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Abstract 

Bifunctional cobalt-containing catalytic dithiosystems has been 

heterogenized on silica gel (common used and nanosized) by the 

methods of direct deposition or pre-alumination. The received data 

demonstrate that the pre-alumination method of immobilization of 

bifunctional cobalt containing catalytic dithiosystems shows a very 

high activity in gas phase polymerization of butadiene. These catalysts 

productivity reaches 500.0-2500.0 kg PBD/g Coh., which is much 

higher than the output of solution process using the same homogenous 

catalysts (57.0 kg PBD/g Coh.) and the known gas phase process 

using the heterogenized neodymium-catalysts (500.0 kg PBD/mole 

Ndh.). High activities of heterogenized bifunctional cobalt-containing 

catalytic dithiosystems allow to develop principally new ecologically 

favorable and economically benefited technology of butadiene gas 

phase polymerization process 

Keywords:  butadiene, cobalt, bifunctional, catalytic dithiosystems, nano, supports, 

heterogenization, gas phase polymerization 

Introduction 

The industrial production of polydienes is carried out with solution polymerization 

technology by using homogeneous Ti-, Co- and Ni-containing Ziegler-Natta type catalytic 

systems. Most important obstacle, which blocks large scale applications in industry, is the 

problem of separating homogeneous catalysts from the reaction medium, inefficient removal and 

recovery of the solvents and monomers after polymerization, which often requires more process 

steps and energy than the actual polymerization. 

As is known, gas phase polymerization methods to produce thermoplastics (polyethylene 

and polypropylene) have proved to be particularly advantageous and have gained acceptance. 

The gas-phase process has many advantages over the solution processes. Solvents are not used in 

this process, therefore there are no technological, economic, or ecological problems concerning 

cleaning and drying the solvents, washing off catalyst residues from the polymerizate, polymer 

degassing, polymer solubility, viscosity of reaction medium. From gas phase polymerization 

process also are excluded the complicate procedures of aggregation and separation of polymer 

from solution, which are needed in solution polymerization. These allow significantly reducing 

the construction-operation costs and environmental pollution.  
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The solvent-free polymerization of dienes from the gaseous phase represents a new 

procedure, which has not yet been realized on industrial scale. There are not yet technically 

accomplished substantial ecological, economic, energetic, or safety-relevant advantages. Study 

on gas phase polymerization of butadiene with Neodymium containing Ziegler-Natta catalysts in 

laboratory scale was firstly carried out by Berlin Technical University in 1994 [1-4]. The 

productivity of these heterogenized Neodymium catalyst systems is 500.0 kg PBD/mole Ndh. 

Many firms also have reported researching gas-phase processes for diene monomers, and several 

have established significant patent portfolios including Bayer, Bridgestone and Union Carbide 

[5-12]. To date, Bayer appears to be closest to commercializing a gas phase process for 

producing polybutadiene rubber. However, the exciting catalytic systems offered for gas phase 

polymerization of butadiene (lanthanides-, cobalt-, or nickel-containing) is characterized by 

essential shortcomings related to their low catalytic activity and ability to accelerate the 

oxidative aging and degradation of PBD [1-11]. 

Earlier we have developed a highly active and efficient homogeneous bifunctional catalyst-

stabilizers on the bases of Ni- and Co-dithioderivatives (such as O,O-disubstituted 

dithiophosphates, N,N-dithiocarbamates, xhantogenates) in combination with aluminum organic 

compounds (such as dialkylaluminumchlorides, aluminumoxanes, alkylaluminum-dichlorides) 

for butadiene polymerization and simultaneous stabilization of end polymer [12-15]. These 

catalysts show high activity and stereo selectivity in homogeneous polymerization of butadiene. 

Their productivity reached 5.0-109.0 kg PBD/g Meh, intrinsic viscosity is in the range of 0.08-

3.5 dl/g, 1.4-cis content – 80.0-96.0 %.  After polymerization such catalysts are not washed out 

and remaining in the polymer effectively stabilizes it against thermo- and photo-oxidative ageing 

in storage without additional involvement of antioxidants. 

In this article are presented results of gas phase polymerization of butadiene in the 

presence of new heterogenized bifunctional cobalt-containing catalytic dithiosystems, firstly 

developed by us. 

Experimental Part 

Monomer, catalyst components, solvents, supports 

The butadiene monomer (purity 99.8%, wt.), aluminum organic co-catalysts (minimum 

purity of 85.0-90.0%, wt.–in benzene solution) were obtained from Aldrich. Organic 

dithioderivatives (dithiophosphates and dithiocarbamates) of cobalt have been synthesized 

according to [13]. The some characteristics of the synthesized cobalt dithioderivatives are shown 

in Tab. 1. 

Where necessary, manipulations were carried out under dry, oxygen-free argon or nitrogen 

in Schlenk-type apparatus with appropriate techniques and gas tight syringes. For preparing the 

homogeneous metallo-complex catalyst the desired volume of toluene, monomer, DEAC (or 

TEA) and cobalt components solutions were added to the reactor (100 ml volume) with magnetic 

stirring at oxygen free atmosphere and temperature control by the usual order of addition of 

catalyst components: solvent, cobalt component, aluminum organic compound (at -78 
o
C) and 

finally monomer. 
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As most common support was used silica gel (common used and nanosized), due to its low 

cost and ease of functionalization. The silica gel surface contains hydroxyl and siloxane 

functional groups, which are useful in surface modification and catalyst immobilization. 

Typical immobilization methods 

There are many ways that metallo-complex catalysts have been immobilized on supports  

and we have used the three main techniques for metallo-complex catalysts immobilization: 

1) “Direct deposition” (or “impregnation”) method. This is a physisorbtion process of a 

complex, such as a coordination metal compound, onto the support’s surface. This is the most 

convenient method of metallo-complex catalysts immobilization. In a typical process, some 

pretreated (calcined and partially thermally dehydroxylated at 120-600
o
C under vacuum) silica 

gel is stirred with a solution of a cobalt compound of metallo-complex catalyst in inert 

atmosphere at room temperature or elevated temperatures for a period. Then, the slurry is 

filtered, and the remaining solid product is washed with solvent several times to remove weakly 

adsorbed metallo-complex compounds molecules. The washed product is dried under vacuum to 

remove the solvent. The metallo-complex compound is believed to react with hydroxyl groups 

on silica gel surface and bond to the surface through an M-O-Si bond.  

2) “Pre-alumination” immobilization method. This is the process in which the support 

material contacts with a co-catalyst (methylaluminoxane or alkylaluminumhalogenids) before 

impregnating with a metallo-complex compound. In one process, silica gel is stirred with a 

solution of co-catalyst (MAO) and then filtered. The solid portion is washed and dried in vacuum 

to obtain the MAO-modified silica gel. A minor modification of this process is to add n-decane 

to the slurry of silica gel and MAO in toluene to precipitate the MAO onto the silica gel. In 

another process, supported MAO is generated “in situ” by reacting trimethylaluminum (TMA) 

with water on the surface of silica gel without dehydration. The subsequent metallo-complex 

cobalt compound impregnation process is like that of the direct deposition method. 

3) “Covalent tethering” method.  To immobilize a homogeneous metallo-complex catalyst 

on silica gel that is close to the “pre-alumination” method. In this method the homogeneous 

metallo-complex catalyst is prepared by the reaction of a solution of cobalt compound of 

metallo-complex and MAO (or an alkylaluminumhalogenids) in the presence of monomer 

molecules, and then “pre-aluminated” silica gel is added to the solution. The slurry is stirred and 

dried to form the supported catalyst. Since the cobalt compound of metallo-complex catalyst has 

been activated in solution by MAO in the presence of monomer molecules, the immobilization 

should occur between excess MAO and silica gel surface. The structure of the supported catalyst 

prepared using this method should resemble that of the supported catalyst using the “pre-

alumination” method. 

The methods of heterogenization of homogeneous bifunctional catalyst-stabilizers and 

calculated concentration of cobalt on support of heterogenized catalytic dithiosystems are shown 

in Tab. 2.  
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Table 2. Heterogenization methods of cobalt-containing catalytic dithiosystems 

 
Catalyst 

Method of 

heteroge-

nization 

Support 

preparation 

 
Heterogenization conditions 

Concentra-

tion of cobalt 

on support 

(calculated) 
1 2 3 4 5 

CAT.1 Direct 

Deposition 

Silica gel 

dehydrated at 

450
o
C during 3 

hours 

The toluene solution of X-Co is 

physiosorbed onto the support. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum and 

inert atmosphere.  Was added the 

toluene solution of DEAC and traces of 

butadiene. Treated during 30 min. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum in inert 

atmosphere 

 

 

 

 

 

 

 

 

 

 

[Co]=1.0·10
-6

 

mole/g; 

Al:Co=100:1 

[Co]=5.9·10
-5

 

g/g; 

 
 

CAT.2 Direct 

Deposition 
Silica gel 

dehydrated at 450 
o
C during 3 hours 

and after it at 700
o
C 

during 2 hours 

The toluene solution of NGDTPh-Co is 

physiosorbed onto the support. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum and 

inert atmosphere.  Was added the 

toluene solution of DEAC and traces of 

butadiene. Treated during 30 min. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum in inert 

atmosphere 

CAT.3 Direct 

Deposition 
Silica gel 

dehydrated at 

650
o
C during 5 

hours 

The toluene solution of DCDTPh-Co is 

physiosorbed onto the support. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum and 

inert atmosphere.  Was added the 

toluene solution of MAO and traces of 

butadiene. Treated during 30 min. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum in inert 

atmosphere 
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Cont of Tab.2 
1 2 3 4 5 

CAT.4 Direct 

Deposition 

Silica gel 

dehydrated at 

450
o
C during 3 

hours 

The toluene solution of DBDTPh-Co is 

physiosorbed onto the support. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum and 

inert atmosphere.  Was added the 

toluene solution of DIBAC and traces of 

butadiene. Treated during 30 min. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum in inert 

atmosphere 

 

CAT.5 Direct 

Deposition 

Silica gel de-

hydrated at 650
o
C 

during 5 hours 

The toluene solution of DEDTC-Co is 

physiosorbed onto the support. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum and 

inert atmosphere.  Was added the 

toluene solution of DEAC and traces of 

butadiene. Treated during 30 min. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum in inert 

atmosphere 

CAT.6 

 

Pre-

Alumina-

tion+ 

Covalent 

tethering 

Silica gel 

dehydrated at 

650
o
C during 6 

hours and at 25
o
C 

was added the 

toluene solution of 

DEAC ([Al] = 0.5 

mmole/g), the 

slurry is filtered, the 

remaining solid 

product is washed 

sometimes with 

toluene and dried 

under vacuum in 

inert atmosphere 

The toluene solution of catalytic 

complex X-Co+DEAC+BD is added 

onto the support and reaction continued 

during 45 min. The slurry is filtered; the 

remaining solid product is washed 

sometimes with toluene and dried under 

vacuum in inert atmosphere. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



HETEROGENIZATION OF BIFUNCTIONAL COBALT CONTAINING CATALYTIC DITHIOSYSTEMS … 

 

ISSN: print - 1726-4685; online - 2519-2876 91 

 

Cont of Tab.2 
1 2 3 4 5 

CAT.7 Pre-

Alumina-

tion+ 

Covalent 

tethering 

Silica gel dehydra-

ted at 200
o
C during 

2 hours and at 25
o
C 

was added the 

toluene solution of 

MAO ([Al] = 1.0 

mmole/g), the 

slurry is filtered, the 

remaining solid 

product is washed 

sometimes with 

toluene and dried 

under vacuum and 

inert atmosphere 

The toluene solution of catalytic 

complex NGDTPh-Co+DEAC+BD is 

added onto the support and reaction 

continued during 30 min. The slurry is 

filtered; the remaining solid product is 

washed sometimes with toluene and 

dried under vacuum in inert atmosphere. 

 

 

[Co]=1.0·10
-6

 

mole/g; 

Al:Co=100:1 

[Co]=5.9·10
-5

 

g/g; 

 

 

 

 

 

 

 

 

 
CAT.8 Pre-

Alumina-

tion+ 

Covalent 

tethering 

Silica gel dehydra-
ted at 120

o
C during 

2 hours and at 25
o
C 

was added the 
toluene solution of 

TEA ([Al] = 1.0 
mmole/g), after 2 
hours the slurry is 

filtered, the 
remaining solid 

product is washed 
sometimes with 

toluene and dried 
under vacuum and 
inert atmosphere 

The toluene solution of catalytic 

complex DCDTPh-Co+MAO+BD is 

physiosorbed onto the support during 60 

min. The slurry is filtered; the 

remaining solid product is washed 

sometimes with toluene and dried under 

vacuum in inert atmosphere. 

 

CAT.9 

Pre-

Alumina-

tion+ 

Covalent 

tethering 

Silica gel dehydra-
ted at 650

o
C during 

6 hours and at 25
o
C 

was added the 
toluene solution of 
DIBAC ([Al]= 0.5 

mmole/g), the 
slurry is filtered, the 

remaining solid 
product is washed 
sometimes with 

toluene and dried 
under vacuum in 
inert atmosphere 

The toluene solution of catalytic 

complex DBDTPh-Co+DEAC+BD is 

physiosorbed onto the support during 45 

min. The slurry is filtered; the 

remaining solid product is washed 

sometimes with toluene and dried under 

vacuum in inert atmosphere. 
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Cont. of Tab. 2 
1 2 3 4 5 

CAT.10 Pre-

Alumina-

tion+ 

Covalent 

tethering 

Silica gel 

dehydrated at 

450
o
C during 6 

hours and at 25
o
C 

was added the 

toluene solution of 

DEAC ([Al] = 0.5 

mmole/g), the 

slurry is filtered, the 

remaining solid 

product is washed 

sometimes with 

toluene and dried 

under vacuum in 

inert atmosphere 

The toluene solution of catalytic 

complex DEDTC-Co+DEAC+BD is  

physiosorbed onto the support during 60 

min. The slurry is filtered; the 

remaining solid product is washed 

sometimes with toluene and dried under 

vacuum in inert atmosphere. 

[Co]=1.0·10
-6

 

mole/g; 

Al:Co=100:1 

[Co]=5.9·10
-5

 

g/g; 

 

CAT.11 Direct 

Deposition 

Nanosized silica gel 

dehydrated at 

650
o
C during 5 

hours. 

The toluene solution of X-Co is 

physiosorbed onto the nanosupport. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum and 

inert atmosphere.  Was added the 

toluene solution of DEAC and traces of 

butadiene. Treated during 30 min. The 

slurry is filtered; the remaining solid 

product is washed sometimes with 

toluene and dried under vacuum in inert 

atmosphere 

[Co]=1.0·10
-6

 

mole/g; 

Al:Co=100:1 

[Co]=5.9·10
-5

 

g/g; 

 

CAT.12 Pre-

Alumina-

tion+ 

Covalent 

tethering 

Nanosized silica gel 

dehydrated at 

650
o
C during 6 

hours and at 25
o
C 

was added the 

toluene solution of 

DEAC ([Al] = 0.5 

mmole/g), the 

slurry is filtered, the 

remaining solid 

product is washed 

sometimes with 

toluene and dried 

under vacuum in 

inert atmosphere 

The toluene solution of catalytic 

complex X-Co+DEAC+BD is 

physiosorbed onto the nanosupport 

during 45 min. The slurry is filtered; the 

remaining solid product is washed 

sometimes with toluene and dried under 

vacuum in inert atmosphere. 

[Co]=1.0·10
-6

 

mole/g; 

Al:Co=100:1 

[Co]=5.9·10
-5

 

g/g; 
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Cont. of Tab. 2 
1 2 3 4 5 

CAT.13* 

(BTU) 
Pre-

Alumina-

tion+ 

Covalent 

tethering 

Silica gel (15 g) 

dehydrated at 

200
o
C during 2 

hours and at 25
o
C 

was added the 

toluene solution of 

MAO (1.5 g), the 

slurry is filtered, the 

remaining solid 

product is washed 

sometimes with 

toluene and dried 

under vacuum in 

inert atmosphere. 

Cyclohexene solution of homogeneous 

catalyst Nd(Vers.)2+ TEA+EASC (0.5g) 

is physiosorbed onto the support during 

45 min. The slurry is filtered; the 

remaining solid product is washed 

sometimes with toluene and dried under 

vacuum in inert atmosphere. 

[Nd]=3.5·10
-2 

mol/Lcat; 

BD:Nd=12400; 

Al:Nd=170; 

Cl:Nd=1.7 

CAT.14** Homo-

geneous 

- Homogeneous catalyst X-Co+DEAC [Co]=1.0·10
-4  

mol/l; 

Al:Co=100:1 

Polymerization Procedure 

In a typical experiment, the polymerization reaction was evacuated whilst hot, allowed to 

cool and then filled with dry, oxygen-free argon or nitrogen. Heterogenized catalyst and 

butadiene are continuously transport from the calibrated reservoirs to the polymerization reactor. 

Continuous experiments on gas phase polymerization of butadiene were carried out in a 500 ml 

double walled glass reactor with constant supply of gaseous butadiene at atmospheric pressure. 

All polymerizations were conducted at 25 
o
C. After polymerization the polymerizate was poured 

to ethanol (methanol) and the reaction was terminated. The precipitated polymer was (if it is 

necessary) washed several times with ethanol (methanol). The polybutadiene was dried at 40 
o
C 

in a vacuum to constant weight and stored under argon or nitrogen. 

Molecular Mass and Structure Determinations 

The viscosity of dilute solutions of 1,4-cis- and 1,4-cis+1,2-polybutadienes was measured 

with a Ubbelohde viscosimeter in toluene at 30
o
C at the concentration of  0.2 g/dl.  The intrinsic 

viscosity [η] was estimated by double extrapolation ŋsp/C and lnŋrel/C to C→0, where ŋsp is the 

specific viscosity, C is the solution concentration (g/dL), and ŋrel is the relative viscosity [14]. 

The molecular mass of high molecular 1.4-cis polybutadiene and 1.4-cis+1.2 

polybutadiene, respectively, was determined by viscosimetry method [22] with relationships: 

[η]30(toluene) = 3.05·10
-4 

· M
0.725 

[η]30(toluene) = 15.6·10
-5 

· M
0.75  

The molecular masses (Mw and Mn) and molecular mass distribution (Mw/Mn) of 

polybutadienes were measured by a Gel Permeation Chromatograph (GPC), constructed in 

Czech Republic with a 6000A pump, original injector, R-400 differential refractive index 
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detector, styragel columns with nominal exclusion of 500, 10
3
, 10

4
, 10

5 
and 10

6
. The GPC was 

operated at a flow rate of 0.8 ml/min with toluene as solvent. The sample concentration was kept 

at about 0.3-0.6 % with a sample volume of 100-200 ml. GPC Instrument was calibrated 

according to the universal calibration method by using narrow molecular weight polystyrene 

standards. 

The microstructure of the polybutadiene was determined by IR-spectrometry method 

(Beckman IR-spectrophotometer). 1,4-cis-, 1,4-trans- and 1,2-polybutadienes are different in the 

observed peaks in wave number between 600 cm
-1

and 1100 cm
-1

 (wavelength between 9 and 16 

micrometers), however location of units has been shifted: cis – 740 cm
-1

; 1,2 – 912 cm
-1

 and 1,4-

trans – 960-970 cm
-1

. 

Results and Discussion 

Studies of Influence of Experimental Conditions on the Main Parameters of Gas 

Phase Polymerization of Butadiene 

The catalytic activity of some samples of heterogenized bifunctional cobalt-containing 

catalytic dithiosystems in gas phase polymerization of butadiene was investigated and the results 

are summarized in Tab. 3 in comparison with the known homogeneous bifunctional cobalt-

containing catalytic dithiosystems and gas phase process of Berlin Technical University by using 

the heterogenized neodymium-catalysts. 

The data from Tab. 3, demonstrate that catalyst, heterogenized by physiosorbtion of 

toluene solution of DTPh-Co to the support (CAT.1-CAT.5), after addition of necessary amount 

of DEAC (Al : Co=100:1) shows a very high activity in gas phase polymerization of butadiene. 

At reaction conditions: [Co] =1.0·10
-6

 mole/g support; T=25
o
C catalysts productivity reaches 

500.0-850.0 kg PBD/g Coh., which is much higher than the output of solution process using the 

same homogenous catalyst X-Co+DEAC (57.0 kg PBD/g Coh.) and gas phase process of Berlin 

Technical University using the heterogenized neodymium-catalysts (500.0 kg PBD/mole Ndh.).  

In the pre-alumination method of immobilization of bifunctional cobalt-containing catalytic 

dithiosystem with DTPh-Co+AOC+BD (CAT.6-CAT.10) show more high activity in gas phase 

polymerization of butadiene, than CAT.1-CAT.5, and catalysts productivity reaches 950.0-

1750.0 kg PBD/g Coh.  

CAT.1-CAT.4 and CAT.6-CAT.9 allow to receive high molecular mass 1,4-cis 

polybutadiene with Mw=386000-728000, Mw/Mn=2.1-2.8 and 1,4-cis content – 91-95%. 

In the presence of CAT.5 and CAT.10 was received high molecular mass 1,4-cis+1,2-

polybutadiene with molecular mass 266000-286000, Mw/Mn=2.5-2.8 and microstructure: 1,4-cis 

– 60-62%, 1,4-trans- 5-6% and 1,2 – 32-35%.  

When was used nano sized silica gel as a support, in the heterogenization method by 

physiosorbtion of  toluene solution of X-Co (CAT.11) catalyst productivity reaches 1000 kg 

PBD/g Coh, which is higher than in CAT.1-CAT.5. Molecular mass of received 1,4-cis 

polybutadiene is 448000, Mw/Mn is 2.0 and 1,4-cis content is 95%. 
 
 



HETEROGENIZATION OF BIFUNCTIONAL COBALT CONTAINING CATALYTIC DITHIOSYSTEMS … 

 

ISSN: print - 1726-4685; online - 2519-2876 95 

Table 3. Catalytic activities of heterogenized   DTPh-Co+AOC catalyst systems in gas phase 

polymerization of butadiene. Reaction conditions: [Co]=1.0·10
-6

mol/g; T = 25 
o
C 

 

 

 

Catalyst 

R
ea

ct
io

n
 

ti
m

e,
 m

in
 

P
ro

d
u
ct

iv
it

y
, 
 

k
g
 P

B
D

/g
 C

o
·h

 

In
tr

in
si

c 
v
is

co
si

ty
, 

[ŋ
],

 d
l/

g
 

 

M
w
·1

0
-3

 

 

M
w
/M

n
 

 

Microstructure, % 

1.4-cis 

 

1.4-trans 1.2- 

CAT.1 90 850 2.4 386 2.5 93 5 2 

CAT.2 90 620 3.0 514 2.6 92 6 2 

CAT.3 90 650 3.9 728 2.2 91 6 3 

CAT.4 90 540 2.8 470 2.8 92 6 2 

CAT.5 90 500 2.5 266 2.5 60 5 35 

CAT.6 30 1750 3.3 588 2.1 95 3 2 

CAT.7 45 1350 3.8 700 2.3 93 5 2 

CAT.8 60 1450 3.1 538 2.5 94 4 2 

CAT.9 60 1300 3.2 560 2.7 94 5 1 

CAT.10 90 950 2.9 286 2.8 62 6 32 

CAT.11 90 1000 2.7 448 2.0 95 4 1 

CAT.12 30 2500 3.5 638 1.8 97 2 1 

CAT.13* (BTU)
 

120 500 5.2 990 2.3 97 2 1 

CAT.14**
 

90 57 3.5 638 2.5 91 5 4 
Notes: *) Heterogenized neodymium-catalyst of Berlin Technical University [8, 9]; 

[Nd] = 3.210
-2

 mole/Lcat; Catalyst productivity – 500.0 kg PBD/moleNdh; 

**) Homogeneous catalyst: X-Co + DEAC of IPCP of ANAS [23]. 

[Co] = 1.010
-4

 mole/L; Al:Co = 100:1; T = 25
o
C; solvent-toluene. 

In the pre-alumination method of immobilization of catalytic complexe X-Co+DEAC+BD 

onto nano sized silica gel catalyst productivity reaches 2500 kg PBD/g Coh. that is more higher 

than in the presence of CAT-6-CAT.10. Received polybutadiene has MM= 63800, Mw/Mn = 1.8 

and 1,4-cis content – 97%. 

As it seen from Tab. 3, by changing the ligands in cobalt compounds it is possible to 

change the catalyst productivity and stereo regularity in large diapason. The most catalytic 

activity and stereo selectivity was obtained using X-Co, DCDTPh-Co and NGDTPh-Co as a 

component of heterogenized catalyst. Their productivity reached 1350.0-1750.0 kg PBD/g Coh 

and 1.4-cis content – 91.0-97.0 %.  

Heterogenized DEDTC-Co+DEAC+BD catalytic dithiosystem allow to produce the high 

molecular 1,4-cis+1,2-PBD with 1,4-cis content - 60.0-62.0 %, 1,2-content – 32.0-35.0 %, 1,4-

trans content - 5.0-6.0 %, molecular mass – 266000-286000 and productivity – 500.0-950.0 kg 

PBD/g Coh. 

The behavior of changing of ligands in cobalt compound is like those of homogeneous 
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catalyst for polymerization of butadiene [13]. High activity of X-Co, DCDTPh-Co and 

NGDTPh-Co in butadiene polymerization we explain by forming nano sized stability metallo-

complex catalytic active centers with high concentration. These nano sized active centers 

covalently tethered on support (common used or nano sized), allow obtaining polymer with very 

high productivity than in solvent polymerization.  

As is known, nano materials have a large surface area, which serves as the support, to form 

supported catalyst. Moreover, nanomaterials have other exceptional physical and chemical 

properties, like small size, electron mobility, relatively high temperature, stability to oxidation 

process, to basics and acids, making them useful support material for heterogeneous catalysis. 

For those reasons, the presence of nano support material increased the catalytic activity, enhance 

the catalytic life time and reduce the reaction time. In the nano supported Ziegler-Natta catalysts, 

the precursor species are dispersed on the surfaces of the nano support particles, so theoretically, 

they can all be activated and contribute to the activity. By heterogenization of homogeneous 

catalyst complex on nano sized support we have reached higher catalytic activity, productivity 

and stereo regularity.  

It is shown from obtained results, that different preparation routes for supporting of 

homogeneous catalysts also have a great influence on catalytic activity and stereo selectivity.  

As was shown in Tab. 2 and 3, the “direct deposition” method is simple and convenient, 

but the supported catalysts prepared by using this method usually have low polymerization 

activities due to the influences of the silica surface, e.g., steric hindrance and poisoning effect.  

In the supported homogeneous catalysts prepared by using the “pre-alumination” method, 

active sites have appreciable freedom of movement on the support, so the catalytic properties of 

the supported active sites resemble those of the homogeneous analogs and the polymers 

produced are like those produced by the homogeneous analogs (Tab. 2 and 3). However, the 

nature of the weak ionic interactions that bind the active sites to the MAO-covered support is not 

clear and is difficult to study.  

The “covalent tethering” method avoids the disadvantage of the direct deposition method 

by putting a covalent spacer between an active site and the support surface. The interface 

between an active site and the support is a covalent tether, which is somewhat easier to 

characterize. The flexibility of a long single-tether also provides the active site a pseudo-solution 

environment. However, the flexibility of the long single-tether also provides a route for direct 

interaction of the active site with the surface, so the active site is in a similar situation as that of 

an active site in a supported catalyst prepared using the “direct deposition” method. The 

“covalent tethering” method should not only immobilize a homogeneous catalyst firmly, but it 

also preserves the most useful features of the catalyst, e.g., high activity and stereo specificity, as 

well as lifetime (Tab. 2 and 3). 

An important aspect of the immobilized homogeneous catalysts is the stability of the active 

species on the supports. Unstable active species of the immobilized catalysts may leave or 

migrate on the support during polymerization, causing many problems. In the slurry 

polymerization process, if unstable active species leave the support and become free in the 

solution, they just act as homogeneous catalyst and polymerize monomers. The polymer 
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produced by the freed active species in solution causes poor morphology of the polymer product 

and reactor fouling. Reactor fouling means that the polymer produced by the freed active species 

will adhere to the surface of the mechanical stirrer or the internal surface of the reactor and form 

a polymer layer, so the efficiency of the stirrer and the heat-transfer efficiency of the reactor 

were greatly reduced. In the gas-phase polymerization process, the migration of unstable active 

species from interior of the catalyst particles to the surface will result in polymer product of poor 

molecular weight distribution and micro-structural dispersion, etc. Both poor morphology and 

reactor fouling are manifestations of “catalyst leaching”. “Catalyst leaching” has been found in 

the first and second methods of immobilization of catalysts. No leaching of active species from 

the support was observed in the “covalent tethering” method. 

Conclusion 

A new highly activity and stereo selectivity heterogenized bifunctional cobalt-containing 

catalytic dithiosystems for butadiene gas phase polymerization have been developed. Based on 

organic dithiocompounds of cobalt (O,O-dithiophosphates, N,N-dithiocarbamates) in 

combination with aluminum organic compounds (DEAC, TEA, MAO) and heterogenized by the 

methods of “pre-alumination” and “covalent tethering” on common used and nano sized silica 

gel support these catalysts provide the preparation of high molecular mass 1.4-cis (91.0-97.0 %) 

or 1.4-cis+1.2 (1.4-cis – 62.0-65.0 and 1.2 – 32.0-35.0 %) polybutadienes with productivity – 

500.0-2500.0 kg PBD/g Coh. 

High activities of these catalysts allow developing the new ecologically favorable and 

economically benefited technology of butadiene gas phase polymerization process. 
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