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AMENUAYRIEUIINNINATAUSANALTELATEL
TaganUseRvguuIaan

Properties of Macadamia Shell Charcoal Prepared
by a Small Artificial Furnace

a W i
Yo yaes

Piyarut Moonsri

Wsuunaay: 13 a.a. 2563
eSuunanuunle: 2 5.a. 2563
HaUSUANUN: 16 5.A. 2563

unAnge

mATeiiinqusrasdiiteAnuauantivesduanmnnzamraailownioulasnisyAvioun
dndunzauzaiadisnniswnzamsaiadiomdofisnnnainumsiiesduszneureneaglaa tediwaglaa
anduuazifnegludadiuionas 28.9 305 40.3 way 0.3 Tnethmilnaudiu MswSeudunzauzanaly
Ingnszurumsaiveuluedurenavnzamzauadiy 3. Alaniu drswwuniUssAv§uuin 54 dns 149
svgzhamasanszuIumMsAsuslulwdutiosnin 3 $alus Slgumaiigegaveanswnlutag 400-500 °C 16
wawdausunzamzaualonunmi Anduiosarveamandniniu 407 drudldddnvuezduan @
amansalumsilwinle fidnnseedulelofiuvinfu 3747 mg ¢ dudildtiiamnumuiuumindu
0.86 g cm” MINMTIATIANTRIE s TInamUIiUSinua s uouAsa Usinandn Ysinanutiu was
Usinmansszveld egludndiufesar 832 6.3 4.3 uay 6.2 Tasmiin audidy venanildmuind
waUAMUTOUG (HHY) vesdunzamzaadofndouls Insmsinseidoeiosusuaiiasiiines i
AU 17.68 MJ ke (W30 4,223 keal kg')

AdIALY : neanuzALaly AunvausA Al Tasudena

‘aauringmansuavvalulad  uwiverdeswigovesysal wesysal 67000
' Faculty of Science and Technology, Phetchabun Rajabhat University, Phetchabun 67000.

* pjﬁwuéﬂssmunu (Corresponding author) e-mail: piyarutto@hotmail.com
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ABSTRACT
The objective of this research was to study the properties of macadamia shell

charcoal prepared in a small artificial furnace. The macadamia shell was agricultural sector
waste. The constituents of macadamia shell were cellulose, hemicellulose, lignin and ash in
the proportions of 28.9%, 30.5%, 40.3%, and 0.3% by weight, respectively. After the
carbonization of 3 kilograms of macadamia shell using a 54 liter-artificial furnace with the
highest sintering temperature in the range of 400-500 °C for less than 3 hours, a good
quality macadamia charcoal with a shiny surface was obtained with a moderated yield of
40.7%. The macadamia charcoal hadanelectrical conductivity ability. It had a bulk density of
0.46 g cm%, and had an iodine absorption coefficient value of 374.7 mg g_l. The approximate
analysis showed that the quantities of fixed carbon, ash, moisture, and volatile matters
were in the proportionsof 83.2%, 6.3%, 4.3%, and 6.2% by weight, respectively. In addition,
the high heating value (HHV) of the macadamia shell charcoal when analyzed by a bomb
calorimeter was 17.68 MJ kg (or 4,223 kcal kg ).

Keywords: Macadamia, Macadamia Charcoal, Waste material

umin

uzAaLl (Macadamia integrifolia) iufivnsznatimmiedudenuds Fuduivdudu Tae
fmzaadlefisandetos Wakiumssuwdraunsninniuusenuldlasnsmiethluulsguilu
dunanluamissing 9 uinue s'm“l.uﬁamsuﬂsgﬂﬁﬂtﬂ'ﬁ‘lum‘émﬁﬂmaﬁmwﬁoﬂﬁ udu uzaum
Weduemnsiilindsnugs fvsinaunseluiulidudidadesluuiinugadednlugléun nsaleia
8n(Oleic) uazthaiilniadn (Palmitoleic) uonaNTSanuusstn Mg, Zn, Cu uay Mn Favilviinamen
nalasuINs SUsunavesalsusenauiuedn (Phenolic compound) wazansusznaudanilnlai
398 (Q--tocopherol compound) fiaunsataelunisiusyyadassldfsndael] dufuuzanmde
Jedelddnduduivifiusslovdegrannisludunsi lUldusslomikmismsauagnnsden &
AnanmmaasEgna uazlinnudasnisniansaataveduilaags dmiumsugnitsuzauadisly
Famasysaiiu neneguiauardmialdtinsdauadilinuasnsluiufigeesimialasaniy
luwsituiistneinde Juduiuiiiissfummuguasiiguupifvnzaudenisugnuzaiadie ¥
nmsugnuzanaisieluiviasugisvesguruaiaselduasifunalivesssiuvsliiu
tinvieudisuaziuslnaiifeanisiily lutumeuvesmsudnmdausanadisiiosmuneasoingsd
Wasnsiunzamemanyaualiseanlueu nntuiwhnisninwissuuiudiSainmsnsmiznzan
ranzaadoiisloudnuzanadivooniusmine dalunsnszuaunsudnudauzaiadle Sa
Wasnsiunzauaznzaruzanaleidunawasslfivdefisesnuiduswausnniidadutigmilunns
fdnlnunisiiseengduandeuviomsivhansfsadaafivmemeliiuguey

Taevhluuddennzauazveadedun fidaduegifouiosas 70 lasdminveswauzaie
e Waenuzanadisdnaglunindaluiwaglaa (Lignocellulose) dAnumun 1.5 uu. &3 5 uy.uae
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Uszneudsasstundndsliiideseunislutuuas tuliidoudsnisuen lugdavesmudanguuos
wWasnuzauadieagnieluiing 4.2-5.2 GPa AudIunILsIRIveRUGenuzAuAliuAD 55 MPa i
AMUMLALLLTIY (Bulk density) Bg#i 680 kg m” finruiduuszum 10% warlidmdsuaau
Fouaglutae 4,000- 5,500 keal kg '[2-4]. FsonauvAveaudennzaruzanafisfand Saingn
ilvusitendaidutanduniddmiunisviaiu Maquanluaiunalsd Mououu uasdaldidu
Womdudelinufousnmsunlmlumiliy werannsoldusveaudonnzarmzanailoduans
sudulugramnssundnliivesawazlugaamnisunwanadinla(2, 5]
uenniudrnmsitanansamyaaidiefiesduszneundnidudaluwaglaaiianise
wasuliegluzuvesdunzaruzanaiile (Macadamia charcoal) tetnlulfusslomisulalngld
nszvaunsinislada (Pyrolysis) \unsyuiumssesaaneunalagldpnuieuluiifiiiusutueinie
otedaie FeezdsuTnnaliiludemadduzuves 4 uds veunm wazufa Fansdesaasdae
anufeuiivinfigumaiisaud 150 °C FulU Taeldermalusimaisialnefgamgisyana 100-
120 °C azfutrsvesmslanutu Wegumaiiiutusuis 275 °C nandusiildesnndanlnges
Huufia 1wy ufia CO, CO, uariinsmiduuazumusagnndusenun Aitasgumail 280-350 °C ans
fiflesAusznoumaaiidudouszgnndusenun 1wy Alnu (Ketone) weadlad (Aldehydes) Huoa
(Phenol) uazieames (Ester) saumauRaning q 1wy CO, CO, war CH, warnszurunsasueluedu
(Carbonization) fAstugamgiigendn 350 °C Fsasszivedazgnnduusnesnunuinuasiidnd
\wmdefe d1u (Charcoal) fuTLEn (Ash) iindule] Fesudanaw (Biochar) 1nnzamuzanalouay
duaunmgs @wdnlasliiBnsvemadaeng) aunsahluliaduiagdemas wisldiutan
nanlunisndnluianreulndavaivviia 1vu warafnaoulndn (Composite plastic) d w3y
grun U aoulndnvesliuarwatadin (Wood-plastic composite) saufiaiinnsualuleluy
gamnssuRdnLUAWe3 warmskanduduiuiuddmivldiduigadudmiunisiidalanemin
fiuea lumsauazimiuea \Uusu[7-10]
ﬁaﬁuamz@'ﬁé’a%’aau’laﬁwﬁnmmsudsgﬂﬂsmmmLmLﬁaiatﬂui’aql,wﬁaﬁwamju
wnwasnsgugnuasuUsguuzatails sunanfe Smiaumesysal Widuaunzamzauadislagly
wUszav§unadnuasAnwauantivesdunvaruzauadloild ieiluldlunsiaunlug
HARAUAYIYUIINAWNEAWE AT ‘t’iwsLfJums'&wamﬁzumi’aqmﬁaﬁwaandumwsns an
Ugmdawndouuaztioiiinyarvasiagnzamsauaiiomdonamaniuseluls

WAndun1ide

imsfnwnsuusjuimsninnzatuzaalisreinguinensnsgugnusanadisluan
sunawnde Smiamesysal leowunussiv§uunadnuazAnunanautifvesiuiiedouls

1. msiadiuaznanssuiieg

Tumsieadiifansaliildiuansatiseiuinsainsen (Analytical grade) wazl#tinduy
lumsiSeuansazaisnasanimaaes nzanuzanafisfregnlinnnguinwasnsiugnuraie
e sunevife Svimnesysal Tasludursunisiwisuingavvinlasnsdausnnzamzanadle
ponnandsanUsnuudieudu q wu imwilowdauzaadly wwiy iy Wudu sndutiiluds
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unsliwiadeldmmuduiinaandeny udnhluldaaiulilunvuriiteain iowiemhluldou
aoly

2. MsfnwesAUsEnaumaAlivenzausANAEY

insfinwesrvsznaurainzauanuadilaun Usinuivaglaaniuisuinsgiu TAPPI
T203 om-88[11] Usuailalawaglaalaeds acid chlorite ¥84 Browing[12] Yiunausiiwaglaanile
NneasnveUTinuTesazvelalawaglaauavivaglaa Usunadniiunuisuinsgiu TAPPI T222
om-88[13] uarUdanauinnaiBinasgiu TAPPI T211 om-02(14] Tasudaznisnaasavhenliites
i 3 ads udnanads

3. Msfnwanmzivenzaslunmswisuduanngauraiadle

nsfAnwanMeimzaudmunisiedsuduatnaunInnzatmganalle wisaa
dwiuwnaruin 54 das dnsatugauade Usuna 3 kg laasluluniwusussgnsanszuen
(W19 14 cm x 54 cm) wddarh tldadlulummum ntudunavuieninuszanm 1 ke lda
TWluenseuq meuzussynzawzanade sudum Dadugeenialilwadhanduaisessn
rutuwnavtugFuuurean alndomanauiuuuia wlin vnuinsaugunis
vaiwesemaielilndaunaulagliianisaniniifuuallw udliindalaglidu 9rndutiei
AseuTiTvietheTusenlndiusuuureun Mnusssdunadnuarvesniuln wazdvesaiuiite
Winsweglutuneulavesnszurumsaivsluiedu lutaswesnslamufudnvurveseulway
udvrmnae 9 deihilelududaseilothesnundaes lutrsvesmsiiaaiuthasiinfudnway 3
ynifntusunnuanintuegemuutiunn warlutivesnsiiadiuaulldnvaundudenila
(8ugamgiilagliivesluduila) lnsvndesmsusuiivgamainelumbiiuyinuenelilua
Wumlaensuiuiiuananivesemeailvadhauldgungiiiideants snduliiinisudeslh
nszvumsunndifetusieludnuszana 10 it ud3sinstamilasnistalildornmadiluly
Lmwﬁv'a'luzhwaqmsqmmmmL'ﬁﬂmmﬂ%ﬂmnm' wazlUadoniniusaniuuurevieiiniusen
vownsoul Vassislinszuaunsinduininelueduiudeluies Wensyurunmswlg
dugraasgumgiivenunanasausgiigumgivies (ren1siely 1 Aw) vinsdaduen uaviieiu
nganuzauadofildluinmsinseinuani@cng q doly

nswisurssunzamzanaloilagnsanvuindiesiessuawuuveaiag Tngtdiu

gamzanadieldadululovniesiinUszana % vesntwus udldgnueassifindadly arnduii

nstmhnruzuazthlufiisl fuuedssuaueaiiad \andesueaiiaditeliineuuazisliluiin
nMsusLiianuInEyIALILYSENIN 30 Wi BNt redulUTeuR UL TR 8 m
nfuthmsdwildluiuugaemfuiohlUldlunsdnsduneudely

4. Mmsfnwanvfvessunzaruzaaly

nsAnwdugiuingr(Morphology)  laeldndesganssmididnasounuudeinsie
(Scanning electron microscope, model Phenom XL, Phenom-World, Netherland)

MsiATEiausRiBaUszann (Proximate analysis) oA USunanauiu (Moisture)
AuliunslagITn15ATIERRINNINTEIN ASTM D3173-95 U3uaarsseimels (Volatile matter)
AuNslagiBunsgIu ASTM D3175-95 msaaseimuiunaidt (Ash) dnflumslagiBuinsgiu
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ASTM D3174-95 waemsiAs1evniusunaunisuaunes (Fixed carbon, FC) A laannaunis
i 1[6-7).

Fixed Carbon (%) = 100 - Ash% - VM% (1)

miaswimaniininsgaduleledu (lodine number) vesduAzamzALAio?
winaldluudazanizilansowansieaudiduiuiavesansdegeld auitunsgiu ASTM
D4A607-94(15]

d1MSUNIIUIAMUNUILLULTIL (Bulk density) YasaunzaiuzAalisinlaguinaIu
nzanmzanadisiildutinuszanm 5 nfu ludaduguliidufeunsinssuandieiniasdauuulalaga
nantuirlusavunaiieAurumivsinauas i luf s winuiueudioinissdanaiion 4
fumis Tasanumnuiueasdunzauzaadisfuialdandnsduseninaniminvesduid
TomssmeUsumsvesnauaul6-7]

mymAauTRdnnuieuresitunvazaaiefesavilasnisldinissveuniians
#wo3 (Oxygen Bomb Calorimeter, model Autobomb, Gallenkamp, UK) #1333un05§11 ASTM
3D3286-77[7]

msnegevanmmsthiniwesaunsauzauadievinlagldised1sing annisldluang
neasunseudlnihiinelsesidfuunasinenseualwihfewunwedvuiadniiudunzatuz Ay
fnIeule

NAN1338
1. dnwugmamenniaziansAnwasrUsEnaumaaiveaudennzaiuzanadie
IngRuvesnzamzauadiomdoiitannisinens Fsldinsiansingauidesulanisda
wsndsanusnuazniniiluminuasiitelandu Tnsdnvusvosiogunzamzanadeildlunis
Woilfidwsmendossssunuazndoganssmididnaseunuudeansia (SEM) uanslddanmd 1
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(n) )

o 1Y) a & @ 'Y -
AN 1 Snwaizvad (N) NEaNNEAALEINAaNIIINNTISINEAT kae (1) dnwarlassas1wealdon
o oal ' 1Y - oo o
NEANNLAUALUBNNIUNITAEAWINAUA SEM NN1asve18 280x

MnMsfnwesrvsznourainzauzanadisliun Usinaueaglaa iofiwaglaa anduuay
161 waitlduanafanisnadt 1 fail

= =) a a a v g '
A13190 1 uansUSinalslawaglod waglaa Lelilwaglaa Sndu wavid Yoanza1uzANAledIE

pafUsznaUTiAnY USunau (%) fimsaany
lelawwaglaa 59.42 + 0.06
daviwaglaa 28.94 + 0.39
alilwaglas 30.48 + 0.37
antiu 40.26 + 0.14
LN 0.29 + 0.12

Nnwaildmuinzamzauadisfiesdussneuiivszneuluselslawaglaasosas 59.4 §i
Usinauwaglaaiesas 28.9 Suiliiiviinaueiiwaglaadosay 30.5 Snvisivsunadniufevas 40.3
warUlinaudr¥osas 0.3 §1 Wechsler et al.[2] I#s1esunan1sinsziwinsdussnevegisdnely
neanuzmiailsinszneumelvaglaaiesay 29.5 welilwaglaaiosay 30.0 Anflufevar 40.1 way
\Winsesay 0.31 Tmﬂwumﬁaﬁaadwnzmuzmmﬁaﬁﬂ%mm‘umwxaq‘l}aaamaqmmvi'flﬂﬁ%ﬁﬂ%mzu
weadNTUINAT UVt %atﬂuﬁﬂwmwaﬁaqmnsssum&ﬁnﬂumﬁmaa Lignocellulosic material[2,
16]

d i < 1
2. ans@nwiemanzimnzatlumsieisuaunsauzaadlly
Ivihmamannzivnzasdmiumsimisuauainnzamzaiade Tagldiniusevga
AWl 2 Fellvueveumdmiuiiivuin 54 das warveanndunivugnsinszueniililaanzs
@ v v & e a = v U v & a <
WIAANAUTNIUTING 10 a5 annsawnzatuzanadelaasias 3 kg THdamwdsdunaly

unavu (ua) minuszanm 1 kg Tdaslulumseu anvuzussynzauzaualle nsiwlnivesdua
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& a v v ' ' £ v v oo '
W LNAIINATUVULAIaIR UAAILaTTauBINIAIINa1 T A TuLuTaualagldiaS U ay
(Blower) MUSusEAUAUS BRIt lawar ldwas L unL® a3

o o a s s ' a
Al 2 SnvazreasUstAvgdmiunsinaunmsnzazauaieRllunsdnwm

nnmsfnsanmglumssnnzauzauadielinasanmibususienuseiusi 1ivins
wWian1eiu 3 anme Nnmavdsuwlasasnmsivaiuesennimdh (Uuasiiennaluaeinu
endlmiiena) 71 0.724 x 10° m’ s’ 12106 x10°m’ s wagdl 2538 x10° m’ s vesanned
1-3 i Milnasieszezmlutieing 4 vesnsruaumsintsladatuna uazgumniivesnisans
volutuiiinasiensuusanmidudiungamraiads nadilddansei 2

AT 2. AmsnzauzanadisnEunM s duguigumglisng 4

anmeves svezanrnla  sTesvanlunig QUNNYDINTT mswUsan wduanu
NS0 ANLAU (W) deeTudhwni)  wnliduaiu CO) nEANTANALIY
1 130 72 300 Wasuanmwiduauvue
wWasuanwidudrunua
' AV va o o
2 95 43 400 fgrunlaiidnwaeiiuiig
wagtilw ey
Waguan mduaunua

' aY val o o
arunladdnwuziiuiig
wazu w1 la tAndidn
Jupginn

3 70 30 500
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PNNANITNAGBIRINTTIT 2 WuIMsTlEsnsnsInaruresemeadiites w14
srezIaTlun1swITeItaee 9 lunszuaunisintsladauuniinmsldsasimsivaduvesonnai
1N Mgl 300 °C Aiisaneiiezvilinzamzanafisnasanwduduldvun e
gamafivesnsiwndy 400 °C wuiwenannzamzanadofansudsuanmiduduuauds
sniflafidnuaeinm wasdiniile wavanwvestunvamsaadlefildinidnuasidudietu

=

ST 500 °C it winuiesadidvuegluviinamn fugamgidmnzaudmiuldlu
msunlifuduresnzaugaiadly dwmiunussivil Sudongungiiil 400 °C uarildnsinis
Inaihwesenmafiszdunans Wuannzvesmstndunzaiuzaile

nnnsAnwszeznalunsUanmdeindeiiinefutvesnisinduiigumaiiluns
ansueulueduuszana 400 °C (asmsmuausnsmsivaiiivesennia) Afinasenisudsanin
Wudungamzauadle twinvesduilld fosasvemandauazamsnaduleladuvasdunzaue
Auaidly wadilduanafisnnsned 3

D&

P~ ' - o Alv %) a ' @ a Ao w ¢
A1919 3. Maudsanmduau umdnauild Sesavvewnandnuazinisgaduleledu Nduwus
fusrezatumMsUamasnngaiaaYuli

gopalunmsUamn msudsaniluy dwidnves  Sewavvewanden  Anmsgadu

wasnntinaTulta aunzan dule (ke) uiile (%) lolofiu
(W) uzAuALileY (meg)
10 AREuTILn 1.22 407 3747
AARTUVIIANA
20 wazdilAwLN 0.85 28.3 382.5
UzUuundiu
ANTUNINUA
30 wazilLewaian 0.64 213 394.2
Ygduun

MNREMIVAaRITlARRISIeR 3 wuifiszeziailunsamvdmingasmsiinaiuti 10
Wit arldnandmdudunzanuzaadiovmun Siwinvesswiilduunm 1.22 kg FeAnidusosas
vomandnminiu 40.7 fdnsgeaduleleduinfy 3747 mg g Towdlaufiusyeziandu 20 wiit
wuingldnandadusunzaruzanadonouawariiavii iz vuundiu 1¥esasvoinanan
winfiusesas 28.3 dwﬁ‘lo’w’ﬁﬁwmsqw%’ﬁlo‘[aﬁuwiwﬁ'u 3825 mg g wazmniinsrezandu 30
uft wuiegldnandaduaunzarusanadisnmuauariiewdidunn I8¥esasveenananviniy
Fouax 21.3 awildiidnsgadulelefiurindu 394.2 mg ¢" auddy ddumnldszoziaailuns
VamunBuesrilidwuildidnintunnuarlduinananananas sdunslidsyozinailunisie
w1 10 Wi FaduszeviarimnaudmiunswlnSudiu
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3. anwaurduguIngwenIUnTauEAALlY

dnwazvnamenwinluressungamzauaefldannsiwdeiniussAvgilduanads
Al 3 () Bududwiiidnuusddiiuam wls St densenufuesiidssionu fuiuw
veadueglien wazillevludresendesdidnnseunuudonsia dnvusuanslddanmil 3 (1)
uay (p) Feildnvarlasiaiavesunsameanadiofifanmenamyugs

(m ()

(m)
P~ @ ' P @ ') ' a
AN 3. anwzYes () frunzanusAalle wasanwnelasasevesaunyauzAaLlle (V)

AR
AsaeAewmailn SEM Andavene 9x wag (A) INTUNSE8RIuANa387e 220x
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4. naMSANYIBIAUITNOUDE 19 AULULLazanURIBIAMS DUt TUNTauEAadle

INMIRTIAUBRUsEnaUst st vassunvasa e fivisuldlasdsnisiiasien
autAwuuyszana (Proximate analysis) ¥ilasnsmuSanannudu Yunaidh Usinaansssmels
wazUSuuAUsuAI AasnuaLTRmNIUILLILYIING NaTtldlansiaans1eil 4

= Ly e ' ¥ <
f13799 4 Nams'aLﬂ51sﬁauumaqmuﬁlﬂmnnzmusmLmua

auURTAIII USinauiiiasieile (%)
USuaunnudy (%) 431 + 0.58
USIauen (%) 6.31 + 0.52
USunanssewels (%) 6.16 + 1.74
Usunuasuaunsia (%) 83.22 + 1.86
ATUVUTLLLTIN (g/cm’) 0.46 + 0.04

2.

«

MNRANMTIATIEHUTINAUATY USinaadn KaTAIUNUILUUYIIN VBN UANTUAT
wisuldarnnsdneided wuiiiusunaunnudu 4.3 % Susunand 6.3 % fivSunnassemele
6.2 % fUSIuASUBUAI 83.2 % uarilAUMUILLLTBIVINAY 0.46 ¢ cm”

MnMsAnmautAsuaufouvesdunzaturanalis iwsouldannsinsizvinaan
waaumaFeuresnyazanadislagldini scuoumsansiives nuirdiAmdsumnuieuiils

winu 17.68 MJ kg vi3® 4,223 keal kg

anUseuazajUNansIde

nnmsAnmagldimenzamzaadioililunsinei Sesduszneuiivszneuluselsla
waglaadesaz 59.4 funauvaglaadevar 28.9 Juiliiiusunaesiiwagloaiosas 30.5 Snviadl
Yiuadniiuiesas 40.3 wazUSuraudrfesar 0.3 (ludnvausvyesianinsssusifngu
Lignocellulosic material Fwilidsnnrauzaiadlefidnvasuds fanmamuaneanudunay
Lisunsaiianisdesaaisldite innsAnviieludsuguimsnyausauaidieliidudiukiu
nszuumsinlsladauazasusluiedu elfanngimnzaudmiunsminzameauadoiols
Ieufifiguamd Tnemsldinustivgouadniifinsguesiownluivesnisudaduiianug 10
dns WFuanudounnmsuniudidemdnavlumuniifivuiaussy 54 ans Fsnswnfigamgd
Tyt 400-500 °C axldszozalumsinduauaznzanzaadefanisidsuanmBudumue
duildiidnvuziuim wasihlinld Ineldszoznaluaslammudu uavdasldaansiiszmeld (492
Waaduth) deenin 3 Halus msldszesnalunsdammdeindranisiinaiuth 10 wiit wld
wardndudrunzanuzaadioiue fihminvesduillduiinagegade 1.22 kg dsdnilutesay
vosmandnwiniu 40.7 fAnsgaduleleduiviniu 374.7 mg ¢ wandliiiuinduiindnladanm
maaﬁuﬁ’aﬁﬁamwmwwqu u.axLi‘jammaaué’ﬂwmz'umﬁ’mgwu%wUwaaﬁ’uﬁaé’aEJné’aai‘il,ﬁnmau
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wuudeansia (SEM) ﬁwui'\'ﬁuﬁwmdwﬂzamsmtmﬁaﬂamwr-muwiuqa uiviaEn1sfiguugd
govdeldszaznanmumstanunuiuasyiliiimstidsUuunduuar ldfesasvasnanananag
PNHAMTIATIEIUTINMANTY Ui wazarumuiwiuUTingvestiunsatuzaailed
wisaldannsAneided wudfiviinuenutiu 4.3 % Sunad 6.3 % dusinuassymeld
6.2 % SUTuATTUBUART 83.2 % LailiAUMUILLUTINAY 0.46 ¢ cm wazaINNSANY
audAdiunudeuvesdunsanuzanalisanAitaseildannsdnvantisunnuieures
dwnzamzauadsfeioulfnnnsinsginidmdnuanudeuresdiungawauadielagly
\3nsveuAs-aosfiwes wuinfidmdsnuanudeuildivindu 17.68 MU kg’ %S0 4,223 keal ke @a
Amdanumudeuiiialdienafidiidesnitaruduaisdierafaennisiidunzamanadlodn
w3sulafanuuuiduliosuariinanumugadailiiidmasnuanuiou HHV ligannin e
Wisuiudennzamraiadfledeuwniflindsnuaufoulndidesiuilosndaifausinauaisuey
psuaransszveldfiinadermdinuauieurendoiwdsiunalal Snviadeiinuuduazai
mnuunnnd fafurnuasifvesdunzamzanadeildannsaneidel diunzameann
defwdesllasnmawdowmimszavgunmdniiamuunzailumaihluldusslonilugwudu
veninflernmailuldiudemdmiomsvindudusauviadomas uraasiinsilulduslon
MnAETRRURURTTan ey wazanmmaile Fsorailldwaunseluiluitely
\Wusuiusiug (Activated carbon) teliduTandmiunsgedu nistrludauusdsluielmiy
Famdmiumsinifuusey Waundundesusiquaguam wasiduasdsiulunsudnfanaeulnds
swfuTandu q Wemsthlulivsslomiawsiuiidoinisdely
AvaUAN

awu"“aa'faﬂ%aﬁlﬁ%’uv;uaﬁuauumnwﬁwa1ﬁaswmﬁgLWﬂsgsni HIUALAULEURIN
AMZNTIUMIIVBUITIR (39.) UssihUeudssanu 2562 mavawzmqué’n‘)’mnwsﬁuﬁqa 8NV
fo YimTanwesysal Alanueyinsiziingiudiess Snisaminermansuazimalulad
WITINESET BN NSy IRl ﬁLgaLﬁaqUﬂsiﬁ \n3osilouaranuiilunsduiiuemiide
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