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‡∑Õ√‘Ëß (Evaporative Light Scattering Detector; ELSD) ‰¥â∂Ÿ°æ—≤π“¢÷Èπ‡æ◊ËÕ„™â„π°“√«‘‡§√“–Àå ‰µ√- ‰¥- ·≈–
‚¡‚π°≈’‡´Õ‰√¥å (bound glycerols) °√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å ·≈–°√¥‰¢¡—πÕ‘ √–„π‰∫‚Õ¥’‡´≈ °“√·¬° “√ª√–°Õ∫
„π‰∫‚Õ¥’‡´≈‚¥¬„™â§Õ≈—¡πå phenogel 100 Å ¢π“¥ 300 mm X 7.8 mm ID, 5µm ∑’Ë¡’«—Ø¿“§‡§≈◊ËÕπ∑’Ëº ¡¢Õß√âÕ¬≈–
0.5 ‡µµ√–‰Œ‚¥√øŸ·≈π (THF) „π‚∑≈ŸÕ’π „Àâº≈¥’°«à“°“√„™â THF À√◊Õ‚∑≈ŸÕ’π‡æ’¬ßÕ¬à“ß‡¥’¬« ‡¡◊ËÕ„™âµ—«∑”≈–≈“¬™π‘¥
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¥’‡´≈∑ÿ°µ—« “¡“√∂·¬°‰¥â∂÷ß‡ âπ∞“π‡™àπ‡¥’¬«°—π ·µà√âÕ¬≈– 0.25 °√¥Õ–´‘µ‘°„π‚∑≈ŸÕ’π‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë∑’Ë¥’∑’Ë ÿ¥
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Determination of FFA, Tri-, Di-, and Monoglycerides in Ethyl

Biodiesel from Acid Oil of Rice Bran Oil Refinery

A Method of high performance size exclusion chromatography (HPSEC) with evaporative light-

scattering detector was developed for analysis of tri-, di-, and monoglyceride (bound glycerols) fatty acid

ethyl ester and free fatty acids in biodiesel. The separation of the analytes on a phenogel 100Å column (300

mm X 7.8 mm ID, 5µm) eluted with toluene containing 0.5 % tetrahydrofuran (THF) is better than straight

THF or toluene. Baseline separation of all the above solutes can also be achieved when acetone,

dichloromethane, ethyl acetate or acetic acid is used in place of THF. However, 0.25% acetic acid in tolu-

ene was found to be the best mobile phase modifier. Ethyl biodiesels of rice bran acid oil which were

derived from simultaneous esterificaton and transeterification of the acid oil with sulfuric acid at 75°C at

different molar ratios of FFA:ethanol  (between 1:25 to 1:480) were analyzed by HPSEC eluted with 0.25%

acetic acid in toluene. The results show that about 98% FAEEs (biodiesel) could be obtained in less than 30

min at 1:480 molar ratio of FFA:ethanol.

Keywords : Free Fatty Acid / Glycerides / High Performance Size Exclusion Chromatography
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1. ∫∑π”
‰∫‚Õ¥’‡´≈‰¥â‡¢â“¡“¡’∫∑∫“∑ ”§—≠„π·ßà¢Õßæ≈—ßß“π

∑¥·∑ππÈ”¡—π¥’‡´≈ ‡π◊ËÕß®“°‰∫‚Õ¥’‡´≈¡’§ÿ≥ ¡∫—µ‘∑“ß
‡§¡’-øî ‘° å ‡™àπ §à“´’‡∑π (cetane number) §à“§«“¡√âÕπ
(heat content) §«“¡Àπ◊¥, ®ÿ¥À¡Õ° (cloud point) ®ÿ¥
‰À≈‡∑ (pour point) π—Èπ„°≈â‡§’¬ß°—∫πÈ”¡—π¥’‡´≈À¡“¬‡≈¢
À¡ÿπ‡√Á« ‰∫‚Õ¥’‡´≈ “¡“√∂º≈‘µ®“°«—µ∂ÿ¥‘∫À¡ÿπ‡«’¬π
(renewable) ·≈–º≈‘µ‰¥â„πª√‘¡“≥¡“°¬àÕ¬ ≈“¬ßà“¬
·≈–‰¡à‡ªìπæ‘…µàÕ¡πÿ…¬å [1-3] °“√º≈‘µ‰∫‚Õ¥’‡´≈∑—Ë«‚≈°
¡’ª√‘¡“≥‡æ‘Ë¡¢÷Èπ∑ÿ°ªï „πªï 2005 ¡’ª√‘¡“≥°“√º≈‘µ∂÷ß 3,500
≈â“π≈‘µ√ §‘¥‡ªìπ√âÕ¬≈– 2 ¢Õßª√‘¡“≥¥’‡´≈∑’Ë„™â„π√–∫∫
°“√¢π àß ·≈–§“¥«à“ª√‘¡“≥°“√„™â®–‡æ‘Ë¡‡ªìπ√âÕ¬≈– 5.75
„πªï 2010 [4, 5]

√“§“µâπ∑ÿπ¢ÕßπÈ”¡—πæ◊™À√◊Õ‰¢ —µ«å∫√‘ ÿ∑∏‘Ï∑’Ë„™â„π
°“√º≈‘µ‰∫‚Õ¥’‡´≈§‘¥‡ªìπ√âÕ¬≈– 70-95 ¢Õß√“§“µâπ∑ÿπ
∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫«—µ∂ÿ¥‘∫∑’Ëπ”¡“„™â «—µ∂ÿ¥‘∫¡’º≈µàÕ√“§“¢Õß
‰∫‚Õ¥’‡´≈Õ¬à“ß¡“°·≈–¡’º≈„Àâ‰∫‚Õ¥’‡´≈∑’Ëº≈‘µ‰¥â¡’√“§“
 Ÿß°«à“√“§“¢ÕßπÈ”¡—πªî‚µ√‡≈’¬¡ ¥—ßπ—Èπ®÷ß‰¥â¡’°“√æ¬“¬“¡
À“·À≈àß«—µ∂ÿ¥‘∫™π‘¥Õ◊Ëπ∑’Ë¡’√“§“∂Ÿ°°«à“¡“„™â„π°“√º≈‘µ
‰∫‚Õ¥’‡´≈ ‡™àπ πÈ”¡—πæ◊™·≈–‰¢ —µ«å„™â·≈â« À√◊ÕπÈ”¡—π
æ◊™§ÿ≥¿“æµË”™π‘¥Õ◊Ëπ ‡™àπ πÈ”¡—π√”¢â“«À√◊ÕπÈ”¡—π‡¡≈Á¥
¬“ßæ“√“ ∑’Ë‰µ√°≈’‡´Õ‰√¥å∫“ß à«π∂Ÿ°‰Œ‚¥√‰≈ ǻ‚¥¬
‡Õπ‰´¡å‰≈‡ª ‰ª‡ªìπ°√¥‰¢¡—πÕ‘ √– [6]

·Õ´‘¥ÕÕ¬≈å´÷Ëß‡ªìπº≈æ≈Õ¬‰¥â®“°¢—ÈπµÕπ°“√°”®—¥
°√¥‰¢¡—πÕ‘ √–„π°√–∫«π°“√∑”πÈ”¡—π¥‘∫„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬
«‘∏’∑“ß‡§¡’ ‡ªìπ«—µ∂ÿ¥‘∫Õ’°™π‘¥Àπ÷Ëß∑’Ëπà“ π„® ‡π◊ËÕß®“°
·Õ´‘¥ÕÕ¬≈åª√–°Õ∫¥â«¬°√¥‰¢¡—πÕ‘ √–·≈–°≈’‡´Õ‰√¥å
(‰µ√- ‰¥- ·≈–‚¡‚π°≈’‡´Õ‰√¥å) ª√–¡“≥√âÕ¬≈– 95 ´÷Ëß
æ∫«à“∑—Èß°√¥‰¢¡—πÕ‘ √–·≈–°≈’‡´Õ‰√¥å‡ªìπ “√µ—Èßµâπ∑’Ë¥’
 ”À√—∫°“√º≈‘µ‰∫‚Õ¥’‡´≈ ª°µ‘·Õ´‘¥ÕÕ¬≈å®–∂Ÿ°¢“¬„Àâ
°—∫‚√ßß“πÕ“À“√ —µ«å„π√“§“∂Ÿ° ¥—ßπ—Èπ∂â“ “¡“√∂π”
·Õ´‘¥ÕÕ¬≈å¡“‡ªìπ«—µ∂ÿ¥‘∫ °Á®– “¡“√∂≈¥µâπ∑ÿπ°“√º≈‘µ
‰∫‚Õ¥’‡´≈≈ß ·≈–¬—ß‡ªìπ°“√™à«¬‚√ßß“πº≈‘µπÈ”¡—πæ◊™
‡æ◊ËÕ°“√∫√‘‚¿§„π°“√°”®—¥·Õ´‘¥ÕÕ¬≈å [7]

„πªï 2003, Hass ·≈–§≥– [8] ‰¥âπ”·Õ´‘¥ÕÕ¬≈å
®“°πÈ”¡—π∂—Ë«‡À≈◊Õß¡“‡ªìπ«—µ∂ÿ¥‘∫„π°“√º≈‘µ‰∫‚Õ¥’‡´≈
·Õ´‘¥ÕÕ¬≈å∑’Ë„™âª√–°Õ∫¥â«¬ °√¥‰¢¡—πÕ‘ √–√âÕ¬≈– 59.3,
‰µ√°≈’‡´Õ‰√¥å√âÕ¬≈– 28.0, ‰¥°≈’‡´Õ‰√¥å√âÕ¬≈– 2.6, ·≈–

‚¡‚π°≈’‡´Õ‰√¥åπâÕ¬°«à“√âÕ¬≈– 1 ‚¥¬„™âÕ—µ√“ à«π¢Õß
°√¥‰¢¡—πÕ‘ √–:‡¡∑“πÕ≈:°√¥´—≈øŸ√‘° ‡∑à“°—∫ 1:15:1.5
Õÿ≥À¿Ÿ¡‘∑’Ë„™â§◊Õ 65 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 26 ™—Ë«‚¡ß
‰¥âº≈º≈‘µ‰∫‚Õ¥’‡´≈‡æ’¬ß·§à√âÕ¬≈– 85 ·≈–∑’Ë‡À≈◊Õ‡ªìπ
°√¥‰¢¡—πÕ‘ √–·≈– “√°≈’‡´Õ‰√¥å∑’Ë‰¡à‰¥â∑”ªØ‘°‘√‘¬“ ´÷Ëß
∂◊Õ‡ªìπª√‘¡“≥∑’Ë§àÕπ¢â“ß Ÿß ®“°°“√∑¥≈Õß¢Õß Freedman
·≈–§≥– [9] æ∫«à“Õ—µ√“‡√Á«¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“∑√“π
‡Õ ‡∑Õ√‘øî‡§™—π„π‡¡∑‘≈·≈–‡Õ∑‘≈·Õ≈°ÕŒÕ≈å„°≈â‡§’¬ß°—π
·µà°“√„™â‡Õ∑‘≈·Õ°ÕŒÕ≈å®–¡’¢âÕ¥’°«à“§◊Õ ‡ªìπ “√∑’Ë
 “¡“√∂º≈‘µ‰¥â®“°º≈‘µ¿—≥±å∑“ß°“√‡°…µ√ ‰¡à‡ªìπæ‘… ·≈–
‡Õ∑‘≈‡Õ ‡∑Õ√å∑’Ë‰¥â®–¡’§à“§«“¡√âÕπ·≈–§à“´’‡∑π Ÿß°«à“
‡¡∑‘≈‡Õ ‡∑Õ√å

‰∫‚Õ¥’‡´≈‰¥â®“°°“√∑”ªØ‘°‘√‘¬“¢Õß‰µ√°≈’‡´Õ‰√¥å
(πÈ”¡—πæ◊™À√◊Õ‰¢ —µ«å) °—∫·Õ≈°ÕŒÕ≈å “¬ —Èπ ‡™àπ
‡¡∑“πÕ≈, ‡Õ∑“πÕ≈ ºà“πªØ‘°‘√‘¬“∑√“π‡Õ ‡∑Õ√‘øî‡§™—π
‚¥¬¡’°√¥À√◊Õ¥à“ß‡ªìπµ—«‡√àßªØ‘°‘√‘¬“  ªØ‘°‘√‘¬“ª√–°Õ∫¥â«¬
3 ¢—ÈπµÕπ ¡’‰¥°≈’‡´Õ‰√¥å·≈–‚¡‚π°≈’‡´Õ‰√¥å‡ªìπ “√
µ—«°≈“ß ∂â“ªØ‘°‘√‘¬“‡°‘¥‰¡à ¡∫Ÿ√≥å®– “¡“√∂æ∫‰µ√°≈’
‡´Õ‰√¥å, ‰¥°≈’‡´Õ‰√¥å, ‚¡‚π°≈’‡´Õ‰√¥å À√◊Õ‡√’¬°√«¡«à“
bound glycerols „πº≈‘µ¿—≥±å ÿ¥∑â“¬ √«¡∑—Èß°√¥‰¢
¡—πÕ‘ √–∑’Ë¡“®“°«—µ∂ÿ¥‘∫ À√◊Õ‡°‘¥®“°°“√‰Œ‚¥√‰≈ ’́ πÈ”¡—π
 “√ªπ‡ªóôÕπ¥—ß°≈à“«Õ“®°àÕ„Àâ‡°‘¥ªí≠À“°—∫‡§√◊ËÕß¬πµå ‡™àπ
°“√Õÿ¥µ—π¢ÕßÀ—«©’¥ °“√ ÷°°√àÕπ¢Õß‡§√◊ËÕß¬πµå‡π◊ËÕß
®“°°√¥‰¢¡—πÕ‘ √– À√◊Õ‡°‘¥°“√ª≈¥ª≈àÕ¬ “√æ‘… ‡™àπ
acrolein  Ÿà ‘Ëß·«¥≈âÕ¡ ®÷ß∑”„Àâ„πÀ≈“¬Ê ª√–‡∑»‰¥â¡’
°“√°”Àπ¥ª√‘¡“≥ Ÿß ÿ¥¢Õß bound glycerols ·≈–
°√¥‰¢¡—πÕ‘ √– ∑’Ë®–¡’‰¥â„π‰∫‚Õ¥’‡´≈‰«â„π¡“µ√∞“π ¥—ßπ—Èπ
«‘∏’°“√«‘‡§√“–Àå “√ªπ‡ªóôÕπ¢â“ßµâπ∑’Ëßà“¬·≈–πà“‡™◊ËÕ∂◊Õ
®÷ß‡ªìπ ‘Ëß®”‡ªìπµàÕ°“√æ—≤π“‰∫‚Õ¥’‡´≈ Thin-Layer Chro-
matography-Flam Ionization Detector; TLC-FID ‡ªìπ
«‘∏’·√°Ê ∑’Ë„™â„π°“√«‘‡§√“–ÀåÀ“Õß§åª√–°Õ∫„π‰∫‚Õ¥’‡´≈
[10]  ¡’√“¬ß“π°“√„™â High Performance Chromato-
graphy; HPLC ∑—Èß™π‘¥ Reverse Phase-HPLC ·≈–
High Performance Size Exclusion Chromatography;
HPSEC „π°“√·¬°·≈–«‘‡§√“–ÀåÀ“ª√‘¡“≥¢Õß°√¥‰¢
¡—πÕ‘ √–, bound glycerols ·≈–Õß§åª√–°Õ∫Õ◊ËπÊ „π
‰∫‚Õ¥’‡´≈ ¢âÕ¥’¢Õß«‘∏’π’È§◊Õ “¡“√∂«‘‡§√“–Àå‚¥¬‰¡àµâÕß
‡ª≈’Ë¬π “√µ—«Õ¬à“ß„ÀâÕ¬Ÿà„π√ŸªÕπÿæ—π∏ÿå   ”À√—∫ RP-HPLC
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∑—Èß·∫∫ isocratic ·≈– gradient elution  “¡“√∂„™â
·¬°°√¥‰¢¡—πÕ‘ √– ·≈– bound glycerols ·µà°“√
«‘‡§√“–Àå “√ª√–°Õ∫¥â«¬«‘∏’π’È§àÕπ¢â“ß¬ÿàß¬“° ‡π◊ËÕß®“°
‡ªìπ°“√·¬° “√ÕÕ°‡ªìπ·µà≈–™π‘¥¢Õß “√ ‰¡à‰¥â·¬°
ÕÕ°µ“¡°≈ÿà¡¢Õß “√ ∑”„Àâ¬“°µàÕ°“√«‘ ‡§√“–Àå
‡Õ°≈—°…≥å “√ ´÷ËßµâÕß„™âºŸâ™”π“≠„π°“√«‘‡§√“–Àå
[11-12]  à«π°“√„™â HPSEC ∑’ËÕ“»—¬À≈—°°“√°“√·¬°
 “√µ“¡¡«≈‚¡‡≈°ÿ≈ °Á∂Ÿ°π”¡“„™â„π°“√«‘‡§√“–ÀåÀ“Õß§å
ª√–°Õ∫¢Õß‰∫‚Õ¥’‡´≈‡™àπ‡¥’¬«°—π ¢âÕ¥’¢Õß°“√„™â
HPSEC §◊Õ “¡“√∂·¬° “√ª√–°Õ∫„π‰∫‚Õ¥’‡´≈ÕÕ°
µ“¡°≈ÿà¡¢Õß “√ ∑”„Àâßà“¬µàÕ°“√«‘‡§√“–Àå‡Õ°≈—°…≥å ·≈–
À“ª√‘¡“≥ [13-16] ·µà¢âÕ‡ ’¬¢Õß«‘∏’π’È§◊Õ®–µâÕß„™â
§Õ≈—¡πå¡“°°«à“Àπ÷Ëß§Õ≈—¡πå„π°“√·¬° “√„Àâ ¡∫Ÿ√≥å ‚¥¬
‡©æ“–°“√·¬°‚¡‚π°≈’‡´Õ‰√¥å °√¥‰¢¡—πÕ‘ √– ·≈–°√¥
‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å ∑’Ë¡’¢π“¥¡«≈‚¡‡≈°ÿ≈„°≈â‡§’¬ß°—π
Arzamendi ·≈–§≥– [17] ‰¥â„™â§Õ≈—¡πå·∫∫ Styragel
∑’Ë¡’¢π“¥√Ÿæ√ÿπ 100 Å 1 Õ—π µàÕ°—∫ 500 Å 2 Õ—π ·∫∫
Õπÿ°√¡„π°“√·¬° “√ª√–°Õ∫„π‰∫‚Õ¥’‡´≈ §Õ≈—¡πå∑’ËµàÕ
°—ππ’È “¡“√∂·¬°°√¥‰¢¡—πÕ‘ √– bound glycerols ·≈–
°≈’‡´Õ√Õ≈Õ‘ √–‰¥â¥’¢÷Èπ  “¡“√∂·¬°‚¡‚π°≈’‡´Õ‰√¥å
·≈–°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å‰¥â∂÷ß‡ âπ∞“π ·µà‰¡à “¡“√∂
·¬°‰µ√°≈’‡´Õ‰√¥å·≈–‰¥°≈’‡´Õ‰√¥å‰¥â ¡∫Ÿ√≥å

§≥–°√√¡°“√¡“µ√∞“πÕ‡¡√‘°“ (American Standard
Test Method Committee) ·≈– §≥–°√√¡°“√¡“µ√∞“π
¬ÿ‚√ª (European standard committee) ‰¥â°”Àπ¥
„Àâ„™â·°ä ‚§√¡“‚µ°√“øï·∫∫Õÿ≥À¿Ÿ¡‘ Ÿß (High Tempera-
ture - Gas Chromatography) ‡æ◊ËÕ«‘‡§√“–Àå‡Õ°≈—°…≥å
·≈–ª√‘¡“≥¢ÕßÕß§åª√–°Õ∫‰∫‚Õ¥’‡´≈ ‰¥â·°à bound
glycerols ·≈–°√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å «‘∏’π’È®–µâÕß
‡ª≈’Ë¬π “√µ—«Õ¬à“ß„ÀâÕ¬Ÿà„π√ŸªÕπÿæ—π∏åºà“πªØ‘°‘√‘¬“
silylation °àÕπ©’¥ “√‡¢â“‡§√◊ËÕß High Temperature GC
 à«π°“√À“ª√‘¡“≥¢Õß°√¥‰¢¡—πÕ‘ √–®–„™â«‘∏’°“√‰µ‡µ√¥
∑”„Àâ‡«≈“∑’Ë„™â„π°“√«‘‡§√“–Àåπ“π¡“° [18-21]

°“√„™â HPSEC „π°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫„π‰∫‚Õ
¥’‡´≈¡’¢âÕ¥’À≈“¬ª√–°“√ ·µà®–„Àâ°“√·¬°‡°‘¥‰¥â ¡∫Ÿ√≥å
®”‡ªìπµâÕß„™â§Õ≈—¡πå¡“°°«à“Àπ÷Ëß§Õ≈—¡πå¡“µàÕ°—π·∫∫
Õπÿ°√¡ ®÷ß∑”„Àâ ‘Èπ‡ª≈◊Õß·≈–‡ ’¬‡«≈“„π°“√«‘‡§√“–Àå
¥—ßπ—Èπ„πß“π«‘®—¬π’È‡ªìπ°“√π”‡ πÕ«‘∏’ HPSEC ∑’Ë„™â§Õ≈—¡πå

phenogel ‡æ’¬ß§Õ≈—¡πå‡¥’¬« ·≈–¡’«—Ø¿“§‡§≈◊ËÕπ∑’Ë‡ªìπ
 “√≈–≈“¬º ¡  “¡“√∂·¬° “√ª√–°Õ∫„π‰∫‚Õ¥’‡´≈∑’Ë
‰¥â®“°·Õ´‘¥ÕÕ¬≈å®“°πÈ”¡—π√”¢â“« §◊Õ‚¡‚π°≈’‡´Õ‰√¥å ‰¥
°≈’‡´Õ‰√¥å ‰µ√°≈’‡´Õ‰√¥å °√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å ·≈–
°√¥‰¢¡—πÕ‘ √– ‰¥â∂÷ß‡ âπ∞“π

2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√¥”‡π‘π°“√∑¥≈Õß
2.1 «— ¥ÿ

·Õ´‘¥ÕÕ¬≈å®“°πÈ”¡—π√”¢â“« ‰¥â√—∫§«“¡
Õπÿ‡§√“–Àå®“°∫√‘…—∑πÈ”¡—π∫√‘‚¿§‰∑¬  “√¡“µ√∞“π
Tripalmitoyl glycerol, 1,2-dipalmitoyl glycerol, 1(3)-
monopalmitoyl glycerol ·≈– °√¥ª“≈å¡‘µ‘° ®“°∫√‘…—∑
´‘°¡“‡§¡‘§Õ≈ ®”°—¥ (‡´πÀ≈ÿ¬≈å ª√–‡∑» À√—∞Õ‡¡√‘°“)
°√¥´—≈øŸ√‘° ·≈–‚´‡¥’¬¡´—≈‡øµ ®“°∫√‘…—∑ Merck ª√–‡∑»
‡¬Õ√¡—π µ—«∑”≈–≈“¬Õ‘π∑√’¬å ‡°√¥ HPLC ®“°∫√‘…—∑ ·≈ª
 ·°π ®”°—¥ (ª√–‡∑»‰∑¬)

2.2 °“√‡µ√’¬¡‡Õ∑‘≈‡Õ ‡∑Õ√å¢Õß·Õ ‘́¥ÕÕ¬≈å®“°
πÈ”¡—π√”¢â“«

‡Õ∑‘≈‡Õ ‡∑Õ√å¢Õß·Õ´‘¥ÕÕ¬≈å‡µ√’¬¡‚¥¬„™â°√¥
´—≈øŸ√‘° 0.5 M „π‡Õ∑“πÕ≈ °—∫·Õ´‘¥ÕÕ¬≈å®“°πÈ”¡—π
√”¢â“« „πÕ—µ√“ à«π¢ÕßπÈ”¡—πµàÕ‡Õ∑“πÕ≈  §◊Õ 1:25, 1:60,
1:120, 1:240 ·≈–1:480 π”‰ª·™à„πÕà“ßπÈ”§«∫§ÿ¡
Õÿ≥À¿Ÿ¡‘∑’Ë 75 Õß»“‡´≈‡´’¬  ‚¥¬¡’°“√°«πµ≈Õ¥°“√
∑¥≈Õß ·≈–‡°Á∫ “√µ—«Õ¬à“ß∑ÿ°Ê 1, 5, 10, 20, 30, 45
·≈– 60 π“∑’ ‡µ‘¡‚∑≈ŸÕ’π‡æ◊ËÕ‡®◊Õ®“ß “√µ—«Õ¬à“ß ®“°
π—Èπ≈â“ß “√µ—«Õ¬à“ß¥â«¬πÈ” 2-3 §√—Èß ‡æ◊ËÕ°”®—¥°√¥´—≈øŸ
√‘° à«π‡°‘π ·≈–∑”„Àâ·Àâß¥â«¬‚´‡¥’¬¡´—≈‡øµ  “√
µ—«Õ¬à“ßæ√âÕ¡∑’Ë®–«‘‡§√“–Àå¥â«¬‚§√¡“‚µ°√“øï ¡√√∂π–
 Ÿß·∫∫·¬°µ“¡¢π“¥ (HPSEC)

2.3 ‚§√¡“‚µ°√“øï·√ß¥—π Ÿß·∫∫·¬°µ“¡¢π“¥
‡§√◊ËÕß‚§√¡“‚µ°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß·∫∫·¬°

µ“¡¢π“¥ ª√–°Õ∫¥â«¬ six port injector √ÿàπ 7125
ª√‘¡“µ√¢Õß loop 20 ‰¡‚§√≈‘µ√ ¢Õß∫√‘…—∑ Rheodyne
Incorporated (ª√–‡∑» À√—∞Õ‡¡√‘°“) ªíô¡ √ÿàπ 510 ¢Õß
∫√‘…—∑ Water Associates (ª√–‡∑» À√—∞Õ‡¡√‘°“) §Õ≈—¡πå
·∫∫·¬°µ“¡¢π“¥ Phenogel 100 Å (300 mm x 7.8
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mm ID, 5µm) ¢Õß∫√‘…—∑ Phenomenex (ª√–‡∑»
 À√—∞Õ‡¡√‘°“) µ—«µ√«®«—¥·∫∫ Evaporative Light Scat-
tering √ÿàπ Sedex 55 ¢Õß∫√‘…—∑ SEDERE (ª√–‡∑»
Ω√—Ëß‡» )  Õÿ≥À¿Ÿ¡‘¢Õßµ—«µ√«®«—¥ 30 Õß»“‡´≈‡ ’́¬  §«“¡
¥—π¢Õß Air §◊Õ 2 ∫“√å  ¢âÕ¡Ÿ≈®“°µ—«µ√«®«—¥∂Ÿ°‡°Á∫·≈–
ª√–¡«≈º≈¥â«¬ CSW32 HPLC software ®“°∫√‘…—∑
DataApex Ltd (ª√–‡∑» “∏“√≥–√—∞‡™§) «—Ø¿“§‡§≈◊ËÕπ∑’Ë
¥—ß· ¥ß„πº≈°“√∑¥≈Õß

3. º≈°“√∑¥≈Õß·≈–«‘®“√≥å
3.1 °“√‡ª√’¬∫‡∑’¬∫°“√·¬° “√¡“µ√∞“π°√¥

‰¢¡—πÕ‘ √– ‰µ√- ‰¥- ·≈–‚¡‚π°≈’‡´Õ‰√¥å
·≈–°√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å ∑’Ë¡’µ—«∑”≈–≈“¬
‡µµ√–‰Œ‚¥√øŸ·≈π‡™‘ß‡¥’Ë¬«·≈–µ—«∑”≈–≈“¬
‚∑≈ŸÕ’π‡™‘ß‡¥’Ë¬«‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë
‡µ√¥µ√–‰Œ‚¥√øŸ·≈π (THF) ·≈–‚∑≈ŸÕ’π ‡ªìπ

 “√≈–≈“¬Õ‘π∑√’¬å∑’Ëπ‘¬¡„™â‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë ”À√—∫
‚§√¡“‚µ°√“øï·∫∫·¬°µ“¡¢π“¥∑’Ë¡’«—Ø¿“§π‘Ëß‡ªìπ “√
‚æ≈‘‡¡Õ√åº ¡√–À«à“ß vinyl-divinyl benzene ‡π◊ËÕß®“°
‚æ≈‘‡¡Õ√å™π‘¥π’È “¡“√∂æÕßµ—«‰¥â¥’„°≈â‡§’¬ß°—π„πµ—«
≈–≈“¬∑—Èß Õß™π‘¥¢â“ßµâπ  ”À√—∫°“√·¬° bound

glecerols ·≈–‡¡∑“πÕ≈ „πº≈‘µ¿—≥±å‰∫‚Õ¥’‡´≈ ‚¥¬«‘∏’
HPSEC  à«π„À≠à®–„™â THF ‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë [16, 17]

√Ÿª∑’Ë 1A · ¥ß‚§√¡“‚µ·°√¡¢Õß “√¡“µ√∞“π
‰µ√°≈’‡´Õ‰√¥å ‰¥°≈’‡´Õ‰√¥å ‚¡‚π°≈’‡´Õ‰√¥å °√¥‰¢¡—πÕ‘ –
·≈–°√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å  ∫π§Õ≈—¡πå phenogel 100
Å ∑’Ë¡’ THF ‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë æ∫«à“°“√·¬° “√ à«π
„À≠à‰¡à∂÷ß‡ âπ∞“π ·≈–°√¥‰¢¡—πÕ‘ √–°—∫°√¥‰¢¡—π‡Õ∑‘≈
‡Õ ‡∑Õ√å®–∂Ÿ°™–ÕÕ°¡“æ√âÕ¡°—π ®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®“°
∫√‘…—∑º≈‘µ§Õ≈—¡πå«à“‚∑≈ŸÕ’π‡ªìπ “√≈–≈“¬∑’Ë„Àâ§ÿ≥ ¡∫—µ‘
°“√∫«¡µ—«¢Õß«—Ø¿“§π‘Ëß„°≈â‡§’¬ß°—∫ THF ¥—ßπ—Èπ®÷ß‰¥â¡’
°“√≈Õß„™â‚∑≈ŸÕ’π‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë æ∫«à“§à“‡«≈“§ß
§â“ß¢Õß‰µ√°≈’‡´Õ‰√¥å ·≈–°√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å‰¡à
‡ª≈’Ë¬π·ª≈ß ·µà§à“‡«≈“§ß§â“ß¢Õß‰¥°≈’‡´Õ‰√¥å ·≈–
‚¡‚π°≈’‡´Õ‰√¥å ®– Ÿß¢÷Èπ ·≈– “√∑ÿ°µ—« “¡“√∂·¬°
ÕÕ°®“°°—π∂÷ß‡ âπ∞“π ¬°‡«âπæ’§¢Õß‰¥°≈’‡´Õ‰√¥å∑’Ë¢¬—∫
¡“„°≈âæ’§¢Õß°√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å¡“°¢÷Èπ ∑”„Àâ°“√
·¬° “√∑—Èß Õß‰¡à∂÷ß‡ âπ∞“π ¥—ß· ¥ß„π√Ÿª∑’Ë 1B. º≈
°“√·¬° “√¥â«¬ ¿“«–¢â“ßµâπ¡’§«“¡„°≈â‡§’¬ß°—∫º≈°“√
·¬° “√‚¥¬„™â§Õ≈—¡πå styragel ∑’Ë¡’¢π“¥√Ÿæ√ÿπµà“ß°—π 3
§Õ≈—¡πåµàÕ·∫∫Õπÿ°√¡ ·≈–¡’«—Ø¿“§π‘Ëß‡ªìπ THF ¢Õß
Arzamendi ·≈–§≥– [17]

√Ÿª∑’Ë 1  ‚§√¡“‚µ·°√¡¢Õß “√¡“µ√∞“π TG, DG, MG, FAEE ·≈– FFA §«“¡‡¢â¡¢âπ

0.5 ¡‘≈≈‘°√—¡ „π‚∑≈ŸÕ’π ∑’Ë¡’ ELSD ‡ªìπµ—«µ√«®«—¥

(A) 100% THF ‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë (B) 100% toluene ‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë

TG =‰µ√°≈’‡´Õ‰√¥å, DG = ‰¥°≈’‡´Õ‰√¥å, MG = ‚¡‚π°≈’‡´Õ‰√¥å,

FAEE = °√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å, FFA = °√¥‰¢¡—πÕ‘ √–
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‡¡◊ËÕæ‘®“√≥“∂÷ß‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈¢Õß “√
∑—ÈßÀ¡¥·≈–º≈°“√·¬°π—Èπ æ∫«à“‡¡◊ËÕ‡ª≈’Ë¬π«—Ø¿“§
‡§≈◊ËÕπ∑’Ë®“° THF ‡ªìπ‚∑≈ŸÕ’π ∑”„Àâ§à“‡«≈“§ß§â“ß¢Õß
‰¥°≈’‡´Õ‰√¥å·≈–‚¡‚π°≈’‡´Õ‰√¥å Ÿß¢÷Èπ πà“®–¡’§«“¡‡°’Ë¬«
¢âÕß°—∫À¡Ÿà‰Œ¥√Õ°´’∫π‚¡‡≈°ÿ≈¢Õß “√∑—Èß Õß‰¡à‚¥¬∑“ß
µ√ß °Á‚¥¬∑“ßÕâÕ¡ ‡π◊ËÕß®“°‚¡‡≈°ÿ≈¢Õß‰¥°≈’‡´Õ‰√¥å
·≈–‚¡‚π°≈’‡´Õ‰√¥å ¡’À¡Ÿà‰Œ¥√Õ°´’Õ‘ √–Õ¬ŸàÀπ÷Ëß·≈– Õß
À¡Ÿà µ“¡≈”¥—∫ ·µà‰µ√°≈’‡´Õ‰√¥å·≈–°√¥‰¢¡—π‡Õ∑‘≈‡Õ 
‡∑Õ√å´÷Ëß‰¡à¡’À¡Ÿà‰Œ¥√Õ°´’Õ¬Ÿà„π‚¡‡≈°ÿ≈π—Èπ‡«≈“§ß§â“ß‰¡à
‡ª≈’Ë¬π·ª≈ß ¥—ßπ—Èπ °“√∑’Ë‰¥°≈’‡´Õ‰√¥å·≈–‚¡‚π°≈’‡´Õ‰√¥å
§ß§â“ßÕ¬Ÿà„π§Õ≈—¡πåπ“π¢÷Èπ‡¡◊ËÕ„™â‚∑≈ŸÕ’π‡ªìπµ—«™– Õ“®
‡π◊ËÕß¡“®“°Õ—πµ√°‘√‘¬“ (interaction) √–À«à“ßÀ¡Ÿà
‰Œ¥√Õ°´’°—∫‡®≈¢Õß«—Ø¿“§π‘Ëß ´÷Ëß·√ß¢ÕßÕ—πµ√°‘√‘¬“π’È
®–·¢Áß·√ß°«à“·√ß¢ÕßÕ—πµ√°‘√‘¬“√–À«à“ß‚∑≈ŸÕ’π°—∫‡®≈
·µàÕàÕπ°«à“·√ß¢ÕßÕ—πµ√°‘√‘¬“√–À«à“ß THF °—∫‡®≈ ¬‘Ëß
°«à“π—Èπæ∫«à“°“√‡ª≈’Ë¬π·ª≈ß§à“‡«≈“§ß§â“ß¢Õß
‚¡‚π°≈’‡´Õ‰√¥å ∑’Ë¡’À¡Ÿà‰Œ¥√Õ°´’ 2 À¡Ÿà ®–¡“°°«à“„π
‰¥°≈’‡´Õ‰√¥å ´÷Ëß¡’À¡Ÿà‰Œ¥√Õ°´’‡æ’¬ßÀ¡Ÿà‡¥’¬« ∂â“ ‘Ëß∑’Ë
°≈à“«¡“¢â“ßµâπ∂Ÿ°µâÕß °Áπà“®– “¡“√∂·¬° “√ª√–°Õ∫„π
‰∫‚Õ¥’‡´≈‰¥â‚¥¬°“√„™â§Õ≈—¡πå‡æ’¬ß§Õ≈—¡πå‡¥’¬« ¥—ßπ—Èπ
°“√∑¥≈Õß®÷ßÕÕ°·∫∫‚¥¬„™âµ—«∑”≈–≈“¬º ¡√–À«à“ß
‚∑≈ŸÕ’π°—∫ THF ∑’ËÕ—µ√“ à«πµà“ßÊ

3.2 °“√·¬° “√¡“µ√∞“π°√¥‰¢¡—πÕ‘ √–
‰µ√ ‰¥ ·≈–‚¡‚π°≈’‡´Õ‰√¥å ·≈–°√¥‰¢¡—π
‡Õ∑‘≈‡Õ ‡∑Õ√å ∑’Ë¡’µ—«∑”≈–≈“¬º ¡√–À«à“ß
‡µµ√–‰Œ‚¥√øŸ·≈π·≈–‚∑≈ŸÕ’π∑’ËÕ—µ√“ à«π
µà“ßÊ ‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë
 “√≈–≈“¬º ¡√–À«à“ß‚∑≈ŸÕ’π°—∫ THF ∑’Ë¡’

ª√‘¡“≥¢Õß THF  Ÿß°«à“√âÕ¬≈– 2 (v/v)  “¡“√∂·¬°
bound glycerols ·≈–°√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å‰¥â ·µà∂â“
 “√µ—«Õ¬à“ß¡’°√¥‰¢¡—πÕ‘ √–Õ¬Ÿà¥â«¬ °√¥‰¢¡—πÕ‘ √–®–
‰¡à “¡“√∂·¬°ÕÕ°®“°‚¡‚π°≈’‡´Õ‰√¥å‰¥â ¥—ß· ¥ß„π√Ÿª∑’Ë
2A ·≈–®–‰¡à “¡“√∂‡ÀÁπæ’§¢Õß°√¥‰¢¡—πÕ‘ √–∑—Èß„π
°√≥’∑’Ë„™â THF √âÕ¬≈– 0 ·≈–√âÕ¬≈– 100 (¥—ß√Ÿª∑’Ë 1)
¥—ß∑’Ë°≈à“«¡“·≈â«¢â“ßµâπ §◊Õ °“√„™â THF √âÕ¬≈– 100 ∑”„Àâ
«—Ø¿“§‡§≈◊ËÕπ∑’Ë¡’§«“¡‡ªìπ¢—È« Ÿß¡“° °√¥‰¢¡—πÕ‘ √–®÷ß
∂Ÿ°™–ÕÕ°¡“æ√âÕ¡°—∫‚¡‚π°≈’‡´Õ‰√¥å ·≈–‡¡◊ËÕ„™â‚∑≈ŸÕ’π
√âÕ¬≈– 100 æ∫«à“§«“¡‡ªìπ¢—È«¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë°ÁπâÕ¬
‡°‘π°«à“®– “¡“√∂™–°√¥‰¢¡—πÕ‘ √–ÕÕ°¡“®“°§Õ≈—¡πå
 ”À√—∫ “√≈–≈“¬º ¡ THF „π‚∑≈ŸÕ’π √âÕ¬≈– 1  “¡“√∂
„™â‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë‰¥â (¥—ß√Ÿª∑’Ë 2B) ·µà “√≈–≈“¬º ¡
THF „π‚∑≈ŸÕ’π√âÕ¬≈– 0.5 „Àâº≈°“√·¬°∑’Ë¥’°«à“ (¥—ß√Ÿª∑’Ë
2C)

√Ÿª∑’Ë 2 ‚§√¡“‚µ·°√¡¢Õß “√¡“µ√∞“π TG, DG, MG, FAEE ·≈– FFA  „π«—Ø¿“§‡§≈◊ËÕπ∑’Ë

º ¡¢Õß‚∑≈ŸÕ’π°—∫ THF „πÕ—µ√“ à«πµà“ßÊ °—π§◊Õ (A) =  THF √âÕ¬≈– 2.0, (B) = THF √âÕ¬≈– 1.0

·≈– (C) = THF √âÕ¬≈– 0.5

TG =‰µ√°≈’‡´Õ‰√¥å, DG = ‰¥°≈’‡´Õ‰√¥å, MG = ‚¡‚π°≈’‡´Õ‰√¥å,

FAEE = °√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å, FFA = °√¥‰¢¡—πÕ‘ √–



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 32 ©∫—∫∑’Ë 1 ¡°√“§¡-¡’π“§¡ 2552 29

3.3 °“√·¬° “√¡“µ√∞“π°√¥‰¢¡—πÕ‘ √–
‰µ√ ‰¥ ·≈–‚¡‚π°≈’‡´Õ‰√¥å ·≈–°√¥‰¢¡—π
‡Õ∑‘≈‡Õ ‡∑Õ√å∑’Ë¡’µ—«∑”≈–≈“¬Õ‘π∑√’¬å™π‘¥
Õ◊ËπÊ º ¡„π‚∑≈ŸÕ’π‡ªìπ«—Ø¿“§‡§≈◊ËÕπ∑’Ë
Bergmann ·≈–§≥– [22] ‰¥â√“¬ß“πº≈¢Õß

 “√≈–≈“¬„π‚§√¡“‚µ°√“øï·∫∫·¬°µ“¡¢π“¥ ‚¥¬æ∫
«à“‚∑≈ŸÕ’ππ—Èπ¡’º≈µàÕÕ—πµ√°‘√‘¬“√–À«à“ß “√Õ–‚√¡“µ‘°
°—∫‚æ≈‘‡¡Õ√å (polystyrene-divinyl benzene) ·µà°“√
»÷°…“π’È‡ªìπº≈¢Õß THF µàÕ°“√™– “√‰¥°≈’‡´Õ‰√¥å
‚¡‚π°≈’‡´Õ‰√¥å ·≈–°√¥‰¢¡—πÕ‘ √–´÷Ëß¡’§«“¡πà“ π„®
‡π◊ËÕß®“° THF ®–¡’º≈µàÕ “√¡’¢—È«∑’Ë¡’À¡Ÿà‰Œ¥√Õ° ’́Õ‘ √–
À√◊Õ°√¥§“√å∫Õ°´‘≈‘° ‡¡◊ËÕ∑¥ Õ∫µ—«∑”≈–≈“¬™π‘¥Õ◊Ëπ
‰¥â·°à ‰¥§≈Õ‚√¡’‡∑π ‡Õ∑‘≈Õ–´‘‡µ√¥ ·≈–Õ– ‘́‚µπ ∑’Ë¡’
§à“¥—™π’§«“¡‡ªìπ¢—È« (polarity index) 3.1, 4.4 ·≈– 5.1
µ“¡≈”¥—∫ (THF ¡’§à“‡∑à“°—∫ 4.0) º ¡°—∫‚∑≈ŸÕ’π æ∫«à“
‡«≈“™–®–≈¥≈ß‡¡◊ËÕ§à“¥—™π’§«“¡‡ªìπ¢—È«¡’§à“‡æ‘Ë¡¢÷Èπ ¥—ß√Ÿª∑’Ë
3 (A-C) · ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ THF ∑’Ë¡’§à“
‡∑à“°—∫ 4.0 ´÷Ëß¡’§à“¥—™π’§«“¡‡ªìπ¢—È«µË”°«à“Õ–´‘‚µπ (5.1)
·≈–‡Õ∑‘≈Õ–´‘‡µ¥ (4.4) ·µà “¡“√∂™–°√¥‰¢¡—πÕ‘ √–
ÕÕ°®“°§Õ≈—¡πå‰¥â‡√Á«°«à“ “√∑—Èß Õß ¥—ßπ—Èπ°≈‰°°“√™–
 “√„π phenogel ‰¡à‰¥â¢÷Èπ°—∫¢π“¥¢Õß‚¡‡≈°ÿ≈¢Õß “√
·≈–§à“¥—™π’§«“¡‡ªìπ¢—È«¢Õß«—Ø¿“§π‘Ëß ¬—ß¡’Õ—πµ√°‘√‘¬“
√–À«à“ßµ—«‚æ≈‘‡¡Õ√å°—∫ à«π∑’Ë‡ªìπ¢—È«¢Õß “√µ—«Õ¬à“ß ‚¥¬
‡©æ“–À¡Ÿà‰Œ¥√Õ°´’·≈–À¡Ÿà§“√å∫Õ°´‘≈‘° ´÷ËßÕ“®√«¡∂÷ß
æ—π∏–‰Œ‚¥√‡®π√–À«à“ß‚¡‡≈°ÿ≈¢Õß “√ THF ‡ªìπ‡∫ ÕàÕπ

Lewis ®÷ß “¡“√∂√—∫ acidic proton ®“°°√¥‰¢¡—πÕ‘ √–
À√◊Õ·Õ≈°ÕŒÕ≈å (°√¥∑’ËÕàÕπ¡“°Ê) ¥—ßπ—ÈπÕ—πµ√°‘√‘¬“
√–À«à“ß°√¥À√◊Õ·Õ≈°ÕŒÕ≈å °—∫µ—« Phenogel  ®÷ßπâÕ¬
¡’º≈„Àâ “√∂Ÿ°™–ÕÕ°¡“‰¥â‡√Á«  ”À√—∫ÕÕ°´‘‡®π∫πÀ¡Ÿà
§“√å∫Õπ‘≈¢Õßµ—«∑”≈–≈“¬Õ◊ËπÊ ‡™àπ ‡Õ∑‘≈Õ–´‘‡µ¥·≈–
Õ–´‘‚µπ°Á “¡“√∂‡°‘¥æ—π∏–‰Œ‚¥√‡®π°—∫ “√µ—«Õ¬à“ß‰¥â
·µàÕ–µÕ¡‰Œ‚¥√‡®π¢Õß§“√å∫Õπ∑’Ëµ”·ÀπàßÕ—≈øÉ“®–‡ªìπ
°√¥ ¥—ßπ—Èπ°“√∑’Ë¡—π®–√—∫ acidic proton ®“°‚¡‡≈°ÿ≈Õ◊Ëπ
®–πâÕ¬°«à“ ®“°‚§√¡“‚µ·°√¡„π√Ÿª∑’Ë 3 (A-C)  “¡“√∂
 √ÿª‰¥â«à“µ—«∑”≈–≈“¬∑ÿ°µ—« (‰¥§≈Õ‚√¡’‡∑π ‡Õ∑‘≈Õ–´‘‡µ¥
Õ–´‘‚µπ ·≈– THF)  “¡“√∂„™â‡ªìπµ—«¥—¥·ª≈ß„π‚∑≈ŸÕ’π
‡æ◊ËÕ„™â·¬° “√ª√–°Õ∫„π‰∫‚Õ¥’‡´≈ Õ¬à“ß‰√°Áµ“¡°“√„™â
µ—«∑”≈–≈“¬∑’Ë°≈à“«¡“¢â“ßµâπ àßº≈„Àâæ’§‰¡à ¡¡“µ√
æ’§¢Õß°√¥‰¢¡—πÕ‘ √–‡°‘¥À“ßæ’§ Ÿß ´÷Ëß‡ªìπº≈¡“®“°
Õ—πµ√°‘√‘¬“√–À«à“ßÀ¡Ÿà§“√å∫Õ°´‘≈‘°°—∫µ—« Phenogel ·µà
‡¡◊ËÕ„™â√âÕ¬≈– 0.5 °√¥Õ–´‘µ‘° (√Ÿª∑’Ë 3D) æ∫«à“À“ßæ’§
¢Õß°√¥‰¢¡—πÕ‘ √–À“¬‰ª ·≈–§à“‡«≈“§ß§â“ß≈¥≈ß‡ªìπ
Õ¬à“ß¡“° °√¥‰¢¡—πÕ‘ √–∂Ÿ°™–ÕÕ°¡“À≈—ß°√¥‰¢¡—π
‡Õ∑‘≈‡Õ ‡∑Õ√å‡æ’¬ß‡≈Á°πâÕ¬ ·µà≈”¥—∫°“√™–¢Õß
‚¡‚π°≈’‡´Õ‰√¥å°—∫°√¥‰¢¡—πÕ‘ √–®– ≈—∫°—π ‡¡◊ËÕ≈¥§«“¡
‡¢â¡¢âπ¢Õß°√¥Õ–´‘µ‘°≈ß‡À≈◊Õ√âÕ¬≈– 0.25 (√Ÿª∑’Ë 3E) æ∫
«à“ “¡“√∂·¬°°√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å ·≈–°√¥‰¢¡—π
Õ‘ √–‰¥â¥’¢÷Èπ ´÷Ëß®–‡ªìπº≈¥’µàÕ°“√«‘‡§√“–Àå “√µ—«Õ¬à“ß
‰∫‚Õ¥’‡´≈∑’Ë¡’ª√‘¡“≥¢Õß°√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å Ÿß¡“°Ê
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√Ÿª∑’Ë 3 ‚§√¡“‚µ·°√¡¢Õß “√¡“µ√∞“π TG, DG, MG, FAEE ·≈– FFA ‡¡◊ËÕ„™â«—Ø¿“§‡§≈◊ËÕπ∑’Ë

∑’Ëª√–°Õ∫¥â«¬‚∑≈ŸÕ’π ·≈–‰¥§≈Õ‚√¡’‡∑π√âÕ¬≈– 0.5 (A), ‡Õ∑‘≈Õ–´‘‡µ¥√âÕ¬≈– 0.5 (B),

Õ–´‘‚µπ√âÕ¬≈– 0.5 (C), °√¥Õ–´‘µ‘°√âÕ¬≈– 0.5 (D) ·≈– °√¥Õ–´‘µ‘°√âÕ¬≈– 0.25 (E)

TG = ‰µ√°≈’‡´Õ‰√¥å, DG = ‰¥°≈’‡´Õ‰√¥å, MG = ‚¡‚π°≈’‡´Õ‰√¥å,

FAEE = °√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å, FFA = °√¥‰¢¡—πÕ‘ √–

3.4 °“√À“ª√‘¡“≥¢Õß‰∫‚Õ¥’‡´≈∑’Ë‰¥â®“°
·Õ ‘́¥ÕÕ¬≈å®“°πÈ”¡—π√”¢â“«
„πß“π∑¥≈Õßπ’È‰¥â„™â°√¥‡ªìπµ—«‡√àßªØ‘°‘√‘¬“

‡π◊ËÕß®“°·Õ´‘¥ÕÕ¬≈å¡’°√¥‰¢¡—πÕ‘ √–‡ªìπÕß§åª√–°Õ∫
 Ÿß∂÷ß√âÕ¬≈– 68 (√Ÿª∑’Ë 4A) ∂â“„™â¥à“ß‡ªìπµ—«‡√àß °√¥‰¢
¡—πÕ‘ √–®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ ∫Ÿà·∑π∑’Ë®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ‡Õ 
‡∑Õ√å¢Õß°√¥‰¢¡—π (‰∫‚Õ¥’‡´≈)  ”À√—∫°√¥π—Èπ “¡“√∂
„™â‡ªìπµ—«‡√àßªØ‘°‘√‘¬“∑—Èß‡Õ ‡∑Õ√‘øî‡§™—π ·≈–∑√“π‡Õ 
‡∑Õ√‘øî‡§™—π ¥—ßπ—Èπ∑—Èß°√¥‰¢¡—πÕ‘ √–·≈–‰µ√°≈’‡´Õ‰√¥å
„π·Õ´‘¥ÕÕ¬≈å  “¡“√∂∂Ÿ°‡ª≈’Ë¬π‡ªìπ‡Õ ‡∑Õ√å¢Õß°√¥‰¢
¡—π„π‡«≈“‡¥’¬«°—π πÕ°®“°™π‘¥¢Õßµ—«‡√àßªØ‘°‘√‘¬“·≈â«

ª√‘¡“≥¢Õß·Õ≈°ÕŒÕ≈å∑’Ë „™â°Á¡’º≈µàÕÕ—µ√“‡√Á«¢Õß
ªØ‘°‘√‘¬“‡™àπ°—π ¥—ßπ—Èπ„πß“π∑¥≈Õßπ’È‰¥â„™âÕ—µ√“ à«π¢Õß
°√¥‰¢¡—πÕ‘ √–µàÕ‡Õ∑‘≈·Õ≈°ÕŒÕ≈åµà“ßÊ °—π§◊Õ 1:25
1:60 1:120 1:240 ·≈– 1:480 ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë„™â§◊Õ 75°C
æ∫«à“Õ—µ√“°“√‡°‘¥‰∫‚Õ¥’‡´≈®–‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕª√‘¡“≥
·Õ≈°ÕŒÕ≈å„πªØ‘°‘√‘¬“‡æ‘Ë¡¢÷Èπ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1 ·≈–
√Ÿª∑’Ë 5 ´÷Ëß Õ¥§≈âÕß°—∫√“¬ß“π°“√»÷°…“º≈¢Õßª√‘¡“≥
·Õ≈°ÕŒÕ≈åµàÕÕ—µ√“‡√Á«¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“∑√“π‡Õ ‡∑Õ
√‘øî‡§™—π„ππÈ”¡—π®“°‡¡≈Á¥∑“πµ–«—π¥â«¬°√¥´—≈øŸ√‘°¢Õß
Siler-Marinkovic ·≈–§≥– [23] ∑’Ëæ∫«à“Õ—µ√“‡√Á«¢Õß
ªØ‘°‘√‘¬“®– Ÿß¢÷Èπ‡¡◊ËÕª√‘¡“≥·Õ≈°ÕŒÕ≈å‡æ‘Ë¡¢÷Èπ
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√Ÿª∑’Ë 5  º≈¢ÕßÕ—µ√“ à«π‚¡≈“√å¢Õß°√¥‰¢¡—πÕ‘ √–µàÕ‡Õ∑“πÕ≈°—∫√âÕ¬≈–°“√‡ª≈’Ë¬π‡ªìπ

‡Õ ‡∑Õ√å¢Õß·Õ´‘¥ÕÕ¬≈å®“°πÈ”¡—π√”¢â“«‚¥¬¡’°√¥´—≈øŸ√‘°‡ªìπµ—«‡√àßªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 75 °C

√Ÿª∑’Ë 4 ‚§√¡“‚µ·°√¡¢Õß·Õ´‘¥ÕÕ¬≈å®“°πÈ”¡—π√”¢â“« (A) ·≈– ‰∫‚Õ¥’‡´≈∑’ËÕ—µ√“ à«π¢Õß

Õ—µ√“ à«π°√¥‰¢¡—πÕ‘ √–µàÕ‡Õ∑“πÕ≈ ‡∑à“°—∫ 1:480 ‡«≈“ 30 π“∑’ ·≈–Õÿ≥À¿Ÿ¡‘ 75°C

(B) „π«—Ø¿“§‡§≈◊ËÕπ∑’Ë∑’Ëª√–°Õ∫¥â«¬‚∑≈ŸÕ’π·≈–°√¥Õ–´‘µ‘°√âÕ¬≈– 0.25

TG = ‰µ√°≈’‡´Õ‰√¥å,  DG = ‰¥°≈’‡´Õ‰√¥å, MG = ‚¡‚π°≈’‡´Õ‰√¥å,

FAEE = °√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å, FFA = °√¥‰¢¡—πÕ‘ √–
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TG = ‰µ√°≈’‡´Õ‰√¥å, DG = ‰¥°≈’‡´Õ‰√¥å, MG = ‚¡‚π°≈’‡´Õ‰√¥å, FAEE = °√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å,

FFA = °√¥‰¢¡—πÕ‘ √–, ND = no detected

µ“√“ß∑’Ë 1 ‡ªÕ√å‡ Á́πµå¢Õß‰µ√°≈’‡´Õ‰√¥å ‰¥°≈’‡´Õ‰√¥å ‚¡‚π°≈’‡´Õ‰√¥å °√¥‰¢¡—πÕ‘ √– ·≈–
°√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å ∑’Ë‰¥â®“°ªØ‘°‘√‘¬“·Õ≈°ÕŒÕ≈å‰≈ ’́  ‡¡◊ËÕ„™âÕ—µ√“ à«π‚¡≈“√å
¢Õß°√¥‰¢¡—πÕ‘ √–·≈–‡Õ∑“πÕ≈µà“ßÊ §◊Õ 1:25 1:60 1:120 1:240 ·≈–1:480

Ratio Time (min) TG DG MG FFA FAEE

Acid oil 0 22.4 8.8 0.9 67.8 0

5 19.3 9.2 ND 14.8 56.7

10 19.0 8.4 ND 6.1 66.5

15 15.2 7.4 ND 3.4 74.0

1:25 20 12.2 7.0 ND 3.0 77.8

30 8.1 6.4 ND 2.8 82.7

45 6.2 5.1 ND 1.5 87.2

60 5.4 3.2 ND 1.1 90.3

5 18.0 5.2 ND 5.2 71.7

10 17.1 4.5 ND 1.8 76.6

15 13.3 3.9 ND 1.5 81.3

1:60 20 11.3 3.7 ND 1.4 83.6

30 10.0 2.0 ND 1.4 86.6

45 5.7 1.5 ND 1.1 91.7

60 2.3 0.5 ND ND 97.2

5 17.3 5.0 ND 2.3 75.4

10 14.5 4.5 ND 1.0 80.0

15 10.2 3.3 ND ND 86.5

1:120 20 7.3 2.6 ND ND 90.1

30 3.8 1.7 ND ND 94.5

45 1.5 0.7 ND ND 97.8

60 1.4 0.5 ND ND 98.1

5 15.4 4.2 ND ND 80.4

10 13.3 3.8 ND ND 82.9

15 9.8 3.2 ND ND 87.0

1:240 20 6.2 2.6 ND ND 91.2

30 2.9 1.4 ND ND 95.7

45 ND 1.0 ND ND 99.0
60 ND 0.9 ND ND 99.1

%



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 32 ©∫—∫∑’Ë 1 ¡°√“§¡-¡’π“§¡ 2552 33

 ” À √— ∫ ∑’Ë Õ— µ √ “  à « π ° √ ¥ ‰ ¢ ¡— π Õ‘   √ – µà Õ
‡Õ∑‘≈·Õ≈°ÕŒÕ≈å 1:480 ®–„Àâº≈º≈‘µ‰∫‚Õ¥’‡´≈ª√–¡“≥
√âÕ¬≈– 98 ¿“¬„π‡«≈“ 30 π“∑’ (√Ÿª∑’Ë 4B) ‡¡◊ËÕ‡∑’¬∫°—∫
º≈¢Õß Hass ·≈–§≥– [8] ∑’Ë„™âÕ—µ√“ à«π¢Õß°√¥‰¢¡—π
Õ‘ √–µàÕ‡¡∑“πÕ≈µàÕ°√¥´—≈øŸ√‘° ‡∑à“°—∫ 1:15:1.5 ÷́Ëß‰¥â
º≈º≈‘µ‡æ’¬ß√âÕ¬≈– 85 ‚¥¬„™â‡«≈“„π°“√∑”ªØ‘°‘√‘¬“∂÷ß 26
™—Ë«‚¡ß æ∫«à“º≈º≈‘µ∑’Ë‰¥â Ÿß°«à“ ·≈–‡«≈“∑’Ë„™â„π°“√∑”
ªØ‘°‘√‘¬“°ÁπâÕ¬°«à“¥â«¬ ´÷ËßÕ“®‡π◊ËÕß¡“®“°™π‘¥¢Õß
·Õ≈°ÕŒÕ≈å∑’Ë„™âµà“ß°—π „π°“√∑¥≈Õßπ’È„™â‡Õ∑“πÕ≈´÷Ëß·Õ
´‘¥ÕÕ¬≈åπà“®– “¡“√∂≈–≈“¬‡ªìπ‡π◊ÈÕ‡¥’¬«°—π‰¥â¥’°«à“„π
‡¡∑“πÕ≈ [24] ·≈–¡’°“√„™â‡Õ∑“πÕ≈„πª√‘¡“≥∑’Ë Ÿß°«à“
·¡â®–¡’°“√„™âª√‘¡“≥‡Õ∑“πÕ≈ Ÿß¡“° ·µà‡Õ∑“πÕ≈π—Èπ
 “¡“√∂√–‡À¬ÕÕ°·≈–π”°≈—∫¡“„™â„À¡à‰¥â

µ“√“ß∑’Ë 1 ¬—ß· ¥ß„Àâ‡ÀÁπ«à“°“√‡°‘¥ªØ‘°‘√‘¬“‡Õ 
‡∑Õ√‘øî‡§™—π¢Õß°√¥‰¢¡—πÕ‘ √–®–‡√Á«°«à“ªØ‘°‘√‘¬“∑√“π
‡Õ ‡∑Õ√‘øî‡§™—π¢Õß‰µ√°≈’‡´Õ‰√¥å ∑’Ë∑ÿ°Ê Õ—µ√“ à«π¢Õß
·Õ≈°ÕŒÕ≈å ‡π◊ËÕß®“°§«“¡ “¡“√∂„π°“√≈–≈“¬¢Õß
°√¥‰¢¡—πÕ‘ √–„π·Õ≈°ÕŒÕ≈å “¬ —Èπ∑—Èß‡¡∑‘≈·≈–‡Õ∑‘≈
·Õ≈°ÕŒÕ≈åπà“®–¥’°«à“‰µ√°≈’‡´Õ‰√¥å [25]

µ“√“ß∑’Ë 1 (µàÕ) ‡ªÕ√å‡ Á́πµå¢Õß‰µ√°≈’‡´Õ‰√¥å ‰¥°≈’‡´Õ‰√¥å ‚¡‚π°≈’‡´Õ‰√¥å °√¥‰¢¡—πÕ‘ √–
·≈–°√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å ∑’Ë‰¥â®“°ªØ‘°‘√‘¬“·Õ≈°ÕŒÕ≈å‰≈ ’́  ‡¡◊ËÕ„™âÕ—µ√“ à«π
‚¡≈“√å¢Õß°√¥‰¢¡—πÕ‘ √–·≈–‡Õ∑“πÕ≈µà“ßÊ §◊Õ 1:25 1:60 1:120 1:240
·≈– 1:480

4.  √ÿªº≈°“√∑¥≈Õß
 “¡“√∂„™â HPSEC „π°“√·¬° “√‰µ√- ‰¥- ·≈–

‚¡‚π°≈’‡´Õ‰√¥å (bound glycerols) °√¥‰¢¡—π‡Õ∑‘≈‡Õ 
‡∑Õ√å ·≈–°√¥‰¢¡—πÕ‘ √– ‰¥â∂÷ß‡ âπ∞“π πÕ°®“°¢π“¥
‚¡‡≈°ÿ≈¢Õß “√·≈â«¬—ß¡’ªí®®—¬Õ◊Ëπ∑’Ë‡°’Ë¬«¢âÕß°—∫°≈‰°°“√
·¬° “√„π Phenogel HPSEC ‰¥â·°à °“√¥Ÿ¥´—∫
√–À«à“ßÀ¡Ÿà§“√å∫Õ°´‘≈‘°·≈–À¡Ÿà ‰Œ¥√Õ°´’¢Õß “√
µ—«Õ¬à“ß°—∫‚æ≈‘‡¡Õ√å∑’Ë„™â‡ªìπ«—Ø¿“§π‘Ëß ´÷Ëß “¡“√∂≈¥
·√ß°√–∑”¥—ß°≈à“«‰¥â‚¥¬°“√‡µ‘¡µ—«∑”≈–≈“¬∑’Ë¡’§«“¡
‡ªìπ¢—È« Ÿß≈ß„π«—Ø¿“§‡§≈◊ËÕπ∑’Ë‡™‘ß‡¥’Ë¬« ¥—ßπ—Èπ‚∑≈ŸÕ’π∑’Ë
º ¡°—∫µ—«∑”≈–≈“¬¡’¢—È«®– “¡“√∂·¬° “√ª√–°Õ∫„π
‰∫‚Õ¥’‡´≈‰¥â¥’°«à“°“√„™â‚∑≈ŸÕ’π À√◊Õ THF ‡™‘ß‡¥’Ë¬«

‚∑≈ŸÕ’πº ¡°√¥Õ–´‘µ‘°√âÕ¬≈– 0.25 ‡ªìπ«—Ø¿“§
‡§≈◊ËÕπ∑’Ë∑’Ë¥’∑’Ë ÿ¥ ·≈–∂Ÿ°π”¡“„™â„π°“√«‘‡§√“–ÀåÀ“Õß§å
ª√–°Õ∫„π‰∫‚Õ¥’‡´≈®“°·Õ ‘́¥ÕÕ¬≈å®“°√”¢â“« æ∫«à“
 “¡“√∂º≈‘µ‰∫‚Õ¥’‡´≈®“°·Õ´‘¥ÕÕ¬≈å‚¥¬„™â°√¥‡ªìπµ—«
‡√àßªØ‘°‘√‘¬“·∫∫¢—ÈπµÕπ‡¥’¬«‰¥â ·≈–º≈º≈‘µ∑’Ë‰¥â¢÷Èπ°—∫
‡«≈“·≈–Õ—µ√“ à«π‚¡≈¢Õß°√¥‰¢¡—πÕ‘ √–µàÕ‡Õ∑“πÕ≈∑’Ë
„™â„π°“√∑”ªØ‘°‘√‘¬“

TG = ‰µ√°≈’‡´Õ‰√¥å, DG = ‰¥°≈’‡´Õ‰√¥å, MG = ‚¡‚π°≈’‡´Õ‰√¥å, FAEE = °√¥‰¢¡—π‡Õ∑‘≈‡Õ ‡∑Õ√å,

FFA = °√¥‰¢¡—πÕ‘ √–, ND = no detected

Ratio Time (min) TG DG MG FFA FAEE

Acid oil 0 22.4 8.8 0.9 67.8 0

5 13.8 3.6 ND ND 82.6

10 9.8 2.1 ND ND 88.1

15 5.4 1.9 ND ND 92.7

1:480 20 4.3 1.3 ND ND 94.4

30 1.1 0.8 ND ND 98.1

45 ND 0.5 ND ND 99.5

60 ND 0.5 ND ND 99.5

%



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 32 ©∫—∫∑’Ë 1 ¡°√“§¡-¡’π“§¡ 255234

5. ‡Õ° “√Õâ“ßÕ‘ß
1. Darnoko, D. and Chenryan, M., 2000,

çContinuous Production of Palm Methyl Esteré, Jour-
nal of the American Oil Chemist's Society, Vol. 77,
pp. 1269-1272.

2. Krawczyk, U.R., 1996, çBiodiesel-Alternative
Fuel Makes Inroads but Hurdles Remainé, Inform,
Vol. 7, pp. 801-829.

3. Hamasaki, K., Kinoshita, E.I., Tajima, H.,
Takasaki, K., and Morita, D., çCombustion Charac-
teristics of Diesel Engines with Waste Veg e ta ble
Oil Methyl Esteré, The Fifth International Sympo-
sium on Diagnostics and Modeling of Combustion
in Internal Combustion Engine(COMODIA 2001),
2001, Nagoya, Japan, pp. 410-419.

4. Bozbas, K., 2005, çBiodiesel as an Alterna-
tive Motor Fuel: Production and Policies in the Eu-
ropean Unioné, Renewable and Sustainable Energy
Reviews, Vol. 12, pp. 542-552.

5. Muniyappa, P.R., Brammer, S.C., and
Noureddini, H., 1996, çImproved Conversion of Plant
Oils and Animal Fats into Biodiesel and Co-producté,
Bioresouce Technology, Vol. 56, pp. 19-24.

6. Kulkarni, M.G., and Dalai, A. K., 2006, çWaste
Cooking Oils: An Economical Source for Biodiesel:
A Reviewé, Industrial & Engineering Chemistry
Research, Vol. 45, pp. 2901-2913.

7. Haas, M.J., 2005, çImproving the Econo-
mics of Biodiesel Production Through the Use of
Low Value Lipids as Feedstocks: Vegetable Oil
Soapstocké, Fuel Processing Technology, Vol. 86,
pp. 1087-1096.

8. Haas, M.J., Bloomer, S., and Scott, K., 2003,
çSimple, High-Efficiency Synthesis of Fatty Acid
Methyl Esters from Soapstock", Journal of Ameri-
can Oil Chemistûs Society, Vol. 77, pp. 373-379.

9. Freedman, B.H., Pryde, E.H., and Mounts,
T.L., 1984, çVariables Affecting the Yields of Fatty

Esters from Transesterified Vegetable Oilsé, Journal
of American Oil Chemistsûs Society, Vol. 61, pp.
1638-1643.

10. Plank, C. , and Lorbeer , E. , 1995,
çSimultaneous Determination of Glycerol, and
Mono-, Di- and Triglycerides in Vegetable Oil   Methyl
Esters by Capillary Gas Chromatographyé, Journal
of Chromatography A, Vol. 697, pp. 461-468.

11. Marcato, B., and Cecchin, G., 1996, çAnalysis
of Mixtures Containing Free Fatty Acids and
Mono-, Di- and Triglycerides by High-Performance
Liquid Chromatography Coupled with Evaporative
Light-Scattering Detectioné, Journal of Chromato-
graphy A, Vol. 730, pp. 83-90.

12. Holcapek, M., Jandera, P., Fischer, J., and
Prokes, B., 1999, çAnalytical Monitoring of the
Production of Biodiesel by High-Performance
Liquid Chromatography with Various Detection
Methodsé, Journal of Chromatography A, Vol. 858,
pp. 13-31.

13. Filliàres, ].R., Benjelloum-Mlayan, B., and
Delmas, M., 1995, çEthanolysis of Rapeseed Oil:
Quantitation of Ethyl Esters, Mono-, Di- and
Triglycerides and Glycerol by High-Performance
Size-Exclusion Chromatographyé, Journal of
American Oil Chemistûs Society, Vol. 72, pp. 427-
432.

14. Lang, X., Dalai, A.K., Bakhshi, N.N., Reaney,
M.J., and Hertz, P.B., 2001, çPreparation and
Characterization of Bio-diesels from Various
Bio-oilsé, Bioresouce Technology, Vol. 80, pp. 53-
62.

15. Schoenfelder, W., 2003, çDetermination of
Monoglycerides, Diglycerides, Triglycerides and
Glycerol in Fats by Means of Gel Permeation
Chromatographyé, European Journal Lipid Science
and Technology, Vol. 105, pp. 45-48.

16. Krinangkura, K., and Simamaharnnop, R.,



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 32 ©∫—∫∑’Ë 1 ¡°√“§¡-¡’π“§¡ 2552 35

1992, çContinuous Transmethylation of Palm Oil in
an Organic Solventé, Journal of American Oil
Chemistsû Society, Vol. 69, pp. 166-169.

17. Arzamendi, G., Arguinarena, E., Campo, I.M.,
and Gandia, L., 2006, çMonitoring of Biodiesel
Production: Simultaneous Analysis of the
Trasesterification Products Using Size Exclusion
Chromatographyé, Chemical Engineering Journal, Vol.
122, pp. 31-40.

18. Foglia, T.A., Jones, K.C., Nunez, A., Phillips,
J.G., and Mittelbach, M., 2004, çComparison of  Chro-
matographic Methods for the Determination of
Bound Glycerol in Biodieselé, Chromatographia, Vol.
60, pp. 305-311.

19. Plank, C., and Lorbeer, E., 1992, çQuality
Control of Vegetable Oil Methyl Esters Used as
Diesel Fuel Substitutes: Quantitative Determination
of Mono-, Di and Triglycerides by Capillary GCé,
Journal of High Resolution Chromatography, Vol.
16, pp. 609-612.

20. Vicente, G., Martinez, M., and Aracil, J., 2005,
çOptimization of Brassica crinata Oil Methanolysis

for Biodiesel Productioné, Journal of American Oil
Chemistsû Society, Vol. 82, pp. 899-904.

21. Lee, K.T., Foglia, T.A., and Chang, K.S., 2002,
çProduction of Alkyl Ester as Biodiesel from Frac-
tionated Lard and Restaurant Greaseé, Journal of
American Oil Chemistsû Society, Vol. 79, pp. 191-
195.

22. Bergman, J.G., and Duffy, L.J., 1971, çSolvent
Effects in Gel Permeation Chromatographyé,
Analytical Chemistry, Vol. 43, pp. 131-133.

23. Siler-Marinkovic, S., and Tomasevic, A., 1998,
çTransesterification of Sunflower Oil in Situé, Fuel,
Vol. 77, pp. 1389-1391.

24. Feuge, R.O. , and Gros, A.T. , 1950,
çModification of Vegetable Oils. IX. Purification of
Technical Monoglyceridesé, Journal of American Oil
Chemistsû Society, Vol. 27, pp. 117-122.

25. Kusdiana, D., and Saka, S., 2001, çKinetics
of Transesterification in Rapeseed Oil to Biodiesel
Fuel as Treated in Supercritical Methanolé, Fuel,
Vol. 80, pp. 693-698.




