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TABLE V I I  

Elementary Composition of Sitosterol a n d  I t s  Derivative 
From Filbert Oils 

Barcelona 
sitost, eroP ................ 

])u Chilly 
sitosteroP ................ 

Barcelona 
acetyl sitosterol 2 ..... 

I)u Chilly 
acetyl silos,ere : ..... 

(Chloro 
form So 
lution) 

- - 2 5 . 6  ~ 

--35.2 ~ 

- - c  

Melting n 
Point 

~ Theory You d 

I :t6-8 r/~: % 83.87 

135-7 [ 83.87 83.95 
i I 

118 81.25 81.27 

116-118 81.25 I 81.45 

H 

Theory Found 

% % 
11.99 1'2.25 

l l . 99  12.09 

11.29 11.32 

1 1 . 2 9  1 1 . 3 5  

Calculated as C~tt~eO. 
2 Calculated as Cz~ltlsO._,. 

Discussion 
In  comparing the results obtained in this labora- 

tory with those f rom the studies of Ber t r am (3) and 
Schuette and Chang (11), Barcelona and Du Chilly 
filberts arc shown to contain slightly more oil than  the 
E u r o p e a n  varieties. Other values except the iodine 
absorption value agree quite well with those Euro-  
pean varieties repor ted  in the l i terature.  There are 
some variat ions in percentage of f a t t y  acids in Euro-  
pean oils as compared to those of Barcehma and I )u  
Chilly filberts. Araehidie acid and C~o-2,_, monoethen- 
old acids were found for  the first t ime in Barcelona 
and Du Chilly filbert oils. 

Bertram, in the separat ion of solid acids by  the 
Twitchell method (3), reported that  the solid acids 
had high iodine value and gave no explanation for  
this a b n o r m a l  behavior.  Similar  results were ob- 
served in this s tudy on both Barcelona and Du Chilly 
filbert oils. Fract ional  distillation of methyl  esters 
of both f a t ty  acids fract ions revealed that  this ab- 
normal  behavior  p robab ly  was due to a high content 
of C.,o monoethcnoid acid. No a t t empt  has been made 
to isolate and ident i fy  this acid. 

The oils obtained by  extract ion gave a darker  color 
and  more free f a t t y  acids than those obtained by  
cold expression. The amount  of crude carotene in tlle 
samples obtained by  these two different methods has 
shown no significant differenccs. I t  is then presuma- 
ble tha t  the darker  color in extracted oil is due to 
other coloring matters .  

The sitosterol of both oils possessed propert ies  sinli- 
lar  to those obtained f rom other vegetable oils. 

Summary 
Barcehma and Du Chilly filbert nuts  have been 

analyzed for  their  pr incipal  constituents.  The char- 
actcristics of the oils obtained by  solvent extraction 
and by  cold expression have been determined and 
their  f a t t y  acid composition has been a s c e r t a i n e d .  
Most of the chemical and physical  characterist ics of 
the oils as determined in this l abora to ry  agree well 
with values previously repor ted by  other investiga- 
tors on European  varieties. I lowevcr,  our s tudy of 
the oil co,nponents shows a consi(lerable difference in 
f a t t y  acid comllosition. 
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The Stability of Sodium Stearate Gels' 
TODD M. DOSCHER and ROBERT D. VOLD, Department of Chemistry, University of 
Southern Califamia, Las Angeles, Calif. 

O NE of the methods used to estimate the s tabi l i ty  
of lubr ica t ing  greases is a determinat ion of the 
rate  of expression and total quant i ty  of syncr- 

etic fluid. Most proper ly  fornmla ted  greases undergo 
syneresis quite slowly, hence various accelerated tests 
have been devised in an a t t empt  to d e t e r m i n e  the 
synercsis within a few minutes to a day (4, 5). The 
present  paper  repor ts  the results of pressure s tabi l i ty  
experiments  on systems containing less tt)an 40% so- 
dium stearatc and less than 10% water, under taken 
with the hope tha t  some correlation could be found 
between phase behavior  (1, 2) and the abil i ty of the 
gel to retain liquid. 

Materials and Apparatus 
The sodium stearate and cetane used in this s tudy 

have been previously described (1, 7). The syneresis 
press is shown in F igure  1. A synopsis of the tcch- 

I T  his paper was presented in par t  before /he Division of Colloid 
C h e m i s t r y  a t  the 1101h meeting of the American Chemical Society in 
Chicago, Ill., in 1946. 

nique of operat ion follows. 2 The sample for  the syn- 
eresis press consisted of a sandwich of the " m o l d e d "  
soap gel between two mats  of filter paper.  Each mat  
contained seven to ten sheets of filter pape r  and was 
weighed to a tenth of a mill igram. Between weighing 
the first and second mat,  the sample of the soap gel 
was put  on top of the first and weighed. This sand- 
wi th  was t r ans fe r red  to the base of the press, and 
the top was bolted on. The press was then placed in 
a c o n s t a n t  t empera tu re  ba th  ( ~  0.2~ Fif teen 
minutes,  which had been shown to be sufficient, were 
allowed to elapse in order to obtain t empera tu re  equi- 
l ibrium, and then the valve was tu rned  so as to lower 
the p lunger  onto the sample. Ordinar i ly  a five-pound 
p lunger  was used al though a few exper iments  were 
carr ied out at  higher pressures. Af te r  the elapse of 
a measured  time interval,  the p lunger  was raised, the 
press removed f rom the bath, cooled, and dismantled. 
The cake was readily and cleanly removed f rom the 

Complete details of t h e  procedure are given by T. M. Doscher, Doc- 
toral Dissertation, University of Southern California, 1946. 
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VALVE STEM ASSEMBLY 

~]-~SWlVE L J O I N T  

AIR VENT - 1/32" 

F . ~ I  ~ 6  - 1 1 4 "  B O L T S  

~ " O I L - T I T E "  G A S K E T  

7 pt FIG. 1. Synercsis  press. Diameter  of (dmmbt,r, l r/.u ; height  
of chamber,  6:y,"; weight  of plunger,  5 lb.;  -all par t s  of brass ;  
plunger  makes sl iding fit in chamber.  

mats of filter pallet with the aid of a spatula. The 
top and bottom mats were weighed separately, the 
gain in weight representi]lg liquid loss of the soap gel. 
This quant i ty  divided by the initial weight of the gel 
saml)le is reporh, d as the percentage loss. ()eeasion- 
ally the cake was also weighed to obtain an overall 
weight balance. 

The soap samples were prepared in the following 
manner :  The powdered soap was dried at 105~ 
weighed into a constricted 19-ram. i.d. pyrex tube, 
and eetane, previously dried over calcium chloride, 
was added with a long capillary to give a total sys- 
tem of about 10 grams. _After evacuation the lower 
part  of the tube was immersed in a dry ice-acetone 
mixture and the tube sealed under vacuum. Since 
two grams of soap in a typical unsealed sample tube 
without cetane increased in weight 0.07% in fNe min- 
utes. and only 0.14% after an hour, it seems reaso,- 
able to assmne that the presumed anhydrous syst(~ms 
contained about 0.1% water. 

The samples were, ~hen heated to a ten]perature 
above their melting point (1), allowed to cool slowly 
in the oven to about 1()()~ with constant agitation, 
and then quenched in ice water. Only in this ]nan- 
ner could reproducible results be obtained. Most of 
the molded soap gel samples for use in the press were 
formed in a washer (4) although samples containing 
m o r e  t h a n  30% soap were sufficiently rigid to be 

sawed or cut from the cylinder of the gel formed in 
the glass tube upon cooling. 

Usually systems were studied immediately on reach- 
ing room temperature after  quenching. Where this 
was not possible, they were stored at 0 ~ to 5~ to 
prevent undue liquid loss due to spontaneous syner- 
esis. That this procedure was effective was indicated 
by the unchanged melting point after storage. 

In most cases Whatman No. 3 filter paper  was used 
for the mats. Substitution of the fine No. 42 paper 
caused a decrease in liquid loss of about 10%. I t  was 
foun(] necessary to control the weight of the samples 
for the press to within a tenth of a gram in order 
to obtain reproducible values for the percentage of 
syneresis, the usual weight being 1.2 • 0.1 gram. The 
overall precision of the method amounted to • 0.5 
absolute per cent when working with systems con- 
taining '~0% or more of soap. The precision fell off 
gradually as the soap concentration was lowered; at 
3% soap it was only • 4.0%. 

Results 
Sodium Slearale-Cetane Gels: Due to rapid spon- 

taneous syneresis anhydrous systems containing less 
than 20% sodium stearatc eouht not be run in the 
press with any p r e c i s i o n .  The results on systems 
containing 30% and 44% sodium stearate are sum- 
marized in Figures 2, 3, and 4. 

Sodium Stearate- Cetane-Water Gels: The results 
for these systems are summarized in Figure  5. Table 
l contains data on the appearance, tendency toward 
spontaneous syneresis, rate (If loss of liquid, and soap 
c o n t e n t  of the residual cake for 2()(~ soaI)-('etane- 
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Fro. 3. Liquid loss and residual soap content  of 30% -tnd 
,llv/o sodium s teara tc-cetane gels at  25~ 
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water  gcls. The behavior of the other compositions 
studied is quali tat ively s i m i l a r .  Exper iments  were 
conducted on systems containing as little as 2.5% soap 
but, as pointed out previously, the precision at this 
low concentration of soap is only of the order of mag- 
nitude of ___ 5%. 

Discuss ion  
Before discussing the experimental  r e s u l t s ,  it is 

valuable to consider the significance of these meas- 
urements.  The data permit  estimation of the total 
quant i ty  of liquid expressed at a given pressure and 
of the rate of expression. Fa r r ing ton  and t tumphr ies  
have shown (4) tha t  in some cases the initial rate 
of liquid loss of commercial greases can be related 
to storage instabili ty,  i.e., spontaneous loss of liquid 
f rom greases that  have been stored six months. I t  is 
possible tha t  the total amount  expressed nmy be re- 
late(] to the amount  of liquid lost under  pressure in 
an operat ing bearing.  

The nature  of the expression of fluid f rom soap 
gels can be expected to depend upon the following 
factors : 

Free Liquid: Fluid  that  is mechanical ly inter- 
spersed or held in the pores and c h a n n e l s  of the 
gel s t ructure  may  be considered to come under  this 
designation. The total amount  of liquid expressed is 
controlled by tile difference between the pore capaci ty 
of the initial gel s t ructure  and the gel s t ruc ture  pro- 
duced by compression. The free tluid will be exuded 
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FIG. 4. l A q u i d  loss  of  4 4 %  s o d i u m  s t e a r a t e - c e t a n e  g e l s  a f t e r  
24 h o u r s  a t  v a r i o u s  t e m p e r a t u r e s .  
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in proport ion to the collapse of the gel structure with 
consequent decrease in pore capacity. The quanti ty 
of liquid expressed would be expected to vary  with 
temperature to the extent that  such variation causes 
phase changes or differences in the structure of the 
compressed gel at the surface of the filter paper mats. o.o* 

The rate of expression of free liquid is controlled 0.9 
chiefly by viscosity of the liquid itself and therefore 
increases with increasing temperature. In  addition, 
as the cake is compressed, it offers greater resistance ~.~ 
to fluid flow with a resultant decrease in the rate of 
expression. 3.s 

Adsorbed Liquid. Liquid that  is held by the soap 
m o l e e u l e s  as a result of van der Waal ' s  forees is 47 
designated as adsorbed liquid. Only in so far  as an 
increase in temperature or pressure results in desolv- 
ation will the adsorbed liquid contribute to the total ~2 
loss of liquid. 

Water-free Systems- Below 80~ the curves of per 
cent liquid loss vs. time are similar to those which 17.5 
have been obtained with commercial greases (4). In- 
creasing temperature appears to affect only the vis- 
cosity, the rate of loss of liquid increasing with no 
significant change in the total amount expressed. I t  
is interesting to observe that  both the 30% and 44% 
soap systems yielded residues (compressed gels) of ap- 
proximately the same soap content (50 • 1%) after  
ten hours. This final composition is not to be con- 
strued as a phase boundary  but is probably that of 
the equilibrium gel s t r u c t u r e  produced under the 
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Fie. 5. Effect of water on the liquid loss of sodium stearate- 
octane gels after 30 minutes at 25~ 

T A B L E  I 

Character is t ics  of Soap-Cetano-Water  Gels a t  2 5 ~  

% Appearance  a t  25~ % Soap in the 
pressed cake 

Water  (Af te r  homogenizat ion)  30'  120'  
I Liqu id  Loss After  

10 '  30'  120'  

31.8 35.5 L iqu id  separates,  solid has 
a paste-l ike consistency. 

T r a c e  of syneresis,  solid 
has dul ler  appearance,  
unct ious .  

No synercsis,  dull  appear- 
ance, has  grease-like 
consistency. 

As above, even more grease- 
, like, bu t  softer 

Large a m o u n t  of free liq- 
nid. Solid separates as 
globular ,  lus t rous  
part icles.  

Pree l iquid,  bu t  ('.an be 
quenched to homogeneous 
solid. I s  not  lustrous,  and 
less tendency to form 
globular  part icles.  

No syneresis,  bard,  cake- 
like appearance.  

.... 16.1 .... 

9.6 15.3 22.7 

13.0 21.0 22.6 

.... 34.0 38.0 

.... 7.5 11.1 

44.1 46.5 

40.0 .... 

34.1 37.4 

',l 8 .0  39.9 

45.4 48.4 

:12.,t 33.7 

* The soap content  in all cases was 30 weight  per  cent  on the basis 
of total system. 

t This system was not  sufficiently homogeneous, even on quenching,  
to obtain a homogeneous sample. 

conditions of the experiment. An increase in pres- 
sure (two and one-half times the pressure used for 
the reported results) resulted in all increase in the 
amount of expressed fluid of both the 30% and 44% 
systems so that the final (tomposition of the pressed 
gels was raised to 61 • 1%. I t  is po.~sib]e that, by 
continuing to raise the pressure,  phase boundaries 
might be reached, but this was not attempted. 

Above 80~ the effect of temperature is to in- 
crease the total quantity of liquid expressed without 
affecting the initial rate. This behavior is indicative 
of the fact that the final gel structure is being con- 
tinuously altered by the increase in temperature or 
that more liquid is "f reed"  by desolvation. The 
phase behavior of this system is such that there is a 
transition at about 80~ from crystalline soap to a 
wax-type soap (1). Taking into consideration the 
structure proposed for this wax-type soap (2), the 
transition would lead to the possibility of closer pack- 
ing of the soap aggregates nnder pressure; in other 
words, a greater collapse of the gel structure. It  is 
noteworthy that the amount of liquid exuded in five 
or ten minutes above 80~ is ahnost equal to the 
total final amount below 80~ This again indicates 
a more readily collapsible gel structure. 

At :]14 ~ to 116~ a further pllase change occurs 
with tile formation of non-aqueous middle soap (1). 
Under these conditions the entire gel, both soap and 
oil, is completely absorbed within the filter paper in 
less than 10 minutes. This is in accord with the rot- 
cellar structure prev ious ly  proposed (2) for this 
phase. 

Hydrous Systems: In all cases studied the effect of 
adding water is first to cause a decrease in the rate at 
which liquid is expressed and then an increase upon 
further addition of the water. With still more water 
the nature of the system changes again (cf. Table I), 
and in some cases the amount of liquid lost actually 
decreases again. It  is difficult to make comparisons 
in the rates of liquid loss of most of these systems 
because of the relatively rapid rate of spontaneous 
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CETANE WATER 
)~m. 6. T e n t a . t i v e  p h a s e  d i a g r a m  f o r  t h e  s y s t e m :  S o d i u m  s t e a r a t e - c c t a n e  w a t e r  a t  1 5 0 ~  

syneresis a t  the lower soap concentrations which were 
of chief interest.  

The sensitive dependence of syncretic behavior  on 
water  content may reflect either a difference in the 
particle size or degree of aggregat ion of the gel, or 
the presence of metastable  phases " f r o z e n  i n "  on 
cooling f rom the higher tempera tures  where they are 
the stable form. At  equil ibrium at  room tempera ture  
these systems consist of a mixture  of crystalline soap 
phases and dilute solutions of oil or water  (3, 6, 8). 
At  higher t e m p e r a t u r e s ,  however, ra ther  complex 
phase behavior  is encountered as shown in F igure  6, 
which presents a tentat ive phase d iagram for  sodium 
stearate-cetane water  at 150~ Which s t ructures  are 
actual ly realized at room tempera tures  depends on 
both the conditions dur ing cooling and on the com- 
position of the system. :~licroscopic observations (3) 
show tha t  anhydrous  systems of sodium stearate and 
cetane cooled f rom 150~ revert  rap id ly  to crystal-  
line soap which separates  f rom the liquid whereas the 
addit ion of water  results in persistence of the liquid 
crystall ine appearance  for  long periods of time at 
room temperature .  I t  is not yet  known, h o w e v e r ,  
whether  the phase actually present  at room temper-  
ature is really liquid crystalline or merely crystals  

showing pseudomorphism with tilt liquid c r y s t a l  
st rueture.  

In  any  case addition of water  appa ren t ly  stabilizes 
a s t ructure,  either (.rystalline or liquid crystall ine or 
a mixture  of both, ill which-the octane is more s tably 
dispersed. The opacity of the water-containing sys- 
tems as compared with tile t ransulency of the water- 
free systems is fu r the r  evidence that  some type of 
aggregation has been induced by  the water.  I t  seems 
likely tha t  the abi l i ty of water  to fo rm complexes or 
aggregates in this system may  well be related to its 
abi l i ty to fo rm hydrogen or hydroxyl  bridges with 
other polar  groups. 
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