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Abstract 
The use of copper and cadmium oxides or soaps 

as catalysts for the hydrogenation of unsaturated 
fa t ty  acids to unsaturated fa t ty  alcohols has been 
investigated. I t  is shown that  copper soaps ho- 
mogeneously activate hydrogen. When copper 
and cadmium oxides are used as catalysts, they 
react with the acid under  formation of a homoge- 
neous soap solution. A continuous reaction system 
for the preparat ion of unsaturated fa t ty  alcohols 
by hydrogenation under  the influence of copper 
and cadmium soaps is described. 

Introduction 

F OB T]~tE C A T A L Y T I C  high-pressure hydrogenation of 
unsatura ted fa t ty  acids to unsaturated fa t ty  al- 

cohols many catalysts have been developed, the ma- 
jor i ty  of which are described in patent  literature. 
Most catalysts used for the preparat ion of unsaturated 
fa t ty  acids are mixed metal oxides on a carrier, but  
some patents describe the use of metal soaps as cata- 
lysts. I t  is assumed that  the soaps react with hydrogen 
under  formation of eollodial metal particles, which are 
generaIly believed to be the actual catalyst for the 
hydrogenation. 

In  the Dutch patent  No. 83,397 (1956) the hydro- 
genation of oleie acid to oleyl alcohol under  the influ- 
ence of copper and cadmium soaps is described. The 
conversion claimed in the patent  is 85-95% at a se- 
lectivity of 95%. In this patent  it is also assmned that  
the soaps react with hydrogen to form colloidal metal 
particles. We have investigated this process and the 
results are described in this paper. 

F rom patent  l i terature several catalysts for the se- 
lective hydrogenation of fa t ty  acids to f a t ty  alcohols 
are known that  contain Cu and /o r  Cd. They can be 
divided into three groups : a) mixed oxides ; b) metals ; 
c) metal soaps. 

I f  the catalyst is added in the form of mixed oxides 
or metal soaps, the question arises, in what form is the 
catalyst active during the hydrogenation. The oxide 
can be reduced by hydrogen to metal, but  it can also 
react with the acid to form a metal soap. The metal 
soap in its tu rn  can react with hydrogen to form a 
metal. Only in the case of the (fai r ly  noble) metal 
catalyst is the catalyst fair ly well defined. 

Mixed Oxides (containing Cu and/or Cd) 
One of the first catalysts for  the preparat ion of fa t ty  

alcohols f rom fa t ty  acids was the CuO/CryOa catalyst. 
This catalyst presented the disadvantage of promot- 
ing the hydrogenation of unsaturated fa t ty  acids to 
saturated fa t ty  alcohols. Addition of CdCOa or Cd 
soap to the CuO/CroOa catalyst gives a sharp rise in 
selectivity towards the forming of unsaturated alco- 
hols. The same effect is found for the CuO/guhr  cata- 
lyst, which like CuO/CryO, is not selective. Addition 
of CdO results again in a higher selectivity. 

Metallic Catalysts (containing Cu and/or Cd) 
Only a few catalysts are in the form of metals on 
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carrier. With Cu/CryOa/active clay unsaturated fa t ty  
acids are hydrogenated to saturated f a t ty  alcohols, 
while with Cd/CryOa/active clay unsaturated fa t ty  
alcohols are formed. I t  is possible tha t  in this case 
the active-clay carrier  has a strong promoting effect 
on Cd/CryOa, because in other cases Cd without Cu 
is inactive, while in the presence of Cu it only acts as 
a promotor for the selectivity. 

Metal Soaps 
Fatty alcohols can be prepared by  heating the cor- 

responding metal soaps under  hydrogen. Pb and Cd 
soaps of unsaturated fa t ty  acids give as reaction prod- 
uct unsaturated fa t ty  alcohols, the Cu- and Sn-soaps 
yield saturated alcohols and mixtures of Cu- and Cd- 
soaps again give unsatura ted  f a t ty  alcohols. 

Instead of pure soaps, solutions of metat soaps in 
fa t ty  acids can be used. Cu-soaps in unsaturated fa t ty  
acids yield the saturated alcohol; Cd-, Ni-, Pb- and 
Co-soaps in fa t ty  acid solutions are inactive and com- 
binations of Cu- and Cd-soap in unsatura ted fa t ty  
acid render  unsaturated fa t ty  alcohols. F rom the fact 
that  pure Cd-, Ni-, Pb- and Co-soaps are active and 
their solutions in fa t ty  acid inactive, we may conclude 
that  the mechanism of the reaction between pure soaps 
and hydrogen is different f rom that  of the reaction 
between solutions of metal soaps in f a t ty  acids and hy- 
drogen. The catalysts referred to are smnmarized in 
Table I (for  a more complete survey see ref. 24). 

In considering only those eases where a catalytic 
hydrogenation takes place (and thus excluding the 
conversion of pure soaps) two important  observations 
can be made: 
1. The form in which the catalyst, added as an oxide 
or as a soap, is active, is not known. 
2. CuO upon a carrier and Cu-soap as such are 
active but  not selective; CuO + CdO, CuO + Cd-soap 
and Cu- + Cd-soap are both active and selective. 
F rom these facts we must conclude that  whether the 
catalyst is added as oxide or as soap, the aetive form 
under  the conditions of hydrogenation is for both ~ases 
the same. Moreover, we conclude that  the carrier  of 
the catalyst is of no importance. 

Batch Process 
The hydrogenation of oleic acid, methyl oleate and 

T A B L E  I 
C u / C d  Con ta in ing  Cata lys ts  for  t he  H y d r o g e n a t i o n  of Unsaturated 

F a t t y  Acids  to U n s a t u r a t e d  F a t t y  Alcohols 

R e f e r e n c e  

1,2 
3,4,5 
6,7 00a  
1 -soap 
1 -soap 
8 
5,9 
10 
10 ~y 
10 ~. clay 
11,12 
12,13 
13,14,15 
12 

16,17 

18 

280 
280 
280 
28O 
340 
380 
280 
250 
250 
25O 
345 
345 
345 

345 

275 
275 

% 
Alcohol 

64 
40 
92 
93 
97 
75 
78 
99 
99 
99 
85 
9O 
99 

High 

97.5 
85--95 

% 
Double  
bonds  

retained 

4 
31 
97 
80 
50 
77 
89 
95 

185-95 
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olive oil under  the influence of Cu- and Cd-oleate has 
been investigated in a normal high-pressure autoclave. 
The solution of Cu- and Cd-soap in one of these un- 
saturated compounds was placed in an open glass in- 
sert in the high-pressure vessel. The autoclave was 
heated by gas flames, kept at the reaction temperature  
for some time and then cooled. Of the resulting re- 
action product  acid value, saponification value, ester 
value and iodine value were determined. 

Weber (19-22) has deYeloped a general method for 
describing the activity of a catalyst and especially its 
selectivity. I f  the start ing material consists of two 
different reactive substances, A and B, the course of 
the reaction may be represented in an x-y diagram; x 
and y are the retentions of A and B respectively, ex- 
pressed as A/Ao and B/Bo (A and B represent the 
concentrations of A and B, respectively, Ao and Bo 
the concentrations in the start ing material) .  The fol- 
lowing equation describes the change in concentration 
of A and B as a result  of one distinct reaction variable 
( temperature,  pressure, catalyst composition):  

x(1 --x)  
y = x + - -  

a + b x  
This equation, which represents a hyperbola, allows 
a simple representation of a complicated chemical re- 
action and is of practical importance for a systematic 
s tudy of catalytic processes. I t  was found that  the 
course of the hydrogenation of unsaturated acids 
under  influence of Cu- and Cd-soaps can also be repre- 
sented as a hyperbola. 

F igure  1 shows the course of the hydrogenation of 
several unsaturated fa t ty  compounds under  the in- 
fluence of Cu- and Cd-soaps. The reaction conditions 
are summarized in Table II .  

F rom Figure  1 we see that  unsaturated compounds 
can be hydrogenated fair ly selectively up to a con- 
version of 80%. At  higher conversions selectivity de- 
clines sharply. In comparing curves 1 and 2, we note 
a rise in selectivity with falling Cu/Cd  ratio. F rom 
curve 3 we see that  this influence is not found at a 
fa i r ly  low Cu/Cd  ratio (for  the Cu/Cd  ratios 6:2 and 
4:2 the same curve was found) .  

Curve 4 represents the hydrogenation of oleic acid 
under  the influence of CuO/CdO on a carrier. The 
ratio Cu /Cd  was 2:1; 50%w metal oxide was present 
on the carrier. The carriers used were MgC03, MgO 
and guhr. The MgO was heated at 450 and 600C, 
which strongly reduced the specific surface. For  all 
of these catalysts, the same curve was found, indicat- 
ing that  the surface of the carrier  has no impact on 
the course of the hydrogenation. The reaction product  
contained Cu- and Cd-soaps, indicating that  the metal 
oxides dissolve after  formation of soaps. The same ef- 
fect was found for the commercial CuO/Cr203 + 
CdC03 catalyst. A prereduced CuO/CdO catalyst on 
guhr showed no selectivity (point B in Figure  1) nor 
did the hydrogenation under  the influence of Cu soap 
(point A).  

The reaction products  of a fair ly complete hydro- 
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FIG. 1. ]= iyd rogena t lon  o f  u n s a t u r a t e d  f a t t y  ac ids  or  f a t s  
u n d e r  influel~ce o f  Ca-  a n d  Cd-soaps .  

genation of oleic acid (conversion about 80%) under  
the influence of Cu- and Cd-soaps were heterogeneous. 
The precipitate formed was separated by centrifuging 
and washed with ether, and the resulting product  was 
examinated by X-ray  diffraction. I t  was shown to con- 
sist of the oxides of Cu and Cd and sometimes of tile 
metals. When suelh a precipitate was suspended in 
fresh oleic acid and subjected to the hydrogenation 
conditions, hydrogenation occurred if  tile precipitate 
consisted of the oxides but  not when the precipitate 
consisted entirely of the metals. This is another indi- 
cation that  probably the soaps form the catalyst. 

Suinmarizing, we conclude tha t :  

1. The carrier  has no influence on the hydrogen- 
ation. 

2. Hydrogenat ion only occurs if the suspended 
catalyst contains the oxides. 

3. The prereduced CuO/CdO/guhr  catalyst is not 
selective. 

4. The active and selective form of the catalyst is 
formed by the Cu- and Cd-soaps and not by the metal 
particles. 

To get a better  insight in the reaction variables of 
the hydrogenation of oleic acid under  influence of the 
Cu 2+ soap and fa t ty  acid is heated under  N2 up to 
Cu- and Cd-soaps, the heating and cooling periods of 
the reaction vessel must be shortened drastically, be- 
cause in these periods changes may take place in the 
reaction mixture. For  instance, when a mixture  of 
250C, a malodorous reaction mixture is obtained, 
which contains Cu nletal particles. Similarly, when 
Cu e+ soap in an unsaturated fa t ty  acid is heated in 
the absence of H,~ polymerization may occur. 

TABLE II 

Reaction Conditions of the t tydrogcnation of the Unsaturated 
Compounds Shown in Fig. I 

Curve Hydrogenation 
of 

Oleic acid 
Oleic acid 
Methyl oleate 
Oleic acid 

Catalyst 
in mol % 

Cu:Cd ~ 6.1:27 
93:13 
46:2 

4:2 

Initial 
Temp, pressure 

C in atm 
. a t  20C 

300 190 
290 200 
315 100 
315 120 

Reaction 
time 

in min 

10-40 
20-40 

30 
4-80 

Hyperbola const. 
a b 

0.0014 1,02 
0.09,2 0.82 
0.157 0.68 
0,148 0.83 

Cgtalysts 1-3 are soaps dissolved in the feed, 
Catalyst 4 is CuO/CdO on carrier.  
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A :  HYDROGEN CONNECTION 
B = SOAP/ACID CONNECTION 
C = MANOMETER 
D = HIGH PRESSURE VESSEL 45  m[ 
E = HIGH PRESSURE VESSEL 225 mi 
F = HIGH PRESSURE VESSEL t0 mi 

Fro. 2. Apparatus  used for the hydrogenation of oleie acid. 

I t  is fu r ther  necessary to take samples in the course 
of the hydrogenat ion without s topping the reaction. 
A d iagram of the appara tus  used in our investigations 
is shown in F igure  2. The appara tus  consists of three 
high-pressure vessels, connected by valves. The mid- 
dle vessel E (225 ml) ,  is filled with 100 ml hendecane 
solvent. This diluent is sa turated with hydrogen at 
the reaction conditions (250C, 175 a tm tt2). The 
upper  vessel D (45 ml) is filled with 14 ml of an oleic- 
acid soap solution. The pressure in D is raised to 50 
a tm above tha t  in E. By opening the valve between 
D and E, the soap acid solution is pressed into the 
diluent. The samples are taken f rom the lowest vessel 
F (8 ml).  The whole appara tus  was shaken contin- 
uously and was heated electrically; the tempera ture  
was adjusted within 1C. 

The solubility of hydrogen in a mixture  of 100 ml 
hendecane and 14 ml oleie acid was measured in the 
same apparatus .  The results are shown in F igure  3. 
A t  the reaction conditions (250C, 175 arm He) ,  about 
one th i rd  of the dissolved hydrogen was required for 
the hydrogenation.  Measurements showed tha t  the so- 
lution is sa turated with hydrogen dur ing the hydro- 
genation. 

Results 
The samples taken dur ing the hydrogenat ion were 

homogeneous and of a da rk  reddish-brown colour. Cu 
and Cd were most probably  not present  in a colloidal 
state as no l ightscat tering was observed and no pre- 
cipitate was obtained af ter  30 rain centr i fuging at  
3000 g. The reddish-brown colour was stable under  
nitrogen. When the samples were exposed to air, oxi- 
dation took place and the eolour changed into the 
blue-green colour of Cu2÷-soaps. 

The analysis of the reaction product  included the 
determinat ion of saponification number,  hydroxyl  
number  and  iodine number.  I t  was found tha t  at  re- 
action tempera tures  lower than  300C no hydrocarbons 
were formed. F rom the linear change of the saponi- 
fication number  with t ime the ra te  of the hydrogena-  
tion was calculated. I t  was found tha t  up to a con- 
version of 67-70% all samples were homogeneous, but  

mt Hz/ml SOLVENT 

42- 

38 i frn 

54 

30 1 tm 

2 6 , ~  / ~  P--~125 otm 

150 175 200 225 250 TEMPERATURE, °C 
:FIG. 3, So lub i l i t y  o f  I G  in  a m i x tu re  o f  14 m] oleic acid and 

]00  ml  hendecane. 

beyond this figure the samples became heterogeneous 
and no fur ther  hydrogenat ion occurred. The linear 
change of the saponification number  with time indi- 
cates that  tlhe acid concentration is not rate-deter- 
mining. 

When the Cu-soap concentration was between 2.5 
and 7.5% ~ and the Cd-soap concentration between 
0.5 and 5% ~, (calculated on oleie acid) the hydro- 
genation of oleic acid was completely selective. When 
the Cd-soap concentration is lowered f rom 0.5 to 0.1% 
>~, the selectivity progressively decreases. A remark-  
able fact  is tha t  the selectivity has already reached 
its low value in the first sample taken (af ter  10 rain) 
and stays then constant. The selectivity of the hydro- 
genation of oleic acid under  influence of 5% ~ Cu- 
soap and 0.25% ~ Cd-soap was 80%, with 5% M Cu- 
soap and 0.125% Cd-soap it  was only 50%. Without  
Cd-soap no alcohol is formed by  hydrogenat ion;  the 
t reated samples are heterogeneous and contain Cu 
metal  particles. 

A prerequisi te :for the hydrogenat ion of f a t t y  acids 
in a metal  vessel under  the influence of Cu- and Cd- 
soaps is tha t  the wall of the reactor must  be coated 
with Cd or Cu-Cd. I f  not, the only reaction tha t  oc- 
curs is the reduction of the soaps into the metals. 
Af te r  this reaction has been repeated five to ten times, 
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2~IG. 4. Inf luenee  of  the  H2 concen t ra t ion  on the  ra te  of  hy- 
d rogena t ion  (T  = 250C).  

the wall has become coated with an adequate layer of 
Cu-Cd and selective hydrogenation of the fa t ty  acids 
to the corresponding alcohols takes place. I f  the wall 
of the reaction vessel is of glass or Teflon, no coating 
with Cn-Cd is observed and the first hydrogenation is 
already successful. 

The hydrogenation of oleic acid and tinoleic acid 
under the influence of 5% ~ Cu-soap and 2.5% Cd- 
soap is 100% selective. During the hydrogenation of 
tinolenic acid the iodine number falls 10% (conver- 
sion 67% ). I t  may be that  double bonds are hydro- 
genated, but  it is also possible tha t  a too low value of 
the iodine number is found owing to conjugation of 
double bonds. 

The hydrogenation of stearic acid, myristic acid and 
caprie acid follows the same pat tern as the unsaturated 
acids. The relative values of the rates of hydrogena- 
tion of the various acids are:  

Oleic acid 1.00 Stearic acid 1.00 
Linoleic acid 0.98 Myristic acid 0.92 
Linolenie acid 0.98 Capric acid 0.86 

The influence of hydrogen concentration, Cu concen- 
tration, Cd concentration and temperature  on the hy- 
drogenation of oleic acid is shown in Figures 4 to 7. 
The influence of Cu concentration on the rate of the 
hydrogenation has been investigated in the presence 
of 2.5% M Cd-soap and without Cd-soap as well. The 
hydrogenations without Cd-soaps were performed 
af ter  those with Cd-soap. Under these conditions 
about five hydrogenations can be carried out without 
addition of Cd-soap, but then fur ther  hydrogenations 
become impossible. I t  is assumed that  a small amount  
of Cd from the wall of the reactor goes into solution 
in the experiments without Cd-soap supply, but  af ter  
some hydrogenations this source of Cd is exhausted. 
The selectivities of the hydrogenations with 2.5, 5 and 
7.5% 5i Cu-soap and without Cd-soap were 70, 65 and 
26%, respectively, indicating that  less than 0.2% 5~ 
Cd-soap was in solution. 

F rom Figures 4-7 the following rate equation is 
derived : 

v = k [I-L] [Cu] ~1 + tC [Cd] 

The activation energy, calculated from Figure 7 is 
26.7 keal/mole;  and appears to be independent  of 
the Cd concentration. 

The influence of the other metM soaps (Na, Zn, Mg, 
Ca, Ba) on the rate of the hydrogenation of oleie acid 
was also investigated. I t  was found that  these soaps 
cannot replace the Cd-soap. The combination Cu-soap 
plus one of t h e  mentioned soaps yielded no alcohol 
and the products were heterogeneous. These combina- 
tions were even inactive when a Teflon or glass reactor 

30 2 5 % C d ~  
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%, l J r 
2 5 5 7.5 

°/~Cu 

FIG. 5. Inf luenee of the  Cu concent ra t ion  on tlle ra te  of  hy- 
d rogena t ion  (T = 250C, P = 175 atm). 

was used, indicating that  a certain concentration of 
Cd-soap in solution is required for homogeneous hy- 
drogenation. The combination of Cu with Cd and one 
of the mentioned soaps was active and selective. In 
Figure  8 the influence of these soaps on the rate of 
the hydrogenation of oleie acid is shown. The rate is 
calculated relative to the rate found with 5% 5~ Cu- 
soap and 1% M Cd-soap. 

C o n t i n u o u s  P r o c e s s  

F o r  the same reason as cited for the batch process, 
unwanted reactions during the heating and cooling 
period must be avoided in the continuous process. In  
consequence the feed must not be preheated in absence 
of hydrogen and the reaction product  must be cooled 
quickly af ter  leaving the reactor. 

A simplified flowsheet of the pilot plant  applied is 
shown in Figure  9. The whole apparatus  was made 
of stainless steel 316. The reaction vessel (a st irred 
tank reactor) has a total vol of 500 ml, with an over- 
flow tube placed such that  the liquid ~'ol was 300 ml. 
The solution of Cu- and Cd-soap in unsaturated fa t ty  
acid or unsaturated fat  (without a diluent) is pumped 
to the reactor through a tube with an inner diameter 
of 3 ram. The reactants are hardly preheated before 
entering the reactor since high lineair velocities are 
realized in the narrow inlet tube. In order to reduce 
preheating of the feed in the inlet tube even fur ther ,  
the circulating hydrogen (3 l i te rs /hr  at  20C and work- 
ing pressure) is fed to the reactor through the same 
pipe. To stop all fu r the r  reactions, the reaction prod- 
uct leaving the reactor by the overflow tube, is im- 
mediately cooled to 75C. In order to establish high 
velocities in the overflow and in the product  cooler, the 
circulating hydrogen leaves the reactor through the 
same overflow. The major  par t  of the hydrogen is 
separated from the liquid i:n a high-pressure separator. 
The dissolved hydrogen is released from the liquid 
product  in a low-pressure separator. 

When a st irred tank reactor is used, the mean resi- 
dence time required for a conversion of 80% is about 
2.5 times the reaction time in a batch reactor at the 
same conditions. This difference is caused by the great 
spread in residence time in a single st irred tank re- 
actor. I t  is clear that  his spread influences the selec- 
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t ivity of the hydrogenation unfavourably.  The rein- 
edy is the use of a series of st irred tank reactors or the 
combination of a st irred tank reactor followed by a 
pistonflow type tubular  reactor. 

With the apparatus  described, the continuous hy- 
drogenation of several saturated and unsaturated 
fa t ty  acids and oils has been studied. The results are 
summarized in Table I I I .  

With  an improved reactor system, as mentioned, 
the selectivity would have been better at higher con- 
versions. Data from the bath-process investigation 
indicate that  conversions of 90-95% can be reached 
without any drop in selectivity. At  higher conversions 
the reaction mixture becomes heterogeneous and the 
selectivity fails sharply. When fa t ty  oils are used as 
feed for the hydrogenation, the glycerol is par t ly  hy- 
drogenated to propanediol. I t  will therefore be more 
economical to s tar t  f rom the fa t ty  acids instead of the 
fa t ty  oils. 

The influence of Pb-soaps on the catalytic activity 
of Cu- and Cd-soaps has also been investigated in the 
continuous process. The reaction conditions were: 
5% ~ Cu-soap, 2.5% ~i Cd-soap, 275 arm He, 260C 
and a feed rate of 120 ml oleie acid per hour. With  
Pb-soap concentrations of 0, 0.001 and 0.01% M, con- 
versions of 85, 81 and 79%, respectively, were found 
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Pin. 7. Arrhenlus plot for tile hydrogenation of olelc acid 
under influence of Cu- and Cd-soaps. 

at a selectivity of 99%. I f  0.1% ~ Pb-soap was added, 
a precipitate was formed and no hydrogenat ion oc- 
curred. 

Hydrogenat ion of fa t ty  acids under  the influence 
of Cu- and Cd-soaps, carried out under  a part ial  
pressure of 50 atm CO and 200 atm H2 gave the same 
results as hydrogenation under  a part ial  pressure of 
200 atm He without CO. In consequence cheaper CO- 
containing hydrogen can be used for the hydro-  
genation. 

Reaction Mechanism 
From the beha~'iour of the reaction product,  which 

will be described below, it  is concluded with a high 
degree of cer ta inty that  Cul l ,  present as a complex 
with the earboxylic group and in equilibrium with the 
copper soap, forms the active catalyst. Although it is 
extremely difficult to prove that  the catalyst is really 
molecularly dispersed, all a t tempt  will be made to 
make our hypothesis acceptable. 

The samples taken during the hydrogenation are 
very  dark reddish-brown. I f  the hydrogenation is car- 
ried out without diluent, the cooled samples are heter- 
ogeneous because of the low solubility of Cd 2+- and 
Cul+-soaps. I f  hendecane, benzene or ether is added 
to the heterogeneous sample, a homogeneous solution 
is obtained. These solutions are stable under  N2 if they 
are exposed to an oxidizing agent like air  or a Cu e+- 
solution, the reddish-brown colour disappears and a 
clear colourless solution is obtained. The sensitivity 
of the reddish-brown solution to air makes the analysis 
of the solute extremely difficult (exclusion of air and 
deaeration of all solvents used for the analysis are re- 
quired).  

The compound responsible for  the dark eolour can 
be precipitated with 96% ethyl alcohol. The precipi- 
tate can be separated by centrifuging. The clear liquid 
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Fro. 8. Influence of metal soaps on the hydrogenation of 
oleic acid. 

contains oleic acid, ethyl alcohol and Cd-oleate and 
no Cu-eompounds. The precipi tate  contains organic 
mat te r  and Cu. The amount  of organic compounds 
(Cul+-soap, oleic acid and Cd-oleate) can be reduced 
by dissolution in benzene and subsequent precipi tat ion 
by ethyl alcohol. The disadvantage of this procedure 
is that  all solvents must  be f rom oxygen, as otherwise 
oxidation occurs. 

When the hard, brown precipi tate  is heated under  
N2 at  200-255C, hydrogen is developed. When it  is 
heated at  100C in the presence of benzoyl chloride, the 
format ion of small amounts  of benzaldehyde can be 
demonstrated with fuchsinc reagent  a f te r  saponifica- 
tion of the excess benzoyl chloride. 

The red-brown solution reacts with Cu2+-soap solu- 
tions and with iodine solutions. The number  of hydro-  
gen molecules developed on heating of the precipi tate  
is about one four th  (1:3.8) of the number  of Cu2+-ions 
or iodine atoms taken up by the preeiI)itate. 

The above-mentioned reactions can be explained by 
the assumption that  the dark  eolour is caused by cop- 
per  hydride, Cull .  

2 CuK ) 2 Cu 4- H.~ 
Cull 4- J.. ) CuJ -}- HJ 
Cull -}- 2 Cu ~+ - -  ) 3 Cu ~+ + tt + 
C6HsCOCt 4- Cull ) C6H~CHO 4- CuC1 

I 
I 

H z 

t 
SoApACID + ~ - - - - - - ~  H Z 

PRODUCT 

FIG. 9. ]?low sheet of the continuous hydrogenation of un- 
saturated fatty acids or fats. 

F r o m  l i tera ture  (25) it is known that  the solution of 
C u l l  in pyr id ine  has a da rk  reddish-brown eolom'. 

F r o m  the first order dependence of the reaction ra te  
on the He and Cu concentrations it can be concluded 
tha t  the ratio of C u l l  to total  copper is small. The 
value of this ratio cannot be determined because it 
will change dur ing  sampling ( tempera ture  and pres- 
sure change).  } ta lpern (23) has shown, tha t  CuHp2 
solutions (Hp  = heptanoie acid) are reduced to CuHp  
by hydrogen. The hydrogenat ion is homogeneously 
catalysed by CuHpe and CuHp.  The ra te  determin- 
ing step in this hydrogenat ion is the react ion:  
C u H p  + H2 > Cul l  + H H p .  The activation energy 
of this reaction is 21.0 kcal /mole (125-155C). F rom 
the fact, tha t  the acidities of heptanoic acid and oleic 
acid are near ly  the same, it  may  be expected on 
theoretical grounds tha t  the activation energy of the 
reaction CuO1 + He ) C u l l  + HO1 (HO1 -- oleic 
acid) will also be close to 21.0 keal/mole. T h e  experi- 
mental  rate  of the reduction of CuOl2 to CuO1 in oleic 
acid is in accordance with this expectation. 

As stated before, the activation energy of tile hy- 
drogenation of'  oleie acid is 26.7 keal /mole (245- 
270C). This appreciably  higher activation energy is 
reflected in the higher tempera ture  for the hydrogena- 
tion of oleic acid compared to the reduction of Cu e+. 
This difference in activation energy between the for- 
mation of Cu l l  and the hydrogenat ion of oleie acid 
indicates tha t  the rate  determining step is the reaction 
between Cul l  and the acid g roup;  in consequence the 
reaction CuO1 + He ) C u l l  + HO1 can reach equi- 
librium. 

F rom the s t ructure  of Cu l l  it may  be expected tha t  
its solubility in oleic acid will be very  poor. F rom 
l i terature it is known that  C u l l  dissolves in pyr idine 
by complex formation. I t  seems therefore reasonable 
to assume that  the Cu l l  is present  as a complex with 
the acid group : 

OH 
I 

R--C--O 
:'o : 

-- Cu 

This assumption also explains the independence of 
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TABLE III 

Continuous Hydrogenation of Fatty Acids and Fatty 0ils Under  the 
Influence of Cu and Cd Soaps 

HydrogenationICu:Cd in I Feed, 

Oleie acid P 5:2.5 I 110 
Oleic acid 5:2.5 I 150 
Oleie acid 5:2.5 / 110 
Oleic acid 5:2.5 I 146 
Oleie acid 5:2.5 140 
Gapric acid 3:1.5 120 
Olive oil 5:2.5 110 
Soybean oil 5:2.5 140 
Linseed oil 5:2.5 180 

Pressure 
in atm H~ 

. . . .  ; 7 ; -  
230 
300 
306 
275 
250 
200 
250 
300 

Te~lp, 

260 
260 
260 
260 
260 
260 
270 
270 

Conver- 
sion % 

79 
88 
88 
90 
85 
60 
75 
70 

Selectiv- 
ity % 

99 
99 
88 
89 
90 

90 
75 
70 

the reaction rate of the acid concentration. The rate 
determining step could be the following reaction: 

OH OH OH 
I k~ I + H 0 1  ! - - t o O  

R - - C  - -  O - - - - - >  R - - C - - O C u  ...... ) R - - C - - O H - - - - - >  R - - C ~ O  

: ' " "  I I \ 
H - -  Cu H H I I  

H t I  
] +HO1 i 

R - - C z O + C u H  > R - - C - - O C u -  ) ~ - - C - - O H + C u O 1  

H H It 

Following this scheme we arrive for the rate of the 
hydrogenation to the following equation: 
v = k~ [ C u H . t I O l ]  =_ k~K~ [ C u H ]  [ I tO1]  = k~K~K2 [Cu]  [ I I~] .  

This equation is in accordance with the first par t  of 
the experimentally found equation: 

v = k [Cu] [ m ]  ~ 1 + K [ca]  } 

For  the last par t  of this equation no explanation can 
be offered. 

The end conversion of the hydrogenation of oleic 
acid in hendecane as soDent is 67-70%. At  higher 
conversions the reaction nfixture becomes heterog- 
eneous. This can be explained as follows : The alcohol, 
formed by the hydrogenation of the acid, reacts with 
the remaining acid under  formation of an ester. When 
the conversion is higher than 50% an excess of free 
alcohol will be present. The excess of alcohol reacts 

with the soap by which reaction ester, metal oxide and 
water are formed:  

acid + alcohol ~--- ester + water 
alcohol + soap ~- ester + water + metal oxide 

I f  it is assumed that  the equilibrium constants are in- 
dependent of the solvent concentration and independ- 
ent of the conversion, it  can be calculated that  the 
point at which the soap will react with the alcohol will 
shift to a higher conversion when less solvent is pres- 
ent, which is in accordance with the experiments. 
Moreover, the water concentration in the liquid phase 
will rise more than l inearly with decreasing solvent 
ratio, thus shifting the equilibrium to the left. 

The function of Cd-soap is not understood. I t  might 
be, however, that  the Cd, e.g., as metal on the wall of 
the reactor and as soap in solution, stabilizes the Cu l l  
against decomposition into Cu and H> 
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Lipid Oxidation in Flour Doughs-Observations 
the Boron Trifluoride Interesterification Reaction 
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Technological Research Station, Cambridge, England 

Abstract 
Lipid extracted from unyeasted wheat flour 

doughs had earlier yielded hitherto unidentified 
methyl esters using boron trifluoride interesteri- 
fication when the lipid was isolated from aged or 
chemically oxidized flours or doughs. The iden- 
t i ty  of one unknown constituent is shown to be 
methyl methoxy stearate which could also be an 
ar t i fact  of the interesterification process. Condi- 
tions of formation of the ar t i fact  have been care- 
ful ly  studied and statistical analysis of the yields 
of this substance from the lipid of natural ly  aged 
flour doughs maintains our view of a reversible 
lipid oxidation stage being involved in na tura l  
and chemical flour matur ing in the presence of 
oxidants in doughmaking. 

Introduction 
~ ' ~ L O U R  T R E A T M E N T  involves oxidative reactions which 
1 '  can affect either the protein or lipid of flour. At  
the 6th I.S.F. Congress in London, 1962, we presented 
(1) the results of work on the lipids of flour dough 
in which unexpected changes were observed in the gas- 
liquid chromatograms of f a t t y  acid ester mixtures 
prepared from dough lipids by the boron tr i f luoride/  
methanol interesterifieation reaction (2). Two un- 
identified compounds, designated x and y, were formed 
at the expense of the unsatura ted fa t ty  acids of the 
dough lipid, their appearance apparent ly  being en- 
hanced if an oxidant, potassium iodate, was added 
during dough mixing (Fig. 1). Subsequently we ex- 
amined factors influencing the appearance of these 
compounds in ester mixtures and identified x and y 


