Physical Properties of Hydrocarbons
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7asT RISE of vinyl chloride from a minor chemical
o & ong-billlon pound per year giant in 20 years is oneg
zreat success stories of the chemical industry.
& much of the credit belongs to the excellent
of the polymer, no small crcdlt is also due to
ing drop in price of the monomer made pos-
22 steady improvement in- manufacturing tech-
Today acetylene has been la:gely replaced as the
2w material by ethylene. Continuing advances
crination know-how holds the promise of even
nomer costs in the future.

: somewhat dwarfed by vinyl chloride, vinyli-

yle

aver 4 ..Jihon pounds/year, with virtually all of it going

o < cleaning solvents. Tm,hlmOLthylonc'; output of

uillion pounds/year goes largely into

(,tal det*reas—

HAULRATY w use estimation methods ratlier.extcmwdw for
All four compounds. Unfortunately. . the highly feliable
naton methods developed for hydrocarbons gt‘ncmlly

i poor resnlts with these polar, highly chlorinated com-

suuds, Fven estimation methods  that give good Tesults

with the ehlorinated, methanes often give crratxc unrell-;
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Part 5—Chlorinated Methanes
Part 6—Chlorinated Ethylenes

) ririr: has carved out an important market for
saran polymers. Perchloroethylene pl‘odurtidn 18

able results here. This area represents fertile ground for
some improved estimation methods. Certainly some exten- .
sive physical property work on a one-billion pound per .
year chemical l:ke vmyl chloride would be very ‘worth-
while. i -

Vapor PresSiJre; Stull! presents data for all four com-
pounds up to the boiling point. Vinyl chloride vapor pres-
sure at high temperatures is presented in four other refer-
ences.>* %% Vapor pressure data above one atmosphere
are also available for vinylidene chloride,® trichloroethy-
lene, > % and perchloroethylene.®

Heat of Vaporization. Only limited data are avail-
able for both vinyl chloride!'® and vinylidene chloride.!*»**
Trichloroethylene™ 12 and perchloroethylene’ are covered

. over a fairly wide temperature range. The data have been
7 extenided to a widertemperature range by use of the Wat-

_son. equatl“n When compared with nine experimental
._.pomt,sa. the results obtained from this method

\showed @ maximum error of 2.9 percent and an average

crror of 1.0 percent

Héut Cﬂpqclty. Once again, the best source of vapor
w¢at capacity data is Kobe.?® For liquid heat capacity, only
}urchloror-thylene.“ 2 and trichloroethylene” have been

- covercd over: a wxde temperature range. The data for
‘vinyl chloride and vinylidene chloride are available only

at 252G and even. at this temperature, various sources do

: ’-._.not ‘agree. None of the present estimation methods seem
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Fig. 6-1—Gives vapor pressure over a range of —20° C to --240° G
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Fig. 6-2—Gives vapor pressure over a range of —90° C to -50° C.
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Fig. 6-3—Gives heat of vaporization over a range of —60° C to -+300° C.
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Fig. 6-4—Gives vapor heat capacity over a range of 0° C to 41,0000 C.
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Fig. 6-5—Gives liquid heat capacity over a range of —30° C to +-150° C.
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Fig. 6-6—Gives liquid density over a range of —60° C to +300° C.
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Fig. 6-7—Gives vapor viscosity over a range of —60° C to -+300° C.
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Fig. 6-8—Gives liquid viscosity over a range of —60° C to -+-300° C.
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Fig. 6-9—Gives surface tension over a range of —60° C to <+ 300° C.
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to give accurate results for highly chlorinated polar com-
pounds. The atomic-group additive method of Johnson
and Huang was used to determine the liquid heat ca-
pacity at 20° C for vinyl chloride and vinylidene chloride

This was cxtrapnht[-d over the temperature range by lim
equation

Cp w2s =bh
where
Cp = heat capacity
w = expansion factor (available from chart)
b = a constant for cach compound

This method will probably yield errors up to 25 percent
for polar compounds of this type.

Density. There are surprisingly little data in the litera-
ture on density outside the 10-30° C range for any of the
chlorinated ethylenes. Vinyl chloride is covered in a prod-
uct bulletin. McGovern™ is the only good source for tri-
chloroethylene and perchloroethylene. The data have been
extrapolated over the wide temperature range by the
method of Lyderson, Greenknorn and Hougen. The error
for 11 calculated points ranged from 1-3 percent when
compared with experimental values.

Viscosity. The only available data for vapor viscosity
in the literature are that of Zaloudik'* for vinyl chloride
and McGovern® for trichloroethylene and perchloroethy-
lene. The data have been supplemented by using the
method of Bromley and Wilke to estimate the vapor vis-
cosity over a wide temperature range. The maximum error
for 11 temperature points was 10 percent and averaged
4.1 percent.

The liquid viscosity for all four compounds is available
from a number of sources. Vinyl chloride*!? is available
up to 30° C. Vinylidene chloride data scatter rather
badly.**'%1% Trichloroethylene™'*'* and perchloroethy-
lene® " 1% 11 data appear to be quite reliable. The low and
high temperature values were obtained by plotting the
liquid viscosity against the reciprocal of the temperature.
As with the chlorinated methanes, this does not yield the
) expected straight line but still represents a good approxi-
mation.

Surface Tension. As with many of the liquid phase
properties of these compounds, surface tension has been
experimentally determined only over the narrow 0-40° G
range.»*® For vinylidene chloride, however, there were
no literature data and so its surface tension at 20° C was
calculated by the equation

i ([P1p Y
m

TABLE 6-1—Chlorinated Ethylenes

Boil- | Freez- Critical Properties
ing ing Molec-
Point | Point ular °C psia #/ml
: an:lpound °C °C Weight tc Pc de
Vinyl Chloride —13.4 | —153. 7 62.5 156.5 809 0.370
Vinylidene Chloride 31.7 | —122.5| 96.95 | 221 758 440
‘Trichloroethylene 86.7 | — 86.7] 1314 208 710 513
Perchloroethylene 121.1 | — 22.8] 165.8 340 650 573
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where

¢ = surface tension at 20° C
[P] = Parachor, estimated from the
molecular structure
= liquid density at 20°C
M = molecular weight

The anticipated error by this method is 3-5 percent.
The data for all four compounds were extrapolated over
a wide temperature range by Kharbanda’s nomograph of

1.2
Sl
Tl:_Ti

o — surface tension at temperature T
T, = critical temperature

where

The accuracy for this estimation method is very good,
averaging 1-2 percent error.

Thermal Conductivity. There are no experimental
data for either the vapor or liquid thermal conductivity
of vinyl chloride or vinylidene chloride. Mason'® has ex-
perimentally determined the liquid thermal conductivity
and his data appear to be more reliable than the earlier
reported data.”»® McGovern presents the vapor*thermal
conductivity of trichloroethylene and perchloroethylene
but the estimation method used is not very reliable. None
of the present estimation methods gave a reasonable tem-
perature-thermal conductivity trend for the vapor phase.
Hence, only the liquid thermal conductivity is presented
here, and then only for the experimentally determined tri-
chloroethylene and perchloroethylene since estimation
methods gave highly unreliable results for the liquid phase
also.
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Part 7 will appear in an early issue.
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