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The production of biodiesel fram high free fatty acid mixed crude palm oil using a bwo-stage process was
investigated. The kinetics of the reactions was determined in a batch reactor at vanous reaction temperatures.
It was found that the optimum conditions for reducing high free fatty acid [ FFA) in MCPD [ 8-12 wiLEwt ail)
using esterification was a 10: 1 molar ratio of methanaol to FEA and using 10w wi of sulfuric acid [ based on
FFA] as catalyst. The subsequent transestenfication reaction to convert triglycerides to the methyl ester was
found to be optimal wusing 6:1 molar ratio of methanol to the triglyceride (TG} in MCPD and using 06 wi %/

zmdi- volre sodium hydmoxide as catalyst. Both reactions were carried out in a stirred batch reactor over a period of
Free fatty acid 20min at 55, 60 and 65 °C. The concentration of compounds in each sample was analyzed by Thin Layer
Kinetics Chromatography/Hame lonization Detector (TLCFID ), Karl Fischer, and titration techniques. The results were
Methyl ester used for caloulating the rate coefficients by using the curve-fitting tool of MATLAB. Optimal reaction rate
Palm ail coeflicients for the Torwand and reverse esterification readions of FEA were 1340 and 06821 mol ™" min ",

Two-stage process

respectively. The corresponding optimal transesterification rate coefficients for the forward reactions of TG,
diglyceride (DG ), and monoglyeeride (MG ) of transesterification were 2600, 1,186, and 2.303 1 mol ™" min

1

and for the reverse readions were 0248, 0227, and 0.022 | mal =" min™", respectively.

@ 2011 Elsevier BV, All nghts reserved.

1. Intreduction

Energy is one of the important drivers of the economic growth
contributing o the development of Thailand. Fossil fuels provide the
majority of Thailand's energy for driving indusial, agriculture, and
transportation sectors. That is the reason Thailand contnuously
increases the import of fossil diesel fuel for supporting high petroleum
consumpton in Thailand. In addition, the fossil diesel fuel causes
significant pollution problems such as increasing concentrations of
green house gasses and sulfur dioxide, Therefore, alternative fuels are
being investigated as substitutes for imported petroleum products
and to reduce polluton problems in Thailand. Moreover, alternative
fuels make a balanced growth on the demand side.

Consequenty, bicdiesel made from vegetable oils and animal fats,
is one of the possible alternative fuels for diesel engines in Thailand
because it is biodegradable, non-toxic, and produces low emissions of
polluting gasses. Furthermore, it also produces a balance between

* Corresponding author at: Department of Mechanical Engineering Faculty of
Engineering, Prince of Songkla University, Had Yal Songkhla, 20112, Thailand.
Tel.: + 66 BER045670; fax: +66 212893,

E-mail gddress gumpon pipswacth (G Prateepchailul |

0378-3820/% - see front matter © 2011 Ekevier BV. All rights reserved.
dad 10,100 6/ fuproc 2011.08.017

agriculture, economic, and environmental needs. Accordingly, the
biodiesel strategy of Thailand, which was established by the Thailand
government in 2004, aims to produce and to use 10% biodiesel inits
naticnally distributed diesel fuel by 2012 (8.5 million liters per day).
There are several plant sources in Thailand, which can be considered
for producing bicdiesel, such as oil palm, coconut, soybean, ground
nut, jatropha, sesame, and sunflower seed. However, oil palm is
considered o be the most suitable raw material in the production of
biodiesel because of the high yield of oil per hectare and the quality of
that oil. Hence this study is aimed at producing biodiesel by using
palm oil as a raw material.

Generally, biodiesel (methyl ester of several fatty acids) is the
product of a chemical process between triglycerides and a low
molecular weight alcohol in the presence of an alkaline catalyst [1-3].
This reaction is one of transesterification. Raw materials in this
process must be anhydrous and have a low content of free fatty acid
{FFA) [1]. This is because maisture and high FFA (more than 1wt/
wt) will cause a saponification (soap formation) reaction, which
results in lower yields and washing difficultes [3,4]. Acid-catalyzed
transesterification, enzyme-catalyzed transesterification, supercritical
(0, techniques and a preceding esterification | bwo-stage ) process can
all be used for reducing the problem arising from high moisture and a
high FFA content in vegetable oils and animal fats [1,3,5). In this work,
the two-stage process was preferred for the producton of biodiesel
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Abstract

In rubber skim block production, use of sulfuric acid is a general

ctice, which tes acidic wastewater

{pH 24 £0.5) with high chemical oxygen demand (COD) (14,911 £ 1].3;9 mg/L) and sulfate (6,506 1,038 mg/L).
Our work aimed to preireat this wastewater separately prior to combining with the other wastewaters to
facilitate efficient anaerobic digesters that follow. Results indicated that sulfate removal efficiency of the an-
aerobic sequencing batch reactor (ASBR) pretreating raw rubber skim wastewater (pH 2.43£0.50) was only
7.25% £4.01% and gradually improved with increasing influent pH to 45.45% £3.75% at pH 7. In the second part,
upflow anaerobic sludge blanket (UASB) and ASBR fed with the rubber skim wastewater at pH 7 faced system
failure after 97 days of operation. When the influent pH was adjusted to 8, sulfate removals of UASB and ASBR
at 27.377% £2.55% and 46.58% £ 1.98%, respectively, could be sustained. A distinctive ASBR operation that allows.
mixing and settling phases was deemed as key to enable, respectively, better substrate dispersion and retention

of the poor granulating sulfate-reducing bacteria.

Key words: high sulfate; biogas; hydrogen sulfide; pretreatment; rubber

Introduction

uvnser (HEvea seasiciesss Mo, Anc) is one of the

most important economic crops of Southeast Asian
countries, especially Thailand, the largest natural rubber
producer of the world (The Thai Rubber Association, 2010). In
wear 2009, Thailand had exported rubber over 2.7 million tons
{Office of Agricultural Economics, 2010), approximately one
third of the total world's rubber. OF this amount, concentrated
rubber latex acc i for 26% (Rubber Research Institute of
Thailand, 2010). Unfortunately, concentrated rubber lates
industry is a significant source of air and water pollution
because of an improper management of its wastewater and
has often drawn complaints from nearby communities
{Agamuthu, 1999; Boonreongkaow ef of,, 2002; Bunyakan ef
al., 2004). The treatments that have been widely adopted are
natural pond system and aerated lagoon, both of which are
open systems. The former generates malodorous off-gas,
comprising of hydrogen sulfide (H,S), and the latter con-

*Correspording suthor: Goeen T
mld(.'i\'il&?nm‘mp["mﬂlyd gz Prince of S
University, Har Yal Campus, Hat Yai, S G0, Thadand,
Phowe- G6815400037; Fax: 667345935 E-mal: sumate chiipsu.ac.th

Ressarch Unit, Depart-

sumes great amount of energy. Therefore, an anaerobic closed
system or biogas system becomes an attractive choice, be-
cause odor emission is prevented while requiring low energy
input for operation and generating methane, which can be
used as fuel. Some works have been done regarding the fea-
sibility of anaerobic reactors for this wastewater (Khetanan,
2008; Saritpongteeraka and Chaiprapat. 2008).

The typical process in a concentrated latex factory that
consists of, first, rubber centrifugation 1o remove liquid, to
concentrate the field rubber latex from 30" to 60F% in dry
rubber content, and second, mebber skimming, which adds
sulfuric acid to the reected liquid from centrifugation to
capture the left-over rubber particles 1o make a byproduct of
rubber skim block. Wastewater from rubber skim process is
highly acidic, pH 2.0-4.5, and high in chemical oxygen de-
mand (COD)and sulfate, 32,560 and 5,411 mg /L, respectively
(Jakaew, 2003). In contrast, wastewater from the other parts of
this concentrated latex factory is slightly alkali, pHi 7.9, and
has low COD and sulfate at 500+ 126 and 275+ 82 mg/L, re-
spectively (Wongchana, 2010). In general, the two streams are:
combined, causing the dilution of COD and sulfate. The re-
sultant larger wastewater volume will reduce the hydraulic
retention time of the anaerobic treatment system, resulting in
lesser degradation of the organics and biogas production.
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Performance of a Combined Cyclone-Filter
Aerosol Collector

MASON SANGKHAMANEE,' SURAJIT
TEKASAKUL,' PERAPONG TEKASAKUL,” AND
YOSHIO OTANI®

"Department of Chemistry and Center of Excellence for Innovation in
Chemistry, Faculty of Science, Prince of Songkla University, Hat Yai,
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*Encrgy Technology Research Center and Department of Mechanical
Engineering, Faculty of Engineering, Prince of Songkla University,
Hat Yai, Songkhla, Thailand

*Graduate School of Natural Science and Technology, Kanazawa
University, Kakuma-machi, Kanazawa, Ishikawa, Japan

The collection efficiency of fine aerosol particles of a cyclone collector was improved
by combining the evelone with filters. The effects of pavticle size and inlet velocity on
the penetration and pressure drop were studied Results show that the penetration of
the cyclone combined with a 4-mm and a 8-mm fibrous filter for particle sizes
berween (1.3 to 1.0 i was lower than that of the cvelone up to about 2004 The pen-
etration of the cyclone combined with (.94 and 1.83 g stainless steel filter was found
to be lower than that of the cvelome up to about 41%. Moreover, the pressure drop of
the cvelone combined with a 4-mm and a S-mm fibrous filter width was 399 and
48904, respectively, lower. For a cyclone combined with (.94 and 1.83 g stainless
steel, the pressure drop was 30.6 and 25.7%, respectively, lower. The improvement
of the collection performanice, a higher collection efficiency, and a lower pressure
drop, is atiributed to a change of the collection mechanism from centrifugal force
to partial filtration at lower tangential velocity.

Keywords cyclone filter, efficiency, penetration, pressure, separation

Introduction

A cyclone is a particulate collector employing centrifugal force to separate aerosol
particles from dust-laden air. It has been widely used for industrial particulate con-
trol because of its simple structure and low-cost in operation. Moreover, it can be

Fimancial support from the Center of Excellence for Innovation in Chemistry
(PERCH-CIC), Commission on Higher Education, Ministry of Education, Thailand, 1s grate-
fully acknowledged. The authors would like to thank Mr. Prapas Chaitape for fabrication of
the test cyclone, and Dr. Helmut Duerrast for correcting the use of English.

Address correspondence to Surajit Tekasakul, Department of Chemistry, Faculty of
Science or Perapong Tekasakul, Department of Mechanical Engineering, Faculty of Engineer-
ing, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand. E-mail: surajit.t@@
psu.ac.th; perapong t{@psu.ac.th
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