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ABSTRACT

This paper presents about using rubber seed oil in Thailand as an alternative fuel for a
small diesel engine. Rubber oil can be produced from kernel of rubber seed with 25% yield using
hydraulic compress machine. Fatty acid analysis results show that rubber seed oil has unsaturated
fatty acid higher the common vegetable oil so it is difficult to solidified. However, viscosity of
rubber seed oil is higher than diesel fuel. The viscosity of the oil should be decreased if we want
to use in an engine. This paper presents improvement of rubber seed oil by blending with diesel at
the ratio of 20%, 40%, 60%, 80% and 100% by volume and improvement of an engine by
insulating the piston. When using blended rubber seed oil 20% with diesel engine the brake
thermal efficiency is as same as using diesel fuel for high load condition. The smoke density of
blended rubber seed oil is lower than diesel fuel which could be reduced more than 40% when
blending rubber seed oil with diesel ratio more than 40%. If insulation piston, the smoke density
will decrease more than 50%. In this study the engine was run in a short period of time. The
performance of blended rubber seed oil is as same as diesel fuel but it is spray test results are
worse than the diesel spray test. However, in a long term engine run the injector and combustion
chamber are needed to be maintenance carefully. Though the rubber seed oil has oxygen, it could
make an incomplete combustion and deposit in the combustion chamber due to its higher viscosity
and poor injection spray. An improvement of the DI engine by insulating the piston effects to

increase the performance of the engine and it causes higher exhaust gas temperature.
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3.3.2 Microemulsions
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Lubricating Oil Temperature in (C)
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Specific Fuel Consumption (g/kWh)
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T:;picnl Carbon Number Distribution — No. 2 Diesel Fuel
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Typical Distillation Profile —= No. 2 Diesel Fuel
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Boiling Point and Freezing Point of Representative Diesel Fuel Hydrocarbons

Chemical Hydrocarbon Boiling Freszing

Compound Formula Class Point, °F Paint, °F
“Naphthalene CioHg | Aromatic 424 176
Tetralin CioHiz |  Aromatic 408 -31
cis-Decalin CioHig |  Naphthene 385 -45
-1, 3-Diethylbenzene CigHie |  Aromatic 358 -119
_n-Butylcyclohexane CioH20 | Naphthene 358 -103
‘ mmﬂcvdopentana Cio Ha2o Naphthenea 358 -117
Decane n-Paraffin 345 -22
- Anthracene Aromatic 648 419
1-Pentylnaphthalene Aromatic 583 -1
n-Nonylcyclohexane Naphthene 540 14
n-Decyicyclopantanea Naphthens 534 -8
n-Pentadecane n-Paraffin 520 50
Z-Mnthvltetradncane -!sopsaraifin 509 18
| it el el
T
| Napbthene | 667 | 63
~ Eicosana ~ n-Paraffin 851} o T
2-Methylnonadecane Isoparaffin 642 I 84

1 ' 1 3 : d o o
ﬂ1ﬂ3131111!1&!141!1&318?11ﬂ’J'IiJ‘iBHinﬂm'leﬂﬂN‘llﬂ\lﬂ1 5ﬂsznan‘laiﬂsmmaumﬂu

d : ar =
panlszneuluiiniufia

Dﬂmty and Heat of Combustion for chrwenlalne Diesel Fuel Hydrocarbons

| i Net Heat of | NetHeat of
; H',-'d:m:a:l}on Carbon | Density, | Combustion, | Combustion,
i Class | Number | 20°C, gfem3| 25°C, Btu/Lb | 25°C, Btu/Gal

.n-Paraﬂ'in :
| lsoparaffin | 10
| Aromatic | 14

e 172,410
n-Nonylbenzene Aromatic 15 129,410
n-Nonylcyclohexane Naphthene 15 127,150
n-Decylcyclopentane Naphthene 15 126,710
n-Péentadecansa n-Paraffin 15 121,280
n-Tetradecylbenzene Aromatic | 20 1130,310
n-Tetradecylcyclohexane | Naphthene | 20 128,590
n$entadecylcydopentam Naphthene 20 128,260
Eicosane : n-Paraffin 20 123,400
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Typical Density and Net Heating Value of Different Fucls

Not Heating Net Heating
Value, Btu/lb. Value, Btufgal.

Density, gfem3

Regular gasoline 0.735 18,630 114,200
Premium gasoline 0.755 18,440 116,200
Jet fuel 0.795 18,420 122,200
Diesal fusl = 0.850 18,230 130,000

U ] d c; o [ : ar =
mImuvesmsdsznevlalasmsveuniussntsznevliniuaiva

Cetane Number of Representative Diesel Fuel Hydrocarbons

Hydrocarbon Chemical Cetane

Compound Class Formula Number
“rDscane’ " nParalfi T
n-Pentadecans o - n-Paraffin Ci5Ha2 95
n-Hexadecane® e n-Paraffin CisHas 100
n-Eicosane ey n-Paraffin CaoHaz 110
3Ethyldecans - lsoparaffin Ci2H2e 48
4,5-Diethyloctane Isoparaffin Cyz2Hzg 20
_ Heptamethylinonane® Isoparaffin CigHae 15
8-Propylpentadecana Isoparaffin CigHss 48
7.8-Diethyltetradecane Isoparaffin CigHss B7
9,10-Dimethyloctane Isoparaffin CpoHaz 59
- Decalin Naphthene CioH1g 48

~ 3-Cycl s : Ci2Hn 36
CigHaz 70
C20H40 57

- CnHp A0
~ Cnhg 8
- CyzHypp 21
~ 1-Butylnaphthaler CiaHig 6
_ n-Nonylbenzene CisHas 50
_ 2Octylnaphthalens CigHas 18
n-Tetradecylbenzene CzoHas 72

* Primary reference material for cetane number scale
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Relationship of Hydrocarbon Class Properties to Fuel Properties
MNormal Paraffin Isoparaffin Naphthene
FFE P TSR e

| Fuel Prom,rw Aromatic

Volumtr!chealing e

+ l ndicaics @ posili\‘c or beneficial effect on the fuel propenty.
0 Indicates a neutral or minor cffect.
~ Indicates a negative or detrimental effect.

Relationship of Diesel Fuel Propertics to Composition and Performance

Property
Type*

Etfect af Property on Perfarmance Time Frame of Effe

| Safety in handling and use - n cﬁmﬁr‘%“‘“
related to engine per snce p
AMMGM:MIWM

Aﬂm finl aeonomy

Bulk Ammmvﬂu- | immediate
Minor tmimummuuof«mnmmm Long-term
= , o

* A buik property is one that is determined by the composition of the Tuel as a whole. A
minor propenty is onc that is determined by the presence or absence of small amounts
of particular compounds.
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ASTM D 975 Requirements for Diesel Fuel Oils

Test

Method® |

Low Sulfur
No. 1D

No.1-D

Low Sulfur |
No.2-D

—

. |
| No.2D |No.4D

| 282

~ min 282
it . 288 288 338 338
Kinematic viscosity, 40°C, ¢St | D 445
min - 13 1.3 1.9 19 | 55
max 2.4 2.4 4.1 41 | 240
Ash, % mass, max D 482 0.01 0.01 0.01 0.01 | 01
i, Sulfurfﬁ masa,max | D2622 | 0.05 0.50 005 | 050 | 2.00
IO No.3 | No.3 | No.3 | No.3
6 10 40 w | o [
o6 | 40 40
319 35 35 .
' 0.15 0.15 0.35 035

tillation residus,:
*All “Dxt'

* methods are ASTM standards.

ASTM D 975 Requirements for Diesel Fuel Oils

Test

fethod* |

| Low Sutfur
No. 1D

No.1-D

Low Sulfur
No.2-D

No.2D |No.4D

3 hrat EO'C, max rating
Cetane number, min D 613 40 40 40 40 30
One of the following:
1) Cetane index, min D 876 40 40
2) Aromaticity, % vol, max D 1319 35 35
Ramsbottom carbon residue | 24 | 0.5 0.15 0.35 0.35
on 10% dlsﬂllatfan residue, e ;

* All “Dxx" methods are ASTM smnd‘lrds
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Comparison of US., Evropean, and Japanese Specifications for s Comparable Grade of Diesel Fuel
| US:ASTM D975, | Europe: CEN 530: | Japan: JIS K 2204,
| Low Sulfur No. 2-D GradesAF | Grade No.2

15°C, glem3 . 0.820-0.860
Kinematic viscosity
38°C,cSt 2.0 min
40°C, ¢St 1.9-4.1 2.0-4.5
Sulfur, % mass, max 0.05 0.05 0.05
Cetane nu_mber. min : 40 49 45
Distillation temperature, °C
% vol recovered : i
85 250min | :
88 T e 3%0max | Ealy
90 | 282338 e £ 330-350
Sl e 370 max e

Equation Used to Calculate the Cetane Index of a Diesel Fuel in ASTM D 4737

CCl = 45.2 + (0.0892){Tyon} + [0.131 + (0.901)(B)][Tson] + [0.0523 -
(0.420) (B)] [Tgon) + [0.00049] [(T1gn)2 - (Teon)2] + (107) (B) + (60)(B2)
Where:

CCl =  Calculated Cetane Index

D =  Density at 15°C

DN = D-085

B = [el-3.5HDN} 1

LET)) = 10% recovery temperature
as measured by D86 in °C

Tiow = Ti0-215

Tso =  50% recovery temperature
as measured by D86 in °C

Tson = T50-260

T90 = 90% recovery temperature
as measured by D86 in °C

Taon = Tgp-310
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EUROPEAN UNION

EC 2000 and EC 2005 ("Euro 3" and "Euro 4%)
Directive TO/220/EEC, s amended by Directive 200)/7T6/EC

= Exhaust and evaporss 1astng for passanger cars
and bght duty trucks

=  Quaity of market gascline and diesel fue's
(Dwective SB/TO/EC. a3 amended by 20031 7/EC)

PASSENGER CARS (s 2.5t GVYW)

Assigned multphcatve cetenorabon factors for 30 000 km kmits
Gaschne. CO, HC NOw1.2
Dwse!: CO 1 * NOwHC+NOx 10, PM; 12

HC+NOx | g/km . . ' Uni 1272002, dlosel cars with GVW > 2 ¢, and
EUDC| CO a) > 6 saats of
La..] b) off-road vehicles shall be cor as N1 vehick
TR, e L T e T Y e s e S R T S SR T
Exhaust Emisslons Standards ’ | 8

EUROPEAN UNION

EC 2000 and EC 2005 (“Euro 3" and “Euro 47}
LARGE PASSENGER CARS (> 2.5 t GVW) AND LIGHT DUTY TRUCKS (< 3.51 GYW)

H [R1.} on
+ |HC+NOx | gam - 056 , e | - } 072 . 030 | oss . 048
EuDC |CO 23 06 10 | osc | a7 | oeo 181 063 522 085 227 074 |
{PM i 0.05 - | ooesi - l oor | ocs | l 0.10 008 |
| 3 . - i

‘' Relerence waight in running order plus 25 kg

Exhaust Emissions Standards | 9
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The Use of Rubber Seed Oil for Small Diesel Engine
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Abstract

This paper presents the use of rubber seed cil in Thailand
as an alternative fuel for a small diesel engine. To use the rudber
seed ofl as fuel its properties such as viscosity nesd to be
improved. This paper proposes an improvement of rubber szed
oil by blending with diesel at the ratio of 20:80 and 40:60 by
volume. As the results, the blended rubber seed oi provides
higher brake specific fuel consumption but lower smoke density.
The brake thermal efficiency of the biended rubber seed ol is
close to the diesal.
Keywords: rubber seed oil, small diesel engine
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IC18:2 linoleic acid 396 40.36
€ 18:3 linolenic acid 16.3 15.56
Unsaturated 805 81.15
(Others 06 0.88
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Abstract

This paper presents the use of rubber seed oil in Thadanc
as an allerative fuel for a small diesel engine. To use the rubber
seed oil as fuel its properties such as viscosity need to be
improved. This paper proposes an improvement of rubber seed
oil by blending with diesel at the ratio of 20, 40, 60, 80 and 40:60
by volume. As the results, the biended rubber seed oil provides
higher brake specific fuel consumption but lower smoke density.
The brake thermal efliciency of the blended rubber seed oil is
close o the diesel.
Keywords: rubber seed oil, small Di diese! engine, vegetable oil
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