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In this paper, a commercial impact-resistant polypropylene alloy sample was fractionated with preparative
temperature rising elution fractionation (t.r.e.f.) technique and a series of ethylene—propylene block
copolymer fractions with different ethylene contents were obtained. Combined with fractionation results,
the block structure of them was identified with '*C nuclear magnetic resonance (n.m.r.) spectroscopy and
differential scanning calorimetry (d.s.c.). There are some transition segments between polyethylene and
polypropylene segment in the block copolymer. It was found that the number and kind of transition
segments decreased with elution temperature, the length and melting temperature of polyethylene segment
in block copolymer fractions showed a similar tendency. © 1997 Elsevier Science Ltd.
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INTRODUCTION

Because of its unique practical properties and theoretical
value, ethylene—propylene block copolymer has been the
subject of considerable research'? . Ethylene—propylene
block copolymer is one of the main components in
impact-resistant polypropylene for its low bnttle tem-
perature and high tensile impact strength®. The pos-
51b111ty of synthesis ethylene—propylene block copolymer
is related to the lifetime of active site in Ziegler—Natta
catalysts®>,

Ethylene—propylene block copolymer is usually syn-
thesized by sequential coordination copolymerization.
Due to the complex character of coordination polymer-
ization, the product obtained is inevitably a mixture of
propylene homopolymer, ethylene—propylene block
copolymier and ethylene—propylene random copolymer.
The random copolymer gan be readily removed by
extraction with n-heptane®. However, block copolymer
and propylene homopolymer cannot be separated with
this method. In many previous studies, they were not
separated and so-called ‘block’ copolymer were still
mixtures ’8 Additionally, the structural similarity
between block copolymer and the PE/PP blend made it
difficult to distinguish them and the judgement of block
copolymer is still controversial® 2. The poor purity of
block copolymer may also be partly responsible for this.
Moreover, it is well known that there exist plural active
sites in heterogeneous catalysts, Wthh lead to the
compositional heterogenelty of polymer'>!*. The relative
length of two segments in block copolymers may vary
with different active sites. Therefore it is necessary to

*To whom correspondence should be addressed

obtain relatively pure and compositionally homogeneous
block copolymer for a better understanding of ethylene—
propylene block copolymer. The fractionation of ethy-
lene—propylene block copolymer was conducted by
Besombers and Ito through extractlon with different
solvents or solvent/nonsolvent pair>!*, but the emphasis
was placed on the thermal behav1our of the fractions,
and the block structure was not well characterized.

Recently, the temperature rising elution fractionation
(t.r.e.f.) technique was developed for the fractlonatlon of
LLDPE and PP based on crystallinity'®!?. However
reports on the fractionation of blends with thls method
are rare. We believe that the crystallinity of various
components in blends should be different and they could
be separated with this technique. In the present work, a
commercial impact-resistant PP alloy was fractionated
and ethylene—propylene block copolymer was obtained.
The block structure of the fractions was identified by
combining fractionation results with *C n.m.r. and
d.s.c.

EXPERIMENTAL
Materials

An impact-resistant polypropylene alloy sample was
obtained commercially. It was produced according to the
following steps: Propylene was firstly homopolymerized
in bulk, then propylene was evaporated and polymer
particles was transported into a gas tank, In this
step, ethylene was introduced. To obtain products with
good quality, propylene was not removed completely
and a small amount of propylene was left in the second
step. Some characteristics of this sample are listed in
Table 1.
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Table 1 Characteristics of impact-resistant polypropylene sample

Melt flow index
(g/10min)

Content of ethylene

(mol%) M, (x107Y M, /M,

11.24 23.6 10.15 273

Preparative t.r.e.f.

Preparative t.r.e.f. apparatus was used to collect large
fractions of fractionated polymers. The polymers were
dissolved in xylene at a concentration of 0.005gml™’
130°C. This solution was deposited on a steel column
packed with an inert support, sea sand. The column was
cooled to room temperature at 1.5°Ch~". The cooled
polymer was heated in incremental steps of temperature
and eluted with xylene. The polymer was recovered by
evaporating the xylene solvent and drying in a vacuum
oven. Because a small amount of antioxidant was added,
the recovery of polymer was 105% or so.

B¢ n.m.r. analysis

22.5 MHz proton decoupled (NOE) 1*C n.m.r. spectra
were recorded on a JEOL FX-90Q NMR spectrometer at
120°C in pulsed Fourier Transform model with hexa-
methyldisiloxane (HMDS) as internal standard. The
solutions were prepared in_o-dichlorobenzene-d; at a
concentration of 0.10gcm ™. Typical conditions were:
10000 scans, Ss relaxatlon time, 90° pulse, 32K data
points. 100 MHz *C n.m.r. spectrum was recorded on a
Bruker AMX-400 spectrometer. Analytical conditions
were the same as those in spectra measured at 22.5 MHz.

Thermal analysis

D.s.c. scans were recorded on a Perkin—-Elmer DSC-7
thermal analyser under N, atmosphere. Samples of 5—
6 mg were sealed in aluminium sample pans. The samples
were heated to 200°C and maintained for Smin to
eliminate thermal history effects. Then the melting
temperature (7,) and crystallizing temperature (7,)
were determined. Both cooling and heating rates were
programmed at 10°C min ™"

RESULTS AND DISCUSSION
Fractionation of the original sample

The overall *C n.m.r. spectrum of PP alloy sample is
given in Figure 1. The assignments of the resonances are
listed in Table 2. The nomenclature of carbon nuclei such
as aa, 83, ... follows the system proposed by Carman
and Wllkes 18 . From Figure 1, one can see that this sample
seems to be a copolymer of propylene with a small
amount of ethylene. There is no evidence of the presence
for blend or block copolymer.

Figure 2 shows the t.r.e.f. curves of PP alloy and the
data of fractionation are listed in Table 3. The Wi%/
AT ~ T curve in Figure 2 approximates the differential
curve of the cumulative weight curve. An obvious point
of inflection is found in the cumulative weight curve, as
well as a considerable part of polymer (12.37%) eluted at
room temperature. Also two peaks appear in the Wi%/
AT ~ T curve. These results suggest that three main
components exist in the polymer alloy.

BC n.m.r. analysis of fractions
Fractions No. 1, No. 5, No. 8, No. 11 and No. 13 were
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Figure 1 22.5MHz BC n.m.r. spectrum of the impact-resistant PP
alloy sample

Table 2 Assignments of the BC nmr. spectrum of ethylene—
propylene copolymer

Chemical shift

Peak (ppm) Assignments
I 445 S,
2 358 S,
3 35.4 St -
4 311 Tps
5 29.0 S,
6 283 S
7 278 Ses:
8 268 Tss
9 253 Sip-
10 28 Sis
l 1 19.6 P[’l’i
12 18.6 Py
13 178 P,
8
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Figure 2 T.r.e.f. curves of the impact-resistant PP alloy sample

selected for C n.m.r. analysis and their spectra
measured at 22.5 MHz were illustrated in Figures 3a—e.
Figure 3a s typically a *C n.m.r. spectrum of an ethylene—
propylene random copolymer. The crystallinity of fraction
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Table 3 Fractionation result of impact-resistant PP alloy sample

TWi%  Wi%/AT
No. T(C)  Wi% (%) (%/°C) Tn(°C)
1 25 9.80 9.80 - -
2 50 2.66 1246 0.106 -
3 78 2.83 1529 0.101 103/120
4 90 2.41 1770 0.201 105/124
5 95 2.88 2008 0576 114/138
6 100 3.04 2312 0.608 114/138
7 105 3.50 2667  0.700 124/149
8 108 12.60 3927 4.200 123/156
9 110 7.69 4696  3.845 120/156
10 112 6.21 5317 3.105 113/156
11 114 2.83 5600 1415 158
12 116 632 6232 3.160 160
13 122 35.09 97.41 5.848 160
14 126 1.49 98.90  0.373 160
15 130 1.10 10000 0.275 -
(b)
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1 is very low and it is eluted at room temperature.
Fraction 13 is a propylene homopolymer, because only
Saa» Tps, and Pgg peaks, which are assigned to
continuous propylene units, are present in Figure 3e.
No splitting in the methyl regions indicates that this
fraction is highly isotactic. Therefore, two major
components of the PP alloy are ethylene—propylene
random copolymer and propylene homopolymer. Qur
emphasis will concentrate on the third component.
Figure 3b is very like that reported by Sun!2. Four
strong resonances Ss+s+, Saq, 145, Pag €xist in it, which
result from long and continuous polyethylene segment
and polypropylene segment, respectively. In addition,
some small peaks, such as Sy, Sus+, Ts+5+, S5+, Sgs+»
also appear in Figure 3b. This means that various
transition segments such as PEP, EPE, PPE and EEP
exist between continuous polyethylene and polypropyl-
ene segments. Since it is not really a block structure, we
call it a blocky copolymer. In Figure 3¢, the Sg+5+, Spq,
Tjs, and Pys peaks are very strong and other peaks are

(e)

(d)

()

-

Ji..f
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Figure 3 22.5MHz BCnmr. spectra of some selected fractions. (a) No. 1, (b) No. 5, (c) No. 8, (d) No. 11, and (e) No. 13
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too weak to be observable, which indicates that both
continuous propylene and ethylene units are present in
this fraction. However, it may be a block copolymer or a
PE/PP blend. For the same reason as in fraction 13, it
can be seen that the polypropylene in this fraction is also
highly isotactic. Nevertheless, isotactic propylene homo-
polymer was not eluted until 120-128°C. Thus, the clear
implication is that the isotactic polypropylene segment is
linked with the polyethylene segment and fraction 8 is an
ethylene--propylene block copolymer. Due to the pre-
sence of the polyethylene segment, which decreases the
crystallinity of the polypropylene segment, this fraction
was eluted at lower temperature than propylene homo-
polymer, even though it was also highly isotactic. Since
the number of junctions between polyethylene and
polypropylene segments was very small, the resonance
S,s+ was not observable in the 25.14 MHz spectrum with
low sensitivity. Another high resolution spectrum of
fraction 8 was measured at 100 MHz as shown in Figure
4. Four additional weak signals, S,4+, Sg+, Ts-5+ and
P.+,-, which originate from the sequence structure
EEPEE and the junctions between the blocks, were
clearly observed. This result shows that this fraction still
contains a small amount of transition segments in which
the isolated propylene units are present in long poly-
ethylene sequences. No observation of the true block
copolymer fraction may be related to the preparation
process of the original sample. If propylene gas was
removed cleanly in the second step, such a structure as
EEPEE in fraction 8 may not appear and true block
structure may be observed. Compared with fraction S,
the number of transition segments is much less. More-
over, other transition segments such as PEP triad do not
appear in Figure 4. Therefore, this fraction is very close
to a true block copolymer. Sun obtained a spectrum
similar to Figure 3b and concluded that the possibility of
forming ethylene—propylene diblock copolymer is
questionable'?. In the present work, we reveal that the
whole polymer sample is a mixture of different fractions.
Though true block copolymer fraction was not obtained

.Y
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Figure 4 100 MHz '>C n.m.r. spectrum of fraction 8
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by us, from the variation tendency of structure of
fractions with elution temperature, we can conclude that
it is quite likely we could obtain true block copolymer, if
only the polymerization process is improved. Figure 3d is
similar to Figure 3c, except that the resonance of the
polyethylene segment is weaker. This shows that the
ethylene content in block copolymer varies with elution
temperature and block copolymer with a different
relative length of two segments can be acquired using
t.r.e.f. technology.

Thermal analysis

The thermographs of some selected fractions are
shown in Figure 5. There is no melting peak for the
first two atactic fractions (fractions 1 and 2) and a single
peak for propylene homopolymer fractions (fractions
12-14). From fraction 3 to fraction 7, double melting
peaks appear and the melting temperature of both peaks
increases with the elution temperature. They may
correspond to the melting temperature of polyethylene
and polypropylene segments, respectively. With the
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Figure 5 D.s.c. melting curves of some selected fractions
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Figure 6 D.s.c. crystallization curve of fraction 8

increase of elution temperature, random copolymers
turn gradually to blocky copolymers, which leads to the
increase of the melting temperature of both segments.
From fraction 8 to fraction 10, the two melting
temperatures show different variation tendencies in
spite of the appearance of double endothermal peaks.
The melting temperatures of polyethylene segments
decrease with elution temperature, but that of the
polypropylene segment is nearly constant. The variation
of melting temperatures of fractions §-10 also confirms
that these fractions are block copolymers. Because the
t.r.e.f. method fractionates polymer according to crystal-
linity, the melting temperature should increase with
elution temperature. However, in these fractions, the
melting temperatures of polyethylene segment show an
opposite tendency. The only reason which can explain it
is that the polyethylene segments are present in block
copolymer and the length of polyethylene segments is
becoming shorter. With regard to the whole fraction, the
shorter polyethylene segment has less influence on the
polypropylene segment and favours the crystallization of
the polypropylene segment, which results in a higher
eluted temperature of the fraction. Additionally, the
melting temperature of the propylene segment in these
fractions is only a few degrees lower than the propylene
homopolymer. This is because the covalent bond
between blocks restricts the movement of the blocks
and affects the crystallization processes in the block
copolymer. From Figure 3d we can see that there is a
small amount of polyethylene segment in fraction 11.
However, the meiting peak of the polyethylene segment
in this fraction is not observed. This indicates that when
the polyethylene segment is short enough, it cannot be
crystallizable. In spite of no observation of a melting
peak of the polyethylene segment, the existence of it is

evidenced by a lower melting point of the polypropylene
segment compared to that of the propylene homopoly-
mer. After fraction 11, the fraction is pure polypropylene
and the melting point of propylene homopolymer is
observed.

The d.s.c. crystallization curve of ethylene—propylene
block copolymer (fraction 8) is shown in Figure 6. Two
exothermal peaks appear in it, which correspond to the
crystallization temperature of the polyethylene and
polypropylene segments, respectively. The presence of
two crystallization peaks is one of the characteristics of
ethylene—propylene block copolymer’.

CONCLUSIONS

T.r.e.f. provides an effective tool for the separation and
purification of ethylene—propylene block copolymer.
Also, block copolymers can be further fractionated
according to ethylene content and transition region
content. The block structure was identified with 13C
n.m.r. and d.s.c. The separated block copolymer with
relatively pure structure will further facilitate the char-
acterization of the block copolymer and help in under-
standing its role. This work will be reported elsewhere.
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