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Abstract 

Dithiophosphorylated nanohalloysite was synthesized by the direct 

phosphorosulphurization reaction of active OH-groups on nano support surface 

with P2S5 and further preparation of heterogenized dithiocompounds of the 

corresponding metals (Ni, Co, Nd). Initial nanohalloysite, synthesized 

nanohalloysite-dithiophosphate and nanohalloysite-dithiophosphate-Me were 

identificated by the methods of scanning electron microscopy, infra-red and 

differential thermal analysis. Received heterogenized nanohalloysite-

dithiophosphate-Me components of catalyst in combination with aluminum 

organic compounds are high active and high selective catalysts in butadiene 

polymerisation processes. Heterogenized nanohalloysite-dithiophosphate-Ni 

catalyst containing 3.35% (wt.) nickel on support in butadiene solution 

(suspension) and gas phase polymerisation processes allow to prepare relatively 

high-molecular polybutadiene with characteristic viscosity 0.85 dl/g and 1.5 

dl/g, with yield 85% and 96%, catalyst productivity 110 kg polymer/g Nih and 

800 kg polymer/g Nih, 1.4-cis-content 90% and 93%, respectively. 

Nanohalloysite-dithiophosphate-Co+DEAC (metal content on nano support 

4.80%, wt.) at polymerization of butadiene leads to the formation of high-

molecular polybutadiene with content of 1,4-cis-links 95% and 97%, 

characteristic viscosity 2.0 dl/g and 3.2 dl/g, yield of polymer 90% and 97% and 

catalyst productivity 280 kg polymer/g Coh and 1500 kg polymer/g Coh, 

respectively. Nanohalloysite-dithiophosphate-Nd+DEAC (and triethylalumi-

nium) heterogeneous catalytic system (metal content on nano support 

8.61%,wt.) show more activity and selectivity in the suspension and gas phase 

polymerizations – yield of polymer 95-99%, 1.4-cis-content 98-99%, 

characteristic viscosity 2.7-3.7dl/g, catalyst productivity 500-2000 kg polymer/g 

Ndh. These heterogenized catalysts under comparable conditions on 

productivity in solution (110-500 kg polymer/g Meh) and gas phase (800-2000 

kg polymer/g Meh.) polymerization considerably exceed both their 

homogeneous (27-70 kg polymer/g Meh.) and heterogeneous (500 kg 

polymer/g Meh.) analogues 

Keywords: dithiophosphorylated nanohalloysite, heterogenized dithiocompounds, catalytic 

dithiosystems, butadiene, suspension and gas phase polymerization  
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Introduction 

The separation and recycling of the catalyst is highly favorable since catalysts are often 

very expensive. As it is known, heterogeneous catalysts can be readily separated from the 

reaction mixture, but the reaction rate is restricted due to their limited surface area [1]. 

Meanwhile homogeneous catalysts can react very fast and provide a good conversion rate per 

molecule of the catalyst, but since they are miscible in the reaction medium, it can be a 

painstaking process to remove them from the reaction medium [2]. The difficulty in removing 

homogenous catalysts from the reaction medium leads to problems in retaining the catalyst for 

reuse [3]. 

The bridge between heterogeneous and homogeneous catalysts can be achieved using nano 

particles (nano supports) [4]. Nano supports of catalytic material provide the benefit of increased 

surface area which allows for an increased reaction rate [5]. When well dispersed, the nano 

catalyst forms a stable suspension in the reaction medium allowing an elevated rate of reaction. 

In addition, nano supports can permit additional catalytic functionalities due to their unique 

properties. 

One particularly useful and important group of nano supports is nano sized Halloysite 

(nanohalloysite), which can serve as a highly useful catalyst support enabling immobilization 

and recovery of the metallocomplexe catalyst of Ziegler-Natta type. In this case nano catalyst 

offer several advantages as a substrate enabling the recycling and reuse of metallocomplexe 

catalysts which are normally impossible to remove from the reaction mixture. 

We have previously synthesized dithiophosphorylated (DTP) commonly used zeolites and 

clays (HY, HLaY, CaA, mordenite, etc.), which in combination with the aluminumorganic 

compounds (such as, alkylaluminumhalogenids, alkylaluminumsesquihalogenides, 

alkylaluminumdihalogenides, triethylaluminum, etc.,) showed a high activity and selectivity as 

the catalyst systems in the polymerization process of butadiene [6-8]. In this work summarized 

the results of synthesis of heterogenized Ni-, Co- and Nd-dithiophosphates on nanohalloysite and 

polymerization of butadiene using these catalyst components in combination with aluminum 

organic compounds (diethylaluminumchloride – DEAC).    

Experimental Part 

The polymer grade nanohalloysite (NHS) mark of 529-78 was obtained from Ezan 

Eczaçibaşi (Turkiye). Halloysite is a double layered aluminosilicate clay - is like kaolinite, but 

contains cylindrical structures in different nanometer. Diameters of the cylindrical tubes are 15-

50 nm; specific surface area 22.1–81.6 m
2
/g; total pore volume 0.06–0.25 cm

3
/g; density 2.14–

2.59 g/cm
3
. Chemical analysis of commercial halloysite with the formula of Al2Si2O5 

(OH)4∙2H2O was: SiO2- 46.22%, Al2O3 - 37.30%, Fe2O3 - 1.02%, CaO – 0.26%, K2O – 0.23% 

and TiO2 - 0.21%. Nanohalloysite contain a large amount of hydroxyl groups situated between 

layers and on the surface, respectively. Due to the multi-layer structure, most of the hydroxyl 

groups are inner groups. Interlayer water removal temperature is 400
o
C. 

NaOH treatment was conducted to increase the number of hydroxyl groups on the NHS`s 

external surface. For this purpose, 3 g of nanohalloysite powder was dispersed in 80 mL of 

distilled water by magnetic stirring. The pH of the NHS`s suspension was adjusted to 8 by 



SYNTHESIS OF DITHIOPHOSPHATES OF NICKEL, COBALT AND NEODIMIUM HETEROGENIZED ON NANOHALLOYSITE … 

www.ppor.az 140 

adding about 6 mL of 0.1 M NaOH solution. To achieve a good dispersion of NHS, ultrasonic 

mixing was performed for 30 min. Alkaline suspension of NHS was kept under constant 

magnetic stirring at room temperature for 24 h.The resultant mixture was filtered by centrifugal 

separation and washed extensively with distilled water to remove the possible remnant of NaOH, 

until the pH of effluent reached 6.5. The separated solids were then dried overnight at 50ºC and 

were used as NaOH-treated NHS for synthesis. For NaOH-treated NHS, the percentage of 

oxygen atoms on HNTs surface increased because of the presence of more OH groups (Tab. 1). 

Table 1. Results of elemental analysis of untreated and NaOH-treated nanohalloysite 

Element Untreated-NHS NaOH-treated-NHS 

Weights % Atomic % Weights % Atomic % 

Oxygen, O 46.32 59.81 56.82 69.41 

Aluminum, Al 23.65 18.11 19.26 13.95 

Silica, Si 30.02 22.08 23.92 16.65 

The butadiene with purity of 99.5% (wt) received from Yefremov Synthetic Rubber Plant 

(Russian Federation). Diethylaluminumchloride (Et2AlCl-DEAC) and triethylaluminum (TEA) 

obtained from Redkino plant (Russian Federation) with a minimum purity of 85.0% (wt), were 

used as received. 

Results and Discussion 

As it has been established earlier phosphorosulphurization of zeolites proceeds with 

participation of hydroxyl groups available in zeolite with P2S5, as a result of which O,O-di-

substituted dithiophosphoric acids and further on their basis – metal-complex compounds are 

prepared [6-8]. The assumed route of reactions in simplified version can be presented as: 

 

 

 

 

 

 

or  

where, M = Ni , Co or Nd. 

In the case of 3-valent metal a structure has more complex character. 
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The preliminarily dried NHS was placed into glass reactor equipped with a mixer, reflux 

condenser, gas outlet line and a neutralizer H2S. 

To the NHS emulsion in m-xylene with mixing by drop-wise was added in portions 

crushed P2S5.  Immediately it was observed the intensive isolation of H2S. After giving all 

quantity of P2S5 the temperature was raised to 135-140
0
C and the process was carried out to 

complete isolation of H2S, which was catched by aqueous CdCl2. On quantity of formed 

precipitate CdS a quantity of isolated H2S was calculated. 

For complete removal of H2S the process was carried out under small vacuum (580-600 

mm Hg), and on finished of reaction the reaction mixture was blown by nitrogen for 2 h., then in 

2-3 times washed by warm ethanol and dried under vacuum at 80
0
C. As a result, it has been 

prepared NHS-DTP with content of 3.65% phosphor and 1.69% sulphur. 

For preparation of metal containing compounds NHS-DTP as suspensions in ethanol was 

placed in the above-mentioned reactor and at T = 80-90
0
C, the alcohol solution of chloride of the 

corresponding metal was given to it and for 4-5 h. was intensively mixed. After cooling the 

reaction product was filtered, washed with hot ethyl alcohol and dried under vacuum at 69-70
0
C. 

Has been determined the phosphorus, sulphur and metal content in the metal-complexes (Tab. 2). 

Table 2. Determining content of “P”, “S” and “Me” in the heterogenized component of catalyst 

NHS-DTP-Me P, % S, % Metal, % 

NHS-DTP-Ni 1.32 0.69 3.35 

NHS-DTP-Co 3.73 1.28 4.80 

NHS-DTP-Nd 3.69 1.89 8.61 

Initial NHS, synthesized NHS-DTP and NHS-DTP-Me were analyzed by the methods of 

IR and DTA. 

Infrared spectroscopy. (IRspectrum (Fourier) - spectrometer Spectrum BX). As showed 

the investigations in the spectra of the initial NHS observed a peak in the field of 1033 cm
-1

, 

inherent vibrations of bond Si – O – Si is observed. The peak in the field of 770 cm
-1

 shows for 

imperfections in NHS skeleton. The peak in the field of 3696 cm
-1

 and 1627 cm
-1

 is referred to 

valence and deformation vibrations of OH-groups, correspondingly. 

After phosphorosulphurization (NHS-DTP) the absorption band of Si – O – Si groups 

increase and appears new peak in the 1633 cm
-1

, which indicates to amorphization of the sample.  

An intensification of the absorption band in the field of 1190 cm
-1

 indicates to formation of P-O 

bond. The band in the field of 1333 cm
-1

 is also referred to valence vibrations of this group.  Also 

observed      - 788 cm
-1

 and      – 545 cm
-1

.  

In the spectrum of NHS-DTP-Ni the absorption peaks presenting in the initial NHS are 

kept and are additionally fixed the absorption bands in the field of 1627 cm
-1

 and 1008 cm
-1

, the 

last one can be referred to vibrations of group Ni–S, P–S in 790 cm
-1

 and P=S in 526 cm
-1

. 
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In the spectra of NHS-DTP-Co in the field of 1500, 3400 and 1600 cm
-1

 the absorption 

bands are detected. In the field of 1470 cm
-1

 and 1390 cm
-1

 the new absorption bands are 

appeared. These vibration bands and also the band in the field of 1160 cm
-1

 can be accepted as 

formation of Co complex,      -796 cm
-1

,     - 534 cm
-1

. 

In the spectra of NHS-DTP-Nd sample were observed vibration bands:       –793 cm
-1

,  

     -528 and      -792 cm
-1

. 

A conservation of the absorption bands in the field of 3694 - 3230 cm
-1

 in the spectra of the 

NHS-DTP and NHS-DTP-Me indicates to the fact that not all OH groups entered the reaction 

with P2S5. 

Differential thermal analysis.  (Q-1500D derivatograph (Hungary) firm MOM). As 

follows from thermographic curves of the initial NHS, NHS-DTP and NHS-DTP-Me on its basis 

as after the phosphorosulphurization as well as after preparation of metal-complexes in 

temperature properties of the initial NHS the considerable changes occur. In the initial NHS 

there is an endothermic peak at 68
0
C, after phosphorosulphurization (NHS-DTP), this peak is 

observed already at 107
0
C, it is simultaneously appeared an endothermic peak at 235

0
C. In these 

samples before endothermic peaks the exothermic peaks in the field of 75
0
C are observed. 

The peaks of such view are also observed in Ni-, Co- and Nd-containing samples.The 

endothermic peaks observing after phosphorosulphurization (107
0
C) and in metal-complexes (Ni 

- 115
0
C, Co - 120

0
C, Nd - 110

0
C) for 30-40

0
C are differed from initial NHS. 

The same changes are observed in the TG-curves. It can be established according to these 

curves that the initial NHS more stable than the NHS-DTP and NHS-DTP-Me on its basis. So, if 

the initial NHS loses 10% initial weight at 175
0
C, then for NHS-DTP is occurs at 115

0
C and for 

metal-complexes Ni - 100
0
C, Co - 96

0
C, Nd - 122

0
C. 

This confirms that in structure of NHS both after phosphorosulphurization and after 

preparation of metal-complexes the considerable changes occur. 

Study of the catalytic activity of NHS-DTP-Me in the polymerization of butadiene 

The heterogenized on nanohalloysite metal-complex dithiosystems (NHS-DTP-Me) have 

been used as a heterogeneous component of catalysts in the butadiene polymerization process in 

gas phase and in liquid phase in suspension of catalyst. Diethyl aluminum chloride (DEAC) has 

been used as a cocatalyst.  The results of the investigation are presented in Tab. 3. 

The polymerization of butadiene in suspension of the heterogenized component of catalyst 

is carried out like homogeneous process with addition of the corresponding quantity of 

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 in a current of gaseous butadiene at need ratio Al: Me is introduced into a reactor 

preliminarily tuned for work with metal organic 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 
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of the catalytic dithiosystems in the process of storage and applications of polybutadiene play a 

role of antioxidant against its light- and thermo-oxidation. 

The activity of the heterogenized component of catalyst NHS-DTP-Ni in combination with 

cocatalyst DEAC was investigated in the polymerization process of butadiene in solution 

(suspension) and gas phase (Tab. 3). The catalyst containing 3.35% (wt.) metal on support 

allows to prepare relatively high-molecular polybutadiene with characteristic viscosity 0.85 dl/g 

and 1.5 dl/g, with yield 85% and 96%, catalyst productivity 110 kg PBD/g Nih  and 800kg 

PBD/g Nih, 1.4-cis-content 90% and 93%, respectively.  It is necessary to note especially that in 

the presence of similar homogeneous nickel-containing catalysts, can be only get the low-

molecular polybutadiene with characteristic viscosity within the ranges of 0.05-0.5 dl/g, content 

of 1,4-cis-links within  the ranges of 75-85%. 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. 

As follows from results of Tab. 3, the heterogenized catalytic system on  the basis of NHS-

DTP-Co+DEAC (metal content on nano support 4.80%, 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%, characteristic viscosity [ƞ] = 3.2 dl/g, yield of polymer 97% and catalyst productivity 

1500 kg PBD/g Cohour. 

In the presence of same catalyst in the suspension of heterogeneous component in toluene 

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

280 kg PBD/g Coh., characteristic viscosity [ƞ] = 2.0 dl/g and 1,4-cis links content 95%. 

NHS-DTP-Nd+DEAC (and TEA) catalytic system (metal content on nano support 

8.61%,wt.) shows more activity and selectivity in the gas phase polymerisation – yield of PBD – 

99%, 1.4-cis-content- 99%, characteristic viscosity – 3.7dl/g, catalyst productivity – 2000 kg 

PBD/g Ndh. In the suspension of catalyst received results are: yield of PBD – 95%, 1.4-cis-

content- 98%, characteristic viscosity – 2.7dl/g, catalyst productivity – 500 kg PBD/g Ndh 

(Tab.3). 

For comparison, in Tab. 3 the data on polymerization of butadiene with use of the 

homogeneous nickel- and cobalt-containing catalytic dithiosystems D-DTP-Ni+DEAC and C-

DTP-Co+DEAC developed at the IPCP Azerbaijan National Academy of Sciences [9] and 

neodymium-containing catalyst now developing in Berlin Technical University (Germany), 

heterogenized on silica gel are presented [10]. As  follows from presented  data the  

heterogenized  catalysts NHS-DTP-Me+DEAC under comparable conditions on productivity in 

solution (110-500 kg PBD/g Meh) and gas phase  (800-2000 kg PBD/g Meh.) considerably 

exceed both their homogeneous (27-70 kg PBD/g Meh.) and heterogeneous (500 kg PBD/g 

Meh.) analogues, respectively.   
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Table 3. NHS-DTP-Me+DEAC heterogenized catalytic dithiosystems activity in the butadiene 
polymerization processes  
Polymerization conditions: Al:Me = 100:1, T = 25

o
C, solvent for suspension process – 

toluene 
N  

Catalyst 
Process  
cond. 

Me 
cont. 

on supp, 
[Me], 
%(wt) 

Time, 

, min 

BD 
conver-
sion, % 

Cat.pro-
ductivity, 
kg PBD/g 

Meh 

Charac-
teristic 

viscosity, 
[ƞ], dl/g 

Microstructure,% 

1.4-cis 1.4-
trans 

1.2- 

1 NHS-DTP-Ni 
Suspen-
sion 

3.35 120 85 110 0.85 90 6 4 

2 NHS-DTP-Ni 
Gas 
phase 

3.35 60 96 800 1.50 93 5 2 

3 NHS-DTP-Co 
Suspen-
sion 

4.80 90 90 280 2.0 95 3 2 

4 NHS-DTP-Co 
Gas 
phase 

4.80 60 97 1500 3.2 97 2 1 

5 NHS-DTP-Nd 
Suspen-
sion 

8.61 60 95 500 2.7 98 1 1 

6 NHS-DTP-Nd 
Gas 
phase 

8.61 45 99 2000 3.7 99 0.5 0.5 

7 D-DTP-Ni* 
Homo-
geneous 

- 120 80 27 0.1 82 16 2 

8 C-DTP-Co
** Homo-

geneous 
- 120 98 70 4.0 94 4 2 

9 Nd-cat***
 Gas 

phase 
- 60 93 500 5.2 97 2 1 

Note:  Homogeneous catalysts of IPCP of Azerbaijan National Academy of    Sciences:   *) D-DTP-Ni-Diphenyl 
dithiophosphate nickel - [Ni]=1.0∙10-4 mol/l; **) C-DTP-Co – Dicresyl dithiophosphate cobalt – [Co]= 1.0∙10-4 mol/l; 
and ***) Neodymium-containing catalyst heterogenized on silica gel of Berlin Technical University (Germany) 

Conclusions 
1. By the phosphorosulphurization of nanohalloysite (NHS) with P2S5 at 135-140

0
C was 

synthesized the dithiophosphorylated nanohalloysite (NHS-DTP) and on their basis the Ni, 
Co and Nd-containing complexes (NHS-DTP-Me) have been prepared. 

2.  The physical-chemical properties of these complexes have been studied by analytical 
(contents of “P”, “S” and “Me”, %), IR- and DTP- methods and it has been confirmed that 
the metals have been chemically connected with support matrix through dithiophosphoric 
group. 

3.    Heterogenized Ni-, Co- and Nd-containing compounds in combination with DEAC showed 
more high activity (conversion of butadiene 85-99%) and selectivity (content of 1,4-cis-links 
90-99%) in comparison with analogues homogeneous Ni-, Co- and Nd-containing catalytic 
dithiosystems.  
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