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Abstract

This research aimed to produce charcoal briquettes from Flamboyant (Delonix regia (Bojer ex Hook.)
Raf.) and Black rosewood (Afzelia xylocarpa (Kurz) Craib) pods and evaluated the performance of them as an
alternative fuel. Flamboyant and Black rosewood pods were burned to obtain charcoals and mashed into
powders. The charcoal powders were mixed with the starch paste at the ratios of 1:1, 1.5:1, and 2:1 (kg : L)
and then compressed into fuel briquettes. The fuel properties and heat utilization efficiency of charcoal
briquettes were analyzed based on ASTM and Water Boiling Test (WBT), respectively. The results showed that
the moisture and calorific values of all tested charcoal briquettes qualified the Community Products Standard
of Charcoal Briquettes. The charcoal briquettes from Flamboyant and Black rosewood pods at the ratio of
2:1 showed the best fuel properties as evidenced by the lowest moisture values and volatile matters, but
the highest fixed carbon and calorific. Charcoal briquettes at the ratio of 2:1 also showed the highest work
values and heat utilization efficiency. During the combustion process, all tested charcoal briquettes were also
highly flammable and produced low levels of crackling, drop shatter, and smoke emission. Due to the use of
a small amount of starch paste and giving the largest number of charcoal briquettes, charcoal briquettes at
the ratio of 2:1 were probably the most suitable to be selected to manufacture charcoal briquettes. In
addition, the ratio of 2:1 also showed the best fuel properties and heat utilization efficiency. Overall,
Flamboyant and Black rosewood pod wastes could be considered as a potential renewable raw material to

produce charcoal briquette instead of wood charcoal for household cooking.
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M99 2 ANBUENIINIEATNVBIATUSALIINENSUNg I Taz Nzl

NN | USune U UM YUIALEUNIY Yo Yo
T waden | dwdld | dude AN AUdNAN \desio \adese
(Alansu: DAL Wy (wuiwng) | (Wuflung) | Nounausy | Noundseu

ang) @ansy) | (ow) (N5) (n3w)

1:1 1 41 5 4 84.79 46.02

Hnuna 1.5:1 1.5 59 5 4 84.12 45.93
‘uﬂgﬂﬂﬁﬂ 2:1 2 87 5 4 79.24 41.44
1:1 1 38 5 4 82.89 51.31

HnugAla 1.5:1 1.5 60 5 a4 84.51 51.08
2:1 2 98 5 4 67.30 44.46

nansvaseuRmsuTAdudewAwasduSaurianiinmeungenFauasiinuzalag

dudauisanilnmaungsfauagiinugalusie 3 Snardau gnihundessimauaudimudomas W
AAufeu MmNty Usinaudh Uiinamsssme uasUiiumsvouasi Tdnaduandumaned 3 uay 4 anudid
wuidusauisnilnmeungsefauasiinuzanlusis 3 Sasdiu Saanufusazaaiuiouriiunasinnsgu
HANATIYLTUENUAWNA UNY. 238/2547 Fasmualsiaanudulaiiu 8% wazaraudeuliivosnin 5,000 uraos
f9n5u (Thai Industrial Standards Institute, 2004) atslsAmunuIaUSaLets 2 wiln Aensidu 2:1 Saau
%auqqﬁqmﬁa 6,271 WAaBIRONSY ﬁm%’udmé’mLwiﬁmnﬁﬂwmuﬂgmi”'a LAY 6,238 LARBIADNSU ANNSUDIUDALYIS
Nnilnuzalus Jesusaunisiitidnanufeugeiednduduifgaunmd (Thai Industrial Standards Institute, 2004)
lunsideeSeinuheslifdeyarausounndumesinmeungmfauaiinusarlaug fifeTahduaninmaungs
ASaaziinuzaludlunsavaeudiniudou nuitduanilnmaungsdSauasiinuanlusiinad wwieuiiy 6,413
LY 6,453 upasdreniu muddu Jediamnniifunishludauia uddusausdinuautBogaduianindiulsl
535u01 13U Antwnuuiu aruisaldlduiundnduliisssuands 2-3 win laddiatu wagldwanvsy Oudu (Thai
Industrial Standard Institute, 2004) ﬁaﬁ?ﬁﬂmiﬁ’1m'aﬂ’ml,ﬂi'gﬂmuiﬁmﬂﬂﬂmauﬂgm%’qLLazEJﬂmmImiULfJumu
Souvis waedmutidudauiens 2 ofia Aflleanufeuiithuinuriinpsgiumrunusaue uny. 238/2547 wazd
AlnaesiuauliBndiey

dofarsandidaudunudt diusauisnilnmeungafaiisnandiu 211 fusinannudu (3.92+0.079%)
Yfounindnsdd 15:1 (4.79:0.68) waz 1:1 (5.64+0.23) (131971 3) luvazidedfududauisannilnuzenlasd
Sn91dau 2:1 AfUTInaAIEY (4.4720.30%) tanindmndquil 1.5:1 (5.28+0.27) uay 1:1 (6.57+0.11) smandiy
ogiituddymneadn (9197l 4) dusawisiifidnanutumaziussansamnisldaugs iesngaudsauiou
TUfuMssEmevesinlusesinansldauiies (Phutteesakul, 2010)

A15197 3 mams”?mﬁzﬁamamﬁ’aé’mvﬁaLwawaaﬁmﬁfmLwiqmﬂﬁiﬂmﬂuﬂgm%’a

DNINEIUVD ANMINNSIU Jsuna USunaua USunay ANASUDY
fusanwlaten (LARDIRDNSH) AU (%) (%) ansseivey (%) AIA (%)
(Alansy : ams)
1:1 6,141 5.6410.23b 9.55+0.13° 32.41+0.43° 52.40+0.21°
1.5:1 6,176 4.79+0.68*°  10.09+0.08° 32.04+0.89° 53.08+0.34°
2:1 6,271 3.92+0.07° 11.15+0.34° 31.27+1.10° 53.65+1.26°
(UKY.238/2547) laitdesnin 5,000  lidifiu 8 % - - -

o o

AadennnumMesnwskanasiuluaauifeIiulsunismLLanAeE 9Tt d AN @D A7 p<0.05

o
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definnsaniinnandudmuit dwsauisanilnmsungsdfauaziusauinninugalusiidnndiu 2:1
fIUsHaENINnTY Sasdudl 1.5:1 waz 1:1 audsu (113197 3 waz 4) iesarnuualduvesdSnandrasiien
ity Wedusauvisiiusinamsduanndu (Jutajan, 2019) SﬂﬁqdawaamaLLﬂaL"TJaﬂLﬂuﬁauﬁgmmlwﬁlﬁﬁﬂdwm
1y Faugrusauiaiiusinanudadenunninddidundedesnin vensnidmuiniensidin 2:1 Fduunm
asszetiosiign uazdiudinamiveunsianniign ufinazlimuuenistusgisdidoddnylunseda (o < 0.05)
dlowFoudloufiusasdind 11 uaz 1.5:1 Anu FeUSunaassyweasinaseussansawnsTdinurese diudd
Usinaamsszmenagialildlduiu sends wlifuddesdunnndt uasduiiiiuiinuansueunsiigeasialld
wunduidiansuauasiai vhlauddesutioonin (Phutteesakul, 2010)

M19199 4 HanFIATIRRRMaNTRALTE A1V UEALIaNE NUZA LIS

DNINEIUVD ANMINNSOU USueu Usunaua JSueu AASUDY
gusanmwdatden  (WAaeIsansy) AN (%) (%) a155%L9e (%) AIA (%)
(Alansy : ams)
L1 5,935 6.57+0.11° 10.99+0.36° 31.38+0.88° 51.07+0.78°
151 6,058 5.28+0.27° 11.30+0.45%° 31.29+1.00° 52.13+1.13°
21 6,238 4.47+0.34° 12.21+0.51° 30.11+1.90° 53.21+1.62°
(UN%.238/2547) laitlosnn el 8 % - - -
5,000

v o ' v o

ARdsfinAumesnwwenasiuluaauifeaiulIvenismuLAna19eg1litsd Ay nsaiaf p<0.05

nan1smaseuUszansansldanudeuvesdusawisainiinumungelfauasiinuzanlus

Tunsnagoulszansamnisldanufeuredudauisaniinmaungifanasiinuzaludasn s
2,000 n3u drensldiiusauvieis 2 viia Ui 500 n¥u udemds nanismaaeulsyansamnisldanuioues
muﬁml,wiamﬂEJmmauﬂan§QLLazﬂﬂmsﬁwImaﬁa 3 §hsnau (151, 1.5:1 wag 2:1) Fauanslupnadt 5 wudidiusauvia
MnilnaungaSanagilnuzanluslusnsduudennudalond 2:1 finuivilduagauszansamnnsldany
Sougsiian Tsvsvendsgunlunsdudondsiiifian mmeduiifasimouivhlduasusyans amnsldanu
$ougs uaiidnsinmawnlngdin e dwusauisiiidnsnisninigasninduualulfitini ilidudosdu
1111731 (Thai Industrial Standards Institute, 2004) dledunndnuazvesdiulusenineanisduin nuidudausis
Mninmaungsrfauaziinugalusluyndnsdnaansognanliléd lifnisunnusey Lifiatu lifwsdvagldony
wanshdudautsnilnmaungsfauasiinuzaluais 3 Samdau Sanauddfidmunasgiundnsurigmudiuge
W Un%.238/2547

M13299 5 Han1FATiUsEansamnslinuseuvesiudauianninmaungnuaziinue el

IUDALIS ansrdruveInusankdaden auilg dasmswnlugd UszAnsainnns
(Rlansy : am9) (nSumpUN) Tgauseau (%)
Hnynaungnss 1:1 217 6.78 18.64
1.5:1 1.83 6.99 15.85
2:1 2.35 6.95 18.73
HaugAlas 1:1 1.94 5.80 16.24
1.5:1 2.02 6.26 16.66
2:1 2.51 6.33 18.15
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g
va ¥ A

MNHaNIMAdeUTaIEaseInmanTRf U TnAset i A UsE AN mnsTdeugeu wudn
Snandandl 211 SenautidudemanasUszansnmmsldnnuiouiifian wasvmnifiutvinvesmaduliiuniu
p1awiuAAILANEIRuANANTRLAs sy AnBnnnsTdannuseuiidtuniniusnde uinuiteiuandiidiui
hwiingrufunmutiaonlusnsduiiastu fo 2.5:1 awliansotusuld seiiviinasusraudoaniuly vl
duliannsadusatuduieould Outajan, 2019) sndfeiitadenldviinuduiigaianiusnmdiu 21 esan
Snsndn 211 agldviinamesuSauisiunuazdddnmutadeniidosnidamdiu 1:1 uae 1.5:1 Snvidinaauti
FudioimAsiiaiian lnedunaldanaauiuuazdiinamssaneiimiian mufemasveunsiuazaanuioud
qafigaBnde uagsmuindulssavnmnisldmadeuiiifindgeiian dafusnmdiuresuseniudadend
2:1 Fhandumadeniflumsswandudomdusauisdmiuliluasidouniesmnensluresmansls

vnAnluliyuiuesygia MsndntusauvisnninmaungSauagilnuganlug Aldifiean niivinainuds
fudUends uazArgunsaiau ndesilodaui uaziedesdioun dunulneladefnnifiesilaniuay 3-5 um Badl
Fununsuaniitesnitnisuandudauisnnasiamanatevia 019 nManddauisniaslinan Gaildunu
ANSHAR 7.23 UMeantansy LLm'L-?TaLwﬁqa"mwiqmﬂLmsflﬁwwLawﬁiﬁmwa"mumm%’auqaﬁa 7,269.28 wAaasnansy
Fadurmnufouiiganindmdauvisanilamaungslisuaziinuzalus (Wongkhamchan and Rungratanaubon,
2018) Tummzﬁmué’mLwiqmﬂlﬂﬁﬂaﬁéfunumimﬁm 4-11 vvdenlansy wagliandanuanudeu 5509.85 LAADS
sionsu Fetfenindusnuisaninmaeungsdsasasilinuzanlus (Boonchom and Chaisompan, 2020) Taguyunis
nanaugawrisanldaledainuuansneiu mess‘ﬁuagjﬁummmmsaiumiﬁnwwmmawaamjmﬁwam waydan
gUnsaifldlunisndn dwsuenateildgunsaivsediifluiosjofing InelildRnduamunisamuietu dev
auou waviatosd Wusiu Talldununiandniilaigs Sndsiinmeungatfauasiinugaluadutanudenadsiliduny
lunste

AuantAguToInAsvad LSt Tauaa

A5 6 Iduandlifiudsnuanifdudomas (Anudu arssme 16 a1susunai uae anudeu)
vosduauvieaniinmeungarfauasiinugalaaiisasidn 2:1 fuaAfenisuandusaurisaniudentinauas
Waeniseu (Ussawarujikulchai et al., 2011) Imawudwmué’mLwiﬂmﬂEJnmauﬂgm%ﬂLLazﬁiﬂmmImﬁﬁmm
AT UR U TR S LNAR s TuE LS AU Lke.238/2507 FirsualilaiiAu 8% (Thai Industrial Standards
Institute, 2004) wazdallefanantesnitaudauisandenianauaziudoniiseu (Ussawarujikulchai et al.,

v
Sl

2011) wenanildsllAUsunuanssemetdounitaiusauriaaniieniiaauazildenyiseunin (Ussawarujikulchai
et al,, 2011) Bnéae Usinmansszmedatoswinla azuansliiiufanisfeliliuiumniy wazueadn vl
Audesanu (Phutteesakul, 2010) Lﬁaé’ﬂm(m?iﬂ"1m%‘uaumGTJWU’jﬂdmé’ml,mmﬂﬂﬂmquﬂgm%LLazEJﬂmﬂ'ﬂmﬁ
USinaransusuasingsnidusauisnidendsnauaziudenizou (Ussawarujikulchai et al., 2011) annsusy
AsageaziansgaianTRvhlRnlalfuundduiifiasveunsiain wasshliduudesiudesndt (Phutteesakul,
2010) uaziilefinrsandrmudou wuidusauisandnmeungsdsauasilinuyanlusdidanuseusnnnidusauis
MnFentgauaziuFenyFoun ndtenunaeiinnsgundnfasiruruuSau uwe. 238/2547 fitvuall
Teunin 5,000 wAaeS/n3u (Thai Industrial Standards Institute, 2008) 91nAN519% 6 FeUsUBNIEUSALTIIa1AEN
maungalfaasiinuranlusdauansidudemainiiusauiandentnauazudony 3o

UszAnsnmnisldanuiourasaudauniaaindiuag

1nesed 7 Iiandifiufassdnsamnsldminfeuresiudausanniinvnsungsesaasiinuzalued
gn31dIU 2:1 AUWIEMsHARausaLriaInUAenltanuas lUFeNL1E (Raikham et al., 2017) lagnuinaiuen
wisnilamaungsdSanazuzanlusdiinudilduas Auszgansamnsldanufeugainitdusausanniudensdangn
wagtudanuny (Raikham et al., 2017) sﬁﬂﬂwaﬂdwmuﬁmLwiqmﬂEJﬂmquﬂgqr;J%"qu,azEiﬂmmimﬁﬂiz%m%mwmﬂ%
Amuougsninausauisnidensianauazivdeniay sgslsinuidedaunadisasnsunludnuitdiudaurisann
Wasnfimauazivdeningiidnsnswluiiani: Tng 1 unit Tdawluiiies 2.23 n3u (Raikham et al., 2017) Tuvng
fidudauvisniniinmeunganfauasiinugalausly 1 w17 agldduly 6.95 uay 633 n¥u nwddy Teduides
FomdannninuFentnauasiuFeniae
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M19199 6 AUEANTRMUATBINGIVDINUBARYINIINTILIS

T 3o Yinaans S Aensusu Aieuseu 81984
ANNTU (%) SEvn (%) W () Awh (%) (weaed/ni)
audauvisiln
MWQHﬂQQN%& 3.92 31.27 11.15 53.65 6,271 -

dMIAIUN 2:1

IUDALYISEN
1Al a4y 30.11 12.21 53.21 6,238 -
dMIdIUN 2:1

AIUDALYINAIN 5.65 86.55 5.03 2.77 4,348 Ussawarujikulchai
wWaenidag et al. (2011)

ATUDALVINAN 6.68 88.37 4.57 0.37 3,901 Ussawarujikulchai
Waenseu et al. (2011)

UINIFIUY Thai Industrial
AR Ty e 8 - - - Livesnd1  Standards Institute
USRI (U, 5,000 (2004)

238/2547)

A15199 7 USEANSAINNISIRINN5aUTDIaUSALYINIINT LA

Tain il dnsnswnludl  UszAnsnmnsly 971984
(nF3/un9) ANSOU (%)
fusauvisiinmaungass 2.35 6.95 18.73 -
Snsndnii 2:1
ausaLvsEnuzAlLg 2.51 6.33 18.15 -
Snsndnii 2:1
audauTNINIURen 1.41 2.23 16.04 Raikham et al. (2017)
13A0
audauvisaINUaeng 1.22 2.23 15.20 Raikham et al. (2017)

agUnan1sIeuazdaLEuaUZIINNTITY

f\mm31/1maauqmauﬁ’ﬁWé’qmué"}uL%@Lwawmmué’mLmeﬂﬁlﬂmquﬂgaN%’aLLazﬂﬂmxﬁWquﬁWﬂnLLﬂa
Bendusszau uazdnduuisioniossniionulsznauiosesnaite wuhiudauvists 2 9ia ifnsdau
gasmuaznudaden slinay 3 Sas1d fe 1:1, 1.5:1 way 2:1 (Rlan : ans) faAnudeu wavUSunmauiy
Fun T sguRERSasigisudiusaui Inesnsdnd 21 Sauantidudenasiian Ssdunaldand
USinuenutulasAansssmedimiian uaziiaiaiveunsiuazannufeuiigaiian uenanddmuiidiudaus
Mnilamaungsliauaziinuzanluaiisnsdmil 2:1 alarnudile wazArUszansamnsldanudougeiigadnde
ausagnAnlnléa lifinisuanusey Tidety ldfwdwudddng Somgdinmeaungmfuasilnusalusdeune
dngnwlunsinanndnduiusauidddlflussuFould warenmannsnaieneldlitugiivsznovondnisnde
TnsiamzossBednmaind 21 wnsivshundslfdudomaann mneueninisdauauidudemuaren
Usvdnsnmnsldaudouififian ildusinamesiuiiinniian Wiussaunmudalendes diuluewaniinms
ungalfauagiinugalusornnnimundudomadudondedld Tnemsfnufioynosiusznaunenisninuas
inilveadeindnniy uazmisiiaseimeiuasugamand tiomqedunulumsndn ShsmaneuununIsamu way
JeerLIaAuNU foly
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