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Aminobutadienes. XII. A Method for Modification
of Polypropylene Fiber by Graft Copolymerization
with 1-Phthalimido-1,3-butadiene by
Thermal Mastication*t

AKIRA TERADA, Department of Industrial Chemistry,
Kyushu Institute of Technology, Kitakyushu, Japan

Synopsis

The high reactivity of 1-phthalimido-1,3-butadiene for either homopolymerization or
copolymerization was applied to prepare a graft copolymer with isotactic polypropylene
using a roll mill. Five reaction systems containing the monomer 0, 1, 3, 5 and 109 in
polypropylene were allowed to react at 175°C. under atmospheric pressure for 10 min. to
give the graft copolymers. The resulting resin, tough and rigid, was melt-spun to give a
single filament. This filament was extracted with 1,2-dichloroethane to remove the
remaining monomer and homopolymer. The percentage of the grafted monomer against
the feed was determined by ultraviolet spectroscopy. This modified method did not
result in gel formation or decreased viscosity. Accordingly, spinning could be easily
carried out. After fivefold stretching of the filament in hot water of 95°C., the tensile
strength was almost identical to that of a sample obtained from the original polypro-
pylene. However, a considerable decrease in elongation was observed. The filament can
be dyed uniformly with some basic dyes at a rate proportional to the imidobutadiene
contents. After hydrazinolysis, the filament acts as an anion-exchange fiber and im-
bibes acid dyes homogeneously throughout.

INTRODUCTION

Such fibers as poly(vinyl chloride), poly(vinylidene chloride), polyethyl-
ene, and polypropylene contain no sites for dye absorption. Particularly,
the conventional process for dyeing of isotactic polypropylene fiber en-
counters difficulties. Many processes to improve the dyeability have been
tried, and some methods suitable for dyeing have been reported.*> One plan
consists of introducing dyeable functional groups such as amino, hydroxyl,
and carboxyl groups by graft copolymerizations with monomers having such
groups into polypropylene fiber. The procedures have been earried out by
the use of catalyst, high energy irradiation, or by peroxidation. On the
other hand, the method of graft and block copolymerization initiated by
mechanochemical and thermoxidative degradation of high polymer which
will be described here has often been used for the same purpose.

* Paper presented at the Oita Meeting of the Chemical Society of Japan, Oita, Dec.
1965.
1 For the preceding papers in this series, see Murata and Terada.l?
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It is well known that the tertiary carbon-hydrogen linkage which is
existent in each monomer unit in a polypropylene molecule constitutes a
weak point under heating, and the hydrogen bonded to such a tertiary
carbon is more readily removed by hydrogen abstraction than those on
secondary carbon. The tertiary carbon radical then affords the hydro-
peroxide under oxygen atmosphere, and its decomposition affords radicals
initiating graft copolymerization.* Previously, we have found that
1-phthalimido-1,3-butadiene rapidly polymerized either radically or ther-
mally to give the high polymer having a reduced viscosity of approximately
4, which preferentially contained the 1,4-configuration and approximately
209, of the 3,4-configuration.®* This monomer also copolymerized well with
other vinyl monomers such as acrylonitrile, methyl methacrylate, styrene,
and N-vinylphthalimide, and gave the Alfrey-Price parameters as high as
@ = 175 and ¢ = +0.06.2

The enhanced reactivity of this monomer in copolymerization suggested
use for the above-mentioned purpose. This paper will deal with a modifica-
tion of isotactic polypropylene by graft copolymerization with 1-phthali-
mido-1,3-butadiene with the use of a roll mill.

EXPERIMENTAL

Materials

1-Phthalimido-1,3-butadiene (1-PB) was prepared as reported previously®
and was obtained as yellow needles with a melting point of 114.5-116°C.
Isotactic polypropylene (PP) pellets were obtained commercially [M.1., 6.0
g./10 min., 230°C. (ASTM D1238-52T); m.w., 22 X 10%; m.p., 164-170°C.;
D, 0.90 g./cc. (ASTM D792-50)].

Procedures

The mill used had chrome-plated roilers having the dimensions 7 cm.
diameter and 15.0 em. length. The roll speeds were 26 rpm (front) and 22
rpm (back). The rolls were electrically heated and the surface temperature
as measured with a thermocouple was considered the reaction temperature.
The samples were milled for 10 min. at 175°C.

The resulting graft copolymer was melted in a spinning cell at 275°C.
under 4 kg./em.? nitrogen pressure. The spinneret at the bottom of the
cell, made from a copper alloy, had a hole 0.25 mm. in diameter. The fila-
ment emerging from the hole into air, traveled 1 m. downward vertically,
and after worming through a cold water bath, another 1 m. horizontally,
and then was wound up by a bobbin at a rate of 53 m./min.

Extraction

The filament was subjected to Soxhlet extraction with 1,2-dichloroethane
and then dried by the use of a drying pistol under 2 mm. Hg at the boiling
point of methanol for 1 hr. This drying procedure was enough to give a
constant weight.
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Hydrazinolysis

The filament extracted above (approximately 0.5 g.) was refluxed with
10 ml. of hydrazine hydrate for 20 hr. After washing several times with
boiling water and boiling ethanol, the sample was dried under vacuum
as above.

Determination of Anion-Exchange Value

A dried sample obtained from the hydrazinolysis (approximately 0.5 g.)
was weighed and immersed in 100 ml. of 1¥ sodium hydroxide at room tem-
perature for 24 hr. and washed repeatedly with portions of boiling water
until the washings became neutral. The sample was immersed in 100 ml.
of 0.01N hydrochloric acid at room temperature for 24 hr., and the remain-
ing acid was titrated with 0.01N sodium hydroxide.

Spectroscopic Analysis

The absorption intensities were recorded on a Shimazu Model IR-27A
infrared spectrophotometer and on a Shimazu ultraviolet spectrophotom-
eter. For these measurements, the sample was melted between two photo-
graphic glass plates on a hot plate kept at 180°C. and pressed to give a thin,
flat film of about 20 . of thickness. The resulting film could easily be freed
from the glass plates by briefly immersing in water. After air drying, the
film thickness was measured by using a micrometer. The absorption in-
tensities in the ultraviolet region were calculated by converting to 100 p
thickness of film by using the corresponding No. 1 sample as a compensative.

Viscosity
The relative viscosity of the grafted copolymers and hydrazine-treated

copolymers was determined as a 19, solution in 1009, 1,2,3,4-tetrahydro-
naphthalene at 120°C. in an Ostwald viscometer.

RESULTS AND DISCUSSION

The reaction was carried out for 10 min. under atmospheric pressure at
175°C., which is the melting point of isotactic polypropylene. The mono-
mer content in the reaction mixture was limited to below 109, because the
use of more monomer results in a polypropylene fiber of less than optimal
properties. A rapid disappearance of the strong yellow color of the mono-
mer was observed during the first 5 min. of reaction.

The resin obtained as a tough, rigid plastic was melt-spun at 275°C.
under 4 kg./cm.? nitrogen pressure into a single filament of 20 x diameter.
In order to remove the remaining monomer and the homopolymer, the
filament was extracted with 1,2-dichloroethane (b.p. 83°C.) for 26 hr. with
a Soxhlet extractor; the extraction was virtually completed after 20 hr.
(Table I).* 1,2-Dichloroethane was used here because it is a solvent for

* Completeness of the extraction was shown by the fact that the absorption intensity

at 1710 em.™! was almost unchanged after two reprecipitations from the hot 1,2,3,4-
tetrahydronaphthalene solution into a large amount of 1,2-dichloroethane.
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Fig. 1. Infrared spectra.

the monomer and homopolymer but not for isotactic polypropylene.*
Even the standard sample prepared directly from the original polypro-
pylene pellets, shows a weight loss of 1.839,. We suppose that this could
come from the stabilizers present initially, while a few of soluble products
should be formed by the thermal and oxidative decompositions of the
polypropylene during mastication and melt-spinning processes, and further-
more the polypropylene filament itself may not be absolutely insoluble in
this solvent under such extraction conditions. It seems reasonable that the
first factor aceounts for the extraction loss, however, since the loss was less
than expected and commercial polypropylene generally contains approxi-
mately 19, of stabilizers.

1-Phthalimido-1,3-butadiene and its polymer have the characteristic
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Fig. 2. Ultraviolet spectrum of 1-phthalimido-1,3-butadiene polymer on polypropylene
film.

absorption peaks at 1710 and 1764 cm.! assignable to the phthalimido
carbonyl, and at 719 em.! from the o-disubstituted benzene (Fig. 1). The
determination of 1-PB content in the copolymer by the infrared spectra
was initially undertaken by using these key bands. However, these peaks
are poorly defined at low 1-PB concentration. Also the gravimetric deter-
mination by extraction, as shown in Table I, gave increased errors at low
1-PB content. On the other hand, N-alkyl phthalimide in general and
1-PB polymer have some strong absorption peaks in the ultraviolet region
(Fig. 2),* while polypropylene was virtually transparent in this region.
Consequently, the content of the 1-PB in the graft copolymer after extrac-
tion was determined by ultraviolet spectroscopy on comparison of the
absorption intensity with that of a sample of known concentration before
extraction (Table I, Figs. 2 and 3).

*For example, N-allyl phthalimide in ethanol solution shows peaks at 219 and 295
mu (e = 46,300 and 2280, respectively).
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® After extraction
Fig. 3. Ultraviolet spectra of graft copolymers.

The monomer in cyclohexane solution exhibits the strongest absorption
maximum at 278.5 mu (¢ = 35,400).” Figure 3 shows no residual monomer
in the filament samples as all of the curves lack any perceptible peak near
this position.

Since this copolymerization was carried out in the melt and in the pres-
ence of oxygen, the initiation must come primarily from the tertiary carbon
radical on the polypropylene backbone produced in thermal scission of the
tertiary carbon-hydrogen bond rather than from the secondary carbon
radical formed by main-chain scission on mastication. Graft copolymeri-
zation should therefore be favored over block copolymerization. This
hypothesis can be supported by the results of viscosity measurement
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TABLE 1I
Viscosily
Sample
no. Treatment Nyp/C
Standard» 1.307
1 Before extraction 1.330
1 After extraction with 1,2-dichloroethane 1.338
2 1.325
3 1.348
4 1.406
5 1.415
1 After hydrazinolysis 1.168
2 1.304
3 1.307
4 1.312
5 1.319

» Obtained directly from the original polypropylene pellets.

(Table IT). There is no significant viscosity decrease which would accom-
pany a drastic molecular scission. This modification method should be
exempted from gel formation, because the initiation and copolymerization
were carried out in the presence of monomer and of oxygen. In fact, the
copolymer contained no gel and was homogeneously soluble in hot sym-
tetrachloroethane, so that the melt-spinning process proceeded with easc
and no thread breaking was observed.

The filaments obtained by this graft copolymerization process are easily
dyed uniformly throughout the cross-section by using basic dyes and treat-
ment similar to that used for wool. For example, Victoria Blue (cone.)
satisfactorily dyed these filaments at a rate proportional to their 1-PB
content. The dyed filaments resist boiling ethanol extraction for 30 min.
and another soaping for 1 hr.

The phthalimido group in these filaments can also be converted into the
free amino group on hydrazinolysis.® After treating with hydrazine, these
filaments contain free amino groups and no amido and imido groups, as are
shown in Figure 1. The weight loss of these filament samples after hydra-
zinolysis should be 659%, of the original weight of grafted monomer, and the
weight loss must be proportionally greater in the more grafted sample.
However, the samples 2 and 3 in Table III showed weight decreases smaller
than the expected values, compared with sample 1 which did not contain
any grafted 1-PB. The sample 5, furthermore, showed a little increase.
Also sample 1 in Table ITI, which must not have any amino group or any
anion-exchange ability, shows a clear anion-exchange value of 0.0043
meq./g. These results suggest that these hydrazine-treated fibers contain
hydrazine in such forms as, for example, hydrazones of some carbonyl com-
pounds which may be formed by air oxidation of polypropylene chain. We
would suppose that this also plays some role in the above weight increase.
At present, however, we cannot prove the origin of weight increase and
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TABLE III
Weight Changes of the Filaments on Hydrasinolysis

Sample wt., mg.

After Wt. change
Sample no. Initial hydrazinolysis mg. %
1 493.03 489.71 -3.32 —0.67
2 451.30 450.10 —1.20 —0.27
3 492.05 491.00 —1.05 —-0.21
4 494.08 493.76 —0.32 —0.06
5 482.94 486 .40 +3.46 +0.76

hydrazone formation. Because the formation of a carbonyl group must
accompany the backbone scission of polypropylene molecule, this disagrees
with the viscosity data (Table IT). The weight increase is accountable for,
in part, by the oxygen absorption on oxidation of the grafted polymer.

The ultraviolet spectrum of each of the hydrazinolyzed samples shows a
strong absorption maximum at 232.5 mu (Fig. 4). Also, in the infrared spec-
trum (Fig. 1), a peak of 1610 em.™! becomes moderately strong. The
peaks in the ultraviolet region are conspicuous, while the intensity of the
peak in the infrared region is still weak. These facts suggest the existence
of a conjugated oxime structure,®:1%s —C=C—C=NOH (in general, Amax
= 236 £ 6.5 my, ¢ = 12,000-23,000)." Previously, we observed in some
polyvinylamine derivatives that free polyvinylamine was rapidly oxidized
in air with color darkening.!2-'® Since this hydrazine-treated filament has
an allylic amine structure (I), it might be easily oxidized by oxygen or
by some peroxides produced on the polymer molecule itself to conjugated
oxime (IT).t1>.14

-[—CHr—CH:CH—-C I'I—:I- -~ -L—CHz-CHzCH——CI»——:I—
L bl L Now |
I II

This filament acts as an anion-exchange fiber (Table IV) and, as a matter
of course, could be dyed with acid dyes such as Naphthol Yellow S at a rate
proportional to its amine content. The resulting dyed sample also resists
soaping for 30 min.

Table V shows the results of the physical tests of these filaments. All
of the samples, before test, were drawn 5X in hot water bath at 95°C.
and had a circular cross section 9 u diameter. These results indicate that
the present procedure for graft copolymerization does not greatly decrease
the tensile strength of polypropylene but results in considerable decrease in
elongation compared with those of the standard sample as found in Table
V, for a reason not presently understood. The former conclusion also
supports our prior hypothesis obtained from the viscosity data that scission
of the polymer backbone virtually does not occur. However, these results
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Fig. 4. Ultraviolet spectra of graft copolymers after hydrazinolysis.

TABLE 1V
Anion-Exchange Values of the Filaments

Anion-exchange value,

Sample no.? meq./g.
1 0.0043
2 0.0052
3 0.0110
4 0.0164
5 0.0282

s After hydrazinolysis.
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TABLE V
Tensile Strength and Elongation of Filaments at 25°C.#

Ultimate strength?

Sample Elongation at
no. Treatment g % break, 9,°
Standard® 35.8 100 100
1 After extraction with 35.4 99 70
2 1,2-dichloroethane 42.0 117 30
3 38.6 108 40
4 33.4 93 80
5 30.6 85 50
1 After hydrazinolysis 49.2 137 100
2 36.2 101 40
3 45.2 126 60
4 35.0 98 50
5 31.0 87 40

s Determined by an Instron tensile tester. Filaments of 9 &= 0.2 p in diameter were
selected.

b Average value of five filaments.

¢ Obtained directly from the original polypropylene pellets.

suggest to us that the use of more than 109, monomer may produce a
polymer with less than the optimal properties of polypropylene fiber.

Inspection of the filaments through a microscope (400X magnification
with a stage micrometer) indicated that they had excellent circular cross-
section and the diameter was almost uniform, and that the filaments, after
solvent extraction, had many tubercular processes on the face and holes
imside. That is, they were very porous, again suggesting ease of dyeability.
The drawing of the filament made the surface very smooth and the fiber
white, because of many striped patterns formed by drawing, especially in
the hydrazinolyzed filament.

The author is much indebted for skilled technical assistance of Messrs. Masao Egami,
Takahiro Muraoka, Shigeru Oda, and Nobuyuki Yoshida. Also he wishes to thank the
Government Industrial Research Institute, Osaka, for the use of the roll mill.
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Résumé

La réactivité élevée du 1-phthalimido-1,3-butadiéne & 1’égard soit de I’homopoly-
mérisation, ou de la copolymérisation, a été appliquée en vue de fabriquer des copoly-
meres greffés avec le polypropylene isotactique en utilisant un laminoir. Cing systémes
de réaction contenant du monomere dans le polypropyléne dans l'ordre 0, 1, 2, 3, 5 et
10% ont été soumis & réaction & 175°C sous pression atmosphérique durant 10 minutes
en vue de former des copolymeres greffés. La résine résultante, dure et rigide, était filée
a ’état fondu pour fournir un filament unique. Ce filament était extrait avec du 1,2-
dichloroéthane en vue d’éliminer le monomere résiduel et le homopolymere. Le pour-
centage de monomere greffé en fonction du mélange de départ a 6té déterminé par spec-
troscopie ultraviolette. Cette méthode de modification n’entraine pas la formation de
gels, ni de diminution de viscosité. De méme le processus de filature peut étre facilement
appliqué. Aprés un étirement quintuple du filament dans I’eau chaude 4 95°C, la force
de tension est pratiquement identique & celle d’échantillons obtenus au départ de propy-
lene de départ. Toutefois, une diminution considérable d’élongationa été observée. Ce
filament peut &tre teint uniformément méme & I'intérieur du filament avec certains col-
orants basiques & une vitesse proportionnelle & la teneur en imidobutadiéne. Apres
hydrazinolyse, le filament agit comme fibre échangeur d’anions et absorbe certains
colorants acides de fagon homogene 3 travers toute la section transversale du filament.

Zusammenfassung

Die grosse Reaktionsfihigkeit von 1-Phthalimido-1,3-butadien sowohl bei Homopoly-
merisation als auch bei Copolymerisation wurde dazu verwendet, um Pfropfcopolymere
mit isotaktischem Polypropylen in einem Walzwerk herzustellen. - Man liess die fiinf
Reaktionssysteme, die der Reihe nach 0, 1, 2, 3, 5 und 109, des Monomeren in Poly-
propylen enthielten, bei 175°C unter Atmosphérendruck 10 min reagieren, um die
Pfropfcopolymeren zu erhalten. Das enstandene Harz, das zih und hart war, wurde
aus der Schmelze zu einem unendlichen Faden versponnen. Dieser Faden wurde zur
Entfernung des restlichen Monomeren und Homopolymeren mit 1,2-Dichlorathan
extrahiert. Der auf die enigesetzte Menge bezogene Prozentsatz an aufgepfropftem
Monomeren wurde mittels Ultraviolett-Spektroskopie bestimmt. Diese Modifizierung
bewirkte weder Gelbildung, noch eine Abnahme der Viskositit. Demgemiss war das
Spinnverfahren leicht durchzufithren. Nach einer Dehnung des Fadens in heissem
Wasser von 95°C auf das Fiinffache war die Zugfestigkeit nahezu identisch mit der einer
aus dem urspriinglichen Polypropylen erhaltenen Probe. Es wurde jedoch eine betricht-
liche Abnahme der Elongation festgestellt. Diesen Faden kann man einheitlich bis ins
Inpere mit einigen basischen Farbstoffen firben, mit einer Geschwindigkeit, die dem
Imidobutadien-Gehalt proportional ist. Nach Hydrazinolyse wirkt der Faden wie eine
Anionenautstauscher-Faser und nimmt einige saure Farbstoffe homogen iiber den
gesamten Querschnitt auf.
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