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ABSTRACT
Report consists of 67 pages, 1 book, 19 figures, 5 tables, 5 applications.

HYDROGENATION, CATALYST, CARRIER, ACTIVE PHASE, METHOD OF APPLICATION, ACTIVITY, SELECTIVITY, VEGETABLE OILS, FATTY ACID COMPOSITION, TRANS-ISOMERS

The object of research is carriers and catalysts for the hydrogenation of vegetable oils.

The aim of this work is to develop effective catalysts for the hydrogenation of vegetable oils, which provide a low content of trans isomers in fat and oil products.

Research methods: various vegetable oils and hydrogenation products of vegetable oils (gas chromatography).

Results of work: the organization standard (OS) for a low-percentage platinum catalyst for the hydrogenation of vegetable oils has been developed. 2 patents for useful models for catalysts for hydrogenation of vegetable oils were obtained. Formulations of fat and oil products with a trans isomer content of no more than 2.0% have been developed. Recommendations were given on the use of the developed hydrogenation catalysts.
Main design and technical and economic indicators: Reduced energy consumption of the process, low content of trans-isomers and no carcinogens.

Implementation degree: After conducting pilot tests, the developed catalysts are recommended for implementation in production.

Efficiency: Improving the quality of fat and oil products will affect the improvement of public health. The use of platinum catalysts will improve the competitiveness of domestic fat and oil products.

The field of application is the oil and fat industry.
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INTRODUCTION
A significant difference between the food industry and other sectors of the economy is the fact that the first place in this case is not the volume of production, but the quality of the products, since the consumers of these products are the entire population of the country, and low-quality food products endanger the health of the nation. The situation in the fat and oil industry of the country is threatening - margarines and spreads produced by our enterprises do not meet the requirements of international standards. The products of domestic fat and oil products are characterized by a high content of trans isomers), which are not absorbed by the human body and accumulating in it cause risks of cardiovascular and oncological diseases, diabetes mellitus and other serious diseases. The reason for obtaining low-quality products is the use of a cheap nickel catalyst in the hydrogenation process, which, moreover, being a carcinogen, is not completely removed from the final product. Refusal from the hydrogenation process in favor of the transesterification process also does not solve the problem - a decrease in the content of trans isomers is accompanied by a sharp increase in the content of saturated fatty acids (due to the addition of palm oil), which, with an increased content, cause the risk of practically the same diseases as trans isomers.

Our review and analysis of existing technologies for obtaining fat and oil products with a reduced content of trans isomers shows that the process of hydrogenation of vegetable oils can be considered as a real alternative to transesterification processes.

The solution to the existing problem is possible by replacing nickel catalysts with new catalysts based on noble metals. Our project is also aimed at solving this problem by developing and introducing into production new low-percentage platinum catalysts supported on available carriers obtained by modifying domestic mineral raw materials.

Work has been carried out to study the composition and structure of the developed catalysts using various physicochemical research methods.

Low-percentage catalysts supported on various supports were prepared using platinum as an active phase, which were tested in the hydrogenation of sunflower oil.

It has been shown that the content of trans-isomers in the reaction products obtained using low-percentage platinum catalysts is 2.5-6.0%, which makes it possible to obtain final fat and oil products with a trans-isomer content of less than 2.0%, which meets the requirements of the most stringent international standards.

The list of completed interim reports in the framework of this program:

2018: Inventory No. 0218RK00987, IRN BR06249228-OT-18 “Development of technology for obtaining oil and fat products with reduced trans-isomers content that meet the requirements of the international standard”.

2019: Inventory No. 0219RK00774, IRN BR06249228-OT-19 “Development of technology for obtaining oil and fat products with reduced trans-isomers content that meet the requirements of the international standard”.

MAIN PART OF THE RESEARCH REPORT

1 Development of an experimental lot of catalysts for carrying out experimental and industrial tests (EIT). Results of the industrial tests of the catalyst. Obtaining act of EIT
According to the schedule of works for 2020, we completed work on completing the required equipment for the production of a pilot batch of catalysts at a large laboratory unit. Due to the low productivity of the existing laboratory mill "MF 10 basic", we additionally purchased two more mills - a Type 62-ML ball mill and a Huang Cheng mill (HC-1000Y2). We also purchased 10 L heat-resistant flasks and 2 L beakers for applying platinum on aluminum oxide (γ-Al2O3) by the adsorption method. As a result, we have assembled technological lines for the preparation of the catalyst. The photo below (in Figures 1-5) shows all the elements of these technological lines.

Within 6 months, we have been prepared 20 kg of catalysts, which are necessary for large-scale production and pilot testing of catalysts. Based on the work carried out on the development of a pilot batch of catalysts, we have developed technological schemes for the pilot industrial production of the catalyst. Below are (in Figure 6) the indicated technological schemes.

Each batch of catalyst (1-2 kg) was tested for activity and selectivity by conducting laboratory tests for the hydrogenation of various vegetable oils that are widely used at the country's oil and fat factories (rapeseed, safflower, linseed and sunflower) in a PARR 4566 autoclave. Additionally, the fatty acid composition was analyzed (ZHK) hydrogenation products on a gas chromatograph "Chromos" GKh-1000, also determined the iodine number (titrometrically, by LQS and refractometric), melting point. From the measuring equipment, an IRF-454B2M refractometer was purchased, which allows you to quickly determine the iodine number of the initial and hydrogenated oil.
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	Figure 1 – Grinding and fractionation of the carrier and catalyst (right - mill "MF 10 basic", left - vibratory drive with sieves)
	Figure 2 – Preparation of a catalyst by the method of adsorption deposition of platinum on a support
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	Figure 3 – Washing and filtration of the carrier and catalyst
	Figure 4 – Drying oven for drying the carrier and catalyst
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	Figure 5 - Samples of prepared low-percent

platinum catalyst
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Figure 6 – Technological scheme for the preparation of a platinum catalyst
When studying the effect of catalyst size on the rate of the hydrogenation reaction of sunflower oil, fractions of a platinum catalyst with a diameter of 0.04 to 0.1 μm were used. The experimental results are shown in Figure 7. With a decrease in the catalyst diameter, the hydrogenation rate increases, reaching the maximum hydrogenation rate when using fractions less than 0.04 μm, which indicates the elimination of intradiffusion inhibition under given conditions.
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Figure 7 – Influence of the size of the experiment on the kinetics of sunflower oil hydrogenation at 0.5 MPa (90 °C) on 0.2% Pt / γ-Al2O3 catalyst

The process of hydrogenation of various vegetable oils by 0.2% Pt / γ-Al2O3 catalyst was studied by us at temperatures of 90 °C and a hydrogen pressure of 0.5 MPa. The ratio of catalyst to oil is 1: 1000, the stirring speed is 800 rpm. Figures (8-11) show the kinetic curves of hydrogenation of various vegetable oils. Chromatograms of the starting oil and salomas obtained using a platinum catalyst are shown in Figures 12-19. Table 1, 2 shows the fatty acid composition of the original and hydrogenated samples of vegetable oils.
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	Figure 8 – Kinetic curves of safflower oil hydrogenation 
	Figure 9 – Kinetic curves of sunflower oil hydrogenation
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	Figure 10 – Kinetic curves of rapeseed oil hydrogenation
	Figure 11 – Kinetic curves of flaxseed oil hydrogenation


Table 1 – Fatty acid composition of the original vegetable oils.
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	vegetable oil 
	Iodine value
	trans isomers
	cis isomers
	Saturated fatty acids
	∑ С18:1trans isomer

	
	
	С18:1 (transс-9) oleic
	С18:1 (trans-11) oleic
	С18:1 (trans-12)oleic
	С18:2 transс- linoleic
	С18:2(trans-9,cis-12) linoleic
	С18:2(цис-9, trans -12) linoleic
	С18:3 (цис-9,12, транс-15) linolenic
	С18:1 (цис-6) oleic
	С18:1(цис-9) oleic
	С18:1(цис-11) oleic
	С18:1(цис-12) oleic
	С18:1(цис-13) oleic
	С18:2(цис-9,12) linoleic
	С18:2 (цис-12,15) linoleic
	С18:3(цис-1) linolenic
	С18:3(цис-2) linolenic
	С14:0 myristi
	С16:0 palmitic
	С16:1 palmitoleic
	С18:0 stearic
	С20:0 arachidic
	С20:1 eicosenic
	С22:0 behenic
	С23:0 tricosane 
	С24:0 lignoceric
	

	flaxseed oil
	180,1
	0,877
	-
	-
	-
	0,052
	0,112
	0,057
	0,156
	18,216
	1,036
	0,432
	0,043
	16,445
	0,154
	0,240
	50,518
	-
	6,390
	0,067
	4,714
	0,134
	0,087
	0,132
	-
	0,079
	0,0877

	rapeseed oil
	127,7
	0,917
	-
	-
	-
	-
	-
	-
	-
	40,195
	5,367
	-
	-
	23,276
	-
	-
	17,419
	-
	5,371
	0,239
	2,482
	1,008
	2,136
	0,640
	-
	0,273
	0,917

	Sunflower oil
	129,70
	0.901
	-
	-
	0,041
	0,434
	0,503
	-
	0,210
	21,445
	0,935
	0,937
	0,045
	61,502
	-
	-
	0,067
	0,067
	6,770
	0,086
	4,737
	0,253
	0,120
	0,637
	0,046
	0,214
	0,901

	Sufflower oil
	141,3
	0,403
	0,221
	0,178
	-
	0,052
	0,147
	-
	0,179
	10,930
	0,705
	1,102
	0,032
	74,330
	-
	-
	0,109
	0,101
	6,555
	-
	4,270
	0,275
	0,112
	0,218
	-
	0,080
	0,802
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Table 2 – Fatty acid composition of salomas obtained as a result of hydrogenation of various vegetable oils (at a hydrogen pressure of 0.5 MPa and a temperature of 900C) on a catalyst with a platinum content of 0.2%
	vegetable oil
	Melting point, 0С
	Iodine value
	trans isomers
	cis isomers
	Saturated fatty acids
	∑ С18:1 trans isomer

	
	
	
	С18:1 trans-9) olric
	С18:1 (trabs-11)oleic
	С18:1 (trans-12)oleic
	С18:2 транс-lioloeic
	С18:2(transс-9,cis-12) linoleic
	С18:2(cis-9, trans -12) linoleic
	С18:3 (cis-9,12, trans-15) loinolenic
	С18:1 (cis-6)оoleic
	С18:1(cis-9)oleic
	С18:1cis-11)oleic
	С18:1(cis-12) oleic
	С18:1(cis-13) oleic
	С18:1 cis-15) oleic
	С18:2(cisс-9,12) linoleic
	С18:2 (cisс-12,15) linoleic
	С18:3(cis-1) linolenic
	С18:3(cisс-2)linolenic
	С14:0 miristic
	С16:0palmitic
	С16:1palmiticoleic
	С18:0stearic
	С20:0 arachidic
	С20: eicosenic
	С22:0 behenic
	С23:0 tricosane
	С24:0 lignocericя
	

	flaxseed oil
	43,0
	78,8
	3,600
	2,374
	0,638
	-
	0,536
	0,788
	0,411
	1,318
	29,074
	4,378
	0,261
	0,445
	1,992
	8,022
	3,115
	0,413
	5,887
	0,050
	5,807
	-
	28,535
	0,757
	0,233
	0,183
	-
	0,131
	6,612

	rapeseed oil
	39,0
	73,2
	2,715
	1,186
	0,581
	-
	-
	0,136
	-
	0,628
	54,442
	3,738
	3,400
	0,133
	-
	6,954
	0,389
	-
	0,440
	0,081
	5,767
	0,182
	16,142
	0,915
	0,999
	0,476
	-
	0,174
	4,482

	Sunflower oil
	35,2
	86,76
	2,623
	0,955
	0,519
	-
	0,215
	0,361
	-
	-
	30,429
	0,963
	8,321
	0,211
	-
	27,286
	-
	-
	-
	0,064
	6,487
	0,067
	19,769
	0,353
	0,161
	0,743
	
	0,212
	4,097

	Sufflower oil
	36,4
	86,0
	1,320
	1,737
	1,700
	0,098
	0,380
	0,276
	-
	1,618
	22,051
	1,084
	7,282
	0,238
	0,047
	33,394
	-
	-
	0,393
	0,137
	7,609
	0,084
	16,146
	0,349
	0,151
	0,409
	0,090
	0,161
	5,610
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Figure 12 - Chromatogram of the original linseed oil
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Figure 13 - Chromatogram of salomas obtained by hydrogenation of flaxseed oil at 90 °C
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Figure 14 - Chromatogram of the original rapeseed oil
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Figure 15 - Chromatogram of salomas obtained by hydrogenation of rapeseed oil at 90 °C
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Figure 16 - Chromatogram of the original safflower oil
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Figure 17 - Chromatogram of the original sunflower oil
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Figure 18 - Chromatogram of salomas obtained by hydrogenation of safflower oil (0.5 MPa, 90оС)
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Figure 19 - Chromatogram of salomas obtained by hydrogenation of sunflower oil (0.5 MPa, 90оС)

In the composition of various vegetable oils, the proportion of unsaturated fatty acids differ from each other (Table 1), therefore, the initial values of the iodine number and the depth of their hydrogenation, respectively, differ. If we compare the kinetic curves of hydrogenation (Figures 10 and 11), we can see that the largest amount of absorbed hydrogen is observed during the hydrogenation of flax oil (1900 cm3), and the least - in the case of rapeseed oil (800 cm3). Hydrogenation of rapeseed oil, in comparison with other oils, proceeds at a low rate, which is due to the presence of thioglycosides in the structure of rapeseed oil molecules (they contain sulfur atoms in the molecule), the incomplete removal of which leads to catalyst poisoning. Sunflower and safflower oils contain mainly unsaturated linoleic acids, while unsaturated linolenic acids are practically absent. Linolenic acids predominate in linseed oil, while rapeseed oil consists mainly of oleic and linoleic acids. The results of chromatographic analysis (table 2) show that the amount of trans isomers in the obtained salomas from sunflower and rapeseed oil are close and amount to 4.5 and 4.1%, respectively. The content of trans-isomers is observed in salomas from safflower oil -5.6%, and the maximum content of trans-isomers in salomas from flaxseed oil is -6.6%. Thus, in the course of laboratory tests of the catalysts developed by us in the process of hydrogenation of various vegetable oils, it was found that a low-percentage platinum catalyst ensures the hydrogenation of the above oils at low temperatures to obtain salomas with a very low content of trans-isomers.
We have prepared the required amount (22 kg) of the above mentioned catalysts for pilot testing. These catalysts have been tested in the hydrogenation of vegetable oils in laboratory and pilot plants. To conduct pilot testing in the oil and fat plant (OFP) of the company LLP "Maslo-Del", we have drawn up and agreed upon the pilot testing program (Appendix C). After a meeting with the management of OFP and a technologist, we took 5 liters of sunflower oil prepared for subsequent hydrogenation. Testing our catalyst during the hydrogenation of this oil showed that the catalyst is immediately poisoned, that is, the oil is not sufficiently refined to hydrogenate on our catalyst. We in the laboratory can further refine small volumes (1.5-3.5 L) of hydrogenation oil in a pilot plant, as demonstrated by successful pilot tests in 2019 (2019 report). But we cannot clean the 7,500 liters required for pilot testing. For this reason, the pilot trial was postponed until better times.

2 Formulations and development runtime experimental batches fat product with trans-isomers not exceeding 2.0%
The results of spread formulations using salomas obtained by hydrogenation of sunflower oil on a 0.2% Pt/Al2O3 catalyst are shown in Table 4.
Table 4 – Lipid composition and properties of fatty acids
	compositions
	Mass frac-tion,%
	
	Жирные кислоты, %
	trans
С18:1, %
	Sum of trans isomer
%

 
	Mel-ting point., оС

	
	
	SFA
	MUFA
	PUFA
	Lin-oleic
	Lin-olenic
	ω-3:

ω-6
	
	
	

	Milk fat, salomas,

rapeseed oil
	50
	40,2
	30,6
	29,2
	28,3
	0,31
	1:91
	1,4
	2,0
	33,3

	
	35
	
	
	
	
	
	
	
	
	

	
	15
	
	
	
	
	
	
	
	
	

	Milk fat, salomas,

sunflower oil
	50
	40,8

45,9*
	33,1

29,9*
	26,1

24,2*
	25,5

23,8*
	0,2

0,12*
	1:127

1:198*
	2,1

2,3*
	2,5

2,6*
	32,1

31,5*

	
	30
	
	
	
	
	
	
	
	
	

	
	20
	
	
	
	
	
	
	
	
	

	Milk fat, salomas,

rapeseed oil
	50
	45,7
	41,5
	12,8
	11,1
	0,6
	1:19
	5,8
	6,9
	41,5

	
	40
	
	
	
	
	
	
	
	
	

	
	10
	
	
	
	
	
	
	
	
	

	Milk fat, salomas,

sunflower oil
	50
	41,7
	38,4
	19,9
	18,7
	0,4
	1:47
	3,5
	4,3
	41,8

	
	40
	
	
	
	
	
	
	
	
	

	
	10
	
	
	
	
	
	
	
	
	

	Note 1 – * Mixing ingredients with heating.


To create samples of fatty bases of spreads on the basis of the recipes developed by us, butter (cow) oils were purchased from the trading network of the city: Elite Vologda (Amiran company), Korovye (Maslo-Del company) and Milk canister (IP Lesnyak). The results of determining the fatty acid composition of these oils are shown in Table 5 below.
Table 5 – Fatty acid composition of butter oils sold in the retail network of Almaty (September 2020)
	Fatty acids
	Amiran butter
	Butter "cow"
	Butter

"Milk can"
	According to GOST 52253-2004

	С4:0    butyric
	-
	-
	-
	2,0-4,4

	С6:0     caproic 

	6,672 
	7,388
	4,265
	1,5-3,0

	С8:0     caprylic
	2,434 
	2,492
	1,385
	1,0-2,0


Continuation of table 5

	С10:0   decene
	6,036 
	6,421
	3,571
	0,2-0,4

	С11:0   undecane
	0,397 
	0,360
	0,212
	

	С12:0  lauric 
	6,371 
	6,985
	4,196
	2,0-4,0

	C13:0 tridecane
	-
	0,109
	0,096
	

	С14:0   myristic
	0.261 
	0,604
	0,539
	8,0-13,0

	С14:1   myristoleic
	2,000 
	0,532
	1,481
	0,6-1,5

	С15:0  pentadecane
	1,325 
	1,568
	1,481
	3,06-4,45

	С15:1  pentadecene 
	0,360 
	0,374
	0,390
	

	С16:0   palmitiс
	46,129 
	12,452
	38,642
	22,0-33,0 

	С16:1 palmitoleic
	0,245 
	0,721
	0,395
	1,5-2,0

	С17:0  margarine
	0,351
	0,474
	0,071
	2,08-4,07

	С17:1 margarinoleic
	0,169
	0,273
	0,279
	

	С18:0  stearic
	5,054
	17,303
	11,809
	9.0-13,0

	С18:1 cis-oleic
	16,836
	32,743
	25,108
	

	С18:1 trans-oleic
	1,069
	3,293
	1,661
	не более 5,0

	С18:1 total oleic
	17,905
	36,036
	26,769
	22,0-32,0

	С18:2 cis-linoleic
	1,978
	3,139
	1,899
	

	С18:2 trans-linoleic
	0,282
	0,924
	0,620
	

	С18:2 total linoleic
	2,260
	4,063
	2,519
	3,0-5,5

	С20:0 arachidic
	0,073
	0,233
	0,197
	до 0,3

	С20:1 eicosene
	0,295
	0,881
	0,732
	

	С18:3 linolenic
	0,245
	0,960
	0,667
	до 1,5

	С22:0  behenic
	0,080
	0,248
	0,075
	до 0,1

	C20:4  arachidonic
	-
	-
	0,074
	

	С24:1  Nervonic acid
	-
	-
	0,086
	

	С24:0 lignoceric
	-
	0,071
	0,072
	

	SFA
	75,182
	56,707
	66,610
	

	MonoUFA
	22,195
	38,817
	29,888
	

	Poly UFA
	2,623
	4,475
	3,502
	

	С18:1trans
	1,069
	3,293
	1,661
	

	Total trans isomers
	1,351
	4,217
	2,281
	

	IV (chrom.)
	25,1
	41,1
	30,7
	

	IV. (refrac.)
	18,7
	31,4
	31,4
	

	Refractive index
	1,4509
	1,4524
	1,4524
	

	Melting point
	31,2
	34,2
	34,2
	


An analysis of the results obtained shows that all three oils do not comply with GOST for butter (cow) butter. Palm oil was added to two oils (companies Amiran and IP Lesnyak), and salomas were added to Korovye oil. All three oils are actually spreads. This is indicated by the following indicators.

First, the products of Amiran and IP Lesnyak contain 46.1% and 38.6% of palmitic acid, respectively, which significantly exceeds its content in butter (cow) butter.

Table 5 – Fatty Acid Composition of Our Recipe Spreads (September 2020)
	Жирная кислота
	сливочного масла «Амиран» (с нагревом )
	сливочного масла «Амиран» (без нагрева)
	сливочного масла

«Коровье»
	Согласно ГОСТ 52253-2004

	С4:0    butyric
	-
	-
	-
	2,0-4,4

	С6:0     caproic 
	1,867
	3,337
	1,536
	1,5-3,0

	С8:0     caprylic
	0,687
	1,166
	0,561
	1,0-2,0

	С10:0   decene
	1,841
	2,870
	1,455
	0,2-0,4

	С11:0   undecane
	0,147
	0,194
	0,099
	

	С12:0  lauric 
	2,346
	3,045
	1,745
	2,0-4,0

	C13:0 tridecane
	-
	0,111
	0,065
	

	С14:0   myristic
	0,106
	0,155
	0,167
	8,0-13,0

	С14:1   myristoleic
	0,806
	0,896
	0,569
	0,6-1,5

	С15:0  pentadecane
	0,672
	0,667
	0,495
	3,06-4,45

	С15:1  pentadecene 
	0,175
	0,148
	0,115
	

	С16:0   palmitiс
	22,879
	24,524
	18,303
	22,0-33,0 

	С16:1 palmitoleic
	0,735
	0,646
	0,158
	1,5-2,0

	С17:0  margarine
	0,241
	0,176
	0,170
	2,08-4,07

	С17:1 margarinoleic
	-
	0,108
	0,086
	

	С18:0  stearic
	9,531
	9,384
	15,002
	9.0-13,0

	С18:1 cis-oleic
	29,131
	25,583
	27,993
	

	С18:1 trans-oleic
	2,081
	2,268
	1,394
	не более 5,0

	С18:1 total oleic
	31,212
	27,851
	29,387
	22,0-32,0

	С18:2 cis-linoleic
	25,538
	23,812
	28,255
	


	С18:2 trans-linoleic
	0,452
	0,200
	0,642
	

	С18:2 total linoleic
	25,990
	24,012
	28,897
	3,0-5,5

	С20:0 arachidic
	0,187
	0,109
	0,208
	до 0,3

	С20:1 eicosene
	0,201
	0,211
	0,316
	

	С18:3 linolenic
	0,147
	0,118
	0,309
	до 1,5

	С22:0  behenic
	0,296
	0,169
	0,311
	до 0,1

	C20:4  arachidonic
	-
	-
	
	

	С24:1  Nervonic acid
	-
	-
	
	

	С24:0 lignoceric
	-
	-
	0,047
	

	С18:1 транс
	2,1
	2,3
	1,4
	2,5

	∑trans isomer
	2,5
	2,6
	2,0
	3,1

	IV(chrom)
	72,9
	67,6
	77,1
	

	IV (refrac.)
	68,0
	66,1
	74,0
	

	Melting point
	32,1
	31,5
	33,3
	


Secondly, this is also indicated by the content of trans-isomers - 1.1% for Amiran and 1.7% for Milk Cans, while for cow butter it corresponds to 3-5%. The addition of palm oil, which does not contain trans isomers, leads to a sharp decrease in this indicator.

Thirdly, this is a high content of saturated fatty acids in the composition of these oils - 75.2% (Amiran) and 66.7% (Milk can). 

Palm oil in the case of oil of the "Maslo-Del" company has been replaced by salomas, the product of almost complete (up to 10-15 y.h.) hydrogenation of rapeseed oil. In this case, the content of trans-isomers in the fat will be quite low, within the range of up to 5%, as in cow oil. This is also indicated by the high content of stearic acid (17.3%), the low content of palmitic acid (12.5%) and the low content of linoleic acid (4.1%), typical for salomas.

We have prepared spreads based on the above mentioned butter. Table 6 - Fatty Acid Composition of our Recipe Spreads (September 2020)

The results of the analyzes (Tables 4 and 5) indicate that the spreads prepared according to the formulations we proposed meet the requirements of GOST 52253-2004 for spreads both in terms of fatty acid composition and physicochemical characteristics. To make high quality spreads, it is probably necessary to go to rural cow butter producers in the hope that they do not add palm oil.
3 Development of an organization standard (technical conditions) for the developed vegetable oil hydrogenation catalysts
The organization standard (technical specifications) for the developed catalysts for the hydrogenation of vegetable oils are presented in Appendix D.
4 Recommendations on the economic performance of the implementation of the developed technologies and the results of marketing research
Marketing research in this area shows that in developed countries, the catalytic hydrogenation process has given way to the transesterification process using an enzyme catalyst. In the post-Soviet space (Russia, Ukraine), there is also a tendency to switch to the transesterification process using palm oil, and cheap and harmless sodium methylate is used as a catalyst. Yes, in this case we will be able to obtain fat and oil products with a low content of trans isomers, but with a high content of saturated fatty acids (40-55%), while the need for saturated fatty acids is no more than 25-30% of the total fat. Palm oil contains 73% palmitic acid, 6.0% stearic acid, and the total saturated fatty acid content is 81.0%. Palm oil is used to make margarine, butter substitutes, spread, significantly extending the shelf life of these products. Unfortunately, this is where the benefits of palm oil end. The nearest neighbors (Uzbekistan) continue to use the hydrogenation process with nickel catalysts.

The ability of saturated fatty acids to raise blood cholesterol levels and provoke the development of atherosclerosis, vascular thrombosis, heart disease, obesity, diabetes, decreased brain performance, and the formation and development of cancerous tumors make palm oil an unacceptable product in the diet of a person of any age.

Developed countries have long refused to import palm oil into countries for food use, and also restrict products with its content on sale, making sure to mark its presence on the label. There are no substances useful to the body in palm oil at all. The only plus of palm oil for the consumer is its price. But when it comes to health, it is better to forget about saving - as a result of improper food, serious diseases can arise, and you will have to pay for this cheapness in full, but with your health. Moreover, in this case, we contribute not so much to the development of the domestic fat and oil industry, as to the development of the economy of the countries that supply palm oil. There are proposals to use, instead of palm oil, domestic vegetable oils with a high degree of hydrogenation (i.h. = 10), with a low content of trans isomers (1-1.3%). But what changes from this? Instead of a palm monster, we create a stearic monster (up to 91% saturated fatty acids), which is no better.

From the above material, it is quite obvious that the refusal from the hydrogenation process and the transition to the transesterification process using palm oil does not solve the problem of obtaining fat and oil products useful for the body. The high content of saturated fatty acids in fat and oil products provoke the risk of almost the same diseases as the high content of trans isomers.

Replacing the nickel catalyst with the low-percentage supported platinum catalysts developed by us will make it possible to produce high-quality oil and fat products and eliminate the disadvantages typical of nickel catalysts, namely:

- reduce the temperature of the process by 2 times (up to 90-120оС);

- cancel the re-bleaching process;

- eliminate the possibility of getting the catalyst into the food product;

- to drastically reduce the content of trans-isomers in fat and oil products (less than 2%, which meets the requirements of the Technical Regulations of the Customs Union on food safety.);

- complete absence of carcinogenic nickel compounds in the resulting food products;

-possibility of regulation within wide limits of melting temperature, hardness;

- improving the organoleptic characteristics of hydrogenated oils;

- replacement of nickel catalysts for platinum ones does not require production reconstruction.

A significant drawback of our catalyst is its high sensitivity to catalytic poisons, which is associated with a very low content of the active phase (0.2% Pt), which is 100-200 times lower than with a nickel catalyst. The transition to a higher degree of preparation (purification) of vegetable oil for the hydrogenation process will make it possible to successfully use the platinum catalysts we have developed to obtain high quality oil and fat products that are competitive on the international market.

CONCLUSION

1) A pilot batch of a platinum catalyst has been produced for pilot testing. The pilot program has been drawn up and agreed upon. However, it was not possible to carry out pilot studies in the oil-and-gas complex LLP "Maslo-Del" due to insufficient preparation (purification) of sunflower oil for hydrogenation on our catalyst. A significant drawback of our catalyst is its high sensitivity to catalytic poisons.

2) A standard of organization (Specifications) has been developed for a low-percentage platinum catalyst for the hydrogenation of vegetable oils developed by us.

3) Formulations have been developed for fat and oil products based on salomas obtained using platinum catalysts.

4) 2 patents were obtained for utility models for platinum catalysts for hydrogenation of vegetable oils (patent No. 4919 for utility model application No. 2019 / 0928.2 dated October 22, 2019 and patent No. 4930 for utility model application No. 2019 / 0927.2 dated October 22, 2019 .

5) Recommendations are given on the economic feasibility of introducing the developed technologies and the results of marketing research.
APPENDIX A

Work schedule for 2018-2020
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Planned Schedule

work of RSE for PVC «Al-Farabi Kazakh National University» BPH for PVC «Science and Technology Park» 

budget program 267 “Increasing accessibility of knowledge and research” subprogram 101 "Program-targeted funding of research and activities" on specifics 156 "Payment of consulting services and research" for 2018-2020

	№


	Name of works
	Deadline, year
	Expected results
	Sum, tenge

	1
	Development of technology for obtaining oil and fat products with reduced trans-isomers content that meet the requirements of the international standard


	2018-2020.
	An analysis of the patent and scientific and technical literature on existing technologies for the production of oil and fat products with a reduced content of trans-isomers will be carried out.

Experimental batches of platinum and palladium catalysts will be prepared on various supports and their main physicochemical characteristics will be determined.

Pilot tests of developed platinum catalysts will be carried out.

The results of the analysis of the original vegetable oils and the resulting salomas. An application for the invention will be filed. Formulations will be developed and a pilot batch of oil and fat products with a trans-isomer content of not more than 2.0% will be produced. The Enterprise Standard (Specifications) for the developed vegetable oil hydrogenation catalysts will be developed. Recommendations on the economic feasibility of introducing the developed technologies and the results of marketing research.
	54 000 000,0

	2


	Development of technology for obtaining oil and fat products with reduced trans-isomers content that meet the requirements of the international standard


	2018 

	An analysis of the patent and scientific and technical literature on existing technologies for the production of oil and fat products with a reduced content of trans-isomers will be carried out. Experimental batches of platinum and palladium catalysts will be prepared on various supports and their main physicochemical characteristics will be determined.

Optimal conditions for hydrogenation will be determined. The stability of the catalysts will be evaluated.

The results of the analysis of the initial vegetable oils and hydrogenated fat.
	18 000 000,0

	3
	Development of technology for obtaining oil and fat products with reduced trans-isomers content that meet the requirements of the international standard


	2019 

	Palladium catalysts will be prepared on various carriers and their main physicochemical characteristics will be determined. Experimental results comparing the activity and stability of palladium and nickel catalysts in the process of obtaining fully hydrogenated fats. The results of the analyzes of the initial and modified vegetable oils. Application for invention. The results of pilot tests of platinum and palladium catalysts in the process of partial and complete hydrogenation of vegetable oils. The annual report for 2019 will be presented and presented in accordance with GOST 7.32-2001.
	18 000 000,0

	4
	Development of technology for obtaining oil and fat products with reduced trans-isomers content that meet the requirements of the international standard


	2020 

	An experimental batch of catalysts for pilot testing. The results of pilot tests of catalysts.  An act of pilot tests will be received. The results of the analysis of the original vegetable oils and the resulting salomasFormulations will be developed and a pilot batch of oil and fat products with a trans-isomer content of not more than 2.0% will be produced.

The Enterprise Standard (Specifications) for the developed vegetable oil hydrogenation catalysts will be developed. Recommendations on the economic feasibility of introducing the developed technologies and the results of marketing research. Final report on the program. according to GOST 7.32-2001.
	18 000 000,0


Director of the Department of Strategic Planning and Analysis of the 

Ministry of Agriculture of the Republic of Kazakhstan                                                             ________________ S. Moldabayeva

Director of RSE for PVC "Science and Technology Park" Al-Farabi KazNU                     _ ___________________ A. Temirbaev
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GENERAL PROVISIONS

The subject of this work is pilot testing (hereinafter referred to as OPT) of a low-percentage deposited palladium catalyst recommended by Al-Farabi KazNU (hereinafter referred to as KazNU) in the process of hydrogenation of vegetable oils (sunflower oil) in an industrial reactor (10 thousand liters) in the hydrogenation shop Oil-and-oil plant LLP "Oil-Del" (hereinafter-Oil-Del).

1.1 The objectives of the pilot test are:

a) evaluation of the activity and selectivity of the catalyst in the process of hydrogenation of rapeseed oil;

b) determination of the following physicochemical characteristics of the hydrogenation product:

- iodine number;

- melting temperature;

- solid triglycerides (TSH);

- fatty acid composition;

- the content of trans isomers.

c) determination of the possibility of industrial application of a low-percentage deposited palladium catalyst in the process of hydrogenation of vegetable oils;

d) determining the economic feasibility of using a low-percentage deposited platinum catalyst in the hydrogenation of vegetable oils.

1.2 IPT consists of three stages:

Stage 1 - Preparatory work predetermining the precise implementation of the planned research. They include the implementation of organizational and technical measures for the preparation of the required amount of catalyst for pilot testing, coordination and preparation of conditions for conducting pilot testing in the hydrogenation shop of OFI LLP "Maslo-Del";

Stage 2 - Investigation of the activity and selectivity of the catalyst in the process of hydrogenation of sunflower oil. Determination of the physicochemical characteristics of the hydrogenation product.

Stage 3 - Analysis and preparation of a report on the results of pilot testing.

1.3 Basis:

The basis for conducting pilot industrial tests are:

Memorandum of Cooperation between KazNU named after al-Farabi and LLP "Maslo-Del".
STAGES OF PERFORMANCE AND INDUSTRIAL TESTS

	№

points
	The name of the main stages of pilot testing and the content of work for the stage
	Terms (continue) of work
	Executor
	Note

	1st stage (preparatory)

	1
	KazNU and Maslo-Del by their orders to determine the persons responsible for conducting the pilot tests
	before pilot test
	KazNU, Maslo-Del
	

	2
	To issue admission to the objects of Oil-Del of representatives of KazNU
	before pilot test
	Maslo-Del
	

	3
	Provide a constant composition and degree of purification of vegetable oil (sunflower oil) intended for the pilot for the pilot period
	before pilot test
	Maslo-Del
	

	4
	Determine the frequency of sampling from the reactor for analysis.
	before pilot test
	KazNU, Maslo-Del
	

	5
	Deliver the catalyst to the hydrogenation shop of LLP "Maslo-Del" 
	before pilot test
	KazNU
	

	6
	Determine the order (method) of introducing the catalyst into the reactor.
	before pilot test
	KazNU, Maslo-Del 
	

	7
	For IFT, define the following objects of OFI:A) plant for hydrogenation of vegetable oils
	before pilot test
	Maslo-Del
	

	8
	Prepare a log of the analysis results (Appendix 2)
	before pilot test
	KazNU, Maslo-Del
	


	№

points
	The name of the main stages of pilot testing and the content of work for the stage
	Terms (continue) of work
	Executor
	Note

	2nd stage “Study of catalyst activity and selectivity in the process of rapeseed oil hydrogenation. Determination of the physicochemical characteristics of the hydrogenation product ”.

	9
	Carrying out the process of hydrogenation of sunflower oil in accordance with the technological regulations of LLP "Oil-Del" using a platinum catalyst: A) The catalyst dispersed in sunflower oil from the bunker enters the reactor;

B) The hydrogenation process is carried out under the conditions recommended by KazNU (temperature, hydrogen pressure).

C) At the end of the hydrogenation process, the oil is filtered and separated from the catalyst.
	
	KazNU, Maslo-Del
	

	10
	During the hydrogenation process, samples are taken to determine the end of the process by IV. and data on temperature and pressure of hydrogen are recorded.
	each 


	KazNU, Maslo-Del
	

	11
	Анализ продуктов гидрирования в ходе и после окончания процесса гидрирования
	each  


	KazNU, Maslo-Del
	


	№

points
	The name of the main stages of pilot testing and the content of work for the stage
	Terms (continue) of work
	Executor
	Note

	3rd stage "Analysis and preparation of the report on the results of pilot testing"

	12
	Submission for approval of the Protocols and Acts of the pilot project.

Pre-processing and registration of data on the pilot testing.
	
	KazNU, Maslo-Del
	

	13
	Analysis and preparation of a report on the results of the pilot study of the activity and selectivity of the palladium catalyst 
	
	KazNU, Maslo-Del
	

	14
	The technological characteristics of the hydrogenation shop and permits for pilot testing are given in Appendix 3.
	
	Maslo-Del
	


AGREED:

	From KazNU named after al-Farabi:                          Auezov A.B.                                                                                           


	
	

	
	
	

	From LLP "Maslo-Del"                               
	                       Kulishev V.  
	

	
	
	


4. GENERAL REQUIREMENTS FOR CONDITIONS, PROVISION AND PERFORMANCE OF TESTS

4.1 The organization and management of the pilot testing is carried out by Maslo-Del LLP. Preparation of test objects and pilot testing is carried out by KazNU and LLP "Maslo-Del".

4.2 Sampling of hydrogenated oil is carried out by employees of KazNU and LLP "Maslo-Del". Analysis of samples of hydrogenated oil is carried out by specialists of KazNU and LLP "Maslo-Del" in the laboratory of LLP "Maslo-Del", in addition to determining the fatty acid composition, which will be carried out in the laboratory of KazNU. In this case, the following characteristics are determined:

- iodine number (GOST 20287-91,);

- solid triglycerides, TTG (GOST R 51069-97,);

- melting point (GOST 33-2000, ISO 3219).

- fatty acid composition (GOST)

- the content of trans isomers (GOST)

Calculations and data processing are also carried out by specialists of "Maslo-Del" LLP and KazNU.

5. SAFETY REQUIREMENTS

5.1 During pilot testing, the safety and technical operation rules established for the enterprises of Maslo-Del LLP must be observed.

5.2 All test participants should receive induction and on-the-job safety briefings.

5.3 All electrical installations must be grounded.

5.4 Electrical equipment that does not have explosion safety signs are not allowed to be operated in hazardous areas.

5.5 The power line of the electrical equipment of the oil supply pump must be equipped with short-circuit current protection.

5.6 Standard Personal Protective Equipment (PPE) should be worn when working around high pressure systems.

The main elements of PPE are safety glasses with side shields (or face shield), hand gloves, helmet, safety boots with steel toes, coveralls and long trousers.

6. DOCUMENTS REQUIRED IN CONDUCTING OPT

When conducting a pilot, the following records are required:

1. Order of the "Maslo-Del" company on conducting pilot testing of the activity and selectivity of the platinum catalyst in the OFI hydrogenation;

2. The act of readiness for pilot testing of the platinum catalyst of KazNU;

3. Act on completion of pilot testing of platinum catalyst in the hydrogenation shop of MZhK LLP "Maslo-Del".

Forms of acts are agreed on the spot. In the process of preparatory work and testing, it is allowed to draw up additional acts, depending on the situation. 

Appendix 2a 
JOURNAL
THE ANALYSIS RESULTS DURING THE PILOT-INDUSTRIAL TESTS OF THE PALLADIUM CATALYST KAZNU NAME AL-FARABI IN MZhK LLP "MASLO-DEL"
Appendix 2b

Results of analyzes of rapeseed oil hydrogenation products during pilot testing at Maslo-Del LLP

	Work carried out:

	№
	test date
	Тmelting

оС
	SFC,%

10 оС
	SFC,%

20 оС
	SFC,%

30 оС
	SFC,%

40 оС
	IV
	Notes

	1


	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	


Fatty acid composition of the original and hydrogenated vegetable oil

	№
	test date
	Топ.,

оС
	РН2.,

МПа
	trans-isomers
	cis-isomers
	saturated FA
	Trans isomers

	
	
	
	
	С18:1(trans-9) oleic
	С18:2(trans-9,12) linoleic
	С18:2(trans-9,cis-12) linoleic
	С18:3(trans-9,cis-12,тр-15)  lilinoleniccccccлиноленовая
	С18:1(cis-9) oleic
	С18:1(cis-11) oleic   
	С18:1(cis-12) oleic
	С18:2(cis-9,12) linoleic
	С18:2(cis-12,15) linoleic
	С18:3(cis-6,9,12) linolenic
	С20:1(cis-11) gadoleic
	С16:0 palmitic
	С18:0 steric
	С20:0 arachidic
	С22:0 behenic
	

	1
	
	-
	-
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


PERMISSION DOCUMENTS FOR CARRYING OUT PT
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APPENDIX D
Organization standard
ORGANIZATION STANDARD __________________________________________________________________

VEGETABLE OIL HYDRATION CATALYST

Technical conditions

1 area of use

This organization standard applies to the catalyst for the hydrogenation of vegetable oils PT-1 (hereinafter referred to as the catalyst), intended for use in the hydrogenation of vegetable oils.

The catalyst is platinum supported on alumina.

All requirements of this organization's standard are mandatory.

This organization standard is intended to be used for conformity testing.

This organization standard cannot be fully or partially reproduced, replicated, distributed and used as an official publication without the permission of the State Enterprise "Science and Technology Park" of the Republican State Enterprise KazNU named after al-Farabi.

2 Normative references

This standard uses references to the following standards:

ST RK GOST R Signal colors, safety signs and markings

12.4.026-2002 signaling. General technical conditions and application procedure.

ST RK 3.4-2003 GSS RK Procedure for confirming the conformity of products. General requirements.

ST RK 1174-2003 Fire fighting equipment for the protection of objects. The main types. Accommodation and service.

ST RK 1009-2005 Non-food products. Information for consumers. General requirements.

GOST 12.1.004-91 SSBT. Fire safety. General requirements.

GOST 12.1.005-88 SSBT. General sanitary and hygienic requirements for the air in the working area.

GOST 12.1.007-76 SSBT. Harmful substances. Classification and general safety requirements.

GOST 12.1.044-89 SSBT. Fire and explosion hazard of substances and materials. Nomenclature of indicators and methods for their determination.

GOST 12.3.002-75 SSBT. Manufacturing processes. General safety requirements.

GOST 12.4.021-75 SSBT. Ventilation systems. General requirements.

GOST 17.2.3.02-78 Nature Conservation. Atmosphere. Rules for establishing permissible emissions of harmful substances by industrial enterprises.

GOST15.309-98 System for the development and launching of products. Testing and acceptance of manufactured products.

GOST 28414-89 Fats for cooking, confectionery and bakery industries. General technical conditions.

GOST 1770-74 Laboratory glassware. Cylinders, beakers, flasks, test tubes. General technical conditions.

GOST19708-74 Processing of vegetable oils, fats

and fatty acids - hydrogenation production. Terms and Definitions.

GOST 52179-2003 Vegetable oils. Acceptance rules and sampling methods.

GOST 3022-80 Technical hydrogen. Technical conditions.

GOST 4232-74 Calcium iodide. Technical conditions.

GOST 4461-77 Nitric acid. Technical conditions.

GOST 10779-97 Polyvinyl alcohol. Technical conditions.

STO 00195200-004-2006 Platinum hydrochloric acid solution. Organization standard.

GOST 8136-85 Active aluminum oxide. Technical conditions.

GOST 5037-97 Metal flasks for milk and dairy products. Technical conditions.

GOST 5044-79 Thin-walled steel drums for chemical products. Technical conditions.

GOST 52901-2007 Corrugated cardboard for packaging products. Technical conditions.

GOST 7933-89 Cardboard for consumer packaging. General technical conditions.

GOST 9042-90 Corrugated cardboard boxes. General technical conditions.

GOST 6709-72 Distilled water. Technical conditions.

GOST 7328-82 General purpose and exemplary mass measures. Technical conditions.

GOST 9078-84 Flat pallets. General technical conditions.

GOST 9147-80 Laboratory glassware and equipment. Technical conditions.

GOST 14192-96 Marking of goods.
GOST18300-87 Rectified technical ethyl alcohol. Technical conditions.

GOST21650-76 Means for fastening packaged goods in transport packages. General requirements.

GOST 24104-2001 Laboratory balance. General technical requirements.

GOST 24597-81 Packages of packaged goods. Basic parameters and dimensions.

GOST 25336-82 Laboratory glassware and equipment. Types, main parameters and sizes.

GOST 26331-94 Connections of primary temperature transducers with process pipelines and devices. Types and basic sizes. Technical conditions.

GOST 26663-85 Transport packages. Formation using batching tools. General technical requirements.

3 Technical requirements

3.1 The catalyst must comply with the requirements of this standard of the organization and be produced in accordance with the recipe and technological instructions approved in the prescribed manner.

3.2 In appearance and organoleptic characteristics, the catalyst is a finely dispersed powder of light brown color, without impurities and odor.

3.3 In terms of physical and chemical parameters, the catalyst must meet the standard values given in Table 7.

Table 7

	Indicator name
	Normative value

	1. Bulk density, g / cm3, not less
	0,54

	2.Mass fraction of platinum in dry product,%
	0,2 – 1,0

	3. Catalyst activity, cm3/min per 1 g of catalyst, not less
	600


3.4 Requirements for raw materials

The following raw materials are used for the production of the catalyst:

- platinum hydrochloric acid;

- aluminium oxide;

- polyvinyl alcohol;

- sodium borohydride;

- distilled water;
3.5 Packaging

3.5.1 Packing of the catalyst must comply with the requirements of GOST 1510. The catalyst is poured into aluminum flasks in accordance with GOST 5037 or steel drums in accordance with GOST 5044.

3.5.2 The container must be clean, dry with a tight-fitting lid.

3.6 Marking

3.6.1 The marking of the catalyst must comply with the requirements of GOST 1510 and ST RK 1009.

The label must be placed inside the shipping container.

3.6.2 Transport markings must comply with the requirements of GOST 14192 with handling and warning sign.

3.6.3 Marking should be done in the state and Russian languages.

It is allowed to duplicate the marking in whole or in part in foreign languages.

3.6.4 When sending a catalyst outside the Republic of Kazakhstan, marking can be made in the language of the importing country.

4 Safety requirements

4.1 The catalyst is non-combustible material and fire and explosion proof.

4.2 The catalyst is a low-hazard product and, in terms of the degree of exposure to the human body, belongs to the 4th hazard class in accordance with GOST 12.1.007.

4.3 When preparing and working with the catalyst, dust is emitted, consisting of activated alumina and platinum. In the form of dust, they can irritate the mucous membranes of the eyes and nose.

In case of respiratory irritation, it is recommended to drink warm milk with soda. If the catalyst dust gets on the mucous membranes of the eyes, nose and skin, it is recommended to rinse them with water.

4.4 The maximum permissible concentration (MPC) of aluminum oxide in the air of the working area of ​​industrial premises in the form of an aerosol in accordance with GOST 8136-85 is 2 mg / m3.

4.4.1 Platinum is non-allergenic. The MPC for platinum has not been established, and industrial platinum poisoning has not been described in the literature.

4.5 When working with a catalyst, use personal protective equipment.

4.6 Everyone working with the catalyst must undergo periodic medical examinations in the manner prescribed by the bodies of the State Sanitary and Epidemiological Supervision of the Republic of Kazakhstan.

Personnel are allowed to work only after passing exams on knowledge of safety instructions.

4.7 The room where the catalyst is produced and stored must be equipped with general exchange supply and exhaust ventilation that meets the requirements of GOST 12.4.021.

4.7.1 In places where dust is most emitted into the air of the working area, local exhaust devices should be installed. The air in the working area must meet the requirements of GOST 12.1.005.

4.7.2 Air containing catalyst dust from ventilation systems during production, as well as during catalyst refueling, must be cleaned in bag filters until it is completely absent and then released into the atmosphere.

4.8 It is prohibited to handle open flames in the premises for storage and use of the catalyst.

4.9 Organizational technical measures to ensure fire safety, fire prevention and fire protection must be carried out in accordance with the requirements of GOST 12.1004 and ST RK 1174.

4.10 Hazardous areas at the enterprise, in production facilities, at workplaces (sites) must be marked with appropriate safety signs in accordance with ST RK GOST R 12.4.026.

4.11 General safety requirements for the production of distillate must comply with the requirements of GOST 12.3.002.

4.12 Protection of the air atmosphere must be carried out in accordance with the requirements of GOST 17.2.3.02-78.

There are no harmful emissions to wastewater and atmosphere in the production of the catalyst.

Protection of the natural environment from harmful influences is ensured by equipment sealing.

5 Acceptance rules

5.1 The catalyst is accepted in batches.

A batch is considered to be any quantity, but not more than 500 kg of catalyst, homogeneous in its quality indicators and accompanied, according to GOST 15.309, by one bearer document, drawn up in the manner adopted at the enterprise.

5.2 The sample size is determined in accordance with GOST 2517. For the combined sample, take at least 2.0 dm3 of the catalyst.

5.3 The catalyst is subjected to acceptance and certification tests.

5.4 Acceptance tests

5.4.1 Acceptance tests are carried out for compliance with all the requirements of this organization standard.

5.4.2 Upon receipt of unsatisfactory test results for at least one indicator, repeated tests are carried out on it on a double sample taken from the same batch. Retest results are final and apply to the entire batch.

5.5 Certification tests

The certification tests of the catalyst are carried out in accordance with the normative documents of the State System of Technical Regulation of the Republic of Kazakhstan and ST RK 3.4. It is allowed to combine periodic tests with certification tests.
6 Test methods

6.1 The appearance, marking and packaging of the catalyst are determined visually.

The appearance of the catalyst is determined in a porcelain dish or on a sheet of white paper.

6.2 Determination of bulk density

6.2.1 Apparatus

- laboratory scales with the maximum weighing limit of 5000 g in accordance with GOST 24104;

- mass measures according to GOST 7328;

- cylinder according to GOST 1770.

6.2.2 Analysis

The catalyst is poured into a pre-weighed cylinder with a capacity of 1000 cm3 in portions of (50-100) cm3, shaking the contents each time

After filling the cylinder to the mark, it is sealed by lightly tapping on a wooden support until the volume occupied by the catalyst becomes constant. Then the cylinder with the catalyst is weighed. The weighing result is recorded to the second decimal place.

6.2.3 Expression of results

The bulk density (X) in g / cm3 is calculated by the formula 1:

                   m1 – m2
            Х = ----------- ,  (1), m1 – where m1  mass of the cylinder with the sample, g      ……………..1000                                 m2 – empty cylinder weight, g

The arithmetic mean of the results of two parallel measurements is taken as the result of the analysis, the absolute difference between which should not exceed 0.04 g/cm3.

6.3 Determination of platinum content in a catalyst

The following methods are used to determine the mass fraction of platinum: - atomic absorption spectrometry,

- atomic emission spectrometry of inductively coupled plasma (AES-ICP),

- mass spectrometry of inductively coupled plasma (ICP-MS),

- photocolorimetry.

An advantage of the AES-ICP and MS-ICP methods is the possibility of the simultaneous determination of all platinum group metals. As a limitation, the necessity and difficulty of transferring the sample to a solution in strong acids (in particular, sparingly soluble alpha alumina) is noted. The method of spark ablation in combination with ICP-MS or laser ablation in combination with ICP-AES, laser optical emission spectrometry (LIBS), and X-ray fluorescence analysis (XRF) can be used to exclude the procedure of transferring a sample to a solution.

The method for determining the mass fraction of platinum in catalysts, based on the formation of a complex compound of platinum with tin chloride, is prevalent in the determination of the mass fraction of platinum by the wet chemistry method and is included in various standards (method UOP 896, method ASTMD 4642, OST 153.39.2-013 -2002, STO 04610600-001-2007).

6.4 Determination of catalyst activity

The catalyst activity is determined by the rate of hydrogenation of the vegetable oil.

6.4.1 used reagents and devices

- "duck" for hydrogenation under pressure, metal with a capacity of 100 cm3;

- mixing machine - rocking chair - with the number of one-way swings (700-800) per minute;

- stopwatch.

6.4.2 Making measurements

1 g of catalyst, pre-dried at a temperature of (110 ± 2) ° C to constant weight, weighed with an error of not more than 0.0005 g and 50 cm3 of vegetable oil, are loaded into a "duck" for hydrogenation, the system is purged with nitrogen, then purged (2 -3) dm3 of hydrogen. The measuring burette connected to the "duck" is filled with hydrogen, the hydrogen pressure in the system is set to 1.0 MPa, the volume is measured

hydrogen in the burette. Then simultaneously turn on the rocking chair and the stopwatch. The volume of absorbed hydrogen is recorded every minute.

7 measurements are made during hydrogenation. After 7 minutes, the hydrogenation is stopped.

The activity of the catalyst (X1), cm3 / min per 1 g of catalyst is determined by the formula 3:                                                       V

                                        Х1 =      -----------------     (3),                

                                                               τ ∙ m

             V is the total volume of absorbed hydrogen;

               τ — hydrogenation time, min;

               m is the weight of the catalyst sample, g.

The arithmetic mean of two parallel definitions is taken as the result, the allowable discrepancy between which should not exceed 2%.

6.5 Definition of fire hazard

Fire hazard indicators of the catalyst are determined in accordance with GOST 12.1.044.

7 Transport and storage

7.1 Transportation of the catalyst can be carried out by all types of transport, in combination with the rules in force for these types of transport.

When transporting by rail and water transport, it is necessary to package the catalyst in accordance with the requirements of GOST 26663, on flat pallets, measuring (800x1200) mm in accordance with GOST 9557 and GOST 9078.

Weight and overall dimensions of the package must comply with the requirements of GOST 24597.

Means for fastening the package in accordance with GOST 21650 using steel packaging tape in accordance with GOST 3560 or low-carbon steel wire in accordance with GOST 3282.

When transported by road, the catalyst can be shipped unpacked. During transportation to

open vehicles, the packaged catalytic converter must be covered with a waterproof material.

7.2 It is necessary to store the catalyst in covered warehouses, protected from the ingress of gases containing sulfur, phosphorous and arsenic compounds, as well as moisture.

8 Manufacturer's warranty

8.1 The manufacturer guarantees that the catalyst meets the requirements of this organization's standard, provided that the consumer observes the rules of transportation and storage.

8.2 The guaranteed shelf life of the catalyst is two years from the date of manufacture.

APPENDIX E

publication of scientific papers

For 2019: 

1 K. Toshtay, A.B. Auyezov, Zh.A. Bizhanov, S.K. Toktasinov, Nurakyshev A, Korkembay Zh. Catalytic hydrogenation of sunflower oil over a supported platinum catalyst // 14th European Congress on Catalysis: “Catalysis without Borders” Aachen, Germany, – 2019. – P. 25-26.

For 2020:

Toshtay K., A. B. Auezov. Hydrogenation of vegetable oils over a palladium catalyst supported on activated diatomite // Catalysis in Industry – 2020. – № 12.– P. 7-15. https://doi.org/10.18412/1816-0387-2019-4-265-274 (Scopus Q4, Percentile: 11)
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