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Production of Biodiesel from Rice bran oil by Catalyst and Non Catalyst 

Supercritical Methanol 

ll'Yl~IP!Utl 

'11uWuii'~mnm1~~'il i.u t11~L·1Hnnmi'1iTw11'll111<ilum::111um1 Hi1 d'1tl5n1u1if u'il eiuL~ rn i1 d.:ii.J5n1U1 

LLurnrn.:iiTu'il11u LLil::i.i.ihri1d'1u5mu11uL11mu11ilm1::L'l'lilei'inri'il ~1'Vl1'um1~~'ili.u lei~L'lla t'il u Hi1 d.:it!5n1u1 

LLlJlJ ~ei'1.ff U'il 1lll. i1 LLU1~tln L~ ein111~mn MLLri m111ru.m<il'llilvh'in LLil :: l'llL~ u11i.rimein L'll<il ~a-;:nnm1'Yl'ilil 1l'1'Y'l1Jl1 
~ 

m111ru.l'llL~u11i.ri<il1eini.'ll<il m111ru.m<il'llilvh'in ~1uii~a'1ieifeiua::~ilM (%yield) 'll1l'1~~<ilnru.'l'l~M 1um1~~<ili.u lei 

~L'lla 1<iluhri1d'1LLuu~ei'1.ffu'ileiu~5m1fhul'ilu 11lilii'1iTw11'll11'1i m11mueiaL'Yi1nu 1 :5 LLa::eiru.'l'l11ii~hi"rhtlfin'iu1 
' ~ dJ 

60 1l'11'11L'llaL<D-u~ 'Y'lu11m111ru.l'llL~u11i.ri'il1eini.'ll'ii"LLil::m111ru.m<il'llavh'in ~m111::~11~ei 7% (w/v) LLa:: o.5% (v/v) 

'il111~1~u 1<iluHna11um1Y11tlfimu11111 120 mri ~'1Mfeiua::~aM (%yield) ~'1~m'Yi1nu 99 feiuil::L11fiaLei~L'Yleif 
dJ ~ ' 

(%wt) 96.2 ~1'Vl1'um1~~'ili.u lei~L'llil 1<ilui.i.iHi1 d'1tl5n1u1 hL11mueiilm1::L'l'lil11'inri'il ML 1Zu~mnti'11i'Yl~'Y'lil'll1l'1 

i1 LLtl1~ii~il'1iei~11u~'lJ1l'1LU tei~L'llil~~~'il M i1 LLtl1~ L~ ei rn 'iileiit1111 l'l11. um1~~'iltl1::neiu~1 u ei rn'l'l11ii m111~u 
5<il·n~1uii'13Tu i1'll11'1iei L11mueiil LL a:: L1il1 hm1Y11t!5n1u1 -;nnm1iiu'Y'lu11 ~1111::~ L m.n::~~ 1 un~1~~'il i.u lei 

~L'llilL'iilei1'1'11~·faua::~ilM (%yield) 111n~~'il 98.5 LLil::feiuil::L11fiilL1l~L'r11lf (%wt) 111n~~'il 97.4 ~El ~1lnl.'1'11lii 300 
" 'I 'I \j 

eJJl'llL'llilL<D-u~ m111iu 18 LiJn::'Y'l1~mil nil1lum1f11t!5n1U1 60 iu1Yi LLil::5'il11~1u1'ilu 1iJaii'1iTui1'll11'1imiJm 

ll.1lil 1 :42 l'ilULlJ tei~L'llil~~~'ill'ill'ilUlnl'lii1d'1LLil::Li.ihri1d'1tl5n1u1iiflru.~3J1J°1i'Y11'1L;f1l L'Y'l~'11lciLU~1ll.rl1'1'\ll.'il'JJ1l'1 
3J1<il1j1U i.u lei~ L'llil LLil::ii'1iTu~ L'llil'l'\~u'li1 ueimnnd'tu lei~ L'llil~ ~~'il'\11~ LiJmueiam1:: mileii~ ri 'il Hna11Zei un11 

m::111um1LLuuhri1Li'1i.Ji'in'iU1111n LLil::n~L'llei1eiil~Miim1iJu'i~'Ylt~.:i 
dJ ' ~ 

Abstract 

This research work is a study of the production of bio-diesel from rice bran oil by three different 

processes, catalytic single step, catalytic two-step, and supercritical methanol. For the catalytic two-step process, 

the effects of the amounts of sodium hydroxide and sulfuric acid on the percent yield of bio-diesel production 

were investigated. It was found that both sodium hydroxide and sulfuric acid affected the percent yield . The 

optimum condition to obtain the highest percent yield of 99% and 96.2 percent (by weight) of methyl ester for the 

two-step process was at the molar ratio of 1 :5 for rice bran oil to methanol, at a temperature of 60°C, 7% (w/v) 

sodium hydroxide, 0.5% (v/v) of sulfuric acid and with a reaction time of 120 minutes. Variables such as 

pressure, temperature, molar ratio of rice bran oil to methanol, and duration of reaction were studied to 

determine their effects on bio-diesel produced by the supercritical methanol process. It was found that the 

optimum conditions to obtain the highest percent yield (98.5%) and methyl ester (97.4%) was at 300°C, pressure 

of 18 MPa, reaction time of 60 seconds, and with molar ratio of rice bran oil to methanol of 1 :42. The fuel 

property of the bio-diesel produced by this process met the requirements of standard bio-diesel and low speed 
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diesel fuel. In addition, it was shown that the supercritical methanol process took a shorter reaction time than the 

traditional catalytic process and the purity of glycerol was much higher. 

Keywords : Methyl ester, Supercritical, Transesterificalion 

1. u·tnh 

'lu 1e:i~ L'l!a'Y1111LL riu J1iJu~L·1rn Luu m.J La an~iim111 
LUU 'ltl'l~ Li" 1111tJLi11111n l 'li"l~ nrnTl~El.J tJ u~~ L'l! a 'YI n 

tl1m1'Yl 'l~~e:i.Jiim1tlfoLL'il.J LTl~El.J tJU~ 1im~.JU.J~.J~a 
m::'Ylu'ii a~" LL 1111aa 11'1!a tJ n11ii'1iJuilhm~ tJlJ~ L'lla 

L iia.J'11 n LlJ fa~ L'lla LUUL :A'a L w a.J~ Li:: a1111ii tl.Jtl tl1::n tllJ 

'lJ tl.:ltl El n:UL11utl1::111ru. 10-11 % LL a:: 'liJiitl'1111ru.'llaL ~ af 
.J' ' ~ l "' 1 ~!'I (Demirbas, 2005.) uam1num1m LlJ EllllL'l!a111 L'llLuU 

L:A'mwa.:iiiil8L~LmtJun11J1iJu~L'lla L'llu iifi1m111~i't111 
Li.Jn11J1iJu~ L'lla L~n'l!e:i tJ iifi1'iiL 'YlULLa::11m1u'l ~ Li.Jn11 
" ' " 
J1iJu~L'lla (Kalam and Masjuki , 2002.) 

'lu la~ L'llaLi'.JuJ1iJuL~tJLWfiJ~L~111nm1it1J1iJu 
Yl'll~i8J1iJ'l.\i1111111 Ltl~ tJU 1m.:i Li1'1.Jm.J LTl ii~1 tJnwrh 

tJ iji'i'i [J1 Yl11 Uff L El LiL 'Y1 a'i~ LTl 'J!u (Transesterification 

reaction) nrnLaanmrnll" MNi\111.tlru.'li"Li'.Juaa~a La LiL'Yle:if 

(Alkyl ester) ~ia'lu fa~L'lla<i1.:iiiLi11u~lnaL~tJ.:1nuJ1iJu 
~L'lla~11wil1LLa::Lii111Nawa1w'l~ (By product) Lih 

' 
n~L'll8iu (Demirbas, 2007.) tl5n1tJ1m1utt°LtJLiL'Y1El'i 

~ LTl'llULi11111'1 L n111if u M~ Tl 1111 c;l U1J11[J1n1fl8 n4 ~11 iJ 
' " Jf .:i LL'il 8 ru.~11iJi8.:111uii.:111111L~8111'JJ 8.:J LLEl an a n8ll"1111tJ1 i . " . 

i1 dJtl5n1mL il1'll1 tJ LL'ili~m1Hi1L1.:itl5n1tJ1'ii'.Jmh1 

iiile:i LtitJ~a1 tJtl1::m1 L i'.18J111m~ 8tl5n1tJ1 LLi711iuaJ 

i1L1.,,t15 n'itJ1'ii'.Jn a1111:: uJ1111 e:i ~nu Na 'iln ru.'l1r11 l v; 
m::u1'1.\m1Li'il'r11tJ'JJE1.:1m1Nfi'ilL1J La~L'lla u8n111m:: 

' .... .... .... ' ... .... ... 
'iltJ.JLLtJnnaL'll81ULLa::1::mmL8an e:ine:ia e:ie:in LLa1 'ilEl.:JLWlJ 

if u'ilaum1a1.J~1tJJ11in Luu'11u 1u111n L Yl e:i'll::a1.:ii1L1.,, 

tl5n1tJ1~ N Lill El~ El an LU r11 l iLn111J1LtitJlu1::urni'.Ju 

'11u1u111n UEl n111ndm::u1um1N a'il LlJ 18~ L'lla~l [J 

~1L1.JtJ5n1tJ1lh:: L11'Yl LlJLi'1::r11tJBn'itJ1LiW tlU~ LTl'J!U 

(Sponificalion reaction) num'ilL'JJ!TuiiLi1::LnlllLUULi~ r11 

liLn111il iy~1 'liJ LLtJn.ffunu ~ie:i 1iL1 a1 l um1LLtJ n.ffu u 1u 

(Nie, et.at, 2006; Noureddini , Goa and Phikana, 2005.) 

LL u 1'Y11JWit.J L Un11LLnilqi~1'ii'J n a11 ~El n11Na'il LlJ fa 
ii L'lla 1111 tJ'liJl ii1L1.,,t15nitJ1~1 [J L11muaa1111:: L ~i'te:i 

im]'il (239.4 e:i.:imL'llaL'iitJLiLLa:: 8.09 L11n::w1Lima) 1111tJ 

n11Na'il LlJ 1a~L'llai~d1-a~tnm1L 'Y1 an11'lilu1iJmH111 

~1[J nfl11~8'JJEl.:I ma1~i8n1'llL~tltJ£]111tJ1fi°ant~11iJUa:: 
" . " 

m111iuLnU11'ilinq'il (Supercritical point) TlntLilJ~'IJEl.:I . . 
'JJ8JL~a11::iim1Ltl~tJULLtla.:i'ltl111nL~lJ 1::tJ::~1J1::wh.1 
111 Lan a'JJ El.:! Li11'1:: L'l 111 L'l.:I L n111LL1.:1~'1 'ii 'i11rnl1J nu111nif u 

' " 
(Li11h 'JJ111:fiwwu:iiJ111 LLa:: e:i1fi'ilv 1°Jtiff'uii11uun. 

2546.) r11liLi11~nLimwif1<il1.JnuL'llu J1irw~'IJua::L11 
mu8 ar11tl 5 n'itJ1<il e:i nu M~1 tJitu 

J1iJu i1il11 LUWl'iln~u~'1.:i~i.i1Liu h l um1Nfiil iu 
' 

1e:i~L'l!a L iia.:1111ntl1::L 'Ylf!L 'Yl [JL~~8l1 LUUU ~ aJNaTt-ti11fl 

~1~ill'JJ8.:I fon111if.:1LL'iltl~lll il1111uuwu11tl1::L'Ylf!LYWLUU 
~ ' 

iitJ'i111ntNaNfi'iiiJ11Li1111lJ 17.9 a1uiu ~iatJ1::111nt 

18£Ja:: 30 'lJ8 ·.maNa'iiil11~1 fon ('ll1tyi'Ylv 1°ilu11fli. 

2550) L'il tJi1iJ11 Li'.JuNawa e:i tJL~'ll e:i.Jil11Ltlaan~i1Luu 
... !' Q..> ~ ' ... 1EltJa::7 'JJEJ.:1u1~unm~11'il (111w1 W.Jflli1~aw1u'IJ , 

., ' !'I • I<; d~ ' ~ ' .. A 2543.) 11::mu11LuUu1111nt'Yl LlJ111nUnLLil L11aw~11ru.1 

n.:iNa Na'i1il11 Llll[J11lJ'll8.:JU1:: L'Ylf!L 'Yl[J ~Jr11 lV:iim111ru. 

i1iJ11~Li'.JuNawae:itJM~1u1uuua1uiu c;l.,,Ju.,,1uiitJd° 

~.:iliuhm::mumwa'il'lu 1a~L'lla111nJ1iJui1-ti111iltJ lii 
m::111um1Hi1d.:itl5fi'fo1 LL11uif u111 auLii tJl Lia..i 

if u'il 8U LLa::m::u1um1'liJH'il1 d.:itl5n1tJ1 l uL11muaa 
d A. d .d -~ .... .J 1111::L ~UEllnr]'il LW Elflm~1LlJ1[J1J L 'Yl[J1JLi1111::'YlL ~lJ1::LilJ 

'ilam1Na'il 1111rf.:1~mflil11•i'tJ~ii'ila1atJa::Nahi° (% 

~ A ' - I A yield) 18tJa::LlJ'YlL'lLElLiL'Y181 (%wt) LLL'l::LilJ1Jil'Y11'1L'IJtlL'l'la.,'l 

'lJ 8.:i'lu la~ L'lla~ Na'il 'l111'1~-;i1nrf.:1Li111m::mum1 

3.1 -l(;lnaimrn::<'!Tnfli:i 
' 

J1iJui1il11 (u'ii;-'Yla111htJ '11n<;1 tl1::L'YlflL'YltJ) 

1'iltJJ1iJui1iJ11iifi1m1mi'.Jum'ilLri1nu 0.2 mg of 

' ' 3 ' KOH/g of oil mm111~u1Lm'I.\ 0.92 g/cm ua::mm111 
d 2 IV ' 1 d 

~U'il 38.43 mm Is (~nqiiy1 ~.:Jl!t'Y18.:I LLa:: LilJ 11 'll'11'llW 

wufi.:1111, 2551.) LlJ'Y11U8a (99.9% analytical grade . 
u'i,;-'Yl Carlo Erba tl1::L'Ylf!D'il1~) L'l!L~tJlJLnman'l'll~ 

(98% analytical grade u'ii;-'Yl J.T.Baker tl1::L'Ylfl 
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lJ1LflL:firJ) m'iliflY-l11n (97.6% analytical grade u1.;'Yl 

J .T .Baker tl1:L'Yll'llJ1LflL:fiE.J) N-heptane (95%u1.;'Yl 

Labscan asia '11n'il tl1:L'Yll'IL'YlE.J) Standarad methyl 

ester hfon methyl palmitate, methyl oleate methyl 

linoleate LLfl: methyl heptadecanoate (99.9% analytical 

grade u1.;'Yl Fluka tl1:L'Yll'lff'Vlf~mll1m) 

3.2 L~7•hiiieifi't1i'l"nT'i1iu 

Lfl~ 11'1lj11 ~1'111'U,n1"'l'Yl'iifl11'1~~'iiLU111 ~ L'llfl ~. E.J 

d A !'I d t!A <' 
m:U1'U.n1"'l"Lll'Yl1'U.11fl1l11:L'V\'U.111ml'ilLu'U.Lfl"'l11'1 !Jff'i"ill 

m1ll<il'U.~'1LLUUn: (High pressure batch reactor) -;nn 

u1.;'Yl Autoclave Engineer tl1:L'Yll'lff'Vlf;i11Ll11m fa 
d ' 

EZE-Seal Assembly rh-;nn lfl'VI: stainless steel Ll:i"U. 

tJ1U.l'IU.LJnN1'1mE.Ju.11n 3 ii'1 'Vim 0.05 ii'1 'YlU.m1ll-i'11u. 
~ 

~11rn'Vl11il 454 11'11'11L'llflL:fiE.Jff m1ll<ilu. 3300 tl11w;f'ii11 ' ~ 

'11111,iib (24.5 Llln:Y-11ffmfl) ljtJ1ll1mnll 500 

ilfl~~'il"'l 

3.3 n1"HlhLit'll.n11''Yllil6lil,'.I 

3.3.1 m1~~'i!Lu 11l~L'llfl'11mi'13Twhii111'11rJH 
tiDn1rJ1m1u.if L11ffL 'Yl 111Y-J LWn'U.LLuu.ff u.'il 11'U.L~ [J'") (Single

step process) 

m1~~'i1Lu fa~L'llfl'11mi13Tu.11-ii111'11rJH'tiDil1rJ1 
m1u.if L11m 'Yl 111Y-J LWn'U.LLuu.ff u.'il 11'U,L~ [J1 (Single-step 

process) Li;i'Ei'1,ia,i-;i1n~flm1''Yl'ilfl1l'1~lj~.yhm11,JrJH 
~ 

LLir1 1'11rJLi;i'L~11nff1111:~~~ff'il~1I el'il"'l1~1'U. 1'11rJ llifl 
' 

Lll'Yl1'U.1lfl'ii1l\i13Jwh•Ji11L'l'hnu 5:1 m:i.nrnl'llL~rJllL~'il"'l 
11nL'll<il 7% 1'1lmh1-'IUn'll11'1l'llL~rJlltn~n11nL'll<il'ii11 
tl1m'ili-Lllmu.11fl L 1fl11u.m1rht!Dn1rJ1~11 60 mti 

~ill'Vl1Jil1u.m1'111tiDn1rJ1Lri1nu 60 11'11'11L'llflL:firJ (l~m 

Du.Lffll LLfl:flrn:, 2549.) 

.ffu.'i111u.n11'Yl'i!N11,iu1J13Ju.i1i11ll11i~11ll111u. 
' ' ' 

-;iu,m:'l1,i11rn'V\1lilfl'1titi 60 11'11'11L'llflL:firJff LLlt1L~ll 
' ~ 

ff1"'lfl:fl1rJ 1'llL~rJllLll'Yl11n'll1'll<ilfl'1hJ13Ju.i1i11 tJu.mu. 

60 mti rl',i1iLn'ilm1Lwn.ffu.11tJ1,iffllmrn Lwnff1i-.ffu. 
~ 

ci1'1~'1Li'.Ju.n~L'l!11111fl1111n ir1'1ff11.ffu.uu.~,iLi'.Ju. Lu fa~L'llfl 
i;l1rJJ1riu. 2-3 flr,J u1Lufa~L'llfl~L'i11.t11im1ll-i'11u.Lvi11 

' 
1: L 'VI rJJ11111n u1 ~~'ii.rlrn'l'1~1 i111 rJfl:~ N Li;i'ff'1ff'illl1 

~ ' 
"" If' "-'A A' .::>. .d A~ A, IV 

1 Lm1:'V\ ffllU'il'Yl1'1 L 'JJ11 L Y-1 fl,J L Y-111 Lu"'lrJU L 'Yl [JUfiUll1'il"'l~1'U, 

J13Tu. Lu fa~ L'llfl LLfl:J13Ju.~ L'llN'VI llwn1-;i1nm'1l1;i1wn 11,i 
' d 

mlln-1n-;iY-1i,i,i1u.m:m1,iY-1i,i,i1u. 
' 

3.3.2 m1~~'i!LU lei~ L'llfl'11nJ13Ju.i1i111'11 rJH 

tiDil1mff11'1.ffU.'il1l'U. (Two-step process) 

m1~mfl 1 u.m11,JrJ.ff u.'il 11u.d'1'1l"li5'1111~1u. 1'11 rJ 

1llfl'll11'1Lll'Yl1U.11fl'ii11J13Ju.i1i11~,i~~ 5:1 ~,i.J1,ia,i-;i1n 
~Nm"'l~~'i!LU fa~L'l!N1nnJ13Ju.i1i111'11rJH'm:mu.mi-
i:: .. Al 0 

'll'U.'il11'U.L'ilrJ1 (Single-step process) 11ill'V\1lll 'U.n1"'l'Yl1 

tiDil1rJ1.ffu.'il11u.d1'il1i~ 60 11'11'11L'llflL:fi~ff n~11u.m1'111 
t!Dil1m~ 11 120 u.1til'iirJ'1:'111m1~nm<il1 LLti1'ii1,i 'l ~ 
L~rJ1i11,i~11 tl1mrnm'iliflY-l11n LLfl:ti1ll1rnl'llL~rJll 

L~'il"i11nL'll<il 

.ffu.'i111u.mi-'Yl'ilN11,iu1J13Ju.i1i11ll1riu.t'ilrJ1im1ll 
' 111u.-;iu.11rn'Vl1lilfl'1~~ 60 11'11'11L'llflL:firJff -;i1mf u.L~l1Lll'Yl1 

' ~ 

u.11flLLfl:m'iliflY-l11nfl'11u.J13Ju.i1i11 't111iLn'iitlDil1m 

L11ffL'Yl111Y-lLwnu. -;i1mfu.L~llff1"'lfl:fl1rJ'll11'1 l'llL~rJllln'il"i 
11n L'll'111 mllmu.11fl'l111 iLn'iltiDil1mm1u.if L11ffL'Yl111Y-J Lfl 

iu. .yi,i 1iLn'iln1"'l"LLrJn.ffu.1:wh'1LU fa~L'llfl'V111lLllrifl L11ff 

L'Yl 11fnun~ L'll111u. LLrJnff11.ffu.ci1,i~,id'.Ju.n~ L'll11111N 1111n 

u 1 ff11.ff u.uu.~,i LU'U.Lllri fl L11ffL'Yl11 f~M-;i1 ntl D n1rJ1 m lt1,i 

i;l1rJJ1riu. 2-3 flr,J u1Llli1flL11m'Yl11f~L'ii1.t11im1ll111u. 
' 

L Yl111: L'V\ rJJ11111n u1~~'ii.rlrn'l'1~1 it11rJfl:~fl Mff'1ff'il:IJ1 

1 Lm1:'1K fflJU°1i'Yl1'1 L .:%11LY-1~'1LYi11 Lti1rJu L ti rJUTlU ll~'i1~~1'U, 
J13Tu. Lu l11~L'llflLLfl:J13Ju.~L'llfl'VlllWn1-;i1nmm;i1u.'ll11'1 

' d 

mlln-1n'1Y-1i,i,i1u.m:m1,iY-1i,i,i1u. 
' 

3.3.3 m1~~'i1Lu fa~L'llfl l'iirJLllH<il1d,itlDil1rJ1~ 
Lll'Yl1'U.11fl1l11:L'V\U111nri'il (Supercritical process) 

m1~mnlu.m1WrJ.ffu.'1111u.U-;i:Li'lu.m1'V\1ffm1:~ 
L'V\ll1:ffll1u.mw~'i1LU fa~L'llfl 1'11rJ H'Lll'Yl1'U.11fl1l11:L 'V\U11 

1n11'ili;l1rJm:mu.m"iLLuun:LYi11 L 'V1Li;l111 rJ fl:~a L~ 
(%yield) ff'1ff'il l'iirJ'1:'111m1~mn<il1LLti1'ii1,i 'l ~L~rJ1 

~ ' 
.... I Q.; .¥ Q 

'll11'1'il1'1 'iJ,J'U, ~ill'Vl!Jll 240, 260, 280 LLfl: 300 11'11'11 

L'llflL:firJff m1ll<il'U. 8, 12, 15 LLfl: 18 Llln:Y-11ffmfl L1fl1 

~Hhm1'111t!Dil1m 30 60 120 150 1mti 5m1~1u. 

1'11rJ1llflJ13Tu.i1i11'iimllmu.11N 1:26, 1:42, 1:50 (Saka 

and Kusdiana, 2001) 

nl"i'Yl'ilfl 11'1 L~ll'11n~ ffl1J13Ju, i1i11LLfl:LlJ'Yl1'U.11fl1 u. 

el'il"i1~1'U,~~11'1n1"iLLir1L'Ylfl'11mfl~11'1UDmrnm1ll<il'U.~,J 
LLir1't11m1tlfui,i11rn'VlnilLLa:m1ll<ilu.'il1lli;l11,im1 l'iirJ'il ' ~ ~ 

'11 n LL~ ,imu fl ll 11 rn 'Vlllil LLfl:m1ll<il'U. 111'1 'U.11ill'V\1l il LL fl: 

m1ll<ilu.fl,i~ '-;i1,niu.~1t!Dn1rJ1~L 1fl1'ii1; 'l tl;11rJ1i 

Ln'iitlDn1rJ1-;iu.n,i L 1fl1~n1'V\u.'i1 1nniu.u1 ~~'11.rl rn'l'lm 

'l":L'V\rJ Lll'Yl1'U.11fli;l1 rJ L~~11'1"i:L'VlrJLLUU'V\ll'U.Ll rJ'U. i,i.yi,iL i' 
' 

1iLn'iln1"iLLrJn.ffu. -;i:M~1'U,U'U,~11LU l11~L'llfl'V1111Lllrifl 
L1lffL'Yl11f LLN:~1u.ci1,i~11n~L'l!11111fl u1~~'ii.rlrn'l'1~1i111rJ 
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a:: i:.i a M a-J a-~ mi Lm1::'1-1 m.1u~m" L ~El L ~a" L vl t1 Lll1u u 
~ ' 

L Yi !J1Jll1J:IJ1~1~1·1ni'1iJ'\.I 'lu 1EJ~ L'llfil LLa::J1iJ'\.I~ L'llfil'l'll.JWn1 
~ ' 

'11nl.J1m!1w1Jt1Jml.J~1ii'1~a""1'\.lm::m1J~a""1'\.I 

3. ~H'ln1'!'11~1'Hh1LLiil::~'11"Hl! 

3.1 n1'!1\la~ 1u fa~L'!liil'11nJ'-u'.Jwh~1'l L~HJL'li 
tJij n1 ll1'11 '!1 'M. "L ti ff L '11ti1" L ~1f''M.LL 1J 1J # 'M.~ ti 'M. L~ ll 'l 
(Single-Step Process) 

'11ni:.iam1mrn EJJi:.ia~ 'lu 1t1~ L'!la'\l1nJ1iJ'll i1'li11 
..... .t ..,. """ ' !' """ 0 ..... ' 

mum::u1'\.ln11"JJ'\.l~EJ'\.IL~!J1 t1~11a-1'\.l'\.11lJ'\.111"JJ11~EJ 

L1Jm'llt1filLri1nu 1:5 1.l'11J1rnl'llL~!J1Jhmt1n'l'll~1'11 

Ll.J'Yl1'\.IEJfilLri1nu 7% (w/v) HL1a11'11m1't'i11.lDii'1u1 60 

'111'1 Eltl.1'1'11ln1'\.lm1't'i11.lnii'1!J1 60 El\11'11L'llfilL'ii!Ja- LifEJ!J 
' ~ ;.J 

a::i:.ia'l~ (%yield) Lri1nu 90 ~Ja-t1~mfaJnui:.iam1 
'Yl~filEJJ"JJEJJ 1~m tl'l!La-mLa::flrn:: (a-nrunn 'l'IJM'YlEJJ ' ~ ~ 

Lrn:: a-!Jh "JJ'\l'l"i~-W''llfi\11lJ, 2551) Lrn::Mft1rrn::Ll.JfifilLEla' 
' L'YlEl'fl~uJ1'Vlit'n (%wt) L'Yi1nu 96.4 

3.2 l\lam-,n~at1\lm,.l\la~ 1ufo~L'!la'11nJ'1ar" 
·h~1-i fau'l'li'tlijii1t11G'lt1\l#'M.~tl'M. (Two-step pro

cess) 

3.2.1 i:.Jfil"JJEJJu'1l.l1rnm~'li'aYJ1'1n LLa::1'llL~!JlJ 

'ln~1t1n'l'llc;f 

m1~mfli:.Jfil"JJEJJ1.l1mrnm~'li'avh1n LL a:: 1'llL~!Jl.J 

'ln~1t1n'l'llc;f~t1n11i:.ia~'lult1~L'llfil'11n1.lDii'11J1a-t1J 
~ 1 A "ll'\.l~El'\.I (Two-step process) ~!J'Yl~filEl\IU'l"l.J1rnm~ 
~~I A .J 1 'llfiln1'l"n'Yl 0.1, 0.25, 0.5, 1 LLfil:: 1.25 % (v/v) '\.ILL~fil:: 

m1'Yl~at1J Hilm1a1'111~ !J 11JaL!Jm'llt1a~ t1J1iJ'll i1'li11 
dd A .t .d 

fl\l'Yl'Yl 5:1 (m::1J1'\.ln1'l"i:.Jfil~LLlJlJ"IJ'\.l~El'\.IL~!J1 5:1 LLfil:: 
~ A a 

m::1J1'\.ln1'l"a'El\l"IJ'\.l~El'\.I 5:1) ~tl.1'1'11.Jl.l 60 El\lfl1L'l!filL'll!Ja' 

L1a1hm1't'i11.lDii'11J1111J 120 '111'1 (L1a1thwfo 

llDii'11J1Lt1'1'L'Ylt1'1YlLfli'll 60 'll1ri LLa::llDii'1u1m1tfLt1'1'L'Yl 

t1'1YlLfli'll eo 'll1ri) LLa::1.l1mrn1'llL~!JlJLn~1t1n'l'llc;f 

'Yl~filEl\I~ 3, 7 LLfil:: 9 % (w/v) 1~!Ji:.Jfiln1'l"'Yl~filEl\l~MLL'1'~\I 
1'11111~~ 1 

'11n111~~ 1 Lnm':i'111rn1~1.l'1l.l1rnl'llL~!J1JLnmt1n 
'l'llc;fflJ~~ 3%, 7% '1'11EJ 9 % (w/v) '1::1ii:.ia1uti1'\.IEJ\I 

L~!J1n'll~EJ m1Lvil.lmmrnm~'li'aYJ1'1n '\l::!ii:.ia1ift1!Ja:: 

i:.Jfil L~L vi1Jii''\.ln\1~1'1'\la'~ LL~1'1'\a\l'\l1nif 'llm'l"L vil.Ju1l.J1 rn 
~ ' 

m~'li'aYJ1'1n'1::aJi:.ia 1if t1 !J a::i:.ia 'l~a~a" 1~ !Jf EJ !Ja:: 

i:.iaMa-Ja-~!i~1Lri1nu 99 LLa::MfEl!Jfil::LlJfifilLEla'L'YlElfl~!J 
~ ' 

J1'1'1it'n (%wt) Lri1nu 96.2 ~ml.l1rn1'llL~!J1JLnmt1n'l'llc;f 

100 

90 

60 

_._ NJO! I J%(w/11) -&-N.:ioll 7%(w/v} ~ NclOI t tj'lgjw/v' 

50 

02 06 08 12 

tn't"ifi 1 i:.ia"JJEJJmmrnm~'li'aYJ1'1mrn:: 1'llL~!Jl.!LnmEJn 

'l'llc;f~t1f t11Ja::i:.ia M~ilm1a1'111~!J 1l.JaLlJ'Yl1'11EJa~ mi'1ilu 

i1'Ji11Lri1nu 5:1 Eltl.l'l'lllii 60°C L1fil1 120 u1ri 
' ~ 

7% (w/v) LLa::mmrnm~'li'aYJ1'1m'Yi1nu 0.5% (v/v) ~" 
m1L~ l.lm~'llaYJ1'1n ITT min a~1.l1m mm~ 'l "JJ ii u!i a-1:'t'i1 

1illDii11J1m1Lii~a-i.J'itt1!Jfil\I hmJmJ'li1l.Jti1L~1Jm il 
~ 

'li'aYJ1'1n L 'llu'1l.l1 rn ~ l.11 n L ii'll 'lum~'1::'t'i11.lD ii'11J1nu 

LLEJ an EJ nt1 ff LL a ::~1Jti11 i!ii.J1m rn J11'II1::uua-..iii'ua..i i:.i a 

lift1 !Ja::i:.ia 'l~a~a\I '\.IE1n'\l1n-d'm1L~l.lm~'li';YJ1'1nm n 
Lii'll Lu'\l::!ii:.ia m::'Ylu~ El Lfl~EJ\I !J'\.lc;f L ~11::mil'li'aYJ1'1n 

LU '\In 'l"~ ~ n 'l 'Yl f1 '\I min~ n'l El '\I a'" El1 '\l'l'i1 l i:B'u a1U 
~ 

Lfl~El.:l!J'\.lc;fL~!J'V\1!JM 

l 'lla1 'll"JJ EJ .:i i:.i a m::'Yl u~ L ii ~'11nu'1l.l1 rn ha ii !J lJ 

'ln~1t1n'l'llc;f~~1'1'11t1~.:1Lii'lln11~1"1Jt1.:im~~L'l'll.J1:al.J '\l: 
ti1 lifEI !Ja::i:.ia M!i~1a~a.:1 L itt1J'11n1.l'1mrn 1'l1Lii!Jl.!Ln 

mt1n 'l'llc;f~'ll'EJ !J Lii'll 'lu'1::ti11 illDii'11J1m1'11tfLt1aLnt1'1 

~Lfli'llLii~'l1ial.lmrn LL~'l'l1nmmrn1'llL~!J1JLnmt1n'l'll~ 

~l.J1nLii'\.ILU"iJ::ti~1iLii~!iiJa'li''\.1'1'\.lm::~;iriEJi1LUUL'1fil 
LLfil:: Lii~ilqJ'1'11 L '\.lm1LL!Jn.ff'll"JJ EJ.:J n~ L'!IEJ'l"Elfil t1t1n-;i1n.ffu 

""' r d .. la ,c:11 .¥""" 
Ll.J'Ylfil LEI a'L'Yl El'l" Ll.JEJ Lu'l"!J1JL 'Yl!Jum::u1'\.lm1'\.lnum:u1u 

m1i:.ia ~ 'lu 1 a~ L'llfil'11nJ'1iJ'll i1'li11 LLUu.ff u~EJuLii !J1 

(Single-step process) ~u11ft1!Jfil::i:.ia'l.J (%yield) a..iail 
,,,;. ..... d ..... ... "' ,,. " 

L~lJ'\l1n'l"El!Jfil:: 90 LlJEJhm::u1'\.lm'l"i:.Jfil~LUUU1JlJ 
.t ... :'I ..... d 1 ~ A 

"ll'\.l~El'\.IL~!J1 Lu'\.l'l"El!Jfil:: 99 LlJEI 'l!n1'l"i:.Jfil~U1J1Ja'El-.l 
~ 

"IJ'\.l~El'\.I 

3.3 n1'!1\la~ 1u La~L'!liil L~tl la,j'l'lf 111-i L1\:1tJ!jn7t11Yl 

UJ'l11'M.tliiltn1::L'lllii.t1~nq~ (Supercritical process) 

3.3.1 i:.Jfil"JJEJ.:1~rn'Vl1JiiLLfil::m1l.li'll 
""'""" .J'd ""' """ d.a .:11'111'\l !J'llfln1'!-1 i:.i fil"JJ EJ.:J ~ rn 'I'll.] lJ LLa:m1l.l~'\.l 'Yll.J~ EJ 

fEJ!Jfil::i:.ia'li (%yield) 1~!J'l'i1n11'Yl~filEJ'1~EJrn'Vl1lii 240 ' ~ . 
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260, 280 LLa:: 300 EJ\lfl1L'llaL<ii£Ja m1:1Jiu 8, 12, 15 

LLa:: 18 LJJn::mama qi1:1J~1iu na1lum1l'11tli.jirfo1 
~ 

60 imii LLa::e1m1ihult1iTwi1'li11~ mJJmuEJa 1 :42 

wu11f EJ £Ja:: ~a i.~~ i.,:i Lm1::V11.~3hi1L YiJJif uLn El El rn V111ij 
' ' ..... ...: ..r ..... d ' "" 

LLGl!:fl11:1Jq)ULW:IJ'IJU LLaq).Jq).J111W'Yl 2 LLGl::W1J11"l'EJ£Ja:: 

~ai.~:1J1n~a111n~1Lri1nu 98.5 Ln111ifu~EJrn'Vl11ij 300 

120 

100 

20 

' ' ' 

-+-240 ( 

--- 260 ( 

-r- 2eo C 

- 3oo C 

"' ' 

10 
1lJlu-l11 (nm:'l'IH'f'rlHI ) 

15 20 

11Tni12 LL~111.,:i~a'IJEJ.JEJrnV111foLa::m1:1Jiu~EJfEJ£Ja::~ai.~ 
' ' ' ~ 

fiaqi11a1ult1iTwi1'li11~m:1JmuEJa 1 :42 na1 

lum1l'11tli.jn'1£J1 60 iu1ii 

a1:1J1w EJnu1 £J m1'Yl111a EJ.JM11 El rnV111ij~ L YiJJif u 
' ' 

l'11 l V1"t:1J Lanaa11lu1::uunw i.,:i.,:i1w;iaifa.,:iif uLLa::Ln'1 m1 
' ' 

"l!UnU'IJEJ.J 1JJLa~amnifu a\l~Gl linam1m1Ln111t.Ji.jn'1£J1 
...: ..r .J ... ' ""' ,d "" 

LW:IJ'IJU LLGl::'Yl~tlb'Vll,]lJ~.Jn11~ tlb'Vll,]:IJ L 'VIUEJ1n(jqi'IJ El.J L:IJ'Yl1 

UElfl (239.4 1l.Jfl1L'llflL<ii£J~LLGl:: 8.09 L:1Jn::w1ama) LlJ 

'Yl1UEJ a nfl rnam:r~ LUU'IJ EJ,'.JL 'VI ai nri qi L 'VlitEJi nri qi°t11 l i 
' 

a1lJ11tlLLW1L~lJ1nn11LlJ'Yl1UEJa~n~mu::LUU'IJEJ.JL'Vlfl1 
nm1:1JV1it111 (Viscosity) LLa::i:1J1.h::~'Yl{m"l'LLW-fm::-;i1£J 

'"1 ~.. ~ w -~ 1 ~ (Diffusion coefficient) 'Yl naLfl£J.Jnum'll 111 'Vl~1:1J1"l''1 

LLW-i'Vl°1EJLLmm'li1i.tilulm'1af1.,:i'IJEJ'1a11Ju') M~ri;iitu 
LL~L U'IJ rn:: L~ £J1 n Un1"l'L .yi lJ El rn 'VI 11ijn-;i::n~a1 i fl11 lJ 

' ' 
'VIU1LLUU'IJEJ.JLlJ'Yl1UEJGl L V1it11inri111n~1a111a.,:i ~.,:i-;i::a;i~ a 1 i 
1JJ Lfl n Gl'IJ EJ.J L:IJ'Yl1UEJ fl L 'VlitEJi nq 'fl nu i1'1 n fl ::a1 £J El U~1.J 

' ' ' 
nu l'11li~aiwfi'llEJ.Jm1a::a1£Ja111a;i ~'1a1:1J11mLm'llM 
1111 £Jm"l'L Yi:1Jm1:1Jiu 1 i nu'll EJ'1 i. 'VI ainri ~ LV1it11i n qqi L Yl El 

l'11 linm1:1J'Vllt1LLUULYi:1Jif u l'11 liflrn~:1Jllii'IJ EJ,'.j'IJ EJ,JL'Vlfl 
' 

L'VlitEJinqqi nflrnam:r~lum1a::a1£JM~ri.Jifu ~.JLUU~a 
' 

Li~ El rn 'V\11 ij LLGl ::m1 lJiUa.J a.,:i ~fl L if EJ £J a::~ fl hin~1 
' ' ' ...: ..r "" LWlJ'IJUm£J 

Q..I I :- Q..I 0 ... I 

3.3.2 irn1lehHIGl"l'1<'f'l\.l,\.l,1:IJ\.l,"j'11J1'l(;lilUJ'Yl1\.l,iHI 

'11ui~£JUftmn~a'll EJ'1aqi11a1ul111£J1:1Jai.i'1iJwi1 
"" I d d ""' 'IJ11q)EJLlJ'Yl1UEliil'Yl 1 :26 1 :42 LLGl:: 1 :50 'Yl~ffi'Vll,]:IJ'111'1 ') 

260, 280 LLa:: 300 EJ.Jfl1L'llaL<ii£Ja L1a1lum1l'11tli.jn'1£J1 

fl.J~~ 60 imfi W1Jl1Ln11am1a1U'IJEJ'1J1iJui1'li11~1l 
LlJmuEJaL Yi:1Jif un~a't111 if EJ £Ja::~a M~,,if u i'1LLa111,il u 

' 
mw~ 31111£Jaqi11a1u1'1£J 1:1Jaii'1iTui1'li11~EJL:1JmuEJa~ 
L'Vl:1J1::a:1JfiEJ 1:42 EJrn'Vl11ij 300 EJ'1fl1L'llaL<ii£Ja m1:1Jiu 

' ' 
18 L:1Jn::w1amalifEJ£Ja::~aM (%yield) a.,:ia111 98.5 ~.,:i 

' ' 
~1:1J1"l''1 El nm £JM11 ~el q)"j'1alu1111£J1lJ a LlJ'Yl1UEJ a~ El 

J 1 iJu i1'li11 ~a" Ju 1JJ Lan a'll 11,:iJ 1 iJu i1'li11-;i:: n n 
' ' ' 

d' 11:1J1EJu~1£J1:1.J Lan a'IJ EJ'1 L:1Jmu11 ai n ri~ ri,, £J1 '1:1J1n n11 , 
LLa::Ln'1aumn'1£J1nu (Interaction) l'11liwi'1'11UV1°111 

LEJumatJ (Enthalpy) Mrn.,:i-;imn111m1a::a1£JM~ LL~LnEJ 
e1m1a1u 1'11£J 1:1JaJ1iJui1'li11~11 L:1JmuEJaa,,if mnu~1~ 

' 
L'Vl:IJ1::~:1J Lnl11LlJ'Yl1UEJGl~lJ1mnui.tl ~,J-;i::l'11lin~L'll1l°1U 
LL£Jni1-;i1n.ffuL:1Jria LEJ aL 'Yl EJft~i'1 L rtEJ\1'11n LlJ'Yl1UEl a"li1 £J 

lin~L'llEJ1ua::a1£J 1 ULJJria LEJaL 'YlEJft~~itu ;J,,-;i::a.,:i~a li 
fEJ£Ja::~aMa111a'1 

120 

100 9'5 

80 '" i 
1'· 60 '" 

1 '° 
~-

20 

~ISO 

''" 210 280 290 300 31 0 

.:.I ..... ' !' ..... 0 .... ' 

111'1'l'YI 3 LLal11.J~Gl'IJEJ.JEJq)"l'1~1UU1lJU"l'1'1J11q)EJLlJ'Yl1UElfl 

~EJf11£Ja::~ai.~~11rnV111ij~1.J ') m1 lum1l'11tli.jm£J1 , ' 
60 iu1ii 

3.3.3 mrnt1\lna1 

-;i1nm1ftm1·1i1 LLtl1~n ~am::'Ylu~ 11 m1~i\qi i.u t EJ 

~L'llfl 1111 £JL'li'LlJ'Yl1UElfl1111::L'VlitEJinri'l1~1 £Jm::1J1Un1"l' 
.J o d A d A 

LLuun::m1a1'111'1'J flEJ 30, 60, 120, 150 1U1'Yl ~rn'Vll,]lJ 

300 EJ'1fl1L'llaL<ii£Ja m1:1Jiu 18 L:1Jn::w1ama e1m1a1u 

1'1£J 1:1Ja'IJEJ.JJ1iJui1'li11~m:1Jmu11a 1 :42 M~ai'1mw~ 
4 
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100 

OB 

90 

..,.,;(%wt) 
BB 

lt)t) l~O '"" 
llOl 11111~) 

ll1Yi~ 4 LLIHW·H'l'lJ1l\IL1fl1'ii1lfmrn::~HIL~LLfl::i'm.rn::LlJfia 
L1l'"1"L'Y11lf~!l<1111~11.l.J1iJ'l.l.i1iJ11'iiml.lm'l.l.1la 1 :42 na1 

L'l.l.m1'111tl~ii1rn 60 imYi 

vnrhL1a1'liJni:.iam::'Ylumnun'Vl71lni:.iam::'YltJU1ltJmn 

Li1mmtJrnYitJunueJru.'Vlnii m13Ji'l.l. LLa::!lm1~11.l.J1iJ'l.l. 
' 'II 

• " o ,,j !'I •• .(AAA .,/ 

"l1'JJ11'111l LlJ'Y11'1.l.1J a L 'l.l.1J"111nLu'l.l.n11Tl1UDff'i£J1'Yl ~nl.'V\-

~m4'!1Ju6hh3J·i.u;fm"nil\I Method unit 

Density@15°C ASTM D 4092-96 kg/m 
3 

i<Jnematic Viscosity@40°C ASTM D 445-06 mm
2 

Is 

Flash Point ASTM D93-02a · c 
Copper Strip Corrosion ASTM 0130-94 mg 

Total Acid Number ASTM D 664-01 KOH/g 

odine Value EN 14111 g 1,11009 

Methyl Ester EN 14103 %wt 

Methanol EN14110 % wt 

Glycerol* 1.111n.337-2538 %wt 

·111.n !JL 'VI 'll : N .A. = Not available 
' 

nii'"1""'111 l itlnii1tJ1Lii<11 'l~m.hn1<11L11 i"LL'iiL 1a1 L'l.l.m1 
• 'II :.J 

fi1tJ~n1tJ1 ~ 30 l'l.l.1fi 'V\~"111mf 'l.l.tJ~n1tJ1L~lJLiJ1ti 
'"1"3J'llfl~"~1 L oU'l.l. LU1J V1\l~\l~ 

' 

3.4 ~rnnT'i~L~11::-H4'!1JiT!iim"L;fe:iL'l'ia"'tlv\l~a01.r1mcr1 
"' .! A ~ !"'\ t ~ A <' .,/ 

LlJ1J111t:-lfl'llllnl.'l'l LtJ 1J'llL'llfl (LlJ'YlflL1l'"1"L'Y11l"i) 'Y1 

L<111tJlJL~~1111::m"l'Yl'llflfl\1~~~'"1"'ll'll1l·m'iia::m::m'l.l.m"i 
' 

'ltliLm1::~'"1"3JtJ~'Yl1"L~1JL'Viii" LLfl::Li11li.t1i:.ia~hi'LmtJtJ 
LYitJunulJ1<111;;11.l. 'lu fa~L'llflLLa::J1iJ'l.l.~L'lla'V\lJ'l.l. M~aii" 

~ , 
LL'"1"'11"L'l.l.'111"l1"~ 1 

t:-1an1"l'Yl'lla1J" LL'"1"'11" 1 iL i':'l.l.11 Ll.Jfi a L1l '"1"L 'Yl 1lf~ ;,, 
Lm1::'Vl1~ 111n J 1 aJ'l.l. i1iJ11 J" '"1"13.J LL tJ tJ ij '"1"3.JU~ m" L ;El 

L Viii" lnliLti tJ"nu Ll.Jfi a L1l '"1"L 'Yl 1lf lJ1m_!11.l.lJ1n ua::Ln 1l 

LmtJrn YitJuti1m13J'Vlil.<11'JJ El" Ll.Jfia L1l'"1"L rrnf~i" Lm1::'Vl1Yi 

L'Vlil1linri<11nti1~1n11L~nueJtJ LLa::n~L'lleJ1eJa~Mnm111 
tJ1'"1"'Ylt'"1""n11m::m'l.l.m"iLLtJtJ hii1 d \IU nrnrn 

' • :.J 

. ~ 
"11J" IJ11P11!1" Single Two- Supercriti 

~L'llil lufo~L'llil -step step cal 

vt1-lwii1 methanol 

max 920 860-960 883.3 882.6 875.0 

3.8 3.5-5.0 4.422 4.786 4.38 

45 min 120 > 120 > 120 >210 

N.A. max no1 1a 1a 1b 

N.A. max 0.5 0.16 0.13 0.1 

N.A. max 120 79 78 90 

N.A. min 96.5 96.4 96.2 97.4 

N.A. max 0.20 Nil Nil Nil 

N.A. N.A. 60 66 87 

: 1a LLL'l:: 1b Li'li.fi11::ium1ni;in-im.4't111\ILL'll\lfi11::iu 1 ~"iim1ni;infai.L~n..t'm.1 
: Glycerol* LU'l.l.fl1m1J1 mn~ L'll111111.'l~\IU\11J 11n n\lfl111JtJ7')"'Yl~ 11\l n~ L 'll111111.'l'll11\l LU 111~L'lll.'l LL'iil.'l::m::mi.m1 

: m1t:-1ii'llLLtJU.ffi.i;i11i.L~tJ1LLil::'"1"11\l.ffi.i;i11i.iLm1::'Vl1'1ltJtJ1i't1 tl'll'Yl (ll'V\1'11'1.l.) ~1rl'll ~1i.m1i:.iiii;ili;itJm::mi.m1L'VliteJ 
1n rii;iM~\l'Yl'll'1'111Jrl ~'l.l.VL'Ylflfohtifo'Vl::LLil::l'1''1lLLvi\l'lf1~ (MTEC) fi1rl~"iLm1::i{f\11 fl11l'll111JL~LLil::fi1m1ni;ini11i.'Yl1J \IU'll\l . ' ' 
~'l.l.flt\4'1'1.JtJ~~i.'J m~tJL~fi1m1iLm1 ::i{L11\l ' . 
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3. nihrn . 
m1Htlfjn'1!.l1 LLurnrn.:i.ff u'fi au 1um1~a'fi'lu1a 

~L·1rn1ifam~::~«'l'ii (%yield) a-.:ia-'fi'!la.:itliin1!.J1LLuu 
" • :.J 

~ A .o'. ..t t; 

'!IU'fi<JUL'fi!.J1 (Single-step process) LYUJ'!IW;J1n1<l!.Jf'I:: 90 

LUUf<J!.Jf'I:: 99 

1111::~Lirn1::a-lJ 1'fi!.J h'li.'iif a!.J«::~« 'l'iia-.:ia-'fi (99%) " . 
LL«::f a !.J «:: LlJfi "La a-L'Yl a f (96.2%wt) hmwa 'fi 'l u 1 a 

~L·1rn1'fi!.lHtlfjn1!.J1LLUUa-a.:i.ffu'fi<JU fia eJ'fi11ti1u1'fi!.J 

1:1J«J13Jwl1'llTJc;im:1Jmua« 1 :5 <Jtu.'l'lflij~H'l'i1tl nn°1!.J1 
• " :.J 

60 <J.:Jl'!lL'll«Ltfi!.Ja- mmrn1'11L~!.JlJLH'fi1<JnL'll~ 7% (w/v) 

tl1:1J1rnm'fi'li'«vh1n 0.5% (v/v) LL«::L1«1lum1'1'i1 

tlfjm!.J111lJ 120 u1Yi 

1111::~L'l'llJ1::a-lJ 1'fi!.JL'iifa!.J«::~«'l'iia-,"Ja-'fi (98.5%) 
" . 

LL«::f<J!.Jf'l::LlJfif'IL<Ja-L'Yl<Jf (97.4%) ~1'1'\fo~a'fi'lufa~L'llf'I 

-;nnii'12Yu 11'll111uLlJ'Yl1U<J«L'l'li'ia1nt]'fi 1'fi!.Jm::mum1 

LLUUn:: fia flnt'l'lflij 300 f),'Jl'f1L'llf<Ltfi!.Ja- m1:1J<ilu 18 . " 
LlJn::vna-m« eJ'fi11ti1u lctw 1:1J«ii'12Yu11'll11c;i a LlJmua« 

1 :42 m11um1'1'i1tlfjm!.J1 60 1u1Yi 

a-lJU~'Yl1.:J L .:fa L Wa.:J'!I <l.:J LlJfif'I L<l a-L 'Y1 af~'l.'ii m.:J'fi1lJ 

mm~1u 'lu fa~L'll« LL«:: 1ntrLfi!.J.:inua-lJu~m.:i L.:f aLwa.:i 

'!Ja.:iii'1iTu~L'll«'l'llJwii'1 1'fi !.J L~a Ltl1!.JrnYi !.Jum1:1Ju°1a-'Ylt . . 
'!la.:in~L'lla1a«~'l'iiwu11iim1:1Ju°1a-'Yltn-.hm::mum1li . 
<il1Li.:itlfim!.J1 

m1~a'fi'lu 1a~L'll« 1'fi!.J HL:1Jmua«1111::L 'l'li'ia1nt]'fi 

Ua-1:1J11n'l'i1'1.'ii~m1L~!.J.:J 1-3 mYi ~.:iHL1«11Xa!.ln-:i1 
m:U1Un11LLUUL-Ji'<il1 L~.:JtJfjn°1!.J1lJ1n !in~.:J U.:Ja-1lJ11rl 

f'l'fiUru'l'\1n11L n'fi a-i.J LL<'l::tl1m ru if 1 Lii!.J~ Ln c;i-;nn.ff uc;i <JU 
~ " 

nG1~nn11J1.h::mA 

.:i1u1i!.Jd'1.<iifu'Yluac;i'l'\uu"il1na-muau7n,;LL«::ic;i 
'I 'I 'I , 

n11W~.:J.:J1U lJ'l'l1l'Yl!.J1~!.J'!J<JULLfiU LL<'l::"il1n'Y1U<l'fi'l'IUU . . . 
.... .... d 0 ... ... ,0 ............. di ..... .... 

n111"il !.J L W <J'Y111'Yl !.J1UWUlia-1'1'11U1J nt'Yl'fil'lnl!l-1U nt'Yl 'fi 

l'Yl!.J1~!.J lJ'l'l1l'Yl!.J1~!.J'!J<JULLfiU 

.. A 
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