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A ZAHAE oldsle] b 22 Fabd Hele
A, B, C, D& A& AASr] A AYAE E43A
=A+B/T,+CIn T,+DT,"
9 Aol 9 aA A 27709 monoolefin 2 Aol tdk A4 4, A4 A B, C, D 28z
T 2% Fabgon], ZE monoolefinoll Hldt HFHx= 0.41%% Hebxkch
EE monoolefinoll ®idte] Ao HFHAE Vel X4 nol 4,004 v Z+ F - g 4
4So| AAslgdc =3 A4 A B 2zlm Col didle] A4 Do A5 AAE 73 F A A
4 Dutoz 3¥H o3 3L F7IgA S fdoddh

in P,= (0.90008 In T,)D*- (4.95122 In T,)D*+ (T,*-9.5596 In T,- (16/T,)+15]D

+2.26464 In T,

ol714 A4 De o A% A4 B Hol A &5t F5hoict

oot A4 B2 Ao dAGH 2Ela AALXEE 4 Aol H L3t 27712 monoolefinell 2o
A 1110409 719 AF A g AR FHAE 73 A AT AR Aol W AolA
1.23%2 Jebygoh e ¢ A9 HEW s 100mmHg<P<P 2 A o HAGF A=
0.84% 1%l

Abstract—It is important to predict vapor pressures correctly for process design. In this study the relationships
between vapor pressure and temperature have been considered in terms of accuracy and convenience, resulting

in the followings.
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Experimental vapor pressure data reported in the literature for monoolefin have been rigorously analyzed and
used to determine the constants A,B,C,D and exponent of the following equation in the reduced form:

In P,=A+B/T,+C In T,+D Tr

The error analysis for the above equation has provided us with exponent n, average deviation, four con-

stants for each material and an overall average deviation of (0,41% for twenty-seven materials.
When exponent n becomes 4 for the best fit, four constants for each material have been determined. The
constants A,B and C are correlated with the constant D and the following vapor pressure equation has been

obtained, containing only a single constant D:
In P, =(0,90008 In T,)D*—(4,95122 In T,)D?

+[T,*—9,5596 In T,—(16/T-)+15]D+ 2, 26464 In T,
where the constant D is found by applying this latter equation at normal boiling point.
When only the normal boiling point and the critical temperature and pressure are required, by employing the

latter equation, an overall average deviation of 1, 23%

is obtained for 1110 vapor pressure data points

comprising 27 materials for monoolefin, between the triple point and critical point. But for 100 mmHg<
P<P, this latter equation was found to reproduce experimental vapor pressures with an overall average

deviation of (), 84%,

1. M B

Ao Z7|dn 2ol sLAAE v} A st
3] o F317] Slsked w2 AT (11,24, 28) 7} o] %o
i

. 16,24, 28] = 277}
d B FUI9t (;LZ4’5!T§“? Frost-Kalkwa-
FA07) & 543
(8ol olslo W) olelo} 7&'—% L’:}% e (the
reduced form) & F 7|94 & o] &5lqir}

In Pr=A+B/Tr+C In T+D T." (1)

4714 A, B, C % D Aolch

o ARBEEUH FIBLEY (A
At zd) el FU8 2 o]£5E  monoolefin 3
ethylene (C,) ol A eicosene (C,) 74 277 B4 (35]
2 Hoo] $Hozye $EY 0% A 37
st AHAE (A HEsle] Aotz o] Zwo)y
yassion, ool da $AA%zEe Az
F71%H4 8 S

tot
Jot
0H
10
>
o
-~
il
>
>
f0
-
-]
0
-3
i
-
oo
10

In P=A"+B"/T+C" In T+D’P/T? (2)
o714 A7, B, C’, D' & Aol

9 Ao Adesye ol galol s Eaiy A
of At el )4l whAe geld F713 P
£ exel $4olmz DP/T? B4lol D'T S 4
9 4 2on, oRe @4l dskd 33t
e

In P=A"+B/T+C" In T+D'T™ (3)

o714 n & A golch

2-1. & Y X5 HY
FAH S e Az BE P=P.P,, T=T.T
= (346l HEshul (14 = 7ol ZFH
In P,—=A+B/T,+C In T,+DT- o
7|4 A=A -In P,4+C’'In T
B=B’/T,
c=C
D=D'T,"
(DAE AAA (T, =1, P,=1) ol HL3}o] Fx55
£ A3 AdA "N 2 Riedeld AY(8, 16, 25, 26
28] (o] A2 Goodwin(14) 9] 7dsi2tE= 4 5lojo}
& WA HEslole a et Anyew
FH A4 A%t B A4 Co D 28z A4 ne
2 3y obga e Aol
In P,=Cln T,+D((T,"-1)+n*(1-1/T,)) (4)
oo} ol 44 Ask B A4 D2 ZdHgle



M onoolefin 2]

Y=C+DX (5)
r Tl T, - T71
_ln(PT/PTI)
Y= In (TT/Trl "

=

Ao} 7|ZH oz A4 H+ AL temperature
modulus X ¢} vapor pressure modulus Y& 7| Ab3}
Edl A&sioded, A B A dAHLE AP

I. Technical Data Book (1) oll4] ®-3 3l o] 83191

& A dAAT % FHAE A
Ao Heted AFAA dAA

o} Table 104 = A S4of cisted Z71¢ 44
Aol gk F719F A4bA S WAk 2 A 4
£ Bz %ol EAskgon], o|5e 3eld A

1]-/] AL EA] 9151“5}(3

Si“ 52 AP.L —PrOJect 445
£ AHgidont, odd £45 k2 Lok
9 #ze A€ g 26l del AR
A P. I.-Pro;ect44 9| AntoineZ 7|3t (2918 94t
% AshE AAYY 2449 o] weko] Table 2o
sAGA =8 AR 2PA 23 DAL A
$3hod YEhe AT & dork XGE A4
AT A% gt e Bobob @k webd A4 n
@g Az AASL ool A XZHE Aeled
5142 AAsA 4D A ALE Y @
Xgtol skl A SHleh(I6). olol ht o2 n
=4.00% o 270 E4F 1-Tridecene(l,7,29) 2
A= X3 Y-S Table 30l EAstolen, 7
A Yol wiste] n=4.002 n=5.00 = X %
& 45ty Fig. 17 Fig. ool 23kl
o714 Fig. 1 ¥ Fig. 2 5 Ats] u=i olejel 7
4 ZAA Yool #4slE A ¥ 4 2l
Ao 0144 71:-1401 Eed40l 5

]
I

lo

o

>

715k dlE 477

Table 1. References and number of experimen-
tal data points obtained from the lite-

rature.
Monoolefin References glooi;:zi data
Ethylene 1,19, 22, 36, 38 51(3)
Propylene 1,19, 21, 27, 34, 64(5)

36, 37

1-Butene 1,2,4,9,19,23 79
2-Butene (cis) 1,18,19,33 32(3)
2-Butene (trans) 1, 15, 18, 19 47
2-Methylpropene (iso) 1, 3, 10, 19, 30 52(2)
1-Pentene 1, 14,32 21
2-Pentene (cis) 1,31,36 33
2-Pentene (trans) 1,31,36 33
3-Methyl-1-Butene 1,29, 31 39*
2-Methyl-1-Butene 1, 29, 32 42*
2-Methyl-2-Butene 1,5, 19, 32 39
1-Hexene 1, 14, 36 33
1-Heptene 1, 14, 20, 36 44(2)
1-Octene 1, 14, 36 40
1-Nonene 1, 14,29 48*
{-Decene 1, 14,29 47*
{-Undecene 1, 14,29 49*
1-Dodecene 1, 14,29 48*
1-Tridecene 1,7,29 38*
|-Tetradecene 1,7,29 39*
1-Pentadecene 1,7,29 36*
1-Hexadecene 1,6,29 40*
1-Heptadecene 1,29 29*
1-Octadecene 1,29 29*
1-Nonadecene 1,29 29*
1-Eicosene 1,29 29*

() : No.of data points not included in sum.
* © No.of data points included in data points of
API-Project 44(29).

chg3t k.
d 2
dTr [(Tr —Trl )_ﬂ (1/Tr— I/Tfl)
dTr T rl)] \
=nT,"+—% (8)
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Table 2. Comparisons of experimental and cal-
culated, critical vapor pressures from
Antoine equation [29].

Te P, expt. P, calc.

from from from
Materials A.P.L A.P.L Antoine Eq.

(c) [mmHg) (mmHg)
1-Heptadecene 455 9256. 985 8629. 278

1-Octadecene 466. 11 8584, 69 8011. 803
1-Nonadecene 477. 222  8067. 54 7535. 388
1-Eicosene 486. 111  7446. 96 6964. 22

()4 9] A3E o]y Fig. 13 Fig. 2 ol Y}
W} 1-Tridecene ] A4 AL F3ld 2 dAAE
t} 3} o] Aol slFH oz Al 1-Tridece-
neel A4 #E A (T,=505.928°K) 2l T, ,=0.75034
of thdle] n kS AH-£3}d ‘7‘%";}.

lim X= lm (T, +=)=22.59159

Tp-Tr1 Tp=0. 75034 T,

n-4. 00 n—+4. 00

a
Im X= lim nT, +—T—]=34. 50744

Tp~Try Ty~0.75034
n-5. 00 Tr1-5. 00
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A=15. 55555
B=16. 20370
C=10. 67077
D= 0. 64815
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csl Do BAEZ F3 F Fre 2xuky 4
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Table 3. Moduli X and Y for 1-Tridecene

{(n =14.00).

TrK) P (mmHg) X(-) Y(-)

377.750 10.0000  25.51315  14.82306
392. 550 20.0000  25.06935  14. 33641
401. 950 30.0000  24. 80477  14.04862
409. 050 40.0000  24.61329  13.85246
414. 750 50.0000  24. 46455  13.69422
415. 753 51.9100  24.43882  13.67175
419. 550 60.0000  24.34263  13. 56205
420. 592 62.4400  24.31655  13. 52837
427. 450 80,0000  24.14837  13.35626
433. 320 98.2200  24.00902  13. 20769
433. 850 100. 0000  23.99664  13.19588
446. 150 150.0000  23.71859  12.90515
455. 450 200.0000 23.51964  12.70118
457. 702 214.1600  23.47287  12.64369
462. 950 250.0000  23.36594  12.52440
469. 350 300.0000  23.23939  12.38628
472. 148 323.0000  23.18536  12.34777
479. 980 400.0000  23.03820  12.19097
480. 302 403.3000  23.03227  12.19019
488. 620 500.0000  22.88264  12.02870
495. 980 600.0000  22.75557  11. 90349
498.015 630.3500  22.72130  11.86508
502. 410 700.0000  22.64853  1l.78559
503. 020 710.0000  22.63856  11.80574
503. 610 720.0000  22.62895  11.77368
504. 200 730.0000 22.61937  11.77134
504. 543 735.8300  22.61382  11.78978
504. 780 740.0000  22.60998  11.73945
505. 370 750.0000  22.60047  12.00257
505. 813 758.0800  22.59333  11.12700
506. 500 770.0000  22.58230  11. 56864
507. 060 780.0000  22.57336  11.62227
507. 610 790.0000  22.56459  11.66426
508. 160 800. 0000  22.55585  11.65229
513. 370 900. 0000  22.47432  11.57861
518.150  1000.0000  22.40151  11.49694
526.650  1200.0000 22 27664  11.37861
537.550  1500.0000  22. 12492  11.21443
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Fig.1. Linear relationship between moduli X
and Y for 1-Tridecene(n=4.00).
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Fig.2. Linear relationship between moduli X
and Y for 1- Tridecene(n =5. 00).
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Table 4. Best n and vapor pressure constants with average deviations in

In P,=A+B/T,+C In T,+DT,"

e

R

pud

equation

exponent

% dev. for

Monoolefin n A -B -C D exponent 1
Ethylene 4 7. 63620 8. 14528 3. 85755 0. 50908 0. 46
Propylene 4 8. 35052 8. 90722 4.49328 0. 55670 0.57
1-Butene 4 9. 18605 9. 79845 5. 40011 0.61240 0.91
2-Butene (cis) 4 9. 43193 10. 06072 5. 66923 0. 62879 0.68
2-Butene (trans) 4 9. 11162 9. 71906 5. 12557 0.60744 0. 46
2-Methylpropene (iso) 3 9. 12824 10. 26927 6. 69132 1. 14103 1.08
1-Pentene 4 8. 86365 9. 45456 4, 30182 0. 59091 0.48
2-Pentene (cis) 5 9. 71544 10. 12025 5. 11575 0. 40481 0.25
2-Pentene (trans) 5 9. 71544 10. 12025 5. 11250 0. 40481 0.25
3-Methyl-1-Butene 4 9. 17890 9. 79083 5. 10104 0.61193 0.13
2-Methyl-1-Butene 6 9. 40635 9. 67510 4. 32425 0. 26875 0.27
2-Methyl-2-Butene 4 9.71475 10. 36240 5. 50627 0. 64765 0.38
1-Hexene 4 10. 63905 11. 34832 6. 88780 0. 70927 0.42
1-Heptene 3 11. 58840 13. 03695 9. 52957 1. 44855 0.47
1-Octene 3 12. 16256 13. 68288 10. 25856 1. 52032 0.49
1-Nonene 5 12. 51315 13. 03453 7.67517 0.52138 0.30
1-Decene 4 13. 40257 14. 29607 9. 44746 0. 89350 0.23
1-Undecene 5 13. 66440 14. 23375 8. 62635 0. 56935 0.31
1-Dodecene 5 14. 39522 14. 99502 9.35779 0. 59980 0.36
1-Tridecene 5 15. 55555 16. 20370 10. 67077 0. 64815 0.24
1-Tetradecene 4 17. 26605 18. 41712 13. 98353 1. 15107 0.19
1-Pentadecene 6 16, 53715 17. 00964 10. 75869 0.47249 0.32
1-Hexadecene 6 19. 17720 19. 72512 14. 34391 0.54792 0.32
1-Heptadecene 6 18. 31480 18. 83808 12, 53700 0. 52328 0.33
1-Octadecene 5 20. 44944 21. 30150 15. 94423 0. 85206 0.37
1-Nonadecene 5 21, 48840 22. 38375 17. 11866 0. 89535 0.38
1-Eicosene 5 22,52712 23. 46575 18. 25852 0. 93863 0.33
Average deviation (%) - - - - - 0.41
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e hE G =3~6)¢ vhehhmz 2-249 of  (6) o AEe 1 WA 23 WA

]
Zo wel £5 monoolefinoll tdt n 3ES 4] 4 29 F4], 3z o]Abe] mal WA Al S Newton-

Ay oxtiEAdogRe 71AE pgtel wWE monoo- Raphson methodol] *-£3}%] monoolefin 2+ &4 of
lefine] Al gdHasl A& 0.56%)8 n3k, 5 n isted ()49 44 Do} & e Ze AEE
=4,0022 ZAAseich A4 DE 7o, olF ZAFE Table 59 44

“%4‘1 n=4.00% =} A4 C& DAFolo BAE Dutoz ZHH F7|dAEol digdsle] 2T

6}04 CE: 44 D=z 3¥st7] Hsled A4 2 A4 A, B, C, D7} 274" 5749 F7igt %
Asyoes 140“*1 5 atol]l o2& chghal o] Ab4 A Fol gt =& 7 A it F =
5 ?3@4 44 Cok A4 DY JAA S Fx3g A 549 F714HEF FE monoolefinell  odt
on}, Frd oSS @A Hedstd 44 D Ao Z7IgAE HAAT ] Yt aFAg A
gtes F 8y ZF7|tAE(Table 5 #31) & +3ch 7% Table 5ol A3tk Table 59 1i} ot
g3l A4 Drleg 2d= F7Ig4EedA 44 DE Aol A A4 Cob DO A4 o] Al 1 A A (eth-
F8h7] YA e o5 FA Bl A4 Be A ylene~1-nonene) # A| 2 ’-‘q‘f‘d:.v_"(hdecene'vl’eico—
€ W& 2 ¥ monoolefin 2t E Aol dldle] 13 sene) &2 ol AL Aazxiew oz e d)
oA 5 xrtal Abg Dol e Algo] FEsEAst o Aol ik 13 GdAlel 2" F7%

Table 5. Equations obtained and average deviations.

Degree of Equations related Vapor pressure % deviations for the previous
polynomial to polynomial equations obtained vapor pressure equation
(the first linear group) In P,=(T,*~ (16/T,)+15
C=4.18132—-15.39717 D -15.39717 n T,) D
1 | +4.18132 In T, 127 %
(the secend linear group) In P,=(T,*- (16/T,)+15
C=6,42406—-17.71949 D —17.71949 In T,) D
+6.42406 In T,
C=-2.15081D? In P,=(-2.15081 In T,)D?
—12. 29688 D+3. 09907 + (T, *- (16/T,)+15 2.00 %
2 -12.29688 In T,]D

+3.09907 In T,

C=0.90008 D* In P, = (0.90008 In T,)D?
-4.95122 D - {4.951221n T,)D?
3 —9.5596 D+2. 26464 + (T, *~ (16/T,)+15 1.23%
-9.5596 In T-]D
+2.26464 In T,
C=1.9838 D* In P = (1.9838 D*~7. 35488 D*
~7.35488 D° +7.40149D%) In T,
4 +7.40149 D* +(T,*- (16/T,)+15 127 %
—17.40876 D —17.40876 In T,)D
+4. 05056 4.05056 In T,
C=-1.74377 D°® In P,= (-1.74377 D*+10. 98851 D"
+10.98851 D* —25.3335D%+24.70494 D*)
5 -15.3335D° In T,+ (T,*-(16/T,)+15 L37%
—24.70494 D* —25.42401 In T,)D
—25. 42401 D+5. 48053 +5.48053 In T,
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group
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Fig.3. Comparison of linear relationships bet -
ween the first group and the second
group for constants C and D(n=4.00).
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NOMENCLATURE

ABCD constants, Eq. (1) [ — ]

A’B’,C’D’: constants, Eq. (2) [ — ]

n : exponent, Eq. (1) [ —]

P : vapor pressure [atm, bar, kg/cm?
or mmHg])

P, : reduced vapor pressure, P/P, [ — ]

T . absolute temperature [°K]

T, : reduced temperature, T/T, [ — ]

X :  temperature modulus, [(T,.” —-T,; )
—n2(1Ts=1/T, )1 /1n(T,/T,,),
Eq.(6)[ — 1

Y : vapor pressure modulus, 1n(P, /P, )
{In(T,/T,,), Eq.(7) [-]

Subscripts

1 reference point

b : normal boiling point

c critical point

r reduced value
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