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HYDROGENATION OF PALM OIL
ON Pt-CONTAINING CATALYSTS

Abstract. The article is devoted to the study of the catalytic hydrogenation of palm oil to obtain a high yield of
fat without double bonds and trans-isomers. The catalysts used were platinum supported on various carriers -
alumina, ball aluminosilicate, synthetic HY zeolite and activated carbon, among which ball aluminosilicate was the
most active. The effect of process temperature and hydrogen pressure on the content of double bonds and trans-
isomers of fatty acids was studied. In the temperature range of 80-200°C and pressures of 0.3—1.5 MPa, the content
of C = C bonds decreases from 54 g 1,/100g, and the content of trans fats from 22 to 0%. On the Pt/aluminosilicate
catalyst at 200°C and 1.5 MPa, double bonds and trans-isomers of fatty acids are completely absent in the reaction
products. Using the BET, porometry and EM methods, a uniform formation of zero-valence metal particles on the
catalyst surface was established, and nanoscale particles of Pt were determined.

Keywords: palm oil, catalyst, hydrogenation, platinum, aluminosilicate.

Introduction

More than 60-70% of the oil and fat industry in the world is based on hydrogenated oils.
Unhydrogenated fats are rancid, get oxidized due to double bonds, they have an unpleasant smell and
taste. Hydrogenation slows down these processes and, in addition, allows from cheap oils to produce
more valuable solid fats, which is the basis for the production of food margarines and technical
hydrogenated fats.

Since the 2000s, the world has introduced a ban on trans fats, called "fat-killers". The following
negative consequences of eating trans fats have been established: weakened immunity, reduced resistance
to stress, the risk of depression, the birth of children with pathologically low weight, the risk of developing
diabetes, a negative effect on the joints and connective tissue, the enzyme cytochrome oxidase,
neutralizing carcinogens, they lead to atherosclerosis, ischemic heart disease, cancer, obesity, visual
impairment, etc. [1-2].

In this regard, the content of trans-isomers in oil-fat products got stringent prohibition. In developed
countries, their content in products is minimized or completely banned. As early as 2003, WHO
recommended that the content of trans-fats in the caloric content of the diet should not exceed 1%.
Legislative limitations of trans fat content of no more than 1-2% in products are introduced in the USA,
Canada and all European countries. The FDA agency (USA) legally permits the content of trans fats
below 0.5 g per 100 g of product [3-4].

According to the requirements of the Technical Regulations of the Customs Union (CU) "Technical
regulations for fat and oil products" (TR CU 024/2011), the content of the isomers of fatty acids from
01.01.2018 for hard, soft and liquid margarines, spreads and mixtures should not exceed 2% [5]. In
Kazakhstan, currently in widely consumed oil-fat products, the content of trans fats is up to 40-50%.
Therefore, reduction of trans-isomers in edible oil-fat products is an actual and urgent problem in our
country, since from 2018 onwards it would be necessary to produce products in accordance with the
Technical Regulations of the Customs Union. The urgency of the problem of developing new catalysts for
the hydrogenation of vegetable oils is also determined by the fact that the demand for hydrogenated fats is
66 ——
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high, and the existing catalysts do not meet the requirements of modern technology in a number of
parameters.

The problem of hydrogenation of fats is covered in many studies of scientists and technologists. Such
studies are conducted in the developed countries of Europe, America and Asia [6-7]. In general, all studies
are devoted to the partial hydrogenation of various vegetable oils and cetylated fatty acid esters, which
makes it possible to form trans-isomers as more stable, and to reduce the degree of isomerization in order
to reduce the content of trans isomers. The most studied and effectively used in developed countries are
nickel catalysts and catalysts based on platinum metals.

When hydrogenating sunflower oil on a Ni/SiO, catalyst using 3 texturally different silica gel
materials, the authors achieved the optimal fat composition [8]. It is shown that the high activity of the
catalyst results in a greater number of reaction routes and side chemical reactions.

Hydrogenation of sunflower oil in cis-C18:1 was tested on heterogeneous catalysts - palladium and
platinum deposited on Al,O;, ZrO, and TiO; [9]. It was found that Pd-catalysts are much more active than
the industrial Ni-catalyst and the lowest yields of trans fats were obtained. Pt-catalysts were also applied
to carriers of different nature: ZSM-5 with platinum nanoparticles [10], diatomite from the Mugodzhar
deposit of Kazakhstan [11], AL,O;, ZrO,, CeO,, TiO,, MgO, BaSO,4 and MoO; [12].

The reduction of the Pd-B/y-Al,O; catalyst with potassium borohydride (KBH,) affects the structure
of the catalyst, which leads to high conversion and reduces the selectivity for trans-isomerization
compared to the unreduced catalyst [13].

The effect of the nature of the precursor of platinum on the activity of catalysts has been studied [14].
The catalyst prepared from Pt(AcAc), is more active than H,PtClg. The effect of a change in the Pt content
(0.7-4.6% wt) on a new mesoporous SiO, for the hydrogenation of sunflower oil was studied. It is shown
that the smaller the platinum, the lower the content of trans-isomers, which is due to the smaller catalyst
particles.

Modification of catalysts also leads to a decrease in the formation of trans-isomers. Silver-modified
Mg-Ni/diatomite catalysts have shown a decrease in trans-isomerization during the hydrogenation of
soybean oil [15]. Partial hydrogenation of sunflower oil on Pd/y-Al,O5;, modified with magnesium glycine
revealed a minimal formation of trans-isomers.

Studies show that on catalysts based on noble metals with the hydrogenation of vegetable oils the
yields of trans fatty acids are lower than those from nickel catalysts. Ni-catalysts are not very active below
120°C, and platinum ones are active at temperatures up to 70°C. Pt, Pd and Ru are the most active
catalysts for the hydrogenation of vegetable oils, but on Pt-catalysts there're the minimum amount of trans
fatty acids.

Monolithic catalysts based on anodized aluminum Pd/Al,O;/Al showed high activity when
hydrogenating sunflower oil with 50% conversion C=C [16]. These structured catalysts may be a good
alternative in the partial hydrogenation reaction.

In addition to conventional catalytic methods for carrying out hydrogenation processes, new ones are
proposed, such as electrocatalytic hydrogenation, hydrogenation in supercritical conditions, hydrogenation
using membranes and cold plasma, which have shown promising results in reducing trans fatty acids. But
these alternative methods are not brought to the introduction for industrial production of fats without
trans-isomers yet.

Hydrogenation of sunflower oil in supercritical propane and dimethyl ether 2% Pd/C showed the best
profile of hydrogenated products, supercritical conditions significantly affect the melting characteristics
compared to conventional hydrogenation [17].

A significant decrease in the content of trans fatty acids in soybean oil is demonstrated by a low-
temperature electrochemical process [18]. Compared to the commercial process of hydrogen gas
hydrogenation, the application of this method leads to a decrease in trans fatty acid by 80%.

Membrane reactors are proposed in [19], which address the drawbacks of the process of conventional
three-phase hydrogenation, such as the insufficient provision of the catalyst with hydrogen, the slow
diffusion mass transfer of reactants from the gas phase through the liquid to the active sites of the catalyst.

High-voltage atmospheric cold plasma (HVACP) was studied to produce partially hydrogenated
soybean oil without the formation of trans fatty acids [19]. This study is the first study demonstrating an
alternative technology to conventional catalytic hydrogenation.
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Despite a large number of studies in this field, industries of almost all the countries of the world,
including in Kazakhstan, use the method of classical hydrogenation on nickel catalysts, in which the
double bonds do not completely hydrogenate and a sufficient number of trans isomers is brewed. In
particular, Johnson Mattey company's catalysts PRICAT 9910 and 9920 (nickel catalyst based on silicon
dioxide with a content of 22% wt) are used in Kazakhstan.

Disadvantages of industrial processes and catalysts are a short service life (one-time catalyst), a
laborious filtration stage for separating the catalyst from the target product and significant losses of fat and
active catalyst phase. But the main disadvantage of these catalysts is that nickel is partially present in the
hydrogenated fat, which is harmful to the human body. Therefore, harmless hydrogenation catalysts, such
as platinum-containing catalysts, are needed.

Usually, hydrogenation of double bonds of vegetable oils on metal catalysts leads to the formation of
trans-isomers, as the most stable substances. It is generally accepted that platinum catalysts produce the
least amount of trans-fatty acids upon hydrogenation.

The aim of this work is to develop active selective palm-oil hydrogenation catalysts for the production
of fat-free high-yield grease without double bonds and trans-isomers.

Experimental part

At preparation of catalysts was used H,PtCls-6H,O of "chemically pure" mark. Solutions of this
compound was applied by the adsorption method on the prepared carriers: alumina, ball aluminosilicate,
synthetic HY zeolite and activated carbon. The catalyst samples were filtered off and dried at 100-110°C
to constant weight. The reduction of supported catalysts was carried out in a quartz tube with electrical
heating in a hydrogen stream at 200°C for 4 hours, then the catalysts were cooled in a hydrogen stream
until room temperature.

The hydrogenation process was carried out by Amar Equipment Ltd autoclave in the isobaric-
isothermal regime in the temperature range of 80-200°C and hydrogen pressure of 0.3-1.5 MPa. The
analysis of the reaction products was carried out for the content of the double bond (method of iodine
number) and content of trans-fats by gas chromatography on Crystal-5000 chromatograph.

The catalysts were studied by physicochemical methods of analysis: measurement of the catalyst
surface (BET), electron microscopy (EM). The surface of the catalysts was examined by the BET method
on nitrogen adsorption by "Accusorb" instrument. Electron microscopy of samples was studied by means
of electron microscope EM-125K by replica with extraction using microdiffraction (160,000
magnification).

Results and discussion

The influence of the nature of the support on the content of double bonds in the salomas (Table 1) was
studied during the hydrogenation of palm oil on Pt-catalysts. ShAS - ball aluminosilicate carrier brand
ShAS-2, alumina, activated carbon and HY zeolite were used as supports.

When hydrogenating palm oil on platinum catalysts on the listed supports at 1.5 MPa and 200°C, the
content of double bonds varies depending on the type of support and decreases from 54% in the original
palm oil to 0%. The content of trans-isomers also varies depending on the support - from 21 to 0%. The
most active catalyst is Pt/ShAC, on which the content of C = C bonds and trans-isomers is 0.

The effect of temperature and pressure of hydrogen on the double bond content in the lard (Tables 2
and 3) was studied during the hydrogenation of palm oil on the most active catalyst - Pt/ShAS. With an
increase in temperature from 80 to 200°C, the content of C = C bonds decreases from 46 to 0 g 1,/100g.
The content of trans-isomers of fatty acids with increasing temperature increases from 1% in the initial oil
to 22%, with a further increase in temperature to 200°C, the trans-isomers completely disappear as all
double bonds (Table 1).
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Table 1 - The content of double bonds and trans-isomers of fatty acids at hydrogenation
of palm oil on the Pt/support catalysts at 200°C and 1.5MPa

Catalyst Content of double bonds, Content of trans-isomers, %
g 1,/100g
Initial oil before treatment 54 1
Pt/C 47 21
Pt/Al,04 5 3
Pt/HY 21 10
Pt/ShAC 0 0

Table 2 - The content of double bonds and trans-isomers of fatty acids at hydrogenation
of palm oil on the Pt/ ShAC catalyst at 0.3 MPa and different temperatures

Temperature, °C Content of double bonds, Content of trans-isomers, %
gL,/ 100g
Initial oil before treatment 54 1
80 46 15
120 28 22
150 5 3
200 0 0

Table 3 - The content of double bonds and trans-isomers of fatty acids at hydrogenation
of palm oil on a Pt /ShAC catalyst at 120°C and various hydrogen pressures

Pressure, MPa Content of double bonds, Content of trans-isomers, %
gl,/100g
Initial oil before treatment 54 1
0,3 28 22
0,5 21 15
1,0 15 11
1,5 8 3

Similar to the effect of temperature, as the pressure rises, the content of double bonds decreases in
catalyzate from 54 in the initial palm oil mode to 8g I,/100g at 1.5 MPa. The content of trans-isomers first
increases to 22%, while at 1.5 MPa it decreases to 3% (Table 3). This is due to the complete
hydrogenation of the double bonds of palm oil.

When the hydrogen pressure is changed from 0.3 to 1.5 MPa, the time of the catalytic treatment of
palm oil decreases from 65 to 32 minutes (figure 1). The absence of C=C bonds in this case after the
experiment was observed at 1.5 MPa. The content of trans-isomers is also equals 0.

H:, mumol 3

30

- - - T -
o 10 20 30 1] 50 G0

Figure 1 - Hydrogenation of palm oil at different hydrogen pressures
on Pt/ShAS catalyst at 50°C.a-1-0.3;2-0.5;3-1.0;4-1.5 MPa
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An increase in temperature from 80 to 200°C increases the rate of hydrogenation of palm oil (Figure
2, b) and the apparent activation energy is 40.8 KJ/mol.

leW W
2,004 2,00
a
1,75 b
1754
1,504
1.50 4
1,25 T T T T T T T
0.5 1.0 1.5 2.0 3:0 312 ] 3!4 315
lg(P*10) ' *(UT)*103 77 '

Figure 2 - Hydrogenation of palm on Pt/ShAS at 1.0 MPa. a - bilogarithmic dependence
of rate from pressure; b - dependence of the logarithm of rate from reciprocal temperature

Thus, according to the results of Tables 2-3 and figures 1-2 on the Pt /ShAC catalyst, the optimal
temperature and pressure are 200°C and 1.5 MPa, at which the double bonds and trans-isomers of fatty
acids are completely absent in the reaction product.

The catalysts were studied by physicochemical methods of analysis by BET and EM. In table 4 the
characteristics of used 4 catalysts are presented. Pt/ShAC has the largest surface 201 m*/g and pore size
15-20 A.

Table 4 - Surface area and pore size of the prepared supported catalysts

Catalyst S’, m%/g d,A
Pt/C 175 12-25
Pt/A1,O4 164 4-14
PY/HY 185 5-18
Pt/ShAC 201 15-20

The surface of catalysts was studied by scanning electron microscopy. In figure 3 of different increase
of the Pt/ShAC catalyst is shown the uniform surface of the carrier, on which agglomerates of active
metals are viewed.

- Vi,

A 4 £ - e
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Figure 3 - EM images of Rh-Pt (9:1)/AL,0;

The most active catalyst Pt/ShAC was investigated by transmission electron microscopy (TEM). On
figure 4 Pt/ShAC-catalyst was presented by fine particles 2-2.5 nm in size and a small amount of more
dense and large particles of 50 nm. Microdiffraction patterns of particles are represented by diffuse rings,
corresponding to metals Pt° which are most active in hydrogenation of double bonds of fatty acids of palm
oil. Apparently, high catalyst activity is due to the uniform distribution of nanoscale particles on the
surface of catalyst.

- E

Figure 4 - TEM image of catalyst Pt/ShAC (increase 160,000)

A distinctive feature of the used catalysts and technology from the nickel catalysts widely used on an
industrial scale is the complete hydrogenation of double bonds of fatty acids to 100% removal of trans-
isomers [20]. In addition, the further application of the process of trans-esterification of hydrogenated fats
with liquid vegetable oils that do not initially contain trans-isomers leads to optimum margarines, spreads
and milk fat substitutes that are in accordance with the norms of the Technical Regulations of the Customs
Union.

Conclusions

Platinum supported on various carriers - alumina, ball aluminosilicate, synthetic HY zeolite and
activated carbon were prepared. Among carriers ball aluminosilicate was the most active.

The effect of process temperature and hydrogen pressure on the content of double bonds and trans-
isomers of fatty acids was studied. In the temperature range of 80-200°C and pressures of 0.3—1.5 MPa,
the content of C = C bonds decreases from 54 g 1,/100g, and the content of trans fats from 22 to 0%. For
Pt/aluminosilicate catalyst optimal parameters were selected: 200°C and 1.5 MPa double bonds and trans-
isomers of fatty acids are completely absent in the reaction products. Apparent activation energy for
hydrogenation of palm oil is 40.8 KJ/mol.

Using the BET, porometry and EM methods, a uniform formation of zero-valence metal particles on
the catalyst surface was established, and nanoscale particles of Pt were determined.
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OOXK 542.941.7; 665.35
A.T. MacenoBa, A.C. Cacc, O.A. ®poaosa, H.P. Ken3un, M.K. KanbikOepanes, A.baiiken
«/1.B. Cokonbckuii aTbIHAAFHI XKaHAPMAaW, KaTaan3 KoHe ueKTpoxuMust HHCTUTYTE AK, Anmartsl, Kazakcran;
KYPAMBIHJIA Pt BAP KATAJIN3ATOPJAPJbI TAJTBMA MAUBIHJIA THJIPJIEY

AHHoOTanus. Makajia CaJoMacThiH KOC OalIaHBICCHI3 JKOHE TPAHC-U30MEpIIepCi3 JKOFapbl OHIMAUIINIH — amy
YIIiH najbMa MalbIHBIH KaTATUTHKAIBIK THIPUPJICHYIH 3epTreyre apHanraH. Karamuszaropiap peridae aprypiii
TaCBIMAIJAFBIINTAP KOJIAHBUIBI — ATFOMUHUA OKCHUJI, IMIAPUKTI aFOMOCHIIMKAT, CHHTCTHKAIBIK Ieonut HY kxoHe
OerceHipiireH KeMip KOJIaHBUIFAaH, OJIAp/AbIH apachlHAa €H OeJICeH[l IIapHKTi aTIOMOCHIMKAT Oosabl. Ypaic
TEMIIEPATYpachl MEH CYTeri KbICBIMbI Mail KbIIIKBUIAAPBIHBIH KOC OaiIaHBICTapbhl MEH TPaHC-U30MEpPIEPIiHiH
Kypamsbiaa acepi 3eprrenai. C=C kypambr 80-200°C temmeparypansik HHTepBan meH 0,3-1.5 Mma kpiceiMma 54 1-
Han [,/100 r pmeitin, am TpaHc-maimapneiH Memmepi 22-meH 0% - Fa gOeiiH as3asapl. Pt/amromocumimmkar
katanusaropbiaa 200°C xone 1,5 MIla kesinge peakuus OHIMIHAE Mail KbIMIKBLUIIAPBIHLIH KOC OalIaHbICHI KOHE
TpaHc-u3oMepiepi oonmaiiael. BOT, mopoMerpus sxone DM omicTepiMeH MeTa/uT OOJIIIEKTEPl KaTaIn3aTOPJIAPIbIH
OeTTik KabaThlHA BAJCHTTUTIKTIH HOJIIIK JACHreHiHAe OIpKeIKi OpHAThUIFaH jkoHe Pt HaHO ememil OemeKkTepi
AHBIKTaJIIbI.

Tyiiin ce3nep: nanbMa Maiibl, KaTau3aTop, TUAPIIEY, IUIATHHA, aTFOMOCUITUKAT.

VK 542.941.7; 665.35
A.T. MacenoBa, A.C. Cacc, O.A. ®poaosa, H.P. Ken3un, M.K. KaabikOepaunes, A.baiiken
AO «MHuCcTHTYT TOTUIHBA, KaTanm3a u snekTpoxumun uM.J].B.Cokonbckoro», Anmatsl, Kazaxcran
IT'HJIPUPOBAHUE MAJIBMOBOI'O MACJIA HA Pt-COAEPXKALINX KATAJIM3ATOPAX

Annotanusi: CraTbsl MOCBAIIEHA WCCIEJOBAHHUIO KATAIUTHYECKOTO THAPHPOBAHHMS MAIIbMOBOIO Maciia st
MOJIyYCHHsSI C BBICOKMM BBIXOJIOM cayiomaca 0Oe3 JBOMHBIX CBs3eil W TpaHC-M30MEpOB. B KadyecTBe KaTajan3aTopoB
HCIOJIB30BaJIUCh IUIATUHOBBLIC, HAHCCCHHBLIC Ha pa3IMYHbIC HOCUTCIUW — OKCUIA aJIFOMHHUA, ]_Hapl/IKOB]:Jﬁ
IIOMOCHIIMKAT, CHHTeTHYecknid 1eonuT HY W akTHBUpPOBaHHBIM yrojib, Cpeld KOTOPHIX HamOojiee aKTHBHBIM
OKazaJics IApUKOBBIH amoMocHIMKaT. VceiaenoBaniock BIMSIHUE TeMIIEpaTyphl Ipoliecca U IaBJIEHHs BOJOpOJa Ha
co/iep)KaHue JBOMHBIX CBSI3ed M TPaHC-W30MEPOB JKHUPHBIX KHCIOT. B Temmeparyprom untepsaie 80-200°C u
nmasinenuit 0,3-1.5 Mna conepxanne C=C cBszeit ymensmaercs ¢ 54 t 1,/100r, a comepsxanue TpaHc-kxupos ¢ 22 1o 0
%. Ha xarammsarope Pt/amomocunukar mpu 200°C u 1,5 MIla B mpomykTe peakUHy IOJHOCTBIO OTCYTCTBYIOT
JIBOMHBIE CBS3U U TPAHC-U30MEPHI JKUPHBIX KUcIoT. Metomamu BOT, mopomerpun u OM yCTaHOBIIEHO paBHOMEPHOE
o0pa3zoBaHHE Ha MOBEPXHOCTU KaTaln3aTOPOB YACTHIl METAIJIOB B HYJICBOH CTENEHH BAJICHTHOCTH, OIPEAEICHBI
HaHOpa3MepHbIe YacTUIlbl Pt.

KiroueBble cjioBa: nanbMoBO€ Macio, KaTaau3aTop, THAPUPOBAHKE, IJIATHHA, ATFOMOCHIIMKAT.
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