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Hemicellulose

Cellulose

3U# 2.2 sAusznauvesdnluwaglaaluwadie [16]

2.1.3 AA2IUFIUVRITINIA

Wavhmsnlvii@uaa Hrnaszlindanuluguvesranuioununnsiuiiuey
asAUsENaUkarUSIuANTuagludawsiaryln lngArnuseunlaainnisitlndds
18 asauansld 2 A1 Ao

1) A1A1u5UgS (High Heating Value, HHV) { N U muad b 910

a

nswmddinaa Wneldlafinsinaundsnudumiandedddlunssevelsaanutuie
Tugamnasentulunsinlngd
2) AR5 aUA1 (Low Heating Value, LHV) 1Jundsiuiiaaisaiunlalaasa

MM iiemdsdna lannnisinaundsnuildlunissemeivseanusunegly

a1 ° 1 I 1

Fraeenivluniswnlugd AnladsdidwinitAAinueugs (HHV) deduisdesldrnig
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Soudn (LHY) Tun1sUseiudnen1ninnassueandsnumnsaainnussunazani lulglunis

Y

WS v9TuIa

2.1.4 pnuU1ay

[y 1

Unduluiivindundivgnivegrsunsvangluiszmelng lnsianigluiuniniele
Yoslszindalney osndnunuazgiionnmvangan Usswalneiiiuimisgnuasnands
vosdudulududu 3 vedan lnenandnurduiduvedingegiussann 11-13 Suiu/Al
anmduinfulhduldiage 2 dudw/ U vieAndu 1.2% veslan Januilwizanindunisiu
wazlssnuaiauidy Uianavveslnediulngedlunun malduaziinisnsyaneluluiug

= Y = = = aov & vo o =
Mawitles MAna kazaAnzIueenidsamtennndu [17] Inenuideiladininurduinmvae
Y 3 @ v a = < @ Ao Vi -
Mngaamnssniudunnluingau esnnidaduidnuininaansamlademng

[ a ]

N uTRafy dvsudiureslnduntiunnastinsutuldunanndiurenalnay daildiu

flsihafueg 2 du Ao damutlovomaunduuduyFeniivierungan
31n51897U7YANTU T UBIAUTEN B UV TINIALALAIAINUT D UVRITINIATIA

#ineg Anulaeialuludssmelng Fmns1edt 2.1 wae an919d 2.2 nuddanuSeunends

dnudsznevvesiduiinulutssmalnseglussduiiannsotaianndudamdauis

$301UTIN NS

M15199 2.1 dulsznevaniuwaglaavestiunainululsunalne [18]

vlnvesingiu | waglad (%) | wilwaglas (%) | andu (%) | Buq (%)
g 37.70 22.06 21.00 19.23
YIS 41.26 19.78 22.91 16.05
funn 37.28 7.87 20.43 34.42
fnAUYI 24.37 19.83 25.34 30.46
AuUNaIY 33.86 9.38 16.84 39.92
MuNENEN 35.56 25.81 15.02 23.62
Tupgin 26.78 20.07 19.37 33.77
Hdeeldfenmns 51.2 16.4 16.5 15.9
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AN5197 2.2 99AUTENAUVRITNAkAEAIANNSauYaTnannUTuUsewmelne [19]

duuRgIN9a %Moisture | %Ash | %Volatiles | % Fixed HHV LHV
Carbon | (kcal/kg) | (kcalZkg)

nzaUau 12.00 3.50 68.20 16.30 4366 4039
nzateUIau 58.60 2.03 30.46 8.90 2198 1730
AUl 48.40 1.20 38.70 11.70 2239 1806
Fag 1l 40.00 0.90 45.42 13.68 2700 2298
WUz 59.40 1.50 31.00 8.10 1781 1313
Wienldgardusa 60.00 2.44 28.00 9.56 1628 1175
wnau 12.00 12.65 56.46 18.88 3527 3231
W3117 10.00 10.39 60.70 18.90 3262 2940
BIUDDEY 50.73 1.43 41.98 5.86 2209 1761
dl19m197 45.00 1.59 45.70 7.71 2477 3500

2.1.5 ns::U'aun'riLqug‘tJ%'m'aa

mMauUszUTanalddundsnugduuusieg amnsarilavaieds dsvuedivelinuae

Y

93AUsENaUTRNTINa SutvingUszasAuarUszansnmlunismsleuseled [20] wu

1) A5 lugl (Combustion) As n1sUITIIaN RN IselANSay F99nady

N15UFE 1w wiwianenee Wiiauseulaunse lnsenaasiinisanvuinneuinlumn

£%
=

Ivshilelimnzaniudnuazvesszuurluel Senmdeuiiladsiusgduranuouvesd
waliazvin wardanuliuiueuluegiunsdafiuaraumannvansreauvasiinesd:
w7a Fadunszuiunisulssuimaiiivszansamdfiga Sadnsiaundslunisidiu
Usgansamliunsilvgl wu nisiiiuanudulunissningd waznisamuauesndiauly
W sy idenavhnauussududomasdaninuds (Bio-solid Fuel) Sadunisiam
Womdaionsmnlvsizuuvunils fannsaiuaieuieulifuidomddumnald uas

a1unsanIuAuAunInvendanddld wenaniidwigliaiusadmnuiazuudsdiauiala

avmanu danumnganlunisldluszduanamnssy uazdaudunsiiuyarliiudmaala
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A28 f10819 U N1suUsUTraluganiadaua (Wood Pellet) 43 oA 1A N1

£%
=]

nSEUIUNT Torrifaction TIuHeEUTINN (Biocoke) Tuauddedl (Wusu

2) NsARRIY (Gasification) WunsEUIUNSYRLaa1eTalAeNTIANNSBUTU
paFUsEnaUnaAivesting edsulomandsdotunaliiduiedomamione
FanmiidosrUsznovassfieimu Aaglalasiau frea1sveulnoonles wazdie
a$uauseuenled Fsanunsaldiiudemadsdmiuisuinvveedesausd s unanlii

3) N15%IN (Fermentation) 1unseuIuNsuanT I unuaiseluaniigls
g eliiAnn1sosaareidufinedanin (Biogas) 1w nsvsinnisusnveyduniedly
yuvu yadnd Tunawdefianngramninnnens feuvafiFeluaniaglioniea iogoy
aaneTamalilefuiaiivunas faansuaulaeenles ieldiiudemadunisuanlin 19
funieletlugnamnss waslfiduiovsiuluniadou s

4) nsuAndiamANranaInTauna ansavinldnaneds Iaun nszurunismng
PN WU N1sPesdangnls 51m1aLLazLsaaqiaamﬂ%au’;amaﬂ’mﬂws Tidululatem
yoadmsuTuEomAweeLA3 0 URULEY NSy SINSENdLazLAl] WU nsarmtngy
PN 1y WENE1 Aandes Uy wieusTudilaluniunszuIunsms e ameIiiady

a

(Transesterification) @usunisuandululedioa waznszurunislnlslada (Pyrolysis) 1Uu
nsaangnlalag wneiivnisidlandsenaureseaglaags vislituau Insldaamaiia
5¥1319 400-800 LAadu TuanglSeandiau Wistinnsaateduiadudemasumaiuay

ANYEANNY

2.1.6 §UBINN (Biocoke)
dnTanmdudmnadawisindnanianmaslivisnisinuas w3 vevyNTY
wazieTanangnavngay Weldduidomadinmsaus (Bio-solid Fuel) dudrnmiu
Woundailiannudougs uasdidnnuvmiuiusugs ansolinaunundoldsuiuniy
TAnuagduiiulugnavnssald lasannsaanymnamaiviiinanmsenluifld :ndnw
iloWannaudInmaniaguiaciieg wuindudinmiidiauseuussana 3000-6000

kcal/kg wagAranuvuwiulszang 1.1-1.3 ¢/cm’ Yuegiuviinvesingivuazaniizlunis
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Pusy [21-28] Fegnudinmuananagun 2.3 ngluanddedlaldyaneassnisudngu

Finnluwwine iieveaewdnaugInmannInu1ay daandluguin 2.4

JUN 2.4 gavaaeanisanaudin nluwwln
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2.2 MU NNYIVD

n1sAnera 1ug I nta3Ls ulag Prof. Tamio Ida wagameWnITevss Kindai
University [21] I8 Mizuno uagAnig LAAN¥IAINANTUEIENINAUAIUNIULTITAZIAR
wazUSuuasvauluingau %awmwmmmummmaﬂaqamﬁuaqmummm zanaile

Usunaumsveuluingnva ﬁu [22] U'e]ﬂ‘\]’]ﬂ‘ﬂl@]ﬂ’]ﬂ?iﬂﬂﬁ:}WNaﬂi“’%U"Uaﬂﬂ’NWUU%@Q’JGmﬂ‘U

q

wazgamgilumstugy awuinisaestiadedinasonnumnuiuiase i unuusdngagn
vosauT Ny ulnsyu Ineanuvuiiugeaegn 1.38 o/cm’ wagdauduniy
W399nEeEAN 127 MPa [23]

AMEINITBBY Kindai University lafin1sAnenideiienaiunaiudinnines1eeliio

a 1

WU Sawai hazAfy LAANYINITNARNN1UTININAINNLALLTVDIAUTISLATAUNSU WU

[ £
U a1 U =

Fanmaniaslivesfundutiuaziiianuiumunsisngeatugufigumail 180 °C usaz

)

ﬂ’]ﬂ?ﬁNﬁ?U%?ULLiQﬁ@%Qﬁﬂaﬂﬁ\iG]WNSUUWWU@QSUE’N’?MQQUﬂaﬂaQ drua TN maniAYlaves

AudielinudunIuLsIngeEn Wevin1sTusungumgiluyi 140-160 °C lngvuinves

Y 9

[

TagAunldlunisndnliddinansenunonuiuNIULIISAgIgAveaIuTINN [24] Murata
wazAy [25] in1sneassuana1udininannuebilaneldsid1ndudiunas wuawawiny
USU10U519717 ALAINAIARIUTININD LA TANUAUILUY AR5 DUBALANUATUNIULTIDN

VLU

£
Ao aY o

uaﬂmﬂumurﬂmmsﬂﬂmL‘wawmmLﬁuaL‘waqmm‘wammﬂuﬁﬂwmwm6‘] GRtT
Indiestugminnniinismazdniseaes Kindai University vinmsAnwed wlusnaUssme
warlutszwalne sudsdneniswasuwdasiasiaiimesiamnadislasuanudeutasuaz
ANAY LYU

Hill wag Pulkinen ié’ﬁwmsﬁﬂmmaﬂiwwaqqm‘w{]ﬁiuﬂﬁs'ﬁyugﬂﬁaﬂmm’f’mmu
ussdnve TN aurandusailan W‘Ud%ﬁ'aLﬁmqmmﬁiumisﬁugﬂiw&m 60°C -
104 °C 9gansnsoiudumuusssrlifudomassnuisldussanas 30%-50% [26]

d1573 Tneantiust Idvinnsuaad amasanmnletusazninvesninlusuiuyan
wiaefamanisinens laun unau §1aes Failne wazmiatudilends WeAnesns
drunauifinansgnudeinuioutendemas lnsnuindomamanidiaiauseugaan
Ao nnlaurauiugadninaiivssnoulusieninlasiu 75% Jadiaanusou Wity 1,638

kJ/kg [27]
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Goring lvinns@nulaenisiigamagiuaniueaglaauazieliwaglaa Ingldusedn
PNUTUNE1 WUIENTHUITTOUAIN 127-193 °C 1ay Xylan tay Glucomannan 8ouUR29

167°C wag 181°C Waininlviuingavagyinlnyanvilviseusiasanasiis 54°C uagnuin

al

\waglaalzdaumgumiigandn 230°C [28]

daunsinwidiudanmlulsemalng Weaidonszuaunisianduga andy
wmaluladlne-gUuldsmdu Kindai University Tunisimuiaudanm fegradu lag
gy WIaNeshna wavaey lﬁﬁﬂ‘mmaﬂizmmaqamazmisﬁugﬂdaauﬁamaﬂmusﬁamwmﬂ
mnnul nudntadeiidamansenulaensidonnammuuuTINLA AN NUF LN ILLTIS AgER
fo gmndl Anady wagaldlulunistugy dandadeiifinadennnuiou fo anudy
waziaen [6, 7, 29] uenannilaignsal gassaiund uagens IfAnvInansENUIsan1IzNISTY
sUrestuiinmanmnueniia wuidafedugungiuazaniflilumstusuiinaenany
uuusmesudam Weligamgligealuniamaaes 170°C uagiaalunistugugean
20 wnit aglvim LTI sgAVAY 1.18 o/cm? [30] uanandgsldiniswaundiy
Fan e iagmsnsineasaug Snvannmanevila 1y nndamdes (8] liinsyiugnudy
(5] lsfensmn31du [13] warddosldonans [9-11] iudu Fawudndfidnusouussana
3000-6000 kcal/kg wagAImMunuILUulsEIa 1.1-1.3 ¢/cm® lagaudnninainninnii
lirnanufougsiian fanumunntunezanuudusamnzausmiudnlfnuagauiud
anihlUldlugnamnssula

ogslsfmuanmsdnuiiuandalalddns@nwanudululfuazanigi
wngaslunssdnaiuianmanninidy fadutanudeldangaamnssamaninduny

o

ynlulsemelne waziidnaninlunisldduomaatinuia



UNN 3

sz U8UATNISIVY

3.1 YUABUNISANYIINY

%’umaumsﬁﬂLﬁmm'i%’aL‘flu”l,ﬂmmuwuﬁamuﬁqgﬂﬁ 3.1

Anwmngud) “AdeningtesavgUnsal

[

W3BNIngAuLaraUNIINITNAREY

7NAABILALNITO ALLVIIAIE

LASD99A LINTOANLUULLIANG

AATIEAUURVDIATIUTINN

asunan1Tvnaes
5UM 3.1 urudamsaniiuy

3.2 gunsalildluauide
1) LPI9IDARIUTININIALNNTOM LULUIF
2) LATBITEULENIUINBUNIA

3) ATRITIAINALLDUAGS
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4 wsesinAnuTuingdiu

5) FoUmIUANANLTY

3.3 YaULUANISNNSANY

3.3.1 Yaqauild
1) nmnuay
3.3.2 AawUsAu
1) gumgiifililunstugy 100 °C - 190 °C
2) anildlunistugd 10 - 20 il
3.3.3 AauUsany
1) AIANTDUVDINUTINN (kcal/ke)
2) AIANUAUNIULIDAEER (MPa)
3) ANUKUILUY (g/cm”)

4) AULDY (Shore D Scale)

3.3.4 fuUsauAy
1) gemaaesnstugtanTinmlaenisdaluuuds
2) arwdulunistuguasi iy 16 MPa
3) ArwduresingAua Ussam 1041 wi%

'
a =

4) YuneUNATEIRgAUNLY Huwiadinndl 600 micron

q

5) uwiinniuveringavililunismaasusiazass 50 g

3.4 A1INNADN

3.4.1 IPYAULANITLAIENINGAY

' '
2 a e v A

noAunldlunistinudl lawn dngAundnitianldlunsvesssduninuide 91n
VSN JFK Feed Faiuninunauiilaly fiunisnzwmnziudannsenzatoannouad waglayin
N133ATIENRIAYTENBUYNAATEATUNBIAUTENEUVRIINAUNLA Fauandfinisnem 3.1

- 3.3 Fauansliiuinfianuwnnzaufiaziunduingiulunisndaaudinim
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M13197 3.1 asAUsznaudnluwaglaavesniniiay

¢ a a a =
asAUsEnauUsENaU anilu \waglaa \sdiiwaglad auq

U3uad (wt%) 11.27 27.19 24.98 35.56

A919% 3.2 NanN1TIATIZILARLUUUIZNAL (Proximate Analysis) 983n1nUNEw

Test Item Result (wt%) Test Method
Moisture 7.99 ASTM D5865
Volatile Matter 71.95 ASTM D5865
Fixed Carbon 16.83 ASTM D7582
Ash 3.23 ASTM D7582

a514fl 3.3 Ultimate Analysis

Test Item Result (wWt%) Test Method
Carbon (Q) 44.65 ASTM D5373
Hydrogen (H) 6.93 ASTM D5373
Nitrogen (N) 2.34 ASTM D5373
Oxygen (O) 42.63 ASTM D5373
Sulfur (S) 0.22 ASTM D4239

Tﬂmzﬁwmim%wi’mqﬁ‘udauﬁmﬂsﬁumsmﬁmmu%amwmu%’umauéﬁgﬂﬁ 3.2

efpvinNIseuLieldANTUNgaMiuTELM 80 °C ialvllnnuiuysyann 101 wt%

= @

wazvinnsseuLiernvunleglutisiifiinum Ae dvu1AdnA31 1000 micron lagldiaTas

]
=

TOULENYUIA (Sieve Shaker, Retsch $1 AS200) A93UN 3.3 M89NARKENATUINAINT

Mnuakaaglaingaudumandusui 3.4
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3.4.2 M3PUFUEUTINN

£%
o a

lunsfnuidinmndaduiinmmeyaneasmansugInmLuUsnTauluLwIng fs

JUN 2.4 fduneumsuseneunlinilazn1sPusuinuinninuananagun 3.5 uag 3.6

Y

L3

1) Usznouyauslium
2) F9n1NUIAUAULNRUAT N1%UA AB 50 ASU a1nduuInInU I ula Ukl AW

NNNILUBN

|
= v v 1%

3) dowhdndeidudegngulensednawndsznaudfuusifuriduuuainduyiings
nashelansoanaufiannuduiiiivun fe 16 MPa

4) AFBUNTTUBNULNNIAIEEU Electric heating furnace LilelsiauFounningiuauds
aungfifimualy nduesilgnmpiuarnamudildimuels

5) easunafitivuauda 1 Electric heating furnace 8oNIINNTEUONFU Mntuse
unseTgamgiianasauiisgamgiivies

6) ¥ATUTININBBNIINNTTUBNEU

Preparation of Raw Materials

(Particle size classification, Drying, Weighting and Mixing)

, v

Feeding

(50 g of raw materials)

v

Compression & Heating

Y

Cooling

v

Discharging of Prepared Biocoke

JU# 3.5 N3¥UIUNINISTUIUE TN [15]
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=>

17

P
i[|©
»
»

Feeding Press process Heating Cooling Discharging

U 3.6 Tumaun1sUsEnauwiiuiuaznsTugUamTInm [15]

3.4.3 @4n1zviiNsANY
TunsAnwiiutsnmsneeenitu 2 yanisvanedldun
1) wanszvuvesgamgilumstuzUsoaifvesdufaamainninirdu
2) wansgvuresailumstugUiaiRvesiuTnmanmnurd

lunsnaaesduinisusudsudiusieg muiiauelilwinded 3.3 Fsaunsoagy
nselivinsAnula 20 n3al famnsnei 3.4 lneflulsnstlasyingiegneles 3 szl

YAINNFIUNINUABENUBY 60 HIDEN4
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A15199 3.4 AN1ENTVIAABS

No. ANMENITNAADY
mm%yuéuaﬁmqau mmoﬁ’uiumﬁsfugﬂ qmmﬁ’tumﬁugu naﬂumssﬁugﬂ
(Wt%) (MPa) (°C) (u91)

1 10+1 16 100 10
2 10+1 16 140 10
3 10+1 16 170 10
4 10+1 16 180 10
5 10+1 16 190 10
6 10+1 16 100 15
7 10+1 16 140 15
8 10+1 16 170 15
9 10£1 16 180 15
10 10+1 16 190 15
11 10+1 16 100 20
12 10+1 16 140 20
13 10+1 16 170 20
14 10+1 16 180 20
15 10+1 16 190 20
16 10+1 16 100 25
17 10+1 16 140 25
18 10+1 16 170 25
19 10+1 16 180 25
20 10+1 16 190 'S
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3.5 M3AATzRaNURfUTIN W
sufnwmsrEatudimmanmatidy fnsiessieandidutinmildanany
mstuguiuansstilasnisnssdevaiiniena auiinisnnudou autinamenn way
Ainreinmaislassadiamganavesiiuiavesdiuanmilomeuduius fudauys
#1199 fnw Tneaud@fidnisasiaaeu un ANMLILLLTIN (Density) ANEIUNIL

L5990 (Compressive Strength) A1ALSoU (Colorific Value) LagAauuds (Hardness) 1ng

v

= a dy
UINYASLRYAFIU

3.5.1 AIAIUNRUILUL (Density)

v ' (%
a v o

A1SPIAIANNAUILUUTINYDIIUTININ YA 8L IUTININLABETUNITIUILN

LLaS’ajﬂﬂ’J’]ﬂJQ\‘iLLagLé{UB\hQTUEjﬂa’N WDUNLNAUIMINAIANALILUY ANENNTSA 3.1

198896UTIN N

AUVUIMUUTBINTUTININ = — — (3.1)
JIUINIVDINIUIINN

3.5.2 AU IUNIULTIEA (Compressive Strength)
NISNAABUAINUA 1UNTULTIB AVBIa1UT 1NN (Compressive Strength) LOUNS

V]ﬁﬁ@‘ULﬁ@ﬁﬂwﬁﬂ’NiﬂLL%QLLN%@Q%‘UQ’]U LU991NNUTINNA DITNTVUES ﬂ?'ﬁﬁﬂLﬁULLﬁ%ﬂ’]i

'
% A va a

wnlnisauiuiandue JeseadanUanudaustldunnsiuitg Jnzamnsainnuiouldnuas
Ludemesgninanisvudiiaznsdniu 39un1sfnuinaaeuanuusidndiewns o
Shimadzu UH-100A d9gu#l 3.7 1agW 213010155 UKSI8AE 18 AY0IT U1 31nn51W

ANUFUNUTUDIANULALLAAIILATEARITUN 3.8 LazrAwinildanaunisin 3.2

O-max: Fmax/A (32)

W8 Oae AIAUATUNIULTITN (MP2) Fo W598G98A (N) WBE A NUNUIAATDINIY

Fann (m?).
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Ul 3.7 1p30siaaeun38a Shimadzu UH-100A

A Ultimate Strength
!
/ Tensile Strength

o ! Yield Strength
o / Fracture
= !
m 1".
=
n

—f fe—0.2%

. »

Strain (%)
JUT 3.8 nlAnuduiussenineauAuLAzAAASER [4]

3.5.3 @uUANI9A1u5aU (Calorific Value) [18]

ANANT DUVDIAIUTININ @1U1509EAINNITILATIZITAIAINSBUN L Bomb
Calorimeter Parr 5u Model 1341 Plain Jacket wanalu gﬂﬁ 3.9 1agaeNINISILASIZH

f796198% 3 AT INUUAIUIUNIAIAINLSOUYDIAITAIDEN9RIN FUNISNA 3.3

I :tW—el—ez—eS (3.3)

g

m
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g g, fie Amuieuvesd TN (kealkg)

1% o
a

annivaan LT (°0)

~
o))}

3]

-0

1%
o

8 AnauyavesUaNULAResHneS

S
o))}

b

m A9 vt IuTInNALElunInde U ()

1 [

e, A AwfanuSeuninannIalunsntunszuunswalvg wirdu 23.9

b

e, fo AMAANNTRUTIARIINNSATaNSAIAluNsEUIuNISNSE LY e
WINAU 13.7 x 1.02 x 1789996208190 UTININ
e, fo ALNINANUTOUTARIINNSANIniveIunaInI Wiy 2.3 x A

g13v0sRInNlERRsE Unlumg cm

gﬂﬁ 3.9 1A309 Bomb Calorimeter (IKA Model C1)

3.5.4 NNSNAFIUAMULTY (Hardness)

wiinnmsdrsavaudRvesduininrgnavnssudeints aglilalinsssyaiy

'
wvaa o o

wdssanganlunislidau winnuudniuaniinddaussnsuilsesaudanim Wesanlu
ASTAAU NISVUALAZNISTITIIUAT 91992 TNI5ATERNN NSEERE LwaznsnaiuinTw Tu
= lﬂ’/d Y o < 1 = tdl a ¥ ﬁl v v U
msfnwidsliinmsmeaeuaruuwlwesduiinnindals elfiduteyausenaunisldau
Tumegpamnssuseluluawan nsnageunuudwesaudinmlunsnyil l¥nsnegey
AUUTwUUYesingly Hardness Tester Shore D Aauandlugui 3.10 Fldnnsdangudiaves
TangnnalagauTaiusmsnuasiiinaudd Tnszesyuiivesianaulndaina (Dial Gauge)
< 1 =3 ] [~ 42! % d' 1 1 Qy % o
seylu Annaudaiuatu 100 ana gelumsveaauldnisnandinengeg YeaRunuLdwionig

&
MALRAY
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(—_—

JUN 3.10 1A3DVAABUAIILLYS Hardness Tester Shore D

3.5.5 meAwneiamaelassaivnganiavesiufivesdiudaniw
nyiaginmaelasiaieganiavesaudinmlinisaisnmaiendesganssml
8LANATOULUUABINIIA (SEM, Zeiss EVO MAL0 wag Hitachi S-4800) lnen133LAs1e4
Snwnriluiszduganiavesturuinaiiunninndinmmageun1ssn ewisuiley
TassadrmaniavesiiufesingAuuasdudinmiindeld Fslunistrenndunuiingeld
p

ylenileaunansal 1199910793 AN19e1ULATRaNAFa U UM 3.11 Uanesileg1anInLATas

Scanning Electron Microscope lglunisfinenil

&
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4.1 ANWUENINIEATNVDIE1UTININANNINUIAN

A15197 4.1 LARIA29E1NAIUTINTNANERNIINAINUIAN TIa1UTIN I NANAR el

[y

anwauzluwrimsainszuen TduruaudnansUszanm 5 cm Anuanseann 2 cm Jusgiu

[ {

anrlunstugy wuirdvessudinmesiiadundringau arddduvuiisiiaigumgiiay
waTtunsugy Tnetununvuguieamaiianda 170 °C agnusaeinvundninuuulay
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ANUTIVDITUINY

A1919% 4.1 F08NAMAIBEUTINNNENINAINUIANNANTIZH9

No. ANIZANTNARDILBZANANYLFAITNYUENINIEATN

gaumilly | anlu AMEEAIUI ANEAUUY

mssﬁugﬂ mﬁyugﬂ
Q) (uh)

1 100 10

2 140 10
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No. ANNIENTNARDIALAINANLUAAIGN UL NINYA N
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0 (1)

3 170 10

4 180 10

5 190 10
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nsTugu | NsTugY

0 (1)

7 140 15
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No. ANNMENITNAADILAZATNAYLEAIANYULNANYATN
gaumilly | anlu AMNEEAUIY AMEYAUUY
nsTugu | NsTugY

(°C) (W)

11 100 20

12 140 20

13 170 20

14 180 20
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No. ANNMENITNAADILAZATNAYLEAIANYULNANYATN
gaumilly | anlu AMNEEAUIY AMEYAUUY
nsTugu | NsTugY

(°C) (W)

15 190 20

16 100 25

17 140 25

18 170 25
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A19199 4.1 AU NNINEEAUTININANENNNINUIANNAN1IZAN (D)

No. ANNIZANTNAABILAEAINYLANIAN WL TINGAIE AN

gaumilly | anlu AMNEEAUIY AMEYAUUY

nsTugu | NsTugY

0 (u19)
19 180 25
20 190 25

4.2 nansnuvesgumgilunstugUraautivasdiuianmainninundy

Uil 4.1 wanswansEyUresguuniflilumstusuieranuuIiuesdudan
nmIndadtgamnd 100 °C 140 °C 170 °C 180 °C waw 190 °C Avianlun1stusuiuaneng
fu wuindlegamgiifistudmaliaumuuurasiudannanninundudisty wegaom
LRI INMINEATIgMAT 100 — 190 °C AN 10 - 25 wiilienannnd 1.1 g/cm?
Fadurntmuneidons mnumnuugaavesa LT inmitsdslddawiniy 142 o/cm?
dleldgamgiluntstugy 190°C inan 20 way 25 it Tneilegamgfiflflumstusugdy
deralimumnuturesEmnanmatduniindy Wemnmssousives andu (Lignin)
iefiigaglaa (Hermicellulose) MifussdUszneuvesmMndnsouds vimihfiedieUseau
alsioumarasnmnirdaiiduingiuAnnsiansfuldaty ussivosivsswiteyninanas
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sUfl 4.3 nansgnuvesgamnilunistugusiomnuudsosdndanimanninuadu (@udig)
fiausilunistiugy 16 MPa

sUfl 4.2 uay U 4.3 mewaﬂiwrusuaaqquﬁiunw’fugﬂeiammLvﬁwaqmu
Fanmannintrdu figamad 100 140 170 180 uag 190°C msdy Availunistuguil
uanAey wudsuuudadudiuiisuusssalasnssazdammmudanandisuing lneany
uisvesdnudanmannniniidufiunliudstudnteniielfanmgitugugedu et
GRRFT Ry %ﬂLﬁuwammﬂmﬁﬁqmmﬁlumisﬁugﬂgﬁu e seeumvesaniiuuay
ieillwaglaaiidussduszneuvesnnUdnseusn ivihfindnesUszanutaelieyniavesnn
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(a) 100 °C (b) 140 °C
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U 4.6 wanawanszvuresgamgilunsiusUdonud umuussdageaauostiy
Fanmarnninu1du figumadl 100 140 170 180 uay 190°C Analunsduguiiunnstedy
wuAALATULIISRgeanuesuTanInilA1gety Tutas 100 - 140 °C TngArar
FumuLsasngagavesauiin nazsuuilduanas i eldgumgiilugae 170 - 190 °C
dosnnuirdinaunniinvestuau sliduusdaldtiosauiloviinismagouniang sl
Fuvnuusssagegaliitiosndi 20 MPa lnseorsasdnnaruduitegluingiu naneduledle
angligedu usmAnmsveed dwaliiausdumelushdudinm ilsidwdnmuesd
0N Wariinsesunn sudadumaanmssrnmsangamgiivesuiinmmdsniivnsty
sUlonmaigshivangan FaRnsessnntu Faduiiiuiiasinludnyiluauian ogdlsfam
AFUUUSISRgIanYesa LTIl AR TlANaF U UL Rg sgn
laitfosnn 20 MPa Fsaglunasittimnedids ifeihlulddudemasuiuiuiudosu

lAnlugnamvnssy

o

< 10min ° 15 min © 20 min X 25 min

80 )
x

=70
2,
= x -
260 2
= x
3 . 2
= 50 X 4
5 4
&
g 40 X
o

30 u

90 110 130 150 170 190
Forming Temperature [°C]

5U 4.6 Hansenuveeuuiilun1sTusUiennuiunuLTaTesuiIAmaInnINUIEY

#Auiulun1sTuzy 16 MPa



(a) AUUU 170°C (b)aua19 170°C

(c) MuUY 180°C (d) 91ug19 180°C

=

5UT 4.7 Amangauinaimainninidundugungaumail 170 uay 180°C

Y 9 Y

lpgldaandugy 15 wi



40

Uﬁ 4.8 maﬂ'ﬁkusuaﬂammﬂumﬁuiﬂﬁiaﬂ'1mm%ausuawamwu%amwmﬂmﬂ

~

Undu Ngunandl 100 °C 140 °C 170 °C 180 °C way 190 °C AUa1AU V]L?ﬁﬂlﬂﬂ’]i?l‘ﬂi‘ﬂ‘ﬂ

9 Y

UANANNAU W‘U’Jﬂaammmwugﬂmamammmsauuasﬂ,umq 100 °C - 140 °C undwalid

9 Y
¥

AIAINTRUET YR TARUN g RlUNSTRIUNINNTY 170 °C - 190 °C Fawanaintuaie
Qdy o Y a N 14 = | ya ol 14 dﬁf

gaumgiiionaviliinanisdsunvamidlasaitmaaiuazdaalyiiainiiuieug iy
winAANLSeuvesinugInmaINMInUIRusiAAaTeuligenn WeaSeuisuandRsineeg
YDIAUTINNAINAINMNUIRNAUEUTINNARERIININYAVYLABUAINNTIN 4.2 NuTa
Fanmannmnaulusan1ienfnyieinuseugIna 4,000 kcal/kg WagAIUnUILIY
LAZANAIUNNULIIERGIgAaIndaulAneg19un watllaiguivauidenauniidnud
ANURILIAlNALAL T ULAANA NI TBRasEnTlAte g BN URlne IV
= 3 1 & Aovy A o Y & & a 1 v ! a = !

Fiananninurdueglunasiidvanefasl iedilUlddudemdswiuauiuvseniu
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ATUNUIUU AMUATUNIU AAUSDU
(g/cm?) WS9ONE LN (kcal/kg)
(MPa)

UTINNAINNINUIA 1.42 75 4,331
auTInINAINNINNILA [6, 7] 1.33 69 4,910
dudhamanaslnsddu 1.38 127 N/A
[23]

dudhnmanlallidgu [31] 1.39 110 N/A
a1ulan [32] 1.1 20 7,000

4.3 NANTENUVANLIANUNFVLUsaNURYaIEUTININIINMINUIEY

SUN 4.9 - 4.13 UAAINANTENUVDLIATIUNITTUFUABAIAIIUVNUILUY AITULTS
AIUAUNTURIIBNFER HaLAIAIINTEUVRIUTININTIHENINNINUNENNTLARINAITNTTY
sUlagldian 10 uI¥l 15 Wil 20 Uil wag 25 Wi Meaumganuansaeiy nudnileldiaily
N3P UFUNNTY danalianu Ik AUAIUVIULSITNZIER AULTS wazAIANSOU
a é; = < v p=3 v (%] a o a 1 | P a
WY UNELan a8 FE0RAR0INUNANISII8UD Murata kagAMy [25] Ana1wlariiuLan
Tun15TusUARIEI lin1s8an18990UNARTY dIAlVIANUVUILIL AIINAIUVIIULSIEN
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WEINDABNITAUMAIINTOUIINAEUBNVRLLAT DI AT UTUTBUFULNUNAIVDIATUTININ
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5.1 d3UNaNI5IY

mAfedunsinunnissdasiudanimainninundy Tnsvhnsuanainninuiduds
Jumvianmdslinsnsinensuazgaamnssumanunsanuinnluuszinelne Tagldya
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