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Abstract 

Many investigators associate the poor keeping 
properties of soybean oil with its linolenic acid 
content. On the other hand the high linoleic 
acid content is a desired proper ty  f rom a nutri-  
tional point of view. We have therefore devel- 
oped a process for the preferential  reduction of 
the linolenie acid content by selective hydrogena- 
tion. Conventional catalysts for  the hydrogena- 
tion of fats have a ra ther  low selectivity in this 
respect. When linolenie acid in soybean oil is 
hardened (e.g., with a nickel catalyst) ,  most of 
the linoleic acid is converted into less unsatu- 
rated acids. 

I t  was found that  linolenic acid is hydroge- 
nated much more preferent ial ly in the presence 
of copper catalysts than in that of nickel and 
other hydrogenation catalysts. At  a linolenic acid 
content of 2%, soybean oil hardened with nickel 
catalyst contained about 28% linoleic acid, 
whereas with copper catalyst the hardened soy- 
bean oil contained 49% linoleic acid. 

By  means of our process it is possible to man- 
ufacture  a good keepable oil of, e.g., I.V. 115 
and containing 1% linolenic acid and 46% lino- 
leie acid. The storage stability of this product  
is comparable with that  of sunflower-seed oil. 
A liquid phase yield of 86% is obtained af ter  
winterization at 5C for 18 hr. 

The high selectivity for  linolenate reduction 
of copper catalysts must be ascribed to the cop- 
per pa r t  of the catalyst. Investigations into the 
s t ructure  of the catalyst indicate that  the active 
center consists of copper metal crystallites; 
whether these centers are promoted by the carrier 
or traces of other substances is under 
investigation. 

Introduction 

S INCE T H E  SECOND VVORIJD ~rAR much biochemical and 
biological research work has been done on the in- 

fluence of the fa t ty  acid composition of fats on car- 
diovaseular abnormalities. The results of this work 
have convinced many investigators that  higher levels 
of polyunsaturated fa t ty  acids in fats are able to 
inhibit the development of these abnormalities. Con- 
sequently, in the past few years margarines with a 
high polyunsaturated fa t ty  acid content have been 
marketed. One of the most attractive oils for the 
production of such margarines is soybean oil, since 
it contains about 8% linolenie acid and 50% lino- 
leic acid. However, taste and keeping quali ty of soy- 
bean oil are unsatisfactory so that it cannot be 
incorporated in margarine compositions in large 
quantities. Since there is evidence that oxidation 
p roduc t s  of linolenie acid are responsible for the 
poor flavor stability of soybean oil (4), it is gen- 
erally believed that  by preferential  elimination of 
linolenic acid an oil of good taste, keeping quality 
and high nutr i t ive value can be obtained (3). Lino- 
lenic acid can be eliminated completely by harden- 
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ing soybean oil in the presence of a nickel catalyst. 
However, most of the linoleic acid is then also con- 
verted into less unsaturated acids so that  the bio- 
logical value of the oil is lowered. Therefore, many 
investigations have been devoted to a more selective 
hydrogenation of linolenic acid in soybean oil in 
such a way that most of the natural  linoleic acid 
(9 cis, 12 cis-octadeeadienoic acid) would be saved. 

The selectivity of a catalyst for  the hydrogena- 
tion of the linolenic compounds (SL) is usually de- 
fined as the ratio of the rate constants of the ]ino- 
lenic and linoleie acid hydrogenation (2 ) :  SL = 
kLe/kL (for calculation, see next section). 

In the United States, where an important  par t  of 
the world stock of soybean oil is produced, great 
interest is shown in the selective hydrogenation of 
linolenic acid in soybean oil (6,7,13-20,23). Johnston 
et al. (6) investigated commercially available cat- 
alyst (nickel, palladium and plat imun on different 
carriers) in hydrogenat ing a linoleate-linolenate equi- 
mixture and found SL-values between 1.33 for plat- 
inum on carbon at 25C and 2.71 for nickel catalyst 
at 140C. Wil lard and Martinez (23) tr ied to estab- 
lish the conditions under  which the natural  linolenic 
acid (9 cis, 12 cis, 15 cis-octadecatrienoic acid) is 
hydrogenated into the natural  linoleic acid virtually 
without formation of other unsaturated fa t ty  acids. 
They investigated different types of catalysts, in- 
eluding reduced nickel oxide, reduced nickel oxide 
poisoned with cupric acetate, copper chromite and 
palladium-lead catalysts. In all hydrogenations only 
minor amounts of natural  linoleie acid were formed. 
Riesz and Weber (13) t r ied to hydrogenate linolenie 
acid in soybean oil preferentially.  The reaction con- 
ditions were varied within wide limits. The inves- 
tigation comprised nickel, platinum, palladium and 
rhodium eataIysts. The maximmn value of SL found 
was 2.9 for  a palladimn-on-carbon catalyst. 

About 5 years ago it was discovered in our labo- 
ra tory that  copper catalysts are extremely selective 
in reducing the linolenie acid content of soybean oil 
(22). With  these catalysts SL-values varying from 
about 7 to 14 were found. A small par t  of this work 
has already been published (8). In the present paper 
we will discuss our work on the selective hydroge- 
nation of soybean oil with copper catalysts more 
extensively. 

In the meantime a short communication of Koritala 
and Dutton (9) appeared--fol lowed by a more de- 
tailed publication (10) - -d rawing  attention to the 
selectivity aspects of a copper chromia catalyst ac- 
tivated with sodium borohydride. Their  results are 
in line with our experience obtained with other cop- 
per chromia catalysts. 

Tsutomu Kuwata  et al. (12) examined the prop- 
erties of copper chromium manganese oxide catalysts 
in hydrogenat ing soybean oil. In  their patent  they 
claim a process for  improving flavor and taste of 
soybean oil by reducing' the linolenic acid content 
to zero at an I.V. of 110-115 by means of said 
catalyst. 
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Determination of Selectivity Characteristics 
The hydrogenation of linolenic acid (Le) and lino- 

leie acid (L) in soybean oil to oleic acid and its 
isomers (O) may be represented by the following 
scheme (consecutive first order reactions): 

Le (triene) + H e  L ( d i e n e ) ~  O (monoene) 
kLe kL 

In this scheme it is assumed that any isomer of ]he 
and L formed during the hydrogenation are as re- 
active as the Le and L originally present. 

For the above reaction scheme the following equa- 
tions are valid: 

dLe 
-- k~e (Le) 

dt 

- - -  k~ ( L ) + k L e  (Le) 
dt 

and 
dL 

After integration we obtain: 

(Le) = (Le)o e -kLet [1] 
and 

S L  ( - k L e t  - t )  e - k L t  
- -  e - + (L)o [2] 

in which (Le) and (L) are the concentrations of 
Le and L at time t, (Le)o and (L)o the concentrations 
of Le and L at time t = 0, and S~ is the ratio of the 
first order reaction constants kLe and kn. 

For an oil whose composition before and after hy- 
drogenation is known (determined by GLC-analysis), 
the value of SL can be calculated from equations 1 
and 2. 

The above kinetics do not pretend to reflect the 
mechanism of this very complex hydrogenation. I t  
has only been introduced to define a compact selec- 
tivity parameter, which is almost independent of the 
degree of hydrogenation. 

During hydrogenation isolinoleic acids (geometric 
and positional isomers) are also formed which can- 
not be readily separated by gas chromatography; 
therefore, the amount of natural linoleic acid can- 
not be derived from GLC-data alone. A rough ap- 
proximation can be obtained by determining the 
amount of alkali-conjugatable linoleic acid. Since 
besides the cis,cis-double bonds separated by a meth- 
ylene group, cis,tmns and to a lower degree trans, 
trans-double bonds are also conjugated, this method 
will give too high values for the desired natural lino- 
leie acid content. 

For a more exact determination the isotope dilu- 
tion method was used (1) : a known amount of 14C- 
labeled 9 cis,]2 c/s-oetadecadienoic acid is added to 
the fatty acid mixture to be examined, the mixture 
is brominated, and the tetrabromide derivative of 
9 cis,12 cis-oetadecadienoic acid is then isolated and 
purified by crystallization. From tile ratio of the 
specific radioaetivities of the tetrabromide compound 
and the model compound, the natural liuoleic acid 
content can be calculated. This method is indepen- 
dent of the yield of the tetrabromide derivative. 

Hydrogenation of Soybean 0il  With 
Copper Catalysts 

Starting Materials 

Most of the catalysts used in the experiments to 
be described here were made by eopreeipitation of 
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copper sulfate and magnesium sulfate from aqueous 
solution by the addition of an aqueous solution of 
sodimn silicate and sodium carbonate. The catalyst 
thus obtained was filtered off, washed and dried. 

Since activated copper catalysts are easily poisoned 
(e.g., by water and free fat ty acids), the starting oil 
to be hardened must be thoroughly prerefined. The 
treatment applied consisted of degumming, neutral- 
ization and bleaching with active earth; during the 
last step the product is also dried. This prerefining 
procedure does not differ much front that applied 
in conventional nickel hardening. 

Hardening Procedure 

The hardening procedure with copper catalysts does 
not differ essentially from conventional nickel hard- 
ening. The same equipment may be applied, provided 
that this equipment can be used at a pressure of 3 
to 10 atmospheres. Although the selectivity in cop- 
per hardening does not depend much on the hydrogen 
pressure, less conjugated diene isomers are found at 
a somewhat higher pressure. 

The main technical difference between nickel and 
copper hardening is that the copper catalyst can be 
activated in the initial stage of the hardening pro- 
cess at a temperature of about 180C (wet activation), 
whereas the nickel catalyst has to be activated out- 
side the hardening vessel (in the case of supported 
nickel catalysts the activation occurs by reducing the 
catalyst with hydrogen at a temperature of about 
400C; in the case of nickel formate catalyst the ac- 
tivation occurs by decomposition in fat at a tem- 
perature of about 240C). 

In Table I a typical example is given of a hard- 
ening of soybean oil with copper catalyst. For this 
experiment a value for SL = 14 was calculated from 
the fat ty acid composition. 

Postrefining of Copper-Hardened Products 

I t  has been long known that traces of copper pres- 
ent in oils and fats catalyze oxidation reactions so 
that the taste and storage stability of the oils are 
greatly impaired. These traces must therefore be re- 
moved as thoroughly as possible. Apart  from this 
aspect the postrefining of copper-hardened products 
does not present special problems compared with those 
encountered for nickel-hardened products. 

After hardening, the catalyst is filtered off and the 
copper content in the oil is reduced to less than 0.1 
mg/kg by washing with, e.g., phosphoric acid. Finally 
the oil is washed with water and subjected to con- 
ventional deacidification, bleaching and deodorization. 

Results and Discussion 
Select ivity  of the Copper Hardening 

In Table II examples of copper hardening of soy- 
bean oil to different iodine values are given. 

Table II  shows that the S~-values of ca. 10 reached 
in copper hardenings are far higher than those 

TABLE I 

t Iydregenat ion of Prerefined Soybean Oil with Copper Catalyst 
(0.1% Ca on oil) at 185C and 5 Atmospheres 

Gauge Pressure He During 30 lVIin 

Start ing oil ttardened oil 
Oomposition (I.V. 134) (I.V. 112) 

wt  % wt % 

Linolenic acid (C~s triene) 8.5 Trace 
Linoleic acid ( C~s diene) 52.5 45.0 
Oleic acid (Cls monoene) 24.0 39.0 
Steari c acid ( Cls sat.) 4.0 4.0 
Palmitic acid (Cls sat.) 11.0 11.0 
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T A B L E  II 

Fatty Acid Composit ion and A m o u n t  of Na tu ra l  Linoleie  Acid 
in  Soybean Oil t t yd rogena t ed  wi th  a Copper C~atalyst 

Composi t ion according to GLC (wt  %)  wt  % % Na tu ra l  
Iod ine  Na tu ra l  l inoleic acid 
va lue  Cls Cls C1s Cls C~ SI~ l inoleic in C~s diene 

t r iene  diene monoene sat. sat. acid 

133.5 a 7.5 5 L 0  25.5 3.5 11.5 50.7 100 
111.3 Trace 44.5 39.5 4.0 11.0 ~ 1 2  34.4 77 
112.8 Trace 46J0 38.5 4.0 11.0 ~ 1 2  39.9 87 
114.2 1.0 46.5 37.0 4.0 10.5 10 38.6 83 
119.2 2.0 50.0 32.5 3.5 11.5 11 36.4 73 

a S t a r t i ng  oil. 

( < 3 )  quoted in the In t roduct ion for  other catalysts. 
Thus, using a copper catalyst  it is possible to reduce 
the linolenie acid content considerably while main- 
raining the linoleie acid content on a high level. About  
80% of the linoleic acids are still na tura l  linoleic 
acid. 

I t  follows fu r the r  f rom Table I I  that  oleic acid 
under  the conditions mentioned in Table I is not 
hydrogenated to stearic acid. This means that  cop- 
per catalysts have absolute selectivity in the conven- 
tional concept of selectivity in fa t  hardening which 
aims at decreasing the polyunsatura ted  f a t ty  acid 
content without format ion of stearic acid. I t  is de- 
fined as the ratio of the rate constants of the lino- 
leic and  oleic acid hydrogenat ion (So = kr jko)  in 
the following scheme: 

L (diene) ~ 0 (monoene) ~ S (sa turated)  
kr, ko 

Apparen t ly  ko = 0 in our experiments;  so that  cop- 
per catalysts have an infinite So-value. That  it is 
very high has been known for a long time. Hildi tch 
and Moore (5) in 1923 hydrogenated cottonseed oil 
with nickel and copper on kieselguhr catalysts and 
found that  the la t ter  were fa r  nlore selective in re- 
gard to the format ion of stearic acid. More recently 
Japanese  authors, especially Miyake (11), investi- 
gated copper catalysts in the hydrogenat ion of whale 
oil and other oils and also found that  very high 
So-values can be reached with these catalysts. 

Properties of Copper-Hardened Soybean O i l  

Storage Stability. To examine the keeping prop-  
erties of the copper-hardened soybean oil of differ- 
ent I.V., organoleptic tests were made in which the 
hydrogenated products  were compared with the ful ly  
refined soybean oil and sunflower-seed oil. Two tests 
were employed, viz., a so-called quick test, in which 
the oil is tested dur ing 4 days when placed in diffuse 
daylight,  and a slow test, in which the oil is stored 
in the dark at a t empera ture  of 15C and tested once 
every 2 weeks dur ing  a period of 6 weeks. The tests 
were carried out by a skilled taste panel. In  the 
slow test the preferences were expressed; in the 
quick test the assessment was expressed in figures 
of meri t  f rom 0 to 6. The results of these tests are 
collected in Table I I I .  F rom Table I I I  it follows 
that  the stabil i ty against  flavor reversion of a copper- 
hardened soybean oil with an I.V. of 112 is con- 
siderably higher than that  of the original soybean 
oil. The keeping propert ies  of copper-hardened soy- 
bean oil with an I.V. of 115 are about the same as 
those of sunflower-seed oil. 

Melting Behavior. This of course depends s trongly 
on the iodine value of the hardened oil. There is 
not much difference in melt ing behavior between a 
copper and a nickel-hardened soybean oil if both 
products  are compared at the same iodine value and 
the nickel hardening takes place under  opt imum se- 

leetive conditions. On the other hand, when the aim 
is the production of a satisfactorily keepable oil f rom 
soybean oil it is more meaningful  to compare both 
products  at the same ]inolenie acid content, e.g. 1%. 
On this basis, copper-hardened soybean oil is consid- 
erably more liquid than the nickel-hardened product  
due to the high S~- and So-values of copper cata- 
lysts. For  example, a f ter  winterizing at 5C for ]8 
hr, the yield of the liquid phase for the copper- 
hardened soybean oil was 86.% and for  the nickel- 
hardened oil 50%. 

Comparative T r i a l s  w i t h  C o p p e r  a n d  N i c k e l  Catalysts 

In  order to demonstrate  more clearly the difference 
between copper and nickel catalysts, comparative hy- 
drogenations on the same star t ing soybean oil were 
carried out. Samples were taken at different stages 
of the hydrogenation,  and af ter  filtration and thor- 
ough removal of copper traces analyzed for the data 
given in Table IV. 

The content of linolenic acid as a function of the 
percentage of ]inoleie acid is plotted in Figure  ]. 

Some Aspects of the Structure of Copper Catalysts 
G e n e r a l  

Our studies on the s t ructure  cf copper catalysts 
were mainly  devoted to the copper catalyst  mentioned 
in the p reced i .g  pa ragraphs  (synlbol: Cu-Mg-Si02 
catalyst ;  grain size : 2 to 10 ~ ; BET-surface  area : in 
the order of 150 m2/g catalyst ;  average pore width:  
in the order of 50 ~ ) .  The selectivity characteristics 
of this catalyst  must  be ascribed to the copper par t  
of the catalyst,  because such catalysts as copper on 
alunlina, copper on chromia, copper on kieselguhr, 
etc., also show a very  similar selectivity pat tern.  
However,  the act ivi ty of copper catalysts in fa t  hard- 
ening may  vary  considerably with the type of car- 
rier and with the method of preparat ion.  

In  the l i terature,  opposing views are found on the 
question whether e lementary copper or a copper com- 
pound is the active center in a copper catalyst. There- 
fore the first investigations concerned the state in 
which the copper is present  in the activated catalyst. 

T A B L E  iIi 

Organolept ic  Tests of Copper-1-1ardened Soybean Oil Compared 
wi th  U n h a r d e n e d  Soybeans Oil and  Sunflower-seed oil 

Slow test [number  of persons p re fe r r ing  ful ly refined (A) or hydro- 
genated refined (I .V.  ! 1 2 )  soybean oil (B)  af ter  0 -6  weeks] 

0 weeks 2 weeks 4 weeks 6 weeks 

A 6 ,0 1 0 
]3 14 19 19 20 

Quick test [assessments of a 10-person panel  af ter  0 -4  days for 
soybean oi l :  A) ref ined;  B)  hydrogena ted  refined (I .V. 1 1 2 ) ;  D)  
idem (I .Y.  1 1 5 ) ;  and  refined sunflower-seed oil C ) ]  

0 days 1 day 2 days 3 days 4 days 

A 5 +  4 21~ Very bad 
B 6 6 51/~ 5 - 41A 
C .... 6 6 5 .... 
n .... 6 6 6--  .... 
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TABLE IV 
Comparative Hydrogenations, at 185C of Soybean 0il Using a Nickel Catalyst at 1 Atmosphere 

Gauge Pressure He and Copper Catalyst at 5 Atmospheres Gauge Pressure I~2 

Composition determined by GLC (wt % )a  Wt % 
Catalyst Iodine trans fatty SL 

value Cls C~s Gas Cls C1~ acids 
triene d iene monoeno sat. sat. 

120.9 4.5 44,0 35.0 5.5 11.0 6.5 2.5 
Ni on g'uhr 111.4 4.0 37.5 39.5 5.0 12.0 12,0 2.0 

(0.1% Ni on oil) 102.2 8.0 32.0 45,0  6.0 12.9 19,5 2,0 
98.5 2,0 28.0 52.5 6.0 11.0 23.0 2.0 
91.7 0,5 23.5 58,0 7.0 11.0 25.5 2,5 

127.0 5.5 53.0 26.0 4.0 11.5 4.0 8.0 
Cu on guhr 120.8 2.5 51.5 31.5 3.5 11.0 7A) 8.0 

(0.2% Cu on oil) 115.3 1.5 46.5 35.0 4.0 11.0 9.0 7.0 
112.1 0.5 44.5 60.0 4.0 11.0 13.0 8.0 

Starting oil 132.3 8.0 52.0 24.0 4.0 11.5 0 

a The totals of the fatty-acid composition vary from 98 to 100%. This is due to the fact that the fatty acids < C~z and those > Cls have been 
omitted because their anMysis is rather inaccurate. 

As already mentioned in the hardening procedure, 
wet activation of the catalyst  can take place in the 
b~itial stage of the hardening. In  this case an in- 
duction period is observed before the actual  hard- 
ening starts. On the other hand, d ry  activation is 
possible in a hydrogen s t ream at  a t empera tu re  of 
150 to 300C, depending on the type  of catalyst.  When  
this catalyst  is introduced into an oil to be hardened, 
no induction period is observed. A p p a r e n t l y  a re- 
duced form of a copper compound is essential to 
obtain catalytic activity.  Because d ry  and wet  ac- 
t ivated catalysts behave very similarly, s t ruc ture  in- 
vestigations have been carried out using dry  act ivated 
catalysts. 

T h e  S t a t e  o f  C o p p e r  in  A c t i v a t e d  C o p p e r  C a t a l y s t s  

In  this investigation the presence of e lementary 
copper (0), copper ( I )  and copper ( I I )  compounds 
must  be considered. X- ray  analysis gave little in- 
formation on this problem, because--as  is often the 
ease in the x-ray analysis of ca ta lys t s - - the  diffrac- 
tion pa t te rns  were very  vague, which indicates poorly 
crystallized compounds and /o r  a small crystall i te size. 

Also chemically it is ra ther  difficult to differentiate 
quant i ta t ively between copper (0), copper ( I ) ,  and 
e o p p e r ( I I )  compounds. As soon as such a system 
comes into contact with water,  the following equi- 
l ibr ium is established: 

Cu 2~ + C u ~ - 2  Cu + 

In  a 4 N  sulfuric acid solution this equilibrium is 
shifted to the left, in a 4 N  hydrochloric acid solu- 
tion to the r ight  as a result of the format ion of the 
CuC12- complex. On t reat ing the activated catalyst  
with sulfuric acid, any copper(T) will therefore be 
converted into Cu 2~ ions and copper (0). On the 
other hand, on t reat ing the activated catalyst  with 
hydrochloric acid, possibly present  Cu 2+ ions will ox- 
idize copper (0) to Cu ÷ ions, which will be bound 
in the CuC12- complex. Hence, separate  determina-  
tion of copper (0),  copper ( I )  and copper ( I I )  is not 
possible by conventional chemical methods. However, 
it will be clear that  dur ing  extraction of activated 
copper  catalysts with appropr ia te  solutions there is 
no change in the m e a n  oxidation state of copper, pro- 
vided the possibility of oxidation by air is excluded. 
Therefore, this mean oxidation state of copper, de- 
fined as x in the hypothetical  formula  Cu0~, can be 
determined by chemical methods. The following 
method gives very  reliable results. 

By t rea tment  with a 2 N sulfuric acid solution at 
room tempera ture  the activated catalyst  is disinte- 
grated completely and all coppe r ( I )  compounds, if 
present,  are converted into copper (0) and Cu 2+ ions. 

Then the result ing suspension is t reated with a solu- 
tion of i r o n ( I I I )  ammonium sulfate at boiling tem- 
pera tu re  for  about 10 min, as a result  of which the 
copper (0) is oxidized to Cu 2+ ions according to the 
reaction : 

Cu + 2 Fe  3+ --> Cu 2+ + 2 Fe  2+ 

The Fe e+ ions formed are t i t ra ted with potassium 
permanganate  solution; the % total copper  in the 
catalyst  is determined iodometrically a f te r  oxidation 
of the activated catalyst  with nitric acid;  the value 
of x is calculated f rom 

% copper as calculated f rom the 
x = 1 -- pe rmangana te  t i t ra t ion 

% total  copper 

I t  will be clear tha t  if x < 0.5 the catalyst  must  
contain copper (0) ; at  x = 0.1 the min imum amount  
is 80% and the maximmn amount  is 90% relative 
to the total copper content. Depending on the total 
copper and magnesium contents in the catalyst  and 
the activation method applied, x-values ranging f rom 
0.1 to 0.8 were obtained, so it is evident tha t  the 
active center of copper  catalysts consists of, or con- 
tains, a reduced form of copper. Taking into account 
that  catalysts with x = 0.1 show high act ivi ty (see 
next section), this reduced form probably  is copper 
(o). 

In  order to obtain more evidence that  the presence 
of copper (0) is essential for catalytic activity, the 
following method, based on a pape r  by Ubaldini  and 

Starting oil 
8 

26 
a 

.~_ 4 b 

c 

12 .1'" 0 0 

0 | 
0 10 20 30 40 50 60 

Linoleic acid (percent )  

]~1(~, 1. P e r c e n t a g e  o f  l ino len ic  ac id  as a f u n c t i o n  o f  the  
p e r c e n t a g e  o f  ]hlole ic  ac id  in s o y b e a n  oil h y d r o g e n a t e d  a t  
185C ( a )  w i t h  n icke l  c a t a l y s t  a t  1 a t m o s p h e r e  a n d  ( b )  w i t h  
c o p p e r  c a t a l y s t  a t  5 a t m o s p h e r e s  g a u g e  p r e s s u r e  H~. 
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Guerr ier i  (21) was developed to determine the amount  
of copper (0) in activated catalysts. 

The act ivated catalyst  is boiled with a solution 
of sulfur  in carbon disulfide by which copper (0) is 
t ransformed into copper  sulfide, but  copper oxides, 
if  present,  are not. In  this nonaqueous medium no 
disproport ionat ion of C u ( I )  occurs. The solids are 
filtered off and t reated on the filter with a 2 N hy- 
drochloric acid solution. As a result  of this t reat-  
ment  only the copper oxides dissolve. The amount  
of copper  in the remaining copper sulfide (which is 
equal to the amount  of copper (0) in the catalyst)  
is determined iodometrically af ter  dissolution in ni- 
tric acid. 

The method gave excellent results on model mix- 
tures of copper metal  and copper oxides and enables 
us to determine the amount  a of copper (0) relative 
to the total  copper content in act ivated catalysts. 
As it appeared  that,  within the experimental  error,  
( 1 -  a) always equalled x (the mean state of oxi- 
dat ion) ,  the conclusion must  be that  the reduced 
form of copper in act ivated copper  catalysts is cop- 
per  (0), since no measurable amomlts  of C u ( I )  are 
present.  

Relat ion Between  the Mean State  of Oxidation 
of Copper and the Catalyt ic  A c t i v i t y  

In  order to s tudy the catalytic propert ies  of cop- 
per  catalysts more conveniently, vapor  phase hydro- 
genation was applied. This method has the advantage 
that  diffusion limitations can be eliminated, which is 
hard ly  possible in liquid phase hydrogenation.  In  
our equipment  eyclohexene was hydrogenated over a 
copper catalyst  bed under  such conditions that  diffu- 
sion limitations did not occur. Therefore, the observed 
rate of hydrogenat ion to cyelohexane may  be con- 
sidered as a measure of the size of the catalytic surface 
area. 

F i r s t  of all it appeared  that  this rate  increased 
with decreasing mean state of oxidation (x) of a 
certain copper catalyst  in the range  x = 1 (rate  is 
zero) to x = 0.35. So it may be concluded that  the 

decrease in x results in an increase of the catalytically 
active surface area. This is a fu r the r  indication that  
the active center of act ivated copper  catalysts con- 
sists of copper  metal  crystal l i tes;  whether  these are 
promoted by the carr ier  or by  traces of other 
substances to become catalytically active is under  
investigation. 

On the other hand it was observed tha t  in sinter- 
ing experiments  the activities in soybean oil and cy- 
elohexene hydrogenat ion showed a l inear relationship, 
which indicates that  the investigated Cu-Mg-Si02 
catalyst  has a very good accessibility for  triglyeeride 
molecules. This may be one of the reasons that  Cu- 
Mg-SiO2 catalysts have appeared  to be very  suitable 
for applicat ion in soybean oil hardening.  
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