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Temperature greatly influences the mechanical response of acrylonitrile butadiene styrene (ABS). /e tensile behavior of ABS was
explored in this study./e tensile experiments were conducted at a wide range of temperatures (from 40°C to 130°C). Amodel was
established to reveal the quantitative relationship between temperature and tensile behavior of ABS. /e results of tensile
experiments showed that tensile behavior of ABS exhibited glassy state and high-elastics state./emodel was also divided into two
parts that rely on the boundary of glass transition temperature, in which the parameters of the model were calculated by the fitting
method. /e model predictions showed a good agreement with the results of the experimental tensile test. /is study provides the
quantitative relationship between temperature and tensile behavior of ABS, which saves time and experimental costs.

1. Introduction

Mechanical behavior of amorphous polymers has been
studied for many decades, and the basic features of the
stress-strain curves are well known [1–3]. At very small
strains, the behavior is elastic. At slightly larger strains,
yielding occurs when intermolecular barriers to segmental
rearrangements are overcome. Following yielding, strain
softening may happen, which means a reduction in stress to
a level corresponding to plastic flow [4, 5]. Due to their light
weight and excellent mechanical properties, amorphous
polymers are widely used in automotive industries [6],
packaging applications [7], and electronic products [8].

/e complex mechanical behavior of amorphous poly-
mers is generally temperature dependent [3, 9, 10]. Over the
years, many models have been proposed for the determi-
nation of relationship between temperature, stress, and
strain [11–13]. Richeton et al. [14] carried out uniaxial
compression stress-strain tests at a wide range of temper-
atures (−40°C to 180°C) to study the influence of temper-
ature on the mechanical behavior of three amorphous

polymers. Blumenthal et al. [15] examined the influence of
both strain rate and temperature on the deformation re-
sponse of PMMA and PC. Cady et al. [16] studied the
mechanical response of several polymers under dynamic
loading at high temperatures. /e aforementioned studies
resulted in guidelines of how to construct tailored materials,
which could serve our needs of improved materials without
the need of extensive trial and error work [17].

ABS is an important component of amorphous poly-
mers, especially in the electronics industry, machinery in-
dustry, transportation, and building materials industry.
[18, 19]. According to the latest report released by Global
Market Insights [20], ABS market sales will increase to $38
billion in 2024, with a compound annual growth rate of
6.0%. /e potential growth of household appliances, elec-
tronic appliances, automobiles, and construction industry
will promote the rapid development of ABS market. /us,
the use of ABS has become commonplace.

However, the influence of temperature on the tensile
behavior of ABS has received much less attention. /e
purpose of this work is to propose a mathematical model for
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describing tensile behavior of ABS at different temperatures
(from 40°C to 130°C), in which the parameters of the model
were calculated by a fitting method. To verify the accuracy of
the model, the prediction results from the model were
compared with the experimental results. /is study provides
the quantitative relationship between temperature and
tensile behavior of ABS, which saves time and experimental
costs.

2. Modeling

/e amorphous polymer sequentially presents glassy state,
high-elastics state, and viscous flow state with an increase in
temperature. /e tensile test is impossible with the tem-
perature higher than viscous flow temperature. So this paper
focuses on the tensile properties of glassy state and high-
elastics state of amorphous polymer.

In the glassy state of amorphous polymer, the typical
stress vs. strain curves are divided into two parts bounded by
the yield point. Before the yield point, the polymer shows
elastic properties, and the yield point is the critical point of
the elastic stage; after the yield point, the polymer enters the
plastic stage. However, the relationship between stress and
strain is not completely linear elasticity at the end of the
elastic stage. /erefore, the model is divided into three parts
as follows: elastic stage, the stage of elastic critical point to
yield point, and strain softening stage, which describes the
quantitative relationship of stress, strain, and temperature in
the glassy state.

/e stress-strain relationship is linear in the elastic stage,
which is defined as follows [21]:

σ � E(T) × ε; ε≤ 0.25%, (1)

where σ and ε are the stress and strain, respectively. /e
critical point of elastic stage is 0.25%, referencing the test
standard of elastic modulus [22]. E(T) is the elastic modulus
relevant to the absolute temperature T; in this paper, the
relationship of elastic modulus and temperature can be
written as

E(T) � a1 × T
2

+ b1 × T + c1, (2)

where a1, b1, and c1 are the material constants, respectively.
/e trend in the range of elastic critical point to yield

point is no longer completely linear, which is described by
the power-hardening model [23]:

σ � A(T)εB(T)
; 0.25%< ε≤ εs, (3)

where A(T) and B(T) are material parameters considered as
the function of the temperature, that is,

A(T) × B(T) � a2 × T + b2, (4)

with

A(T) � a3 × T + b3, (5)

and εs is the yield strain, which is introduced as follows:

εs � a4 × T
2

+ b4 × T + c4, (6)

where a2, a3, a4, b2, b3, b4, and c4 are the material constants,
respectively.

/e relationship of stress and strain in the strain-soft-
ening stage is described by the following modified models
from the power-hardening model:

σ � C(T)εD(T)
+ F(T); ε> εs, (7)

where C(T), D(T), and F(T) are the material parameters
relevant to the temperature; the quantitative relationships
are shown in the following equations:

C(T) � a5 × T2 + b5 × T + c3,

F(T) � a6 × T2 + b6 × T + c4,

D(T) �
a7 × T3 + b7 × T2 + c5 × T + d1

C(T) × F(T)
,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(8)

where a5, a6, a7, b5, b6 b7, c3, c4, c5, and d1 are the material
constants, respectively.

/e sample exhibits high elasticity as the temperature is
higher than the glass transition temperature Tg. /ere is no
yield point on the stress vs. strain curves, but a longer
platform. /is property can be expressed as [21]

σ � H(T)εG(T)
, (9)

where H(T) � a8 × T2 + b8 × T + c6, G(T) � a9 × T2 + b9 ×

T+ c7, and a8, a9, b8, b9, c6, and c7 are the material constants.
/e model is divided into two parts for describing the

quantitative relationship according to material properties at
different temperatures. Conclusively, the relationship of
temperature and tensile properties of ABS is given as follows:

When T<Tg,

σ �

E(T)ε; 0< ε≤ 0.25%,

A(T)εB(T); 0.25%< ε≤ εs,

C(T)εD(T) + F(T); ε> εs.

⎧⎪⎪⎨

⎪⎪⎩
(10)

Also, when T≥Tg,

σ � H(T)εG(T)
. (11)

3. Experiments

/e tensile samples were made by the amorphous material
ABS (XR-401, LG Chemical Information Electronic Mate-
rials Co Ltd, Korea), and the tensile specimens were pro-
duced by an injection molding machine (HTFX5-MA3800/
2250). /e processing parameters are shown in Table 1. /e
tensile tests were performed at different temperatures (40°C,
50°C, 60°C, 70°C, 80°C, 90°C, 100°C, 110°C, 120°C, and
130°C) using a testing machine (Instron-5966, Instron En-
gineering Corporation, USA), and the tensile rate was
50mm/min. Further, to verify the correctness of the pro-
posed model, the tensile data of samples at 75°C and 115°C
(above and below the glass transition temperature) were
carried out for comparison with the data from the proposed
model.
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4. Results and Discussion

4.1. Parameter Identification. Tensile properties of ABS vary
at different temperatures; in this paper, the temperature of
ABS was divided into two parts including below and above
the transition temperature. Previous studies had shown that
the range of glass transition temperature is 100°C–110°C
[24], so the glass transition temperature 105°C was chosen as
the boundary between glassy state and high-elastics state of
ABS.

4.1.1. Parameters of Model below the Transition Temperature.
/e experimental results of ABS below 105°C are shown in
Figure 1. ABS undergoes elastic deformation and plastic
deformation in turn as the strain increases. Obviously, the
stress gradually increases with the increase of temperature
under same strain, and the slope of the stress vs. strain curves
decreases correspondingly. /e difference of yield stress at
40°C and 90°C is 27.1MPa, and the tensile properties of ABS
are greatly affected by temperature.

/e elastic modulus of ABS at different temperature is
shown in Table 2, which develops an upward trend with the
increase in temperature. /is trend is consistent with that of
literature [24]. /e data were also fitted to obtain the pa-
rameters of the model, as shown in Figure 2.

/e relationship between elastic modulus and temper-
ature is well described by unary quadratic equation. /e
value of R-square is 0.99969, which means that the deviation
between the fitting curve and experimental data is controlled
in a mini confine. /e parameters a1 � −0.5847,
b1 � 360.4405, and c1 � 53035.8534 of equation (2) were
calculated from the fitting curve.

/e tensile properties of ABS are obviously affected by
temperature due to the viscoelasticity, so the relationship
between stress and strain is not linear before yield point.
Combining with the test standard, the range of elastic stage is
0–0.25% of strain, in which the relationship between stress
and strain is linear. When the strain is in the range of 0.25%
to yield strain, the relationship between stress and strain is
described by equation (3). /e fitting results are shown in
Figure 3.

/e values of R-square are all greater than 0.93, the
largest of which is 0.99398, which means that equation (3) is
suitable for describing the relationship between stress and
strain in the range of 0.25% to yield strain at different
temperatures. /e parameters of equation (3) were obtained
by the fitting equation, as shown in Table 3.

To explore the relationship between parameters and
temperature, the A and A×B vs. temperature curves are

shown in Figure 4. A and A×B decreases monotonously with
the increase of temperature, and linear equations were
applied to fitting data. A and A×B of R-square are all larger
than 0.97. /e acceptable fit results were used for calculating
the parameters in equations fd4(4) and (5)fd5. a2, b2, a3, and
b3 are −0.3875, 143.7337, −0.3582, and 136.8874,
respectively.

/e yield stress εs was also counted (Figure 5) at different
temperatures. /e yield stress decreased gradually with the
increase of temperature, which decreases from 34.1036MPa
to 6.9964MPa in the range of 313K to 363K. /e quadratic
functional equation is suitable for the relationship between
yield stress and temperature, so the parameters of equation
(6) were obtained; a4, b4, and c4 are −0.0063, 3.7049, and
−513.8276, respectively.

In the strain softening stage, the fitting results of ex-
perimental data are shown in Figure 6. /e values of
R-square indicated that equation (7) commendably repre-
sents the relationship between stress and strain in the strain
softening stage. On the basis of the fitting results, the values
of C, F, and D were calculated(Figure 7).

All the parameters of equation (7) were fitted by
equation (8), and the parameters of equation (8) were ob-
tained as follows: a5 � −0.0078, b5 � 5.0474, c3 � −800.3438,
a7 � −0.0474, b7 � 48.2651, c5 � −16316.8925, d1 � 1.8322
×106, a6 � −0.0065, b6 � 3.8487, and c4 � −540.2021.

/e parameters of the aforementioned model were
obtained on the basis of acceptable fitting results. /ese
models reflect the relationship between stress and strain
below the glass transition temperature.

4.1.2. Parameters of the Model above the Transition
Temperature. /e tensile properties of ABS at the high-
elastics state are different from those at the glassy state,

Table 1: Processing parameters of ABS in injection molding.

Processing parameters Values
Injection temperature (°C) 210
Filling time (s) 3
Injection pressure (Mpa) 30
Cooling time (s) 15
Cooling temperature (°C) 25
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Figure 1: Tensile data of ABS at different temperature (below glass
transition temperature).
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Table 2: Elastic modulus of ABS at different temperatures.

Temperature (K) 313 323 333 343 353 363
Elastic modulus, E (T) (MPa) 2499.8156 2381.4532 2146.4725 1823.3530 1322.6141 761.9812
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Figure 2: Fitting curve of the elastic modulus at different temperatures.
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Figure 3: Fitting curve at different temperatures in the range of 0.25% to yield strain.

Table 3: Parameters of equation (3) calculated by the fitting equation.

Temperature (K) 313 323 333 343 353 363
A 23.7047 21.6101 18.4354 13.9403 11.7421 5.4501
B 0.9043 0.8891 0.8613 0.7216 0.6313 0.4689
A×B 21.4362 19.2135 15.8784 10.0593 7.4128 2.5556
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which does not show obvious strain softening and enters
directly the plastic stage, as shown in Figure 8.

Equation (9) can be well matched with the experimental
results of ABS above the glass transition temperature. /e
parameters H and G could be calculated on the basis of
fitting results, as shown in Figure 9, where a8 � 9.0263 ×

10− 4 , b8 � −0.7160, c6 � 141.9836, a9 � −6.4360 × 10− 4,
b9 � 0.5046, and c7 � −98.4584.

In summary, the parameters of the model were obtained
by the fitting in this paper, and the model described the
quantitative relationship between stress and strain in a
certain temperature range./e quantitative relationship is as
follows:When T<Tg,

σ �

−0.5847 × T2 + 360.4405 × T + 530335.8534(  × ε; 0< ε≤ 0.25%,

(−0.3582 × T + 136.8874) × εB(T); 0.25%< ε≤ εs,

−0.0078 × T2 + 5.0474 × T − 800.33438(  × εD(T) + −0.0065 × T2 + 3.8487 × T − 540.2021( ; ε> εs.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(12)
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Figure 4: Fitting curves of A and A×B at different temperatures in equation (3).
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Figure 7: Continued.
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Also when T≥Tg,

σ � 9.0263 × 10− 4
× T

2
− 0.7160 × T + 141.9836  × εG(T)

,

(13)

where B(T) � (−0.3875 × T + 14.7337)/ (−0.3572 × T+

136.8874), εs � −0.0063 × T2 + 3.7049 × T − 513.8276,D(T)

� (−0.04744 × T3 + 48.2651 × T2 − 16316.8925 × T + 1.832
2 × 106)/((−0.0078 × T2 + 5.0474 × T − 800.33438) × (−0.0

065 × T2 + 3.8487 ×T − 540.2021)), and G(T) � −6.4360
×10− 4 + 0.5046 × T − 98.4584.

4.2. Verification. To verify the accuracy of the proposed
model, the tensile data at 75°C and 115°C were carried out
to compare with the data from this model. Combined with
the parametric models, the parameters were calculated
(Table 4).

320 330 340 350 360 370310
Temperature (K)

–1200

–1000

–800

–600

–400

–200

0

Va
lu

e

C × D × F
Fit, R-square: 0.96401

(c)

Figure 7: Fitting result of C, F, and C×D× F at different temperatures. (a) C, (b) F, and (c) C×D× F.

302520151050
Strain

0.0

0.5

1.0

1.5

St
re

ss
 (M

Pa
)

373K
383K
393K
403K

Fit, R-square: 0.99720
Fit, R-square: 0.99517
Fit, R-square: 0.99246
Fit, R-square: 0.99214
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/e comparison of experimental and predicted results at
348K and 388K is shown in Figure 10. Clearly, Figure 10
shows that the experimental results agree well with the

model predictions by estimated parameters. /e small
discrepancy can be attributed to material response, which is
very complex. Moreover, it is important to emphasize that
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Figure 9: Fitting results of H and G at different temperatures.

Table 4: Parameters of the model at 348K and 378K.

Parameters
348K (T<Tg) 388 K (T≥Tg)

E A B εs C D F H G
1587.9318 12.2338 0.7262 1.7748 13.9484 −1.8776 1.1666 0.0681 0.4200
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Figure 10: Comparison of experimental data and prediction results at different temperature. (a) 348K and (b) 388K.
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the model proposed in this work quantitatively describes the
stress-strain relationship of ABS atdifferent temperatures,
which reduces the number of experiments.

5. Conclusion

In this study, a model is proposed to describe the tensile
behavior of ABS at different temperatures. /e temperature
significantly influences the properties of ABS, and the model
is divided into two parts based on the glass transition
temperature. /e proposed model equations combine
mathematical simplicity that facilitates their application to
engineering problems with a physically realistic description
of the mechanical behavior of ABS. In addition to that, the
model was also verified by comparing the experimental data
to prediction data from the proposed model. In general, the
proposed model accurately describes the tensile behavior of
ABS performed at different temperatures, saving time and
experimental costs.
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