
«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 24 ©∫—∫∑’Ë 1 (2551) 141

∫∑§«“¡«‘®—¬

ªØ‘°‘√‘¬“∑√“π å‡Õ ‡∑Õ√‘øî‡§™—ππÈ”¡—π ∫Ÿà¥”
‚¥¬„™âµ—«‡√àßªØ‘°‘√‘¬“‚ª·µ ‡´’¬¡ÕÕ°‰´¥å/øÕ®“‰´µå

Õ”π“® §”À≈à“ ·≈– ‰æ»“≈ §ß§“©ÿ¬©“¬*

∫∑§—¥¬àÕ
∑”°“√ —ß‡§√“–Àå‰∫‚Õ¥’‡´≈ ¥â«¬°“√∑”ªØ‘°‘√‘¬“∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π√–À«à“ßπÈ”¡—π ∫Ÿà¥”°—∫

‡¡∑“πÕ≈ ‚¥¬„™âµ—«‡√àßªØ‘°‘√‘¬“·∫∫«‘«‘∏æ—π∏å §◊Õ ‚ª·µ ‡´’¬¡ÕÕ°‰´¥å/øÕ®“‰´µå ∑’Ë‡µ√’¬¡®“° 20, 25,
30, 35 wt% KNO3 ¥â«¬‡∑§π‘§°“√Ωíßµ—«·∫∫·Àâß ∑¥≈Õß¥â«¬‡§√◊ËÕßªØ‘°√≥å·∫∫°– (batch reactor)
∑’Ë¡’™ÿ¥√’ø≈—°´å™à«¬§«∫·πàπ‰Õ¢Õß‡¡∑“πÕ≈ ®“°º≈°“√»÷°…“¥â«¬‚ª√·°√¡ÕÕ°·∫∫°“√∑¥≈Õßæ∫«à“
ªí®®—¬À≈—°∑’Ë¡’º≈µàÕ°“√‡°‘¥‡¡∑‘≈‡Õ ‡∑Õ√å ‰¥â·°à ™π‘¥¢Õßµ—«‡√àß ª√‘¡“≥µ—«‡√àß ·≈–Õ—µ√“ à«π‚¥¬‚¡≈
√–À«à“ß‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥”∑’Ë„™â„π°“√‡°‘¥ªØ‘°‘√‘¬“ ‡¡◊ËÕ∑¥≈Õß —ß‡§√“–Àå‰∫‚Õ¥’‡´≈¥â«¬°“√·ª√§à“
ªí®®—¬À≈—°∑—Èß 3 ªí®®—¬ æ∫«à“  ¿“«–°“√∑¥≈Õß∑’Ë‡À¡“– ¡∑’Ë ÿ¥„π°“√ —ß‡§√“–Àå‰∫‚Õ¥’‡´≈ §◊Õ °“√„™â
µ—«‡√àß∑’Ë‡µ√’¬¡®“° 20 wt% ‚ª·µ ‡´’¬¡‰π‡µ√∑/øÕ®“‰´µå ¥â«¬ª√‘¡“≥°“√„™â 9% ‚¥¬πÈ”Àπ—°
„™â‡¡∑“πÕ≈µ—Èßµâπ 30 ‡∑à“¢ÕßπÈ”¡—π ∫Ÿà¥” ∑”ªØ‘°‘√‘¬“∑’Ë 64.7 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 8 ™—Ë«‚¡ß
æ√âÕ¡°“√°«π¥â«¬§«“¡‡√Á« 600 √Õ∫µàÕπ“∑’ πÈ”¡—π‰∫‚Õ¥’‡´≈∑’Ë‰¥â¡’ª√‘¡“≥‡¡∑‘≈‡Õ ‡∑Õ√å 90%
¡’§«“¡Àπ“·πàπ 0.89 °√—¡/≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ §«“¡Àπ◊¥ 6.1 ‡´πµ‘ ‚µ° å ·≈–®ÿ¥«“∫‰ø 176 Õß»“
‡´≈‡ ’́¬  ÷́Ëß‡¡◊ËÕæ‘®“√≥“‚¥¬√«¡„°≈â‡§’¬ß°—∫§à“¡“µ√∞“π¢Õß°√¡∏ÿ√°‘®æ≈—ßß“π

§” ”§—≠: ‰∫‚Õ¥’‡´≈  ∫Ÿà¥” ‚ª·µ ‡´’¬¡ÕÕ°‰´¥å øÕ®“‰´µå

¿“§«‘™“«‘»«°√√¡‡§¡’ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å
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Transesterification of Jatropha Oil Using
K

2
O/Faujasite Catalyst

Umnart Khamlar and Paisan Kongkachuicha*

ABSTRACT

Methyl ester (biodiesel) was synthesized by transesterification of Jatropha curcus
Linn. oil with methanol using heterogeneous acid catalysts: K2O/Faujasite having 20, 25, 30, 35
wt% KNO3. The catalysts were prepared by a dry impregnation technique. The reactions were
carried out in a batch reactor that equipped with a reflux set for methanol recovery. The result
from the design of experiment showed that the main factors that affected the yield of methyl ester
were type of catalyst, amount of catalyst used, and molar ratio of methanol to oil. After conduct-
ing several experiments by varying those factors, it was found that the maximum yield of methyl
ester of 90% was obtained by using 20 wt% KNO3/Faujasite with the following condition: molar
ratio of methanol 1 to 30 of Jatropha oil and methanol, 9 wt% of catalyst used, reaction
temperature of 64.7 ÌC for 8 h with stirring of 600 rpm. Furthermore, the obtained product has
the density of 0.89 g/cm3, the viscosity of 6.1 mm2/s and the flash point of 176 ÌC. Which
properties are close to the standard values.
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∫∑π”
‰∫‚Õ¥’‡´≈ (biodiesel) ‡ªìπº≈‘µ¿—≥±å∑’Ë‰¥â®“°πÈ”¡—πæ◊™™π‘¥µà“ßÊ À√◊ÕπÈ”¡—π —µ«å¡“ °—¥‡Õ“

¬“ß‡Àπ’¬«·≈– ‘Ëß °ª√°ÕÕ° (degumming) ®“°π—Èππ”‰ªºà“π°√–∫«π°“√∑“ß‡§¡’∑’Ë‡√’¬°«à“ ªØ‘°‘√‘¬“

∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π (transesterification) ‚¥¬°“√‡µ‘¡·Õ≈°ÕŒÕ≈å ‡™àπ ‡Õ∑“πÕ≈À√◊Õ‡¡∑“πÕ≈

·≈–µ—«‡√àßªØ‘°‘√‘¬“ ‡™àπ ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (NaOH) ¿“¬„µâ ¿“«–∑’Ë¡’Õÿ≥À¿Ÿ¡‘ Ÿß‡æ◊ËÕ‡ª≈’Ë¬π‚§√ß √â“ß

¢ÕßπÈ”¡—π®“°‰µ√°≈’‡´Õ√å‰√¥å (triglyceride) ‡ªìπÕ—≈§‘≈‡Õ ‡∑Õ√å (alkyl esters) À√◊Õ‰∫‚Õ¥’‡´≈ ·≈–

‰¥â°≈’‡´Õ√Õ≈ (glycerol) ‡ªìπº≈æ≈Õ¬‰¥â „™â‡ªìπ«—µ∂ÿ¥‘∫ ”À√—∫Õÿµ “À°√√¡¬“ ‡§√◊ËÕß ”Õ“ß œ≈œ [1]

¥—ß√Ÿª∑’Ë 1 ·≈–√Ÿª∑’Ë 2 «—µ∂ÿª√– ß§å¢Õß°√–∫«π°“√¥—ß°≈à“«§◊Õ ™à«¬ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘¢ÕßπÈ”¡—π„π‡√◊ËÕß

§«“¡Àπ◊¥„Àâ‡À¡“– ¡°—∫°“√„™âß“π°—∫‡§√◊ËÕß¬πµå¥’‡´≈ ·≈–‡æ‘Ë¡§à“´’‡∑π (cetane number) ‚¥¬ªØ‘°‘√‘¬“

∑√“π å‡Õ ‡∑Õ√‘øî‡§™—ππ’È “¡“√∂„™âµ—«‡√àßªØ‘°‘√‘¬“‰¥â∑—Èß·∫∫°√¥·≈–¥à“ß µ—«Õ¬à“ßµ—«‡√àßªØ‘°‘√‘¬“·∫∫°√¥

‡™àπ °√¥´—≈øî«√‘° (H2SO4) ·≈–‰Œ‚¥√§≈Õ√‘° (HCl) „π°“√º≈‘µ‰∫‚Õ¥’‡´≈´÷Ëß¡’¢âÕ¥’ §◊Õ ‡ªìπµ—«‡√àß∑’Ë¡’

√“§“∂Ÿ° ·≈– “¡“√∂∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“‡Õ ‡∑Õ√‘øî‡§™—π (esterification) ‡æ√“– “¡“√∂‡ª≈’Ë¬π°√¥‰¢¡—π

Õ‘ √–„ππÈ”¡—π„Àâ‡ªìπ‡Õ ‡∑Õ√å‰¥â ·µàº≈‘µ¿—≥±å¢â“ß‡§’¬ß∑’Ë‰¥â®“°ªØ‘°‘√‘¬“‡Õ ‡∑Õ√‘øî‡§™—π §◊Õ πÈ” ´÷ËßπÈ”

∑”„Àâª√– ‘∑∏‘¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“∑’Ë‡ªìπ°√¥≈¥≈ßÕ¬à“ß¡“° ∑”„Àâ‡Õ ‡∑Õ√å∑’Ë‰¥â®“°ªØ‘°‘√‘¬“∑√“π å-

‡Õ ‡∑Õ√‘øî‡§™—π≈¥≈ß [2]  ”À√—∫µ—«‡√àßªØ‘°‘√‘¬“™π‘¥¥à“ß ‡™àπ ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (NaOH) ‚æ·∑ ‡´’¬¡

‰Œ¥√Õ°‰´¥å (KOH) µ—«‡√àßªØ‘°‘√‘¬“™π‘¥π’È„ÀâÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“‡§¡’∑’Ë‡√Á« ·µà¡’¢âÕ®”°—¥ §◊Õ∑”„Àâ√–∫∫¡’

§«“¡‰«µàÕπÈ”·≈–°√¥‰¢¡—πÕ‘ √–∑’Ë¡’Õ¬Ÿà„ππÈ”¡—π ‚¥¬∑”„Àâ‡°‘¥ ∫Ÿà¢Õß‡Õ ‡∑Õ√å·≈–≈¥ª√– ‘∑∏‘¿“æ¢Õß

µ—«‡√àßªØ‘°‘√‘¬“≈ß ªí≠À“ ”§—≠Õ’°ª√–°“√Àπ÷Ëß §◊Õ °“√·¬°°≈’‡´Õ√Õ≈ÕÕ°®“°‡Õ ‡∑Õ√å∑”‰¥â¬“° [3]

¥—ßπ—Èπ®÷ß¡’°“√„™âµ—«‡√àßªØ‘°‘√‘¬“·∫∫«‘«‘∏æ—π∏å (heterogeneous) ∑¥·∑πµ—«‡√àßªØ‘°‘√‘¬“·∫∫‡Õ°æ—π∏å

(homogeneous) ‡æ√“–«à“°“√„™âµ—«‡√àßªØ‘°‘√‘¬“·∫∫«‘«‘∏æ—π∏å ¡’¢âÕ¥’°«à“µ—«‡√àßªØ‘°‘√‘¬“·∫∫‡Õ°æ—π∏åµ√ß

∑’Ë “¡“√∂·¬°µ—«‡√àßªØ‘°‘√‘¬“ÕÕ°‰¥âßà“¬  “¡“√∂π”°≈—∫¡“„™â„À¡à‰¥â ·≈–≈¥º≈°√–∑∫µàÕ ‘Ëß·«¥≈âÕ¡ [4]

ß“π«‘®—¬π’È»÷°…“·π«∑“ß°“√π”πÈ”¡—π ∫Ÿà¥” (Jatropha) ¡“¥—¥·ª≈ß‡æ◊ËÕ‡ªìπ‡™◊ÈÕ‡æ≈‘ß∑¥·∑π

πÈ”¡—π¥’‡´≈ ‡π◊ËÕß®“°πÈ”¡—π ∫Ÿà¥”‡ªìπº≈º≈‘µ®“°°“√‡°…µ√∑’Ë “¡“√∂º≈‘µ‰¥â¿“¬„πª√–‡∑» ¢¬“¬æ—π∏ÿåßà“¬

·≈–‡®√‘≠‡µ‘∫‚µÕ¬à“ß√«¥‡√Á« «‘∏’°“√ °—¥‡Õ“πÈ”¡—πÕÕ° “¡“√∂∑”‰¥âßà“¬ ª√– ‘∑∏‘¿“æ¢Õßæ≈—ßß“π‡ªìπ∑’Ë

πà“æÕ„®  “¡“√∂À“‰¥â„π™π∫∑ ®÷ß‡ªìπ∑’Ëπà“ π„® ”À√—∫°“√π”¡“„™â‡ªìπ “√‡ √‘¡πÈ”¡—π¥’‡´≈ [5] ‚¥¬π”¡“

ºà“π°√–∫«π°“√∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π ‡æ◊ËÕ„Àâ‰¥âº≈‘µ¿—≥±å‡ªìπ ‡¡∑‘≈‡Õ ‡∑Õ√å¢Õß°√¥‰¢¡—π∑’Ë‡√’¬°«à“

ç‰∫‚Õ¥’‡´≈é ‚¥¬∑—Ë«‰ª·≈â«°√–∫«π°“√º≈‘µ‰∫‚Õ¥’‡´≈·∫∫∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π π‘¬¡„™â¥à“ß‡ªìπµ—«‡√àß

ªØ‘°‘√‘¬“ ‡π◊ËÕß®“°„Àâº≈º≈‘µ Ÿß°«à“µ—«‡√àßªØ‘°‘√‘¬“™π‘¥Õ◊Ëπ  ”À√—∫µ—«‡√àßªØ‘°‘√‘¬“∑’Ë‡ªìπ∑’Ëπ‘¬¡„™â¡“°∑’Ë ÿ¥

§◊Õ ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (NaOH) ·≈–‚æ·∑ ‡´’¬¡‰Œ¥√Õ°‰´¥å (KOH) ‡π◊ËÕß®“°¡’§«“¡‡ªìπ¥à“ß Ÿß ´÷Ëß

µ—«‡√àßªØ‘°‘√‘¬“¥—ß°≈à“«¡’ ∂“π–‡ªìπ¢Õß‡À≈«‡™àπ‡¥’¬«°—π°—∫πÈ”¡—π·≈–·Õ≈°ÕŒÕ≈å ®÷ß‡√’¬°«à“ µ—«‡√àß

ªØ‘°‘√‘¬“·∫∫‡Õ°æ—π∏ÿå (homogeneous catalyst) ´÷Ëßµ—«‡√àßªØ‘°‘√‘¬“™π‘¥¥—ß°≈à“« ·¡â®–„Àâº≈º≈‘µ Ÿß·µà

¡’¢âÕ‡ ’¬„π°√–∫«π°“√º≈‘µ §◊Õ ®”‡ªìπµâÕß¡’°√–∫«π°“√≈â“ß ‡æ◊ËÕ·¬°µ—«‡√àßªØ‘°‘√‘¬“ à«π∑’Ë‡À≈◊ÕÕÕ°®“°

º≈‘µ¿—≥±å¥â«¬πÈ” ∑”„Àâ‡°‘¥πÈ”‡ ’¬®”π«π¡“° ·≈–°“√‡°‘¥ªØ‘°‘√‘¬“¢â“ß‡§’¬ß §◊Õ ªØ‘°‘√‘¬“ ªÕππ‘øî‡§™—π
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(saponification) ∑’Ëµ—«‡√àßªØ‘°‘√‘¬“∫“ß à«π‰ª√«¡µ—«°—∫°√¥‰¢¡—πÕ‘ √–∑’Ë‡À≈◊Õ‡°‘¥‡ªìπ ∫Ÿà ´÷Ëß¬“°„π

°“√·¬°ÕÕ° ß“π«‘®—¬π’È®÷ß»÷°…“·π«∑“ß°“√º≈‘µ‰∫‚Õ¥’‡´≈®“°πÈ”¡—π ∫Ÿà¥”‚¥¬„™âµ—«‡√àßªØ‘°‘√‘¬“·∫∫«‘«‘∏æ—π∏ÿå

(heterogeneous catalyst) ´÷Ëß®–‰¡à√«¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π°—∫ “√µ—Èßµâπ‡æ◊ËÕ°”®—¥ªí≠À“°“√‡°‘¥ ∫Ÿà·≈–
πÈ”‡ ’¬®“°„π°√–∫«π°“√≈â“ß ‡π◊ËÕß®“°µ—«‡√àßªØ‘°‘√‘¬“·∫∫«‘«‘∏æ—π∏ÿåπ’È  “¡“√∂·¬°ÕÕ°®“°º≈‘µ¿—≥±å‰¥â
ßà“¬‚¥¬°“√°√Õß ®÷ß∂◊Õ«à“‡ªìπ°√–∫«π°“√º≈‘µ∑’Ë‰¡àµâÕßºà“π¢—ÈπµÕπ°“√≈â“ß ÷́Ëß‡ªìπ°“√≈¥¢—ÈπµÕπ„π°“√
º≈‘µ [6] ·≈–µâπ∑ÿπ¢Õß°“√º≈‘µ‰∫‚Õ¥’‡´≈‰¥âÕ’°∑“ßÀπ÷Ëß

„πß“π«‘®—¬®÷ß¡’·π«§‘¥∑’Ë®–æ—≤π“µ—«‡√àßªØ‘°‘√‘¬“¢Õß·¢Áß∑’Ë “¡“√∂„™â·∑πµ—«‡√àß∑’Ë‡ªìπ “√≈–≈“¬
°√¥À√◊Õ¥à“ß ‚¥¬‡≈◊Õ°„™â K2O ‡ªìπµ—«‡√àß·≈–„™âøÕ®“‰´µå‡ªìπµ—«√Õß√—∫ ‚¥¬¡ÿàßÀ«—ß«à“®–‰¥â‰∫‚Õ¥’‡´≈∑’Ë¡’
§ÿ≥¿“æ„°≈â‡§’¬ß°—∫°√–∫«π°“√º≈‘µ∑’Ë„™â “√≈–≈“¬°√¥À√◊Õ¥à“ß‡ªìπµ—«‡√àß

√Ÿª∑’Ë 1 ªØ‘°‘√‘¬“∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π¢Õß°≈’‡´Õ‰√¥å°—∫·Õ≈°ÕŒÕ≈å [7]
À¡“¬‡Àµÿ: R = Õ—≈§‘≈°√ÿäª (-CH3)

√Ÿª∑’Ë 2 °≈‰°¢ÕßªØ‘°‘√‘¬“∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π·µà≈–¢—ÈπµÕπ®π‰¥â°≈’‡´Õ√Õ≈·≈–‡Õ ‡∑Õ√å [7]
À¡“¬‡Àµÿ: R = Õ—≈§‘≈°√ÿäª (-CH3)

«‘∏’°“√∑¥≈Õß
°“√‡µ√’¬¡µ—«‡√àß

ß“π«‘®—¬π’È„™â “√≈–≈“¬ KNO3 ‡ªìπ “√µ—Èßµâπ„π°“√‡µ√’¬¡·≈–„™âøÕ®“‰´µå‡ªìπµ—«√Õß√—∫ ‚¥¬
øÕ®“‰´µå¡’æ◊Èπ∑’Ëº‘«·≈–¢π“¥√Ÿæ√ÿπ ‡ªìπ 420 m2/g ·≈– 20 Å  µ“¡≈”¥—∫ ‚¥¬‡µ√’¬¡µ—«‡√àß∑’Ë¡’
ª√‘¡“≥ KNO3 ·µ°µà“ß°—π §◊Õ 20, 25, 30, 35% ‚¥¬„™â«‘∏’°“√∑”®ÿà¡™ÿà¡·∫∫·Àâß [8] (dry impregnation
or incipient wetness impregnation) ®“°π—Èππ” “√≈–≈“¬∑’Ë‰¥â‰ªÕ∫·Àâß∑’Ë 393 K ‡ªìπ‡«≈“ 15 ™—Ë«‚¡ß
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‡¡◊ËÕ‡ √Á®®“°°√–∫«π°“√¢â“ßµâπ·≈â« π” “√∑’Ë‰¥â‰ª∑”°“√§—≈‰´¥å∑’Ë 773 K ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß  ÿ¥∑â“¬®–
‰¥âµ—«‡√àßªØ‘°‘√‘¬“∑’Ë 20, 25, 30, 35 wt% KNO3/Faujasite µ“¡≈”¥—∫

°“√«‘‡§√“–Àåµ—«‡√àßªØ‘°‘√‘¬“
°“√«‘‡§√“–Àåµ—«‡√àßÀ≈—ß®“°°“√§—≈‰´¥å‚¥¬Õ“»—¬À≈—°°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡ÕÁ°´å (XRD) ‚¥¬

„™â Philips XûPert ¿“§«‘»«°√√¡«— ¥ÿ ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ‚¥¬„™â√—ß ’ Cu Kα, ™à«ß 2θ √–À«à“ß
5-70 Õß»“‡√‡¥’¬π ÷́ËßÕ—µ√“‡√Á«‡ªìπ 2.5 Õß»“‡√‡¥’¬π/π“∑’ ¢âÕ¡Ÿ≈ª√–¡«≈º≈‚¥¬ DiffracPlus software

°“√«‘‡§√“–ÀåÀ“æ◊Èπ∑’Ëº‘«¥â«¬«‘∏’ BET Nitrogen Adsorption (Autosorb I, Quantachrome)
À≈—ß®“°°“√§—≈‰´¥å¥â«¬‡§√◊ËÕß Autosorb º≈‘µ‚¥¬ Quantachrome √ÿàπ Autosorb 1

ªØ‘°‘√‘¬“∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π
π”πÈ”¡—π ∫Ÿà¥”∑’Ëª√—∫ ¿“æ·≈â«·≈–‡¡∑“πÕ≈ Õ—µ√“ à«π‚¥¬‚¡≈¢ÕßπÈ”¡—π ∫Ÿà¥” (πÈ”Àπ—°‚¡‡≈°ÿ≈

= 880.623 g/mol) µàÕ‡¡∑“πÕ≈ §◊Õ 1: 6, 1: 21 ·≈–µ—«‡√àßªØ‘°‘√‘¬“ 20, 25, 30, 35 wt% KNO3/
Faujasite ‚¥¬∑’Ëª√‘¡“≥µ—«‡√àß∑’Ë„™â„πªØ‘°‘√‘¬“§◊Õ 2, 5, 8% ‚¥¬πÈ”Àπ—°¢ÕßπÈ”¡—π ∫Ÿà¥” ∫√√®ÿ≈ß„π
¢«¥·°â« 2 §Õ ¢π“¥ 250 ¡‘≈≈‘≈‘µ√∑’Ë¡’™ÿ¥√’ø≈—°´åµ‘¥Õ¬Ÿà¥â“π∫π ¥—ß√Ÿª∑’Ë 3 ∑”ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 64.7
Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 8 ™—Ë«‚¡ß [9] §«“¡‡√Á«√Õ∫°“√°«π 600 √Õ∫µàÕπ“∑’ ‡¡◊ËÕ§√∫‡«≈“∑”°“√ªî¥
‡§√◊ËÕß°«π “√·≈–≈¥Õÿ≥À¿Ÿ¡‘≈ß®π∂÷ßÕÿ≥À¿Ÿ¡‘ÀâÕß ∑”°“√°√Õß·¬°µ—«‡√àßªØ‘°‘√‘¬“ÕÕ° π”º≈‘µ¿—≥±å∑’Ë
°√Õß·¬°µ—«‡√àßªØ‘°‘√‘¬“ÕÕ°·≈â«¡“∫√√®ÿ„π°√«¬·¬° ‡æ◊ËÕ·¬°‡Õ“πÈ”¡—π‰∫‚Õ¥’‡´≈ÕÕ°®“°°≈’‡´Õ√Õ≈
´÷ËßÕ¬Ÿà∑“ß¥â“π≈à“ß¢Õß°√«¬·¬° ≈â“ßπÈ”¡—π‰∫‚Õ¥’‡´≈¥â«¬πÈ”°≈—ËπÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  [3] ·¬°πÈ”
´÷ËßÕ¬Ÿà¥â“π≈à“ß¢Õß°√«¬·¬°ÕÕ° ∑” È́”ª√–¡“≥ 5-6 §√—Èß ®ππÈ”°≈—Ëπ„ ‰¡à¡’ ‘Ëß‡®◊Õªπ ·≈â«„™â‚´‡¥’¬¡ —́≈‡øµ
(Na2SO4) 25% ‚¥¬πÈ”Àπ—°¢Õß‰∫‚Õ¥’‡´≈ ¥Ÿ¥§«“¡™◊ÈπÕÕ° ‰¥âº≈‘µ¿—≥±å‡ªìπ‰∫‚Õ¥’‡´≈

®“°π—Èππ”‰∫‚Õ¥’‡´≈∑’Ë‰¥â‰ª«‘‡§√“–Àåª√‘¡“≥‡¡∑‘≈‡Õ ‡∑Õ√å (%FAME) ·≈–§ÿ≥ ¡∫—µ‘∑“ß
°“¬¿“æ∑’Ë‡°’Ë¬«¢âÕß

√Ÿª∑’Ë 3 ™ÿ¥Õÿª°√≥å√’ø≈—°´å
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°“√«‘‡§√“–Àå§ÿ≥ ¡∫—µ‘¢ÕßπÈ”¡—π‰∫‚Õ¥’‡´≈
∑”°“√«‘‡§√“–Àåª√‘¡“≥‡¡∑‘≈‡Õ ‡∑Õ√å (methyl ester yield or FAME) „π‰∫‚Õ¥’‡´≈∑’Ë‰¥â

‚¥¬„™â‡§√◊ËÕß·°ä ‚§√¡“‚∑°√“ø (Gas Chromatograph, GC) (Shimadzu √ÿàπ GC 2010) ·≈– ¡∫—µ‘
Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß ‰¥â·°à §«“¡Àπ“·πàπ (density) §«“¡Àπ◊¥ (viscosity) ®ÿ¥«“∫‰ø (flash point) ·≈–
®ÿ¥À¡Õ° (cloud point)

‡ªÕ√å‡´Áπµå‚¥¬πÈ”Àπ—°ª√‘¡“≥‡¡∑‘≈‡Õ ‡∑Õ√å„ππÈ”¡—π‰∫‚Õ¥’‡´≈ ¡’ Ÿµ√§Ì“π«≥ §◊Õ

‚¥¬∑’Ë ΣA = º≈√«¡¢Õßæ◊Èπ∑’Ë„µâ°√“øµ—Èß·µà C8: 0 ∂÷ß C18: 2

AEI = æ◊Èπ∑’Ë„µâ°√“ø¢Õß C8: 0
CEI = §«“¡‡¢â¡¢âπ¢Õß C8: 0 ∑’Ë„™â (mg/l)
VEI = ª√‘¡“µ√ C8:0 ∑’Ë„™â (µl)
W = πÈ”Àπ—°‰∫‚Õ¥’‡´≈ (mg)

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈°“√∑¥≈Õß
º≈°“√«‘‡§√“–Àåµ—«‡√àßªØ‘°‘√‘¬“

®“°°“√«‘‡§√“–Àå‚¥¬Õ“»—¬À≈—°°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡ÕÁ°´å (XRD) ‰¥â pattern ¥—ß√Ÿª∑’Ë 4

(ΣA)-AEI
AEI

C =      Ó             Ó 100
CEI Ó VEI

W

√Ÿª∑’Ë 4 XRD Pattern ¢Õßµ—«‡√àß KNO3/Faujasite ‡∑’¬∫°—∫øÕ®“‰´µå
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®“° pattern ∑’Ë‰¥â æ∫ peak À≈—°∑’Ëª√“°Ø„π∑ÿ°µ—«Õ¬à“ß‡ªìπ peak ¢Õßº≈÷° Faujasite ‰¡àæ∫
peak ¢Õßº≈÷° K2O À√◊Õ KNO3 · ¥ß«à“ K2O ∑’Ë‰¥â®“°°“√·µ°µ—«¢Õß KNO3 ∑’Ë 500 Õß»“‡´≈‡ ’́¬ 
¬—ßÕ¬Ÿà„π√ŸªÕ —≥∞“π  ”À√—∫§«“¡ Ÿß¢Õß peak ∑’Ë≈¥≈ß„πµ—«Õ¬à“ß∑’Ë¡’ KNO3 ‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°¡’ª√‘¡“≥
º≈÷° Faujasite πâÕ¬≈ßµ“¡ —¥ à«π¢Õßµ—«‡√àß∑’Ë‡µ√’¬¡‰¥â

‡¡◊ËÕ«‘‡§√“–ÀåÀ“æ◊Èπ∑’Ëº‘«¥â«¬«‘∏’ BET Nitrogen Adsorption (Autosorb I, Quantachrome)
(µ“√“ß∑’Ë 1) æ∫«à“ °“√ load KNO3 ≈ß∫πæ◊Èπº‘«¢Õß Faujasite ¡’º≈„Àâæ◊Èπ∑’Ëº‘«‚¥¬√«¡¢Õßµ—«‡√àß≈¥≈ß
·≈–¡’¢π“¥√Ÿæ√ÿπ≈¥≈ß¥â«¬‡™àπ°—π §“¥«à“‡π◊ËÕß¡“®“° KNO3 ‰ª‡°“–µ“¡√Ÿæ√ÿπ¢Õß Faujasite

º≈°“√«‘‡§√“–Àå‰∫‚Õ¥’‡´≈
ß“π«‘®—¬π’È‰¥â»÷°…“º≈¢Õßµ—«‡√àßªØ‘°‘√‘¬“™π‘¥ K2O/Faujasite ‚¥¬»÷°…“º≈¢Õßµ—«·ª√ 3 µ—«

À≈—° §◊Õ ª√‘¡“≥ KNO3 ∫πøÕ®“‰´µå (20, 25, 30, 35 wt% KNO3/Faujasite) ª√‘¡“≥µ—«‡√àß∑’Ë„™â∑”
ªØ‘°‘√‘¬“·≈–Õ—µ√“ à«π√–À«à“ß‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥” ‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë∑”ªØ‘°‘√‘¬“ §◊Õ 64.7 Õß»“‡´≈‡ ’́¬ 
‡ªìπ‡«≈“ 8 ™—Ë«‚¡ß §«“¡‡√Á«√Õ∫ 600 √Õ∫µàÕπ“∑’§«“¡¥—π∫√√¬“°“» À≈—ß®“°ºà“π¢—ÈπµÕπµà“ßÊ µ“¡∑’Ë
°≈à“«¡“¢â“ßµâπ®π‰¥â‰∫‚Õ¥’‡´≈ ®“°π—Èππ”‰ª«‘‡§√“–ÀåÀ“‡ªÕ√å‡´Áπµå‡¡∑‘≈‡Õ ‡∑Õ√å¥â«¬ GC ‰¥âº≈¥—ß· ¥ß
„π√Ÿª∑’Ë 5-10 ´÷Ëß· ¥ßº≈‡©æ“–°“√„™âµ—«‡√àß„πª√‘¡“≥ 2, 5 ·≈– 8% ‚¥¬πÈ”Àπ—°

µ“√“ß∑’Ë 1 æ◊Èπ∑’Ëº‘«®”‡æ“–·∫∫ BET ¢Õßµ—«‡√àßªØ‘°‘√‘¬“

µ—«‡√àßªØ‘°‘√‘¬“ æ◊Èπ∑’Ëº‘«®”‡æ“– (m2/g) ¢π“¥√Ÿæ√ÿπ (Å )
Faujasite 420 20
K2O/Faujasite ∑’Ë 20 wt% KNO3/Faujasite 380 17
K2O/Faujasite ∑’Ë 25 wt% KNO3/Faujasite 366 14
K2O/Faujasite ∑’Ë 30 wt% KNO3/Faujasite 270 14
K2O/Faujasite ∑’Ë 35 wt% KNO3/Faujasite 257 14

0
10
20
30
40
50
60
70
80

0 2 4 6 8 10

Amount of Catalyst, %wt. 

6:1
21:1

% FAME

√Ÿª∑’Ë 5 º≈¢Õßª√‘¡“≥µ—«‡√àß∑’Ë„™â  ”À√—∫µ—«‡√àßªØ‘°‘√‘¬“™π‘¥ 20 wt% KNO3/Faujasite Õ—µ√“ à«π‚¥¬
‚¡≈¢Õß‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥”‡∑à“°—∫ 6 : 1 ·≈– 21 :1
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√Ÿª∑’Ë 6 º≈¢Õßª√‘¡“≥µ—«‡√àß∑’Ë„™â  ”À√—∫µ—«‡√àßªØ‘°‘√‘¬“™π‘¥ 25 wt% KNO3/Faujasite Õ—µ√“ à«π‚¥¬
‚¡≈¢Õß‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥”‡∑à“°—∫ 6 : 1 ·≈– 21 : 1

√Ÿª∑’Ë 7 º≈¢Õßª√‘¡“≥µ—«‡√àß∑’Ë„™â  ”À√—∫µ—«‡√àßªØ‘°‘√‘¬“™π‘¥ 30 wt% KNO3/Faujasite Õ—µ√“ à«π‚¥¬
‚¡≈¢Õß‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥”‡∑à“°—∫ 6 : 1 ·≈– 21 : 1
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√Ÿª∑’Ë 8 º≈¢Õßª√‘¡“≥µ—«‡√àß∑’Ë„™â  ”À√—∫µ—«‡√àßªØ‘°‘√‘¬“™π‘¥ 35 wt% KNO3/Faujasite Õ—µ√“ à«π‚¥¬
‚¡≈¢Õß‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥”‡∑à“°—∫ 6 : 1 ·≈– 21 : 1

®“°º≈°“√∑¥≈Õßæ∫«à“  ”À√—∫∑ÿ°µ—«‡√àß∑’Ë„™â‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥°“√„™â®“° 2 ‡ªìπ 8% ‚¥¬
πÈ”Àπ—° ¡’º≈„Àâ‡°‘¥ªØ‘°‘√‘¬“‰¥â‡¡∑‘≈‡Õ ‡∑Õ√å‡æ‘Ë¡¡“°¢÷Èπ ·≈–°“√‡æ‘Ë¡Õ—µ√“ à«π‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥”
®“° 6 ‡∑à“‡ªìπ 21 ‡∑à“ ¡’º≈‡™‘ß∫«°‡™àπ‡¥’¬«°—π ‡æ√“–°“√‡æ‘Ë¡‡¡∑“πÕ≈ ÷́Ëß‡ªìπ∑—Èß “√µ—Èßµâπ¢ÕßªØ‘°‘√‘¬“
·≈–∑”Àπâ“∑’Ë‡ªìπµ—«‡®◊Õ®“ß≈¥§«“¡Àπ◊¥¢ÕßπÈ”¡—π ∫Ÿà¥”∑”„Àâ‡°‘¥°“√ —¡º— °—π¢Õß “√µ—Èßµâπ°—∫µ—«‡√àß‰¥â
¡“°¢÷Èπ °“√‡°‘¥ªØ‘°‘√‘¬“®÷ß¥’¢÷Èπ¥â«¬ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈‰¥â„π∑ÿ°·∫∑™å∑’Ë∑¥≈Õßæ∫«à“ ·∫∑™å∑’Ë„™âµ—«‡√àß
20 wt% KNO3/Faujasite ª√‘¡“≥√âÕ¬≈– 8 ¢ÕßπÈ”Àπ—° ∫Ÿà¥” Õ—µ√“ à«π‚¥¬‚¡≈¢Õß‡¡∑“πÕ≈µàÕπÈ”¡—π
 ∫Ÿà¥” 21 ‡∑à“ „Àâ‡¡∑‘≈‡Õ ‡∑Õ√å Ÿß∑’Ë ÿ¥ §◊Õ 75.2% ¥—ßπ—Èπ®÷ß‡≈◊Õ°„™âµ—«‡√àßªØ‘°‘√‘¬“ 20 wt% KNO3/
Faujasite „π°“√∑¥≈ÕßµàÕ¡“ ‚¥¬∑”°“√‡æ‘Ë¡ª√‘¡“≥µ—«‡√àß„π°“√∑”ªØ‘°‘√‘¬“„Àâ¡“°¢÷Èπ º≈∑’Ë‰¥â· ¥ß„π
√Ÿª∑’Ë 10 ´÷Ëßæ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥®“° 8% ‚¥¬πÈ”Àπ—°‡ªìπ 10 ·≈– 12 °≈—∫„Àâº≈‡™‘ß≈∫ §◊Õ ‰¥â‡¡∑‘≈
‡Õ ‡∑Õ√å≈¥≈ß §“¥«à“πà“®–‡ªìπº≈¡“®“°ª√‘¡“≥µ—«‡√àß∑’Ë¡“°¢÷Èπ àßº≈∑”„Àâ§«“¡Àπ◊¥¢Õß¢Õßº ¡
√–À«à“ß “√µ—Èßµâπ·≈–µ—«‡√àß‡æ‘Ë¡¡“°¢÷Èπ ∑”„Àâ°“√ —¡º— °—π¢Õß “√µ—Èßµâπ·≈–µ—«‡√àß≈¥≈ß °“√‡°‘¥ªØ‘°‘√‘¬“
®÷ß≈¥≈ßµ“¡‰ª¥â«¬ (‰¡à “¡“√∂‡æ‘Ë¡§«“¡‡√Á«√Õ∫„Àâ¡“°°«à“ 800 √Õ∫/π“∑’ ¥â«¬¢âÕ®”°—¥¢Õß‡§√◊ËÕß¡◊Õ)
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√Ÿª∑’Ë 9 º≈¢Õßª√‘¡“≥µ—«‡√àß∑’Ë„™â  ”À√—∫µ—«‡√àßªØ‘°‘√‘¬“™π‘¥ 20 wt% KNO3/Faujasite Õ—µ√“ à«π‚¥¬
‚¡≈¢Õß‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥”‡∑à“°—∫ 21 : 1

‡æ◊ËÕ·°â‰¢ªí≠À“‡√◊ËÕß§«“¡Àπ◊¥∑’Ë‡æ‘Ë¡¢÷Èπ®÷ß‰¥â∑¥≈Õß È́”‚¥¬‡æ‘Ë¡ª√‘¡“≥‡¡∑“πÕ≈‡ªìπ 30 ‡∑à“
ª√“°Ø«à“‰¥âº≈¥’¢÷Èπ  “¡“√∂ —ß‡§√“–Àå‰∫‚Õ¥’‡´≈‰¥â Ÿß ÿ¥‚¥¬¡’‡ªÕ√å‡´Áπµå°“√‡ª≈’Ë¬π·ª≈ß‡ªìπ‰∫‚Õ¥’‡´≈
90% ‡¡◊ËÕ„™âµ—«‡√àß 20 wt% KNO3/Faujasite „πª√‘¡“≥ 9% º≈∑’Ë‰¥â· ¥ß¥—ß√Ÿª∑’Ë 10 ®“°π—Èππ”
‰∫‚Õ¥’‡´≈∑’Ë‰¥â‰ª«‘‡§√“–Àå§ÿ≥ ¡∫—µ‘æ◊Èπ∞“π∑“ß°“¬¿“æ º≈∑’Ë‰¥â· ¥ß„πµ“√“ß∑’Ë 2 ‡ª√’¬∫‡∑’¬∫°—∫§à“
¡“µ√∞“π¢Õß°√¡∏ÿ√°‘®æ≈—ßß“π ÷́Ëßæ∫«à“‚¥¬√«¡·≈â«¡’§à“„°≈â‡§’¬ß°—∫§à“¡“µ√∞“π ∂÷ß·¡â«à“∫“ß¥â“π¬—ß
µË”°«à“¡“µ√∞“π‡≈Á°πâÕ¬ ·µà°Á¡’§«“¡‡ªìπ‰ª‰¥â Ÿß„π°“√¢¬“¬º≈‡æ◊ËÕº≈‘µ‰∫‚Õ¥’‡´≈„π√–¥—∫∑’Ë¡’¢π“¥°”≈—ß
°“√º≈‘µ¡“°¢÷Èπ ´÷ËßÕ“®æÿàß‡ªÑ“„π°“√º≈‘µ‡æ◊ËÕ„™â„π™ÿ¡™π¡“°°«à“∑’Ë®–„™â„π√∂¬πµå‡™‘ßæ“≥‘™¬å∑—Ë«‰ª
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√Ÿª∑’Ë 10 º≈¢Õßª√‘¡“≥µ—«‡√àß∑’Ë„™â  ”À√—∫µ—«‡√àßªØ‘°‘√‘¬“™π‘¥ 20 wt% KNO3/Faujasite Õ—µ√“ à«π
‚¥¬‚¡≈¢Õß‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥”‡∑à“°—∫ 30 : 1
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 √ÿªº≈°“√∑¥≈Õß
1. ®“°º≈°“√»÷°…“¥â«¬‚ª√·°√¡°“√ÕÕ°·∫∫°“√∑¥≈Õßæ∫«à“ ªí®®—¬À≈—°∑’Ë¡’º≈µàÕ‡ªÕ√å‡´Áπµå

‡¡∑‘≈‡Õ ‡∑Õ√å∑’Ë‰¥â §◊Õ ™π‘¥µ—«‡√àß∑’Ë¡’ª√‘¡“≥ KNO3 ·µ°µà“ß°—π ª√‘¡“≥µ—«‡√àß∑’Ë„™â„π°“√∑”ªØ‘°‘√‘¬“
·≈–Õ—µ√“ à«π‚¥¬‚¡≈¢Õß‡¡∑“πÕ≈µàÕπÈ”¡—π ∫Ÿà¥”

2. µ—«‡√àßªØ‘°‘√‘¬“∑’Ë¡’ª√‘¡“≥ 20 wt% KNO3/Faujasite „ÀâπÈ”¡—π‰∫‚Õ¥’‡´≈∑’Ë¡’‡ªÕ√å‡´Áπµå
‡¡∑‘≈‡Õ ‡∑Õ√å Ÿß∑’Ë ÿ¥ §◊Õ 75.2 „π∫√√¥“µ—«‡√àß∑—ÈßÀ¡¥∑’Ë„™â

3. °“√‡æ‘Ë¡ª√‘¡“≥µ—«‡√àß‰¡à‡°‘π 8% ‚¥¬πÈ”Àπ—° „π°“√∑”ªØ‘°‘√‘¬“¡’º≈„Àâ‰¥â‡ªÕ√å‡´Áπµå
‡¡∑‘≈‡Õ ‡∑Õ√å¡“°¢÷Èπ ‡™àπ‡¥’¬«°—π°—∫°“√‡æ‘Ë¡ª√‘¡“≥‡¡∑“πÕ≈®“° 6 ‡ªìπ 21 ‡∑à“¢ÕßπÈ”¡—π ∫Ÿà¥”µ—Èßµâπ
·µà‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥µ—«‡√àß¡“°°«à“ 8% ‚¥¬πÈ”Àπ—° °≈—∫∑”„Àâ‡ªÕ√å‡´Áπµå‡¡∑‘≈‡Õ ‡∑Õ√å≈¥≈ß ÷́Ëß “¡“√∂
·°â‰¢‚¥¬°“√‡æ‘Ë¡ª√‘¡“≥‡¡∑“πÕ≈

4. °“√ —ß‡§√“–Àå‰∫‚Õ¥’‡´≈‚¥¬°“√„™â K2O/Faujasite ∑’Ë‡µ√’¬¡®“° 20 wt% KNO3 ‡ªìπ
µ—«‡√àßªØ‘°‘√‘¬“∑√“π å‡Õ ‡∑Õ√‘øî‡§™—π ¥â«¬ª√‘¡“≥°“√„™âµ—«‡√àß 9% ‚¥¬πÈ”Àπ—° „™â‡¡∑“πÕ≈ 30 ‡∑à“
¢ÕßπÈ”¡—π ∫Ÿà¥” ∑”ªØ‘°‘√‘¬“∑’Ë 64.7 Õß»“‡´≈‡´’¬  ‡«≈“„π°“√∑”ªØ‘°‘√‘¬“ 8 ™—Ë«‚¡ß ·≈–°«π¥â«¬§«“¡‡√Á«
600 √Õ∫µàÕπ“∑’ „Àâ‰∫‚Õ¥’‡´≈∑’Ë¡’‡¡∑‘≈‡Õ ‡∑Õ√å Ÿß∑’Ë ÿ¥ 90%

5. ‰∫‚Õ¥’‡´≈∑’Ë‰¥â¬—ß¡’§ÿ≥ ¡∫—µ‘À≈—°µË”°«à“¡“µ√∞“π¢Õß°√¡∏ÿ√°‘®æ≈—ßß“π

µ“√“ß∑’Ë 2 §ÿ≥ ¡∫—µ‘¢Õß‰∫‚Õ¥’‡´≈∑’Ë‰¥â

§ÿ≥ ¡∫—µ‘ §à“∑’Ë«—¥‰¥â §à“¡“µ√∞“π*
‡¡∑‘≈‡Õ ‡∑Õ√å (%wt) 90 ≥ 96.5
§«“¡Àπ“·πàπ (density) ∑’Ë 15 ÌC g/cm3 0.89 0.86 - 0.90
§«“¡Àπ◊¥ (viscosity) ∑’Ë 40 ÌC mm2/s 6.1 3.5 - 5.0
®ÿ¥«“∫‰ø (flash point) ( ÌC) 176 ≥ 120
®ÿ¥À¡Õ° (cloud point) ( ÌC) 9 -

À¡“¬‡Àµÿ :
* µ“¡¡“µ√∞“π¢Õß°√¡∏ÿ√°‘®æ≈—ßß“π (B 100)
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