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'IJ 

lrl~l-Jll Vl bbml-J'lJtl~ ~ ~ (;].rl ru'Yl1u l tl ~ b 'l!t'l~ ~~ (;]'"11 n m::;u'JtJn 1 ~~ b~l-J b(;] (;]~::; 1!'1l~~ 
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'IJ 

50 

51 

52 

52 

53 

63 

64 

64 

65 

(;]~::;1!'1l~~~bb~tJ...................................................... . .. . ... . ............. 65 
'U 

b'lltJ........... .. .............. .. .......... .. ....................... ............................. ....... ..... ....... 66 

4. 7 n1~~~ (;]1Ultl ~ b'llt'l'"11 m~l-Jbbt'l::;1lJ b~l-Jt;l'Jvll~::;~lm~'Jl-J ~1J (;]n~'JtJlrnrJll-J~'lJtl~ 

" cv I<}'<}' 0 ..... 4._0 • 
tl(;]n~'JtJbrnrJbl-J~'lJtl~tJll-JtJY1'l!(1]'el(1]'JVll~::;~lm'Jl-J 1:0 bb~::; 1 :6 ................ .. 75 

4. 8 ~ ~'lJ'el~1J (;] n ~'JtJ lrnrJ ll-J ~'lJtl~~Il1'tJy;'ll (;)'el blJVlltJtl~ ~1J (1] ~1 ~'JtJ lrnrJ ll-J~'lJ'el~ 

r1'JllJ~tJ 19 bl-Jn::;Y11~A~ ......... ....... .... ........................................... .. 76 
, " 

4.9 ~~'lJ'el~~ruVl.1:J~ltJn1~vlltJDmm Yl1J(1]n~'JtJlrnrJll-J~'lJ'el~~Il1'tJy;'l!(;)'elbl-JVlltJtl~ 

1 :421J(1]n~'JtJlrnrJll-J~'lJ'el~~Il1'tJy;'l!(;)'elt;l'Jvll~::;~lrJi'Jl-J 1:6 b'J~1 30 tJ1Yl 

r1'Jll-J~tJ 19 bl-Jn::;Y11~A~........... ........ ................... ... .... ...................... 77 
, " 

4.1 0 ~~'lJ'el~ b'J~11 tJn1~vlltJDmm Yl1J (1]n~'Ji..llrnrJllJ~'lJtl~~Il1'tJy;'J! (;)'el bl-JVlli..ltl~ 

1 :421J(;]n~'Ji..llrnrJll-J~'lJ'el~~Il1'i..ly;'J!(;)'elt;l'Jvll~::;~lrJi'Jl-J 1:6 'elruVlJl~ 350 
, 'U .. '" '" 

tl~P\lb'll~b'llrJ~ rl'Jll-Jrni..l19 bl-Jn::;Y11~rl~.... ...................................................... 79 

4.11 ~~'lJtl~r1'Jll-J~i..l~Hli..ln1~vlltJDmm ~1Jml~'JtJl~rJllJ~'lJ'el~~Il1'i..ly;'J!(;)'elblJ'Vll 
i..l'el~ 1 :421J(1]n~'Ji..llrnrJll-J~'lJtl~~Il1'tJy;'J!(;)tlt;l'Jvllt'l::;~lrJi'Jl-J 1:6 b'J~1 20 tJ1Yl 



.. .. 
tlru'\.-1Jl~ 350 tl-.lPlll'1l'C'll'1ltJ'Cl . . . .. ... .. ..... .. ... .. ... .. .... .... . . . .......... .. ............ . 80 

, 'IJ 

~ , 
4.12 e.J'C'l'lltl-.l n1 ~l~~ I'll f1Jtl'I.J1r;)tltl n I'll vfb1J'I.J(;]'d Vi 1 'C'l ~'C'lltJ i'd ~'"l1 n'l.J 1 lJ\.lU 1'; ~ ~1J Yl 

~ ~ 

~ I?In ~'d'I.JLr;)tJ L~'C'l'lltl-.l"JllY'I.J~']j (;]tl l~Vll'I.Jtl'C'l 1:42 ~ I?In~'d'I.J Lr;) tJ L~'C'l'lltl -.l "Jl lJ'I.J 
.dI I IV 0, q 

~ ']j I?I tl m Vll 'C'l ~ 'C'l1 m'd ~ 1:4.2 l'd 'C'l1 20 'I.J 1 Vl .... .. .. ................. ...... ...... .. .. .. " 82 
~ , 

4.13 e.J'C'l'lltl-.ln1n~~mf1Jtl'I.J1r;)tltlniltl'I.J(;]'dViI'C'l~'C'lltJi'd~'"lln"JllY'l.JU1,;~Ltll'C'l~'I.J Yl 
~ ~ 

~ 1?I~1 ~'d'I.J Lr;)tJ L~'C'l'lltl-.l"JllY'I.J~']j (;]tl l~Vll'I.Jtl'C'l 1:42 ~ I?I n ~'d'I.J Lr;)tJ L~ 'C'l'lltl-.l"Jl lJ'I.J 

~ ']j (;] tl (;] 'd Vi 1 'C'l ~ 'C'l1 tJ i'd ~ 1:4.2 l'd 'C'l1 20 'I.J 1 Yl .. .. .. .. . . .. .. .. . . .. .. .. .. .. . . .. . .. .. .. .. .. .. 82 



.d 
'lJ 'VI 'VI 1 

o 
'lJ 'VI '1..11 

'" I '" 11 I 11 '" 

imJ'kl-Yl1.n'Jl 'l tJ 1 'klth~ L'Vl PI ill ~~ 'J'kln'l ~ 1.n' ~'1 n ~ 'l"J 'l lJ 'klL~'el L ~ ~'1"ll-w.~ ~'kl1 n fin"J 'l lJWliJ fiJ (;]'J ~'1; \J 
, " , 

'eltl 'l'll'l'el L-W'el'l ~ m1'1 Fl'J'll-J rXtl'l n'l ~L~1l-J ~ ¥'l'l Fl'J 'll-J lJ'kl Fl '11 'kl~h'kl~ ~'1'1'l'kl'll 'el'liJ ~~ L'Vl PI ~'Jl-J ~'1 Fl'J 'l l-J 

rX'el'l n 'l~~ ~l-J~'f~hH~'el1 ~~'1 LL'J ~~'ell-J ~;'kl Vi 'l1 ~il"vl~ 'ltJ"v1\.h tJ'I'l'kll~Vi 'l n 'l ~1~ tJ LL~ ~~ W-J'kl'lrJ [;] Cl ~u , 
"" " 

111 tJ 1'kl iJ ~~ L'Vl PI L -n'kl "J'l lJ'kl Vi"ll"ll-w.~ 1'l'l'l1 "J'l lJ 'kl Vi"llH LL~ 'J '1 ~ '1 l-J 'l ~ ~ [;] L tJ'kl~ ~ [;]Jl ru 'Yl1.n' LL 'Vl'kl"J 'l lJ \J 

~L8Jl~ iStJn~'l "liJL'el~L'1!~" 
" , 

liJ L'el ~ L'1!~ A'el L~'el L ~ ~'1-Yl Ln ~'"l'l n m~iJ'J'kln'l ~'Vl n'kl~L'el~ L 'Vltl1YJ LFlon'kl (transesterifica tion) 
, , " 

~'1 LiJ~ tJ'klll1lm~ L'1!'el h~'lItl'linlJ'klVi"ll"vl1'ell 'lJlJ'klll1l'Jl~tJVi'liJBmm nu LLtl~ ntl e:J'el~ tl'l'"lil'vl1tl hJil (;]'J 

Li'liJB mm nl~ 1 ~ LtJ'kl~'l ~iJ~~n'elU L'el ~ L'Vl'elfLL~ ~n ~ L'1!'el~'el~ LtJ'kl~ ~ I1lJl ru-n i'Jl-Jl~'"l 'l n n'l ~~ ~ [;] ;'1 
~'ll-J'l JCl1.n' LtJ'klrJ 111 Cl ~iJ1 'kl'el [;]~'l"vlnnl-J'el'l"vl'l m~~tJ 'l1~ , , 

iJ B m tJ 'l 'Vl ~ 'l 'kl ~ L 'el ~ L'Vl tl1 YJ L Flon 'kl ~ 'll-J 'l ~ Cl L n ~ ; 'kll ~ ~ Fl 'J 'll-J ~ 'kl iJ ~ ~ tJ 'l n 'l PI ~ ru'vl JJ ~ ~ 'I LL ~ 
~ru"vlJJ~~'e)'1 ~'1~ ~ L~'el~'lJ'el'l LLtl~ n'el e:J'el~~1.n' LLI'l rX'el'lil (;]'J Li'liJBmm (;]'J Li'liJBmm"ll-w.~LLm~1.n'Atl 
m~ LLn 1 ~ ~~ 1~ (yield) ~~ [;]Jl ru-n~'1l-J'l nLL1'l1.n' L'J~'l1 'kln'l~yi'liJBmm'kl'l'kl I'l'e)l-J'lil n'l~H LiJ~ LLn Yi'l 

1 ~1.n' L'J ~ 'l ii'e) tJ ~ '1l-J 'l n LL~ LiJ ~ LLri il ~ l-J u~1 'kl n 'l ~ L~ 'el n Yi 'liJ B n1tJ 'l (se lectivity) ro1tl W] 'l'l ~ 'l 

iJ~~n'e)iJ niJ~ 'llJ'klVi"lln1~il L~tJ'Ill1lm ~ L'1!'el h~~ LtJ'kl~'l ~~'1 rX'kl'lJ'el'liJBmtJ 'l'Vln'kl~L'el~ LYl'e)1YJ LFlon'kl 

" " , 
L'Vl'l,r 'kl ~'1iJ ~~n'eliJ ~'JtJ m~ 1 'lIlJ'kl~ ~ ~~ LL~ ~ Fl'J 'll-J~ 'klL~ nii'eltJ~'1 ~ 'll-J 'l ~Cl Ln ~ iJB mm ~ ~Y1'el-w.YJ LFlon 'kl 

(saponification reaction) niJLiJ~LLnl~Ln~'elfinfiJ'eln:]L~[;] (carboxylates salt) "vI1'el~tJ ;'1il~l-JiJ'i 
'IJ 

"" , L1J 'kl ~ lJ ~:] vh tJL'e) 'el f (emulsifier) "vi ~ 'I '"l 'l n iJ B n1tJ 'l r1 'I "vIl-J ~ ~ 'kl ~ ~ L~ tJ r1 'J 1 iJ '"l ~ LL tJ n n ~ L 8Jl tl 

tJ r'" '" 
~tl ~'e)'el n L!?1 tJ n'l ~iJ~ 'e)tJ1 ~ LLtJ non'klLL~ ~Yi'l ~ ~ I1lJl ru 'Yl1 ~iJ 1~ 'Vl fi ~'J tJ n'l ~~ 'l'l"J 'l LL~ 'JiJ ~ 'el tJ 1 r)1 ~ LLtJ non \J , 

, tJ '" \I '" 

L-n'kln'kl ~'1 n'lnLtJ non'klr1'1~'el'li'kl[;]'el'klLn !?1iJ'kl"vl~ n n'ln~m n'klAtl n'l~hh'Jl-J ~'J n'kl'lJ'el'l~'l~~i'J LL~ :::hJ 
tJ tJ tJ" I 

ili'J ~'1,r'kln'l ~il ~tJ'e)tl1 'kl~:::iJiJYi'l1 ~ Ln!?1U CU"vl'l n'l ~ hJ LLtJ non'kl"vl1tl1.n' L 'J ~ 'l1 'kln'l nLtJ n on 'kl\J'l'kl L Vitl~ ~ 
'IJ 'IJ ~ 

U Cl.!"vI'l ~'1 n~'l'J 'e)'l'"l LLnt 'lIL!?1tJ1.n'~'llJ'klVi"ll~ LL~'1 LL~~/'vI1'el hJ1.n' (;]'J Li'liJBmm~ LtJ'klLiJ~ 'kltl n'"l 'l n~1 \J 
.rr'klI1l'el'kln'l~~'l'l L~m~/'JliJ'"l~H~'l1'klml-J'l(mLvl'lniJ~~[;]Jlru-n ~'l'liJ~:::l-J'lru 2 - 3 Flf'l Yi'l1~Ln!?1~'l 

L~tJ~il n ~!?1"v11'el LiJ~ LL~~ 1 'lIlJ\J'eltl n'"l'l n n~~iJ'J'kln'l ntJ'kl~'l'kl'J'kll-J'l n 
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" ~Jll~-n'J'(1 !?l'(1'1~!l 1 'WJll'J::::b ~U!l~ n ~ (;1 (supercritical condition) 'll!l'lL ~~Jll'J::::~'1 mh'J L1tJn~1 'll!l'l 

L~~Jll'J::::b~U!l~n~(;1 (supercritica l fluid, SCF) iJ~l-JU~!l~J'::::~~l'1bLn~tlU'll!l'lL~~'J LL~::::~Jll~~'J 
~!?l~'1YilL~uljmmJ'::::~~l'1~lJ'~iJ~Jll~~'Jl'Il'1tl'Wbn!?lLv'1~ltJ;'W ~'1Ll-JYll'W!l~iJ1.ln.m.t;];J~n~(;1 239.6 

!l'lPllb"ll~L~tJ~ rl'Jll-J~'W~n~(;1 8.09 bl-Jn::::~l~~'(1 e.J~'11'W~~tJ~H~~nn1J'~'1mh'J ~!lHnJ'::::u'J'Wn1J' 

LLUUbLU(;1"D1'Wn1J'e.J~(;1 (batch process) ~'1~1l-J1J'n e.J~ (;1Ll-J~~L!l~ LYl!lfl!Kl!?ltJhJH(;]'Jd'liJljmm Yil 

1 ~'(1!?lU blJ~ll'11'11 ~ Ln !?llAll n (;]'1 Li'luljm-mL~lJ~l1Al::::dJ'Wuljm-tJl-ifl'1 L~tJ'I e.J'(1Lv'1e.J~ (;1Jl ruon LL'(1:::: 

L'J '(111 'Wn1 J'YilUljm-tJ 1 n 1 J'Yil e.J~ (;1Jl ruon~Lv'11All n n J'::::U'J'Wn1 J'\11 ~u1~Yl~\ -D' n1J'J'::::L ~tJ Ll-J Yll'W!l~~ 
" , 

L~~!llAll nuljmm!l!l nLL~'Ju~!ltJ1 ~ Ll-J~m!l~ LYl!lf bL~::::n~ L"ll~J''e)'(1 LLtJn-n'Wtl'W ;'1 H L'J'(11tJ!ltJ n~l n1J' 

~l'1v'1'JtJ~l LL'(1::::~ll-Jl J'n"tJ 1 Ll-JYll'W!l~ n~Ul-Jl H1 ~lJLv'1 bL~::::Lv'1iJ nlJ'~ ~'Wl m::::u'J'Wn1J'I11'1 n~l'J dJ'W 

, " " 
LbUU l'I!l bU!l'lL 'WJ'::::~U~!l'lYl Vl~'e)'1 (lab scale) 1 'WUJ'::::bYl PlL YltJ iJ n1 J'~~tJ"tJl"tJ llJ'Wl-J::::~ ¥l'lLb'(1::::"tJllJ'W 

Ll-J~!?l1 'WU1~l-J ~'1 LU'W~llJ'W~"D~iJri1~'1 n1J'e.J ~ (;1~'1l-J1Yiluljm-mYl )'1'W~b!l~ b Yl!l1w Lrl-n~e.J~ (;1 Ll-J~~ 

b!l~ LYl!lflv'1e.J'(1 ~ LLl'I L~!liJ n1J''llmtJ ri1~'1 n1J'e.J~ (;1 b~!l ~mj'l rl'Jll-J dJ'WLUL~ 'Wn1J'e.J~ (;1LUL!l ~ b"ll '(1'"l 1 n 

" ," 
"tJl lJ'W~']jL 'Wbl-JYll'W!l~Jll'J::::b ~U!l~ n ~ (;11 'Wb~'1~ 1 ru']j cl" n~u~uu f1J~1 LU!l'llAll n rl'Jll-J~UVl'll!l'l"tJ llJ'W 

~"DYil1 ~ Ln!?lU ru~l l'I!lJ'::::uuDl-J LLJ''1 ~'W~'1 Lb 'W'JYll'1~~'1L 'Wn1J''(1!?l rl'Jll-J~U!?l~!l n1n~l-J (;]'lYil~ ::::'(11tJ 
~ ~ 

," , 
;'11Al::::Yi 11 ~iJ!l'W"tJl lJ'W~"D1 'Wrel (;1)'1 n1 J' L ~~Yl~'1Lv'1 

~ 

1.2.1 ~mj'l e.J'(1'll!l'l(;]'JYil~::::~ltJi'Jl-J l'I!l¥!ltJ~::::Ll-J~~ b!l~ bYl!lf~Lv'1r.l1 n n1J'e.J~ (;1LULtl ~L"ll'(1 

'll!l'l~ 1 lJ'WU1; l-J ~U Lb~::::~llJ'WU1;l-J b!l L~~'W 1 'WLl-JYll'W!l~Jll'J:::: L ~U!l~ n ~ (;1 bVltJ 

m::::u'J'Wn1 nbUU bbU (;l'J! 

" " e.J~ (;1LU b!l ~ b "ll~IAll n"tJllJ'Wul; l-J ~U LL'(1 ::::"tJl lJ'WU 1; l-J b!l L~~'W L 'WLl-JYll'W!l'(1Jll'l:::: 

b ~U!l~ n ~ (;1 b!?ltJ n J'::::U'J'WLLUUbbU (;1'll 

1.3 'lh~b!l"l!.y~~1Vlrj1'"l~1vl~'lJ 

Lv'1Jll'J::::~ L ~l-Jl::::~l-J1 'WnlJ'1-D' (;]'JYil~::::~l1tJ:hl-J1 'WnlnJ~ (;1LUb!l ~ b']j~IAll n~llJ'WU1;l-J ~u LL~:::: 

~ 1 lJ 'W U 1; l-J b!l L'(1~'W 1 'W Ll-J Yll 'W!l ~Jll 'I:::: b ~U!l~ n ~ (;1L 'Wbrl1!l'lulj n HUbbU U LL U (;1'll ~'1 ~ 1l-J 1 )'trw lLU 

UJ'::::tJ n (;11 'Wn1J'e.J~ (;1 LLUU l'I!l L ti!l'l , 
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1.4 "lJ'el'lJL"lJVl~I'\.J1..r!l 

1 .4.1 ~ ~~~I::;,x~Il1'WYi"1!~H dJ'Wr3' ~ (l ~lm~::;lut'el~ ~"1!~'"l1 n~rur'WYi"1!l 'W~l-JYll'W'el~Jl1'J::; , 
... -

m'Wmn~~ 

1 .4.2 ~n'jj'IU'"l{t1~iJ ~~ lJl'el~mJ~::;t(;1t1~I'vnrn'lJ'el'lI.l-JYi~ ~'el~ ~ Yl'elf~l.~ ::;1l1'J::;~ l.'\,\l-Jl:;~l-Jl 'W 

nl~ li ~'J~ 1~ ::;~It1i,)l-J 1 'Wnl ~~~ ~ lU t 'el ~ ~ '1! ~ 

1.5.2 ~ n'jj'l ~fi~ ~~ ~1 ::;,x~'eltl ~ ::;t(;1 t1~1 '\,\,r n 'lJ'el'l ~l-J Yi ~ ~'el ~ ~Yl 'el f m(;11'lJ l1'W:S ~u::; t~ hm ~ 

~'1!'elh~l(;1n~ ~'1!'elh~ ~~~::;l~m~~'1!'elh~ ~')m~1'el'l GC 

1 .5.3 ~n'jj'l ~~'lJ'el'lU'"l{t1~iJ lJl'el~'eltl~::;t(;1t1~IV1,rn'lJ'el'l ~~Yi~ ~'el~ ~Yl'elf th::;n'elu~')tJ 

ml~~'\.J 19 ~~n::;Yn~~~ 

- cO 'elru'\,\ll~ 280-350 'el'lP\I~'1!~~'1!t1~ 
, 'lJ 

" 'fl~n~,)'\.Jt(;1t1t~~'lJ'el'l,jll1'WYi"1!lJl'el~~Yll'W'el~ 1 :24-1:42 

'fl~~I~,)'\.JtC;ltIt~~'lJ'el'l~Il1'WYi"1!lJl'el~,)~I~::;~It1i,)l-J 1 :6-1 :24 

~,)~1 10-30 'W1Yl 

'" I '" I 

1 . 5.4 ~ ~~n ::;,x~~U"iYll'1 ~~'el ~ 'Y1~'1'lJ'el'l ~~~.rl ru'VlYliJ~'eltl~::;t(;1t1,jlV1,rn'lJ'el'l ~~Yi~ ~'el~ ~Yl'elfYl 
, 

l~'"llnlll,)::;Yl~VI~I::;~~ 

1.5.5 ~~~~I::;,x MtJ~~ ~~~::;~;t1'W~Yltl1ij'Y1'\.Jjf , 



2.1 bb'U'J~(;)bb~~'VIt]~ij 

.col 
'I.J'VI'VI 2 

'" '" I t 

-W 1~'Wb~'el bY1~~~H1 'WU99U'W",h'W1 'vi ru1~91n ~~ [;lJl ,u"YmL[;ln~ m-J~ n 1~~9:;tU.J l?1 ttl , ~ 

.J J' .qI...... 0 11 .::J!.I d 0 11 ~ .... 11 

nf'lIYl~~"lI'Wbb~:;l-J f'l'Jll-J~'WWJ'W[;l~'ell?1 b'J~1 Yll1 m.h:;bYl PlYl [;l'el~Y1~Y11 nI~'W1 b"llI'Wll-J'W[;l'el~lh:;~'lJ 
'\J 

" "I , 
n'lJ f'l'Jl~ b~'el l?1¥'el'W ~~ ~~ n~:;Yl'lJ ~'elJll f'l bPl~M~n9 LL~:;~~ f'l~ vi~,r'W~~ ~'el~'vI1 LL 'vI~~ L~'el LY1~~~'W~ .a 

" ~1~IHI ~~ [;l~'W1 mJ1~r1'Wn'lJml~ ~'el~ nI~"lI'el~~'WM~~IYl l?1 bbYl'W , 
" ", 

L~'el LY1 ~~~'J111Y1 L'll'W1'lJ L'el ~ L'11 'i'1 dJ'W L~'el L Y1 ~~Yl l?1 LLYl'W~ nl~~ 1~~'lJ f'l'Jl~ ~'W191 'WU99U'W , 
I " 11 'I 

L1j'el~91n~~~~Yll~ L~'el LY1~~1n~ L~tJ~ n'lJ-Wl~'W~ L'11~ 1'el L~tJ91 n Lf'l1'el~tJ'W(;]~1-n'lJL'el ~L'11~ LU'W 

" , 
L~'el LY1~~~ f'l'Jll-J~:;'elI l?1l-Jl nn~1 L Y1n:;'el'el n:n b9'W1 'W1'lJ L'el ~ L'11~Yll1 ~ Ln l?1 nln~11 'vI~~~l-Jmrun~1 

'II 

" , 
ih~'W~ L'11~91 nUL[;ln~tJl-J ~~iJLLn~ f'llf'lJ'el'Wl-J'el'W'el n 1'11 vl",J'eltJ n~1 LL'i'1:;L 1j'el~91 n 1'lJL'el~L'11 ~ hJ~ 

nll-J:;~'W~~hJ ri'el1 ~ Ln Vl LLn~-n~ L~'elf1l?1'el'eln 1'11 vl" LL'i'1:;Yll1 ~~C1iJ L"lIl-11 f'llfU'el'W,J'eltJ 1l-1 ri'el1 ~bn l?1 n1~ 
, " , 

'el l?1 ~'W"lI'el~ ~:;u'lJ1'el L~tJ 'll'JtJu l?1'el1tJ nI ~Yll~I'W"lI'el~ Lf'l1'el~tJ'W(;] 'W'el n91 n1JnI ~1-nuL'el ~ b'11~ hJ L ~l-J , , 

LLn~ f'llf'lJ'el'W1l?1'el'eln 1'11 l?11 'W.r'W'lJ~~tJ1 nI PI LL~:;1 'W~:;tJ:;tJ1'J9:;~ l?1 n1 nn l?1un n!J nI~ruL1'el'tJn~:;9 n 

~'JtJ ~'J'W.jJ'el ~"lI'el~1uL'el ~ L'11'i'11 'WL:n~ LMM~ Pll~ [;lfnA'el 'll'JtJY1tJ~n f'lIyh ~'i'1Yll~ nl nnM[;l~LL'i'1:;~ l?1 .a , 
, " 

nI~~~Y11 nI~-W1 L .jJl-Wl~'W91 n ~1~lh:; LYl PI 

1'WU99U'W'vI~Im.h:;LYl PI~'J L'i'1 n 1~~ ~'Wl m:;u'J'WnI~~~ [;l1uL'el ~ L'11~ vY~1 'W~:;viUf'l~'J , 

L1'el'W LL'i'1:; L~'el1-n 'W~:;vi'lJ'el [;l~I'v1 m~l-J Ll?1tJL'tl Y11 :;h.!~ 'vI111Y1 tJL~U LL'i'1:;~ 'vi ~~'el Ll-J 1n1 ~ nI ~~ ~ [;l 
, '.a 

, " 
LL'i'1 :;91WW ltJ ~~ 1~~'lJ nl~tJ'ell-J~'lJ91 n'el [;l~IV1 n ~~l-J ~ ~~ mC1tJ'W(;]LL~:;~ ~1-W 1 ~t.! ~'vIJllYm hu1~ 

~ IlJ ... "I 

, " , 
'tlu'lJi'Jf'ln'J 'vI1'el ASTM PS 121-99l-Jl~~LL~tJ Y1 .PI . 2542 LL'i'1:;Lij'elL~'el'Wfi'W'Jlf'll-J Y1.PI.2544 

" , 
~'vI~~'elLl-J1n11~u~:;nlPlHl-Jlm~I'W ASTM D 6751 LU'Wl-Jl[;l~~I'WnI~~'el"llltJ1UL'el~L'11~~HLU'W .a .a .a 

" L~'el LY1~~1 'W~'vI~~'el Ll-J1n1 .a 

2.1.1 Jl~'U~ib'1l~ [t1'nL3J'VI!l1"l1tJb'J"l1 , 2537] 

Lf'l 1'el ~ tJ t.! (;]~ L '11 ~ LU t.! Lf'l 1'el ~ tJ 'W (;] LL ~~ 'eY l?1 ~ ~ LL ~:;9 l?1~:; Lij l?1 L 'el ~ (H ig h Com press ion, Self 
'\J , 

Ignition Engine) ~~ nI~~ l?1~:;LU l?1"l1'el~ L~'el L Y1~~ Ln l?1~'W91 n f'l'Jl~¥'el'W91 n LL~~'eYVl~~"lI'el~'el1 nI Pl1 'W 
, " 

m:;u'el n~'lJLl?1tJ1l-1 I'i''el~ 1-n~'J L~tJ'W 'J~9~"lI'el~ Lf'l1'el~tJ'W(;]u~:;n'elU ~'JtJ.n'W[;l'el'Wn 1 ~~~'elI n lP1 L.jJ1 1u 
'\J 

" , 
1 t.!~'el~ L~1 1 'vI~ nI~'eY Vl'ell n 1 PlJlltJ1 t.!m:;u'el n~u nI~~l?1 L~'el L Y1 ~~ LU'W~'eltJL .jJl1u~~ L~ 11 'vi ~r1'W~ 

'\J 
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lln'i'1"'ll n n1 nrn \ ~~'lItJ1tJ ~'J llt1 :;U~'flmln 'i'1"'l1 n n1 nrn \ ~~'fl'fl n 'ttJ u·d'fl'ltJ1.J~~ l'l! 'i'1~~t1l tJ 

'lI1.Jllfl m"'lllU'l\~liJ'W 

1. 'lll1IflJ''flU~l ~'fl i!'fltJn~l 300 J''flUI?l'fl1.J1Vl1-if~1~fu'l1'W~,Jnl?l'fll~'fl'ltlfltJ~h'e)u~N~ 
l'li'W nlJ'iUlA~'fl'WiS'fll~'W'VI:;l'i'1 nlJ'r.J~(;1n15'l\~Yh liJw;l'W 

2 . 'lll1IflJ''flUul'Wn'i'1l'l ~'fl J':;~~l'l 300-1 ,000 J''flUI?l'fl1.J1Vl H~l~fU'l l 1.J~~'fl1.J~l'lm.rn 

llt1:;J''flU~'fl'W.jJl'lA'l~ l'li'W 'i'1milr.J~(;1\~~l 'i'1mil'i'1U~l liJ1.J~1.J 
'IJ 

IJ IJ I I 

3 . 'lll1IflJ''flU~'l ~'fl ~'lllI?l1 ,000 J''flUI?l'fl'W1Vl~1.J\U H~l~fu'll'WVll'JA'Jll.HU~tJ'WllU'i'1'l 

U'fltJ1ll'i'1:;A'Jll.H~'JlU~tJ'W\Ul.Jll.Jln l'li1.J J'blUJ'J'~mlt1:;nl\~ liJ'W~'W 

" " 
A'Jll.J ~'fl'l nlJ'.yj1.J ~l'W'lI'fl'l,.jll11.J~h'l!t1 ~'fl ~'fl'l"'l 1flJ':;liJ Ifl \~ l'fl'l Llflm~'J llt1:;lr.J1 \ ~m~m.J Ifl 

~ , 
, " 

JlltJ1~Jll'J :;JlltJ1 'W"IX'fl'llr.Jl \ ~~'lI'fl'llA1'fl'ltJ1.J~ 'i'1ll.J1J'bI'Cl'l ~ltJ\~ ~'JtJ'flU nnlrnlJ'~lflin~1.J llt1 ~ , 

"'l:;~'fl'l ml.Jl:;'i'1l.J nUnlJ''Cl'l~ltJ'''ll n tNni1.J~'ln'l~1l11.JlA1'fl'ltJ'W~ LlfltJhJ l~'fll.J'i'1Jll~ ll'i'1~hJ In Ifl 

'1l'W(;1n tJ 1?l'fl~'We:J'J~l1'W~l.J er 'i'1'fl~ 
'IJ 

IJ IJ I I I IJ I 

,.jll1'W~ l'l!t1l~l.J liJ'W,.jll1'WVl\~"'ll n nl m51.J(;1J''l "'ll n n1m5'W,.jll11.J~U lll?l1 'WU"'l"'lu'Wlil'fl'l , 

"'ll n l'J n J':;U'J1.Jnl nl(;1 n ~'J 1'W tJ''l n i'W~ t1l tJ n J':;U'J'Wnl J' ~'l'fl1"'ll'J~ 1l11.J'Cl 'J1.J ~\~"'ll n n l m(;1 n ~'J 

r.J'i'1l.J'fl~ l~'fll~mBl.Jl (;1J'1 "IX'i'1'fl1fl A~'fl'l nu 'flU 'i'1'l ro1~ l ~l.J~1.J(;1t1'fllfll'Jt1l tlfltJ~n Alt1'l bI n~'i'1 ~'fl~ 
cu q CI.J ~ \J 

IJ IJ I IJ 

n1 J'1-if,.jll1 'W.yj-n liJ'Wl~'fll ~ ~'l11.JlA 1'fl'ltJ 'W~~ l'l! t1 hi1 'li ll1.J'J ~ 1fl1 mJ lll?ll'J nl J'H d.J 1 ~'lll~ 
IJ I IJ IJ IJ 

'i'1l1 tJ'i'1'l An l.J tt1 n Af'lVl 211.J'lI ru:;,J'W ,.jll11.JtJt(;1n~tJl.J t1'll'J n Al bI mlt1 :;~l \~~l tJ ~11"IX l~'fll~ ~'l 
'IJ 

" "" 
"'ll n,.jll11.J.yj-nhn~fu A'Jll.J'i'1'W1"'l 1?l'fll.Jlln Ifl~ n ~ (;1 nlJ'ru'lJl IflllAt1'W,.jll11.J1 'W1J A. pj .1971 l~'fll~~'l 

IJ IJ IJ 11 IJ I 

"'ll n,.j 1 ~'W.yj-n n 5 Ul.J 1 \~fu A'Jll.J 'i'11.J 1 "'lil n A f'l ~'lill ~ J'l:; l iJ'Wl~'fll ~ ~'l Vl\~'"ll n II ~ ~'l ~5'l 'l 1 'W~l.J'W , 
I I IJ IJ I IJ 

l~ tJ 1.J Vl 'i'1ll.J 1 J' bI ~ 1 \~ m l..!'fl'fl 'l 11 'W,J 'W 111.J I?ll 'l U J':; l'VI pj l'J n 1 J',.j l,.j 111 'W n'J m ~ 'fl 'l ,.j 1 ~ 'W Ifl 'fl n 
IJ I I IJ 

Yl11.J(;1:;r) 1.Jllt1:;,.j 1l1'W 1-if ll~ 'J l.Jl1-if'VI 1flt1'fl'll~'W lA 1'fl'l tJ 'W~ ~ l~ fuu J'~ l'VI pj\ 'VI tJ \~ l1l.J~ 1 n1J'~~ tJ ~'l 
IJ I IJ IJ IJ 

ll~1J ~.pj. 2524 tlfltJH,.jll1'Wn'J~'i'1'l ,.jll1'Wll.J~Ifl'i'1U~l ,.jll11.Jl.J:;~¥l'J llt1:;,.jll11.JU1~d.J J''Jl.J~'l 
'IJ 

l'fl'i'1l'VI'flf'lJ'fl'l~1l11.JU1~l.J ll~ l~'fl~ n~ (;1nlJ'ru~ll11.J~l'W~'W\U A'Jll.J'i'11.J1"'l11.JnlJ'r.J~ (;1l~'fll~ ~'l'"ll n 

~ll1'W.yj-n n t1 1flt1'l liJ'Wr.J t11 "IX~'fll.J t1 n lJ'1-if~ ll11.J.yj-n liJ'Wl~ 'fll~~'l11.JUJ'~l 'VI pj\ 'VItJ l'J9l n 1fl"'l'Wn J'~i'l 
'IJ 

lnlfl~n~(;1n1J'ru~ll1'W~'W~nAf'll~'fl~'W1J ~ . pj . 2 544 

\UL'fl~ l'l!t1 LlfltJi'J hJ~'fl L~'fll~~'l~Hl'"ll n nlJ'~luBmtJ1 J':;~~1'l~1 l1'W.yj'Jl~1'fl \ ']Jl1'W~ (;11 
IJ I IJ I 

nu lL'flt1 nmJ'fl~ LiJ'W,.jll11.JVll'J 'i'1l.J~1n~ LAtJ'l nu,.jll1'W~ L'l!t1 'i'1ll.Jl J'bl1-if1 'WLA1'fl'ltJ'W~~ L'l!t1 \~lfltJ 

hJ ~'fl'l~l n 1 J'ufu ll~'l LA1'fl'ltJ1.J~ liJ'Wl~'fl L~~'l'i'1 ~'fl1 Ifllr.Jl \ ~m~'fl~l'l 'i'1l.JUJ'ruLlt1 :;hJl'J ri l l.J :;n'W 
'IJ 
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nU~I~ri'fl~ ~l~-l dJ'W~'J'W,j~~n'flu~-l~-l ~~ ~ ~'fl~-lll'J ~~'fl~ ll~ ~tJ-liJ~~U~Ul-l'fl~I-ll~\j'fln~I~1 

l1'W~ l"l!~ l'll'W iJ~~~l 'Wn1~~~'fl~'W~-l ~1~1~r:1'll'JtJ~ ~ n1~~ n~~'fl']J'fl-llfl1'fl-ltJ'W~ll~~iJ"'lI'l'J1U1 yj 
~ , 

2.2.1 r(;lt;l~hJ~''VI1'U n,~~~(;l1'UL'fl~L'1Ia • 
~ , 
-w,1l1'W~'ll dJ'W~~ ~~ I?lYll-ln1nm~I?l~Yl~I~I~r:1~~ 1?l1Jil 'W~~ltJ,j~~lYl ~ ~1~fUi..j~~lYl ~ 

" , ~ 

1 YltJ~I~1 ~r:1 ~~ 1?l-w,1l1'W~"l!1Jl~~ltJ'llil(?) ll~ ~iJ nl~-l nl ~~~ 1?l~'J ~ n~l~ n~ 1'W(;]'W~'fltJ;-liJl ~~-w,1 

l1'WdJ'W~'ll~iJ~ltJ-ll'WtJhJ1run1~~~I?l~~-l~~ ~'fl-l~-l~I~'fl ~~~¥I'J 
~ , 

~1,rn-ll'WlMM~n"'ln1nm~l?l~ m~'Vl~'J-llnMl?lnl~~~~ n nw 1JlntJ-ll'Wm~1 ru~~ t:.J~ I?l ... 
" , .dI 0 fV .... 4CIII 

']J'fl-l~'ll'Wl~'W Ll~(?)-l(?)-ll?l1n-lYl 2. 1 

lnMI?l~, http://www.oae.go.thJ 

~.~. 

253812539 

2539/2540 

2540/2541 

2541/2542 

2542/2543 

2543/2544 

2544/2545 

2545/2546 

2546/2547 

2547/2548 

2548/2549 

2549/2550 

NO hj~u 

2254 

2611 

2578 

2523 

3413 

3343 

4097 

4001 

4903 

5182 

5003 

5658* 

2362 386 

2291 359 

2064 338 

2005 321 

2110 319 

1400 312 

1396 261 

1418 260 

1432 231 

1499 218 

NO 221 

NO 227* 

147 

147 

126 

135 

138 

132 

107 

117 

76 

76 

67 

68* 

6 

6 

6 

7 

7 

9 

9 

10 

10 

10 

NO 

NO 

-11 

34 

34 

35 

36 

37 

39 

39 

40 

40 

41 

NO 

NO 
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~ I ~ ~ ~ 

Ul~ d-Jin l1tJdJtJ~'ll~~tJ1 tJ L'lJ (;1 ¥'fltJ~tJ ~-:J,rtJ9-:J L"'l1'l! L~U b(;11~~1 tJJll fOI1~'lJ'fl-:J LvltJ LLr1:; 

U1L'"J ru ~U~ nd-Jl n~~ ~'fl~~~-:J'j,\t) ~m':;~ ~n~{JfDl-n 1d-J~J' ~ ~r1 LLr1 :;(;1f-:J C-Jr1Ul~d-Jn~'JtJ~1 ~ 
~ ~ ~ ~ 

tJll1tJ~'fl-:J~'"JtJ A'fl Ld-J~~1tJ (kernel) LLr1:;LC'fl~d-JLd-J~~ tJll1tJLd-J~~1'Wn~d-JU~fOI~ltJtJll1tJl-J:;~¥1'"J 
q 

"" " 
A'fl n m'~r1'fl1n~-:J ~'"JtJtJll1tJU1~d-J"'l1 n b'W'fl~d-J Ld-J~ ~n'fl-:J AUJ':;n'flU fOI~ltJtJll1tJ'j,\d-J n~ mlJtJL'fl 

~ q ~ 

LLr1:;~ ~-:J n~l~ll1tJ~'ll'1lil~~tJ C-Jr1Ul~d-J~ nn L'fltJ1'll~~-rll1 ~ Ln ~ n~~ 1 'lJl1tJ~~~:;1 tJr;l'"J L'fl-:J~-:J'fltil-:J 
~ q ~ 

J''"J~L~'"J ~-:JJtJL~'flUl~d-J~ nr;l~"'lln~tJ~'fl-:J~-:JbN-:JltJ~n~ b~m~'"J nlJ'~n!11~111tJU1~d-Jn'j,\r11tJ~fi n 
q 

11 i.J '" '" II I 

i1-:J~n~"'llnUl~d-Ji1-:JC-Jr1 (LC'flC-J~d-JLd-J~~) ~n~L'U~l:;L-W'flUl~d-J LLr1:;~n~"'llmd-J~~1tJ b~tJtJll1tJ~ 

Hl"'l:;n~d-JU~ LLr1:;'fl-:JAu~:;n'flULL(;1n(;]l-:JntJ ~ll1tJ"'llnLd-J~~1tJU1~d-Jn 44-53 LU'flfL~\Jf'l 'lJ'fl-:J 

Ld-J~~UI~d-JLL~-:J l1ntJld-JIH'-rlI~tl LLr1:;C-J~(;1Jlru"Yl'flI'j,\IJ' L'lltJ d-Jlfnl~tJ LL~:;LtJtJ n~h1'flL'fl~tJ~-:J 
~ ~ 

" , 
n~ltJll1tJd-J:;~h'"J L ~n:;n m!111 'lJl1tJ'1lil~ hi~d-J r;l'"J dJtJ~'"JtJih:;n'flUd-Jl n n~1 LL~:;n m~ 1 'lJl1tJ'llil~ 

, Iii, '" 

~d-J r;l'"J~ntJl'j,\,rn bd-J Lr1 nr1 ~1 L'lltJ caproic LLr1:; capry lic \.l'fltJ n~ltJll1tJd-J :;~¥1'"J "'l ~W~'fld-J L'j,\r1'"J"'l:; 
q q 

" " ~-:Jn~ltJll1tJd-J:;~¥I'"J 2-3 'fl-:JpjIL'llfH;tJ~ tJll1tJLd-J~~1tJtll~d-J'Lh:;n'flu~1'"ltJ 1(;1m~L'll'flh~ '1lil~ 
~ 

trisaturated 63 LtI'flfL~tJf'l disaturated-monounsaturated 26 LtI'flfL~tJf'l LL~:; monosaturated 

- diunsaturated 11 LtI'flfL~tJf'l Lti'fl-:J"'llnroh1'flL'fl~tJ~-:Jn~I~111tJd-J:;~¥I'"J L~'fl-rllnln~d-J 
~ 

1~b~n"'ltJ-rl11 ~ Ln ~nlJ'LU~tJtJLLtI~-:J~d-J~Yll-:J nltJJlI~d-Jln n~l ~ll1tJLd-J~ ~ 1tJUI~d-J~Id-JI~f1 

LLtJ n'fl'fln dJtJ~'"JtJ~ dJtJ'lJ'fl-:J L'j,\~'"J 1~ b~tJ nlmJ''fl-:J LLr1:;n~ ~'"JtJ fOI'"JId-J¥'fltJ ~'"JtJ~ dJtJ'lJ'fl-:J LL~-:J IStJ n~1 

~ L~tJ1tJH'-rl1 LtJtJ ~'"JtJ~ dJtJ'lJ'fl-:J L'j,\r1'"J IStJ n~1 b'fl Lr1~\J Hi. tJn1J'u1'ln fOI LLr1 :;'fl(;1~I'j,\ m~d-J~tl 

n'i';i'2-J1B ~~ ~th~2-J ~'U 

~1'j,\fum~d-J~fiC-J~(;1t11~d-J~U-rl11~~-:Jd 

q ~ 

1. n1 J'ti-:Jtll~d-J (sterilization) L~'fl'j,\tJ!11 nlJ'-rlI-:JltJ'lJ'fl-:J L'fltJ1'll~~ Li-:J n1 nn ~ m~ 1'lJl1tJ 
q 

" , 
~~~:; tJ'fl n"'l1 n,rtJLL~'"J n1~il-:J C-J~tll~d-J"'l :;'ll'"JtJ1 ~ C-Jr1t11~d-J'j,\~ !11'fl'fl n"'ll n rl1tJYl :;r11tJtll~d-J1~~ltJ 

q 

" " " ~tJ LLr1:;L-W'fltll~d-JoJd-J ~ltJ(;]'fln1J'UU'1l~tJll1tJ'fl'fln~'"JtJ 
q 

" " 
2. n1~LLtJnC-Jr1t11~d-J (bunch stripping) o]tJ(;1'fltJ-n"'l:;-rllnlnLtJnC-Jr1t11~d-J'fl'fln"'lln 

Yl:;r11tJ Lu~h Yl:;r11tJ LU~I~ LLtJn'fl'fln fI n~-:J1t1H' dJtJL~'fl L~~-:J ~'fl1t1 
~ 

" " 
4. n1~~n~tJll1tJ (pressing) dJtJn1~~n~tJllJtJ'fl'fln"'llmtl~'flntJ'fln'lJ'fl-:JC-Jr1t11~l-J 

5. n1m~'fl-:J 
"II I , i.I 

6. n1~ih~ ~tJl tJll1tJ~ cJltJnl m~'fl-:J LL~'"J "'l:;bl n~-:J cJltJL.]l LfOI1'fl-:J J':;L 'j,\tJtJl JlltJ1~ fOI'"Jld-J 
~ 
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7. n1mit.l b~1Jl~dJt.lJ1~t.lU1';~U1-~'V1i L!?1tJ';)fin1nbtJnm'!?11"lJ~t.lU1';~ bb~::1'1JU1';~ , 

U 1-~ 'V1 i ~ 'Jt.l-ift.l~11JU1'; ~~ b~ tJ 1-t.l1J1J n ~ 'Jt.lJ 1 ~t.l U1'; ~~ ~lt.ln J'::u'Jt.ln 1 m it.lbb~ 'JIOl :;1~ L1Jt.l 
~ ~ ~ 

U1~t.lU1';~U1-~'V1 fi ~'Jt.ll~~11JU1~t.lU1'; ~ L1J b~~t.ll-n t.ln 1 J'l.J1-tn ~ , 

"'.1 .co r IV co 1 IV IV '" ~ 
2 .2 .2 'fl~~u'j~ml1J'Vl1~b~:I-J'lJ'fl~'l.!1:I-J'l.!'W'libb~~ 'lJ~'l.!~(;l';J [P1l"lbmj"~ bb~::~ru::, 2530] 

1. ~tl(;l (Lipid) 

~tJ!?1 dJt.l~1J'UJ'::n1Ju~t.l'V11cl"uJ'::lfl'V11 "lJ~t.l~11JiJ~ n1j"ru::~~ltJ1 "lJ~t.l~'1m t.l~'ll LL~::~ [;]If 
,~ ~ 

L!?1tJ~'J 1uiJ~~u"ihj~::~ ltJtJ1 LLr;l~::~ltJ1~~1 t.l[;1'Jr11~::mtJ'llil!?1 hJiJ-E''J L'JIt.l ~ L'V11Jf ~~1J h~1Jf~ 

LUt.l~t.l be'lm'1lt.l1!?1b1JYi~~L'V11Jf Lb~::'llil!?1iJi'J b~ni.i1JtJ b'JIt.l LL1J~n1Je'l1J'; LL~::LL1J:]L(;1t.l LUt.lr;lt.l 1"lJ~t.l 

bUt.l~ 'J t.lU J'::n1JU~~'1"lJ1J'1m~ 1 J' dJt.l~ 1 J'1J 1~ 1 J'~1 ~ 'r'l ~'1'11t.l~'1 1J 1~1 J'~nt.ll t.lLLr;l~ ::r)t.l~'JJ'~ 
" , ~ 

1"ll~t.lUJ'::~lru 30 LU1JfL~t.lr;] "lJ1J'1'r'l~'1'11t.lVl1~fU~'1~~!?11"lJ~t.l'JI'JtJ~::~ltJ';)(;11nt.lU1'1'll~!?1 H1LLri 

';)(;11nt.l L1J ~ ~ bb~::L~ 1~nJ'!?11"lJ~t.l'llil!?1hJ~~r;l'J ~'1Lut.lnJ'!?11"lJ~t.l~~lLUt.lbLri11'1n1tJ H1LLri 

m'!?11~ L t.lL~~ n m'!?11~ L t.lL~iln LL~::m'!?11J::n ~ ~ n 1 "lJ~t.lLUt.lLm~'1~ ::~~1)1~1 J'"lJ1J'1 11'1 n1tJ1JtJl t.l 
" 

~ , 
1 ~ Lbri 11'1 n1tJ ~tJ !?1U1'1'llil!?1 LUt.l~'Jt.luJ'::n1Ju"lJ1J'1 L.w1J b~1JUJ'::~ 1'V1 

~ , 
1 "lJ~t.lbL~::U1~t.lbUt.lb1J~ L'V11Jf"lJ1J'1m'!?11 "lJ~t.lflUn~ L'1l1J J'1J~ 1 "lJ~t.llOl:: LUt.l"lJ1J'1 LL~'1Vl'il ru~lln . " 

1/ I I I '" 

U1 ~t.llOl1 n ~ (;1 1'iJ nJ'!?11 "lJ~t.lVl~~ r;l'J1JtJ~l n LL~::~ n LUt.l "lJ1J'1 bb ~'1Vl1J ru~ll n ~1J'1 1"lJ ~t.lLL~ ::U1~t.llOl1 n " , " " ~ ~ 

~(;111~LLri 1 "lJ~t.llt.lLil1J~ (;11' 1 "lJ~t.ll t.l1 ~LL!?1'1 1 "lJ~t.ll t.lt.l~LL~::U1~t.l~~ ~'Jt.l1 "lJ~t.lLL~::U1~k!IOl1 n~'ll 
" I II II II I II tJ 

iJnJ'!?11"lJ~t.lhJ~~r;l'J1JtJ~ln (tJmrj't.lU1~t.l~::'r'l¥1'J) 1~LLri tJ1~t.l~1 U1~t.ltl'J tJ1~t.l~::n1Jn U1~t.l 
" ~ ~ 

-if1'J L'r'l!?1 U1~t.l!?11J n ,"'il ~1JmL~ ::U1~t.l!?11J n'V11t.l(;1::1't.l LUt.lr;lt.l 

3 . n'j(;l1'lJ~'l.! 

n J'!?11 "lJ~t.lb Ut.l~lJ'UJ':: n1Ju~t.l'V11cl"~ iJ ~1 fU1Jt.l1J:: (;11J~~ Ln 1 ::nt.lLUt.lL~ t.l(;1 J''1 n J'~ 1"lJ~ k!~iJ 

1 t.lfiJ'J'~'lll ~~ n iJ~ 1 t.l'Jt.l~ 1 fU1Jt.l1J:: (;11J ~ L Ut.l~ 1 t.l'Jt.l~ nJ'!?11"lJ ~ t.liJ 2 U J':: Lll 'V1 ~1J nJ'!?11 '1J ~ t.l'JI il~ 
" 

~ t.l LL~::J 1 ~t.liJ'JIil!?1 LL~ ::ill~ 1 ru "lJ1J'1 nJ'~ 1"lJ ~t.l ~ LL(;1 n r;l1'1 nt.l L'JI t.l 1"lJ l' 'J iJ nJ'!?11"lJ ~ t.l'JI~ ~~ ~ r;l'J 

L~ L~ n~m'J~lt.l'Jt.l~ln 9'1iJIOl !?1~~1)~ L ~~'J~'1 r111 ~iJ~n1j"ru::LUt.l"lJ1J'1 LL~'1~1J ru~llnu n~ ~'Jt.lJ1 
q q 'IJ q 'IJ 
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~i?l~~tl~b~~'J~l tl~1 'W~Jl1~"lItl~b~~'J~'elnm1Jihjn~ m'i?l1~ 'L'Wb~~n (C1SH320 2) bb~~1~ t'Wb~iln 
(C1SH3002) b1tJn~1 m'i?l1"l1dJ''W~~ldJ'Wf?itl:h~n1tJ (essential fatty acid ) ; 'Hu'Wn~i?l1"l1dJ''W~1~ 

" ~1 ~1 n1~ ¥1~ ;'Wbtl~ 1 'W11~ nl tJ1c1l ~'l ~tl'llc1lflJfOl1 ntl1~1 ~ ~'J'Wm'i?ltl ~n ~'Li?liln (C2oH320 2) dJ'W 

m'i?l1 "lIdJ''W~~1 bu'Wf?itlil'lnltJ bbf?i~1~1n1~¥1~;'Wbtl~1 'Wi1'l nltJ~'Wjj'tJ1c1l fOl1nm'i?l1~ 'L 'Wb~~n ;'l~ , 
'" '" i.I, 11 I 

~1 n 1 'Wij1dJ''W-lr1'J 'L ~ i?l ij1dJ''Wb~~ i?l ~ltJ ij1dJ''Wcl'J~~'l bb~~ij1dJ''Wcl'J b~~tl'l 

~1dJ''W~'ll bb~~1 "lIdJ''W~ (;l{~ m'i?l1 "lIdJ''W'llili?l f?i1~1 rl'WbU'Wtl'l rfLJ~~ntllJ 'Li?ltJ~m~l ru'lltl'l mi?l 

1"lIdJ''Wt)tJ1 'W'L~~~~¥1'l ~'l¥tltJ~~ 94-96 "lItl~~l~,rn 'L~ b~n~"lItl'l1(;lm~ b'lltlhvf vh 1iX~~lJ~"lItl'l~1 
'IJ , 

dJ''Wbbf?i~~'llili?l~'l'V11'l b~~ bb~~'V11'l n1tJJl1~ bb(;l n f?i 1'l rl'W1LJ (;l1~ ~ ~U~"lItl'l n~i?l1"l1 dJ''W ~ dJ'Wtl'l rf 

LJ~~ntllJtltJ 
'IJ 

~ 1dJ''W~'ll ~ 'J'W1 ~ C1J ~ m flJtl'W dJ'Wtl'l rfLJ ~~ntllJ1 'Wm'i?l1 "lIdJ''W~~~~1'l 12-18 tl:::(;ltl~ i1 

m~lrun~i?l1"l1dJ''W~~ ~'Jbb(;ln f?i1'l rl'W ;~'V1 i?l~tllJc1l'JtJ ril1tl 'Ltl ~'W (Iodine value) ~1dJ''W~"1l~~ mi?l 

1"l1 dJ''W~~ ~'J 1 'Wm~l ru~'l~1tl~ m'i?l1"l1 dJ''W1~~~ ~'J 1 'Wm~l ru~l'"l ~~ ~11tl 'Ltl ~'W~1 bb~ ~ b~'el ~ 
'IJ 

I I 11 ,... 

m~l run~i?l1 "lIdJ''W~~ ~'J~ i?l~'l~1'el~ n~i?l1 "lIdJ''W1~~~ ~'J~'l;'W~11'el 'L'el ~'WfOl~~'l;'W(;ll~~l ~lJ 
'IJ 'IJ 

2.2.3 ~UJ'l.J~i:w n1~ b ~hJ b=i 'el b 'W ~..:I"l.I 'el..:lJ 1 iJ\'! oW"1i bb~~l'lur'lJ i (;)1 [~ru~ m'~l·J1 fi n 1 ~ 

~~'l~1'W, 2545J 

"" " ~~lJ~1 'WnlnU'Wb~'el b~~~"lItl'lij1dJ''lJ~'llbb~~1 "lIdJ''W~ (;l{MLJ1c1l ~'l-w ~'el , 
" , " 

1. nl~HdJ'Wb~'elb~~'l1'Wb~1'el'ltJ'Wl1l~b'll~ ij1dJ''W~'ll~~lm'm¥tl'WLJ~~~lru¥'eltJ~::: 83-85 

" o ~ "'" 
"lItl~'W1~'Wi?lb'll~ 

2. ~1dJ''W~'ll bb~~1"l1dJ''W~ (;l{~ ~'J1~~Ui?l~'ln~1~1dJ''W~ b'll~ dJ'W 10 byil bl1'elru~Jl~ ~1~'l 
'IJ , 'IJ 

~ldJ''W~'llfOl :::~~~ ~'J1~~Ui?l~~;'WbU'W~1 ~lJ fOl'Wbn i?l bu'W1"l1 b-n'W ~1dJ''WLJ1;~ bb~ :::~ldJ''WlJ ~~h'J 
'IJ 

" " ~1~flJij1dJ''WlJ~~h'J fOl~b~~bU'W1'lll1'elru~Jl~ 24-26 'el~fP\lb'll~b~tJ~ bb~~ilm~lru1"l1~'l¥'eltJ~::: 
, 'IJ 

I I '" i.I I 

36l1'elru~1J~ 20 'el'lfP\lb'll~b~tJ~ ~'lbU'W'elLJM~~f?itlnl~il'el'Wb~'elb~~'l1'WlJ1'l~'Wl1bb~~lJ1..j~~nl~ 

", , 
3. ij1dJ''W~'ll~~~lJ~l1~~b~tJ1c1lil'eltJ~ln (low volatility) vh1iXbijtliltl'Wb-lr1~iX'el'lb~J11m~ 

" '"l~fOl i?l~:::dji?l1c1l'if1n~1 bb~:::~ nl n~lflJ'el'W~~~ b~~'el~~'l nln~.J11 ~if~ln n~lij1dJ''W~ b'll~ , 
I " 11 I , 

LUtl'l'"ll nij1dJ''W~'ll~~lJlJ~bb(;ln f?i1'lfOl1 nij1dJ''W~ b'll~~ln bij'el1-ifi:i?ltJ (;lN1 'Wb~1'el'ltJ'W(;l~'l~1 

LUWXtl'li1 nl~~ i?lLLLJ~~ L~1'el'ltJ'W(;l1 'W~'J'W"lItl~~ n~lJ ~~lJlJ~'J~i?l bb~:::iXtl'l b~11 ~if"ll'el'l L~1'el'ltJ'W(;l1 ~ 
'IJ 'IJ 
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1.1 I "'" '" 

n1 ~';j ~~n~tfiJl~'WYl'l!.y]iJll-Jl1.jf ~tJ'W~~1.l ~~~--l~'W 1.l1'"lr111~~tJ1.jf';jfi ~~m n'LJiJl~'W~ ~'l! ~ 

Property 

Iodine va lue 

Saponification value 

Acid value 

Symbol 

IV 

SV 

AV 

Standard method 

AOCS Cd 1-25 

AOCS Cd 3b-73 

AOCS Cd 3-63 

mll-JVll-JltJ'lI1.l--l '"11 ~1--l1 ~ ll-Jl ~rJ1.lfi'LJltJ1rX~1.l~--l ~ 'lItJ 111--l~ 
1. I"h1'flL'fl~'W (Iodine value) 

Unit 

9 I/ g oil 

mg KOHl 9 oil 

mg KOHl 9 oil 

,"h11.lL1.l~'W Vll-JltJ~--l ~1'W"l'Wnfl-J'lI1.l--l11.lL1.l~'W~~nr11tJ~n1tJ1L~tJ~I~'W 100 nfl-J f11 
I I '" I " , I 

11.l L1.l ~'W'LJ1.l n 1,xYl ~1'LJ ~--l ~"lIl-JhJ~l-J ~"l'll1.l--l n ~~ 1 'lI~'W.y] l:J1 'WiJl ~'WYl'l! ~--liJ 1~'WYl'l!Yil:J ~"l ll-JhJ~l-J 

~"l ~--l'"l ~~Il-Jl ~rJ ~n ~tJ~n1tJ1~ ~1 ~~VloJ--li'Wfi~~1rX ~'li'W tJ~n1tJ1 nln"ll-J ~"lVl11.l ~ n1.l1.l n~l~'l!lrX 

'"l1 n1.l1.ln=B ~'"l'W1 'W1.l1n1 PI ;--l ~tJ'Wi1'1.!Vll1 'Wn1nn'LJfm~1 ~~~~n1~1.jf ~tJ'W~~1.l ~ ~~--l 

2. 1"i1~~~'fl-uvhFl-n'W (Saponification value) 

f11~~~1.lilYh~i'W Vll-JltJ~--l ~1'W"l'Wij~~ nfl-J'lI1.l--lL~L~Yl~ ~~tJl-J1e:J~~1.l n1'l! ~~r11tJ~n1tJ1 
~ ~ , 

~1.l~n'LJiJl~'WVl11.l1'l1~'W 1 nfl-J 'LJ1.ln1,xYln'LJ~--l'll'W1 ~Vl11.liJ1V1~n'll1.l--lLl-J ~~ n~'lI1.l--lm~ 1'l1~'W.y]~tJ'W , 
" " , 

~"l'WtJ~~n1.l'LJ1.ltJ1 'WLl-J ~~ n~'lI1.l--li11~'WVl11.l1 'lI~'W iJl~'WVl11.l1 'lI~'W.y]Ll-J L~ n~tJ~~n1.l'LJ rX"ltJ n~~ 1 'lI~'W 
'U , , 

, " , 
.y] l:J iJ 1 VI ~ n Ll-J L~ n ~ ~ 1 Vl11.l '11 'W 1 ~ Ll-J ~~ n ~ ~ ~ n Vl11.ll:J ~ 1 'W "l 'W ~ 1 f'LJ 1.l 'W 1 'W Ll-J ~~ n ~ ii 1.l tJ '"l ~ n 

" ' 

3. 1"i1'l1'fl.:Jn~(;l (Acid va lue) 

f11'l11.l--l m~ LtJ'W~I'W"l'Wij~~nfl-J'lI1.l--lL~ ~~Yl~ L~tJl-J1e:J ~~1.ln I'll ~ (KOH) ~r111 ,xm~ 1'l1~'W 
I I '" I 

~M~.y]l:J1.ltJ1'W1'lI~'W 1 nfl-J ~~L'Vi'W~1.l~ m~1'l1~'W~M~.y]l:J1'WiJl~'W ~i11.l--ll-Jl'"llnn1~~~ltJ~"l'll1.l--l 
'U 
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~ ~ 

LiJttl ~ b'1i~91 n{n,J'W~"ll'v{~tlL"lJ ,J'Wil?lr) iJ fOl'J1 ~~il(111n ~ b~tJ'I niJ~l,J'W~ b'1i~ bb~ ~iJ fOl'J1 ~ 

~'1 r;l':l ~':l1 ~~il(11 biJ~tJ'WbbiJ~'1iitltJ~l m~tltl ru~[l n biJ~tJ'W 9 (11':lliJLvJiJ ~1 ~'1 n~l~ l,J'W~b'1i~ r11 
q qJ II \J 

1~iJ~':l1~iJ~tl (11JltJ1'Wm~H'I1'W bb~~m~"lJ'W~'1 ~':l'W~1~ b'Vl'W~ dJ'W~lvl"llU. iJtl n ~'1~~iJ~m~9 (11 , 
~ 

~(11L yj"lJtl'lLiJttl~ b'1i~ ~'1iJ ~l~'1n~l~l,J'W~ b'1i~ ~':ltJ 
\J 

~ ~ , 
~1 j;] 1'1 1 bmhu.iJ ~':ll~~ ~ lmb~~e.J~ j;]tlmnCnL mJ"lJtl'l b~tl b~~'1 ~'1~1~lHltlfiiJ1tJL~ 

~ 

~tli'lb"lJUvl'lU. 
• col ..... 1. Pl1Lntl'JmJn1~~~L'VIti (Volatility) 

n . 'fltlA'VItlijn1~n-sr'W · ... 
I 11 II I I 

1Jru~.1Jn mm~'W Atl A':l1~~1~1~Cl1 'Wmn~b~tJ"lJtl'l~l,J'Wb~tl b~~'1 ~'1t) (11 t(11tJn1m~'W 
~ ~ 

~fi'Vl (11 ~'eliJ A'el r111 ~ b~'el b ~ ~'1 n ~ 1 tJ dJ'WL'el bb~ ':l9 (11 1J'WVi ntl ru ~[l n"lJtl'lLtl b~'el b ~ ~ 'I ~ 1 ~ fiJ bbj;]~ ~ 
, \J 

~ ~ , 
bU'elfb~'Wl'l"lJ'el'l~ 1,J'W ~ ~iJ~.jJ'elu.iJ A':ll~~ 1 ~ Cl.J j;]'el n 1 ~Yi 1'1 1 'W"lJ 'el'l bA ~tl'l tJ'Wl'l~ b'1i ~ t(11tJ b'U~ 1 ~1 'W 

, ~ , 

bA~'el'ltJ'Wl'l~'eliJ iJ1'Wn ~ 1'1 bb~ ~~'eliJ~'1 n1~1-n b~tl b ~ ~'1Vl ~~ b~ tJ~lmn'WLiJ9 ~r111 ~ n 1~'1 bb~ ~ 
\J 

I I 11 11 

iJ~~~'Vlfi[ll~ "lJ 'el'l b ~~'el'ltJ'Wl'l~(11~'1 bil'el'l91nm9 bn(11 vapour lock 1'W~~iJiJb~tlb~~'1 ~~'el~tJ(11~l 
t,.; I I I, I 

,J'Wb~'el b ~ ~'1Vl Cl n~(11tl'el n91 n~':l~(11 hj~1~1~ClVl9~liJLn ~ 1~ bYl1Vl ~':l ~ t(11tJ~':l1iJ'li':l'l n1~n~'W"lJtl'l 
\J 

"ll . "'I1?l'J1'ULvJ (Flash point) • , ~ 
9 C;)':lliJh~ A'el 'el ru ~[lnVl~ 1 ,J'W~ b'1i ~ 1~~iJ A':ll~ ~'el'Wbb~ ':l ~1 ~1 ~Clr111 ~ bn (11'lJtl'l e.J~ ~ , '\J 

~ , , 

~~~~1'1tl1 m f31 bb~ ~1'el"lJtl'l~l ,J'Wmil'el"lJtl'l b ~~':l bb~r;) ~ (111 ~1~ bil'eliJiJ ~~mtJL yj b ~ tJ'I L~ nir'eltJ ~'1 

9 (11':lliJL yj dJ'W~l~iJ'el n ~'1 A':ll~iJ~'el (11 JltJ 1 'Wn1 ~bniJ ~mj'l iJ Ar;) 1~ ~ 1 ~ ClJ1 'W~l'W~'Wl?lntJ , 
~ 

91 n~~~JltJ1'Wm~"lJ'W~'1 bb~~m~1-n'l1'WbYh,r'W Lbj;]bJiJ Ar;)l~~l~ ClJt(11tJl?l~'1 j;]tlmne.J1LmJ bb~~ 

U~~~ 'Vlfi[ll~"lJ'el'l bAi'el'ltJ'Wl1l 'W'el n91 n~~'11-n9 (11':l11J1 ~ ~ 1~~1J 1?l~r;)9 ~'el1J~1 n~ 1,J'W"ll oW (11 biJ1 , 

• ....t, 
PI . FI1P1'J1),J~'fl'W"ll'W~..'l (Higher heating va lue) ... 

'" 11 II I I 

Ar;)l~~'W"lJ'el..:l b~tl b ~~..:l ~':ltJ ~lU.bb~ (11'1 ~..:l~~'1'11'W~'1 ~ (11"lJtl'l bA~tl..:ltJ'Wl'lVl ~l~l~Cl dJ'WliJl~ 'W'Vl1'1 
qJ , 
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I I '" 11 I 

l-11'el~'W1 tc;)tJl1'JhJ~1i1'"l:::UtJl-Jt)c;)Jl'JtJl-J1(;l~J1'W ASTM D 4809 kmflJ'!:mr'W~L'J!~Vl1-n~n1~'lJ'W 

~ ,m~:::(;l1l-Jl-J1(;l~~1'W ASTM D 4868 ~1l-1flJJ1~'W~L'J!~~HnlJL,"1~~'el'l9m1'Wh'l'l1 'W'"l:::iJ~1fOl'J1l-J 
JJl 

>-

¥'el'Wi'W~'li.h:::l-J1ru 13400-14800 Btu/ga l 

,col ..... '1 
2. !OI1bmJ'dm .. m1'H'VI~ (Fluidity) 

n. ~1!01'd1a.J'VI'W(;l (Viscosity) 

~1 fOl'J1 l-Jl-1oWC;) dj'W~1 LL~ C;)'l fOl'J1l-J ~1'WVl1'Wn 1 n1J~tJ'WLLtJ~'l ~tJi1'l L ti'el'l'"l1 n n1nr1~'el'W~ 
'IJ 

I I " I 

iJ ~1 LvhnlJ LL~'lVl1-ifLfOl~'el'W'lJ'el'l1l-1~'lJ'W1 c;)Yi'WVl1 mn'l L'J!'W~ Ll-J (;l~(;]'el~'W1Vl ~ 1 l-1flJfOl'J1l-Jl-1ilc;) lfOlL 'W 

Ll-J ~ n (kinematic viscosity) ~'el '1l (;l n ~ 'J'W ~:::l-1~ 1'l fOl'J 1l-Jl-1 i1c;) (;]'el fOl'J1l-J l-1'W 1 LL 11 'W~'l iJ l-1"h mu'W 
>-

~t[;1n (stoke, St) ~1fOl'J1l-Jl-1oWC;)11'l~'el'lUtJl-JntJ'l1'WLu'WL'J!'W~YI'eltJ; (cP) LL~:::L'J!'W~~t(;ln (cSt) L'W 
, 

m ,!'JtJ SI vl'l~l-Jn1~Vl 2. 1 

cP = cSt x Density of the fluid (2. 1 ) 

n1~t)C;)~1fOl'J1l-Jl-1oWc;)~Hn'Wmh'ln~1'l'lJ'J1'l(;l1l-Jl-J1(;l~J1'W ASTM D 445 ~'lHn1J'9lJ 

L'J~1~'lJ'el'l1l-1~ml-J1(;l~fOl'l~~1l-1ti'l1«tl-1~~1'W'li'el'lL~n1 (capillary) Jl'JmLJ''lttJl-J~'J'l ru ~ruWJ ij 
I J,.r I I '" I 

fOl'lVl~1l-1flJ'W1~'W~ L 'J! ~ fOl'J1l-Jl-1oWC;) LU'W~l-JlJ~Vl~11'l ru L oW'el'l'"l 1 n n1 ~~c;)iJ 1 ~'WVliJ fOl'J 1l-Jl-1oW ~ ~'l'"l ::: l Jl 
~ 'IJ 

" I " I 

l-1tJ c;),.J1~'WVliJ'lJ'W 1 c;) 1l-1 ru'"l'WhJ ~1l-J1~r1 Le.J11l-1mJll-1l-J c;) L 'Wn1~'"l c;) ~:::LU c;) LL(;] ~ :::fOlf'l~'l'"l :::~ 1 1 ~ Ln c;) 
~ , 

'11 . '"I(;lL~a.Jl'V1~ (Pour point) , 

Hm1l-J~1 l-J 1~r11 'Wn1~1 m'l1'Wn1~~ C;)LLYl'W ~'l(;l1l-Jl-J1 (;l~~1'Wfl1l-1'WC;)~1 '"l c;) Lil-Jll-1~ ~'el 'elrul-111ij~ 1 
rJS II II III 

, , >-

n~1'"lC;)LnC;)l-1l-J'elntJ~:::l-J1ru 5-11 'el'lPl1L'J!m;tJ~ ~'l'"lC;)LnC;)l-1l-J'elmL~:::'"IC;)L1l-Jll-1~Lu'W~l-JlJ~Yl 1 'lL~'el , " 
I SI I I I 

LYI~'lVl~1 fl ru ~1l-1flJ,.J1~'W~ L 'J!~Vl ~'el'l n 1~ 1-if'l1'WVl'el rul-111ij ~1l-11'el1 'WtJ~::: L Yl PI L;:J'el'll-1'W1'J 
~ , 'IJ 

'"l c;) Ln C;)l-1l-J'el n ~'el 'el rul-111ij~b'lJ'el'lJ1~'W~ L'J!~ ~'Jl-J r;l'J'"l 'W~ 1l-J 1~r1l-J'el'l L~'WLu'Wn~l-J fOl~1tJ 
II q '\l q 

, >-

l-1l-J'el n lJl ~'l'el1'"l'el c;) r;l'Wl~ m'el'l'lJ'el'l,.J1~'W1Jl ~11'l ru l-J1 n 1 'WL 'lJ (;ll-1'W1'J ~ 1l-1flJtJ~:::LYl Pll vltJhliJ-ii'el , ~ 
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l-J'eJ'I biiun~l-J~l-J'eJ n 1~'1-vl11 ~iJ ~'J1l-J ~'i'i1 c;) b ~~'eJUfOl1n ~Vl c;)'i'i'eJ'I~'1 Lc;)tJ~'J hJfOl c;) dl C;)~l-J'eJnfOl:::iJ ~1 
" \J \J 'I 

lh:::l-J1ru 10 - (-)20 'eJ'IP\1b'1l'i'ib~tJ~ 

fOl c;) bn ~~l-J'eJn bb'i'i:::fOl c;) Gl-Jl ~'i'i dju~mJ"iVl1'1 b~'eJ b~~'1~~1 ~ ru~1~fu~1l1U~b'1l'i'i~ ~'eJ'I m~ 
q q ~ 

1-if'l1U~'eJ ru~Jli1 ~1 ~1'eJ 1Ulh::: bVl P\ b~'eJ'I~U1'J b~'eJ'IfOl1 n~'eJ n.mJli1 ~1'eJ'I rllh:::n'eJu"lJ'eJwnnyju 
'I 'lJ 'I \J 

~ I ~ ~ ~ 

"lJ'eJ'I"j 1l1U~ b'1l 'i'i'eJlfOl bbtJ n 'eJ'eJ n dJUl "lJ ~'1fOl:::'eJ ~ #lu Vl1'1 b~U "lJ'eJ'I"j 1l1Ub~ 'eJ b ~ ~'1 bb'i'i :::m~'eJ m'eJ'I b~ 'eJ 
q 

I I I '" '" I 

b ~ ~'1 -vl11 ~ b~1'eJ'ItJ U(;]~ C;)U n ~ bb'i'i :::vlu1UYl~ c;) ~'1~umj nu bb ~~'1"j 1l1U~U bb'i'i:::'eJ ru~Jli1 nI m~i.l 
'I 'U 'I 'U 

~ . f'I'dla.J'VI'Wlbb'l..hJ (Density) 
I " '" I I I 

~'J 1l-J~U1 bb t.!u djU~lYlU'eJ n ~'1"j 1 wwn "lJ'eJ'I b~ 'eJ b ~ ~'1 (;]'eJ~\1'1~t.!'J tJ illl-J1 (;l ~Yl'eJ ru~Jli1 ~'1Yl , '" 
I I I '" 1I 

~1~\1'1 ~'1fOl:::iJ ~'i'i(;]'eJu~:::~VlfiJl1~"lJ'eJ'I b~1'eJ'ItJU(;l1c;)tJ [;l~'1 n~1'J ~'eJ m~~c;) b~'eJb~~'11 i.lbb~'i'i:::~f'l 
I .... I I II I 

b~1'eJ'ItJU(;]fOl:::rJ c;) ~11U~U"lJ'eJ'Iilll-J 1 (;l~ vl'lt!Ub~1'eJ'ItJU(;]Yl1-if"j1l1UYl iJ ~'J 1l-J~U 1 LL t.!Ul-J 1 n n~1fOl::: 1 ~ 
'" 

nl~'1 LL'i'i:::L'eJ m~~fOl:::Ln c;) ~rJU1rJ)l-J1 n n~1 L~'eJ'IfOl1 niJl-J'J'i'i"lJ'eJ'I L~'eJ L~~'1~ L~11 ~~l-Jl n n~1 L~tJ~'J hJ 

m1l-J~U1LLt.!U~tJ'eJl-JfuUlfOl:::iJ~I~:::~~1'1 0.80-0.86 nfl-J /i1'i'i~~(;l~ 

~'J1l-J~U1 LLt.!U'eJlfOl'eJtJ1u~u mll-J bi'J'I~1 L ~1::: API ~1'V1fU~1~'1 iJ ~'Jll-J~U1 LLt.!ULVl1 nu 
'" '" 

• .,j ..... 
3. f'llbntJ'dn'Uf'I'dl),J~~'£Il~ 

n. i (Color) 

~1l1U~ L '1I'i'iU n ~fOl:::iJ ~'1I1tl'eJUL ~ 'eJi1'eJ'I nUn1 ~U'i'i'eJl-JUU ~'1 iJ-if'eJ nl~UC;) 1 ~~1l1i.l~ L '11 'i'i~l-JU , 

'11 . tfh.J1ruf'll.f'U'£I'Wf'I~b'VI~'£Ibb~~m),Jlrubr;ll (Carbon residue and Ash content) 

illl-J 1 ru ~1fu'eJu~'1 L ~ ~'eJ LL'i'i :::illl-J 1 ru L{l1 LUU~I~U'eJ n ~'1 ~ 1 ~L~~'eJ'eJ tJ~ ~'1fOl1 n nl ~ 
'" 

L~11 ~m U~U"lJ'eJ'I m n m fU'eJULL'i'i:::~ 1~'eJ-WUVl1cl' m l-J~1 vlU 
'" 

f'I . m),Jlrunl),J~i1'W (Su lfur content) 

illl-J 1 ru n 1l-J :::tlU ~ 'Ju1 ~ C1J fOl :::U'eJ n LUU ~'eJtJ'i'i::: Lc;)tJ~ 1 ~'11 n "lJ'eJ'I n 1l-J::: tlU 1u~ 1l1U ~ L'1I 'i'i 
I I t I" 

~'1illl-J1 run1l-J:::tlUYl~'1 Lnu1ufOl:::-vl11 ~u~:::~VlfiJll~"lJ'eJ'I~1 ~~~'eJ~UL~l-J~U LL'i'i:::iJ m~u~'eJtJ LLn~ 
'" 
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, ~ 

LL~::; L ~11m':n1 ~ Ln ~ fl nu fll fUtlt.! 1 t.!m-::;Utl n 'ClU~ n ~'J tJ vl,nrt.! 1 t.! Ur.:vOJut.!uhn nui 1 ~ ::;,i\'!~'J Cl n 
~ , ~ 

nl~t.!~1~~Al'Cl'JhlLnt.!~tltJ~::; 0.05 
~ 

4. '"lr;u.n1Yml~'1~~~1vJ (Ignition Quality) 
~ , ~ 

n'l ~'"l ~~::; LU ~~ 1tl ~ ~ 1 yjl~ L tl'J'"l::; L~'J~ 1tl-nl; Wl mJ~::; LJl'Vl 'lJtl'Jle1t~ ~fl 1 fUtlt.!Yl ~'iltJ1 t.!U 1 , ~ 

,rt.! t~tJ~1n~t.l~ ~ 1 yjl~L~'J~'Cl ~ I?lN nt.!-j[1~ ~'JmLtl tm~~n'"l ::;~~ 1 yjl~-nl t~m'U~1::;LLtl tnL~~ n , 

~~~ 1 t.!'J t.!'J'J LL VI'Jt.!~1 n n'l~~ ~~'J1-if1e1t~~flifUtlt.!'Cltl'J 'Lh::; LJl'Vl vl'J mil 'd dJt.!w~ n ~tJ n~ 1 Al~ L'Vlt.! 

n. ~h:nb'V1't.l (Cetane number) 
, ~ 

Al~ L 'Vlt.! ~tl A1YlUtl n n'J fl ruJll~'lJtl'J nl~'"l ~~::;LU ~'lJtl'J L~tl L ~~'J t~tJ'"l ::;1-iftl ruVlJllJ ~~ 1 yj 
II II III \J 

II I '" I 1.1 

l~Ltl'J (Auto-ignition Temperature, AIT) 'lJtl'JU1,rt.lLUt.!(;]'d~~ ~'Jtlru~JllJ11LUt.!tlruVlJllJYlL~tl 
II 'lJ III \l 

" n'l~ n'l~'"l ~~::;LU~~'JtJn'l~'fl~!l'ln'l P11 ,x~tl ruVlJllJM'"lt.!L~tl L~~'J~1~1~Cl'"l ~~::;LU~ 1~ Ltl'JLL'Vlt.!n'l~ 
III II '-I cu iii 

~ ~ 

'"l ~~::;LU ~ ~'JtJtr'd LYltJt.! 1111 ~ Al11~ fl'Jl~~1 A OJ ~tlUl,rt.!~ L"ll~ t~tJ L~"lJ~ L 'Vl'W'"l::;~ 'Cll~~1'J~'J~11?l~ , ~ 

.d 0 IV .c:.I 

~1~1~'V1 2.3 'Cll~~11?l~~1t.!~1V1~Ub~'lJ"llL'Vlt.! [Song, 2000] ... 
Compound Cetane number 

n-Hexadecane (Cetane) 100 

1-methylnaphthalene o 
Heptamethylnonane 15 

Auto-ignition Temperature (DC) 

202 

529 

472 

~1V1fU~L'Vlt.! (Cetane) LL~::; 1 - L~Vi~LLt.!~'Vl l~t.! (1-methylnaphthalene) LUt.!'Cll~~11?l~ 

~1t.!~'J L~~ ~'J L~'lJ~ L'Vlt.!~ AI L'I'l'l nU~tltJ~::;t~tJm~11?l~'lJtl'J~ L'Vlt.!~~ ::;~1tJ1 'WL~Vi~ LLt.!D'Vll~t.! LL~::; ... 
1,x ~ ~'LJ"i mnenl m~ LVliltlt.ln'LJ~1,r'W~ ~ L~'lJ~ L 'Vlt.!L '1'11 n t.! LL~ L titl'J'"l1 n L~Vi ~ LL t.!D'Vl 1~t.l u1~'Vl i , 

'Cl ~ 1 tJ (;]'J~ 1 m::;VI~ 1'1 n'l nn ufmj'1 L titl'J'"l 1 n DDmm tltl n:n L~it.! ~ 'Jl~ n 1~t.!~ 'Cl 1 ~~ 11?l ~jlt.! 1 mJ 

~tl Le1DI?l::;L~Vi~tt.!Lt.!t.! (Heptamethylnonane) ~'J~L~'lJ~L'Vlt.!L'I'l'lnU 15 LL~::;L~'lJ~L'Vlt.! (eN) '"l::;~ 

AlI?l1~'Cl~n'l~ 

Cetane no. = vol% of cetane + (0.15)(vol% of Heptamethylnonane) (2.2) 



15 

, 
bb'El~ bAtJ ~erin-.l < ~ '1:i'U :i':;nmJ bb'El~ bAtJbbUU'N < ~ '1:i'U :i':;n'ElU bb'El~ bAtJ ~eri (;1 N ~!1ltJ ~ '1 ~U v1-.l mil'J 

1I .... q 1.c:III 

(;1:i'-.l'lJ'1l-Jnunm.!'lJ'El-.l AI'lI bVltJ 

~'1~fu ~'1:i'~n rh~ bVltJ~'1r1'11 ~m:i'9!1l:i':;bij!1l~'1-n'1 bti'El-.l9'1 n b;'El b~~-.l ~'El-.l!1l!1l A'J'16.J ~'EltJ1 tJ 
q 'IJ 

" , 
ml-J'1rumn'"ltJ~'1l-J'1H)9!1l:i':;bij!1l Hi' b'El-.l v'h 1 ~b~'El b~~-.lu'1-.l~'JtJhJ C1 n bl:-J'11 ~~ ~-.l dji.!~'1 b\-l~1 ~ Ln!1l 

q ", 

m:i'~:;~l-J bb~:;9 !1l:i':;bij!1l~~'Ell-J rltJ~ b~m ~-.lI:-J~ 1 ~ A'J'1l-J ~Wll tJ1 i.!m:;U'Eln~u L~l-J~i.!'Elth-l:i''J!1l b~'J 
q 'IJ 

bL~ :;LA1'El-.ltJi.!(;]\-ItJ !1l'll.r n Lti'El-.l9'1 n L~tJ9-.l\-l'J:; 1 i.!V11-.l (;1:i'-.l-ifIl-J~I~tJ~ L'lI ~ n L~'lJ~ L V1i.!~-.lmnv'h 1 ~ 
q 'IJ 

LA 1'El-.l tJ i.! (;]n n 1-cr-.l ~ 1 Ln tJ 1u bb~ :;tJ-.lr111~ tJ1 n ~ n ,Jl'JtJ ~-.l~ w·h l-J 1 (;1 :i'l<i1 tJ 'lJ'El-.l b~ 'II ~ LVli.!~-.l ~ n 
<IJJ 

, ", 
nl~tJ!1lL'U~I:;rh~I~!1lLYht1i.! ~-.lnrl1U:i':;mru 45 

q 

'lJ . ~"llij:nL'Vl'U 

Lti'El-.l91 n n1:i'~!1l rll~ L V1tJ91 dji.!~'El-.lH LA1'El-.ltJ tJ(;] bL~:; L~ tJ L'J ~ 1l-J 1 n~-.l1f.1fi~ 1i.!'J ru 

(Calculated Index Formula) LbVltJ ~-.lU:i':;l-JlrurlI91nrlll"l'JIl-J~'J-.l91b~I:;LL~:;"ll'J-.l!lru~Jlij 
• 'IJ 

'" I \I '" 

m :i'H1 'II ~i.!LL~ :;UI~tJ Vl1~91 nYh~1'El ~ (;1rJ L1JtJ LL VI ~-.lVl!1l bL V1tJ UI~i.!L~'El b~ ~-.l ~ L'lI ~ ~!1ltJ 
'" '" I I '" I 

(;1N ~n9:;Hul~tJ~'lILYht1tJ LU'El-.l9'1nn~l-J~~~l-J~tJfirlun1ntltJLb~~-.lL~'Elb~~-.lVl~ bb~:;ml-Jl:; 

~l-J n~11 'lJ~i.!~ (;1rJ nU:i':;~V1fiJlI~ n '1:i'1-n-.l '1 i.!V1 !1l LL V1tJ~-.l n~'1 i.!'El n91 n dLb~'J 1 'lJ~i.!~ (;1rJn~!1l~ ~'Ell-J 
'IJ • 

b~~'J~-.ln~1 LL~:;n-cr nMru:;btli.!'lJ'El-.l bL ~-.l~~ru~1Jij ~'El-.l~-.l btltJ~U M:i'1"l ~1 FI ~ 1 i.!m :i'UI6.J11-n Ltli.! 

L;'El L ~ ~-.l ~ b 'lI ~ L ~:i'1:;9 :;v'h 1 ~ Ln!1l A'J '1l-J~-.ltJ '1 n 1 i.!n 1 n(;11tJ l-J 1 "lI~'U~ (;1rJ ~ lV1fu n 1:i' 1-n-.l1i.! ~~tJ (;1N 
q 

"" I I 

U'1J~I~-cr n'lJ'El-.l m:i'1.jful~i.!~'lI Ltli.!b~'El b ~~-.l ~!1ltJ (;1N ~'El A'J1l-mU!1l ~-.l ~!1ltJi1'J 1U9:;n rll 

", " 
~-.ln~'1UI~tJ~ b'll~U:i':;l.Jlru 10-20 LVl1 ~-.lmnLnuruVlI~~n~I'J'El19v'h1~!1ltJ~fim:i' ~-.l~'El1ul1 
'IJ ., 

" ~ 0 ..... .dI 

1. mn9'El91-.ltJll-Ji.!~'lI 

2. m:i'r11 Ltli.!'lJ'El-.lI:-J~l-J1l-J ~A:i'~~~ii.! 

" ..... I o......dI '" '" 
4. n'1:i'LL(;1n(;1'J'lJ'El-.l~U'lJ'El-.li.!Il-Ji.!~~!1l'JtJA'JIl-J:i''Eli.! 

" 
... !;' QJ ... 

m~L~'el~1-!1'U1a.J'U~"ll (Diluting ) 

mn~'El91-.l~1'El m:i'1:-J ~l.J (;11l-J ~ 'Ji.!'lJ'El-.l~1 ~i.!~~ ~ 1l-J 1 :i'C1UIl.J1 ~:;~ ItJ L-if1 rli.!1~ rlU"lI'El-.l 

'" '" " I 

m~'JU'1-.l~tl!1l Lvht1tJ L"lli.! UI~i.!L~'El L~~-.l ~ L'lI~ (;~hr11~:;~ 1 tJ1e:!~!1l:i'1"lI fU'EltJ LL~ :;LL'El~ n'El e:!'El;~n 
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~1t11"1imf'lJ'fl\Jk\J 1 b"J!\J Ziejewski bb'C1:;~ru:; (1986) iJn1~~n'l!t1b~tI':ln'lJn1n~'fl"l1'1'lJtl'lJ1~\J 
" " 

(9I'fl nYl1\J(;]:;r3'\J l(9ltlHtJ1 ~ \J b~'fl b 'Y'l ~'1 ~ b"ll 'C1 bU\J~':l'l-11 'C1 :;'C11 tl1 \J,g (;] n~ ':l\J 1:3 l(9lmJhn ~ ~ bb'C1:; 

m1l-JVloW(9I~\a1iJ~w;,hn'lJ 4.88 b"ll\J~~l(;]n ~ 40 'fl'lP\1b"ll'C1b~tI~ 1\J'lJru:;~l-J1(;]~~1\J ASTM iJ~1 .... 

bVl1n'lJ 4.0 b"ll\J~~l(;]n ~ 40 'fl'lP\1b"ll'C1b~tI~ ~'1'lJ'fl'l~~l-JC91'1n'o'i1':liJ~l-J'lJ'1ihJbVll.n:;~l-Jn1.H~i'fl'l 

mJr;]bb'lJ'lJ Direct injection ~'1 btl \J b~ i'fl'ltl \Jr;]~H n'lJ nl tI \Jr;] ~ 1 VI f'lJ n1 ~ 1 -if bU\J ~:;tI:; b':l ~ 1 \J 1 \J 
I I ~ ~ 

boW'fl'l"l1 n"l (91 b~'fl (9I'lJ'fl'l ~':l'l-11'C1 :;'C11t1 ~1 n~ 1tJ1 ~\J~'lll-J1 n 'I-111,xiJ n1 n~1 \ VI~'lJ'fl'l b~'fl b'Y'l ~'1~ ~l.Jhj 
q 

Vll-J (91 'I-111,xbTl (91 n1~~:;~l-J'lJ'fl'l ~n'lJ ~1f'lJ'fl\J ~'1 b~m'l (9I~'fl'lJn'lJ b~i'fl'ltl\Jr;]'Y'l'lJ~1 b;'fl b'Y'l~'1'llil(9l~'I-11 

1,x btl (91 ~n'lJ b'lJ~1~tr':l~(9I bb'C1:;bb VI':l\J~ n ~'lJl-J1 n bb'C1 :;tl1"liJu '1.JVl1V1~'1"l1 n n1 ~tJ1 hJH r;l1'11l-J1 n 
, 

'" "" l-J1mb~~'1(91'1(;]1~1'1'Vl 2.4 

Ali bb'C1:; Hanna (1994) ~ n'l!t1 ~'C1'lJ'fl'l b'fl'Vl1\J'fl'C1 ~~l-J b~'fl'C1 (91 ~':l1l-JVloW(9I'lJ'fl'l bl-Jl1m'fl~ b'Vl'flf 

'lJ'fl'l\'lJ~\Jr3'':l ~'1~':l1l-JVloW(9I'lJ'fl'l\'lJb'fl~b'Vl'flfiJ~1 5 .5 mPa.s ~'flruVlJl~ 30 'fl'lP11b'll'C1L~m~ bb~:;~ 
q 'IJ 

0-

'flruVlJl~b~mn\JtJ1~\J~b"ll'C1b'lJ'flf 2 iJ~1~':l1l-JVloW(9I 2.4 mPa.s ~'1\a1L~l-Jb'fl'Vl1\J'fl~hJ1\JL'fl~b'Vl'flf 
q 'IJ 

, II II '" 

b'fl'Vl1\J'fl'C1 ~ b~l-Jhlu\J ~1~ L 'Vl\J 'lJ'fl'l \ 'lJ b'fl~ b'Vl 'flf-b'fl'Vl1 \J'fl 'C1-tJ 1~\J ~ b"ll 'C1iJ ~1 62.5 b ~ tlurl'lJtJ1~\J 

~b"ll'C1b'lJ'flf 2 ~iJ~1~b'Vl\Jbtl\J 44 
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[Harwood,1984] 

, , 
..c:!I. ~ q GI 

m~[;l ~LfPl~thlYlJl'Yl~'El1m P\~'W1'J LtI'W 

~1,m1lJh-j (flash point) ~~1 

n1~~ ~r;l'WLL~~Ln ~tI1'HWWtl'J'lJ'fl-.lL~ m'fl-.l~l tI1-.l mutI'J(~'fl phosphatide) ~iJmd-JD~~d-J 
" 

'll1 ~1 'W"j1~'WYi'll 

~ 1; L Yl'W~ ~1d-J1 n 1 'W~1~'WYi'lllJ1-.l']j\l~ 
J ~ .t d 

i:fn)~lYl Ln ~'lJ'WLd-J'fl H"l 'W~~t1~tI1'J 

mnn ~ [;l~n'fl'W~d-J1'"l1 n m nc.J1L mYhJ 

" 1'WlJ1-.l~'J'W'lJ'fl-.l"j1~'WYi']j 

fPl'J1d-J~\1~~ ~-.l'lJ'fl-.l~ l~'WYi'll n1 ne.nL ~~hJ .. 
" , 

~d-JlJ~ru'lJ'fl-.l L~'fl L~~-.l LL~~mne.,J1Lm~~LlJ~,rn .. 
" 1'WlJ1-.l~'J'W'lJ'fl-.l"j1~'WYi']j 

" n1~Ln ~uljmtl1~'fl~ Ld-J'flLn'll-D'W'lJ'fl-.loW1 ~'WYi'll 

LlJ~d-J r;l'J~ ~~ d-J 1 'W-ir'fl L ~~t1-.l1rXYf'fl-.l LfPl1'fl-ltl'W(;] 

mivhbtl'W"lJ'f).:JeJ'6IliJ1iJLFl i~:ir~i''\J (Microemulsion ) 

Ld-J LfPl~~~ ~-D'WLU'W~ n';:jfi~~-.l1 'Wn1~LLni1 b1!~1 fPl'J 1d-J~\1~'lJ'fl-.l~1~'W ~-.l'lJ'fl-.l L~~'J~'fl-.l'll\l~ 
~LlJ~~~lmu'WLd'fl L~tl'Jn'W1,x~~~lmu'WLd'fl L~tl'Jn'W L~~l~fPl'fl~~'fltl ~~ L~ ~m iJ L~'W~l'WP\'W~ .. 

, .. . 
fPl1'llLYl'W (cetane Improver) [Schuchardt et al.,1998] 

~U LLlJlJYl1-.l n~ P\1~ [;l f'lJ'fl-.l b LfPl ~~~~-D'WLL[;ln ~1-.l n'W~ mnn ~ Ld-J LfPl~~~ ~-D'W L~ ~m Jl1~ .. 

, 
IV trleJ ", 

Jlruer'lV1[;l'fl-.lm~ 

Goering LL~~l'lru~ (1982) ~n~1n1n[;l1t1d-J~1~'Wr.J~d-J~iJ'itm~rw~1n~~\~t1-.ln'lJ~1~'W 
tI t.J I t.J I '" 

~ L'll~ L'lJ'flf 2 LL~~1"j1~'Wr.J~ d-JU'"l ~iJ b~ 'lJ; LYl'W~ln~ 11d-JLI'l~~~~-D'W LL~ L~'fl L ~~-.l r.J~ d-JYl noW l~'WYi'll 

tHj iJ 1'l'J1d-J~\l~ ~1 m ~~lLd-J LI'l~~~ ~-D'W '"l ~1,x L~'lJ; LYl'W LL~~~11'l'J1d-J ¥'fl'W~1 Ln'fl L Yltl'lJ n 'lJ~ 1~'W .. 
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LLm~b~J'~l1~-ntJ"l:::~l~lnmniJC1! '\.nd'el-l~r;Jl~~tlVl LL~:::H'fluL~i'el-ltJtJ[;11ril~ LL~ntJ-lhJ 

~ 1~1 J'bl~~ n L~tJ-liJ '1I~1~ Ltl Vl;tJL'litJ n1 J'Ltl Vl L'nh Ln1:::L~ i'el-ltJtJ(;]dJtJ91tJr;JtJ~ 1 n Ltl Vl n1 J'LC-J 1 

1 ~m~~~\JnuLL~:::vh 1 ~~ll1tJ~~'el~tJ L ~i'el-ltJtJ(;]n ~r;Jl~~tlVl L~~;tJ [Ziejewski et al., 1984 J 

Q..I ~ CV.ell '" ..., 

n'l~bb(;ln(;l'JtJl3-J'U~'1!(;l'JtJ~'Jl3-J~'fI'U (Pyrolysis or Thermal cracking) 

1 ~ bJ'1~~ ~ dJtJn1J'LU~ tJtJ~ 1 J'~~-l 1u LtJtJ~ 1 J'~'U 1 ~1 n n ~1~~-l ~ 1 J' bVltJ 1 ~ ~r;J 1 ~ ¥'eltJ ~ 
" , 

~umn1P1 [Fangrui et aI., 1999J ~1'elnr;lr;JL1-lu~mtJ1'1ir;JtJvi11~inl1tJVim~L~~~1~bl.}LL[;1mtJtJ 

bW~ n ~~ L~ n ~-l L~'ell~1ril C-J~ [;1Jl rw'YhtJtJ~l J'uJ':::n'elU1flbVlJ'~lfu'el'U mVl ~lfu'elijn LL~ :::~1J' , 

UJ':::n'elU Lb'el bJ'LL~ ~n [Srivastava et al., 2000J 

" , " 
-n'el~'1l'el-l';jfHj~'el C-J~ [;1Jl rw.nVi 1 ril"l :::n~ m~rw:::'Vll-l L~n ~~ltJ ~~-l flUiJll1tJtJb[;1J'b~tJ~ LL~::: 

~ ll1tJ ~ L"l! ~ LL~ C-J ~ [;111 rw.n~ Ltl Vl;tJ e ~'el-l l-if 'elU n J'Cu~ n J'1 ~1 rl'eltJ.] 1-l ~ -lU J'::: n 'elU flLJ ~'el-lH' , ~ 

'" I I "', 

iJll1tJYl'l!~-l ;-l~-lC-J~ 1 ~~~-l-lltJVil-if1 'Un1m[;1n r;lr;Jir'eltJn~l n1J'LL[;1n r;lr;J'1l'el-liJll1tJYl'l!bVl tJ (;1 J'-l Ltl'el-l 

"l1 nu~mtJ1 nlJ'Ltl Vl~~~l~lJ'bl Ltl Vl1ril~T.JrwwJ~ LL~:::ml~ ~tJ1~~-l~1 n 

"lln n1J'AtJ~t)l~U~ l nlJ'LL(;1nr;lr;J'1l'el-l~iJ 68 nt~ nf~"l:::l~C-J~ 11111 rw.nL~~r;JUJ':::~l rw 50 
~ 

t, , !J '" " 

~ (;1J' ;-l L~'eliJl1u n~tJLLtJ mL~r;J"l:::1ril C-J~ [;1Jl rw.n~~ n LtJtJiJll1tJ~ L'l!~ LL~ :::iJll1'Urh VlJ'r;J~ nuiJll1tJ 

LUtJ~tJ~m~nir'eltJ ~-lm:::ur;JtJnlJ'LtJtJ1ul111~~~n1J'~ 2.3 LL~::: 2.4 1111~~l~U 

'6Il:::~'fIi1YJ b~i''U (Saponification) 

Vegetable oil or fat + NaOH ---.. ~ RCOONa + Glycerin 

nl~bb(;lnvl'J'6Ilti (Soap pyrolys is or decarboxylation ) .. 

2RCOONa + (1/2) 0 
2 
------.. ~ R -R + Na CHO + CO 

232 

( 2.3 ) 

( 2.4 ) 

~1~ fu C-J ~ (;111 rw.n"ll n n J':::Ur;J'Un1J'e~~~tJfiflU'el rw~Jl~ LL~ :::iJ"l9tJ~'UL '1itJL~tJr;J flU nl J' . ~ 

" , " 
1 ~bJ'1~iiJll1tJYl'l!bVltJ [;1N LL~ Vl-l ~-l 1111J'1-lVi 2. 5 ¥'eltJ~:::C-J~ [;111 rw.nn rll1n~ L~tJ-l fltJ~l~f1JiJll1tJ 

Yl'l! Lb~~:::'l!ijVl L'1itJL~m flU nlJ' 1 ~ h1~i~1l1tJYl'l!bVltJ [;1J'-l 



litO r--------------,----,-----, 

~ 1><) 

~ 
c. 

""" ·s 
:z 
1; 40 

:2 
.Ii 
;.. 

111 

o : Di~tillalC from sunllowcr oil 

lJi=-.J....:::..-"'--L------'----'-------'----.L...j 
-11K) 450 55() ~)II 

T.,lllJlerature (K, 
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~u~ 2.1 ~~ 't~'1Jtl~ ~~ (;l.tl ru-n'1Jtl~ b"H~'J91 n nlmitJ~ldYtJY1'1!, ~~ (;l.tl ru-n91 n n1~';h1l5nhJ1 
0-

'Vl~ltJ~btl~b'Vltl1'yh~_ntJ'1Jtl~\jldYtJ~'1!bb~:::n1~'tY'lt~'t~~~iJ [Badal et aI., 1996] 
'IJ 

I I I tJ 

91nnJVl2.1 bb~:::m~1~Vl2.5 ~~(;l.tlru-n'1Jtl~m~'J91nn1m~tJindYtJ~'1! n1~1Y'lhh~ 
'IJ 

>-

~~ bb~:::~~ (;l.tlru-n91 n nl~vilU5mtJ1'Vl~ltJ~btl~ b'Vltl1'~ b~_ntJ'1Jtl~\jldYtJY1'1! (mh'J 1 tJ1X'J~tl ~!?1 'tu) 

1~ b~tJ t~~ mmitJbb(;l n ~1~ ntJ t!?1tJ ~~ (;l.tl ru-n'lJtl~ b ~~'J91 n nl~'t Y'lh't~~ ~iJl:J'll'J~9!?1 L~tl~~l bb~::: 
'IJ , 

, '" '" I tJ 

n~l~Vl~!?1 LL~!?1~~ll:J n1m~:::91tJ (;]'J'1Jtl~\jl~t!n h.J b~ n~~~ ~1~91 n ~~ (;l.tl ru-n91 n\jl,rtJ~'1!Vll:J\jl 
, , 'IJ 

Ul1'i1~~ 2.5 ¥tltJ~:::~~(;l.tlru-n~'t~91nm~'tY'lt~'t~~~~~~ru~.1:Jn~1~1 [Badal et al., 1996] 

Temperature(K) Sunflower oi l Corn oil Cottonseed oil Soybean oil 

400 2.8 2.3 3.1 2.9 

450 8.4 8.6 8.5 8.8 

500 29 28.5 31.5 32.6 

520 45.4 46.2 48 49.2 

550 62.4 65.5 67.2 68 

570 84.6 84 83.9 85.1 

590 92.7 93 93.5 93.4 

610 97.5 97.1 97.5 97.8 
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2.4 UDn~m'V1'il'U~b'el?lb'V1'e1~yhfli''U [Badal et al.,1996, Meher et al ., 2004] 

LrhAVlJ'lun'U~~l U5mtJ1VlntJ~L'il~LVl'el~Yhfli-".! (Transesterification reaction) ~n 
" , 

~ f;HoltJ;tJ1 tJU 1864 L~'il Rochleder t~'ilfiUltJ nlJ'Ll'i~tJ~tmH'l'il'l'1 t~tJ nlJ'Ln ~ L'ilVll t tJt'i'l:]~'lJ'il'l 

u5 n1tJ 1 Vl n \.! ~b'il ~ b Vl 'il1YJ Lfl-D \.! ij fl~ 1 ~ ~ ~ 1 tJ 1 \.! L:] 'l bfl ij ~'il u5 n1m n 1 J'LU~ tJ\.! 1,-\ ~ 

LL'il'l'1fl'iln:]'l'1 (alkoxyl group, RO-) 'lJ'il'lb'il~bVl'ilf~~mL'il'l'1nml'il;~m~L'l'1n'l'1L~nn~l ~1m:n"lC5-tJn , 

~1 u5rnm nlJ'LbtJ n~'l'11tJ ~~mL'il'l'1 nml'il;(alcoholysis reaction) m~u~\'!n1J'~i\tJ~H'n\'!'iltJl'l 

n~l'l'lJ~l'l L~'ilufUUN fl ruJll~Vll'l b~'il b ~~'l~~ w.JtJl"ll n t[;lm~ L'lI'il h~1 iX~;\.! t~tJ L'U~ l ~'l'1 ~~1 . , 
" 

fl ~ 1 ~ ~ \l ~ 'lJ 'il 'l L ~ 'il L ~ ~ 'l L \.! n J' ~ U ~ \.! n 1 J' U 5 n1 tJ 1 Vl J'1 \.! ~ L 'il ~ L Vl 'il1 YJ b fl -D \.! ~ ~ tJ L ~ 'lJ "l ~ Lon 
,'" I I 

Lb'il'l'1 n'il e'I'il;Vjij~ltJ t~ fll fU'il\.!l\.!L \.!n1J'-v11U5rnm t~tJ b'U~l~Ll-JVll\'!'il'l'1 ~'l L'U\.!LL'il'l'1n'ele'l'il;Vjij 

-if'il Hi' LmtJuL \.!b:]'l~l ru"llcl" ~ 'l L-n\.! ijn fl 1 bI nLL'l'1 ~ij ~ ~U~Vll'l nltJJll~ LL'l'1 ~ Lflij~ L ~~ 1:;~~ ~'il 
" " 

I '" I '" I I 

dJ\'!Lb'il'l'1 n'il e'I'il;Vjij~l tJ t-n l\.!Vj ~ ~ Lb'l'1 :;dJ\.!'lJ'il'l L ~'l'1~iji~~'l ~'l-n~m ~ ~-e1 [;In L \'!n1J"1-11iJ5rnm 

nut[;lm~L'lI'ilh~1~~ln~~~ . 
r;1~ LLUJ'~ij~Vlfi~ 'l'11'l'ilU5rnmVln\'!~L'il~ LVl'il1YJ Lfl-D\'! ~'il 'fl ru~1JiJ 'lI-W~ LL'l'1 :;ml.Jl ru'lJ'il'l 

r;1~ Li'lU5rnm l ~~~\.!'lJ'il'lLL'il'l'1 n'ile'l'il; I'l'il t[;lm~ L'lI'il hvlLb'l'1~-e1[;lJ'l n1m~\.! "llnU5rntJ1Vln\.!~ 

L'il~ LVl'il1YJ Lfl-D\'!LL~ ~'l vl'lJ'U~ 2.2 
" 

CH OOCR CH OH CH OOCR 

I 2 I 2 3 

" 
CHOOCR " + 3CH OH .. CHOH + CH OOCR 

I 3 I 3 

'" 
CH OOCR 

," CH OH CH OOCR 
2 2 3 

Triglyceride Methanol Glycerin Fatty ac id 

Methyl Esters (FAMEs) 

t~tJVll'lVl~1j-~LL~~m~lrul~~\.!€ (stoichiometry) 'lJ'il'lU5rnmVln\'!~L'il~LVl'il1Yhfl-D\'! 

uJ'~n'ilU ~~tJ-e1 [;ln~~\.!t~tJt~~".lI'il'l~lJ'~'l ~\.! 3: 1 J'~~~1'l Lb'il~ n'il e'I'il; I'l'il n~ L'lI'il h~ LLl'll \'!Vll'l 

u5U'1i~U~1 U5rnmVlJ'1\'!~L'il~ LVl'il1Yhfl-DtJ~1~1J'b1 ~\.!n~ut~ vl'l,!\.!rh ~'il'l n1J'L~~ C4~ [;lJl ru'Yf 

LL'il 'l'1 ~~ L'il~ LVl'ilf".ll'il'l m~ t ".lIl1\.!(FAM Es) ~1'il tut'il ~ L'lI~ ~'il'l L ~~91\'!~\'! t~ 'l'1 LL'il 'l'1 n'il e'I'il;~~tJ L~'il 
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oDiJ c;)'WllXJll'J~~~ ~'€'1 L~~'el'WL']11n~ ~~ (;1,rl rusvl~1 n~~ (1) uBmm'Vl n'W;L'el~ L'Vl'el1'YJ L~i'W~I~ I ~Cl 
, 

L~ ~rel(;1~IL;'J~'JtJ(;]'JLi'lUBmm'v1'€'11tJ"11U(1) L'll'W m(1) LiJ~ 'v11-'elL'el'W1"11~n1~ 0Jll'J~ , 2546] 

2.4 .1 ~fi ~~ (;1L1J L'el ~ b'1i~ L(;1!J"lozi'tJ ijM!Jl'Vl~I'lJ~ b'el~ b 'Vl'el~YJ bl"li''lJ 

~fi~~(;11iJL'el~L"ll'€'1L(1)tJHuBmm'Vln'W;L'el~LYl'el1'YJL~i'WLLi..l'lLU'W 2 ~fi'v1~n1 ~'el 

1 . ~fi~l-n (;]'J Li'lUBmml 'Wn1~.yi1uBmm'Vln'W;L'el~ L'Vl'el1'YJ L~i'W 

2. ~fi~hjH(;]'Jd'luBmml'Wn1~~IUBmm'Vln'W;L'el~L'Vl'el1'YJL~i'W 

~fimi c;l~b~~'l.JijM!Jl"l 'lJ nl~vh'I.JijM!JI'Vl~I'lJ~ b'el~ b 'Vl'el~YJ bl"li''lJ 

n1~~IUBmm'Vl n'W;L'el~ L'Vl'el1'YJ L~i'W~~ n1n~~ (;]'J Li'lUBmtJl1 'Wnl~~~ (;11uL'el~ L"ll'€'1 
tJ I I I 

oJ'W~'el~'v1'€'11tJ~fi ~'l (;]'J Li'lUBmmYlHm'"l'"l~LU'W~ln~~Yl~~~~ Lu'Wm(1) LiJ~ 'v11-'elLU'W(;]'J d'l 

UBmtJl~~I'"lln~'l~~~(;1 

1. ~fi~HLiJ~LU'W(;]'JLi'luBmm (al kaline catalyst) 1fi~'"l~1-n(;]'JLi'luBmm~~~~iJ"i 
LU'WLiJ~ L(1)tJvr'J 1u~ n'"l~l-nL"ll L~tJ~1~ (1)~'el n 1"11 vl (NaOH) 'v11-'el L~ LL'Vl ~ L~tJ~1~ (1)~'el n 1"ll ~ (KOH) 

LU'W~'W L(1)tJn'€'11n'1J'el'luBmm'Vln'W;L'el~ LYl'el1'YJ L~i'W~~ LiJ~ LU'W(;]'J Li'luBmm LL~ (1)'l C;)'lt,j~ 2.3 

ROH + B .... • RO- + BH+ 

Alcohol Base 
(2.5) 

R'COO- CH 
I 2 

R"COo- CH + -OR 

I 
H C-OCR'" 

2 II 

R'COO-CH 
I 2 

......... ------.~ R"COo-CH OR 

I I ". 
H

2
C- Of- R 

o 0 -

Triglyceride 

(2 .6) 



R'COO-CH 

" I 2 

R COo-CH OR 

I I ", 
H

2
C-Or-R 

0-

R'COO-CH 

R'COO-CH 

" I 2 

R COo-CH + 

I 
H C-O-

2 

R'COO-CH 

" I 2 
R COo-CH 

" I 2 

+ BH+ ....... -------.~ R COo-CH 

I 
H C-O-

2 

I 
H C-OH 

2 
Diglyceride 
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RCOOR" 

Alkyl ester 

(2 .7) 

+ B 

(2 .8) 

lUvi 2.3 n~ In'lJtl'liJijnhn'Vln'W~L'eJ~ ~'Vl'1i~yj ~rl-D'W~il ~iJ~ ~U'W(;]'J d'luijnnhn [Schuchardt et 

aI., 1998] 

n ~ lW"l ~ ~id-J ~'W'"l1 n n 1 J'~ ~~tl ~ n tl e'ltl ~ ~ C1.J ~~ t!'l iJ J'(;ltl 'W 1 'IX rl iJ (;] 'J ~i'l iJij ilhn ~ ~ U'WLiJ ~ 

vl'l~d-JnlJ' 2.51'W~iJ~ 2.3 'v1~'l'"llmr'W~Ltl~ntle'ltl~~~C1.JL~tj'liJJ'(;ltl'W'"l~L-iflviliJijmmrlutd-JL~~~ 
'lJtl'll(;l m~ L'lItl lJ'vi"(;11d-J~d-J nlJ' 2.6 ~~'"l1 n nln-iflviliJijmm'lJtl'l LLtl~ ntl f]tl~'"l ~vil1lli~ LLtl~ ~~ 

~ , 
Ltl~ ~ 'Vltlf~~~~L~tl'Wltltltl'W (anion) 'lJtl'll(;1 n~ L'lItl lJ'vi" vl'l~d-JnlJ' 2.7 r;ltl'"ll nl!'W(;]'J Li'liJijmtJ1~l~fiJ 

tiJJ'(;ltl'W'"ll n~d-J nlJ' 2.5 '"l~1 miJJ'(;ltl'WrliJ L~tl'Wltltltl'W'lJtl'll(;1 n ~ L'lItl lJ'vi" (;11d-J~d-J nl J' 2.8 ~'l'"l~vil1,x 
" " " Ln (;11(;1n~ L'lItl lJ'ffl'W 'v1~'l'"l1 nl!'W(;]'J d'liJijmm'"l~n~iJ L-iflvi 1 iJijnhn rliJ ~Ltl~ ntl f]tlM) n rlf'l md-J 

~d-J nlJ' 2. 5. '"l'W~(;1Yflm~l~~u'Wn~ L'lItlJ'tl~ LL~~LLtl~ ~~ Ltl~ L'Vltlf , 
~ ", 

';jfiti'"l ~il-if tl L~ tJ ~tl 1-if L'J ~ 1 'W 1 'W 1 'W n 1 J'vi liJij n1tJ 1 -W 1 dJ 'W Yl 'Jj 'v11tl ~ (;l r)~H1 'W n 1 J'vi 1 

iJij mm ~tl'lil ~ m;-ru~~ L'v1d-Jl~~ d-J1 'WnlJ'vi liJij mm,r'W~tl ~tl'lil m(;11'lldJ'W~~J'~1 'Wmd-Jl ru 

irtltJ ~Yln~nJ'(;11'lJdJ'W~~J'~'"l ~Ln (;1iJijmm~ ~Yltl-wyj Lrl-D'W (sponification) rliJ LiJ~ Ln ~ ~U'W~~ (;l 

Jlru"V1~h]~tl'lnlJ'~tl ~iJ (soap or sapon ifi ed product) vil1'IXliJttl~L'lI~~l~~~~'l~L~~~'lLU'W 
'IJ 

" " nlJ'~'WLiJ~tl'l(;]'Jd'liJijmmLU'Wtlth'ld-Jln rhilnJ'~l'lJdJ'W~M~tl~ [Kusdiana et al.,2004J ~m1'l 

1 'W~ 1 dJ'Wrl'J J'il~liJ'Wtl ~irtltJ LYI n ~~ 1'"l ~ Ln ~iJij mm If]t(;1J'l~:n ~ (hydrolysis) rliJ LLtl~ ~~ Ltl~ 
L'VltlfiJl'l(;]'J Ln~Lu'Wm~l'lJdJ'W~~J'~(free fatty acids) vl'l~d-JnlJ' 2.9 ~iJ~ 2.4 ~'l~~vil1,xLn~ 

iJijmtJ1~~Yltl-wyjLrl-D'W'"llnm(;11'lldJ'W~~J'~vl'l~d-JnlJ' 2.10 [Schuchardt et al.,1998J LL~~i'W 
" " (;ltl'W 1 'Wnl J'~~ (;lliJ ttl ~ L'lI~'lJtl'l';jfitiil-n'W(;ltl'Wd-Jl n LL~ ~~'lm n~ n ~'JtJ , 
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, ", 
2. ~fiYlH'm'~b1Jkl(;]'JL1'ltJ~mm (acid catalyst) ~fi.w9::;H'(;](H1'ltJ~mmYliJ~lU-l Uib1Jkl 

n~~b~tJ(;]".lL1'ltJ~mm~~n9::;H'nkl1~LLri m'~o]m:rn (H 2S04 ) m'~1e:Jb~~fP1~1l5-n (HCI) dJwtlkl 

n~ 1n'1J1l'ltJ~mm'Ylnkl~bll~ b'Ylll5-YJ LfP1O]kl~iJ m~ dJ kl (;]'1 L1'ltJ~mtJ"\ LL~ ~'lvl'lltJ~ 2.5 

b~tJ~ ~ fP11 fUllti~ (carbonyl group) '1J1l'l b~b kln ~ L8Jlll h~9 ::;fUbtJ~(;l1lkl91 n (;]'1 L1'ltJ~mm~ b1Jkl 
1I I "" I " I 

n~~ (;l1~~tJ1 kl-]kl(;lllklYlI~~'l91m~~9~kl-]kl(;lllklYlI LL~".l9::;Yh1lli~ L~ n~ Ln ~n1~9~~tJvl-1-]klYlII 
~ , ~ 

" , , 
~".lkl1 kl-]kl Yl III LLll~ nll e:J1l~L 'ii1~ 1Yi1tJ~mtJ 1 L~1l n19 ~ n~ L8Jlm1l~ bL~::; btJ ~(;l1lkl1l1l n 1~IUklb1l ~ 

tI 1 I I 

L'Yl1lflkl-]kl(;l1lklYlIV ~'ln~1nvl'lltJYl2 .5 9::;dJkl'1J1l'ltJ~mm'Ylnkl~L1l~L'Yl1l5-YhfP1O]kl'1J1l'lt~bkln~ 
" L8Jl1l h~LYh,rkl LLl'l n~l~lH\ H'1lfiU1tJ1~ nutJ~mm'Ylnkl~L1l~ L'Yl1l5-YJ LfP1ikl'1J1l'l1~ n~ L8Jl1l h~LI~::; 

1(;lm~ L8Jl1l h~1~ b~klnkl 
I" IJ '" " 

-if1l L~tJYl Ln ~~kl91 n~fi.w~ll ~1l'l1 -if L'J~lkl1kl~1 n 1 kln1~-v11tJ~mm n1 ~iJ~11 kl"j1~kl~']j 

~11l~(;\'r~1-if1 kln1~-v11tJ~mm9::;-v111 ,xm~lru1ub1l ~ L8Jl~~ ~~ (;l1~~~~'l L~n::;~l~'l ~~ 1 ,xbL1l~ 
, , " 

~~ bll~ L'YlllfLtJ~tJkl1tJ dJklm'~ 1'1J~kl~~~::;vl'l~tJYl 2.4 [Schuchardt et al., 1998] ~m1'l n1~H'm'~ 
~ 

LUkl(;]".l li'ltJ~mm5'l hl r11l tJ L~~l::;~ ~ ~ 1~ fu n1 ~~~ (;l 1 kl~::;vlU~ (;l ~ 1~ n n~ L ~ n ::;11 fP1'l1~ b1Jkl 

m~'1J1l'l (;]'1 L1'ltJ~mm~ l~l~tl ~ ~1'l fP1'J1~ ~ n n 11lkll'l1l~tJ nnUl'l1'l11~~ 1 n n11 n1~H' (;]'1 Ii'l 

tJ~mm~ Ll'jklLU~ 

o-fOR' 

R 

Alkyl ester 

+ H 0 ................ -.~ o-COH 
2 I 

o-fOH 

R 

Free Fatty acid 

+ NaOH 

R 

Free Fatty acid 

+ H 0 
2 

Saponified Product 

(2 .9) 

(2. 10) 



0 +OH OH 

RAOR" 

H+ 

R~R" RAOR" 

... ... ~ 

Monoglyce ride II 

OH /R OH+/H -H+J R"OH 0 

A" 

... ... A + 
0",- - R'-I-o ~ 

,,'"' 
R OR OR R R OR 

H Ester 
Alcohol III IV 

-0-

R = 
I_

OH ; glyceride 

I_
OH 

R ca rbon chain of the fatty acid 

R alkyl group of the alcohol 

(2,1 1 ) 

~t.lv1 2.5 n~ In']j'El~,j~mtJ1Vln~~b'eH'HVl'El~Yhrl-n~~nm'~HU~[;]'J L1 ,nJ~nhJ1 [Schuchardt et 

aI., 1998J 
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I I I IJ 

3. ';jfi Yl Hi [;] 'J L1~,j ~ n~tJ 1 Ylla1 ron n ~ ~ n ~';j r;] (biocatalyst) [;] 'J d~,j ~ n~tJ 1 ']j 'El~';jfi \1 ~ 'El 

L'El~1sn,r~la1~I'"lln~"Jj n LLUrlYl C~m~1'El~ WJ (;h~1 nlJ'C-J~ r;]lut'El~ L"Jj~ a1'JtJ';jfidLU~~~kl1'"l Lti'El~ 

'"l1 n-ir'El ~1a1 LLn ,j~mtJ1~I~IHlLn (;l~~1a1~~ ru'IMJ~oX'El~ vii 1oX'bJ ~'El~ ~~L,j~'El~~ ~~~lklLVI~'Elkl 
I "" I 

flU nlJ'1-if [;]'J L1~,j~mtJIYl LUklnJ'(;lVl1'El LU~ ~ni~~~niklr;]'Elkl1 klnl J'~ 1~ C-J~ r;]il ru"Y1YlhJ~~tJl n 

LU~~~ [;]'J'Elth~']j'El~ L'El~1"ll,r~im~1-if1 ~nlJ'C-J ~ r;]lut'El ~ L"ll~ la1LLn L'El~1"ll~1~ L,j~ (lipase) ~'Jkl 

U'"l~tJ ~1~1 ~ ~~ C-J ~ ~'flnlm ~ r;]lut'El ~ L"ll ~'"l1 n nlJ'1-if L'El~1"ll3-J1~ LLn ~ ru VlJJ~ ~1 pH 'llil(;l'lJ'El~ 
~ , 

L 'El~ 1 "ll,rLL~ ~m~1 ru-w 1 flU [;]'Jvil~ ~~1 tJYl1-if 

nlJ'1-if L'Elkll"ll,rLU~[;]'J L1~,j~mtJI1 klnlJ'C-J~ r;]lu t'El~ L"ll~nojJ'El L~tJ ~'El L'El~1"ll,r~1-if~~nn rll 

~~~~1 n LL~ ~n 1J'L~~~IJ'UI~'llil(;l L -ir11 ~n J'~U'J~nlJ'C-J~ r;]'El1'"ll,ji (;l']j'JI~ nI J'vil~lkl']j'El~ L'Elkll"ll,r 
'IJ 

I " " I I 

L~~1~m~lruYl~lnLnkll,j kl'ElmlnilojJ'El~ojJ'ElL~tJ~I~1 ']j'El~';jfiill~LL~(;l~~~mn~Yl 2.6 ~~la1vil 

nlJ'LmtJULYltJuflUnlJ'1.jf~IJ'Lrln~n~~U~LU~nJ'(;lVl1'flLU~LU~[;]'JL1~,j~mm 
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t;\1~1~vl 2.6 ~mtJ1J ~~tJ1J~~V1~1~";jfiC-l~ (;]11Jl~ ~ ~'ll~~1.if ~~kll'll~djkl[;]'J ~1~u~mm n1J";jfi~1.if m(1) 

V11~~1J~~Ukl[;]'J~1~u~m-m [Fukuda et aI., 2001 ] 

" n1~iJ mVll "lJl1kl~M~1 kloWl 

l1kl~'llV11~i (;]1" 

" " n1~iJoWI1 kloWll1kl 

n1~~~tJn~ln~~"r111 ,xC-l~ (;] 

n 011"lJ~~ [;]'J ~1~u~m-m 

C-l~(;].nru"Vl~1~ 

";jfiC-l~(;]~1.ifm(1)V11~ ~1J~'HUkl[;]'J ";jfi C-l ~ (;]~1.if ~~ kll'll ~ (~~ kll'll ~ 
L1~u~m-m 1~~u~) ~Ukl[;]'J~1~u~mm 

, 
~~ (U~~l-Jlru 60-70 DC) ~1 (U~~l-J1ru 30-40 DC) 
'lJ 

~ ~ C-l ~ ~ ~U~ li1tJ 11 kl Vll~~ 1J ~~ C-l ~ ~~u~n1tJ 11 klYll~1J'J n 

~~~~1kln1~C-l~(;]l(1)tJ1.if~1J~~Ukl ~'V1n~n~Vll"lJl1kl~~~~'"l~ 

[;] 'J ~1~ U ~ TntJ 1 '"l ~"r111,x ~n (1) ~u~tJkllu ~ukll1Jl~ ~ ~'ll~ 

C-l~(;].nru"Vl~hj~~~n1nnVl;kl 

" " ~~~"r11n1n~tJnV1~ltJikl(;]~kl hi ~ ~ ~ ~~ tJ n V1 ~ 1 tJ on 1..l (;] ~ kl 

~ V1~~kl";jfi~1.jf mVlV11~ 11J~ 
, "-

bln fI~kl"lJl~ ~~ 'V1~ 
'lJ 

tln~ ~~ n~l";jfi~1.ifm(1)V11~~1J~ 
'lJ 

1fivlhtli ~"J L~~tJDm!J1"l1..l n1~.yhtJDm!J1'V1~11..l-i L'el~ L 'V1'el~YJ LI"l-n'U 

n1~C-l~ (;]11Jl~ ~~'ll~ 1 kl";jfi~~~iJ n1~oWl"lJ~~1 V1~~JlI'J~~V1ti~'1 (1)";jn ~ (;] (Supercritical fluid ) 

~iill-J1U~~tJ n (;]1.if l(1)tJ1 kln1~C-l~ (;] ~~~"r111,x ~~~~ n~ 1'!~~~1.if"r11u~m-m~~1 klJlI'J~ bV1ti~~ n ~(;l ;~ 
, " , 

u~mm~~n(1)~kl~~~C-l~(;]11Jl~~~'ll~ l(1)tJ1.if~~~~n~1'!~~JlI'J~~V1ti~";jn~(;]'"l~iJ~~ 2 u~m-m~~ 

1. u~m-mVlnkl~~~~~Vl~1Yhfl-nkl"lJ~~1(;lm~h'll~1~r;1 

2. u~m-mLL~~~m~~LVl~1yjLfI-nkl (alkyl esterification) "lJ~~m(1)1"lJl1kl~M~ 

l(1)tJu~mtJl~~ 2 ~1l-J1~(l Ln (1);kll~ kl";jfi nl~C-l~ (;]11Jl~ ~ L'll ~ lVltJ1.if LL~~ n~1'!~~JlI'J ~ 
, , " 

bV1ti~";jn ~ (;] LL~~";jfin1~C-l~ (;l l(1)tJ1.if[;]'J L1~u~m-m~1J)'"l1 n~~iJ~";j (;] Lvhukl ";jfin 1~C-l~ (;] l(1)tJH ~'J L1--1 
I lJ I lJ 

u~m-mYl LUklL1J~ hj~Il-JI~bl Ln (1)u~mmtjl~ Lti~~'"l1 n mVll "lJl1kl~M~1 kloWll11..l~ (1)U~~~Vl flJlI'V1 
, ," 

"lJ~~ ~'JL1~u~m-m~LUklL1J~~~ LL~~~~"r111,x Ln (1)~I~~1lJ~~~n1~ ~n~~~~ Ln (1)UfJ.)V111kln1nLtJ n 

C-l~(;].nru"Yiin~'JtJ [Kusdiana et al., 2004] 



ROOCR 
1 

ROH diglyceride 

R COOR' + HOR 
1 

R1 long c hain hydrocarbon 

R' alkyl group 
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ltJ~ 2,6 n~ In'lJ'fl'lUBm-tJ'lYlJ'1'W;L'f)~ LYl'f)1Yh~i'Wh.lLL'fl~n'fl~'f);1l1'J~L~i1'fl~ n ~ j;) [Schuchardt 

et aI., 1998] 

n~ I n 1 'Wn1nn ~uBm-tJ'lYlJ'1'W;L'fl ~ L Yl'fl1Yh~i'W'lJ'fl'l1j;)m~ L"ll'fl h~LL~ ~'l c;1'l~U~ 2,6 L~tJ 

1 'W-E''Wj;)'fl'W LLm Ll-J L~ ~ ~'lJ'fl'l LL'fl~ n'fl ~'fl;~'fl~1 'W1l1'J ~ L~i1'fl~ n ~ j;) L.] 11ui11uB ri1tJ 1~ r11 fu'fl'W 

'fl~j;)'fll-J'lJ'fl'llj;)m~ L"ll'fl h~'el'WL'ij'W~~l-J191 n n1~~'flt.n 'W1l1'J~~iJ ~'J1l-Jc;1'W~'l c;1'l ~u ~'li11 H1J1 ~~ j;) 
'lJ 'lJ 'lJ 

" nru"Yl~'f) LL'fl~ ~~ L'fl~ LYl'flfLL~~l~n~ L"ll'fl h~'fl'flnl-J1 v1'fl91 m1'WLl-J L~ ~~'lJ'fl'lLL'fl~ n'f)~'fl;i11uBm-tJ'l 

nul~n~L"ll'flh~v1'fllu9'W~~Yf1tJ lJ1n~L"ll'fl~'flmL~~ LL'fl~~~ L'fl~ LYl'flf , 

2,5 ,j9~tJ~~ tJ~ ~'fln11tJ~ j;J LUL'fl ~ L'1!~i. 'W LL'fl~ n'fleJ'fl~1'I1'J~L 'VI'W'fl1n '1 j;J 

1, 'flru~l'Iij . .. 
~ ru ~JJ n dj'WU9~tJ~~'l~ ~'l ~ ~ v1'flu1l-J 1 ru luL'fl ~ L"ll~ ~ ~ ~ j;)1J1~1l1 'J ~ L~tj'fl~ n ~ j;) 

" 
Demirbas LL~~~ru~ (2003) ~ mt1n1~~~ j;)luL'fl~ L"ll~91m,j1,r'WLl-J~~ 1 'W'lJ'fl'l ~1 L'l!~,rYl1 'WLl-JYl1 

'W'fl~1l1'J ~L ~i1'fl~ n ~ j;) ~ ~ n1 ~~ m~1'Wu~ 1 n 1n ~ l-J ~ ru ~JJ n1 'W n1 ~i11uB ri1tJ11 ~'fl~1 'W'll 1'l 

~ru~JJn~ n ~ j;)'lJ'fl'l LL'fl~ n'fl ~'fl;~Hi11 U Bri1tJ1 ...111 ~J1llil-J1 ruluL'fl ~ L"ll~l-J 1 n n~1 n1 ~~~ j;)~ 

~ru~JJn ~1n~1,~~n~j;)LL~ ~'lc;1'l~U~ 2, 7 LL v1n1n~l-J~ru~JJn1'Wn1~v'huBm-tJ'l~~'lrihnJ1~'l ~~ 
~L~l-J'fllu Ku sdiana LL~~~ru~ (2001) J'1tJ'l1'Wn1~H~ru~JJn~~'ll-J1n1'Wn1~i11UBm-tJ1~~~~1'l 

~1,r'WLl-J~ ~ L~'W1 'WLl-JYl1'W'fl~1l11 ~mi1'f)~ n ~j;) hJ~1l-J1n1i111 ~J1ml-J1 ruluL'fl ~ L"ll~ L~l-J~'W vY'ltJ'l 

...111~~'fltJ~~ Ll-JVi~ L'fl~LYl'flf~~~'lc;1'l~U~ 2,8 91muL~'W1J1~1~'flru~lln 400 'fl'lP\1L"ll~;tJ~ lJ1 
~ ~ q ~ 

," , 
L"ll~L;tJ~ LL~~ 500 'fl'lP\1L"ll~ L;tJ~ lJ1llil-J1ruluL'fl~L"ll~~~~'l1l'W Lu'Wmj;)l-J191nn1~Ylin,r'WYlH , 



100.------------------------------------, 

;;:. 
':i 

80 

.,:; 60 
"il 
'>, 

20 

Temperature (K): 

o : 450 
CJ : 493 
lJ. : 503 
v : 513 
o : 523 

Oo---~~---L----~--~~--~----~--~ 

o 50 100 150 200 250 300 

Reaction time (sec) 

, 

,r'W(;]!l~~'iH~n!l~!l; 1:41 Vl~ru'vlJJ~(;]1~1 n'W [Demirbas, 2003] 

100 

,,0 
0 ' 75 
,;)-

!i:l .... 
V') 

50 cu 
~ .a 
:B 25 

0 
10° 

Jo. 2000c 

o 3500c 

Reaction time, sec 

• 2300c 

• 4000c 

t:, 2700c 

+ 4.500c 

D 3DOOC 

::.:: 5DD"C 

350 

27 

Critical temoerature 

S ubcritical temperature 

lU~ 2.8 ¥!It.J~:; ~~Yi~~!l ~~Yl!lf~~~(;l1J1r.n nn1~vi ,nJ~n1tJ1~~ru'vl JJ~(;]1~1 [Kusdiana et al., 

2001] 
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... .co .... 
2. L '6!l bltl'Ul1'r4'lJ'fl~!lI'J~ L 'VI'IJ'fl'J n tl (;1 

l~ ~ m IlI'V'l'lJ'i)~IlI'J::: l VI\j'i)~ n ~ [;]'lJ'i)~ II 'i)t1 n'i) e:l'i);~1-n 'IJ f'lI ~I:J ~ [;] ~1d-lI~rJ ~~ 1:Jt1 (;]'i)tJhn ru 

lUL'i) ~ l"l!t11~ Kusdiana llt1:::fl ru::: (2001) ~ nBI f'lI ~I:J ~ [;] lU L'i) ~ l"l! t1~1 n~ 1 ~'Wld-l ~ (;'Il~'V'l1 'Wld-lYlI 

'W'i) t1 III 'J::: l VI \j 'i) ~ n ~ [;] 'V'lU ~ 1 fl 'J 1 d-l hJ l ~ ~ tJ ~'lJ 'i) ~ ld-l YlI 'IJ'i) t11 'WIll 'J::: l VI \j 'i) ~ n ~ [;] ~ ~ I:J t11,x ll-J Vi t1l 'i) ~ 

lYl'i)f~ln(;'l;'WlJilld-llru~'i)tJ (;)~~::: l~'Wl~~ln~U~ 2.8 'i)ruVlIlij 270 'i)~P11l"l!t1l~tJ~ ~~d'j'IJ'lh~~ 
" '" 

ld-lYlI'W'i)t11 'WIll 'J::: l VI\j'i)~ n ~ [;]lJ fl'Jld-lhJ l~ ~m lJilld-l1 ru ld-lVi t1l'i)~ lYl'i) f\n~ l~tJ~ nUrJ ruVlJJ ij ~ 1 
, , 

n~l~n~[;l (~ruVlJJij~n~[;]'lJ'i)~ld-lYlI'W'i)t1'i)~Y1239 'i)~P11l"l!t1l~tJ~) t!'W~'i)~ruVlJJij 200'i)~P11 

QJ • !t'CV Q Q ILIff , tI 

3. 'fl (;1 ';11 '6!l 'J 'IJ 'lJl).J 'IJ 'rl"ll 'VI ';I'el?4 (;1 'J (;1'el LL 'el ~ n 'ellJ'el ~ 

iJ [;] ~1 ~ 'J'IJ L(;'ItJ Ld-l t1'lJ'i)~~I~'W(;]'i) ll'i) t1 n 'i) e:l'i); liJ'IJ~ n tl~ ~ tJVI~~~ ~ ~ I:J t1 (;]'i) lid-l '1 ru lU L'i) 

~ l"l! t1~ I:J ~ [;]l~ U5mmYln'W~l'i)~ lYl'i)1YJ lfl-n'W~:::ln (;'I;'Wl~n (;]'i) l~'i)iJ [;]n~'J'W L(;'ItJ Ld-lt1'lJ!l~~I~'W 
(;] 'i) ll'i) t1 n 'i) e:l'i) ; l vi 1 n U 3 : 1 II (;] ~ 1 VI fun 1 ~ I:J ~ [;] lU L 'i) ~ l"l! t11 'W ll'i) t1 n'i) e:l'i) ; III 'J ::: l VI \j 'i) ~ n ~ [;] 

" , 
[Kusdiana et al ., 2001J 'V'lU~1 f'lI~HiJml~'J'WL(;'ItiLd-lt1'lJ'i)~tJ.l~'Wld-l~(;'Il~'V'l(;]'i)ld-lYlI'W'i)t1Y11:42 

ll~ (;'I~ (;)~ ~U~ 2.9 l~lid-l 1 ru lUL'i) ~ l"l! t1 ~~~ (;'I l'V'l ~1:::n 1 n ~d-liJ [;] n~'J'WL(;'ItJLd-l t1'lJ'i)~~I~'W(;]'i) 
" " , , " , 

II 'i)t1 n'i) e:!'i); liJ'Wn 1 n ~d-l~'WY1 ~d-l cr~ 1 'Wf'lI ~~lu5mm~:::VI~ 1~ l[;]m~ l"l!'i) hi?1llt1 :::ld-lYlI'W'i)t1 

100 

~ 0 80 

~-
60 Vl 

oIJ 

>. 40 'E 
;;B 

20 

0 

0 2 

42 : 1 
_ ~_---~ 21 : 1 6 : 1 

4 6 

Reaction tirre) min 

4.5 :1 
3.5 :1 

8 10 

ltJ~ 2 . 9 ¥'i)tJt1:::ld-lVit1l'i)~ lYl'i)f~1~~lnf'll~~IU5mm~iJ [;]n~'J'WL(;'ItJLd-lt1'lJ'i)~~I~'lJld-l~ (;'Il~'V'l (;]'i) 
ld-lYlI'W'i)t1 ~iJ[;]n~'J'lJL(;'ItJLd-lt1(;]1~1 n'W [Kusdiana et al., 2001J 
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, ", 
'llU!?1"lJ!l'l LL!l ~ n!l e:J!l;VlHl kl n1~Yi1iJ{jnhnYl n'W~L!l~ L Yl!l1YJ LIP1-Dkl1J wi L1Jkl tl'"l~tJ~ ~11'l 'lJ 

~n!lth'lVl~'l~-rl'le.J~l1lmJhJ1ru1ul!l~L'J!~ Warabi LL~~lP1ru~ (2004) ~mj'1Yl!?1~!l'le.J~[;11ul!l~L'J!~ 
" '"l1m~1d!klLl-J~!?1L~'V'H1ULL!l~nml!l; 5 'llU!?11JfLLn Ll-JYl1kl'el~ L!lYl1kl!l~ 1-l'V'l~'V'l1kl!l~ 1-U'lYl1kl!l~ 

" , , 
LL~~1-!l!lm'l1kl!l~ 'V'lu~11klun!?11LL!l~nml!l;'11'l 5 'lIU!?11r;lml-J1ru1ul!l~L'J!~l-J1nVl~~L~!lH , 

Ll-JYl1kl!l~ 1 kln 1 ~Yi 1iJ{j n1tJ1 LL~!?1'l ~'ltiJ~ 2.10 -rl'J'W LVI [;J e.J ~,!kl LUkl L'V'l ~1 ~~1 Ll-J Yl1'W!l ~ LU kl 

LL!l~ n!le:J!l;~mlP1~'l~h'l LUkl~1tJl"li~~kl~~ !?11klU~~!?11 LL!l~ n!le:J!l;~'l 5 'llU!?1~'lLL!l~ n!le:J!l;~~ , 
" , 

~1tJikl~ 1P1'J1l-J~!l'l1 '11 kln 1 nn !?1iJ{jmml-J1 n n~ 1 LL!l ~ n!l e:J!l;Vl ~~ 1tJ l"lim 'J 

Madras LL~~lP1ru~ (2004) ~kl'V'lU~'l~LL[;1nI1l1'l1iJ'"l1n Warabi LL~~lP1ru~ (2004) l!?1tJ'V'lU 

~1 n1~1on L!lVl1kl!l~ 1 klJl1'J ~LVlti!l';)n ~ m1n n1nJ~ [;11u l'el ~ L'J! ~ 1 kl~1d!klYl1kl[;1~t)kll ~ml-J1ru1u l!l 

~L'J!~l-J1 nn~1n1~H Ll-JYl1kl!l~ 1 klJl1'J~LVlti!l';)n ~ [;1 ~'ltiJ~ 2.11 L~!l LmtJU LVltJUe.J~~~VI~1'l n1~H 

Ll-JYl1kl!l~ LL~ ~ L!lYl 1 kl!l ~ 1 klJl1'J ~ L Vlti!l';) n ~ [;1 LL~'J n1~ Lon L'elYl1'W!l~ 1 'WJl1 'J ~ L Vlti!l';) n ~ [;11"r1.u l!l ~ L 'J! ~ 

l-J1nn~1Ll-JVl1kl!l~~'VJn1 ~ruVl.IJ~ l!?1tJ Madras LL~~lP1ru~ (2004) !lfiU1tJ~1 L!lYl1kl!l~~1l-J1Hl 
" , 

~~~1m{h nui:nd!klYl1kl[;1~t)kl1r;l~ n~1 Ll-JYl1kl!l~ L'V'l n~~ ~h n1~~:::~ 1tJ (solubility parameter) Vl 

ln~L~tJ'lnkl 

methanol ethanol 

/ I-propanol 
100 

~ 

~ 
~ 

80 V} I -butanol ~ 

~ 
V) 

<1.l 

;;:., 60 
~ 

I-octanol "i 
-0 40 '0 
'" Q 
c;; 

20 {..I., 

0 
0 10 20 30 40 SO 

R eaction time (min) 



(al 1OO 

80 

c: 
0 60 .§ 
Q) 
> c: 
0 40 U 
~ 

20 

0 
0 10 20 30 

Time (min) 

(b) 100 

90 

80 

70 
c: 
0 60 .§ 
Q) 50 > c: 
0 40 U 
~ 30 

20 

10 

0 
0 10 20 30 

Time (min) 

5. 'i~tJ~b'J',n1:w n1'iviTuijmm 

400'C 

350'C 

300'C 

200'C 250'C 

40 

400'C 

~ 
200°C 

40 

350'C 

300'C 

250°C 

30 

~~tJ ~ b'J~I~H'1 'Wn1~YiliJBn1tJ1~ ld-Jl~b1~~ ~~ I?ltlmd-J 1 ru1uttl ~ bon ~~ ~~ (;l1~ b'lh.ln'W 

Warabi bb~~fOIru~ (2004) ~U~1 n1~H~~tJ~b'J~11'Wn1~YiliJBmtJl'Wl'W;'W md-Jlru'lltl~1uttl 
1 " I I I I 

~b,]~9~b~d-J;'W 91ntfOl~d-Jlhmmd-J"lItl~bfOl1tl~ HPLC c;1~liJVl2.12 d~tlb~d-Jb'J~11'Wn1~YiliJBmtJ1 

~~V1~I~~llJ'Wbd-J ii cPl b~~ n u bbtl~ ntl e:Jtl;"]j-WcPll?ll~11 'Will 'J ~bV!-Wtl~ n ~ (;l11X d-Jl n;'W91 n 15 'W lVl1iJ 
, , " 

vU'W 30 bb~~45 'W1Vl tmd-Jl t 'Vl bbn~d-JVl bb~ cPl~md-J1 rubbtl~ ~mtl~ b'Vltlfn bb'W'J t,Jd-J b~d-J~~;'W 
'IJ 



Ethanol I-Propanol 

45min 45min 

30min 30min 

15min 15min 

45min 

C C18_2 I~-O: I-Octanol 
IS-3 ""--,..i 'l. i ~ ; 

i : ; ~1 8- 1 : .-C I R_D 

; : : 45min 

30min 30min 

15min 

15min 

o 10 15 20 25 30 0 10 15 20 25 30 

Relention lime (m in ) 

lU.yj 2_ 12 bfln..n bVmm'd-J"lItl'l lltl'fl ~'flltl~lVltlf~ln~iOllnn1J''t11U5nh.l1J':::vdl'l~1l1'Wld-J~~m''V1 

niJlltl'flntle'ltl;']jtl~~1'l1 [Warabi et aI., 2004J 

, " , 
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md-J 1 ru m'~ 1 "lIl1'W~~ J':::Yl ntl~1 'W\~I1l1'Wn ~ 'fltl~l'ld-Jl n ~tl n lJ'~ ~ (;11iJ btl ~ l'll 'flYl ~tl'l1.n [;]') 
'!J 

d'lu5mm b~tJVU'V1l:::[;],)li'lu5mtJl~b'u'WliJ~ [Kusdiana et al., 2004J ;'lmd-Jlru'lltl'lnJ'~ 

1 "lIl1'W~~J':::iOl :::~'l ~'fl ~ ~tl n lJ'~~ (;1 l~tl1 -if lltl'fl ntl e'ltl'fl1 'Will') :::bVllltl~ n ~ (;1 l titl'liOll n m'~ 1 'lll1'W~~ J'::: 

~1d-Jln1 In ~u5mtJ1 ltl~ lVltl1'YJ lfl-]'WniJ ld-JVll'Wtl'fln'flltJ dJ'Wld-J~'fl ltl~ lVltlf 

" " , 
md-Jl ru\h 1 'W"jll1'WYlH't11U5mmVln'W;ltl~ lVltl1'YJ lfl-]Wl '6'ild-Jl J'bl~'l ~'fl ~tlmd-Jl ru 

1iJbtl~l'll'fl1J1l'll'Wl~tJ')niJnJ'~1"l1l1'W~'6'iJ'::: [Kusdiana et aI., 2004J nlJ'n~11'W~1l1'W~H't1l 

U 5 n1' tJ 1 iOl ::: ~ 'l ~ 'l ~ 'fl 'fl iJ ~ tl n 1 J' ~ ~ (;11 iJ b tl ~ l'll 'fl In tl iJ i'J n ~fi tJ n V~l 'W n 1 J' ~ ~ (;11 iJ btl ~ l'll 'fl ~ 1-if 

lltl'fl nmltl 'fl1 'Will,)::: bVllltl~ n ~ (;1 ll~ n1 J'~ n~liOl:::~'l't1l1 "'-E''W(;1tl'W1 'Wni nltJ n 1iJ btl ~ l'll'flt-l ~'liOll n 
t 1.1 11 t I 

nlJ''t1lu5mm'6'i :::~') n~'l;'W 'Wtl niOll ntlnlJ'H ltl'W1'll~dj'W[;]') li'lU5mtJl n dJ'W~ n~fit-lil'lYl1J1 
UJ':::btJ']j-J9ln~1 [Kaieda et aI., 1999J ;'In'll'W~~tJ'V1iJ~l n1n~d-Jmd-Jlru~1'6'ild-J1J'm~l-Jll-J~'fl 

" ltl'6'ilVltlflJld-J1n;'W~'l 80-90 lUtlfls]'W[;] 
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2.6 Lm!J'lJLVi!J'lJn~:aJ'J'l..ln1~miLL~~hji.i~'JLi~'\JilM!J1 [Saka et al., 2001J 

'"l1 n~ n~ 1'dl-J1'"l:;l ihJ~l n )':;tJ'd'Wn 1)'~1-ifV11-'el hn-if l'l'd li~iJDm-tJ 1 t;l1~ ~.jf'el ~ ll~:;.n'ell~tJ~ 

t;l1~ n'W ll~~l m:;tJ'd'Wn1)'~hn-if l'l'd d~tJnm-m'"l:;1-if'elruV1[)ij ll~~m1l-J (;]'W~~~n~l m~tJ'l'Wn1),~ dJ q \J 'U 

", , 
1-if l'l'd li~tJDmml-J1 n llt;l m~tJ'd'Wn1),-W~1l-J1nm~ n l~ tJ~U '1JV11'"l1 ntJDm-m.jf1~ l~tJ~ tM~~'d tJ 

~ l'Ii'W[;l'el'Wn 1)'vi1 ~~ [;lJl ru"Ylll~:;~~Y-l~'eltJtJil ,xtJ~~'Vlt~~tJll-J1 n ll~ ~vi 11,x Ln l'I"lJ'el~ l~ tJ'il'e:l n'"ll n , 

Vegetable oil t ... 1.5%NaOH/MeOH 

r------..... Transesterification ~-------, 
MeOH Recycle t MeOH Recyc l 

<Standing Separation> 
I 

• t 
[Upper part] 

<Evaporate MeOH> 

t 
[Crude Ester] 

t~water 
<Standing Separation> 

I 

t t 
Waste water 

[Lower part] 
<Evaporate MeOH> 

t 
[Crude Glycerine] 

• 
I 

t 
Waste Glycerin 

[Ester phase] 
t~ Repeated wash 

Biodiesel 

l'\J ~ 2.13 LL~ 'WeY ~ ll~ l'I~ n 1),~ ~ [;lttJ L'el ~ l'l! ~'"l1 n n )'~tJ'd 'W n 1 )'~1-if l'l 'd li~ tJ D n~tJ 1 tJ ),~L[) 'VlltJ ~ 

[Saka et al., 2001J 



vegelable oil 
• SC MeOH 

>8.09 MPa, >239.4 °C 
r------~ Transesterification ~-------, 

MeOH Recycle 

~ 
MeOH Recycl 

<Standing Separation> 

+ 
I 

+ 
[Upper part] [Lower part] 

<Evaporate MeOH> 

t 
<Evaporate MeOH> 

t 
Biodiesel Glycerin 
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pJv1 2.14 LLe.J'W~'lLL~~'ln1n.J~(;lL1JL'fl~L'1l~'"llnm~iY.n.ln1~~hJ1-n~'JLi,aJDnhJ'1 [Saka et aI., 

2001J 

-ii'fl~LL~~-ii'flL~LJ'lI'fl'l n'ln·J~ (;lL1JL'fl ~ L'1l~ L~LJ1-nLL'fl~ nml'fl~1 'WJl1'J~LVI\1'fl~ n ~ (;lLn'fl 

LmLJ1J LVlLJ1Jn1J~fi~H ~'J Li'lUDmm~1~I~Cl~~ULL~~LmLJ1J LVlLJ1JLJlc;l'l (;l1n'l~ 2.7 

(;l1'i1-!1v1 2.7 n'lnmLJ1J LVlLJ1J~~VI~1'l~fin'l~e.J~ (;lL1JL'fl~ L'1l~ LL1J1JUn~n1J~fi~ e.J~ (;l L~LJH 

LL'fl~n'fle1'fl~1'WJll'J~LVI\1'fl~n~(;l [Saka et aI., 2001J 

L'J~11'Wn'l~yi1uDmm 

n'l~H~'"lLi'lUDmm 

" n'l~~m~ L 'lId1'W~M~1 'WtJ1 

e.J~(;lJlO.l.n~L~ 

n'lnLLJ n~1n~m111 ~ e.J~ (;l 

, 
1-8i'JL~'l 5-30 'W1Vl 

Jl'fl'lH~'JLi'lUDmm('"l~H~'J hJJl'fl'lH 

Li'lUDmm~dJ'Wm~ L1J~Vl1-'fl 
~~1'"lln~'l~~~(;l 

~'le.J~~'flUDmm1'WVll'l~1J ~'le.J~~'flUDmm1'WVll'l1J'"ln 

LL~~1'Wn'l~e.J~(;lL(1)LJHL1J~LU'W L~n~m~L'lId1'W~~~~'"l~ 

, " 
e.J~ (;lJlO.l.nVlhj Jl'fl'ln'l~Ln ~;'W 

" 0 .r (;l'fl'lVl1 n'lnLLJ n LL'fl~n'fl e1'fl~ 

~'JLi'lUDmmLL~~e.J~(;lJlO.l.n 

~hjJl'fl'ln'l~~Ln~;'W'fl'fln 
.., " , 
'1l1J'1l'fl'WLL~~LJ'lm n , 
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, ~ 

1 'WiJ~::; ~'Yl ~Vl~ n1~1-n1JL'El ~ ~'Jl'i:1"'l::;~ W)~'Yl ~~'El1J~J-J1J~ ~1~1 '0'~'Yll'l n ltJf11'V'1 ~~'i:1 ::;vn.:J ~A~ 

'lJ'El~11JL'El~ ~'Jl'i:1 ~'ln1~'Yl ~~'El1J~J-J~~1~1 'lJ'El'l11JL'El~ ~'Jl'i:11'W1Jl~-ir'El ~~~'i:1::;iJ~::;~'Yl~"'l::;H'J-Jl(;)~Jl'W 

~~'i:1 ::;~fi n1 ~'Yl ~~'El1J~ ~~(;) n ~1~ rl'W'El'El n 1iJ (;]'Jmh'l J-J 1 (;)~~1'W11J L'El ~ ~'Jl 'i:1 'lJ'El'liJ~::; ~'Yl ~ btl 'El nJ'w ~L'i:1::: 
~ a 

g; j) 

~lJiJ~tJldTh!b~'flL~~'l ViU'JtJ 
, 

~1 A'Jld-.J ~'J\l~'l L~I:::Vl nfd-J /ij~~~(;l~ 

, 
, .. c/ 

AI A'J1J-JVI'W~'Yl 40 

c/ 

'El'l~IL'Jlm'JltJ'tl 

"'l~'Jl1J1yj ((;)1J-J~fi , 

Pensky-Marten 

Closed Tester) 

mJ-Jlruii1J-J::;tl'W 

,C/ 

Al'JlL'Yl'W 

, 
ov, c/ 

n1m~m'El'W'Yl'El'lLL~'l'Yl 

50 'El~~IL'Jl'i:1L~tJ~ 
, 

3 O]'J LJ-J~ 

Al1'ElL'El~'W 

~ 

¥'EltJ'i:1::;L~tJ~IV1~n 

~ 

¥'EltJ'i:1::;L~tJ~IV1~n 

~'i:1~nfJ-J /nt'i:1nfJ-J 

nfJ-J 

~'i:1~nfwnt'i:1nfJ-J 

ISO 3675 

IS03104 

IS02719 

IS04260 

IS05165 

IS06245 

ASTM D 

1744 

DIN 51419 

IS02160 

DIN 53241 

part 1 

~'lhJ1J1J-Jl(;)~ 

, 

Lnru"Yl~IMI Lnrui~'l~~ 
, 'OJ , 

0.88 0.90 

3.50 

100.00 

49.00 

5.00 

0.0 1 

0.0 1 

300.00 

20.00 

1.00 

11 5.00 

10. 00 



Pensky-Marten 

Closed Tester) 

col 

'el'l Pll L'1!~ L'1!t1~ 

Lrrla]~Lyj(;l 

, col 

1"11'1!L'Ylt.! 

" ~'eltl~::;L(;ltl~l 

VI,Jn 

;J~~n¥~/ 

nL~n¥~ 

ASTM 093 

ASTM 02709 

ASTM 0445 

ASTM 874 

ASTM 5453 

ASTM 130 

ASTM 613 

ASTM 04951 

130.00 

0.050 

1.900 6.000 

0.020 

0.050 

NO.3 

47 .000 

0.001 

" , " 
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1. 1lJL'el~L'l!~ ~(;l~ B 2 ~'el ~1,rt.!Vi~1'"llnn1~c.J~~1lJL'el~L'1!~ ~'eltl~::; 2 (;]'el~l,rt.!~L'l!~ 
" 

~'eltl~::; 98 ~(;l~~'"l::;iJ~1V1\l1t11kli.h::;L'YlPl~VI¥fi'elL~1-n1 ru ~~¥fi;Jklm'l!(;ll 
" OJ OJ 

" , " 
2.1lJL'el~L'l!~ ~(;l~ B 5 ~'el ~1,rklVi~1'"llnnl~c.J~~1lJL'el~L'l!~ ~'eltl~::; 5 (;]'el~l,rkl~L'l!~ 

" 

3. 1lJL'el~L'l!~ ~(;l~ B 20 ~'el ~1,rkl~~1'"llnn1~c.J~~1lJL'el~L'l!~ ~'eltl~::; 20 (;]'el~l,rkl~L'l!~ 
" " , 

~'eltl~::; 80 ~ (;l~'i1ijtl~l-if1 klU~::;L'Yl Pl~VI¥fi'el L~1-n1 LL~ ::;dJkl~ (;l~Vi 1"1 ru::;nn~ n1 ~1lJL'el ~ L'l!~ LL~'l'l!l ~ 
" OJ" 

" , " 
4. 1lJL'el~L'l!~ ~(;l~ B 40 ~'el ~1,rklVi~1'"llnn1~c.J~~1lJL'el~L'l!~ ~'eltl~::; 40 (;]'el~l,rkl~L'lI~ 

" 



W&W.gU, l1~~ ~I':l ~~;:b~ rikt~~~~l ~ L~Wtl.~&W.gU'&LU 

" 
~LlA~I':lW~1':l ~WWtl. tl1~~l1Wr.,!,-;:~,,&u&W.gU' U Lb&W.gU'&LU~LlA~I':lW ~1':l11~~l1Wr.,!,-'G 

1.hl1~lALI1 

tl.L~ OOO'OOS L~U L~ ~i1~~I1~tl.,CtLr-L~' Lr-~l1Jtl~lA \tl.Lt~bD;:L&M' ~ lA ';:&f1~L~ L&Wtl.t' ~~, m ~&LU 
, " 

~ ~~lA \~lA ';:&f1~ t~r.,!,-;:b~~tl.r.,~~LI1!t'\~ lA ';:&f1~L~ULbl1~tl.,CtLr-L~' Lr-&LU~~LgLriL~ '~ 
, " 

fWttLJel~fl..~Jl!m1.L~T1.~T1.lbl'il::~~ 'GL'G 

l'W ~& LktLl1T1.IJ' W ~I':l f1\ Lr-l1tktL~& LktLl1I1l1U;:&f1Lri 
" 

tl.[:U@@ll1\& L ~ U r., ML ~ ~i';: ri l1~& L ~~;: b~~r., ~"JH~[.~ tl.,CtLr-L r-&LU ~~ trt\fl,l1 ~l1[}~3;: ~,,~ 
I I ~ ~ 

U r.,Mtl.,Ctlr-~ }L~&LUT1. t Lktm D~ ~~r.,!,-;:b~[" ~ l1111\f1,1J' W ~I':l Lrir.,~"H~[.~tl.,CtLr-Lr-L~ 'S 
" , " 

,If\ U b;:Wtl.l1~ ~ll'ml1~f1&LU~ ~L'l&LriL~ 'G 

~ ~'G ~~L&LW~~~~~" (xON) j)[.\Ul1l1 

tl.b,&wln \ ~ .!i'm~1U ~ ~ [., ~tl.,CtLr-~t~~T1.~~l1tL<!j1U L b~~' l1\L~U ~l1r-.g ~~ri~;: b M&' ~ ~rim,Ct 
'" , 

Lr-ULbW~1':l ~~[., ~ l1111Uo t~~T1.~~@tL<!j' ULb~~' l1\ L~I1M;:~" T1.11tl.!'-' ~[., ~ l11I1Uot&Luu Lbril1~~ r.", 
.., I I I 

~~l1~l1lA;:W~1':l L.gU~&LU~!t'W~ri&l1m ~ lA';:&f1T1.ttl.r.,~ a ~ 'G ~~L&LW~~~~' ~-tb!t'Wkt\LI':l'&LUULb , , 

.g~~ri~~L'l&LriL~ OG 8 ;:~" 00 ~ 8 &W~~["~l1111\ L~I1M~T1.~~l1fL<!jmll L ~L~&W~~["~l1111\ tl.,Ct 

Lr-H&LU~~l~}~&LUL~!t'\LU-tri'l1~~kt~~lA';:&f1~l11T. (,I\:Ju86V UOIP8l0Jd 18lU8WOJ!AU::J sn) ril1~ 
" 

~ r.", ~~nll ~l1[} tl. L ~U,r.L~;: ~" (pJ808 18S81PO!8 18UOll8N) ~ L [.~r." ~ [., ~ l1111\& L U riUU;:ru L<!j ~ 

~~1 ~ [.,~ l1111Uo t LJt!t'1..Wtl.~~l1fL<!jm Um \ LI':l'&LU U LbLri~~ LU Ll1~LlA.g~~ri~ ~L'l&LriL~ '~ 

f'C~!-~e",t-~T1.L~T1.~T1.lbl'il::~~ ~ L'G 

tl. tl. ri& l1 m;: ~" ~ ... 

no 
~'i~'~~l1~lA';:&f1tl.t~t~~ OO~ ;:~~l1k ~["~@ll1\tl.,CtLr-l1~ OO~ 8 &W~ ~["~l1111\ 'S 

, " 

9£ 



(;11~1~vi 2.10 lmtJiJ l.y]tJiJ!:-J~nld'1-ntiJl'El~ l"1l~ 100% (B 1 00) ll~~Jl,r'W~ l"1l~~-.l !:-J~d-J Jl"JtJ 

1.iJl'El~l"1!~ 20% (B20) [~ru~ndd'd-Jlfinld'Y1~-.l-.ll'W ~Jll~m'l'Wd'l'l1Dd', 2545] 

lln~ mfiJ'El'Wd-J'El'W'Eln 1."11 ~ 

1.1'!lC1ld'mfiJ'El'W 

~'W~~'El'El-.l • 
lln~ 1. 'Wl(;ldl'"l'W'El'Eln 1."11 ~ 

~ld'ri'Eld-J~l~-.l 

lln~ mfiJ'El'Wd-J'El'W'Eln 1."11~ 

1.1'!lC1ld'mfiJ'El'W 

lln~1. 'Wl(;ldl'"l'W'El'Eln 1."11~ 

~'W~~'El'El-.l • 

~C1I~-.l43.2% 

~C1I~-.l 56.3% 

~C1I~-.l 55.4% 
.,: ,.t 

lY1d-J"lJ'W 5 .8% 

~C1I~-.l 80-90% 

20%(B 20) 

~C1I~-.l 12.6% 

~C1I~-.l 11.0% 

~C1I~-.l 18.0% 
, 

" .,. ~ 

lY1d-J"lJ'W 1.2% 

~C1I~-.l 20% 

" 

37 

1. lY1d1~1'W1.iJl'El~l"1l~n'El'Eln:]l'"l'W!:-J~d-J'EltJ 1 0 ltl'Elfl~'Wvl Yi11~nld'!:-J~d-Jd'~VI~1-.l~1,r'WfliJ 
'IJ 

"" " 
'Ell nl Pln n1dnd'~'"lltJ (;]"J 1.Jl~ ll~~vil1 ~'fi' (;l d1~"J'Willd-Jl ru"lJ'El-.l'El1 n 1 Pl ~'El~l,r'W1!'Wl Vld-Jl~~d-J~'W 9-.l 

o ~ '-'. I "" "" ~ 1. ,-,,,,,,.t 
Yll bVlud'~~YlfiJl1Y1 b'Wnldl!:-Jl Vld-JC1I"lJ'W 

2 . -ri"Jm~d-J ~"Jld-JVI~'El~'W1 ~niJJ1,r'W~ l"1l~ 1.Jl ell!:-J ~d-J1.iJl'El ~ l"1l~ 1-2 ltl'Elfl~'W~~-.l1'WJl 
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2.8 nih'1l'el~'el'GI (Glycerol ) 

n~L"l!!l~!l~ (n~L"l!!l1't..! ~1!l n~L"l!!l~!l~) ~!l 1:-J~(1lJlrw-r-1i'"l~'lJ!l'lm~I:-J~(1l1ut!l~L"l!~ iJ 

~ m~rw~1~ hJiJ~ hJiJ~~ ~\jV1 ~!l't..!,]1'l A'Wl'"l r;l!lm nn V1!l!l n:n LV1-]'t..! y'11 1 ~~l~l~mriufn~l tV1tJ 

hJiJn~'t..! ~~ ~Hl't..!l't..! n~L,]!l~!l~~'"l~-W11u~ltnJ1tJ~!l'l~1't..!n1~r111~dJ't..!n~1'l ~'l1't..!n1~I:-J~(1l1u 
t!l~ L"l!~ tV1tJ1 olf LU~ LtJ't..!L'l'"l Li'lU5m-m n~ L"l!!l~!l~~1~~1~1~blr111 ~ LtJ't..!n ~1'l tV1tJ1 olf n~V11e:JtV1~A~!l 

1n mV1yj!l~yj!l1n~1!l t"l! L~tJ~ A~!l h~ ~l~fu~'lJ!l'l n~ L"l!m!l~ ~l~l~bl'lJ~ V1!l!ln l~V1tJ n1m~!l'l 

~1't..!~1't..! 

n ~ L"l!!l~!l ~ L~!l ~ n r111 ~ Lii't..!'"l ~ LtJ't..! supercooled LLr;ll~ LL ~'l L'l'"l L ti!l'l'"ll n n ~ L"l!!l~!l ~ 
~l~l~bl~ ~~ltJl~~~'l1 't..!~1 LL~~LL!l~ n!l e:J!l~ ~'l dJ't..!L'l'"lr11~~~ltJ~ ~~l~fU!l'l rlu~~n!lu1 't..!!l (1l , 

, 
I ..:::!II ClII .cV .c::iQ/~s,....?1 .4 

~1~nn~(1l1'l1 LL~~L't..!!l'l'"lln~A'"ll~~'t..!V1~'l'"l'l~n b"llLu't..! thickening agent ~~!l bodying 

agent n~L"l!!l~!l~~iJA'"ll~L,]~,]'t..! 57-75 LU!lfLo]'t..!r;] '"l~iJ~~~'"ll't..! ~1~1~bl1olfLU't..!~1~1~A'"l1~ 
" " ~'"l1't..!LLVl't..l-W111l1~1~ n~L"l!!l~!l~LtJ't..!~l~ hygroscopic ~V1-]UA'"l1~~'t..!'"llnmn1P11~~ ~'l-W11uH 

1't..!1:-J~(1lJlrw-r-1~~!l'ln1~A'"l1~~~ (Softness) A'"ll~~~'t..lL'l'"l (Flexibility) LL~~A'"l1~LU't..!A1~ 
(creaminess) 1 't..!Vl1'l n1 ~~hiJ n1 ~1olf n ~ L"l!!l ~!l~ LtJ't..!~ 1 ~fn~l A'"ll~"lI ~~'t..! LtJ't..!L'l'"l L~~ Ml1~ , 

~m~ ~n"llu.V1~"lI'"ltJ Lriufn~l A'"ll~'el!l't..!'l..i~ LL~ ~A'"l1~~\jV11 olf1 't..!1:-J~ (1lJl rw-r-1L~tJ'"l nU"lI!l'lU1 n L"lI't..! , 
'" I '" t I 

m~.n't..! -W1mtJ'"l't..!U1n L\j!l'l'"lln~~u'1i1't..!n1ntJ't..!~1~V1V1A'"l1~~'t..! LL~~n1~~~L~tJ~l HL~!lU!l'l 
'IJ 

" , 
dJ't..!L'l'"lr11~ ~~ 1tJ LL~ ~LtJ't..!~l~V1 V1 A'"ll~~'t..! 1 olft~ t 't..ln~ L"l!!l h~~l~'"ll n n~ L"l!!l~!l~ LU't..!~l~~lJ~-]'t..! 

'IJ 

LL~~~ln~~ A'"ll~ A'l L'l'"l1 't..!1:-J~(1lJlrw-r-1U~~LflVl~l m1't..! ~1~~V1 LL~~~ nn'"l1V11't..!1:-J~ (1lJlrw-r-1m~u 
'IJ 'IJ 

, , " 
u~1 '"l ~1 olfn ~ L"l!!l~!l~ L ~!lfn~l A'"l1~~'t..!1 ~ nu1utJ l~U LL~ ~H LtJ't..!~'"l't..!I:-J~~1 't..!1~ m!l'l 1 't..!!l (1l~1~ 

• 'IJ , 

, " 
'lJ!l'l1~~fl1'"l~L~\j!l~n~(1l (supercritical fluid) ~!l 'lJ!l'l1~~~ rw 'lJrw~-w't..!iJ~rw~.lJiJ LL~~ 

m1~ ~'t..!~~'ln~l~rw~.lJiJ LL~~m1~~'t..!~n~(1l'lJ!l'l'lJ!l'l1 ~~ L!l'l Lti!l'l'"lln 1 't..!fl1'"l~m\j!l~n~(1l 'lJtl'l 

1 ~~'"l ~iJ~~u'1i~~ LP1~ LL~~LL(1l n r;ll'llu'"ll n 1 't..!fl1'"l ~un ~ L'l'"l!lth'l L"lI't..! 'lJ!l'l1 ~~'"l ~iJ A'"ll~~l~l~bl 

1 't..!n1~r11~ ~~ltJ~ L~\j!l n~l L'l'"lr11~~~ltJ~ LU't..l'lJ!l'l L ~~'"l~1!l~1~1~bl L~!l n~ n V1~1~~ ~!l'l n1 ~ tV1tJ 

iJ~1~U't..lL~'fl't..!1 't..!ill~ 1 ru~il!ltJ n~l n1~~ n V11 't..!LLU UU n ~ LtJ't..!~'t..! ~'liJ m ~-W1'lJ!l'l1 ~ ~fl1'"l ~L~\j!l 
~ n ~ (1l~11 olf1 't..!'ll't..!U~~LflVl r;l1'l1 tlth'l n~l'l'lJ'"ll'l 1~~1'"l~LtJ't..!1 't..!n~~U'"l't..!n1~~ nV1~l~ (supercritical 

fluid extracbon) ~1'fl1't..!n1ij LA~~ Vl1'lLAiJ (supercritical fluid chrornatcgraphy) LLir ~ 11 't..! U '"l, u't..! n1 ~-W 1 'lJ!l'l 
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, 

L'U'V'n:::!lth'l~'11 'Wi;1lVlf:ii!l Ll-J1'n1 LL~ :::lh:::L'Yl Pil 'WLWUtJ 'l:i'U~ n l:i'tJl'1J!l'l1 VI~Jll'J:::L VI-W!l~ n fl ~l-Jl1.jf 
~ , VI 

1'W:i':::~U!l[;]i;1l1V1n:i':i'l-JLL~'J L"ll'W u1'';'Yl Kraft General Foods 1'Wi;1l Vlf:ii!l Ll-J1'nl HltJl , ~ 

fill fU!l'W1V1!l!l n 1BJ! ~Jll'J::: LVI-W!l~ n ~ [;]l-Jl Hl 'Wn1:i'i;1l n VI i;1l 'Ur11 Lyj~'W!l!l n~ 1 n Ll-J ~ VI n1 LL yj "v15'!l1 'W 

U:i':::L'YlPiLtJ!l:i'l-Jn ~*'1LPii;1lLL~:::'fl'ln~'jj'1~in1uHl'W~(;li;1l1V1m:i'l-Jn1:i'c.J~[;]BJ!1 n1LLyj LutJf LL~:;Lr1i!l~ 
L'Yl Pi d:J'W~'W 

2.9.1 ~(;l1n'l(;lLL~~'lJ'el~1'V1'Gun'J~L'VI'W'el1n'l(;l 

~ VI~ n ~ [;]~!l ~ VI~~'1~~ VI~i;1li;1l1:i'~:::~~rwVlJJ~ LL~:::r1'Jll-J ~'W~!l~1 'Wi;1ll-J ~~:i':::VI'il'1 LLni;1l LL~::: 
'1J!l'lLVI~'J1~ ~'1LLi;1lVl'l1'WLLc.J'WJll'Y-lfil'Jll-J~'WLL~:::!lrwVlJl~~'1:i'U~ 2.1 5 

, 'lJ 'lJ 

Temperature 

L~ 'WYi U 1 'W :i'U~::: LL D'I LLc.J 'WJll'Y-l!l!l n d:J 'W 3 ~ 'J 'W 1~ LLn ~ 'J 'W ~ LiJ'W U l' L'J rw'1J!l'l LL ~'1 '1J!l'l L VI~ 'J 
'lJ 

, ~ 

LL~:::LLni;1l Lii!lL~'WYiU!l~:i':::VI~I'1 2 i;1lm'W:::~:::Vll-JltJ~'1 i;1ll-J~~:i':::VI~I'1i;1l!l'li;1lm'W:::,r'W 1 'lVlm~'Wi;1ll-J 

VI~:i':::VI~I\1'1J!l'lLL~'1 LL~:::LLni;1l ~!lL~'W AB L~'Wi;1ll-JVI~:i':::VI~I'1LLni;1l LL~:::'1J!l'lLVI~'J~!l L~'W BC ~'J'W , , 

L~'W BD ~!l L~'Wi;1ll-J~~:i':::VI~I'1'1J!l'lLL~'1nU'1J!l'lLVI~'J ~VI~n~(;ln~!l~VI C L~!lL~tJ~VI~n~(;l1uLL~'J~::: 

d:J'WJll'J:::~ L1-tJ n~1 Jll'J :::LVI-W!l~ n ~ [;] 1 'WJll'J:::d~ :::hii;1l1l-Jl n1~1 LL 'Wn 1~~ li;1li;1l1 :i'~!l~1 'WU1'L'J rwd 

Ll:J'W '1J!l\lLVI~'JVl1-!l LLni;1l 9'1L1-tJni;1li;1l1:i'~!ltJl'Wu1'L'Jrwd~I'1J!l'l1V1~ (fluid ) LL'Yl'W ~'1:i'U~ 2. 16 ~'1LiJ'W 
'lJ 'lJ 

~U'1J!l'l'1J!l'l1 VI~~!l~1 'WJl l 'J:::L VI-W!l~ n ~ [;] ~1 n~u~:::'Y-lu~11lJi;1l1l-Jl:i'bll-J!l'l L ~'WL~'W :i' :::VI~I'1'1J!l'l L VI~'J 
.,. ~ '" 

LL~:::LLni;1l LVI 



[gOOG 'snow;\uouv] w b ut,(!,fl.kt '~t,LL!~kt H'(!'IT. 9 ~"G lA,rLl .. .. ~ 1"1-

Ii~' ~~,lf\ ~kt \~(!'IT.~fl.LL1~U(!,n.~f1L16LIiL~ 

L~l!l!-,lf\fl.~'~~ 9 ~fl.,[.~~U~LIi~~L~»tt:lrktruf!,l!l~6LUL~(!'~'~~" g ~fl.,[.~(!'IT.f1lfl.t~~,lf\;:fl.LL1~ G 
I ", I I" 

~(!'IT.~L~kt~6 fl.!-fl.~' Iii.' L16L IiL ~~ ~LIi~~W b U ~l!l bL~ U L~ ~~ t: lrkt ru f!,l!l ~6 L U L ~(!,~, 6\;:(!'~fl.LL1 ~ 
" I I I 

fl.1:}' L~~\ u (!,n.~f1L16L IiL~ re\~ ~~~ w b U ~(!,Ukt '~t,LLm t~(!,,lf\ ~kt \~(!'IT. V ~fl.(!'Wfl.,[.fl. tf1l~~6 L~~(!'IT. 
, , " 

w b U ~~bfJ~'~~" ~~fl.~f1\fl.~t:lrktru f!,1i~ 16LU L~(!'~'~~" l!l !-re~\fl.~' ~(!'IiIif1 t,~kt' ~(!'1T.;:~'1 ~1l11 
" I I , 

~L~kt~.m!-L ~,lf\fl.~ 1 ~ ~ £ ~fl.,[.fl. tf1l;:L6 M W LfJ,lf\ L ~1if1 ~fl.LL1 ~ Um1 L~6 LU (~kt \ ~(!'IT.~(!'IT.W b U ~ 
" , " , 

t:lrktruf!,fl.\;!, reVE~1') ~t:ktn.~~6fl. tf1\t:lrktru f!,1i~' (!,~,~ ~'m~l!l \;!' t,~ fJ LfJIT.6LU ~t,~kt' ~(!'IT. L~,lf\ 
Itt " 

no , 

fl.~'~~ fl.~t:Llktru(!'Ii~'6LUL~(!'~' G ~fl.~fl.tLIi(!'~ t,~kt'~(!'IT.fl.l:}mkt\fl.t,~(!,tkt ~ll'ml:}'~fl.kt\fl.t,~ 

L~,lf\ um, L ~L16 LIiL~ ~Er:~t,LLlfl. t~~~ u f1~ t,LLlfl. t~(!,~E~kt \ ~(!'IT. ~ ~fl.,[.fl. tfJl!ll w b u ~(!,Ukt'~ t,LLI 
'" I " 

n. 
~~kt V(!,IT.fl.I:}' f1\ ~ u f1~t,L Llfl. t ~ kt \~(!'IT.~(!'u~f1'mfJ~f116LU ~l!l ~'16 LU fl.1:}1 n"G ~f16 
, " 

0\7 
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-'·""'~>'f 0'" 
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·;;I~--
',,:::;;'-

l'llvi 2.17 n1mJ~tJ\mU~-.1"lJ!l-.1"lJ!l-.11~~Jl'Y.l:::un~hJdj'W"lJ!l-.11~~Jll'J:::m;j!l:'jn~(;l [Anonymous, 

2005] 

2.9.2 ~tI~'lJ'el~'lJ'el~ 1 'VI~111'J::;L 'VI'U'el1 n q (;l 

"lJ!l-.11 ~~Jll'J :::b~;j!l:'j n~ W"l:::~~~Jir~~!l~~:::~~l-.1 bbn~ rl1J"lJ!l-.1 b~~'J ~-.1 bb~ (11-.11 'W[;Iln-.1~ 

2. 12 '"l1 n (;ll~l-.1'"l:::b ~'W~1 ~'Jl~~'Wl bb oJ'W"lJ!l-.1"lJ!l-.11 ~'i'lJll'J:::m;j!l:'j n ~ (;lln~ b~m"lJ!l-.1 b~'i'l'J 1 'W"lJ rw::: 

~~~u~:::~'Vlin1m 'V1 :hb~ :::~'Jl~~;j(11"lJ!l-.1"lJ!l-.11 ~'i'lJll'J::: b ~;j!l:'j n ~ (;l~ fPil1n~ b~tJ-.1 bbn ~ 

bbii' ~1 m 1~ ~'W 1 bb oJ'W"lJ!l-.1"lJ!l-.11 ~ ~Jll'J::: b WW!l:'j n ~ (;l'"l:::~ fPil1n ~ b~ tJ-.1 rl1J"1J!l-.1 b ~ 'i'l,) bb(;]~ 1 

~'Jl ~~'W 1 bb oJ 'W "lJ!l-.1 "lJ!l-.11 ~~Jll '):::b ~i1!l:'j n ~ (;l'"l::: bn (11 n 1 ~bU~ tJ 'WbbU ~-.1 bU'W!lt.l 1-.1 ~ 1 n r; l Yi 1 nl ~ 

bU~tJ'WUtJ~-.1~ rw~JJ~ ~1!l~'Jl~ ~'Wb~tJ-.1 b~ nii!ltJ1 'W1J1'b'J rwln~ b~tJ'l rl1J~ (11:'j n ~ (;l;'l bb(;l n (;]1-.1'"l1 n 

"lJ!l'l m 'i'l 'J ~ A".l1l-J ~'W 1 bb oJ 'W'"l :::hl bU ~ tJ'W bb U ~'ll-J 1 mr n b~!l bU ~ tJ 'W!l rw ~Jl ~ ~ 1!l ~ 'J 1l-J ~'Wb ~ tJ-.1 , '" 



...a --.. 1 dO.,. 
U11~1~'V1 2.12 ~~1JUI'lI'El--ll.l.n~ 'lI'El--lI.~~'lI.I.~~'lI'El--l ~~!lI'l~mt.!mn~(;l [Charoenc haitrakool, 

2001 ] 

A'lI~~t.!II.I.t.lt.! (g/c m
3

) 

~~U~~~'V1'in1~ 
, 2 

1.1.~~(cm Is) 

A'l1~~t1(;1 (C P) 

~rnt.!~ 

"" 'lI'El--l1~~!l1'l~1.~t1'El1 n ~ (;l I.l.n~ 

(0.6-2) x 10.3 
0.2-1 .0 

0.1-0.4 (2-7) x 10.4 

0.01-0.03 0.01-0.09 

1. ~ r----------R-e-du-c-cd-~ 

T ...... perature (Tn) 
0 . 9 

1 
1. 0 

1.1 

0 . 8 
1.2 

0 . --' 

0 . 2 

o 
0 . 1 1 10 

Reduce d Press ;"re (P I P c) 

'lI'El--lL~~'l 

0.6-1.6 

(0.2-2) X 10 

0.2-3.0 

42 

~'lt.!~~ U~~t.! 1 'lI'El--l'll'El--l1 ~~!l1'l ~ mt1'El1 n ~ (;l ri l.'J!wlt.! ~ 1~ 1HlI.U~ tJt.!I.I.U~--l1U1~ dJt.! 

'Elt1 1--l ~ 1 n I. ~ tJ--lYil n 1 ~I.U~ tJt.!I.I.U ~--l'El ru~!l ~ ~1'El A'l1~ ~t.!1. ~ tJ--ll.~ nii'EltJ1 t.! 1J~I.'l ru~1n ~ n1JIOl (;1 
• 'll , 

1n~(;l 1.'J!t.! m1~~t1(;1'l1'El--lA1f1J'Elt.!1(;1'El'Eln 1'11(;11t.!lU~ 2.19 rl1A'lI~~t1(;11t.!1J~I.'lru1n~n1J~(;1 

1 n ~ (;l9~~ n1 nU~tJt.!I.I.U~--l~1 nn~11 t.!1J~I.'l ru~t.!l LL~~~ ~U~~~'V1'in1nL~in L'J!t.!I.~tJ'l nt.!~ A'l1~ 
~t.! LL~ ~~ ru~.1J~1n~n1J~ (;11 n ~ (;l A1fu~t.!1(;1'El'El n I'll r;11Ol ~~~~U~~~'V1'in1m~i~LU~tJt.!LLU~--l LiJt.! 

'Elth--l~lnLL~(;1--lr;)--l~U~ 2.20 
'll 

rll A--l~1(;1~ L~n'V1~n (d ie lectric constant) 'lI'El--l'lltl--l1 ~~!l1'l~L~tj'El1 n ~ (;l~~~t.!rfn1JA'J1~ 

r;)t.! LL~~'Elru~!l~r;)--l~U~ 2.20 t(;1tJrl1A--l~1(;1~L~n'V1~nL~m.jJ'El--ln1JA'l1~~1~1~Cl1t.!n1~~~~1tJ rll 
• 'll 'll 

rll A--l~1(;1~L~n'V1~n ~1~~ltJA'l1~~1 rllP1ntJl Yh~l~ ti[;)(elec trostatic potential ) ~~~~1--11'El'El'Elt.! 

~ (;1~--l ~--1~--l ~~ 1 ,x'll'El--l1 ~~~t.!~~ ~ ~m'~~A~1tJ n1J~1~~1lJ~i'l ~--l mJ~1U n ~'lI'El--l1 ~~~t.!LUt.!~'l n 
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~l:!i')n(;l1l-J r.nnnJ~ 2.21 L~'elf:W1A,)1l-J~tJ~~ ri1A~~1~~L~nYl~niDl::;~~~~ ;~yhl~'lJ'el\ll"'~l:! 
'IJ 

" " I I 

A') 1 l-JhJ LUtJ-ll,)l-J1 n~tJI111l-J ~1 ~1J LL~ ::;~h A~Y)l~~ L~ nY11nl:! roilY) LL(;ln [;]1~ ntJhJl tJLL[;]~::;'elCl.mJln 
, 'IJ 

iDl1mll-J~.jh~~tJ~mh,)l-J1~1l-J1J'Cl~~U~l-J~'lJ'el~'lJ'el~1"'~Jl1r:l::;L",1j'el~n~1111Ji'~~~ 
1. l:!~l-J1J'1iltJn1niltJL'eltJ (transport properties) ~~ Lti'el~iDl1nn1J'~'lJ'el\l1"'~Jl1,)::;L",1j'el 

~ n ~ 111l:! A,)1l-J",t1~ ~1 LL~::;l:! ~l-JU J'::;~Y1 in1 J'LL 'V'I i~ ~~ L",ij'eltJLLn ~ 9~vl11 ~ ~ 1l-J1 J'Cl L oifl1tJvl1 

UBmmn1J~1,rtJltJn1n,J~(;l11JL'el~L'1!~lJi'dJtJ'elth~~ 

2. l:!A,)1l-J~1l-JJ'ClltJn1J'vl1~::;~1tJ (solvating power) ~~~ JtJLutJL'V'In::;'lJ'el~lw!'1Jl1,)::; 

L ",1j'el~ n ~ (;ll:! Ar:l1l-J",tJ1 LL oJtJ~~~ ln~ L~m n1J'lJ'el~ m~r:l ;~ A,)1l-J~1l-J 1J'Cll tJn1 J'vl 1 ~ ::;~1tJ~Jl1,)::; 
" " , 

L",1j'el~ n ~ (;l~iDl ::;~tJn1J A'"l1l-J",tJ1 LL oJtJ L~ tJ (;lJ'~ 9~ LUtJ~ 1 L", ~y)vl11 ~'lJ'el~ 1", ~Jl1r:l::; L",1j'el~ n ~ 111l:! 

A,)1l-J~1l-J1J'ClltJn1J'vl1~::;~1tJ~~ 
'IJ 

U.12 

(l.10· 

s;) 
~ (l.Of< 

2-
£ 

f). Of> on 
Q 
<:.I 
cr. 

:> O.O.J 

0 . <)2 . 

41) 1(1) 1000 

Pressure (atrn) 

ltlvl 2.19 n1ntJ~tJtJLLU~~A,)1l-J",1j~'lJ'el~A1f1J'eltJl~'el'elnl'll~~~rw"'JJn[;]1~1 [Luque de 

Castro,1994] 



.-ltEsSlIRE 

~-:::::::::::::::::::::::::::::::::::= Ion 

100 

qo.l l 1'Uii \c) 

ISO 
200 

~,jvi 2.20 n1ntl~t1\Jbbtl'fl":!~l-JtlJ':::~Ylin1mvd"lJ'fl..:!fllfu~),WLI?l'fltlnL'1!~ [Luque de 

Castro,1994] 

1.8 

1.6 

1.2 .' 
.;,0' 

.. ' 
_--Ar 

.y; 25 DC 

f:
1 

j 1 v ____ ~ ____ ~ __________ ~ 
n son 1 000 l500 2000 

i'l-:J llJ v'1'l t (Bar) 

2.1 0 f;]'J'Vh~:::~1t1 ~'J3J (co-solvent) 

n1n~W;1'Jr11'fl:::'flIt1i'Jl-J (co-solvent) ~1'fl n1n~l-J~IJ'vl'J~~Il-J'fl..:!Ltll \JJ':::UU b~'flb~l-J 
" tlJ':::~Yl finlY'll \In 1J''fl :::'fl1 tI Hi'l-J1 n;\J n1 J'l-if vl'Jr1 1'fl :::'flIt1i'Jl-J 1 \In 1 J'~ n 1?l~1 J'ijtl J'::: ttl'l!"r'fl~I..:!~..:! 

'IJ 

>-

1 \Jn1 H.J~ (;j 1 \JJ':::r;1U'fl (;j~I~ nJ'J'l-J b Y'lJ'1 :::\J'fl n'"ll n btl\Jn1 J'tlfUtlN m:::u'J\Jn1 J' 1 ~~;\Jbb~'J~":!'"l::: . . 
", " 

n1 J'Vi'"lIJ'rul b~'fl n H vl'Jr11~ :::~It1 i'Jl-J1!\JijU'"l9 t1Y1~1 ~ f1! r;1,,:! (;]'flLtliJ ~'fl b~'fl nL(;j (;jJ'::: 
• s.- I I 

Lfjtl?lJ''V'J bbJ'\Jbb~ :::bfj n b'1!\J b Yl'fl~ I?l mll-J~i1I?l"lJ'fl..:!-WI~\JYl'l! b i1'fl..:!'"l1 n nJ':::u'J\Jn1 H.J~ (;j LU t 'fl ~ b '1! ~Y1 
" 

44 
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uBmmYln'hl~ltl~lYltl1Yhf1i'hl1-if~ruVlJJi1u~:::~nru 350 tl'l~1l"1l~l~tJ~ f1'J1~c;1'hl 1 0-20 L~n::: 

Yl1~ f01~ ~'1lUW11'J:::~ ~'hlLL~'1 9'1l~tl n 1-if f11futl'hllV1tltl n Lon t?1Luw;hvi1~ :::~1 tJ i'J ~ l ~tl~ Vl1l1'J::: 1 'hl , 

n1nn VluBmm 

L(;l (;l~~hrLIPI~yJ Lb~'lJ 
OJ 

.... .,. 
LVI'hlmn~(;] 

2. nlOl Vll~tl Vlln~ l~tJ'I flU l~Yl1'hltl~~1l-J1~bl ni'hllltJnlOl1 n c.J~ (;].tl ru"Y11~Yl~tll-J flU ll-JYl1'hltl~ , 

3. ~1l-J1m~ VI m1l-JVI;jVl"1Jtl'l~131''hl~"Jjl~ [iStl'l~Yl5, 2547] 

4 . ..n'Jm~l-J~l-JUin1~~:::~1tJ"1Jtl'lll-JYl1'hltl~ 1 'hl~131''hl~"Jjl~ 

Lnm'1f'lJ (Hexane) 

1 . ~1l-J1~bl~Vlm1l-JVI;jVl"1Jtl'l~131''hl~"Jjl~ [iStl'l~Yl5, 2547] 

2 . ..n'Jm~l-J~l-JUin1~~:::~1tJ"1Jtl'lll-JYl1'hltl~1'hl~131''hl~"Jjl~ [Yin et aI., 2007] 

~l1f'lJ'fl'lJllP1'fl'flnl'1f~ (CO) 

1. ~1l-J1~bl~Vl1l1'J:::n1nnVluBmml~ [Han et al., 2005] 

2 . ..n'Jm~l-J~l-JU~n1~~:::~1tJ"1Jtl'lll-JYl1'hltl~1'hl~131''hl~"Jjl~ [Yin et aI., 2007] 
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....... d d ... 
2.11 ~1'U'l"ltJ'VlbntJ'l"lJ'el~ 

Kusdiana w~::::~ru:::: (2001) ~m~ntOJ,,"n . .J"r'l·'Hill1'i'll'lf"ll'el-.jiJBmm'Vln\J~L'el"HYl'e:i~'Yh~i\J 

l~'el e.J~ 1'l1Ul'el ~ l"ll~tOJl n~ll1'\Jl~~ (il l~"r'l1 \Jl~'Vll\J'el~fll'J:::: l'vli1'el~ n ~ I'l l(iltJ n~::::u'J\Jn1nLUiJllU I'l"ll 
(batch process) ~-.j~m~li-.jfll'J::::~lnrJl~n~l'lll~::::mi1'el~n~1'l l(iltJ~ru'vlJJn'el~1\J·Jh-.j 200-500 

~ , 
'el-.jP11l"ll~l~tJ'i'l t[l'ln~'J\Jl(iltJl~~"ll'el-.j,.j,ll1'\Jl~~(ill~"r'lr;l'ell~'Vll\J'el~ 1 :3.5-1 :42 l~1'el-.jiJBn~ruYi1 

~'JtJt~'vI::::iJ~::::lfl'Vl Inconel-625 "ll\Jl(il 5 n~~~I'l:i' Yil-.jl\Jl~'i'l-.j'i'l(il 500 'el-.jP11l"ll~l~mq ll~:::: 200 
'IJ , 

ll-J n::::"r'll'i'l rl~ 1 \J-n'J-.j ~1 nrJl~ (il~ n ~ 1'l1 ~~'Jl~¥'el\Jllri l~i'el-.jiJB mru1(iltJ'ell-.j~111'\J ~':l\Jfll':l::::l'vln'el 

~n~I'lH'ell-.j~1Jn (tin bath) e.J~n1~~m~n~ru'vlJJn 350 'el-.jP11l"ll~l~tJ'i'l ~'Jl~~\J 19 l~n::::Yn'i'lrl~ 

l'J~l 240 ~\Jl~ t[l'ln~':l\Jt(iltJt~~ 1 :421~¥'eltJ~::::l~~~l'el'i'll'Vl'elf 95 l(iltJ~lwwn 1\J"llru::::~t[l'ln 

~':l\Jl(iltJt~~ 1:6 ll~:::: 1 :3 .5 In(iliJBmmhJ'i'l~\J~ru ~l'v1fue.J~"ll'el-.j~ru'vlJJn"r'lUrJl~~ru'vl1Ji:j 200 

ll~:::: 230 'el-.j P11l"ll~ l~tJ'i'l 1 ~¥'eltJ~ ::::n1niJ~tJ\Jlu\Jl~~~ l'el'i'll'Vl'elf~l lti'el-.jtOJl n'elt.i1 \J-n'J-.j ~1nrJltOJ (il 
'IJ , 

~ 
4 ..:=III.... ..... I -. ..:::.I 11 

'Jn~I'l'i'lfll"r'lrl'Jl~~"ll'J"ll'el-.jl~'Vll\J'el~tJ-.j~-.j~-.j'el~ ll~::::~ru'vlJJ~ 270 'el-.jP11l"ll~l"lltJ'i'l :i'mJ~::::n1:i' 

liJ ~tJ\JlU\Jl~~ ~ l'el'i'll'Vl'elf~-.j rl-.j ~1'el~ ~-.j'el1tOJ l~m.jj''el-.j rlU l'i'l ~m fll"r'l"ll'el-.jfll'J::::l 'vIi1'el~ n ~ (;J l "r'l:i'1 :::: 
i.I I I !.I 

~ru'vlJJni1~ rl':ll~ ~\J 14 ll-J n ::::"r'l1'i'l rl~ ~-.j'el~1n~~ (il~ n ~ I'l lU\JliJl~~ l~'Vll\J'el~ 1 \Jfll'J::::i1~-.j ~ 
~ , 

'i'lfll"r'lml~~i'J~-.j~-.jln(iliJBmml~u'eltJ 1\J"llru::::~~ru'vlJJi:j 300 ll~:::: 350 'el-.jP11l"ll~l~tJ'i'l1~e.J~ 
"I I I 

l~'i'l-.j~-.j~'eltJ~:::: 80 ll~:::: 95 t~tJ,.j,l'v1t!n ~-.j~'ellU\Jfll'J::::~l'vl~1::::'i'l~1\Jn1~'Vl(il~'el-.j ll~::::lYl'el'vll~l 
'IJ 

" ", 
t[l'ln~'J\J t(iltJl~~"ll'el-.j,.j,ll1'\JYl'Jl r;l'ell~'Vll\J'el~ lU\J 1 :42 lOll nt!\J'vIl ~lrl-.j~t[(;ln l~'J l(iltJ ~ (il(;J1l-J n1:i' 

liJ~tJ\JlliJ~-.j'el-.j rliJ:i'::::n'elu~hJ1-nl~~ ~ l'el'i'll 'Vl'elf1 \Jllr;l~::::-n'J-.j l'J ~1 "r'lUrJllU\JiJBmmt[\J~U'vI~-.j 

l(iltJ ~1 rl-.j~t[ (;In l~':ll~~~\J(;ll~'el ru 'vIfln ll~::::fll'J::::~ l 'vI~1::::'i'll-J ~l'v1fu e.J ~ (;ll~~~ l'el'i'llYl'elf ~'el 
, '\J 

" 
'elru'vlfln 350 'el-.jP11l"ll~l~tJ'i'l t[(;l~l~'J\Jl(iltJl~~"ll'el-.j,.j,ll1'\JYl'Jlr;lml-J'Vll\J'el~ 1:42 l'J~lh!nl~Yil 

• '\J 

~ ~ , 

Kus diana ll~::::rl ru:::: (2004) ~m~le.J~"ll'el-.jm~l ru,.j,lll~::::n:i'~ 1 "ll11'\J~M::::1 \J,.j,ll1''WYI'Jl~~ 

r;l'elm~l rull-J~~ l'el'i'll'Vl'elfL 'We.J~ (;l.rl ruoy]~l~tOJl niJBmm'Vln'W~l'el'i'll'Vl'el1-YJ lrli\J1 'Wl~'Vll\J!l~fll'J:::: 

L'vIi1'el~n~1'l lllitJUl~tJUrlun1:i'Hf~'Jli-.jiJBmmiJ:i'::::lfl'Vlm(il ~'el H2S04 lL~:::: LU'i'l~'el NaOH "r'lU 

rJlm~l ru~ lll~:::: n~(il 1 "ll11'\J~'i'l-.j ~\JhJ ~ e.J~ r;l'el ¥'eltJ~ ::::l~~~ l'el'i'll 'Vl!l f~l~tOJl n n ~::::U'J\Jn1:i' fl l 'J:::: 
'\J 

mi1'el~ n~I'l"ll'el-.j l~'Vll'W!l~ ll[;]Yil1 ~m~lrul~~~ l'el'i'l L'Vl'elf~l~tOJl n m::::u'J'Wn1:i'~H ~'J li-.juBmm 

~-.j'i'l'el-.j'JlU(il~ (il~-.j l~tJm~lru~ltOJ::::~e.J~~Ur;l'el~'J li-.jiJBmtJ1iJ:i'::::lfl'Vlm~~l n nrJllti'el-.jtOJl n"l::::Yil 

1~ In ~iJBmmle'!l~:i'l~;n'i'l"ll'el-.j~ll1''WYI'Jl~ln~\J ~'J'Wm~l run:i'~ 1"ll11''W~ e.J~ [;]'el ~'J li-.juBmm 

iJ:i':::: lfl 'Vl LU 'i'l ~ 1 n n rJ llti'el-.jtOJ 1 n n:i'~ 1"ll11' 'WtOJ:::: In (il iJBmtJ 1 'i'l::::"r'l 'elU YJ lrli'W rl U lU 'i'l ~-.j Yi11 ~ ~':lli-.j 
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~ , 
iJDmm hJ~I~ln11-n'llkll~ kl'el n91 n-W'Y'ltJ~1 m'::;tJ'Jklnl~Jll'J::;L",i1'el';j n~ ~"lJ'el'l L~'VI1kl'el~~5:I n1~ 

, 1.1 '" l.t l.t 

L~~Ul~'lliJ1kl~I~~'l~kl¥mJ~::; 5-1 0 .yh1tXCJ~~Jlru'f'1LL~nii,!L~'J;i,! 

Warabi LL~::;~ru::; (2004) ~nMl~'Jl~~'el'l1'J"lJ'el'liJDmmL'el~L'VI'el1%~ii,! (Esterification 

reaction) ntJ m'~ 1 "lJd1i,! LL~::;iJDmm'VIni,!~L'el~ L'VI'el1~ L~ii,!ntJ~Id1i,!91m~~ ~ L~'Y'I1 i,!JllfJ::;L ",i1'el 

';jn~~"lJ'el'lLL'el~n'elf]'el;~'el L~'VI1i,!'el~ L'el'VIIi,!'el~ 1- t'Y'l~'Y'IIi,!'el~ 1- U'J'Vl1i,!'el~ LL~::; 1-'el'elnlil1i,!'el~ 

~~ruWJ~ 300 'el'lP\1L'll~L~~~ t~~HL~1'el'liJDnmr1~L~~'JntJ'lIi,!';j{~"lJ'el'l Kusdiana LLf1::;~ru::; 
(2001) 'Y'ItJ~liJDmm L'el~ LYl'el1~ L~ikl"lJ'el'lm'~ 1"l1d1i,!~'el'l1'J n~li.JDmmYlnwfL'el~ L'VI'el1~ L~ii,! 

'" ~ , 
"lJ'el'lUld1i,!~"Jl LL~::;hJ;klntJ"Jlil~"lJ'el'l m'~ 1"lJd1i,! Li1'el'l91 n m'~ 1 "lJd1i,!~I~lnl ~::;~1~1 i,!LL'el~ n'elf]'el; 

1~~ n~I~Id1i,!~"Jl ~'l';h 1 tX Ln ~iJDmml~~I~n~1 ~1"'ftJiJDmm'VIni,!~L'el~ L Yl'el1~ L~ii,! ~'Jl~ 
'" , 

~'el'l1'J9 ::;;i,!ntJ"Jlil~"lJ'el'l LL'el~ n'el f]'el; ~'l L~Yllkl'el ~9::;5:I ~'J 1~~'el'l1'J ~'l ~ ~ LL~::; 1-'el'el n ~1i,!'el~ 5:1 " , 
, '" ~ 

~'Jl~~'el'll'J"J'el~~ ~ ~ r1'l-Wm9 Ltli,! L'Y'I n::;~ ~';j n ~ ~"lJ'el'l LL'el~ n'el f]'el~1~ L~ ~ ~ 1", ~ 5:1 ~ 1~'l n~1 

LL'el~n'elf]'el~1~L~n~L~n ~'l'elru"'Jl~ 300 'el'lP\IL"Jl~L~~~ 1- 'el'elnmi,!'el~tJ'l'elrJ1klJll'J::;~ln~1 
q iii 'lJ ClJ 

~ ~ ~ 

1i,!L~Ylli,!'el~Jll'J::;L",i1'el';jn~~ HUld1i,!~"Jl 4 "Jlil~ ~'el Uld1i,!L~~~~I~ (cotton seed) UllJ'i,!L~~~ 
,'" ~ 

1 i,! bl 'J Lf] L8Jl ~ (hazelnut kernel) Ul d1i,! L~ ~ ~ ~'el n A 1 ~'el ~ (safflower seed) LL~ ::;UllJ'i,! ~ 'el n 

Ylli,!~::;1'i,! (sunflower seed) 1i,!m'::;tJ'Ji,!n1nLtJtJLLtJ~'ll ~'Jm~1'el'liJDnmhi,!l~ 1 00 ~~~~(;1~ 

LL~::;1 tX ~'Jl~¥'eli,!~'J~l yjYh CJ ~ n1 ~'V1 ~~'el'l'Y'ltJ~1 r[ (;1n~'Ji,!t~~t~ ~"lJ'el'l~Id1i,!~"Jl 11l'el L~Ylli,!'el~~ 

m~I::;~~ ~'el 1:41 'elru"'Jl~ 250 'el'lp\IL8Jlm~~~ L'J~1 300 ';ji,!I~ l~¥'el~~::;L~Yi~L'el~L'VI'elf 95 , " 
Saka LL~::;~ru::; (2001) ~nMln1n(;11-~~ltJt'el~L8Jl~1i,!L~Ylli,!'el~Jll'J::;mi1'el';jn~(;1 t~~ 

m'::;tJ'Ji,!n1nLtJwLtJ(;1'llHL~1'el'liJDn~ru"lJi,!I~ 5 ~~~~(;1~YiI91nt~",::;iJ~::;LJl'VI Inconel-625 

Yil'lli,!l~~'l~~ 200 L~n::;'Y'II~fl~ LL~::; 550 'el'lP\IL8Jl~L~~~ t~~HL~~~L~'Y'I (rapeseed) ntJL~YlI " , 

i,!'el~ r[(;1n~'di,!t~~t~~ 1:42 91nCJ~nl~Yl~~'el'l'Y'ltJ~1 r[(;1n~'dklt~~t~~"lJ'el'l~Id1kl~"JlI1l'elL~YlI 

i,!'el~ 1:42 'elru"'Jl~ 350 'el'lP\IL8Jl~L~~~ ~'dl~t'li,! 19 L~n::;'Y'II~fl~ L'd~1 240 ';ji,!I~ l~¥'el~~::;L~ 
, 'U 

Yi~L'el~LYl'elfii'l 95 t~~~I",,rn 
Cao LL~::;~ ru::; (2005) ~ nMI n1n(;11-~~ltJt'el ~ L8Jl ~ 1 i,!L~Yllkl'el~Jll'd::; L",i1'el';j n ~ (;191 n 

"', , '" 11 

U 1 d1 i,! n'd L", ~ 'el'l1 i,! L~1'el'l iJD n nULL tJtJ LL tJ (;1'll "lJi,! 1 ~ 250 ~ ~ ~ ~ (;1 ~ L~ ~ 1-n ~ 1 ~~'l ~kl L tli,! U 1 d1 i,! 

5'dL"'~'el'lm~I(;1~ 50-70 ~~~~(;1~ L~Ylli,!'el~m~I(;1~ 60-80 ~~~~(;1~ LL~::;t'Y'l~L'Y'Ii,! (Propane) 

Ltli,!~'dYil~ ::;~lm~';l~ L ti'el'l91 n~Id1i,!~"Jl~lm~bl~::;~I~l~~~Jll'd::;L",i1'el';j n ~ (;1"lJ'el'l t 'Y'In 'Y'Ii,! 'Y'ItJ~1 

n1 n~~ ~'dYil ~ ::;~1~ 1'd~Yi 11 tX~ ~tJ~';j n ~ (;1"lJ'el'l ~ I~CJ~~ 1 i,!~::;tJtJ5:I ~1 ~ ~ ~'l 'll'J~ Yi 11 tXiJDmm Ln ~ 
'" 1~~1~;i,! r[(;1n~'di,!L~~L~~"lJ'el'lL'Y'In'Y'lkll1l'elL~'VI1kl'el~ ~'el'l5:l~1~'ln~1 0.05 9::;Yil1tXiJDmmLn~ 
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'el'l~IL'l!~L~tJ~ ~'1~ln~Im'~LJ':l'Wn1~~\,ji1n1n~~j;](n11~~~ltJi':l~~'1 70 'el'l~IL'l!~L~m~ ~'1~'1 
i:-J~ 1 ~nl~1.if~~'1'11'W1 'Wnl~i:-J~ I1I\LJL'el~L'l!~ 1 'WL~'VlI'W'el~ LVli1'el';j n~ 111~ (?)~'1 

Han LL~ ~A ru~ (2005) ~ n~1 nl nI1l1tJ~\LJL'el ~ L'l!~ 1 'W L~'VlI'W'el~fll':l~LVli1'el';j n ~ 111"11 n 

"'. I '" '" 

tJ 1l! 'W~ ':l LVI ~ 'el'l1 'W LA 1'el'lLJ B n ~ruLLLJ LJ LLLJ 11I"ll 'lJ'W 1 (?) 250 ~ ~ ~ ~ 111 ~ L(?) tJ 1.if ~ 1 ~j;]'1 ~ 'W LtJ tJtJ 16J 'W 

~':lLVI~'el'lm~ll11~ 50-70 ~~~~111~ L~'VlI'W'el~ml.Jll11~ 60-80 ~~~~111~ LL~~AlfLJ'el'W\(?)'el!ln\'1I~ 
(C02) L1J'Wj;] ':lvi! ~ ~~ ItJ i':l~ Lti'el'l"11 n~ 1l!'W Vi'1l ~ 1 ~ 1 ~Cl ~ ~~ ItJH)~~fll':l ~ LVli1'el';j n ~ 11I'lJ'el'l 

AI fLJ'el'W\(?)'el'eln \'11 ~~LJ~1 n1n~~ j;]':lvi1~ ~~1 tJ i':l~Yi 11 ~~~LJ"i';j n ~ 11I'lJ'el'l ~ 1 ~i:-J~~1 'W~~1JLJi1 I'll 

~ (?)~'1 'li':ltJYil1 ~LJBmtJ1 Ln (?) \~~ltJ;tJ re) 11I~1~':l'WL(?)tJL~~'lJ'el'l mfLJ!l'W\(?)'el'el n I'll ~ [;J'el L~'Vl I 'W'el~ i1 

r11~'1 n~1 0.1 Yi11 ~LJBmtJ1Ln (?);'W~~\J~ru1~ re)l1In~':l'WL(?)tJL~~'lJ'el'l~Il!'WVi'1l[;J'el L~'VlltJ'el~~'1 
n~1 1 :24 LL~~'elruVlfl~~'1n~1 280 'el'l~IL'1I~L~tJ~ ~'1~ln~ln~~LJ':l'Wnl~~\,ji1n1n~~j;]':lYiI , "" 

... "" 
LVI'Wmn~I1I~(?)~'1 

Yin LL~~Aru~ (2007) ~n~lnl~i:-J~ I1I\LJL'el~ L'l!~ 1 'WL~'VlI'W'el~fll':l~LVli1'el';j n~ 11I"11n~I l!'W 

5':lLVI~'el'l1'WLAi'el'lLJBm'ruLLLJLJLLLJI1I"ll 'lJ'WI(?) 250 ~~~~111~ L(?)tJi1LfjnL'l!'WLL~~mfLJ'el'W1(?)t1'eln1'11~ 

LtJ'Wj;]':lYiI~~~ltJi':l~ ~LJ~I~re)l1In~':l'WL(?)tJL~~'lJ'1)'1~Il!'WVi'1l[;J'elLl.J'VlI'W'el~ 1:42 t1ruVlJl~ 300 
, \J 

'el'l~IL'l!~L~tJ~ L':l~1 30 'W1~ nn11~HLfjnL'l!'WLtJ'Wj;]':lYiI~~~ltJi':ll.J 1'Wre)l1In~':l'WLl.J'VlltJtI~~t1 

Le:!nL'l!'W 2.5 YiI1~¥'eltJ~~L~Yi~L'el~L'Vl'1)fL~~"11n 67 .7 LtJ'W 85.5 ~':l'Wn1~HfAlfLJ'el'W\(?)t1'eln\'l!~ 

dJ'Wj;]':lYiI~ ~~ltJi':l~ 1 'Wrell1ln~':l'WL~'VlI'W'el~ ~'elmfLJ'el'W\(?)t1'el n\'1I ~ 0. 2 Yi11 ~¥'eltJ~~L~Yim'el~ 

L'Vl'elfL~~"11n 67.7 LtJ'W 90.6 ~'1n1n~Wfjm'l!'WLL~~AlfLJ'el'W\(?)'1)'1)n\'l!~'li':lm~l.Jm l ~~Il-JI~Cl1'W 
'" 

n1 ~~ ~~1 m~VI~ 1'1 L~'VlI'W'el~ LL~ ~tJll!'W 1~ 

Bunyakiat LL~~A ru~ (2005) ~ n~lfll':l~~ LVI~I~~~~ I V1¥LJ i:-J~ 111 \LJ L'el ~ L'l! ~"11n~I6J'W 
~~~h':l LL~ ~~Il!'WLl.J~ (?) 1 'WLJI;~1 'WL~'VlI'W'1)~fll':l~LVli1'el';jn ~ 111 L(?)tJ m~LJ':l'Wn l mLJLJ ~ 'el Lti'el'l 

'Vl(?)~'el'l~'elruVlfl~ 270 300 LL~~ 350 'el'l~IL'l!~L~tJ~ ml~~'W 19 L~n~~IMl~ re)l1In~':l'WL(?)tJ 
, 'lJ 

L~~'lJ'el'l~Il!'WVi'1l~m~'VlI'W'el~'el~1'W'li':l'l 1:6 ~'1 1:42 LL~~~n~I"1~'W~~~I~l1If'lJ'el'lUBm-tJl 
'Vl n'W~LtI ~ L 'Vl'el1YJ LA-n'W'lJ'el'l~Il!'WVi'1li'l ~t1'1 L ~'elVlI I'll A'I~re) ml L~':l ~LJ~ Ifll':l ~~ LVI~ 1 ~~ l-J ~1V1¥LJ 

" " i:-J~ 111 Ll.JYi~ L'el~ L'Vl'elf "11ntJll!'W~~~h':l LL~~tJll!L~~ (?) 1 'WLJI;~ ~'el'el ruVlfl~ 350 'elruVlfl~ re)11I~1 
q '\J q \J 

, " 
LJI;l.J1~ 85 ~ L':l~I~ LLJ'l! 400 ';j'WIY] ~1V1¥LJLJBm-tJ1'Vln'W~L'el~ L'Vl'el1vhA-n'W'lJ'el'ltJll!'Wl-J ~~¥I':l 

lJ I '" 1.1 

LL~~tJ 1l!'WLl.J~ (?) 1 'WLJI;~ LtJ'WLJBmtJ1re)'W~LJVlil'l L(?)tJrell1ln L~':l'lJ'el'lLJBm-tJ1'lJ'el'ltJ 1l!'WYi'll i'l~'el'l 
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I !.I I s.... 

L~l-J;'Wl1l1l-J'el ru Vlll~ LL~ :-:Fl':l1l-J L-nWn'W"lJ'el-lLI1l m~ L"lI'el hr;f L~tJ Ll-JYi ~ L'el ~ LVI 'el fYlLJllJ~ l-J~Vl1-l L~'el 
, 'lJ 

Sawangkeaw LL~:-:Fl ru:-: (2007) ~ n'l11iJ5 mtJ1V1 n'W~L'el ~ LVI'el1vhFli'W"n n~1,r'W1 'W 

Ll-JVl1'W'el~1l1':l:-:LVli1'el~n~11l1'WLFl~'el-liJ5m'ruLL'lJ1JLL'lJI1l'lf"lJ'W1~ 250 ~~~~l1lnL~:-: 5.5 ~~~~I1l~ 
, 0-

L~tJ1 on LI1lI1l ~:-:Le1L~ ~~ LL~'WLL~:-: Le1n L"lI'WLU'WI1lTVi 1~:-:~ 1tJ i':ll-J Yl~ I1ln~ ':l'W L~tJ LjJ~"lJ'el-l\l1,r~Yl"llI1l'el 
'lJ 

" ~l1ln~':l'WL~tJLl-J~"lJ'el-l\l1,r'WYl"1lI1l'elLl-JVl1'W'el~ 42 'elruVlll~ 350 'el-lP!1L"lI~L~tJ~ L'J~1 30 'W1Yl ~':l'W 
, 'lJ 

0-
..,.dI I A .c:aI Q 0/ 0 I CV 

l-J'WYi"1lI1l'elLjJVl1'W'el~ 42 'elruVllll-J 350 'el-lP!1L"lI~L"lItJ~ L':l~110 'W1V1 LL~:-:I1l':lVl1~:-:~1m'Jl-JVI-l 2 
, 'lJ 

0-

"1Iil~ hJlJ ~~ 11l'el¥'eltJ~:-: Ll-JYi~ L'el~ L VI'elfLLI7i~1jJ1 ~Cl~ ~ Fl':l1l-JVli1~"lJ'el-l\l1,r'WYl"1lLJl 



cal 
tJ'Vl'Vl 3 

~ , 
'l'l'W';)~ ~J'lhiJ 'Wn 'I J'YI ~ '/il'M 1 'W~'el'ltJ5 u~ n1 J' ~ ~'el ~ m~'I t:J '/il"ll 'el'l L'l'"l Vi 'I '/il ~'/il'ltJ i'"ll-J ~'el n1 J' 

t:J~ 11l1lJL'el~ ~"1!'/il1 'WLl-JYI'I'W'el'/illl'l'"l~L~\j'el';) n ~11l LL'/il ~L'l'"l LLtJJ'~~ t:J'/il [;]'el~'eltJ'/il~Ll-J~'/il L'fl~ L YI'elf 'Y'l~m.J~'l 
" , , 

YI ~~'ellJ~l-JlJ~YI'I'l L~'el L Y1~'l"ll'el'l Ll-JYi'/il L'fl~ L YI'elfV1 ~'l L~J''I ~~1~ ~'I n L~1'el'ltJ5 n nWLLlJlJ L~lJ 11l0[ 

...I... _I" 
3.1 bFl~'fl ·U.J'fl bb~~'fllJ n~run1~'VlIPl~'fl~ . 

d _I"" ., 
1. bFl~'fl~lJiln~ru (Reactor) 

L~1'el'ltJ5nHW t:J~I1lL~tJ Parr Instrument Company model 4843 LL~~'lC;)'lriJ~ 3. 1 

ml-J'II1lJ' 250 ~'/il~~I1lJ' vi'l~'ImVl~nn~'ILwt(tJ'"lU'4'lUl-J SUS 316 tJJ'~n'ellJ1tJ~'"ltJ LYI'elfLw;)tJ~tl'/il 

Y1~'fll-J'l!~~'"llJ~l-J'elru~ll~ (Temperatu re Controller) 'eltJnnw1'~~'"l'll-JC;)'W~'ltJJ'~n'ellJ~'"ltJ l-J'II1lJ' 
~ q iii 'LI II 

_1...1 ..: .I~ or 
!lJ'Vl 3.1 L~J''el'lu{]mru Parr Reactor Model 4843 
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..I 
2 . LFI~'el"'~:::L'VItlLL'U'U'VI3J'l.I (Rotary Evaporator) • , , 

... .... • I"" LFlJ''fl'lJ':::mmL1J1J'\.UJ'l.I Buchi Rotavapor R-200 LL~I?!'lI?!'lJ'uYl 3.2 , ~ 

3 . LFI~'el"'LLn~LFI~3J1L'Vln~1yJ (Gas Chromatograph, GC) 

L~i'fl'l LLn~t~J'~.J1 t Ylnn~ LL~ I?! 'I 1?1'lJ'U~ 3.3 L~i'fl'l LLn~t~J'~.J1 t Yl nn~~H'rr I?! ¥'fltJ11:::L~Vi11 
~ 

SPL uJ':::n'fl1Jfl1J L~i'fl'l~I?!r;lr;J'flt1'1'l'el(;]t'l.l~~ (Auto injector) r'l.l AOC-17 tl?!tJ1-D' Capillary 

co lumn i'l.l DB - Wax r.l1n1J1';Yl Phenomenex ~'Inl?! 'lJ'l.I'II?!L~'l.I~'I'l.IPI'l.Icl'n11'1'l 0.25 n11~h~(;]J' , ~ 

tJ 'I r;J 30 L~ (;] J' ~ 'l1-if Polyethylene glycol (PEG) ~ 'l.I'I 0.25 1~ t ~ n~ (;] J' L tJ 'l.I rr {)Jl'l ~ ti'l 

(Stationary phase) ~'I~'IJ'rl1-iflr111'l.1·lh'l'flru~lln 20 - 250 'fl'lPl'lL"1I11L~tJ~ tl?!tJH' FlO (Flame , ~ 

Ionization Detector) LtJ'l.I~LYl~L(;]'flftl?!tJll'lr;J:::1'l.1n'lJ'';jL~J''I:::\hL~I?!'lI?1'l(;] 'In'l ~ 3. 1 LL11::: 3.2 

~T'vl ¥1J m J'~'I ¥'fltJ't1::: L~Vi m'fl~ L Yl'flf LL11 :::m~'I rur;lr;Jr1'1't1 :::'t1'1tJir;J~ 1 'l.IL~Yl'l'l.l'fl't1 (;]'l~ ~'I 1?11J 

tl?! tJ II 'I r;J::: ~ r1 'I n 'I J'';j L~ n:::"f 1?1 'I (;] 'I n 'I ~ 3.2 1-if';j L~ n:::"f L'u Vi'!::: L~ Vi 't1 L'fl ~ L Yl 'fl h 'fl 'I 

ml?!l'lJ~'l.I~~~'I'l.Ir;J'l.Imf1J'fl'l.l C8:0-C18:2 LL't1::: hj~'I~'IJ'rl';j L~n:::"fL'fl~ LYl'flf'll'fl'l nJ'l?!l'lJ~'l.I~~ 
, 

mf1J'fl'l.l~'ln~'I c181r11 Lti'fl'li6l'ln.jf'fl~'Inl?!'lJ'fl'l.jf'flri'l~'l.I1?! 
~ 



Condition 

Carrier Gas (He) Flow rate 

Make Up Gas (He) Pressure 

Hydrogen and Air Pressure (for FlO) 

Detector Temperature 

Split Ratio 

Injection Temperature 

Inject Volume 

Column Initial Temperature 

Temperature Program Rate 

Column Final Temperature 

1.0 mLlmin 

80 kPa 

60 and 10 kPa 

300 °C 

5:10 

250 °C 

0.2 )1 L 

130 °C 

50 

Value 

15 °C/min hold 3 min, 6 °C/min hold 20 min 

190 °C 



Condition 

Carrier Gas (He) Flow rate 

Make Up Gas (He) Pressure 

Hydrogen and A ir Pressure (for FlO) 

Detector Temperature 

Spi lt Ratio 

Injection Temperature 

Inject Vo lume 

Column Initia l Temperature 

Temperature Program Rate 

Column Fi nal Temperature 

0.8 mLlmin 

80 kPa 

60 and 10 kPa 

200 DC 

5: 450 

Value 

Hold 1 min, 2 DC/min hold 1 min 

40 DC 

4. L!01~'el~LLn'£'lL!01'aa.J1L'V1n'j1'rH1~'el~n1'ant'\J (Simulated Distillation Gas 

Chromatograph , DGC) 

51 

~~1'fl~ ~~ n ~ L~ J'~ 1 LYl n J'lyj~ 1 fl 'fl~ W)J'n itJ itJ 6890N lh::; n'flU nu ~~1'fl'l~V1 (;]'J'fl ~ 1~ , 

~I?l LtJ~.nH tJ 7683 Series ~b~V1'1~~J'U~ 3.4 LV1tJ1-n- Capi llary column '"llnu1';Yl Analytica l , ~ 

, 
o CV' 1 ~ Q .di: Q 

Control '"l1 n V1 ~tJ Simdis 2887 "lJ tJ 1 V1 0.53 ~ fl fl ~~ I?l J' tJ 1'J 5 b~ I?l J' 8H ~ 100% Dimethyl-

polysi loxane V1tJl 2.651~L~J'b~ I?lJ' ~UtJ.-ril[llfD1ti'l ~'1~1~1J'b11-n-1J11wrl'J'I~ruV1JJ~ -60-350 

'fl~ fi1 1b "1l fl ~~ tJ ~ LV1 tJ 1-n- FlO (F lame Ionization Detector) dJ tJ ~~YlfD1~I?l'flf ~1V1fU[l1'J::;1tJnlJ' 

';j~~J'1::;,rVilI?l1~ ~ 11?lJ'~ltJ ASTM 0 2887 
o.e 
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~ IV I .., 

5. LFl~'el~'J(;\Fl1Fl'J12-J~'el'\.J (Heating value) 

~1m1l-J~'El'W ';jLFlJ'1~-XJl')mfi';l'El~ Bomb Calorimeter model 1341 LU'WLFl1'El'l~'il~1~fu 

';j LFlJ'1 ~-X"'1ml-J1 ruFl,) 1l-J ~mJ'lI'El'l'll1J';S'W'Vl1-rJ~ Ln V1'"l1 n n 1 m.nl "'~'lll-JU nu ~'l Lu'Wn 1 J'1' ~ml-J1 ru 
" 

..,j , 

nl'VI 3.5 LFl1'El~ Bomb Calorimeter model 1341 
'" 

.... IV .oCIlI 

6 . LFl~'el~'J(;\Fl'J12-J'VI'\.J(;\ (Viscometer) 

LFl1'El'l1' V1 Fl ')1l-J",\lV1 L-if ~~ n n 1 J'1' V1 Fl,) 1l-J~\li?\ Ji'') tJ Capillary Viscometer L U'WLFl 1'El~ 1'i?\ 

Fl'd1l-J",\lV1~1' V1 bV1 tiL ~ (;],)'Elt.h~l",'i'l ~1'W Capillary LL'i'l ::;r.ru L')'i'l1 nlJ'l W~'"l1 n~ i?\ Ji'1'WU'W'lI'il'lW~'El V1 

capi llary L1.!j'W'Elm~LU1~'i'l~'"l'W~'l~V1~1~'lI'El~m~LU1::; J'::;~~1'l'"lV1~ 1 LL'i'l~'"lV1~ 2 LL'llV1~~'lJ'U~ . . " 

3.6 
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, 
7 . bFl~'el~1InFl'J12-Jth~~1b~1~ API (API Gravity) 

bAi'fl~~!?1A':J1~ci':J~~1bY-l1::: API n1J'~!?1~1A':J1~ci':J~ b'fl ~ 1'fl (AP I Gravity) L!?1tJ~fi 

1e'!L!?1J'~b[;l'flf (Hydrometer Method) AJ''fllJA~~n~n1J'~1~1A':J1~~'W1bboJ'W (Density) A':l1~ci':J~ 
" " ~1bYn::: (Specific Gravity) bb~:::ml~ci':J~ b'fl ~ 1'fl "1I'fl~tJl~'W~U e..J~[;lJlruryftJl~'WtlL[;lJ'b~t1~bb~::: 

J'':J ~ n~~ ':J 'We..J ~ ~ "1I'fl~tlL[;l J'b~t1 ~ nU"1I'fl~ b~ ~ ':J~hJ1-rltlL~ J'b~ tI ~ L!?1 t1Hf bAi'fl~il tl~ b1-t1 n ~ 1 

1e'!L!?1J'~ b~tlf (Hydrometer) bb~:::~1~1Jl"11nJ':::uU~~~J':::uu1!?11il1 n 1 'W~1~J':::Uu~~1~1nl b1.J~t1'W 
bb1.J~~ n ~U 11.Ju~~ n ~tl~ J':::uu~ m~tl1Jl 

bAitl~~bAJ'1:::tf~!?1':J1U1vJ bbUU Pensky Martens opened Cup Tester~fiYl!?1~tlU'lJ'fl~ 

b~~':J~~~!?1':J1U1yJ (Flash point) ~!?1L!?1mAitl~iltl Pensky Martens opened Cup tester 

3 .2 '&Il1'ivn"l!i .. unl"i'VIIn~'el~ 

1. J1~'W1.J1;~~U (Crude palm oi l) 

3. Jl~'W1.J1;~L'flb~;S'WbnJ'!?1u1tnA (Olein palm oil) 

4. b~Yll'W'fl~ (Methanol , analytical and commercia l grade) 

5. b~~J':::1e'!L!?1J'~bbJ''W (Tetrahydrofuran , analytical and commercial grade) 

6. be'!nbBJI'W (Hexane, commercial grade) 

7. A1fUtl'W1!?1tltln1"J!r;) (C02 ) 

8. ~1J'm[;lJ'~1'Wb~~~btl~bYltlfe..J~~ (Standard methyl esters) 
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~ , 
1 tJ~1tJ~~tJC~m~n e.J~"lJ'el~ r;l'Jvl1~:;~1 tJ1'J~1 tJLfi~'el~iJij nmrLLUU LLU (;l-n ~'el e.J~ l~¥'eltw:; 

L~Vi~ L'el~ L Yl'elft tJL~Yl1tJ'el~Jl1'J:; LVI\l'el~ n ~ (;l ~'JtJiJijmmYlntJ;L'el~ LYl'el1~ LI"1-ntJ'lJ'el~~1~tJiJ1;~ 
~U LL~:;~ 1l1tJiJ1; ~ b 'el L~~tJ 

1 tJ~ 'JtJLL~n"lJ'el~~1tJ~~ tJvh n1 ~'el'el nLLUU n1 ~Yl t?l~'el~ LtltJLLUtJLL ~ nYl'el L1-tJ ~ 2 ~:;i?lu L~'el 

m'el~u"'l~tJ~ilmJ1 'IX LVI~'elii'eltJ~~ bt?ltJU"'l~tJ~,.j1~1 ~ mn 1 tJn1~Yl t?l~'el~ Li~' 'el~ ~tJ'lJ'el~n1~e.J~ (;l 
'" 

~ 

lub'el~ L'l!~ 1 tJL~Yl1tJ'el~Jl1'J:;LVI\l'el~ n ~ (;l ~'el '1l(;l~1~'JtJ,.j1l1tJYl'll ~'el L~Yl1tJ'el~ '1l (;ln~'JtJL~Yl1tJ'el~ 

~'elr;l'Jvl1~:;~1tJ1'J~ 'elruVlJl~ LL~:::L'J~1 bt?ltJ(;l1n~~ 3.3 LL~t?l~U"'l~tJ"lJ'el~n1~e.J~(;llub'fl~L'l!~1tJ , '" 
, ~ 

dI~ 0 Q/.Qj 4 11 

L~Yl1tJ'el~Jl1'J:::LVltJ'el'Jn~(;l ~1V1~U(;l1n~Yl 3.4 LL~t?l~n1~Ylt?l~'el~LU'el~(;ltJ 16 n1~Ylt?l~'el~LL~:::'el'eln 

LL'lJ'lJn1:i'Ylt?l~'el~LL'lJ'lJ 24 LL~nYl'el~tJ~(;l1~~1i?lu 

(;l1';j"1~~ 3.3 r;l'J LLiJnL~:::~:::i?lU"lJ'el~ r;l'J LLiJ~~vl1n1~~n'jj'1'lJ'el~ n1~Yl t?l~'el~ Ln'el~~tJ~ 1 V1f'lJ 
n1~~n'jj'1 n1~e.J~ (;llUb'el ~ L'll~ 

'1l(;ln~'JtJbt?ltJb~~'lJ'el~~1l1tJYl'll ~'el L~Yl1tJ'el~, A 

'1l(;l~1~'JtJbt?ltJb~~"lJ'el~~1l1tJYl'll~'elr;l'Jvl1~:::~1tJ1'J~, B 

.. '" 'elruVlJl~ ('el~Pl1L'll~L'l!tJ~), C , " 

L'J~1 (tJ1Yl), D 

1 :24 

1 :6 

280 

10 

1 :42 

1 :24 

350 

30 
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nt1Yli11~ll-l nt1llllmLUU tl99tJ 

LL~nYlll L1-tJ~ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

(1) 

a 

b 

ab 

e 

ae 

be 

abc 

d 

ad 

bd 

abd 

cd 

aed 

bed 

abed 

1 :24 

1:42 

1 :24 

1:42 

1:24 

1:42 

1 :24 

1:42 

1 :24 

1:42 

1 :24 

1:42 

1:24 

1:42 

1 :24 

1:42 

" o ....... t 

tJll-JtJ~'Dlilll 

~'lYil~::;~ltJ1'll-J 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

16 

1 :6 

1 :24 

1 :24 

280 

280 

280 

280 

350 

350 

350 

350 

280 

280 

280 

280 

350 

350 

350 

350 

L'l~l (min.) 

10 

10 

10 

10 

10 

10 

10 

10 

30 

30 

30 

30 

30 

30 

30 

30 

3.4 PinH1 CJ~"lJ'el.:J~"HLthi. 'W n11CJ~ 1Pl1'lJ 'i>el~h'l!~ 1~LLri ~ 1Pl11~'J'W LlPltJ L~~"lJ'el.:JJ1 ~'lJYl'l! r;i'el 

L~'V11'W'el~ ~ 1Pl11~'J'W LIPl tJ L~~"lJ'el.:JJ1~'WYl'l! r;i'el ~'J'Vh~~~1tJ~'J ~ 'el ru 'VIll~ LL~ ~ L 'J~1 . .. 
~ , 

~m~1~~'1J'fl'l~j;]n~'d'lJtVltJh.J~'1J'fl'l\jl~'i.JYl"J!r;i'flbl-J'V11'i.J'fl~ 1 :24-1:42 "r11n1~YlVl~'fl'l~ 
~ 

~(;ln~'d 'i.J tVltJtl-J~'1J'fl'l'l.J.l~'i.JYl"J!r;i!l~'d"r11~::::~ltJi'dl-J 1:6 mlJ~ll~ 350 !l'lf'111b'l!~b~tJ~ b'd~l 30 
q 'lJ 

0-

- ~ml'l~~'1J'fl'l~(;ln~'d'i.JtVltJtl-J~'1J'fl'l'l.J.l~'i.JYl"J!r;i'fl~'dVil~::::~ltJi'dl-J 
0-

~m~ll:J~'1J'fl'l~(;ln~'d'WtVltJtl-J~'1J!l'l'l.J.l~'i.J.;;l"J!r;i!l~'dVil~::::~ltJi'dl-J 1 :6-1 :24 Vilnl~ 
, ~ 

'V1Vl~!l'l~~(;ln~'d'i.JtVltJtl-J~'1J'fl'l'l.J.l~'i.J.;;l"J!r;i'flbl-JYl1'i.J'fl~ 1:42 !lru~ll~ 350 'fl'lf'111b'l!~b~tJ~ b'd~l 30 
, 'lJ 
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~ n'lj'1 e.J '(1 '1.1 tl 'Hl ru VI Jl ~ 280-350 tl ~ PI 1 b'1! '(1 b ~ tJ ~ y'h n 1 ~ Yl (;'I '(1 tl ~ ~ ~ ~ n ~ 'J iJ t (;'I tJ 
, 'U 

~ ~ 

td-J'(1'1.1tl~imriJY1'Jlr;ltlbd-JYl1iJtl'(1 1:42 ~~n~'JiJt(;'ltJtd-J'(1~1l1iJY1'Jlr;ltll1l'JYi1'(1:;'(11tJhd-J 1:6 b'J'(11 30 

- ~n'jj'1e.J'(1'1.1tl~b'J'(11 

~n'jj'1e.J'(1'11tl~b'J'(1110 ii~ 30 iJ1-vl Yi1n1~Yl(;'l'(1tl~~~~n~'JiJL(;'ItJLd-J'(1'1.1tl~~1d1iJY1'Jlr;ltl 

bd-JYl1iJtl'(1 1:42 ~~n~'JiJL(;'ItJLd-J'(1'1.1tl~~1l1iJY1'Jlr;ltll1l'JYi1'(1:;'(11tJi'Jd-J 1:6 tlruVlJl~ 350 tl~Pl1 
, 'U 

3,5 pjm~1~'fl'lJ'el-3f'l'J1:I-J1?1'W 

~n'jj'1e.J'(1'1.1tl~~'J1d-J~iJ 19, 20 bb'(1:; 25 bd-Jn:;Yl1~A'(1 Yi1n1~Yl(;'l'(1tl~~~~n~'JiJt(?1tJ 
~ ~ 

Ld-J'(1'1.1tl~~1l1iJY1'Jlr;ltlbd-JYl1iJtl'(1 1 :42 ~~n~'JiJL(;'ItJLd-J'(1'1.1tl~~1l1iJY1'1!r;ltll1l'JYi1'(1:;'(11t1i'Jd-J 1 :6 

b'J'(11 20 iJ1-vl bb'(1:;tlruVlJl~ 350 tl~Pl1b'1!'(1b~tJ~ 
, 'U 

3.6 nl'av11 L -U'W n1j'VI!1l'fl'el-3 

~n'jj'l,j~mtJ1YlniJ;btl~ bYltl1-Yh~iiJ1iJb~itl~,j~ nnWbbiJlJ bblJ ~i '1.IiJ1(;'1 250 ij'(1~~ ~~ 

m1d-J ~iJ 19 bd-J n :;Yl1~ A'(1 ~~n~'JiJ L(;'ItJ Ld-J'(1'1.1tl~~ll1iJY1'Jl r;ltl bd-JYl1 iJtl '(1 1 :24 -1 :42 ~ ~~l ~'JiJt(;'ltJ 
Ld-J'(1'1.1tl~~1l1iJY1'Jlr;ltll1l'JYi1'(1:;'(11tJi'Jd-J 1 :6-1 :24 tlruVlJl~ 280-350 tl~Pl1b'1!'(1b~tJ~ b'J'(111iJn1~Yi1 

, 'U 

~ 

,j~mtJ1 10-30 iJ1-vl L(;'ItJ~liJ'Jrumd-J1ru~1~11l~~iJ'"lln~d-Jn1~'1.Itl~ Redlich-Kwong (m~e.J'W'Jn 

~ ) 

~ , 
1 , e.J~d-J~ll1iJY1'Jl bd-JYl1iJtl'(1 bb'(1:;I1l'JYi1'(1:;'(11tJi'Jd-J1iJb~1tl~,j~nmr 

2 , 1 'IX m1d-J~tliJ'"liJ1~~ruVlJJ~ ~1d-J ~tl~n1~ bb'(1:;,j~tltJ1 'lXbn (;'I,j~mtJ1'"liJii~ b'J'(11~n 1 V1iJ(;'I 

3. ~1 b~itl~,j~ n~ru1~'fh~~1 bijiJb~tlVl~ (;'I,j~mtJ1 
, 

o~_~ _ ....... 0 I i.I.dI 

4. iJ 1 e.J '(1 ~Jl ru"Yl d-J 1~:; b VI tJ bd-J Yl1 iJtl '(1 n lJ ~ 'JYl1 '(1 :;'(11 m'J d-J tl tl n (?1'J tJ b~ ~tl~~:; b VI tJ bb lJlJVI d-J iJ , 
~ " ~ 

5 . I1l~Yi~ 1m 'IX e.J~ ~Jl ru"YlbbtJ niiJ'"l:; 1~ ~'JiJlJiJ~tl bd-JYi mtl~ b Yltlf bb'(1 :;~'JiJ~ l ~ ~tl 
.... 

n'(1b'1!tl~tl'(1 

6. ~1 bd-JYi'(1 btl~ bYltlfVl1tl1lJttl~ b'1!'(11m b~n:;'lXVl1~tltJ'(1:;bd-JYi'(1 btl~ bYltlf~'JtJ b~itl~ bbn~ 
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3.6 .2 n1~~hFl~1~~1ftl'I.J~r;h~., "lI'el~n 1 ~eJ~[;l1'I.JL'el~L'lI~ 

1. ~bFln:::"vI'1!il(;lbb~:::tJh.J1n..ln5'(;ll"l1~'W (fatty acid composition) lWl~~111l5'lii'l'W AOCS 
dJI 

Ce - 2 -66 

2. ~'lFl'l'l~Vltl(;l (Kinematics Viscosity) 11l'l~~'lI1l5'lii'l'W ASTM D 445 
dJI 

3. ~'lFl'l'l~¥'fl'W (Heating Value) 11l'l~~'lI1l5'lii'l'W ASTM D 240 
dJI 

4. FI'l'l~d'l\l~'lbYn::: API (API Gravity) 11l'l~~'lI1l5'lii'l'W ASTM D 2052 
dJI 

5. ~'l~"lliJ~bYl'W (Cetane Index) 11l'l~~'lI1l5'lii'l'W ASTM D 976 ;\lHi'~'lFl'l'l~d'l\l~'lbYn::: 
dJI , 

A PI bb~:::~'l'flruVlJl~mm~'WI1l'l~~'lI1l5'lii'l'W ASTM D 2052 bb~:::D 2887 11l'l~~'l~'U 
, ~ dJI 

6. '"l(;l'l'l'Ul~ (Flash Point) 11l'l~~'lI1l5'lii'l'W ASTM D 93 
, dJI 

.ca.. d'_~ .err... d' 

3. 7 n1~'J LFI ~1~Vlu~tl1 tl.ILtI'V1~ L'el1f L 'V1'el~ 

n'l5'~ bFln:::"vIm~'lrub~Yi~ b'fl~ bYl'flfl 'W~~I1lJlru.n Jl'lmFl1'fl\lbbn~Lm~'l L Ylnn~ (GC) ;\l 
• • I '" '" 

Jl'l'l :::Vl1-if1 'Wm5'~ bFln:::"vIbb~ (;l\l ~\lI1l'ln\lVl 3.1 b-n'fl\l'"l'ln~'l~'WU'l'lf ~ ~'U bb~ :::~'l~'Wlh 'lfl-J L'fl b~~'W 

ijm~'lru'fl\lAU5':::n'fl'Um(;lb~'WL(;lm'U.~tJ1n~b~tJ\lrl'W mn1'l Calibration curve "lI'fl\lb~Yi~b'fl~ 

bYl'flN\l1-if~'l5'~'lI1l5'lii'l'W ;\lijm~'l rub~Yi ~ b'fl~ bYl'fl fbVltJ'U bAm rl'Um~'l ru'fl\l AU5':::n'fl'Un5'(;ll "lI~'W 
dJI 

" " "lI'fl\lt1'l~'W~\l~'fl\l ~'l ~'Um5''fl'fl n~'l"ll'fl\l b~Yi ~ b'fl~ bYl'flfbbt;i~:;"llil(;l ~'l~'lnlYln'UlrJi''"l'l n n15'~'l~'l5' 

~'lI1l5'lii'l'W~\l n~ 'l'llm bFl5''l:::"vI rJi''ltJ bFl1'fl\l bbn~ LFl5'~'l L Yl nn~L(;ltJ Hi' FI'fl~~-J"llil(;l b~m rl'W 
dJI 



" 

.col 
'lJ'Vl'Vl 4 

'Il'W~~ tJil~ m~1 i:J '€'l"lJ'el'l r;l'JViI '€'l :::'€'lltJ i'Jl-J r;l'el¥'eltJ '€'l::: Ll-J~ '€'l L'el ~ LYl'el f~ l'v~f'lJ n 1 J'~~ 1'l1'lJ b'el 

~ L'1! '€'lL 'W Ll-J Yll 'W'el '€'lJll'J::: L 'vIij'el ~ n ~ I'l b~tJ'el'el nLL 'lJ'lJ n1 J'Yl ~ '€'l'el'l LL 'lJ'lJ LL yj nYl 'el L1tJ '€'l 2 J':::(?)'lJ A'el J'::: (?) 'lJ 

~'ILL'€'l:::J':::(?)'lJ~1 [Montgomery, 2001J ~'Ii1IOJ~tJ~~Il-Jl~m~I~'el ~l'ln~'J'Wb~tJbl-J'€'l"lJ'el'l~I~'WY1'l! 
r;l'el Ll-JYll'W'el'€'l ~ I'ln ~'J'W b~tJ bl-J '€'l"lJ'el'l~I~'WY1'l! r;l'el r;l'JVil'€'l :::'€'lltJi'J l-J L'J '€'l1 LL'€'l:::'el CW'vlJlil 

, qJ 

, 
~ ~ r ~ ~ r 

L 'V'I'el'J L~n :::'vI'vI1 J''eltJ '€'l:::Ll-JYl'€'l L 'el~ L Yl'elJ' 
... 

4.1 ~~'IJ~'lJ'e:l ·n11iJ'IJ.w"1i 
co.-. .... 

4.1.1 ~~'IJ Ul 'VII ·.mlt1ll1'rm'tl~ bf'l~ 

~1~'WY1'l!~~Il-Jl~m~1 ~'eJ ~1~'WU1~l-J~'lJ (Crude palm oil) LL'€'l:::~I~'WU1~l.Jb'eJL'€'l~'W 
" " , 

(Olein palm oi l) ~rl n1J'~ L~J'I:::if~l-J'lJ'1i"lJ'el'l~I~'WY1'l! LmtJ'lJL.y]tJ'lJn'lJ~I~'W~ L'1!'€'l LL~ ~'I (?)-lI'lIJ'I'1~ 

4.1 

1'l1~1.:J~ 4.1 ~l-J~"lJ'el'l~I~'WU1~l-J~'lJLbrl:::~I~'WU1~l-Jb'elL'€'l~'W 

Properties High Low Crude Olein 

speed speed palm palm 

Diese l Diesel oil oil 

Kinematic Viscosity at 40 DC (mm2/s) 4.10 5.32 32.60 31.80 

°API Gravity 33.20 26.11 24 .32 24.85 

Cetane Index 54.24 46.24 32.00 34 .30 

Flash Point tC) 75 78 210 217 

Heating Value (MJ/kg) 43.70 42.10 33.50 32.40 

Iodine Value (g 1/ 100 g oil) 12.40 12.70 

I 11 '" '" " 

Yll'1 L~ii1n~ L~tJ'In'W L~'eJ bmtJ'lJ L~tJ'lJ~l-J'lJ'1iYll'1 L~'eJL'V'I~'I"lJ'eJ'I~I~'WY1'l!i1'1~'el'l n'lJ~I~'W~L'1! '€'l'V'l'lJ~1 

Ji''eltJ n~I~I~'W~ b'1!'€'l bti'el'l91 nii (?)'l!il~ L Yl'WLb'€'l :::~1 ~'Jll-Jj'el'IJ~1 n~ 1 tJ n Lt)'W1OJ ~'Jl'lJ1 yj~ii ~1~'I n~1 
, 'IJ 
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" "" ~"lll:J ril~'l n11l-Jl (;1~fil1.J LL~ (?)'l1,x L~1.J11 nl~1-nilll1'1.J~"ll r;l'J'flt!I'li'l~'fl'l LU1.JL~'fl L "fl~'l L~tJ (;1N"l ~ 
'IJ J.8 

, " 
ri'fl1,x Ln(?)U'1jVll rl'U L,",1'fl'ltJ1.J~ 1.J'fl n"l 1 n~l-J'U~ ~'lmh'Jl-Jlifl'l~1.Jmll-JVl1.Jl LL ll1.J'lI'fl'lilll1'1.l~"ll LU1.J 

, , " 
~ n~l-JmlVl'W'lVl~Il-Jlnl'U'fln ~'l'll1.J 1 (?) Ll-J L~ n~'lI'fl'lilll1'1.J~"1l1~ L(?)tJ ,",'J 1 l-JVl1.l1 LL 1l1.J~'l Ll-J L~ n~"l ~l:J 

, 'IJ , 

Ll-JVll1.J'fl~ 

~111'1.JU1;l-J~'U 
" illl1'1.JU1;l-JL'flL~~1.J 

0.791 

0.907 

0.905 

" "" ill~l~i'l~'fl'l"ll'W(?)l-J1 c.J~ l-J rl1.J Ll-J Vll1.J'fl~'"1 ~LLtJ non1.J'flt! ~11.J'U1.J ~'J1.Jilll1'1.J~"1l'flt! ~11.J'i'i 1'l LL~ ~ 1 1.J 
'IJ 'IJ 

" " Jll'J~un ~~I~i'l~'fl'l"ll'W(?) hJvhu~mtJ1 rl1.J ~'l~1 LU1.J~'fl'l~ (?)~Jll"fl ,",'Jll-Jl:Ji'J'lJ'fl'l Ll-JVll1.J'fl~~'l 
I"" " 

L~'fl1 ,x~I~i'l~'fl'l"ll'W(?)~~~ltJ LU1.JLtJ'fl L~tJ'J rl1.lvi11,x Ln (?)u~mm 1~~ltJ~1.J 

" " 
'"11 n n1~~ L,",n ~tf"1l'W(?) LL~ ~llil-Jl ru'fl'l ~U~~n'fl'U n ~(?) 1 'lI111.J 1 1.Jilll1'1.J~"1l r;l'J'flt!I'l i'l~'fl'l ml-J 

l-Jl(;1~~I1.J AOCS Ce-2-661~c.J~n1~~Lml~tf~'lmn'l~ 4.3 
&.9 

(;11'a1~~ 4.3 "ll'W(?) LL~~'fl'l ~iJ~~n'fl'Un~(?) 1 'lJ11'1.J1 1.J~111'1.J~"ll r;l'J'flt!I'l 

Fatty acid Carbon Degree of Unsaturated MW CPO OPO 

Number wt.% wt.% 

Lauric acid 12 0 170 0.30 0.46 

Myristic acid 14 0 198 1.00 1.22 

Palmiti c acid 16 0 226 40.90 47.94 

Stearic acid 18 0 252 4.30 4.23 

Oleic acid 18 251 41.70 37.00 

Linoleic acid 18 2 250 11.80 9.15 

Total 100 100 

Average Molecular weight 874 874 
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I '" '" lJ " 

'"iln(;l1n'lYl4.3 'eJ'l~lh~n'eJu"lJ'eJ'ltJll~\.!~"Dr1'l 2 "DoW!?1 r11t~~-n!?1LcJ1rhtt.!~Il!t.!,jl~hJ~U 

LL~~~Il!t.!Ul';l-Jt'eJL~~t.! l1'eJ'l ~U5'~n'eJU"lJ'eJ'lm'!?1Ul';ij~n (C 16:0) LL~ ~ m'!?1 t'eJL~~ n (C 18: 1) 5''Jl-J 

¥'eJtJ~~ 82.6 LL~~ 84 .94 (;l1l-J~Iv1U t(?)tJ'eJ'l~U5'~n'eJum'!?1L"lJl1t.!l1~'Jll-J~l-Jv1'JLL~~hj~w~"'J~l-J(?)~ , 
• " I '" lJ 

rlt.! '"il nif'eJl-J~ YlLcJ1~ 1l-J 1 HI ~1t.!'J rutJl 'VI oJ"n tl-J L~ n ~ L'u ~ tJ"lJ'eJ'ltJ 111t.!Ul'; l-J ~U LL~ ~tJ 1l!t.!Ul'; l-J t'eJ L~ '" , 

~ , 
t t.!'l 1 t.!1 r.rtJ ijr11 n15'Yl !?1~'eJ'l t Wl1'J~L 'VIi1'eJ1 n ~ (;l"lJ'eJ'l Ll-JYllt.!'eJ~ ~'ll1~ru'VI,1Ji11 n ~ (;l 239.6 

.Q - ~ -
'eJ'lP11L'l!~L'l!tJ~LL~~~'Jll-J!?1t.!'Jn~(;l 8.09 Ll-Jn::;'Y'lI~~~ 

Kusdiana LL~~~ ru~ (2001) ~ n'\j'l n15'c.J~ (;lLut'eJ ~ L'l!~~'lJll'J~~1 n~11 n ~ r;)LL~ ~L'VIi1'eJ 

, , 

Ll-JYllt.!'eJ~tJ'l~'l~'l'eJtJ LL~~Yl'eJru'VIJli1 270 'eJ'lP11L'l!~L~tJ~ ¥'eJtJ~~Ll-J~~L'eJ~LYl'eJftJ'l~'l~I'eJtJ 'eJI'"i 
'\.I 'U ~ 'U 'U 

, , '" 
.c:aj i.I .... Q .c!II oClt. .Qj .ca.QQj IV _ 

Ln tJ'J"lJ'eJ'l n u L~ Cl tJ 5' Jll'Y'l"lJ'eJ'lJll'J ~ L'VIt.!'eJ'J n ~ (;l L'Y'l n~Yl~ ru 'VI,1Jl-Jt.!l-J mll-J!?1t.! 14 Ll-J n ::;'Y'lI~ ~~ 
, '" '" 

'eJ~tn~, !?11n ~ (;l LUt.!LuLcJ1Yl Ll-JYllt.!'eJ~ tt.!Jll'J~ijtJ'll1~Jll'Y'l ~'Jll-Jl1-n'J~'l~'l Ln !?1UDmm L~ii'eJtJ t t.! 

"lJru~~'eJru'VIJli1 300 LL~~ 350 'eJ'lP11L'l!m~tJ~t~¥'eJtJ~~Ll-J~~L'eJ~LYl'eJf~'l~'l 80 LL~~ 95 (;l1l-J~Iv1U 
, '" 'IJ , , 

"'?I ... ~ ,~",,,, ... 
'l! 'l L u t.! Jl 1 'J ~ Yl L'VI l-J 1 ::; ~ l-J b t.! n 1 5' Yl !?1 ~ 'eJ 'l [Cao et a I., 2005J LL (;l b!?1 l-J n 1 5' L (;l 5' tJ l-J 

LU t 'eJ ~ L 'l! ~ t t.! Ll-J Yllt.!'eJ ~ Jll 'J ~ L 'VItJ'eJ1 n ~ (;l t!?1 tJ t -n r;l 'J r11 ~ ~~ ltJ i'J l-J 'Y'lU~ 1 n15'L~l-J r;l'J r11 ~::;~ 1 tJ i'J l-J 
, '" 

'"i ~r11 t ~ ~ l-JU~1 n ~ (;l"lJ'eJ'l~ 1 m ~ l-Jt t.! 5'~ U U l1 ~1 ~ !?1~'l ~'l'"i ~-n'JtJ r11 t ~UD mtJ 1 Ln!?1 l~~ltJ~ t.! 
, '" 

uDmm Ln !?1~l-J\J5'ruYltlr;)n~'Jt.!t!?1tJtl-J~"lJ'eJ'ltJll!t.!~"D r;l'eJ Ll-JYllt.!'eJ~ 1: 24 LL~~~ ru'VI,1Ji1~'ln~1 280 

'eJ'l P11 L'l!~ L~tJ~ ;'l ~1 n~1 m'~u'Jt.!n15'~hh~l-J r;l'Jr11~ ~~ltJi'Jl-J ~'l 70 'eJ'l P11 L'l! ~ L~ tJ~ LLf1 ~LcJ1¥'eJtJ 
'" '" ~ ~ Ll-J~~ L'eJ~ LYl'eJf~'l ~'l 97 v1'loJ"t.!t t.!'l 1 t.!1r.r tJij~'l ~ n '\j'1'eJ ru'VIJli1t t.!-n'J'l 280-350 'eJ'l P11 L'l!~ L~ tJ ~ 

'\J , 'IJ 

'"il n ~11 n ~ (;lv1'l (;lln'l~ 4.4 tJ1LU ~1t.!'J ru~11 n ~ (;l"lJ'eJ'l~I5'c.J ~ l-J L~'eJ'VI191t.!'Jt.! tl-J ~"lJ'eJ'l~I5'c.J~l-J 

l-J1H1.t.!n15'Yl!?1~'eJ'l1fin15'~It.!'Jrutt.!Jll~c.Jt.!'Jn ~ 

.d ~Q .... 0 

(;Jl~I~'Vl 4.4 ~l-Ju(;l'Jn~(;l"lJ'eJ'l(;l'JYll~~~ltJ [Demirbas (2003), www.energy.go.thJ 

Properties MeOH THF Hexane CO2 Unit 

Bp 337.7 339 342 195 K 

Tc 512.6 540.2 507.6 304.2 K 

Pc 8.09 5.12 3.06 7.28 MPa 

Vc 0.118 0.224 0.373 0.17 Llmole 

MW 32.042 72.17 86.177 44.01 Mole 

D 0.791 0.889 0.659 0.777 g/ml 
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, " 
l tl'el'l~ 'I n 1 'W'l'l'W';j~tloW~ m~'I e.J ~"Jl'el'l ~'JVi 'I ~::;~ 'Itl i'J~ r;l'el e.J ~ l~¥'eltl ~::; l~ Vi ~ l'el~ l Vl'el fl 'W 

l~ 'Yl'l 'W'el ~ Jl'l'J::; l ~tl'el';j n ~ l'l1'W If"d'el'l u~ mill ll1J 1J ll1J l'l"ll bt'l tlU~ Mtl1 'Yl i'l 'W~l'el ~ l'Yl 'el1-YJ lV')i'W 

"" " 
"Jl 'el 'l ~ 'I ,r 'W U 'I ~ ~ ~ 1J II ~ ::; ~ 'I ,r 'W U 'I ~ ~ b'el l ~ ~ 'W ~ t'I U ~ ::; ~ 'l fl ~ ~ n "Jl 'el 'l 'l'l 'W ';j ~ tl oWL ~ 'el n 1<D' , 

.. " , 
V')'J 'I~~tlt'l~'l~ ::;~'l e.J ~ r;l'elU~ ll~'l ~'W~'l1~ ~'lt!'W~'J Vi 'I~::;~ 'Itl i'J ~Yll<D'~'l ~'el'l'1i'Jtl ~ t'I V')'J 'I~~tlt'l"Jl'el'l 

~ ~ 

J'I,r'W Yl"1! ~'J 'eltJ 'I'll~ Vi 'I n 'I ~'Yl t'I ~ 'el'l1' t'I V')'J 'I ~ ~ tlt'l"Jl 'el'l -ell'l n ~ 'J 'W bt'l tl b~ ~"Jl 'el 'l J 'Il1'W ~"1! r;l 'el 

~'JVi 'I ~ ::;~'Itl i'J~~-ell'ln ~'J'W bt'ltl b~ ~ 1 :0,1 :3,1 :6,1: 12,1 : 18, 1 :24,1 :30, 1 :36 ll~::; 1 :42 ll~ t'I'l r;1'l 
I I " I 

l'l1n'lYl4.5-4.6 ll~::;~UYl 4 .1 'Y11J~'I-ell'l~'I~'J'Wbt'ltlb~~"Jl'el'l~'I,r'WYl"1!r;l'el~'JVi'l~::;~'Itli'J~Yll~~'I::; 
~ 

, " , 
~~~::;'eltJl 'W'1i'J'l 1 :6-1 :24 ltl'el'l~'I n-ell'ln~'J'W bt'ltl b~~"Jl'el'l~'I,r'WYl"1! r;l'el~'JVi'l~ ::;~'Itli'J~~~'I n n~'I 

~ 

1 :24 ~'IH1'Wn1~'Ylt'l~'el'l 

nnlJl<D'~'I,r'Wu'I~ ~ ~1J bt'ltliJ ll'll'l~::;le'!bt'l~yj ll~'WliJ'W~'JVi'l~ ::;~'Itl i'J~ ll'll'l~::;le'!Lt'I~yj ll~'W 
~ ~ 

" nnlJl<D'~'I,r'Wu'I;~ b'ell~~'Wbt'ltliJ ll'll'l~::;le'!bt'l~yj ll~'WliJ'W~'JVi'l~::;~'Itli'J~ ll'll'l~::;le'!bt'l~yj 
~ ~ 

b~~ 0-24 

mruHJ'I,r'Wu'I~~ ~1J bt'ltliJ le'!n b'1l'WbiJ'W~'JVi'l~ ::;~'Itli'J~ le'! n l'1l'W~'I~'I~Cl~ t'lV')'J 'I~~tlt'l 
"Jl'el'lJ'I,r'Wu'l~~~1Jl~~'In 46.44 l~~'el 1.17 cSt ~-el[j1~'I~'J'Wbt'ltlb~~ 0-24 

" mrul<D'~'I,r'Wu'l~ ~b'el l~~'W bt'ltliJ le'!n l'1l'WliJ'W~'JVi'l~::;~'Itli'J~ le'!n l'1l'W~'I~'I ~Cl~ Vl V')'J'I~ 
" , 

~tlt'l"Jl'el'l~'I,r'Wu'l~~b'ell~~'Wl~~'In 57.37 l~~'el 1.65 cSt Yl-el[j1n~'J'Wbt'ltlb~~ 0-24 



" o cv cY I 

'lI'el'l'Wll-1'WY-I'1l [we) 

11l'd vi 1 '€'l :;'€'l1 tJ i'dl-l 

0-

1 :0 

1 :3 

1 :6 

1: 12 

1: 18 

1 :24 

1 :30 

1 :36 

1 :42 

o 0,.;..QI I 

'lI'el'l'Wll-1'WY-I'1l [;l'el 

l1l'dvil'€'l:;'€'lltJi'dl-l 

1 :0 

1 :3 

1 :6 

1: 12 

1 :18 

1 :24 

1 :30 

1 :36 

1 :42 
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THF Hexane 

46.44 46.44 

15.18 13.68 

9.15 5.07 

4.32 2.16 

3.15 2.09 

2.13 1.17 

1.91 1.15 

1.90 1.13 

1.67 0.89 

THF Hexane 

57.37 57.37 

18.37 14.54 

9.34 6.21 

8.04 5.36 

7.09 3.74 

3.56 1.65 

1.63 1.55 

1.01 0.87 

0.82 0.75 



n.) 

"lJ. ) 
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t.l 
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molar ratio of co-solvent to vegetable oil 
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CJ 50 ---.- Hexane _ THF 
o 

~ 40 
.... 
r/l 
u 30 
~ 
·in 20 
8 
.2l 10 

l> 0 ~~~=-==r=a-_ 
o 10 20 30 40 50 

molar ratio of co-solvent to vegetable oil 

~ ~ ~ ~ 

~tJ'V1 4.1 ~~"lJtl~c;l':lVl1~~~1t1~':I~(;]tlfY.l1~~.wC;)"lJtl~oW1l1'W~']j n.) oW1l1'Wth;~~iJ "lJ.) oW1lJ'W .. 
U 1;~'i:tl L~~'W 

I I I I 
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LL~C;)~~~~U~ 4.2, 4.3 LL~~ 4.4 L~tlLllitliJL~t1iJ~U~ 4.2 LL~~ 4.3 niJ~U~ 4.4 '"1~L~t.l'l1~~(;l 
~ ~ ~ 

Jl o.!"rl ~ ~ n ~lJ)'"11 nU{jn1t11 ~~ ~~ LiJ 'W L~Yi ~ Ltl ~ LVltl f LL~ ~hJ ~ ~ 1 ~~'W Ln c;); 'W ~ 1~ ~iJ 'i:~ ~~ 1 

'i: Vl LLm~"lJtl~ c;l':lVl1~~~ 1t1~lJ)~~~'"11 n n1 Hn c;)u{jmtl1"lJtl~ n ~~iJ':I'Wn1 ~~ L~~ L(;l (?]~~1e:J'i:c;)~~ LL~'W 

LL~ c;)~ ~~~U~ 4. 5 ;~'"1~L~'W~1 hiY1iJ~1~~'W'Wtlm1 m~Vl1'Wtl~ LL~~L(;l (;l~~le:J'i:c;)~yhL~'WL'li'Wn'W LL~ ~ 
~ ~ 

" Q _0 __ I IT" 

Y1 ~"lJtl~ (;l':lVl1 ~ ~~ 1t1Vl~ ~tl~ LLti n n'Wtltl1~~~iJ~o.! 
~ 
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,..TIC-l .00 

,TIC ' 1.00 
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nlJ'l'l!?l~'El~~H'be'l nL'l!'Wbm'!?lnlJ'AI dJ'Wr;l'JYh~:::~I~i'J~ bti'El~'"lln ~~!'IIl ru~~1~'"l1 n nlJ' 

l'l !?l~'El~i'Wb~l'll'W'El~ bb~:::i'Wbe'ln b'l!'Whh'J~ dJ'Wb d'El b~~'J n'W ~~"jl~'J'W'lJ'El~ be'ln b'l!'WhJ~ bAn :::,x~'J~ 
bA1'El~ bbn~bAJ'~1 tl'lnn'YhJJ':::n'ElUnUbb~~~ bun bl'lJ'iJ b!'l'Elf bb~!?l~(9)~J'u~ 4.6 ~~nlJ'H'Le'lm'l!'WbiJ'W 

'IJ 
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(;](n11~~~1m~'d~ hhJnn!J1\.\tub'El~b"ll~~e-J~(9lHl bb~~'l~1hJ~(;]'dYl1~~~1tJ1'd~hJYl1UBmm'Y1 

n\.\;b'El~ b'Y1'El1YhI"l-n\.\ 

l",cnsllY r 1.41 2. 14 9 

20000noo 

15000000 

10000000 

5000000 

1.0 

ov 0 , 

1Pl'JV11~::~1~ ~'nJ 

--------------_ . . _ ... _-- ---

10.0 

Eluted order 

1-methyl pentane 

3-methyl pentane 

n- hexane 

Methylcyclopentane 

Cyclohexane 

15.0 
Rc: tcrn ion l ime, min 

I 

I ,T IC·I on 

n1 ~e-J~ (9l tu b'El ~ b"ll~ ~'dtJtJBmm'Y1n\.\;b'El~ b'Y1'El1YJ bA-n\.\1 \.\b~'Y11\'\'El~1l1'd ~b"rW'El~ n ~ (9l Yl1 

n1~'Y1 ~~'El'l bn'El'l ~\.\b~'El H1 \.\n1~'iA191~ru1111'd~~ bV!~1~~~1 \'\n1~Yl ~~'El'l r;l'El ttJ e-J~ n1~'Y1 ~~'El'l 
~, ~ 

b U 'El 'I ~ \.\ Vi -el (9l n 'i'i 'd \.\ b ~ tJ b ~ ~ "1J 'El'l 11 1 ~ \.\ Yl 'Jl r;l 'Elb ~ Yl1 \.\ 'El ~ 1: 24 bb ~ ~ 1 :4 2 -el (9l ~ 1 'i'i 'd \.\ b ~ tJ b ~ ~ 

~ ~ 

e-J ~ n1 ~'Y1 ~ ~ 'El'l 24 bb yj n'Y1'El b1tJ ~ ~ 1V! fu11 1 ~ \.\ tJ 1 ~ ~ ~U bb~ ~11 1 ~\.\tJ 1 ~ ~ b'El b~ ~\.\ b~tJ l-if 

b(9l(9l~~1e:lb~~yjbb~miJ\.\(;]'dYl1~~~1tJ1'd~ bb~~'1~'1(9l1n'l~ 4.7 bb~~(9l1n'l~ 4.8 ¥'EltJ~~b~Yi~b'El~ 
'lJ 

~bAn~,x1"l'd1~bbtJ~tJ~'d\.\ (Ana lysis of Variance) ¥'EltJ~~b~Yi~b'El~b'Y1'Elf 91nn1~1bAn~,x-ir'Eld;j~~ 

1 ~ 9 1 n n 1 ~ 'Y1 ~ ~ 'El 'I b n 'El 'I ~ \.\ ~ U ~ 1 (;] 'd bb tJ ~ A ~ 'El -el (9l n ~ 'd \.\ b ~ tJ b ~ ~ "1J 'El 'I ~ 1 ~ \.\ Yl 'Jl r;l 'El 

b~Yl1\'\'El~ ~'dbbtJ~ C A'El b'd~1 bb~~(;]'dbbtJ~ D A'El 'ElruV!ll~ ~e-J~r;l'El¥'EltJ~~b~Yi~b'El~b'Y1'Elf ~'d\.\j;]'d 
, 'lJ 
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" 
LL1.h B A!l ~l'ln~r;)'WLl11tJL~'C1"lJ!l~ti'Ur'WYI'l! (;]!It;lr;)vil'C1~'C11tJir;)~ ~bJn~'C1!lth~noJtJ~1 ~ 'l! ~!l~!ltJr1~ 

j;Jl 'i1-3v1 4 .7 n l:i'YlI11 'C1!l~ l LL ~ nYl!l L1tJ 'C1"lJ!l~ nl:i'~~ l'lLUL!l ~ L'l! 'C1'"l1 n~ 1~'Wi.h; ~ ~U~~n 
Ll'll'l:i'~ Le1 LI11:i'~ LL:i''W LU 'W(;lTvh 'C1 ~'C11 tJ ir;) ~ 

" 

A 

1 :24 

1:42 

1 :24 

1 :42 

1 :24 

1 :42 

1 :24 

1:42 

1 :24 

1 :42 

1 :24 

1 :42 

1 :24 

1 :42 

1 :24 

1 :42 

" ~l'l:i'I~r;)'WLl11tJL~'C1"lJ!l~til~'W 

B 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

"'" ('W1Yl) , 

c 

10 

10 

10 

10 

30 

30 

30 

30 

10 

10 

10 

10 

30 

30 

30 

30 

o 

280 

280 

280 

280 

280 

280 

280 

280 

350 

350 

350 

350 

350 

350 

350 

350 

43.9 

57.7 

43.8 

56.7 

55.4 

65.3 

54.8 

67.6 

68.7 

75.7 

70.8 

76.9 

74.1 

84.2 

75 

85.8 
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(;l1'a1-3v1 4.8 n1 J'Vl ~~tl-.l 24 LLi'J n'Vltl C~tJ ~'lJtl-.ln1J~ ~ 1?l11Jttl ~ LBJ!~~1 n~I~~lh';l-Jttl LI'l;S~;-.l~ 

LI?lI?lJ::: 1P:1t~Ji'J LLJ~LU~rfI':lYh~:::~ ItJi':ll-J 
" 

A 

1 :24 

1 :42 

1 :24 

1 :42 

1 :24 

1 :42 

1 :24 

1 :42 

1 :24 

1 :42 

1 :24 

1:42 

1 :24 

1:42 

1 :24 

1 :42 

B 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

10 

10 

10 

10 

30 

30 

30 

30 

10 

10 

10 

10 

30 

30 

30 

30 

280 

280 

280 

280 

280 

280 

280 

280 

350 

350 

350 

350 

350 

350 

350 

350 

46.2 

58.7 

44.5 

60.3 

56 

66.6 

54.5 

68.7 

71.9 

83.4 

72.9 

79.2 

82.5 

89.3 

78.3 

90.5 
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., 
L!1l !1l~:::1e1LC'I ~YhL~'Hth .. u;l'J'vh'tl :::'tl1tJi'Jd-J (A = ~ !1ln~ 'J1J L~ tJLd-J 'tl'll'El\lih~1J ~'1! r;l'El Ld-JYl11J'El'tl , 

'\J 

" 
B = ~i1In~'J1JLC'ltJLd-J'tl'll'El\l~1d11J~'1!r;l'Elj;]'JVi1'tl:::~1tJi'Jd-J, C = L'J~1, 0 = tm..lVlJl~) 

, '\J 

Source of Sum of 

Variation Square 

A 770.28 

B 16.53 

C 492.98 

0 3663.68 

Error 11 .54 

Total 5062.72 

Degree of 

Freedom 

Mean 

Square 

770.28 

16.53 

492.98 

3663.68 

16 0.33 

31 

Fa 

174.41 

3.74 

111.62 

829.54 

, ., 

P-value 

<0.0001 

0.0636 

<0.0001 

<0.0001 

~1J ~\ll:l L!1l i1I ~:::1~LC'I ~YJ LL~1J LU1Jj;]'JVi1 ~:::~ 1tJ i'J d-J (A = ~ i1I n~'J1J LC'ltJ Ld-J ~ 'lI'El'l~ 1 d11J~'1! r;l'El Ld-JYl1 
'\J 

Source of Sum of 

Variation Square 

A 949.39 

B 1.24 

C 551.95 

0 4987 .51 

Error 20.94 

Total 6662.72 

Degree of 

Freedom 

16 

31 

Mean 

Square 

949.39 

1.24 

551.95 

4987.51 

1.44 

Fa 

148.4 7 

0.19 

86.31 

779 .95 

P-va lue 

<0.0001 

0.6631 

<0.0001 

<0.0001 



4 .5 n1'a'Yl (;)~'el-:l 24 bb yJ n'Yl'elb~tI~"lJ'el-:ln1'a~~ VI t tJ L'el~b'll~ L(;)tli.ibifn b'll'l.l b tJ'l.Ir;l'n'h~ ::; ~1t1 

i'J3J 
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n1~C-J~ [flLUb'tl ~ b'J!~ ~"Jt.JuBmtn'Yln\l~b'tl~ b'Yl'tl1Vj bfli'WL \lbl-J'Yl1'W'tl~Jl1"J :::b,..rW'tl~n ~ (;l 111 
", , 

n1~'Yl i?l~'tl~ bU'tl~ rX\lb~'tl Hi1 \ln1~~91~blJ 1Jl1"J:::Yl b,..nJ1:::~l-JL 'Wn1~'Yl i?l~'tl~ r;l'tlLU C-J~n1~'Yl i?l~'tl'l 
tI I 1.1 '" 

bU'tl~rX'WYl 'fl(;ln~"J'Wbi?lt.Jbd-J~"lI'tl'l~1~'W~'Jl~'tlbd-J'Yl1\l'tl~ 1 :24 bb~::: 1:42 'fl(;ln~"J\lbi?ltlbd-J~"lI'tl'l"~n 

" " 
C-J ~ n1~'Yl i?l~'tl~ 24 bb yj n'Yl'tl C~t1~ ~ 1'\,\fu~1~'WU 1; d-J ~iJbb~:::~ 1~\lU1;d-Jb'tl b~~\l bi?ltlH' 

be:Jm'J!'WUW;1"J111~:::~1t1i"Jd-J bb~i?l'l~'lm~l'l~ 4.1 1 bb~:::mn'l~ 4.12 9:::b~'WL~~1¥'tltJ~:::bd-Jl1~ 

b'tl~b'Yl 'tlfilA1~'l~i?l~ 89 .3 bb~::: 91.9 (;lld-J~l~U ~"J\l(;llnA 4.1 3 bb~:::(;lln'l~ 4.14 dJ\lC-J~n1~ '" , 
, " 

";jbfln:::tf fl"J1d-J bbU~U~"J\l¥'tltl~:::bd-Jl1~ b'tl~ b'Yl'tlf 91n n1~";j bfln:::tf.jj''tld-J~Yl1~91 nn1~'Yl i?l f'l 'tl'l bU'tl ~ 
'" 

'fl(;ln~"J\lbi?ltlbd-J~"lI'tl'l~1~'W~'Jl~'tlbd-J'Yl1\l'tl~ r;l"JbbU~ C A'tl b"J~l bb~:::r;l"JbbU~ D A'tl 'tlblJ'v1Jlil ilC-J~ 
, '\J 

" ~'tl¥'tltl~::: bd-Jl1~ b'tl~b'Yl'tlf ~"J'Wr;l"J bbU~ B A'tl 'fl(;ln~"J'Wbi?ltlbd-J~"lI'tl~~ 1 ~'W~'Jlr;l'tlr;l"J111~::;~1t1i"Jd-J 

hJil C-J~'tltJ1'lil,rt.J~1 fl 'k! ~'tl¥'tltl~::: bd-Jl1~ b'tl~ b'Yl'tlf 
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11I1'11.:1vl4.11 n1J'VlC'l'l'l'El..:J 24 LL~nVl'El~tJ'l'l'll'El..:Jn1J'~~1'I1'!J'l'El~L"l!'l'l'"lln~ldJ'WUI~hJ~'!J~..:J~Le:Jm"l!'W 
dJ'W(;] 'Jr11 'l'l :::'l'l1 tJ i'J l-J 

1 :24 

1 :42 

1 :24 

1 :42 

1 :24 

1 :42 

1 :24 

1:42 

1 :24 

1:42 

1 :24 

1:42 

1 :24 

1:42 

1 :24 

1:42 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

10 

10 

10 

10 

30 

30 

30 

30 

10 

10 

10 

10 

30 

30 

30 

30 

280 

280 

280 

280 

280 

280 

280 

280 

350 

350 

350 

350 

350 

350 

350 

350 

46.2 

62.8 

46.3 

63.2 

57.7 

68.9 

57.2 

71.8 

78 .3 

81.3 

76.9 

82.3 

78.7 

87.2 

77.3 

89.3 
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(;l111.:Jv14.12 nl~Yl(;)1"l'el--1l LL-WnYl'elL1tJ1"l"ll'el--1n1~e..J~(;l1'UL'el~L'lI1"l'"lln~1,r'Wth;~/i:'elL1"l~'W~--1~ 
Le:! m 'lI'WLU'Wr;l"JYi 11"l ::;1"lltJi"JlJ 

1 :24 

1 :42 

1 :24 

1:42 

1 :24 

1 :42 

1 :24 

1:42 

1 :24 

1 :42 

1 :24 

1:42 

1 :24 

1:42 

1 :24 

1 :42 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

1 :6 

1 :6 

1 :24 

1 :24 

10 

10 

10 

10 

30 

30 

30 

30 

10 

10 

10 

10 

30 

30 

30 

30 

280 

280 

280 

280 

280 

280 

280 

280 

350 

350 

350 

350 

350 

350 

350 

350 

48.2 

66.7 

49.1 

66.1 

59.8 

69.8 

58.4 

74.5 

79.2 

83.9 

77.4 

87.4 

81 

91.2 

83.4 

91.9 
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" j;J17"1~~ 4.13 1:.J'tl n1 ~~ bf1n:::i f1,)Il-mtJ~tJ~')'W~ lV1fiJ n1~1:.J ~ (;1LiJltl~ b"J!~'"l1 m.J'uj't.ltJl;~ ~iJ 

~'l~be:lnb"J!'WbiJ'Wj;]')l11~:::~It.d')~ (A = -er(;1~I~')'Wl(?1t.Jl~~'lJtl'lJI~'W~'ll~tlb~'YI1'Wtl~, 
" 

B = -er(;1~I~')'Wl(?1t.Jl~'tl'lJtl'l"JI~'W~'ll~tlj;]')l11~:::~It.Ji')~, C = b,)~I, D = tlCWVlfli'1) 
, 'IJ 

Source of Sum of 

Variation Square 

A 1388.65 

B 7.80 

C 426.32 

D 4588 .32 

Error 23.02 

Total 6760.30 

Degree of 

Freedom 

Mean 

Square 

1388.65 

7.80 

426.32 

4588.32 

16 0.68 

31 

Fo 

257.84 

1.54 

79.16 

852 .04 

P-value 

<0.0001 

0.2422 

<0.0001 

<0.0001 

j;J17"1~~ 4.14 I:.J~ n1~~ bf1n:::i f1,)I~bbtJ~tJ~,)'W~IV1fiJ n1~I:.J~ (;1LiJltl ~ b"J! ~"'11 nJI~'WtJl~~ltl b~ 
~'W ~'l~be:lnb"J!'WbiJ'Wj;]')l11~:::~It.Ji')~ (A = -er(;1~I~')'Wl(?1t.Jl~'tl'lJtl'lJl~'W~'ll~m~'YI1'Wtl~, 

" 
B = 'el(;1n~')'Wl(?1t.Jl~'i'l'lJtl'l"JI~'W~'ll~tlj;]')l11'i'l:::'i'l1t.Ji')~, C = b')'i'll, D = tlCWVlfli'1) 

, 'IJ 

Source of Sum of 

Variation Square 

A 868.40 

B 5.36 

C 263.93 

D 3795.38 

Error 5.31 

Total 5181.67 

Degree of 

Freedom 

16 

31 

Mean 

Square 

868.40 

5.36 

263.93 

3795.38 

1.31 

Fo 

316.09 

1.95 

96.07 

1381.48 

P-value 

<0.0001 

0.1770 

<0.0001 

<0.0001 
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4.6 n1~e.J~ (;]1 'lJ L'el ~h'lf~~1n m~L~2-J LL~~hi L~2-J ~';l'Vh~~~1tJ';h2-J 

n1~t:J~ (;]lut'e1 ~ ~'jj~ ~'JtJuDmtJ'l'Vln\J~~'e1~ ~'Vl'e11'YJ ~~i\Jl \J~~'Vl1\J'e1~1l1'J :::m\j'e1~n ~ (;] ~1 

n1~'1'1 (?l~'e1'1 ~~'e1 ~ mn t:J~91n n1n~~ ~~~:::hJ ~~~ j;]'J~l~:::~ltJi'J~ ~'e1~'e1tJ ~:::~~~~ ~'e1~ ~'Vl'e1f ~-er (;]n 

" ~'J\Jt(?ltJt~~"lI'e1'1-W1~\J~"l!~'e1~~'Vl1\J'e1~ 1:42 ~'J~1 30 \J1Yl 'e1ruVlll~ 350 'e1'1P11~'jj~~;tJ~ ~~~::: 
, 'IJ 

" , 
-er(;]n~'J\Jt(?ltJt~~"lI'e1'1-W1~\J~"l!~'e1j;]'J~1~:::~ltJi'J~ 1:0 ~~~::: 1:6 ~~~(?l'lr;)'1(;] l n'lYl 15, 16 ~~~ :::~U 

'IJ 

, ... 
'1'14.7 

>-

~~~:::-er(;]n~'J\Jt(?ltJt~~"lI'e1'1-W1~\J~"l!~'e1j;]'J~1~:::~ltJi'J~ 1:0 ~~~::: 1:6 

1 :42 

1:42 

>-

1 :0 

1 :6 

30 

30 

" ~'f)tJ~::: 

~~~~ ~'e1~~'Vl'e1f 

350 83.4 87 .6 

350 84. 2 89.3 

~'J\Jt(?ltJt~~"lI'e1'1-W1~\J~"l!~'e1~~'Vl1\J'e1~ 1:42 ~'J~1 30 \J1Yl 'e1ruVlll~ 350 'e1'1P11~'jj~~;tJ~ ~~~::: , " 
" -er(;]n~'J\Jt(?ltJt~~"lI'e1'1-W1~\J~"l!~'e1j;]'JVi1~:::~ltJi'J~ 1:0 ~~~::: 1 :6 

" ~'e1tJ~::: 

~~~~~'e1~~'Vl'e1f 

~'J~1 'e1ruVlll~ CPO OPO 

... 
(\J1'Vl ) 

1 :42 1 :0 30 

1:42 1 :6 30 

, 'IJ 

350 

350 

83 .4 87.6 

87 .2 91.2 
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%~JlE content .0 6 

92 

90 
88 
86 
84 

82 
80 
78 

91.2 

THF Hexane 

Co-solvent 

, " 
91n n1~Yl ~'l'l'fl'l'V'1jJ~l n1n~l-J L(;l (;l~::;1eJL~~yj LL~'i.JYi 11 ,x¥mJ'l'l ::;Ll-J~'l'l L'fl~ L Yl'flfL~d-I~'i.JLY1tJ'l 

'lJ 

L~ni!'flm~1-'fl'fl19 hJ~t!tJ~l A C1J LL(;]n1n~l-J LeJ n L'lI'i.JYi11 ,x¥'fltJ'l'l::;Ll-J~'l'l L'fl~ L Yl'flfL~l-J~'i.J0''l hm ni11-n' 

~1l1'i.JiJ1~l-J~jJLL'l'l::;~1,r'i.JiJ1~l-JL'flL'l'l~'i.J L~tJ¥'fltJ'l'l::;Ll-J~'l'lL'fl~LYl'flfL~l-J~'i.J91n 83.4 dJ'i.J 87 .2 

, " 
LL'l'l::; 87.6 dJ'i.J 91.2 (;lll-J~l~jJ Vloe)(;l~1~'l'i.JL~tJLl-J'l'l'lJ'fl'lU1l1'i.JYl']j(;]'flLl-JYl1'i.J'fl'l'l 1:42 L'l'l'll 30 'i.J1Vl 

, 

~'fl~~~'fl'lnjJ'l1'i.J~9tJ'lJ'fl'l Yin LL'l'l::;~bW::; (2007) 'V'1jJ~1n1n~l-JLeJm'll'i.J~1l-J1nlL~l-J¥'fltJ 
, " 

'l'l::;Ll-J~'l'lL'fl~LYl'flfl~91n 67.7 LlJ'i.J 85.5 Vloe)(;ln~'J'i.JL~tJLl-J'l'l'lJ'fl'lU1l1'i.JYl']j(;]'flLeJm'll'i.J 1 :2.5 oe)(;ln 
" , 

~'J'i.JL~tJ'i:l-J'l'l'lJ'fl'lU1,r'i.JYl']j(;]'flLl-JYl1'i.J'fl'l'l 1:42 'flbW"v1Jlij 300 'fl'lPl1L'lI'l'lL~tJ~ L'J'l'll 10 'i.J1Vl ~'ln1~ 
• 'lJ 
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~ ~ , 
'"l1 n m:i"Yl ~'l'l'f)'1 btl'f)'1 ~'W"lI'f)'1m~~~ (;lL1JL'f) ~ b'll'l'l1 'Wb~'Yll'W'f)'l'lJll'J~b ~~'f)~ n ~ (;l;1'1 nnn~1.jf 

b(;l (;l~~ Lf1L~~yhb~'Wbb'l'l ~bf1m 'll'Wbu'W[;l'Jovil'l'l ~'l'lltJi'J~ 'Y'/1J~1 
" 

" 
- 'el (;ln~'J'WL~tJL~'l'l'1J'f)'1"jl~'W~'ll[;]'f) b~'Yll'W'f)'l'l 

- 'f)ru~Jl~ 
, 'IJ 

- b'J'l'l1 

" , 
iJ ~'l'l'f)tJl'1 iJ,rtJ~1 ~ '1! [;]'f) nl~'Yl ~'l'l'f)'1 ~'1,r'W1 'W~1 ~1J [;]'f) ltJ~'1~1 nl~~ n'l!tl [;]'J bbtJ~bb[;]'l'l~[;]'Jb~~ b~~ 

[;]'f)ltJ 

" 4. 7 eJ~'lJ'el~~ Ul~I~'J'\,Ii:Ulti b3-l~'lJ'el~,jlarl.!-W"1l j;J'el L3-I 'Vlll.!'el~ 

nl~~ n'l!tl ~'l'l'1J'f)'1'el (;l n~'J'WL~tJ L~'l'l'1J'f)'1~I~'W~'ll [;]'f) b~'Yll'W'f)'l'l ~'"l1 ~rul ~'el (;ln~'Jl.! L~tJ 
L~'l'l"ll'f)'1~I~'WYh[;]'f)[;]'J~I'l'l~'l'lltJi'J~ 1:6 b'J'l'l1 30 'W1Vl 'f)ru'\.-1Jl~ 350 'f)'1P\lb'll'l'lb~tJ~ ml~~'W , " 

~tJ~ 4.8 
'IJ 

O/CME content 
(") 

100 
cri ..- co 

80 

60 

40 

20 

0 
THF/CPO Hexane/CPO 

Molar ratio of vegetable oil to methanol 

• 1:24 1 :33 0 1:42 

~'1'el (;ln~'J'W L~tJ L~'l'l"ll'f)'1~I~'WYI'll [;]'f) b~'Yll'W'f)'l'l bU'WU'"lr.rtJ~~'1~~1 ~ '1! '"l1 n~tJ~ 2.1 '"l ~ 
b~'W~ltJ~ffim'Yln'Wlb'f)~'H'Yl'f)1%r1i'W~'f)'1mJ''el(;ln~')'Wl(;lm~b'll'f)h~[;]'f)bb'f)'l'ln'f)f1'f)~~!l 1:3 bb[;] 

1 'Wm~'Vl ~ 'l'l'f)'1 ~'f)'1 m ~'el j;]~I~'J'Wlj;]m~ b'll'f) h~ [;]'f) bb'f)'l'l n'f) f'l'f)~~iJ r)1~1 n bn'W'Y'/'f) b~'f) dJ'Wm J'~~ n 

~'W~~"l'l'l'1J'f)'1tJ~ffim 1 tX bn ~ ~'l'llcfi"ll'f)'1 b'f)~ b'Yl'f)f~'1~~ ~ 
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" 
411 n n1~~ nMI~ (;l n ~'l'W L!1ltl h.J ~"lI'el,nJI ~'WYl"]j 1'1'el Ld-J'Vll'W'el~ YnJ~ 1 ~'el'l1-n~ (;ln~'l'W L!1l tI 

" Ld-J~"lI'el'lUl~'WYl"]j 1'1'el Ld-J'Vll'W'el~~'1 ~'1 1:42 ~'141::;~'1 t:J~ ~1'1'eln1~YlltJlJmtl1'Vln'W~~'el~ ~ 'Vl'el1YhFl-n'W 
, tJ • '" " 

Li'l'el'l41ln~(;ln~'l'WL!1ltlLd-J~"lI'el'lUl~'WYl"]j 1'1'el bd-J'Vll'W'el~Vl~'1,r'W Ld-J L~ n~"lI'el'lUl~'WYl"]j41:::f1 n~'eld-J 
'IJ' " 

I I " • 

~'elU ~1'ltiLd-J b~ ~ ~"lI'el'l Ld-J'VlI'W'el~ d-Jl n n~1 ~'1 LU'Wnln~ d-JYl'WVl~'l~d-J ~ ~ 1 'Wn1~YllulJnhl1 ~'el!1l 

Fl~'el'lnU'lI'W',)~t1 Kusdiana bL~::;Flru::; (2001) ~n~I'l~1 ~(;ln~'l'WL!1ltlLd-J~"lI'el'l~I~'WYl"]j~'elLd-J'Vll 

'W'el~ 1:42 41::;~'1t:J~1tXt:J~(;l.rlruSY]ihEd-Jlrubd-JVi~b'el~b'Vl'elf~'1~~!1l " , 

mru1-n~I~'WtJl; d-J t1u L L~ ::;Ul;d-J L 'el L~~'W L!1ltliJ b(;l (;l~::; 1e:!L!1l~~ LL~'Wb U'W~'lYll~::;~ ltJ i'l d-J1Jl 
'IJ 

, " 
¥'eltl~::;Ld-JVi~L'el~L'Vl'elf~'1~!1l 84.2 bb~::; 89 .3 (;l1d-J~I~UVl~(;l~I~'l'WL!1ltlLd-J~"lI'el'lUI~'WYl"]j~'elbd-J'Vll 

'IJ , 

'W'el~ 1:42 

" mru1-nUl~'WtJl; d-J t1u LL~ ::;Ul;d-J L'el L~~'W L!1ltliJ Le:! n b "]j'WLU'W~'lYlI ~ ::;~It1 i'l d-J 1Jl¥'eltJ ~::; Ld-J 

Vi~L'el~b'Vl'elf~'1~!1l 87 .2 Lb~::; 91.2 (;l1d-J~I~U~~(;ln~'l'WL!1ltlLd-J~"lI'el'l~I~'WYl"]jI'1'elLd-J'Vll'W'elr1 1:42 
'U , 

, " 
n1~~nMI t:J~"lI'el'l'elruVlIl~ ~41I~rulVl~(;ln~'l'WL!1ltlLd-J~"lI'el'lUl~'WYl"]j I'1'elLd-J'Vll'W'el~ 1:42 

, 'IJ 

" ~(;ln~'l'WL!1ltlLd-J~"lI'el'lUI~'WYl"]jI'1'el~'lYll~::;~It1i'ld-J 1:6 L'l~1 30 'W1Vl Fl'lId-J~'W 19 Ld-Jn:::'Y11~~~ 

LL~::;~ruVl.lJm'Wn1~YlltJlJmtl1 280, 315 bb~::; 350 'el'lP\IL"]j~b~t1~ LL~!1l'l~'1lU~ 4.9 

O/oIIIIE conte nt 

60 

40 

20 

o+-~======~-=== 

TI1F/CPO TI1F/OPO 

. 280 .315 0350 

N 
I'­
co 

Hexane/CPO Hexane/OPO 

Temperature (DC) 

ltJ~ 4.9 t:J~"lI'el'l~ruVl.lJ~1'Wn1~YllUlJmtl1 ~~(;ln~'l'WL!1ltlLd-J~"lI'el'l~I~'WYl"]jI'1'elLd-J'Vll'Wtl~ 1:42 

~(;ln~'l'WL!1ltlLd-J~"lI'el'l~I~'WYl"]jI'1'el~'lYll~::;~It1i'ld-J 1:6 b'l~1 30 'W1Vl Fl'lId-J~'W 19 Ld-Jn::;Yn~~~ 



tt-fJ[,1~[,1LI.,lt-g ass I1Lrk1.ru@IA.n.~L~I1LW G' ~6 ;:~11 G'L8 
ft:P --F'''''O 

~ ~ t-~1 l!,1A. 1 ~g1 ~ ~m;:~ fJg~,lf\I1r,ffJL~;: ~ L~r,j.1lnl:}m['1 U ~1 ~fJ~ln.\€ 11 J Lf1n,ttL!;-J!o \ty& U 
" f\ b b n. 

tt-fJ[,1~['1LI.,lt-g ass I1Lfk1.ruglA.n.l!lL~I1LW S'68 ;:~11 G'v8 ~tt-t-tt-&gIA.1tt-gmIA.111;:~fJg& p::r 'Cr F ,... 0 ~ '=' f1 

Je\ 11 r,f fJL~;: ~ L~ r,j.1lnl:}1f1.&11 ~&l!l1~\ ;:&W~1 ~fJl!ll n~~1 g lI1JLf1;: ~11 n.\€ I1J Lf1 n,tt L!;-J!o ttyw 
" 

r,j.1l fJL~~&LUl!l ~1 t-g~l!lIA.&Lun \J!o\~n,ttL!;-
, " 

UL~t-g?1 t-~~~n.~U~['1~gln.\ruLI1W tt-fJ~1~['1LI.,lt-g oos ;:~11 tt-fJ~1~['1LI.,lt-g osv g~ tt-fJ~m[,1 
no b II n. It 

L~t-g OOv n~1~LJk1.rugl1~1L!t~11 ~tt-~ULI1~['1~gln.truLI1W,lft tt-fJ~1~['1L~t-g OOv ~LJk1.rug 

~fJ~l N~l!l~lgIA.1 tt-g1 ~~m» tL~t-9t-~ n~lt~ 1~['1~gln.truLI1W,lfW\L~L1&LI1Ltt-ret ~ bUt;gt:k1.1 
t '" " , 

;: r,LLJ~gnLIA.I11f1. t M.&1 l!l ~m U L~n,tt L!;-t-L ~k1.;:& LfJillQf1L ~&Lun t U LI1t-~ ~ ~ Lrk1. ru@J!o VLU L~n.M. 
" , 

(~OOG) 8>\88 pU8 8u8lpsn>1 fJ~l f1tgl1tt-1~~I':lt-~,lfWWt-~~~Lrk1.ru@I1~1&LU~11 ~Uf1~Lrk1.ru@ 

J!o VL UL ~U U L 11 ~ ~ ['1 ~ gln.t ru L I1W,lfUl, \ L ~ L fJillQf1L ~J!o\~J g~ gU ~ g11 t-gIT.W b U t;~ Lrk1. ru@ 

t-r,!!-n \~g» \ LfJillQf1L ~& L un t~ Lrk1. ru @11 ~ 1&L U L~n. M.t-g~l!lIA.& LU ~ I':l ~ b U t;gt:k1. 1;:r,LLJ~gn 

LtA.l1mttA.r-~['1L~t-glT.n\l!l~l1m,ttL!;-UL~~['1~gln.\W~I':l&LUL-RU~ (SOOG) S8q!W80 t-~ ~bu~ 
" , 

gt:k1. 1;:r,LLJ~gnLtA.l1m \,lft~ ~I':l ~~['1 ~gln.truLI1Wg~ f'L1 Jt L~~t-?k1.fJ}~J:tnI:}1 ~Lrk1.ru@ 

tt-fJ~m['1 LI.,l t-g ass g~ ~fJ}~nLt-n UglA. Wg1 ~~m W ~1':ln.~k1.L~I1tt-;:LI1k1. 1 ~ 
" , 

flo b r\ II n. n. II n. II 

~LJk1.rug;:~11 L~ ~LJk1.ru gL~U U LI1,lf\ ~ ~1 t-~t-tt-~LJk1.ru g~lglA. 1 tt-g1 ~~111 n~l1~ 1 ~LJk1.ru gg~1 t-~~ ~ 

n~1&~1~\;:gn~t-glT.t-&11 t-~ 11 I1Lr,l!l t-~ ~gnLtA. m t-glT.n~1&l!l1~\;:gn~t-glT.t-&11 t-~ 11 I1Lr,l!l n.llJn~l1~ 

no n." no II 

U-tIA.U ~1 ~~t~t-l!l L~ fJl!ll t-~~ ~L~ ~;:~U-ttA.U~' ~~t~t-l!l L~n~t-~~LJk1.rugg~';:L&M.1 L~ ~LJk1.rug 

;: r,L LJl,~U t-~jglA. 1 tt-g1 ~ ~ m;: ~ fJg~,lfV~ ~ Lrk1. ru @~ L ~n.M.~ Lrk1. ru @t-glT.~ I':l L-RU ~& LU 

8L 
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4 .9 tJ~'lJ'el-:lb'J~ni.'\.ml 1VilUnmtll 

WI ~~ n 'l!t'H,J ~ "lI tl-.l b'J ~ 1 Y191 ~ru 1 ~ ~ (1J ~1 ~ 'J \,l L~ tJ L).J ~ "lItl-.l~ 1 ~ \,l ~"Jj (;]tl b).J Yl1 \,ltl~ 1:42 
0-

~(1Jn~'J\,lLV1tJLl-l~"lItl-.li\1~\,l~"Jj(;]tl~'Jr11~:::~ltJi'J).J 1:6 tlruVlfln 350 tl-.lPl1b"Jj~b~tJ~ r1'l1).J~\,l , " 
19 bl-ln:::'Y'n~A~ bb~:::b'J~1~H1\,lm~Vi1tl~mm 10, 15, 20, 25 bb~::: 30 \,llVl bL~~-.l~-.l~tl~ 4 .10 

%ME content 

THF/CPO THF/OPO Hexane/CPO Hexane/OPO 

.10 15 20025030 Time (min.) 

l U.y1 4 .1 0 e.J~"lItl-.l b'J~11 \,ln1~Vi1tl~mm ~~(;ln~'J\,l L~tJLl-l~"lItl-.l~l~\,l~"Jj (;]tl Ll-lYl1\,ltl~ 1:42 

~(1J~1~'J\,lL~tJL).J~"lItl-.l~1~\,l~"Jj(;]tl~'JVi1~:::~ltJi'J).J 1:6 tlruVlfln 350 tl-.lPl1L"Jj~b~tJ~ m1l-l~\,l , " 

. ~ ~ ~ 

b Yltl fb Y1l-l~\,lm).J b 'J~ 1 L 'Vi ~1::: b).JYl1\,ltl~ 1 \,lfl1'J::: L VI-Wtl~ n ~ (1Jij L 'J ~ 11 \,lm ~i).J cr ~ niJi\ 1~\,l~'l1).J 1 n~\,l 

bb(;]b~tlb~).Jb'J~11\,ln1~Vi1tl~n1tJ1 20 25 bb~:::30 \,llVl ~tltJ~:::L).JYi~btl~LYltlfn~iJ~i?I~-.l 
, " , 

'El19 b -Wtl-.l).J191 n m ~~~ltJ ~'J"lItl-.li\l~\,l~"Jj i-.l Ln (1JH191 n Lr1~).J1 L YlnLml-lVl b'J~l 30 \,llVl 'ViiJ~lij 

Y;r1L~n1b~).J~\,l ~-.lLb(1Jn(;]1-.l91n Lr1~).J1LYlbLn~).J~b'J~1 20 \,llVl ~-.lhhJnn{]Y;r1~-.ln~l'J ~'Jtlth-.l 

Lm).J1Lvmm).JLL~~-.l~-.lfl1r1e.J\,l'Jn r1 

-.ll\,l~~tJ"lItl-.l Warabi LL~:::Flru::: (2004) n~l'J~l m~HL'J~11\,lm~Vi1tl~mm~\,l1\,l~\,l 
I" I I 11 

tl1).J 1 ru "lI tl-.lL iJ L tl ~ L"Jj ~ 9::: L Y1 ).J ~ \,l L~ tl L Y1 ).J L 'J ~ 11 \,l n 1 ~Vi 1 tl ~ n1tJ 1 "lI tl-.l i\ 1 ~ \,l L).J ~ ~ L ~'Vi1 \,l 

Lbtl~ntle1tl~fl1'J:::bVl-Wtl~n~(1J91n 15, 30 LL~::: 45 \,llVl Lr1~).J1LYlLLm).J~LL~~-.lill).J1rubLtl~~'l'lLtl~ 
I '" I I '" II I I 

L Yltl fij Lb \,l'J L ~l-l b Y1 ).J~\,l(1J1 l-l b 'J~ 1 Vl L Y1 ).J~\,l LL(;]1 \,l-.l1\,l~~ tJ{J'ViiJ~l b'J ~ 1Vl L VI).J 1:::~).J 1 \,l Lr11tl 'l1J~ n nw 
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, 
~ ~ ~ 0 ~ ~ q 

~tltJ~:::~~Y1"'Htl~~Y1tl~~'1~~ 89.4 ~~~::: 93.8 m~~l~UY1~'J~l 20 tJ1Yl " , 
" 

nn1J-W 1 l1tJU 1 ; ~ ~U ~~~:::U 1 ;~ ttl ~ ~;S\J t~ tJ ~ ~eJ n ~ "1!\J~iJ\J[;l'J vi 1 ~ :::~ltJi'J ~ 1Jl¥tltJ ~::: ~~Yi t1 

"" \J1 Y1 

4.1 0 ~~'lI'el~!Pl'J1~ vl'Um"LIL 'U n1~cyjTtlDm-~1 
r.nnn1~Yl ~t1tl'l~U~l UDmtJ1Y1~l\J;~tl~ ~Y1tl1~ ~!Pli\J~ 19 ~~n:::~l~ r1t1 ~'11. ,xh.ltlt1:::~~ 

, 

Yit1 ~tl~ ~Y1tlf~ln~l~ll?1~~l\J"1Jtl'l m~fi~n'"l~i'l'll\J (96 .5%) .a , 

mru1. -n~1l1\JU1;~ ~u ~~t1 :::U1; ~ ttl ~t1;S\J L~ tJ~ ~1?11?1~::: 1eJt~~yj ~~~\J~iJ\J(;1'Jvi1 t1:::~ 1tJi'J ~ 1Jl 
" 

0-

mru -W1l1tJU1; ~ ~u ~~~ :::U1; ~ ttl ~~;S\J t~tJ ~ ~eJ n ~ "1!\J~iJtJ(;]'Jvi 1 ~:::~ 1tJ i'J~ 1Jl¥tltJ~::: ~~Yi ~ 

~tl~ ~Y1tlf~'1~~ 91.7 ~~~::: 95.1 1?11~~1 ~u " , " , , 
~'1,r\J9'1 ~ mj"le.J~"1Jtl'l rl'J1~ ~\J ~Yltl ~~~¥tltJ~:::~~Yimtl~ ~Y1tlf 

it tI I" 
1. \J~iJtl'l rXtJ~~tl n 1. -n-W1 l1\JU 1; ~ ttl ~~;S\J~lvi1 n 1~Y1 ~~tl'l vhr I?1n ~'J\J t~tJ t~ ~"1Jtl'l-W 111 \J 

" Yl'll(;]tl~~Y11\Jtl~ 1:42 oell?1n~'J\Jt~tJt~~"1Jtl'l-W1l1\JYl'll(;]tl(;]'Jvi1~:::~ltJi'J~ 1:6 ~'J~1 20 \J1Yl 

Q Q fV cv .... 

tlru'\.ul~ 350 tl'lP\l~"1!~~"1!tJ~ ~~~:::rl'J1~~\J 19, 20 ~~t1::: 25 ~~n:::~l~rl~ e.J~n1~Y1~~tl'lL~~~'1~'1 , " 

~U~4 . 11 
" 

100 

80 

+' 
c:: 60 CII 
+' 
c:: 
0 

40 Co) 

w 
::E 
~ 0 20 

0 

93 .8 95. 1 

19 

94.7 96.2 

20 

Pressure (MPa) 

96.7 97.8 

25 . OPOITHF 

• OPO/Hexane 

::t1v1 4.11 e.J~"1Jtl'lrl'J1~~\J~H1.\Jn1~vi1UDmtJ1 ~oell?1~l~'J\JL~tJt~~"1Jtl'l~ll1\J~'ll(;]tlL~Yl1\Jtl~ 
1:42 oell?1n~'J\Jt~tJt~~"1Jtl'l~1l1\JYl'll(;]tl(;]'Jvi1~:::~ltJi'J~ 1:6 ~'J~1 20 \J1Yl tlru~Jlij 350 tl'lP\l , " 
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, , " 
nln~ ~-H·l'JI ~ ~\..l'"lln 19 L1J'W 25 L~n~Yn~rl'fl vi11,x~tlt.J'fl~L~Vi'flLtl~LYltlfL~~~'l~'W '"lIn 93.8 

'" 

i'J~~tlt.J'fl~ L~Vi'flLtl~ LYl tlfL~~'"lln 95. 1 L1J 'W 97.8 ;'lA'JI~~'W 25 L~n~'Y'n~rl'fl1~~'1lt.J'fl~L~Vi'flLtl~ 
LYltlfr;n~~Ir;]~'iiI 'W m'~fi~n'"l'Y'l~'l'lI 'W (96.5) ril'v, 'W~H .... . 

'l1'W~~t.J'lJtl'l Kusdiana LL'fl~Aru~ (2001) 1~nfil'J~1 ~tlruVlJll:j 270 tl'lP11L'l!'flL;t.J~ 
q '" 

A'JI ~ ~'W 14 L~n~'Y'lI~rl'fl Ln~tJBmmhJ~~\J~ru Ltitl'l'"llnJlI'J~~ LiJ'WJlI'J~LVI-ntl~n~r;]~hJ 
L~C1t.J~ L'Y'ln~ml~~'WLL'fl~~ruVlJJl:jtl~1n~~~~n~r;] LL'fl~1'W'lI'W~~t.J'lJtl'l~n'k!'k!1 (2002) 1~ 

," , 
Yl ~'fltl'lH' A'JI~~'W 1 0 L~ n~'Y'lI~ rl'fl 'Y'lU~IYl A'JI~ ~'W.w1 ,x~tlt.J'fl~L~Vi'fl Ltl~ LYltlf~1 n~1 n1~Y1 ~'fltl'l 
, " 

Yl1.jfA'JI~~'W 19 L~n~'Y'lI~rl'fl LL'fl~1'W'lI'W~~t.J.w~tl~A~tl'lnU'lI'W~~t.J'lltl'l He LL'fl~Aru~ (2007) 
, " , 

L~ t.J ~ nMI CJ 'fl 'lItl'l A'J 1 ~ ~ 'W'"l1 n n 1 ~CJ ~ r;] 1u Ltl ~ L'l! 'fl Yl 'el r;] ~1 ~ 'J'W L~t.J L~ 'fl 'lItl'l ~ 1 d! 'W Cl 'J LVI ~ tl 'l [;] tl 

L~YlI'Wtl'fl 1:42 tlruVlJll:j 280 tl'lP11L'l!'fl L;t.J~ L'J'fl1 30 'WIYl 'Y'lU~In1n~~A'JI~~'W'"lln 15.5 LiJ'W 
q '" 

4.11 n1'iCJ~ (;11 'UL'el ~h'If~ L(;I~i.i F11~'U'el'W1(;1'el'el n 1'If vlL iJ'W~'J'Vil'~~~1~~'nJ 

nl~CJ~ r;]1uLtl ~ L'l!'fl ~'Jt.JtJBmmYl~I'W;Ltl~ LYltl1~ LA-n'W d! n 1.jf~ ru VlJJl:jtJ~~~lru 350 

" Yl~'fltl'l~tl 'elr;]n~'J'WL~t.JL~'fl'lltl'l~ld!'WY/'l![;]tlL~YlI'Wtl'fl 1:42 L'J'fl1 20 'WIYl L~t.J'elr;]n~'J'WL~t.J 
" L~'fl'lltl'l~1d!'Wy/']j[;]tl(;]'JViI'fl~'flIt.Ji'J ~ 1 :4.2 [Han et aI., 2005J tlruVlJll:j 280 LL'fl~ 350 tl'lP11 , '" 

L'l!'flL;t.J~ A'JI~~'W 19 L~n~'Y'lI~rl'fl LiJ1mJ LYlt.JUCJ'fl~1~nunn1l~hn.jfAlfUtl'W1~tltln1'l!~ CJ'fl 

n1~Yl(?l'fl'1l'lLL~(?I'l~'l~tJ~ 4.12 LL'fl~ 4.13 
'" 
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• no-C02 III CO2 

°loME content 
<C! "'l 
I'- <0 <Xl <Xl 

100 
90 

80 
70 
60 

50 
40 

30 
20 
10 

0 
280 350 

Temperature (OC) 

.... 
1 :4.2 L':I'l'l1 20 'W1Vl 

• no-C02. CO2 

o/cNlE content "<t ~ ('fj 
L() 

100 
00 00 

90 
80 
70 
60 
50 
40 
30 
20 
10 

0 
280 350 

Temperature (OC) 

" , 
'itJvi 4.13 CJ'l'l'lJtl'l n1n~hJ rnfUtl'WL(;ltltl nofdJ'Wj;]':Ir11'l'l ::;'l'l1t.J1':1~'"l1 n,j1,r'W,j1~~ltl L'l'l~'W Yi~ l'ln 
OJ 

" " ~':I'W l"1t.Il~'l'l'lJtl'l,j1,r'W~'jj t;ltl L~Vl1'Wtl'l'l 1:42 ~ l'ln~':I'Wl!?1t.Jl~~'lJtl~,j1,r'W~'jj t;ltl j;]':Ir11~::;'l'l1t.J1':1~ 

1 :4.2 L':I'l'l1 20 'W1Yi 
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'"l1 n I:.J 't1 n1 J'VI (;]'t1tl'l Y'lU~ 1 n1 n~~ AI fu tlkl1(;] tltl n 1'1l (;]1lJ~1 ~1 J'bl 't1 (;][11'J:::n1 nn (;]LJBnhn 

1~ ~tl L~tl L~~tlru'Mln1 kln1n11 LJ ilmm~tltJ't1::: L~~'t1 Ltl~ LVltlfL~~~kl~'JtJ LL't1:::L~tl~'"llJ'rul~ 
''IJ "-J 

~ ru ~JJ n L~tJ';1 nkln1n~ ~ mfutlkl1(;]tltl n 1'1l (;]1lJ ~1~ 1 J'Cl L~~ ~tltJ 't1::: L~ ~ 't1 Ltl ~ L Vltlfl~tlth'l iJ 11tJ 

~lrl'1J ;'1-lJ(;]LL~'1nUn1J'VI(;]'t1tl'l'lltl'l Han LL't1:::~ru::: (2005) Y'lU~1 n1n~~l"llfutlkl1(;]tltln1'1lvl~1 
1 ~~ ~u~';j n ~ f'l'lltl'l~ 1 J'I:.J ~ ~1 klJ':::UUiJ ~1 't1 (;]'t1'1 ;'1-rl'JtJ~11 ~tJljmtJl Ln (;] 1~~ ltJ~klLL't1 :::'1 1 kl';j { tJ 

'lltl'l Yin LL't1:::~ ru::: (2007) Y'lU~1 n1n~~ ~lfUtlkl1(;]tltln 1'1l vl~tl f'lJ'1~'Jkl L(;]tJ L~'t1'lltl'l L~YI1'Wtl't1 (;)tl 

~lfUtlkl1(;] tltln1'1lvl 0.2 tlru~[1n 300 tl'lPllL'1l't1L~tJ~ tlf'lJ'1~'JklL(;]tJL~'t1'lltl'lJl,rklYl'1l(;)m~Vll 
, 'IJ 

, " 
kltl't1 421~~tltJ't1:::L~~'t1Ltl~LYltlfL~~~kl'"lln 67.7 L1Jkl90.6 

;'1'11kl';j{tJ'lltl'l ~klkl~f'l (2549) 1:.J~f'l1ULtl~L"1!'t1'"llnJl,rklL~~(;]Vllklf'l:::iklL(;]tJ1-n 
~lfUtlkl1(;]tltln1"1!(;]1kl[11'J:::L~~h';jn~f'lLiJklI;1'Jn't11'1 ~~ru~JJn 40 tl'lPllL"1!'t1L~tJ~ ~'Jl~~kl 150 

" 
ulf L'J't111klnlJ'~ILJljmm 60 kll'Vl tlf'lJ'I~'lklL(;]tJL~'t1'lltl'l~I,rklVllklf'l:::ikl(;)tlL~Vllkltl't11 :421J1 

~tltJ't1 :::L~~'t1 Ltl~ LVltlf 12.41 Y'lU~I~1 L~[;Jtll'"l~I'"lln n1J'~tJlj m-tJ1V1 J'lkl~Ltl~ LVltl1YJ L~.nkl 
" ", 

J':::~~I'1~I,rklL~~ i?lVllklf'l:::iklLL't1:::L~Yllkltl't1 Ln (;]~kl1~m n LY'lJ'1 :::Vltl ru~ll n (1)'1 n ~1'l LiJkl!lru~lln 
"cu 'I \.I 

I " • " 

Vltl ~ LWWtl, (;]';j n ~ (;l'll tl'l ~ 1 fUtl kl1(;]tltl n 1"1! vlLVl1 11 kl 'll ru:::Vl ~ 1,r klYi "1! LL't1::: L~ VII kltl 't11lJ ~ 1 ~ 1 J'Cl 

't1 :::'t11tJ L -if 1 nkl1~~tl ru~ll n~ n 1 n~~ AI fUtl'W 1i?1tltl n 1"1! vl 't1'11tJ1lJ1~-rl'JtJ 1 ~'lltl'll:.J~ ~~'1~~ i?lJ''J ~ (;]'l 
, 'IJ 

" 
nkl ~1,rklYl"ll nu L~Vllkltl't1~'1 ilLtl n1 ~~~ er~ nklLL't1::: Ln i?ltJljmm1M.(tltJ 

4 .12 eJ~ nl~fijm~1',UI~"lJ'eJ 'H2-JVi'iH'eJ'&Il b'Vl'eJ f 

L~~'t1 L tl~ L Vltl fLiJkl~ 1 J'tJJ':::ntlu~1~'"l1 n n1 J'~ltJlj mmVlJ'lkl~Ltl~ L Vltl1YJ L~.nklJ':::~~ I'1Jl 

I "''' I 

,rklYl"ll nu L~Vllkltl't1 LYltl1-nVi (;] LL Vlkl~ 1,r'W~ L"1!'t1 (1)'111kl~~U~'lltl'l L~~ 't1 Ltl~ LVitl fVl1~~1 LiJ'Wv1tl'l~1 
I '" I I "" 

n1 J'~ m~n ntl kl~11tJ1-n L YI!l1j'l~~'11:.J 't1 m:::VlUVl iJ (;)tl L~ 1tl'l tJkl~llltJ~ ~ '1'"l1 n nI J' 1-n L~ tl L Y'l ~'1"llil(;]u 

~'11 klt1'"l'"lUkliJn1J'fil~kl(;]~1 f'lJ''&ilkl'lltl'l L~~'t1 Ltl~ L Vltlf~1tl~~9 n nkl1 kl~tl1ULtl ~ L"1!'t1 LL~'l LL~ (;]'1 (1)'1 , .a 'IJ 

.,: 
f'l1J'1'1V1 4.17 

III 'l:::~ L~~I:::~ ~1 kln 1 J'I:.J~ f'l1u Ltl ~ L"ll ~'lltl'l'llkl';j9 tJ~~tl ~tl (;l J'1 ~'Jkl L(;]tJ L~ ~'ll!l'lJl,rkl 

" " "I I 

~1,rklYl"ll~'1~tl'l"llil(;]iJ ~1 (;lJ''1 f'l1~~1 (;lJ''&il'W'lltl'l1ULtl ~ L"ll~ LL't1 :::~I,rkl~ L"ll~~~kl-nl ~'1 L~tl LmtJU .a , 
'" I II '" 

L Vl tJu nu~ ~U~'lltl'l~I,rklYl"llVl1-n LiJkl~ 1 J'(;]'1 v1kl Y'lU~1 n 1 J'~ 1~ 1 ,rklYl'll ~ 1 cJlkln J':::U'Jklnl J'VlJ'1kl~ 
" " " Ltl~ L Vltl1YJ L~.nkl~ 1~1 J'Cl't1 (;] ~'Jl ~~il(;]'lltl'l~I,rklYl'll~'1 2 'llili?l1~ LL't1 :::~1 ~1 J'Cl H I:.J~ (;lJl CWsyjUVI (;] 

" I I " l.-

LL Vlkl~l,rkl~ L"1! ~ 1~ kltlkll ~ f'l Li?I tJ L ~~ 1:::~~ nu L~1tl'ltJkl~ ~'lI~ L~'l J'tlU ~1~'1UL Y'l J'1::: L~~ ~ Ltl~ 



Kinematic Viscosity hi~ln~1 1.8 

(cSt) LL2'l::: 

hj~'1n~1 4.1 
~ 

Spec ific Gravity at hj~ln~1 0.81 

15.6/15.6 DC LL2'l::: 

Cetane Index 

Flash Point ("C) 

Heating Va lu e 

(MJ/kg) 

0.87 

hi~ln~1 47 

hj~ln~1 52 

84 

" i-Jlm~I'\..1111lr'W~L'JI2'l -'"' ')jj ... 

ASTM 

3.5 

D 445 

8.0 5 

0.86 

D 1298 

0.920 0.90 

47 51 D 976 

52 120 D 93 

46 D 240 
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1P11~Tlvl4 . 18 ~UJlJ~']J'e)'l~J.JYi~~'e)~~V1'e)f~'fll'ln~'J'WL(;1tj'lJ.J~']J'e)'l~111'W~"lli'i'fm.JVl1'W'e)~ 1 :42 'fll'ln 

~'J'WL(;1tJLJ.J~']J'e)'l~ll1'W~"lli'i'e)~'JYil~~~ltJi'JJ.J 1:6 'e)ruVl[1~ 350 'e)'lPll~"1I~~~tJ~ ~'J~1 20 'W1Y1 

Properties 

Kinematic Viscosity (cSt) 

Specific Gravity at 15.6/15 .6 °c 

Cetane Index 

Flash Point (oC) 

Heating Value (MJ/kg) 

, '\J 

CPOI 

THF 

3.96 

0.871 

45 .2 

125 

35.6 

Results of biodiesel fuel 

OPOI C POI 

THF Hexane 

3. 51 3.89 

0.88 0.874 

44 .0 42.3 

120 127 

34.5 36. 3 

4 .13 nTH mtJ'U L VitJ'U eJ'Gl n1 ';j' 'VlIPI'Gl'2l ':111'U~1'U1 ~tJvl ~1'U~1 

OPOI 

Hexane 

3.42 

0.879 

45.2 

125.3 

34.S 

I'll n'l~ 4.19 ~tJ'Wnl ~~llitJlJ ~Y1tJlJ e.J ~'ll'W~~tJ n1~e.J ~ I'IllJ L'e) ~~"11 ~ 1 'W[11'J~ ~Vlt1'e)~ n ~ I'I~ 

91n'l1'W~~ml'e)'l Cao ~~~~Aru~ (2005) l-ifr11flJ'e)'Wl(;1'e)'e)nl"11~~tJ'W~'JYil~~~1tJi'JJ.J 

~1J.J1~r1~ (;1[11'J ~1 'Wn1nn (;1iJ~mtJ11~ L~I'I n i'il'l91 n'll'W~~tJd~'e) hJ~1J.J 1 ~r1~ (;1[11'J ~1 'W n1nn (;1 

iJ~mtJ11~ 

~~i'iL(;1m'J J.J ~~~'J'l1'W~~ tJdiJ[11 'J ~n lnn (;1iJ~ m-tJ1~~ J.J\l~rufOl~ltJ rllJ'l1 'W~~ tJ~ ~1'WJ.J 1 ~'e) 
'fl1'l~1~'J'WL(;1tJLJ.J~']J'e)'l~111'W~"lli'i'e)~J.JVl1'W'e)~ 1:42 ~~~~'e)ruVl[1~ 350 'e)'lPl1~"1I~~~tJ~ ~~~~n1n~J.J 

, '\J 

, " 
~'JYi1~ ~~1tJi'JJ.J ~I'I 1'I~~le1L(;1~~ ~~~'W~~~~~e1n ~"1I'W hJ~'le.J~~lJi'imBJ.J1 rullJL'e) ~ ~"11~Y1 e.J~ I'Il~ ~'l,r'W 

'\J 

" n1~']JtJ 1tJ'lI'W1 (;1 ri1~'l n1~e.J ~ I'IllJL'e) ~ ~"11~ L(;1tJl-if ~'JYi1~ ~mtJ i'JJ.Ji1'l ~'e)'l"llil(;11 'Wn1 ~'ll'JtJ ~ (;1 A'J l J.J 

Vlt1(;1~'ltl19 ~ l~¥'e)tJ~ ~ ~J.JYi~ ~ 'e)~ ~ V1'e)f~ VI~'e)'WrllJ n1 ~V1 (;1~'e)'ldch l-if[11'J ~n1 ~V1 (;1~'e)'l~ln~ ~~tJ'l rl'W 



86 

[;l1~I-!1V: 4.19 n1nmtJ1JLVltJ1Jc.J~n1~V1I?l~'fl-.l"ll'fl-.l-.lI'W~~t.J~c.h'Wl-J1 

Year Reactor Oil Co- Condition Time %ME 

so lvent (sec) 

Saka 2001 Batch Rapeseed 1 :42,350°C, 19MPa 240 95 

(5ml) oil 

Demirbas 2002 Batch Cottonseed 1:41 ,350°C, 19MPa 300 95 

oil 

Bunyakiat 2005 Continuous Coconut oil 1 :24,350°C, 19MPa 400 95 

Palm 1 :24,350°C, 19MPa 400 96 

kernel oil 

Madras 2004 Batch Sunflower 1 :40,400°C,20MPa 1800 96 

(8ml) oi l 

CaO 2005 Batch Soybean Propane 1 :24,280°C, 12.8MPa 300 98 

(250m I) oil 

Soybean CO2 1 :24,280°C, 14.3MPa 600 98 

oil 

Sawangkeaw 2007 Batch Palm THF 1 :42,350°C, 19MPa 600 84.9 

(250ml) kernel oil 

Palm Hexane 1 :42,350°C, 17.7MPa 600 88.1 

kernel oil 

Th is work Batch Crude THF 1 :42,350°C,25M Pa 1200 94.3 

(250m I) palm oil 

Hexane 1 :42,350°C,25MPa 1200 95.6 

CO2 1 :42,350°C, 19MPa 1200 83.4 

Olein palm THF 1 :42,350°C,25MPa 1200 96 .7 

oil 

Hexane 1 :42,350°C,25MPa 1200 97 .8 

CO2 1 :42,350°C, 19MPa 1200 86.2 
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'U'VI'VI 5 

'"l1 nn'l~~ nMI tJ~"lJ'El-:l ~'J'I-11~~~lrJi'J~ r;)'El n'ln.J~ j;]LUL'El ~ L'l!~ 1 iJL~'Vl1'W'El~JlI'J~L ~~'El';j n ~ 1Jl~ 
~ ~ 

~ j;]~I~biJL~rJL~~"lJ'El-:l~I,riJYl'l!r;)'El L~'VlI'W'El~ 1 WD'J-:l 1 :24-1 :42 ~ j;]n~'J'WL~rJ L~~"lJ'El-:l~I,r'WYl'l! r;)'El 

cv 0 I &:II.c:'t. .Q .... 

j;]'J'VlI~~~lm'J~ 1 :6-1: 24 L'J~1 10-30 'W1'Vl 'Elru~Jl~ 280- 350 'El-:lPlIL'l!m'l!rJ~ LL~~rl'JI~~iJ 
• 'IJ 

19-25 L~ n~'Yn~ 1"1~ L~rJ ~ nMI tJ~"lJ'El-:ltr'"l4"rJ r;)1-:l1 ~i1 r;)'El¥'ElrJ~~L~Vi~ L'El~ L 'Vl'El frJi''JrJ';jfi nl~'Vl (1)~'El-:l 

L~-:lLL~n'Vl'ElL1rJ~LLUU i MtltJ~LrJi'(;)-:l~ • 

1. Lj;]IJl~~Le:lL~~*L~iJ~1.jfLtI'W~'J'I-11~~~lrJi'J~ hJi1 tJ~'ElrJl-:li1'l!rJ~11"1 C\J r;)'El¥'ElrJ~~L~Vi~ L'El~ 
" " 

L'Vl'Elf LLr;) ~1~1~(1~ ~ rl'Jl ~~~~"lJ'El-:l\~mr'Wtll~~ ~U LL~ ~~I,r'Wtll~~ L 'El L~;S'WLrJi' 

2. Le:I nL'l!'W~1-n dj'W~'J'I-11 ~ ~~lrJ i'J~ ~ 1~1 ~(1 L ~ ~ ¥'ElrJ ~ ~L~Vi ~ L'El~ L 'Vl'El flrJi' LL~ ~~1 ~1~(1 ~ (1) 
~ ~ 

ml~~~~"lJ'El-:l~I,r'Wtll ~ ~ ~U LL~ ~~I,r'Wtll~~ L'El L~;S'WLrJi' 

3. rllfU'EliJL~'El'El n L'l! ~~1-ndj'W~'J'I-11 ~ ~~lrJ i'J~ hJ~I~I~(1~ ~JlI'J ~nl~'I-11tlnfi1m ~'El 
" ~ ru~JJ ij rl'Jl~ (;)iJLL~ ~~ j;]n ~'J'WL~rJ L~ ~ "lJ'El-:l1.JI,r'WYl'D r;) 'El L~'VlI'W'El~ ~ ~ ~-:lLrJi' LL~ ~hJ~I~1 ~(1~-:l 

tJ~u'Jn r;)'Eln'l~tJ~ j;]LUL'El ~ L'l!~ LrJi' 
~ 

4. '"l1 nn'l~~ nMI tJ~"lJ'El-:l~ j;]~I~'J'WL~rJ t~~"lJ'El-:l1.JI,r'WYl'D r;)'El L~'VlI'W'El ~ '1-111 ~¥'ElrJ~~L~Vi~ L'El~ 
tr~X.cJ ~ Go' ~ .... dI I ~J'J 

L 'Vl'El ~L 'Yi ~"lJ'W L 'W'El-:l'"l1 n n 1 ~L 'Yi ~'El j;] ~1 ~ 'J'W L~ rJ L~ ~"lJ'El-:l'W 1 ~'W 'Yi'l! j;] 'El L~'VlI'W'El ~ L U'Wn'l ~L 'Yi ~'Yi 'W'Vl 

i~~~1'Wn'l~'I-11tlnfi1m~~~~I-:lL~'VlI'W'El~LL~~Lj;]m~L'l!'Elh~ 
" 

5. '"l1 n n'l~~ nMI tJ~"lJ'El-:l~ j;]n~'J'WL~rJt~ ~"lJ'El-:l1.JI,r'WYl'l! r;)'El ~'J'I-11~ ~~lrJi'J~ 'YiU~1 n'l~L~~ 
, " 

Lj;] j;] ~~Le:lt~ ~~ LL~'W'I-111 ~¥'El rJ ~ ~L~Vi ~ L 'El ~ L 'Vl'El fL ~ ~ ~'WL Vi rJ-:l L~ mJ'El rJ~1'El'El1'"l hJ i1'l!rJ ~11"1 C\J LLr;) n'l ~ 

L~~ Le:ln L'l!iJ'I-111 ~¥'ElrJ ~ ~ L~Vi ~ L'El ~ L 'Vl'El fL ~ ~~'W~-:l1 'Wn ~ru1-n~I,r'Wtll ~ ~ ~u LL~ ~~I,r'Wtll~~ 
A 11 .Q .. ~ .t 0 .... J 

L'ElL~'El'W L~rJ~'ElrJ~~L~'Vl~L'El~L'Vl'El~L'Yi~"lJ'W'"lln 83.4 LU'W 87.2 LL~~ 87.6 LtI'W 91.2 m~~I~U 'Vl 
~ 

~(;1~I~'J'WL~rJL~~"lJ'El-:l1.JI,r'WYl"1lr;)'ElL~'VlI'W'El~ 1:42 L'J~1 30 'WIYl 'Elru~Jlij 350 'El-:lPlIL'l!~L~rJ~ 
• 'IJ 

6. '"l1 n nl ~~ nMI tJ ~"lJ'El-:l~ ru ~JJ ij1 'Wn! ~'I-11tln n1-rJ 1'Yi U ~ 1 n 1 ~L ~ ~~ ru ~JJ ij1 'Wn! ~'I-11 

tln fi1m '1-111 ~¥'ElrJ~~L~Vi~ L'El~L 'Vl'ElfL ~~~'W~'JrJ L ti'El-:l'"l1 n~ru~JJij~~~'W '1-111 ~rl'JI~~I~I~(11 iJ 

n1~~~~lrJ"lJ'El-:l~I~~-:lrX'Wi1~ln~'W (;)~J'W~j;]nn1nn~tlnmm~~~~~'W 

7. '"llnn'l~~nMltJ~"lJ'El-:lL'J~I~H1'Wn'l~'I-11tlnmm'YiU~1 L'J~11'Wn'l~'I-11tlnmm 20 iJlYl 

'1-111 ~~¥'ElrJ~~L~Vi~ L'El~L'Vl'Elf~-:l~ ~ 
'IJ • 
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... 
5.2 "ll'elb'6ll'\.J'elbb'\.J::: 
," , 

1. b'W!l~'"l1 n ,ntJ~r.r tJ'W1r;l~ n1.11 ~ ~'lJ!l~ (;](J'v11~:::~ ltJi'JlJ1 tJLr11!l~tJli n~ruLL UU LL U I?l'll (;]!l 

m:m ~ 1?l1u ttl ~ L'1I ~ 1 tJLlJ'VlltJ!l ~.nl'J:::L 'I,rw!l~ n ~ I?l ~~ m ~~ n1~n ~~'lJ!l~ (;]'JYil~ :::~ltJi'JlJ1 tJm:::U'ltJ 

mmuu (;]!l L ti!l~ L ~!l~11tJ1-n tJ~:::(;]u!lI?l~1'vm~~lJ (;]!l hJ 
q 

, " 
2. b'W!l~'"l1 n~ ltJ~r.r tJ \hj~ ~ n1.11 L'il ~ 1 :::-if!l L .yjroY"l ~~ LL~:::r1 'J IlJ L UtJ 1 tJ1r;l'Vll~~ 'Vl tJ1 I'll ~ I?l f 

q 

LL~:::~ P1'l n ~~lJ P11~ I?l fLvll,xtJ ~~ 1 tJ'Vll~tJnu"i'"l~~-if!llJ ~~ n r;lltJ~ ~!l~~llJ1'~'"l1 dC1..l1 A!l-if!llJ~'Vll~ 
~ ~ ~ 

r;lltJLP1~'I.1~ P11~ I?lf ~~'"l:::Yil11X~llJ1HIVI nu ~~ r1'J l lJ LutJ1tJ1r;l1 tJn1~~~ 1?l1 U ttl ~ L '11 ~ 1 tJLlJ'Vl l tJ!l ~ .... 



1111j-11 'VltJ 

fOlru:::m'~~J1finl~Yl~'I'IIt..l ~111~ll'Vlt..ln1j-iJ~ . Yl~'I'IIt..l'VlVlll'Vlt..ll'fl'VlIt..l'flfl lLfl:::11JL'fl~L'l!fl . 'v1'11'1~'fl 

l'tl~3-.lYl~:::lnm~Yl~:::1JI'Vl~~ l~"'lYl~:::lf.{I'flthX'J In'fl'll t..l'J Lml~~t..ll'tl~~Yl~:::'l!t..l3-.lYl~~1j-l 5 
'U 

flt..l'J1 fOl3-.1 ,2545. 

~t..lt..lr1 (;l ~t..llh:::l~1iiL-n fOl . nlJ'c.J~ (;l11J L'fl ~ l'l! fl"'l1 n~I,rt..l'VlIt..l(;l:::~ t..l LVltJ H fOl 1 f1J'flt..l1Vl'fl'fl n 1 on r;1~ 
.a 

~111'J:::lVl-W'fl";jnq (;llUt..l(;]'J nfll'1 . U ruoVi (;l";j'Vlm~tJ ~VlI";j'Vlm~mn1j-J'PlI~ (;If L~'fl fOl'J l 3-.1 

~3-.lu~nrm .. hmrunJ1";jPl'Jnn3-.lPlI~(;lf 3-.lVlIUruoVi(;l (rjPl'Jm'J'3-.llfOl;,J ) , 2549 
'U ~ ~ 

lhIL3-.I'Vlcl"1'l!t.Il'J'l! . m(;ln~tJ3-.ll'VlfOlLt..lLfl~. nJ''IL'VlYl3-.lVlIt..lm: L~'I~~vi~t..l'Vl~'fl'fl~L'l!'Vl, 2537. VltJl , , 

201-208 
... 

C~'fl'l";j'Vlcl" ~~I'1lln'J . nln.J~(;l11JL'fl~l'l!fl"'llnth,rt..lY/'l!~'JtJUnmm'Vlnt..l;l'fl~l'Vl'fl1~lfOlit..llt..lL3-.I'Vl1 

t..l'flfl111'J:::L VI-W'fl";j n q (;l'flrh'l (;]'fl L ti'fl'll t..lLfOl1'fl'lUn nJ'nr~:::~UWI i'fl'l . ~'Vlm~Ylt..ltfmC1J C1J1 

3-.lVlIU ruoVi(;l 111fOl";j'l!1 LfOl;,J l'Vl fOl~fOl fOlru:::";j'Vlm PlI~ (;If "'l'rilfl'l m'nr~VlI~'Vlm~tJ , 2547 • 
";j111'J~ m~~t..l1YlLJ'"'l-W. n1~c.J~(;lL~~m'fl~L'Vl'flf"'lln1"lJUI~3-.lLVltJl.j{L'flt..l1'l!3-.l1mu~(;l1'1~U ~'Vlm 

" 
i\Ylt..l~'VltJli\Ylt..l~'VltJl PlI~ (;lf~VlIUruoVi (;l ~1"lJ1";j'l!1 L'Vl fOl L t..l Lfl~~'J111Yl ~VlI";j'VltJl~tJ~'I"lJ~1 

t..lfOl1t..l'Vl{ 2546 
... 

PlPlLn1j-3-.I 'Vl'fl'ltJ'IrlLLfl:::YlJ'~ru LVl'l!rlILLVI'I . LfOl;,J'fl1V11nU'fl'l~t..l . m''IL'VlYl3-.lVlIt..lfOl~ : ~1'11n~3-.lYl1'fl , 
q ~ (J" 11 

LVltJt..l~ b(;l~, 2530. Vlt..l1 119-142. 

~n ~ ~1 3-.11 n;,J nl~'VlVlfl'fl'l c.J~ (;l11JL'fl~L'l!fl"'lln~I,rt..lY/'l!1 t..lL3-.I'Vl1t..l'flfl111'J:::LVloW'fl";jnq (;l LVltJ 

m':::U'Jt..lnlnL1J1J(;]'flLti'fl'l . ";j'Vlm~Ylt..ltfm~~13-.1V11UruoVi(;l 111fOl~'l!ILfOl;,J L'Vl fOli\fOl fOlru:::~'Vlm 

PlI~(;lf "'l'riI~'Im'nr~VlI";j'Vlm~tJ, 2545 • 
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J11F1I:J'\J'Jn n 

, .cO 

rJ 1 rJ ') 1l-J VI 'W ~ (Viscosity, ASTM D445 Standard Test Method for kinematics 

Viscosity of Transparent and Opaque liquids(and the ca lcu lation of dynamic viscosity) 

1. L~'fln"ll'Wl~"lI'fl--l viscos ity 1,xLVll-Jl~~l-Jnu']jil~LL~~mll-JVI.w~"lI'fl--l~1 

2. U~U'flruVlJln"ll'fl--lrell--l~I~'W~H LL-D viscosity 1 m~'flD.l'\!IJln Lvii nu 40 'fl--l f"11 L'llrl L~tJ~ 
" cu II \I 

" , 
3. oWloWl~'Wl-J1 m''fl--l~--l~ numLL~~~'W~~'fl'fl--l'fl'fl n n'fl'WViI n1~'Vl ~~'fl--l 

q 

4. 1~~1~'W~--l1'W viscometer U~~l-Jlru :x "lI'fl--lm'~LU1~~I'W~I--l 
5. oWl viscomete r lULL-D1'Wrel l--l~I~'Wlh~l-Jlru 20 'W1Vl L~'fl1,x~I~'W;:J'flruVlJln 40 'fl--lf"11 

q 'Ii 

" " 
6. H~ ntJ'l--l ~~oWl~'W;'Wl-Jl1 ,x~'W~ ~U'W"lI'fl--l m'~Lul~LLm LL~,)U~'fltJ~--ll-J1 

'Ii 'Ii 

I I IJ I 

7. ~l-J~U L')m Lil'floWl~'We.h'W~ ~~I--l"ll'fl--l n~~Lul~LLm oWl L,)~IVll~l-J1 ~1'W,) ruVllrh rJ,)ll-J 

" , 
8. Viln1~'Vl~~'fl--l'fltJl--lilmJ~'fl--lrJ~--l rhVll~hJrJ')nL(;ln(;]l--ln'WLn'W¥'fltJ~~ 0.35 "lI'fl--lrh 

v = K*t 

, 
Lil'fl V = Kinematic Viscosity, mm

2
/s 

, 
, "" 2 2 

K = rJlrl'l'Vl Viscometer, mm Is 
, 
q~ It.c::t. ~ 

t = L,)~I'Vl b'l!, ,)'Wl'Vl 

2 . F'l'J1l-J ti'J-!l~1 b Yll::: 

~lrJ,)Il-J~,)'1~ILYn::: (API, ASTM D1298 Standard Test Method for API Gravity of 

Crude Petroleum produces by Hydrometer method) 

1. oWl~I~'W~[;'l'fl--ln1~"'l~'Vl~~'flUml-Jlru 500 n~~~(;lJ' 
, '" '" I 

2. oWl m'~u'flnrJ ~ml-Jl(;l~Vl;:JoWl~'WUJ'J''''l'fltJ1~~--l1 'Wrell--loWl Lij'WL ~'fl~ ~'fl ruVlJln1,n~ 15.6 
"I 'U 'I 'U 
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" 3. ~11e:Jb(;)~~LlWelf (hydrometer) VltJ'fl'W~--1lW~I,r'W.jf11 ~~rJ--1'fltJIL""1e:Jb(;)~~L~'flfn~~ 

LL'VI n n1Jn'W"1J'fl--1m~1J'fl nrJ (;)UhJI j;]nL~~'fltJIL ""~') ~1'Wirl--1"1J'fl--11e'Jbm~ Lj;]'flf~~ er~ n1J l:-JoJ--1n~~1J'fln 

rJ (;)ill~1 j;]~~')tJ L'll'Wn'W b(;)tJL me1b(;)~~ Lj;]'flf~'fltJ'fltJ L VI-W'fl n'W"1J'fl--1 m~1J'fl nrJ (;)ill~1 j;]~ LL~')tll'\.,![;l') 
" 

" , 
4 . .yi1n1~'VI(;)~'fl'l'fltJl--1,:r'fltJ~'fl--1filf--1 f11Yl1~~fil')mj;]nf?iI'ln'WLn'W 0.2 °API 

5. f11 °AP I ~1~~I~I~n~I~IAI'W,)DJVI1f11 sp.gr.(ASTM D 1298) 1~(;)tJ 

141.5 

Sp.Gr.60/60° F 
-131.5 

API (60 of ) = (0.02(60-T)+1 )*API(T) 

AP I(60°F) = f11 APllOjlnnl~AI'W,)DJLU~tJ'W~ILU'W~ 60yjIL~'W1e'J(;] 

T = 'flDJVlJln~I~(;)~~I~I~m111~(;)tJ1~Ln(;)1"1J , " , 

3. :aL'VllJ 

, "'" 
fil 1 "l! L'VI 'W (Cetane, ASTM D 976 Standard Test Method for Calculated Cetane 

Index of Distillate Fuels) 

VlI1~(;)tJn1~AI'W,)DJlOjln~~n1~~ 1 

CI = -420.34 + 0.016 d + 0.192 Glog M + 65.01 (log M)2 - 1.809 x 104 M2 (1) 

, 
M = 'flDJVlJlnn1m~'W 50 LU'flfL~'W(;], Lfil~~'W , " 
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4. '"lVl'.l1'ULvJ (Flash Point) • 
Pensky-Martens Closed Tester (ASTM 0 93 Standard Test Method for Flash 

Point t by Pensky-Martens Closed Tester) 
0-

1 . 1~tJ1~~\.n;1'J'elth~~'11 \Jtl'JtJ'Vl'el~ L"'~'el~1 ,x'Y'l'el~nlJ~VlLL~:::'elth 1 ,xiJ~'el'l'el1 n1 P1 

2. tJ 1 tl'J tJ'Vl'el'l L "'~'el~ 1~ ~'11 \JLr1 i'el~'Vl V1~'ellJ 
, 0-

3. L1JV1Lr11'el'l ~'1hJnLm':W ASTM LL~'JnV1 Start 
I I '" I 

4. ~:W"'l V11 ~'Vl V1~'ellJLl:j'eltJ1l1\JiJmu"'ll~ 50 'el'lP11 L'l!~ L~tJ~ LL~:::~:W'Vl V1~'ellJ , , " 

5. tl11~tJ~hJ~V11,x'VlV1~'ellJVJn12 'el'lP11L'l!~L~tJ~ "'l\Jm':::*'1LiJ~'Jl~~V1 

6. Ln'el Ln V1 LiJ~'J 1 ~~\J u\J-t1 n'elru"'Il~~'il1\Jl~ 'elru"'Il~~'il1\Jl~ A'el"'l V1'J1lJl ~ 
iii 'lJ q 'lJ q 

, 0-

1'111'1 'J 1:W ~'el \J (ASTM 0 240 Standard Test Method for Heat of Combustion of 

Liquid Hydrocarbon Fuels by Bomb Calorimeter) 

1. L1JV1Lr1i'el'l"'~~Lr1i'el'lLL~:::L~'elm:W\J Calorimeter Operation "'lln,r\JnV1tJ:wH' Heater " , 
, ,0-

and Pump Vil'11\J ( Ll:j'elL1JV1Lr11'el~r1f~LLm"'l:::HL'J~liJ~::::Wlru 20 \J1Vl1\Jn1~ warm up) ~~Lnl?l 

"'llntJ:w start ~ILn'elLr1i'el~'Y'I~'el:wH~I\J LL~'Jl~"'l:::~~I~~U:W start , , 

2. L1JV1~1I?liLr1i'el'l water handing LL~:::~'1~ru",.r:J~~ 27 'el'lP11L'l!m~tJ~ 
3. L1?l1tJ:w ~'J'elth~ LV1tJ~~ ~'J'eltJl'1iJ~::::Wl ru 1 nf:w LL~'J~11iJ~'1'eltJl~~:::L~tJ V11 \Jtl'JtJ1~ ~'J 

" , , 
5. L~:wtJl~'11\J Combustion bomb iJ~::::Wlru 1 ~~~~I?l~ LYl'elVil",iilVl~:::~ltJ'el'elnl'l!~ 

"lJ'el~l\JLl?ln"'l\J ~'1LnV1'"llnn1m.J11"'~"lJ'el~mn1P1111tJ1\J LL~'J9~1JV1~1 bomb 1,xm.l\J 

"" I " I 

6. L~:W O2 ~'11\J Combustion bomb LV1tJ~~r1'Jl:W~\JHVl450 psi "'llmr\JL~tl:w(;]'el~'J 

oxygen connection L-if1nlJ~'J bumb LL~:::nV1~:W O2 FILL Lr1i'el'l"'l:::Vilnl~L~:W 0 2Ltl'lLV1tJ 

-erI?lL\J:w"iHL'J~liJ~::::Wlru 1 \J1Vl 

7. L~:W~I~'11\J bucket 2000 ~~~~I?l~ LV1tJl"lJ'el'eln"'lln pipette ~~V1'eltJnlJ water 
" 

handling 

8. tJl bucket 'Jl'1~~1\JLr1i'el'l1,x(1n~'el'lI?l~~~ILLm.l'l~ril"'\JV1H '"lln,r\J1~ com bustion 
ou 
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, " , 
n1~Yl(;1~'El'l[;]'El~Y1~l~l~'i:'i(;1,dl combustion bumb ~n1~¥')~n(;1~'W 1,x~'1~nr;]~'El'l'Elln1Pl'h¥,)'El'Eln 

, , " 
~lYl'"l (;1 1(;1 l~~')Vil n1 ntl~tJ'W'El ~ 1 ~~ r;]N'"l (;1,r'W , , 

I " ,.. I 

9. Yi1n1~l;'El~[;]'El'i:'iltJl~~li'l 2 en')1,xf1~'lJ,)'1'"lnl~')iJC;]~1~"'i~'El'l calorimeter 

10. ~~'Eln~l'"l~Yhnl~ determination (sample) ~1'El standardization (Benzoic) '"lln 

" , " 
,r'W1,xnc;]u~ start lf11'El'l'"l~r;]1~ sample 10 ll~~tJl~,rn'll'El'l'i:'il~~,)'EltJl'11,xlnViln1~U'El'W~1 , 

11. ~~'1'"llnU'El'W~ll'i:'i~'"llf11'El'l'"l~li~Vil'1l'WL(;1tJ~~'"lln-rl')'1 PREPERIOO ~~'Eltl¥'lJtlN , 

" 
l'i:'i ~'"l~'Wm~'lJ,)'Wn1 ~ 

12. n(;1u~ Report l~'El~l'i:'iC;]'1I:-J~n1~YlC;]~'El'l , 

13. liJ(;1~llf11'El'lm'El'l'i:'iltJl~'El'e:lntJl combustion l~~~ bucket 'El'Eln'"llmf11'El~ '"llm!'W 

~iJC;],)l';')~,r') bumb l~'ElViln1~~~'lJltJf1,)l~V)'W'El'El n ~~'El ml~ V)'Wbl m~'lJltJ'El'Eln~~ (;1 ll~,) 1,x ~iJ c;] 
\J 

, " 
~1'El'ElnlYl'ElC;]~1~,)'EltJl'1lI:-J11~if~~c;]~1'El'hJ ell ~r.Jl1~mdJ~~ C;]~'El~1 nl~Yl(;1~'El'l~~ ~~~') tJl~11 'W 

\J 

bucket 1~~'W~'11'W water handing 
" , 

14. ~1'1 combustion bomb ell~'El'ln1~lYl~mr;]1,xtJltJ1Yll~'"llnn15'~1'11tllYllYl~r;][;]'El 
, " , 

15. ~iJ'El ~~~'"l~'Wn1~Yl (;1~'El'l ~~~') 11XiJ(;1~~ r;]i~l'W~~'1 ~f11'El'l 



m~~l"l! ilVl LL~::a..rhJ1r;uL3-JVi~ L'fl~ L'Vl'fl f 

WmFa 

n1~'vllUh-J1ruLlJ~tlL'fl~H'Vl'flfLL[;]'i'1:::'lltlVl vhlJiLVltlH' Calibration curve 'lJ'fl..:J LlJ~'i'1L'fl~ 

WMFa 

0-

= CxWp 
D 

= "Jl"nrmlJ~m'fl~L'Vl'flf'lJ'fl..:JmVll'lJl1''W (n flJ) 
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C = mllJL.jflJc1r,"\'lJ'fl..:JLlJ~tlL'fl~L'Vl'flfLL[;]'i'1:::'lltlVl~lrJ\' r.l1n Calibration curve (~'i'1~n¥lJ /~[;l~) 
" 0-

Wp = "Jl'vltrnC,J~l'lJlru'YlYl..:J'vllJVl (nflJ) 

D 

WTG(Fa) = Wo x %Fatty acid 

W TG(Fa) = 
Wo = ~l'vltrn~ll1''W~lJ~'W~H' (nflJ) ( ~l'lnn1~l'vl'i'1 (~tl~nflJ /~[;l~) x L'J'i'1 1L'Wn1~ 

Lnu(;]'J'flth..:J (min) x ~'JllJ'vl'W1LL'W'W ( nflJ/~'i'1~~l'l~ )) 
" , 

%Fatty acid = ¥'fltltl:::'lJ'fl..:JmVll 'lJl1''WLL[;]'i'1:::'lltlVl L 'W"Jll1''W.w'll ~..:JlrJ\'r.n n n1~Vilt1BnhJ1Y1n'W~ 

L'fl~ L'Vl'fl1-YJ L~i'W'flt.h..:J~lJU~nr LLtl:::'1 L~n:::tfmlJl ruLlJ~'i'1 L'fl~ L'Vl'flf~lrJ\'~..:J'vllJ Vl 
'IJ 

LVltl¥'fltltl :::'lJ'fl..:J LlJ~ 'i'1 L'fl~ L'Vl'flf'lJ'fl..:J mVll 'lJl1''WLL[;]'i'1 :::'lltlV19::: L'I'l1 rlU¥'fltl'i'1 :::'lJ'fl..:J 

n ~V11 'lJ 4J'W'lltlVl,x'W 1 'W~14J'W.w'll (;]'J'flth..:J 
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," " 
m~1 ru!l-.l r-ltlJ'~n!lU"ll!l-.l m~ 'l "lId!'W t~tJ L'U~tJ"lI!l-.l-Wld!'Wtll; ~ ~U LL'C'l ~-Wld!'Wtll;d-J t!l L'C'l~'W 

'" I '" I '" I 

re)(;ln~'l'WYI'WVl peak = YI'WVl peak "lI!l-.l~IJ'~I(;lJ'31'W/YI'WVl peak "lI!l-.l internal standard (fl .1) 

re)(;ln~'l'Wt~tJt~'C'l ( mol/mol) = m~lru"ll!l-.l~IJ'~I(;lJ'iil'W/m~lru"ll!l-.l internal standard (fl .2) .... 

nlJ'~I'W'l ruVl1m~1 ruL~Yi'C'l L!l~ LVI!lf 

1. L(;l1tJ~(;]'l!ltJl-.l1'W"lI'l~L(;l1tJ~~IJ' (vial) "lI'Wl~ 2 ij'C'l~~(;lJ' t~m11n1J'i-.l~IJ'(;]'llltJl-.l 

internal standard LL'C'l~(;]'lYil'C'l~'C'lltJ~IJ'(;]'l!ltJl-.l l,xiJi ~~'l'W~ LV1~I~~~ 
" .... .o:::So IV .... I ~ r cv .\I 

2. U'WVln'W1V1'Wn"ll!l-.l~IJ'm!ltJ1-.l LL'C'l~ internal standard 'lLfln~V1~IJ'(;l'l!ltJ1-.l!1l'ltJ 

Lfl1!l-.l LLn~tm~1 t VI nJ'IYJ 
" , 

3. -WI i:J 'C'l"ll!l-.lYl'WVl~ fl"ll!l-.l L~ n Lfl'WLL'C'l~(;]'l!ltJ l -.l L~Yi'C'l L!l~ L VI!lf ~ ~ L 'UY11 ~!l-.l r-ltlJ'~nllU"lIll-.l 

m~'l"lllJ'W~iJm~lru~-.l 4 'lIil!1l ~!l L~Yi'C'lm'lY1n'C'l(;l L~Yi'C'l'C'l!lLJ'(;l L~Yi'C'l'l~1'~L(;l(;lLL'C'l~L~Yi ~tll;~ 
OJ 

" , 
4 . -WIre) (;lJ'1 ~'l'WYi'WVl"ll!l-.l L!l~ L VI!lfLL(;]'C'l ~'Jlil~ LL'C'l ~L~ nLfl'W 'ltl L VltJU nu Cal ibration curve 

"lI!l-.l L!l ~ L VI!l fLL(;]'C'l~'Jlil~ 

5. r.:nn-ir!l~'C'l~'l~-W1 'ltl~I'W'l ruV11¥!ltJ'C'l~L~Yim!l~ LVI!lfL 'W~~ nlJ' fl .1 
OJ 
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" WI~~1'W'J rwtIhn (;l ~'ll'el~'ll'el~ e.J~l-J ~:;"d 1~-W111'W~'ll LL't'l:; Ll-J Yl1 'W'el 'C'l ~1 L U'W~'el~ L.jf~l-JU~ 
" I SI I 

ij n ~ (;l'll'el~ ~ 1 ~;1~ ~ 'el~ LL[;] L i'l'el~ '"l 1 n-w 111'W ~'ll L U'W~ 1 ~Yh:; L ~t1 m n i.J ~ 'J 1l-J 'el ~ j;J 'J Yl 1~ ~ 'J 1l-J ~'el'W~~ 
" LL'C'l:;i.J~ (;l~ Ll-J L'C'l ~ 'C'l hI LL \J'W'el'Wr11 L ~ WI ~Yl ~'C'l'el~~1 ~l-J~ij n ~ (;l'll'el~-W111'W~'llr11 trJi'm n 

I I '" " 

ijfiWl~~i'l~Yl~1l-J1~(1 L-nLLnif '1J~1i1~'el WI~lh:;l-J1 rw~ (;l~ Ll-J L'C'l ~'C'l'll'el~-W111'W~'llL~t1L ~i.J ,h 
" , 
-w1~'l!n Ll-JL'C'l n'C'lLL'C'l:;~'J1l-Jt~~l-J j;J'J 1"11 L~m (Single pseudo-component) LL'C'l :;U~:;l-J1 rwI"11~l-JlJ"i , 

ijn~m1n~~Yf~n-n'W (Functional group) L'WLl-JL'C'l~'C'lL~t1L-iftjfi Group Contribution method 

[Espinosa, 2002; Handbook of chemical engineering calculation, 1994; Perry's chemical 

engineers' handbook, c1997] 

n . n1~tl~~2-J1ru'14(;l~12-Jb~n~b~~tI'1.I'el.nr13T'WV4"li [Espinosa , 2002] .. . 
, " , 

L(P1t1;1'JtU-W111'W~'ll'"l:;LU'WLl-JL'C'l n'C'l'll'el~t(;lm~L"J!'el hC?f ~~u~:;n'ellJ rJi''JtI m(P1 t'lll1'W 3 Ll-J L'C'l n'C'l . , 
" , 

LL'C'l :; n ~ L"J! 'el ~ 'el 'C'l 1 L l-J L'C'l n 'C'l LL [;] m (P1 t 'll11 'W 1 'W L l-J L'C'l n 'C'l-W 111 'W ~ 'll ~ 1l-J 1 ~ m U ~ tI 'W LL U 'C'l ~ 'll il ~ LL'C'l :; , . 

, " 
L~t1 1"11 m '"l:;Lu'Wj;J'JlJ'eln~'J1l-Jt~~l-Jj;J'J'll'el~-W111'W~'llLL[;]'C'l:;'llil(P1 LL'C'l:; 1"11 n '"l:;iJ~lJ'eln~~ 

" I" I ~ 

LL 'W'J L ~l-J-W1~'l!n Ll-J L'C'l n'C'l L 'tl ~t1'll'el~-W111'W~'ll ~~ 1"11;1~~'el~'"l:; trJi''"l1 n~l-J WI~rJi'1'W~ 1~ , 

N N 

n = Inlxl , m = Imixi 
1= ) 1= ) 

, "" 
~~ojf'ell-J'C'l~1~flJ ~1'W'J ru~ (;l ~Ll-J L'C'l n'C'l'll'el~-w111'WU1'ifl-J ~lJ LL'C'l:;-W111'WU1'ifl-J L'el L'C'l~'WLL~ (P1~ ~~ (;l'ln~ 

~ ~. 

~2 



" " (;\1~1~ 1PI1 r11 m bb~:; n ~1~f1J\~mrt.!th;~~1J bb~:;-W1~t.!U1;~t'Elb~~t.! 

Crude palm Oil 

n 

45.37 

45 

m 

1.92 

2 

" 

Olein palm Oil 

n 

44.89 

45 

" 

m 

1.66 

2 

(;\1~1~ 1P12 ojJ'El~~~1V1f1J~1t.!'Jru~!1l~ t~ b~ n~'lI'El~-W1~t.!U1;~ ~1J bb~:;-W1~t.!U1;~t'ElL~~~ 
'IJ 'IJ , 

CPO OPO 
Fatty Acid Name n, m, 

X; x, 

Lauric acid (12:0) 30 0 0.003 0.005 

Myristic acid (14:0) 36 0 0.01 0.01 

Palmitic acid (16:0) 42 0 0.41 0.48 

Stearic acid (18:0) 48 0 0.04 0.04 

Oleic acid (18: 1) 48 3 0.42 0.37 

Li noleic acid (18:2) 48 6 0.12 0.09 
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"II. n 1 ~'l.h::: 2-1 1 ru ~ 1 '&ll WU~1 n t] (;\ (;\ 12-1 'VI ~ Yf ~ non'Ll [Handbook of chem ical ... 

engineering calculation, 1994; Perry's chemical engineers' handbook, c1997] 

r.nn~!1l~ t~ b~ n~ L'Yl~tJ'lI'El~~1~t.!~"ll~1L ,xYln1J~1iJVllJY1~ n-nt.!LVl dJt.!'El~ rlu~:;n'El1J ~~VllJ 
~ ~ ~ ~ 



" 

Group Type 

(-CH3-) 

(-CH2-) 

(-CH-) 

(=CH) 

(-COO-) (ester) 

L'lT 

0.02 

0.02 

0.12 

0.018 

0.047 

0.227 

0.227 

0.21 

0.198 

OA7 

L'lv 

55 

55 

51 

45 

80 

91mr'W9~lh~l-J1ru~h~l-J'U~';)n~m1n91'W'J'W'VI~Y1'-.1ni'W~-.11?l1n-.1n1~ri1'W'Jru A4 

" " 
Ul1'i1.:1 F14 c.J~n1~ri1'W'Jru~l-J'U~';)n~I?l~1'VIf'UtJ.1~'WU1;l-J~'U bb~~tJ.1~'WU1;l-J~'fH~~'W 

Group Type L'lN L'lT L'lp L'lV NL'lT 

(-CH3-) 3 0.02 0.227 55 0.06 

(-CH 2-) 36 0.02 0.227 55 0.72 

(-CH-) 0.012 0.21 51 0.01 

(=CH) 0 0.018 0.198 45 0.00 

(-COO-) (ester) 3 0.02 0.227 55 0.06 

Total 0.93 

91n~l-Jn1~~1'W~1-.19~1~A1~l-J'U~';)n~I?l"JJ'fl~~1~'W~"1l~~~'fl-.1'1!-WI11~~1?l1~1-.1 A4 

Tc = Tb {0.567 + I NL'lT - [I NL'lT ]2 t 
Pc =MW [0.34+NMr 

Vc = [40 + NL'lV ] 

" ," 

NL'lP 

0.681 

8.172 

0.210 

0.000 

0.681 

1 OA 73 
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NL'lV 

165 

1980 

51 

0 

165 

2436 

T ~'fl 9I11b~'flI11"JJ'fl~tJ.1~'W~"1l1'W'VI'I.,ht.l bf1~';)'W ~-.19I11b~'flI11"JJ'fl-.1tJ.1~'W~'1!hJ~1l-J1Hl b , , 

'VI1-n'fll.;l~1w.i-.1U~~l-J1ru91n~l11b~'flI11"JJ'fl~ Tripalmitin ~l11t.1;:jAW/hn'U 583 bf1~';)'W 
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~ ~ 

U11i1~ Fl5 ~~nJ~~ n ~ [;]'lItl'l-W1,J\JU1;l-J ~lJ LL~~-Wl,J\JU1; l-J L tl L~~\J 

Critical Vegetable Oil 
Unit 

Properties CPO OPO 

Tc 1616 1616 K 

Pc 5.189 5.189 atm 

Vc 3.096 3.096 L/gmole 

Handbook of chemical engineering calculation,1994; Perry's chemical engineers' 

handbook, c1997] 

n1 ~ril\J,) ruml-J 1 [;]~r;itl Ll-J 'i'l'lltl'l'lltl'l e.J~l-J~~VI ~1'1~1,J\J~'1l Ll-JYll\Jtl'i'l LL'i'l ~r;l')Vil 'i'l ~'i'l1 tJ 

i,)l-J ~Jll')~m~tl~n~[;]"'l~ril\J')ru[;]ll-J~l-Jn1~'lItl'l Redlich-Kwong ~'1nEu~')1u~'1~l-Jn1~ 

P= RT _ a 
V -b -fiV(V +b) 

b = O.08664RTc 
Pe 

~1V1flJ~l~lJ1~Yli"'l~~1l-Jl~blVllro11fl'l~ a LL'i'l~ b 1~i?ltJH1JruVl1JijLL~~fl,)Il-J~\J~n~[;] 

Li?ltJ[;]~'1 LLr;i~IV1flJ~l~e.J~l-J~tl'lVll~l-J~~n~[;]L'U~tJ (Cross-critical properties) [;]1l-J~l-Jn1~ 

TcmVem LL:>;XjTeijVcij zern = LLX;XjZcij = ; j 
; j 

Vern = LLX;XjVcij Pcm 
zemRTem 

= 
; j Vcrn 

Li?lm~tln Lorentz-Berthelot-type combining rule [;]1l-J~l-Jn1~ 

Tcij = ~ Tei Tej 

Peij = : H ~ Pei~j Vc,vcj 
CIj 

Vl'K'I"'lln1~~l-JlJ~~n~[;]'lItl'l~I~e.J~l-JLL~,) "'l~~1l-Jl~blVllro11fl'l~ a LL'i'l~ b 1~'1ro11~1~"'l~~tlL1J\Jro11 

fl'l~'lItl'l ~ 1 ~e.J ~l-J ~ i?lYlI tJ"'l ~~ll-Jl~bl Al\J') ruml-Jl [;]~'lItl'l ~ 1~e.J~l-J1~ [;]1l-J ~l-J n1 ~ , 
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;'1'"l :;1Jlk1IMl1J'lJtl'l~l-J n1~ 3 ~'l tVlmth..l~ 'l'W':l'W'"l1'1 b~tI'I ~'l b~tI':l ~'1 ~mEl-J'l j;]~j;Jtl tl-J~'lJtl'l~'l ~ 

~~l-J ~,gj;]n~':l'WtVltltl-J~, tlru'IU1n~n'l"v''WVl , " 

,~ ~ 

y],g j;] n ~ ':l'W tVltl tl-J ~'lJ tl'l ill l1 'W Y1"lf j;Jml-J'Vl 'l'Wtl ~ 1:42 ,g j;] n ~ ':l'W tVltl hJ ~'lJ tl'l {n l1'WY1"lf ~tl(il':lY) 'l 

~:;~'ltlhl-J 1:6 tlru~Jln 350 tl'lPl'lb"ll~b~m~ , 
" 

Tc(K) Pc(atm) Vc(ml/g .mole) 

CPO (i) 1616 5.19 3096 

MeOH U) 512.6 79.9 118 

THF (k) 540 51.2 224 

R = 82.0562 ml atmlmol.k 

v = 250 ml 

T = 350 DC = 623 K 

P = 190 atm 

'"l'ln Lorentz-Berthelot-type combining rule '"l:;1Jl 

Tcij = ~(Tci)(Tcj) 

= ~(1616)(512.6) 

= 910.14 

Tcik = ~(Tci)(Tck) 

= ~(1616)(540) 
= 934.15 

Tcjk = ~(Tcj)(Tck) 

= ~(512.6)(540) 

= 526.13 

1 Vcij 113 = _ (Vci 1/ 3 + Vcj 1/ 3) 

2 

= ~(30961 / 3 + 118 1/ 3
) 

2 

= 9.74 

Vcij = 923.95 

Vcik l / 3 = ~(VCiI / 3+VCkI / 3) 
2 

Zc MW 

0.12 874 

0.224 32.042 

0.529 72.17 



Vc ik 113 = ~ (3096 113 + 224 113 ) 
2 

= 10.32 

Vc ik = 1100.37 

Vcjk 113 = ~ (Vcj 113 + Vck 1(3) 
2 

Vcjk 

Pc ij 

Pc ik 

Pcjk 

Zc ij 

Zc ik 

Zcjk 

= ~ ( 11 8 1 1 3 + 224 113 ) 
2 

= 5.49 

= 165.38 

= _ 1_ .. )(Pci)(Pcj)(Vci)(Vcj) 
VCl] 

= 1 )(5.19)(79.9)(3096)(118) 
923 .95 

= 13.32 

= __ 1._ )(Pci)(Pck)(Vci)(Vck) 
VClk 

= 1 ) (5 .19)(51.2)(3096)(224) 
1100.37 

= 12.34 

= _ 1._ ) (Pcj)(Pck)(Vcj)(Vck) 
Vc]k 

= 1 )(79.9)(51.2)(118)(224) 
165 .38 

= 62.88 

= 0.5(Zc i + Zcj) 

= 0. 5(0.12+0. 224) 

= 0.172 

= 0.5(Zc i + Zck) 

= 0. 5(0.12+0.529) 

= 0.324 

= 0.5(Zcj + Zck) 

= 0.5(0 .224+0.529) 

= 0. 376 

Vc rn = x i 2 Vc i + xi xj Vc ij + xj 2 Vcj + xi xk Vc ik + xj xk Vcjk + xk 2 Vck 

105 

= (1/49) 23096 + (( 1/49)(42/49)(923.95)) + (42/49) 2 11 8 + ((1/49)(6/49)( 11 00.37) + 



((42/49)(6/49)(165.38)) + (6/49) 2224 

Vem = 119.86 

TemVem = xi 2 Tei Vei + xi xj Teij Veij + xj 2 Tej Vej + xi xk Teik Veik + xj xk Tejk Vejk + 

xk 2 Tek Vejk 

= ((1/49)2 (1616)(3096)) + ((1/49)(42/49)(910.14)(923.95)) + 

((42/49) 2 (512.6)(118)) + ((1/49)(6/49)(934.15)(1100.37)) 

+ ((42/49)(6/49)(526.13)(165.38)) + ((6149) 2 (540)(224)) 

= 70312.57 

Tem = 586.59 

Zem = xi 2 Zei + xi xj Zeij + xj 2 Zej + xi xk Zeik + xj xk Zejk + xk 2 Zek 

= (1/49) 20.12 + ((1/49)(42/49)(0.172)) + (42/49) 20.224 + ((1/49)(6149)(0.324) + 

((42/49)(6/49)(0 .376)) + (6/49) 20.529 

= 0.199 

ZernR Tern 
Pem=----

Vern 
(0.] 99)(82.0562)(586.59) 

119.86 

= 80.21 

0.42748 R 2 Tern 25 

a =------
Pern 

0.4278(82.0562)2 (586.59) 25 

86.12 

= 2.99x 108 

b = 0.08664 R Tern 
Pern 

_ 0.08664(82.0562)(586.59) 

= 51.99 

RT 
P=-- -

V -b 
rn 

m = 2.19 

86.12 

a 

Jf V (V + b) 
rn m 
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mole~'ll-J = 49 

" 1x2. 19 00 I 874g 
oil = 1 ~'M1::;'U::;,r'W = . 44 mo ex = 38.46 9 

49 1 mole 

" 42 x 2.19 32.042g 
MeOH = 42 

<V 

~y.jn::;'U::;'W'W = 1.88 molex = 60.15 9 
49 1 mole 

" 6 x 2.19 72.17 g 
THF =6 ~y.jn::;'U::;,r'W = 0.268 mole x = 19.35 9 

49 1mole 

~'J'£lfhm1~F>l1'W'Jru n~rni CO2 LtJ'W~'J'Vh~~~1~i'J~ 
," " 
~rel [?J n~ 'l'W bV"ltJ bl-J ~"]j'el~"j 1jJ'W YI"ll 1Jl'el ~l-J'Vl1'W'el ~ 1:42 rel [?J n ~ 'l'W bVltJ bl-J ~ 'JJ 'el~"j 1jJ 'WYI"ll 1Jl 'el r;l':l Vi 1 

~::;~1tJ1':ll-J 1 :4.2 'elru\Ul~ 350 'el~~1b"l!~~~mq , 
" 

Tc(K) Pc(atm) Vc(ml/g.mole) 

CPO (i) 1616 5.19 3096 

MeOH U) 512.6 79.9 118 

CO2 (k) 304.2 72.8 170 

R = 82.0562 ml atml mol.k 

v = 250 ml 

T = 350°C = 623 K 

P = 190 atm 

r.nn Lorentz-Berthelot-type combining rule '"l::;1~ 

Tcij = ~(Tci)(Tcj) 

= ~(1616)(512.6) 

= 910.14 

Tcik = ~(Tci)(Tck) 

= ~(1616)(304.2) 

= 701.18 

Tcjk = ~(Tcj)(Tck) 

= ~(512.6)(304.2) 

= 394.88 

Vcij 113 = -.!. (Vci 113 + Vcj 113) 

2 

= -.!. (3096 1/ 3 + 118 1/ 3
) 

2 

Zc MW 

0.12 874 

0.224 32.042 

0.293 44.01 



Veijll3 =9.74 

Veij = 923.95 

Veik 1/3 = ~ (Vei 1/3 + Vek 113) 
2 

= ~(30961 / 3 + 170 1/3 ) 
2 

= 10.06 

Veik = 1017.26 

Vejk 1/3 = ~ (Vej 1/3 + Vek 1/3) 
2 

Vejk 

Peij 

= ~(118 113 + 170 1/3) 
2 

= 5.22 

=142.42 

= _ 1_ .. ~(Pci)(Pcj)(Vci)(Vcj) 
VCI] 

= 1 ~(5.19)(79.9)(3096)(118) 
923.95 

= 13.32 

Peik = _1._ ~(Pci)(Pck)(Vci)(Vck) 
VClk 

Pejk 

Zeij 

Zeik 

Zejk 

= 1 ~(5.19)(72.8)(3096)(170) 
1017.26 

= 13.86 

= _1_. ~(Pcj)(Pck)(Vcj)(Vck) 
Vc]k 

= 1 ~(79.9)(72.8)(118)( 1 70) 
142.42 

= 75.84 

= 0.5(Zei + Zej) 

= 0.5(0.12+0.224) 

= 0.172 

= 0.5(Zei + Zek) 

= 0.5(0.12+0.293) 

= 0.2065 

= 0.5(Zej + Zek) 

= 0.5(0.224+0.293 

108 
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Zejk = 0.2585 

Vem = xi 2 Vei + xi xj Veij + xj 2 Vej + xi xk Veik + xj xk Vejk + xk 2 Vek 

= (1/49) 23096 + ((1/49)(42/49)(923.95)) + (42/49) 2 118 + (( 1/49)(4 .2/49)(1017 .26) 

+ ((42/49)(4.2/49)(142.42)) + (4.2/49) 2 170 

= 127.86 

TemVem = xi 2 Tei Vei + xi xj Teij Veij + xj 2 Tej Vej + xi xk Teik Veik + xj xk Tejk Vejk + 

xk 2 Tek Vejk 

= ((1/49) 2 (1616)(3096)) + ((1/49)(42/49)(910.14)(923.95)) + 

((42/49) 2 (512.6)(118)) + ((1/49)(4.2/49)(701.18)(1017.26)) 

+ ((42/49)(4.2/49)(394.88)(142.42)) + ((4.2/49) 2 (304.2)(170)) 

= 72817.05 

Tem = 569.49 

Zem = xi 2 Zei + xi xj Zeij + xj 2 Zej + xi xk Zeik + xj xk Zejk + xk 2 Zek 

= (1/49) 20.12 + ((1/49)(42/49)(0.172)) + (42/49) 20.224 + ((1/49)(42/49)(0.2065) 

+ ((42/49)(4 .2/49)(0.2585)) + (4.2/49) 20.293 

= 0.201 

ZernR Tern 
Pem=----

Vern 
(0.201)(82.0562)( 569.49) 

] 27.86 

= 75.13 

0.42748 R 2 Tern 25 
a =------

Pern 

_ 0.4278(82.0562) 2 (569.49) 25 

75.13 

= 2.96x 108 

0.08664 R Tern 
b =-----

Pern 
_ 0.08664(82.0562)(569.49) 

75.] 3 

= 53.89 

RT 
P=--

V -b 
rn 

a 
- -----

.JT V (V + b) 
rn rn 



m = 2.015 

CPO 

MeOH 

D(g/ml) 

0.9046 

0.791 

mole 

42 

4.2 

v = 250-41.42-72.93 = 135.65 ml 

R = 82.0562 ml atm/mol.k 

T = 30°C = 303 K 

n = 0.18 

P = nRT 
V 

_ (0.18)(82.0562)(303) 

135.75 

P = 32.97 atm x 14.7 = 484.62 psi 

9 

37.47 

57 .69 

ml 

41.42 

72.93 
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2. bmtl1J bVitl1J ~'tl'lJ'el.:l LFI'i3J1 L'Vl'ibbn'i3J'lJ'el.:lb'J'tl1L 'U n1'i"';1tlijmtl1 

[;]'J!lth~ L,"l:i'~1 L 'VlnLnnJ~tl[;]n~'J'WL(;)tJLm'l"ll!l~~'Ur'W~"1l~re:mWl1'iJ!l~ 1:42 tl[;]n~'J'WL(;)rJL~~ 
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'W1'l~1'J ~Jl1'W~ ~YlfiJl n ~ ~ 1l~'"l n1~~ m~1,Jh1d Cl.J 1~Yl tJ 1 Pl1~ (;I~U rurVi (;I ~1"lJ1~Ylm 

Pl1~ (;If'W!l~ Ld-J!lf rl ru:::~YltJ1 Pl1~ (;If d-JVl1~Yl m~tJ~'l"lJ 'e'l1'Wrl1'WYl f tJ n1~~ n~1 2547 LL'e'l :::L-ih 

~ n ~1 r;l!lb 'WVI~ m'l (;I~ ~YltJ1 Pl1 ~ (;I~d-JVl1ururVi (;l ~ 1"lJ 1~-n1lrlij l Yl rlUrl Jl1 rl~'l!1 Lrlij LYl rl-Wrl rl ru::: 
'IJ 
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