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APPENDICES

Appendix A Supplemental Materials for Phase Behavior Study

©

Table AL Composition of MO/Oc system at surfactant/cosurfact molar ratio of 1:s
and palm oil/diesel ratio of 1.1 (v/v) with ethanol

'V
« m
. . 1 S E -
jo/ Mgy b
0 100 0 100
1/5 0.80 0.1000 14.17 70.86 14.97 100
215 1.10 0.1375 23.00 57.51 19.49 100
315 1.20 0.1500 29.67 49.44 20.89 100
4/5 130 0.1625 34.56 43.20 22.24 100
5/5 1.40  0.1750 38.23 38.22 23.55 100

140  0.1750 42 47 33.98 23.55 100

5/4

5/3 150  0.1875 46.99 28.20 24 81 100
512 160  o0.2000 52.83 21.13 26.04 100
51 1.60 0.2000 61.64 12.32 26.04 100

5/0 - - 100 0 0 100



Table A2 Composition of MO/Oc system at surfactant/cosurfact molar ratio of 1:8

and palm oil/diesel ratio of 1:1 (v/v) with EtOH/BuUOH ratio of 1.1 (v/v)

Alcohol/Qil

Concenlration (Mi

MO

0.16
0.16
0.24
0.28
0.28
0.28
0.28
0.40
0.40

Oc

0.0200

0.0200

0.0300
0.0400
0.0400
0.0400
0.0400
0.0500
0.0500

[T
Alcohols

(lil01 +BnOH)

0

16.10
27.60
35.62
41.87
47.10
52.33
58.87
69.65
76.59

100

on

100
80.50
69.00
59.37
52.33
47.10
41.87
35.32
26.26
15.32

MO.0C

3.40
3.40
5.02
5.80
5.80
5.80
5.80
8.09
8.09

Total

100
100
100
100
100
100
100
100
100
100

100

59



Table A3 Composition of POME/Oc system at surfactant/cosurfact molar ratio of

1:8 and palm oil/diesel ratio of 1.1 (v/v) and ethanol

2SH S

513

-5l

S il

0.90
1.10
1.30
1.40
90
1.60
1.70
1.80
1.90

0.1125
0.1375
0.1625
0.1750
0,875
0.2000
0.2125
0.2250
0.2375

ComposiYion for Phisc Diagram «

EEse
Alco,,,Ss:
(Etofff 2

0

14.12
23.40
30.22
34.70
38.43
42.05
46.60
5247
60.33

100

SE1

100

70.58
58.52
50.37
43.37
38.43
33.64
27.96
20.99
12.06

15.30
18.08
19.41
21.93
23.14
2431
2544
26.54
27.61

Total

100
100
100
100
100
100
100
100
100
100

100

60



Table A4 Composition of POME/O¢ system at surfactant/cosurfact molar ratio of
1:8 and palm oil/diesel ratio of 1.1 (v/v) with EtOH/BUOH ratio of 1.1 (v/v)

tion(M) > 1.-11
fif o0 kil
poME  oc UL T Oil  POMK+Oc Total
0/5 - - 100 0 100
Us 0.20 0.0250 16.02 80.12 3.86 100

0.25 0.0313 271.21 68.02 478 100

315 035  0.0438 35.04 58.40 6.56 100
4[5 035  0.0438 41.53 51.91 6.56 100
515 035  0.0438 46.72 46.72 6.56 100
5/4 040  0.0500 5143 41.14 143 100

0.40 0.0500 57.86 34.71 7.43 100
512 045  0.0563 65.51 26.20 8.28 100
51 045  0.0563 76.43 15.29 8.28 100

5/0 - - 100 0 0 100



62

Appendix B Supplemental Materials for Fuel Properties Study

These tables show composition of microemulsion biofuels used in this study in unit
of volume percentage. There are three main components in system surfactant phase,
oil phase and alcohol phase.

Table Bl Composition of microemulsion biofuels with methyl oleate (MO) as
surfactant and 1-octanol as cosurfactant

Alcohol Phase

Butanol

. Ethanol |
25

1
i
-
.
|
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Table B2 Composition of microernulsion biofuels with palm olein methyl ester
(POME) as surfactant and L-octanol as cosurfactant

Fomposition (Y ol.%)

SurfactantPhase OibPhase Alcohol Phase
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Table B3 composition of RBDPO microemulsion biofuels system with methyl
oleate (MO) as surfactant and 1-octanol as cosurfactant

Lomposition g

(1:8 molar ratic

-';,‘Ai(_‘{')»“ surfactan

4X
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Table B4 Composition of RBDPO microemulsion hiofuels system with palm oil
methyl ester (POME) as surfactant and 1-octanol as cosurfactant

AlcohoblE
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Table B5 Composition of microemulsion biofuels with MO as surfactant and 1-
octanol as cosurfactant at palm oil/diesel ratio 0f 30:70

AlcoholPhase

= Ethano)

Table Be Composition of microemulsion biofuels with POME as surfactant and 1-
octanol as cosurfactant at palm oil/diesel ratio of 30:70

Compositi
sSurfactant Phase

Surfactant/c _|';~;l»:'~€f-‘:w-.1—l:]()

Lis‘molar ratio)

POMESurfactant:




67

Appendix ¢ Supplemental Materials for Viscosity Study

1. Kinematic Viscosity Calculation

The kinematic viscosity of the microemulsion biofuels can be measured by
Canon-Fenske type viscometer (ASTM D 445). Kinematic viscosity calculated using
Equation CI, which is provided by the manufacturer of the viscometer:

b =Kt ()

where p s Kinematic viscosity (cSt)
K is Viscosity constant (K=0.01606 ¢St/ at 40 °C)
t isTime of sample flow in viscometer (second)

Example The sample kinematic viscosity calculation of methyl oleate/I-octanol in
palm oil/diesel blend with ethanol can be shown as follows:

t = 439 sec
K = 0.01606 cSt/s
Therefore;

P = (0.01606 cSt/s)(439 sec) = 7.05 ¢St
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2. Raw Data of Kinematic Viscosity in Palm QOil Systems

Table CI Time and kinematic viscosity of microemulsion biofuels blends at a
surfactant/cosurfactant at molar ratio of 1.8 with MO as surfactant and palm
oil/diesel 1:1 (v/v) with 20 vol.% of alcohols
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Table C2 Time and kinematic viscosity of microemulsion biofuels blends at a
surfactant/cosurfactant at molar ratio of 1.8 with POME as surfactant and palm
oil/diesel 1:1 (v/v) with 20 vol.% of alcohols

Sample-Al Viscos ty(\{slt}/ ) X
«@ ) #3 /-{verage
0:100 497 499 489 71.982 8.014  7.853 7.950
0:70 1t 478 471 474 1.677 1.564 1.612 7.618
<050 396 401 395 6.360 6.440  6.344 6.381
10:70 395 392 385 6.344 6.296  6.183 6.274
20:80 312 382 382 5.974 6.135 6.135 6.081
10:90 365 3711 367 5.862 5.958 5.894 5.905
0:100 347 350 343 5.573 5.621 5.509 5.567

3. Raw Data of Kinematic Viscosity in RBDPO Systems

Table C3 Time and kinematic viscosity of microemulsion hiofuels blends at a
surfactant/cosurfactant at molar ratio of 1. with MO as surfactant and
RBDPO/diesel 1:1 (viv) with 20 vol.% of alcohols
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Table C4 Time and kinematic viscosity of microemulsion biofuels blends at a
surfactant/cosurfactant at molar ratio of 1:8 with POME as surfactant and
RBDPO/diesel 1.1 (v/v) with 20 vol.% of alcohols

Sample

H:BuOE

Lo R Rl e e Sl B B St

7741 | 7661 | 7.730

7.484 7.372 7.425

6.296 6.408 6.322

5.926 6.055 6.055

5.396 5.284 5.402

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

Table C5 Time and kinematic viscosity of microemulsion biofuels blends at a
surfactant/cosurfactant at molar ratio of 1.8 with MO and POME as surfactants and
palm oil/diesel 30:70 (v/v) with 20 vol.% ofalcohols
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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

\ - A
8! 'T
a
A |
? I
1 tll' g(
0.1 10 100 1000 10000

Size (d.nm)

Figure DL Droplet size of palm oil/diesel blend at ratio 1:1 (v/v), MO as surfactant
and 1-octanol mixed at a molar ratio of 1.5 and EtOH/BuOH ratio of 0:100.

Size Distribution by Intensity

Intensity (Percent)
F-N
o

Size (d.nm)

Figure D2 Droplet size of palm oil/diesel blend at ratio 1:1 (v/v), MO as surfactant
and 1-octanol mixed at a molar ratio of 1. and EtOH/BuOH ratio of 50:50.
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Size Distribution by Intensity

r |
|

a
p ! f
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Size (d.nm)

Figure D3 Droplet size of palm oil/diesel blend at ratio 1:1 (v/v), MO as surfactant
and 1-octanol mixed at a molar ratio of 1:8 and EtOH/BuOH ratio of 100:0.

2. Raw Data of Droplet Size in POME Systems

Size Distribution by Intensity

40 .............................................................................
€30‘.....-.-........_............... .................................................
8 1 ] : 2 : :
<! . Oy LTI GRS A B I L f
2% : ' '

s | :
E10¢ ............... ' .................................................

ki IO TR " P CRY, MU . | O .

Ul 1 10 1 1000 10000

Size (d.nm)

Figure D4 Droplet size of palm oil/diesel blend at ratio L1 (v/iv), POME as

surfactant and 1-octanol mixed at a molar ratio of 1:8 and EtOH/BuOH ratio of
0.100.
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Size Distribution by Intensity

1 0 1 100 10000

Size (d.nm)

Figure D5 Droplet size of palm oil/diesel blend at ratio 11 (v/iv), 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

|
ul
01 10 10 100 1000

Size (d.nm)

Figure D6 Droplet size of palm oil/diesel blend at ratio 11 (v/v), POME as
surfactant and 1-octanol mixed at a molar ratio of 1.8 and EtOH/BUOH ratio of
100:0.



Appendix E Supplemental Materials for Density Determination

Table EI Density of MO system

Frorron w1

L ; :
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
1000 0.832 0.830 0.838 0.833

Table E2 Density of POME system

0.856 0.851 0.850 0.852
a 0.850 0.848' 0.856 0.851
- ar OH ? 0.846 0.840 0.850 0.845
0.838 0.845 0.838 0.840
0.830 0.820 0.838 0.829




Appendix F HLB Calculation of Nonionic Surfactants
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HLB calculation for nonionic products is obtained with the Griffinformula(EquationF):

- MWh  _ MWh
HLB = 20 « i = 20 x MMk

Where MWh = Molecular weight of hydrophilic part
MW1I = 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, 1"
50 (4
20 % 29))
= 398

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

HLBavg = aoatL x HLB-1+ %wt2« HLB2+ %wt3 « HLB3+ 1+

(FI)

(F2)



Table FI HLB calculation of POME

y tg ]t
Laurie acid
Myristic acid
Palmitic acid,
Palmitoleic acid
Stearic acid
Oleic acid
Linoleic acid
Linolenic acid

Number
Cl2:0
C14:0
C16:0
C16:l
Cl80
¢ 181
¢ 18:2
Cl18:3

09
456
04
38
38.6
105
01
10

59 (14
59,04
59,04
59,04
59,04
59,04
50,04
59,04

M

214.35
242 40
21046
268.44
298.51
296.50
294.48
292.46
average

m.B

1
551
4.87
437
4.40
3.96
3.98
401
4,04

"if HLB

0.0095
0.0438
1.9908
0.0176
0.1503
15372
0.4210
0.0040
417

76



Appendix G Supplemental Materials for Heat of Combustion

Table GL Heat of combustion of POME system

7




8

CURRICULUM VITAE
Name: Ms. Waritta Apichatyothin
Date of Birth: April 3, 1991
Nationality: Thai
University Education:

2009-2013 Bachelor Degree of Chemical Engineering, Faculty of

Engineering, Burapha University, Chonburi, Thailand

Proceeding:

L Apichatyothin, .; Sabatini, D.A.; and Charoensaeng, A. (2015, April 21)
Formation of vegetable oil based microemulsion biofuel with butanol in palm
oil/diesel Blends. Proceeding of The 6t Research Symposium on Petrochemical
and Materials Technology and The 21t PPC Symposium on Petroleum.
Petrochemicals, and Polymers. Bangkok, Thailand.



	REFERENCES
	APPENDICES
	Appendix A Supplemental Materials for Phase Behavior Study
	Appendix B Supplemental Materials for Fuel Properties Study
	Appendix C Supplemental Materials for Viscosity Study
	Appendix D Supplemental Materials for Droplet Size Study
	Appendix E Supplemental Materials for Density Determination
	Appendix F HLB Calculation of Nonionic Surfactants
	Appendix G Supplemental Materials for Heat of Combustion

	CURRICULUM VITAE

