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ABSIRACT

The thermodynamic properties—entropy and sathalpy—of acetaldehyde have
been computed for the temperature range 293.32 to 800 °K ana for the pressure
vange 1.0 to 300atm. A temperature-entropy diagram based om the data is
presented.

The common thermodynamic properties of acetaldehyde are not available
in the literature. In the preseat study volume, entropy and enthalpy of
acetaldehyde (mol. wt, 44,052} have been computed for the saturated vapour,
saturated liquid and superheated gascous regions.

Compressibility data. Maass and Boomer® determined liquid density for ~
the temperature range 273.26 to 323,16 °K.  As no other data are available for
the gaseous region, the modified Martin and Hou® equation of state was used
for evaluating the PVT data in this reglon. The constants of this equatjon
were evaluated from the available vapour pressure data and the critical
constants.

Specific heat of superheated gas. The specific heat of acetaldehyce at
constant ptessure has beea determined by Smith® and Pitzer and Weltier®,
In the present study, the specific heat of real gaseous acetaldehydeit a
constant pressure of 1.18 atm, —the corresponding vapour pressure at 298.16°~L§1
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-—has been calculated uwsing the speulﬁc heat equaiion for ideal gas with the
Berhelot correstion 2.5313 (RTYET°; P. Tre constunts of ihe ideal g

squatica

= A+ BT+ T4 DT?

were svaluated by ﬂ'e method of least squares, using the smoothened data of
Pitzer »nd Weltner® for srecific heat of ideal gaseous acelaldebyde  Thus the
specific heat values nsed in the present s.udy foilow the relationslap

Co st paraas = 3.6028 #0034 7 — 1,092 x 107 77
—6.8617 % 1070 7% £ 0.8822 x 107 13

which fits the corrected data of Pitzer and Weltner® with an average devistion
of 0 14 percent,

Vapour Pressure. FEirk and Othmer’ reported vapour pressure data in
the temperaturs range 223.16 to 373.i8 °K. 1In the present study the
smoothensd values reported by Kirk and Gihmer® have bzen used and have
been fitted to an empirical equation,

tn B — &7, 194u9_43";f 10" | 07487 1o T—0.0113 T

with an averzge deviation of 1.63 per cent.

Latent heqt of vaporizetion. Kirk and Othmer® reported latent heat of
waporization 2t one temperature. In the present study, the latent heat of
cpe i was ealeulated from Clapeyron eguation using the vapour pressurs

equation reported above and the accepted values of saturated vapour and
liguid volumes.

Hormal boiling point and crirical constants. From the values reported
by various 4u£bors' % the following have been accepled for the present study:

WNormal boiling point - 293.32 °K
Critica} temperature - 454,66 “K

Critical pressure = G632 atm.

Fhom the correlation suggested by Kulkarni-Jatkar znd Laxminarayanas®

thie critical volume for acetaldehyde was calculated as 0.1555 litres/mole,

Specific volume of saturated liguid and vapour phase In ethbmam
Bxperimental liquid density for the tempcrdture range 273.26 to 323.16 K
has been reported by Maass and Boomer!. In the present study the satu-atcd
vapour volume was calculated using the modified Marlm—hou equauon The
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caleulated and reported values' were plotied and a smooth curve was drawn.
The smoothened values which follow 1he law of rectilinear diameier bave
been wsed in the present study.

Calrulation of thermodynamic jfunctions in the homogeneows region from
the PVT deta. Absolute entropy at 298.16 “K was caloulated by applying
the Berthelot correction to the idezl entropy reported by Pitzer and Weltoer®
Absolute enthalpy at 198.16 "K was calculated” from the ideal heat content
value® and heat of formation at 0 "K* after applying the Berthelot correction.
The values for entropy and enthzlpy at 298.16 “K and 1.18 atm., the vapour
pressure at 298.16 °K, thus obtained, 2re 63.04 cal/mole K and —34128.4
cal fmole, respectively.

The eniropy and eathalpy values of 1LI8 aim. isobar were calculated
following the same mathematical treatmeat as in the case of n-butans®,

The modified Martin and Hou eguation® is,

RT At B Crexp (= XTIV A+ BT+ Cexp (- KT[T)

Poaw o CRTORTEAS .
) * (Vi {7V by
A BT+ Cyerp. {— K TN
+ T R I
(V-5 {(V~b)
'The values of the constants are as follows:
& = 002971 K = 547§
Ay = —121152 By = 09441 x 1072 Cp = ~0.2410x 10°
Ay = 1.1995 By = —0.6395x 1077 C3 e 0.3351 % 10%
Ay s —0.0626 Bs w 0.3768 x 1077 Cs = 05062 % 107"

The entropy and epthalpy values for the saturated vapour and lquid,
calculated as in the case of n-octanc®, are given in Table L

Discussion. The thermodynamic properties of acetaldehyde computed for
the pressure range } to 300atm. and the temperature range 293,32 to 806 °K
are given in Tables § to 1¥#*, The temperature-entropy diagram is shown in
Fig. 1. As the Martin-Hou equation of state yields reliable PVT data in the
superheated and saturated vapour region for a number of substances and as
only vapour pressure data and critical properties are needed for evaluating the
coefficients of this equation, it was used in the present case for evaluation of
the PVT data with the assumption that the equation would hold good for
acelaldehyde also. A check by the usual methods shows the data in Tables 17,
Iil and IV to bs internally comnsistent.

*Complete tabular material can be obiaimed {rom the authoss
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&
F

2O,

amd Towgy, heat equatien consianis,

Ay s Ay Ba By, By, Cs, Co, G, b ownd K- Mun eguation of st
constanis,
554 Mdgel gasious sp Leal ol contini
[0 peciic heat at conyiant pressure,
>4 entha'py, cal.imole.
£ sTre o7
E critizul pressure, atm.
R gas constant, 0 082054 fitre, atm./mole 1.
5 sntropy, caljmels TK.
T temp., °K {Kelvin scale witk ice peint at 273.16 “K ).
I eritieal .0 L ol TR,
¥ volume, Htres/mole.
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