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Abstract

This study aims to investigate the factors influencing construction accidents and to
propose guidelines for mitigating risk factors associated with accidents in industrial construction
projects in Chonburi Province. This research adopts a quantitative approach, using a questionnaire
as the primary tool for data collection from personnel and construction workers in industrial
factories in Chonburi Province. The sample consists of 132 respondents, including project managers
(site engineers), foremen, carpenters, welders, masons, backhoe operators, and general laborers.
Data were analyzed using descriptive statistics, including frequency, percentage, mean, and
standard deviation. The results indicate that safety management factors have the highest influence
on construction accidents (Mean = 4.10). Other contributing factors, ranked in descending order,
include safety behavior in construction work, the use of surveillance technology such as closed-
circuit television (CCTV) for accident prevention (Mean = 3.71), deficiencies in tools, equipment, and
machinery (Mean = 3.40), and workplace environmental conditions (Mean = 3.01). The lowest-
ranked factor is deficiencies in construction design and specifications (Mean = 3.00), based on the
perceptions of industrial construction workers. The findings of this study contribute to the clear
identification of key risk factors associated with construction accidents and can be utilized to

develop effective accident prevention measures and safety management guidelines.

Keywords: Risk factors, Accidents, Construction work, Industrial factories
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Abstract

This study investigated the esterification of oleic acid with glycerol for value-added glycerides
production of using zinc oxide as the catalyst, with emphasis on evaluating the effects of heating
mode, reactant molar ratio, and reaction temperature on oleic acid conversion and monoglyceride
yield (MG yield) were evaluated. The results showed that microwave heating clearly enhanced MG
yield compared with a conventional mechanically stirred reactor. The suitable condition for
monoglyceride production was an oleic acid-to-glycerol molar ratio of 1:4, a ZnO catalyst loading of
0.5 wt.% based on oleic acid, a reaction temperature of 160 °C, and a reaction time of 30 min. Under
this condition, oleic acid conversion, MG selectivity and MG yield were 63.1%, 75.4%, and 47.6%,
respectively. In contrast, the conventional mechanically stirred reactor provided an MG yield of only
28.1% under the same condition. In addition, the oleic acid-to-glycerol molar ratio of 1:4 gave a higher
MG yield than the other investigated molar ratios, indicating that an appropriate excess of glycerol
promoted the formation of the target product. Although increasing the reaction temperature to 180
and 200 °C enhanced oleic acid conversion, the MG yield decreased to 40.5% and 38.9%, respectively,
possibly due to the acceleration of consecutive reactions from MG to diglyceride (DG) and triglyceride
(TG). Therefore, microwave-assisted esterification at a molar ratio of 1:4, 160 °C, and 30 min was
identified as a suitable condition for monoglyceride production from glycerol under the investigated

conditions.

Keywords: Esterification, Oleic acid, Glycerol, Zinc oxide, Monoglyceride
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Abstract

This study investigated the development of nickel catalysts supported on titanium dioxide
derived from Thai leucoxene mineral (Ni/TiO.-Leucoxene) for hydrogen production via methane
decomposition, and compared their properties and performance with those of nickel catalysts
supported on commercial titanium dioxide (Ni/TiO,-Commercial). The catalysts were prepared by the
wet impregnation method with a nickel loading of 30 wt%. Their physicochemical characteristics were
examined using X-ray diffraction (XRD) and scanning electron microscopy (SEM). The catalysts were
then tested in a fixed-bed reactor at 600 and 650 °C under atmospheric pressure, and the composition
of the product gases was analyzed by gas chromatography. XRD analysis of the leucoxene-derived
support revealed the presence of TiO, together with oxide phases of other elements, including Fe;Os
and SiO,. After catalyst preparation, NiO was detected in both catalysts. Scherrer analysis showed
that the average crystallite size of NiO in Ni/TiO2-Leucoxene was 11.9 nm, which was smaller than
that of Ni/TiO,-Commercial at 14.6 nm. SEM images showed that the Ni/TiO.-Leucoxene catalyst
possessed a rod-like morphology with observable interparticle voids, in contrast to the densely
agelomerated particles observed for the Ni/TiO-Commercial catalyst. The methane decomposition
results demonstrated that Ni/TiO.-Leucoxene provided significantly higher methane conversion than
Ni/TiOz-Commercial. The maximum methane conversion of 98.7% was obtained at 650 °C after 90
min of reaction. These findings suggest that Thai leucoxene mineral has strong potential as a low-

cost support material for catalysts in hydrogen production from methane.

Keywords: Catalyst, Leucoxene mineral, Titanium dioxide, Hydrogen, Methane
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arsdfildlunsinToud s sufasen
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UTEN AUlTanns 91198 I9INTAUTZAIVASTUS
Uszinelng

2.2 MIesEuLIsUfATen

lninideneenledainusgladuredlng
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aun1AYIEUI 20-50 um niuting Tio, 91
wigladulusunszuiunislalasinesuealy
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HCLO.1 M waztnduauiien pH Usvana 7 eudl
60 °C fuaan 12 Falus wazlueniedielile
TiO, -Leucoxene @15 uld i uiasessulunis
W3ENALIIUAAT81 Ni/TIO, -Leucoxene

faseuNferdninavudisesdv
Innleneonleninisusieisindsuilswuuiden
Tnefmunsnadniadesay 30 Tnstminves
FussUFASEN Fuarnazats NiNOs)6H;0 luth
Usraanlesau antuiuiasesiu TiO; wnsa
N13A1 130 TIO; Mnusgladuveting niunay
sthasaifieaduiian 24 43lus wdnhansazane
TWeudl 110 °C WHuwan 24 3l wdwnifuun
Thdunsuazilvimnluenied 550 °C W@uan
a Falue 1dd1s9UfAsen 2 oida Ao NI/TIO
Commercial kag Ni/TiO2-Leucoxene
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Snvaurdnguinewesiuiadnude scanning
electron microscopy (SEM) WieRansannisanung

v
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1 n¥u adluiunuFasen sawandlugud 3 Sudy
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n1slua 50 mUmin uit elaernaanieluszuuy
nduldaudousaesms 10 °C/min auds
gaun)dl 600 °C NouN1INAaBUUATE1 AIL39
UFATegnnszdudiensruiunmsidndudosiu
aeldvsseiniafiglalasiau aruuians
99.999% 7igamnd 600 °C 1dutia1 30 Ui
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wasoglusyuy neusudeufeiimuidnginies
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NTATINT ATV 1TINUABUIARA I
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3. NANIINAABILAZIATIZUNANITNARDS

3.1 aNEUZIWATDIAITOITULAZAILIS
Upnsen

5ULUU XRD 909 159U 581 TiO-
Commercial, TiOz-Leucoxene, Ni/TiO, com-
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HAN153LAT1EY XRD ¥89A 35095 UNUI1 TiO2-
Commercial uaz TiO,Leucoxene MaLansiiadl
#@onAaeIn UL Anatase vaslmniiousanlan
v 98199 nusqladudsusingfiaves
a1sUsznavesnlessusindae laun Fe0s uay
SI0, syu 20 1infu 33.2° waw26.6° AuEIRY
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sesfuintulednge vl \iles1nguuuy XRD lu
U 4 1 Junnsisgsidusaasenneunis
nAaauUA3en wazAngaugAzemunITRily
U338IN1ADINA Feszyiavesdinifialuguves
NiO unun1sszysdu metallic Ni tnansa
\ouszifiuruiandniadores NiO uudh
sessuiisanswiln IiFunuuianEniadeves NO
31n¥eya XRD lagld Scherrer equation wuin
NiO Tudat5aUf] A8 Ni/TiOz-Commercial wag
Ni/TiO, - Leucoxene fluunandnidewinfu 14.6
War 11.9 nm MudRu Anvuardniadeuansli
Windn NiO UusaLssufizen Ni/TiO, - Leucoxene
fvunadnndn Ni/TIO-Commercial neldideuly
ManTeufioaty Jeenaiadedudusius
51774 nickel oxide species A UD9A UsENOU
oonledslufisesiuanusgladu 1wy Fe,0; 7
919778317AN 15 AUIAVINEN NIO 21319NITLN
nsfiesdusenevnssinludisessuangladuens
dananeaudfnsn-lua ngAnssunisaislou
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JUT 5 nneneRInndenanssmiBianmseuwuy
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3.3 9NSNAVOITUAAITOITUADAINIT
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Ni/TiO,-Leucoxene figaumgdl 600 °C 91ANANTS
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qladu Fee1aidiudodeaussousueddiagg
UARSe1 uenanilesduszneusenludsanlus
5995UNuTglATu Tnglaniy Fe0s 8138ldu

Vol 24, Issue 1, 2026 (January - June) [ 28

Front. Eng. Innov. Res.
ISSN: 3056-9273 (Online)

\Aendestuaussousvosiussufisen Wesand
$1897U1N9IUT T BT 1N Fe-containing
species kagA LT IUNNT81 Ni-Fe @a11150% 3¢
Usulgaadesninvesdnssiseluufisen
nsuandavesiinuld Tnserai eadosdunis
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Tngldnsn 12-vsalavloanadn (12-Tungstophosphoric acid, TPA) 1usatssufiisen nsvaassdniiunis
Turnfunaudneauin 250 Sadans meldnismusarliauieusiseaiiiudalau Inefnwmnanes
gamgiilumsviugAsenturag 110-170 °C uazdnsrdlneluavesnsnasinsendiweseadl 1:1-1:4 e¥evay
nswasuulasueansnasin aduinanansaluiudasziiiieseicmeisnslnmsananisaae sy
anmefimnzanfodnsdiulaelua 1:3 fgumgll 170 °C Ingldiusaujisen TPA Sevax 1 Tagtnin
¥eansnanin uazalun1siufasen 60 undl Iidrfesazmsdsuutasueansnasingaanivinfu
89.29% msAnwaaueansnUURRGdiTuU AT susuaes Tnofidnsiiugizenigamad 170 °C wirty
0.0236 L/mol-min aun138ns1ufizendie Rate = 0.0236[LAJ2 wazAmanuneanutudmiiiy 67.92 kl/mol
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Abstract

This study aims to investigate the kinetics of the esterification reaction between glycerol and
lauric acid using 12-tungstophosphoric acid (TPA) as a catalyst. The experiments were conducted in
a 250 mL four-neck round-bottom flask, equipped with a stirring system and heated via a silicone oil
bath. The effects of reaction temperature (110-170 °C) and molar ratio of lauric acid to glycerol (1:1-
1:4) on the conversion of lauric acid were examined. The conversion was calculated based on free
fatty acid (FFA) values determined by titration. The results indicated that the optimal condition was
achieved at a molar ratio of 1:3, temperature of 170 °C, catalyst loading of 1 wt% of lauric acid, and
a reaction time of 60 min, yielding a maximum lauric acid conversion of 89.2%. Kinetic analysis
revealed that the reaction follows second-order kinetics, with a rate constant (k) of 0.0236 L/mol-min
at 170 °C. The reaction rate equation is expressed as Rate = 0.0236[LA]2 and an activation energy (Ea)
of 67.92 kJ/mol.

Keywords: Chemical reaction kinetics, Esterification, Glycerol, Lauric acid
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Glyeseol (GL) fGilycernt manolsurin (B-GM1)

1,3-Glycerol dilaurin (1,3-GDL) Glycorol nlseeia (G,
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TneialuujAsoneamesiindudenld
AuseUfizeuueNius (Homogeneous catalysts)
W nadafa3n (Sulfuric acid) kay nsnlalas
AaB3N (Hydrochloric acid) tiesniuszavanm
qmasﬁﬁunwﬁ agslsfiny nansSnuaidilasin
Uszneumelulundiwelsnuseuaiosas 40-60
wazlandiwelsa saudulasndslsnussuna
Jouay 35-45 [8] wazdalin1sldiugau]isen
nnLgalslnavinlaseasiaaniu (Keggin-type
heteropoly acids; HPA) 141 12-tungstophosphoric
acid; HPW (HsPW12040) ﬁaLﬁuﬁaLiqﬂﬁﬁ%mﬁﬁ
Anunmes esaniianudunsawuuuseuann
(Brensted acidity) g4 3saunsaduaiuyufisen
awmesintulangediusz@nsnin [9]
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Abstract

This study investigated the enhancement of the solid fuel properties of durian peel through
torrefaction under mechanical pressure to improve its chemical and physical characteristics prior to
its use as a solid fuel and as a feedstock for biochar production. The experiments were carried out
at 280, 300, 320, and 340 °C under pressures of 30, 60, 90, and 120 bar. The results showed that
increasing temperature and pressure reduced the mass yield from 89.07% to 41.83%, while the
carbon content, fixed carbon content, and higher heating value increased. The carbon content
increased from 48.43% to 69.87%, the fixed carbon content increased from 13.97% to 41.39%, and
the higher heating value increased from 18.01 to 25.52 MJ/kg. The increase in higher heating value
was related to the decreases in the H/C and O/C atomic ratios, as well as the reduction of oxygen-
containing functional groups in the biomass structure. However, when the energy yield was
considered, the condition of 340 °C and 120 bar, although giving the highest higher heating value,
resulted in an energy yield of only 59.27% and the product could not completely retain its compact
pellet form. In contrast, the condition of 280 °C and 90 bar provided the highest energy yield of
104.73%. These results indicate that torrefaction under mechanical pressure can improve the solid
fuel properties of durian peel. The conditions in the range of 280-300 °C under 60-90 bar appear to
be more suitable in terms of the balance among fuel quality, energy yield, and the ability of the

product to retain its compact form.

Keywords: Durian peel, Torrefaction, Mechanical pressure, Torrefied, Fixed carbon
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Thermogravimetric Analysis (TGA)
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Abstract

This study investigated the potential of five types of coconut tree residues, namely petiole
base, spadix, exocarp, spathe, and rachilla, as precursors for activated carbon production through
steam activation. This approach provides a sustainable pathway for valorizing agricultural residues
while reducing the use of chemical activating agents in the production process. Elemental analysis
revealed that the raw materials contained carbon in the range of 36.44-43.28 %, with spathe
showing the highest carbon content. Proximate analysis further indicated that the raw materials
were mainly composed of volatile matter, ranging from 69.41 to 72.74 %, while the fixed carbon
content ranged from 15.33 to 21.34 %, reflecting the typical characteristics of lignocellulosic
biomass suitable for conversion into carbon materials. After carbonization at 500 °C for 2 h, the
resulting chars exhibited yields of 24.81-33.01 %, specific surface areas of 67.30-330.18 m?/g, and
average pore diameters of 1.5-1.7 nm, with the exocarp-derived char showing the highest surface
area at this stage. The chars were subsequently activated with steam at 500, 600, and 700 °C. The
results showed that increasing the activation temperature markedly enhanced the specific surface
area of the activated carbons, while the product yield decreased with increasing temperature. This
trend was associated with the reaction between steam and carbon and the progressive
development of porous structures. At 700 °C, the spathe-derived activated carbon exhibited the
highest surface area of 778.64 mz/g, followed by rachilla, exocarp, spadix, and petiole base. In
addition, increasing the activation temperature promoted pore widening, with the average pore
diameter at 700 °C increasing to 1.9-2.2 nm, indicating a transition from microporous structures
toward the boundary between micropores and mesopores. These findings demonstrate that spathe,
rachilla, and exocarp are promising coconut tree residues for activated carbon production using steam

activation and represent a sustainable route for the utilization of lignocellulosic biomass wastes.

Keywords: Activated carbon, Coconut tree residues, Steam activation, Agricultural waste, Porous

carbon
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ABNITAANYAIMNIIAMUTOU NIFANGIU NITHRIU
Tassasagngu uagnammvessuiuudle
?ﬂmimawu%’aﬁyﬁm&jﬁﬂﬁiﬂssLﬁu
Fuamvesdiumiedisnndusznivaisyia
sgradusruu aneldieulunisanfueluledu
waznanszduselethiimuauludnuvasiontu
Wol3suiisuindrulavesdungninndain
wngaudenisiaundududuiuduinian
Snviadajtesuisanuduitus svinsesdUsznay
ﬁyugmmaqi’mqﬁu AIANSUBUAIAD UTUI0ENT
ey UsHnaudn naldvesmdnsioue waznisiauw
Tnssadnagnguosduiutud nansAnuisdally
Wueen1sseeu i uil Aansoualdvos
wan gl LL@'ETaLﬁuszTagaﬁ”ugmﬁm?Uﬂﬁ
fndoningAviaamdefianinduusni ufield
TunswanTananusuyarLiiu
Tunudseiidenldniansedudaglo
Wesannidunszuiunisnszduniesnienind
aunsadieUagniuinuaziangngulntniely
Tssasuansuou TnsordeufAsenssuinsledf
Arsuauluseninenisiinuseu Tofvednis
nszdudagloundersannisldarnafingedu
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ANAIS wazyinlinan Susild Az anse
mMawasesenlunufuAwIndoNLaz IgATy
denFeuiiisuiunisnszduisansiaiiunsia
onnelmAntidsanduneunisdrsuasiifunuly
msdamsansandaifisda (3]

Fety AdeiFadl ngUsvasditodnm
nsulsgUdmdofisnnduuznin 5 wia léud
Tauf1u du wWaonduuen niuriute uagszul 1
Hudwfuiuddenanssduselot aeduan
N153tAIEReAUTENOUSIA WA proximate
analysis Y94IRQAU NINANNIUAILATEUIUNIT
msusluwduiigumail 500 °C uazmsnsvdusie
lounigamgdl 500, 600 uag 700 °C INBUTS
Wisuifisunaldvomansiost Auifs iz vun
sNJUldy uardnyurdugIuIvevestuLay
fruduTus i 6 nansideaindinendudeya
atuayumslidusslovivenduanaiuueninaly
seavguyy wazidunwmislunisiauidaua
W odt wnanisinwasliidutanans veuii i
yarinoeadady

2. N15NARY

2.1 Jnghiv

Fandeisndungningniuiuen
AIULAZAAVUIAUTEUI 2X2 LYUALUAT
Togdszanm §wihlildTagavdmsveuised
$ruau 5 viin Iéun Taudy (petiole base) du
(spadix) 1Wasnuuen (exocarp) NTURuYo
(spathe) wagszld (rachilla)

(A) Taunu

UM 1 dnuaisdudiunienvesingiu
(B) Au (O) wWaenvuuen (D) MuviuYe (E) seud
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2.2 Funaun1siniduaiu

(Carbonization)

o
a 9

Aoun1sAiiuns ngauiia 5 wialagn
ﬁmﬁLﬂswﬁaﬂﬁﬂizﬂaummﬁyu%m‘uaqi’mﬁu
Tneldin3oe Elemental Analysis Wensiuuas
wﬂamimqaimuamuﬂuawumumm UYBIAY
ugw§12 mntuialdiringiuis 5 vdn weu
iigldaruduignmad 100 °C WWunan 8 dalus
Fahwntanav 100 ¢ lalufenuanuioundn
Tarraseulvainuindreegdidounseud
Tnensyuaun1sinlidudumie carbonization
ganiun1sluamiiuyg (Chamber Fumaces)

Tuaniziidnnsteunsa N, fsmsnslua 100
mU/min figamail 500 °C unan 2 $lus Tned
Fasnslianudeud 20 °C/min witeluvlad
Fagranuanarsarmduaifueu ndsasuian
carbonization kg nUaeeliiduasauis
gamngdvesnigldussernialulasiau neul
fhegseenundsimtinuasivnulilunivusUn
afin manmassluusazanngdniiiunism 2 a
LLasﬂmmwalﬁmaﬂmamﬁmﬂugﬂmLa?{a + A9
Weauuannggy

2.3 Jumeumanszfudagloti (Steam
activation)

drufseuldainde 2.2 aggnuian
nszdudagleth Tasyanisnssdudigleduanad
gih?i 2

i

Figure 1. Schematic diagram of the steam activation apparatus, (1) N; gas cylinder; (2) pressure regultor;
(3) stainless column; (4) tube furnace; (5) boiler; (6) heater; (7) stainless tube 1/4 inch

sUit 2 gansnssdudeleth: (1) dufa N,
(2) fAuANAUAY, (3) 710/ADALUALAULAE,
(@) wwnuuue, (5) wiledledh, (6) YALAIY
%ou uay (7) vioausuaauinn 1/4 in
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fnufik carbonization aninaNIEu
Faeloun Tnardegneainds 2.2 Usunm 10 g
Tdasmewuaildidnluluviown Usugumginig
nsedulugag 500-700 °C Aainisnszdunsi
1 499 Sasnisoudidguifeduiiidy 120
mU/min Tusgninanssuiunsnsedu wia Np 9
gndausiegdniinislua 100 mi/min wWluae
Wi edasdaiunianszaediveslotnluviomn
pdantuiiegaiiniould asgminluiiesed
Halavaandndne wavandfnianigninuasiall
18 nsinsesiuiifouazauingnsudaeeies
iaTgvin1TgadualuLia No (N2 sorption
analyzer) uaziiaszsidnvasiuiafondes
qanssAuBanaTou wuudeansnylalanddudu
(Field Emission Scanning Electron Microscope)
Gy JEOL Ju JSM 7800F

3. NaN133Y

3.1 29AUTENBUSNVRIINRAU (Ultimate
and proximate analysis)

HANTIATIENDIAUTENOUTINVRIINGAU
Mndmmdefiasiunzni1n 5 e ldun Tay
firu $u Wdenduuen MutuYe wawsEld AR
A5 3.1 Imawudﬁmqﬁuﬁgﬂumﬂisﬂauﬁw
suan b Arsuew (O) lalasiau (H) Tulnsiau
(N) wazdanes (S) ludndui unnesiy
U3uaandvouvesingAuiis 5 adinegludi
36.44-43.28 % w/w lagn1Uv Uy edUT Ui
AFUDUFTIgALVInAY 43.28 % w/w s83a%N len
svud Waenduuen Taudu wasdu auddy
g vimalulasauiazdamesvesdang g
FovmmiienAeutneh nglulasauogluris 0.17-
0.61 % w/w wazdainesoyluyia 0.01-0.08 %
w/w wadananuansliidiuindundedisandu
ugwiiuTinunfueulussduiunzausonis
Mduansisudmiunmsmantanansueu
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M19199 3.1 Ultimate analysis 20¢ingau

A1 Ultimate Analysis %w/w

findng c - N S
TAunnu 39.45 621 017 0.02
§u 3644 699 023 001
Waenduuen 4025 655 031 002
nuviue 4328 638 030 0.02
seud 4045 642 061 0.08

Waengmausa [4] 4292 560 022 0.14
Waendulzsa [4] 3920 670  0.65 0.06
Waenuzvagne [4] 3879 627  3.16

deSsuifisududeyavestunaviadu
Aseaulilunudderounii (4] leun wWaengm
duda 1dendulssn waziUfenugazne wudn
YSinauansusuvedingivannduuzninluauide

v
=1

Ueglutidlnaldueiu Inemeniuindouasseud

'
a

Afusinunfveulndifeaiuidengaauda g
avvioultiiuindumdeiianndunzninanunsa
Wuwnasdanamadeniifidnenmdmsunisuds
sUuduuazauiuiudld

M1919% 3.2 Proximate analysis ¥3ingiu
Fixed Volatile

Moisture Ash

9819 carbon matter

(%) (%)

(%) (%)

TAuAY 18.04 72.11 5.77 4.08
fu 16.12 71.24 6.21 6.43
LUﬁaﬂ%uuaﬂ 15.33 72.74 5.86 6.07
NUiue 21.34 69.41 5.69 3.56
Teud 18.13 71.31 6.48 4.08

NANITILATIZY proximate analysis U9
Fogiu wanafennsedl 3.2 wudﬁmqauﬁgmmﬁ
a1ssewmeilussruszneundn Tnedaeglugag
69.41-72.74 % Fadudnuwaiziluvestimiadnly
waglaafiuszneusioivaglaa wefiwaglas uay
anfiululsunugs anssemedananiiunumdidgy
Aan1sgadennaseninanseuIunsasusluedu
LazeN9daNason1SinYosInmIognI S udu
melulassassunainisliauiou

\iofiansanUTuaafusuasia wui
nMuntedAgeiianinfu 21.34 % sesaun
fio sl Taufiu du uwasiudenduuen mudidy
Taga1s veunsd i udauusd Ay azviou
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Auatusavesingavlunisasndelaseasng
arfveunendanisarsveluedy TagAuid
A1sUBuALiIgedsliualduanganian1 TR
Buuuazarutusiud uenani Usinaidwes
FngAueglutag 3.56-6.43 % lagduiiuiuandige
fign vazfimuiideiiuinaudwiniian Fa3unw
dnfisidudadeiiderenmnmuosniu tiesin
asodunigiandusuidionsandadiuaiueu
fldauldl wazervdmarensiauilasainegnyy
Tutunounisnsedu

Tabsaw nan AT wiia Ultimate and
proximate analysis wan3biliuITIngAUIINEIY
waofl wastungnimnvinddnsainlung
il uansd i udmyundntanaguou
Tnglanzniusiuded sl uTunmandueuainnig
Aangriesiusznousingeiign dansusunsiags
fign uariiviinaudehitan Jaduingiviitnaula
dmsunmaimunduauiuiug egelsinig ey
wanzauvesingAvlildtusgfuasiusznaums
wiliileeguied widaduiusiulasaieniely
YBIFINIA NYANTIUNITAREAINNANUTOU Ly
nsnpUALDwENsTUILNIINSERudeleth S
firsunsauiumald Aufifn waslaseadiagny
voseuwazaiuiudluidedaly

3.2 nsvinliudu (Carbonization)

wan1sviliiduaiuresingivaindau
wideiwwasiuugnii 5 vin femmnd 500 °C
Hunan 2 $alug LLamﬁ’agUﬁ 3.1 LAgA1S19i 3.3
wuiwalavesnuilategluyie 24.81-33.01 %
Tasidenduuanlinaldgefianindy 33.01 %
s99a9AD 55U 31.73 % Taufu 31.52 % du
29.37 % wazn1unuYe 24.81 % Aud1AU Yoya
sananuansliiiuiringAvunaseiadnginssy
N158818AIM19ANTDULANA1ITY Ul AzH 1
N3¥UIUNIST carbonization Aelaaniizifeafiu
TagdngAuilinaldgeduunliunuvdolaseadng
afueuudsldinnnin vasiingAuilinalddions
\AanisaanefvetesdusznauiiszmelFuaznnsg
goduiaseniinsiianueuninndy [3]

Wi oansansauduna proximate
analysis vs3ngAvlunssit 3.2 nudrimgiv
fanuadansszmeiduasdusznoundnlusefugs
Fedawaliiinnnsgadsunaog1stalauszning
N3¥UIUNNT carbonization 8819l3Ainu naldves
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duldldduogiuuimmasssmeiiiosegiaie:
wigsduusfuUTunaAsuauasdd Y3unaui
waglasasrenteluvesdrutaunazvin
A9E19U NUTLYRLITUSINMAI UBUAIAITDY
FogAvgeiian uslvinalévds carbonization #in
fian uanslifiuintaguindenafilassadediie
n1saanginazilagnulauinluseninensly
anufou Teoraidutadeatuayunisiaun
Tassadagnguludunoudaly audfmanisnim
yosruiildannnszuauns carbonization uanslu
15797 3.3 wudiduanniudenduuendiudifn
ﬁ‘]’ﬂwaqqﬁqrﬂwhﬁ'u 330.18 M?/g T9IANNNADNIU
Wt 301.35 m2/g laudu 210.82 m2/g du
205.42 m2/g Larszid 67.30 m2/g ANa1AU
yaurfivungnguedsvestueglutig 1.5-1.7 nm
Fasndn 2.0 nm wandliiuindwildTdnvae
wiudugngusuiadnuiolulasnes laseasdie
ﬁ’ma"nLﬂuﬁvugmé’wﬁ’mﬁm%miﬁ’mmgwgu
danduludunounisnseduingled
NANTILATIZY proximate analysis VD3
f1und carbonization WaRIRINITINT 3.4 WU
dunnadinduTinuansuouasiauiuduesednay
desuiuingAuisus lnedaeglugas 58.77-
72.24 % wuzfiansszveanauvdo 21.19-33.24
% wandbiLiiudINIzUIUNIS carbonization
ansnfdnesdusznouiisziveldesnaindamng
wagiiudadiuveslasaairsaniveuluvesudad
wieldegaiuszansam TuussaduiAinw
druaInnusiuYeiianfusunsiag e gauviaiy
72.24 % uarfiUTinandiiiiganiity 3.22 % 3
UsiRsnanmuesdmiimanzausdenisiauidy
sufufuflutupousiely

40.00 -
3500
30.00 I 1 I
2500

2000

wald (3)

15.00 o

10.00 4

500 4

¥, & - L L v
Thuffwm qu waonvuuen  nwinte T

JUN 3.1 naldiannszuIuns carbonization

o

TgRuriiacine Ngamgil 500 °C
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o 1% '
A157199 3.3 1ASIESNNINIEATNURIEY

fiaeg1e  BET Surface  Average  Yield

area diameter (%) S.D.
(m%g) (nm)

TAufu 210.82 1.7 3152 1.19
Fu 205.42 17 2937 112
waen 330.18 15 1.19
H 33.01
YUUDN
NUNLe 301.35 17 2481 058
seud 67.30 1.7 3173 1.09

A15°99 3.4 Proximate analysis 989014

f70814 Fixed Volatile  Moisture  Ash
carbon  matter (%) (%) (%)
(%)

TAunu 62.14 29.57 3.24 5.05
Fu 58.77 33.24 2.87 5.12
wWaen 68.08 23.86 3.19 4.87

%ﬁuan
nMuYe 72.24 21.19 3.35 3.22
seud 65.19 26.30 3.88 4.63

3.3 1AS9E519M19N18AINVBIA 1WA
N33UIUNNT carbonization

2N SEM Tugﬂﬁ 3.2 uanaliiiuingu
Wnieg1 NUTINgYosinnazlaseaiiagngy
ma‘Lumfai’a@ FuAn9INNISEMERBNYBIAILTY
LATANTIELRYTENINNTLUIUANS carbonization
ag1slsfinu Snwaznisilavedlassasnedinnny
unseiu Tnsdiuannidenduuenuagnusiute
LaneA uAaf Tauesrsziasivesinanisly
Aoudrnautn vasidiuainlaudunaz s udl
Tassadiansuiintuduiy uinsidavestosiid
Snwarldadnaue drudiuanseuiuiaziiiu
FNWULIBIINTIUIULINIUNIN SEM UalaTIasng
vndufidnwasdunmielaswiofidouts
WUy Fee19siansidefiufiianislues
uAElUlASAUTENINNTIATIEN

NaMFIATERRUTIS LNz aenAde sty
m’mLLmﬂm'wqmaaé’mgwu%mﬁﬁqmﬂé’ TAgauN
wWaenduuenliuiifingefiaawintu 330,18 me/g
309R9UAD AU UYD 301.35 m2/g lAunlu
210.82 m?/g YU 205.42 m2/g uavszwd 67.30
m2/g AUy vauETivIAgNTULRABYD I YN
iinoglutas 1.5-1.7 nm 89611 2.0 nm wans
Newildilassaisgnsundneglungulalaswes
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ananaaziouliiiudi carbonization
Lilfifsavd sudaunalidulassadreanfuou
winiu usdsdunumilunisadregnguidudulity
a0 ImammLmﬂemmaqﬁuﬁﬁmazﬁﬂwngmu
duiusivesdusznauvesingiu Usunaansseive
ATSUBUAYAT 11 wazlATIaTIININIENINLALYEY
Faunaudazau [4]

SUT 3.2 M SEM wessnuiiindsuens 500 i
(A) lauu (B) du (C) Waentuuen (D) Nuviue
(E) 5eud
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3.4 Tasea¥rannenmvasauiugudi
kunsnszdudaglath (Steam Activation)

wavagamginianszdudaslovsio
autifnenieninvesdiufusudainaumiods
yostunzndIte 5 iin uanadsluzu 3.3 oy
M3t 3.5 wuth Wegamgiinienssduiiinduain
500 1w 600 uaz 700 °C aldvasauiuiudil
wnliuanasedreiodunniaegne Inglaufy
fiualdanasan 73.46 + 3.13 18u 60.48 + 1.20
uay 40.74 + 1.32 % YuANAI9IN 61.41 + 1.04
\Ju 52.35 + 0.02 uag 43.04 + 0.89 % wWaen
Fuusnanasin 86.50 + 2.54 18w 71.51 + 1.19
wag 53.07 + 1.32 % N1UYNYRANAI9IN 89.26 +
0.58 18u 72.74 + 1.05 uay 61.06 + 1.80 % waz
53uianad91n 59.73 + 1.97 10U 50.78 + 0.63
WAy 37.52 + 1.15 % A1ua10U wudldudenan?
agviouliiiuigamgiimsnseduduioduddgyd
daadonisagideuiavesianmsueulusening
nszvIuMEnIEfuelon

M15199 3.5 1AS9AS19MNaNEN YR UALITUA

fi79819  Activation  BET Average  Yield S.D.
Temp  Surface  diameter (%)

°0) rea (m?/g (nm)

500 322.60 15 7346 313

TAudu 600 378.22 17 60.48  1.20

700 390.87 2.1 4074  1.32

500 35291 1.7 61.41  1.04

Hu 600 366.09 17 5235 0.02

700 512.43 22 4304 0.89

. 500 350.76 17 86.54  2.54
waan

Y 600 649.34 19 7151 119
YUUDAN

700 721.32 22 5307 132

5 500 553.48 17 89.26  0.58
AURY

. 600 615.39 15 7274 105

UD

700 778.64 19 61.06 1.80

500 636.57 1.7 59.73 197

seud 600 723.88 20 50.78  0.63

700 750.22 22 3752 115

n1sanasvenalaaiuisnesuielaain
U3 e15eninemsuaunulew uie steam
gasification #H&@UN5 C + H,0 —> CO + H, Favi
Tasueuundnlulasasnangnudsuduuia
denalviavesudianad [5] vausifeiuuiisen
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Fana1raemTaatsanA1e Uiy uas
ssdUszneufignduogmelulassairadiu viliiAn
nsngngudnuasnsiaugngulnaineluan
Idundu uenand ufian1sveuuouanlesi
Aetuldvhuiasenduletdedowmiuaunts o
+ H,0 — CO, + H, GevirliiAnuiia CO, Taodl
A551897UT1AN1 Y IBLR HAITUNT UT DS
Tassadsansuauld (6] dufumningiuidudud
Ui C annfiduualtiufiastisdaaduliuiazen
fiAnlfinntu aenndestunaainaad 3.1 way
32 fuandiifiuinnuineliosdussneures C uag
Fixed carbon qﬁfqm LLazLLaﬂﬂﬁﬁﬁuﬁﬁﬂﬁqﬁw
dsmniunsnssfusgloduda e 3.5)

100.00

60.00
40.00
20.00

0.00

& i & o &
X 5

[1500C [J600C [700C

JUN 3.3 naldvosiuiudud

NANISILATIENNUNRITWNIEA8TT BET

' v
a d =< '

wanlifiudngamnndnsnse s ufiged ugaeLd

Hufifivesutusudedstaaulunniegis
TneAfiuTiRs e fisanntng 322.60-636.57 m’/g
figamail 500 °C Hu 366.09-723.88 m’/g 7 600 °C
waziiandu 390.87-778.64 m%/g 71 700 °C lu
ussndregetiue fududuiarnniuudeli

fuiifngaigauintu 778.64 m¥/g flemngl 700 °C
589890178 58Ul 750.22 m?/g Waenduuen
72132 m%/g §u 51243 m’/g uaglauf 300.87 m’/g
sy wakanatlidiuiinuiutonasseud
Jutnghuiineuaussseniansedudiglednldd
Tnomziigungiias

dofimnsansuingngueds wuiinsiia
amnfinanssduiiuuliuiligngunieiu Ty

9

Q)
Neun

q U

§1 500 °C wnINTURALTEIUiUTUA
agflugaa 1.5-1.7 nm waziisndu 1.9-2.2 nm 7

il 700 ©

U

=0

C wandbiiuinnisnszAusgle
liigainNun vty widshevenegnguain
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seaululasnasluguissessesenilulasnesuas
wlanes [7] lnglamgdiognalauiiu 3u wWaen
Fuuen wazszwd Fedvuingniuadsuinnis

2.0 nm \dlenseduil 700 °C

JUN 3.7 21 SEM vesnuiuiudannuiue
#1700 °C

3U# 3.4 21 SEM vasinudududanlauiiu
#1700 °C

5U# 3.8 21w SEM vesuiuiudanseud
#1700 °C

AN SEM vasauiusiudiikunsnssiu

Aaglaunfl 700 °C uanadaguil 3.4-3.8 Wudl
fregramnuliadlasaiegniuidadaaunasdl

7700 °C Gdaqdwmaﬂluﬁimﬁammﬂdflmudaumiﬂszﬁu
TagaruANdudaInlAuA 1ULEAIE NYaE INTS
Aoudaainansuardndagngud ousodwdy
Tasathe sufusfusanduuasddentuneniings
yurslngjuazndagnguaoudisuns vgdiany
Ausfudanmuiudenasssuinandaseadiangud
Dauazdudeu Fudenndastumifuiiinsimsi
ogflusedugs Inslameniuiudelieiuiing
figrluntsfinunil

Tngva nansmTetidiud e

&

10pm TU-CSEAR 6/
SEM

o3 o 15241 trade-off 5¥INIHAlAYBINANAUNTUNITHAIL

a

. 1A59a3193NTU NAIAE NISERNEAMQINTINTEAY
=1 1 v o (3 =~ [ 1l 2
UM 3.6 M SEM wesanunaiunanidaen Frelieuiuiudiinunigaiuuasgngudaning
& = (¢] & L a v o § v v a o ¢
TUudn 1 700 ~C Ty uiluvaieatuinlinaldvemdniusianas

NNsgedsIavesnustlusenIisen
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steam gasification [8] o ansanteiudifin
WINTNTU haznalavosndngdue arudududain
nMuvtedinsedudl 700 °C wansdngnmiauiian
desnlsituiiingsan 778.60 m%g fuunagngu
12y 1.9 nm uazdsadliinaldvesndniuet 61.06
+ 1.80 % Fegenindegnsdudnilmajnelianioy
Wearu Femnzausenisiaunduaududud
MnTunaimdeiweiuuznim

[

4. #3UNanI15IY
sifedAnudnsninvesdiuniodis
Mndungnd 5 vin laun Taudu $u waen
Funon mMuute uazszud dwsumsnangiud
Suddonszuannanszdudisledn Inefuunie
Lﬁ'aLﬁ'uy‘aﬂ'ﬁaqLwﬁaﬁyam1aﬂW5LﬂwmiLLax
atfuayumsliusslovidmnanguddu nanns
AinswriesdUsznausignuiningAuiamuni
USunauansuauegluyig 36.44-43.28 % w/w lag
nuudeduTununsusugefign vausfinanis
AL proximate analysis wui1ingAvdans
seenduesrUsynoundnagludag 69.41-72.74 %
uagdanfueunsdaoglutag 15.33-21.34 % T
agvioudnunirvesiunadnluwaglaaiivanzay
sonswlsguiluiagasueu
mevdsmeilidudwiigamgil 500 °C
Wuan 2 Falus i’mﬁ‘uwgﬁ 5 ¥dAa11190
Wavududuiilassairegngudesiuld Taslv
ualdoglutag 24.81-33.01 % wardiuiimadinig
ag/luta9 67.30-330.18 m?/g lagauaniuden
Fuuenliiiuiiingsfiaaluduneu carbonization
Yqueing proximate analysis vesgunuIIUTII
AsvouasiaL udwdu 58.77-72.24 % waz
USinauansseimeanaunie 21.19-33.24 % wans
TdiudanseuIuns carbonization awu1snLiiy
Fadnlassadianivouluvedsimisldetig
Farau luussaaufidnet a1uinnuiugedl
asusuAsTIgeTignuaiiuTnaudiign Sadu
FnpAuiddnenmgedmivmetannduduiuiud
dotugnihlunssdudelothiigumai
500, 600 waz 700 °C wungaumaiin1snszduling
lngnsaonIsimuIlATIEsagnIuven AN
Tnewdlogauugfiiindu Aufiiaduniziuuliu
didulunniaesns vasiinaldvessdniasianas

Vol 24, Issue 1, 2026 (January - June)

[ o)

Front. Eng. Innov. Res.
ISSN: 3056-9273 (Online)

g 1raLleNNSAnUfATeN steam gasification
searinslotfuasueu nan153iAT1eet BET wang
Tfuifuiifsimzeesdufududifivantag
322.60-636.57 m°/g 7 500 °C 1Ju 390.87-
778.64 m%/g 7 700 °C vaurvuIngngULaAeLiL
911993 1.5-1.7 nm 10w 1.9-2.2 nm uansdanis
187U NI uIING nwzlulasneslug e
seumesenInglulasnesuaziulanes naannw
SEM flgaunindl 700 °C fanfuayuunliiufing
Tneuandviiiulnssainsgnguidndnay wifsgngy
vwas uazterinnelufianusoionnniy

W oiFsuifisuing Auitenue wudd
sufutufannusudeiinsesuieledhi 700 °c
wamsdnanimeuiian Tnglifuiiasinzgean
winfu 778.64 m¥/g fliunngwguieds 1.9 nm uag
fandlvinalduendniag 61.06 + 1.80% Fagenin
Frog198 udnilng neldannieifientu sesan
Aorutuiudanssuiuazdendunondlsiug
Aagavindu 750.22 wag 721.32 m’/g muddu
ansnanuandliiuInIuiute seul wasiuden
Funenifudmimdensnndunzniniddnanin
admumanancufusiuddensnssdudele

Tnwasy nsfnwilBusuliindumiei
ndunzns N gswendenianisinens
wianunsamunduianansuoud dyaaufiules
IAglanIEn1TRENATUANTUAAIEN1INTEA UMY
lohdsevandsamslfarsiainszdu ananu
\#B991nan3ANAe wazaenndosiuLLAANISLY
Usglowifunasg1edsdu dammanisdnwsely
ATy IMAaeuUsEansn1mnsldauassvesanu
Ausuddilel Wy nsgadud a1sdunid wielavy
wifnluiuds msfnvnaunamansuaslelumasa
N150ATYU AAERIUNITUTETUAIIUA UAINIS
wswgenansuazaulululdlunisndnszau
yuwu Welvannsadosengnisldussloviiaie
dmduinuasnsuasguvuauzndnldegnaddu

5. inAnssuUszne

ANEITBTRTRUAM W TINeNdeALlLLaE
FNYANTUNN kazun1Inedemaluladsy
wanadayy3 Avisaduayuliuny 1ndosle uas
anuiilumsinide

DOI: 10.60101/feir.2026.267165



https://www.doi.org/10.60101/feir.2026.267165

FRONTIERS IN
ENGINEERING INNOVATION RESEARCH

6. ONATNBY

[1] Zhu Y, Kolar P. Adsorptive removal of p-
cresol using coconut shell-activated char.
Journal of Environmental Chemical Engineering.
2014;2(4):2050-8.

[2] Raj KG, Joy PA. Coconut shell based
activated carbon-iron oxide magnetic
nanocomposite for fast and efficient
removal of ail spills. Journal of environmental
chemical engineering. 2015;3(3):2068-75.

[3] Li W, Peng J, Zhang L, Yang K, Xia H, Zhang
S, Guo S. Preparation of activated carbon
from coconut shell chars in pilot-scale
microwave heating equipment at 60 kW.
Waste management. 2009;29(2):756-60.

[4] Nuwaboot P, Jamradloedluk J,
Lertsatitthanakorn C. Charcoal and wood
vinegar from carbonization of barks and
fruit peels. J Sci Technol MSU. 2016;35
(5):519-24.

[5] Fu J, Zhang J, Jin C, Wang Z, Wang T, Cheng
X, Ma C. Effects of temperature, oxygen and
steam on pore structure characteristics of
coconut husk activated carbon powders
prepared by one-step rapid pyrolysis
activation process. Bioresource technology.
2020;310:123413.

[6] Alaya M, Girgis B, Mourad W. Activated
carbon from some agricultural wastes under
action of one-step steam pyrolysis. Journal
of Porous Materials. 2000;7(4):509-17.

[7]1 Zhang L, Zuo S. The significance of
lignocellulosic raw materials on the pore
structure of activated carbons prepared by
steam activation. Molecules. 2024;29(13):3197.

[8] Pallarés J, Gonzalez-Cencerrado A, Arauzo |.
Production and  characterization  of
activated carbon from barley straw by
physical activation with carbon dioxide and

steam. Biomass Bioenergy. 2018;115:64-73.

Vol 24, Issue 1, 2026 (January - June) [ 61 ]

Front. Eng. Innov. Res.
ISSN: 3056-9273 (Online)

DOI: 10.60101/feir.2026.267165



https://www.doi.org/10.60101/feir.2026.267165

.

TR A, -'-J-‘-“."ﬂk&.‘l
gugdoimsanauasaising Thai Journals Online System | powered by TGl

Faculty of Engineering

Rajamangala University of Technology Thanyaburi
. 39 Moo 1, Rangsit-Nakhonnayok Rd. (Klong6), Thanyaburi, Pathum Thani 12110
. Tel./Fax: 0 2549 3493 E-mail: enjournal@en.rmutt.ac.th

Website: https://ph0l.tci-thaijo.org/index.php/jermutt



https://ph01.tci-thaijo.org/index.php/jermutt
https://ph01.tci-thaijo.org/index.php/jermutt



