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Results 
Table I presents data proving that  the recovery of 

borax added to soap is quantitat ive within the experi- 
mental limitations of the method. The sprayed soap 
employed in the recovery experiments contained 3.8% 
tI:O, 61.2% a n h y d r o u s  soda soap, 10.2% Na.,SiQ, 
4.7% Na4P~O~, and 12.4% NazCQ 

Table I I  presents a comparison of values obtained 
in the analysis of various commercial products con- 
taining borax by  the Poetschke method, and both the 
macro and semi-micro strontium methods. 

Summary 
A semi-micro procedure for the determination of 

borax in soap has been developed based on the fact 
that  s trontium metaborate is soluble in an excess of 
strontium chloride solution, whereas both strontium 
orthophosphate and silicate are quanti tat ively precipi- 
tated. The strontium metaborate is acidified and the 
liberated boric acid t i t rated to ~-Naphth/)lphthalcill 
in the presence of mannitol. 

T A B L E  I I  

Determination of B o r a x  in Commerc ia l  Soap P r o d u c t s  

P r o d u c t  

Borax Soap F lakes  A .......................... 
Borax Soap F lakes  B .......................... 
Borax Soap F lakes  C .......................... 
B o r a x  B a r  Soap A .............................. 
B o r a x  B a r  Soap B .............................. 
B o r a x  B a r  Soap 0 .............................. 
Borax  Soap P o w d e r  A ........................ ; 
Bo rax  Soap P o w d e r  B ........................ 
Bo rax  Soap P o w d e r  C ........................ 

B o r a x  P r e s e n t  as  % N ~ B ~ O : ' 1 0 H 2 0  

Poet~chke 
Method 
( 3 ) ( 4 )  

% 
0.77 

D.65 

1.29 
2.35 

Macro I Semi-Micro 
Strontium I Strontium 
Chlor ide  I Chlor ide  

~ e t h o d  I Method 

0.76 : 0.76 
1.5!/ 1.50 
0.83 1 0.85 
1.62 1.59 
2.10 ! 2.10 
0.67 O.67 

! l .:~ I l J~5 
2.36 2.45 
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Partial Hydrogenation of Linseed Oil by a Continuous Process 
FRANK G. SMITH, JR., Devoe and Raynolds Company, Inc., Louisville, Ky. 

Summary 
Alkali refined linseed oil was part ial ly hydrogen- 

ated, using both continuous and batch processes. The 
continuous process was carried out in a series of 
Votator machines, using Rufer t  nickel catalyst, pres- 
sures up to 145' psig. and temperatures  up to 400~ 

The continuous hydrogenation of linseed oil under  
the most selective conditions possible, using the Vota- 
tor equipment, shows little selectivity between the 
linolenic and linoleic acid radicals. A pronounced 
selectivity is observed between oleic and the more 
unsaturated acid radicals. Under selective conditions 
of hydrogenation of linseed oil about 31% of the 
hydrogenated linolenie acid radical is t ransformed 
into 9-15 linoleic acid while the remainder of the 
linolenic acid goes to oleic acid in either one or two 
steps. 

Batch hydrogenation yields oils of superior non- 
yellowing characteristics over comparable oils pre- 
pared by  tile continuous process. 

The hydrogenated linseed oils were tested in both 
clear and pigmented alkyds where they displayed 
superior non-yellowing characteristics over the orig- 
inal linseed oil and, in many instances, over that  of 
soya bean oil. 

The yellowing of oils and alkyds appears to be a 
function of both 1) the quant i ty  of f a t ty  acids more 
unsaturated than oleic present in the oil and 2) the 
ratio of the quant i ty  of linolenie acid radicals to 
linoleie acid radicals present. 

W H E N  it looked as if the supply of sova bean 
oil would be sharply curtailed for use in paints 
and alkyds, it appeared possible to hydrogenate 

selectively the linolenic acid in linseed oil to linoleic 
acid without reducing the linoleic or oieic acids pres- 

* P r e s e n t e d  at  21st  fall meet ing ,  A m e r i c a n  Oil Chemis t s '  Society, Chi- 
cago, Oct. 20-22, 1947. 

eat to more saturated acids to obtain a drying oil, 
with high linoleic acid content, with bet ter  drying 
qualities than soya bean oil, and with non-yellowing 
characteristics as satisfactory as soya bean oil. 

Yellowing 
The yellowing of oil films or oil-containing vehicles 

upon aging is an important  problem in the paint  and 
varnish industry,  especially in white paints and enam- 
els. I t  has been shown that  the free fa t ty  acid con- 
tent does not affect the yellowing tendency of an oil 
(1). The unsaponifiable matter,  while affecting the 
yellowing, is not believed to be the prime cause. The 
relative susceptibilities of the various vegetable oils 
to yellowing appear  to be more or less proport ional  
to their  degree of unsaturat ion (1, 7, 8, 9, 10). Oils 
which contain only small proportions of any fa t ty  
acids more unsatura ted than linoleic (soya bean oil, 
poppyseed oil, dehydrated castor oil, etc.) are rela- 
tively free from this defect (2).  I lohnan (6, 7, 8, 
9) et al., believe that  colored substances formed in 
the oxidation of fa t ty  acids arise pr imari ly from oxi- 
dation products of the fa t ty  acids themselves and 
not from the oxidation products of trace substances 
present in natm'al fats. 

Eibner  and others believe that the yellowing of oils 
is a function of the amount of free or esterified 
~-linolenic and a-linoleic acid present. I t  is known 
that  the hexabromide number  is a quanti tat ive meas- 
ure of the linolenic content of an oil while the iodine 
number  is a quanti tat ive measure of the total un- 
saturation. Elm (1) and co-workers, however, have 
been unable to find any simple proport ional i ty be- 
tween these constants and the degree of yellowing 
in oils. 

It  is Scheiber 's theory tllat the colored compounds 
are polyketones formed through oxidation of the 
double bonds. 
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Elm and Standen (3) support  Scheiber 's theory 
and have shown that  the diketostearic acid is defi- 
nitely yellow whereas ketohydroxystearic acid is col- 
orless. Elm (4) also believes that  in studying the 
yellowing effect it is necessary to consider oxidation 
in conjunction with polymerization of the glyeerides. 

Pri l l  (5) and O'Daniel and Parsons (6) showed 
the presence of diketones in part ial ly oxidized fats 
containing fa t ty  acids more unsatura ted than oleic. 
A yellow color developed in alkaline solution was 
a t t r ibuted to quinoid compounds formed by an aldot 
condensation of two diketone molecules, with subse- 
quent dehydration. 

0 0 
II II 

R--C--C--CH:- -R,  C 
I/ / \  
O R--c C--R, 

O -+ II II 
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Hohnan (7, 8, 9, 10) et al., in their work on the 
spectrophotometric studies of the oxidation of fats 
arr ived at the following conclusions: a) the spectra 
of alkaline oxidized oleic acid or other fa t ty  acids 
do not resemble the spectra of alkaline diketostearic 
acid, quinones, or diduroquinone;  b) the alcoholic 
alkali color may in par t  be due to compounds derived 
from the unsaturated fa t ty  acids which are closely 
related to the compounds obtained from chroman-5, 
6-quinone by t reatment  of alkali; c) the alcoholic 
alkali color nmy in par t  result f rom other unsatu- 
rated carbonyl compounds which are oxidation prod- 
ucts of unsaturated fa t ty  acids. 

The tendency to excessive yellowing of films from 
oils like linseed, which contain a large per cent of 
linolenic acid radicals and a high degree of unsatura- 
tion, has led to the extensive use in white paints and 
enamels of oils containing less linolenie acid and of 
a lower degree of unsaturated such as soya bean oil. 
I f  it is possible to remove or at least greatly reduce 
the linolenic acid content of linseed oil, a non-yellow- 
ing type of oil might result. 

H y d r o g e n a t i o n  
Hydrogenat ion (2) in modern oil and fat  technol- 

ogy is confined mainly to the soap and edible fa t  
industries. I t  is f rom the l i terature in these two 
fields that  most of the information on catalytic hy- 
drogenation was obtained for the present work. 

The hydrogenation of an oil takes place with the 
addition of hydrogenation at the double bonds of the 
fa t ty  acid chains: 

H H t :  H 
I I I I 

--O~C-- + IL --C--C-- 
1 T 
H II 

It is seen that the degree of hydrogenation in an oil 
is directly related to the iodine value which, con- 
Versely, can be used as a means of determining the 
extent of hydrogenation obtained with a given oil. 

The i)rocess of hydrogenation requires a suitable 
temperature,  gaseous hydrogen, liquid oil, and a solid 
catalyst. I t  is assumed that  the hydrogen is first 
dissolved in the oil, and then the hydrogen-laden oil 
is brought  into contact with the catalyst on whose 
surface the hydrogenation reaction occurs. 

The catalyst employed in hydrogenation usually 
consists of nickel mounted on a porous, inert  material. 
The catalyst is suspended in the oil during hydrogen- 
ation and removed by filtration at the end. Hydro- 
genation catalysts display a strong affinity for  traces 
of impurities found in oils with a resulting "poison- 
i n g "  effect. Sufficient catalyst must be employed to 
compensate for  this effect. 

The hydrogenation of fats and oils is a complicated 
reaction due to the glycerides involved. Hydrogen- 
ation has been found to be "se lec t ive"  in that  hydro- 
gen tends to react first with the more unsaturated 
acids. However, hydrogenation of the more saturated 
acids does occur to some extent at the same time, the 
extent to which this occurs depends upon the con- 
ditions of hydrogenation. Selectivity in batch hydro- 
genation is favored by 1) high temperature,  2) low 
pressure, 3) low degree of agitation, and 4) high 
catalyst concentration (2). Another c o m p l i c a t i n g  
factor is the tendency to form isomeric adds. 

Bailey and Fisher (11) in their work found that  
under selective conditions of hydrogenation the rela- 
tive reactivities of the unsatura ted fa t ty  acids to- 
ward hydrogen may be approximately represented 
by the following whole nmnbers : oleic--1, iso-oleie--1, 
iso-linoleie--3, linoleie--20, linolenic--40. Bailey and 
Fisher also found that the use of so-called non-selec- 
tive conditions reduces the reactivity of linoleie and 
linolenic acids as a group compared to that  of oleie 
and isolinoleie as a group but  does not appreciably 
alter the relative reaetivities of the two acids within 
the same group. 

Van der Veen (12) subjected hydrogenated methyl 
linolenate to ozonolysis and concluded from the na- 
ture of the breakdown products that  hydrogenation 
had caused saturation of the 12:13 bond yielding 9-15 
methyl linoleate. Lemon's (13) investigation of the 
course of hydrogenation of linseed oil by  the spectral 
method of Mitchell, Kraybill ,  and Zseheile (14) also 
indicated that linolenie acid is converted to an isom- 
eric linoleie acid. In a typical  hydrogenation Lemon 
found that the concentration of isomeric acid in- 
creased to a maximum of 18% of the t o t a l  fa t ty  adds  
at an iodine number  of 120. 

I t  is generally agreed that, while the hydrogenation 
of fa t ty  acids is fair ly selective, there is nmch less 
selectivity with respect to the glyeerides. I t  has been 
reported that  the selectivity between linolenie and 
linoleie is less in linseed oil than in soya bean oil (11). 

Hydrogenat ion processes may be divided into two 
general classes, namely, a) the batch process, and 
b) the continuous process. According to A. E. Bailey 
(2) the conthmous process produces a hydrogenated 
product  quite different in composition and character- 
istics from the batch process. Continuous hydrogen- 
ation also is characterized by a lack of selectivity. 

As the hydrogenation of an oil proceeds, most of 
the characteristics of the oil which do not depend 
upon the unsaturat ion are substantially unchanged. 
A bleaching effect, however, is usually noted. The 
refractive index and the iodine value, two charac- 
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te r i s t ics  which  d e p e n d  u p o n  the u n s a t u r a t i o n ,  a r e  
bo th  r e d u c e d  b y  h y d r o g e n a t i o n  (2 ) .  The  r e l a t i o n s h i p  
be tween  r e f r a c t i v e  i n d e x  a n d  iod ine  va lue  is v e r y  
n e a r l y  the  same fo r  most  vege tab le  oils. Because  of  
th is  the  r e f r a c t i v e  i n d e x  can  be used  as an  i n d i c a t i o n  
of the  iod ine  va lue  in  a h y d r o g e n a t e d  oil a n d  t h u s  
serve as a means  of cont ro l  d u r i n g  the h y d r o g e n a t i o n  
reac t ion .  

A p p a r a t u s  
I n  a t t e n l p t i n g  to h y d r o g e n a t e  se lec t ive ly  the  l ino-  

lenic  ac id  in  l inseed  oil to  l inole ic  i t  was dec ided  to 
c a r r y  out  the  h y d r o g e n a t i o n  reac t ion ,  u s ing  a new 
con t inuous  p rocess ing  m e t h o d  deve loped  b y  the  Vota-  
to r  Div i s ion  of the  G i r d l e r  Corpo ra t i on .  

The con t inuous  e q u i p m e n t  set-up,  as i l l u s t r a t e d  b y  
the  flow d i a g r a m  in F ig .  1, cons is ted  of the  f o l l o w i n g :  

1. Slurry Tank: This is the tank in which the linseed oil, 
catalyst, and filter aid were mixed. 

2. Circulating Pump: This pump supplied slurry to the pres- 
sure punlp. The excess was returned to the slurry tank, 
via the reeirculating line, thus keeping the slurry contin- 
uously in an agitated state. 

3. Pressure Pump: This pump supplied slurry to the Vota- 
tors and maintained the desired pressure in the system. 

4. IIeating Votator: This was the heat exchanger used to 
bring the slurry up to reaction temperature. The heating 
medium used was either steam or Dowtherm, depending 
on the temperature desired. 

5. Hydrogenation Votator: This vessel was used to mix the 
gaseous hydrogen and slurry, and as the reaction vessel. 

6, Gaseous hydrogeu was obtained from cylinders, passed 
through a rotameter and into the Hydrogenation Votator. 

7. Cooling Votator: This was a heat exchanger for cooling 
the hydrogenated oil slurry down to room temperature. 

8. Discharge Pump: This pump was used to remove the oil 
slurry from the system and to regulate the rate of flow 
through the system. 

The V o t a t o r  machine ,  F ig .  2, a d e v e l o p m e n t  of The 
V o t a t o r  Div i s ion  of the  G i r d l e r  Corpora t ion ,  is basic-  
a l ly  a hea t  exchange r  o p e r a t e d  u n d e r  supe ra tmos -  
phe r i c  p r e s s u r e  on the p r o d u c t  side a n d  cons is t ing  
of a j a c k e t e d  c y l i n d e r  w i t h i n  which  a sha f t  or  ro to r  
tu rns .  I t  is c h a r a c t e r i z e d  b y  a h igh  ra t io  of hea t  
exchange  su r f ace  to volume of p r o d u c t  u n d e r  t r ea t -  
ment .  The  a n n u l a r  space be tween  m o t o r  a n d  cyl in-  
de r  wal l  is qu i te  small .  The conven t iona l  ro to r  is 
e q u i p p e d  wi th  a set of s c r a p e r  b lades ,  which,  as the  
ro to r  tu rns ,  sc rape  the  sides of the c y l i n d e r  des t roy-  
ing  the  l i qu id  fihn on i ts  i n n e r  sur face ,  t h e r e b y  
r emov ing  a l a rge  loss - fac tor  in  the  hea t  t r ans f e r .  

Seve ra l  c o m p a r a t i v e  runs  were  made  b y  the  b a t c h  
process  to serve  as a check on the con t inuous  process.  
The  b a t c h  h y d r o g e n a t i o n  was c a r r i e d  out  in  a con- 
ven t iona l  type ,  ve r t i c a l  au toc lave  e q u i p p e d  wi th  ver-  
t i ca l  ag i t a to r ,  h y d r o g e n  gas in le t  l ine,  t e m p e r a t u r e  
a n d  p re s su re  m e a s u r i n g  devices,  a n d  a connec t ion  fo r  
a p p l y i n g  v a c u u m  a n d  r e l i ev ing  p ressure .  

Materials  

The s l u r r y  used  in the  h y d r o g e n a t i o n  work  con- 
s is ted  of the  fo l l ow ing :  

97% Varnish Linseed Oil--Alkali refined ( n d  r' = 1.4789). 
2% Rufert Catalyst composed of 25% activated nickel and 

75% hydrogenated soy bean oil. 
1% "Celite" as filter aid. 

The d i scha rge  r a t e  was he ld  a t  a p p r o x i m a t e l y  20 
p o u n d s  of oil p e r  hour ,  which  a l lowed a b o u t  t h r e e  
minu t e s  ho ld ing  t ime in the  V o t a t o r  machines .  
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Notes on Procedure 
The Votat0r machines were of 4" cylinder diameter. 
The concentration of catalyst was set at 0.5% acti- 

vated nickel (2% Rufert catalyst) to insure sufficient 
catalyst for complete reaction. 

In lieu (if determining iodine numbers, the refrac- 
tive index was used as a means of control. Tlle 
refractive index drops approximately 11 points in the 
fourth decimal place for every 10-point drop in iodine 
number (2). 

Hydrogenation Data 
The conditions of the various hydrogenation runs 

are given in Tables I and II. 
Run No. 2 indicated that for a given temperature 

oil rate and hydrogen input there is an optimum 
minimum pressure for satisfactory hydrogenation in 
the Votator machine. (See Graph I). At pressures 
below 50 psig., the free hydrogen noted in the dis- 
charge product accounts for the incomplete hydro- 
genation. No satisfactory explanation can be given 

for the apparently incomplete hydrogenation at the 
higher pressures. 

Run No. 3 showed us that for satisfactory hydro- 
genation to an approximate iodine number of 100, 
the optimum minimum pressure is about 100 psig. 
at 325~ (See Graph I). 
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GRAPH I .  D i f f e r e n c e  i t l  t i l e  r e f r a c t i v e  i n d e x  ( a  l r l ea su l ' e  o f  
t h e  i o d i n e  n u m b e r )  o f  l i n s e e d  o i l s  h y d r o g e n a t e d  c o n t i n u o u s l y  i n  
a V o t a t o r  m a c h i n e  a t  3 2 5 ~  w i t h  c o n s t a n t  h y d r o g e n  i n p u t ,  
b u t  a t  d i f f e r e n t  p r e s s u r e s .  

R u n  N o .  2 - - S u f f i c i e n t  H,_, f o r  I~ N o .  ~ 145  ( n ,  ~ 1 . 4 7 5 0  
i f  a l l  r e a c t s .  

R u n  N o .  3 - - S u f f i c i e n t  He f o r  I,_, N o .  ~ 100  ( n u  ~ 1 . 4 6 9 9  
i f  a l l  r e a c t s .  

T A B L E  I 

Cont inuous  Hydrogena t ion  ef Linseed Oil 

React ion Reacti  o.n 
R u n  and S] cy 

Sample No. Fie ,ate 
lb r. ( 

2-A . . . . . . . . . . . . .  
2-B ............. 
2-C ............ 
2-D ............. 
2-E ............. 

3-A ............. 
3-C ............. 
3-D ............. 
3-E ............. 

4- . ............ 
4- . ............ 
4-A ............. 
4-B ............. 

5-A ............. 
5-B ............. 
5-C ............. 
5-F ............. 
5-G ............. 

6-B ............. 
6-C ............. 
~-D ............. 
6-E ............. 
(}-P ............. 

7- . ............ 
7- . ............ 
7- . ............ 
7- �9 ............ 
7-A ............. 
7-B ............. 
7-C ............. 
7-D ............. 

Remarks  

Hydrogen  rate  ~ to 25% xs H2 
over tha t  to react wi th  ( ] )  
double bond in l inelcnic  

Hydrogen  rate ~ to reduce I2 
No. to 100 

Hydrogen  ra te  ~ to reduce I~ 
No. to 100 

Moderately selective condit ions 
Moderately selective condi t ions  
Moderately selective condi t ions  
Moderately selective condit ions 
Moderately selective condi t ions  

Non-selective co,nditions 
Non-selective condi t ions  
Non-selective condi t ions  
Non-selective condi t ions  
Non-selective condi t ions  

High ly  selective c(mditions 
H i g h l y  selective condi t ions  
High ly  selective condi t ions  
High ly  selective condi t ions  
I-Iighly selective condi t ions  
High ly  selective condi t ions  
H i g h l y  selective condit ions 
High ly  selective condit ions 

on 
Lre 
) 'Temp. (~ 

330 
330 
3 ;1; 0 

325 

Oil P roduc t  

. Esti-  
~5 mated  

n a Iod ine  
No. 

1.4763 158 
1.4753 150 
1.4749 146 
1.4754 151 
1.4766 160 

Deter- 
mined  
Iod ine  

No. 

158 
155 

134 
125 

129 
124 

118 
147 
128 
134 

Remarks  

F "ee hydrogen ill d ischarge 
Free  hyd rogen ill discha rge 

Free  hydrogen in discharge 
Free  hydrogen in d ischarge 

Spasmodic discharge 
Spasmodic d ischarge  
Free  hydrogen in d ischarge 
Sl ight  free hydrogen ill discharge 

Free  hydrogen in d ischarge 
Free  hydrogen in d ischarge 

Free  hydrogen in discharge 
Free  hydrogen in d ischarge  

Spasmodic discharge 
Spasmodic discharge 
Spasmodic discharge 
Spasmodic discharge 
Free  hydrogen in d ischarge 

Free  hydrogen in discharge 
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In  run  No. 4 it was found that satisfactory hy- 
drogenation could not be obtained at 275~ without 
going to comparatively high pressures. At  the lower 
pressures the hydrogen did not readily dissolve in 
the oil as indicated by the spasmodic discharge. 

Runs No. 5, 6, and 7 give a comparison of linseed 
oil samples hydrogenated by the continuous process 
under  moderately selective conditions, non-selective 
conditions, and most selective conditions, respectively. 

I t  is noted that  our use of the refractive index 
method of control of iodine values apparent ly  esti- 
mated values about five units lower than the deter- 
mined values in most cases. 

T A B L E  I I  

Ba t ch  H y d r o g e n a t i o n  of L inseed  Oil 

P r o d u c t  

Sample  

9-A ................. 
9-B .................. 
9-C~ ................. 
9-D ................. 
9-E .................. 
9. ]~". ................. 

Reac t ion  Reac t ion  
T oe~.~. I P(peSiSgU ;e  

;100 50 
328 [ 62 
400 62 
3O0 62 

T i m e  of 
Hydro -  

gena t ion  
( m i n . )  

17 
52 
~t5 
18 
11 
21 

]Esti- [ Deter -  
..~ ma ted  m i n e d  

n a [ I od ine  I I o d i n e  
No. No. 

~ 127 
1,4723 [ 122 1 125 
1.4720 / 120 ] 124 
1.4724 [ 123 ] 128 
1.4715 I 115 120 
1.4722 ] 12 l  ] 127 

The  speed of ag i t a t ion  was  250 r .p .m.  

Analysis 
Representative samples of the hydrogenated oils 

along with a sample of untreated linseed oil and one 
of unt rea ted  soya bean oil were analyzed by General 
Mills, I nc . ,  according to the methods suggested by 
Bailey and Fisher (11), with the exception that  per 
cent saturated acids were determined by  the low 
temperature  crystallization method instead of by the 
Ber t ram method. The linolenic and linoleic acids were 
determined by  the spectral method. The total oleic 
and isolinoleic acids were estimated according to the 
preceding determinations and the iodine number  of 
the oil. The results of the analysis are summarized 
in Table l I I .  

T A B L E  I I I  

Ana lys i s  of H y d r o g e n a t e d  Oils 

Sample  
No. 

U n t r e a t e d  
l inseed ............. 
6-E....... 
6-~ .................. 
7-A 
7-C ....... 
7-D .................. 
9-B .................. 
9-D ........ 
9-F .................. 
9-E .................. 
U n t r e a t e d  
soya bean  ......... 

Det .  
I . V .  

181.8 
130.4 
122.5 
117.6 
125.3 
134.1 
224.0 
128.2 
125.3 
119.3 

134.1 

Det.  
% 1 3 ( a )  

50.0 
17.6 
15.3 

9.9 
13.6 
18.0 
12.7 
14.3 
12.8 

9.9 

8.6 

Det .  
% 1 2 ( b )  

14.0 
12.9 
13.0 

9.8 
11.6 
12.9 
11.9 
13.3 
13.5 
10.9 

52.0 

Calc. 
% iso-1._, 

(c) 

3.0 
14.0 
12.5 
15.6 
16.6 
17.3 
15.3 
18.6 
20.4 
18.3 

0.0 

Calc. 
% ol 
(d)  

25.0 
44.0 
44.5 
55.5 
47.6 
40.5 
51.2 
41.7 
39.1 
50.2 

25.9 

Def.  
% Sat .  

8.0 
11.5 
14.7 

9.2 
10.6 
11.3 

8.9 
12.1 
14.2 
10.7 

13.5 

NOTES : 
( a )  la  ~ l inolenic.  
(b)  1.~ ~ linoleic. 
(c)  iso-12 : isolinoleic ( l inoleic ac id  which  does not  analyze  by 

spect ra l  me thod , )  ( P r o b a b l y  9-15 l inoleic.)  
(d )  ol ~- oleic and  iso-oleic. 

Discussion 
The change in fatty acid composition that occurs 

during the selective hydrogenation of linseed oil in 
the Votator machine is shown graphically in Graphs 
II and III. The graphs were prepared, using the 
above analytical data obtained by General Mills, Inc. 
on untrea ted  linseed oil and on the samples f rom run  
No. 7 in which linseed oil was hydrogenated continu- 
ously under  selective conditions. 
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m a c h i n e .  

From the analytical data and the graphs it is seen 
that  the problem of selectively hydrogenat ing the 
linolenic acid radical of linseed oil to linoleic acid 
without reducing the linoleic acid to more saturated 
acids was not solved. Very little selectivity is ob- 
served between the linolcnic and linoleic acid radicals. 
A pronounced selectivity is observed between oleic 
and the more unsaturated acid radicals. Under selec- 
tive conditions of continuous hydrogenation of linseed 
oil, the relative reactivities of the unsatura ted fa t ty  
acid radicals toward hydrogen were found to be 
approximately represented by  the following whole 
numbers:  oleic--1,  l inoleie--26,  and l inolenic--38.  
This compares with values of 1:23:40,  reported by  
Bailey and Fisher (11) for  the fa t ty  acids of oleic, 
linoleic and linolenic, respectively. 

I t  is also seen that  in the hydrogenation of linseed 
oil, a relatively large percentage of 9-15 linoleic acid 
radicals is formed. 

Under  selective conditions of continuous hydrogen- 
ation the m ax im u m  percentage of 9-15 linoleic acid 
radicals obtained was 17.3% at an iodine value of 
134. With batch hydrogenation the maximum per- 
centage of 9-15 linoleic acid radical obtained was 
20.4% at an iodine value of 125. These figures com- 
pare with a maximum concentration of isomeric acid 
of 18% at an iodine value of 120 as found by  Lemon 
(14). The hydrogenated linolenic acid which did not 
go into 9-15 linoleic acid was apparent ly  fu r ther  
hydrogenated on to oleic acid. 

Only slight, differences were noted in the selec- 
t ivi ty between the batch process and the continuous 
process using the Votator machine. F rom the quan- 
t i ty  of poly-unsatura ted  acid radicals in the final 
hydrogenated linseed oil compared to that in soya 
bean oil, it might be concluded that the hydrogen- 
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GRAPH III .  Progressive change in the total composition of 
linseed oil on selective hydrogenation in a Votator nmchine. 

ated linseed oil will display slightly poorer air  drying 
characteristics than soya bean oil, as was the ease. 

Tests in  an Alkyd 
Representat ive samples of the hydrogenated oils 

were used to prepare  40% oil-modified alkyds. Fihns, 
0.004 inches in thickness, were applied to white 
Carar ra  glass plates, without addit ion of drier,  and 
baked one hour at 300~ The panels were then 
removed f rom the oven and compared for color reten- 
tion. The results along with the data on the alkyds 
are given in Table IV. 

F rom Table IV  it is seen that  all of the hydrogen- 
ated oils tested showed up bet ter  than linseed oil in 
the color retention propert ies  (non-yellowing) of the 
modified a lkyd;  and all except 6F, which was ob- 
tained under  non-selective conditions, proved to be 
bet ter  than  soya bean oil in non-yellowing charac- 
teristics. I t  is interesting to note that  oils hydrogen- 
ated by the batch process impar ted  the best color 
retention propert ies  to the modified alkyd, and also 
produced alkyds with the lightest color. 

The improvement  in the non-yellowing characteris- 
tics of linseed oil upon hydrogenat ion cannot be 
a t t r ibuted  to the decrease in the linolenic acid con- 
tent  since in all the hydrogenated oils the final 
percentage of linolenie acid is greater  than  tha t  
found in soya bean, yet  the non-yellowing is superior.  

For  example, take sample 7C. This is a sample of 
linseed oil hydrogenated continuously under  selective 
conditions in the Votator  machine. Sample 7C con- 

tains 58% more linolenic than does soya bean oil; 
the soya bean oil contains 4.5 times as much linoleie 
as sample 7C; sample 7C has a total of 41.8% of 
acids more unsa tura ted  than oleic; soya bean oil has 
60.6% of acids more unsa tura ted  than oleie; the soya 
bean oil-alkyd fihn has poorer color retention than  
the hydrogenated oil-alkyd fihn. Thus, al though lino- 
lenie acid yellows much worse than linoleic, the 58% 
extra amount  of linolenic acid present  in sample 7C 
over that  in soya bean oil is not enough to cause as 
much yellowing as apparen t ly  is caused by  the 4.5 
times more linoteic that  was in the soya bean oil. 

I t  is noted that  the total unsatura t ion in the hydro- 
genated oils tested is less than that  of soya bean oil. 
I t  has been stated (1) that  the susceptibil i ty of dry- 
ing oils to yellowing is more or less proport ional  to 
their degree of unsaturat ion.  

The bet ter  color retention of the oils hydrogenated 
by  the batch process may be due to the slightly bet- 
ter selectivity encountered ill batch hydrogenat ion 
though the differeuce seems nlueh too small to be tile 
oltly cause. I t  nmy be par t ia l ly  due to the decreased 
formation of color bodies in the alkyd cook as shown 
by  their l ighter  color thongh why this should be so is 
not clear. 

Tests in a Mill  W h i t e  Pa in t  
Representat ive samples of the hydrogenated oils 

were used to prepare  60~: oil-modified alkyds which 
then were incorporated into a mill white paint  of the 
following formulat ion : 

~Iaterial  Pa r t s  by weight  

T i O : ~ R u t i l e  .................................................... 285  
Z n O - - F r e n c h  p r o c e s s  ..................................... 95 
N o .  103  C a s t u n g  o i l  ........................................ 20 
H y d r o g e n a t e d  o i l  ............................................ 604  
M i n e r a l  s p i r i t s  ................................................ 66 
T u r p e n t i n e  ....................................................... 21 
C o b a l t  n a p h t h e n a t c  ( 6 %  Co. )  ...................... 7 
L e a d  n a p h t h e n a t e  (24c/c P b . )  ...................... 3 

Tile paint  was brushed out on panels and air dried. 
Table V gives the results on color retention of the air- 
dried fihns af ter  9 months exposure. When the above 
panels were prepared,  it was noted that  the air  d ry ing  
characteristics on those formula ted  with the hydro- 
genated oil modified alkyds were un i formly  poor. 
This was expected f rom the low iodine numbers.  

The color retention results with the mill white 
enamels checked fa i r ly  close with those obtained on 
the baked clear alkyd fihns. All the enamels formu- 
lated with hydrogenated oil-modified alkyds displayed 

T A B L E  I V  

Oil Data  

Condit ions of 
Sample No. Hydrogena t ion  

Unt rea ted  l inseed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5-P ................................... Cont inuous  mod. s e l e c t i v e  
5-G ................................... Cont inuous  rood. selective 
6-F ................................... Cont inuous  n o n - s e l e c t i v e  
7-C ................................... Cont inuous  highly  s e l e c t i v e  
9-B .................................. Batch  highly  s e l e c t i v e  
9-E ................................... Batch  mod. s e l e c t i v e  
9-F ................................... Batch  non-selective 
Unt rea ted  soya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cooking 
Temp. 
(~  

390 
348 
390 
370 
390 
390 
390 
390 
390 

Cooking 
Time 
(hrs . )  

9 
16.5 

7 
11.75 

7 
7.5 
9.25 
6 
8 

r 
"Vise. 

(Ga rdne r )  

O 

I N-O 
O 

N-O 
M-N 

O 
O 
N 

Alkyd Data  

Acid 
.No. 

8.12 
9.5 

11.2 
6.94 
8 
8.96 

11.9 
8.75 
9.65 

Color 
( G a r d n e r )  

9 
10 

9 
9 
6 
6 

4-5 
5 
7 

i 

Solids 

47.2 
50.4 

, 50.1 
49.2 
50.4 
51.1 
49.5 

, 49.1 
I 49.3 

Color 
Retent ion 
(a)  when 
baked 1 
hour  a t  
300~  

9(e )  
6 (c )  
5 (e )  
S ( d )  
4 ( c )  
l ( b )  
2 ( b )  
3 (b )  
7 

NTOTE S : 

(a)  1 O11 the color re tent ion scale is the best r a t ing :  
(b) Samples 9-B, 9-E, and  9-Y are by far  the best in  color 

retention.  

to) Samples 7-C, 5-F, 5-G are sl ightly better than  soya bean oil. 
(d)  Sample 6-F is s l ight ly  worse t han  soya bean oil. 
(e) Linseed oil is by far  the worst  in color retent ion.  
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T A B L E  V 

Mill w h i t e  
data color 

Oil D a t a  Alkyd  D a t a  re tent ion  
of (a)  

brushed  
out  f i lms 

Condit ions  of Vise .  % af ter  9 
S a m p l e  No. ~ I y d r o g e n a t i o u  ( G a r d n e r )  Sol ids  months '  

air dry  

U n t r e a t e d  l inseed .................................... 
U n t r e a t e d  soya bean ............................... 
7-n  .......................................................... 
5-8 .......................................................... 
5-C ........................................................... 
5-F .......................................................... 
6-D .......................................................... 
6-F ........................................................... ( 
9-C .......................................................... 
9-D .......................................................... 
9-F ........................................................... 

........ : ............... Y 
Y plus  

Cont inuous  high ly  se lect ive  X 
C o n t i n u o u s  meal. se lect ive  ~,V-X 
C o n t i n u o u s  mod.  se lect ive  Y 
C o n t i n u o u s  rood. seleet ivo Y olns 
C o n t i n u o u s  non-se lec t ive  X-Y 
C o n t i n u o u s  non-se lec t ive  Y 
B a t c h  rood. se lect ive  Z 
B a t c h  rood. select ive Z 
B a t c h  non-se lec t ive  "V 

Acid  Color 
No. ( G a r d n e r )  

7.8 8 
6.9 6-7 
8.6 7 
1.1 9 
8.4 10 

11.9 10 
12.7 9-10 
13.0 11 
11.2  7-~ 

2.3 7 
9.1 8-9 

67.8 
73.2 
68.5 
68.0 
69.0 
7l  .3 
70.1. 
69.3 
7O.4 
69.0 
69.2 

11 
5 
6 
8 
7 

10 
9 
2 
4 
1 
3 

NOTE: (a) 1 on the  color re tent ion  scale  is the  best  rat ing.  

superior non-yellowing characteristics in comparison 
with the standard enamel containing linseed oil nlodi- 
fled alkyd. 

Also in line with the color retention resnlls obtained 
on the baked clear films it will be noted that the oils 
hydrogenated by the batch process gave the best non- 
yellowing characteristics, even better than soya bean 
oil. 

Conclusions 
The continuous partial hydrogenation of linseed oil 

under the most selective conditions possible, using the 
Votator machine, shows little selectivity between the 
linolenic and linoleic acid radicals. A pronounced 
selectivity is observed between oleic and the more 
unsaturated acid radicals. 

In the continuous partial hydrogenation of lin- 
seel oil about 31% of the hydrogenated linolenic acid 
radical is transformed into 9-15 linoleic acid, the 
remainder going to oleic acid in either one or two 
steps. 

All the hydrogenated linseed oils tested in both the 
clear and pigmented alkyds displayed superior non- 
yellowing characteristics over the original linseed oil, 
and in many instances over that of soya bean oil. 
This superiority in non-yellowing qualities cannot be 
attributed entirely to the decrease in the linolenic 
acid radical content since all the hydrogenated oils 
contained a larger per cent of linolenic acid than did 
soya bean oil. It is no ted tha t  the percentage of acids 
more unsaturated than oleic in the tested hydrogen- 
ated linseed oils is less than that in soya bean oil. 
There is another possible explanation of this differ- 
ence in yel lowing; namely, that the 9-15 linoleic acid 
may have a much more decreased tendency to yellow 
than the 9-12 isomer. 

Batch hydrogenation yields oils of superior non- 
yellowing characteristics over comparable oils pre- 

pared  by the continuous process. I t  can be postulated 
tllat tile yel lowing of oils is a function of both 1) the 
quantity of fatt.v acids more unsaturated than oleic 
present in the oil and 2) the ratio of the quantity of 
linolenic acid radicals to linoleic acid radicals present 
in the oil. 
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