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ABSTRACT: The densities and viscosities of unhydrogenated 
and hydrogenated sunflowerseed oils have been determined at 
temperatures ranging from 25 to 50°C at 5°C intervals. The den- 
sities of these oils vary linearly with temperature. The values of 
the parameters for the density equation have been calculated. 
Smooth curves were obtained when the changes in viscosity 
with temperature were plotted in the form of In 1] vs. 1/1-. The 
energy of activation, the free energy of activation, and the en- 
tropy of activation have been calculated at 25°C, and they de- 
creased with the degree of unsaturation in the fatty acid chains 
of the sunflowerseed oil. 
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Because viscosity is an important physicochemical property, 
many investigators have determined the densities and viscosi- 
ties of the methyl esters of n-atkanoic acids (1-4). Liew et aL 

(5) determined the densities and viscosities of the methyl es- 
ters of hexanoic, heptanoic, octanoic, decanoic, and dode- 
canoic acids at temperatures from 10 to 80°C. The densities 
of these esters vary linearly with temperature. Smooth curves 
were obtained when the fluidities were plotted against molal 
volumes of esters. Kapseu et al. (6) have determined the vis- 
cosity of cottonseed oil to facilitate the fractionation of re- 
fined cottonseed oil. 

Hydrogenation of oils and fats is the largest single chemi- 
cal reaction in the fatty oil processing industry. Simply stated, 
hydrogenation is the addition of hydrogen to the ethylenic 
linkages or double bonds by reaction with hydrogen in the 
presence of a metal catalyst. Vegetable oils are mixed triglyc- 
erides of saturated fatty acids, such as myristic, palmitic, and 
stearic; and unsaturated fatty acids that contain one, two, 
three, or more unsaturated bonds in each fatty acid, such as 
oleic, linoleic, and linolenic. Because each double bond may 
be isomerized or hydrogenated at different rates, depending 
on its position or environment in the molecule, the hydro- 
genation reaction is quite complex (7,8). Another important 
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factor is that the position of a fatty acid on the glycerol deter- 
mines the physical properties of the molecule. 

Morrison and Robertson (9) have determined the viscosi- 
ties of heated hydrogenated and unhydrogenated sunflower- 
seed oils to show the effects of hydrogenation on the stability 
of the oils. 

In the present study, we have determined the densities and 
viscosities of unhydrogenated and hydrogenated sunflower- 
seed oils at temperatures from 25 to 50°C. Our study was 
aimed at demonstrating structural changes in unhydrogenated 
and hydrogenated oils. 

EXPERIMENTAL PROCEDURES 

The samples used in this work, refined and bleached unhy- 
drogenated and hydrogenated oils, were supplied by the 
Trakya Birlik (Thrace Union) Company (Edirne, Turkey). 

Hydrogenation was carried out under the following condi- 
tions: catalyst concentration, 0.02% as nickel; temperature, 
180°C; pressure, 2 atm H2; agitation, 450 rpm; and reaction 
time, 25 min. 

For analysis of the fatty acid composition, a Shimadzu GC 
6 AM Model gas chromatograph was used (Shimadzu, Kyoto, 
Japan). The type of gas chromatographic column was 2 m x 
1/4" x 2 mm glass, packed with 5% PEGA on chromosorb W 
60-80 mesh, and its conditions were: injector temperature, 
225°C; detector temperature, 225°C; column temperature, 
175°C; gas pressure, air, 1 kg cm-2; gas pressure, H 2, 3 kg 
cm-2; carrier gas pressure, 5 kg cm-2; and sample quantity, 1 
laL of 3% solution in hexane. 

Because the time of flow is high, the Ostwald procedure is 
not suitable for determination of the viscosity of highly or 
moderately viscous liquids at 25°C. For this purpose, the 
falling-ball viscometer (10), Haake Type B 3 Veb MLW 
(Medingen, Germany), was used. This consists in determin- 
ing the time necessary for a small ball of known density to 
fall through a fixed distance in a column of a reference liquid 
and in the liquid whose viscosity we wish to measure. A 
chrome-steel ball with a diameter of 7.5 mm was used for this 
purpose. Water can be used as a reference liquid (11). The vis- 
cometer was carefully cleaned, rinsed with distilled water and 
ethanol, and dried before it was filled with an oil sample. The 
error in the flow time was 0.01 s. 
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The formula used for the determination of viscosity was 
as follows: 

711 - dlt~ [1] 
172 d2t2 

where d is density and t is the falling time of the ball. If  sub- 
stance 2 is the reference liquid, water, w, we can use the fol- 
lowing equation: 

dt  

~lw dwt~ [2] 

Hence, it becomes: 

ilw dt  = kdt  [3] 
0 = dwtw 

where k is equal to q ~ l d w t  w. 

Density was determined with a 10-mL pycnometer, and 
the error of measurement was within +_0.0001 g mL -+. The io- 
dine values were determined by the Wijs method (12). 

RESULTS A N D  D I S C U S S I O N  

The fatty acid compositions of  unhydrogenated and hydro- 
genated sunflowerseed oil are shown in Table 1. The contents 
of myristic, palmitic, and stearic acids, which have no double 
bond, do not change appreciably, whereas the linoleic acid 
content is decreased from 63.9 to 9.7% by hydrogenation, and 
oleic acid is increased from 24.7 to 76.6%. Therefore, the 
presence of the unsaturated fatty acids (linoleic and oleic) in 
the oil proves that the hydrogenation was not completed 
(Table 1). As mentioned previously, each double bond may 
be isomerized or hydrogenated at different rates, depending 
on its position or environment in the molecule. 

The determined iodine value is decreased from 131.7 to 
82.4. Thus, unhydrogenated oil has more unsaturation than 
hydrogenated oil and is liquid, whereas hydrogenated oil is 
solid at room temperature.The densities and viscosities of un- 
hydrogenated and hydrogenated sunflowerseed oils are tabu- 
lated in Table 2. The accuracy of the density data was further 
evaluated by correlating them with temperature (K) by means 
of: 

d = k + I T (K) [41 

TABLE 1 
Fatty Acid Compositions (wt%) and Iodine Values of Unhydrogenated 
anti Hydrogenated Sunflowerseed Oils 

Fatty acid Unhydrogenated Hydrogenated 

Myristic (C++:o) 0.1 0.1 
Palmitic (C 16:0) 7.7 8.5 
Stearic (C+ 8:0) 3.6 5.1 
Oleic (C~8:1) 24.7 76.6 
Linoleic (C18:2) 63.9 9.7 

Iodine value 131.7 82.4 

TABLE 2 
Densities and Viscosities of Unhydrogenated and Hydrogenated 
Sunflowerseed Oils a 

U nhydrogenated Hydrogenated 
t(°C) T(K) d b qCx 10 -2 d b rlCx 10 -2 

25 298 0.9005 3.0781 0.9125 5.2844 
30 303 0.8865 2.4883 0.8996 3.8538 
35 308 0.8738 1.8434 0.8862 3.0652 
40 313 0.8612 t.4048 0.8705 2.2716 
45 318 0.8463 1.1020 0.8572 1.7681 
50 323 0.8335 0.8366 0.8423 1.3240 

at Is centigrade degree, Celsius, and T is absolute temperature, Kelvin de- 
gree. 
bDensity = d (g cm-3). 
CViscosity = ~ (poise = g cm -I sq). 

where T is the absolute temperature (K), and k and I are the 
parameters of  this equation (5). The values of  the densities 
for unhydrogenated and hydrogenated sunflowerseed oils 
change linearly with temperature (Fig. 1). The slopes and in- 
tercepts of the plotted straight lines in Figure 1 give the val- 
ues of t and k, respectively. The calculated values of k and l 
are 1.6977 and -2.6754 for unhydrogenated, and 1.7544 and 
-2.8223 for hydrogenated oil, respectively. Of the density pa- 
rameters, k increases, but I decreases as the density increases, 
indicating a structural change during hydrogenation. 

The energy of activation for viscous flow, E ~, presented by 
Glastone e t  al .  (13), is given by: 

E* = R d lnr/  
d (1 / T) [5] 
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FIG. 1, Density (d) as a function of temperature: O, unhydrogenated, 
and R, hydrogenated sunflower seed oil. 
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and 0.9005 g mL -1, respectively, at 25°C, the molar volume 
is calculated as 0.3098 Lmol -l. 
The activation free energies for unhydrogenated and hydro- 
genated sunftowerseed oils at 25°C have been found as 36.4 
and 37.7 kJ mo1-1, respectively. It can be seen from these val- 
ues that the activation free energy of oil increases as the un- 
saturation of oil decreases. According to the Eyring rate 
process approach to viscous flow (13), at equilibrium the po- 
tential barriers to movement are equal in all directions, but 
when a shearing force is imposed on a liquid, molecules mov- 
ing in the direction of shear will be given an extra energy in- 
crement, so that net movement is produced. The shearing 
force mentioned is thought to be created due to hydrogena- 
tion. 

The entropy of activation for viscous flow also may be cal- 
culated as: 

where R, rl, and Tare the gas constant, 8.314 J K -1 mo1-1, ab- 
solute viscosity, and absolute temperature, respectively. If In 
1] vs. l IT is plotted according to Equation 5, E*/R represents 
the slope. 

Figure 2 shows that the plot of In 1] vs. 1/T is linear for un- 
hydrogenated and hydrogenated sunflowerseed oils. The val- 
ues of the activation energy for unhydrogenated and hydro- 
genated sunflowerseed oils have been calculated as 42.2 and 
43.7 kJ, respectively. The activation energy of viscosity for 
unhydrogenated oil is less than for hydrogenated oil because 
unhydrogenated oil has more unsaturation with respect to hy- 
drogenated oil. This can be seen from iodine values. The io- 
dine value of unhydrogenated oil is higher than of hydro- 
genated oil (Table 1). 

The free energy of activation for the viscous flow, AG ¢, 
proposed by Tanaka et al. (14), can be represented by the fol- 
lowing equation: 

AG ~= R T In r/V 
hN [6] A S  ~ - _ _  [7] 

E ~ _ AG e 

_= 

where h is the Planck constant, 6.626 x 10 -34 Js, N is the Avo- 
gadro number, 6.022 x 1023 mol -l, and Vis the molar volume 
of the moving unit (0.3098 Lmol -I and 0.3067 Lmol -l for un- 
hydrogenated and hydrogenated sunflowerseed oils, respec- 
tively). The molar volume is the ratio of M/d, where M is mol- 
ecular weight and d is density. For the calculation of the molar 
volume, for example, if the molecular weight and the density 
of unhydrogenated sunflowerseed oil are 278.9891 g mo1-1 
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FIG. 2. The plot of In r I vs. 1/-1". ©, unhydrogenated, and E3, hydro- 
genated sunflower seed oil. 

By means of Equation 7, the activation entropies of unhy- 
drogenated and hydrogenated sunflowerseed oils at 25°C are 
19.5 J and 20.1 J K -1, respectively. The fact that the activa- 
tion entropy increases after hydrogenation confirms that each 
double bond in each fatty acid may be isomerized or hydro- 
genated during hydrogenation. 

The amount of structure in sunflowerseed oil will depend 
on both temperature and composition. Temperature will af- 
fect the structure through the amount of thermal movement. 
Composition alters structural characteristics by reason of 
hydrogenation. For both effects, the magnitude of the en- 
tropy change will be dependent on the amount of structure 
present. 

Finally, we conclude that density and viscosity of an oil 
increase by hydrogenation. Because a more viscous oil is ob- 
tained from hydrogenation, its fluidity decreases. The viscos- 
ity of hydrogenated oil is approximately two times that of the 
unhydrogenated at each temperature (Table 2). 
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