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Solvent Extractive Fractionation of Ziegler Polystyrene
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In the preceding paper1), one of the authors 
pointed out the possibility of the extractive 
fractionation of Alfin Polystyrene with solvents 
other than acetone 2), ethyl methyl ketone2,3) 
and benzene4). In the present paper, the authors 
wish to report that the polystyrene samples 
polymerized by the Ziegler catalyst were sepa-
rated into two parts, i. e., crystalline and 
amorphous, by extractive fractionation with 
several solvents. 

The solvents have been selected on the basis 
of the results of the solubility-test and the 
solvent extractive fractionation in the previous 
work1). The densities and the ratios of the 
intensities of the infrared spectra (D984/D1028) 
of the extractive residues were measured in 
order to check the extractive fractional ability; 
the molecular weights and melting points of 
the residues were also measured. 

One of the authors has reported previously 
that the infrared intensity (D984) was propor-
tional to the X-ray crystalline contents). How-
ever, as shown in Fig. 1, the X-ray crystallinity 

percentage with a vibration of densities be-
tween 1.05 to 1.08 did not vary in proportion to

the infrared ratio. Accordingly, X-ray diagrams 
have not been used in the present studies. 

The physical properties measured are sum-
marized in Table I. 

It is seen that of the densities of the extrac-
tive residues resulting from the hot solvent 
treatment, the lowest is for ethyl methyl ketone. 
The decreasing order in the case of hot ex-
traction is; tetrahydrofuran, ethyl acetate, 
dioxane, cyclohexanone and ethyl methyl 
ketone. In the cold extraction, however, the 
highest value was obtained by using ethyl 
methyl ketone, and this was followed by ben-
zene, toluene, ethyl acetate and tetrahydrofuran. 

 The ratio of the infrared intensities (D984/ 
D1028) is linearly proportional with the density 
between 1.05 to 1.08, as is shown in Fig. 1. 
It is considered that these infrared ratios show 
the difference in crystallinity (or tacticity) of 
each residue. The decreasing order of the 
ratio in the hot extraction was as follows : 
dioxane, tetrahydrofuran, ethyl acetate and 
cyclohexanone. In the cold extraction, the 
order was benzene, ethyl methyl ketone, ethyl 
acetate, toluene, tetrahydrofuran and ether. 

The relation of the molecular weight to the 
fractional weight percentage of residue is shown 
in Fig. 2. 

The dotted line and the curved line (from 
right to left in Fig. 2) show the over-all process 
of the extraction. In the initial step, it is 
observed that the average molecular weight
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TABLE I. PHYSICAL PROPERTIES OF THE EXTRACTIVE RESIDUES; DENSITY, MOLECULAR 
WEIGHT (mol. Wt.) AND MELTING POINT (m. p.)

a) The IR ratio for atactic polystyrene had been presented as 16.

Fig. 1. Relationship between density and X-ray 
crystallinity, IR ratio and/or melting point.

◎ X-Ray crystallinity previously reported5).

○ IR ratio in this paper.

● Melting Point in this paper.

● Mclting pojnt of Alfin polystyrene (A.

Yamada,J. Chem. Soc. Japan, Ind. Chem-

Sec. (Kogyo Kagaku Zasshi), 64, 2208

(1961).

of the residue increases because the lower molec-

ular weight portion was extracted, but there-

after the molecular weight gradually decreases 

on account of the atactic, higher molecular

Fig. 2. Relationship between molecular weights 

and extractive fractional wt. % of residues. 

Molecular weight of the original sample is 

169 •~ 104. The number in the figure shows 

hot(h) or cold(c) solvent extraction respec-

tively;_

1 c-ether 2 h-ethyl acetate
3 c-toluene 4 c-ethyl methyl ketone
5 c-ethyl acetate 6 h-ethyl methyl ketone
7 h-dioxan 8 h-cyclohexanone
9 c-benzene

weight portion that is subsequently extracted. 
The several extractive types 1 to 6 in Fig. 2 
seem to resemble closely those of the hot or 
cold ethyl methyl ketone extraction. Cold 
benzene extraction especially, as is seen in Fig. 
2, differs from the other in respect to the 
dependency of the molecular weight on the 
solvent extractive fractionation. 

The residues have a higher melting point, 
and no information is offered to account for 
the differences in residues (see Table I). 

From the above-described results, it may be 
considered that the solvent extractive ability 
in hot extraction decreases in the order: 
tetrahydrofuran dioxan, ethyl methyl ketone 
and ethyl acetate. In the cold extraction the
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order is : benzene, ethyl methyl ketone, ethyl 

acetate and toluene. Cold benzene extraction, 

however, was an exception case. 

Experimental 

Ziegler Polystyrene. - A four-necked flask with 

a mechanical stirrer was filled with dried nitrogen. 

Then 200 ml. of dried isooctane, 13 ml. of titanium 

tetrachloride and 25 ml. of triethyl aluminum (Al/ 

Ti=3.1) were poured through medical syringes. 

While the temperature was maintained at 80•Ž, 

500 ml. of freshly distilled styrene monomer diluted 

with 500 ml. of dried benzene was added dropwise 

over a six-hour period. After heating the mixture 

for 18 hr. at 80•Ž while stirring it, ethanolic hydro-

gen chloride was poured into the flask at 0•Ž. The 

dried crude polymer was obtained in a yield of 

88%. The lower molecular weight portion was 

discarded by hot acetone extraction. After filtra-

tion of the small amount of residue, the filtrate 

was reprecipitated with methanol. The fine poly-

mer was obtained in a yield of 11%. 

Treatment with n-Heptane6).-Before extraction, 

the sample was treated with boiling n-heptane for 

five hours and then cooled gradually to room tem-

perature. 

Extraction.-In the hot extraction, a Soxhlet ap-

paratus was used at a temperature several degrees 

below the boiling point of the solvent. In the cold 

extraction, a Soxhlet-type apparatus equipped with 

a drying tower was used at room temperature (15•`

20•Ž). 

Density. - A floatation method with a sodium 

chloride aqueous solution was used for the measure-

ment of the density at 25•Ž. The measurement 

error is •~0.0005. The sample used was the same 

as that used for infrared measurement. 

Measurement of Infrared Spectra.-Film speci-

men 0.05 mm. in thickness were prepared by 

casting on a mercury surface a chloroform solution 

that had been prepared by heating it in a sealed 

tube at 100•Ž. Before the measurement, the films 

were annealed at 200•Ž. The infrared spectra were

measured in the region of 3500•`700 cm-1 using a 

Nippon Bunko DS-201 spectrophotometer. 

Molecular Weight.-The molecular weight was 

determined from viscosity measurements in benzene 

solution (concentration (C) ; 0.4 g./100 ml.) at 25•Ž. 

The molecular weight (M) ; was computed using 

the two following equations, 11) and 21):

(1)

(2)

where ƒÅr is the relative viscosity and [ƒÅ] is the 

intrinsic viscosity. 

Melting Point.-Determined as the point of clear-

ance or initial flow using a Shimadzu melting 

point apparatus. 

Materials.-The solvents were purified by the 

usual methods. The boiling points are shown in 

parentheses : ethyl methyl ketone (79.6•`79.8), 

cyclohexanone (154.5•`156.2), tetrahydrofurane 

(66), dioxane (100.5•`101.2), ethyl acetate (76.9•`

77.1), ether (34.5), benzene (79.5•`79.8) and 

toluene (110.2•`110.5). 

Summary 

The solvent extractive fractional ability has 

been described, using Ziegler polystyrene as 

sample. The order in hot extraction is tetra-

hydrofuran •„ dioxane •„ ethyl methyl ketone

≧ethyl acetate, while that in cold extraction

is benzene •â ethyl methyl ketone •† ethyl 

acetate = toluene.
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