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1. Unburned Hydrocarbons



275 peeadé g Lold Ol o pllone oo

2590 5 NOx el 2als” (sl fige slol, 5l glyimt abaiomo gloo (alS e ( Jino slacsgu b ol oS
| JotkewcSS y5ise 1 oyomadal Cigm 3zl 5 Lol NOx ,lasil gamys Yo LialS o5an o ouis (0]l Jio
R N RS N SR I P PO Rt Y LSS PO PO CP VI EL O 1 REC QIO
il Sn oy b Ggdgal sl s 3ol [Vans o oLis 1) j53se 5351 (75,5 55 NOx jLesil (sumys 00
o 5 00 p)S S 50 9z s0 ol woud hiad i, Slpd 4 S Sk il le (0 JS2) cool olyen
M SzsS g ead ol BLbl mle cogu Glild padyis, el @l Sl gy blal 05800 baie (Gadip S
y959e yaidew 5o (65 JelS Glusl s o ol il Gl sl gl (B Cdy Co g U ogd so dsly St g Ol ylad
5590 55 @l By (F S8) il oo alS wiled g @il Gl >l Jol> a5 WHC 5 CO Lla bl 5 oud ploxl
I anly als 55 59351 51 (29,5 Slajl8 (Blao 1,5 5 0350 ke 395 oo g 3o

N °

= 0O
] Z\é ™ oo

Fuel
Water-fuel emulsions Expansion of water droplet Rapid evaporation of Small fuel droplets

water droplets in fuel

Figure 1- Steps of the micro-explosive phenomenon[9]
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Figure 2- Complete combustion scheme with emulsion fuel [10]
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1. Hydrophilic Lipophilic Balance
2. Span 80
3. Tween 80
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Table 1- Diesel Fuel No. 2 Specifications
specifications Estandard Diesel Fuel unit
Flash point ASTM D-93 61 °C
Kinematic viscosity ASTM D-445 4.1 mm?/s
Density ASTM D-4052 0.818 glem®
Low thermal value ASTM D-240 42.57 Mj/Kg
Molecular weight | = --------mmmeeee 209 kg/mol
Carbon mass | -----mmemmmeeeee- 86.5 %
percentage
Mass percentage of | = ------mmmeeeeen 135 %
hydrocarbons
Sulfur mass percentage | = ----------m------ 0.71 %
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Table 2- Specifications of biodiesel Fuel with utilized standards

specifications Test standard Biodiesel Allowed limit unit

Flash point ASTM D-93 176 >90 °C

Cloudy point ASTM D-2500 11 3-12 °C

Pour point ASTM D-97 5 10-15 °C
Cetane number ASTM D-613 97.2 >47 |
(Viscosity (at 40 °C ASTM D-445 4.85 1.9-6 mm?®/s
(Density (at 15 °C ASTM D-4052 0.8767 0.87-0.9 glem®

Content of water and ASTM D-2709 0.05 <0.9 % Volume
sediments
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Table 3- Surfactants specification
Surfactant type Molecular formula Chemical structure HLBNumber
Span® 80 /CHOH 43
C,4H1406 CHOH \CHOH
(le! CHCH,O00CR
P
(8]
Polysorbate 80 CHO(CH,CH,0)H
C64H124026 CHO{CH,;CH,O)xH CHO(CH:CH;0)xH 15
CHa, CHCH,O0CR
\‘\ o /

1. Transestrification
2. Merck
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Figure 3- Ultrasonic device[15]
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1. Ultrasonic
2. Hielscher
3. Sonotrode
4. Olympus
5. Zetasizer
6. Malvern
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2. Synergistic
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Figure 4- Emulsion with different HLBs after three days of storage at ambient temperature (numbers inside the image, is the
HLB number of same sample)
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Figure 5- Microscopic photograph of emulsion with different HLBs
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Figure 6- Differents emulsion after one day storage at ambient temperature (numbers inside the Figure, is the volume
Percentage of surfactants of same sample)
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Figure 7- The amount of deposition emulsions in 0.5, 1 and 1.5% surfactant
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Figure 8- Microscopic photograph of emulsion with differents surfactant
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Table 4- Color of nano-emulision of samples in different amounts of HLBs and surfactant

surfactant HLB=5 HLB=6 HLB=7 HLB=8 HLB=9
3% opaque opaque opaque opague opaque
4% opaque opaque Semitransparent Semitransparent opaque
5% opaque Semitransparent Semitransparent transparent Semitransparent
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Figure 9- Nanomulsion sample with 5% volume of surfactant in different HLBs (numbers inside the Figure is the HLB nimber of

same sample)
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Figure 10- The size of the water particle radius and the percentage of dispersion of the nanoemulsions with different HLBs
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English Abstract

The Optimization of Surfactants Use to Produce Biodiesel-Diesel-Water
Emulsion and Nano-Emulsion Fuels

Mohammad Abdollahi, Barat Ghobadian and Gholamhassan Najafi
Department of Biosystems Engineering, Tarbiat Modares University, Tehran, Iran
(Received: 2016.6.16, Received in revised form: 2017.3.9, Accepted: 2017.4.16)

In the present study, we aimed to investigate the optimum amount of surfactants to be used in emulsion and
nano-emulsion fuels. This would ideally overcome the probable setbacks rooted in surfactant over use and
dramatically decrease fuel production expanses, while preserving the fuel stability. In this regard, tween80
and span80 were exploited to produce emulsion and nano-emulsion fuels. The biodiesel-diesel-water
emulsion and nano-emulsion fuels were produced in different quantities and HLBs of surfactant. All
evaluations were carried out using the B5 as the base fuel and water volume percentage of 5. The produced
emulsions had milky and turbid appearance. Being stable for 8 days, the emulsion with HLB of 6 indicates
the highest stability. The volume percentage of 1 at HLB of 6 was determined to be the minimum amount of
the surfactants required to produce biodiesel-diesel-water emulsions. Moreover, the volume percentage of 5
with HLB of 8 is reported to be the minimum amount of surfactants required to produce nano-emulsion.

Keywords: Diesel Engine, Emulsion, Nano-emulsion, Surfactant, HLB number
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