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T I I E  pr incipal  long-chain  alcohols tha t  may  be 
obtained f rom tallow or other inedible animal 
fa ts  by  sodium reduction (6, 8) or by  catalytic 

h y d r o g e n o l y s i s  (13, 14) are hexadecyl alcohol, oc- 
tadecyl alcohol, and oleyl and other octadecenyl 
alcohols.. Elaidyl  alcohol may  be present  in tallow 
alcohols, f rom e l a ida t e s  na tura l ly  present  (21), or 
f rom elaidates formed in a pre l iminary  step of  selec- 
tive par t ia l  hydrogenat ion (5, 17, 22), which might  
be per formed to reduce the amount  of polyunsatu-  
rated compounds. Whether  or not elaidyl alcohol may 
be present  in any substantial  amount,  it is of inter- 
est to compare the sulfation of oleyl alcohol with the 
sulfation of elaidyl alcohol. I t  is possible the tra~s 
double bond might be less susceptible to reaction with 
the sulfat ing agent. 

This paper  is concerned with sulfation methods for 
hexadecyl, oetadecyl, oleyl and elaidyl alcohols, and 
a composite tallow alcohol, also with a comparison of 
the surface active and detergent  propert ies  of the 
result ing sodium salts of the sulfated alcohols. 

The sulfates of the tallow alcohols are good deter- 
gents and surface-active agents, but  their  use has 
been somewhat limited, apparen t ly  because of the 
low solubility of sodium octadecyl sulfate a t  room 
tempera ture  [<0 .02% at  25 ° (7) ] .  The presence of 
one double bond in a chain of 18 carbon atoms how- 
ever markedly  improves solubil i ty;  sodium oleyl and 
sodium elaidyl sulfates readily form 10% solutions 
at room temperature .  I t  seems desirable to select 
methods which will produce a maximum of the more 
soluble sulfated alcohols with a minimum of reaction 
at the double bond d u r i n g  reduction or sulfation. 

The sulfation of the sa tura ted  p r i m a ry  alcohols is 
a fa i r ly  s t ra ight - forward reaction. Sodium dodecyl, 
t e t r a d e c y l ,  hexadecy], and oetadecyl sulfates were 
prepared,  as described previously (19), by  sulfation 
of the purified alcohols dissolved in chloroform, with 
chlorosulfonic acid. 

The sulfation of unsa tura ted  p r i m a r y  alcohols is 
however complicated by tile ease with which the com- 
mon s u l f a t i n g  a g e n t s  will cause reactions to take 
place at the double bond. A number  of special sul- 
fa t ing  agents would appea r  to be suitable for  the 
sulfation of unsa tura ted  alcohols (1, 2, 3, 9, 10, 11, 
12, 18). Products  f rom the use of modifications of 
the usual sulfating" agents are now compared to re- 
late the extent of reactions a t  the double bond with 
the effect on surface active and detergent  properties.  

Pure Sodium Oleyl Sulfate and 
Sodium Elaidyl Sulfate 

The prepara t ion  of substant ia l ly  pure  sodium oleyl 
sulfate has been described (19). Sodium elaidyl sul- 

1 Presented at the annual meeting of the American Oil Chemists' 
Society, in San Anto,nio, Tex., April 12-14, 1954. 

fate was p repared  in a similar manner  by  sulfation 
of elaidyl alcohol with pyridine • sul fur  trioxide. The 
details follow. 

Elaidyl Alcohol. A commercial  oleyl alcohol of 
69% oleyl alcohol content was isomerized with selen- 
ium in 1 hr. at  220-225 ° and purified in a method 
similar  to tha t  described by  Swern, Jordan,  and 
Knight  (20). Elaidyl  alcohol m.p.  34.6-35.6 ° was 
obtained in a yield of 16% based on the oleyl alcohol 
content of the commercial alcohol. The iodine num- 
ber  was 94.0 (calculated for  C1~H360, 94.5). 

Sodium Elaidyl Sulfate. The method was similar 
to that  used for  sodium oleyl sulfate (19) except that  
it was. necessary to warm the reactants  above the 
melt ing point of elaidyl alcohol to s tar t  the reaction. 
A 93% yield of a slightly impure  cream-colored prod- 
uct containing 6.44% sodium was obtained. Fu r the r  
purification by  decolorizing a solution in methanol, 
and cooling to 5 °, gave sodium elaidyl sulfate in a 
yield of 5'9%. AnalysisY Calculated for  C~sHa~Na04S: 
58.34% C, 9.52% H, 6.21% Na, 8.65% S, iodine no. 
68.5; found, 57.94% C, 9.71% H, 6.20% Na, 8.77% 
S, iodine no. 68.6. 

Special Sulfation Methods for Oleyl and 
Elaidyl Alcohols 

Pyridine • sulfur  trioxide has been found to be an 
excellent sulfat ing agent  for  the labora tory  prepara-  
tion of sodium oleyl sulfate (19), and for sodium 
elaidyl sulfate as. well. I t  was now of interest to use 
less expensive agents in methods which might  suffi- 
ciently minimize the extent of reactions involving the 
double bond. Six sulfating" agents were compared:  
p y r i d i n e ,  su l fur  trioxide (19) ;  sulfamie acid (12) ;  
dioxane • su l fur  trioxide (10) ; eh lo rosu l fon i c  acid 
plus sodium chloride (18) ; ehlorosulfonie acid • urea  
(3) ; and sulfuric acid- urea  (2).  Exper iments  on di- 
rect sulfatiotl  with ehl.orosulfonic acid, su l fur  trioxide, 
and concentrated sulfuric acid were also performed.  

On completion of the reaction in each ease, n-bu- 
tanol was added and the mixture  was neutralized 
with 18 N aqueous, sodium hydroxide.  The n-butanol 
layer was separated,  dried azeotropically, and filtered 
hot to remove inorganic salts. The product  was crys- 
tallized f rom n-butanol at 5 °. Pu r i ty  was estimated 
f rom the iodine number,  due correction being made 
for  small amounts  of saturated alcohols present  in the 
oleyl alcohol. The yield and pu r i ty  are shown in Ta- 
ble I, and the methods, other than the use of pyri-  
dine • sul fur  trioxide, are now briefly described. 

Sulfam~c Acid. A solution of 0.30 mole of sulfamie 
acid and 0.23 mole of oleyl alcohol in 200 ml. of di- 
methyl formamide  was st i rred for  two hours at 60 °. 
The mixture  was neutralized with aqueous sodium 

~Mieroanalyses for C, It, and S performed by 2¢I. J. By th row.  
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Sulfat ing agent 

Pyridine • SO~ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NI-I~SOsH .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dioxane • SOs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CISOsH -{- NaCI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C I S 0 8 H  • CO ( N H s ) e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H2SO,  • CO (NHs)2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SO3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CIS08H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Yield ,  
% 

54 
61 
63 
42 
93 
58 
52 
20 

Sulfation of Oleyl Alcohol 

P u r i t y ,  F o a m  
% height, 

nlln. b 

96 226  
93 198  
90 2 2 4  
66 2 0 9  
87 217  
54 213  
.... a 73 
.... a 0 

Sinking 
t ime 

0 . 1 % ,  25 °, 
seconds 

19 
17 
19 
21 
19 
30 

179  
48 

Yield,  
% 

59 

74 
45 
75 

Sulfation of Elaidyl Alcohol 

Purity,  F o a m  
% h ~ g h t ,  

mm.b 

100  202  

94 209  
73 210  
91 2 2 4  

Sinking 
t ime 

0 . 1 % ,  25 °, 
seconds 

2O 

30 
26 
21 

a L o w  iodine  n u m b e r s  indicated extensive reaction involving the. double bond.  
bImmediate  values, 0.1'% solutions in hard water  of 100 p .p .m,  a t  60 ° . T h e r e  was  no fa l l  in  foam height when measured after 5 min-  

utes,  except  fur  the reaction product from SO~. 

hydroxide, d imethylformamide was pa r t l y  recovered 
by  distillation at reduced pressure, and the product  
was crystallized f rom an n-butanol extract  as a pale 
yellow solid. 

Dioxane • S u l f u r  Tr ioxide  (10). Liquid sul fur  tri-  
oxide, 0.15 mole, was slowly added, with mechanical 
agitation, to 0.23 mole of dioxane in 200 ml. of carbon 
tetrachloride;  0.13 mole of elaidyl alcohol was then 
added, and the mixture  was heated one hour at 60% 
The cooled mixture  was neutralized, and the product  
was crystallized f rom an n-butanol extract  as a light 
cream-colored solid. 

Chlorosulfon~c A c i d  Plus  Sod ium Chloride (18). 
C h l o r o s u l f o n i c  acid, 0.13 mole, added slowly with 
cooling and s t i r r ing to 0.25 mole of sodium chloride, 
gave a white paste of the complex with evolution of 
hydrogen chloride. The paste was  slowly added with 
st irr ing to 0.10 mole of elaidyl alcohol. At  the end 
of the reaction the mixture  was neutralized, and the 
product  was recovered f rom the n-butanol  extract. 

Chlorosulfonic A c i d .  Urea (3) .  Chlorosulfonie acid, 
0.133 mole, was slowly added to a s lur ry  of 0.185 mole 
of urea in 200 ml. of chloroform. The reaction was 
exothermic, and a clear solution was obtained. Oleyl 
alcohol, 0.115 mole, was added, the mix ture  was re- 
fluxed for  one hour, cooled, and neutralized. A white 
product  was recovered f rom the n-butanol  extract. 

Su l fur ic  Ac id  • Urea (2). Urea, 0.100 mole was dis- 
solved in 0.306 mole of 100% sulfuric acid. The solu- 
tion was cooled, and 0.112 mole of oleyl alcohol was 
slowly added, keeping the tempera ture  below 40 ° . At  
the end of the reaction the mixture  was poured on 
cracked ice and neutralized with sodium hydroxide. 
The product  was recovered f rom an n-butanol  extract. 

Direct Sulfation 

Exper iments  with chlorosulfonic acid under  the con- 
ditions used in the sulfation of the sa tura ted  alcohols, 
with sulfur  trioxide dissolved in sulfur  dioxide at 
- -10 °, and with concentrated sulfuric acid a t  5-10 ° 
gave dark  products  with inferior surface-active and 
detergent  properties.  The reactions were carried out  
in conventional laboratory  apparatus .  The low iodine 
number  of the products  indicated reactions involving 
the double bond. 

Sulfation of Tallow Alcohol 

I t  appears  f rom Table I that  the trans double bond 
of elaidyl alcohol is only slightly less reactive than 

the double bond of oleyl alcohol under  the sulfation 
conditions. The special sulfat ing agents were at  least 
par t ia l ly  successful in causing the reaction to take 
place preferent ia l ly  at  the hydroxyl  group. Two of 
the methods, the use of C 1 S Q H  q- NaC1, and the use 
of C 1 S Q H  • CO(NH2)2, were selected as the means of 
p repar ing  tallow alcohol sulfates f rom tallow alcohol .  

The tallow alcohoP used had the following analy- 
sis: saponification no. 8.2, acid no. 1.5, hydroxyl  no. 
6.4, iodine no. 54.1. The sulfat ion was carr ied out as 
described for  oleyl and elaidyl alcohols,, bu t  no at- 
t empt  was made to pu r i fy  the product.  Solvent was 
removed by  evaporation. Ext rac t ion  of samples of the 
crude neutral ized product  with ethanol showed the 
content of active ingredient  to be 60 and  66%, f rom 
the use of C 1 S Q H  q-NaC1, and C 1 S Q H .  CO(NH2)~ , 
respectively. 

Surface Active and Detergent Properties 

The pure  sodium alkyl sulfates, the pure  sodium 
alkenyl sulfates, the products  from. the use of various 
sul fa t ing agents, and the unpurif ied sulfated tallow 
alcohol were examined. Da ta  were obtained on sur- 
face and  interracial  tension, foam height, wett ing 
properties,  and detergency. 

Surface and Interfacial Tension 

The surface tension vs. concentration curve for  
sodium elaidyl sulfate is shown in F igure  1. Meas- 
urements, were made at  25 ° with the Du Noiiy tensi- 
ometer. The curve is quite similar to a previous one 
for  sodium oleyl sulfate (19), bu t  the values for  so- 
dium elaidyl sulfate are slightly higher, h i  each case 
there is a minimum, a t t r ibutable  to small amounts of 
impurit ies.  

Table I I  presents the surface tension, and the in- 
terfacial  tension against  a refined mineral  oil, of 0.1% 
solutions of six alcohol sulfates at 25 ° . The values of 
Table I1 are those which may  be found at  concentra- 
tions greater  than the critical micelle concentration, 
with the exception of the value for  sodium dodecyl 
sulfate. A t  0.25'%, which is about  the critical micelle 
concentration for  sodium dodecyl sulfate, the surface 
tension is 37.4 dynes per  centimeter.  The high val- 
ues for  sodium octadecyl sulfate are p robab ly  due 
to incomplete solution. The unsa tura ted  18 carbon 
atom homologs effectively lower surface and interra- 
cial tension. 

a P r e p a r e d  by E t h y l  Corpora t ion .  
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Foam Height 

Foam height measurements  by  the I~oss-Miles method 
(15) at 60 ° are shown in TaMes I and I[ .  

Table I I  lists the values for  six pure  alcohol sulfates, 
at 0 .25% concentration in distilled water,  measured 
immediately and agaiu af ter  five minutes. Table I I  
also lists the immediate values at 0.1% concentration 
in hard  water  of 100 p .p .m.  At  0.25% concentration 
in distilled water  the foam height decreased in five 
minutes for  sodium dodecyl sulfate and sodium tetra-  
deeyl sulfate;  the values for  sulfates derivable f rom 
tallow remained the same. At 0.1% concentration in 
100 p.p.m, the immediate values for sodium hexadecy] 
sulfate and sodium oetadecyl sulfate were the lowest. 

T A B L E  II 

Surface  a nd  In te r fac ia l  Tension and Foaming Proper t ies  
of Six Alcohol Sul fa tes  

Foam height,  ram. at  

Alcohol sulfates  a 

Surface  and  inter- 
facial  tension, 

dynes/era.  0 .1% 
solutions, 25 ° 

N:aDD S ...................... i ~ 9  .T0 '~  / - ~  
NaTDS ...................... I 25.3 I 9.1 
N a H D S  ..................... ] 35.0 p 7.5 
NaODS ..................... I 40.6b ] 14.2b 
NaOS ........................ 35.0 / 7.4 
NaES  ........................ 36.1 6.3 

60o(15) 

0.25% in  dist i l led 
water  

lmmedi -  After  5 
a t e  min.  

220 175 
231 184 
244 240 
227 22'7 
24,6 240 
243 241 

0 . 1 %  in 
water  of 

100 
p.p.m. 

(as 
CaC:O~) 

Immedi-  
ate c 

240 
246 
178 
151 
226 
202 

aThe  abbrev ia t ions  are for sodium dodoeyl, tetl)adee:¢l, hexadecyl, 
oets~deeyt, oteyl, and elaidyl  sulfates,  resp6ct, ively. 

~Sodit tm octadeeyl sulfate  was not  in  complete solution, a t  0 .1% 
at  25 ° , 

c The foam he igh t  remained  at  essent ia l ly  the same va lues  a f te r  5 
minutes .  

The values for the six Mcohol sulfates at 0.1% con- 
eentration in 100 p.p.m, were not changed signifi- 
cantly when measured again after five minutes. 

Table I lists the immediate values for the products 
of the sulfation of oleyl and elaidyl alcohols, using 
eight different sulfating' agents. The measurements 

were made o n  0.1% solutions in hard water of 100 
p.p.m. Except for the ~products of direct sulfation, 
using sulfur trioxide or ehlorosulfonic acid, the foam- 
ing properties were satisfactory and remained the 
same when measured again after five minutes. 

Wett ing Proper t ies  

Wet t ing  propert ies  were measured, using a 9-in. 
length of 11~-in. binding tape, a 1-g. hook, and a 
40-g. anchor (16) .  The tests were made on 0.1% so- 
lutions in distilled water at 25 ° . The sinking time for 
sodium dodeeyl, tetradecyl, hexadecyl, and octadecyl 
sulfates was 13, 12, 59, and 280 seconds, respectively. 
P u r e  sodium oleyl sulfate and sodium elaidyl  sulfate 
were better wetting agents than sodium hexadecyl 
sulfate or sodium oetadeeyl sulfate. In  general, the 
least pure  sulfates of the unsa tura ted  alcohols were 
the least effective wet t ing agents, as  shown in Table I. 

Detergency 

Detergency was measured in the Terg-0-Tometer  , 
using A.C.tI. No. 1144 s tandard  soiled cotton of av- 
erage initial reflectance 27.0, relative to the reflec- 
tance of magnesium oxide as 100. Ten 21~-in. x 31A-in. 
swatches were washed in one liter of hard water  of 
100 p.p.m.,  detergent  c o n c e n t r a t i o n  0.1%, for  20 
minutes at 60 °, at  110 cycles per  minute, load ratio 
0.00924 g. per  milliliter. 

The sulfated alcohol prepara t ions  are listed in Ta- 
ble 1I[  in the order of their  detergent  efficiency as  

T A B L E  111 

Detergency of Sodium Salts of Sul fa ted  Alcohols 
Measured in the Terg-O-Tometer with 10 swatches / l i t e r  of solut ion at  

110 cycles/minute ,  20 minutes  at  60°C. 0 .1% Solut ions in  wa te r  of 
100 p.p.m. (as CaCOa). 

No. 

I N a 0 I ) S  .............................. 
2 NaES  ................................. 
3 NaGS ................................. 
4 Na.OS ................................. 
5 NaES ................................. 
6 NaOS ................................. 
7 Na.HDS .............................. 

NaOS ................................. 
9 NaES ................................. 

10 NaOS ................................. 
11 NaES ................................. 
12 NaTDS .............................. 
l 3 NaOS ................................. 
14 Sulfated tallow alcohols ..... 
] 5 NaDI)S  .............................. 
16 Sulflated tallow alcohols ..... 
17 NaGS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18 NaOS ................................. 
19 

S u l f a t i n g  
agent  

CISO:~H 
Pyr id ine  . SOs 
Pyr id in~  • SOu 
l)ioxane~ • SOs 

C1S0~H • CO ( NH~)2 
C1SOaH 
NH,zSOaI~I 
CIS0aH + NaC1 
CISO:~H + NaCI 
Dioxane • SOs 
C1SO:~H 
H,~SO4 . CO(NHz)2  
C1SOaH • CO(NHz)z  
CISOaH 
CIS()~H + NaC1 
C1SOaI:[ 
SOn 

Water'. ............................................... 

% 
P u r i t y  of 
sulfat ion 
product  

96 
90 
91 
87 

93 
73 
66 
94 

66 b 

e 

A R ~  

38.6 
37.6 
37.1 
37.1 
36.6 
36.0 
35.9 
35.8 
35.7 
35.4 
35.0 
34.2 
33.0 
30.0 
28.6 
27.3 
16.0 
11.7 
10.3 

aFo r  comparison, the A R wtlue for 0 .1% sodium palmita te  in  dis- 
t i l led water  was 41.5. 

bEs t imated  % active ingredient .  
e Low iodine numbers  indicated extensive reaction i n v o l v i n g  the 

double bond. 

measured by the increase in reflectance, A R, after 
washing. For comparison, the value of A R for a 
0.1% solution of sodium palmitate  in distilled water  
was 41.5. 

Differences in /~ R values of 0.9 were significant 
with at least 95% probability. Some correlation be- 
tween pur i ty  and detergency is evident, but  there are 

4American  Cond i t ion ing  House, Inc.  The ment ion of this  type of 
s t anda rd  soiled cotton does not  const i tute  a recommendation by the 
Depa r tmen t  of Agr i cu l t u r e  of this  test cloth over  tha t  p,roduced by any 
other  manufac tu re r .  
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two discrepancies. The A R values for  sodium oleyl 
sulfate and sodium elaidyl sulfate, of 93 and  94% 
puri ty ,  respectively, are lower than  might  be expected. 

TABLE 1V 

Summary  of Properties of Sodium Salts of Sulfated Alcohols 

Sulfating agent 

Nal)DS 1 CISOaH 
NaTDS ~ GISOaH 
NaHDS a C1SOaH 
Na0DS 4 CISOaH 
~aOS ~ Pyridine • S0~ 
NaES 6 Pyridine • SOs 
NaOS NH2SOaH 
NaOS Dioxane • SO3 
NaES Dioxane - SOu 
NaOS C1SO~H -F NaCI 
NaES C1S03H Jr NaCl 
NaOS C1SOaH'CO (NH~)u 
NaES CISOsH'C0 ( NH~).., 
NaOS H~SOd- CO (NH2).~ 
NaOS SO:~ 
NaOS C1SOaH 

Puri ty  
% 

1O0 
93 
90 
94 
66 
73 
87 
91 
54 a 

a 

I Foam " I 
height 
(15),  I 

immediate, 
0.1%, 60", I 
hard water  

of 100 I 
I p.p.m., [ Imm I 

240 
246 
177 
151 
~26 
202 
198 
224 
~09 
.)09 
210 

.)24 

73 
0 

Sinking 
time (16),  
o.1%, ~5 °, 

distilled 
water,  
seconds 

13 
12 
59 

280 
19 
20 
17 
19 
30 
21 
26 
19 
21 
30 

179 
48 

D~erg-  
ency 

Terg-O- 
Tomete.r, 

0.1%, 60 o, 
h~rd water  

of 100 
p.p.m., 

A R  

28.6 
34.2 
35.9 
38.6 
37.1 
37.6 
35.8 
37.1 
35.0 
35.4 
35.7 
36.0 
36.6 
33.0 
11.7 
16.0 

~,2, a, 4,~,SAbbreviations for sodium dodecyl, tetradecyl, hexadecyl, octa- 
decyl, oleyl, and elaidyl sulfates, respectively. 

a Low iodine numbers indicated extensive reaction involving the 
double bond. 

Similar results were obtained at  0.25% concentra- 
tion in hard  water  of 300 p.p.m., and with another  
s tandard  soiled cotton [G.D.C. No. 26 (4)]  a t  0.1% 
in ha rd  water  of 100 p.p.m., and at 0.25% in 300 
p.p.m. 

S um m ary  

Sodium oleyl sulfate (or the t rans  isomer) is a 
desirable component in a mixture  of sulfated ta]low 
alcohols, pr incipal ly  because of its ready solubility in 
water  at room temperature .  

The use of moderate  sulfat ing agents, which can be 
thought  of as complexes formed with either sulfur  
trioxide, chlorosulfonie acid, or sulfuric acid, has been 
shown to give products  having good detergent  and 
s u r f a c e - a c t i v e  properties.  Desirable propert ies  are 
genera]ly related to the pur i ty  of the product  and to 

t h e  extent to which side reactions at the double bond 
are minimized or avoided. 
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C O R R E C T I O N  

In  the paper,  "Estimating Carbonyl  Compounds in 
Rancid Fats  and Foods , "  J.  American 0 i l  Chemists '  
Society, 31, 88 (1954), the a~.~ for  sa tura ted  mono- 
carbonyl compounds repor ted  has been found to be 
low. Using repeatedly  reerystall ized derivatives of 
five n-aliphatie aldehydes, C6-Cl~, the following val- 
ues are obtained:  at 430 m~ 21,000, and at 460 m~ 
16,300. Recheck on the unsa tura ted  aldehyde, cro- 
tonal, shows no change for the previously repor ted 
values of 21,350 and 28,100, respectively. 

The equations given for  the c a l c u l a t i o n  of con- 
centrations when measurements  are made in 1-cm. 

euvettes with the Beckman DU Speetrophotometer  
become: 

3.067 Ad~o - -  2.381 Ad~ o 
Unsa tura ted  = 

.469 

and 

Sa tura ted  = 3.067 Ad~ 0 - -  1.724 unsaturated.  

Authors  of the paper  are A. S. Henick, M. F. Benea, 
and J.  H. Mitchell j r . ,  Quar te rmas ter  Food and Con- 
ta iner  Ins t i tu te  for the Armed Forces, Chicago, Ill. 


