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niSa066mn1m11J0goil`1151q0ni11nuth. virihr1d11nin1111NIM1fM,'In9df1151111f1MO1'I1lfnlaD14 

Iqt1VT'Ntli5c141-11:111411.fi 91111q 611DADIVIlfliliSafiti1111151 2 61114Ni-140 2.18 mm LIW,̀', 1.13 mm 
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mL/min 00015mmaluvrolli1t9l9l"111ijul1Ia9pThi1d1h16fITNI 2.18 mm qi1114111irfalt16'T171;  450°C .11M',' 

691511115111M101,11131d111b15N11:ii 50 mL/mint,'11i)i'Dt1M,'Nfl14611D1`111371,1isH1113AlVflq9 111 38.22 14d114 
,, 	 A 	 , 	 A 

fdt1d,t 18.93 11M,'111371,1111.111i'Dtlal' 6.59 9f1Mtlf1111511f15it'ilV13J11";111111i1OVVISTIA111-i1111M-111TVIT1 
3) 

N69114111Vi1/21161J3df11d IldifiTUJIMILTi161J 22.11 MJ/kg difIT111111Ilijfiltdif9111 2.071 cSt di pH 

rdif19J 2.36 ltdW)11111^111d111/111911.1 70°C 11,1611flail4 flifltaqt11,111151TtilIfdE1M,1M1411011113.11,1 

A 	 , 	 A 
ihilillq1K(WV1 36.30 14fil9d0t1d,`-t,' 20.90 11M17411714141Tflfatldt,' 18.15clIANdT1111115114151tilin11711111 

3) 	 3) , 	 31 
1V011Alh'llAllfil9.I11i9l1h1119i1111,100laTlfleillifl1fill 31didid2ill5DlA9'ifill 37.76 MJ/kg diT1'113J1117M1 

diailfshl 23.175 cSt di pH 1vii611 7.88 I10tV1'i1itl9Al1Jd111'1if911J 87°C 



ABSTRACT 

Para rubber seed shell and residue were derived to be bio oil by pyrolysis process. There are studied 

parameters, seed shell particle were varied 2 ranges as 2.18 mm and 1.13 mm, pyrolyzed temperature 

were 300, 350, 400 and 450°C, Nitrogen flow were 50, 100 and 200 mL/min. At the conditions of seed 

shell particle was 2.18 mm, pyrolyzed temperature was 450°C and Nitrogen flow was 50 mL/min, the 

results showed the highest yield of bio oil as 38.22 while the charcoal and tar yields were 18.93 and 6.59, 

respectively. The results of fuel's analysis showed the heating value of synthesized bio oil was 22.11 

MJ/kg, viscosity 2.071 cSt, pH 2.36 and flash point 70°C. Additional Para rubber residue showed the 

highest yield of bio oil as 36.30 while the charcoal and tar yields were 20.90 and 18.15, respectively. The 

results of fuel's analysis showed the heating value of synthesized bio oil from residue was 37.76 MJ/kg, 

viscosity 23.175 cSt, pH 7.88 and flash point 87°C. 
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ill11110,101-1-3i10114f115''A'011-1flfiawnlJourtinvininttonlIgonai&101111151113(11fllOtM,VUOltVidi 

iiqA1,111iAtlfIlic1101411i1DilltlE111'ilfiladihf1111 (Bio-Oil) 100111511Thir:111Jf15t1111111-1511/0510cTra 
0,A9 

4m,,-'mlynot-,inllian1CludotriSlviitoolurri5g14014m5N&it'ill.1 

61ff06~V~1v~~11~~1d111d~1G10 Iii 
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A 
.11111 2 

2.1 1ticr4 

1711711i11f11AI 	 1,MPIJD1HIMS11111FJVII1011arlik151J5.111011171; i10011,1M-144-301M4 

'"11,!'31,!111f1 a1aktitlf1A1,1 	194d 1v -1371411AII5IDTIVI '11011110,11I5fltellt1V f15S111^1l5SfltileJc1" 
g' 	0, 	 ' 0.) 	0 ‘01 cri 	 d 

141V(11f1-314111
v 

  6110AllIMMT-191,11 911910101MVH4101M111111DOMitnitth401f11J5,f1DINI'ild-156141116 

11'01E1'111N1 14111i ltaffilOODA (Alcohols) 6a1104'  (Aldehydes) tlDttIn'iVilitTl5 (Anhydrosugars) 

1d11,511 (Furans) ill711-J (Ketones) 11W,'115qW„,''TfFlf) (Acitic acid) (Boateng, Jung and Adler. 2006) '1;1 

ITh4P4SMitlIcalAlf11115tiat1VfflEJAF1fl1111f 01-difltal151t9lfldfflElicliIIISHJa 	(Depolymerizing) 

611D11W11OVI.  (Cellulose) td371115"Opu iflV1 (Hemicellulose) tta,T,Sniiu (Lignin) iftqt-taipAIMAttlt91Vi.  

tlfltrillIf115fl'HilltiV111114 61101111M11111iiiildHJ1 (Light oil) ltaf.111171,11,11T11 (Heavy oil) 1.71117W7ni1111 

IFA'jlalfli11511V1f1")11-11f1-31/1ij011Ital'1115fl05,-'tillAID'h't11Di'DEI1,15WItqT1JDANAqifld 

tqfflliflVf lt&f6f11114 V1111A1'3001511111*Aorii15-lotqw/mAtvimq63eniiunallicriA'rri5IJ5nou 
9/ 	9/ 

171;t6A9'145ndllif IM111illijliiO4i30111Aand0111f1JILM1111f1414 1711171dalisUllialild15tfli117; 

-iollwioni5triocitgitnqvilvoltithnioumnuitAilaidulnliwiuttmlai55).Jm 

rhui.J5 , noucniltaGunAiiiiivFniil-m-aufwarjrium-Inoln5nnuni5tiourrm04-Awymi'ou 

imil-3111tX-A1371,1`15'`)D111tM-M15Nr111M.,-0101,111,4 ild-1561-al'itilh`o'.;110110 0_15t1J1WfOOM' 75-80 

i7lt111-3d 11M.,/6fli'DEJM,' 20-25 1111.1J1 (610-1511il 2.1) dlilia1111111i100f165)T14115nflillf MM.,' 45-50 

IqUI1TO c19;1DF:1111V(15115111DIThiflfril 300 9Si'lflili1,11J1M-dv-1371-aminflliAl 

0111,9914  2.1 1i171D54thn1D11110110111491111111 

rilinhfnou i'otyofimma 

1.11 20-30 

C 44-47 

H 6-7 

0 46-48 

N 0-0.2 

S <0.01 

0.1 

b1.161l0551.11),1. 2553 
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114iiltf111111371-lihillliall-FehlANVITYPIS119501.45n)6111711 ODD'1f10D (Guaiacols) tlltYlf10"0 

(Catecols) l'1131110fl (Syringols) TIIIDS`W (Vanillins) *.11-1WliC110f19766164 (Furancarboxaldehydes) 

TOI'1101.40 (Isoeugenol) 111151A (Pyrones) f15qtrOc1fiifl 

ttM,T1151.15'<1;f101111/.1116f1 	Ohl leM0fri51,1,06104 u/OMOnis'iiinu 	LI,M;V1151151'11011 

AlIDS1161 Ifli:11.4)11/111A1D1900'iltldhaf15115n1DIJOIYAMDEJ (Microemulsion) I0831V115115n101.1 

ilitmplvitv*WAmitucifiTmSniiuatiocilurn5a;flitris'IviluN6olitivAint-mttoni-ruoAno:u 

IgId-t9Opu iflVf V115NVI.IttlY)UnD0Tfllilf1"31/.1trlii05144-)0141TORIO5N1J tt"do°1115trw11-1111,137RcH 

(Nanomicelle) 11W,111If15iltc11"0 (Micromicelle) Vtaqt110111111.1111141flilTdNlif114 6111-110tfl 

uctr-JuDamiumiln9:uiam,-uoofrilmirtlwri-yoh.',-,nov 
v 

valiunfirvociJurriuddliaamIqlowul alY11140fl ttaf,taTITIADfl udllia2,-mulucuivw 

111171,iii2lI1I16'1"11115064111I &Jirl`la tt,',-T11111501fluni5trAribiaTIAX1oriu 
9, 	 9, 

II1171-19II015t&JIJ Iqr.iffIlli171111111-1110111117`alS11110efq,Wi,N11511i/ 2.2 IA0`111371.IiiliTITIIIi 

allf1505nlitilf_1111D1411W111.4fl15f1A'14 criquaupl 100°Cont1A11151?Illifiii30111-diTDA 1411111 

110A10011114_11111-1-M1.1111 019dli'00M' 50 Iq0111.09.101j11711,141.1 0fla_11-,M156f1al1itA05 

ilf115111j0IALIMAdl.0601111.-M1 	filf1THJVH3qtfi1419'1.4 0199a111500114S'"1-1 fl")11W111115011.11115 

5n1101100fll UM`Iiif1151-11A'TUDAE111t11110-3 	 lun15191111411 

(156an
0 
 b1.46TD5511-fp. 2553) 

0' 
01I1511 2.2 dliggIllltilil'11011741iJ'16f'"IgITVI 

3.1 
Cl 

141).1
..., 

 9-1111,11111 
Cl 

1413.114011fn 1111.11M11 

Heat of combustion 

BTU/lb 7,100 22,000 18,200 

MJ/L 19.5 42 39.4 

Viscosity(centistokes) 

At 50 °C 7 5 50 

At 80 °C 4 3 41 

Ash content (wt %) < 0.02 < 0.02 0.03 

Sulfur content (wt %) Trace < 0.2 0.5-3 

Nitrogen content (wt %) Trace Trace 0.3 

Pour point (°C) -33 30 -18 



C111110 
." 

1411J1d1V11 141/1140dclID 11111
m  

14111,f1111 

Turbine emission 

NOx 

SOx 

< 0.7 	 < 0.7 	 NA 

0.2 	 NA 0 
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V1151591 2.3 VrIJI1111flittillINT01111 M 	 ))VhilTri 

0'  or •=1 	 0'  or 	or 
Cf1J1IF1 	 141)194151S1111 	 it1111Wildfl 

1.13111illf1111.14114(% wt) 	 15-30 	 0.1 

fiirno-riter 	 2.5 

	

1.2 	 0.94 

014111n10116110,9B1V/0 wt) 

f11511014 54-58 85 

Idiq51911 5.5-7.0 11 

1Jon1s1914 35-40 1.0 

litiA5t911 0-0.2 0.3 

ttil 0-0.2 0.1 

filfrilkli'01-1 (MJ/kg) 16-19 40 

filf1")11111f1A (il 50 °C ) ( eSt) 40-100 180 

11011,011 (% wt) 0.2-1 1 

fill1110AllIJ191f1f11511&I (% wt) 11161 50 1 
d 

)11.11 : rl9Ti' lltinglAIT5. 2552 

14aufmvrwioni514ticut11nn111nad1l 111111114 TAYIll'aflt.1141.11l01116f111151/1111/10101MAll 

Ili'11 1111i59-)11)M101d)1IFIV11114611119t1115-)1.161a1141111.71,lisHf1111 

1115 r1 Fw11:11171filD11111iltV10-'05,t111/11tOtV1-11.11501511J1145)tlIFIAIA)A11;11,tf115iiiltflADIteMl1111211-1f, IAtt 

linFultdivIr -nn_15 ,mouil"))J-MIlldlii%tIFIT1t19S1flalilir)V1 	113oRlilit1V1tit lS d11111 ttvillM114 

'llt11111-61WIllt0113!'ldltltfl:111141-11e1")00'1,111"){11.1111 1111,11-11 41.4115t11011111015110151171,l61nf111i 
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f1911371-anilTIAltVidlciL=115M1111=,',iifYillIVIVIM.111A1,11114511"-illni5ttlini3o-rilii11-1 
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nmaJutilutiloaurZir(ticut-niufmAlltiiintral 

laalted11111146")11,111,1 

2.2 ii-31.11A 

innaar115611Y1101/1.1111ttlAidlfifltAUTI61111alfM551J9f16)1M'Vf11.1150111111NSVIT■a1111,11,4 

6/114 tiniiqt14014111Af1151411105 1130111f19111115nYM115VISV11149,AdThif1551Jf1154111M5 1111 

	

9511,1600 	6'i11441.4 ih33'Jahltbli11A16111111.516111/111111g01161111-111116fl3J6finfi1 

On103.11101filirl.101,16VOlgIMIVIACrIli5t noutildJuiutoflaTolffi5OuTiitINfloDnino414mra, 

atjnithuvid16111M1D1f115'1101-IttflflaiMMTLIMflalvfffili"IJOIlUoun1916'ttof,1:4'11 
cv 

015VTALf15Tt44-Mte111101119NtliThErlAttflrif115110111110D111956'tbdvilllitMari5amil'itivilA 	YI 

vramotHilvalIN 	 fldai5iTd6`1Thntffl011710E1 IOU 
ceA 	, 	 d flflOI5AflM(1110y1141A19SMEJW.11,Wif1111-6)1114ttVlalifiMIA10111111A1f11591f151a44-3014V1141,1 

1411101d1A itiltirtiDlttrfqX1711V111i115il(Probstein and Hicks. 1982) 

nCO2  + mH2O 	sunlight 
Cn(H,0), 	zAH . =- + 470 KJ/mol 

chlorophyll 

o 	 A 	.5i c4 

	

cm,o),„ 	traoltilo15115n1DIJ61411)011AnflfllillJIMOWIttaf V11501-11 V111111151f,11111111 

lifirlitlifIli11116MV1115niltlaTiillIATIM115i1M5TotAMA 9tipooncislq4ioa-lon5fu 314A15 

al4116111aTalf1151110111,111V110141161111,Iallliilf1156341)61Jifl 

 

1fltivill41/41130Tf=11111 

4S-M-MVII1115tItlintrq101.4116111141M1/1512;4IMOVTDAf11563i1JALII061101A951:4414151411  

flli'110141410M11959c,itanithEWIMEJU1161111491fltte(lOAAtiesi- umnluni5allf151f.11AElltrn 

iii11rl4r4ofitvv1lu vitt? ttflnAlVIMUN"-IfinthViTIA 	6110A)1 01141-1M01411A1911.11L111,1H5OtIAMA 

fil4T16A1114D0113J1(qvlil 	2546 ) 
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tilOVINSlih111"OVIIIJ15f11101100f114 4 115n,Y11/1A111/1,11dli11116,111 

I. 1111HM111{1151f11105 (Agriculture crops) till 600 il'IA-11.11-Hal 111 J11NG1 111-3i111 9It`11-11114d1 

1161111111D1fI15l1ilEllA5A1,1111 	5111f141/111.11111IVIll 1 YIV111115illill1iriJ9-11N55111i,a 

2. id91113D14411111151fIli05 (Agriculture residues) t9i1-1 r111411-1 IffIA-N11.1111-1I1ANI cifTrirdIrlq 

111)111714AilLA vautilaisit titli5a,'IYMlun151,f111V150551Jnild 

3. 1?.)1/1M-31111131 (Wood and Wood residues) I1h4 	115f, €11lf11514 fl5yf1l1f111N1 1011131 

Vini511-ruN911f11D163D1111M15ATIVINSatijaf15,q11J 

4. GIlD1111SONIT1VITIlt1551111M.,11J9c1-1 (Waste stream) tild 11114101fl 	/1"dnf11-160E1 

V1111. 51111-111101fl 11h11 413'00 let1-1101J13.111fll'ill'fl19.J11J 

ctsAlun-i514115,1cnita'al4111181nTancrammitmf,pitdu 

pi4poiittAnvilltiulcd 	 111111711 

611A1195-11 tr151nfYI11141,ltflfOr1"0":,' 80-90 ITHIffial'OlkillAtT151JAr00 1G111 11111131 

iftItIll,V(33.11/161ATIA-11.1'M 	klaiiii(16A11141,40alttlq4D11115,11,r119,iliVillf_iiill0111")MMtfl5 

11111114 1_15 °.-,10911,! 591111 

ttflfl1if11 (Rice Husk) tcil11N0GJSOiftlA1flfl15a111'] t1iualSDn4h-1fl15ir1u9'1moliVint- 15 

riSoGril-m-nm&ilafIllillft11141:111/511 ITP101-)FroiSalomiliom vil'onAol14--)attA1-)LtkiiihncrIffii 

tluviforilrAAdil 	t1f14 11401u-n4f115!aVf'.1siltniu 5oti'..hAnnAilfitrlAttfM1_1371V11,11M511t 

frI114146'itt,'Vr111.4101V1f111111-1,-Iilllill3/11411ACAA 1./Onifrdicilmai-not7ratiNroniuirr96.1ii 111 

!9Jlief9floralliA-Htfo1i111 361qmilltINSorVatdittnou (Rice Husk Ash) IiA4101114̀16111f1M111114 

`115101f1Mf11,1111 clAvi'111115110111T6111101iittlitlf1M1 flo 	 1.1111flili)00M,' 90 V111115f1 

1:111111/1111)113qyli'a'30115onntlf1151(1111flit'  

iSfliNAil (Crystalline Silica) cir6111NStIVIT3J151-1111I1Eiatall11,1fl109511q0111M-11.1t1011d11110,15jill 

flitlifdAnitat0I11111111 4110,cTsAf1)1111101rAnilv01E111111_11.1 V(111111001 V1010011 011 

liorkiatnilf1111046Mn4THIM ciSflTh1i11111 (Amorphous Silica) 41rhirAt-nciiiliJiilllitMANSn 

(Non-Crystalline Silica) 

tif0I3V1400 g0111133J1fIlTt9'1611.1.1aqVi-)1-111.1,159'00a<t 16-18 IqUJTVITTf1110 -ilfi01,14111"1 

1310iN1111111vnittilVIA'6111i'11111IThiJ'IlllitTf11111 (1 m3  11aTil 123 kg) el liff115'111AAW111)111i11711 
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in11141)-1-1 (Rice straw) 111-1I,Ia0V117111,1a0V1f1f1151fIllittlEVAYIT1111i31.11a111151111141-111-il 70 4111 

U,DtV111J15t1N&141AM:13j61flil 21-25 &11.n`1"1-1 uotiliviqmSeciCi ✓ it-riliA11141TM1110i,941-1-3 

115U1ill 3 11(iTIM,11aq41-1 IiiaiiA61&39t-141A1114111'111:0t,'ADiltIA 50-70 'NTaill 

U4sIndi-JrnimmIi3J1045)115tItnrCillavta-inviaio (i-i6impfill3,i6ifril 30,000 Ai11MM) 

fl")-1001-1/11101111/iTtIli111101 3,900 X114SA5 

9111-1400 	(Bagasse) 	121111t1ell 	vi'31-1910A414114'0017111111011116D011301.11Pild0011 	66 111 

a")1.11J5t,11D110d1111E1111 	ARt1114 9)OFIOZAW111-1111:f191019511140tat1f1 (f1711,141-150tMf 48) i'091111 

40011301111/1105 (Fiber) 50t1M,' 48.5 j1i)00M.,' 48.0 1-1101fll'OE1M,' 3.0 	IIM,'&31-1115f.f1DI1A141 

1-101191fliifldi-31/X") 0.5 % 9511140 ✓ 1f1J5189nnallaloothl 

1152,11rfliAlalifThic1191/11011-115111111-1''10TatildIN 9f11.140r1V111115i114161(11-1171'11171.11411AIS1 (Fuel oil) 

146 9111.14001/41f1111JillAntlflt 50 ViiI11 3 @1I1 Iii0IN19f1M116111141AutiminituilorviS.thiTil 1 

A'tt Rot,'61191riaAirr9tiorrliliqualiirifin 69fu 6auktriu (Particle board) 1116ard6 1IlEJ (Fiber-

overlaid plywood) IIM'O'qurillf%fu11i1011 (Insulating  board)19INSMt10115fM11 (pulp) tt'dt;f15t,'Alli 

1517,W11 9S11.140t1ri-10114115,f10114106f11-11411ftiitclifllifld061))1,4140F1 

111f1M.,11D111,a0i1;1,1101.1 1,11.110691 FAD1JI-Iiit&1110114AlliWA1F1111 ati11411140t1RA1101_111 

111d1119t,'ilf111001111J911111140E111.4919J-31111151111V1 (Clarification) flif-MnIDIAIM1171-31`dilAfilitl,tf 

ilurilackttAn 	FrallIGUIA-11-1115f,1101111D1filflAt.'1101.111ifi00111j1101-11fill171.106611flillf111161M;f1-1111 

Via,'ONGUD‘1400 	VM0091.11-1551611115NSMOli51111.1J144-1011111Mflallim111141;311,111J5nlift1 

Otlfl:1-,' 70 IqE111'1111.Tfl 11.4v;11-11711&9101141111141/1-Thr1155111/13e117;1491f140E161M,i1115-1111/i11116111111 

Ofj 9hEl 1.10{19141111710)1q1flflfflOOthll‘Ifil51,91915,10951161101ninotnfn4119i111 1,41vvvriin553i 

NS491115t Millf111111tV1101114310011141-16009tlifINDOTIfilflflf,f101-1115f111111614'illIfl 61 6111 

110160 Vil'1111_19t111111115n,11111 450 g ihta '111"111d1 -11t2 d 1 1 ii1111101111411i40011"dfc1131-1ill 'VII] 9,11 

1€4149-indotrami5millcdttluqvivnvin5nniomodil t9ft4 qod111055141'6'0d1541MA1 P4`1111111 

A11riT11ti5l'ollimi'uouttw'mSoSiirr6'n69Jukk! 
, 

filf111101fl (Sugar residual) ii01101111D-111-61111illn11111111'1103JAIllq1a14111611D111-1McanylIttlf) 

00f191111f1AMS1A -MIAtJTild (Centrifuge) VIH11115.110116110111111111AT0110f1d11611114111JI51111-1 
,) 

Ei1115 11'6' '114115f 1101.11A F.11., 3J 1 	TO OM.; q 1111-11111.1"11110 	fl 1.1 	116',1 fig 0111 Tatin't,' 	17- 

25  171-W11011,Ifl5Vfi'OCJM,' 30-40 1.71WIThfllifIdl'OEMt,' 4-9 1711ATaldiflinnItMt 5-12 1.101191fiaLltilii 

ff15115ff1M1f11c11110105V41/ I VI-15115f ilD11111,005191.1 modil 	 b'n 
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rficalinmin 1_15,1trictliri141f1flifill-1911a111f11110til4 141/110 14Cgoli"q -̀ )?  lis'N'AALtadflOd06'  

Vincuqod111115511?Mil 1411 iN115,5rr tmtlf6in5qifieriu 

11111119.1)  (Wood residual) d11)1501:11111411 13.169A0b1A(61G1111q61,1 	11301111.11141)1/1MriTh 

1ifl101 11 	III 11MA41A0E11101131E1111^1151iAt114111t11111-151 1 	9t1J5tnou11142fj91,11 
, 

Yi01.1 30 6'14 11ffld111 12 6'1-1 /141,'51116,1139.11  5 '`11.1 I0t1111111140145̀19111119PiD1-11M1fi ilf113111M„i'130E1 

711131F101:111,161v611faum' 40-45 611011ri011131 iiti'Dt1F1111114f0E1M,' 7-10 11M5T1,1.1115Nflal-1611111.11q 

14141,j11111-1(1flfl111101119)1 	1q4oryuDlin IliiiwynAur„knhni1f1ITOOM', 	50 	41'110111111111,111-1 
 

f5,11-31115D11 fl5e1DMI
A  

Dil
v  

f1-111.1911DAflAfi0111111/N1 
d,  

tilvIvqm3014T1111J1S9113:11.1 (Palm oil residual) tilliiVf91113014911111111J1371,RIT)41G1f1DITIA 

`6n9siimidli114611Dfillf111,911')11 	 Irla,"filE11114'3,11,01]-16e1.1 

na;m111611 41611.1 IouvrilmoliAutifuniaAenmilocnotnriml-nituoi iqutp9o1nItmlJA,31 
A 

f1151101/114,1 	filf1T1111'01,11,1171111151q1VA11.11114-3n 	nim114'hitlUtftfitlIS0910n11an'o j13714 

11-143.11J91111(n;Mt11J1d'Ildq 1J 3 111111i140 Ir111_10iI161-11-4illAtIEJ 11,"0"li.1611141R„;f1X1C1f1t,-011-1tTli'l -1 

IA115`',1J1ill 1-2 cm 11,-0,t1%',-0-1F11_116?/Jblid19t14911115,9111.1dliM11171A1SIJF111 

1.11052114 1111110i'1113.116111114011AISAlwinnuni5m&-afiicull-AuVliitv6'olliuin 

lifffflE11161,11111i1114SaillJitliitillli14171111114611111.111N190a4lehiriTlth19IIAlirflqq11.11,11,1111 

1115i19n-Illiffflit11116P1.161Jdn14114140n(4.N'iolvinfuliwuu-nirmdutniilaiqfityurminluumlvitti 

LID1191fliftiliiVI15115t,10116ffilbcCirpw,;c6114cviDiIw-illaniaddiolloititntfriniflim-m 

cfil9h-A‘vm (corn cobs) lavinimvic-AmmullitamiNATIA 2ho1ifollltvis0co11J1A4 
A vionAlal -nilmifjoloc[IiiiimorNiflOiulut-n5NSotton0000A' 	iquilltilwini5mnvtuo 

6915t19i6iluuti9J if -111ldf-)6114 
,, 

tfilliV19111SD1111111:11-dAlth.1,161 (Cassava residual) 1115111116110711-11J1-10111t1ThlVfOthallrilll 

iralnolAAAFIAtiuri-rtruoliT-Sham 113airTIA6OfrilL11)11171.4alth,11610114-)1A01111D141-1 

371A'llli`,1161 TillItfillMflAaliflli11111A11-1-11.1111f111-0W1f1111113:11,1Aith146.1611ny)lairramt) 

li'LchiogFiulun-15Nord&bialevi9inITuvliik,- vtA'1114 

66111 rn_ri1lt-1'Ji1J5ov0A69.1 3,500-4,058 cal/g 1^10W,'Aciit11J1149111filf1-133Ji101111D111a11 lii'D11-111T1„' 

tils tfilfilifilf1T111f01161101111171-11VITIJ5t1J1ild 9,500 cal/L (tpAtHY11W0,114art4-6'15111150Thi5h1' 

r(011:11AV055ilr)191fliiiVI. 2550) 
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ZfIVI1JlC11 (Water hyacinth) b9illalfili5i1,1,Ddlitdra1l161191 141J5nflYMDEJVI1  (Floating plant) anti 

iing51nehrt9191310iThilklgaltlni-M'llM11130J114A1A1111M1D 	ttdaTliv1ktlltA'')51f1V1,1iillgq 

611411F114U tilAANSV11104aflg`19f111111,1149i1lilfl'1111111111150111.011111f115fil 	1V1114 11041711aVell 

frilITIMI-1911119criqlt1001.4iffilll D141.15 '''npuliA6t-muis-yn15,noualoicisaliav Ilf1111d 1111t't1 
1- 	_ I  0 

.n -wou 	1,11111.111104 t0f1115,":1.11W)D,at.P1101r,, 1121_111')1Fmt111.1T0E1D, 5 611011.111111f11/11111N1 

11915=,̀.,TTalttdrAValttf1V5TIt&IJARStfill5nTlill 5 4014 vn14f19,, ma -131J03 

11JAW1111/115 	 vrampirliAcihncrinfillpa n 
A 

	

t9511 111,11(11.11nolllunifiviiA 	Toliknyinlviu 

4p1dticutnouttvilmcil11M11101thn31111,110 	alltfl31115 1019i1f11519101111AM-10f1f19f1M14 

AD11-19h1t6401.-1 fpfrahalihnfai lunqnmiimAq0111115-&-31614 rf,1^11riiti1AM111115 16‘1M10ci 

111111113J1t1111,TE1101/714 41.401AlliDfilMflilli'DEMI" 90 ttdRiviiutuAonilcormiLi-Awntilt-n-n 

1714 Ail/011019 10flairtli'00"01' 40-60 tVi1141 lqtlif-AlittA')V11140-111A1151illAII 1 'E rf11115f151115-111 

t1lAq14 4,000-5,000 1.1.1Afl (tVIIAtd1 fitl)ilf),Di'Aii. 2540) 13J&10111A115 1115n101_1111AntliDtIEUDA 

ta9111.611(Seed coat) 1l2Yl1'il@1Thd011 Rt111 1151,115 '1'1141N0A910,111.JAW15 111a1E1V0 

4111111.1A9n1114:171 611D1 6ilittlJjq (Hilum) bb1d Micropyle c9.11A111101111015 111dDll 6913.141-1500ci 

Funiculus OO141411N1f11Jf1JNN1N15Ai-1b5Uffli Raphe ydill6U011.1J&Ii11.40tjfillf115f1q 611O1N -dif 111t),MA 

115 V.Ofj111011.,1 11101tiallqii0111 ttmarAucutcluFf 

nigaltfiptuAquri ri-)14 6110401111MVIIJVH141501.0411.11Viimiaiculfilmorniin55will in n1m7; 

013017111111441-1011115a01.111301111041-MA011115M,VIAndYAXOU5OlittrnAdMail 

141 11 1J lU 	
9) 

tioqdou 5i1001 ttM111AJ4 triDlaiilatlilitt-W01.11r1t11111119n0fah-d414111111A'  

111111:11111D‘11/J&lifl0140 2-4 fli'llit1Jjq 	2.1 

I'M 2.1 fl4e1N101l)115l 



1-11541avviaQ 

(Liquidfaction) 

14'11,11MIIMAI 

(Bio-oil) 

n-15%Ltirmmuktinqn3Aou 

(Pyrolysis) 

(Char) 

11 

2.3 inlcd%-,liwillYiliiitrihincri 

11137ca --11-rrvutluNamialli'VhlaililihAlflf-M'ilTWf115Y111f1.1.11JTOLI 61 	2.2 ttdi10-ditfill 
eA 	 A 

1-M;111141-11541119f,flfl- mlilu 

nsvu9LinwifINFy1a 

(Thermo chemical conversion) 

(Gasification) 

(Syn gas) 

nns64-11,vdi 

(Combustion) 

VA 2.2 n5tInVivi5trd`51`thulflTniNA 

9, 
2.3.1 fl5H&11/16,1111-H1-111Ji)D11 filf1111.1i'01.191011111:1114hilllAalfl'iltqatlAISTIAIDdiffl 11A15 

V1151i5f1-1011k11/11):00f1T5M111'Vh14 611D1j1 171v1171-dif1,11111f1A)1061111v1171-11111114411.0111_IFIf1151f11114 

6111;4-i-19 	 fr11111V1i105f1111 *11if171.11V111115q111n' 16Dnl'1n1f115 

tiluv114 	immuttviuri-nnolutidc11149 1f1M5d0OVM-104T1f1-311.1i)D14i-)113fl 

V111115061h01911611i114/1M;11114filf1-111Jf01-11.1''1171.dif'11-111119Nlaw1.4 

2.3.2 	1115 F&1/11c1VIA)1f151V1P11-11J -MCdt1S1171,1ihilTVIV111115i1PIThf15`11flUf11511115ViNSfl1111-1 

tilOviiimutioutiitann,rillni514N1InOtal,111M,'fl15 14541171A'lflill 

rfftml5iloctlailliilf115NSVILAVT1tf15 1°04 11161111110101f115N6011NVI'VT11f15 12',01-11131.11i1111111111 

if'31.11d1111917W11-1yd1101/16iN9nNuflyi-ruplcd3Infutifitrl wita101,41,1iiica-h-rnARM4V1151101Alii 

fl5tiin-wuurili-nnolculcd'uDIA 

fli5air4f1(1ttliwuolcCrliicwis'-glicrtig01400fl'it91.1111/11ifitiltnertamotihitlimilittNrfaltfl5Tt,'Vf 

',',11'11.4n1 	Of 	VI 1J14 
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2.3.3 111 3:11-6111/111A1 illifleJilTIA111-11115NS911,11c1r1v7111151 	tfliraM111 	 01061101J 

151111151451111-mt16111 Iflt11f13.714i1t-ginAitiAlnniulatmmo4-)ein-imi'ocuiu-miiqtinNildill 

tt-110111Efl5t11111-11A11171M-1116141J5501111i1 &151111511014 4.5-5.5 g/hflit1141J5501111151114L-151314ii 

&15111151116 30 mL/min iiqualsA 800°C V1111150111155111Atfact4Nsoiku406rmaiilforia; 83 

Ifle11I1111Ifl 41N-6'01-1"1-1497ittKal111-61-11.15n101,14'101146'ill1151,'Ili'DeJ6, 16-36 Iq0I1T1 1Jll(1111)0F.16t,' 

19-27 IM1I1J6 11M,/61T114i)006`d; 21-31 IqUi1J6 ltd'filtilf1111.1i)01.45-11.1111ilfill 1,300-1,700 Btu/ft 3  c151 

ilfilvn-iittfirrt4atriSliiiI9-mni514N-nnattelmifloo51 

2.3.4 f115NaM15n1V11141111 1514.71,61-14111/i1110W4111411151.0413.11145AuCi39jotviSliciaApluctA 

iquo51 	anini1117165'')flTiAlilf1111E111-M5q41111113V1flthrilttitn6115n111&10,M,'5,1JUIT")`4q 

111t1114/f11010114 061115tIMIA111510111.4611141111/111-ild11415014d11714i51 -11111116111f1101E114 1114 

.=.% 
t fiff14011A1 	IA' 	oluvf115171-111'1111,195')/111A111_111ftiliAnfatlAMll'unl5r1Son5nmIcolcv1111illfl`)111 

11211.1ff61.111111fri1015171111_1141111fli'101011a1A1401VJfl151Ji'lltWiltf11-01014 

fralriell011:13'1311175")D11A1111Timni6M4ait,161A611j1111.A'tql 

2.4 illt,'11-111111511000'D1F411.1f1111.1i1011 (Pyrolysis) 

n5tarywn-nriatmimilowinii'm4 

fl'1111411149311-15n1-1141115d0WM104'100111Jf 014 (Pyrolysis process) 111'001511611 (Destructive 

distillation) rilvinnnum5iirrmAjormloihi--rdivitgivvrawriMitptiormwErvilltadht, 

wymIou tu pjum-j1Ji1 	lcariCi61101ffiff1J51M1flOafriit91-1 1130111171i1)111-M16ql101111f11) 

iiiuitimanc-ist9141404'6'ollotrilqq 	fillliViflni5rfairnoldoirvonliaivirrqciatrriscaodiAl 

111'00141151-1011171Y1111,11q1&10-i16i1J 

2.4.1 11tr114 

115aAJ-1141115411.11166104-100111.1i)014113061ill01111914I14 (Carbonization) tl141115rffl1tdc't 

1/1110-311A014 (Thermal degradation) Ifl011:114011110113000f1T5M1&41111A0301 (11.11.4101,1v1 

10-10519141130015(1101410 a on 919s4) rAoiitu,411661711461 011011116't (1115) f1lT l5 .116,-14K VC glen 

`S-JanakFmni5amcni-A)-aufvaluiintanFwal,Pioidill tiim.HAHLttfi 41301WIRt054514 

(Dehydration) 1115ttf1ahfl ltJfl"11115fl14 (Thermal cracking) 	d Iclit1J-015 	(Isomerization) 

?-110ifl51115i1t (Dehydrogenation) f10141,0141911114 (Condensation) 14Niimitucliviill 

f115'140141q001-11G1f6' 61149a 6151J5f f10110attflitill (Organic compound) ttri011-Cf111-115gialcar 
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he at 
Biomass 

 

Char + Pyrolytic oil (high and moderate molecule weight organic liquid) 

 

+ other condensable in oxygenate organic + CO, + CO + H, + CH, + H2O + other 

heat 
Organic liquid 	> Aromatic organic +low molecule weight organic liquid + Char + CO, 

+ CO + H, + CH, + H,0 + other 

fm-Inuni5einummk-m-mfoctaniljoutubmAtfliltmull'ounhilli1414amitucifi 

6uD111)1M LIA`L"IlD1410D11111 6109,51111gmflM1-15i15ttlitJA109,'nt,tvi-diu 

-j-iihannicor ir-rilItilAfIltlISDOdithid111150f41,4A1-1110104M14 

condensable gas) UM'-,'NflNadill,A19,4olit'111111,ticuallvilvliiriiiat 01614f1151.W111$1'TU019-113:11.1iUTIA1 

61101A1c111Alflf15n1TIA1115fiDEJVCOlUaltif1-311,1f01-1 	ti11V1Sli"  (Charcoal) ciii15 

&)11115211D116110liffq 	%'.',31d11,4111-1146111AM,161DITIAlrlitINVOJOd4T1 	1101I11"0111fnUtrtj1414ii 

11011.11MTINI5'6fltiltlVf 	(Pyroligneous 	liquid) 	1111 011541/115-Sflt6tlVf 

(Pyroligneous acids) 113D1i1171,11`451DiS'ff (Pyrolysis oil) ci9i,911flitilil`,41-t'U'011tia-AJNIMAialtt 

1113.71All 	 (Bio-crude liquid) flTct',11-314f115EiDElffnlahtlfnla014 

V111.115f1f1')UfplittlqNVIliflicht1114,1111113.11fill40114 IOrlf115f1-111qa4t17ill 	61101f15fAn14f115 

1G111 6051f115111f1T111NA quat911twiTuni5iinlfitTien tt,141A 

lqrai'lllilif115tii0t6ITC10M,T1155nVitni -W19n6thr'sita-1119;'3AqiliViflii iqfil1,r161 155- 

200°C 9nfl1411-155g.;1110110,911-1 ii-Aqi111M,i1 200-380°C W.,111149h11,31n1155n14M7T1101V1151J5,f1011 

0,V016-"Ig11511`itl 2.4 

G1151191 2.4 0,41J5n10111101ttiv 
VA 

dill' i11C] 

Mt:1111,11115 9, ilillf,111 H, CO CO, HCs 

(°C) (mol %) (mol %) (mol %) (mol %) 

Elimination of water 155-200 0 30.5 68.0 2.0 

Evolution carbon oxides 200-280 0.2 30.5 66.5 3.3 

Start hydrocarbon evolution 280-380 5.5 20.5 35.5 36.6 

Evolution of hydrocarbon 380-500 7.5 12.3 31.5 48.7 

Dissociation 500-700 48.7 24.5 12.2 20.4 

Evolution of hydrocarbon 700-900 80.7 9.6 0.4 8.7 

tl 

: Nikitin. 1962 
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fil5VIDR16--JAM-1111.1i'DlilbliAlAALIDraltiltirrUf11514aflAD 	1115D.D1E1$1-)4-30D-)11.1fau 

ti1J1(41 (Slow pyrolysis) ITD,'11-15DDVNT-311-)tlfill3Ji'DUblitIJI.4`) (Fast pyrolysis) IqtliVhtlthv1G105 

filliDdJA111 

(1) fil5VIDielil''34-3t1M11.1f01.411,1_11J4S111-11.1151141'113Jf01.41)-306051 3-10°C/min NSA/it-114 

cifilat_114l401,`VIS1011 (Char) If 	(Bio-oil) ltD°..lticiDIr11-19J33J1i1111111-Stilellfild 

(2) fY154D1t16"-34-AtTYllifouttuutI-Aufmlilirywi'acwr,01145t:on--3a16t45-mt4')Im 

Ili141)D0frift911 	 "Thermolysis"115nr)140156,M1f11511111T 

9̀)."MfinrlAli:1111-11Dayilfill'atlfril 3 mm 

IflE1605101511'TfallIf01406`11 10-50°C/min 

10 t(nfnipfp1(06115-3q&) 

llat,T)Dlili Gis'--31.1-)Di'lJr4Dfilifflillfall (Resident time) 

9., 
fal119f1,11.1D011-)15 DOM,' 

1.10011-1111119h1 0.5-2.0 s llDn6Df1151.lElf16')DD111,111.4d11,1 talD 	blMD-151411-31.4DDE111.401111D 010 

inuttrirri161f11t400rj 

rfliarrifillivmmilnaa-Anyolm-314 (Non condensable gas) ltD`.',31filfiTliii)01.41111411D11 

IMTlilINDV1141.14i1;14 	 60-70 fill-111-1i1100M,' 12-15 61,DnliciDIDE1M,' 13-25 
Aa,, 

1401191f1140114111115t,Lnlif115dDitli"-34-30fl'illli'DVIllIJI_Idill 14611 'I'1D15-1111 2.5 

0151191 2.5 ihnimmaaitniclawityragouttitudll 

Technology Residence time Heating rate Temperature (°C) Main product 

Carbonization Hour-days Very low 300-500 Char 

Pressurized carbonization 15 min-2 h Medium 450 Char 

Convertional pyrolysis Hours Low 400-600 Char, Liquids, 

Gas 

Conventional pyrolysis 5-30 min Medium 700-900 Char, Gas 

Flash pyrolysis 0.1-2 s High 400-650 Liquids 

Flash pyrolysis < 1 s High 650-900 Liquids, Gas 

Flash pyrolysi < 1 s Very high 1,000:3,000 Gases 

Vacuum pyrolysis 2-30 s Medium 350-450 Liquids 

Hydropyrolysis < 10 s High < 500 Liquids 

913J1 : Bridgewater and Bridge. 1991 
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2.4.2 61,41.11iiIIHUGiOillIVIME1KAltlf11111i1041 

inulligiw.;m119616q531,mnrimatTalvri55'nmuii1.4 f115 

mninolmSafitucri9i111 5-33,14,9/11'1f,11111151110flD1 iqtacTI,Ihirlilttliiirld14f1111M1V10141.15t'flOU 

'11D1V11561-dirlUttafd158111,11rliej11-65-)3J'Mcirtilf11,1117m1f1Vi1161,111 	110f191fli,Whill1511141114111,9 

fllt1,1111111Altit1,1, 	 t-)WI 6V151f1151,111f1111,11.181,1 69'516cH1,1J5111dlii%aNM-15n11A01115 

(116T1FlInfln,11/511.4144 2536) 

2.4.2.1 qat1i411Jl1-dt115V1fl-It 1214Uf1 ild'01.4 (Pyrolysis temperature) 

GI --319,tinifjiiGualni5dmei6-) -)ufniulDlm,'ilron5nriuviairiuituttm 

014115n101111D1V1155,1110c1114 IAt1f115V1-0106"--)4T1f1111.1i'DVIttlill4a11-1 3 41,49181.4 ilD41-1115frifi 

200-300°C 91'ilf1151MWddM1'0155t1VienfIca006tM'11fTerifilhf10114'3EMDfll'IS6'  

trOn1111.114)14111i1j 6171,1fidOlqilaR1,315nl'ill 300-50°C Wat115VMMillidOUV15 
GI   

5t1110001)J11.15nTlilafilJ110 1D1V(155n110111111N1 611-41 V111JIWIlfiTnl'ill 500-800°C 9c11115 g   

Idtth'vrDotAntMmfAvrolcolfou6uiln-naithaltill'OATDAIli15-)1111181t-milDm_IdataWill'lli 

d111150f111101,4,11alvi-T14111i1A1111')flIffi05t914 

11Jf115AMT1t115Mta)AtifrilllfDIVUO,1119,11  1111--iitilnrionl5n-m6)4-mwm, 

fauil'qi141111,iJ' 400°C 119,01119ji 6000C tFlflf1155.,11106110,M155nlinvill I WM,' 75 66flnii)141) 

111450F_Mt; 80 iiquao-jil 9000c Ioupaisjiiiiilidaviallfiriitnni5vmmi--34-MMThi'0111i1114411,1 

1J3111t1t6Mf0,941.15t,'11D11V1155trinlniatiJ40qt1111.0111%411,11friill j111111C111101111,171111.11141.4 1.131115'16 

(Maniatis. 1988) 

1-401191fliff1154fltilf115Vidinvi'14')W1"))/Ji'01-6710,t1111fliit111.111111e1141trldtii1J11111 

il%Ifl,f1H1111.76'611D11i11.71,1111i?9tAlmf151rffultIl01,111J4')U 	t1/15n-11151111161101qt1111f1)7.1111411156iill 

111611114111DfrmitnAivbnnolvin5AdfilGunlioq6'ujuAtiii'wdfi630-m-nttmnA"-ruolyni'91f) 

11'6630111150AahlilliidOltii3alf140,6Att6Viflii"1101,111ADOf11956(  f11511D143JOIThf11916'  ii6Y11-1 111 

loimt9iihnEantwititimin& ri-mlaiMfili'101.19Sfifl641-19,"Oqfll 151111'113111ilalliThDn1151ri 

140flflAttMilf115MV1119101fIli'L1011iqeffil5tiA116"-M1V1155n11011141114h'-ad- oni'irii'ouim 

liiillf1,1151011610ihallf111,4q610141'1141.111=1KV1i1;11iM1115flfI61,16-114 (Non-condensable gas) 111 

9ThiT1512 001,1tWO-111,V61.41t5iliqtarWittlfiltnni?  (Xianwen. 2000) 1,40f19141fl"155nli0ilM)0113J14J' 

414171d0Acitii04141,11M191)Viili'Altf145'14 
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2.4.2.2 &151f115111f111001.1 (Heating rate) 

NM-M,'YHJIJOA1511115111n-111ifocalln1-Itah1'1A1tituviall3 71antm;a1AJ5c.-,nDu 

Imlrn55taityiri llaltlf115Vialo6'14-30W-3111facu 	twithrffil-h-,114m5111fnuil'outptnilla4-18 

6A5111151113J9j1,11,41,,iiihnflild 20°C/s taillhli411111flq111511MUMDFJr1155nilt100flDrill5W111") 

iocrvi-) 	lcd6o5limlckniaavati115-A--ntiimavilltalqt11111,1371JJ111flil 103-105°C/s f115 

I'fflt16'14-3t1frithi'011f167151f11514m-aii'0146191:14cAofitirvirhulvitijrifivini vi-314t-mrrdita) 

Aufrimfaviii6o51n1511If1111Jfmnr1 ooliflrmallmuliaJudirrilliAqiryivuolconniowilu 

rptMai-rulvitli um,1491-ii"-nnuctIonin 

f115VM1Ell-3kR1f11111i'auf1167151f11514f1-31111 -)161411117111131141J3111f1.11101 

NSAfit14145nVitlIA1111111 	 ttmni5113(frimi'a cwati115-A-millquaNiirindDitni-3 

liolis'-nnfllAriuitIANSmittrviiiViuutirruin41-IttM1101111Mllitifl'ilf11514111Jfaua-m6o5-ini5 

11Ifyym5auilfi rdOl9ini-nr-mt-gintIMEnAltit&d151hfilDilloimnii'imuma-)1141'10414 (Zenzi. 

1996) t1M11.11:dflfl'UO1111171.4111i1(iarjlIrefillltttfiV11'311-Miltlai'llf1"113Ji'01-1iialfla-dr_l NSAil51,141;  

laltrw11J f1it111100 	tii0,H1f146301iltflqiil-Id-114111i119n6Aqtlalfg1Q11110111;UtilAri3t11 

fi0141111'nfu 	 Iliti-lotIVitnitnn;itlfjihMn'M-1111f115VffiltaTUDAYIli?11001/111411iXol 

AIRtririultuttonpirrucalioliiiImui'  41141111i?  iitY11-111MAttifffili'1101-11qoan11916inn 	ttc1 

laimnli'uouttaAaimt9uminA 

6051f1151iiifY)13J1'0111,&13J1T1f141'016011-,11115d101014f1-311Jf0111115t,1111MMO1 (Tanaka ea al. 

1997) 

uoninuaMlf115111f1')illffrairlflotilluindon-ndmmi-)Atlfl1111591OUlowni5 

tiigtiminicuoliSmmuinn-iitimfiunjowinisu-ard3mtummliadv 	iqu6f1qq63tn 

anotmiian1nsoliammniion15airmSt1JoilflVIS971PUDAtqfflqInd I0011JAULITIA141101411Fl1q5 

VISDOflffilIlfn111066"11.11f161141,111M14r4flfitlicviirit111.4d1141515d111f111-911 	ttdd-16 -3fl1114f1156r1M1h63t11 

11006V151f115113(f1")111i'Mlf1941NMiDIF4630113,(00L1151n-M1114f115.6111,0301110t111111 

2.4.2.3 6111.1N1 6110,101.01t1 (Particle size) 

11111A110101-0-1fli1P1MiDlrillitlaAAfitipviii14 tijOlTlf16111.4100101f1141111i1.11ATIA 
- A 

15116A511115d1r11011f111111011 (Heat transfer) gDifliThOldfllf11111104111Ts,̀ ,1,11AILINTIIK11 (Surface area) 

ud6111,41fl014,D1fAtjfItiiTAlitilDtfiff115 
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Vifilt16"Ti4J115f11-C101t.lA"-IdOlc)16,9 6171,dfiVIDA (Secondary cracking) 1115'1q11'31.11f11711113114k1SAil'illcai 

611411Nd1111141.1 ltdiqui-AIJNSmiarvi9-molinifpuulotjr-m113iNM.11f1fril91flD101f11111141141 

2.4.2.4 WIlahl (Pressure) 

ujoliiit-niwivAmilniitly1114-aimSoiitiral4ihJ3111t1Mq1IDEM1 	11-1111111A"11titlfill1Ifl-311A-1 

9i19t111-111INSAil'alc61155nlitlli3J111{1U1'11 osiotill ihtimmJ6iiitnni5tton6'-) (Cracking) tf,16A1,46 

crifi111A41,1 
d Tarioin-nttoahttwutirmflal vii1414NSofiarviaml111171-11115d 1M2,,- fillnf1511AIMF1f11114 

2.4.2.5 V11-11"-n1J55t11fIlil (Atmosphere) 

flymmolfriff euallifirlicnniwwim2C-34-mniaaviittAndilriuimmiDifilia 

N'ffililitrY11/11f1W1114 11P01111/115 11WTIV111-111550111161;1711AIMMF1430111,1811-il 

lUiq511/1151Dif'rf (Hydropyrolysis) V11111501C4111131.11i1INaflil'UF17;)%1AVIV1155nliit114 11W,A;')Ellii1J 

11311f1011511511011101MflliellallEk11111111"flilltffil,D114 

2.4.2.61-MliiT5-111-dnallagfillf1")11.11DVI (Resident time) 

1W-14)11-MA"),4V1611f1"113Ji'DulsiroviDiJiultiamihieuD1NSolitucvin -rifiD ditwl 

i#`31,11flikIrldf1713.11'DmIatiiiultlfmriwitA-lenntiVu41413,ivvy,56' 	ttm;ti-u-miiii-nnarTair4vr 

tyymi'mannt61,11thnIlliiMcdiaJlfliGUDlltrifitiliJillflU99'14tijOlinvr155,-Tvanill i w„liion-i5tton 

vi--1414 	via III "6'  n 	LlW,;1131.nult-i11495-1i'wAtaliitTullollaum,-fni'uouluolil?thtnaclAqal 

11101T1f1d155n1161113111WflalOnTtligal 

2.4.2.7 &1511-115111W110Allfc-TVallAll (Flow rate of carrier gas) 

6051f11511ThIffllbli9I'Vf6)1Allil'rdWi0113),J1tl)NflUNSOilitrViildiA0 fil6A511115111fl 

910,111NVt6'11111111v,.m,111111ttelMi-1111'gOff155nYtt1G115 	oonTinii'altNi111)11,4t -4.4 	1115 

fel'169151f115111W11010,t1)VN1'11N1i11 

tr111111111111/  rf115n11E1V111 00:11-111'01111111411,4141-1151MaiTUtlilVfaltr1M411414d15115tflOUVAll 

ut-ivrtihminEfru 

2.4.2.8 rAl-SMifl‘lc171'i(1)49111115nY1lAtI15VM1t1A'')4')Elf1"11a01-1 

11jaTs')I12fl611-lf15,-'1111/f115dflitn5-3altlf11111i101.4 
, A v 

fl155a,111011111011f111M;d155n1105-1111111l1f1Mill 	Yllf1M11,1;1'1001i1'1152„;f1DIYUD1V11561,Ilrli'ii U 1v 

D`111,11riltiti-iqt-mtitoouttctilifil41141110flilltlattflil 	N&lil'il14)141141111NflYTIVIlDlf115VM1tdi"") 

risoqiflvf 	 iociolfiihnotruolr6-46u-viiril4m9uil'itf151`ct,'114T1tfl'i'401ttNil 
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immiyit-n-ailtt-onAultatr(drh-tivaltooi NSAiituTivt641411 3 Ii51-11-1111t10 	budivoi. 

2541) 

1. OviiiiiicyNriftrupltan 

ilfni'cliout`140141151mouvinlion-ii tim95-11 d111150111111145A11,40t161 

ihililJNSAV1151,f61611-11‘6fl tit! 0111461J3:111 0141A11111-1 U01.49151i1.1 LMIT1'151151101AcIffilillt914 

tiLlilml-naout=qqvvvin5nrimnotAtickt3D 

i-mill91;1 t1l1l rihnioroiSlitnnIoladi t1151N161 1115011114INSq152141/111f115M1M5 15111U 

iimJciAttainnvi iiiD141141541-rinqlwiAntmnitolttql trmtlairiplilttioNpium-r-/nio 

ffillIttWX01alflfl141430fli1491fIlAnflrf155n140tMV1151J5`<t;f101.111")0114IVI5LTULtan911111'614 

2. NSOiff1011171VITIGUD1HIM 

A 
1.15,̀:,,'11D114-3011-litA 	15 LIS noli Yldf,fl101f 1 	'6't1-01/21-d11172;19n9114151J714111i' 

014111,mouGuD1135iAlvni"rihmi5115c„nouc;ildsintrualluimfIllim) 

111f1-31W11-11.101,VIYITM95
A

11W3014
,
DI IllMi 10114111111

d
1 

 
01115,019 	IfIli1J014V 	 l 	 M  

AAL1A C5-C, 	f10141-1IMAVIfilTOTCH5tflil'dll 019/1111fIfYil 200 ¶111 011100f114a-mqtimijil 

111451141115111,414 5 VIM  fled 

- U1n11dt1J1 (Light oil) 	< 200°C laud timicw tuui,sau 

tocifinangst! 

-1.113'41-11h11Thil (Middle oil) i-mjitMlil 200-250°C 110.fi i/1130fl 1113611.4 

- 3d11J3d1f211931f1 (Heavy oil) i;--319,arimu ll 250-300°C 140fi U111111171 ILVVVIT111A 

- 1111714001-1111cil4 (Anthracence) ilAqamijii 300-350°C laud 

qttum17111 
9, 

- ciA11J4 (Pitch) 'illqiiatt,1.11 > 350°C Wiwi 1.1-117maTtn_H1115ttficvilAnfl ckl (Red 

wax) ci(41t11.A11(171(409ThiT15(1A'1( 

3. 

41.41101Ndl.M.11-'110,6'd61411-5'elbtfl'011141riiil IMOV(0111-11(11(1 1140fi 

110141l0f1cli f1151ia1fl000n191 	 vilin&161,1111(1 14111i Iltir114 3t1114 

te~11 114 t,_11.4414 Iq0ltfid?hIlliitot,AM40,WOIMt)11 fl1i'1101-1U00111914 wi51Jp-tamton1114 

LIA'cti.1'11/114 iS1V111115f0.111.111451/.ciludirrti51)otria1114n5nynin-ntrAnlvaltAD`,1ItlIla01,! 11110015k1'&1 

1,r1111 tArriiteti1vir14 14(tr1 m51iottloonn1916'  11(Io5t91d otinis't911 [1:0°;d151i5,'11011 

10105flli?liDIA 
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2.4.3 1.11n41916110,11f1t0,141-1501fillrfiliailehtlfl11111'01,1 (Olofsson. 2005) 

1,, 	
1q9J 

e 
2.4.3.11f150111115ila110 	IN10,111_11A10101111f1 (Bubbling fluidized-bed reactor) 411 

tf1101q115ilffri11014011-11f111f11/114111d11'110,1111q 	flT11.111TU0101flliM,"lh0411141110110-101g14 

nlfl52,1rilD1-pliflOy:111f11"),1,111-11M0011M111,111-1110d1111-15tUrfatillV(1111d1.1011,a16flnH1-11111,15-11.16"-1 

filltlX-)rio6'-alurlolutirdm4-)trvi5n6'-gclantimailvicLITUD‘111N111M;1111Mi-111,41 911€11ildni 

lAID11169VMDE14111.11119V1/11111Vm101AWOOFN1V11111/1010iidif111.111)'30 

2.4.3.2 1f1hlith'11541A116U1411N111,111J111,11411110A11M,11111Jfi -10014 (Circulating fluidized 

beds and transported bed) Vi11.11f110,14115ilfill i10101f10611,11-11-1ntelllt0001W,,111,111-3110011115n1d 

11.q141M1111flUllvi-11-111W100f1111 	'1",11,f1A9140,16'q91'119Siflfl1-1111011101.plflflatI1J111111f1141AVI 

IviariTtAlTif1M-10D01111111 -mucuttatnA'imitamulkudlltioÒnni) 

2.4.3.3 6f40141154015VIONa14-10f1-111.1101-1161.11J4illillifilff (Vacuum pyrolysis reactor) 

rfitliA01`lifin5tialA ilfil51116A5-1M5f1MIDWITILIOVIlcilin5/FWArii0414111.4M5VM-MiTtiOAGT5'l 

If-mmularmaqfriadiuttmlIt-milutfilnlqn5ahni4Alimfloufium5n•mr_a-Ni-m-ymi'au 

otillMonallordioutiitnitiunoiluni5irwit103o-mimi-Aulatiun56,kolim 

rfffltl6'`14'10fl'111.110111,1111A-111S-NniiqUitit111101.161.1IWN1111.1i111/;19111.1lfl'4014{1541(ilfill 15 

kPa 

2.4.3.4 1f1101415af115V1010ihkillfl'1111f011111.11_11101101illAl (Ablative pyrolysis reactor) 

tmliolilrIllibUcimtondilfiumwroirdi-34'30f11111 

101,1111.11iN)"1090111 ifl0i140 -11-iq6@"15-1015filt1i011f1-1111i)011T01015,irmlififi30414011401,0N1 

ili1111,11qtAn =Ani5tilot.166o-mltniuttouoiildliAli5InciiXitdiun1511001J0M-H110114115,VM; 
v 

iq01115iflMr1111611010101_11141-1r1-1q1011M,'M'11501M111150117111605ini5vmomlia-)1101111014 	015 

diolo1-df1211Ji'oct4 iqulotdulioln5nmn-nuoudiiir11,11151ATsvr il0f11514f1T1141-dq111-1015t 011 

011/lfl'i-31.1'MU111,11T,114101135alli'DIAlr.11-11416q1651i11 ;̀-1011111Dt151tilflfl 

lf1A011`ifilillii111,01"Alf11011Jh't-nais4liiqtlaisgirptvii 600°C1116A1115d10101.111-311J501.11NS1 

2.4.3.5 ifltallifif1541111JVH11-1 (Auger reactor) Illtdiflj0T411511,1"17111,1140AVA1A-All 

11M140,i1111f13161fril 400°C 1711A11-1111J1Jd011i01 NSalil1111017.114V1i1111401`4115aW„Alilf1-11.11(Li1J 

IM1✓ 111111-111,11191-1filY1 
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2.5 ATITUEliitiitlYiliaA 

-11nniuirt, 	Citllinilv0141,161A'nlitlit,'11111111t1fITIAIUM,11111fInTD111v13.)'wii1111141191t1 

frI5VM1r1A')a-dt1f1T11.1i101.11.1-1M1-DITIA195i1Will 	ttmaf11,11PQ115n11111019,t11110111D111151A011VM10 

At1f1113.1i'MAahrl1/21-16UNNSVIfitucviirl'ldliM111,ff171'14 (16NVI, 1.1''1171,14h1111/1!MniTIJ111) 1s-11F3D17; 

191114,91141111v1Nuri 

i-nnmidlift-pctlimllIfi-mi'01,1149J5501111KFUO1U&IIIILMTLATIV15011415illttliUtliqiil 

300-800°C ill6V151f11514fnia01-1 20°C/min VISVIsittAi149,111,f11113J1ATLIM111 

i'DEF02.,'NmSo 

rf1J171111114101,11ttM,'"itfl5T1;111101614114TAY1t111f1 Fourier Transform Infrared 

' Spectroscopy (FTIR) 91t1f1154111ATIAIIJ'ili'DtM,'HONSWCfq 611011iliildiW119111TM`Mliii0d111 1U11 

9-111n1511/1151dirfiiqilaillu alTf.,111f1,1 700°C Iflf_Jj1371,ITSWITIAIT1f11115VCOltaiVliTlfl'3111T0141101 

iddll141101.11Saill111''1171-,100fItt-S-J111TtM2,11MISql'AlAill 54.34 IAElliwitaTtl tiflfflildV111ThlrIll 

1,45'101,11S111D11.19'1171.J11111/111141f1f115Vid1r1614'30f1'11111'01.46UOlis")11Widiqd111 Vifi-411.1 

111,11titilVd5f./flild 1 si/cm' f1-3111111.1qC19,f11,111i1 40°C 1.46-1.75 cSt f>l pH 001-I1f -11 2-3 d1f1111.1 

faaltd6WISTIWUD111-1WiS'X1111 adlIAi-t‘l 14.92-40.00 MJ/kg ttoni6AnlmuminniiduTalfralii 

114iidifyynaillq iNaran-InfaumumalliuitutefivIA''u aaflIffilfv-nul'outtai-)19,tumlfill01 
eL 

finnA141nMoliimiuMrisnunn4 uo8l8nnlriu-r1i0111951-P1D11-11111-115'1D1119511Wil1 G 1J 

014115t,1101111D1V115115n1D1111011)ODflif'1,TH 	(Oxygen-containing 	compounds) 	1,1,fl11-1411 

U1IMflli?1101,1cif114Mi 0,0M10004'11D-OWlelii1711.1 0ti51.116'fl ib01tf1141M-141-1 

115A rilnlwa ilfrEnn5u-runi5rmitalAufnmiloctntuut-ytinlrThomiTillunloTqn5a 

"014115t110111/111MilttafriMI 

111A11101111161101J11111i1MV1 	 6111i1q01-Vilt1 6o5inl5tocw 

60511115111M101U6'Vf6"11^11 efanilvii-Aq uivifjii' 400, 425. 450. 475 	500°C 111.11M10101ifil fl 

d1161,1 3 '1h1 114ttl10y11f111Dthl'il 425 um, 425-600 ttm UM' 600 pill 1 mm &151f11511011V(15 1.29, 

1.4, 1.6 ttfll' 1.8 kg/h Itflf6V151f115111W1101UfiVIIII05i911 0,

%

50, 100, 150, 200 ttfll' 400 mL/min 

lAltriliiquaTo ii 450°C 111.11qDlifilf117; 425-600 um &151f1-151101.Ari 1.4 kg/h II,W,-,'6051f1151110 1101 

1,11105191.4 200 mL/min t`LIVIVISITA111.11,THA01115tttlfldflitlAtlf1-111.101-tttitil&) ifANSVIlifInq 

lAid-11115flit`11100fltfITIV11.1ViTll ViTIAV1INNa0i414.41101iVrnntlflf 38.23 1.01')01)0C10t,' 43.36 

IIDf.,611.495155af.10f 21.10 intlirMilATINSAilill41101111M111illaillinfDlrilll fl0 111171.J1111 (ffttThf., 

22.98) tta1.11171A111f1 (fOon, 1525) A lflf11111TMV1011,lkltlllttanlliftillTfllfil  41.05 UM'', 
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31.00 MJ/kg WIIJA16'11 ValifictillifliND1111171PIS''11111^111111131J151fili'lJOUtIM,'10iq5t91411-111"1371.4 
A 	 9, • 

u-inn-i-rj1371m1In Iqe1111.1311141(1,90111VIITIlialdfl5Ottm,'11617-Arr111-150maloluwf,51101.1 

1115fiff1DiAttr-1141/10Att0111137141,11111M,111:1f1"0611,45k1A111100 	'itf151,4111,1 

°N1641-14"-Malf111f1tIll fli'micwrloi'aurlit5orruliOlfq14110A50111916'  6Vilu 	fili'mncTsSn 

ifn.,'")1f151,-'1111-1014115nIMIAtialflilfIttiTaif151,11L-111511/61-ttiJrirctlifliY15Vfiflil 

111J0141ht f101J11611114111371A111141,61i 	1,3-191If1M,111,41111101014 	2-0^1111/111-V0d, 4-1g9150fr1100 

4-106IaliD !Mt 4-11AlbilD31401-1 	 !Mt; 0,4141/11.4111411111J 

4-10050frillalifl 2-1111HTITIM, 4-1,ffl5Df116tMa1i00 

Basak Burcu Uzun 	Prfrfilf1150,0f1MMITH17111fD141101f1111911 

113111i1161101FISVIsitit41011-1110AMMInn101041'1'10.115"ill eff1111 ;10 9,51111 673-973 K 6min 3( 1511 

fl'111lf014 5-700 Kimin ttaf,605-11115111MIDlttfl'ff illAMNU 200-800 cm"/min Na1461101`11117`W11M,' 

t111d9f16J1fT(1.0f10500n' 33.4 (773 K) 61A,:t,400D,' 43.3 (673 K) VHIAlkIJ 

UM,T111115n111110105flli'110141441-15 If151,11v1q FT-IR, H NMR 	GC-MS fltUafTlitlinDillt,' 
9, 

1101d1119flii  If151,I11flt1 91f1511q SEM, BET UM.; 6Y1f117:!fl FT-IR 1:111chang-11119f,ild151.15t,1101J 

Ilgifl5Mi1J011 	 606f11,4 	 91ANff1151/qflO1NSVIli'ilicarl; 0114 60D1t1IM 

V13.J1501441,44H/SlaiM 

11411159,q95'111140191f1111/114H--)61 

M. Asadullah 	 91f1T11400 

rilllf15,'1111-1{11501111VM104'30f1T111i'DI,I Iflfifl151101.1d15tarnflf,11-M,'Intd0111fif1546VIJULUW111 

IAtilffrfilqi1011,131171d116141149h1 300 al 600°C 1.11;41„lisnfITIAlctf1111491fIt1M4tql11,91aVi-Olvhall;  

~f1d1~511J66G1f1G111f11d 6108 i1 1)11714-1 0,0,',1111714-2 1131115111011:i13)"1.dif -JSMAH71VVV11/1M500M, 66  iGln 

666'ai15Illim1r5tin-Jutti,44119f,115.11D1J1114-30 f1li'1101,111D140f1V116 f1151JO9414100f111fGl  
9, 

316114 "aalld 0Y1d I11514414 tt0.111/51I1l f1111111141tHilMW,.:fl'illfrillW110,9171171,1 -1 31fil 1130 kg/cm 

kt"dt 19.32 cSp 66M',4111ii11111711-2 ilm0 1,050 kg/cm' !VW.; 4.25 cSp 

17111714-1 fie] 17.25 MJ/kg ttM,' 111371,1-2 	19.91 MJ/kg fll p1-1 '11011:11iitanDTIAH1D11:11171,I-1 'ilma 3.5 

11.M111i711-2 i30 4.5 1131T1itHil 41011,fiIU tkflniTIV11011.113711-1 00i)0CI04 15. 0.02 WM,' 0.03 I0E11-1111can 

A1JA1k1J11=113714-2 6'0 O'd t,' 1 1 , 0.01 	0.02 IM1111,11Tfl A111641J 

Sevgi sensoz WI'VW1dalrlS01-11171-iihilli/dl'Afil51`4510'11V1 MiltJAMOtliileslon (SPC) iqt114 

f1119,1f151tilb1914flnilf1"3111i'01,111011-1'11171-di'DIVIN in1AV115115f101H1111f1311101101v13.714isXl1111 

AVNIAMY1frafltaiffif153J1IV111511A17/11,LIMIllflill5diflil, NMR, FTIR11M,' GC VIIJII6Y111.14011/43 
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110111171a11111114ttf1 M11111110 1M11111"1 flT111111.110,1d1,1 113111t1ditiMfilf1155n110 NWIfli115 

1d~151v9ie~3Y11~5vf1e~1J11136f1116dc~a~1JY1G11113d~1fe~d1Nc~51N1J 11 IinivillDiri(114unnintAmnAidDo 

ttflr,i4-11-nivrtoiAttal4Juilo5fehialtt-mSoll tilui2,'-nii'ut-n511111.11,1alcut4aroil9i0111 



(A) 
0 

3.1 5eNittmvinloi 

3.1.1 ta00111115"N111 ,111'50(DE1 

3.1.21A101.11111D Memmert 

3.1.3 nt'llf15A X110 Retsch ASTM E1161.10i'  8, 10, 14 UM,' 20 

3.1.4 lf110,94ft1;110 Pioneer 4,14 OHAUS 

3.1.5 Tqf1151ff1M1f15nY311f115ttElf1Vialal-JEJM111)01401,11 A1 
 
3.1 

ri 
	0 	

j' . 	?II 'III 

11.1ii 3.1 11,01110dDlf1150011M010410f1-311i'014 

1. tqltgl (Tube furnace) 2. TiOtN1 3. 111301111I'Dfl1f1t3J&101A11151 4. tfl'i'OlfillifollJqii111 pi!' (Controller) 

5. 6'"lflillitth4V(15 (Condenser) 
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3.1.6 tf1501 Thermo gravimetric Analysis, TGA OM Mettler Toledo 9-1 TGA/DSC1 0111 V1 3.2 

TEM 3.2 Thermo gravimetric Analysis 

3.1.7 IA01 Elemental Analyzer (EA) (CHNS/O Analyzer) i'1110 Perkin Elmer '5::14 PE2400 Series II 

1,4 
11J11 3.3 Elemental Analyzer 



3.1.8 1f11D,Iltt151t111M11111A1 (Flash point tester) 

21111 3.4 bf15
A 
 011t

-
flITnIVY)1 1111A1 

3.1.9 tfllallf151ni'dif1111.1i'D1.4 (Calorimeter) -E111a Parr 1-d 6200 

<> 
51111 3.5 tt1501-M151tilflifY111.15DIA 

25 
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3.2 A11111110D01 

3.2.1 fintoit uarYotirn 

2.1 	9) 
3.2.1.1 D11111A01111Mf111113JAge_11111151 1 	quaitiii 110°C 11-1401.111M1111.196111-100 

fri15DE1D1 5 

3.2.1.2 111111A011111hr.111Y1151ill riTtlf11501J11S'AllY1-11115d0E1111,1104-3E1111101 Cutting 

Machine 

3.2.1.3 A"fl 6111-110/1164 0f1/111W11111151Ifle11441`c1;1111517;*0 Retsch ASTM El 1111Di"  8, 10, 14 

11,M 20 

3.2.1.4 1.71111J1011/1,M;f11f11,1JM1111^11511T311151n11,11filfil5VM1tAcY1111M1111'0114`le1 

1f15'01 Thermo gravimetric Analysis 

3.2.2 fIlltiMJCIDltlehtlf1111.11)014 

3.2.2.1 1-11111S0111aqt1111/151111J10 2.18 mm 1i(11-1711(10flal i11,1-114 100 fli'1.1 

3.2.2.2 115f,11011Milflfl0‘) 

3.2.2.3 tilfltalff19.4i05lA144-306A511115111flii 50 mL/min 

3.2.2.4 tilot,oitethiqual/- 11 300°C 

3.2.2.5 l011V1f1 1 if")I11111111111J0d111.113711 

3.2.2.6 6114')itti'orm,tr,m1 )110AN'AV111'ildwittM,AlitilfINflf115VWD1 

3.2.2.7 1/Mnalilf110tder10 3.2.2.1-3.2.2.6 IM11:11-6;t11,1911-11fl111301113JAW1111115111114 1.13 

mm V1_101-16V151t115114"0 6U0A1141051,TIVIllt 100 /11; 200 mL/mint1MTAE11-19j1411111J1V111N41.1 350, 

400 11M,' 450°C 
9)  

3.2.2.8 1/1q•ODA911611f1-111110113JAW111111516'361A 6110 3.2.2.1-3.2.2.6 Ifltiiiiht11151/1131fIlilf1"0 

6051f115111-0 6U01116W111IA51TIA 50, 100 	200 mL/min BmtAawil-jiltVI UN1611-1 300, 350, 400 

1,1M.,' 450°C 

3.2.3 f11111131GT1at11111iiCi1f1I1AIAlflil1I1'IVIUM 

X10 u 11 3.1 0-156'10till1'lfl(16f151 
tri 

03J 3 011-1 00 
,irt  

(1) 171137146ihilliAl (Bio-oil)11111'11011110-Al tAlf1f115f1-31,J111:111 fli 61(tv9ti1 (A) 

(2) Gni' (Char) rittlqi014146f1101,14t011N) 01 41t6li1i1 (B) 
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(3) cr11371t141711 (Tar) V11161101[11 -1T(li iJM11.111`11q it11114T1f11M-101ri04114d1161101tAltN1 

old 611111:41 (C) 

o 
3.3 11151f1II,''14HDf115110D01 

3.3.1 9!1151Vkffilf1-313Jf01.4 6U011.11311.4i-)11111 1/N1VID1142U6f1101911151nIfi1f1-)11.1101.4 

(Calorimeter) fl11.1111A53111 ASTM D 2015 

0 0, 	9. 	A 
3.3.2 Itfnit940141.15n1DintillittElfM196U011111J14 cINVIDIJW-30111501 Elemental Analyzer (EA) 

V1111111A5211-1 ASTM D 5291 il'111-1fiNTY)11  fl 

3.3.3 If1512,'Ilfilfn1111111911J1A52114 IrlflVIDIJ4`)Utt1101 Ostwald viscometer 0111111G152111 ASTM 

D 445 ~1l511fIrft 1f1 fl 

3.3.4 Itfl5M4V1'311JITI (Flash point) Irlgrfalla"-AMMOiitf151AVY)11;131 (Flash point tester) 

1J105111-1 ASTM D 92 $1,9illfINVV311 fl 

3.3.5 9tf151ffIlVflITIAIM11A-11150-dii (pH) 110V101460 pH meter 6"111111PCW-Afl  fl 



100 

1.111Y1 4 

'l 1n1.  avlll 

4.1 11114111111111VID1E161111AW111.1i10116110,1t1MODIIM1111111A1E11,11115141Eltflt01 TGA 

tApliirdSonuan-ring-intAmilconvan-lifma;415a-mi -yualrn5AufnmfauiflutAn1 

TGA (Thermo gravimetric analysis) 1.11t11A1TIJATLI5501f110111IMIAL! 6M1f115111f1T11J101.-1 

10°C/min 1111-i1111g0f1LIJAW11111151133JffmtniTiiiquivifjil 300°C 

3t1111115J' 350°C 4111M1111-1ILl1 4.1 ri"Thf1111110113Alt1111^115TVItriltiLIVIDlEdhiiqUillilil 300°C 

tnf.VM104-106115W111`1911619j111,1i111 450°C il',111d0111A19 111 4.2 

• 
50 	i00 	1511 	203 	250 	100 

1101 4.1 f115rffl1tlhe110,11d31111.1"000111,11-151 



B- 

6- 

4-.. 

2— 

mg 
12 — 	 Rubber Seed 1, 12.05.2011 12:10:11 

Sample Weight 
Rubber Seed L 11  96 mg 

10— 

29 

50 	100 	150 	200 	250 	300 	300 	400 	950 	500 	550 	600 	650 

A.4 
TIM 4.2 f115Md106")1101111f113JAM111/1151 

vinGUOVIJDA TGA 15111111111'ilf115VM1MiTt1011,113011UM.'411119.1011,3J&101111151TtSH1111.1 

iat,91-dizilqi111101 300 - 450°C UM:iigtlillpi:alfldiAlAqi1111/111414Y,16Milt111-19,flailgrifiGINJW 

vrmtni-a_luvrt55nytuffiganif,p111A-anfin 

17,131rmvioilimtuctia7ttiswinAricirdSA14 

4.2 NWIJO,Miltliffiliiii60111111ilailillaInliAl 

Viflf1154111111i11110111iINMiOlooflr,m1A4al'il/4 Vinfil511115 56TIVITLISOMIJAM111/1151iiii 

111-11f1011filfl 2.18 mm W1-14i'0E1D`c;.; R01461101 NSVis1tIFYI' l'11,11i71;  4.3 



30 

20 

-4—T=300 °C 

T=350°  

• T,-----100°C 

T=4 0°C 

30 

100 	150 	200 	250 

i 10 1 1V11iT'J.,( i ni.I in ) 

5,5_59 	91 	c„, 	9) 	0 	 ,zt 

1_111 4.3 NavolqiIIIITIV1W1D5DEld,,R0 N111D11,113J1V1111111/91110thilalhefl111151 

„1 
4.3 Nfl91f1f151'11M1115111151flirt 11.19h1 300 - 450°C ttr10114)111-6111151111J11141101 

6min-15111a N2  viAND14tiiflem146uolpsiamitulrd11130j1fILlif''ISITIAITY00flA61-Atii011J191f11115t4111J 

51111--)1.4f115d10alf1113Ji'DIAS11011Tdfif15t113J111161,1111 IAE))9,1Alltilqt1.1111).il 300°C f1-113JfD`Will icIttli 

5.',InfiiAllitiAitiliAladDf115VM1M'hIJOAV(1094\100.1D40,111.4I1J1101V1155nVitaillItrwlf1151,N111111 

A d 

450°C 	1A19111NflAilWcYlVIAMIJ1fli111 
11 	 9 	GI 

Will3111flifillaqfllt110191flqualivsynviluchlArlAf1150AINTTIJOAfl'155n1109111t1.1S0f1LIJ&1 

01,91A1151tfWU4)11141 	 11111114wSoiitirriCrit&Taltma-niilliill 

VIAF19b5510D. 2553) 

450°C AltlititliAlvYTOOM.NflIkUNPI&Iiii14.44Agai 38.22 tItS0fIt1fqu11s-j1J1 

91f1fIl511Ali510'11VffilfrOltIJAq0111A1151 

9t.:14100flt,'HaUTO1N&liiilr(16-AVW;4.4 
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T=300°C 

T=350°  ' 

T=400 °(• 

—T=450°C 

40 

31 

s0 
	

100 	150 
	

200 	250 

rt.,q;l tl ;t,To1a 1,1 	nil, nun) 

_IA 	 9., 

Si
VY! 4.4 R091D10,i141411111111V10500"0..,-RO 14'11'0,91.4°11.1-1491-3111M111111111,Aq 0111/151 

A A 	9 9) 	, 
1f1V.11/1 4.4 11M11 01111113101511Ali51fliV(llif)111AM1A11151t100,t141101i1 3500C 60511115111'd 

,,, 
11D161,f1V1114I051TIA 50 mL/min Tf.17111,11V1Willijili'nfITIA11131.11ildllifl`Virladatl 	36.30 ildTLAOrldt 

. 	 9, 
20.90 110n.1137141,111g00M,' 18.15 tlqiIIIiii,011111M;VIIP1101flifli:M411fl'ilE11DAVIIIIIIMafali'MlIqrs0 

Talf1T1111,1411615111111114 6110liq 	1711111)1Tai-minnIaityraiitlu4o114qualfggurlailtivirm 
N 	 ,_. 	a 	 <4 

t'LlaDfl OthA 65f1WV1T0'01&11dillf1140114f)&1511115111"0110111-1L151TIAM1/111-11,4nD 50 mL/min 111 

1401.61 ill 6051f115111dk,'17111,11)5n1U111560Eldfllefflli411.an`fil4Nad0111516qNSMit114 

4.3 FOI10,96111410011,ilifliliiiVi0113311fIrlilifae3b1111 

Tlf10154f11,111-1"09.1016U11100WiTkIrThdtli/00fleilarl&11-7t-114iqtJgf11.1117:10j1111tlii 300, 350, 

400 11"Wf, 4500C 605-11115111-0910‘91169Allin5ff11 50 L/min 145nti-cmq4o14NaVlil'fli4 IM1111fl15 

YlqD0lifT1111%nIVId1DIAMATIVH11111S0f10111/1151VVIT11''11 rriolwinluri-nimmictn16filittuAomiu 

riln191f1Pi114115t1:111141115111A11711d1,11f1Dlarehilt,54111id11115ilttEMITIA114 '1'17.11i71'  4.5 
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30 

20 

- 

I) P=O. 5-1.40 

250 	3,0 	350 	400 	450 	500 

Iti»1»tute C(C) 

_ c; 	 ,01 
4.5 NMOA'111)1q01-,V11f11(11M0500fl,R0 W11011.4111149ni1111 

19) 	0 0, 

GI 9) 9) 	 c,.• 
1 fl 	4.5 AIPM111541111111111A011111f111011.11M111 	 tfl141111-1VVV1 1A111'ill1111fl 

Dlifllfr11141A 1.13 mm (0.85 — 1.40 mm) iiqtuvr911 450°C 141filriatIDoof,NDIkuole4Soyitucvi 

35.03 11jD1f111-110D1,1111fl 2.18 mm (2.00 - 2.36 mm) 904113111ill50t1M,'Nfl141105VIliii114S1N1J& 

A v 
r140191flayllf161114 -10tAfIfl'il Tfll Thermal resistance 000f111 0,M13J0 tliflTaf014911t1111`WYMFD),11 

(Secondary cracking) 9,1171 -111114`ditTlattlrliV1/1411 ttd019W,..-,A11 Uncondensable gas ii,r1/1"1113(tfifl 

NS0194114611011,11fl11T0e1f11101p1f1111.11q1111li (111911 tt1111111195i. 2552) 11111ADldflifl 2.18 mm d1)14 

111.11q0lAillflc1151alil1f1111111djlii51E11 	38.22 	VAVV11.4 6U1AND1V-11f1c11113JTI,'Vf1J11-15Z1111f115 

11^1151DF1f6 I 

4.4 fs10110,9601111111110110At6601410INIVIIMOBAJ144,114716hfitil 

91111115ilfit1169151f115111-011191'd11.1`15691-1i1111NadoID0aPMLINiii114Iflt111150miliiquaujil 

300, 350, 400 1611 450°C 11111001-1.111f11116'01113AltJ111A15111-11hl 2.18 mm W„'1450E1M'Nfl141105 

Naaki,AT‘1,1`dii 4.6 
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nil, thin 

= 100 niL  ulin 

-= 200  nL win 

30 	, 

20 -• 

 

IS 

250 	300 	350 	400 	450 	500 

Temperature ('(') 

~9
I

91 
	 /=1 

4.6 POTO16051f115111"dtalvdIVIIVI5LTITV1IJR0500"0-R01,41101`r41371-191")FITIAMMIJ80110Jfl 

0111A1151 

TilivIn 4.6 1111-i16V151f1151110 61101tttiglIJI05(914119:1W.,'110V1155ttlitilt001411J11011419I'Vri7i 

firlltaild (Condense gases) G111 1 D01191f15n11111411111XV1155tTlleMflitdiliilllid1415ili"  

PlaMit1141111.71,651 ')1111AIMITTOEM1 Ittlfftaitniitti1;60511145111d4M10,4r111.4105(91,1611'6UM155ttild 

6o51f115 

11TOTOlitfidlIAIVI5t91,611  50 mL/min 111100DV1101111fAii-dfITVItilqq`ii 38.22 itqW11115:1 450°C 41 

ticu69)5ini5IliaiirtiuT:'milu5uuni511,051wirtfi 

40 

4,S 

s- 50  111L m in  

1111, 111111 

--11r—N —  200 inn num 

,50 
	

350 	401r 	450 	500 

Temperature o f,f 

3nil 4.7 fla11016q511115111M6taltdi@l5IVITVII,M0500M.,'Flfl1461101111371147f-JSITVITIflf11111,3J&101111151 
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Tlf1111511A1I5b,11d1113DflaJA00111/1151IM17111115Rfail1TAIIMiDijat1NflIkualrASmitucri 

911.11WUDADIV-11f1 1fAt67151f115111M1D1101ATII151T14 1111,61111-1V11111111-2',falf10 

450°C 60511115114MOlttbiltliq51914 50 mL/min 11M9111-N1D101f111-19h1 2.00 - 2.36 

mm141.13111W1:1111141nillIAlijOUM', 38.22 filldijDOM', 18.93 	1111.11.4141.1f15DeMt 6.59 

1,1M,' 111p_11/1 4.7 ill-M11141.11,'VrIALIII151VII5bTidf11111,1AIE11A1/115161 09,i1111.iliiili  350°C 6051 

f115111MD‘1116g11-1IMIAll 50 mL/min rd141fillitinfliflanDTIAlfotiat  36.30 fill.ADFM1' 20.90 11W.,', 
9, 

1-111111111.4115DOW.,' 18.15 

4.5 ff11110111,9610114119!=',014111n1011b11110.91ililtalilliAl 

A A 
9.11111-19nD11^1T1111,11gDMIJAM111A115111105011tM111.11151111,11.11/1 450°C 6@l511115111M1D1 

11f19 11.1IA5191d 50 mL/min trOt.11111fl01.01f111,11f11 2.18 mm 9,111)111.1)1f151t4111filf1111.4014 111111 

11'1117.14if'31111Alill%11111M01111A101A1A1151ilfilf1T111ijDIA 22.11 MJ/kg EliAlnXtiienritili11719A-31111A1111 

111f1 414011,111.1111511'614mmoncwiwonmanitiii 200°C fiD1-1 ir31.111w1171A-P-111AITIflfilf1TaltaA 

trilrmicitdimilamquaitlii 350°C &1511115111a9101.U6VOIJI051T11 50 mL/min 11111.1)1f151n1 

filfl'illiii0111All_riT0117111illilTIAIV1fltlia0fltAVIllril5liNifflia01-1 37.76 MJ/kg 

tilillvlavis-)frautmnia71,ClulAlsD filf1-11111111 (Viscosity) ilfiiiittAndiAvliniin7uairimuviildi 

111X610169J1f1171,611/111Alili le119111,1111-N411 fiTlIfilfill14114115q-dll (pH) 611011113.71.1ih111M111 

tliS011111&EllA1115-10TVI 2.36 tbM":1-1137`WqnfillAIV1f1111fltaAt1111115106171'  7.88 Itillt1(11-113,71,1i'n11111 

THIll`ditl'AIS,Ifilfr)13,41,1115flafTill  3-4 l't`ril.J '14-i11113:11-6711411611JJ11T1.41111-1115MISilldVh1,1910A 

111D0611-dill'In-f1VIWill Iflt117111dp-1-311JTIA1110A1111ITAUTIAI,'0611-du 40-70°C (Lu Quiang. 

1,,if,,, 	0 	■ 2005: 191-198) 95117111IllihflTIAMfltlia0flaJAqt.11111151C4,91,fl5T',111417110T11J 'myi 70°C VIT1-1110A 

1-11371,6151fITIAIT1f1111fltaqt.111111511110111111417'1 87°C l'101511C/ 4.1 
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P1151•11/ 4.1 VilTh911/111tISDHAIN11011711371-AhilTIAI 

14 -111119f111111 	 v 	Wind 
1 al Ma   1-11111.111( 

tillantujg fl1f1111Dq Rapeseed Soybean r7no1Jn1 vlwrin nmnitnAl Iatcrd ;1)9Sd 1/111161M(1/01 

01411151 01111151 [1] [2] [31 [4] [5] [6] [3] 

4 
filf1T111111 

ill  40°C (cts) 

pH 

2.071 

2.36 

23.175 

7.88 

36 

3.2 

72.38 0.73 

3-4 

0.81 

3.34 

29 

4.22 

3.5-5.0 

V1-31i1111Al (°C) 

filfryni Tau 

70 87 75 63 76 72 127 > 120 

38.55- 

50 

22.11 37.76 37.9 33.6 31 28.20 33.14 45 
(MJ/kg) 39.94 

Yl 11 : 	[1] 0. Onay. 2006: 1921-1928 

[2] S. Sensoz. 2006: 99-105 

[3] V(1/W11(1.11-31.419:6. 2552 

[4] rISF1t11101'hlATb551)fp. 2553 

[5] Tv1l5on1 	404V11Lf191L1.f12. 2553 

[6] W.F.Fassinou et all. 2010: 4949-4954 

0151\911 4.2 vivolt-iihnoiruallonihii-Jsiroimli-nnaiid -micrulticu 

`b 
kliSOIltaq fllflt/An Rapeseed Soybean rif1911111-11 1411412 

01.91/4151 0111AI151 

[25] [30] [12] [2] 

C (wt%) 55.14 76.96 72.80 67.89 78.00 62.02 

H (wt%) 6.74 10.76 10.80 7.77 8.00 8.66 

N (wt%) 0.24 4.24 3.30 10.84 0.32 0.33 

c1111LISTIMnflIN1151411 4.1 
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911101511Y1 4.2 1^116169151V111.41101f41101111M1OIfl5191-111011.111.1119n/119AITH1111301111M,11111 

TO111A101TIA1151311117111flildlltildllillisl '11111Alt149 -ml-ni-AA4 

flU 911M1A1111111711.1i4f1131111)1f15%4V1q11114d11115f1111V,050d1AAlUIMf115fillni1111.117111i14 

illfilDMIT5t911 (611111f1NInfl 'u) Ltd91f11114111191f111149in6l Ozlem Onay 	0.Mete Kockar 1711  

1111115NSV11.11171.1i11111119111 Rapeseed NM-11.191D1V1q 	Iffiq51914 08fIcif1914 1111A51911 31d1 

a11fi9Ji'OF1M; 100 IAEJ4d111111 6411fil001-141191.11111i14Y11f115V15'19111 4114m9 -Inn-nliipm5 -npuDA 

biq f11iC1101,11gi151T11 11.11V151911 111Mitilii'DOM,' 100 iwn,i'mnIn iii11414filoDnih91.4 

37.881M11.71111Tfl 41V111115t11P11111111Q50tillA1091011113711Tn1111A19111111hflt1M11111110A11A1 

01111151 01111A16illalfi CH1.467  N0.004  00.515  UM: CH, „8  N0.,, 00.0„ 911t1tOrthtnitY101161J111.610 

'01 Ozlem Onay 	0.Mete Kockar 	 CH182 1\1007  

°0.16 

1.-MnTinfl'itlflg,'"g06114YWD11.01111wliitlin1111/111i'l'a0,19ScrmiiNSq14911111151/WD‘IfillJY191V1011 

111511,11111311A111-i111w1171.1ii''xIdD11511flV1111150q1111)131111111LIMITI141/1fDklYi'liiill5f118f11111i'mnanui 

Wil 
	 9, 	9,  

11514169inn15-altflav014111AltiTufinAllni5tNi111111711i1lAildal9fi'dqilifillItlAtTlilt6qU4'1,1 

thunail 4i'lc6114o19aoliiiitloovni5th'uillAquaird-aTufinufinet°411111141-rtAnAvi 



llIpmfrmi-Caugganiolauoum 

5.1 

5.1.1 Raf115=1tf151,t,'11A)-)Elti1101 TGA 11M11111/.111,61/1130t11=111111101t11&101111151tilf115 

Vrffltlif151e1111D1141Dtil1iqlT111149;11qill11113161111.91 300 - 3509C 11,"df 300 - 450°C A11141i1'11 

5.1.2 dill-ht,'111.113J1ITNA01115ttlai11711i-lilTV191116118D111,11hEJ111A1151140,fiV(111-3all qani 

iii5ITII51,flcivril 450°C 11111A014111flailficll 2.18 mm ttM,'&1511115114"011liV15191.41,Tilfl'IJ 50 mUmin 

Iqt1 fold Vfill-rfil9t:149J3111illaliilli1111111f1VI"Cfqiii?OtJD,' 38.22 1.11.4 01911414ffilllArillV(33Jf115 

1,1,0fl6c31101V1155n11014 15111111fiTiEllth'ql,1141111111lM,',114NSVIiitlIcificilVJW1101611 

	

5.1.3 	Vfill1f1/111,13J1t'Vflivi01115tilq111171.61')1111AITlfifilfliaflE1111/11511.4ttfirfirM119,511Y1f115 

11A1I51flidil 350°C tiflc,'&151{115111flIIIIV151,91.4rVilfill 50 mL/min 1UlJ fid dill')Vi19,1",1k1J31,11ill 

1.711171-1i'DITVIllliThqMiDEJM,' 36.30 4-mtviqNDtilAtifr3611111irdlAct_130f1110AL1J&I01111151 

	

5.1.4 	9-mni51f15-inInIcNirrivilotriS16110Ajiiicas-3DiminniSontuAgenlconliiirlSol4 

riviAltiltumfavrviiiiu 22.11 MJ/kg filfn11111fiqnfilt`Vilfill 2.071 cSt 81f1")111/111,4f15q (pH) 

Wilfilt 2.36 110f1W311J blrlildlailliu 70°C ViTtlVikliM1/11‘96GgallAIU011,7111711ih1111/19111f11f1t3J&I 

(J1111151iifilfflia014lYilfiull 37.76 MJ/kg 	 23.175 cSt f1-3111t`r114t1”1 (pH) 

11181_17.88 tFO`f.,1) 111111,1Aliifi161'11f111 87°C 41111Atilt11611111371A1511Miflidqb55insi;19siiogu 

	

5.1.5 	9itlf1151tf151t,'110A4115f101111D1YIVI 	1111-3111113:11,14hD11/4911161130f1111&01111151 

115t,101141tiaqinTlIgMfIlliInTolmiruoui'Dllflt,' 55.14 101. q519141000,' 6.74 I1liA5l911IOtinf 

0.24 	viT1-11111,71,AX111A1T1flf1111111&0111/1511J5a,'11DINIXJA'gri-mion j11111f161JDAfllietadfOtlilf, 

76.96 Igifl569Ili/Delflt,' 10.76 tIM,'Illi05tAlliatJD'f, 4.24 

5.2 61106C114061,142,' 

5.2.1 11137canincrriiN6o14 di1115t1K191111114WiiiTilflilltlailtflfli41541111111fM11 ;1019401 
9, ‘4,  

1,1111414ADIdlli'mh1q tu nirifioun15111111_1191IM1V151 

5.2.2 1101191i11,11171-iiiill'lliiNSVIINa') 11-1115n1-31,111156114filll (Charcoal) ltflf,111371(11'1.1 

(TAR) IrrIVINSal'ilIcY%'f14-1t1 



1.155i1r11-p153J 

VIIf1vab551.1fly. 2553. frnacniiiianctriminTlillinlocilrilllailff. 

If1511114-11,101111q511141fitticiiVI. flftg,11101filVIA VAT1d1f15a11111-11/10160. 

1,11-1icrIdt fli1060 U 1 401911 VITA. 2553. 1115FIZGlillillATO111q1tIfilf11116IVIThilllYt15,117141115 

Itunamovimf1113A614. 1f15,1111-11frIt15511ffldfli'iltuilo. 	 11111))101 AEJ 

tir1flitlia5195111fIff111t111. 

1151 tilt15qHfl U' Tail] If11111-dlit. 2552. 111514Glilliil-dihilligq1114ffill111110EMIZAJTIffill 

111151Dialtinnia. 14151111-611EHONIVaillcil'A. MIR„iiir10101rNli'  11/M1f15t111111111rIEH1tl. 

-I55ittiVrt,iisinytirp. 2552. 111E1111E11491114. fIlla111111111.4f151: t15,115THAIA11114. 

FJVItifil.4f111ItM14V111419f1f115011115'hi. 2550. "1114iiilderninia.1"Vitillildr055at -M1111fifiV1 

1111151/101a0t111.491501Mli'. 

t'1:g1v111 011-11-4111i'. 2552. f115H&111.11000E1Aq1D1)'11C11.111111GIffill511^1151difftWIldil. 1f1511114 

9111tTlffiV1511111ctlilli41. 	 111-1d1115a11111)1flefl0. 

qvrivc 1JfU11111. 2546. 11a1.111A11110: 	 ailT111114111-1110119:1-irfihMtillf115'gti. 

Basak Burcu Uzun, Esin Apaydin-Varol, Funda Ates, Nurgul Ozbay and Ayse Eyse Eern Putun. 2009. 

"Synthetic fuel production from tea waste: Characterization of bio-oil and bio-char" Journal of 

Fuel. (September): 176-184. 

Boateng A.A., Jung H.G. and Adler P.R. 2006. "Pyrolysis of energy crops including alfalfa stems, 

reed canarygrass" Journal of Fuel. 85: 2450-2457. 

Bridgewater, A.V. and Bridge, S.A. 1991. "In Biomass Pyrolysis Liquids Upgrading and 

Utilization" Elsevier Applied Science. 11. 

Hyun Ju Park, Jong-In Dong, Jong-Ki Jeon, Young-Kwon Park, Kyung-Seun Yoo, Seung-Soo Kimd, 

Jinsoo Kirne and Seungdo Kimf. 2007. "Effects of the operating parameters on the production 

of bio-oil in the fast pyrolysis of Japanese larch" Journal of Chemical Engineering. 

(December): 124-132. 
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,filf11.114-1f) fl 

flarflirld111-1111,1f115Na91d11114111111/Tlflt1J0f11310E1-111115 1 

A 	c, 
0151,911 11.1 DA5 11115 111M011,16d11,1L15/n41/1 50 mL/min 1/M.',111,1N101.,lifl 2.18 mm 

605 1f115111W1101 1,11111-1111,4 1l 1,411111¶-3f1111 find 
qtutifcgi (°C) 

1111051AI-1 (mL/min) (wt %) (wt %) (wt 

300 50 17.34 18.22 30.62 

350 50 15.93 31.26 24.26 

400 50 11.22 31.58 25.24 

450 50 6.59 38.22 18.93 

0111,911 11.2 0915 1f115 111W1101116V111-1IMI11.41/1 100 mL/min41MA141G10111-1111 2.18 mm 

6A1 11111 111M101 	1.41111,1111-M 	141111111f1f1111 	f1114 
qftaisA (°C) 	

1111011n! (mL/min) 	(wt 	 (wt %) 	(wt )̀/0) 

300 100 10.07 32.51 29.97 

350 100 10.28 33.60 28.55 

400 100 10.75 32.42 22.97 

450 100 10.83 36.69 25.93 

G1151.991 11.3 0915 1f111 111W11011,Lfid11.410511411 200 mUmin tint,"111-1N101.01f1 2.18 mm 

o11f111111fl1101 141)J1414lHl 	4 1,111J1-491-3 f1111 
qtiatou ll (°C) 

11.41A1M-1 (mL/min) (wt %) (wt %) (wt %) 

300 200 11.67 30.00 31.81 

350 200 13.38 32.87 28.93 

400 200 11.17 30.41 26.75 

450 200 11.35 27.23 25.76 
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9111139l 11.4 filfrinli'MaD11413J1495')/111^11111141A011111f1 2.18 mm 6V1511115111MffiltthILIIMIA141/1 

50 mL/min 

qam31 (°C) 	 fi1f1'311.1i'D11 (MJ/kg) 

300 
	

20.07 

350 
	

30.70 

400 
	

25.88 

450 
	

22.11 

fl151111111VIII1'h',11.41115NSM11371.111-11111/n1f1111f111JE11111151 

c1111399 11.5 6V151f1151,11M1D1tAVIVIIMMATI 50 mL/min 

0., 
6591511115111161JD3 	1.11JJ1-111111g 	14111119n11111 	11111 

qt1111071(°C) 
tO5tTIA (mL/min) 	(wt 	 (wt %) 	(wt 

300 	 50 	 17.47 	30.21 	 23.46 

350 	 50 	 18.15 	 36.3 	 20.90 

400 	 50 	 16.4 	 31.95 	 19.57 

450 	 50 	 17.48 	34.35 	 20.14 

9., 
0111T11 11.6 aq5111151,11fl 61101tttiff11-11915M411 100 mL/min 

9'  605115114 W IJOA 	111111-11 11A 	11 11 	 1J711A-1,11111 	11114 
11iu11J131 (°C) 	, 

M tA5.,1 (mL/min) 	(wt %) 	(wt %) 	(wt %) 

300 	 100 	 20.69 	27.80 	22.08 

350 	 100 	 20.43 	30.66 	21.45 

400 	 100 	 16.9 	31.78 	20.33 

450 	 100 	 14.15 	30.56 	20.07 
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4 	0, 
0111All 11.7 OV11t11511)M11010,6V11,1,1IMIAVITI 200 mL/min 

6A5it-115111M101 
g' 	 g' 0, A 

141111.1111A0 	1-111JWInflIVI 
qttnmii (°C) 

1V151A11 (mL/min) (wt (wt (wt %) 

300 200 19.81 31.11 22.69 

350 200 16.05 31.84 21.02 

400 200 16.02 31.07 20.41 

450 200 16.74 31.98 20.27 

A 
0111111 n.8 filf1T11.15D1491011711ihallT111 YIDAYln151VidGUNIANVNIA5tV1.4111 50mL/min 

(°C) 	 (MJ/kg) 

300 38.33 

350 37.76 

400 36.79 

450 37.88 



fi1f1F111111 

n156-nnal 

1115611410M1111MIGIVITIIMG112114 ASTM D 445 

41111151115111W)1111111fl 

ri= Dktaverage 

11 
	

flT1111113fl 61101415 111110 N.s.m 
-2  

k 

average 

= filfITAT019:11t-15tIff115iqfjfil 8x10-9 m2.s-2  

= rdDlt9ja/11?1-1519111-1f1151,f1A'01.-Viri 11(i10'11 263 sec 

D = W111111111111,411101415111:1-10 D = 11  
771' 11 

M = WM/101411 111111T11117114151_131J1A5 lmL 414-301fli401i1 4 

141.:FA kg 

V = 1.13u1n56uolvf -1411-111_14.1 1111'0 m3  

ci)ocillfilliim 

tri 9,61 

	

1,11111'1111011,11111-11f1D1T1119S1 tfl1-11_151J105 1 mL 	0.0011585 kg 

1110 1111111-11111h11101111171-lih11111 T1114,  V15 D= — 
V 

	

0,0°1583 kg 	kg 
D= 	 - 1585.5 — 

	

10 b m2 	m 

111111 D 	 11.1 

= 1158.5x8x10 9x 263 

kg 

	

= 0.0024 	 

N,s 

	

— 0.0024 	 
j71- 2  

(6u.1) 



1111N111-11fitittl Centistokes 

trvalfil 

— 

o.0024 	 c riy2  v  	 = 2.071 x 10-u 
115 2.5 

1 CSt -= 10 
-
6 111 

(6u .2) 

45 

= 2.071 X. 10-6 m2  

= 2.071 cSt 

iiminntutrollugmnoti-aurualctilifirihniriqmciBonlammrmi 

0111T11 91.1 ni5filintilvnlinDipotillinolculaiwnfrawntiThontlijullyrn1 

biq (wt maiumip(mw) ilifl (molar) 

C 55.14 12 4.595 

H 6.74 1 6.740 

N 0.24 14 0.017 

0* 37.88 16 2.367 

*t1.101T1tIfil 0 1111,41/1111151f1512;111J1fil 0 17.11141J191f111154111-lill 6111 ii0111d1 wt% 6110A -1 9  C H 

=4,19,2,1 
N 1115-11161,1 T;',14 62.12 wt%111NM -l1161101551q C H N17/1V1111M1fill 100 wt% 	0 Y1 lflf10 

37.88 011&106111141115111I1M10,1 C (11.1-dellD1 C = 55.14/12 	 Cv7vlJGlltlllfly 4.595 

molar) 
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G1111A91 6U.2 Molar ration 1101DAti115-f1D1111-11,11171) ihITTIAI111t113D1113A10111A1151 

Aflir'11-161101V191 molar ration 

H/C 1.467 

0/C 0.515 

N/C 0.004 

1115111d) Molar ration)1114IMI1I1T01101 H1115N-10)1M101 C (6.740/4.595) Tf,111111114fil 1.467 

l'''fl?i`11-1611D1 0/C t/M.' N/C 11-11. 614.61entilifil H/C $1WWV,,1715ILIMfratill,ilt111011111711ihilTV140 

CH, 467 N00, 0,51, 

nilliltrollutaf),DochAiltY1104111111,61141111q1AffingliantllAIT151 

G1111.911 611.3 illATITH11105I1JtOfT00611,i1011011.11311)15-1/111AN111111fltaq01,11/1151 

tiq (wt %) (MW) 13.1 i (molar) 

C 76.96 12 6.413 

H 10.76 1 10.760 

N 4.24 14 0.303 

0* 8.04 16 0.503 

0111591 11.4 Molar ration 9101D34115n10111111-11111.4111M1NT1ilf11fltAlt1111A1151 

61 v11111101 5i 1p-1 Molar ration 

H/C 1.678 

0/C 0.078 

N/C 0.047 

1115111d1 Molar ration 11114IAFT)11I1TOGUal H11154'1011.1"d1101 C (10.760/6.413) Tt1711111"14fil 1.678 
2 	 !

hit 
 

-1111101 0/C 0. 	N/C 11111416411611fil H/C fl11.11445IJtfrOtill101101111 
 
1.119f1f1TVA0fl  

CH167,1\10,47  00  078 



cillf1r41,11f1 

tnteAfioltn5-mi4 

f1.1 11111M11,14f1-3111`11116U0,91-iliA4 011.13.11c11211-1 ASTM D 445 

f1i1111111flgO imurroltilfnmEnnvi3o.ii811-11115fri9JD1611Mati1114111fV111150111"011114IM6-) 

110137141.03 	tlf 1 ill101111MOOD11517flill iiqad11,9311riltild TflOV111111,M111140tillfitmitni3A-) 

t51W,'Ir'ilTaltilM9511q115flil.M-311111i3q41113011'00villd 

9517milffOlilf1'311J14111q1 isll.:191[441D1911It-Mitiwv-faiorillfiu 	fl'311JVi9dq 4afniurr11115f111A 

f1154111111111-15 11'9'011010'M )1qkflT1111111MJ1MfilWillid11115011-11115allaillf1151114flql 	11,11W) 

lqiricif1T11.111i1Wll'Ont,111")11Jd111150114f11541111111.1111511,M41 AIllf111).1141fl'UO11111111145'lf1101f.10 

"Viscometer" ildJun-niurmAGuolma-) -nntvall (1511714) blarimpimptic16- mall 

fld 	
fiq vGi 

quavyV1111111n1 Viscometer of t141115111f1'111111fiaiDy:11ffIEM,'IJIJA061-1 

-  Saybolt Universal Viscometer 31111:11E4111 "SUS" 41t101.1101t1 Saybolt Universal Second 1130 

Saybolt Furol Viscometer illIct-hallt "SFS" E101.1191f1 Saybolt Furol Second 11001111A 

-  Redwood Viscometer 	 "Rw" ilMJ1411-1n1511501t111115 

- Engler Viscometer 	 "E"17101.11401.411bAttMEP51] 

- Kinematic Viscometer 31111.41 All "cSt" 

fl11711,11711iflf114111fl114115n1lAitnfiliiia Kinematic Viscometer (cSt) ttdadill5tiom 

fIV111J15f1611tlUf161111641111Utmfgurr5-j1'J1r4 4111115 1.4 	IOU11f1el 

11511,111 -11M 

Ti'075-noaoq 

1d1111371A"Atillid114 Viscometer '1'-lEJ1J31J -1c15iiittilIDTHIllVIJIANtidtlf[4161101Viscometer i1191 

111111ttill-1 Viscometer Bath tlifltl'Llf1F11911,701tht3J1ill 30 min !AX-31Jthltilkt1137149i1061111DDtill 
A 

Off5ftlltJ14.1,5141t1WUD1ThflriTtan0qttfilAll lqtJtiWiltWitIJO-011.41JVI (Head Level) 11011I-13Itt 

6'14.1A11"MtilVai_It')D1V10,5t1 (Start Mark) ttftflIVIt/laill ``'lit-M110itVfOl (Stop Mark) 1.11t701`114  

Ullilfltahtlfilfili111101 Viscometer (Viscometer constant) filill4i30 Kinematic Viscometer 

t91Ut~1fUGl~lG15f1 (cSt) 



48 

• 	 qiinsai'n35- 9/► Rdel 

1. Viscometers c
A  

11
d

1 1-1VMD011,t11ffi l 	
A

1 
 
051tV(Dit11111flaOltAl  (Calibrated Glass Capillary) 

tI,M-V111115t1111f111111.111116114Allfir16-1111,1q 

2. Viscometer Holder 1
A  

ffl3T15a1 Viscometer 1 3 ad1utrw-A
,  
lummdltat-rutunvolauficiow

A  

linfl15 Calibrate 

3. Viscometer Thermostat and Bath lfuolnia-rnrranwtholeiml4umlii'llt)5knovvivamn9:1, 
9, 

Viscometer 11,4'0'-nliTiriffla7144"JOrillDtil113f18d111100 20 mm 91flh')1_114611D161101,11,1D") 

20mm 91f1fic0101 Bath tta`dIalfinlq119,f1,1110111114106 P̀IWIA1-01flIlit614 0.02°C (0.04 °F) 

4. 1,111,1111.1r1"01t1111f1")1119,f1A111,I11159JVM-113iAlfrilfDElOt: 0.07 116491f1M1FiThIcd 15 min 

f1.2 11151f151V1410111J1T13.11C15g114 ASTM D 92 

Tirrn- nonaq 

1. rirl9i')otillallu 

2. -31A6T161101(1130‘11.40dA51fidlltif11.41111fnlIJTOTI 

3. If1,11,1i131611016-H1110A114301 ttnt,'6'10E)111.11f1114010y:31 56°C klfl'ilrlfINVVIi16110,11MTIJIIAI 

4. 11A15tili-lamINT4d-3E1T1011111301111rahOtill11,11(-1f1T111M,T1AtiM'ali-datilllrifl111.46TJ 

1/181043011111j 

5. Id1A1010-1111111I'MAIOlvi-10tilAh'11111'16"-JatilAAHT)altJilgIlT(Theill'6'14ili t111.11tVIIJ 

6. 11,1f156.1' il;i111010, 11NV11100011/11111'd,T, W106111-1112.106itnfit4fi011111d111111.4filt1Y1010130,1 !Ma; 

9,f11411,1iilliW3561,1 56°C infrillflf11M1-51p1-111111A1 

7. tlia'Arl 1ii"1.1111-11A 3.2 fl4 4.8 mm 40W155til e1tillIUM11^1h15n1-i11f1151/1qVfM1 

Cilfldi914 Heating regulator 

8. IiiLtii1J6A5W1T11Ji01,41119i11141,13,1113A1.1 14-17°C/min1511q11M
,  
9j11111iJ101)0tillil  560

C 911 

fl i1vl~lf mvi i1 

9. 1:#11111401AIX1119 1°C 14f1T13.1f111111,1f115PillAtITHIJOItliltrd'allY1 6.00±0.039 11111TW,31_1"0111A1 

OcitilTlildit3101611301 2 mml971,-M1111f115itlfl t1iWl IYJ 1±0.1 

10. flA qt1111i1il' 28°C riOlitilVf1N111i1V1-111J11^1113(5i,1 10111171.1115,41,1111IMItiT11/01(11301 

11. f156,itlifflA10111016-m6uolniSuArialJalvniul.r111101-451111151rIqff011 

12. 6111,11A9101ttla -1101 kollaM111J1915V1,4 ASTM f11111-6111^15ItTANM(11111NWUNT1411,ilirlii051 

W13.1f1'111.Wialf115 
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13. '61111f111'1101115111011Alifitii0V1-311J11A1 Tt51,11,-1 Blue halo 411'fifl41,1i1V11011W11111rni'10d11111 

clitranqtumjad-n4119-inrnoiluiitooi' tld naliivNt-wamprmilrl 

14. 11-611fltrilW1S-314N main switch 1,1M,9iq gas supply t110f1'11JJ1JdOgilE1 5n1cpTqurrujii1146-18 

11D11110D1flOinfl'il 60°C fi01411-11115Thltf1101 ki4-3111t1-1011011,140111.1filt1-111JVItOlq 

f1.3 	0A11,f111V1441A111,111014 (Calorimeter) Inviltna ASTM D 2015 

naiin779717417.1 

1P4 -Wic-30tillirl4D1f1159Lf151211fl1t11a1155111f11f11111ff0OfITS691-1 	f1-111.11'ouiltfiMilta-innl5trnlini 

Dithumni 	 filfrinifauflnratul.4t-InNmjamalmiLumndilliol 

quatigigi (riouttmli611A5f,b1lq) hfilt-nuamnmi'OUTDltfllDlttfMOTiltADA1V111491f1t115tNl 

f1M111-11956f1 (Benzoic acid) 

2. f150111109i6f1 (C6H,COOH) 

3. t1,11100D15TO (Methyl Orange)11.1171ffilfl (Methyl Red) 113D111171D11/1Dad (Methyl Purple) 

4. Lifid0Dflif'191-1 W-3-13Juirongf 	99.5 

5. V115M",0101.11A51110,1a01Jf11iCIJOIM1VI f1"111.1141.141,1 0.0709 uai'ITo (3.76 fli)Jd'OSA5) 
9, 	 o 

6. 11Th111103.11dtal'it1V115"0','fflt111.1171fl00151-1DIJA'l 1 1MdM1511,11)111M1 1 1 15 

fmnpoo4 

1. iln5qtuviqs6n1J5,Intli 1 fl511 11,Tilf1"1111fln`dt1q61 0.0001 fli'1,1 lerillf1-101ri6'10ti11611D1tfli101 
39' 

2. 6""Ofl -10 (Fuse Wire)11-111,10111J5nTlill 101911,1'611N15 rplifflt1111VM14111101&11-1105ttijAlcXMA 

1101-41-a10d1111.1f1"10 

3. 41111101111J01.11f14=0104'101111161d t1W,1",1 '11111flaw111,11JOIJ11"  1 il'OSSVI5 

4.1.15f1011110111i1Thr11111111j14 6flt1f1VIODflGihq1111f1-111Jkll 30 1155t11111f111,'4Dltlii161411fItl5l 

52,-510ti11116'10d11115n109111f1-101ia-latill 

5 111110111A6MtfirMafIcit91111,4-1-311fl111-1611111.15llqildliflij 

6. tF111111f161,M111,461111111JT1112114i117111W;',1.11fli 2000 1:iSSV15 

qt-inifIfinlcilttft6itrilquaty:liiil'aiihnJlill 1-2 0,111119101iftra 

7. 17'11,1 5 11111 WP113(qt-ithOlfiAiii 
— A 	 , 

8. tIJOqi1114S-111f1111 11111111t11149J1114.illlt511M1 (F,) flAi1115f,tilA 
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9. jilt-WT-11 1 Mil T1-1115t.,17110,t11111-1)Jf11Y111141/1111.9J1-49,i1d1Mu iiqflifir_l (Td 

10. ilfl6f11016MV1111101Y11'00f1T1fltflID1 f10V1 	61/11011,61111111,13.0tN11113J ubillIN1113( 

1111111i 

11. &iliviollnioucticirri-3144-)tnii&nuainli'ritviioul-1 wummn-mtilun5quaaillEano5 

1.15,'AT1i1.! 250 rmasq5 unvi501.414-114-3E1V115M''fl1MJ191531141951AnfiliCIJOIllidAiminiElno51114 

12. i8fl'I11.lti1in-Ni/1111130 9.711ViflNfl 

ni5finnui 

RFIg -4 el  4- 

	

E = 	  
T 

E = -i -Ifl711,11f1T13.1i'01.111011fllnittfiaoiiitvioil (?pia0lffiVIMtitiVO 

H = 

g = 	 5414 (n53.) 

=1.131.11o5d15aa-mithrlowno (1JaSSo1) 'I 10 1 iiflSamtilouriu 10 

e, = f1113,101-3MOili tlfla11131 (19i1-Ig61105) x filf1")11.1ijaln101fl'M (1197100V111.1A1J05) 

T = Tf-T, 	 (01111t9Male1r0 

iiilf115111W0011,113101-1fl'I fldTAJTV111115ff115A1Will0 1-12 iltillM;01.-fflflf15flt1J1-dicliOfalld 

9'  -JOEilltqf 1 	01.1AISlttAfill.41Wfilf1TIlliV1-114111dllf115dOlcd11 

[(TE)—e1 — e2  — e3]  
Q., (gross) = 

g 

61411 

Q jgross) = filf111/JTD1-16110AtiOtlAIS1 

T = Tf-T, (0101691fl64itIV) 

e1 =11311105V115MAlOcillflAtV110 (iSSV11) I80 1 17ASSVI5t11011611 10 filly 

e2 = MMUTM-MilirtNAVill (VI1IA61J15) x filfrinADWUDAWM(ficriy,ViONSIAM915) 
5i9 

e3 = 25x103  (p) x 	 xtillrafla0Mt111(Itlf (f1)1J) 
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f1.4 !fita3lf111f14E1c1f1141.1014 101011g14 IIM,',111911tglt (Elemental Analyzer) molina ASTM D 

5291 

vitivfi 

fil55tf151`,'7ff115IJOLI Idifl51,914 UM‘,'114L-15fflt 11-40trIaltteitAA0 Elemental Analyzer tfithT15 

If151n-fir11A ultimate analysis 	441M-1116f11115"itf151,441111 gravimetric combustion analysis 

IflEM15111111,139.1d151401r1S1111i-AtilAiiViiiivivafik-mwmfmArptiiollIdi5rmeNT-altittrvr 

frii'voul000nlcis 	ttatutivrIcuimm,1 ois'ATiqimAlono-oDnIc.niirittle114 

1,141000nlilluni5tHit=n151FrA) riauf1151HIJVD1MtbrIAIVV11113111q5 f1T1141.4 

3.11A5111,610--)fill11-.011951.1ffIT11111115V1V1110,fiff tIA'AAtt0fIttfTeN1-111 selective retention time tciftA16'9J 

6714110511005691.4 f115̀1101-1 `600t11Gn1 ttflnilq134a1.1 4-)0f106111100flirIllif151.11illf151rIttfln,i1 

Tilllill'al5I00V1111171611115111f1113)0114')Otf640A0516qUIJ11 TCD (thermal conductivity detector) 

911vramottrrqlfill4o5lehruillmilmrimatii14ilini5outilenimq5211.4 

n35- n000l 

luni5'itfnifil6"--latii.rdimarthlrlill 2 iThStli'lMa-1111J551114ttflliciphltIttflV)11191-)1‘111-15fili 

ri1.16")0till541.-ai"lflidutaf.t:1111.1111]-)11-0119.4 reaction chamber filloonTstvtanntilucvociqtla4 

115`.',111fil 990 °C ci9;390 -1%',1i1M,(fci'Vfd14 I 5-1/1V21Attlflf11il. U01,1110`00f119S64111111ttlITADOtIcTftTLIIJ111t1114 

IAIDUM'- nt100011631, 0illiq04111patiJA0e111-11116,1W06111AUMildtV1141A5001119S6'  

CO,, H2O ttc1 NO„ 5-7171!15 0, iitil111^V0d1UHSVINfl cism ilviarim silica tube 

cii115511')0N1ID1111(10566A5 (copper granules) ctiAl_litlflifi%tijIt11111fil 500 °C cilA 02  fltlISfit911111ttlft 

ft111-9-1' 	 N, 1f111'0019i.1)100'1.111g1Vii'IJIJ SO, tt0tAtfTrftglfl4"  finiciittfcia 

Nroa .,-cirroniquttriv`6Cdtalilri chamber cIfY)W13J1J311-1q5ttaff1T1116'0. tktl,f1M11111Jt,i11.1f11500f1 

41EM.̀ ',1111 zone chromatography ill t',-,'11fittlilllt1400113J-1114,11_141-111"Itlfi (staircase) f1-311.1q11101 

9)  9711171111MnithrILliq02516111131flitill0‘1601)Mill TlfjfItttit100f11.11 V1V113J1501111J31J1i111Mq061011 

fillV1151TN15211,1 IA0i1 detection limit Amiuti5fifrisivr15vT'Jatill 2-3 1J 1 f151J 417;115,1.11t-11 0.05 w% 

(-500 ppm) If tlilf1-111ThfilfittlA014115f,111fli +0.02 w% 

fi.5 Thermo gravimetric Analysis (TGA) 

TGA t_lUtc1/1 f111flillf)tf15-ff,11)1-11)Jra6051101-5qIWIIDIAllf,1"10S(IJOiADVi'llf111/JT00IA0f115-5A 
v 

1f1111,1-116U0AWIT0t11001401lfl111)0,d'OnhATIrVif,131W)0tf150‘1931111.H1')"13.111q1 

1115)t051filf115t11fl01Ittlifl1Vr111116UMVIV
A

I t
A
l OTB

v  
OAfilmw,qintf"Vl "05,0-10'UO41  01100000 
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(crystallization) 61-11411.Miflf11511AM-111A1V1 f1151111n61-rwolivrq (decomposition) ilflillf115f1M*1301 

00fl'illq9TIJITM.,/i1971-1 1130 Ti 	 (stoichiometry)11-1f115IMT.',1;a")Dtill 1')Dti149v11f) 

Tilula-nnwmtAn 411, 4ouviutiutntolGiADn'hoEviiifiT1il-wion15rd&nAtnid14,1 

lutoifirnuinfnuquqtumIliuwAmtninff14 1155011-11M11011.401.1'fluut'irAou 	11.4105df1-1 

113althi1131f17116011'J 6911 alnl 1421D 00fliff1J 

Iqt11511111f111.1110114)IliiMilififil55n1,10 f115EiDEMMtl 1130f115 

l6011hiiit1191111 
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