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T A B L E  V I I  

Organolep t ic  E v a l u a t i o n  of Soybean Oil Deodor ized  W i t h  Type  316 S ta in less  Steel 

F l a v o r  Scores and  S ign i f i can t  Di f fe rence  a 

Sample  pa i r s  ............................ ~ ................................ 204-205 204-206 204-207 205-296 205-207 206-207 

Zero t ime  D ................................................................ 7.9 ~ 7.1 7.9 Jr  8.6 7.9 ~- 7.5 7.1 ** 8.6 7.1 ~ 7.5 8.6 * 7.5 
Three days' storage at 6 0 ° C  ..................................... 5.7 ~ 4.8 4.9 ~- 4.9 4.8 ~ 3.9 3.8 ** 5.8 4.5 ~- 5.0 5.9 J r  5.0 

204 205 206 207 

0 t ime  perox ide  va lue  ...................................................................................................... 0.21 0.28 0.18 [ 0.24 
A v e r a g e  pe rox ide  va lue  a f t e r  3 days '  s to rage  at  60°C ................................................. 5.7 4.5 4.6 5.2 
A v e r a g e  peroxide  value after 8 hour s '  a e r a t i on  at  98 .5°C .......................................... 70.3 97.0 65.3 75.5 

Iden t i f i ca t ion  of S a m p l e s - - T r e a t m e n t  of meta l  s t r ips  p r e sen t  d u r i n g  deodor iza t ion :  
2 0 4 - - C o n t r o l  sample - - -no  meta l  p : e sen t .  
2 0 5 - - S t a i n l e s s  steel c leaned wi th  5% aqueous  caus t ic  and  r i n sed  wi th  wa te r .  
2 0 6 - - S t a i n l e s s  ~teel f r o m  deodor iza t ion  205 s tored  3 days  and  cleaned wi th  r e f lux ing  acetone-toluene mix tu re .  
2 0 7 - - S t a i n l e s s  steel pol ished wi th  No. 500 gri t ,  c leaned wi th  5 %  aqueous  caus t ic  and  r insed  w i t h  wa te r .  
a Method of Moser,  J aege r ,  Co)van, and  Dut ton ,  J .A.O.C.S.  24, 291, 1947.  
b a l l  f o u r  samples  w e r e  tas ted  a t  one t ime to obta in  the  zero t ime  f lavor  scores.  -[- --~ no s ign i f i can t  d i f fe rence ;  * --~ a s ign i f i can t  d i f ference;  

a n d  ** z a h igh ly  s ign i f i can t  difference.  

Samp!e 206 was deodorized with str ips of type 
316 stainless steel present which previously had been 
used in a deodorization and then stored 3 days at 
room temperature ,  followed by  cleaning in a Soxhlet 
extractor  with an 80-20 acetone-toluene mixture.  The 
sample of oil was given the highest initial flavor 
score, and af ter  3 days '  storage at 60°C. it was 
scored as being bet ter  by  a highly significant dif- 
ference than Sample 205, an oil deodorized in the 
presence of str ips of caustic-cleaned stainless steel. 
I t  is of interest  to note that  polishing alone was 
fa i r ly  effective in prevent ing contamination of the 
oil b y  metal. 

Summary 
With mild agitation, soybean oil is not apprecia- 

bly contaminated by  contact with clean steel surfaces 
unless the f a t ty  acid content is above 0.1% and the 
tempera ture  above 150°C. 

I t  has been shown tha t  an oxidized oil film is an 
effective coating for  metals used in the construction 
of pilot-plant deodorizers. Such a film, to be most 
effective, should be washed free of unoxidized, non- 
coherent oil with a suitable solvent. I f  the metal  is 
p roper ly  coated an oxidation-stable and flavor-stable 
oil can be obtained f rom the deodorizer, providing 
the oil has been proper ly  refined and bleached. The 
oil film is near ly the equivalent of a glass surface in 

its effect on oil stabili ty,  is easily formed on a metal- 
lic surface, and can be readily removed when the 
metal  is cleaned with caustic. 

A silicone varnish film baked on the metal  surface 
is somewhat less effective than an oil film. Other 
methods of t reat ing steel or stainless steel, which in- 
clude coating the metal  with a polymeric ether-linked 
wax, grit-polishing, and clectropolishing, are fa i r ly  
effective in reducing corrosion of the metal  dur ing 
deodorization. 
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Alcohols From Menhaden Oil by Sodium Reduction 
EVERETT H. PRYDE, E. I. du Pont de Nemours and Co. inc., 
Niagara Falls, New York 

I N the classical Bouveault-Blanc procedure for  the 
reduction of esters, large excesses of both sodium 
and reducing alcohol are used (10). Recent modi- 

fications in the process however have lowered the 
quantit ies of sodium and alcohol required to nearly 
the theoretical amounts (4). These improvements  
have increased interest in the applicat ion of the 
sodium reduction method to the commercial produc- 
tion of f a t ty  alcohols f rom natura l  oils (6). 

The sodium reduction of sa tura ted  glycerides, coco- 
nut  oil for  example, is being carried out on a corn- 

P r e s e n t e d  at the  2 3 r d  Fall  Mee t ing  of the A m e r i c a n  Oil Chemis t s '  
Society at Chicago, Ill., on November  1, 1949. 

mercial scale. This is made possible not only by  the 
improved efficiency in the use of sodium but  also by  
the ease of recovery of caustic soda and glycerol. 
Moreover, when it is desired to preserve the ethylenic 
unsa tura t ion  in alcohols derived f rom unsa tura ted  
glyceridcs, as cotton seed and sperm oils, the sodium 
reduction process offers a possible route. Catalyt ic  
hydrogenat ion of an ester for  the most pa r t  simul- 
taneously saturates  these olefinic linkages. 

The reduction of the polyunsa tura ted  esters occur- 
r ing in highly unsa tura ted  vegetable and fish oils 
to produce alcohols with one or more double bonds 
per  molecule has never been ful ly investigated. A 
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study of the sodium reduction of such a system there- 
fore was undertaken. Menhaden oil was particu- 
larly suitable for  this s tudy because of its low cost 
and high degree of unsaturation. The alcohols de- 
rived from menhaden oil, of higher molecular weight 
than those from coconut oil, should be of considerable 
interest because of the reaction possibilities associ- 
ated with the double bonds as well as the hydroxyl  
group. 

In  the present work the alcohols obtained by the 
sodium reduction of menhaden oil were examined by 
ultraviolet spectrography to determine the degree of 
conjugated unsaturat ion present. A relatively satu- 
rated C-14 to C-16 fract ion was separated by distil- 
lation from the menhaden alcohols to yield a mixture 
of C-18 to C-22 alcohols, averaging nearly two double 
bonds per molecule. This highly unsaturated alcohol 
fract ion was selectively hydrogenated to a product  
averaging one double bond per molecule. 

The Composition of Menhaden Oil. The composi- 
tion of menhaden oil as given by  Armstrong and 
Allen (1) (Table I)  is in good agreement with that  
reported by Stingley (7).  The latter however does 
not report  the degree of unsaturation. 

T A B L E  I 

Component  Acids  of l~enhaden  Oil ( 1 )  

Acids, W e i g h t  % 
No, of Carbon Atoms 

14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

To ta l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S a t u r a t e d  5.9 " U n s a t u r a t e d  

16.3 15.5 (--3H) 
0.6 29 .6  ( - 4 n )  
0 .6  19.0  ( - - 1 0 n )  
0.8 11.7  ( - - 1 0 H )  

2&.2 7 5 . 8  

The actual f a t t y  acid chain length distribution was 
not investigated in the present work. The degree of 
unsaturat ion found in the alcohols obtained by so- 
dium reduction is somewhat lower than that reported 
by Armstrong and Allen for the corresponding acids. 
The saturated components are concentrated in the 
C-14 to C-16 range, and the C-14 and C-16 alcohols 
can be separated from the C-18 to C-22 polyunsatu- 
rated alcohols by  fractional distillation of the sodium 
reduction product.  

The Sodium Reduction of Menhaden Oil. The so- 
dium reduction process used was that  described by  
Hansley (4). The menhaden off, dissolved in a solu- 
tion of the reducing alcohol in xylene, was added 
gradually to sodium suspended in refluxing xylene. 
~{ethyl isobutyl carbinol is par t icular ly  suitable as 
reducing alcohol, and it is readily available. After  

the reduction the reaction mixture was hydrolyzed 
by slow addition to an excess of boiling water. The 
organic larly was separated from the aqueous caustic 
layer, and the former distilled. 

Four  mols of sodium and two tools of reducing 
alcohol are required for  each ester equivalent, as 
shown by the equation below. 

Undesirable side reactions result from the direct 
reaction of sodium with the reducing alcohol and 
with any free acid or water which may be present 
as impurities. The amount of hydrogen generated by  
these reactions is then a rough measure of the ineffi- 
ciency of the reduction. Other side reactions which 
may take place involve bi-molecular condensations 
and result in the formation of acetoacetic ester-type 
compounds and acyl(fins. 

Light  cold pressed menhaden oils (Samples E, F, 
and G) as well as crude menhaden oils (Sample A) 
were reduced with sodium. The typical results of a 
number of experiments on each type of oil are given 
in Table II .  

T A B L E  I I  

Sodium Reduc t ion  of M e n h a d e n  **Oil 

M e n h a d e n  Oil P r o d u c t  

Sap.  Iod ine  
Sample  No. No. 

199  188  

199  193 

191 164  

201  200  

Acid 
No. 

0 .0  

15 .2  a 
0 .0  b 

0.0 

11.8  a 
O.O ~ 

Iod ine  
No. 

176  

168  
161 

153 

179  
170  

Yie ld  
W t . %  

8 6 . 4  

85.8  
85 

87.8 

86.2  
88 .6  

a P r o d u c t  d is t i l led  f rom acidi f ied  c r u d e  alcohoIs. 
b P r o d u c t  d is t i l led  f rom sodium soaps of by-produc t  fa t ty  acids. 

The sodium efficiency averaged about 95% based 
on by-product  hydrogen formed during the reduction 
process. Sodium is consumed in certain reduction re- 
actions which produce acyloins so that  indirect yields 
as determined by hydrogen evolution are higher than 
the yields calculated from the weight of alcohols 
isolated. 

The unsatura ted higher alcohols produced were 
light yellow in color and had much milder odors 
than the original oils. The iodine numbers of the 
products were slightly lower than expected. This ap- 
parent  decrease in unsaturat ion may be part ial ly due 
to some rearrangement  of olefinic linkages to a con- 
jugated s tructure during the reduction step with sub- 
sequent part ial  hydrogenation of the double bonds. 

a) Reduction 
RCOOCH.. CH~ONa 

I I 
RCOOCH -F 12 Na + 6 C,HgCH--CH~ ~ CHONa 

[ I f 

RCOOCH2 OH CH2ONa 
Glyceride Methyl isobutyl Trisodium 

carbinol glycerol 
(Reducing alcohol) 

b) Hydrolysis 

RCH~0Na -b H_~0 -----~ RCH2OH + NaOH 
Free Higher 

Alcohol 

+ 3 RCH2ONa + 6 C~HgCHCH3 
I 

ONa 
Higher Alcohol Reducing Alcohol 

Sodium Alkoxide Sodium Alkoxide 
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I t  has been shown that  sodium does reduce conjugate 
unsatura t ion when the lat ter  is present  in the glyc- 
eride (4). Moreover it is well known that  iodine 
number  determinations on conjugated systems are 
not quanti tat ive.  There was also some polymerization 
of the polyunsatura ted  alcohols dur ing distillation, 
and this would tend to decrease the amount  of un- 
saturat ion found in the product  alcohol distillate. 

When the distillation of the crude product  alco- 
hol was carr ied out f rom the sodium soaps of trace 
amounts of f a t ty  acids, the acid number  of the prod- 
uct was zero as in (b)  Table I I .  Most of the sodium 
soap by-product  ( formed by  hydrolysis of traces of 
unreduced esters) remains in the organic layer  dur- 
ing the washing step as a result  of its low solubility 
in water. When the crude alcohol mixture  was acidi- 
fied before distillation, the regenerated f a t ty  acids car- 
ried over dur ing the distillation, as in (a) Table I I .  

Conjugation of the Double Bonds. The examina- 
tion of the original glycerides and of the resul tant  
alcohols by  ultraviolet  spect rography showed that  
some isomerization of the double bonds to a conju- 
gated system was taking place dur ing the sodium 
reduction step (Table I I I ) .  

T A B L E  I I I  

Conjugat ion in Menhaden  Oil and  Der ived  Alcohols 

Sample  

Glyceride : 
A .................................... 
E .................................... 
F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Alcohols : 
1 ..................................... 
2 ..................................... 
3 ..................................... 
4 ..................................... 

Iod ine  
Value  

188 
193 
164 

159 
153 
144 

98 

% Alcohols Wi th  Coa~ugated 
Double  Bonds  

_ ~  ~ 1  4 

0.9 I 0.2 I 0.05 
1.4 I 0.2 ] 0.05 
o . 9 1 o . 2 1 o . o 7  

15.7 I 5.5 / o.s 
10.8 I 4.1 / 0.6 
s.o I 3 .4  / 0 .5  
0.2 I 0.02 ~ 0.00 

The original glyceride contained only a minor  
amount  of conjugation. The reduction product  how- 
ever contained 10-15% of alcohols having two con- 
jugated  double bonds and 4-5% of alcohols having 
three conjugate  d double bonds. Par t ia l  hydrogena- 
tion of the alcohol having an iodine value of 153 to 
an iodine value of 144 reduced conjugation to some 
extent. Hydrogenat ion  to an iodine value of 98 prac- 
tically eliminated all conjugation. Approximate  cal- 
culations show that  near ly  50% of the hydrogen 
taken up by  the alcohol must  have reacted with the 
conjugated double bonds. About  85% of the total  
hydrogen absorbed would be required to saturate  the 
15% of conjugated polyolefinic mater ial  indicated. 
As will be shown below, only about  a half  of the 
polyolefinic mater ial  is conjugated. 

Lit t le or no change in conjugation was noted as a 
result  of distillation of the product  crude alcohol 
f rom the sodium soaps. This would tend to indicate 
that  the molecular rea r rangement  to the conjugated 
s t ructure  must  have occurred dur ing the reduction 
process itself. An experiment  was carr ied out in 
which the time of contact of the alcohols with sodium 
and sodium alkoxides was reduced to a minimum (50 
minutes compared to the usual 90-100 minutes)  in 
the hope of reducing the amount  of conjugation. 
There appeared to be some decrease in the amount  of 
conjugated material ,  bu t  the difference was not great  
enough to be conclusive. 

At tempts  to increase the amount  of conjugation 
in the menhaden alcohols by  heating in the pres- 
ence of sodium methoxide were par t ia l ly  successful 
(Table IV) .  Apparen t ly  at the higher tempera tures  

T A B L E  I V  

Isomer iza t ion  of Menhaden  Alcohols 

% Alcohols Wi th  Con- I I somer i -  
Temp.  T ime  Iod ine  ] j uga ted  Double  Bonds  I zation 

% of ° C. ( H r . )  Va lue  ~ ~ - ~  Theory  

...... ~ 156 14.5 I - - 1 - - 1 4 . 0  ~ - -  46 
195 2.5 134 19.1 t 3.s 0.5 78 
235 2 0 127 10.2 1.5 0.2 .... 
220 I 4.0 I 128 [ 11,1 I 1.7 I 0.1 ] .... 

(200-250eC.) heat polymerization occurs which re- 
sults in a decrease in the number  of conjugated dou- 
ble bonds. This is indicated by  the lowered iodine 
values. 

An a t tempt  was made to determine by  calcula- 
tion the percentage of the total polyolefinic material  
which possessed conjugated double bonds (Table IV) .  
Apparen t ly  about  half  the polyunsatura ted  mater ial  
with isolated ethylenic bonds underwent  isomeriza- 
tion to conjugated s tructures  dur ing the reduction 
step. Previously reported work of Kass et al. (5) 
indicated that  about  half of the linoleyl alcohol pre- 
pared  by  the sodium reduction of methyl  linoleate 
was in a conjugated form. The calculations here 
were based on the assumptions, a) that  iodine val- 
ues quant i ta t ively represented the degree of unsatu- 
ration, b) that  there was no saturated higher alcohols 
present,  and c) that  all the alcohols had the same 
carbon chain length. 

Hydrogenation of Menhaden Alcohols. I t  seemed 
desirable to prepare  f rom these complex mixtures,  
originally containing saturated,  mono-olefinic, and 
polyolefinic alcohols, a more un i form mixture  of alco- 
hols containing one to two double bonds per molecule. 
At tempts  were made to hydrogenate  selectively the 
polyunsatura ted  alcohols in a mixture  of mono- and 
polyolefinic alcohols. This has been done on mixtures  
of unsa tura ted  acids (8). 

The alcohols were first subjected to fract ional  dis- 
tillation to remove most of the lower boiling saturated 
alcohols (Table V) .  

T A B L E  V 

Distil lation of Menhaden  Alcohols ( I .V .  = 149)  

] Boil ing 
F rac t ion  Ra~.ge 

I . . . . .  ~ . . . . .  ~ 7 0 - 1 9 3  
I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 3 - 1 9 5  

1 1 ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 1 7 o - 2 3 o  
Residue  ........................... ] 2 3 0 +  

Total  i 

Weight  
Pressure ,  % of Iod ine  
mm.  Hg .  Alcohols ] Va lue  

I 
14 ] 15.6 ] 46 

8.1 
1 4 1  I .  70.3 I 172 62 

4.0 .... 

Fract ion  I I I  (iodine value 172) was then subjected 
to hydrogenat ion with 3% Raney nickel catalyst  at 
atmospheric pressure and a tempera ture  of 25-60°C. 
Par t ia l  hydrogenat ion to an iodine value of 162 gave 
a product  which had an improved odor but  which was 
still yellow in color. Fu r the r  hydrogenat ion to an 
iodine value of about  100 gave a colorless product  
having a characteristic " h y d r o g e n a t i o n "  odor. An 
iodine value of 162 would correspond to approxi-  
mately  1.75 double bonds per  molecule, and an iodine 
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value of 100 to approximate ly  1.1 double bonds per  
molecule. 

Only a relatively minor proport ion of the higher 
alcohol was completely sa tura ted  dur ing the hydro- 
genation. This was indicated by  the small amount  of 
saturated material  precipi ta ted by  a single fract ional  
crystallization f rom acetone at 0°C. (Table ¥ I ) .  

TABLE VI  
Fractional Crystallization of Menhaden 

Alcohols From Acetone 

I Precipitate ) Filtrate 

Iodine Value Io~dine " . - -  l~odine 
Wt. Value ~ t. I Value 

I % - % 
172 ................................ 9 1 89 90.9 177 
103 ..................................... I 13.6 / 35 / S6"6 I 132 

2 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 6 9 . 3  I 2 1  I 3 0 . 7  I 5 2  

In  another  experiment,  hydrogenat ion was carried 
out on the whole alcohol, i.e., before the sa turated ma- 
terial  was removed by  distillation. The iodine value 
was first lowered f rom 163 to 144. Fract ional  distil- 
lation of pa r t  of this product  gave the results shown 
in Figure  1. 

Fu r the r  reduction of undistil]ed mater ial  to an 
iodine value of about  100 gave a colorless product  
free of " u n s a t u r a t e d "  odor. 

I t  should be noted that  the decrease in iodine 
value for the lower boiling, more sa tura ted  fract ions 
was less than half  the decrease in iodine value for  
the higher boiling, more unsatura ted  fractions. This, 

S T E P W I S E  P A R T I A L  
H A R D E N I N G  

OF 
MENHADEN ALCOHOLS 
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again, was evidence that  selective hydrogenat ion of 
the polyunsatura ted  mater ia l  had occurred to a rela- 
t ively major  extent. 

Experimental 
Sodium Reduction Procedure. The menhaden oils 

used had acid numbers  of five or less and iodine val- 
ues of 160 to 200. They were dark yellow in color 
and had pronounced fishy odors. 

The labora tory  appara tus  used was that  described 
and i l lustrated by  Hansley  (4).  A typical  reduction 
was carr ied out as follows: 

A small quant i ty  of xylene (50-100 co.) was placed 
in a three-liter, three-neck flask, fitted with a s t i r rer  
and a copper coil condenser, and heated to reflux. 
Freshly  cut sodium (164 g., 7.14 tools) was then in- 
troduced. The xylene used in the reaction flask at  
the s tar t  was only sufficient to purge the reaction 
flask of air  when at  tile reflux temperature .  The 
menhaden oil, 500 g. (1.7 g. equiv.),  was dissolved 
in 700 g. of xylene af ter  which about  100 co. of the 
xylene was removed b y  distillation to dry  the mix- 
ture. To this glyceride solution 383 g. (3.75 tools) of 
dry  methyl  isobutyl earbinol was added. This solu- 
tion was placed in the reservoir  and introduced at a 
uni form rate into the reaction flask. The rate was 
adjusted so that  all would be added in about 45 min- 
utes. This rapid  reaction rate was made possible by  
the use of the high capaci ty copper coil reflux con- 
denser. The reaction heat was then removed by  re- 
fluxing xylene. St i r r ing was continued for  another  
30 minutes af ter  the addition was complete. Gener- 
ally a small amount  of sodium remained dispersed 
throughout  the reaction mixture.  The amount  of hy- 
drogen formed by  side reactions was measured as it 
was evolved by  means of a wet-test meter. 

Af ter  the reduction reaction was complete, the reac- 
tion mixture  was hydrolyzed by  the introduction of 
small amounts through a funnel  into a hydrolysis uni t  
in which water  was mainta ined at the boiling point  
of the xylene-water mixture.  The hydrolysis  uni t  con- 
sisted of a three-liter, three-neck flask equipped with 
a steam inlet, an outlet to a foam trap,  and a re- 
turn  f rom the t rap  (4). A high capacity copper coil 
condenser was mounted at the outlet f rom the foam 
trap.  The small amount  of unchanged sodium pres- 
ent in the reduction reaction mixture  was decomposed 
smoothly dur ing this procedure.  

The totaI amount  of hydrogen l iberated dur ing 
the reduction and hydrolysis  steps was 7.01 liters 
(STP) .  Af te r  correction for  the excess sodium used, 
the amount  of hydrogen representing wastage reac- 
tions was 3.20 liters ( S T P ) .  This was equivalent to 
4.2% of the sodium theoretically required for  the re- 
duction. The sodium efficiency was therefore 95.8%. 

When most of the organic solvent had been re- 
moved by  steam distillation, the aqueous and organic 
layers were allowed to separate, and the former  was 
removed by  syphoning. The organic layer was then 
washed twice with sa tura ted  brine in the hydrolysis 
vessel, using live steam for  agitation. The organic 
layer was then distilled at reduced pressure to give 
393 g. of distilled higher alcohols. This corresponded 
to a yield of 86.5%, based on the original glyceride. 
The non-volatile residue amounted to 47 g. The traces 
of f a t ty  acids present  in the crude alcohol were held 
back as the non-volatile sodium soaps. I f  a salt solu- 
tion is not used dur ing the washing step, the soaps 
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and higher molecular weight free alcohols present 
sometimes cause emulsification which makes the sep- 
aration of layers difficult. Methanol, to the extent of 
5-10% by volume, will also prevent  emulsification at 
this stage. Acidification with a mineral acid will 
cause sharp separation of the liquid layers, but  the 
product  obtained upon distillation will contain what- 
ever fa t ty  acids were present in the original oil to- 
gether with fa t ty  acids formed by  saponification of 
any unreduced glyceride during the hydrolysis step. 

The iodine values of the alcohols were determined 
with Wijs reagent. A reaction time of about two 
hours was used in this determination. 

Ultraviolet Analyses. A Cary recording spectropho- 
tometer was used to determine the ultraviolet absorp- 
tion of the unsaturated alcohols dissolved in absolute 
ethanol. Absorption bands characteristic of two to 
six conjugated double bonds were detected. Five and 
six conjugated bond types were present in only trace 
amounts. The percentage transmissions were read at 
233, 281, 270, 320, and 307 millimierons as recom- 
mended by Bradley and Richardson (2).  The average 
wavelengths at which maximum absorption actually 
occurred were at 233,. 279, 269, 316, and 301 millimi- 
crons. The amount of conjugation was estimated by  
calculation from the ratio of the specific extinction of 
the sample to the specific extinction of the pure con- 
jugated C-18 acids as given by  Bradley and Richard- 
son. No at tempt  was made to correct for  background 
absorption of the earboxyl group or for the effect of 
the background absorption of the triene or tetraene 
on the diene or triene, respectively (3). Since no pure 
alcohols with conjugated bonds were available for use 
as reference standards, the specific extinctions of the 
conjugated C-18 acids were used. Therefore the re- 
sults can be considered to be semi-quantitative only. 
Interference due to trace amounts of xylene would 
not be appreciable (9). 

Hydrogenation. The menhaden alcohol and 2-3% 
Raney nickel catalyst were placed in a three-l i ter ,  
three-neck flask equipped with an air-driven stirrer,  

a nitrogen inlet, a hydrogen inlet, and an outlet con- 
ne~ed  to a wet-test meter. The flask was immersed 
in a water bath. Absorption of hydrogen was suf- 
ficiently rapid for part ial  hydrogenation purposes 
over the temperature range from 25-60°C. After  the 
apparatus  had been flushed w i t h  ni trogen the hy- 
drogen was passed into the flask slowly through a 
calibrated rotameter while the contents were being 
st irred rapidly enough to fill the flask with a fine 
spray. In this manner  it was possible to feed a 
predetermined amount of hydrogen and to stop the 
hydrogenation at any point to give a product  with 
the desired amount of residual unsaturation. 

Summary 
Menhaden oil, a low cost f a t ty  acid glyceride con- 

taining a high percentage of polyunsaturated ma- 
terial, has been reduced by means of sodium with 
86-88% yields of alcohols having a correspondingly 
high degree of unsaturation. I t  has been shown that 
about one-half of the polyolefinic unsaturat ion isom- 
erized during the sodium reduction to conjugated 
double bonded structures. The higher unsaturated 
alcohols were selectively h y d r o g e n a t e d  to give a 
colorless product  which was substantially odorless 
and which had an average of one double bond per 
molecule. 
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Preparation and Utilization of Cottonseed Meal 
Glue for Plywood 1 
JOSEPH T. HOGAN AND JETT C. ARTHUR, JR., Southern Regional 
Research Laboratory, 2 New Orleans 19, Louisiana 

T H E  utilization of cottonseed meal or cake in the 
preparat ion of plywood glues has been reported 
in the patent  l i terature (1,7-12, 14, 16-18). These 

patents are concerned primari ly with glue formula- 
tion and do not give processing data for  the prepara- 
tion of plywood using cottonseed meal glue or shear 
strength data for the glue joints. Other publications 
on the viscosity characteristics of cottonseed ~rotein 
dispersions have indicated that  the viscosity of tbe 
dispersions tend to decrease as the dispersions are 
aged (2, 6). These articles indicate the unique vis- 
cosity properties of cottonseed protein as compared 
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to other vegetable proteins whose dispersions usually 
increase in viscosity as they are aged. Consequently 
the possibility of developing a cottonseed meal glue 
with a long "work ing  l i fe ,"  i.e., a dispersion having 
low viscosity for several hours, seemed likely. 

The purpose of this report  is to present data on the 
formulation of cottonseed meal glue, processing in- 
formation for the preparat ion of plywood using the 
glue, and shear strengths of the glue joints. 

Experimental 
Cottonseed Meals. The hcxane-extracted meal was 

prepared by  removing the oil f rom flaked cottonseed 
meats by  means of commercial hexane as described in 
a previous publication (15). The hydraulic-pressed 
and screw-pressed meals were prepared by  express- 


