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VISCOSITY OF

HIGHER HYDROCARBONS UNDER PRESSURE 719
TasLe VIIL. AS:= I/T[Afli—AFi] for six high-purity hydrocarbons.

Pres-
are PSU 25 PSU 110 PSU 111 PSU 113 PSU 19 SU 18
bars)  60°C  98.9°C 60°C  98.9°C 60°C  98.9°C 60°C  98.9°C 60°C  98.9°C 60°C  98.9°C

1 —1.62 —4.46 —-0.41 =3.19 +0.08 —=2.76 +1.68 —2.08 +3.70 —1.12 +0.35 —2.96
1030 —0.60 —4.29 +0.71 —=3.76 1.15 —1.62 4.33 —0.97 7.60 —1.20 2.93 —1.96
2070 +0.30 —3.27 +2.05 —2.84 3.03 —=0.51 4.50 +1.03 11.41 +3.78 6.19 +0.08
300 40.93 —1.65 +3.17 —0.97 5.65 +0.48 8.49 +3.41 14.70 +7.38 10.60 +3.01

values being associated with the more rigid molecules
the diphenyl PSU 18, the dicyclohexyl PSU 19, and
the tricyclopentyl PSU 113. The effect of this rigidity
ix greatly enhanced by higher pressures, as Table VIII
indicates.

The behavior of AS, for these compounds agrees in
seneral with the pattern indicated by Bondi3%® The
energy associated with TAS,, while not as great as
with AHy, is certainly not negligible compared with
A, and they increase together.t

The quantity AV,=RT{0InZ/dP)r is interpreted
in the Eyring theory as a volume characteristic of the
tow process. In the derivative Z is the kinematic
viscosity. This relationship is a consequence of the
definition of AFy as RT In(»V/Nk). Bondi® has
abscrved parallel relationships between AV./V and
(All,—AH,7) for a number of compounds. Since
AV, is found to be but a small fraction of the molecular
volume, ¥, he concludes that long chain molecules flow
scgment-wise. Of course, the mixture data of the present
paper and that cited earlier® {urnish more direct evi-
dence of segmental flow. The values of AV, were
caleulated for the compounds studied in this paper.
These values will not be reproduced here since all the
significant information follows from Table II and the
fact that (9 InZ/aP) r does not differ significantly from
(0 InZ/dP) r. The values of AV, decrease with in-
creasing pressure in all cases reported here as the
curves of InZ vs P are concave toward the pressure
axis. At any given pressure, AV, decreases when the
temperature of the isotherm is increased, for all pres-
sures above 200 bars. The values of AV . show, of
course, the same characteristic structural dependence
a5 do the original data in Table II. For example at
60°C, when the pressure is increased from 165 to
3000 bars, AV, decreases 249, for the diphenyl PSU
18, 329, for the tricyclopentyl PSU 113, 349, for the
dicyclohexyl PSU 19, and 419} for Lhe branched
parafin. PSU 23, Thc higher pressures enhance the
difierences in AV at all temperatures with PSU 19
naving the highest value and PSU 25 the smallest value.

It should be pointed out that the pressure coefficient
[(1/) (9n/aP) Jr might become an mcreasmg function
it higher pressures than those employed in this work

* Further studies of AS: data on more compounds and over a
wider range of temperature will be submitted for publication in
tic near future.

for others have found the Inp us £ becomes convex
toward the pressure axis in many cases when the
pressures are carried to 10 000 bars.”? The magnitude
of AV, varies from 109, to 16%, of the molar volume
at 165 bars and 37.8°C and from 39 to 99, at 3000
bars and 135°C. The largest values are associated with
the dicyclohexyl, PSU 19, and smallest values with
the monocyclopentyl, PSU 110, in each case.

As was previously stated no choice of the parameters
of the Eyring equation was found that reproduced the
data of this report quantitatively. An empirical equa-
tion was therefore sought that would do so. It seemed
reasonable to try to adapt the semiempirical equation

1=4 exp(B/RT) (7)

discussed previously, to the pressure data as this
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for PSU 25, 18, and 111 at 98.9°C.
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