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ABSTRACT 

Pyrolysed waste polyethene waxes were functionalized under nitrogen condition by maleinisation process with maleic 

anhydride, and the product was then esterified with ethylene glycol and glycerol, in the absence of any catalyst. The 

melting points of the maleinated and esterified waxes were in the range of 48-78 ºC. Viscosity measurements of the 

maleinated and esterified waxes showed decreased molecular weights of the waxes as the temperature and time of 

pyrolysis of the waxes increased. The esterified waxes were further compounded with toluene, oleic acid, morpholine 

and distilled water to produce the emulsions. The emulsions produced were applied on wood and leather, which 

adhered and dried. The coated substrates showed decrease in water absorption coefficients compared to the uncoated 

surfaces. Coated leather showed better marking-off properties than the wood coated substrates. The emulsions applied 

on wood finishing show good absorption properties which can be used as undercoat emulsion for wood.  
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INTRODUCTION 

Polyethene (PE) is the most commonly used commodity 

plastic in the environment and one of the commonest 

wastes that are found across all communities in Nigeria. 

The increasing menace of waste PE littering the 

environment causes environmental pollution [1, 2]. 

Based on the report from the United Nations, the waste 

plastic dumps in the Nigerian environment increased by 

about 116% in 5 years to 1.25 million tonnes [3]. 

Polyethene products are non-biodegradable, and they 

constitute health and environmental hazards, encourage 

the spread of waterborne diseases, constitute a dirty 

environment, and can cause suffocation in small 

children and animals [4]. Control of environmental 

pollution by waste recycling is the best method of 

reducing bulk of the residue requiring disposal. Waste 

PE recycling is an act of treating waste PE materials like 

used water sachets and others waste PE in such a way 

they can be used again.  

Polyethene as the most commonly used 

polyolefin has no polar functional groups in its 

backbone to provide reactive sites [4, 5]. Polyolefin 

modified by the introduction of polar groups in their 

backbones improves the physicochemical properties of 

the parent polymers and promotes adhesion, dyeability, 

cross-linking, or other chemical modifications [4, 6 – 9].  

Maleinisation of polyethene is a process for preparing 

modified polyolefin waxes having improved hardness 

and gloss. It is usually done by reacting a waxy 

polyolefin (having a molecular weight of 400-5000) 

with maleic anhydride at a temperature of 120ºC – 

300ºC under atmospheric or higher pressure in the 

presence or absence of a catalyst or a reaction initiator 

to produce a maleinised or maleinated polyolefin waxes 

[10]. 

According to Evrim [6], maleinisation of oils 

and fatty acids is of particular importance as a first step 

in the manufacture of water dispersible and water-

soluble systems. It is also a useful method of introducing 

controlled chain branching into an alkyd resin. The 

reaction between maleic anhydride and conjugated fatty 

acids proceeds readily by Diels Alder type addition at 

moderate temperatures of about 120°C, according to 

Scheme 1. 

-CH2-CH=CH-CH=CH-CH2-COOH +

O
OO

-CH2-CH-CH=CH-CH-CH2-COOH

O
OO

 
Scheme 1: Maleinisation of conjugated fatty acid [6] 

When non-conjugated fatty acids are involved, the reaction proceeds by attack on the active methylene groups and 

requires temperatures of about 200°C [6]. This type of reaction is more commonly encountered in resin manufacture 

other than the Diels Alder type and it takes place as follows: 
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-CH2-CH2-CH=CH-CH2-CH2-COOH +

O OO

-CH2-CH2-CH-CH=CH-CH2-COOH

O OO  
Scheme 2: Maleinisation of unconjugated fatty acid [6] 

The maleinised oils tend to be dark in colour, coatings based on them, have a tendency to be yellow due to the use of 

unsaturated drying oils [6]. Grafting and crosslinking of polyolefins in the melt are very important and are 

characterised by the formation of gels [11]. The Researchers further stated that grafting of polyolefins with maleic 

anhydride leads to an introduction of polar functionalities, which significantly improve its surface free energy and 

mainly polar fraction [11]. 

 

x y

O

O
O  

Scheme 3: Structure of maleic anhydride grafted polyethene [12]. 

Esterification is the chemical process for making esters; these are compounds of the chemical structure RCOORˈ, (R 

and Rˈare either alkyl or aryl groups). The most common method for preparing esters is to heat a carboxylic acid (R-

CO-OH) with an alcohol (Rˈ–OH) while removing the water that is formed. A mineral acid catalyst is usually needed 

to make the reaction occur at a faster rate [13]. The esterification reaction is both slow and reversible. The equation 

for the reaction between an acid (RCOOH) and an alcohol (RˈOH) where R and Rˈ can be the same or different is 

given [14] as Equation 1: 

R-COOH    +    R'OH RCOOR'    +    H2O
  ---------------------- Equation 1 

Studies show grafted waxes are utilized for fuel 

production [15–26], practical applications like wax-

graft copolymer compounds in carbon paper inks [10], 

monocyclic aromatics [27], and lubricants [28], though 

limited research has been conducted on emulsion 

preparation. This research work is justified in that it 

aims at minimizing the amount of waste PE in the 

environment by adding value to the waste for useful 

domestic purposes. Polyethene waxes modified with 

maleic anhydride and subsequently reacted with 

dihydric and polyhydric alcohols are found to be 

suitable for the preparation of emulsion [29].  

An emulsion is a thin light-sensitive coating on 

a medium such as gelatin on film. It has been necessary 

from the view point of appearance and protection to 

repeatedly polish articles such as the floors of building 

made from tiles, plastics, etc., furniture, metals and 

plastics; the outer surface of car bodies; and the likes 

[29].  

Many materials absorb moisture when 

immersed in water or when they are placed in a humid 

atmosphere [30]. The study mentioned that 

understanding water absorption by substrates during 

soaking is of practical importance, since it affects the 

mechanical properties of the product. He added that all 

strength properties decrease as substrates absorb 

moisture in the hygroscopic range. Khazaei also stated 

that one of the most important aspects of substrates 

technology is modelling of the water absorption 

processes [30].  

MATERIALS AND METHODS 

 

Materials 

The equipment used in the study include NDJ-8S digital 

rotary viscometer, Nicolet-IR100 FT-IR 

spectrophotometer, heating mantle, melting point 

apparatus, 2 – litre four-necked reactor, Hanna Hl 

991000 pH meter, reflux condenser and Charles Austin 

suction pump. Waste Polyethene waxes pyrolysed at 

different temperatures and time reported elsewhere [31] 

were used; P200S1and P200S2 samples pyrolysed at 

200ºC for 1 hour and 2 hours without purging with 

nitrogen at the end of the reaction respectively. 

P200S3N and P250S1N samples pyrolysed at 200ºC and 

250ºC for 3 hours and 1 hour purged with nitrogen at the 

end of the reaction respectively. 

Preparation of maleinated wax 

The pyrolysed wax 200 g; obtained above were placed 

in a 2-litre flask and 22 g of maleic anhydride was added. 

The mixture was heated to 240ºC under reflux in 

nitrogen atmosphere. The temperature was then 

maintained under agitation for 4 hours. This was 

followed by distillation of the unreacted maleic 

anhydride from the system at a temperature of 150ºC 

and reduced pressure for 30 minutes. The results gave 
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brown-black coloured products. Product P200S2 was 

first reacted with 22 g of maleic anhydride at 100ºC for 

4 hours and it gave a hard, sticky but lighter coloured 

residue. This product was further taken back for second 

reaction after adding 2 g of maleic anhydride to top up 

the distilled one. This gave a light coloured residue. 

Esterification of maleinated wax 

Each of the products above 20 g, was introduced into a 

2-litre round-bottom flask and then purged with nitrogen 

gas, followed by slow addition of 6% of ethylene glycol 

(on weight of the wax) over a period of 5 – 10 minutes 

at 140ºC under agitation. The resulting mixture was 

further agitated for an additional 3 hours and thereafter 

distilled at 150ºC at reduced pressure for 1 hour to 

remove the unreacted ethylene glycol therefrom. This 

procedure was repeated with glycerol. 

Determination of saponification value 

The maleinated wax 4 g (m) was placed into a round 

bottom flask fitted with a reflux condenser. 25 cm3 of 

alcoholic KOH was added and the mixture was heated 

under agitation for 30 minutes. It was then allowed to 

cool. The pH of the sample was continually measured 

with the addition of 2 cm3 of 0.5 M HCl at intervals. A 

blank test under the same condition but excluding the 

wax was also carried out. The end-point of the titration 

was determined from the curves of change in pH with 

volume of HCl. The same procedure was repeated with 

the esterified waxes. The saponification values were 

then calculated by Equation 2: 

m

nn
SV

)(05.28 12 −= -------- Equation 2. 

Where n1 is the end-point for the wax, n2 is the endpoint 

for the blank sample and m is the mass of the wax used. 

Results are shown in Figure 3. 

 

Determination of Iodine Value 

The maleinated wax 0.3 g (W), was dissolved in 10 cm3 

of carbon tetrachloride and then treated with 20 cm3 of 

Wijs’ reagent. The stopper of the flask was moistened 

with potassium iodide before being kept in the dark for 

1 hour. The solution was then mixed with 15 cm3 of 10% 

KI, 100 cm3 of distilled water and titrated with standard 

sodium thiosulphate solution (0.1M). An average titre 

value “b” was obtained. A blank determination was also 

carried out in the absence of the maleinated wax and the 

average titre value “a” obtained. Hence, the iodine value 

was calculated using Equation 3. 

 

W

ba
IV

)(27.1 −
=

 --------------------- Equation 3.

 

The iodine values of the esterified waxes were also 

determined using the same procedure, and the results are 

shown in Figure 4. 

Viscosity measurements 

Dilute solution viscosity measurements of the 

maleinated and esterified waxes were carried out using 

Ostwald viscometer. Toluene was used as solvent and 

measurements were carried out with the viscometer 

placed in a constant temperature bath of 29ºC. The 

limiting viscosity was computed according to known 

method, which is a plot of reduced viscosity against 

concentration [32]. The results are shown in Figure 5. 

Emulsion preparation  

The esterified waxes were compounded with other 

ingredients at room temperature to produce the 

emulsions. The following formulation was used for the 

preparation.  

 

Table 1: Weight Percentage of Ingredients used in 

Emulsion Preparation 

Materials Weight (%)  

Esterified wax 

Toluene 

Oleic acid 

Morpholine 

Water 

15  

20 

8 

8  

49  

 

The esterified waxes were dissolved in toluene and then 

oleic acid, morpholine and the distilled water were 

added respectively with continuous stirring.  

Infrared spectroscopy  

The Infrared spectroscopy analysis of the waxes and the 

emulsions was determined using KBr method on 

Nicolet-IR100 FTIR spectrophotometer. The technique 

is capable of detecting specific functional groups in 

polymers thereby helping in their identification and 

characterization [33].  

Coating of substrates  

The prepared emulsions were applied onto wood and 

leather using brush, as presented in Plate 2.  

Water absorption test of substrates  

The water absorption coefficients determination gives 

an idea of the water uptake of the coated substrates 

compared to the uncoated ones. The ability of the coated 

substrates to resist water uptake compared to the 

uncoated substrates can then be observe. Substrates 

were cut to approximate dimensions of 5 x 2.5 cm2. One 

face of the substrates was used for test. The other sides 

were coated with wax to stop water uptake through their 

sides. The initial moisture contents of substrates were 
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obtained. Water absorption data were obtained by 

placing the substrates in 2-litre screw-cap flask 

containing distilled water. Tests were conducted at 25 ± 

0.5oC for immersion periods ranging from 30minutes to 

24 hours. After soaking, the moisture content of 

substrates was calculated based on the increase in the 

substrate weight at corresponding times. At regular time 

intervals, ranging from 30 minutes at the beginning to 3 

hours during the last stages of the process, the substrates 

were rapidly removed from the flask and superficially 

dried on a large filter paper to eliminate the surface 

water. The substrates were then weighed to determine 

the moisture uptake. The substrates were subsequently 

returned into water and the process was then repeated.  

Finally, curves showing the cumulative weight gain 

versus the square root of time were plotted, and linear 

regression curves were computed for each substrate. The 

water absorption coefficients of the substrates were 

determined by using Equation 4 (30): 

 

𝑀𝑤 = 𝐴√𝑡 --------------------------Equation 4 

Where, Mw is the amount of water absorbed in kg/m2, 

and A is the water absorption coefficient (Kg/m2.S1/2). 

Following the definition, the water absorption 

coefficient, A is given by the slope of the fitted curve 

divided by the contact area. The water absorption 

coefficients for the coated substrates were then 

calculated and recorded; the results are shown in Figure 

7.  

Marking-off test of coated substrates  

This method is intended for assessing the resistance of 

the coated substrates to marking-off. A piece of filter 

paper 5cm x 5cm was placed on each of the coated 

substrates 5cm x 4cm so that an area of 5cm x 1cm of 

the filter paper was not in contact with the coated 

substrates. The substrates were covered with a glass 

plate 5cm x 5cm and a weight of 1 Kilogram was placed 

on the glass plate. The substrates were kept in the oven 

at 60oC for 4 hours. This is B.S. 3662/5 marking-off test 

standard. The staining of the filter papers was assessed 

with the standard Grey Scale for assessing stain as 

marking-off of the coated substrates. The assessment 

was observed and recorded as shown in Figure 8.  

RESULTS AND DISCUSSION 

 

Maleinisation of pyrolysed waxes 

Generally, the maleinisation of the pyrolysed wax gave 

brown-black waxy residues (Figure 1). Products P200S1 

gave soft waxy residue. Product P200S2 gave a light 

brown-black coloured and less-waxy residue after 

further maleinisation with 2 g of the maleic anhydride 

(to make up for the distilled maleic anhydride during the 

first maleinisation process). Products P200S3N and 

P250S1N gave softer residues compared to products 

P200S1 and P200S2 are shown in Figure 1. 

 
Maleinated P200S1 

 
Maleinated P200S2 

 
Maleinated P200S3N 

 
Maleinated P250S1N 

Figure 1: Maleinated waxes 

The maleinisation of the pyrolysed waxes gave brown-black products. This is an indication of the reaction of maleic 

anhydride and the pyrolysed waxes. Evrim [6], in his research illustrated that maleinised oil tends to be dark in colour. 

The proposed reaction for the maleinisation of the pyrolysed wax and maleic anhydride is as follows: 

In the case of conjugated double bonds, only one maleic anhydride could be taken by a chain as indicated by Evrim. 

~CH
2
-CH

2
-CH

2
-CH-CH=CH

2
+ O

O

O
O

OO

Pyrolysed wax
Maleic 

anhydride
Maleinated wax

~CH2-CH2-CH2-CH2-CH=CH2

 
Scheme 4: Reaction of pyrolysed unconjugated wax with maleic anhydride 

It is also possible for the pyrolysed wax to have two double bonds, which can be conjugated or unconjugated [6]. The 

conjugated chain is proposed to react with the maleic anhydride as shown in Scheme 5: 
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CH2=CH-CH=CH-CH2-CH2~ +

O
OO

~CH2-CH-CH=CH-CH-CH2~

O
OO

Pyrolysed wax                    
Maleic 

anhydride Maleinated wax
 

Scheme 5: Reaction of pyrolysed conjugated wax with maleic anhydride 

The unconjugated bonds could take up two maleic anhydrides [6], thereby having a reaction as: 

+

Pyrolysed wax
Maleic 

anhydride

CH2=CH-CH2-(CH2CH2)n-CH2-CH=CH2 O

O

O

2 CH
2
=CH-CH-(CH

2
CH

2
)
n
-CH-CH=CH

2

O
OO

Maleinated wax

O
OO

 
Scheme 6: Reaction of pyrolysed unconjugated wax with two molar equivalents of maleic anhydride 

It is possible for the maleic anhydride to retain its unsaturation as shown in scheme 7. Shi et al. [34] in their research, 

proposed a mechanism formed by melt reactive grafting of polypropylene with maleic anhydride in which the maleic 

anhydride maintained its double bond. 

~CH
2
-CH

2
-CH

2
-CH-CH=CH

2
+ O

O

O
O

OO

Pyrolysed wax
Maleic 

anhydride
Maleinated wax

~CH2-CH2-CH2-CH2-CH=CH2

 
Scheme 7: Reaction of pyrolysed wax with maleic anhydride involving substitution of hydrogen 

This is also applicable to the conjugated or unconjugated bonds of the pyrolysed wax as earlier proposed in schemes 

4 and 5. 

Esterification of maleinated waxes 

The esterification of the maleinated waxes gave same brown-black residues (Figure 2) but softer than the maleinated 

waxes before esterification. The maleinated waxes as acid-modified waxes reacted with ethylene glycol and glycerol.  

 
P200S1EE 

 
P200S2EE 

 
P200S3NEE 

 
P250S1NEE 

 
P200S1EG 

 
P200S2EG 

 
P200S3NEG 

 
P250S1NEG 

Figure 2: Esterified waxes 
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The esterification reaction between the maleinated wax and the alcohols are proposed as follows: 

1. Reaction with ethylene glycol 

+HOCH2CH2OH

Ethylene glycol

~CH2CH2CH2CHCH=CH2

Maleinated wax

O OO

H2O~CH2CH2CH2CHCH=CH2

HOOC      CH2COOCH2CH2OH 

Esterified wax

+

 
Scheme 8: Esterification of maleinated wax with one molar equivalent of ethylene glycol 

In excess of ethylene glycol, the reaction can further be as: 

+2HOCH2CH2OH

Ethylene glycol

~CH2CH2CH2CHCH=CH2

Maleinated wax

O OO

2H2O~CH2CH2CH2CHCH=CH2

HOCH2CH2OOC     CH2COOCH2CH2OH 

Esterified wax

+

 
Scheme 9: Esterification of maleinated wax with two molar equivalents of ethylene glycol 

With maleic anhydride retaining its double bond after maleinisation (Scheme 7), the reaction is proposed to be: 

+HOCH2CH2OH

Ethylene glycol

~CH2CH2CH2CHCH=CH2

Maleinated wax

O OO

H2O~CH2CH2CH2CHCH=CH2

HOOC      CH2COOCH2CH2OH 

Esterified wax

+

 
Scheme 10: Esterification of maleinated wax with ethylene glycol with unsaturation on the maleic anhydride moiety 

2. Reaction with glycerol 

+ ~CH2CH2CH2CHCH=CH2

O OO

Maleinated wax

CH2OH

CHOH

CH2OH

Glycerol

~CH2CH2CH2CHCH=CH2

HOOC      CH2COOCH2CH2OH

                                      CHOH

Esterified wax

H2O+

 
Scheme 11: Esterification of maleinated wax with glycerol 

Or two of the glycerol reacts as follows: 

+ ~CH2CH2CH2CHCH=CH2

O OO

Maleinated waxGlycerol

 CH2OH

2CHOH

  CH2OH

2H2O~CH2CH2CH2CHCH=CH2

HOCH2CH2OOC        CH2COOCH2CH2OH

     CHOH                                       CHOH

Esterified wax

+

 
Scheme 12: Esterification of maleinated wax with two molar equivalents of glycerol 
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Reference to scheme 7, the reaction is proposed to be: 

+ ~CH2CH2CH2CHCH=CH2

O OO

Maleinated wax

CH2OH

CHOH

CH2OH

Glycerol

~CH2CH2CH2CHCH=CH2

HOOC      CH2COOCH2CH2OH

                                      CHOH

Esterified wax

H2O+

 
Scheme 13: Esterification of maleinated wax with glycerol with unsaturation on the maleic anhydride moity. 

Melting temperatures of waxes 

The results of the melting temperatures of the 

maleinated waxes and the esterified waxes were shown 

in Table 2. The average melting temperatures for the 

maleinated products P200S1, P200S2, P200S3N and 

P250S1N are 63ºC, 72ºC, 50ºC and 57ºC respectively. 

Product P200S3N which was pyrolysed at 200oC for 3 

hours showed a drop to an average of 50ºC. This showed 

decrease in melting temperature of the wax as the time 

of pyrolysis increase. Product P200S2 has the highest 

melting temperature which might be due to the excess 

maleic anhydride that reacted during the second 

reaction. The results showed that products with lower 

melting temperatures were likely to have lower 

molecular weights. 

 

Table 2: Melting Temperatures of the Waxes 

 Maleinated wax 

(ºC) 
Esterified with 

ethylene glycol (ºC) 
Esterified with  

glycerol (ºC) 
P200S1 61-65 58-63 58-65 
P200S2 61-65 71-77 72-78 
P200S3N 48-52 49-52 50-52 
P250S1N 55-59 52-56 53-58 

The results in Table 1 showed little or no difference 

between the melting temperatures of the waxes 

esterified with either ethylene glycol or glycerol with 

that of their counterpart maleinated waxes. 

 

Saponification values of waxes 

The saponification values of the maleinated and 

esterified waxes were calculated using the peaks in the 

plots of change in pH with change in volume of HCl 

used as the end-point of the titration. The results are 

shown in Figure 3. The saponification values for the 

maleinated products P200S3N and P250S1N are higher 

than the values of the other products. This shows that 

products P200S3N and P250S1N have lower molecular 

weights than the other products. Gopinant et al., [35] in 

their research indicated that saponification value 

decreases with increasing weight percentage of 

unsaturated fatty acid esters. This corroborated with the 

percentage yields and viscosities of the waxes reported 

elsewhere by Umaru et al. [31] and melting 

temperatures in Table 2. 
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Figure 3: Saponification values of waxes 

The saponification values of the esterified waxes rather gave conflicting results. Whereas the values for P200S1 and 

P200S2 are higher than their maleinated counterparts, those of P200S3N and P250S1N gave much lower values. The 

reason for this discrepancy can be explained from the iodine values of the waxes given in Figure 4. 

Iodine values of waxes 

The calculated iodine values of the maleinated and esterified waxes are shown in Figure 4. The iodine values of the 

waxes are indication of the degree of unsaturation of the samples.  

 
Figure 4: Iodine values of waxes 

The iodine values of the waxes are within a range of 34 

– 53 which seemed to increase with time and 

temperature. The maleinated wax pyrolysed at 250ºC for 

one hour gave the highest iodine value. The iodine 

values given in Figure 4 of waxes esterified with 

glycerol indicate that P200S1, P200S2 have much lower 

iodine values than that of P200S3N and P250S1N. This 

indicated that the latter are more unsaturated than the 

former. However, the presence of more than one double 

bond in a chain can result into two scenarios, which 

could be conjugated or unconjugated [6]. In the case of 

conjugated double bonds, only one maleic anhydride 

could be taken by a chain as indicated by Evrim in 

Scheme 1. According to Blicq, [36] the iodine value 

obtained for samples containing conjugated double 

bonds is empirical since the reagent does not react 

stoichiometrically with conjugated unsaturation. For 

unconjugated samples; the iodine value obtained is a 

measure of the total unsaturation [35]. The unsaturation 

originated from the degradation of the waxes that had 

taken place during pyrolysis irrespective of 

maleinisation or esterification. Gopinant et al. [35] in 

their research showed that iodine value increases in 

weight percentage of unsaturated fatty acid esters. It is 

possible for iodine value of the waxes to increase as a 

result of the maleic anhydride retaining its unsaturation 

after maleinisation [35]. The development of the 

unsaturation was shown in the infrared spectra of the 
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waxes, where it presented C=C stretch and C-H bend 

(alkene). 

Viscosity measurement 

The viscosities of the maleinated and esterified waxes 

were deduced from the plots of reduced viscosity with 

concentration, and the given intrinsic viscosities 

observed serves as an indication of the molecular 

weights of the waxes. The intrinsic viscosities obtained 

for the different waxes are shown in Figure 5. The 

intrinsic viscosity of the maleinated waxes decreased 

with increase in time of pyrolysis which shows decrease 

in molecular weight with increase in time of pyrolysis. 

There is also a drop in intrinsic viscosity of the wax 

pyrolysed at 250ºC compared to P200S1 pyrolysed at 

lower temperature; 200 ºC. P200S2 has lower intrinsic 

viscosity which might be due to the further reaction that 

had taken place with the added 2 g maleic anhydride. 

This is clearly shown in the results of saponification 

values and melting points of the waxes in Figure 3 and 

Table 2 respectively.

 
Figure 5.Intrinsic viscosity of waxes 

Figure 5 showed decrease in intrinsic viscosity of the 

esterified waxes compared to its corresponding 

maleinated waxes. The waxes esterified with glycerol 

have higher intrinsic viscosity values than the waxes 

esterified with ethylene glycol. This might be as a result 

of the glycerol having higher molecular weights than 

ethylene glycol. This is so due to higher molecular 

weight of glycerol being a trihydric alcohol than the 

ethylene glycol being dihydric alcohol. 

Infrared spectra 

The functional groups of the waxes were identified from 

their infrared spectra. The infrared spectra are used to 

identify the functional groups in a compound. The 

pyrolysed waxes showed C-H aliphatic stretch, C-H 

aliphatic bend, C-C stretch and C-H bend (alkene) and 

bands for C=C stretch (Figure 6a). Bands above 1518 

cm-1also observed which confirmed the presence of C=C 

stretch (alkene). This indicates some degree of 

unsaturation of the waxes before maleinisation. 

Maleinated waxes showed C-O stretch at around 1460 

cm-1 band. Bands around 1710-1715 cm-1observed 

indicating C=O stretch (acids). Bands of C-O stretch and 

C=O stretch observed in the spectrum (Figure 6b) of the 

maleinated waxes justified maleinisation reaction had 

taken place between maleic anhydride and the pyrolysed 

waxes. Esterified waxes indicate bands for C-H stretch 

(aliphatic), C=O stretch (acids), C-H bend (aliphatic) 

and C-H bend (alkene). Combination of O-H stretch and 

C-O stretch around 2290 cm-1, O-H stretch (H-bonded) 

first overtones around 1600 cm-1 and O-H bend around 

1373 cm-1 were also observed. The presence of O-H 

bands indicates the evidence of esterification reaction 

between the functionalized waste polyethene waxes and 

the alcohols [13].  

In addition to the bands observed in spectra of 

the esterified waxes, the spectra of the emulsions (Figure 

6d) showed O-H stretch (free) above 3600 cm-1, N-H 

stretch primary amine above 3400 cm-1, O-H bend at 

2091 cm-1, N-H bend (amine) around 1650 cm-1, C=C 

stretch (aromatic ring) around 1552 cm-1, C-N stretch 

(amine) around 1313 cm-1 and =C-H (out of plane 

bending) and ring puckering or may be due to N-H 

wagging on H-bonding at 869 cm-1 - 880 cm-1. 

Combination bands are also observed for O-H 

stretch plus O-H bends around 2507 cm-1 and O-H 

stretch plus C-O stretch above 2100 cm-1. The 

appearance of bands for N-H stretch, N-H bends and C-

N stretch (amines) is evidence of the reaction of the 

esterified waxes and morpholine. Bands of C=C stretch 

(aromatic rings) around 1552 cm-1 indicates presence of 

toluene.  
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Presence of more O-H stretch (free) and combinations bands for O-H stretch plus O-H bends indicates presence of 

oleic acid and water used in emulsions preparation.

 

 
a. Pyrolysed wax  

b. Maleinated wax 

 
c. Esterified wax 

 
d. Emulsion 

Figure 6: Spectra of waxes and emulsion 
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Prepared Emulsions 

The prepared emulsions are shown in Plate 1. 

 
 

P200S1EE Emulsion  

 
 

P200S2EE Emulsion  

 
 

P200S3NEE Emulsion  

 
 

P250S1NEE Emulsion  

 
 

P200S1EG Emulsion  

 
 

P200S2EG Emulsion  

 
 

P200S3NEG Emulsion  

 
 

P250S1NEG Emulsion  

Plate 1: Prepared emulsions 

Coating of Substrates  

The emulsions (Plate 1) applied on wood and leather substrates respectively were dried as shown in Plates 2. 

 
Uncoated  

 
Coated with  

P200S1EE   

 
Coated with  

P200S2EE  

 
Coated with  

P200S3NEE  

 
Coated with  

P250S1NEE  

 
Uncoated  

 
Coated with  

P200S1EG  

 
Coated with  

P200S2EG  

 
Coated with  

P200S3NEG  

 
Coated with  

P250S1NEG  

 
Uncoated  

 
Coated with  

P200S1EE  

 
Coated with  

P200S2EE  

 
Coated with  

P200S3NEE  

 
Coated with  

P250S1NEE  

 
Uncoated  

 
Coated with  

P200S1EG  

 
Coated with  

P200S2EG  

 
Coated with  

P200S3NEG  

 
Coated with  

P250S1NEG  

Plate 2: Uncoated and Coated Wood and Leather respectively 
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Water absorption of coated substrates  

The water absorption of the uncoated and coated substrates was calculated using the slopes on plots of Cumulative 

water gain with t1/2 of wood and leather coated with the emulsions. The calculated water absorption coefficients A, of 

the coated and the uncoated substrates were recorded as shown in Figure 7. 

 

Figure 7. Water absorption coefficients of substrates 

 

Figure 7 showed decrease in water absorption 

coefficient of the coated substrates compared to the 

uncoated substrates. Understanding water absorption by 

substrates during soaking is of practical importance, 

since it affects the mechanical properties of the product 

[30]. Moisture can decrease the strength properties of 

the substrates with increase in water/moisture 

absorption when exposed to the environment during 

usage. Micro-organisms might also act on the moist 

substrate, thereby damaging it.  

The decrease in water absorption coefficient of 

the coated substrates over uncoated suggests increased 

strength properties. All strength properties decrease as 

substrate adsorbs moisture in the hygroscopic range 

[30]. This means that the emulsion prepared can be used 

on wood and leather since it reduced its water 

absorption. 

Marking-off of Coated Substrates  

Figure 8 showed the marking-off assessment of the 

coated substrates observed. The marking-off assessment 

of wood substrates coated with P200S1EG, P200S1EE, 

P250S1NEE, P250S1NEG, and P200S3NEG are 

relatively poor having an assessment of 2, 2/3 and 3 

respectively. Whereas P200S3NEE, P200S2EG and 

P200S2EE gave relatively fair results with stain 

assessment of 3/4 and 4 respectively, which are good. 

The assessment of the marking-off of leather coated 

substrates is 4/5 to 5 which shows a very good marking-

off assessment. This shows that the emulsions have a 

better marking-off on leather compared to wood. This 

suggests that the emulsions prepared are suitable on 

leather as polishing emulsions. According to Vipond 

[37], regardless of the purpose of the substrate, 

maintenance may involve ensuring that the substrate is 

preserved as intended.
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Figure 8: Marking-off assessment of coated substrates 

CONCLUSION 

 

The melting points of the maleinated and esterified 

waxes are in the range of 48-78oC. The saponification 

values for the maleinated products P200S3N and 

P250S1N are higher than the values of the other 

products, these shows to have lower molecular weights 

than others. The iodine values of the waxes are within a 

range of 34-53 which seem to increase with time and 

temperature. Viscosity measurements of the maleinated 

and esterified waxes also showed a decrease in 

molecular weight of the waxes as the temperature and 

time of pyrolysis increased. The FT-IR spectra of the 

maleinated waxes presented anhydride bands at around 

1710-1715cm-1 and the esterified waxes have additional 

bands for O-H bonds. 

The esterified waxes were then compounded 

into emulsions. The emulsions produced were applied 

on wood and leather to which they adhered and dried. 

The coated substrates showed decrease in water 

absorption coefficients compared to the uncoated ones. 

The coated leather showed better marking-off 

assessment compared to the coated wood finishing.  

The emulsions prepared can be used as 

undercoat in wood finishing which will effectively 

reduce the amount of water absorption by the wood. 

They can also be used on leather as polishing emulsion, 

having good marking-off properties. Thus, the 

production of emulsion from modified waste PE waxes 

reduces environmental pollution and recovers valuable 

by-products (emulsions). It also serves as a means of 

creating job opportunities for the people. 

 

 

 

REFERENCES 

1. REMY, D., IKPEAMA, E.E. & IBEKWE, J.A. 

(2019). Challenges and Prospects of Plastic 

Waste Management in Nigeria. Waste 

Disposal and Sustainable Energy, 1(2), doi: 

1007/s42768-019-00010-2. 

2. UMARU, H.I. (2011). Effect of Pyrolysis 

Temperature and Time on the Preparation of 

Emulsions from Waste Polyethene. 

(Unpublished Master’s Thesis). Department 

of Textile Science and Technology, Ahmadu 

Bello University, Zaria. Nigeria: 2011. 

3. OKECHUKWU, N. (2022, December 12). Nigeria’s 

Plastic Waste hits 1.25mt – UN. Punch. 

Available: htttps://punchng.com/nigerias-

plastic-waste-hits-1.25mt-un/. 

4. HANNA, P.K. (2007). Polypropylene having a High 

Maleic Anhydride Content. European Patent 

1805238 B1. Available: 

https//data.epo.org/publication-

server/document?idocId=2559276&iFormat

=o.  

5. MEHRABZADEH, M., KAMAL, M.R. & 

QUINTANAR, G. (2009). Maleic 

Anhydride Grafting onto HDPE by In situ 

Reactive Extrusion and its effect on 

Intercalation and Mechanical Properties of 

HDPE/Clay NanoComposites. Iranian 

Polymer Journal, 18(10): 833-842.  

6. EVRIM, S. (2003). Water Dispersed Epoxy Resin for 

Surface Coatings (Master’s Thesis). Middle 

East Technical University, Iran; 2003. 

Available: 

http://etd.lib.metu.edu/upload/1211051/inde

x.pdf.   

0

1

2

3

4

5
S

ta
n

d
a
rd

 G
re

y
 s

ca
le

 

Emulsions Coated on Substrates

Wood

Leather



Umaru et al. (2023); Preparation of emulsions from functionalized waste polyethene waxes and their applications 

Nigerian Journal of Scientific Research, 22: 2023; journal.abu.edu.ng; ISSN-0794-0378                              181 

 

7. NOVAK, I., KRUPA, I. & LUGT, A.S. (2004). 

Modification of a Fischer-Tropsch Wax by 

Grafting with Maleic Anhydride. Journal of 

Applied Polymer Science, 93: 662-668. DOI: 

10.1002/app.20513. 

8. BONGIOVANNI, R., GAGNOR, B., MALUCELLI, 

G., PRIOLA, A. & POLLICINO, A. (1998). 

Surface Properties and Adhesion of 

Maleinized Polyethylene Films. Journal of 

Materials Science, 33(6): 1461-1464. 

Available: 

www.researchgate.net/profile/Antonio_Polli

cino/Publication/227141485_surface_prope

rties_and_adhesion_of_maleinized_polyeth

ylene_films/links/0912f512c9a92aa4e20000

00.pdf.   

9. GHAEMY, M. & ROOHINA, S. (2002). Grafting of 

Maleic Anhydride on Polyethylene in a 

Homogenous Medium in the Presence of 

Radical Initiators. Iranian Polymer Journal, 

12(1): 21-29.  

10. YOKOHAMA, Y.N. (1978). Process for preparing 

modified polyolefin waxes. US Patent 

4,071,581; 1978b. Available: 

http://www.patent.com/us-4071581.html.  

11. NOVAK, I., KRUPA, I. & LUGT, A.S. (2004). 

Modification of a Fischer-Tropsch Wax by 

Grafting with Maleic Anhydride. Journal of 

Applied Polymer Science, 93: 662-668. DOI: 

10.1002/app.20513. 

12. GUNNING, M., BRYNE, C. & BLACKIE, P. 

(2008). The development of Maleic 

anhydride Grafted Polyethylene for use as a 

Compatibiliser with High Density 

Polyethylene and Nanoclays. Ireland: 

Athlone Institute of Technology; 2008. 

Available: 

http://www.scribd.com/doc/5159081/miche

alGunning.  

13. SCIENCE ENCYCLOPEDIA. Esterification; 2009. 

Available:  

http://science.jrank.org/pages/2573/Esterific

ation.html.  

14. CLARK, J. (2003). Esterification- alcohols and 

carboxylic acids; 2003. Available: 

http://www.chemguide.co.uk/organicprops/

alcohols/esterification.html.  

15. SIVAGAMI, K., KUMAR, K.V., TAMIZHDURAI, 

P. GOVINDARAJAN, D., KUMAR, M. & 

NAMBI, I. (2022). Conversion of plastic 

waste into fuel oil using zeolite catalysts in a 

bench-scale pyrolysis reactor. RSC 

Advances, 12(13): 7612–20. doi:10. 

1039/d1ra08673a. 

16. UEBE, J., ZUKAUSKAITE, A., KRYZEVICIUS, Z. 

& VANAGIENE, G. (2022). Use of 2-

Ethylhexyl Nitrate for the Slow Pyrolysis of 

Plastic Waste. Processes 2022, 10, 1418. 

https://doi.org/ 10.3390/pr10071418. 

17. SALAUDEEN, S.A., AL-SALEM, S.M., SHARMA, 

S. & DUTTA. A. (2021). Pyrolysis of high-

density polyethylene in a fluidized bed 

reactor: pyro-wax and gas analysis. Industrial 

& Engineering Chemistry Research, 60(50): 

18283–92. American Chemical Society, 

doi:10.1021/acs.iecr.1c03373.  

18. AL-SALEM, S.M. (2019). Thermal pyrolysis of 

high-density polyethylene (HDPE) in a novel 

fixed bed reactor system for the production of 

high value gasoline range hydrocarbons 

(HC). Process Saf. Environ. Prot. 2019, 127, 

171–179. 

19. MIANDAD, R., REHAN, M., BARAKAT, M.A., 

ABURIAZAIZA, A.S., KHAN, H., ISMAIL, 

I.M.I., DHAVAMANI, J., GARDY, J., 

HASSANPOUR, A. & SATTAR NIZAMI, 

A. (2019). Catalytic pyrolysis of plastic 

waste: moving toward pyrolysis based 

biorefineries. Frontiers in Energy Research 

7(MAR). Frontiers Media S.A. 

doi:10.3389/fenrg.2019.00027. 

20.PANDA, A.K.; ALOTAIBI, A.; KOZHEVNIKOV, 

I.V.; SHIJU, N.R. (2019). Pyrolysis of 

Plastics to Liquid Fuel Using Sulphated 

Zirconium Hydroxide Catalyst. Waste 

Biomass Valorization, 2019, 11: 6337–6345. 

21. DAS, P. & TIWARI, P. (2018). The effect of slow 

pyrolysis on the conversion of packaging 

waste plastics (PE and PP) into fuel. Waste 

Management, 2018, 79: 615–624. 

22. SHARUDDIN, S.D.A.; ABNISA, F., DAUD, 

W.M.A.W. & KAROUA, M. (2018). 

Pyrolysis of plastic waste for liquid fuel 

production as prospective energy resource. 

IOP Conf. Ser. Mater. Sci. Eng. 2018, 334, 

012001. 

23. KASSARGY, C., AWAD, S., BURNENS, G., 

KAHINE, K. & TAZEROUT, M. (2017, 

September). Experimental study of catalytic 

pyrolysis of polyethylene and polypropylene 

over USY zeolite and separation to gasoline 

and diesel-like fuels. Journal of Analytical 

and Applied Pyrolysis, 127: 31–37. Elsevier 

B.V. doi:10.1016/j.jaap.2017.09.005.  

24. RATNASARI, D.K., NAHIL, M. A. & WILLIAMS, 

P.T. (2017, March). Catalytic pyrolysis of 

waste plastics using staged catalysis for 

production of gasoline range hydrocarbon 

oils. Journal of Analytical and Applied 

Pyrolysis, 124: 631–37. Elsevier B. V. doi: 

10.1016/j.jaap.2016.12.027.  

http://www.patent.com/us-4071581.html
http://www.scribd.com/doc/5159081/michealGunning
http://www.scribd.com/doc/5159081/michealGunning
http://science/
http://www/


Umaru et al. (2023); Preparation of emulsions from functionalized waste polyethene waxes and their applications 

Nigerian Journal of Scientific Research, 22: 2023; journal.abu.edu.ng; ISSN-0794-0378                              182 

 

25. YANG, J., RIZKIANA, J., WIDAYATNO, W.B., 

KARNJANAKOM, S., KAEWPANHA, M., 

HAO, X., ABUDULA, A. & GUAN, G. 

(2016). Fast co-pyrolysis of low-density 

polyethylene and biomass residue for oil 

production. Energy Conversation 

Management, 2016, 120: 422–429. 

26. AHMAD, I., KHAN, M.I., KHAN, H., ISHAQ, M., 

TARIQ, R. & GUL, K. (2015). Ahmad, W. 

Pyrolysis Study of Polypropylene and 

Polyethylene into Premium Oil Products. 

International Journal of Green Energy, 2015, 

12: 663–671. 

27. WANG, Y., L. CHENG, J. GU, Y. ZHANG, J. WU, 

H. YUAN, & Y. CHEN (2022). Catalytic 

pyrolysis of polyethylene for the selective 

production of monocyclic aromatics over the 

zinc-loaded ZSM-5 catalyst. ACS Omega, 

7(3): 2752–65. American Chemical Society. 

doi:10.1021/acsomega.1c05401.  

28. YETGIN, S. (2020, December). Characterization of 

lubricant polyethylene waxes. European 

Journal of Technique, 10(2): 489–500. 

doi:10.36222/ejt.718423. 

29. YOKOHAMA, Y.N. (1978). Novel Polyolefin 

Waxes and Aqueous Polishing Emulsions 

thereof. US Patent 4,0802,558. 

Available:www.google.com/patent?hl=en&i

r=&vid=USPAT40802558&id.  

30. KHAZAEI, J. (2008). Water Absorption 

Characteristics of Three Wood Varieties. 

Cercetari Agronomice in Moldova, Vol. 

XLI, no 2 (134) 2008. Available: 

http://www.univagro-

iasi.ro/CERCET_AGROMOLD/CA2-08-

01.pdf.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

31. UMARU, H.I., YAKUBU, M.K., KOLAWOLE, 

E.G. & BABA, M.A. (2014). Effect of 

Pyrolysis Temperature and Time on Wax 

Production from Waste Polyethene. Asian. 

Asian Journal of Applied Sciences, 2: 5. 

Available: 

http://ajouronline.com/index.php?journal=A

JAS&page=issue&op=view&path%5B%5D

=89. 

32. PHYSICAL CHEMISTRY VIRTAL LAB 

CHEMISTRY SCIENCES. (2014). 

Determination of viscosity average 

molecular weight of polymer; 2014. 

Available: http://amrita.vial.co.in/?sub-

2&brch=190&sim=603cnt=1. 

33. KOGO, A.A. (1999). Studies on degradation of 

HDPE using Atmospheric Conditions and 

Ultraviolet Radiation (Unpublished Master’s 

Thesis). Department of Chemistry, Bayero 

University, Kano. Nigeria; 1999.  

34. SHI, D., YANG J., YAO, Z., WANG, Y., HUANG, 

H., JING, H., YIN, J. & COSTA, G. (2001). 

Functionalization of isotactic polypropylene 

with maleic anhydride by reactive extrusion: 

mechanism of melt grafting. Elsevier: 

Polymer. 2001; 42:5540–5557. 

35. GOPINANT, A., PUHAN, S. & NAGARAJAN, G. 

(2009). Theoretical modeling of iodine value 

and saponification value of biodiesel fuels 

from their fatty acid composition. Elsevier, 

Renewable Energy, 2009; 34(7): 1806-1811. 

DOI: 10.1016/?renene.2008.11.023. 

36. BLICQ, D. (2010). Introductory biochemistry T07-

C211 Laboratory manual; 2010. Available: 

http://xnet.rrc.mb.ca/davidb.new_page_18.h

tm.  

37. VIPOND, A.J. (2012). Removal of Markings off a 

Substrate. WO 2012058729 A1. Available: 

http://www.google.com/patents/WO201205

8729A1?cl=en.  

 

http://ajouronline.com/index.php?journal=AJAS&page=issue&op=view&path%5B%5D=89
http://ajouronline.com/index.php?journal=AJAS&page=issue&op=view&path%5B%5D=89
http://ajouronline.com/index.php?journal=AJAS&page=issue&op=view&path%5B%5D=89
http://amrita.vial.co.in/?sub-2&brch=190&sim=603cnt=1
http://amrita.vial.co.in/?sub-2&brch=190&sim=603cnt=1
http://xnet.rrc.mb.ca/davidb.new_page_18.htm
http://xnet.rrc.mb.ca/davidb.new_page_18.htm

