
Catalytic Synthesis of Monomers for Heat-resistant Polymers  
Tleutay Abildin1, Kair Zhubanov2,  yermek Aubakirov1, Gulzira Vassilina1, Kairat Burkhanbekov1, Elmira Yermoldina1 
14Al-Farabi Kazakh National University, Kazakhstan 
2Scientific Research Institute of New Chemical Technologies and Materials, Kazakhstan 
Keywords: isophthalo-, terephthalonitrile, m-, p-xylylenediamine, dinitrile, diamine, catalyst, hydrogenation, synthesis, monomer, polymer.
Abstract. In order to intensify the process of catalytic synthesis of m- and p-xylylenediamine - valuable intermediate synthesis of polymer materials were conducted hydrogenation reactions of isophthalo-, terephthalonitriles with promoted catalysts based on Ni-Raney alloys Ni : Al = 1 : 1 in an alcoholic medium under a hydrogen pressure in the presence of ammonia. It is established, that the activity of the catalyst Ni-Nbsk was 2-3 times higher than Ni-Tisk and Ni-Mgsk and 4-5 times higher than the activity of Ni-Raney (Nisk). It is shown that in aliphatic alcohols (С1-С4) in a ratio of nitrile : ammonia = 1: 3 (g/g), P (H2) = 4.0 MPa and T = 80 °С output of m-, p-xylylenediamine is on Ni-Nbsk catalyst 95-97 % . With increasing molecular weight of the alcohol the hydrogenation rate of izoftalo-, tereftalnitrile in a solvent decrease.
Introduction

We know that the prospect of polymeric materials is determined by many factors, decisive importance is the availability of the starting monomers. An ammoxidation reaction opens up wide possibilities for the synthesis of aromatic dinitriles. A promising and affordable method for the synthesis of aromatic diamines is the hydrogenation of the corresponding dinitriles. For this purpose, as a basic raw material can be used products of deep processing an oil and coal. The basic starting material for heat-resistant polymers serve m- and p-xylylenediamine synthesized by catalytic hydrogenation of isophthalo-, terephthalonitriles obtained by oxidative ammonolysis of m-and p-xylenes [1, 2].

Until today, the hydrogenation kinetics and mechanism of izoftalo-, tereftal nitrites into m- and p-xylylenediamine poorly investigated.

Early studies on the hydrogenation of izoftalo-, tereftlonitrilov have a number of drawbacks: lack of the studies on kinetics of hydrogenation of the nitrile group, severe conditions of the process and insufficient yield of the aimed product (P (H2) = 10.0-20.0 MPa, T = 120-150 °C and yield of m-, p-xylylenediamine 80-90 %) [3-5]. Therefore, the question of synthesis of m- and p-xylylenediamine introduces a particular interest for the study.
Experimental
With the aim of intensifying the catalytic synthesis of m- and p-xylylenediamine from isophthalo- and terephthalonitriles respectively, for the first time we studied in the presence of various alloyed catalysts based in Ni-Raney. Catalytic hydrogenation of isophthalo- and terephthalonitrile was conducted in the liquid phase in the isobaric-isothermal mode to a high-pressure kinetic (KUVD) allowing monitoring the consumption of hydrogen per unit time [6]. Hydrogenation is carried out until the termination of hydrogen uptake from the gas phase. For the analysis of hydrogenation products were applied potentiometric titration, IR-spectroscopy and elemental analysis. The equipment and the experimental procedure described previously in [7], also the catalysts prepared by a known methods [3].
Results and discussion
In the catalytic hydrogenation of isophthalo-, terephthalonitriles to the corresponding m-and p-xylylenediamine in the liquid phase under hydrogen pressure were used new theoretical approaches to the catalytic synthesis of aliphatic-aromatic amines with regard to their structure and composition, as well as the influence of other factors (solvent, temperature, hydrogen pressure, the ratio of catalyst : dinitrile, the ratio of ammonia : dinitrile and the ratio of m-dinitrile : n-dinitrile).

Comparative results of the hydrogenation isophthalo-, terephthalonitriles on Ni-Raney catalyst, which is an alloy of Ni : Al = 50 : 50 and modified with additives Ti, Nb catalysts based on Ni-Raney in ethanol at 4.0 MPa hydrogen pressure and 80 0C temperature shows that a characteristic feature of the kinetics of the hydrogenation of isophthalo-, terephthalonitriles that constant and fairly large reducing the reaction rate throughout the experiment (refer with: Table 1)  [2,8]. 

Table 1. Hydrogenation mixtures of izophtalo- and terephtalonitriles (50 : 50 g/g) on Raney nickel catalyst in methanol (PH2 = 4,0 MPa, T = 80 °C, dinitrile : ammonia = 1: 3 g/g)

	Catalyst

(The composition of the original alloy before leaching [wt.%])
	Process duration – τ [min]
	Yield of m-, p-xylylenediamine [wt. %]

	Nisk

(Ni : Al = 50 : 50)
	100
	68-69

	Ni-Tisk

(Ni : Ti : Al = 47 : 3 : 50)
	55
	89-90

	Ni-Nbsk

(Ni : Nb : Al = 45 : 5 : 50)
	22
	95-97


In the final product (after the absorption of 4.0 moles of the required hydrogen) of the IR-spectrum absorption bands corresponding C≡N group disappear completely (stretching vibration 2240-2230 cm-1), and in the region of 3400-3290 cm-1 appear intense absorption bands of stretching vibrations of NH2-groups (refer with: Fig. 1) [7-9].
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Figure 1. IR-spectrum of the final product of hydrogenation mixtures of izophtalo- and terephtalonitriles

The activity of the catalyst Ni-Nbsk in 2-3 times higher than Ni-Tisk  and 4-5 times higher activity of Ni-Raney (Nisk). It is shown that the aliphatic alcohols (C1-C4) at a ratio of nitrile:ammonia = 1:3 (g/g), the yield of m- , p-xylylenediamine are on Ni-Nbsk catalyst 95-97 %, on Ni-Ti sk and Ni sk 89-90 and 68-69 % respectively (refer with: Table 1) [2, 8].

The classic way of getting primary mono- and diamines is hydrogenation process of nitriles and dinitriles in the presence of ammonia [2-5, 7, 8, 10, 11]. First intermediate compound formed on the surface of the catalyst in the hydrogenation of nitriles and dinitriles is aldimine. The formation of the aminonitrile in the catalytic hydrogenation of aromatic dinitriles indicates sequential recovery of the nitrile groups [2, 3, 8, 10].

The aldimine mechanism of hydrogenation of isophthalonitrile in the presence of ammonia can be depicted by the following scheme:
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To direct the reaction towards the formation of primary mono- and diamines is necessary to increase the hydrogen concentration on the catalyst surface, for example, using elevated hydrogen pressure and strengthen the adsorption of hydrogen bond with the surface by promoting the skeletal nickel, or the selection of the solvent, in particular, its introduction into the ammonia or additives basic character [2-5, 7, 8, 10-12].  The activity and selectivity of catalyst Ni-Nbsk under the catalytic synthesis of m-, p-xylylenediamine can be associated with a high degree of enrichment of the catalyst strongly bound by adsorbed hydrogen, which is 2-3 times higher than that of Nisk one [12]. The ammonia prevents reactive aldimines react with a primary amine, which are formed by reacting a Schiff base and further reaction with hydrogen passes to a secondary amine [3, 7, 10, 11].
Conclusion
The liquid-phase hydrogenation of izophtalo- and terephtalonitrile on promoted catalysts based on Ni-Raney from alloy Ni : Al = 1 : 1 (Ni-Tisk and Ni-Nbsk) in an alcoholic medium under a hydrogen pressure in the presence of ammonia takes place with a decrease in the rate of time. The hydrogenation starts with a very high rate of absorption to two moles of hydrogen per mole of dinitrile, after which the rate of hydrogen absorption decreases somewhat, the next two moles of hydrogen are joined slowly.
It is established, that the activity of the catalyst Ni-Nbsk was 2-3 times higher than Ni-Tisk and Ni-Mgsk and 4-5 times higher than the activity of Ni-Raney (Nisk).

It is shown that the experimental conditions studied (4,0 MPa H2 and 80 °C) with increasing molecular weight of the alcohol rate of hydrogenation in a solvent izophtalo- and terephtalonitrile is decreasing. The aliphatic alcohols (C1-C4) at a ratio of nitrile : ammonia = 1 : 3 (g/g), the yield of m-, p-xylylenediamine are on Ni-Nbsk catalyst 95-97 %.

General linear flowsheet producing polymers can be represented as follows: Raw material – Oil → Aromatic compounds of oil → p-, m-xylene → isophthalo-, terephthalonitriles → m- and p-xylylenediamine → polymers.
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