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INTRODUCTION. 

In t'arts I and 11 (Tlzis .lozcmlal, 1935, 21A, 93-109: 285-293) 
it was shown that the velocity coefi'icients ( I < )  at difierent rates of 
flow cjf the oil were concordant in the case of nickel wire catalyst for 
the hydrogenation of groundnut oil, and in the case of nickcl carbo- 
nate-kicsclguhr catalyst thc variation of the vclocity coefficients (I<') 
for thc hyilrog-enation uf olive i d  asld cottonseed oil could be rspt-essetl 
by an equation K = I<' (Rate)"" which gave concorr1;mt xalues lor 
K'. The teml~erature coeficients of the velocity co~rstants indiralkd 
the presence of a ~ l~mibe r  of inaxitna and rniniina ill the case 
of both the wire catalysis and the precipitated catalysts. Analysis of 
the hartlrned cottonseed oil indicated a selective hydrog.enation of 
dein at  150". 

'T'hese results could be esplained on the basis of the relative 
velocity of hydrogenation of linolein and oleis i n  the nil. Rut the 
absence of similarity in t lx  behaviour of any two catalysts appeared 
to he due to the difference in the heterogeneity of the catalyst surface 
as well as to the difference in the composition of the oil. It was, 
therefore, t h o u ~ h t  that a study of the hydrogenation of the oils of 
dirferent cot~~positions ~vith different catalysts x,ould bring- out the 
relative influence of the componeni glycericles. a 1 ~ 1  might give a clue 
to u~lde;.stand the nature of the catalyst surface. The present papcr 
deals vi-it11 the kinetics of hyclrog-enatioli of 'the grounclnut oil by 
nickel rarbonate-kieselguhr. unsuliijorted nickel carbonate, nickel 
hyclroxide-silica gel and nickel peroxide-kieselgl~hr catalysts. Thr  
exper i~~~enta l  results on the comparative eficiency of h e  different 
prrparatior-is of the precipitated catalysts Tor the hydrog-enation of 
oils in the contiimous prncess from the technical point of view, will 
be published in the near futrlre. 

EXPERIMENTAL. 

The annaratus used and the arocedure follnwed was the same 
1 L 

ai: that cle~crihecl in Part  I. 
The groundnut oil uwd in all thr experiments with different 

catalysts v.35 from the same ljull, of the oil as used in Part  1. 



(1) 'l'he nickel carbonate-kieselguhr catalyst was prepared in the 
same way as described in Part  11. 70 grams of the catalyst were 
reduced a t  400" for about 17 hours. The activity of the catalyst 
was rnrasul-ed by passing the oil at different rates through the cata- 
lyst at different temperatures. The percentage collversion was deter- 
mined from the change in the relractive index of the samples as in 
Part  I. It was found that the activity of this catalyst was as good 
as that c t f  tlie nickel wire. The details of these cxperitnents 
will he published in the near future. In  thc present 1)alxr \ye 
will discuss the velocity coefficient of the reaction as calculated from 

2.3 
the quation K - - log whcre A- is the l)ercentagc conversion 

f (a--x) , , 
a t  a particidar rate and t is the time of contact, which is inversely 
proportionate to the rate of flow of the oil over thc catalyst. 11 has 
already been shown in Part  TI that this velocity coefficient is sul~ject 
to a furthei- correction for  the effect of adsorption which is g-iven by 
the expression F;r -- I<' (Rate)''- wherc K' is the corrected velocity 
coefficient. The results are givcn in Table T. 
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As in the case of the hydrogenation of the cottonseed oil and 
olive oil. the velocity coefficient K at any temperature varied with the 
rates. The values of K' are, however, fairly concordant for temge- 
ratures heti\-een 100"-180" when 11 lvas equal to 2. At 200" I(' 
decreased with increasing rates when 11 was equal to 2, and K was 
fairly constant when 71 was taken as 4. 

The values for the velocity coefficient K, when the same catalyst 
was used in the form of thicker rods which had a more porous struc- 
ture. are given in Table 11. The amount of the catalyst used to fill 
up a length of 17 inches of the reaction tube was 43 grams. 

TAELE .II. 
Niclzcl carbotinte-kieselgz~hl- catalyst (thick ~ o d s  ) . 

li at tenrperatures 'C. 
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The results for the velocity coefficients show that the 1-elocity 
decreases with increasing rate between 95"-140" and remains fairly 
constant between 160-200". 

(2) Nickel carbonate catalyst was prepared by precipitation, 
adding sodium carbonate to nicliel nitrate solution. The precipitate 
was washed and drawn in the form of rods, which showed consider- 
able shrinkage on drying and reduction at  400". 150 grams of the air- 
dried catalyst were used in the reaction tube and occupied a length of 
6 inches of the tube on recluction. Oil was passed over the catalyst 
at  different rates and the velocity coefficients were calculated from 
the percentage conversion. The results for K calculated for the full 
length (17") of the tube are given in Table 111; from which it will 
be seen that the values of K increase with rates at  temperatures 
above 160". while at  lower temperatures the velocity coefficient rises 
to maximum and then falls. 
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'T'III:, TEMPERATURE COEFPICIEKT O F  TIIE REACTION. 
The mte a t  which the velocity of reaction changes with tempera- 

ture ih sliow:~ diagranlmatically in Figs. 1 and 2 whcrc I< a t  tli8cr- 
cLnt rates is plotted ag-ainst the te~i~perature. 

V E L O C l T Y  OF HYDROGEWATION OF GROUMD NUT O/L AT DIFFERENT 

TEMPERATURES WITH NICKEL CARBONATE ON KIESELGUHR CATALYST. 

(Figores in 6mcReCs ;ndicnCe rnGe of &e o i l )  
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Figs. 1 and 2 refer to the results with two catalysts both prepared 
from nickel carbonate supported on kieselguhr and containing 20% 
nickel, the only difference in the two being in the porosity and thick- 
ness of the rods so that different quantities of the catalyst were re- 
quired for same length of the reaction tube. The curve with the thin 
rods of th? catalyst shows the presence of two maxima at  about 140" 
and 180"; which become more and more pronounced as the rates of the 
oil are increased. The velocities with the catalyst when the rods were 
more porous are low at  all temperatures because of the lesser amo~ult 
of active nickel in the reaction tube. Simultaneously the maximum 
a t  140" is much less pronounced and the one at  180' disappears at  
the rates of 20. 40 and 60, while at  the rate of 100 grams of oil per 
hour, the cun.e shows only one peak at 180". 

I t  is thus clear that the various peaks in the K-temperature 
curves, are hroug-ht out at  a higher rate of flow of the ail over the 
catalyst, i.c., when the time of contact of the catalyst and the oil is 
less. In the hyclrogenation of grounclnut oil, the velocity of hydro- 
genation of linolein will be much faster than that of the olein 
(cf. Par t  TI). Consequently, when the time of contact is small the 
major portion of the absorption observed will be due to the hydro- 
g~na t ion  of linolein, a d  the temperature at  which there is a peak in 
the curve will be the temperature at which linolein reacts at the great- 
est velocity. 



I . . . . . . . . . . . .  
90 fD0 YM 7.20 f30 140 fb0 160 170 180 190 200 210 

Ternpu~aCure C"- 

I t  appears froin the results shown in I:ig. -3 that the tnasirnn 
a t  140" and 180" are due to a higher velocity of hydrog-enation of 
linolein at these temperatures. 

At slow rates of oil of the order of 20 grams per hour, most 
of the linolein will be hydrogenated and the effect of temperature on 
the reaction observed will be due to the hydrog-enation of olcin. The 
curve in the present case shows that the velocity rises continuously 
up to 160" aftci- which it remains steady up to ZOO0, showing a 
masirnuin conversion of olein at  about 160" C. 

The results obtained with an upsupported nickel carbonate 
catalyst are in many ways different from those with the Iiieselguhr 
supported catalyst. Fig. 3, where these results are give11 grapiiically, 
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TCWPERATURES WITH UNSUPPORTED NICXEL CARBONATE CATALYST 

G-Q PO ~ l r t e  )-a fob RoEe 

FIG. 3. 

160 

f4O 

indicates that at the rate of 100, the velocity does not rise within the 
ranges of temperatures from 9.5' to 140° and from 188' to 200'. 
Between 140" and 180" the velocity rises sharply, a deviation in the 
curve being shown a t  about 160". The velocity a t  the rate 30 in- 
creases continuously up to 200" after which it remains constant up 
to 208". The absence of kieselguhr as the support has ilot impaired 
the activity of the catalyst as can be judged from Table IV, 
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I t  has been nien;io~ictl prex-iotisly that a i  a slo~v rate of the oil 

over thc catalyst the -i:e!ocity of the reaction mill be due iliostly to the 
hytlrogenation of olein. Table IV shows that the ratio of  the d o -  
cities at  the rate of 30 grams of oil per hour is nearly 1 : 5 at all 
kmperatures indicating that the a!xence of kiescl.uIl?- does not 
materially affccl the hytlrogenation of olein. I-lomwei- a low ratio 
of the velocities at the I-atc of 100 grams of  oil per 1io11r nt 10O0, 
120" am1 110°, indicates that thc I~yc!roymatinii of linolein is less 
Favoured by the unsupported catalyst. 

The plot of K a ~ a i n s t  temper;~t!u-e shows s masiluum reactioii 
at  about 180". T i ,  however, the value  of I<', tlic corrected vclocity 
coefiicients for nickel carbonate on kieselguhr ('thin rotls) are p!ot- 
ted against temperature (Fig. 4 )  tile niasima in the curre at 180' 
c1isal)pears. The curve shows a hl-e& at 150" after which the velocity 
rises continuously up to 200". 

( 3 )  n'irkel HyJ?-02~ide 091 Siiircr Gci Catn!!sf.-This catalyst 
was prepared hy adding a 10% solution of water g!ash to niclcel 
nitrate solution at  60". The mixr-d prccipiiaie of silica gel and 
t~iclirl hytlroxidc was washed and after i~artial drying-. the paste was 
ertrurlcd into rods of about one-eighth ilicl~ thickness. These were 
dried and brolcen up illto pieces of suitable lengths. The catalyst 
contains 20mc, nickel. The rods ~vere put into rhc reaction tube so 
as to fill sevznteen inches of its length. the wcight of the catalyst 
I~eing 78 grams. Reduction was carried nut at  350' for  17 hours 
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though it was practically complete after nine hours only, as judged 
from the amount of water formed during the reaction. 

After lowering the temperature to 1XO0, the oil was passed over 
the catalyst and the velocity of the reaction measured in the usual 
way. The results are given in Table V. 

TABLE V. 
Nickel  Rydvoxide-silica. gel calalyst. 

K at ternperatore 'C .  
Rate 

grams/hr. I 100 1 r n  1 I 1 In 1 s )  I mn 
-,- , , 



( 4 )  -Yickcl Pci-o.ridc-Kiescly~ii~r Cnin1yst.-This catalyst was 
prepared by precipitation of nickel peroside with sodiuin hypochlorite. 
A solution of sodium hypochlorite was acldec! to an ice-cold soluticin 
of 500 grams of nickel nitrate in three litres of ~vater.  The caralyst 
was washed, draw1 in .ihe form of rods in the usual way an? dried 
in air to avoid as far as possible the ileco~~~position of peroxide. The 
catalyst contained 20% nickel. It I\-as reduced at  100' and the ex- 
periments on hydrogenation were carried out in the usual way at  
different rates ancl temperatures. 

The velocity coefficients (K)  calculated i1? the same way as before 
are given in Table VI. 

TABLE \TI. 
Kickel pcroxidr-Kiesclyiilz~ catalyst. 

Rate prams,'hr. 

I n  the case of nickel pel-oxide-kieselgl.hr catalyst the velocity 
coef5cient K increases with an increase in the rate of flow of the 
oil at  all temperatures. On the other hand, nickel-$ica gel catalyst 
&es fairly constant values for K at 10O0, 120 , 160' and 200". 
?he behaviour of the nickel peroxicle-kieselg.uhr catalyst is exactly 
similar to that of the nickel carbonate-kieselguhr catalyst. 
The change of R with rates can be expressed by the equation 
K = R' (Rate)l\", where K' is the corrected velocity coefficient and 
I L  is a positive constant. The values of K' for nickel peroxide-kiesel- 
guhr catalyst when 7z  = 3: are fairly constant at all temperatures from 
100" to 180". At 200" concordant values for the velocity coefficients 
K are obtained when 12 = 4. 





Fig. 5 ,  which represents the results with nickel peroxide-kiesel- 
guhr catalyst, shows distinctly two maxima in the curve at  125" and 
180". The one at  125' is more pronounced at  a slower rate of the 
flow of oil, while the other becomes prominent a t  a higher rate. I t  
is iound that the maxima at  180" clisappears when the catalyst is 
poisoned. 

Nickel hydroxide-silica gel catalyst (Fig. 6) shows a continuous 
rise in the velocity upto 230". 

I f ,  instead of the velocity coefficient ( K )  for the peroxicle-liiesel- 
guhr catalyst, the nlean value of the corrected temperature coefficient 
(K') is plotted against temperature, the curve so obtained (Fig. 7)  

FIG. 7. 

shows a break between 120"-140" after which the values rise con- 
tinuously upto 200". 

TEe mean values for K' for the hydrogenation of groundnut 
oil along with the corresponding values of n for nickel carbonate- 
kieselguhr and nickel peroxide-kieselphr catalysts are shown in 



Fig. 8, where similar curves for the hydrogcnatio~l of cuttonseed oil 
:tncl olive oil by nickel carbonate-kieselguilr catalyst have been shown 
for  comparison. Thc number ng-ainst each point iilclicates the value 
of T I  from which I<' is calculated. The curve for olive oil is flat 
between 150" and 180", after which it shows a rapid rise. Groundnut 
oil hydrogenatecl n-it11 the same catalyst gives a sin~ilar curve hut 

the n ~ a x i ~ n ~ i n l  is less pronor~nced than in the case of olive oil. Cotton- 
seed oil shows a continuous variation of K' with temperature. The 
masinlum a t  150" appears to depend upon the percentag-e of olein in 
?he oil, cine tn its selective hydrogenation at that temperature. 

SUMMARY. 

The velocity coefficients for the hyclrogenation of groundnut oil 
by nickel carbonate-kieselguhr, unsupported nickel carbonate, nicliel- 
silica gel 2nd nickel peroxide-hrieselguhr catalysts have heen stucliecl, 
and the results have been compared with the velocity coefficients of 
the hydrogenation of the same oil over nickel wire catalyst. The 
apparent relocity coefficients of the reaction were calculated by the 



2.' 
formula K = >loo; -? - 1% hich gavc concordant d u e s  for K in thc 

f a in-x) ~, 
case of nickel-silica gel catalyst at loo", 160' and 200°, as in the case 
of nickel wire catalyst. In the case of other c:italysts and other oils, 
the values differed n-ith rates of flow over the catalyst, the variation 
being espressed by an equation I< = K' (Iiate)"'" -xhich gave con- 
cordant results fo r  ic' at all tcmpcratui-es. The temperature cocffi- 
cient of the corrccte(l wlocity K' slrov:ed that the rate of reaction 
\!;is hi;li at tn.~) teml)eratures 150" ;ind above ZOO", the high reaction 
~elocitp at  the former tenipemttrc being selecti~e towards the hydro- 
$-enatiim o i  i ~ l e ~ n ,  in qreenient with the results (if evperime~lts 
nu :he !~yi':rcqenatii; of olive i-ii!, ctrttonsecd oil and ethyl oleate 
( r f .  1'31-ts I1 ;~nd 111 of this series). 




