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This invention relates o new, linear, regular head-to-
tail polymers of unsaturated hydrocarbons of the formula

CH:=CHR

i.c., alpha-olefines, wherein R is a ssturated aliphatic, an
alicyclic, or an aromatic radical, copolymers of said un-
saturated hydrocarbons with one another, and copolymers
of the unsaturated hydrocarbons with at least one other
menomer copolymerizable therewith.

The unsaturated hydrocarbons of the general formula
as defined above are alpha-clefines in the broad sense, and
are thus understood 4o comprise such derivatives as, for
instance, styrene, R being the phenyl radical.

More particularly, the invention relates fo high molecs
ular weight crystalline poiymers of the higher homologues
and derivatives of ethylene as, for Instance, propylene,
butene-1, pentene-1, hexene-1, styrene and so on.

In the copeading application Serful No. 514,097, now
abandoned, filed by the same inventors, there is described
and claimed a method for producing the polymers and
copolymers of the alpha-olefines using, as polymerization
aid a catnlyst obtained by mixing a catalytic heavy metal
compound such as titanivm tetrackloride, and a catalytic
mstal alkyl compound such as alominum teiethyl, in a
solvent inert to the polymers to be formed, such as a
saturated aliphatic hydrocarbon, in a ratio sach that the
number of moles of the metal slkyl component is not
more than ten times the number of moles of the heavy
mctal compound and is preferably lesa than five times the
latter, as for instance, in a molar ratio of 10:1 to 3:1.

As i in said application Serial No. 514,097,
polymerization of the alpha-olefines can be accomplished
by mixing an inert solvent solution of the catalytic heavy
metal compound with an inert solvent solution of the
catalytic metal alkyl component, adding at lenst one of
the alpha-olefines, or a mixture thereof with another
monomer such as ethylene, to the cataly:t, and heating the
mass to effect the palymearization.

In a specific embodiment of that method there may be
used advantageously, as the metal alkyl component, a
compound in which the alkyl radicals contain the same
punber of carbon atoms as the alpha-olefine to be polym-
erdzed, Fur exmuple, the polymesization of propylens is
carried out with the aid of a catalyst prepared by mixing
an inert solvent solution of tripropyl aluminume with an
inert selvent solution of titanium tetrachloride, Higher
polymerization rates and increased yields of the poly-
propylens are thus obtained.

In another modification of the described polymeriza-
tion method, the alpha-olefines or mixtures containing
them are polymerized by preparing the catalyst from the
catalytio heavy metal compound and the catalytic metal
alkyl component in the presence of an clefine, most desir-
ably the alpha-olefine to be polymerized, Or the metal
alkyl component and the alpha-olefine, or polymerizable
mixturs are first brought together, and the heavy metal
compound is then added therste.

The present application is concerned with the alpha-
olefine polymers and copolymers obtained by the above-
mentioned metheds, which products are claimed herein.

These producis are, initially, mixtures or linear head-
to-fail polymers having no branches longer than R, which
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mixfures comprise, mainly, amorphous and crystalline
polymers which can be separated by fractional dissolution,
Thus, in the case of polypropylene for example, afier
removal of some oily, low molecular products, soluble in
acetone and wsually present in the polymerizate in cnly
small amounts, there may be obiained, by successive ex-
traction of the polymerizate with acetone, ether, and
n-heptans, sami-zolid to solid amorphouy polymers, solid,
partially crystalline polymers of higher molecular weight,
and highly crystalline polymers of very high moleculur
weight, having fber-forming properties. The high molec-
ular weight, high crystalline polymers may comprise 30
to 35% of the total polymer mixture.

These polymers, depeading on their steric structurs
and molecular weight, exhibit very different character-
istics. The amorphous polymers have viscous elastic
properties which He between those of n highly viscous
liguid #nd those of an unvuleanized, non-crystallizable
clustomer, while the solid, highly crystalline polymers,
which can be oriented by drawing, are fiber-forming.

Both the amerphous and crystalline pelymers are linear,
as shown by their infra-red spectra. In the case of the
propylene polymers of the invention, for example, both
the amorphous polymers and the crystailine polymers
have similar infra-red spestra which are completely dif-
ferent from the infra-red spectra of the known branched
polypropylene, Le., polypropylenc in which the branches
are lenger than R

The differences in the properties of our two types of
polymers must be attributed to a different distiibution,
along the main chain, of those asymmetric carbon atoms
having the same sieric configuration.

According to Flory (Principles of Polymer Chemistsy,
1953, pp. 55-36, 237-218) a vinyl polymer containing
asymmetric carben atoms as, for example

l'?. iII B H IEI R
b t‘“é- da k&
Bk ow ork ok

may be considered as a copolymer of two different mono-
mer
o = H H
Y e
£k ik

in one of which the asymmeiric carbon atom (C*) has
an fconfiguration, and in the other a d-configuration.

When sich monomer units conlaining an asymmetric
carbon atom showing a I or d-configuration recur statis-
tically along the pelymer chain, as is generally the case in
all of the previously known vinyl polymers, the polymers
may he considered as a copolymer of the two types of
structural upits and, therefore, if the substituent R
much larger than a hydrogen atom, the polymer is sub-
stantially non-crystalling and does not show any first erder
transiticn point.

Prior to this invention, the only viny! polymers known
to exist in both an amorphous and in a highly crystalline
form were the polyvinyl ethers prepared by Schildknecht
and co-workers (Ind. Epg. Chem. 40 (1948), p. 2104;
ibid., 41 (19-49),1:&. 1998, 2891).

In contrast to structure of the known polymers as
illustrated above, our polymers are not copelymers in
the sense of Flory, but have a high degree of crystallinity
because, apparently at least for long portions of the main
chain, 2l of the asymmetric C atoms have the same steric
copfiguration.

The structure of our new crystalline high molecular
weight polymers of the slphs-olefines was determined
from X-ray data on drawn fibers of the polymers.

The dimensions of the elementary cell for different



3,112,300

3
alpha-olefine polymers were measured by us and are
shown in Tabie I below. ‘

TABLE 1
Identity
oriod Kezoy povh Drensily
Polymer ) tho | melting density | by weight
cmih point, ® C.

axir, A,
Py PO wueao.| & SR04 1 0.04 .92
| 6 7020,1 155 1,90 0.5
Poly-alpha pentene, | 6, 80401 1 LT
Palystyreng. ... 008 b L1z 108

Norg~The XNeaya dvanitles wore saleubilel for gelystyrens and

g;ubmylueun the Lasis of sn Loxapomal eell (apave-group B g or | 5o
ving, ¥ vely, n=21.0 A, for polysiyrence and 173 A, for poly-

L The ecll eonleing Gobaim perlions confzinig each 3 inenonwesic
As o sutficknt data aee aval hb!l&t&ﬁmh]wh the cortect onil

geulgtggw e '&?&gg ﬁ‘ﬂg‘ﬁ%{lm; oL ﬁlﬂyﬂu urkw‘:.a a?’é‘ﬁnm
WL g=0.50 4., b=3.48 A, s=100° 3, and consddoring the mmsg-
paziad alung the fhor axise=is A,

From the above it is clearly apparent that the identity
period along the fiber axis Is, in all cases, in the range of
6.5-8.7 A,

A model of a portion of the main chain of a crystalline
poly-alpha-olefine according to the present invention, arbi-
trarily fully extended in a plane, in which the R substitu-
tents on the tertinry C atoms are all above, and their B
atoms below the plane of the chain, iy shuwn in FIGURE
1 of the accompanying drawing.

By comparing X-ray and density data, it may be seen
that each stratch of principal chain inciuded in the ele-
mentary  cell corresponds to 3 monomeric  units
(—CHyp—CHR~~), and that, therefore, a regular succes-
sion of monomeric units having slternating o and ! asym-
metric carbon atoms can be excluded. Among all possible
remaining regular suceessions of 4 and { asymmetric car-
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tially no branches longer than R and in which the asym-
metric carbon atoms of the two possible steric configura-
tions have a substantially rendom distribution along the
main chain, are recognized in the art (following us) as
“linear regular head-to-tail atactic™ macromolecules,

The term “isotactic” was originated by one of us,
G, Matta, for identifying the structure as illustrated in
the model, macromolecules having substantially that kind
of structure, and polymers consisting of the macromole-
cules having substantinlly that kind of structure, and is
used herein for convenience and conciseness, (See, for
exzmple, the article by Natta published in the Journal of
Polymer Science, April 1935, vol. XIV, Issue No. 82,
pp. 143-154, received for poblication on TFebrmary 17,
1953.)

An isstactic polypropylene macromalecule has substan-
tially the type of stereoregular structure illustrated in FIG-
URE 2 of the accompanying drawing, which shows a
model of a portion of such a polypropylene macro-
molecule, arbitrarily fully extended in a plane.

The isotactic structure fmparls {o the new products
properties not previously kaown for any polymer of an
unsatursted hydrocarbon of our type.

In fact those of our polyvmers having a high molecular
weight are, at room temperature, erystalline solids very
different, e.g. from the elastomers obtained by known
methods from isobutylene, which are erystallizable under
siress and show. a spiral-like limcar chain, but with a
different identity period. The known polyisobutviene, in
non-stretched condition, is crystalline only below room
temperature, whareas the crystalline polypropvlene, for
example of this mvention, only loses its crystallinity at
temperatures above 130° C.

The substantial differences In the physical propertics
of the two types of polymers which we have prepared,
are summarized in the following Table 2.

TABLE ¥
s | e Ingessared !solnt!m oty | Do
= - Iate ng
Falymor tinn, tion, | density | Acotone | othyl o ether  {n-heptane| Toluens
= gp :5%:?. i
Commezelsl Polyathylonn_ s 100130 o IR [
Ci 1) Pdiyi,;;u;ylmu,.. i 88, a,
Amarphious Enlmop{:iam 8. 8, V.8,
Crystalline Pnlﬂ-;;lgxa e, i 5. V.B.
Amorphious Polyaiphinbatenn. &, V.8, VLR
Crysialiing Polyalphapontens., B8, a, V.,
A 8. V.8, V.8,
i 1 a,
8. - V.8,

} Roatigetiographie melting point.

{=insolable,  Bsesombie,
bon which could fead to a crysialline polymer it is believed,
on the basis of the Xeray data, that the most probable
is the one in which, at feast for Jong portions of the main
chain, all the asymmetric C atoms have the same sleric
configuration.

In this case the stable existence of a planar fully ex-
- tended paraffinic chain is most unlikely owing to the steric
hindrance of the substituent groups B, In the crystalline
state, the main chain must therefore assume a non-planar
conformation. We have found this conformation to b
spiral-like.

The hypothesis of a coiled conformation of the main
chain in the crystalline state agrees with the value of the
identity period afong the same chain (6.5-6.7 A.) which
is smaller than the length of the planar, fully extended
structure {7.62 A. for 3 monomeric units),

Cur Tinear, regular head-to-tail macromolecules having
substantially no branches longer than R and the main
chain of which has substantiaily a structore of the kimd
illustrated in the model (isotactic structure) are recog-
nized in the art (following us) as “isotaclic™ macro-
muolecules, whereas our macromolecules having substan-
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The very remarkable differences in the solubilities of
ihe two types of polymers, amorphous and line.
permit of their ready separation by extraction with suits
able solvents.

For a given polymeric mixture according fo the inven-
tion, the crystalline polymers are always less zoluble than
the amorphous polymers, independently of the molecular
weight. The solubilitics of polymers of the same type
(i.e. amorphous or crystalline) but of different molecular
welghts decrease slightly and gradually with increase in
the molecular weight.

For axample, when that portion of the polypropylens
polymer described in Example 1 below, which can be ex-
tracted with cther (intrinsic viscosity=1) is examined
under the X-rays, it appears wholly amarphous and has,
usually, a molecular weisht of up Lo about 45,000, ‘This
fraction changes from amorphaus solid (very highly vis-
cous liquid) to a fowing liquid at about 135° C. The por-
tion extracted in boiling n-heptane (intrinsic viscosi-
ty=1.2-1.3; average molecular weight 45,000-55,000)
already shows considerable crystallinity under the N-rays
and melts completely at about 150° C. The polymers fn-
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selubla in beiling n-heptane have a hicher moleculnr
weight, above 100,000 (intrinsic viscosity above 3) and
are golids having & melting point of about 160° C. and a
density {caleulated from retcular distances determined
from X-ray diffraction patierns of fibers of the polymers}
between 0.90 and 0.94, a3 compared to a density of about
0.94 ag the upper limit for a completely crystaliine poly-
mer, The density is lowered by the presence of an
amorphous portion and, in fact, the amorphous ether-
soluble polypropylencs have a density lower than 0.90,
The propylene polymers insoluble in boiling n-bepant are,
therefore, highly crystalline. Above the transition tem-
perature at which the crystalline state disappears, the high-
Iy erystalline polypropylenes do not change directly into
u fowing liguid, bul retsin the charaelerfstics of an
amorphous plastic substance. Therefore, those polymers
can be readily processed at a temperature somewhat high-
er than the temperature at which the crysialline structure
completely disappears, by methods commonly used for the
extrusion and injection molding of plastic masses. More-
over, we have found, as will be described in greater detail
hereinbelow, that those polypropylmes of very high mo-
lecular weight (intrinsic viscosity above 3) and having a
high degree of crystallinity which persists up to relatively
high temperatures {above 150° C.} such aa are deseribed
in Example I, exhibit surprising mechanical properties not
exhibited by any polymerized b bon koown here-
tofore snd which render the polymers useful for the pro-
duction of very valuabie textile Hbers.

The high molecular weight polymers of aliphatic hydro-
carbons or alpha-olefincs of the invention, in suitably
purified condition, may be molded at suitable tempera-
ture to obtain plates or sheets which are transparent. The
plates or sheets may be cold-stretched up to about 700%.
The breaking load, referred to the section resulting after
stretching, may be very high. For instance, the high
melecular weight polymer of Example IT has, after cold-
stretching, a breaking load higher than 30 kg./sq. mm.
The breaking load may be cven higher, if the polymer is
drawn into thin filaments, The filaments obtained by
extrusion of the high molecular weight polymers through
a spinneret and siretching of the ﬁlmt have a silk-like
appearance and mechanical properties (high breaking load
and high elongation before rupture of the stretched fila-
ment) which make them particularly suitable for wse in
the textile ficld.

It id not necessary to separate the amorphous polymers
from the crystalline polymers before producing shaped
articles such as Blaments, sheets, foils, ete.  In fact, it may
be preferred, at least in some instances, to mold the
polymerizate comprizing the amorphous and crystafline
polymers to the deslred shape, and then remove the
amorphous polymers from the shaped object by freating
it with a solvent for the amorphous polymers which does
not dizsolve or appreciably swell the crystalline polymers.
For example, in producing filaments, the amorphous poly-
mers of lower molecular weight serve as plasticizers for
the crystalline polymers and, by lowering the viscosity of
the mass, permit extrusion thereof at lower temperafures
and pressures. The plasticizing amorpheus polymers also
facifitate orientation of the molecules dwing drawing of
extruded filaments.

Thus, the polymerizate comprising the amorphous
and crystalline polymers may be converted by heat fo a
soft, plastic or e¢ven molten mass, extruded through a
sptaneret {0 form filimenis which, are treated with a
solvent, for instance ethyl ether in the case of polypro-
pylene, for the amorphous polymers which are thus dis-
solved out, leaving filaments consisting of the higher
molecular weight, crystalline polymers. In this man-
ner, filaments having in some cases breaking londs high-
er than 70 kg./sq. mm., referred to the section at break,
may be obtained.

The strongly stretched filamenis show unusually high
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03 other similaritica to weol. Compared with wool,
filaments of the polypropylenes of the invention possess
improved mechanicai properties. It is to be noted that
the polypropyienes of the invenmtion exhibit a very in.
teresting behavior on stretching thercof.  Extruded fila-
ments of highly crystalline polypropylene may not exe
hibit by further stretching » yield point corresponding
to a mazimum in the strain-elongation plot. Sheets of
our polypropylene are adapted to use for all those pur-
poszs for which mechanical properties better than those
of commonly available polyethylene are nesdsd, and
chiefly for purposes for which flexible sheets of in-
creased elasticlty are desired.

Table 3 gives comparative datn for polypropylene ac-
cording to this nvention (highly crystalline polymer,
Example 1) and a typical polyethylene (commercial
product of Imperizl Chemical Industries, Ltd.).

TABLE 3
by iy th

alyrropylang nlrgc Iylm:m

¢ i el polntl *C__
q Emmamg?gmx-rayunm}, e i
i Tl o0 -0
St:uem'ﬂ ------ Ynegr bronobed
Hreaking lvad of orimntd Bbers, kg mmr. o0 10-20

‘l‘emnmtm-\ ot which cxyrtaliine struckuze 13 dotestable by X-rays
analysis, dissppears,

The amorphous polypropylenes of the invention have
viscous-elastic properties. Tha wviscosity of these poly-
mers increases with incresse in the molecular weight,
The amorphous polymers have a 2nd order transition
temperature lower than --70* C. The polymers of very
low molecular weight (up to a few thousands) occur as
viscous lignids, with a very high viscosity index. The
polymers of higher molecular weighl even higher than
30,000-40,000 still exhibit viscous propertics and, there-
fore, are not true clastomers.

The following examples are given to illustrale pre-
ferred embodiments of the invention, it being nndarstond
that these examples are not intended as limitative. The
average molecular weights of the preducts were eati-
mated from specific viscosity measurements in tetrahy-
dronaphthalene sohitions at a polymer concentration of
0.1 gm. per 100 gms. of solvent, and from intrinsic vis-
cosity measurements, Specific viscosity is the viscosity
of the solution less the viscosity of the solvent, divided
by the viscosity of the solvent. By “intrinsic viscosity”
is meant the limit of the ratio between the specific vis-
cosity and concentration, for concentrations tending to
ZREO:

limit 2o
o C

where C is the concentration of the sclution in gms./cc.
In this manaer it was estimated that the average mo-
Iecular weight of the solid amorphous and crystalline
polymers of the invention s usunally above 20,000,
Polymers having an average malecular weight above
2,000 and up to 100,000 or higher may be obtained.

Example I

A solution of 1.8 gms, of fitanium tetrachloride in
50 ml. of anhydrous gasoline (B.P. 98° C.) is added
dropwise, at a temperaturs slightly lower than room
temperatore (5°-10° C.) o @ solution of 11.4 gms, of
triethyl alumioum in 150 ml of the gasoline. The so-
lution is further diluged to 500 ml. with gasoline and
introduced inte an oscitlating dried and evacuated stain-
less steel autoclave abont 2 [fiters’ capac:ty 190 gms.

then pumped
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into the autoclave and heated, while agitated, to about
55-60° €. After the pressure has fallen from the ini-
tinl value of about 10 atm, to about 2 atm., an additional
160 gms. of propylene are added. The pressure there-
after falls at a lower rate and after about 20 howrs no
further decrease in pressure is observed. The resiciml
gases are then vented, and consist chiefly of propylene
{72.5 normal liters) and a small amonnt (0.2 N kters)
-of ethylene which probably results from decomposition
of the catalyst. 95 pms. of methanol are then pumped
into the autoclave to decompose the catalyst. 5.7 N
liters of gas are evolved, more then 30% of which is
propylene. The polymerization product comprising a
solid mas drenched with gasoline and methanol is then
extracted from the antoclave. It is suspended in diiso-
propyl ether and the suspension is beated under strong
stirring and while bubbling through gasecous HC, fo ren-
der all inorganic compounds resulting from decomposi-
tion of the catalyst soluble. After four hours, a little
methanol is added to the suspenzion to precipitate the
polymer which may have been dissolved and the suspen-
sion is filtered under suction. The solid product thus
obtained, after drying at 100° C. under reduced pres-
sure, weigh 180 gms. and has an ash content of 0.22%.
It is a white, spongy solid comprising a mixture of pro-
pylene polymers of a wide range of molecular weights,
has a transparent, rubber-like appearance at 140° C., and
Uefipitaly el al 133" C. This mixluee of popylems
polymers can be molded at 130° C. to flexible sheets
conteining amorphous and crystalline portions, as shown
by ¥-ray diffraction pattom.

A few grams of a very viscous oil are recovered from
the filtered liguid, after distillation of the sclvent.

The solid propylenc polymer mixture can be scparated
into a small amount of eily, low molecular weight prod-
ucts and several larger fractions of amorphous and
crystalline prodncts by fractional dissalntion nsing, sne-
cessively, boiling acetone, ethyl ether and n-heptane. The
fractionation is conducted in an extractor of the Kuma-
gawa type and the extraction with each solvent is con-
tinved until the percolating solvent does not contain any
uppreciable quantity of estracled pulymer.

The aceteme-oxtracted fraction (A) consists of the vily,
low molecular weight products and amounts to only 2.8%
of the solid polymer obtained.

The ether extracted fraction (B) smounts to 39% of
the total polymer, and affer evaporation of the solvent
vnder vacoum (Intringic viscosity=1) iz completely
amorphous similarly to an unvuleanized elastomer,

The n-heptane exdracled fraction () amouniing o
19% of the total polymer, has, after evaporation of the
solvent under vacuum, an intringe viscosity of 1.2-13
and is, at room temperature, a partially erystalline solid
whicb melts completely at 150° €., and which also has

the properties of an clastomer but up to temperatures
higher thats the leatperatires a1 which fractdon (B) shows
the elastomer-like properties.

The residue (D) insoluble in all three of the extracting
solvents, has a density of about 0.92 and an intrinsic vis-
codty, determined in tetrahydronaphthalene sofution, of
3.33 (100 mL/z). A 1% sclution in tetralin has a spe-
cific viscosity of 0.374. This fraction (D) 'ﬂnderm
synersis starting at 120° C., loses its crystallinity above
130° C., and at 170* C. is wholly converted into a trans-
parent, very vViacous mass,

By molding fraction (D) in a flat press at 140-150*
C., plates or sheets are obtained which appear crystalline
under the X-rays, show a 700% elongation, and 2 break-
ing load of 350 kg./sq. cm. referred to the original soc-
tion.

Fraction (D) can be formed into filaments or threads
by extruding the same, in softened condition, theough a
spinneret and then either warm-or cold-streiching the
extruded filament. The stretched filament is highly ery-
stalline and has a very high breaking load. Thus, a
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cold-stretched thread of this polymer having a diameter
of 8.3 mm, after stretching has, for instance, a breaking
Ioad of 32 kg./sq. mm, and an elongation of 40%.

‘The tesidue of the extraction with eiher has similar
charscteristics with, however, a lower tensile strength.
The properties of sald residue are intermediate those of
the n-heptane extract and those of the n-heptane residue.

Example 11

To a solution of 7.8 gms. of tripropyl aluminum i
70 ces. of heplane are ndded, dropwise at 0° C. and under
nitrogen, 1.9 gms. of titaninm tetrachloride dissolved in
25 cca. of heptane. The suspension is diluted ¢o 200 ces.
with heptane and introduced under nitrogen Into a 435
ces, antoclave. After 102 gms. of propylene have been
added, the autoclave fs heated, with stirring of the con-
tents, to 60° . and is kept for about 40 hours at between
60* C. and about 68* C. The unreacted gases are then
vented and 50 ccs. of melhanol are pumped into the
autoclave.

The coagulated polymerizate thus obfained is purified
as in Example I, and 17.2 gms. of solid polymeric mate-
rial are obtained and fractionated by hot solvent extrac-
tion.

The acetone-extracted fraction A (2769 of {be total
polymer) consists of semi-solid products of low mole-
cnlar ht;_ghf.

The ether extracted fraction B (26.9% of the total con-
sists of a solid product of gummy appearance having an
intrinsic viscosity of 1.57 corresponding to an average
molecular weight of about 63,000, This fraction, which
;{Dmprisr.s a mixture of polymers, is amorphous under the

~rays.

The heptane extracted fraction C, amounting to 13.1%
of the total polymer, consists of partially crystalline poly-
propylene having an intrinsic viscosity of 235 corrce
sponding {o a molecular weight of approximately 120,000,
The extraction residue is formed by highly crystalline
polypropylene having an intrinsic viscosity of 5.1 (mole-
cular weight approximately 390,000},

The ernde polymer mixiurs can be easily oriented by
hot drawing. Thus, without separating the amorphous
portions of lower molecular weight, the mixture of poly-
mers may be soffencd and extruded to fibers which, after
cold-stretching, exhibit good mechanical properties,

Example I

About 530 ml of gasoline conlaining 15.6 gms, of
tripropy! aluminnm and 275 gms. of propylene are inlro-
dured into a 2150 ml of autoclace. The auteclave is
heated to 70° C., and a soletion of 3.6 gms. of titaninm
tetrachloride in gasoline is added. The temperature rises
spontaneously to 93° €. After the femperature has
dropped back to 80° C. 1.8 gms, of titanium tetrachloride
mee wtded.  The auloclave i then agitated for four hours
while maintaining the temperature at 80° C. By operat-
ing as in Example I, 209 gme. of solid polymer are ob-
tafned, The yield is 769 based on the introduced propyl-
ene; higher than 95% based on converted propylene.

The scetone extracted fraction (A) amounting to 7.1%
of the total polymer consists of oily, low molecular weight
products.

The ether extracted fraction (B) amounts to 32.4%
of the total polymer and consists of o rubbery, amorphous
solid baving an intrinsic viscosity of 0.9,

The heptane-exiracted fraction (C) amounting to
19,156 of the total polymer consists of a partially crys-
talline solid having an intrinsic viscosity of 0.95.

The residue of the three solvent extractions (fraction
D) amounts to 41.4% of the total polymer and consists
of a pewdery solid which appears highly crystalline when
examined under the X -rays and has an intrinsic viscosity
of 4.6 and becomes soft at about 180° C.

Continuous filaments obtained by extruding the crode



9,112,300

{total} pelymer of this example through a spinneret at
170-200" 'C. exhibit mechanical properties which depend
on the extent of stretching of the filaments and on the
filament diameter. Table 4 below gives the values found
for filaments obtained by extroding the unfractionated
polymer under nitrogen at a pressure of 1-2 atm,

TABLE 4

Parernt
stratohing

Elonzation
g

Fllament dlamedsr ,
peremt

[R < . TR 1] t3 L2
0.2 mm, (piter cokd stratching).... 00 B

Table 5 gives the propesties of filaments obtained by
extruding the unfractionated polymer of this example

under the conditions described above and then removing

the amorphous polymer portions from the formed fila-
ments by passing them through a solvent soch as ethyl
ether which removes the us portions without any

apprecigble swelling of the crystalline portions.
TABLE 5

Ejtmgation
Percent phingaticn by sold ot broak
stretok (pereent})

Fibkurent
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Example IV

160 ml. of gascline containing 5.7 gms. of triethyl alu-
minem, and £5 gms. of buiene-1 (Phillpz Petrolenm Co.
technical grade) arc introduced into a 435 ml auvto-
clave. The autoclave is heated to 817 C., and 1.8 gms.
of titantum tetrachloride dissolved in 35 ml. of gasoline
are added. The temperature increases spontanecusly to
some degree. After sbout one hour, a further quantity
of titanium tetrachloride dissolved in gasoline is added. A
spontaneons temperature increase of about 10° C, occurs,
The autoclave is agltated for some hours at 50-98° C.

Operating o5 in the preceding examples, 10 gms, of a
white solid pelymeric product are obtained, This prod-
uct softens at 110* C. and appears crystalline under the
K-rays. The residue of the extraction with ether corre-
sponds to 46% of the total polymer and has an intrinsic
viscosity of 1.44 ml./gm. calculated from mensurémenls
similar to those used in Exampls L

Example V

400 ml. of gasoline comtaining 11.4 gms. of triethyl
aluminum, and 291 gms, of a butene-2/butens-1 mixture
(with 70% of butene-1) are introduced into a 2150 ml
autoclave. The autoclave is then beated to 71° C. and
1.6 gms, of titanium teirachloride dissolved in gasoline
are added; the temperature riscs to 77° C. Adter two
hours a further addition of 3.6 gms. of titanium tetrachlo-
ride is made, ‘The astoclave is kept in agitation for some
hours at temperatures iti the range 80-85" C. Operating
as in the forcgoing examples, 86 gs. of white solid prod-
uct are obtained. This product has characteristics sim-
ilar to those described in Example IV and softens at 125°
C. Fibers are readily obtained from this product by ex-
trusion through a spinneret under nitrogen pressure at
temperatures above the softening point. The fibers have

10

15

a0

60

65

=1
(=3

10
a fnanhnniml strength of the some order as the fbers obe
tained from polypropylene but a higher elasticity.

Example VI

25 gms, of hexene-I, dissolved in 29 gms. of hexane,
contzining 57 gms. of tristhyl aluminum, are heated
under reflux in 2 300 ml. flask fitted with a stirrer, under
nitrogen atmosphere. 1.8 gms. of titaninm tetrachloride
diszolved in hexaoe are then added and the mixture is al-
lowed to boif under reflux for 5 hours. The obtained so-
lution is treated, after cocling, with methanol, then with
diluted hydrochloric acid, and finally evaporated to dry-
Tess.

The formed polymer corresponds to a canversion of the
starting  hewene-1 bigher thun 30%. This polymeric
material is soluble in gascline and ether, only slightly
soluble in methanol. The portion insoluble in methanol
has very marked viscous elastic propertes,

Example VH

45 gms. of pentene-1 and a solution of 5.7 gms. of tri-
ethyl alumimum in 250 ml of heptane are introduced
under nitrogen into a 500 ml. flask ftted with 3 mechani-
cal stirrer, a dropping funnel and a refluxing condenser,
The whaole is heated to 50° C, and at this temperature a
solution of 3.8 gms. of titanium tetrachloride in 20 ml.
of n-hepiane s dropped into the fask. A spentancous in-
crease of the temperature up to 70° CT. is at once ob-
served, The mass [s aghated for 3 hours at this tempera-
ture, then the organo-metaflle compounds present are de-
composed with methanol. The polymer obtained is puri-
fied as described in the preceding examples, 16.5 gms.
of polymer are thuy obtained, which are extracted with
boiling solvants,

The acetone exfracted fraction (A) amounting to
47.8% of the total polymer consists of oily produets,

A fraction {B) obtained by extraction with ethyl ace-
tote corresponds to 44.3% of the total polymer and con-
sists of a robbery, amorphous solid product,

An ether extracted fraction (C) corresponds to 7.9%
of the total polymer and consists of a solid polypentene
which appears highly eryatalline when examined under the

R-rays.
Example VII

A solution of 11.4 gms. of triethyl aluminum in 400
ml. of n-heptane and 230 gms. of monemeric styrene are
introduced under nitgoren inte a 2130 ml. autoclave.
The autociave is heated fo 68° C. and at this temperature
a solution of titaninm tetrachloride in 30 ml. of heptane
is injected under nitrogen into the autoclave. After 3
houre, during which period of time the temperature i
kepe betwsen 68 and 70 ., 4 solution of 3.8 gms. of
titanium tetrachloride in 50 ml. of heptane is injected
into the auteclave. Six hours after the frst nddition of
titanium tatrachloride, 100 ml. of methanol are pumped
into the autoclave amd then the reaction product is dis-
charged. It is a viscous lguid containing in suspension
a fine powder.

The reaction mass is then treated with hydrochlorie acid
to dissolve the inorganic products present. By the addi-
tion of a large quantity of methanol s polymer coagulates;
this polymer is filiered off and treated with acetone which
is acid due to the presence of hydrochloric acid. In this
way the amorphous polystyrene and the inorganic impuri-
ties, which are still present, are dissolved.

The rtesidue which remains affer the treatment with
acelone is vacuum dried at 80° C.; 30 gms. of polystyrene
consisting of a white powder, which appears highly crys-
talline when examined under the X.rays, are thus ob-
tained.

The crystalline polystyrene obtained has a molecular
weight of about 2,800,000 (as calculated from viscosi-
metric measurements in benzene at 25° C.), a density of
1.08 and a first-order transition point higher than 210° C,

The solvents employed in the purification and polym-
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crization are then vacuum concenirated, with healing,
to a small volume and finally treated with methanol,
The amorphous polymer s thus precipitated. This poly-
mer i3 isolated by filivation and vacuum dricd under
keating. 50 gms. of a solid, amorphous polymer, having
a molecular weight of about 10,000, are thus obtained.

The crystalline polystyrene can be easily processed by
pressing or extruding only at temperatures higher than
the Roentgenographic melting point (Ist order transition
paint) of about 230°. It can be ariented by drawing
below his temperature,

Example IX

A solution of 114 gms. triethyl aluminum in 500 ml.
oif gasoline is introduced in a 2130 cc. autoclave. 2867
gms. of propylene are then added and the auteclave is
heated to 68" C.; then a solution of 6.8 gms. of isoprens
in 100 ml gasoline is introduced into the autoclave, Saon
afterwards 3.6 gma. of titanium tetrachloride in 50 ml.

gasoline are added, A femperature increase of about 107 o

C. is noticed. Two further additions of titanium tetra-
chloride arc then made. About six hoors afler initintion
of the reaction, the catalyst is decomposed with 100 gms,
of methanol and the residual gases are released. The
polymer obtained is purified as in Example T; 225 gms.
of a white solid polymertic product are obtained, with a
conversion of $2% on the total olefines present, The
product absorbs bromine; it has a lower erystallinity than
the polymers obtained under the same conditions from
propylene alone.
Example X

81 gms. of styrene and 11.4 gms, of trethyl aluminum
dissalved in 500 cc. of n-heptane are introduced into a
2130 cc. autoclave. 282 gms. of propylene are then added
and the autoclave is heated to 62° C. At this tempera-
ture 3.8 gms. of TiCly dissolved in 40 cc. of heptane are
injected into the auteclave under nitropen pressurz, The
temperature rises spontaneously to 100° C., and falls
then slawly o 72° €, At this point a second addition of
3.8 gms. of TICL; in 40 ce. heptane is made, After about
6 hours from the beginning of the run the unrescted
gases are vented and 31 normal liters of propylenc arce
recovered, Methanol is now pumped into the autoclave
and the coagulated polymer obtained is purified in the
usual way.

299 gms, of a solid, white polymer are obtained, which
is fractionally extracted with boiling acetones, ethyl ether
and n-hepiane, in succession. The acetone extracted
fraction {A) corresponds to 14.6% of the total polymer
and consists of oily products of low molesular weight,
The ether extracted fraction (B) iz 32.8% of the total
polymer, and is a solid, amorphous product of robber-like
appearance. The n-heplane extracted fraction (C), 19.8%
of the total, & a sofid which becomes plastic at 90° C,
‘The extraction residus, 32.8% of the total obtained paly-
mar, s a powdery solid having, Ly X-iay amulysis, 4
content of crystalline polypropylenc.

The U.V. spectra of n-heplane solutions of the frac-
tions obtained by extraction with ether znd n-heptane in-
dicate the presence of aromatic rings. The cther and n-
heptane extracts contain therefore a copolymer of propyl-
ene and styrene,

In Table 6 the extraction behavior of the propylens-
styretie copolymer of this example is compared to the
behavior of propylene snd styrene pelymers obtained
under similar conditions. When the product of polym-
erization of a mixture of propylene and styrene is ex-
tracted with bolling solvents, a fraction insoluble in ace-
tone and soluble in ether and a second fraction insoluble
in both acefone and ether but soluble in n-heptene are
obtained, whereas the polymer of styrene obtained with
the same catalyst, if amorphous, is completely soluble in
acetone and i crystailine is completely inscluble in ail
three splvents. The U.V. spectra of the soluble fractions
show a considerable content of phenyl groups.
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TABLE &
Perpemt exbrooted by treating In seocesion
with bolling—
Folymer
Acetona | Fthyl n-Heptane! Residus
othar
Palypeopybens . 7.9 an.5 2.4 7.2
I?uiyz}lyzm_.__,.(_“ rerarey a9 qQ ] aLu
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Example XI

Abant SO0 ml, of gasoline containing 12 gms. of di-
ethy! aluminum monechloride and 310 gms, of propylene
are introdeced into a 2150 ml astoclave which is heated
to 60* C. Two portions (3.6 gms. and 1.8 gms, respee-
tively) of titanium tetrachloride dissolved in gasoline are
added. The reaction proceeds as described in the fore-
going examples.

The reaction product consists of 248 gms, of solid,
white polypropyleste.  (Yield: 80% on the introduced
propylene; about 95% on the converied propylene.)

The acetéme-extracted fraction (A} consists of aily
products and amounts to 15% of the total polymer ob.
tained,

The ether-extracted fraction (B) is a rubbery amor-
rhous solid having sn inteinsic viscosity of 04 an
amounting to 44% of the tetal polymer, J

‘The heptanc-extracted fraction {C) amounting to
16.4% of the crude polypropylene consists of a partially
crystalline solid having an intrinsic viscosity of 0.78.

The residue of the sclvent exiractions, fraction (D)
amounts to 14.4% of the total crude polymer, has an
intrinsic viscosity of 1.53 and appears highly crystalline
on X-ray exanvination,

Exampla XIT

A zolution of 11.4 pms. of triethy! aluminem in 500
ml, of gasoline and 320 gms. of a mixture of propylenc
and propane coptaining 15% propane are introduced into
a 2150 ml. autoclave. The mixtura iz heated fo 70° O,
and 3.6 gms. of titanium tetrachloride dissolved in 50
ml, of gasoline are added. The temperature rises spon-
taneously to 108" C., then decreases slowly. After about
one hour, 1.8 gms, of titaninm tetrachloride dissolved in
gasoline are added and a further, smaller increase in the
temperature occurs. About three hours after the first
addition of titanium tetrachloride, methanol is admitted
into the suteclave and the unreacted gases are released.
The reaction product, purified as in Example I, consists
of 200 gms. of a sofid white polymer. Yield: 73%% on
the introduced propylene and 93% on the converted
propylens. The properties of the product are practically
identical with those of the polymer obtained from pure
propyvlene.

Example XITT

LI0 ml of gascline containing 5.7 gms. of tricthyl
aluminum, and 97 gms, of propylene are introduced into
2 435 ml antoclave. The autoclave is then heated to
627 C. and 3.6 gms. of chromium acetylacetonate dis-
solved in 50 ml of anhydrous benzens are added, A
slight spontaneous inerease in the temperattre occurs.
Two hours later, 3.6 gms. of chromium acetylacetonate
are added.  Agitation of the autoclave Is continoed for 10
1;33% the femperature being maintained between 80 and

_ Proceeding as in the foregeing examples, g solid erystal-
line polymer iz obtained in low yield.

Example XIV

A solution of 8.2 gms. of diethyl zine in 100 ml. of n-
heptane is introduced wnder nitrogen into a 435 ml, anto-
clave. 115 gms. of propylene are then introduced and
the whole is heated, with agitation, to 62° C. At this
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temperaturs, a solution of 3.8 gms. of titanium telra-
chloride in 20 ml. of n-heptane is injected into the auto-
clave. The antoclave is egitated for abont 10 hours at
60-70° C,, after which the unreacled gases are vented,
methancl s pumped in, and the reaction product is dis-
charged. "The crude polymer is purified as in Example I,
using ether and hydrochloric acid with heating, and the
polymer is then completely coagulated by treatment with
methanol

After filtering off the coagulated polymer and vacuum
drying it under heating, 16 gms. of polypropylene are
obtained. ‘This mixture of polymers is then subjected to
hot solvent extraction.

‘The acetone extracted fraction (A) consisting of oily,
low molecular weight products, amounty 4o 4158 of e
total polymer,

The ether extracted fraction (B) amoumding to 20% of
the total polymer consists of an amorphous product hav-
ing an intrinsic viscosity of 0.23,

The heptane-extracted fraction (C), also amounting to
20% of the total polymer, consists of a partially crystal-
line solid of intrinsic viscosity 0.41.

The fraction (D) remaining afler the solvents extrac-
tions amounts to 19.45% of the total pelymer obtained
and consists of a highly erystalline solid of intrinsic vis-
cosity 1.22,

Example XV

A solution of 5.7 gma. of triethyl aluminam in 50 ml, of
n-heptane is introdoced under nitrogen into a 435 ml
autoclave previously evacuated. 118 gms. of propylene
are then introduced into the autoclave and the latter is
heated, while agitated, to a temperature of 80 C. At
this temperature, a solution of 4.3 gms. of vanadium tetra-
chloride in 50 ml. of n-heptane is injected into the auto-
clave under nitrogen pressure. The autoclave is agi-
tated at 80* C.~-83° C. and when the reaction is complete,
methanol is pumped in. The polymeric material obtained
i8 purified as in preceding example. 77 gmes. of solid
mixed pelypropyienes of different molecular weights being
obtained. The mixture is fractionated by extraction with
hot acetone, ether, and n-heptane in that order,

The acetone-extracted fraction (A) amounting to 10%
of the total polymer mix consists of oily, low molecy-
lar weight products.

‘The ether-extracted fraction (B) amounting to 45.2%
of the initial polymer mixtore consists of a rubbery,
amorphous solid having, in tetraling solulion at 135° [ 5.
an inirinsic viscosity of 0.82 correspending to a molecular
weight of about 24,000,

The heptane-extracted fraction (C) amounts to 16.4%
of the total polymer and consists of a partially crystalline
s6lid of intrinsic viscosity 1.31 corresponding to a molecu-
lar weight of about 48,000,

The residue of the n-hepiane extraction (fraction 53]
amounis to 28.2% of the polymer mixture and consisis
of a highly crystalline solid having an intrinsic viscosity
equal to 1.88, corresponding to a molecular weight of

about 85,000,
Example XV1

Two steel balls, a glass visl containing 13 gms. of
titanium tetrabromide and a solution of 11.4 gms. of
triethyl aluminum in 500 ml. of n-heptane are introduced
under nitrogén into an unagitated autoclave of 1750 mL
capacity, provided with means for oscillating the same.
The autoclave is then heated, while stlil In motisnless
condition, to 63* C., and 280 gms. of propylene ara Intro-
duced. Oscillation of the auloclave is then commenced
and the glass vial breuks. The temperature rises spon-
taneously in a short time to 97° C. and then drops back
to 85° C. Agitation of the autoclave at 85° C., is con-
tinued for abont 10 hours, after which the unreacted gases
are vented and methanol is pumped in to coagulate the
polymer,
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polymers, is purificd in the vaual way, to obiain 249 gms.
of the pure polymer equal o a conversion of 89% of the
monemer employed.  The mixed polymers comprising
this initial polymeric product are dthen separated by frac-
tional dissolution,

The acetone extract (15.1% ) consists of oily products,

The cther-extracted fraction A (33%) is a rubbery
amorpheys selid having an intrinsic viscosity of 0.53,

The heptane-extracted fraction B (22.1%) consists of
a partially crystalline solid having an intrinsic wviscosity
equal to 0.65,

The imsoluble residue (fraction D) corresponds to
30.83% of the total polymer obtained and consists of a
highly crystalline solid having, in tetralin solutions at
135° ., im imirimsic viscosity of 1.78,

Exampie XVII

Two steel balls, a glass vial containing 17 gms. of tita-
nium tetralodide and a solution of 11.4 gms. of triethyl
atuminum in 500 ml, of heptane are introduced into an
unagitated oscillatory autoclave of 2080 ml. capacity.
The autoclave is heated to 71° C, and at this temperature
150 gme, of propylens are introduced. Oscillation of ke
autoclave is started, and the vial is broken. The tem-
perature rises spontancously in a short time to 100° C.
and then drops back to 90° C. The autoclave is kept in
motion for about 6 hours, after which the wnreacted
gases are vented. The polymeric product is coagulated
amd worked vp as in preceding examples, 184 gms, of a
mixture of polymers of propylene are thus obtained. The
mixture {s separated into the respective fractions com-
prising its exiraction with hot acetone, ether, and n-hep-
tan

(-5

The acetone-extracted fraction A (20.4%5) consists of
oily low molecular weight products.

The ether-extracted fraction B (22.79%) consists of an
ameorphous solid having, in tetralin solution at 135° C.
an inteinzie viscosity of U.43.

The heptane-extracted fraction C (22% ) consists of a
partially crystalline solid having intrinsic viscosity 0.73.

The residus {fraction D) amounting to 35% of the
polymeric mix obtained as initial polymerization product,
is a powdery, highly cxystalline solid having an Intrinsic
viscosity of 2.16.

Example XVIii

Two steel balls, a glass vial containing 4.7 gms. of zir-
confum tetrachloride, and a solution of 5.7 gms. of tri-
ethyl aluminum in 100 ml of n-heptans are intreduced
under nitrogen into g 435 ml auteclave adapted for oscil-
lation. The autoclave s heated, while being held motion-
less, 10 a temperature of T¥* C. at which temperature 106
gms. of propylene are injected into the antoclave., Soon
afterwards the autoclawe is set info motion to break the
glass vial, and is agitated for 15 hours at §0-85° . while
polymerization takes place. Methanol iz then pumped
in, and the ceagulated polymerization product is dis-
charged and purified as in the preceding examples,  About
22 gmé. of mixed polypropylenes are thus isolated, The
mixture is fractionated by treatment with hot solvents as
described,

The acetonc-extracted fraction A (60.4% ) consists of
semi-solid low molecular weight

The ether-extracted fraction B (11.6%) is an amor-
phous solid of intrinsic viscasity 0.49,

heptanc-extracted fraction € (13.85%) is a par-
tially crystalline solid having an intrinsic viscosity of (.94,

The insoluble residue (fraction D) amounts to 14.3%
of the total polymer mix and is a highly crystalline solid
having an intrinsic viscosity of 2.0,

. As will be apparent from the examples, the inveation
is not limited to propylene polymers. Polymers of the
other unsaturated hydrocarbons embraced by the formula
CH;=CHR have been produced. In the formula

The polypropylene obtained, which is a mixture of 75 CH,==CHR for the unsatorated hydrocarbon B may have
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a total of froin 1 to I6 éarbon atoms. Also copolymers
of the alpha-olefines with each other and with other
monomers copolymerizable therewith may be obtained,

The polymers of the alpha-olefines other than propylene
are, initially, also mixtures of amorphous and crystalline
polymers which can be separated as described for the
mixtures of propylene polymers. Because of the different
golubilitics of the polymerized alphe-clefines in organic
solvents (sec Table 2}, different solvents are selected for
use in fractionating the different polymerizates,

Filaments of the crystalling polymers other than poly=
propylene can be obtained in the same manner as de-
scribed for the propylene polymers.

In general, when the a]phn—okﬁnes Dfolymmmd in
the presence of small amounts of other olefines or of 2
diglefine containing a vinyl group, the high pelymers
obtained have a certaln crystallinity similar to that of an
alpha-olefine homopolymer.

1t will be evident from the foregoing that this inven-
tion provides wholly new polymers of the higher homa-
hgues of ethylene and of styrene which have, depcad-
ing on their exact cﬂmpasmon and molecular weighs,
widely varying properties which adapt them fo a varicty
of uses in the plastic materials and clastomer ar(s,

This application is a division of our application Ser.
No. 514,099, filed June 8, 1955.

Since some changes and modifications in the specific
details given in the examples may be made in carrying
out the invention, it is to be understcod that it is not
intended to limit the invention except as defined in the
appended claims.

What is claimed is:

1. A high molecular weight polypropyléne consisting
essentinlly of isotactlc polypropylene made up of iso-

10

tuctic mucromolessles which are insoluble in boiling
neheptane and have substantially the type of stercoregu-
lar structure fllusirated in the model of a portion of an
]sotactic polypropylene macromolecule, fully extended
in a plane, as shown In FIGURE 2 of the accompanying
drawing,

2. Shaped articles of polypropylene according to
claim 1.

3. Fllaments and textile fibers of polypropylens accord-
ing to claim 1.

4, Suetched fllaments and textile fibers of polypropyl-
ene according to claim 1, and having high tensile strength.

5 A molding powder of polypropylene according to

15 6 A im of polypropylens according to claim 1.
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