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OBTAINING PALLADIUM NANOPARTICLES
AND THEIR APPLICATION AS CATALYST
IN HYDROGENETION OF VEGETABLE OIL

Abstract. Palladium nanoparticles are obtained by reduction of palladium chloride
with sodium borohydride. The obtained palladium particles are characterized by intense
optical absorption in the region of A=350 nm, which indicates the formation of particles
with a size of 10-50 nm. Palladium nanoparticles are immobilized on activated carbon to
increase the contact surface. The catalytic activity of the obtained catalyst has been stu-
died in the hydrogenation reaction of vegetable oil at convection and microwave heating.
It has been found that at the content of 1 % of the oil mass catalyst, a higher melting
product is formed (38°C. Decrease of temperature and duration reduction of the process
results in low melting margarines of MLF and MLB grades). The use of microwave tech-
nology (power 700 W) reduces significantly the duration of the process (up to 30 minutes)
to form a product with the melting point of 34°C.

Key words: palladium nanoparticles, reduction, hydrogenation of vegetable oil,
margarine, microwave activation.

Introduction. The colloids and clusters of platinum group metals exhibit high
catalytic activity and selective capacity in relation to many reactions [1, 2]. In the
work [3], it is reported that colloidal particles of platinum group metals synthe-
sized by different methods differ markedly in their reaction and catalytic activity.

In the present work, obtaining of stable solutions of palladium nanoparticles,
as well as the catalytic properties of immobilized Pd nanoparticles on activated
carbon in the hydrogenation reaction of vegetable oil in margarine under the
conditions of convection heating and microwave activation is described.

Depending on the melting point, consistency and appearance, margarines are
divided into the following grades: hard (MH, MHC, MHF), soft (MS) and liquid
(MLF, MLB). MH grade is used in bread, confectionery and culinary production
and in home cooking. MHF - for the preparation of creams, fillings in flour con-
fectionery goods, souffle, sweets and other sugary and flour confectionery goods
(the melting temperature of MH and MHF grades should be 25-38°C). MHC (the
melting point is 36-44°C) is used in the production of puff pastry. MS grade (the
melting point is 25-36°C) is directly used in food consumption, as well as in home
cooking and in food industry. MLF grade is used for frying and cooking baked
goods in home cooking, public catering network and industrial processing; and
MLB is used for the mass production of bakery and baked confectionery products,
as well as when frying products in the public catering network (the melting points
of the grades MLF and MLB is not standardized) [4].
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Experiment

UV spectra were recorded on a Shimadzu UV-1800 spectrometer (Japan).
The melting point was determined on a PTP(M) device (Russia). Micrographs of
the catalyst surface with 100-, 500- and 1000-fold increase were taken with a
scanning electron microscope JSM-6510 LV of JEOL (Japan). The hydrogen
generator GVCH-12M1 (Russia) was used to obtain hydrogen.

Obtaining of palladium nanoparticles supported on activated carbon. Prior
to carrying out the reaction, solution of sodium borohydride and palladium
chloride was prepared (2 drops of hydrochloric acid are added to the solution to
dissolve the salt in water). At room temperature, to the reaction vessel containing
100 ml of 1-10°° mol/L of solution of palladium chloride, with constant stirring
dropwise 100 ml of 1:10° mol/L of solution of sodium borohydride is added. At
the same time, colouration of the solution into whity brown is observed.

In order to prevent the agglutination process of nanoparticles into larger
agglomerates, 2g of powdered pharmaceutical activated carbon is added to the
reaction mixture and the solution is stirred for 6 hours. Then, the solution is
filtered and the resulting solid mass is dried in a drying oven at a temperature of
110°C for an hour.

Hydrogenation of vegetable oil.

a) 50 g of cottonseed oil is loaded and 0.5 g of catalyst (the palladium
content in the catalyst is 0.53%) is added to a three-necked flask equipped with a
stirrer, thermometer and hydrogen inlet tube. The process is carried out at 220-
230°C for 6 hours at a hydrogen flow rate of 0.2 I/min.

b) Mixture of 50 g of vegetable oil, 0.5 g of catalyst with constant hydrogen
bubbling is irradiated with microwaves for 30 minutes.

Results and discussion

Synthesis of palladium dispersions has been carried out by reduction of
palladium chloride with sodium borohydride [5].

The reduction reaction of palladium proceeds according to the following
scheme:

2NaBH, + PdCl, + 6H,0 — 2NaCl + 2H;BO3 + 7H, + Pd

The obtained palladium particles are characterized by intense optical
absorption in the region of A=350 nm (figure 1).

It is known [6] that a solution containing palladium nanoparticles with a
particle size of 10 nm absorbs ultraviolet radiation in the region of 230 nm. With
increase of the size of particles, the absorption bands shift into the visible region,
for example, with an increase in the diameter of particles to 50 nm, a broad
absorption band with a maximum of about 450 nm is observed. The obtained
absorption spectrum data of palladium particles indicate the formation of particles
with the sizes of 10-50 nm.
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Figure 1 — Spectrum of the UV and visible region of the obtained palladium nanoparticles

The work [5] describes that palladium nanoparticles obtained by this method
coagulate easily to form a precipitate. In order to prevent the agglutination
process of nanoparticles into larger agglomerates, powdered pharmaceutical
activated carbon was added to the reaction mixture. Micrographs of the obtained
catalyst surface, taken with a scanning electron microscope JSM-6510 LV of
JEOL (Japan) are shown in figure 2. Palladium nanoparticles (white dots) are
fairly evenly distributed on the surface of activated carbon.

In addition to preventing the agglutination of nanoparticles, the contact sur-
face of the catalyst increases.

100-fold increase 500-fold increase 1000-fold increase

Figure 2 — Micrographs of palladium nanoparticles immobilized on activated carbon
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The hydrogenation process of vegetable oil has been carried out according to
the known method [7]. The hydrogenation results on the obtained catalyst under
various conditions are given in table.

The hydrogenation results of vegetable oil

No. | Hydro- Process Wi% of the The content Wit% The melting
genation | temperature, catalyst of palladium of palladium point
duration, °C from nanoparticles particles of a product,

h oil weight | in the catalyst, | from oil weight °C
%
1 6 220-230 0,1 0.053 5,3.10* 8
2 6 220-230 0,5 0.265 2,65:10° 10
3 6 220-230 1,0 0.53 5,3.10° 38
4 6 200 1,0 0.53 5,3-10°° 15
5 5 220-230 1,0 0.53 5,3-10° 9
MW radiation, -3
6 0.5 700 W 1,0 0.53 5,3.10 34

As the catalyst content is increased from 0.1 to 1 %, a higher melting product
(38°C) corresponding to the margarine of MHC grade is formed. Decrease of
temperature and duration reduction of the process results in low melting marga-
rines of MLF and MLB grades. The use of microwave technology (power 700 W)
leads to a significant duration reduction of the process up to 30 minutes, while a
product with the melting point of 34°C, which meets the standards of MH, MHF
AND MS grades, has been obtained.

Conclusions. Thus, hydrogenation catalyst of vegetable oil in which palla-
dium nanoparticles are immobilized on activated carbon is obtained. The para-
meters of the hydrogenation process of vegetable oil, which allow obtaining
various margarine grades are established.
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Pe3rome

E. A.Omapos, P. V. Kannapbepeenos, P. A. Typmanos,
M. U. Coiz0bixbaes, K. Caoyaxackwizel, H. O. Annazoe

HAHHA,)_:['I/II?JIZ[IH HAHOBOJILIEKTEPIH AJIY KOHE OJIAPJIbI
OCIM/JIIK MAUWBIH TUAPJIEY KATAJIM3ATOPLI PETIHJE TAUJJAJIAHY

Xnopnel maymaauil HaTpuid OOPTUAPUAIMEH TOTBHIKCHI3TAHIBIPY ApKBUIBI ITajlia-
IUATIH HaHOOGIIIeKTepi aNbIHABL. AJBIHFaH mautaguid Oemmextepi A=350 HM ayma-
FBIH/Ia KAPKBIHIBI ONTUKAJIBIK KYTBUTYMEH cumatTanansl, o 10-50 aM emmemmai Gemmexk-
TepaiH Ty3uIreHairin ponenaeiini. XKanacy OeTiH jkKoFappuIaTy YIIiH MaJUIaAUKAIIH HAHO-
OenmexTepi OENCEHIIPIITEH KoMipre MMMOOMIM3AMATIAH/bI. AJIBIHFAH KaTaIn3aTOPABIH
KaTaIUTUKAIBIK OCICEHAUIIN OCIMIOIK MaWblH KOHBEKIMSJIBIK KOHE MHKPOTOJKBIHIBIK
KBI3/IBIPY KarnaibIHa 3epTrenai. Maii MaccacbiHaH karanu3aTop Menmepi 1% Gonranna
JKOFapbl TeMIeparypajia 0ankuteia oHiM Ty3inesi (38°C. TeMreparypaHbl TOMEHICTKEHIE
XKoHE ypaic y3akTeirbH KbicKapTKanga MOKK sxone MIKII mapkaibl TeMeH Temriepa-
Typajaa OaJKUTHIH MaprapuHiaep Ty3iiedi). MUKPOTOIKBIHIBIK TEXHOJOTHSIHBI KOJIaHY
(xyater 700 Bt) ke3iHme ypaic y3akThIrbl alTapibikrail Kpickapsin (30 MUH-Ke JeiiH),
baky Temmeparypacsl 34°C-re TeH oHIM Ty3inei.

Tyiiin ce3aep: mawiaauiifiH HAHOOOINIIEKTePi, TOTHIKCHI3AAHABIPY, OCIMIIK MalbIH
THIIPIICY, MapTapHH, MEKPOTOJKBIH/IBIK aKTHBAITHS.

Pe3zrome

E. A. Omapos, P. V. JKannapbepeenos, P. A. Typmanos,
M. U. Coiz0bixbaes, K. Cadyaxackwizol, H. O. Annazos

INOJIVYEHUE HAHOYACTUIL] ITAJUIAAVA U X TIPUMEHEHUE
B KAUECTBE KATAJIM3ATOPA TUAPUPOBAHWA PACTUTEJIBHOI'O MACIJIA

BoccraHoBneHneM XJIOPHCTOrO Mayiagus OOpOTHAPHUAOM HATpHs IOIy4eHBI Ha-
HOYACTHIBl TaIagusi, KOTOPbIE XapaKTepH3YIOTCS MHTEHCHBHBIM ONTHYECKHM IIOTJIO-
meHneM B oomacti A=350 HM, 9TO CBUTENBCTBYET 00 00pa3oBaHny JacTHIl pazmepom 10-
50 M. [lns yBenuueHUs] KOHTAKTHOH IOBEPXHOCTH HAHOYACTHILBI MaUIaus UMMOOWIIN-
30BaHbl HA aKTMBHPOBAHHBIN yroib. KatanuTuueckass akTUBHOCTb IOJIyYEHHOTO KaTallu-
3aTopa MCCJIEJOBaHa B PEakIUU THIPUPOBAHUS PACTUTEIBHOIO Macia IPH KOHBEKLMOH-
HOM M MHUKpPOBOJIHOBOM HarpeBe. HaiineHo, uto npu coiepkanunu 1 % ot xartanuzatopa
Macchl Macia obpasyercst Gonee BoicokomiaBkuii npoaykr (38°C. IonmkeHue Temmepa-
TYPBI M COKpaIlleHHE TPOJODKUTEIFHOCTH TIpoliecca MPUBOJUT K HU3KOIUIABKMM Mapra-
punaM mMapok MXKK u MXKII). Hcnonp30BaHre MUKPOBOIHOBOH TEXHOIOTHH (MOIHOCTb
700 Bt) 3HAUMTEIBHO COKpAIIAET MPOJODKUTENHLHOCTE mporiecca (o 30 muH) ¢ 06pa3o-
BaHHMEM MpoxykTa ¢ T.i1. 34°C.

KnroueBble c10Ba: HAHOYACTHIIB! TTAJIaHsI, BOCCTAHOBICHHE, THIPUPOBAHUE pac-
TUTENBHOTO Macila, MaprapyuH, MEKPOBOJIHOBAs aKTHBALIHS.
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