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THERMAL PROPERTIES OF BINARY
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The thermal properties of binary polyolefin blends (LDPE/HDPE, LDPE/PP, HDPE/PP)
were examined by differential scanning calorimetry. The additon of a second polymer lowers the
melting temperature aithough the melting temperature depression is not a defined function of the
blend composition. DSC curves show two melting and two crystallization temperatures. The
difference between crystallization temperatures for blends containing PP is smaller than the
difference between melting temperatures. The enthalpies of fusion are nearly monotonic
functions of blend composition.

Most industrial polymers have some outstanding properties. Therefore it is
expected that polymer properties may be improved by blending. Two different ways
of blending polymers are possible: mixing polymers in molten state, and mixing
polymer solutions. These blends are in some fields increasingly replacing
homopolymers. Most of the theoretical and practical investigations on the
properties of polymer blends have been restricted to amorphous multicomponent
systems. On the contrary, crystallizable polymer blends have received relatively
little attention, although polyolefin blends are technologically very important [1-6].
This paper is a part of a more general study on the properties of polyolefin blends.
In the present work differential scanning calorimetry was used for studying the
thermal behaviour of binary polyolefin blends (LDPE/HDPE, LDPE/PP,
HDPE/PP).

Experimental

Low density polyethylene (LDPE) DINALEN 35, DINA Krk
(e = 0.921 gem ™3, MFI = 0.95 g/10 min), high density polyethylene (HDPE),
HIPLEX HHM 4903, HIP Pancevo (¢ = 0.949 g cm ™3, MFI = 0.30 g/10 min),
and polypropylene (PP), HIPOLEN P MA 6, HIPOL Odzaci (¢ = 0.900 g cm 3
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MFI = 1.20 g/10 min) were used in this study. From the mentioned polyolefins
three pairs of binary blends in different weight ratios were prepared by milling the
mixed pellets on a two roll mill at 190° for 10 min and 30 rpm. The milled crepe was
then hot pressed at 190° into compression moulded plaques of about 0.8 mm
thickness. The material was quenched from this temperature by plunging the
sample and moulding plates into cold water.

Thermal characteristics were measured by a Perkin—Elmer differential scanning
calorimeter DSC 2. Melting and crystallization temperatures were determined
from DSC curves obtained by heating resp. cooling the samples at a rate of
10 deg min~?! and correcting the maximum melting temperatures for the melting
slope of indium. The enthalpies of fusion were measured on the quenched samples.
They were calculated from the areas between the DSC curves and the baseline using
the melting enthalpy of indium as standard. The crystallization temperatures were
measured by the following standard procedure: the sample (5-30 mg) was heated to
a temperature 15-20 degrees above the highest melting temperature and kept at this
temperature for 30 min. The sample was then cooled.

Results and discussion

In Tables I, 2 and 3 the results of the thermal studies of binary polyolefin blends
are presented.

Since for all binary blend compositions two melting temperatures were detected,
it could be confirmed that LDPE, HDPE and PP are incompatible. The melting
temperatures of individual polyolefins were lowered with the addition of the second

Table 1 Melting temperatures, crystallization temperatures, and overall enthalpies of fusion (LDPE +
" HDPE) in dependence on the LDPE/HDPE blend composition

Composition, K iTmDPE, K AH,,, J/g

wt% Trpores K T iores K T, oee:

100/0 385 — 367 — 114.5
90/10 384 402 — — —
75/25 383 403 367 385 135.0
60/40 381 403 — — —
50/50 381 406 369 388 148.0
40/60 381 406 — — —

crystallization

25/75 381 406 indetectable 388 172.2
10/90 381 406 — — —
0/100 — 406 — 388 184.8
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Table 2 Melting temperatures, crystallization temperatures, and overall enthalpies of fusion (LDPE +
PP) in dependence on the LDPE/PP blend composition

Com\l;:)(;l,tlony TmLDPE’ K TmPP’ K TCLDPE’ K Tcpp’ K AHm’ J/g
100/0 385 — 167 — 114.5
90/10 385 439 — — —
75/25 387 440 368 398 100.3
60/40 386 439 - —. —
50/50 386 439 368 395 94.5
40/60 386 439 — — —
25175 386 439 368 393 85.7
10/90 386 439 — — 85.3
0/100 — 441 — 392 81.5

Table 3 Melting temperatures, crystallization temperatures, and overall enthalpies of fusion (HDPE +
PP) in dependence on the HDPE/PP blend composition

Composition,

Wt% MHDPE K TMPP’ K TCHDPE' K Tcpp’ K AHm’ J/g
100/0 406 — 388 — 184.8
90/10 406 437 — — —
crystallization

75/25 406 437 386 undetectable 171.4
60/40 406 437 — — 145.5
50/50 405 437.5 387 393 135.0
40/60 406 437.5 — — 129.2
25/75 405 438 387 392 110.8
10/90 405 438 — — —
0/100 — 441 — 392 81.5

polyolefin; nevertheless, it was impossible to find a defined decreasc in dependence
on the composition. This type of behaviour has been detected for binary blends and
has been attributed to a possible interplasticizing action caused by some molecules
of one component acting as a diluent within the crystalline regions of the other
component [6].

The crystallization temperatures of the individual polymers in the blends did not
change appreciably with the blend composition. The crystallization temperatures in
the blends were in most cases some degrees higher than the crystallization
temperatures of the individual polymers. The difference between the melting and
crystallization temperatures was for the studied samples of LDPE and HDPE
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equal, i.e. 18 deg, for PP the difference was larger, i.e. 49 deg. For this reason the
crystallization temperatures of HDPE and PP in HDPE/PP blends were very close
and in blends with small quantity of PP only one crystallization peak could be
detected (Figs 1 and 2).
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Fig. 1 DSC melting curves of HDPE/PP blends at a heating rate of 10 deg min~*: (A) 50 HDPE/50 PP,
(B) 25 HDPE/75 PP
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Fig. 2 DSC crystallization curves of HDPE/PP blends at a cooling rate of 10 deg min™ % (A) 50
HDPE/50 PP, (B) 25 HDPE/75 PP
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The enthalpies of fusion were nearly monotonic functions of the binary blend
composition, as established also by Donatelli [6]. In the blends of LDPE/HDPE
the enthalpies of fusion increased with increasing amount of HDPE while in the
blends LDPE/PP and HDPE/PP they decreased with incresing PP content. [n the
blends with small quantity of one of the components it was sometimes difficult to
define the portions of the enthalpy of individual components because the melting
peaks were not clearly separated. Hence, the enthalpies given in the tables are the
overall values.

Conclusions

The LDPE/HDPE, LDPE/PP and HDPE/PP blends have two melting
temperatures since the blends are, as known, incompatible. The addition of the
second polymer lowers the melting temperature although the melting temperature
depression is not a function of the blend composition.

DSC curves obtained by the programmed cooling of the blends show two
crystallization temperatures as well. The difference between the two crystallization
temperatures for the blends containing PP is smaller than the difference between
melting temperatures. Therefore compositions with small proportion of PP show
only one crystallization peak.

The enthalpies of fusion are nearly monotonic functions of the blend
composition. In the blends with small quantity of a second component the
proportion of the individual components cannot be clearly defined.

It should be finally pointed out that the DSC method is appropriate for the
evaluation of the blend composition.
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Zusammenfassung — Die thermischen Eigenschaften bindrer Polyolefinmischungen (LDPE/HDPE,
LDPE/PP, HDPE/PP) wurden mittels DSC untersucht. Durch Zugabe eines zweiten Polymers wird die
Schmelztemperatur erniedrigt, obwohl die Erniedrigung der Schmelztemperatur keine Funktion der
Mischungszusammensetzung ist. Die DSC-Kurven zeigen zwei Schmelz- und zwei Kristallisa-
tionspeaks. Bei PP enthaltenden Mischungen ist der Unterschied zwischen den Kristallisationstempera-
turen geringer als zwischen den Schmelztemperaturen. Die Schmelzenthalpie ist eine nahezu monotone
Funktion der Mischungszusammensetzung.

Pestome — Metogom JICK u3yderbi TEpMHUECKHE CBOHCTEBA IOJIMMEPHBIX CMECEH IOTMITHICH HA3KOH
ILTOTHOCTH — TOJIA3THIIEH BHICOKO IIOTHOCTH, NIONHATHIIEH HH3KOH IIOTHOCTH — NOJHIIPOTHIIEH,
NOJIM3THJIEH BBICOKOH IUIOTHOCTH — mnosunponuieH. JlobGaBka BToporo moJMMepa NOHHXAeT
TEMIIEPATYPY ILIABJICHHsI CMECEH, XOTS TAKOE IIOHWXXEHHUE 1 He ABJIseTcs dpynkuueit ux cocrapa. Kpusbis
JICK nokazanum nandyde OBYX TEMOepatyp IUIaBNEHHS M KPHCTAJUIM3anuM. Pasimmune Mexuy
TeMIepaTypamMy KpPHUCTAIUM3AOMH CMecefl C IOJHMIPONMICHOM MEHBIIE, YeM MEXAY MX TeM-
nepaTypaMu IUIaBJeHus. YCTaHOBICHA MOHOTOHHAS 3aBHCHMOCTD SHTAJIBIHH TJIABJIEHAA CMECEH OT
HX COCTaBa.
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