒÃÅ´¿Í§ÊÙ§¡ÇèÒàÂ×èÍá¼è¹·ÕèäÁèä´é»ÃÑºÊÀÒ¾¼ÔÇ
·Ñé§¹Õéà¹×èÍ§¨Ò¡¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹ ̈ Ðà¾ÔèÁÊÁºÑµÔã¹¡ÒÃªÍº¹éÓ¢Í§àÂ×èÍá¼è¹ãËéÁÒ¡¢Öé¹áÅÐÅ´áÃ§
¡ÃÐ·ÓäÎâ´Ãâ¿ºÔ¡ÃÐËÇèÒ§ÊÒÃÅ´¿Í§¡ÑºàÂ×èÍá¼è¹Å§ä´é

4. ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇàÂ×èÍá¼è¹ªèÇÂÅ´¤ÇÒÁµéÒ¹·Ò¹¢Í§ªÑé¹â¾ÅÒäÃ«ìáÅÐ¤ÇÒÁµéÒ¹·Ò¹
à¹×èÍ§¨Ò¡¡ÒÃà¡Ô´à¿ÒÇìÅÔ§ä´éÍÂèÒ§àËç¹ä´éªÑ´

5. ¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹¢Í§ÊÒÃÅ´¿Í§ÁÕá¹Çâ¹éÁà¾ÔèÁ¢Öé¹¡ÑºàÇÅÒ·Ñé§¹Õéà¹×èÍ§¨Ò¡ÊÒÃÅ´¿Í§à¡Ô´¡ÒÃ
ÊÐÊÁËÃ×Í´Ù´«Ñº·Õè¼ÔÇáÅÐã¹ÃÙ¾ÃØ¹¢Í§àÂ×èÍá¼è¹ «Öè§¡ÒÃ´Ù´«Ñº´Ñ§¡ÅèÒÇ¤ÇÃÁÕ»ÃÔÁÒ³ÊÙ§¢Öé¹àÁ×èÍàÇÅÒ
à¾ÔèÁ¢Öé¹

6. àÂ×èÍá¼è¹ãËé¤èÒ¡ÒÃ¡Ñ¡¡Ñ¹¢Í§ÊÒÃÅ´¿Í§ Disfoam CE-120R áÅÐ silicone oil äÁèà·èÒ¡Ñ¹
·Ñé§¹Õéà¹×èÍ§¨Ò¡¢¹Ò´áÅÐâ¤Ã§ÊÃéÒ§¢Í§âÁàÅ¡ØÅ¢Í§ÊÒÃÅ´¿Í§·ÕèµèÒ§¡Ñ¹ ¨Ö§·ÓãËé¤ÇÒÁÊÒÁÒÃ¶
ã¹¡ÒÃ¼èÒ¹àÂ×èÍá¼è¹µèÒ§¡Ñ¹
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