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Abstract 

The problems of phosphorosulphurization of silica gel, synthesis of metal 

dithiophosphates on its surface and results of their investigation as the 

heterogenized catalytic systems in combination with aluminum organic compounds 

in the polymerization process of butadiene are considered. The physico-chemical 

properties of these complexes have been studied by analytical (percentage of 

phosphorus and sulfur), infrared and differential thermal analysis methods, X-ray 

phase analysis and it has been confirmed that the metals have been chemically 

connected with bearer matrix through dithiophosphoric group. A comparison of the 

differential thermal and thermographic curves shows that even after 

dithiophosphorylation and the preparation of metal complexes, changes occur both 

in the framework and in the crystal lattice of silica gel. The activity of the 

heterogenized component of the nickel dithiophosphate silica gel catalyst in 

combination with the diethylaluminium chloride cocatalyst in the process of 

butadiene polymerization in the gas phase was studied. It has been established that 

Ni- and Co-containing dithiosystems are the high active and high selective catalysts 

in this process. In their presence butadiene conversion 90-97%, productivity of 

catalyst – 850-2700kg PBD/gMe∙hour, with intrinsic viscosity of polybutadiene – 

0.85-1.2 dl/g and 1,4-cis content of 92-97% can be reached. A possibility of 

synthesis of polybutadienes containing 1,4-cis links higher 90%, with use of the 

heterogenized nickel-containing catalysts opens wide possibilities for their 

industrial application 

Keywords: metallodithiophosphorylated silica gel, heterogenized catalytic dithiosystems, 
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Introduction 

Homogeneous catalysts have a much higher degree of dispersion. Each molecule of a 

homogeneous catalyst is a catalytic center, while in the heterogeneous catalyst only the surface-

accessible centers for reactants are active. Consequently, the homogeneous catalyst has a much 

greater activity per unit mass of the catalyst. This makes it possible to use it at much lower 

concentrations than the heterogeneous one. 

Since homogeneous catalysts are easily identifiable chemical compounds, the mechanisms 

of homogeneous-catalytic reactions are usually studied well. For heterogeneous catalytic 

processes, the idea of the mechanism of reactions is often rather vague and contradictory. 

The main disadvantage of homogeneous catalysis is the difficulty of separating the catalyst 



G.N. HASANOVA  

 

www.ppor.az 110 

from the reaction products, as a result of which a part of the catalyst is lost irrevocably, the 

product, is contaminated with it. Conversely, for heterogeneous catalysis separation is either not 

required at all (in the case of a stationary catalyst bed) or is carried out by such simple methods 

as filtration or centrifugation. To extract homogeneous catalysts, considerably more complex 

(energy-intensive) processes, such as extraction, rectification or ion exchange, are required. 

The processes of oligomerization, polymerization olefins and dienes proceed with 

application of the homogeneous catalytic systems of Ziegler-Natta type. The homogeneous 

catalysis has a number of advantages concluding in high selectivity, large reaction proceeding 

rate, etc. However, it has a number of significant drawbacks - one-time use of catalysts, the need 

to wash off the remains of catalysts that contain heavy metal ions and, consequently, the 

formation of a large amount of waste water, which complicates the ecology of production. 

Ideal would be the creation of catalysts that have the positive properties of both 

homogeneous (high specific activity and selectivity) and heterogeneous (easy to separate) 

catalysts. 

The use of aromatic hydrocarbons (benzene, toluene, etc.) as a solvent also adversely 

affects the environment. Among other things, it is the complexity of creating a continuous 

production technology. 

Previously in the IPCP of ANAS were created homogeneous bifunctional catalyst-

stabilizers that actively and selectively catalyzed the polymerization of butadiene and, while 

remaining in the polymer, effectively stabilized it [1]. This way to some extent eliminate the 

disadvantages of pure homogeneous catalysis and improve the ecology of production, removing 

the process of washing catalyst residues from the process cycle after the polymerization process 

and eliminating the need for additional stabilization of the finished product. 

Zeolites, their modified representative and silica gels are widely used as catalysts for many 

processes of oil refining and petrochemistry [2]. However, in the scientific literature there is very 

little information on their use in oligomerization processes and, especially, polymerization of 

olefinic and diene hydrocarbons. Only in recent years there has been information about the 

possibility of using zeolites as a base for the development of catalytic systems for these 

processes [3-9]. Based on this, an attempt was made to develop heterogenized catalytic 

dithiophosphate metal complexes based on zeolites, including also silica gel. 

It is known that the process of phosphorosulfurization of alcohols and phenols with P2S5 

proceeds due to hydrogen hydroxyl groups present in their molecules. Proceeding from the fact 

that silica gels also contain hydroxyl groups bound to the matrix, in principle, it is possible to 

carry out the phosphorosulfurization reaction to synthesize O,O-disubstituted dithiophosphoric 

acids chemically bonded to the silica gel matrix and subsequently to obtain metallocomplexe 

compounds based on them. The proposed route of reactions in a simplified version can be 

presented as follows: 
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                                                            or 

                                          
where M = Ni or Co 

In the case of 3 valent metal a structure has more complex character. 

Experimental Part 

Preparation of dithiophosphorylated silica gel 

Before the beginning of the process of phosphorosulfurization, the carrier must be dried, 

since P2S5 reacts very violently with water. 

A well-dried silica gel is placed in the reactor; a suspension is created in m-xylene and at 

finely divided P2S5 is added in parts at 90
o
C. After the addition of the entire amount of P2S5 

(mass ratio 10:5), the temperature then rises to 135-139
o
C, and the process is continued until the 

H2S is completely released. To completely remove H2S from the system, the process continues 

under a small vacuum (600-610 mm Hg), and after the reaction ends, nitrogen is passed through 

the reaction mass. After filtration and 2-3 times washing with hot ethanol, the reaction product is 

dried under a small vacuum at 80-90
o
C. 

Analysis showed that dithiophosphorylated silica gel contained 7.17% phosphorus and 

6.98% sulfur. 

 Preparation of metal-containing dithiophosphorylated silica gel 

40-50% alcohol solutions of the chlorides Ni and Co were added dropwise to the 

suspension of dithiophosphorylated silica gel (SDTP) in ethanol, the mixture was heated to 80
o
C 

and for 4-5 hours with vigorous stirring. Then the mass was cooled, filtered, washed 2-3 times 

with hot ethanol and dried at 80-90
o
C under vacuum. 

Metal complexes were analyzed on the content of phosphorus and sulfur: 

 

NN S-DTP-M P, % S, % 

1. S-DTP-Ni 3.31 3.57 

2. S-DTP-Co 3.72 3.81 

 

Further, starting from the initial silica gel, the synthesized compounds were studied by IR- 

spectroscopy, X-ray diffraction and DTA assays. 

Results and Discussion 

Differential-thermal analysis 
STA PT 1600 derivatigraph firm “Linseis” (Germany) was used. The DTA curves (Fig.1) 

have show an endothermic peak at 102
o
C, being characteristic of initial silica gel has intense. 

After phosphorosulfurization, this peak is observed already at 117
o
C. Depending on the nature of 

the metal, this peak manifests itself in various regions: Ni-100
0
C; Co-113

o
C. In the Ni complex, 

small endothermic peak is observed at 75
0
C before the main endotermic peak. 
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 With further heating, no thermal effects occur. However, the thermographic curves (TG) 

clearly fix the difference between the samples. Thus, the starting silica gel at 115
o
C loses up to 

10% of the original weight. Noticeable weight loss in a dithiophosphorylated sample occurs 

already at 86
o
C, and for metal complexes, respectively: Ni-103

o
C; Co-113

o
C. With further 

heating, the weight loss rate for all samples is almost identical. 

When comparing the curves of DTA and TG, it is obvious that both after 

phosphorosulfurization and the preparation of metal complexes, the changes occur both in the 

framework and in the crystal lattice of silica gel. 

 

          Fig.1. Curves of DTA and TG: I. Initial silica gel; II. S-DTP; III. S-DTP-Ni;  

               IV. S-DTP-Co 

Infrared spectroscopy 

IR Fourier spectrometer - Spectrum BX was used. It is seen from Fig.2, (a) that in the 

initial silica gel 3400 cm
-1 

and 1635-1640 cm
-1

 regions of the absorption bands are observed, 

which can be attributed to the physisorbtion and hydrogen-bonded particle of water. The peaks in 

the field 3400-3500 cm
-1

 region indicate the presence of OH groups in silica gel. The bands in 

the region 1600 cm
-1

 refer to the absorption of Si-O. 

After phosphorosulfurization (S-DTP), the spectrum lacks a band at 3400 cm
-1

, instead of 

bands in the 2900-3200 cm
-1

 regions are observed (Fig.2, b). 

Depending on the nature of the metals, absorption peaks appear on the spectra of the metal 

complexes: Ni-1625 cm
-1

; Co – 1627 cm
-1

and 651 cm
-1

 (Fig.2, c and 2, d).  

A comparison of the spectra shows that after phosphorus sinking, the intensity of the 

absorption band inherent in the vibrations of the OH group sharply decreases, P-S absorption 

bands appear; P=S; Me-S, which confirms the chemical binding of the dithiophosphoric group to 

the silica gel matrix, i.e. the process proceeds not by simple classical application, namely, 

chemical interaction of silica gel with P2S5. 
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Fig.2. IR-spectra methyldithiophoshates silica gel: Initial silica gel (a); S-DTP (b); 

         S-DTP-Ni (c); S-DTP-Co (d)       

           

X-ray phase analysis 

X-ray diffractometry “Dron-3M” and Table X-ray diffractometry “Maniflex”. 

The initial silica gel, its dithiophosphorylated sample, as well as Ni- and Co- complexes 

based on it, were also investigated by X-ray phase analysis (XRD). 

As the X-ray diffraction analysis (Fig.3, a) shows, the initial silica gel has 8 intense peaks 

(15.5; 20.0; 23.0; 26.0; 26.5; 27.0; 31.0 and 31.5×1000). After phosphorosulphurization, most of 

these peaks disappear and instead of them 2 bands are observed at 22.0 and 35.0×1000 (Fig.3, b). 

In the Ni-containing complex only one intense peak is observed in the region of 20.0×1000 

(Fig.3, c). The XRD curves of the Co-containing sample are very close to the X-ray diffraction 

curves of the initial silica gel, i.e. contains up to 5 intense peaks at 1.5; 20.0; 24.0; 30.0 and 

45.0×1000, however, only two peaks at 15.0 and 20.0 coincide with the X-ray diffraction of the 

initial silica gel (Fig.3, d). 

The research results show that, indeed, both after phosphorosulphurization and after the 

preparation of metal complexes, significant changes occur in the structure of the silica gel, which 

shows that the dithiophosphoric group is chemically linked to the silica gel matrix. 
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a                                                                     b 

 

                  
c                                                                    d 

      Fig.3. X-ray diffraction analysis of: Initial silica gel (a); S-DTP (b); S-DTP-Ni (c);  

               S-DTP-Co (d) 

Based on the results of all studies, it can be concluded that the dithiophosphoric group 

 is chemically bonded to silica gel, and not simply applied to it, which gives us 

confidence that when using metal complexes as catalysts in the reactions of the conversion of 

olefinic and diene hydrocarbons, they will not be washed away. 
 

Investigation of the Ni- and Co-containing S-DTP as the catalytic system in the 
polymerization of butadiene 

The synthesized heterogenized metallocomplexe dithiosystems have been used as a 
component of catalyst in the polymerization process of butadiene in the gas phase or in liquid 
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phase in the suspension of catalyst. Diethyl aluminum chloride (DEAC) has been used as a 
cocatalyst.  The results of the investigation are presented in Tab. 1. 

The polymerization of butadiene in suspension of the heterogenized component of catalyst 
is carried out similar to homogeneous process with addition of the corresponding quantity of 
aluminum organic cocatalyst. 

For carrying out of polymerization process in the gas phase the catalyst is made as follows: 
necessary quantities of heterogeneous component of  catalyst and 10% working solution of  
DEAC at need ratio Al:Me in a current of gaseous butadiene is introduced into a reactor 
preliminarily tuned for work with metalorganic catalysts. It is carried out the polymerization of 
butadiene in the gas phase for definite time period. After polymerization the prepared polymer is 
not needed in washing from catalyst, as unlike in contrast existing catalytic systems, the residues 
of the catalytic dithiosystems in the process of storage and application of polybutadiene play a 
role of antioxidant against its light- and thermo-oxidation. 

As follows from results of Table 1 the heterogenized catalytic system on the basis of S-
DTP-Co + DEAC (metal content on bearer - 0.025%, wt.) at polymerization of butadiene in the 
gas phase leads to the formation of high-molecular polybutadiene with content of 1,4-cis-links 
97% and characteristic viscosity [ƞ] = 3.2 dl/g with yield - 97% and productivity - 2700 kg 

PBD/g Cohour. 
In the presence of the same catalyst in suspension of heterogeneous component in toluene 

it also formed a high-molecular 1,4-cis polybutadiene with yield - 90%, productivity - PBD 1280 

kg PBD/g Coh. The prepared polymer with characteristic viscosity [ƞ] = 2.0 dl/g contains 95% 
of 1,4-cis links. 

The activity of the heterogenized component of catalyst S-DTP-Ni in combination with 
cocatalyst DEAC was investigated in the polymerization process of butadiene in gas phase. The 
catalyst containing 0.025% (wt.) metal on bearer allows to prepare relatively high-molecular 
polybutadiene with characteristic viscosity - 0.85 dl/g with yield - 96% and productivity -1540 

kg PBD/g Nih.  A possibility of synthesis of polybutadienes containing 1,4-cis links higher 
90%, with use of the heterogenized nickel-containing catalysts opens wide possibilities for their 
industrial application. 

For comparison in the Tab. 1 is presented activity and selectivity of homogeneous di-
cresilditiophosphate of cobalt (CTP-Co) and di-phenyldithiophosphate on nickel in combination 
with DEAC.  

CTP-Co+DEAC catalytic system in toluene solution in the content of [Me]=5∙10
-4

 mol/l  
allow to produce high-molecular polybutadiene with polymer yield – 90% and catalyst 

productivity – 80 kg PBD/g Coh, intrinsic viscosity [ƞ]=1.82 dl/g and 1,4-cis links containe  - 
90%. 

In the presence of catalytic system DTP-Ni+DEAC was obtained low-molecular 

polybutadiene with polymer yield – 92%, catalyst productivity – 25 kg PBD/g Coh, intrinsic 
viscosity [ƞ]=0.50 dl/g and 1,4-cis links content - 80%. 
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Table 1. Results of investigation of the catalytic systems on the base of S-DTP-Me in the   

polymerization processes in the gas and liquid (in suspension of catalyst) phases. 

Cocatalyst - DEAC, Al:Me = 100:1, T = 25
o
C, solvent for liquid-phase process – 

toluene 
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1. S-DTP-Co Gas phase 0.025 120 97.0 2700 3.2 97 2 1 

2. S-DTP-Co Suspen. 0.025 90 90.0 1280 2.5 95 3 2 

3. S-DTP-Ni Gas phase 0.025 90 93.0 1340 1.2 92 5 3 

4. S-DTP-Ni Suspen. 0.025 90 85.0 850 0.85 90 6 4 

5. CTP-Co Homog. 5.010
-4

 30 90.0 80 1.82 93 5 2 

6. DTP-Ni Homog. 5.010
-4

 10 92.0 25 0.50 80 17 3 

Conclusions 

1. On the basis of silica gel by its phosphorosuphurization with P2S5 at 135-139
o
C it has 

been synthesized dithiophosphorylated silica gel on the basis of which Ni, Co-containing 

complexes have been prepared. 

2. The physico-chemical properties of these complexes have been studied by analytical 

(content P% and S %), IR- and DTA-methods, X-ray phase analysis and it has been 

confirmed that the metals have been chemically connected with bearer matrix through 

dithiophosphoric group.  

3. Ni-, Co-containing dithioderivatives in combination with aluminum-organic compounds 

(DEAC) showed more high activity (conversion of butadiene 85.0-97.0% and catalyst 

productivity 850-2700 kg PBD/g Mh) and selectivity (content of 1,4-cis-links 90-97%) 

in comparison with analogues homogeneous systems. It has been established that on Ni-

containing heterogenized systems one can get the relatively low-molecular polybutadiene 

(characteristic viscosity 0.85-1.2 dl/g), which it is impossible to prepare on the analogous 

homogeneous systems. 
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