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Figure 3. Sessile drop of a PbCl,~KCI-NaCl mixture (4/3/3 molar ratio)
on graphite at 793 K under (1) argon atmosphere, (2 and 3) dry air.

interfacial tensions of salt mixtures on BN substrate.

Conclusions

1. The molten chloride mixtures studied under an argon
atmosphere formed contact angles less than 40° on substrates
made of polycrystalline alumina (Al,O5), quartz (SiO,), and In-
conel. The contact angle formed on ZrO, varied between 27

and 817, and the contact angle formed on BN varied between
73 and 130°.

2. Graphite and amorphous carbon substrates were the least
wetted and under an argon atmosphere the contact angles
varied between 90 and 150°.

3. The contact angles formed on graphite substrates did not
change when the argon atmosphere was replaced with chlorine
gas. However, when air or dry air was introduced, the contact
angle decreased rapidly and complete wetting was observed
after about 5 min. This effect was not observed when the
graphite substrate was replaced with BN.

Acknowledgment

We are grateful to Dr. J. E. Dutrizac for many helpful dis-
cussions.

Registry No. PbCl,, 7758-95-4; KCI, 7447-40-7; NaCl, 7647-14-5; LiCl,
7447-41-8; AlLO,, 1344-28-1; C, 7440-44-0; BN, 10043-11-5; ZrO,,
1314-23-4; quartz, 14808-60-7; Inconel, 12606-02-9; graphite, 7782-42-5.

Literature Cited

(1) Gutierrez, A.; Toguri, J. M. J. Chem. Eng. Data 1982, 27, 109.

(2) Fujisawa, T.; Utigard, T.; Toguri, J. M. Can. J. Chem. 1985, 63, 1132.

(3) Liu, G.; Utigard, T.; Toguri, J. M. J. Chem. Eng. Data 1986, 31, 342.

(4) Wong, M. M.; Haver, F. P. Symposium on Molten Salt Electrolysis in
Metal Production; Institute of Mining and Metallurgy: London, 1977.

(5) Skeatff, J. M.; Bale, C. W.; Pelton, A. D.; Thompson, W. T. “Selection
of Ternary Fused Chlorides for the Electrowinning of Lead and Zinc
based on Calculations of Thermodynamic Properties”; CANMET Re-
port 79-23, 1979.

(6) Abramov, G. A.; Zernyakov, V. S. J. App/. Chem. USSR 1950, 23,
1123.

(7) Utigard, T.; Toguri, J. M. Metall. Trans. B 1985, 168, 333.

Received for review November 8, 1985. Accepted May 8, 1986. This re-
search was carried out under contract and with the financial support of the
Canada Centre for Mineral and Energy Technology, Energy, Mines and Re-
sources, Contract No. 05SU.23440-1-9064, Supply and Services, Canada.

Physicochemical Properties of Mono- and Diisocyanates

Peter J. Achorn,* William G. Haseltine, and J. K. Miller

American Cyanamid Company, Chemical Research Division, Stamford, Connecticut 06904-0060

Liquid density, viscosity, specific heat, and vapor pressure
data are reported for a new class of mono- and
diisocyanates.

Introduction

Isocyanates are well established for use in the production
of foams, elastomers, coatings, adhesives, and fibers. A new
series of isocyanates, shown in Table I, is commercially
available. The materials are 1,3-bis(1-isocyanato-1-methyl-
ethyl)benzene [m-TMXDI]|, 1,4-bis(1-isocyanato-1-methyl-
ethyl)benzene [p-TMXDI], 1-1-isocyanato-1-methylethyl)}-3-(1-
methylethenyl)benzene [m-TMI], and 1-(1-isocyanato-1-
methylethyl)-4-( 1-methylethenyl)benzene [p-TMI]. Chemically
these compounds contain the isopropylidene (CH),C< group
which separates the isocyanate function from the aromatic ring.
In this paper we report physicochemical data for these com-
pounds.

0021-9568/86/1731-0385%$01.50/0

Experimental Section

Materials. All compounds are liquids at room temperature
except p-TMXDI which is a solid (mp 80 °C). Purity of the
compounds was not established rigorously. Estimation by gas
chromatographic analysis gave contents of the desired isomers
of 99%, 99%, 98%, and 91% for m-TMXDI, p-TMXDI,
m-TMI, and p-TMI, respectively. For isotenescope vapor
pressure measurements, materials were further purified by
freeze—pump-thaw cycles to remove volatiles. All materials
are American Cyanamid Research samples.

Liquid Density. A PAAR DMA-10 density meter (1) was
used to measure densities every 5 deg from 25 to 80 °C.
Temperature was regulated to £0.1 °C. No liquid densities
were determined for p-TMXDI as it is solid in this temperature
range.

Viscosity . Cannon-Fenske capillary viscometers were used
to measure kinematic viscosities from 25 to 180 °C. Flow
times were repeatable within 1% . Temperatures were accu-
rate to £2 °C. For p-TMXDI, viscosities were measured from

© 1986 American Chemical Society



386 Journal of Chemical and Engineering Data, Vol. 31, No. 4, 1986

Table I. Chemical Structures

abbreviation m-TMXDI p-TMXDI m-TMI p-TMI
formula NCO NCo NCO NCO
NCO ”
~N
NCO
chemical formula C,;H;4N,0, C,HN,0, C,;H;sNO C;3H i NO

1,3-bis(1-isocyanato-
1-methylethyl)benzene

chemical name

Table I1. Physicochemical Properties of m-TMXDI

1,4-bis(1-isocyanato-
1-methylethyl)benzene

1-(1-isocyanato-1-
methylethyl)-4-(1-
methylethenyl)benzene

1-(1-isocyanato-1-
methylethyl)-3-(1-
methylethenyl)benzene

Table IV. Physicochemical Properties of m-TMI®

property t, °C equation property t, °C equation
p, g/cm® 25-80 p = 1.0940 - 9.2 X 1074 p, g/cm?® 25-80 p =1.0269-8.7 x 1074
Vi, cm®/mol  25-80  V,, = 223.95 + 0.16122¢ + 4.3926 X 107%? Vi cm®/mol  25-80 V= 196.10 + 0.16102¢ + 1.9303 X 10742
1838 1419
, €St 25-180 1 = -4.480 + — — = — ==Y
n,C ny t + 9731 n, ¢St 25-180 1n p 3.813 + T 2731
1 1 ]2 [ 1 1 )2
IX10° | ——— - 3.6 X 10%| ——or— -~ —
6 [t + 273.1 380] 6 [t + 273.1 380]
Cp. J/(g °C) 60 1.9 C, J/(g°C) 60 19
160 2.0 160 2.1
p, Torr 25~153 log p = 8.914 - z—g%%%—l- ?See ref 5 for comparable density, molar volume, and viscosity

Table III. Physicochemical Properties of p-TMXDI

property t, °C equation
1943
— = -4, + —
7, cSt 80-180 In g 4.512 ¥ o731
1 1 1?
2.8 x 10° | ——rer - —
8 x 10 [t + 273.1 380]
C, d/(g°C) 60 1.7 (solid)
160 1.9
3866
p, Torr 100-155 log p = 9.8463 - ¥ o731

80 to 180 °C, that is, above its melting point.

Specific Heat. Specific heats were measured at 60 and 160
°C by using a Perkin-Elmer DSC2 differential scanning calo-
rimeter and the technique of O'Neil (2) with sapphire (3) as the
reference material. Accuracy of the measurements was es-
timated by determining the specific heat of dodecane.

Vapor Pressure. A number of techniques was used to
measure vapor pressures. Reduced pressure boiling points
were measured by differential thermal analysis above 105 °C.
Isotenescope (4) measurements were made for m- and p-
TMXDI above 90 °C. Gas chromatographic head-space
analysis was used at room temperature. No measurements
were made for m-TMI.

Resuits

Tables II-V summarize our results. Density data are fitted
by regression analysis to an equation linear in temperature.
Molar volumes determined from densities are fitted to a quad-
ratic equation. Estimated error, based on the precision of the
PAAR DMA-10 ingtrument as reported by the manufacturer, is
+0.001 g cm™3,

Kinematic viscosity data show pronounced curvature with
temperature. However, the quadratic equation models the data
within £2%.

Measured specific heats for dodecane are within £3% of
literature values (6). We believe our isocyanate values are of
equal accuracy.

Vapor pressures are fitted to the equation

logp = A-B/(t+ 273.1)

Because we included the data from all three experimental

data from 10 to 60 °C; also a boiling point of 84 °C at 1 Torr is
reported.

Table V. Physicochemical Properties of p-TMI

property t, °C equation
p, g/cm® 25-80 p = 1.0363 — 8.4 X 1074
Vs cms/mol 25-80 Vi = 194.59 + 0.14089¢ + 2.9517 X 1074¢?
1605
t 5~ =-4.150 + ———
1, ¢S 25-180 In n 50 T+ 2731
1 1 }?
2.2 X 10| ——— - —
[t + 273.1 380]
C, d/(g°C) 60 1.8
160 1.9
3570
p, Torr 25-190 log p = 9.643 - Tt o731

techniques, each with its own experimental uncertainty, statis-
tical treatment of the data is not justified. Eighty-five percent
of our experimental data fit the indicated equations within
£15% or £0.1 Torr, whichever is greater.
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Glossary

specific heat, J g' °C™!
liquid density, g cm™2
kinematic viscosity, ¢St
temperature, °C
pressure, Torr

T 3 ‘ohq

Conversion

1calg’ °C' =418 J g °CT
1gem? = 10% kg m?
1¢cSt =10 m? s
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1,4-bis(1-isocyanato-1-methylethyl)benzene, 2778-41-8; 1-(1-isocyanato-
1-methylethyl)-3- 1-methylethenyl)benzene, 2094-99-7; 1-(1-isocyanato-1-
methylethyl)-4-( 1-methylethenyi)benzene, 2889-58-9.
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Vapor-Liquid Equilibria of the System Trimethyl Borate

(1)-n-Cyclohexane (2)

M. Vicky Kraher, Charles A. Plank,* and Walden L. S. Laukhut
Department of Chemical Engineering, University of Louisville, Louisville, Kentucky 40292

Vapor=liquid equllibria for the binary system trimethy!
borate (1)-n-cyclohexane (2) have been measured at
101.325 kPa. The data have been checked for
thermodynamic consistency and aiso correlated by the
Wilson equations.

Isobaric vapor-liquid equilibrium data for the system trimethyl
borate (1)-n-cyclohexane (2) were measured at 101.325 kPa
£ 0.3 (760 £ 2 mmHg) in an Altsheler circulation-type still.
Details of the Altsheler still can be found in the reference by
Hala et al. (7). The still contained two thermocouples, one
submerged in the boiling liquid and one in the vapor space
directly above the boiling liquid. The two thermocouples were
calibrated; however, they did not always give the same value
during still operation. Maximum variation was £0.3 K. When
variations occurred, the liquid temperature was reported.
Temperatures are believed to be accurate to 0.1 K.

Materials Used

The trimethyl borate was manufactured by the Aldrich
Chemical Co. and was received with a nominal purity of 99%.
This purity was not sufficient, so the chemical was further pu-
rified by simple distillation. The n-cyclohexane was manufac-
tured by Burdick & Jackson and was received with a purity of
99.9%. The purity was acceptable and the n-cyclohexane was
used as received. Properties of these materials compared with
literature values are shown in Table I.

Methods of Analysis

A Bausch & Lomb precision refractometer along with a
carefully prepared calibration curve was used to determine
composition of the liquid phase and the vapor phase. The
refractometer used a sodium D-line as the light source and
provided a precision of £0.000 03 RI units. The prism in the
refractometer was maintained at a temperature of 298.15
0.1 K.

Discussion of Results

The experimental results are shown in Table I and Figure
1. Data show that the system exhibits positive deviations from
Raouit's law and does not possess an azeotrope. The activity

0021-9568/86/1731-0387$01.50/0

Table 1. Physical Properties of the Pure Components

Trimethyl Borate
boiling point, K

lit. 341.85 (2)
measd 341.62
refractive index (temp, K)
lit. 1.35422 (300.15) (3)

1.35503 (298.15) (3)

1.3550 (298.15) (4)

1.35517 (298.15) (5)
measd 1.35441 (298.15)

n-Cyclohexane
boiling point, K

lit. 353.87 (6)
353.85 (7)
measd 353.88
refractive index (temp, K)
lit. 1.4262 (293.15) (6)
1.4266 (293.15) (7)
measd 1.4275 (298.15)

1.4264 (293.15)

Vapor Pressure Equations
trimethyl borate (8)
In P° = 13.1756 ~ 1357.14/(T - 134.33)
n-cyclohexane (9)
In P° = 15.7527 - 2766.63 /(T ~ 50.50)

coefficients range between 1.000 and the estimated infinitely
dilute values of v, = 1.563 and ~,” = 1.408. All of the
activity coefficients except for the infinite dilution values were
calculated by the equation

v, =y /®Bx P°

where

1 L -
d = ¢, exp[ﬁ_‘j";° Vv, d7r]/¢;

and is the ratio of the fugacity coefficient of the pure compo-
nent at its vapor pressure to the component in the vapor mix-
ture at the total pressure multiplied by the exponential term
called the Poynting correction. Fugacity coefficients were
calculated by using the Redlich and Kwong equation of state.
Values of ® ranged from 0.98 to 1.02.

The data were subjected to a thermodynamic consistency
test as suggested by Fredenslund et al. (70). In this procedure
the excess Gibbs function is expressed as a Legendre polyno-
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