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Abstract  

The effect of a halocarbon (ethyl chloride) as a promoter on a Ziegler-Natta catalyst composed of‌‌T‌iCl4 

(catalyst), AlEt3 (activator) and Mg(OEt)2 (support) in the polymerization of ethylene have been 

investigated. In addition, the impact of this compound on the structural and thermal properties of the 

produced polyethylene has been studied. The catalyst activity and polymerization rate increased 

almost up to twice when a suitable molar ratio of ethyl chloride to triethylaluminum (TEA) was used. 

There was no change in the type of the profile of the polymerization rate during the polymerization 

time. A reduction in the polymer molecular weight was observed in the presence of the promoter and 

hydrogen. In addition, the MWD curve shifted toward lower values in the presence of ethyl chloride. 

Furthermore, a numerical method was used to obtain the most probable chain-length distribution, 

number   average molecular weight and weight fraction corresponding to each site type in the presence 

and absence of the promoter. Since, the catalyst had an irregular shape, the produced polymer also 

showed a similar morphology. In addition, the promoter used in the polymerization did not have any 

effect on the produced polymer morphology. The DSC results indicated that the presence of the 

promoter in the polymerization led to a decrease in the melting point of the produced polymer; 

whereas, there were no remarkable changes in the crystallization temperature of the polymers. 
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1. Introduction 

Polyethylene is used in a wide variety of   

applications due to its versatile physical and 

chemical properties. The heterogeneous Ziegler-

Natta catalysts are the main systems among 

polyethylene catalysts, however, one of the dis-

advantages of these catalysts is that they show 

low activity in the presence of hydrogen as a 

chain transfer agent [1-3]. Hydrogen deactivates 

some potentially active sites, probably via irre-

versible adsorption on these sites, even before 

polymerization is initiated [4]. In recent years, 

the promoters are used to improve the perfor-

mance of the Ziegler-Natta catalysts in the 
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polymerization of ethylene [6]. Generally, the 

promoters are halocarbons (organohalides) 

which not only increase the activity of the cata-

lyst, but also have a low toxicity and are easily 

separated from the polymer due to very low 

value of their boiling points [6]. 

All halocarbons, especially mono-chlorides, 

such as C6H11Cl, C6H5Cl, and n-C4H9Cl, are 

suitable to be used along with titanium-based 

catalysts [7]. The nature and amount of the 

halocarbon have significant impacts on the   

catalyst activity. Optimum molar ratio of halo-

carbon to titanium (or halocarbon to TEA) sig-

nificantly depends on the type of promoters, so 

that the catalyst activity could be increased by 

more than twice when a suitable molar ratio of 

halocarbon to titanium is utilized. Conversely, 

the polymerization process may be terminated 

if the suitable molar ratio is not implemented 

[7]. Yet, no specific hypothesis is proposed to 

fully explain the mechanism by which halocar-

bon affects the process performance. It seems 

that halocarbons may form a weak bond to the 

transition metal catalyst and change its oxida-

tion number [8]. Changing the oxidation num-

ber toward the active oxidation numbers  sig-

nificantly increases the catalyst activity; how-

ever, a change in the opposite direction results 

in a reduction in its activity. Studies showed 

that those halocarbons added to the catalysts 

can also interact with the co-catalyst 

(activator).  

Totally, TEA is usually presented in the di-

meric form. When halocarbons containing  

geminal halogen are used as promoters, the 

halogens can react with aluminum atom and 

convert dimeric form of TEA into a monomeric 

one (Figure 1). Thus, more ethyl groups are 

available for the reduction of catalyst leading to 

an increased catalyst activity [9]. The addition 

of halocarbon not only improves the activity of 

the catalyst in the presence of hydrogen but al-

so causes some improvement in such polymer 

properties as its molecular weight and bulk 

density as well as adjustment of some problems 

such as the production of the fine particles [10-

11].  
Ethyl chloride (EC) is produced as a by 

product during the manufacturing of Ziegler-

Natta catalysts where it remains in hexane 

while it is recycling. This causes ethyl chloride 

to inadvertently introduce into the ethylene 

polymerization process cycle [12]. Since, the  

product of EC during the manufacturing of 

Ziegler-Natta catalysts is not yet to be known 

and a  literature survey shows that no signifi-

cant study is done on the microstructure of the 

polymers produced by the Ziegler-Natta cata-

lyst in the presence of EC, the objective of this 

study is the investigation of the effect of ethyl 

chloride as a promoter on the polymerization 

behavior of ethylene and also its structural and 

thermal properties. 

 

2. Materials and Method 

2.1 Materials 

Ethylene monomer (purity > 99.95 %),    

hexane (H2O < 3 ppm) and nitrogen (purity > 

99.99 %) were supplied from Linde (Germany), 

Pentane Chemical Industries (Iran) and Arkan 

Gas (Iran), respectively. Hydrogen (purity > 

99.99 %), ethyl chloride and TEA were pur-

chased from Merck (Germany). 

  

2.2 Catalyst Preparation 

The catalyst was prepared in a Buchi 1.0-l 

steel jacket autoclave reactor (equipped with a 

mechanical seal stirrer) where titanium tetra-

chloride reacts with a support through a well-

defined method. Reference 11 describes the de-

tails of this method [11]. 

The amounts of titanium and magnesium 

elements in the catalyst were measured by 

atomic absorption spectrometry (Shimadzu 

6800, Japan). A precise amount of the catalyst 

Figure 1. Formation of monomeric form of 

TEA in the presence of halocarbon  
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(about 100-150 mg) was dissolved in 10 mL of 

0.1 M sulfuric acid solution and diluted to 100 

mL with distilled water [13]. The chloride con-

tent‌was‌ evaluated‌ according‌ to‌ the‌ Volhard’s‌

method [14].  

 

2.3 Polymerization Reaction Process  

Ethylene polymerization was carried out in 

the slurry phase at a constant pressure and 

temperature in a 1-L Buchi stainless steel reac-

tor (Switzerland) equipped with a mechanical 

stirrer. Before the polymerization, a stream of 

nitrogen was applied to the reactor at a tem-

perature of 110 ºC for 1.5 h in order to elimi-

nate the possible pollutants, especially mois-

ture and oxygen. After cooling the reactor to  

below the boiling point of hexane and ethyl 

chloride (about 10 oC), it was fed with 500 cm3 

of dried hexane under a limited stream of nitro-

gen. Next, 600 mg of TEA was immediately in-

jected into the reactor through a special syringe 

while the mixture was stirred (speed was 400 

rpm). The prescribed amounts of cooled ethyl 

chloride (about 5 oC) were added to the reactor 

each time and then the reactor temperature 

and ethylene pressure increased to 80 °C and 

8.5 bars. After these steps, 1 mg of catalyst was 

injected into the reactor. During the polymeri-

zation, ethylene was supplied continuously at 

the pressure of 8.5 bars and its consumption 

was measured by a mass flow meter (Brooks, 

Holland). To investigate the influence of hydro-

gen on the polymerization parameters, hydro-

gen was injected to the required amount (3 and 

5 bar) before ethylene was applied. The poly-

merization reaction was continued for 2 hours 

and then, the reactor was discharged, and the 

powder polymer was dried in the air. 

 

2.4 Catalyst characterization 

The surface area, pore volume, and average 

pore radius of the catalyst were measured     

using BET apparatus (Corp. NOVA 2200, Ver-

sion 7.11, USA) [15]. The DSC analysis was 

performed to measure the degree of crystal-

linity (Xc) as well as melting and crystallization 

points (Tm and Tc) of the produced polymers 

[16]. The measurements were performed by a 

Mettler Toledo 822e calorimeter (USA) at the 

temperature rate of 10 °C/min under nitrogen 

atmosphere at the temperature range of 25-200 

°C. 

The molecular weight and molecular weight 

distribution of the produced polymers were 

measured via the gel permeation chromatog-

raphy (GPC) method by a PL Instrument PL-

220 (USA). The operating conditions were set 

according to reference 17. The morphologies of 

the catalyst and polymer powder were depicted 

using scanning electron microscopy (SEM) 

(Cam Scan MV 2300, UK). The catalyst yield 

was obtained in terms of the produced poly-

ethylene (kg) per used catalyst (g) in the 

polymerization. The GPC curves of the pro-

duced polymers were separated to the Flory 

components via the deconvolution technique 

described in reference 18. 

 

3. Results and Discussion 

Table 1 shows the BET, and elemental  

analyses of the prepared catalyst. According to 

the table, the catalyst had a high value of sur-

face area (78 m2/g). The effect of ethyl chloride 

on the yield of the Ziegler-Natta catalyst 

(AlEt3/TiCl4/Mg(OEt)2) and polymerization rate 

were studied. Table 2 shows the effect of vari-

ous values of EC/TEA ratio on the catalyst 

yield. The results revealed that ethyl chloride 

had a noticeable effect on the catalyst yield, 

rising from about 35 kg PE/g Cat in the ab-

sence of ethyl chloride to about 51 kg PE/g Cat 

at the EC/TEA molar ratio of 0.5. 

According to Table 2, the increase of the 

EC/TEA ratio up to 0.5 promoted the catalyst 

activity; whereas, higher ratios led to a reduc-

tion in the catalytic activity. In fact, high 

amount of ethyl chloride poisons the catalyst 

system, probably because of the formation of a 

stable complex between this compound and Ti 

active center, so that the complexation of     

ethylene and the propagation of the polymer 

chain were inhibited [5,11]. 

Figure 2 illustrates the effect of various  

values of EC/TEA ratio on the polymerization 

rate of ethylene.‌As expected, the rate of the 

polymerization was higher in the presence of 

ethyl chloride, but it could not change the cata-

lyst activity trend during the polymerization 

time. The maximum polymerization rate was 

observed at the molar ratio of 0.5 where the 

catalyst performance was a maximum. The 

reason for such an increase in the catalyst ac-

Value Properties 

78 Surface area (m2/g) 

0.26 Pore volume (mL/g) 

67.7 Average pore radius (Å) 

8.9 Ti (%) 

18.8 Mg (%) 

64.25 Cl (%) 

Table 1. Catalyst analysis results  
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tivity and polymerization rate is attributed to 

the oxidative effect of halocarbon compounds 

that results in a change in the oxidation state 

of the transition metal and facilitates the par-

ticipation of active centers in the polymeriza-

tion reaction [19]. 

Hydrogen usually is used as a chain transfer 

agent to control the molecular weight of poly-

olefin in the coordination polymerization. 

Based on Table 2, the catalyst yield showed a 

remarkable decrease in the presence of hydro-

gen. In fact, it reduced from 35.5 kg PE/g Cat 

in the absence of hydrogen to 4.92 kg PE/g Cat 

and 1.76 kg PE/g Cat in the presence of hydro-

gen at pressures of 3 and 5 bar, respectively. 

The main reason for such a decline in the cata-

lyst yield was the reduction of the partial   

pressure of the monomer in the polymerization 

of ethylene when the amount of hydrogen 

(chain transfer agent) increased. Furthermore, 

the slow addition of the monomer to the cata-

lyst-hydrogen bond formed in the step of the 

chain transfer to hydrogen had an adverse     

effect on the catalyst yield [4]. 

Hydrogen also reduced the polymerization 

rate. It was about 35 g/h in the absence of hy-

drogen while it fell down to about 25 g/h and 

10 g/h in the presence of hydrogen at a       

pressure of 3 and 5 bars, respectively (Figure 

3). Although hydrogen has a significant nega-

tive effect on the performance of the catalyst, 

the promoter can remarkably improve the cata-

lyst performance in the presence of hydrogen 

(Figure 3 and Table 1).  

Table 3 shows the results of the GPC tests 

for the synthesized polymers. Hydrogen has a 

significant effect on the molecular weight, re-

duced from approximately 24.1×105 (g/mol) in 

the absence of hydrogen to about 1.39×105 

(g/mol) and 0.65×105 (g/mol) in the presence of 

hydrogen at a pressure of 3 bar and 5 bar,     

respectively. According to Table 3, the addition 

of ethyl chloride reduced the molecular weight 

of the polymer. Accordingly, the molecular 

weight decreased from 24.1×105 (g/mol) in the 

absence of ethyl chloride to 16×105 (g/mol) in 

the presence of ethyl chloride. This reduction 

may be attributed to the increased operations 

of the chain-transfer agent. In fact, TEA also 

acts as a chain transfer agent [20]. The dimmer 

form of TEA is transformed into a monomeric 

form in the presence of promoter improving the 

order of TEA in the polymerization system. 

This may also improve the role of chain trans-

fer agent (TEA) and ultimately increases the 

rate of termination reactions. Since the molec-

ular weight is directly related to the termina-

tion reactions, a reduction in the molecular 

weight of the polymer is observed [9]. 

The produced polymers showed a broad mo-

lecular weight distribution which was gene-

rally assumed to be caused by more than one 

active site type in the catalyst. Each active site 

produces polymer with narrow molecular 

weight distribution that follow a Schultz-Flory 

distribution model and are called Flory compo-

nents. The molecular weight distribution index 

Figure 2. Effect of ethyl chloride on polymeri-

zation rate  

Figure 3. Effect of hydrogen on ethylene 

polymerization rate  

Yield 

(kg PE/g Cat) 

H2 

(bar) 

EC/TEA 

(molar ratio) 

35.5 0 0 

40.6 0 0.25 

51.3 0 0.5 

43.7 0 0.75 

31.5 0 1.0 

4.92 3 0 

8.12 3 0.5 

1.76 5 0 

3.34 5 0.5 

Table 2. Effect of  EC/TEA ratio and hydrogen 

on catalyst yield  
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of such components is typically equal to 2. The 

deconvolution of the experimental GPC data is 

useful for obtaining information about the 

polymerization kinetics and catalyst system  

properties. This technique also provides infor-

mation on the number average molecular 

weight (Mn), created by each site type and 

their corresponding weight fraction. Therefore, 

this technique can be used to study the effect of 

ethyl chloride on the polymer microstructure. 

The results of the deconvolution of the GPC 

curves into Flory components are presented in 

Figure 4 (A, B) and Table 4 for two polyeth-

ylene samples. The results indicate that five 

Flory components are sufficient to describe the 

MWD curve of polyethylene. Therefore, it is 

reasonable to assume that the polyethylene 

samples have been produced by a catalyst 

containing five different site types. 

Figure 4A illustrates different molecular 

weights that are produced by various site 

types. The sites of I and II produce the lowest 

molecular weight; whereas, the IV and V types 

produce the highest molecular weight and 

those of III have an average values. The active 

site of III has the most contributions among 

other active sites to the production of polymers. 

Table 4 shows that changes in the ratio of ethyl 

chloride to TEA had directly impact on the 

number average molecular weight created by 

each type of site and also their corresponding 

weight fraction. By comparing the samples of 

polymers A and B in the table, it was observed 

that the weight fractions of the active sites of I 

and II which produce polymers with lower mo-

lecular weight increased with increasing the 

EC/TEA molar ratio; whereas, that of III and 

IV which produce higher molecular weights de-

Table 3. Effect of ethyl chloride and hydrogen on molecular weight and molecular weight distribution 

of produced polymers  

MWD 
Mz+1×10-5 

(g/mol) 

Mz×10-5 

(g/mol) 

Mp×10-5   

(g/mol) 

Mn×10-5 

(g/mol) 

Mw×10-5 

(g/mol) 

Hydrogen 

(bar) 

EC/TEA 

(molar ratio) 

3.9 67.9 49.5 10 6.2 24.1 0 0 

5.1 237.0 66.1 10.3 3.9 20.1 0 0.25 

6.2 47.8 35 10.7 2.7 16.8 0 0.5 

5.3 57.5 41 9.8 3.5 18.6 0 0.75 

6.3 51.7 37 9.4 2.5 16 0 1.0 

4.7 61.8 9.1 0.59 0.29 1.39 3 0 

6.4 46.9 18 0.58 0.21 1.35 3 0.5 

5.2 4.6 2.2 0.35 0.12 0.65 5 0 

6.5 6.6 2.8 0.32 0. 10 0.64 5 0.5 

  

PE 

  

EC/TEA 

(molar ratio) 
Flory component 

Mn×10-3 

(g/mol) 
Portion of Flory component (%) 

    I 1.15 0.026616 

    II 4.21 0.123483 

A 0 III 14.19 0.42242 

    IV 38.86 0.335461 

    V 133.96 0.092021 

          

    I 0.85 0.035989 

    II 3.66 0.137008 

B 0.5 III 13.29 0.417994 

    IV 37.20 0.316952 

    V 132.13 0.092057 

Table 4. Data on calculated MWD parameters of PE (Polymerization conditions: PC2= 3.5 bar, TEA 

(cocatalyst), Time= 2 h, PH2= 5 bar, Temp= 80 oC)  
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creased. In addition, Mn of all of the active 

sites decreased which finally resulted in the 

decrement of the Mn of the synthesized poly-

mer (in accordance with the results of Table 3). 

For a better comparison, the molecular weight 

distribution of the produced polymers regard-

less of their active sites has been presented in 

Figure 5. As indicated in this figure, MWD 

curve shifted toward lower values in the     

presence of ethyl chloride. 

Values of Tm, Tc, and Xc of the produced pol-

ymers are shown in Table 5. The addition of 

ethyl chloride decreased the melting tempera-

ture and crystallinity (Xc) of the produced poly-

mer. The melting point slightly reduced in the 

presence of hydrogen and ethyl chloride. Mean-

while, there were no remarkable changes in 

the crystallization temperature of the poly-

mers. The crystallization of the samples with 

high molecular weight is slightly affected by 

the average molecular weight and molecular 

weight distribution. In fact, it is dependent to a 

major extent by the degree of chain branching 

[21]. The lower melting point and Xc values in 

the presence of ethyl chloride can be related to 

the production of a number of polymers with 

chain branches.  

Figure 6 displayed the SEM images of the 

produced polymer powder. As the figure        

exhibits, the promoter used in the polymeriza-

tion did not have any effect on the produced 

polymer morphology. In fact, the produced   

polymers showed the similar morphology. 

 

4. Conclusion 

An optimum molar ratio of ethyl chloride 

promoter to TEA (0.5) noticeably promoted the 

activity of the Ziegler-Natta catalyst system 

Figure 4. Deconvolution of an experimental 

polyethylene chain length distribution into five 

most probable chain-length distributions  

Xc (%) Tc (°C) Tm (°C) H2 (bar) EC/TEA 

59.17 119.24 137.21 0 0 

58.91 119.67 136.72 0 0.25 

57.05 119.39 136.68 0 0.5 

56.38 119.2 136.88 0 0.75 

49.43 119.61 136.62 0 1.0 

63.41 120.17 135.47 3 0 

59.38 120.31 135.13 3 0.5 

79.13 118.92 133.98 5 0 

66.14 119.05 133.52 5 0.5 

Table 5. Results of DSC analysis  

Figure 5. Molecular weight distribution curves 

of polymer generated in the presence and ab-

sence of ethyl chloride  

Figure 6. SEM images: (A) polymer powder, (B) 

polymer powder produced at the presence of 

ethyl chloride  
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(TiCl4/Mg(OEt)2/AlEt3) in the ethylene poly-

merization. The molecular weight of the syn-

thesized polymers was reduced in the presence 

of ethyl chloride and hydrogen. It means that 

ethyl chloride improved the hydrogen response 

of the catalyst. The microstructural examina-

tion showed that the weight fraction of active 

sites of I and II types increased; whereas, those 

of III and IV types reduced and that of V type 

remained unchanged in the presence of ethyl 

chloride in the polymerization system. The 

DSC results indicated that the addition of ethyl 

chloride decreased the melting point of the pro-

duced polymer; whereas, there was no change 

in the crystallization temperature. The SEM 

images showed that the produced polymers had 

the same morphology. 
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