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Abstract 

 

The low molecular weight fraction of κ-carrageenan is useful in biomedical applications. An 

ultrasound-assisted acid hydrolysis of κ-carrageenan has been studied. -carrageenan with an initial 

number-average molecular weight of 629 kDa was dispersed in distilled water to form a 5 g/l 

solution. The pH (3 and 6) of the solution was adjusted by adding HCl solution. The depolymerization 

reaction was carried out in an ultrasonic device at various temperatures (30, 40, 50, and 60C) and 

times (8, 16, 24, and 32 min). The experimental results showed that ultrasound positively contributed 

to acid hydrolysis process. The number-average molecular weight of the treated -carrageenan was 

lower or the percentage of reduction was higher at lower pH, longer reaction time, and higher 

temperature. The lowest number-average molecular weight (14 kDa) or the highest percent of 

molecular weight reduction reduction (97.7%) was achieved after ultrasonic irradiation at 60C and 

pH 3 for 32 min. 

 

Keywords: depolymerization; midpoint scission; ultrasonication  
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INTRODUCTION 

-carrageenan, extracted from red seaweed 

Kappaphycus alvarezii, is widely used as stabilizer, 

thickener, gelling agent, and emulsifier in food, 

pharmaceutical, cosmetic, and textile industries 

(Campo et al., 2009). The utilization of -carrageenan 

can be expanded, especially in biomedical application, 

when the molecular weight is lower. Many groups of 

researchers have applied the low molecular weight 

fractions (LMWF) of -carrageenan in biomedical 

applications as tumor growth inhibitor (Yao et al., 

2014), antivirus (Chiu et al., 2012), anticoagulant 

(Silva et al., 2010; Gomez-Ordonez et al., 2014), and 

antioxidant (de Souza et al., 2012; Gomez-Ordonez et 

al., 2014). 

The LMWF of -carrageenan used in the 

biomedical application has an average molecular 

weight less than 20 kDa (de Souza et al., 2012). With 

such small molecular weight, the LMWF of -

carrageenan can penetrate into human cells more 

effectively compared to that of the original high 

molecular weight -carrageenan (Wijesekara et al., 

2011). The negative charge of the LMWF of -

carrageenan may interact with the positive charge of 

the outer wall of virus or cell, hindering the virus to 

penetrate into the cell (Bondu et al., 2010). 
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Abstract 

 

The use of biodiesel leads to corrosion of automotive material, which can potentially shorten engine 

lifetime. The study aims to investigate the effect of temperature and contact time on the corrosion 

characteristics of carbon steel upon exposure to biodiesel synthesized from used frying oil. The 

corrosion rate of carbon steel was analyzed based on weight loss measurement according to the 

standard of ASTM G31 as affected by temperature and contact time. The immersion temperatures 

used in this study were 30oC, 40oC, and 70o, respectively. The contact times studied were 30 days, 40 

days, and 50 days respectively. The results show that the increase of temperature and contact time of 

biodiesel on carbon steel surface speeds up the corrosion rate. Maximum corrosion rate (0.083 mmy) 

was observed on the carbon steel contacted to biodiesel at 70oC for 50 days. The SEM results showed 

an irregular shape of the corroded carbon steel surface. XRD / FTIR analysis of carbon steel samples 

show the presence of peaks, detected as Fe2O3, FeO(OH) and Fe2O2CO3, as the corrosion products. 
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INTRODUCTION 

The advances of technology in industrial and 

transportation activities lead to the rapid increase of 

fossil fuel consumption so that its supply will decrease 

rapidly. Because fossil fuels are not renewable, this 

situation may lead to the crisis of energy in the future 

(Jin et al., 2015). Nowadays, the world main issue in 

transportation is dominated by the use of petroleum 

based fuels, such as gasoline and diesel. Globally, the 

average energy consumption in transportation 

increases as much as 1.1% each year as the result of 

automotive industries development. The transportation 

sector has been estimated to contribute about 63% in 

liquid fuel consumption since 2010 until 2040 

(Mahmudul et al., 2017). In addition, burning of fossil 

fuel causes environmental problem, especially in the 

form of air pollution (Thangavelu et al., 2016). 

Various efforts have been made to find alternative 

renewable energies as substitute to fossil fuels so that 

the fossil fuel consumption rate in the future can be 
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Abstract 

 

Pyrolysis is one of thermochemical conversion to convert biomass into bio-oil. The higher energy 

content in bio-oil suggests its potential as a raw material in the production of energy, bio-fuels, and 

other chemicals. Pyrolysis of PKS and the chemicals released were studied using pyrolysis–gas 

chromatography/mass spectrometry (Py-GC/MS) at 400-600°C. Prior to pyrolysis, thermogravimetry 

experiments were carried out to monitor the degradation temperature of hemicellulose, cellulose, and 

lignin in the PKS. Degradation of hemicellulose occurred within a temperature range of 150-330°C, 

whereas the cellulose was degraded in temperatures range between 330-400°C. Degradation of lignin 

took place within a broad range of temperatures, which reached maximum at temperatures range of 

200-500°C. Based on the Py-GC/MS results, pyrolysis of PKS at 400°C produced bio-oil that can be 

used as biofuel due to its high aromatic compounds but low carboxylic acids contents. 
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How to Cite This Article: Mansur, D. and Simanungkalit, S.P., (2017), Identification of Compounds Released 

During Pyrolysis of Palm Kernel Shell (PKS) Using Pyrolysis-GC/MS, Reaktor, 17(4), 185-190, 

http://dx.doi.org/10.14710/ reaktor.17.4.185-190 

 

INTRODUCTION 

Biomass is widely recognized as one of the 

potential solutions to worldwide future energy 

problems. One of the largest biomass resources from 

agricultural residues in Indonesia is palm kernel shell 

(PKS). This idea is based on the fact that the Indonesia 

palm oil production growth is about 10% per year 

(Indonesia Investments, 2015). Palm oil production 

generated approximately 6-7% PKS based on fresh 

fruit bunch (Umikalsom et al., 1997; Chiew et al., 

2011; Husain et al., 2002). Indeed, the availability of 

PKS with high carbon content as source of biomass 

fuel can be sustained. PKS is a lignocellulosic biomass 

composed mainly of cellulose, hemicelluloses, and 

lignin. Currently, PKS is used as fuel for boiler 

through combustion with low thermal conversion 

efficiency (Husain et al., 2002; Kim et al., 2010; 

Asadullah et al., 2013). However, technological 

barrier and lack study and information on indigenous 

properties of PKS and the physico-chemical properties 

of bio-oil from PKS has slowed down the commercial 

uptake of PKS for advanced energy production 

(Asadullah et al., 2013). 

Pyrolysis is the chemical decomposition of 

organic material (biomass) through the application of 

heat in the absence of oxygen. During the pyrolysis 
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Abstract 

 

As lignocellulosic biomass, Oil Palm Empty Fruit Bunch (OPEFB) can be used as the source of xylose 

that can be further utilized as the raw material for xylitol production. The processing of OPEFB to 

xylose comprises of pretreatment and hydrolysis that can be performed enzymatically. This process 

offers the advantages of moderate operation conditions and more environmentally friendly. This 

article describes the kinetic study of enzymatic hydrolysis process of OPEFB for producing xylose 

using self-prepared and commercial xylanase enzymes. Despite the possible mass transfer limitation, 

the Michaelis Menten kinetics was hypothesized. The results indicated that the reaction at pH 5 and 

60°C followed the Michaelis Menten kinetics,  with Vm of 0.84 g/L-h and Km of 48.5 g/L  for the 

commercial enzyme, and Vm of 0,38 g/L-h and Km of 0,37 g/L for the self-prepared enzyme. The 

reaction is affected by temperature, with Ea of 8.6 kcal/gmol. The performance of self-prepared 

xylanase enzyme was not yet as good as the commercial enzyme, Cellic Htec 2. 
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INTRODUCTION 

Oil palm is one of the important industrial 

plants in Indonesia. Recorded until the end of 2015, 

the estimated area of productive Indonesia’s oil palm 

plantations is ± 10.9 million hectares (Ditjenbun, 

2014), while the annual Crude Palm Oil (CPO) 

production reached ± 32.5 million tonnes. About 23% 

of Fresh Fruit Bunch ends up as the Oil Palm Empty 

Fruit Bunch (OPEFB), which is now commonly used 

only as organic fertilizer or reused in the oil palm 

plantations as the mulch. However, not all of OPEFB 

can be used as organic fertilizer, so it will surely be 

accumulated and raise an environmental problem.  

Lignocellulosic biomass composed of 

polysaccharides, such as cellulose and hemicellulose 

as well as lignin. In the concept of biorefinery, 

lignocellulosic biomass can be treated in the following 

step. First is pretreatment for releasing cellulose and 

hemicellulose, followed by hydrolysis to 

depolymerize polysaccharide to its free sugar residual. 

Finally, fermentation is conducted to convert free 

sugars to more valuable product (Dutta and 

Chakraborty, 2015).  

Xylose is one of those free sugars stated earlier. 

It can be used to produce xylitol, a polyol with almost 

the same sweetness as sucrose but much safer for 
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