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Abstract: 

The paper gives a theoretical assessment of the hydrogenation of oilsand fats using catalytic systems. Saturation 

equations for unsaturated bonds aregiven. The role of catalytic metals and promoting additives in the formation 

ofthehydrogenating propertiesofcatalystsis established. 
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INTRODUCTION 

There are many theoretical developments in the technology of hydrogenation 
ofoilsandfats,whichareformulatedinageneralizedformastheoreticalfoundationsfor the catalysis of unsaturated organic 

compounds [1 4]. The chemical compositionof oils and fats also consists of fatty acids with unsaturated saturated 

compounds [5,6]. In this regard, the study and expansion of theoretical issues of hydrogenation ofoils and fats, especially 

cotton and sunflower oils, on efficient catalytic systems is ofbothscientificandpractical interest. 

The purpose of the work is aimed at analyzing and evaluating the availabletheoretical ideas on thehydrogenation of 

oils andfats, andon this basis expandingtheapproachofassessmentsfor this. 

MATERIALS AND METHOD 

To analyze and evaluate modern ideas on thehydrogenation of oilsandfats,modern theories of thehydrogenation of 

organiccompounds were used [7, 8]. The generalization was carried out by analyzing 

andevaluatingownexperimentalresultscarriedoutinthisdirection[9-11]. 

Results and discussion 

Manychemicalreactions,whicharefundamentallypossible according to thermodynamic data, either do not take place 
under practicallyacceptable conditions, or proceed with negligible speed. The catalyst initiates 

andacceleratesthermodynamically feasibleprocesses[12]. 

The essence of the hydrogenation reaction of unsaturated substances, as well 

asthechemicalreactioningeneral,consistsintheruptureoftheinitialandtheformation ofnewinteratomicchemicalbonds,which 

can berepresentedby thefollowingscheme[13]: 

H2↔H + H (1) 

 

―CH=CH―↔―CH―CH― (2) 

| | 

 

―CH―CH―+2H→―CH2―CH2― (3) 

|      | 

Breakinginteratomicbondsinmoleculesrequiressignificantenergyexpenditure. The energy of breaking the interatomic 

bond in a hydrogen molecule is436 kJ/mol. To break the ethylene bond in a monounsaturated carbon chain, energy inthe 

amount of 271 kJ/moll is required [14]. Thus, in order to carry out hydrogenationaccording to the specified sequential 

scheme of breaking and creating interatomicbonds, the reacting system must have energyof at least 700 kJ/mol [15]. This 

level ofenergycorrespondstohightemperatures atwhichorganiccompoundsdisintegrate. 

However, studies of the kinetics and energy of chemical reactions have shownthat the rupture of old and the 

formation of new chemical bonds do not occur at all 

intheformofsuccessiveacts[16,17].Infact,whenperformingachemicaltransformation,eachpairofapproachingmoleculesfirstfor

msaconfigurationintermediatebetweentheinitialandfinalstateofthesystem[18]. 

Thisconfigurationofreactingmoleculesiscalleda"transitionstate"or"activatedcomplex"[19]: 
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―CH=CH―+H―H↔―HC―CH―→―CH2―CH2― 

¦    ¦ 

H---H (4) 

activatedcomplex 
In the activated complex, the initial interatomic bonds are still preserved, but atthe same time new chemical bonds 

characteristic of the reaction product begin toform. Therefore, the energy required for the formation of the activated 

complex issignificantly less than the sum of the bond-breaking energies in the initial molecules[20]. 

For exothermic reactions such as the addition of a hydrogen molecule to 

anethylenebond,theactivationenergyofthereactionwiththeformationofanintermediate activated complex is approximately 

30% of the sum of the energies ofthebreakingbondsandis212kJ/mol. 

At this value of the activation energy, the fraction of reacting system moleculescapable of carrying out a chemical 

reaction is 10-22 at 200 °C and 10-12 at 600 °C[21]. 

This means that a purely thermal hydrogenation reaction in the absence of acatalystat200°Cdoesnottakeplace.Even 

at600°C,only onecollision ofmoleculesout of1012collisionscanresultina chemicalreaction[22]. 

Adecreaseintheactivationenergyofthereaction,andconsequently,itssignificantaccelerationoccursundertheinfluenceoft

hecatalyst. 
The initial molecules are chemisorbed on the catalytic surface, forming 

activatedcomplexes.Theforcefieldsoftheactivecentersofthecatalystweakentheinteratomic bonds of the adsorbed molecules 

up to their rupture. As a result, thereactivity of activated molecules increases, and the interaction of molecules 

becomespossible at a lower energy level, i.e. the activation energy of the chemical reactiondecreases. 

Themechanism of heterogeneouscatalytichydrogenationismostlikely,inwhich both reagentsform intermediate 

surface activatedcomplexesI and II (AKIandAKII,respectively): 

АК III→―CH2―CH2―+ thecatalyst (5) 

It is known thatmetals of the platinum group [23] of the periodic table ofelements exhibit high catalytic activity in 

reactions involving hydrogen, including inthehydrogenationreactionoftriglycerides. 

In connection with the developmentofideas about thestructure of theatomand the state of its electron shells, the 

catalytic activity of metals is compared withtheir electronic structure and, in particular, with the incompleteness of the d 
electronshell.Atthesametime,metalscontaining2-4unboundelectronsexhibithigh catalytic activity, and vice versa, metals 

that do not contain such electrons have verylowcatalyticactivityordonotshowitat all. 

Table 1 provides information on filling in the electronic levels of the elementsoftheeighthgroup andsomeothers. 

The electronic configuration of group VIII elements is characterized by thecompletion of the internal d-orbitals of 

atoms in the presence of one or two external5-electrons. The total number of external electrons varies from 9 (Rh, Co, Ir) 

to 10(Ni, Pd, Pt). It should also be noted that in palladium, with a small expenditure ofenergy (18.5 kcal / mol), which 

takes place during theimplementation of a realcatalyticprocess,anelectrontransitionstotheouter5-

orbital,andtheatomtransitionsfromtheground stateto thed-state: 

Table 1. 

Structureofelectronshells ofsometransitionmetals 

Element Number ofelectronsinorbitals 

1s 2s 2p 3s 3р 3d 4s 4p 4d 4f 5s 5р 5d 5p 6s 

Cobalt 2 2 6 2 6 7 2         

Nickel 2 2 6 2 6 8 2         

Copper 2 2 6 2 6 10 1         

Rutheniu 

M 

2 2 6 2 6 10 2 6 7 — 1     

RhodiumPalladi

u 

M 

2 2 6 2 6 10 2 6 8 — 1     

Renius 2 2 6 2 6 10 2 6 10 —      

Osmium 2 2 6 2 6 10 2 6 10 14 2 6 5 — 2 

Iridium 2 2 6 2 6 10 2 6 10 14 2 6 6 — 2 

Platinum 2 2 6 2 6 10 2 6 10 14 2 6 7 — 2 

Element 2 2 6 2 6 10 2 6 10 14 2 6 9 — 1 

 

1s22s22p63s23p63d104s24p64d10→1s22s22p63s23p63d104s24p64d95s1 (7) 

groundstated-state 

In the b-state, palladium (HD) has two free valences: due to an unpaired electron on4d orbitalsand electronstransferred to 
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5sorbitals 

The transition of electronsleads to thefact that unpaired electrons appear onthe outer d- and s-orbitals, which 

provide both the formation of metal–metal covalentbonds andchemisorptionnecessaryforthepassage ofa catalytic reaction. 

Transition metals tend to adsorb electrons at their unfinished d-levels, and 
thistendencyismanifestedinnickelandpalladiumtoagreaterextentthaninplatinum. 

In the course of studying the hydrogenation of cotton and sunflower oils, it was foundthat, according to the catalytic 

activity, the metals of the eighth group can be arrangedindescendingorderinthefollowingrow: 

Pd> Rh> Pt > Ru>Ir (8) 

The formation of chemisorption bonds between the catalyst and the reagent is aconsequence of the structure of the 

outer electron shells of the catalyst, but thechemisorptionmechanismdoesnotexclude the role ofgeometricfactors. 

From the point of view of the most developed multiplet theory of catalysis,Balandin A.A. [24] the possibility of 

catalytic hydrogenation is determined by theexistence of a certain structural and energy correspondence between the 

reagent andthe catalyst. The principle of structural conformity is the minimum bond tensionduring theinteraction of 

reagentswith the surface of the catalyst.For activatedadsorption of unsaturated triglycerides, the optimal distances between 

atoms in thecatalystlattice are 2.5-2.8Å,foractivated hydrogenadsorption– 3.5-3.8Å. 

Metals, in which the distances between atoms are optimal for the activation ofbothcomponents,serve 
asthemostactivecatalysts ofhydrogenation. 

In the table.2 shows theinteratomic distances (Å) in two planes of the crystalofmetalsmost commonly used 

ashydrogenationcatalysts. 

Table2 

Interatomic distances in two planes of the crystallatticeofmetals 

Crystallatticesystem Element Permanent 

А B 

  

 

 

 

Face-centered,cubic 

Рt 3,903 2,770 

Рd 3,873 2,740 

Ir 3,823 2,710 

Ni 3,502 2,480 

Cu 3,608 2,550 

Rh 3,800 2,650 

Со 3,550 2,510 

 

 

Hexagonal 

Re 4,450 2,750 

Ru 4,270 2,690 

Со 4,080 2,490 

Ni 4,080 2,490 

Os 4,310 2,730 

 

Industrialheterogeneouscatalystsusuallyconsistofactivecomponents,promoters and neutral components of various 

chemical nature. As a rule, catalysts arenot amechanical mixture of these components, but a single system, the 

componentsof which are either introduced during the synthesis of the catalyst, or formed duringits formation. For 

hydrogenation of fats, catalysts containing nickel and nickel oxideas active constituents are most widely used. Despite the 

higher catalytic activity ofpalladiumcomparedtonickel,itsuse islimited due tothemuchhighercost. 

In order to increase the activity, selectivity, stability and improve some 

otherpropertiesofcatalysts,smallamountsofpromotersareintroducedintothem-substancesthatthemselvesmaynot 

haveanoticeablecatalyticeffect,butenhancethe effectiveness of the catalyst. 0.5 to 5% promoters are added to nickel 

catalysts forhydrogenation of fats, for example, zirconium oxides, manganese and some 
othermetals,whichincreasetheactivityandselectivityofcatalystsatmoderatetemperatures,stabilityduringreuse. 

Modern nickel-containing heterogeneous catalysts reduce the activation energyof hydrogenation of ethylene bonds 

by 5-10 times compared to a hypothetical non-catalytic process. This makes it possible, even in industrial conditions, to 

carry out fathydrogenation processes at a sufficiently high speed already at 120-130 °With and 

ahydrogenpressureof0.050.3MPa. 

CONCLUSION 

The selection of catalysts for the hydrogenation of oils and fats is based on thestructure of the electronic shells of 

transition metals in the alloys introduced into thecompositionaspromoters; 

Ensuringanincreaseintheactivity,selectivity,selectivityandstabilityofcatalystsiscarriedoutby 

selectingthepromotingmetalsandestablishingtheirrequired content. 
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