
 

 

 

 

SYNTHESIS OF METALS STEARATE AND THERMAL DEGRADATION 
STUDY OF POLYSTYRENE METALS STEARATE BLENDS 

 

 

 

 

 

 

 

 

 

NUHA BINTI AWANG 

 

 

 

 

  

 

 

 

 

 

UNIVERSITI TEKNOLOGI MALAYSIA 

 



 

 

 

SYNTHESIS OF METALS STEARATE AND THERMAL DEGRADATION 
STUDY OF POLYSTYRENE METALS STEARATE BLENDS 

 

 

 

 

NUHA BINTI AWANG 

 

 

 

A thesis submitted in fulfilment of the  

requirements for the award of the degree of  

Master of Engineering (Polymer) 

 

 

 

Faculty of Chemical Engineering 

Universiti Teknologi Malaysia 

 

 

 

 

APRIL 2013 



iii 

 

 

 

 

 

 

 

 

To my beloved family and fiance 

 

 

  

 



iv 

 

 

 

ACKNOWLEDGEMENT 

 

 

First and foremost, I am very grateful to Allah S.W.T for giving me strength, 

confidence and patience to endure all problems, obstacles and  finally been able to 

complete this study. I would like to express my special gratitude to my supervisor 

Dr. Agus Arsad and my co-supervisor Assoc. Prof. Dr. Abdul Razak Rahmat for 

their valuable advice, encouragement and constant dedication during my period of 

study. 

My sincere thanks are also extended to Prof. Dr, Zainuddin Abd. Manan, 

Dean of Faculty of Chemical Engineering, Assoc. Prof. Dr. Shahrir Hashim, Head of 

Polymer Engineering, Assoc. Prof. Dr. Mat Uzir Wahit and all lecturers. I owe my 

sincere gratitude to Ministry of Higher Education (MOHE) for providing FRGS grant 

78552, UTM Research Management Center (RMC), UTM Materials and 

Manufacturing Research Alliance (MMRA) and Advanced Membrane Technology 

(AMTEC). 

My sincere gratitude to laboratory staffs of Faculty of Chemical Engineering 

(FKK) namely Mr. Azri, Mr. Nordin, Mr.Aizad, Mr. Nordin, Mr. Suhee and Miss 

Zainab in giving me help in handling experiments. My loving thanks are due to Mr. 

Awang, Mrs. Shamsiah and sisters. My special gratitude due to Mohd Fadzhir and 

friends for loving supports. 

 



 v 

 

 

 

ABSTRACT 

 

 

Transition metals had been reported to act as effective pro oxidative additive 

for polymers. This study deals with the synthesis and characterization of three active 

transition metals complexes such as cobalt stearate, cupric stearate, and ferric 

stearate. A derivative of active transition metals stearate were synthesized by 

increasing the pH of metal acetate solution stirred with stearic acid in the presence of 

sodium hydroxide (NaOH) at 80 oC. The formula for the trimer as prepared is [CH3 

(CH2)nCOO]M (M= metal). The melting points of the additives were obtained by 

differential scanning calorimetry (DSC) which resulted 94.33 oC, 99.85 oC and 66.90 
oC respectively. Thermogravimetric analysis (TGA) was also conducted to study the 

thermal stabilities of the additives. The study also involved the investigation of the 

effect of the oxidative additives on the degradation process of general purpose 

polystyrene (GPPS).  The additives were blended with GPPS with the formulation 

0.05-0.20 wt %. Studies on the effects of additives were then carried out by exposing 

the samples into the oven at 70 oC, 90 oC and 100 oC respectively for 50 hours. The 

chemical and mechanical changes induced by this exposure were followed by fourier 

transform infrared spectroscopy (FTIR), melt flow index (MFI), tensile test, TGA 

and DSC. Surface morphologies of degraded samples were observed by using 

scanning electron microscopy (SEM). The FTIR result indicates that carbonyl 

compound had the most significant changes for cobalt stearate at 1756.8-1800 cm-1. 

The absorption around band 1756.8 cm-1 which can be assigned to the stretching of 

C=O functionalities, increased in intensity and broadened substantially, indicating 

the presence of the most effective oxidation product which is cobalt stearate. The 

thermo oxidative degradation in presence of metals stearate was found that all the 

additives effective were at 0.2 wt % according to the following arrangement cobalt> 

cupric>ferric in 90 oC air exposure.  



vi 

 

 

ABSTRAK 

 

  
Siri unsur peralihan telah dilaporkan sebagai bahan tambahan pro-oksida yang 

berkesan untuk polimer. Kajian ini mengkaji cara sintesis dan pencirian kobalt stearat, 

kuprik stearat dan ferik stearat. Bahan tambahan pro-oksida disintesiskan dengan 

menaikkan pH larutan unsur peralihan asetat yang dicampurkan dengan asid stearik 

dengan kehadiran natrium hidroksida (NaOH) pada suhu 80 oC. Formula untuk hasil 

sintesis ialah [CH3(CH2)nCOO]M (M=unsur peralihan). Takat lebur bahan tambahan 

pro-oksida dikaji oleh alat pengimbasan pembezaan kalorimetri (DSC) ialah 94.33 oC, 

99.85 oC dan 66.9 oC. Analisis gravimetrik haba (TGA) dijalankan untuk mengkaji 

kestabilan terma bagi  bahan tambahan itu. Kajian ini juga melibatkan penyiasatan 

tentang kesan bahan penambah oksida terhadap proses penguraian polystyrene kegunaan 

am (GPPS). Bahan tambahan pro-oksida tersebut dicampurkan dengan GPPS dengan 

formula 0.05-0.20 % jisim. Campuran telah didedahkan di dalam ketuhar pada suhu 70 
oC, 90 oC dan 100 oC selama 50 jam. Perubahan sifat dikenalpasti dengan menjalankan 

ujian spektroskopi jelmaan infra merah (FTIR), indeks aliran leburan (MFI), ujian 

terikan, TGA dan DSC. Permukaan morfologi dikenalpasti dengan menggunakan teknik 

mikroskopi imbasan elektron (SEM). Hasil ujian FTIR menunjukkan sebatian karbonil 

telah menunjukkan perubahan yang jelas bagi kobalt stearat pada 1756.8-1800 cm-1. 

Penyerapan gelombang pada 1756.8 cm-1 yang mana ia telah menunjukkan penarikan 

kumpulan berfungsi C=O, kenaikan pada keamatan dan melebar dengan banyak. 

Keputusan ini menunjukkan kehadiran bahan tambahan pro-oksida yang paling berkesan 

iaitu kobalt stearat. Penguraian secara termo oksida dengan logam stearat menunjukkan  

semua bahan tambahan berkesan pada komposisi 0.20 % jisim megikut susunan berikut  

kobalt> kuprik> ferik dengan pendedahan sampel pada suhu 90 oC. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1    Research Background   

 

Plastic provides many benefits such as convenience and durability of 

applications. However, these same properties have made plastics a major problem in 

waste production. There are 46 billion pounds of plastic materials had been produced 

every year but approximately only three per cent of plastics are successfully being 

recycled (www.cmai.com). The remainders usually become permanent residents in 

the landfill and most of them are non-degradable (Ren, 2003). It threatens not only 

our environment but also life on the planet. 

  

 According to Gausepohl and Neibner (2008), polystyrene (PS) is one of the 

major thermoplastics with a high global demand ranking behind polyethylene, 

polypropylene and polyvinyl chloride. There are four different types of polystyrene 

which are general purpose polystyrene (GPPS), impact modified polystyrene (IPS) 

mostly called HIPS (high impact polystyrene), expandable polystyrene (EPS) and 

recently syndiotactic polystyrene (sPS). 

 

PS is homopolymer of styrene, member of vinyl with attached benzene ring 

and random presence of benzene ring creates atactic character in polymer. GPPS 
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possess good mechanical, thermal and electrical properties but very poor ductility 

and impact property hence require the modification for potential applications 

(Srivastava, 2011). GPPS is made by continuous polymerization in bulk (bulk-

polymerized polystyrene). The product is made in the form of dyed or undyed 

stabilized granules with residue monomer content. Suspension polymerization and 

in-bulk polymerization are the main methods in polystyrene production. The chain 

length may vary but most commercial products have between 100 and 5000 

monomer units per chain (Messey, 2005).  

 

Figure 1.1 shows the world consumption of polystyrene in 2011 surveyed by 

Chemical Market Associate Inc. (CMAI, 2011). China is the highest ranking 

consumers of polystyrene. As the time increase, GPPS become one of the highest 

demanded product which increases from time to time for the packaging and other 

applications. Due to this situation, the price of GPPS also increases. PS 

manufacturers are facing higher production costs although the still sluggish demand 

is likely to prevent any major hike attempts on polymer prices. Higher spot styrene 

values, which are up by US$ 45 per ton since the beginning of the month gave signal 

for higher settlement for the year. 

  

Figure 1.1: World consumption of polystyrene (www.cmai.com) 

 However, the increasing use of plastics in packaging applications has created 

a serious disposal problem. Burning of these plastic materials is unsatisfactory since 

it adds to air pollution problems and harmful to human (Taylor, 1977). Therefore, it 
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has been necessary to add materials to a basic polymer resin in order to make it 

process able. Additive materials are necessary to lower the average molecular and 

improve process ability, thus making GPPS the easiest thermoplastic to be degraded. 

 

 Table 1.1 shows the production and consumption of styrene based plastic in 

late 1999. Based on the table, GPPS and HIPS have the highest production in global 

compared to the others and the most application is packaging.  

 

Table 1.1: production and consumption breakdown for main types of styrene based 

plastics in the late 1999 (Brydson, 1999) 

 GPPS and 
HIPS XPS ABS SAN 

Global production (106 t) 8.0 1.85 3.0 - 
Application breakdown (%) 
Packaging 40 29 - 12 
Insulation including 
refrigerator parts 

5 68 - - 

Electricals/Electronics 25 - 24 29 
Domestic appliances 10 - 24 28 
Automotive - - 23 - 
Other 20 3 29 31 

 

The usage of PS is getting lots of condemns from environmentalists. PS is 

non-degradable material, it will last for hundred years without being attacked by 

natural elements such as oxygen or UV light (Roy et al., 2008) .Consequently, many 

researchers believed that biodegradable food packaging has an excellent potential to 

be an alternative according to the problem. Raising consumer power and 

environmental realization,together with the public concerns about the increasing in 

pre - packaged disposable foods, means that food packagers and manufacturers are 

drastically subjected to improve their environmental performances. The scenario is 

also being driven by environmental activists and anti-pollution legislation (e.g., 

traceability of degradable polymers and compostable). 
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Therefore, some researchers have proposed to blend PS with starch to 

produce biodegradable composites. The starch portion in the PS /starch blend will be 

consumed by microorganisms (Li Ming De, 2000).The leftover skeleton of PS with 

larger surface area will tend to degrade by environment. However, the skeleton will 

still need to take several decades to reduce the harmful substance. Within this period, 

PS will form smaller particles in the soil or water. It will endanger animals lives if 

accidentally consumed. 

 

Regarding to the above fact, the negatives environmental impact of abundant 

of plastic wastes had raisedworldwide attention especially environmental activists, 

many solutions have been drawn to curb with the problem. Nevertheless, none of 

them succeed for example incineration and disposal method this is because 

incineration will contribute to air pollution due to its high percentage of toxicity and 

the gases produced spread easily to wind and occupy large volume of surroundings. 

Disposal method is found irrelevant due to the limited dump site.  

 

In addition to that, incineration method is generally prohibited for PS because 

harmful gases will be produced during incineration such as carbon monoxide and 

benzene .Those gases create problem to human welfare after prolonged exposure for 

example cancer. Other gases that are released from combustion are nitrous oxides, 

light hydrocarbon, dioxins and sulphur oxides. The gases can cause major health 

hazards and recycling solution for commingledwaste are irrelevant due to the 

intensive of energy and expensive. Besides that, petroleum resources are also 

becoming limited and finite.    

 

Regarding to the above-mentioned statements, with landfillingand 

incineration, as well as the naturally non-biodegradable PS, researches are being 

invented to curb with the problem. In 1990; some researchers had found that 

blending active transition metal pro-oxidative additive is an alternative for fully 

degradable PS (Brydson, 1999). The rate of degradation depends on the amount of 

transition metal activation conditions and types as well as the amount in used. 

However it is also depend on the exposure to the environment. Thermal oxidative 
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additives are used in polyethylene garbage bag where some of the countries such as 

Japan, Taiwan, Denmark and Switzerland have fully imposed regulations to use 

degradable garbage bag (Vlieger, 2005). 

 

 The process of degradation in thermo-oxidative degradable plastic had been 

used widely in late 1990’s. Small amounts of active transition metals are being 

catalyzed with thermo-oxidative degradable plastic which is also an oxidative chain 

scissoring resulting to oxygenated (carboxylated and hydroxylated) shorter chain 

molecules that are suitably available for bio mineralization by microoorganisms, 

typically fungi and bacteria ( Taylor and Tobias ,1997).  

 

Thermo-oxidative degradable plastic if either accidentally discarded in the 

environment or disposed in a landfill will be degraded into oxygenated low 

molecular weight (MW 5-10.00  atomic mass unit) within 2-12 months referring to 

the material (polymer resins, oxidants and thickness) and the environment. For 

example, a PE plastic bag with 2% thermo-oxidative additive of 30 µm thickness 

degrades within 3 months if it is left exposed and microorganisms in the same way 

other organic matter is used to generate energy and build biomass. As a result, 

150µm molecules are then biomineralized (“eaten”) by the microorganisms 

(Chiellinia et al., 2003). 

 

 Currently, the application of thermal oxidative is very limited only for 

polyethylene based plastic products. Since the polystyrene are being used widely and 

generate a lot of non-degradable waste. Thermal oxidative used in polyethylene is 

lack effective to be applied in polystyrene because of stable benzyl ring structure and 

thus require higher activate transition metal to attack and chain scissoring the 

bonds.Hence, it is vitally essential to discover durable plastic alternatives, especially 

in disposable applications and short term packaging. Besides that, the research has 

been stimulated by the continuously concerned of the growing public in inventing 

metal pro-oxidative additives as an alternative to conventional non degradable 

polymer especially for GPPS. Therefore, the study is believed to find the solution to 
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alleviate non degradable polystyrene waste problems by synthesizing and 

characterizing oxidative additives which are from active transition metals 

1.2     Problems Statement 

 The active transition metals pro-oxidative additive degrades the polymer 

based on several factors such as temperature, moisture, UV light and present of anti-

oxidants .The questions that have been identified in this research are as follows: 

1) How to synthesize ferric stearate, cupric stearate and cobalt stearate? 

2) What are the effects of thermal ageing (effects of different temperature) on the 

degradation of GPPS blends active transition metal pro-oxidative additives?  

3) What is the morphology or surface image of GPPS blends metals stearate after 

undergoing degradation? 

 

 

 

 

1.3     Objectives of the Research 

 

The purpose of the study is to discover the potential of active transition 

metals as pro oxidative additives in accelerating the degradation of GPPS. In addition 

to that, the following objectives are also included in the research: 

1) To synthesize additives and study the fundamental characteristics of ferric 

stearate, cupric stearate and cobalt stearate.  

2) To investigate the degradation of GPPS resulted by addition of different types 

and amount of active transition metals pro-oxidative additives. 
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3) To study the morphologies of GPPS blends metals stearate after undergoing 

thermal ageing process at different temperature. 

 

 

 

 

1.4     Scopes of the study 

 The study was embarked on the below stages: 

 

i. Preparation of active transition metals pro-oxidative additives: 

a. Cobalt, copper and ferric acetate were used as basic substances. 

b. Cobalt, copper and ferric stearates were synthesized by using sodium 

hydroxide and stearic acids. 

ii.  Characterization of the synthesized pro-oxidative additives using FTIR to 

investigate the carbonyl index in the additives. TGA and DSC testing was 

included to characterize thermal stability and melting points of the additives. 

 

iii.  Solubility test had been done by using several types of solvents such as 

ethanol, n-hexane, cyclohexane, acetone, benzene and toluene. 

 
 

iv. Scanning Electron Microscopy (SEM) was applied to define the size of 

metals stearate particles. 

 
 

v. MFI testing with ASTM D1238 was carried out to investigate the change of 

processing temperature of samples with different formulations before 

compounding active transition metals pro-oxidative with GPPS in different 

weight per cent of pro-oxidative additives ( 0.05%-0.20% wt/wt). 
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vi. Thermo-oxidative degradation test was setting up by placing the samples into 

oven at different temperature continuously for a week from 70oC, 90oC and 

100oC. 

 
 

vii.  Characterization of active transition metals pro-oxidative additive polystyrene 

after undergoing thermal ageing process at different temperature: 

 

(a) Tensile test was carried out according to ASTM D638 to define the breaking 

point of GPPS blends pro-oxidative additives after undergoing thermal ageing 

process. 

 
 

(b) Fourier Transform Infrared Spectroscopy (FTIR) was used according to 

ASTM E1421-04 (2004) to investigate the carbonyl changes in polystyrene. 

 
 

(c) Scanning Electron Microscopy (SEM)was applied according to  

ASTMF1372 -93(2005) to study the breaking sample morphology of GPPS 

with active transition metals as pro-oxidative additives. 

 
 

(d) Thermogravimetry Analysis (TGA) and Differential Scanning Calorimetry 

(DSC) was handledaccording to ASTM E1131 -08 and ASTM E1269-05 to 

study thermal stability of active transition metals pro-oxidative additive 

GPPS. 
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