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 ¡°“√ (1) ´÷Ëß‡ πÕ‚¥¬ Krisnangkura ·≈–§≥– [1]  “¡“√∂π”¡“„™â„π°“√∑”π“¬‡«≈“§ß§â“ß “√∑’Ë™–ÕÕ°

®“°§Õ≈—¡πå·§æ‘≈≈“√’‰¥â¥’

§à“§ß∑’Ë¢Õß·Õ≈°ÕŒÕ≈å∫π§Õ≈—¡πå§“√å‚∫·«° ǻ 35000

¢âÕ¥âÕ¬¢Õß ¡°“√ (1) π—ÈπÕ¬Ÿà∑’Ë§«“¡¬ÿàß¬“°·≈–‡ ’¬‡«≈“Õ¬à“ß¡“°„π°“√À“§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß

 ¡°“√ À“°æ‘®“√≥“§”®”°—¥§«“¡¢Õß§à“§ß∑’Ë‡À≈à“π’È®–æ∫«à“§Õ≈—¡πå∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß‡∑à“°—π ‡§≈◊Õ∫¥â«¬

«—Ø¿“§π‘Ëß´÷Ëß¡’§«“¡Àπ“·≈–™π‘¥‡¥’¬«°—π§«√¡’§à“§ß∑’Ë∑—Èß ’Ë‡ªìπ§à“‡¥’¬«°—π ·µà„π∑“ßªØ‘∫—µ‘°“√§«∫§ÿ¡„Àâ∑ÿ°§Õ≈—¡πå¡’

§à“Õ—µ√“ à«π√–À«à“ßª√‘¡“µ√«—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕª√‘¡“µ√«—Ø¿“§π‘Ëß‡∑à“°—ππ—Èπ∑”‰¥â¬“°¡“°  àßº≈„Àâ§à“ a ¢Õß·µà≈–

§Õ≈—¡πå¡’§à“‡ª≈’Ë¬π·ª≈ß‰ª ¥—ßπ—Èπ°“√»÷°…“π’È∑”‰¥â‡æ’¬ß≈¥°“√À“§à“§ß∑’Ë∑—Èß 4 ≈ß‡À≈◊Õ‡æ’¬ß§à“ a µ—«‡¥’¬« ́ ÷Ëß∑”‚¥¬°“√

©’¥ “√Õâ“ßÕ‘ßº ¡‡æ’¬ß§√—Èß‡¥’¬« ´÷Ëß≈¥§«“¡¬ÿàß¬“°·≈–‡«≈“≈ß‰¥âÕ¬à“ß¡“°

·¡â°“√‡§≈◊Õ∫§Õ≈—¡πå¬—ß‰¡à ¡∫Ÿ√≥åπ—° ª√– ‘∑∏‘¿“æ°“√‡§≈◊Õ∫∑”‰¥â‡æ’¬ßª√–¡“≥√âÕ¬≈– 20 ‡∑à“π—Èπ ·µà°Á

 “¡“√∂„™â»÷°…“§à“§ßµ—«∑“ßÕÿ≥Àæ≈»“ µ√å‰¥â¥’

§” ”§—≠ : ·°ä ‚§√¡“‚µ°√“øï / §“√å‚∫·«°´å / §à“§ß∑’Ë§Õ≈—¡πå / ·§æ‘≈≈“√’§Õ≈—¡πå / «—Ø¿“§π‘Ëß / ·Õ≈°ÕŒÕ≈å
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The Column Constants of Alcohols on Carbowax

35000 Columns

The equation (Eq.1) proposed by Krisnangkura et al. [1] has been used successfully in forecasting

the solutes retention times of the capillary column.

Abstract

The major difficulty in using Eq. (1) is the determination of the 4 constants (a, b, c and d), which is

tedious and time consuming. It is speculated that columns of the same inside diameter coated with the same

stationary phase and having the same film thickness, should have the same numeric values. However, in

practice, it is extremely difficult to control all columns to have the same phase ratio. Consequently, the a

value of each column is slightly different.  Therefore, at this moment, only the numeric value of a has to be

re-determined and only one injection of the reference mixture is required. Thus, the method of determina-

tion of the 4 constants is much simplified.

Although coating efficiency is relatively low (20%), it is good enough for the study of the 4 thermo-

dynamic constants.

Keywords : Gas Chromatography / Carbowax / Column Constants / Capillary Column / Stationary

Phase / Alcohol
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1. ∫∑π”
·°ä ‚§√¡“‚µ°√“øï‡ªìπ»“ µ√å¢Õß°“√·¬° “√º ¡

ÕÕ°®“°°—π ‚¥¬ “√∑’ËµâÕß°“√·¬°®–‡§≈◊ËÕπ∑’Ë‰ªµ“¡

§Õ≈—¡πå´÷Ëß‡§≈◊Õ∫¥â«¬«—Ø¿“§π‘Ëß‚¥¬°“√æ“¢Õß·°ä µ—«æ“

(carrier gas) ·≈– “√º ¡∑’Ë “¡“√∂·¬°‚¥¬«‘∏’π’ÈµâÕß

 “¡“√∂‡ª≈’Ë¬π‡ªìπ‰Õ‰¥â ≥ Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå ™π‘¥∑’Ë‰¥â√—∫

§«“¡π‘¬¡¡“°„πªí®®ÿ∫—π§◊Õ·°ä ‚§√¡“‚µ°√“øï·∫∫·°ä -

¢Õß‡À≈« (Gas-Liquid Chromatography; GLC)

‡π◊ËÕß®“°„Àâº≈°“√«‘‡§√“–Àå∑’Ë¥’ ‡∑§π‘§π’È¡’«—Ø¿“§π‘Ëß‡ªìπ

¢Õß‡À≈« (liquid phase) ‡§≈◊Õ∫Õ¬Ÿà∫πºπ—ß§Õ≈—¡πå‚¥¬µ√ß

À√◊Õ‡§≈◊Õ∫Õ¬Ÿà∫π«— ¥ÿ√Õß√—∫ (solid support) ‡¡◊ËÕ·°ä 

À√◊Õ‰Õ¢Õß “√º ¡‡§≈◊ËÕπ∑’Ëºà“π§Õ≈—¡πå®– “¡“√∂·¬°

ÕÕ°®“°°—π‰¥â‡π◊ËÕß®“°°“√°√–®“¬µ—«¢Õß “√∑’Ë·µ°µà“ß

°—π√–À«à“ß«—Ø¿“§‡§≈◊ËÕπ∑’Ë (mobile phase) °—∫«—Ø¿“§π‘Ëß

(stationary phase) À√◊Õ “√·µà≈–™π‘¥¡’§à“ —¡ª√– ‘∑∏‘Ï

°“√·∫àß≈–≈“¬ (partition coefficient; K) ∑’Ëµà“ß°—π

ªí®®—¬∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß„π°“√«‘‡§√“–Àå “√ ”À√—∫

·°ä ‚§√¡“‚µ°√“øï §◊Õ«—Ø¿“§π‘Ëß∑’Ë‡§≈◊Õ∫Õ¬Ÿà¿“¬„π¢Õß

·§æ‘≈“√’§Õ≈—¡πå ´÷Ëß à«π„À≠à·≈â«·§æ‘≈“√’§Õ≈—¡πå∑’Ë„™â°—∫

·°ä ‚§√¡“‚µ°√“øï®–µâÕß —Ëß ◊́ÈÕ®“°µà“ßª√–‡∑» ¡’√“§“

·æß ª√–‡∑»‰∑¬¬—ß‰¡à¡’‡∑§‚π‚≈¬’∑’Ë®–‡§≈◊Õ∫§Õ≈—¡πå¢÷Èπ

„™â‡Õß

°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√¥â«¬‡∑§π‘§·°ä ‚§√¡“

‚µ°√“øï ∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë “¡“√∂∑”‰¥âÀ≈“¬«‘∏’ «‘∏’

∑’Ëπ‘¬¡„™â°—π¡“° ”À√—∫ “√Õ‘π∑√’¬å∑—Ë«Ê ‰ª‰¥â·°à °“√„™â§à“

Kovats' retention index (I) [2]  à«π°√¥‰¢¡—π‡¡∑‘≈

‡Õ ‡∑Õ√åπ—Èπ®–„™â§à“ Equivalent chain length (ECL) [3,

4] ∑—Èß 2 «‘∏’π’È¡’¢âÕ®”°—¥∑’Ë§≈â“¬§≈÷ß°—π§◊Õ®”‡ªìπµâÕß„™â

 “√Õâ“ßÕ‘ßÕ¬à“ßπâÕ¬ 2 ™π‘¥∑ÿ°§√—Èß„π°“√«‘‡§√“–Àå µàÕ¡“

Krisnangkura ·≈–§≥– [1] ‰¥âπ”§ÿ≥ ¡∫—µ‘∑“ß‡∑Õ√å‚¡

‰¥π“¡‘° å (thermodynamic properties) ¡“„™â„π°“√

«‘‡§√“–Àå “√ ‚¥¬· ¥ß‡ªìπ§«“¡ —¡æ—π∏å√–À«à“ß§à“

≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§ß§â“ß (lnk) °—∫

®”π«π§“√å∫Õπ (n) ·≈–Õÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å (T) ¥—ß ¡°“√

∑’Ë (1)

‡¡◊ËÕ (2)

·≈– t
R
 ·≈– t

M
 §◊Õ§à“‡«≈“§ß§â“ß¢Õß “√·≈– “√‰¡à§ß

§â“ßµ“¡≈”¥—∫ a, b, c  ·≈– d §◊Õ§à“§ß∑’Ë¢Õß§Õ≈—¡πå

®“° ¡°“√ (1)  “¡“√∂π”¡“„™â„π°“√«‘‡§√“–Àå

‡Õ°≈—°…≥å “√‰¥âÕ¬à“ß∂Ÿ°µâÕß‚¥¬‰¡àµâÕß„™â “√Õâ“ßÕ‘ß ‚¥¬

 ¡°“√ (1) π’È¡’§«“¡®”‡æ“–µàÕ™π‘¥¢ÕßÀ¡Ÿàøíß°å™—π¢Õß

 “√·≈–™π‘¥¢Õß§Õ≈—¡πå π—Ëπ§◊Õ‡¡◊ËÕ∑√“∫§à“§ß∑’Ë a, b, c

·≈– d ¢Õß§Õ≈—¡πåÀπ÷ËßÊ ·≈–®”π«π§“√å∫ÕπÕ–µÕ¡

¢Õß “√ ®– “¡“√∂π”¡“„™â∑”π“¬§à“‡«≈“§ß§â“ß¢Õß

 “√∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ ‰¥â „π∑“ß°≈—∫°—πÀ“°∑√“∫§à“‡«≈“

§ß§â“ß ·≈–Õÿ≥À¿Ÿ¡‘¢Õß°“√∑”‚§√¡“‚µ°√“øï °Á “¡“√∂

À“§à“®”π«π§“√å∫ÕπÕ–µÕ¡‰¥â‡™àπ°—π

Õ¬à“ß‰√°Áµ“¡ ¢âÕ¥âÕ¬¢Õß°“√„™â ¡°“√ (1) §◊Õ°“√

À“§à“§ß∑’Ë∑—Èß ’Ë§à“¢Õß§Õ≈—¡πå¡’§«“¡¬ÿàß¬“°·≈–„™â‡«≈“

¥—ßπ—ÈπÀ“°ºŸâº≈‘µÀ√◊ÕºŸâ®”Àπà“¬§Õ≈—¡πå “¡“√∂À“§à“§ß

∑’Ë‡À≈à“π’È°àÕπÕÕ°®”Àπà“¬°Á®– –¥«°µàÕºŸâ„™âÕ¬à“ß¡“°

Õ¬à“ß‰√°Áµ“¡ °“√À“§à“§ß∑’Ëπ’È¡’§«“¡¬ÿàß¬“°·≈–‡ªìπ°“√

‡æ‘Ë¡¿“√–§à“„™â®à“¬„Àâ°—∫∫√‘…—∑ ™÷Ëß¬àÕ¡º≈—°¿“√–§à“„™â

®à“¬ à«ππ’È„Àâ°—∫ºŸâ„™âµàÕ‚¥¬°“√°”Àπ¥√“§“§Õ≈—¡πå„Àâ

 Ÿß¢÷Èπ

‡¡◊ËÕæ‘®“√≥“§à“§ß∑’Ë∑—Èß 4 ¢Õß ¡°“√ (1) ®–‡ÀÁπ«à“

§à“§ß∑’Ë‡À≈à“π’È‡ªìπ§à“∑“ßÕÿ≥Àæ≈»“ µ√å·≈–¡’§à“§ß∑’Ë

 ”À√—∫ “√∑’Ë¡’À¡Ÿàøíß°å™—π‡¥’¬«°—π ¬°‡«âπ§à“ a ´÷Ëß¡’

Õ—µ√“ à«π√–À«à“ßª√‘¡“µ√¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕª√‘¡“µ√

«—Ø¿“§π‘Ëß‡¢â“¡“‡°’Ë¬«¢âÕß ¥—ßπ—ÈπÀ“°„™â§Õ≈—¡πå∑’Ë¡’¢π“¥

‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π‡∑à“°—π ‡§≈◊Õ∫¥â«¬«—Ø¿“§π‘Ëß™π‘¥

‡¥’¬«°—π·≈–¡’§«“¡Àπ“¢Õßøî≈å¡‡∑à“°—π §à“§ß∑’Ë∑—Èß 4 ¢Õß

§Õ≈—¡πå πà“®–‡ªìπ§à“‡¥’¬«°—π ´÷Ëß®–™à«¬„Àâ°“√À“§à“·≈–

°“√«‘‡§√“–Àå “√∑”‰¥â –¥«°¬‘Ëß¢÷Èπ π—Ëπ§◊ÕÀ“°∫√‘…—∑ºŸâ

º≈‘µ„™â§Õ≈—¡πå∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß‡∑à“°—π·≈–

§«∫§ÿ¡°“√‡§≈◊Õ∫„Àâ¡’§«“¡Àπ“¢Õßøî≈å¡‡∑à“Ê °—π À√◊Õ

‡§≈◊Õ∫æ√âÕ¡°—π§√—Èß≈–À≈“¬§Õ≈—¡πå °“√À“§à“§ß∑’Ë¢Õß

§Õ≈—¡πåπà“®–À“‰¥â®“°§Õ≈—¡πå„¥§Õ≈—¡πåÀπ÷Ëß‡æ’¬ß

§Õ≈—¡πå‡¥’¬« ·≈–‡ªìπ§à“‡¥’¬«°—π∑—ÈßÀ¡¥

ß“π«‘®—¬π’È®÷ß‡ªìπ°“√∑¥ Õ∫·π«§‘¥π’È ‚¥¬°“√∑¥≈Õß

‡§≈◊Õ∫·§æ‘≈“√’§Õ≈—¡πå∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π

Ink  =  a + bn +       +
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‡∑à“°—πæ√âÕ¡°—π 3 §Õ≈—¡πå¥â«¬§“√å‚∫·«°´å´÷Ëß‡ªìπ “√

‡§≈◊Õ∫∑’Ëπ‘¬¡„™â‡ªìπ«—Ø¿“§π‘Ëß ”À√—∫·°ä ‚§√¡“‚µ°√“øï

‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§ß∑’Ë∑—Èß 4 ¢Õß§Õ≈—¡πå∑—ÈßÀ¡¥∑’Ë‡§≈◊Õ∫

‰¥â«à“ “¡“√∂π”¡“„™â∑”π“¬§à“‡«≈“§ß§â“ß·≈–®”π«π

§“√å∫Õπ¢Õß “√√–À«à“ß§Õ≈—¡πå∑’Ë∑”°“√‡§≈◊Õ∫ æ√âÕ¡

°—π‰¥âÀ√◊Õ‰¡à πÕ°®“°π’È¬—ß¡’°“√»÷°…“™π‘¥¢Õßµ—«∑”

≈–≈“¬∑’Ë‡À¡“– ¡‡æ◊ËÕ„™â„π°“√≈–≈“¬§“√å‚∫·«° ǻ 35000

·≈â«„Àâ¡’ª√– ‘∑∏‘¿“æ°“√‡§≈◊Õ∫·≈–ª√– ‘∑∏‘¿“æ

§Õ≈—¡πå ŸßÕ’°¥â«¬

2. ∑ƒ…Æ’
Krisnangkura ·≈–§≥– [1] ‰¥â‡ πÕ ¡°“√ (1) ´÷Ëß

· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“‡«≈“§ß§â“ß ®”π«π§“√å∫Õπ

Õÿ≥À¿Ÿ¡‘ ·≈– ¡∫—µ‘∑“ß‡∑Õ√å‚¡‰¥π“¡‘°¢Õß “√„π·°ä 

‚§√¡“‚µ°√“øï  ¡°“√ (1)  “¡“√∂§”π«≥À“§à“ n ·≈–

π”¡“„™â„π°“√∑”π“¬‡Õ°≈—°…≥å “√„π¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë

‰¥â¥’ ‚¥¬∑’Ë a, b, c ·≈– d ‡ªìπ§à“§ß∑’Ë¢Õß§Õ≈—¡πå´÷Ëß

 —¡æ—π∏å°—∫Õÿ≥Àæ≈»“ µ√å§◊Õ

(3)

(4)

(5)

·≈– (6)

‡¡◊ËÕ -∆H
0
 ·≈– -δH §◊Õ§à“‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬¢Õß

 “√ ¡¡µ‘∑’Ë¡’®”π«π§“√å∫Õπ‡ªìπ 0 ·≈–§à“‡Õπ∑—≈ªï∑’Ë

‡ª≈’Ë¬π·ª≈ß‰ªµàÕÀπ÷Ëß§“√å∫ÕπÕ–µÕ¡ µ“¡≈”¥—∫ ∆S
0
 ·≈–

δS §◊Õ§à“‡Õπ‚∑√ªï¢Õß°“√≈–≈“¬¢Õß “√ ¡¡ÿµ‘∑’Ë¡’

®”π«π§“√å∫Õπ‡ªìπ 0 ·≈–§à“‡Õπ‚∑√ªï∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª

µàÕÀπ÷Ëß§“√å∫ÕπÕ–µÕ¡ µ“¡≈”¥—∫ ·≈– β (phase ratio

of column) §◊ÕÕ—µ√“ à«π√–À«à“ßª√‘¡“µ√¢Õß«—Ø¿“§

‡§≈◊ËÕπ∑’ËµàÕª√‘¡“µ√¢Õß«—Ø¿“§π‘Ëß

®–‡ÀÁπ«à“§à“§ß∑’Ë∑—Èß 4 ¢Õß§Õ≈—¡πåπ—Èπ‡ªìπ§à“§ßµ—«∑“ß

Õÿ≥Àæ≈»“ µ√å√–À«à“ß “√∂Ÿ°≈–≈“¬ ·≈– “√∑”≈–≈“¬

(«—Ø¿“§π‘Ëß) ¬°‡«âπ·µà§à“ a ´÷Ëß¡’§à“ lnβ ‡¢â“¡“‡°’Ë¬«¢âÕß

¥—ßπ—ÈπÀ“°§Õ≈—¡πå¢π“¥‡¥’¬«°—π ‡§≈◊Õ∫¥â«¬«—Ø¿“§π‘Ëß

™π‘¥‡¥’¬«°—π¥â«¬§«“¡Àπ“øî≈å¡‡∑à“Ê °—π §Õ≈—¡πå‡À≈à“π’È

§«√®–¡’§à“§ß∑’Ë∑—Èß 4 ‡∑à“°—π

3. «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß
3.1  “√‡§¡’

 “√¡“µ√∞“π·Õ≈°ÕŒÕ≈å (C4-C7) ®“°∫√‘…—∑

Fluka ®”°—¥ ª√–‡∑» «‘µ‡´Õ√å·≈π¥å ·≈–·Õ≈°ÕŒÕ≈å C8

®“°∫√‘…—∑ Merck ®”°—¥ ª√–‡∑»‡¬Õ√¡—ππ’ ‡Œ°‡´π (Hex-

ane; C
6
H

14
) analytical grade ®“°∫√‘…—∑ Labscan Asia

®”°—¥ ª√–‡∑»‰∑¬ §“√å‚∫·«°´å (Polyethylene glycol

35000) ®“°∫√‘…—∑ Fluka ®”°—¥ ª√–‡∑»‡¬Õ√¡—ππ’  “√

‡§¡’Õ◊Ëπ ‡ªìπ “√‡§¡’ analytical grade

3.2 «— ¥ÿÕÿª°√≥å
‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“ø Shimadzu √ÿàπ GC-

17A ¡’µ—«µ√«®«—¥·∫∫ Flame Ionization (FID) µàÕæà«ß

°—∫‡§√◊ËÕßª√–¡«≈º≈ CBM-102 ®“°∫√‘…—∑ Shimadzu

ª√–‡∑»≠’ËªÿÉπ

§Õ≈—¡πåª√–‡¿∑ Fused silica capillary column

‰¡à‡§≈◊Õ∫«—Ø¿“§π‘Ëß ¿“¬πÕ°§Õ≈—¡πå‡§≈◊Õ∫¥â«¬ polyimide

¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π 0.25 ¡¡. §«“¡¬“« 7, 8

·≈– 10 ¡. ®“°∫√‘…—∑ SGE ª√–‡∑»ÕÕ ‡µ√‡≈’¬

™ÿ¥‡§≈◊Õ∫§Õ≈—¡πå Capillary washing reservoir

CWR-10 ®“°∫√‘…—∑ SGE ª√–‡∑»ÕÕ ‡µ√‡≈’¬

3.3 °“√‡§≈◊Õ∫§Õ≈—¡πå
°“√‡§≈◊Õ∫§Õ≈—¡πå∑”‚¥¬«‘∏’ Dynamic Coating

[5] ‚¥¬≈–≈“¬§“√å‚∫·«°´å√âÕ¬≈– 0.8 (w/v) „πµ—«∑”

≈–≈“¬™π‘¥µà“ßÊ ª√‘¡“µ√ 5 ¡≈. „ à„πÀ≈Õ¥‡§≈◊Õ∫ ®ÿà¡

ª≈“¬§Õ≈—¡πå‡ª≈à“¥â“πÀπ÷Ëß‰«â„πÀ≈Õ¥  à«πª≈“¬Õ’°¥â“π

®ÿà¡‰«â„π∫’°‡°Õ√å‡ª≈à“ ªî¥Ω“À≈Õ¥‡§≈◊Õ∫„Àâ·πàπ ·≈â«Õ—¥

·°ä ‰π‚µ√‡®π≈ß‰ª„πÀ≈Õ¥‡§≈◊Õ∫‡æ◊ËÕ¥—π„Àâ “√≈–≈“¬

‰À≈‡¢â“‰ª„π§Õ≈—¡πå®πÀ¡¥ ‚¥¬ “√≈–≈“¬ à«π‡°‘π®–

‰À≈≈ß Ÿà∫’°‡°Õ√å∑’Ëª≈“¬Õ’°¥â“πÀπ÷Ëß¢Õß§Õ≈—¡πå Õ—¥·°ä 

‰π‚µ√‡®πµàÕÕ’°ª√–¡“≥ 10 π“∑’ √–‡À¬ “√≈–≈“¬∑’Ë‡À≈◊Õ

„π∫’°‡°Õ√å„Àâ·Àâß ™—Ëß·≈–§”π«≥À“§«“¡Àπ“¢Õßøî≈å¡∑’Ë

‡§≈◊Õ∫Õ¬Ÿà¿“¬„π§Õ≈—¡πå

a  = - Inβ∆S
0

R

b  =
δS

R

c  = -
∆H

0

R

d  = -
δH

R
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π”§Õ≈—¡πå∑’Ë‡§≈◊Õ∫·≈â«¡“Õ∫·Àâß„πµŸâÕ∫¢Õß‡§√◊ËÕß

GC (GC oven) ‚¥¬µàÕª≈“¬§Õ≈—¡πå¥â“πÀπ÷Ëß‡¢â“°—∫

 à«π©’¥ “√ (injector)  à«πª≈“¬Õ’°¥â“πÀπ÷Ëßª≈àÕ¬∑‘Èß‰«â

„πµŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 50 °´, 30 π“∑’ ®“°π—Èπ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘‡ªìπ

200 °´ ¥â«¬Õ—µ√“ 1 °´/π“∑’ ·≈â«ª≈àÕ¬∑‘Èß‰«â∑’Ë 200 °´

π“π 5 ™—Ë«‚¡ß ‚¥¬¡’·°ä ‰π‚µ√‡®π∫√‘ ÿ∑∏‘Ï‰À≈ºà“πµ≈Õ¥

‡«≈“

3.4 °“√§”π«≥§à“§ß∑’Ë a, b, c ·≈– d
¢Õß§Õ≈—¡πå
§à“§ß∑’Ë∑—Èß ’Ë (a, b, c ·≈– d) ¢Õß ¡°“√∑’Ë (1) À“

‰¥â‚¥¬°“√©’¥ “√¡“µ√∞“π·Õ≈°ÕŒÕ≈å §«“¡¬“«¢Õß

 “¬§“√å∫Õπ 4-8 Õ–µÕ¡ ‡¢â“‰ª„π§Õ≈—¡πå∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ

·≈–§”π«≥§à“µ“¡«‘∏’¢Õß Krisnangkura ·≈–§≥– [4]

‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘§ß∑’Ë  ¡°“√ (1) ®–≈¥√Ÿª≈ß‡ªìπ

 ¡°“√∑’Ë (7) ́ ÷Ëß‡ªìπ‰ªµ“¡ ¡°“√¢Õß James ·≈– Mar-

tin [6] ∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß logk °—∫®”π«π

§“√å∫Õπ¢Õß “√„πÕπÿ°√¡‡¥’¬«°—π ÷́Ëß¡’§«“¡ —¡æ—π∏å‡ªìπ

‡ âπµ√ß

(7)

‚¥¬ (8)

(9)

‚¥¬§à“ ·≈– À“‰¥â®“°°“√‡¢’¬π°√“ø

√–À«à“ß§à“ lnk °—∫ n ®–‰¥â§à“§«“¡™—π‡ªìπ    ·≈–®ÿ¥µ—¥

·°π y ‡ªìπ    ´÷Ëß§”π«≥‰¥â¥â«¬ Microsoft Excel Ver-

sion 8.0 ®“°π—Èππ”§à“   ·≈–   ‰ªÀ“§«“¡ —¡æ—π∏å°—∫

 à«π°≈—∫¢ÕßÕÿ≥À¿Ÿ¡‘ ®–‰¥â§à“§ßµ—« a, b, c ·≈– d ´÷Ëß

§”π«≥‰¥â‚¥¬ Microsoft Excel Version 8.0 ‡™àπ‡¥’¬«°—π

·∑π§à“§ßµ—«∑—Èß ’Ë≈ß„π ¡°“√ (7)

„π∑”πÕß‡¥’¬«°—π °“√»÷°…“∑’Ë®”π«π§“√å∫Õπ

Õ–µÕ¡ (n) §ß∑’Ë  ¡°“√ (1) ®–≈¥√Ÿª≈ß‡ªìπ‰ªµ“¡ ¡°“√

(10) ´÷Ëß‰¥â‡ªìπ ¡°“√¢Õß van't Hoff π—Ëπ‡Õß

(10)

‚¥¬ (11)

·≈– (12)

·≈–   À“‰¥â®“°°“√‡¢’¬π°√“ø√–À«à“ß lnk

°—∫ 1/T ®–‰¥â§«“¡™—π‡ªìπ ·≈–®ÿ¥µ—¥·°π y ‡ªìπ

´÷Ëß§”π«≥‰¥â‚¥¬ Microsoft Excel Version 8.0 ®“°

π—Èππ”§à“     ·≈–     ‰ªÀ“§«“¡ —¡æ—π∏å°—∫®”π«π§“√å∫Õπ

®–‰¥â§à“§ßµ—« a, b, c ·≈– d ́ ÷Ëß§”π«≥‰¥â¥â«¬ Microsoft

Excel Version 8.0 ‡™àπ‡¥’¬«°—π ·∑π§à“§ßµ—«∑—Èß ’Ë≈ß„π

 ¡°“√ (10) §à“§ß∑’Ë´÷ËßÀ“®“°∑—Èß Õß«‘∏’‡ªìπ§à“‡¥’¬«°—π

3.5 °“√§”π«≥®”π«π‡æ≈∑∑ƒ…Æ’·≈–À“
ª√– ‘∑∏‘¿“æ°“√‡§≈◊Õ∫§Õ≈—¡πå
ª√– ‘∑∏‘¿“æ¢Õß§Õ≈—¡πåÀ“‰¥â®“°§à“‡æ≈∑∑ƒ…Æ’

(Plate Number; N) ´÷Ëß∑”‰¥â‚¥¬°“√©’¥ “√¡“µ√∞“π

·Õ≈°ÕŒÕ≈å§«“¡¬“«¢Õß “¬§“√å∫Õπ 4-8 Õ–µÕ¡ ‡¢â“‰ª

„π§Õ≈—¡πå∑’ËÕ—µ√“°“√‰À≈¢Õß·°ä µ—«æ“µà“ßÊ °—π ·≈–

§”π«≥§à“®“° ¡°“√ (13)

(13)

‡¡◊ËÕ N  §◊Õ®”π«π‡æ≈∑∑ƒ…Æ’ t
R
 §◊Õ§à“‡«≈“§ß§â“ß¢Õß

 “√µ—«Õ¬à“ß∑’Ë¬—ß‰¡àª√—∫·°â ·≈– W
a
 §◊Õ§à“§«“¡°«â“ß

¢Õß∞“πæ’§

§à“ N ∑’Ë Ÿß¡—°∫àß∫Õ°«à“ª√– ‘∑∏‘¿“æ¢Õß§Õ≈—¡πå

 Ÿß¥â«¬ Õ¬à“ß‰√°Áµ“¡ ∫“ß§√—Èß§à“π’È‰¡à ◊ËÕ§«“¡À¡“¬

‡∑à“„¥π—°‡æ√“–°“√ª√–‡¡‘ππ—Èπ®–√«¡ª√– ‘∑∏‘¿“æ¢Õß

√–∫∫‡¢â“ ‰ª¥â«¬ ·≈–®”π«π‡æ≈∑ ∑ƒ…Æ’∑’Ë ŸßÕ“®‡π◊ËÕß

¡“®“°§Õ≈—¡πå¡’§«“¡¬“«¡“° ¥—ßπ—Èπ°“√À“√§à“ N ¥â«¬

§«“¡¬“« (‡¡µ√) ®÷ßÕ“®„™â∫àß∫Õ°∂÷ßª√– ‘∑∏‘¿“æ¢Õß

§Õ≈—¡πå‰¥â Õ¬à“ß‰√°Áµ“¡°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ

§Õ≈—¡πå¡—°®–„™â§à“®”π«π‡æ≈∑ Ÿß ÿ¥ (maximum plate

Ink  =  a + bn' '

a  =  a +
c

T
'

b  =  b +
d

T
'

Ink  =  a  +
b

T
'

"

a   =  a + bn"

b   =  c + dn"

N  =  16
t
R

W
a

2
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number; N
max

) ‚¥¬§”π«≥§à“‰¥â®“°‚§√¡“‚µ·°√¡∑’Ë

Õ—µ√“‰À≈¢Õß·°ä µ—«æ“∑’ËæÕ‡À¡“–∑’Ë„Àâ§à“§«“¡ Ÿß‡∑’¬∫

‡∑à“Àπ÷Ëß‡æ≈∑∑ƒ…Æ’ µË” ÿ¥ (Minimum height equiva-

lent to one theoretical plate; H
min

) ´÷ËßÀ“‰¥â‚¥¬§Ÿ≥

§à“§«“¡‡√Á«‡™‘ß‡ âπ¢Õß «—Ø¿“§‡§≈◊ËÕπ∑’Ë (u) „π ¡°“√¢Õß

van Deemter ‰¥â‡ªìπ ¡°“√ (14)

          (14)

‡¡◊ËÕ H §◊Õ  §«“¡ Ÿß‡∑’¬∫‡∑à“Àπ÷Ëß‡æ≈∑∑ƒ…Æ’

 u §◊Õ  §«“¡‡√Á«‡™‘ß‡ âπ¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’Ë

 B ·≈– C §◊Õ ®ÿ¥µ—¥·°π y ·≈–§«“¡™—π¢Õß ¡°“√

‡ âπµ√ßµ“¡≈”¥—∫

‡¡◊ËÕ‡¢’¬π°√“ø√–À«à“ß Hu ·≈– u2 ®–‰¥â®ÿ¥µ—¥

·°π y §◊Õ§à“ B ·≈–§«“¡™—π¢Õß‡ âπµ√ß§◊Õ C ®“°§à“

¢Õß‡∑Õ¡ B ·≈– C ∑’Ë‰¥â “¡“√∂§”π«≥À“§à“ H
min

 ‰¥â

‚¥¬„™â ¡°“√ (15)

(15)

‡¡◊ËÕ H
min

 §◊Õ§à“§«“¡ Ÿß‡∑’¬∫‡∑à“Àπ÷Ëß‡æ≈∑∑ƒ…Æ’µË” ÿ¥

‚¥¬§à“ N ·≈– H ¡’§«“¡ —¡æ—π∏å°—π¥—ß ¡°“√∑’Ë (16)

(16)

‡¡◊ËÕ L §◊Õ§«“¡¬“«¢Õß§Õ≈—¡πå (‡¡µ√)

¥—ßπ—Èπ§Õ≈—¡πå∑’Ë „Àâ§à“ H
min

 µË”¬àÕ¡À¡“¬∂÷ß

§Õ≈—¡πåπ—Èπ¡’ª√– ‘∑∏‘¿“æ Ÿßπ—Ëπ‡Õß πÕ°®“°°“√À“§à“ H
min

®“°°“√∑¥≈Õß‚¥¬ ¡°“√∑’Ë (15) ·≈â« Ettre [7] ‰¥â

°√–®“¬ ¡°“√¢Õß Golay [8] „ÀâÕ¬Ÿà„π√Ÿª¢Õßµ—«ª√–°Õ∫

§ß§â“ß (k) ∑’Ë —¡æ—π∏å°—∫§à“ H
min

 ¥—ß ¡°“√∑’Ë (17)

(17)

‡¡◊ËÕ r §◊Õ√—»¡’¢Õß§Õ≈—¡πå

§à“ H
min

 „π ¡°“√∑’Ë (17) ∂◊Õ‡ªìπ H
min

 ∑’ËÀ“‰¥â∑“ß∑ƒ…Æ’

H
min(theoretical)

 ´÷Ëß¡’ª√–‚¬™πå¡“° ”À√—∫„™â„π°“√‡ª√’¬∫

‡∑’¬∫«‘∏’À√◊Õ‡∑§π‘§°“√‡§≈◊Õ∫§Õ≈—¡πå ·≈–„™â„π°“√À“

 —¡ª√– ‘∑∏‘Ï°“√‡§≈◊Õ∫§Õ≈—¡πå (coating efficiency) ‚¥¬

(18)

4. º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈
4.1 ª√– ‘∑∏‘¿“æ¢Õß§Õ≈—¡πå∑’Ë‡§≈◊Õ∫¥â«¬

§“√å‚∫·«° ǻ ‚¥¬„™âµ—«∑”≈–≈“¬µà“ß™π‘¥
®“°°“√≈–≈“¬§“√å‚∫·«°´å√âÕ¬≈– 0.8 (w/v) „π

µ—«∑”≈–≈“¬™π‘¥µà“ßÊ ‰¥â·°à πÈ” Õ–´‘‚µπ ‡Õ∑“πÕ≈ ·≈–

§≈Õ‚√øÕ√å¡ ·≈â«π”‰ª‡§≈◊Õ∫§Õ≈—¡πå¥â«¬«‘∏’ Dynamic

Coating [5] æ∫«à“§Õ≈—¡πå∑’Ë‡§≈◊Õ∫‰¥â¡’§«“¡Àπ“¢Õß

øî≈å¡·µ°µà“ß°—π¥—ß· ¥ß„πµ“√“ß∑’Ë 1 ‚¥¬øî≈å¡∑’Ë‰¥â®“°

§“√å‚∫·«° ǻ∑’Ë≈–≈“¬„πÕ–´‘‚µπ¡’§«“¡Àπ“¡“°∑’Ë ÿ¥ ·≈–

øî≈å¡∑’Ë‰¥â®“°§“√å‚∫·«° ǻ∑’Ë≈–≈“¬„π‡Õ∑“πÕ≈∫“ß∑’Ë ÿ¥

ªí®®—¬∑’Ë∑”„Àâ§«“¡Àπ“øî≈å¡∑’Ë‰¥â‰¡à‡∑à“°—ππ—Èπ¬—ß‰¡à∑√“∫

·πà™—¥ ‚¥¬§«“¡Àπ◊¥¢Õß “√≈–≈“¬Õ“®‡ªìπªí®®—¬Àπ÷Ëß∑’Ë

¡’º≈µàÕ°“√‡§≈◊Õ∫µ‘¥¢Õß«—Ø¿“§π‘Ëß¿“¬„π§Õ≈—¡πå ™π‘¥“ [9]

‰¥â√“¬ß“π«à“ “√≈–≈“¬∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß®–„Àâøî≈å¡∑’Ë

Àπ“°«à“ Õ¬à“ß‰√°Áµ“¡§«“¡Àπ“øî≈å¡∑’Ë‰¥â‰¡à¡’§«“¡ —¡æ—π∏å

°—∫ª√– ‘∑∏‘¿“æ§Õ≈—¡πå¥—ßµ“√“ß∑’Ë 2

Hu  =  B + Cu
2

H
min

  =  2(B.C)
1/2

N  =       À√◊Õ  N
max

  =
L

H

L

H
min

µ“√“ß∑’Ë 1 §«“¡Àπ“¢Õßøî≈å¡∑’Ë‰¥â®“°°“√‡§≈◊Õ∫·§æ‘≈≈“√’

§Õ≈—¡πå¥â«¬§“√å‚∫·«°´å 35000 ∑’Ë≈–≈“¬„πµ—«

∑”≈–≈“¬™π‘¥µà“ßÊ

™π‘¥¢Õßµ—«∑”≈–≈“¬ §«“¡Àπ“¢Õßøî≈å¡ (‰¡‚§√‡¡µ√)

πÈ” 0.72

Õ–´’‚µπ 0.85

‡Õ∑“πÕ≈ 0.53

§≈Õ‚√øÕ√å¡ 0.73

Hmin  =  r
1 + 6k + 11k 

2

3(1 + k)
2

1/2

Coating efficiency  =  100
H

min(theoretical)

H
min
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µ“√“ß∑’Ë 2 ®”π«π‡æ≈∑∑ƒ…Æ’ (N) µàÕ‡¡µ√¢Õß·Õ≈°ÕŒÕ≈å∑’Ë¡’®”π«π§“√å∫Õπ 4-8

Õ–µÕ¡ ÷́Ëß«‘‡§√“–Àå∫π§Õ≈—¡πå§“√å‚∫·«° ǻ∑’Ë≈–≈“¬¥â«¬µ—«∑”≈–≈“¬

™π‘¥µà“ßÊ ∑’ËÕÿ≥À¿Ÿ¡‘ 80 °´ ∑’ËÕ—µ√“°“√‰À≈¢Õß·°ä µ—«æ“µà“ßÊ °—π

®”π«π‡æ≈∑ (N/m)

πÈ” Õ–´’‚µπ ‡Õ∑“πÕ≈ §≈Õ‚√øÕ√å¡

n Õ—µ√“°“√‰À≈ 1.01 ¡≈./π“∑’

4 3350 3852 4982 3643

5 3327 3590 5099 4142

6 3748 3081 5435 3709

7 2969 2885 5731 3506

8 2723 2584 6873 3313

n Õ—µ√“°“√‰À≈ 1.09 ¡≈./π“∑’

4 5809 3913 7470 5171

5 4242 4718 7699 5431

6 3671 3270 7470 6788

7 2528 2643 7381 4158

8 1660 2103 7117 3935

n Õ—µ√“°“√‰À≈ 1.17 ¡≈./π“∑’

4 3191 5451 9468 7521

5 2498 4262 8644 6131

6 2120 3506 7758 4997

7 2814 2863 6867 3837

8 1420 2117 6458 3631

n Õ—µ√“°“√‰À≈ 1.25 ¡≈./π“∑’

4 4265 8198 9786 8372

5 2683 5740 8813 6408

6 1895 3722 7469 4731

7 1324 2476 6450 3665

8 929 1791 5424 3172

n Õ—µ√“°“√‰À≈ 1.34 ¡≈./π“∑’

4 3011 7421 9760 7559

5 2300 5236 8110 5965

6 796 3251 7174 4523

7 700 2094 5495 3303

8 513 1468 4691 2835
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´÷Ëß®–‡ÀÁπ‰¥â«à“ª√– ‘∑∏‘¿“æ¢Õß§Õ≈—¡πå

§“√å‚∫·«° ǻ∑’Ë≈–≈“¬„π·Õ≈°ÕŒÕ≈å „Àâ®”π«π‡æ≈∑µàÕ

‡¡µ√ Ÿß°«à“§Õ≈—¡πå§“√å‚∫·«° ǻ∑’Ë≈–≈“¬„πµ—«∑”≈–≈“¬

Õ◊ËπÊ ∑’Ë∑ÿ°Ê Õ—µ√“‰À≈¢Õß·°ä µ—«æ“ ´÷Ëß Õ¥§≈âÕß°—∫§à“

 —¡ª√– ‘∑∏‘Ï°“√‡§≈◊Õ∫ (coating efficiency) ∑’Ë§”π«≥

‰¥â®“°§à“ H
min(theoretical)

 µ“¡ ¡°“√∑’Ë (17) ·≈–§à“ H
min

®“°°“√∑¥≈Õß„π ¡°“√∑’Ë (15) „πµ“√“ß∑’Ë 3 ´÷Ëßæ∫«à“

§“√å‚∫·«° ǻ∑’Ë≈–≈“¬„π‡Õ∑“πÕ≈„Àâ§à“ —¡ª√– ‘∑∏‘Ï°“√

‡§≈◊Õ∫ Ÿß ÿ¥ ¥—ßπ—ÈπÕ“®¡Õß‰¥â«à“·Õ≈°ÕŒÕ≈å‡ªìπµ—«∑”

≈–≈“¬∑’Ë‡À¡“– ¡  “¡“√∂≈–≈“¬§“√å‚∫·«°´å‰¥â‡ªìπÕ¬à“ß

¥’‡¡◊ËÕ‡§≈◊Õ∫·≈â«¡’º≈„Àâ°√–®“¬µ—«∫πº‘«¢Õß§Õ≈—¡πå‰¥â

 ¡Ë”‡ ¡Õ

4 0.008 0.172 4.75 0.009 0.109 8.33 0.010 0.080 12.44 0.010 0.100 9.86

5 0.009 0.231 3.93 0.011 0.143 7.40 0.012 0.089 13.45 0.012 0.119 9.93

6 0.011 0.469 2.28 0.013 0.201 6.38 0.015 0.098 15.01 0.014 0.136 10.67

7 0.013 0.539 2.42 0.015 0.255 5.83 0.017 0.106 15.85 0.017 0.182 9.47

8 0.016 0.595 2.68 0.018 0.322 5.56 0.020 0.108 18.30 0.020 0.196 10.04

µ“√“ß∑’Ë 3  —¡ª√– ‘∑∏‘Ï°“√‡§≈◊Õ∫§Õ≈—¡πå∑’Ë‰¥â®“° ¡°“√ (15) (°“√§”π«≥) ·≈– ¡°“√ (17) (∑“ß∑ƒ…Æ’) ¢Õß
§Õ≈—¡πå∑’Ë‡§≈◊Õ∫¥â«¬§“√å‚∫·«°´å ∑’Ë„™âµ—«∑”≈–≈“¬µà“ß°—π

πÈ” Õ–´’‚µπ ‡Õ∑“πÕ≈ §≈Õ‚√øÕ√å¡

Hmin(T) Hmin(exp) Cot.eff. Hmin(T) Hmin(exp) Cot.eff. Hmin(T) Hmin(exp) Cot.eff. Hmin(T) Hmin(exp) Cot.eff.
n

À¡“¬‡Àµÿ : Hmin(T) ·≈– Hmin(exp) §◊Õ§à“§«“¡ Ÿß‡∑’¬∫‡∑à“Àπ÷Ëß‡æ≈∑∑ƒ…Æ’µË” ÿ¥∑’Ë‰¥â®“°∑ƒ…Æ’·≈–®“°°“√∑¥≈Õßµ“¡≈”¥—∫
Cot. eff. = Coating efficiency §◊Õ§à“ —¡ª√– ‘∑∏‘Ï°“√‡§≈◊Õ∫§Õ≈—¡πå§”π«≥®“° ¡°“√ (18)

4.2 §à“§ß∑’Ë a, b, c ·≈– d ¢Õß§Õ≈—¡πå∑’Ë
‡§≈◊Õ∫æ√âÕ¡°—π
¥—ß∑’Ë‰¥â°≈à“«„π¢â“ßµâπ·≈â««à“§à“§ß∑’Ë∑—Èß 4 ¢Õß

§Õ≈—¡πå∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß‡∑à“°—π·≈–‡§≈◊Õ∫¥â«¬

§«“¡Àπ“‡∑à“°—π§«√®–¡’§à“‡¥’¬«°—π À√◊Õ°≈à“«Õ’°π—¬Àπ÷Ëß

§◊Õ§à“§ß∑’Ë∑—Èß 4 ¢Õß§Õ≈—¡πåÀπ÷Ëß “¡“√∂π”¡“„™â„π°“√

∑”π“¬‡«≈“§ß§â“ß®“°§Õ≈—¡πåÕ◊ËπÊ ‰¥â °“√»÷°…“π’È‰¥â„™â

·Õ≈°ÕŒÕ≈å‡ªìπ “√µ—«Õ¬à“ß ∑«à“§Õ≈—¡πå∑’Ë‡§≈◊Õ∫§“√å‚∫-

·«°´åπ—Èπ‡≈◊Õ°„™â§≈Õ‚√øÕ√å¡‡ªìπµ—«∑”≈–≈“¬ ∑”°“√

‡§≈◊Õ∫æ√âÕ¡°—π 3 §Õ≈—¡πå„π ¿“«–‡¥’¬«°—π

§à“§ß∑’Ë a, b, c ·≈– d ¢Õß§Õ≈—¡πå∑—Èß 3 Õ—π  ”À√—∫

∑”π“¬‡«≈“§ß§â“ß “√·Õ≈°ÕŒÕ≈å §◊Õ

(19)

(20)

(21)

§Õ≈—¡πå∑’Ë 1  In =     -12.542 - 0.85n +                +
t
R - tM

t
M

2649.02

T

539.10n

T

§Õ≈—¡πå∑’Ë 2  In =     -12.698 - 0.79n +                +
t
R - tM

t
M

2672.85

T

515.69n

T

§Õ≈—¡πå∑’Ë 3  In =     -12.795 - 0.77n +                +
t
R - tM

t
M

2697.37

T

509.58n

T
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§à“§ß∑’Ë¢Õß§Õ≈—¡πå„π ¡°“√∑—Èß 3 π—Èπ·µ°µà“ß

°—π∑—ÈßÀ¡¥ À“°¡Õß®“°µ—«‡≈¢„π ¡°“√·≈â«  ¡¡ÿµ‘∞“π

∑’Ëµ—Èß‰«â¢â“ßµâπ∑’Ë«à“§à“§ß∑’Ë¢Õß§Õ≈—¡πå∑’Ë‡§≈◊Õ∫¥â«¬«—Ø¿“§

π‘Ëß‡¥’¬«°—π ‡§≈◊Õ∫∫π§Õ≈—¡πå∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß

‡∑à“°—π·≈–„Àâ§«“¡Àπ“øî≈å¡‡∑à“°—π®–‡ªìπ§à“‡¥’¬«°—π ∑«à“

„π∑“ßªØ‘∫—µ‘π—Èπ §Õ≈—¡πå‡¥’¬«°—π ∑”°“√À“§à“§ß∑’Ë¥â«¬

«‘∏’‡¥’¬«°—π·≈–¥â«¬§π‡¥’¬«°—π §à“§ß∑’Ë∑’Ë‰¥â¬—ß·µ°µà“ß°—π

·µà§à“∑’ËÀ“‰¥â·¡â®–·µ°µà“ß°—π °Á¬—ß§ß “¡“√∂π”¡“„™â„π

°“√∑”π“¬‰¥â·¡àπ¬” ∑—Èßπ’È‡π◊ËÕß®“°≈—°…≥– ¡°“√ (1) π—Èπ

‡ªìπ ¡°“√√–π“∫ À“°¢âÕ¡Ÿ≈„¥¢âÕ¡Ÿ≈Àπ÷Ëß‡∫’Ë¬ß‡∫π‰ª‡æ’¬ß

‡≈Á°πâÕ¬ ®– àßº≈„Àâ√–π“∫¢¬—∫∑—Èß√–π“∫·≈–§à“§ß∑’Ë∑’Ë‰¥â

®–‡ª≈’Ë¬π‰ª∑—ÈßÀ¡¥ µ“√“ß∑’Ë 4 ‡ªìπº≈ √ÿª°“√∑”π“¬

‡«≈“§ß§â“ß·Õ≈°ÕŒÕ≈å∑’Ë™–ÕÕ°®“°§Õ≈—¡πå∑—Èß 3 ¥â«¬

 ¡°“√¢Õßµ—«¡—π‡Õß ́ ÷Ëß„Àâ§«“¡·¡àπ¬”„π√–¥—∫∑’Ëπà“æÕ„®

§«“¡§≈“¥‡§≈◊ËÕπ Ÿß ÿ¥Õ¬Ÿà∑’Ë√âÕ¬≈– 0.88 ·µà‚¥¬ à«π„À≠à

(√âÕ¬≈– 78 ¢Õß¢âÕ¡Ÿ≈) „Àâº≈°“√∑”π“¬§≈“¥‡§≈◊ËÕπ

‡∑à“°—∫√âÕ¬≈– 0.2 À√◊ÕµË”°«à“ ·µà‡¡◊ËÕπ”§à“§ßµ—«¢Õß

§Õ≈—¡πå∑’Ë 1 ‰ª„™â„π°“√∑”π“¬‡«≈“§ß§â“ß¢Õß·Õ≈°ÕŒÕ≈å

∑’Ë™–ÕÕ°®“°§Õ≈—¡πåÕ◊ËπÊ Õ’° 2 §Õ≈—¡πå º≈∑’Ë‰¥â √ÿª‰«â„π

µ“√“ß∑’Ë 5

º≈°“√∑”π“¬∑’Ë √ÿª‰«â„πµ“√“ß∑’Ë 5 π’È æ∫«à“

√âÕ¬≈–§«“¡º‘¥æ≈“¥®“°°“√„™â§à“§ß∑’Ë¢Õß§Õ≈—¡πå∑’Ë 1 ‰ª

„™â∑”π“¬°“√‡§≈◊ËÕπ∑’Ë “√„πÕ’° 2 §Õ≈—¡πå π—Èπ Ÿß¡“° §«“¡

º‘¥æ≈“¥„π°“√∑”π“¬‚¥¬ à«π„À≠à Ÿß‡°‘π°«à“∑’Ë®–¬Õ¡

√—∫‰¥â À√◊Õ°≈à“«Õ’°π—¬Àπ÷Ëß§◊Õ‰¡à “¡“√∂π”‰ª„™â„π°“√

«‘‡§√“–Àå‡Õ°≈—°…≥å “√‰¥â Õ¬à“ß‰√°Áµ“¡‡π◊ËÕß®“°§Õ≈—¡πå

∑’Ë„™âπ’È¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß∑’Ë‡≈Á°¡“° Jennings [10] ‰¥â

√“¬ß“π«à“°√–∫«π°“√º≈‘µ§Õ≈—¡πå∂÷ß·¡â®–¡’°“√§«∫§ÿ¡

§ÿ≥¿“æÕ¬à“ß¥’°Áµ“¡ √—»¡’§Õ≈—¡πåπ’ÈÕ“®®–‡∫’Ë¬ß‡∫π®“°

§à“∑’Ë°”Àπ¥‰«âª√–¡“≥ ±5 ‰¡‚§√‡¡µ√ πÕ°®“°π’È·≈â«

§«“¡Àπ“øî≈å¡∑’Ë‡§≈◊Õ∫Õ“®®–§≈“¥‡§≈◊ËÕπ‰¥â√âÕ¬≈– ±5

 ”À√—∫ static coating ∑’Ë„™â°—π„π‡™‘ßæ“≥‘™¬å ∑«à“«‘∏’

°“√∑’Ë„™â‡§≈◊Õ∫«—Ø¿“§π‘Ëß„πÀâÕßªØ‘∫—µ‘°“√π’È‡ªìπ dynamic

coating ́ ÷Ëß„Àâ§«“¡Àπ“øî≈å¡∑’Ë§«∫§ÿ¡¬“°°«à“·≈–§“¥«à“

§«“¡§≈“¥‡§≈◊ËÕππà“®– Ÿß°«à“ static coating §«“¡§≈“¥

‡§≈◊ËÕπ¢Õßøî≈å¡·≈–‡ âπºà“»Ÿπ¬å°≈“ß§Õ≈—¡πåπ’È “¡“√∂

ª√—∫·°â‰¥â‰¡à¬“° Aryusuk and Krisnangkura [11] ‰¥â

∑”°“√ª√—∫·°â„Àâ‰¥â§à“ a ∑’Ë∂Ÿ°µâÕß  ”À√—∫§Õ≈—¡πå∑’Ë¡’

¢π“¥‡ âπºà“»Ÿπ¬å°≈“ßµà“ßÊ °—π ¥â«¬§à“ ∆Inβ  ”À√—∫

§Õ≈—¡πå∑’Ë‰¡à¡’¢—È« ‡¡◊ËÕπ”«‘∏’°“√¢Õß Aryusuk and

Krisnangkura ¡“„™â®–„Àâ§à“ a  ”À√—∫§Õ≈—¡πå 2 ·≈– 3

‡ªìπ -12.640 ·≈– -12.659 µ“¡≈”¥—∫ ‚¥¬§à“ b, c ·≈–

d ‡ªìπ§à“§ß∑’Ë¢Õß§Õ≈—¡πå∑’Ë 1 ·≈– ¡°“√ ”À√—∫∑”π“¬

 “√¢Õß§Õ≈—¡πå 2 ·≈– 3 ‡ª≈’Ë¬π‡ªìπ ¡°“√∑’Ë (22) ·≈–

 ¡°“√ (23) µ“¡≈”¥—∫

(22)

(23)

º≈°“√§”π«≥‡«≈“§ß§â“ß “√∑’Ë™–ÕÕ°®“°

§Õ≈—¡πå∑’Ë 2 ·≈– 3 ¥â«¬ ¡°“√ (22) ·≈– (23) π—Èπ ‰¥â

 √ÿª‰«â„πµ“√“ß∑’Ë 6 §«“¡§≈“¥‡§≈◊ËÕπ„π°“√∑”π“¬≈¥

≈ßÕ¬à“ß¡“° √âÕ¬≈– 88 ¢Õß ¢âÕ¡Ÿ≈ 50 √“¬°“√¡’§à“

§«“¡§≈“¥‡≈◊ËÕππâÕ¬°«à“√âÕ¬≈– ±0.2 ·≈–§à“§≈“¥

‡§≈◊ËÕπ Ÿß ÿ¥‡∑à“°—∫√âÕ¬≈– 0.95

5.  √ÿªº≈°“√∑¥≈Õß
®“°º≈°“√∑¥≈Õß°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß§Õ≈—¡πå

∑’Ë‡§≈◊Õ∫¥â«¬§“√å‚∫·«°´å ‚¥¬„™âµ—«∑”≈–≈“¬∑’Ë·µ°µà“ß

°—π§◊Õ πÈ” Õ–´‘‚µπ ‡Õ∑“πÕ≈ ·≈–§≈Õ‚√øÕ√å¡ §«“¡

Àπ“¢Õßøî≈å¡∑’Ë‰¥â®–Õ¬Ÿà„π™à«ß 0.53 -0.85 ‰¡‚§√‡¡µ√ ´÷Ëß

‡ªìπ™à«ß∑’Ë‰¡à Ÿß¡“°

In =     -12.640 - 0.85n +                +
t
R - tM

t
M

2649.02

T

539.10n

T

In =     -12.659 - 0.85n +                +
t
R - tM

t
M

2649.02

T

539.10n

T
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‡¡◊ËÕ„™â§à“‡æ≈∑∑ƒ…Æ’‡ªìπµ—«‡ª√’¬∫‡∑’¬∫ æ∫«à“

‡Õ∑“πÕ≈‡ªìπµ—«∑”≈–≈“¬∑’Ë®–„Àâ§Õ≈—¡πå¡’ª√– ‘∑∏‘¿“æ

¥’∑’Ë ÿ¥ „Àâ§à“‡æ≈∑∑ƒ…Æ’ 4982-9789 ´÷Ëß‡ªìπ§à“∑’Ë§àÕπ¢â“ß

µË” ·µà°Á¬—ß “¡“√∂„™â„π°“√À“§à“§ß∑’Ë∑“ßÕÿ≥Àæ≈»“ µ√å

‰¥â¥’ ®“°°“√∑¥≈Õß‡§≈◊Õ∫§Õ≈—¡πå¥â«¬§“√å‚∫·«°´å 35000

· ¥ß„Àâ‡ÀÁπ«à“§à“§ßµ—«∑“ßÕÿ≥Àæ≈»“ µ√åπ—Èπ§ß∑’Ë

 ”À√—∫«—Ø¿“§π‘Ëß·≈– “√∂Ÿ°≈–≈“¬§Ÿà„¥Ê ¥—ßπ—Èπ °“√À“

§à“§ß∑’Ë ”À√—∫§Õ≈—¡πåµà“ßÊ ®÷ß∑”‰¥â –¥«°¬‘Ëß¢÷Èπ π—Ëπ§◊Õ

‡æ’¬ß·µàÀ“§à“ a §à“‡¥’¬«°Á “¡“√∂„™â„π°“√∑”π“¬‡«≈“

§ß§â“ß·≈–‡Õ°≈—°…≥å “√‰¥â
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