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Intrinsic Viscosity Studies of Linear Polyethylene Fractions in 
Good and Poor Solvents 

INTRODUCTION 

The purpose of this investigation was to measure the dilute-solution Viscosity char- 
acteristics of relatively narrow fractions of linear polyethylene of low to moderately 
high molecular weight in a good and in a poor (theta) solvent and to compare the ex- 
perimental data with existing correlations. Viscosity measurements were made rapidly 
under a helium atmosphere to avoid polymer degradation. 

ExpERIMENTfi 

Nine fractionated linear polyethylene samples of Marlex 6009, furnished by Gulf Oil 
Company, were used in this study. The samples were fractionated and characterized 
by U.S. Industrial Chemical Company. Characteristics of the samples are listed in 
Table I. The fractions, particularly those below 30,000, are quite narrow. Viscosity 
measurements were made using a technique similar to that described by Flory et al.1 
All of the experiments were carried out a t  initial relative viscosities of leas than 2. Mea- 
surements were made a t  four or five concentrations based on equal volumes of added 
solvent. Elapsed time from preparation of the polymer solution to final Viscosity mea- 
surement was always leas than 2 hr. 

Viscosity measurements were made in decahydronaphthalene a t  135.OoC, a good sol- 
vent, and in diphenyl ether at 163.9OC, a poor (theta) solvent. 

Linear leashquares fits of vap/c and ln(v,c~)/c-versus-C data were used to obtain the 
intrinsic viscosities and values of k' and k". Flow time for decahydronaphthalene at 
135.OoC was 192 sec, and that for diphenyl ether at 163.9"C was 153 sec so that kinetic 
energy corrections were negligible. Corrections for the effect of shear rate on intrinsic 
Viscosity were also negligible. With the exception of sample 1, measurements were run 
on duplicate samples in order to determine the repeatability of the technique for ob- 
taining intrinsic viscosities (=k3%). The quantities of sample 1 available limited the 
number of measurements to one. Therefore, these data are leas reliable than those for 
the other samples. 

Several special experimental problems need to be taken into account in measuring the 
properties of linear polyethylene in solution at high temperature. The most serious of 
these are: 

Polymer oxidation and degradation can occur after proIonged exposure to high 
temperature. This problem was minimized by the use of an antioxidant, an inert at- 

1. 

TABLE I 
Molecular Weights of Linear Polyethylene Fractionsa 

Fraction no. M,XlO-* MdM, 

0.30 
0.62 
1.16 
1.95 
2.95 
5.80 

10.0 
14.5 
35.0 

1.30 

to 

1.54 2q 
3.50 

a All samples contain approximately 20 ethyl side chains per lo00 carbon atoms and 
contain less than one double bond per lo00 carbon atoms. 
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mosphere, a closed system, high-purity solvents, and by making measurements quite 
rapidly. 

2. Variations in solvent purity may have some effect on solution viscosities. From 
the refractive index results on the decahydronaphthalene used, it consisted of a mixture 
of trans (1.4828) and cis (1.4699) isomers or small amounts of even a third component., 
tetrahydronaphthalene (1.4614), which is difficult to separate from decahydronaphtha- 
lene. The effects of solvent purity were not investigated in this study, except that 
freshly distilled solvents were used in all cases. 

RESULTS AND DISCUSSION 

IntrinsicVidtiesand Huggins' Constants 

For the nine fractionated h e a r  polyethylene samples (0.3 < M,XlO-' < 35.0) in 
decahydronaphthalene a t  135"C, intrinsic viscosities ranged from 0.148 to 4.86 dl/g 
(Table 11). The intrinsic viscosities of some of the same samples (0.62 < M,X10-4 < 
5.80) in diphenyl ether at 163.9OC are all lower than in decahydronaphthalene, ranging 
from 0.156 to 0.732 dl/g (Table 111). 

Measurements of inherent viscosities vSp/c a t  concentrations of 0.1 g/dl were made to 
compare with [v ]  values in decahydronaphthalene at 135OC (Table 11). The differences 
did not exceed 6% for any sample, and the replacement of [TI by ( q a p / ~ ) e - ~ . ~  is not greatly 
in error. Thus, for many purposes, this more convenient determination can be used to 
approximate [v ]  . 

Huggins' constants k' and k" values are tabulated in Tables I1 and 111; k' + k" 
for all the samples in decahydronaphthalene at 135°C are between 0.47 and 0.54. Thus, 
all values deviate less than 8% from 0.50. The k' + k" values for samples in diphenyl 
ether at 163.9"C are between 0.50 and 0.54. 

Although a decrease in k' with increase in molecular weight has been predicted2 and 
has been observed experimentally in poly~tyrene~-~ (1.5 < M,X104 < 177) and in 
polyisobutylene 6 ~ '  (1.27 < M,X lo4 < 101) solutions in good solvents, the good-solvent 
data reported in Table I1 show no consistent variation in k' with molecular weight from 
6,200 to 350,000. The 3000 molecular weight sample gave 
an unusually low value, i.e., 0.24. This was the only sample on which only a single 
determination was made, and the result may be in error. De La Cuesta and Billmeyel.8 
obtained a k' value of 0.44 for an unfractionated linear polyethylene sample in deca- 
hydronaphthalene a t  135OC. Chiang obtained values of 0.39 to 0.41 in the same solvent 
for molecular weights ranging from 21,900 to 1,035,000.* The lower average k' value 

The average value is 0.35. 

TABLE I11 
Intrinsic Viscosities and Huggins' Constants for Polyethylene 

in Diphenyl Ether (163.9OC)" 

lIO.5 - 
(ke' + ke")l/ 

Sample 0.5) X 
no. M,XlO-4 [vlg ke' kg" kg' + kg" 100, 90 

2 0.62 0.156 0.41 0.09 0.50 0 
3 1.16 0.275. 0.44 0.10 0.54 8 
4 1.95 0.353 0.53 0.00 0.53 6 
5 2.95 0.467 0.53 0.00 0.53 6 
6 5.80 0.732 0.54 0.00 0.54 8 

a Owing to the limited amounts of the polymers, only five samples could be measured 
in this solvent. 
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to 

Fig. 1. Mark-Houwink plot for polyethylene in decahydronaphthalene at 135°C. 

obtained in this investigation probably reflects the narrower fractions studied com- 
pared with those measured in references 8 and 9. 

The results in Table I11 show that k' tends to  increase with molecular weight (6,200 to  
58,000) in a poor solvent. This reversal of the expected trend is probably due to  in- 
creased aggregation as the precipitation temperature is approached a t  high molecular 
weights. This reversal has been observed previously in poor-solvent solutions of poly- 
styrene, poly(methy1 methacrylate), and copolymers of the tw0,4 and of polyisobutyl- 
ene.6.7 

In good solvents, polymers have expanded conformations, and the resulting k' values 
are lower t.han in poor solvents. The k' values measured here (Tables I1 and 111) are 
significantly lower for the good solvent (decahydronaphthalene at 135°C) than the k' 
values of the same samples in a poor solvent (diphenyl ether at 163.9"C). Simha and 
Zakin,' Berry et a1.,1 Chou,7 and Luh5 found that, except for low molecular weights, k' 
values for linear polymers in good solvents are below 0.5, while for linear polymers in 
poor solvents they are near 0.5 or above. The data reported here are consistent with 
these observations. 

ChiangQ obtained the relationship [ q ]  = 6.2OX1Od4 M ,  0.70 for polyethylene in de- 
cahydronaphthalene at 135"C, using samples ranging in molecular weight from 2X lo4 
t o  1 x 106. A careful examination of the present data (Fig. 1) indicates that the data 
from 58,000 to  350,000 fit Chiang's equation quite well, while the lower molecular weight 
samples, 6,200 to 29,500, appear to  fit a parallel straight line lying below an extension 
of Chiang's line, i.e., lower value of K .  Tompa" shows that the value of K depends on 
the molecular weight distribution and the Mark-Houwink exponent a, with narrow dis- 
tributions having lower values of K .  The M,/M ,, ratios of these four lowest molecular 
weight samples are 1.30 to  1.54 (Table I )  and are lower than those of the four highest 
molecular weight samples ( M , / M ,  from 2.00 t o  3.50). The latter may be similar to  
the samples used by Chiang. This would explain the deviations observed for the low 
molecular weight samples and the good agreement ofi the high molecular weight samples. 

for samples 3 to 6 in diphenyl ether a t  163.9"C 
was obtained from a Stockmayer-Fixman plot, [q]/MOJ4 versus M0.m of the data. This 
is close td Ke = 29.5 X 10-4 reported by ChiangQ for polyethylene in diphenyl ether at 
161.4"C and Ke = 30.9X 10-4 reported by Nakajima and Hamada12 for the same system 
at 163.9"C. However, the same four low molecular weight samples tend to  lie below an 
extension of Chiang's equation (see Fig. 2). The explanation for this behavior is prob- 

An averaged value of KO = 27.1 X 
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ably the same as that for the deviations in decahydronaphthalene at 135"C, i.e., the 
narrower molecular weight distributions of these four samples. The deviation is less 
pronounced in the poor solvent. Maximum deviation was obtained with the 6200 
molecular weight sample which is below 104, the minimum molecular weight of poly- 
ethylene for which Nakajima and Hamada'* claimed a statistical treatment is valid. 
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