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interestingly enough, DRAs were further effective at more 
turbulent flows with higher Reynolds numbers.
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Introduction

Polyolefins with annual production rate of more than 
150 million tons are among the most important polymer 
commodity [1]. Polyolefins are one of the valuable ther-
moplastic products that have special applications in auto-
mobile, buildings, transportation, food, medical, and oil 
industries. Majority of these polymers are made by Zie-
gler–Natta and Phillips catalysts through coordination 
polymerization method [1].

The microstructure of the polymers determines their 
properties directly and final applications which, in turn, 
depend on polymerization conditions like reaction tempera-
ture, type, and concentration of the cocatalyst and specially 
monomer concentrations and hydrogen level, as the main 
chain transfer agent [2, 3]. Physical properties, such as 
crystallinity, melting temperature, and density, and the rhe-
ological properties, such as viscosity, are among the most 
important parameters that determine the processability and 
final applications of polymers.

Many researchers have focused on the relationship 
between the microstructural parameters and the final prop-
erties [4, 5]. The correlation of polymerization conditions 
and catalyst specifications with the produced microstruc-
ture and the final properties has been one of the main 
research topics in this field [6–8]. Such findings would help 
to design the most desirable products with least price and 
maximum efficiency.

Abstract High molecular weight with long linear side 
branches are frequently used in oil pipelines as one of the 
main classes of drag reducer agents (DRAs). We studied 
the effects of polymerization conditions, including reac-
tion temperature, monomer concentration and cocatalyst 
concentration ratio (Al/Ti), on the polymerization yield and 
molecular weight of the resultant poly(1-hexene) made by 
Ziegler–Natta catalyst and their consequent effects on the 
drag reduction efficiency in a loop test. The experimen-
tal results verified that the catalyst activity increased from 
115 to 220 kgPH/molTi.atm, while the molecular weight of 
poly(1-hexene) dropped from 2100 to 1030 kDa, as the reac-
tion temperature was increased from 0 to 50 °C. The loop 
test results also revealed that the highest pressure drop was 
achieved using the polymer synthesized at 0 °C and by sub-
sequent increase in reaction temperature the pressure drop 
decreased. Furthermore, the catalyst activity increased from 
143 to 262 kgPH/molTi.atm by increasing Al/Ti ratio, while 
the molecular weight increased up to a maximum level of 
1500 kDa at Al/Ti = 143 and decreased at higher cocata-
lyst contents. Similarly, the results showed the maximum 
pressure drop of 20 % at Al/Ti = 143. Finally, by increasing
monomer concentration, the catalyst activity and polymer 
molecular weight increased from 75 to 262 kgPH/molTi.
atm for the former, and from 700 to 1800 kDa for the latter 
which resulted in maximum pressure drop by 25 %. Moreo-
ver, the pressure drop for each utilized poly(1-hexene) was 
increased proportionately with DRA’s concentration, and 
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