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Viseosities of Vegetable Oils and Fatty Acids 
H. Noureddini', B.C. Teoh and L. Davis Clements 
Department of Chemical Engineering, University of Nebraska, Lincoln. Nebraska 68588.0126 

Data for viscosity as a function of temperature from 24 Please refer to the preceding paper in this issue (3) for 
to llO°C (75 to 230°F) have been measured for a number the fatty acid composition and source or manufacturer 
of vegetable oils (crambe, rapeseed, corn, soybean, milk- of each vegetable oil, and for the purity and the manufac- 
weed, coconut, lesquerella) and eight fatty acids in the turers of the fatty acids used in the experimental pro- 
range from Cg to CZZ The viscosity measurements were cedures. The information was provided by the 
performed according to ASTM test methods D 445 and manufacturers. 
D 446. Several correlations were fitted to the experimen- 
tal data. Correlation constants for the best fit  are pre- 
sented. The range of temperature in which the correla- 
tions are valid is from 24'C (75'F), or the melting point 
of the substance, to llO°C (230°F). The correlation con- 
stants are valuable for designing or evaluating such 
chemical process equipment as heat exchangers, reactors, 
distillation columns, mixing vessels and process piping. 

KEY WORDS: Fatty acids, vegetable oils, viscosity. 

Liquid viscosity is important in the design of process 
equipment for the fatty acid industry. For example, it  is 
an important parameter in estimat'mg efficiency of distilla- 
tion columns for separation of fatty acids. Liquid viscosity 
data are required in the design of heat transfer equipment. 
Process piping design and pressure drop determination 
also require viscosity data. Additionally, the viscosity of 
mixtures of fatty acids may be estimated fmm the viscos- 
ity of the individual fatty acid components. 

The data were measured in glass capillary kinematic 
viscometen. Kinematic viscosity was calculated from the 
measured flow time. Applicable correlations were applied 
to the observed kinematic viscosities. Final results are 
reported in terms of dynamic viscosities. Correlation con- 
stants, based on the experimental data, are also presented. 
These correlation constants can easily be incorporated 
into computer-aided-process-design programs. 

EXPERIMENTAL PROCEDURES 

The experimental procedures were performed with 
Cannon-Fenske (Fisher Scientific. Pittsburgh, PAI glass 
capillary kinematic viscometers in a constant-temperature 
hach. A Precision Scientific constant-temperature bath 
with a Micro-set Thermotegulator (Chicago, IL), in accord- 
ance with ASTM D 445 (l). was used in the procedures 
for viscosity determinations. This assembly maintains a 
temperatureuniformity of k0.0033"C (?.005"FI through- 
out the range of 20 to 130°C (68 to 266°F). which exceeds 
the ASTM D 445 (11 reauirements. Cannon-Fenske Ire- 
verse flow) viscometers, ~ S T M  D 446 (21, were used for 
the measurements of the kinematic viscosities. Fisher 
Scientific ASTM D 445 (1) thermometers with subdivi- 
sions of 0.056"C (0.1"F) were used for monitoring bath 
temperature %o viscosity tests were performed at  one 
time, with two different viscometers. The procedures in 
the ASTM standard test methods D 445 and D 446 (1,2) 
for viscosity determinations were followed. Variations in 
viscosity as a function of temperature were measured. 

*To whom correspondence should be addressed at  Department of 
Chemical Engineering, 236 Avery Laboratory, University of 
Nebraska-Lincoln, Lincoln, NE 68588-0126. 

RESULTS AND DISCUSSION 

Kinematic viscosities. v, expressed in centistokes. were 
calculated from the measured flow time, t, and instrument 
constant, c, by means of the following equation 

The values for c are provided by the viscometer manufac- 
turer. Instrument constants may also be evaluated from 
the standard liquids. The viscometer constants were cor- 
rected for effects of temperature when the filling temper- 
ature is substantially different fmm room temperature. 
Chmtions  for gravitational constant, surface tension and 
kinetic energy are insignificant. 

Dynamic viscosities, pL, expressed in centipoise, were 
calculated from the kinematic viscosities and the den- 
sities, Q, by means of the following equation 

Densities weremeasured at  the same time as the viscosi- 
ties. and are reported in the preceding paper in this issue 
(3). Final results for the dynamic viscosities for vegetable 
oils and fatty acids an tabulated in 'Ihbles 1 and 2, respec- 
tively. Available literature data (4,5) are presented for 
comparison. 

The difference between successive test results bv the ~- ~ 

s a m e a ~ ~ a r a t u s  under constant operating conditions on 
identic2-test material never exceeded 0.35% of their mean 
This is within the sensitivity limits imposed by ASTM 
test method D 445 (1). 

Viscosity-temperature correlations. Liquid viscosities 
are sensitive to temperature. T. For most liquids at  tem- 
peratures below the normal boiling point, the plot of In p 
us. l /T or in p us. In T is approximately linear. Therefore, 
most correlations are presentedin this form. The Andrade 
equation (6) may be the simplest two-constant tempera- 
ture-liquid viscosity function. 

I , ,  = &. -C 
B 111 '.. p L - I I 1 - 

T 
L-, 

Alternatively, this may be represented by 
B 

pL = AeT L41 

Equations 3 and 4 each require two data points. Perry (7) 
introduced a third constant for more accuracy. 

B 
l n p L = A + - - - - - -  

IT + C) 
151 

Other modified versions of Equation 3, which intro- 
duce one or more constants to improve the fit to the 
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