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Executive summary

Title: The feasibility study on microemulsion fuel production from residual oil in

refinery waste using microemulsification technology

1. Introduction

Spent bleaching earth (SBE), containing a high percentage of residual oil (20-40 wt%), is
a discarded waste from vegetable oil refinery or related vegetable oil processing (biodiesel
production). The oil refining industries generate spent bleaching earth need to have proper
treatments prior to disposal due to federal legislation. Disposal of SBE by incineration, landfilling,
animal feeds, or concrete manufacturing is generally practiced. However, disposal of waste is
difficult handling and management regarding large quantity of SBE and high operating cost of
disposal. In some countries, SBE is banned from landfill due to its flammability and the high
organic content which exceeds the 6% waste acceptance criteria limit on total organic content.

For this study, the surfactant-baed application was used as an alternative approach for
recovery of the residual vegetable oil from SBE as the replacement of toxic solvent by non-toxic
surfactants. Consequently, the studied aims to formulate the microemulsion-based washing agent
to remove crude vegetable oil from SBE and then to investigate the fuel performance of
micromulsion-based biofuel formulating from the recovery oil and some additives such as ethanol,

lipophilic linker, and diesel.

2. Objectives

The overall objective of this study is to enhance oil recovery from refinery waste to use as an
alternative fuel. The main component of microemulsion- based solution was formulated from
biodegradability surfactants. The specific objectives of this study are:

1) To study the effects of the extraction condition using microemulsion based washing agent
on the maximum residual oil recovery

2) To determine the phase behavior of microemulsion-based biofuel containing a surfactant, a
co-surfactant, ethanol, crude vegetable oil, and residual oil/diesel blend

3) To investigate the feasibly uses as alternative fuels; biodiesel and microemulsion-based
biofuel of residual oil in term of fuel production and properties

4) To evaluate the environmental impacts regarding GHGs, water, and energy reduction

through the life cycle of microemulsification technology
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3. Materials and Method
3.1 Materials

Commercial SBE from bleaching vegetable oil was obtained from a vegetable oil refinery in
Thailand. Virgin bleaching earth (VBE) was used as fresh SBE surrogate samples. Crude and refined
vegetable oil were also used as a surrogate for the residual oil present in SBE.

Nonionic and anionic surfactants were selected based on the environmentally friendly product
produced from renewable resources such as palm oil- based or sugar- based from oleochemical
production. Cosurfactants; 1-ethanol, 1-butanol, 1-octanol, and 1-decanol, were used to identify the effect

of alkyl chain lengths.

3.2 Method
1) Microemulsion based washing agent formulation

Microemulsion phase studies were conducted by placing an equal volume (5 mL) of vegetable
oil and surfactant solution with different concentrations of NaCl ( salinity scan) and at different
temperatures. The sample was mixed with a vortex mixer for 1 min and then left to reach a state of
equilibrium at 25°C for two weeks. The dynamic interfacial tension (IFT) between the aqueous surfactant
solution and palm oil phase was measured using a spinning drop tensiometer (Dataphysics, Model
SVT20).

2) Determination of oil extraction efficiency
Ten grams of dried SBE was suspended in a vial containing 20 mL of the washing agent. The suspension
was then mixed for 30 min by a shaker at 200 rpm. The sample was centrifuged for 30 min at 3000 rpm
in order to separate the aqueous and SBE phases. The SBE was rinsed with distilled water twice to
remove the remaining oil and washing solution, and to prevent any emulsion formation during extraction.
Finally, any remaining oil in the SBE was extracted using hexane and a determination of the extraction

efficiency was made.

3) Oil quality study
The extracted oils from hexane and microemulsion-based washing agents were analyzed to
investigate the feasibility use as microemulsion based biofuel. The parameters are density, kinematic
viscosity (ASTM D445), gross heat of combustion (ASTM D240), free fatty acid (AOAC 940.28), and

fatty acid composition.

4) Microemulsion fuel formulation from residual oil
Microemulsion based biofuel was prepared on a volumetric basis for surfactant and cosurfactant,
extracting palm oil, and ethanol mixtures. The surfactant and cosurfactant mixtures were prepared at
fixed mole ratios (C/S ratio) and gradually added into 15 mL glass vials. Different amounts of the
surfactant—cosurfactant solution (vol %) were then added into the ethanol- palm oil-diesel blends to
formulate reverse micelle microemulsions. Subsequently, the change in the phase behavior was

determined by visual inspection with polarized light.
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5) Fuel properties of the microemulsion-based biofuel
The fuel properties of the residual palm oil microemulsion-based biofuels were investigated
according to the American Standard Testing Methods (ASTM). The parameters are the density, free
fatty acid (AOAC 940.28), gross heat of combustion (ASTM D 240), and kinematic viscosity (ASTM D
445). In addition, the fuel properties of the microemulsion-based biofuels were compared with those

properties of neat diesel and biodiesel fuel.

6) Greenhouse gases (GHGs), water, and energy reduction
The goal of this study is to assess greenhouse gas emissions, energy, and water reduction of
microemulsification technology through life cycle. The gate-to-gate inventory inputs and outputs of the
vegetable oil recovery from SBE to biofuel production associated with materials and energy usages as
well as waste discharges for producing one ton of alternative fuel were investigated. GHG emissions in
the microemulsion-based biofuel production were calculated by following the product carbon footprint

(CF) guidelines (PAS).

7) Phytotoxicity of treated bleaching earth
The seed germination and root elongation of greenbean and soybean on treated spent bleaching
earth (SBE) were investigated. The experiment design was a randomized complete block design (RCBD).
All seeds were planted in petri dish at 25+2 °C and 80% soil moisture content. Petri dishes were covered
and sealed with tape and placed in an incubator. After 3 days, the seed germination rate and root

elongation were determined and measured.

4. Results

The dynamic IFT measurement between the surfactant solution and CRBO was
conducted for various surfactant concentrations without added salinity at 25+2°C. The result shows
that the IFT values decreased when the surfactant concentrations increased. The lowest IFT of
the Dehydol LS3TH was 0.122 mN/m at a concentration of 2% vol. Dehydol LS5TH and Dehydol
LS7TH are more water favorable than Dehydol LS3TH. The lowest IFT of Dehydol LS5TH and
Dehydol LS7TH were 0.007 mN/m and 0.022 mN/m, respectively. For the anionic surfactants,
Levenol WX (LE) had a lower IFT value (0.008 mN/m) than the AOT (0.054 mN/m) at the same
surfactant concentration (4% vol).

To determine the vegetable oil extraction efficiency from SBE at 25°C, the 10% vol.
Dehydol LS3TH surfactant was selected to formulate the microemulsion-based washing agent at
various salinities. The SBE initially contained 0.3573+£0.0018 g rice bran oil per gram of SBE. In
the soil washing procedure, a layer of free oil was observed on the top layer of the solution, which
is liberated from the SBE. In the middle phase, a limited amount of oil solubilized into the aqueous
phase. The oil extraction efficiency dramatically increased as the NaCl concentration increased.
The efficiency reached its highest value of 71.4% at 15% wt. NaCl. At this optimum condition
(10% vol. Dehydol LS3TH with 15% wt. NaCl), 30.3% of the oil was removed from the SBE as a

free oil phase layer.
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A comparison of the SBE’s appearances (before and after the washing procedure),
showed that they were completely different in color and texture. The SBE before washing was
dark red in color and dense due to the oil and moisture content, whereas the SBE after washing
was a brown color and lighter. Thus, it could be concluded that the microemulsion washing agent
had a high efficiency for removing rice bran oil adsorbed onto SBE.

The surface images of bleaching clay, SBE, and washed SBE were characterized by
scanning electron microscopy, SEM, (JEOL model, JSM-6400). It could be seen that the residual
oil adsorbed on SBE affected its surface characteristics. Due to the oil adsorbed onto the surface,
the particle size of the SBE was greater than that of the bleaching clay and it appeared in clusters
with a smooth surface. Moreover, the SBE cleaned by the microemulsion washing agent had
smaller sized particles than regular SBE but larger particles than bleaching clay. This result
corresponds to the oil extraction efficiency results, which showed that some amount of oil
remained on the SBE.

For GHGs emissions study, three SBE management scenarios ( microemulsion washing
solution, hexane, and burning in incinerator) were studied and compared their GHGs emissions
using Simapro V.8.3.9 and IPCC (2013) model. The results showed that the GHG emissions from
the SBE waste management using microemulsion washing solution were 324 kgCO,eq/ton SBE.
This process could be reduced up to 86% as compared to the burning in an incinerator (2,314
kgCO,eq/ton) and using hexane (2,965 kg CO,eq/ton). This is because using microemulsion
washing solution was an easy technique and less energy consumption. After treatment, SBE is
not classified as hazardous waste which must be burst in an incinerator.

For microemulsion-based biofuel formulation from residual oil, the results showed that the
optimum formulations for phase behavior were the composition of Dehydol LS1TH without
cosurfactant at 40% vol. ethanol and the ratio of residual palm oil/ palm oil/ diesel of 50:0: 50,
40:10:5, and 25:25:50. The optimum formulations were selected with the goal of the optimized
surfactant for occurring Winsor type lll. For fuel properties, the kinematic viscosities of the
microemulsion-based biofuels were 3.22-3.28 mm*/sec. However, free fatty acid content (0.56-
0.94 mg KOH/g) was slightly higher than the biodiesel standard.

For the seed germination study, the results showed that greenbean and soybean could
not be germinated on the untreated SBE. After washing with the microemulsion-based washing
agent, 85.33+5.58% of greenbean and 56.00+7.60% of Soybean germinated on the treated SBE,
which was not significant (p<0.05) as compared with the control. For the root elongation study,
the average root length of greenbean and soybean planted on the treated SBE using the
microemulsion-based washing agent was 4.98+1.93 and 4.46+2.65 cm., respectively; which was
not significant (p<0.05) as compared with the control. Moreover, there has a higher root length
than those planted on the treated SBE using hexane (4.00+1.83 cm. for Greenbean and 3.38+2.42
cm. for Soybean). The treated SBE using the microemulsion-based washing agent did not affect

the seed germination and root elongation of the experimental plants.
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5. Conclusion and recommendations

The overall results indicated that the oil recovery from the SBE industrial waste using the
microemulsion washing solution can be technically and economically attractive by virtue of its
ability to lower costs related to reduced processing and solvent use, elimination of SBE disposal
costs, reduced raw material consumption and benefit from SBE waste utilization. However, using
the microemulsion washing agent would require the additional process of recycling surfactant and
additional cost of surfactant from its loss during the process. Microemulsion-based biofuel from
the residual oil has been regarded as an alternative fuel to feasibly substitute petroleum-based
diesel fuel because of its comparable properties and fuel performance. One of the issues related
to the increased use of recovery oil is its higher production cost as compared to crude vegetable
oil. Based on the breakdown cost of microemulsion fuel, it is not able to compete with diesel if
the subsidy has not been provided by the government to boost its cost competitiveness. Thus,
future research should evaluate the ability to recycle the washing solution in a manner that
maintains high oil extraction efficiency while improving the economics. Life cycle costing analysis
along with the internalization and externalization of environmental costs which is an economic tool
should be studied to promote the green alternative fuel regarding the incentive cost performance

of microemulsion fuel as compared to diesel fuel.
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Abstract

Project Code: MRG6080015

Project Title:  The feasibility study on microemulsion fuel production from residual oil in refinery waste
using microemulsification technology

Investigator:  Asst.Prof. Noulkamol Arpornpong, Ph.D.
Faculty of Agriculture, Natural Resources and Environment,
Naresuan University

E-mail Address: noulkamola@nu.ac.th

Project Period: 2 years

This research was begun from enhancing oil recovery from spent bleaching earth (SBE) which is a
discarded waste from the vegetable oil industry. This work aims to formulate the microemulsion-based washing
agent containing surfactant as the main component for extract oil from SBE. Alter that the residual vegetable
oil was developed to be microemulsion-based biofuel to replace diesel fuel. The microemulsion-based biofuel
consists of vegetable oil-residue oil- diesel- ethanol- surfactant. For the washing agent formulation study, the
optimum formulation of a single surfactant, 10% vol. Dehydol LS3TH in saline solution (15% wt. NaCl), provided
the oil extraction efficiency of 71.38+1.75% . For the mixed surfactants, the formulation of 4 % vol. Dehydol
LS3TH and 10% vol. Levenol WX in saline solution (10% wt. NaCl) showed the highest washing efficiency to
90.291£0.01%. For the seed germination and root elongation of greenbean and soybean on treated SBE using
a microemulsion-based washing agent, all seeds were planted in petri dish at 25£2°C and 80% soil moisture
content. The results showed that Greenbean and Soybean could not be germinated on the untreated SBE. After
washing with the microemulsion-based washing agent, 85.33+5.58% of greenbean and 56.00+7.60% of soybean
germinated on the treated SBE, which was not significant (p<0.05) as compared with the control. For the root
elongation study, the average root length of greenbean and soybean planted on the treated SBE was not
significant as compared with the control. According to the greenhouse gases (GHGs) accounting, the results
showed that the GHG emissions from the SBE waste management using microemulsion washing agent were
324 kgCO,eq/ton SBE. This process could be reduced up to 86% as compared to the burning in an incinerator
(2,314 kgCO,eq/ton) and using hexane (2,965 kgCO,eq/ton).

For the formulation of microemulsion-based biofuel from the recovery of vegetable oil, the results
showed that the optimum formulations were the composition of Dehydol LS1TH with 40% vol. ethanol and the
volume ratio of residual palm oil / palm oil / diesel of 50:0:50, 40:10:5, and 25:25:50. The optimum formulations
were selected with the goal of the optimized surfactant for occurring Winsor type 1l. For fuel properties, the
kinematic viscosities of the microemulsion-based biofuels were 3.22-3.28 mm?/sec. However, free fatty acid
content (0.56-0.94 mg KOH/g) was slightly higher than the biodiesel standard. Thus, this research could be
concluded that microemulsion-based biofuel from residual oil in SBE has the potential to produce renewable
fuel in the future. The treated SBE using the microemulsion-based washing agent did not affect the seed
germination and root elongation of the experimental plants and thus could be developed for use as a soll
amendment. Additionally, these are the alternative approaches for SBE management. The treated SBE could

be reused, resulting in the reduction of SBE waste to disposal and GHSs to the environment.

Keywords: Spent bleaching earth, Greenhouse gas emissions, Microemulaion- based biofuel, Microemulsion-

based washing agent
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5U 2.2 nssvaumsusuanmiifufiaf 9
5U 2.3 anvagnMenmIesiunend (1e) wazninaulend (3131) 10
5U 2.4 anuazlATIas1a0IENTARUL IR 13
suU 2.5 fiowadlulasdsiaty 15
sU 2.6 nMsAnwdvisnavesansaranedidninsladrenisiasuigaie 16
s 2.7 sfiowedlulasdsiatu 16
5U 2.8 Aeudouvesindufiss thiuldy wnuea uazdeimasllasdiady 19
MMminguhd
sU 2.9 uuAWANLADY 20
5U 2.10 BviEwavesdmauszinisualuadearsanussfisi 7 25°C 21
5U 2.11 wansgnurodanndouannssiunsianiiuiinmedalilasdiady 23
sU 3.1 msiarugevesusazignelumsiialalasdiiady 30
35U 3.2 nsaiameansaiaenioy 31
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sU 3.4 dnwazipaalulasdiadu Winsor Type Il 34
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5U 3.8 AnuduitusszriamsinuigniakasUssansnmmsatmiriuainnn 38
Aunand
U 3.9 Yaduanududuresansavanelaisunaslsnseuseansamnisanin 39
hifusrimAvanmnaunend Tudmmaussnitninfurendseatsadn 1:2 1:3
ey 1:4
5U 3.10 nanfllumsatmirsuhdnavesnannindunendd 30 45 uag 60 40
W9l
U 3.11 anwagnnaunend n) neunisanin v) nasnsaianigasaialy 41
Tnsdsfadu

5U 3.12 dnwaziiuiives a) Aurlend (b) madurendniudewisiu (o mndiu - 42
Nondnananieansannlulasdiady waz (d) nnfunendiaianleanseney 7

o v

ANa9818 (Magnification): (a) 1,500x wag 300x ; (b, ¢, wag d) 1000x Wag 300x

U 3.13 dneaign1anenmees a) disiusiiniiv b) didfusiinsviadalaain 43
ansannlulasdliatunay o) dnfusivnfunaialianansaiaenioy
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5U 4.2 99UlIAN13H5UN (System boundary) vesnszuunsiiiannAuren 51
dlneldarsannlulasddatu (Scenario 1) (n) wagnszuIunIsiItaNNAUNeNE
TngansanaLeniau (Scenario 2) (V)

5U 4.3 dadhuvesransenudaindedainnszuiumsiiianindunendusiiu 1 55
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sV 4.4 Wisuiisunansenuasndeunuumsianguuasifiounise 56
(Normalization) 91nnsguIunstda/mdnnnduneniuunm 1 ton

sU 5.1 wHumwanuIvABILanIN SIS suLisudvsnavesviaansanussisiasie 60
mswasuignin

5U 5.2 wunmaumasunaninsuieuiisusnmdiuiosasveniniuidu 61

U%qwé/ﬂwﬂuﬁwa (PO:D) 71 100:0, 75:25, 50:50 ua 25:75 Iagl4ansanuseieiia
¥ilm Dehydol LS1TH

U 5.3 WHuNUMLAAINTUTBUNB USRI IEIUTENI e TAALTIREL Dehydol 62
LS1TH/Gwnuea 9 1:0, 1:1 uay 1:2

U 5.4 malSeuiisusnndmsesarveaidiulduainanninfurlend/dndu 63
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U 5.5 malSeuiisusnndmsesarvesisiuuduainanninfurlend/dndu 63
UnduuIana/indiumiea 1 0:50:50

U 5.6 dnwazvenihduiinmelalulasdiatuninisnauveshdiuuduanie 65
PNNINFuNeNENUTIMEIUeA 10 20 40 wag 60 vol.% MNEIFU

U 5.7 mailSguiisuamanumiladiaaumaniveaiiuiemaiinmialy 66
lasdladuigamail 40 °C

U 5.8 maSeuiisuUsununsaluiudassvenhdudaumnddininyialy 67
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Ui 1
uni

1.1 AnudReY uaziuvastawnide

Tunseurumswdntiiiusd17l#usand (Crude rice bran oil production) aefasdinis
USuanmindusidniiu (Pre-treatment) vitewsnandovusneglutgu Sadneimiluuda ey
%’umaumiﬂé’wf’]ﬁﬂﬁﬁqwé (Refinery) dpsiinisndnnsalusiudase (Degumming) LazNS
Wondsfuiu (Bleaching) Tnanasldaunend (Bleaching clay) nswendifunisanainuidy
vosdunguiv iledunendgninluldudrvedintusdniandroglunindunond (Spent
bleaching earth, SBE) Useunas 20-40 wt.% (Loh et al., 2013; Beshara et al., 2014) way
wdesgnindniaduningraimnssy (sannuesdevossamalne: 02 03 04) viordnnu
Winguansmuau W nsiluilinauegisasnsiy nisiluien yomsihluldidudomas
sy Hudfu (Tsai et al,, 2006; Loh et al., 2007; Beshara et al., 2014) Fsludunounisida
wiialddegetdudunsddunsuaganirtn/ i

10T n.a. 2550 MlanfimawdnninAurtenduszanas 1.5-2.0 Mton 9nmskantTufe
\lonnsuslaa 128.2 Mton (Soystats, 2007) a1nulgunevesnsznssgramnssuildsasals
A1AgaaImnssuinistiuseleviainninvends ann1sinveddsannszuiunisuan 19
NINYINTTITUYIAREUUTEANTAMEGAN 1UNANNTT 3Rs Lok n1sanvedy (Reduce) N3
indualdd (Reuse) uwaznisuusldlvadvislusufanviodeindsndasu (Recycle and
recovery) ftiu nndunlendfithirdufiemndrsiaduninveadegaamnssuiiinaedidnnmly
nsttaiiednituiiniundualdusslend wu difudemddaniw (Biofuel) a1sndedu
(Lubricant oil) Ulnsiail (Industrial grade oleochemical) 81115897 (Animal feed) waz3an
USuugsdu (Fertilizer) 1usiu

thifusrimauiiandseglumnfunendannsnatnoonuldusledldilasnsldans
afnenisy Faduisaiuszanamgs dnsldnuiiazainuazsings uiegilsimuansadinie
nuiduansidneglunguansiaidunse ufivdeszuuuszam fnuantif semeditouas
Talwl (USEPA, 2006) fatimnnanunsaiamunnansasiianansoatnunsiusidnfinndnslunina
wondlfogreiiuszansam lnglidsmansgnusodunden fanudufiviuazliidusunse
sogunm Feinasfuuuimadenuiiwesnssuaunsataditus e uiaulonesd
auddaduediads

wiadalulasdiadfindu (Microemulsification technique) W@un1sasessuunisnay
vounmaesiafildanmsoruiadudedentuls wu diiuthiy Weussuldleendoans
anussisinduanadentsza Tnefoynianeluszuuidnuiniaidnuagluss lulasdiaduy
annsaudsld 4 vfia mudnuvarnsuisigaiafiiety fe lulasdifadusiin Winsor type |
(O/W microemulsion) lulasdadusin Winsor type Il (W/O microemulsion) lulasdiadu
%1 Winsor type lll (Bilayer) wazlulasddadusiin Winsor type IV (Single phase) lagnns
Wasuwlaswiaveshilasdiaduiinanmsiasuulasgumgiidmivszuulilassiaduiilians
anusaisiavinlifiuseg vdemawdsuasiamududuvesansdidnnseladdmiuszuuly
Tnsdifaduiildarsanusefsinvinuszgau a1neuddeves Naksuk wagamy (2009) 14
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ymsanwnsldnaialulasdtadusiin Winsor type Il lumsatninduainudaudy Tnedl
Hadunsatndiinude snsndiuseninasanusRaiiuarasanusIRaiITIN anandudures
asazany dlanvsolad vunveuNAAUIEN Srugnatlunsana wavensd@usyIansanaly
Tnsdatusousunanudnuidu (S/L ratio) TneranisAnusinuiinisldatsanusefeiinnanans
Uszlan Aeansanwsaiaiiuseaausiln Alfoterald5-5P0 anuiduduseeas 0.1 lagina iy
a1sanusefaRIlssinnlaifiuseguiia Comperlan KD anududusaas 3 lnauia Anududy
Yosa1sazanediannislansovay 12.5 Ingana syeznanlunsans 30 Wil wazdnaIuuan
sioansaringl 1 nfusieansarin 10 dadans fusvansnmlunisatnisiuanudaundudis 90%
Fafpuwiriunisldansatmeniau

MnLdTeRg numsatadsuanudaiisrenaielulasdiaduiiniu awdes
Anwanneuardadelunisadnsineg iemannendessduseneuivunzalun1safalid
Usednsnngagn Fohlumsinuadaddlginnsiiuu@n Hydrophilic Lipophilic Deviation
(HLD) wundua3esiielunsusvaneuazasdusenousineg Timnummngay iWelvldans
aﬁ'mluiﬂﬁﬂas{?‘uﬁﬁUizam%mwiuﬂﬁaﬁ’mfﬂﬁuqa wonniudinslduuain HLD Ssanuseld
Tun1susussdusznaulndlalueuianmniiniswisuulawilinvesaisanuseiiein wens
Wasuulawdnvenisiuiidenisada (Witthayapanyanon et al., 2006)

ofls mRuendiiniunsiidalaenisidnding dduiivuasdaievusieg eenain
nnAunenduds (Regeneration) szvhlaunondnduuniivszansamlunisidndnalana
anusathnduanlddlunszuaunisvendlélndviovuifuyadlnsnsianiuazufulganin
fuendittnunsirtaudnduiangedu (Adsorbent) 1ila191n Tassaireveswosusiuiuuly
ludasdiuszgaviliannsofsgalossufiiiuszquanldd fafu nsuszygndldansanusaiieni
yliaUsEaUINASIVUNINAUNDNE (Surfactant-modified material) vinlviusedngainlunis
trdmansuuilouludmandoulfodedussansamunnty

idleigg Didewadnmeialulasdtadulgsuauaulafusgrmnnitonantinsi
Fanmanfimisulagldinadalulasddadfliadu (Do et al, 2011; Attaphong et al., 2012;
Arpornpong et al., 2014) @mauﬁ’ammLs??aL‘waﬁamw%ﬁmlmiﬁié’a%uﬁmamlﬁﬁguﬁmmﬂé’w
fudomadinaden Wewddnmeilalilasdtadulaeilulsyneuseauesdusyneundn
Iun hifufea Ahdfuity (Sganatii), lenuea (Fgaiauh) wagansanussisi dhuly
Tnsdfatudunssuiuresigniath (vu temues) Tulusadasanussisindinszaredluy
pAthi (hfudis way/vie Aa)

Arpornpong et al. (2014) Anw1dvnaveslasadisansanusefamasimndusuarlyl
B uanguiefiuoenledluarsanussisinfivasaneauninvenituiildlagldansan
wssRaiaavue 4 ¥iln e aiieTiweansged Bui) ToTweanesead (Lidud) witalodien
(lsidus) wag U3a-10 @ngu EO) I¥ansanussisingau 3 vila Ao Savnuea seAnuea Waz
WALBANANSANYINUT asaausaiaiadialodien aunsaandanuvilalussuuldfign
wazdlauneynathifufivhiuisssuy Snitddldansanussfsindesdianlusyu faenudou
yeadendsiinmingislulasdfaduivezdafosninihduiiwa eswinluniswdmigu
Fowddhnmeialalasdifadu Snsduenueaadlulusruuiliivinaduazesnouves
pondiuluszuuinnninsuiwarildengnueudouanas
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Aatunddeliinguisasdiionmundndueivedanslulasdiaduniiasanus s
) %’ v o

Auduesiusznoundn wWieldlunisadaiidusidafuiinnAeeglunindunend dudfusidnag

'
v

afnldazindnmanudululglunstmunduisudemadinwsdalulasssiatu Ined
N1SLANATTLAULAY (Aditives) 199 LU Lavuea (Ethanol) asidentszarurdavoutiiy
(Lipophilic linker) uagtisiufiza (Diesel) Lﬁaamﬁhmmwﬁmmﬁwﬁuﬁ%LLazU%’UU'ga@mamﬂ’a
thifu WeilifeneliAenisTdninenssssumesaduaiuazinusslovigegaifiuyadinin
yeude Wamlvansadundnunaunuiidinsdey Esuadusunsiundnuves
Uszrlneuazandaminudanndeulddnde

1.2 Inquszasa

[ ]
av A4 A

TnguszasAlagsinveinsideilfe Weatmiiuiivanninfunend@aduninvends
9ngaamnssunsnantiduily wazWaunluwdomdsdinmylalulasdiadu lag
TrgUsrasAlanzveInsinuil Ao

'
Y [

1) WiloRnwanzuazdeulvvesnisadniitusdisemeluladlilassifadindu
Tnomsldasanussioi ileliléusyandnmnisaimindugsan
2) \iiefnudninavesrdnuarUTunveIalsanusfaRILaraIsanusIRaa I3
USmanevuea uazdanduenidulduadaluninfiunend den1inigniaventomas
Fanniinlilasdiady
3) Wleusufiunnudululdlumsitaundifudomadinmeiialilasddatu Tne
firnsananauandiiiiu lun aarmiadeaumans Uuunsaluiudassuazai
iy WeufuAsasgiu ASTM vestihsiudemasdlulofiea
0) leUsuifiunansenuAaindounaennaigins®in Wy n1svanudesinedeunsyan
(Greenhouse gas emissions, GHGs) ﬂ’ﬁs[fi’fﬁfﬁl,l,azwéhq’lu (Water and energy reduction) 484
weluladlulasdiadiiadu
1.3 Y2ULIASIUINY
1) mswangnsansaninlulasdsiad
nsmungmsansadalulasdiaduagyinnisinuigniassrinsdifufisiuansarin
lilasdatu InevhnsAnwdndnavessiauazanududuresasanusafiein anaududuves
asdiannselad lnevinsmaassluvasanaassuuin 15 mL Agumaivios dangnisuisdy
mavesiuivvansatnlulasdiadu wazyimsduiinanugevesudazinnia uanaINti ¥
MsiessiAussRihsseansadalulastatuiuintuiiy (nterfacial Tension, IFT) Tngld
A3 Spining drop tension meter ju Dataphysic SVT20
2) msdnwUsansnmnsatniduiivesnanmnduend
nsAneUsvansnwlunsatndsfuiivesnanmniurendlaeasainlulasdtadu
Tngazfinnsanangnsvesarsataiamisniiadululasdfadusiia Winnsor type Iil Lileyi
nsdndengnsansanalulnsdiiaduiiusyavsnmlunisadniduiivlizeian Tnevhmsing
dnswavesanusaseulunisann (Extracted speed) syagiaanlunisans (Extraccting time)
LazdnsIdIusENINNINAunendseansain (Solid/Liquid ratio) Usedniainnisatnazgn
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Wisuieuiuiansadalagldansatmenau Ineldusmanisuildanisnsadalagldans
affeneuduuBinuvesisiufivimuaiogfluninfusend
3) myaTeinunTuiadels
nshnseinuautitduiiadald dun dranuviadeatiaans (ASTM
D445) ATNAIIIUAUNSOU (ASTM D240) Ansalatiudase (AOAC 940.28) AIAINRUILLIU
(Density) wagesausznaunsaludu (Fatty acid composition) WieUszdiumnuansalunisii
ihiufiadaldluldsslenilnsazyhnadioufsuauauiidtufiateldfuiduiienu
(Crude oil)
8) Mamuthsudemdstanmeialilasdtaty
ddudomdsdanmeiinlilasdiaduussneuluieesiussneurasansanusei i
asaausIRaiiagan levuea dndufiviiadeld-difufivugns-fiea nisAnuigaiaves
Feawmdsdnmuialulasdiady axvinmsinudvsnavesdnsdiusninainduldduatnen
nnAunendintuiduuignihifufina Snsndudesas 50:0:50, 40:10:50, 25:25:50 uay
15:35:50 lagUSu1as) USunueniuea (Snsidiusosay 10, 20, 40 waz 60 lasUIuing)
INIIEIUTTNINNEITAALTIAGRD: F@15AAWTIAIRITIN (Bns1dIu 1:0, 1:1 way 1:2 laadsunsg)
LarINAYBIENTAALSIAIRT LawA Dehydol LS1TH, Dehydol LS3TH wag Dehydol LS5TH e
msfansidsundasigann lnevinisdmdentsiululassiadugnsiliasanussisiaton
e
5) Anneiguantfidomadinmeialilasdiadu
yhmslesginuautidemasdnmydalulasdiadu Iiun denuniingaaad
AEns (ASTM DA45) AasuaANdau (ASTM D240) Ansalusiudase (AOAC 940.28) uag
ALY (Density) dal3eudisufusnanasgiu EN 14214 vasihiiululefia
6) MINATITRNANTENUAWINGDY
‘v‘hmsUsmﬁumamwu?aLnﬂé’ammaamﬂgﬁg{]’m%ﬁm (Life Cycle Analysis : LCA)
nnszuunsataisuisiinndslumnaunendlagldansainlulassifaduiilaussansam
nsatmindugean douinisldindeiagavluauianisidaen (Cradle-to-grave) nuAsnns
11A551U ISO 14040 (1SO, 2006) selusunsudn3agu Simapro V. 8.3.9 lunsAnwn g
wii?l (Functional unit) lunisimuamanssnudaindon fe nszuiunmsinnisnindunend
Usanas 1 ton audnisldundeansatnauienismdnvende (Gate to Grave) ¥inisanun
nansynUAMIRdeu 12 fu Sulszneulufe magmdenineins-msliidemamloada
(Abiotic depletion- fossil fuels) Jaynlaniou (Global warming) nsvhanetuleloy (Ozone
layer depletion) muiduiiwsionywe (Human toxicity) auduiivieundainia (Fresh
water aquatic ecotoxicity) anuilufiwlungia (Marine aquatic ecotoxicity) AatTuiiely
Au (Terrestrial ecotoxicity) n1sinufsewas-+all (Photochemical oxidation) N5Link Y
n3n (Aciddification) wagn1aiiiusinemsfieluunasii (Eutrophication) Tnegld35 CML-IA
baseline V3.04 / EU25 nnslausslomuifinu (Landuse) Taeld33 Eco-indicator 99 (H) v2.10
/ Europe El 99 H/A wazdSunanisldih 1nel43% AWARE V1.00
7) MsAnwsImeImsiunInGunend n1seenkarn1asRULAYDINY
yhmanslieneisinonavaniuninfunendmevdamsatmirufivenlagas
annlulasdiadu 1wy Vsinalulesiou weanesa uarlnuwnadonluguidudsslovideods

a4
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nagouanulufivvaininiunendfiniunisatadiearsatnlulasdiatusonisienvessiniis
(Seed germination) azA31181IYB9351N (Root elongation) Tnelddnden (Vigna radiata
(L) Wilczek) uazimies (Glycine max (L.) Merr.) iWufianaass Inevimnasnnuds OPPTS
850.4200 Seed Germination/Root Elongation Toxicity Test a1uu1n 3§14 USEPA (EPA,
1996) wazvin1soenkuunIsaassuudnauysainteluuden (Randomized complete
block design, RCBD)

The feasibility studies on residual oil utilization

Preparation and characterization of SBE*

System boundary = Gate-to-Gate approach

O Microemulsion preparation and IFT
measurement

A 4

O Soil washing procedure  fuvvneeeeecbusneennnn > Treated SBE
v v

A 4

O 1icroemulsion-based biofuel study

A 4

© ruel properties testing

1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
T
1
1
1
1
1
1
1
1
1

© Residual oil : @ Phytotoxicity test
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1

[ = = e e e e e e e e e e e e e e e e e e e e e

* SBE is spent bleaching earth

5U 1.1 vaUlUnnuIvY
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1.4 Uszlowiilasu

1) fusuurdndagiansatalilasdiaduiivssneuluseasanusadadudiuusznaundn
ieanldlunsruiumsvedrsiduiivesnainnnaunendidiunsldauudle
pe9lUTEANT AN

2) Fuwvurandueiiiudemasdinmeialulasdiaduainiisiufivandrsluninfu
wlond Aiddumeunsudndilaigeen azan Suansenusdodaundonsi annsoduaiy
Husnuumadenuiidunisihnnvesdesnldlminusslond saudesonduingiu
nownuiudlnsidey

3) gdoyasunansynudaiadey SsamsahluiTeuidisuiumaluladnadenty
nnsafmtingiy ﬂstﬁ'mm5ﬂWﬂauv\laﬂﬁﬂmqmammimmiﬁ’lﬁﬂﬁuﬁth[,ﬁu‘%fjw‘é
(Refinery industry) ManaiselulssmanazsinsUssme

8) unAudTedafuiluansa1s39In15TEAUUIUIYIR 1309 Formulation of
microemulsion-based washing agent for oil recovery from spent bleaching earth-
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Yrdnseansaialulasdiadu

6) AanUsaan3 1en wazinITeiisanrinlasenisised esivszaumsaliiuniside
Aerdumsimuwuamadenlunsihfaqwidedisluiuyaduarldlianyselow]
g9an Ssannsarhluiamnesdanuilvssoly
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UNa 2
NUNIUITTUNTTY

2.1 Aunand (Bleaching earth)
fiunland si3e Autuulvluvi (Bentonite clay) WuusAuwmiovianilsiiinandngi

1w flanuanunsalunisvendunsiunaslvsiu Tnedadufiunend (Bleaching earth) slianils
\eaanlaseadramanioninveatuulnlusidusueuluilalud (Montmorillonite) 1y
psfUsznay ililauandilunisgaduansinediduogned fluiiings gadunauldd uas
annsouanivdsulesoutuidelsald (U 2.1) Auwlnlwidinisianldussleniugnamnssy
#1499 11NU1Y (Banat et al., 2000) 919

- M3vIndluNY gnaunssunend

 Mnauewnsdn lvdn iAudemuussmemsaiy

- M3HARIATDIED1S

- n3vdnas vty luvethdnide

» dnide aedulanewiin

« FrpUTul TR Ay USuanmauinlinud daugaueauysal

U 2.1 Auuulnlud

Tugmamnssunisvinintufisliuians (Vegetable oil refinery) kaggnannnssuns
wanlulofigaaniiiiufiy Seuldihdufivfy (Crude vegetable oil) iufngiu wu iy
Unduiu difusdniu warihdudavdesiv Hudu Sdeeuniudr dhduiivivesiisnuasdy
uiln 73 ndumiiuiiy waslienuuiavsldifisane didufivfusiosriunssuiunsuiulge
AAIN é’umm‘lugﬂﬁ 2.2 Tao3uanndunaunisadaenaniies (Degurnming) tiior4n
Fafeuusieg ﬁawaﬂuagﬁumﬂmné’maliﬁ (Triglyceride) 13y a1snqunealulaiin
(Phospholipid) 1lusu Iagldnsaneanssn (Phosphoric acid) Tun1sA1dn mﬂﬁ?u%l,%’wqi
Fumounswend (Bleaching) TnaldAumend (Bleaching earth) lumswendeu SeviliAnnn
Aunend (Spent bleaching clay) Miduvaadsannssuiunisuda Giamwﬁng%umaumiﬁm
nau (Deodorization) Tnethlurknuaudeuiiemdaeosornmauaznau dwlessmveasiing
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susauhlumuwiu Insaglinsaludulugurewds (Crude wax) wagihiufivusgus (Refined
bleached deodorized oil)

HsPOq4 Bleaching earth
Crude l i Refined
v.egetabLe ~® Degumming T | Bleaching | Deodorization —» Z:ij::jed "
B l i (RBD oil)

Spent bleaching earth  Wastewater

5U 2.2 nszvrumsuivaniwmidiuiiviu

115U

Iagnald geaunssuniinisldfunend laun anaiunssuviuniulvusans
91mskase) wazmawanuidululefiaa m15199 2.1 wansesrusznauveensaladiuluigduiiy

do vy oa § o a o < v a 3w = v a O A
ldndnndiululediwa uiagelsinig dununswdndidululefwauianingsiu duife
T oo« v & o S o oA v a = v ¢ 1 <
rduiiy degunisdrdrduiivandrslunindunenduilduseloviuiagidunisld
ninenTeTsURRAnUsEleylaEn iuyaalvinInveuds uaranaunuNITEn

Q

A1914 2.1 asAUsznaunsalusiu (Fatty acid profile) vosunsiuiilddmsundnlulofsa

asaUsznaunsalusiu Tassadremaadl Usunu
o 1A398519 (ocy) (Wt%)
Linolenic C18:3 CH3-(CH,CH=CH)3(CH,);-COOH 0.2
Linoleic C18:2 CH3-(CHy) 5( CH,CH= CH) »( CH5) 7- 10.1

COCH

Oleic C18:1 CH3-(CH3)7;CH=CH(CH,);-COOH 40.5
Stearic C18:0 CH3-(CH3)16-COOH 4.4
Palmitoleic Cl6:1 CH3(CH4)sCH=CH(CH,);-COOH 0.3
Palmitic C16:0 CH3-(CH3)14-COOH 42.6
u 1.9

xxy Ao Anvilanivveansaludu: xx Ao F1uiuvesevseumsusulunsaludu uay y Ao J1uiuvesiusee
WWaeNNN: Ghaly et al., (2010)

¥

2.2 nnauneand (Spent bleaching earth)

AnAuNend (Spent bleaching earth, SBE) LﬂumﬂmaqLﬁﬂqmammsuﬁlﬁ@%umﬂ
nszuaumswendihdufivlugnanvnssunisvinhiuliuians el furendesiitudiy
ANANUTEN 20-40 wt.% Lind (Pigment) nsnlusiudase (Free fatty acids, FFA) weanilna

(Phosphatides) wazlangtin (Loh et al., 2014; Beshara and Cheeseman, 2014) E‘U‘ﬁ' 2.3

9
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wansdnwaznIINIBnINTeInInAurlanduasiunand ninfunenddednduninveadsain
g9aMNT3L (Industrial waste) Afosgnrindnnaiingraneeaue 1y Mdudomamaunily
1580w 35w lum ey udiaus (Fuel substitution in cement kiln) n3an1silanauegis
Jaonste (Secure landfill) aamdnivints Ssluduneunisiidnagiialdaegeiilugiunig
sdumsuaganiida el mannveadesinanesnuenuinalssudesiinmsvesyge
NNTULTNURAAMNTTH (NFULSINURANNTTY, 2552)

ba'

Before

5U 2.3 dnvagnmenmIasiunend (E1e) uazninaulend (3111)

ATeRne MadnsAnenisatniduinudefivuazninfunend (Residual oil
recovery) Ingld38nsafafiuandnetu vlilduseansa ez auandfisuiidistu Tne
aunsauvaisnsadneendu 3 3udn leun nsanalagldfyinazae (Solvent extraction)
nsafaievedlnaingfteean (Supercritical fluid extraction) uaznisaralagldiindusai
Arany (Aqueous-based extraction)

AN5197 2.2 LLaﬂﬁ'%msaﬁﬂﬁﬁﬁuuazmzﬁm%ﬂﬁ‘wmiﬁﬁ’@ﬁwﬁumﬂé’aﬂmamqs] N3
afalagldiiiarareduisifenlilaeily dvhavanedldlunisasawlseandu 2 afiandn
fie fhvhavaeiith Wy evdlau Wesaaslsefiau wiidueaslsed Wudu wazivhazanelsiiva
i ienie wudu ngdu ledu Wudu ssavanefifeslddmivatntitu fe nisu maed
ﬂizﬁw'ﬁnwwiuﬂﬂsaﬁmﬁﬂﬁuqq Fafidnvanduvennar Ta lWifid sevedie dndwanzsa ns
afifeistvmngdmiunsanihiuiindelflumsulan msgliusunuhiuiignifing
afdena dleatnasaudvzivesvaniiataldlussmeendiazaseen

nsatalagldindusvinazats (Aqueous-based extraction) udsn1sfivaensieni
Brsatnseasatmeniou Weswin ansildaulvgduasilisunse Wulinssedauindey
annsaavarelanfuin sunaluladnsatniayldilunsadmdundn wu Wledhwiudy
mnRuend 19 fewuihunniunlend sisevhmsiuninaunenddmeilagldndotaeslunns
affn Hudu Feuszansanlunisamingduaziinin 70% mndesnsliuseansainnisadia
thifugeis 70% azfesdinislfioulss vidomsanusaisinduitefindy

10
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A15719 2.2 ggunseuiunsanauazUssansnnnsanaduUseianeneg

MUY d13ain yiln UszAnSnmnnsana
Kheang et | Hexane Acid activated clay 30 wt% of SBE
al. (2006) | (Soxhlet extraction) | Neutral clay 21 wt% of SBE

Hexane Acid activated clay 29 wt% of SBE
(Room temp.) Neutral clay 20 wt% of SBE
SC-CO, extraction Acid activated clay 27 wt% of SBE
Neutral clay 20 wt% of SBE
Naksuk et | 3 wt% Comperlan + | Palm kernel seed 94 wt% of total oil seed
al. (2009) 0.1 wt% Cyq.45-5PO-
Sulfate)
3 wt% Comperlan + | Palm kernel seed 94 wt% of total oil seed
0.1 wt% Cyq.45-8PO-
Sulfate
Huang and | Hexane SBE from TTET 21 wt% of SBE
Chang Union Company
(2010)
Do and Cy0-18PO-2EO- Peanut seed 95 wt% of total oil
Sabatini Sulfate Canola seed 93 wt% of total oil
(2010)
Kadioglu et | Cip14-P10-E2~SO4Na | Corn germ 83 wt% of total oil
al. (2011) Ci0—P1g—E»-SO4Na Corn germ 60 wt% of total oil
Tuntiwiwat | Sodium dodecyl Canola seed 80 wt% of total oil
tanapun et | sulfate (SDS)
al. (2012)

nsanaaetoulesl (Enzyme-based aqueous extraction) annsaatnunuldinnndn
90% wiitsnisarindmnududou Aesdinsmiuaugamgilvivngauiunisviuveaeuled an
faeulysifismgs uarldszozinailunniaufiseiun eraunnds 18 hr. vinlilidualuns
AWUTEAUEAAMNTTU (Rosenthal et al., 1996)

N9ainFIUE1TaALIIRIRAT (Surfactant-based aqueous extraction) ¥4 ILAALTIFIN
(Interfacial tension, IFT) sswinstnduiity wasvilhinanmzlilasddatueiasieg wu wia
dhstuluth (Oil-in-water, O/W) wiintiiluiingiu (Water-in-oil, W/0O) ud feilsiszansam
Tunsadngelu anunsaatmiitulduiinaantu 3didedde 1Halosdeounzqguniallunis
afafiligeenndudou asaalidune warlindanuluduneuvesnisadaiitiosndt udd

Y o

993119 fn denududaulunisweniniuianalasanainaniizlulasdiaty a15anwsIAInaI’

fould e ansaauseReinNddIuravens (Extended surfactant) fis Usenaudienylnsiend
\an (Propoxylate, PO) n3enydfiondian (Ethoxylate, EO) unsnagseninsdiuiniiniusey

11
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Pvarunendenuliveuinvedassasiasansafani vinlvanunsoantssfaialanasesu
Ultralow interfacial tension (<0.01 mN/m) (Rosen, 2004)

M13719 2.3 AuandRvenigiunnaisly SBE

AuAutAvasiguand d15enn Supercritical-CO,
extraction
WAC!  NC WAC NC
FFA (%) 11.5 12.6 11.5 12.6
PV (meg/ke) 3.1 3.4 2.8 2.2
Phosphorus (ppm) 19.3 18.7 18.1 15.8
Fe (ppm) 0.22 1.24 N.D N.D
Cu (ppm) 0.32 0.38 N.D N.D
Carotene content
B-Carotene (ppm) 3 6 7 7
Total vitamin E (ppm) 0 0 0 38.8
Fatty acid composition, FAC (wt% as methyl esters)
C14:0 1.1 1.0 1.2 1.3
C16:0 45.2 44.4 44.5 43.6
C18:0 4.9 a.7 5.1 4.9
C18:1 37.9 39.4 38.6 39.7
C18:2 10.9 10.5 10.6 10.5
QOil recovery (%) 30 21 27 20

" WAC fie Aurlend@uszinnnse (Acid activated clay)
2NC fe Aurlenduseinnidunan

N.D fie laigunsansiaiala

fiun: Loh et al. (2006)
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Kheang et al. (2006) Anwmsataitiusesviasaneuazds supercritical fluid (SC-
€O, iitednindfunnénsain SBE lugnamnssunisnduiisfuurdunduanlduselowd ua
nsfnwwuT thifuflateldiusinunsalatuasy Gnnnd 100%) uazAdeseonludgs sl
wangdwiunisldnuneiuens wianaudiiiuiiadalddamsaduldudandulole
fiwa (whaleawmed) usdedldinan 29 hr. dwmumaiAauiiseneamesiiiadu Tnslinandni
WNEALANNANT 80% 197 2.3 wansanauTRveshunndeseninensldivinazaisuay
N158AR2E supercritical-CO,

2.3 d198AKIANHD (Surfactant)

ANTANWSIAIAT (Surfactant) 1191nF37 “Surface active agent” Faduansusznouiia
anwauzlianausenausiy 2 @ Ao duiiveuivieduiiilih (Hydrophilic, water-loving)
wazdruiivouthfunsediuliid (Hydrophobic, water-hating) LLaméﬁ’qu‘ﬁ' 2.4 drufiveu
ihifusinifuansusznavlelpsasueuiismensueu (O waglalasiau (H) iuosdusznaundn
drulnginanlafusazdiffunusssumisiurwandaridinsdeuasindiuesdunsnz
(Rosen, 2004) §nualzd1AYU9a1TaALIIAINT AD dloldansanussisinfisadntosadui
szannsallanussiaissninsvenanaesilald 1wy tiuity dhiverme Wudu asan
wssisinflonzarshazuandudifuinldflneansdiui feazuanaszquazisuen

(%
a

AauUR v09a151Ue @rsanuseisiaausudseantalu 4 wla mudnuazesl ey
yipUszaau vlinusyquan sllnliivseq wazvlinUseqadu

NP O,

L

Hydrophalic
head group

||
Hydrophobic tail group

5U 2.4 dnunirlATIEI YDA TANUIIAIRT

1) e135aALINIRUTERAU (Anionic surfactant)
asanussisinUssnniidoaransiudrnsunndilivsraauiiionnan daushaed
Uszqiluau drunineglugures mstendian (Carboxylic) #alsldin (Sulfonic) Faluin
(Sulfuric) wazwealw3n (Phosphoric) anssmmanirunldlunsinansasivianuazeinsieg
1 the1dneay wednlen naenTuNEnSslATosd1919 Wy wny A3ueuLh sadinged
AuAntR Tun1svianuareind dnlesnn uazavaethlé fegreasanussisinlunguil Ao
Linear Alkyl Benzene Sulphonate (LAS) &g Sodium/Ammonium Lauryl Ether Sulphate
(Rosen, 2004)
2) d15aAL39RAIUTEUIN (Cationic surfactant)
arslunguilileazaneniugs szuanilduszquanidesandiumaniuuszquan
Trfunan quaternary ammonium @1unsadaiafuiuinvewdeldan deuldfuninly
gnavnssudme tagldiadoud eldaudu wasdessuliihain arsdinanilad
arwannsolumsvhauazetn uazlifives udannsoinizduny waziuialdd Ianudu
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Fefsanianldluaduuiany vieusuidy ansanuseisinlunguil 917 Long-chain amines
Acylated diamines Wag Quaternary ammonium salts (Rosen, 2004)
3) A15aauseAAdlaiUszy (Nonionic surfactant)
ansvinilidlearansiudrasliunndililseq auaudivosmanguiiazunnsaiuly
fustazanetld sudsbiazansih Srlewh anunsolluinasdeld (Hard water) asanidu
ansanussiainflaifivseq 3dliisvinavesusaseqlnilunisdieBaduiuiiui Tnsansan
usafsinvintalalldsudvinasndidnmsolad uiaesudvinangamgiunu degansan
LLi\‘laaﬁ’mﬁjuﬁL“du Alkyphenol ethoxylates Alcohol ethoxylates tazAlkanolamides (Rosen,
2004)
4) msammﬁaﬁwﬁﬂaaws:q (Amphoteric/Zwitterionic surfactant)
asanussRiInguiifiannsouanssegléiquanuazay Wearauthazuansuszq
Tausznilatuagfuanineudunsn-svesaniizuindon Tasdanmundomdunnfia
wansUszquan danmiedemiduaanasuaniusyyau uagluanudunanazliuanlseq
fvg1au B-N-Alkylaminopropionic Imidazoline carboxylates WagAmidoanmines (Rosen,
2004)

2.4 lulasdsatu (Microemulsions)

szuululasdiadu (Microemulsion) iunsuauans 2 fpanafidnetu fldsmduie
WABIAY LU ’E’Qmmfﬁ (Water phase) AU "';’gmﬂﬁﬂﬂu (Oil phase) Thanunsasandwile
wearuldlagldansanuseieia (Surfactant) Wufuszaiu seuululasdifaduilnuautan
drAgAe dauadssiuniavesiulauiiing (Thermodynamically stable) fidnwauglussla
wasriulel (Transparent) ilosnnnvuinveseyniauaiuasslugyluwadiivumdnuin (1-150
uluins) sunesiealawiuduasidomentu ssuululasdtaduaiunsaanuseiiaiia
ﬁwdwﬁgmﬂﬁ%aaﬂﬁaw‘i’waaashqmﬂ (IFT<0.01 mN/m) wagdsteiuaiuaninsalunis
azanvesiazaeseTaeliIntu (Bourrel and Schechter, 1988; Rosen, 2004) svuuly
Tnsdaduiisuussgndldfunanuaisfanssy Wy nisssiduanédlugnamnssumsyniang
Ylmsideu (Childs et al., 2005) NMSHARLAZLATDIE1979 (Mouri et al., 2014) Lzt
Foudsdanm (Arpornpong et al., 2014; Attaphong et al., 2016)
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H
Type 111
Bicontinuous

Typel: L Type I
Micelles T Reverse micelles

OERE 3 f:f ® .

Tuning Parameter (Electrolyte concentrations for ionic surfactants or
temperature for non-ionic surfactants)

+ 0 =

Surfactant concentrations

Reducing Curvature

su 2.5 wilaveslulasdifadu (Do et al, 2009)

' [d

szuululasdatuaunsauvadu 4 Yssian (5U 2.5) amunisiFesinvestuanaiidy
sausznou JevinvedlulasdfaduiiteiBenmuiavas Winsor P. dningiaians Q’”uwu
(Winsor, 1954) laun
Winsor Type | (Oil-in-water microemulsion, O/W microemulsion) lulasdfadu
Snwariifnnnmsfiasanussisinazanseglutni uaeiluanauvduvenidudiluoglu

(%
1Y

Fuh3ailiduiiielulasdtady

Winsor Type Il (Water-in-oil microemulsion, W/O microemulsion) iuiﬂsamamu
Snwairiifinanmsfiarsanussisinarasoglutuiiulé waeiluanaursdmesindily
ogluduthiiu yilviduituialilasdsiadu

Wmsor Type Il (!\/lultlp e microemulsion) nsiinlulassifadudnuas et uiidy
nanssemrinstutuastuingy 1/1'11‘151’131LaﬂammmLLavmmuummemiwm’]aﬂuuawam

Winsor Type IV nsiAnlulasdifadudnwuediinanluanavesiiuazinifugn
dousoudeansanussiain wregnuduludnunsilifinsueniduduioty

1n3U 2.6 uansliiudsanuanansalunsasuignnsenitsansaa Tngians
9813983 msiiinvTuadidninsladlussuuiiinisldarsanusedsinviiaduszq (lonic
surfactant) 3en1siingangiiluszuuifinagldarsanusefaiavialifiuseq (Nonionic
surfactant) Inesyuuagtlasuinnirainlulasdiiadusia Winsor Type I 1u Winsor Type Ii
way Winsor Type Il a10816U #991u348909 Nouyen wazamz (Nsuyen et al., 2010) 7
yhnsAnudvEnavesasazanedidninsladuiia NaCl densildsuignirvesansazaisans
anussisinTanmeila Rhamnolipid Saufuansanuseisiasaueiln Lecithin lunisafmiingy
NLUAAT192875 Diesel-based reverse-micellar microemulsions titetinluundnlulefioa
(Biodiesel) 9nHanIsAn MU arsavanedidninsladidninarenisiudsuignianinszuy
lulasdsfatuaiin Winsor Type | iy Winsor Type Il l¢ uanssfaguil 2.6
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6 - (a) Lecithin JBR'SPL = 1/1/0 628 by wt

Total surfactant concentration, w/v%

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

NaClLw/iv %

U 2.6 Msfinwdninavesarsavaredidninsladdenisiudeuinnia (Nsuyen et al.,, 2010)

ANTanRSIFIRATIN (Cosurfactant) il weanegedfidiansldens (Long-chain alcohol)
mm%gag]ﬂLﬁ:uL%’ﬂﬂuwwLﬁaﬂ%’wmmamﬂ’amm@ﬁa% (James-Smith et al., 2007) A3
HALVDIATTANKIIFRILAY n-alkanol (W30 a1sanussFeRiagin) Tudndiufuizanaiuse
Uasdunissuinuiaznisnanivedlastasaalaznanasana (Salager, 1999) @n5anusang
Raswaansarimthidusifennanu (Lipophilic) lussuu uenani ansanussisiasnan
3@1Lﬁmﬂizﬁm%mwmiazmwaﬁwﬁuﬁqﬁu (Wang et al., 2008; Paul and Panda, 2011) (U
2.7)

I

Solubilization
Parameter

|
'
w/m 1"optimum

.
Decreasing HLB--—>
Excess oil Excess oil Microemulsion
Microemulsion Microemulsion
Excess water Excess water

sU 2.7 ¥iinvadlilasdiiadu (Tongcumpou et al., 2003)

Do and Sabatini (2010) ANWIBNTNAVDIAITAALIIRIRIFDNITAN ATBSIRNINITENIG

a =

Prfusazdnioinuseans nnnisadinuniuanAluaIwazilant8ad Nan1sANEINUIND

ANMUNTUANTAY A0 A1 TAALSIARA eeldaiTanusefsmisinNddiuvene 0.15 wtd% A
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A1311508AALSIRIRT (Ultralow interfacial tension, IFT) seningundutngula 890311y A1
IFT 1ana9v095uuhandliAiud1ANLa1u1 o lun15ann iUl ANty Aawandlumnisnan

=

2.4 fianmzmsatafivinzay Town Sasdunsatnvesudaroaisadail 1:5 szoza1ns
affn 30 min fiAUE950U 150 shakes/min wazdumies 30 min finnnudaseu 2,1709 o) @
UsyAvBnmnisanaigiu 65-95% figaunndl 25°C 15797 2.5 LLam@mmwﬁwﬁuﬁaﬁ’ﬂlﬁmﬂ
asavaaanLIsRein wuiisnsadalasldansarasansanusefisininnautRvesndiy
Tndssfunmsaringeansatmeneu waresrdssnevvesiasnaiwelsdaninsfuimaesiiadn
Ihnansatnansanusafeia wanadnsei 2.5

a

M99 2.4 BVawavesinansanuswalisensainuidunidamaungil 25°C

Y

GRRGH IFT (mN/m) Wnanhifufiatn'  dnwazdiiy
(Wt%)
11;1 21 40 Emulsion
Ci16-10.7POsulfate 0.15 wt% 0.033 65 Emulsion
0.0095 92 Emulsion
C10-18PO-2EOsulfate 0.15 wt%  0.0088 95 Free oil

ndusEnIwelsevanual (S:L) 2 : 10 (g:g) Sug1@1n3aim 30 min 91 150 shakes/min
" wmafiansannnle soxhlet extraction
WU Do and Sabatini (2010)

M1579 2.5 AnsandRvesdiudiviiesann

psnUsenaulnsnawaelse, ANSENAENTAALIIRNIA? ansanaleniyu
XyZz!
(Wt%)
LLO 14.3 11.0
LOO 14.0 14.8
LOP 11.8 10.1
000 14.1 10.0
% FFA 0.050 0.70

'XYZ waneils asAusznavdunsesaisusenoulnsndwelse; the group in each tail is shown in the
abbreviation (W LLO Usenaulume C18:2 2 luana way C18:1 1 luana); fdnusde: L fe Linoleic
(C18:2), O Aa Oleic (C18:1), P fia Palmitic (C16:0)

2an1iznisana: gnsaisada e C10-18P0-2F0 sulfate 0.15 wi% waz NaCl 6 wid% figungil 25°C
Snsdnseniauiadunidoseatsada 1:5 (g:9) 50UN15aiA 150 shakes/min

uvasfiun: Do and Sabatini (2010)
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2.5 WawAsdanmaialulasdiiadu (Microemulsion-based biofuel)
L%@Lwaaiuiméﬁaéﬁ"ulﬂugﬂwaﬁwaaﬁamaﬁamw (Biofuel) FonfEiSnsusuuss
anunmihufieliienumngausonisldou iesnttufiefidnnuviings (Viscosity) 8
Huguassasenisldnuiuiaiossudlaenss Salanudnduiiazdesiinisandimuminves
thifufiy Fanszuarumslulasiatudumeluladildsuaruaulaegienfemdunisuivlss
aunmitudomnasiinm delfiuisureditnisiae Sdununisnand vildie ldiAaves
Fdoannszuauns SnitniudemasillédaduinnumsanUdeslods wu Aelulasiay
ponlad (NO,) adusuueuuenles (CO) waghuazons (PM) MAaarnnsmlsluyiuadion
ninhsufigauazthifululefien
nszvrumshilasdfatuazerdonsvianuvesansanussisi Tnsansanussiainazyh
i fifuideunanuvevan 2 wiadlisuduiodortu W fgamidu chiuiy vie
ihifufismamhiuiion) uazigniath (h vie evuea) Tansosududedetulslagll
Ainnisusndu visedenafimaiiuansanussfisingau (Cosurfactant) LiegaeiiuuszAnsnn
YDIANTAAUTIAGY WaziRuanTiAnuA1eY (Aditives) 1Wu Tamusa senvnuea tileUTuUss
aauTAtiuliAsdy Snvasfievrondomadulasdiadu fe dauildiauadies
(Thermodynamically stable) Duileieatu (Isotropic) TUssla (Transparent) A15797 2.6
uansauaTRdomAdnmainlilasdiadu Tulofiwauasien

M3 2.6 AnsaudRweIndsdInmylialilasdliaty lulefwauasiiaa

AENUR dndiula dndufien dnduluTefiea
Tnsdiady °

Flash point (°C) 15 76 174

Water content (% vol) 0.16 0.01 0.09

Kinematic viscosity, 40°C 4.3 3.4 4.4

(mm?/s)

Gross of combustion (MJ/kg) 39.2 45.8 41.24

Cloud point (°C) 5 -15 5

Carbon residue (wt.%) 0.08 0.13 -

@ Qmﬁ’lﬁulmiﬂiaﬁa%bu fia methyl oleate/1-octanol (mole fraction of 1:8) 22 vol.% ethanol 20 vol.%
kaz palm oil/diesel blend (1:1 v/v) 58 vol.%
wasia: Arpornpong (2013)

21N911U3T8183 Arpornpong et al. (2014) l§vinsAnapnuviaventeimasly
Tasssfaduamingud sy lngldansanusafarlifiuseq ¥ia Oleyl alcohol Stearyl alcohol
Methyl oleate wag Brij-010 saufuaIsanLsIfeRIIuNguLeanagoasiin JInuea oon
MUBA LAYIAAIUEA WUINNTTITaNTanLsafiivin Methyl oleate SauAUANTAALTIFIRITIM
fisnsdan 1 de 8 lnelua Mhuudunantuddufiwaiisnsndu 1:1 wasifueniuea 25
vol.% annsaldideimdsdanmiliaiaunin 4.4-4.8 mm¥s FalndiRsstuansngiuniiiy
fiwa ASTMOT75 Farfuualdit 4.1 mm?/s (Chevron, 2007) wenanidewmasdaninanniingu
UndudafiinaudouiilndiAssiuihiiufien TassausougaaniilfiAnanssuuasanisefis
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Haviln Methyl oleate sauAvaNsanuLIIRsITINTdanALea Nonsdu 1: 8 Inalua e
Unaunanduinsiuflganonsidu 1:1 Lagifiueniuea 20 vol.% FsdlAauseu 39.5 MJ/kg
TngArmusouvaniufwaianyiniu 45.1 MJ/kg wanenaguil 2.8

60

Microemulsion biofuels:
Surfactant/Cosurfactant mole ratio of 1:8
Palm oil/Diesel blend 1:1 (v/v)

Ethanol 20 vol. %

45.1

40 - 39.4 39.0 3_0_8_6

37.7

26.8

20

Heating values (MJ/kg)

Diesel Palm oil Ethanol OA/Oct SA/Oct MO/But MO/Oct MO/Dec B10/Oct

5U 2.8 ArAnufouresidudiwa Unuldau leuea wavidendslulasdiatuainuiiiv
U1au (Arpornpong et al., 2015)

Tnevtluuga maiauganitulalasdifaduagiinisinwainmsfinuigaiauy
WHLAWEIUWAEY (Tenary diagram) WHUAMNENIMALLTaRIAINET STz dnaIY
yosansensasuInnn lagdsznausiie 3 unu Immaamamaaammaw (A, B,C) a¥
wansdndau 100 vol.% HaTmIMANLNUYasaEMABLTALYITU 100 vol.% (Dunn and
Bagby, 1994; Patel et al., 2006; Szumata and Szelag, 2012) (g‘tJ‘V] 2.9)

X%A+y%B+z%C = 100 %

mﬂ'gﬂﬁ 2.9 uanadunsinluununmammasy Tneufiguarmendunsiuans
Fdruosiuszneuivhlddemaninnisuendy (Separate phase) LaziuTiniiedunsma
TWuansdndruiivhlfidomdesudnduiedoatu (Single phase) lunisiiansandnaaud
wanzanlunsuanihiiulalasddatu asfinnsundondadiunauiioguniiodunsniuan
Entier esmnidudndiliusunauasanussfinlos
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Single phase

29 WHUN WAL AR (Ternary phase diagram) (Arpornpong, 2013)

Attaphong et al. (2012) AnwdndnaveriauagANNLINTUTDIEITAALIIRIRIATS
ventianluszuudiisalueadlulasdiatunduiefiadusenlsdiuuuldnsuarlefwioignia
ihifululasdiiady esdussneurenhiulilasdiadulsznaude asanusedai asanusai
Ardan tevnuea tifualudwasinfufies wan1sAnwmudn arsanusssiauuuldnsedis
Srununguuesefiadusensdin 1luvinadesfvliAnigniadudedeiu dvinazes
Samdiusewiensanussiairoasanussiiinlidwasegaadiulilesddadu toe
Sanduseninsansanussiaiieasanusaisingind 1:16 \Jushsdwiivanzandian lag
finrsanansraduny aaauifiiiu uardeditaluninndoy vonaintuwudl Snsrdan
seniahfuenluaverfufisaiidninadouimaunisldarsanussisitluszo ledadan
voshfufwafiutuagldusinuansanussisinanadlunmevinliigaaiifududeiotu
(Single phase) (3U 2.10) uagArnmminazanas Ingdnadrusevinaintualudise diy
Fuwadl 1:1 faeuniiafikiunasianasgiu ASTM vesthifufieaUssannii 2
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Surfactant/1-Octanol

;)\100
10", \‘Y‘ %
// \
20,/ \ 80
/ \
30 / \
//" \Zo
0y \ 60
50 /‘/ \‘\
/ Single Phase \50
60 Microemulsion N 40
70/;' \ 30
80 / \ 20
\

Oil 0 10 20 30 40 50 60 70 80 90 100 Ethanol

‘ —@— 100 to 0 of Canola Oil'Diesel ratio
| —w— 750 26 of Canola Qil'Diesel ratio
‘ =¥ 50 to 50 of Canola Oil’Diesel ratio
| ~— 251075 of Canola OlVDiesel rato
‘ ~—&— 0 to 100 of Canola Oil'Diesel rato

a d'

5U 2.10 8ngnwavesdnsndruseninadiuailudifea1sanusesiady N1 25°C (Attaphong et
al,, 2012)

Arpornpong (2013) AnwnisinSeudomasiinmeinlulasdfaduainidfunay
syeulndu-Aea-loniuea (1848 50) Lﬁawmmumﬂ%’ﬁfﬂﬁuﬁL%ﬁi@ﬂ@mﬁqmmuﬁmgq
goanuUdy disfudemaslulasssadundnondiunanees tsuurdy-mea dadiduma
¥ty lemuealumaiidiuazdrsanmanuninvewitiulidy asanuseaionazansde
ansanuseiaiy Tagluauisedlainnsinundaseveansanuseialn asvieansanuseiieia
LBVUDA SATIEIUNANANTARLSIFIAIFDANTTIIANTAALTIRIRD LazinsTunaNsEinaingu
Unda-Aloanan senginssuvesia amnuviiauazvunneynalilasdiatu msanusaiaRaild
lun1sfinwife vlialidusey 4 wiia Fe afiu3iueanesed lesiueanaged wialodion way
U33-010 NaN1sANYINUIMNEIURELURINTaloAIeR /1-pann1UDa (22% LaaUsuns) len1uea
(22% TagUsuns) wazsnsrdrunant:1 lng USuins sewinesinduundu-fea (58% lne
USU1ms) @nusadigannurinuesalsazalsnay ﬁﬂﬁzﬂaulﬂﬁasﬂuwmaymﬂlﬂmaﬁaﬁﬁu
fflvuafivintu lurnedldsuuarsanussisintosfigalunsazarsionuealutiiiu e
fiarsannisvaeelodeainintudud 50 Tnenmassiuindessudmeaiilyiiinisusuaou
\3eseusd wazilszuun1sdanss wamsAinvwuinmsUaesielulasiausenled gamgiileide
wazimansusulasonlsdandomaslulassiaduiidianas luvnsiivsnanisldidemadian
Wit defleuiuiduiwaund egaslsfinunuitldfinnnuuansisegadifoddylunis
Usesfnaasusuneuenlamilaiiouiudiufiea

2.6 nmsUszfiunansznuiauandounaaaeinginadin

n15U581uInIns¥In (Life Cycle Assessment: LCA) A NTEUIUNITIATIEIUAL
UspifiuAnansenutemandusifiiroduindounaentasiinvoman i fudnisatavie
nsléunGsingiu nsruaumInan msvudsarnawandne msldnundndoe n1sldlmivie
N1suUs3Y kagnsdanisiawgnvasanduginaeinslidau nslindnnisnisusediuingdns
FAnansadunuszgndliiionisiUisuiisunansenudoduandenssninamansusiinsie
vioweluladililunszurunsudniiunnseiuld (SO, 2006)
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Arpornpong et al. (2015) lé@nvnu3euifisunansznudindouanisnantiy
Fewmdadanm 3 vie WWud Wewmdsdanneinlulasdtatu (MESO) luledwa (B100) uas
\Fewdwauszwinsluledwa-fiwa (850) Insvauiuansing (System boundary) uwiadiu 5
NEUIUNTT Lol %’jumaumiﬂgﬂméu (Oil palm cultivation stage) N1swaRTELUE (Palm
oil production stage) AsHARUTW T eINnAaTanm (Biofuel production stage) N15YUE
(Transportation stage) wazn15hd91u (Use stage) ¥nis@nwinansenudauwinden 10 §1u
laun ’unsa (Acidification) qiwﬂm%’u (Eutrophication) Ygymilaniou (Global warming) 113
vhaneduleleu (Ozone layer depletion) audufivnouyed (Human toxicity) mnuduiiy
RoNSNe1NTNI9 (Aquatic ecotoxicity) A11uLdufivnenineinsnisun (Terrestrial
ecotoxicity) 151U levififu (Land use) msgiy,t,%am%’wmmﬂjw (Water depletion) n1%
gudeiderndaoada (Fossil depletion) Tngl#38n13 CML 2000 IPCC 2007 Ecoindicator 99
uaz ReCipe lulUsunsy SimaPro (v.7.1) wan1sdinwinudn sasavsigdnsdinvesiiify
Feowmddinmeilalulasdifaduusuia 1.17 ton (45,800 MJ) fin1suanUdes GHGs Usuas
3,142 keCOseq dmsuihiudanneialulasddadu arsanusaiaindadussiussnoudfy
AeliAanansenuasndoumeiunslduseleviiifuuaznansenusessuuiing wiagslsh
au wudn Tnesaundrinduiinneiialulasifatudwmansenusedundeutesninile
WU uiuB100 tay B50 aﬂL.”iumamwumﬂmﬂsé’fﬂizimjﬁﬁaul,mzmiqﬁylﬁwﬁaLwﬁq
Noada

U 2.11 uamansisuiisusansenudswanden 10 ¢y léuA dunse (Acidification)
§JJIVI§‘17\|L?]GEJIJU (Eutrophication) Jeymlan¥ou (Global warming) n15viatedulelsu (Ozone
layer depletion) mmlﬁ]uﬁwiawwé (Human toxicity) mmv‘fJuﬁwiam%’wmnsmaﬁw
(Aquatic ecotoxicity) asLlufiwsensneInInIsun (Terrestrial ecotoxicity) nslduselevy
fifu (Land use) miqzyt,?wm%’wmmﬁw (Water depletion) ﬂ’ligjﬁgLﬁﬂL%@LWﬁﬁN@ﬂ%a (Fossil
depletion) senszurunisnaningudanmeialulasdiadu nan1sanw wuin iUy
Uiadsnansenusiodaindonluyng sy
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RBDPO mEthanol ®Surfactant [Diesel @ Cosurfactant @ Electricity

S D V277777727777 A;

5 2179 7.91 40.36 2536

B

5621 1000 278 4100

Fossil depletion

Water depletion

. -
B
—
g 7
Ozone layer depletion | T T T T HHWM

cwssons [ W77/
soarcson [

%

5U 2.11 wansenusisduwingenannseuIunsHaniudin mytnlulasdlatuy
(Arpornpong et al., 2015)
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unii 3
nsAnwignIanazn1sanaUiiuannInfiunend

3.1 Anw19nsNaveIrdaLarAINUdUTUVBIANITAYAI8AITANLIIFIAD LATAMUTNTUYD
asaraedidninsladdensinignieseninaiduidniviuasainlulasdiady

3.2, Anw1UsEAnsnmnisanainsiusitiafuesnainninfunenddienisidaisadaly
Tnsdifadu

3.1 UNUn

lunszurunsnanudnduiy (Vegetable oil production) titen1saulnavseiienisii
S o o« a < & a £% = [ 9 o A a
unduigindnduiamd@iininazdedinisuSuanin (Pre-treatment) WUnsiuiiv@u (Crude

(%
L9 o

vegetable oil) iouenFTaUus1e Falaenaliuad noudunaunsnauusgnsunduiy

1%
0w A a

(Refine processing) Aosiin1sAndnnsalatiudass (Degumming) wagn1sendurtuiivsu

v
L

(Bleaching) Inean1sldAunond (Bleaching clay) nswendilunisanainuduvesdiniuiisiu
deRuendgminluliudy asdosgnidaiaduningnavnssy wiemdanuisfingmane
AuAx U nsasluRanausunanivInig (Secure landfill) mstlulddudemdmaunuly
wAusougs n1snlinvilenieidudiunanansusuusafiu (Loh et al., 2014; Beshara
and Cheeseman, 2014) @slusunaunisfisnagiialddrenlugunisaiunisuazainge
uenantu Tunssdiuniseeg Fosdinmsveayaamuingyaneiivun

wiag19lsAnn wudn Tunindunendlduas (Spent bleaching clay) FensiiuSuncn
thifupaimdofiaUszanas 20-40 wt.% vesthmiinviavan ey AdedsliasiudnenIneesnis
thnnAunenaildudnriiunsruaumsataiduiednisuiisiundualdusslowd S
Fadunsdaasuannsnisnisianisvendenuvdnaina lasanizat1ads nsanveuds
(Reduce) n3tnduulddn (Reuse) warnisuusldlusislusutanuiodoindandasy
(Recycle and Recovery) #30%#ann13 3Rs Lﬁ@lﬁlﬁﬂmﬂ%ﬁ/ﬁwmﬂiaﬂﬁﬂé}mﬂlﬂ anuUSUIUVD
Wouazalganelunisindn

TutaguuldiinisAnwunaluladnsthdaningnavinssuiiduveadsaingmamnss
nsuAnthifudty eflazdnihifufinndeuazmnuesdendululdlmAnyselonigaanuasdn
mia@ﬂ%mmmmLﬁaaﬂﬁuﬁﬂmau Tnoweluladlunisatniitueenanveswdeiifeniildne
nsafirlaglddndusviazans (Aqueous-based extraction) Wy msafinlaenisldansavane
a1sanusIaa Wilerisanuseiiein (Interfacial tension) szarinaifutisiu vialdanusaario
druldusinamndu Tnevlianlulasddatuaiin Winsor Type Il foansanussiaiaagii
nshslaanatndueanainiu dsannsadesansldmusssud Sarundufive uazlidu
JURTIBABDIINIY (SUNS LavAy, 2558)

Haqtu Iimafeiiendestunsldasarasasanussisialunsatmidueanain
y09uds Aiamthongkham wazmaiz (2015) le@Anwinisldansadalulasdiaduiiiesiusynou
YBIEN AN IIAIRITUAUTERAU YA Cip13 Hos 7~(PO)g-SONa Wioaaisfulrdueanainnn
Auond TaelddnsidiusyninaninAunendreaisazasaisanusemsminfianeiuie 1:10,
2:15, 1:6, 1:5, 3:10, 4:10 way 1:2 o/mlL fienududuresarsasanslaieunaslss 2.5 wt.%
THaarlunisadn 20 min wansnwmuih UssAvsammsataisiugeanagil 25 wt.%
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Naksuk uazaaiz (2009) ladnwiuseansnmmsasmindulnduanudaluudude
A19828188198ALIIFININAY 2 ¥Hn A Comperlan KD 52uAU Alfoterrald5-5PO %50
Alfoterra145-8PO Tudwmsndruuanlulidy 1 ¢ searsavangaisanusafan 10 mL wagld
sreglaaantunisaia 30 min mamiﬁﬂmwudmiz?{w%mwmiaﬁ’mﬁ’j’]ﬁuméuggﬁq 93-94
wt.%

[%
[

A9 9UIT8AS

1%
a a v o

WingUszasAiefnuUsednsninnisadiauidusitniaunnaA1ein

Qe

'
] o a

nnfunendcunsidnunaimeansainlulasddatusiinansanusiisiinausenitsansan
W3R vlinliiuszquazstinuseqau ueanantuad didusiinaviadalastinandnsen
AesantRUTu Teun Aranuvuuiy Aeumile waznseluliudase Wefnwiau dululd

TunsihdsusigmAunauunlguselevidnasa

3.2 InQAULATEISIAL

1) @198ALIIAIA?

miamLmﬁqﬁa%ﬁmiajﬁﬂizﬁ;mﬁumiﬁwﬁ%’a 16uf Fatty alcohol ethoxylate (fe
11971561 Ao Dehydol LS3TH) waz Lauryl Glucoside (3991901561 Ao Plantacare 1200
up) Tngansanussisiawiin Dehydol LS3TH uasanusaisinfisinsifiunguiofidusenlas
(Ethylene oxide, EO) 3171 3 mole LagilognouA1sususIuIU 12-14 (C1-Cia) laglasu
ANBYATIENIINUTEN IneBnandian 3119 @15anusefliviia Plantacare 1200 up 911
U3 Cognis chemical

M1519 3.1 vllauazAMANURYDATARLTIFIRT

A198ALIIARE FaN19NIIAN HLB  wqaluana AUNUILUY
(g/mole) (g/mL)

= a a a
a1sanussRsEalinlaitiusey

Fatty alcohol (C12-14) Dehydol LS3 TH 7.9 305 0.89
ethoxylate, approx. 3 moles

EO

Lauryl Glucoside Plantacare 1200 up 50 348.48 1.09

A13anusRIRYInUEaY

Sodium polyoxyethylene Levenol WX ND 1200-1300 1.059
oleyl ether sulfate

a15anlsefemvlnuszgaunldlun1s@nerdde Aa Sodium polyoxyethylene oleyl
ether sulfate (¥81139N15A7 i Levenol WX) B9lasuaiuaunseiainuism anle Budains
ga (Useinalng) 9110 1195199 3.1 wanallauwazauauURvesa sanwsafa
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2) nndunand (Spent bleaching earth)

nnfunlend (Spent bleaching earth, SBE) lunisdnuiideadeillfinainnssuaunis
U%’Uﬂgdﬂﬁumwﬁﬁﬁué’ﬁnau (Rice oil contaminated spent bleaching earth, RSBE) Wag
drsfuthduiiu (Palm oil contaminated spent bleaching earth, PSBE) lnglasuminueiasizn
2 U3 hifufivaiuns S0 wasuien guauysaithduldy $ain sy

3) WiUNYAU (Crude vegetable oil)
TunsAinwiadaiagldmunudduiivivdnuig 2 vila Alauaudinaaiiuansneiy
oA Wrgius1gfu (Crude rice bran oil, CRBO) lasuaueasieianu3sm uiduiy

Bund $rfn didunduiuldtumimeyeeianuithn quanysohiduudy St
3.3 7593¢
3.3.1 M5AATzvRanUAnIInenInLazialivasnInfunend
yhmsnaaeusineandnitiulselenisennaiqiulavesiiv lunnfunendi
Yuioutsiusrdiniu (RSBE) nnauenaivuitieuinsiufivundufiv (PSBE) nnduwend
il RSBE finunsdnssneansatnlulasdifaty (RSBEe) nndunendwiin PSBE 7iH1unis
dramsansaialulasdiadu (PSBEe) ninfunendwia RSBE finiun1sdnesieansaialg
AU (RSBEh) wavnnfunendefin PSBE finaunisanssiuansataenisy (PSBER) lagd
wsvisigemsndnduldun Uimalulasiauiiovua (Total nitrogen) Wweave3aiifu
Ustlewiisafin (Available Phosphorus) waslnunaideudiduussleaidsefiv (Available
Potassium) wazduddindue mﬁﬁ’ﬂsmwiuﬂﬁé:mﬁw (Water holding capacity) Usuneu
dun3gAIsuay (Organic carbon) ALY (pH) mmiﬁﬂw%ﬂﬁqmmﬁmﬁu 25°C uag
ArAmaansalunisuaniudoulssquanuesiu (Cation exchange capacity, CEC) %
MsAnwaTNAADs 3 9 LaZgNUINIMIANULANFNNETA yonaniifsinsneasulng
miﬂqﬂﬁmﬁamaaummL“ﬂuﬂwﬁummﬂauwgﬂ%mwé’ﬂmﬂmiaﬁmﬁﬂﬁuﬁ%aﬂ lng
W51amaswazIsnsAnw lauwandlafam1sng 3.2
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M1319 3.2 Wwesuarismsnldlunisfinwanautilunindurlend

TRERHTIT L il lunsinen 91984
ALY Sadae pH meter luth
Sasrdn fu: 1 = 1.1 (w/w)
sl figamngl nsafiAuiidudaei wayte
25°C fewwdes Electrical
Conductivity meter
Tulmsiauviavun Kjeldahl method

Woanasanmdudssloviise
TR

Bray Il method

Innadeuimdulselowsd
ANy

ALY Atomic
abdorption

spectrophotometer

USunaudunsgansuau

78 Walkley Black modified

acid-dichromate digestion

NSURAIUNTARY (2553)

ANUEINNTOLUATS Ammonium saturation

uanasulsyquinuesiu | method

AP ‘3§9U1ug’fauau§aw‘7i 105°C AOAC (1990)
ﬁﬂaﬂﬂwiuﬂﬂié:mjﬂ Standard test method for

volume mass, moisture-
holding capacity, and porocity
of saturated peat Materials
(ASTM D2980-02)

ASTM D2980-02
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3.3.2 nsAnwImManlsigniaseritaiuazitiu (Phase behavior study)

nsfnvinisulsigaiasewintaiuaziduseninialulasdiadusianieg ag
yhnsnulee Jnthsufiedsnes 5 mL Fafusunuvesnhifuiiviinnédlunndumen
3 wazansanlulasddaty USuwes 5 mL aduvaoaneaosuia 15 mL wauaslvdaiu
Tneiedosnanans savasanaaeslugauaugamgf (Incubator) iunan 2 weeks iitels
sruuingauna é{’ammmmﬁﬁgﬂmlumslﬁmimiﬂiﬁﬁa%’u%ﬁmm6] MsInTEAUAINES
suaal,mau';gmﬂaulmm Futludase (Free oil layer) fululasdifadu (Microemulsion
layer) wagduin (Water layer ) (Tongcumpuu et al., 2003)

5U 3.1 msiaanuasvesusazignialunisiinlulasddatu

3,3.3 nsanwUszansnwlunsatainsiufivarnnindunand

mﬂmiﬁmLﬁaﬂqmmiaﬁ’@luim%ﬂa%’uﬁﬁﬂizam%ﬂW‘WiumiamﬁhLLiqﬁqﬁaiszﬁ;ﬂ
wazthsiufie awgminanAnwussansnmlunisadathfufiviianédunndumond

1) AsYzaNnInaulandfleaIsanaLanigu

'v‘hm’:tmm’i@ﬁ'%mmﬁwﬂuﬁagjhmﬂﬁuWaﬂﬁé’aamiaﬁﬂLaﬂl,szmimaﬁ%miaﬁml,mu
Yanuan (Soxhlet extraction) é?fat,ﬁummgmmu USEPA: Method3540C (EPA, 1996)
TnegianisAethnnpurenafiniunislannudy vsuna 10 ¢ ldamasanszanunsesdmsy
msafa (Extraction thimble) wasantaufusviazataenewy U30ms 300 ml adluain
Aunau LLé"sﬁwmiaﬁ’mé}"gaam’;v%w%’ﬂeﬁﬁammﬁ 65°C (LLamﬁquﬁ' 3.2 ) dlovhmsadaasa
mmii“mamiaﬂmaﬂLsaumEJmeﬂaui“mamﬁwwmwammm 65°C daeg19ld
ammﬂumaumwmaumamwm 105°C S¥pznan 6 hr ieanmudy 91ntuthinogadn
mmmm%u UMYV AUQUNYTTBY wEhiethandwhvinisuiiataldaordes
Firdneanalion 4 fumisdimuiuusinadtuiiasaldanaunsi 3.1

dwindsuiiadald ()
USmnanisfuiiadnls (wt.9%)= - ) (8un15 3.1)
dwinnndurtendiildata (g)
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5U 3.2 Msaiameansanaenivy

2) nsvEdnInaunenddsasanalulasddatuy

Fnsveaesaialunasanaassuun 40 mL leassuduainnsldnmnfunendadly
vaoannans Iagldiminay snsidu S/L ratio Aildsmuald FadaepIesdeninea a
Funis uansanalulasdiaty luusuna 10 mL udwhnmsatnsewnIsavgiaisazans
(Horizontal Shakers) suAsEfidvun Tnglasmunanzlunsadinie szozailunis
¥¥d19 (Duration time) Assoulun1svEdns (Washing speed) uay onsidiuniniu
Wondneansanalulasdiadu (S/L ratio) neudsannsanniiaisazatefilevinistumies
finu$s 3,000 rpm ieliinnswendy Tasazvhnsuwentuindudasy sulilasddadu
Lasdutndruiueen uwawhnssznnaunendsetiindusiuiu 2 seu

3) nsAnwUszENSwsaRmnTudeasataluTasBavy

Mendanmsatninsiudsasazatsasanuseiain nndunendfiiiunsvzdna
Frvansdaluladiadundiazgninluiessinuimnarhfuivlidemndng Tnsagiininiu
wondfrunisrrdraudalueulugeunudeuiigungil 105°C szoziian 24 hr tilernda
ALy wdantuthdiedailduninssdusinasuiiedinnddunpurlond  daeans
afmenisy Useavinmnnsatnunduannsadualéanaunisd 3.2

YgANTNNNITANA (% ) = x100 (81nns 3.2)

Weo A Ae Wwtnuduildannasadameaisanaeniau (g)
B Ao umtnihdunlaanasaninmeansanalulasddadu (g)

31


http://npchemsupply.weloveshopping.com/store/product/view/%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%82%E0%B8%A2%E0%B9%88%E0%B8%B2%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2Horizontal_Shakers_HS260_control_IKA_Germany-27149096-th.html
http://npchemsupply.weloveshopping.com/store/product/view/%E0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%82%E0%B8%A2%E0%B9%88%E0%B8%B2%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%A5%E0%B8%B0%E0%B8%A5%E0%B8%B2%E0%B8%A2Horizontal_Shakers_HS260_control_IKA_Germany-27149096-th.html

enuatuauysal Tasansatnundiusidnfuwaensaluiudassiinniinniniunendlaenisly
ansanussiaaviinlilasddatu Wednhduiiuasiuendnduuldlselov

3.4 NAN1IANEN
3.4.1 NM3ATzvRuaNURnIenIennuazialivasnInfuend
nndunendlunsAnuiteadadlfunannssuiunsuiuussaanmiiusdnn
(RSBE) wazthsfutndudiu (PSBE) laglé¥uauomasizsiannuisy diufivaiuns $1i
WAYUIEN qmauyiaﬁ’]ﬁuméu $1i0 muddU JU 3.3 Wansdnuaie 1NN mueanIndiy
wondfisiunslfruudinnnszuiunsuudssnmnminiuidnngu (RsBE) AldlunisAne
Aeluaded nudn fdnvuzidafudoudisasiBon ddudu fusuruauiuiads
4.6980+0.0681 wt.%

5U 3.3 ANUAENNNEAMTBININAUNBNETINIUNTEUIUN SUTUU TSI NINTUs 9 1AY

AN599 3.3 uansrineynAvesiurlend (dy) lagdmunnnuitegludeeyniavung
A1Nd1 53 Um Wiy 24% aun1AIua 53-150 Mm ity 59% 1u1neynia 150 89 300
KM wag 300 99 710 Km v 8%

M1579 3.3 YWINBUNIANINAUNENE (ASTM E11)

o

YuIRdUNNA (KUm) Sieve no. dngau (wt.%)
do< 53 Mesh 270 24

53 <dy;< 150 Mesh 100 59

150 < dy < 300 Mesh 50 8

300 < dp< 710 Mesh 25

mﬂm'ﬁmswﬁamamﬁ’amqmamwu,azLﬂﬁsuaqmﬂaumﬂﬁﬁga 2 wilg WU NINAY
slondvda RSBE fuUSunaitusidnfuande 20.80 wt.% wazninfunlenduia PSBE §
USnaniifuuduiuandns 19.60 wt% gennaunendis 2 ¥iln Jeiaudunsasng (pH)
ogludismnudunsafonnanlunszuiunsudmifuiivasdinisldnnvedrafioia
UsgansnmlunsBadusaassingg dmusimemsiiulselevisofis wuinegluinausisn
fusnalulasiau  veawesauaglnuna@ouiidulsslovideiiv ifu 0.60, 2.8 was
0.02% a1uaeu dvsuninfiunendvila RSBE war 0.57, 2.47 Ay 0.03% AIUAIGU
dmuninfumondeiin PSBE ninAunlendiia 2 vila fidn O/N figefidwsintu 5.66 (RSBE)
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way 5.97 (PSBE) fidnen1nlun1sguun (Water holding capacity, WHC) lauinnin 60%
wazdannsihlnihfidneglunasinuay (LD, 2553) (11571991 3.4)

M1319 3.4 AuaudRnaNeAmuaziaiinInAunend

WIsITnasTANY e nnAunanduiia nnfunanduiin
RSBE PSBE
UFunuisiu wt.% 20.80 19.60
Ay Wt.% 4.6980 -
A1 pH - 4.46-4.56 4.63-4.65
Gualulasauiomn % 0.60 0.57
WeaneSafiduusslonidedia % 2.48 2.47
Tnunadesiidulsslovidediv % 0.02 0.03
dnTdumsvou-lulnsiau - 5.66 5.97
v‘*’fﬂamwiumsé:uﬁw % 61.10 65.79
An1suaniUdsuuarlesy crole/ks 27.33 32.00
Amsthlnlihiigumgd 25°C ms/cm 2.39 2.58

U

nmsdnwivianagesddszneviiogludunendfidsluniunisldain (Vigin
bleaching earth, VBE) Iaawnatin X-Ray Fluorescence (XRF) wui1 asAUsznovdIulng
Usznaumedineulasenled (SI0,) egiliusenlys (ALOs) Faeslnsesnled (SOs) uaz
wraLdeneanlys (Ca0) InewuUSunanvindu 72.2,9.93, 4.53 uag 3.21% MNa1dU 39910
sAUszNaURINaIaennde UL HBUdLeTalalu (Montmorillonite) fidneglunguaualiin
et (Smectite) Aifin1sdni3osiaesdanioonladaosdu (2-Tetrahedral sheet) waziitumas
agiltiueenledunsnagnsinais (Octahedral sheet) (Nutting, 1933) dmduansuszneudugi
ATITNUUAASAIANTIT 3.5

4
o o o 173 a

3.4.2 nMsRnwigniassninasaialulasdiatuiuindiuiadnfu
31NNSANYITYNIATetEITAaTaIUA1TanEIIRINIvTEAlLULIUTE] Dehydol LS3TH fiu
driugdniu Lﬁaﬁflmiﬁ’ﬂLﬁaﬂammiavmsmsaﬂLmﬁqﬁ'sﬁmmsaLﬁ@lﬂﬂi%ﬁﬁ%’mﬁm
WinSor Type | wag Type Il 19 ‘Lumiﬁﬂmu aldhusdmnuiidslildrunssuaunisrend
dushunurenisuidnaviiendduniniunend et maseudszansamansataisi
s ¥mAveanannInAutend lneladefivhnnsinu ldun Jedeanududuresarsavarsans
anu39FRliTiUszy Dehydol LS3TH wazladuainududuvesaisazaredidanlaslarivia

TaRsunanlsa (NaCl)
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aa o

M15719 3.5 29AUTENOUVRIRUNBNENS

lalenungitau

a9AUsENOU dadu (wt.%)
SiO, 12.2
AlLOs 9.93
SOs 453
Cao 3.21
Fe,Os 2.46
MgO 1.56
Ko,O 0.96
TiO, 0.77
Na,O 0.45

1) N15ANEIUAYAMUUNTUVDIAEITALANYEITANLIINIA

31nNNsAN¥ITnNIAvetaITaratuaITant RN vlialuliusey Dehydol LS3TH fiu

drusdniu fienududu 2 4 6 8 10 12 14 war 16 vol.% Tiusznoudeasazaslaioy
aaelsd (NaCl) Anududu 10 wt.% anuanisneasanudn Wefinanududuresasazats
A158AUIIAIHT Dehydol LS3TH 21nAuandy 2 vol.% §958Aua1udndu 16 vol.% i
SvswasiomaiAnigniaseuinaihiuthiiy ndnie Weduemududuresasaraisansanuse
Ry dnwaznisiinlulasddadussdsuainlulasdiadusida Winsor Type 118u Type I
waz Type Il aua1diu 91n3U 3.4 wandbiiuinssavanududuresasazaisasanusafian
dudu 4, 6,8, 10, 12, 14 way 16 vol.% iansuenidu 3 du Taun duiiudass Judadu
wazdiut swddy (5U 3.4) Teagulddh dannududuresarsarareansanusaiisin Dehydol

LS3TH i 4-12 vol.% anunsasinilulalasdsiadunia Winsor Type Il ¢

.

"

U 3.4 dnwauzignalulasdiiatu Winsor Type i

[
o w

FUUNUDATY

Fululasdiadu

(% 1%
o |

FUUNEIULNY
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1.00

Excess oil

Type Il

0.60

040

dadaulaeusuang

Type Il

Excess Water

0.00 T T "
0 5 10 15

ansaausifisAtdenszd GavazlaelSunae

=]
(]

5U 3.5 Yafeanudutuvesansanusaiaiidunsizvivinlaiuseq Dehydol LS3TH wuduy 2-
16 vol.% wazansavany NaCl Sevar 10 wt.%

a v aa s A o = a a = a !
INNUIYVDI ITUNT AZAUY (2559) VININTANYIDNINAVDIATAALIIFNHNINDAT

1%
[ o

anaudulrdufuIInnInAunend ImEJ‘1/‘1’1msﬁﬂ‘mmsLﬁmi’gﬂmmadaﬁﬂuim@ﬁa%Lwia”
%iin lﬂﬂ/lﬁﬂﬁﬂﬂ‘bﬂaﬁaﬂLLNGNN’J‘VN‘M&J@ 5 %iln 1awn Dehydol LS3TH Dehydol LS9TH
Tween20 SDS waw SLES lunisvaassagldiisfulduiuidusunuvesidulrduiuiinnds
TunnfAunend nan13@neInui @19anusIRsEIviln Dehydol LS3TH Way Dehydol LS9TH
arusovinlulasdifadusiin Winsor Type Il 1§ Tneansanwsefiais Dehydol LS3TH was
Dehydol LS9TH anunsaiamsuensululasssfaduaia Winsor Type Il finnududuszming
0.012-0.3 M Wag 0.0003 - 0.0034 M Mua10U

2) msanetladeanududuvesaisazangdianinslai (NaCl

nan1sanwItaduanuidudurssarsazaredianiaglan 1wu luisuaselsa (NaCl)
AIULTUTY 0, 10, 20, 30 kA 40 wt.% f9N15tAATNNIATENINIEITALANAITAALTIFINT
daarevieialiliiuseq Dehydol LS3TH arundudu 10 vol.% uasdidhmdiuresigiusiin
fu Faudushunuveniffusidiitataldannindurend Tusasidau 50 vol.% udavinis
Funansalivdsuuvasipnialumainlulasdfaduriasineg 9nsuU 3.4 uanamsudsuutas
naindulalasdifaduriinseg MnnanisAnemuin fssduarududuvesasazansleiion
aaelsd 10 wt.% auiialulasdiaturiin Winsor Type | domnududuvesansavasleiion
naslsmfintuain 10-30 wt.% aiinlulasdiadusila Winsor Type Il uafisssumududy
yosasazatediantasla 40 wt% anintulilasdiadurin Winsor Type Il SUSumvesans
anussfsinas oradunszdsyquosansarasladsanaelsdluunsnogsenisdiuiivoui
YDIEANTATANAITAAIIAIRT Dehydol LS3TH vililuiusiuosvesasanwtssfesia sy
luwadinigiafusiniu Arauveutiivesszuufiavaniias vilinsifatgaiaiinng
WasuwUasnlulasdiadusida Winsor Type NIl Uiy Winsor Type Il (Kumar and Miittal,
1999)
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Tun1sfinniadeanududuresansazarslaionaslsn (NaCl) sienisiinigninues
ihifusiduildidusunuesisiuidniuiiataannniunend Ssasuléi grsaisen
LSeRsRTlduUsTNoUTe ATz aNETANKSIFIRN Dehydol LS3TH fenandudu 10 vol.%
somsaraelefonaaslsd (NaCl) Adanuidutusiign 10 w9 JseansoviliAnlasddatu
vila Winsor Type Il Tuszuuld (U 3.6) Tsmmingnsansanusaiaialddainanagiiuuliug
annsnanALssRsi s fuhiusinaulde Saenndestunuideves Naksuk et al
(2010) IFvinrs@nwinisiinigaiavesirffutrdulae@nuvidnsnavesanududuves
asazanslafonnaslsd (NaCl) densiudsuntasinaiauazan IFT vesansazalasaniss
f9R1 Comperlan KD 593U Alfoterrald5-8PO waz Alfoterrald5-5P0 lpguusnisnaasady
2 530U 1AgT2UU A (RAUE1TanLIIASAITENINY Comperlan KD 3% Wag Alfoterrald5-5PO
0.1%) T2UU B (HAU@15aALIIAIAITZIN9 Comperlan KD 3% uag Alfoterrald5-8PO 0.1%)
fnsilnifeunaslssamududu 0-20 wt.o nduidunansalivdeuudasipgnevessyuy
faaes FauandlifiuinnuAniifistudwaliannninnisidsundadlulasdiadunia
Amnuutureandeiiunndaiuan 1-10° mN/m ¥ilsilen IFT anasifigalutas 10%10°
mN/m FslugasiasAansredilulasdiadu Ssnansoaguldduilon IFT anas anudufag
ity Wemnnsiuanududurenndeannsafiulsyansamnsnedilulasdifaduyie
#n9q 2nlulasdatueiia Winsor Type | Ju Type Ii

Excess oil

Type ll

dndrulauuTuams

NaCl (¥ouazlnebwiin)

U 3.6 Yaduanududuvesansazanedianiaglad (NaCl) sionsiinigniavesansanusefieny
Dehydol LS3TH Ainuitatu 10 vol.%

3.4.3 mMsfnwUszAnsammsaiaidiusidnfuiemsazaeasanuasiei
NRANISANYINISARTYAIATeEITarasa1TanussRsrNduaT svuiialiiiusey
Dehydol LS3TH vinl#ansadnidengmsansazarsansanusiisin fannsainlulasdiadu
%iin Winsor Type | waz Il 1§ ifesainanududiunde (NaC) Aduduiiwnndnaiu liun A
Wudu 0, 5, 10, 15 waz 20 wt.% (31971 3.6) Inslusiazgmsaziimnududuvesansazans
4198AL39R9R Dehydol LS3TH 10 vol.% i virlsilagnsaisazaleansanusafaidomm

Viavun 6 g3 WethlAnwuseansammsaiauidusidnavannndunend
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Tunsanenisatniisiusdnnvanniniunenddeansazasansanussieing oy
FnsAnwdnSnavesdnsdiussennAurlondiuansada (S/L ratio) wazszeziiaildly
nnarin (Extractions time) Wipyhnsdndangasansavansansanusaiainiaunsnarminsy
$1mRvsennnnAutendliegadivssansam swludannensatafivanzey

UNEN] v
v o A o [

A1979 3.6 99rUsEnavansanalulasdiatuninn1sAnaantiaANwIUsEaNS A NNsainLng]
S19MAUBENANNNANAUNDNE

an aIRUsENOY amdudu Nacl  wfinlulasdsatu
(vol.%) (wt.%)
1 DI - -
2 Dehydol LS3TH 10% 0 |
3 Dehydol LS3TH 10% 3 |
4 Dehydol LS3TH 10% 5 |
5 Dehydol LS3TH 10% 8 |
6 Dehydol LS3TH 10% 10 Il
7 Dehydol LS3TH 10% 15 If
8 Dehydol LS3TH 10% 20 If

1) msAnedIunuanundunge
InnsAnwUszansnmnsatatitusiiiafvainniniunenilaeld
ansazanvansanusafsinilalufiuseq Dehydol LS3TH maaidudu 10 vol.% fAsziuam
Wadunds NaCl uansineiu lawn 0, 3, 5, 8, 10, 15 uay 20 wt.% wazldonsndiuszningans
aftnlulasdiatu 2 mL seninfuvlend 1 ¢ thegallwgdepionvenansiinmss 200
rpm SzezlialunIsana 30 min Mntuthieganiuiiewsndussminetuddudnuiu $u

lalasdifadu fuiuazduninfunend (sU 3.7)
nMerasannsiinnaunendlusuliuis wasdnnanameansazaigieniau
dioguinnatusidnduande wanisnwanudn iearduduindefintusinli
1Jiz?m%mWmiaﬁmﬁﬁﬁu%’ﬁ%’nﬁuqﬁu TAgANUINYULNED 0, 3, 5, 8, 10, 15 way 20 wt.%
ﬁﬂﬁz?m%mwmiaﬁ’ma?{a 33.98+3.78, 37.76+3.78, 38.84+0.52, 38.47+0.52, 41.69+2.90,
84.18+6.14 Uag 46.92+5.61% auawu §U 3.8 wansUszAvsnmnsarmingusidnainnn

AunandNszAuAUTNTY NaCl 6199
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PUUILAUFIULNAY

ansanalulasdiady

nnAunand

'
G

U 3.7 ddszneunlnannmsataninfunendseaisaialulasddadu

1.0 80
- E=E Extraction efficiencv - 70
08 T —&= Phase behavior
i . - 60 ¢
. B Excess oil Type I 5;”
= i - 50 ow
S06 T g
E [ € - 40 2
= [ 2
z I e
-E 04 i F 30 —~
Bl | oéjﬂve
- £
i - 20 &
0.2 T Excess
- water - 10
00 n T T T 0

0 3 5 8 10 15 20 30 40

AU gL NaCl (3ovaz Taguuiln)

5U 3.8 Anuduiusseninmsfinuigmanavdsednsamnisadauidiuannindunend

sU 3.8 wansliifiuinuinmanuduturenndedifindusiliss uula
Tasaifadulasuain Winsor Type | iy Winsor Type Il iilvszansnmlunsasainsius
dmeenanninfurondifiutuderuiu snduiiviinueududurennde 20 wt.o dadu
Aansdsunasignialulasdifadusiia Winsor Type Il luidululasdsaduudn Winsor
Type Il dliuszAnsaimnsafnundubuanas Jeaguldin gasarsazaivasanisaiieia
Dehydol LS3TH fiaanududu 10 vol. % wazarruiduduvesleisunaslssd 15 wt.% 3
UsgAndawnisadmirfusidneenainnindurendgean tnedussAnsamnisaiaiade
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[

84.18% uona1N JUN 3.8 uansliiumnuduiusnaenndesiuseninswinlulasdlatuuas
Uszdvdnnmsanaungiu

100

S/L ratio = 1:2
5 S/L ratio = 1.3
W S/L ratio = 1:4

90

80

)

70

Saum

60

(

[

SATMNMNTTENA

50

40

=

30

Uszan

20

10

0 5 10 15 20

NaCl (3awaz 1neuinuiin)

5U 3.9 Uadeanududuresansazanslaivunaslsaneyssansamnisadauidusidnsy
a =) L% ! ! a a1 Y
nnnaurlend ludasidusenineninfunendseansada 1:2 1:3 uag 1:4

2) msAnEUSIUYEILTIRDYBIYAT

nsAnwsnTELsEImnAuNendsoasatalunsataisusisRuan
nndunend lagldgasansarargansanisesiaid Dehydol LS3TH Adudu 10 vol.% uay
Ay NaCl 15 wt.% uazlddnsdiuvasgasansatmlulasdiiaduuiung 20 30 uag 40
mL AennAunend 10 g W3esns1dIUTeTIMevDLMal (S/L ratio) 2:1 3:1 uay 4:1 ARy
dlovniswgdewnionagtansiinniuss 200 rpm 1Huan 30 min Ui SRsidusEnIg
nMnfunendfuansadalulasdiadudl 2:1 3:1 way ¢:1 TUszAvBaingsgn 84.18 85.02 uaz
86.17% muadu (1ngU 3.9) szuiuldindnnadusninninaurendiuansadalulasdiaty
(S/L) 71 1:4 amﬁaaﬁmﬂfﬁuaaﬂmlﬁqqq@ uiognslsfiny Hanudnadmesnisadad
Usgansnmnisadaiildfinnuuanesfiuegnaitddey (p>0.05)

nasuATeiiTimaenadesiunyiseuas Naksuk et al. (2010) Fivhnisanen
SvEnavesUinanudalnduseansatnaisanusfiein lnevhnsvaaesfiusinanudauidy 0.5
1.0 1.5 uay 2.0 ¢ AaUSNIATANSANAEI5aALIIRIRT 10 mL Han1sNAasInuI1 Usuaiudn
Undw 1.0 g eansafinansanussisin 10 mlL fszdvBamnsadingsiigailesnainuiuns
ansanussieiafiaumnzaniuusinanadaundy vldiluszans nmluniseedtuuidy
2ONNNANLLAALAR

3) ANSANENSZEZLIAINITANA

nsAnwUsEans ansasmnus i Auseasatalulasttaduiidansan
wsefaiavia Dehydol LS3TH WussAusenaundn annsanwtladeanudy USunuansadn
senindunond sivlanunsadnidengasansadalulasdiadu fe msldarsanussisiavia
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Dehydol LS3TH 1udu 10 vol.% wagansduduresansazarelaiiounaslsnioeas 15 vol.%
Mnsanadustangnsd@unndunend 10 ¢ Aeasanalulasddadu 20 mL Weundnw
dndnavesatreUssdnsnaimnisanauitusignnu lneuidlegsunvinnsanalaglvinies
| a & I3 . = Al 1Y)
LWEE1S 1A11L57 200 rpm 1Jukan 30 45 wag 60 min NANISANYINUINNTLYELIAINTENR
30 45 uag 60 min dUszAnSamnisainiaie 84.18 81.16 uag 72.05% auawu (5U 3.10)

100

EL 84.18
8116

80 4
72.10

2)

70 4

(5oua

60

o

50 4

40 4

AnSnmn1sana

P’
o
o

30 4

Us

20 4

10 4

30 45 60
LI|a1nNsana (ui)

5U 3.10 nawldlunisadmindfusiinifuesnainnindunendn 30 45 uag 60 min

MIFNEIBVENATEIAIReUTE RS MNANTERANUIT STeRaINSanadi 30
min Wunafimanzandmiunisatniisiusidnesnanniniunend deldussansamnis
affn 84.18% Liipsanniiannisanai 30 min AuitemesianisanAusaisiaseninaiuazty
(IFT) shlsfhifuannsavianeaninaniunendldd efeszesnainisadafivunzananinsnan
Temanisanndunveninsfuasuumnauend (Re-deposition) lésnaae

U 3.11 wansnsUSsufisudnvasnamenmiiUasunasluvesninfunen
avuiouringiusidni msmam'ﬁaﬂaﬂmu'mumEJmiaﬂm"LmImauaéuu Imaﬁﬂ ﬂ) Wunindu
Wondnoumsada szdidnuvandudiunady Sanutuiemininsandswenisiusidanu
lunszuiunisnend wazsy ) Junndurendndinisanndsasadnlulasdiadu lnod
Snwazuandnannnindunendnounisadn didnuardihmadeu uwis iesaninisgiing
oonunfuthifusndnafu uaglifidsuhdmniuandses
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5U 3.11 dnwaugninduend n) neunisaria v) ndsnisaiasigasaialulasddaty

3.4.4 nMsAnwRudnwaznInAUNand (Characterization of the spent bleaching earth)

Snuaziuivesiunend (VBE) nnduendiivuideuisiu (SBE) mndulenddiara
sheansatnlilasdifat uaznnfunendfiadnseasienioy gnieselagldnnaieain
Nd999anIIAUBLANATOURUUEBINTIA (Scanning electron microscopy, SEM) gﬂ'ﬁ 3.12 (a)
wae (b) wanenisiUToudieunin SEM vasiunend (fifdavens 300 waz 1000 1) wasnn
furlond (Afdwwens 300 waz 1500 wh) audsu sxmuldinindunndauumniunond
damansynusiovunnuardnuaiuiannAuwend YUINDYNIAYDININAUNDNFIETYUIA LAY
niuneyniavesiunlend dnwariiuiateu sUT 3.12 (o) uandWidiudn ninAunendiiarin
sheansadalulasdiaduiieynrviadnnimnfunendidhiléadn (Uil 3.12 (b)) und
aunAvUInlugnIAunland

NamsAnEddenadesiunansatnisy Saaadiiduinisuududinmndnauy
nnAunend Mndnuaziuimesnmniunlendiiatndeasatnlilasdiatuduivguiiead
msaﬂLLsaﬁaﬁamadaumﬂé’magjuuﬁuﬁamﬂauWaﬂﬁ (U7 3.12 () eehdlsAmuninfiunendi
afinfewenisu (U7 3.12 (d)) Tdnvmzitufinadedufunend (Uil 3.12 ()

41



FeuatUaNy 0l Tasansatnundiusidnfuwaensaluiudassiinniinniniunendlaenisly
ansanussiaaviinlilasddatu Wednhduiiuasiuendnduuldlselov

A 2 : TREC HEE U 3 2 I: I_-"-_'- i s

¥
108 rHm
IR I3 main

18 K m X —_—
cBEBE 1 S5mm = Ty C sl =

—ile L@ m - { —did i
SMEFEC .. 15KU 1800 14afy el KT

35U 3.12 dnwagiurives a) Aulend (b) mndAunendnuuleutiiu (o) Mndunendiane
mivasaialulasddatu uay (d) MnAunend@nanameansianigu Nndaeiy (Magnification):
(a) 1,500x tag 300x ; (b, ¢, way d) 1000x Lwag 300x

3.4.5 nsfnwgustAveshiuiiatald
nsfnwuanTRgudRuildnmsatanniurendfeansatalilasddadud

109AUTENOUVBIANTAALTIAIRNITTA Dehydol LS3TH A3t udy 10 vol.% Lagansliudy

yosasazansladonnnelsd 15 wt.o% laevinsiemeiamandifuidna W ns

42



enuatuauysal Tasansatnundiusidnfuwaensaluiudassiinniinniniunendlaenisly
ansanussiaaviinlilasddatu Wednhduiiuasiuendnduuldlselov

a

AATRAANIILIKIY (MsFedmin) Arenamiaaumansiigumgil 40°C (ASTM D445)
waznsaluiudasy (AOAC Ca 5a-40)
913U 3.12 wandbiviiudn nisadadmeansadalulasddadudvesinduiadalatuas

ANWULAANYAUATDIUILUSIVIIAUNDUNISNONE WATNANUINVDIFNUINATT VEULNAVDIULIY

'
o

SMRvIINITaiamyansenwuiidmaes duuisaidladn msademeaisaialulasdiad

S o = & v [ v & o Y [y v 6 ' 1%
UUNATITAIUATDDAUINUAITIANA @QU‘L!‘VI’Wﬂ"D%U’]‘U’WlIuﬂﬁUlUI%Ui%IS%Ui‘VINQSW@QN’]‘H

jd)}

N

= 901 v A gj

NFLUIUNTITNONAUINUBNATY

M131991 3.7 wanaran1siUseuiieunuantRtluitIny Han1sAneInudn ARy
P UULAEANPINUNTAT9aAansYeIUNTUsS 19 NaNR lAaINa1saz AN ULAS W3TUSA
4 a a Y a Ly A a0 =l 6 2 o v Y 2
IMauielnaAeanu s JArAunilnaarans 36.49 mm?/s dUSUNISANAMIELENLYU LAY
36.38 mm?/s @nsUtTus191RU Feundusivntaannnisanamealsanalulasddatuiian
ANMUNTALTIaANENS (25.02 mm%/s) fnInunsusItaundelinunszuIun1sweana

5U 3.13 dnuaen1an1enIMYed a) dtusididu b) dndusrdfviadalaainaisaialy

v o

Tasdsatukay o) UnsiusivfunanalnainasanaLenweu

MnuanTiaTzsiansaluiudassveniiufiadaldainits 2 38 wudr SUsinmnse
lusfudaslndifsafutindusrdnngu (3.30%) ihdusdniadadsarsadalulasdifadud
Uhinmnsaluiiudasziiosninthifusiimiu (3.16%) weellensnlududassininitusdni
afadisansazaneeniay (3.74%) siadl onadlesanenuiduaisifiennududadinis
ansazaneatsanussfisianiia Dehydol LS3TH Ssanmnsaadnindundulasndieelsdléfindr G
Suns wazAme, 2559) slpevluudUSinansaluiudaseldmsiiu 4% eaunsanamduy
ihifudinmadalulefwa dediinansalatudasygeaglusunuljisemsudoanassi
dutaglfiuaduiaisal§iten ilonsnndiwoseasonainnialuiu waznsalusiudaselasie
mMaAnUiRzewa vilvduselflunsyihufisofiviinamag (lensismss 3.7)
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enuatuauysal

TasansaininusidnavwarnsaluiudaseinnAeanninfunendlaenisiy
asanuseiaiivinlulasddatu wetihifusiduasiunendnduunlduselevd

A1519 3.7 N5USEUEUNANISANEIAIAUNTAaAIEAS ANAUNUILLY nsalusTudase
WAL AUDIUNTUS T IAUN LR AINNTANANILETALAEANTANWIIAIRILALANTALABLENYU

WIS nas Vel hifush Ysiusdng
11fu nMsERnflLasana
LINLYU ansafnlulasdiadu
d Yaauns VHLE ¥hnauns
ALY (25°C) g/cm’ 0.9219+0.02 0.9053+0.02 0.8060+0.01
aMuwia (40°C) mm?/s 36.49+0.33 36.38+0.42 25.02+0.20
nsalutiudase % 3.34+0.09 3.74+0.05 3.16+0.15
anudunsa mgKOH/g 6.6355+0.15 7.4365+0.10 6.2881+0.30
NaLUANUNSOU MJ/kg 41.95+1.14 28.78+2.06 38.71+£1.33
nsaladly (Fatty acid composition)
Hexanoic (6:0) - 1.07 0.85
Octanoic (8:0) - 1.32 1.15
Decanoic (10:0) - 0.67 0.55
Lauric (12:0) - 5.49 3.17
Myristic (14:0) 0.32 3.61 2.82
Palmitic (16:0) 20.84 66.2 68.91
Palmitoleic (16:1) 0.17 - -
Margaric acid (17:0) 0.04 - -
Margaric acid (17:1) - - -
Stearic (18:0) we.9% 1.91 6.52 6.81
Oleic (18:1) 41.79 8.93 9.39
Linoleic (18:2) 32.05 0.44 0.75
Linolenic (18:3) 1 - -
Arachidic (20:0) 0.77 2.69 2.69
Gadoleic (20:1) 0.42 - -
Eicosadienoic (20:2) - - -
Behenic (22:0) 0.26 1.48 1.4
Lignoceric (24:0) 0.42 1.57 1.52

aq



enuatuauysal Tasansatnundiusidnfuwaensaluiudassiinniinniniunendlaenisly
ansanussiaaviinlilasddatu Wednhduiiuasiuendnduuldlselov

3.5 d@yUna

Mnnsnuiladesngg Afvsnadenisdsuigmessrinaihiuihdusdnaviee
Idansazaneansanussfamalifiusequiln Dehydol LS3TH Lagansazaluansanwsifienauseq
auniln Levenol WX namsfinwinuin grsansaialulasdiatusinasazarsansanusaiiei
%fin Dehydol LS3TH aadudu 5-20 vol% fiaududuvedleiounaslss 10 wt.o% ag
thwiin anunsafndulilasdiadusin Winsor Type Il ¢ wavgnsansadalulnsdiiadusin
MsavaIaTanLIIAIIUTEIaUTia Levenol WX A 1-5 vol% fimnuidutues
Tedounaslsd 10 wt% iinlulasdidusdn Winsor Type Il wdansazanuansanwsafiaiia
¥fin Levenol WX #iadudu 1 vol.% awnsaifalulasdsaduiissnnududuiion e
anuduturesasanussiiniutusindudiaty fufu Sahasazaisasanusaiiiau
NAUAUIEWINNETALA1DE15AALTIAIRIVTA Dehydol LS3TH Aua1sazasansansIfax,
Uszgauviin Levenol WX finrududuvedlaifoueaslsdiidnaiu ilovmanududuvesans
anfsiauazeuIduvnzaustenisiinlulasaiat Winsor Type Il waranududuues
asazasleiiounaslse d-16 wt.% Aegnsansazatgansanussisiiafaiunsainiduly
Tnsaaturila Winsor Type Il 1o

InnsAnEUsEAS A sadmTus R uaInanRunend Aggnsansanaly
Tasdsaduivhmsfadonanmsinumnisifnipaavesssazaisasanussisinlifuszquia
Dehydol LS3TH wagansazatsansanussfsiaisyaauvin Levenol WX fianusoiinaly
Tasasfaduniin Winsor Type Il I iehluafmisiuoonainniniunend lngazgldansans
afnlulasdatusdanausznineasazalsansanusifiais Dehydol LS3TH 15 vol.% fiu
A150AUAITAALIIAINITIN Levenol WX AUttt 1 vol.% wafiuSuiannuiduduinae
(NaCl) flumnsineifu @i 5, 10, 15 waz 20 wt.% nan1sAnunusyansamnisataundunuin
gnsansazasansanusIRsiINaLiTosdUsEnouTesansaraneTeunaslsafiaandudu 15
wt.% annsavednainduiinndsedlufuesnilildiniian fedamdiunindurendfuas
afn 1:4 vmsainfinnuigiseu 200 mpm szesanlunsaia 30 min sxansaatnuntus
drnuldiade 22.48+3.36 wi% vesimdnmnaurend vieiiussavsamlunsatmintueen
Pnmnaurlendiads 86.17% luvadinisafadeasatmonmuausaaininfusidnii
ponannInAunlendiade 35.72+0.03 wt.% wesiminnnaunena

HansAnwanauRtdusItnauiaialianninAunend wudi dvenhidusidnify

'
o

Rafaleanninfunendseaisanalulasdiatuaziduduiniannanaiefuiitius 191U

I QJVLQJ aa

TiiunsyuiumsUiuanm uidvosisfuiiadaldaviaidunis eswn msthnnaunend
finunsrlendisundiuvhnisainenaariindvesiufinundes wihliaianudundn
AU UTBsTuadaldaInaNsarasaIsan LSIRIRINEY LaTaNTATaNLLENITY Ae
0.806 way 0.905 ¢/mlL muddiu vfuiiatnldanarsadnlulassifaduriaasnaniinay
wuLuINNINsaRadsEnsarateleniey wiariinnumuuulndidssiuingusdnaui
Filairauniswend (0.922 ¢/ml) Araunilnidsauaransvestintusidnnuiiadalaain
A198¥A1UAITANLSIFNRINFULATENTATAUIENLTY AB 25.02 LAY 36.38 mm¥/sAINAAU LAY
MnnsAnUSnansalusudassuesintusidniataldaniae R siusnansalusudassy
lussdusm aiduiladaléanarsazaeenisuaziidnsalutudassroudiefiasgands e
desnenuduasidanmdudan Seanseatnisundulasndwelsdldinr anua
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nsfnuassl asnsoaguldi nsldamsasansasanussfsiardnlulasdiiadu Winsor Type
Il e fo ansnsaannsanudesasiiuiioonluganinuinden iosnlunszuiumsarin
ihifusrinAvanninfurlenfifumaluladazern fmadenldasazarsansanussieiafil
LﬂuwwmaaumaamLLavslsawawm’luﬂ’ﬁaﬂmm esananunsovhnsaraldfgumgiives
UsyAvsnmnsatmintugs azdu msatmirduhdmfufsasaraisanseanssisindady
Snmadenniliiivhaulalunisadaisiuiidnesnanninvesdegnamnssudiievindualy
Uselovidlml anUBinamesdelugiudiianavess unislinineinsesnsduduasiin
Uszlevilasan

21994
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oily soils: I. Phase behavior and interfacial tension. Journal of Surfactants and
Detergents, 6(3), 191-203.

Tuntiwiwattanapun, N. (2012) Optimization of vegetable oil detachment from oilseed by
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WUNT AnRsTTUIA, BUNTY LATeuas, a571 ¥158T, IIUUT WATITES, WIANUA 81nsainy
(2559) msatntnsuldufinndseinniniunenaseansazaeasanusdiain. n1s
UseyuivINITILAUTIH "ULTAITIVY" afedl 12 Yuil 21-22 nINHIAN 2559.
UINIRLULTADS. 2. Nwaylan
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U 4
ANSIATITURANTENURIRIAFINANNTZUIUNTISUIUANINAUNBNE

NN MU', SUNTY LWTausas’, WIanua a1nsainee’

'AULLNYATANENS NSNEINTEITUNRLALFWINGON UNTINEFeTART Jmdniivadan
Anendetinsdeunazlingal PNaNTAINIINGTEY NTIVNUNIUAT

4.1 NM35ATILRUYTIIENITRIMINABUIINNTZUIUNTUIUANINAUNDNE
4.2 MINATISRHANTENURINFBUARDANIININTTININNITZUIUNSUIUANINAUNENE

unidn

Jagtumeluladlunsasaihduifealdfuedraunsnanslunssuiunisuantiiily
Tsaugmamnssuvnalug Wud nsafnsesaihazans (Solvent Extraction)  @edlesldie
e duivinaranglumsataiii Wesnenwuiiussansamlunsataiiiugs wieniou
Judmgdunsedisinnulliigs (Flammability) iuasssivedionazazdmansenusequnmn
vosfifteglunsruauniswda fanudssioninfaundald fedudeligaulaiinadaly
Tnsdiaduinuszgndldlumsatnintu arsadalilasdiaduasiiasararvansanussisiadu
93AUTENOUNAN AN5AAUTIAIRT (Surfactant) Ao ansAislluananielossudsusznousie 2
dau fie dufavitediufiveuti (Hydrophilic) wasdrumwisedauitldveuih (Hydrophobic)
fertaduiuardiumasdesiinuannaiuiazannsanausaisiase i futhiuld
fian msaialagliasazarsasanuseiain iunsldasanusafiatisanussaiasening
vt lasminuldusnannntulnerilminlilasddadueia Winsor Type lll &1300
IRRERPPRF mmimiuLaﬂaumuaaﬂmﬂmu Andnuuzifutuigaiadisgiy (Phase
separa‘uon) Toun dut (Agueous phase) Fululasddadu (Microemulsion phase) waztu
111 (Excess Oil) (Arpornpong et al., 2018)

n15UseLuiIns¥In (Life Cycle Assessment: LCA) A NT2UIUNITIATIEVLAY
Uspifiurranssnutemansusifiireduindeunaentasiinveman i sudnisatavie
nsléndeingiu nszuaunsndn nsvudazaisuandne msldaundndus msldlminie
N13uUs3U wazMsIansiayeInvenandugiviaansidau nsldndannisnsussduining
FAnannsodunuszgndldiionisiUisuiisunansenudodunndeuseninmdnsusianeie
visomeluladldlunszurumsnaniiuandnaiuld (SO, 2006a)

Arpornpong wazAmy (2015) IaFnwiussuiisunansenudaindenainisnaniisiy
Woumdasthnm 3 v ldun 1Wemdatinmedalulasssiadu (ME50), lulafwa (B100) way
HoudwmansznindluTofiva-fisa (850) (hifululefiva 50%) anuanisnnaosnuining
UanUaeefneiFounszanannisléingiuuazannszuiunsnanildlilasdiadu wanslii
nstanvdosannslifnghvinisuanddesfindounszainiiauunves MESO e 1399
COeq Anlu 99.70%, B100 fa 1312 COeq AnLlu 74.83% waz B50 fio 914 COeq AnLlu
80.01% BsannszurunsuanilldlulasdiaduasianddesfmZounsyanianunues MESO
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Ao 4.185 COeq Anlu 0.298% , B100 fio 441.3 COeq Amdu 25.17% uway B50 fe 228.4
COeq Anu 19.99%

Fedulueniaded gidedafinnuaulalunmsfinuinanssmunsdanndounaoniging
3n (Life cycle assessment, LCA) 493058 UUN5U1Ua/ANdnnnAunend Faunaslaunds

a

AnAY NIrUINMTUITR/Mdn naanuild uafiviivanudes lnedeyailddavindadsiunis

q

e 2

o)

'
a

duwndeudiulnguiainnisnaaesduiiesdiainis anuuideyanlaluussdiunanseny

'
a

dwndeumelusunsudniagy SimaPro v.8.3.9 wieldidunuimiadenlunisinda/mdnnin

a

Aurlendangaavnssumnanuiduisiely

4.1 MTAITiNaRENEIIndoy
A/N15NAADY
1) MslAsziuationin

MnMsAnnsatasunduRvsenannnAutend lunszuiunisatagemeiely
Tasatuarldindsansuneulumsatainduanninaunond Imaqmmiaﬁmﬁlﬁaﬂﬁa 4%
vol. Dehydol LS7TH + 96% vol NaCl solution (lagaa1utdutuuesaIsazans NaCl iy
15% wt.) Wnen1sfiwesiviinisnsaata liwn arudunsadn (pH) waza@lefd (Chemical
Oxygen Demand) A597 4-1 uansIsmsazsiuafivmati
2) MFAATITHUANENIAY

InmsFnensatniiuiivosnainninfunend %ﬁﬁuﬁlﬁlﬂauiuﬁauam%’auﬁ
gaundl 105°C uaan 24 hr wdniludgaannutu anduihAuluatndendos Soxhlet
extractor lngldfasazaneienisy evmuinahifufinndseglunnfurend (msafl 4.1)
3) NMSAATITHUANEN198INA

nsAnwLafisnse Az AunnUsansdndsnulninludunounts vada
nnfuenduasnsseiievssasieniwulueinid

M99 4.1 MTBATIEinIsUanUasstaivgduindey

AN5IATIZRUANY A5N15NNasg

NI NATIEHUANS I

pH pH meter

COD 75 Closed Reflux
NITUATIEAUANYY NO I

USuuansieniau msFamein
NITUATIZAUA NN I

Usnashsiunndng mMsafadeedes Soxhlet extractor

a8



enuatuauysal Tasansatnundiusidnfuwaensaluiudassiinniinniniunendlaenisly
ansanussiaaviinlilasddatu Wednhduiiuasiuendnduuldlselov

4.2 miﬂ‘mﬁuwanszwu?ﬁLL'mé'amaaﬂﬁgﬁg{fm%ﬁm (Life cycle assessment, LCA)
AsN1sANY

Y81y dgulTITenugaNInggIu 1SO 14040: nsUseliuinInsiInvemansinm
(IS0, 2006) FsUsznaunlEnIsiRUAUIMINERazYaULA (Goal and Scope Definition -ISO
14040) mﬁLﬂiwwﬁaﬁﬂﬁ’m%mEJm'if?ﬁLL’mé’an (Life Cycle Inventory Analysis — ISO 14041
) M3Usuiunansenuiwindey (Life Cycle Impact Assessment — 1SO 14042) wagn1suila
Wa (Life Cycle Interpretatlon - 1SO 14043) sﬂw 6.1 wanavumeun1sUsHIfuNansEny
aumaamaammagammm

1) nMsmMuuatBungLazvauLYn

Tuns@nnilsnieniihfl (Functional unit) lunsUssifiunanssnuasandeunasn iy
SnsdimvesnisaanisnnAurlondusina 1 du seusnsldundeansatnaudenisiinveade
(Gate to Grave) MnturimsUIsuisulsunansanUaesannnszuiunisaanis 3 3ams
Ao nMsviamndunendlaeansanelulasdiady (Scenario 1) mstdaninfunandlaeans
annLane (Scenario 2) karn13n1daninAunandsiedzniswilumiminingaainnssy
(Scenario 3) mﬁLmLﬂuaﬁmiwmsmmmgwmam‘wum gy amﬂmamswmswumu
(Base case) (15797 4.2) muﬂimmmiﬂamﬂaaEJmmaaumzﬁmmmmﬂmuWaﬂaﬂammq
nszuuMsInnsazlidgnuiundiuiy Hesnnindurendidurendsainnszuiuniswan
vhsfudtes (Emission factor=0)

N 4
nsfimuatmneuay ® Gate to gate (YWNILUIUNIIHER)
VOULANIANY] < ® Functional unit (MnAuWend 1 ton AlasuNS
(Goal and Scope) o)
J
S -
-
MMTAATIERTYT —> . y
K o L4 ﬂ'ﬁVﬂﬁllﬂall'Jﬁ GUPKRINIR IR
FUNTEULLINADUN <
(Inventory Analysis) N
-
MsUsEIUNANTENY
2 y > -
ALInaaY : ® Simapro software
(Impact Assessment) 1\

UM 4.1 TupaunsUsHluNansEnuAuInd oy

a9
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dl o w o w a aa o =
AN919% 4.2 NTEUIUNITUIUA/NIIANINAUNBNENNINITANYT

Option AN95UNY

Scenario 1 msdadneansainlulasdiatuiidesiuseneutes asanusafiei
Dehydol LS7TH 4% vol. waz Saline solution 96% vol. (@15azany
NaCl L Uu9u 15% wt.)

Scenario 2 nsUnUameasanalenigu

Scenario 3 N135MARMENISHIAINIEAEYNTTY

NIYNFINTEUIUNITIANITNINAUNBNFILTTTN15TANTNUANAIAY LTBINI7N
AadnwarauLludunssvasnInvends dmsunindunendilasunisdnnislaeasannaly
lasddatuazldisnisvdniiile (Land-farming) Lesunanninfunendntiunisuidaudlad

@ a 1A a o o & Y [ a !
Anuufiwieisuaziidnaninlun1svinduianusulseiu (ngugn wasaue, 2562) d1unin
Aunandnlasunisdanisiasansadaenauazldisnswnluniiiningaaimnssuubeniv
m3danstutaqiu Wewnanenwuduassunsie Wethuvedsnindunend azvilinin
Aunendluileunazdnduveadedunsy (nsenyngnannIsy, 2549)

g

2) MINATIRUYTININ158I4INEBY (Inventory analysis)

v A ¥

Favivadsenisaisvidi-aisuieen wdsnuildlunszuiunisdanis Yunanis
JanUdesuamsgaunndon Gafiviu 01 1) wagnmsmnvesds MNnszuILMITANININAY
WonduSuna 1 ton lagazlddeyaugugiluseiuiiesujinnis (Lab-scale) Saufunislddeya
ngagﬁﬁ]’mg’lwﬁ'auﬁ Agri-footprint (USgLNALULE8SWALA) European reference Life Cycle
Database (ELCD) (avnnelsy) uag Ecoinvent 3 (Usswmadagasuaud) Tulusunsuduiagy

Simapro V. 8.3.9

3) nsUszdiunansznuduandan

Fnsuszdiunansenuiamindenainnszurunistidaninfunennduiuin 1 ton
Haua 5 §1u Ao Ardnenndilinsnennssssunanilduaanualy (Abiotic depletion) A
FnenmdivhlfiAnazlandeu (Global warming) AdnenndiviliiAnnisianedulelaw
(Ozone layer depletion) Ardnen ndiviiliindunsa (Acidification) wasadnanndivitlviia
Usingmsaiglnsiliatu (Eutrophication) ¥m1sitasizvinansznuduindeudielusunsy
@593 SimaPro 8.3.9 #1838 CML-baseline V3.04

4.3 HaN15ANY
4.3.1 namsinnzitydnensiuindoy

Ul 4.2 n) uamseulwmnsEUILMsYItanInAurlendUinal 1 ton Tag3snsvidinge
ansanalilasdiatu (Scenario 1) nszuiunisirdasiiunsineniswisuasatalilasdiatui
Usenaulumiuansanussieldauie Fatty alcohol ethoxylate (Dehydol LS7 TH) A3 sidudy 4%
vol. Tuansazanelafeunaslsn (NaCl) asdudy 15% wt. lnglunssuiunmsindnaglausunu
ansaralilasdiadu 4 L sovsunamnaunend 1 kg (¢ L/ke-SBE) snmiunausogslidniude
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A3 DUV NEANTHUITIU (Orbital shaker) AuL57 200 rom szezan 45 min (gwasaulaii 0.2
kwh/kg-SBE) Mntdlrnnnznoukdenture i tuiivesnanansatmlulasasiady ndwan
funsniuesnanasatalulasdady vnsdrsnnaurendsetindudianmns 4 L sauau 2
JOUANNTTUIAY mmwaqmzmumiu'rumzi@mnﬁuWaﬂam@mamuamﬂmsauﬂﬂiﬁmﬂu
fanusuugsiuUianm 1 ton uazihifusiniv 0.16 ton MnnszuunstiannAuenddae
ansanmlilasdifadurziiamsanddostideUsunasimun 11.56 ton i1 COD 679 me/L
visoRnu 8.15 ke venEeTiintuion (5197 4.3)
nnAuenafildsunsiitnaiivinanituiiveamrdonndsseanas (0.2080 g-oil/e-
SBE) vi5eilUszansannisthtminfuiinUssana 80% a1nnanisanwilesdunuin Usuna
dhdunandennddunnaunenafiiunsdiiaseasatalilassiaduldinalunisdiudanns
sonvadudn (Nua uagAmy, 2562) Aty nnAurendiiniuntstnsaudramisniluld
UselowhduTanusulgaaunieltlunisand (Land farming)

wudm@admsIan1snanauronad Scenario 1

gnsanusadeiy Tudeuaaelin wiwuluin o
(0.14 ton) (0.6ton) (450 kWh) (1156 ton)

¢ ¢ ¢ ¢ s

mnaunond

| I
| I
| I
| I
' I
|
| Jaqusy ||
- u o v w - P (1 ton) UsaBiu |
I mnfudend —» nszuaunsUrdRdeasanalulnsddatu 5 ] :
| Ya4ide ¥
;| (1ton) y SRV |
| l' (12 ton) 1
| ) (COD= 679 mg/L) [
| diusrtnafu :
: (0.16 ton) |
|
e o e e o o e e e e 2
wuuitaasmsdanisnaniuvland Scenario 2
P e el |
1 aniwy wasnwlih !
u (262ton) (8,908 kWh) |
|
[ I
. |
| o
PR vaadey A5
. nszuaunIsdIUndag - maerluaanin I
:n'\nwwanﬁm} . —» MnAunInd ——— S |
A15aNALENLYU )
1 (1ton) (1 ton) !
! ¢ STMUGUTIONA :
1 Lanigu !
¥ ., i
: wdiuindnafu (0.78 ton) !
| {0.19 ton) |
I '
|

5UN 4.2 99ULnn 5991581 (System boundary) vaenszurunsUrdaninaunenilagldans
anmbulasdiadu (Scenario 1) (1) wagnszUIUNITUITANINAUNBNELALANSANALTNLYUY
(Scenario 2) ()

dmiunszuumsirdaninfunendmeasanaeniay (Scenario 2) T1UaLLdLALARS
AaguR 4.2 v) lumstdeagldninfiunend 1 kg deansanmenigul3unms 4 L viinsiwgeie

L3 D08 IANTRUITIUAIINET 200 rom 3z8213871 45 min (gndseulniln 0.2 kwh/kg-SBE)
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Mniuiidlianagnounduenasafneneusenanmniunend dwiuiesnwuiiuonsenilday
ihluuenirfuseninglfirdosssmeansuuumyu (dwdsnulnit 3.28 kwh/ke-S8E) THgamniily
msssmeasataeneuiigamg 60°C mntuiiufisfissmeenisuoenluudazasvdslun
funau Fetiilunssuiunstinmniunenduiinm 1 ton feansafmeney wldienou 2.62
ton wagndsenulndl 8,908 kwh Ifiusidniu 0.19 ton egslsfiniy mnfurtenddiiiu
nszuuMsIlnsIenwuYIIN 1 ton aznaneduveadedunsedeissgninluidadelay
FBmawrlwmenmngeamnssy SnidlunszuiunisasianisUandesieneuguiseiniaan
Hu 29.77% (0.78 ton / ton-SBE) fienaidudussesequnmuesiuftinu Wesnenwuiy
mié’umwwiaqsumwﬁgﬂﬁmumimEJ USEPA (EPA, 2005) (9157971 4.3)
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TasansaininusidnavwarnsaluiudaseinnAeanninfunendlaenisiy
asanuseiaiivinlulasddatu wetihifusiduasiunendnduunlduselevd

A1399 4.3 UuTsen158N31-a159199n (Input-output data) MlglunszuuMsTAnIININAY

Wond
Ugy¥sems v78  Scenariol  Scenario2  Scenario 3 gudoya
asvdn
- nMnfunand kg 1,000 1,000 1,000 Huveadsannnszuiumsenasiuian
LifnAnduusyansnisudesfinmseunsyan
- @19anUSIRR* kg 143.62 - - Ethoxylated alcohol (AE7) {RER} (
ethoxylated alcohol (AE7) production,
coconut oil L Alloc Def,S (Ecoinvent 3)
- loifsunanalse kg 600 - - Sodium chloride, powder {GLO} | market
for L Alloc Def,S
(Ecoinvent 3)
- waswulwii
- Lﬂéaqweh kwh 450 - - Electricity grid mix, AC, consumption
AUV mix, at consumer, 220V IS S (ELCD
database 3.2)
- pdessTme kwh 150 8,758 - Electricity grid mix, AC, consumption
AIUUNY mix, at consumer, 220V IS S (ELCD
database 3.2)
- 13"1 kg 11,562 - - Water, process, surface
- LINU ke - 2,620 - Hexane {GLO} | market for | Alloc Def,S
(Ecoinvent 3)
d13U193N
nanAuA
- mnduWendii ke 1,000 1,000 - -
HUNT5UZANS
NAnAMIIIIY kg
- dsiusrdnanu kg 163 187 - Crude rice bran oil, from rice bran oil
production, at plant/CN Mass (Agri-
footprint -mass allocation)
1AFSMN kg
- Flof ke 8.146 - - COD, Chemical Oxygen Demand
(emission to water)
UaF15N1981014A kg
- LN kg - 780 - Hexane (emission to air)
msldiuszlevid/msiida
- mﬂ%’vf]ui’a@ kg 1,000 - - Refinery sludge {CH} | treatment of land
UFuugehu farming | Alloc Def,S (Ecoinvent 3)
- NTNININVDY ke - 1,000 1,000 Hazardous waste, for incineration {CH} (
eluwmn treatment of harzadous waste,
n1n hazardous waste incineration | Alloc
PNFINNTIN Def, S (Waste to treatment) (Ecoinvent

3)

* AIAUALIMUL (Density) UadENTanUSIRIED = 0.8976 ¢/ml

** mswnluningaamnssuaglisudeyaann Ecoinvent 3 [10]
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432 nsUstfiunansEnudawindey
Aendsnniununutydnensdainden udihudengimnelusunsudisagy
SimaPro 8.3.9 #1813% CML-baseline V3.04 \flolinsesinansenuiswindounasniieiging
Finvesnsruiunisvidaninfunenddieansadalulasddadu (Senario 1) wagriinis
WisuisuiunszuIunsiitianinfunendseasaiaeniau (Senario 2) LAZNIIAIAAAIY
BRI RININGAYNTTH (Senario 3)
MnMTeTginanszmuAndenlusuvasai@nenm (Charaterization) fiamun 5
g leun endnenindivhlindnennssssumafidudnualu (Abiotic depletion) ArdnanTm
fivltAnnnazlandeu (Global warming) frdnanmiivihliiinnisiareduleleu (Ozone
layer depletion) ArfnanniivinlifiAndunsa (Acidification) uwazArdnen1niivinlsiin
Usingmsalgnsiladu (Eutrophication) wuin msthianinfiurlendseansardnlulasdtady
(Senario 1) danansenuredawindeutosniinistrdaninfunenddisarsadaienisy
(Senario 2) agn15LALULATKININGNAAIMNTTY (Senario 3) fananalunisned 4.4
\fosnannisadadieansaialulasddatuinsldndsnulniihfidesndaunn 450 kwh) e
Feutunisatadioeney dmaliiadnenmiivhlimsnenssssusAnidudmunlluazd
FnanmivinlfiAnanzlanfeutos Tnadawrinfu 7.92x10° MJ/ton SBE way 324 kg CO,
eq/ton SBE snuddu useendlsfinnuy nmsthdndeansanalilasdiadusiadnaniniiviildia
Usingmsnignsiledu (Eutrophication) gandimsthiin/mdnvisansds sisiliilesarn ansarn
lulpsdatuilosdusznevresansanussiaindaduassunidiinmiansatluldluns
Wiiule Sndlunszuaunsthdamnaunendesithideintuainnssuaumsssasdiudne
ansafinlulasdiady (COD=678 mg/L)
dlerhnsimsgidndiuveinsdmansenuauandonainnszuiunsiisaniniy
wondseasatalulasdiadunuin dndrunnuansenudandendnainuaividnuian
fngavlunsarsadalulasdiiadu fegradu nansznudfiiliiina1nzlandeu (Global
warming) ¥131nNskaNTanLsIReElTiln Dehydol LSTTH 9 71% nslaanslaheunaslsa
28% waznslindenulalih 1% eghslsimalunsvidarunendarldifuinuiinndalu
urlend vlFannsathnduuldlunszurunisrandituiivld vlvnssuiunstidaniniu
vlonduansarnlulasdiaduamnsaansansenuiiliAnnnslandeulss 48% (Uil 4.3)
dmdunisthvaninfunendseaisatneney (Senario 2) azinansznuiivinldiiAn
amglandougsiian vailiilesnn Tunssurumsatnintufesiinisusninsfusenanansarin
ienLeudeausouiigugdl 65°C vildiinsAuudemdsaulily 3nia ninfuenddiads
Femaenisuazgninduvendesunsefivosiinmadanisaungmine Taglunmadeillfaud
TnnAuslenditatnieansadaniwuazgnindasesmsunlumimignainnssy el
nMnAunendfiatadieaisataenau (2.96x10° keCOseq) dwmansznuiilminnnzlaniou
g9n91MIMIAAYITNITN (2.31x10° kgCOLeq)
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o a v o W o o a a a
A1919N 4.4 HANTTNUAWINRDUINNATTUIUNITUIUA/N1A NINAUNDNFUTU 1 ton

Impact category Unit Scenario 1 Scenario 2 Scenario 3
Abiotic depletion MJ 7.92x10° 6.20x10" 9.86x10°
(fossil fuels)

Global warming ke CO; eq 323.97 2.96x10° 2.31x10°
Ozone layer k¢ CFC-11eq  3.60x10” 8.71x10* 2.38x10™

depletion (ODP)

Acidification ke SO, eq 0.45 6.73 3.06
Eutrophication ke POs” eq 1.53 -1.03 0.51
150. -
100.
B Bleaching earth for land farming
Crude rice bran oil
50. -
I Electricity grid mix
X
Spent bleachig earth
0.
Sodium chloride
.\oo \<\°9 ;000 ;000 ;00(\ Q
\g} é@ Q\'e .i{\(:b '\(J’b
R N R & o{‘f Ethoxylated alcohol (AE7)
-50¢ - R © Ay $
6\0 ® N <
e o(\e’
ol
-100. -

o |

sUT 4.3 dadiuvemansgnudanindenainnszuiunisundaniniunendUsuna 1 ton

waziilevinansenudsuindeudiudneg uidanguuazsinnisiiisuniaeg
(Normalization) uanssfisgudl 4.4 wuin nsvrdassansadalulasdiadudmansenuse
dawnndonfunniigne wansznuiihlminenssssuuafldudmuely (Abiotic depletion)
fAify 2.08x10™ wansgnusesannie nansenuivihlfiAnusingnisaiglnsiady
(Eutrophication) Sy 9.67x10"° sistlanvaiinelifnnansenudivilinineinsossuyd

o a

gudrmualuunannszuiumsiaandeingivvesaisantsdaid dmsunistidasisansanin
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LIALEUNUI WansenuNyinlansnenssssuasanlyudinualy (Abiotic depletion) wag
Hansgnunitliiinn1iglanieu (Global warming) fiAfiageniinisuidanisasadaly
1AsdtatuNIn

1.8E-13 -

1.6E-13 — [l Scenario 1 [ Scenario 2 [] Scenario 3

1.4E-13 -

1.2E-13 -

1.0E-13 -

8.0E-14 |

6.0E-14

4.0E-14

2.0E-14 J_’_‘

0.0E+00 _J . . = | q_‘

2.0E-14 Abiotic depletion Global warming  Ozone layer Acidification Eutrophication
(fossil fuels) (GWP100a) depletion (ODP)

UM 4.4 WigufiguransenudwInaeukuuNsInngukagiieuniig (Normalization) 31N
nszuumsiUa/midnnnaunendUsuna 1 ton

4.4  @yunanisAn

mui%’aﬁié’ﬁwmﬁﬂsmﬁumamwwia%ﬂmé’amaaﬂi’gﬁﬂwaaﬂﬁzmumsﬁwﬁmmﬂ
fuvlend 3 183 Ao nsdaseansainlilasdifadu msvitnmemsataeniou uagnis
wdssnnngnamnssy Tagldlusunsu SimaPro V8.3.9 #1838 CML-baseline viifioya
asduarasvieenannszuIumstiitadeasaialulasdiatuazasafaenisuiain
Han1sneaadlunesljUanis d@rdsnismnluminnaglideyanienil (Secondary data) 210
grudoyalulusunsy lnsgnsansadalulasdifaduiviinisdndonluniafed fo grsansadala
Tnsdiadudifiosdusznauaes Dehydol LS7TH 4% vol way a1sazaty NaCl 96% (Iasaiy
Wuduvesansazans NaCl wirfu 15% wt) Tagviinisindanindurlendidnsdrunisinge
S¥INENTanAUININT 40 mL Aannaunend 1 ¢ vinsana 45 min laediusednsainlunig
taiade 80%

nansAnIuIn Msldndsingiuidunszuiumsiidmansenusedandeusnndias
sosaanAenIsvantaesuafivainnisiidaninfunenddionszuiuniswt ogelsiniy
anunsnagUliin nsruaunsiidanindunenddeansadalulasdifadudimansznuse
danedeutiosnit iewnanaunsaasUiinamesniniunenddaduninenssssumaniey
ag19d1in shemsidalagBmamnilunsngnamnisy JsmstianinAurlenddeansara
lulasdiatuannsoannaiinnansenuresmainnnelanfouldds 86% Weileuiuisnis
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unil 5
nsnagasusiuanadinnsiinlulasddaduanindiuurauandisluninaunend

5.1 unun

Tulgtudemdnindlnndeuhdaduiymeeduindon iesndundsnudld
wEmaly neliAnuafivnisernia Snvadenaintinsdeudduuliuinsudusem
astuegedaiiios Meduialdfinisidouaznsiaundomaniiomunld Sundsnunauny
Homdenilnndey werldinstiefionanienisnuesulfiduingavlumandndemas
FanmdaduuamdanuiidBuiasiinansenuedauindeutios Feanislindsrmuienas
Fanmnituindudnmadennilfiesdisaanisindivemdanu Sntafunsatuayy
inwnsnslifisgldmnniulnemadenlifnguiifegluussmmlund ssuiduaudsimiely
Uspinauazdean Taelutigiuldlimsiandomadaninedosinag iWeuldnaunmudomas
WMasdeuiiddemualy mnnsfnwmudn Unduthifuuenainaganunsoilundaduingy
méuﬁiﬁz’ﬁﬁamiﬁiﬂﬂLLé'aé’aﬁﬁﬂ&mwwﬁm%’umﬁmﬁwfﬁm%Lwéa%amwﬁmmm lﬁl,m'
drfululefia (Anen, 2558) waztsululasaiady (Arpornpong et al., 2014) \Jufuy wail
Luaqﬁ]'mmmuﬂ1ammﬂemWWTUﬂwimamuwmumawuma@a@L@Jamsmﬂuwsuummu@auq A
thifuundudaiidunlumandesiifiandnde Einulsvisuasunundsnu nssnsmdsn,
2561)

9nITEves Arpornpong et al. (2014) livhnsfneidedenhiudomddnm
vialulasdiaduanidunanszniraituldu-fwa-loniuea wansfnwinuin nsuds
ihifudamastnmeislulasdiadurmituinduivneeynievedlulasdiaduiidvund
Wity Sauausiiitulndifssiuiiiululefos uasilotgasihdufortfusmageuiy
\3assudfwaTzuUannsafilifinisuudsun3eseus (Charoensaeng et al, 2018) Wu
wossuidinisUdesielulasiausenies guvnileidouasieesuaulnoenlufanas fay
prananlfinhtudomddinnedalulasddaduidnsnmmesiazannsondndudomas
madentaluounan

'3
a

31nNszUIUNTvuTuUdulAuIans &
‘N

(%
o

unaulunisldfunend (Bleaching earth)

U
a o 14 A IS ‘:’{ a )
daan dunaee danwagladu ninfunend

Wonendunsiuudu (Bleaching) TvunsiuUaudl

[N

(Spent bleaching earth, SBE) Fadunnuesdeiliintuainnszuiunswenduniulaedinsd

a

thifutdunndnaegie 20 40 wt.% nindurlenfidunnuesfgaamnssuisiosinednnig
mufingvsngimue Faaiaiidunisiunisvudaazidaianldinenas
aaunuIdgluassidsauladhnmnfunendainnssuiunisnanidudidulausansun

1
(% o

annuiuUausenmeasaialulasddatuvila Winsor Type Ul lnediansanussfsiaviialud
UszauasAusznaunan anntuazinunsiuurdudunadale luwmunduindudeindsdan

q
a

yilnlulpsddaduiieandanuniavesifiuiduneuthluldiuniaseudfian visiivenalv
Wan1slansnenssssuynegiaquaLaziinUsslevigeaaiiinyarininvends Wauilv
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anunsadundnunaunuindullnsidey @suadnenuiuasung wuvesUssmalneuas
anUgymaudanasulasnsieg

5.2 mafnwigniavessudeinddnmeialulassiaduanirduliduangrsinnin
Aunand
7539

miﬁﬂwﬁgmmmL%@Lwﬁa%’smwsuﬁmluiﬂs%ﬁa%’u NINISANYIBNTNAVD S
Shardussrishiuduataainninfulendtulduuianiahiufion Gndwdesas
50:0:50, 40:10:50, 25:25:50 kaw 15:35:50 IngU3ung) Usuaeniuea (dnsdusewas 10,
20, 40 kag 60 tagUsuIns) dNTIA@IUTTNINNEITANLIIFIRD: BNTANLSIANRITIN (BRsdulag
USums 1.0, 1:1 uag 1:2) wazainvesansanussiaiin lawn Dehydol LS1TH, Dehydol LS3TH
uag Dehydol LS5TH sian1siiansiudsuutasinnia Tmaﬁ’lmiﬁmﬁamf’lﬂulu‘[m@ﬁa%’uqm
Aldasanussiaiationiian

HANITFNYIITE
nsfnwldTngusvasAiia@nudninavesslinalsantssfaiy Usuiaeniuea
BN TATUTENI AN TANLIIAINY/ATAALTIRNITIN wazdnaiusenInahdudiduaingin
nndunend/dtuuiduusgns/dduiiea denisiinigniavesdiduiiomnddi nmeialy
1asdlatu lnednsidrunmunzanlunisiinigninssuitsiwasindufedasndiunin i
& ) A o [y a [ av o a .
a1susznauiiassazanaduiiafieniu wasialussuululasdiaduaila Winsor Type

5.2.1 NISANYINANIZNUVDIBUASITAAKIIAIND

U 5.1 uanauwunmanuivdsulumsisuifisudninaveswiinarsanussdsiaviia
Dehydol LS1TH, Dehydol LS3TH lLag Dehydol LS5TH GiamiLﬁmi’gﬂ’]ﬂsuamfﬁﬁuL%aLwﬁa
Fanmuiinlulasdiadu fifesdusznoutesansanussieia (Surfactant) diudnduudans
(Palm oil) waztemuea (EtOH) nan1sanwinudn ieldasanusefeinuie Dehydol LS1TH
azvilvszuufosnsuTunuarsanussisintesdianlunisazarsieniusaluiiisaluead
(Reverse micelle) deldiAnansavaneiioiendu (Single-phase Microemulsion) e
Wisuilsufunisidansanusefieinedia Dehydol LS3TH waz Dehydol LS5TH 3sldusuna
ANsanusisiafiuInnIeuaIsu esainasanuseisinuda Dehydol LSITH fAanumeu
1§61 (Hydrophilic-Liphophilic Balance, HLB &) Ssavanelganinlutingu wilildusunaens
anusshsthesiignluszuy Wy fUmnaienuea 40 vol % THUSmaamsanussisinegi 0.4
vol.% Tuwauzdl Dehydol LS3TH wag Dehydol LS5TH TdUSsnaansanussdsiiangd 1.5 vol.%
Weeeswia wenaninuin nansaneiiseluadiiiinnudenndesfunanuise ves Yeeyan
(2559) fivinsiseuiiieudninavesarsanusefieiaedia Dehydol LSITH, Dehydol LS3TH
uaz Dehydol LS7TTH densiinigaiaseninaidut duldudnaszionueaiiiendnuisy
Wowmdsdnwlalasdtaduaininduundulduga Tnenudn arsanussieinwda Dehydol
LS1TH WUSmnanlesiianluszuuiieliAnansazaneifuiloiieaiu (Single phase)
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INNITANIBNETNAVDIE15aALTIAINIYEA Dehydol LS1TH, Dehydol LS3TH way
Dehydol LS5TH Wui1 ansanussieinedia Dehydol LSITH Wuansanussisinfimunzause
nsduansdenuszanvlumsnanisiudemadinneialulassifadu Wewnszuugenis
USinaiansanussfiaviia Dehydol LSITH teedian vivlimnudosnisazasienuealu’
Aaluwaduesansanussiiatosas eawnilel HLB fish (HLB = 3.6)

Surfactant

—&———  Dehydol LS1TH
- —% —— Dehydol LS3TH
—_—— Dehydol LS5TH

80

100

Plam Oil 0 10 20 30 40 50 80 70 80 90 100 EtOH

5U 5.1 LNUNEUrRgULanINsiUSeueudnSNavesriinasanusaieilanensiuaeuly)
1A

5.2.2 MsAnwkansEUYassaTduthiuudu/diuiiee

U 5.2 wansuauawaumistlunaisuiiisudndiuiesarvesinsuudu
U3and/dtufia 9 100:0, 75:25, 50:50 uay 25:75 lasUiuas lneldansanuseisiaedn
Dehydol LS1TH Tusguu anmsfinwinudn #sasdusewinaituunduuiand/ dituiiea 7
BM31dIU 50:50 war 25:75 lngUTunng seUUiiniufean1sUSHIaNUeeaIsantsaReRI ¥l
Dehydol LS1TH fesfigaluszuy iiieflagyinlfszuuiinduaisazarsiiiodoatu (Single-
phase microemulsion) tesanfivsinanituunduiides Fdisnuezneuniveulnesaud
Yow (Fatty acid composition) WilwAraaldseuinlussuutiosas 3eflmudosnisu3una
asanussfsinlussuutosiian fadu lunsnaassdieldidonsnmdiusenirnisuudu
U3qvs/hifufien Asadan 50:50 esanldUinatufieationnindngda 25:75 e
Tdlunisneasssioly
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Dehydol LS1TH

—_—— - — — PO:D (100:0)
— . —— POD (75:25)
— & POD (50:50)

. : POD (25:75)

popD O 10 20 30 40 50 60 70 80 90 100 EtOH

5U 5.2 wun naumidsuuanin1siuseuiisudnsdiusesazveslndulduuians/dadiu
fla (PO:D) 71 100:0, 75:25, 50:50 wag 25:75 lngldansanussfsidayiin Dehydol LS1TH

5.2.3 NMSANEYINANTZNUVDIDATIEIUTENINEITAALTIARV/E15aALTIRIRIT

U7 5.3 wansunugiuvslunisiusuifisudnindiusenineansanussisiavie
Dehydol LS1TH/@2m1ua (Dehydol LS1TH:BUOH) 7isns1dau 1:0, 1:1 waz 1:2 lnau3u1ns
Tudsunansgwinshifuundunians/Mwa fshsdau 50:50 a1nmsfnwmuih Asasidu
52MI19815anUSIF9R Dehydol LSITH/Gwnuea i 1:0 szuufianudiesnisuSunaansanuss
Asiiliooiian sesaunAe dasidruszninsansanussisiiviia Dehydol LSITH/Smuea 7
1:1 waz 1:2 auadrsu Tnenansdnuiiuulilufimmadersuiiedinsfiuuiuaseniuea
Tuszuuan 10-60 vol.% namie wWawfiusnsidruvesdimuealussiusynauinniu avvinly
AudesnsUsinaasanussiislussuuiinunniy eswindimusaiisiuivezney
AFuBURET 4§ (U1REN LAz AT, 2552) ﬁﬂﬁULﬁ@Iﬂi%UUﬁﬁﬂU’Mﬂﬁ‘U’emLﬁliJQQ%‘u A9
Thfinauldyautilussuuduunndy Seildianudenisuinaasanuseialaningy
Tueq

NN EINANTZNUVDISHTIEIUTENI A TAALTIRIRY/ANTaALSIFIRITIL WU 7
9n31d7Uv83 Dehydol LS1TH/muea 1:0 laeuSuing s3uufeanIsusIuansanlssnam,
ﬁaaﬁqmiuizw MANaNsIAaemUI WerulSinauasanussiaialussuuanniy asvili

a

AUADINITVDIATAARSIAIRILUTZUUARNAY TINANITNARDIFBAARBINUINUITHVDIU YA
(2559) NYNNISANHINANTLNUYDIOATIAIUTENINAITANLSIFIRILAZ AN TANLSIRIRITIN Taeld
PRINEINANTAALTIAIRILATANTAALTIRIRITINIUERSEIN 101, 1:4 wag 1:8 lnsNan1SNAaas

WU ONTIAIUTENINNANTAARTIAIAY Dehydol LS1TH/Tmnuea Tudnsidiu 1:1 lnelua
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o A

JEUUIAINABINITUTUI AN TANLIIAIEINTIAN SosasunpednsIduiovay 1.4 uay 1:8 lag
g ey

Dehydol LS1TH:BUOH (1:0)
Il Dehydol LS1TH:BUCH (1:1)

»
g Dehydol LS1TH:BUOH (1:2)
;@ 04 -
I
9 0.3 0.3 0.3 0.3
m 0.3 -
I
= 0.2 0.2 0.2 0.2
“ 02 -
=
E 0.1 0.1 0.1 0.1
[7} 0.1 -
a
a2
C
,g 0.0
10 20 40 60

Suaaniuaa (5aea: lnedsuins)

5U 5.3 UNuQIWLanINTSWIBUTg USRI IdIUTENINaNTaRLTIRSH Dehydol LSITH/TA
Muea 9 1:0, 1:1 way 1:2

5.2.4 nMsAnwmanszmuvesasdutiulduainannndurand/lfuunduuiani/
Ysufia

SUTl 5.4 uansuwwugiiuvidlunmsiFeuiivushnduiesazvenituuduatinainnin
Aunlend/hsfuinduuiavs/fufiea idnsidan 50:0:50, 40:10:50, 25:25:50 uag 15:35:50
TnavinsAnunfisnsdruseninsansanuseisiavie Dehydol LS1TH/U1uaa 7 1:0 g
U3 Tigaumgil 25°C

MnMsAnw MU Asasdniduuduataainninfunend/ihiuunduiand Ay
Mwa e 4 sns1dau Tuszuuiinnudeinisusuiaaisanusaiaiavie Dehydol LSITH 7
tewasldunnsneiu lngegluyae 0.04-0.08 vol.% dlosnmsiduidudnduiiatnainnin
Aunenddnlvluszuy awiilvienudesnisasanussfisiianatesnsditedify WewSouday
Fusaaudiliiuisuduatnainainfuend (0:50:50) defiUSunaueniuea 10, 20, 40
uaz 60 vol.% THUSinuansanussiesing 1 3 8 wag 10% sud iy (5U 5.4) wazilovhmsiia
Usinanevueadluluszuu sxfinudesnsuSinaasanussisinflidunnsietuuiu
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5 25 4

3 o '

€ Smsdowindiy RPO:PO:D 71 50:0:50 >2°

a}; 2 B dnsdautingdy RPO:POD 7 40:10:50

= Snsdndu RPO:PO:D 71 25:25:50

o 15 - B dnsdouriui RPO:POD 71 15:35:50

)

=S 1 -

£

[0

a

2 05 -

c

é 0.04 0.04 0.05 0.04 0.04 0.05 0.04 0.04 0.05 0.05 0.05 0.05 0.08 0.07 0.07
0

10 20 40 60

Suraanuaa (Sasa: Inalsumsg)

5U 5.4 nsiSeuiigudnsdiuiesarvesiliulrduainainnindunend/ndulrduusans/
Unifudiea 7 50:0:50, 40:10:50, 25:25:50 wag 15:35:50

12
S
:>’c110
I
L 8
(Vp]

-
3 6
o
2
g q
3
@E 2
0 |

10
J3uataniuaa (Vol.%)

‘Uﬁ 5.5 m'iLU%‘&J‘ULﬁaué’mwdau%’a&Jazﬁuaaﬁﬂﬁu‘u1émaﬁ’mmﬂﬂ'}ﬂauWaﬂﬁ/ﬁ’lﬁuméu

%

Savid/ifufiea 71 0:50:50

d

MnuamsAninamavesiiudomadnnedslilesdiadunmirduunduatnan
mnaunenalaglddnsaiuseminsansanuseiisinedn Dehydol LSITH/Gwuea 7 1:0 vils
aansalddnsdmimnzauuarldUinamsanussisiifigalussuuitvinlfAnansazane
dudleferfusgnieniuea dituhduatnainnindunend difuinduuianduasiiy
fuoa Tnegratndudemadstnmaislulasddaduiifitermadadonuandunisn 5.1 o
ihlunaaouanauifveshiudemastnndely
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o & a a Ay o a a Y s o a =
M19191 5.1 Eﬁ@]iLGU’E]LW@Q%?ﬂWW%U@lNIﬂi@@JaﬂUWLmiﬂiﬁ]qﬂu’]mu‘uqauaﬂﬂﬂqﬂﬂqﬂ@uwaﬂﬁ

gns 29AUTENAUVDIAT (vol.%)

A190AL IR LaN1Uea tngiu?
ihsiuunduafin/aiuurduuians/Ahdufiea fidndau 50:0:50
GIZEN! 0.04 10 89.96
gns 2 0.04 20 79.96
GIZERS; 0.05 40 59.95
gns d 0.08 60 39.92
ihsiuunduain/AiuunduuiansAhdufiea fdhdau 40:10:50
GIZERS 0.04 10 89.96
GLERY 0.04 20 79.96
GLZEN 0.05 40 59.95
GLERS 0.07 60 39.93
ihdiuunduaia/ahdiuunduuians Anfufies fisnsidau 25:25:50
GIZERY 0.05 10 89.95
gns 10 0.05 20 79.95
93 11 0.05 40 59.95
gng 12 0.07 60 39.93

MEWe | Ae 8nT1dIusEnINNaNTanuseieiaviln Dehydol LS1TH/Gwnuwea 1 1:0 lnadsunns

¢ ¥
<

?fio dnsdusgninahduliauainainninfurlend/Anduunauuigrs/dniufiea

5.3 mennziauautidamddnmeialulasdiady

Iumsﬁﬂwm%ﬁ%v‘hm'u?ﬁﬂmQmﬁmﬂ’ﬁmaﬂ‘fﬂﬁuL%JaLwaq%amwsuﬁﬂluimﬁﬁa%’u
Joadu loun Araumiinidaaaumand dinsaludfudass uagAranumuiniy wazian
Wisuiflsuauantfithiudemadinmauansgiululediea EN 14214 vl 1desann
maﬁﬂwmmauﬂ’ﬁmaﬂfﬁm%}aL‘wéﬁamwL“fJumiiJizLﬁuﬁ’ﬂsmwwmaqﬁwﬂuﬁau%ﬁﬂﬂ%’ﬁq
fuirdossuifiea Tnsgnstndudomadanmeialilasddadulummansseisiinunangns
fiFadenainea 5.1 Tasdnwagreshifuiinmedalulasddaduiifimamaumisuuduars
Mnnnfurendagiidiimanty mndnuazvesinfudisuil 5.6 weoediiviinuhdulid
afiauInnin 1w Snsdsu RPO:POD 7 50:0:50 2fidfidunindnsndiuduy iesandadiu
Usinaveningiu RPO snnfagsvhlsdvesisudududuiiy
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m W" E “
~ o
.
»

: : !
\
20 40 60

nuaa 10
5ﬁiﬁﬁqu RPO:PO:D 50:0:5 40:10:5 25:25:5 15:35:5

JUN 5.6 dnwaurvesndiudinmelinlulasdiatuninisnauveshdulduainainninfunen
dnUsunaueniuea 10 20 40 uag 60 vol.% analandu

5.3.1 N159LATITHAIAIUNLALTRAUAERS (Kinematic viscosity)

sU 5.7 uansnafisuifisuaanuniinduaumansveshiudemddinneioly
Tasdfadu Tagvihnsiesgsideiniasinanuminviia Cannon Fenske viscometer #1133
1M5§1U ASTM D4d5 figaumgil 40°C TaevihnnsAnwiiiuiunaieniuea 40 vol.% lasdaiden
nnramsiamammiavenihduuiduuiansdetiuiisaiisnidiuienar 50:50 Feiien
pamilnrunasiuasgIuninsnsd 75:25 Wetdnsduiidndnumanfutiy
RPO:PO:D Tudnsdru 50:0:50 40:10:50 uag 25:25:50 NANTNARDINUIN MUTaaieniuea
40 vol.% thsfufidianuviasfign Tasdid1oglurag 3.22-3.28 mm%/sec wazogfluinasi
snspiululefioa deufideiadeniiudomdsinmudalulasdiadugnsi 3, 7 was 11
fiflUTinanenuea 40 vol.% uvilasgsiAauniiniBsaauaans anmsAnwinuin el
Uimahiuliduadaainninfurlend (RPO) luluszuy Arannuniiaidaraumansvos
ihifudemdsdanmuislulasdiaduasfinduuszana 0.02-0.04 mm¥sec Tnsthiudomnas
Fanmvdalulasdiaduiisnadmihduiduadnanninfuien d/ifuunduuiand /sy
Fladl 50:0:50 (gashl 3) agdlenmnunilaidesaumandsnfian e 3.22 mm?/sec

MnTieTgaeaviadaaumansannsoaUlidn genidudemadanim
viinlulasdiaduisaiugns 1dun gns 3, 7 wag 11 darpuniiadaaumans fo
3.22+0.0613, 3.26 +0.000 wag 3.28 +0.0273 mm?/sec MUSIHU %aﬂwumm%mmgmmaq
thifululofima EN 14214 (1.9-6.0 mm?%/sec)
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6 -
°
&
N 5 - o %
£ B 9p37auliu RPO:PO:D
E
e 4 - ‘
rii;;, 3.22 3.26 3.28 e Eanineueininsg i EN 14214
X
@ 3 } ' (3
g AGIEALNNIINATEIU EN 14214
@
IS 2
=
=
2
c© 1 7
[
[
®

50:0:50 40:10:50 25:25:50

Sasndautingiu RPO:PO:D

5U 5.7 nswSsudisuaanuniiadaaumanivesiiiuamdsdinmelinlulasddadun
gaunnil 40 °C

5.3.2 msaasennsaludiudase

Ul 5.8 wansn1sUIsuifisutiinunaaluiudaszvesidudomddanmeialy
TnsBiiadu 3 gs Ao grsfidsnmdtulduataainnindunlend/dfulduuiand/ iy
flea¥osas 50:0:50 (gm3#l 3), 40:10:50 (g9 7) way 25:25:50 (gmsil 11) TagU3unns 7
USmanemueadosay 40 TaeUiinms nnsnwinudn defiudamdiureniiuunduare
nnndurendidilulussuu (RPO) Arnsalududaszresirfuilemasdaniniala
Tnsdifaduasifiutuussan 0.38% lasgasintuidomastnmeialulasdiaduiisnsdi
thifuunduatinainninfuend/dhifuunduuiand/difufiadl 25:25:50 (ansfl 11) agilen
nanlvsiudasesinign fe 0.56 mg KOH/g sovaunAegnafitidnstdiuiingiu 40:10:50 (gnsil 7)
wae 50:0:50 (g3 3) dAnsalusudaseegd 0.83 way 0.94 mg KOH/g mud1y 1ile
Wisuiusuihsudug fisuteudieutu Sddun difuduuians (Po) thifuiduar
nnnAunlend (RPO) irsuranszwiatuuduuiavssethifufion (POD) fignsduios
a 50:50 wazintunanszinitulduuTansdedntufioa (PO:D) iUinaneniuea 40
vol.% Taefimanumiladaauransdi 35.87, 42.56, 11.66 way 3.93 mg KOH/g auaIs

MnMTATiUnunsaluudasrannsaagulii gesihiudomasdn el
Im%ﬁaﬁﬁ"uﬁ%a’mqmﬁﬁhLﬁummsﬁmmgmsumldaﬁLﬂjaﬁﬁmumﬁﬁ 0.5 mg KOH/g §ao1a4fin
Pnmsfvsnuduuduatannniuriend Snvdtenaiaainaingiues fe nisldans
aALTIAIRINGL Alcohol ethoxylate wagnsiisUTaNMeIUDA (AUTENS 95%) Fa 40%
yliiansalududasegs fadu Ssdndudesdinsan Uiinunsalududasedeuazumanu
ddudomddhinneinlulassifady wensuiudndiesdusyneusnag wWu nsanysuna
lovueaas Sseglsimumsazdestimsfnuiiudtlunidesoly
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1.0
09 -
® 08 -
T
o o7 -
on
é 0.6 -
2 0.5 1
@ 04 -
9 )
33
%’ 03 -
pas 0.2
c
& 0.1
0.0

50:0:50 40:10:50 25:25:50
Sasdautingiu RPO:PO:D (Jawas TaeU3uns)

JUN 5.8 msSeuiilsudSinansaluiudasyveahiiuiomainmetinlulassiaty

5.4 d3Una
naideluadiiuanddiiudemnuauisalunsldarsanuseisislunisnin
Fowdsdnmeialilasdifadunndifulduataannnfurlendseinduliduuianise
driuiiea Inelumiddeianudnsnavessiinasanuseiiein Yunaneniuea Snsdau
sTMIETanLIRIRLazaTANLIRIINTIN kardTduisuUduataanninaurtendse
ihifurduuiavisethifuien
NnMIRnwBvEnavesasanussisiaronsiAsunasignalilasdiadusenine
yuoafuihiuuduuians laevhnsisudisuansanussiisiangy alcohol ethoxylate 1
3 48n lawn Dehydol LS1TH Dehydol LS3TH wag Dehydol LS5TH Nan1synaassnyuin @1s
anussRsiavlin Dehydol LSITH TdUSmnaansanussisinosfignluszuulunisazaisionn
weafuifuudulfiduarsidodoatu 1ieaain Dehydol LSITH fdn HLB fisdiian (a1
Araauni) eifeutuasanussisindnansuiia Ing Dehydol LSITH fif HLB offl 3.6
d1u Dehydol LS3TH waz Dehydol LS5TH A1 HLB agjﬁ 7.9 waz 10.1 mudwu Weasan
W3eFaRATIAN HLB i Feildiinanuanunsolunsasanethduldmsetu dafu Dehydol LSITH
Faduansanussisinfmmeaniiaalunsléduiidouussa o lundmdudamas
Fronwdalulasdiat
MnMsAnudninavesdnsdmlnsyiimsssivtihiuliduuiansdethiuiiea
Taeld Dehydol LSITH 18 udauszau 7 100:0 75:25 50:50 wag 25:75 HANITANYINUI
Fasnarusfulndusettuiiiea 71 50:50 uaz 25:75 Sarnudeanisarsanuseisieiia
Dehydol LS1TH tesftaniitevilasazanefiudaiontu iesniiviinashiududitos
Foiliaaruiitauazliftamunransulussuu anmsdneiluaded Sudenldsnsndau
thituil 50:50 Tunsmeaesdusiely ewnldusinanduiiwaiidesnindnsdu 25:75
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dlefinwdvEwaresansanusifsinreansanusafeindiudenisidsuntasipnaly
Tasdatuseninaeniueatuiiiunduuians lnsldarsanusafsiaeia Dehydol LSITH
Lazansanusieiisdedimiuea i 3 Sasidiu teuA 1:0, 1:1 uaz 1:2 Han1sANINUI
ShTEIUATANLIF AR eANTAALIIFRITINT 1:0 SzuuiAudesnisasanussiaitey
flan s03a9NA0 S1du 101 uay 1:2 auddu nande Welindnsdiuvestmiuealuy
dusEnevnnnty ssvildaudesnisansanuseiainlussuuiiuannay
9INNSANYINANTENUVDISATEINT U SN AR ANl ndsetnsuU &y
U%am‘éeiaﬁwﬁuﬁma (RPO:PO:D) fisasndulaeu3unns iﬁLLd 50:0:50, 40:10:50, 25:25:50 Uiy
15:35:50 laglda1sanuseisiauin Dehydol LSITH wammu 25 °C wuin snsrautinsiy
UwamaﬂmmﬂmﬂmuwaﬂamaumumamsammaumumLezja W 4 $nsdru szuuilanny
FoensUsunmuEIsanusIRsiarin Dehydol LSITH fidesldunnsneiu Tnesnsidiuringiu
RPO:PO:D 7 50:0:50 wazUSunananiusadesas 10, 20, 40 uaz 60 aeu3uns MuTuiwm
Dehydol LS1TH fi%aeaz 0.04, 0.04, 0.05 way 0.08 IneU3u1ns aua sy isnsiaru 40:10:50
T4USu1au Dehydol LS1TH Sawaz 0.04, 0.05, 0.05 way 0.07 lagU3uns audsu fisasdin
25:25:50 TUSu1eu Dehydol LS1TH Seaay 0.05, 0.04, 0.05 kay 0.07 lagU3uns auainy
Lazfidns1dau 15:35:50 14USunas Dehydol LSITH Sasay 0.04, 0.04, 0.05 waz 2.25 Ly
U311ms muddu uaznaainnsiuisuuduiatnannninaunenddn i lussuy (RPO) 2%
Flirudeinsasanussisinanaseseiiteddy WewSeuieususasduiildduning
Unduainainninaunlenailensidau 0:50:50 fsiUSunauenusadesay 10, 20, 40 wag 60 149
USUNUANTAAWIIRIRISBEAY 1, 3, 6 way 10 AUANGU
fmﬂqm5L%UaLwﬁﬂ%amwsuﬁmlmimﬁﬁa%ﬁga 3gn3 lﬁLLﬁqmﬁwﬁu RPO:PO:D 71 50:0:50,
40:10:50 war 25:25:50 USInaenIusasesas 10, 20 uay 40 lneUsing Aladndenunay
ilUiigiauanifidosturentemasinnuasfisufuaunsgiuvesiulofiva (EN
14214) Tngvnsinsziaianuniindaaumans lnevinsimszimemissdeiany
vilawila Canon-fenske viscometer flgamail 40 °C (ASTM D445) Tias1zsiannsalusiudasy
(ASTM 664) Tagdsn1sminsa (Titration method) Amelaifsulansenlenninududu 0.1 uas
ffa wavArAuuILLY Tngiansdaimingeedestmadon 4 dunds 99n1siaseien
Auviindsaaumaninui disiudemasdinwilalilasdaduiifisnsidunauveaem
usadoraz 40 lngU3ums fimnumiadeaumaniimigauazegluinasinnsgulule
Fiwa EN14214 wasfidhmduthiuliduatnanninfunenddedisiuuduusanideiiy
AasEndnedt 50:0:50, 40:10:50 wag 25:25:50 ﬁmmmwﬁ@@?wﬁqﬂ Iﬂaﬁmagﬁ 3.22, 3.26
uay 3.28 mm?/sec mudRy Bavis 3 gusegludmnsgruvedlulofiea EN 14214 Beramun
11517319 1.9-6.0 mm?/sec
nansIAszRAnIaleuaszvetsuUduaina NN unondsetintulidy
U3aviddothiufiea (RPO:POD) Midnsndau 50:0:50 40:10:50 waw 25:25:50 fiUSanauevniuea
Zouay 40 TneUsunns wuin eiudnsidiuvesintulrduadimainninaunendlussuy fn
nsalvsiudaszresiudemastinmeinlulasdiaduaziintulsyanudesay 0.38 Tagd
Sngrdauthifudl 25:25:50 WeiAstnmudalilasdtadulidnsnlutudases fian e 0.56
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mg KOH/g sevawnAosnsIEILTTuT 40:10:50 waz 50:0:50 ﬁﬁhﬂiﬂlmﬁuﬁaizagﬁ 0.83
waz 0.94 mg KOH/g mud1du 31nn1siasisnusunansalududasvarunsoasulain gns
ihifuigamasiinneinlulasdfatuieugesfunasinasguvesiulefiwaiisinualii
0.5 mg KOH/g Zsanaiinannnsifiusnenisiulduatnanninaurend vilidansalay
Basrgs My Tedududoaimsanuiinunsalatudaseiouasaidnduitudemasdanm
vialslasdifady isliliAnnisianseundeseudislomluld
nnwanisAnyideluadsdannsaazldd diudemasdinmeialulasddaduiilai
nsdmdeniia 3 gns Wugnsiidfiaalumstiluiaundudomamaunusioly Tasgasiiiu
RPO:PO:D 718nT1da1 50:0:50 aziAranumiladsaaumanssiign wiazdansaluiudasy
swnitan Woileuiugnsdu Turmeiignaintu RPO:POD Midhsdau 25:25:50 agdiAiaAana
vilngefigaiileliioutusnnadudundaziiinsaluiudasziian
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UNil 6
N1INAABUNIT98N (Seed germination) WAZAAINYIITINVBINY (Root
elongation) vuninAunendnniun1suninflgasanalulasddatu

NOEN1 MaEUANT' SURS1 WIuas” wag wianua 91asaliney’

AN EATATENS NTNINTTITUYIRLALFWIAGEN UNTIMEIRBULIARS Jmdnfivaylan
“mendetinsfounazUlnsiell P1aNIRlING IR NTANNUNILAT

6.1 NsIA3BNLATAMANTRALUBIRUYBININAUNSN
6.2 NITNAGBUAMUTUNEADNITIDNVDINY

UNuI

ﬁu‘vxlaﬂﬁﬁgﬂi%awuLLﬁaM%aﬂWﬂﬁuWBﬂﬁ (Spent bleaching earth, SBE) tJun1n
AN ssuAnTuNnIEUIuNIWenduTuY (sWaveds 02 03 99 HM) Aikesdinisdnnis
muﬁﬂgwmaﬁmum (DIW, 2551) wegelsAniu mﬂau‘V\Iaﬂﬁé’ﬂm:ﬁ%ﬁuﬁmnﬁwagﬂizmm
20-60% Tagtimiin (Loh et al, 2013) ﬁy’ﬂﬁﬁwﬁuﬁmﬁuﬁmﬂﬁwagjmsﬂumﬂﬁumﬂﬁmmm
aﬁmaaﬂmﬂ%ﬂiﬂmﬁléﬁ@EJm{LSi’fmiaﬁmL‘aﬂL%ﬁ%%‘iﬁﬁﬁﬂiz%m%mmgq fimsldauiiazaan
warsIL31 wiogslsimuansatasnimuduasidneglunguansiaiidunse \ufivdessuy
Uszam ﬁﬂmamﬁﬁﬁismadw 11wl (EPA, 2005) 3aflunmssnnisilaifufinsrodundon 30
fadstareulsnnevesnssnsgpamnssuiiduaiuliniagravnssudinsldussloedainnn
YoudEY aANISINRYBLEEAINNITNTLUIUNTSHER LagldnsnenssssusRegediussd@nsaw
qﬂqmmwﬁﬂmﬁ 3Rs (Reuse, reduce and recycle) (IWMB, 2555) Fa1nuunAatvnantnga
Tdnanfauaifauisoatnisiuiisfinndsluninfunendldodaiussansnm Tnglidmwa
nsenusedandey fauduiivi wavaeliiAnnisldusslovidnadaanninfunend 3
Juignsiivnaula

wilalulasdsiadu (Microemulsion technique) Wuszuunsnanvosvaraesingae
Aldaunsasiuduidedoniuld wu diuiiiu Tnserduaisanusiaindusaviildiin
Bsiadu (Emulsifier) uanduisnsatmirdueeninveudsfireudnaiiussansnm fAsuvugn
nndlewFeuifisuduismadendug wasdmnuduiasdedundeninnniinisidansadng
AlYU INAIANYIUIIBVEY Arpornpong et al. (2018) WuinslUaTanLsIRsiviln Fatty
alcohol ethoxylate (1914 Dehydol) Fuduansanusefsiafinanlulssinalng wazndnain
fngAvsssui Tusransainlunisvedrshifuidnivoonainninfurend 71.4% Tngld
A150AL59ARTHA Dehydol LS3 TH aududu 15 vol.% luaisazaelaifsunaslsnainy
LIUTY 15 wt.%

Fuumadalulassifaduieiiuse
Folnlananamduiuisiuiiannld (Extracted crude vegetable oil) wazninAunenddi

a

NEnlunisvzalsundunsfuaenatnnInfunend
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rnun1sYEas (Treated SBE) sthinduiataldoradnduidngnssuiunmsndavidonisiluld
Usglomidun o mavinduthiululefoa nsldlugnainnssuaiosdrens viadutag
USuugsiu Wudu dusunisiinindunendluldiduiaguivusaiulafinns@inuilee Loh et
al. (2013) wuimisldninfunendudnsiuduyaliuasiaunearsurdy nauiuAuAINsITUYIA
Tudndau 50 de 50 dwalildTaquivlsiuiifuszansamlunsduingadu wagiiainis
LLaﬂLﬂgauﬂizﬁ;UUﬂﬁuaﬁu (Cation exchange capacity, CEC) ﬁLﬂT\l‘uqﬁu %Qﬁﬂmaﬁiaﬂ’mﬁ‘uﬁu
YoeuaTInInvesiivnaasteg1adfitodidy eswwnninfunendiluusuouduedalalus
(Montmorillonite) fnaglunguuadialg (Smectite) Sanauiifianusaduildgs annso
gndudeausie Idueg1ad (Nutting, 1933)
nsl¥nnAunendfiiunsvzdsneundilaglinunszuiunsviin o1adsnadsionis
Hasfunsuanudesfaiiounszan (GHGs) MnnszUILnIs Bniidsanlentanisuutouthsiu
fifinndnsluninfunendidiigdanden See1asnsUssaviainlunisdutinazanis
uanuasuysquInuesiueg Lﬁaqmmﬂﬂgmaﬂ@mamﬁ’ﬁLﬁu@mauﬁ’ammﬁuwgﬂﬁaguﬁa i
nsfnwdsajuiiuluiinis@nunisldusslesininfurenidiunisezdrefsansadaly
Tnsdaduifielfiduianuulsshudotantisduiilufu TnefAnwauaudidesfureaniniu
ylond uagnaaeuanudufivsefiviinaassugnuuniniurlendfiiiunisvzdraudidulaun
N1390NVDITINNY (Seed germination) LarAIIUYNIVDITINNY (Root elongation)

3BN15NAA0Y
6.1 maw3y uazansutAosiuvasnndunen
35398

furlondfiriiunisldsiunds nienndurend (SBE) azgnuzdrsdisansadnly
Tnsdfatulagldansanusefeinuin Fatty alcohol ethoxylate léiun Dehydol LS7 TH A
Wudu 4 vol.% luansasareluiouaaslsd (NaCl) aarududu 15 wt.% Juaisadaly
TasdsTadu Tnsansanusafisia Dehydol LS7 TH lefumnueyiasgianuiem Inedfiendian
10 wazAurlendfiiunsldruuda Wsuanuewasssianuiim ddusrdnaiuns S0
TnglunsilUlfidutaqugn asusenevludedunendiia 4 viin léun Aurendlva (Vigin
bleaching earth, VBE) mndunend (SBE) nindulendiiiiunisansseansaineniay (SBEh)
uaznnAunlendnkiunsasieansadalulasdiadu (sBee) IngldAunmerdufuaiuay

anuavtRidesfuvasfiunondiis 4 afia Aviinsfnudseneuldse Usinaiiulu
#1989 (Residue oil) (EPA, 1996a) mmmmmlumsé@% (Water holding capacity, WHC)
(ASTM, 2002) Aatdunsaidumie (pH) USU0U5190 M1 IaNURINY (NPK) USunaudunsd
A15uUBU (Organic carbon, OC) mmmmaaiummamLﬂﬁauﬂizﬁguaﬂ (Cation exchange
capacity, CEC) LLazm'ﬁﬁ’liWﬁ’lﬁqm%ﬂ“ﬁ 25°C (Electrical conductivity at 25°C, ECys) (LDD,
2553)
WAN3ANYII9E

1151971 6.1 wansnnaTRvesianUgnitlilunisinu nanisAnwimudn Aunendiisiu
nsldann (SBE) wienniumendiiusinashifusdmandaads 20.80 wt.% ethnndumlen
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alvrdnavansadalulasdsaty (SBEe) nuiilusunaniunndne 4.73 wt.% Tngiuiaogn
W 4 wia Suuszneulude fuvendlval (VBE) nndurlenafisiunisldeu (SBE) mnauslen
Frunszuiumsrdnsigansanalulasddadu (SBEe) wavninAunendiiniunszuiunsans
Fuansafinuenisu (SBER) Tenfitoy (pH) oefl 5.69 3.67 5.29 way 4.52 suddy sadiaumen
A7ivunldsinudunsauinidesuianlunssuiunisuanasinisldnsaee A1aiiediu
UsgdnnmlunsBaduiansnag dmdudniailalihiiguvgfl 25°C wud Aurenddsly
umstdaudainisin g 1.75 ms/cm Gﬁq%’@ag”lmmusﬁlajﬁﬂ’;mﬁm (LDD, 2553) n1n@u
Wondfinunisldeu madunendiiunssuiunisarsssansanalulasdiadu uazninfunen
dinunszuIumsdsieasataeniou Sanshliihiigumgl 25°C winftu 2.39 2.07 way
1.94 mS/cm AUaeu ?fﬁmasﬂumwﬁmmﬁmﬁw (LDD, 2553)

funendlmidafuiuiifismennsi fvsinalulnsau weareadidulsslowineiiv
walnuvaden Seuaz 0.43, 0.05 way 0.0021 auddu JudlewFoudisutuniniunendudd
wut mnAurlendagiisnensfiganidesnannsgadvaisiegiiegluthiuidnauly
nszurunMsHenditiu Tnewuusinalulnsauuasreane e duustlovdsefia 0.60% waz
2.48% PUEIAU NENSINITANNINAUNENE 91991 bis e mIsuNdILaratemelUt1
dnfunszuiunsdeseasanalilasdiady nuihiiviailulssauiigadudnies Tnsnsa
nuUSuadlulnsiau 0.97% %qm'«aLﬁﬂmﬂmsam%mﬂmsammﬁqaa lesnlunszuaums
naneniiaueanles (ethylene oxide: EO) Mifussdusznouniaesaisanussfina desdinng
Tgfinglulasiunssiuaslunszuiunis (Gustin, 2000)

dlovmsinssisasdiussminemsuausslulasiau (C/N ratio) wul1 mnaunlend
78 vlainunsaanazinunssuIuATE B TadaLenEY TensdIusININAISUaURe
ulnsiufigenirfaguanudadu osnanarsidensvenduasdvsenay (hiusadin)
fFamanndnaegludaedns denalildausniunsvoudige Fuileifisufuninfuendsiiu
AszUIUNSAsansanalulasdtadu Afsnsdumsuswiolulnsaufiansasainiunend
fgslasunmslinutesnaniinalulnsuiifiugstu

YaNNLAY @mamﬁ’mumséufwLLa3mmmmwsmiuﬂws@m%’UﬁﬁqaﬂwwsﬁsuﬁLﬁuéaauu
nvestanuan dadunmantiddyiiulsylovidenniluduanuiuuseiu nanisdnu
wuin Aunendlmifiusgansaimlunisgutn (WHO) gefls 145.49% wagninfunlendiu
nszuaunITasRsansadalulasdifatu 115% uenvinitanugniisaesiiniddien
mmmmmiummaﬂLﬂﬁﬂuﬂizquaﬂ (CEC) gatle 134 uag 129 cmoly/kg. MUaRy Tness
aesliifimuunn1eneada uazganinnusigauinvesnsuiauiau Adivualiied
mmmmaﬂummaﬂLﬂﬁauﬂizqmﬂ Lﬂmﬁqamfm(ﬁy’um 40 cmol/ke. Fl (LLD., 2553)
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A1519 6.1 AnLNwzYRYTERUAN

Treatment  Residue  pH Total N Avalible P Avalible  C/N WHC CEC ECzs
oil (%) (%) K ratio (%)  (cmolokg) (MS/cm)
(% wt.) (%)
SBE 2080  4.46-  0.60° 248 000217 537" 6119 2733 2.39°
4.56°
SBEh - 527-  043° 106" 00016 830°  847°  62.67° 1.94°
5.31° 0
SBEe 473  568-  097° 058 00016 236" 1150° 129.33° 2.07°
5.70° b
VBE - 3.66-  0.43° 005 0.0021° 284" 1454°  134.00° 1.75°
3.69°

The different letters within the columns show the statistically significant (p<0.05) using One-way
ANOVA.

6.2 nMInagauANUTUNEian15@NYDINY
35398

manegeuaudufivuesnndunendiiiunisvedsieansatalilasdiatusenis
19NUDITINNY (Seed germination) LarA21NY1IV8I51n (Root elongation) arlddTe9
(Vigna radiiata (L.) Wilczek) Lazdndes (Glycine max (L.) Merr.) \Jufiannaos lngyii
wmammm‘i%mwgm OPPTS 850.4200 Seed Germination/Root Elongation Toxicity Test
AINLIRIU USEPA (EPA, 1996b) uagyinn1seenwuunisnaaetuuuduanysainigluvden
(Randomized complete block design, RCBD)

yhmsUgndndeauasdundesiiinunisutt 8 hr luamuwigidesun 100 mm fign
819998 7.5N HNO; naun1styeny U%’Uﬂam%uﬁum%’maauiﬁagjﬁ 80% LATLAUAUAIIU
IsTeUSINe 60 ¢ AuitldnedeuUstneuluiie Aunse (Control) Auwenafidsluiriunisld
97U (VBE) nnfunland (SBE) nnduendfiniunisdrsdneansadmlulasdiadu (SBEe) uaz
AnRuNenaTH U TEeRBaNsaRaLEnIEY (SBER) YnsnaaewevansIuaL 5 91 1
srpvalunITAaeIia 3 days s¥WinTIAaesinIAUANgAIYE 252 °C Fedaiugu
gamdl (Incubator) Tuan1azliifiuas vhmsmuauarutuivlieds 80% aaonszeviiainig
AR

A1BNEIR1N 3 days NMSFNBINITNTRITINTAY Freeusuinubninnision Tunsdid
AMuENSINeIAY 2 hr 3ulU Taevhnnsiannuensauvatssinauidaureuda §919
swudsduesanulusuian d@unsAnwIANE1ITBIIINGY (Root elongation) a¥¥11n153n
AuMsauAUaesInauislauTedn Senasiuddiuresdrdulusuinn YOINYYNLUAR
sulluGensdldiinnsenias (Aue19510 = 0 cm)
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HaN15AN©Y139E
N1599NVBIUAANY

P39 6.2 UanINANSIeNYRLLART T (Vigna radiata (L) vuianUgnudasme wa
mMsAnwInu waaduderfignimnzuunindunendisiiunsdasansainlulasdiady
(SBEe) §in1590n 85.33+4.98% FaidleiFouifisuiumdndndefignimzuuiuniuauvienu
1518 (Control) Aunendfidslaiunisldeu (VBE) waznndunenaiitunsddisansadog
A (SBER) wutliifenuunnansegnafitedfny sndiuwdadudenfimnzasuuninfunlend
(SBE) Tlainunissenvessan (0%)

dmuidndumdos (Wilczek and Glycine max (L) Merr.) fiwnzuufuaiuns Auslon
andlaleiunisldanu (VBE) wazmndurlondniunisarssisansainlulasddady (SBEe) wuind
A15990 61.33+5.78%, 62.67+7.60% W@y 56.00+7.60% A1UAIRU Iﬂai’aaﬂqﬂﬁaawm%ﬁmﬁlﬂﬁ
ANULANANAUNGERR  widnSudndvEesiinzuunnfiunendfiiunsandasansana
\nle (SBER) Tn13aen 50.67+5.96% dsfianuuandnaanduauauegadidedifey sl
WANANVINSERRTUNISIDNYRI AR UUNNAUTENARUASA sP B EN TRl
Tnsdifadu (SBEe) dwsudndmdasiiwizuuniniuend (SBE) liwuniston (13519 6.2)

AN514 6.2 NM3IDNVDIUEAT T (Viena radiata (L.)) wazdmdes (Wilczek and Glycine max
(L.) Merr.)

Seed germination (%)
Control VBE SBE SBEh SBEe
Viena radiata (L.) Wilczek 86.67+4.71  88.00+5.5° 0° 80.00+12.47 85.33+5.58°

a a

Experimental plant

Glycine max (L.) Merr. 61.33+5.78  62.67+7.60 0° 50.67+5.96°  56.00+7.60°

a a b

The different letters within the rows show the statistically significant (p<0.05) using One-way ANOVA.

A1UY129095N

U 6.1 WA 6.2 WaAnsANLENITIN (Root elongation) YeadudiTeduazimaes a1
mamiﬁﬂmmmanmﬂmmé{uﬁaL%EJ’JLLazfﬁL‘wﬁaaLﬁ@g}ﬂmfﬁmulﬁu‘[mimza&%'uLLiﬂ%aqﬁ%ﬁ
Anwmuin mnuenTInvesiuiuleniivgnasuuiuniun (SBE) Aunendndslaiinunisldau
(VBE) waznndunendiiunisdrsdneansaialulnsdiatu (SBEe) Tufinnuuansnefunisada
Tneflnue1259n1@aes 5.0941.91, 4.95+1.80, WAz 4.98+1.93 cm AINATRU (11579 6.3) B9

D

ANYITIND VY AARYNIANUFINARDIULAUBLANA NN NADRANUAINULIITINOITLILRAEY

Ugnasuunindunlendfiiunisanenigansanaenieu (SBEh) agraiitiadfty laeilninuen?
a

FINRAY 3.97+1.78 cm anaINYAAIUANUTEII 1 cm
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i
{

}

S S 1
S PSBERT O /
- {(*33-46.cm)

7 'psBEe
=4:4-54 cm)

) St

Control VBE
(=49-53cm) " (=4.2-5:4 cm)’

RSBE

(<0-0.3'cm) BEBER

(=3.2-4.5 cm)
RSBEe
(=4.4-5.7 cm)

5U 6.1 AUEMIINLarARUTINBNYDIN T IVUALALANA1TY Szevian 3 days

AnSUAINLENTINRAETe IR AR B9 (Glycine max (L.) Merr.) finansanuidululy
fiavadeatuiuiuden LﬂmLwimmm’mﬂLaﬁﬂﬁﬂgﬂawumﬂaumﬂ?whumsé”mﬁfsaaws
afnlulasdifadu (SBEe) fiAaded 4.46+2.65 cm AninyamuAuAfinNe1ITINLRAe?
0.92+2.50 cm FvanadlasUszany 0.6 cm wazuanansiuegaituddny uilidauunneng
mqaﬁaﬁm'gmm’mﬂmaﬁamﬁmﬁﬂqﬂaauuﬁuv\lan%ﬁé’fthmumﬂ%’mu (VBE) @upna
g1TINvesIMAssiUgnasuunInAunendiniunnsdnsfeansadalaniou (SBE) sy
uanaamsadftudamaaesiaany tnefiaueiads 3.20£2.17 cm anasaIngnAILAY
Usgad 1.7 cm

A1979 6.3 ANE1ITIN (Root elongation) YBIRUITL AT NNRDY

Root elongation (cm)

Experimental plant

Control VBE SBE SBEh SBEe
Vigna radiiata (L.) Wilczek 509+1.91° 4.95+1.80° 0.04+0.09° 397+1.78"° 4.98+193°
Glycine max (L.) Merr. 4.92+2.50° 4.83+2.44° o 3.20+2.17°  4.46+2.65°

The different letters within the rows show the statistically significant (p<0.05) using One-way ANOVA.
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7
Control

=4.4-5.5cm.

5U 6.2 ANHE1ITINLAYAIRUTONVBINAMRBIVUAUNLANGANSIY 8821381 3 days

PRV

MnuansAnwanauiRvesiurlenduaznindunlendnuin anauiRidudaiuanza
wAmsthludutaguivussiuie mnuaunsolunsdiniuasaruausalunisuanivden
Uszquan iesnAurendfiesdusznoundnifuusueusueilelus (Montmorillonite) Tung
wsaudinlng (Smectile) fiflassadradudanuazegiunfesdoutuogidutu Sawmdentude
WIIIULABSINIA (Van der Waals) ﬁwiﬁﬁma%dmmﬁm ansaunsnilUluusazduls
msJ (Nuttmg, 1933) mmmmuwlﬂLﬂmaﬂﬂiwimuwLﬂumumﬂmmLwaLLﬁ'lﬁuﬂmmmuluam
th wenaniffanuin nndunendiidnwheansadalulasdadudiniiuszansamlunisdu
wazuandsulszauanldifisunifudunendlusdsunnssannindunendidslairunisdg
LLazﬁmuﬂszmum'ﬁé’Né’amsaﬁ’maﬂL%ul,ﬁ'aamﬂﬁuﬁaaawﬁﬂq@Lﬁaﬂszﬁm%mwiumﬁﬁm
Fulufunmsuudeuisufivvdoisniou

MINNINAABUNTINONKAZANLE IV INTiwaeseila Fo dTea (Vigna radiata
(L.) Wilczek) waviandos (Glycine max (L.) Merr.) wuin linunissenvesiiunaaoseing
yaassUgnasuunInfunenafisaliiunsdraiiosnnluiuiviinanisiueggededenals
hifuludufusdasiliun wesiliaunsounsinudwadussudaiivluyilfiannmssenaes
snld venanddmiuindaiiGuAanisen sinfifdsenidledudatuiiuhlmiliannse
s sadvssnnvesiigladnisuiy dwsuiiviinaassgnasuumndurlendiigninse

ANTANALTNUNUI AINARDNITIDN WATAINYIITINYDIN VA D998 19Ud Ay FallAlnw

o
[
[ Y

LANFINAINDWVLIN LUAINAABDNNTIDNVDITIN LAFINARDAINULIITINDENANEF 1A 190879

o
P

W90 N NYLAALYRATAMUNUADANINBINADUNWANANNY fatulun1sANwTwnaagll
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ARTICLE INFO ABSTRACT
Keywords: The disposal of spent bleaching earth (SBE), an industrial refining waste from the bleaching process, is a crucial
Hydrophilic-lipophilic deviation environmental issue. The objective of this work was thus to formulate a microemulsion-based washing agent for
Microemulsions the removal of residual rice bran oil from SBE using the hydrophilic-lipophilic deviation (HLD) concept. The

Oil recovery
Spent bleaching earth
Surfactant

HLD equation was used to calculate the optimum salinity at various temperatures in the washing agent solution
based on the alkane carbon number (ACN) of the rice bran oil. Three fatty alcohol ethoxylate surfactants
(Dehydol LS series) were selected for use as nonionic surfactants. From the HLD equation and phase experiments,
Dehydol LS3TH was selected to formulate the microemulsion-based washing agent for oil recovery from the SBE.
The HLD equation predicted a Winsor Type III microemulsion to occur at 8.5wt.% of NaCl at 25 °C. Phase
behavior studies demonstrated that a Type III microemulsion occurred over a NaCl concentration range of
10-20 wt.%. From these results, a correlation was confirmed between the theoretical HLD prediction and the
experimental phase behavior. In the oil recovery study, the microemulsion-based washing agent provided the
highest total oil extraction efficiency: up to 71.38 = 1.75% at the optimum salinity of 15wt.% NaCl, and a
contact time of 30 min at 25 °C. Thus, the HLD concept for predicting microemulsion formulation was found to
be an effective way to formulate a microemulsion-based washing agent for vegetable oil removal from SBE.
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N. Arpornpong et al.
1. Introduction

The bleaching step in the vegetable oil refining process is performed
using bleaching earth as an adsorbent for removing undesirable sub-
stances such as color pigment, phosphatide, fatty acids, traces of heavy
metals, and oxidizing compounds [1]. Spent bleaching earth (SBE),
classified as an industrial waste (Thailand Waste Code, 02 03 99)
containing a high percentage of residual oil (20-40 wt.%), is a common
waste from vegetable oil refineries [1,2]. Federal legislation requires oil
refining industries generating SBE to apply proper treatments before its
disposal. However, the disposal of this waste is challenging due to the
large quantities of SBE generated and the high operating cost of its
disposal.

Waste recovery is one of the concepts in the waste management
hierarchy (3Rs) used to reduce production costs as well as environ-
mental burdens. Ideally, residual oil in SBE could be recovered for in-
dustrial applications (e.g., as feedstock preparation for oil refinery
biofuels, bio-lubricants, industrial grade oleochemicals, animal feeds,
and fertilizers).

Surfactants have the ability to lower interfacial tension (IFT) be-
tween oil and aqueous solution [3-5], allowing oil to be liberated from
the SBE surfaces and/or be solubilized in surfactant micelles. The re-
sidual oil in SBE is commonly recovered by nonaqueous-based solvents
such as hexane. However, hexane is a highly volatile solvent and ha-
zardous air pollutant that can harm human health [6]. Therefore, mi-
cellar-based solutions using non-toxic surfactants have been evaluated
as replacements for hexane.

Nonionic surfactant based microemulsions have been used in many
applications such as in food [7,8], cosmetics [9], pharmaceuticals [10],
cleaning products [11], and biofuels [12,13]. Nonionic surfactants have
the advantage of being less toxic, less sensitive to precipitation in the
presence of electrolytes, and can achieve higher oil solubilization as
compared to ionic surfactants. Traditionally product formulation has
been guided by the experimental phase behavior of a surfactant—oil—
water system, also called a formulation scan. A phase diagram of a
surfactant system is constructed where the Winsor Type region are
presented as a volume fraction and an independent variable (e.g.,
temperature, types and concentrations of electrolytes, types of oil, and
surfactant concentrations) [14,15].

Fig. 1 illustrates the phase transition by a sequence of test tubes
containing the same amount of a surfactant-oil-water (SOW) system
along the variable scan (typically salinity or temperature). In Winsor
Type I systems, the hydrophilic surfactants can self-aggregate to form
normal micelles, which are capable of solubilizing oil in their hydro-
phobic region. In contrast, reverse micelles formed in Winsor Type II
systems that solubilize water in their hydrophilic region. Bi-continuous
or lamella micelles (Type III or IV) can be obtained when the interac-
tions between the oil-water-surfactant system are balanced [16-20]. As
the scan variable increases, the water solubility of the surfactant de-
creases and oil solubility increases. Phase transitions can occur from
Type I to III and to II, respectively [21]. Another option of the phase
behavior study can be presented in the form of ternary phase diagrams
(a prism diagram containing three vertexes) [17,22-24].

The hydrophilic-lipophilic deviation (HLD) concept has been ap-
plied to design surfactant formulations [25-27]. The HLD is an em-
pirical equation for predicting microemulsion formulation, and it in-
cludes parameters that represent the oil polarity, surfactant
hydrophobicity, temperature and co-surfactant (alcohol). At HLD = 0,
the interaction of the surfactant between water and oil is balanced,
which exhibits a three-phase behavior (excess oil, microemulsion, and
excess water), namely a Winsor Type III microemulsion, and the lowest
IFT. A negative HLD (HLD < 0) value means that the surfactant is
preferentially soluble in water, and a Winsor Type I microemulsion is
obtained. In contrast, a positive HLD value (HLD > 0) is obtained for a
hydrophobic surfactant formulation that produces a Winsor Type II
microemulsion.

88

Colloids and Surfaces A 541 (2018) 87-96

The removal of oil from SBE can be achieved by three mechanisms,
namely snap-off, roll-up, and solubilization [28]. Fig. 2(a) shows a
schematic diagram of the roll-up mechanism. At the oil-water interface,
the surfactant increases the contact angle between the oil and the SBE
and decreases the IFT between the oil and water. The oil can be re-
moved from the SBE and liberated to the free-oil phase with minimal
mechanical agitation. With the snap-off mechanism, this occurs when
the contact angle is not high enough for the whole droplet to detach
from the SBE. Thus, some portion of the oil remains on the SBE. Similar
to roll-up, snap-off oil removal is facilitated by lower IFT. The solubi-
lization mechanism for oil removal is based on the partitioning of the
oil into the micelles. This mechanism is only applicable at high sur-
factant concentrations when large numbers of micelles are present
(Fig.2(b)). Therefore, in this study the low amount of surfactant in the
washing agents are desirable from an environmental point of view, for
it provided a reduced potential risk of new contaminants being released
into the environment and ensured the economical practicality of the
process.

The objectives of this study are (1) to formulate a microemulsion-
based washing agent for recovering rice bran oil from spent bleaching
earth using the HLD concept, (2) to compare the phase behavior ex-
periment results of the surfactant systems with the HLD predicted data,
and (3) to determine its oil extraction efficiency.

2. Materials and methods
2.1. Materials

Three fatty alcohol ethoxylate surfactants (99% +) containing C12
to 14 linear alkyl chain length with 3, 5, and 7 ethylene oxide (EO)
groups were used as received from Thai Ethoxylate Co., Ltd (Thailand).
They were selected based on the environmentally friendly nature of
these products. The properties of the surfactants are summarized in
Table 1.

Spent bleaching earth (SBE) from bleaching vegetable oil was ob-
tained from Surin Bran Qil Co., Ltd., Thailand. Crude rice bran oil was
used as a surrogate for the residual oil present in the SBE. Four oils,
hexane (99%), decane (99%), dodecane (99%) and hexadecane (99%),
were purchased from Acros Organics and their alkane carbon numbers
(ACNs) were 6, 10, 12 and 16, respectively [29,30]. Sodium chloride
(NaCl, ACS grade) was used as the source of electrolytes.

2.2. Determination of the washing agent formulation using the HLD concept

The hydrophilic-lipophilic deviation (HLD) is an equation that is
used to determine the microemulsion type of each surfactant by a
specific oil. The HLD equation for a nonionic surfactant was defined
[21,26] as shown in Eq. (1).

HLD = (a—EON) + b(S)-k ACN-f (A) + CrAT (€9)]

In this equation, a is a characteristic of the surfactant hydrophobe,
EON is the number of ethylene oxide groups in the head group, S is the
concentration of the electrolyte (in g/100 ml), b is the type of electro-
lyte (i.e., 0.13 for NaCl), k is a constant of the surfactant (0.17 is
normal). ACN is the number of carbons (or equivalent) in the alkane oil
phase. f(A) is the concentration of the cosurfactant. The temperature
factor (Cp) is 0.06 K~1 [15,21]. AT is the temperature difference be-
tween the studied system and the reference temperature (25 °C). The
parameter a-EON ( = a-EON) is the characteristic of the surfactant.
The a has been found to be changing linearly with the n-alkyl carbon
length of the surfactant tail (SACN) [19,31]. Salager et al. [19] pro-
posed a linear relationship between a and SACN for alcohol ethoxylate
surfactants as shown in Eq. (2).

a = 2.00 + 0.34 SACN (2)
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Fig. 1. Phase behavior of the surfactant-oil-water system

along a formulation scan at a constant water-to-oil ratio. ME,

} A i microemulsion phase; O, excess oil, W, excess water.
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This study also determined the characteristic values of the studied
surfactants and the ACN of rice bran oil based on the HLD concept and
phase behavior study. The HLD value of a Winsor Type III micro-

emulsion is equal to zero (HLD = 0).

Fig. 2. Schematic presentation of the microemulsion-based
washing experiment.
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olubilized oil
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2.3. Microemulsion phase study

Microemulsion phase studies were conducted by placing an equal
volume (5ml) of rice bran oil and surfactant solution with different
concentrations of NaCl (salinity scan) and at different temperatures.
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Table 1
Chemical properties of surfactants.

Materials Formula EO group HLB® MW (g/  Cloud
mole) point® (°C)
Fatty alcohol Cy5.14 Ci1g-20H3604 3 7.9 318 51-53
(3) ethoxylate
Fatty alcohol Ci2.14 Co2.04H4606 5 10.3 406 68-73
(5) ethoxylate
Fatty alcohol Cyz.14 Ca6.26Hs405 7 121 494 52-58

(7) ethoxylate

2 HLB is hydrophilic-lipophilic balance which provide by the manufacturer.
b Data was provided from manufacturer.

The sample was mixed with a vortex mixer for 1 min and then left to
reach a state of equilibrium at 25 °C for two weeks. Microemulsions
were visually identified by passing a laser light through the phase [32].
The optimum salinity (S*), where a Type III microemulsion occurred,
was investigated.

2.4. Determination of oil extraction efficiency

Ten grams of dried SBE was suspended in a vial containing 20 mL of
the 10vol.% Dehydol LS3TH washing agent. The suspension was then
mixed for 30 min by a shaker at 200 rpm. The sample was centrifuged
for 30 min at 3000 rpm in order to separate the aqueous and SBE
phases. The SBE was rinsed with distilled water twice to remove the
remaining oil and washing solution, and to prevent any emulsion for-
mation during extraction. Finally, any remaining oil in the SBE was
extracted using hexane and a determination of the extraction efficiency
was made.

2.5. Statistical analysis

One-way analysis of variance (ANOVA) followed by Tukey post hoc
analysis was used to determine the significant differences among the
washing agent formulations. All tests were carried out at a significance
level of a = 0.05 using IBM SPSS Statistics software (Version 20.0).

3. Results and discussion
3.1. Determination of the a-EON value

The HLD equation requires the a-EON value to be determined. The
a-EON value of all the surfactants was determined from the phase be-
havior experiment at the phase inversion temperature (PIT) without
cosurfactant (f(A) = 0) and electrolyte (S = 0), as shown in Eq. (3).

(EON—a) + k (ACN)—b(S)
Cr

PIT = 298K +
3

To obtain an accurate ACN of the rice bran oil, the rice bran oil
should first form microemulsions with all types of the studied surfac-
tants. The PIT of each surfactant-oil system was determined by mea-
suring the temperature (K) at an optimum microemulsion phase tran-
sition (Winsor Type I to III). Therefore, the PIT was plotted as a function
of oil hydrophobicity, as represented by the alkane carbon number
(ACN) (see Fig. 3).

As can be seen in Fig. 3, the results show that the PIT of each sur-
factant increased with the increasing hydrophobicity of the oil. To find
the ACN of the rice bran oil, a linear regression model was applied using
the experimental data. The PIT of all surfactants with the rice bran oil
were in the range of 42.5-66 °C. The ACN of the rice bran oil de-
termined in this work was 16.5 + 0.4 (ranging from 16.1 to 16.9). The
ACN of the rice oil is in accordance with the ACN (15.1) calculated from
the average number of carbons in the saturated and unsaturated chains,
and the average number of double bonds of the unsaturated chains
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[33].

These results are consistent with other researchers [34,35]. Mifana
et al. [34] first introduced the occurrence of the three-phase behavior
with long n-alkane, monochain polar oil, as well as triglyceride polar oil
(different oil ACN) using the extended surfactants. The results showed
that the presence of a polar portion in an oil molecule is able to affect its
ACN. Bouton et al. [35] also founded that the ACN had an effect on the
chemical structures of the oils such as number of carbons, branching,
cyclization, unsaturation and aromatization. Thus, it clearly shows that
the ACN of the rice bran oil determined from this study is in accordance
with other vegetable oils from the other studies [33,36]. The ACN of the
rice bran oil was investigated in this study with the Dehydol LS series
were the same.

By substituting the ACN of the studied rice bran oil in Eq. (3), the
quantified a-EON values of Dehydol LS3TH, Dehydol LS5TH, and De-
hydol LS7TH were 1.76, 0.95, and 0.35, respectively. The positive a-
EON value of Dehydol LS3TH indicated that it was more hydrophobic
than other surfactants. The a-EON values of the studied surfactants
obtained from the experiment are in accord with other report values
[371.

Moreover, the EON/k ratio was calculated for providing a relatively
hydrophilic characteristic of surfactant without alcohol and salinity at
25°C [21]. As expected, the Dehydol LS3TH was less hydrophilic than
others. The EON/k of the Dehydol LS3TH (28.8) was less positive than
that of the Dehydol LS5TH (34.2) and Dehydol LS7TH (38.2). From the
characteristic of the studied surfactants, it could be expected that as
increase surfactant concentration, the system would require a larger
value of EON for optimization due to the hydrophilic part of surfactant
[21]. This is agreement with the results of phase studies presented
below.

One important observation from the phase study is that the PIT
values were higher than 25 °C for all surfactants. This means that they
could not form Winsor Type III microemulsions with the rice bran oil
without the adding of salinity or a cosurfactant to the system.
Therefore, the optimum salinity at 25°C for all the systems was de-
termined and the results are shown in Section 3.2 below.

3.2. Determination of washing agent formulation using the HLD concept

In this study, the a-EON values of all the surfactants and the ACN of
the rice bran oil (16.5) were used to calculate the optimum salinity
using Eq. (3) at various temperatures (25-50 °C or AT = 0-25). Table 2
presents the optimum NaCl concentrations (b(S)) for the Dehydol
LS3TH, Dehydol LS5TH, and Dehydol LS7TH systems at temperatures of
25, 30, 40, and 50 °C. Theoretically, the optimum salinities (b(S)) de-
creased as the temperature in the system increased, and this was true
for all the surfactant systems. At high temperatures, nonionic surfac-
tants tend to be more hydrophobic, resulting in lower electrolyte re-
quirements in the system.

With regard to the optimum salinity at room temperature (25 °C),
the results show that the optimum salinities of Dehydol LS3TH (b
(S) = 1.1 or 8.5wt.%) was lower than that of the other surfactant
systems. This is due to the fact that Dehydol LS3TH is more hydro-
phobic and, therefore, requires less NaCl for phase inversion from Type
I to III.

3.3. Microemulsion phase study

Microemulsion phases were identified by visual observation and
conducted at a 1:1 water/oil ratio (vol/vol). The phase volumes for the
various surfactant and salinity systems were measured after the systems
reached equilibrium. Phase behavior studies were conducted at various
surfactant concentrations (with 10 wt.% NaCl at 25°C) against the
crude rice bran oil were performed to confirm their ability to form
Winsor Type III microemulsions. The results show that Winsor Type I to
III and to II transitions were observed as the surfactant concentrations
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Fig. 3. Correlation between the ACN of the oil and the phase inversion
temperature (PIT) with the system of nonionic surfactants (10 vol.%).

100
A Dehydol LS7TH e Dehydol LS5TH o Dehydol LS3TH
80 T
¥ =2.0769x + 32.654 N
2=09795 e
~ 60 T Ri=09795
9 ......
e
& 40 4 i
y=1.9038x +23.808 o
R2=09881 e
""""" ¥ =1.4231x + 18.846
20 + R?=10.9842
0 " : i
0 5 10 15
ACN
Table 2
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Correlation between the optimum salinity (b(s)) from the predicted and experimental values for formulating microemulsion Type III at various temperatures. The surfactant concentration

was kept constant as 10 vol.% in 5 mL of aqueous phase.

b(s)

Temperature (°C)

Dehydol LS3TH

Dehydol LS5TH

Dehydol LS7TH

Predicted Experiment S* Predicted Experiment S* Predicted Experiment S*
25 1.1 1.3-2.6 2.0 1.9 2.0 ND 2.5 > 2.6" ND
30 0.8 1.0-2.6 2.0 1.6 2.0-3.3 33 2.2 2.6 3.3
40 0.2 0.1-2.0 1.6 1.0 1.0-2.6 2.0 1.6 2.0-2.6 2.6
50 -0.4 0.1-1.3 0.7 0.4 0.3-2.6 1.0 1.0 0.7-3.3 2.0

ND is no data due to the high NaCl concentration.

@ The optimum salinity (S*) is the formulation achieving equal amount of oil and water in microemulsion phase.

" The system required NaCl concentration over than 20 wt.%.

Fig. 4. Microemulsion phase behavior of the system of Dehydol
LS3TH at various concentrations with 10 wt.% NaCl and 25 °C.
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were varied for the rice bran oil system (see Fig. 4). This trend shown in
Fig. 4 is also consistent with the observation reported by other re-
searchers. [21,38,39]. At the high surfactant concentrations, the phase
transitions were observed from Type I to III with increasing the poly-
ethoxylated surfactant concentrations. This is because an increase in the
polyethoxylated surfactant concentration diminishes the interaction
between the polyethylene oxide chain and water. As a consequence, it
tends to reduce the hydrophilicity of all oligomers, and thus to increase
surfactant partitioning in the oil phase [39]. However, the surfactant
concentration had a different effect on phase behavior depending on its
ethylene oxide number. At low EON, surfactant is hydrophobic. The
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concentration of surfactant with low EON has a greater effect on the
phase behavior than that of surfactant with high EON, at fixed surfac-
tant characteristic parameter. The opposite trend has been observed for
anionic surfactants [25].

In addition, the concentration of Dehydol LS3TH of 10vol.% (b
(s) = 1.3) showed the optimum formulation of the surfactant because
the microemulsion phase occurred at the middle layer between equal
volumes of the oil and water layers. This corresponds to an optimum
physicochemical formulation in which the affinity of the surfactant for
the oil phase exactly matches its affinity for the water phase [14,17].

The critical microemulsion concentration (CuC), which is the
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(a) Dehydol LS3TH 10 vol.% at 25°C

(b) Dehydol LS3TH 10 vol.% at 30°C
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(c) Dehydol LS3TH 10 vol.% at 40°C
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Fig. 5. Phase volumes versus NaCl concentrations for the system of 10 vol.% Dehydol LS3TH, at 25 °C (a), 30 °C (b), and 40 °C (c); 10 vol.% Dehydol LS5TH at 25 °C (d), 30 °C (e), and
40 °C (f); 10 vol.% Dehydol LS7TH at 30 °C (g), 40 °C (h), and 50 °C (i).
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Fig. 6. Correlation between the optimum salinity (b(s)) calculated using the HLD equation, and the results from phase behavior experiment. Values obtained from Table 2.
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Table 3
Sieve analysis of the SBE (ASTM E11).

SBE particle diameter (um) Sieve no. Mass fraction (w/w)
d, < 53um Mesh 270 0.24
53 < d, < 150 um Mesh 100-270 0.59
150 < d, < 300pm Mesh 50-100 0.08
300 < d, < 710um Mesh 25-50 0.08

Table 4
The physical characteristic of microemulsion and SBE.

Experimental Physical characteristic

Microemulsion phase behavior

Type III

Soil washing procedure
a) Extracted rice bran oil

L
q Type III

b) SBE before washing

c) SBE after washing

minimum surfactant concentration required in order to form a micro-
emulsion phase, was measured using a spinning drop tensiometer
(Dataphysics Instruments, SVT20) at 25°C. The CuC of the Dehydol
LS3TH in the presence of 10 wt.% NaCl was found to be 1 vol.% and the
interfacial tension between rice bran oil and aqueous solution was
0.1389 = 0.0032 mN/m. Thus, this optimum surfactant concentration
of 10 vol.% is 10 times its CuC.

Fig. 5(a—i) show the experimental NaCl scan phase behaviors of the
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surfactant-rice bran oil mixtures at 25, 30 and 40 °C. For Dehydol
LS3TH, the phase transitions were observed from Type I to III and then
to II systems with increasing salinity at the experimental temperature of
25°C (see Fig. 5(a)). The Dehydol LS3TH system achieved Type III at
the middle phase between two liquid phases at the range of 10-20 wt.%
NaCl. This result was consistent with that of Acosta [22], in that the
phase inversion temperature (PIT) of the alcohol ethoxylate surfactant
with 2 to 3 moles of EO groups could occur at the reference tempera-
ture. From Fig. 5(c), it can be seen that when the temperature in the
system was increased from 25 °C to 40 °C, the required amount of NaCl
in the system decreased. The Type III microemulsion are first observed
with the presence of 1 wt.% NaCl in the system.

Unlike the Dehydol LS3TH, other surfactants were not able to form
microemulsion Type III at 25 °C; especially for the Dehydol LS7TH, even
though the amount of NaCl was increased in the system. At 40 °C the
Dehydol LS7TH system achieved Type III at the range of 15-20 wt.%
NaCl (see Fig. 5(h)).

Fig. 6 shows a comparison between the optimum salinity obtained
from the HLD equation predictions and the phase behavior experiment.
For all the surfactants, the predicted optimum salinities from the HLD
equation were in good agreement with the experimental data at raised
temperatures. According to the data in Table 2, the predicted optimum
salinities for the Dehydol LS3TH and Dehydol LS5TH systems were in
the range of the optimum salinities obtained from the experiment. For
Dehydol LS7TH, the optimum salinities from the HLD equation at 25 °C
(AT = 0) and 30 °C (AT = 5) were lower than the values obtained from
experiments. The small variation may have come from the calculated a-
EON, ACN, and other environmental conditions in the experiment.
However, it could be concluded that the experimental phase behaviors
did correlate to the HLD predictions.

3.4. Determination of oil extraction efficiency

To determine the rice oil extraction efficiency from SBE at 25°C,
the ol.% Dehydol LS3TH surfactant was selected to formulate the mi-
croemulsion-based washing agent at various salinities. The higher sur-
factant concentration utilized is in accordance with the phase scan re-
sults discussed above. The SBE initially contained 0.3573 + 0.0018 g
rice bran oil per gram of SBE. The particle size distribution of the SBE
was determined by sieve analysis (ASTM E11) [40] as summarized in
Table 3. In the soil washing procedure, a layer of free oil was observed
on the top layer of the solution, which it liberated from the SBE
(Table 4). In the middle phase, a limited amount of oil solubilized in to
the aqueous phase.

Fig.7 also shows the total oil removal efficiency as a function of the
NaCl concentration. The oil extraction efficiency dramatically increased

1.0 80 Fig. 7. Correlation between the microemulsion phase behavior and
extraction efficiency of the system of 10 vol.% Dehydol LS3TH with a
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Fig. 8. Scanning electron micrographs of the bleaching earth (a), SBE containing oil (b), SBE cleaned by the microemulsion washing agent (c), and SBE cleaned by hexane (d).

Magnification: (a) 1500x and 300 x; (b, ¢, and d) 1000 x and 300 x.

as the NaCl concentration increased. The efficiency reached its highest
value of 71.4% at 15wt.% NaCl. As the NaCl concentration increased
further, there was a significant decrease in the oil extraction efficiency.
This trend was consistent with the previous experiment in this study,
which showed that there was a correlation between the microemulsion

formation and extraction performance.

At this optimum condition (10 vol.% Dehydol LS3TH with 15 wt.%
NacCl), 30.3% of the oil was removed from the SBE as a free oil phase
layer [28,41]. An additional amount of the oil was solubilized from the
SBE into the micelles (41.1%) at the middle phase microemulsion as
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well as during rinse step with distilled water.

With regard to the solubilization parameter (SP*), it is the ratio of
the amount of solubilized rice bran oil in the microemulsion phase (mL)
to the total amount of the surfactant (mL) at the optimum formulation
[34]. It was found that the SP* calculated from this study was 0.31 mL/
mL which is lower compared to the other studies (the SP* was about
1.5mL/mL in the system of 0.048 M ethoxylated octylphenol surfac-
tant-oil mixture (octylbenzene-tetradecane) at 25°C [39] and about
9mL/g in the system of 1.25 wt.% alkyl polypropylene oxide (10) ether
sulfate-soja oil (triglyceride oil) at 35 °C [34]). One possible explanation
is that the solubilization of three-chain oils (triglyceride oils) was more
difficult than single-chain oils, because of their structure and carbon
chain length, resulting in lower SP* [34].

A comparison of the SBE’s appearances (before and after the
washing procedure), showed that they were completely different in
color and texture. The SBE before washing was dark red in color and
dense due to the oil and moisture content, whereas the SBE after
washing was a brown color and lighter. Thus, it could be concluded that
the microemulsion washing agent had a high efficiency for removing
rice bran oil adsorbed onto SBE.

Thus, the oil recovery from the SBE industrial waste using the mi-
croemulsion washing solution can be technically and economically at-
tractive by virtue of its ability to lower costs related to reduced pro-
cessing and solvent use, elimination of SBE disposal costs, reduced raw
material consumption and benefit from SBE waste utilization. However,
using the microemulsion washing agent would require additional pro-
cess of recycling surfactant and additional cost of surfactant from its
loss during the process [41]. Thus, future research should evaluate the
ability to recycle the washing solution in a manner that maintains high
oil extraction efficiency while improving the economics.

3.5. Characterization of the spent bleaching earth

The surface images of bleaching clay, SBE, and washed SBE were
characterized by scanning electron microscopy, SEM, (JEOL model,
JSM-6400). Fig. 8(a) and (b) show SEM image comparisons of the
bleaching clay (at 300 x and 1000 x magnification) and the spent
bleaching earth (at 300 x and 1500 X magnification), respectively. It
could be seen that the residual oil adsorbed on SBE affected its surface
characteristics. Due to the oil adsorbed onto the surface, the particle
size of the SBE was greater than that of the bleaching clay and it ap-
peared in clusters with a smooth surface. This result is also consistent
with that of a previous report [42].

Fig. 8(c) shows that the SBE cleaned by the microemulsion washing
agent had smaller sized particles than regular SBE (Fig. 8(b)) but larger
particles than bleaching clay. This result corresponds to the oil ex-
traction efficiency results, which showed that some amount of oil re-
mained on the SBE. Based on the surface images of SBE cleaned by the
microemulsion washing agent, it was assumed that the surfactant might
have attached onto the SBE surface (Fig. 8(c)), appearing as a thick
layer. However, SBE extracted by hexane (Fig. 8(d)) had a granulated
texture, similar to that of the bleaching clay (Fig. 8(a)).

4. Conclusion

This work initially predicted the optimum salinity for oil removal
from spent bleaching earth by using the HLD equation and measured
parameters such as a-EON and ACN. In comparison these predictions
with the experimental results, the data showed slight deviations in the
optimum value of electrolytes. This deviation might have been due to
the calculated ACN and other parameters used to calculate the HLD
value. Nevertheless, these results demonstrate that the HLD concept can
be used as a guidance tool for reducing the overall time and cost of the
microemulsion screening process. As expected, the optimum formula-
tion of Winsor Type III microemulsions produced the highest extraction
efficiency, resulting in a lower amount of residual rice bran oil in the
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SBE. The removal efficiency of the remaining rice bran oil could po-
tentially be further improved by using mixed surfactant systems, adding
additives, and adjusting the physical conditions of the soil washing
procedure, such as the shaking time, shaking speed, and solid-to-liquid
ratio. Other impurities in SBE, such as phosphatide, metals, and free
fatty acid, should be further studied to evaluate their impact on the
effectiveness of the microemulsion washing agent. A toxicity test of the
treated bleaching earth should be conducted in order to evaluate its
possible used as an organic-fertilizer or a value-added product.
Additionally, it could be concluded that this study introduces an al-
ternative cleaner technique to the oil refinery industry for use in the
future.
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ABSTRACT

The use of palm oil and diesel blended with ethanol, known as a microemulsion biofuel, is gaining attention as an attractive renewable fuel
for engines that may serve as a replacement for fossil-based fuels. The microemulsion biofuels can be formulated from the mixture of palm
oil and diesel as the oil phase; ethanol as the polar phase; methyl oleate as the surfactant; alkanols as the cosurfactants. This study investigates
the influence of the three cosurfactants on fuel consumption and exhaust gas emissions in a direct-injection (DI) diesel engine. The microemulsion
biofuels along with neat diesel fuel, palm oil-diesel blends, and biodiesel-diesel blends were tested in a DI diesel engine at two engine loads
without engine modification. The formulated microemulsion biofuels increased fuel consumption and gradually reduced the nitrogen oxides
(NO,) emissions and exhaust gas temperature; however, there was no significant difference in their carbon monoxide (CO) emissions when
compared to those of diesel. Varying the carbon chain length of the cosurfactant demonstrated that the octanol-microemulsion fuel emitted
lower CO and NOy emissions than the butanol- and decanol-microemulsion fuels. Thus, the microemulsion biofuels demonstrated competitive
advantages as potential fuels for diesel engines because they reduced exhaust emissions.

Keywords: Cosurfactant, Engine test, Exhaust emissions, Microemulsion biofuel, Palm oil

1. Introduction tion of worldwide petroleum reserves, which are predicted to
come to an end in the not too distant future. These reasons
accelerate the push to conduct research in the area of vegetable
oil-based fuel alternatives.

Several vegetable oils (e.g., palm oil, canola oil, soybean oil),
which are renewable resources derived from agricultural feed-
stock, have been successfully utilized as alternatives for diesel
fuels [7, 8] due to their similar physicochemical properties and
comparable fuel performance to diesel fuels [9, 10]. The use
of vegetable oils offers a potential reduction in harmful pollution
generated from exhaust gas emissions. It is widely known that
the high viscosity and common phase changes or freezing of
vegetable oils at cold temperatures can lead to several complica-
tions in engines such as poor combustion, injector cocking, and
the sticking of piston rings [11, 12]. For this reason, it is necessary
to reduce the viscosity of vegetable oils in order to improve

Diesel engines are highly efficient and reliable power sources
that have been commonly used in the manufacturing, transport,
and agricultural sectors. However, the diesel fuel emissions con-
tain harmful pollutants such as nitrogen oxides (NOy), carbon
monoxide (CO), unburned hydrocarbon (UHC), particulate mat-
ter (PM), as well as greenhouse gases (e.g., CO,, CH,, N,O) [1-3].
These pollutants can have tremendous wide-ranging impacts
on, for instance, acidification, ozone depletion, and the presence
of human and ecological toxins (especially those adding to respi-
ratory and cardiovascular problems) [4-6]. An increased aware-
ness of and concern for environmental and health impacts is
directly and indirectly enforced in many countries through ex-
haust emissions and pollution control initiatives. In addition,
the consumption of diesel fuels is also increasing the rapid deple-
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engine performance. Several approaches for decreasing a vegeta-
ble oil’s viscosity have been developed; they include fast pyrolysis
and direct blending with diesel, transesterification, and emulsifica-
tion [9, 13-15]. Transesterification is a process in which trigly-
cerides are converted into a mixture of methyl esters (known
as biodiesel) and glycerol as a byproduct through a thermo-chem-
ical process using an alcohol, heat, and a catalyst [16, 17].
Biodiesel has higher oxygen content than diesel, which enhances
its combustion efficiency, and reduces CO, UHC, and PM but
produces greater NOy emissions (approximately 10% more NOx
than diesel) [17, 18]. Moreover, many researchers tried to improve
the fuel performance and emission characteristics of various
types of biodiesel by adding 10-20% alkanols (ethanol [19], buta-
nol [20], pentanol [21]) as an oxygenate additive.

Microemulsification is another promising biofuel mod-
ification technology; it is used to create microemulsion biofuels
to reduce viscosity and NOy emissions while achieving a combus-
tion efficiency similar to that of a petroleum-based fuel [22,
23]. Microemulsion fuels are isotropic, transparent, and thermo-
dynamically stable solutions of colloid dispersion. The micro-
emulsion fuels are classified into Winsor Type II or water in
oil (w/o) microemulsions. They are formulated by a mixture
of two immiscible liquid fuels with different polarities (i.e.,
oils/water, oils/ethanol) using an appropriate surfactant and with
or without a cosurfactant or amphiphilic molecules to stabilize
all of the components. Recently, microemulsion fuels have been
formed by renewable liquid fuels such as high viscosity of vegeta-
ble oil and diesel blends [22-24] mixed with supplementary
viscosity reducers, ethanol and/or butanol. Due to the dis-
advantages of transesterification, the microemulsification of veg-
etable oils offer an alternative method for avoiding by-products
and wastes (i.e., glycerol and wastewater) [6].

Having an appropriate surfactant system is the key parameter
influencing microemulsion biofuel formation, for which a certain
surfactant concentration is generally required to maintain the
phase stability without any phase separation and precipitation
[3, 25]. In addition, cosurfactants (i.e., alkanols) which have
a strong binding affinity to the surfactant molecules, have been
used to facilitate the existing surfactant by promoting larger
curvatures and higher either nonpolar oil or polar ethanol
solubilization. Understanding the effect of the alkanol chain
length of the cosurfactant on the formation of w/o microemulsion
systems has been investigated by different researchers and our
research group [26]. The results indicated that there is a correla-
tion between the required amounts of surfactant concentrations
and the chain lengths of alkanols (i.e., n-butanol, n-octanol,
n-decanol). However, few research studies have observed the
effect of alkanol as a cosurfactant in exhaust gas emissions,
and there has been no publication on palm oil based micro-
emulsion biofuels.

Environmental concerns surrounding fuels have been increas-
ing, not only with regards to diesel but also sustainable alternative
fuels. Attaphong et al. [26] formulated vegetable oil based micro-
emulsion fuels comprising of canola oil-diesel blended with etha-
nol as a viscosity reducer, using anionic carboxylate-based ex-
tended surfactants and cosurfactants to stabilize and form homo-
genous fuels. Nguyen et al. [3] formulated canola oil-diesel micro-
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emulsion fuels using oleylamine and 1-octanol as a surfactant
and a cosurfactant, and they also evaluated some of the fuel
properties and diesel engine performance through a comparison
of the microemulsion fuels and diesel fuel. Their results indicated
that the microemulsion fuels had fuel properties, including the
cloud point and pour point, as well as kinematic viscosity, that
met the ASTM standards for biodiesel. Moreover, their results
from the direct-injection (DI) diesel engine test demonstrated
differences in fuel consumption: the engine using the micro-
emulsion fuels consumed slightly more fuel than when it was
run with diesel. Notably, some of the tests run with different
microemulsion fuel formulations emitted lower amounts of NOy
and CO emissions, compared with the amounts emitted by the
conventional diesel fuel. These remarkable results thus promote
the further investigation of these microemulsion fuels for use
in diesel engines.

Singh et al. [27] formulated hybrid fuels consisting of coconut
oil-ethanol-surfactant (butan-1-ol), and tested as a fuel in a direct
injection diesel engine. The results indicated that the engine
efficiency of the hybrid fuels was similar compared to a regular
diesel and their efficiency was improved as the viscosity of
the fuel decreased. The NO,, SO, and CO, emissions of the
hybrid fuels were lower compared to a diesel, but an increase
in the CO emission was observed. Qi et al. [19] investigated
the performance, combustion and emission characteristics of
a turbocharged common rail direct injection (CRDI) diesel engine
using the Tung oil-diesel-ethanol microemulsion fuels. The re-
sults indicated that the microemulsion fuels showed higher the
brake specific fuel consumption (BSFC), lower smoke emissions
at high engine loads. However, the CO and HC emissions at
low engine loads were higher as compared to a diesel fuel.

This study aims to evaluate the fuel performance of micro-
emulsion fuels containing palm oil (which is widely produced
in Thailand) and diesel blended with ethanol, as the viscosity
reducer, and stabilized by methyl oleate, as the surfactant. The
effects of the cosurfactant’s chain length (1-butanol, 1-octanol,
and 1-decanol) on fuel consumption as well as exhaust gas emis-
sions from the engine testing experiment were investigated. To
evaluate the exhaust gas characteristics of the microemulsion
fuels, this study measured the CO, CO., NOx emissions and
exhaust gas temperatures, which offer the primary challenges
for producing effective microemulsion fuels that can compare
in performance to commercial-grade diesel fuel. A small-sized
DI engine was used to perform the engine test, at an engine
speed of 1,200 rpm and two different engine loads.

2. Materials and Methods

2.1. Materials

Food-grade palm oil (Morakot Industries PCL, Bangkok,
Thailand) and commercial-grade diesel (PTT Public Company
Limited, Bangkok, Thailand) were used as the oil phase in the
biofuel blends. They were purchased from local suppliers in
Thailand. Ethyl alcohol (99.8% purity, anhydrous) was used
as the polar phase and purchased from Acros Organics (Italmar,
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Thailand). Methyl oleate (MO, 70% purity), selected as the surfac-
tant, was purchased from Sigma Aldrich (Thailand). The three
cosurfactants selected in this study were n-butanol, n-octanol,
and n-decanol with 99% purity, and they were also purchased
from Sigma Aldrich (Thailand).

2.2. Methods

2.2.1. Palm oil-diesel microemulsion fuels

The palm oil-diesel microemulsion fuels were prepared by mix-
ing the diesel fuel and palm oil at the volumetric ratio of 1:1
with anhydrous ethanol, methyl oleate and the cosurfactant
(1-butanol or 1-octanol or 1-decanol) at various ratios. The surfac-
tant systems, methyl oleate and the cosurfactant mixture were
prepared at a fixed mole ratio of 1:8 (i.e., 0.125 M. of methyl
oleate and 1 M. of the cosurfactant). In addition, three co-
surfactants with different carbon chain lengths, namely, 1-buta-
nol, 1-octanol and 1-decanol, were used as the cosurfactant.
The fixed volumetric composition of ethanol at 20 percent by
volume was set based on the viscosity of the microemulsion
fuels and fuel properties. While the volumes of the methyl oleate
and ethanol concentrations were kept constant, the cosurfactant
and palm-diesel blend ratios were varied. For these selected
formulations, the phase of the microemulsion fuels was clear
without any phase separation or precipitation occurring. The
mixture was hand-shaken gently to obtain a homogeneous
solution. The details of the microemulsion fuel preparation can
be seen elsewhere [22]. Moreover, the diesel fuel, palm oil-diesel
blends (PD, with a volumetric ratio of 1:1), and biodiesel-diesel
blends (BD, with a volumetric ratio of 1:1) were prepared for
comparison purposes.

2.2.2. Exhaust emissions

Fig. 1 shows a schematic diagram of the components of the
diesel engine test. The engine used was a Mitsuki 418 cc (Model
MIT-186FE); it had a direct injection type diesel engine
(single-cylinder, air-cooled, four-stroke) with an 18:1 com-
pression ratio. A hydraulic dynamometer (Sun ST-3 series, AC
asynchronous generator) was coupled with the engine to apply
power using a belt and pulley. The test engine was used without
any modification. The technical specifications of the test engine
are shown in Table S1. This type of engine is commonly used
for light-duty agricultural and industrial applications. In addi-
tion, this engine was used as an initial (entry level) engine to
test the microemulsion fuels; a future study will extend the
use of these fuels to a larger engine and load. The engine test
was performed at an engine speed of 1,200 + 12 rpm and two
different loads (0.5 and 1.0 kW) for the formulated microemulsion
biofuels and the other fuels for comparison purposes. A digital
multimeter and tachometer were used to measure the loads on
dynamometer and speeds, respectively.

The fuel consumption of various biofuel formulations was
determined using a 500 mL cylinder and digital stopwatch. Then,
the consumed fuel volume and fuel density were used to calculate
the fuel consumption (gh). An exhaust emission analyzer (Testo
350 XL), located at the exhaust line, was used to measure the
emissions and gas temperature from the engine. The specifica-
tions of the gas analyzer are reported in Table S2. The NO,
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Fig. 1. Schematic chart of the experimental setup.

CO,, and CO emissions in the exhaust gas of the microemulsion
fuels were determined. The emission index of species i, which
is the mass of the pollutant released per unit mass of fuel burnt
(g/kg fuel), was calculated using Eq. (1) [25].

X

i

EI =

' (XUOZJFXCO) - M

NX MW,
MW,

where X, is the mole fraction of the species i, X, and X,

are the mole fractions of CO, and CO in the exhaust, NV is the
number of moles of carbon in a mole of fuel, and MW, and
MW, are the molecular weights of species i and the fuel,
respectively. In addition, a statistical analysis for the emissions
was performed with Stata version 11 (Stata-corp, TX), and the
results were considered statistically significant, using a two-sided
test and significance level of 0.05 (p < 0.05).

In this study, neat diesel fuel was initially injected into the
test engine in order to generate the reference line. The prepared
palm oil-diesel microemulsion fuels were then sequentially test-
ed under similar circumstances to evaluate the exhaust gas
emissions. The volumetric mass of the test fuel was measured
and recorded before and after in each batch. Before each set
of fuel tests, the new fuel sample was flushed through the engine
for five minutes [3] in order to warm up the engine and rinse
the remaining fuel in the engine line. Then, the engine was
allowed to run for 30 min simultaneously after the five-minute
pre-running period to evaluate the microemulsion fuel’s
performance. The engine load, speed, and fuel consumption
were measured in order to evaluate fuel performance. BSFC,
a significant parameter of engine performance, was then calcu-
lated for the tested fuels.

3. Results and Discussion

3.1. Properties of the Microemulsion Fuel

The fuel properties, water content and heat of combustion of
the microemulsion biofuels were measured according to ASTM
standards D6304 and D240, respectively. Table 1 summarizes
the formations and fuel characteristics of the biofuels. The results
showed that the kinematic viscosity of the PD fuel dramatically
dropped to three times lower than that of the neat palm oil
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Table 1. Composition (% vol.) for Palm Oil-diesel Blends, Biodiesel-diesel Blends, and Microemulsion Fuels Where the Ratio of Cosurfactant
and Palm Oil-diesel Blends Was Varied. Methyl Oleate to Ethanol Ratio Was Fixed at 1:1.25

Formulation

Sample

Diesel Palm oil Surfactant Cosurfactant Ethanol B100

Diesel 100.0 - - -
Palm oil-Diesel (PD) 50.0 50.0 - -
Biodiesel-Diesel (BD) 50.0 - - -
Microemulsion fuel
1-butanol (MO+But) 32.5 32.5 6.0 9.0
1-octanol (MO+Oct) 29.0 29.0 6.0 16.0
1-decanol (MO+Dec) 27.5 27.5 6.0 19.0

* Data from our previous work [18]

Fuel properties

Viscosity Density =~ Heat of Water
@ 40°C @ 25°C combustion® content® A/l.:sfi
(S (gml) (Mhkg  (%vol) "
- - 4.1 0.83 45.8 0.01 14.86
- - 11.7 0.88 42.5 0.06 13.49
- 50.0 4.5 0.87 39.2 0.09 13.50
20.0 - 43" 0.85 39.2 0.16 12.39
20.0 - 43" 0.87 39.2 0.16 12.47
20.0 - 4.6° 0.88 39.5 0.18 12.50

b Heat of combustion of fuels were measured using bomb calorimeter (ASTM D240).
¢ Water content was measured using Karl Fischer (KF) titrator (ASTM D6304).
4 Air-fuel ratio is the mass ratio of air to fuel present in an internal combustion engine during stoichiometric mixture.

(36.8-39.6 ¢St at 40°C). It was, however, still more than double
the kinematic viscosity of the No. 2 diesel standard. The higher
viscosity of the neat palm oil, as compared to the diesel’s, is
attributable to the complex mixture of the palm oil, which typi-
cally has a high molecular weight and large molecular structure.

As consider the kinematic viscosity of the microemulsion
fuels; our previous work [22], the microemulsion fuels (mixtures
of the diesel/palm oil, ethanol, surfactant and cosurfactant) were
observed to have kinematic viscosity results at 40°C, for all the
test fuels, that were relatively close to that of a regular diesel
(ranging from 4.3 to 4.6 cSt) (See Table 1).

A similar blending technique can be applied for a neat biodiesel
and regular diesel mixture as the biodiesel/diesel blends had
a competitive net fuel viscosity result. However, the costs of
biodiesel production as well as the environmental burdens from
their byproducts, wastewater and spent chemicals still pose chal-
lenges to widespread implementation.

The heat of combustion is frequently a parameter used to
evaluate the fuel consumption of diesel engines. The results
show that all the microemulsion biofuels had lower combustion
energy than the diesel and PD but the same as the BD. As a
result, the lower heating content of the microemulsion biofuels
can be said to affect their fuel economy because they induced
a greater fuel requirement for the engine to generate the same
amount of electrical power. The relation of the heating value
and fuel consumption is consistent with the fuel consumption
results for the diesel test engine reported below.

The determination of water in composite microemulsion-
based fuel has been carried out by volumetric Karl Fischer (KF)
titration. For this study, the result shows that the water content
in microemulsion fuels was 0.16-0.18% which is higher than
that in commercial diesel fuel (0.01%) and palm oil-diesel blends
(0.06%) as shown in Table 1. Thus, it is implied that the water
content in the microemulsion fuel mainly come from the anhy-
drous ethanol (99.5% purity) in its composition.

Regarding the effects of the cosurfactants, as the number of
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the carbon chain length, C4 to C10, in the cosurfactant increased,
a small increase occurred in the overall hydrophobicity of the
surfactant system to stabilize the oil and ethanol phases.
However, both the water content and the heat of combustion
of the microemulsion biofuels were not significantly affected
by increases in the number of the carbon chain length in the
cosurfactant molecule.

3.2. Fuel Consumption

The fuel consumption (g/h) at two engine loads for the diesel,
microemulsion fuels, palm oil-diesel blends, and biodiesel-diesel
blends is summarized in Fig. 2. All sets of fuel performance
tests demonstrated that the fuel consumption was much greater
at 1,000 W than 500 W, as expected. The fuel consumption of
the microemulsion biofuels ranged from 364-377 g/h at 500 W
and 502-530 g/h at 1,000 W, which ranged from 23 to 27 percent
and 7 to 13 percent more than the fuel requirement for the diesel

B Diesel 0 MO+But 8 MO+Oct 2 MO+Dec ® PD &3BD

N

Fuel Consumption (g/h)

100

500

1000
Engine Load (W)
Fig, 2. Fuel consumptions of diesel, microemulsion fuels, palm oil-diesel
blends, and biodiesel-diesel blends (see Table 1 for abbreviations).
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Fig. 3. Break specific consumption for diesel, microemulsion fuels, PD,
and BD.

fuel at 500 W (295 g/h) and the diesel fuel at 1,000 W (471 g/h),
respectively. This is because the alkanols (i.e., ethanol and co-
surfactants) have a lower calorific value (see Table 1) than that
of the diesel fuel; therefore, the net energy values of the micro-
emulsion biofuels were significantly reduced when large volumes
of the alkanols were present in the systems [28].

The PD is a mixture of palm oil and diesel at a volumetric
ratio of 1:1. At both engine-load conditions, the PD produced a
slightly higher fuel consumption (only 1-2%) to that of diesel.
From these results, it is concluded that the fuel consumption under
these conditions was not affected by the fraction of the palm oil
and diesel blend due to its heat of combustion (see Table 1).

Fig. 3 shows the BSFC results of all the fuels. The BSFC
indicates the amount of fuel consumption that was needed to
generate the same energy power. The BSFC of all the fuels de-
creased as engine loads increased due to the higher fuel combus-
tion and lower heat losses. Moreover, it is interesting to note
that the BSFC of all the microemulsion biofuels increased for
all the engine loads. The BSFC increments tended to become
smaller as the engine load increased. The engine consumed
more microemulsion biofuels than the neat diesel fuel in order
to generate the same engine output because of the lower heat
content of alcohol in the fuel blends.

3.3. Exhaust Emissions

3.3.1. NO, emissions

The NOy emissions were measured in the exhaust for the different
microemulsion biofuels as shown in Fig. 4. In general, the sources
of NOy in the combustion process are mainly generated from
thermal NOy and fuel NOy. The combustion (flame) temperature,
the residence time of nitrogen at that temperature, and oxygen
content in an engine cylinder are the major factors affecting
the formation of NOy [28, 29]. In general, more fuel is consumed
and combusted in the cylinder when engine loads increase, which
results in higher gas temperatures and NOy emissions. A contrary
trend was observed in Fig. 4, where NOy emissions decreased
as the engine load increased for all microemulsion biofuels.
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Fig. 5. The exhaust gas temperature of diesel, microemulsion fuels,
PD, and BD.

A comparison among the fuels point to NOx emissions from
all microemulsion fuels as being lower than those of the neat
diesel (Fig. 4.), PD, and BD fuels at both engine loads, with
the statistical difference being more apparent for the higher load
(1,000 W). This reduction of NOx could be due to the evaporation
of alcohol (i.e., the ethanol cosurfactant) dispersed in the micro-
emulsified fuels, leading to lower gas temperatures in the cylinder
as a result of their higher latent heat of vaporization. Moreover,
the limitation of air supply in term of oxygen and nitrogen avail-
able to form NOy in a stoichiometric mixture (Table 1) [30].
Thus, NOy emissions from microemulsion fuels were reduced
by replacing a portion of the diesel with ethanol and the
cosurfactant.

Fig. 5 presents dissimilar exhaust gas temperatures for all
the tested fuels versus those of the two engine loads. It was
observed that all of the microemulsion fuels emitted lower ex-
haust gas temperatures than the other fuels because of the lower
heating value of ethanol and the cosurfactants in the micro-
emulsion fuels. Accordingly, the lower exhaust gas temperature
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can explain the lower NOy emissions of the microemulsion fuels.
A comparison among the types of cosurfactants in the micro-
emulsion fuels showed that the NO, emissions were not affected
by varying the carbon chain lengths in the fuels’ cosurfactants
(p > 0.05). This is because the heating values (see Table 1)
and exhaust gas temperatures of the microemulsion biofuels
were not meaningfully different.

3.3.2. CO; emissions

The CO, emissions of the different fuels from two engine loads
are shown in Fig. 6. Increasing the engine loads increased the
CO, emissions for all the microemulsion biofuels. The micro-
emulsion biofuels produced lower CO, emissions than did the
neat diesel, PD, and BD fuels, with the effect being more apparent
at the higher load. Among three microemulsified fuels, no sig-
nificant difference in the CO, emissions was observed. The reduc-
tion of CO, in the microemulsion fuels could have been due
to the oxygen content in the biofuel, which is a dominant compo-
nent found in palm oil and ethanol and methyl oleate. The
carbon composition was comparatively lower at the same amount
of fuel consumed; therefore, the CO, discharged from the micro-
emulsion biofuels was lower. As opposed to diesel, at the partial
load, the PD and BD had higher CO, emissions, whereas at
the full load the results were opposite.

3500 B Diesel 0 MO+But 8 MO+Oct ZMO+Dec ®PD 5BD
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Fig. 6. CO, emissions for diesel, microemulsion fuels, PD, and BD.

3.3.3. CO emissions
Fig. 7 shows the CO emissions from the different fuels: the
diesel, microemulsion fuels, palm oil-diesel blends, and bio-
diesel-diesel blends. The CO emissions from the microemulsion
biofuels at two-load conditions were slightly higher than the
neat diesel’s. The increase in CO emissions may have possibly
been due to the higher viscosity and lower A/Fy ratio, resulting
in the incomplete combustion of the mixed oil/ethanol-O, [3,
31]. However, the data showed that the CO emissions from the
microemulsion biofuels were not significantly different from the
neat diesel’s (p > 0.05).

The CO emissions among the microemulsion biofuels (i.e.,
butanol-fuel, octanol-fuel, and decanol-fuel blends) were not
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significantly different either. However, the CO emissions for
the butanol-microemulsion biofuels tend to be higher than those
of the other microemulsion fuels. The PD produced the highest
CO emissions. This is because the high viscosity of the PD (see
the viscosity values in Table 1) can cause poor fuel-spray charac-
teristics in the ignition, thus leading to CO formation from in-
complete combustion [18, 28]. This points to the benefit of using
alcohol-based additives, which lower the viscosity and thus the
CO emissions.

4. Conclusions

The performance of palm oil based-microemulsion fuels was
evaluated by virtue of fuel economy and the quality of their
exhaust gas emissions were examined through a small-sized
DI diesel engine at an engine speed of 1,200 rpm and two different
engine loads. The fuel performances of the microemulsion based
biofuels versus diesel resulted in the following observations:

1) Palm oil based microemulsion fuels show promise as a
biofuel for single-cylinder diesel engines without having to per-
form any engine modifications. Specifically, the kinematic vis-
cosity and other fuel performance indicators were shown to
be comparable with those of the No. 2 diesel.

2) The microemulsion fuels studied had slightly higher fuel
consumption compared to the regular diesel fuel under all engine
operating conditions because of their lower heat of combustion.

3) The microemulsion fuels showed significantly lower NOy
and CO, emissions and exhaust gas temperatures compared with
the diesel fuel. Meanwhile, the CO emissions under all engine
loads were significantly higher than the CO emissions of the
diesel fuel.

With regard to the effects of the cosurfactants on the micro-
emulsion biofuels, the NOy and CO emissions as well as the
exhaust gas temperatures under all load conditions were not
significantly different. Nevertheless, the octanol-microemulsion
biofuel tended to have lower CO and NOy emissions than the
butanol- and decanol-microemulsion fuels as a result of the incre-
ment of the O,-fuel mixture. When compared with the other
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alternative fuels (PD and BD), the microemulsion biofuels ex-
hibited significantly lower the exhaust gas temperatures and
the NOy, and CO, emissions. These results indicate that micro-
emulsion fuels can be used as environmentally friendly alter-
natives in light-duty diesel engines, such as single-cylinder en-
gines, which are most widely used in agricultural applications.
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The effect of Ethoxylate nonionic surfactants on phase inversion

temperature and salinity: An alternative approach for vegetable
oil recovery from spent bleaching earth
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Abstract. An accurate determination of the hydrophilic-lipophilic nature of surfactants plays an important

role in guiding microemulsion formation. The objective of this study is to determine the effect of ethoxylate
numbers (EONs) (3, 5, and 7 moles) of nonionic surfactants on a phase inversion temperature (PIT) and
optimum salinity based on the equivalent alkane carbon numbers (ACNSs) of vegetable oils. Three vegetable
oils, soybean oil, crude rice bran oil and crude palm oil, were selected for use as a surrogate oil to represent
the residual oils found in spent bleaching earth. In this study, the hydrophilic-lipophilic deviation (HLD)
was used to predict the optimum salinity (0-20 %wt.) at various temperatures (25-55°C). The results showed
that the ACNs of crude rice bran oil, crude palm oil, and soybean oil were 15.414+0.35, 13.71+£0.41, and
17.60+0.28, respectively. In comparison, these predictions with the experimental results, the data showed
slight deviations in the optimum salinity with the specific temperature. Finally, the ACN and the surfactant
characteristics obtained in this study were combined with the HLD equation and used to validate its
practically and utility for guiding the optimum microemulsion formulation.

1 Introduction

The Bleaching step in the refinery edible oil process
operates using bleaching earth as an adsorbent for
removing undesirable matters (e.g., colour pigments,
phosphatides free fatty acids, or gums). Spent bleaching
earth (SBE) containing a high fraction of residual
vegetable oil approximately 20-40 wt.% is discarded
waste [1]. It is classified as industrial waste by the
federal regulation (DIW Waste Code, 02 03 99,
Thailand) and required to have proper treatments prior
its disposal [2].

One of the alternative approaches for enhancing
vegetable oil’s recovery from spent bleaching earth
through the application of microemulsification
technology using microemulsion-based washing agent.
Microemulsions (ME) consisting of four types (Winsor
Type L, 11, 1II, and IV) are isotropic liquid mixtures of
surfactant-water-oil [3]. At low salinity concentration or
low temperature, hydrophilic surfactants can self-
aggregate to form normal micelles, also called Winsor
Type I microemulsion. As the salinity and temperature
are increased (more hydrophobicity), phase transition
can shift from Type I to Type III and then to Type II [3,
4]. Regarding the Winsor Type III microemulsion, bi-
continuous micelles can be obtained when the interfacial
tension (IFT) between water and oil is balanced,
resulting in the lowest IFT [4].

Recently, the hydrophilic-lipophilic deviation (HLD)
concept has been applied to design optimum formulation

: Corresponding author: noulkamola@nu.ac.th (N. Arpornpong).
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of microemulsion-based washing agents. It also includes
the parameters of the oil polarity, temperature ranges,
salinity concentrations, alcohol levels, and surfactant
hydrophobicity. The detail of HLD can be seen
elsewhere [5-7]. For nonionic surfactants, the
temperature is a key parameter for determining
microemulsion phase transition. The microemulsion
phase transition from Type I to III can occur once the
system reaches the phase inversion temperature (PIT).

Arpornpong et al. [8] formulated microemulsion-
based washing agent to enhance rice bran oil recovery
from SBE using HLD concept. The HLD equation
predicted a Winsor type III microemulsion (HLD =0) at
an optimum condition of 10% v/v Dehydol
LS3TH/crude rice bran oil system with 8.5% wt. NaCl at
25°C. As compared to the experimental phase behavior,
the result showed that an optimum condition of 10% v/v
Dehydol LS3TH/crude rice bran oil system with 15% wt.
NaCl at 25°C showed the highest oil extraction
efficiency for up to 71.38+1.75%.

However, there are several types of crude vegetable
oils (e.g., palm oil, rice bran oil, soybean oil) remaining
in SBE. The residual oils in SBE depends on the raw
materials used to make purified oil in vegetable oil
industries. Each oil has its own hydrophobicity which is
similar to the equivalent alkane carbon number (ACN).
The ACN was initially introduced by Cash et al. [9].
Even though the ACN of general oils such as n-alkanes
have been reported, the regional or specific oils for
industrial application still requires further detailed



research. The ACN of each oil has often been
determined by studying the microemulsion phase
behaviour. This procedure seems to be far more complex
for the operator who oversees several types of oils,
surfactants, or other additives. As a result, the HLD
concept could potentially be used as a guide for selecting
the optimum formulation of microemulsion-based
washing agent for removing vegetable oil in SBE.

The aims of this study are (1) to determine the alkane
carbon number (ACNSs) of three vegetable oils, (2) to
study the effect of the ethoxylate oxide groups on fatty
alcohol ethoxylate surfactant (EONs) on phase inversion
temperature (PIT) and salinity, and (3) to compare the
phase behaviour study results with the HLD predicted
data.

2 Materials and Methods

2.1 Materials

Three fatty alcohol ethoxylate nonionic surfactants
which share the same carbon chain length (C12-14) with
3, 5, and 7 ethylene oxide (EO) groups were used as in
this research and received from the Thai ethoxylate Co.,
Ltd (Thailand). The surfactant properties are shown in
Table 1.

Vegetable oils used as a surrogate residual oil in SBE
were crude rice bran oil, crude palm oil and soybean oil.
The crude rice bran oil and crude palm oil that were used
was receive from the Surin Bran oil Co., Ltd. and the
Suksomboon palm oil Co., Ltd., respectively. The
soybean oil was purchased from the Morakot Industries.

Four alkane hydrocarbons, hexane (C6, 99%), decane
(C10, 99%), dodecane (C12, 99%) and hexadecane
(C16, 99%) were purchased from the Acros Organics.
Their ACN values are 6, 10, 12 and 16, respectively [9].

Table 1. The properties of the surfactants.

Name Formula MW?® HLB® C.IOLLd
point(°C)

Dehydol LS3 TH Ci2.14(C2H40); 318 7.9 51-53
OH

Dehydol LS5 TH Ci2.14(C2H4O)s 406 103 68-73
OH

Dehydol LS7 TH Ci2.14(C2H40); 494 12.1  52-58
OH

2 MW is the molecular weight (g/mol) providing by the
manufacturer.
® HLB is the hydrophilic-lipophilic balance providing by the
manufacturer.

2.2 Methods

2.2.1 Determination of the vegetable oil ACN

The alkane carbon number of oil (ACN) is a key
parameter for determining the hydrophilic-lipophilic
balance of surfactants. In order to determine the ACN
value, the HLD equation for nonionic surfactant system
must be simplified by way of the operating
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microemulsion system without NaCl and alcohol while
adjusting the temperature up until the phase inversion
temperature point (PIT) has been reached. The HLD
equation for nonionic surfactant systems was shown in
Eq.1[6, 10].

HLD = B + b(S) - k((ACN) - f{A) + cTAT (1)

Where f is the surfactant characteristic value, b is the
electrolyte constant (0.13 for NaCl), S is the salinity
concentration (g/100 ml), k is the constant of the
surfactant (0.17 is normal), f(A) is the concentration of
alcohol, cT which is a temperature coefficient is 0.06 K-
1 and AT is a different temperature between the studied
and the reference temperature (25 °C). At equilibrium of
the hydrophilic potential and the lipophilic potential, the
middle phase will appear (known as Winsor type III) and
result in a minimum interfacial tension between water
and oil in the system and HLD being equal zero.

Phase inversion temperatures was studied in flat
bottom test tubes with screw caps. An equal volume of
the water phase and oil phase (5 ml) were added into a
test tube and kept in a thermostatic water bath. The
surfactant concentration used was 10% v/v in the
distilled water (a non-salinity system). The PITs of
known ACNs of oils including hexane (C6), decane
(C10), dodecane (C12) and hexadecane (C16) were
measured and used to determine the unknown ACNs of
vegetable oils.

2.2.2 Effect of EON on PIT study

The EON in surfactant showed a hydrophilic potential.
In this study, the effect of EON on PIT of individual oils
studied in this experiment was determined by plotting a
linear regression between EON and PIT. Three
surfactants ~which have different numbers of
polyethoxylated group (EON = 3, 5 and 7) were mixed
with each hydrocarbon oil.

2.2.3 Determination of optimum salinity using HLD

The theoretical PIT point from HLD equation was
obtained by using the Eq.2. The surfactant characteristic
parameter (f) can be estimated by calculating the
lipophilic potential of surfactant («) minus a number of
polyethylene mole (EON): a-EON. The o parameter was
evaluated by assessing the alkyl carbon chain of
surfactant, namely SACN. Salager et al. [11] found a
linear regression between o and SACN for alcohol
ethoxylate surfactant as shown is Eq.3.

a = 0.34SACN +2.00 3)

After the ACN of vegetable oil was studied
(section 2.2.1), the S value of each surfactant was
determined by using the Eq.2. The f value was used for
prediction of optimum salinity (S*). The S* was found
by microemulsion phase behaviour method. A 1:1 ratio
of water phase (surfactant-water-NaCl) and crude palm
oil was mixed to reached equilibrium. The experimental-



based S* and theoretical-based S* were compared for an
estimation errors.

3 Results and discussions

3.1 Determination of the ACN of vegetable oils

The ACN of vegetable oils were determined by
measuring the temperature (°C) at an optimum phase
transition (Winsor Type I to III). All surfactant-oil
systems were conducted at the system of 10% v/v
surfactant/vegetable oil. The PIT was plotted as a
function of the alkane carbon number (ACN), as shown
in Fig. 1.
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0 5 10 15 20
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Fig.1 A plot of the phase inversion temperature (PIT) vs the
ACN of the oil in various surfactant systems, Dehydol LS3 TH,
Dehydol LS5 TH and Dehydol LS7 TH (10% v/v) without
salinity

According to Fig. 1, the results showed that the PIT
of each surfactant increased with the increasing of the
alkane carbon number of oil (n-alkane, C6-C16). The
increment of the ACN required higher temperature for
the microemulsion phase inversion from Winsor type I to
Winsor type I11.

The relative linear graph was used for calculation the
ACN regarding the three vegetable oils (soybean oil,
crude rice bran oil and crude palm oil). Table 2 shows
the PIT of all surfactant-oil systems. According to the
linear regression, the ACNs of vegetable oils were
17.60+0.28, 15.41+0.35 and 13.71+0.41 for soybean oil,
crude rice bran oil and crude palm oil, respectively. This
was a result of the structure of each oil and the
differences in their main fatty acid composition [12].

Table 2. Effect of surfactant types on the phase inversion
temperature with three different vegetable oils

PIT (°C)
Surfactants Soybean  Crude rice Crude
oil bran oil palm oil
Dehydol LS3 TH 39 36 34
Dehydol LS5 TH 53 48 45
Dehydol LS7 TH 65 61 57

758

Moreover, at high ACN of oils, the system requires
more free energy (high temperature) for transferring oil
molecule from oil phase to microemulsion phase. The
effect of ACN on the microemulsion formations can be
seen elsewhere [4].

3.2 Effect of EON on PIT study

The effect of EON on PIT was investigated by using a
10% v/v Dehydol LS series with four hydrocarbons. A
plot of the phase inversion temperature (PIT) versus the
ethylene oxide groups (EON) of the surfactants is shown
in Fig. 2.

From Fig.2, the results showed that the PIT of all
systems increased with the increasing of the EON of
surfactant. The slope of the plot shows a relation
between the optimum phase transition temperature and
numbers of ethoxylate group. The results showed that
the PIT increased, 5.31+0.72°C per one unit of ethylene
oxide group. Furthermore, these results are consistent
with other researchers [4, 8].
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Fig.2 A plot of the phase inversion temperature (PIT) vs the
ethylene oxide groups of the surfactant (EON)

3.3 Determination of optimum salinity using
HLD

From the phase inversion temperature (PIT) study, the f
value of Dehydol LS3 TH, Dehydol LS5 TH and
Dehydol LS7 TH were determined to be 1.80, 1.09 and
0.31, respectively. The £ values of these surfactants were
similar with the reported values of Arpornpong et al. [8].

Fig.3 illustrates the relationship between temperature
and optimum salinity. Regarding all the surfactants, the
predicted optimum salinities (b(S*)) from HLD equation
(dash trend lines) were found in agreement with the
experimental data (solid trend lines) at -elevated
temperatures.

The decreasing of temperature affects the increment
of optimum salinity in the system. The phase transitions
were observed from Winsor Type I to III microemulsion
(at HLD=0) with an increasing temperature parameter
(4T) and salinity concentration (S). Arpornpong et al. [8]
reported that this slight differences may come from the
calculated ACN, p, and other environmental parameters



in the experiment. Thus, it could be summarized that the
HLD equation has the ability for guiding the optimum

salinity  concentration and temperature for a
microemulsion formation.
2.5
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Fig.3 The comparison of optimum salinity (S*) obtained by
prediction using HLD and the experimental phase behavior
study of the system of 2% v/v surfactant solution with crude
palm oil

4 Conclusion

This study investigated the effect of ethoxylate
nonionic surfactants on the phase inversion temperature
of a surfactant-vegetable oil system. The ACN of
vegetable oil is one of the key parameters in the
microemulsion formation, and was thus investigated in
this study. The ACNs of soybean oil, crude rice bran oil
and crude palm oil were 17.60, 15.41 and 13.71,
respectively. The ACN and S data calculated in this work
were then used in the HLD equation for predicting the
optimum salinity and temperature. The result showed
that the increase of one EON group of the ethoxylate
surfactant increased the phase inversion temperature by
5.31°C. In comparison, the data regarding these
predictions along with the experimental results showed a
slight deviation in the optimum salinity. Therefore, the
HLD equation has the ability to be used as a guidance
for formulating microemulsion-based washing agent, in
accordance with the enhancing vegetable oil recovery
from spent bleaching earth.
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Greenhouse gas accounting from spent bleaching earth treatment process: Alternative
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Abstract

The objective of this study is to evaluate greenhouse gas emissions (GHGs) from waste
managements of spent bleaching earth (SBE) contaminated with crude vegetable oil, which is
generated from vegetable oil industry. Three SBE management scenarios (microemulsion washing
solution, hexane, and burning in incinerator) were studied and compared their GHGs emissions using
Simapro V.8.3.9 and IPCC (2013) model. The results showed that the GHG emissions from the SBE
waste management using microemulsion washing solution were 324 kgCO,eq/ton SBE. This process
could be reduced up to 86% as compared to the burning in an incinerator (2,314 keCO,eq/ton) and
using hexane (2,965 kg COeq/ton). This is because using microemulsion washing solution was an easy
technique and less energy consumption. After treatment, SBE is not classified as hazardous waste
which must be burst in an incinerator. According to the waste management hierarchy, using
microemulsion washing solution is an alternative approach for SBE management. The treated SBE
could be reused, resulting in the reduction of SBE waste to disposal and GHSs to the environment.
Keywords: Spent bleaching earth, Greenhouse gases accounting, Microemulsion washing solution
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sumumuwmaammmiaﬂmiuimauaﬁnu v niuenauesnanansaialilasdiiady vinisdrsniniy
WonddetnduUsuns 4 L $1uau 2 seunwisinedu dennendinsyuiunisdidaayldnindurend
wmmawmwmmmuﬂiﬂﬁnLﬂmaﬂﬂiuﬂimuﬂsmm 1 ton wag 131ﬂu€1°i”m?m 0.16 ton INNTLUIUNT
U'mmmnmuvxlaﬂamamsaﬂmluimaua%ummmmsﬂamﬂaaamLawsmmmmm 11.56 ton fiflAn COD
679 me/L visoAndu 8.15 kg voundeiifatuiomn msed 1)

dmsunsruaumsiidamnaulendseansataenau (Scenario 2) SwasBunuansisnnd 1 )
TunisirdnagldninAunend 1 kg AvansanaeniauUsuing 4 L ﬁmﬁweifnéjaa}ﬂ%aqw&hammaiw
A1L57 200 rpm szeEtaan 45 min (Ldndssuliii 0.2 kwh/ke-SBE) 91nuuitslianazneunduen
asataenimuesnannmniurlend dusuensuiiveneenuildaziluseniiiusenlngldiedasssmeans
wuuvigu (dwdsauladin 3.28 kWh/ke-SBE) Tdgamniilunisseimeansadaoniauiigungdl 60 °C
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ntuihduisitssmeenmusenliudrazaanisluvinfunay duulunszuiumsiivamniunend
V14 1 ton dwansafnieniou axldieniou 2.62 ton wazndsanulid 8908 kwh @thsfusmau 0.19
ton agslsfimy maRunendfiiiunszuunmstisaseeneul3ina 1 ton ssnanalureadesunsie
mmaqaﬂml'dmwmaimmﬁmiLmiul,ml,mmﬂamamnﬁm aﬂmﬁuniumumﬁauLﬂﬂmsﬂamaamamsﬁu
aussmmﬂﬂmﬂu 29.77 % (0.78 ton/ton-SBE) *mmLﬂuaum'}amaammwmmNﬂgumm dlosnenay
Lﬂumﬁaumwamammwmnmwuvﬂma USEPA [9] (@1519%1 1)

LWuuImasmsIansnInauvlond Scenario 1

ﬂ.) y - - --""-""-"-""""-"""""-""=°-"=~~—=—=——-"“- ==/ -/~ !
- - 0w " l
: a9anusaiiln TuReuaanlsd wisuldin I
: (0.14 ton) (0.6 ton) (450 kWh)  (11.56 ton) |
I ¢ ¢ :
: andurond TN e |
. . I E— 1o
I mnduend —»| nszuunsdindaearsanalalasdagu 5 tten) Ugenu :
| Yoaidy ¥
, (1ton) SRV |
1 ¢ (12 ton) |
| ) (COD= 679 mg/L) |
| wiiudrinafu :
: (0.16 ton) |
I
.
wuudtaasmsianisninauvond Scenario 2
2.) (T s E i B mim S S FiE S s = e S RiRE R ol B slinie B R = mislis B e 1
| ey waseulvia !
u (262ton) (8,908 kWh) :
1
[ 1
1 o }
o = Yaade nsidn
ns2UAUNISUIUAAY - 1
! nnduand = S ) masnluasnnin
! FTANALENLYY (1 ton) gAAWNTIY !
1 (1ton) I
! ¢ sEmeguIsenIA '
1 Lanigu !
g o o w 1
: Wilusnafu (0.78 ton) ,
| {0.19 ton) I
| 1
S |
wuUINaaINITIRNIININAUWand Scenario 3
M) === mmm e e e m e mmm—— - == — -
! :
1 o o
| R o N33R mMsluawInIn |
I ninAunand —_) 1
2AEUNTIY |
1 (1 ton) 1
! |
! 1

il 1 Yaulensiiansan (System boundary) vasnsyuiunsiidaninaunendlegldansanalulasddadu (Scenario 1) (M) nssuIuMstITn
mnAunendlagansaraeniau (Scenario 2) (A) kayn1sidaNINAuNeNE LTS uwINNEREMNTIH (Scenario 3)

A 2 u,ammsLﬂsaumauﬂimmmsﬂamﬂaaam%l,saumvﬁ]naaammaaumﬂmumuﬂ'ﬁu’mm
mnRuendUSIas 1 ton e 3 35ms nranIsAnEINUI aﬁmﬁmummamsaﬂﬂhﬂmauamu (Scenario
1) umsﬂamﬂaaame‘dLsauﬂsuaﬂaaaLmaa:u 324 kgCO.eq ‘Uﬂllﬂ’]iﬂaﬁﬂaE]EJﬂ’]‘ULi’eJUﬂiuﬁlﬂV]Gﬂﬂ’J’]m 9
Wi (2,970 kgCOeq) Lll@L‘UiEJ‘ULVIEJ‘Uﬂ‘U’J’ﬁﬂ’]iU’lUﬂﬂ’JﬁJa’liaﬂﬂLﬁﬂL‘Uu wagANINRe 7 i (2,310 kgCO4eq)
mamﬁaumwﬂ'ﬁuﬂﬂmﬂmmmmﬂqmammm
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9199 1 Tng@sensansvidn-ensenesn (Input-output data) kg lunszuaumsiansnmnAurond

Ugydsems y78  Scenario I  Scenario2  Scenario 3" gudaya
drsvdi
- mMnfurend kg 1,000 1,000 1,000 Wureadpannszuiumsweniinsufivitlifneduyseavs
nsUassigFounszan
- @15AALSIANA* kg 143.62 - - Ethoxylated alcohol (AE7) {RER} | ethoxylated alcohol
(AET) production, coconut oil | Alloc Def,S (Ecoinvent 3)
- TuReunaalsa ke 600 - - Sodium chloride, powder {GLO} | market for | Alloc Def,S
(Ecoinvent 3)
- waslnin
- Lﬂ%‘ﬂ\‘lL‘UEi”l kWh 450 - - Electricity grid mix, AC, consumption mix, at consumer,
#A15UU5U 220V IS'S (ELCD database 3.2)
- m‘%aaszma kwh 150 8,758 - Electricity grid mix, AC, consumption mix, at consumer,
ATWUUAYY 220V IS S (ELCD database 3.2)
- ‘1:!‘{'1 ke 11,562 - - Water, process, surface
- LINLYUY ke - 2,620 - Hexane {GLO} | market for | Alloc Def,S (Ecoinvent 3)
g13U188n
uAnAuA
-mnduwendd kg 1,000 1,000 - -
WIUNTYZATN
wAnAMIIIIY kg
- ‘lj’]ﬁu%’ﬁﬂau ke 163 187 - Crude rice bran oil, from rice bran oil production, at
plant/CN Mass (Agri-footprint —mass allocation)
Nﬁﬂ’]ii’l']\iiﬁ'] ke
- 39 kg 8.146 - - COD, Chemical Oxygen Demand (emission to water)
1Ad157119810A kg
- 1IN kg - 780 - Hexane (emission to air)
nslduszlvi/nsindn
- mﬂ’z’i’ﬁlu'ﬁ'ﬁq ke 1,000 - - Refinery sludge {CH} | treatment of land farming | Alloc
UFuusediu Def,S (Ecoinvent 3)
- NISININYDY ke - 1,000 1,000 Hazardous waste, for incineration {CH} | treatment of
Heluwmen harzadous waste, hazardous waste incineration | Alloc
AINYAFIMNTTY Def, S (Waste to treatment) (Ecoinvent 3)

* AP LYY (Density) UB9ENTanUSIRRY = 0.8976 ¢/ml
= mswluaisngaavnssutgldyudeyasn Ecoinvent 3 [10]

GWP100a (kgCO,eq/ton-SBE)
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Scenario 1

Scenario 2 Scenario 3

a ' o A Y a =
2N 2 U1 3Ua s e aunIzanaINNIzuIUMIIANIININAUena
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nnansAnELUlET msthtannaunenddeansadalulassiaduiinisasldesfmdou
ﬂswaﬂmwamLuadmﬂLﬂuﬂsvmumswlﬁmwau I‘UWﬁN’]UlWﬂ’]G]’]LLa“ﬁ’]u’liﬂu’]mﬂﬂuW@ﬂalﬂI‘UUi‘“IﬁJﬁﬁu
léﬂmalmaamlﬂﬂwmimamiLmﬂuLmmenamammm szmL‘UumvmumﬁﬂwmmﬂamﬂaaaﬂwLiau
NIZANEY Ay 77.67 % vesUsInamsUanUdesimideunssanyauaannssuIun RN nRuena
] 2 3]

[%
a o

ANSEANPLINYU FNSUFAAIUTBILMAIUaNUABYN1ULTBUNTZINDINATEUIUNITIANITNINAUNBNE 119
3 ASTUIUNTHANIAINING 3

100

B onigu

75

M ansanusefiain

50

D ixfeunaslsa

T )

L e

B O nstnluianienan
PAFINNTIN

25

Charecterization (%)

Scenario 1 Scenario 2
o o 1 ] ] & & o a a
AN 3 dAFIUYRILVAIUAAUABYNYTDUNTLINAINNTEUIUNTINNTAINAUNDNE

Tunszuauthvamndunendlagdsmsezdnsisansannlulasdiatunuin dndrunistaniaes
Ae3ounsyanvaninanasanussisilneAadu 70.7 % (437 keCOeq/ton) laRsunaslsn 27.8 % (172
kgCOzeo/ton) wamul*vxlﬂ'] 1.3 % (8.01 kgCOeq/ton) LLaumsmmsmu 0.2 % vInN1TUanUansny
BaUNsTININTINSTUIUNS (1.3 keCO,eq/ton) mmumuuiwnmmmmsmaNaaﬂmlmuaﬂmnau
Lmaﬂswmumswamaﬂﬂiﬂmammmamﬂimmmiﬂamaaammsauﬂiuﬁmiﬂ 47.6 % Gummiﬂamﬂaaa
A9l oUNTEANINUAIINNTTUIUATT (-294 kgCOLeq/ton) vinlvinsUanUassfingiTounszanves
NIEUIUNMILANNATY 324 kgCOeq/ton

nszuuiIUamMafunendlagisnMsvzasmigansanaensuildndiunisuanlassnigiseunsyan
MaNU1AINN1IMIRALAgN1s UM IEININg RN suAEnaIN1sUTRlagiinsUanUdesinwiseunsean
AnLdu 70 % (2,310 kgCOeq/ton) ansanaLeniau 25.2 % (832 kgCOzeqy/ton) Wamuivxlﬂw 4.8 % UBIN3T
UanUaoefngisaunszanainnszuiunis (159 keCO.eq/ton) mmummuiwnmumvmaaaﬂmmmsa
Freannisuantassinmiounszanls 10.3 % vosnsUanUdosfwi3ounsEaNNIINTEUIUNNS (-339
kgCOzeq) 1/1ﬂm'ﬁﬂamﬂaaaﬂfmiauﬂﬁ”aﬂawﬁﬁumﬂivmuaw 2,970 kgCOzeq/ton

mumu,mwﬂivmummmﬂmuWaﬂamamiaﬂmLaﬂLsauﬁ]vmmsmjvaNumuswn@wmﬂmq
aaﬂmlﬂmm'] wazanunsaannsuanUassiiwseunsyantauinnin 15 % LLmuaiamamsUamUaaaam
16k ﬂiumumu@mﬂmuWaﬂamamiaﬂmamﬁauﬂalviLﬂmmsﬂamﬂaaanmsauﬂiuaﬂaumummmaﬂms
WinTuvesanizlandeou (Global warming) u,aumﬁuJaauuﬂaaamwnummﬁ (Climate change) anm
nsruantITannAunendlagismstrdneansarinlilasdtatu
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agunanIsAnen
ﬂﬁumu*ummmﬂmuwaﬂamamiaﬂmlu‘lmauaﬁnummﬁmsammsmﬂammmsmmaimnmmi
UanUdesfuiSounszandlaeiuiinunsUanudesfiudounszan 324 keCOeq/ton Fashninnsldfans
anaengulunIsUIdnae 9 i1 (2,970 kgCOeq/ton) LLaumn’nmsu'ﬂUmﬂuLmmenamamnﬁm
71911 (2,310 kgCOzeq/ton) u,mamﬂiﬂmmamsmﬂmunJumamimmmmivmwawgummﬁmmu
EJ\WI@\HJﬂ'liﬂﬂ‘ls}’lLWEJLmeE]ﬂ‘Mﬁ’l&l‘]‘Uﬁ]ﬁ]&l U miﬂamﬂaaauawwmnmﬂmwum UaNwINNNG
WasuUassEUUNIIAnNIsnIneade uay ANUANANNIATHFANARNS ainsUssdumsuanUaosfing
Founszanaunsauszandliidunuimnaden u,auLmeqﬂgum’[,umsﬁ]mmsmﬂmuWaﬂaamqmmuamL:wa
ﬂEﬂmLﬂﬂﬂ'ﬁiﬁzjﬂsﬂaﬂmmﬂmwmﬂsﬁssmmlmamm warannIUanUdesfinglsounszangedn

AnAnssuUIznA

mmf\]sjulmsumﬁauuauumﬂmumwmwmem (7)) ) Melalasans “Astauuifn HLD Waiwn
amsluiﬂﬁauawmmsamLLiqmmmuaaﬂUsmaUL:waaﬂmumuwmmnmqmﬂmﬂmumﬂa (NRCT2561004)
wazdnaunesuatuayun15Ive (MRG6080015) YU UAMUIEY ummwnmum 31119
LAZUTEY lmaamaﬂsmam 19 miwmsauuauumﬂmuwgﬂa LAZENTAALIIARINNAIAU

LONENT819D4
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