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Predictions of vapor liquid equilibria and azeotrope conditions of binary systems of 1-propanol+

water and 2-propanol+water at 30, 60, and 100 kPa were conducted in this work. UNIQUAC activity co-

efficient and ideal gas models represented behavior of the systems in liquid phase and vapor phase respect-

ively. Experimental data collected from the literature (Gobaldon et al., 1996 and Marzal et al., 1996) were

used to calculate energy interaction parameters of the UNIQUAC activity coefficient model by non-linear

regression  method.  The  obtained  parameters  were  not  dependent  on  temperature  and  mole  fraction;

however, those parameters were dependent on pressure of the system. The mean absolute error of vapor mole

fraction of alcohol and water were in the range 3.86-4.65% and 2.33-3.28% respectively for the binary system

of 1-propanol +water. The mean absolute error of vapor mole fraction of alcohol and water were in the range

1.93-2.06% and 1.47-1.94% respectively for the binary system of 2-propanol+water. The thermodynamics

consistency test proved that the UNIQUAC activity coefficient model was satisfied very well with Gibbs-

Duhem equation.

Key words : 1-propanol, 2-propanol, water, VLE, UNIQUAC, azeotrope
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≈◊Õæß»å ·°â«»√’®—π∑√å ·≈– ™ÿ¡æ√ ÀπŸ‡¡◊Õß

·∫∫®”≈Õß UNIQUAC  ”À√—∫ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’¢Õß√–∫∫ 1-‚æ√æ“πÕ≈ + πÈ”

·≈– 2-‚æ√æ“πÕ≈ + πÈ”

«.  ß¢≈“π§√‘π∑√å «∑∑.  ∏.§. 2548  27(©∫—∫æ‘‡»… 3) : 825-838

°“√∑”π“¬ ¡¥ÿ≈√–À«à“ß«—Ø¿“§¢Õß‡À≈«·≈–«—Ø¿“§‰Õ¢Õß√–∫∫ πÈ” + 1-‚æ√æ“πÕ≈ ·≈–√–∫∫ πÈ” + 2-

‚æ√æ“πÕ≈  √«¡∑—Èß°“√∑”π“¬®ÿ¥Õ–´‘‚Õ‚∑√ª∑’Ë‡°‘¥¢÷Èπ∑’Ë ¿“«–§«“¡¥—π√«¡ 30, 60 ·≈– 100 kPa ‚¥¬„™â·∫∫

®”≈Õß UNIQUAC ‡æ◊ËÕ§”π«≥À“§à“ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’¢Õß·µà≈–Õß§åª√–°Õ∫„π«—Ø¿“§¢Õß‡À≈«‚¥¬ ¡¡ÿµ‘„Àâ

§à“ —¡ª√– ‘∑∏‘Ïøî«°“´‘µ’¢Õß·µà≈–Õß§åª√–°Õ∫„π«—Ø¿“§·°ä ‡∑à“°—∫ 1 ¢âÕ¡Ÿ≈ ¡¥ÿ≈√–À«à“ß«—Ø¿“§√«∫√«¡®“°

«“√ “√µ’æ‘¡æå (Gabaldon et al., 1996 ·≈– Marzal et al., 1996)  „™â«‘∏’°“√∂¥∂Õ¬‰¡à‡™‘ß‡ âπ„π°“√§”π«≥§à“

æ“√“¡‘‡µÕ√å¢Õßæ≈—ßß“πÕ—πµ√°‘√‘¬“„π·∫∫®”≈Õß UNIQUAC ‚¥¬æ“√“¡‘‡µÕ√å∑’Ë‰¥â‰¡à¢÷Èπ°—∫§à“‡»… à«π‡™‘ß‚¡≈·≈–

Õÿ≥À¿Ÿ¡‘ ·µà®–¢÷ÈπÕ¬Ÿà°—∫§à“§«“¡¥—π¢Õß√–∫∫ ·∫∫®”≈Õß∑’Ë‰¥â “¡“√∂§”π«≥§à“§«“¡§≈“¥‡§≈◊ËÕπ —¡∫Ÿ√≥å‡©≈’Ë¬

¢Õß§à“‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§·°ä ¢Õß 1-‚æ√æ“πÕ≈ ·≈–¢ÕßπÈ”Õ¬Ÿà„π™à«ß 3.86-4.65% ·≈– 2.33-3.28% µ“¡

≈”¥—∫„π√–∫∫ 1-‚æ√æ“πÕ≈ + πÈ” ·≈–§à“§«“¡§≈“¥‡§≈◊ËÕπ —¡∫Ÿ√≥å‡©≈’Ë¬¢Õß§à“‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§·°ä ¢Õß

2-‚æ√æ“πÕ≈ ·≈–¢ÕßπÈ”‡∑à“°—∫ 1.93-2.06% ·≈– 1.47-1.94% µ“¡≈”¥—∫ „π√–∫∫ 2- ‚æ√æ“πÕ≈ + πÈ” º≈®“°

°“√µ√«® Õ∫§«“¡∂Ÿ°µâÕßµ“¡À≈—°‡∑Õ√å‚¡‰¥π“¡‘° å¥â«¬ ¡°“√°‘∫ å-¥Ÿ‡Œ¡ æ∫«à“·∫∫®”≈Õß —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’

UNIQUAC ¢Õß√–∫∫∑«‘¿“§∑—Èß Õß√–∫∫„Àâ§«“¡∂Ÿ°µâÕßµ“¡À≈—°‡∑Õ√å‚¡‰¥π“¡‘° å‡ªìπÕ¬à“ß¥’

°“√π”‡Õ“¢âÕ¡Ÿ≈‡À≈à“π—Èπ‰ª„™â®–µâÕßπ”¡“·∑π¥â«¬·∫∫
®”≈Õß∑’Ë‡ªìπ ¡°“√§≥‘µ»“ µ√å ́ ÷Ëßª√–‚¬™πå¢Õß ¡°“√π—ÈπÊ
°Á§◊Õ °“√π”‰ª„™â„π°“√ÕÕ°·∫∫ÀÕ°≈—ËπÀ√◊Õ„™â„π°“√
∑”π“¬ ¿“æ∑’Ë‡°‘¥¢÷Èπ„π°√–∫«π°“√°≈—Ëπ

®“°°“√»÷°…“∂÷ß·∫∫®”≈Õß¢Õß ¡¥ÿ≈√–À«à“ß«—Ø¿“§
·°ä ·≈–«—Ø¿“§¢Õß‡À≈«æ∫«à“·∫∫®”≈Õß UNIQUAC
´÷Ëß„™â§”π«≥ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’ ·≈–‡ªìπ·∫∫®”≈Õß∑’Ë
ª√—∫ª√ÿß¢÷Èπ∫πæ◊Èπ∞“π¢Õß°≈»“ µ√å ∂‘µ‘ ∑’Ë§”π÷ß∂÷ß§«“¡
·µ°µà“ß„π√–¥—∫¢π“¥·≈–√Ÿª√à“ß¢Õß‚¡‡≈°ÿ≈¢Õß “√
ª√–°Õ∫µà“ßÊ „π√–∫∫ (Abrams and Prausnitz, 1975)
‚¥¬·∫∫®”≈Õßπ’È®–„™â‰¥â¥’°—∫√–∫∫¢Õß “√≈–≈“¬∑’Ë¡’¢π“¥
¢Õß‚¡‡≈°ÿ≈·µ°µà“ß°—π °“√§”π÷ß∂÷ß√Ÿª√à“ß·≈–¢π“¥¢Õß
‚¡‡≈°ÿ≈¢Õß “√ª√–°Õ∫µà“ßÊ ‰¥â àßº≈‰ª∂÷ß°“√„™â‡»… à«π
¢Õßæ◊Èπ∑’Ëº‘« (surface fraction) ·≈–‡»… à«π¢Õßª√‘¡“µ√
(volume fraction) ‡æ◊ËÕ„™â°”Àπ¥ ¡∫—µ‘¢Õß “√º ¡ ´÷Ëß
·∫∫®”≈ÕßÕ◊ËπÊ ‡™àπ NRTL (Renon and Prausnitz,
1968) ·≈– Wilson (1964) ®–„™â§à“‡»… à«π‡™‘ß‚¡≈„π
°“√°”Àπ¥ ¡∫—µ‘¢Õß “√º ¡‡∑à“π—Èπ   ”À√—∫À≈—°°“√
∑—Ë«‰ª¢Õß°“√π”‡Õ“·∫∫®”≈Õß‡æ◊ËÕ„™â„π°“√§”π«≥À“§à“

°√–∫«π°“√·¬° 1-‚æ√æ“πÕ≈ÕÕ°®“°πÈ”À√◊Õ
°√–∫«π°“√·¬° 2-‚æ√æ“πÕ≈ÕÕ°®“°πÈ” ‡ªìπ°√–∫«π
°“√∑’Ë¡’§«“¡ ”§—≠„π‡™‘ßÕÿµ “À°√√¡ ‡π◊ËÕß®“°·Õ≈°ÕŒÕ≈å
∑—Èß 2 ™π‘¥ ∂Ÿ°„™â‡ªìπµ—«∑”≈–≈“¬„πÕÿµ “À°√√¡À≈“¬
ª√–‡¿∑ ‡™àπ Õÿµ “À°√√¡°“√‡§≈◊Õ∫‡ß“, À¡÷°æ‘¡æå,  ’,
 ’¬âÕ¡, ‡§√◊ËÕß ”Õ“ß, °√¥‰¢¡—π, ‡√´‘π,  “√‡§¡’°”®—¥
«—™æ◊™·≈–·¡≈ß (Leach et al., 1988; Turner, 1980
·≈– Marcus, 1998) ‡ªìπ∑’Ë∑√“∫°—π¥’«à“ °“√»÷°…“∂÷ß
°√–∫«π°“√·¬°¢Õßº ¡∑’ËÕ¬Ÿà„π«—Ø¿“§¢Õß‡À≈«‚¥¬«‘∏’
°“√°≈—Ëπ ®–‡°’Ë¬«¢âÕß°—∫ª√“°Ø°“√≥å ¡¥ÿ≈√–À«à“ß«—Ø¿“§
´÷Ëß‡ªìπ ¡¥ÿ≈∑’Ë‡°‘¥¢÷Èπ√–À«à“ß«—Ø¿“§¢Õß‡À≈«·≈–«—Ø¿“§
·°ä  °“√∑”π“¬ ¿“«– ¡¥ÿ≈À√◊Õ∑”π“¬§«“¡‡¢â¡¢âπ¢Õß
·µà≈–Õß§åª√–°Õ∫∑’Ë¡’„π«—Ø¿“§∑—Èß Õß ≥  ¿“«–Õÿ≥À¿Ÿ¡‘
·≈–§«“¡¥—π„¥Ê ¡’§«“¡ ”§—≠µàÕ°“√ÕÕ°·∫∫ÀÕ°≈—Ëπ
À√◊ÕµàÕ°“√ªØ‘∫—µ‘°“√°≈—Ëπ‡ªìπÕ¬à“ß¬‘Ëß ªí≠À“¢Õß√–∫∫
°“√°≈—Ëπ∑’Ë “¡“√∂¡’ “√º ¡Õ– ‘́‚Õ‚∑√ª (azeotrope) ‡°‘¥
¢÷Èπ‰¥â®–‡æ‘Ë¡§«“¡¬ÿàß¬“°„ÀâºŸâªØ‘∫—µ‘°“√°≈—Ëπ∑’Ë®–µâÕß‡æ‘Ë¡
§«“¡√–¡—¥√–«—ß‡ªìπÕ¬à“ß Ÿß ¢âÕ¡Ÿ≈ ¿“«– ¡¥ÿ≈‡À≈à“π’È®–
µâÕß√«∫√«¡¡“®“°º≈°“√∑¥≈Õß„πÀâÕßªØ‘∫—µ‘°“√ ·≈–
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 —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’„π∑’Ëπ’È°Á§◊Õ °“√°”Àπ¥§à“æ“√“¡‘‡µÕ√å
¢Õßæ≈—ßß“πÕ—πµ√°‘√‘¬“√–À«à“ß‚¡‡≈°ÿ≈„π«—Ø¿“§¢Õß‡À≈«
·≈–¢âÕ¥’¢Õßæ“√“¡‘‡µÕ√å¢Õßæ≈—ßß“πÕ—πµ√°‘√‘¬“Õ—ππ’È°Á§◊Õ
°“√‡ªìπæ“√“¡‘‡µÕ√å·∫∫§Ÿà (binary parameter) ∑’Ë
 “¡“√∂°”Àπ¥‰¥â®“°√–∫∫ 2 Õß§åª√–°Õ∫„¥Ê ´÷Ëß‡¡◊ËÕ
π”‡Õ“æ“√“¡‘‡µÕ√å‡À≈à“π—Èπ‰ª„™â°—∫√–∫∫∑’Ë¡’®”π«π¢Õß
Õß§åª√–°Õ∫¡“°°«à“ 2 ™π‘¥¢÷Èπ‰ª °Á®– “¡“√∂®–π”‡Õ“
æ“√“¡‘‡µÕ√å®“°√–∫∫ 2 Õß§åª√–°Õ∫∑’Ë‡ªìπ√–∫∫¬àÕ¬¡“
„™â‰¥â ‡™àπ  “¡“√∂π”‡Õ“æ“√“¡‘‡µÕ√å¢Õßæ≈—ßß“πÕ—πµ√
°‘√‘¬“®“°√–∫∫ 1-‚æ√æ“πÕ≈ + πÈ” ·≈–æ“√“¡‘‡µÕ√å®“°
√–∫∫ 2-‚æ√æ“πÕ≈ + πÈ” ‰ª„™â„π√–∫∫ 1-‚æ√æ“πÕ≈ +
2-‚æ√æ“πÕ≈ + πÈ” ‚¥¬‰¡àµâÕß‡ª≈’Ë¬π·ª≈ß§à“¢Õßæ“√“
¡‘‡µÕ√å‡À≈à“π—Èπ‡ªìπµâπ (™ÿ¡æ√, 2547)

 ¡¡µ‘∞“π·∫∫®”≈Õß UNIQUAC

°“√À“§à“ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’¢Õß “√„¥Ê  ´÷Ëß
 —¡æ—π∏å‚¥¬µ√ß°—∫§à“»—°¬å‡§¡’ à«π‡°‘π¢Õß “√ ·≈–§à“
»—°¬å‡§¡’ à«π‡°‘π´÷Ëß‡ªìπ ¡∫—µ‘‚¡≈“√å¬àÕ¬¢Õßæ≈—ßß“π
Õ‘ √–¢Õß°‘∫ å à«π‡°‘π °“√À“§à“ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’¡—°
®–‡√‘Ë¡®“°æ≈—ßß“πÕ‘ √–¢Õß°‘∫ å à«π‡°‘π ·≈– ”À√—∫„π
√–∫∫∑«‘¿“§À√◊Õ√–∫∫ 2 Õß§åª√–°Õ∫„¥Ê °“√§”π«≥
§à“ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’¢ÕßÕß§åª√–°Õ∫„¥Õß§åª√–°Õ∫
Àπ÷Ëß   “¡“√∂Õπÿæ—∑∏å®“°§à“æ≈—ßß“πÕ‘ √–¢Õß°‘∫ å à«π
‡°‘π‡™‘ß‚¡≈‰¥â¥—ßπ’È

n
T
gE = RT n

i
ln γ

i
i=1

n

∑ (1)

RT ln γ
i
=

∂n
T
gE

∂n
i







T,P,nj( j≠i)

(2)

‡¡◊ËÕ n
i

§◊Õ ®”π«π‚¡≈¢ÕßÕß§åª√–°Õ∫ i
1,2 §◊Õ Õß§åª√–°Õ∫ ‰¥â·°à ·Õ≈°ÕŒÕ≈å·≈–πÈ”

µ“¡≈”¥—∫
n

T
§◊Õ ®”π«π‚¡≈∑—ÈßÀ¡¥

gE §◊Õ æ≈—ßß“π à«π‡°‘πÕ‘ √–‡™‘ß‚¡≈¢Õß°‘∫ å
γ
i

§◊Õ  —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’¢Õß “√ i
R §◊Õ §à“§ß∑’Ë¢Õß·°ä 
T §◊Õ Õÿ≥À¿Ÿ¡‘¢Õß√–∫∫

·∫∫®”≈Õß UNIQUAC „™â ”À√—∫§”π«≥§à“
æ≈—ßß“π°‘∫ åÕ‘ √– à«π‡°‘π‡™‘ß‚¡≈‚¥¬°“√·∫àßæ≈—ßß“π
 à«π‡°‘ππ’È‡ªìπ 2  à«π §◊Õ  à«π·π∫ (combinatorial)
·≈– à«πµ°§â“ß (residual) ¥—ßπ’È

gE = gE (combinatorial) + gE (residual) (3)

gE (combinatorial)
RT

 = x1 ln
Φ1

x1

+ x2 ln
Φ2

x2

+

(z / 2)(q1x1 ln
θ1

Φ1

+ q2x2 ln
θ2

Φ2

)

(4)

gE (residual)
RT

= −q
1
x

1
ln[θ

1
+ θ

2
τ

21
]

− q
2
x

2
ln[θ

2
+ θ

1
τ

12
] (5)

‡¡◊ËÕ x
i

§◊Õ ‡»… à«π‡™‘ß‚¡≈¢Õß “√ i „π«—Ø¿“§
¢Õß‡À≈«

y
i

§◊Õ ‡»… à«π‡™‘ß‚¡≈¢Õß “√ i „π«—Ø¿“§·°ä 
Φ

i
§◊Õ ‡»… à«π¢Õßª√‘¡“µ√‚¥¬‡©≈’Ë¬ (average

segment fraction) ¢Õß “√ i
θ

i
§◊Õ ‡»… à«π¢Õßæ◊Èπ∑’Ë‚¥¬‡©≈’Ë¬ (average area

fraction) ¢Õß “√ i
τ

ij
§◊Õ æ≈—ßß“πÕ—πµ√°‘√‘¬“√–À«à“ß‚¡‡≈°ÿ≈ i ·≈–

‚¡‡≈°ÿ≈ j
z §◊Õ §à“µ—«‡≈¢‚§ÕÕ¥‘‡π™—π¢Õßº≈÷° (lattice

coordination number) „π∑’Ëπ’È°”Àπ¥
„Àâ¡’§à“‡∑à“°—∫ 10 (Abrams and
Prausnitz, 1975)

 ”À√—∫‡»… à«π¢Õßª√‘¡“µ√‚¥¬‡©≈’Ë¬ —¡æ—π∏å°—∫§à“
‡»… à«π‡™‘ß‚¡≈¥—ßπ’È
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§◊Õ æ“√“¡‘‡µÕ√å®“°‚§√ß √â“ß¢Õß “√‚¥¬‡ªìπ
æ“√“¡‘‡µÕ√å¢Õß¢π“¥‚¡‡≈°ÿ≈
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 ”À√—∫‡»… à«π¢Õßæ◊Èπ∑’Ë‚¥¬‡©≈’Ë¬ —¡æ—π∏å°—∫§à“
‡»… à«π‡™‘ß‚¡≈¥—ßπ’È

θ
1
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x
1
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1

x
1
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1
+ x
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 ·≈– θ
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2
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(7)

‡¡◊ËÕ q
i

§◊Õ æ“√“¡‘‡µÕ√å®“°‚§√ß √â“ß¢Õß “√‚¥¬‡ªìπ
æ“√“¡‘‡µÕ√å¢Õßæ◊Èπ∑’Ëº‘«‚¡‡≈°ÿ≈

æ“√“¡‘‡µÕ√å‚§√ß √â“ß¢ÕßπÈ”, 1-‚æ√æ“πÕ≈ ·≈– 2-
‚æ√æ“πÕ≈ · ¥ß„π Table 1  ”À√—∫æ≈—ßß“πÕ—πµ√°‘√‘¬“
√–À«à“ß‚¡‡≈°ÿ≈¢Õß “√ (τ

ij
)   “¡“√∂‡¢’¬π„π√Ÿª§«“¡

 —¡æ—π∏å°—∫æ≈—ßß“π¿“¬„π (u
ij
 ·≈– u

jj
) ‰¥â¥—ßπ’È

τ
ij

≡ exp −
u

ij
− u

jj

RT


















(8)

‡¡◊ËÕ u
ij

§◊Õ æ≈—ßß“π¿“¬„π¢ÕßÕß§åª√–°Õ∫ i ¡’µàÕ
Õß§åª√–°Õ∫ j

u
jj

§◊Õ æ≈—ßß“π¿“¬„π¢ÕßÕß§åª√–°Õ∫ j ¡’µàÕ
Õß§åª√–°Õ∫ j

·∫∫®”≈Õß UNIQUAC  ”À√—∫§”π«≥ —¡ª√– ‘∑∏‘Ï
·Õ°µ‘«‘µ’¢Õß√–∫∫ ÕßÕß§åª√–°Õ∫ ´÷Ëß‡¢’¬π‚¥¬„™â§«“¡
 —¡æ—π∏å¢Õß ¡°“√∑’Ë (1) ·≈– (2) ´÷Ëß‡ªìπ°“√À“Õπÿæ—π∏å
¢Õß ¡°“√∑’Ë (4) ·≈– (5) ‡∑’¬∫°—∫®”π«π‚¡≈¢ÕßÕß§å
ª√–°Õ∫∑’Ë 1 ·≈–Õß§åª√–°Õ∫∑’Ë 2 µ“¡≈”¥—∫ ¥—ßπ’È
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1
= ln

Φ
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(
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ln γ
2

= ln
Φ
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‡¡◊ËÕ

/
1
= (

z
2 )(r

1
− q

1
) − (r

1
−1)

/
2

= (
z
2 )(r

2
− q

2
) − (r

2
−1) (11)

¢âÕ¡Ÿ≈ ¡¥ÿ≈√–À«à“ß«—Ø¿“§·≈–«‘∏’°“√§”π«≥

„π°“√»÷°…“π’È„™â¢âÕ¡Ÿ≈®“°º≈°“√∑¥≈Õß ¡¥ÿ≈
√–À«à“ß«—Ø¿“§¢Õß‡À≈«·≈–«—Ø¿“§·°ä ¢Õß√–∫∫ ÕßÕß§å
ª√–°Õ∫∑’Ëª√–°Õ∫¥â«¬ 1-‚æ√æ“πÕ≈(1) + πÈ” (2) ∑’Ë
§«“¡¥—π 30, 60 ·≈– 100 kPa (Gabaldon et al.,
1996) · ¥ß„π Table 2 ∂÷ß Table 4 ·≈–√–∫∫ Õß
Õß§åª√–°Õ∫∑’Ëª√–°Õ∫¥â«¬ 2-‚æ√æ“πÕ≈(1) + πÈ” (2) ∑’Ë
§«“¡¥—π 30, 60,·≈– 100 kPa (Marzal et al., 1996)
· ¥ß„π Table 5 ∂÷ß Table 7 ‚¥¬∑’Ë¢âÕ¡Ÿ≈®“°°“√
∑¥≈Õß®–· ¥ßÕÿ≥À¿Ÿ¡‘¢Õß√–∫∫ (T

exp
), §à“‡»… à«π‡™‘ß

‚¡≈„π«—Ø¿“§¢Õß‡À≈«®“°°“√∑¥≈Õß (x
i,exp

) ·≈–‡»…
 à«π‡™‘ß‚¡≈„π«—Ø¿“§·°ä ®“°°“√∑¥≈Õß (y

i,exp
)

§«“¡¥—π‰ÕÕ‘Ë¡µ—« (P
i

0) ¢ÕßπÈ”·≈–·Õ≈°ÕŒÕ≈å
 ”À√—∫„™â„π°“√§”π«≥§à“‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§·°ä 
 “¡“√∂§”π«≥®“° ¡°“√ Antoine ¥—ßπ’È

ln(P
i

0 ) = A −
B

(C + T ) (12)

‡¡◊ËÕ P
i

0 · ¥ß„πÀπà«¬°‘‚≈ª“ §“≈ ·≈– T §◊Õ Õÿ≥À¿Ÿ¡‘
¢Õß√–∫∫„πÀπà«¬‡§≈«‘π

A, B, ·≈– C §◊Õ  —¡ª√– ‘∑∏‘Ï Antoine ´÷Ëß
· ¥ß‰«â„π Table 8

Table 1. Structure parameters and molecular

weight (Sander et al., 1986).

Composition r q Molecular weight

  water 0.92 1.40 18
  1-propanol 2.7799 2.5120 60
  2-propanol 2.7791 2.5080 60
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°“√„™â·∫∫®”≈Õß UNIQUAC „π°“√∑”π“¬§à“
 ¡¥ÿ≈√–À«à“ß«—Ø¿“§„Àâ‰¥â§à“„°≈â‡§’¬ß°—∫¢âÕ¡Ÿ≈®“°°“√
∑¥≈Õßµ“¡ Table 2 ∂÷ß Table 7 ¢â“ßµâπ πÕ°‡Àπ◊Õ®“°
¢âÕ¡Ÿ≈∑’Ë‡ªìπ ¡∫—µ‘∑“ß°“¬¿“æ∑’Ë· ¥ß‰«â„π Table 1 ·≈â«
æ≈—ßß“πÕ—πµ√°‘√‘¬“∑’Ë‰¥â· ¥ß‰«â„π ¡°“√∑’Ë (8) °Á‡ªìπ
¢âÕ¡Ÿ≈∑’Ë ”§—≠¡“°„π°“√∑”π“¬§à“ ¡¥ÿ≈¥—ß°≈à“« ¢—ÈπµÕπ
°“√§”π«≥§à“æ≈—ßß“πÕ—πµ√°‘√‘¬“ °√–∑”‰¥â‚¥¬°“√‡¢’¬π
§«“¡ —¡æ—π∏å√–À«à“ß§à“æ≈—ßß“πÕ—πµ√°‘√‘¬“°—∫§à“æ≈—ßß“π
¿“¬„π ¥—ßπ’È

τ
21

≡ exp −
u
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



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
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12
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


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‡π◊ËÕß®“° u
21
 = u

12
 ¥—ßπ—Èπ§à“æ“√“¡‘‡µÕ√å β

i
 ∑’Ë°”Àπ¥

¢÷Èπ¡“„À¡à‡æ◊ËÕ§«“¡ –¥«°„π°“√∑”∂¥∂Õ¬‰¡à‡™‘ß‡ âπ¡’
®”π«π∑—ÈßÀ¡¥‡∑à“°—∫ 3 §à“ ¥—ßµàÕ‰ªπ’È

β
1 
= u

21
 = u

12
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2 
= u
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3 
= u

22

·≈–°”Àπ¥æ“√“¡‘‡µÕ√å„À¡à§◊Õ A
21
 ·≈– A

12 
„Àâ —¡æ—π∏å

°—∫§à“ β
i
 ¥—ßµàÕ‰ªπ’È

A
21

= β
1
− β

2
(14)

A
12

= β
1
− β

2
(15)

Table 2. Vapor-liquid equilibrium data for the 1-propanol(1) + water(2) system at 30 kPa, liquid

phase mole fraction: x
i
, vapor phase mole fraction: y

i
, and activity coefficients: γγγγγ

i

x
1,exp

y
1,exp

y
1,cal

T
exp

(K) γγγγγ
1,cal

γγγγγ
2,cal

Ln(γγγγγ
1,cal

 /γγγγγ
2,cal

) % Error y
1

% Error y
2

1.000 1.000 1.000 341.08 - -                            -                     -
0.992 0.973 0.975 340.49 1.000 3.293 -1.192 0.25 -8.89
0.934 0.816 0.827 337.88 1.002 3.115 -1.134 1.29 -5.71
0.863 0.685 0.696 335.92 1.011 2.891 -1.051 1.64 -3.56
0.790 0.595 0.601 334.33 1.030 2.663 -0.950 0.97 -1.43
0.696 0.519 0.515 332.82 1.072 2.377 -0.796 -0.69 0.75
0.623 0.486 0.469 332.26 1.127 2.163 -0.652 -3.42 3.23
0.566 0.455 0.443 332.06 1.188 2.003 -0.522 -2.70 2.26
0.490 0.432 0.417 331.93 1.307 1.800 -0.320 -3.40 2.59
0.422 0.417 0.403 331.93 1.470 1.632 -0.105 -3.36 2.40
0.341 0.403 0.395 331.84 1.785 1.449 0.209 -1.91 1.29
0.275 0.394 0.396 331.94 2.217 1.317 0.521 0.51 -0.33
0.221 0.388 0.400 331.99 2.793 1.220 0.828 3.07 -1.94
0.177 0.385 0.404 332.08 3.531 1.151 1.121 4.88 -3.06
0.143 0.381 0.405 332.17 4.386 1.105 1.379 6.27 -3.86
0.111 0.378 0.401 332.27 5.570 1.067 1.653 6.11 -3.71
0.086 0.371 0.390 332.51 6.898 1.043 1.889 5.23 -3.08
0.064 0.362 0.369 332.83 8.520 1.025 2.118 1.99 -1.13
0.046 0.339 0.336 333.43 10.302 1.013 2.319 -0.91 0.47
0.036 0.309 0.306 334.27 11.514 1.008 2.436 -0.94 0.42
0.023 0.261 0.246 335.90 13.390 1.004 2.591 -5.67 2.00
0.017 0.204 0.206 337.06 14.379 1.002 2.664 0.83 -0.21
0.011 0.149 0.153 338.46 15.457 1.001 2.737 2.42 -0.42
0.006 0.109 0.095 339.50 16.455 1.000 2.801 -13.30 1.63
0.003 0.065 0.051 340.52 17.064 1.000 2.837 -20.92 1.45
0.000 0.000 0.000 342.33             - -                           -                      -

% MAE    3.86    2.33
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®–‡ÀÁπ‰¥â«à“æ“√“¡‘‡µÕ√å β
i
's ·≈– A

ij
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ij
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Õ—πµ√°‘√‘¬“¢Õß√–∫∫ ‰¡à¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘·≈–§«“¡‡¢â¡¢âπ
¥—ßπ—Èπ°“√§”π«≥À“§à“æ“√“¡‘‡µÕ√å¥—ß°≈à“«®÷ßµâÕß·¬°∑”
°—∫√–∫∫ ≥ §«“¡¥—πµà“ßÊ °≈à“«§◊Õ ®–¡’°“√·¬°¢âÕ¡Ÿ≈
¢Õß ¡¥ÿ≈√–À«à“ß«—Ø¿“§¢Õß‡À≈«·≈–«—Ø¿“§·°ä ∑’Ë§«“¡
¥—π 30, 60 ·≈– 100 kPa ‚¥¬∑’Ë¢âÕ¡Ÿ≈¢Õß·µà≈–§«“¡¥—π
°Á®–¡’™ÿ¥¢âÕ¡Ÿ≈¢Õßæ≈—ßß“πÕ—πµ√°‘√‘¬“∑’Ë·µ°µà“ß°—π πÕ°
®“°π’È¥â«¬‡Àµÿ∑’Ë§«“¡¥—π√«¡¢Õß√–∫∫¡’§à“§àÕπ¢â“ßµË” ®÷ß
‰¥â ¡¡ÿµ‘„Àâ ¿“«–¢Õß·°ä º ¡„π«—Ø¿“§·°ä ¡’æƒµ‘°√√¡

·∫∫·°ä „πÕÿ¥¡§µ‘  ∑”„Àâ§à“ —¡ª√– ‘∑∏‘Ïøî«°“´‘µ’¡’§à“
‡∑à“°—∫ 1 ∑ÿ°™à«ß¢Õß°“√§”π«≥ º≈≈—æ∏å®“°°“√§”π«≥
¥â«¬ ¡°“√∑’Ë  (9)  ∂÷ß ¡°“√  (15)  §◊Õ  §à“ —¡ª√– ‘∑∏å
·Õ°µ‘«‘µ’¢ÕßÕß§åª√–°Õ∫∑—Èß Õß (γ

i,cal
) ·≈–§à“‡»… à«π

‡™‘ß‚¡≈„π«—Ø¿“§·°ä  ¥—ßπ’È

y
i,cal

=
x

i,exp
γ

i,cal
p

i

0

P
T

(16)

P
T

= y
i,cal

i=1

2

∑ p
i

0 (17)

‡¡◊ËÕ y
i,cal

§◊Õ ‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§·°ä ¢Õß “√ i
®“°°“√§”π«≥

Table 3. Vapor-liquid equilibrium data for the 1-propanol(1) + water(2) system at 60 kPa, liquid

phase mole fraction: x
i
, vapor phase mole fraction: y

i
, and activity coefficients: γ

i

x
1,exp

y
1,exp

y
1,cal

T
exp

(K) γγγγγ
1,cal

γγγγγ
2,cal

Ln(γγγγγ
1,cal

 /γγγγγ
2,cal

) % Error y
1

% Error y
2

1.000 1.000 1.000 356.78              - -                            -                    -
0.991 0.969 0.975 356.35 1.000 3.125 -1.139 0.60 -18.71
0.955 0.877 0.885 354.53 1.001 3.030 -1.108 0.86 -6.10
0.897 0.755 0.768 352.44 1.006 2.872 -1.049 1.76 -5.43
0.832 0.660 0.669 350.70 1.016 2.692 -0.974 1.42 -2.76
0.769 0.592 0.596 349.51 1.034 2.518 -0.890 0.71 -1.03
0.706 0.539 0.539 348.63 1.061 2.345 -0.793 0.07 -0.09
0.639 0.499 0.492 347.63 1.104 2.165 -0.673 -1.32 1.32
0.583 0.473 0.463 347.74 1.155 2.017 -0.558 -2.20 1.97
0.513 0.449 0.434 347.50 1.247 1.840 -0.389 -3.32 2.70
0.443 0.429 0.415 347.52 1.385 1.672 -0.188 -3.36 2.52
0.379 0.415 0.404 347.53 1.577 1.527 0.032 -2.70 1.91
0.314 0.406 0.399 347.55 1.880 1.392 0.301 -1.67 1.14
0.253 0.398 0.400 347.73 2.341 1.277 0.606 0.58 -0.38
0.204 0.395 0.404 347.80 2.935 1.194 0.899 2.23 -1.45
0.167 0.391 0.407 347.91 3.618 1.139 1.156 3.99 -2.56
0.131 0.388 0.407 348.14 4.610 1.091 1.441 4.79 -3.04
0.108 0.380 0.403 348.28 5.515 1.065 1.644 6.05 -3.71
0.075 0.370 0.385 348.51 7.420 1.034 1.971 4.14 -2.43
0.054 0.354 0.358 348.99 9.209 1.018 2.202 1.02 -0.56
0.040 0.328 0.324 349.92 10.759 1.011 2.365 -1.19 0.58
0.030 0.296 0.287 350.93 12.094 1.006 2.487 -2.97 1.25
0.019 0.240 0.225 352.78 13.813 1.003 2.623 -6.25 1.97
0.012 0.194 0.166 354.43 15.061 1.001 2.711 -14.23 3.42
0.007 0.128 0.110 356.06 16.019 1.000 2.774 -13.98 2.05
0.004 0.077 0.068 357.30 16.615 1.000 2.810 -11.30 0.94
0.001 0.026 0.019 358.02 17.286 1.000 2.850 -28.08 0.75
0.000 0.000 0.000 359.14             - -                           -                      -

                 % MAE 4.65 2.72
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Table 4. Vapor-liquid equilibrium data for the 1-propanol(1) + water(2) system at 100 kPa, liquid

phase mole fraction: x
i
, vapor phase mole fraction: y

i
, and activity coefficients: γ

i

x
1,exp

y
1,exp

y
1,cal

T
exp

(K) γγγγγ
1,cal

γγγγγ
2,cal

Ln(γγγγγ
1,cal

 /γγγγγ
2,cal

) % Error y
1

% Error y
2

1.000 1.000 1.000 369.75              - -                           -                     -
0.987 0.975 0.967 369.40 1.000 2.924 -1.073 -0.83 32.40
0.962 0.903 0.908 367.84 1.001 2.870 -1.053 0.58 -5.36
0.917 0.806 0.817 366.07 1.003 2.768 -1.015 1.40 -5.82
0.840 0.683 0.696 363.80 1.013 2.588 -0.938 1.86 -4.01
0.774 0.610 0.617 362.46 1.029 2.431 -0.860 1.10 -1.72
0.717 0.563 0.562 361.63 1.050 2.294 -0.782 -0.12 0.16
0.644 0.513 0.507 360.82 1.090 2.120 -0.665 -1.11 1.17
0.574 0.478 0.467 360.47 1.149 1.954 -0.531 -2.30 2.11
0.500 0.450 0.435 360.33 1.244 1.784 -0.361 -3.24 2.65
0.417 0.428 0.412 360.28 1.415 1.601 -0.123 -3.86 2.88
0.352 0.415 0.401 360.27 1.631 1.465 0.107 -3.45 2.44
0.292 0.405 0.397 360.32 1.944 1.349 0.365 -2.07 1.41
0.237 0.397 0.397 360.44 2.400 1.251 0.652 0.08 -0.05
0.183 0.392 0.401 360.62 3.142 1.164 0.993 2.22 -1.43
0.147 0.387 0.402 360.78 3.933 1.114 1.261 3.98 -2.51
0.117 0.381 0.401 360.93 4.909 1.077 1.517 5.17 -3.18
0.089 0.373 0.392 361.12 6.248 1.048 1.785 5.15 -3.06
0.074 0.368 0.382 361.43 7.219 1.034 1.943 3.80 -2.22
0.055 0.357 0.358 361.77 8.827 1.020 2.158 0.39 -0.22
0.043 0.337 0.333 362.41 10.124 1.013 2.302 -1.25 0.63
0.033 0.317 0.301 363.30 11.416 1.008 2.427 -5.14 2.39
0.022 0.261 0.247 365.06 13.091 1.003 2.569 -5.52 1.95
0.015 0.206 0.196 366.87 14.304 1.002 2.659 -5.00 1.30
0.009 0.146 0.136 368.71 15.456 1.001 2.737 -6.85 1.17
0.004 0.095 0.070 370.23 16.518 1.000 2.804 -26.84 2.82
0.001 0.016 0.019 371.95 17.142 1.000 2.842 18.75 -0.30
0.000 0.000 0.000 372.87 - -                           -                      -

                % MAE 4.31 3.28
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i,cal

°—∫ y
i,exp

 µË”∑’Ë ÿ¥‚¥¬„™â«‘∏’°“√∂¥∂Õ¬‰¡à‡™‘ß‡ âπ ÷́Ëß„™â
‚ª√·°√¡¿“…“øÕ√å·∑√π√à«¡°—∫ subroutine ODRPACK
(Boggs et al., 1992) ‡ªìπ‡§√◊ËÕß¡◊Õ  ‚¥¬°”Àπ¥„Àâ
µ—«·ª√Õ‘ √–§◊Õ Õÿ≥À¿Ÿ¡‘¢Õß√–∫∫·≈–‡»… à«π‡™‘ß‚¡≈„π
«—Ø¿“§¢Õß‡À≈«  à«πµ—«·ª√µ“¡°Á§◊Õ‡»… à«π‡™‘ß‚¡≈„π
«—Ø¿“§·°ä  º≈√«¡¢Õß§à“º≈µà“ß°”≈—ß ÕßµË” ÿ¥ (Least
Square) ‰¥â®“° ¡°“√µàÕ‰ªπ’È

Least Square = (y
i,exp

− y
i,cal

)2

i=1

N

∑ (18)

‡¡◊ËÕ N  §◊Õ ®”π«π¢âÕ¡Ÿ≈
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Table 5. Vapor - liquid equilibrium data for the 2-propanol(1) + water(2) system at 30 kPa, liquid

phase mole fraction: x
i
, vapor phase mole fraction: y

i
, and activity coefficients: γ

i

x
1,exp

y
1,exp

y
1,cal

T
exp

(K) γγγγγ
1,cal

γγγγγ
2,cal

Ln(γγγγγ
1,cal

 /γγγγγ
2,cal

) % Error y
1

% Error y
2

1.000 1.000 1.000 327.85             - -                           -                     -
0.948 0.916 0.916 326.73 1.002 3.245 -1.175 -0.01 0.12
0.909 0.865 0.863 326.34 1.006 3.079 -1.119 -0.20 1.26
0.829 0.784 0.777 325.63 1.023 2.760 -0.992 -0.96 3.47
0.771 0.735 0.728 325.40 1.044 2.544 -0.891 -1.01 2.79
0.712 0.696 0.687 325.37 1.076 2.339 -0.776 -1.26 2.89
0.631 0.655 0.644 325.33 1.139 2.082 -0.603 -1.71 3.25
0.559 0.624 0.615 325.52 1.222 1.876 -0.429 -1.46 2.42
0.490 0.602 0.594 325.67 1.338 1.698 -0.238 -1.31 1.98
0.415 0.583 0.578 325.89 1.524 1.526 -0.001 -0.84 1.18
0.340 0.568 0.568 326.20 1.810 1.374 0.276 -0.09 0.12
0.280 0.557 0.562 326.42 2.162 1.269 0.533 0.86 -1.08
0.217 0.541 0.556 326.73 2.739 1.174 0.847 2.75 -3.25
0.139 0.526 0.539 327.13 4.039 1.080 1.319 2.49 -2.76
0.113 0.516 0.526 327.58 4.737 1.055 1.502 1.88 -2.00
0.089 0.499 0.505 328.03 5.579 1.036 1.684 1.22 -1.22
0.069 0.472 0.477 328.80 6.477 1.022 1.846 1.02 -0.91
0.054 0.454 0.444 329.84 7.300 1.014 1.974 -2.20 1.83
0.043 0.412 0.409 331.00 8.003 1.009 2.071 -0.63 0.44
0.034 0.371 0.371 332.61 8.640 1.006 2.150 -0.08 0.05
0.022 0.303 0.297 334.70 9.622 1.003 2.261 -2.11 0.92
0.014 0.227 0.223 336.69 10.354 1.001 2.336 -1.67 0.49
0.008 0.141 0.147 338.93 10.933 1.000 2.392 4.47 -0.73
0.005 0.087 0.100 340.26 11.234 1.000 2.419 14.60 -1.39
0.000 0.000 0.000 342.33 - -                           -                      -

                % MAE 1.95 1.59

°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß§à“ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’
∑’Ë§”π«≥‰¥â  ®–„™â ¡°“√¢Õß°‘∫ å-¥Ÿ‡Œ¡  ∑’Ë· ¥ß‰¥â¥—ß
µàÕ‰ªπ’È (Prausnitz et al., 1999)

ln
γ

1

γ
2







 
0

1

∫ dx
1
= 0 (19)

º≈°“√§”π«≥·≈–«‘®“√≥åº≈°“√§”π«≥

º≈°“√ª√—∫§à“æ“√“¡‘ ‡µÕ√å ”À√—∫·∫∫®”≈Õß
UNIQUAC ¥—ß· ¥ß„π Table 9 ‡¡◊ËÕπ”§à“æ“√“¡‘‡µÕ√å
∑’Ë‰¥â·∑π„π ¡°“√∑’Ë (8) ®–‰¥âæ“√“¡‘‡µÕ√å¢Õßæ≈—ßß“π
Õ—πµ√°‘√‘¬“ (τ

21
,τ

12
) ·≈–π”‰ª·∑π„π·∫∫®”≈Õß

UNIQUAC  ¡°“√∑’Ë (9) ·≈– (10) ‡æ◊ËÕ§”π«≥§à“

 —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’ ·≈– ¡°“√ (12) ·≈– (13) ‡æ◊ËÕ
§”π«≥§à“‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§·°ä    ”À√—∫°“√
‡ª√’¬∫‡∑’¬∫§à“‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§·°ä √–À«à“ß§à“∑’Ë
‰¥â®“°¢âÕ¡Ÿ≈°“√∑¥≈Õß·≈–§à“®“°°“√§”π«≥∑”‚¥¬°“√
‡¢’¬π°√“ø√–À«à“ß‡»… à«π‡™‘ß‚¡≈°—∫Õÿ≥À¿Ÿ¡‘√«¡∑—Èß
µ”·Àπàß¢Õß®ÿ¥Õ–´‘‚Õ‚∑√ª ¥—ß· ¥ß„π Figure 1 ·≈–
Figure 2 ·≈–§”π«≥§à“º≈µà“ß¢Õß§à“®“°°“√§”π«≥°—∫
§à“®“°°“√∑¥≈Õß√–À«à“ß§à“‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§·°ä 
≥ §«“¡¥—π 60 kPa ¢Õß∑—Èß√–∫∫ 1-‚æ√æ“πÕ≈ + πÈ”
·≈–√–∫∫ 2-‚æ√æ“πÕ≈ + πÈ” ‰¥â· ¥ß‰«â„π Figure 3
·≈– Figure 4 µ“¡≈”¥—∫

 ”À√—∫§à“§«“¡§≈“¥‡§≈◊ËÕπ —¡∫Ÿ√≥å‡©≈’Ë¬ (mean
absolute error) ¢Õß‡»… à«π‡™‘ß‚¡≈¢ÕßπÈ” ·≈–‡»… à«π
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Table 6. Vapor-liquid equilibrium data for the 2-propanol(1) + water(2) system at 60 kPa, liquid

phase mole fraction: x
i
, vapor phase mole fraction: y

i
, and activity coefficients: γ

i

x
1,exp

y
1,exp

y
1,cal

T
exp

(K) γγγγγ
1,cal

γγγγγ
2,cal

Ln(γγγγγ
1,cal

 /γγγγγ
2,cal

) % Error y
1

% Error y
2

1.000 1.000 1.000 342.73             - -                           -                     -
0.974 0.959 0.960 342.12 1.000 3.076 -1.124 0.09 -2.20
0.927 0.894 0.896 341.59 1.003 2.917 -1.068 0.18 -1.51
0.860 0.818 0.819 340.90 1.013 2.699 -0.980 0.12 -0.55
0.786 0.758 0.751 340.60 1.033 2.467 -0.871 -0.92 2.89
0.726 0.710 0.706 340.53 1.058 2.289 -0.772 -0.54 1.31
0.647 0.664 0.658 340.52 1.109 2.068 -0.623 -0.84 1.67
0.579 0.632 0.626 340.64 1.173 1.891 -0.478 -0.95 1.63
0.512 0.610 0.601 340.81 1.264 1.729 -0.313 -1.49 2.33
0.440 0.590 0.580 341.07 1.407 1.569 -0.109 -1.63 2.34
0.371 0.572 0.566 341.42 1.612 1.430 0.120 -1.00 1.33
0.317 0.560 0.558 341.68 1.847 1.331 0.328 -0.30 0.39
0.257 0.549 0.552 342.03 2.233 1.233 0.594 0.47 -0.58
0.207 0.540 0.546 342.36 2.722 1.162 0.851 1.07 -1.26
0.166 0.533 0.538 342.71 3.311 1.111 1.092 1.01 -1.16
0.131 0.518 0.527 343.11 4.032 1.073 1.324 1.72 -1.85
0.106 0.509 0.512 343.63 4.731 1.050 1.505 0.65 -0.67
0.079 0.489 0.485 344.19 5.745 1.029 1.720 -0.82 0.78
0.064 0.467 0.460 345.13 6.458 1.020 1.846 -1.48 1.29
0.049 0.433 0.423 346.48 7.313 1.012 1.978 -2.29 1.75
0.030 0.365 0.345 348.62 8.664 1.005 2.154 -5.56 3.20
0.025 0.305 0.313 350.52 9.044 1.003 2.199 2.72 -1.19
0.013 0.224 0.209 353.14 10.135 1.001 2.315 -6.88 1.98
0.010 0.170 0.172 354.61 10.410 1.001 2.342 1.24 -0.25
0.005 0.087 0.098 356.98 10.900 1.000 2.389 12.41 -1.18
0.000 0.000 0.000 359.14 - -                           -                      -

                 % MAE 1.93 1.47

‡™‘ß‚¡≈¢Õß 1-‚æ√æ“πÕ≈„π«—Ø¿“§·°ä ¢Õß√–∫∫∑’Ë§«“¡
¥—π 30, 60, ·≈– 100 kPa · ¥ß¥—ß Table 2 ∂÷ß Table
7

 ”À√—∫√–∫∫ 1-‚æ√æ“πÕ≈ + πÈ” ≥ §«“¡¥—π√«¡
30 kPa Figure 5 ‰¥â¬◊π¬—π§«“¡ Õ¥§≈âÕß°—∫ ¡°“√
°‘∫ å-¥Ÿ‡Œ¡¢Õß·∫∫®”≈Õß UNIQUAC ¢Õß√–∫∫ 1-
‚æ√æ“πÕ≈ + πÈ”  ≥  §«“¡¥—π¥—ß°≈à“«∑’Ë Õ¥§≈âÕß°—∫
 ¡°“√ 19 ‡ªìπÕ¬à“ß¥’ ·≈–∑’Ë§«“¡¥—π 60 kPa ·≈– 100
kPa °Á®– “¡“√∂µ√«® Õ∫§«“¡ Õ¥§≈âÕß°—∫ ¡°“√ 19
‰¥â ‚¥¬°“√æ≈ÁÕµ°√“ø®“°¢âÕ¡Ÿ≈„π Table 3 ·≈– Table
4 µ“¡≈”¥—∫  πÕ°®“°π’È‡¡◊ËÕµ√«® Õ∫§«“¡ Õ¥§≈âÕß°—∫
 ¡°“√¢Õß°‘∫ å-¥Ÿ‡Œ¡ ”À√—∫√–∫∫ 2-‚æ√æ“πÕ≈ + πÈ”

≥ §«“¡¥—π 30 kPa 60 kPa ·≈– 100 kPa °Á®–‰¥âº≈
„π∑”πÕß‡¥’¬«°—π ‚¥¬°“√æ≈ÁÕµ°√“ø®“°¢âÕ¡Ÿ≈„π Table
5  Table 6 ·≈– Table 7 µ“¡≈”¥—∫

 ”À√—∫ Figure 6 ‡ªìπ°“√π”§à“ —¡ª√– ‘∑∏‘Ï
·Õ°µ‘«‘µ’·≈–§à“‡»… à«π‡™‘ß‚¡≈¢Õß 1-‚æ√æ“πÕ≈ ·≈–πÈ”
¡“· ¥ß§«“¡ —¡æ—π∏å„π√Ÿª°√“ø ≥ §«“¡¥—π 30 kPa ´÷Ëß
®–‡ÀÁπ‰¥â«à“§à“ γ

1

∞(≈ 17) ¡’§à“¡“°°«à“ γ
2

∞(≈ 3) ª√–¡“≥
6 ‡∑à“

§à“ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’¢Õß “√Õß§åª√–°Õ∫„¥Ê „π
«—Ø¿“§¢Õß‡À≈«®–¢÷ÈπÕ¬Ÿà°—∫Õÿ≥À¿Ÿ¡‘·≈–§«“¡‡¢â¡¢âπ¢Õß
 “√Õß§åª√–°Õ∫π—ÈπÊ ‚¥¬‰¡à “¡“√∂∑’Ë®–≈–∑‘Èßµ—«·ª√∑—Èß
 Õß„π ¡°“√°“√§”π«≥§à“ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’‰¥â (Õâ“ß
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Table 8. Antoine coefficients A, B, and C (Galbaldon et al.,
1996), (Marzal et al., 1996)

Antoine coefficients

Component Temp range A B C

water 274-373 16.5700 3984.920 -39.724
1-propanol 303-370 16.0353 3415.560 -70.733
2-propanol 300-355 16.4089 3439.600 -63.417

Table 7. Vapor-liquid equilibrium data for the 2-propanol(1) + water(2) system at 100 kPa, liquid

phase mole fraction: x
i
, vapor phase mole fraction: y

i
, and activity coefficients: γ

i

x
1,exp

y
1,exp

y
1,cal

T
exp

(K) γγγγγ
1,cal

γγγγγ
2,cal

Ln(γγγγγ
1,cal

 /γγγγγ
2,cal

) % Error y
1

% Error y
2

1.000 1.000 1.000 354.85 - -                           -                      -
0.974 0.961 0.958 354.39 1.000 3.243 -1.176 -0.30 7.44
0.953 0.930 0.927 353.97 1.002 3.153 -1.146 -0.30 4.00
0.894 0.851 0.853 353.33 1.008 2.909 -1.060 0.18 -1.01
0.839 0.792 0.796 353.03 1.020 2.696 -0.972 0.49 -1.87
0.781 0.748 0.747 352.81 1.040 2.486 -0.871 -0.16 0.48
0.707 0.699 0.697 352.65 1.078 2.240 -0.731 -0.36 0.83
0.627 0.657 0.655 352.68 1.141 2.001 -0.562 -0.38 0.73
0.551 0.632 0.624 352.85 1.230 1.798 -0.380 -1.28 2.20
0.467 0.605 0.599 353.12 1.377 1.600 -0.150 -1.07 1.65
0.405 0.590 0.584 353.40 1.536 1.470 0.044 -0.97 1.39
0.351 0.580 0.574 353.80 1.727 1.368 0.233 -0.97 1.33
0.299 0.575 0.566 354.03 1.982 1.280 0.437 -1.51 2.05
0.258 0.564 0.560 354.40 2.255 1.218 0.616 -0.69 0.89
0.221 0.551 0.554 354.66 2.582 1.167 0.794 0.51 -0.62
0.180 0.546 0.544 354.97 3.073 1.117 1.012 -0.31 0.37
0.139 0.539 0.529 355.55 3.773 1.074 1.256 -1.91 2.23
0.109 0.510 0.509 356.07 4.488 1.048 1.455 -0.20 0.20
0.076 0.491 0.470 357.03 5.581 1.025 1.695 -4.30 4.15
0.061 0.472 0.441 358.00 6.223 1.016 1.812 -6.67 5.97
0.046 0.414 0.398 360.11 6.972 1.010 1.932 -3.99 2.82
0.037 0.359 0.361 362.12 7.480 1.006 2.006 0.67 -0.37
0.026 0.282 0.302 364.20 8.193 1.003 2.100 7.02 -2.76
0.018 0.227 0.242 366.23 8.770 1.002 2.169 6.39 -1.88
0.013 0.191 0.193 367.55 9.162 1.001 2.214 1.05 -0.25
0.005 0.099 0.089 370.03 9.839 1.000 2.286 -9.80 1.08
0.000 0.000 0.000 372.78 - -                            -                     -

                 % MAE 2.06 1.94

∂÷ß ¡°“√∑’Ë (8), (9) ·≈– (10)) „π∑“ß°≈—∫°—πµ—«·ª√
§«“¡¥—π¡—°®–‰¡à√«¡Õ¬Ÿà„π ¡°“√°“√§”π«≥§à“ —¡ª√– ‘∑∏‘Ï
·Õ°µ‘«‘µ’¢Õß “√Õß§åª√–°Õ∫  ‡π◊ËÕß®“°¡’º≈µàÕ§à“ —¡-

ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’πâÕ¬∂â“·ª√º—π ¿“«–§«“¡¥—π¢Õß√–∫∫
„π™à«ßÕÿ≥À¿Ÿ¡‘·§∫Ê Õπ÷Ëß∂â“ —ß‡°µ®“° Figure 1 ¢Õß
√–∫∫ 1-‚æ√æ“πÕ≈ + πÈ” ®–‡ÀÁπ‰¥â«à“ ≥  ¿“«–§«“¡
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Table 9. Energy interaction parameters (A
ij
) for the systems

of 1-propanol(1) + water(2) and 2-propanol(1) +

water(2): A
ij
 = u

ij
-u

jj
 (cal/mol)

1-Propanol(1) + Water(2)

UNIQUAC parameters 30 kPa 60 kPa 100 kPa

A
12

  = u
12

-u
22

123.900 79.666 16.567
A

21
 = u

21
-u

11
358.036 415.952 491.786

2-Propanol(1) + Water(2)

UNIQUAC parameters 30 kPa 60 kPa 100 kPa

A
12

  = u
12

-u
22

296.778 221.795 357.278
A

21
 = u

21
-u

11
119.549 178.861 68.402

Table 10. Comparison of azoetrope concentrations between

experimental  and  model  prediction  of  isobaric

systems at 30, 60 and 100 kPa for the 1-propanol

(1)+water (2) and the 2-propanol (1)+water(2)

systems.

1-Propanol(1) + Water(2)

Total pressure (kPa) T
exp

(K) T
cal

(K) x
1,exp

x
1,cal

30 331.85 331.90 0.420 0.400
60 347.52 347.54 0.425 0.405
100 360.28 360.32 0.430 0.410

2-Propanol(1) + Water(2)

Total pressure(kPa) T
exp

(K) T
cal

(K) x
1,exp

x
1,cal

30 325.35 325.36 0.680 0.660
60 340.53 340.52 0.690 0.670
100 352.67 352.67 0.690 0.690

¥—π§ß∑’Ë∑—Èß 3 √–∫∫¡’§«“¡ ấÕπ∑—∫°—π¢Õß™à«ßÕÿ≥À¿Ÿ¡‘
·∑∫®– —ß‡°µ‰¡à‡ÀÁπ ∑”„Àâ¡Õß¥Ÿ‡À¡◊Õπ°—∫«à“‡ªìπ√–∫∫ 3
√–∫∫∑’Ë‡ªìπÕ‘ √–µàÕ°—π  ¥â«¬‡Àµÿπ’È°“√§”π«≥§à“æ“√“-
¡‘‡µÕ√å¢Õßæ≈—ßß“πÕ—πµ√°‘√‘¬“®÷ß‡ªìπ‰ª‰¥â∑’Ë®–°√–∑”
Õ¬à“ß‡ªìπÕ‘ √–µàÕ°—π ”À√—∫√–∫∫§«“¡¥—π§ß∑’Ë (isobaric
systems) Àπ÷ËßÊ ‡∑à“π—Èπ

Õ¬à“ß‰√°Áµ“¡ °“√√«¡‡Õ“¢âÕ¡Ÿ≈ ¡¥ÿ≈«—Ø¿“§¢Õß
√–∫∫§«“¡¥—π§ß∑’Ë∑—Èß “¡√–∫∫¡“∑”∂¥∂Õ¬‰¡à‡™‘ß‡ âπ
æ√âÕ¡Ê °—π‡æ◊ËÕÀ“§à“æ“√“¡‘‡µÕ√å¢Õßæ≈—ßß“πÕ—πµ√°‘√‘¬“
∑’Ë‡ªìπµ—«·∑π¢Õß∑—Èß “¡√–∫∫¥—ß°≈à“« (¢âÕ¡Ÿ≈æ“√“¡‘‡µÕ√å
æ≈—ßß“πÕ—πµ√°‘√‘¬“ 1  ”À√—∫√–∫∫∑’Ë¡’§«“¡¥—π√«¡‡∑à“°—∫

30, 60 ·≈– 100 kPa µ“¡≈”¥—∫) °Á “¡“√∂°√–∑”‰¥â
·µà®–¡’ªí≠À“‡√◊ËÕß°“√‡∑’¬∫‚§âß (curve fitting) ·≈–µâÕß
‡ª≈’Ë¬π ¡°“√º≈µà“ß°”≈—ß ÕßµË” ÿ¥‚¥¬µâÕß§”π÷ß∂÷ß§«“¡
‰¡à·πàπÕπ¢Õß¢âÕ¡Ÿ≈‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§¢Õß‡À≈«
·≈–§«“¡‰¡à·πàπÕπ¢Õß¢âÕ¡Ÿ≈¥â“πÕÿ≥À¿Ÿ¡‘¡“‡°’Ë¬«¢âÕß¥â«¬
‚¥¬‡¢’¬π ¡°“√¥—ß°≈à“«‰¥â‡ªìπ
Least Square =
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®–‡ÀÁπ‰¥â«à“°“√≈–πÈ”Àπ—° 
1

y
j,exp

2    °“√≈–‡∑Õ¡

(x
j,exp

− x
j,cal

)2

x
j,exp

2
j=1

N

∑  ·≈–°“√≈–‡∑Õ¡ 
(T

j,exp
− T

j,cal
)2

T
j,exp

2
j=1

N

∑

„π ¡°“√ (20) °Á®–≈¥√Ÿª‡ªìπ ¡°“√ (18) ´÷Ëß‡ªìπ ¡°“√
∑’Ë„Àâ§«“¡ ”§—≠πâÕ¬°—∫¢âÕ¡Ÿ≈∑’Ë§à“‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§
¢Õß‡À≈«¢Õß‚æ√æ“πÕ≈‡®◊Õ®“ß¡“°Ê ∑”„Àâ‰¥â‡ªÕ√å‡´Áπµå
§«“¡§≈“¥‡§≈◊ËÕπ¢Õß§à“‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§·°ä ¢Õß
‚æ√æ“πÕ≈ ≥ ®ÿ¥π—ÈπÊ ¡’§à“ Ÿß (ª√–¡“≥ 20%  ”À√—∫
¢âÕ¡Ÿ≈ ÿ¥∑â“¬„π Table 2 - Table 7) ‡Àµÿº≈¢Õß°“√„Àâ
§«“¡ ”§—≠„π√–¥—∫µË”¢Õß¢âÕ¡Ÿ≈„π∫√‘‡«≥¥—ß°≈à“«   ◊∫
‡π◊ËÕß®“°§«“¡πà“‡™◊ËÕ∂◊Õ¢Õß¢âÕ¡Ÿ≈ ≥ ∫√‘‡«≥π—Èπ¡’§à“µË”
‡¡◊ËÕ‡∑’¬∫°—∫¢âÕ¡Ÿ≈ ≥ §à“‡»… à«π‡™‘ß‚¡≈„π«—Ø¿“§
¢Õß‡À≈«¢Õß‚æ√æ“πÕ≈„π™à«ß§«“¡‡¢â¡¢âπ Ÿß°«à“

°√“ø„π Figure 1 ·≈– Figure 2 ´÷Ëß∑”π“¬§à“
¢Õß‡»… à«π‡™‘ß‚¡≈¢Õß‚æ√æ“πÕ≈„π«—Ø¿“§·°ä ‡ª√’¬∫
‡∑’¬∫°—∫§à“¢Õß‡»… à«π‡™‘ß‚¡≈¢Õß‚æ√æ“πÕ≈„π«—Ø¿“§
·°ä ®“°¢âÕ¡Ÿ≈°“√∑¥≈Õß ‡¡◊ËÕæ‘®“√≥“¢âÕ¡Ÿ≈∑’Ëπ”‡ πÕ„π
Table 3 ´÷Ëß‡ªìπ¢Õß√–∫∫ 1-‚æ√æ“πÕ≈ + πÈ” ≥ 60
kPa ‡æ◊ËÕ§«“¡ Õ¥§≈âÕß°—∫°Æ«—Ø¿“§ (phase rule) ®–
‡ÀÁπ‰¥â«à“ ”À√—∫√–∫∫ 2 Õß§åª√–°Õ∫ ·≈– 2 «—Ø¿“§ ®–
¡’√–¥—∫¢—Èπ§«“¡‡ √’‡∑à“°—∫ 2 ≥ ∑’Ëπ’È®–°”Àπ¥µ—«·ª√Õ‘ √–
2 µ—« §◊Õ x

1,exp
 ·≈– T

exp
 ¥—ßπ—Èπµ—«·ª√Õ◊ËπÊ °Á®–‰¥â®“°

°“√§”π«≥¢Õß·∫∫®”≈Õß ‡™àπ §à“§«“¡¥—π¬àÕ¬¢Õß 1-
‚æ√æ“πÕ≈ (p

1
) ·≈–§à“§«“¡¥—π¬àÕ¬¢ÕßπÈ” (p

2
) ®–¡’§à“

‡∑à“°—∫ x
1
γ
1
p

1

0 ·≈– x
2
γ
2
p

2

0 µ“¡≈”¥—∫ ·≈–§à“§«“¡¥—π
√«¡À√◊Õ p

1
+p

2
 ®–µâÕß¡’§à“„°≈â‡§’¬ß°—∫ 60 kPa ´÷Ëß°“√

§”π«≥∑’Ë§«∫§ÿ¡„Àâ§à“§«“¡¥—π√«¡¢Õß√–∫∫¡’§«“¡§≈“¥

Figure 1. Temperature (T) vs. mole fraction of 1-

propanol (x
1
, y

1
) for the isobaric systems

of 1-propanol(1) + water(2) at P = 30,

60, and 100 kPa: (�����) x
1
, experimental

data; (O) y
1
, experimental data ; (– ) y

1
,

UNIQUAC model.

Figure 2. Temperature (T) vs. mole fraction of 2-

propanol (x
1
, y

1
) for the isobaric systems

of 2-propanol(1) + water(2) at P = 30,

60, and 100 kPa: (�����) x
1
, experimental

data; (O) y
1
, experimental data ; (–) y

1
,

UNIQUAC model.
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ªï∑’Ë 27 (©∫—∫æ‘‡»… 3) ∏.§. 2548 : ¡.Õ. «‘™“°“√
·∫∫®”≈Õß UNIQUAC  ”À√—∫ —¡ª√– ‘∑∏‘Ï·Õ°µ‘«‘µ’

≈◊Õæß»å  ·°â«»√’®—π∑√å ·≈– ™ÿ¡æ√  ÀπŸ‡¡◊Õß837

‡§≈◊ËÕππâÕ¬∑’Ë ÿ¥§◊Õ¢âÕ®”°—¥„π°“√°”Àπ¥§à“æ“√“¡‘‡µÕ√å
æ≈—ßß“πÕ—πµ√°‘√‘¬“®“°°“√∑”∂¥∂Õ¬‰¡à‡™‘ß‡ âπ

°“√„™â·∫∫®”≈Õß‡æ◊ËÕÀ“®ÿ¥Õ–´‘‚Õ‚∑√ª‚¥¬°“√
°”Àπ¥µ—«·ª√Õ‘ √– 2 µ—«§◊Õ§«“¡¥—π·≈–Õÿ≥À¿Ÿ¡‘‡ªìπ¢âÕ
®”°—¥ ‡π◊ËÕß®“°√–¥—∫¢—Èπ§«“¡‡ √’¢Õß√–∫∫Õ–´‘‚Õ‚∑√ª®–
≈¥∑Õπ‡ªìπ 1 ‡∑à“π—Èπ ¥—ßπ—Èπ ”À√—∫√–∫∫§«“¡¥—π§ß∑’Ë„¥Ê

Figure 3. Differences of 1-propanol partial vapor

pressures between model predictions and

experimental data at isobaric system of

60 kPa.

Figure 4. Differences of 2-propanol partial vapor

pressures between model predictions

and  experimental  data  at  isobaric

system of 60 kPa.

Figure 5. Gibbs-Duhem consistency test of the

UNIQUAC activity coefficient model

of the isobaric system of 1-propanol +

water at 30 kPa

Figure 6. Plots between liquid mole fraction of

1-propanol (1) and UNIQUAC activity

coefficients of 1-propanol (1) and water

(2) for the isobaric system at 30 kPa.

®–‰¡à “¡“√∂°”Àπ¥Õÿ≥À¿Ÿ¡‘„¥Ê Õ¬à“ßÕ‘ √–‡æ◊ËÕ§”π«≥
§à“§«“¡‡¢â¡¢âπÕ–´’‚Õ‚∑√ª‰¥â „π∑”πÕß‡¥’¬«°—π ”À√—∫
√–∫∫§«“¡¥—π§ß∑’Ë„¥Ê °Á®–‰¡à “¡“√∂°”Àπ¥§à“§«“¡
‡¢â¡¢âπÕ¬à“ßÕ‘ √–‡æ◊ËÕ§”π«≥Õÿ≥À¿Ÿ¡‘Õ– ‘́‚Õ‚∑√ª‰¥â Table
10 · ¥ßº≈¢Õß°“√„™â·∫∫®”≈Õß UNIQUAC ‡æ◊ËÕ
§”π«≥§à“§«“¡‡¢â¡¢âπÕ– ‘́‚Õ‚∑√ª·≈–Õÿ≥À¿Ÿ¡‘Õ– ’́‚Õ‚∑√ª
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≥  ¿“«–§«“¡¥—π§ß∑’Ë 30, 60 ·≈– 100 kPa ‚¥¬
‡ª√’¬∫‡∑’¬∫°—∫§à“®“°°“√∑¥≈Õß ®–‡ÀÁπ‰¥â«à“∑—Èß√–∫∫ 1-
‚æ√æ“πÕ≈ + πÈ” ·≈–√–∫∫ 2-‚æ√æ“πÕ≈ + πÈ” §à“§«“¡
‡¢â¡¢âπÕ–´‘‚Õ‚∑√ª∑’Ë§”π«≥‰¥â®–¡’§à“µË”°«à“§à“§«“¡‡¢â¡¢âπ
Õ–´‘‚Õ‚∑√ª®“°°“√∑¥≈Õß  ·≈–„π∑“ß°≈—∫°—πÕÿ≥À¿Ÿ¡‘
Õ–´‘‚Õ‚∑√ª∑’Ë§”π«≥‰¥â®–¡’§à“ Ÿß°«à“Õÿ≥À¿Ÿ¡‘Õ–´‘‚Õ‚∑√ª
®“°°“√∑¥≈Õß

 √ÿªº≈°“√§”π«≥

§à“æ“√“¡‘‡µÕ√å¢Õßæ≈—ßß“πÕ—πµ√°‘√‘¬“ ∑’Ë‰¥â®“°
°“√∑”∂¥∂Õ¬‰¡à‡™‘ß‡ âπ¢Õß¢âÕ¡Ÿ≈°“√∑¥≈Õß ¢Õß√–∫∫
πÈ” + 1-‚æ√æ“πÕ≈ ·≈–√–∫∫πÈ” + 2-‚æ√æ“πÕ≈ ∑’Ë
§«“¡¥—π 30, 60, 100 kPa ‡æ◊ËÕ„™â∑”π“¬ ¡¥ÿ≈√–À«à“ß
«—Ø¿“§¢Õß√–∫∫√«¡∑—Èß∑”π“¬®ÿ¥Õ–´‘‚Õ‚∑√ª¥â«¬·∫∫
®”≈Õß UNIQUAC ‚¥¬æ“√“¡‘‡µÕ√å¥—ß°≈à“«‰¡à¢÷Èπ°—∫
‡»… à«π‡™‘ß‚¡≈·≈–Õÿ≥À¿Ÿ¡‘§◊Õ„™â‰¥â„π∑ÿ°™à«ß§«“¡‡¢â¡¢âπ
·≈–∑ÿ°™à«ßÕÿ≥À¿Ÿ¡‘  ·µàæ“√“¡‘‡µÕ√å‡À≈à“π’È®–¢÷Èπ°—∫§à“
§«“¡¥—π¢Õß√–∫∫§◊Õ®–¡’§à“·µ°µà“ß°—π∑’Ë§«“¡¥—πµà“ßÊ

°‘µµ‘°√√¡ª√–°“»

§≥–«‘®—¬¢Õ¢Õ∫§ÿ≥∫—≥±‘µ«‘∑¬“≈—¬  ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å „π°“√„Àâ∑ÿπ°“√∑”«‘®—¬¢Õßπ—°»÷°…“
ª√‘≠≠“‚∑ µ≈Õ¥‚§√ß°“√   ·≈–¢Õ¢Õ∫§ÿ≥¿“§«‘™“
«‘»«°√√¡‡§¡’ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“-
π§√‘π∑√å„π°“√‡Õ◊ÈÕ‡øóôÕ ∂“π∑’Ë·≈–´Õ√åø·«√åµ≈Õ¥‚§√ß°“√
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