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Crotonic acid is an unsaturated carboxylic acid derived from petroleum resource which 

is currently used as components of hair styling products, insecticides, softening agent 

for synthetic rubber and plasticizer. At present, commercial crotonic acid is chemically 

synthesized from non-renewable resource through multi-step chemical synthesis. 

Recently, bio-based crotonic acid production has been introduced through pyrolysis of 

bacterial polyhydroxybutyrate (P(3HB)) inclusions, however the purity of the crotonic 

acid produced was low (54%). Therefore, this study was done aimed at improving the 

purity of bio-based crotonic acid. In this study, P(3HB) was produced by Cupriavidus 

necator KCTC 2649 utilizing oil palm frond (OPF) juice. P(3HB) inclusion produced 

had the purity of 75%. Effect of mild alkali pretreatment on P(3HB) purity and 

subsequently crotonic acid purity was tested by using 0.05M NaOH. It was found that 

crotonic acid produced from NaOH-treated P(3HB) had purity of 92 %. Results from 

this study showed that NaOH treatment not only caused the improvement in P(3HB) 

purity which consequently caused the increment in crotonic acid purity, but it also 

caused the molar mass of the P(3HB) to reduce to form lower molar mass P(3HB) with 

crotonyl chain-end. This condition accelerated -chain scission of P(3HB) into crotonic 

acid. Additionally, NaOH treatment caused the presence of Na metal cation which 

initiated -deprotonation of P(3HB), followed by the formation of unsaturated crotonic 

acid. It was believed that the purity of the crotonic acid produced can be improved by 

introducing metal compounds during pyrolysis of NaOH-treated P(3HB) in order to 

selectively degrade the P(3HB) into crotonic acid. Results revealed that the type of 

metal cation used caused a marked different in crotonic acid formation, whereby MgCl2 

gave the highest crotonic acid purity at 92 %, followed by NaCl and CaCl2 at 90 and 

88 %, respectively. This observation was contributed by ion size of the cation; the 

smaller the size of the cation, the higher the crotonic acid produced. On the other hand, 

the effect of anion was not pronounced as all the anions of Mg compounds used i.e. Cl-, 

OH- and O2- gave almost similar crotonic acid purity at 98-99%. Overall, it can be 

concluded that the purity of bio-based crotonic acid was tremendously improved with 

mild alkaline pre-treatment and addition of alkaline earth compounds. The results from 

this study contribute to the novel and renewable production of high purity bio-based 

crotonic acid. 
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Asid krotonik adalah asid karboksilik tak tepu yang diperolehi daripada sumber 

petroleum yang pada masa kini digunakan sebagai komponen produk penggayaan 

rambut, racun serangga, agen pelembut untuk getah sintetik dan bahan peliat plastik. 

Pada masa kini, asid krotonik komersial disintesis daripada sumber yang tidak boleh 

diperbaharui melalui sintesis kimia pelbagai langkah. Baru-baru ini, pengeluaran asid 

krotonik berasaskan bio telah diperkenalkan melalui pirolisis daripada 

polihidroksibutirat (P(3HB)) dalam bakteria, walaubagaimanapun ketulenan asid 

krotonik yang dihasilkan adalah rendah (54 %). Oleh itu, kajian ini dilakukan bertujuan 

untuk meningkatkan ketulenan asid krotonik yang berasaskan bio. Dalam kajian ini, 

P(3HB) telah dihasilkan oleh Cupriavidus necator KCTC 2649 yang menggunakan jus 

pelepah kelapa sawit (OPF). P(3HB) dalam bakteria yang dihasilkan mempunyai 

ketulenan 75 %. Kesan alkali sederhana sebagai pra-rawatan kepada ketulenan P(3HB) 

dan seterusnya ketulenan asid krotonik telah diuji dengan menggunakan 0.05M NaOH. 

Didapati bahawa asid krotonik yang dihasilkan dari P(3HB) yang dirawat dengan 

NaOH (P(3HB)-NaOH) mempunyai ketulenan 92 %.  NaOH bukan sahaja 

menyebabkan peningkatan dalam ketulenan P(3HB) yang seterusnya menyebabkan 

peningkatan dalam ketulenan asid krotonik, tetapi ia juga menyebabkan jisim molar 

P(3HB) berkurang untuk membentuk P(3HB) yang mempunyai jisim molar yang lebih 

rendah dengan rantaian-akhir krotonil. Keadaan ini mempercepatkan pemecahan 

rantaian-P(3HB) kepada asid krotonik. Selain itu, rawatan NaOH menyebabkan 

kehadiran logam kation Na yang memulakan α-deprotonation P(3HB), diikuti dengan 

pembentukan asid krotonik tak tepu. Adalah dipercayai bahawa ketulenan asid krotonik 

yang dihasilkan dapat ditingkatkan dengan memperkenalkan sebatian logam semasa 

pirolisis P(3HB)-NaOH yang dirawat untuk menguraikan P(3HB) kepada asid krotonik 

secara terpilih. Keputusan menunjukkan bahawa jenis kation logam yang digunakan 

menyebabkan perbezaan ketara dalam pembentukan asid krotonik, di mana MgCl2 

memberi ketulenan asid krotonik tertinggi  pada 92 % , diikuti oleh NaCl dan CaCl2, 

masing-masing pada 90 dan 88 %. Pemerhatian ini adalah disebabkan oleh saiz kation; 

di mana semakin kecil saiz kation, semakin tinggi asid krotonik dihasilkan. Sebaliknya, 

kesan anion tidak ketara kerana semua anion sebatian Mg yang digunakan iaitu Cl- , 

OH- dan O2- memberikan ketulenan asid krotonik yang hampir sama pada 98-99 %. 

Secara keseluruhan, dapat disimpulkan bahawa ketulenan asid krotonik berasaskan bio 

meningkat secara ketara dengan menggunakan pra-rawatan alkali sederhana dan 

penambahan sebatian alkali bumi. Hasil daripada kajian ini menyumbang kepada 
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pengeluaran asid krotonik berasaskan bio yang berketulenan tinggi secara asli dan 

boleh diperbaharui. 
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CHAPTER 1 

 

INTRODUCTION 

  

1.1 Overview of research 

 
Many countries are moving towards a more sustainable bio-based economy derived 

from biomass compared to the current fossil-based economy (Ed et al., 2012). Bio-

based economy refers to the economy that uses biomass to produce products, chemicals, 

materials, biofuels and energy (Faaij et al., 2011). This movement is contributed by 

several factors, for example depletion of existing fossil raw materials, environmental 

concern and the consumer demand for environmental friendly products (Bechthold et 

al., 2008).              

                                                                                                                                                                                                

There are varieties of biomass feedstock such as sugars, vegetable oils, proteins and 

lignocellulosics which can be combined with numerous biochemical and 

thermochemical conversion technologies in order to provide wide range of products 

that can be used in many applications. Bio-based chemicals targeted markets include 

the polymer, lubricant, solvent, adhesive, herbicide, and pharmaceutical markets 

(Carole et al., 2004).  

 

Crotonic acid and its derivatives is one of the promising chemicals in chemical industry 

due to their roles in many applications. Currently, crotonic acid is produced by 

multiple-step petroleum cracking  process which involved the formation of by-products 

(Weissermel& Arpe, 2003). This method can be considered as non-environmental 

friendly since it uses non-renewable resource and produces polluted waste as by-

product. Several approaches have been taken to produce crotonic acid from renewable 

resources (Koch & Meurer, 2012; Mamat et al., 2014; Schmid & Mauch, 2008; Van 

Walsem et al., 2012). Mamat and the colleague (2014) have recently proposed a bio-

based crotonic acid production from renewable resource by manipulating the thermal 

degradation pathway of bacterial poly(3-hydroxybutyrate), P(3HB) inclusion. The 

proposed method is not only advantageous compared to petroleum-based crotonic acid 

in term of renewability, but also in terms of reduced number of processing step and 

higher yield by 30%.  Due to its simplicity, crotonic acid from thermally degraded 

P(3HB) possesses great potential for industrial production. Nevertheless, despite of its 

higher yield compared to petroleum route, the crotonic acid purity obtained from direct 

pyrolysis of P(3HB) bacterial inclusion is low due to the presence of P(3HB) oligomers 

and other impurities from bacterial cell.  It is therefore among the aims of this research 

was to improve the production of bio-based crotonic acid by increasing the purity of 

the bio-based crotonic acid.  

 

The usual P(3HB) recovery and purification method to obtain high purity P(3HB) is by 

using halogenated organic solvent such as chloroform.  It produced P(3HB) with very 

high purity (~99%), however this method is  non-environmental friendly, costly, 

hazardous and having difficulty in the disposal of the wastewater (Chotani et al., 2012; 

McChalicher et al., 2010).  Low cost, strong alkaline such NaOH and KOH have been 
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reported to be the ideal solvent for purification of P(3HB) since it efficiently digests 

non-polymeric cellular material (NPCM) (Choi & Lee, 1999). Mohammadi (2011) has 

reported that the use of low concentration NaOH can assist in the extraction of 

polyhydroxyalkanoates (PHA) to give PHA with 96% purity and recovery yield.  

 

The conversion of P(3HB) into crotonic acid can be improved by using alkali earth 

compounds as catalyst (Ariffin et al., 2010b; Kawalec et al., 2007; Kim et al., 2006). 

Ariffin et al. (2010b) reported that selective transformation of P(3HB) into trans-

crotonic acid can be obtained when Mg(OH)2 was used as catalyst during pyrolysis. 

Additionally, oligomers composition was drastically reduced caused the high purity of 

crotonic acid in the pyrolyzate sample.   

 

 

 

1.2 Problem statement 

Mamat et al., (2014) suggested that direct pyrolysis of P(3HB) bacterial inclusions can 

be used to produce crotonic acid from renewable resources. The process involved 

fermentation of P(3HB) producing bacteria followed by thermal degradation of P(3HB) 

inclusions (P(3HB) biomass) at optimized temperature to obtain the crotonic acid. The 

crotonic acid produced had purity of 54% with 63% recovery yield. Purification step 

will be needed in order to produce pure crotonic acid. It was postulated that the low 

crotonic acid purity obtained from direct pyrolysis of P(3HB) bacterial inclusion was 

due to the volatilization of the other bacterial cell composition (non-polymeric cellular 

material, NPCM) during the pyrolysis.  

Additionally, incomplete degradation of P(3HB) caused the production of oligomers 

which affected the purity of crotonic acid in pyrolyzates. It was hypothesized that these 

two issues can be solved by introducing P(3HB) pretreatment prior to pyrolysis 

followed by the use of catalyst during pyrolysis.  Mohammadi et al. (2012) reported 

that treatment of P(3HB) with 0.05M NaOH was efficient to saponify lipid layer in the 

cell wall outer membrane and improve cell permeability that caused high purity of 

P(3HB) after the treatment. On the other hand, the use of Mg(OH)2 as catalyst during 

pyrolysis caused almost complete conversion (> 98%) of P(3HB) into crotonic acid 

(Ariffin et al., 2010b). It is therefore this research was aimed at studying the combined 

effect of P(3HB) pretreatment with mild NaOH prior to pyrolysis and the addition of 

catalyst during pyrolysis on the formation and purity of crotonic acid.  

 

 

 

1.3 Objectives 

 
The objectives of this research are: 

 To determine the effect of P(3HB) pretreatment prior to pyrolysis on the 

recovery yield and purity of crotonic acid. 

 To evaluate the effect of alkali earth compounds as catalyst on the production 

of crotonic acid. 
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1.4 Thesis overview 

 
Chapter 1 of this thesis introduces the problem statements and objectives of this 

research. This is followed by Chapter 2 where a summary of other researchers’ findings 

are being discussed. Among the topics discussed were introduction of PHA includes its 

diversity, production, recovery methods and applications.  Besides, dehydrated 

monomer of P(3HB), i.e. crotonic acid was discussed in detail. The review also 

includes thermal degradation of P(3HB), pyrolysis of P(3HB) and catalytic pyrolysis of 

P(3HB).  

Chapter 3 covers general materials and methods of the research. This includes bacterial 

strain, i.e. Cupriavidus necator KCTC 2649, biosynthesis of P(3HB) and general 

analytical procedures.  

Effect of P(3HB) pretreatments on the recovery yield and purity of crotonic acid is 

discussed in Chapter 4.  Two types of pretreatment methods: chloroform extraction and 

NaOH treatment were studied and compared with untreated P(3HB) biomass.  

Untreated and treated P(3HB) were subjected to pyrolysis in the glass tube oven, and 

the pyrolyzates obtained was collected and analyzed by GC-MS and 1H-NMR. Besides, 

other analysis such as TEM, AAS, GPC and FTIR analysis was carried out to support 

the data of GC-MS analysis.  

Chapter 5 explores the effect of alkali earth compounds as catalyst for the production 

of crotonic acid. In this chapter, the effect of different metals and anions were studied. 

The P(3HB) recovered by NaOH was added with 5% of different catalyst to find the 

best catalyst in order to get high purity of crotonic acid.  

 

In Chapter 6, the summary and conclusion of this study were presented. 

Recommendations for future work were also suggested.  
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