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lusuit 3 fuansnsrfinnsdangudeya iris dataset anlUsuNTy Weka ag1slsfinu nadwsvenguiildannisdnnguiity
agjfudanasfiuiiunldony wiazsanefiuieslinadnivainsinnguiiunnsisiuoonly wu Sanedfiunmsinnguuuy
K-means #nnsinszazvhanuy Euclidean fagviiligunss (shape) voengu visovaulwmusangy (boundary) lWasuld

srudeyaiiuniazisanedn andu vihmsinssegvisvesteyaudasisanasaiieudiun tnedeyafidaiy
AneAReuaeliszaslngiu v3e minimum distance waglunsdlinduiu ddoyaudazisarasnfigrudandissesvn

Un3D maximize

SnenAansiazinaluiag 19
UA 28 aUUR 4 qa1AL-5UNAU 2556



Weka Clusterer Visualize: 09:29:50 = SimpleKians (iris)
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Fian: University of Waikato (2013)
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2. Center-based #io nisianguuuuLDIgRAUITINAsINa Tufifonvazaesinqaiifiradevenguiilaginly
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Aoy 91ndy Aees vmsiSsuiisudeyausazdlunguindeyalafirruadienda (similarity) fusnnfaggminnsiuiu
Fofvpsmsdanguisi fo aunsnadessiuduvesngudeyadine 16 Tuuneedonaueduguuuves dendogram v3s
Tassadrauuusiilel (tree structure) sauansluguii 4
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nyawne: Tudieivends umningrdewmealulagnszasunamszuasvie.

Gan, G., Chaoqun, M. and Jianhong, W., 2007. Data Clustering: Theory, Algorithms, and Applications. ASA-SIAM
Series on Statistics and Applied Probability, SIAM. Virginia: American Subcontractors Association.

University of Waikato. 2013. [Online]. Available at: http://www.cs.waikato.ac.nz/ml/weka, [accessed 17 October
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Technique Abbreviation Property Uses

1. Thermogravimetry TG Mass Decomposition

(Thermogravimetric analysis) TGA Dehydration
Oxidation

2. Differential thermal analysis DTA Temperature difference Phase changes
Reaction

3. Differential scanning calorimetry DSC Power Difference Heat capacity
Phase changes
Reaction
Calorimetry

4. Thermomechanical analysis TMA Deformation Mechanical change
Expansions

5. Dynamic mechanical analysis DMA Moduli Phase changes
Polymer cure

6. Dielectric thermal analysis DETA Permittivity Phase changes
Polymer changes

7. Evolved gas analysis EGA Gases Decompositions
Catalyst and surface reaction

8. Thermoptometry Optical Phase changes
Surface reactions
Colour Changes

Less Frequently used techniques

9. Thermosonimetry TS Sound Mechanical and chemical changes

10. Thermomagnetometry ™ Magnetic Magnetic changes
Curie points

11. Thermoluminescence TL Light emitted Trap depths

12. Emanation thermal analysis ETA Gas released Structural changes

Also used

13. Simultaneous Thermal analysis STA Two or more techniques used on the same sample at the

same time.
14. Controlled-rate thermal analysis CRTA The rate of change of the property is held constantly.

dwiunamsinnginuanudeudnuanudunsa AiSenin thermal analysis curve WiaanaSundonsinmuy
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Ti = qmwgﬁﬁﬁﬂﬂiﬁ procedural
decomposition temperature
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79819 TG curves fiun1suszgndldludsawadines
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2. Polymer blend
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3. Composition analysis of rubber
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4. Composition analysis of SBR
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Charles, M. E., 1988. Proceeding of the Symposium on Compositional Analysis by thermogravimetry,

Pennsylvania: ASTM, pp. 61.

Haines, P.J., 1995. Thermal Methods of Analysis: Principle, application and problems, London: Blackie Academic

& Professional.

Hatakeyama, T. and Quinn, F.X., 1999. Thermal analysis: Fundamentals and Application to Polymer Science.

2 nd., New Jersey: Wiley.
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Abstract

This paper mainly presents the conversion of tar on downdraft biomass gasification to synthetic gas
in order to obtain producer gas which could replace the liquid petroleum gas in the ceramic industry. In this
process, eucalyptus was used as a feedstock. Controlling temperature in the gasifier column is an important
parameter to convert tar from liquid form to gas form. The temperature in the drying zone was controlled ranging
from 200-300 °C while that of the pyrolysis zone was 400-500 °C. The temperature in the oxidation zone and
reduction zone was controlled ranging from 700-800 °C and 300-400 °C respectively. The results showed that
no tar had been found in the producer gas and the composition of combustion gas produced from eucalyptus
wood consisted of carbon monoxide (CO) 22-34%, hydrogen (H2) 12-15%, and traces of methane (CH4) 2-4%
while the high heating value was 4.5-5.7 MJ/m3 and the producer gas production was 162 m3/hour at 60kg/hour.

Keywords : tar, downdraft gasifica-tion, biomass, eucalyptus wood, synthetic gas
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Tunsvaaest leuaneudy (drying zone ) ﬁmsmuquqmuqﬁﬁ 200-300 °%. Twulnlslada (pyrolysis zone) fins
AuANTignmMaTiuszanas 400-500°. Tuvaisfigaumafiuinneendindu (oxidation zone ) wazusiaaiaRndu (reduction)
finsmunuaamnifl 700-800 °w. uaw 300-400 °¥. AW amasesnuilsifihiufuuiiousenuiu
ufaduaedt uazufadunsiziliesdusenauvefamsusunsuenlensesay 22-34 uialelasiaudesay 12- 15 uaz

uwhaliwudesas 2-4 M9asnstdeu 60 Alanudedalus Usuauwdaduasizvinnanls 162 Qnmﬂﬁmmﬁaﬁ’ﬂm
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AsTUAUNISHARLAFELATIZI
(gasification process)
Gasification 1JunseuIunIs
mMepuSeurdianisdauauiaunad
Josrusenaunanae msuou lelasiau
wazeandiau luglarsuseneu hydro
carbon Tnanendunfadivwnlngdle
louwn wiaarsveuueusnlan (CO)
ufidlelnsiou (H) wazufiadinu (CH)
Tnenszurunssanafuntswn vy
duNTANSUUUTINAYSUUD DN LU
vhlsAnn s vsiilsianysaldaufa
Fganunsalududemads
Ujfseaiinieauiouvas
nszuruMsinuAdaLATIZA
NsEUIUNNSHARLA AT INES
(gasification process) f® mMsidsy
anuzvssdomduddinareduuia
Fomdeenssuiunsmenudeu
Tnglunszuiumsnanuiadamaamis
NIEUIUNITUTEABUAILATEUIUNS
wengesldy 4 lou Tdun lounns
dUUWY (drying zone) launis
Inlslada (pyrolysis zone) lau
N5 bsT (combustion or oxidation
zone) Waglounssandy (reduction
zone) luusiasloudoinagesaiios
wazaUna TneufademaazUssnou
e Liansuauueuenlys (CO) wha
lalasiau (H) wiadlmu (CH) Fadu

whafanursawingdle fndoidu
uiarsueulaeenled (CO) uazufia
Tulmsiau (N)

UFiseddnyiiAntululoums
wW1lvel (combustion zone) uaglau
$6nu (reduction zone)  wamslu
AUnST 12 wae 3-7 anuddu

1. Ywunsiwlud (combus-
tion zone) | EoinAsudsianusadinly
lednazusznauludesig asueu
(carbon, C) lalasiau (hydrogen, H)
wazoN@iau (oxygen, O) Tun1siun
Insfauysal asueulasenlys (co)
snananduenludemds  uaztnn
nlelasaudeinazduled UFAze
mswindifuujiseateainuiou
(exothermic reaction) vinlvigauind

2. lousandu (reduction
zone) WANAUTVDINTHTIUIEI
(partial combustion) Usznausig
41 (water) enfueulneenles (Co)
waransuedndibdanunsownlvdle
JizeEdnduinduldvieluil
Ujfsesantuduuiisennn
AUS0U (endothermic reaction)
gamihiadndulaulaeunfivssuia

700-800 %

Crer-— €0 ( +393 MJ/kg mole) (1)
25 %60 —> 760 ( -242 MJ/kg mole) 2
CH'ED == 960 (-164.9 Mi/kgmole) (3)
C+ H?O- = EO (-122.6 MJ/kg mole) (@)
CO+HO—>CO+H  (+42M/kgmole) (5)
C+2H —> CH, (+75 MJ/kgmole) ©)
CO,+H —>CO+HO (423Mykgmole) %)
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3. Toulnlslada (pyrolysis
zone) wisladadunszuiunisd
Antuadududeudedemadiarudila
ludonau nanfasitueyfugumgl
(temperature) AIUGU (pressure)
nanfinsey (residence time) uay
AuSeugndy (heat loss) agals
fnu maiAnlnlsladaaziiafigaumal
500-700 °a.

4. Tguauwiis ( drying zone)

goumgRTldouuwieszanm 100-200 °u.

aruduludeldidlelduanudou
wwsznseaniuluglvadloh 107
4lussuy gasification aviimaiy
UszaaSouas 10-30 wazdmauiau-
19 (condensate ) LAnTuUszam
Soway 6-10
Fedunfandnfae il oz
Jdrunauvosnis uouuousnlas
Arsvaulneenlen iy lelasiau
wazlath AN WD A aNERA a7

Ieagguagiusnldlunainuiisen

Y

(gasifying agent) Feanuluaysinasidu
g sendauviseleth Tasenaesd
anaseufiselsiAns Tuls (catalytic
gasification) Favzdenanoaussauy
warUszansnmlngTINYedTE Ul
drdfufy (Tan  Hureanan
fiinannisnduaatediuiadae
nszUIuMsinlslada waznsyuIuns

wiadiady  dwanddugud 1

Funa + 0, (39 HZO)—> €O, GO SO , CHl= s other hydrocarbons

_—
—  CHN+ NH3 + HCl + st+ other sulfur

Tar + char + ash

gases

Milne, Abatzoglou and Evans (1998) Idesunsisasidenvesiniufuiiinainasnaudilunssuaumsmn

y&l o o ¥ < Ay a dl a o d‘
IniFemdsdmnnldl wazweuviielduna Tigumgliang fuanslugui 1

»  AlkylPhenolics

600°c

Mixed Oxygenates » Phenolic Ethers
400°c 500°c
Heterocylic Ethers > PAH
700°c 800°c

JUR 1 ununwnsifieuiudiu

fian: Elliott (1988)

|
| I

i E‘f"’} . =ETA
f,_ %*ﬂf %
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polycyclic aromatic hydrocarbon

(PAH) EU/IEA/US-
DOE 1wl A.A. 1998 ladin1siarsan
SesmsinuautRiveniiuiu uas

lunisusea

Aideangiiaaiunsafudnigy

Auduansduvsdudeuvssnouse
arsUseneuiiddmdnluenageuay
WRMENTILLENATBAVUTY Aluans
Tuneit 1 wae 2

A15199 1 NsInansurBanTuRY

dduil %o AnsENTR ssUszneu
1 GC-undetectable fwwﬁﬂggauwnaul:immimfﬂé’wLﬂ%‘aa GC
2 Heterocyclic aromatics asmaﬁmﬂumadm Pyridine, phenol,cresols, quinoline,
isoquinoline, dibenzophenol
3 Light aromatic ring annsandusuavarvanglily Toluene, ethylbenzene, xylene,styrene
(1 ring) Tusvhavarsursin
a4 Light PAH compounds ﬂguﬁaﬁqquﬁﬁw Indene, nanhthalene, methylnanhthalene,
(2-3 rings) biphenyl, acenaphthalene, fluorine,
phenanthene, antharacene
5 Heavy PAH compounds nausvigaungilas Fluoranthene, pyrene, cheysene, perylene,
(4-5 rings) coronene
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il 2 iiieauazgesiuanavesansusznaulalasaiveuluidusiu

asUszneulundiuiu gaslauana yaen (°¥.)
Fluoranthene=10,11-Benzofluoranthene Cm 1,
Benzo(k)fluoranthene=11,12- Benzofluoranthene o, 252.31
Benzofurane CgHGO 118.13
Benzo(ghi)perylene CH, 276.33
Benzo(c)phenanthrene=3,4-Benzophenanthrene C.H, 228.29
Benzo(a)pyrene=1,2-Benzopyrene C,H, 252.31
Benzo(e)pyrene=3,4-Benzopyrene Gl 252.51
Benzoquinoline C AN 179.22
Benzothiophene CHS 134.19
Biphenyl CH, 154.21
Catechol=1,2-Dihydroxybenzene CHO, 110.11
Cellulose (CH 0
Chrysene=1,2-Benzophenanthrene C.H, 228.29
Coniferyl alcohol C.H.O, 180.20
Coronene= Hexabenzobenzene CH, 300.35
Coumaryl alcohol CH .0, 150.17
o-Cresol=2-Hydroxytoluenem Cresol= CIHSO 108.13
3-Hydroxytoluenep Cresol=4-Hydroxytoluene
Dibenzo(a,flanthracene=1,2:7,8Dibenzanthracene cH, 278.35
Dibenzo (a,h) anthracene=1,2:5,6 Dibenzanthracene C.H, 278.35
Dibenzo (f,h) anthracene=1,2:3,4 Dibenzanthracene C?:,HM 278.35
Dibenzofurane C HO 168.19
Fluoranthene=1,2 Benzacenaphtene C“H,lo 202.25
Fluorene C_H10 166.22
Furane CaHaO 68.07
Guiaicol=Catechol monomethy ether = 3-Methoxyphenol C,(HBO2 124.13
Indene CH, 116.16
Indeno(1,2,3-cd)pyrene CH., 276.33
Indole C&H7N 117.15
Isokinoline=Isoquinoline CHN 129.16
Levoglucosan C[‘HmO5 162.14
Naphtacene=2,3-Benzanthracene CWH5 228.29
Naphthalene CH, 128.17
Naphtanthracene=1,2-Benzanthracene (O 228.29
Perylene=Per-dinaphthalene o 252.31
Phenanthrene o 178.23
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A15199 2 (5id)

ansusznevluthiufu gasluana nhen (°9.)

Phenol ChH(‘O 94.11
a-Picoline=2-Methylpyridineb Picoline=3-Methylpyridineg CHN 93.12
Picoline=4-Methylpyridine

Pyrene=Benzo(d,e,f)phenanthrene CM\H]0 202.25
Pyridine CSHBN 79.10
Pyrrole CHN 67.09
Quinoline=Benzo(b)pyridine CHN 129.16
Styrene CBHB 104.15
Sinapyl alcohol= Syringenin C-JH,,]OC 210.22
Thiophene CHS 84.13
Toluene CH, 92.14
Triphenyleen=9,10-Benzophenanthreen C.H, 228.29
o-Xylene=1,2-Dimethylbenzenem Xylene=1,3-Dimethylbenzenep CH, 106.16
Xylene=1,4-Dimethylbenzene

esandrtuiudszney
sagansuszneulalasasuaudinan
heterocyclic aromatic fiavaneylé
wazazaelily Fedubhdumuiie
NnnsnausaeTunatigumgll 673
v 923 1pe7u aziosAusznaulndlAes
uldl fldauseugeUssinn 22 A
26 wingga/nn. wastuFuiiAngn
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1273 iy velinsdusenaulndifes
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AMNTBUGINY 40 Winega/nn. SN
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vosmmdy  faruviage Fihena
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89 dhuguTl 3 uanenudiiudseming
A fuarudutureshiui
4 il
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ALseUfATen (catalyst) Tu
vnsdl msiiusmsnsiAaudAten
Tnaufingumginioaududues

JUR 2 Shwaigmeameninvesiduiiu

ansasruealimunsluon 35
Mnneiande NswAnAusIUgAzen

adly Wy mswIsuuiaoandiau
(0)) MANSHIWLNEFLUARDLSA
(KClo) azlel O, Aputetn d1s1
uusaniidlasenlad (MnO) asly
e MnO, asteisslitin O, 1652
Tu ustgaTheudaauseufisenaslad
nswAsuuvas e KClO, i
fiufoudundndos fio KCL uaz O,
1RslRuneveRuT U jisen
Fufuasivinlisasnainufisen
geiulnefidasaufAssnanusondu

lar dewpoint (©C)

- ;g;a.-—?“fcwﬁoo

e

10000

Concentration (mg/nm?)
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f5dums (intermediate) wAfiazndy
AugunlaluufAsendesdusag 1
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(pathway) viierdumadondedngdsny
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M31uTTY (transition) wén (iron)
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