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ABSTRACT: Effects of cure systems on shrinkability of polyolefin and EPDM blends
have been studied as a function of cure time and amount of elastomers added. During
measurement one of the parameters is kept constant while the other varies. The shrink-
ability of the blends increases with the increase in cure time when elastomer content
is fixed. Similarly, at constant cure time higher loading of elastomer increases the
shrinkability of the blends. Samples stretched under high temperature show higher
shrinkability than those stretched under room temperature. Dicumylperoxide (DCP)
is a more effective curing agent for making a particular set of blends more shrinkable
than the sulfur. The changing morphological pattern with DCP-cured shrunk samples
from those of sulfur cured samples is corroborated by the SEM studies where the
elastomer phase appears to be globular in nature. The crystallinity of the blend depends
on the dose and type of the elastomer used in polyolefin. The curing efficiency of the
elastomerphase depends on the polyolefin used as blend partner. q 1998 John Wiley &
Sons, Inc. J Appl Polym Sci 68: 597–603, 1998
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INTRODUCTION blend prepared by melt mixing thermoplastics
materials and elastomers have recently gained
considerable attention. It is clear now thatIn recent years economic, technologic, and other
nearly all blends are comprised of one polymerregulatory pressures have gradually narrowed
domain dispersed in the matrices of the otherthe further development of newer chemical vari-
polymers.4–6 There is very little systematic in-eties of polymers. The existing trend reveals a

rapidly growing interest in research in the field formation concerning the heat shrinkability of
of polymer blends as a major endeavor. A partic- the polymer blend. The use of polyethylene in
ular polymer may have a set of properties supe- blends and composites is most useful from a
rior to another polymer, while this polymer may technological point of view because of its nontox-
be rich in a different set of properties lacking icity. Very recently Patra and Das studied the
in the former. By blending different polymers flame retardancy and heat shrinkability of poly-
several properties can be improved while re- olefin/elastomer blends.7–9 This article presents
taining some of the other properties.1–3 The our study on the investigation of heat shrink-

ability of the blends of polyolefins and EPDM
with sulfur and DCP as the curing agents
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through cure characteristics, crystallinity and
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morphology.q 1998 John Wiley & Sons, Inc. CCC 0021-8995/98/040597-07
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EXPERIMENTAL croscope, SEM (Camscan Series 2 and E5200
Auto Sputter Coater).

The used HDPE was F46003, having MFI 0.30
and density 0.946 gm/cc. LLDPE was F19010, RESULTS AND DISCUSSION
having MFI 0.90 and density 0.918 gm/cc. LDPE
was 22 FA002 with MFI 0.20 density 0.912 gm/ The blends of polyethylene and EPDM were pre-
cc. The used EPDM was Nordel 1040. The blends pared in the composition range as shown in Tables
of HDPE/EPDM, LDPE/EPDM, and LLDPE/ I and II and then the curatives were incorporated
EPDM were made by gradual replacement of as per the compounding formulation shown in
polyethylene with EPDM in a Brabender plas- Tables I and II. Corresponding properties were
ticorder for 10 min at 20 rpm. The temperature shown in respective figures.
of mixing was 1507C for HDPE/EPDM blends and
1207C for LLDPE/EPDM and LDPE/EPDM
blends. The curative systems used are ZnO/S/ Effect of Cure Time and Elastomer Content on

Shrinkability of the BlendsTMTD and DCP to study the effect of two curing
agents on the shrinkability of the blends. The

The variation of shrinkability of the blends withblends thus prepared were allowed to cure in a
cure time at constant elastomer content for bothhot press in a mold at 1507C for 5, 10, 15, and
the high temperature (H-T) stretched and room20 min. This operation enabled the blends to be
temperature (R-T) stretched samples are showneffected in two different ways because of the dif-
in Figures 1 and 2, respectively. The figures showference in the nature of crosslinking due to S and
that with increase in cure time the shrinkabilityDCP. In the case of first curative system the rub-
increases in case of all the blends. The extent ofber phase is crosslinked, leaving aside the plastic
increase in shrinkability is more when DCP isphase as such. When DCP is used, both the elasto-
used as the curing agent than that in case of themeric phase and plastic phase are influenced but
sulfur-cured system. LLDPE/EPDM blends showto a different extent. We have studied the length-
maximum shrinkability for both H-T and R-Twise shrinkage which was measured under three
stretched samples followed by LDPE and HDPEdifferent conditions (a) shrinkage was measured
containing blends. Higher shrinkability of theat 1507C for above vulcanizates; (b) vulcanizates
blends when DCP is used as curing agent thanwere given stretching at ambient temperature
the sulfur cured system may be due to the factand at 1507C and then the shrinkage of the
that sulfur acts as the bridging agent between twostretched samples was measured at 1507C; (c)
elastomer molecules, whereas DCP attack bothabove vulcanizates were stretched at 1507C and the polymer chains to generate active sites lead-

cured under stretching conditions and then the ing to more efficient crosslinking, which results
shrinkage was measured at 1507C. Shrinkage (%) in higher shrinkability of the blends.10 The in-
was measured as crease in cure time increases the shrinkability of

the blends. For a similar increase in cure time
Sh % Å [Lstr 0 Ls ] /Lstr 1 100 H-T stretched samples are found to show higher

shrinkability than the R-T stretched samples.
where Sh % is percent shrinkage, Lstr is length of This difference in shrinkability of H-T stretched
the sample after stretching, and Ls is length of and R-T stretched samples is higher in the case
the sample after it is shrunk.

The cure characteristics were studied using a
Monsanto Rheometer R-100 at 1507C. X-ray dif- Table I Compounding Formulations with
fraction was studied using a PW 1840 X-ray dif- ZnO/S/TMTD as Cure System
fractometer with copper target (CuKa) at a speed
of 0.057 2u /s01 , chart speed 10 mm/2u, range Blend I II III IV
10,000 cps, TC 1 s01 and a slit of 0.2 mm applying

LLDPE/LDPE/HDPE 80 60 40 2040 kV, 20 mA current in order to have the idea of
EPDM 20 40 60 80crystallinity of the blends as affected by the
ZnO 0.8 1.6 2.4 3.2extent of stretching. Phase morphology was stud-
S 0.25 0.5 0.75 1.0ied using specimens after differential solvent ex-
TMTD 0.25 0.5 0.75 1.0traction with the help of a scanning electron mi-
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Table II Compounding Formulations with
DCP as Cure System

Blend I II III IV

LLDPE/LDPE/HDPE 80 60 40 20
EPDM 20 40 60 80
DCP 1.0 1.0 1.0 1.0

of the DCP cured system than observed in case of
the sulfur cured system. This may be due to more
crosslinking of the elastomer phase at higher

Figure 2 Variation of shrinkage of the blends withtemperature owing to the decomposition of the
cure time at constant elastomer content for R-Tcuratives (DCP) to produce more active sites,
stretched samples: (a) HDPE/EPDM blend with sulfurthus initiating considerable crosslinking, which
as the curative; (b) LDPE/EPDM blend with sulfur asis not significantly feasible in case of an R-T
the curative; (c) LLDPE/EPDM blend with sulfur asstretched sample.11 An increase in cure time
the curative; (d) HDPE/EPDM blend with DCP as the

means allowing the elastomer phase to crosslink curative; (e) LDPE/EPDM blend with DCP as the cura-
for a longer period of time, resulting in efficient tive; (f ) LLDPE/EPDM blend with DCP as the cura-
crosslinking, which is manifested in higher tive.
shrinkability.12 The variation of shrinkability of
the blends with elastomer content at constant

shrinkability is concerned. The extent of increasecure time for both H-T stretched and R-T
in shrinkability is higher for H-T stretched sam-stretched samples is shown in Figures 3 and 4. It
ples than R-T stretched samples in both the sulfuris evident from the figures that the increase in
and DCP cure system. Here again the greater in-elastomer content increases the shrinkability of
crease in shrinkability of the H-T stretched sam-the blends for R-T and H-T stretched samples in
ple for DCP cure system is due to the decomposi-case of both the sulfur and DCP cure systems.
tion of DCP resulting higher concentration of freeLLDPE/EPDM blends get an edge over the
radicals as discussed above.13

LDPE/EPDM and HDPE/EPDM blends so far as

Figure 1 Variation of shrinkage of the blends with Figure 3 Variation of shrinkage of the blends with
elastomer content at constant cure time for H-Tcure time at constant elastomer content for H-T

stretched samples: (a) HDPE/EPDM blend with sulfur stretched samples: (a) HDPE/EPDM blend with sulfur
as the curative; (b) LDPE/EPDM blend with sulfur asas the curative; (b) LDPE/EPDM blend with sulfur as

the curative; (c) LLDPE/EPDM blend with sulfur as the curative; (c) LLDPE/EPDM blend with sulfur as
the curative; (d) HDPE/EPDM blend with DCP as thethe curative; (d) HDPE/EPDM blend with DCP as the

curative; (e) LDPE/EPDM blend with DCP as the cura- curative; (e) LDPE/EPDM blend with DCP as the cura-
tive; (f ) LLDPE/EPDM blend with DCP as the cura-tive; (f ) LLDPE/EPDM blend with DCP as the cura-

tive. tive.
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samples. For a particular blend system it is ob-
served that the unstretched original sample in the
DCP cure system has higher crystallinity than

Figure 4 Variation of shrinkage of the blends with
elastomer content at constant cure time for R-T
stretched samples: (a) HDPE/EPDM blend with sulfur
as the curative; (b) LDPE/EPDM blend with sulfur as
the curative; (c) LLDPE/EPDM blend with sulfur as
the curative; (d) HDPE/EPDM blend with DCP as the
curative; (e) LDPE/EPDM blend with DCP as the cura-
tive; (f ) LLDPE/EPDM blend with DCP as the cura-
tive.

Effect of Crystallinity on the Shrinkability
of the Blends

X-ray diffractograms of various blends have been
shown in Figures 5 and 6. It has been observed
that for a particular polyolefin/elastomer blend
the unstretched sample is having higher crys-
tallinity than the H-T stretched sample followed
by an R-T stretched sample for both DCP cured
system and sulfur cured system. LLDPE/EPDM
blends (in the case of sulfur cure) get an edge
over LDPE/EPDM blends and HDPE/EPDM con-
taining blends for the equivalent blend ratio. For
LLDPE containing blends in the sulfur cure sys-
tem although H-T shrunk and H-T stretched sam-
ples have almost same crystallinity but R-T
shrunk samples are more crystalline than R-T
stretched samples. For LDPE/EPDM blends a
slight difference occurs where H-T shrunk sam-
ples show higher crystallinity than H-T stretched

Figure 5 X-ray diffractograms: (a) unstretched origi-
nal sample of LDPE/EPDM (60/40) with sulfur as the
curative; (b) H-T stretched sample of LDPE/EPDM
(60/40) with sulfur as the curative; (c) H-T shrunk
sample of LDPE/EPDM (60/40) with sulfur as the cu-
rative; (d) unstretched original sample of LDPE/
EPDM with DCP as the curative; (e) H-T stretched
sample of LDPE/EPDM (60/40) with DCP as the cura-
tive; (f ) R-T shrunk sample of LLDPE/EPDM (60/40)
with sulfur as the curative.
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Figure 7 Torque rheometry: (a) LLDPE/EPDM (60/40)
with sulfur as the curative; (b) LDPE/EPDM (60/40)
with sulfur as the curative; (c) HDPE/EPDM (60/40)
with sulfur as the curative.

loss of regularity. However, it needs more experi-
mentation to conclude. One noteworthy observa-
tion is that for unstretched blend samples HDPE
containing blends have higher crystallinity, fol-
lowed by LLDPE and LDPE containing blends.

Effect of Crosslinking

It is observed from the continuous cure character-
istics through the Monsanto Rheometer, R-100,
that the increase in elastomer content increases
the degree of crosslinking for a particular cure
system. The extent of increase in crosslinking is
more in the case of DCP cure systems. For a par-
ticular blend ratio DCP cure systems have a
higher extent of crosslinking than the sulfur cure

Figure 6 X-ray diffractograms: (a) H-T stretched system (Figs. 7 and 8). This is due to the involve-
sample of LLDPE/EPDM (60/40) with sulfur as the
curative; (b) R-T stretched sample of LLDPE/EPDM
(60/40) with sulfur as the curative; (c) H-T shrunk
sample of LLDPE/EPDM (60/40) with sulfur as the
curative.

the original unstretched sample in the sulfur cure
system. The same trend is followed for H-T
stretched and R-T stretched samples. For the
blend systems studied, the crystallinity mainly
depends on the polyolefin phase, while stretching
the sample at high temperature the polyolefin
phase flows more than that at room temperature
stretching, making the blend more crystalline in
the former case. The low crystallinity of H-T and
R-T stretched samples than the unstretched origi- Figure 8 Torque rheometry: (a) LLDPE/EPDM (60/40)
nal samples may be due to the breakage of the with DCP as the curative; (b) LDPE/EPDM (60/40)
elastomer phase at such high elongation of with DCP as the curative; (c) HDPE/EPDM (60/40)

with DCP as the curative.stretching producing voids in the structure thus
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Figure 11 SEM photograph (8001 ) of H-T shrunkFigure 9 SEM photograph (8001 ) of H-T stretched
sample of LLDPE/EPDM (60/40) with DCP as the cu-sample of LLDPE/EPDM (60/40) with DCP as the cu-
rative.rative.

ment of both the phases in crosslinking when DCP SEM Study
is used as the crosslinking agent, whereas in the

Phase morphology was studied by SEM after dif-case of the sulfur cure system only the elastomer
ferential solvent extraction of EPDM. They arephase is responsible for crosslinking, not the ther-
represented in Figures 9–12.moplastic phase. Again, for a particular polyolefin

Comparing the H-T stretched samples of theelastomer blend ratio the LLDPE containing
DCP cure system and sulfur cure system ofblends have a higher state of cure followed by
LLDPE/EPDM blends (Figs. 9 and 10) it can beLDPE and HDPE (Fig. 8). This trend holds good
seen that the elastomer phase is elongated morefor both the DCP and sulfur cure systems.
in the DCP cure system. This may be due to differ-The more crosslinking in the structures the
ence in the efficiency of DCP and S as cross-more is the entanglement in the chain segments,
linker.15 In case of DCP as a curing agent bothwhich results in the retraction of the sample, i.e.,
the plastic and elastomer phases are crosslinked,higher shrinkability. For the LLDPE/EPDM
which may result increase in viscosity. The higherblend system the DCP attacks both the polymer
values of shrinkability of the DCP cure systemschains to produce a considerable higher number
may be due to the more extensibility of the plasticof active sites than the sulfur cure system, which
phase than the sulfur cured samples and LLDPEacts as the bridge between elastomer chains, only
gives a higher value, which may be because of itsthus the higher efficiency of the DCP to crosslink
structural influence on the curing agent. The SEMthe polymers makes the blend more shrinkable
of the shrunk samples after H-T stretching ofthan the sulfur cure blends of the same samples.14

LLDPE/EPDM of the DCP cure system and sulfurHowever, authors fail to understand the increased
cure system are shown in Figures 11 and 12. It iscrosslinking efficiency for LLDPE/EPDM fol-
clearly observed from the figures that the elasto-lowed by LDPE/EPDM and HDPE/EPDM blends
mer phase is more globular in nature in the DCPfor sulfur crosslinking. Probably it needs more ex-
cure system, which is represented as tiny blackperimentation to explain this above phenomenon.

Figure 10 SEM photograph (8001 ) of H-T stretched Figure 12 SEM photograph (8001 ) of H-T shrunk
sample of LLDPE/EPDM (60/40) with sulfur as thesample of LLDPE/EPDM (60/40) with sulfur as the

curative. curative.
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