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Butadiene, isoprene

and chloroprene

Property data for three major diolefins

are presented in some detail
in this continuing series.

Carl L. Yaws, Lamar Unwersity*

[ Butadiene, isoprene and chloroprene have major
commercial applications. Butadiene is principally used
for production of SBR rubber (copolymer with styrene),
for cis-1,4-polybutadiene rubber (diene polymer) and for
oil-resistant rubbers such as buna N. It is also used in
plastics and resins. Almost all isoprene is polymerized to
cis-polyisoprene, trans-polyisoprene or butyl rubber.
Chloroprene goes mainly into making synthetic elas-
tomers such as neoprene. Smaller volumes of each of
these diolefins are used in synthesizing specialty prod-

ucts.

Critical Properties—Table 18-1
Critical-constant values for butadiene are provided
by experimental data [3,4,9,10,14,416,417,546.620,637,
639,640]. Critical-temperature data [£,620] are avail-
able for chloroprene.
Values for the remaining critical constants—isoprene

-(T,, P, V,) and chloroprene (£, V,)—were estimated by

e e

he Lydersen and Riedel methods (Eq. 16—1, 16—2
and 16—3.1 Estimated results and experimental data
compared favorably. Average deviations were 0.3 to
1.2% for butadiene, and 1.8% for chloroprene.

Heat of Vaporization—Fig. 18—1

Experimental data in the temperature region around
the boiling point, and Watson'’s correlation (Eq. 1—1),
were effectively used to cover the complete saturated
liquid phase for each diolefin.

Vapor Pressure—Fig. 18—2

Extensive vapor-pressure data for each diolefin were
extended with the Cox-Antoine relation (Eq. 1—2) to
achieve complete coverage of the saturated liquid
phase. Two straight lines fitted the data. The results
from the various investigators are in close agreement.

*To meet the author, see Chem. Eng., May 12, 1975, p. 97.

1 See Part 1 of this series for equations starting with a boldfaced numeral “17,
Part 2 for those with “27, etc. Table on p. 115 of Jan. 19, 1975, issue (Part 17)
lists publication dates of Parts 1 through 16.

Heat Capacity—Fig. 18—3, 18—4

Results for the heat capacity at constant pressure
(1 atm) of the ideal gas cover a wide temperature range
for butadiene and isoprene. Values are » -2’ Yle only in
the room-temperature range (0 and 100°C) for chloro-
prene. Results from the various literature sources agree,
with average variations being less than 0.3%.

Ideal-gas heat capacities for chloroprene beyond room-
temperature range were estimated with the group con-
tribution method of Rihani and Doraiswamy [/4]:

C,=a+ bT + (T? 4+ 4T3 (18—1)

where C, = ideal-gas heat capacity, cal/g mol °K;
T = temperature, °K; and 4, b, ¢, and 4 are functions of
the atomic groups (—CH,, =CH,, —ClI, etc.) that
make up the compound. Tabulated values of 4, b, ¢, and
d are given in Reid and Sherwood [/4].

Application of the method to the three diolefins pro-
duced general agreement of estimated and experimen-
tal values. Average deviations were 3.9% for butadiene,
2.3% for isoprene, and 15.9% for chloroprene. The devia-
tions were highest at low temperatures (4 to 18% in the
range of 0 to 300°C) and considerably lower at higher
temperatures (0.3 to 2% in 700 to 1,200°C). Thus, the
estimated ideal-gas heat capacities for chloroprene are
probably more accurate at the higher temperatures
than at the average room-temperature deviation,

Liquid heat-capacity data for each diolefin were ex-
tended with the saturated-liquid density extrapolation
relation (Eq. 1—3, n = 1). Predicted values deviated
only slightly from experimental results. Average devia-
tions: butadiene, 0.20%; isoprene, 0.16%; and chloro-
prene, 0.95%.

Density—Fig. 8—5
The Spencer and Danner correlation method (Eq.
15—1) was used to correlate and extend the saturated-
liquid density data for each diolefin. Correlation and
experimental values were extremely close—average de-
viations were only 0.20. 0.16.and 0.95% for butadiene,
isoprene and chloroprene, respectively.
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DIOLEFINS
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DIOLEFINS
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Surface Tension—Fig. 18—6

Surface tension values for each diolefin were esti-
mated with the Bird and Brock correlation (Eq. 16—4).
Unfortunately, experimental data are lacking for a
direct comparison with estimated results. However, the
estimated values did compare favorably with the tabula-
ted (also calculated) values of Dreisbach [3] for butadi-
ene and isoprene. Testing of the correlation with 84
different nonpolar organic chemicals produced an aver-
age deviation of 3% [/4].

Viscosity—Fig. 18—7, 18—8

The modified Stiel and Thodos correlation (Eq.
16—5a and 16—5b) was selected to extend the limited
experimental gas-viscosity data for butadiene. Testing
of the modified correlation with the experimental data
produced favorable results, with an average deviation

_ of 1%.

In the absence of experimental data for the remain-
ing diolefins, gas-viscosity values at atmospheric pres-
sure were estimated for isoprene and chloroprene with
the modified Stiel and Thodos correlation. The non-
polar form (Eq. 16—5a and 16—5b) was used for iso-
prene, and the polar form (Eq. 15—3) was used for
chloroprene.

The Guzman-Andrade equation (Eq. 1—6) was used
effectively to extrapolate liquid-viscosity data for each
diolefin and for complete coverage of the saturated-lig-
uid phase. The curve for chloroprene was approximated
by going through the single data point with the same
general slope as the other two olefins. Experimental and
predicted values agreed. Average deviations were less
than 2% for butadiene and isoprene.

Thermal Conduciiviiy—
Fig. 18—9, 18—10

Gas-phase thermal conductivity values at atmos-

~ pheric pressure were extended beyond the range of the

experimental data with the modified Misic and Thodos
correlation (Eq. 12—2a and 12—2b). Correlation val-
ues and experimental data were reasonably close. Aver-
age deviations: butadiene, 1.1%; isoprene, 5.6%; and
chloroprene, 19.2%. Greatest deviations resulted from
limited data.

Liquid-phase thermal conductivity values for iso-
prene were correlated and extended with the modified
Stiel and Thodos relation (Eq. 10—3). The relation
correlated the experimental data extremely well, with
an average deviation of only 2.4%.

Liquid thermal-conductivity values near the boiling

point for butadiene and chloroprene were estimated
with the Pachaiyappan and Naidvanathan method
(Eq. 16—7). These values were then extended with the
modified Stiel and Thodos relation (Eq. 10—3) to at-
tain complete coverage of the saturated-liquid phase.
Application of the estimation method to isoprene near
the boiling point produced only fair agreement of calcu-
lated and experimental values (16.5% deviation). Test-
ing of other estimation methods [/4] yielded even
higher deviations. The results for butadiene and chloro-
prene are intended to represent correct order-of-magni-
tude values.

Heat and Free Energy of Formation—
Fig. 18—11, 18—12 -
" The results of API-44 [#/7] and Stiel, Westrum and
Sinke [/5] were selected for heat and free energy of
formation of the ideal gas for butadiene and isoprene.
The agreement of these values and others from addi-
tional sources is very good; maximum respective devia-
tions are below 0.44 and 0.02 kcal /mol.
Heat-of-formation values for chloroprene were es-
timated with the modified Verma and Doraiswamy
method [/4], which is based on group contribution:

AH, =4 + BT (18—2)

where A H; = ideal-gas heat of formation, kcal/mol;
T = temperature, °K; and 4 and B are characteristic
constants based on .atomic groups (—CH,, =CH.,,
—Cl, etc.). Tabulated values of 4 and B are given in
Reid and Sherwood [/4].

Application of the modified method to butadiene and
1soprene yielded agreement of estimated and experimen-
tal values: average deviations were 0.3 and 1.6%. The
results for chloroprene are intended w tepresent correct
order-of-magnitude values, with possible greater devia-
tion.

The modified Van Krevelen method [/4], which is
based on atomic groups making up the compound, was
selected for estimating values of free energy of forma-
tion for chloroprene:

AF,=A + BT (18—3)

where A F; = ideal-gas free energy of formation, kcal/
mol; 7" = temperature, °K. The constants A and B are
evaluated from atomic group contributions: tabulated
values are given in Reid and Sherwood [/4].

Testing of the method with butadiene and isoprene
produced favorable agreement of estimated and experi-
mental values, with average deviations being 1.2 and
0.7%. The values for chloroprene may not be that accu-
rate; however, the results are intended to represent
correct order-of-magnitude values.
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