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ABSTRACT 
This study is based on characterization of Polypropylene melt by capillary rheometry. It includes operating the twin bore 

capillary rheometer, preparation of samples, measurement of rheological properties of polymer melts. In this study, samples of 

PP pellets of 3 different molecular weights were investigated. The samples were subjected to well-defined strain rate and 

pressure drop recorded. Their stress responses were derived from the recorded pressure readings. The effect of molecular weight 

on rheological properties of PP was analysed.  
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I.     INTRODUCTION 

Rheological properties of polymer melts are measured 

using rheometers. Typical rheological properties are viscosity, 

modulus, compliance, yield stress, and relaxation times. These 

properties depend on the microstructure of the material and, 

hence, depend on stress or strain-induced structural changes, 

and on time [1]. 

In rheometry, the test sample is mounted into the 

rheometer and subjected to well-defined stress or strain. In 

strain-controlled experiments, the strain or strain rate is 

prescribed and the stress response gets recorded whereas, for 

stress-controlled instruments the stress is prescribed and the 

strain is recorded [2]. 

The pressure drop,  , for flow in a capillary (of radius R, 

length L) at a volume flow rate, Q, depends on the shear 

viscosity,   as shown in (1) provided that the flow is laminar. 

Equation (1) is used to describe capillary rheometry for both 

Newtonian and also non-Newtonian fluids [1]–[3].  

 

 
 

As the piston pushes the polymer melt through the 

die of constant cross section (circular). The volume flow rate, 

Q, and the pressure gradient, , in the region of fully 

developed flow are measured for determining the shear 

viscosity.  is determined from the measured piston speed, , 

and the piston cross sectional area,  as given in (2).  

 

 
 

 

 

II. MATERIALS AND METHODS 

A. Materials 

Polypropylene (PP) polymer pellets of different molecular 

weight: HG265FB (molecular weight 180,000), HG365FB 

(molecular weight 230,000) and HB600TF (molecular weight 

460,000) were used as received. 

B. Acquisition of Rheological Properties 

The twin bore capillary rheometer was used in this 

experiment. The temperature controlled housing which is 

wrapped by heaters was heated and maintained at . The 

PP pellets were then fed in through the feed system. The 

pellets were compressed during the filling of the bore so as to 

hold as much material as possible. The pistons were lowered 

to push the pellets as they got heated where the piston force 

was increased gradually. With time, the polymer melted and 

flowed through the measurement die. The experiment was 

conducted on shear rates of . With 

prescribed shear rates, the pressure transducers recorded the 

pressure responses in the fully developed flow region. 

C. Characterization 

The overall purpose of the capillary flow experiment is the 

measurement of the steady shear viscosity,  of non-

Newtonian fluid (polymer melt) as given in (3), where  is the 

shear stress and  the shear rate [4].  

 

 
 

From the experiment, neither  nor  is measured directly; 

hence they are derived from the pressure readings and the 

measured volume flow rate. The data analysis depends on the 

geometry of the capillary. For a circular capillary of radius, R 
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the cross-section area is given by (4). Both the shear stress and 

the shear rate vary throughout the capillary cross-section. 

 

 
 

1)  Shear stress Estimation: The pressure gradient,  can 

be approximated from the measured pressure drop,  over 

the entire capillary length,  as shown in (5). 

 

 
 

This approximate,  value, includes pressure losses at the 

inlet and the outlet of the capillary and can be corrected using 

Bagley's correction [2]. The maximum shear stress at the 

capillary walls,  is given by (6). 

 

 
 

Substituting (5) in (6), we get an expression of shear stress at 

the walls in-terms of pressure drop as shown in (7).  

 

 
 

The shear stress in fully developed capillary flow grows 

linearly with the distance from the centre of the capillary 

( ) to its maximum value,  at the walls ( ) as 

shown in (8) [5].  

 

 
 

2)  Shear rate Estimation: Shear thinning fluids, such as 

polymer melts, adopt a shear rate as given in (9) known as 

representative shear rate [3].  

 

 
 

Equation (9) is valid for Newtonian fluids only and represents 

the apparent shear rate. For non-Newtonian flows which are 

experienced by polymer melts, the shear rate can corrected 

using Weissenberg-Rabinowitsch correction [2].  

3)  Viscosity Estimation: Viscosity of the polymer melt 

was estimated using (10), where  is the estimated shear stress 

after pressure gradient correction and  is the true shear 

rate after wall shear rate correction [6]–[7]. 

 

 
 
 

III. RESULTS AND DISCUSSION 

A. Pressure Gradient Correction using Bagley's Plots 

The pressure gradient approximated using (5) 

overestimates the real   value since it includes pressure 

losses at the inlet and the outlet of the capillary. These so-

called 'end effects' can be subtracted out using Bagley's 

correction. 

Using (7) for shear stress, and making the pressure drop as 

the subject, we get (11) which is used in Bagley correction. 

 

 
 

Fig. 1 was plotted using (11) for PP with 180,000 

molecular weight. The value of  is constant at fixed . 

Similarly, Fig. 2 and 3 shows the bagley plots for PP with 

230,000 and 460,000 molecular weight respectively. The 

slopes of the plots are equal to twice the shear stress for 

various apparent shear rates. The intercepts represent the 

entrance pressure losses, .  

Table I, II and III shows the equations from the 

Bagley's plots at different shear rates and the analysed data 

after Bagley's correction for PP with 180,000 molecular 

weight, 230,000 molecular weight and 460,000 molecular 

weight respectively.  

B. Wall Shear Rate Correction using Weissenberg-

Rabinowitsch plots 

The shear rate given in (9) is only true for Newtonian 

fluids, polymer melts exhibit non-Newtonian behavior, 

therefore the equation can be corrected using Weissenberg-

Rabinowitsch (WR) plot. Equation (12) represents a corrected 

shear rate.  

 

 
 

For PP with different molecular weight, Fig. 4 was 

obtained using (12). The Curve fits was done with linear 

approximation to yield (13)-(15) for the 3 types of PP with 

180,000, 230,000 and 460,000 molecular weights respectively.  

 

 
 

 
 

 
 

For PP with 180,000 molecular weight, slope of the plot was 

obtained by getting a derivative of the fitting curve to yield 

(16), which is used as WR correction value for correcting the 

shear rate. Similarly, (17) and (18) were obtained for PP with 

230,000 and 460,000 molecular weights respectively.  
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Fig. 1 Bagley plot (a) 180,000 MW. 

 

Fig. 2 Bagley plot (b) 230,000 MW. 
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Fig. 3 Bagley plot (c) 460,000 MW. 

TABLE I 
ANALYSED DATA AFTER BAGLEY AND WR CORRECTIONS - PP 180,000 MW. 

 
 

TABLE III 

ANALYSED DATA AFTER BAGLEY AND WR CORRECTIONS - PP 230,000 MW. 

 
 

TABLE IIIII 

ANALYSED DATA AFTER BAGLEY AND WR CORRECTIONS - PP 460,000 MW. 
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For PP with 180,000 molecular weight, the analysed 

data is presented in Table I. Table II and III shows the 

analysed data for PP with 230,000 molecular weight and 

460,000 molecular weight respectively.  

Equation (10) and viscosity data analysed in Tables I 

– III were used to plot Fig. 5 that analyses how the viscosity,  

varies with the true shear rate,  in all the 3 types of PP 

investigated. Finally the viscosity plots were fitted to a linear 

approximation and resulted to models given in Table IV. 

 Fig. 4 Viscosity plots for PP of different MW.  

 

TABLE IVV 
VISCOSITY MODELS. 

PP Type Model 

PP 180,000 MW  
PP 230,000 MW  
PP 460,000 MW  

 

IV. CONCLUSIONS 

Three types of PP with different molecular weights were 

characterized by capillary rheometry. The rheological 

properties of PP melts was measured and the effect of 

molecular weight analysed.  

From the analysed data, information in Table V can be 

deduced, as the effect of molecular weight (MW) on 

rheological properties of PP melt. Experimental trends are 

also included in Table V.  

In addition, the molecular weight was also found to 

affect the pressure losses. As molecular weight increased, the 

pressure entrance losses were seen to increase.   

 

 

 

TABLE V 
EFFECTS OF MOLECULAR WEIGHT AND EXPERIMENTAL TREND ON PP MELT. 

Basis Trend Shear stress Viscosity 

MW Increasing MW Increasing Increasing 

 Increasing  Increasing Decreasing 
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