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Method for Estimating Critical Pressure’

M. F. Bolotnikov* * and E. B. Postniko\

Department of General Physics, Laboratory of Molecular Acoustics, and Department of Theoretical Physics, Kursk State
University, Kursk, Radishcheva 33, Russia

A new method is suggested to estimate the critical pressure of non-associative fluids. It is based on the extrapolation
of the function fitted over the range of standard conditions up to the critical temperature. The approximate equation
for the logarithm of pressure is based on the expansion of the Haggenmacher’s formula for the difference between
specific volumes of saturated liquid and vapor into series that consists of first and forth powers of the inverse
reduced temperature. It has been shown that such a combination provides a clear minimum for the error of
approximation. Calculation of the critical pressure for 109 substances of various clasgesnes, halogensub-

stituted hydrocarbons, alkylbenzenes, etc.) has been evaluated with the proposed approximation. The results are
in quite good agreement with the experimental data.

Introduction 10

The critical pressur@. is an important constant that plays a
prominent role in the prediction of physicochemical properties

of the substances. However, the experimental determination of #
this parameter has significant difficulties. Moreover, it is
impossible for certain classes of liquids since they are thermally

p

unstable in the critical region.

Owing to an absence of reliable experimental results, one In(P,")
needs the various methods of approximation of the critical
pressure using the data in the range of standard conditions. ]
Recently, the additive methods of approximation are most
popularl~8 At the same time, the additive approach is not
unique. The prognosis methods based on the usage of other 4
thermodynamic properties such as density, vapor pressure, and
enthalpy of vaporization at the boiling point are very important

as well. 5 i3 T 13 h
In our opinion, it is possible to use the method that represents 7!
the dependence of refduced presdare= P/Pc on the reduced  Figure 1. Dependence of the logarithm of inverse reduced pressure on the
temperaturel, = T/T; in the form inverse reduced temperature feundecane.
P\ _ —1, to 1500) mmHg, where the Antoine equation has the best
In[=]= f(T, ) (@D)] . : -
P, correlation with experimental data for the vapor pressure. For

this reason, we use the interval from (10 to 1500) mmHg as a
to estimate of the critical pressure for organic liquids. It is basic one in our method of estimation of the critical pressure.
obvious that the critical point has coordinates (0, 1) in the
coordinate plane (If), T,). This means that the right side of ~EXxpansion of Reduced Pressure in Terms of Inverse
the eq 1 can be calculated using the curve fitted over the rangeReduced Temperature
from T, to T if this curve is passed through (0, 1) after the | ¢ ys consider the ClapeyreiClausius equation:
substitution ofPs andTs into eq 1.

Clearly, the explicit expression of the right side of eq 1 dP _ AH
depends on the temperature rangg [[2]: an approximation dT  TAV
is more exact if this interval is large afd is close toT.. But )
as a rule, experimental research deals with a narrow temperaturdt ¢an be represented in the reduced form as

range. Usually the results are represented in reference papers P P

as the coefficients of Antoine equation. The area of applicability L _rz _AH_ 2)

of these coefficients corresponds to the pressure range from (10 dT, T, RTAZ

T This paper was presented at the Sixteenth Symposium on ThermophysicalwhereP, = P/P., T, = T/T,, and the critical values are marked
Properties, July 30August 4, 2006, Boulder, CO. with the subscript “c”
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230 280 330 380 430 480 T/K Table 2. Values of Critical Pressures for Cyclic and Branch
05 I . . \ | Alkanes Obtained Using Equation 7
a R TJ/K PJ/MPa PJ/MPa
0 =52 A compound exp13 exp 13 calcd (eq 7)
4 A cyclopropane 398.8: 0.3 5.54+ 0.05 5.54
-0.5 1 . T, — cyclopentane 511.0.2 4.51+0.04 4.52
4 cyclohexane 554 1 4,074+ 0.05 4.13
.14 a N cycloheptane 604.2 0.5 3.82+0.04 3.80
a methylcyclopentane 532F%0.2 3.79+ 0.04 3.78
151 A ethylcyclopentane 5694 0.5 3.404+0.04 3.41
’ s 4 methylcyclohexane 571 3.48+ 0.02 3.48
a a 2,2-dimethylbutane 48% 0.5 3.104+ 0.02 3.03
27 Laa 2,3-dimethylbutane 5004 0.5  3.15+0.08 3.11
2-methylpentane 4978 0.4 3.03+ 0.07 2.99
-2.5 3-methylpentane 504 4 3.11+ 0.06 3.06
€ % 2-methylhexane 530% 0.5 2.74+ 0.02 2.66
) ’ 3-methylhexane 5352 0.4 2.81+0.04 2.77
Figure 2. Dependence af = (Pcaic — Pexp)/(Pexp)*100 % on the temperature 4-methylheptane 561FZ0.5 2.544 0.04 253
for n-hexane. 2-methylheptane 559F0.1  2.50+ 0.02 2.48
. . . 2,2, A-trimethylpentane 54300.4 2.57+0.04 2.54
Table 1. Values of Critical Pressures forn-Alkanes Obtained Using 2,2-dimethylpentane 52050.5 2.77+ 0.05 2.75
Equation 7 2,3-dimethylpentane 537805  2.914 0.05 2.89
TJIK PJ/MPa PJ/MPa 2,4-dimethylpentane 519805  2.74+0.05 271
compound exptl expH calcd (eq 7) 3,3-dimethylpentane 53640.5 2.95+0.05 2.92
2-methylbutane 461 5 3.38+ 0.05 3.32
methane 190.954 0.015  4.599+ 0.003 4.35 3-methylheptane 5636 0.5 2. 55+ 0.04 2.53
ethane 305.320.04  4.872£0.01 4.72 2,2,3-trimethylbutane 531403  2.95+0.05 2.91
propane 369.8% 0.1 4.248+ 0.01 4.22 2,3,4-trimethylpentane 5664 0.5  2.73+ 0.04 2.70
n-butane 425.120.1 3.796+ 0.01 3.72 2,3-dimethylhexane 563505 2.63+0.04 2.60
n-pentane 469.£ 0.2 3.370+ 0.02 3.36 2,5-dimethylhexane 5508 0.5  2.49+0.02 2.54
n-hexane 507.6:0.2 3.025+ 0.02 3.02 2,4-dimethylhexane 553505 2.56+0.04 2.53
n-heptane 540.2 0.3 2.74+0.03 2.75 3,4-dimethylhexane 56880.5 2.69+0.04 2.66
n-octane 568.% 0.3 2.49+0.03 2.49 2,2-dimethylpropane 433801  3.20+£0.01 3.10
n-nonane 594.6- 0.6 2.29+ 0.05 2.29
n-decane 617.4 0.6 2.11+0.05 2.08 Table 3. Values of Critical Pressures for Aromatics Obtained Using
n-undecane 6321 1.98+ 0.1 1.95 Equation 7
n-dodecane 658 1 1.82+0.1 1.81
n-tridecane 675 1 1.68+0.1 1.66 TdK P/MPa PJ/MPa
n-tetradecane 693 2 1.57+0.2 157 compound exp exp*  caled(eq7)
n-pentaradecane 7682 1.48+£0.2 1.47 benzene 562.0% 0.07 4.895+ 0.06 4.89
n-hexadecane 7282 1.40+0.2 1.39 toluene 591.75-0.15 4.108+ 0.01 4.22
n-heptadecane 7362 134402 133 o-xylene 630.3: 0.5  3.732+0.04 3.74
n-octadecane T4E 3 1.294+ 0.2 1.26 m-xylene 617+ 0.5 3.541+ 0.04 3.52
n-nonadecane 755 8 1.16+0.2 1.18 p-xylene 616.2£ 0.2 3.511+ 0.02 3.47
n-eicosane 768 8 1.07+0.2 111 ethylbenzene 617.160.1  3.609+ 0.01 3.59
. . . . isopropylbenzene 63 0.5 3.209+ 0.04 3.24
neighborhood of the critical point. That leads to the widely used putylbenzene 660.% 0.5 2.80+ 0.04 2.85
equation: 1,2 3-trimethylbenzene ~ 66450.5  3.454+0.04 3.39
1,3,5-trimethylbenzene 63780.5 3.127+ 0.04 3.10
B 1,2,4-trimethylbenzene 649:40.5 3.232+ 0.04 3.21
InP=A-+ 3) naphthalene 748405  4.05+0.05 4.06
r p-resol 704.55 4.559 4.44
o-resol 697.55 4.17 4.33

To check eq 2 as a predictor, we use the data on vapor
pressure and the critical properties mhlkanes presented in  Table 4. Values of Critical Pressures for Alkenes Obtained Using
the NIST Chemistry WebBook datab&sand in refs 10 and  Equation 7

11. The search of the desired parameter is based on the TJIK PJ/MPa PJ/MPa
numerical variation of the value of critical pressure using _ compound expt® exp’ calcd (eq 7)
MathCAD 2000 Professional. ethylene 282.5-0.5 5.06+ 0.05 4.94
As an example, Figure 1 represents the graph of eq 2 for propene 365.20.8 4.60+ 0.03 4.62
n-undecane, based on the vapor pressure data from ref 10. The i‘bU‘e“e 113-55 0.5 4.02+0.05 4-22
n-undecane’s critical temperatdtds 6.39 K. As.a result, we . 1:';2;;? 584& 8:2 ggii 8:83 2:12
haveP. = 25.85 bar. The corresponding experimental value is  1-heptene 537.32 0.4 2.924+ 0.04 2.83
P. = 19.8 bar. One can see that the last one is 25.5 % less than 1-octene 567.6: 0.8 2.68+ 0.08 2.58
the result of the calculation. Analogously, there is a large error ~ 1-nonene 594.6-1.0 2.28 2.38
for many liquids if one uses first approximation (eq 3). i:ggggggne %152'.% 3:8 iggi 8:; iéi
Let us consider the next approximation. Haggenmaéher
showed that the dependence expansion of eq 4, it is possible to get the expansion of eq 2
P \12 in terms of inverse reduced temperatures in the following
AZ= (1 - —;) 4 form:
TI’
dP, P AH P 1fP)?
is a good approximation for the reduced relative volume in a o T_zﬁ(l + i Z(T_S) + ) )
large interval of temperatures and pressures. Using the Taylor ' ro ¢ r r
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Table 5. Values of Critical Pressures for Alcohols Obtained Using B C
Equation 7 InP,=A- T + F (6)
r
TJK P/MPa P/MPa '
compound exp'el? expel? calcd (eq 7) hereA. B 4c
methanol 512.5 0.2 8.084+ 0.02 8.61 w Iere .y ar|1 are constants. 5 : ith
ethanol 5140 0.2 6.137+ 0.02 737 n a general case, we can represent eq 5 as an expansion wit
propanol 536.8- 0.3 5.169+ 0.02 6.34 the temperature-dependent coefficients. In using eq 3 as a
n-butanol 563.0: 0.3  4.41440.02 5.49 limiting case, we collect this dependence@n= C(AH, P,
n-ﬁentanclﬂ gfg-i g-g g-iig 8-83 ;‘-‘758 T,~1). But an empirical study of a large set of experimental data
n-nexano . . . . . : . : H :
r-heptanol 632605 30584 0.02 319 shows that th|_§ combmanon is a constant with a good exactness
n-octanol 652.5: 0.5 2,777+ 0.03 2.78 up to _the .crltllcal point. This allowed us to use eq 6 for.
n-nonanol 670.7 1 2.5284 0.05 2.46 approximation if the reduced temperature and pressure are varied
n-degam' | (;%é-?é i . gﬁ% 8-82 g-(l)g in a large range and to calculate the critical pressure.
n-undecano . . . . . H H H H — —
n-dodecanol 719.4 15 19941 0.05 186 The algorithm is the following. .S|ncBr(1.) =1, thenA =
n-tridecanol 732+ 7 1.79+ 0.05 1.70 B — C, and eq 6 takes the following form:
n-tetradecanol 743 7 1.67+ 0.05 1.56
n-pentaradecanol 75% 8 1.60+ 0.05 1.50 — I e N T4
n-hexadecanol 778 8 1.46+ 0.04 1.47 InP=InP,+B1-T )-C1-T7) @)
n-heptadecanol 78¢ 8 1.35+ 0.04 1.37
n-octadecanol 798-8 1.2840.04 1.33 Knowing the value ofT,, we fit the function InP(T,~1) using
n-nonadecanol 8088 1.15+0.03 119 the approximation (eq 7) from the set of experimental data in
Table 6. Values of Critical Pressures for Nitrogen Compounds the non-critical range. That gives us the values of the unknown
Obtained Using Equation 7 parameter8, C, and InP.. The logarithm of the last one is the
TJK P/MPa P/MPa desirable value. Fpr the_ example orundecane considered
compound expe expe calcd (eq 7) above. the calculation using eq 7 leads to the v&lue 19.54
. ; 0 .
pyridine 620.0L 04  5.65L0.02 565 bar, which has.a difference of 1.3 % from the experimental one.
4-methylpyridine 646.0-0.5 4.65+0.1 4.62 It can be pointed out that eq 3 does not allow us to describe
2,3-dimethylpyridine 655.3 0.3  4.10+0.05 4.44 the dependencE = f(T) everywhere over the range from 10
gyz-g!mEEEy:Pw!g!ne ggg-% 8-2 i-ggi 8-82 431'?1(5) mmHg toP, (see the typical error‘s curve in Figure 2, but this
,4-dimethylpyridine £ 0. . . . L . -
3.5-dimethylpyridine 667203  A405% 005 116 error tends to be minimal around the cr|t|gal pplnt. Theref.o.re,
benzenamine 705 2 563+ 0.05 5.66 expansion (eq 7) could be used for the estimation of the critical
2-methylbenzenamine THZ 3 4.7+0.1 5.08 pressure.
Table 7. Values of Critical Pressures for Halohydrocarbons Comparison with the Experiment

Obtained Using Equation 7

TJK P/MPa P/MPa Obliviously, the prognostic exactness of calculations for the

compound exp? exp? caled (eq 7) de;ired value depe'nds onh the physicfocherFicag.l'class}esh of
hiorobenzenc 63235 45101 450 su stanc(:jes. To ef]tlnllate the ra_r&ge of app |ca3 |f|ty of the
bromobenzene 670 4.401 498 proposed approach, let us consider using eq or various
fluoromethane 317.28 5.897 5.84 homologue series. The coefficients of Antoine equdtioare
dichloromethane 508 6.355 6.36 used as well as the data on the saturation preSs@eur results
perfluorobenzene 517 3.3 3.27
tetrachloromethane 556.5 4.5576 4.61 .
trifluoromethane 299.293  4.832 4.85 Conclusions
‘i'fl'ug_;?fgfég?hnaene gggi‘rﬁ 3'2%75 54-75% Table 8 presents the summary of the estimation’s error for
,L-dITiu . . . . . .
111, 2-tetrafluoroethane 37421 4.05928 410 the _co.nS|dered classes of !IC]UIdS. Ong can clearly see that the
1-chloro-1 1-difluoroethane  410.26 4.0700 4.07 deviation from the most reliable experimental data is not more
_ ' than 2 %. The only exception is aliphatic alcohols and nitrogen
Table 8. Correlating Accuracy by Equation 7 for 112 Compounds compound substances, which contain the hydrogen bonds.
Divided into Eight Classes For this reason, we can conclude that proposed methods using
A <e> deviations distributions eq 7 allow us to calculate the critical pressure for any nonpolar
compoundtype no. MPa % <1 1-2 2-3 3-4 4-5 >5 and weakly polar substances without the hydrogen bonds with
n-alkanes 20 007 13 11 5 1 2 0 1 the exactness comparable to an experimental error.
cyclic alkanes 29 004 11 11 14 3 1 0 0 ) )
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