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TABLE I 

Best Crystallizations of Indian  Beef Tallow Fatty Acids from Aqueous Ethanols at Various Temperatures 
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Temp., 
~ 

10 ..................................................... 
6 ..................................................... 

--5 ..................................................... 

--12.5 ..................................................... 

Ethanol conen., 
% wt. 

7O 
75 
8O 

~80 
~85 
/ 8 5  
~90 

S/A 
ratio 

2.5 a 
4a 

5 

10 
5 

Precipitated acids P 

% LV. % unsatd, acids 
present, O1. 

~ 1  1 - ~ - - . 5  j 9.1 
65.8 / 11.9 I 7.8 
65.8 / lo.4 / 6.8 
70.3 [ 10.9 I 7.6 
67.9 / lO.5 I 7.0 
69.7 11.0 7.6 
68.7 10.3 7.0 

Soluble acids S 

% I.V. % satd. acids 
present, St. 

~ 1  7--~C-.~ [ 9.2 
34.2 j 85.9 I 5.2 
34.2 85.2 / 5.5 
29.7 / 95.1 J 1.8 
32.1 t 88.6 / 4.0 
30.3 93.5 / 2.3 
31.3 88.5 4.0 

a External solvent needed for filtration. 

as an entity. There is a wider graphical  spread of 
the descending lines at higher temperatures .  Hence 
the lowering of solubility of the precipi ta ted acids is 
more marked at higher tempera tures  and for  s t ronger  
ethanols as the S / A  rat io increases. Solubilities of 
sa turated acids are affected more s t rongly by aqueous 
dilution than  those of unsa tura ted  acids. As ethanol 
is diluted, higher S / A  ratios are necessary to obtain 
discrete filterable crystals. 

Opt imum separat ions are judged by a max imum 
yield of precipi ta ted acids of minimum I.V. and a 
concurrent  max imum of soluble acids of max imum 
I.V. In  practice, the sum of unsa tura ted  acids in the 
precipi tate  and sa tura ted  acids in the solubles, i.e., 
O1. + St., should be a minimum. F rom Table I the 
separat ion at - 5 ~  with 80% ethanol and S / A  ratio 
5 is very similar to tha t  at -12 .5~  with 85% ethanol 
and S / A  rat io 10. The possibility of fil tration diffi- 
culties in the first set of conditions would make the 
second the opt imum conditions of choice. 

Assessment. Ethanol  crystall ization can yield f rom 
Ind ian  tallows products  similar in pu r i t y  (but  vary-  
ing in relative proport ions)  f rom those obtained f rom 
American tallows by the Emersol  process, using 90% 
methanol, - ] 2 ~  and an S / A  ratio of 4, viz., pre- 
cipitated acids of I.V. 7-15 and soluble acids of I.V. 
ca. 104. The higher solubility of f a t ty  acids in ethanol 
necessitates the use of a more dilute solvent. The 
higher total  sa tura ted  acid content of Ind ian  tallows 
requires a higher S / A  rat io and yields soluble acids 
lower in I.V. by ca. 10 units. The t empera tu re  of 
crystall ization is the same in both systems. Toxic 
hazards involved in the use of methanol are eliminated 
with ethanol. 

Practical Considerations. The actual  choice of com- 
mercial conditions will, of course, be governed by 
economic considerations, for  which pilot-plant  work 
is necessary. Since the crystallization is single-stage, 

i t  is adaptable  to continuous operation. Aqueous 
ethanol corrodes steel equipmeHt, and metallic con- 
taminat ion discolors f a t t y  acids by salt formation,  
hence stainless steel equipment  would be necessary. 
Es ter  format ion dur ing  ethanol removal can be over- 
come by proper  equipment  design. Ind ian  tallow, 
lacking a parent  meat-packing industry,  is not yet  an 
industr ial  commodity. Until  it is, imported tallows 
will have to be used. Al te rna te ly  the controlled 
hydrogenat ion of suitable vegetable oils to yield 
mainly  palmitic-stearic-oleic mixtures  can be con- 
sidered. Such work is in progress. 

Summary 
Crystallization of Ind ian  beef tallow f a t t y  acids 

(total sa tura ted  acid content 64.3% by wt.) f rom six 
dilutions of ethanol (95 to 70%) at five tempera tures  
(20 ~ to --12.5~ and at six solvent/acid ratios (2.5 
to 20) was systematical ly studied. Opt imum condi- 
tions of choice would use 85% ethanol at  - ] 2 . 5 ~  at 
a solvent/acid ratio to 10 to give 69.7% precipi ta ted 
acids, I.V. 1].0, and 30.3% soluble acids, I.V. 93.5. 
Other conditions of a similar  order are possible. The 
comparat ively  sa tura ted  character  of Ind ian  beef tal- 
lows and the use of ethanol cause a depar ture  f rom 
the Emersol  process operat ing conditions using meth- 
anol, which is designed for  Amer ican  tallows. Con- 
siderations bearing on large-scale applicat ion are 
discussed. 
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Epoxidized Jojoba Oil as a Stabilizer for Vinyl Chloride 
Containing Plastics 
SARA P. FORE, FRANK C. MAGNE, and W. G. BICKFORD, Southern Regional Research Laboratory, 1 
New Orleans, Louisiana 

~ OJOBA (Simmondsia chinensis) may become of eco- 
nomic significance as a crop for the southwestern 
area of the United States. The seed of the plant  

contains about  50% of an oil having potential  indus- 
tr ial  importance.  Jo joba  oil can serve not only as a 

1 One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U. S. Depart- 
ment of Agriculture. 

direct replacement for  sperm whale oil but  also as a 
raw mater ial  for  chemical modification. Sulfur izat ion 
of the oil produces a superior  high pressure lubri- 
cant additive, and the hard  wax obtained on hydro-  
genation of the oil can serve well in polishing wax 
formulat ions (1). 

Jo joba  oil is unusual  among vegetable oils in that  
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it repor tedly  contains no glycerides and is essentially 
a liquid wax composed pr incipal ly  of eicoseno], 13- 
doeosenol, docosenoic acid, and ll-eicosenoie acid 
(2, 3). The double bonds of eieosenol and docosenoic 
acid are thought  to be located in the 11 and 13 posi- 
tions, respectively (4). Since jojoba oil contains 
monounsatura t iou  in both its acid and alcohol moi- 
eties, epoxidation of the oil would result  in the for- 
mation of a unique prodnct.  Epoxides of unsa tura ted  
glycerides and of simple f a t t y  acid esters are cur- 
rent ly  being employed as plasticizers and stabilizers 
for vinyl  chloride containing plastics. Recently at ten- 
tion has been directed to the stabilizer propert ies  of 
epoxidized synthetic polyol esters (5). Epoxidized 
jojoba oil has been in tercompared with these three 
classes of mater ia ls  and found to be an effective 
stabilizer. 

]~xperimental 
M A T E R I A L S  

Epoxidized Butyl Oleate. This mater ial  (I.V., 30.4), 
which was of commercial origin, had an oxirane oxy- 
gen content of 4.0%. 

Epoxidized Soybean Oil. The product  (I.V., 4.8) 
was obtained f rom a commercial source and had an 
oxirant  oxygen content of 5.9%. 

Epoxidized Ethylene Glycol Dioleate. A toluene 
solution containing oleic acid (2.2 moles), ethylene 
o']ycol (1.0 mole), and para-toluene sulfonie acid 
(0.025 mole) was refluxed unti l  the theoretical amount  
of water  had been evolved. The recovered acid-free 
diester (I.V., 82.1) was epoxidized with a 10% ex- 
cess of perbenzoic acid solution at 5~ The recovered 
reaction product  (I.V., 0.2) contained 4.7% oxirane 
oxygen. 

Epoxidized Jojoba Oil. A sample of jojoba oil 
(I.V., 83.4; S. E., 90.0) containing 1.0 equivalent of 
ethylenic bond was dissolved in chloroform (1 g.: 
5 ml.) and mainta ined at 20~ dur ing the dropwise 
addition of peraeetic acid (1.1 mole) in acetic acid 
solution (2 g.:3 g.). The epoxidized oil (I.V., 5.0; 
m.r., 44-50~ isolated in the usual manner,  con- 
tained 4.1% of oxirane oxygen (calculated max imum 
5.0%).  

Stabilizer Screening. Two basic formulat ions were 
employed in the screening of these epoxides for  their  
stabilizing characteristics with vinyl  chloride-vinyl 
acetate copolymer. In  one, 30 par ts  of plasticizer and 
5 par t s  of the epoxide were utilized while, in the 
second, an amount  of epoxide equivalent to 5 par t s  
of a 5% oxirane-containing mater ial  was employed. 
The plasticizer was adjusted so that  the total  of 
epoxide stabilizer and plasticizer would be 35 parts .  
These will hereaf ter  be refer red  to as formulat ions I 
and II .  Both tricresyl phosphate (TCP)  and di-2- 
ethylhexyl phthala te  (DOP)  were used as the pri-  
m a r y  plactieizers in formulat ion I. In  formulat ion 
I I ,  only TCP was employed as a p r imary  plasticizer 
because its greater  sensit ivity to thermal  and ul t ra-  
violet exposure would offer the more critical test  of 
the relative stabilizing effectiveness of the epoxides. 
The over-all formulat ion used was: 

Resin (Vinyli te  2 e VYDR)  ............................... 63.5 
Plasticizer or plasticizer-stabilizer 

combination ............................................ : ..... 35.0% 
Stearic acid ................................... ............. ...... 0.5% 
Basic lead carbonate ...................................... :. 1.0% 

All formulat ions were milled and molded at  310~ 

The ultraviolet  stabilization characteristics were de- 
termined on 20 rail sheets in accordance with A.S.T.M. 
test D822-46T. 

Relative heat  stabilities were determined by ob- 
serving color changes in the 20 mil sheets, as meas- 
ured  on a " H u n t e r  Mult ipurpose Reflectometer,"2 
using the amber  45 ~ 0 ~ directional reflectance, at 
intervals dur ing a 2-hr. exposure to a tempera ture  
of 176~176 in a forced draf t  oven. 

The detailed procedure  followed in other test oper- 
ations as well as the prepara t ion  of the test specimens 
has been described previously (6). 

Resul t s  and Discuss ion 

A pre l iminary  investigation had shown that  nei ther  
the epoxides of jojoba oil nor epoxidized glycol di- 
oleate were usable as p r i m a r y  plastieizers because of 
their  poor compat ib i l i ty  characteristics with vinyl  
copolymer. They are however adequately compatible 
at concentrations of 5% in combination with such 
p r i m a r y  plasticizers as DOP or TCP. When employed 
at this level ( formula t ion  I ) ,  the epoxide of jojoba 
oil has no adverse effects on the physical character-  
istics of the DOP or TCP  plasticized stock. In  fact, 
as can be seen f rom Table I, incorporat ion of 5% 
epoxidized jojoba oil with TCP results in an impro-ve- 

I t  is n o t  t h e  policy of the Depar tment  to recommend the products  
of one company over those of any  others engaged in the s~me business. 
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FIG. 1. Reflectance values of DOP formulations I containing 
5 parts of (O) epoxidized jojoba oil, ( e )  epoxidized glycol 
dioleate, ([-7)butyl epoxystearate, (E) epoxidized soybean oil, 
(• control vs. exposure to 350~ 
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it repor tedly  contains no glycerides and is essentially 
a liquid wax composed pr incipal ly  of eicoseno], 13- 
doeosenol, docosenoic acid, and ll-eicosenoie acid 
(2, 3). The double bonds of eieosenol and docosenoic 
acid are thought  to be located in the 11 and 13 posi- 
tions, respectively (4). Since jojoba oil contains 
monounsatura t iou  in both its acid and alcohol moi- 
eties, epoxidation of the oil would result  in the for- 
mation of a unique prodnct.  Epoxides of unsa tura ted  
glycerides and of simple f a t t y  acid esters are cur- 
rent ly  being employed as plasticizers and stabilizers 
for vinyl  chloride containing plastics. Recently at ten- 
tion has been directed to the stabilizer propert ies  of 
epoxidized synthetic polyol esters (5). Epoxidized 
jojoba oil has been in tercompared with these three 
classes of mater ia ls  and found to be an effective 
stabilizer. 

]~xperimental 
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Epoxidized Butyl Oleate. This mater ial  (I.V., 30.4), 
which was of commercial origin, had an oxirane oxy- 
gen content of 4.0%. 

Epoxidized Soybean Oil. The product  (I.V., 4.8) 
was obtained f rom a commercial source and had an 
oxirant  oxygen content of 5.9%. 

Epoxidized Ethylene Glycol Dioleate. A toluene 
solution containing oleic acid (2.2 moles), ethylene 
o']ycol (1.0 mole), and para-toluene sulfonie acid 
(0.025 mole) was refluxed unti l  the theoretical amount  
of water  had been evolved. The recovered acid-free 
diester (I.V., 82.1) was epoxidized with a 10% ex- 
cess of perbenzoic acid solution at 5~ The recovered 
reaction product  (I.V., 0.2) contained 4.7% oxirane 
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tained 4.1% of oxirane oxygen (calculated max imum 
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of a 5% oxirane-containing mater ial  was employed. 
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and II .  Both tricresyl phosphate (TCP)  and di-2- 
ethylhexyl phthala te  (DOP)  were used as the pri-  
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because its greater  sensit ivity to thermal  and ul t ra-  
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the relative stabilizing effectiveness of the epoxides. 
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ured  on a " H u n t e r  Mult ipurpose Reflectometer,"2 
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has been described previously (6). 
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A pre l iminary  investigation had shown that  nei ther  
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oleate were usable as p r i m a r y  plastieizers because of 
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at concentrations of 5% in combination with such 
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epoxidized jojoba oil is at least comparable and, in 
some instances, superior to other epoxides as a ther- 
mal or ultraviolet  stabilizer and that  it can be satis- 
factori ly employed in DOP or TCP plasticized vinyl 
copolymer stock without adversely affecting other 
physical characteristics. 

Summary 

Epoxidized jojoba oil has been evaluated as a light 
and heat stabilizer for  vinyl  chloride containing plas- 
tics and its properties, intercompared with those of 
other epoxides representative of three major  classes 
of oxirane stabilizers. The results obtained show that  
epoxidized jojoba oil is a satisfactory thermal  and 
ultraviolet stabilizer for  both TCP and DOP plasti- 
cized stocks and has no adverse effects on the plasti- 
cizer properties of these materials. In general, epoxi- 

dized jojoba oil was found  to be equivalent to or, in 
some instances, superior to the other epoxides tested. 
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Laboratory Deodorizer with a Vaporization 
Efficiency of Unity 
D. SZABO SARKADI, Unilever Research Laboratory, Vlaardingen, The Netherlands 

v 
APORIZATION effieiencies in plant  deodorizers have 
been determined by Bailey (1),  using f a t ty  acids 
as model volatile substances. Bailey ful ly  real- 

ized that  the efficiency values so obtained were rela- 
tive in nature  and could be regarded as absolute only 
in the event that  a given vegetable o i l / fa t ty  acid 
systen4 behaved ideally in accordance with Raou]t 's  
Law. Such behavior in practical  systems is however 
unusua l  

Recent investigations (]a)  carried out by the pres- 
ent author have established that, as a result of molec- 
ular association, the peanut  oil/stearic acid system 
does, in fact, show a significant positive deviation 
from theory. The experimentally obtained vapor 
pressure data have enabled the absolute vaporization 
efficiency value to be determined and have formed the 
basis of investigations to establish the conditions nec- 
essary for achieving a vaporization efficiency of unity.  
Laboratory  experiments relevant to this la t ter  prob- 
lem and a laboratory deodorizer having a vaporiza- 
tion efficiency of uni ty  are described in this article. 

Determination of Vaporization Efficiency 
Vaporization efficiency can be determined by dis- 

solving a model volatile substance of known vapor- 
pressure in a refined oil and by steaming the solution 
with a specific amount of steam at specific pressure 
and temperature.  

Provided that  the solution behaves in accordance 
with Raoult ' s  Law, vaporization efficiency values can 
be calculated by means of Bailey 's  equation, viz.. 

PO V1 
E = ~ In V2 

in which S = moles steam ; 0 = moles oil ; P = absolute 
pressure ; P~ -- vapor pressure of the pure volatile sub- 
stance and V~ and V2 = initial and final concentra- 
tions of the volatile substance in the oil, respectively. 
When "non- idea l"  solutions are involved, activities 
have to be used ~n lieu of concentrations. Should the 
difference between initial and final concentrations be 
small, the activity coefficient (A) applicable to the 

average concentration may be used. The formula is 
then: 

PO V1 
E - -  - -  l n - -  

SI~.A V2 

A fa t ty  acid/vegetable oil system shows significant 
positive deviation f rom theory. The aetivity eoeffi- 
eients of solutions of stearic acid in peanut oil at 
180~ are shown in Figure  1. I t  will be seen that, 
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at  high acid concentrations, the deviations are small, 
but  at low concentrations they are considerable. For  
the pure acid at 180~ a vapor pressure of 0.80 ram. 
Hg. was found, which is in agreement with other 
recent measurements (2). 

Although theoretically any concentration of acid 
is convenient for  the determination of vaporization 
efficiency, the above equation is applicable only to 
low (not higher than  1-2% stearic acid) concentra- 
tions because in deriving the formula, it was assumed 
that  the number of moles of volatile substance is 
negligible in comparison with the number of moles 
of oil. Moreover, at higher concentrations, fa t ty  acids 
catalyze the hydrolysis of tr iglycerides and thereby 
interfere  with the measurement. Investigation has 
shown that, with low fa t ty  acid concentrations (1-  


