
Vol.:(0123456789)1 3

Journal of Rubber Research (2021) 24:659–668 
https://doi.org/10.1007/s42464-021-00145-0

ORIGINAL PAPER

The feasibility of using ethylene‑vinyl acetate/natural rubber (EVA/
NR)‑based thermoplastic elastomer as filament material in fused 
deposition modelling (FDM)‑3D printing application

Dayang Habibah Abang Ismawi Hassim1 · Nik Intan Nik Ismail1   · Siti Salina Sarkawi1 · Yen Wan Ngeow1 · 
Suhawati Ibrahim1 · Kok Chong Yong1

Received: 13 August 2021 / Accepted: 6 December 2021 / Published online: 18 January 2022 
© The Malaysian Rubber Board 2021

Abstract
A series of ethylene-vinyl acetate/natural rubber (EVA/NR)-based thermoplastic elastomer (TPE) blends were developed for 
fused deposition modelling (FDM)-3D printing application. Two types of the EVA, namely EVA20 (17–20% vinyl acetate) 
and EVA24 (24–27% vinyl acetate), were used. The grafted EVA was blended with NR in various ratios using a melt blending 
approach. The effect of EVA/NR blends ratios were studied for thermal, melt flow index, mechanical and dynamic proper-
ties. Differential Scanning Calorimetry (DSC) analysis showed that increasing the NR ratio decreased the crystallinity of 
EVA/NR blends. Similarly, the melt flow index, hardness and tensile strength also reduced as NR content increased in the 
EVA blends. Printability study indicated that both EVA20 and EVA24 with their blends experienced buckling problems due 
to insufficient strength and stiffness for acting as push rods for the filament extrusion. Further investigation revealed that 
the elastic modulus (E') and loss modulus (E'') of EVA/NR blend was lower indicating lower stiffness and viscous response 
compared to commercial Thermoplastic Urethane and Nylon filaments. The feasibility study of EVA/NR blend in 3D printing 
provide fresh insight to develop TPE blends as potential 3D printing materials, especially involving natural rubber.
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Introduction

Fused deposition modelling (FDM) is an additive manu-
facturing technique wherein molten polymer filaments are 
extruded and deposited in a ‘layer-by-layer’ technique which 
can produce complex 3D products [1]. Standard rigid ther-
moplastic materials, i.e. (acrylonitrile–butadiene–styrene 
copolymer (ABS), nylon, poly(lactic acid) (PLA) and poly-
ethylene terephthalate (PET) are commercially available as 
FDM feedstock materials. Flexible filaments are recently 
being explored as new material in 3D printing. Currently, 
most flexible filaments are based on thermoplastic urethane 
(TPU) [2]. Feedstock materials for flexible TPE filaments 
with good mechanical properties have been scarce in the 

FDM process [3, 4]. Several issues have been encountered 
by researchers during extrusion in developing flexible fila-
ments using the FDM technique, and the most common is the 
incompatibility of current FDM machine with flexible fila-
ments [3]. Non-homogeneous mixing and weak matrix–filler 
interactions can contribute to poor 3D interlayer adhesion. 
Furthermore, difficulties in controlling process temperature 
during filament fabrication can cause polymer swelling and 
material degradation [5]. Due to that, for commercial flex-
ible filaments, Lehmann et al. [6] suggested custom-made 
items/commercial parts for the modifications of 3D printer 
nozzle, hot-end and process parameter adjustments to opti-
mise printing results.

Further developments on flexible filaments are thus 
required to fully utilise FDM technology for a wide range 
of product applications. Thermoplastic elastomer (TPE), 
with rubber-like properties, has gained interest as an FDM 
feedstock. The mechanical properties of FDM parts are 
often inferior to those of conventional injection moulded 
parts [7]. Recently, pellet additive manufacturing (PAM) 
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technology for 3D printers to produce soft TPE was devel-
oped [8]. Using the right TPE material and process param-
eters, mechanical properties up to 50% of the values of 
comparable injection moulded parts can be achieved.

Ethylene-vinyl acetate (EVA) is a material which 
exhibits excellent toughness and low melting point, which 
making it a possible candidate for flexible parts in FDM 
application [9]. On the other hand, as thermoset material, 
NR is less suitable for FDM. Therefore, an EVA/NR blend 
would be a suitable combination for filament as the EVA 
can be used as its thermoplastic carrier. Due to their dif-
ferent polarities, EVA and NR have been reported to be 
immiscible [10, 11]. The properties of EVA are dependent 
on vinyl acetate content, molecular branching, molecular 
weight and distribution [12]. Previous studies [11, 13] 
on EVA/NR blend properties have shown that increasing 
NR ratio decreased tensile strength, probably due to the 
decreasing crystallinity of the EVA phase in the blended 
compound. This drawback in the EVA/NR properties have 
been improved using dynamic vulcanisation, compatibi-
liser, silica and nanofiller [13–15]. Raveverma et al. [16] 
studied styrene-butadiene rubber (SBR)/EVA blend to pro-
duce flexible, strong and smooth FDM feedstock. Kumar 
et al. [9] proposed an in-house developed CNC assisted 
material deposition tool (MDT) to fabricate flexible parts 
using EVA. The developed system processes material in 
pellet form instead of filament, eliminating flexible parts 
preparation steps and buckling issues.

The present work evaluates a TPE material based on 
EVA/NR blends to produce flexible filament using FDM 
3D printing. Two commercially grafted EVAs were used 
to improve EVA-NR phase interaction. The EVA and its 
blends were characterised based on thermal, melt flow 
index, mechanical, rheological and dynamic properties to 
understand appropriate material properties for extrusion-
based additive manufacturing deposition systems using 
the FDM method. The FDM filament wire for selected 
compounds were extruded with a standard diameter of 
1.75 ± 0.05  mm and tested using a 3DGence ONE 3D 
printer.

Experimental

Material and sample preparation

Natural rubber (SMR CV60) was purchased from KL 
Kepong Sdn. Bhd. Maleic anhydride grafted ethyl-
ene–vinyl acetate copolymer containing 17–20% vinyl 
acetate (EVA20) and 24–27% vinyl acetate (EVA24) was 
purchased from ARKEMA. Both materials were used as 
polymer matrices in this work.

EVA/NR blends were prepared at 100/0, 80/20, 70/30, 
60/40 and 50/50 blend ratios. The mixing was carried 
out using a Haake Polylab OS Rheodrive internal mixer 
at a rotor speed of 60 rpm and starting temperature of 
90  °C. The EVA20 or EVA24 were melt blended for 
2 min before the rubber component was added. The total 
mixing time was 6 min.

The samples were compression moulded for 5 min in a 
Werner and Pfleiderer electric press at 120 °C. They were 
then cooled and kept under pressure for 20 min using 
Hexa Plast compression moulding with circulated water 
through the mould at 30 °C.

A roll of 1.75 mm-thick filament wire was prepared 
using Xplore MC 15 Micro compounder. The desired 
filament thickness was obtained at optimised conditions 
of 10 rpm rotor speed and 120 °C extrudate temperature. 
For the 3D printing process, a trial of EVA and its blend 
was printed at 190 °C using a 3DGence ONE 3D printer 
equipped with the 3DGence SLICER 4.0 software. The 
commercial 3D printing grade filaments used for com-
paring dynamic mechanical properties were TPU-C (Nin-
jaflex) and Nylon-C (PolyMide™ CoPA).

Material characterisation

Five dumbbell test pieces were stamped from a 2 mm-
thick moulded sheet for tensile tests. Tensile properties 
were determined according to BS ISO 37:2011 (type 2 
test pieces). An Instron 5564 universal testing machine 
with a 1 kN load cell was used with 500 mm/min cross-
head speed. International Rubber Hardness Degrees 
(IRHD) test for hardness measurements were conducted 
on three rectangular samples stacked together to achieve 
6 mm thickness.

A Mettler STAR​e SW 13.00 differential scanning calo-
rimeter (DSC) was used to analyse the thermal behaviour 
of selected EVA/NR blends. Indium was used as reference 
material for temperature calibration. Approximately 5 mg 
of each sample were weighed and sealed in a 40-µL alu-
minium crucible. The DSC was programmed for a heating/
cooling/heating cycle between − 120 °C and 150 °C at a 
rate of 20 °C/min under an oxygen-free nitrogen purge gas 
flow rate of 50 ml/min. For each sample, the peak tempera-
ture of melting was determined from the second heating 
scan.

The crystallinity (Xc) of the sample was calculated 
according to Eq. (1) as follows:

(1)X
c
=

ΔH
m
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0
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where ΔHm is the enthalpy of fusion of the EVA samples, 
ΔH0 is the enthalpy of fusion of the perfect polyethylene 
(PE) crystal, and wEVA is the weight fraction of EVA in the 
polymer blend matrix. The value of ΔH0 for PE is 277.1 J/g 
[17].

The melt flow index (MFI) of the blends was measured 
on a DYNISCO 4000 LMI indexer at 190 °C with a 2.16 kg 
load.

The rheological data for control material, EVA20 and 
EVA24 (without NR) was obtained using Xplore MC15, 
and the conditions are tabulated in Table 1. Melt viscosity 
and shear stress data at various rotor speeds (40, 60, 80 
and 100 rpm) which corresponded to their respective shear 
rates (13, 20, 27 and 32 s−1) were recorded.

A Mettler Toledo Dynamic Mechanical Thermal Ana-
lyzer (DMA1 Star system) was used for dynamic mechani-
cal and thermal analysis. Temperature sweep measure-
ments from − 80 to 80 ℃ were performed in tension mode 
at a frequency of 1 Hz and 0.1% strain with a heating rate 
of 5 ℃/min. The elastic/storage modulus (E'), loss modulus 
(E'') and loss tangent (tan δ) were obtained, and the glass 
transition temperature (Tg) of the blends was determined 
as the peak position of E'' when plotted as a function of 
temperature.

Result and discussion

Differential scanning calorimetry (DSC)

Figure 1 shows the thermal behaviour of the EVA20/NR 
and EVA24/NR blends from the DSC curves at 100/0, 
80/20 and 70/30 blend ratios, and Table 2 summarises 
the corresponding data. As expected, the melting peak 
temperatures (Tm,p) of EVA24 were lower than EVA20 
(Fig. 1a,b). Similarly, the DSC cooling curves (Fig. 1c,d) 
showed a lower intensity crystallisation peak for EVA24 
when compared to EVA20. The crystallisation peak of 
EVA24 was also observed to shift to lower temperature 

compared to EVA20 suggesting restricted crystallisation 
due to the higher VA content in EVA24. This observation 
agrees with previous studies [17, 18]. The crystallinity (Xc) 
measurement confirmed the lower crystallinity of EVA24 
than EVA20 (Table 2). Partial replacement of EVA up to 
30 parts per polymer (php) NR in both EVA20/NR and 
EVA24/NR did not influence the Tm,p of the blends. The 
Xc of EVA20 and EVA24 slightly decreased with increas-
ing NR content in the EVA/NR blends. From the DSC data 
in Table 2, EVA24/NR blends with blend ratio of 70/30 
exhibited lower Xc in comparison to EVA20 and its blends.

As EVA is a semi-crystalline polymer, it has a tendency 
to warp during 3D printing, therefore affecting the dimen-
sional stability of final products [19]. Apart from selecting 
EVA with different VA content, introducing NR into EVA 
reduces crystallinity, which reduces warping tendency.

Tensile properties

Figure 2 shows the stress–strain curves of EVA20/NR 
and EVA24/NR, respectively, at various blend ratios. 
For EVA20 and EVA24, increasing NR content reduced 
stress and elongation at break of the blend. This result is 
consistent with the finding by Yong et al. [20], where the 
tensile strength of EVA/NR decreased as the NR content 
in the blends increased. The reduction of tensile strength 
can be explained from a morphological point of view. In 
this work, rubber is the minor component in the EVA/NR 
blends. Thus, the NR is expected to form a dispersed phase 
in the EVA matrix. According to the morphological study 
by Koshy et al. [10], NR forms a dispersed phase in the 
EVA matrix due to the lower NR ratio in the EVA/NR 
blends. Due to the low interfacial interaction between NR 
and EVA [20], NR acts as stress concentration points in the 
EVA matrix, ultimately reducing tensile strength.

Melt flow index (MFI) and hardness

Figure 3 shows the MFI of EVA/NR blends at 190 °C. The 
MFI of EVA20 and EVA24 blends decreased with increas-
ing rubber content. MFI measured under specific condi-
tions is also an indirect measurement of a polymer’s molec-
ular weight, i.e., a higher MFI value indicates a polymer 
with a lower molecular weight. In this case, NR has higher 
molecular weight than EVA and increasing NR content in 
an EVA/NR blend would result in greater flow resistance. 
Similarly, a slightly higher reduction in MFI was observed 
for EVA24/NR blends probably due to higher branching of 
EVA 24 compared to EVA20.

MFI is used in 3D printing to evaluate the ability of 
new materials or additives in polymer/TPE blends to 
flow. Wang et al. [21] identified a 10 g/10 min thresh-
old value for PLA material for acceptable 3D printing 

Table 1   Conditions for rheological data using Xplore MC15

Stages Cumulative 
time, (min-
utes)

Volume: 15 ml
Temperature of barrel: 120 °C
Feed 0
Slow feeding at 70 rpm 2
After filling, blending process at a specific rotor speed 3
Extrude – filament 5
Data were averaged during a 3-min blending process
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quality. Therefore, a sufficient MFI value is required as 
an indicator of a suitable 3D printing material. Wang 
et al. [21] also highlighted the importance of interpreting 
MFI with additional thermal or other analysis techniques 

to evaluate a developed 3D printing material compre-
hensively. Since higher NR content caused greater flow 
resistance to EVA/NR blends, an EVA and EVA/NR at 
80/20 blend ratio of both types were selected with the 
MFI value of 4–6 g/10 min at 190 ℃ for filament fabrica-
tion and 3D printing. It should be noted that an increase 
in printing temperature would affect the resulting MFI 
value.

A similar trend as the MFI was also observed for hard-
ness (Fig. 4) of the blends which decreased with increasing 
NR content. The surface hardness of EVA copolymer is 
linked to VA content, molecular weight and degree of crys-
tallinity [12]. Therefore, EVA24 exhibited lower hardness 
than EVA20 in the absence and presence of increasing NR 
content across all blend ratios. The lower hardness of the 
EVA24 is due to higher VA content (lower crystallinity) 
and increasing the NR ratio further decreased the crystal-
linity of the EVA phase in the blends.

Fig. 1   DSC a, b heating and c, d cooling curves for EVA20/NR and EVA24/NR at various blend ratios indicate melting and crystallisation 
behaviour, respectively

Table 2   DSC characteristics data for EVA/NR at various blend ratio

EVA/NR Tm,p ( ℃) Normalised enthalpy 
(J/g)

Xc (%)

EVA20/NR
 100/0 89.7 61.0 21.9
 80/20 89.2 47.8 21.3
 70/30 88.8 40.2 20.0

EVA24/NR
 100/0 81.2 54.9 19.8
 80/20 81.5 38.2 17.6
 70/30 82.1 34.1 17.2
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Printability study

A printability study was conducted to investigate the fea-
sibility of EVA20 and its blends at 80/20 blend ratio as 
FDM filament at 190 °C. The blends were fabricated into 
filament and collected in a filament spool with thickness 
at 1.75 mm, as shown in Fig. 5. Therefore, the thermal 
properties, particularly the glass transition and melting 
temperatures (Tm) of the EVA20/NR blend, were used to 
determine the printing temperature.

In FDM 3D printing, the printed material should be 
heated to its Tm. It has been reported [22] that EVA con-
taining 17–30% VA corresponds to Tm of 80–90 °C. The 
trend was in line with the DSC analysis, as discussed in the 
previous section. As EVA degrades and becomes unsta-
ble at and above 230 °C, the printing temperatures below 
230 °C should be used for EVA/NR blends.

Generally, the more elastic the filaments, the more dif-
ficult it is to print, and this is true for most FDM printers. 
Figure 6 shows one of the trials where an EVA20 filament 
buckled and jammed during printing. Similarly, EVA24 
and its blends experienced buckling problems due to insuf-
ficient strength and stiffness for acting as a push rod for 
the filament extrusion. During the 3D printing process, 
both strength and stiffness must be sufficient to push the 
melted filament during extrusion without buckling [23]. 
The unsuccessful 3D printing of both types of control 
EVAs can be explained from their rheological properties 
followed by the dynamic mechanical analysis of the EVA 
and its blend with NR.

Rheology via Xplore MC15

Rheology of polymer melts is often studied using a capil-
lary rheometer to understand the flow behaviour and opti-
mise its processing parameters. The effects of extrusion 

Fig. 2   Stress–strain curves of EVA/NR blends of a EVA20 and b EVA24

Fig. 3   MFI of EVA/NR blends

Fig. 4   Hardness of EVA/NR blends
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parameters such as shear stress, shear rate and temperature 
on extrusion problems (e.g., die swell, sharkskin and melt 
fracture) have been linked to the elastic behaviour of poly-
mer melts during the extrusion process [24, 25]. As EVA20 
and EVA24 were unsuccessfully printed using a 3DGence 
ONE 3D printer due to buckling problems, rheology of the 
control samples was evaluated using the Xplore propri-
etary software package of Xplore MC15 to understand the 
polymer flow behaviour at various rotor speeds. Figure 7 
shows the melt viscosity and shear stress as a function of 
rotor speed at 120 °C. The temperature was selected from 
the optimised condition for the filament preparation.

As expected, EVA20 and EVA24 showed a reduction 
in the apparent melt viscosity with increasing rotor speed. 
The opposite was observed for shear stress which increased 
with increasing rotor speed. In comparison, EVA24 showed 
higher melt viscosity and shear stress than EVA20 due to 
higher VA content. Melt viscosity can be correlated to 

pressure required for extrusion through the 3D printer noz-
zle [26]. According to Venkataraman et al. [26], buckling 
does not occur above a critical value and discussion on this 
can be found elsewhere [27]. In addition, the developed 
material should have sufficient viscosity to be extruded 
at a specific extrusion deposition temperature to retain 
the 3D shape. Therefore, no single factor can guarantee 
success in the production of flexible 3D filaments. Conse-
quently, understanding thermal, rheological behaviour and 
viscoelastic properties [28] is essential for identifying the 
inherent material properties necessary for potential FDM 
feedstock.

Dynamic mechanical thermal analysis (DMTA)

Figure 8 shows the DMTA results (E', E'' and tan δ) as 
a function of temperature for control, EVA20/NR and 
EVA24/NR blends. The E' value indicates the mate-
rial’s stiffness. At low temperature/glassy region (below 
− 55 °C) EVA20 showed higher E’ than EVA24. Blend-
ing of EVA20 with NR increased the E' of the EVA20/NR 
blends compared to respective EVA20 control polymers 
(Fig. 8a). Similarly, EVA24/NR (70/30) showed higher E’ 
than EVA24. In comparison the E’ of EVA20/NR (70/30) 
is higher than EVA24/NR (70/30). This is due to the lower 
VA content and higher crystallinity in the EVA20/NR 
blend. However, with increasing temperature, E' of the 
EVA/NR blends decreased drastically after reaching the 
crossover point of around − 55 ℃, which is the range of 
the glass transition temperature (Tg) of NR.

The peak of loss modulus (E'') is commonly associ-
ated with the Tg of the polymers. The single peaks at 
− 20 °C and − 23 ℃ for EVA20 and EVA24, respectively, 
reflected their Tgs. All blends exhibited two E'' peaks 

Fig. 5   Spool of filament wire ready for FDM testing

Fig. 6   Trial for sample EVA20 using 3DGence ONE 3D printer and 
schematic diagram of the buckling problems [23]
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corresponding to the NR and EVA phases, indicating 
phase incompatibility (Fig. 8b). For EVA20/NR blend 
composition of 70/30, the NR was identified at the sharp 
peak of E'' at around − 57 °C, whereas the EVA20 peak 
was around − 23 ℃. For EVA24/NR at similar blend 
ratio, the NR and EVA24 peaks appeared at − 52 °C and 
− 20 °C, respectively. Compared to EVA20/NR, the E'' 
peak position of NR in EVA24/NR shifted towards higher 
temperature mainly due to chain restriction, probably 
resulting from physical interaction between EVA24 and 
NR. However, the E'' peak of EVA24 remain unchanged. 
The results correspond to the crystalline/amorphous 
component in the EVA/NR blends. The amorphous 
part undergoes segmental motion during the transition, 
whereas the crystalline region remains a crystalline solid 
until reaching the temperature of melting [29].

The tan δ is the ratio of the E'' to the E' and it measures 
energy dissipation of a material. Tan δ peak of EVA20 at 
− 3 ℃ shifted four degrees higher compared to EVA24 
at − 7 ℃ for temperatures between − 20 to 20 ℃ due to 
lower VA content (Fig. 8c). In addition, the tan δ peak of 
EVA20 was lower and wider than EVA24 resulting from 
the higher crystallinity of the EVA20. The higher crystal-
linity of EVA20 restricts chain mobility, and, therefore, 
more energy is required to mobilise the molecular chains, 
leading to higher energy dissipation. Moreover, the tan δ 
peak of EVA20/NR increased with increasing NR content 
in the blends due to the reduction in the crystalline phase 
of the system as supported from the DSC results.

Figure 9 shows the E' and E'' of EVA20 and EVA20/
NR blend with two commercial 3D printing filaments, 

Thermoplastic Urethane (TPU-C) and Nylon (Nylon-C). 
Both E' and E'' of EVA20 and EVA20/NR were lower than 
TPU-C and Nylon-C for the whole range of temperature 
studied, indicating lower stiffness of EVA20 and EVA20/
NR blends. Therefore, the buckling phenomena [26] of the 
EVA/NR blends is due to its lower stiffness and viscous 
response which can be associated to the final shape reten-
tion after 3D extrusion [28].

Conclusion

This work investigated the thermal, MFI, mechanical 
(tensile and hardness), rheology and dynamic properties 
of two types of grafted EVA and selected EVA/NR blend 
ratios. DSC results showed lower crystallinity of EVA24 
and EVA24/NR blends compared to EVA20 and the cor-
responding blends. The MFI, tensile strength and hardness 
of EVA24 and EVA20 decreased as the NR component 
increased in the EVA/NR blends. The incompatibility of 
the EVA/NR blends was also evident from the DMTA 
analysis.

Feasibility of printing control EVAs and EVA/NR 
blends using FDM 3D printing technology was conducted. 
Two types of filaments were prepared for FDM testing. It 
was found that the EVA control and all the EVA/NR blends 
were unsuccessfully printed due to buckling attributed to 
the material behaviour. Firstly, the EVA and its blends 
experienced insufficient strength and stiffness when act-
ing as push rods for the filament extrusion due to their low 

Fig. 7   Melt viscosity and shear 
stress versus screw speeds at 
120 ℃ for EVA20 and EVA24
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stiffness indicated by the elastic modulus (E’). Secondly, 
the viscous response of EVA/NR blends influenced the 
final shape retention after 3D extrusion.

Filament buckling problems encountered for EVA/NR 
necessitated further revised formulation and parameter 
adjustments during printing. In addition, the dynamic 
mechanical characterisation revealed that an appropriate 
viscoelastic condition is required for the flexible TPE 

material to be successfully printed. Different thermoplas-
tic and nano/bio fillers added to other processing ingre-
dients can improve printability and provide desirable 
properties suitable for a specific application, and this can 
be explored in the future. The feasibility results of this 
work can be used as a guideline for future research into 
developing TPE-based flexible FDM-3D printing mate-
rial, especially involving natural rubber.

Fig. 8   Effect of temperature on the a elastic modulus, E', b loss modulus, E'' and c tan δ of EVA20/NR and EVA24/NR blends. Frequency and 
strain were fixed at 1 Hz and 0.1%, respectively
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