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Abstract
Bunyakan, C., Malakarn, S., and Tongurai, C.

The influence of surfactant on mass transfer coefficients in evaporation of

volatile organic compound from water basin
Songklanakarin J. Sci. Technol., 2002, 24(2) : 255-271

Volatile organic compounds (VOCs) have been found in wastewater of many chemical industries.

Evaporation of VOCs from open water basin in waste treatment facilities causes air-pollution and has been

regulated in many countries. Reduction or prevention of VOCs evaporation from open water basin is then

necessary. The aim of this research was to investigate the influence of surface film generated by an insoluble

surfactant on the mass transfer coefficient of VOCs evaporating from water.  Hexadecanol and octadecanol

were used as surfactant in this investigation with the amount in the range of 0 to 35 µµµµµg/cm2 and 0 to 25 µµµµµg/cm2,

respectively. The VOCs used in this study were methanol, acetone, methyl ethyl ketone and toluene. The

experimental results showed that the surfactant film can reduce the gas film and liquid coefficients by 56

and 80 %, respectively. The suitable amounts of the surfactant were 25 µµµµµg/cm2 for hexadecanol and 15 µµµµµg/cm2

for octadecanol. From this investigation we can conclude that covering the water surface with a film of

hexadecanol or octadecanol could significantly reduce the VOCs evaporation rate.
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Finally, the empirical equations correlating gas film and liquid film coefficient to amount of surfac-

tants were developed and verified against the experimental data. The predicted values of the overall mass

transfer coefficients, obtained by using these empirical equations, were in good agreement with the measured

values. Thus the empirical equations of mass transfer coefficients developed in this work can be used to

predict the evaporation rates of VOCs from water surface covered by hexadecanol or octadecanol film.

Key words : surfactant, evaporation, mass transfer coefficient, VOCs, emission

∫∑§—¥¬àÕ

®√—≠ ∫ÿ≠°“≠®πå  ‡ “«¿“§¬å ¡“≈“°“≠®πå  ·≈– ™“§√‘µ ∑ÕßÕÿ‰√

º≈¢Õß “√≈¥·√ßµ÷ßº‘«µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈„π°“√√–‡À¬¢Õß

 “√ª√–°Õ∫Õ‘π∑√’¬å®“°·À≈àßπÈ”

«.  ß¢≈“π§√‘π∑√å «∑∑. 2545 24(2) : 255-271

πÈ”‡ ’¬®“°‚√ßß“πÕÿµ “À°√√¡‡§¡’®–¡’ “√ª√–°Õ∫Õ‘π∑√’¬å√–‡À¬ßà“¬ (volatile organic compounds, VOCs)

ª–ªπÕ¬Ÿà °“√√–‡À¬¢Õß VOCs ®“°·À≈àßπÈ”‡ªî¥„π√–∫∫∫”∫—¥πÈ”‡ ’¬°àÕ„Àâ‡°‘¥¡≈¿“«–∑“ßÕ“°“» ‚¥¬„πÀ≈“¬

ª√–‡∑»‰¥â¡’°“√§«∫§ÿ¡°“√ª≈àÕ¬ VOCs  Ÿà∫√√¬“°“»„ÀâÕ¬Ÿà„π‡°≥±å∑’Ë°”Àπ¥ ¥—ßπ—Èπ§«√¡’«‘∏’°“√ªÑÕß°—π°“√√–‡À¬

¢Õß VOCs ®“°·À≈àßπÈ”‡ªî¥ ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈¢Õßøî≈å¡∑’Ë‡°‘¥®“° “√≈¥·√ßµ÷ßº‘«∑’Ë‰¡à≈–≈“¬πÈ”

µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈¢Õß VOCs ∑’Ë√–‡À¬®“°·À≈àßπÈ” „π°“√»÷°…“π’È®–„™â “√≈¥·√ßµ÷ßº‘« 2 ™π‘¥ ‰¥â·°à

hexadecanol ·≈– octadecanol ‚¥¬ª√‘¡“≥¢Õß hexadecanol ·≈– octadecanol ∑’Ë„™â»÷°…“®–Õ¬Ÿà„π™à«ßµ—Èß·µà 0 ∂÷ß

35 ‰¡‚§√°√—¡/µ√.´¡. ·≈– 0 ∂÷ß 25 ‰¡‚§√°√—¡/µ√.´¡. µ“¡≈”¥—∫  à«π VOCs ∑’Ë„™â»÷°…“ª√–°Õ∫¥â«¬ ‡¡∑“πÕ≈

Õ–´’‚µπ ‡¡∑‘≈ ‡Õ∑‘≈ §’‚µπ ·≈–∑Ÿ‚≈Õ’π º≈®“°°“√∑¥≈Õßæ∫«à“ “√≈¥·√ßµ÷ßº‘«¥—ß°≈à“« “¡“√∂≈¥ —¡ª√– ‘∑∏‘Ï

øî≈å¡·°ä ·≈– —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß VOCs ‰¥â Ÿß ÿ¥∂÷ß 56 ·≈– 80 % µ“¡≈”¥—∫ ª√‘¡“≥∑’Ë‡À¡“– ¡¢Õß

hexadceanol §◊Õ 25 ‰¡‚§√°√—¡/µ√.´¡. ·≈–¢Õß octadecanol §◊Õ 15 ‰¡‚§√°√—¡/µ√.´¡ ®“°°“√»÷°…“π’È®÷ß √ÿª‰¥â

«à“°“√§≈ÿ¡º‘«πÈ”¥â«¬øî≈å¡¢Õß hexadceanol À√◊Õ octadecanol ®– “¡“√∂≈¥°“√√–‡À¬¢Õß VOCs ‰¥âÕ¬à“ß¡’π—¬ ”§—≠

„π à«π ÿ¥∑â“¬¢Õß∫∑§«“¡π’È   °≈à“«∂÷ß°“√æ—≤π“ ¡°“√‡ÕÁ¡æ‘√‘§—≈®“°¢âÕ¡Ÿ≈°“√∑¥≈Õß‡æ◊ËÕ· ¥ß§«“¡

 —¡æ—π∏å√–À«à“ß —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ·≈– —¡ª√– ‘∑∏åøî≈å¡¢Õß‡À≈«°—∫ª√‘¡“≥¢Õß hexadecanol ·≈– octdecanol

®“°π—Èπ®÷ßµ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß ¡°“√‡ÕÁ¡æ‘√‘§—≈¥—ß°≈à“« ‚¥¬„™â∑”π“¬ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß

VOCs µà“ßÊ ‡∑’¬∫°—∫§à“∑’Ë«—¥‰¥â®“°°“√∑¥≈Õß  æ∫«à“§à“∑’Ë‰¥â®“°°“√∑”π“¬ Õ¥§≈âÕß°—∫§à“∑’Ë‰¥â®“°°“√∑¥≈Õß®√‘ß

· ¥ß«à“ ¡°“√‡ÕÁ¡æ‘√‘§—≈∑’Ëæ—≤π“¢÷Èπ “¡“√∂„™â∑”π“¬Õ—µ√“°“√√–‡À¬¢Õß VOCs ®“°·À≈àßπÈ”∑’Ëª°§≈ÿ¡¥â«¬øî≈å¡

¢Õß “√≈¥·√ßµ÷ßº‘«∑’Ë„™â„π°“√»÷°…“π’È‰¥â

Õ—µ√“°“√√–‡À¬¢Õß “√ª√–°Õ∫Õ‘π∑√’¬å√–‡À¬ßà“¬®“°
·À≈àßπÈ”‡ªî¥ ŸàÕ“°“»∂Ÿ°§«∫§ÿ¡‚¥¬§«“¡µâ“π∑“π„π«—Ø-
¿“§·°ä ·≈–„π«—Ø¿“§¢Õß‡À≈«Õ—π‡π◊ËÕß¡“®“°™—Èπøî≈å¡
·°ä ·≈–™—Èπøî≈å¡¢Õß‡À≈«µ“¡≈”¥—∫ Õ¬à“ß‰√°Áµ“¡ ”À√—∫
·À≈àßπÈ”‡ªî¥‚¥¬∑—Ë«‰ª¡—°æ∫«à“¡’°“√ – ¡¢Õß‚¡‡≈°ÿ≈∑’Ë
‰¡à≈–≈“¬πÈ”‡°‘¥‡ªìπ™—Èπøî≈å¡ª°§≈ÿ¡º‘«Àπâ“¢Õß·À≈àßπÈ”
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πÈ”‡ ’¬®“°‚√ßß“πÕÿµ “À°√√¡‡§¡’¡’ “√ª√–°Õ∫
Õ‘π∑√’¬å√–‡À¬ßà“¬ (volatile  organic  compounds, VOCs)

ª–ªπÕ¬Ÿà  °“√√–‡À¬¢Õß VOCs ®“°·À≈àßπÈ”‡ªî¥„π
√–∫∫∫”∫—¥πÈ”‡ ’¬°àÕ„Àâ‡°‘¥¡≈¿“«–∑“ßÕ“°“»   ‚¥¬„π
À≈“¬ª√–‡∑»‰¥â¡’°“√§«∫§ÿ¡°“√ª≈àÕ¬ VOCs    Ÿà
∫√√¬“°“»„ÀâÕ¬Ÿà„π‡°≥±å∑’Ë°”Àπ¥  ¥—ßπ—Èπ§«√¡’«‘∏’°“√
ªÑÕß°—π°“√√–‡À¬¢Õß VOCs ®“°·À≈àßπÈ”‡ªî¥ ‚¥¬∑—Ë«‰ª
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¢÷Èπ °“√»÷°…“º≈¢Õßøî≈å¡∑’Ë‡°‘¥®“°°“√ – ¡¢Õß‚¡‡≈°ÿ≈
¢Õß “√≈¥·√ßµ÷ßº‘« (surfactant) ∫πº‘«πÈ”µàÕ°“√√–‡À¬
¢Õß VOCs   ®“°·À≈àßπÈ”‡ªî¥®÷ß‡ªìπ ‘Ëß®”‡ªìπ‚¥¬¡’
‡Àµÿº≈À≈—° 2 ª√–°“√§◊Õ ª√–°“√·√°‡æ◊ËÕ∑”§«“¡‡¢â“„®
∂÷ßÕ‘∑∏‘æ≈¢Õßøî≈å¡ª√–‡¿∑π’ÈµàÕ°“√√–‡À¬¢Õß VOCs

·≈–ª√–°“√∑’Ë Õß´÷Ëß‡ªìπ«—µ∂ÿª√– ß§åÀ≈—°¢Õß°“√«‘®—¬π’È
§◊Õ “¡“√∂„™âº≈®“°°“√»÷°…“π’È‡æ◊ËÕ°“√≈¥À√◊Õ§«∫§ÿ¡
°“√√–‡À¬¢Õß VOCs ®“°·À≈àßπÈ”‡ªî¥  ́ ÷Ëß®–‡ªìπ·π«∑“ß
Àπ÷Ëß∑’Ë “¡“√∂π”‰ª„™â‡æ◊ËÕªÑÕß°—πÀ√◊Õ§«∫§ÿ¡¡≈¿“«–
∑“ßÕ“°“»Õ—π‡π◊ËÕß®“°°“√√–‡À¬¢Õß VOCs  ŸàÕ“°“»‰¥â
‚¥¬„πß“π«‘®—¬π’È®–‡≈◊Õ°»÷°…“∂÷ßº≈¢Õßøî≈å¡¢Õß “√≈¥
·√ßµ÷ßº‘« 2 ™π‘¥ ‰¥â·°à hexadecanol ·≈– octadecanol

∑—Èßπ’È‡æ√“–¡’√“¬ß“π«à“øî≈å¡¢Õß “√≈¥·√ßµ÷ßº‘«®”æ«°
·Õ≈°ÕŒÕ≈å‚¡‡≈°ÿ≈¬“«‡À≈à“π’È  “¡“√∂„™â‡æ◊ËÕ≈¥°“√√–‡À¬
¢ÕßπÈ”À√◊Õ≈¥°“√∂à“¬‚Õπ¢Õß·°ä ºà“πº‘«πÈ”‰¥â¥’ (Desai

et al, 1990;  O’Brien et al.,1976;  Bean et al.,1968)

®÷ßπà“®– “¡“√∂π”¡“ª√–¬ÿ°µå„™â‡æ◊ËÕ≈¥°“√√–‡À¬¢Õß
VOCs ®“°·À≈àßπÈ”‰¥â ·≈–®“°°“√»÷°…“„π‡∫◊ÈÕßµâπ‚¥¬
®√—≠·≈–§≥– (2544°) æ∫«à“°“√‡µ‘¡ hexadecanol ≈ß
∫πº‘«πÈ”„πª√‘¡“≥ 25 ‰¡‚§√°√—¡/µ√.´¡. ®– “¡“√∂≈¥
°“√√–‡À¬¢Õß‡¡∑“πÕ≈·≈–¢Õß∑Ÿ‚≈Õ’π®“°·À≈àßπÈ”‰¥â∂÷ß
56 ·≈– 75% µ“¡≈”¥—∫ ®÷ß‡ªìπ ‘Ëß¬◊π¬—π„π‡∫◊ÈÕßµâπ∂÷ß
§«“¡‡ªìπ‰ª‰¥â„π°“√„™âøî≈å¡¢Õß “√ª√–‡¿∑π’È„π°“√≈¥
°“√√–‡À¬¢Õß VOCs ®“°·À≈àßπÈ”‡ªî¥   ß“π«‘®—¬π’È‡ªìπ

°“√»÷°…“∑’ËµàÕ‡π◊ËÕß®“°°“√»÷°…“¥—ß°≈à“«‚¥¬¡’«—µ∂ÿª√– ß§å
À≈—°§◊Õ 1) »÷°…“º≈¢Õß hexadecanol ·≈– octadeca-

nol µàÕ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈¢Õß VOCs   2) √–∫ÿ
ª√‘¡“≥ hexadecanol ·≈– octadecanol ∑’Ë‡À¡“– ¡
 ”À√—∫°“√„™â‡æ◊ËÕ≈¥°“√√–‡À¬¢Õß VOCs ®“°·À≈àßπÈ”‡ªî¥
·≈– 3) æ—≤π“ ¡°“√‡ÕÁ¡æ‘√‘§—≈¢Õß —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä 
·≈– —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«  ‡æ◊ËÕ„™â∑”π“¬Õ—µ√“°“√
√–‡À¬¢Õß VOCs ®“°·À≈àßπÈ”∑’Ëª°§≈ÿ¡¥â«¬øî≈å¡¢Õß
hexadecanol ·≈– octadecanol ‚¥¬„™â∑ƒ…Æ’ Õßøî≈å¡

Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

°“√»÷°…“º≈¢Õß “√≈¥·√ßµ÷ßº‘« (hexadecanol

·≈– octadecanol) µàÕ°“√√–‡À¬¢Õß “√ª√–°Õ∫Õ‘π∑√’¬å
√–‡À¬ßà“¬®“°·À≈àßπÈ”∑”„π∂—ß√–‡À¬∑’Ë¡’æ◊Èπ∑’Ë¢Õß°“√√–‡À¬
‡∑à“°—∫ 1.56 µ√.‡¡µ√ (0.4 × 3.9 µ√.‡¡µ√) ‚¥¬√“¬
≈–‡Õ’¬¥¢Õß™ÿ¥∑¥≈Õß ”À√—∫°“√»÷°…“°“√√–‡À¬¢Õß “√
ª√–°Õ∫Õ‘π∑√’¬å√–‡À¬ßà“¬®“°·À≈àßπÈ”‡ªî¥¡’√“¬ß“π‰«â
∑—Ë«‰ª (®√—≠ ·≈–§≥– 2544¢) ·≈–· ¥ß‡©æ“– à«π¢Õß
∂—ß√–‡À¬µ”·Àπàß∑’Ë‡°Á∫µ—«Õ¬à“ß ·≈–√–∫∫°“√À¡ÿπ‡«’¬π
¢Õß “√≈–≈“¬„π∂—ß „π Figure 1

„π°“√»÷°…“π’È®–∑”°“√»÷°…“º≈¢Õß “√≈¥·√ßµ÷ß
º‘«µàÕ°“√√–‡À¬¢Õß VOCs  ·µà≈–™π‘¥‚¥¬Õ‘ √–µàÕ°—π
‚¥¬ VOCs ∑’Ë»÷°…“ª√–°Õ∫¥â«¬ ‡¡∑“πÕ≈ Õ– ’́‚µπ ‡¡∑‘≈

Figure 1. Schematic of evaporation tank  for unsteady state evaporation experiments (1 water tank,

2 wind tunnel, 3, 4, 5 sampling port, 6 water tank jacket, 7, 8, 9 pump, 10 hot water tank and

temperature controller)

Sampling port (3, 4, 5) insert to middle depth of
water from the bottom of evaporation tank
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‡Õ∑∑‘≈  §’‚µπ (MEK) ·≈– ∑Ÿ‚≈Õ’π °“√√–‡À¬¢Õß
‡¡∑“πÕ≈·≈–∑Ÿ‚≈Õ’π®“°·À≈àßπÈ”∑’Ë‰¡à¡’øî≈å¡¢Õß “√≈¥
·√ßµ÷ßº‘«ª°§≈ÿ¡®–§«∫§ÿ¡‚¥¬øî≈å¡·°ä ·≈–øî≈å¡¢Õß‡À≈«
µ“¡≈”¥—∫  ¥—ßπ—Èπ‡¡∑“πÕ≈·≈–∑Ÿ‚≈Õ’π®÷ß∂Ÿ°‡≈◊Õ°‡æ◊ËÕ
»÷°…“º≈¢Õß “√≈¥·√ßµ÷ßº‘«µàÕ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ·≈–
 —¡ª√– ‘∑∏‘øî≈å¡¢Õß‡À≈« µ“¡≈”¥—∫  ´÷Ëßº≈∑’Ë‰¥â®“°°“√
»÷°…“π’È®–∑”„Àâ “¡“√∂°”Àπ¥À√◊Õ√–∫ÿª√‘¡“≥¢Õß “√
≈¥·√ßµ÷ßº‘«∑’Ë‡À¡“– ¡    ”À√—∫°“√≈¥°“√√–‡À¬¢Õß
VOCs  ∑’Ë°√–∫«π°“√°“√√–‡À¬§«∫§ÿ¡øî≈å¡·°ä ·≈–øî≈å¡
¢Õß‡À≈«‰¥â   à«π°√–∫«π°“√°“√√–‡À¬¢Õß VOCs µ—«
Õ◊ËπÊ ∑’Ë»÷°…“§◊Õ  Õ–´’‚µπ  ·≈–  ‡¡∑∑‘≈  ‡Õ∑∑‘≈  §’‚µπ
(MEK)  ®–¢÷ÈπÕ¬Ÿà°—∫∑—Èßøî≈å¡·°ä ·≈–øî≈å¡¢Õß‡À≈«„π
√âÕ¬≈–∑’Ë·µ°µà“ß°—π ¥—ßπ—Èπ VOCs „π°≈ÿà¡π’È®–∂Ÿ°‡≈◊Õ°
‡æ◊ËÕ„™âµ√«® Õ∫§«“¡‡À¡“– ¡¢Õßª√‘¡“≥¢Õß hexade-

canol ·≈– octadecanol ∑’Ë‰¥â®“°°“√»÷°…“„π™à«ß·√°

·≈–„™â∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß∑ƒ…Æ’ Õßøî≈å¡¿“¬„µâ
 ¿“«–∑’Ë¡’øî≈å¡ª°§≈ÿ¡º‘«πÈ”  ¿“«–°“√∑¥≈Õß‡™àπ§«“¡
‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß VOCs ·≈–ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ß
º‘«∑’Ë„™â„π·µà≈–°“√∑¥≈Õß· ¥ß„π Table 1 ‡π◊ËÕß®“°
ª√‘¡“µ√¢Õß “√≈–≈“¬ VOCs ∑’Ë„™â„π·µà≈–°“√∑¥≈Õß
‡∑à“°—∫ 120 ≈‘µ√ °“√‡µ√’¬¡ “√≈–≈“¬¥—ß°≈à“«„πª√‘¡“≥
∑’Ë¡“°¡’º≈∑”„Àâ§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß VOCs „π·µà≈–
°“√∑¥≈Õß¢Õß VOCs ™π‘¥‡¥’¬«°—π·µ°µà“ß°—πÕÕ°‰ª∫â“ß
¥—ß· ¥ß„π Table 1 ·µàÕ¬à“ß‰√°Áµ“¡§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ
∑’Ë·µ°µà“ß°—π‰¡à¡’º≈µàÕ°“√À“§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ
¡«≈·µàÕ¬à“ß„¥

°“√∑¥≈Õß‡√‘Ë¡µâπ¥â«¬°“√‡µ√’¬¡ “√≈–≈“¬¢Õß
VOCs  ∑’ËµâÕß°“√»÷°…“„ππÈ”ª√‘¡“µ√ 120 ≈‘µ√  „Àâ¡’
§«“¡‡¢â¡¢âπµ“¡µâÕß°“√ (¥Ÿ Table 1) „ à “√≈–≈“¬¥—ß
°≈à“«≈ß„π∂—ß√–‡À¬ ®“°π—Èπ®÷ß‡µ√’¬¡ “√≈–≈“¬¢Õß “√

Table 1. Experimental conditions

1.1  For studying the influence of hexdecanol on evaporation rate of methanol from water

     Amount of hexadecanol added       t
water

     Initial concentration of methanol

           (µµµµµg/cm
2
)       (

o
C)                      in water (mg/L)

1   0.0 27±2 843
      2  5.0 27±2 1259
      3 10.0  27±2  1327
      4 15.0 27±2    1150
      5 20.0 27±2 840
      6 25.0 27±2 1112
      7 30.0 27±2 1163
      8 35.0  27±2 1394

1.2  For studying the influence of hexdecanol on evaporation rate of toluene from water

     Amount of hexadecanol added       t
water

         Initial concentration of toluene

           (µµµµµg/cm
2
)       (

o
C)                        in water (mg/L)

9 0.0 27±2 180
10 5.0 27±2 80
11 10.0 27±2 170
12 15.0 27±2 162
13 20.0 27±2 193
14 25.0 27±2 182

Run No.

Run No.

(1.3  continued.)
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1.3  For studying the influence of octadecanol on evaporation rate of methanol from water

      Amount of octadecanol added         t
water

        Initial concentration of methanol

           (µµµµµg/cm2)         (oC)                       in water (mg/L)

15 5   27±2 1047
16 10 27±2 943
17 15 27±2 1038
18 20 27±2 1007
19 25 27±2 969

1.4  For studing the influence of octadecanol on evaporation rate of toluene from water

      Amount of octadecanol added         t
water

          Initial concentration of toluene

           (µµµµµg/cm2)         (oC)                       in water (mg/L)

15 5 27±2 1047
20 5 27±2 191
21 10 27±2 183
22 15 27±2 254
23 20 27±2 113
24 2.5 27±2 183

Run No.

Run No.

1.5  For studing the influence of selected surfactant on evaporation rate of acetone from water

 Type/Amount of surfactant added        twater          Initial concentration of acetone

          (µµµµµg/cm
2
)           (

o
C)                     in water (mg/L)

25                    None 27±2 991
26             Hexdecanol/25 27±2 990
27             Octadecanol/15 27±2 998

1.6  For studying the influence of selected surfactant on evaporation rate of MEK from water

 Type/Amount of surfactant added        twater            Initial concentration of MEK

          (µµµµµg/cm
2
)           (

o
C)                      in water (mg/L)

28                    None 27±2 834
29            Hexdecanol/25 27±2 864

30            Octadecanol/15 27±2 851

Run No.

Run No.

Table 1. (continued)

≈¥·√ßµ÷ßº‘«∑’Ë„™â (hexadecanol À√◊Õ octadecanol ·≈â«
·µà°√≥’)  ·≈–À¬¥ “√≈–≈“¬¢Õß “√≈¥·√ßµ÷ßº‘«≈ß∫π
º‘«πÈ”„Àâ¡’ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«µ“¡µâÕß°“√‚¥¬

ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«∑’Ë„™â„π·µà≈–°“√∑¥≈Õß · ¥ß
¥—ß Table 1  „π°“√À¬¥ “√≈–≈“¬¢Õß “√≈¥·√ßµ÷ßº‘«
∫πº‘«πÈ”π—Èπ®–À¬¥∑’Ëµ”·Àπàßµà“ßÊ  4-5 ®ÿ¥ °√–®“¬‰ª
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∑—Ë«º‘«πÈ”®“°π—Èπ®÷ßª≈àÕ¬∑‘Èß‰«âª√–¡“≥ 30 π“∑’ ‡æ◊ËÕ„Àâ
·πà„®«à“ “√≈¥·√ßµ÷ßº‘«∑’ËÀ¬¥≈ß‰ª‰¥â·æ√à°√–®“¬‰ª∑—Ë«
º‘«πÈ”  ®÷ß‡√‘Ë¡°“√∑¥≈Õß‚¥¬‡°Á∫µ—«Õ¬à“ß “√≈–≈“¬®“°
µ”·Àπàßµà“ßÊ  3 µ”·Àπàß§◊Õµ”·Àπàß 3, 4 ·≈– 5 µ“¡
§«“¡¬“«¢Õß∂—ß¥—ß· ¥ß„π Figure 1 ‡æ◊ËÕπ”‰ª«‘‡§√“–Àå
À“§«“¡‡¢â¡¢âπ¢Õß VOCs „ππÈ” À≈—ß®“°π—Èπ®÷ß∑”°“√
‡°Á∫µ—«Õ¬à“ßµà“ßÊ ‡À¡◊ÕπµÕπ‡√‘Ë¡µâπ∑ÿ°Ê 0.5-1 ™—Ë«‚¡ß
µ“¡∑’Ë‰¥â°”Àπ¥‰«â®π ‘Èπ ÿ¥°“√∑¥≈Õß ´÷Ëß®–„™â‡«≈“Õ¬Ÿà
„π™à«ß 6-20 ™—Ë«‚¡ß ¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß VOCs

µ—«Õ¬à“ßπÈ”∑’Ë‡°Á∫∑’Ë‡«≈“µà“ßÊ µ≈Õ¥‡«≈“¢Õß·µà≈–
°“√∑¥≈Õßπ—Èπ®–∂Ÿ°‡°Á∫‰«â„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ª√–¡“≥ 4 oC

·≈–®–∑”°“√«‘‡§√“–Àå‡æ◊ËÕÀ“§«“¡‡¢â¡¢âπ¢Õß VOCs „π
πÈ”  ¿“¬„π«—π‡¥’¬«°—π  „π·µà≈–§√—Èß∑’Ë‡°Á∫µ—«Õ¬à“ß®–∑”
°“√∫—π∑÷°Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”  Õÿ≥¿Ÿ¡‘  ·≈–§«“¡™◊Èπ¢ÕßÕ“°“»
‚¥¬µ≈Õ¥™à«ß¢Õß°“√»÷°…“π’È Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”·≈–¢Õß
Õ“°“»¡’§à“ª√–¡“≥ 27±2 oC ·≈– 29±2 oC µ“¡≈”¥—∫
„π¢≥–∑’Ë§«“¡™◊Èπ¢ÕßÕ“°“»µ≈Õ¥™à«ß¢Õß°“√∑¥≈Õß¡’
§à“ª√–¡“≥ 60-80% °“√«‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ¢Õß
VOCs ∑”‚¥¬„™â·°ä ‚§√¡“‚µ°√“øï (Hewlett Packard,

Model 5790A) «‘‡§√“–Àå‚¥¬„™â‡∑§π‘§ “√¡“µ√∞“π¿“¬
„π (Internal standard) §Õ≈—¡πå∑’Ë„™â¬“« 6 øÿµ ∫√√®ÿ¥â«¬
OV-101  Õÿ≥À¿Ÿ¡‘¢Õß‡§√◊ËÕßµ√«®À“ (detector) ·≈–
¢Õß∑’Ë©’¥µ—«Õ¬à“ß (Injection port) ¡’§à“‡ªìπ 300 ·≈–
250 oC µ“¡≈”¥—∫ „π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘¢ÕßÀâÕßÕ∫ (Oven)

¢Õß·°ä ‚§√¡“‚µ°√“øï ·ª√‡ª≈’Ë¬πÕ¬Ÿà√–À«à“ß 60-100 oC

¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß VOCs ∑’ËµâÕß°“√«‘‡§√“–Àå ¢âÕ¡Ÿ≈¢Õß
§«“¡‡¢â¡¢âπ¢Õß VOCs ∑’Ë‡«≈“µà“ßÊ ®–π”¡“„™â„π°“√
À“§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

º≈¢Õß hexadecanol ·≈– octadecanol µàÕ —¡ª√– ‘∑∏‘Ï

øî≈å¡·°ä , k
G

ø≈—°´å°“√√–‡À¬¢Õß VOCs (NVOC) ®“°·À≈àßπÈ”
‡ªî¥ “¡“√∂À“§à“‰¥â‚¥¬„™â·π«§‘¥¢Õß∑ƒ…Æ’ Õßøî≈å¡ ´÷Ëß
®– ¡¡ÿµ‘«à“  §«“¡‡¢â¡¢âπ∑’ËÕ¬Ÿà„π™—Èπ√–À«à“ß«—Ø¿“§·°ä 
·≈–«—Ø¿“§¢Õß‡À≈« (interface) ®–Õ¬Ÿà„π ¡¥ÿ≈°—π·≈–
 “¡“√∂· ¥ß‰¥â„π‡∑Õ¡¢Õß§à“§ß∑’Ë¢Õß‡Œπ√’Ë  (Henry’s

constant, H) ∑”„Àâ “¡“√∂°”®—¥‡∑Õ¡¢Õß§«“¡‡¢â¡¢âπ∑’Ë
™—Èπ√–À«à“ßÀπâ“ÕÕ°‰ª‰¥â   ®÷ß “¡“√∂· ¥ßø≈—°´å¢Õß
°“√√–‡À¬„π‡∑Õ¡¢Õß —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡„π
«—Ø¿“§¢Õß‡À≈« (overall liquid phase mass transfer

coefficient, KOL) ·≈–§«“¡·µ°µà“ß¢Õß§«“¡‡¢â¡¢âπ„π
«—Ø¿“§¢Õß‡À≈« (CL) °—∫§«“¡‡¢â¡¢âπ„π«—Ø¿“§¢Õß‡À≈«
∑’ËÕ¬Ÿà„π ¡¥ÿ≈°—∫§«“¡‡¢â¡¢âπ„π«—Æ¿“§·°ä   (C*

L)  ¥—ß
 ¡°“√ (1)

          NVOC = KOL (CL-C
*

L)          (1)

‚¥¬∑’Ë

        
1

KOL

= 1
kL

+ RT
HkG

       (2)

‡¡◊ËÕ kG §◊Õ  —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä  (m/s)    kL §◊Õ
 —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈« (m/s)   R §◊Õ§à“§ß∑’Ë¢Õß·°ä 
´÷Ëß¡’§à“‡ªìπ 8.21 × 10-5 atm m3/mol K  T §◊ÕÕÿ≥À¿Ÿ¡‘
 —¡∫Ÿ√≥å¡’Àπà«¬‡ªìπ K ·≈– H §◊Õ§à“§ß∑’Ë¢Õß‡Œπ√’Ë ¡’
Àπà«¬‡ªìπ atm m3/mol  ”À√—∫ VOCs ∑’Ë≈–≈“¬πÈ”‰¥â¥’
À√◊Õ VOCs ∑’Ë¡’§«“¡¥—π‰ÕµË” ‡™àπ ‡¡∑“πÕ≈ ®–¡’§à“ H
µË”  àßº≈„Àâ‡∑Õ¡·√°¢Õß ¡°“√  (2) ¡’§à“πâÕ¬‡¡◊ËÕ‡∑’¬∫
°—∫‡∑Õ¡∑’Ë Õß¥—ßπ—Èπ ”À√—∫°√≥’¢Õß‡¡∑“πÕ≈   ¡°“√∑’Ë
(2) ®–≈¥√Ÿª‡ªìπ

kG = RTKOL

H
       (3)

‚¥¬°“√√«¡ ¡°“√ (1) °—∫§à“¢Õß NVOC ∑’Ë‰¥â®“°°“√∑”
¥ÿ≈¡«≈√Õ∫·À≈àßπÈ”∑’Ë¡’°“√√–‡À¬ ®– “¡“√∂· ¥ß§«“¡
 —¡æ—π∏å√–À«à“ß KOL °—∫§«“¡‡¢â¡¢Õß VOCs ∑’Ë‡ª≈’Ë¬π
·ª≈ß°—∫‡«≈“ ‰¥â¥—ß ¡°“√ (Bunyakan et al, 2001)

ln
CL

CLO

= − KOLt
h        (4)

‡¡◊ËÕ CL §◊Õ §«“¡‡¢â¡¢âπ¢Õß VOCs „π«—Ø¿“§¢Õß‡À≈«
∑’Ë‡«≈“ t (mol/m3) CLO §◊Õ §«“¡‡¢â¡¢âπ¢Õß VOCs „π
«—Ø¿“§¢Õß‡À≈«∑’Ë‡«≈“‡√‘Ë¡µâπ (mol/m3)   h §◊Õ §«“¡
≈÷°¢Õß·À≈àßπÈ” (m) ·≈–  t §◊Õ ‡«≈“ (s)   ¥—ßπ—Èπ®“°
 ¡°“√ (4) ·≈–®“°¢âÕ¡Ÿ≈¢Õß§«“¡‡¢â¡¢âπ®“°°“√√–‡À¬
¢Õß‡¡∑“πÕ≈®“°·À≈àßπÈ”°—∫‡«≈“®– “¡“√∂À“§à“ KOL

¢Õß‡¡∑“πÕ≈∑’Ë ¿“«–°“√∑¥≈Õßµà“ßÊ ‰¥â  ‚¥¬°√“ø· ¥ß
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§«“¡ —¡æ—π∏å√–À«à“ß KOL ¢Õß‡¡∑“πÕ≈°—∫ª√‘¡“≥¢Õß
 “√≈¥·√ßµ÷ßº‘«∑’Ë„™â∑—Èß„π°√≥’¢Õß heaxdecanol ·≈–
¢Õß octadecanol · ¥ß¥—ß Figure 2

®“° Figure 2 ®–‡ÀÁπ‰¥â«à“ KOL ¢Õß‡¡∑“πÕ≈¡’
§à“≈¥≈ßµ“¡ª√‘¡“≥¢Õß heaxdecanol ·≈– ¢Õß octade-

canol ∑’Ë‡æ‘Ë¡¢÷Èπ  ∑—Èßπ’È‡æ√“–øî≈å¡¢Õß “√≈¥·√ßµ÷ßº‘«∑”
„Àâ‡°‘¥§«“¡µâ“π∑“πµàÕ°“√√–‡À¬ KOL  ®÷ß≈¥≈ßµ“¡
ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«∑’Ë‡æ‘Ë¡¢÷Èπ  Õ¬à“ß‰√°Áµ“¡®“°
º≈°“√∑¥≈Õßæ∫«à“ KOL  ≈¥≈ß°—∫ª√‘¡“≥¢Õß “√≈¥·√ß
µ÷ßº‘«∑’Ë‡æ‘Ë¡¢÷Èπ  ®π°√–∑—Ëß∂÷ßª√‘¡“≥Àπ÷Ëß KOL ¡’§à“§ß∑’Ë
· ¥ß«à“ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«∑’Ë¡“°‡°‘π‰ª‰¡à‰¥â∑”
„Àâ‡°‘¥øî≈å¡∑’Ë¡’§«“¡µâ“π∑“πµàÕ°“√√–‡À¬ Ÿß·µàÕ¬à“ß„¥  ·µà

®–¡’ª√‘¡“≥∑’Ë‡À¡“– ¡§à“Àπ÷Ëß´÷Ëß®“°°“√∑¥≈Õßπ’È æ∫«à“
øî≈å¡∑’Ë‡°‘¥®“° hexadecanol „πª√‘¡“≥∑’ËÕ¬Ÿà„π™à«ß 25-

30 ‰¡‚§√°√—¡/µ√.´¡. ·≈–øî≈å¡∑’Ë‡°‘¥®“° octadecanol

„πª√‘¡“≥∑’ËÕ¬Ÿà„π™à«ß 15-20 ‰¡‚§√°√—¡/µ√.´¡.  ‡ªìπ
øî≈å¡∑’Ë∑”„Àâ‡°‘¥§«“¡µâ“πµàÕ°“√√–‡À¬¢Õß‡¡∑“πÕ≈ Ÿß ÿ¥
®“°§à“ KOL ∑’Ë‰¥â®“°°“√∑¥≈Õß·≈–§à“¢Õß H  ¢Õß
‡¡∑“πÕ≈∑’Ë√“¬ß“π (Schaffer and Daubert, 1969) ∑”
„Àâ “¡“√∂À“§à“ kG ®“°°“√√–‡À¬¢Õß‡¡∑“πÕ≈ ‰¥âµ“¡
 ¡°“√ (3)  ´÷Ëß§«“¡ —¡æ—π∏å√–À«à“ß  kG   ¢Õß‡¡∑“πÕ≈
°—∫ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«∑’Ë„™â„π°“√»÷°…“π’È· ¥ß„π
Figure 3

®“° Figure 3 ®–‡ÀÁπ‰¥â«à“ kG  ¡’§à“≈¥≈ßµ“¡

Figure 2. Dependence of surfactant on overall mass transfer coefficient of methanol

Figure 3. Dependence of surfactant on gas film coefficient of methanol
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ª√‘¡“≥¢Õß hexadecanol ·≈– octadecanol ∑’Ë‡æ‘Ë¡¢÷Èπ
„π≈—°…≥–∑’Ë‡ªìπ‡ÕÁ°‚ª‡π≈‡™’¬≈·≈–§ß∑’Ë∑’Ë§à“µË” ÿ¥§à“Àπ÷Ëß
‚¥¬¡’ ‘Ëß∑’Ëπà“ π„®§◊Õ§à“µË” ÿ¥¢Õß kG ∑’Ë‡ªìπ‰ª‰¥â‰¡à«à“®–
„™â hexadecanol À√◊Õ octadecanol ®–¡’§à“‡∑à“°—π ·µà
ª√‘¡“≥¢Õß hexadecanol ·≈– octadecanol ∑’Ë∑”„Àâ kG

¡’§à“≈¥≈ß∂÷ß§à“µË” ÿ¥π’È¡’§à“‰¡à‡∑à“°—π §◊Õ µâÕß„™â hexa-

decanol ·≈– octadecanol „πª√‘¡“≥∑’ËÕ¬Ÿà„π™à«ß 25-

30 ·≈– 15-20 ‰¡‚§√°√—¡/µ√.´¡. µ“¡≈”¥—∫  º≈°“√
»÷°…“π’È ®÷ß· ¥ß‡ªìππ—¬«à“™—Èπøî≈å¡∑’Ë‡°‘¥®“°ª√‘¡“≥¢Õß
hexadecanol   „π™à«ß 25-30 ‰¡‚§√°√—¡/µ√.´¡.  ¡’
§ÿ≥ ¡∫—µ‘„π°“√ªÑÕß°—π°“√√–‡À¬¢Õß‡¡∑“πÕ≈®“°πÈ”
‡∑’¬∫‡∑à“°—∫™—Èπøî≈å¡∑’Ë‡°‘¥®“°ª√‘¡“≥¢Õß octadecanol „π
™à«ß 15-20 ‰¡‚§√°√—¡/µ√.´¡.  ∑—Èßπ’È‡æ√“– octadecanol

¡’‚¡‡≈°ÿ≈∑’Ë¬“«°«à“ hexadecanol ®÷ß„™âª√‘¡“≥πâÕ¬°«à“
º≈°“√»÷°…“∑’Ëπà“ π„®„πÕ’°ª√–‡¥ÁπÀπ÷Ëß§◊Õ ·¡â«à“

®–‡æ‘Ë¡ª√‘¡“≥¢Õß hexadecanol ·≈– octadecanol „Àâ
¡“°°«à“  25-30  ·≈–  15-20 ‰¡‚§√°√—¡/µ√.´¡.  µ“¡
≈”¥—∫ ·µà°Á‰¡à “¡“√∂≈¥§à“ kG „ÀâµË”≈ß‰ª‰¥âÕ’°´÷Ëß· ¥ß
«à“™—Èπ¢Õßøî≈å¡∑’Ë‡°‘¥®“° hexadecanol „πª√‘¡“≥ 25-30

‰¡‚§√°√—¡/µ√.´¡. ·≈–™—Èπ¢Õßøî≈å¡∑’Ë‡°‘¥®“° octadecanol

„πª√‘¡“≥ 15-20 ‰¡‚§√°√—¡/µ√.´¡. ¡’§ÿ≥ ¡∫—µ‘„π°“√
ªÑÕß°—π°“√√–‡À¬¢Õß‡¡∑“πÕ≈‰¥â‡À¡◊Õπ°—∫™—Èπ¢Õßøî≈å¡
∑’Ë‡°‘¥®“°°“√„™â hexadecanol À√◊Õ„™â octadecanol „π
ª√‘¡“≥∑’Ë¡“°°«à“ª√‘¡“≥¢â“ßµâπ  ∑”„Àâ‡™◊ËÕ‰¥â«à“ °“√„™â
hexadecanol „πª√‘¡“≥∑’Ë¡“°°«à“ 25-30 ‰¡‚§√°√—¡/
µ√.´¡. ·≈–°“√„™â octadecanol „πª√‘¡“≥∑’Ë¡“°°«à“ 15-

20 ‰¡‚§√°√—¡/µ√.´¡. ®–‡°‘¥‡ªìπøî≈å¡¢Õß™—Èπ‚¡‡≈°ÿ≈∑’Ë
´âÕπ∑—∫°—πÀ≈“¬™—Èπ  ∑”„Àâ§«“¡¬◊¥À¬ÿàπ¢Õß™—Èπøî≈å¡À“¬
‰ª  °“√°≈—∫§◊π (recovery) ¢Õß™—Èπøî≈å¡‡¡◊ËÕ¡’°“√©’°¢“¥
¢Õßøî≈å¡„π√–À«à“ß°√–∫«π°“√√–‡À¬∑”‰¥â™â“   ·≈–
‡π◊ËÕß®“°§«“¡¥—πº‘« (surface pressure) ®–‡æ‘Ë¡¢÷Èπµ“¡
ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«∑’Ë„™â  °“√„™âª√‘¡“≥¢Õß “√
≈¥·√ßµ÷ßº‘«„πª√‘¡“≥∑’Ë Ÿß®–∑”„Àâ‡°‘¥§«“¡¥—πº‘« Ÿß  ´÷Ëß
 “¡“√∂∑”„Àâøî≈å¡‡°‘¥°“√‡ ’¬À“¬‰¥â  ¥—ßπ—Èπª√‘¡“≥¢Õß
 “√≈¥·√ßµ÷ßº‘«∑’Ë∑”„Àâ‡°‘¥‡ªìπøî≈å¡¢Õß‚¡‡≈°ÿ≈™—Èπ‡¥’¬«
(monomolecular film)  À√◊Õ‡°‘¥‡ªìπøî≈å¡¢Õß‚¡‡≈°ÿ≈∑’Ë
¡’§ÿ≥ ¡∫—µ‘„°≈â‡§’¬ß°—∫øî≈å¡™—Èπ‡¥’¬«¡“°∑’Ë ÿ¥®– “¡“√∂
≈¥°“√√–‡À¬¢Õß‡¡∑“πÕ≈‰¥â¥’°«à“

 à«π°“√∑’Ëøî≈å¡∑’Ë‡°‘¥®“° hexadecanol „πª√‘¡“≥
∑’ËπâÕ¬°«à“ 25 ‰¡‚§√°√—¡/µ√.´¡.  ·≈–øî≈å¡∑’Ë‡°‘¥®“°
octadecanol „πª√‘¡“≥∑’ËπâÕ¬°«à“ 15 ‰¡‚§√°√—¡/µ√.´¡.
‰¡à “¡“√∂≈¥°“√√–‡À¬‰¥â¥’‡∑à“∑’Ë§«√  Õ“®®–‡ªìπ‡æ√“–
øî≈å¡∑’Ë‰¥â¬—ß‰¡à§√Õ∫§≈ÿ¡æ◊Èπº‘«∑—ÈßÀ¡¥À√◊Õ¬—ß‰¡à‡ªìπøî≈å¡
™—Èπ‡¥’¬«π—Ëπ‡Õß  ¥—ßπ—Èπ®“°°“√»÷°…“º≈¢Õß hexadecanol

·≈– octadecanol  µàÕ —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ®÷ß “¡“√∂
 √ÿª‰¥â«à“ª√‘¡“≥¢Õß hexadecanol ∑’Ë‡À¡“– ¡∑’Ë§«√„™â
„π°“√≈¥°“√√–‡À¬¢Õß VOCs ∑’Ë°√–∫«π°“√°“√√–‡À¬
§«∫§ÿ¡‚¥¬øî≈å¡·°ä  §◊Õ 25 ‰¡‚§√°√—¡/µ√.´¡. „π¢≥–∑’Ë
ª√‘¡“≥¢Õß octadecanol ∑’Ë‡À¡“– ¡   ”À√—∫°√≥’π’È  §◊Õ
15 ‰¡‚§√°√—¡/µ√.´¡. ‚¥¬ “¡“√∂≈¥§à“ kG  ‰¥â∂÷ß 56%

‡¡◊ËÕ‡∑’¬∫°—∫°√≥’∑’Ë‰¡à¡’°“√‡µ‘¡ “√≈¥·√ßµ÷ßº‘«

º≈¢Õß hexadecanol ·≈– octadecanol µàÕ —¡ª√– ‘∑∏‘Ï

øî≈å¡¢Õß‡À≈«, k
L

°“√√–‡À¬¢Õß VOCs  ∑’Ë≈–≈“¬πÈ”‰¥âπâÕ¬À√◊Õ
VOCs ∑’Ë¡’§«“¡¥—π‰Õ Ÿß  ‡™àπ  ∑Ÿ‚≈Õ’π  ´÷Ëß¡’§à“§ß∑’Ë¢Õß
‡Œπ√’ Ÿß (H>5 × 10-3 atm m3/mol) ∑”„Àâ‡∑Õ¡∑’Ë Õß∑“ß
¢«“¡◊Õ¢Õß ¡°“√ (2)  ¡’§à“πâÕ¬‡¡◊ËÕ‡∑’¬∫°—∫‡∑Õ¡·√°
¥—ßπ—Èπ ”À√—∫°“√√–‡À¬¢Õß∑Ÿ‚≈Õ’π®“°πÈ” ®–‰¥â«à“

kL = KOL          (4)

¥—ßπ—Èπ®“°¢âÕ¡Ÿ≈¢Õß§«“¡‡¢â¡¢âπ¢Õß∑Ÿ‚≈Õ’π„ππÈ”∑’Ë‡«≈“
µà“ßÊ ‡¡◊ËÕπ”¡“ —ß‡§√“–Àåµ“¡ ¡°“√ (4) ·≈–  ¡°“√ (3)

®– “¡“√∂À“§à“  —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß∑Ÿ‚≈Õ’π‰¥â
‚¥¬§«“¡ —¡æ—π∏å√–À«à“ß kL ¢Õß∑Ÿ‚≈Õ’π°—∫ª√‘¡“≥¢Õß
 “√≈¥·√ßµ÷ßº‘«∑—Èß°√≥’¢Õß hexadecanol ·≈– octade-

canol · ¥ß¥—ß Figure 4

®“° Figure 4 ®–‡ÀÁπ‰¥â«à“°“√‡µ‘¡ “√≈¥·√ßµ÷ß
º‘«≈ß∫πº‘«πÈ”®–∑”„Àâ kL  ¢Õß∑Ÿ‚≈Õ’π≈¥≈ß„π≈—°…≥–
·∫∫‡ÕÁ°‚ª‡π≈‡™’¬≈‡™àπ‡¥’¬«°—π·≈– ÿ¥∑â“¬®–§ß∑’Ë∑’Ë§à“µË”
 ÿ¥§à“Àπ÷Ëß ‚¥¬§à“ kL µË” ÿ¥∑’Ë‡ªìπ‰ª‰¥â ‡°‘¥®“°°“√„™â
hexadecanol ·≈– octadecanol „πª√‘¡“≥ 15 ·≈– 5

‰¡‚§√°√—¡/µ√.´¡. µ“¡≈”¥—∫    °“√„™â hexadecanol

·≈– octadecanol „πª√‘¡“≥∑’Ë Ÿß°«à“ª√‘¡“≥¥—ß°≈à“«‰¡à
 “¡“√∂≈¥§à“ kL ‰¥â‡æ‘Ë¡¢÷Èπ·µàÕ¬à“ß„¥  ¥—ßπ—Èπ®“°°“√
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Figure 4. Dependence of surfactant on liquid film coefficient of toluene

»÷°…“º≈¢Õß  hexadecanol ·≈– octadecanol  µàÕ
 —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«®÷ß “¡“√∂ √ÿª‰¥â«à“ª√‘¡“≥¢Õß
hexadecanol ∑’Ë‡À¡“– ¡∑’Ë§«√„™â„π°“√≈¥°“√√–‡À¬¢Õß
VOCs ∑’Ë°√–∫«π°“√°“√√–‡À¬§«∫§ÿ¡‚¥¬øî≈å¡¢Õß‡À≈«
§◊Õ 15 ‰¡‚§√°√—¡/µ√.´¡. „π¢≥–∑’Ëª√‘¡“≥∑’Ë‡À¡“– ¡
¢Õß octadecanol   ”À√—∫°√≥’π’È  §◊Õ  5 ‰¡‚§√°√—¡/
µ√.´¡. ‚¥¬ “¡“√∂≈¥§à“ kL ‰¥â∂÷ßª√–¡“≥ 75% ·≈–
80%  ”À√—∫°√≥’¢Õß hexadecanol ·≈–°√≥’¢Õß octa-

decanol µ“¡≈”¥—∫
·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ Figure 4 °—∫ Figure 3 ®–

‡ÀÁπ‰¥âÕ¬à“ß™—¥‡®π«à“™—Èπøî≈å¡∑’Ë‡°‘¥®“°ª√‘¡“≥¢Õß hexa-

decanol À√◊Õ octadecanol ∑’Ë‡∑à“°—π®–¡’º≈µàÕ kL  ¡“°
°«à“ kG  ∑—Èßπ’È‡æ√“–°“√ª°§≈ÿ¡º‘«πÈ”¥â«¬øî≈å¡¢Õß “√≈¥
·√ßµ÷ßº‘«πÕ°®“°®–°’¥°—π°“√·æ√à¢Õß‚¡‡≈°ÿ≈·≈â«  ¬—ß
 “¡“√∂≈¥§«“¡ªíòπªÉ«π∫√‘‡«≥º‘«πÈ”‰¥â ´÷Ëß®– àßº≈„Àâ kL

≈¥≈ß‰¥â¥â«¬ ·µà°“√≈¥§«“¡ªíòπªÉ«π„π≈—°…≥–¥—ß°≈à“«
¡’º≈µàÕ kG  πâÕ¬¡“°‡π◊ËÕß®“° kG ®–§«∫§ÿ¡‚¥¬§«“¡ªíòπ
ªÉ«π„π«—Ø¿“§·°ä    ¥—ßπ—Èπ°“√≈¥≈ß¢Õß kG ®÷ß‡ªìπº≈
®“°°“√°’¥°—π°“√·æ√à¢Õß‚¡‡≈°ÿ≈‚¥¬øî≈å¡‡æ’¬ßÕ¬à“ß‡¥’¬«
„π¢≥–∑’Ë°“√≈¥≈ß¢Õß kL ‡ªìπº≈¡“®“°∑—Èß°“√°’¥°—π°“√
·æ√à·≈–°“√≈¥§«“¡ªíòπªÉ«π∫√‘‡«≥º‘«πÈ”  ®÷ß∑”„Àâ “¡“√∂
≈¥ kL  ‰¥â¡“°°«à“ kG

º≈¢Õß hexadecanol ·≈– octadecanol µàÕ —¡ª√– ‘∑∏‘Ï

°“√∂à“¬‚Õπ¡«≈√«¡∫π∞“π¢Õß«—Ø¿“§¢Õß‡À≈«, K
OL

„πÀ—«¢âÕ∑’Ëºà“π¡“æ∫«à“ª√‘¡“≥¢Õß hexadecanol

‡∑à“°—∫ 25 ‰¡‚§√°√—¡/µ√.´¡.  ·≈–ª√‘¡“≥¢Õß octa-

decanol ‡∑à“°—∫ 15 ‰¡‚§√°√—¡/µ√.´¡.   ‡ªìπª√‘¡“≥∑’Ë
‡À¡“– ¡ ”À√—∫°“√≈¥°“√√–‡À¬¢Õß  VOCs   ∑’Ë
°√–∫«π°“√√–‡À¬∂Ÿ°§«∫§ÿ¡‚¥¬øî≈å¡·°ä  §◊Õ ¡’§«“¡
µâ“πµàÕ°“√√–‡À¬ à«π„À≠à (>90%) Õ¬Ÿà„π«—Ø¿“§·°ä 
·≈–æ∫«à“ ª√‘¡“≥¢Õß hexadecanol ‡∑à“°—∫ 15 ‰¡‚§√-
°√—¡/µ√.´¡. ·≈–ª√‘¡“≥¢Õß octadecanol ‡∑à“°—∫ 5

‰¡‚§√°√—¡/µ√.´¡. ‡æ’¬ßæÕ ”À√—∫°“√≈¥°“√√–‡À¬¢Õß
VOCs ∑’Ë°√–∫«π°“√√–‡À¬∂Ÿ°§«∫§ÿ¡‚¥¬øî≈å¡¢Õß‡À≈«
´÷Ëß§«“¡µâ“π∑“πµàÕ°“√√–‡À¬ à«π„À≠à (>90%) ®–Õ¬Ÿà„π
«—Ø¿“§¢Õß‡À≈«  Õ¬à“ß‰√°Áµ“¡‡π◊ËÕß®“°„π·À≈àßπÈ”‡ ’¬
‚¥¬ à«π„À≠à®–¡’ VOCs ∑—Èß 2 ª√–‡¿∑Õ¬Ÿà¥â«¬°—π‡ ¡Õ
¥—ßπ—Èπª√‘¡“≥¢Õß hexadecanol À√◊Õ¢Õß octadecanol

‡∑à“°—∫ 25 À√◊Õ 15 ‰¡‚§√°√—¡/µ√.´¡. µ“¡≈”¥—∫  πà“®–
‡ªìπª√‘¡“≥∑’Ë‡À¡“– ¡ ”À√—∫°“√ª√–¬ÿ°µå„™âß“π®√‘ß ‡æ√“–
®–‡ªìπª√‘¡“≥∑’Ë “¡“√∂≈¥°“√√–‡À¬¢Õß VOCs ∑—Èß 2

ª√–‡¿∑‰¥â  ·≈–ª√‘¡“≥¢Õß hexadecanol  ·≈–¢Õß
octadecanol ¢â“ßµâπ §«√®– “¡“√∂≈¥°“√√–‡À¬¢Õß
VOCs Õ◊ËπÊ ∑’Ë¡’§«“¡µâ“π∑“πÕ¬Ÿà„π∑—Èß Õß«—Ø¿“§Õ¬à“ß
¡’π—¬ ”§—≠‰¥â¥â«¬ π—Ëπ§◊Õª√‘¡“≥¢Õß hexadecanol ‡∑à“°—∫
25 ‰¡‚§√°√—¡/µ√.´¡.  À√◊Õª√‘¡“≥¢Õß octadecanol
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‡∑à“°—∫ 15 ‰¡‚§√°√—¡/µ√.´¡. §«√®–‡æ’¬ßæÕ ”À√—∫„™â
≈¥°“√√–‡À¬¢Õß VOCs ∑ÿ°™π‘¥‰¥â

®“°°“√µ√«® Õ∫‚¥¬∑¥≈Õß„™â hexadecanol „π
ª√‘¡“≥ 25 ‰¡‚§√°√—¡/µ√.´¡. ·≈–„™â octadecanol „π
ª√‘¡“≥ 15 ‰¡‚§√°√—¡/µ√.´¡. ‡æ◊ËÕ≈¥°“√√–‡À¬¢Õß
VOCs ª√–‡¿∑µà“ßÊ ª√–°Õ∫¥â«¬ VOCs ∑’Ë°√–∫«π°“√
°“√√–‡À¬∂Ÿ°§«∫§ÿ¡‚¥¬øî≈å¡·°ä  (‡™àπ ‡¡∑“πÕ≈ ·≈–
Õ–´’‚µπ) VOCs ∑’Ë°√–∫«π°“√°“√√–‡À¬∂Ÿ°§«∫§ÿ¡‚¥¬
øî≈å¡¢Õß‡À≈« (‡™àπ ∑Ÿ‚≈Õ’π ) ·≈– VOCs ∑’Ë°√–∫«π°“√
°“√√–‡À¬‰¡à‰¥â∂Ÿ°§«∫§ÿ¡‚¥¬øî≈å¡¢Õß‡À≈«À√◊Õøî≈å¡·°ä 
Õ¬à“ß™—¥‡®π (‡™àπ ‡¡∑‘≈ ‡Õ∑‘≈ §’‚µπ) ·µà∑—Èßøî≈å¡·°ä 
·≈–øî≈å¡¢Õß‡À≈«®–¡’º≈µàÕ°“√√–‡À¬¢Õß  VOCs  „π
°≈ÿà¡π’ÈÕ¬à“ß¡’π—¬ ”§—≠ º≈¢Õß hexadecanol ·≈– octa-

decanol µàÕ §à“ KOL ¢Õß VOCs µà“ßÊ ·≈–√âÕ¬≈–°“√
≈¥≈ß¢Õß KOL  ‡¡◊ËÕ‡∑’¬∫°—∫°√≥’∑’Ë‰¡à¡’°“√‡µ‘¡ “√≈¥·√ß

µ÷ßº‘« ¥—ß· ¥ß„π Table 2 ·≈– Table 3 µ“¡≈”¥—∫  ´÷Ëß
æ∫«à“ ∑—Èß°√≥’∑’Ë„™â hexadecanol „πª√‘¡“≥ 25 ‰¡‚§√-
°√—¡/µ√.´¡. ·≈–°√≥’∑’Ë„™â octadecanol „πª√‘¡“≥ 15

‰¡‚§√°√—¡/µ√.´¡.  “¡“√∂≈¥°“√√–‡À¬¢Õß VOCs ∑ÿ°
ª√–‡¿∑‰¥â„π√–¥—∫∑’Ëπà“æÕ„®  ®÷ß‡ªìπ°“√¬◊π¬—π‰¥â«à“
 “¡“√∂π”øî≈å¡¢Õß “√≈¥·√ßµ÷ßº‘«‡À≈à“π’È‰ªª√–¬ÿ°µå°—∫
·À≈àßπÈ”®√‘ß ÷́ËßÕ“®®–¡’ VOCs ªπÕ¬Ÿà¥â«¬°—πÀ≈“¬™π‘¥‰¥â

 ¡°“√‡ÕÁ¡æ‘√‘§—≈¢Õß k
G
 ·≈– k

L
  ”À√—∫∑”π“¬°“√√–‡À¬

¢Õß VOCs ®“°·À≈àßπÈ”∑’Ëª°§≈ÿ¡¥â«¬øî≈å¡¢Õß “√≈¥

·√ßµ÷ßº‘«

 ¡°“√‡ÕÁ¡æ‘√‘§—≈¢Õß k
G

®“°¢âÕ¡Ÿ≈¢Õß kG ¢Õß‡¡∑“πÕ≈∑’Ëª√‘¡“≥¢Õß “√
≈¥·√ßµ÷ßº‘«µà“ßÊ ∑’Ë‰¥â· ¥ß‰«â„π Figure 3 æ∫«à“§«“¡

Table 2. Influence of hexadecanol (25 µµµµµg/cm
2
) on overall mass transfer coef-

ficient of various volatile organic compounds

Volatile organic    KOL (without film)    KOL (with film)

     compound             (m/s)  (m/s)

      Methanol 2.54 × 10-7 1.11 × 10-7 56
Acetone 1.14 × 10-6 2.84 × 10-7 75
MEK 1.18 × 10-6 4.44 × 10-7 62
Toluene 1.75 × 10-5 4.36 × 10-6 75

** Reduction in KOL =
KOL (with out film) − KOL (with film)

KOL (with out film)
× 100

Reduction in KOL (%)**

Table 3. Influence of octadecanol (15 µµµµµg/cm
2
) on overall mass transfer coeffi-

cient of various volatile organic compounds

Volatile organic    KOL (without film)    KOL (with film)

     compound             (m/s)  (m/s)

      Methanol 2.54 × 10-7 1.11 × 10-7 56
Acetone 1.14 × 10-6 4.94 × 10-7 57
MEK 1.18 × 10-6 3.65 × 10-7 69
Toluene 1.75 × 10-5 3.54 × 10-6 80

** Reduction in KOL =
KOL (with out film) − KOL (with film)

KOL (with out film)
× 100

Reduction in KOL (%)**
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Table 4. Constant aG and cG for hexadecanol and octadecanol

              Hexadecanol        Octadecanol

S (µµµµµg/cm
2
)       aG (cm

2
/µµµµµg)       cG (m/s)        S (µµµµµg/cm

2
)       aG (cm

2
/µµµµµg)      cG (m/s)

   0<S<20              0.031              -   0<S<15 0.061            -
 20<S<30   -       3.80 × 10-4 15<S<25     -     3.93 × 10-4

 —¡æ—π∏å√–À«à“ß kG °—∫ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«„π∑—Èß
°√≥’¢Õß hexadecanol ·≈– octadecanol  “¡“√∂·∫àß
‰¥â‡ªìπ Õß™à«ß§◊Õ™à«ß·√°‡ªìπ™à«ß∑’Ë kG  ≈¥≈ß≈ß„π≈—°…≥–
‡ªìπ‡ÕÁ°‚ª‡π≈‡™’¬≈°—∫ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«∑’Ë‡æ‘Ë¡¢÷Èπ
¥—ßπ—Èπ§«“¡ —¡æ—π∏å√–À«à“ß kG  °—∫ ª√‘¡“≥¢Õß “√≈¥·√ß
µ÷ßº‘« (S) „π™à«ß·√°π’È “¡“√∂·∑π‰¥â¥â«¬ ¡°“√

      kG,s(methanol) = kG,o(methanol)exp(-aG * S)   (5)

‡¡◊ËÕ kG,o(methanol) =  —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß‡¡∑“πÕ≈
¿“¬„µâ ¿“«–∑’Ë‰¡à¡’°“√‡µ‘¡ ≈¥·√ß
µ÷ßº‘«, m/s

kG,s(methanol) =  —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß‡∑“πÕ≈
‡¡◊ËÕ¡’°“√‡µ‘¡ “√≈¥·√ßµ÷ßº‘«, m/s

aG = §à“§ß∑’Ë∑’Ë‡ªìπ∫«°, cm2/µg  ·≈–
S = ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«∑’Ë‡µ‘¡,

µg/cm2

·≈– ”À√—∫™à«ß∑’Ë Õß´÷Ëß‡ªìπ™à«ß∑’Ë kG ¡’§à“§ß∑’Ëπ—Èπ  §«“¡
 —¡æ—π∏å√–À«à“ß kG °—∫ S  “¡“√∂·∑π‰¥â¥â«¬ ¡°“√ (6)

     kG,s(methanol) = CG               (6)

‡¡◊ËÕ kG,s(methanol) =  —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ¢Õß‡¡∑“πÕ≈
‡¡◊ËÕ¡’°“√‡µ‘¡ “√≈¥·√ßµ÷ßº‘«, m/s

        CG = §à“§ß∑’Ë∑’Ë‡ªìπ∫«°, m/s

®“°°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈ kG ¢Õß‡¡∑“πÕ≈°—∫ª√‘¡“≥¢Õß
 “√≈¥·√ßµ÷ßº‘«∑—Èß„π°√≥’¢Õß hexadecanol  ·≈–°√≥’¢Õß
octadecanol  ‚¥¬°“√∑” non-linear regression ®–‰¥â §à“
§ß∑’Ë aG ·≈– cG ¥—ß Table 4 ·≈–‡π◊ËÕß®“° kG,o (metha-

nol) ¡’§à“‡∑à“°—∫ 8.83 × 10-4 m/s  ¥—ßπ—Èπ®–‰¥â ¡°“√∑’Ë
· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß kG,s (methanol) °—∫ª√‘¡“≥
¢Õß “√≈¥·√ßµ÷ßº‘«   ”À√—∫°√≥’¢Õß hexadecanol  ·≈–
octadecanol ¥—ß ¡°“√ (7) ∂÷ß ¡°“√ (10)

‚¥¬ kG,s (methanol) ∑’Ë§”π«≥‰¥â®“° ¡°“√ (7)

∂÷ß  ¡°“√ (10) ‰¥â· ¥ß‡ª√’¬∫‡∑’¬∫°—∫¢âÕ¡Ÿ≈°“√∑¥≈Õß
„π Figure 5 ·≈– Figure 6   ”À√—∫°√≥’¢Õß hexadecanol

·≈– octadecanol µ“¡≈”¥—∫
 ¡°“√‡ÕÁ¡æ‘√‘§—≈¢Õß kG,s (methanol)  ¥—ß ¡°“√ (7)

∂÷ß ¡°“√ (10)  “¡“√∂ª√—∫·°â„Àâ “¡“√∂„™â‰¥â°—∫ VOCs

„¥Ê ‚¥¬„™â —¡ª√– ‘∑∏‘Ï°“√·æ√à (diffusion  coefficient)

‡ªìπµ—«ª√—∫·°âµ“¡∑ƒ…Æ’ Õßøî≈å¡ (Whitman, 1923) ®–
‰¥â¥—ß ¡°“√ (11)

Hexadecanol:

kG,s (methanol)  = 8.83 × 10-4 exp(-0.031S) , 0<S<20 (7)

kG,s (methanol)  =3.80 × 10-4, 20<S<30 (8)

Octadecanol:

kG,s (methanol) = 8.83 × 10-4 exp(-0.061S) , 0<S<15 (9)

kG,s (methanol) = 3.93 × 10-4, 15<S<25             (10)

   Hexadecanol:

kG,s (VOC)   = 8.83 × 10-4 exp(-0.031S) (
DVOC−air

D
Methanol−air at27o C

) , 0<S<20             (11)
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Figure 6. Effect of octadecanol on gas film coefficient for evaporation of methanol from

water at 27 
o
C

     kG,s (VOC)  = 3.80 × 10-4 (
DVOC−air

D
Methanol−air at27o C

) ,  20<S<30             (12)

         Octadecanol:

     kG,s (VOC)  = 8.83 × 10-4 exp(-0.061S) (
DVOC−air

D
Methanol−air at27o C

) , 0<S<15 (13)

      kG,s (VOC) = 3.93 × 10-4 (
DVOC−air

D
Methanol−air at27o C

) ,  15<S<25 (14)

Figure 5. Effect of hexadecanol on gas film coefficient for evaporation of methanol from

water at 27 oC

 ¡°“√ (11)-(14)   “¡“√∂„™âÀ“§à“ —¡ª√– ‘∑∏‘Ï
øî≈å¡·°ä ¢Õß VOCs „¥Ê ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ   πÕ°‡Àπ◊Õ
®“°∑’Ë 27 oC ‰¥â‚¥¬µâÕß∑√“∫§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à∑’Ë

Õÿ≥À¿Ÿ¡‘π—Èπ Õ¬à“ß‰√°Áµ“¡ ¡°“√¥—ß°≈à“« “¡“√∂„™â‰¥â„π
™à«ßª√‘¡“≥¢Õß hexadecanol ·≈–À√◊Õ octdecanol µ“¡
∑’Ë√–∫ÿ¢â“ßµâπ‡∑à“π—Èπ
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kL,s (toluene) = kL,o (toluene) exp(-aL *
 S) , (15)

‡¡◊ËÕ kL,o (toluene) =  —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß∑Ÿ‚≈Õ’π¿“¬„µâ ¿“«–∑’Ë‰¡à¡’°“√‡µ‘¡ “√≈¥·√ßµ÷ßº‘«, m/s

kL,s (toluene)  =  —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß∑Ÿ‚≈Õ’π ‡¡◊ËÕ¡’°“√‡µ‘¡ “√≈¥·√ßµ÷ßº‘«, m/s

              aL    = §à“§ß∑’Ë∑’Ë‡ªìπ∫«°, cm2/µg  ·≈–
              S  = ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«∑’Ë‡µ‘¡, µg/cm2

·≈– ”À√—∫™à«ß∑’Ë kL ¡’§à“§ß∑’Ë §«“¡ —¡æ—π∏å√–À«à“ß kL °—∫ S  “¡“√∂·∑π‰¥â¥â«¬ ¡°“√

kG,s (toluene) = cL (16)

‡¡◊Õ kL,s (toluene) =  —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß‡À≈«¢Õß∑Ÿ‚≈Õ’π ‡¡◊ËÕ¡’°“√‡µ‘¡ “√≈¥·√ßµ÷ßº‘«, m/s

             cL     = §à“§ß∑’Ë∑’Ë‡ªìπ∫«°, m/s

  Hexadecanol:

kL,s(toluene) = 1.75 × 10-5 exp(-0.095S) , 0<S<20 (17)

kL,s(toluene) = 4.41 × 10-6 ,   20<S<30 (18)

       Octadecanol:

kL,s(toluene) = 1.75 × 10-5 exp(-0.341S) , 0<S<15 (19)

kL,s(toluene) = 3.53 × 10-6 ,   15<S<25 (20)

Table 5. Constant aL and cL for hexadecanol and octadecanol

              Hexadecanol        Octadecanol

S (µµµµµg/cm
2
)       aL (cm

2
/µµµµµg)       cL (m/s)        S (µµµµµg/cm

2
)       aL (cm

2
/µµµµµg)      cL (m/s)

   0<S<15              0.095              -   0<S<15 0.341            -
 15<S<25   -       4.41 × 10-6   5<S<20     -     3.53 × 10-6

 ¡°“√‡ÕÁ¡æ‘√‘§—≈¢Õß k
L

®“°¢âÕ¡Ÿ≈¢Õß kL ¢Õß∑Ÿ‚≈Õ’π∑’Ëª√‘¡“≥¢Õß “√≈¥
·√ßµ÷ßº‘«µà“ßÊ ∑’Ë‰¥â· ¥ß‰«â„π Figure 3 ®–æ∫«à“§«“¡
 —¡æ—π∏å√–À«à“ß kL °—∫ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«„π∑—Èß
°√≥’¢Õß hexadecanol ·≈– octdecanol ‡ªìπ‰ª∑”πÕß
‡¥’¬«°—π°√≥’¢Õß§«“¡ —¡æ—π∏å√–À«à“ß kG °—∫ª√‘¡“≥¢Õß

 “√≈¥·√ßµ÷ßº‘«   ®÷ß “¡“√∂«‘‡§√“–ÀåÀ“§«“¡ —¡æ—π∏å
√–À«à“ß kL  °—∫ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘«∑—Èß°√≥’¢Õß
hexadecanol ·≈– octdecanol ‰¥â„π∑”πÕß‡¥’¬«°—π ¥—ß
π—Èπ§«“¡ —¡æ—π∏å√–À«à“ß kL °—∫ª√‘¡“≥¢Õß “√≈¥·√ß
µ÷ßº‘« (S) „π™à«ß∑’Ë kL ≈¥≈ß ‡ªìπ·∫∫‡ÕÁ°‚ª‡π≈‡™’¬≈°—∫
ª√‘¡“≥¢Õß “√≈¥·√ßµ÷ßº‘« “¡“√∂·∑π‰¥â¥â«¬ ¡°“√

´÷Ëß®“°°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈  kL(toluene)  °—∫ª√‘¡“≥¢Õß
 “√≈¥·√ßµ÷ßº‘«∑—Èß„π°√≥’¢Õß  hexadecanol  ·≈–°√≥’
¢Õß octadecanol  ‚¥¬°“√∑” non-linear regression ®–
‰¥â §à“§ß∑’Ë aL ·≈– cL  ¥—ß Table 5  ·≈–‡π◊ËÕß®“° kL,o

(toluene) ¡’§à“‡∑à“°—∫ 1.75 × 10-5 m/s  ¥—ßπ—Èπ®–‰¥â ¡°“√
∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß kL,s (toluene) °—∫ª√‘¡“≥
¢Õß “√≈¥·√ßµ÷ßº‘«  ”À√—∫°√≥’¢Õß hexadecanol  ·≈–
octadecanol ¥—ß ¡°“√ (17)- ¡°“√ (20)
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‚¥¬ kL,s(toluene) ∑’Ë§”π«≥‰¥â®“° ¡°“√ (17) ∂÷ß  ¡°“√
(20) ‰¥â· ¥ß‡ª√’¬∫‡∑’¬∫°—∫¢âÕ¡Ÿ≈°“√∑¥≈Õß„π Figure 7

·≈– Figure 8   ”À√—∫°√≥’¢Õß hexadecanol ·≈–
octadecanol µ“¡≈”¥—∫

Figure 7. Effect of hexadecanol on liquid film coefficient for evaporation of toluene from

water at 27 
o
C

Figure 8. Effect of octadecanol on liquid film coefficient for evaporation of toluene from

water at 27 
o
C

 ¡°“√‡ÕÁ¡æ‘√‘§—≈¢Õß kL,s(toluene) ¥—ß ¡°“√ (17)

∂÷ß  ¡°“√ (20)  “¡“√∂ª√—∫·°â„Àâ “¡“√∂„™â‰¥â°—∫ VOCs

„¥Ê ‚¥¬„™â —¡ª√– ‘∑∏‘Ï°“√·æ√à (diffusion coefficient)

‡ªìπµ—«ª√—∫·°âµ“¡∑ƒ…Æ’ Õßøî≈å¡ (Whitman, 1923) ®–‰¥â
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   Hexadecanol:

kL,s(VOC) = 1.75 × 10-5 exp(-0.095S) (
DVOC−water

D
Toluene−water at 27o C

),  0<S<20 (21)

kL,s(VOC) = 4.41 × 10-6 (
DVOC−water

D
Toluene−water at 27o C

),  20<S<30 (22)

         Octadecanol:

kL,s(VOC) = 1.75 × 10-5 exp(-0.341S) (
DVOC−water

D
Toluene−water at 27o C

),  0<S<15 (23)

kL,s(VOC) = 3.53 × 10-6 (
DVOC−water

D
Toluene−water at 27o C

),  15<S<25 (24)

 ¡°“√ (21)-(24)  “¡“√∂„™âÀ“§à“ —¡ª√– ‘∑∏‘Ïøî≈å¡¢Õß
‡À≈«¢Õß VOCs „¥Ê ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ πÕ°‡Àπ◊Õ®“°∑’Ë
27 oC ‰¥â ‚¥¬µâÕß∑√“∫§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à∑’ËÕÿ≥À¿Ÿ¡‘ π—Èπ
Õ¬à“ß‰√°Áµ“¡ ¡°“√¥—ß°≈à“« “¡“√∂„™â‰¥â„π™à«ßª√‘¡“≥¢Õß
hexadecanol ·≈–À√◊Õ octdecanol µ“¡∑’Ë√–∫ÿ¢â“ßµâπ
‡∑à“π—Èπ

°“√µ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß ¡°“√ ”À√—∫∑”π“¬

 —¡ª√– ‘∑∏‘Ïøî≈å¡·°ä ·≈–øî≈å¡¢Õß‡À≈«

®“°™ÿ¥ ¡°“√¢Õß  kG,s(VOC) ¥—ß· ¥ß¥â«¬ ¡°“√
(11)-(14) ™ÿ¥ ¡°“√¢Õß kL,s(VOC) ¥—ß· ¥ß¥â«¬ ¡°“√
(21)-(24) ·≈– ¡°“√∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß  KOL

°—∫ kG ·≈– kL ¥—ß ¡°“√ (2) ∑”„Àâ “¡“√∂∑”π“¬ KOL

¢Õß VOC „¥Ê ∑’Ë√–‡À¬®“°·À≈àßπÈ”∑’Ë§≈ÿ¡¥â«¬øî≈å¡¢Õß
hexadecanol À√◊Õøî≈å¡¢Õß octdecanol ‰¥â  ®“°°“√„™â
™ÿ¥ ¡°“√¥—ß°≈à“«√à«¡°—∫§à“ H ·≈–§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à
∑’Ë‰¥â®“°°“√µ√«®‡Õ° “√  (Staudinger  and  Roberts,

1996; Reid et al, 1988) §”π«≥§à“ kG , kL , ·≈– KOL

¢Õß ‡¡∑“πÕ≈ Õ–´’‚µπ MEK ·≈– ∑Ÿ‚≈Õ’π ‰¥âº≈°“√
§”π«≥¥—ß· ¥ß„π Table 6-Table 9  ·≈–º≈°“√‡ª√’¬∫
‡∑’¬∫√–À«à“ß KOL ∑’Ë‰¥â®“°°“√§”π«≥°—∫ KOL ∑’Ë‰¥â®“°
°“√∑¥≈Õß∑’Ë ¿“«–‡¥’¬«°—π· ¥ß„π Figure 9 ®“°√Ÿª¥—ß
°≈à“« ®–æ∫«à“ §à“ KOL ∑’Ë«—¥‰¥â®“°°“√∑¥≈Õß·≈–§à“ KOL

∑’Ë∑”π“¬À√◊Õ§”π«≥‚¥¬„™â ¡°“√‡ÕÁ¡æ‘√‘§—≈∑’Ëæ—≤π“¢÷Èπ
®–°√–®“¬µ—«Õ¬Ÿà√Õ∫Ê ‡ âπ∑’Ë· ¥ß§«“¡ Õ§≈âÕß√–À«à“ß
§à“∑—Èß Õß · ¥ß«à“ ¡°“√‡ÕÁ¡æ‘√‘§—≈∑’Ëæ—≤π“¢÷Èπ¡’§«“¡∂Ÿ°
µâÕß ®÷ß “¡“√∂„™â™ÿ¥ ¡°“√¥—ß°≈à“«„π°“√∑”π“¬ KOL ·≈–
§à“ø≈—°´å°“√√–‡À¬¢Õß VOCs „¥Ê ∑’Ë π„® ®“°·À≈àßπÈ”
∑’Ëª°§≈ÿ¡¥â«¬øî≈å¡¢Õß hexadecanol ·≈– octdecanol „π
™à«ßª√‘¡“≥∑’Ë√–∫ÿ¢â“ßµâπ‰¥â

∫∑ √ÿª

®“°°“√»÷°…“º≈¢Õß hexadecanol ·≈– º≈¢Õß
octdecanol µàÕ —¡ª√– ‘∑∏å°“√∂à“¬‚Õπ¡«≈„π°√–∫«π°“√
°“√√–‡À¬¢Õß VOCs ®“°·À≈àßπÈ” æ∫«à“øî≈å¡¢Õß “√

Table 6. Calculated mass transfer coefficient (kG , kL and KOL) of methanol at

 various conditions

Surfactant type    Surfactant amount (µµµµµg/cm2)      kG (m/s)        kL (m/s)       KOL (m/s)

  Hexadecanol           25            3.80 × 10-4     8.19 × 10-6    1.08 × 10-7

  Octadecanol           15            3.93 × 10-4    6.56 × 10-6      1.11 × 10-7

        None         None            8.83 × 10-4     3.25 × 10-5      2.52 × 10-7
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Table 7.  Calculated mass transfer coefficient (kG , kL and KOL) of acetone at

    various conditions

Surfactant type    Surfactant amount (µµµµµg/cm2)     kG (m/s)        kL (m/s)       KOL (m/s)

  Hexadecanol           25           2.80 × 10-4     5.72 × 10-6    3.90 × 10-7

  Octadecanol           15           2.89 × 10-4   4.58 × 10-6      3.95 × 10-7

        None         None           6.49 × 10-4     2.27 × 10-5      9.32 × 10-7

Table 8.  Calculated mass transfer coefficient (kG , kL and KOL) of MEK at various

 conditions

Surfactant type    Surfactant amount (µµµµµg/cm2)     kG (m/s)        kL (m/s)       KOL (m/s)

  Hexadecanol           25           2.45 × 10-4     4.90 × 10-6    4.99 × 10-7

  Octadecanol           15           2.53 × 10-4   3.92 × 10-6      5.01 × 10-7

        None         None           5.70 × 10-4     1.94 × 10-5      1.21 × 10-6

Table 9.  Calculated mass transfer coefficient (kG , kL and KOL)  of toluene at

    various conditions

Surfactant type    Surfactant amount (µµµµµg/cm2)     kG (m/s)        kL (m/s)       KOL (m/s)

  Hexadecanol           25           2.20 × 10-4     4.41 × 10-6    4.13 × 10-6

  Octadecanol           15           2.28 × 10-4   3.53 × 10-6      3.35 × 10-7

        None         None           5.12 × 10-4     1.75 × 10-5      1.57 × 10-7

Figure 9. Comparison of overall mass transfer coefficients for selected VOCs at 27 
o
C

(Solid line represents perfect agreement between measured and predicted values)
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