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Abstract 

The objcctive of this rescarch was to study the suitable conditions fl.)r producing 

methyl estcr from organic matter in crude glycerol. The organic matter raw matcrial could bc 

scparatcd out from crude glycerol after converting soap to fatty acid by adding hydrochloric acid 

solution to thc crudc glycerol produced from the transesterification of palm stcarin and of used 

cooking oil. Esterification of the organic matter was carried out in a screw-capped bottle with 

sulfuric acid catalyst diluted in methanol. A few parameters were studied, namcly mass ratio of 

reactant to mcthanol (I :0.3 to I :2), reaction temperature (7Q-90°C) and reaction timc (1--3 hours) 

whcn amount of the catalyst was fixed at I% by weight. The optimum reaction condition was 

Intcr npplied to operate a 40 liter batch reactor. The results from Thin Laycr Chromatography 

(TL.Cl tcchnique showed that the organic matter from crude glycerol dcrived from the pnlm 

stem'in proccss had a free fatty acid content of 97%. The optimal conditions to cstcrify this 

organic matter were a mass ratio of organic matter to methanol of I :1.5, reaction temperature of 

80"C and reaction time of 1.5 hours. Average purity of methyl ester produced was 99.81 'X, with 

somc tracc of free fatty acids and with the reaction yield of 94.12%. [n addition. the organic 

mattcr from crude glycerol derived from the used cooking oil process had the lower free fatty acid 

contcnt (29%) and the rest of composition was biodiesel. To esterify the organic matter from 

crude glycerol derived from the used cooking oil process, the optimal esterification conditions 

wcre found to be a mass ratio of reactant to methanol of 1:0.5, reaction temperature of 70°C; 

however, thc optimum reaction time was the same at 1.5 hours. Under these conditions, 10()'Yo 

purity of methyl ester (TLC technique) was produced with the reaction yield of 93.38%. 

Properties of the biodiesel produced were qualified according to Thai standard and ASTM 06751 

for methyl ester. 
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..l 
1.J'rI'rI 1 

o SI .4 
1.1 1.J 'rill1gJ'U'1 tl.:J 

11.J 1tl~hC)f1:l1 'Ufh~lti~f111llfflfll:ltitJ 'Vli''VWlm'H~'Ul1t1'Uti'i'ill'lfl~ (Renewable 
~ ~ . 

resource, natural) 1'lf'U ,hiJ'U-n'lf 1'UiJ'Uff~rJ 1'U (,hiJ'U) ~1C)flflmnflfll'i,j1.:Jm'Hl'i'fi,h1Jll1,j'i~,j 

'V11~~fl1i i.~t1fllnll,jafi~tIltitJl1fll:lmHJtJ~~~iJtlll1,* 1llVll:ll1tJl:lmHJtJ~'H~tJ mVll:ll1tJl:lmHJtJ~1~ 
~ £""\ ".I£!t ~ " .ci ?I ~ ~.d d IlJ tid

11J'Ulll'Vll:l ~tJ ffl~ t)'J 'H 'i tJltJ'Vll:l1tJffl~ t)'J C)f ~1lJ 'Ul'lftlL'Vi 1:l~'Vlllfll'i 1~l 1'H ll'Vlff:: m~ ('lflfl~~ 111:l ~f1W~, 

2544) 

ilW'Hl~hflW1'Ufll'i ~~~ 1tJ1tJ~1C)f1:l1'Uil~~,j'UtitJ hjff1ll1'i(111,j~'Ii'U~1'U'i1f1ltitJ 
u u • 

J1iJ'U~~C)f1:l1~ ~~iJW'H1~Y1'U 1ml.ill1~lfl1~(1~tJ~1,*1'Ufll'i ~~~1llVll:lltJff~~ tJ{ 1~uti 1'U,j1~ll-
u u • 

~ tI tI I 

cr~~t1~'UtJ~q''Vlii (refined palm stearin) ihiJ'U,j1~ll~tJUI:l:,hiJ'U~hh.r ijiJqj'H11'U~1'U'i1fl1'fi1li 
• t' "" 

tN'fi ff1~'H~ ~lflfll'i ~~~,hiJ'U,jl~ll1'U,J'i:l'Vlff1'Vlmi:l'Ufll'i ~~~~-ntJfll'i tJnflfl ~'lf'U ihiJ'U,j'i~-. . 
~ ~ ~ 

0l'Hl'i ihiJ'U'VltJ~1'UtJ~ff1'Hm'ill 111:l:ll1fll~'U ~n'U~'U ..h 1M''i1f1l'UtJ~,hiJ'U,j1~ll~tJ~'UI:l~~lll• 
~ . 

fl'J1ll~tJ~fll'i,hiJ'U,h~lll'Ul1'tJ~~1:l1~ 1~t1i:h1f1lii1ff~ - ff~ff~1'U'lf1~ 13 - 22 tJ1'Vl 1liff1lll'i(1. ... 
r.lI ~ ", I .a ~" ..t:::Io.c:::rt. tid ,

Hf.l \<Illl'Vl f.t LOffl~ t)'J fltll ~ ~ tJ~'U tJ ~UI:l:tJ 1~f1 'i ~ 'i 1f11~ 'U 'Vl'U fl1'i ~1:l~~ll'Vll:l~tJff~~tJ'ill 'i 1f11ff~ fl1l'i 1f11. ..
" ~, 

111 ij''U ~1C)fl:lll 1fl ~1I:ld)~l1~':h ~:iifll'i 'Vl ~ I:ltJ~ 'l11'l11iJ'U,j T~ll'VltJ~ 1,*11~1c11~ii 'i 1f1l(1 flll l~~~1llVlI:l.. 
mffl~tJ{ U~ ~:iiilqJ'H 11'Ufll'il~tJ'i1tJ'i1ll 1M'1~ 'U,j~1JlW~lllfl'VitJff1'H i'tJfll'i ~~~ ~~~ 111l'U ~8~ . 
'l1111'Hfl ~1~ (1~tJ'fiii,j~lllWll1fl'VitJ 1 'Ufll'i ~~~ Vm1~1~(1~tJ'lfiJ~,r'U~tJ~ff1lll'i (11:l~~'U'Vl'U1'U fll'i. ~ . ~ 

. 
, . " 

H~~1llVlmtJffl~tJ{l:l~ 1~1-ntJ~~ll;j~f111llff1ll1'i (11 'Ufll'i 11 ,j~'Ii'U'VlH~l'U'i 1f1ltilJ'l11iJ'U~1C)f1:l 
tI tI II. , • 

~~,r'U 1m~fll'i1~t1{j1~ffm:l11tifll'i'fi1'Hll1:ffll1'Ufll'i~~~ l-nmVill1 tJ 1tJ~tC)f1:l 
~ . . 

ftfltlfll'Vi1'U fll'i11,j~'Ii'U'V11~~ l'U'i 1f11titJ'l11iJ'U~1C)fI:l'fiiitJd1'Uil ~ ~,j'U 1~tI1 M'f111ll-ef'U1~ 1,j'fifl~.. . 
lC)ftJ'ifll:l~tJ (Crude Glycerol) ~~1n'U~I:l'Vil:ltJtl1~~lflm~tJ1'Ufll'i~~~1tJ 1tJ~1C)f1:l ~~il~~lj1J 

,J'i~~'VlfY1'VltliJh~~1'U~~~1tJ1tJ~1C)f1:l~1'U1'U6 h~ ~ ..hfll'i~~~1tJltJ~1C)f1:l1~fl11 400,000 ~~'i 

~ 811-1 11 W'H T;;Y1flw,j 'i:fll'i 'H rl~~~,j 'i:fltJtJfll'i t11,,~,j'i:fftJ~titJ fll'i ~~fl1'ifl ~ lC)ft)'J tJl:l~tJ'fiii 
u u .. 

I iJ ~ ~ Go' lI) Id 0 lI) 1" " Q,I.dd" I 1" "" 
Og,h~lllt:lJ'itltll:l: 10 'Vl~'U'H1fltl~ lllllfll'i'U11,j 'If,j'i~lt1'lf'UUI:l:fll'i~~fll'i'Vl~111:l1m~fltJ'H1fl~ 

H"m~'VltJ~fl~~ U1~~tJll 1~t1'i1ll1'UtJ'U 1f1~ 
~ . 

.J '" ~
~1m 'H ~{j~~ liitJfl1,*1~ (1 ~tJ1n'U ffl'i V'U 'Vl~ 6'fi11t1fl ~ 1flfl~ 1C)ftJ'i tJl:l~ tJ C)f~ll'i1f11~1 

l~t1fllnh,jam tI11tJffl~tJ~vhfli'Ucl1~ 1,*~11'i ~ 
I 

-
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_I ~ .lei , , "cv
1.4 1J1:: Itl'ti,"ntll~11;):: ~1tJ 

I. ffl1Jl'Hl~~~11.J 1t)~lCIH'l\llflffl'j v'U'Vl~6~mJfl 1~\llm'Y'lfffl~1C]fV·H)~~v~m::1.J1'U fll'j 

" 
'Vl 'j l'U fflVffl~ V'i;llfli'UUl~'UVi')f 

2. Ul~V~lfftJ1Jl1,n11'1n~t1'j::ltJ')fUU~::l~'Ufll'j~~m'j::fh1~~ltJ 1'U fll'jfh~~~'tmfftJ1 'U 

1'j ~~l'UfJ~ffl'l1m'j1J 

~ .1 1 ~"" ... .,; ...3. llJ'UlJ'j:: tJ')f'U'Vll~~l'Ufll'jfll 1fl1oJ~'jm'j1J 14l~~~1'U U~::fJ~ffl'l1m'j1J1fl[J11'\.JO~ 

~ ~ V~ \l 'U 'l1 ti 1tJ~ l'U ~V~ i'i 1.Jl~ 1~ill'l1 'U ~'U ltJ1.JltJl4lcr~ ~ l'U 'Vl~ U'Vl'U 

-
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.
 
oCt 

'Unn2 

V111il18niJl1 

m'j~ ~ l'jW 1Liitlfl~'If,n1~1~1Jl1cNLrJ'U 1~l(l~1.J 1'U m'j f-l~~ ~u-:lfhi1-:1i1-:1tJ~1JlW• ., ., '" 
m,~ f1-:1tllJ 'j:: mJ1.J ~ tl-:lU 1~'U ~'If'lfiJ~u 'UUCl:: f1111J Ll11J 1:: ff1J ~ tl-:ltJ~ 1J lWnn LVi 1:: tJ Cl.. n~'lfu 1~'U i 'U 

., 
1~o~hJff11J1'j()ffn~\'hn~'lfU1~'U '~'VIn'lfiJ~ nn~\lnw 1Liitln~'If'lfiJ~ 1~1Jl i cN~tl-:lfhi1-:1i1-:1 

., ., 
In1J lUI Ul':: tl-:ltllJ 'j:: fltl1.J~ tl-:lU 1~'U 1'U~'If'lfiJ ~U'U UCl::f1111JLl11J1:: ff1J~ tl·nJ~ 1J lWm 'j lVi l~tJCln.. 

'JJ "t ., 
.w'lflh1jlJ'lJ~'WYiU'U'l ~1tJ 

., . '" 
tJ'j::L'V1ff''VItJ~hfll'jLVi1::tJCln~'lfU1~'U 6 'lfiJ~ fltl t:i11l1~tl-:l ,hii'1JU1~'U.. ., ., . 

01ftff-:l 1J::Vi~11 Cl::l1-:1UCl::-:l1 ''U~1'U1'U~'If 6 'lfiJ~i1 tJlii'1JU1~'UlrJ'U~'lfYiih1tJ-:ll'UtJ~1JlW• 
f-lnf-l~~ hm9i Cl::iJt.!-:I~q'~ thum1'Ulffnl!n~fll'jlfl'l:l~'j 1tJ-:ll'Um::'VI'j1-:1lfl'l:l~'jUCl::ffl1mW'~'j

'" '" .~<'10Q.lQ.l .q Q,I' d 

~(\Nf.l~Vi'lft.l11Jt.I'VI-:I 6 'If'U~ ~-:I~1'j1-:1'V1 1 
. '" 

V1l':n~n 1 tJ~1JlWfll'jf-l~~~'lfU1~'U~tl-:ltJ'j::l'VIff''VItJ (m.btJ: ";'U9i''U) 

-
il .....ft. 

2538/39 

1.h&t1~nJ'U 

2,255 

"t1::....111 

1,413 

. 
4.... 

tlll,"08~ 

386 

....... 
tl~t1iJ~ 

147 

I 

t1~13~ 

6 

~l 

34 

2539/40 2,688 1,419 359 147 6 34 

2540/41 2,681 1,386 338 126 6 35 

2541/42 2,465 1,372 321 135 7 36 

2542/43 
-

2543/44 
~--_. 

3,512 

3,256 

1,381 

1,400* 

319 

324* 

138 

135* 

7 

9* 

37 

39* 

., . .,
.c!I .c!I 0 Q,I 

'Utlml1'Utl\llnVi'lf'U11J'U 6 'lfiJ~Yilfl'l:lVl'j m Vi 1fll'j lVi1:: tJ Clnuti'1V-:lihm ~ -:lU 1~'U... ., ., ., ., 
fl'U '1 l'li'U ff~~h Ul~'Uff~1 UCl::Ul~'U~'lf1,*uti'1 Ul1~-:lU1~'U1l1,hi1 ff11J1'j () 1cNlrJ'U 1~()~tJ 1'U•., ., 
mma~ 11.J 1tl~I'lfCl '~li-:lff'U 

4 
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1.1 tJ ltl1J ~11J1.I 

'lh c11Ji1~u flltU~ fl~'t11.:1~:: 1U~nUCl::~ flUn ClW\J fl.:l't11tJ flt1Ji m ~ fl1Jl I~U.... 'i t.,r1 

1tJlU't11'llflL1Jim1~1~tJiYuU'll!lU 11tn~;fu 1U~tlrl1fl1W1Utl1J tJ1c11J~~fl~1 U~'j ::fJCl Palme 

ei ~. d QI QI "a _I tI'?1 QI tI ~'H'jfl p_alm~eae t'UU~'j::fJCltJflm'W1nUn'U1J::""'j11 tlfl Eliaes lJ1Cl1JU'U.:IflflnhJU 3 ff1tJ .... U~ tlfl 

Hines gl!Lm~ensis. Eliaes olcifera UCl:: Eliaes odora ff1'Hi''Ufffl.:lff1tJiu{'Hc;.:I 1,jutl1JtJ~n 
,,; "" 1 'JI 1" d QI Cto 1 ~ '" ...tid ol:::lo Cto

IUfl.:l1l1m~'U ~'tflUCl:: l1~CltCln .... u~'t1utJ1JtJ~m'tf.:ltff'j'll!nll UlJlI~'UU tlfl EJiaes gl!llcensis 

" m::'U1um'jffn~'th21utJ1c11J1utJ'j::t't1ffl't1tli13 1n (~1~'\J fJClCl::1W'lf6 HCl:: 
" mu::, 2531) m::'U.1unn~il~u'U'U1~1m.ht~u1n1Jl~'j!lU m::'U1unn~il~H'U'Ufh.:l~Cl'lhc11J 

" " l1~f)l11J\h21U~ff1J uCl::m::'lJ1unn~il~u'lJ'lJ't1fl~~CltJ1c11J 1~'t.h21utJ1c11JU~.:I 2 'tfU~ 1my ., 111 

hl'1I1mtifl'\Jfl.:l~CltJ1c11J (mesocarp) {itJn11 Jl21utJ1c11J (palm oil) 1111~1I1mtifl1ut1J~~tJ1c11J 
" . " 

(palm kernel) l~tJn11 ih21UL1J~~tJ1c11J (palm kernel oil) tijmj1ih21utJ1c11JltJutJmY1uuCl::ih1l1' 

,R~'V1ill::1~ri1u~l~U'\Jfl.:lll1Cl1t~tJn11 Jl21utJ1c11J 1fltCl~U (palm olein) eJ1.:1t~uJl21utJ1c11J~1~ 

nlnt1hllLCl::ff1lJ~t~ul'\J t~tJn11 tJ1c11JffL~tJ~U (palm stearin) 

" ul21utJ1c11Ji1ff1UtJ'j ::nfl'lJ'\Jfl.:lm~ 1'\J21uuCl::m'j~~t~tJ.:I~1'\Jo.:lm~ 11 '\J21u 1u 
, tI "" t 

~lLmu :Jl1u~n~ l.:1nU ltJ ~U min'lJff1tJiu ,f'\Jfl.:lU121utJ1c11J VlUl1'lJinWt.... 1::tJ Cln UCl::.fliJ tllmff 
cu II fU 'U
 

JI JI" "
 
ll:J U121u tJ 1c11J UCl:: U121U t1J ~ ~ tJ 1c11J i1 mu ff1J ~~ 't1 1.:1 ttl i1 UCl:: vHYn ff~ 1.:1 nU U121u tJ 1c11J i1• 
L'lJf){tc1fu~'\Jfl.:lm~ 1'\J21U~1J~1uCl::l,j~1J~11 UtJi1J1W~1m\'tfltJ.:InU~fl ~fltlCl:: 48.05 HCl:: 51.95 

. " . 
\Pl11J~1~1J (l.... i~'j ~U't1'j1.:1ff, 2530) 1U'\Jw::l1ul21u1I1m1J~~tJ1c11Ji1!fltJn::'\Jfl.:lm~ 1'\J21u fl1J~1 

'JI ,d ~ d 1 'JId 0 1_ 11 'JI_ 1 1 o',d I '"i!nfltJCl:: 78.82 (~1'j1.:1't1 2) lI.:11J~Cl l11Jm'jU1 lJ 'tflJ'j:: tl'tfU't1U~n~l.:1nU 
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, 
i , Palm kernel oil Palm oil 

14-20Iodine Value 43-59~ , 
i 

Acid Value 15 20f 
Saponification Value 195-210 240-257 

Unsaponfication matter (%) 

Colour (Lovibonc)'" lOY: 1R25Y :2.5R 

Total saturated fatty acid (%) 48.05 78.82 
._-------------+-----------+-------­

Total unsaturated fatty acid (%) 21.1851.95 

'" : cell, 5 in. 

~1Jl : ~~11'1.1(;1~1Jl'illn l~i~'i ~'U'Vl'i1~tY (2530) 

1.1.1 flll2JdlRqfTlHlft1l1!flil"fHt.l1i;12J~nJll 

lh::I'Vli'l'l'VIfJijm'iHi1~,f1~'U'I.11~1Jff~Lil'Utiu~'U 4 "eHl~n 'itl,:nl1n1J1L"I~fJ.. 
II 

flU l~i1I~fJ Im::l'U\h~tJ l'Uti 2003 lh::L'Vli'l'l'VlfJffl1Jl'if.mi1~,h~'Ul.h~1Jh1 600,000 ~'U Lm::m~ 

ilhJ1J 2004 ffl1Jl'iClHi1~I~1J~'ULil'U 655,000 ~'U niB~'illnJl~Uth"1JijtJwfil'VlHl.n'l1ulnw,!~ 
• JI.. , " 

!iJf1lVifJ1Jfi'Ulh~'Ulili'L~Bm'i'Un.nflflU'l ~~'I1'U1Jlnn-h 80% "B~H(;1Hil~ ~~tJmhhn~hJ 
II II 

lWHfll1m'i1Jml11'i 1'l1'U ,h~'U'VlB~ ih~'Ulh~ml11'i 1Jlm~U iBi'l'n~1J l'l~1JllimJ llWlfitJ1J "UJJ. . 
• I JI , 

I'Um 'illnl 111 n~~,,~ ~ l'U1~ fJl\1~ 1:: tl~ H E~t1 1,j'U~'UVi i~ 'illnvJ tl ""ell (;1 Iil'U It11 n~ 

'VIi'~ fJ1m 1i 'i 'i 1J'I11~'U B~ 1(;1n~ij tJ~ 1J1W~ln~ \1~ijfl111J~ fJ1t111J~'Ul11Ul1 n~~,,~ ~ l'U g'U ~ ffl1J1'i Cl 

"",.1 1 ~:QI tI QI '~QI ~cS 'I~~ 
ff'i 1~11 'i tll~l::tJ~f1'UU1Jl'Vl~U'Vl'U um'i'Uu l1JUtJl(;11J'U'U111Ji'l'ntJ.fl1~ff ~t1~'Vl 'il::'U

0 

l1Jl ~'I1LlJ'U.. .. 
l~Cl~ll ~~liJU~'Vl'i l'Unu~'h~1m'Vlfll 'U1(;1'rjiJ'il 'il'UUffl1Jl'i Clt11Jl~'UtJl"1J1J1Hi1~L1Jii(;1mffL~B{ 

l'U 'i::~'Utl~ffll1 m 'i1J• 
Ii lit. 

U Bf1 'illf1Ut1 l~U tJl ~1JiJ~ffl1Jl'iClt1IItJLtJ ~fJ'ULil'U m~~'U ,lflU finl1 (;11fJ'I1iJ~ L'l1'U 

'" iii .... .9 l"~ ...... 1 ... 1"~ ......
lf1"O"tl~m~ L'U1J'UC)I~ 'I1LlJU1~Q~'U Um'iH(;1~ff\! Fatty acid 11(;1:: Fatty alcohol 'I1llJ'U1~Q~'1J 

1'Uf11'i f-li1VlH~cin,"Bn Fatty acid amides li'1u fJ~""ll1m'i1Jm'i Hil~ffl'i (;1~U H~~;'bffll1i''lJ 

..
••

.. '" iii".... 1"~ IV

II 

" i ..
~Vlffll1nn1Jff~'Vlf] m'jH(;1~Wf]m::~I1'HL(;1:: L1JB~ Fatty amincs 'I1LlJ'Uffl'j~~~U 'Um'jH(;1~ 
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" . . 
ll1ftl1Hlf ih1iu'I1 dtlftu nih~t)'jtl'l 1~lufJ~t'I'll1mnJfjft~lfl1tl~thtll~tTll1i'lHfI'lHl1 ~ml1n 

" " 
'" 0 _I """ 1 0 l"?t ... '" i"'"m::""Jum'Hl'l~Ul1/UlJl'l1/~1Jl'lfU "'::'llfJ fJ Im:n:'ll t'l'11/1'H1U11J1 'lflUUl'lfml1'l~ ~ 

" m::lnum'jF-lft~lh1iutJlft1/A1J'U'j::rr1JfJ~t'I"l1m'jlJtohu'l1qj ~mjufll1 hw 
" • 0 

lhF-lf11.hf1m1~"':'llm,j'1~11~tltl1Jfl111/~tlU~~Wl1tJiJ 130 c fl"Jl1/~U 45 psi l~Un'll 60 Uln 

Q,I' ~ d 0 Go' " " 
1l1ntJU \I m1JU 11/U fltln1J1 

't1 
..
• lV'll 01 ""1.1.2 illU ~:08\J'U8~UlllU li:lll~\J (crude palm oil : CPO) 

" " 
lh1JutJHl1/~1JtJ'j::ntl\JlhfJi~'j ni'h~tl h,f1/1nnil~ tlfJ'l:: 90 l~mh'l1'l:rn m ~ 

" ."
'l'\J1iu~~tJf1: 3-5 l~Wlhl1irn U'l::n~l9ltl'n)'lfiJflflu m~h1JU'ulh1iutJlft1/~\Jfhuh1qj tiB 

m~ Palmitic Uf1:: m~ Oleic l~tJ~l'jH~ 3 ut'I'~~t'I'm lm~t'I'~H ~tlm'l1..,tJ1f1'lt'l'~f'\J~'1m~.. 
1'\1 lfu..t1hJ ~l1l'J~ 4 Ut'I'~~thUlh:ntl\J"'Hlflij'\Jtl~Jl1iu~'If Cit~Ut'l'fl'lF-lf1ltl'U~tltJCl:: l~tJ 

II ." II 

W"'1'1rm.Itl'lm~"J1J'UllCl:~l'jH~ 5 flWt'I'1/,j~"'Hl;ftlll1ft~'\Jtl~lh1iu~'If '~Ufi tilfl111/'I1i1~. 
" , 

fl"JllJl1U1ml'U th~~~u til~~''I1ftl'Yl til~~11'U''VJ Im::tilfl111/'\Jtl'lth1iu~'If"'1hJ 

Fatty acid Systematic name 

Lauric Dodecanoic 

Myristic Tetradecanoic 

Palmitic Hexadecanoic 

Stearic Octadecanoic 

Arachidic Eicosanoic 

Achcnic Docosanoic 

I.ignoceric Tetracosanoic 

Oleic cis-9-0ctadecanoic 

1-inoleic cis-9,cis-12-0ctadecadionoic 

l.inolenic cis-9,cis-12,cis-15-0ctadecatrionic 

ElUcic cis-13-docosenoic 

x:y x LL'YI'U~1tJ~1'U1'Ufllf'Utl'U l'Um~ ''IJ1i'U 

y U'YIU~1tJ~1'U1'U~'UTi:~lum~''\J1i'U 

Structure
a 

Formula 

12:0 C,~H~~()~ 

14:0 CI4H~~O~ 

16:0 CJ(,Hl~O: 

18:0 CIMHl(,O~ 

20:0 C2oH4002 

22:0 C22H440~ 

24:0 C~4H4RO~ 

]8: 1 CIRH140~ 

18:2 CIRH1~O~ 

]8:3 ClsHl(JO~ 

22:1 C22H4~O~ 
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.d
lun BamwallLrl~ Shanna (2004) 

d tI d: QI • rI Go'a 
111 n91l';j Nfl 4 Uff~~V~tltJ~ ~nm.Jfl1~ltl1J~V~U11JU'W'll' 'W1.J11 V~tltJ'j ~nV1.JM ~n~v~ 

~ II ." 
o .., "I .. ~ 'JI 1 0 .., 'JI "i 0 .., 

l~l1JUlJl~1J flO Palmitic acid ~VV~~ 45 ~VU1Mun U~~ Oleic acid 'jVV~~ 40.2 ~~VU1Mun 

O~fttJ'j~nvmHln~v~J1irm'i'111'W~fiv Oleic acid !VV~~ 45 1~(JJ1Mun Url~ Linoleic acid !fJ(J 

: QI rI QI d ~ a " : Go'QI:
f1~ 41 1~vu1MlJn V~tltJ~~nV1.JM~n~V~U11JU11J~~~lV tlV Linoleic acid 'jVVC\~ 581~VU1MlJfl 

" . 
Palmitic acid !VV~~ 28 1~VU1MUn UCl~ Oleic acid !VVCl~ 13 l~Vv~fttJ~~nV1.J~D~m~ i~ir'UVi 

LlVlMh~tiuVi11M'J1~uVl'll'U~~::'ll'iJ~ijtlWff1J,j~nm4m'Wi1~U91n~Ntiu ~~Uff~~~-391l';jN~ 3• 

-

---~--'ltjj~m~'~~u 14:0 16:0 18:0 20:0 22:0 24:0 18:1 22:1 18:2 18:3 

" 
!vv~~1~vu1Mun~v~n~~'~~u 

0.2 45 4.5 o o o 40.2 o 10.1 o 
" 

thirm'i'l'J 1'W~ o 12 2 o o o 45 o 41 o 
" 
t11irUl1J~~~lV o 28 o o o 13 o 58 o 

o 5 2 o o o 20 o 18 55 

o 11 2 2 48 o 32 
: QI d 
U11JUl1JCl~l~'W o 3 o o o 64 o 22 8 

o Go' d QJ " 
U11JUL1JCl~fl1U91~1U o 6 3 o o o 17 o 74 o 

o 9 2 o o o 53 o 39 o 
o " Go' QI. .:!Ii 

ln1JUf.)1LlHW~ o 12 3 o o o 23 o 55 6 
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lim Bamwal Url:: Shanna (2004) 

.	 "" 
1l1n~n1.:1~ 5 Uff~.:I flW ff1J,j~'UtJ.:IihiJlJ~'lf 1~ tJlhiJlJ~'lfU~rl::'lfiJ~ijflW ff1J,j~.	 . 

JI •	 " 

'V11.:1!.;ftJl'Vi il.:lU~n~HtilJ' t11rllJ~mUtJ.:I1J1111nfl111JU~n~H'UtJ.:Im ~, 'UiJlJ'UfJ.:ItJ liJlJ~'lfU~rl:: 

'lfi1~ 

1.2	 m~''U,j'u (Fatty acid) 

m~11'UiJlJlrllJm~iilJ'V1~~~fhlJh,wij~llJ1lJfI1{tJtJlJ t1rlltJ'Ii'H4-24 tJ::~mJ 
" 

..11 ~ ...	 "".1 "''' "'.... ~ 'i' 'i ..... 'i ..
11'W .:IttJ'W l11JfI1~'lJt:JnttfrlumtJtJn'UH1Jrl n'tJW::l1J'WffltJ LCJW11'UtJ.:I'WtJ'W L'Virll~ L~ L~~ fI1~tJtJ'W.. 

" 
'8i~~fI1{tJtJ'W..h1~m~' 'UiJ'W hJrl::rlltJtJ1 ''W1i~~1J'lfl~m~ ''UiJ'Wij~l'W 1'WfI1{'lJt:JlJ tJ::;lfJ1J 

!r1'Wlrl'Ufllm::lrl'W1 CJitJ11~~1J~1 (hiij~'W1i::fl) l1~tJ '~~1J~1fltJij~'W1i::fll1~ tlij~'W n::ffl1J (Triple..	 .. .. 
bone) I fll1~tJ1Jlnnil m~ ''UiJ'WU~rl::'lfiJ~ijfl111JtJ11'UtJ.:I1CJi ~1'W1'WUrl::~hU1111.:1'Utl.:l~'W1i::.. 
hi~1J~1U;l n~l.:1 ti'W m ~ , 'UiJ'W ~'Vi tJ1'W~ 'lfUrl:: ff;l111:: '~'VitJ 1'W ~ 1.1 iiff~ ::ll~ 11:: fl ~~ 11J ti'Wlfl'W .. .. 

""?l" '" 'i .. ~ I ... "" 'I " ,.. '" 
rlu~~1tJ'Vi'W1i::Lfl111rl'W;l ttf.:ltlntJfltJffrlltJ L~~1tJm~ L'lflfl'W ttf1JUrl::ffl~lfl1J.. 

-

., 
o '" <!I

lJ1 'JJ lJ'Vi 'If	 kinematic Cetanc Heating Cloud Pour Flash Density 

Viscosity no. value point point point (kg/I) 
o o	 o o o 

at 38 C ( C) (MJlkg) ( C) ( C) ( C) 

(mm
2
/s) 

JI 

ljl1j'U'li'111'Vi~ 

" lhJjlH1J~~~ltJ 
o Q,I t'::Ii	 d " 

lJ l1J lJ rllJCl1~ 

JI 

1Jli1lJf;l1ilff.:l 
JI 

UliJlJ!1J~~mvJ 

39.6 

34.9 

33.5 

27.2 

39.6 

37.0 

33.9 

35.5 

32.6 

42.0 

37.6 

41.8 

34.6 

41.8 

37.6 

37.1 

40.2 

37.9 

39.5 

39.5 

39.3 

39.8 

39.7 

39.6 

39.3 

39.6 

31.0 

-1.1 

1.7 

1.7 

12.8 

-3.9 

7.2 

-3.9 

-3.9 

-40.0 

-15.0 

-15.0 

-6.7 

-31.7 

-15.0 

-9.4 

-12.2 

267 

277 

234 

241 

271 

246 

274 

260 

254 

0.9180 

0.9095 

0.9148 

0.9236 

0.9026 

0.9115 

0.9161 

0.9144 

0.9[38 
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. ~ 

nHI 1\IiJ'U Vi .... 'U1'Ul1'1fUCl:: ff~r)oi'U ff.:J ~::ii ~ l'U1'Ufl11'Ut)'U fl::~ m.u1J'U m\lfl fJtJ 
. 

v v v 

':i::11'iH 14 - 22 fl::~fllJ 1~tJ1~""1:: C16 Lm:: C18 .... 'UlJln~ff~ Lm::~n"nih;'Uti::fllJlnn"h I 
• V 

,c1 ?I 1 "" 
fJn~::L1J'U1L'U'U'Ufl'Uflfl'U~Lf)~ (Nonconjugated double bond) (-CH=CH-CH2-CH=CH-) ~UJlJ . ~ 

flfl'UvtqL':i;f'UU 'U'UCtiff m~ 1\1iJ'UViii 1,.,fJ1CJ1fJl1'1 (C 16-C18) Cl::CllfJ1h hj1~ u~Lnilfl\lfl.:JiJ'U 

ffllJ l':ifl ff~ H 'lJLCJ1Cl~l'UJl 1~UCl:: 1lJLCJ1Cl~ffllJ 1':iflfl.:Jfld1~~1tlt1'U~':imtllU'U'U'~ 1~':i 1vliJn v 

... "" 0'
(Hydrorhobic inter-action) (fJltlffff':il 'lflJ~'VI, 2537) 

• I ,J' 

m ~ 1\IiJ'U 'lfiJ~~lJ~ 1ViiitiilJ lWlJ lnVi ff~ 1'U\hiJ'Uti1~lJfi flm ~l1hCliJ~ nii fl~
• v 

" <9 "I'" "" 1 ,.;. ... &
1I':i::lJ1W':iflfJCl:: 37.9 f1.:J 47.7 1LCl::m~ l\llJ'U'If'U~ lJfllJFl1lJln (Polyunsaturated fatty acid) "ll.:J 

~1 '" 1 1 """" """<9 • .1 1 1 "".. """ <9. ~un m~ Cl 'UClfln lJ':ifltlCl:: 10.4 f1.:J 13.4 UCl::m~LLflClnl Cl 'UCl'Un1J':ifltlCl:: 0.1 f1.:J 0.6 (~l':iH 

~ 6) lJf)mnnff1'U~L1J'Um~1\1iJ'UU"'1 JliJ'Utll~lJiJ.:Jiiff1'U~11iffllJl':ifILn~ff~1~~.:J '~un fll v 

'" 0' 11 ciJt. ~cSoGt"~ et"1 ':i'Y11HJfJ~ (Carotenoid) LLCl:: 'VI mvlfl':iflCl (Tocopherol) \1.:J CJ1.:JLlJfl~1'Um':ilJ11i'VI11'11,nt!'VI1i1LCl1 

,H2JlW\lfl.:Jf1l hVi'UflfJ~~:Cl~Cl.:J (Maclellan, 1983) 

"" 
~ 

(fl.:JfflL"llClL"llfJff) (~fltlCl:\Ifl.:Jm~1\1iJ'Ui.:Jl1lJ~) 

"" etfl'.if1 (Lauric) 44.2 0.1-1.1 

11 d ~ 
1J':iff~n (Myristic) 52.0 0.9-1.4 

'thniJ~n (Palmitic) 63.1 37.9-47.7 

"" "" ffL~fJ':i n (Stearic) 69.6 4.0-4.8 

lmntln (Oleic) 13.4 40.7-43.9 

Cl \.IClfln (Linoleic) -17.0 10.4-13.4'1 1 """"
 

1(1 hmn'Jn (Linolenic) -17.0 0.1-0.6
 

liul: Mcclellan (1983)
 

1.2.1 fll1H/'l.h::1mn1;nflfl1~'\I,yU . ~ ~ 

m~1\1iJ'Ul-r;L1J'U1~f1~'ULilJ~'U ffll1i''Um':i~il~LLvl~~hLfJClnfl~fl ~ 1Lvl~~hfl ffL~fl1• 
LtCl:: ff".i1J':i::nfl'Uuvl~~h 'U l~':iL~'U ~.:J l-r;L1J'U1~f1~'U l~tl~Hl1imh 1tI~~1LtlCl.:Jl11il m.:J ff~HL~tJ• v 
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lJ::'rlf1':1 i1inl':i ~~ltJ~~~1'W nl'H-l~~m~ i'U,j'W;j~ nn1"~W'HtJ~U~::tl1l1J~'W "!~ 1'Wnn u[Jn 
~ , . 

''U1JU Ui:l::th,j'W (fat splitting) fflHlff1J'U~~m~i'U,j'Wffl1Jnf:I1Wnh1'u~~'YI1i1~[Jnlmr:r'W m~ 

, 'U,j'U~utJn i~ffl1Jnf.1'lJ l1Jl1~'W 1~f.1~Ul~1J~'Wffl'HrU~~ffl'Hm ':i1Jnl':i ~~~m'H n m~ lli[J'W i 'U 

lHl::ltl~fJ~fflm~ i"1~[J~':i ~ (Hui, 1996) 

" 
1 'W ~~ffl'Hm ':i1Jnl':i ~~~[Jl~ m~ i 'U1J'W 'il::f.1m~1J~~ 1 'W':i ::'H':h~,j''Wm)'W nlm~~ 

I 'I I , 

~o "d~ ~ I lo!!I 0 "4:51 G) '1jJ 'j)

!'rlfl'Yl1'H'U 1'Y111J'W ffl':i 1'rl1Jtl1l1J'W1J ffl':i 'H~~~'W lW::'YI1'H'U 1'Y1'tf1[J~~':i ::[J::n~l ~ 'Wnl':i ~ 'Htl1l1J':i ~'W• 
1~tJtl1l1Jm1'U~~ffl[Jm~ i'U,j'W i,jij~~~~nn'timt! 1~~~nril1 u~m~ i 'U,j'W~ijtl1l1J~1J~1,,!~ 

" 01'ilii~i:lm::'YIu~~m::U1'Wnl':i~~~ i~ m':i ~~~lli[J'Wi'U i~iinl':iU lm~ i'U'illnU l1J'W ,h~1J1Jl1~ 
.;. ~ w.:::." ~ 0 "1 oct " ~ Q,I I .d 

l'rltH'rl1Jtlf.U ffUU~ 1'W~1'Wtl1l1J'H~~1 'YIl1 'H~~nl':i~~~~n'illmUl CJ1~~~':i 1ff1'W'YI1'H 1Jl:: ff1J'U~~. . ~ ~ 

m~1'Ui1'Wli1~;jB Cl6 ~~ C18 l'Wtl~':il"h'W 7 : 2 ~~ir'W~~iinnU1Ul1J'W,h~1Jff1~[J~'W1Jl1" . 
,i1 '(l~ ,11 nihH1J 1f.U m~,h~1J~~nff ~ 'W ~n 'illnU 

~

~~iinl':i1~m~ i 'U1J'W 1 'W ~~ffl'H m ':i 1J nll ~~~ 

lfl~fJ~ffl~H 'tf'u~'U~~m~ l'U1J'W~'l1tJ1J1"ti'W1Jln~~~;j~ m~ i1J~ ff~n m mh ~iJ~n 1m:: 

m~"'l~tJ~n 1~m.h::ff~fl'U~~m':iUl1Jl1"lv7~'thm~1Jm':il~'WyJ~~ 1~1Jtl1l1J1~'Wl~11J'Wlw:::vh• 
91~~ ~/U tI 

'H'Ul'Y11'J'WtlB'W~'tf'W1'W~':i(Hui, 1996) 
~. " 

"'''' 0 0' "'1 "'1 I 01 "'i"
tWn'illn'W1Jm':i'Wlm~ 'U1J'W'YI ~'illn1J::'rl':il11Jl ~'tf l'WfJ~ffl'Hm':i1JffUU~:::'Wl(Jl

, ';II I" I 

cinyJ fln1J 1nrh;i'W m ~~ ci11 'W l~~nli'rl U1'W Ul1J'W ~ni ~ 1rJ'W m ~ i 'U1J'W li1"1'W ~~ ffll1 m ':i 1J ff~~1J. . 
do "d tI d d ~ d d'1" i 0'Q,I .e:::t.

Hi:l::;'ill':i::1J1J1'Wl'WU~1(1.hf.Ul 'rl~'tJ~'Wm, 2547) U~::;[J~1J'rl'tf~n'Hm[J'tf'W~'YI ~'Hm~ 'U1J'WU~::; 
J/ , " , , • 

thu'Wli1,rm~ l'U1J'W1W::;U l1J'Wli ii,h::; 1[J'tfu1'W~~ffl'Hm':i1J~'W"l ~~uff~~l'W~l':il~.y; 7 

Industry Fatty Acid Plant 

Food palmitic acid palm (Elaeis }!,lIilleellsis) 

stearic acid cocoa (Theohl"OlIIo cacoa) 

oleic acid Olive (Olea ellropaea L.) 

canola (Brossico /lapus) 

linoleic acid Sun flower (Helial/tlllls aflll/llls) 

corn (Zea may) 

linolenic acid Iinden (lillI/III I/sitatissiml/III) 

Soy been (Glycine max) 
. ---­
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Functional food y - linoleic acid evening primrose (Oenothera hiennis) 

Borage (BO/"ago o.tficinalis L.) 

cocoa (Theobrollla cacoa) 

Cuphea IlOokerina 

Cuphea paucipetala 

california bay 

(Ulllhellulariacalifi"()l/iaca) 

Cosmetic stearic acid 

Fuel oil, Detergent, Soap oetanoic acid 

capric acid 

----­
Plastic, Nylon, Resin 

lauric acid and 

myristic acid 

petroselinie acid 

calendic acid 

nutmeg (Myristica/ragal/s) and 

coconut (Cocos I/ucijera) 
-~ 

Corial/drulII satilwl/ L. 

Carrot (nuacus carola L.) 

Calendula officil/alis 

sunl10wer (Helial/tI/lIs al/I/lills) 

com (Zea lIIay) 

linden (Lillll/I/ IIsitatissilllulII) 

Vernol/ia anthelll/intica 

Calendula C?fficinalis 

castoriRicinus cOlI/l/luni.\) 

~ 
tung (Aleuritesfordiil 

octieiea (Ligcal/ia rigida) 

Meadow/oam (Lill/I/alllhes dO/lglasiil 

Color. Varnish, linoleum 

I 

linolenic aeid 

a -linilenic acid 
-­
Epoxy resin vernolic aeid 
_. 

Engine oil. Nylon calendic acid 

<."\llm. I.ubricanl 

Fnamcl. Varnish 

ricinoleic aeid 

a -eleostearic aeid 
----­

Col\,r. Ink. Enamel a - lieanie aeid 
~-----

Engine oil eicosenoie acid 

Enginc oil, Nylon erucic acid mustard (Brassica jUllcm) 

rep seed (Brassica napus) 

honesty (Lunaria all/l/la)Engine oil nervonic acid 

.,; "1 "'". I'"fun: Murphy (t 994) llll:: Hills (2001) tn.:l ~tJ u1tul 'W.:l'lj~'U9I~ (2547) 

1.2.2 If'liifl1111flfl9i'l''8~,,.iJu (Chemistry of Fat Splitting) 

" " " 
,hiJ'U1J::'W~ l1~l'HijtJ'Ufi1J i "iJ'U'H~mhiJ'U'I1iJ~v'U'lYi ffl1Jl~ f:l\]n i~ 1~~ ill'tY 

" ~1fJ'\h (hydrolysis) 11~t)'vh1M1l9ln~';JnllltJlfl'Um~ i"iJ'UiJff~:: 1l1l::n~l9Hl~'U hwtliFl~ tJl11ff~.:j 
~l 'J/ '" "." 

19I~.:j'U 
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RCOOCHz 
I 

RCOOCH 
I 

RCOOCHz 

+ RCOOH 

CHzOH 
I 
CHOH 
I 
CHzOH 

Triglyceride water Fatty acids Glycerine 

i'Un'Hil~1~'UJ1,j''U2J~'Vi~TJ ~~iim~ 1'\J,j''U~ii~1'U1'UfIl{1JD'U C8 'il'Uii~ C 18 

!!fl~fJl'ilij C6 i'UlJ~2J1w-umJ m';il~1~';il~ff1'\J,j''Ul~'UlJumrnlDn~'U,r(Homogeneous reaction) 
o " 

Y1~hilu m';il~'U'U'U C'J l~tJ m~ l'\J,j''U i'U 1~';in~1C)fDh~'il~'tillJUfWtJl 'til i lfl~';in~IC)fD l';i~ 
. " 

mnm~'U l~n~lC)fU h~ U~~llJ~tJ'U~U 1lJl~'U 12J l'Un~lC)fDh~ l11nm';iU~n~1 11J1J~\J';iwir'U'ildj 

1 <; '" L'J" L'J '" 1" "" L'J '" L'J" "" • ~ "" .1 """""" i ~ :JJ l'Un~lC)fU l';i~ 11~~ l~n~lC)fU ';i~ l1';iU 1~';in~lC)fU l';i~m~uug C)f~nl'Hn~lJ{]n'Wl 'U'\J'Ull':in'il::: 

Q J 1 'JJ i 0 .t:::t..t:::t.C1 0 1 : d \t) w
lfWl'\J'\.ADfJl~ "Ifl C'J u~~nm 'Um';i'Vl1lJ{]mm'il~~nml1'U~ ~tJfffll'Vim';i~:::~ltJ'\JU~'U1'YHl:::l:lltJ IY'l 

"11' II' , " ,JI 

Ul'ltJ' 'U i'U '\J D~U1,j''U u~::: i'U,j'U Vi ffD ~lJ umrn 'il:::lfi~;j'UDVl ~';i 1~ 1~ 11'UU ~ 'illn U1ffl2J1';i tI ~:::l:lltJ 
II JI II' " I 

, lJ i'U'\Jfl~m~1 '\J,j''U l~2J1n;j'U 11~:::' 'U,j'U q~~ltJ'il~l~'U,j'UViv~';ilm';i lfi~lJufi~ rniitill:l~l:l~ 
. " 

I ffiie'U il m~1 '\J,j''U t1nlJ rltJtJ' lf1i:l'UVff';i::: u~:::n~lC)fu~'UVilfi~l~'U~~~~~'Vi~ fltJ 1~iruuvi 'U 
~ ~ 

" " fffll1~ff'JJ~~n'U lJBmrnu~n~1'\Ju~l'\J,j''Uir'Ul~'UlJufi~rn~'Um;1Jl~ w ~~ff2J~~ir'Uv~':ilm':i 
. " " 

,n~llfin~ fJl lliJ1~';i 1~9fffu~:::lJumrnmffl~l'l~vhfl;r'UVilfi~CJfl C'J (reesterifieation) n'Uir'U iitil 

1l1ln'U i'U~rl'~I'l~iim';ilWnn~IC)fU~'U~~I~'U~~~~~l1i1~I'lUn2J1I'lVl~~1'l1,1u~ l~uilflJumrn 
" " .

lfi~;j'U l~UV1~1J~\J':iW 'Ul'ln'illni1m';il~2J~Wl1fJiJ U~:::f11l2J~'U ~'il:::l~'Um';i')hm~ ~ ilflJBmrn 

"'" oj .1 ~ ~ i :i" i ~ L'J ....
ln~1';i1'\J'U 1'Vi':il~'il:::llJ'Um';il'Vi2Jfl1l2Jffl2Jl';itl 'Um';i~~~ltJ'\JU~'Ul l1~~~ltJ 'U'If'U'\JU~ 1'\J2J'U 

" " ."1 " ~ '" ........ ~ .... " "''' 1 .1"'.1 "".
I~lJ1n'1J'U I'ln'Vl~ tJ~llJ'U m ';i ~~'Vi~ ~ ~ l'Um :::~'U I'ln~ntJ ~ m \1 'Vi l:::m';i llJ ~ tJ'UulJ ~ ~~W l1 fJ2J 'il::: ff~ ~ Cl 

m:::'Vl1J~ffltiw U'll~2JUWl1fliJ'illn 150 °c l~'U 220 °c 'il:::'tililffffll'Vim';i~:::mtJ'\Ju~Jll~2J2J1n.. . ~ 

.1 ~ • i d~ i" QI.t:::t. «!I "i 1 tI I QI d 4· 
'\J'UffU~t1~ffl2Jl'Vll 'U'Vl'U'il~ 'Ifm~ 1'1f'U m~C)f~~1';in l1';i1'l 1~l1:::1'lUn C)f~ 1'1f'U ff~n:::ff l1';iU 

u2JniMftJ2Jl'll'ln 1C)f~ 1~'U~1d~lJumrn l~tJ l~l1:::l'll'lnlC)f~'il:::'ti1l1-Ul~1~'U~11~nJumrn~~ ~~ . 
o 'J}dfj) QlQI.t:::t.QlQI 

m 'ill1ll1'U 1'Vl fI~ ltJn1J~ 1U2J~'If'U 
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...... ,
2.1.2 t1l1A'llB'llH't'I18t1l1f.1D't1ftltlD'1'U 

" nn t~tl'il1 ~'I1~tlm~~ffll91111ff1'U'\J tl~t11~'U~'lfff111 1Hl'l11111"::,, 1m'li'l tiu i~ 

" " " f1VH1 J'i\!~ or, 'U 191Qt'I1 "11J H'lfU~t't;"u'U t'tf'U 'I11~'Ut;rtlt'Vi~ ~~tCJf" ~1fl1"::,, 1t1 i~ 1~~ fl1{1J tlU 
, II • 'II 

Uft:: Ufl" n tl ~tl ~Viii ff1t1 1CJffl1{1J tl'U ff'U '1 i~ii m~ ffnll1tntl1ti1J m~ t~tl 'il H 'II o~ t11~ U tll ~~ 
" " 'YI1'U~::1'U 1~tI'oHtl1~'Ut;rm'Vi~~~tCJfmrJ'U~1fl1ft::,ntl'1.'Uti91~lff1'U 1 9itl 3 1~tlU'i1l191~ Uft::~h'U 
II" I II 

m ';j 'YI~ fftl1J 1 ~ tI' ~'I11,j''Ut;rm'Vi~ ~, 'Utfl~ tl ~ tlU ~~tCJfft i~ ff1t~ 'il u9i ffn ~ffllij hit '11 11 1:: '1.u m~ 
" . 

t1l1Jl' ~t~ 'U t;rm'Vi ~~ ff1'11 i'1J tfl~ tl ~ tI'U ~~ tCJfft U~ ::tl1 'YI Direct Injection , 'U 'tf1 ~ ~ ::tI::nft1 tl11 

!'Vi~ 1d1ln~i:J qj'l11t~tl1ti1J nntn~1~n~u ft1t1m::1J tln'lltl ~~::1Jmr1~ ~ tlV1 ~~ 'Um ~ 

2.1.31fi1t11fl18,Joi''U (Micro emulsion) 

ill1mfl~fti'Ut~'Um ::1J1'U m~ ~ fl1 '1. ,.r'lltl ~t'I1"1iiff1~ U'II1'U "tltlm::'il1t1tlV.. t'tfU 

m~ ~ffllJ1~'U~'lfti1JUtl" ntl ~tl~ ~~ 'il::ii ff m'Vit~'U fl~"i'Utm::trttl'l111u'1.oHff111 1Hl~ ~ '1...rl~ 'U Hfl tI 

1M 

-

2 . '1JIB~hcvo (Biodiesel) 

"l d 4 ~ " 4 : Go' 4 4 : cf'd ~Q# Q,I

l1J1tl ~u CJHl '11 'HUll 'YI mtl fft9'1 tl'J fit) 'U 111 'U 'Vi 'If'l1 ~ tl 'U 111 'U ff 9'11 CJf ~ mh ~ ..lit1J 'U ti"fi" 
" II) '" .!I II) " .;. '" '" :; "II) d1flt''U91 tl'J'IItl~m~ 1'II11'U CJf~ 1~ \nnm::1J1'Um~ tfl"tl'Utl1t1'1111mfft91tl'J~::'I111~ff1~91~91'U 191m"tCJftl.. . " 

h~ti1JUtl"nfl~tl~Viiiff1t1 1CJim{1Jtl'Uff'U'l 
. . " 

tll Vi "ttl fft91 tl{1 ~tI";1i u ii tl ~fi'u ~::n tl1J Viii ~nll w:: 111 t"n" , n l1tfi tI~ ti1J U1,j''U. 
l4ol,'Vi ~ ~~tCJf"i11m tiltlll~~ ff1111Hl ~~91 tm::li~'U 1i~ 'il1ni 'II,j''U'I1~ mf1,j''U ~ i~ 'illn~'lfU(l:: ff911 

1~tlff1'U 1'I1qjU111'il::~~ i u~tllVimtlfft91tl{'IItl~m~ i'll,j''U ~t91~ tJ1J i~'il1nufin'i til m~ tflgo'Ul;'tI 
" . . 

'I11htlfft91 tl{l~tI' ~i91~ n~tCJftl i ~~, 'U i 'II,j''Utm::u l,j''UVi i~'il1n~'If'l1~tlff911ti1Jtll'YI1'U tlmJlnViff~.. .
 
2.11fit1l111l1iuj''Ufl'lftl1'~u,,'U~uj''U~hcva 

2.1.1 t1l1'~~ Uj''Ufl'lfAD'ij8'UAtI'U~1,J'UA~8A..,il~~hcvo IflfJft1~ 
" , 'II 'Ii 

m~'oHi 'II,j''UU''::u l,j''UVi i~ 'il1n~'If'l1~tlff911t~'UU '11 ~ ~'YI~ U'YI'Uu l,j''Ut~m'Vi~ ~ 
II "1 I II , 

~~CJfl.'ll~tl91 H,j'n'il::'oHU l,j''U~'lft'ViTu'U tUtl~ 'il1niiflW ffll,j~Viffllli'U tfti1Jm~ t~ utt'l1 ~~t~flt'Vi~~Vi• 
~itl'l::t'I1111::fflln-h i 'II,j''Uff911 iiU~::ff'YIil m'Vim~' ~ ~1'U 'YI~U'YI'U ff.. ~n11 'U tln'il1nifu111i 'II,j''U ff911 

iJ 'il ~ 'I11.'l flllt'l1" 1ff~ n 1lU,,::ii ~nll W::trJ'U 'II tl ~ U~ ~ ~ m;u '11 l1iJ,.rtl ~ ~~ I~ 'U tlU ff~ ~fl t'hfiwl 'U m~
'\ cu q lU II. U 

" " UUIl'oHl ~ 'U Ul,j''Ut~m'Vi ~ ~ ~ tCJf" t'Vi~ 1:: 'il::vh',.rtn~fl1111V~ tl1n' 'U m~ t91~ till i 'II ~tA ff911ff1'11i'1J• 
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.qq CLI SI" •
2.1.4 lfifl1'U\JInVll~lUtllUJ'tl'U (Thermal Cracking) 

" 1~ fl1~ ll~ flA1~1[Jtl11lJ f flU I~ U fl1~ 1Mtl11lJf flU n1.JU 1iiuVl'l11 U ff tl11:: 1 r 
, tJ I , 

tltlfl~I~\HVlfl 1MU 1iiull~flA 11~U llJl~flClVi IgflCl~ 1M1~fl~~tiwcrlViiitlw fflJ,j~Il11Jl::fflJM1tl 

im1\fl[J~ ri1M i'1.JU 11Jl 1-W1 Ulfl1 fl~[JU ~~ICJfCl~~iif1l~llJ~[JUlllJCl~fl~ti'lJ~::flfl1.JllCl::1m ~ fffH 

.;. "1 d 1" 1".1 d", d".1 , ....lU fl~ ~ 1fltl11lJ~flU 'Ufl~ ~~ flC1lCJffl Hl~:: Mffn lJ~ ::flfl1.JltllJflU'YI~[JM Cl1[JlJ~ ::ltl'YI l'l1U flCllfllA 

tlflflU tl~m1~flU Ufl hllJ~fl UCl::m~m{1.Jflfl~~fll~U~U 
.qq 4 SI' J 

2.1.5 lfifl111tlOtl'UrJlU'H1jltltT1V1tl1 (Transesterification) 
. " 

fl ~:: 1.J 1U f1l ~ ltl ~ flU ih [J mjw ffl9lfl{1.J Hfli'~ tJ[JlJ l~ [Jwil IIfl Cl flfl flfl ti'1 Cl~ff.. 
" , 

11 11 HJf:l ~ 1J Bn~ [J11tl ii ~::M 1 H 1~ ~ fl ~ lCJffl 1 ~~1 'U iiu M~flU 1iiu n1.JU fl ~ flfl fltl ti'IVl mifl1Mln~ 
~ Q.I tI~..::. tI e!1q io'Q,I IQ,I.od,.od, " 

I'fMI flfil CVI fI ~tl 'llfl ffl~ m 'U fl~ m ~ 1 'UlJU IICl::flC1lCJfm U m::1.J 1U m~uU[JlJ1'lfflU fl[JH fl1H'U1H 

1,~mHu1J~ ~flWfl1'V'l'YI1~14m'V'l~~~'ti'1lUl~lfl1~~ fl~ICJffl1~~1 M~~U 1~m'il'V'l1::Cl~tl1tl11)JWU~ 

'IJ fI~ ~ 4m'V'l ~~Cl ~ 1U m ::1.J1U fln lflgflu~lmflffl~fl{ff1U1Mf\!~:: 1-WllflClflfl flflti'~iJff1[J 1tJim{'lJ uu 

5u1'AmnhlJfin~ [J1 1~m'il'V'l1::1lJ'YI1UflCl~~I~UllflClflflflflti'~ii.ufl 1~lm [J1.J1Ul~~'V'llUA'I1rJ~ ~ l'lfU 
I • 'IJ I 

iJ'j 1mf:lfl ~1~::iitlwfflJ ,j~'YI1~ m[Jtll'V'lllCl::lfliiViIl11Jl::fflJ fifl l~ullfl~nflflflti'Viiiff1[J 19iffUVi ff~.. . . 
Ufl::!~U'UfI~1 Mfl1ii~T~ ~~~'lf1m.yilJtl~~1 1umnhlJfimmn1.J1~m~l9ffl1 ~,)1~lJ1n~tl~ 

2.2 lflij'Utl~tJijmrJl esterification llo::tJijmrJl transesterification 

2.2.1 Esterification li:lulJfim[J1'Ufl~m~n1.JuflClflflflflti'1~[J1oN~11~ ~lJ fin~m 1M 
, " 

m:nm~umffll'ltl{ iifflJf1in111 ,M'~i1 

Acid 

RCOOH + R 'OH <=> RCOO R ' + H 20 
Catalyst 

Fatty Acid Alcohol Ester Water 

1~[J..t11lJ~::1-Wm~ciCl~1~m~uA1d~lJfimm esterification I~JulJfin~[J1Foiu 
tI ", , , 

m;1.J 1~ ~~t!u~fl~iim~~~u lfmmVlfl1MlJfim[J1~hltJU1lJ'YI1~~lU'U111JflIVlfll'VilJflCl 1~ (yield) 

~'t .;. 1! I " ~ 
2.2.2 Transesterification 11JUm::1.J1Um~lflClflUu1[JM1Hflffl~m MlJ1[J\1~.. 

'l15n~ [J11flii~::M11~ 1V1m~ICJffl 17tl1U1 'Uiiu M7mi1iiun1.JuflClflflflflti' l-rtfl1Mln~fl~V1tiWtt1 
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..	 . 
ut:lftfl~ltHY1~V{\lV~m"'\I~\.um:::nihGll'V7V~ m:::1J1'Un17iHjtl1Ji,*n'Uv~Nn~N\l1N 1l1Vn17 

., .... , .I .. "'... , '" , "'i""'.1 ,. ...
u71Jul~fJWfl1'VfYI1~1'lfV1Vi~~'YIVi~'Ul~ln~7 n~lGll'V 7" 'H"\I'U ~"tIl~Vil::: n17 ~"f11l1J'H'U"\lV~ 

.I .. i 4 "1 tI 1 i ' i " tI.d.:s. tI
l'lfmVi~~~~ 'Um:::1J 1'Un171f1~V'Utlltl'H\!1t:lffl~t:l7 ff1'U 'Hty~::: 'lfllV~nV ~V ~'YI1J ffltl1Gll'fIl71J V'U 

t i 0......,. .6 !:it "'''''''" i~ '" .. .. '" ff'U 'Un17'Y1lutlm til ~"tI1~ Vi 1:::11J'YI1'UV~ Gll'~l1J'UllV~nV ~V~'YI1J\lV ~l1U7 tl1Ji 'Ul'lf~VilW'lftl~~ 

~1Vrjl~1'ti'U ii7lfll\1n iifJW ff1J,j~'YIl~n1t1fllVill~:::lf1ii~1'H1Jl:::ff1Jlij'UllV~nV~m,~iiffltllCli 

fIl{1JV'U~~'U~"l" 11~:::iifl1l1Jlij'U~1~~ ffl1J17U'lhtll'~1Jti~7l1~1i'UnwYhuBmtlln1J'~m~ 
, ~"	 '" i ~ ,.," i" "" '" .. i " lGll'V 7" l"1Jln'YI"l~ 'U1'YIV1J'YI1 um 'lfl1J'YIl'UV~~:::17t1ml methanolysis 'YI'Utl1J 'lfl1J'YIl'Ut:I~ 

4.:t	 tI Q 4 Q i "i~' ...I

I'UV~~ln1J7lfllQn 11~lIv~nV~V~'lf'U"v'Unffl1J1Hl 'If ~l1'lf'Un'U 

H	 H 
I I 

H-C-OOCR	 Catalyst H-C-OH 
I I 

H-C-OOCR + 3CHpH 4.- H-C-OH..........
 

I	 I 
H-C-OOCR'	 H-C-OH 

I	 I 
H	 H 

Triglyceride Methanol Glycerine 

CHpOCR 

+	 CHpOCR 

CH OOCR'J 

Fatty Acid Methyl Esters 

(FAMEs) 

'" .'YI1Jl : Snvastava A. and Prasad R. (1999) 

1"tI'YI1~'YIq1:lQll~1 ff1J ~~1J 1~ff17 ff1J~'U n\lv~ uBn7tlllfl ~V'U~ltl'H~1t:Iffl~V{~ 

tI~" "QJ ~"I ""i '" ''''Iff1J\l7W'U'U ~v~un:nV1J"1t1V~7lff1'U 11J~\lV~ff17~~~'U7~'H1l~l1V~nV~V~~v ~m~lGll'V 7" 

lij'U 3 11J~ ~V 1 11J~ 11~i'U'YIl~uB,j~Vi1J-;huBn7t1llfl~V'U~ltl'H~1t:lffl~V{ff11Jl7u~'Un~1Ji~ 
QJ:"" qQ,l tI Q tI iQ,l 4 :G<I.:i.:t J" ~ 
,,~'U'Um~V~n1n"~~flWCV111V~f1~mffl~t:l7'\Jv~m" \l1J'U'H7 V 'U l1J'U "1Gll'~'lf1fllVi1Jln'\J'U ~V~lVi1J 

o	 1 ",.1".4 ... ... i" .4" i " .. ... "'''' " 
~1'U1'U 1J~l1V~nV~t:I~1Jln'\J'U "1t1 lViV\l1J"'U 'Hfll1~ ff1J ~~1~ V'UI\ll n ~H~~flW CV1'Y1~ V~n171Jln 

~ "l" 'H 7V~~ H~ H~~9i 1 i"9i1'Hl1~ vvn~ 1nu BiWtll~ ~'H1J" UB n7 tlllfl ~V'U~ltl'H~lVffl~ V{ 

ffl1J17m~1Jtl~7l1~1j(1t19i11~~uBn7t1l'H~ltl'lfij" and1'ti'U 11Jff m" 'H7VIV'UiGll'1J ~i~ (Ma 

Hanna, 1999) 
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I 'I" c> 4 1"'" .Id 1"'"!'t't1J'YI1'lHHUnfUfl'U'Vffl 100% CJf.:l{l:: 11fl~'ilfll'illJ'lV'U (conversion rate) tH ll'l::{I:: 'I1~1lH.. 
1Jun1Vl'l1ij~ alkaline 1~v..t1'tJijV1J1oU1CJfl~V1Jl1JYi'lm~ 1l~~ffl1J1HI1oUKOH 11ifl NaOH 1~ 

l:hu ti~'i lf11'iltJ~V'U~'U n'lJtJW11 fJiJ ll~miH' 'i~~l1Jlrtfll ~11'l l~l~V.:I'VffltJuni Vl~ {I::~hlij'U 1tJ 

ff1J'lJ'i w1~ W tJW11 !:JiJ~fl.:l 1~V..t1 'tJtJUniVlln~~tJW111JiJ1m\'~~l~0~'UO.:ll1J'YI1'UO'l ll'l:: 
'" JI • , ". 

f11l1J hi'lJi ff'YIi1 'UU 1~'U tY.:I ~'ltJ~'i lfll'i1tJi1V'U~1V 1~vmvl~l~fl'U' 'Ul~v1n'Ulll1oUu l~'UTf'l1n.. 

1 
I tI I I 

'''l " I ... "l " , " 1" a ... '" .,., ...'JJ l~j:oll'Um::ln'Uf11m'l'U{I:: 1~ 67-84% conversion ll~m 'I1'U11J'Ul't'l1'Y1~1'Um::'lJ1'Uf11'ifl'l'U{I:: 

" 1M 94-97<% conversion U'l::m ~ 1'U~'Uf)ff'i::1'Uih~'U {I::'i'lJfl1'Ufll'i't1Hl'U'U'tJ.:I~1l~ .:I'lIUnitil U~ 
, " 

fl1(J hi't1'tJ'U 1'U~w 11fJiJ lm::f11l1J~'U tJ.:I'1 ilqj111U {I::111J~ 1tJ (Hui, 1996) 
I " II I 

i~.y;loU~Hlil'U~1d .:ItJUmV1Ul111Jl::ffl11i''lJffl'i~.:I~'U.y;ii m ~ 1'U~'U (Free fatty 

"l • d c> .1 "'''''' :: ".,. "l'" •acid) LlJt!.:I ll't'il::ilf.Y11l'YIlf1~'U'Uflflfl mffl'i~.:I~'U1J m~ L'UlJ'U (Free fatty aeid) t!.:j 1I::'YIl 

llfin~ Vln1J 1CJf~11~ ln~ff~ 't1l1 ~ln~ilf.Y11l1 'Ul~fl.:l ~~'li''U ~.:jt1l{l{l:: hiln~llil'Ul1JYi~ltlill91B{~ 

'l~ 
, JI I "11 I 

Li1fl.:j{llflffl'i~.:I~'U.y;1~1'U.:jl'Uii'vu l~'UU1~'U.y;ii m~1'U~'U~.:j (High Frce ratty 
", II. 

acid, HFFA oil) ~.:1':;'Ui11f11'il~1J.y;iifll'iloU 1CJf~'11~l~'U~1l~ .:jtJilmVl':;'U{I::'t1l1~m~Viiinl~ ~ 

Yil1JBfi~Vln'lJ 19t~11~ln~l~'Uff~ (soap) 1JlfUn'U1tJ 

ijlim1ih'.,1tJ HFFA oil ~~::,,r,hlihfr91Q~tJ ~1.hff'Ul{lflti 3 i11 flfl.. .. 
I. f11'i'l~m~ (Oil Deacidification) 't1l'~1~tlUl HFFA oil 1Jl't1ltJufi~tJ1n'lJ 

19t~ 1h~ l\4 'tJ1~ 1CJf~ 1h~ 1 tJ't1ltJ Unimn'lJfl'i~ ln~l~'Uff~ll"::{I::l~'U fll'i 'l~tJi1J1Wm ~ 1 'U 
," . 

HFFA oil l~~l'l.:l {llfl':;'UUl HFFA oil n'~'l~m~U"1Ul1Jl't1ltJunivlntll1J'YI1'U0'l 1~tll,f 
" 1"ll~1l1~til'Ui1ri.:jtJuniVl1~1~tI1~ff~tY1'U'Ufl.:l oil: methanolll'hti'lJ 6 : I lm::'t1l~llJ;r'U~m.,( 

" " , 
'\If.) :!l~l~lJ~{I:: 1~l1Jii 'llt1ffl~fl{lil'U~il~fiWct1 u~i~u hi '~(lfU~f)fl1Jll~l 'U .:Il'Uii'vu 1UO~ 11 lfliJ.. 
i1f.Y11l1 'U!~ fl.:l'Ufl.:l ff~ ~ln~~'U 1'U ~'U ~fl'U fll'i'l~m~ ~.:I {I::iifl111..1 Q.:I Vlfll'U fll'i lLVfl ff~flBfl {I lfl 

" Ul,j''U 

2. loUfli1LCJffl'iO'l't1ltJunivln'lJ HFFA oiI1~V1~19t~11~lrJ'U~1l~.:jtJUfWVl~.:I 
JI 

m~1u HFFA oil 't1ltJuniVln'lJfl~lCJffl'ifl'lln~lil'U 11J1'Ufli1lCJffl h~ m~~{I::'l~'l.:l {llmr'UUl 
" .

U1,j''U n1~'l~m~1l"11Jl't1ltJuni tlln'lJl1J'YI1'U O'l 1~Vl~1CJf~11~lil'U~1d.:ItJuniVl 1~V't1l~11J 
'JJ II "" ,

;r1..l~ m'('Ufl.:ji~ l~1J ll~i~u~ hiu l1Jll~l 'U .:Il'Ui i'tlUl'l1'Un'U njo.:l {I lflfl~lCJffl'i 0 'll~'U ffl'i nii'i lfll 

U'Vf.:l ~.:j 11i~1Jfh 1 'U 'YIHlff'i'l:l !fflff~{lrtflU 11..111~l 'UtJ~ ffl11m'i1J {li.:l'1 'U flfl {I lfl 11J1'Ufli1l9tfl1'i ~ 

~ln~~'U llJtJi)niVlllm t1l {I {I::1tJ'i'lJfl1'Ufll'i't1ltJumvl transesterification 1~ 
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3. 1~'1,*m~ H2S04 trJ'U~ld.nJ~mrnU'VI'U lcn111~ trJ'U1~1~\lfH~£In1J1'1~'1'U 
" 1m-3'3l'UuhunJ1 HFFA oil Vil'lJ~fi~rnti1H1J'VI1'U£I~l~tJ'1,*m~ H2S04 trJ'U~lt~nJ~fi~tJ1 1~ 

t1JViCHOl:Yt~fl{tn'U~ii~fiwcr1'11~n hWVil'lJ~fi~rntrJ'Unm 3 i'111J-3 ''U~W'I1fJijfH~~ 95 lie U~:; 
'" • I I '" v Q,I I I 0 QI d '1 tJ d tJ a Qd d =" 

'1 ~ff~ff1'U'UI:Ht1J'VI1'U£I~ ~£1 'U11J'U 'VIt'I11J1:;ff1J U~:; 'll'm~'VIt'I11J1:;ff1J~ltJ t'U£I-31l1n1ti'UtU'U 

U1J 1'VI 1-3 '1'U m~ '1 '* ff1~ V'U'VI~ 6~utJn 1~1l1nni1tC)f£l~£I~trJ'Uff1~~-3~'U 1~~11Jtt11'l11J1tJ'U£I-3-31'U 1~tJ 

2.3 if;)~t1~ijFulA6tJijmrnn'11'UtTt6tTtAt)1~tfloU'U 

2.3.1 fll11.J~'U (Moisture) Ui;1::fl'1~''UJJ'U8tT'1::(Free fatty acid) 

1~Q~llt~1J~'U'1 ,*1~~ n i1tC)f£l h~'1 'Um~Vil'lJ~fi~ tJ1'VI~ 1'U fftDfft~fl~~ tflri'U ~-311 

~ 1:J!~'U ~'Jt~ nJ~fi~ tJ1 ~ £I-3ihH1J1W n~~ 1'UiJ'U Vff~::~ 1ni1 I % 'I11n'lJ~1JlW n~~ 1'U iJ'U Vff~:; 

1J1nni1 1% ~ 1trJ'U ~£I-3ti1~~m~ 1'UiJ'U Vff~::£I£1nl~tJ '1 '*1C)ft~tJ1J 18~~ £In 'C)f~Vi l'lJ~fi~ tJl '1 -H'tiJ'U 
1)1 "I '0 QI "I Q,I oQ 0 '1 tJ Q I~.& d Q,I e! 

m'll~ H~m l1Jmll~m~ l'U1J'U£lff~:;£I£1nll::'VI1 'I1tn~ff\!'U'UC)f-31J~~~-3'U 

. " 
- ijm~ '1,*~lt~ -3'lJ~m tJ1!~1J~'ULm::~~'lJ~::~'VIiifiW~'U£I-3~1L ~ ~'lJ~fi~ tJ1 

d d ~ " - mmtJnn~Ll;]ff)~'Urnn1J1n'U'U 

" 
Ma U~:; Hanna (1999) flmllilll~tJ'U£I-3m~1'UiJ'Uflff~::U~:;-U11l1n'lJ~iWtJl 

" . 
'~"n1HfmffL~£I~~Lflri'U~ltJ Beef tallow 'Villi1 'lJ~1J1W-U1''U Beef tallow ~lni1 0.06% w/w Un:; 

lEi1Jlijhl':i~ 1'UiJ'UfliJ~:;fl1~~lni1 0.5% w/w L~£I'1-H'm~Lfi~'lJ~fi~rn~~~~ 

2.3.2 tT~ih'Ut;.:a11.Ji;1"6.:a~lJJ'Uvi£ltl.Jn1'Utli;1 (molar ratio) 

'lJ~mtJ1'VI~ 1'U ffL£lffL~ £I~~tfl i''U ll::LrJ'U1'lJ~ 11J'lJ~ 1J1Wff1Ji'U til~ tJ '1~U£I~ n£l8flrl' 

3 l1J~ Vil'lJ~mtJ1till 1~mi1LC)ffl h~ 1 l1J~ t~fl t-H'Lfi~~~ 1~ fi£l tflffL~£I{m~ 1'UiJ'U 3 11J~ U~:; 

n'fiLC)ftl1'U I l1J~ ff~rh'Ut;r-3l1J~~'Utiu~ld-3'lJ~mtJ1~'1,* tcM'U ''UmW~l'1,*m~tiJ'U~lL~~ 
" 0

llfi'n!rn~£I-3 '1,*ff~~h'UL;r-3l1J~'U£I-3-U1iJ'Uti1!'11~£I-3U~:;ih'VI1'U£I~ t'vhtiu 1:30 u~'1 'Umw'1~~l-3 
" . 

/1I1lI?11t1 -3'lJ~fi~rn '1,*ff~ri1'Ut;r-3l1J~'U£I-3-U1iJ'Uti1!'11~£I-3U~::ih'VI1'U£I~ t'Vhtill 1:6 ~~ 1~'U£I-3 m 

i;n~oflJ,ju~n~l-3ti'U (S. Vilas Ghadge U~::flW:: (2005» 

" S. Vilas Ghadgc U~:;flW:; (2005) 'ViUi1 ff~ri1'Ut;r-3l1J~'U£I-3-U1iJ'U~£IL1J'VI1'U£I~ 
•• 'JI , " 

ll'hnlJ 1:6 lfi~m~t'lJi1tJ'UtrJ'Ut£lfft~£I{~Viff~ u~'lJ~1J1Wm~ 1'UiJ'U '1'U-u1iJ'UVi1J1n~'U ~111J'U~~H• . " 
lW1Hl~Hl1'Ul~-311J~'U£I-3-U1iJ'U~£I11J'VI1'U£I~trJ'U 1: 15 U~:: '1,*m~ti'~~l~fHiJ'U~ld -3'lJ~fi~rn 

2.3.3 Alt1.:atJijmrn (Catalyst) 

~lt~ -3'lJ~mrn'VI~l'Ufftflfft~£I~~tfli'U 'lJ~::n£lu~ltJ 
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n. ~'.l1i~,j fin~tJl,j'.i::Ul'VI~H1'lf'U 1Clfl~m/l8~'.i f)f1 'C1f~ 1 CIfl~tllll11'VIfln 'C1f~ 

1Wll'VIfflCitlll 18~'.i fln 'C1f~ ivm'VI tn;tl11III 'VI fln 'C1f~ 1 'Yill'V1ffl;tllllfl 111~ lltl::1 'YiLL'VIffl;tlll 181~'.i~ 

'U. ~11i ~,jfimtl1,j'.i::1tl'Vlm~ 1'lf'U m~citlvb~n m~~m"~fl~nLLtl::m~ '@1 1~'.ifltlfl~n 

fl. ~11i ~,jfin~tl1,j'.i::lfl'VIlfl'U 1C1f1J 1'lf'U lfl'U1C1f1l1tll,jff 

~1 d~,j fiO~ tl 1,j'.i ::lfl 'VI~ 1 ~ l'U,j fin~tl 1'V1'.i 1'U fflfl ffl~ fl~~ lfli''U 11::1n~ 1~ 1w:il 
~ ~ . 

~1dnl6n~tJl,j'.i ::lfl'VIm~ LL~'l11~'Uij,j~11lWm ~ 1 'U~'U ~ff'.i::LLtl::,j~lllW 'l11VitJ ~~11 i ~,j6 O~ [Jl 

,h::lnY1m~1I::111111::ffllf1'h(Ma LLtl:: Hanna, 1999) 

2.3.4 llUln11t111.JijMtIl (Reaction time) 

tl~'.i 1f1l'.il,j~tl'Ull,jtl~1I::1~1l~'Uf;'lH1tl1Yh,jfimtl1 1'lf'U ,j60~tl1'V1'.i 1'Uff lflffl~ 
" . ,

fl1Vhflcti\I'UtI.:nl1~jUlll~~f11~ff ~ l11ft~~ltl 111ft~~fln'VI1'U ~::i'U lltl::l11ft~f11111 ~ fl~ 1~tl 1~ff~th'U 
~ 

1.11 ~ lml'UfJ~'l11~'U~mll'VI1'Ufltl lvho'IJ 1:6 1Clfl~tl1l18~'.ifln 1C1f~d~'U~11'i ~,j6n~tJll 'U,j~lllW 1% 
I ~,~ 

ih'l]n01fnl1f1Wl1fl1J 60 DC 'Yi'IJ11 'l11~'Uf11111~fl~ lltl::'l11~'Ul11ft~~flnY11'U~::1'U 1~ % Yield<.J ... 
I I ")1 

'1110'1.1 80 l1tr~1I1n 1 'U1Vi 11~l1tr~1I1n 1 i'11m f1l'.il,j3tl'ULL,jtl~'Ufl~'l11~'U11~4 'lfiJ~ Ll1jjEJ'UOlJ 

& .::i , I QI 

CJi ~1lfl1 'Yo Yield 1'VI1f1'lJ 93 - 98 Galen J UCl::flW:: (2003) 

Galen J lm::flW:: (2003) ffml1i111i'tlI1Cln",j6n~tl1'V1'.i1'Ufflflffl~tl~:W!fli'U11111 

jJ I <t:IlCllt.Clo oC:It. J jJ l' <d ~.d ClIt.

Beef tallow ~ 1tJ!1l 'VI 1'Ufltl 'Yi'IJ 11 ,jUm tl111::1n~'U'U'il'l11ln 'U'il'1~'U 1'V11l'.i f1l'Yi fl'VIll ::ln~f1l'.i f4ffll 

ni:'t~tl::mtl'Utl~UJ'VI1'Ufltll~lhI1'U Beef tallow 11~l1ft~1I1n'U1Viu'.if1~h'U1,jf1~5 'U1Vi ,jiiO~tl111:: 

Lil~~lJl ~ 11Jlf1lLC1:: 1I::1ff~ lI'IJ~\!'.iWfl1tll 'U 15 'U 111 1'U'lf1~f1l'.il~1l~'Uf1l'.i ln~ ,jfio~ tl111::ij 1~ n31Clffl .
 
III ¥'l,m:::: 1111.lJn31C1ffl1 ~ ~fldff ~U~111::tifltltl ~tl~ljjfll1tl1Foi1'U 1,j'Ul'U;J'U 1I'U ff'U ff~m::'IJ 1'U f1l'.i 11::.. .. 

~ ~ . 
iJ1HlllW'UO~ III1 'Un31Clffl h~fl~l~'U,j~lllW~tJ ~n1'11~lf131Clffl h~ 

.Q, Q. _IQ~ 

2.3.5 ~W't1{JtJn11lfWllJ{]n1t1l (Reaction temperature) 
" 

,j iin~U1'V1'.i llJ fflflffl~fl~~ lfli''U1 ~~w l1 fJiJ1 'Uf1l'.i ln~,jfio~ tl111~n~ 1~ O'U;J'U fl~ 
" . ~ 

lilJlfiJ~'l11~'UVil~1'Uf1l'.iln~,jfimtl1 1'lf'U III 'VI 11'U1tlc]fff'Ufl~'l11~'Utl::~~ ti'IJ Methyl ricinoleate . ~ 

OW'H niJ nl'.i In~,j nn~ tl1111111::ffllVi 20 - 35 DC ff~ tY1'Ul';~ 111 tl'U fl~ 'l11~ 'U tl::"'; ~ ~ fHll 'VIl 'U tl tl 
~ 'V ~ q 

" 
I'VilO'IJ 1:6 - 1:12 ~1tl~1dnlfin~tl11Clfl~tl1l18~'.ifln1C1f~,j~ll1W 0.005 -0.35 % 1~m.11mrn 
~ 

,111J'U (Ma Utl:: Hanna, 1999) 
~ . 

Ma Utl:: Hanna (I 999) ffml1,jfin~tl1'V1'.i1'Ufflflffl~fl~~lfli''U'Ufl~U11J'U f:11 
~ ~ . 

IHntl.:jU1ff'VIll O'IJLll'VI1'Ufl tl 1 'U ff~ ff1'U l';~ 111tl'l11~U f:11111 ~fl~~mll'VI1mltl I'VhO'IJ 1:6 1~ ul~ • 

lC)fl~m/l~~';jfln 1C1f~I~'U~1d~,jfin~fJll'U,j~lllW 1% ~~W'HfJiJl'Uf1l'.il;',jfio~tl1U~n~NOlJ 3 

QWl1fJ1J flfl 32.45 lltl:: 60 DC 1~ % Yield lvho'U 64, 87 lltl:: 94 ~111t11~'IJ 

-
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2.4 ,y8~'lJ8~'tJ18~hClfi.1 (l.fln~ tR"Rlu,....l·:mu, 2546) 

1. iJfl111J,j'18~uitl 1'Um'j i~L~U LVi'j 1:: hhrl'U~1:l11'Cl::ff11J1'jf:l[jtltlff'Cl1t1'V1l~;1f1lVi'~ 
. " . 

C\. 111 tI QI .Q d \l1 " ol!!I 0 Q,I 0III::I1'J1 'JI
2. F-4'Cl~ l~~lln1~q~u'YIl~\llmn1:lm 11Hl'U11J'U'Vl ~11'Cl1\llnm::U1'Um'j~~ff111nn1J 

3. 'tf1t1'Cl~i1~111L~tl1nU1J 'Cl~1:l'Vl1~ tI1mfl'l1'Cl::~ ~111~ ~tl1J LVi 'j l::11nffLfftl~lfi~"1nnnLf·n 
'JI..t ...k1'J1:"'do do" ....do ....."i111JLm tI~tI'U~C)f~ ~'U 11J'U~1C)f'Cl~1f1lVi \l::1JtI~f1,j'j::ntlU'UtI~C)f'ClLoWm ~tltln C)f~ fIl'jUfl'U1JtI'U 

'U1'In 'C)f~ l'Ul,h 111t1 tI~ti',j'j::ntlu'UtI~'~ l~'jfll{utI'U ~~f:lmF-41 'm~'~ff1Ju'Hlll'U,j~1JlW~~l 
, ." 

~ ~ 

fll1lfl1 o~tJ'U~lil~U 1U'U~1C)f'Clill~'jL~tJ1J 

t'::I a fj/

1. m1f1l11Vi~1'UtI~\llfl~'U'Vl'Uff~. ~ 

do 'JI a'l lIJ" c:.l2. 1Jm'jff'j1~11flff 'U ~'jl\l'UtJtJfllC)f~ (NOx) LVi1J'U'U . 
0<9 0 

3. fl1 \l~ tJ~l11fl1'j~~11,j 'Cl~ ,h'U,j 'j::ntJUlfi~ tJ~tJ'U~~1rl'UtlH (rubber) C)f~m"f:ln'Vl1"ltJ 
~ 

hw'hJ la~IC)f" 

~ ~ t4 v _I~~ t4 ~~I IU 

3.1 fl1::tJ1Ufll1Ni.1PU1Jn i.1L8 tflPl 81~1rJulJfl1tiln11UtTL8tT1Pl81nlf1't1U 

~1f1~~ 'YItJ~tJ h l1Cl:::f1W:: (2544) ';lm'jF-4~~l1JVi'Cllf)ff~91U{\llnF-4~m-lmh~1J. 
~ ~ 

~ " " lhuu '1~nti U11J'U'VlU~t~11~1 U11J'U,j1ft1J~Ulm~U d1Uffn~11UU'j11JU11JU1'l..lilUmt":::U11JlJ 

:01 ~ rItI<d e1.c.:.

~lJ~~hn ~~h'Um::U1'\.m1'j11t1ntl1~111i1t11LI"::'Cl~m~ U 11J'U'l..l1'Clm 'oW'U , 'U'l..llCl1J'1;n~tJ·:ill 
~ 

l;.:l11umlflr.l (Iodine value 38) l1'Cl:::~U~ Super hard (Iodine value 26) m:::u"n~mm~\P1 

IlJi1m1'lm~U{11ff~~~~fIlVi'l..l'j:::nuu~3 
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~DI"'I 

~ 
04~5; ~:~o 

t 

H •• Water Maker ] 

Water Iqc('lor 

c •• t",c W.Ur 

~""•• ".l 

'---_..,Mhl-. T.... 

.fI1't't1.h::otl1J~4 m::1J1'Uf11'.iF-4~~L1JVlCUmn~fl{~1t1uijn~tJ1't'l·H\.HYtfJfft\01fl~vhfii''W 

~1Jl : ')f1fi~~ 't'lfl'lfll'J Uil::mu:: (2544)• 

I " 

thn::~ltT;hrfltlil:: 1 l"tIlhm!tl i.·b'U1~Q~Ulj)lmh1J'Ufii~'t'lfl"U~1lj)::~tltJ
". 

1"tlf11'.i";luijn~tl1ti1Jm" l'U~~mm::~1'1~1t1tJ1 
" .

LL~1 lj)::~tltJ11u'Ui"tJ1tltltll"tlf11'.iil1'fl111Jrtl'UfifJWl1~1J 

fl1'UL~fl hff11'.i'.i::1l1 tI'Ufl'lJ'lLiJ'U 1ul~..t1il'l~'1~'U 
• tI 

~~~f11 m '1f11'.i d'1Lff~1Jtl~ff111m'.i1JtJ 11J'U1.h~1J'U'U l"L~tl 
• 

d ~ 

3.1.2 m11\il·U.llJ"l'HI::0 UJUtli:!OtleY tli:! 

UijmtJl't'l '.i 1'U fflflfft~ tl~~Lfli''U 

!1J't'lllHlil L,j'l";luijn~ tJlti1J 19fL~tl1J 18"'.i tltl 19f~~'1LiJ'U~1d'1uijmtil 

lfJ~'.ifltl 19f~{lm~tltl i~L'Vt'.i1::ih1fll{ltl l"tJL1J't'll'Utlil~tl'l '1JijtJ11~tlU'ULn'Utl11 
~ . 

w W 
QJ a,Qcv.cl 

'UU\iltlUm·UH:I\illJ~.,',jU 

3.1.1 m·.H\ilifJlJ~l1Jurltlunl1.JiiMrn 

i~ Q~1J~i.n 'U f11'.i F-4 ~~ lj):: ~m~~ tl1Ji l1'1l11Jl:: ff1JnmH'li'1"; 1Uijn~ tJ1 
~ 

U1iT\J lJ 1r.l1J~'J ~ 1LiJ'U~fl'lFh'Um::1J1'U f11'.i Utltltl1'11l1ijtl1 

1~tl111miJ'U 

Lm::il~m" i l1'ihl~1J 1Wm"1'U1J'U 
" I 

11Jl'U i"l1h~'Um)fl 
. 

1~Q~1Jfiiju~1JlW m" l'U1J'U(jft'.i::~ltl11 1% 

120°C U'.i::1J1W 20 'U1fi l"tlijf11'.i 

ff111i'1J 1'UU1~1JftL~tI~'U')fiJ" Superhard ~'1 
JI , 

'~{ltl'U i"tJ1fltltlfiflW11fl1J 80°C 
CU" 'U 

l"tIi ~11JVI ilUtliltltl8tl ~11~ tlL~ tltl~tl~tll'1i1 '111 

L1J't'll'U tlilLm:: 19fL~tl1J-

" 1% f1l'.iL~~tl1J 



--
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~l'H'::ClltJm::vh 1~tJnn'lh lClfl~tJ1Ji@J~'Hm iClf~ 2.5 - 5 ff1'lJ Cl::ClltJ1'lJl1J'Yll'lH1Cl 100 ff1'lJ l~tJ 

Jlm!n 1.1~1Jlf1.11Clfl~tJ1Ji@J~'HmiClf~~'''l~~tJ1Jl1'l'lJ i1.1~11J1.1~1J1Wm~ i~~'lJ ~ff':i::~ihl~1'lJ.. 
1~(l~'IJ ~l1nm~ i ~~'lJ~ ff':i::ij1.1~1Jlf1.1 ff ~~~fl~ '''1Clf~1 ivJ1 'lJ ff~ff1'lJ~ff ~. .. .. 

3.1.3 fl11fil'lJiimrn 
tI, tI tI 

'1h~'Wl1(ln~~~ihu~1(lnvh1,rlg'WCl~\l'Wijflf1.l ~UliJ1.1':i::1J1W 80°C ,nm!'W ;~1~1J 
IV lU " cu 

>I 

ffl'H'::CllmltJnnmm~Cl~ i 1.1fl~l~"l" (1~1J 111'111J~mtJ1 'lJ 10 'lJll1) ff~ff1'lJ'lh~'lJ~flffnCl::ClltJ 
>I •• 

HtlC1mljiJ()~l~tJ'lhm!nl'vhti'IJ5 ~fl 1 Vhnnn1'lJ1Vlfl1,rln~1.16mtJ1fl~1~'t11il~lU'W tdCll1.1'j::1J1W 
>I 

15 lnVi ~1tJe~':ilnlm1'lJ1.1l'tJnCll~ (500 ':ifl'IJ/'lJl\1) flf1.l11fliJl'lJ,h~ijCl~Cl~l11~fl1.1'j ::1J1W 65°C. .. 
nl'J ln~'lJ fin~tJ1 \1::1n~~'lJ fl~l~':i 1~1 ~ 1 i ~l1JVlClm ~1~ fl{UCl:: n~lClffl~ 'W U~ 'l16n~ tJ1if~'W mr'IJ 1~ 

~~nf'lJ;~ ~ l1U 'W ~fl~11 ~~n1'lJli4fllwnH Cl Hll~~11~~111;J~ flfln lrlfl11 Q~ n 1'lJn ftlClftl~ 'lJ ~~ijfl111J 
>I >I 

11'W1UU'Wff~n'h (1.1':i::1J1W 1.26 ni'lJ/iJClllll~':i) '1::lwni''lJflflmnni''Wl1JVlClmffl~tl{ 1~mwml1.. 
.d" Q,I II tI " 

~nCl.:j1Jl'Yln'lJm ~~'I!'lJ 1'lJi''tJl1JVlCllflffl~fJ':i'1::1'I1 ilfln~lClffl~'lJ fldufltJ 1.16n~ tJlnn ln~l1JVlmtl 
• II • tI 

1:Y!~fJ{'1::ffl1Jl':i(lphliJ'W~fli1.1fl~l~"l" lijflVl~,,rln~1.16mtJ11i:J'WnCll3 - 4 i'111J~ 'lh~'lJ~\1::vh 

,Jfin~ m l1.11J1nn11 95% 

... ... 
3.1.4 fl1111lJflfliUClf8'1U 

n~lClftl~'W '1::~mhtJflfln' ffm'll''W:: 1~ tJnnci ltJflfln'YlH~1'W riH~fl~o~1.1fim or 
lu'Um::~v~~t)'lJ tldl'Vi'j l::'I11nvf~ i -rll1'lg'lJ ~'lJn~lClffl~'lJ '1::nCllmU'W~tl~U~~ 

3.1.5 fl1'1t1Ha~,jUln8U88fl 
, J1 I I 

l1JVI Cll fl ffl~ fl{\1 i~v~ 1.1 'lJl1'1 fl 'lJ ~1 tJ ffl':i fl'lJ" 1'I1'tJ ff~\1 1n~ '11 n fl1 ':i Vi nl6n~tJl 
>I • >I 

'j:: 1111~ 1 Clf1~ tJ:u '~~':i fln iClfPlUCl::m ~ i ~~'W fl ff':i:: 11 ~ m1 1~'lJ n~lClffl~ 'lJ\1 Cl::ClltJ tld' 'W i''W l1JVI f.l­
• >I • 

1tlffl~ fl{ 1 Clfl~ tJ1J i~~'j fln iClfPl l1J'Yll'lJ fl Cl\11'11 t; fl '1lnfl1':iVil1.16n~ tJ1UCl::'lh~'tJVi ViltJ 6n~tJ1hi 
" tI" »J , »J 

'I1ll~ ~~U'lJ ~~~fl~Vilfl1':i~ ~~ flfln~1tJfl1':i ~H~1tJ111~'W11 ClltJ., fli'~ tJi1J lW111\11 "u~ Cl::fli'~ 
t tI J1 tI 

,h::1J lW 1 ~ fl 4 'Ufl~tJi1J lWl1JVlCllflffl~ fl{ lijm~1J1111'VitJ~'ViflU~1':ifl' l1'111UtJni''lJ \llfl11JVlCl-lfl 
>I >I. 

m~(){1i1'lJnCll'Viflff1Jfl1':i(tJ':i::1J1f1.1 5 - 10 'Wl\1) ~ciltJ111flfln~1'lJriH 1~1J111fl'Wlf4fl~H111~ nl'j• 
>I. >I 

" 0 Q"t .:::::. ," "' ...ClH\l::m::'Yl14 - 5 flH UCl::l'Vi1Jnl':in1'lJ 'lJnl'jCll~m~11Cl~" 



23 

• II " 

L1J'rhm)ff1~fl1liNi1~ '~~lnNi1~N~tJl~lJ\hij''U9iH'l L'If'U ulij''U,m~ 1~LL~1 
" II

,jn:r'UtJl~lJ~'lJ (Lm~ih Ulij''UtJl~lJ~1...hr ''UtJl~lJff1~tJ~'U LL":: Superhard stearin ~1tJ 

m::tJ1'Unl'i 'Yl ':i l'U ffLflffL~fl~~Lfloi'U 1 ~tJ 1~LlJVi~ LLfl~ nmJfl ~Lil'Uffl'i L;j,..11tJ Bn~ tJlLLl:l:: 1~ 
II " 

iCJf~1'1 ...hil'\.I~1d.:JtJumtJl ~1tJm':ilJ1~m':iNi1~ 6 ,j'U~fl'U flfl m':iL~~tJ1J\hij''U m'H~~tJlJ 
II • 

ffl'iCl::l:lltJ nwvhtJumtJl m':iLLtJnn~LCJffl~'U nl'i~H LLl:l::m':i'U~~ihl'l'lJil LlJVi"Lt.lffl~fl1V1Hi1~ 
.. .lIJ ~r.:t .e::t..e::t. 4 4 'j/ .e::t. 

1~]Jfl11lJ'lJ':i,,!'t1liLnfl'lJ 100% LlJfl'Yl~fffl'lJ~1m'Ylfl'UflThin Layer Chromatograph (TLC) fffll1::: 

"" '" l"ev'.e::t.l 0

II 
QI ... I tI I.e::t. tI .-!t ~ 

fll'Hfj;)~'YlL'H'1Jl::fflJ 'lfff~ff1'UL'If.:J lJ~'Ufl.:J'UllJ'UlJl~lJ~flLlJ'Yl~LLmmmW~ flfl 1:6 l1':ifl 
II II 

L)j'~l:lLLfl"nmJtJ~th::lJ1W 20% l~tJunnrn LL~:: lC)fL~tJlJ1~~':ifln1C)f~ 0.5-1 % 1~tJunn1n'lltJ.:J 

U
." 

nJ1nh~lJ ~wl1fJiimnhtJBmtJl 60-80 °C 1~tJiim':im'UtJ':i::lJ1W 15-30 'U1Vi LL~::tJ~tJtJhr 
•• II 

Ln~·tl an~tJl9itJ'U l'U 3-4 oi11lJ.:J LlJVil:lLt.lffL~fl1V1 '~iifflJ,j~11l:l1tJtJ':i::nl':i 1n~Lflv.:Jtl'lJU lij''U~LC)f~ 

lWlH~ 1 L'1f'U fl11lJl1'U1LLli'U fl11lJl1U~ fllfl11lJftJ'U LL"::Glh.:JtJwl1tliJmm~'ULL~ 11~ il1l:lL'Yl 
It It 'U q 

nfi liJ.:JOilJlij''U ~LC)fl:l LiitJ.:J 1I1niiff~ff1'ULlJVi~Lt.lffL~fl1~~lJ~1~.:Jii'i1~11~tJlJL'H Cl1ff.:J1'U1.HlJlt:U ~ 
~ l ~ 

(1~ ('lflfl1~ 'Yltl.:JtJh U~::flW::, 2544)
~ . 

4. 1J1Vl1!nUJW.fIll1UO::m111tl11::"t.lW.fl111'lltH~1;rU'1J18~I.o 

;jml111'U ~lJlfl':i Jl'U'YlHfJWtllVl'lltJ.:J 1'lJ1 tJ~IC)fl:l\lmhl1'U~ l~tJffm,j'U'Yll.:JlJlfl':i ~ l'U 1'YltJl 

" . 
'1fUU1'lltJ.:J 1"n~1mjHI'If'U u~~,j'UtJ':i::L'Ylfl'Wfl':ilJi1'~tlll1'U~lJlm)l'U DIN E 51606 hlfll':iHVi 

" ~ iJllli'8'l ~fJ.:Jil.:J '111 ltJ~lC]fmh::Ltl'YlllJVimflfflfltJ1'1ltJ.:J'\hij''U rapeseed 1'U1.h::L'Ylfl'WU':i2J'U LLn::V.:J 

fJl1U uml1V'lJ LfltJ.:Jtl'lJlJ lfl':i! l'U' 'lJ lfl~LC)fl:l1 'U n~lJffl1 tllVlQhtJ l~tJlQVll::hltJ':i::L'Ylfl'flflfflfl~tJ 

'" '" I '" "" 1" .6 '" eWIlCl 1. ':i:::Ll'1fl'ffl1':iJflLlJ':im 'll'lJlfl':i)l'U ASTM D 6751 C)fn::'l.J':iltJ~::LfltJ~'Ilfl'lJL'Ilfl'Yll.:JfJWtllVl 

'UDJ'1U ltl~t~ll'~ ~fl11lJl1'U1Llli'U W flWl1tliJ 15 °Cl1~tJ~fl111J~1.:J~1IVll:: W flWl1tliJ 60 (Ie fl11lJ 
q 'U q 'U 

m'1~'im'Ufflfffl1 (kinematic viscosity) W ~Wl1fJiJ 40°C ~~11'lJ'~ Lil'U~'U ':i1lJii.:JfJwrrlJ,j~§'U'1 

litJ ff11nJ':i::ml'lJ'Yll.:JLflii tl'U'Yl~ 6 'U tJn~ lnifV.:J1~L1:l'U1J lfl':ijl'U ~Htl.:J1'Unl':if1nlJlLtl:l:: Hi1f1 hI1t.l 
II • 

~lCJfCl1l1nU lij''U1'U n~lJtJ':i::L'Ylfl'lfll'ti'tJfI::1'UfltJmutJ.:J 1~ LL~:: 1'ULt.lnffl'i':i ltJ.:Jl'U L'Ylfllwl "tiVi 1~1 'U 

fll':iHi1~ '1Ulfl~LC)f" L~fl'UiY .:J111fl1J 2002 - lJmlfl1J 2004 l~tJ National Renewable Energy 
II 

Laboratory tJ':i::L'Ylfl'LLfl'Ul~l 1~LLff~.:JfJWfflJ,j~'IltJ.:JUlij''\.J''lJ1 fl~IC)fl:ll~tJLLff~.:J 1'\.J 1Jlfl':i )1'U 

ASTM D 6751 ''\.Jfll':iH~ 9 
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Limits 
Properties 

Minimum Maximum 

I. Density at 15 °e, g1m1 

2. Kinematic viscosity at 40°C. mm1/s 

3. flash point (pensky-Mancns), °c 
4. Cold filter plugging point, °c 

15 April -- 30 September 

I October - IS November 

16 November - 28 February 

1 March - 14 April 

5. Sulphur content, wl% 

6. Carbon residue. wl% (10% Distillation) 

7. Celane number 

ll. A~h, wfOlo 

9. Water. mglkg 

10.Total dirt, mglkg 

I I. Copper corrosion for 3 h at SOOC 

12. Neutralization number, mg KOHIg 

13. Methanol, wt% 

14. Monoglyceride, wt% 

15. Diglyceride. wt% 

1(;. Triglyceride,wt% 

17. Free glycerol, wto/a 

18. Iodine number, g lodinell00g 

19. Phosphorous, mgIkg 

0.875 

3.500 

100.0 

0.90 

5.00 

0.00 

-10.00 

-20.00 

-10.00 

0.01 

0.30 

49.00 

om 
300.00 

20.00 

1.00 

0.50 

0.30 

0.80 

0.10 

0.10 

0.02 

115.00 

10.00 
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..; "" j/ 0 1 1 "" V111HTI 9 'jlfJ'CI::amJ~'\Iflml1h1~l1l.:JflWm'fi 1J fl~l91'C1~l1J1Jl~'j'lhl ASTM 06751 . . 
~-

f- ­

f-. 

. "-"­

-_._. 

_._---­

1·_·--­

l_
 

I
Property method limits units 

Flash point, closed cup o 93 130 min °c 

Water and sediment o 2709 0.050max %volume 

Kinematics viscosity, 40° o 445 1.9-0.6 mm2/s 

C 
-­

Sulfated ash o 874 0.020 max wt.% 
- ­

Total Sulfur o 5453 0.05max wt.% 
--­

Copper strip corrosion 0 130 No.3max 
.. 

('ctanc number 0613 47 min 
- ---"--­ ----- ­

Cloud point o 2500 Report to °c 

customer 

Carbon residue o 4530 0.050 max. wt.% 

Acid number o 664 0.8 max Mg KOH/g 
-

Free glycerin o 6584 0.020 wt.'Yo 

Total glycerin o 6584 0.240 wt.% 

Phosphorus o 4951 0.0010 wt.% 
---------­

wt.% vacuum distillation 0 1160 ° °c360 C max,at 

end point 90% distilled 

Storage stability To be To be detennined To be detennined 

detennined 

II 
j/ t .. I " Q,I

hi tJ n ill n1J1~ 'jnl'j l1l.:J ~ 1hi tJ Wfil'fi'\l fl.:J ~ 1.:J lJ 'j:111ff1l 'CI1hihi 

1h:::mff'\ltJ.:Jm1Jl'jnil'fi'fi.:J.:J lhl 1~till1hi~ 'fim:IW:::1I'CI:tJWfil'Vi'\lfl.:J11J1 tJ~ t91'C1 11 'j :::lfil1!1Jfl'CIlfl 

ffl~tJ{'\ItJ.:Jm~i'\l~hI W 1h1~ II mntllfl1J 2548 1~fJ'jlfJ'CI:::1VfJ~~lhltJW.f1l'Vi1lt1'~.:Ji11hl~lJH~ 
>I 

10~~ij 
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fut 2548 

, 
'.ilI'JOl~ oUtlflTt1Uft 6A~'q~,j, 

-.--f----------------;.--------f----;---,..------t---------j 
.. "1' 1 : '" , ,; ,

unHmHn~ eJ ':i 'HlfJ ,,:: fl otJ l't1tJn 1J911n11 96.5 EN 14103 

(Methyl Ester,% Wt.) 

"~mJlfl'm1J91':i 

ASTM [) 129X1<602 

l)OO 

(Density at 15 "C,kg/m~) 

hj~lnilll":: 3.5 ASTMD4~ 
o 

5.0(Viscosity at 40 C,cSt) 'hjq~nil 

120 ASTM D 934 ~ml'IJivleJ~fI'll'll"I9fmY i~~lnil 

(Flash Point,"C) 

0.0010 ASTM D 2622 5 

(Sulphur, %WL) 
------.-+-----------.,------f-------j---------j------.----I 

''J/ ,: '" (UO ASTM D 4530mnmtJ':ieJo,,:: ~wtJl't1tJn6 
'J/ e:t 4 ~
 

(':ieJ[m~ 10 'IItHmn'YII't1"eJ'IIlnnnn"tJ)
 

(Carbon Residuc, on 10% distillation 

residue,%Wt.) 
------------------------+---;----+-----+------------1 

7 ASTM [) 61]~ ltJ1tJ9fl'YltJ i~~ lnil 51 

(Cetane Number) 
-.----f------------;r----+------/-----+--------j 

'J/ '" ••1 'J/ ,: '" ASTM D 1<740.02lm'll"l.,,~~eJO"~ flOtJ l't1tJn 

(Sulfated Ash,%Wt) 
---------+------;r-----..----------+-----f------+-----------I:., 1: '" tJneJo,,:: flotJl't1tJn ASTM D 2709 0.0509 

(Watcr,%Wt) 

------+---:----,,--..----------;.-------t------+-------,f---------1 
0.0024 ASTM D 5452 10 ~ IJ'JJW.i"l eJtJ';IJ't11JflfeJO":: l~wtfl't1Un 

(Total Contaminate,%Wt) 
-------+---------------+-----f------j------------I 

" ASTM D 130 

(Copper Strip Corrosion) 

EN 14112UYO O':i .tll'Vl~eJm':i lnfl'JJijmfIltHJnCiilflW12 6 

W ~W't11Jij 

IIO"C i111J1J 

(Oxidation Stability at 110 "C,hours) 
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v • 
lihlAi:I'tl1J II"tlO111UA 

filt111lJt~'Um~ iiClnf17lJ hJLl~lt'l'L;fJlJ 0.50 ASTM D66413 

'1.8~·H)f1 '1."II~1f17lJ 

(Acid Value, mg KOH/g) 

'1.1irr·m:h 120 EN 1411\14 .. 
(Iodine Value, g lodine/100 g) 

f-----·--t--------------+-------+-----t-----------1 
m~fthJlCliimlJ'YiC\t~rrt~~{~mJCI:l~fJ 12.0'1.1irr·m:h EN 1410315 .. 

(Linolenic Acid Methyl Ester,%Wt) 
r·-----+------------.r-------f------t-------+-----------j

" 1 : ...
t1JV11'U~CI 'j'~fJCI: ~fJ'Ull1'Uf1 EN 141100.2016 

(Methanol,% WI)
 
---.-.- ­ .---------------;r---+------+------I----~-----

EN 1410517 l1J 1'Uf1nl"ll~h~~elfJCI: l~fJJll1Uf1 O.IW 

(Monoglyeeride,%Wt) 
----------f-----------...--------+-------+-----t------------- ­

.. '1. "''' 1 : ...~f1C1I"ll~ 'j'~'j'~fJCI: ~fJ'Ull1'Uf1 0.20 EN 14105i18 

(Diglyceride,%Wt) 
-------+--------------.,------+------If---------!---------I 

.. '1. "''' 1 : ...'1.P1'mClL"II~ 'j'~'j'~fJCI: ~fJ'Ull1'Uf1 0.20 EN 1410519 

(Triglyceride,%Wt) 

nih"llel7'U t5 rr'j'::!mJCI:: l~fJii ll1Uf1 EN 141050.0220 

(Free glyeerin,%Wtl 
----------...--------...----+------1------1----------1 

21 f1 fit'1lfl7'Ufi'':111lJ~~ elfJCI: l~fJJll1Uf1 0.25 EN 14105 

(Total glycerin,%Wt) 

EN 1410g lll:l:: 1Cll1:: f1~lJ 1 (1 'I1t~fJlJUCl:: l:uu~ rrL;fJlJ) 5.022 

EN 141O()iJCI ii f1 7 lJIn1CIf1 7 lJ 

(Group I metals (Na+K)mglkg) 5.0 rrEN 1453X 

lC1l1::f1~1J 2 (LlflClt'lirJlJUCI:UlJf1ih;fJlJ) 

iJl:lnf17lJ/n1C1f1711 

(Group II metals (Ca+Mg) mglkg) 
-----+----------...----------+-------I'---------!-----.--------I 

• .1 •.1"''' 1:'"
-nelrr-n~'j'rrn)fJCI: ~fJ'Ull1'Uf123 0.0010 ASTM D4951 

(Phosphorus,%Wt) 

24 rrl'j't~lJLL"'l (tl'lih 

(Additive) 

. 
'j/ .. 

UU1)V11UU 



.,. 
'U'n'n 3 

" "" 
111lJ'W'lh~:um~tI~'W 1)10fftll'W1~tlUf1~~\9.lJ'W1'Vi~\l \ll'W'VI~U'VI'W1)lm.J 1iJ'W1J1 ~:UUf1~oW'lltJ1iJ'W f1fl!~-

. " 
1.1. 2 oj~hCJ5tJ'j tJf1~hJ Vll~1)10m ~ lJl'Wnl'j'VI 'j 1'W 'r51tJff l~ tJ~:yj lfl9f'W'UtJ\ltJliJ'WoW'll 

" " 
1)1 OffGl'W l~VUf1~~\9.lJ'W 1'Vi~\l \ll'W'VI~U'VI'W 'il1m~hiJ'W,j1~1JUf1~oW95tJ1iJ'W 

ill<vnh~m,'U~ 5 O~lCJ5tJ'jtJf1~lJ~ 1~1) 10m~lJl'W nl'j'VI'j1'W 'r5mm\P1tJ~%f19f'W 

,j1~1Jffl~V~'W 

'. " 
ill'Wlh:;; flf)'Un 6 O~lCJ5tJ'j tJf1~lJVl1~1) 10m:;;lJl'W nl'j'Vl 'j 1'W 'r5mm\P1tJ~l11fl9f'W1.11iJ'W .w'l1­

'VItJ~ l~l!ill 
28 
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" 'lJtl.:Jfl':j ~'U1'W f11'i 'VI 'i 1'W bYttlml?ltl~:W!f1i'W tJ11J'W'VItlI?l1';/uf{1 

OJ 

~fllJru~rt1-3fl1t1f1l'W: 

- rll'W'IJ tl.:Jm m~ tlW '11 f1iJ'l1tl.:J iY'lJtl.:Jbl'l'i ~'W 'VI ~ V~UtJmJ lflfl ~tC}fm eJ(;1'IJ eJ.:J 
q ., 

" " 
fl )~'U1'Wf11'i 'VI ':I 1'W bYWbl'tl?l tl~Vhf1i'WtJ lii''W.w'lf'VI tl\?l1';/ttf{1ttl'W iYtJ ll?l 1m.u:IJ 

, " " 
- djeJtJ l:lJl'l1 (;1tl:IJm?l 1tt(;1 ~1'1.:JY1.:J! lu~f1.:J ':It! 'IJ eJ.:Jm?l1., 

Free Fatty Acid 

fIl'WtJ".i~f)el'U~ 8 H(;1f11':11tml~11 TLC (Thin Layer Chromatograph) 'lJeJ.:Jbl'l':l~'W'VI~V~tWmJlfl 
" t~ bl'fl~tC}fm tl(;1'IJ tl~fl':j~'U 1'W f11':1 'VI ':I 1'W bYttl ml?l tl~:Wtf1i'W tJ liT'W 'VI tl\?ll';/tt f{ ') 
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" 
m ~'U1'W fll'J'Yl 'J 1'W r;YW r;H\Pl eJ~:WLfli''WlJliT'W 'Yl eJ\Pllotim1'1 

Component % Area 

FFA (Free Fatty Acid) 28.83 

ME (Methyl Ester) 71.17 

iI1't'l1h~f)el'U~ 9 i:lf)ElU!~'Yll\lflltJm'V'l'UeJ\l m'J~h.!'Yl~ 6~wJml1m~ b1'f)~LGJHJ'J eJ[1 

'UeJ\lm ~'U 1'W fll 'J'Yl 'J 1'W r;YWr;H\PleJ ~:WLf1'~'W iJl ~lJ r;H~ tJ~ 'W 

i1m:lW~'YI1-.1f)ltlil1't'l : 

- LU'W 'U eJ\lH~\l~ eJumflill1eJ\l ff'UeJ\l'ffl'J fl'W'Yl ~ 6~UtJf)'\l1f)f) ~L9it:J'J 8 ~'UeJ\l 
• OJ 

" " 
m ~'U 1'W fll 'J 'Yl 'J 1'W r;YW r;H\Pl eJ~:W Lfli''W iJ liT'WiJl ~lJ r;H~ tJ~ 'WU~1tU'W ffiJ 1\Pll [1 ci D'W 
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Free Fatty Acid 

J
 
d
 

17.S~~I'	 f\ 
15.0 

I
/, 

12.• i
 

10.0j
 

7.5 , 
Methyl Estel 

11.0 

2.11 ~ 
0.0 ~ 

..=~~~-=:.;. "---,.----_ ___.._._-~,------_. -,~--~-_ ....- '. -=-.--_.-----,.. ­.._...	 ..__ ....
0.00 O.CllJ	 0.10 0.111 o.aoo;& 0.30 O.:NJ 0.40 0.411 

fI1vn.J';j:::Of)'U~ 10	 FHlm'i11f1'n:::..1 TLC (Thin Layer Chromatograph) 'lJV~ffl'i~'U'Yl~6~~wml1f) 

lvJ fff) ~lC)j'V'i VC'I'lJV.:Im :::U1'Um 'i 'Yl'i l'UfflVff1~ V~Vllfi i'U,j1c1lJ ff1~ tI~ 'U 

c:i oCl tI tI... 1 ~ d cfd _.I d 

.V11'H:JTl12 Uff~.:I~C'lm'i11ml:::l1 TLC V.:IfllJ'i:::nVU'lJV.:Iffl'iV'U'Yl'itl'YllWn'iJlml"tffnmC)j'V'jVC'I'lJO~ 

tI ~ QI:QI fJlfJJ 
m :::U1'Um'i'Yl'i1'U ff1Vffl~ V'iVllf1'l1'U 'U llJ'U 'Yl V~ 1'l111C'11 

Component % Area 

FFA (Free Fatty Acid) 97.186 

ME (Methyl Ester) 2.814 
-~ 

cl 
1.2 iIl';Ufl1J 

1.2.1 Methanol (CH30H) 99.5% commercial grade 

J.2.2 Ethanol (C2HsOH) 95% commercial grade 

1.2.3 Sodium hydroxide (NaOH) 99% commercial Grade 

1.2.4 Hydrochloric acid (HC!) 35% commercial grade 

1.2.5 Sulfuric acid (H2S04) 98% commercial grade 

1.2.6 Phenolphthalein Indicator 

1.2.7 Paraffin oil 
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2.1 ~ Ufl"i tUm,n'UfIl'nll'llnmfJl 

2.1.1 'I1~Yilm)'Vl~Hlfl.:luBn~EJ1LBml'1fl~~tfli'U t~'U'I1~Yil'tJBn~r.m~fl~mn 

111l~tI~1iv-H'l~flm'Hjill'1t1JV1mflml'1fl{ U)~f1fl'U~";W'\JJ~ screw capped bottle tt95(l.:l1'Ucil.:l'l1~m) 

'V1~-nO.:ltW~'J;f~flJ'Uf.]1JrJru'YIfJiJ ~.:ltt~~.:l1'UmVlU)~f1fl'U~ II 

o ~ ~1.::1 9 'j}Ci 4 

2.1.2 'lf~'Vllm)'Vl~-nfl.:lIWf1fl'UI1J'Vll'Ufl[1 IlJ'U'lf~'Vl t'lffYf1mm)IWf1'f1'UI1J'Vll'lH)~. . 
~ , 

mr:JYillJfin~ EJlltlml'1fl~:Wlfli'U U) ~m)'U~JtI'J;f~m'Uf.]1JrJru'YIfJiJm-htlml'U!t[1::; Cooling Pump 

~':Hff1'~.:J1'WfllVllh::;f1tl'U~ 12 
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2.].3 

1:n~ B'WYl~ 6neJ'Wl'htJ~n~ EJl hwihnl1 EJ1111'1 1l:lJ ~eJ'W ~ lfHtnft~ 1'W ril~tr"dhnl 1EJfn'W ~ft:lJ~ 1'W 'lJ'W 

~~lm~~ 1'Wf1l'Vfl.h ~fleJ'lJ~ 13 

2.1.4 '1I~~'WII'lJ'lJl'Wfll~~il\91I:lJYl1:lleJml'leJ111'lJ'lJfl~'U'Wl~ 40 ilm 1~'W~~ 

lJ5mru~1~Y1lfll~~ill'l 1'lJ1eJ~ICJ$1:lI.yJeJll'Wv'W~1:lfll~Yl~1:leJ~~lflftm1~~m:lJl~b1':lJ ri1'Wl..b ~mnJ 

1i ~mh::; fl mJ~ 1EJ'l1 '11 1!J1111'11 1:lJ ~ eJ 'W, 'l1'11 1!JY1ltl ~n~ !J11l1:l~'l1'11 1EJlWfl;i'W b1J Yll'W D1:l~~ ~,~ b1'~ ~ '[ 'W 

,f1WOh::;fleJ'lJ~ 14 
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4 4 ~ tI 
2.2.1 lflH)~1JV11m1::11 Thin Layer Chromatography/Hydrogen Flame 

~ 4 4 <Q tid 1J/ 0 ... 
Ionization Detection (TLCIFID), Iatroscan Model MK- 6s1lJULfl'iV~1JV11fl·n::11'.1 'tfffl11HJ1Wn 

tJ~fl'lh::nmJ~V~ff1'i lifm~tl1~ijv~fl'lh::nmJ~V~ff1'ii~u~ 2 'lfij~ ~u',j 'Cl::'Cl1tllU~U~111'Cl1 

L~tl1tiU l~tlmfftlmrnm'i"h ff1'iU~'Cl::'tfij~ijfl111Jffl1J1'if:l1Um'i'Cl::'Cl1tl~Htiu U'Cl::ijff1Ju~i hi 

" .
mlc)f1J~lU~1~~~'lJ'lJl~'lfi1~~Htiu ~~ifulfl~v~1iv11m1::11 TLC/FID ~~,j'i::nmJ~1mf1U 

" 
t:htity 2 ff1U fiv ~1~~~'lJU'Cl::~1'til'Cl::'Cl1tl m'il~ TLC/FID lWnff1'ili1vl~tl1'tfij~1~tl1tiUU~ 

1~~1\ln~'lJ11~V~1'.h'Cl::'Cl1tl~Htiu m'lfh1M'~'Cl~ '~~H ',j~1tl ~~ff1'i~\ln~~~'lJ ,~,rmJ'l:: 

ltl ~VhI~' ,j'~'n'Cl ffl'i~\ln~~~'lJ '~1J1n'l::Lfl~VU~' ,j'~n~ 

2.2.2 Lfl~V~1iV1Lfl'i1::11111,j~1J1WJ11Uff1'i~1VdH (Karl Fischer) I~U 
. " 

Ltl~V~1~'lJ~1J1Unh~1UdH 1~tl\1~ff1'i~1VdH'Cl~',jlUffl'i'Cl::'Cl1tl'V1V ,~~ 'thlM"vlv'~~ln~ 

m'J fff.Ulfftl61~n~jvu1M'unff1'i 'Cl::'Cl1tlUfll 'VI ''Cl~ ~~ 1Uff1'i'Cl::'Cl1tlUfl1 'VI ''Cl~'l::ij'~ 1~'i l'lU 
'U " 

• .dI .;,
'1mJUuu~ 'tillM'l1iv'~l~'il'lU'vvvui''lJ6L~n~'iVU'l::n'Cl1m~UUnff'~ C)f~lmV~l~'il'lU Karl 

Fischer u"'l::1~,j~1J1WJ1'lln,j~1JlW61~n~'iVU~'vlV '~~~tylff[J',j 
""d

3. lfi011 

3.1 ii1011HOltlH~ ,hU~I"JJ1::"JJUt1::IVI1t1JJ1V1Q~\Jfltl'Uii UIi)Mtn 
.. " 

1~f:I~'lJ'Vil ~fi Vff1'i 6U'VI~ U'Viutln'l 1nLoWffn~1C)fV'iV 'Cl~'lJ~ tI~ tJ 1,j'UVl'tf 2• 
1~un J1~U,j1~1Jffl~tl~UU'Cl::J1~uVl'tf'VID~ 1~u~1 . 

, .c:f, Q.I.Q, 

3.1.1 U"t1"T1JJ1'U8"1V1Q~1.J 

. " 
ff1'i 6U 'VI~ U'Viutln'l 1nLoW ffn ~lC)fV'iV'Cl~'lJ~ V~U l~U,j l~1Jff1~tl~ U U'Cl::n~lC)fm tI'Cl 

" " ~'lJ~ tJ ~ U1,j'uVl'tf'VIV~1~U~1 ,~'l1n fff:llU1~tlU'Cl::li~u1~li'~~1U'VI~u 'VIU 'l1ntJ1~u,j l~1Ju'Cl::Vl'tf 

.::u:l.c:f, Q.I ilQ dClld " 3.1.2 lfiIVl1t1JJ1V1Q~1.J 1J~.:jU 

. " 
I. ;r~n~1C)fV'itl'Cl~'lJ'M"~tJl11'lrn~11J~V.:jm'iLl'Cl::'tilnl'i6U1uijnLm){~u1~ 1,000 ml • 

'l'Uil~VW 11 flij 70 °c u'Cl::fhm'in1U1~f:I~'lJff~11ff1JV'lUn~1C)fmV'Cl11'ClV1J111'Cl1 

1~ tltJ 111ifn'U V.:jn~lC)fV'i V'Cl U1Vi~!V1Jti'lJ 'Cl~ VW11flijVil~fh 

• 'U • 

" 2. 1~1J hydrochloric acid (HC]) 35% commercial grade 1Uff~ff1U~.:jU~ 7-] 2 % 

" . 
";lm'in1Ul~ U 'i::tl::11'Cl1 40 

• 'U 
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" ". " 
3. 'H".n;,tJ~mm~~'UfI~~ff1Jli~'~I ti'UL~f1'll''UfI~~ff1JLWni'Uflri1~ff1J\!':iW 'UfI~ 

~ff1Jff1'U~1~ (n~lC)ffl':ifl'l) on''UUlJnflfln\J'U1'Hi1fJ1~'Vn::ff1'U~1~'Uffl':iV'U'VI~~~,,rl~'U1~O~tJ''U 

m':iH~~ 1111f1~1C)f'l. 

"" "" ...d "I " 0 io I"" ....0 1 l'" 4. ff1':ifl'U'VI':ilJ'VIl~\J::'U1 lJ11A':i1::'HfI~AlJ'i::nfltJ ~lJ 'If Thin Layer Chromatography 

"" .. 0' JI I .e::t. d 11'... 1 " ltJ CI.I .e:::t.(TLC) U'l::\J1nnl'i11f1'i1::'H 'VI1 'H'VI'i1tJ11ffl':ifl'U'VI'ilJlJ'i::nfltJ~1lJm~ l'U1J'Uflff'i:: (FFA. free 

<C:lto a'~, I ~"o <C:lto d' <C:lto 

laity acid) U'l::l1J'VI'llf1ffl~f1'illJ'U ff1'U' 'HqJU'l::'Ufln\J1n'Ui~'VI1nl'i 11f1'i1::'H'H1tJ'i 1J1W'UfI~m ~ 

"1 .... ..,. 1 ,~"" i .,j ... .... "".. 1 """" "" .. ....~'l.I1JlJflff'i:: ~W 'lf11inl'i 'VIl'V1'i~1'VifllJ'UlJ'U~'lnl'i11f1'i1::'H\l1n TLC ~lJ11inl'i11f1'i1::11Uff~~~~ 

""" 'j} t A Q,I .c:a.Q,I 

111'\11') 3.1.3 1'1f'Ul~W1ntJ~1'U1\llJ'UfI~V.G. Shashikant U'l::f1tU:: (2005) 

co i""" ,,,,,co3.1.3 fl111.fl11::"'fllfl1~ 'UtI'U Ut1::fl1~ 'UtI'Utltn:: 
, ~ 

1. i~~1f1ri1~''H''~ibmrnutl'UfI'U HO ni'1J ''U'U1~~tJ'lf1J~'U'U1~ 250 iJ'l~~~'i 

2. 1~~lJ1Jff1'i'l::'l1lJ1f1i1mlf1'lnfl8f1~,,rl~'Un'l1~1~lJ1~1J~'UfI~'VI1~'U 5 'HlJ~ 11'l:: 

lli'11',rl~'U n'l1~~1lJlC)fL~lJ1Ji8~'iflniC)f~ 0.1 'Ufl1iJ'l 'HlJ~~uri'l::'HlJ~'Vi~f11J~~l'Uri1'H~f1A'U \J'U 

'1 Va
.~ff'lf1J'Vim1'i• 

3. 1~1Jlf1i1'lUfI'lnfl8f1~~1~'Un'l1~50 1J'l'l'l~'i 'l~''U~1f1d1~ l'Uri1flri1~11H',r 

....' , .. " "I "i '''''' ",.d "" ""mfltl1~ft::'lllJ 'UUfI'lnfl8f1'l m'l::'l1lJ l~ 1J~ 'HfI'U'YIflW'Hfl1J 60-65 f1~fl11C)fmC)flJff 

4. 1 'YI1'V1'i~ff1'i 'l::l11lJ~1f1ri1~~1lJ lC)fl~lJ1J '8~'ifln iC)f~ 0.1 'U u1iJl1 'UW:: 1'VIl'V1'i~~U~ 

1'lldHl(j,~UH \lUm::..t~'~ff'lf1J~A~~f1gtJ'i::1JlW I 'U1-ri 

5. fi1'U1WtJ~1J1Wm~i'UiJUVff'i:: 
, 

co co f! co "" i "" • .1 "" 3.2 tn::1.n'Ufl11HiUUtl'''U8iJ.f1tl1;)1flin1tl'Un10'Ulllfl;)1fl1nilflL11CUtl1tlt1'U8~fl1::1Jl'Ufl11 

n11'UaltliJlf181~lfli''U~Uj''U,"" 1~O,,rfl1~eUL1~11fl1i1'Uftld~tJiim01''Ul~''1tliimm•.;ttl 
4 .d 
t1fl'U1,.,1ilil11::n.,.,t11::iltl 

l. U1ff1'iV'U'YI~~1Jl~'U~fJW'HfJiJ70 °c Ul1::1~~lJ1J ffl':iV'U'VI~~: l1J'VI1'Ufll1''U 
~ 

B~'nff1'U 1:1, 1:1.5 Lm::I:21~lJU1mrn 
~ ~ 

2. l~~lJ1J m~cjfl1~1~n I% 1~lJU1mrnu1iJ'U 

3. U1ff"jV'U'VI~~, l1J'VI1'Ufll1 L1l1::m~cjfl1~1~n 'ff''U,~vhtJ~mlJ1 
, " "1 ,""J" "" .:, 14. 'HA111J'IfI'U ~lJ 'H l~fJW'HfJ1J 70,75, 80,85Ul1:: 90 °c 'U1'U 1-3 'lfl 1J~ 

5. 'UU~~ff1J'H,,~tJ~m lJ"vf~,nll'1~'UL1"'1'a'~Ln~~l1~'~ 
o 0 .di""I.I"" .. "01 l'''.,j ....6. f1l'U1Wff1J~'l1J1l1ffl'i lm::'Uml1'V1 ~ llJ11f1'i1::'HfI~AlJ':i::nfltJ ~lJ 'lflf1'iU~1JfI• 

C\ tI Ql4:9 

'J~fl'j 1:::11 Thin Layer Chromatography (TLC) tJ'U'VIn~l1nl'i'VI~l1f1~ 
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... 
lI'U'Un:: "''Ul~ 40 aft1
 

.. tl'i:: 'U 1'U fi1'Hli1~ III VI CllV ffl~H){ \l ltlffl'i V'U 'Yl~ 6~ vd' 'Ul~ fftl~lt)f\')'i V Cl'll V~
 
y y y 

m ~1J1'Utll'i'Yl'i l'U ff1VffL~V~vht1i'UU1,j'Ulh~llffL~tI~'U~m::lh,j'U~'If'YlV~' ci11~ 1 ii'll'U ~fl'U 'i 111 6 
y y y 

'll'U ACl'U ~~11fftl~' 'Ufllvn.h::tlv'U 15 11Cl::''U11~Cl::'ll'U~v'Uii'i lt1Cl::lijtltl~~~fl 1,jij 

"" ... "" J3.3.1 n1::'Ul'Un11Ift1t111iJl10'Utl1t1 

hwu ltl~lt)fV'i Vcl ~'U ~ 1~ \l ltltl'i:: 'U 1'Utll'i 'Yl'i l'U ff1flffl~ v~vht1 oM'U II 1'1..1t11111 

~V'U~Vf.u'lHliJ 70 ~1t111nffVi1tll'itl1'Up.jffllff~11ffllV11Cl::l~llmtl°c 1~ ltl'i t1ClV~m~tlVi1Cl1t1. .. 
y 

~'U 1i :::ff'I.i' 'U tl ~lt)ffl'i VCl~'U \l:: i~,rlJ ffl'i V'U'Yl~ 6 ~Wtlllt1tl\l 1tltl~1t)fV'i VCl~'U VV~ llJ 'U 'U Vi1tll'i ~Wfl 
OJ .. 

i'IJ fl~tt)ftJ'j flClVVfl 11Cl~ Vi ltll'imV~lWfl~~fffl,j'itlVVtl\llflffl'iV'U'Yl~61tltl'ci~:::11m'I 11~ 1~'Il~'U 

ffn fl'l~'Yl~6~mv'Ii~'Ufll'lf'U:::tlt1 
, ... "" J

3.3.2 n1:::'Ul'Un11~'Ui.'I'110'Utl1t1 
• y • 

ffl'i V'U 'Yl~ 6.yh~~ till 1~\l 1m~fftl~1t)fV'i Vcl'U V~u l,jlJ~'If 2 'lfU tl iirl'mH.u:::fi 
'j/ I II II , 

U~tl~ 1'In'U ltltl1~vn::: \) 1tlU1,j'U,j1~llffl~ tI~'UdjV~'IVI~ i ~Vivw 'MfliJli'V'I \l:::U~ 'I~ 1VVH 'j 1tll~ 1. ..
 
~'IJ'U~'IA'V'IUlffl'iV'U'Yl~6~1~~tlll''U~'U~V'U~ 1 lll'li't111ll~V'U~Vf.lmfliJ 70 °c ~1mlnff\llJ. .. 
ffl'i V'U 'Yl~ 6vd' lJ I,j'llV '11'11 Cl1'Mlltl ~1~1~'I~ V'U~,r It.l~Vi l,ji]ffitil 

3.3.3 n1:::'Ul'Un11,ht.lijn1t11 

ffl'i v'U'Yl~6~'ciii,j~lllWmtl i 'U,j'U Vff'i:::~r1'U~h'U' 'Mqj ltltl' lJ ff1'U~ ~~~ till \l lfl 

fl~1t)fmVCl~'U'llV'IJ1,jlJ,j1~llffl~tI~'Uiimtli'll,j'U Vff'i:::,j'i:::ll1W 97 % llCl:::J1,j'U~'If'YlVtl '~11~1 
., 

iimt1 i'll,jlJVff'i:::,j'i:::ll1W 30% ~VlJffl'iVlJ'Yl~6, lll'Yl1'UVCl 'lJfftlff1'Ultltlu lmrtlffl'iVlJ'Yl~6 
., 

~fHll'Yll'UVCllil'U 2: 1 11Cl:::~lll~1t1mtlti'Cl~1~fl 1%ltltlU1'M,rfl'llV'Iff1'iV'U'Yl~6 ltltlfil'M'Utl 

fffll1::~tJW'MfJiJ 70 °c t111ll~'U 1.5 'U1{ fi1'iVi1,jiin~tl1 1.5 ,t11ll'lltltliill~ClVtltll'iVil 

'II iin~tIl 11Cl:::'i::'M'h~ ..htll'i'YltlClV~t11'i 1~t1t111ll~'U hhn'U 2 1J1{ lVi'i 1::: \l:::Vi1' li'lntlv'U~'i ltli~ 
, .., 

3.3.4 n1:::'Ul'Un11tll'UU'U'Ullltll'Uoana'U 
II "tI d 

~~~W'MfJiJl~ll~lJVi 60 °c ~lllh,jlJ''Ut.l~Vi1,jiin~tl11tlmtltlrJll~lCl:::ltltl11"1 

'Yl 1'1 Vfl fl' li'i V'll V 'Illl'Yll 'U V cl i'M Cll,j'1fft.l~t11'U 11 U'Ul~Vt11'U 11U'U ~~lll'Yl1 'U V cl fl rl' 'U ~'I' 'U.. 
fl 'i::: 'U 1'U fl1'i if \l:::' ciJ111~ 'I' 'U tl1'i 11Cltll,j gtl'U t111ll~VlJ n'U i V'll tI~lll 'Yl1 'U V cl , cil1Cl1' lJ fll'i 

t11'1mu'U 3 ,t11ll~ ff'lltl~,j~lllWlll'Yl1'UVCl~t11'U11U'Ui~ t.i'l,j~lllW~VtlCl'l'li'l~llVWl1fliJ\l'Uii'l. .. 
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1/ 1/ 

80°C l'U d'';I1..J ~tl~ti~fl1tlU\.h.Jfl1'Hh[J1'Y1l.h~tl'\HHlfl U~11~hJ'\hu~~ hnj'l'Ufl1tlUU'U1lJ'YI1'U tlCl 

oJ 1 1" I"" : d ""1 '" l'lJ~ CH ~tl~1lJ 'In. ~lJ1W'U1U~~ 60 fl ClmlJ . .. 
4:lto 4 _I 0 

3.3.5 fl1:l.Jl'Unl1IWfl1l~1;)81J'Um,1:1:I'UI'Ul 

" • it, 

dl~FhtinJ~mtll~'Uihir'UVitldl'Uti~tl~mtlll,rftl'Ul~tl9i~~W'HfJiJHVi70°C 

...... <f "4 ":,, ... ,,~ ," ..'lIiu 30 'U 1'YI tJ~ 8'Y11~tl~ UCl1'l~1'Jj''\.J lClHl~tlu~1'H11J'UNtltl 1 '\.J~::'H 1Hm~ ClHfl1~ 1tJ~illJ 
I" " , J/

l-ritll,rUHrlJ~Cl'titJ'\hir'UlJlflViCl'~1~Ul~1~tl~::lJ1W 10 fi~~~tlH)tl ~H 2-3 ~tltl 1'\.Ju~Cl:;~tJtl• 
~" "J/ , 

11 ~~ ii ~'\.j 1~',.m'"1,j~ tltl1,ru lir'U~fl~:;fltl'U 20 'U lVim;~'llflir'U 'tllmn:;mmhVim ~ t)flvlUU 1.. 
iJ'lA 1~tl"1fl11lJftl'\.J~tlWl1tliJ 120 °c 1~l1Cll 2 - 3 i11lJ~ UCl:;fl1~if~1fl~~fi~fiWtt1~iPi''llfl. .. 

1/ 

n'\.A l:1~llfin~ tll'h~tl~ i),iihlllJ'U tl~ 

3.3.6 fl1:;l.Jl'Ufll'fl18~ 

J/" , " , , 
Vi~111ir'\.J Vi i~1 ,r1g'\.JU"'1~nhm~m tl~~1tl~:;um ~flflfli' ~1-rt mWfld1UVi L~'U 

~:::flfl'\.J iY~l~ i,j1n~,jiimtlltJtlfl n'l:; i~llJViCl1t:lCl'1~tl! 
... <4 ... cv <4 

3.3.7 fl':;l.Jl'Ufll11Ifl~1:;'HNi,'IVlIIWan 

<fdi!JI "" "" <f i.''''' <f <f. I 'iJ
1t:ICl'1~m'YI ~'llflfll~ ~Cl,UlJ'YI Cl mCl'l~mU1Jtlfl:; 'U0 1 u11m l:;'Htl~flu~:;flmJ~1{J 

TLC (Thin Layer Chromatography) 1~tlCl'm1:;~1'HlJl:;Cl'lJ~tl~111lJl'YI~Cl'tltlfJW Cl'lJ,j91'Yll~ 
" . . 

l11O!'v~ ~~rt~tl l,r,fl'U ill~llJlJlm!lU ASTM 0 6751 UCl'~~~~~nl~Vi 13 

J_l_~_'J_+~~__fJ_W_Cl'_1J_tl_91 -+- ~_,j_fl_~_W_<f +-__1_~_fl_n__+---_l1~ 
1 ~~l1ltJ,~ 'I!~~tlmW1~~~11tli~ ASTM 093 ---:-~ 

"C2 ~~''H m'YI 'I!~~,jmW1~~~ ''HCl1'Yl ASTM 097 
f-.-----+-----------+---------+-----------Jf---------j. 

.3 'l~~'U ASTM 02500 

4 ASTM 0445 Centistokes .
 ... '" 5 1m tl~1~fl11lJ ASTM 01298 
, 0 

(l1~'l11't'n:; Utltl 

Hydrometer
'- ______'_ _'______ .L_______ ___J~ 

-
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1't1 'tI'HA1UJ',Hl'U 

70°C 

t)'lfll~1.~'l 

'HIW'.lfUVhr 

"" "'.I 
tlTHl'W'¥l'W 

11 ~ c! ',..1
1!A'J l;:::'¥i tl-.1A1J'J~ fl0'U 

~11'J TLC U(;l~nvHl' 'U 
~ 

"-"'" '" fJ Wl;llJ'UVi V~'W21'W Vi U.1 

lJlVi'J-lil'W ASTM 

f1'j fl eti(jvh5f) Ir III 'Yl TlHl (j 

fi11Jnn~ I'Jl 

wtylV1tl~%.fl<tih\ 

.. 

1 

1
 

:-~ ....;~:'1---4r .......~._
. ...... 
'," -..
 

" 
fl~!C)$()'j ~H'I'\Je~m ~'lJ 1'W fll 'j'Vl) 1'WbfltJm~ e~¥l!\'li'W'U 1~'W.w'lf 



I .... 
UTITI 4 

.... IV ... 

4.1 01~&V1~rJ1J1Plt1V1U.. 
... 1~Q~hJ~'~'um'i11~~tl'lij 2 'IfU~ fitl 

ff1'iVUl1iv~utln"llm-nffn~&ttftl'itl~\Itl'lm::1J1Unl'i11'i1Uffltlff1~tl~"lt'1iU 
" " " 

l11iJlJ,11"11 ffl;;t1~U (i~ 1I1nfftl1U1imm::iIJlJU Wl ~'l'llU l1~U l1U "I1mJ1iJU,j1"11U~:: -W'JnJ1iJU 

ol::lo tI oC:to la' q tI 
t'lUl::1rY1m 'i 1Ifl1ff~'i 1I111111t11~t1ff 'I\I~lUm Ul1'i) 

Vl1".i H~ 14 fl~11t'1 'i1::11m ~ i \IiJuVff'i ::ff1'iVU l1iV~Utln"llm-nffn~lttftl'itl~\1 tl 'I m::1J 1Um'i 

11 'i 1'U ff1tlff1~ tl~"lt'1iu,j1 ~11 ff1~t1~Ul mt1U\1t11J "I1nm'i i11111'i ~U~:: fl~ 11t'1 'i 1::11"I1n TLC 

I 

V118rJHTI 
IV 

1 

2 
1-­

3 

.d 

... J 

... J \J ,un'fl~ 1::,..';)1nn1".i 
Nal'fl~1~"'8~fl ~::tl8U~ltl TLC 

, TI &'fI ".i VI 

%ME %FFA %FFA 

2.81 97.19 97.33 

2.18 97.82 97.86 

2.43 97.57 97.50 

"I1n~l'iH~ 14 1~Q~1J~'~\lm~itl1l"llnm'i19i1lm~ ieJ l~'it'l~tl~n (HC]) 35% 

commercial grade 'uff~"hu 11 %1~tI\f111un 1\1t11Jn1Jn~1ttftl'itl~~1J U~::fl~nl'i1Lt'I'i1::11 

mft', h::mnJ\ltl'lff1'iVUl1iV"I1n TLC 111t'1Ut'lVl1J';hijtl'lfl,j'i::ntl1J1~t1111mt!Um ~ '1\IiJUflff'i:: 

lh::1I1W 97 % U~::ij111Vi~ltlff1~tl{,j'i::1I1W 3 % 1rlm~"Il'iW1fl~11m1::11,j~1I1Wm~i\liJ'U 

flff'i:: "I1nm'i'111l1'i~U~::"I1n TLC 1l1t'1Ut'lVl1J'hijfi1 'm\/1fltl'lnU~ 'l1t! Um'iVU VU fl ~m'i l1~~tl'l 
• 0"

1Uff1U\I fl'l TLC 1l1t'1Ut'I'~ U~::1\j()'l"llnff1'iVul1iV"I::U~'l~1tlV1'l'i1~1~1\1tlW11 fl~..rtl'l ~'lUU. .. 

tllmnhnn i 111l1'i~t'l1'ili1m'i~U1~Q~1Jtitluvhnl'i i 11111'i~ 

2. ff1'i VUl1iv~utln "I1m-n ffn ~,ttftl'itl~\Itl'lm::1J1Un 1'i11'i 1U ff1tlff1~tl~"1t'1iU 

Uff~'l'Um'iH~ 15 

" o '" "l 1'" '" 1JUJ'UVl'l1l1()~ 'IfU~1 

39 
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9lnH~15 ~1l11fl':j l::M'm~1 'Uir'\.J flff'I::ff1'I fl'\.J'VIi 6~Utlmllm-Wffn~1C]fm tlll'Utl':ln'j ::'l..l1'\.Jnl'j 

'VI 'I 1'\.J ffltl ffl;t tl7~lfli'\.JJ1ir'\.J-n'l1'V1tl~1~llft11tJi t1'l..lllitl'l..l \llnnl'I 1'VIl'VI'I ;tUll:: ~1l11fl':j 1::M'\lln TLC 

.. 
35% Cone. 

HCI 

7% 

8%
 

9%
 

10%
 

Titration% yield 

Organic TLC 

%FFA 

%ME %FFA 

38.5460.2042.47 39.80 

52.14 71.17 28.83 29.23 

40.05 41.4859.9550.45 

47.26 44.5446.6153.39 
f-.~--~~~-+-~~---:--+-~~~---+------+~~------1 

11% 44.41 46.34 45.0653.66 

40.6312% 43.65 58.10 41.90 

, I tI", 

\lln~l'n:jli 15 lijfl'VI~lltl·:U911Jm~181~'jfllltl7n~.:lu9i 7- 12% l~t1'l1nnrn 
• II 

tlltltJfi1Jni'ilC]fmtlll~'l..l't'l'l..l'hli 8% l~t1'11l'.nrn'Utl.:lm~ 181~'Iflllfl7n\l::ff11J1HlLwnff1'j fl'\.J'VI~ 6 

'j/ ul jJ d ~ CIl CIl rI ,/.. 1 fj/ CIl I d1lHm ~'l:!:j ty~'VI 52.14% 11Jtl'Vi\l1'IW 1~1l1tfl':j1::'I1'111tl.:lfllJ'I::nfl'l..l~1t1\lln TLC 1'Ylfl'\.Jfl1'l'l..l11'V1 

8% 1~t1J1'11Un'UfHm~181~'Ifllltl7nijtl.:lfltJ'I::nfl'l..l1~t11J1m;j'\.J11Jnllltlffl;ttl{ 71.17% Ull::1..r 

m~ 1'Uir'\.Jflff'I::~ltl~~ 28.83 % 1'Uir'Uflff'I::\llnUll::11 1mm t1'l..ltlitl'l..l~llnl'I1tfl':j1::M''I11m~

nl'I 1 'VI1'Yl 'I;t Ull:: TLC 1'VIfliJfl'V4'l..l'h~1l11fl':jl::M'ijfi'J1nftlfltl.:lti'Ul';'Ul;ltl1ti'l..lm Wff1'I fl'\.J 'VIi 6~mJn 
II II II 

\llnn~1C]ftl'Itlll'Utl.:l'lha1Jffl~t17'\.J ~.:lu'\.J\l.:lt~tlmY~ff1'U'Utl.:lm~ 1~t1'111mrn181~'Ifllltl7n 8% 

1Vi tit Iti'l..ln~lC]ftl'I tllll;j 'U fffl11::~1 '111J 1:: ff1J 1'Unl'I 'VI~ lltl.:l. 

111'11 i''l..ltJamt11mfft;t tl7~lfli'Uc11.:l1;J'UtJaiWm~'\.J mr'l..l 1 ~lm:: ~ll 1~'U tl.:l'tJamtil 
& II II II J 

ff1'U '11 '\.J.:lfltl '111 ~.:lU'U 'I11nijtJ71J1w'l111'U 1~q~'l..l1J1n\l::ff .:l~ll 1..rtJamt11tn~~'Umr'l..l1Jln'U'U'th1..r 

d'd rI .::::t rI ~ "QI CIlQlCIl Clio 

l1Jf1·HC)f'U~fl111J'l..l'I ty'VIti'Utl.:l t1J'VIllttlffl~tl'I ll~ll.:l C]f.:lfftl~flllmn'U.:l1'\.J 1\ltl'Utl.:l V.G. Shashikant 

& ''j/. ~ "" """ & 1 '" .". Id
U~::flW:: (2005) C)f.:l ~'VI1nl'I"mnnl'I~1l;tt1J'VIllltlffl;ttl'j\lln Mahua oil C]f.:l1Jm~ 'U1J'Utlff'I::tl~ 

,,!.:l 1m::li'tJamtl11tlffl~tl7~lfli'U1'Unl'Ill~m~1'Uir'Uflff'I:: 'V4'l..l'htrlmhnl'jffmn 1~t11i'ff~ff1'\.J 
II 

l1J'VI1'UflllloU'nhtJamtl1,,!.:lO.:l 0.65 v/v \l::ln~'I11 1'U~i;~fiwen,,!.:l ff.:l~ll hr~ll 1~~i;;tfiwen1~,,!.:l 
• II II 

lvi1lifl1'I1m:: ff.:l~mfftl1'U ff1'U'Utl.:lnl'j iY'UltJ~tl.:lfi11~~1(11'Unl'Iih~~'l11tltln\lln~i;~fiwen 



---
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~ ~. 
~,nr'U ffl'H i'1.r)~Q~1J~'~ff1'Hi'UlJ~mrJ11V ffl~ V~~ltl'i'U ~"I~tHY11m:i11tl:i1::11'H 11.J~ 1J1WU1nv'U 

Y11,Jfim{ll~1{1 ff1'Hi'1Jm:i11m1::11\l::~11ij'Um:i'rn Karl Fischer Titration:i1{1f1::1V{l~11in1';i 

~.. 
.ct

. 
~ cf_1 tid 0'0' .... ""1 '''~.od ..\I11"1Hn16 Nf111m1::'HllJV';i1Clf'U~'U1 'U1~Q~1J ~{I 'Jf11i Karl FIscher TItration 

o .... d 

m~UYI 

'lfij~~V"IJ1~'U~'~11rJmrJff 
do' d"" "" ff1:i V'U 'YI:i {I\llnnf1lClfV~ Vf1~ 1J 

'JI 1: ....:iV{lf1:: ~rJ'U1'H'Un~tH 

35% Cone. HCI 
%1-1,0 

1 11 tI .ad <!:ll 

lf11Jffl~{I:i'U 11% 0.358% 

2 
,j tI .ad ~ 

1f11Jffl~{I:i'U 11% 0.374% 

3 1.J 1~1Jffl~{I~'U 11% 0.342% 

4 
: .... "" , 'JI 'JI

'U 11J 'U'Vl'Jf'YI V~ 'lf11f11 7% 0.337% 

5 
: .... "" , 'JI 'JI

'U 11J 'U 'Vl 'If'YI V~ 'Jf11f11 8% 0.3381 
Ycl 

6 
: .... "" , 'JI 'JI

'U 11J 'U'Vl 'Jf'YI V~ 'Jf11 f11 9% 0.398% 

7 
: .... "" , 'JI 'JI

'U 11J 'U'Vl'Jf'YI V~ 'lf11f11 10% 0.352% 
-­

8 
: .... "" , 'JI 'JI

'U 11J 'U 'Vl 'If'YI V~ 'Jf lm 1 11% 0.346% 

9 
: .... "" , 'JI 'JI

'U 11J 'U 'Vl 'Jf'YI fl~ 'Jf11f11 12% 0.367°1<. 

, • II " 

\lln~1:i1"1fi 16 'Vl1J·h)~Q~1Jfil~'1{11J'~ij1.J~1J1W~V"IU1~"I11~ 0.342 - 0.374% . ~ 

ff1l1 1'1.1 ffl:i fl'U 'YI'1vfi lwn \llmrJ ffn~lClfV:iVf1~ V"I m ::1J1'U m:i'YI:i 1'U ffmffl~V ~~ltl'i'U ~ V"ItA1~'U 

1.J1rl'1Jffl~{I'i'U 11f1:: 0.337 - 0.398% ff1'Hi'1Jff1:ifl'U'YI~V~11{1n\llmrJffn~lClfmVf1~V"Im::1J1'Um:i 
~ ~ ~ 

'YI:i 1w;mtYl~ V~~ltl'i'UtA1~'U~'Jf'YIV~ '~m\'1 \l::n1'U11ijtA1''U1~(l~1J' 'U1.J~1J1W1Jln ~"Iir'U• 
, , J/ I 

1~f1 ~1Jfi \I::'~ff1'H i'1JY1 11.J nm(JllVffl~V~~ltl'i'U~ "Itl1:i fl'U1~(l~1J1'rJ m::m{ItA1Vvnnv'U 1~Vm11' 
4 ~ q q 

1J 
~

1111.J;r~~11"1m:ilfi~1.J~fi~{l1 

... " A A J l.ell _Of ..,...... ,
4.2 'tf1tl.fln::nl'tf1l1::fnJ l'Ufll1NU\I111lniU8Ul\l181 ~t1ftfl'Hl;)lfl1J;);ltlnllNU\I18fl"1::'lJl'Ufll"1-

J A~f'"
n"11'Utl18tll\l18"1nltl'lf'U 
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11 '"'v ~ 
·n)t'.ltl~~i1 &Y!'UeHAtI't1tlWi,lWltl':lr! 

. " 
l11fl1'Jffmn.yj~~ri1lJ 1~vil1l1irfl'tlt}-:llJl'J~lJ'YI~vlPitlUJ'YIlmHulllJ 1: 1, I: 1.5 !!(l:i: 

1:2 ~f,)rul1t.1il 70, 75, 80, 85 U(l:i: 90 Cl-:lfYWli(lL9fVlJLW:i:H'nm1lJfll'Jl111JBn1tJ1 3 i'lhH 1% 

1'11J.~ nJ~n1 tJ1 I% 1~vJl11irfl'tltl-:lm~i1:lyh1 mVitJ'lJtl'UlJl'J~lJ'YI~ VeJt-:llJtJ~fHiCl-:ltl'U-:ll'W 1~tJ'tIB-:I 
...... 11] ~& .<:::::to Q rI 9J ... I QI;\~ 

V.B. Vcljkovic U1:l:i:flru:i: (2006) !l'lfYflEJlfll'J~1:l\9HlJ'YI1:lWlJbI91ClHlfltobacco seed oill'llt1lJt]mtJ1 

" " !Bml91tJ~~bflilJ 1I'ltli~ml'li1:lYh1m.ulJ'\j'lJ 1% 1I'ltlill11irmViv'Utl'UilliJlJblllJl'1lb~ -:l1JBn~til 

1"j1r:hy.j(1'1~'tIt}-:ly.j~l91i)rucv1lJ-:llJl'l~ 91 % U1:l:i:blJil1:lW1Jb\91tl{~~~\911~lJflru lJlJtr~ ~llJI911lJlJ1\91 'J1i"llJ 
q" q q <V 

ASTM D675 1-02 'tICl-:llJ11f]tlblJ~fl1bW:i: DIN EN 14214 'tICl-:lQinl iI'lV~1:lfl1'J'YII'l1:lB-:lb!lJl'l-:l~-:I 

m1"llb~fleJ'UYl 16 

100 
w 
:E 95 

7" • r-'-1:1? 
GI 

.= 90 
looool 1:1.5~ a 85:t 
Ic=n 

a 1:2:I 80 
~ 

75 
70 75 80 85 90 

qfU\U)s:l ( ihl1l1l'lUH41ull ) 

.fll'Vflh~f)tl'U~ J6 UlJ~-:I y.j1:l'tl Cl-:l~1'l rillJ il'lVJl11irfl'tl Cl-:llJl'J ~lJ'YI ~ vlPi Cl blJ'YI1lJ Cl(lH1:l:i: 

Clru 11 nil tl'U ~ Cltl1:l:i: ~1:l1~'tICl-:l blJil 1:lW1JbI91Cl{llJ~~l91i) rutt1 
q '" 

~lflm'W1J'J:i:flCl'U~ 16 ~Clru '!'lflil~lllJ'lh-:l 70-75 Cl-:lfYWli1:lL9ftllJ'W'Ul1lJl'llJllJ 
q '" 

p ~ ~ 

1I'lvt'h,."rf)'tI fl-:llJ1'J ~'W'YI ~ vlPi tlblJ'YIllJ Cl 1:lI91-:1ulPi 1: 1.5 ~lJ l1J~:i: 111'~1:l i~'tICl-:lblJil mCl 1Jb191 tl {tmib~v-:l 
" . 

tlHLW:i:111fl'W ~1'J ru wtJ~ v'ULViv'Utl'U ~I'l rillJ 1l'lvill11 irfl'tl tl-:llJl'J ~lJ 'YI~ v/fi tlblJ'YI1'W EHlYi 1: 1 ~ mm:;; 
V iI)I )I 'J/ 

r-H1 l~'tIeJ-:ltlJ'Vl mCl1Jb191 cl {":;;lJr11IPil-:ltl'W vl-:lU'W'U111'W<UlJI91CllJ'tI tl-:lfll'J ~l-:l~lVill VlJ~:i: bnl'lilJ 'tI Cl-:l 
q 

" " oiJ(1i'W~flEJru:i:bllm-J Cl-:lfl~ lJiYm titl-:lVCl'WtI'W Cl~'J :i:1111-:li''W'tICl-:lblJilmtl1J!I91Cl{tl'Uill b'LJ'W~(ll11' 
'" 

" " 
i:1'U1br,ymlJil1:lW1Jb191 Cl{1 'W <U'W I91tl'W fll'J i 'tIuvflill~l-:lU1:l:;; ~iJ 1:li''W tl'U blJilmCl 1J!191 cl{ 1'1-:1 bL lJI'l-:l1'W 
" u 
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'" • I I 'J/ " 

l:U'V!cUmH191'Cl{'iJ~"" .:J~'Wu~~'iJ~l~:lJf'l·:l'vH180! 'I1flll 80 8.:Jffll9f~ltUtI"" ~.:Jt1'W~.:Jl~8flli'80!'I1.f)llihll'W cu q cu q cu 

• I tI )I 

m'Yn.h~ml'lJ'n 17 i:lflllO!~'\J8.:J~iJ~i'WVilnfll'W.;r'W\Pl8'Wfll'j~1.:J~r;w'U1 

4.2.1.2 ~flll1~Hl'UeJ~n~lffi'}·h.'!m'jnl1.Jnfl~m~iJ~i1~eJ1't)f.Ji1~~Hl'y\''U6.m.J'hmH'WleJ~ 

l11fll'jffflmhA'lfl.:Jnm 1.0, J .5,2.0, 2.5 lW~ 3.0 i'1 i:lJ.:J lw~li'~\91(h'J 1.\91£Jlfni't1n 

<-"'I d. 0' I Qd 3J ~ oC:l d 

'1.1 \JJ1:11'j i)'W'Vl';i t1\Ol8l:lJ'Vll'W mH!~~80!'I1 fl:lJ'Vlm:lJl~"":lJ'iJ 1fl'\J8 4.2.1.1 f'l880!'I1.fl:lJ 80 V.:lffll9f~I('I!tJ{'( 
Q CU Q CU ., 

un::;Hr5\91ri'J'W ifl(J'Ul'l1t1fl'\JV.:J""1'jV'W'Vl~6I91VI:lJ'Vll'WVmll'W I: 1.5 1l~~l~~r:a'i.:J'!Jiin~(Jl 1% 1\91tJ 
~ . 

,hJ.!'wfl'\ltl.:lm\Pl~~YJ1~ n ~~fll'j'Vlfl~V.:l~.:Jfll'Vl'!J'j~flV1JVi 18 
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1l1fH11'W'lh~m)D~ 18 Irl~I~1Jnm~l~lUfn~vhtli]fi~tJl 'WDll1eWf1~~~ 1~'U~"l 
, ~ t :Y • :Y :!V ~ • 

llrVlnrr-n:YIAFJ{iJmn lW1Jl'~1J~'Ull~~ll~fl"lVil'U'liJ"lnm~·m~ 1.5 iJ 11J~~'Ult1 'Vl~ihnmAVl~f11~. 
'11 f) JUJ.yj ~1nJ fflA ~{lliff ~1'Vh~fl J~ 1,1~~1l1f)f)l~ lfi~ fliJf1i'\.Jl'li'U!~ tJJtlDf)l~'Yl~f1~~ 1'U ~~ 4.2. I. I ~~ 

'U 

,~of)l~nm 1.5 iJ 11J~lfh.Jnm~Il11J1~ffm11l1~Dtli]fi~tJ1l~ffl\'l~~Vllfli'U 

~f1f)l~1Iml~l1eJ~f1t1~~f)~De\m~~i1Ar1W~~1~1l1f)l1J~~ 4.2.1.1 llj;j~ 4.2.1.2 l~wl..1f 

Thill LClyer Chromatograph (TLC) 'WD11m ~ 1'U1J'U ~ff~~1:YJ'U hi qj~mtl~tJ'Ud~I'Ul:l.J'Y;j;jJf){j'Wl f1{ 

h!9h~ 99.17 - 99.R3% IW~1:YJ'U~Il1~~I'VltJ"lI~f)UeJtJ~~m ~ 1'U1J'U ~ff~~~ll1 ~ eJ 1l1fl1JBfi~ t'Jl 
, 

Q ..ct G"..c:t.e::t G' Q~I v 
4.2.2 ,(;Tl".i el't.! 'YI".itl 't1W'.IfHll omwlIeJ".i eJl;I'UeJ.:lfl".i~U 1'U01".i 't1".i 1'Ui;lleJi;lIVl eJ".i Ydfl 'tm'\leJ.:J 

~l1J'UVi'lf'YIeJ~ 1,}'1Ill'J 

, , 
.c:I.c:I ''1J \II 11 _I G c:1 G ~ ~ C\ G' 
't1l1HI;IVI eJ".i eJtll;I~ HI;I &~ 1I1;1~I'UeJ".i 19l''UVI fl1111U".ii;l't11'i'U eJ.:lIll't11;11eJi;l!VI eJ".i. 
, " 

'Y11f)l~fYf)rnVi~~1:YJ'U hW'Wll1tJf)'UeJ~ffl~~'U'Yl~6~m1J'Yll'U~f1ltl'U 1:1, 1:1.5 !lf1~ 1:2 

'~QlIm\liJ 70. 75, 80, 85 llf1~ 90 ~~fl'll9l'f119ftJffllf1~1~n~11'Uf)l~vhtli]fi~tJ13 iJ1m llj;j~1~ 
" \1)11 ~lJ~n~ tJ1 1%1~tJ'W1l1tJf)'U~~m~eif1VlJ~mVitJDtlDff1~~'U'Yl~6 ~f1f)l'J'Yl~nD~Uff~~~"l 

lYI'l'~1IJ~f)01J~ 19 
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I 100 

w --­95~ ., 
90.:GI ~ r­

ei 85:t 
~~ 
CI 
Ol 80 
~ 

75, 
70 75 80 85 90 

qOl\41}O ( O"lIlWilAL.eUi'l ) 

, " 

~1:1 

1:1.5 

-.-1:2 

i1nnh::meutl 19 UbY~.:l~·H'l'\Hl.:lbY~ril'W 1~t1lhtn! fl'IJtl~ bYl'j V'W'Vl~ 6\?leH:lJVI1'WeHHt~~ 

tlU!11 nlJnU r tltl~::~~ !~'lJtl.:l t:lJVi~WbYt\9ltl{l 'W~il\9lnU! cv1 
q OJ 

, " 
'iJlflfllVnh::fltluVi 19 t'lj'Wfl1'j~flEll~~'lJtl.:ltltlmnlJU~::if~ril'W 1~t1'l1 mlJfl'IJm 

q OJ 

f(l'j {h-l'Vl~ 6\?i CH:lJ'Vll'W tl~nUr tltl ~::~~ 1~'IJ tl.:lt:lJ-Yl~WbYt\9ltl{ ~.:l'iJlflflHyJ 'iJdh~'W 1 1U:lJ ifl ~t~tI,:jn'U 
," 0 

mnl\1lClO~\9Il:lJ'I11~tl 4.2.1.1 fitlYibY~ril'W1~t1'l11m!fl'IJtl.:lbYl'j0'W'Vl~6I9im:lJ'VllWH'lYi I: I, 1:1.5 

'II I! 91\1] let 'Q..I ~ ~ Q 9J Q. dd 9J ~ 
''Hltl~:: f"j~ 1191 ~:lJ:lJfl 11:lJH\9Ifl\91 Nfl'W H~::!:lJtHVl:lJ tltu11 n:lJ ~~ , ~'lJtl~~:lJ'Vl~W bYt\91 tl'j:lJ ~t 'W 1 1'W:lJbY ~'IJ'U 

q OJ OJ 

,...g.-::l .do d <jJ .d ~ ~ & c1'Q c1' Q c:f 
'Hi n~8WH fllJ 80 tl.:lftWlfm95t1bY'iJ~:lJU'W1 1'W:lJfl.:l'VlU~~t:lJtlVl'iJl'j tu lftflEll~LJtl'j ~95'W\9Ifll1:lJ1J'jbY'Vl1i 

q 'U q 

~1\1;JI)JYl(.jWbYt\9l0{'iJlfl Thin Layer Chromatograph (TLC) ~.:lUbY~~v.l~\9Il:lJfllVlLJJ:::;fltl'U~20 

-

W 100 
:e., 

':::;:: 98.." 
It" 

~ 
r-
l'" 

,~ 96 
os 
'iI.;: 

3" 94 

,~~ ,~~ o­

~ 

70 75 80 85 90 

qOl"1}0 (O"1Il1L'ifAL.eUiit ) 

~1:1 

1:1.5 

~1:2 

o " 

iIlVl1J'j~ fle1Jfi 20 UbY~.:l~~'IJ tl.:lft~ril'W 1191t1'l11m!fl'IJtl.:l bYl'jB'W'Vl~ 6I9imlJ'Vll'W tl~H~~tltu 11 nlJ 
q OJ 

ihmJ tl{t9fW9'fl 11lJU~ bY'Vl f'IJ tl.:l tlJ-YlmtlbYt\91 tl{1'W ~~ \9InU! cv1 
q 
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• y 

~nflm~1J'i::flVUr120 LrJ'\.Jm'iffn'ln~Cl'llV-:lVW'I1fl~11Cl::ffiil~h\.J 1iii tJ1.h '11 Ufl'llV-:l. .. 
~ d If • GI .. I tI d tI Cl ~ Cl lfd I ,. d" tJ 

crlJ V'\.Jl1'i tJ~VL1J'Vl1'\.J VClmJLlJV'i LCJf'\.J~fl111J1J'itl'Vlti'llV-:lL1J'YIClLVffL~V'iCJf-:l~1J11 LiiltJ1J1fl1JU'\.J 1 L'\.J1J 
~ II II • r 

'lJfJ.mJFJ{l~'\.J~fl111J1J~tl'YIn'llV-:lL1JViClLVffL~V{LrJ'\.J 100 % ';-:lUL1jV-:l~lflffiilff1'\.J'lIV-:lL1J'YI1'\.JVClViii 
•• y

,H:u1W1J 1f11n'\.J~ fHjjVLVitJ1Jn1Jmiil1'lIiJ'\.JVff'i ::Viiivvl'\.J ffl'iV'\.J'YIi V11Cl:: tl1flm'i1Lfl 'i1:: "'L,jV-:l~ '\.J.. 
~-:rfJ Tilration L'Vlfl1Jfl 11Cl:: Thin Layer Chromatograph (TLC) ~1J'hiimiil1'l1iJ'\.JVff'i::V~1J'i::1J1W 

II , ,., II 

29 'Yo 1~tJu1'11uf11VitJ1Jn1Jffl'iv'\.J'YIiVfil,*LrJ'\.J 1~f1~1J ~-:lU'\.J fll'ifffl~l'1i'\.J~V 1,J~::.yhfll'if1f11:n• 
1mlCliil ffiil ff1'\.J1~tJ'\.i'l'11Ufl'll V-:lffl'iV'\.J 'YIi V~ V11J'YI1'\.J vCl~L~nh1J 6mlll 11Cl:: Cl~f.2W '11 IJ~~L~ 111 1 

llnfl~(Jll~tJff'\.Jl~f1fl~lVW'l1fl~1'\.J,r1-:l 40- 70 V-:lff1LCJfClLCJftJff ffiilff1'\.J lii1tJ"j1'11ufl'llV-:lcrnv'\.J'YI~6 
~ . .. 

y 

y y • 

100 ni1J (ijm~1'l1iJ'\.JVff'i::1J'i::1J1W 28.83 %) ~VL1J'YI1'\.JVCl 30 fli'1J ';-:lU1'f1tJthi1-:lil-:l~'\.J'YJ'\.J'YIH 

!ft1'tI!ff1ff~{~1-n'\.Jfll'i~~~~v11J 

100 ­'r 

•
1:1 
Ii

~ 95 
Ia 

~Clm'i'YIiilClV-:l11ffiil-:l~-:lm~1J'i::m)1J~ 21 11Cl:: 22 

94. 

~ 
? 901:1 

.~ 
r-
Ia 85;t 
u 
Ia 82.67::I: 80 

40 45 50 55 60 70 

-­
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- .... ..- -_._._-~-_._.._------.__.--~------ .. -- '--­_

100 ,------------------.--.--..- ­
..-.-~~ .... 98. 

91.9w
 
:::i 90
 
;Ie. 

80 j----,.--------,-------.------,------r----j 

40 45 50 55 60 70 

I. . ----_._-_._..-.----------_._ ...---_.--_ . 

... 1 .::I oIl::9 QQI tJ i" '" .­
\11ntll'VilJ':i ::fHl'U'YI 21 ffn'l:ll~H'~fl~flW'H tllln'UHItI~::~~ ~~fl~l11'YI~mffl~HJ':i. .. 

Iflm11nl'J ~~~W'HfJiJ111'fl~hJ'lh~ 40-70 fl~ffWIl'~l;fJff 'Vi'U'h~flfJ~::~~i~~fl~l11l1~mff1~fl{~dfJ 

!'nfJ1Jfi1J~W'HfJDvh,j~mfJl~"J:~n1170 fl~ffWIl'~l;fJff ~~i~~~~~lgm!flfJU~::'HlnVi\1l':iW1L~fJ 

l'~lHlw.'HtlD\11n40 fl~ffWIl'~I~fJff~~ i~\1::1~1l~'U u~::fH~~mu'HtlDi~u~50 fl~ffWIl'~l9ffJffI.lCl~
., 'U If cu 

'iJ ·1ntl1'Vi1.h::nml~ 22 ldflVi \11':i W1~~~fl~flW 'H tlDfl'U1,jfl{1~'U~fl1111'U ~ ff'YIillll1 mflff1~ fl{'Vi'U11. .. . 
~~Ol'HiJD''\.J''lh~ 45 - 70 fl~ffWIl'~l~fJff ,j~lllWllll1~mff1~fl{''U~li~nwtli'fl~''\.J''lh~96.6 il~ 

9R.6 % ~~iju'U 11U'll~~h'Ulm.utli'lll~':iJ1'U~fl~mllT!':in\1'Vi~~~l'U , 'U111,j'fl,j~lllw~fl~mff1~fl{ 
.-::.. w.I c(d 0 tJ' .d ~ ld 'I tJ i " '" 1lJfm~flW'VI'YInl'H'U~ ''H''J:~n11 96.5% U~::'YItJW'HfJll 70 fl~ff11'1fmCJl'fJff\1::l'H~~ PI~fl~l11'YI'Hfl 

01' i tJ '" d rI Cll tI d 0 GI QI ~ ~ 'I
fYI~O'.i ff 'H'~Hl~:: PlnJm lCJl''U~l11'YI~mffl~mff ~'YI 94.33% U~:: 98.4 % ~111 ~1P1'U PI~'U'U \1~ff'U l \1.. . .. 
,.. , 'j/ oC:lt..:s" ~ lid.. d'l. tJ 0 oC:lt. oC:lt. 

mnn'b'fJW'Hflll'UllJ'Ufftll1::'YI1'H1l1::ffll'YIl'If~11'U'Um':i ~~~. .. . " 
lijflffnlJ l~~~fl~ff~"Y1'U~flfJi:l:: 1~fJU 1'Hirmll'YI1'U fl~ll1 fJ'U fl'U ffl':i fl'U 'YI~ 61PlfJ~ PI 

" " fj'~"jlff1'U~~~~il fifl'~111'YI1'Ufl~''\.J'lh~ 15,30, 50 u~:: 70% 1~fJul'Ht1ml1fJ'Ufl'Uffl':ifl'U'YI~6 

('~m~1'\1iJ'Uflff':i::,j':i::ll1W29%) l~fJ'~flW'HtlD~ 70 fl~ff11CJl'~1~fJffU~::'~~11~~ ,jnmfJlm~• .. ':<l 

" .
eU~:Yh'in 1% 1~fJU1'Hirml1fJ'Ufl'Uffl':ifl'U'YI~6~~m':i'YI~~fl~UffPl~~~tll'Vi,j':i::nm.Jl123U~:: 24 
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'wo 
GI 
IS 
ii 
GI 
ii 
~ 

:I... 
GI.; 
~ ca 
z.. 
ca 
:I 

~ 

100 

95 

90 

85 

/.,~ 

88.6 

• 94.72 • 

-l 
I 

95. 14 1 

I
I 
I 
I 
I 

I 

I 
15 30 50 70 

. " 
1l1't't1.h::ntltJ-n 23 LLff~~H~'Utl~rmft1:H~ 1~'Utl~llJ'V1~ltlffl;ltl{tiUff~ rid'\..! 1~tJ'u nnrfl 

cto do II' I 

'U tl ~ ff1'j tl 'U 'VI 'HI;I tlllJ 'VI1'U tl~ 

100 -- ~----.--~~1g~g-----+.--100-' 
! 
I 
i 
I 

95 ~3 I 

I 
90 

85 +----------.----------.----.....-----1 
15 30 50 70 

_I.et f/ d 41 C6 J cto 41fV f)J

ll1't'tlJ"I::ntlun 24 LL ff~ ~H~'Utl~l tJ tl'HIlJ1'U;lfl11lJU'i "1'V11i'Utl~llJ'VI mtlffl;l flmu'i mm: 

" 1~ ml111,rn'Utl~llJ'VI1'Utl~ lVitJutiuffl'i V'U 'VI~ 6 

2lJ I~,;, l~tJ\l::ff'U \lH~ L~'Utl~H~;lflWCVIll~::llJtl'illlJ1'U;lfl11lJU'i"1'V11i'Utl~llJ'VI~ltlffl;ltl'i'VI L~ 1lJ1~ 

'Il1nmVitJ'i::ntlU~ 23 ll~:: 24 In'Unl'iffn'W1H~'Utl~ff~ri1'U1~min1,rn'Utl~ 
~ , 

,.m11'U0f1;l~tl;l 15%, 30%, 50% LL~:: 70% 
.ct QI cto.ct d'd.ct "I Go' cto _I 
l'VItJUnUffl'itl'U'VI'itJllJ1~lJm~ L'UlJ'Utlff'i::lJ':i::1J1W 

~ 1 "l " "" "''' _1 "d" "" d "" "~"l " .ll 

" . " .,
l'i1J'iliHl:ltJ~::H~ '~'Utl~Hlt~fiwtti'\l::fl~VilijtllYilJff~ri1'UllJ'VI1'Utl~~~LL~ 30 ni'lJ;j'U1 tJ lm:: 

, d .. 1 d' d tI cto J .::II d' ~ 4 1"- I"" 
Vi1J11 \l::lJ llJtl':i lllJ1'U ~fl11lJU':i "1'V11i'UU:JllJ'VI~ ltla'l~tl':i "J~"1flllJ'U 100% llJtl"lJ ':i 'lJ1Wl'lJ'VI1'Utl~ 
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'II II II	 'j/ 

A,:jl!~ 50 % hHJ'IhmrfllVitJ'Unm"''Jfj'U'Y1~~ ~,:j,r'U~,:jli1vnff~~h'U'IlV,:j11l'Y11'UVCI 50 %l~tJ'Ih'H,rn 

Ifltll Inllffl'i fl'U'Y1~~ 1i'J'U Cl'm1::~1'H1I1::CI'1I' 'Unl'i~hliJ'Unl'i~V hI .	 . 
oS ~ ~ 0 _1""'_ I 1II.1'QIQI SI

4.2.2.2 ftnll'NO'U8~nO'f1 ,'If ,'Un11f1'1J{)n1tnfl1JNOVl818t10::NO '\'1110:: 

4., 4 ""'..: "'" 4
ItJ811.'UVltll'1J1J1qflfi'U8~I1JflOI8t:rIVl81 

tI	 • 

''Ui 1~vihi'J 'U m'J ffn'lllHCI'IlV,:j 11C1 1Vi l'H 111::CI'1I''U mnht!ijm tJ1 1~ tJffnFl11'II 

1i1;Jnrn I, 1.5,2,2.5 1m:: 3 i1111,:j VW'Hflij~'~vhtlnmmli'J'U 70 V,:jft'llC1HlICJ1tJCI' '~ff~J:h'\..! ... ':<J 
~	 tI 

1~t.nhlnrn'llfl,:j11l'Y11'UVCI 50 %1~tJij1'H,rfllVitJ'Un'UCI'l'ifj'U'Y1~~ (m~ ''Il,j'lAflCl''J::29%) HClnl'J 

'Y1~q~HUCl'~~~,:jm'V4t!'J::nv'U~ 2511":: 26 

I 
I, 
I 

94.88: 
i 
I 

90 

I 
I.. __ .~ . ~_.__ 

1.5 2 2.5 3 

L"nl1~,tJ~Mu, (oftl'b...t) 

100 ... ~-'..-.tf10190--""'>-111680B---_'4j10BEOf---_'·100 

w 
== 95 
~ 

90 +------,r-------,------,------, ­

1.5	 2 2.5 3 
L..nl1~'1JiiMu' (oftl'U"'t) 
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'illnm....'lJ'I::nmJ~ 25 U'tl:: 26 .... l..IilN'tl '~'UtHL1JVi'tl1t)ffL~v{ihl'l.n1 ,r1Jfl.:l~1'\.nh:jL1'tll 
.;, 1 d,. .1 <:l " <!i d,. ~ .;, 1 <!i _I .. <:l ..

1.0 - 2.5,n 1J.:ILm::\l::L....1J'UUL'tlnUVtlL1JVL....1Jn'tllLlJU 3,n 1J.:I Lm::L1JV 'ill'IW lLlJV'ILCIfU~fl1l1J 

lJ1~'Vl1f'U tHL1J Vi'tl1t)ffL~V{ .... l..Iil LrlV L~1J n'tll1Unln; l'lJijmtJlL'lJV{L~U~fl1l1Jl..Iitf't1 i'U fHIL1JVI 'tl 

.. .1 cS~ cS:'';'l .... :-9 ... 1" 
mm~tl'I'iI::1Jln'UuLm::'iI::~.:IlIPlU'tl::fl.:l't1LlJU 100 % 't1n'tll~.:IU~ 1.5,n 1J.:I ~HUU\l~L'tlVn 'H1'tll 

~ 1.5 ~111J.:Ittl'\.H1'tll~m1Jl::ff1J1Unl'I~lLuu'lJijmtJl. 
'\ .....,~..; 

4.3 N1:1fl11n~D6~fl11UlJflfl'U11Jn1146DflD'lJ l'U"!A't1Uf.fln::nl't11J1:: t1'1J 

Ldv.:I \lln1unlnh'lJijmtJl~lL~U~V.:I1,rffPl'f11U'UV.:IL1J't11UV'tl9ivffl'I flU't1~ 61u 

,l~ 1J1W.~1J 1mnu.... Vffl'l1i'l..I~ lLUU 'lJijmtJl111'ff1J\l 'IWU'tl::'I1 'fi~'lJijm til 'iI::ij'lJi1J lW'Uv .:IL1J 't11UV'tl 
, II • 

dl1~ fit11 i!itl 'illnnl'I 'ti l'lJijmtJl'lJi1J lW1JIn ~.:I11U 'I1lnfi lU.:Iii.:l~u't'JU1Unl 'I Nfi~u 111~~ fl1'I L~1J 
." • II , 

,,"hi AfJ II 'U rH nl'I LWnflUL1J't1lUV'tl 'f11U Vim ~V'illnnl'I'ti l'lJijmtil 1ULijV.:I~U '~'ti lnl'I 't1 PI 'tl ~).:jn'fiu 

,.wnflW1J't11Uv'tl1UNfi~fiw cn~'~'illn'lJijmtJ1LVffL~vi~Lfl'l1U'UV.:Iffl'I flU't1~ 6~utJn 1~'illm~ ff 
II •• 

nf.1~"lff)':j tJ'tl'Uv~'1hi1u~'lf't1VPl'''m,'11P1tJ1,rv'lJmw~l1Jm.... 'lJ'I::nvl..IVi 12 N'tlnl'I'VlPl f1 tl.:lVi1~• 
,rr.YPI~~.:J~l':iH~ 17 lrlV'tilnl'I't1Pl'tlV.:I~t:JW'I1fJ~ 60-80°C lm::l,rfl1l1J~Ul..IntJlnlff 

• II 

~ 1~ Hn17 N'tlnl'I LWnflUl1J't11UV'tl Lm::N'tlilml::111'lJV{1~U~ih luNfi~fiw cn1P1tJl'*
 
i1i Karl Fischer Titration
 

r·-~--.,--------:-----------...--------:-----,---------

% H,O'illnffm1::~1"'til'lJijmtJl (nVUutJnflU) l1J't1lUV'tl~utJnflU'~ 
Iil~'J ~------,-----.-------+--..----.--------1: .... 

KarlUl'l1Un % yield
'" 11 \'1W'I1fi~ (C) n'tll (U1Vi) %L1J't1lUV'tl 

• OJ 

Fischer(ni'1J ) l1J't1lUV'tl 

70 60 50 38.66 77.32 4.21 

70 50 43.58 87.16 4.80 
1-- ----t------+-----+-----+-----+-----+-------j 

50 

I 3 40 88.04 5.0070 50 44.02 

4 4.8786.8870 30 50 43.44 

4.42 
------+------+-----+-----+-------+-----j------ ­

6 

5 65 60 76.0450 38.02 

60 60 4.4350 41.75 83.50 

7 70 4.2160 30 26.32 87.73 

8 70 50 26.94 4.4630 89.80 

9 4070 28.14 4.48 
-----------+-----+-------+-----+-----+------1 

10 

30 93.80 

70 28.79 4.4830 30 95.97 

11 6065 26.02 86.73 4.4130 

12 60 4.4660 26.75 89.1730 
_. '- -'-- -'-- ---l -----'--- ----L -' 
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1l1fWI1'j1-:J~ 17!l{1'~nl~lJ1UHlJ'Vl1'UrJ[j~WJf)~'Ul~u[j~~[jf)1'jllm1~'I1I,J(){leJf'U~J1~ 

t1'UltltJ'W l~tll~ l'Vlfl'Uf1 Karl Fischer Titration Irlm11f)1'j[j~lJm~1~1'Uf)1'j'Yhtl~n~tI1~qUlt1fJiJ 
, " 

70 °c hltlftfl'l:11'Yi5~ril'U'tJrJ-:JllJ'Vl1'UrJ[j30% !l[j~ 50% 1~tI'W1t1irfH'Yitl'lJnlJ{1'1'ja'U'Vl~6'WlJl11l~ 
• • 'iJ I I 

ilbl'W11UlJ'tJ rJ-:JtI~ mUlllJ'Vl1'U rJ[j'Yi!ltlfll~l~lJ~'U1UtJ-:J 1l1fHlirJ[j~lJ[j 11'Uf)1'j .yhtl~m t'Jl IlJ'Vl1'UrJ[j 

'il~Qfl1~1 'Uf)1'jl11t1~n~ tI1UrJtI[j-:Jt1~tJmllflri111~11illlJ'Vl1'UtJmt1~tJ l'UtI~n~tl1mfl~'U ~-:JJ'U 
" . 

~ -:J mm':i tIlWflf1'U blJ'Vl1'U tJ [j 1~mfl~'UllC1~'WlJl1Ili tJ1 ~llJ'Vl1'U tJ[j 50% {1'lm'jtllWfl~'UllJ'Vl1'\.JrJ[j 

'lJ] 76.04 - 88.04 % 1lC1~~t1~mUlllJ'Vl1'UtJ[j 30 % 1l~{1'lm5t1lwf)1~ 86.73 -95.97 Of.,lnrl'W1IlJ 

ll] ~ d d'd d''td ~ 9J 'j/ 

'tl1'\.j()[j ! t11!fIJ 1~m11ItltJW1f'U~'Ul'Vltl'U IlJrJ'U 'WlJl1il'W1t1Wll tJ'U tJolWlJ'Vll'U rJ[j tJul'U'lfl-:J 
'" 'U 

m'Vilh~f)6lJ~ 27 EflEJUl~'Vl1-:Jf)1t1f1l'W 'tJtJ-:J IlJ'Vl1'U rJ [j~lltlfl;{'U lJ]ml-:J 'il1flf)1 'j l11'1J ~n~ tJl­

mm~tJ~Vllf1i'U1'W'lf~t11{1'fIl1~~ b'I1lJ1~{1'lJ 
q 

1l1flfll'W~ 27 !l{1'~-:J E flEJUl~'Vl1-:Jf)1t1f1l'W'tJtJ-:JllJ'Vl1'U rJ[j~ lltlflfl'U 1~t1 E-:JtI Bn~ til 

1l1fl'li~f)1 ':j 'Vl~[j tJ-:J 'Vi1{1'ml~ ~b'I1 m~ {1'lJ 1~ til~rJtI m ur~ llJfIl'WtI 'j~ fltJlJ~ 12 'WlJ 11IlJ'Vl1'U rJ[j~ 
q q 

I 'j/ I iJ I 'JI 

'I~iJ crfl'!:J Ul~ 1 {1' llJ'W lJ~~ fl tJ'U 'Vi ~ tJif -:J1l'Ul1l rJ'U 1~"1 ll~lJ fli1'Ult1 ~wm tI1ll'J -:Jf1 ~1tJfli1'U 'tJ rJ-:J U1iT'U 

'Im1 liiDi-:Ji-:J 
11i'j ~tI~'Viif-:Jfl~'U1l~1l1-:J[j-:JI~mrrJtI i-:Jifl~tJ-:JlJ1'il1flfl~'U'tJrJ-:Jm~eti[j~h~ fl~l~bll'U 

1'111cj ~'1Jfif1~ t'Jl'tJUl~~l11 f)1'j IltJfl~'UllJ'Vl1'U rJ[j~ qUl 'Vi fJ iJ 60-80 rJ-:Jf1'1ICJimttitm 
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"" "" ~ !III" ~ !III _I"" J "" 'i !III " 4.4 tl11Ni:lfll".ni:lI8iJlflf)11~U'.lI'UiJl1n::nl'H"'1::DlJl'U1~lJ{Jtl1WIl1J'.Ift::"'Ul~ 40 i:lfl11~rJ l'U 

tJiimrJlIf)iJlflf)1~lfloU'U
 

"" "" J "" .... J~ ....
4.4.1 tll"1Ni:lfll".ni:llf)iJlflf)1~ltliJ118'Un1rJnllrJtl~ltl1~iJtlt1I.f)"1f)i:I"8~tl1::1Jl'Utll"1 

J ""~I <V _I J .... "" 
n"11'UiJI8iJlfl81nlfl'U'UlJli:1"'iJlflrJ1'U 

'" 1" °1~II('j/~lmH,m"IVI~,HH1'U,~mffm1:Vln1111:ff1l 'U'\Jfl 4.2.1.1 UCl: 4.2.1.2 Vll 11 If! 
'\ . . 

l.'1'fll 1::: Vii11111:ff1l1'U m"I F-l ~~11lVi ClLVffl~ fl1'il1nff1"I V'UVI~ 6liutJn 'ill mvJ ffn~ 1Gb'fl"I fl Cl '\J fl ~ 
~ ~ 

m:::1J1'U n 11 VI "I 1'U fflflffl~fl~vhfl,r'U 'U 1~'U 'lhc111 ffl~tJ~ 'U ~~i1flfl 

* ~W't1fJij~1.n'Um"IVI~Clfl~ 80 fl~tYllGb'CllCUtJff 

* "I:tJ:l1Cll411Iii'U'lJ~mtJ1 1.5 i1111~ 
~ 

* ff~ri1'U 1~tJ'U1't1,:rn'\Jfl~ff1"IV'UVI~6~m1lVl1'UflClI~'U 1: 1.5 . ~ 

dJO1~ m~91Cl~1~n 1 % 1~tJ'U1't1,:rmlitJ'lJti'llff1"IV'UVI~61~'U~1d ~'lJ~mtJl F-lClm"IVI~Clfl~Uff~~ 

~;jf.1l'.n~Vi 18 

V1nN~ 18 F-lClm"IVI~Clfl~F-l~~11lViClLVffl~fl1~lnffm1::~n111l::ff1l,'U,~'lJ~mwu'll'lln:: 

'\J'U1~ 40 ~~"I lrlfl''I1'i~Q~'llflflff11V'UVI~6~utJn'illnn~IGb'fl"IflCl'\Jfl~'lJ1c111ff!~tJ~'U 

-

ih~lJ 

.d 
VI 

-

I 

~ 

3 

% yield 

'\Jfl~ 

... .."" F-lCl~fiWcrt 

95.36 

92.04 

94.97 

"" .. 
F-lCl11f>1"I1:'t1 

fl~ti''lJ"I: nfl'll 

(TLC) 

%ME %FFA 

99.78 0.22 

99.81 0.19 

99.83 0.17 

.."" F-lCl11f>1"I1:'t1 

fl~ti''lJ"I::nfl'll 

( Titration) 

%FFA 

0.26 

0.21 

0.16 

11lVll'UflCllwn 

"'I 
fl'U 

: 
'X,'U1 

1u 1 
F-l~~fiwct1 

%llJ %lh 

"nUHl 

86.22 4.68 0.03 

92.09 4.69 0.03 

90.86 4.67 0.03 

d I tJ '" tJ oQ tid 111 tJ tJ 1 ".,. ...Q,I

'il1n~1"IHVI 18 'Yi'll111fltJCl::F-lCllf!'\Jfl~F-lCl~fiWcrtVlI~ffflf!flClfl~ nCllfltJ~n'llm"IVI~ClO~ 

".;. ci Jt oC:Il Cll tI tI_ I .c:. Q.I "tJ 
ll'l 011 1l.'1'fl11:VlI't1 111: UCl:111 fl'Yi 'il1"I WIF-lCln1111fl"I1:'t1 't1 1fl~fl1J"I ::nfl'll'\Jfl~ F-lCl~ fi Wcrt ~ 1tJ TLC'il::: 

1" J "<$" "" ~ "" .., "'I ... 1~'I1l1 fl11Gb''U ~ fl1111'll"I tyVlli'\J fl~11lVl Cllflffl~ fl"I ~ ~n11 99% UCl::ff1111Hl tJ'UtJ'UF-lCl m"I VI~ Cl fl~ 11 

• .,j '" .,;. J'" , _I"" II( ... "" "" ~ " " ".,. ... J ... 
'Ull'll'flflfltJ~'\J'U~1tJm"I VlIVl"I~m1J"I1I1Wm~ 1'\J1I'Uflff"I::F-lClVl ~ mm nCllfltJ~n'U 'Ufln~ln'UtJ~ 

~ ~ 

l'l'lJi1ff1111"IflLLtJnfl'U11lVll'U flCl ,~~ ~fld' 'U';1~ 86.22% - 92.09% 't1~i11~'UF-lCl~''Ull~m"ICl~~'U'tJ'U 

---.
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. " 
11 HII1'il.l1111 t'I';I {1'Uf11'H~~;I'~ l1~.:j\llfl'l111lJVii;1lt)t'I'l;1t:1Hi ,~, tl'.i::mlJ'I1111~1'111' tl11fl'.i 1::11l11 

" .
11Jfl{~~'U~~t:I.:j'l11Vit:l~1'U~~;lfiw'l1...n.r:hihh 0.026% - 0.028% N1'U;l1lJ1J1;1'.ii1'U~t:I.:jm1JT!'.in\l 

l'l~H1U . 
...... ~ ...... 4... _.I'"

4.4.2 n11FUtfl11..1f1t'UtltT1f1tl1;J1ntT11tlUfl1Ufl1IrJnmmntTmUCUtl1tl"'Utl.:j 

J QQ CLI :' CLI 4 .. " tI
n1::U lUn11f111UtT1tltT1f1 tl1~ 1f1'VUU11..1U'n'Vfltl~ 1'V UtI1 

'I .. 'I " 'JJ
\llfl~i;1f11'.i'YI~i;1t:1.:j LtJ'lt~l11t'1'fl11::'YI1l1lJ1::t'I'lJ L'U~t:I 4.2.2.1 Ui;1::~() 4.2.2.2 

o 1", II .c::i " CA.t::ll d' .t::ll cS d'.c::i _J.c::I"'1 11 ~ 'ff.nll::'YI1l1lJ1:: t'l'lJ L'Uf11'.i ~i;1;11lJ'YIi;11t) t'l'l;1t:1'.i \llfl t'l'l'.it:l'U'YI'.i lJ'YI1Wfl \l1f111"l t'l'fli;1LC)ft:lHH'I~ t:I.:j 

m~1 J1Uf11'j 'YI 'j 1'1.1 ff1t:1t'1'l;1t:1ivhfl;r'UJ1iJ'Ul1'1f'YIt:l~ 1 'l111~l~.:j;ffit:l 

• tJWl1.fJiJ~,,n'Uf11'.i'YI~i;1t:1.:j 70 t:I.:j1111C)fi;11;lJt'I' 

• '.i::lJ::lli;11,j11,j'UtlfimlJ1 1.5 ,111lJ.:j 

• ff~~'h'Ul~lJJ1l1,rfl~t:I.:jLlJ'YI1'Ut:li;1 50 % 1Vim.JnUt'I'l'.iV'U'YIi6~.:jihJi1J1tu 

m~ '~iJ'UVt'I''.i:: 30 % 1~lJ1vilJtlilJ1W t'l'1'.iv'U'YIi611i;1::1lJ'YI1'Ut:li;1;111Jff~ff1tJ~ 

1l1lJ1::t'I'lJ1'Uf11nhtlfinillll'Utl.:jtlfimw 40 ~;I'j1rlt:l1'l1 m~ci"vbifl I % l~lJ 
" . 

'I1"..,Uf11VilJUnUt'I'l'.iV'U'YIi 61rl'U~ld .:jtlfimlll ~i;1f11'.i'YI~i;1t:1.:jU'ff~.:j~.:j;ll'jHl1 19 

fll1H~ 19 ~i;1f11'.i'YI~i;1t:1.:j~~;l1lJVii;11t:1t'1'l;1t:1{\llflt'l'fl11::~1l1lJ1::t'I'lJl'U'lt~tlfimWm.J1Jf1~ 
. . " 

~'U1~ 40 ~;I'.i 11it:l''l11;1f1~1.Jfitlt'l'l'.iV'U'YIi6VilllJfl\llflfl~1C)ft:l'.it:li;1~t:I.:j'l11iJ'U-• 

o '" 
i;11~1.J .. 

'YI 

1 

2 

3 

% yield 

~t:I.:j 

... .­'" ~i;1;1flWCVI 

94.86 

93.95 

91.33 

... .­ ... " 
~i;111fl'.i1~l1 llJ'YI1'Ut:li;11Wflfl'U % '111 

t:I.:jtltl'.i::flt:l1.J ''1.1 
... .­'" (TLC) ~Cl;lflWCVI 

%lllYll\Hltl ~oih%ME %FFA 

4.35 0.03100 94.470 

4.3892.14 0.03100 0 

100 91.63 4.340 0.03 

.c::i , " '''..&::11 tid, " "1" '"Q,I cO\llfl;ll'.i1.:j'YI 19 .... 1.Jl1'.it:llJi;1~~i;1 ~~tl.:j~i;1;1flWcr1'Y1 ~t'I'tl~fli;1t:1.:j fli;11fllJ.:jfl1.Jf11'.i 

a ,J ~ .t::ll .t::ll tI ct'_1 .t::ll Q,I tI JJ 
'YI~ Cl fj.:jl.... t:ll11 t'l'fl11:: 'YI1l1lJ1:: 1m::llJ t:I.... \l1'.i W1~i;1f11'.il1 fl'.i1::l1l11tl.:j fllJ'.i::flt:l1.J~ t:I.:j ~i;1 ~flW cr1~ llJ 

9 ~ tI d tI ,q ~ l1::li tI ~ QI ~ d , I 0 ~ " 0

TLC'il::: kl1ltlt:l'.i1C)f'U;lfll1lJ1J'.i"f'YI1i~t:I.:j1lJ'YIi;11t:1t'1'l;1t:1'.i"J.:j"1~llJ'U 100% ~.:j'U'U\l.:j lJ\l11lJ'U;I t:I.:j'YI1 

n111',f1 'j 1::,"1~ t:lti'Uv'U ~i;1f11'.i'YI~i;1tl.:j~ llJf11'.i' 'YI1'Y1 '.i;ll11tlilJ1Wm ~ , ~iJ'U Vt'I''.i:: Ui;1:: t'l'llJ1'j f:l 
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iI iI 

kWf)~hH:lJ'VI1'Wt1,,1~~'HlrJ'1'W'lf1'1 91.63 % - 94.47 % Vl'1iJ~~'Wr-lrl~'1'W~df11'Jrl~I'1'W'VI'W'YlVJ 
~ ~	 q 

~i1'Jl-J]tY1'(l'I9l{'1'Wf11 'J r-l~19l1~ lHr'1111f)U1!:lJYlrlwml9leJ{~1~1t1'J~mmfmaTu 11tl1!f1J l~l1m 
lid d I Q QI cI rd.1'tdt

~1JD'Jl'1i'WY'l'lJeJ'1'W111tJtl'1'Wr-lrll9lflillCV1'VfIJ11:lJfll0.028% - 0.030 % 
~ 

OJ	 ... d 
4.5	 t1 fl'll tl.!~ 'tlH flltl fIl'V'l "J el ~ !ll'mmnf!V1 el ":i 

!:lJYlrlwml9l eJ{~r-l~19l1~ 111 f)f)J ~'lJ 1'W f11'J !eJml9l eJ~:W!fli'W!rleJ '1 ~119l tl~ W 11 'W 
q 

,	 ~ 

~l<1 B'W 'VI ~ 6,yhwf) 1~1)1m-w ~'lJ eJ'1 f)~!CJfeJ'J eJrl'lJ eJ'1f) 'J ~'lJ1'W f1l'J'VI 'J 1'W rl'~tlml9l eJ~:W ~fli'W U llJ'W 1~'If'VI tJ~ 
~ 

l1hd{lLt 't1::; UllJ'U tl1~:lJ m~ tl~ 'W iJ ~flEJ ill~ 'VI 1'1 fl1 tJfl1'VlUI9l fl~ 1'1 n'W 
, • ,1	 if 

'lJ eJ'11I9ltl~ 'lJ'vh~19l f)~ 1'1 n'W '1 'W~~ eJ'1'lJ eJ'1 i'ru,,~ f) ~'W '(l'1'J B'W'VI~ 6,yhwml1m-w'(l'f)i!i~CJfeJJ eJrl'lJeJ'1'111lJ'W 
q 

~ .	 , 

tl1r1:lJ '(l'~\o1tJ~ 'W 1) ~ iJ i'ru 11911"~'1J':lJdJ t1111f11'J ~'W 'l11''I1rleJ:lJm rl1l!"~ 1)::; iJ f)~'Wm~'W lJJ:lJ 1flUfl ri1'W 
, jJ	 ,jI 

'tl'l'J B'U 'Yl ~ 6ViwJf11l1m-W '(l'f)~~CJfeJJ eJ "'lJ tl'1U 1lJ'W ~'If'VIeJ~ 'l ~ua 1\1::; iJ i'r~ 1~ '1J':lJ iJfl~'W ~ '11 ~ 'W l1'W ~'1t1 'W 

rrlml11191 iJ~hl :lJlr-lill9l !:lJYl"leJ ml9l tl { '1'11 'l11'1 ~ r-l~ I9lnill ~1:lJYlmtlml9l eJ {~iJ ~flEJ ill::; fllfJfll'Vl Vi 
q 

4	 G 4 4 cd ..<:1 .Q c! ~.q C!.J ... 
!lJ'fHmHn\1Hl'imfHn'i~1l'fl'irJ'fll!rJfHnf)mH"II~'i6i:1 !lJ'fll;lIf)i:1'IVlO'i\llmn~f)"''fl'j[l'flI![lf)\l1f)f)t\l''IIf)10a 

'IJ~'lJl,rll'l.h~lJi:1'l~rJ'.jll	 'lJf)'lJl~",.Vj'n1f)\tl'~m'1 

fIl'W'lh~flel'U~ 28 19l1tlci1'1~tI~{JwVitJ'lJ~f)EJill~'Yll'1f11tJm'Vl'lJeJ'1~:lJYlmeJml'ltl{1)1f) ~1'J B'W 'VI ~ 6~ eJU 
~ 

iI 

'1 'W!-W'(l'f)i!i~CJfeJ'J eJrl'lJ eJ'1 f)J ~'lJ1'W f1l'J'VI'J 1'W rl'wml9l eJ~:W~fli'Wu llJ'W~'If'VIeJ~ '1 ~UK)n1Jtl1 ~:um~tI~'W 

.. 
L:lt.	 d ~~ q ~ d 

4.6 '1!m1~'t'i ~ tl.! i:Tll'U m'fW~ 1'\..1 'tlH!flll'U el ~ !ll'tlt1!f) i:T!V1 f) ":i 

r-lrl1l1 f)f) 1'J1 ~fl 'J 1~ 11fJ ill '(l':lJ iJ~ 'lJ eJ'1 ~:lJYl rl ~ eJ ml9l eJ{'1 'W l1eJ'1 tl51J~ f) 1'J 'VI 1'1 ~ fl iJ ~ Vi tI'lJ 

n'lJf111Jl19lJ 511'W 'lJ eJ'11 'l.J 1tl~~CJfrlm:lJ:lJ119l 'J ~1'W ASTM D 6751 'lJeJ'1t1 'J ::;1'VIfY~'I1-r]" eJl:lJ~ fllUrl~ 

:lJl19l'Hll'U'lJeJ'1f)J:lJli'Jil\l'Vl~'l'll'W f11~tl~U'(l'fl'l'1'Wl9llJN ~ 22 
~ q 
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. " . 
f111H 11 20 H(111m l::MfJW illl,j~~'Wjl'W't11~lflij'IJfl~11lVi'Hflill~fl{.yh~~~L~l'ri~1.Jfi1.J 

1l1~'jjl'W ASTM 0 6751 U(1::1l1~'jjl'W'lJfl~m1l1pn~'WSH1'W
 

Property 

-­

Ester 

content 

Water 

content 

Density at 

15°C 

Viscosity at 

40°C 
~-

Flash point 

Cloud point 

Pour point 

Unit 

%wt 

%wt 

J
kg/m

, 
Inm-/s 

°c 

°c 

°c 

Test method 

Biodiesel specification methyl ester from 

Organic phase of 
Thai 

Standard 

ASTM 

D6751 Palm 

Stearin 

Use 

Cooking 

Oil 

TLC >96.5 - 99.81· 100 

Karl Fischer 0.05 max 0.03 max 0.027 0.029 

ASTM 04052 860-900 870-900 868 870 

ASTM 0445 3.5-5.0 1.9-6.0 4.89 4.86 

ASTM 093 >120 >130 181 161 

ASTM 02500 - -3 to 12 12 8 

ASTM 097 - -15 to 10 8 6 

" . "do Q"I~~ dod I Q,I CIl Q,I 

:lJf.] Willl1.J~Vi'W j 1'W 't11~lflll't1 Hl'W~11l1l1~ 'j j 1'W't1 ~'IJ fl~m 1l~ 'jn ~'W (1~~ 1'W U(1::1l1~'j j 1'W ASTMD 

6751 'IJ(H'lh::l't1ffill1i'jfllll~m. 

CU', CIt, rJ0 CIt, 

4.7 911t'lrJHfll1'r11~Qllli;Un1"t'I.:Jtl1::tJl'Ufll1NQfll11'r1Qlt'1D'1f1t'11 

~ln~l'jl~~ 19 1'W~~m'j't1~(1fl~~ 1 '~ill'jfl'W't1~6 19 nl(1ni'1l'.il1.1i)m~ln1.J 

11l't11'Wfln 9.5 nl(1ni'll m~i(1Vll~n 0.19 nhni'll~flWl1tliJ 70 fl~ffW:If(11~~il U(1::1eUll(1111l 
. • OJ

". 
,Ji)m~l 1.5 i'111l~ L~11lVi(11flil1~fl{ 18.72 nl(1ni'll l1~fl 92.58 % 'lJfl~l1nnrnill'Jfl'W't1~6""eU 

" .
1~'W 1~Q~1.J (ijl11tJ'W 0.37 nl(1ni'll) ill1l1'j(llWnfl'Wlll't11'Wfl(1 L~ 8.4 nl(1ni'll 11l't11'W fl(1..,1 eUl'W 
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mnlulijmtn 0.608 ;il(;1ni'lJ \,!tytiYvhn'U~::'whml'H~~~ 0.492 nl(;1ni'lJ'llmlJ'YIl'UtI(;1~1d 

t~lJ~'U 9.5 nl(;1ni'lJ~'1m"f1~''Ufll ...nh::nm..J~ 29 LL(;1::~1t1~Hm~fi1'U1wUUfl~1'UfllflH'U1n'IJ 

II,SO. = 0.19Kg 

C11,oH = 9.5 kg 

Or!!anic 19 Kg (Free Fatlyaeid 

1_ 
," H,o CH pH = 8.4 kgRCOOC ,-' CH,OH ~ RCOOC 

-_._--_._- --- ---_.. --- --- -.­
5.48 kg 0.608 kg 5,20 Kg 0.J7kg 

Base on temp 70 c 

unknown ~ 0.28 kg 

Overall mass balance Methyl ester = 5.20 kg from eslerilil:ation + 

Methyl ester = 13.52 kg from Organic phase = 

Methyl ester Total 18.72 kg 

H,SO. ~ 0.19kg 

.fllfn.h::m)'U~ 29 ~1t1~HnWvhfl(;1lJ1(;1Un'IJtI~m::'l..J1'Um~H~~llJVI(;1ttlUt~tI{1l1nUnfl'U'Yl~6• . " 
ii oQ1'U t~ un ~lt91t1~ tI(;1'IJ tI'I m ::'l..J1'U m~ 'Yl~ 1'U ffttJU1~ tI'i~tfl'lf'U\J 1ij'U~ 'If'Yl tI"1oNu~11l1n'J1f1 

,Ji)mWU1J'l..Jn:: 'IJ'U1f1 40 ~~~ 

"" " l1~ij1 'U,j'U~tI'U'lJtI~nn uvnfl'UllJ'Yl1'UtI(;11'U'J1f11Jijmw~'Uu'I..J'I..J'IJ'U 1f1 40 ~m .... '1 
.,j1":~ ,d a ci "QJfII 1'" Go'I

i:J~lnllJtI 'If'U 1tu'U unl1(;1t1m'Ut.... tlu(;1nnJ(;1v'Ufl11lJ~ tI'U n'I..J ltl'IJtI~llJ'Yl1'U tI(;1 l1f11'I..JU'U'U n(;1'I..JlJ1 
" .

t1'l'U'lJtI~ ll1(;1 1 lf1t.l 1t1'IJtI~tlJ't11'UtI(;1f11'I..JUti 'U l~'U'lJtI~ll1(;11 hjl1'U~1f1U1tl1~flfJ tlWl1 fliJ\J 1ii1oN. . .. 
l1 ri tJl~'U lli~ 1.... tI~Vi 11l1'1 tJllJ'YIl'U tI(;1f11'I..JUti 'Utm::6nU1ll1~61'ltnfl'llnfl tlr;;lJu~ l~'U 1~f11'I..J uti 'U• 

rJ " " " I' 
ih::v:: ff'U lnu11J l1~ij U1lJnf:lu~i:Jqjl11~~mh11f1v 1oN\J1U~~1~'Uunl1ritll~'Ut~tltmm1J~v'U 

,.. Go' Vi 1,.. I Vi ,.."",.1 0 Go' ... 1 _I'" .. 
fl11lJ~ tJ'\.An'I..J ltltlJ'YIl'UtI(;1 l1f11'I..JU'U'U lflfl'IJ'U U1l1~'l..Jm~'Yl~(;1mUvnfl'U llJ'YIl'U tI(;1 'U'J1f1lJ!lmw 
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40 il~'i'il:::l~n,m.h:::1Jlw3 ~111J~ UCl:::~tl~1~J1U~~ 2 m:::fftll.Jl1~m.h:::1JlW 60 filClfli'1J1U 

fl1'ifi11.Ju'l1u~m)~ 1 "J1~flWV1~Cltl~ 

" 0IJ1 GIl ....
4.8 V1U1JUflH&ft11:l!f11ilVl1VfU!lU lunl'n,a91 

4.8.1 11ftllVlQ~'lJm,rNDVI 

* Methanol (CHPH) 99.5% commercial grade 19 Bath/Kg 

* Sulfuric acid (H2S04) 98% commercial grade 8 Bath/Kg 

* Hydrochloric acid (HCn 35% commercial grade 13.43 Bath/Kg 

* Sodium hydroxide (NaOH) 99% commercial Grade 19 Bath/Kg 

4.8.2 ,h:::1J1Wn1191U1Ju1Un11NDVl1'lJ18~1&Clfl:l 

'illf1fl1'ivh~Cl,nClffl'i lU111'tl 4.7 ff11Jl'im.h:::1JlWf1l'i~U'VlU ~1 ~1 U f1l'i Hi:l~',1JViCl-

tmll~fl{1~~~m'il~~ 20 UCl::: 21 ~11J'tfij~'Ufl~1~Q~1.J~1~l1l1.J~m [J1UCl:::'ilfll~UVJU1~Q~11~11J 
.... " H1'Ufl 4.8.1 
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V111H n21 ,h::1J1Wm~9l''UfJ'U~'~':Un1'i~~~11Jii,mrtYl91fl{~lntY1'ifl'U'YIi6~u[Jmlln 

1~ tYnihGlfm fl n\lfl.:l'l.h c11Jm9i [J~'U 
-_._---------------,---.,------------------------, 

':ilt1l1~tJfi'IJ,;flnltlni'lJ ('IJ1'Y1 ) 
---,,---------j 

mft mft18lfl':i 
(nn.) ':i11JIlJ'Y1TUfltl 

-,..-----------+----+------+----+------+----+------1 
,JUtJ1 6'UltJI;lJ1J0'11tlUt11r1 

. fllll '11 fJ':i en1fltJ 38.00 

-56.14 
...-_...._-------+------+----+------+----+-----+_._._-­
- f)'Hl'l.n lfl':i i'll"HJ'in 13.434.18 

,)lAVlinnlnJnn1fJl 
"':\ ~ ~ 

- nn eJ'UmfJ 19.00 

-4~.75-uJm'U€ltlfil'l.J~nim 0.912 nn. 2.25 19 

-um l'UUtlnitalYtJ 1.338 nn. 
" u 

-1.5~0.19 8 
..;;;------------\-----+----\-----+-------1,-------+-----\ 

;rlJ~OlJl.u~JnAUL1Jt11UtlL1 

'" - 11JI'lIlJtHHWni'l'U 22.63 

" * r.lmJ~fill'fci Hl'UUtl::t11l1 ~fl 

-45.~62.00'lhJlllfl 'l'd I.l.1Jnfi'UL1J'Y11'U fltl 22.63 

Inn. " 21ll'Yl/nn. 
--..;;--.--------t-----+----t-----+----\-----+-----­

* l,illh~i.H)"m':i'Y1fttlfl~ 

-0.22 
------------+----+------+----f------+----f-------1 

- 0.01 1.I1'Y1/iifl':i 0.22 

-IO.Oli10.Oli.. .. 
'Oin~l1:J':i 0.50 1.Jl'Y1/tl~':i~fl~ME 

~ .­
- IJJYllllf)i.1l.~tJ':i -155.9717.49 

__..._. . ...I...-__-l. ...1...-__---'-__----:-_-'--__---'- --' 

* r11l~.yh~1.:lfl.:l~ln!1'Um~fil'U1W\lfl.:l 1H.:ll'U~~91 11.J 1fl~lGlfn ~. m::fl 

Q,I' C. A ~~ i'JJ" " I. 191Q~1.JtYl~fl'U'YI~[J 19 nn. 1111J'YInlflmrlfl~ 17.49 nn. 

e:to dfl d Q,.I ClIo e:to d'1
2. ~ln~!.1 TLC i 'UtY1'ifl'U'YI~[J 19 nn.1Jm~ \I1J'UfltY~:: 18.47 nn.un:: l1J'YImfltYl~fJ'j 

...... ~ 1'" e:todi"J. d 1 "'.. i"~.e'lo"0.53 nn. ~.:l'U\Afl1i'tf~l[Jm~~n91~.:l'tfl"'Wl1Jntl'Um~ \I1J'UfltY~:: 18.47 nn. 111lJ'Ul1J'YImflm~m 

3. r11i~~1[J~11J91nfl91n1'i~~91 155.971.Jl'YI11~flfl~1~'U 8.441.Jl'Yl!nn.\Ifl.:l m~'\IiT'UfltY~:: 
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"-""-""""----------,----,-------------------"-­

II 

l1Ttn!n 

(nn.) Lll'VI11HHl 

-. 
"1JVttllU"itJ1JiJ118UYl;~ 

36.44 

-39.22 
.------------+----+------+----+-----+----+----1 

2.92 13.43 

i1'U~a'UYiltJiiMm 

"" "' ..tTTH1'U'VI'HI 19.00 

-20.90-11J'VI1'UtlClvinJBn~{Jl 0.608 nn. 1.10 19 

-UH111Hl (l t!l:Wffll 0.492 nn. 

-1.52". 1l':i~if.l7h~n 0.19 8 
"-"~- -------------+--------1f------+-----+----t------+-----­
;JugJt)UUnnflULlJYtlUea .. 
- unll'Umuwnfl'U 8.40 

II 

'" iJUJ/~fiwlfllllll'UlI.tl::11111~t:l 

-16.XOIHlllut1l':Hwnfi'Ulll'VI1'U~H' 2.008.40 

1111. 2 'l1l'VI"00 

.,--.---------+---+-----+--------1f------+----f-----I 
fllU1Vtaft~n11Y1~aB~ 

-0.220.22 
""-----------+-----I----+-----!------I----+----1 

10.76 -10.7621.52 

ii917 
"-",,--------+----+----+------+-----+----+-"---­

-IN.4218.72 
-----------'-----'------'-----'-----,-----'----"-'---~ 

* tilL~ ...h~.,,~6~~lfl!1\Jm~fil\J1w'UV~ 1~ ~~l\JNil~ L'lJ lv~lcu~ ~. m~rl 
• II 

'illfl~nH_r120ffl1J1Hlff1'IJL~~~ij 

I. 1~Q~hJffn6\J'Y1~ti'19 flfl. l..rl1JVi~lVffl~V{ 18.72 flfl. 

Clto td.fI cS "1 Q.t Clto Clto fI 
2. 'illflN~ TLC 1\Jffl~V\J'Y1~[J 19 flfl.1Jm~ L'U1J\JVff~~ 5.48 flfl. U~~ l1J'Y1~LVffl~m 

13.52 flfl. ~~J\Jt;,l~~ltJm~Nil~~~l~l~m'IJ~tJ\Jm~L'UiJ\J6ff~~ 5.48 flfl.l..rl~\Jl1JVi~lBffl~V{ 

3. t;,1~~ltJ~11J~~V~m~Nil~ 89.42 'lJl'Y1 fi~l~\J 16.32'lJl'Y1/flfl.'UV~m~L'UiJ\J6ff~~ 
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1JYIYI 5 

~ lnf-H'l fll~ 'Yl~HHl~~ 11ih.Jnn1~fJfll~~~~, 1J1 fl~ lC)ftl ~ lnffl~ ~h.J 'Yl~ 6~ mjl 'U l'Vlff 
'" 

<d tI ~ Q,I:G.ld 91" tG.J tI ci~ 
mUC)ffJ 'j fJ tl'\J fl ~ m Z1J 1'Ufll~ 'Yl~ l'Uffl flffl~ fl~yht'l'll''U 'U 11J'UVi'll''Yl fl~ 1'll'utl1utlz'U11J'U Ultl1J ffl~fJ'j 'U 

~~ijm~l'\JiJ'Uuff~zfJ~l'Uu~1Jlw~~ ffl1Jl~flff~u'~ti~'UU~ZI~'U~i1~ ., ,j~;i 

I. fll~ffn1:l1~tl'\Jfl~fll~ ~~~l1JVltlmffl~ fl{ 1~wloMffl~ fl'U'Yl~6~mjl'Ul'Vl ffn~lC)ffl~fltl'\J fl~ 
OJ 

~ ~ ~. 

m;;111'U n 1~ 'Yl~ l'U ffl flffl~ fl~~ It'li'UUlir'U~'Il''Yl fl~ 1oMU~1UtlZU lir'U1.h~1Jffl~fJ~ 'UliJ'UfflH;~ ¢('U 

l'U1.lamfJlmfft~fl~~lt'li'Uu1J1Ju1J'Yl,f ffl1JnfllWn~~l~wlliJ'Umw'~,j~;i 
. " 

J.I ffl~ fl'U'Yl~ 6-rifldl'Ul'Vlffn~lC)fm fltl'\Jfl~mZ1J1'Ufll~'Yl~1'Ufflt:Jffl~fl~VJlt'li'Uu lir'U 
'" . " 

U1~1Jffl~fJ~'U 1 'Un n111fftl11z-ri1111J lZff1J~ fln n ~~~l1JVl tlmffl~ fl{~~ii 
., 

1.1.1 ff~"i1'U 1~fJUl11irnffnfl'U'Yl~6 100 nf1J (m~''Uir'Uflff~Z97ni'1J) ~fl ., 
11J'Yll'Ufltl150 nf1J 11~fll-rifJ1JliJ'Uff~rh'U1~fJUl11Un'Ufl~FFA:McOH= I: 1.55 

o <d ~ d 

1.1.2 'Yllfll~'Yl~tlfl~'YlfJW11tJ1J80 fl~ffllC)ftllC)ffJff 

1.1.3 nt'll 1.5 ci111J~ 

1:111111 fl ~~~I1JVl tllt:Jffl~ fl{~ijt'l111J1J~ff'Yl i'Ufl~I1JVl tlmffl~fl{ff ~ n 11 99% UtlZHtl i ~ 
" 

• . OJ 

(yield) 90-93% 1~fJijffnU'UliJfl'Uflflm~''Uir'Uflff~Z-ri111i1fl~lnnw.huumfJl~lnfll~11mlZ,..y 
'Y '?!. ,j 'J/
~1(J TLCflQllJ'U~1'U1'Ultln'UflfJ 

1.2 ffl~ fl'U 'Yl~ 6~ fl~l 'Ul'Vlffn~l C)ffl~ fltl'\J fl~mZ1J1'U fll~'Yl~ l'Uffmffl~fl~~lt'li'U 'Ufl ~ 
:Q.ld .cd I a.CiI""CiI ClI tI 

'U 11J'UVi'll''Yl fl~ t 'Il'Utl1 t'\.J fll~ fffll1Z'YlI111J1Z ff1J~ flfll~ ~tl~I1J'Yl tlmffl~ fJ~ 
., 

1.2.1 ff~rh'U 1~fJU 111irnffl~fl'U'Yl~6 100 ni'1J(m~''Uir'Uflff~Z 30ni'1J) ~fJ ., 
11J'Yll'Ufltl 50 ni'1J 11~m-rifJ1JliJ'Uff~ri1'U1~fJUl11irn'Ufl~FFA: McOH = 1: 1.67 

o d ~ <d 

1.2.2 'Yllfll~'Yl~tlfl~'YlfJW11tJ1J70 fl~ffllC)ftllC)ffJff 

1.2.3 ntll 1.5 ci111J~ 
ClI ClI tI.dd ~ ~ ~ tI ""I Y 

ffl1J 1~fl~tl~I1J'Yltllflffl~fl~'Yl1Jt'l111J1J~ ff'Yl1i'Ufl~I1J'Yltlmffl~fl~ 100 % UtlZ~ flfJtlZHtl t~• 
, " 

(yield) fJdl'\.J'lh~ 93-95% UtlZ~ln~tl,j'fl 1.1.1 UtlZ 1.2.1 Vi1J1T'i~fl~1J-riu~n~l~fi''U't1~ 2 'Il'U~ 
OJ • ., , 

'il~ijff~ri1'U 1~fJUl11irn'\Jfl~ FFA: MeOH -rifffl~t'I~fl~ln~lfifJ~fi''Ufl~1'U'l11~1: 1.55 - 1.67 

2. fll'j'Yl~tlfl~~~~l1JVltlmffl~fl{ ~lnfffll1Z~I111J1Zff1J l'Uuumwu1J1JnZ'\J'Ul~ 40 ~~~ . ., ,
CI JJ "Q,I d d JJ 4. Q,I ~ d tid.I 0 Q,I ClI 

~~ 111 Htl 1:1fl~t'I tl fl~ n 1J fffl11Z'YlI111J1Z ff1Jl1Jfl~~'U n tl11t'1flffl11~1J 1~fl~1J ffl'J fl'U 'Yl 'j fJ'Yllwn ~ In. 
60 
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". . 
l~ffn~lC)fmtHl'UthnhiJ'U,.ht11Jffl~[J~'Ulli6t111J1N~;tl1Jilm6m;t6fl M'foHl i~l'i1~[J 94.12% U'l~ 

~ I , II 

l1J6fl~'U~tl111J'U~tl'Vlil'i1~[J99.81 % U'ld';tQ~'U ff1~ fl'U'Vl'i 6liu[Jml1f1l~ffn~lC)f6~ 6'l'U6~t11iJ'U 

"" 1""1" i".cl .. "" "'£f1 ..;."" ~" ~'Il''VlCl~ 'Il'U'l1 'HN'l ~lll'l[J 93.38% U'l~1Jtl111J'U~tl'VlTHlJ'U100% l1J61lm1~'H~1[JTLC 

3 crn'tlW~'VlHm[Jtll~'U6~l1JVi'll6ffl;t6f~N~;t~lnff1~fl'U'Vl'i6~1l[Jn~1f1l~ffn~lC)fCl~6'l 
" t, I 

'U 6 ~'lll]j'U 1J1t11J ffl~[J~'U ~dj iYliti6'U n'hu'l~ijn~'U 1'H1l'U -U6[Jn'hmw1~1;tfl~'Ul~'U ff1~ fl'U'Vl'i 6li 
.. • 

tWn1l1f1l~ ffn~ lC)f6~ 6'l'U 6~t11iJ'U~ 'Il''Vlfl~ 1~ 
. " 

4. lli6ffm:11;{'U l'J'U 'VlHlff~'tl! ff1 ff;t fVl 'U! 1'U1'U m~ N~;tl1Jil'll6 ffl;t f1f~ 1n'l1~1Jiim W 
" .

mJ'Un~ 'U'U1~ 40 ~;t~ 1~[J~~1~W1~lmhl~~1[Jm~N~;t~6t11'Hirn'U6~m~i'UiJ'Uflff~~fl~~ 

t,Jg [J'U ltl'U l1Jil'll6ffl;t 6f ~~~'U':hL~6ff1~ ~~;{'Ufi6n~lC)fm 6'l'U6~1J 1t11J ffl~ [J~'U ~ ~ ij ff~ri1'U'U fN 

m~ i'UiJ'Uflff~~ff~il~ 97% ~~ijfi11~~lm-rl[J~ 8.44'lJl'Vl/nn.'U6~m~i'UiJ'UVff~~ 1~m~'Ufi11~~1[J.. 
" 1'U'u'U;t6'Um~1l[Jnff1~v'U'Vli6~1[Jm~ ill1~~tl'l6~n1J~~1J1W 3.04 'lJl'Vl/f1n.'U6~m~i'UiJ'Uflff~~ 

.e!I ,q~ 14:" :Q.J.e!I 1""&d 
'H~6 36.02% 'U6~m~N'l;t'Vl~'H1J~ U;tl1J6ff1~;t~;t'U1J1~lnn'llC)f6~6'l'U6~'U11J'U~'Il''Vl6~'Il'U'l1 C)f~ 

ijm~ i'UiJ'UVff~~l-rl[J~ 28.83% ~~ijfi11~~1[Jff~il~ 16.32 'U1'Vl/nn. 'U6~m~ i'UiJ'UVff~~ l~mtl'U.. 
" fil1~~1[J1'U;r'U;tfl'Um~lwnff1~v'U'Vl'i6~1[Jm~ ill1~~tl'l6~n1J~~1J1tu 7.16'lJl'Vl/nn. 'U6~m~ 

Q,.t ~ ~ CIl: ~ d i" I I 1" I ... 1 ~ do1'U1J'U6ff'j~ 'H~6 43.87% 'U6~m~N'l;t'Vl~'H1J~ C)f~~~1'H'U ~11tll 'Il'~1[J1J~~1J1W 40% tl6ff1~ltl1J 

~l~'Un'1~lWf1l~ffff1~V'U'Vli666n~1f1l~ffn~lC)f6~6'l 
" . 

5. tlW ff1JU~'VlHl ;16l~ ~ ~'U6~ l1Jil'll6 ffl;t6fliN~;ti ~~ 1nm~'U 1'Ul6m;t 6~~ ltl'i'U 'U 6~• . " " 
ffn O'Ul'l'i 6.yhwmnm~ffn~lC)fm 6'l'U6~t11iJ'U1J1t11J ffl~[J~'Ull'l~t11iJ'U~'Il'l'l6~ 1-Null') ~lI'",h 1'U 

I OIsJdo .e::t. til .::. QI 

U~ C1~ 'H 1'U6'Vl'Vl1m~1ltl ~1~ 'H N1'U;t11J1J 1;t~! 1'U 'U 6~ m1J ~~ n~~'l~~1'UU'l~1J1;t ~! 1'U ASTM D 

6751 'UCl~1J~~l'Vlfl'ff'Hi'!6l1J~m. 
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ti~"'J'Yl{ ~'U'Yl{tltl'U UIl:: Uff.:JU'\J ''Vii'~'U1n'L 2543. "f)1'jfff)'lnf)1'j~ii~t1JVlIlmfft~tl{~lnJ11i'Ui'U 
" " " ,jmhVl.:J'\Jtl.:J1H.:J1'U'lh1i'U1.h~1J", lflH.:J1'U1ffJf)'j'j1JfI'lff~{,jwcVi~ ff1'\J11f1'1f)'j'j1J~flii 

" 'iflfli~ 'YlfHtl11 LtIl::flW::. 2544. "nl'j~ii~ llJ ltl~t9fIl~ln~Il~ii~~Il1h~1J'\h1i'U" 1.rtt'\JIlJ• 
Q tI ~Q,I 

'YflHJ'Yl.1.1'Yl'Yl. 23 (U1J1J'Vitfl''ll): 831-841. 

32( 1): 23-54. 

Cll52 'if'U~ . nHt'YlW1 : 
,-.c:atl " 
l'j.:J'Vi1J'VimffmIl1~'Vi'j11. 

-----­ q q q 

" 
"nl'j~ii~tm::f)1'j'Yl~fftl1Jlh1i'U'1J ltl~L9fIl" 

, 
1. 1f1'1f)'j'j1J 1Jn. i1Yi47, 

lloU'IJ ff.fl.-'Vi.tI.: 92-98. 

",.." .... ".9 odI ~ ,_ I1" "'" "'" "'" "i "'" "'" ff'j'jfl'U 'Vi.:J'lf1JtJ. 2548. "f)1'jfl'n'lllfl111JtlJ'U lJ ~t'if.:Jt'Ylfl'Ufltm::t'if.:Jtfl''j'll!fI'lff~'j'Uf)1'j~Il~U1J'Yl" 

" " " mfft~tl{ ~ln 1'\J'lh1i'U1J1~1J i 'U'j::1J1Jih,j~'lhLfftll H.:J1'U ffti~'lh1i'U1J1"1J",1'Yltl1iJ'Vi'U,r 
C\ QlCll CllCll <ClIo QI <ClIo tI 
1f1'1f)'j 'j1JfI'lff~'j 1J1111JWCf1~ ff1'U11~11f1'1f)'j 'j1J tl~ff111 f)1'j 1J1111'Yl tIlIltJff.:J'\J m'Um 'U'Yl 'j . • 
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.fl1flNUln n 

~4CII ~ Jcv ~ ~ J 
lfinl1lltl11::11lVlQ~1JUQ::lJJ'fIQlt)1IlVlt)1 

"" 4 1"" "" 1. mnlfl'n::11n'j~ 'UJJUt)1I1:: 

... ~~ "" 4
tTnlflJJ'fI &'11 IUmnlfl'jl::11
 

"" of.1 of d of

l.	 m'YImmnnmm", 95 llJtl·HC}f'\.J~ 

2.	 Cfl~"::"'ltJlC}fl~tJ1J1@J~'HJn'C}f~ ("'::"'ltJl'\.JmVi",utl",ntl@Jtl~)l,j'1J,j''\.J 0.1 '\.Jtl11Jtl'" ril'l1i''U 

f1111Jl,j'1J,j''\.J 0.1 '\.Jtl1,j", lfl~tJ1Jl~w,t~ lC}fl~tJ1J1s~~tln'C}f~ tJ~1J1W 4 ni'1J "'::"'ltJl'\.JJl 

n~'\.J'l.Ji''UtJ~1Jl~~hn~1 ii~~ l~'Uffn"::"'ltJ~h~l'\.J'\J1~u/l1 

3.	 ~U'tIvJ'YI1~'\.Jl,j'1J,j''\.JitltJ'''::1 

• II 

I.	 i'~~1tldl~h',~t1nnrnutl'\.Jtl'\.J1-10 ni'1J l'\.J'\J1~1tJ')f1J~'\J'\.Jl~ 250 iiniiii~~ 

2.	 l~~tJ1Jffl~"'::"'lmtlVi",utl",ntl@Jtl~hl't1j'Un"'HlP1tH~1JVJ'\.JtlvJ'YIli1'\.J 5 ,.w~ U",::tJi''Uhl'l~'W 
" '" 1 1 0' d' Q,I • ct ,,~. a 1 ,,-. 

mlH~1tJlC}fl~tJ1J s~~tln C}f~ 0.1 '\.Jtl~1J'" "W~~H'YI"'::"WP1'Vi~tl1J'YI~l'\JtJ1M~tlf1'\.J\1'U ~ff 

'll'1J'Vif:1l1'J.. 
3.	 l~1JltlVi"'lm"ntl@Jtl~~ltl'\.Jn"'H50 ii",iiii~'J ",~l'\.J~"mdH l'\JdltldHUH1..r~1tldH"::"'ltJ 

i of " 1"1 ''''1 ", d "" '".UUtl",ntlstl'" m"'::"'ltJ ~ 1JP1 Mtl'U'YItlWM.n1J 60-65 tl~ffllC}f"'lC}ftJff. . .. 
4.	 1~1~~'YIffn"'::"'ltJ~1tldH~1tJ '\JW:: Ll~l~~'YI~f1~l'\Jdlfldl~lC}fl~tJ1J1@JP1'Jtln'C}f~ 0.1 '\.Jtl1~",
 

UH \1'\.Jm::~~'~i1')f1J-.:1f1~~tl~tJ'J::1J1W1 'U1Yi
 

5.	 thlnWtJ~1J1WmP11'\J,j'U6ff'J::\11nfffl'J.. 

m~ 1'\J,j'\.J6ff'J::itltJ",::l'\.J~tJm~ ltlln6n 

= tJ~1Jl~'J~H~'oN (ii",iiii~'J) X f1111Jl,j'1J,j''U~1~ ('\.Jtl1~",) X 28.2 
II 

t11M,rn~1tlUH(ni'1J) 

mailto:l~1JltlVi"'lm"ntl@Jtl~~ltl'\.Jn"'H50
mailto:l~~tJ1Jffl~"'::"'lmtlVi",utl",ntl@Jtl~hl't1j'Un"'HlP1tH~1JVJ'\.JtlvJ'YIli1'\.J
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.. .. 
~ J_~ 0 ell 0 u II ,c:::..=1 

2. mnltl"j1::"'1J"j1..l1W'U11'U'U11..1'U~lUl1i Karl Fisher 
"	 . 

Karl Fischer Titration 1~'U'I1"'f1fll~1Im1::M'I111J~lJ1W'\h''U~''HldH hltJl~lJ~"Hl1f1 
"	 " J:::tltJfllnhn'U~fl~ '~U~~'YIU1' 'U~T)h"'::"'ltJ' ,r'l1lJ~ '1Jnfl'U (pretitration) ~lfl-U'U'I11fl~~lfll'j 

I:, I fJJ I ~ 11 1 oI!!t fJJ d 0
u't'n'\lfl~'Ul 'Umfllffdll'IJlff~::tJtJ1J~lJ1WI'YI1 '11~ (Drift 'I1~fl Blank 'lJfl~~::tJtJ) 1m::ff~'YIltJ(l~'YI1 

~ . 
fin p~91dfldl~ F·mfln11m 1::M1~'U~'I111~fliifl l~fl~ ~1f1 

'1 tJ 0 • oI!!t
I. ~'YIlfll~'I11fl1 Drift 'I1~fl Blank 'lJfl~~::tJtJ
 

, '\.llffl'J JJ l~',j! l1.J1Jl'Y1~H"t1'l.J'H1U~1JltuJ l~H,j1.J t11.JU~1
 

.. 
;;U(il tl'Um nh:a1'U 

l.fll~l~~tJlJffn"'::"'ltJ''U Titration beaker 
"	 . 

1.1 fll'j ~~lJ UltJ1 Karl Fischer ''U rid'U111~'U Anolyte U"':: Catholyte 
"	 .o .. , " 0 .... , I	 _I 

- ~1~'Ul£J1 Karl Fischer 'YI 'I1ffl'l1~tJ Anode "'~ 'Uffd'U'lJfl~ vessel .fl1tJ'Uflfl1J~::lJ1W 100 lJ"'. 

o "	 ... , " 0 .... , • , • I 
- ~d~'UltJ1 Karl Fischer 'YI 'I1ffl'l1~tJ Cathode "'~ 'Uffd'U'lJfl~ cell.fl1tJ 'U1J~::lJ1W 5 lJ"'. 

- t1~'l1fl~9iW." ,rffi1'Y1~dtJ desiccator tube 'I1~fl~l~mh'l1i'tJ'riffl~91dfldH• 
1.2	 ~l~fl~fll~lmffn"'::"'ltJflflfl~lfl titration beaker
 

- f1~ Pump key
 

- ~ll~~l~f1~i1~tJ'U Vessel flflfl U"'dfffl~ffltJ suction tube Ml'1.J1'U titration beaker
• . .	 . 
oI!!t QI 0	 4 

- f1~ F3 l....flff~fll~'YI1~1'U'IJ~H pump llJfl pump ~~ff1~"'::"'lmWfl~1f1 titration beaker 

" 'l"~ J " 0
l11J~ur.n ~'I1~~ffltJ suction tube 'IJ'U U"'dfl~ F3 'I1Q~fll~'YIH1'U'lJfl~ pump 

"	 "" fll~'I1l'1.l~lJ1W'\h''U91dfldH~dtl1'Y1fli1flKarl Fischer ij'li'U~fl'UflW)h~l'U2 'Ii'U~fl'U~dtJn'Ufifl 

" I. Pretitration l1:!'Ufllnh,,r,,h''U titration beaker 'I1lJ~ l1J 

" 2. fll~'I11'1.J~1JlWih''U91dfldH 

"	 " 1~(Jij.;r'U~tl'Ufll~ViH1'U~~U 

- f1" RUN key 

- f1~ F3, OK 1f1~tl~~:a~lJ..h Pretitration l~tJ fl911'UiJ~ ff~lfI91'l1Ul~tl ~::Uff"~ bar graph 
I	 I " I '" ", "" '" " , 0.... "	 " AIm bar graph 1'\11 f1"'lff'UlltJ~'YIfI"'1~'I1'U1~fl Uff"~d1'U1'Y1lJfl~ 'U titration beaker 'I11J~l1"'d U"':: 
.	 " . 

... ",	 " 0 ,.... "I' Ill. I 
~f1'HH~::l'IJT~ standby mode 1m::....~fllJ'YIl~1'U 'U'IJ'U~fl'Ufl'U~tl L1J 
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- 'l'\.J'\IW:::~lfl1ij~ijd1'\.J Standby mode lfl1ij~~:::1ilfh online drift ~'W~11(111~t1ffl1J1Hl 

l'llltlfh drift ~ln~l'\.J';'~'lIij~1iUl~ij ~:::UffpHfh drift t'\.Jm.btl flg/min lPltli1i1J ~:::lij1M'fil . . " 
drift fl~Vinfl'\.J i~~:::l~1JViHl'\.J''\.J,j'\.J~lfl'\.J~ij i1J 

- ffl1J1Hlff~ln~fh drift 11fl~~1i~ij h] i~~ln(1ntYl~ij~~l'\.J~l~fil drift.. .. . . " 
- --). UffPl~'hfil drift fl~Vi ffl1J1Hl1~1JmlVil~1'\.J,j'\.JPlij'\.J~iji1Ji~ 

.	 ." 
-"":ll Uff~H11fil drift i~fl~Vi lm:::fh"~(1Pl(1~ i~fl1l1~1JmlVil~1'\.J,j'\.J~ij'\.J~iji1J 

- / UffPl~'hfil drift i~fl~~ U(1:::ih"~lvi1J~'\.J i~fl1l1~1JmlVil~1'\.J~'\.J~ij'\.J~iji1J 
"	 " 

- ;rlJ~fl'\.Jml1ilfil1J~1J1Wlh''\.JPi1ij~1~ (Sample mode) 
.	 " 

Ofl1f1~~:::~ij~fld1'\.J standby mode ll'hir'\.J i~~:::Vil~l'\.J''\.J Sample mode ,~) 

" 
I. nPl F3 Sample 1~ijn1ilfil1J~1J1Wlh''\.J~1ij~1~ .	 ..
 

G1_'4 4Ct.	 I Q"I 41" "" 
2. nPl UlJ'\.J~11(1'l1 1'Yiijl~1J11(11 mix time nij'\.Jll1J l~1~n11'Yifl 1iffll~1ijtll~(1:::(11tl . 

4 4 GI .c::.. I 

3. nPl F3 OK l'Yiijtl'\.JtI'\.Jmll~1Jfllmix time 

4. n~ F3 OK 1iUl~ij1Jllntl~ijfl111JPlease addsarnple min-max g 

5. 1~1J~1ij~H'H1'\.J Titration beaker 
", 'J/ QI I d Q ~ : 

5.1	 (11~ Syringe mtl~1ijtlH'VI~:::11ml:::1i 2- 3 flH
 

",." d_1 d1""" '"
 5.2 ~~~1flm~1'l11 Syringe 1'll'PllJ(11tll'll1J 1iU1i~Pl1t1m:::Pll'l:I'VI'll''ll 

/
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5.4 {i~~'HJfhH1~hJ titration cell Fhu Septum stopper 

,..."................
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t
 

............ I •• t ••nl~
 

. .. . 
5.6 ~~ Syringe mJt111~";n.hitl,f~i'l11J \1::i~',.h'l1lrflffl';j'ri~~HHi'U Titration cell 

'" I J,/ 

I. fl~ F3 OK Lfl~tl~\1::L~1Ji~I~':i'YIL-ntl'l11fh"h 

2. fl~ F1 Sample 
I W • I 

3. fl~ 11l1'U~"ml'U l-ntliri'l1l'H,rfl~"md1~ ~l1Jli,f~ i~i'U.,j'tl 5.6 
. .. 

dI I 0 Q,I Q,I I 

4. fl~ F3 OK LVitl confinn fll'U1l1'Ufl'Utl~ffl':i~1mIH 

• I I I tI ~ 

Ifl~ 0 ~ \1::L~1J i~L~':i'YI 'UW::liLfl~~~ti1l!~ViH1'Utl~,r'U ff11J1':it:lfl~1l11'U F 1/F2 'I1~fi F3 LVifi~ 
.. . 

.,Jfll,j1l11!f)l':ill~L~':i'YIi~ L,f'U til drift / fil mg '111 / mnlii.n'Ufll':ii~L~':i'YI L~'U~'U 
• , III , 

LiJl')Lfl~f)~ 1~L~':i'YI Lff~ \l \l::ti1'U1Wfhtl~1JlW'l11i 'U~1mh~ ll~::ll ff~~ F-mli'l1l!1\1fid'l~tl~m') 

lnfi1vi';m~1~~o1t1 i,rfl~ F3 OK Lfl~f)~\l::fll!1Jitl~ standby mode 1l~::ff11Jl':irll~lJf)l':i'l11fh 

~lflrh~~olltli~";'Uli 

"" ",3. mnlfl11::'tfi2f1"c!'" (ASTM-D2500) 

C':lQ ~ " lfimnlfl11::'tf 

I. t'lJ~1~'md1~1l~::L'YI iri'l1~tl~Un'1'Y1~fffl1JIl'i1n1J;~1Jf)m::~1J (45 iJ~~~~':i) 

2. 11~~1~1rl~fl~tlflVif fl1Jn1J i riL'YIfl{11JiJL~fl{l~tJi,r~hU'l1,j,~,f1~ capillary 'U tl~L'YIf){11JiJL~f){ 
• • I 
~~lfl".il~h'l1'l!l'lJf)~~'mdH (fllVitl':i::flfl1Jli 68) 

I .... 'i''''I'' "" cl "tI'i" "" 4 ... " t"3. tl'U\Pl1tltJl~ '11 L~f)W'I1fl1J 45 fl~f11L9f~Ic)Wff 1l~1 ~t:ltJ 'I1f)Wl1fl1J~~~~f;HtlWl1fl1J'Ht:I~'H
• q cu .. cu q cu .. 

c. Q,I • Q,I 4d 

f111 IfUJfll':i ~~~~'lJfl~flW'I1 fl1J~1fltJH~~'U 
q q .. 
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lrtfl~W"UJ~~1fldl-3'~ " J} " tIr.JlrJ'H ftfl~Ufl1ffm-3Uflft flfl ~HJ ft.. 
27 0 

9 -18 

-6 -33 

-24 -51 
-- ­

-42 -69 

" HlJlml1~ : fll'j'!Ji''UfJW 'H 1JnVl-3Uflftflfl~fl~ 1~t11U~-3UM-31 ffVll-3FhLiI~fll-3 li1~lJ m~ t1{'lI1l1, I 

tlTU1M''j ::~'UflW 'H fln1 'U VHff~llfflJmi'U. .. 
2. 'YIfl'" eJW'Hfl~ 1 fl-3ffWl1ftl~rJff ~ft~M lMrJfl'Hftfl~U~1~'U\llmiH'YI~fffl'U''UU'U1~-3 ff-3lfl~. . .. 

" . 
fl1 UJ~'U (flntifl~1'1fl-3''I) \llfl~1'U'U'U'Ufl-3'Hftfl~U~1 OlV-3 '1Jl~1J'~'UVi~'U'H ft fl~ lM'till 

" " l1l';lfiYlt1~1Mcil-31'Hijfl'Ul~lJ ('Ii'U~m'UU'1Jln'U 31'U1Vi) 

" I I d~d" "~"QI~ 4Q~"l" ~ I

J. fI1'VilJ11\l~'U'Ul~lJ'Vi'U'YIfl'U'Hftfl~Uft1I 'H'U'U'YIflflW'HfllJ'U'U I1Uft::'llrJ-3111 F-lftllJ'U \l~'UlJ 
.. qq. " q 

Nm.-Di_.... i.IIliI __
 

All dimclllio.. iA miDilll<lza.
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'" " ,4. fl1n~f1''H~'H'Hl~f1 'Hi:UfI (Pour point: ASTM-D97) 
~CI..:), ~ 

lfimn~f111~'H 

I. ~'\J{h~dmhm~~L'VI'rilHlv~mti"n1~ffV1JL"llti1J~~1JVm~~1J (45 iJ~~~~'j) 

:::'t .1 ~ Q ~ "" l' "1 '" "1 1 ~ " "1 '" "02. lJ~Hl~dU~flflVfl""'jV1Jfl1J ff~'VIm 1J1J~~m ~tJ l1~lUl1'\.H'lfd~ capillary 'Uv~~'VIm 1J1J~~m 

~lfl'".hHdl1'\.rl'UV~~dvth~ (.fl1.... 'tJ'j~flV1J~ 69 ) 

, OJ , 1~i ,,~ do '" _ I I 1" ~ .c9 ~ iJ
3. f)'U~dVtJl~ 11 ~VWl1f11J 45 fl~ffW:lfmC)j'tJff U~dlJ~VtJ l1VWl1f11J~~~~f.HVWl1f11Jl1V~ 

.. q IIU q IIU q 'V
 

tJ
 

4.t lrfrn Ifl1Jfl1'j~~~~'UV~VWl1f1iJ~dVdH~~il 
q q .. 

Lrlm)Wl1f1iJ~dvdHi~(OC)j'). .. ~ " " tIltJl1~V~UfldffVHUV~flV8'V~.. 
27 0 

9 -18 

-6 -33 
-

-24 
-­

-51 

-42 -69 
., 

.1"" '" I "1 ~ 0 Q ~ 'I' .I:::'t'::'t " .. 1
mJ1l'Jll1~ : fl1'jlJ'j1JVWl1f11JV1~UV~flfl8'V~ 'If'U1U'U~Ul1~ lff'VIHH1LlJ~V1~ LlJ~1JVL~V'j'U'J 11 

q q .. 

fld'U1M''j::~1JVW '11 f1iJ1 'U fll~ff~l~ff1Jvti'U 
q .. 

;. ~ QI I i ~ "'... i " 1'jJ 'jJ5. ~1JV~Wl15J1J'Ufl~~dVtJH ~ 9 V~fflLC)j'~LC)j'tJff ~l1'UV~~ l1m'VI (m~fl1'jW) l1tJfll1~fl~LLfld 

" 
'hJ.1l1flflH'VI~ffV1J LfltJ~l1~V~L1t~d f.1'l~dtJdHiJ~ il1~ i~ M'fi'U l1~V~ Uti'd~~riflH Ll1lif)\H~1J.. 

" " 
(,;r'U~OUui~Ln'U 31'Ul'rh 

" . . 
6. m::.yh~lmliv'U~v5 't'Jfl'l ~Wl15JiJl1~~~~ 3 V~ffl~C)j'~L9ftJff ~'Um::'ti~""1J·..h ~dVdl~lfJ,~ 

'l'UH~~~d (100%) 1M'LfltJ~11~V~uti'd1'Uu'Ud'j::'Ul1J~VlljV~5 1'Ull1 f.1'1~dvdl~i~1ifl1'jil1~~1 

lHl1 tJ~fl1'j 'VI~ ffV1J 
q 

7. fl1'i'jltJ~l'UH~1M'1V1VWl1f1iJff~~ltJ~~dvdl~L~'U imu'VIi'UU~~~dl~'UVWl1f1iJ~~
q cu q q cu q 
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THERMOMETER 
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~~
 

~ ~ a 
5. flT~"J!fl~l::1'i1'ilfl"Jltl1'iU~(Viscosity: ASTM-D44S) 

..	 . 
I. l~mhtJcinlh~'UCl'lhJ"u viscometer (fIl~1.h::mJ1J'Yi 32 ) 

~ I	 ~ I ~ 

2. 1'*~ nOl 'I ~ ~~,JtJdl'l,h~'U.yj~ lU'HU'I'H Cl fl~l~fl'1 'l'UF:b~ fl'l,h~'U.yj ~ ~ ~tllll uQ m,jrJ~ ~ tJ U 
.. 

(:U~l E ~r'lnJ> 'llflir'UtJ~mJ'Ufl'l'm'''H''HClCl'l'tJhW~'I'lfltJHflflfl 
~ . 

3. l~lJ~'Jl1Clllrlfl~fl'l'muntJt~l1'H1,rlJfl';mh'U~~'lJ'U E llCl::'Hq~~'lJnCll'llJm::~'1'\n1'111'tn 

~l'U~H F tlJlflttl'l1~fl11lJ'Hi7~~ 40 tl'lfl'W11CllCUmy 

4.	 ftnnW'Hltll Kinematic viscosity '~'llfl1J91'j
 

v = Ct
 

l~o~ v = Kinematics viscosity .	 . 
'.:1 0	 41!1 GI 

C= mfl'l'Vl'llflfll'j'VlllJl91'jil'U~fl'llmfl'l(cSt/s) ~'I911'jl'l26 

l = l1Cll~t~l'Ufll'j''HCl (s) 
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------------------------------------_._----­
S'/c Nil. 

_...- -_. --­ --. -~ 

I\ppnaim;all: 
Cu"stnnt. 

cSl/s 

Kinemalic 
Viscusity Rall~c. l:St 

tositk Diam­
eSter oi Tube 
R. m.m 1.z2 

pcrcC:.n I J 

Inside Diameler lJr 
lubes N. E. and 

P. mm J) C 

Hulh Volumc. 1111 
( I <; pcn:<:n1 • 

~:\ 0.002 0.5- to 2 O.~O 2.(, II> 3.0 :u I .t. 
:'0 0.004 O.IS to 4 OA-' ::!.61u 3.0 J I .1 1 
7) O.OOX 1.6 10 H 05~ 2.tI \t) 3.2 1. ; .1.\ 

100 0.015 3lu 15 (l..(\~ :Ulto 3.6 II .1 : 
I:-U 0.0.15 7103S O. it) 2.K II) 3.6 U .'.1 
:'00 0.1 20 to 100 1.01 :!JI tQ J.t .1. I -' I 
.100 O.::!5 SO tu :!50 1.:7 :'.l! 10 3.6 .l I .' I 
F,f.) 05 IQO to 500 I.:'~ .~.() ttl .lll .1 I .' I 
.1(lO I.::! '24.0 to I 200 I. <) ~ .\.O to J.S -'.1 -' I 
4<'0 25 500 to 2 ~OO :.. _, ~ .'.5 tQ 4.2 .1.1 .I I 

<'00 II I .600 to 11 000 ).:0 J.7 Itl 4.2 J.I .\ I 
(,00 20 4 000 1020000 "' .'::0 .JA \tl 5.0 ·Ll .I I 

r'O 

L-':lI 

~ ... _e 
• 100 
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~ ~ ~ ~ 

6. fll111fl11::'t111JtltU8i:f19l81 

q~'!I ~ ~ 
tTl11fl1JtI &'V &,Ufll111fl11::'t1 

I. 1:l1'J't1::l.'lltlHff1J'\J6.:l ISnlClf'U i~m'V1~'t1ijl'V161: m~~6fiin l'Utl~'J1ril'U 50: 20: 0.3 

(1111J1~<,jfi mW1J1~'Jfi m.J~1J 1~'J) 

2. ffl'J't1:::mtlHff1J'\J6.:l ISnlClf'U : l'U'UCU'U l'Utl~'J1ril'U I: I (tJ~1J1~'Jfim.J~1J1~'J) 
~ld~ f1 
l1illfl11::'t1 

I. ~~~ltl~N't1::'t11tJl1JV1m6ffl~6f150 ii't1i1ni'1J 't1::'t11tl~ltlfl't16 h~tlflJ 0.3 ii't1i1~~'.i ·v 

2. mitl1J quartz rods (silica gel padre coated Chromarod S-Ul) u1i1JmJ~t.!(lmiJi1 105 

IHff1lClfmCUtlff Irl'UI1't11 5 'U1'Yi ll~lU1itJ blank scan ~ltl TLCfFJD analyzer .flltll~ffml:: 30 

l'U l'Yifi Offltn'U tl~ 'J ml'J i 11't1'\J6.:l11nffis1~'J 1'1'U 160 ii't1i1i1~'Jfi6'U1'Yi 1l't1:: tl~ 'J 1nl'J 1.11't1'\Jtl.:J 

.r.:lto...::::.~ I .oE:::I. 

\Jlnlfl 2000 lJ't1't1't1~'J~6'U1'V1 

3. lHJflffl'J't1::mmnn,j'6 (I) 't1.:litJtJ'J::1J1W I i1J 1mi1~'J U1 quartz rodsitJll'l11'Uffl'J't1::mV 

,.\ J 'JI "I ~ q " ••1"~ 'I '" , _I" ,
9ln 'j ~f1mlflltl ISnlClf'U: &~16'V1't16l'V1m: m~116'J1Jn &'U6~'J 1ffl'U 50: 20: 0.3 (lJ'J'J1~'J~fl 

, " " 
11~'1Jlm fi fltJ~1J1~'J) '1'U m::l1.:lff1'J 't1:: 't11tJlfl~fl'U'Yiff.. .:ltJ'J::1J1W 8 IClf'U~I1J~'J lHl.:l \I1nu\nl1 ~h IU'lf 
'I .ok .1 iI q 'I "" I'" I jC>
IUffn't1::;'t11tlClf.:llJ'J::nmJ~ltl ~SnlClf'U: IU'UCIf'U &'Ufl~'J1ffTU 1:1 (1 'J1J1~'i~fJl ·W1~'.i) 

1lU f1'J ::~.:lffn 't1:: mtJlfl~fl'U ~ff.. .:ltJ'J::1J1W 10 IClf'U~~1J~'J 

4. U1 quartz rods itJflU~~W11iJii 105 fl.:lff1lClfmCUtlff Irl'\..Hl't11 5 m'Yi U~lU11J1f.HlmAfl1v1\~ 

'" '" '" ffml::l~tnn'Unu blank scan 

5. ci1'UH't1nl'Jilm1::"'~l1n1tJ'Jum1J ChromStar light 
~d rI ,lei 

I.l Jm 'CIf'W~'\Jfl.:l'Vi'U'V1 
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IIlftN\fJfl " 

<V, 0 

(V118t1Hfll1ftnfJW) . 
Gil ...... " ...... "...	 !'I _.I ... 

~ iU..I1t1 tl111'Ufl11 Nt1V1ISJfliU8D'IVl81;)1flD'118'Ufl1 t1f18g I 'UlntTflt1l.818t1"8~fl1::'lJ 1'Ufl11 

tI ~Q cv :' cv.4 GI'" "' .. _I~ J
f111'UtlI8D'IVl81:Wlft'V'U'U1SJ'U't'f'Vfl8~ l,mt11l'U1J!lfl1W 40 

A

t1V11 

.,: y 

J111VlU 

- lJ1ClilJlClnClm~''lJiJ'Uflff'j::''U'j'l.lm~ i~HClflfl1\'hn'U 282 
q	 ~ 

- 111ftllJ1ClfJCl'IJfl~llJ'VI1'Uflm\'hn'U 32
 

fllJO\JV1~6 100 ni'lJ iJm~''lJiJ'Uflff'j:: 28.83% l'rhn'U 28.83 ni'lJ
 

" ~nhA~1'W1'U ilJCl'IJfl~m~''lJiJ'U = (28.83ni'lJ)1 (282ni'lJ/ilJCl) 

= 0.10 ilJCl 

lnflfY1'Jn:::Cl1mlJ'VI1'UflCl~'~ih'l.l~n~tJ1 = 0.10 ilJCl x 32 ni'lJ/ilJCl 

= 3.2 ni'lJ 

~~ln'U 3.2 % 'lJfl~ffl'jfl'UV1~6~"'1'l.l~mtJl 

" 'llnfl1W 40 iiVl1 ('~ff~ri1'U i~m~hm:rnffl'jfltJV1~6 100 ni'lJ/llJ'VI1'UflCl 50 ni'lJ) 

!~lJ~tJ1~ffl'jfltJV1~6 19,000 ni'lJ
 

"
 
I'r-nrW.lJ'VI1tJ()Cl"'l'l.l~mtJ1 9,500 ni'lJ 

'JJ a _I ~~ ~ .?I	 ~ ..r::1 d' 
!IW~:lm11tJflCll'IJ1V11lJtlmtJ1tl~llJtJ3.2 % 'lJfl~ffl'jtltJV1'jtJ = 19,000 X 0.032 

= 608 ni'lJ 
" . 

~r~111mJ'YI1'UflClfi1l1~ml1nfl1'j"'1'l.l~mtJ1	 = 9,500 - 608 ni'lJ 

= 8,892 ni'lJ 

.e:i .eel II) 'JJ Q,I ~ ~ 
J.1J'I'll'lmnV11WntltJ L~ = 8,400 mlJ tl~llJtJ (8,400/8,892) X 100 = 94.47 %1 ..	 .... .... 
llJV1l'UflCli!qjlfftl 8,892 - 8,400 fl'jlJ = 492 mlJ 

ft~J.tJ'U (492/8,892) x 100 = 5.53 % 
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flltlN'Ulfl tl 

~ 

f.)WiI'lI'UVI'UtH Fatty Acid na:: Fatty acid Methyl ester 

d	 ~~ 

9111 Hn 24 Uff~~fJW fflJU;)'Utl~ Fatty Acid U":: Fatty acid Methylester 

_.- <---_._--­
0 

Chcmical name Chemical M.W. M.P: B.P."( C) Densityh( kgll) Solubility 
0 

(	 C) 

211 211 
Mcthyl Oleate CI~H3h02 296.49 -19.9 218.5 0.8739 wI, e5. eth5. chl3 

211 111 
Mcthyl linolcate	 294.48 -35 215 0.08886 eth4, c4 CI',H.'402 

3
I\kthyllinolcnate	 292.46 182 0.8527"2CI',H'202 

Melhyl palmitate 270.46 30 417 0.82477., wI, e4. clh3. acc4 C'7 H'402 
211

Methyl stearate	 298.51 39.1 443 0.8488 eth4CI~H3~02 
211

I'ropiflnic acid C,H,,02 74.08 -20.7 141.1 0.9930 w5, e5, cth3. chl2 

111
l\lalonic acid C,H 40 4 104.06 135 de Sub 1.619 w4, d, eth3, chl2 

211
Caproic acid C"H I20 2 116.16 -3 205.2 0.9274 wI. e3. eth3. chl3 

l'c1argonic acid	 158.24 12.3 254.5 0.9057"" wI, d, elh3. chl3 C"HI~02 
2

A/claic acid C~HH,04 188.22 106.5 921 1.225 • \\'2. d. cth2. h/2 

211 
Methyl propionate C4H~02 88.11 -87.5 79.8 0.9150 \\'2. c5. clh5. ,Il'd 

211 
Dimclhylmalonate C.H~04 132.12 -61.9 181.4 1.528 w2. e5. cth5. ace4 

211
Melhyl caproate	 130.19 -41 149.5 0.8846 wi, e4. clh4. <lcd C7H I40 2 

1
Capric acid CIIIH21102 172.27	 213.5 0.8799 ' wi, d. elh3. elc2 

Dimcthyl azelate C 11 H21,o4 216.28	 156
211 

1.008i" w I. d. acd. bz3 

~lJl CRe Handbook of Chemistry and physics (1995) 

Melting point (M.P.), Boiling point (B.P.), de = decomposes, 

pressure at which the measurement was done 

temperature at which the measurement was done 

Solubility: ace = acetone, bz = benzene, ehl = chlorofonn, ctc = carbon tetrachloride. 

cth = ethyl ether, e = ethanol, w = water 

I = insoluble, 2 = slight soluble, 3= soluble, 4 = very soluble, 5 = miscible 
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~~~n1ffn~~n~n~~~~~lU• 
!~fJ~ nl'l1u~~mjW~UCl~f1f.lUl1WUfJ~ ltJ lfJ~l'lfCl~~~lfl'VIl~ViCllmH~fJ{'UfJ~m~1'U2J'U.• 

~.ff.2548 

1~ rJ~l1'JU m ~ ff~f11~ n1'l1U~~mH.u~UCl~f1Wm~'U fJ~'UfJ~ ltJ 1fl~ l'lfmli ~tfl'V1• . " 
klJ'Vi CllfJff!~fJ{ 'UfJ~m ~ 1'U~U lVlfJl1'Ju m~ ff ~lff~~ 1..riim~ lcNltJ1fJ~l'lfCll1'JUl;ffJl~il~ 1ul;r~~lW'lf6 

1Il'1 ~ ff~ Hfl11~ l~mtu 1..run ~tJnflfl fllffrJt11U n~1~f111~lU~l~~ 1 25 1~~f1'11i1~ Ul1~ 
OJ 

" " 
'Vi 1 :::~1'lfUqj~~nuf{lu1~Ul;ffJl~il~ ~.ff. 2548 fJ1itJ~m~~~n~~~~~lUfJfJn~~~mffH 

>I. " 

~f) 2 ~~~mffi11..rlcNu~fitJlijfJ~Uff1~fftJ1U,rtJ~~U~1u~~~mfflu~1'lfn~~1'411JmJ1 

Ifju~ul~ 

" 
~f) 3 ~~~mff~utJiHn 'I1'icNu~fitJntJ'UfJ~ ltJ lfJ~1'lfCl~~~lfl'VI1~ViCllfJff!~fl{'UfJ!Jm~''l'UiTu 

'~~1'l1111rJ'I1 ~ fJii l1n~ fJ~lmJ 1rJ1~UfJnfJlW l~m l~rJm~'Uu ff ~'VIH'VI~tCl 

,rf) 4 mrJl~u~fitJ'UfJ~~fJ 5 ~mjW~UCl~f1wm~'UfJ~ ltJ lfJ~1'lfCl~~~lfl'VI1~ViCltflff!~f){• 
" 

'1J 0 ~m~ 1'U~U 1..rl1'JU l1J~1~Cl~lflrJ~UUtJ~lrJ~~~mffij 

nUl~~ffU l~~U~~ 1U ltJ1fJ~1'lfCl~~~lfl'VI1~ViCllfJff!~fJ{'UfJ~m~ 1'U~U 1..r~f{l 
OJ 

o '" Q,I <J) d ~ lq jlQ,I d oClto d Q,I , ~ 

11 1~ 'U U~ ~ 'U fJfl11~ 1'I1U 'lffJ1J UCl~~ fJ~ l~ ~ tJfl11~1'I1 U'lffJtJ ~ 1n fJn tJ~ m ~ ~ M ~ 1U n fllJ 1I ~ 1I::; 

'j).... 11) 1 .. "".. 11) .... d'j)'j) : ....
'UfJ 5 ClmjW~UCl~f1wm~ ItJ fJ~1'lfCl~~~lfl'VI1~'VICllfJff!~m'UfHm~ 1'U~U'VI~f11U11J'U 

• OJ 

I 'JI I 'JI 

~lmJ 1rJ'I1~ fJii H1VlfJ~lmJ 1rJ~~~ fJ1~ij ~~ hh1'Jum~'" n1'l1U~ 1U~ 1rJCl~lflrJ~U UtJ~1rJ~ ~ ~ mfl'il 
~ 'JI II I 

n1~ u~ ~f{ 114 l~U ~fJW ~~ft n'lJ W~UCl~f1wm~'UfJ~U 1~u~~n~11m~1~ff1U'" hh,~u 1~ 19l1~.y; 
I 

OJ • 

o " .c::! 'j,J ~ d '" lq iJQ,I d .c::. d 
fll'l1U~ IU ~ 1rJCl~lfJrJ~ UU tJ'VI1rJ 1~ fJ'UfJfl11~mU'lffJtJuCl~~ fJ~ 1~~tJfl11~mu 'lffJtJ ~ 1n fJ ntJ~m ~ 
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(I) 1lJ lEl~tCllm.h::tfl'VItlJn,mnH9IEl{'lJEl.:lm~1'IJ~'\.J,hl1i'lJf11:iri·H:mflhhH.ltl 

':i l'l1mru1~m'\.J Elfl1l1flf11:i'IJ'\.J ri .:I'VIH'VI::m 

(2) 1lJ1El~ tCllft1.h ::lfl 'VI tlJ nftL~fft~lEl{ 'IJ El.:lm ~ 1 'IJ~'\.J ff1l1i'lJf11:i thhJl~tilJ £J TU ~ 1l11J:: ~ 

d.:lm)flll,j'\.JElm1'l1mW1~m 

(3) 1,J lEl~tCllCl,j:i::1fl'VIt1Jn'HmmlEl{'lJEl.:lm~ 1'IJD''\.Jff1l1i'lJf11:ithhl1~mlJ 1I'lHf11'm~ft 

11 1£JlJ1£J'lJCI.:Ii'ilJ1l:'ll1~fJ·n'\.J1~£J 

(4) 1,J lfJ~lCl1Cl,j:i::tfl'VIt1JnmfJfft~fJ{'IJfJ.:Im91 1'IJ~'\.J~umj'llJ11 '\.J:i l'l1fllW l~m ff1l1i'lJ 1~ 

J~l~i~tl~lJl 'Uf11Hlil~ 1lJ lfJ~tCllCl. 
" (5) 1lJ lEl~tCllCl,j:i::!f)'VI!lJn~UElffl91~{'lJEl.:lm91 1'IJ~'\.Jff1l1i'lJf11:i ~1l1tl1£J 1l1'un~~lu1iJll 

~ ~rll'\.JHH~91 1lJ lEl~tClll:'l lvtfJU1 hn~trJ'\.Ji91tl~lJl'\.Jf11:iHil91 1lJ lEl~lCl1Cl 
~ . 

" 
(6) 1lJ1El~tCllCl,j:i::tfl'VItlJnCltElfft91 El{'lJEl.:lm911 'IJ~'\.J ff1l1i"Jf11:i ~111tl1tJ 1l1'unH~1t11i1'IJ 

~ 

'~\'11~ml:i~ff.:lr1~llJ (l)• 
(7) 1lJ lEl~lCl1Cl,j:i::lfl'VItlJnCltElfft91 El{'IJ tl.:lm~ 1'IJD''\.Jff1l1i'lJm:i ~1l1tl1tJ 1l1'unHHa~ '11J 10 

~ 

rl e';I 'j/'jJ : Q,t de Q,I d'
~'ClIl:'ll1:iElHm'\.J1lJ'\.J9111J'lJ191:i1 7 t'VIEll91tl,j:i::ff.:lI'l911lJ (2) UCl:: (3)

~ 

,j'fJ 6 f11:i'IJm!Cl~m:i 1l1'1'l11lJt,1'\.J'lIfJlJ~llJ,j'fJ 4 l:i:il'lfffJ.:I !1Cl::,j'fJ 5 1l1'll1'\.J Ihj~llJ 

116mflf.\lct111lm:i uCl::l1m~1 'IJ~u1ilJ~mlJ1i:ifi1l""".:I.:I1'\.J fiT"'\.J~• 

,j:i::mff W i'\.J~ 11 mflt]ll'llJ ~.fl'. 2548 

11:i1lU 1'l".:I'l..Jqjl'l:ifJ.:I 

c.d c. QI 

fJ1ilJ~mlJ1i:ifl1l~l:'l H 1'U• 
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.fllflNUlfl ;) 

_I~ J ~ 

lJ{]fl1WU\J\Jfl:: 'UU1~ 40 a~1 

IV , ~ ~ J .::t ~ _I-=- J 
~ltJf.lHNafll1T1~i.1tJ.:JNa~I1JTli;utJlll~tJ1;)lflll.flll::T1I111J1::111J lU,,!~lJ{]fl1WII\J\J . . .. 

~ a" VQ.I ~ a ~ q J q q 0 QJ' _ I J CI ~ 

fl:::'UU1~ 40 a~111JtJ l'til~Q~\JfltJtTl1tJUTl1f.lTlllf.lfl;)lflfli;UCUtJ1tJa"tJ.:JU11JUlJli:11Jlll~f.l1U 

.. 
;;N

9 
mV 

8
 

7
 

6
 

5
 

4
 

3
 

2
 

o 
-1 

0.00 

Cafculat~on Method : Percent 

Peak-
No 

1 

2 

Ret. T~me Pk. Start 

_~.i~_ (min) 

0.127 0.102 
0.260 0.252 

• 

.fll'V.tJ1::fltJ\Jfi33 

Pk.End Area Height Area% 
(min) (mV) 

------_. 

0.165 
0.267 

9427 
21 

9448 

10.78 
0.07 

10.85 

-­

1

99.776 
0.224 
--- ­ -

00.000 

y 

~Clltrl'n::M TLC i'U~dfl~l~\Jl1J'U(I) 
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0,00 0.05 0.10 0.15 0.20 0.25 0,30 0.:><> 0.40 O.4~ 

Calculation Method : Percent 

Peak- Ret.. Time Pk.Start Pk.End Area Height Area% 

10 
mV 

8 

G 

2 

o 

No (min) (min) (min) (mV) 
-­ -_..._--_._-­

J 0.118 0.097 0.158 12143 13.38 99.810 
2 0.238 0.233 

-----". 
0.247 

---~--_.._­ 23 0.09 0.190 --_. _._-----_ .. ~ .._­

12166 13.46 100.000 

. ~ 

.fl1'Vt'lh~flt)'lJn34 ~"ilt1'jl~..r TLC "w~':HJthnJl~'W(2) 

i\
 
I \
 

\ ~
 
._ .__ .I_~ ~ .,._,_., ~o__ 

0,00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

Calculation Method : Percent 

Peak­ Ret.Time Pk.Start Pk. End Area Height Area' 
No (min)(min) 

~ ..­ -­ ---------_.~ ------­
(min) (mV) 

---------~-------------.__._--_.--­

J 0.045 0.027 0.082 9823 12.27 99.834 

2 0.17-' 0.170 0.187 16 0.05 0.166 

9839 12.32 100.000 

. ~ 

.fl1'Vt1h~flt)'lJn3S ~"ilt1'jl~..r TLC ''U~dt)thnJl~'U(3) 
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fi''Jorh~Ni.'Inl1'Y1~i.'IO~Nafll1J,"i.'I10t1'lf1oiiJlnt1'fll'J:~n''1J1:t1'1J,u,,!~u!imw . . " 
Q 4 'II SlQ.I Q 4 Q.:t, J ~ .:t, 0 Q.I 4 GJ SI SI 

IIU1..m:1lU1~ 40 i.'Ifl111JO &'If'JflQ~UflOt1'118U'YI1t1'Y1Ul.Jnm nni.'llCJf010i.'l1l0~U l1JUfi'lf'YIO~ &'If Ui.'I'J 

g 
.; 

12 
onV 

10 I
/\

\ 
I \

AI 

• I
61 
.. 
:> / \ 0 

o _____ .I \ --- . i __-_ /'\; 
~~-_. ------------...------~------.___..r-.--• -----.--..... 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

C~Jculatton Method: Percent 

PeQk­

No 

,_.1 

Ret.Ti.me Pk.SLart Pk.End Area He'lght Area% 

-_. __ (min) 
. ----,-----­ __ ~~in) (1l\:i:~~ ~:nV) . 

0.098 100.000 

14403 14.65 100.000 

• 'j/ 

fllfiU-:i:fltJ1Jt136 f-Itl11fl'n:M TLC ''U~'J6dVl'\h~'U (4) 
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12 
mY 

10 

8 

6 

2 

l> 

.... 
o o 

. ~ 
~ " 

-~- _.~---_._--~~ ----...............~_. - ._-._-- "--­
" 

0.00 0.0:; 0.10 0.15 0.20 0.25 030 0.3~ 0 ....0 0 .•5 m 

Calculation Method: Percent 

Pel> k­ Ret.Time Pk.SLart Pk.End Area Height Area%
 
No . __im.i:~) J.:ninL__iminl _ (mV)
 

1	 0.058 0.032 0.102 15937 15.45 100.000
 

15937 15.45 100.000
 

.	 .. 
ill't'n.h"::ntl'U'n37 foml1f>nl:11 TLC l'U~·Jflfh:n.h)jtJ (5) 

(\
o
f! 
o 

6
 
mY
 ! \ 

! \
! \ 

1/ \ I!\\ ,r 
o ...	 ~ " 

. . __. .~ u_1 - -1----- -- _\,""--	 ~_--/'-- -- ­
-~--

0.00 0.05 0.10 0.15 0.20 0.25 0,30 0.35 0.45 m 

Calculation Method 

Peak­ Ret.Time 
No (min) 

1 0.070 

: PClrcent 

Pk.Start Pk.End 
(min) (min) 

0.035 0.113 
._---.-_._----­

Area 

9802 

9802 

Height 

(mV) 

8.05 

8.05 

Area% 

100.000 

100.000 

.	 .. 
ill'Vt1h::fl8'Uihs HCll1t1'n::11 TLC '\'U~'nJfhnh)jtJ (6) 
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