
   

 
 

 

 
Journal of Green Engineering (JGE) 
 

    Volume-10, Issue-10, October 2020 
  

 

 

 

 

 

 

 

 

 

 

Investigation of Thermal/Water Absorption 
Properties of Wood Low Density 

Polyethylene Composite 
 

1,*
 Sandeep Kumar Chaubey, 

2
Md Shazli Al Haque, 

3
Munish Kumar 

 
*, 1, 2, 3

Assistant Professor,   

E -mail: 
1
sandeepchaubey5849@gmail.com, 

2
shazlialhaque@gmail.com, 3munish874@gmail.com  

 
  

Abstract 
 
In current scenario of waste management is big problem for society and 

researcher are continuously working in this field.  Recently many researchers 

have worked on Wood Polymer Composite because of its excellent 

mechanical property combined with light weight. In this work some waste 

material like Low Density Polyethylene (LDPE) is used as matrix and 

sawdust as reinforce material. In primary phase composite made by varying 

sawdust by 10, 20, and 30 percent by weight and also the particle size is 

being varied from 0.1 -0.2, 0.2 – 0.3 and 0.3 – 0.4 mm using mesh size 0.2, 

0.3 and 0.4 mm on vibrating sieve machine. During sample preparation 

challenges faced was porosity and non uniform distribution was observed. To 

remove porosity after mixing sawdust in molten LDPE is compressed in 

piston cylinder arrangement. And for uniform distribution of sawdust in 

LDPE different stir time are used but still their further scope of improvement. 

The prime objective of this work is to utilize the two waste material LDPE 

and sawdust and make a composite which will have application like furniture 

material and as structural material where strength is not critical. 
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1  Introduction 

It has been observed that nowadays composite is dominating over 

conventional engineering materials. The main reason is because of it is 

engineered material and we can control properties of composite. The 

visionary individuals into the field of condition, maintainability, reusing and 

reusing incorporate WPC in the rundown of modern materials which have 

huge range of use. With time it is quickly influencing its place in satisfying 

the rising markets to request. This class of material lies amongst wood and 

polymer with better in to diminish the request of two that at some point or 

another be considered as temperate. This class of material lies amongst wood 

and polymer with better in to diminish the request of two that at some point 

or another be considered as sparing. Carbon sequestering and reusing plastic 

makes it feasible. Prior to the coming of this material, the greater part of the 

things whose necessity was low weight and huge quality were either 

comprised of wood or plastic. Plastics have limited ability to focus life and 

utilizing wood is taken as the consumption of characteristic assets, so 

squander era by these two is tremendous [9], [10]. Besides the polymers are 

oil based item and oil holds are at the skirt of its consummation. This 

genuine truth is turning into the genuine worry in spreading of mindfulness 

in WPC. Presently the inquiry emerges, How to make utilization of these two 

for the economical development of humanity? At that point the examination 

on wood filaments strengthened plastic was begun and this exploration was 

trailed by inquire about on fortifying glass, aluminum, carbon, boron and 

mineral strands in the plastic. Moreover utilizing the wood strands as a filler 

material is additionally taken a toll influencing as wood is normally 

accessible in wealth. Low and high thickness polyethylene, polypropylene, 

polyethylene terephthalate, poly-vinyl chloride and polystyrene have the 

potential for being used in the creation of WPC and the determination 

depends on their liquefying point. A wide assortment of filaments that can be 

utilized for strengthened in the polymer network [11]–[13]. 

 

2 Literature 

One of the major properties (physical) of solids is the size of the particle 

which is useful in a number of areas related to human activity, like waste 

management, metallurgy, fuel fabrication, construction etc. In this paper 

wood shavings and sawdust and have been used as waste products which are 

obtained as a result of wood processing [1]. It is quite promising to utilize the 

waste items as fuel legitimately in where the waste has been delivered. Firms 

that are occupied with the preparing of wood can become vitality  
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independent. For legitimate plan of burning items determining essential 

physical boundaries of the fuel is extremely important. One of the most 

significant physical boundary is molecule size conveyance which is 

referenced previously. To plan more effective burning space for this sort of  

fuel factual dissemination of sawdust and wood shavings particles can help 

[2]–[4].  

Wood polymer composite had attracted world for their excellent 

combination of light weight and mechanical property. The present study 

deals with the challenges associated in development of composite comprises 

sawdust dispersed in the Low density polyethylene (LDPE) matrix with 

varied percentage reinforcement in range from 10, 20, 30, 40, 50 by weight. 

Two samples at every stage of reinforcement were developed under the 

striking challenges for development initiative, in processing and after 

development. Several challenges were faced like integration of unlike 

material, homogenized mixing, decrease in melt flow rate, degradation of 

wood fibers and surface finishing likewise other were recorded [5], [6].  

To prepare materials for construction field we use plastics waste that 

causes damage to environment. Recycling of water bottles made from 

polyethylene terephthalate (PET). In this study the author has included first 

set of reused polyethylene terephthalate (RPET) with blending times (10, 20, 

30, 40, 50 and 60 min) and diverse dissolving temperature (180°C , 200°C , 

220 °C, 240 °C). 50 minutes blending time was picked for blending. In the 

second set diverse weight Percentage of sawdust wood ( 10% ,  20% , 30% , 

40%, half and 60%) loaded up with RPET composites. RPET/S.D.W 

composites picked 30% load of sawdust wood. First arrangement of tests 

RPET and RPET/S.D.W composites were ready for physical tests. The 

qualities 0.10 W/m.k was found for test An and 0.11 W/m.k for test E of 

RPET and RPET/S.D.W in resultant of composites at liquefying temperature 

180°C. For water ingestion test eight examples of RPET and RPET/S.D.W 

composites were readied. Most minimal water retention esteem 0.76 was 

seen following 92 days submersion in water for Sample I arranged from 

RPET at 180°C. RPET tests arranged at 180°C show best outcomes for warm 

conductivity and water retention tests. 

Utilizing fine total that is fabricated from reused squander polyethylene 

terephthalate (PET) bottles created and examined was accomplished for 

lightweight total cement. Assessment of the properties of waste PET as light- 

weight totals (WPLA), investigation of the properties of mortar when WPLA 

was utilized as fine total, and examination of the properties of solid when 

WPLA was utilized as fine total was done. The principal stage results 

demonstrated that the WPLA had a thickness of 1390 kg/m3, a mass 

thickness of 844 kg/m3 and water ingestion of 0%. WPLA fineness modulus 

(F.M.), in any case, was 4.11, which is higher than the F.M. of stream sand. 

This is on the grounds that the WPLA was single evaluated. The 

consequences of the subsequent stage indicated that for the mortar, wherein 

the WPLA was utilized as a fine total, the stream esteem expanded, while the  



 

 
 

 

 

compressive quality diminished relatively to the expansion of WPLA with 

slipped by time. Likewise, the measure of water ingestion by unit region was  

higher than for the control mortar (without WPLA) when the WPLA content 

was either 40% or 60%. For the third stage, the outcomes demonstrated that 

the droop of the WPLA concrete expanded as the WPLA content expanded 

paying little heed to the water-concrete proportion (W/C). In contrast with 

the control concrete, the 28-day WPLA concrete with an expansion of 

WPLA substance of 25%, half and 75% the compressive quality diminished 

by 5%, 15% and 30%, individually. Likewise, for a W/C of 0.49, the 

auxiliary effectiveness (compressive quality/thickness proportion) of the 

solid containing 25% of WPLA was higher than that for the control concrete 

[7], [8].  

Microcellular preparing procedures have been applied at a test level to 

infusion trim and expulsion plastics handling, utilizing wood fiber as 

strengthening filler. The center was the examinations of these cycles utilizing 

concoction frothing operators and relative investigations of physico-

mechanical properties of materials. Consequences of utilizing diverse 

substance frothing operators, variety of their substance for delivering wood 

fiber-polypropylene miniature frothed composites and the impact of a 

coupling specialist on the composites were introduced. Microcells 

morphology was additionally explored utilizing checking electron 

micrographs.  

Examination has been done into the mechanical properties of polymer 

grid composites (PMC) created with wood squander. Low thickness 

polyethylene was fortified with sawdust from African teak as a filler, and 

Sodium hydroxide as the folio. The composite were set up with pressure 

forming procedure with wood squander extending from 20, 30, 40, 50, and 

60 wt. Ideal level of wood squander was 40%. Fortification improves the 

quality and firmness of the composites however decays the effect quality. 

The outcomes likewise recommend that the pace of water ingestion of the 

composite was high in the initial not many hours and that the most 

noteworthy water retention rate was seen with 60% fortification. 

Microstructural assessment uncovered that there were little discontinuities 

and a sensibly uniform dissemination of wood particles in the polymer grid.  

 

3  Materials and Methods 

3.1 Preparation of Raw Material 

The visionary Sawdust was obtained from the carpentry workshop in 

Chandigarh University (Mohali), India. It was separated in 0.1 -0.2, 0.2 – 0.3 

and 0.3 – 0.4 mm particle size using mesh size 0.2, 0.3 and 0.4 mm on 

vibrating sieve machine then was dipped in tub of clean water for nearly 

15mins so that the impurities (sand particles) will settle down in the tub. The 

upper phase of sawdust in tub was collected for the purpose of composite 

development. It was then dried in hot air oven at 110 ± 4ºC for 6-7 hours for  
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reducing moisture content to less than 1%. For LDPE plastic carry bags are 

used as it is a waste management project. Some physical property of LDPE is 

density 0.91–0.94 g/cm3 and melting point 105–110 
0
C. Sawdust-LDPE 

composite were development through ensuing sawdust and LDPE carry bags 

were weighted as per the compositional requirement according to the Table 

1. Firstly the platter with LDPE placed in the programmable muffle furnace  

set to 110 ± 2ºC up to 20 minutes. Then sawdust is mixed at this point to 

mix with LDPE.  

After encapsulation uniform distribution of saw dust was done with 

pressing the melt in the semi-solid state in a piston cylinder arrangement. It 

was then placed in muffle furnace to relax the sawdust in the polymer matrix. 

The melt was then placed in the rectangular mold and was hot pressurized to 

get the desired shape in the form of cylinder 350 X 125 mm for the testing 

purpose. 
      Table 1 Formulation of Sawdust-LDPE Composite 

 

 

 

 

 

 

 

 

 

 

 

 

 

4  Physical Test 

4.1 Thermal conductivity test 

The prepared samples for thermal conductivity test are diameter 350mm 

and thickness about 125mm. Lee's .disc method was used to measure the 

thermal conductivity (K)is defined at the heat current per unit area, which is 

perpendicular to the flow, and per unit temperature gradient by using the 

following equations (1) and (2). 

H=m c dT/dt    (1) 

k=Hb/A(T1-T2)   (2) 

Where  

H heat current in Watt (W),  

m = is the mass of the lower disc in kilogram (kg), 

Formulation WPC composition based on the % weight 

Saw Dust 

Size in 

(mm) 

LDPE 

content (%) 

Saw dust 

content (%) 

WPC-10-0.2 0.1-0.2 90 10 

WPC-10-0.3 0.2-0.3 90 10 

WPC-10-0.4 0.3-0.4 90 10 

WPC-20-0.2 0.1-0.2 80 20 

WPC-20-0.3 0.2-0.3 80 20 

WPC-20-0.4 0.3-0.4 80 20 

WPC-30-0.2 0.1-0.2 70 30 

WPC-30-0.3 0.2-0.3 70 30 

WPC-30-0.4 0.3-0.4 70 30 



 

 
 

 

 

 

 

c is the specific heat for the upper and lower discs in    J/Kg-k, 

A= the area of the specimen (п r
2
) in meter square (m

2
), 

r is the radius of the specimen in meter (m), and  

b is the specimen thickness (m). 

 

4.2 Water Absorption Test 

All samples prepared were measured before water absorption test on 

weighing balance machine. Then samples are immersed in distilled water for 

7days[14]. The relative mass gain and diffusion coefficient were calculated 

by: 

ΔW% = Weight( Wet Sample – dry Sample) X 100  (3)                                      

𝐖𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐝𝐫𝐲 𝐬𝐚𝐦𝐩𝐥𝐞 

D = 𝝅   (𝐤𝐛 / 𝟒𝑴∞)
2     

(4) 

Where:  

D: diffusion coefficient,  

B: is the initial thickness of the specimen.  

M∞: saturation of water content.  

k: the slop of the curve between mass gain and immersion time. 

 

5  Results and Discussions 

5.1 Results of Thermal Conductivity 

Table 2 Thermal Conductivity Results for Samples 

Sample 

Thermal 

Conductivity (k) 

in W/m.k 

WPC-10-0.2 0.09 

WPC-10-0.3 0.09 

WPC-10-0.4 0.10 

WPC-20-0.2 0.12 

WPC-20-0.3 0.13 

WPC-20-0.4 0.12 

WPC-30-0.2 0.14 

WPC-30-0.3 0.15 

WPC-30-0.4 0.16 

 

The above table 2 shows that minimum thermal conductivity obtained of 

sample with 10 percent sawdust mixed with LDPE and size of sawdust range 

from 0.1 – 0.2 mm. It shows that thermal conductivity is not depending upon 

the sawdust particle size or it may be possible that technique used is not  

 

 

Sandeep Kumar Chaubey  et al  8229



 

 
 

 

 

 

Investigation of Thermal/Water Absorption Properties of   

Wood Low Density Polyethylene Composite 8230 

 

sufficient to detect the effect of particle size. Secondly with increase in 

sawdust percentage increase in thermal conductivity is observed. 

5.2 Result of Water Absorption Test 

Water absorption results after immersed in distilled water 7 days are 

shown in the table (3). 
 

Table 3 Water Absorption Results for Samples Immersed in Distilled Water Days 

Sample Weight Gain % 

WPC-10-0.2 1.02 

WPC-10-0.3 1.10 

WPC-10-0.4 1.22 

WPC-20-0.2 1.40 

WPC-20-0.3 2.15 

WPC-20-0.4 2.26 

WPC-30-0.2 2.62 

WPC-30-0.3 2.80 

WPC-30-0.4 2.95 

 

From the water absorption test held with distilled water it is concluded 

that maximum percentage weight gain was of sample WPC-30-0.4 and 

minimum was of WPC-10-0.2. It reflects that with increase in sawdust 

percentage and sawdust particle size Diffusion coefficient increases. 

 

6  Conclusion 

It has been observed from the thermal conductive test that while 

increasing sawdust percentage its thermal conductivity increases. With the 

same test it shows that thermal conductivity is not depending upon the 

sawdust particle size.  

From water absorption test it is concluded that with increase in sawdust 

percentage by weight it increases the absorption capacity also reflects the 

increase in diffusion coefficient enhancement. The sawdust particle size has 

not much significant role in increasing percentage weight gain due to water 

absorption but it reflects that with increase in particle size diffusion 

coefficient increases or water absorption capacity increases.  

From the water absorption test held with distilled water it is concluded 

that maximum percentage weight gain was of sample WPC-30-0.4 and 

minimum was of WPC-10-0.2. It reflects that with increase in sawdust 

percentage and sawdust particle size Diffusion coefficient increases.  
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