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Thesis Title Kinetics of Saponification Reaction for Biodiesel Production

Using Base Catalysts
Author Miss Kannika Angchotipan
Major Program Chemical Engineering
Academic Year 2010
ABSTRACT

Presently, biodiesel is a renewable energy for interesting that alkali-catalyzed
transesterification is common used for bioiesel production. However, there is a serious problem of
undesired side-reaction that is “Saponification”. Due to the soap lowers biodiesel yield,
complicated phase separation and purification process of biodiesel. In this research studys
effected on saponification rate. Factor in this study are temperatures; 30, 40, 50, and 60°C. Type
of base; KOH and KOCH,. Methanol content; 2, 4, 6, and 10% wt of oil. Purity of biodiesel; 83,
90, and 98% including determine kinetics of saponification of biodiesel. From the experiment
found that temperatures, Type of base, Methanol content, and Purity of biodiesel had effected on
saponification rate. The rate constants increased with increasing temperature when using both
KOH and KOCH,. The frequency factors were 4.162E+07 and 2.524E+07 for saponification of
biodiesel using KOH and 4.170E+03 and 2.484E+03 for saponification of biodiesel using KOCH,
when reaction order of base (KOH and KOCH,) was fixed to 1 and 2. Thus, saponification rate
when using KOH is faster than KOCH, due to the frequency factor of KOH is higher than
KOCH, The activation energies were 50.62 and 50.67 kJ/mol for saponification of biodiesel using
KOH and 27.93 and 27.93 kJ/mol for saponification of biodiesel using KOCH, when reaction

order of base (KOH and KOCH,) was fixed to 1 and 2, respectively.
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3: Iftikhar (1984)
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(x:y)
Capric** Decanoic 10:0 C,,H,,0,
Lauric Dodecanoic 12:0 C,,H,,0,
Mpyristic Tetradecanoic 14:0 C,H,0,
Palmitic Hexadecanoic 16:0 C,H,,0,
Stearic Octadecanoic 18:0 CH;0,
Arachidic Eicosanoic 20:0 C,,H,,0,
Behenic Docosanoic 22:0 C,H,0,
Lignoceric Tetracosanoic 24:0 C,,H,0,
Oleic cis-9-Octadecenoic 18:1 C,H,,0,
Linoleic cis-9,cis-12-Octadecadienoic 18:2 CH,,0,
Linolanic cis-9,cis-12,cis-15-Octadecatrienoic | 18:3 CH,,0,
Erucle cis-13-Docosenoic 22:1 C,,H,,0,
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#31: Barnwal 1182 Sharma (2005)

** http://en.wikipedia.org/wiki/Decanoic_acid
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catalyst

Triglyceride (TG) + R’OH ‘ s Diglyceride (DG) + R’COOR,

catalyst

Diglyceride (DG) + R’OH ¢ Monoglyceride (MG) + R’COOR, 3)

catalyst

Monoglyceride (MG) + R’OH > Glycerol + R’COOR,

(4.4) Taseniinadelfnsemsudoanes lindu
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Ufnseni @) naaslnserlaTas lada (Hydrolysis)

CH,-COO-R, Heat R -COO-H CH,-OH

1|:H—COO—R2 + 3H0 — R-COO-H + CllH—OH ()
CH,-COO-R, R,-COO-H CH,-OH

lasnarelsa Wh nsa lugiu NGIGRERD

Y Ay o @ cy o J cy o a J
ﬁ?»l"l: ﬁmmammzwvmmwawm‘wmmumﬂumuﬂmmmzﬁ‘numu AUSIRINTIUAMITAT

HIINGNROEAIUAIUATUNS (2005)
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U nTend (5) uaasllgnsermsinaey (Saponification)

CH,-COO-R, R,COONa’ CH,-OH
| > . |
CH-COOR, + 3NaOH RCOONa” +  (H-OH (1)
CH,-COO-R, R,COONa’ CH,-OH
Tasndmoe’lse Tmdoulsasonlya oty NAlT030a
RCOOH  + NaOH — RCOONa + H,0 (5.2)
nsalviiudase Twdoulaason laa a1 i
RCOOR’ + NaOH — >  RCOONa + R°OH (5.3)
4 = J 1 J
wawes oy laasen laa ) 190NV OT

131: Berchmans ef al. (2010),
Lam et al. (2010),
Leung et al. (2010),

Kwiecien et al. (2009)
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Sodium oleate = 304.4 51/ lua
W = 1MHUNUeNaI5AI0814, NSU

A g = 1 Y ! 1q-
KUY ppm (WNLDU) T druluauaiu (part per million)

1311: Gerpen et al. (1996)
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UPnsemudioaine
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Y
msasdouaunnyedluledwa TagmsininiuluTefmanih
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Y v
Fnsudnasalululasnu Taserderanniani viinluluTefwada

A A 4 A 1 d' o Aaaa dAany v W =
uﬂamallsﬂmaaag mamﬂ;]ﬂsmmmmamasszGyuﬂummuaauazTw;mm«uau"lamaﬂ

4 o 1 ~ 1 a = dgl = a = dy 1 =2
]10]5@ Tudagiunmunzdudeunanasosoavy FelsuanaesoalainIsolsvenag

aunmvedluTodwala

1 = =) = =) dgl a an
wmmﬂsmmﬂawasaammu 0.05 yaaang
° a s A W v
AIITDAIUIUN % ﬂama"lmmwaaag"lﬂ
Tﬂﬂﬁ1u3ﬂﬁnﬂﬁllﬂ1i
d‘ A a =S d’ a d? a Aaa
y= 0.0611x-0.0144 IﬂEJVI y 19 ﬂimmﬂawm@amﬂﬂmu, yaaang
A =S 4
X A9 % NALED 156
2218 x = (0.05+0.0144)/0.0611 = 1.0540 %

faiu ANwUTgnsveuNiaanes = 100 - 1.0540 = 98.9460%

a J
2. MIASgNaITazaEenIalalasnasInunvu 0.01 Tuas

EmsmuIn

q@3 luana HCI
miinuaa Tuiana 36.46 g/mol
AMUHUIUY 1.19 kg/L

ANUTUTU 37% wiw

NE15aa18 HC1 1,000 mL 3 HC10.01 mol
Aamilunsy 9214 0.01x36.46 = 0.3646 ¢

MNHCI37g  ogluasazals 100 g
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81 HC10.3646 ¢ oglua1sazae (0.3646x100)/37 = 0.9854 g
ilosmnaisazaneiinnumuiy 1.19 kg/L

vwdoaldasavato = 0.9854/1.19 = 0.828 mL

Fatu Tlansa'laTasnaosn 0.83 mL Tdluaaln5inas 1,000 mL 1182

Y v
ﬂ%ﬂﬂﬁﬂWﬁi%’Jﬂﬁ’lﬂﬁu ﬁ]gulﬁﬁWiﬁga'lﬂﬂiﬂulajﬂiﬂa@iﬂ 0.01 M
[ Yy 9 a |
3. msmu’;mmmwumumi’)emﬂa!i’)mﬂa‘ﬂuﬁuw mol/L

Tumsmianududuveuiaoanes (Assume 113ina Tuana = 296 g/mol
A % 1 1 a I a
iesnnnsa luiiudmInaluwnaemaesitlunsa Towmdn)

a o A 9 a Q‘/ = Yy 9 A

N AINDT IUADUITHAY 200 g (ANNUTINT 98%) ILUANMTNTUR
mol/L
A 9 Aaaa = o Aaaa c?;’ Y] 1 9
weld KoH;  Twlgaserlimsilgnsenianue 212.59 g Saanuruuiula 0.8748 g/ml

AuiuaINRnTeanuaIzilTNe sy 212.59/0.8748 ml

MshRsoRanualings 212.59/0.8748 ml vefifiaeames 200x0.98 g
milmsinlgnsemanualsuag 1000 ml il mne$200x0.98x1000
(212.59/0.8748)

~ 806.5328 g

v
o/ = a

Hufe wlNaoanos = 806.5328/296 = 2.7247 mol/L

A

iwiold KocH,; lwlgasentimsialgnsenianue 212.7 g Jannwruuiuld 0.8736 g/ml

Y
v v o

AuiuaslgnseianuazilSe iy 212.7/0.8736 ml

mshnseianualings 212.70.8736 ml szfiiaeamas 200x0.98 g
miimshgnsemanuaiinnes 1000 ml wimfiaema3200x0.98x1000
(212.7/0.8736)

=805.0099 g



ufe zlmiaeaines = 805.0099/296 = 2.7196 mol/L

a P 1 o a
e Anududuveaniammos a1 szdna ldnnanududuvesniae
L z:' Y [ Y 9 a r{d‘ o aan = [ 1 a
a3 lupeusuAuauiuANududuraiaemaes ninlfnsen 1l Taefsudadiug

Twaduwaivgasely
4. marnfSnavesvaluasiieds
awnsadunnldangas
C=Ax0.01 xMWx 1000/ W

e ¢ = YSnaveavaluais@iedis, ppm

A =151asveaasazaiensa lalasnanin dianans
MW = 173 luanave e

Y
W = HUNUIE15AIDEN, NN

l¥asazarensalalasnaein s mL luasdied194.25 ¢
Tunsnnlsua KOH (uaaTurana = 56.1 g/mol)
Auaala C = 5x0.01x56.1x1000/4.25

awld C = 660 ppm

Y
[

Ay Tuas@ied1a 4.25 ¢ 9zlinnududuUee KOH = 660 ppm

Y A Y o

Y 1
NSnumsianuaningnser 212.59 ¢

Y

wilfSnanuaiiaesgnaniun = 660x212.59/10°%6 = 0.14 g
l¥asazaronsalalasnaein s mL luasdiedn 4.25 ¢
Tumsnnl3una KocH, (waluana = 70.1 g/mol)
dAnald € =5x0.01x70.1x1000/4.25

awld C = 824.70 ppm

Y
[

faiiy Tuas@iee1 4.25 ¢ 92 a1 uYUY99 KOH = 824.70 ppm



Y v
% =

Y A a Y o Aaan
s siauanninlgnsen 2127 g

%xﬁﬂ?mmmﬁﬁmﬁaaéﬁwm = 824.70x212.7/10°6 = 0.18 g
5. msmfsanamesayluaisiieds
awnsofum ldnngas
S=Bx0.01 x MW x 1000 / W

o s = Ysuaveatjluaisared1s, ppm
B = 1/51a5veeansazarenialalasnasin, Haaans
MW = 173 Tuanavee)
1% Potassium oleate = 320.56 53/ 1ua
Sodium oleate = 304.4 A5/ Tua

Y
W = M1 NUIEI5AI0819, N5

l¥asazarensalalasaaein 15 mL luasdedne 4.25 ¢
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lumsvinlsumeay (Assume MBwaluiana = 320.56 g/mol 1119991NNTA

q

v P4
a2 a K

"lmﬁudauiwmﬂuﬁwﬁu"lﬂaﬁwaLﬂuﬂﬁﬂimaﬁﬂ ﬁmzuaymﬂmuwﬂuiﬂu,mmc'?mu—
Towaton)

Auaala S = 15x0.01x320.56x1000/4.25

awld S=11,313.88 ppm

S Tumadioe 4.25 g vzfinnududuveay = 11,313.88 ppm

Y A a Y o Aaan
s snmuaniilgnie 21259 g

E4 9
=< o

NUTINUAYNNAVUNINYA = 11,313.88x212.59/10°6 =2.40 g
° Yy v a A dda X aaa
6. msmmmmmwmumaem°nmaauaz"lﬂmmameimnﬂwmnﬂgnim

Y Y a A s 1 o Y
mmmmummmmuaauaz"lmwaamaﬁmammm ﬁ]%ﬂ?ﬂ?ﬂ!ulﬂmﬂ
] 9

[ 1 a Y 9 A a K
ﬁﬂﬁ’.li!lﬁﬁjllaelli’]\iﬂ’JHJLGIJllGIJ‘L!GIJi’JQﬁiEJIVILﬂWIJ
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7. masanlulediwaldilinnuusgns 83%
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o = a = a £ A Y
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MANHIN A

GHEEM

1. andnTuvesJdunaiFenlaasenlasa (KOH) 13015 US1au3muea 6% wt of Ol taz

anuu3gnsveslulediva 98% Nigam

a1l

R
anuntuve ddimadalaasenlue (ppm)
I QM (°C)
() 30 40 50 60
0 2,634.18 2,634.18 2,634.18 2,634.18
1 1,645.97 1,112.99 699.35 489.32
2 - - 437.66 138.27
3 1,428.47 719.06 221.28 53.56
5 1,149.27 483.85 32.92 0.00
7 945.72 241.92 0.00 0.00
10 701.25 51.47 0.00 0.00
15 359.45 0.00 0.00 -
20 177.78 0.00 - -
25 79.95 0.00 - -
30 33.80 - - -
40 0.00 - - -
50 0.00 - - -
60 0.00 - - -




Yy 9
2. ANNUVNVYHYDIA

a

voalulofira 98% fgamigiinieg

U

&3

v v <
yifae1n KOH el dU3mnanumuea 6% wt of Oil nazanuu3gns

Yy 9 v
ANNVYNVYUYDIAY (ppm)

I QMM (°C)

(i) 30 40 50 60
0 0.00 0.00 0.00 0.00
1 5,407.98 8,344.85 10,511.59 12,011.15
3 6,752.54 10,845.74 13,313.28 14,612.64
5 8,051.10 12,217.15 14,222.03 15,052.06
7 9,337.41 13,674.24 14,530.06 15,116.45
10 10,660.13 14,484.02 14,452.11 15,166.68
15 12,617.01 14,839.32 14,705.30 -
20 13,732.91 15,001.03 - -
25 14,390.94 15,107.73 - -
30 14,405.89 - - -
40 14,727.40 - - -
50 14,877.67 - - -
60 15,112.11 - - -
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1 <
3. anududuves KOCH, loldSmnanumuon 6% wt of Oil naznnuuSgn3ves

a

Tulofiiara 98% Hgamigiiniag

U

Yy v = d
aMuINTuveldunmFasunen luq (ppm)

I QMM (°C)
) 30 40 50 60
0 3,291.02 3,291.02 3,291.02 3,291.02
1 2,176.70 1,976.50 1,673.03 1148.91
3 2,021.19 1,408.55 1,126.61 635.02
5 1,728.27 1,046.52 728.76 485.43
7 1,603.44 756.95 553.88 354.62
10 1,310.36 467.88 382.83 290.01
15 1,075.70 317.90 257.33 218.56
20 832.24 179.74 192.29 207.15
25 647.58 137.93 124.81 148.45
30 509.06 114.65 108.96 144.27
40 402.87 65.36 79.89 65.82
50 256.07 24.28 29.13 41.73
60 212.92 0.00 0.00 0.00
75 112.80 0.00 0.00 0.00
90 80.57 0.00 0.00 0.00
105 32.68 - - -
120 0.00 - - -
135 0.00 - - -
150 0.00 - - -




Yy 9
4. ANNYNVUVIIT

vodlulofira 98%

\
U
Y

=
7

v 1 <
a0 KOCH, iiplF1/3ananumuen 6% wt of Oil nazanuu3gnd

1

QMUHNNAIN

85

Yy 9 v
ANNVYNVYUYDIAY (ppm)

I QMM (°C)
(i) 30 40 50 60
0 0.00 0.00 0.00 0.00
1 5,016.10 6,306.76 7,344.57 9974.67
3 6,271.83 9,062.56 10,265.55 12633.84
5 7,386.18 10,520.75 12,140.02 13093.30
7 8,253.50 11,851.69 12,861.98 13802.94
10 9,300.65 12,987.56 13,693.83 14019.76
15 10,535.03 13,977.91 14,323.76 14251.22
20 11,490.39 14,384.10 14,629.05 14285.00
25 12,437.43 14,766.54 14,838.98 14821.19
30 12,822.40 14,754.75 14,865.35 14436.84
40 13,559.32 15,056.61 15,069.06 15087.39
50 14,125.13 15,028.56 15,228.82 15035.79
60 14,604.95 15,428.82 15,338.62 15148.18
75 14,738.39 15,392.86 15,426.27 15168.69
90 15,070.00 15,127.13 15,317.40 15237.89
105 15,093.97 - - -
120 15,273.74 - - -
135 15,282.51 - - -
150 15,279.03 - - -




Al v < M
5. AN Tuves KOH ialdluletimafitinnuuigns 98% shulfinsenfigamagii 60°C

d
Y3nameanagoasng

86

=).

d
anutnduveslumadsenlansenlea (ppm)

na USnauumuea (Y%wt of Oil)

) 2 4 6 10
0 2,737.18 2,684.69 2,634.18 2,634.18
1 262.54 496.22 489.32 797.36
2 79.39 145.89 138.27 393.10
3 19.57 72.09 53.56 179.89
5 0.00 0.00 0.00 19.62
7 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00
15 - - - 0.00

6. ANTNTUVRITiiaIn KOH 1ielflulefimaiiiinnuuigns 98% fnsend

Y ¢
Qg 60°C NMSanawoanaaaasieg

Yy 9 v
ANNVYNVYUYDIAY (ppm)

a1 ﬂ%mmmmuaa (%wt of Oil)

(117) 2 4 6 10
0 0.00 0.00 0.00 0.00
1 13,817.24 12,326.20 12,011.15 9,885.29
2 15,045.15 14,209.22 14,259.65 12,373.16
3 15,096.14 14,979.44 14,612.64 13,477.23
5 15,435.74 15,073.95 15,052.06 14,458.83
7 15,311.45 15,243.41 15,116.45 14,598.27
10 15,334.48 15,255.57 15,166.68 14,570.91
15 - - - 14,570.91
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M M d M
7. ANAINTUYe KOCH, 1o 3 luledimaniinnausgns 98% s §nseniigamgii 60°C

A & Jd
‘nﬂimmueanaaeamaq

% £ = d
anuvnTuveallunadesamenlaq (ppm)

a1 ﬂ'%mmm‘nmaa (%wt of Oil)
(117) 2 4 6 10
0 3,419.64 3,354.10 3,291.02 3,171.73
1 762.32 984.74 1,148.91 1,321.69
3 506.55 444.18 635.02 977.94
5 381.33 362.02 485.43 696.03
7 334.98 336.55 354.62 582.78
10 311.19 249.17 290.01 452.52
15 211.44 199.34 218.56 391.26
20 148.45 191.94 207.15 347.19
25 94.04 164.17 148.45 371.12
30 91.15 150.21 144.27 318.64
40 49.02 98.73 65.82 274.59
50 40.85 72.68 41.73 239.16
60 0.00 0.00 0.00 166.90
75 0.00 0.00 0.00 98.50
90 0.00 0.00 0.00 96.87
105 - - - 66.29
120 - - - 41.63
150 - - - 0.00
180 - - - 0.00




v 1 v <
8. AnudNTuvesaiian KOCH, ieldluledmaifinnuuigns 98% inl{dsen

Y ¢
Qg 60°C NSanaweanaaansigg
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=).

Yy 9 v
ANNVYNVYUYDIAY (ppm)

a1 ﬂ'%mmm‘nmaa (%wt of Oil)
(117) 2 4 6 10

0 0.00 0.00 0.00 0.00

1 12,200.98 11,181.44 9,974.67 9,027.70
3 13,861.04 13,553.63 12,633.84 10,487.46
5 13,950.30 13,770.54 13,093.30 11,746.29
7 14,272.02 14,151.19 13,802.94 12,335.09
10 14,380.26 14,432.80 14,019.76 12,867.55
15 14,726.42 14,698.66 14,251.22 13,232.42
20 14,708.05 14,730.50 14,285.00 13,419.67
25 15,128.87 15,014.52 14,821.19 13,388.09
30 14,777.59 14,959.47 14,436.84 13,612.30
40 14,981.88 15,350.76 15,087.39 13,701.35
50 14,944.52 15,400.18 15,035.79 13,916.08
60 15,445.87 15,544.74 15,148.18 14,272.55
75 15,464.96 15,537.73 15,168.69 14,526.55
90 15,434.37 15,572.23 15,237.89 14,497.69
105 - - - 14,663.91
120 - - - 14,695.51
150 - - - 14,717.00
180 - - - 14,707.51
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9. ANMATNTUVI KOH ol FUSananumuea 6% wt of Oil $1fip3enfigamgii 60°C

¢ g d a :ad = 1
wesifunnnuuIgnivedlulefmania

=).

anuntuve ddimadulaasenlue (ppm)
nan nJasdm?uﬁmmu’%qﬂémm"luiaﬁwa (%)
(i) 98 90 83
0 2,634.18 2,634.18 2,634.18
1 489.32 949.17 870.29
2 138.27 - 679.18
3 53.56 709.46 627.08
5 0.00 617.49 557.02
7 0.00 511.77 587.40
10 0.00 517.23 529.62
15 - 422.40 455.23
20 - 335.81 425.00
25 - 249.04 388.28
30 - 161.83 376.20
40 - 79.76 349.01
50 - 13.14 338.99
60 - 0.00 256.19
75 - 0.00 145.20
90 - 0.00 118.24
105 - - 72.77
120 - - 40.07
150 - - 0.00
180 - - 0.00
210 - - 0.00




Yy Y
10. ANMVNUVYUVYDIT

Uninaan K

v g ¢ d
gaungd 60°C losiduannausgniveslulefimanian

ANMANTUVD Y (ppm)
nan nJasdm?uﬁmmu’%qﬂémm"luiaﬁwa (%)
(1) 98 90 83

0 0.00 0.00 0.00

1 12,011.15 8,742.55 9,639.75
2 14,259.65 - 10,167.88
3 14,612.64 9,609.29 10,248.67
5 15,052.06 9,984.66 11,481.05
7 15,116.45 10,808.72 11,502.45
10 15,166.68 10,988.46 12,030.34
15 - 11,728.72 12,776.50
20 - 12,340.81 12,852.29
25 - 12,882.32 12,967.76
30 - 13,639.21 13,161.82
40 - 14,204.91 13,295.12
50 - 14,489.01 13,331.35
60 - 14,989.15 13,963.50
75 - 15,009.75 14,557.20
90 - 14,918.66 14,639.16
105 - - 14,969.55
120 - - 15,150.28
150 - - 15,426.01
180 - - 15,448.67
210 - - 15,238.44

90

d' Y A . o aaa d'
OH 1iplFUSmnauumuea 6% wt of Oil Mfnsenn
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11. aduduves KOCH, el ifSmnanumuoa 6% wt of Oil i in3enfigamgii 60°C

a d g d a Qd 2 v
nlesidunnnuuSgnivedluloaisaniag

anunTuve ddumadaanamenlad (ppm)
nan nJasdm?uﬁmmu’%qﬂémm"luiaﬁwa (%)
(i) 98 90 83

0 3,291.02 3,291.02 3,291.02

1 1,148.91 1,995.29 1667.43
3 635.02 - -

5 485.43 1,896.43 1472.42
7 354.62 - -

10 290.01 1,756.72 1451.48
15 218.56 1,682.77 1448.08
20 207.15 1,522.46 1444.68
25 148.45 - -

30 144.27 1,426.35 1423.39
40 65.82 1,286.86 1314.38
50 41.73 1,015.47 1306.26
60 0.00 1,012.95 1241.86
75 0.00 994.21 1226.34
90 0.00 890.82 1215.18
105 - - -
120 - 740.49 1030.39
150 - 719.40 997.83
180 - 522.02 979.10
210 - - -
240 - 452.26 899.14
300 - 370.72 803.05
420 - 211.44 499.52




anunTuve ddumadaanamenlad (ppm)

nan nJasdm?uﬁmmu’%qﬂémm"luiaﬁwa (%)
(i) 98 90 83

540 - 83.06 340.53

720 - 0.00 187.16

900 - - 98.96
1080 - - 0.00
1440 - - 0.00

12. aNuNtuvesayiifae1n KOCH, tiiolfSinanumuen 6% wt of Oil lfn3end

v ¢ ¢ d
gaungd 60°C losiduannausgniveslulefimanian

ANNANTUVO Y (ppm)
a nJaidm?uﬁﬂamu‘éqﬂ‘émm"luiaﬁm (%)
() 98 90 83
0 0.00 0.00 0.00
1 9,974.67 5,975.17 7,391.55
3 12,633.84 - -
5 13,093.30 6,271.83 7,538.28
7 13,802.94 - -
10 14,019.76 7,067.77 7,844.29
15 14,251.22 7,312.51 7,750.63
20 14,285.00 8,415.66 7,882.62
25 14,821.19 - -
30 14,436.84 8,431.60 8,540.74
40 15,087.39 8,749.58 8,533.43
50 15,035.79 9,848.98 8,347.92
60 15,148.18 9,797.17 8,742.55
75 15,168.69 11,096.31 9,131.79
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Yy 9 v
ANNVNVYHVDIAY (ppm)

¢ ¢ Y
wesiuannuuigniveslulefra (%)

nal

) 98 90 83
90 15,237.89 11,154.88 8,807.84
105 - - -
120 - 12,340.81 9,964.40
150 - 12,470.47 10,429.70
180 - 13,375.61 10,911.08
210 - - -

240 - 13,664.42 11,345.24
300 - 14,024.50 11,858.42
420 - 14,800.80 13,248.80
540 - 15,192.42 13,977.02
720 - 15,574.38 14,705.30
900 - - 15,273.74
1080 - - 15,525.82
1440 - - 15,688.58
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UfnsoateuiiinduvesluTefiwa iield KOH Ngmuigi 60 °C

S POLYMATH 5.1 - [Polynomial Regression Report, Solution #4

#® Report Edit Window Help
= = | 7] =] e R
O'pen Sawe LEO) LE DEO) REG

IPOL"!:’Z‘LL&TH Results
O5-05-2554

Polvnomial Regression Report

Model: KOH = ald + al1*t + g2*t"2

Variable Waluae O95% confidence
=0 O.01L7F25 L]
al —0.01l16a95 L]
=22 O.002075 L]

Analytical polynomial derivative

K.OH = 0.01725 0011695 *t + 0. 002075 *t"Z2
dFKOHNd(E)) = -0. 011595 + 0. 004175 *t

t=1

dFKIOH Ny = -0. 007545

Seneral

COrder of polynomial = 2

Regression including free parameter
NMumber of observations = 3

Statistics

RA2 = |

R~Zadj = 0

Rmsd = 1. 118E-17
Wariance = 1. 0E+99

95

4 1 1 a
WaenTie) 11109910 RA2adj Hanilu 0 59liam5al% Order of Polynomial = 2 Tumsansizw

v Y = LA Yy A v ' A ya o A
Ell’msjlﬁ]lﬂ BN R’\2adj MUV TUIZADIUATUDYINIT RN2 uazmﬂﬂamﬂaﬂu R"2 3J'Iﬂ‘1/li‘]:ﬂ
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B POLYMATH 5.1 - (Linear Regression REport Saician =31
#® Report Edit Window Help
= = [1T] =) {dr o=
Cpen Sawe LE MNLE DECQ REG
POILYMATH Results

S-05-25354

Linear Regressiom Report

Model: KOH = ald + al*t

Wariable Walue 95% confidence
a0 0.0103333 0.03228855
al —0.003395 O.015223

Analytical polynomial derivative

KOH = 00103333 -0.003395 =t
d{F.OHNd(t)) = -0.0032395

t=1

d{FOH () = -0 003395

Seneral

Regression including free parameter
MHumber of observations = 3

Statistics

Rh2 = 0.83892692
RMZadj = 0. FFr85383
Rmsd = 5. 647E-04
Wariance = 2.87E-0G

@ rovwers I

File Edit Row Column Align Format Matrix  Window Examples Help

Z | & i B | &= s | & @ | 5
Open Save LEQ MLE DEQ REG Calculate| Units Const Set
&8 Data Table

R015: C006 = |

t | koH | s | wME | wwH | dkoH | o7

m |1 0.00763 0.03278 2 71843 0.32835 0.007395

VRE 0.00216 0.03851 271740 0.38957 0. 003395

03 |3 0.00004 0.073988 271715 0.39947 0003395

04

05

1 I
ANUITUYUYDI KOH, S, ME tiag MtOH In11e1ilu mol/L
v . . Y = A A =1
WANEIHA HAN55U Kinetics 1o 14 11)5un35u Polymath 5.1 fianunaiamasuga iieenil

a S Il [
Yoyartoonu 'l uaziilu Order of Polynomial = 1 39 liawsasula
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UfnsoateuiiiinduvosluTefiwa ield KOH Ngmungi 50 °C

BB POLYMATH 5.1 - (Polynomial REGIEZSOR REPSSOIGGOR #]

#® Report Edit Window Help

= =d LT = 5=
O pen Sawe LEC) MLE DEQ REG

[POLYMATH Results

05-05-2554

Polymomial Regression Report

Model: KOH = al + a1*t + a2*t"2 + a3%"32

Variable Valuae 95% confidence
=0 0.01531 a
al —0.0044153 a
az —5.0E—-05 a
=] s .833E-05 a

Analytical polynomial derivative

KOH = 001531 -0.0044183*t -5 0E-05 *t"2 + 6. 832E-05*t"3
d(KOHND() = -0.00441832 —1.0E-04 *t + Z2.05E-04 *t"2

t=1

A(KOHNd() = -0.0043133

General

Crder of polynomial = 3

Regression including free parameter
Mumber of observations = 4

Statistics

R"2 = 1

R Zadj = u]

Rmsd = 4. 391E-16
Wariance = 1.0E+99

4 . 1S 1 . a L4
WNewe 1193910 R 2adj Ianilu 0 99 liamnso s Order of Polynomial = 3 Tunmsinsizw

v v & LA Yy A v ' A ya o A
Ell’msjlﬁ]lﬂ BN R’\2adj MUV TUIZADIUATUDYINIT RN2 LLﬁSﬁJﬂﬂﬂmﬂﬂQﬂU R"2 3J'Iﬂ‘1/li‘]:ﬂ



E5 POLYMATH 5.1 - (Polynomial RESTESOR REPOTISOIGEOR 7
## Report Edit Window Help
= = L[] =] idre o=
O pen Sawe LECQ) MLE DEQ) REG
POLYMATH Results

05-05-2554

Polyvmomial Regression Report

Model: KOH = al + al1*t + a2*t"2

Variabkle alue 953% confidence
=0 0.01&e3015 0.0045191
al —0.0055931 0.0035074
as S.464E-04 S5.6804E—-04

Analytical polynomial derivative

KOH = 0.0163015 -0.00583931* + 5 454E-04*t"2
d{K.OHNd(t) = -0.0058931 + 0.0010927*t

t=1

d{KOHNd() = -0.0042004

General

Order of polynomial = 2

Regression including free parameter
Mumber of observations = 4

Statistics

RM2 = 0.9995931
R*Zadj = 0.9987793
Rmsd = 2. 909E-05
Wariance = 2.445E-08

%) POLYMATH 5.1 - [Data Tab
@ File Edit Row Column Align Format Matrix Window Examples Hel
g p P

= | & li | &= 5 & €
Open | Save LEQ MLE DEQ REG | Calculate| Units | Comst | 5¢
RO21: C006 = |

ol ok | s | ME | moH | oW | o
o |1 Qo0at DO 271905 0297% 000480
w2 000RE2 008 27108 030940 000371
0 |3 000M5 DB 27TEE 03B 000
04 |5 Q00051 D081 27709 0379 000043
05
0




K8 POLYMATH 5.1 - [Nonlinear Report 1]

&% Report Edit Window Help

E’:lﬂllnlliﬁlq‘;nlfa

COpen Sawve LEC} MLE DEQ REG Calculate
[POLYMATH Resulis
Q3-05-2554
Monlinear regression (I.-W)
Model: dKOH = -kK1*ME*a*KOH*1
Variakble Ini guess Values 95% confidence
k1l 1 0.4241727 0.1142254
a 1 0.4241727 0.1142254

Monlinear regression settings
Max # iterations = 64

Precision

B~2 = 08724491
RE~Z2adj = 08086737
Em=d = 2 BB6E-04
Wariance = B.B661E-0O7
Seneral

Sample size =4

# Model wars =2

# Indep wvars =2

# Iterations =5

B8 POLYMATH 5.1 - Noniinear Repor =7 I

## Report Edit Window Help

= = 1] i T =5
Open Save LEC ML DEQ REG Calculate
POLYMATH Results
Q5 05-2554
Monlinear regression (I.-W)
Model: dK.OH = -K1*ME*a*KOH*"1
WVariable Ini guess Valus 95% confidence
k1l 0.4247 0.27T823358 0.074356859
=1 1 0.8513412 0.1753995

Monlinear regression settings
Max # iterations = G4

Precision

R~Z2 = 08724491
RE~Z2adj = 08086737
REm=d = 2. 886E-04
WVariance = G6.661E-07
General

Sample size =4

# Model wars =2
# Indep wvars =
# Iterations =

99



ES POLYMATH 5.1 - [Nonlinea
&% Report Edit Window Help

AN AP

COpen Sawve LEC} MLE DEQ REG Calculate
[POLYMATH Resulis
Q3-05-2554
Monlinear regression (I.-W)
Model: dKOH = -kK1*ME*a*KOH*2
Variakble Ini guess Values 95% confidence
k1l 1 0.29399354 0.02074895
a 1 0.2939554 0.0207&695

Monlinear regression settings
Max # iterations = 64

Precision

B~2 = 08724491
RE~Z2adj = 08086737
Em=d = 2 BB6E-04
Wariance = B.B661E-0O7
Seneral

Sample size =4

# Model wars =2

# Indep wvars =2

# Iterations =6

POLYMATH 5.1 - [Monli
#® Report Edit Window Help

= = i i &= -5
Open Sawve LEC MLE DECQ REG Calculate
[POLYMATH Results
Q3-05-2554
Monlinear regression (I.-W)
Model: dKOH = -K1*ME*a*KOH*2
Variakble Ini guess Valus 95% confidence
o 0.29499 0.164254 197.81119
= 1 0.5476959 659.59049

Maonlinear regression settings
Max # iterations = 64

Precision

R~Z2 = 08724491
BE~Z2adj = 08086737
Em=d = Z2.886E-04
Wariance = B.B661E-0O7
Seneral

Sample sSize
# Model wars
# Indep vars
# Iterations

i
SN
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UgnsoadeuiivinduvesluTefia ield KOCH, Ngmuwgil 60 °C

B8 POLYMATH 5.1 - [Polynomial

&8 Report Edit Window Help

= L[] If =
Save LEQ MLE DEQ REG
POLYNMATH Results

05-05-2554

e

==
Cpen

=5

Calculate

F-.

Units

“i‘.‘i

Const Setup

Polvmomial Regression Report

Model: KOCH2 = a0 + a1 + aZ*t'2 + a3*"3 + ad*thd + ab*t"5 + a6*t"G

Wariable Value 55% confidence
al 0.01l81829 0.0023347
al -0.004872 0.0015747
a2 5.964E-04 3.22TE-04
a3 —-3.547TE-05 2.7534E-035
ad 1.29E-06 1.106E-08
al -2.137TE-08 2.071E-08|
ab 1.377E-10 1.454E-10

Analytical polynomial derivative

KOCHZ = 0.0181820 -0 004672 *t + 5 964E-04*42 -3 S47E-05*tA3 + 1.20E-06 *td4 -2 137E-08*"5 + 1. 37TE-10*t"6
diKOCH3Yd(t) = -0.004672 + 0.0011929°t -1.154E-04*t"2 + 5 159E-06*1"3 -1 069E-07*t"4 + 8 26 1E-10"t"5

t=1

diKOCH3Yd(t) = -0.0035594

General

Order of polynomial = &

Regression including free parameter
Mumber of observations = 11

Statistics

RA2 = 0.9942908
RMZad] = 0.9857271
Rmsd = 8.717E-05
Variance = 2 209E-07

&) POLYMATH 5.1 - [Data Table

# File Edit Row Column Align  Format Matrix  Window Examples  Help

Z | B li w | &= s | &£ @ |
Open Save LEQ MLE DEQ) REG Calculate| Units | Const | Se
RO17:C009 = |
v | okooHa | s ] owmE | o | akooHz | oo |
THE Do 007E 271 0183 0003
02 |3 00071 0043 27MP9 023993 000200
03 |5 DO0ED5  OO3EE 27113 O24886 -0.00101
04 |7 000442 00IEZ  27I0E 02624 000045
05 |10 00O 00T 27077 02665 000071
05 |15 000272 0034 27086 D705 000012
07 |20 000258 00383 27063 027129 D000
08 |25 DO0019R 004039 27I0% 028147 -D.0000R
09 |30 DOiE0 003E4 2703 02747 000003
10|40 000082 004112 2701 029653 000049
1 |50 000052 D408 271004 0295 0003
12
13
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8 POLYMATH 5.1 - (Noniinear RepoR 262 I

## Report Edit Window Help

= = [[1] =] {4 B =g

Open Save LEC MLE DEQ REG Calculate
|EOLY]\-'I_'—'1TH Results

Q5 05-2554
Monlinear regression (I.-W)

Model: dK.OCH?Z2 = -K1T*ME*a*KOCH2*1

WVariable Ini guess Valus 95% confidence

k1l 1 0.2799724 T751.53813

=1 1 0.2799724 T751.53813

Monlinear regression settings
Max # iterations = G4

Precision

R~Z2 = 07491667
RE~Z2adj = 07212963
REm=d = 1.842E-04
Variance = 4.564E-07
General

Sample size =11

# Model wars =2

# Indep wars =2

# Iterations =6

ES POLYMATH 5.1 - [Non
&% Report Edit Window Help

AN AP

COpen Sawve LEC} MLE DEQ REG Calculate
POLYMATH Results

Q3-05-2554
Monlinear regression (I.-W)

Model: dK.OCHZ2 = -K1*MEFa*KIOCHZ 1

Variakble Ini guess Values 95% confidence

k1l 0.2799 0.142121 125.73393

a 1 0.5291327 449.,.271017

Monlinear regression settings
Max # iterations = 64

Precision

B~2 = 07491667
RE~Z2adj = 07212963
Em=d = 1.842E-04
WVariance = 4.564E-07
Seneral

Sample size =11

# Model wars =2

# Indep wvars =2

# Iterations =5
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Effect of Temperatures, Potassium Hydroxide and Potassium Metoxide on

Saponification of Biodiesel
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The S" PSU-UNS International Conference , /é\
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on Engineering and Technology ’
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EFFECT OF TEMPERATURES, POTASSIUM HYDROXIDE AND
POTASSIUM METOXIDE ON SAPONIFICATION OF BIODIESEL

Kannika Angchotipan'*, Warut Congkumnert', Sukritthira Ratanawilai'
and Chakrit Thongurai'
'Prince of Songkla University, Faculty of Engineering, Thailand

*E-mail: nfai_843@hotmail.com

Abstract

The saponification of biodiesel using potassium hydroxide (KOH) and potassium
metoxide (KOCHE) was investigated. In this study, the reactions were carried out at four
different temperature (30, 40, 50 and 60%1°C), using a mixing speed of 250 rpm, and a
constant basic concentration of 0.005 mol% based on oil weight. Samples were collected
at various times intervals and analyzed for amount of remain base and soap with titration.
Results showed that both the temperatures and different base had effect on the biodiesel

saponification rate.

Key Words: Saponification/ Biodiesel/ KOH/ KOCH,
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