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Direct Methanol Fuel Cell, DMFC is a kind of fuel cell using methanol as a fuel for electric produc-

ing. Methanol is low cost chemical substance and it is less harmful than that of hydrogen fuel. From these

reasons it can be commercial product. The electrocatalytic reaction of methanol fuel uses Pt-Ru metals as

the most efficient catalyst. In addition, the property of membrane and system designation are also effect to

the fuel cell efficient. Because of low power of methanol fuel cell therefore, direct methanol fuel cell is proper

to use for the energy source of small electrical devices and vehicles etc.
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‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈

«.  ß¢≈“π§√‘π∑√å «∑∑. 2546 25(5) : 673-684

‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈ (Direct Methanol Fuel Cell, DMFC) ‡ªìπ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß™π‘¥Àπ÷Ëß∑’Ë„™â‡¡∑“πÕ≈

‡ªìπ‡™◊ÈÕ‡æ≈‘ß„π°“√º≈‘µ°√–· ‰øøÑ“   ‡¡∑“πÕ≈‡ªìπ “√‡§¡’∑’Ë¡’µâπ∑ÿπ„π°“√º≈‘µµË”·≈–‡ªìπÕ—πµ√“¬πâÕ¬°«à“

‡™◊ÈÕ‡æ≈‘ß‰Œ‚¥√‡®π∑”„Àâ “¡“√∂º≈‘µÕÕ°¡“„π‡™‘ßæ“≥‘™¬å‰¥â ‚¥¬‚≈À–·æ≈∑‘π—¡-√Ÿ∑’‡π’¬¡ (Pt-Ru) ‡ªìπµ—«‡√àß„π

ªØ‘°‘√‘¬“°“√‡√àß∑“ß‰øøÑ“‡§¡’¢Õß‡¡∑“πÕ≈∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“°∑’Ë ÿ¥ πÕ°®“°π’È·≈â«§ÿ≥ ¡∫—µ‘¢Õß·ºàπ‡¬◊ËÕ∫“ß·≈–

°“√ÕÕ°·∫∫√–∫∫°Á¡’º≈µàÕª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ßÕ’°¥â«¬ ‡π◊ËÕß®“°‡´≈≈å‡™◊ÈÕ‡æ≈‘ß™π‘¥π’È¡’°”≈—ß‰¡à Ÿß¡“°

¥—ßπ—Èπ®÷ß‡À¡“–∑’Ë®–„™â‡´≈≈å‡™◊ÈÕ‡æ≈‘ß¥—ß°≈à“«‡ªìπ·À≈àßæ≈—ßß“π·°àÕÿª°√≥å‰øøÑ“¢π“¥‡≈Á°·≈–„π¬“π¬πµå ‡ªìπµâπ

æ≈—ßß“π‡ªìπ ‘Ëß®”‡ªìπµàÕ°“√æ—≤π“«‘∑¬“»“ µ√å
·≈–‡∑§‚π‚≈¬’¢Õßª√–‡∑»‡ªìπÕ¬à“ß¡“° µ≈Õ¥®π¬—ß™à«¬
¬°√–¥—∫™’«‘µ§«“¡‡ªìπÕ¬Ÿà¢Õß§π„π —ß§¡ ∑”„Àâ‡°‘¥°“√
· «ßÀ“·À≈àßæ≈—ßß“π‡æ◊ËÕ„Àâ¡’æ≈—ßß“π‡æ’¬ßæÕ·°à§«“¡
µâÕß°“√∑’Ë‡æ‘Ë¡¡“°¢÷Èπµ“¡°“√¢¬“¬µ—«¢Õß —ß§¡„πªí®®ÿ∫—π
·À≈àßæ≈—ßß“πøÕ  ‘́ ‡ªìπ·À≈àßæ≈—ßß“πÀ≈—°∑’Ë¡πÿ…¬å√Ÿâ®—°¥’
·≈–∂Ÿ°π”¡“„™âß“π‡ªìπ√–¬–π“π·≈â«   ·À≈àßæ≈—ßß“π
¥—ß°≈à“«π—∫«—π®–¡’ª√‘¡“≥≈¥≈ß·≈–°”≈—ßÀ¡¥‰ª„πÕπ“§µ
πÕ°®“°π’È°“√π”‡™◊ÈÕ‡æ≈‘ß®“°·À≈àßæ≈—ßß“π¥—ß°≈à“«¡“„™â
ß“π¬—ß°àÕ„Àâ‡°‘¥ªí≠À“∑“ß¥â“π¡≈æ‘…‡ªìπÕ¬à“ß¡“° ¥—ßπ—Èπ
π“π“ª√–‡∑»®÷ßÀ—π¡“„Àâ§«“¡ π„®„π°“√· «ßÀ“·À≈àß
æ≈—ßß“π·À≈àßÕ◊Ëπ·≈–æ—≤π“‡∑§‚π‚≈¬’„À¡àÊ ‡æ◊ËÕ≈¥À√◊Õ
∑¥·∑π°“√„™â∑√—æ¬“°√®“°·À≈àßæ≈—ßß“πøÕ  ‘́ ·≈–
‰¡à°àÕ„Àâ‡°‘¥ªí≠À“ ‘Ëß·«¥≈âÕ¡ ‚¥¬‡´≈≈å‡™◊ÈÕ‡æ≈‘ß (Fuel

Cell) ®—¥‡ªìπ‡∑§‚π‚≈¬’ –Õ“¥Õ—πÀπ÷Ëß∑’Ëª√–‡∑»„π°≈ÿà¡
æ—≤π“·≈â«„Àâ§«“¡ π„®‡ªìπÕ¬à“ß¡“°  ‡π◊ËÕß®“°°“√„™â
ß“π‰¡à¢÷Èπ°—∫‡«≈“  ∂“π∑’Ë ·≈–ƒ¥Ÿ°“≈ ‡À¡◊Õπ°—∫æ≈—ßß“π
∑¥·∑π·À≈àßÕ◊ËπÊ

‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡ªìπ‡´≈≈å°—≈«“π‘°∑’Ë “¡“√∂‡ª≈’Ë¬π
æ≈—ßß“π‡§¡’„π‡™◊ÈÕ‡æ≈‘ß„Àâ°≈“¬‡ªìπæ≈—ßß“π‰øøÑ“‰¥â‚¥¬
µ√ß‚¥¬Õ“»—¬°√–∫«π°“√∑“ß‰øøÑ“‡§¡’ (Angus, 1976)

‡´≈≈å‡™◊ÈÕ‡æ≈‘ßÕ—π·√°¢Õß‚≈°‡ªìπ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß
·Õ≈§“‰≈πå (alkaline fuel cell) ∑’Ë„™â‰Œ‚¥√‡®π‡ªìπ
‡™◊ÈÕ‡æ≈‘ß·≈–ÕÕ°´‘‡®π‡ªìπµ—«ÕÕ°´‘‰¥ å´÷Ëß∂Ÿ°§âπæ∫‚¥¬
William Grove „πªï §.».1839 µàÕ¡“„π™à«ßªï §.».1960

Õß§å°“√∫√‘À“√Õ«°“»·≈–°“√∫‘π·Ààß À√—∞œ (π“´“) ‰¥â

∑”°“√æ—≤π“‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡æ◊ËÕ„™â‡ªìπ·À≈àßæ≈—ßß“π·°à
¬“π ”√«®Õ«°“»„π‚§√ß°“√Õ«°“»®‘¡¡‘π’·≈–Õ—≈æÕ‚≈
(Chan et al., 1999)  À≈—ß®“°π—Èπ¡’π—°«‘∑¬“»“ µ√å·≈–
«‘»«°√®”π«π¡“°„Àâ§«“¡ π„®„π°“√æ—≤π“‡´≈≈å‡™◊ÈÕ‡æ≈‘ß
‡æ◊ËÕ„Àâ “¡“√∂º≈‘µÕÕ°¡“„π‡™‘ßæ“≥‘™¬å‰¥â

ªí®®ÿ∫—π‡´≈≈å‡™◊ÈÕ‡æ≈‘ß “¡“√∂·∫àß‡ªìπ 6 ™π‘¥À≈—°Ê
‰¥â·°à ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß·Õ≈§“‰≈πå (alkaline fuel cell, AFC)

‡´≈≈å‡™◊ÈÕ‡æ≈‘ß°√¥øÕ øÕ√‘° (phosphoric acid fuel cell,

PAFC)  ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß§“√å∫Õ‡πµÀ≈Õ¡‡À≈« (molten

carbonate fuel cell, MCFC)  ‡´≈≈å‡™◊ÈÕ‡æ≈‘ßæÕ≈‘‡¡Õ√å
¢Õß·¢Áß (solid polymer fuel cell, SPFC) ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß
‚≈À–ÕÕ°‰´¥å (solid oxide fuel cell, SOFC) ·≈–‡´≈≈å
‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈ (direct methanol fuel cell, DMFC)

‡´≈≈å‡™◊ÈÕ‡æ≈‘ß∑’Ë°≈à“«¡“∑—ÈßÀ¡¥„™â‰Œ‚¥√‡®π‡ªìπ‡™◊ÈÕ‡æ≈‘ß
¬°‡«âπ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈∑’Ë„™â‡¡∑“πÕ≈‡ªìπ‡™◊ÈÕ‡æ≈‘ß
‚¥¬≈—°…≥–‡©æ“–¢Õß·µà≈–‡´≈≈å‡™◊ÈÕ‡æ≈‘ß· ¥ß‰«â„π
Table 1 (Chan et al., 1999)

∂÷ß·¡â«à“‡´≈≈å‡™◊ÈÕ‡æ≈‘ß∑’Ë„™â‰Œ‚¥√‡®π‡ªìπ‡™◊ÈÕ‡æ≈‘ß
®–„Àâ°”≈—ß (power) ∑’Ë Ÿß ·µà°“√®—¥‡°Á∫·≈–°“√‡§≈◊ËÕπ
¬â“¬‰Œ‚¥√‡®π ÷́Ëß‡ªìπ·°ä ∑’ËÕ—πµ√“¬®”‡ªìπµâÕß„™â√–∫∫
§«“¡ª≈Õ¥¿—¬∑’Ë¡’§«“¡´—∫´âÕπ¬ÿàß¬“°¡“° ∑”„Àâ¿“™π–∑’Ë
∫√√®ÿ¡’¢π“¥„À≠à·≈–¡’πÈ”Àπ—°¡“°  πÕ°®“°π’È·≈â«°“√
º≈‘µ‰Œ‚¥√‡®π¬—ß‡ªìπÕÿµ “À°√√¡¢π“¥„À≠à·≈–µâÕß„™â
‡ß‘π≈ß∑ÿπ∑’Ë Ÿß  ®“°ªí≠À“¥—ß°≈à“«∑”„Àâ‰¡à “¡“√∂º≈‘µ
‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‰Œ‚¥√‡®πÕÕ°¡“„π‡™‘ßæ“≥‘™¬å‰¥â ‡æ◊ËÕ·°â
ªí≠À“π’Èπ—°«‘∑¬“»“ µ√å·≈–«‘»«°√®÷ßÀ—π¡“„™â°√–∫«π°“√
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‡ª≈’Ë¬π√Ÿª‰Œ‚¥√‡®π  (hydrogen  reforming)  ‚¥¬„™â
‡™◊ÈÕ‡æ≈‘ßµ—«Õ◊Ëπ∑’Ë “¡“√∂‡ª≈’Ë¬π‡ªìπ‰Œ‚¥√‡®π‰¥â ‡™àπ
‡¡∑“πÕ≈ ‡ªìπµâπ ‚¥¬°àÕπ°“√„™âß“π®–ºà“π‡¡∑“πÕ≈‡¢â“
√–∫∫°“√‡ª≈’Ë¬π√Ÿª°≈“¬‡ªìπ‰Œ‚¥√‡®π ·≈â«π”‰Œ‚¥√‡®π
∑’Ë‡°‘¥¢÷Èπ‡¢â“ Ÿà‡´≈≈å‡™◊ÈÕ‡æ≈‘ß (Figure 1) ·µà«‘∏’°“√¥—ß°≈à“«
®–∑”„Àâ√–∫∫¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß¡’§«“¡´—∫´âÕπ¡“°¢÷Èπ
·≈–®–µâÕß¡’µ—«°”®—¥ CO ´÷Ëß‡ªìπº≈‘µ¿—≥±åÀπ÷Ëß∑’Ë‡°‘¥¢÷Èπ
®“°°√–∫«π°“√‡ª≈’Ë¬π√Ÿª‰Œ‚¥√‡®π  πÕ°®“°π’È·≈â«¬—ß
∑”„Àâª√– ‘∑∏‘¿“æ¢Õß√–∫∫‚¥¬√«¡¡’§à“≈¥≈ß (Waidhas

et al., 1996) ¥—ßπ—Èπ®÷ß‰¥â¡’°“√ÕÕ°·∫∫‡´≈≈å‡™◊ÈÕ‡æ≈‘ß
™π‘¥„À¡à∑’Ë “¡“√∂„™â‡¡∑“πÕ≈‡ªìπ‡™◊ÈÕ‡æ≈‘ß‰¥â‚¥¬µ√ß‚¥¬
‰¡àµâÕßºà“π°√–∫«π°“√‡ª≈’Ë¬π√Ÿª‰Œ‚¥√‡®π  ‡√’¬°‡´≈≈å
‡™◊ÈÕ‡æ≈‘ß™π‘¥π’È«à“ ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈

À≈—°°“√¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈

Õß§åª√–°Õ∫¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈ (Figure

2) ª√–°Õ∫¥â«¬·ºàπæÕ≈‘‡¡Õ√åÕ‘‡≈Á°‚∑√‰≈µå¢Õß·¢Áß (solid

polymer electrolyte) Õ¬Ÿàµ√ß°≈“ß√–À«à“ß¢—È«‰øøÑ“·Õ‚π¥
(anode) ·≈–¢—È«‰øøÑ“·§‚∑¥ (cathode)  ¥â“π¢—È«‰øøÑ“
·Õ‚π¥®–∑”°“√ºà“π “√≈–≈“¬À√◊Õ·°ä º ¡√–À«à“ß
‡¡∑“πÕ≈°—∫πÈ”‡æ◊ËÕ„Àâ‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π  à«π¥â“π
¢—È«‰øøÑ“·§‚∑¥®–∑”°“√ºà“πÕÕ° ‘́‡®πÀ√◊ÕÕ“°“»‡æ◊ËÕ
„Àâ‡°‘¥ªØ‘°‘√‘¬“√’¥—°™—π  ‚ª√µÕπ∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“
ÕÕ° ‘́‡¥™—π¢Õß‡¡∑“πÕ≈®–‡§≈◊ËÕπ∑’Ëºà“π·ºàπæÕ≈‘‡¡Õ√å
Õ‘‡≈Á°‚∑√‰≈µå¢Õß·¢Áß (π‘¬¡„™â Nafion®-membrane ´÷Ëß
‡ªìπ‡¬◊ËÕ∫“ß∑’Ë “¡“√∂∂à“¬‚Õπ‚ª√µÕπ‰¥â) ‡æ◊ËÕ‡°‘¥ªØ‘°‘√‘¬“
°—∫ÕÕ°´‘‡®π‡°‘¥‡ªìππÈ”¥—ß ¡°“√ (Shukla et al., 1998)

·Õ‚π¥: CH
3
OH + H

2
O → CO

2
 + 6H+ + 6e-

·§‚∑¥: 3/2O
2
 + 6H+ + 6e- → 3H

2
O

ªØ‘°‘√‘¬“√«¡: CH
3
OH + 3/2O

2
→ CO

2
 + 2H

2
O

Figure 1.  The hydrogen reforming processes.

Table 1. Typical characteristic of fuel cells.

PAFC AFC MCFC SOFC SPFC DMFC

Fuel efficiency (%) 40-45 40-50 45-50 45-50 45-50 30-40
Power density (kW/m2) 2-2.5 2-3 1-2 2.4-3 3.5-6 1.5-3.2
Working temperature (ºC) 180-210 60-80 600-700 900-1000 50-100 <100
Projected cost (US$/kW) 1000 >200 1000 1500 >200 >200
Lifetime (kh) >40 >10 >40 >40 >40 >10
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„π‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈   ‡¡∑“πÕ≈„ππÈ” “¡“√∂ÕÕ°´‘‰¥´å°≈“¬‰ª‡ªìπ·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å
‰¥â∑’Ë¢—È«‰øøÑ“·Õ‚π¥ ¥—ßªØ‘°‘√‘¬“

CH
3
OH + H

2
O → CO

2
 + 6H+ + 6e- EO

a = 0.016 V vs. SHE

ÕÕ°´‘‡®π®–‡°‘¥ªØ‘°‘√‘¬“√’¥—°™—π∑’Ë¢—È«‰øøÑ“·§‚∑¥

3/2O
2
 + 6H+ + 6e- → 3H

2
O EO

c = 1.229 V vs. SHE

¥—ßπ—ÈπªØ‘°‘√‘¬“√«¡

CH
3
OH + 3/2O

2
→ CO

2
 + 2H

2
O EO

cell = 1.213 V vs. SHE

§à“°“√‡ª≈’Ë¬π·ª≈ßæ≈—ßß“πÕ‘ √–¢Õß°‘∫∫å (∆GO) ¢ÕßªØ‘°‘√‘¬“√«¡

∆GO (kJ/mol)  =  -nFEO
cell  =  -(6) × 96485 × 1.213  =  -702.22

§à“§«“¡Àπ“·πàπæ≈—ßß“π (energy density, W
e
)  “¡“√∂À“‰¥â®“°

W
e
(kWh/kg)  =  -∆GO/(3600 × M)  =  702.22 × 103 / (3600 × 0.032)  =  6.1

‡¡◊ËÕ M À¡“¬∂÷ß ¡«≈‚¡‡≈°ÿ≈¢Õß‡¡∑“πÕ≈„πÀπà«¬ °‘‚≈°√—¡

Figure 2.  Schematic principle of DMFC.
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§à“°“√‡ª≈’Ë¬π·ª≈ß·Õ≈∑—≈ªï (∆HO) ¢Õß√–∫∫¡’§à“
-726 kJ/mol   ¥—ßπ—Èπ§à“ª√– ‘∑∏‘¿“ææ≈—ßß“πº—π°≈—∫
(reversible  energy  efficiency)  ∑’Ë»—°¬å‰øøÑ“ ¡¥ÿ≈
(equilibrium potential) ¡’§à“

ε
rev

  =  ∆GO / H O  =  (-702.22) / (-726)  =  0.967

®“°¢âÕ¡Ÿ≈∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å æ∫«à“ §«“¡Àπ“-
·πàπæ≈—ßß“π¢Õß‡¡∑“πÕ≈¡’§à“µË”°«à“¢Õß‰Œ‚¥√§“√å∫Õπ
·≈–°ä“´‚´≈’π (10-11 kWh/kg) ·µà°Á‡æ’¬ßæÕ∑’Ë„™â„π¬“π
æ“Àπ–·≈–Õÿª°√≥å‰øøÑ“¢π“¥‡≈Á°  πÕ°®“°π’È¬—ßæ∫«à“
§à“ EO

cell ¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈¡’§à“„°≈â‡§’¬ß°—∫
‡´≈≈å‡™◊ÈÕ‡æ≈‘ß H

2
/O

2
 (EO

cell = 1.23 V) ·µà‡´≈≈å‡™◊ÈÕ‡æ≈‘ß
‡¡∑“πÕ≈¡’§à“ª√– ‘∑∏‘¿“ææ≈—ßß“πº—π°≈—∫ (ε

rev
)  Ÿß°«à“

‡´≈≈å‡™◊ÈÕ‡æ≈‘ß H
2
/O

2
 (ε

rev
 = 0.83) ®“°¢âÕ¡Ÿ≈∑“ß‡∑Õ√å‚¡

‰¥π“¡‘° å· ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡‡ªìπ‰ª‰¥â∑’Ë®–æ—≤π“‡´≈≈å
‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈„π‡™‘ßæ“≥‘™¬å

ª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈

ª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈√«¡∂÷ß
‡´≈≈å‡™◊ÈÕ‡æ≈‘ß™π‘¥Õ◊ËπÊ  “¡“√∂Õ∏‘∫“¬‰¥â¥â«¬‡ âπ‚§âß∑’Ë

· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡Àπ“·πàπ°√–·  (i) °—∫
»—°¬å‰øøÑ“ (E) À√◊Õ∑’Ë√Ÿâ®—°°—π„π™◊ËÕ«à“‡ âπ‚§âß‚æ≈“‰√‡´™—π
(polarization curve) À√◊Õ‡ âπ‚§âß i-E (Figure 3)

®“°¢âÕ¡Ÿ≈∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å æ∫«à“ ‡´≈≈å‡™◊ÈÕ-
‡æ≈‘ß‡¡∑“πÕ≈ 1 ‡´≈≈å®–„Àâ»—°¬å‰øøÑ“ 1.213 V (°√–· 
µ√ß, d.c.)  ·µà„π∑“ßªØ‘∫—µ‘æ∫«à“§à“»—°¬å‰øøÑ“∑’Ë‰¥â¡’§à“
πâÕ¬°«à“§à“∑’Ë§”π«≥µ“¡∑ƒ…Æ’‡π◊ËÕß®“°°“√‡°‘¥‚æ≈“-
‰√‡´™—π ‚¥¬ “¡“√∂·∫àß°“√‡°‘¥‚æ≈“‰√‡´™—π‰¥â‡ªìπ 3

 à«π§◊Õ  à«π∑’Ë 1 ‡ªìπ°“√‡°‘¥»—°¬å‰øøÑ“‡°‘πµ—«¢Õß°“√
∂à“¬‡∑ª√–®ÿÀ√◊Õ‚æ≈“‰√‡´™—π°àÕ°—¡¡—πµå (activation

polarization)   à«π∑’Ë 2 ‡ªìπ°“√‡°‘¥‚æ≈“‰√‡´™—π§«“¡
µâ“π∑“π (ohmic polarization) ·≈– à«π∑’Ë 3 ‡ªìπ°“√
‡°‘¥»—°¬å‰øøÑ“‡°‘πµ—«¢Õß°“√∂à“¬‡∑¡«≈À√◊Õ‚æ≈“‰√‡´™—π
§«“¡‡¢â¡¢âπ (concentration polarization) (Shukla et

al., 1998)

µ—«‡√àß·≈–°≈‰°¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß

‡¡∑“πÕ≈

µ—«‡√àßªØ‘°‘√‘¬“∑’Ë¡’ª√– ‘∑∏‘¿“æ·≈–‡ªìπ∑’Ë„™âß“π°—π
Õ¬à“ß·æ√àÀ≈“¬„π‡´≈≈å‡™◊ÈÕ‡æ≈‘ß§◊Õ ‚≈À–·æ≈∑‘π—¡ (Pt)

‡π◊ËÕß®“°·æ≈∑‘π—¡¡’øíß°å™—πß“π (work function) ∑’Ë Ÿß

Figure 3.  The polarization curve of a DMFC.

1.21

0.02



Songklanakarin J. Sci. Technol.

Vol. 25  No. 5  Sep.-Oct. 2003 678

DMFC

Amornpitoksuk, P.

¡’Àπâ“µà“ß„π°“√‡°‘¥ªØ‘°‘√‘¬“∑’Ë°«â“ß ÷́Ëß‡À¡“–·°à°“√„™âß“π
∑—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π·≈–√’¥—°™—π ·µà·æ≈∑‘π—¡¡’
¢âÕ‡ ’¬§◊Õ ‡°‘¥§«“¡‡ªìπæ‘…‡™‘ß‡√àßªØ‘°‘√‘¬“ (catalytic

poisoning) ‰¥âßà“¬‚¥¬ “√µ—«°≈“ß¢ÕßªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π
∑”„Àâª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß¡’§à“≈¥≈ß (Shukla

et al., 1998) ∂÷ß·¡â«à“‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈®–∂Ÿ°§âπ
æ∫π“π·≈â« ·µà°≈‰°¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß
‡¡∑“πÕ≈∑’Ë¢—È«‰øøÑ“·Õ‚π¥¬—ß§ß‰¡à™—¥‡®ππ—° ∫∑§«“¡
 à«π¡“°¡—°°≈à“«∂÷ß°≈‰°¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π
¢Õß‡¡∑“πÕ≈∑’Ë¢—È«‰øøÑ“·æ≈∑‘π—¡ºà“π°√–∫«π°“√¥÷ß
‚ª√µÕπ‡™‘ß‰øøÑ“ (electro-deprotonation) ‡ªìπ¢—ÈπÊ ¥—ßπ’È
(Smotkin et al.,1998)

Pt + CH
3
OH(aq) → Pt-(CH

3
OH)

ads
(1)

Pt-(CH
3
OH)

ads
→ Pt-(CH

3
O)

ads
 + H+ + e- (2)

Pt-(CH
3
O)

ads
→ Pt-(CH

2
O)

ads
 + H+ + e- (3)

Pt-(CH
2
O)

ads
→ Pt-(CHO)

ads
 + H+ + e- (4)

Pt-(CHO)
ads

→ Pt-(CO)
ads

 + H+ + e- (5)

®“°°≈‰°¥—ß°≈à“«æ∫«à“·°ä §“√å∫Õπ¡ÕπÕÕ°‰´¥å
(CO) ´÷Ëß‡ªìπ “√µ—«°≈“ß∑’Ë‡°‘¥„πªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π®–
∂Ÿ°¥Ÿ¥´—∫∑“ß‡§¡’ (chemisorbed) ∑’Ë·√ß∫πº‘«¢Õß¢—È«
‰øøÑ“·æ≈∑‘π—¡ (∆Hads ~ -45 kcal mol-1) (Somorijai,

1994) ∑”„Àâ∫√‘‡«≥∑’Ë«àÕß‰«µàÕªØ‘°‘√‘¬“ (active site) ¢Õß
¢—È«‰øøÑ“·æ≈∑‘π—¡≈¥≈ßÀ√◊Õ‡°‘¥°“√‡ªìπæ‘…‡™‘ß‡√àßªØ‘°‘√‘¬“
∑”„Àâª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß≈¥≈ßµ“¡‰ª¥â«¬
∂÷ß·¡â«à“ “√µ—«°≈“ß¥—ß°≈à“«®–∂Ÿ°°”®—¥ÕÕ°‰ª‰¥â‚¥¬°“√
‡°‘¥ªØ‘°‘√‘¬“°—∫ Pt-(OH)

ads
 °≈“¬‡ªìπ·°ä  CO

2
 À≈ÿ¥ÕÕ°

®“°º‘«¢Õß¢—È«‰øøÑ“ ¥—ß ¡°“√

Pt + H
2
O → Pt-(OH)

ads
 + H+ + e-  (6)

Pt-(CO)
ads

 + Pt-(OH)
ads

→ 2Pt + CO
2
↑ + H+ + e- (7)

·µàªØ‘°‘√‘¬“¥—ß°≈à“«µâÕßÕ“»—¬»—°¬å‰øøÑ“∑’Ë Ÿß°«à“ 450 mV

vs. SHE ∑”„Àâ»—°¬å‰øøÑ“‚¥¬√«¡¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß¡’§à“
≈¥≈ßÕ¬à“ß¡“° (Shukla et al., 1998)

‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π
¢Õß‡¡∑“πÕ≈∑’Ë¢—È«‰øøÑ“·æ≈∑‘π—¡ ®÷ß‰¥â¡’°“√µ√÷ß‚≈À–µ—«
Õ◊ËπÊ ≈ß∫π¢—È«‰øøÑ“·æ≈∑‘π—¡  ‚¥¬‡√’¬°‚≈À–¥—ß°≈à“««à“
µ—« àß‡ √‘¡ (promoter) µ—« àß‡ √‘¡∑’Ë‡µ‘¡≈ß‰ª®–∑”„Àâ°“√
‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß·°ä §“√å∫Õπ¡ÕπÕÕ°‰´¥å‰ª
‡ªìπ·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å‡°‘¥‰¥âßà“¬¢÷ÈπÀ√◊Õ‡°‘¥∑’Ë»—°¬å
‰øøÑ“µË”≈ß  °“√∑”ß“π√à«¡°—π√–À«à“ßµ—«‡√àß (Pt) °—∫µ—«
 àß‡ √‘¡ (M) ‡°‘¥ºà“π°√–∫«π∑’Ë‡√’¬°«à“ °≈‰°∫∑∫“∑§Ÿà
(bifunctional mechanism) ¥—ß· ¥ß

M + H
2
O → M-(OH)

ads
 + H+ + e- (8)

Pt-(CO)
ads

 + M-(OH)
ads

→ Pt + M + CO
2
↑ + H+ + e-

(9)

°≈‰°∑’Ë· ¥ß¢â“ßµâπ‡ªìπ°≈‰°Õ¬à“ßßà“¬·µà„π§«“¡‡ªìπ®√‘ß
®–¡’§«“¡ —́∫ ấÕπ¡“°·≈–¬—ß§ß‰¡à¡’§«“¡™—¥‡®πÕ¬Ÿà  —ß‡°µ
«à“°≈‰°∫∑∫“∑§Ÿà„π ¡°“√∑’Ë 9 ®–§≈â“¬°—∫ ¡°“√∑’Ë 7

·µàµà“ß°—π∑’Ë»—°¬å‰øøÑ“¢ÕßªØ‘°‘√‘¬“∑’Ë 9 ¡’§à“πâÕ¬°«à“»—°¬å
‰øøÑ“¢ÕßªØ‘°‘√‘¬“∑’Ë 7 ∑”„Àâ»—°¬å‰øøÑ“‡°‘πµ—«¢Õß°“√
∂à“¬‡∑ª√–®ÿÀ√◊Õ‚æ≈“‰√‡´™—π°àÕ°—¡¡—πµå¡’§à“≈¥≈ß  àßº≈
„Àâ»—°¬å‰øøÑ“√«¡¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈¡’§à“ Ÿß¢÷Èπ
(Shukla et al., 1998)

π—°«‘∑¬“»“ µ√å‰¥âæ∫«à“∏“µÿÀ≈“¬™π‘¥ “¡“√∂„™â
‡ªìπµ—« àß‡ √‘¡‰¥â ‡™àπ √Ÿ∑’‡π’¬¡ (Ru) (Wieckowski et

al., 2001), ∑—ß ·µπ (W) (Tseung et al., 1994), ‚¡≈‘∫-
¥‘π—¡ (Mo) (Nakajima et al., 1991), ÕÕ ‡¡’¬¡ (Os)

(Wieckowski et al., 2001) ·≈– ¥’∫ÿ° (Sn) (Parsons

and Campbell, 1992) ‡ªìπµâπ ®“°¢âÕ¡Ÿ≈ß“π«‘®—¬®”π«π
¡“° æ∫«à“°“√‡®◊Õ√Ÿ∑’‡π’¬¡≈ß∫π¢—È«‰øøÑ“·æ≈∑‘π—¡ ®–
∑”„Àâª√– ‘∑∏‘¿“æ¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π¢Õß
‡¡∑“πÕ≈¡’§à“ Ÿß ÿ¥

‡¡◊ËÕ∑¥ Õ∫°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß
‡¡∑“πÕ≈‡∫◊ÈÕßµâπ¥â«¬‡∑§π‘§‰´§≈‘°‚«≈·∑¡‡¡∑√’ (cyclic



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 25 ©∫—∫∑’Ë 5 °.¬.-µ.§. 2546
‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈

æß»∏√  Õ¡√æ‘∑—°…å ÿ¢679

voltammetry) æ∫«à“°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß
‡¡∑“πÕ≈∑’Ë¢—È«‰øøÑ“‚≈À–·æ≈∑‘π—¡-√Ÿ∑’‡π’¬¡ ®–‡°‘¥‰¥âßà“¬
°«à“ (»—°¬å‰øøÑ“µË”°«à“) ·≈–¡’°√–·  Ÿß°«à“‡¡◊ËÕ‡ª√’¬∫
‡∑’¬∫°—∫¢—È«‰øøÑ“‚≈À–·æ≈∑‘π—¡ (Figure 4) πÕ°®“°π’È
·≈â«¢âÕ¡Ÿ≈∑“ß‚§√‚π·Õ¡‡æÕ√å‚√‡¡∑√’ (chronoampero-

metry) · ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡ “¡“√∂„π°“√≈¥°“√‡°‘¥
§«“¡‡ªìπæ‘…¢Õß·°ä §“√å∫Õπ¡ÕπÕÕ°‰´¥å ´÷Ëß —ß‡°µ‰¥â
®“°°“√≈¥≈ß¢Õß°√–· ∑’Ë¢—È«‰øøÑ“‚≈À–·æ≈∑‘π—¡-√Ÿ∑’‡π’¬¡

®–™â“°«à“‡¡◊ËÕ‡∑’¬∫°—∫¢—È«‰øøÑ“‚≈À–·æ≈∑‘π—¡ (Figure 5)

(Gasteiger et al., 1993)

∂÷ß·¡â«à“‚≈À–√Ÿ∑’‡π’¬¡®–‡ªìπ∑’Ë√Ÿâ®—°°—π¥’«à“‡ªìπµ—«
 π—∫ πÿπ∑’Ë¥’ ·µà®π∂÷ßªí®®ÿ∫—π¬—ß‰¡à “¡“√∂‡¢â“„®∂÷ß‚§√ß
 √â“ß·≈–°≈‰°¢Õß√Ÿ∑’‡π’¬¡‰¥âÕ¬à“ß™—¥‡®π  ·¡â«à“À≈“¬
∫∑§«“¡‰¥â√“¬ß“π«à“ Õ—µ√“ à«π¢Õß‚≈À–·æ≈∑‘π—¡:
√Ÿ∑’‡π’¬¡ = 50:50 ®–∑”„Àâª√– ‘∑∏‘¿“æ¢Õß°“√‡°‘¥ªØ‘-
°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‡¡∑“πÕ≈¡’§à“ Ÿß∑’Ë ÿ¥ (Wieckowski

Figure 4. Cyclic voltammograms of methanol oxidation of Pt-Ru and Pt electrode in 0.5 M

methanol solution.

Figure 5. Chronoamperometic curves for methanol oxidation at E = 0.5 V at Pt-Ru and Pt

electrode in 0.5 M methanol solution.

Pt-Ru

Pt
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et al., 2001) ·µà°Á¡’∫∑§«“¡®”π«π‰¡àπâÕ¬∑’Ë√“¬ß“π«à“
‚≈À–√Ÿ∑’‡π’¬¡ ~ 20% ®–„Àâª√– ‘∑∏‘¿“æ Ÿß∑’Ë ÿ¥‡™àπ°—π
(Shukla et al., 1998) πÕ°®“°π’È·≈â«¬—ßæ∫«à“ª√– ‘∑∏‘-
¿“æ¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‡¡∑“πÕ≈®–
·µ°µà“ß°—π‡¡◊ËÕ„™â°√–∫«π°“√‡µ√’¬¡¢—È«‰øøÑ“ Pt-Ru ∑’Ë
·µ°µà“ß°—π (Iwasita et al., 2000)

§«“¡µâ“π∑“π¿“¬„π¢ÕßÕ‘‡≈Á°‚∑√‰≈µå¢Õß·¢Áß·≈–°“√

¢â“¡¢Õß‡¡∑“πÕ≈

„π‡´≈≈å‰øøÑ“‡§¡’∑—Ë«‰ª  “√≈–≈“¬Õ‘‡≈Á°‚∑√‰≈µå®–
¡’§«“¡µâ“π∑“π§à“Àπ÷Ëß ∑”„Àâ‡°‘¥°“√≈¥≈ß¢Õß»—°¬å‰øøÑ“
Õ—π‡π◊ËÕß®“°§«“¡µâ“π∑“π¢Õß “√≈–≈“¬Õ‘‡≈Á°‚∑√‰≈µå
´÷Ëß‡¢’¬π„π‡∑Õ¡ iR À√◊Õ∑’Ë‡√’¬°«à“ ‚æ≈“‰√‡´™—π§«“¡
µâ“π∑“π (ohmic polarization) ª√“°Ø°“√≥å¥—ß°≈à“«
 “¡“√∂‡°‘¥‰¥â„π‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡™àπ°—π  ‚¥¬§à“§«“¡
µâ“π∑“π R = L/σA ‡¡◊ËÕ L §◊Õ§«“¡Àπ“¢Õß™—ÈπÕ‘‡≈Á°-
‚∑√‰≈µå A §◊Õæ◊Èπ∑’ËÀπâ“µ—¥  ·≈–  σ §◊Õ§à“°“√π”‰øøÑ“
‡æ◊ËÕ„Àâ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß¡’ª√– ‘∑∏‘¿“æ∑’Ë¥’ §à“ R ®–µâÕß¡’§à“
πâÕ¬ §à“ σ ®–µâÕß¡’§à“¡“° ¥—ßπ—ÈπæÕ≈‘‡¡Õ√åÕ‘‡≈Á°‚∑√‰≈µå
¢Õß·¢Áß´÷Ëß∑”Àπâ“∑’Ë‡ªìπ™—Èπ¢ÕßÕ‘‡≈Á°‚∑√‰≈µå®–µâÕß¡’
¢π“¥∫“ß ¡’æ◊Èπ∑’Ë¡“° ·≈–¡’§à“°“√π”‰øøÑ“∑’Ë Ÿß (Shukla

et al., 1998) ‚¥¬∑—Ë«‰ªπ‘¬¡„™â nafion membrane (per-

fluorosulphonic acid polymer electrolyte) ´÷Ëß‡ªìπ‡¬◊ËÕ
∫“ß∑’Ë¡’§«“¡ “¡“√∂„π°“√∂à“¬‚Õπ H+ ‰¥â¥’ πÕ°®“°π’È
·≈â«¬—ßæ∫«à“‡¡◊ËÕ„™â nafion membrane ‡ªìπÕ‘‡≈Á°‚∑√‰≈µå

¢Õß·¢Áß®–∑”„Àâ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß∑’Ë‰¥â¡’πÈ”Àπ—°‡∫“ ·≈–‰¡à¡’
ªí≠À“‡√◊ËÕß¢Õß°“√°—¥°√àÕπ¢Õß “√≈–≈“¬Õ‘‡≈Á°‚∑√‰≈µå∑’Ë
‡ªìπ°√¥ ·µà nafion membrane ¡’¢âÕ‡ ’¬§◊Õ¡’§à“°“√π”
‰øøÑ“µË”·≈–¡’√“§“·æß¡“°  πÕ°®“°π’È·≈â«¬—ßæ∫«à“∑’Ë
§«“¡‡¢â¡¢âπ ŸßÊ ‡¡∑“πÕ≈ “¡“√∂‡°‘¥°“√¢â“¡·ºàπ‡¬◊ËÕ
∫“ß¥—ß°≈à“«‰¥â‚¥¬‰¡à‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π  ‡√’¬°
ª√“°Ø°“√≥åπ’È«à“  °“√¢â“¡¢Õß‡¡∑“πÕ≈ (methanol

crossover) ÷́Ëß∑”„Àâª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß¡’§à“
≈¥≈ß (Figure 3) ªí®®ÿ∫—π‰¥â¡’°“√„™âæÕ≈‘‡¡Õ√å™π‘¥Õ◊Ëπ
√«¡°—∫ nafion ‡æ◊ËÕ™à«¬≈¥°“√‡°‘¥°“√¢â“¡¢Õß‡¡∑“πÕ≈
‡™àπ  SSEBS  (sulfonated polystyrene-block-poly

(ethylene-ran-butylene)-block-polystyrene) ‡ªìπµâπ
‚¥¬æ∫«à“‡¡◊ËÕº ¡ SSEBS ≈ß‰ª 34% ®–∑”„Àâ°“√¢â“¡
¢Õß‡¡∑“πÕ≈¡’§à“≈¥≈ß¡“°°«à“§√÷Ëß (Kim et al., 2002)

·µà°“√º ¡æÕ≈‘‡¡Õ√åµ—«Õ◊Ëπ≈ß‰ª„π nafion ¡—°∑”„Àâ§à“
°“√π”‰øøÑ“¢Õß‡¬◊ËÕ∫“ß∑’Ë‰¥â¡’§à“≈¥≈ß¥â«¬ ¥—ßπ—Èπ®÷ßµâÕß
À“ —¥ à«π∑’Ë‡À¡“– ¡  ‡æ◊ËÕ„Àâ§à“°“√π”‰øøÑ“¢Õß·ºàπ
Õ‘‡≈Á°‚∑√‰≈µå¢Õß·¢Áß¡’§à“‰¡àπâÕ¬®π‡°‘π‰ª

ªí≠À“¢Õß°“√∂à“¬‡∑¡«≈·≈–≈—°…≥–æ◊Èπº‘«¢Õß¢—È«‰øøÑ“

®“°‡ âπ‚§âß i-E (Figure 3) æ∫«à“°“√≈¥≈ß¢Õß
»—°¬å‰øøÑ“„π™à«ß∑’Ë 3 ‡°‘¥®“°»—°¬å‰øøÑ“‡°‘πµ—«¢Õß°“√
∂à“¬‡∑¡«≈À√◊Õ‚æ≈“‰√‡´™—π§«“¡‡¢â¡¢âπ Õ—π‡π◊ËÕß®“°
°“√∂à“¬‡∑¡«≈¢Õß‡™◊ÈÕ‡æ≈‘ß‡¢â“ Ÿàº‘«Àπâ“¢Õß¢—È«‰øøÑ“‰¡à
∑—π°—∫Õ—µ√“¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‡™◊ÈÕ‡æ≈‘ß

Figure 6.  Flow channel design.
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Figure 7.  Carbon cloth and configuration.

Figure 8.  Block diagram of vapour-feed delivery system.

∑”„Àâ°”≈—ß¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß¡’§à“≈¥≈ß ‡æ◊ËÕ·°â‰¢ªí≠À“
¥—ß°≈à“«®÷ß‰¥â¡’°“√µ√÷ß·æ≈∑‘π—¡≈ß∫πµ—«√Õß√—∫ (sup-

porter) ∑’Ë¡’§«“¡‡ªìπ√Ÿæ√ÿπ Ÿß ‡™àπ §“√å∫Õπ ·°√‰øµå
‡ªìπµâπ  °“√µ√÷ßµ—«‡√àß≈ß∫πµ—«√Õß√—∫¥—ß°≈à“«‡ªìπ°“√‡æ‘Ë¡
æ◊Èπ∑’Ëº‘«·≈–™à«¬∑”„Àâ§à“°“√π”‰øøÑ“¢Õß¢—È«‰øøÑ“¡’§à“
 Ÿß¢÷Èπ ·µà„π¢—ÈπµÕπ¢Õß°“√µ√÷ßµ—«√Õß√—∫∑’Ë¡’µ—«‡√àß≈ß∫π
‡¬◊ËÕ∫“ß ¡—°π‘¬¡„™â PTFE ‡ªìπµ—«¬◊¥‡°“– ´÷Ëßª√‘¡“≥
PTFE ∑’Ë¡“°‡°‘π‰ª ®–∑”„Àâ§«“¡¢√ÿ¢√– ( —¡æ—π∏å°—∫æ◊Èπ∑’Ë
º‘«) ·≈–°“√π”‰øøÑ“¢Õß¢—È«‰øøÑ“‡¬◊ËÕ∫“ß≈¥≈ß πÕ°®“°π’È
·≈â«°“√ÕÕ°·∫∫°“√‰À≈¢Õß‡™◊ÈÕ‡æ≈‘ß‡ªìπ·∫∫«π‰ª¡“
(Figure 6) ·≈–°“√‡æ‘Ë¡™—Èπ§“√å∫Õπ (Figure 7) ®–∑”„Àâ

Õ—µ√“°“√‰À≈¢Õß‡¡∑“πÕ≈‡¢â“ Ÿàº‘«Àπâ“¢Õß¢—È«‰øøÑ“¡’§à“
‡æ‘Ë¡¢÷Èπ (Hogarth et al., 1997) ∑”„Àâ‚æ≈“‰√‡´™—π§«“¡
‡¢â¡¢âπ¡’§à“≈¥≈ß

°“√®—¥°“√√–∫∫ (system operation)

°“√ªÑÕπ‡¡∑“πÕ≈‡¢â“ Ÿàµ—«‡´≈≈å‡™◊ÈÕ‡æ≈‘ß “¡“√∂
∑”‰¥â 2 ·∫∫ §◊Õ 1. °√≥’∑’ËªÑÕπ‡¡∑“πÕ≈∑’ËÕ¬Ÿà„π ∂“π–
·°ä  (vapour-feed system, Figure 8) („™âÕÿ≥À¿Ÿ¡‘ Ÿß)

‡´≈≈å‡ ◊́ÈÕ‡æ≈‘ß·∫∫π’È®”‡ªìπµâÕß¡’√–∫∫„Àâ§«“¡√âÕπ·°à‡™◊ÈÕ-
‡æ≈‘ß‡æ◊ËÕ„Àâ‡¡∑“πÕ≈°≈“¬‡ªìπ‰Õ°àÕπ‡¢â“ Ÿà‡´≈≈å‡™◊ÈÕ‡æ≈‘ß
¥—ßπ—Èπ√–∫∫®–¡’§«“¡ —́∫ ấÕπ¡“°¢÷Èπ  ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß∑’Ë
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®—¥°“√√–∫∫∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß®–¡’ª√– ‘∑∏‘¿“æ Ÿßµ“¡‰ª¥â«¬
‡π◊ËÕß®“°Õ—µ√“¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‡¡∑“-
πÕ≈¡’§à“‡æ‘Ë¡¢÷Èπ ·µàÕ¬à“ß‰√°Áµ“¡°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘®–∑”„Àâ
§à“°“√π”‰øøÑ“¢Õß·ºàπæÕ≈‘‡¡Õ√åÕ‘‡≈Á°‚∑√‰≈µå¢Õß·¢Áß¡’
§à“≈¥≈ß  ‡π◊ËÕß®“°§«“¡ “¡“√∂„π°“√π”‰øøÑ“¢Õß‡¬◊ËÕ
∫“ß nafion ®–¢÷Èπ°—∫ª√‘¡“≥πÈ” „π ¿“«–∑’Ë‡¡∑“πÕ≈Õ¬Ÿà
„π ∂“π–·°ä  (Õÿ≥À¿Ÿ¡‘ Ÿß) ®–¡’ª√‘¡“≥πÈ”πâÕ¬°«à“„π
 ¿“«–∑’Ë‡ªìπ “√≈–≈“¬ (Õÿ≥À¿Ÿ¡‘µË”) ·≈– 2. °√≥’∑’ËªÑÕπ
‡¡∑“πÕ≈∑’ËÕ¬Ÿà„π ∂“π–¢Õß‡À≈« (liquid-feed system,

Figure 9) („™âÕÿ≥À¿Ÿ¡‘µË”) ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß·∫∫π’È®–ÕÕ°·∫∫

ßà“¬‰¡à´—∫´âÕπ ·µà¡’ª√– ‘∑∏‘¿“æπâÕ¬°«à“‡´≈≈å‡™◊ÈÕ‡æ≈‘ß∑’Ë
ªÑÕ¡‡¡∑“πÕ≈„π ∂“π–·°ä  ‚¥¬¢âÕ¥’·≈–¢âÕ‡ ’¬¢Õß‡´≈≈å
‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈∑’Ë¡’°“√ªÑÕπ‡¡∑“πÕ≈„π√Ÿª¢Õß “√
≈–≈“¬·≈–‰Õ  √ÿª‰¥â¥—ß Table 2 (Hogarth et al., 1997)

°“√º≈‘µ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡æ◊ËÕ°“√„™âß“π®–π”‡´≈≈å
‡™◊ÈÕ‡æ≈‘ß·µà≈–‡´≈≈å¡“‡√’¬ß ấÕπÊ °—π‡ªìπ·∂«À√◊Õ‡√’¬°«à“
stack ‡æ◊ËÕ‡æ‘Ë¡°”≈—ß‰øøÑ“¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß„Àâ‡æ’¬ßæÕ
·°à°“√„™âß“π ‡™àπ ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈∑’Ëº≈‘µ·≈–
ÕÕ°·∫∫‚¥¬  Dohle  ·≈–§≥–  (Dohle  et  al.,  2002)

¡’®”π«π 71 ‡´≈≈å (1 stack) ´÷Ëß “¡“√∂„Àâ°”≈—ß Ÿß∂÷ß

Table 2. Advantage of liquid feed vs. vapour feed for the direct methanol fuel cell.

           System                                     Advantage                                                 Disadvantage

Liquid-feed DMFC - Easy of engineering. - More dilute methanol reaching anode.
- Lower system size and weight. - Methanol is in the form of microbubbles.
- Thinner stack (no separate coolant system). - Maximum temperature < 90ºC at
- Simpler Membrane hydration. practical pressures.

- Lower activities.
- Requires liquid diffusion electrode.

Vapour-feed DMFC - No methanol dilution. - More complexes in engineering.
- Better response to change of load above - Larger and heavier system.

65ºC. - Difficult to control thermal balance.
- Can use existing gas diffusion electrode. - Need cooling system.
- Higher temperature of operation resulting - Need humidification for membrane

in better electrode performance. hydration.

Figure 9.  Block diagram of liquid-feed delivery system.
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500 W ‚¥¬¡’√“¬≈–‡Õ’¬¥¥—ß Table 3

∂÷ß·¡â«à“‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈®–‰¥â√—∫°“√æ—≤π“
‡ªìπÕ¬à“ß¡“° ·µà°”≈—ß¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈¬—ß§ß
µË”°«à“‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‰Œ‚¥√‡®π ∑”„Àâ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß™π‘¥π’È
‡À¡“–∑’Ë®–„Àâ‡ªìπ·À≈àßæ≈—ßß“π·°àÕÿª°√≥å‰øøÑ“∑’Ë„™â°”≈—ß
‰¡à Ÿßπ—° À√◊Õ„π¬“π¬πµå ‡ªìπµâπ  ®“°§«“¡‡ªìπ‰ª‰¥â„π
‡™‘ß°“√º≈‘µ ∑”„Àâ∫√‘…—∑™—Èππ”„πµà“ßª√–‡∑»‰¥â„Àâ§«“¡
 ”§—≠„π°“√æ—≤π“‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈„π‡™‘ßæ“≥‘™¬å
¡“°¢÷Èπ  ‡™àπ  ∫√‘…—∑  DaimlerChrysler  ª√–‡∑» À√—∞-
Õ‡¡√‘°“ (Craven, 2001) ‰¥âæ—≤π“√∂ go kart µâπ·∫∫∑’Ë
„™â‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈ ‚¥¬√∂¥—ß°≈à“« “¡“√∂«‘Ëß‰¥â
¥â«¬§«“¡‡√Á« Ÿß ÿ¥ 35 °¡./™¡. ·≈–‰¥â√–¬–∑“ß∑—ÈßÀ¡¥
15 °¡. πÕ°®“°π’È·≈â« ∫√‘…—∑ Motorola ª√–‡∑» À√—∞-
Õ‡¡√‘°“ (Nadya, 2000) ‰¥âÕÕ°·∫∫·≈–º≈‘µ‚∑√»—æ∑å
¡◊Õ∂◊Õµâπ·∫∫∑’Ë„™â‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈·∑π·∫µ‡µÕ√’Ë
‡æ◊ËÕ≈¥ªí≠À“¡≈æ‘…¢Õß·∫µ‡µÕ√’Ë∑’Ë‡À≈◊Õ„™â ‚¥¬ “¡“√∂
‡µ‘¡‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈ºà“π‡¡∑“πÕ≈·§ª´Ÿ≈ ‡ªìπµâπ

∫∑ √ÿª

®“°∑’Ë°≈à“«¡“∑—ÈßÀ¡¥ · ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡ “¡“√∂
·≈–ª√– ‘∑∏‘¿“æ¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈„π°“√‡ª≈’Ë¬π
æ≈—ßß“π‡§¡’„π‡¡∑“πÕ≈‡ªìπæ≈—ßß“π‰øøÑ“ ‚¥¬ª√– ‘∑∏‘-

¿“æ¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈®–¢÷ÈπÕß§åª√–°Õ∫µà“ßÊ
¢Õß‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡ªìπÕ¬à“ß¡“° ´÷Ëß„πªí®®ÿ∫—πæ∫«à“‚≈À–
·æ≈∑‘π—¡-√Ÿ∑’‡π’¬¡‡ªìπµ—«‡√àß∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“°∑’Ë ÿ¥
·µà°≈‰°¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π¢Õß‡¡∑“πÕ≈¬—ß
§ß‰¡à™—¥‡®ππ—° ∑”„Àâ°“√ª√—∫ª√ÿßª√– ‘∑∏‘¿“æ¢Õßµ—«‡√àß
®÷ß‰¡à§àÕ¬°â“«Àπâ“‡∑à“∑’Ë§«√ πÕ°®“°π’È°“√ª√—∫ª√ÿßæÕ≈‘-
‡¡Õ√åÕ‘‡≈Á°‚∑√‰≈µå¢Õß·¢Áßµ≈Õ¥®π°“√ÕÕ°·∫∫¢—È«‰øøÑ“
·≈–°“√®—¥°“√√–∫∫ ®–∑”„Àâ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈¡’
ª√– ‘∑∏‘¿“æ Ÿß¢÷Èπ ·µà‡π◊ËÕß®“°°”≈—ß‰øøÑ“∑’Ë‰¥â®“°‡´≈≈å
‡™◊ÈÕ‡æ≈‘ß¥—ß°≈à“«¡’§à“‰¡à Ÿßπ—° ∑”„Àâ‡´≈≈å‡™◊ÈÕ‡æ≈‘ß™π‘¥π’È
‡À¡“–∑’Ë®–„Àâ‡ªìπ·À≈àßæ≈—ßß“π·°àÕÿª°√≥å‰øøÑ“∑’Ë„™â°”≈—ß
‰øøÑ“‰¡à Ÿßπ—° À√◊Õ„π¬“π¬πµå ‡ªìπµâπ

∂÷ß·¡â«à“®–¡’§«“¡‡ªìπ‰ª‰¥â„π°“√∑’Ë®–º≈‘µ‡´≈≈å
‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈ÕÕ°¡“„™â„π‡™‘ßæ“≥‘™¬å  ·µàÕ¬à“ß‰√
°Áµ“¡‡´≈≈å‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈¬—ß¡’ªí≠À“∑’Ë¬—ß§ß√Õ°“√
·°â‰¢ §◊Õ 1. °“√À“µ—«‡√àßªØ‘°‘√‘¬“‰øøÑ“‡§¡’ ∑’Ë‡æ‘Ë¡Õ—µ√“
°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π¢Õß‡¡∑“πÕ≈ ≈¥°“√¥Ÿ¥´—∫
¢Õß CO ÷́Ëß‡ªìπ “‡Àµÿ∑”„Àâ‡°‘¥§«“¡‡ªìπæ‘…‡™‘ß‡√àß
ªØ‘°‘√‘¬“  2. °“√À“µ—«‡√àß∑’Ë‡À¡“– ¡∑’Ë¢—È«‰øøÑ“·§‚∑¥
3. °“√À“‡¬◊ËÕ∫“ß∑’Ë‡À¡“– ¡∑’Ë‰¡à∑”„Àâ‡°‘¥°“√¢â“¡¢Õß
‡¡∑“πÕ≈  ·≈–  4. °“√ÕÕ°·∫∫·≈– √â“ß√–∫∫‡´≈≈å
‡™◊ÈÕ‡æ≈‘ß‡¡∑“πÕ≈∑’Ë‡À¡“– ¡ ´÷Ëß„π°“√·°â‰¢¢âÕ∫°æ√àÕß
‡À≈à“π’È®–µâÕßÕ“»—¬°“√æ—≤π“Õß§å§«“¡√Ÿâ√à«¡°—π√–À«à“ß
¢âÕ¡Ÿ≈æ◊Èπ∞“π∑“ß‰øøÑ“‡§¡’ «— ¥ÿ»“ µ√å ·≈–«‘»«°√√¡
§«∫§Ÿà°—π‰ª
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Table 3. Stack specifications.

Number of cells 71
Single cell area 144 cm2

Stack 160 mm × 160 mm × 165 mm
Temperature 70ºC

Design data
   Current 20.6 A
   Voltage 24.3 V
   Power 500 W
   Power density 50 mW cm-2

MEA
   Membrane Nafion-115
   Anode 3.9 mg PtRu cm-2

   Cathode 2.3 mg Pt cm-2
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