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ABSTRACT 
This paper reports the study of 

utilization of manganese laurate for accelerating 

the degradation process of high density 

polyethylene (HDPE). Specimens were prepared 

by loading manganese laurate from 0 to 1 

%(w/w) in HDPE resins using twin screw 

extruder followed by injection molding. Thermal 

treatment was performed at 70C, for maximum 

duration of 1000 hours to examine the thermo-

oxidative degradation of HDPE blends. Tensile 

testing, FTIR analysis, molecular weight analysis, 

melt flow index (MFI) analysis, differential 

scanning calorimetry (DSC) test, 

thermogravimetric analyzer (TGA) test, were 

carried out to assess the changes during 

treatment. The results reveal that sample 

containing manganese laurate are readily to 

undergo thermo-oxidative degradation under 

temperature condition of 70 C.  Tensile strength 

and elongation at break decreased during 

treatment. Pure and HDPE containing 1 % of 

manganese laurate (ML10) samples have lost 

about 11.74 and 43.33% of tensile strength, and 

about 16.21 and 55.85 % of elongation at break 

respectively. FTIR traces exhibited that carbonyl 

group’s peak in the region 1700-1800 cm
-1

 arise 

during thermal treatment as the result of 

oxidation. Average molecular weights were found 

to decrease about 16.12 and 67.51% from their 

initial value for pure and ML10 samples 

respectively, and consequently MFI increased 

significantly. Thermal stability and melting 

temperature were found to shift to lower 

temperature, while crystallinity generally 

increased. The degradation rate of HDPE 

increased by increasing the amount of manganese 

laurate incorporated. 

 

Keywords: manganese laurate, pro-oxidant 

additives, HDPE, thermo-oxidative degradation. 

 

1. INTRODUCTION 
Nowadays the utilization of plastic material 

has grown tremendously.  In 1999, The principal 

thermoplastic polymers (LDPE/HDPE, PP, PVC, 
PS, and PET) consumptions exceeded 28 millions  

 

tones in Western Europe, 79% of total plastic 

markets [1]. Locally in Malaysia, total resin 

consumption increased by 8% from 1.6 million MT 

in 2004 to 1.72 million MT in 2005, of which about 

65% were polyolefins (PE & PP) [2] and the total 

consumption still remained at level of 1.7 million 
MT in 2009 [3]. The utilization of plastics has led to 

growth of plastic waste amount [4].  The municipal 

solid waste stream in the U.S. totals nearly 160 

metric tons per year and consists of about 7-11% by 

weight of post-consumer plastics [5]. The growing 

environmental concern has made plastics a target of 

much criticism due to their lack of degradability [6]. 

Recycling, as alternative to reduce plastic waste, 

only covers 25-30% of polymer waste. The other 

products eventually find their way to landfills or 

incinerator [7]. The large amount of plastics ending 
up in the waste stream has resulted in a trend 

towards manufacture and development of plastics 

with accelerated degradation [8].  

The additions of transition metal pro-

oxidants is one of methods used to accelerate the 

degradation process which is designed to catalyze 

photo degradation and thermal degradation periods 

[8]. There are several transition metals which have 

been reported to be alternatives as pro-degradant 

additives [9]. Many studies were mostly utilized 

cobalt-salt-based additives for LDPE or LLDPE [10-

15].  The other studies applied other transition 
metals, such as iron and calcium stearate [16], 

manganese stearate [17-19] for LDPE. 

The polymers with incorporated pro-

degradant additives, undergo accelerated oxidative 

degradation initiated by natural daylight, heat and/or 

mechanical stress, and embrittle in the environment 

and erode under the influence of weathering [20]. 

The artificial treatments have been widely applied to 

simulate natural weathering, e.g. outdoor sunlight 

exposure weathering, soil burial or composting, 

aquatic environment. If instead composting, thermal 
treatment is commonly used to simulate composting 

temperature [6,19].   

Mechanical properties are the most 

sensitive to changes, occurring during degradation 

[8]. The initiation of the degradation process is 

accompanied by loss of useful tensile properties [5]. 

Accordingly, mechanical properties, i.e. tensile 
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strength and elongation at break, are commonly used 

to monitor degradation process. 

Degradation of polyethylene under thermal 

condition has been widely studied.  However there 

are only a few studies on degradation of HDPE even 

though HDPE is also type of polyethylene which is 

widely applied in daily life beside LDPE.  The 
utilization of manganese as pro-degradant additives 

was also very few, although manganese is 

sufficiently available in nature and relatively cheap. 

Moreover, manganese laurate has not been utilized 

yet as pro-degradant additive.  The purpose of this 

study was to investigate effect of manganese laurate 

on enhancing degradation of HDPE under thermal 

treatment.  

 

2. EXPERIMENTAL 
2.1 Materials  

Manganese chloride tetrahydrate (Systerm), 

sodium hydroxide, lauric acid (Merck), ethanol 

(industrial grade), acetone, n-hexane (R&M 

Chemicals), cyclohexane, benzene (Merck), and 

toluene (Systerm) were used without any treatments. 

High density polyethylene, Etilinas HD5301AA, 

manufactured by Polyethylene Malaysia Sdn. Bhd., 

was used to prepare samples. The HDPE had a 

density of 0.951 g/cm3 and melt flow index (MFI) 

0.081 g/10 min at temperature of 190C and load of 
2.16 kg. 

 

2.2 Methods 

2.2.1 Synthesis of characterization manganese 

laurate   

Manganese laurate was synthesized by 

reacting sodium hydroxide and lauric acid to 

produce sodium laurate, and followed by reaction of 

sodium laurate and manganese chloride as reported 

previously. The characteristics of manganese laurate 

have also been reported in the previous work [21].  

 

2.2.2 Sample preparation 
The compounding of HDPE with 

manganese laurate was carried out using co-rotating 

twin screw extruder (MODEL: Lab Tech 

Engineering with L/D 40) at setup temperature of 

200C. Prior to extrusion, HDPE and manganese 

laurate were dried in the oven at 80C for 6 hours. 
Following extrusion, the material was pelletized and 

injection molded into specimens for tensile testing 

using a Nissei NS20-2A injection molder at setup 

temperature of 200C. Pellet was also dried in the 

oven at 80C for 2 hours before molded. Finally, the 
samples were labeled in accordance with loading 

percentage of manganese laurate as listed in Table 1.  

 

2.2.3 Sample Properties Evaluation 

Tensile testing: Tensile testing was carried 

out according to ASTM D638-08: Standard Test 
Method for Tensile Properties of Plastics. Test 

specimens were conditioned at 23±3°C for 40 hours 

prior to tensile testing according to ASTM D618-99: 

Standard Practice for Conditioning Plastics for 

Testing. Following the conditioning process, 

specimens were tested using a universal testing 

machine (MODEL: Shimadzu AG-X) with a 5 kN 

load cell operated at a crosshead speed of 10 

mm/min and gauge length (grip-to-grip) 25.4 mm.  
Five samples were tested under each batch and the 

average value was reported. All the tests were 

carried out at 25°C. 

 

Table 1 Sample labeling 

Sample label  Manganese laurate loaded 

(%) 

Pure 0 

ML02 0.2 

ML04 0.4 

ML06 0.6 

ML08 0.8 

ML10 1.0 

 

Fourier Transforms Infrared spectroscopy: 
Functional group analysis was performed using 

Fourier Transforms Infrared (FTIR) spectroscopy 

(MODEL: Thermo Nicolet Avatar 370). ATR 

technique was applied with 64 scans and resolution 

of 4 cm-1. Smart performer part was used to collect 

background and samples spectra. The thin slices of 

samples surface were taken and analyzed under the 

smart performer accessories of FTIR. The tests were 

repeated three times for each sample. The interest 

was focused on the carbonyl group region at the 

band of 1700-1740 cm-1 [18]. Carbonyl indices of 
samples were monitored. Carbonyl index was 

defined as the ratio of area around band of 1718 cm-

1, attributed to carbonyl groups, and area of band at 

1375 cm-1, attributed to CH3 [22].   

   

Molecular weight: Average molecular weight of 

HDPE was determined from viscosity measurement. 

Sample was dissolved in xylene at temperature of 

105˚C. The viscosity was measured using Ostwald 

Capillary Viscometer. The average molecular weight 

was obtained by using intrinsic viscosity-average 

molecular weight relationship or known as The 
Mark-Houwink-Sakurada equation as shown below 

[10,23].   

 
83.03.105.16 vM                           (1)                                                                                

where   = intrinsic viscosity and vM = average 

molecular weight. The tests were done for selected 

samples at 0, 600 and 1000 hours of thermal 

treatment. 

Melt Flow Index (MFI): MFI was measured 

according to ASTM D1238-94a: Standard Test 

Method for Melt Flow Rates of Thermoplastics by 

Extrusion Plastometer using melt indexer (MODEL: 

Dynisco LMI 4000) at temperature of 190C and 
using an applied load of 2.16 kg. Three 
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measurements were carried out under each batch. 

The selected samples at 0, 200, 600 and 1000 hours 

were tested. 

Degradation temperature: Evaluation of 

degradation temperatures were performed using 

thermogravimetric analyzer (TGA) (MODEL: TA 

Instruments Q500). The applied heating rate was 
20°C/min from room temperature up to 800°C under 

nitrogen atmosphere. The tests were carried out 

using platinum pan. The test were only performed 

for pure and ML10 samples, before and after 1000 

hours of thermal treatment. 

 

Melting point: Melting point tests were carried out 

using DSC (MODEL: TA Instruments Q1000), 

where the applied heating rate of 10°C/min in 

nitrogen atmosphere, at gas flow rate of 50 mL/min, 

and temperature range of 35-170°C. The three 

consecutive (heating-cooling-heating) steps have 
been applied during test. The test were only 

performed for pure and ML10 samples, before and 

after 1000 hours of thermal treatment. The 

crystallinity degree was determined by calculating 

the ratio of heat of fusion (Hf) of sample and heat 
of fusion of fully crystalline HDPE, 293 J/g [24,25].  

ecrystallinfullyH

samplesH
IityCrystallin

f

f

DSC



,     (2)                                         

 

2.2.4 Thermal Treatment 
Thermal treatment was carried out using 

oven (MODEL: Memmert). Samples were incubated 

with circulated air at temperature 70C [11,14,17] 
for the maximum duration of 1000 hours. Five 

samples were taken at 100, 200, 400, 600, 800 and 

1000 hours for tensile testing. Another five samples 

were taken at selected periods for other tests e.g. 

FTIR, molecular weight, MFI, thermal properties, 

and SEM. 

 

3. RESULTS AND DISCUSSION 
3.1 Mechanical properties 

There was no effect of loading of 

manganese laurate on the tensile strength of HDPE 

before thermal treatment. Fig. 1 represents the 

changes in tensile strength during thermal treatment. 

Tensile strength of pure sample increased in the 

early period of thermal treatment and followed by 

slowly decreased after 200 hours treatment. In the 

early period, crosslinking of HDPE might have 

occurred [26], resulting the higher tensile strength 

observed [10]. The crosslinking might have partially 
occurred on HDPE, and thereafter chain scissions 

might occur dominantly as oxidation started. 

Chain scissions due to thermal treatment lead to the 

decrease of tensile strength and elongation at break. 

Pure samples lost about 11.74% of their tensile 

strength after 1000 hours of thermal incubation. On 

the other hand, the tensile strength of ML02 samples 

slightly increased in the first hundred hours and 

thereafter decreased gradually. Meanwhile the 

tensile strengths of ML10 samples were relatively 

constant until a hundred hours and then decreased. 

On the early hours of incubation, the crosslinking 

phenomenon probably took place, while the 

oxidation might have not occurred yet or occurred at 

a slow rate, so that tensile strength appeared to rise 
with a minor scale. At the initial stage, if the higher 

concentrations of manganese laurate were loaded, 

then increasing of tensile strength did not obviously 

occur. 

 
Figure 1 Changes of tensile strength of samples 

during thermal treatments 

 

After 200 hours of thermal treatment, 

tensile strength of samples containing manganese 

laurate started to decrease. It suggested oxidation 

was initiating to take place on the polyethylene and 

then resulting in the chain scissions of polyethylene. 

With the increasing of amount of manganese laurate, 

decreasing the tensile strength observed. After 1000 
hours of thermal treatment, tensile strength 

decreased for ML02 and ML10 samples about 

24.80% and 43.33% respectively. This result 

indicates that the manganese laurate plays a role for 

increasing the rate of degradation of HDPE. Simply, 

the degree of tensile strength decreasing is in 

accordance with manganese laurate loading. 

The significant decrease in mechanical properties 

occurs during the course of thermal incubation. The 

reason is that the concentration of high-molecular-

weight chains, which contribute to the most of the 
mechanical properties, is decreasing during the 

oxidation and as a result of chain scission [11]. 

During thermo-oxidative aging, heat and oxygen 

will initiate free radical reactions to degrade 

polyethylene [27,28]. Thermal degradation of 

polymers may follow either chain end degradation or 

random degradation route. The chain end 

degradation initiates from the end of the chain and 

successively releases the monomer units [29,30]. 

Random degradation occurs at any random point 

along the polymer chain. This is reverse to 
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polycondensation process where the polymer 

degrades to lower molecular weight fragments [30]. 

 

Fig. 2 reveals the changes in elongation at break of 

samples during treatment. The elongation at break of 

pure sample was about 50% which was not similar 

with common value of  elongation at break of 
HDPE. It was due to different sample type and 

different processing method. There was no 

significant decrease of elongation at break for pure 

samples; however, the significant lowering was 

observed for the manganese laurate-containing 

samples.  

 
Figure 2 Changes of elongation at break of samples 

during thermal treatment 

 

Despite the increase in tensile strength of 

all samples with different levels, at the first hours of 

thermal treatment, elongation at break tended to 

decrease from the beginning of treatment. When 
crosslinking underwent, specimens grew to be 

harder and more brittle, so that the elongation at 

break decreased. Elongation at break proceeded to 

decrease more rapidly when the chain scissions took 

place in the oxidation stage of degradation. Fig. 2 

shows the decrease of elongations at break is rising 

by increasing the amount of manganese laurate 

loading in HDPE. For comparison, pure samples lost 

16.21% of the initial elongation at the break, while 

36.07% for ML02 samples and 55.85% for ML10 

samples, after 1000 hours of treatment. 

In the previous study, Sharma et al. [17] conducted 
thermo-oxidative aging of LDPE containing 

manganese stearates. They found that the manganese 

stearate improved the degradation process of LDPE 

resulting in the dramatic loss of elongation and 

tensile properties during thermal exposure. 

However, HDPE samples containing manganese 

laurate showed lesser amount of loss of tensile and 

elongation at break compared with LDPE containing 

manganese stearate. This is probably due to the 

stability against aging of HDPE is higher than LDPE 

as reported in literature  [31] and may be also 
different length of carboxylic chain of manganese 

salt. Winslow [32] and Iring et al. [33] have also 

reported that branched polyethylene is more readily 

oxidized than the linear analogues due to the 

presence of tertiary C-H site at each branch point.  

 

3.2 FTIR study 

The initiation of the thermo-oxidative process of 

polyethylene may follow the ways of the formation 
of alkyl free radicals from the polymer (RH) [34] or 

direct formation of hydroperoxide groups [35]. Once 

the alkyl radicals are formed, they may react rapidly 

with oxygen and generate alkylperoxy free radicals 

(ROO●). The peroxy free radicals may then abstract 

hydrogen from the polymer substrate to form 

hydroperoxides(ROOH) [34].  The formation of 

alkyl radicals can be presented in the following 

scheme 1 [30]. 

 

 
Scheme 1 Formation of alkyl radicals  

 
On the other hand, Scheme 2 shows the 

direct formation of hydroperoxide groups (ROOH) 

attached to carbon atom in the polymer backbone 

under the effect of heat and air i.e. oxygen. The 

hydroperoxide groups are readily cleave and forming 

radicals [35]. 

OHROlight) and/or UV(heat ROOH

ROOH)O(heat,RH 2

 



 

Scheme 2 Reaction of hydroperoxides formation and 

cleavage 

 

At the elevated temperatures, 
hydroperoxides rapidly cleave to form alkoxy and 

hydroxyl radicals. These compounds may in turn 

rapidly abstract hydrogen from the polymer substrate 

to form more alkyl radicals [34]. The alkoxy radical 

(RO●) is exceedingly unstable. It will decompose 

spontaneously to form ketones and aldehydes 

(depending on the structure of the ‘parent’ 

hydroperoxide group) and these carbonyl 

compounds will undergo further oxidation to 

produce acids and esters [35] 

The mechanism of the transition metal-

catalyzed degradation of PE has been described as a 
free radical mechanism proceeding from the 

formation of hydro-peroxides along the polymer 

back bone through reaction of the polymer with 

molecular oxygen [17]. The presence of metal 

compound will catalyze the hydroperoxide 

decomposition step of the oxidation mechanism 

[11,17,28]. In analogy, the manganese compound 

catalyzes oxidation by following the mechanism 

shown in Scheme 3 

The radicals formed during initial stage of 

thermo-oxidation will attack polymer backbone. 
They initiate the oxidation of polyethylene by 
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following the mechanism shown in Scheme 4[19]. 

When oxidation proceeds in the polymeric chains, 

chain scission predominate[11]  

 

 
Scheme 3 Manganese catalyst reaction with 

hydroperoxides 
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Scheme 4 Oxidation of polyethylene 

 

The oxidation of polyethylene resulting 

products with carbonyl groups was monitored by 

measuring the existence of carbonyl peaks. Fig. 3 
shows the FTIR spectra of treated and untreated 

sample of ML10. As mentioned earlier, the bands of 

around 1718 and 1375 cm-1 were used as basis of 

carbonyl index calculation. Nevertheless, the region 

of 1700-1800 cm-1 seems to consolidate and also 

region of 1350-1400 cm-1. Sometimes it is hard to 

distinguish certain peaks, since they are overlapped 

by other peaks[11,18], so they appear to be one 

peak. However, comparison of traces has obviously 

exhibited by the presence of absorbance peak at 

around 1718 cm-1. This peak evidenced the process 

of oxidation. Before treatment peaks around 1718 
cm-1 did not obviously appear, but grew during 

incubation.  

 
Figure 3 FTIR spectra of ML10 samples, before 

(lower trace) and after (upper trace) thermal 

treatment 

 

Polyethylene has main absorptions: CH2 

asymmetric stretching (2919 cm-1); CH2 symmetric 
stretching (2851cm-1); CH2 bending deformation 

(1473 and 1463 cm-1); CH3 symmetric deformation 

(1377cm-1)[36] or (1375 cm-1)[22], wagging 

deformation (1366 and 1351cm-1); twisting 

deformation (1306 cm-1); wagging deformation(1176 

cm-1); and (rocking deformation (731-720 cm-1) [36]. 

  

For polyethylene samples undergo 

oxidation, the absorption band around 1714 cm-1 

[31] or 1718 cm-1 [22], which can be assigned to the 

C=O stretching vibration of a ketone group, grows in 
intensity with extended aging, and at the same time 

new bands appear. These absorption bands indicate 

that more than one oxidation product is formed. The 

carbonyl bands were assigned to C=O stretching 

vibrations in aldehydes  and/or esters (1733 cm-1) 

carboxylic acid groups (1700 cm-1) and  -lactone 
(1780 cm-1) [31] Other study revealed that 

absorption of carbonyl was composed of different 

overlapping bands: 1712 cm-1 (acids), 1723 cm-1 

(ketones), 1730 m-1(aldehydes) and 1780 cm-1 

(lactone)[18]. 

 

The peak at around 1560 cm-1 appeared for 
untreated sample and faded during treatment. This 

peak is assigned to manganese laurate.  As reported 

in previous study, the presence of absorbance at 

1560 cm-1 was due to asymmetric vibration 

stretching of the carboxylic group coordinated to 

metal ion [12]. The manganese laurate decomposed 

when acting as catalyst in decomposing of 

hydroperoxides. 

 

Fig. 4 shows the carbonyl index (CI) of 

samples during treatment. In the early periods of 

treatment, CI slightly increased, after 200 hours of 
treatment, the CI increased more significantly. 

Samples containing manganese laurate experienced 

much more increase of CI than pure sample as the 

result of higher degradation level. This result is 

consistent with previous studies which have 

recorded the increase of CI of polyethylene 

containing pro-oxidant additives during thermo-

oxidative aging [14,18].  

 
Figure 4 Carbonyl indices of samples during thermal 

treatment 

 

3.3 Molecular weight 

Average molecular weight is a direct 

measure of chain scissions process resulting lower 
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chain length of molecules. The average molecular 

weight ( Mv ) obtained by viscometry method and 

presented in Fig. 5.  

 
Figure 5 Variation of average molecular weight with 

thermal treatment 

 

As discussed previously, the crosslinking 

might have occurred in the beginning periods of 

thermal treatment. In the end periods of treatment, 

chain scissions have taken place dominantly and 

generated shorter chain HDPE that dissolved in 

solvent during viscosity average molecular weight 

test. The viscosity average molecular weight of pure 

samples decreased gradually. In contrary, the 

molecular weight of samples with manganese laurate 
decreased significantly during treatment. Increasing 

the amount of manganese laurate resulted in greater 

decrease of molecular weight.  For example, sample 

containing 1% manganese laurate experienced the 

greatest lowering of molecular weight, a decrease of 

around 67 % of molecular weight after 1000 hours 

of thermal treatment.  The decrease was observed 

faster at the period of up to 600 hours of treatment, 

and going slower at the end of period. The samples 

containing manganese laurate showed the decrease 

of molecular weight paralleled to the reduction of 
mechanical properties i.e. tensile strength and 

elongation at break. This is the evidence of the chain 

scission took place during treatment. This result is in 

agreement with that of Erlandsson et al. [19] who 

found that polyethylene containing pro-oxidant 

experienced a much larger decrease of molecular 

weight  than the pure one during thermal aging. 

 

3.4 Melt Flow Index 

Melt flow index (MFI) is indirectly a 

measure of molecular weight [11]. Molecular weight 

can be reflected in the mechanical properties. 
Reduction of mechanical properties reflects 

reduction of molecular weight [11,37]. Measuring 

MFI gives supporting evidence on the degradation 

which has happened.   

Loading of manganese laurate resulted in an increase 

in MFI of the samples during treatment as shown in 

Fig. 6. The MFI of samples containing manganese 

laurate increased slowly at the beginning period, and 

faster in the end period, while pure samples 

experienced gradual decrease. With the increase of 

MFI confirmed the molecular weight decrease as 

result of chain scission that produced lower 

molecular weight macromolecules. The MFI 
increased with increasing the length of thermal 

treatment also, whereas molecular weight decreased. 

 
Figure 6 Melt flow indices of samples during 

thermal treatment 

 

3.5 Thermal stability  

Degradation temperature constitutes a 

measure of thermal stability of samples. The 

thermogravimetry (TG) traces of ML10 samples are 

presented in Fig. 7 and the corresponding data are 

listed in Table 2. The plot showed that TG and its 

derivative (DTG) traces shifted to lower 
temperatures after getting thermal treatment for 1000 

hours.  TG traces of pure HDPE samples were also 

shifted to lower temperature after 1000 hours of 

thermal treatment.  

 
Figure 7. TG and DTG traces of ML10 samples, 

before (solid line) and after (dashed line) 1000 hours 

of thermal treatment. 

 

Both pure sample and ML10 sample 

experienced reduction of thermal stability. It was 

due to lower molecular weight products of chain 
scissions, as evidenced by molecular weight 

measurement. However, ML10 samples underwent a 

slightly greater reduction than pure one, as a result 

of manganese laurate played a role in degradation. 
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Table 2 Degradation temperature of samples, before 

and after 1000 hours of thermal treatment  

Sample Before treatment  

 Tonset Tmaximum Tfinal Residue Ea 

  C C C % kJ/mol 

Pure 470.15 496.03 518.29 1.04 332.72 

ML10 470.02 495.82 518.12 0.44 317.80 

 After treatment 

 Tonset Tmaximum Tfinal Residue Ea 

 C C C % kJ/mol 

Pure 464.27 495.16 518.22 0.47 295.97 

ML10 463.23 493.26 516.36 0.28 276.00 

 

Activation energy of decomposition process was 

calculated using Broido equation [38]: 

















 2

maxln
1

lnln T
E

RZ

RT

E

y a

a


               (3) 

 

where y is the fraction of non-volatilized 

material not yet decomposed, Tmax is the temperature 

of maximum reaction rate, β is the heating rate, Z is 

the frequency factor, and Ea is the activation energy. 

Initially plots of ln(ln(1/y)) versus 1/T for various 

stages of decomposition were drawn, such as in Fig. 

8  and generally found to be linear, suggesting good 

agreement with the Broido equation. The activation 

energies, Ea, determined from the slopes of these 
plots. The activation energy decreased for both pure 

and ML10 samples. 

 

 
Figure 8: ln(ln(1/y)) versus 1/T for decomposition of 

ML10 sample after 1000 hours of thermal treatment 

 

3.6 Melting Temperature  
The DSC tests were done in order to 

investigate melting point and crystallinity. 

Endothermic curve of DSC scan gives information 

about melting temperature and degree of 

crystallinity. The DSC scans of samples containing 

manganese laurate, for treated and untreated 

samples, are plotted in Fig. 9, and the related data 

are summarized in Table 3.  

 
Figure 9. DSC plot of ML10 samples, before (solid 

line) and after (dash line) 1000 hours of thermal 

treatment 

 

Fig. 9 showed that the melting temperatures 

of both pure samples and ML10 samples underwent 

slight reduction after 1000 hours of thermal 
treatment. However, samples containing  pro-

oxidant have lower Tm than pure samples either 

before or after treatment. The reduction of Tm could 

be due to the breakdown of HDPE chains and 

molecular weight reduction. As reported by Colom 

et al. [39] the decrease of the decomposition and 

melting temperatures is associated with shorter 

polymeric chains and a lower thermal stability of the 

material 

The crystallinity index obtained from DSC 

scans and showed the increasing nature during 

thermal treatment. The crystallinity of pure samples 
increased around 1%, from 48.04 to 49.03%, 

whereas ML10 samples underwent a slightly higher 

increase, about 3%, from 48.86 to 51.86%  after 

1000 hours of thermal treatment. However, pure 

sample have initial crystallinity index of 48.04%, 

and the rest part of material is in amorphous or non 

crystalline state which allow absorbing oxygen. As 

reported in literature [40], thermo-oxidative 

degradation occur with presence of oxygen which is 

absorbed by the amorphous region of polyethylene.  

The increase of crystallinity is probably due to chain 
scission along the amorphous regions. The chain 

scission allows the freed segments resulted to 

crystallize [18]. The creation of new intermolecular 

polar bonds, due to carbonyl groups may also lead to 

this effect [18,41]. The increase of crystallinity 

could be contributed by degradation products with 

shorter chains which possessed the lower Tm than 

untreated HDPE. Furthermore the increase of 

crystallinity, particularly ML10 samples, gives 

supporting evidence on the role of manganese 

laurate in accelerating degradation process of HDPE 

during thermal treatment.  
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Table 3 Melting temperature and crystallinity of 

samples before and after 1000 hours of thermal 

treatment 

Sample Before treatment 

 Tm, °C Hf, J/g Crystallinity 

Pure  131.35 140.8 48.04 

ML10  130.95 143.2 48.86 

 After treatment 
 Tm, °C Hf, J/g Crystallinity 

Pure  130.65 143.7 49.03 

ML10  130.29 152.0 51.86 

Tm: melting point (peak), °C ; Hf,: heat of fusion,  

J/g;  

Crystallinity: crystallinity index (%) 

 

4. CONCLUSION 
The effect of manganese laurate on 

enhancing degradation of HDPE during thermal 

treatment has been investigated. The thermo-
oxidative degradation has been confirmed by 

mechanical properties, FTIR, MFI, viscosity-average 

molecular weight, TGA, and DSC tests. The 

mechanical properties were found to be decreased 

with increasing amount of manganese laurate 

loading. Samples with 1% of manganese laurate lost 

43.33% of their initial strength, whereas pure 

samples lost 11.74% of their initial strength after 

1000 hours of thermal treatment. After thermal 

treatment, thermal stability and melting temperature 

were also found to be decreased more significantly 

for samples with manganese laurate than those of 
pure samples. The molecular weight of samples with 

manganese laurate was also found to be decreased 

significantly and consequently, MFI increased, as 

proven by MFI measurement. FTIR study also 

showed that carbonyl groups, as the result of 

oxidation, grew faster in the sample with manganese 

laurate than pure samples.  The results indicate that 

manganese laurate accelerates the degradation of 

HDPE under thermal treatment. It was found that the 

extent of degradation depended on the amount of 

additive, i.e. manganese laurate which was added. 
Manganese laurate has shown the comparable 

performance with other degradation accelerating 

agents i.e. cobalt carboxylates. 
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