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Polymer materials will undergo a progressive deformation at a constant stress,  
referred  to  as  creep.  The  creep  behaviour  of  polymers  will  control  the  
suitability as a structural material and therefore is important to elucidate long-
term performance under similar conditions to which would be its service life.  
The creep deformation was determined for  HDPE and HDPE-EVA blends,  
with long term behaviour  indicating reduced stability  with the  presence of  
EVA  in  the  blend,  particularly  with  activation  of  irreversible  molecular  
structural changes.

1. Introduction
Polymeric  materials  are  susceptible  to  micro-structural  changes  as  a  result  of  

morphological response to a change in environmental conditions such as temperature, load or  
aging over time. These changes are a time-dependent degradation attributed to viscoelastic  
behaviour  that  impact  on the  modulus  and strength of  the  material  [1-3].  These  physical 
properties are measured by creep analysis and provide useful information to determine the  
polymeric material behaviour for an intended use and long-term dimensional durability. Creep  
is of concern for many engineering applications and with the increased use of polymers in  
industrial and domestic appliances; the creep properties can give insight into the structural  
susceptibility or resistance in a defined scenario.

High density polyethylene (HDPE) creep behaviour was conducted and the impact of  
blending with a polar elastomeric polyolefin was evaluated. HDPE is a linear polymer with  
little or no branching along the ethylene chain backbone. Having excellent mechanical wear,  
abrasion and chemical resistance, it is incorporated into various compositions for applications  
ranging from electrical cables, waste water pipes through to domestic beverage containers.  
HDPE  can  be  blended  with  elastomers  to  improve  ductility  and  flexibility  but  this  
compromises  the  resultant  modulus  characteristics.  Ethylene  copolymers  are  formed by  a  
polymerisation reaction of ethylene monomers with insertion of a co-monomer unit along the  
chain. The constitution of co-monomer content modifies the characteristic of the copolymer,  
typically by an inherent reduction in crystallinity and increased elastomeric behaviour. Two  
particularly interesting polar ethylene copolymers are poly(ethylene-co-methyl acrylate) and  
the  more  widely-known  poly(ethylene-co-vinyl  acetate)  [4].  While  the  former  is  more 
thermally  stable  given  the  acrylate  structure,  the  latter  is  more  widely  available  and  
commercially produced with broad co-monomer contents.

The aim was to elucidate the impact of an ethylene copolymer on the creep behaviour of  
HDPE  matrix.  Longer-term  effects  of  creep  will  be  explored  by  inducing  changes  at  
increasing temperatures and constructing time-temperature creep master curves.

2. Experimental
2.1 Materials and blend preparation

HDPE with different melt indices (MI 4, 20 and 36  g·10 min-1) were blended with EVA 
(with vinyl acetate content of 33%, MI of 45 g·10 min-1) using an Axon BPX12 single screw 



PROCEEDINGS – 34TH ANNUAL CONDENSED MATTER AND MATERIALS MEETING – WAIHEKE ISLAND, AUCKLAND, NZ, 2010

extruder with average processing temperature of 180  ºC. The extruded strands were pelletised  
and compression moulded into sheets (1  mm thickness) using an IDM heated press and cooled  
slowly from the melt to obtain consistent thermal history.

2.2 Differential Scanning Calorimetry 
A Perkin-Elmer Pyris 1 DSC was used to measure the thermal transitions of the blends.  

Measurements  were  conducted  from  ambient  with  an  ice-water  slurry  for  excess  heat  
absorption, while a high purity indium standard (T m = 156.6 °C, ΔHm = 28.45 J·g-1) was used 
for  calibration.  A 20 mL·min-1 nitrogen purge through the cell  chamber  provided an inert  
atmosphere. Small masses (~5 mg) of film were encapsulated in standard 10 µL hermetically 
sealed aluminium pans, with a similar empty pan used as a reference. The blends were heated  
from  ambient  at  a  scanning  rate  of  10 ºC·min-1 to  180 °C  to  observe  the  melting 
characteristics.  A  baseline  with  similar  empty  pan  was  conducted  and  specific  heat  
determined. The degree of crystallinity was determined from the relationship:  χ=ΔHm/ΔHm

0 

(where ΔHm
0 = 290 J.g-1 for the melting of a perfect HDPE crystal) [5].

2.3 Mechanical measurement 
The blends and respective components were subjected to tensile stress-strain and creep-

recovery analysis using a TA Instruments Q800 DMA. Young’s modulus was determined from  
the stress strain in addition to selection of an appropriate load for creep analysis. Tests were  
conducted in triplicate with standard deviation indicated by error bars. The creep data was  
modelled using the 4-element model to describe the viscoelastic behaviour.

3. Results and Discussion
3.1 Thermal characteristics

The specific heat melting endothermic curves for the three HDPE’s used in this study  
are shown in Figure 1a. The endotherm is relatively sharp and narrow with peak temperatures  
of 135.4, 132.8 and 133.6 ºC for HDPE with MI of 4, 20 and 36 g.10 min-1, respectively. The 
trend  generally  reflects  the  change in  molecular  weight  characteristic  of  high melt  index  
associated with lower molecular weight polymer and flow behaviour. This will impact on the  
creep  behaviour,  which  is  shown  later.  The  fractional  crystallinity,  determined  from  the  
enthalpy of melting was 0.78, 0.75 and 0.72 for the respective HDPE’s. The EVA copolymer  
had a broad endotherm at relatively low temperature spanning from ambient to about 80 ºC, 
with main peak appearing at 39.5 ºC and secondary broad shoulder at around 59  ºC, indicating 
a  multi-modal  VA composition.  The  fractional  crystallinity  was  0.11,  due  to  the  VA co-
monomer significantly disrupting the crystallisation of the ethylene segments. This in turn  
provides the elastomeric properties that will be imparted onto the matrix host polymer.

3.2 Mechanical characteristics
Young’s  modulus  (YM,  modulus  of  elasticity)  was  obtained  from the  initial  linear  

region of the tensile stress-stain relationship. The values are graphically represented in Figure  
1b. YM was typically between 800 to 900 MPa for the HDPE polymers. Although not shown,  
the  maleated  HDPE  exhibited  lower  YM  of  about  650  MPa  due  to  the  grafted  groups  
disrupting the crystalline structure (fractional crystallinity 0.70).  Eight blend compositions  
are shown in Figure 1b, where blends 1-4 are HDPE04/EVA33, blends 5&6 HDPE20/EVA33  
and  blends  7&8  HDPE36/EVA33.  The  effect  of  elastomeric  EVA is  significant  on  the  
properties of matrix HDPE. The elastomeric EVA reduces YM to about 60  % of the neat 
HDPE (MI 4 g.10 min-1) and this continues with increasing EVA content from 18 to 45  wt%, 
imparting ductility to the HDPE blends. Blends 5&6 (HDPE MI 20) and 7&8 (HDPE MI 36)  
have 36 and 45 wt% EVA per set. On comparison of HDPE MI characteristic, it is observed  
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that the lower MI HDPE blends exhibited higher YM at the same level of EVA addition. This  
is  attributed to  difference in  molecular  weight  and morphology obtained on cooling.  The  
symbols  above the  bars  in  Figure  1b are  the  additive  modulus  of  the  components  of  the  
blends,  and  these  show that  the  measured  modulus  deviated  negatively.  Interestingly,  the  
effect of EVA appears to create a greater deviation with the higher MI HDPE, and this was  
reflected in the corresponding crystallinities of the HDPE phase.

a) b)
Fig 1. a) Specific heat melting curves of HDPE with differing melt index. b) Young’s modulus of HDPE and  

blends. The filled symbols above the bars correspond to the additive modulus of the blend components.

A typical creep experiment profile exhibits various regions in the resultant measured  
strain. An instantaneous purely elastic response occurs on application of a specific load and  
this  response  involves  amorphous  phase  deformations.  The  deformation  then  continues  
involving a viscoelastic response in the polymeric material. At longer times, a steady state of  
linear deformation prevails indicating viscous flow. The viscous flow will continue until a  
specimen will undergo a rapid accelerated deformation resulting in fracture. If the analysis  
permits creep and not fracture, the stress can be removed and allow recovery to occur, but due  
to  viscous  flow,  there  is  a  proportion  of  strain  that  is  unable  to  recover  (permanent  
deformation). Deformation of the microstructure of HDPE and blends will occur primarily in  
the  amorphous  regions  of  the  semi-crystalline  polymer  blend.  Chain  unravelling  and  
co-operative motions enable segmental movements and alignment in preferred direction of  
applied stress [1]. Restraint due to chain entanglements and tie-molecule segments linked to  
crystalline lamellae will aid in reducing deformation.

Table 1: Creep-recovery characteristics evaluated by the 4-element model for HDPE04, EVA and corresponding  
HDPE-EVA blends. E1 and η1 are the elastic and viscous contributions to the Maxwell element and E 2 and η2 are 

the elastic and viscous of the Voigt-Kelvin element. The retardation time is given by τ.

E1 (MPa) E2 (MPa) η2 (Pa.s) η1 (Pa.s) τ (s) % unrecovered
HDPE04 13.59 5.73 84.2 865.2 11.7 52
Blend 1 7.92 3.53 46.0 539.0 5.5 50
Blend 2 7.34 3.21 41.8 537.1 5.8 47
Blend 3 6.52 2.00 25.6 277.3 6.6 60
Blend 4 4.23 1.91 24.8 289.5 4.5 51

EVA 0.06 0.04 0.5 13.2 - -

Using  the  4-element  model  (Burger),  the  contributions  for  each  element  were  
determined and are listed in Table 1 with the elastic and viscous contributions determined  
from the Maxwell (M) and Voigt-Kelvin (VK) elements,  respectively.  The HDPE E 1 (M-
element)  was  relatively  high  which  is  attributed  to  the  highly  crystalline  matrix  that  is  
restricting the molecular motion of the amorphous regions amongst the crystalline domains.  
The addition of EVA was shown to decrease the crystallinity and hence resulted in lower E 1 

than the pure HDPE, and E continued to decrease with increasing EVA content. This was  
attributed to the change in morphology and phase separation created by the difference in  
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polarity and the elasticity of EVA imparted to the matrix. The M viscous element ( η1) of 
HDPE was higher than that of blends. Increasing EVA content reduced it to about 70 to 40%  
of the pristine HDPE. A similar trend for both E 2 and η2 for the VK component was observed.  
Viscoelastic materials have a proportion of unrecovered strain due to permanent deformation  
or viscous flow with time. In general, the unrecovered deformation or creep was greatest for  
HDPE and marginally reduced with the lower EVA proportion. Even so, the overall strain  
measured for increasing EVA content increased.

Creep master curves for the systems investigated in this work were obtained by shifting  
the creep strain response at various temperature intervals to a reference temperature (T ref). 
This adopts the time-temperature superposition principle.  Figure  2a shows a master  curve 
obtained for HDPE04, with T ref = 30 ºC and all other curves displaced along the time axis  
(log ts  – log t). The creep behaviour of HDPE appears limited at low temperature, although  
activation of molecular diffusional motions was promoted by increased temperatures causing  
greater  viscoelastic  and  viscous  flow  (η)  which  encourages  irreversible  deformations  
(amorphous chain unravelling, crystal slippages or breakages). The addition of EVA into the  
HDPE matrix  (Fig. 2b)  promoted  creep  deformation  at  low temperature  attributed  to  the  
elastomeric  properties  and low crystallinity  of  the blend.  The master  curves  show higher  
strains are obtained at low temperature and as such weaken the HDPE, reducing the long term  
dimensional stability.

a)

b)
Fig 2. Creep master curve for a) HDPE04 and b) HDPE/EVA blend 1.

4. Conclusion
The  deformation  behaviour  of  HDPE  and  blends  containing  an  elastomeric  EVA  

copolymer was analysed. EVA successfully increased the elastomeric behaviour of HDPE,  
with blends displaying reduced crystallinity, Young’s Modulus and greater creep deformation.  
The  addition  of  EVA affected  the  deformation  particularly  at  higher  contents  and  lower  
temperatures, in effect reducing the HDPE resistance to deformation and long term stability.



PROCEEDINGS – 34TH ANNUAL CONDENSED MATTER AND MATERIALS MEETING – WAIHEKE ISLAND, AUCKLAND, NZ, 2010

References
[1] Genovese A and Shanks R A 2007 Macromol. Mater. Eng. 292 184.
[2] Spoljaric S, Genovese A and Shanks R A 2009 Compos. A 40 791.
[3] Acha B A, Reboredo M M and Marcovich N E 2007  Compos. A 38 1507.
[4] Genovese A and Shanks R A 2003 J. App. Polym. Sci. 90 175.
[5] Privalko E G,  Pedosenko A V, Privalko V P, Walter R and Friedrich  K 1999  J. App.  

Polym. Sci. 73 1267.


