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Abstract: 

 

Rheological measurements of polyethylene solutions in a novel non-toxic solvent were used to 

determine the Mark-Houwink parameters for PE of widely different molecular weights to assess the 

viscosity average molar mass for PE of several millions of g.mol-1. Solutions of high density polyethylene 

that had been previously characterized by size exclusion chromatography were prepared in a harmless 

naphthenic oil. The intrinsic viscosities were obtained by varying the concentrations of the different 

calibration samples solutions using a rotational rheometer equipped with a Couette cell. The intrinsic 

viscosities were determined by both Huggins and Kraemer descriptions of the viscosity variations with 

concentration. Subsequently, a calibration curve of intrinsic viscosities versus the molar mass was 

plotted, and the parameters of the Mark-Houwink-Sakurada equation were obtained for polyethylene in 

naphthenic oil. Using this equation and the newly estimated parameters, the viscosity average molar 

mass of a high molar mass polyethylene and a commercial ultra high molar mass polyethylene  were 

been determined by measuring their respective intrinsic viscosities. Finally, the method has been 

validated by comparing these results to values obtained by standard viscosimetry in 1,2,4-

trichlorobenzene and to the values given by the supplier, obtained by other methods. 

 

 



2 
 

Introduction: 
 

Polyethylene (PE) represents the most widely produced polymeric resin in the world, with an annual 

production rate of over 100 million tons. It is used in applications in major economic sectors such as 

packaging, construction, automotive, electronics, energy, agriculture, textile, and medical devices. It is 

known for having a profusion of properties, despite the fact that it is made from very simple molecules 

containing only hydrogen and carbon atoms. The tremendous range of properties that one can obtain 

from different PE is the result of the control of the chain architecture in terms of branching and molar 

mass distribution (MWD). Average molar masses of polyethylene range from a few tens of thousands to 

several millions, or tens of millions for ultra high molar mass species. Therefore, it is necessary to be able 

to characterize the branching and the molar mass distribution accurately. The former can be done using 

advanced technologies such as NMR [1, 2], but this kind of methods is not suitable for control since they 

are expensive, slow, and extensively laborious. Other technologies like high temperature size exclusion 

chromatography (HT-SEC) can be used to measure molar mass distributions of any shape. However the 

machines can be expensive, are quite delicate and the measurements can take several hours. 

Furthermore, it is extremely difficult to accurately measure the MWD of high molecular weight products 

with SEC [3, 4]. Simple methods like measuring the melt flow rate or melt flow index are often used at 

production sites as these methods are quick, easy and robust. Unfortunately we are limited to molar 

masses on the order of 200 000 to 300 000 g.mol-1 at most. However, since linear PE resins constitute 

75% of the total polyethylene production, a quick, reliable and safe method of characterization of molar 

mass, and in particular of high to ultrahigh molar masses would be very useful. 

In this paper, the interest is also focused on the estimation of a broad range of average molar masses 

including ultra high molar mass polyethylene (UHMWPE). UHMWPE is an extremely useful polymer for a 

number of applications, and is generally defined as a PE with a weight average molar mass of over 

1 000 000 g.mol-1. It is notoriously difficult to characterize its molar mass. Therefore, an indirect 

measurement was used through the determination of the limiting viscosity number (LVN), also known as 

intrinsic viscosity ([]) instead of using conventional SEC whose results are disputed and often 

considered as distorted for high molar masses mainly because the columns are not adapted anymore. 

The measurement of [] gives access to the viscosity average molar mass Mv (Eq. 1), known to be close 

to the mass average molar mass measured using conventional techniques. 

 𝑀𝑣 = (
∑ 𝑀𝑖

1+𝛼𝑁𝑖
 

∑ 𝑀𝑖𝑁𝑖
)

1
𝛼

 (1) 
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where α is the Mark-Houwink exponent that will be used throughout this paper. It is related to the 

interaction between the polymer and the solvent and more precisely to the configuration of the chain in 

solution. Its values are typically between 0.5 and 0.8. The value is 0.5 for a theta solvent, and it is closer 

to 0.8 for a good solvent, based on the definition of interactions between solvents and polymers by Flory 

and the calculation of the radius of gyration of a polymer in solution [5-7]. 

Several methods have been developed to determine the viscosity average molar mass of high molar 

mass polymers, e.g., by fractionation of high molar mass polymers [8], capillary viscosimetry [9] often 

using a Ubbelohde viscometer where outflow duration is proportional to the viscosity [10], and other 

similar techniques. For polyethylene, the norms that were developed along with the published articles, 

discuss the determination of the viscosity average molar mass using Mark-Houwink parameters that 

were determined beforehand using intrinsic viscosity measurements or other methods, i.e., SEC, light 

scattering and membrane osmometry, in high toxicity solvents [6]. The most commonly used solvents in 

the determination of the viscosity average molar mass are decalin [11], 1,2,4-trichlorobenzene (TCB) [12-

14], tetralin [15], o-dichlorobenzene [16] along with some of the reported theta solvents like biphenyl, 

dodecanol, decanol-1, diphenyl ether, and diphenylmethane [17]. These solvents are majorly classified as 

harmful and toxic [18, 19], and constitute serious health hazards as it has been reported for some being 

carcinogenic [20]. Fortunately, a much less toxic solvent, the dibutoxymethane, has been recently tested 

with success for Size Exclusion Chromatography of polyolefins [21-23]. Nevertheless, the reported 

measurements are limited to relatively low molecular weights. 

Moreover, as shown in a very recent IUPAC Technical Report [24], despite great cautions in carrying out 

the measurements, the accuracy of measurements remains a major issue since a very large discrepancy 

can be obtained (a factor 3 for the intrinsic viscosity and a factor more than 2 for the Molecular weight). 

In this paper, we propose to demonstrate the usefulness of a non-toxic alternative to these compounds 

and to evaluate the application of a naphthenic process oil to determine the viscosity average molar 

mass of polyethylenes of a very wide range of molar masses. This oil, Nytex 820®, is composed of heavy 

naphthenic hydrotreated distillates, a complex combination of hydrocarbons obtained by treating a 

petroleum fraction with hydrogen in the presence of a catalyst. It is often used as processing oil to 

manufacture ultra high molar polyethylene (UHMWPE) for lead-acid batteries separators [25, 26] for 

example. 

The measurements of [] for different polyethylene samples in process oil using a rotational rheometer 

and based on the intrinsic viscosity determination from both Huggins [27] and Kraemer [28] plots have 
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been performed. In this respect, it can be mentioned that the use of a rotational rheometer (equipped 

with a Couette cell) is not a current way of measuring the intrinsic viscosity. Nevertheless, when this 

device is available in a laboratory, it will be shown later on that this can be one of its uses among others 

(Obviously not the only one given the price of such an apparatus compared to this of the Ubbelohde 

device). From the results, a calibration curve of HDPEs [] versus their molar mass predetermined by SEC 

in TCB was plotted as described by the Mark-Houwink-Sakurada equation. Thus, the new Mark-Houwink-

Sakurada parameters for polyethylene in process oil at the chosen temperature have been deduced, 

making it possible to determine the viscosity average molar mass of high molar mass polyethylene from 

their intrinsic viscosity measurements using a rotational rheometer. 

Materials  
 

Polyethylene homopolymers samples were used for the calibration presented in this work. Five HDPE 

samples were produced in a spherical semi-batch reactor [29-31] for this study. Four of them (from 

HDPE2 to HDPE5) will be used for setting up the calibration because their molar masses were in the 

range measurable by HT-SEC. The fifth sample (HMWPE8) was of higher average molar mass and could 

not be accurately characterized by SEC. In addition, an UHMWPE sample, GUR4150®, was produced and 

supplied by Celanese Ticona. It has a reported viscosimetric molar mass of approximately 

9 200 000 g.mol-1 calculated by the supplier using Margolies equations. 

Nytex 820® oil is a naphthenic oil produced by Nynas and composed of heavy naphthenic hydrotreated 

distillates. It has an initial boiling point higher than 250°C and has thermal stability up to 280°C. 

Moreover, it has a viscosity of about 2.2x 10-3 Pa.s at 165°C and has a density of about 0.91 g.cm-3. 

 

Methods 
 

Size Exclusion Chromatography (SEC) 

 

High temperature SEC analyses were performed using a Viscotek system (from Malvern Instruments) 

equipped with three columns (PLgel Olexis 300 mm × 7 mm I.D. from Agilent Technologies). 200 μL of 

sample solutions with a concentration of 3 mg mL−1 were eluted in 1,2,4-trichlorobenzene (TCB) using a 

flow rate of 1 mL min−1 at 150 ℃. The mobile phase was stabilized with 2,6-di-tert-butyl-4-methylphenol 

(butylated hydroxytoluene, BHT, 400 mg L−1). Online detection was performed with a differential 

refractive index detector and a dual light scattering detector (LALS and RALS) for absolute molar mass 

measurement.  The OmniSEC 5.02 software was used for calculations. 
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The relationship between Intrinsic Viscosity ([]) and Viscosity-average Molar Mass (Mv) 
 

Before beginning to look at the experimental results, it might be useful to recall some definitions related 

to the intrinsic viscosity measurements. 

rel is defined as the relative viscosity or the ratio of the viscosity  0 of the dilute polymer solution, at a 

specific concentration, over the viscosity of the pure solvent at the same temperature: 

 𝜂𝑟𝑒𝑙 =
𝜂0

𝜂𝑠𝑜𝑙𝑣
 (2) 

𝜂𝑠𝑝𝑒𝑐 is the specific viscosity defined as the ratio of the difference between solution and solvent 

viscosities and the solvent viscosity: 

 𝜂𝑠𝑝𝑒𝑐 =
𝜂0 − 𝜂𝑠𝑜𝑙𝑣

𝜂𝑠𝑜𝑙𝑣
=  𝜂𝑟𝑒𝑙 − 1 (3) 

reduced is defined as the reduced viscosity or the viscosity number according to the IUPAC: 

 𝜂𝑟𝑒𝑑𝑢𝑐𝑒𝑑 =
𝜂0−𝜂𝑠𝑜𝑙𝑣

𝐶𝜂𝑠𝑜𝑙𝑣
 = 

𝜂𝑠𝑝𝑒𝑐

𝐶
  (4) 

Where 𝐶 is the concentration in g.dL-1 of the polymer solution. And finally, inh, which is the inherent 

viscosity or the logarithmic viscosity number (IUPAC), is defined as follows: 

 𝜂𝑖𝑛ℎ =
𝑙𝑛 𝜂𝑟𝑒𝑙

𝐶
 (5) 

Flory introduced the reduced viscosity as the ability of a polymer to increase the relative viscosity of the 

solution [7]. The intrinsic viscosity is introduced by Eq. 6 from the description of Huggins of the reduced 

viscosity [27]  
𝜂𝑠𝑝𝑒𝑐

𝐶
: 

   
𝜂𝑠𝑝𝑒𝑐

𝐶
= [𝜂] + 𝑘𝐻[𝜂]2𝐶 (6) 

where [] is the intrinsic viscosity and 𝑘𝐻 (dimensionless) is known as the Huggins constant. For a 

concentration which tends to zero, the inherent properties of a polymer solution can be captured by 

obtaining the intrinsic viscosity as follows: 

 [𝜂] = 𝑙𝑖𝑚
𝑐→0

𝜂𝑠𝑝𝑒𝑐

𝐶
= 𝑙𝑖𝑚

𝑐→0

𝜂0 − 𝜂𝑠𝑜𝑙𝑣

𝐶  𝜂𝑠𝑜𝑙𝑣
 (7) 



6 
 

On the other hand, Kraemer described the intrinsic viscosity using the inherent viscosity calculated from 

the relative viscosity of the solution [28]: 

 
𝑙𝑛 𝜂𝑟𝑒𝑙

𝐶
= [𝜂] − 𝑘𝐾[𝜂]2𝐶 (8) 

According to this description, the intrinsic viscosity can be defined as the limiting value of the inherent 

viscosity as [28]: 

 [𝜂] = 𝑙𝑖𝑚
𝑐→0

𝑙𝑛 𝜂𝑟𝑒𝑙

𝐶
 (9) 

The relationship between the intrinsic viscosity and the molar mass derives from Einstein’s description of 

the viscosity in a dilute regime. It emphasizes the fact that the intrinsic viscosity is direct information on 

the interactions between a polymer chain and the solvent molecules and insists on the necessity of 

measurements in the dilute regime. The intrinsic viscosity is related to the hydrodynamic volume of the 

polymer which is considered as a spherical particle moving in a solvent, the radius of this particle being 

assimilated to the radius of gyration of the polymer chain, Rg. Knowing that Rg is proportional to the 

square root of the molar mass of a polymer having a random coil configuration, a relationship between 

the intrinsic viscosity and the molar mass can be given by the Mark-Houwink-Sakurada equation [7, 32, 

33]: 

 [𝜂] = 𝐾𝑀𝑣
𝛼  (10) 

where  and K are the Mark Houwink parameters. They are specific for a polymer at a defined 

temperature and in a specific solvent [33]. Based on the used calibrating polymers, these coefficients 

would make it possible to determine the viscosity average molar mass (Mv) of a large range of polymers 

with even high or ultra high molar masses after the measurement of their intrinsic viscosity. 

It is important to note that the concentrations must be controlled in order to ensure the preparation of 

solutions in the dilute regime. This is confirmed by obtaining linear plots of both Kraemer’s inherent 

viscosity and Huggins’ reduced viscosity on the whole range of the explored concentrations. Then, the 

sum of Huggins and Kraemer constants would be equal to 0.5 as a mathematical consequence [34]. 

Capillary Viscosimetry 

 

The measurements of Mv for polyethylenes with molar masses higher than 1 000 000 g.mol-1 were 

carried using Intrinsic Viscosity Analyser from Polymer Char. First, 4-5 mg of polyethylene was weighed. 
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After that, the vials with polymer were placed into the external tray autosampler of the autosampler at 

room temperature. Then, the instrument takes the vials into the dissolution oven and fills them with 16 

mL of trichlorobenzene (TCB) before starting the stirring under nitrogen at 150°C for 3 hours. The Mv was 

calculated from intrinsic viscosity data, provided by the device’s manufacturer using Mark-Houwink 

parameters α= 0.705 and K= 5.188x10-4 dL.g-1. 

 

Rotational rheometry 
 

Rheological measurements of solutions were carried out using an ARES-G2 (TA Instruments) rotational 

rheometer equipped with a Couette cell at T=165°C, a temperature higher than the melting temperature 

of polyethylene to ensure the most efficient condition of solubility of the polymer resins in the process 

oil. This experiment was conducted under nitrogen flow to limit the oxidation of process oil at high 

temperature. Polymer samples (< 4 mg), as well as the process oil (5-7 g), were weighed directly inside 

the Couette geometry using a precision balance (10-4 g) to limit the weighing error, especially for nascent 

powder samples. Then, the preparation of the solution was done directly in the Couette’s cell in order to 

avoid a modification of the concentration (very low in our case) and/or a phase separation due to 

eventual decrease of the temperature during the solution transfer in the cell. Then, a time sweep 

experiment was performed at 50 s-1 to ensure the dissolution for typically 1500 to 2000 sec. This 

dissolution time turned out to be fully sufficient (see Figure S1 in Supplemental Material). Afterward, a 

flow sweep experiment is performed, and the values of Newtonian viscosities were extracted from the 

Newtonian plateau for each of the prepared solutions, generally in the range of shear rates between 

10 s-1 and 100 s-1. 

 

Results and discussion 

 

In this work, important precautions must be taken, especially when determining the Mark-Houwink 

parameters in order to ensure sufficient reliability of the obtained values. This applies in particular to the 

accuracy of the concentration values and the homogeneity of the solutions which is essential to 

guarantee the consistency of the measured viscosities. In fact, for measuring the intrinsic viscosity, the 

solution must be in the dilute regime, that is, with no interactions between polymer molecules. 

However, the concentrations corresponding to the dilute regime depend on the molar mass of the 

polymer and the higher is the molar mass, the lower must be the concentration. This is why in the 
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obtained results, the same concentrations have not been explored for all of the range of the investigated 

molar masses. Moreover, the solution must be prepared at high temperature to ensure the complete 

polymer dissolution. 

As seen in Figure 1, for the same concentration, the Newtonian viscosity of a polymer solution increases 

with the molar mass of the polyethylene. However, the viscosity increases also with the polyethylene 

concentration as illustrated in Figure 2 with the HDPE4 sample.  

 

Figure 1: Viscosity as a function of shear rate for solutions of different molar mass (g.mol-1) of PE in oil at the same concentration 
(C=0.2 g.dL-1) at 165°C under nitrogen flow. 

 

Figure 2: Viscosity as a function of shear rate for HDPE4 (278 000 g.mol-1) solutions in oil at different polymer concentrations 
at 165°C under nitrogen flow. 

To increase the reliability of the measurements, both Kraemer’s and Huggins’s expressions were used. In 

Figure 3, both inherent viscosity (Kraemer) and reduced viscosity (Huggins) plots appear linear. The error 

bars indicate the uncertainty deduced from the variation of the absolute measured viscosities. 

Moreover, the sum of the obtained Huggins and Kraemer constants was relatively close to 0.5 for all 

samples. Hence, it is verified a posteriori that the experiments were indeed carried out in the dilute 

regime. Theoretically, both lines should give the same intercept at c=0. However, practically, they can be 

slightly different, likely because of the concentration measurements uncertainty which can be relatively 
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important. Nevertheless, in these cases, the intrinsic viscosity was considered as the average value of 

these intercepts. By this way, the possible uncertainty on the concentration which would affect the 

abscissa axis of the plots is not entirely transferred to the intrinsic viscosity values. The obtained intrinsic 

viscosities for all of the calibrating samples are presented in Table 1. The viscosity measurements of the 

rest of the calibrating samples are reported in Supplemental Material. 

 

 

 
Figure 3: Kraemer’s inherent viscosity and Huggins’ reduced viscosity as a function of the concentration for HDPE3, HMWPE8, 

and UHMWPE GUR4150 solutions in oil. The curves for the determination of [] of the other calibrating samples are reported in 
Supplemental Material. 

Table 1: Experimental results of Intrinsic Viscosity of the calibrating HDPE samples (2,3,4,5). 

Sample designation Intrinsic Viscosity (dL.g-1)  Mw (g.mol-1)* Mn (g.mol-1)* 

HDPE5 1.98 145 500 33 000 
HDPE4 3.07 278 000 59 000 
HDPE2 3.42 441 000 101 000 
HDPE3 4.91 693 000 172 000 

*Determined by SEC analysis 
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As expected, the intrinsic viscosity clearly increases with the polyethylene molar mass (Table 1). These 

results are used to plot the calibration curve in the log-log scale as described by the Mark-Houwink 

Sakurada (Eq 10). 

 

Figure 4: Calibration curve following the Mark-Houwink Sakurada Equation using the calibrating HDPE samples (determined 
by SEC). In black, the obtained calibration line. 

The slope of the straight line in Figure 4 gives α= 0.552 and the y-intercept gives log 𝐾= -2.5461. Thus, 

the Mark-Houwink Sakurada Equation for polyethylene in process oil at 165°C is written as: 

 [𝜂] = 2.84 × 10−3𝑀0.552 at 165°C (11) 

The obtained alpha value is consistent as it respects its upper and lower limits, as previously discussed 

(0.5 < α < 0.8). Based on this result, the molar mass of higher molar mass samples can be obtained from 

the solution rheological measurements. Indeed, the intrinsic viscosities of GUR4150 and of HMWPE8 

were measured following the same procedure and values of 20.83 g.dL-1 and of 6.43 g.dL-1 were 

respectively obtained (Figure 3). Then, by reversing Eq. 11, the viscosity average molar mass is 

determined: Mv= 10 040 000 g.mol-1 for GUR4150, which is very close to the value mentioned by the 

supplier (9 200 000 g.mol-1) and Mv= 1 192 000 g.mol-1 for HMWPE8. These results will be verified by 

similar viscosimetry method in TCB. 

As size exclusion chromatography may be questionable for high molar mass polymers (> 106 g/mol) and 

in order to control further the values of molar mass of polyethylenes used in the study (the investigated 

HMWPE8 and GUR4150), intrinsic viscosity measurements in TCB were performed using the viscometer. 

The obtained viscosity average molar masses of GUR4150 and HMWPE8 samples are consistent with the 

Mv measurements using the rotational rheometer and the obtained Mark Houwink Sakurada parameters 

as seen in Table 2. For GUR4150, the obtained values are 10 040 000 g.mol-1 and 9 418 000 g.mol-1 

respectively from the rheological measurements in naphtenic oil and from the Viscometer in TCB. These 

values remain close to that given by the supplier. The same accordance is found for HMWPE8 sample, 
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although the value of Mv obtained from the viscometer (1 677 000 g.mol-1) is relatively higher than the 

results obtained using rheology in oil Mv (1 192 000 g.mol-1). Nevertheless, it can be mentioned that from 

another rheological measuring method, a value of Mw (1 400 000 g.mol-1) much closer to 

1 192 000 g.mol-1 was obtained for the same material [35]. 

Table 2: Average molar mass from Viscometer and SEC analysis and supplier values for HMWPE8 and GUR4150 respectively. 

Sample designation MV (Rheology) in oil Mv (Viscometer) in TCB Mv Supplier Information 

HMWPE8 1 192 000 g.mol-1 1 677 000 g.mol-1 - 

GUR4150 10 043 000 g.mol-1 9 418 000 g.mol-1 9 200 000 g.mol-1 

 

To complete, in Figure 5, the calibration straight line extrapolated to high values, together with the 

values for HMWPE8 and GUR4150 obtained from the viscometer measurements are plotted. As already 

mentioned, the value for HMWPE8 is slightly apart from the line but all together, the results are very 

consistent despite the fact that the extrapolation was made on a large scale. It can be added that, from 

the standard deviations obtained for the measured viscosities, the uncertainty of the extrapolations to 

the intrinsic viscosities was deduced. Then, this uncertainty was transmitted in Figure 4 and Figure 5. 

However, due to the broadness of data range and the logarithmic plots, these error bars remain very 

small comforting the results reliability (In Figure 5, error bars are indistinguishable from the symbols). 

 

Figure 5:  Calibration straight line of polyethylene in naphthenic oil at 165°C and comparison with measured values for all 
samples (ranging from 145 000 g.mol-1 to 10 000 000 g.mol-1). 

 

Conclusion 

 

In this study, a method for measuring the viscosity average molar mass of polyethylene in a novel non-

toxic solvent has been elaborated. A rotational rheometer equipped with a Couette’s cell was used to 

determine the intrinsic viscosities of four synthesized high density polyethylene samples of known molar 
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mass. The used solvent was naphthenic oil which can be an advantageous alternative for the more and 

more questioning toxic solvents used for their analysis. The intrinsic viscosities of the calibrating samples 

were used to obtain a calibration curve from which the Mark Houwink Sakurada parameters for 

polyethylene in naphthenic oil at the working temperature (T= 165°C) has been extracted. The obtained 

parameters (= 0.552, K= 2.84 × 10−3 dL.g-1) were then used to determine the viscosity average molar 

mass of a high molar mass polyethylene and an ultra-high molecular weight polyethylene. The results 

were contiguous with the values communicated by the supplier and those experimentally acquired using 

viscosimetry, hence validating the proposed procedure. The findings of this paper cover a wide range of 

molar mass of polyethylene (145 000 – 10 000 000 g.mol-1) and are of relevance in determining very high 

molar mass that cannot be obtained conclusively with the existing chromatography techniques. It must 

be conceded however that the procedure cannot be easily automated as it is for SEC or Ubbelohde 

device. 

 

Supplemental Material:  

 

See Supplemental Material for the viscosity measurements of all the calibrating samples. 
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Supplemental Material: 
 

Examples of time sweep experiments showing the stability of the measured viscosity 

for at least 30 minutes: 
 

 

Figure S1 : Measured Viscosity as a function of time one UHMWPE GUR4150 solution and one HMWPE8 solution in Nytex 820 oil 
(𝛾̇=50 s-1, T = 165°C). 
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Measured viscosity curves as a function of the shear rate for all of the PE solutions :  

 

 

Figure S2 : Viscosity as a function of shear rate of UHMWPE GUR4150 solutions in Nytex 820 oil at different concentrations 
(T = 165°C). 

 

Figure S3  : Viscosity as a function of shear rate of HDPE3 (693 kg.mol-1) solutions in Nytex 820 oil at different 
concentrations (T = 165°C).  
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Figure S4 : Viscosity as a function of shear rate of HDPE5 (145 kg.mol-1) solutions in Nytex 820 oil at different 
concentrations (T = 165°C).  

 

Figure S5 : Viscosity as a function of shear rate of HDPE2 (441 kg.mol-1) solutions in Nytex 820 oil at different 
concentrations (T = 165°C).  
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Figure S6 : Viscosity as a function of shear rate of HDPE4 (278 kg.mol-1) solutions in Nytex 820 oil at different 
concentrations (T = 165°C).  

 

 

Figure S7 : Viscosity as a function of shear rate of HMWPE8 (1140 kg.mol-1) solutions in Nytex 820 oil at different concentrations 
(T = 165°C).  
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Determination of the intrinsic viscosity for all PE samples (Kraemer and Huggins 

plots) : 

 

Figure S8 : Kraemer’s inherent viscosity and Huggins’ reduced viscosity as a function of the concentration for UHMWPE GUR4150.  

 

Figure S9 : Kraemer’s inherent viscosity and Huggins’ reduced viscosity as a function of the concentration for HDPE2 
(441 kg.mol-1)  
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Figure S10 : Kraemer’s inherent viscosity and Huggins’ reduced viscosity as a function of the concentration for HDPE3  
(693 kg.mol-1)  

 

Figure S11 : Kraemer’s inherent viscosity and Huggins’ reduced viscosity as a function of the concentration for 
HDPE4 (278 kg.mol-1)  



21 
 

 

Figure S12 : Kraemer’s inherent viscosity and Huggins’ reduced viscosity as a function of the concentration for HDPE5 
(145 kg.mol-1)  

 

Figure S13 : Kraemer’s inherent viscosity and Huggins’ reduced viscosity as a function of the concentration for HMWPE8.  

 

 

 

 


