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Abstract :  

The liquid phase hydrogenation of wool fat was studied in presence of catalyst Raney nickel, 5% Ru/Al2O3, 

and palladium supported on carbon catalysts.  Of all catalysts only Raney nickel catalyst offered product 

hydrogenated lanolin with iodine value below 5 from starting IV = 36. However limited study shows Pd/C 

works at lower temperatures at around 80°C and near ambient pressure but is not as much efficient.  The 

kinetics for hydrogenation over 5% Ru/Al2O3 catalyst was investigated at temperature range 120°C-150°C 

and hydrogen pressure 7–27 atm. The degree of hydrogenation was expressed in terms of reduction of 

iodine value.  Catalyst could be reused thrice without any loss of activity. Our ongoing catalyst research 

preliminary results do indicate that nickel catalyst in combination with adjunct copper chromite catalyst 

seems to be more promising for hydrogenation of various substrates with little modification case to case 

basis. 

 

 

Introduction : 

Hydrogenation of oils, fats, fatty acids is of industrial importance for detergents, soaps, cosmetics, 

greases, plastics, textiles, leather processing, protective/decorative coatings, and synthesis of its different 

derivatives (metallic salts, alcohols, amides, amines etc.). Complexity of hydrogenation reaction arises 

because of simultaneous hydrogenation reaction in series and isomerisation. The extent of saturation by 

hydrogenation is followed by iodine value (IV). The iodine value is a measure of unsaturation of the fats 

and is defined as the number of grams of iodine adsorbed by 100 g of substance.   

Yoshie et al studied the effect of Pt, Pd, Ru and Ir catalysts activity and selectivity for hydrogenation of 

linoleic acid. The hydrogenation of unsaturated fatty acid using composite catalyst Ni + copper chromite 

under mild hydrogenation conditions showed that oils and fats with low iodine values (IV ≤ 15) are the 

most difficult to hydrogenate. The spent copper chromite catalyst (because of toxic hexa-valent 

chromium Cr+6 content) poses disposal problem. Milder hydrogenation conditions produce lower level 

trans-isomers. Nickel catalyst is active at high temperature/high pressure, it does not show appreciable 

activity at temperatures below 150°C. 
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Ruthenium catalyst is cheaper than Pt and Pd elements. During oil hydrogenation, trans-isomers formed 

are undesirable due to adverse effect on health. Objective of this study is to investigate trans-isomers 

profile during the course of hydrogenation of edible oil, although trans isomer is not important to 

industrial application.   

Experimental : 

Kinetic experiments were conducted varying parameters : temperature, H2 pressure, catalyst 

concentration, using lanolin extracted from wool fat had  IV =36 (Wijj’s); AV = 1; MW = 800; mp 36-44°C.).   

The catalyst was preparation and characterization was followed in laboratory as per (a) impregnation 

technique for stabilized Raney nickel15-17 (b) supporting noble metal palladium on carbon18 (c) doping 

technique using ruthenium trichloride trihydrate as a catalyst precursor, with high surface area alumina 

support on carbon support references19. Using BET, SEM-EDX, Coluter LS 230. 

 

Fig 1 :  The laboratory autoclave 

Experiments were conducted in 1 litre capacity SS 316 autoclave equipped with electrically heated jacket, 

turbine agitator, variable speed magnetic drive; speed and temperature controller. Liquid sampling line 

and thermo-well were in immersed in reaction mixture (Fig 1.). 

Reactor was charged with 500 g lanolin, catalyst & purged with nitrogen gas to check leak-proof & then 

hydrogen purge to remove nitrogen. Agitation speed and temperature were set. Contents were heated to 

desired temperature and sample was drawn to consider that as zero reaction time. Hydrogen gas from 
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cylinder was sparged into the liquid phase directly beneath the impeller at the desired pressure of 

hydrogen. Samples were drawn intermittently. The fall in pressure was monitored by a pressure gauge. 

The hydrogen gas was added from cylinder manually by control valve to make up for that consumed 

during the reaction to maintain constant pressure in semi batch mode system. Samples drawn were 

instantly quenched in ice to arrest their further reaction and analyzed for iodine value by Wijj’s method . 

Results and Discussion :  

Primary objective of this work was to study intrinsic kinetics of liquid phase hydrogenation of lanolin using 

Raney nickel, Pd/C, Ru/Al2O3 catalysts.  The reaction scheme is written for conventional oils/fats as  

R1-CH=CH-R2    +      H2      -----------------    R1-CH2-CH2-R2              (1) 

The unsaturated lanolin competes with hydrogen through adsorption for the active sites on catalyst 

surface and are gradually converted to saturated state during hydrogenation. The catalytic hydrogenation 

of fat is a typical 3 phase gas-liquid-solid catalyzed heterogeneous slurry reaction. Depending on the 

catalytic activity, the overall process may be controlled by inter and intra particle diffusional resistances 

associated with gas-liquid-solid mass transfer process. The true kinetic study is conducted in absence of 

diffusional resistances.  

Table 1 a :   Kinetic rate data for hydrogenation  of various oils  

Time, min Olive oil Peanut oil Corn oil Soybean oil Sunflower oil Lanolin 

 IV                Conv  X IV               Conv  X IV               Conv  
X 

IV             Conv  X IV                Conv  X IV               Conv  
X 

  0 85 0.000 115 0.000 130 0.000 133 0.000 140 0.000 36.00          0.000 

  6     120 0.077   120 0.143 33.12         0.080 

  8 73 0.141     110 0.173   31.50         0.125 

10   100 0.130     110 0.214 30.24         0.160 

14       100 0.248   -      - 

16     110 0.154     28.80         0.220 

20 64 0.247   86 0.252 100 0.230   90 0.323   95 0.324 25.56         0.290 

30     80 0.304   90 0.308   80 0.398   86 0.386 22.40         0.378 

40 52 0.388   75 0.348   85 0.346   73 0.451   80 0.429 19.24         0.466 

50         80 0.385     -    - 

60 45 0.471   67 0.417   77 0.408   67 0.496   76 0.457 13.72         0.619 

80 43 0.494   65 0.435   73 0.438   63 0.526   74 0.471 10.84         0.699 

100 42 0.506   62 0.461   70 0.462   61 0.541   72 0.486 08.30         0.769 

120 40 0.529   58 0.496   68 0.477   58 0.561   70 0.500 06.48         0.820 

 

Table 1 b : Reaction rate constants for select few oil hydrogenation 

Rxn  rate constants Olive oil Peanut oil corn oil soybean oil Sun flower oil Lanolin 

k ,      min-1 0.0176 0.0130 0.0128 0.0216 0.0238 0.0130 
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Mass transfer considerations: 

The gas phase is almost pure hydrogen due to extremely low vapour pressure of reactant fat under 

hydrogenation conditions. Above 150°C, the diffusivity will also increase in the gas phase. Consequently, 

the diffusional resistances associated with transfer of hydrogen gas in the gas phase to the gas-liquid 

interface can safely be assumed to be absent. The gas-liquid interface is instantaneously saturated with 

respect to hydrogen. The diffusional resistance for transfer of dissolved hydrogen to the bulk liquid phase 

and then to the catalyst surface can be ascertained by the extent of turbulence in the liquid phase. In a 

catalytic slurry reactor, the impeller speed controls the intensity of turbulence.  

      

Figure 2: Hydrogenation of lanolin at different temperature      Fig3 : Arrhenius plot for hydrogenation of lanolin 

The laboratory experiments at 180°C, the agitation speed above 1200 rpm had no effect on reaction rate. 

The intense speed of agitation resulted in better mass transfer and hence enhanced the reaction implying 

the absence of any diffusional resistances (gas-liquid and liquid-solid mass transfer) ≥ 1200 rpm agitation 

speed. Further experiments were conducted at 1200 rpm and lower temperatures.   

The effect of reaction temperature in the range 100°C-150°C at H2 pressure 27 atms and 0.4%w/w 

catalyst loading based on lanolin. The reduction in iodine value increased at higher temperature as seen 

in Figure 2. However, percent conversion increased with increasing reaction temperature. GC analysis 

confirmed that molecule with two double bonds is hydrogenated faster than that with single double 

bond.  

Similarly the rate of reaction increased with the H2 partial pressure and the formation of trans-isomers 

content decreased with increasing hydrogen pressure during hydrogenation. 

The Arrhenius plot from reaction rate constants at different temperatures 100C-150°C shows linearity in 

temperature dependence provides ample evidence implying kinetics governing the overall process. Here 

we see slope = Ea/R = 6.4 kJ and the activation energy Ea = 12.8 kJ/mole or 53.2 kJ/mole. 
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The existence of intra-particle mass transfer resistance in the catalyst can be verified by calculating 

observable modulus of hydrogen and that of wool fat which is converted into saturated ones during 

hydrogenation. From Weisz-Prater criterion, the parameter ƞφ2 for unsaturated wool fat and hydrogen 

was calculated as  

 ƞφ2  =   ( - ri) w L2 / (CiDei)  i = C18:2,  C18:1,  H2            (2) 

The hydrogen uptake rate is oil weight gain resulting from reacted hydrogen  =  ( IV drop/127) x 100. Then 

0.0795 kg hydrogen (98.5 - 99.5% purity) is required to reduce the IV of 1000 kg fat by one unit.                   

= 0.934 m3 hydrogen at 15.6°C & 760 mm Hg is required to reduce the IV of 1000 kg wool fat by one unit.              

The concentration of gas was taken as the solubility of hydrogen at given partial pressure. The liquid 

phase effective diffusivities of lanolin were estimated using Wilke-Chang equation. The effect of mass 

transfer inside the catalyst pores was negligible, as ƞφ2 for reactant was far less than one for reaction 

conditions used. The absence of intra-particle mass transfer resistance was also confirmed by studying 

the effect of catalyst particle size on the rate of hydrogenation. In order to further ascertain the absence 

of pore diffusion, experiments were also performed with two particle sizes 75-90 microns and 105-210 

microns at 180°C. It was observed that the catalyst particle size had no effect on the rate of reaction and 

hence pore diffusion was deemed to be absent. Thus for the experimental conditions chosen all 

diffusional resistances were eliminated to discern true kinetics. 

 

Figure 4  : Hydrogenation of different oils and lanolin 

The progress of hydrogenation of select few vegetable oils and lanolin was followed by sample analysis in 

terms of traditional iodine value to express degree of saturation or conversion has been shown  for 

lanolin and vegetable oil hydrogenation as comparison (Figure 4) and Table 1a.  
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Table 1 a :   Kinetic rate data for hydrogenation  of various oils 20 

Time, min Olive oil Peanut oil Corn oil Soybean oil Sunflower oil Lanolin 

 IV                Conv  X IV               Conv  X IV              Conv  X IV             Conv  X IV                Conv  X IV              Conv  X 

  0 85 0.000 115 0.000 130 0.000 133 0.000 140 0.000 36.00          0.000 

  6     120 0.077   120 0.143 33.12         0.080 

  8 73 0.141     110 0.173   31.50         0.125 

10   100 0.130     110 0.214 30.24         0.160 

14       100 0.248   -      - 

16     110 0.154     28.80         0.220 

20 64 0.247   86 0.252 100 0.230   90 0.323   95 0.324 25.56         0.290 

30     80 0.304   90 0.308   80 0.398   86 0.386 22.40         0.378 

40 52 0.388   75 0.348   85 0.346   73 0.451   80 0.429 19.24         0.466 

50         80 0.385     -    - 

60 45 0.471   67 0.417   77 0.408   67 0.496   76 0.457 13.72         0.619 

80 43 0.494   65 0.435   73 0.438   63 0.526   74 0.471 10.84         0.699 

100 42 0.506   62 0.461   70 0.462   61 0.541   72 0.486 08.30         0.769 

120 40 0.529   58 0.496   68 0.477   58 0.561   70 0.500 06.48         0.820 

Table 1 b : Reaction rate constants for select few oil hydrogenation 

Rxn  rate constants Olive oil Peanut oil corn oil soybean oil Sun flower oil Lanolin 

k ,      min-1 0.0176 0.0130 0.0128 0.0216 0.0238 0.0130 

The specific reaction velocity constant k has been obtained from this initial rate data for few select 

vegetable oils catalytic hydrogenation. The same are depicted in Table 1 b. 

Catalyst screening :  

The catalyst activity for hydrogenation of lanolin was studied using various catalysts at temperatures 

150°C and hydrogen pressure 14 atms at 1%w catalyst based on lanolin. Unsaturated lanolin reacts on 

hydrogenation with 5% Ru/Al2O3.  Study considered 5% Ru/Al2O3 catalyst.  

The effect of Raney nickel, 10% Pd/C catalyst and 5% Ru/Al2O3 catalyst performance was compared at 

448K. Rapid and efficient hydrogenation occurred with 5% Ru/Al2O3 catalyst as expected.  However Raney 

nickel catalyst exhibited better activity under identical hydrogenation to fetch lower final iodine value as a 

lumped parameter rather than individual fatty acids (Figure 5).  

One study20 on palladium supported on carbon for the hydrogenation of vegetable oils uses reaction 

temperature 80°C and atmospheric pressure for reasonable reaction rate as compared to the case of 

Ru/Al2O3 catalyst21 used at temperature 120C-180C/ 7-27 atm pressure. Interestingly, our work on 

composite catalyst (Raney nickel along with adjunct catalyst) virtually offers complete hydrogenation in  

2.5 hours for vegetable oils but only at 260C and 4 atm(g). However, lanolin being somewhat temperature 

sensitive (for skin care, pharmaceutical applications), at the moment such results cannot be applicable.  

Design of catalyst to carry out hydrogenation at much mild temperature, pressure for almost near 

completion in reasonable time is desired. 
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Figure  5  :   Hydrogenation of lanolin using different catalysts for lanolin hydrogenation at 150C/14 atm. 

 

Figure 6 :  Influence of catalyst concentration on the course of hydrogenation 

Experiments were made at catalyst concentration at temperature 150°C and H2 pressure 27 atm. Lanolin 

concentration was varied in the range 0.2–0.4M. At lower concentration, lanolin hydrogenated rapidly 

because (catalyst/fat) ratio is higher at low concentration of fat reflecting surface reaction controlled 

reaction mechanism (Figure 6). 

The catalyst used here was of irregular shape shown by SEM photograph. It was hence difficult to quantify 

and hence interpreted in terms of weight of catalyst as active are directly proportional to weight of 

catalyst. Attempts were made to study almost complete hydrogenation (IV≤ 5) for lanolin and express 

hydrogenation kinetics in terms of reduction in iodine value a lumped parameter by iodine value-time 
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profile to fit a polynomial and obtained rate of reaction in terms of iodine value at different time intervals 

by differentiation.  

The experiments were carried out to examine reuse of this catalyst on the fresh lanolin with same catalyst 

reused recovered by slurry filtration from previous batch. Results showed that the activity of the catalyst 

remained more or less intact & could be reused without adverse effects in at least 4 consecutive 

experiments. Regeneration of spent catalyst was not covered till writing this manuscript and needs 

further investigation. 

Looking at Sorab Vatcha’s criteria from X - t data, the reaction time ratios corresponding to conversions of 

xA = 0.25,  0.50, 0.67 and 0.75  are t3/4/t1/2 = 2.04  and  t2/3/t1/3 = 2.8. From this the reaction order comes 

out to be nA = 1.05 with respect to limiting reactant lanolin, and similarly for hydrogen nB = 1.1. Therefore 

overall reaction order n = nA + nB = 1.05 + 1.1 = 2.15  =  2 .   

Conclusions : 

1. The liquid phase hydrogenation of wool fat was studied using various catalysts Raney nickel, 

palladium supported on carbon and 5% Ru/Al2O3 catalysts.  

2. The kinetics of the liquid phase hydrogenation of lanolin over a 5% Ru/Al2O3 catalyst was studied 

at 120°C-180°C and pressure 7-27 atm. The rate of hydrogenation was almost linearly dependent 

on temperature and hydrogen pressure. 

3. Ruthenium on carbon catalyst looked more active catalyst than that of Raney nickel catalyst 

particularly at lower temperatures. 

4. The overall reaction order was found to be close to  second order n = na + nb, where  na = 1.05 with 

respect to substrate fat and nb = 1.1, in respect of hydrogen pressure. 

5. Catalyst reusability studies showed that catalyst could be reused in total 4 experiments without 

adverse effect. 
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Nomenclature :  

Ci      = concentration of species I in eqn (2),               (kmol/m3)         

Dp = catalyst particle diameter,                 m              

Dei   = effective diffusivity of species I in eqn (2),          m2/s         

H2  = concentration of hydrogen             (kmol/m3)    

HE = Henry’s constant for hydrogen,      kmol/m-3 MPa-1 

IV = iodine value, g of iodine/100 g of oil sample            

k = reaction rate constant ( Eqns  5,6)     m6 kmol-1 kg cat-1 min-
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1nA = order with respect to reactant A                        

r = rate of reaction in Eqns (5-8, 10)          m3 IV kg cat-1 min-1      

ri = rate of reaction in Eqn (2),                kmol kg cat-1 min-1     

ro = initial rate of reaction, [ -d (IV)/w dt;  at t = 0]         m3 IV kg cat-1 min-1          

R  = Universal gas constant,             kJ kmol-1 K-1     

R1 = long chain of hydrocarbons                    

R2 = terminal carboxylic( -COOH) group                         

T = temperature,                                                                                   K     

t = hydrogenation time,                 min   

w = catalyst concentration,          kg/m3   

ƞφi2 = observable modulus for species I                  

ƞ = effectiveness factor                              

φ = Thiele modulus                           

ΔHads = heat of adsorption,         kJ mol-1 
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