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ABSTRACT

This research is the kinetics study of biodiesel synthesis from palm oil and
methanol at the molar ratio of 1 : 4.5 and 1 : 6 in the presence of NaOH catalyst at the
temperature of 30, 40, 50 and GOOC, respectively. The mixture of palm oil and methanol was
homogenized by a cosolvent namely tetrahydrofuran. Liquid samples were taken at any time and
determined for the compositions. The observed data were analysed based on reversible, second
order, clementary reactions and it was found that the activation energies were in the range of 11.9
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AuaNA DIN 51606 US ASTM
1. 9a1 I % Naitesna 100 Tairteondn 100
2. vhuazaznou, Jenaz Tavd5ias = Tajanafiu 0.050
3. mnsw, Yesaz Taminnin Yianainy 0.30 Taianmufu 0.05
4181, Zovaz Tasimin - Yaisnneiu 0.020
5. AR o QN 40 ° %, wuAa Tand 3.5-5.0 1.9-6.5
6. Mgfimziu, Jovaz Taothwiin Tl 0.01 Tianniin 0.0
7. A¥tiFmunIos mauFmu hifesndn 49 hifteondi 40
8. gAYy, O - 3
9. MINANTOUUNUNBIAAY, HABIAY Taisnfu 1 Yaisnaiiu 3
10. Total Acid number, 188054 KOH /n$u Tajanaiiy 0.50 Taianafiu 0.80
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12, ﬂ?mmnﬁwa’%'uﬁ’mm, YovazTamimiin | hnnidu 0.25 lajanmiu 0.24
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3.1 9auUnamansInil (Chemical kinetics)
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2. TweSenlfnsaiuuudiniufediadeszdesiiignannnd 2 igma
anyuznIduATvesinnn uasdnyuznaiavesnis Ina (Fluid dynamics) 9zn3namady
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N, = (-D,x/0) (C, - C, ) 3.1

' ¥
{8 D,, ABNIUVBINITUNT (Diffusivity) uaz & AosuTTuV19 9 (Boundary layer
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Y = a aaa A v v as aan @ ar &
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€. = koCp o/ (k+kQ) 35
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AU sesaesznIeigma unua luaunis 3.3 wld
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1k, /%) +(1/k) = 2k
k, = k/2

wie el k= 10k, umusrluaums 3.7 9214
(1/k) + (1/0.1k)
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|

t
v)  FTewiiuf (Differential method)[15,18] Tasaymanniseaunamaninimss
o &b 9 1 o qy
ayHug Feansom ldvatouuuais o ail
a s [ =] I .
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v A w == Ay o
AmIndasusafinned iy
-1, =-dC,/dt = kf(C)
=kC,’ 3.14
=~
FL

In(-dC,/dt) = Ik + n InC, 3.15

13 ieyavesnududuiunaiifnnnismeasundouas
Tunszamns
14 awmdurudeyah 1dnnde 1.3
L5 wmwduveuduns s sundudusig q anududis q
{ o/ AaAaa ﬂﬂ' 1 A '
W18 -dC/dt fie SasuSrvenlfAsmiiaamutudusie q Falunsmm -dC,/dt 8191118910
e 1 ar J
515A19 Asae Tuil
1.4.1 Graphical method
1.4.2 Numerical method
1.4.3 Polynomial method
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o a 1 o 3 L) s 2 @ aaa v
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a, b

-dC,/dt = kC,’C,"... 3.16

o a,b, ... Hususfiseniideansmen Tandhld log AUM3 (3.16) 92 14

log(-dC,/dt) = logk+alog C, +blog C,+... 217
dmsunsdinfudnnmduduvesas A uozas B viou1dlugll

¥ =ajvax tax 3.18

d £
8 a,= logk, a, = a, 3, = b, x, = logC,, x, = logC, Feermisaudey-

MINIAN a, a, a, 14 13T A dsaenieoiigaiuduninmsndaunisduduamem-

&

N3 A

Eyj = na, + allej+ azzxzj

2
lejyj = a(,zxlj * aIqu # azleszj
2
Exzjyj = aOZx:,j o alleszj # ;122)czj
4 =

e j = 199 n

o o - aan -q' A 9 o e
q) I50ATIMsnAUATeNNaUSHAY (Method of initial rates) [18]
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t =1,C, =C,/2 3.21

¥
@ o
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3.2 MIAATIZHINaUNAmMEans (Kinetic analysis)
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k

k
O S

DG 4+ MeOH =——= MG + Bio 3.23
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dCye/dt = kJCDGCMcOH - K,Cri6Chio
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M15199 9.3.1 YSuundaiugl sasiaiu n

a0 60 Caf 50 Caf

ﬁf{ﬂ Bio MG DG TG MeOH GL Bio MG DG TG MeOH GL
A3 | Moll | Mol/l | Mol/l | Mol | Mol | Mol/l | Mol | Moll | Mol | Mol | Mol | Mol

(H)

0 0 0 0.048 | 0.641 | 4.049 0 0 0 0.048 | 0.641 | 4.049 0

0.5 0.743 | 0.165 | 0.214 | 0.205 | 3.306 | 0.106 | 0.295 | 0.055 | 0.165 | 0.437 | 3.754 | 0.033

1 0.949 | 0.202 | 0.166 | 0.152 | 3.099 | 0.169 | 0.611 | 0.127 | 0.215 | 0.265 | 3.438 | 0.083

1.5 0.981 | 0.191 | 0.159 | 0.151 | 3.068 | 0.189 | 0.764 | 0.158 | 0.175 | 0.227 | 3.285 | 0.129

2 1.052 | 0.196 | 0.122 | 0.150 | 2.997 | 0.221 | 0.869 | 0.184 | 0.173 | 0.183 | 3.179 | 0.151

3 1.191 | 0.198 | 0.119 | 0.104 | 2.858 | 0.268 | 1.059 | 0.187 | 0.144 | 0.136 | 2.989 | 0.222

5 1.229 1 0.179 | 0.094 | 0.115 | 2.819 | 0.300 | 1.132 | 0.186 | 0.127 | 0.123 | 2.917 | 0.252

7 1.257 | 0.182 | 0.105 | 0.098 | 2.792 | 0.305 | 1.199 | 0.202 | 0.119 | 0.099 | 2.849 | 0.269

10 1.345 | 0.170 | 0.075 | 0.093 | 2.704 | 0.351 | 1.248 | 0.195 | 0.107 | 0.094 | 2.801 | 0.293

40 30 %
0 0 0 |0.048 | 0.641 | 4049 | 0 0 0 |0.048 | 0.641 | 4049 | 0
0.5 | 0.156 | 0.048 | 0.129 | 0511 | 3.893 | 0 | 0.057 | 0.017 | 0.176 | 0.526 | 3.992 | 0
1| 0330 | 0.064 | 0.149 | 0.432 | 3.719 | 0.044 | 0.108 | 0.022 | 0.175 | 0.507 | 3.941 ! 0

L5 0.577 | 0.104 | 0.116 | 0.354 | 3.472 | 0.115 | 0.199 | 0.056 | 0.169 | 0.466 3.849 0

2 0.792 | 0.149 | 0.126 | 0.256 | 3.257 | 0.159 | 0.295 | 0.074 | 0.173 | 0.423 | 2.754 | 0.019

3 0.944 | 0.111 | 0.106 | 0.233 | 3.105 | 0.239 | 0.469 | 0.101 | 0.168 0.356/‘""‘3.580 0.064

5 1.141 | 0.124 | 0.069 | 0.186 | 2.908 | 0.311 | 0.673 | 0.149 | 0.151 | 0.279 | 3.376 | 0.111

7 1.156 | 0.165 | 0.092 | 0.148 | 2.893 | 0.284 | 0.759 | 0.167 | 0.207 | 0.203 | 3.289 | 0.112

10 1.301 | 0.116 | 0.074 | 0.131 | 2.748 | 0.368 | 0.904 | 0.161 | 0.147 | 0.198 | 3.145 0.184J
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y a a o ¢ o ]
ﬂ'l‘i'l@ﬁ 9.3.2 TJ';TJJ']ﬂlNﬂﬁﬂﬂlm BATIAIU Y

101 60 ® 50 ©us

‘ﬁfzil Bio MG DG TG | MeOH | GL Bio MG DG TG | MeOH | GL
) Mol/l | Mol/l | Mol/l | Mol/l | Mol/l | Mol/l | Mol/l | Mol/l | Mol/l | MoVl | MoVl | Mol/l
2879

(U1)

0 0 0 ]0.050 | 0.669 | 3.167 0 0 0 0.050 | 0.669 | 3.167 0

0.5 |0.684|0.073 | 0.111 | 0.363 | 2.483 | 0.172 | 0.380 | 0.024 | 0.174 | 0.442 | 2.786 | 0.078

1 0.855 | 0.041 | 0.081 | 0.338 | 2.312 | 0.259 | 0.622 | 0.173 | 0.139 | 0.324 | 2.545 | 0.083

1.5 ] 0.969 | 0.065 | 0.081 | 0.289 | 2.198 | 0.283 | 0.743 | 0.108 | 0.110 | 0.329 | 2.424 | 0.172

2 1.024 | 0.044 | 0.063 | 0.292 | 2.143 | 0.321 | 0.821 | 0.126 | 0.119 | 0.289 | 2.346 | 0.186

3 1.084 | 0.154 | 0.065 | 0.225 | 2.083 | 0.275 | 0.862 | 0.185 | 0.102 | 0.262 | 2.304 | 0.169

5 1.112 | 0.159 | 0.072 | 0.208 | 2.054 | 0.279 | 0.940 | 0.219 | 0.096 | 0.227 | 2.227 | 0.178

7 1.071 | 0.175 | 0.086 | 0.206 | 2.095 | 0.251 | 1.074 | 0.156 | 0.077 | 0.219 | 2.093 | 0.267

10 1.179 | 0.159 | 0.035 | 0.211 | 1.987 | 0.314 | 1.074 | 0.182 | 0.082 | 0.205 | 2.093 | 0.249

40 " 30 "o

0 0 0 ]0.050 | 0.669 | 3.167 0 0 0 0.050 | 0.669 | 3.167 0

0.5 | 0.093 | 0.082 | 0.120 | 0.555 | 3.074 0 0.082 | 0.036 | 0.099 | 0.591 | 3.084 0

1 0.376 | 0.125 | 0.132 | 0.433 | 2.791 | 0.029 | 0.167 | 0.047 | 0.097 | 0.559 | 2.999 | 0.015

1.5 | 0.537 | 0.140 | 0.139 | 0.366 | 2.629 | 0.073 | 0.297 | 0.118 | 0.123 | 0.469 | 2.869 | 0.010

2 0.641 | 0.105 | 0.129 | 0.352 | 2.526 | 0.133 | 0.425 | 0.147 | 0.119 | 0.415 | 2.742 | 0.037

3 0.904 [ 0.085 | 0.099 | 0.291 | 2.263 | 0.244 | 0.459 | 0.111 | 0.126 | 0.414 | 2.707 | 0.068

5 1.057 | 0.098 | 0.103 | 0.230 | 2.110 | 0.287 | 0.534 | 0.099 | 0.096 | 0.414 | 2.632 | 0.110

7 1.152 | 0.180 | 0.055 | 0.198 | 2.015 | 0.285 | 0.744 | 0.103 | 0.105 | 0.334 | 2.422 | 0.177

10 1.127 1 0.099 | 0.091 | 0.215 | 2.039 | 0.315 | 0.817 | 0.080 | 0.118 | 0.309 | 2.349 | 0.212
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ﬁnﬂszﬁﬂfmsthﬂmmrw (mass transfer coefficient)
(m/s)

Lf’r’uphgruf‘fnmmﬂ?mﬂﬁ 397 (0.06 m)
Fuls2ANENISUNS (diffusion
coefficient) (mlls)

kinematic viscosity (mzls)
TOUVBINITHYY (5.583 TBUABIUIN)
i@urnguanarslusia (0.05 m)
AMMUHUUUY (900 kg/m®)

ANundia (kg/ m.s)
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M19197 4.1 A1 Kinematic viscosity $33gmugii 1
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30 © o 6.16E-06
40 ° @ 5.84E-06
50 © o 5.18E-06
60 © o 4.17E-06
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? gunil | AR (kg / m.s)
30 © 0.0055
40 © o 0.0053
50 © af 0.0047
60 © o 0.0037
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