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ABSTRACT  

TITLE THE USE OF PLASTIC WASTE OIL WITH GASOLINE ENGINE 

BY RONNASAK WIWATPREECHANON 

DEGREE MASTER OF ENGINEERING 

MAJOR MECHANICAL ENGINEERING 

CHAIR ASST. PROF. ADUN JUNYALERTADUN, Ph.D. 

KEYWORDS  WASTE OIL I GASOLINE ENGINE I ENGINE PERFORMANCE I 

POLLUTANTS 

TIris research focused on the characterization of oil from pyrolysis of plastic wastes 

and the utilization of oil with gasoline engine. The oil was obtained from the pyrolysis of cleaned 

and dried plastic wastes at the temperature around 420°C. Then the oil was fractional distilled at 

temperature between 65 - 170 °C. The fractional oil was then mixed with gasoline 91 at the ratios 

of 100:0, 75:25, 50:50, 25:75 and 0:100 percent, respectively. The oil properties examined in 

study include density, octane number, heat value, vapor pressure, distilling temperature, sulfur 

content and water erosion. It was found that the properties ofthe blended oil were closed to those 

ofgasoline 91. These properties meet the petrol standards announced by the Department ofEnergy 

Business. It was also observed that the oil properties were slightly affected by varying the ratio of 

pyrolysis oil and gasoline 91. The mixture of pyrolysis oil and gasoline 91 was then tested with 

the one-cylinder gasoline engine. The examined parameters include the performance of the engine, 

horsepower, torque, brake and specific fuel consumption. Moreover, the amount of carbon 

monoxide (CO) and hydrocarbon (HC) emitted along with the exhaustion were also analyzed. 

The results showed that pure and mixed oil from plastic wastes yielded the torque and horsepower 

higher than those of gasoline 91 by 2 - 7% at all rotational speeds. In addition, it tended to be 

in the same direction when changing the engine speed. It was also found that the engine 

was smoothly running and working well when starting. Furthermore, there was no indication of 

an engine stumble. Specific fuel consumption of mixed oil was lower than that of gasoline 91 



by 5% at all rotational speeds. The air pollutants emitted from the exhaustion of all types of tested 

fuel did not exceed the standards set by government agencies. 
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A "'" ... A' '" • AI .... a'! '" l!VO '" • A " IfI'jtl.:JVU9I 2 U'I11::: f1tl fll'j lJl1 11 
GoI I o. ..  d , .,

4 
.. .. ...... 

2.1.2 

..., ... 
W GoI •  I4  

2.1.2.2  (compresslOn stroke) lJJtI\lfl\Tll rllU,fltf\.Wfllll.:JflltJ1J'U 
'" ....,f , d !:'t .r "I d... !:'t • "I '" ...... i ild. r=(top dead center) 1 au t1f1,:alJfllIU LtlViHI:::\lfltlfl911 l1JJlJ'jJJl91'j 

U't1V1I.:J'til1 \T.:J 
Q! .oCl 4.., 0 Ilol  .. A 

2.1.2.3 'I1'jmH'I11:::fllll.:J (Power stroke) \lfl\T1JLatlWU'U 
. '"I" ,...... d iI ... '" Ii) ••1 ",!Vii) "' ....1 111l'VItJ'U\)::,fllJ'j::fllr.J m 'VI1 11 

"I iI I d J.... ... .. IV d....j "I ild .., 
"lfl L 11 JJ t1tJl.:J'j1f11 nllJU fllUWJJLlHflUUlI::f2iUl1 1,JJJ fllll.:J.:Jl'U'VIlflfl 'U'W lfl flll L l11Jfl :fI'U 

\lfl\T1J UH 
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... "" 4/ 2.1.2.4 (exhaust stroke) LO 

... ".I 1 ... " ... ....,...'tI'U LeLfI'V eLfI'tl60fl 
l..r" ...... , 4.1' .... 

LOlfl'V UHfI'U 
o d • .r .::I" <I. • ... 

flll 'YIH1'U 1 'U fI 'YIlflHHVU fI'YI H1'U flO 
Q,I QI QI 1 4 gl Q.I oCt I 'Itl ' ..rQI GI QI

L 

fll nil-31'U 

, It 
....-- ... U 0 U 

2.2 (Gasoline Oil) 

(Gasoline) .... fl-cr'U 

J1Jj'UAU1'U ll-3fl-cr'U 1 'UmllJiifll'Iflri''U 

....fil-3' (Naphtha), Isomerate, 

Refonnate (Additives) 1';'U MTBE (Methyl Tertiary Butyl Ether) 10'YI1'Uoa 

A 1 !II A... " <I......... tI 1 1 '" llJ'UfI'U 1.... 0 'Hl'H fl'lJUflfll'I 'If'\.JfI fI''Ufl1 flltl 'U fltllJ 

(Spark Ignition Internal Combustion Engine) fl11lJfI'llJ1Hll'Ufll'I 
, ... !II ... !II lit. I I ,"

l V'U1lJ'UfI tH .... eL'HlJ 1:: flUfll'I lN1 L'HlJ ! lJOtlHfI'lJ1lfl'lJOflOl'U0-3 

It 
U 0 U • 

2.2.1 (Evaporation rate) 

6f1 'Ilfll 'I 'I 1'H V"O-3J1Jj'ULU'\.JCH'U1fJ'UflW ffl f1t)I,.... 'n:: J 11T'ULU'U ti'U 

@J Vfl11 
,.::I tI .4 I 4 d 91 at tt 

Front-End 1'UflaH L'IlJfl11 Mid-Fill 'H'IO Mid-Range ''IlJfl11 
QI f cw .c::t QI 01 t/,., 0 ,eM t/,., A.. 

Back-End 6 fI'I 1fll'I 'I:: ''H lJ'U 11l'Ullfl111lfl'1l ....'U1) fl'Ufll 'I 'YI 1-31'U"6-31flj tj.:JlJ'U fI fI-3'U flO 



8 

(Initial Boiling Point) 10% (10% Evaporation) \1:: 

U fl'f1>3fJtufll'vnf 11i''U llJ'U;'U ff1'U 'I::Ll1 'H 11tl1 O>3tJ'U \1:: 11en 'U 

4 ... J.... ... d I... '_11 .'4 1 '1 .. 1u111'UllJ'UC)f'Ul1'I::Ll1m1tJ1fl'U lJ 'UlJll 'Ul10 'Utl1'I1,J1'I1flO'I 'H'IO 'U'I::lJlJ 

Ufll1J'U;'U J 11i''U \1::1"'1'111'U 'lf0>31f11' 'H l11fotJ 1fl'Uff1'UflfI'lllJH 1111,r fi1a>3flfl'H;01tl1 O>3tJ'U 

fi'1J,tf 1flfl'ri0>301fl1fffl1tJl'U (Vapor Lock) 

50% \1::UfI'fl>3fJtufl1'WJ11i''Ul1J'U;'U ff1'U 1'U fl1l1>3 11f1'l1J1Hl 

nO'UflfI'llOlJ O1fl1ffl'U trfl'I 1ff1'U 'W 0Ll1111:: fl'1111'I 1fl1 0>3 (Wann Up) Ull::t1 >31fl1 0>3 tJlJ 
.. r.... ... I d " .It :'1 • d, 7119'119'109'1 90% \1::Ufl'f1>3fJtufl1'W'U 111'Ul1J'UC)f'U fl'1'U l1'I::: I'H tJ'V1 C)f>31lJ'UfI'1'Ul1 'H 

.... .... 4 • 1" 1 ..." ·2 ... ... '_1 d ...."f'Wll>3>31'U fl1Jltl'I O>3tJ'U flUll::'V1t1 'H 'I a 'V'U111'Ul1J'UC)f'U 'U OtJ Uflm1f1"tofl >3lO'U lJ flO 1\llOfIlJqJ'H 1 

J11i''Ul1J'U;'U ,,jlf11 'mf '111,011'UOlJJ11i''Ulfl1tH 1111'lfJ11i''Ulfl1m 1 fI' 

Ull:aitollfJ tufl1'W111 
... 71 2 • ... ... 0 ... 

19'1 19'1 0 9'1 'qfll11tJ (Final Boiling Point) \l1fl1>3\1lfl1fl1f10V'l 90010 1O'U 35 C O1\1lflfl 
... _"f 2 4 2 .It.l ....... , 1 tl"lllJfl::flO'U 'H"l OlJty'H tl1111fl'::01f1'U0>31tl"l C)f>3'U'U fltJ ''If'U f1'U 0>3 I!J f1"lfl1"llJO'U 

' .... rill'" tl 'U fl'1'U 'H 'U fl'U O>3'U l11'UllJ'UC)f'U 'U 'U 
,

2.2.2 "188m"," (Octane Number) 
• 4 QI.d QlQJI d r GI Q 

fllOOfl1l1'U flO fl111l'Ul1UfI'f1>3fJW fl'll lJflfl1'U l11 'U f11 'j 'U Ofl 'Uo 111'U'lJ lJ C)f'U 
.It 1 4 ...d, • d , r.......... 2 .1C)f>3 'U1tl'I 0>3 tJ'U lJ ll'U Ofl 111'Ul1J'UC)f'U \1::; \l fl1fl 'I ::llJfl 'I::fl1 tJ 

'11\1lm11antJ'U 9lfl,...hlll::1flflU'U1''ri (Flame Font) 
... .1" 4)! ... d ... d.l 

1 9'1 "l::1lJ9'1 'U'U 9'l1tJfl'UlO>3 (Self Ignition) \1lflfl11111 0'UUll::fl1111fllJ fl\1::lflflO1flU'UOfl'U'U 

a' tW'U OVHi9'l1 \l'U'Utu::1 i 'H;Olrl 01tl1 0>311H1lJ 'H'UflNfl11fl9l 
, ...... .I 

1'ti''U lJ"lnlfl'Uo>3'H'Ufl'H 'I0"l a'UlJl'Ul 
dOl 71 4 0 .... .do.l .! II.! 

fl1'I 'U Otll11 'H 1tl'I O>3t1'U lWll'U lJ U ll:: 'ti''U ff1'U 1'VlJ lllJ Ull:: \Jfl\JtJ 
)!... ,2" ... d .4

Uflfll 11lfl'tJ'HltJ '1 
..... " d.f....... .... :'1 '" ,,,... I u l11lJllJlJ C)f'U 1flLlJ'Ufl 'JLll'U 9'1 l'Itlfl11 OOflll1lJ 

.... A ... .It .Id .... I.... , 311 (Compression Ratio) fl 

un'11m tllJlntllJf11"li10tlfllJJl1ilJ 1J1fl"l J1lJffl'I1 i'lJlm tJ1JlntJlJ , {) lC)f 
.It ... • 1 .... "I .It ... I 

OOfl1l1lJ (Iso Octane) C)fUJfl100flll1lJLl11fllJ 100 Ull::;'UO"llJOllHl''YilYllJ (n-Heptane) C)f.:jlJfll 

OOfl1l1'Ul't"OlJ 0 i10thwM'U 90 . 
Iso Octane 90% OlJ n-Heptane 10% 

(lfltlmlJlm) 
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.1 01. tI 
.tll"YI 1.3 fl1'n9191Lfl'HlUJ'lJ911J191'JJ1'IJ CFR 

..., I  "'" '1' ..., - ell1.1.3  1J8Q"1!Jfl'U 3 11 A8 

-"'111191 91V 'v A" '" '" '" "2.2.3.1 CFRF-1 191Yl'Hl1JLflH)-IIV'lJ91 600 'J01.1 
I... ...-. t '" .1 09l0'IJ1'Vl m'1::f.2Wl1lJll LO'IJ11l'IJNffll9111J'J::1l1W 125 F (Research Octane Nwnber = RON) 

- '" 1 'v A " . <V '" '" "2.2.3.2 11191  91V 'tfLfl'JO-llV'lJ911l191'JJ1'IJ CFR F-2 11'1'Vl'J01.1Lfl'iO-llV'lJ91t{-II 900 
II • 

(Motor Octane Number = MON) 
-"'1,51 """",..I2.2.3.3 11191  91V (Road Octane Number =RON) 

I  I 

fll00nL'Vl'IJ RON t{-IIfl11 MON 
'" 1 , v """ ... ..I .. 0191 91Vfl1'i "'i 'U'Vl91 ff01.1 1.1 'IJ Uti 'IJ 91 -II'Vll fl1l1l1dnua:: 

.1"" .1 ,.1 I ... A 1 v...... ..I .- .:.t ...fl'IJ L'nO 11 L9I 

fil' ,j'fl

1iNffllJl,j''lJl1J'IJ ;'IJ,,r'A'fil00nL'Vl'IJt{ till 1.fo'U 1I1fl flO 
.:, • " 9I::fl1 TEL (Tetraethyl Lead) ua:;/l1'iO (Tetramethyl Lead) l'nn::91'W\JU911 

L 'lil0ftl1'l1l1WNffll ; '.fff1'iOOfl;' au \9l 'fI 'U.. 
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2.2.4  ft'lltJft",,'e (Vapor Pressure) '" ,..t Gt AI 'JI '" ..... Gt V  l'Wm"n::Ll1tJ flV l'Um, 

•.1 Gt' '" ..  .r QI' )/I... "" <II Al1vunmfY 1'U'YIV'Ull1'U11J'UCJ'W (Vapor Lock) 'WVfltjJlfl'WlWV1tJUV..:Ifl'Ufl1'UtULffV V'WL'UV..:IlIltj)lfl 
r QI"  ... '" .. ,_1 QI .....1"" 'JI "" t.d 'JI .,. '_IGt 'JI'Wll1'W11JtJClf'U,::m VVVfltj)lflfl..:llfl1Jlfl'W lJfl1t1 t1'1fl1fl 'W lJ 111 
'JI.d A Gt 'JI A .:. , r... .. I , 'JI, 'JI'" ., .'1 :... ""..I 

LftV 111 I'1fVlI'W 11'Wll1'W 11J'W Clf'W tjJ:t1V1I1Nl 1111 

,,jLNl 'l1lYt1 
... 

2.2.5 tlHl'H""tll (Gum) 
'" jI "'Gt  • A)/I ....t... 0' 0' AI 

I V,::1J1J 
"" ...... 'JI 211 "'.,. "".1 ... I , "" Gt A 0' 

2.2.6 mtJU\lnltJ:G'"" (Sulfur) 

Gt A  0'''', '" 

.... . 
2.2.7 IUl,,:nl 

I " J:" 
UlYl1tjJ: ,,jijm, 'W111,j'W11J'W ti'WU9iVl'iJU'W L1.I V'U 'WU1,j'U A1J 

, 'WID1I1W VVlIlfl 1'Wfl11Jtlll'l' 
2.2.8 11fJYleD'Yle;'D' 

,j'fltjJ::lInlflm,,;illffU,fillfJ Wfl1ft' 'WJ1,j'WL1J'W tim mv..:j 

'VlfW (Catalytic Converter) 

2.2.9 au""."" 
='1..1  t,  ...LlJ 'Wffl''YI,:m t1VVfl1l1ftl VlI V'IIV..:j'U 111'W L1J'W Clf'W 

mm:ffllV..:j'

2.2.10 D'1'O:1'1tJAn 
lfJ1,j''WL1J'W ti'WijtilVVflL'YI 'WU b1'1' tj):::tJ{V..:jfl11JfJ11 

1I 'Gt 'JI'" 0' • .:'1";' Gt 'JI"" '" lftn::LlJ'Uff"'YIflV 

2.2.11 D'1100n.a9""'''''TI 
..I ... Gt r... "','JI t ='1 ..I1'U'Wll1'WL1J'WClf'W MTBE (Methyl Tertiary Buthyl Ether) llJ'Uffl''YI 

,hmfilltfhl1wVVflti'tjJ'U'ril'lfm"Nl'l1 lYffll\!,W-;i 1"lf'U flli1Jv'Ullv'U 

'Uvfl'CJi MTBE nfllVVflL'YI'U\T..:jln'Ufl11 100 
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"'",sd AIJI ..I ..,.f , ... .011 'U 'U 1 19'1l 'U '6tJHfl fl 

fl11JfJUtn 1I1Wfll1 , cfl 'U 1J 1:: ff1l 
... ,

2.2.12 
0 QI .Gl 

(Port Fuel Injection, PFI) llCl::fl11JfJ1J 

""111'" • • " fll1ff::ff1lfll11J'6'U1J'U11C11 (Intake Valve Deposit Control, IVDC) 

(Air Pollution) ..  
2.2.13 

'f11,.n U 

, r 1 ..." lilA I " • "A.I,."QI ...'Utl11Jtll1JtlC)ttl 
• , "... 111 Id ... ..1 1.1... ..." QI" .Ii ... 

'YI1 11lflflfllllH1l111J l1ltltlflff1'.ilfl1J'YI11t11J 2 MTBE UCI:: TEL 

1 

Rl1Hii 2.1 

... ..., •v ... 
"'l.!ll1 

... dff1'.i 1t1'Y11t1fll'.ilflflfll1t1'6fl 

(Antiknock Compound) 

lrtlJU1:: ff'YIi Ill'n 

fll'.ilH1'11ll' 

ff1'.i fllnhuam mt1'U 

tltlfl;l\ltl (Oxidation Inhibitor) 

fll 'i '6t1UCI:: fl1'i 

lOflffil1l (Corrosion & Rust 

Inhibitor) 

" 
, d d QI Q q 

'U '.i::1J1Jlfl1J 1'.i 111t1 'II fll'i 

ff11C1flfll'i i1li V1 

11'111:: (Metal Deactivator) 

11'111:: 

1 tI'.i 

'" U ...... ..,ff11L'n1J 

\l1m!1 (Demulsifier) 

· i"r r.., "" dJ11'U1lLrlfltlt1fl\11fl'U11J'W l1J'W CJ1tJ 111'11'W 

Cl'1';) 'If:: H 'fi 1 fl1111 CI':: '61fl 
• Q,.' QI ", 

4Jf1V'i fl'l!llfl1111 CI':: 'i:: 1J1JtJ 11J'Wl'UWlf'lJ 4Jf:l;: CI NUCI:: 

(Detergent-Dispersant) fll'i lOflfl'.il'Ul,nh 'fi 11 Mlfli V'UUCl:: 

U'.i ,11,ju L'UU;U 
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. 
2.1 

.  
51 ... 

11U1n 

(Combustion Recession 

Protection) 
... t 

1Y11lflft011111ftU 

(Valve Seat Recession 

Protection) 

• • A ,'" 1 ... d 0.1' 1 ' 1 ''I 'lf1fJl1ftOftU1J1ftU 0t1YfJYlYl1t11fJ ftl1Z00U 11 &l1nfl 

ff (Dye) 

. 
... • t':! ... "... 'I .'1'" '"'if......ft11Hn 2.2 MTBE Uft:: TEL ft.:J fUu111'Ul11UOlfU 

f6ft .fOISI.I .., I 
ft'JrJ6 \lft1

A ... 
Y61ft'" 

TEL (C2Hs)4Pb Tetraethyl Lead '" nil!1fl0AlIftm1::mfllt1 
...... A1 'W'rI1!I OUlUfNlI191fl ..1 ......il'lJ0.:J91::fl1Y100fl1l1 

, 1 ff A " Y1tl Ol fJ'U0..:Jlf110.:JfJU91 

MTBE CH, 

CH)-O-'1 CH3 

CH3 

Methyl+Butyl Ether '" lI11f1l 

u'Vt..:J 

1lirio11flOAlIftm1:: 

61fllt1lrlUYf1!l 1'Vt11::1liij 
, 
'" , 

, "" A , " t ...2.3 tn11H1 Clft'lU 

O..:JtlU 1 1U flO v'U'Vta Y11.:J lflij 11fltJ'U 

... l' lIJ lIJ" A ... A " t;;I 1 '" 'I " ?! A'VtftH1'Uflft AtlN1t.Jflft mlll'lf61'Vtft..:J &11f1111ll0'Ul'r10 

1".... .1"'- 1 "" 1"... '" ".1 , ..1 .I' ... A ....& 1"111f1AlJ{lfl'HJ1fl111N1 1111A1t1fl11 1111 
, JI, JI 

1Clfn'Uu'Wihh'Uyhhflty 

2.3.1 Oft1TtT'lUtn10ft (Compression ratio) 
... 14 .el I ... IQ ".d 0 cv 4 fI .q d • ...1 
lJ1111fl111 1flYi "fAfl OlJ 'j 11 1fl 'j 'U 0 tlYI"fA 1Y111 'j111fl10 'W 'W Clf'U 11 fIllJ 'j:: 111 W 

, .& .1'" .<!I".l,", .1'"11 flO 1 
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fll1 1l't111 (destructive distillation) 

W fJij"l
1 ti¥'lUtI ::fl1'UfJlJU; lJ1W flflflCil" 'U 1 ..rlfl¥'lf11 1 

"AI .... 'i .. ..," IN1:: flfl'UfJflfJ'l$'IJ 11 flH'l ,¥'lfJUll'tl: ffl1 l't1fll'tfltlllJ fl 1":: 'H 'fHlJ'IJ fll CJl' Uti:: 
'" ".l' ...... , .: .. .... ....AI 'I'" CJl' ffllJ1Hl 'H lfUl1fJ'U 'IJ HI 1¥'lq¥'l'U'H1 fl 

f111 1l't 1 1 JJii 11t11' 'Ufll1Lfl¥'lUnmtJ1 
... 44 1 4 IN.... 4 2 • AI""""'''''' ... .... .... 1 · Utl::fl11lJPI'IJmflfll'H lJ1:: fflJ 'IJ ff flll't flf11CJl''H 1fl'UfHl'H tl1fll'II1nlJ1J{} fl 'WllJfl fHl'tfl 'H 1fl lJ 

fltI flPl U1 nJgfJ'IJ 1 U, 'IJ fifl'l!l 1 

lJlfllJlfJ 1l't 11 'tlCiff,,::nl

"" · "" 1 " AI"''''''''' ;v... 'i •fll1 ll't11:: f11 1lNl 'HlJu'U'UlJ{}m fJlflltJfl11lJ 'j fl'IJ fl'Ufl1ft1ff I PltJPlHUPl 

1l't 1 'i flU:tJ1'IJ fl'U el'U 

1l't11 (pyrolysis) i'jijVllJ11lri'Um::'U1'IJfll1 lUgtJ'lJU 

1lJ1 n 1 1..r ffl'i l't f) a llJ fl1'flPl fll 1 f fl'U fl1 tI1 'U'i 'j til fll ffU 'U'U 1 f fl fl flCi,,,'IJ 
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... 
11 

.ut.tKt.t 

Tn,.,6ftLIJ61 : -UfHl1HI1... "-E 

d d1ll2 Ai ".. .It Ai' "'. ...-U6·m-unl Lt! L'.itJfl11 mt.t'Vl'j (Charcoal) 

hamUtJff 

(Pyroligneous liquid) fI , 'W h il m ij tJff (Pyroligneous acids) 'W l'j,aCHff 
"':'1 .. r O ..JI l-a' (pyrolysis oil) laflltl(11tJt.tlllt.tfllJ t.tlllt.tfllJ'V1f11'W 

"11...... 1"'" ........ 1 .It (bio-crude oil) &'W 'j Laqrffffl1l1'.iOfl1lJf,)1l 

-U6.:Jfl'.i::lJ1t.tfll'j L'lilA lfll'j1 6t.t 

'ltu11IJij 11a11 t.tfll'.iLOfl1.1{jm 
.. ..... .1 ...... -1 

2.4.1 n1::u-n,tl11nHIIUJnlDlllftnlnfl1JUnfl1H ft&1 ncver fI.:Jt.t (Mohan et aI., 

2006) 

2.4.1.1 6t.t 1.1 V-1 ffl'j 'W 6iiL1l6{ 

... " 'I .... "1.'1 .ILt.t ffl1'W6aL1l6'j 11 \T
• 11 

2.4.1.2 fl1'.i Llll 1.1 {jOlVl' 'W h'aCHff.ut.t Kt.t iifl1'.i 1.1 U6V' 6ffl'i':i L11 tJ ua:: 

fl1 'j 01VL'VI fl111lf6 t.t 
111... ?! I.K ... "d", d I 0 'I " 2.4.1.3 fll'j L11a-U6.:J 'VIl L11 

I )I 1.., 

1flflfll':i0 1VLl'J fl 1111'j6t.t 

2.4.1.4 fll':i fl1lJ Uti t.t -U6.:J' 6 ffl'j 'j 111 V111 La Qa 1 ,.., qj lJ ff1t.t 1 t.t Lif6 ffl '.i 

Vl''W 1 ':i tJ 

Jl,j't.ttit.t 

http:L6ffl'j'j::L11V'l6t.tNlt.tLt.t6ffl'.i'WflaL1l6':il'JV.:JWt.t6
http:a1fft.tl
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" . 
2.4.1.5  fl1 '.i til 1 Vi 1'.i 1 nCHff'li'U n tItI Ii til 111 tli1LV 

" " 1 11ViJVlJtitlfll'.i til1Vi1 '.i ijfll'.i 1'Ufll'.i til 
.... SI":' .r .... 1.......... . ... .r , .1"'''''''' 

2.4.1.6 fll'.iU"fl9l1'Y1 Hfl111J '.i V'U LVi1J'\J'U 1JlJ t) fl'.i tl1111J L L'I1'U lJ t)fl'.i tI 1 

n 
.1"''''''' 1 ,1: .!r.r , .... ... ....lJt)fl'.itllfll'.i n'U1 

2.4.2  11'0.11 
.1 1 1 1 ... .r ,.... .1......... .... Vi '.i nC)1ff '11 

l Si "'.... ... .1"'''''''' .. .!r , ..,.2 lJ1:::LfI'YI flV 

2.4.2.1  1 Vi h 1 nCHffLLtltI"'l fl'.i:::tl1'U fl1'.i 1 Vi h 1 nCHffLL tltI"'l'Hl VUtltI..r1 1 11 
..SI.... .!r d", (Conventional pyrolysis) LlJ'U fl'.i :::tl1'U fll'.i 1'ULL-n1 C)1'l flflVfl'.i :::tl1'U fll'.i'YI '11 L'U 

fllnilri1'U (Carbonization) 1'Ufl'.i :::tl1'U fll'.i 1Vi1 '.i 1 nCHff..r1 111 lI:::\]fl1,rfl111JJV'U 

11'.i:::1J1W 500 ·C1Vff1'.i'.i:::L'Htlvdl 5-30 'U 1n 111L;1 l,r 
".1 1 .... SI .1"''''''' .... , , A 1 lIJ Y '0 Vff1'.i '.i:L'H 1'Y11lJt)fl'.i tllfl'U VtlH"VL'U 1 

.r ... ... .... 1SI 'J! SI....... "'1 SI VVfl1J1fl'.i :::tl1'U tl1J,« 1fll'.i 'H fl111J l V'U 'I11lf '.i V'.i 'H tl1J 'H flnl 
.c:t Q QI ,,,4.r .d QOI

3 ffm'U:::VVfl1J1 'H1flfl1t1fJ1Jfl'.i:::tl1'U fll'.i 'H 'YI'Q W'H 
Si SI SI , ,Si"" .. .rl 'Hfl111J'.i V'U Nn 'H 1J1fl'\J'U 

2.4.2.2 1Vi h 1nCHffLLtltlL;1 1 Vi h 1 1fll'.il,r 
SI A ....... SI 111 .......... lSi 'J! .rfl111J'.iV'U,« 'H1flfl'.i:::tl1'U fll'.i Vi '.i 1 1fll'.i 'Hfl111JlV'U 

... a1 .r Y .... .: ... ,
lJ'.i1J1W fll'.i fllC)1 fl'.i:::tl1'Ufll'.i L'.i tlfl11 

1Vi1 '.i (fast/flash pyrolysis) Vi h 1,f 
:: QI .Q.c:t _I 1 :: I cf rn.ci\r) I IQI 

60-70% fIl'U'I11'.i 15-25% L1Jfl1t1LL'U'U 

I .4  
4 '\J'U9lV'U flV  

l Si SI , SI 9 .... .di .1 ... 
1) fll1 lffl111J')V'UUn:::fllHlltJL'YIfl111J'.iV'U L'WV9l11'Y1U 

SI ,Si .......  l' d , 'I1fltl'l111J1nlJV'W L'\J1'Y1\]fl NnLnfl"1 flV'W 

2) fl1'.i fl1t1fJ 1J fJW If fJ ij'\J fl'.i:::tI 1 'W fl1'.i' Vi 11'nCHffl -H'mJ 'W 

Y1 1(? 0

Ie.  
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3) fll'.itl1UfJ1J' ..rttlffl'.i'.i::Ll1 tltI 1Ui'lt'liLnfltlam

lfltl'H'ijni'lltld' fl1l 2 1Ulii 
, ";,1''' 0.,"" '1 '" 4) tlffl'.i'l::Ll1t1l1 l1WiJUi'l::tl1UUiJU fltIL'1 

L..1tl'

:1 

.,c _F- .... "'.. , 1 1 'l ... '" '"Ill"" 2.5 'rt Mfff 1JUUUL'l1 

'" , " "1 , 1 , ... '" ,.;J I...0 .. ...tlfl'llfll'l l1tl1l1J1tlU Ufll'.i 'W 1 1,000 C ;Jtl1Ull1 tlfl'l1 
, ")! 0 1 1 " '" I '" I '" tI......... ,fll'l l1tl111J'1 tlU\l m::Ll1 tI tlWUtltlHnflLn fll';j {}fl'.i tllUHff1U 

lfltl1li111'L"'l i 11J\'htlamtil1 U fll'.i n1C)f '\lf11111" tI1::fltlU,fu fli'l H1J1L

'thu tI,:: fltl1J 1 U J l,jUAU;1tl1'W 6;J 1 1fll'lLnfl tlam tlltlUH'1fl L11f111H'Lnflo1u'lfli.Jtltl 

(Demirbas, 2005) 111flfl'.i::U1Ufll"'rth 'i'lCVff 

::U1U fll'1\>Wff'j 

rl\l 2.3 
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&1i11ufimrn 
... 
tlfl11f1111J '" flW'H.fJtI 

('C) 

... ... • ... 
Ni1f1IlWorI'Hi1fl 

fl1'nhrlTu (carbonization) .:. 1 ..'11'1 lJ-Fl'U 
'JI 
'll'llJln 400 

, "{)1'U'II'Ti 

LI'U'U'*l (conventional) 
... 

5-30 'U1Yi 
'JI 

'11'1 600 
II.., .,. 

'YI-HY1lJ'II''UA 
d 

U'U'Ul'n (fast) 
.. ... 

0.5-5 1'U1Yi 650 
4\01 .- d 

'UllJ'UPl'U'II'1ft1yt 
d 

U'U'UI'.i1 (fast) 
.. ... 

< l1'U1Yi 400-600 
r QI Q Q 

'UllJ'UPl'U'II'1ft1vt 
d .,. ... ... <:I 

U'U'Ul'.i1 (fast) < l1'U1Yi >650 tYl'.i
d 

U'U'UL'nlJln (fast) 
... ... 

< 0.5 1'U1Yi 1000 
... <:I 

tYl'.i 

q'qjqjlfl1fY (vacuum) 1-301'Ul-rt 400 
r Q,I ... .c:I 

'UllJ'UPl'U'II'1ft1vt 
II .,. ... 

'111 (hydro-pyrolysis) < 1 1'U1Yi 
.,. ... 

<500 'UllJ'UPl'U'II'1ft1vt 
... 

llJ'YI1'U tm < 1 1'U1Yi >700 tYl'.ilfllJ 

. (methano-pyrolysis) 
i 

.... ....!lI: ... "' .... ,. ,,., ... 
2.4.2 ft111u IADfl1:::'Ul'U fl11 'ft 11 i1C1JtT 

II 

nu ''*ff1'U f.}tuft1vt 
A.c:I OJ' _'' OJ Q,l ... ... Q,II tM.Mehdi Taghiei (fuel 

Kentucky i'! Lexington flllJlfl1 American Chemical Society 
_I .... 1 _I.... .. 1_1 r....l ....;...lJ'.i:::tY'YI1Ullyt (Waste plastic yields 

high-quality fuel oil, Science News, 8/28/1993) 

1 1'U fl1'.i ui''UUl 1 t,I'Q' 

n1lJ:::t:l'U m ::'U1'U 'ri11Atlfl1'.i'l11Ifllyt filNtYlJOt.l 

zeolite (HZSM-5) 420°C 'Ult.1 I 

80% lAtllJ1-n 
d" ' ... .. 'JI ....l '" ... • • A'U llJ'U 'llnlJ nu lllllJ'U 'U llJ'Ul'11'flm 1mlJ f} 

d QI ..." A c 4f!l .. ... r= 4, d.4 _I I '1 JlC!I! .. Q,I 4 .. •l'Y1t1'lJn'Ufl1'.i 11 1tu 'UtI:::yt Afl t,I 

1'U 'U 1111

1'.i mV'll'Ufi L'If'U 
.,. ...... ... 1IJ ... 'JI(polyethylene, PE) (polypropylene, PP) ytt)-ntY LA'.i'U (polystyrene, PE) llJ'UA'U 

... 'JI 'JI • • .. 'JI "':'1 ell 11 ... A "" tYl1J1'.itIUAflA1f11t1f111lJ'.ifl'U (Thennal depolymenzatlOn) 
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..Ia", • r ....,l ... ....... '" A '''' ... ...  
l1J'Ul'VflLl'HH'YI Lft uaztJtu UflflflHfl'U 'IJ 'U fl 

LLl'I::fl111Jri'U''UlfllLNl PP, PE ua:: 

PS Lrlfl,cNm1J1Q1 1 fllafli'1J itlLNl 1 'J 'lfLrJ'UJ1Jj'U 

1Jlflil-3 950 ijaaafl'l PVC 

'YIlla'YI (polyethylene terephthaiste, PET) i'Uafl'U (nylon) (polyurethanes) 
a "a ... ..I i2 r ... , !: ., 

flfl111J'Ul1J'U n'1m (light oil) 'Ul1J'lJ'YI PE ua:: PP 

(Olefin) (Parafin) PS 

fl:: 1'1 (Aromatic oil) 'U tJ .fllvi'U 1CJi l1JLatla 
AI .. ,. , t '" ... A 

nfl1Jft1Vfl::fl fl'Uua:: I@J ,f'l'U l'YI1'U 'U fll'l Ufln911f11fJfl111J";I fl'U flf'l1J'U 

19'1Vllh'Utl6rntil (free radical) 

'" 2.4.2.1 tl6rnVl ''Ufl'l::1J1'Ufll'lmL'S;ilfla (free radical) 'ti'U91fl'U 

.1......... ..L .....1 1) unfl'lV11'J1Jfl'l::1J1'Ufll'S {initation} 

2 

2) i@J (Hydrgen abstaction) 

3) lCJil1JLatla (Chain scission) LrJ'Utl6rntll 

,u;n''Ufl'l::1J1'U 1 'S iatin' 

flflfllrJ'U .. 
2.4.3 11'".1:1'  

1'1 2 ..T'Uflfl'Ui(1Vfl'U  

2.1i • ..L AI':! ... /0 ... 4 
'YIHtJfl1J Ul1Jl HI fl'lZ fl'YI u'11JltuNa Na 91 I fllC)1Ua:: 'U tJ '11 a I'll '1 1J 
• I':! a/0..., di " 9'l 

'" . 
2.4.3.2 1'1 (slagging pyrolysis) 'I11Vfl'l::1J1'U 

.I ... .r ..I '" AI .Ii " fll'J unn'n'V'U (gasification) fl'l::1J1'lJfll'1'U u'1::1JlW 1500-1600 °C 

i \T..:j "1 
". I ..... A I......... QI ... .. 'I 1"" 2/0 V-3f1u '1 Lfl9'lun fl'l Vln1JVflnC)11'O'U l V'U lUa::f111 lJeJ 'W LflflVfl CJl'tl'1 V'U LflfllC)1 

,l ... :'1 ........... .1",... " 1IJ 1 11J "" (liquid slag) fl1tJfl'l::U1'Ufll'J 'J LaC)1n' 

ua::fl'l::1J1'U lrlvVi'011 W lUt1' 1m::U1'U 0111"1'J'
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1,uJ'rt1'tJmf1m::1J1Utll'i'''''1:i 'acrtY\l::lnfl
m::1J1UOl'iUOffThfl'Jiu 

I 
120t lSOOC 

t'l11uJ'!I'll 

• III 

.. .... 

'It''!I'!1'!1nOVI''ll 

III  

tl11uf'!l'll 

n,::nu',hfl 
IV 2." 

} 
lova\llau  
l8iillJla\llau  
nnil'll  
fl11Uf'll 20 to 30 %  

} C HP. 
6 

III 
IInu = co CO CH. H22 
I'tn,uiwlti'iiff11J1,onti'llR1t1t1nll'

nnlf)::.wAn, 
n7f11'1t1fiin, tI::.w1f1'll. 
11I1''lltlt'I. IlIi1'ltl::.wlfl". 
il'lltlt'I, fl11t11OVY1 

11" " . 
O''ll'f'': 

 .1 • t} 
; 

fI"1.JtI'U +U"lJ,::ntl1.JlflatlflWl 

70% 

ui1J1W''ll1""'iJ'Uii1l1mn'llfttl 

mlllWfllftJtI'Ul)l)n'CW9lii1l1fl1ii'llfttl 

C + CO ---+- 2CO 
2 

C+HP  ---+- CO+H2 
CO +Hp ---+- CO2 + Hp 

'" ;<$ IIt'1::n" ml::" 'I.J It

CO + H + CH +CO + ... 
2 4 2 

I 
I) lJ ,f Jill) 1: Ii 

t111uftl'll 

(lU1il'Utlt'I) 

+ 
1" "' 111JI1IIlUl'\lifi 

 tl11u!n'll 

'1l1'11mJ'U 
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: Q,f o".d iQ ., :4 
t111f'i'il1fl\.J 1 1 fl1ztJ 1\.J fll'fYilU l1.:JflflW 11 tj1ltllZ1I1W 120-150°C 11 tWil1fl\.J\.J'!11111a 'ilZ 

, " " .. ""t1 .. '" .. 10Qfl 1IflWl1fJ1I lZ1I1W 500 600°C 1fttlfl1a1VffW1iZflH1f111'\ltl.:J 1IHHla 

.. t 1 1 1 "" 1" "" "'... rt'I ..I Ift l aC}Sff i1un fIlltJtl\.J 

1Itl\.Jtlfl 1C}S'} unfffl11tJtl\.J unffihfl\.J uatunff1g. . " 
1'l1\.J III 1111J1'1-Hla 

t .. .. '" t.... '" " "!".l.. .. "" LlJ\.J \.J n 1IfI.:J ft 1flfl U ua t'!1U 11 a.:J 'il1fl\.J\.JL1l tl1l flU 11 f11111 ltl'W 1ft 11111 \.J tlfl 'il \.J 1Ifl W 11 tj 11 

0 tI "'.. "" '" ""1 II," 0 II ,,,.. ..tI l::1I1W 900 - 1,100 C l1UnlttJU1lZfl1 11f11lUaZtll\.J'!11l 

"" '" "" '" .. I' .4 .It ml u i'l11J\.J flW 'JIll flrt'I tl tI t tl\.J\.J \.J \.J LlJ\.J III 'W III tl.:Jfllt tJ1\.Jfl n 

. .. 
2.5 m::U')\.Jfl11flQ'UYnl'U 

& 
2.5.1 fl1tU,)'UflQ'U't't'U!1'U (Simple StilI ) 

, \.J nfl1!l W t fl1l fl5\.J tl 'ilt 1 t11 VtJ1 ii VtJ LL at ij f11111f1 111 n\.J n\.J \.J 

.. t Q'" .:, .4,J!" .:, I "" ,tI l t l V'!1\.J '\l \.J U l flflfl tlflll fla\.J llHlll(ltl\.J c}s.:J "lUflltl.:Jfl a\.Jft \.J! 1\.J fI IWfllll tl.:J 111 a1 fl 

Fennentation 

ri1\.J III 6.:J111 a1ltJ l1ff'iltl'h , 1 6 

JI • jJ t 

fl n 6tlflU \.J1 1\.J 11 thVfl U 11V\.J il flfllttJ1'W nn n"\.J lh,j'W ii' 11 \.J 

4 fl1::tJ1\.J flll ft6 
, , " Q,lOQ,l' 44 .. oOl,q

2.5.1.1 fl1 t tJ1\.Jflll 11 l 61l Vflfl1::U 1\.J 

(Separation) 

, 
fl1ttJ1\.Jflllfl"\.JUVnffa1fJ (Cracking) 

" " 2.5.1.3 .fl '5 :: tJ 1 'W fl n fl" 'W 1tI afJ 'W ff fllft lll,j 'W (Refonning) 11 6 11 v fl 

fl1ttJ1\.Jfllm5'Wtli'tJtll.:JfjWfllft (Treating) 
" 2.5.1.4 fl1 ttJ1\.J flllHff1lll1,j\.J (Blending) 
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2.5.2  nl::tJl"flllnk"thAtJv-n" (Fractional Distillation) 
: ... •• ",-11 · ",.4... 1 " "Q  '''IUll1'lHltJ'1:: ff -3f11Ul'Ul u Ul1tll'Hnfl9f-3 I'HJ-3 Ufl'ltlg I'W IlJlllf11LLn:: 11 tl'lll1'W tl 

 

315-371 °c (600-700 of) 
, , _11 , " J '_I • A, "... dd 11n u U11tlflnU'U'i'itJlfllff tl'itlUfjJ::ntltl'Uu uff'lU'UU'Utl-311tlflft'W Illtl 

ft'l'UU iu'1 1U 11 tlO 
: 1 dJ ...., .. : ... .J : ,  .:, .4 ...1U fl1fl ')fU flfl'UU tlgfl'U')f1-3 ,fllfl tlfl'Utl-3U 1UU U ff1'U 'U U "lfl'Utl-311tlfl n U9f-3l1 

fIW 11 (lij l"lfl fjJ:: nf{ff (lfl ft 11 (l ij1l-3fl'h fjJ::l Uff1U U1::fl tl'U'Utl-3,lliru 11.IU Ciu 
II II  IIII.. 

UlirUf{lfl un::UllJU "Y1UU1 lJU nllu 11tlflltU'UHff1'U fjJ::Ul' 

un::'U1-3ff1U &'lU l'U 11tlflifu1ltyqpfl1f'1'l::ffll1UfllWfl ff1U l'U"; 11 ,llirU . -nuJ1Utltlfllll'

• JI II  1 

iU11tlflltU 

'U'S'Jtllfl1f'1 (Atmospheric Distillation) lfltli'*'tlUl!tl'UUfl (Superheated Steam) 
J! '" '" ....1111" i.ll!-I 1 .... " (f)I J!: "" r:I : ...I  Itl11l1l tlU LfltltlfllJ1 'Ul-3t)t,m 'JJu'j:: tJ')S'W Ifltntl t')f'W Uflff'VI 'UllJU fllflUft::UllJ'W 

,_1 . • 
ct. t f JI 0 t.t:!i 'J) (Ii) " 
fllll)1n tl-3U1 ufllU m:: 'U 1U IntlfltlU fjJ-3fjJ:: i '])U,:: ltl')fU Lfl 
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-....,.... 
.......

'. 

l> .,1  t!:......, 
\11fl fl'.i 'U 1U f11 '.i fl1'lU IIVflU 111 U fl1JL 'U fH PI U Plll1 1I1 .... l1 2.8 U 111 U" 'U 't1 H) U 

1 tI'.i'Ufl11111.'!'QI 6U \11fl ,!: "': '''''t1 Hl t.H'\J"1'A I, 0'"'t1"V 
,

6U11 61JClS.:J66flllnlfl't16fl1'lU \11flUU .. lJ U 'fll1Hl ' .......6l11 

360 °c 

" I 2 do '" l> , 1 II I .,1 .r, .,1"'AI, QI1"111 Ul16) lJ U't16fl1'lU If 

't1flfliu 11' 't16fliu"rfl1111r 61JutiJlli1J 't11J ij 

., '" 1 · '" .. "'-' '" tlI Ufl1'I::U11J'\J6.:J't16fl1'lUU1111'.iflfl1'U'l1l "V't161WflV6V 4 fl1 (Strippers) IlJSUJ 

''lffl11lJ1-iUOU W V6"'t16fliU6d'U'.il1 105°C 
... l> do " l> .. "'.... "" '" lid .,1 , " 1'l6V,") \11J flU 't16fl1'lU 380-400°C H1'IfllI til tJIl11'lJll1 q'fI ,,\11flV6" 

_,"d '" "" -." .Ji'" '" '" r:-Ir:-I r:-I "t2't16fl1'l1J l11 't1W1JU1'I1H1Ul"1't1lJ6UVflUflU (Gas Separator) \1:: IflUflU 9f.:J11l6UVfl6fll1\1:: I,ULna' 

1-l.:J,rlJ iA'un ij1l1U (CH4) U1'I::OLl1U (C2H6 ) 

'111 

... OJ J :II "" 2.5.3 ,ri:lPl.f1f.UGfI'UfHl'H'i:ll'\llfl'H'-JOUtlflllfltT 
"" .... 11 "r:-I ...... 

P-I1'IfllIWCfl"fl.:J1't11'11\llfl't1lJfHWflUm1 (Gas Separator) flfl 1'IJU9fU1'U1 (Llght 
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"A .,. ," Q .4 44 Q QQI Q

tl::1l '1J19'1ntltln1J HL 'Vitln flfl1t1f11 LI n:: l\1'1J 1 'Viltl'1Jn1JLfI'1Jfrlltltl Utl'W UOtl'lfrLl'l'l n 

Omf1tJ 
... .., .. !J .. .. !J 

(Residual Fuel) O1\) 1'1f1lJtltll'1JtI 
2 .. !J .. !J J!" , !J.., .. '" .. .. !J L'Il tlLntl I'1fLN1111fl11'1Jltltlltll'llLN1Y1HfJ'Ifrl11ml'1J I'1fLUlJ 

,I ... ...11 .., !J, It 0 '_1 , .. .:,L'1f 01' 'Vi nh.l11l1J 11 '1J tl 01..1 1 111 ntll n 1 n nnlJ lJ nntl '1tll tl11 tl n J:l1J t7ty ty 1 fl1 fT (Vacuum 
2 It .., ... It... ,.. .., .. , d,2

Distillation) \):: i'ltll'1JlJflL91n 'VI i'l'1Jl 
' "'... ,I !J" • '" .1 It ... ... dl!J\)ln11 Onn1J1Wntll'1JtI fllJl1J l fl1JYI '1f 

............ 2· I ...
mlnntltll'1JtI 2.9 UI11t11L01fl1fJW11fJ'1J 

""'.. ...YlnntlOOn'1Jl W ,flll'1JLflOfl (Initial Boiling Point) lin:: W ,flYlnntlflflnm 10% \}tliH 100% 

ltlml'VJ\):: 1i 2.10 fJW11 
., 4if d" ".:1 " QI

fl1tlOn'1Jl\)tliHfJW11fJ'1J'VI,flnntlt7f1Y11tl Lltln11 tJ1t1nntl'l1 (Distillation Range) 
r QI" A JI .JI QI.d " tI tln\)lnm::1J1t1 nllnntltll'1JtI ml'VI ''1fL'Vi'1J 

.... .., .. It '" • .Id .1'" '" ..... '_1 ...f2Wfll'Vi \I mlfrl'1JlltlllJn tJtlllJ Nn9'lflfUIf! 'ti'tI fl11t1 lJ L Uti tl n 
... I • 

t 

'!I'lli'l ---I" 

. . '" 
111ft;} 2.9 (ASTM Distillation) 
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350 

1150 ___ t -+ 

100· 

. . --- ,,------• _ t 

-"-' 

want", 
Uf'iUln1ff 

t ------
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....  .:. d 1 2! ...1I1Tt112.12 m::lJ1lJfll'iflfllJlt1flfJlJ 

2.5.4  (CoDversion) 

fl1'i fJlJ 1flHff' fl'O fl1'i llJlflQfl,.,";'01flH U'H 
... , , ,.?! .., .., 2 , 'u 1 0'<Ii , 0'.......'YIH1fllJ 'I1lJ 1Tt'O lJfl1) 11lJl:: 

if;mnflfl1 'i flilJ duilJ'eblJ 'Onihfi lJ1W \Pl trwcn'J1,j1J '" flll'

L'1flJ J1,j1J LlJ HlfJlJ 'iflil1 flfl1'i flilJ J lJ 'On ii tI-; lJ1 tu' ,jL-W 2 t " .:. f ...... " .....f... ..., " .I.1i ,20 1lJlJ l.t1lJlJ111lJ.lJ '11m fl'\JlJ U1lJ1HI'YI1 " 

.ld.1 1 2! 1 ... A '" 1:.., ... " ..,1,Wfl1'i fl lJlflQfl '01fllJ 1lJlJ'lSlJPl'OlJ 'I111JlJlJ1lJtHlJlJ fl 
1 II  II 

'ifun nfl1'ilWflffft1fJ 

2 2! """, .1"'- "" 9'11fJfl11lJl'OlJ (Thennal Cracking) 'I1'i'OPl1fJff1'iLHlJ{}fl"W1 (Catalytic Cracking) 'I1'i'Ofl11'llJ 

(Polymerization) lJ'Ofllil1mTlJ 

Ofl'l1fl1fJn 1'lf1J :n,'OlCJfLlJ'01'ilCJfc#lJ 

(Isomerization) (Catalytic Refonning) 
f ....  ..... I <Ii .. " ... , .I 2 ..... I '.IA' 1Tt'O lJlJ 

...4 V v
2.5.5  llft1111rJflcrl11t1flltlfllUI1tl'U (Thermal Cracking) 

_A'!'I r ...... 4 f"" 1"" 2!11i lJ LlJlJ fl'i::lJ1lJfl1'i LWflffft 1fJlJ1lJlJfl LCJffl'11 H)1J1lJ lJlfl1 flfJ l "Iffl11lJl'OlJ tT 
o , " .... ... QI o'd,2 "" cnI ..Ii , , I!'I, 1 " )11 400-500 C fI1fJ Nflflfltu!fl'YI 'f16'OfllJ1fl6Uflff 'I1\1!LlJlJ 8 fl'ifl1JlJ6lJ 

.1 1 = 41 4. JJ Q 1 "0 lQ QI #!It.cllJ'i::LfI'YI '01flnlJ (Olefms) lJ1lJlJL1JlJctflJ 
II • 

50-70% 65-70% 
d 
'YI 2.13 

http:l.t1lJlJ111lJ.lJ
http:1I1Tt112.12
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2.5.6 (Catalytic Cracking) 
JI JI JI 

iiij If1'W nlZtJ1'W f1ll lWnffn Z"j 1,j'W 'H,rnlfl [I1 -3tJamtJ1 
" , f .... I ..Q.Q !:If .. 4 .... 4 QI tI Ji .d 

1'tll'tr1[1' ffll1H1Jtjm [llYi "IJ1l1'il11J'W'tnnfl'Wl'H'W[l11ilUJ'trl91 CJf-3lJ 
... ... ... '" .. ..1d.Jf. -: '" ... ..1 ... I 

1iUJOZ lJI 'W [llJ fH1 91fl tu en YI Lfl 'illnnl Z tJl'W f11l'W nfl 0 'W llJ 'W llJ'W CJf'W YllJfll0 0 m YI'W 

(lJlnn'h 90) l@Jlfllfl1ftJo'WtJlz1flYil 1 191 m 
.k JI JI JI .k' JI JI 

(Cycle Stock) 
..1" ....... ..1" "... d.
'tIln 1'WtJtjnl [ll1WnffnlV'Wfflll@J l1lJ 

'Vt1nl ltJlf1'W ISO-Paraffins 

'il::ld fWAOtJ nfl1[11 UAtJHff1'W Xnt1 1 fb 
, .," • d. ... " "'.1 '" ....fflllH Yll l1ffll1HlnOlJfffll'Vtln (Regeneration) 1'VtOlf11nnfl 

1ll'l1lJflltJ llJl1

A" 
B:: 

2.5.7 lY11Iil'Y (Hydrocracking) 
JI JI JI JI 

i1iij,f1'Wnl ZtJ11Jf1111Wnff(11[1"j nz 1111ll'Ifi'W"jl,j'W1tJ 'W ci'W unz 
tI. tI JI 

"j llJ'Wffl111tJlfll ij1J1o-n1J l,j1Jlfll1*1f11J 1flvl lfllfl1{tJo'W 

ill °C 200 nn./CJflJ.
2 
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..  '" t1.J l:... - :JI 1 1 .fll't'i112.14 m::U1'Un1mfl'UL 11HLtJnfl'flltJtl1tJ 8 

,  tI, "I 

.fll't'in 2.15 3 m::u1'Un1mn'U\h,j'U 

.. .. 
2.5.8  (Reforming) 

ldm 1tHU 11l1'inn n 5'U ri1fiu "h'U UfI:: nn ItlatJ'U 

1m -3 H'nHlf1)jff1'Ul ,,jm1l1:: 1.g-31'UU
",cl '11\ , ... tI ".. I .. .J .... ""'" t '" I2 

31 31 • 0'" tI tI I .. 0 :'1 31 ... 31 J., t1.JL'JS'U n1lJ::fl'Uuatfl'l'lU fin flVlJrll-3'1 fltI'U 
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, .. 
2.5.9 (Thermal Reforming) 

..  . 
....... rJ  1"}! tI..... 1 }! 1ti'Ul 'Ufl':i':111'Ufln 'fHI'U"fll!:lW: 

-.. 1 " 1 '" ..... .. I 1 " =11 • ...""1 " UJ 9<l1flll116'U 'U'UllJ'Ul1J'UC}f'U 'f2W'HIJlJ'VI 
II '" ... ""-":JJ J .. ... • d iI -":JJ ..560°C 'UllJ'Um'UC}f'U'VI L"'lflfll:11 1'U 6fJ 

;6fJ": 70 flltltlfll'VI'U 80 . .. 
...4 tl4 0 U SI )II 12.5.10 11itl111 1:IO'UG'Il1'W'Ull.1'UA1t111 A11t'1t1 (Hydroforming) 

lin,rJ'U fll:11 1'U flll uti 1 tYfllTnl l1j'UL 11'U;'U ltHJflL 'VI , 1fL rJ'U fl 1 

19<1v1fhJ 480-540 °C U":fl11lJi'U1l1 

14-20 flfl.lC}flJ.
2

, 'Utl6m 11lJl;]fl 
.... I .J ol'!!  ... ""-":JJ J "'}! .. ,

unnw'U llJ'UL1J'UC}f'U 'VI L"'lflfl1 :111'Uflll 'U L'U j 111tlV": 75-80 LLfI::lJfll 

80-85 

.. _ • v A 

2.5.11 fl1::1J1'Utl11f11:1ft'Ull.1'UItJ'UGJtI 

flll 1tJ'U;'UIII, 9<lVU1,1 'Uft1J1Jl fl if'UUfJmh'U''U 'Hlbvflif'Ufll 
4 .:, Ai o'tI ..de .. , Q 

'Hltl'Htlfl"'U1Jllt1lfllfl' (Crude Distillation Unit) 'I::fltl1J"H'1 L'U'Ul)J'UA1J 

tltlfl'lfln'U 11J'U;'U ,:: 'H IJih 

.. .. .. "-" 1/ '" ..I.. ... 11 ..". -.. tI30-200°C tl 'U L'W tl L'H L91 'U llJ 'U 'VIlJ fJ Wfll't'HL1'1: L'W 'Wtl fI tl fl11lJ" tl flll 1lHI tl 'U 1 L 

.. • 4 
4 fl1::1J1t.1flll fltl 

2.5.11.1 lflHtY;H 

Catalytic Reforming  U,,:: Isomerization 
'" '" .. ..!. tI... ... -.." I2.5.11.2 flU Ufl flft1'IJ tl 'U I'W tll'WlJ llJ 1 W flll FI"" LfI Ufl Thennal 

Cracking, Catalytic Cracking U,,:: Hydrocracking 

2.5.11.3 llJmfJ" 6'''fllfJImt'U (Alkylation) u,,:: l'Wil 

2.5.11.4 flll1 tltlfl;1''U I'U flFltYlJL iilJfl lfJ tl flL'VI'UEU 111'U;'U 

fit! MTBE (Methyl Tertiary Butyl Ether) 
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!,!.flsti'll.!t
Iln'1I=;;:;;::::,:__ __""__""'_LLns"SatJl.!vf 
93°". 

1..---- lUl.!W"SOfl'llol 
.. ilLfnt 
.. Gnu", 

:$ .. ..
to Ldtr 

I 
I'•I 
I ••• •••• 

.. 4 

'. 
. r.. . .. 
• 'IflUU\tlilil'll 

,.wlulnuiiau; 



010 

30 

91U1U8::fl8,.. 
.. u II 

HDflflNorI 
0111;,h::Yo",1

1UY"'ID'l" 
-88.5 -161.5 

tn
-42.7 -0.6 1Ina' 

llun III lI1/fl111J AU 

-36.1-69.0 
: .. CI til rI .. 

(ItJUCJUI1J1) ff111'tJ'OllUfi (ItJUClfU) 

65-170 

" ...(ltJu;ul11l'n) 'HlllUfi (ltJUClfU) 

170-250 

250-370 
"" A .;.. • AU11JUlflnn 

..J,,,,,, " . "" U11JUUn1 'If lU01"l'WVltJ 
SI

370 
d 

lrJU'W10 - 1.f'Yi11nllU'" 
• • A ...s l1JlftQfth1q! . Vl1tJ1 

Cso 1- lIH1J::flf.llli.f,'flOUU 
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p= 27mT (2.1)
60 

A 
'1J{I 

... A tI  
T = N.m  

dAti 
n = rpm 

.., i... _14 .. ... 0 

2.6.2 6"'1n1'ulIluQ6.:tI'.IJ6ITtQ.:ttUnlZ 
='1 <II' '<11.1 _I. .l .. 0 '" A tI.d,JIJ 

'1'1 

'A'IQlflfl'1J01' 1J::l'\..J1f{l1J, 2548) 

BSFC =yxmf =me (2.2)p p 

.., III 51 r <II.l ... 
kglhr 

p 
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..  ............. 2  
2.7 

l,jU fl' 1 i 

fl n: tJ1Ufl1'i IH1 1 11 tlU flU 1 'liu fl'i::tJ 1Ufl1'i 1vt h' a91ff un:: 
... ....... i '!!! ....... "'"f m::tJ1Ufll'iUflCJ1111fl'trU 1vttlLlJUUU1'nH Ufll'infllJl1\ltJ 

...... 1,,'!!! ".:" ... 1 1 " (2542) B mfl1'itJtlU 

1vt 1 'i1a91ff 
d I 4 ... IQ .. t 41 

1111JU 'IJ 6 a:: 'IJ 6 U'IJ 'i 1fl{]6 U 'i1l1ru fll 'i 'VIfl ff6tJ llflV fJ'IJ 1 111a fllJ ru::'IJ fH 

1111U11l6 6 f 1vttla11l 11 fJijfJ l' 'If fl U 11.1 fff) 1vtffalU:: 
II • 

'IJ 'Ufll'ifffllJ1vttlal1l6f 4 1.1'i::Lfi'VI ff11l1'i tlffa1tJ 111Jij1.1'i::1l1f.U 550°C 

ih (2547) u1.1'i 1Ul1U 

6Ha titl 

... 1 ... I"" W 111 1 " ..:..1 "111 1"& ,B flHll'itJ6U\l::lvtll1l1fl'IJU ua::fll'itJtlU ,fl6tlfl 

1vt'll:: 'If fltJU91fl 
.... 1 d ..; I"; ""...." W .I& 

1UffffHU' iillff; (2548) 11itJfl1'lfilifl01CJ1' Blfl H9Uflatl 
, 1 , ... d &1 1 ,-'!<V.... d '".....;d Im::tJ1Ufll'i vt 'i fltJ 

' 1 ""... , 0 W , 1 , " .I .... .: ..Ii& ....'UU1flU11uvttJ11IJ'i::ff'Yl1jf)lvt Ufll'ifll\lflfllCJ1 B fl'iI\lUfla6 UVfl\llfl'IJUfltJvtU'VI Ufll'i 

tlflcitJ U fll'i'tl11.1fin; fJijiU f11'i tlflcitJ ua::'tl 11.1 fin;tJ 1 
• II II 

HafltJ1.1'i ::ii'VIimvt'
II II 

1i1H1l1ff (2549) l::,.;'ua:: n1CJ11;;6n, 

'IJ tJ:: vt a 1 fl "I$U 6 a 16-na U (PE) vt 6a1vt'Viau (PP) 1tl fl 'j:: tJ 1U fln' vt h'
, ", tI )I 

, fl U tJtJ 'VI fl a 6 fll 'i 1 1.1a tlUvt a Ul,jU Ua:: nlCJ11;;6! 'Vi a vt tJ "h1.1;1l1ru Ul,jU 
• II • 

ff 6diU 1 1;)1afllll tl1.1'i::1l1ru-n 

t,}rul1 fJ ij,jlU l1U 700-850 °C 1l1::ffllnll1 
II II • 

i U1.1;1l1ru iti!nu5n1afllll''IfU1,juua::n1CJ11 , U 'IJru::'i1 ij aru. 11 nij.. 
• II II 

300-400°C fJiJ-n1111l1::fflliu fll'i ff Ifl'n::,1ad' U
• II • 

ijfl111l(h:nhLvtl:: fl111l11t1fl i 1.1 

6iif.\lf.\ll 'VI! (2546) ,1.1 

ift iB m::vhiU 

1 afl'.i 500 
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.:. 4111S1,:'", jlo .... " ,:'''':i
400°C lU'I:l:1:::tI::l1111 1 '1111lJ<I LlJfl 

. 

fl'5::1J1U011 <lflWfll"''Ilfl<l1h,j'U 11.l'JJ':w . , ", . 
NiCO flfl 2.6:1 

... <I:li d QI' 'J}
1Jt)mtl1'Y'UA NiMO/fl\jlJU1 1:1 (1fltlll:: 75.3) 

'U11fl-3 (2542) ..,1J'.), 

1 '5 flfl;61If111 'U Lfl fl L 1'11'51.1 1::fl fl'IJth::Lft 'VIfl 1 'Il,ju 1'11lJ 1 'j (l Nii fj)lfl U 1J V 

.., "1 cS 111 SI, ".& 1SI ," "'..s 4 I,11111t11'11'U"''Ul AVLfl1J1'1::1'1lJ l1flltl ULCJ1l1l1L..,fl 'YLlJ'UUl1l1-3f1l'.i1JflU 'U 

1'1ftll::lULl1lJ1:l:1'1lJ 011i 'fl01'5lnAilty111NlIm:l:'VI1J 
• A' ... 

'VI 1-3it<Ill1AlIfllJ 6'U 1 'U 1 'U-3 

tJt.)Jt.)J1 'Y1ty'U flfl (2550) lINfltlflllHU «-3fln1JlJ1i 
1.11:: ltl'Yll" 'U 11.1 L4m..,ii-3 fll1un1'1 
.... .:... .... .... jI.., It ...,. .., i 1.11'& .... , • .1 " 

1: 1 f1HlI:: 5 fl LlIfl'5lJ t 'fltJ "JJLfl'jfl-3Ufl1'1CJ1 nLflfl '5 . 3 3 " . 
Ll1J1Jll1l1l1<1 fl6f1'51h'l1fl101ff 30 m /hr UlI:: 50 m /hr 

" l 3 3 3 
1.49 MJ/ m UlI:: 1.76 MJ/ m 4.7 m /kg LLlI:: 4.7 m /kg 

... 1 4 d" QI4 0 
UlI::1J1::1'1'V1'.6ft1"'WU'5fltlll:: 32 UlI:: 66 

M. Cimenti and J.M. Hill (2010) 

" flU 'i'i 1U'Ufl9i1L' til 'IIfl-3LlJiilluflllflflSflflri11111J Ol'5i AtJfI '5 1 V 
111 i 111.... I 41 ",,I... d ':... I 

fl'5::1J1'Ufll1 L'" llll'5CJ1ff ..,1J11 L'Y'U 

4' QI.',-
UlI::lJL'IIlJl LLlI:: fj) ::flll1JfI 

N. Miskolczi, A. Angyal, L. Bartha and 1. Valkai (2009) 
" ..I" " •01fl 'II 1..,11lllC1f1'1'V1f201I,JiJ 520 C ..,1J ii-3fl 1 IIfj)::fld 

" " 
i 'U mllJ'IIfl-31l1,j'U 11J lUll:: 1l1,jUl1 Uflijfl0l1'1lJ,j9i'll fl-31l1,j'U ii<l' nlll 1'1111 fln '5 lJ 

M. Mani a, C. Subash and G. Nagarajan (2009) 
.&.Q .1 111 111 SI .& ",..1,.11 ,I... ,:' '" ... ..I "" 1SIILlJfllJ fll'51JlIflV Lflhl Vfj)lfl fll1 lN1 Ll1lJ'IIfl-3lfl'j "JJl'Ym..,lI<1ro 1nt.! llJ fl 'VILl1l1fl 'Y 

1'11lJ11f),.. 100% flflfl 1'U1m

. 
15 40 

I.K. Basily, S.T. EI-Shaltawy and B.S. Mostafa (2006) 

1AtJ1 1'1fl-3tl<l91fln'WU1J'U 1

http:L~UOl'51.1i'1J1.I1
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"  " 400-500° C uaz Tff1YI'ViUlJLrtUfl11'i.:Jtl6fi; til illflUU fltJU ilz,hul,j'Uht1,'ftcifff 
• t JI  • II JI 

1Utl.:JLL'fl1Y.:J 't1V.:Jtl.:J-nfftH - 7000 C 

fIl' 11Yfl11'i.:Jtl6mtl1t.:J iliihrtlffltlty 1 en 
.d1lJ 31 !'II IIJ 1" IIJ'· ... 1.1 31'VI L8 C2 - UUU ':::lJ1W'tJtlaZ 33.6 C4 

P.T. Williams and P.A. Home (1995) 
".  . 

tJ.:Jri't1,:::fltJu'UtJ.:J,h,j'u 1'Y'1 h 400 - 5500 C 
31 •• , " .1... ''LId! '" ...C)f1tJ Na-ZSM-5, H-ZSM-5 ua::: Y UtJflillflUtI.:JnlJ 

' fl1d nl6fi; tJHf iI:::\1 fl fftJU 1U tl.:Jtl6fl' wi 'Y'I1, i acifffU U'lJ-n 
1al1::: .:JflalJ il't1 i fI1'Y'1f1lni lt16mtJ11U 

UW1103' 'Y'I1, 'acifff tJ 't1 
" Na-ZSM-5 uaz H-ZSM-5 1M'Ha

Q ct'.J..tI:II 4 t... 1"Q QI • Q,I 'tl _.- h. 41 i " H-ZSM-5 tJ-3 {)flltJlul:::Lfl't1C)f tJ MI Y LLa:: 

1tJ Y 
'" ..... • ....d.... "'... 1 · !'IIUa:: LL tJ::: lJU 1 fl11tJ fl 11 a tJ ffl1 Ha mu en 't1 '1'1 ff1U 11 'lI i1::: L1J U 

ffl1 '81 fl1{UtJUUUU1.:JU
" " M.  Day, Z. Shen and J.D. Cooney (1999) l11f1l1''Y'I11 'a91ffLff1:l1l1ntJn.:Jillfliu1Y1U 

" " lff1:lL'HntJn.:J'UtJ.:J'i$u \1 flil itlv.:Jtl.:Jtlijmw1U 

100 fl;lJ/'YlJ. Llft::''Y'I 500-700°C 
dZ .. 41 4. tp ...60-85 LVitlUflUtI,1J1 W tI'lJ1WffU 

i 'Y'I1, i'Y'll, 
A ",.1 .1....... "1.1 : ... , 1 , ... ....I l::fltJU'UtJ.:JUllJU 'Y'I 1 aC)fff fltJ 

, 1 " .... ..1  A 12 '" : 31 ., "'" 1 31 1'"I 31ffl1 8 'HffUtJ:: 

Lri'Um'fl 

W. J. Hall, N.M.M. Mitan, T. Bhaskar, A. Muto , Y. Sakata and P.T. William (2007) 

'acifff1ffiil HfflJ'::'H 1H 1'Y'1n1maYl'U 
... ... • ,1.1'" I'fl\1flt..ll 1lfln::l1111tJ FT-IR, GC-FID, GC-MS ua:: GC-ECD 'Y'IU11 

.d " 0 I t 4. QJ d' Q Q Q QI I  4hJ'Uw::V1m::: U1U fill 'Y'I11 a {)fflJ'Y'It..I1i':: 'H 1103 't1.:J fftJ.:J fltJ 

ffl1 utJ'Ufi1lJil tJtJfl 1'Y'Inffi\91;u1Y.:JHai rl1HfIl" 'Y'I1,' ftcifff 11":::• 

J.A. Conesa, R. Font, A. Fullana, I. Martm-Gullon, L Aracil, A. Ga !vez, J. Molto and 

M.F. Go mez-Rico (2009) 'Y'I1 'J 
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'1 500 -1100 °c 1'Wn16Vinu 
t: .! ......... _to' l'I 1 ... " A 4 t: ... _14 IiI::06UUTtH 'W1CJf fflffllJ 'W1U6r111i16' lU6Un::lff1:jm::tl0 Ul11U1I::060 Lun60 

, " r... '" I I _I _I I... t " .. 11 Ul11U Lm 10rll, 

'81 tI1 1 U , 1111' tdtl'Yilm"mtlm;ltl'lmn 
... I .... ",..r d.1-'If!.... .. 1 1 " d.'" 4 8 

, J1.1i ,1' J _I _I ... ",..r '" 1" "'1 ...Itl 'JflWl1.Qll '1 
N.A. Dung, W. Tanglumlert, S. Wongkasemjit and S. Jitkarnka (2010) flO1:j16Y1n'Wn 

tI1lLYltlLilV1I1\1m::1J1Um,''W1, lJl RulSBA-1 

1,f 2 lvilLrtmmV'IJ1-ntl1Jfl1Jm::1J1Um,''W 

1, rll' l'Wntl:: un:: 1,1l19in 

1'W1,1nCirl'!u 5 
'" 11 d. d. d. ""-t..d.1u\l lm'lL'W1Ifl111116\1 'YI 

A. Adrados, I. de Marco, B.M. Caballero, A. Lopez, M.F. Laresgoiti and A. Torres 

(2012) 'Yilm':iLmfJm;lfJ'Um'l''W1':i ,t1'uri 1'vtnltl'YIVin\l 

1'Wn1'W'l'W1nu 1'Wn'1unflntl1Hi' (-w'1;) 1'WnltlVinULYlL':i'WYllLnYl (-WiHi) 
, ... ,...... "" t,,' I J .. '_1' 1 1 ... '1 ... _I'" " .Ii(ltlmtlt'f) un::tl\]1I\ll u 'W ':i nCJft'f 

(redmud) 

flU 1tlli"HflU1Il0 iii ff1U'11 U2'11,. 1CJfun::,. LL lrJU 11 lio 
!II !II 

1'W1':i 'nCirluu1t1'tltlO1l1'll'tlfJ1Il 0 

J. Walendziewski (2002) 1':i1nCMt'f'tlfJ::rH11t'f9io

'" r "'... " ... _I...." :'1 l' .... .. _1 .... - d.0.5 un::'YI11Jt]O':ifJ1Y1 

fl11119lU'U':i'ltl1mff flWl1.fJli 350 - 420 °c 

3 - 5 MPa 380 - 440 °c 
t '" ,_'II r ... '" '_1 t:....."'1 l'Wtl 

A. Demirbas (2004) 'Yil0,.,i''W1,
.... .... 4 1 ... ...... 1 ...1...... 1 ... ,... • .... d.lI) l' t t 'Wnlfl'YInU 'Wn 'W,'Wnu un:: 'Wnrl liI':iU 

nlCJf n1 u,,';h,rJUrll':iil'W10 'lirllll1'l(l

'111t1'rll'lil'W1flL1JU;U 1'Y1\]6U Unrll':i fl:: 1'i1l19iflfl1'lJU-W 'U hw1'Wnrl'1iI1u,!u',f 

d. • 1......... 1"'1 44 0 t:d ,  OJt'f1U 'Wnlfl'YIn\l un:: 'Wn 'W'l'Wnuuu 

2.5 
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2.5 1, Ayhan Demirbas (2004) 

Waste Pyrolysis Gas Oil Residue Other 

Temperature ('K) (%) (%) (%) (%) 

1033 55.8 42.4 1.8 

1013 49.6 48.8 1.6 

Polystyrene (PS) 854 9.9 24.6 0.6 

Mixture PE/PP/PS 1023 52.0 46.6 1.4 



, 
"'"tJYlYl3 

.. .. 
3.1 ,hirtU;fJlfilh 

u '" : u.r ...3.1.1 

o "tI 0 • 1" :;J " •l fllf11111ff::fJUI Uft::YIl 'HUlHLLft1Nl'lJ01::U1'lJml 

l'n1, 420°C 65°C 170°C 

tI'::1I1W 30 'lJl;1':: lif tI'::1I1W !fJVft:: 15-20 

O,::U1'lJm,l'n1,lftCiff 91 1 

_I"!! ..."1 "'1 n ... :; ..25:75, 50:50 UftZltlVft:: 25:75 5 
" .... !It!: ..... 11' ...... .:. I " ......l1J'lJ11J'lJCI]f'lJ 91 'lJl1J'lJ'UVZ'n ftlff910.10ml0ft'lJUVO ff1'lJ Uft: L Nff1JtlO 

3 91 1 91 1'lJm, 

• .1!1 ..... " ...... "'. ....fltil ffoU.:: m'H 'lJfil<CJ qJftO'WW'Uo 3.1 fllm, mtJfll'n'UO 

ASTM (America Standard Testing and Material) 

flO 15°C fll000lfl'lJ 37.8°C 

m'SoK'lJ flllJ'i1J1WJl fllm1J1Wfll1J::O'lJ UftZfllfl1111!O'lJ (kJ/kg) 

1Jl-Ufl tl91fl. 
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• ... .oil 
'I'UfI'n 8P111dl'UN"" 

.... .... II
"tVan1!lW 

1 
t,'.... Q ,j tid tI

1JllJ1JLl.J\.JG]f1J 91 100, BI00 

2 
It,' ...... ,jtld tit.'.... ... ,jtld tI 

\.JllJ\.J&1J\.JG]f\.J 91 75, 6llG]f\.JA 25' tJ'UG]f\.JA B75:P25 

3 
t,'00' Q ,jtld tit.'.... Q ,jtld tI 

1JllJ\.JLl.J\.JG]f\.J 91 50 L 50 L B50:P50 

4 t.'...... ,j tid tit.'.... ",j tid tIUllJ1J&1J\.JG]f1J 91 25 L tl"G]f\.JA 75' B25:P75 

5 J .... "',j tid tI100 L tl'UG]f\.JA Ploo 

f QI" Q ,r QI .. r .., .. ".-., dOl' 11.:J1JllJ\.J&1J1JG]f1J 91 '¥I6An ff1\.J'\l6.:J&':I1tlL'rta.:J 

" "1 .I'!! ..- t,' ",.l "" 025, 50 ua::'.i6fJa:: 75 ,WlJ'.ilJ1A'.i fll'.i'¥l"ff61.JfflJl.JA'\ltl.:J1JllJ\.J 

'A'uri tllfI111J'H\.J1UU\.J tlltl6fl&'¥I\.J tlUl111JPi'1J'6 

" fhtA1J1W1.h tlllJ'i1J1WrlllJ::ti\.J l"tJiinfJa::LDfJ"ua:: 

I I 0 I, 
3.1.2.1 (API Gravity) ua:::ftlftl1"'tf'U1UU'U 

(Density) 1J1A'.iJl1J ASTM D 4052 

I} 

". (.... "" 3 )- Lfl'.itl.:J DenSity Meter Anton Paar ".:JflTW'¥I .2 
til'" tI- L'¥Im 1J1J1A6'.i 

- m::1.J6flA1.:J'll1J1Pl 500 ml 

" 2} ,;\.J A6\.Jfll '.i '¥I" fftll.J 

(,j'.i::lJ1W 1-2 mL) \In1fh..r,',jh.l 

Oscillating sample tube Oscillating sample tube 

" ••"" A • t.'.... .• JJ 0'", ....oscdlatmg sample tube ':I1'.i11Jfll.J 

'lf6\l afll'.i ff6'Ul iitJl.J 1\.J1W'H lfhfl111J 'H \.J III UW\l6.:Ji16 VH 
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3.2 Lfl1f1.:j Density Meter Anton Paar 

,
3.1.2.2 n11'Hltl188n&n'U (Octane Number) 

'YIl'U flln'j fI fl (Antiknock 

Quality) 'Hl f1f1111J ffl1J 1'J' tl"!HJl L1.J'U Ci'U un' 'H In 1fl fll 'J' ij flfl (Knock) 1 'U 
A 0'1 01fltJ ASTM 02699 U1.J1.J Research Octane Number (RON) 

fll'J'1f1 
A 0' ' ' '' 600 

1) . . AI • QI' d 
- 1f1'J' fI.:j'YIfl fffl1.Jfllf1f1flL'YI'U (".:jfl1'Vt'YI3.3) 
II 

2) 'Ii'U fll'J''YIflfffl1.J 
I .l ... ..., 01 A 0' ... 11 

fI1 Research O.N. 1'H 'J' ULfI'J' fI.:jtJ'U 

1.J'J':flltJi-w ( Knock Characteristic ) 
.4 I ...; I " 1 1" A 0'(Primary Reference Fuel, PRF) "tJ 

II 

CFR (Compression Ratio, C.R.) PRF 
"';i" .101 I .l ... A01 I " I'YI '.IS (Fuel-Air Ratio) 

Knock Intensity Knock 50) l"tJ1.Ji'1.Jfll Fuel-Air 

Ratio K.1. (Maximum K.I.) Compression Ratio 
II • 

• AI d ..::I 0 I AI i. 1 ...Detonation Meter 'H'J'fI Knock meter '.IS'YI 50 1..Ilf11 C.R. 'H'J'fI Digital Counter Reading lJ1'Y1tJ1.J'H1 

fll O.N. 
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3.3 CFR Engine (Cooperative Fuels Research) 

Resean:h 0.0 0.1 01 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
Octane 
NOOlber DigiIaI Coonter Readings 

80 609 610 611 612 613 614 615 616 617 618 
81 619 620 621 622 623 624 625 626 627 - 628 
82 629 630 631 632 633 634 635 636 637 639 
83 
84 

64() 

650 
641 
651 

642 
652 

643 
653 

644 
654 

645 
656 

646 
657 

647 
658 

648 
.. 
659•.. 

649 
660 

85 
86 

661 
673 

663 
674 

664 
675 

666 
677 

667 
678 

668 
680 

669 
681 

670 
682 

,. 
671 

", 
683 

672 
684 

87 685 687 688 689 691 692 694 695 697 -- 698 

. 88 
89 

699 
712 

700 
713 

701 
715 

702 
716 

704 
718 

705 
719 

706 
721 

708 
722 

709 
723 .. 

711 
725 

90 726 728 729 730 732 733 735 736 
. 

737 739 

-
.--
....... 

91 
92 
93 
94 

74C 
756 
770 
7Si 

742 
757 
772 
789 

743 
759 
774 
791 

744 
760 
n6 
793 

746 
761 
778 
795 

747 
763 
780 
797 

749 
764 
781 
799 

750 
766 
783 
801 

752 ... 
767 

..

784 
802 

,,,,-

753 
768 
785 
804 

- 95 
96 

805 
824 

807 
826 

809 
828 

811 
830 

812 
832 

814 
835 

816 
837 

818 
839 

..... 
820 .. 
841 

822 
843 

97 845 847 849 852 854 856 858 860 062 864 

, 
98 867 870 873 875 877 880 883 885 

" 
B88 

'. , 
891 

99 893 895 898 900 903 906 909 912 915 917_.  
.,«. 
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3.1.2.3 Allllft",,'a (Dry Vapor Pressure) ASTM 05191 

1) .  . .  -- Vapor Pressure 3.4) 
'II 

2) 
,..; 0 ,,,.. " 0 '1. "d '1. _I"! ..; - 11um 

'tI,tJ chamber UfI::flltlfJlJ'2tu11fJU flltl'ltJ'UO.:t chamber Ufll1lJ1 

,fJtJ 5 tl tlilor.iH\lntlaorJ,,rij 
.. ,..; 0 .." ..r" ..,.. ".}!

'2W'I1fJlJog'VI 37.8 C chamber \lnlA pressure transducer 

sensor UfI::UffA.:tfuuu'Vtl::ml1'Afll total pressure (flfllllJ'UO.:t partial pressure 'UO.:til0VHUfI:: 
. ..; ,..; ".>.'1 ,l .. ",,, ... 

partial pressure 'UO.:tOlmfl'VIfl::fllVfI.:t tI'VI\ln LtJmlflAffOtltJ Cl"lUlJl1 LtJtlHlfllO.:jlJtl'il:: 

ffllJl'Cl1Afll absolute pressure 
, ";,,,,:1' .1"; :.'1- fll total pressure 'VIlA "\lfllliflrJtJllitJ dry vapor pressure 

equivalent (OVPE) lAVml'" correlation equation 

..;  .. 
IIlTtYl 3.4 lf1l0.:j Vapor Pressure 

I 

3.1.2.4  fl11mr.... (Distillation) ASTM 086 

1) 
..  . 

- lfllO.:t Automatic Distillation 3.5) 

l'VIOl"1'" "-

- 250 ml 
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t 
2) 'U'U916'Ufll ':i 'VI 

... . r IV .l! I I I • 
9116t1H'UllJ'UlJ':ilJl91':i 100 ml CJf-3QOIl1.1..:JmlJO'QlJ9IH'l 

mt'U 1 FltHfl16-3 ij6 II1.11.1tl9l1 'U ,jiifllVhfff 'I1lJ l::fflJnnfi' lJ hwij 
fll':ifl11.1fJlJ tl91 nm':i oif'U i1 tl9lnm':i hffl11lJJ6'U fflJ fIltJ hffl11lJi'U1.1':i':i VlfllfY 
.l! A IV .. •• ... IV '. tI "el" .:. ..
CJf-3 LfI':i6-3\l:: 1.1'U 'VI Ofll':i61'UfllfJW'11 tJlJ L1nl 691':i1fll':ifl11.111'U'U fll'U1tlU 6':iLCJf'U9Ifll ':ion'U ':i1lJfH 

.tel".}I tI "el.t... .....I· I !I tI .... !l1 IVItI 6':iLCJf'U9IfI-3tl1-3 un::1 6':iLCJf'U9I\Tt:yLffV fJW'I1tJlJ'VI61'U FI\l::go ':iilHOfllfl11lJFI'U1.1':i':iVlfllfY 
.... 1 ...... 1 A !I !It. ..1FlV691  'UlJ9I FltlLfI':i6U::UffFl-3Nn'VIH'I1'U1\l6L1J'UfIl Percent evaporated 'I1':i6 Percent recovered 

" " I'iiV1Jti1.1fJW'I1.fJii-UWl ':i1lJ'J1-3ffllJl':if:lllffFl-3.r6\1n t'U ltlU il1.19Il':iH,..,16 Distillation curve Iff 

3.5 Lfl16-3 Automatic Distillation 

.. 
3.1.2.5  t.A'I1W\h (Water Content) lJl91':iJl'U ASTM D6304 

1) .  ...  ... ... 
- 1fl':i6-3 Coulometer (FI-3m'VI'VI 3.6) 
t

2) 'U'U9I6'Ufll':i'VIFlff61.1 
• .... el ...  r ... "" I 

- 0.5 ml 
" . "  r 

- Ul't.j,,j'Ui16vHltlci-3U1'I1-UO 
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11/ 

..  ... "'_I'! ,J.I " r '" '" I -

.d  ..
111fttl 3.6 Coulometer 

3.1.2.6 tAuuufhu:::o.... (Sulphur Content) 1J1A1)TW ASTM D2622 

1)  fl11'VI;tU01J 
.. '" .J - Oxford DMX 1000 X-Ray 3.7) 

t 
2)  'UUAtlUfl11'VI;tUtl1J 

KU .  . 
0014 QI 01.40 ,  • QI 

fl11J:::tlU'VI 0.5373 run Background 0.5190 run (0.5437 run U1'H11J 

Rh 
_ I';!  .... '" .,1 .J d JJ! 1J/ ... I 1 A _I'!llJ 1fl1Jl 'VIfl 1J fl1J fl11n1J J lU 'VIlfl1J'U tl\j fI 1'1'110 U'VIU fl1 U U1J fl1 j t'W tl11lJ.:J 1U llJU lJ'j 1Jl W 

ril1J:::tlU 'Ui10fi1.:J 

http:jmol'~1.nu
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3.7 Oxford DMX 1000 X-Ray 

..... 1 ,...  • 
3.1.2.7  f111f1f1f118....11N....',J.... (Corrosion Sliver Strip) 

lJl91'Jl'U ASTM 04814 

1) 

- Wavelength Dispersive X-Ray 3.8) 

t2) 'U'U9It)'U01nlflt'l't)tJ 

o t <II " )! <II "... ,... .1 
01'H 'Ufl 'illfl'U'U l 'Hfl111Jl t)'Ufl1Vl9lf2tu'H llJ'U llJt)t'I''Uttfl,::v::nftl 

lf1v 
... ... '...  ,..., :JJ r ...01'1V1VtJ fltJUH'U t'l'lJ t'l't)tJfll1t'l'(W' t)fl11lJ'S tl'U 'II llJ'Ut>1fl1tWl'U 

(Standard Color Code for ASTM JFTOT) 

3.8 Wavelength Dispersive X-Ray 
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• 
3.1.2.8  n1"n,hfllltJJ,n''U8·:nhtJ'u (Heating Value) ASTM D240 

1) 
A . Q.I 4 

- Bomb calonmeter 3.9) 
r. 

2) 

1tiltllhJlli'Uil0 i 1'U 

" " " dl'HltJ1n'lllli'Ui10dH (Fuel capsules) 1 fll1J U9l 
, . ... QI.... .Ii 1 ...... d ..I <:It

1Jlfl'U 1.5 fl11J Fuse wire 'JhJ1::1Jlf.U 10 F;:!flfltJUfl'Ul'H"fl'Vl11J'U 
r. " P ,  1 " , 1P'" ..,..." J.,\11 mnl 2 'UH Fuse wire 'Hff1'U 

... I ..I P0 ..." 
oj 

..., "..  tJ util tJ01JtJ U111'U 1 u'U11 LtiltlLutil"'U 'IJ"1 'Il'U OtlH'lI'l'l 

420 PSI l'Uml 
'" ... t I , ••1 " QI... .. P _I ... .,.....1It'", r ... 2 ",,, ff'Ul'H'Ufl'Ul1J'U 

.. 

3.9 Bomb calorimeter 

..  i...,
3.2.1 



47 

GX 120Tl 

1 

60 x42mm. 
I 

118 CC. 

..l
2.9 kw (4.0 bp) 'VI 4,000 rpm 

..l 
7.5 N.m (0.75 kg-m) VI 2500 rpm 

I 

8.5: 1 
'JI 
'fI1t1Vlf11f1' 
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Model TeeQulpment (TDll5) 

Engine Power Range 

Maximum Torque 

Maximum Speed 

2.5-7.5 kw. 

12 Nm. 

6000 rpm. 
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.,
IV I 

3.3.1 
• II A 

3.3.1.1 l'i1fl1';UtJalJU01lJU1,j'U1f1'HN 

.t" A " .... " '" 3.3.1.2 'lf11f1'H16 
.:. r",A r"'l.... .... '. 

fl111 1.1 1::U'U1::U1lJfl111J161.11 ::UU,fI 'J ::L1JfI cIJ 'f1cIJ t.l1Vi'U 11"11fI 

,tfl'i1fl11uti'1-u061.1 

3.3.1.3 061.1 l'i1fl11 'VI 1 1 ff6 'UU 'f1:: t2tJ fl1 Wfl111fI 

I , .... ..I 1 .1"..I ..I "' .... '" .,. '" '" ...11 1Jt2tl1'H fJ1J'VI1'H1J l::ff1J fllJlUVi1::t2lJmtll 'VIlfllJ1flU61'f1fl'VI1 6lJ fiff 1.1 
o d. 

'VIH1ULfflJfl6U 
.... A ".t iii 1'.1 d , .... ::... •3.3.1.4 nlJ1::1J1tl1 20 U1'V1 

A A "d. .r A '" '" .... A. • A " ... 'H16 
.t " A ,,_ .... ..I .... 0 d I A  
,,1.1 ff 1 'U 1 -U 6 L fI 1 6 lJ 'U fl1J t2 tlI 11 fJ 1J 'VI t2 tlI 11 fJ 1J 'VI 1 1'U 1ff lJ fl6 'W ! yt 6 f1111J Vi 1 61J 'U n 11  

l'i1fl11'V1 fI ff61J 

A.... ".I"!! .... iii d A "A AI3.3.1.5 n::11lJ11J1tl1ff111J'f1Vi'W L6LfflJ-U 

CALIBRATION 
., . 

3.3.2 
• .1..1 • r '" l .... ..I 0 SI 03.3.2.1 'VI1fl11LlJ'f1lJ'U tIltJ'U 11J'UL'116 fl11'V1 U'f1:: 'f1 H'VI1 f1111J 

r ... .l .... ' d. SI r. A • '" r .... SI Ad SI ,
ff::6lfl1::U'U 1.1 11JU 1.1 L 11JfI'U'rlflflHLVi 6flnflU 11J'Un61.1 11 1.1 1'U'VI;'I 

"" "" " .1 " "" I ''l 0 l'3.3.2.2 fl111f1f11f1H., 'U 11.1 Lnn 

Sid.. '" I l' "" !"'WI.ld '" d "" "0 'H 111J'VI1fl11LflU f11 fltIL H L llJ'VI f1111J!nnlU \T tJ'fI'VI1 91 ::'VI1 ,1 
4 ='1 .d. SI'(Full load) 

.1'" 1 , 1'" ,,"" d. 'l "" '" SI,2I3.3.2.3 lJ 1U 11 'f1 fI-U tH flU 1 1J 1J Lfl611Vi 61Vi 1Jfl11:: 'H UflL tJ'U 91 'H 9'1 

'" . A "..I 4,2' d A "d0tJ'U flfl11J 'VI ::'VI1fl11'VIflff6'UC)f 9'1 Ufl f1111J 111161J -U 1f116 tJlJ 91 VI 4,000, 
'd .:. A "d •3,500, 3,000, 2,500, 2,000 U'f1:: 1,500 16'Ufl6'U1V1 

1 fltJ'fi1fl11 ,j'U;;mhuH iifl tlfll1fl11if'W t 

116U 4,000 tf'H 1J flUit1tJi''U 

flU d UL1J1 1 fI mi a'U 1fl16U 1 'W \116U\1 fltJ1::1J1 tlI 
.c:I 0 3. t  

3 1'W1'V1 5 f1H  
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Ao r",l.. "" -"do3.3.2.6 5 fl1tlVHlU11 fl'YIlflU 
r ..... t t..r A 1)1" '" '" )I'YIflffVUCJflUUUlflllVfl 2 fl'H 'YI'I'Ul'WV 'Mlflflfl11lJU'U Lfl 

http:lllV'YIlflll'Y1f1ffVU'Ul11'Ul')fVl'W'H~'Utl'.iU


...• Unn4 

... _I d'!!l "I 0...... t 3... ",,K... ... 
'VInfl1!l1l 'Ufl11 'VI 114DtJflH'U flfl fl11'H11Jl111tu'U111'U I ')ffll'rH'I,mft:t2fln1lJ1Ifl11 

1I1:fI'1I9lflm11 1tu J 1,j'U t2tu 'H lJii 420°C 1 fI tJ1rufl11 tilA''lI 
tY1'U 65-170 °c 

Temperature Switch 

.....--..---.-----.---,----.---,---,--...,...-..,< 

-- .. ...  
.... (!II11 

d '" A"" ., d 
4D1 fll'W'VI 4.1 1Jl111tu'U 111'U1'iffll'Wfl 'Ufl11fl'f'l 'U 'VII'H 1I1:::ff1l 

65-170 °c 129 °c 

145 °c J1,j'U 

200 ml 400 ml 159°C 
'f • II , I I 

600 ml 170°C 
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JI JI JI t t 
otU OQl Q O«V QaiQl' 

UllJUI1JU9fU 91 (B100), UllJUL1JU9fU 91 
,.J.., • " : .., ... 

25 (B75:P25), 50 (B50:P50), 75 (B25:P75) (P100) 
.d .., ..,... : "'.: ... 

llJ6Ul ASTM (America 

Society for Testing Material) 1J;1!i'YI 

11 ..,... .: .... '" 'I ,.J,h '" _ ... <IV: ...(lJ'Hl'1fU) LU\9l11H'YI 4.1 CJ1-3 . " , 
L1JU91U 91 '

"... '" ... 
D'1.J1J'" 1.J1"'111'U 

B100 BP15 BP50 BP75 P100 STD 
ill 60 °F,o API ASTM 04052 62.75 62.56 62.41 62.27 62.35 • 

l'ilt1,)111'11l11IlUlI III 15"C,glcm> ASTM04052 0.7282 0.7233 0.7295 0.7300 0.7297 • 
l'il000l'rl'lJ (Number) ASTM 02299 91 88.2 84.8 81 78 2::91.1 

l'ilf1,)ll1iiill'O III 37.8 (OC),kPa ASTM05191 58.9 51.6 45.5 38 31.2 
, " nl,mill (,fui)Jntill9i1/qlll'l1t}ii) ASTM 086 34.8 36.5 38.6 43.1 48.9 • 

-O,,.'::I'I101l1tl'll,,fooa:: 10 ASTM086 50.9 55.1 59.7 66.1 73.6 

-ou'::l'I101l1tl'll,,fooa:: 50 ASTM 086 75.9 83.2 89.7 96.4 102.1 70, 2:: 110 

-ou,::I'I1t11l1tl9l"fooa:: 90 ASTM 086 153.8 153.6 150.4 149.4 149.0 

ASTM086 185.0 188.2 187.0 189.8 190.2 

t1;1I11111h (%) ASTM 06304 0.01 0.02 0.02 0.02 

t1;1I1I11nlU::Oll (%) ASTM 02622 8 0.0027 0.0028 0.0032 0.0035 

(Number) ASTM 04814 I I I I I I ::::1 

(MJlkg) ASTM0240 44.61 46.92 47.87 48.58 49.25 • 

STD = vt.ft.2553 

* = vt.ft.2553 
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80 

11) 

n.. ..-< -
60 

lL.. 
C) 50 
1(0 

840 
b >=l! 30C) 

0:: -< 2D 

10 

0 

62.75 62.46 62.41 62.27 62.35 

Fuel Type 

W tlWl1flij . . 
d QI t! d.J.c:I. .Jt rI 1 .J t 0I QI Q •60°F (15.6°C) 1I)f.:J IiJ'Wfl1911U 191111'W.:J'YIllFfCl9ltlfl11 91 tJ'YIfl1fl1111tl1.:J 

ihh 91 (B 1 00) 1l1fl 
S1 f d 51 Q iI f '0 : Q,I : G.I 

'W tltJfl111nfl'WtltJ1'VitJ.:J'HWfI::: 0.63 C)1'W 91 Hffll'W . 
25, 50 un::: 75 191tJt!;1J1911 91 

!tltJn:: 0.46,0.54 un::: O. 76 4.2 

'U tl.:Jll1,j'W u n::ll1,j'W Hffllijfl1fl111ltl1.:J 'Vi1:: , U"O'W1J1fl 

http:0.46,0.54
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fl1fl11lJl1'U1u1l'U (Density) W 15°C 
, !II d ![II I '" _I '" d.da I "" A " :: ...fl11lJ d f)'U 1I1flfll'HN1 l1lJ 'VIlJ f)fl1'.i fI 'U '.i 'U llJ 'U 

,l .... '" .... a '_I ........ A "1.d , , a' 1.1/"" ....t')lf)l'W 1;1{1fllJ f)f)flCJ1t1I'U lJ N1;1 :'N'VI1Ul1'W'U f){I fJ'U fI fW'VIfl1fl 11lJl1 'U1U'U 'U lJfl1 fl 1:11fl tJ{lfllJ 

J1,j'UllJ'U.'U 91 (BlOO) 
jI I I rGl,Q rQl AQ.dQl 1 

'.if)tJ1;1:: 0.21 'N1'U fl11lJ'H 'U 1U'U CJ1'U 91 N'NlJ'U1lJ'U 'il1fl'U tJ:i'W1;11 fl'VI '.i1'N1'U 
!II 1 _r2 4 I JI • r QI ,Q d" t'.if)tJ1;1:: 25 fltJu'.i1J1m lJfl1'Uf)tJfl11'U1lJ'UllJ'UCJ1'U 91 t'WtJ{I'.if)tJ1;1:: 0.67 tm::fl11lJ'H'U111'U'U'Uf){I 
III III .d 

lj,,j'UllJ'U.'U 91 50 ua:: 75 ijfl1 
OGlQl 1 c:I ,ra.r,Q 

0.18 U1;1:: 0.25 fl1lJ1;11f1lJ fI{lU'NfI'i 'Utn'W'VI4.3 'WlJ11'U1lJ'UllJ'UCJ1'U91 
III • 

N'NlJU1,j'U'il1fl'UV::'W1;11'N;}flii fffl 75 (B25 :P75) ijfl1fl11lJl1'U lU1l'UU'i'fJ'fl1 flVijfl1fl11lJ 
.d III III • 

'H'U1U\J'U'VI 0.7300 glcm3 ff1'UU1,j'UllJ'U.'U91 25 
a , a' , .d 3 d t ... "Ip' ,(B75:P25) flVlJfl1fl11lJ'H'U1U'U'U'VI 0.7233 glcm CJ1{1'V1'il1lJflf:lf) u'l11fl1 

III III 

fl11lJ 'H'U1U\J 'U'Uf)'i U 1,j'U 'il1fl'U V:: 'W1;1 111 fl II"':: U1,j'U N11lJ;jfl1fl11lJ'H 'U 1H\J 'U1fl n'lflrmi'UlJ1fl 
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tll8 ..  STDUf .. 
.,. 

.a 
L.• &II 
E 

!illZ 

Ii 

:J 

• ... 
u 
0  311 

28 

t8 

8 

F... 1WMt 
• JI JI  JI 

1'11,";14.4 L'ilvL.... 91 

 .  
• QI QI' • • QI q 4. t • 

1.J llJ1.J 111 n'UtI:: .... 1ff'l1.J NfflJ ....1I'l11.JllJ1.J 1I1n'UtI::.... (P 1 00) lJfl1VVflLVIU

lfltlijfl1VVflLVlU (Number) 78 91 (BI00) lfltlijfl1 

fllVVflL'YI1.J NfflJ'U V-!lU llJUL'lJ UttfU 91 HfflJ1.J 1lJ1.J1I1n 

. 
VVflL'YI1.J (Number) 91 91 .... ft1ff9in 
J,QI '" d QI' : QI Q : QI 

"" .I '" .. ..1 1 ' "',: ""OJ'UtJ::.... fffl-!l L1.J1ll.... 'Y1 4.4 fltJfllVVflL'YI1.J'UV-!lVm1ff'l1.J NfflJ1.J1lJUlll1.Jttf1.J 91 HfflJ 

.... 25 (B75:P25), 50 (B50:P50), 75 (B25:P75) 
:Q,I Q '01  OQlQ,l t/

Uft::1.J1lJ1.J1I1n'Um:.... (PIOO) L'YI1nll (Number) 88.2, 84.8, 81 nlllflwcn 

lJ1m111.J fflJu9i'YI1,m1tJ1ll ....fl1VVnl'Yl1.J tI'j ttllJ ':i!11.J 1.Jfl1

(Number) 91.0 2553) .. 
,r,n71.J 'ttln 11:: 111 n'U tI:: .... ft 1ff9in 1 til 11 ij f) l'j tI 711 tl1-!lfl1VV m 'YI1.J ..  .  



56 

810:5112 

B... BlS:P25 B5ItP5I B25::P75 PlOD 

• JI " )J 

mYfn 4.5 tllfl111J4i'U 1 1m 91 

I .... 1 !'II .... ' ''' ".."fl (Dry Vapor Pressure) 
" " ,l " 

. " 
(PIOO) ijtl1fl111J4i'U 1fl 31.2 fii nthfffl1n l:h'Uih]j'Ul1.1'Uait'U 

91 (BI00) ijtl1fl111J4i'U 1fl 1fl 58.9 fi1n1hfffl1n lIffl'Hlfl'l'tI'U11Idflunl1]j'U 

11.1'Uait'U 91 flff1JJ1ir'U 1 

4.5 1 
, 4C11G " QoI' 4 0 " Q,I Q . • <j} 

ff1'U fI ff1J'U 11J 'U L1.1W'If'U 91 flff1J 'U 11J 'U n1 ff\il fl 'nfl\il ':I 1 ff1'U l flUnt 25 (B75 :P25), 

50 (B50:P50) lint 75 (B25:P75) Ivi1n1.1 51.6, 45.5 lin:; 38 filntJ1ffflln 

W fJWlUJii 37.8 °c 

" Ul]j'Ul1.1'Wait'W 91 (BI00) 62 filntJ1ffflln 2553) . " 
1fl fI n fl1 'j 'n fffl 1.1vi 1fJW11 fJ ii fl n fl n'U (Distillation) 'U fl 1fl'UUt n fl 
o" Q,I Q 0" QI .Q Q.QI. • Y 

(PIOO) Unt'U11J'UtUW'If'U 91 25 (B75:P25), 

50 (B50:P50) Hnt 75 (B25:P75) 4.6 

fl1':i':i t 111 U i 'U V\iI 11 ff1'U fl un:; 10 1.1 11ij vi 1fJW11 fJ n flU fl 'W ii tll 'j 'i:; IlftJ i 'U t1\i1 'j 1 ff1'U 
" Q t .Q. I 0 " QI 4 .... 1"':IflUnt 10 1Jfl1'n'Q;,:jfl11'U11J'Wl1.1W'If'U 91 (Bl00) lJ':It1l1W'jflun:; 8.25, 16.11, 29.86 un:; 43.61 

" 
\il11Jih4itI r-l1'U tflW ':I !l'Ufil't1 'Wfl lirlH1.1 'Wait'!.! fi1't1 'U fI 1 11i'Q;,:jfl"h 

" . 
70°C 2553) (PIOO) 
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(Water Content) 

'¥111MlflY;]fl1' 1
• Q r.., C\,JQJ IQ 

ff'J'W 'W111'W 'lltl'UfJ::l'Hnfffl tl (PlOO) U"::'W111 'U t'IJ'UCJr'U 91 F-Iff1l'W 111'W 'l1f1 'lIv:: 'Y'm 1fffl tlVlflflnff'J'W 

!mJ":: 25 (B75:P25), 50 (B50:P50) ",,:: 75 (B25:P75) lY;]vm1l1fl' 
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II I I tI 
1'U'\.J9f'\.J 91 (B100) 0.02 4.7 

II 

ti1'11'\.J 1 111 rJ fltJll 0.7 
" II t • 

2553) 11 i -H' llt '\.J l;ffl m iifJW m.., 1111 1 11 tifl i -H'1 fi fll'j Vi W'11 

4.8 (Sulphur 

Content) 1tI'\.J 1,j fl flO fll'j fffl'l1 'j fl fll'j fl-J fl'\.J rrmh fI fl tJ'\.J tJlll lW 
II 

1'\.J i '\.J 
II II 

100 (P100) 91 (B100) 

25 'I1lfl 1.2 l'YI1 0.00355 

91 0.005 
• • I ." 

Hii 1 rr1111Hl'll1111i fll tJ'\.J 'U'\.J 9f'\.J 1jj fl m flll1Hrrllti'U 

91 
"1 1 " 

1tJ fl f1 fl '\.J fl'll flVi'll 1111Hrrllmll 'j 1ff1'\.J "1 1\Ol mjjfl 

25, 50 75 0.00271,0.00288 
• II • 

0.00325 1'U'\.J9f'\.J 91 (B100) 
" 001" '. ," OQJ.q Qd.QI .:I' 

'\.Jl11'\.J1'UWlf'\.J 91 25 (B75:P25) 
" QJ I :GJ.Q :01 .Q,J,QJ I 

'j fl tJll 4.2 1111 'j 1rr1'\.J f.lrrll '\.J 111'\.J1'U '\.JC]f'\.J 91 Hrrll'\.J 111'\.J"1 fl 'IJ ..,1l1 fl 'YIfl mlrr1'\.J 
" 1 ... IQ .:I , " 0, .Q QI50 (B50:P50) (B25:P75) 1.7 15 

II 

ti1'11'\.J 1 fl11f 0.005 
" "1 , 

(fl'jll 'j 1'\.J, 2553) 11 i -H'llt'\.J 1;ffl1.., 1jjfl 1 tJ i 'U 1f1l tJ'\.J 111ii Hll;lfl 
II • 

fl1 'j fffl '11 'j fl1111 fll 'j ti fl -J fl'\.J t)f'\.J ff1'\.J 1f1l tJ'\.J 
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(Corrosion Silver Strip) . 
3 '.i'll'N W 50 °c 

ff'ltJ 1 4.9 V'U UN'U 1l'htiUUNtJLtJl fJUt-nVUfll'5 
QI t I Q,I Q.I t f.Q or:t. QI Q.=::.. .:I' Go': 

1 t'flfJUflU'WllJ'ULUtJClftJ 91 (BI00) 

ijfll1lJrj,:jUNtJtm 1 
d , 

2553) ll:: trltJ '5lff'ltJ flfflnhlitJ1UtJCiu 91 flfflJlj,,j'U 

25 (B75:P25),50 (B50:P50) (B25:P75) 
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4 '" 4Cl4'4.10 u Yi1J111.J llJl.I 
2! , r QI Q • Q,I .. " ,. ... 1 

1'11111'lVl.Illlf1f111l.1111l.l&1Jl.ICJfl.l 91 (BI00) 1Y11f11.1 49.25 MJ/kg 'tI'VHlfJa:: 10.40 
" 'j} I r QI" f QI .Q 4QJ t 

ff1l.1 fIl1'1 1111, Vl.I \I V.:J ff1l.1l.1111l.l11.1l.ICJfl.l 91 Nfflll.l111 l.I 'illf1\1 fJ:Yi YI 6 \'In ff1l.1 'l 6fJa:: 

25,50 ua: 75 91 (BlOO) n1101.1 46.92, 47.87, 
0.... AI l' 0 '"' .... l' ... 

ua: 48.58 MJ/kg \'Il11alA1J 'tI'6'l6fJa:: 5.17 ,7.30 ua: 8.72 CJf.:J1'1l1'11111'l6l.1'il::llNa 
• 0 ... .....4 .4 10\" _, "" 11\.4 10\ " \'I6fl1 aHll.1 ua:: \I 6.:JL1'1'6.:JfJl.I 6 nlf1fl1'HNl l'tlll 1!6.:Jlj llJl.I ll.l11'1'HH fJl.I ll111 

1I1fJ1l.IljJ:: i6 6l.1 \I6.:J14v1Yit;.:I 1\46 11lgfJl.I nTn.:l, 'If

li'f11:1 m:fl1'Jnl.:1 ll.1 11.J li'f1'I,IW:\I 6.:1 ffll'J'IOl.l ::\16.:111'116.:1 u':i ij fllli'.:I \I 6.:111'11 6.:1tJl.I,f 
... .1 .IAI .K .... 0 .... • ....4 ..,. 10\ " 

ua::6mlfl1'J ffl.ll1Ja 6.:1 L'if6 LYia.:l IjJl1Yil:: CJf.:l film all.1 'J1A'illmm l lANa 
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... 
4.3.1 II'H'UYI 

4.11 
A .. .-. old QI 0 tI J :• Q.I 

1'lffJ1'Vi 'M 'If'U H 1'Y1 tJ 'U fl 'U '.i fJ 'U f11 '.i 'Y1 H 1 'U 'lJ fJ.!J 1fl '.i fJ.!J tJ 'U Ij) 1fl rI i'l flU n fJ.!J 'Vi 'U 11 'U 11J 'U 

" 1'U'UcU'U 91 1 , lffllt! 'j 

," " 
1fl;fJ.!JfJ'U cU'U 91 (B 100) nfiT'l.!J fl11 '1i1J1flU fl 

fJ'U Ol'.iliH l'U1:l fJ'U 3,000 ',Hl'U91fJ'Ul-n 

J'll1'Ul'U'UcU'U 91 (B 100) n' 91 
: Q,I dQl I SI 

25 (B75:P25),50 (B50:P50),75 (B25:P75) 
" .

(PlOO) 3.02, 3.45, 7.06 
.... .y. ... 4 "t QI.l. ... .d.. ... 

un:: 10.23 'II fJff 'U l11U!'lffJ1Yln .!J'Y111fJfJfl9f1il'U111 'U 

".1 '. '" 4 " ",,,.,lJ il ... ,'" 11 Ol'.i IWI .d........ ... 

4 " I '"'''' ,,,.l.... .& ......lfl '.i fJ.!J fJ'U 11 lflfl11 fl fJ fllfl1111'.i fJ'U 'U Ol'Hril 1111'1.1 fJWltfJ1'Vi flOl'.i 
" " L;ifJ1Ylii.!J'Vi'U'h 11lU'Ul'U'UcU'U 91 (BlOO) nfilfl1111!fJ'U'tIfJ.!J0l'iOl'HJln'11,j' (Heating Value) 

'JI .: QI : QI dev • 'JI 
tJ fJ fJfl11'U llJ'U l'U 'U 9f'U 91 rlfflJ'U llJ 'U illfl'U 1 fl'Y1 1 ff1 hi 1 fJ 25 (B75 :P25), 

" 50 (B50:P50) 75 (B25:P75) (P100) 
...::. .4".d,"t ...... i " I ....d5.17-1 0.40 'U'U Ol'.i'Y1Hl'U 'U Lfl '.i 'If'U llJ'U 1'U'U9f'U 91 (Bl 00) 'H f11U H'U\Ol 'Y16fJfl111 

" It ... .l. ...... 4,..d d 
'U fJfJ fl11'U l11'U l'lffJ1Yl n fJ'U L m '"fJ'l flfl11111'.i1'.i fJ'U 

__1 

to 

E 8 

•:::JI! II 
S 

--.-. B 100 
--.-. B 75:P25 
,.a.- B 50;P60 
- -'Y- • B 26:P75 

'.' P100 

tOOO t!!iDO 2lIIIO 25118 30118 3500 4000 4500 

engine speed (rpm) 
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o u4.3.2 
I 0 '" .. ..... , '" r IV A .. .. I ...

fIlfl1i1 'H11..1 l1J 'm 'U!NLtl'Hl-3tJ1..Ifl'YI ')fU1111..1 L'lrfU'WM'lr1..l fl1-3'1 'YIl Ollfl 11 
0' A; .:l .. QI .. QI QI t .Q .. II 

'YI1-311..1fl1-3'1'U0-3Lt110-3tJ1..Ifl Un'fI-3 n L1..Ifl1'W'YI4.12 1Ii1fl'tlW::l111101..lfl1..lflllfllUHllfl'U0-3Lt110-3tJ1..Ifl 
I .... ..... " '" r IV'" !'fI A ... Q I • '" ... '" .....fli111f101t11 0-3 tJ1..I fl'YI 'lr1..l1111..1l1JWlf1..l 91 (B I 00) 1111 fl'YIfl1fl11Lt110-3 UUfl 'YI 

, ,,,A ... ....... .... Q' IV do .r .. 0 0 

'lrL'lrOL'Wi1 -3'lr1..l 01..1 'YI 'rJfl 'Ollfl11 'YI1-311..1 'UO -3 Lt11 0-3 tJ1..I fll1i1::11 fIlfl1i1-3l1J' fl! 'W11 'U 1..1 L10tJ'1 fl111'u' 1I1iU 
r QI.<Q 0 QI r (II Q 4 o.::l 

1..I1111..11tlWlf1..l 91 (BIOO) 1..I1111Nn'lIfltl1..l1111..11l1fl'UtJ::'Wi11n'flfl (P100) l1..10-31l1flfl1''YI1-311..1'Y110tl 
o ....Q IV 0 IV .. .... Q IV IV ..,. ... ... 

fl1, 'YI1-311..1 'U0-31t11 0 -3tJ1..I fl1 i1 -3 'U0-3 Lt110-3111..lfl1H 11 fI1111n'1I'W Uti Lflllfl' -3 fltl U, -3tl 0-3 

4.12 'Wll'hJ11T1..ILtl1..lCi1..l 91 

1,rfi1Ltl'fl'U0-3Lfl1o-3tJ1..Ifl"mfLfltJ-3fltlJ11T1..ILtl1..lCi'U 91 (B 1 00) nfi1\T -3fl'h hi 
... ,. ... r ... A ...... 0 " .. ,d d 

1I1fl1..lfl LfI tJ'rJfl'lr1..l fI'U0-31..11111..1L'lrOL'Wi1-3 'YIl0tlfl1''YI1-311..1'U0-3Lfl10-3tJ1..Ifl 'Vlfl1111Ll110ll 4,000 10tl 
. Q" ....."'" f...... 1'" · .... ... ....., '" flO1..l1'Y1 lfll0-3tJ1..Ifl'YI 91 (B 100) 1l:; 'Hfl1Llllfl'U0-3Lt110-3t11..1flfl1fl11Lt110-3tJ1..Ifl'YI 'lr 
" tI • 

lh1T1..I l1J1..I Ci1..l91 25 (B75 :P25), 50 (B50:P50) Ui1:; 

75 (B25:P75) lfltJtl'i1l1iU (PIOO) iifi1 1.13, . ..,
1.88, 4.15 1m:; 9.81 fl111i11f1ll 

.. ""'-]5T'Iil-' • 

...........:trPBQ 

... 
l1J1..I911..1 91 
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, ... 4 ., IV • ., A ... .d d A 
CJH)J fl11 )Jt'flJ 'Vi'U1J n1.1 fllMl1J n'llfHLfl 9>l1fJ 'U 'U'n fl11 m V1.1 'IIfHlfl

• 4" 1'" IV .1 11. ,1 .... .d d3,000 
A .., .1 11. ,1 .... .d d A 

Lfl fJ'U91 'Vi 1.1 11V 9'1 1 n U t'f\H a v -3l'1JVL'Vi '911'Vi 1:: 'n fl11lJD ') V 1.1 'II V Lfl fJ'U 
, ... A ,,....,.1 11. ,1 .... .d3,000 '1Jl-A1lJ'UL1.1'UC)f'U 91 (BI00) 

, Q.I., A ci.d, "f.,.- f Q,I , .et A J r .,
'1J'U1)J'UL1.1'UC)f'U 91 Nt'flJ'U1)J'U '91n'llfJ::'Vit11t'fVl f1 fJU 'U 

... , ,...., .1 11"" ,1 .... .d ,A ,.. J., .... 
11.1'UC)f'U 91 (BlOO) '1J l-A1)J'UL'UUC)f'U 91 

r., .-.d0l'" r.,,Q
75 (B25:P75) (Pl00) 

4'l.d1l 1! • ..,lJfl1 iilfJLUafJ 5.88 

--fiili,..,_____-;:=====:=::;:_____---, 

,0.'1,. , 
,t_ 

J Q,I 114 " 0 4 ci.d SI A .Q IQ 1;1 i\Q
.fl1'Vfn 4.13 L 1'lflJ llJUL'lftll'VHWlfU 

1/1 

1mfJ1.1LfifJ'Utl1.J'lhlluL'Uu'iu 91 
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OIl i " i4.4.1 mllfll1tJ8t11J8t18n ,IIA ( CO) 

4.14 f1111JL LC)f,) (CO) 
• • II ttl tI 

\lln L f'WliJ'UL'lJ'U&lf'U 91 1
1 ,II " II • 

f'WliJ'U (PI00), NfflJ 1.hiJ'U 

25 (B75:P25), 50 (B50:P50) ulIz75 (B25:P75) 
III" ,:,.,.... , ... " (CO) 1Jlnn11'Ul1J'UL'lJ'UC)f'U9 1 (B 100) LVlln1J10fJlIZ 4.43, .• cv t. QI CIr. 0 QI 4, AQI I 

0.29,3.55 unz 0.88 91 
" .1"" "" "I" d '" , ,10fJlIZ 50 (B50:P50) (CO) Vl1Jfl11J1nn11 

1 JI tI JI"'''' 
fovlIZ 3.50 LiioIf'W1iJ'UL1J'U&lf'U 91 UlIZ'W1iJ'U'\JVZ 

, '" 
(PI00) (CO) ihnnn'h'W1iJ'UL'lJ'U&lf'U 91 

(B 100) L'vilti1JfOVlIZ 3.53 1Jo'Uon (CO) 

H1'U 1J 11>11 i 1 'U (n11J n11 '\J'U 1:1 Vll ft 1 'H Ln (U erlU 1I Zin n111>111 \lff01J fll n 1 C)f 

fl111JO'U1Jo'Uon (CO) 

05 

u 

Fuell'Jpe 

f , I 'j) " 

ill'Wl1 4.14 (CO) 

91 

http:0.29,3.55
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4.4.2 olc.IJ1aYA1fn4110'U (He) 

..: 1.1"" "" 41)1 <I,.lfl1l1'V4l'l 4.15 1111 (He)HJ 
111 Q A <I":, "" '" ...,.... • •,.lfl ltmYt.l'IJ '1 ij ¥il'l 'tr'lJ11J'lJ L1J'lJ CY'lJL1J'lJ'lJ11J'lJ 1 'lJ om1111'lJ Nl11Jrl H"l 'V41J 11 

1 1.1 • '" .... AF-lJ'l1J1Wf11CY41)1 111lS <I (He) Cltltltltlfl1J111JtlA "Jr'lJ11J'lJ'lJtlZ'V4C1111rlfl ... (PIOO), 'lJ11J'lJL1J'lJCJf'lJ 91 

25 (B75:P25), 50 (B50:P50) UCI::75 (B25:P75) 
Q'tl... "" 41)1 <I Q' J Q .... tl...1111 41)11Jtl1 lS ¥i'ltl1'l1Jtl'lJ (He) 'l1J1Wf11CJf 

(He) (BlOO) l'rho1J 
" 0 .....It , AF- <II 111 1 <I ,Q'ltltlClZ 1.98, 4.95, 7.92 "ClZ2.97 lS (He) ,.Z1Jtl1 

91 m1J1W fllClf'sl¥i'ltl111Jtl'lJ (He) 
..:.... 1II.JI Q', .JI "'" ......: ... .....K ... 1 " I 2' ... "'" ....l'l'1,.::1Jtl1 1.98-7.9211Jtlll'ltl1Jn1J 
r., Q 

'lJ11J'lJL1J'lJCJf'lJ 91 

..; A F- <II 111 1 <I ... <I":, .., Jt ... ... I

ill'V4'fl4.1S lJ'l1J1tl1f11CY lS ¥i'ltl1'l1Jtl'lJ (He) 

nIl VU-t;V1J01JJ1,j'lJl1J'lJei'lJ 91 

http:ill'V4'fl4.1S
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tT1UNam1'f1Y1tTf)1Jua:ff)ltT'Uf)u'U: 

II I tI 1 o Q1 4 CI • 0 0 f 0 QI 4 
5.1.1.1 '\J CJ1'\J 91 Illtl 

:... "'1"" .d.l .,.!11:' ... .d 11"" ,flffll'\J III '\J 1fl'\l '\J 1ff1'\J f11'j flffll'Ylll1fl'\l'\J 'Y1l l'I1'\J llJ'\J 'Yl 

, 0 , , : iQI Q .. I d ,A _t'! A 
62.35 '\J III '\J fl1'Ylq tlllJ 'j [J'UI'Yl[J'U 

... : '" "" 1 '" : ... .... 1"" .d.l 1!II ,fl'U'\J1ll'\JI'U'\JCJ1'\J91 '\J flffllVlll1fl'\l'\J 't11 'I1fl1 
• QI' ':0,,#fl11ll'l1'\J 111 '\J '\J 0.7233 0.7300 '1 '\J ff1U '\I 

... "" I I 0 ,.11 !II"" I .. '" '" ..: ...U1UU'\J 0.7300 'I11fl'\J 1 lJ tlf11'j '\J1llU 

I : QI 4' QI I ,
5.1.1.2 fl1tl tlf1l 'Yl'\J llfl1 flfl 'j1 ffTW flffll'Yll'Wllq 'j :;'I11H 

.. :iV 4..::i.: d4. " 
88.2 (I 78 U '\J III '\J tt 1 tl fJtufll'Vl 

fll'iil tlfl '11 tlfl11llff1lll1 (1'\1 tl 112!' I(
, !II !II .1,11. 1!II'" d '" o'tq '''''. '" '" .. .1f11'j "lfl l1llCJ1tl '\J '\I '\J V'l 'Y1l 111 f11 'j1mfl I fl'j tl [J '\J IIIII f11 fl II fl1 '\J lf1 illCVlll 1mJ1U lJ 'j:; f11flm II 

• I J} 

H 91) 'tJflffllfl'U 

-: ... ... '" _'I '" d'\J III 'U I'U '\J CJ1'\J 91 1'Vl tllJ tl fl '\J f11 'j '\J tlfl 
J} J} 

5.1.1.3 fl1fl11llPlU'tl tu 37.8 
GI' .cI ,I t .ct 41 .. I ill J : QI 

51.6 31.2 n fllJ1fffllfl llfl:: 
44' QI,: .J .14 J 0'Q. 4bJ:G1 

'\I[Jt'Vlfl1 'U ltl'U1ll'U 
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fo ¢I fln'U6tU'l·ttl1,llfl11Uu1u1161Jfl11Jio b 1n'fln6-3 !Latin 'hflll u'1t! 

(IYllSl1aflIDwttf 1ifl11 

f" rI WlJtf:UJfllltm.\uJ'111u 
tnUD U 'VfllJ 

LlOfOOtl'-'fl1flif 

'lh:::mfl ru  b UfI11flU "'.ff. 
;;n'Wfltf1.fj;Uflf 

mailto:11!vetfltltttiu.llfUti@jiJ'1W-'l1JlJltJ11
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ih" 

nun1t umw. · ... un\l\1i91 nml\U95 ;tflflMU r 

1 Mum"'U (Octane Number ) 
1.1 (Researon Octane Number ; RON) 

(1}iuiWhW'Hl N ,AflmlU 

(2) i4't. 
MON) 

(1) 

(2). {+lW'ltl 

bJai-,nrh 

lsJ.hrri'l 

9.1.0 

90.6 

&11.0 
19.6 

95.0 

94,6 

83.6 

ASTM02699 

ASTM 02700 

2 

lL-, 
tiWItt 
riLl 

ASTM05069 

:Jiflf!D"Ut$ .. ().O1l M13 

btfm1 0.005 0.005 

3 rl'W::W 
(SulphUr, 

ltJ'fitlit"J.n.un 
IHoWl;) . 

1 lJnt')f!lJ . YtA;.2565 0,05 IM5 ASTMD429"4 

'* 

5 

...... rhtfRt 
!'JIL) 

lsJ..rri, 

0.605 

1),0013 

\UI'1fJ\M1 

I).COS 

0.0013 

\U.I1tllt. 1 

ASTM02622 

ASTtilt.O mt" 

ASTM 04814 (ANNEXA ) 

e trli 'Wti'lM'l a60 380 A$TMD525 

7 

8 

.. 
1l'M1\n.III9 

(SolVent Washed Gum, 

n'lfO"'" 

(D$tllIaIion. 

Ihfinfw100 iiBMr 
mgllOQmL) 

t4JIf1I,fiiftAI 

..c) 

" 4 ASTU 0 381 

ASTM086 I
I 

8.1 

(1) A'ltttmU\tIlflt'lhuc 10 

(to% SvapottleO) 
70 70 

- ...... ------.---
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13 

tltlm'llU 91 flflnl'llU 95 Ji 

70 10 

110 110 

170 170 

200 200 

2.0 2.0 

62 62 ASTM 04953 

I 
!>.STM 0 5580 I 

3.5 3.5 

1.0 1.0 

35 35 ASTM 05560 

ASTM 0 6839 I 

. 

18 16 

.. . ,l1W\i 

0,5 
. 

(1) U11l'\IIUuiuflflm'llU 91 

1J1P1fa'i\l'" 

1,5 !II'IIJ ASTM D1500 
.'(2) 95 

I I ..In I 
i 

r.UI.I1IJUlJ1!1l7j1U'M1 'IJ 
l .... , 

" .Mtln11 'IflmltUil 

(2)  n1mlltlltu€PlMhll"Z 50 lIltlUnJ1P1' 

(50% Evaporated) 

(3)  mmllttltu€Plt'lhIJIIZ 90 

(90% Evaporated} .. .  
(4)  "I"UII'il"\1i1\'111J 

(End POint) 

S.2  mml'lW ffJtlfi,liImlimllr 

(Residue. %vo/.) 

M'1JUliu'lil CU fjCUIUjil 37,S·,. mfith""'lft 
(Vapour Pressure @, 37.8 ·C. kP8) 

9 

10 IwW ffJtlfi,liIwni'Jllr 

(Benzene. %vo/.) 

riwfuil1 llrlt'lA).I ".R.2555 

1 UnMIlUJ 1'1.11. 2555 lilu""ltJ 

11 fJ:':1'nl1iin ffJtlfi,1ItmliJ.l'lllr 
(Aromatics. %vol.) 

12 tilumu htlfi,liItlUNi'Jllf 

(Olefins. %vof.) 

rlwi,m 1 IInM"'1J fut 2555 

1 lJOMlIl1J fUI. 2555 d]u""'LtJ 

a 
(Colour) 

13.1  WiI'I!I-Ift 
(Hue) 

13.2  

(Intensity) 

II":; 

'WtlM1 

. 

II.flZ 

I  
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-Ill-

. l!tltlOl'llU 91 tlflnL'/IU 95'Dtln1\1Uj1MUn'lt 

u'un Un,lWllfiu\wmUl: 

ASTM 0 1500 IIMllfi.mU"l 
bWlf,lll1 \116 a'11J 

U'l"fJ'lU ASTM 0 2392 
r 

14 U'l 0.7 ASTM E2030.7Ui\l4n'i'l 
...... 1ft i'Nft(OftlmSlWlH1l 'rufoItllI) 

(Water. (Oxygenate Blended) %wl) 

15 tI'lftlflntl'lUL'WII Nm.lIf1lvVnl'llll - 5.5 ASTMD4816 

LimiiiI I lUI:: 
.. .. ..aU .'mtl fI'ltlltln'Il'lULUJII'IIUlI 1'IJ1'I'l'lULlN'ltllJ 11.0'W\l4ni1 11.0 

(Oxygenate "vol.)  

MTBE'{MethyI teltiaty bulyI ether)  

or otheIs wIlk:h has been app!'O\'ed by  

Department of Enesgy Business  

.. 16 LWlfNl\lM\I'I 

(Appearance) 'WlWnfu LIII::'Wiil'lfll'll'lUftllU 

.. ,. • ..:... _ .. It 

17 tJ\1'lMlIlIfI-l 

(Detergent Additive) 

17.1 Willi 
(Port Fuel Injector) 
v ,. il ltl • • ... • ..17.2 \II U "'lim 

(Intake Valve) 

.. ... ".- \\til"' • .. • ..18 \ U 11J'11 

(Addlt!ve) 
I 

11 
21 (Additive) 

;ll ftU'lPl1j,tuMmll""'Inn'lN1J'lINIlJU'U (ntlUn1WfllJ) ASTM 
• '" t 4 .j.,! _I • o 1500 L'!I'lnU 1.0 IJ1lJfWliI'1tJnU1LWTlLlJu\11ru1:ntlU"I'l1'l'ln 1 . 4 anthraquinone 

trTll'lm 20 
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.fllf1H'U1n ,. 
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f JI .. Got" 0 ""OU "" Pn1H'n '1.1.1 l'lf'Ul1J'U1UWlf'U 91 

" ,h1'rUIUUC;U 91 
.. 

"lUlI1l 

16U 

(rpm) 

Tim/8ee. 

(sec) 

Torque 

(N.m) 

Brake 

Power 

(kw) 

Fuel 

Flow 

(ltlhr) 

BSFC 

(kglkw.hr) 

1,500 57.43 5.61 0.88 0.50 .41 

2,000 42.56 6...u 1.34 0.67 0.36 

2,500 32.56 1.74 0.88 r. v. 

3,000 27.65 6.94 2.17 1.04 0_" 

3,500 23.94 6.83 2.50 1.20 0.34 

4,000 21.30 6.35 2.65 1.35 0.37 

, JI JI 
,.. QlAI • 6J"OQl.- oQ,l

ftl1H'n '1.1.2 l'lf'Ul1J'Ul1J'WC)f'U 91 : 'Ul1J'U 

... <II""'"(75 : 25) 

tI .. 
,h1'rUIUUC;U 91 :UUJU'I.IIJ:::fU'Ila'An (75:25) .. 

"lUlI1l 

16U 

(rpm) 

Tim/8ee. 

(sec) 

Torque 

(N.m) 

Brake 

Power 

(kw) 

Fuel 

Flow 

(ltlhr) 

BSFC 

(kglkw.hr) 

1,500 56.44 5.71 0.89 0.51 0.41 

2,000 42.15 6.45 1.35 0.68 0.36 

2,500 32.20 6.88 1.80 0.89 0.36 

3,000 27.42 7.15 2.24 1.05 0.34 

3,500 24.49 6.91 2.53 1.17 0.33 

4,000 21.68 6.41 2.68 1.32 0.35 
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II II...• 
ftl1HfI ".3 ,j'l,! itflPU'l f111 'VI t'U)-:J LLfl:i Nfl f111 t11 l,! 1flHJ1fl f111 i Ltrw cif1J 91 ; . 

q.I 4 
(50 : 50) 

" .. 
lhiJ....l1J.....u 91:\hir...."tI:ifu,m:r9ln (50:50) 

fl'111.U1'1 TIm/Sec. Torque Brake Fuel BSFC 

18U (sec) (N.m) Power Flow (kglkw.hr) 

(rpm) (kw) (It1hr) 

5.71 0.89 0.49 

2,000 41.93 6.51 1.36 0.68 0.36 

2,500 32.00 7.06 1.84 0.90 0.35 

3,000 26.99 7.18 2.29 1.06 0.34 

3,500 24.30 6.91 2.53 1.18 0.33 

4,000 22.15 6.46 2.70 1.30 0.35 

• II II 

Vtl11-:Jn "'.4 91 : lh,j'l,! 
.q QI.4 d'.q 

(25 : 75) 

.. .. 
'hir....l1J......... 91:1hir...."tI:ifu,na9ln (25:75)  

TIm/Sec. Torque Brake Fuel BSFCfll","'l 

(sec) (N.m)1811 Power Flow (kglkw.hr) 

(rpm) (kw) (Itlhr) 

1,500 57.40 5.85 0.91 0.50 0,40 

2,000 39.10 6.93 1.45 0.73 0.36 

2,500 31.17 7.33 1.91 0.92 0.35 

3,000 27.63 7.43 2.33 1.04 0.32 

3,500 23.80 7.25 2.65 1.21 0.33 

4,000 21.27 6.60 2.76 

http:kglkw.hr
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. " 
Vll1Hn ".5 1

or. .... ... 
Ul1JU,.r.J::ftDU,."," 

"fll11J,n 

1tltJ 

(rpm) 

Tim/Sec. 

(sec) 

Torque 

(N.m) 

Brake 

Power 

(kw) 

Fuel 

Flow 

(It1hr) 

BSFC 

(kglkw.hr) 

1,500 55.83 6.06 0.95 0.51 0.39 

2,000 40.71 7.03 1.47 0.70 0.34 

2,500 32.02 7.40 1.93 0.89 0.33 

3,000 26.99 7.65 2.40 1.06 0.32 

3,500 23.56 7.40 2.71 1.22 0.32 

4,000 21.26 6.96 2.91 1.35 0.33 

or... ... ... CO(%) HC (pPM) 

BI00 3.38 101 

B75:P25 3.39 96 

B50:P50 3.50 93 

B25:P75 3.41 98 

PI00 3.53 99 
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o ... A .. 
1.1 (Break Power,P) 

T=FxR 

T = FxO.25 

.d d 1"I ...'YIf1111JL'51'5fJ'lJ 1,500 T = 5.61 N.m  
0'"  

2mzTP TxOJ=--
60 

P = 2xJrx1800x5.61 
60 

P 880.77 Watt 

P=0.88 kW 

... .I 1.1'" A "" 01.2 (Brake Specific Fuel Consumption, BSFC) 

QI 1 A "" "" = (cc.)  

(Sec)  

&c m -----
f - 57.43sec. 

http:2xJrx1800x5.61
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0.1393 x 3600 
mf = --1-0-0-0--

mf = 0.50 ItJhr 

111 BSFC 1A\l1f1ffllf11'.i 

Irltl r =0.7282 kgllt P = 0.88 kW me = 0.50 Itlhr ufltuhi'Uffllf11'.i\l::.:1A' 

BSFC = 0.728xO.50 
0.88 

BSFC = 0.41 kglkW.hr 

http:kglkW.hr
http:0.728xO.50
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.fllflNl.J1" 
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Page 1of I 
€trti!IS!!'. ofADah]la 

ProcIutt : GAsolfDt 

T·11I14843 
:oaaznt 

na.ofTeM ; 081w2Q1l 

DateofSalllpling :081un2011 
Sample Coodition :Normal 
Product Source : 

11 2. API Ga:vit¥@ 60 API 
• 3. DGsity @15 "t.81tnt 
• 4. Octane Number, 
• j, Dry Vllpoul'Pressute@ 31.8 "C,kPa 

.6. ............ . .J.. 

n:l... .....

BridPomt,9 C 
'/01. 

DistiUatmn.: Rw.me.% vol. 
11 7. Coleur(,Hue}. 
.8. ·w-.1:"'''Wt. 
.'.!J,. 
11 Jtt. ).:Numb!tr 
• 11. SOlvemWIlihcdGwn.nlgt'loomt 

J\S!l)4·D4D.S2·..09 
ASTh1 D4052 .()9 

ASTM D2699 ·97 
ASl'MD5191·99 

AiTMnM41a.... -"'.> -.-, ,: , .. 

ASnfD·" .o.7a  
ASTMDSO .f)7a  
AS1'M D86 -07a  

VISUal  
AfiM iJS04.oo  

.()6 
..04 

... '. MEl 
62.75 
0.7282 
91.0 
58.9 
34.S 
50:9 
7U 
lSi8 

.-. 1&5.0 
91.9 
1.2 

Yellow 
0.02 

1 
0.' 

Remadt ;  • "Not TISIAccrediled" ill tim Certificate ate not illcludediu theTISI Accteditation 
Sehedultfut our La1:76tatory 

Approywuy: 
PoSitiOliTitte 

DateofIssne; lOJun 2011 

(This cerlifieaterelates only to iMsampJe tested. Reproduction of it or any ants consti!nitll! part is not pennitled 
wilhoutthteonsentofQu.aiity C01'ltrOlDivision·Ulanaa-r) 

http:iJS04.oo
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Past I of! 

S$plOLaltNO. : Dille ;()S Jun ZOll  
CustomerlSupplier :&temalCustomer, (Testing Service) DateofTesl : 08 Jun 2011  

Sampk Leemon : 2 Date of Sampling : OS Joo,2011 
SampieConditjOll : Nonnal 

1 I  II 

" 2.APlOravity@60 oF,"APl 
* 3. DeBtity@U "C.gIcm' 

,. ,. 

Distillation : SO% vol. Evaporated."c 

Distillation :Wpoiave 

'.,', ,,' " ' 

+.. 
*u).. ConosionSilvetSbip ( 3h1S0 lie ),Nw:nber 
*11. Solvenr Washed 0wu,nl8l100mL 

AS1¥ D 4052 -09 

.um:086..cn.. 
ASml)'$6 -07.. 
ASTMDS6.Q7a 
ASTMt> S6-01a 
ASll(D&6-07a 

1l.86..Q1a 

ASTMD4814(ANNEXA) .()6 
ASTM D 381.()4, 

C&B 
62.46 
0.7233 
8$:2 
51.6 
36.S 
55.1 
83.2 
151.6 
188.2 
9&.3 
1.2 

Ydlow 
Ml 

....., ,- OJ9In71 

0 . .5 

 • ineJuded jJ) IheTlSI 

Approvedby: PhuritaPothis\1k 
Position Title. Quality Control 

Date' of'Issue: lOhw 2011 

owy<tothe tested of it or any of its ¢oustituent part is not pennitted 
wi1bouttht ,¢Onsti1t Control'l)i\islon'tlllIllager) 

http:um:086..cn
mailto:2.APlOravity@60


QrtfBe...... 
hidllet:Gll$Olmf, 

em. No. 
Sample Lab No. 
Cummer/SUpplier 

T·11I14S45 
: OP-ll!14JS9 
: Service) 

Delivery Date 
Date ofTeSl 

:081wlOll 
: 08 Jun201l 

:A'1i1h4\hfi.,.ft3 

LIMIT USt1.TTlSTmM 

•  2. •..A. '. "...  .. ":"..l., .. 
j;' 
•. ...l<L·...k_•• 'I':l.__"'.1tr......""'. 

f 

•  s, 
6.  DOOIltlion: InitialBoi.lingPoiut,oC 

VOl; Evapmited/'C. 

. 

DistiJIation :Residue.% vol. 
•  7. Colour (Hue), 
*  8. Wam-Content,% \\1. 

.'Vial 

._.- '- -. '" 

A$'1M])2$9.t7 
AS!MD .99 
ASTM D86 .()71\ 

AftMD86..()7* 

ASTMD8ti..o1a 
ASTMDS6..o73  

Visual  
A$'IMD 6104 -00  

...... 

..:.... , eo 
62.4) 
O.1W 
84.8 
4S.S 
38.6 
59.7 
89.7 
150.4 

.... 187.0 
98.1 
1.0 

Ytllow 
0.02 

Q.O()Z88 
1 

<to.' 
lIttWk:  CemfiClittt.....notiuchtded illtht tIS! Accrtditation 

Schedule tor ourLatlomtory 

Appromhy : PhuritaPothisuk 

Date of Issue : IOJun2011 

(This relares only to tht sample rested. Reproduction of it or auy of its cOll$ti t1teUt part is not penuined 
without the t(llllimt of Quality ConrrolDivision lllaIlaJer) 

http:A$'1M%5D)2$9.t7
http:9.~~~.wt


c.rd1i!fttot@pl'M 

Cen.No. 
Sample Lab No. 

Pll,q\li:t$oufi:e 

: OP.11l14>60 
:&iematCUstomet <TatiogStrJicc) 

Pa)e 1ofl 

Delivery Dale :OSJun2011 
DafeofTes! : OS Jun2Gll 

B1t11D11'Mht''l11 

• 
• " °C»& 

6. PiWllatioa: lDitialBoiJina,Pomt.OC 

'__

 
'.. 

:R.esidue.%l'Ol 
*7. Cofoor(liue). 
• 8. WaterCbliknt.% wt. · . __

.... . . .. . . '" '" .. . . 

1lD1 -.-
63.27 

...... 0.73:00 
81.2 

ABlMDSI91-" llU) 
ASTMD 86.o7a 43.1 
A$1MD a.; w07. 66.1 
A8ttNDi6.o7a: 96.4 

.. .. . l)t6!i(y1. • •• 
149.4 
1$9.$ 

Dt6 4ia 1)1.7 
AS'FM'I)86.07a 1.6 

Visual Yellow 
AS'D.(P6304 .00 0;02 

M0325 
AI -06 1 

1.0 

R.eDwk ;  .. testmarbd"Not 'nS1Ac,credUtd" in: this certificate aromitindudedill the TISl AcmditatiOll 
Scbedult tor our LaboratOly 

,t\ppf(fl,"e4by; 

: lQ1\lll201 I 

('l1Ii. cemficatese_ onlytotlltsample tuted. Repro<:l'w:tion or it or any ofltsc:onsUlucUl part i$ not 
witboUttbt:oon.AlUt orQuality CQ1ItrOl Diy,isioll manager) 

http:lDitialBoiJina,Pomt.OC
mailto:o.ryVapout~@.l1.S
mailto:c.rd1i!fttot@pl'M


Page I of I 
Cel"tHtcate ofAuJpIs 

Produd : GasolloJ 

T·1U14841 
SiIIllpleLabNo. DeUvery Date ; OS1un 2011 
Cu$tOmerfSuppUor : Bxtemal CUstomer (Testing Service)- DaltofTeq : OS Juu2011 

Sample I..ocation : S Date ofSampling : 08 JmlO11 
Sample COJlditioa :Nt)1'Il1tl 

f4MllplMlmU34i90 

LlMlT USULT 

"ViRal CAB 
·t APlGtl1'i11'@ 60 ASl'MD4052.()9 61,JS 
• 3. Dfnsity@ l' t!C!flCId ASTM .D4052 -09 0;7297 
• 4. 
'* ..99 

78.0 
3l.2 
48.9 

....-c AlIMO &6 -0.7" 73.6 
....."OC ASTM D86 .071. 102.1 

9O'%v61. 149.0 
DistilJlfion: .End Point.oC ASTMD86"()1a 190.2 

Jecovetyy%v6L ASl'MD86 "()7a ..... ,. 9t3 

..... 1" .- ..•. .. . , 
, .d'DafDU . .ol)1I' 

'VW 
-:- .,. 1.0 

Y:tUow 
·j•. (1,02 

0.00355 
... (!bi'OOC ),Number ASTM D 4814 (ANNEX A) ,..()6 1 
.. 11. SOlventWS4hed AS'fM Dl81 ..()4 2.0 

IbJII I•.., 

Rtm(U.i;: • inth,isc:;;tl1ificate ... in the TIS! 

Approved by ; Pburita Potbisuk 
Position Title: Quality Control Division Manager 

Date ofls$lle : 10 Inn 2011 

. otit C!r any of i):s,onslitllentpartjs not pennitted
11 CoJitJOIDlvlsionmanager) 



.J Q..Clt. t: 51 rOolA QAt 

Vll1H'n 'VI H fllt.Jfl1l1f11f1111J'H)'\..J '\..J l1J'\..Jl'.If61l11WJ'\..J

I 

I 

I 

IDCode Weight Callg Callb B Fuse Kitrogen Sulfur Hydrogen Total H2O 
--

Hoisture Ash Spike Wt Tine & Date 

BEN20IC 1.00870 6318.2 2394.3 1 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00000 11;4111-10-11 

PAPER1 0.10050 3420.2 2395.0 1 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00000 12:06 11-10-11 

PAPERl 0.09870 3435.7 2395.0 1 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00000 12:2811-10-11 

BIOO 0.30500 10655 2394.3 1 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00000 13:2911-10-11 i 

E7SP2S 0.30350 11205 2394.3 1 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00000 13:5411-10-11 

BSOPSO 0.30900 11433 2394.3 1 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00000 14:1411-10-11 

B2SP7S 0.30500 11602 2394.3 1 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00000 14:321Ho-11 

PIOO 0.30900 11763 2394.3 r 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00000 14:5211-10-11 

\0 
0'1 
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.fllflNU1fl 
... ...• ,

N1H1U1"1fl11'Y1lNtlUn1 
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I. • 

at &t"",nOU11tT8i,, 19-21 'lOlA» 2S$4 

., .1 • .; 

.- .. I ntl ftHtI 2S 

ftlU:1tntif,mnailf 1J1fl1ll1J1nWlVfllfflUfI'· 

'tl,110i6,fllJfI'tliliUli nlIlmM 10903 

..... , ...1". I .... . . 

aou 

25· 

'lJ6;UltH"h '1nU.lIURnt i1flnl'u,·ovftnnf . 

lll1.ftlliI.; 

llitllllfl1J}J; AECS I 

.$l!t ·,fllRnt .. II1JUf\1tj'll 

. 25 f+ifllflfltllft1Yl 
'" ... " .. . • ., _ ., , 

flU  
A .. .; .... .;

W611J'rI 19-21 2SS41U UIl1flfl1::tI .. 

tll ::U1UfllU::nn1JO11 i ::'f1J1'lf1fi1'.l 

25 
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AEC 51  

.. nilu ..n.h:L'Yl9l'flU flf.,,;l 25 
-19-21 'l81fUJ 2554 

Study of1he perfonnan<;e of a small g.80llne engine with pintle waste pla.tic; oil 

ln4",nl1i'Wl1bJTllllollol'lf 

f).mwtlTlll 1..." 0-4535-3309 !-mail: ron.npu@hotmall.com 

Ronmmtk Wlwatpfeechanon Adm Janyalert-arJun Chumsantl Sanlawee$\,lk  
D8pattment of MechanIcal Engineering. Faculy c:I Enginee(."lg. Ubonratchalhanl Untveraity  

. Warinchumrab Olstrict. Ubonratd'lathani Province. 34190. Tet Email: ron.nw@hoImaiI.com  

vnlf"rls 
t.,,r,i"''ln"ll U:'I'I1I1 dmolol,foL'I4ii." 

wnJ1JL;i bUnU1m 91 141 mi,l1iu.i\\l'lU11."....au'ili'lnn1tu'l\lnn'f41,la4hAlfJ2:'I4&'lwinYl 
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Studying of physical properties of wasted plastic oil and its effect on small gasoline engine 

fl'lfttf 11ft: 1uiuJ 

Ronnasak WlW8.tpreechanon," Adun Janyalertadun andChumsanti SanlBweesuk 
mA'k-nwmmilll1e.na ..J 34190: 
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u".r"S'b 
•• I." !I - .l'I. ••,.s; .. .. -.. 91 

'(,.t1lhn1mAflf!lUO'lJ 1 ''I.l'J\.I1fI 118 
..... ..,.k r.J .. ... .. .,
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t ." .. ..I j _ - • 'W .to:" _.J. _oS . !II .;."flflt\UnUIIItf14lhmlUloI'lI\.It\.l'l 'lI.nn tl'VI'ln1n1Afttl\JlnftUnfl1J::tfN 

.oJ •• ... _ •• 1!l ..I .....a 
IIItfl4m1f1l1ft1001nt1-11Ut:Wa'N 1,500 • 4,000 tflUMU"lYlI1Wll1t::'-1-""",llYl (FlJ II load) IIllmn.L.."'''HNlllfflUnM'I1 

1l2'dJ.. l&L--BfIrln1J\.IWh4,tflL"il4'1lfrl::: 

fflUfltt" 'lAuri m.Miufl'lAltl\.l'8n'l'll1 (CO) UIl:O'l'lI'laUml1rutlU{He} 

ulflMf'I'l'lUl1-l1'BtI'ltMU'I'h4Nl1.ltCtI\.Iu.t.!tN\U 
Uft!:"I"Iflm"wUlJ!ft'lJ'h .dfJ.,M1fl'1llJ::Yta1.inlummAllflu,lu 'lmtClWN1\.IN ta\.lGtltJ 'b.iii 

.fI'lmillA 1'1 .. .n..n.rcy :n1ruftfltlU"Wti' ftllfl11'l.l:: "l'll.nlltl:'Wft1f1i11n 

This research aims 10 study the fuel properties. perfolTl'lance, and exhaust of using the fuel made from wasted 

plastic oil blended with gasoline 91 on small gasoline engine. The demonstration was operated on the gasoline 

engine. one cylinder volume 118 CC., Honda GX 120 n. The tested fuels were the wasted plastic oil blended with 

gasoline 91 in !he ratios of 100:0, 75:25, 50:50, 25:75 and 0:100 by volume. Th", blended fuels were tested to 

delelTl'line the fuel properties following the ASTM standard. Moreover, the blenda(j fuels were tesled by operated 

on small gasoline engine with full load, 1500 - 1400 rpm_ Torque. power, specific consumption rate and exhaust 

gas released (CO and HC) were measured. The results showed that when changing the speeds all of rested. the 
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engine performanees trend to be good and show no signifICant difference. In addition, the engine operated by 

wasted ptaslic oil showed smooth running and easy to Slart. The exhaust gas is within Ihegovernmentslandard. 
Keywords: Emission, PerfOlmance. Wasted plastic oil 
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2.3 

'lIIu1 bJijLMf 

(Dynamometer)'IIVlft Engine Power Range 

MalCimum Torque 12 N.m LLiI:: Maximum Speed 6,000 

rpm 4 5 

1 Honda tu GX 120 T1 Liluf!tlO1nl'lu 
6

lJ1LLft'lUJilmnJftJ1Lfi-m1fl""L1tJ I1litlr.:n1'l 
jj11!1i1::LIUfI'IItI . 2 i'f1\t;tJn1'l 

., .r. - ., \v ..L,U1)JULW.,U 91 UtUJnW1W 
. '.j

HUiI:: 0, 25. SO, 75 11ft:: 100 

1'11U.Nfl" ft1thft..j tlPl1'1 
t1" .... y.["11 UL ilML'ItltfttU...1Lft1:: 

'..1 '.jUu.nu" 1'1 'l111l;'l t!" u.at'l LW)J IlHLtl ,nYl 
LflU1tuillllitf 

wtinfi11'1'l111LnfBmiL1l3uuLn.ltw'bJII1lJ 
.j ....L...£.' . ..1 ........WlI'I'''')JfllImn'l (1 H3) lUI:: \U  

Fup tu ZFE-l tIIlltfl.ui'nmrilllLLtlU 
NDIR 

(CO) 'lIM 5.00 1/01% Ilfl::iil'l'l1l11'lI1m?LI'In::m.rnl1tu 

(He) 'lMi.:l 5,000 ppm 

7

l'li 
LLtdh,'IlrtPIM'lfutlU ..,nYi!l1.!lLJ!m..j 

J' 
2.4 tfumm"nrnltN 
T=Fxr (1 ) 

p= 2JrnT (2)
60 

BSFC= yxmf (3)
P .  = (N.m) 

p = (kw) 

KKU ENGINEERING JOURN.A.L ApinoJooe 2013; 40(2) 

BSFC = Brake specifIC fuel consumption (kgIkw.hr). 
F = (N) 
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n = (rpm) 
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