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In this work, the utilization of waste paper in the preparation of cellulous-based composite is 

described, with latex as a binder. Paraffin wax and acrylic woven fibers were also used at 

various weight ratios to get the best mechanical and physical properties. The results were 

compared with the performance the Dixon, regularly used material in shoes manufacturing. 

The following tests were performed: compression resistance, density, water absorption, 

shrinkage, and moisture content. Manual method was employed in the preparation of test 

specimens in addition to laboratory forging machine for finishing of the specimens. Results of 

compression test (Modulus of elasticity, compressive strength, resistance to crushing) of the 

Specimens that contain pulp paper and reinforced with latex and acrylic fibers and low content 

of paraffin wax showed the highest resistance to compression, The increase of additives 

contents within the mix resulted in an increase in density. To mimic the real application 

conditions of the insole, the specimens were subjected to water absorption test by irrigation 

for 2 hours. The best specimen compositions for the water resistance test are those with high 

(5-10%) wax content due to the fact that the wax is a water repellent material. The shrinkage 

is another important parameter for the use of the composite in shoe industry. Result of 

shrinkage and humidity of all specimens show comparable results to commercially available 

and Dixon are also very close to the requirements of the specification of leather industry. 

However, in comparison with the available carton and dixon, our specimens contain from 

weight fraction (50g) waste pulp, (20g) latex, (4g) paraffin wax, (0.7g) acrylic fibers, proved 

comparable performance.  
  

Keywords: Waste paper, Leather industries, Dixon, cellulous-based composite. 

  

خلاصـةال  
نفايات ورقية في تحضير عدد من المتراكبات بتدعيمها مع المطاط )اللاتكس( كمادة رابطة  تم في هذا البحث استخدام

والاستعانة بشمع البارافين والياف الاكرليك المنسوجة بنسب مختلفة للحصول على افضل خصائص فيزيائية وميكانيكية 

 الاحذية. ومقارنتها مع الكارتون والدكسن التجاري المستخدم كطبقات داخلية في صناعة 

تم إجراء فحص مقاومة الانضغاط، الكثافة, امتصاصية الماء، الانكماش ومحتوى الرطوبة بعد تحضيرها بالطريقة اليدوية 

وذلك باستخدام اطارات خشبية واضافة الخليط على قطعة قماش داخل الاطارات وبعدها تم كبس ودرفلة العينات. واظهرت 

ة, مقاومة الانضغاط, مقاومة السحق( ان تدعيم العجينة الورقية باللاتكس والنسيج نتائج الانضغاطية )معاملات المرون

ولتقريب الفحص من الواقع  ونسب قليلة من الشمع أعطت افضل النتائج. وتزداد الكثافة بزيادة الاضافات الى الخلطة.

نسب هي للعينات المحتوية على نسب ساعة( واظهر بان افضل 2العملي الخاص بالدبان تم تعريض العينات للماء ولمدة )

غم( نظرا لكون الشمع مادة مقاومة للرطوبة وطاردة للماء. ومن قياس انكماش ورطوبة العينات 10-5عالية من الشمع )

المحضرة وجد انها مقاربة بالمعدل العام الى قيم كثافة الكارتون والدكسن التجاريين والى مواصفة الجلود في الشركة العامة 

اعات الجلدية. كما اجريت مقارنة بين خصائص وأداء العينات المحضرة مع الكارتون والدكسن التجاري وكانت أفضل للصن

 شمع و غم(4) لاتكس و (غم20)عجينة و غم( 50) نتائج للعينات المحضرة متمثلة بالمتراكبة التي تتكون من كسر وزني

 .التجاري نسيج الاكرليك الاقرب في الاداء الى الدكسن غم(0.7)

  
Introduction 
The accumulation of waste materials is 

associated with a lot of problems. The 

international community is working on 

developing efficient methods for dealing with 

such expanding task. The recently accepted 4R, 

reduce, reuse, recover, and recycle, approach 

receiving wide acceptance to limit the 
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extensive consumption of the natural resources 

in addition to energy and water. Any of these 

options is linked with the type, composition, 

and quantity of the wastes [1]. Recovery allows 

the extraction of valuable materials from 

industrial waste materials employing simple 

low energy consuming methods [2]. 

Wastewater is treated to suite the same 

purposes or directed for other important uses 

like irrigation [3]. The recycle of waste 

materials will contribute much to the reduction 

of disposal and in the same time provides a 

new resource of raw materials for the industry. 

Thus, the recycle is a promising approach in 

this respect.  

Recycling include a series of operations to 

change the used materials into usable products. 

The shortage of resources was the main reason 

to develop operations that fulfill such 

shortages. Meanwhile, the recycling processes 

of metals, papers, rubber and other products 

lowered the need to construct more landfills for 

waste materials and hence participated in the 

environmental production [4].  

 

Materials and Methods 
Apparatus 

Forging of the specimens were performed on 

Lab two roll mill Machine model XK-100 

supplied from China. Thickness was measured 

with a digital micrometer mode IDM-D0007 

from Australia. The compressibility 

measurements were carried out on Leybold 

Harris Equipment Model N.36110 of British 

origin. Both shrinkage and moisture content 

were determined with hot air sterilizer model 

YCO-010 supplied from a German-Taiwan 

company. Water absorption measurements 

were performed on a homemade kit in 

accordance with the leather industry 

specification a steel hollow cylinder 8-cm 

diameter was used as a die to cut the specimen. 

The surface was allowed to be in contact with 

water for 60 and 120 minutes and the gain in 

weight was recorded to evaluate the percentage 

water absorption of the specimen and 

expressed as g per unit area. 
 

Materials 

Used papers were collected and used in the 

preparation of pulp as the main component of 

the desired composite. The papers were 

shredded into small pieces and immersed in 

water in a bucket for several hours to facilitate 

the mixing. The soaked material were then 

mechanically stirred at moderate speed for 2-3 

hrs to end up with homogenous pulp. The wet 

pulp is dehydrated by manual pressing inside a 

cotton cloth and left to dry at room temperature 

to be stored at a low temperature to prevent any 

biological degradation.  

Latex: this was a commercially available 

adhesive emulsion usually used by the 

shoemakers.  

Paraffin wax: This was a product of a local 

refinery and has a melting point of 66 °C, 

congealing point of 63 °C, oil content, 4.4 

wt%, penetration, 21 mm, and ash content of 

0.17 wt% [5].  

Woven acrylic fibers: A woven fabric was 

employed for the reinforcement of the pulp 

composite. It is available within the market and 

used in curtains. The material was identified by 

infrared absorption spectrum [6].  
 

Paperboard preparation 

The pressing of the pulp allows keeping some 

of its water content. The solid content of the 

pulp was determined during the preparation of 

each specimen. This was carried out by placing 

a known weight of the pulp in an oven and 

heats it until constant weight is reached. The 

pulp was mixed for few minutes with twice of 

its weight of water in a steel container. 

Wooden frames with 20×20 cm dimensions 

were prepared for the shaping of the pulp 

composite. The frame is composed of two 

identical parts to place a cotton cloth in 

between and to allow the draining of excessive 

water content. 

The mixture was placed within the frame and 

allowed to drain by pressing with a piece of 

cloth to ensure uniform surface. Ceramic tiles 

were then placed on the upper surface to aid 

further drainage. The piece was removed from 

the frame and partially dried in an oven to 

reduce the water content. The material was 

enclosed between two cloth fabrics and 
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manually pressed with hot iron to aid both 

drying and packing. The product was a piece of 

paperboard similar the ones available for book 

binding. 
 

Preparation of composite specimens 

The pulp and water was place with the mixing 

container and the calculated amount of the 

latex was added during stirring. Stirring was 

continued for enough time (usually 60 min) to 

ensure the intimate mixing and 

homogenization. The procedure was completed 

as for the paperboard preparation above.  

Wax introduction: To improve the water 

absorption of the specimens the boards need to 

be reinforced with water repellent additive. 

Wax is considered a good candidate for such 

property being also a cost effective material. 

Increasing amounts of 1, 2, 4, 5, 6 and 10 g of 

wax were added to pulp-latex composites (50, 

20 g, respectively). The insertion of wax 

required some prior process to ensure the 

homogeneous distribution of the wax within 

the fabric. The water repellency of wax 

necessitated the addition of molten wax to the 

latex to utilize the presence of the emulsifier in 

the latex. Both components were added to the 

water – pulp mixture as a single additive and 

reasonably homogenous mixture could be 

achieved.  

The third group of samples was those with the 

acrylic woven fibers. The woven fibers were 

placed in the wooden frame and the prepared 

pulp composites were added to ensure the 

inclusion of the fibers within the specimen. The 

same procedure was employed for the 

finishing. The overall composition of the 

prepared specimens is given in Table 1. 

Forging: The manual pressing of the specimens 

is still inadequate for ensuring the required 

homogenization and compaction of the 

materials and consequently the achievement of 

the desired properties of the product. Forging is 

an important step during the preparation of the 

specimens to ensure enough packing and hence 

intimate mixing of the components. The 

sample passes between solid cylindrical rolls to 

reduce the thickness of the specimens and give 

acceptable shape of the specimens. The process 

may be done on hot or cold rolls of Hitop Lab 

Two Roll Mill Machine.  
 

Physical tests 

Some of the physical tests were carried out at 

the State Company for Leather Industries, 

Ministry of Industry and Minerals, National 

Center for Packing Research.  
 

Result and Discussion 
The experiments were designed to allow the 

improvement of the properties of the product to 

approach those of the commercially available 

insole product. The start-up was the study of 

the effects of the contents of the main 

components, namely, the pulp and latex, on the 

basic properties. 
 

Compressibility Test 

A series of specimens were prepared with 

various pulp and latex weight ratios, 3:1, 2.5:1, 

and 2:1, respectively, and subjected to a variety 

of physical tests. The 3:1 weight ratio sample 

showed relatively the highest compressibility 

values among the studied specimens which was 

also the closest to the behavior of the 

commercially available insole material. The 

increase in compression resulted in crushing of 

the specimens (Figure 1). The inclusion of 

latex results in lower crushing tendency than 

normal card board as a result of the improved 

strength [7]. The behavior was lower to 

comparable to that of commercial Dixon. This 

test is dependent on the contents of the 

reinforcing materials. The high density of the 

commercial specimens showed higher 

compressibility. The specimen of the highest 

density among the specimens gave the best 

compressibility results [8] by reference to 

(Table1). The bulk density values of the 

prepared samples (Table 2) are relatively 

smaller than that of the commercial Dixon. 

This reflects the significance of the preparation 

technology on the properties and consequently 

the behavior of the material. 
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Table 1: The overall composition of the prepared specimens is given in 

NO. 
Percentage of 

Acrylic fibers (g) 

Percentage of 

paraffin wax (g) 

Percentage of 

Rubber (latex) (g) 

Percentage of 

pulp paper (g) 

Components of 

the sample 

1  Pulp paper 100 -- -- -- 

2  
Pulp paper 

+Rubber (latex) 

40 20 -- -- 

3  50 20 -- -- 

4  60 20 -- -- 

5  

Pulp paper 

+Rubber (latex) 

+Paraffin wax 

50 20 1 -- 

6  50 20 2 -- 

7  50 20 4 -- 

8  50 20 5 -- 

9  50 20 6 -- 

10  50 20 10 -- 

11  60 20 1 -- 

12  60 20 2 -- 

13  60 20 4 -- 

14  60 20 5 -- 

15  60 20 6 -- 

16  60 20 10 -- 

17  

Pulp paper 

+Rubber (latex) 

+Paraffin wax 

+Acrylic fibers 

50 20 1 0.7 

18  50 20 2 0.7 

19  50 20 4 0.7 

20  50 20 5 0.7 

21  50 20 6 0.7 

22  50 20 10 0.7 

23  50 15 2 0.7 

24  50 25 2 0.7 

25  50 30 2 0.7 

26  60 20 1 0.7 

27  60 20 2 0.7 

28  60 20 4 0.7 

29  60 20 5 0.7 

30  60 20 6 0.7 

31  60 20 10 0.7 

32  Cartoon -- -- -- -- 

33  Dixon -- -- -- -- 

 

The introduction of wax into the composite 

resulted in improved properties. Fig 2 show the 

relation between the stress and the strain for 

specimens of 50 and 60 g pulp reinforced with 

latex and wax at various levels. The specimens 

with 50 g pulp, 20 g latex and 1 g wax 

exhibited comparable compressibility to 

commercial Dixon. Similarly, the specimen 

with 60 g pulp, 20 g latex and 2 g wax showed 

the highest compressibility among the prepared 

samples. The lowest level of tensile strength 

recorded was 3.0 Mpa for specimens with 50 g 

pulp content. The values could be raised up to 

7.58 Mpa by the reinforcement with latex and 

insertion of wax and stands as the highest value 

for specimens with 60 g of pulp. This may be 

attributed to the lower mechanical properties of 

the wax [9]. Thus, the increase of pulp content 

overwhelmed the worsening effects of the wax. 
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 Figure 1: The effect of pulp content on the crushing resistance as compared with Dixon. 

 

Table 2: Bulk density for the prepared specimens 
Sample Bulk Density (g/cm

3
) 

Car.Lab.mi.(100g) 1.41 

Re.Car.fa. 1.74 

Car.Lab.mi.(40g)+Lat. 1.27 

Car.Lab.mi.(50g)+Lat. 1.29 

Car.Lab.mi.(60g)+Lat. 1.41 

Dixon 1.96 

 

 
Figure 2: The effect of wax introduction on compressibility of pulp-latex composites with 50 g pulp content. 

 

The compression elasticity modulus was 

calculated for the wax inserted samples and the 

values are compared to that of the commercial 

Dixon as shown in Figure 3. As can be seen in 

Figure 4, the increase in the pulp content (60 g) 

caused a clear improvement in the compression 

resistance for the specimens inserted with 

paraffin wax. The compression resistance 

increased from 11.8 MPa as a minimum for 

specimens with 50 g pulp content up to a 

maximum value of 20.6 MPa for specimens 

with 60 g pulp content reinforced with latex 
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and wax. Any defects during the preparation, 

that influence the distribution or concentration 

stress spots within the sample, will play 

important role in the failure of the samples 

[10]. 

 
Figure 3: The calculated compression elasticity modulus values for the wax-inserted samples as compared to 

commercial Dixon. 

 

 
Figure 4: Representative results compression resistance for wax treated specimens with 60 g pulp contents as compared 

with commercial Dixon. 

 

Regarding the crushing resistance, the pulp 

composites reinforced with latex and wax 

showed higher values as the wax introduction 

decrease and its very close to Dixon (Figure 5). 

The insertion of woven synthetic fibers into the 

pulp-latex composites improved the behavior 

to match that of the commercial Dixon as 

indicated in Figure 6. 
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Figure 5: The crushing resistance of pulp composites reinforced with latex and wax. 

 

 
Figure 6: The effect of woven fiber insertion on the compressibility behavior of pulp-latex composites at various wax 

contents. 

 

The compression resistance values in the 

presence of the woven fibers acceptable in 

comparison with the commercial Dixon for 

wax contents of 1-2g (Figure 7). 

Water content and shrinkage on heating 

Water content is an essential test for a 

successful insole material in addition to the 

shrinkage test, which determines the decrease 

in the dimensions of the insole. The latter 

causes the deformation of the shoes and 

consequently loss of comfort. The water 

contents of the prepared specimens were 

comparable to that of the commercial Dixon. 

Also, the shrinkage values were in the range of 

1.7 to 1.9% compared to a value of 1.8 for the 

Dixon. The water contents and the shrinkage 

values of the specimens treated with wax were 

evaluated for the prepared specimens and 

compared with those of the Dixon. for two 

levels of pulp contents, 50 and 60 g. There was 

no correlation of the recorded shrinkage values 

with the wax content. This indicates only the 

effects of processing methods rather than wax 

effect. Generally, the water content values were 

in the range of 1.8-2.6 and showed similarity 

with the Dixon water content (3.1). The 

percentage shrinkage on heating for the 

composites treated with wax was in the range 
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of 1.8-4.0% in comparison with the Dixon 

value of 1.8%. The choice of the acrylic fibers 

for the reinforcement was based on the ability 

to keep the strength even after wetting [11] and 

this is one of the main characteristics of the 

insole products. Following the insertion of 

woven fibers, the water content values were in 

the range of 1.7-2.6 which were close to that of 

the Dixon water content (3.1). The percentage 

shrinkage on heating for the composites treated 

with wax was in the range of 1.8-3.8% in 

comparison with the Dixon value of 1.8%.  

 
Figure 7: The compression resistance values in the presence of the woven fibers for pulp-latex composites with 60 g 

pulp content and various wax contents. 

 

Water absorption Test 

Water absorption is one of the defects in shoe 

lining material (insole) because it limits the 

service life of the material. Normal card board 

absorbs much water and hence fails in test as 

an insole material [12]. The main function of 

wax insertion in the composite was to improve 

the water absorption resistance. Wax contents 

up to 2g did not improve the resistance and the 

major improvement was noticed with 

specimens containing 4g wax and up. Figure 8 

shows the comparison of the performance of 

pulp-latex composites, of 50 g pulp content, 

inserted with increasing wax contents with 

commercial Dixon. The behavior of specimens 

with 6g and more exceeded the commercial 

Dixon, the choice will be limited to the range 

of 4-5g on basis of the other mechanical 

properties of the wax containing samples. 

Similar behavior could be obtained for 

composites with 60 g pulp contents. 

 

Effect of latex content 

After establishing the various components 

effects on the physical properties and 

performance of the composite, a concluding 

study was carried out to optimize the latex 

content in the presence of all other components 

studied. The pulp content was fixed at 50 g , 

the wax at 2.0 g and woven fiber to suite the 

area of the specimen. Three latex contents are 

used of 15, 25 and 30g.  

To compensate for the wax content the water 

absorption values were measure for composites 

with small wax contents and increasing latex 

contents. The increase of latex in the 

composites improved the resistance to water 

absorption. Thus, a compromise was reached to 

restore the mechanical properties of the 

composite by limiting wax content and slightly 

increasing the latex in the mixture.  

0

5

10

15

20

25

30

C
o

m
p

re
ss

io
n

 r
es

is
ta

n
ce

 (
M

P
a)

 



Al-Mustansiriyah Journal of Science  
ISSN: 1814-635X (print), ISSN:2521-3520 (online) Volume 30, Issue 1, 2019 DOI: http://doi.org/10.23851/mjs.v30i1.491 

 

192 

 

 

Copyright © 2017 Authors and Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons 

Attribution-NonCommercial 4.0 International License. 

 

 
Figure 8: Percentage water absorption of composites with 50 g pulp content after 1.0 and 2.0 h contact with water after 

wax insertion. 

 

Conclusions 
Paper pulp can be prepared from used papers to 

be utilized as the basis of various composite 

materials to fit the various uses. Rubber latex is 

a typical binder material that can reinforce the 

paper board and improve its strength and 

flexibility. The water absorption is an 

undesired property of the paper board and must 

be overcome to produce water resistant boards. 

Wax could be inserted within the paper board 

structure by incorporating it within the latex 

utilizing the presence of the emulsifier. The 

inclusion of paraffin wax at high rates 

improves the resistance to water absorption but 

harm to the mechanical properties. To improve 

the flexibility of the product and water 

absorption woven acrylic fibers were inserted 

within the pulp –latex during the molding 

process. Forging highly improved the 

homogeneity and characteristics of the 

products. The optimum performance of the 

specimens as a replacement of the commercial 

insole material was 50 g pulp, 20 g, latex, 2-4 g 

wax and about 1 g woven synthetic fibers. The 

production technology is highly effective for 

successful preparation of insole-like material. 
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