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In this research, experiments were carried out to investigate the effects of operating parameters on

the pervaporation performance for the separation of ethanol-water solutions. Composite silicone membranes

supported on polysulfone prepared with varied silicone contents and commercial polyvinyl alcohol (Pervap®

2211, Sulzer) membranes were used. The results showed that the composite silicone/polysulfone membranes

coated with 3 wt% of silicone exhibited highest permeation flux with slightly lower separation factor for

ethanol. Furthermore, it was found that the composite silicone/polysulfone membranes were suitable for the

separation of ethanol from a dilute ethanol solutions. Both the separation factor and permeation flux of the

composite membranes increased with increasing temperature and feed concentration. A membrane coated

with a 7 wt% silicone gave highest separation factor of 7.32 and permeation flux of 0.44 kg/m2h at 5 wt%

ethanol feed concentration and feed temperature of 70ºC. For polyvinyl alcohol membranes, the results
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Ethanol-water separation by pervaporation

Innachitra, P. and Chinchiw, S.

showed that the membranes were suitable for the dehydration of concentrated ethanol solutions. The

permeation flux increased and the separation factor for water decreased with increasing water feed con-

centration and temperature. The membrane gave highest separation factor of 248 and permeation flux of

0.02 kg/m2h at 5 wt% water feed concentration and feed temperature of 30ºC.

Key words : pervaporation, separation, ethanol, silicone, polyvinyl alcohol

∫∑§—¥¬àÕ
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ß“π«‘®—¬π’È‰¥â∑”°“√∑¥≈Õß‡æ◊ËÕ»÷°…“æ“√“¡‘‡µÕ√å∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√·¬° “√≈–≈“¬‡Õ∑“πÕ≈-πÈ”‚¥¬

°√–∫«π°“√‡æÕ·«ªæÕ‡√™—π (pervaporation) ‚¥¬‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑’Ë„™â»÷°…“‡ªìπ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡™‘ßª√–°Õ∫

™π‘¥´‘≈‘‚§π∑’Ë¡’™—Èπ√Õß√—∫‡ªìπæÕ≈‘´—≈‚øπ ´÷Ëß‰¥â∂Ÿ°‡µ√’¬¡¢÷Èπ„πß“π«‘®—¬π’È‚¥¬¡’°“√·ª√º—πª√‘¡“≥¢Õß´‘≈‘‚§π ·≈–

Õ’°™π‘¥Àπ÷Ëß‡ªìπ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑“ß°“√§â“™π‘¥ polyvinyl alcohol (Pervap®2211, Sulzer) æ∫«à“‡¬◊ËÕ·ºàπ

 —ß‡§√“–Àå‡™‘ßª√–°Õ∫™π‘¥ silicone/polysulfone ∑’Ë‡§≈◊Õ∫¥â«¬´‘≈‘‚§π 3 % ‚¥¬πÈ”Àπ—° ®–„Àâ‡æÕ¡‘‡Õ™—πø≈—°´å Ÿß

∑’Ë ÿ¥·µà§à“°“√·¬°¡’§à“≈¥≈ß‡≈Á°πâÕ¬ πÕ°®“°π’Èæ∫«à“‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡™‘ßª√–°Õ∫™π‘¥π’È‡À¡“– ”À√—∫°“√·¬°

‡Õ∑“πÕ≈ÕÕ°®“° “√≈–≈“¬‡Õ∑“πÕ≈‡®◊Õ®“ß ‚¥¬∑—Èß§à“°“√·¬° ”À√—∫‡Õ∑“πÕ≈·≈–‡æÕ¡‘‡Õ™—πø≈—°´å®– Ÿß¢÷Èπ

µ“¡Õÿ≥À¿Ÿ¡‘·≈–§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ªÑÕπ∑’Ë‡æ‘Ë¡¢÷Èπ ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑’Ë‡§≈◊Õ∫¥â«¬ ‘́≈‘‚§π 7 % ‚¥¬πÈ”Àπ—°

®–„Àâ§à“°“√·¬° Ÿß∑’Ë ÿ¥§◊Õ 7.32 ·≈–‡æÕ¡‘‡Õ™—πø≈—°´å§◊Õ 0.44 °°./‡¡µ√
2
 ™—Ë«‚¡ß ∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π

 “√≈–≈“¬ªÑÕπ 5 % ‚¥¬πÈ”Àπ—°  ·≈–Õÿ≥À¿Ÿ¡‘  70
o
C  ”À√—∫‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑“ß°“√§â“™π‘¥ polyvinyl alcohol

æ∫«à“‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥π’È‡À¡“– ”À√—∫°“√·¬°πÈ”ÕÕ°®“° “√≈–≈“¬‡Õ∑“πÕ≈‡¢â¡¢âπ ‚¥¬‡æÕ¡‘‡Õ™—πø≈—°´å

‡æ‘Ë¡¢÷Èπ·≈–§à“°“√·¬° ”À√—∫πÈ”≈¥≈ß  ‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢ÕßπÈ”„π “√≈–≈“¬ªÑÕπ·≈–Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ  ‡¬◊ËÕ·ºàπ

 —ß‡§√“–Àå™π‘¥π’È„Àâ§à“°“√·¬° Ÿß∑’Ë ÿ¥§◊Õ 248 ·≈–‡æÕ¡‘‡Õ™—πø≈—°´å§◊Õ 0.02 °°./‡¡µ√
2
 ™—Ë«‚¡ß ∑’Ë§«“¡‡¢â¡¢âπ¢Õß

πÈ”„π “√≈–≈“¬ªÑÕπ 5 % ‚¥¬πÈ”Àπ—° ·≈–Õÿ≥À¿Ÿ¡‘ 30
o
C

°√–∫«π°“√‡æÕ·«ªæÕ‡√™—π‡ªìπ°√–∫«π°“√
·¬° “√≈–≈“¬ºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå·∫∫‡π◊ÈÕ·πàπ ‚¥¬
°√–∫«π°“√π’È‡À¡“– ”À√—∫°“√·¬° “√≈–≈“¬º ¡´÷Ëß¡’
Õß§åª√–°Õ∫Àπ÷ËßÕ¬Ÿà„πÕ—µ√“ à«π∑’ËµË” ‚¥¬‡©æ“– “√≈–≈“¬
Õ–´‘‚Õ‚∑√ª  ‡™àπ   “√≈–≈“¬·Õ≈°ÕŒÕ≈å-πÈ”  À√◊Õ “√
Õ‘π∑√’¬å∑’Ë‡®◊Õªπ„ππÈ”∑‘Èß (Chang et al., 2004) ‡π◊ËÕß®“°
¡’¢âÕ‰¥â‡ª√’¬∫∑—Èß„π·ßà‡»√…∞»“ µ√å·≈– ‘Ëß·«¥≈âÕ¡ °≈à“«
§◊Õª√–À¬—¥æ≈—ßß“π ‰¡àµâÕß„™â “√‡§¡’®÷ß‰¡à¡’ªí≠À“°“√
ªπ‡ªóôÕπ·≈–‰¡à¡’ªí≠À“µàÕ ‘Ëß·«¥≈âÕ¡ ‡π◊ËÕß®“°πÈ”∑‘Èß®“°
°√–∫«π°“√¡’πâÕ¬¡“° (Molina et al., 2002) °√–∫«π
°“√π’È‰¡à‡æ’¬ß·µà¡’°“√»÷°…“„πÀâÕßªØ‘∫—µ‘°“√‡∑à“π—Èπ ·µà
„π™à«ß∑»«√√…∑’Ëºà“π¡“‰¥â¡’À≈“¬ª√–‡∑»∑’Ëπ”°√–∫«π

°“√π’È‰ªª√–¬ÿ°µå„™â„π√–¥—∫Õÿµ “À°√√¡·≈â«¥â«¬‡™àπ°—π
°“√·¬° “√≈–≈“¬‡Õ∑“πÕ≈-πÈ”‚¥¬°√–∫«π°“√‡æÕ·«ª
æÕ‡√™—π®÷ß¡’§«“¡ ”§—≠ ·≈–πà“®–‡ªìπ·π«∑“ß‡≈◊Õ°Àπ÷Ëß
 ”À√—∫°“√º≈‘µ‡Õ∑“πÕ≈∫√‘ ÿ∑∏å®“°™’«¡«≈ ‡æ◊ËÕ„™â‡ªìπ
‡™◊ÈÕ‡æ≈‘ßÀ√◊Õº≈‘µ¿—≥±å¬“·∑π«‘∏’°“√°≈—Ëπ∑’Ë„™âÕ¬Ÿà„π
ªí®®ÿ∫—π   ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑’Ë„™â ”À√—∫°√–∫«π°“√
‡æÕ·«ªæÕ‡√™—π “¡“√∂·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡„À≠à §◊Õ ‡¬◊ËÕ
·ºàπ —ß‡§√“–Àå·∫∫™Õ∫πÈ” (hydrophilic) ´÷Ëß‡≈◊Õ°„ÀâπÈ”
ºà“π·≈–‡¬◊ËÕ·ºàπ —ß‡§√“–Àå·∫∫‰¡à™Õ∫πÈ” (hydrophobic)

÷́Ëß®–‡≈◊Õ°„Àâ‡Õ∑“πÕ≈ºà“π¡“°°«à“πÈ”  „π°“√«‘®—¬·≈–
ª√–¬ÿ°µå„™â ”À√—∫°√–∫«π°“√π’È¡’π—°«‘®—¬À≈“¬∑à“π‡πâπ
°“√æ—≤π“‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡æ◊ËÕ„Àâ¡’∑—Èß§à“°“√·¬°·≈–
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§à“ø≈—°´å Ÿß¢÷Èπ √«¡∂÷ß»÷°…“°“√∂à“¬‡∑¡«≈‡æ◊ËÕ„Àâ‡¢â“„®
°≈‰°∑’Ë™—¥‡®π¢÷Èπ‡æ◊ËÕ‡ªìπª√–‚¬™πåµàÕ°“√π”°√–∫«π°“√
π’È‰ªª√–¬ÿ°µå„™â ‚¥¬„πß“π«‘®—¬ à«π„À≠à®–»÷°…“°“√·¬°
 “√Õ‘π∑√’¬å‡®◊Õ®“ßÕÕ°®“°πÈ” ‡™àπ ·Õ≈°ÕŒÕ≈å-πÈ” ‚¥¬
„™â‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥ silicone rubber (Seok et al.,

1987)  silicalite (Matsuda et al., 2002)  ‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå‡™‘ßª√–°Õ∫ silicone /PVDF/silicone (Chang

et al., 2004)  polydimethylsiloxane (Li et al., 2004;

Mohammadi et al., 2005)  1-trimethyl-1 propyne

(Gonzalez-Velasco et al., 2002) ·≈–»÷°…“°“√·¬°πÈ”
ÕÕ°®“° “√≈–≈“¬·Õ≈°ÕŒÕ≈å‚¥¬„™â‡¬◊ËÕ·ºàπ —ß‡§√“–Àå
™π‘¥ polyvinyl alcohol (Shaban, 1997)  ‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå‡™‘ßª√–°Õ∫ PVA/PAA (Vauclair et al.,1997)

cellulose acetate (Seok et al., 1987)  polyimide (Kim

et al., 2000)

«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È‡æ◊ËÕ»÷°…“∂÷ßª√– ‘∑∏‘¿“æ
°“√·¬° “√≈–≈“¬‡Õ∑“πÕ≈-πÈ”‚¥¬°√–∫«π°“√‡æÕ·«ª
æÕ‡√™—πºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå  2  ™π‘¥  §◊Õ  ‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå‡™‘ßª√–°Õ∫™π‘¥ silicone/polysulfone ‰¥â¡’
°“√‡µ√’¬¡„πß“π«‘®—¬π’È ´÷Ëß¡’ ¡∫—µ‘‰¡à™Õ∫πÈ” (hydro-

phobic) ·≈–Õ’°™π‘¥Àπ÷Ëß‡ªìπ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑“ß°“√
§â“™π‘¥ polyvinyl alcohol ´÷Ëß¡’ ¡∫—µ‘™Õ∫πÈ” (hydro-

philic) √«¡∂÷ß»÷°…“æ“√“¡‘‡µÕ√å∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ
°“√·¬° “√≈–≈“¬‡Õ∑“πÕ≈-πÈ”‚¥¬°√–∫«π°“√‡¬◊ËÕ·ºàπ
·∫∫‡æÕ·«ªæÕ‡√™—π ´÷Ëß‰¥â·°à Õÿ≥À¿Ÿ¡‘·≈–§«“¡‡¢â¡¢âπ
¢Õß “√≈–≈“¬ªÑÕπ

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

1. «— ¥ÿ

‡¬◊ËÕ·ºàπ —ß‡§√“–Àå·∫∫·ºàπ™π‘¥ polyvinyl

alcohol (Pervap®2211) ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 16 ́ ¡.
º≈‘µ‚¥¬∫√‘…—∑ Sulzer Chemtech    “¡“√∂„™âß“π‰¥â
Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥ 100ºC ‡Õ∑“πÕ≈‡°√¥‡™‘ß«‘‡§√“–Àå§«“¡
‡¢â¡¢âπ 99.8 % ‚¥¬πÈ”Àπ—° º≈‘µ‚¥¬∫√‘…—∑ Merck KGaA

„™â‡µ√’¬¡‡ªìπ “√≈–≈“¬¡“µ√∞“π ”À√—∫°“√«‘‡§√“–Àå “√
µ—«Õ¬à“ß‡Õ∑“πÕ≈‡°√¥∑“ß°“√§â“ º≈‘µ‚¥¬Õß§å°“√‡¿ —™-
°√√¡  ”À√—∫°“√∑¥≈Õß‡æÕ·«ªæÕ‡√™—π 2-‚æ√æ“πÕ≈

‡°√¥‡™‘ß«‘‡§√“–Àå§«“¡‡¢â¡¢âπ√âÕ¬≈– 100 ‚¥¬πÈ”Àπ—°
º≈‘µ‚¥¬∫√‘…—∑ J. T. Baker ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå·∫∫·ºàπ
™π‘¥ polysulfone   ÷́Ëß¡’§«“¡Àπ“ 170 ‰¡‚§√‡¡µ√
Molecular weight cut off (MWCO) 50,000 ·≈–¡’
¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 8.9 ´¡. º≈‘µ‚¥¬∫√‘…—∑ DSS

„™â‡ªìπ™—Èπ√Õß√—∫´‘≈‘‚§π‡°√¥´’·≈π∑å (L6301)  º≈‘µ‚¥¬
∫√‘…—∑ Sony Chemicals ‡Œ°‡´π‡°√¥‡™‘ß«‘‡§√“–Àå§«“¡
‡¢â¡¢âπ 99.0 % ‚¥¬πÈ”Àπ—°  º≈‘µ‚¥¬∫√‘…—∑ Lab Scan

ªíö¡√ÿàπ SXD1-32  º≈‘µ‚¥¬∫√‘…—∑ TACMINA   ªíö¡
 ÿ≠≠“°“»√ÿàπ  2012A  º≈‘µ‚¥¬∫√‘…—∑  ALCATEL

2. °“√‡µ√’¬¡‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡™‘ßª√–°Õ∫ silicone/

polysulfone

‡µ√’¬¡ “√≈–≈“¬´‘≈‘‚§π 3%  5% ·≈– 7% ‚¥¬
πÈ”Àπ—°„π‡Œ°‡´π ·≈–°«π “√≈–≈“¬‚¥¬„™â hot plate

stirrer  ∑’ËÕ—µ√“°“√°«π 300 √Õ∫/π“∑’  ®π°√–∑—Ëß “√
≈–≈“¬º ¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π À≈—ß®“°π—Èπ‡§≈◊Õ∫ “√≈–≈“¬
≈ß∫π·ºàπ polysulfone ÷́Ëß„™â‡ªìπ™—Èπ√Õß√—∫¥â«¬«‘∏’°“√
∑“  À≈—ß®“°π—ÈπÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 65ºC ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß
∑”°“√»÷°…“ —≥∞“π«‘∑¬“ (morphology) ¢Õß‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥
(Scanning Electron Microscope) √ÿàπ JSM-5800 LV

3. °√–∫«π°“√‡æÕ·«ªæÕ‡√™—π

°“√∑¥≈Õß‡æÕ·«ªæÕ‡√™—ππ’È„™â‡¬◊ËÕ·ºàπ —ß‡§√“–Àå
·∫∫·ºàπ ‚¥¬ “√≈–≈“¬®–∂Ÿ°ªÑÕπ‡¢â“ Ÿà¥â“πªÑÕπ·≈–‰À≈
ºà“πº‘«Àπâ“‡¬◊ËÕ·ºàπ ·ºπº—ß°“√®—¥Õÿª°√≥å· ¥ß„π Fig-

ure 1 ¡’≈—°…≥–°“√∑”ß“π¥—ßπ’È§◊Õ ªíö¡ (2) ®–¥Ÿ¥ “√
≈–≈“¬®“°∂—ßªÑÕπ (1) ºà“π‡§√◊ËÕß«—¥Õ—µ√“°“√‰À≈¢Õß
 “√≈–≈“¬ªÑÕπ  (3)  ºà“π∂—ßπÈ”√âÕπ  (4)  ‡æ◊ËÕ§«∫§ÿ¡
Õÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬ªÑÕπ ·≈â«‡¢â“ ŸàÀπà«¬¢Õß‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå  (5)  √’‡∑π‡∑∑®–‰À≈°≈—∫‡¢â“ Ÿà∂—ßªÑÕπ  ‡æÕ-
¡‘‡Õ∑„π ∂“π–‰Õ ÷́Ëßºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∂Ÿ°¥Ÿ¥¥â«¬ªíö¡
 ÿ≠≠“°“» (7) ®–∂Ÿ°§«∫·πàπ„π¿“™π–ªî¥ (cold trap)

(6) °≈“¬‡ªìπ¢Õß‡À≈«‚¥¬πÈ”·¢Áß·Àâß (dry ice) ∑’ËÕÿ≥À¿Ÿ¡‘
-78.5ºC ·≈–π”‡æÕ¡‘‡Õ∑¡“™—Ëß‚¥¬‡§√◊ËÕß™—Ëß´÷Ëß¡’§«“¡
≈–‡Õ’¬¥ 2 µ”·Àπàß ´÷Ëß„π°“√∑¥≈Õß‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑’Ë
„™â»÷°…“¡’ 2 ™π‘¥ §◊Õ ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡™‘ßª√–°Õ∫™π‘¥
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silicone/polysulfone ·≈– polyvinyl alcohol ‚¥¬·∫àß
°“√∑¥≈ÕßÕÕ°‡ªìπ 2 ¢—ÈπµÕπ¥—ßπ’È§◊Õ

¢—ÈπµÕπ∑’Ë 1 ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑’Ë„™â»÷°…“‡ªìπ‡¬◊ËÕ
·ºàπ —ß‡§√“–Àå™π‘¥  silicone/polysulfone  ‚¥¬§«“¡
‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π “√≈–≈“¬ªÑÕπ∑’Ë»÷°…“§◊Õ  5  10

20  30 ·≈– 55  % ‚¥¬πÈ”Àπ—° ´÷Ëß‡µ√’¬¡®“°‡Õ∑“πÕ≈
∑“ß°“√§â“·≈–πÈ”°≈—Ëπ ·≈–„π·µà≈–§«“¡‡¢â¡¢âπ¢Õß “√
≈–≈“¬ªÑÕπ¡’°“√·ª√º—πÕÿ≥À¿Ÿ¡‘ ‚¥¬Õÿ≥À¿Ÿ¡‘∑’Ë„™â»÷°…“
§◊Õ  30  60  ·≈–  70ºC

¢—ÈπµÕπ∑’Ë 2 ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑’Ë„™â»÷°…“‡ªìπ‡¬◊ËÕ
·ºàπ —ß‡§√“–Àå™π‘¥ polyvinyl alcohol ‚¥¬§«“¡‡¢â¡¢âπ
¢Õß‡Õ∑“πÕ≈„π “√≈–≈“¬ªÑÕπ∑’Ë»÷°…“§◊Õ 60  70  80

90 ·≈– 95 % ‚¥¬πÈ”Àπ—° ·≈–∑ÿ°§«“¡‡¢â¡¢âπ¢Õß “√
≈–≈“¬ªÑÕπ¡’°“√·ª√º—πÕÿ≥À¿Ÿ¡‘¥—ßπ’È§◊Õ  30  40  50  ·≈–
60ºC ‚¥¬„π·µà≈–°“√∑¥≈Õß®–§«∫§ÿ¡Õ—µ√“°“√‰À≈¢Õß
 “√≈–≈“¬ªÑÕπ§ß∑’Ë§◊Õ  0.1  ≈‘µ√/π“∑’  §«“¡¥—π∑“ß¥â“π
‡æÕ¡‘‡Õ∑§◊Õ 5.08-12.7 ¡¡.ª√Õ∑ √–¬–‡«≈“∑’Ë„™â„π·µà≈–
°“√∑¥≈Õß§◊Õ 90 π“∑’  ‡°Á∫µ—«Õ¬à“ß “√≈–≈“¬ªÑÕπ·≈–
√’‡∑π‡∑∑„ππ“∑’∑’Ë 75  ‡¡◊ËÕ§√∫‡«≈“µ“¡∑’Ë°”Àπ¥®÷ßπ”
‡æÕ¡‘‡Õ∑„π ∂“π–¢Õß‡À≈«¡“™—ËßπÈ”Àπ—°¥â«¬‡§√◊ËÕß™—Ëß
≈–‡Õ’¬¥ ·≈–‡¡◊ËÕ∑√“∫πÈ”Àπ—°¢Õß‡æÕ¡‘‡Õ∑°Á®– “¡“√∂
§”π«≥À“‡æÕ¡‘‡Õ™—πø≈—° ǻ‰¥â®“° ¡°“√

J =
W
At

(1)

‚¥¬∑’Ë J  §◊Õ §à“ø≈—°´å, kg m-2h-1

W  §◊Õ πÈ”Àπ—°¢Õß‡æÕ¡‘‡Õ∑, kg

A  §◊Õ æ◊Èπ∑’Ëº‘«Àπâ“¢Õß‡¬◊ËÕ·ºàπ —ß‡§√“–Àå, m2

t  §◊Õ √–¬–‡«≈“∑’Ë„™â„π°“√∑¥≈Õß, h

4. °“√«‘‡§√“–ÀåÕß§åª√–°Õ∫¢Õß “√≈–≈“¬

«‘‡§√“–ÀåÕß§åª√–°Õ∫¢Õß “√≈–≈“¬ªÑÕπ√’‡∑π‡∑∑
·≈–‡æÕ¡‘‡Õ∑¥â«¬‡§√◊ËÕß·°ä ‚§√¡“‚∑°√“øøï¢Õß∫√‘…—∑
Hewlett Packard √ÿàπ 5790A ‡§√◊ËÕßµ√«®À“ (detector)

∑’Ë„™â‡ªìπ™π‘¥ FID ∑”ß“π∑’ËÕÿ≥À¿Ÿ¡‘ 300ºC Õÿ≥À¿Ÿ¡‘µŸâÕ∫
30ºC  ·≈–Õÿ≥À¿Ÿ¡‘À—«©’¥ 250ºC  §Õ≈—¡πå∑’Ë„™â„π°“√
«‘‡§√“–Àå‡ªìπ·æä§§Õ≈—¡πå¬“« 6 øÿµ  ∫√√®ÿ¥â«¬ OV-1

Õ—µ√“°“√‰À≈¢Õß·°ä æ“ 13.46 ¡≈./π“∑’  ·≈–„™â 2-

‚æ√æ“πÕ≈‡ªìπ “√≈–≈“¬¡“µ√∞“π¿“¬„π (internal

standard) ‡¡◊ËÕ∑√“∫Õß§åª√–°Õ∫¢Õß “√≈–≈“¬ªÑÕπ·≈–
‡æÕ¡‘‡Õ∑¢Õß·µà≈–°“√∑¥≈Õß·≈â«°Á®– “¡“√∂§”π«≥À“
§à“°“√·¬°‰¥â®“° ¡°“√ (2)  ·≈– (3) ¥—ßπ’È§’Õ

-  Ÿµ√°“√§”π«≥§à“°“√·¬°¢Õß‡Õ∑“πÕ≈‡∑’¬∫
°—∫πÈ”ºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥ silicone/polysulfone

αC2H5OH /H2O =
(yC2H5OH / yH2O )permeate

(xC2H5OH / xH2O ) feed
(2)

-  Ÿµ√°“√§”π«≥§à“°“√·¬°¢ÕßπÈ”‡∑’¬∫°—∫
‡Õ∑“πÕ≈ºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥ polyvinyl alcohol

Figure 1. Schematic diagram of the pervaporation apparatus: (1) Feed tank, (2) Feed pump,

(3) Rota meter, (4) Heater, (5) Membrane cell, (6) Cold traps, (7) Vacuum pump
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αH2O/C2H5OH =
(yH2O / yC2H5OH )permeate

(xH2O / xC2H5OH ) feed
(3)

‚¥¬∑’Ë αC2H5OH /H2O §◊Õ §à“°“√·¬° (separation factor)

¢Õß‡Õ∑“πÕ≈‡∑’¬∫°—∫πÈ”
αH2O/C2H5OH §◊Õ §à“°“√·¬° (separation factor)

¢ÕßπÈ”‡∑’¬∫°—∫‡Õ∑“πÕ≈
yC2H5OH , yH2O §◊Õ ‡»… à«π‡™‘ß¡«≈¢Õß‡Õ∑“πÕ≈

·≈–πÈ”„π‡æÕ¡‘‡Õ∑ µ“¡≈”¥—∫
xC2H5OH , xH2O §◊Õ ‡»… à«π‡™‘ß¡«≈¢Õß‡Õ∑“πÕ≈

·≈–πÈ”„π “√≈–≈“¬ªÑÕπ µ“¡
≈”¥—∫

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1. Õ‘‡≈Á°µ√Õπ‰¡‚§√°√“ø¢Õß‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡™‘ß

ª√–°Õ∫™π‘¥ silicone/polysulfone

 —≥∞“π«‘∑¬“¢Õß‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡™‘ßª√–°Õ∫
™π‘¥ silicone/polysulfone ∑’Ë„™â„π°“√∑¥≈Õß· ¥ß¥—ß

Figure 2 ´÷Ëß®–‡ÀÁπ‰¥â«à“º‘«™—Èπ∫π‡ªìπ‡¬◊ËÕ·ºàπ ´‘≈‘‚§π
™π‘¥∑÷∫·≈–¡’æÕ≈‘´—≈‚øπ‡ªìπ‡¬◊ËÕ·ºàπ™—Èπ√Õß√—∫™π‘¥æ√ÿπ
·≈–®“° Figure 2 (b)-(d) æ∫«à“‡¬◊ËÕ·ºàπ‡™‘ßª√–°Õ∫∑’Ë
‡§≈◊Õ∫¥â«¬ ‘́≈‘‚§π®–¡’§«“¡Àπ“¢Õß™—Èπº‘«Àπâ“ ÷́Ëß∑÷∫Àπ“
¡“°¢÷Èπ‡¡◊ËÕ„™âª√‘¡“≥√âÕ¬≈–¢Õß´‘≈‘‚§π„π “√‡§≈◊Õ∫ Ÿß¢÷Èπ
¥—ß· ¥ß„π Table 1

2. °√–∫«π°“√‡æÕ·«ªæÕ‡√™—π¢Õß “√≈–≈“¬‡Õ∑“πÕ≈

- πÈ”ºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥silicone/polysulfone

2.1 º≈¢Õßª√‘¡“≥´‘≈‘‚§π∑’Ë‡§≈◊Õ∫∫πæÕ≈‘´—≈-

‚øπ

º≈¢Õßª√‘¡“≥´‘≈‘‚§π∑’Ë‡§≈◊Õ∫∫πæÕ≈‘́ —≈‚øπ
µàÕ‡æÕ¡‘‡Õ™—πø≈—° ǻ·≈–§à“°“√·¬°¢Õß‡Õ∑“πÕ≈‡∑’¬∫
°—∫πÈ” ∑’ËÕÿ≥À¿Ÿ¡‘ 70ºC ∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π
 “√≈–≈“¬ªÑÕπ  10  20  30  ·≈–  55 %‚¥¬πÈ”Àπ—°  ¥—ß
· ¥ß„π Figure 3 ·≈– Figure 4 æ∫«à“æÕ≈‘´—≈‚øπ∑’Ë
‡§≈◊Õ∫¥â«¬ ‘́≈‘‚§π 3 % ‚¥¬πÈ”Àπ—°„Àâ§à“‡æÕ¡‘‡Õ™—πø≈—° ǻ
 Ÿß∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ 5% ·≈– 7% ‚¥¬πÈ”Àπ—°¢Õß´‘≈‘‚§π
µ“¡≈”¥—∫ ‡π◊ËÕß®“°§«“¡Àπ“¢Õß‡¬◊ËÕ·ºàπ —ß‡§√“–Àå¢÷Èπ

Figure 2. SEM micrographs of the composite silicone/polysulfone membrane: (a) top  surface;

(b) cross-section, coated  with 3 wt% silicone; (c)  cross-section, coated  with 5 wt%

silicone; (d)  cross-section, coated  with 7 wt% silicone
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Õ¬Ÿà°—∫ª√‘¡“≥¢Õß´‘≈‘‚§π∑’Ë„™â‡§≈◊Õ∫¥—ß· ¥ß„π Table 1

°≈à“«§◊Õ ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑’Ë‡§≈◊Õ∫¥â«¬ª√‘¡“≥ ‘́≈‘‚§π
 Ÿß¢÷Èπ®–¡’§«“¡Àπ“‡æ‘Ë¡¢÷Èπ ´÷Ëß‡æÕ¡‘‡Õ™—πø≈—°´å®–·ª√
º°º—π°—∫§«“¡Àπ“¢Õß‡¬◊ËÕ·ºàπ —ß‡§√“–Àå ¥—ß· ¥ß„π
 ¡°“√ (4)

Ji =
Pi∆P

l
(4)

‚¥¬∑’Ë Ji §◊Õ §à“ø≈—° ǻ, kg m-2h-1

l §◊Õ §«“¡Àπ“¢Õß‡¬◊ËÕ·ºàπ —ß‡§√“–Àå, m
Pi §◊Õ  ¿“æ°“√´÷¡ºà“π “√¢Õß‡¬◊ËÕ·ºàπ

 —ß‡§√“–Àå (permeability), kg.m.m-2Pa-1h-1

∆P §◊Õ º≈µà“ß¢Õß§«“¡¥—π, Pa

®– “¡“√∂Õ∏‘∫“¬‰¥â«à“‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑’Ë‡§≈◊Õ∫
¥â«¬ª√‘¡“≥ ‘́≈‘‚§ππâÕ¬°«à“ (∫“ß°«à“) ®–¡’§«“¡µâ“π∑“π
¢Õß‡¬◊ËÕ·ºàπ —ß‡§√“–ÀåπâÕ¬°«à“ ®÷ß àßº≈∑”„Àâ§à“‡æÕ¡‘‡Õ-

™—πø≈—° ǻ Ÿß°«à“‡¬◊ËÕ·ºàπ∑’Ë‡§≈◊Õ∫¥â«¬ª√‘¡“≥ ‘́≈‘‚§π¡“°
°«à“ (¡’§«“¡Àπ“¡“°°«à“) ·µà§à“°“√·¬°¢Õß‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå≈¥≈ß‡≈Á°πâÕ¬ ´÷Ëß “¡“√∂Õ∏‘∫“¬¥â«¬°≈‰°°“√
≈–≈“¬·≈–°“√·æ√à °≈à“«§◊Õ ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥π’È¡’
 ¡∫—µ‘§«“¡‰¡à™Õ∫πÈ” ÷́Ëß®–‡≈◊Õ°„Àâ‡Õ∑“πÕ≈ºà“π¡“°°«à“
πÈ”  ‡¡◊ËÕ§«“¡Àπ“¢Õß™—Èπ´‘≈‘‚§π Ÿß¢÷Èπ∑”„Àâ‡ âπ∑“ß°“√
·æ√à¢Õß “√∑’Ë “¡“√∂ºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‰¥â¬“«π“π
¢÷Èπ  àßº≈∑”„Àâ‡ªÕ√å‡´πµå¢Õß‡Õ∑“πÕ≈„π “√≈–≈“¬∑’Ë·æ√à
ºà“π Ÿß¢÷Èπ ‡π◊ËÕß®“°´‘≈‘‚§π¡’ ¡∫—µ‘‡≈◊Õ°„Àâ “√Õ‘π∑√’¬å
ºà“π‰¥â¡“°°«à“πÈ”  ¥—ß· ¥ß„π Figure 4

2.2 º≈¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬ªÑÕπ

º≈¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬ªÑÕπµàÕ§à“
‡æÕ¡‘‡Õ™—πø≈—° ǻ·≈–§«“¡ “¡“√∂„π°“√‡≈◊Õ°ºà“π¢Õß
 “√≈–≈“¬‡Õ∑“πÕ≈-πÈ” ºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡™‘ß
ª√–°Õ∫™π‘¥ 3 % ‚¥¬πÈ”Àπ—°¢Õß silicone/polysulfone

¥—ß· ¥ß„π Figure 5 ·≈– Figure 6 ∑’Ë§«“¡‡¢â¡¢âπ¢Õß

Table 1. Thickness of silicone layers on silicone/polysulfone composite

membranes coated with 3, 5, and 7 wt% silicone solutions.

Thickness of polysulfone support Silicone content Thickness by SEM

(µµµµµm) (wt %) (µµµµµm)

170 3 85±4
170 5 133±2
173 7 156±5

Figure 3. Total permeation flux and silicone

content  at  10,  20,  30  and  55  wt%

ethanol feed concentrations and feed

temperature of 70ºC.

Figure 4. Separation factor and silicone content

at 10, 20, 30 and 55 wt% ethanol feed

concentrations and feed temperature

of 70ºC.
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‡Õ∑“πÕ≈„π “√≈–≈“¬ªÑÕπ  10  20  30  ·≈–  55 %‚¥¬
πÈ”Àπ—° æ∫«à“‡æÕ¡‘‡Õ™—πø≈—°´å®– Ÿß¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢Õß
 “√≈–≈“¬ªÑÕπ‡æ‘Ë¡¢÷Èπ„π∑ÿ°§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬
ªÑÕπ  ‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘®–™à«¬‡æ‘Ë¡ —¡ª√– ‘∑∏‘Ï°“√·æ√à
√–À«à“ßº‘«¢Õß‡¬◊ËÕ·ºàπ —ß‡§√“–Àå°—∫ “√≈–≈“¬∑’ËµâÕß°“√
·¬°·≈–Õÿ≥À¿Ÿ¡‘ “¡“√∂‡æ‘Ë¡§«“¡ “¡“√∂„π°“√‡§≈◊ËÕπ
‰À«¢Õß “¬‚´àæÕ≈‘‡¡Õ√å¿“¬„π‡¬◊ËÕ·ºàπ ∑”„Àâ‡¬◊ËÕ·ºàπ¡’
™àÕß«à“ß‡æ‘Ë¡¢÷Èπ   àßº≈∑”„Àâ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå “¡“√∂
¥Ÿ¥´—∫ “√∑’ËµâÕß°“√·¬°‰¥â¡“°¢÷Èπ·≈–∑”„Àâ “√ “¡“√∂
·æ√àºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‰¥â‡√Á«¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ
´÷Ëß Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß ”À√—∫°“√·¬° “√≈–≈“¬
‡Õ∑“πÕ≈-πÈ”¥â«¬‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥ PDMS (Li et

al., 2004)  ·≈–  1060 Sulzer (Molina et al., 2002)

°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“°“√·¬°¢Õß‡Õ∑“πÕ≈‡∑’¬∫°—∫πÈ”‡¡◊ËÕ
Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ”À√—∫‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥´‘≈‘‚§π‡°‘¥
®“°°“√∑’Ë‡Õ∑“πÕ≈√–‡À¬‰¥â¡“°°«à“πÈ” ¥—ßπ—Èπø≈—°´å¢Õß
‡Õ∑“πÕ≈®÷ß Ÿß¢÷Èπ¥â«¬Õ—µ√“∑’Ë Ÿß°«à“ø≈—°´å¢ÕßπÈ”·≈–
∑”„Àâ§à“°“√·¬°¢Õß‡Õ∑“πÕ≈ Ÿß¢÷Èπ

2.3 º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ªÑÕπ

º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ªÑÕπµàÕ
‡æÕ¡‘‡Õ™—πø≈—° ǻ·≈–§à“°“√·¬°¢Õß‡Õ∑“πÕ≈‡∑’¬∫°—∫πÈ”
∑’ËÕÿ≥À¿Ÿ¡‘ 70ºC  ºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥  3  5  ·≈–

7  % ‚¥¬πÈ”Àπ—°¢Õß  silicone/polysulfone  ¥—ß· ¥ß„π
Figure 7 ·≈– Figure 8 æ∫«à“§à“‡æÕ¡‘‡Õ™—πø≈—°´å Ÿß¢÷Èπ
‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π “√≈–≈“¬ªÑÕπ‡æ‘Ë¡¢÷Èπ
·µà§à“°“√·¬°≈¥≈ß ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß ”À√—∫
°“√·¬° “√≈–≈“¬‡Õ∑“πÕ≈-πÈ”¥â«¬‡¬◊ËÕ·ºàπ —ß‡§√“–Àå
‡™‘ßª√–°Õ∫™π‘¥ PDMS (Chang et al., 2004) ‡π◊ËÕß®“°
§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π “√≈–≈“¬ªÑÕπ Ÿß ∑”„Àâ§à“
·Õ§µ‘«‘µ’¢Õß‡Õ∑“πÕ≈°Á‡æ‘Ë¡¢÷Èπ¥â«¬ ∑”„Àâ‡°‘¥Õ—πµ√°√‘¬“
(interaction) √–À«à“ß‚¡‡≈°ÿ≈¢Õß‡Õ∑“πÕ≈°—∫‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå  àßº≈∑”„Àâ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå¥Ÿ¥ —́∫‚¡‡≈°ÿ≈
¢Õß‡Õ∑“πÕ≈‰¥â¡“°  ®÷ß‡°‘¥°“√∫«¡µ—«¢Õß‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå¢÷Èπ ·≈–‡π◊ËÕß®“°§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π
‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡æ‘Ë¡¢÷Èπ ®÷ß∑”„Àâ —¡ª√– ‘∑∏‘Ï°“√·æ√à
¢Õß‡Õ∑“πÕ≈„π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡æ‘Ë¡¢÷Èπµ“¡‰ª¥â«¬
 àßº≈∑”„Àâ‡æÕ¡‘‡Õ™—πø≈—°´å Ÿß¢÷Èπ ·≈–º≈®“°°“√∫«¡µ—«
¢Õß‡¬◊ËÕ·ºàπ —ß‡§√“–Àå®÷ß∑”„ÀâπÈ” ÷́Ëß¡’¢π“¥‚¡‡≈°ÿ≈‡≈Á°
°«à“‡Õ∑“πÕ≈ “¡“√∂·æ√àºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‰¥âßà“¬
¢÷Èπ¥â«¬  ®÷ß‡ªìπ‡Àµÿº≈„Àâ§à“°“√·¬°¢Õß‡¬◊ËÕ·ºàπµàÕ
‡Õ∑“πÕ≈„π “√≈–≈“¬≈¥≈ß

§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π‡æÕ¡‘‡Õ∑‡ªìπ
øíß°å™—π°—∫§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π “√≈–≈“¬ªÑÕπ
¥—ß· ¥ß„π Figure 9 ´÷Ëß®–‡ÀÁπ‰¥â«à“‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß

Figure 5. Total permeation flux and temperature

for pervaporation of 10, 20, 30 and

55  wt %ethanol  feed  concentrations

through a 3 wt% silicone/polysulfone

membrane.

Figure 6. Separation factor and temperature for

pervaporation of 10, 20, 30 and 55 wt%

ethanol feed concentrations through a

3 wt% silicone/polysulfone membrane.
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Figure 7. Total permeation flux and ethanol feed

concentration at 70ºC through 3, 5 and

7 wt% silicone/polysulfone membranes

Figure 8. Separation factor and ethanol feed

concentration at 70ºC through 3, 5 and

7 wt% silicone/polysulfone membranes

Figure 9. Ethanol in the permeate and ethanol in the feed at 70ºC through 3, 5 and 7 wt%

silicone/polysulfone membranes

‡Õ∑“πÕ≈„π “√≈–≈“¬ªÑÕπ Ÿß¢÷Èπ  §«“¡‡¢â¡¢âπ¢Õß
‡Õ∑“πÕ≈„π‡æÕ¡‘‡Õ∑®– Ÿß¢÷Èπ¥â«¬ (∫√‘ ÿ∑∏‘Ï¡“°¢÷Èπ) „π
∑ÿ°§«“¡‡¢â¡¢âπ∑’Ë∑”°“√»÷°…“ ·≈–‡¡◊ËÕæ‘®“√≥“§«“¡™—π
®“°°√“ø Figure 9 ®–æ∫«à“§«“¡™—π¢Õß°√“ø®–‡æ‘Ë¡
¢÷ÈπÕ¬à“ß√«¥‡√Á«„π™à«ß§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π “√
≈–≈“¬ªÑÕπµË”Ê ( “√≈–≈“¬‡Õ∑“πÕ≈‡®◊Õ®“ß) ·≈–§«“¡
™—π¢Õß°√“ø®–§àÕ¬Ê ≈¥≈ß‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈
„π “√≈–≈“¬ªÑÕπ Ÿß¢÷Èπ · ¥ß„Àâ‡ÀÁπ«à“‡¬◊ËÕ·ºàπ —ß‡§√“–Àå

™π‘¥π’È‡À¡“– ”À√—∫°“√·¬°‡Õ∑“πÕ≈ÕÕ°®“° “√≈–≈“¬
‡Õ∑“πÕ≈‡®◊Õ®“ß (Seok et al., 1987)

3. °√–∫«π°“√‡æÕ·«ªæÕ‡√™—π¢Õß “√≈–≈“¬‡Õ∑“πÕ≈

- πÈ”ºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥ polyvinyl alcohol

3.1 º≈¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬ªÑÕπ

º≈¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬ªÑÕπµàÕ‡æÕ¡‘-
‡Õ™—πø≈—° ǻ·≈–§«“¡ “¡“√∂„π°“√‡≈◊Õ°ºà“π¢ÕßπÈ” ºà“π
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Figure10. Total permeation flux and temperature

for pervaporation of 5, 10, 20, 30 and

40 wt% water feed concentrations

through a polyvinyl alcohol membrane.

Figure 11. Separation factor and temperature for

pervaporation of 5, 10, 20, 30 and 40

wt% water feed concentrations through

a polyvinyl alcohol membrane.

Figure 12. Total permeation flux and water feed

concentrations at 30, 40, 50, 60ºC

through a  polyvinyl alcohol membrane.

Figure 13. Separation factor and water feed con-

centrations at 30, 40, 50, 60ºC through

a polyvinyl alcohol membrane.

‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥ polyvinyl alcohol  ¥—ß· ¥ß„π
Figure 10 ·≈– Figure 11 ∑’Ë§«“¡‡¢â¡¢âπ¢ÕßπÈ”„π “√
≈–≈“¬ªÑÕπ 5  10  20  30  ·≈– 40 %‚¥¬πÈ”Àπ—° æ∫«à“
‡æÕ¡‘‡Õ™—πø≈—°´å®– Ÿß¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬ªÑÕπ
‡æ‘Ë¡¢÷Èπ„π∑ÿ°§«“¡‡¢â¡¢âπ¢ÕßπÈ”„π “√≈–≈“¬ªÑÕπ ·µà§à“
°“√·¬° ”À√—∫πÈ”≈¥≈ß ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß
 ”À√—∫°“√·¬° “√≈–≈“¬‡Õ∑“πÕ≈-πÈ”¥â«¬‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå™π‘¥ CS/HEC (Jiraratananon et al., 2002)

·≈– PVA-PAA (Vauclair et al., 1997) °“√‡æ‘Ë¡¢÷Èπ¢Õß
‡æÕ¡‘‡Õ™—πø≈—°´å‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ “¡“√∂Õ∏‘∫“¬‰¥â‡™àπ
‡¥’¬«°—∫‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥ silicone/polysulfone

·≈–‰¥â¡’°“√°≈à“«¡“°àÕπÀπâ“π’È·≈â« ·≈–®“°°“√∑’ËÕÿ≥À¿Ÿ¡‘
 “¡“√∂‡æ‘Ë¡§«“¡ “¡“√∂„π°“√‡§≈◊ËÕπ‰À«¢Õß “¬‚´à
æÕ≈‘‡¡Õ√å¿“¬„π‡¬◊ËÕ·ºàπ ∑”„Àâ‡¬◊ËÕ·ºàπ¡’™àÕß«à“ß (plastic-

izing effect)  àßº≈∑”„Àâ‡Õ∑“πÕ≈„π “√≈–≈“¬ “¡“√∂
·æ√àºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‰¥âßà“¬¢÷Èπ¥â«¬ ®÷ß‡ªìπ‡Àµÿº≈
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„Àâ§à“°“√·¬°µàÕπÈ”¢Õß‡¬◊ËÕ·ºàπ≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ
3.2 º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ªÑÕπ

º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ªÑÕπµàÕ
‡æÕ¡‘‡Õ™—πø≈—° ǻ·≈–§à“°“√·¬°¢ÕßπÈ”‡∑’¬∫°—∫‡Õ∑“πÕ≈
∑’ËÕÿ≥À¿Ÿ¡‘ 30  40  50 ·≈– 60ºC ºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå
™π‘¥ polyvinyl alcohol  ¥—ß· ¥ß„π Figure 12 ·≈–
Figure 13  æ∫«à“‡¡◊ËÕ§«“¡‡¢â¡¢âππÈ”„π “√≈–≈“¬ªÑÕπ
 Ÿß¢÷Èπ‡æÕ¡‘‡Õ™—πø≈—°´å®– Ÿß¢÷Èπ·µà§à“°“√·¬°≈¥≈ß ´÷Ëß
 Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß ”À√—∫°“√·¬° “√≈–≈“¬
‡Õ∑“πÕ≈-πÈ”¥â«¬‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡™‘ßª√–°Õ∫™π‘¥
PVA/PAN (Baelen et al., 2005)  ‡π◊ËÕß®“°‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå™π‘¥π’È¡’§«“¡™Õ∫πÈ”  ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå®–
‡≈◊Õ°„ÀâπÈ”ºà“π¡“°°«à“‡Õ∑“πÕ≈ ‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß
πÈ”„π “√≈–≈“¬ªÑÕπ Ÿß§à“·Õ§µ‘«‘µ’¢ÕßπÈ”°Á‡æ‘Ë¡¢÷Èπ¥â«¬
 àßº≈∑”„Àâ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå¥Ÿ¥´—∫‚¡‡≈°ÿ≈¢ÕßπÈ”‰¥â¡“°
®÷ß∑”„Àâ —¡ª√– ‘∑∏å°“√·æ√à¢ÕßπÈ”„π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå
‡æ‘Ë¡¢÷Èπµ“¡‰ª¥â«¬ ∑”„Àâ§à“ø≈—°´å¢ÕßπÈ” Ÿß¢÷Èπ·≈–‡¡◊ËÕ
§«“¡‡¢â¡¢âπ¢ÕßπÈ”„π “√≈–≈“¬ Ÿß¢÷Èπ®–∑”„Àâ‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå‡°‘¥°“√∫«¡µ—«¢÷Èπ ·≈–‚¡‡≈°ÿ≈¢ÕßπÈ” “¡“√∂
‡°‘¥°“√§Ÿà§«∫ (coupling effect) °—∫‡Õ∑“πÕ≈¥â«¬æ—π∏–
‰Œ‚¥√‡®π°Á®–æ“‚¡‡≈°ÿ≈¢Õß‡Õ∑“πÕ≈„Àâºà“π‡¬◊ËÕ·ºàπ
 —ß‡§√“–Àå‰¥â‡æ‘Ë¡¢÷Èπ¥â«¬ ®÷ß àßº≈∑”„Àâ§à“°“√·¬°¡’§à“
≈¥≈ß

 √ÿªº≈°“√∑¥≈Õß

ß“π«‘®—¬π’È‰¥â∑”°“√‡µ√’¬¡‡¬◊ËÕ·ºàπ —ß‡§√“–Àå‡™‘ß
ª√–°Õ∫™π‘¥ silicone/polysulfone ´÷Ëß¡’ polysulfone

‡ªìπ™—Èπ√Õß√—∫ ‡æ◊ËÕπ”¡“„™â·¬° “√≈–≈“¬‡Õ∑“πÕ≈ÕÕ°
®“°πÈ”‚¥¬«‘∏’‡æÕ·«ªæÕ‡√™—π ´÷Ëß¡’°“√·ª√º—πª√‘¡“≥
¢Õß´‘≈‘‚§π∑’Ë„™â‡§≈◊Õ∫≈ß∫πæÕ≈‘´—≈‚øπ™—Èπ√Õß√—∫ ·≈–
»÷°…“æ“√“¡‘‡µÕ√å∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√·¬°‡Õ∑“πÕ≈
ÕÕ°®“°πÈ”‚¥¬°√–∫«π°“√‡æÕ·«ªæÕ‡√™—π æ∫«à“‡¬◊ËÕ
·ºàπ —ß‡§√“–Àå‡™‘ßª√–°Õ∫∑’Ë‡§≈◊Õ∫¥â«¬´‘≈‘‚§π 3 % ‚¥¬
πÈ”Àπ—° „Àâ‡æÕ¡‘‡Õ™—πø≈—°´å Ÿß∑’Ë ÿ¥ ·µà§à“°“√·¬° ”À√—∫
‡Õ∑“πÕ≈¡’§à“≈¥≈ß‡≈Á°πâÕ¬ ·≈–æ∫«à“‡¬◊ËÕ·ºàπ —ß‡§√“–Àå
‡™‘ßª√–°Õ∫™π‘¥π’È‡À¡“– ”À√—∫°“√·¬°‡Õ∑“πÕ≈ÕÕ°
®“° “√≈–≈“¬‡Õ∑“πÕ≈‡®◊Õ®“ß  ‚¥¬∑—Èß§à“°“√·¬°¢Õß

‡Õ∑“πÕ≈·≈–‡æÕ¡‘‡Õ™—πø≈—°´å®– Ÿß¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘¢Õß
 “√≈–≈“¬ªÑÕπ∑’Ë‡æ‘Ë¡¢÷Èπ ‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑’Ë‡§≈◊Õ∫¥â«¬
´‘≈‘‚§π 7 % ‚¥¬πÈ”Àπ—°„Àâ§à“°“√·¬° Ÿß∑’Ë ÿ¥§◊Õ 7.32 ·≈–
§à“‡æÕ¡‘‡Õ™—πø≈—° ǻ§◊Õ 0.44 °°./‡¡µ√2™—Ë«‚¡ß ∑’Ë§«“¡
‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π “√≈–≈“¬ªÑÕπ 5 %‚¥¬πÈ”Àπ—°
·≈–Õÿ≥À¿Ÿ¡‘ 70ºC   ”À√—∫‡¬◊ËÕ·ºàπ —ß‡§√“–Àå∑“ß°“√§â“
™π‘¥ polyvinyl alcohol ‰¥â∂Ÿ°π”¡“»÷°…“∂÷ßæ“√“¡‘‡µÕ√å
∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ°“√·¬° “√≈–≈“¬‡Õ∑“πÕ≈-πÈ”
¥â«¬‡™àπ°—π æ∫«à“‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥π’È‡À¡“– ”À√—∫
°“√·¬°πÈ”ÕÕ°®“° “√≈–≈“¬‡Õ∑“πÕ≈‡¢â¡¢âπ §à“‡æÕ¡‘-
‡Õ™—πø≈—°´å‡æ‘Ë¡¢÷Èπ·≈–§à“°“√·¬° ”À√—∫πÈ”≈¥≈ß‡¡◊ËÕ
§«“¡‡¢â¡¢âπ¢ÕßπÈ”„π “√≈–≈“¬ªÑÕπ·≈–Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ
‡¬◊ËÕ·ºàπ —ß‡§√“–Àå™π‘¥π’È®–„Àâ§à“°“√·¬° Ÿß∑’Ë ÿ¥§◊Õ 248

·≈–§à“‡æÕ¡‘‡Õ™—πø≈—°´å§◊Õ 0.02 °°./‡¡µ√2™—Ë«‚¡ß  ∑’Ë
§«“¡‡¢â¡¢âπ¢ÕßπÈ”„π “√≈–≈“¬ªÑÕπ 5 %‚¥¬πÈ”Àπ—°
·≈–Õÿ≥À¿Ÿ¡‘ 30ºC
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