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Drying Model and Quality of Infrared (IR) Radiation and

Hot Air (HA) Convection for Parboiled Paddy

Yutthana Tirawanichakul'* and Supawan Tirawanichakul’

‘Plasma and Energy Technology Research Labaratory,
Depavnment af Physics, Faculty of Science, Prince of Songkla University,
) Hat Yai, Songihla, THAILAND 90112
“Department of Chemical Engineering, Faculty of Enginesring,
Prince af Songkla University, Har Yai, Sengkhla, THAILAND 90112
(*E-mail- yutthana t@psu.ac.th)

The main objectives of the research were to study the effect of drying temperatures using the infrared
racdiation (IR) and the hot air (HA) convection on moisture dehydration for parbotled paddy and were to investigate
the effect of drying conditions on the quality of parboiled rice. The initial moisture content of parboiled paddy was in
range between 45 and 53% dry-basis (d.b.). Average hot air flow rate of 0.720.1 m's, drying temperatores of 70-
100°C and infrared power values of 1,000 W were used 1n varicus drying experiments and the final moisture content
of dried parbeiled rice was 20+1% d.b. The experimental results showed that the kinetic rate of parboiled paddy
decreased exponentially with drying time. Additionally. the increasing drying temperature significantly affected to
the drying kinetics and quality of parboiled paddy. Effective diffusion coefficients of parboiled paddy evaluated by a
diffusion model was in order of 10”° m”/s and this effective diffusion coefficient value was relatively dependent on
the drying temperature compared to the initial moisture content.

For determination of the guality of dried parbeoiling rice, the results showed that the drying temperature
relatively affected to head rice yield while the vellowness value was insignificantly affected by the different heat
sources (IR, and HA sources). In addition, the white belly value of parboiled rice was decreased at the high diying

temperature.

Keywords: High amylose content, Infrared dryving, Parboiling, Quality

1. INTRODUCTION

The export of Thai parboiled rice has rapidly grown
faster than those of the other paddy exports. This is because
the parboiled rice has a high mineral and protein compared
to the milled rice [25]. This is a good chance for rice
varieties which were harvested in the rainy season and the
high relative humidity area over 30-20%. This high humid
condition is unsafe for storage because the fresh ugh moist
paddy has high respiration and it encourages the excessive
mould growth and degrades all qualities of samples even
they are kept at cold storage [31. 13]. The advancement of
microbial imnfection caused deterioration and vesulted in dry
matter loss of 3.3% within 2 days [14]. Fortunately, the rice
parboiling was favorite process for maintaining the guality
of rice. Rice parboiling is generally achieved by socaking,
steaming and drying [13, 13-16] until the final moisture
content of parbeiled paddy is about of 14-16% dry-basis
(d.b)). For the first operation, the soaking is a principal
treatment which is a process to take the fresh paddy to a
state of hydration and actually provides heat to make the
starch in endosperm gelatinized [13-16, 27). Secondly, the
steaming 15 a heat treatment method for making rice fully
gelatinization and final stage was drying [4-5, 16]. For the

*Comespending author. Tel: 085-1385977
Fan- 074-212817; E-mail- yutthana tiipsa.ac.th

last operation, the parboiled paddy with an initial moisture
content over 40% db. was dried. The removal of the
meisture from product involves the heat transfer and mass
transfer. In addition, the drying conld significant changes in
the chemical composition, structure and physical properties
of food material. So, the knowledge of important thermo-
physical properties should be concemed. To reduce
degradation and enhance quality of parboiled rice. some
researchers infroduced and developed various alternative
drying techmiques to dehydrate parboiled paddy such as
superheated steam drying [19-20], spouted-bed drying [21]
and heat pump drying [19] etc.

Namely electromagnetic transfers used for deving are
microwave (MW) and infrared (IR) itradiation [8, 14, 17.
26]. This 13 because MW and IR waves wield unique
characteristics and maintain quality of product [1. 5, 8. 17,
19]. When IE. is vsed for heating or dryving samples, the
radiation not only impinges on the exposed sample surfaces
and but also penetrates to create internal heating with
molecular vibration of the material, and the energy of
radiation is converted into heat [B. 11, 14, 17]. However,
the effect of infrared radiation and hot air drying on the
physical properties of the food and parameters related to
meisture transfer have rarely been reported, especially the
diffusion mechanism. During drving with IR source. the
energy in the form of electromagnetic wave is absorbed
directly by the product without loss to the envircnment

© 2010 Thai Physics Society

62



S a a <
N's’lQ11-!ﬂWNWﬂu?1iﬁ’1i'3‘mﬂﬁ§nﬂﬁ1ﬂ1iﬂ

U a
ITAVYIA

CASE STUDY OF DISINFECTION OF MICROORGANISM
FOR FROZEN SEA FOOD FACTORY BY
NON-THERMAL PLASMA DISCHARGES

;o . : . bl
Y. Tirawanichakul'# and S. Tirawanichakul

'Plasma and Energy Technology Research Laboratory,
Department of Physics, Faculty of Science ,Prince of Songkla University
HatYai, Songkhla, Thailand 90110
“Department of Chemical Engineering, Faculty of Engineering,
Prince of Songkla University, HatYai, Songkhla, Thailand 90110

Abstract

Non-thermal plasma discharges apply for producing czone was widely used for wastewater
and water treatment because of its complex nature since the reaction takes place in the plasma
state. Thus the objective of this work was to study the effect of physical parameters on ozone
production and to investigate ozone application for disinfecting of microorganisms of frozen
squid. The compact plasma ozenizer cell (PSUD3-1) was used for geperating ozone using a ripple
AC high voltage supply. To characterize micro-discharges occurrence between high voltage
electrodes, voltage and current during operating periods are measured by a voltage divider and a
current probe, respectively. The result showed that amount of ozone produced was relative
proportional to the high voltage supply. The high voltage for producing ozone is in range of 8-11
kW, whilst the rise time and pulsed micro-discharge current is less than 100 ns and 2.8 mA,
respectively. Additionally, the voltage difference across electrodes for generating ozone should be
higher than 8 kV,c. The ozone concentration, which was determined by the standard lodomic
method, was in range of 30-120 mg/l of water. The results showed that the concentration of ozone

in water over 3 mg/ could disinfect to microorganism in frozen squid.

Keyword: Dielectric barrier discharges, Disinfection, IV characieristics, Oxidizing reagent

1 INTRODUCTION

Due 1o increasing environmental awareness, the
motivated researches into alternative methods to
remediate toxic wastes, wastewater treatment and
drinking water treatment have been carried out.
Particularly, non-thermal plasmas processes have been
investigated to disinfect microorganisms from ambient
air surrounding and remove toxins from atmospheric
pressure gas streams. These plasmas are attractive
processes in environmental concern due to their high
efficiency for producing radicals and oxidizing agents
such as electron beam, corona discharges, microwave
discharges, radio frequency discharges and dielectric
barrier discharges have been studied to remove and
decompose SO, and NOyx [6-11], CCly [10, 11] and
CH,O [12-13]. Dielectric barrier discharges (DBD)
also known as silent discharges (SD) provide a simple
technology to  establish non-equilibrivm — plasma
conditions in atmospheric pressure gases. The DBD is
particularly interesting for this purpose due to its
ability to operate stably at atmospheric pressure and its

relative maturity due to its use as commercial ozone
generator [12-13]. Some previous researches [2-5]
reported that at atmospheric pressure, electrical
breakdown in such an electrode configuration
occurred in a large number of short-lived current
filaments referred to as micro-discharges. The high
voltage crossing the discharge gap will transfer 1o gas
species which flows along the discharge gap and gas
will be dissociated and recombined in form of oxygen
and ozone molecule and so on.

Ozone is one of strong oxidant agents (Chlorine and
fluoride) and can be synthesized by various physical
and chemical techniques for examples pulse
radiolysis, mercury-sensitized photolysis, radioactive
Co-y radiolysis, flash photolysis, electrolysis of
perchloric acid and favourite commercial dielectric
barriers discharges [2.6 and 9]. Ozone generation is
the good example of an industrial process of dielectric
barrier discharges which could be considerably
improved by utilizing these tools of modern plasma
physics [3-4]. Normally, ozone is produced in the
laboratory and plants by passing dry air or oxygen gas
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Comparative performance and emissions of IDI-turbo automobile diesel engine
operated using degummed, deacidified mixed crude palm oil-diesel blends *

T. Leevijit *, G. Prateepchaikul

Depatment of Mechanical Engineening Prince of Songkly Undversity, Har Yai, Songkhily 90712, Thailand

ARTICLE INFO ABSTRACT

Amide history:

Received 10 june 2010

Recelved in revised form 8 Ocrober 2000
Accepted 12 October 2000

Available online 23 October 2010

The performance and emissions of an indirect injection (1D j-urbo automaobile diesel engine operated
with diesel and blends of degummed-deacidified mixed crude palm oil in diesel at portions of 20, 30,
and 40 vol% are examined and compared at various loads and speeds. Although fuel properties of the
tested blends do not exactly meet all regulations of Thailand, they are all able o operte the engine. Com-

paring this with diesel, espedally at full loads, shows that all blends produce the same maximum brake

Keywornds:

Diesel substitute
Mixed crude palm ol
Engine performance
Engine emission

lorgue and power. A higher blending portion results in a little higher brake spedfic fuel consumption
(#+43% to +7.6%), a slightly lower brake thermal efficiency (-3.0% to -52%), a slightly lower exhaust
gas temperature (—2.7% to —3.4% ), and a significantly lower amount of black smoke (—30% to —45%).
The level of carbon monoxide from the 20 vol % blend s significantly lower (-70% ) and the levels of
nitrogen oxides from all blends are little higher.

@ 2010 Elsevier Ltd. All rights reserved.

1. Introdu ction

Due to the fast depletion of fossil fuels and worsening environ-
mental pollution related to fossil fuel usage in recent years, vege-
tahle oils (VOs) have come across as a good potential feedstock
for producing diesel substitutes [1-3). In Thailand, palm is cur-
rently shown to be the highest potential feedstock. Research is
being conducted intensively in order to develop various grades of
diesel substitute from palm oil. Because mixed crude palm oil
(MCPO) can be easily produced with a screw-press of whole dried
palm fruits, it has become of interest as another form of feedstock
for diesel substitute production, especially for farmers living in or
near sufficient economic communities,

MCPO is a viscous liquid containing gum and high free fatty acid
(FFA). Through ester and transesterification with methanol, methyl
ester (ME) is produced [4 ). Properties of ME are comparable to die-
sel. Studies on short- and long-term usage of ME show promising
results when compared with diesel in terms of engine perfor-
mance, emission, and wear [1-3.5], but the cost is guite high
Currently, seeking and developing lower cost diesel substitutes
from MCPO is very important for sustainable development in
Thailand.

Although the cost of VOs is low, the direct use of VOs is unsat-
isfactory, especially for long-term use [1-3]. Regarding MCPO, ma-

¥ Some preliminary results were presented in ME-NETTZ2, 15-17 October 2008,
Pathumthani, Thalland
* Cormesponding author. Tel ffa: +66 74 558830,
E-maill address leetheerayutiyahoocom (T. Leewijit].

O016-2361/4 - see front matter @ 2000 Bsevier Ltd. All rights reserved.
v : TOLT006 [ Fue ] 20000100013

jor drawbacks are from gum, FFA, and high viscosity. Gum causes
to filter and injector nozzle plugging and increases viscosity. High
FFA corrodes engine parts, increases viscosity, and tends to in-
crease deposit [6). High viscosity leads to poor atomization, incom-
plete combustion, injector choking ring carbonization, and
accumulation of fuel in the lubricating oil. Thus, to utilize MCPO
as a diesel substitute, the above drawbacks must be examined fur-
ther and improved.

It is possible to reduce gum and FFA. Through consecutive reac-
tions with phosphoric acid and sodium hydroxide solutions, gum
and FFA are eliminated, The obtained product, called degummed-
deacidified MCPO (Dg.:MCPOL mainly consists of triglycerides
(TG L Through esterification with methancl, FFA and some parts
of TG are changed to ME while gum is eliminated. The obtained
product, called esterified MCPO, mainly contains of TG and ME.
Separate experiments in the present study show that the costs of
ME and Dg=MCPO are higher than the cost of esterified MCPO at
about 25% and 100% due to the cost of methanol and the loss of
FFA, respectively, Thus, in term of economics, esterified MCPO is
very interesting for low cost diesel substitute production.

However, in terms of composition and fuel property, esterified
MCPO can be roughly accounted for as the blend of Dy ,MCPO with
ME. Due to the fact that ME shares similar fuel properties as diesel,
esterified MCPO can then be roughly accounted for as a blend of Dy
SMCPD with diesel. Based on these assumptions, Dy ;MCPO has
been selected as the base fuel, as the worst case of TG derived from
MCPD, for the present study. If the potential use of O, .MCPO is
known and sarisfactory, then the use potential of esterified MCPO
at various degrees of ME can be estimated.
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Application of Electrostatic Precipitator in Collection of Smoke Aerosol Particles
from Wood Combustion

Chayasak Rutt:ln:lchotl, Yutthana Tirawanichakulz, Perapong Tekasakul'

* Energy Technology Research Center and Department of Mechanical Engineering, Faculty of Engineering, Prince of
Senghkla University, Hat Yai, Songkhla 90112, Thailand

{Depm'mmm of Physics, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand

“ National Center of Excellence for Environmental and Hazardous Waste Management (EHWM)-Southern Consoriium
Universities at Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand

ABSTRACT

A simple wire-plate electrostatic precipitater (ESP) was constructed in order to test the efficiency of collecting smoke
particles from combustion of rubber-wood that 1s used as a source of biomass energy. The ESP contains a maximum of 13
collection plate electrodes and 20 wire electrodes per row between plates. The maximum input voltage of the Wheatstone
bridge circuit using a high-voltage neon transformer was 13.5 KV (DC). The gap between plates and the distance between
wires were adjustable. Results from the field test in a furnace indicate that the device counld be used for a peried of about
one hour before cleaning the electrodes was reqguired. The collection efficiency was decreased during the course of wood
burning as the dust loading increased. Maximum efficiency was near 80% during the initial period. The distance between
the collection plate electrodes had a greater influence on efficiency than the distance between the wire electrodes. The
cleaning system used in this experiment was made from a row of PVC pipes to allow water to discharge radially to the
plate electrodes on both sides. This system was equipped with the case of maximum collection efficiency that had a 50 mm
gap between collection plate electrodes and a 64 mm distance between wire electrodes. Efficiency was increased after 120
minutes and maintained a collection efficiency of about 60%. This ESP is suitable for small and medinm-sized enterprises
(SMEs) to alleviate the release of detrimental chemicals such as PAHs inte the atmosphere.

Keywords: Wire and plate; Biomass, Wood burning; Natwral subber; High voltage.

INTRODUCTION

Biomass 13 currently a major source of renewable energy.
Wood 15 an mmportant biomass fuel, and it has been
extensively used in direct combustion. Combustion of
firewood leads to pollution in the form of gases and smoke
particles, which are compeosed of various chemical
components. Incomplete combustion results in the formation
of polycyclic aromatic hydrocarbons (PAHs) and other
chemical compositions (Furunchy et al, 2006; Bai st al.
2007: Tekazakul ef al., 2008). PAHs include hundreds of
compeounds that are carcinogenic, especially those that
contain four to s1x aromatic rings. This includes Benz (a, h)
anthracene, chrysene, and benzo (a, e) pyrene. Factory
workers who are exposed to PAHs may develop cancer and
experience other negative health effects (IARC, 1982;

" Corresponding author. Tel - +66-74287216;
Fax: +66-74212893
E-mail address: perapong t@psu.ac.th

Kogevinas ef al., 1998; Fracasso et al., 1999; Straif or al.,
1999; Galka et al., 2004; Parent er al., 2005).

In Thailand and many other Southeast Asian countries,
mibber-wood (Hevea brasiliensis) has been extensively
used in various industries (Kush af al., 1990; Doo-ngam &f

al., 2007; Promtong and Tekasakul, 2007, Chomanee er al..

2009). Combustion of mbber-wood results in large
emissions of PAHs (Furuuchi ef al., 2006; Bai er al., 2007;
Tekasakul et al., 2008; Chomanee af al, 2009). Hence,
measures taken to control or reduce particulate matters
emitted from wood combustion is necessary. Several well-
known devices used to collect aercsol particles include
filters, gravitational settling chambers, centrifuged
cvclones, scrubbers, and electrostatic precipitators, etc.
These methods are very popular. especially the
electrostatic  precipitator (ESP). Because the smoke
particles from wood combustion are in the submicron
range and the concentration is variable, the most effective
collection device technology 15 a corona discharge device
or the ESP (Kalasee ef al, 2003; Kocik et al, 2003;

Tekasakul er al, 2006; Intra er al., 2007; Intra at al | 2010).

Particle collection by this techmique is advantageous
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The use of the purple non sulfur bacterium isolate P1
and fermented pineapple extract to treat latex rubber
sheet wastewater for possible use as irrigation water

Duangporn Kantachote'**, Nastee Kornochalert' and Sumate Chaiprapat®*

'Department of Microbiology, Faculty of Science, Prince of Sengkla University, Hat Yai 90112, Thailand.
*Department of Civil Engineering, Faculty of Engineering, Prince of Songkla University, Hat Yai 90112, Thailand.
®Matienal Center of Excellence for Environmental and Hazardous W aste Management-Satellite Center at Prince of
Sengkla University, Hat Yai 90112, Thailand.

Accepted 6 September, 2010

A central composite design using two variables (concentrations of isolate P1 and Fermented Pineapple
Extract (FPE) each at three levels was used to study their effects on the treatment efficiency of latex
rubber sheet wastewater under micro aerobic-light conditions. The optimum combination over a 72 h
period consisted of 3% P1 and 0.13% FPE and resulted in the removal of 80% Chemical Oxygen
Demand (COD), 82% Suspended Solids (SS) and 85% Un-ionized Hydrogen Sulfide: HzS in wastewater
(UHS). The selected experimental condition was then verified by varying the retention times. A 96 h
retention time gave the highest treatment efficiency with a 92% reduction of COD, 87% SS and 83% UHS
and the effluent met both standards for industrial effluent discharge and crop irrigation. This effluent in
its undiluted and diluted between 1: 25-1: 200 showed no phytotoXxicity and also stimulated rice seed
germination based on a germination index when compared with distilled water. Addition of 3% P1 into
the raw wastewater either alone or in combination with 0.13% FPE yielded an effluent that passed the
standard guidelines within 72 h, while with FPE alone a 96 h retention time was required. Based on
morphological, physiological and biochemical properties, the isolate P1 was identified as
Rhodopseudomonas palustris.

Key words: Fermented plant extracts, hydrogen sulfide, latex rubber wastewater, purple nensulfur bacteria,

response surface method, wastewater treatment.

INTRODUCTION

Many Cooperative Rubber Sheet Factories (CRSFs) exist

‘Corresponding author. E-mail: duangpornk@psu.ac.th. Tel:
+B6 T4 2688333, Fax: +66 74 446661.

Abbreviatiens: BOD, Bicchemical oxygen demand; COD,
chemical oxygen demand; CRSFs, cooperative rubber sheet
factories; DS, dissolved sulfide; EC, slectrical conductivity: EM,
effective microorganisms; FPE, fermented pineapple extract;
FPEs, fermented plant extracts; Gl, germination index; HPC,
heterotrophic plate count; LAB, lactic acid bacteria; PNB,
purple nonsulfur bacteria; RAW, raw latex rubber sheet
wastewater; RRE. relative root elongation; RSG, relative seed
germination; RSM, response surface methodology; SCOD,
soluble chemical oxygen demand; SS, suspended solids;
TCOD, fotal chemical oxygen demand; TDS, total dissolved
solids; TS, total sulfide; UHS, unionized hydrogen sulfide.

throughout the Southern and Eastern parts of Thailand
{Chaiprapat and Sdoodee, 2007). Wastewater from the
CRSFs consists of both organic and Inorganic matters
that originate from natural rubber latex and from
chemicals wused during their processing, including
ammenia, formic acid, sodium metabisulfite and sodium
sulfide (Kantachote et al., 2005). Lagoons or oxidation
ponds are commonly used to treat wastewater from the
CRSFs as they are inexpensive to construct and cperate.
Howewver, these treatment systems require hydraulic
retention times of over 20 days to achieve Biochemical
Oxygen Demand (BOD) removal efficiency above 80%
{Chaiprapat and Sdoodee, 2007) and also cause a major
problem by producing hydrogen sulfide (Hz5: rotten-egg
odor). HzS not only gives an unpleasant smell but is also
dangerous to human's health (Khanal and Huang, 2003).

Anoxygenic phetotrophic  bacteria, particularly  the
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Comparison of Biodiesel Production from High Free Fatty Acid,
Crude Coconut Oil via Saponification followed by
Transesterification or a Two-Stage Process

Surachai Jansri! and Gumpon Pl'ateepthai]su]"*

ABTRACT

Saponification followed by a transesterification process (SFT) or a two-stage process (TSP)
were investigated for biodiesel production from high free fatty acid (FFA), erude coconut oil. In SFT,
the effects of the concentration of NaOH solution on free fatty acid reduction were investigated. The oil
from saponification after cleaning was used as a raw material to produce biodiesel. For TSP, the effects
of methanol and H,50 on free fatty acid reduction were determined using various amounts of methanal
catalyzed by H250y and with different amounts of H:504 in methanol. Then, the de-acidified oil was
used to produce biodiesel All reactions were carmed out at 60°C and momitored by titration and thin
laver chromatography/flame ionization detection. The suitable conditions of SFT for obtaining 99% by
weight methyl ester content were: 15 v% of water, 36 v% of methanel and 19.9 %wtiv of NaOH,
vielding 45.6% in 26 h. Like methyl ester concentration, TSP could produce 86.6% vield of biodiesel
under 5 v% of H;50,, 37 v% of methanol and 2.5 %wt/v of NaOH in 14.25 h. Finally, the biodiesel cost
was appromimately 57.09 and 32.02 THE/L by SFT and TSP, respectively. Therefore, TSP was considered
maore suitable for preducing biediesel from high FFA crude coconut o1l because it was quicker, cheaper
and produced a higher yield.

Eeywords: biodiesel, cocomut o1, esterification, saponification, transesterification

INTRODUCTION

Energy is one of the important drivers of
economic growth contributing to the development
of Thailand. Fossil fuels produce the majority of
Thailand’s energy for motivating the industrial,
agricultural and transpertation sectors, which has
resulted in a continucous inerease in the import of
fossil diesel fuel In addition, the fossil diesel fuel
causes significant pollution problems, such as

increasing greenhouse gases and sulfur dioxide
(Ma and Hanna, 1998; Gerpen ef al., 2004;
Marchetts er al., 2005). Therefore, alternative weal
fuels are being mmvestigated as a substitute for
imported petroleum and te reduce pollution
problems in Thatland. Moreover, alternative fuels
can help balance growth on the demand side.
Consequently, biodiesel, made from vegetable oils
and animal fats, 15 one of the possible alternative

fuels for diesel engines.
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