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ARTICLE INFO ABSTRACT
Received: 16 May 2020 The creep and stress relaxation behavior of rice husk reinforced low density polyethylene composite was analyzed
Accepted: 29 Jul. 2020 in this study. The exponential and power model were used to study the creep while the stress relaxation assessed

the time required for the composites to maintain a certain strain level. The creep strain increased with increase in
time, at various temperatures, with its highest creep at 70°C while the lowest is at 30°C, the power model provided
an excellent fit than other models with a coefficient of determination of 0.9977 at 30°C, the neat low density
polyethylene had a good stress relaxation behavior with 4.95 seconds for it to decay and subsequently decreased
with increase in filler concentration.
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INTRODUCTION

Deformation of materials over time when acted upon by constant stress is termed creep, the resultant stress continually
increased with increase in time, its counterpart, stress relaxation occurs when stress decreases under constant strain over time.
Both occur in materials such as metals and polymers, hence temperature-dependent, though polymers are more susceptible to
creep deformation due to its viscoelastic property (Callister, 2007).

Factors such as time and temperature have a significant effect on the viscoelastic properties of the polymeric matrix which
determines the mechanical behavior of composites (Rowel et al., 2001; Nwosu-Obieogu et al., 2016). Creep analysis of composites
is very essential in the study of its deformation rate prior to application, it determines the ability of the composite to withstand
highest possible operating load at elevated temperature, resistance to high temperature corrosion and avoidance of material
failure, these findings have ensured the reliability and durability of composites in buildings and bridge construction (Mirzaei et al.,
2011; Monticelli et al., 2019; Qi et al., 2018; Sreekala et al., 2001).

Various researchers have reported on creep and stress relaxation behavior of composites. Lorandi et al (2018) analyzed the
creep behavior of carbon/epoxy non-crimp fabric composites and the result showed that the deformation was dependent on
stress and temperature. Qi et al. (2018) studied the stress relaxation behavior of magnetorheological elastomers to improve its
anti-stress relaxation property, results showed that the anti-stress relaxation property of magnetorheological elastomer is highly
dependent on magnetic field and temperature. Monticeli et al (2019) carried out creep/recovery and stress-relaxation tests in a
standardized carbon fiber/epoxy composites, and the result confirmed that temperature is a determinant factor to creep and
stress relaxation properties. Riara et al. (2013) analyzed the creep and stress relaxation behavior of cellulose reinforced low-
density polyethylene composites at different cellulose loading and temperature, the creep performance decreased with increase
in temperature and improved with cellulose loading while creep modulus decreased with increase in time and temperature.
Lechatet al. (2011) studied the tensile and creep properties of polyethylene terephthalate and naphthalate fibers and there was a
similarity in the creep rate value for both fibers.

Several researchers have used the linear, power law, and other empirical models to establish the relationship between

independent factors (time and temperature) and dependent factors ( creep strain and stress relaxation) of fiber-reinforced
composite (Lin et al., 2004). Information on creep and stress relaxation analysis of materials may be fuzzy and insufficient most
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times, hence the need to adopt modeling in this research to develop better assumption and satisfactory description of creep
theories, analysis and application.

Obaid et al. (2017) studied the stress relaxation behavior of polymers reinforced with short elastic fibers, a simplified analytical
model that informs on the influence of polymer viscoelasticity on shear stress transfer to the fibers was proposed, and the model
explained the effect of fiber addition on the relaxation behavior. lhueze (2007) modeled creep behavior in raffia plant fiber-
reinforced plastics using the power-law model and multiple linear regression model and both models gave a good fit, but the
multiple linear regression model had a better fit than the power law. Andrea Sorzia (2016) modeled the creep and stress relaxation
test of a polypropylene microfiber using a fraction-exponential kernel method and it is fitted well in a viscoelastic operator.

Premalal et al. (2002) investigated on the physical properties of rice husk, the cellulose (25-25%), hemicellulose (18-21%),
lignin (26-31%), silica (15-17%), solubles (2-5%), moisture content (5-10%), surface area (0.92 m?/g) and density (1.00g/cm?3)
indicated that rice husk is a good constituent/component for composite reinforcements. Zhang et al., 2020 developed biochar
reinforced high-density polyethylene composites investigating the properties of the composites. It was discovered that these
properties improved by the addition of biochar. Hence, this paper models creep behavior of rice husk low-density polyethylene
composites using power and exponential models and also analyses its stress relaxation decay.

Theoretical Analysis

Several creep model equations are used to represent the high-temperature time-dependent deformation behavior of
engineering materials, many of which comprise components (Holdsworth, 2010)

Power: e f = a.tb (1)

Exponential: ¢ f = a.(1 —exp (—=b.t)) (2)

Where € ¢= creep strain, t = time and a,b are the fitting constants.

MATERIALS AND METHOD

Materials and Equipment

Rice husk fiber, low-density polyethylene (LDPE) , electrical grinding machine was used to reduce the particle size of the rice
husk, an oven was used to dry the moisture in the rice husk , injection moulding machine(MA2800-1350, USA) was used to prepare
the composite and Hounsfield (Monsanto) Tensometer (model no. S/N 8889, India) was used to analyse the creep and stress
relaxation decay of the composites.

Preparation of Rice Husk

50g of the pulverized rice husk was first soaked in deionized water for two hours, filtered and oven-dried at 50°C overnight,
grounded and sieved to a particle size of 150um.

Preparation of the Composite

Rice husk reinforced with low-density polyethylene composites were produced using an injection moulding machine and the
filler loading was varied from 2g, 4g, 6g, 8g, and 10g on the low-density polyethylene. The creep and stress relaxation decay
analysis were carried out with Monsanto Tensometer.

Creep Analysis

The composites were stressed using a load of 1.5KN. The exact time of loading of the weight at various temperatures was
recorded. The material continued to deform indefinitely under constant stress (load). The samples were allowed to deform (under
constant load) for a period of 2 days varying the temperature from 30°C to 70°C. The deformation was recorded at an interval of 2
hours.

Stress Relaxation Decay Analysis

The stress relaxation (decay) was evaluated by taking a constant strain section through the creep curves to obtain the
corresponding time (log time). The graph was then re-plotted as stress versus time.

RESULTS AND DISCUSSION

From Figure 1, It can be deduced that strain rate continued to increase when the load is subjected to various temperatures
over time, the higher the temperature, the closer it is to the glass transition temperature, the higher the strain, the faster the creep
rate increases, this occurred due to the increase of the thermal kinetic energy and free volume in the creep of the matrix, the load
stress level promotes a significant deformation and temperature demonstrates a high influence on strain results on the
composites, the findings are in line with (Lechat et al., 2011; Lorandi et al., 2018; Riara et al., 2013; Zhang et al., 2017).
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Figure 1. Linear graph of creep against time
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Figure 2. An exponential plot of creep strain against time
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Figure 3. Power plot of creep strain against time
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From Figure 2 and 3, the power and exponential models satisfactorily established a relationship between the independent
factor (time) and dependent factor (creep strain), the power model gave a better fit with a coefficient of determination of 0.9977
at 30°C than the exponential model, generally, both models had a good coefficient of determination at various temperatures, this
argument is consistent with (lhueze, 2007; Sorzia, 2016).

The stress relaxation revealed that the amount of load (stress) to maintain a certain strain level in the composite decreases
with time, It can also be postulated that decay increased with increased filler content and occurred at a reduced time interval, this
indicates that the molecules chains need to stretch and slide more quickly at large strain level (Qi et al., 2018; Zhang et al., 2017).



4/5 Nwosu-Obieogu et al. / EUROPEAN J SUSTAINAB DEV, 4(4), em0144

The (LDPE) reinforced with 10g filler required the maximum stress (load) of 50.05 N/mm? to maintain a certain stress level. The
stress decreases slowly and occurred at a reduced time of 1.30 seconds. The decrease in stress continued as the filler content
decreases in the order 10g-8g-6g-4g-2g and also the time increases subsequently with reducing filler concentration. The Virgin
low-density polyethylene took the highest time of 4.95 seconds to decay signifying that a decrease in stress was observed in
response to the strain generated than LDPE reinforced with rice husk.

CONCLUSION

The creep continuously increased with an increase at various temperatures, hence within the limits of the parameters involved
in this study, an immediate elastic recovery equal to the elastic deformation followed by a period of the slow recovery is observed.
The power model has a better analysis of the creep behavior and the neat low-density polyethylene had a good stress decay than
other composites. This can serve as a useful information for the processing of composites involving rice husk to avoid material
failure.

NOMENCLATURE

°C -centigrade
g -grams

m - metres

% - percentage
ef -creep strain
t -time

kN - kilonewton

REFERENCES

Holdsworth, S. (2010). Advances in the assessment of creep data during the past 100 years. Transactions of the Indian Institute of
Metals, 63(2-3), 93-99. https://doi.org/10.1007/s12666-010-0013-1

lhueze, C. C. (2007). Modeling of creep in raffia plant fiber-reinforced plastic. Journal of Engineering and applied sciences, 3, 44-50.

Lechat, C., Bunsell R. A. and Vavies, P. (2011). Tensile and creep behavior of polyethylene terephthalate and polyethylene
naphthalate fibers. Journal of Materials Science, 46(2), 528-533. https://doi.org/10.1007/s10853-010-4999-x

Lin, W. C., Pramanick, A. and Sam, M. (2004). Determination of material constant for the nonlinear viscoelastic predictive model.
Journal of composite materials, 38(1), 19-29. https://doi.org/10.1177/0021998304038213

Lorandi, P. N., Cioff, H. M., Shigue, C. and Ornaghi Jr., L. H. (2018) on the creep behavior of carbon/epoxy non-crimp fabric
composites. Materials, 21(3), e 20170768. https://doi.org/10.1590/1980-5373-mr-2017-0768

Mirzaei, B., Tajvidi, M., Falk, H. R. and Felton, C. (2011). Stress-relaxation behavior of lignocellulosic high-density polyethylene
composites. Journal of reinforced plastic and composites, 30(10), 875-881. https://doi.org/10.1177/0731684411411337

Monticeli, F. M., Ornaghi Jr, L. H., Neves, R. M. and Cioffi, M. D. H. (2019) Creep/recovery and stress-relaxation tests applied in a
standardized carbon fiber/epoxy composites: Design of experiment and approach. J Strain Analysis, 2, 1-9.
https://doi.org/10.1177/0309324719892710

Nwosu-Obieogu, K., Ejim I. F. and Adekunle, K. F. (2016). Mechanical properties of rice husk reinforced low-density polyethylene
composite. International Journal of Research in Advanced Engineering and Technology (IJRAET), 2(1), 10-15.

Obaid, N., Kortschot, T. M. and Sain, M. (2017). Understanding the stress relaxation behavior of polymers reinforced with short
elastic fibers. Materials, 10(42), 1-15. https://doi.org/10.3390/mal0050472

Premalal, H. G. B., Ismail, H. and Baharin, A. (2002). Comparison of the mechanical properties of rice husk powder filled
polypropylene  composites with  talc-filled polypropylene composites. Polymer Testing, 21(7),833-839.
https://doi.org/10.1016/50142-9418(02)00018-1

Qi, S., Yu, M., Fu, J. and Zhu, M. (2018) Stress relaxation behavior of magnetorheological elastomer: experimental and modelling
study. Journal of intelligent material system and structure, 29(2) 205-213. https://doi.org/10.1177/1045389X17730913

Riara, M. M., Merenga, S. A. and Migwu M. C. (2013). Creep and recovery behavior of compression-molded low-density
polyethylene/cellulose composite. Journal of polymers, ID 209529. https://doi.org/10.1155/2013/209529

Rowell, M. R., Han, J. S. and Rowell, J. S. (2001). Natural polymers and agrofibers composites fibers. Plastic composites, 31,21-23.

Sorzia, A. (2016). Modelling of creep and stress relaxation test of a polypropylene microfiber by using a fraction-exponential kernel.
Modelling and simulation in Engineering, ID 3823047. https://doi.org/10.1155/2016/3823047


https://doi.org/10.1007/s12666-010-0013-1
https://doi.org/10.1007/s10853-010-4999-x
https://doi.org/10.1177/0021998304038213
https://doi.org/10.1590/1980-5373-mr-2017-0768
https://doi.org/10.1177/0731684411411337
https://doi.org/10.1177/0309324719892710
https://doi.org/10.3390/ma10050472
https://doi.org/10.1016/S0142-9418(02)00018-1
https://doi.org/10.1177/1045389X17730913
https://doi.org/10.1155/2013/209529
https://doi.org/10.1155/2016/3823047

Nwosu-Obieogu et al. / EUROPEAN J SUSTAINAB DEV, 4(4), em0144 5/5

Sreekala M. S., Kumaran M. G., Reethamma, J. and Thomas, S. (2001). Stress-relaxation behavior in composites based on short oil-
palm fibers and phenol-formaldehyderesins. Compos Sci Technol, 6, 1175-1188. https://doi.org/10.1016/S0266-
3538(00)00214-1

William, D. C. (2007). Materials Science and Engineering, An Introduction (7th Ed.). John Wiley & Sons, Inc.

Zhang, Q., Cai, H., Ren, X., Kong, L., Liu, J. and Jiang, X. (2017) The dynamic mechanical analysis of highly filled rice husk
biochar/high-density polyethylene composites. Polymer, 9(628), 1-10. https://doi.org/10.3390/polym9110628

Zhang, Q., Zhang, D., Xu, H., Lu, W., Ren, X., Cai, H., ... and Mateo, W. (2020) Biochar filled high-densitypolyethylene composites
with excellent properties: towards maximizing the utilization of agricultural wastes. Industrial crops and products, 146,112185.
https://doi.org/10.1016/j.indcrop.2020.112185


https://doi.org/10.1016/S0266-3538(00)00214-1
https://doi.org/10.1016/S0266-3538(00)00214-1
https://doi.org/10.3390/polym9110628
https://doi.org/10.1016/j.indcrop.2020.112185

	INTRODUCTION
	Theoretical Analysis

	MATERIALS AND METHOD
	Materials and Equipment
	Preparation of Rice Husk
	Preparation of the Composite
	Creep Analysis
	Stress Relaxation Decay Analysis

	RESULTS AND DISCUSSION
	CONCLUSION
	NOMENCLATURE
	REFERENCES

