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APPENDICES

Appendix A Supplemental Materials for Phase Behavior Study
• ©

Table A1 C om position o f  M O /O c system  at surfactant/cosurfact m o la r ratio  o f  1:8 

and palm  oil/diesel ratio  o f  1 : 1  (v/v) w ith  ethanol

: ' V
ร« ฒ ฒ m  

jg/ llllgjllll
1 S E -

I; .
- - 0 10 0 0 10 0

1/5 0.80 0 .1 0 0 0 14.17 70.86 14.97 1 0 0

2/5 1 . 1 0 0.1375 23 .00 57.51 19.49 10 0

3/5 1 .2 0 0.1500 29 .67 49.44 20 .89 10 0

4/5 1.30 0.1625 34.56 43.20 22 .24 10 0

5/5 1.40 0.1750 38.23 38.22 23.55 10 0

5 /4
1.40 0.1750 42 .47 33.98 23 .55 10 0

5/3 1.50 0.1875 46 .99 28.20 24.81 1 0 0

5/2 1.60 0 .2 0 0 0 52.83 21.13 26 .04 1 0 0

5/1 1.60 0 .2 0 0 0 61.64 12.32 26 .04 10 0

5/0 - - 1 0 0 0 0 10 0
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Table A 2 C o m p o s itio n  o f  M O /O c  sy s te m  a t su rfa c ta n t/c o su rfa c t m o la r  ra tio  o f  1:8
an d  p a lm  o il/d ie se l r a tio  o f  1:1 (v /v )  w ith  E tO H /B u O H  ra tio  o f  1:1 (v /v )

A lcohol/O il
Concenlration (M i

vn . 1 ร,
C om position for P hase D iagram  (% )

i i i i i :
M O Oc

: ;

A lcohols 
(IilO l 1+B nO H ) on MO.OC Total

0/5 :
'

- - 0 10 0 0 1 0 0

1/5 0.16 0 .0 2 0 0 16.10 80.50 3.40 10 0

2/5 0.16 0 .0 2 0 0 27.60 69.00 3.40 10 0

3/5 0.24 0.0300 35.62 59.37 5.02 10 0

4/5 0.28 0.0400 41.87 52.33 5.80 10 0

5/5 0.28 0 .0400 47.10 47.10 5.80 1 0 0

5/4 0.28 0.0400 52.33 41.87 5.80 10 0

5/3 0.28 0.0400 58.87 35.32 5.80 10 0

5/2 0.40 0.0500 65.65 26.26 8.09 10 0

5/1 - 0.40 0 .0500 76.59 15.32 8.09 10 0

5/0 - - 10 0 0 0 1 0 0
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Table A 3 C o m p o s itio n  o f  P O M E /O c  sy s tem  at s u r fa c ta n t/c o su rfa c t m o la r  r a tio  o f
1:8 an d  p a lm  o il/d ie se l ra tio  o f  1:1 (v /v )  an d  e th ano l

r  V  f  p, C om position for Ph
Ê Ê S ë  SÉ1I

A lco ,„„ s:
, 1 . ,  . 11 1 A( E t o n  f f

0 10 0

IS C  D iagram  (1

Total

10 0

1/5 0.90 0.1125 14.12 70.58 15.30 10 0

2/5 .  1.10 0.1375 23.40 58.52 18.08 10 0

3/5 1.30 0.1625 30.22 50.37 19.41 1 0 0

4/5 1.40 0.1750 34.70 43.37 21.93 1 0 0

,.5 0  0 ,8 7 5 38.43 38.43 23.14 1 0 0

5/4 1.60 0.2000■ a s H S 42.05 33.64 24.31 10 0

5/3 1.70 0.2125 46.60 27.96 25.44 10 0

5/2 1.80 0.2250 .5 2 .4 7  20.99 26.54 10 0

’  "  5/1 1.90 0.2375 60.33 12.06 27.61 1 0 0

S i l l  ■

10 0  0 0 1 0 0
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Table A 4 C o m p o s itio n  o f  P O M E /O c  sy s tem  at su rfa c ta n t/c o su rfa c t m o la r  ra tio  o f
1:8 an d  pa lm  o il/d ie se l ra tio  o f  1:1 (v /v )  w ith  E tO H /B u O H  ra tio  o f  1:1 (v /v )

f i f  ‘ ■ 1

PO M E

tion(M )
S k i l l

o c 1111: ะ r

>„ 1,. ,-1.1, 

Oil ’PO M K +O c Total

0/5 - - 10 0 0 10 0

1/ 5 0 .2 0 0.0250 16.02 80.12 3.86 10 0

”
0.25 0.0313 27.21 6 8 .0 2 4.78 10 0

3/5 0.35 0.0438 35.04 58.40 6.56 10 0

4/5 0.35 0 .0438 41.53 51.91 6.56 10 0

5/5 0.35 0.0438 46.72 46 .72 6.56 10 0

5/4 0.40 0 .0500 51.43 41 .14 7.43 10 0

0.40 0.0500 57.86 34.71 7.43 10 0

.5 /2 0.45 0.0563 65.51 26 .20 8.28 10 0

5/1 0.45 0.0563 76.43 15.29 8.28 10 0

5/0 - - 10 0 0 0 10 0

๐
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Appendix B Supplemental Materials for Fuel Properties Study

T hese tab les show  com position  o f  m icroem ulsion b iofuels used in th is  study  in unit 
o f  vo lum e percentage. T here  are three m ain com ponen ts in system  surfactan t phase, 
oil phase and alcohol phase.

Table B1 C om position  o f  m icroem ulsion b iofuels w ith  m ethyl oleate (M O ) as 
surfactant and 1 -octanol as cosurfactan t

1  '  
Sam ple 

E tO H :B uO H  
Ratio

f l l f l

0 :1 0 0 80.0 - 2 0 .0

30:70 80.0 6.0 14.0

50:50 10.0 70.0 10.0 fô.o

70:30 14.8 65.2 14.0 6.0

80:20 18.8 61.2 16.0 4.0

90:10 : 21.4 58.6 18.0 2.0

10 0 :0 24.0  56.0 20.0

๐
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'
urlaclàntTlia * / il Phase Alcohol Plia

EtOHîBuO
Surfactant/C osurfac:Ratio

PO M E Surfacta

23.0 57.0

Table B2 C o m p o s itio n  o f  m ic ro e rn u ls io n  b io fu e ls  w ith  p a lm  o le in  m e th y l e s te r
(P O M E ) as su rfa c ta n t an d  1 -o c tan o l as c o su rfa c ta n t

80.0

80.0

70.2

14.8 65.2

17.8 62.2

2 1 . 0 59.0

2 0 .0

14.0

10 .0 10 .0

14.0

16.0

18.0

2 0 .0
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Table B3 C o m p o s itio n  o f  R B D P O  m ic ro e m u ls io n  b io fu e ls  sy s te m  w ith  m eth y l
o le a te  (M O ) a s  su r fa c ta n t a n d  1-octano l as c o su rfa c ta n t

Composition (V oi.% )

1Sample Surfactant Phase Oil Phase 
EtOH:BuOII ' - h i .

Ratio Surfactant/Cosurfactant RBDPO/Diesel(1:8 molar ratio)X  , (50:50)MO Surfactant
£ 1

- 80.0 2 0 .0

- 80.0 6.0 14.0

8 .8  71.2
-

10 .0  10 .0

( l i p  14.2 65.8 14.0 6.0

s p l i t s  23.6 56.4 • -
2 0 .0

4X
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cohol.F;S uriactan
E tO H rB uO H

ร น r la et a ท t/cos น r fact a 11 t

T a b le  B 4  C o m p o s itio n  o f  R B D P O  m ic ro e m u ls io n  b io fu e ls  sy s te m  w ith  pa lm  oil
m e th y l e s te r  (P O M E ) a s  su rfac tan t an d  1 -o c ta n o l as c o su rfa c ta n t

80.0 2 0 .0

80.0 14.0

72.2 10 .0 10 .0

13.4 6 6 .6 14.0

2 1 . 8 58.2 2 0 .0
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T a b le  B 5  C o m p o s itio n  o f  m ic ro e m u ls io n  b io fu e ls  w ith  M O  as  su rfac tan t a n d  1-
o c ta n o l a s  c o su rfa c ta n t a t palm  o il/d ie se l ra tio  o f  3 0 :7 0

ชุurfactant Phase Alcohol Ph

c .  r. 4 4 1 , -  , „ r  .รแ rfactant/Cosurfa<
. 1 ร- . .  . .(1:8 molar ratio glfàln i

Ithaiipj
POME Surfc

0.0 70.0 10 .0 10 .0

8.8 61.2 16.0

21.4 58.6 18.0

T a b le  B 6  C om position  o f  m icroem ulsion b iofuels w ith  P O M E  as surfactant and 1- 
octanol as cosurfactan t at palm o il/d iesel ratio o f  30:70

kohol Plia:Earn liffas

Iirfactant/Cosiirfactai 
(1:8 molar ratio)

POME Surfactant
•' » - เ^ ’ *

■ Palm  Oil/Dicsc 
(50:50) iu tan i

17.8

2 1 . 0

71.2

62.2

59.0

10 .0

16.0

18.0

10 .0
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Appendix c  Supplemental Materials for Viscosity Study 

1. Kinematic Viscosity Calculation
T he kinem atic viscosity o f  the m icroem ulsion  b iofuels can be m easured by 

C anon-F enske type viscom eter (A S T M  D 445). K inem atic  viscosity  calculated using 
E quation  C l ,  which is provided by the m anufacturer o f  the  viscom eter:

p =  Kt (C l)

w here p  is K inem atic v iscosity  (cSt)

K is V iscosity constan t (K =0.01606 cS t/ร at 40 °C) 
t is T im e o f  sam ple flow  in v iscom eter (second)

E xam ple ะ T he sam ple kinem atic v iscosity  calcu la tion  o f  m ethyl o lea te /l-o c tan o l in 
palm  oil/d iesel blend with ethanol can be show n as follow s:

t =  439 sec
K =  0.01606 cSt/s
T herefore;

p  = (0.01606 cS t/s)(439 sec) =  7.05 cS t
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2. Raw Data of Kinematic Viscosity in Palm Oil Systems

T a b le  C l  T im e and k inem atic  v iscosity  o f  m icroem ulsion biofuels b lends at a 
surfactant/cosurfactan t at m olar ratio  o f  1:8 w ith  M O  as surfactant and palm  
oil/d iesel 1 : 1  (v/v) with 2 0  vo l.%  o f  alcohols

o
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T a b le  C2 Tim e and k inem atic  v iscosity  o f  m icroem ulsion b iofuels b lend s at a 
surfactant/cosurfactant at m olar ratio  o f  1:8 w ith  PO M E  as surfactan t and palm  
oil/d iesel 1 : 1  (v/v) w ith 2 0  vo l.%  o f  alcohols

S a m p le - ^ l

0 :1 0 0

-0:70 I t

497

478

« 2

499

471

•พ

-
489

474

7.982

7.677

Viscos

8.014

7.564

V ' V -ty (c S t)

#3

7.853

7.612

; :
1A verage

7.950

7.618

5 0 :5 0
396 401 395 6.360 6.440 6.344 6.381

10:70 395 392 385 6.344 6.296 6.183 6.274

20:80 372 382 382 5.974 6.135 6.135 6.081

10:90 365 371 367 5.862 5.958 5.894 5.905

0 :1 0 0 347 350 343 5.573 5.621 5.509 5.567

3. R a w  D a ta  o f  K in em a tic  V iscosity  in  R B D P O  S ystem s

T a b le  C3 Tim e and k inem atic  v iscosity  o f  m icroem ulsion b iofuels b lends at a 
surfactant/cosurfactant at m olar ratio o f  1 :8  w ith  M O  as su rfac tan t and 
R B D PO /diesel 1:1 (v/v) w ith  20 vo l.%  o f  a lcoho ls
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Table C 4 T im e and k inem atic  v iscosity  o f  m icroem ulsion b iofuels blends at a 
surfactant/cosurfactan t at m olar ratio  o f  1:8 with PO M E as surfactant and 
RB D PO /diesel 1:1 (v/v) w ith 20 vo l.%  o f  alcohols

4. Raw Data of Kinematic Viscosity in Palm Oil System (Palm OibDiesel = 30:70)

Table C5 T im e and k inem atic  v iscosity  o f  m icroem ulsion b iofuels blends at a 
surfactant/cosurfactan t at m olar ratio o f  1:8 w ith M O  and PO M E  as surfactants and 
palm  oil/diesel 30:70 (v/v) w ith 20 vo l.%  o f  alcohols
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Appendix D Supplemental Materials for Droplet Size Study

1. Raw Data of Droplet Size in MO Systems

Size Distribution by Intensity

4 0 -

(BCL
<gÊc

jt
\ iะ; . A
j ' r  1

1 \
1 : ■ 
! i
l i/ 1 :

■ t ' X
0.1 10 100 1000

Size (d.nm)
10000

Figure D1 D roplet size o f  palm  oil/d iesel blend at ratio 1:1 (v/v), M O  as surfactan t 
and 1-octanol m ixed a t a m olar ratio  o f  1:8  and EtO H /BuO H  ratio  o f  0:100.

Size Distribution by Intensity

Î  ะ : : ; I :
0.1 1 10  100 1000 100000.1 1 10  100 1000 10000

Size (d.nm)

Figure D2 D roplet size o f  palm  oil/d iesel blend at ratio 1:1 (v/v), M O  as surfactant 
and 1-octanol m ixed at a m olar ratio  o f  1 :8 and E tO H /B uO H  ra tio  o f  50:50.
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Size D istribution by Intensity

01
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I
ifรJ—

I
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0.1 10 100 
Size (d.nm)

1000 10000

F ig u re  D3 D roplet size o f  palm  o il/d iesel blend at ratio 1:1 (v/v), M O  as surfactan t 
and 1-octanol m ixed at a m olar ratio  o f  1:8 and E tO H /B uO H  ratio  o f  100:0.

2. R aw  D a ta  o f  D ro p le t S ize in P O M E  System s

S ize  D istribu tion  by Intensity

0.1 1 10 100 1000 10000
Size (d.nm)

F ig u re  D4 D rop let size o f  palm  oil/d iesel blend at ra tio  1:1 (v/v), P O M E  as 
surfactant and 1-octanol m ixed at a m olar ratio o f  1:8 and E tO H /B uO H  ra tio  o f  
0 : 1 0 0 .

๐
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Size Distribution by Intensity
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Figure D5 Droplet size of palm oil/diesel blend at ratio 1:1 (v/v), POME as 
surfactant and 1-octanol mixed at a molar ratio of 1:8 and EtOH/BuOH ratio of 
50:50.

Size Distribution by Intensity
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Figure D6 Droplet size of palm oil/diesel blend at ratio 1:1 (v/v), POME as 
surfactant and 1-octanol mixed at a molar ratio of 1:8 and EtOH/BuOH ratio of 
100:0.
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Appendix E Supplemental Materials for Density Determination

Table E l Density of MO system

F........... r w

L  :

' 1
p

0-100 0.856 0.851 0.850 0.852

30:70 0.850 0.848 0.856 0.851

50:50 0.846 0.849 0.850 0.848

30:70 0.839 0.840 0.846 0.842

100:0 0.832 0.830 0.838 0.833

Table E2 Density of POME system

๐
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Appendix F HLB Calculation of Nonionic Surfactants

HLB calculation for nonionic products is obtained with the Griffin formula (Equation FI):
HLB = 20 X

MWh
MWh+MWl =  20  X MWh

MW (FI)

Where MWh = Molecular weight of hydrophilic part
MWl = Molecular weight of hydrophobic part
MW = Molecular weight of surfactant

1. HLB Calculation of Methyl Oleate (MO)
MWh =59.04 
MW =296.5

HLB = 20 X
M W h
M W

20 X
59.04
2962)

= 3.98

2. HLB Calculation of Palm Oil Methyl Ester (POME)
HLBavg calculation of mixed product is obtained by Equation F2:

HLBavg =  o/owt-L X  HLB-l + % wt2 X  HLB2 + % wt3 X  HLB3 + ■ •- (F2)

O
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Table F l HLB calculation of POME

y f g j f l Number ( % ) '  K
- •1' li M พ m .B

1
"if HLB

Laurie acid Cl 2:0 0.1 59 (i 4 214.35 5.51 0.0055
Myristic acid C14:0 0.9 59.04 242.40 4.87 0.0438
Palmitic acid ' C16:0 45.6 59.04 270.46 4.37 1.9908
Palmitoleic acid C16:l 0.4 59.04 268.44 4.40 0.0176
Stearic acid Cl 8:0 3.8 59.04 298.51 3.96 0.1503
Oleic acid c  18:1 38.6 59.04 296.50 3.98 1.5372
Linoleic acid c  18:2 10.5 59.04 294.48 4.01 0.4210
Linolenic acid Cl 8:3 0.1 59.04 292.46 4.04 0.0040

1.0 แช average . 4.17

■ o
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Appendix G Supplemental Materials for Heat of Combustion

Table G1 Heat of combustion of POME system
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