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Independent variables Symbols  Range and levels
- =1 0

Methanol oil ratio (v/v) A 31 41 51
Catalyst weight (%) B 02 04 06
Temperature (°C) C 20 30 40
Reaction time (min) D 25 35 45
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Al asy o,

Run order Alcohol-oil ratio (mol) A Catalyst (wt%) B Temperature (°C) C Time (min) D Yield (%)
Coded Real Coded Real Coded Real Coded Real Exptal Pred

= 4:1 = 04 =l 30 =l 30 71.40 71.58
=1l 6:1 = 04 =1l 30 =1 30 76.87 76.96
= 4:1 +1 0.8 -y 30 =1 30 73.04 72.46
+1 6:1 +1 0.8 =1l 30 =1l 30 85.69 88.08
= 4:1 el 04 =1 60 =1l 30 86.59 86.79
sl 6:1 = 04 2=l 60 =1 30 87.87 84.42
-1 4:1 =1l 0.8 2= -1 30 88.32 87.92
<=1l 6:1 Sl 0.8 <=1 -1 30 96.00 95.79
= 4:1 = 04 =l +1 60 74.70 74.63
Sl 6:1 -1 04 -1 +1 60 80.12 80.25
= 4:1 +1 0.8 =1l +1 60 75.76 71.75
2l 6:1 +1 0.8 =l +1 60 94.01 93.63
= 4:1 = 04 +1 +1 60 86.65 83.08
=1l 6:1 = 04 1=l +1 60 80.41 80.96
= 4:1 a1l 0.8 2=l ril 60 87.17 86.46
+1 6:1 +1 0.8 +1 +1 60 95.23 94.58
—o 12:1 0.6 0 45 70.09 69.96
s 0.6 84.54 83.46
0.2 65.20 65.96
1.0 82.12 80.46
0.6 84.32 80.63
0.6 94.42 96.79
0.6 95.61 94.29
0.6 95.04 96.13
0.6 92.10 94.33
0.6 93.04 94.33
0.6 94.15 94.33
0.6 95.60 94.33
0.6 45 95.80 94.33
0.6 45 95.70 94.33

O~ N B W —

(=R = = B I B e e | e o e 4
COoOOCOCOO0COOoOOoR
Bro o © SESES O R

ASTM o,lailewl g ails ay 485, 5l Jpdgm cduis 4l 00l dcbual (124, Sloogas 3 Jgaz
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Properties

Units

Refined cottonseed oil

Biodiesel from cottonseed oil

ASTM D6751 standard

[= =R B L

=}

10
11
12
13
14
15
16
17
18

Moisture content
Acid value

FFA
Saponification value
Ester value

lodine value
Peroxide value
Specific gravity
Kinematic viscosity
Odour

Colour

Refractive index
Flash point

Cloud point

Pour point

Fire point

Cetane number
High heating value

% wt
Mg/KOHg
%

Mg/g
Mg/g
mgl,/100 g
Meg/kg

mm?/s

(28 °C)
°C)
0
°C)
0

MJ/kJ

0.020
0.24
0.12
187.94
187.72
68.91
80.00
0.9076
29.22
Agreeable
Brown
1.4233
255
-3.0
-23

41.25

0.020

0.22

0.11
165.43
165.19
125.28
26.01
0.8817
6.81
Agreeable
Light brown
1.344

173

7.0

5.0

193

56.06
39.54

0.050 max

100-170
—3-12
—15-10

4865

g oo 0310 iy bl alwg a4 an T8 sle el )b sods (6,1350S polie Ll 5l Jow oy

Y = 94.33 + 3.37A + 3.62B + 4.04C + 0.46D + 2.56AB
— 1.94AC + 0.63AD + 0.63BC + 0.56BD
—1.69CD — 4.41A% — 5.28B> — 1.41C%? +0.22D°

(12)

90 42,0 sl dlezaizr Jow sl (ANOVA) il ly Jlos g 4325 4 Json

Source of variables

Sum of squares

Mean squares

F-value

P-value Prob > F

Model
A

B

C

D

AB
AC

Residual

Lack of fit
Pure error

Cor total

2401.88
273.37
315.37
392.04
5.04
105.06
60.06
0.063
0.063
5.06
45.56
532.53
765.03
54.24
1.31
73.08
59.75
13.33
2474.97

171.56
273.37
315.37
392.04
5.04
105.06
60.06
0.063
0.063
5.06
45.56
532.53
765.03
54.24
1.31
15 4.87
10 59.75
5 2.67
29

35.21
56.11
64.73
80.46
1.03
21.56
12.33
0.013
0.013
1.04
9.35
109.3
157.02
0.11.13
0.27

224

< 0.0001significant
<0.0001
<0.0001
0.0001
0.3252
0.0003
0.0032
0.9113
0.9113
0.3242
0.0080
<0.0001
<0.0001
0.0045
0.6113

0.1905 not significant

Std dev. 2.21, R> = 0.9705, mean 85.63, Adj R> = 0.9629, C.V% 2.58, Pred R> = 0.9532.
PRESS 363.36, Adeq precision = 19.755.
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Predicted vs. Actual

Predicted

80.00

Actual
FAME 315 i Blis o o s i oleasl, 1 S
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Colpo Bax 5l e ol oo 0uileS Jaw jo ol cawal o 4 D Ll sitws Jow a>g5 B8 &l Le <CD

28l jels (13) dolee 4 Jow o iz (o

Y = 94.33 + 3.37A + 3.62B + 4.04C + 0.46D + 2.56AB
— 1.94AC +0.56CD — 4.41A* — 5.28B> — 1.41C*  (13)

Normal Plot of Residuals

Normal % Probability

T T T T
-1.00 0.00 1.00 2.00

Internally Studentized Residuals

oilagdly Jlo s Jlazm! loges 2 S
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