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Abstract 

 

The effect of chloroform on the catalyst performance of ethylene polymerization 

reactions were studied by using a heterogeneous MgCl2/TiCl4/TnOA catalyst. In this 

work the effect of chloroform on the activation of Zigler-Nata catalyst for high and linear 

low density polyethylene has been studied. By the injection of little quantities of 

chloroform into the slurry phase polymerisation reactor significant increases in the 

activity of the Zigler-Nata catalyst observed. Increasing of catalyst yield results in 

reduced product residual titanium and increasing production for high and linear low 

density polyethylene. 

 

 

Introduction 

 

Polyethylene is the most common thermoplastic and used in a wide range of 

applications. Polyethylene can be processed into various consumer products using 

processing techniques such as profile extrusion, film extrusion, injection moulding, blow 

moulding, rotomoulding and etc. The wide application has continuously driven the 

demand for this thermoplastic. Scientists and engineers also continuously improve the 

polymerization techniques to progress polymer properties, increase production capacity 

and reduce the cost of material. [1, 2] 

Hence, improving polymer production techniques with the objective to reduce 

manufacturing cost requires an area of research and development. 

The wide application of polyethylene would not be possible without the thoughtful 

development of catalyst at the microstructure level. Catalysts were first developed with 

the objective to produce polymers at a low operating pressure. This objective is now 
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shifted to the desired properties of the final plastic product. Catalysts for ethylene 

polymerization are mostly heterogeneous, but some processes also use soluble catalysts. 

There are now four types of catalysts for ethylene polymerization: Ziegler-Natta, Phillips, 

metallocenes and late transition metal catalysts. [3, 4] 

Only the first three types are in use commercially, whereas the last is still in research 

and development stage. Ziegler-Natta catalysts have many variations but are generally 

TiCl4 supported on MgCl2, combined with a variety of electron donors and co catalysts. 

In operations, a trialkyl aluminium co-catalyst (typically triethyl aluminium) is added 

separately to the reactor feed. [5, 6] 

In this our goal is increase the activity of Zigler-Nata catalyst by the injection of small 

quantities of chloroform into the slurry polymerization reactor. 

 

 

Experimental 

 

In this test we use some apparatus: sampling flask, BUCHI reactor vessel type III, 5 l 

capacity and equipped with a water cooling jacket and a water cooled shaft bearing. 

Reagents: nitrogen, ethylene, hydrogen and perpolymer. A sample of prepolymer 

containing 1 to 2 mmoles of titanium is introduced into a 5 litres of solvent. Ethylene is 

fed under pressure control to the reactor over a 15 minutes period. The reactor temperature 

is maintained at 80 °c. The ethylene mass flow is measured by an electronic meter linked 

to a plotter. The demand for ethylene depends on prepolymer activity, titanium content 

and ethylene partial pressure. The initial activity is computed from the ethylene flow rate 

plot. The prepolymer activity is then compared to a standard figure to asses the suitability 

of use in polymerization reactor. 

However by the injection of small quantities of chloroform into the slurry 

polymerisation reactor significantly increases the activity of the Zigler-Nata catalyst. This 

activity increase results in reduced product residual titanium (constant production), 

increased production (constant prepolymer usage) or a combination of both chloroform 

injection has been use mean of activating the Zigler-Nata catalyst for high and linear low 

density polyethylene. 
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Results and discussion 

 

The catalytic activity decreases exponentially with time and can be represented by 

the following equation. 
 

 − t  
A = A ○ exp   T 

 d  

A =polymer activity (g/mmol Ti.h) 

Ao =initial polymer activity (g/mmol Ti.h) 

t =age of polymer particle (h) 

Td =deactivation time (h) 

 

It can be seen that an increase in polymer productivity requires an increase in Ao  and/or 

Td. In the classical mode of operation there is an initial activity limit above which the risk 

of making agglomerates becomes significant. Chloroform injections modify the 

polymerization kinetics by increasing the deactivation time and by delaying the time before 

the maximum activity are reached. The kinetic behaviour allows polymer productivity to be 

increased, while respecting the limits of initial polymer activity. 

In this work we tested the polymerizations at 0.04, 0.07 and 0.1 CHCl3/Ti catalyst 

molar ratio. 0.04 CHCl3/Ti catalyst molar ratio showed the maximum productivity. Table 

1 and Figure 1 show the catalyst activity. 

Table 1. shows results of activity test with 0.04, 0.07 and 0.1 CHCl3/Ti catalyst molar ratio on the 

yield of polymer. 

 

CHCl3/Ti 0 0.04 0.073 0.1 

Yield (g/mmol Ti) 308 456 360 375 
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Figure 1. column diagram test 0.04, 0.07 and 0.1 CHCl3/Ti catalyst molar ratio on the yield of polymer. 
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According to the results of figure 1 when a molar ratio of 0.04 CHCl3/Ti catalyst was 

used an increase 50% in mass of product was obtained. 

The effect of chloroform injection is believed to modify the activity of the the Zigler- 

Nata catalyst by a combination of the following phenomena. These phenomena are 

characterized by the following kinetic effects: 

Oxidation of inactive Ti2 + sites into active Ti3 + sites, transformation of Titanium 

hybrid into titanium chloride which can be further alkylated into active polymerization 

sites. An induction effect on the time is necessary for the chloroform to diffuse to and 

react with the polymer. Increased deactivation time and reduced rate of decay of the 

catalyst activity which is a function of the chloroform concentration. 

 

 

Conclusion 

In the present work, an effect of chloroform on mass of product in polymerization of 

ethylene was studied and the results showed that chloroform acts as a promoter. 
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