Journal of Engg. Research Vol. 5 No. (3) September 2017 pp. /86-197

IXIERTTSRPUNTIIFTRY
o pE deul j3 — il O e 5 43 oS

OLb 8 Tl
) 600119 = (gLt clalilu tnale AL dntigl) o *
hema_3_2000@yahoo.com : ;s SI¥ & ) Je calsll dal o *

o

bast s LY L 55 5358 LIl @ g 331 Al L3 Bl p sl Al ods sl
ISOOJZJ;UZ&J.M.: 419\_3}1354.4 sl REgo —Zi\j.la.d\cd}.i.ﬂ\ éjf:Ai.éJ:—-‘LJ.iu\ &l;-\:—\;\
‘;wasjﬁd:i;\llﬁw\ r\.l;';’:...e\))ﬂ\ S L Ly 085 .1:17.5 Laxall ivud s caasull X SEH
SV 52 o &ylas 5 5555 L3l BBlally U1 G sl Jas p szl 2 .4 e B 53 360 5,4 60
o g8 AL S Ll Bl BBl Jelass cood ¢ J s 53 et Ll oYl b
leall 5 S G5l Lok o e Gosb s e S ol Gy Ry &I 55 selas
25% (0% o &kl Js Y1 3y ekl o e (B100) 100% 5 (B25) 25% dncy 43U
3-USI Jul 33 BSFC) 13915 (CO HCe NOX: FSN) bVl ok & .100% 5.75% <50%
BSFC,;NOx s HC 5 CO b jolisil dln O Ay ol gl o gl - 311 o) (21 4
Jimes 311 lais OIS 5. okl 5055 5 o 5, &yl A1 Jol 0150 UiS' 33sl 5 lim OIS Loy

5l 1S e b o (sl el ar) Gl Y J 5l L8 (5 5lens BI00J J6 35



187 Hydro Treatment of palmolein oil as fuel for diesel engines — An experimental study

Hydro Treatment of palmolein oil as fuel for diesel engines — An experimental study

J. Hemanandh* and K.V.Narayanan

*Department of Mechanical Engineering, Sathyabama University, Chennai - 600119, India.

*correspondent author: hema_3_2000@yahoo.com

ABSTRACT

The present study investigates the use of hydro treated vegetable oil as fuel and analyzes
the emission and performance characteristics of the Direct Injection 4 — stroke Diesel engine,
air-cooled single cylinder, 4.4 kW, constant speed of 1500 rpm, and compression ratio 17.5:1.
The Refined Palmolein oil was hydrotreated using Ni-Mo as catalyst at 60 bar and 360°C. The
hydrotreated refined palmolein oil was used as a fuel and compared with the transesterified fatty
acid methyl esters. The properties of petro diesel, FAME, and hydro treated refined palmolein oil
were compared with Euro IV Indian standards. The experiments were conducted systematically by
blending the hydro treated refined palmolein oil by 25% (B25) and 100% (B100) by volume and at
different loads such as 0%, 25%, 50%, 75%, and 100%. The emission (CO, HC, NOx, and FSN),
performance (BSFC and Brake thermal efficiency) combustion analysis were measured. The
experimental results showed that there was abatement in CO, HC, NOx, and BSFC while there
was increase in brake thermal efficiency when compared with petro diesel fuel. The combustion
pressure and heat release rate for B100 were almost equal to the diesel. No modification was
required in the diesel engine.

NOMENCLATURE
HVO: Hydrotreated vegetable oil.

RPM: Refined palmolein oil.

HRPM: Hydrotreated refined palmolein.

PD: Petro diesel.

BIS: Bureau of Indian Standards

FAME: Fatty acid methyl esters.

GHG: Greenhouse gas emission

LHSV: Liquid hourly space velocity.

B25: Hydrotreated refined palmolein oil biodiesel 25% blend
B100: Hydrotreated refined palmolein oil biodiesel 100%
CO: Carbon monoxide.

HC: Hydrocarbon.

NOx: Nitrogen oxide.

FSN: Filter smoke number.

SLPH: Standard liter per hour.

BTE: Brake thermal efficiency
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INTRODUCTION

The gloomy picture of fuel crisis in India gives a glimpse of the sad fuel status across the globe.
The steady increase in fuel demand, the rising price of pure diesel, and theincrease in exhaust
emissions lead to global warming. The hydrotreated vegetable oil (HVO) reduces the green house
emissions and improves the performance of the diesel engines. HVO can be used directly as a fuel
in diesel engines and it is a good alternative for diesel fuel. The hydro treated oil was compared
with the Euro-1V standards of diesel fuel. Vedaraman et a/ (2011) took the methyl esters of palm
oil prepared by transesterification process and different blends for their study (B20, B30, and B40)
and found that B20 blend could reduce CO and HC by 28% and 30% respectively and that NOx
could be reduced by adding 2% of distilled water. Another study on the impact of various biodiesel
fuels obtained from edible and non-edible oils on engine exhaust gas and noise emissions reported
by Rizwanul ef al. (2013) revealed that palm biodiesel could reduce CO and HC (between 20%
and 50%) particulate matter whereas NOx increased with FAME content in blend. It was also
observed, by the foregoing authors, that smoke increased at higher loads based on the methyl esters
in the blend. Enweremadu & Rutto (2010) found that by comparing the used cooking oil and fresh
edible oil, the hydrocarbons were lower and that the NOx emissions were higher for used cooking
oil. The combustion, performance, and emission were noticeably almost the same for the fresh oil
biodiesel. Da-Yong et al. (2011) developed ethylene glycol mono methyl ether palm oil monoester
and tested it in a diesel engine, and they observed adecrease in smoke and nitrous oxide when
compared with diesel fuel. No change in CO and HC was observed. Guzman et al. (2010) produced
high cetane index renewable fuel from crude palm oil using hydro processing with (NiMo/yALO,)
catalyst between 40bar and 90 bar. This produced more paraffin with diesel. The study by Johan
et al. (2013) revealed that the removal of triglyceride from non-edible jatropha oil using sulfide
TMN/ @-Al 203 as a catalyst with the support material mesoporous g-alumina could yield green
diesel. A study by Premkartikkumar et al. (2014) revealed that brake specific fuel consumption,
unburnt hydrocarbon, and smoke were decreased whereas the NOx increased because of the oxygen
enriched hydrogen gas mixed with diesel at the normal operating temperature from 30° C to 35 °
C. Aatola et al. (2008) stated that hydrotreated vegetable oil compared with EN590 sulphur-free
diesel could decrease in SFC, NOx, and smoke by 6%, 16%, and 23% respectively. Ndayishimiye
and Tazerout, (2011) experimented with the mixture of palm oil (PO) and waste cooking oil that
was treated with transesterification process to produce esters. The esters were tested as fuel in
compression ignition (CI) engines. As a result, the brake thermal efficiency increased for the PO/
diesel blends. HC emissions for all those fuels except for the PO/diesel blends were found lower,
while CO emissions increased for all types of fuels. NOx emissions were higher at lower load,
but lower at full load, for the engine fueled with PO, and lower at both middle and full load for
the engine fueled with the esters. Silva et al. (2003) reported the results obtained while testing
the technical feasibility of using oleic sunflower methyl ester (SME) blended with diesel fuel in
proportions up to 30% in an unmodified diesel bus engine. One finding was that the smoke opacity
was slightly reduced when SME was used in the proportion of 30%. Their experimental testing
seemed to indicate that oleic SME could be a suitable replacement of diesel fuel and could be used
safely in compression ignition engines in proportions as high as 30%. Kiatkittipong et al. studied
the different types of catalyst for producing diesel from palm oil at various operating parameters.
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The Ni-Mo/y-Al, O, catalyst yields more diesel. Soo-Young reviewed the hydrotreated oil and
transesterified vegetable oil, observing that the hydrotreated vegetable oil showed reduction in
emissions without changing the engine operating parameters. Garcia-Davila ef al. produced diesel
fuel from jatropha oil using hydrodesulfurization Co-Mo/Al, O, and Ni-Mo/Al, O, catalyst at
various operating conditions. Daniel et al. studied the production of hydrotreated vegetable oils
and transesterified oils and concluded that hydrotreated oils produced less green house gases than
the other oils. Song Chen found that by hydrotreating the vegetable oils at minimum hydrogen
pressure hydrocarbon fuel could be produced using the Nobel catalyst.

This paper presents the findings of biodiesel prepared using hydrotreatment processes
besides highlighting the properties. An increase in some of the emissions in transesterification
and decrease in all the emissions in hydrotreatment process were observed. The objective of
the present study is to analyze the use of the hydrotreated refined palmolein oil; in two different
blends,namely, B25 and B100. These HRPMs were tested in 4S DI diesel engine, and the emission
and performance of the diesel engine were compared to find the feasibility of the use of HRPM
vegetable oil as an alternative fuel for diesel in India.

MATERIALS AND METHODS

The base material, refined palmolein oil, was purchased from a local market. The catalyst
(Ni-Mo), Na, SO,, NaOH, Ni-Mo, and hydrogen gas were purchased from the suppliers
concerned.

PRODUCTION OF HYDROTREATED OIL AND PROPERTIES:

HIGH PRESSURE CATATEST UNIT

Figure 1. Schematic diagram of the hydrotreatment of plant.

The hydrogenated oil was produced by using catatest reactor. The refined palmolein is preheated
up to 120°C. The preheated palmolein oil was treated with H2 gas at a pressure of 60 bar and at a
temperature of 350°C in the presence of Ni-Mo catalyst. The LHSV is maintained at 2 hr-1. The
hydrotreatment ofplant is shown in the Figure 1.
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The n-alkanes are formed during the decarboxylation and decarbonylation process. This

reduces the sulphur, density and high cetane index when compared to petrodiesel. During this

process the hydrotreated refined palmolein oil is converted into high paraffinic oil. The N, and O,

were removed during the denitrification and deoxygenation process. The water content in the oils
is removed by adding sodium sulphate anhydrous AR (Na, SO,). Thus, the moisture-free HRPM
is obtained. The FEED, FAME, and HRPM are shown in Figure 2 throughFigure 4. The oil with
high paraffinic content is achieved.

Specification of high pressure catatest unit:

Design operating condition

1. Temperature
2.Pressure
3.Liquid flow meter

4.H2 flow rate

Figure : 2 RPM

up to 550° C
250 bar

600 ml/hr
30-300 SLPH

Figure : 3 FAME

Figure: 4 HRPM

The properties of the HRPM were compared with those of diesel (Euro IV), biodiesel standards
(ASTM), and FAME as shown in Table -1. The cetane number and calorific value are high when
compared with diesel. The density is lower, the flash point is slightly higher than diesel and it is

safe to transport and store. The kinematic viscosity is within the range of the petro diesel fuel

Table 1. Properties of diesel, biodiesel standards, FEED, FAME, and HRPM.

1\?('). Properties lz;l:ge IIZSEIZIZZ? D;A'?Sjil\(/lls (Fl‘{l?f)l}}\;[)) FAME (HBI:P?g’[)
Diesel 5607:2005)
1. | Calculated cetane index 51 - 36 52 103
2. |Density at 15 ° C kg / m* 820 — 845 860-900 | 917.5 | 873.4 | 786.1
3. |Kinematic viscosity at 40 ° C cst 2-45 1.9-6 35.2 4.9 3.36
4. |Flash point © C min 35°C 130°C 220 262 89.5
5. | Calorific value kJ/kg 44,000 - 36,764 | 37,046 | 44,891
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Table — 2 Specification of test engine

Type : Kirloskar Oil Engine TAF 1, vertical, 4S, single acting, high speed C.I diesel engine

Combustion : Direct injection
Rated power 143 kW
Rated speed : 1500 rpm
Compression ratio :17.5: 1
Injector type : Single 3-hole jet injector
Fuel injection pressure : 210 bar
Dynamometer : Eddy current
Cubic capacity :661.5 cm3
Fuel tank capacity : 6.5 liters
EMISSION MEASUREMENT

The specifications of emission measuring equipment are given in Table- 3. A Five Gas Analyzer
(AVL DIGAS 444 Analyzer) was used to measure the NOx, HC, CO, CO,, and O, in the exhaust
stream. A smoke meter was used to measure the filter smoke number. Each fuel was tested thrice
and the average results were taken and shown graphically.

Table - 3. Details of measuring systems

1. AVL pressure transducer GH 14D/AHO1

2.Data analyzer from engine - AVL PIEZO CHARGE AMPLIFIER
3.To measure pressure - AVL 365C ANGLE ENCODER INDI ADVANCED
4.Smoke meter - AVL SMOKE METER 415

5.Gas Analyzer ( NOx, HC, CO, CO,, O,) - AVL DIGAS 444 Analyzer

EXPERIMENTAL SETUP:

L
' S$MOKE ANALYZER 2

GD  PD
GD - CREEN DIESEL
I
@~ | DI DIESELENGINE ’— EEEEI;AL RO
i VECGETABLE OIL})
Y
CPU & MOMITOR PD - PETRO DIESEL
@ - VALVE
L - GAS ANALYZER

Figure — 5 Experimental of the compression ignition engine.
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The stationary vertical 4-stroke DI diesel engine was used to evaluate the emission and
performance of the HRPM at various blends and loading conditions and at a constant speed of
1500 rpm. The specifications of the DI diesel engine are shown in Table 2. The AVL 365C Angle
Encoder, is used to measure the in-cylinder pressure. It is located at the center of the cylinder head.

The emission parameters like CO, HC, CO,, and NOx and the performance of the brake specific
fuel consumption and brake thermal efficiency were measured and evaluated. The load on the
engine was applied using the alternator and the rheostat. The eddy current was used for loading
and coupled to the engine for various loadings (0%, 25%, 50%, 75%, 100%) and at various blends
(25%HRPM + 70% PD (B25), 100% HRPM(B100)). A flow meter was used to measure the brake
specific fuel consumption. The AVL DIGAS444 5 Gas Analyzer was used to measure the exhaust
gas emissions (CO, CO,, HC, NOx, and O,). The AVL Smoke Meter 415 was used to measure the
filter smoke number. The schematic diagram of the experimental setup is shown in Figure 5.

A number of experiments were conducted in a DI diesel engine at various loading conditions
(0%, 25%, 50%, 75%, and 100%) and at different blends ( B25 and B100) using hydrotreated
refined palmolein oil. The engine tests were performed at a constant speed of 1500 rpm. The
engine was run at no load condition for 10 minutes, for each proportion of the blend before
applying the load. The loads were gradually increased for each blend in steps of 25 % upto 100%
at constant speed of 1500 rpm for B25 and B100. The emissions were observed in the exhaust
stream using the AVL DIGAS444 5 Gas Analyzer and were measured.

RESULTS AND DISCUSSION

Brake specific fuel consumption (BSFC):

. 700

O.600

3.500

3. 400

—e— PD

3.200
—a—B25

BSFC kg /kw- hr

O.200 B1O0O

3. 100

3.000
o 25 50 75 100

LOAD %

Figure 6. Variation of BSFC with respect to PD, B25, and B100.

The brake specific fuel consumption of different blends of hydrotreated vegetable oil is shown
in Figure 6. From the graph, it is clear that there was a decrease in fuel consumption in the cases
of B25 and B100 compared with petrodiesel. The BSFC for B25 and B100 was reduced by 7.09%
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and 15.43%, respectively, at a full load condition and at a constant speed of 1500 rpm. This could
be due to the lower density of the hydrotreated vegetable oil.

Brake thermal efficiency (BTE)

The performance and the brake thermal efficiencies of the HRPM are shown in Figure 7. It
may be noted that, at the initial load condition, the BTE was the same as diesel up to 25% of load.
As the load increased, there was an increase in BTE in B25 and B100 compared with petrodiesel.
The thermal efficiency of B25 and B100 went up by 9.54% and 16.51%, respectively, at a full load
condition. This could be due to the higher calorific value of the hydrotreated vegetable oil.

35.00
30.00 -
25.00 -
BTE 20.00 - =—PD
(1]
15.00 =-—B25
10.00
500 - B100
0.00 F¥ T ]
0 50 100
LOAD %
Figure — 7. Variation of BTE with respect to PD, B25, and B100
Carbon monoxide (CO)
0.1
0.08
0.06 -
co% ——PD
0.04
—f—0B25
0.02
B100
0 T T T T T 1
0 20 40 60 &0 100
LOAD %

Figure — 8. Variation of CO with respect to PD, B25, and B100

The emissions of CO for the hydrotreated refined palmolein vegetable oil are shown in Figure 8.
The emission results of B25 and B100 were compared with those of petrodiesel (PD). A significant
decrease in B25 and B100 was observed. At a full load condition, the B25 got reduced by 16.66%,
whereas the B100 got reduced by 33.33%. This could be due to the higher cetane number and the
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presence of sufficient oxygen in the air-fuel mixture that would have resulted in better combustion
and reduction of the CO in the exhaust.

Hydrocarbon (HC)

50

40
=
= 30 —4—PD
O 20 —m—B25
=

10 B100

0]
0 25 50 75 100
LOAD %

Figure 9. Variation of HC with respect to PD, B25, and B100.

The results of hydrocarbon emissions are shown in Figure 9. There was a significant decrease
in hydrocarbon in the cases of B25 and B100 by 10.25% and 38.46% compared with those in case
of petrodiesel. This could be due to the higher hydrogen content in the fuel which increases the
combustion, leading to reduction in unburnt hydrocarbon

Nitrogen oxide (NOX):

HRPM

600 - —4—PD

5

g 400 - ——-B25

=Z 200 % - B100O
0 - . . . . .

0 20 40 60 80 100
LOAD %

Figure — 10 Variation of NOx with respect to PD, B25, and B100 for HRPM

The NOx emission-graph of the hydrotreated refined palmolein is shown in Figure - 10. The
NOx emissions got reduced based on the engine specifications, fuel type, and the test procedure.
The remarkable change was observed in the cases of B25 and B100 of the hydrotreated refined
palmolein oil. The NOx got reduced in the cases of B25 and B100 by 4.73% and 11.74% respectively.
This could be due to the less oxygen content in the fuel which reduced the temperatures of the
engine and reduced NOx.
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Smoke

5

4

7 3 —4—PD
2 —\—B25
1 B100
0 !
0 25 LO )a% o, 75 100

Figure — 11 Variation of FSN with respect to PD, B25, and B100

Figure 11 shows a marginal decrease at the initial conditions for B25 and B100. As load
increased, the FSN decreased for B25 and B100 by 2.42% and 11.89%, respectively, compared
with petrodiesel. This could be due to the presence of more hydrogen atoms in the HRPM, and
that would have led to complete combustion. The soot formation was less by 7% compared with
petro diesel.

Heat release rate analysis:

The combustion characteristics of hydro-treated palm oil vegetable oil can be compared with
cylinder pressure, peak pressure, and heat release rate as shown in Figure — 12.

70
60

50 ~
40 .’P'\
30 \ —

o N PD
10 e —B25

0 Te—
S B100

-10
fal

—L

-50 0] 50 100

Heat release Rate kl/ m3 deg

Crank Angle (deg)
Figure — 12. Heat release rate for PD, B25, and B100 at full load condition

Figure - 12 shows a comparison of the heat release rate of petrodiesel, HT B25, and HT B100
at full load condition. The various stages of combustion were observed for PD, HT B25, and
HT B100. The peak pressure values for petrodiesel, B25, and B100 were 56.764 kJ/m® deg at 3°
BTDC, 49.528 kJ/m? deg at 4° ATDC, and 52.767 kJ/m* deg at 4° ATDC respectively. The rate of
heat release being higher for B100 due to the higher calorific value and high hydrogen content in
the B100 fuel was observed when compared with B25.
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Pressure-crank angle analysis

80
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Figure 13. Variation of pressure-crank angle diagram for PD,
B25, and B100 at full load condition.

Figure — 13 shows the variation of cylinder pressure with respect to crank angle for PD and
blends of biodiesel (B25 and B100) at full load condition. A similar pattern of the gas pressure
in the cylinder was observed for PD, B25, and B100. A marginal decrease in peak pressure was
observed for HT B100 compared with PD and HT B25. This could be due to the lower specific fuel
consumption of the hydro-treated vegetable oil. The peak cylinder pressure values for PD, B25,and
B100 were 67.667 bar at 7° ATDC, 68.174 bat at 7° ATDC, and 68.614 bar at 8° ATDC respectively.
The range of peak cylinder gas pressure for biodiesel was between 7° ATDC and 8° ATDC. Similar
results had been obtained by Rao ef al., (2008). A shorter ignition delay was observed in HT B25
and HT B100. This could be due to the higher calculated cetane index value.

CONCLUSIONS
The present study investigated the exhaust emissions and the performance of the hydrotreated
refined palmolein vegetable oil without modifying the engine parameters at different blends of
biodiesel. A series of tests were conducted at a constant speed of 1500 rpm. The following results
were obtained from the experiment at full load condition

1. The emissions of CO, HC, CO,, and NOx for B25 and B100 got reduced by 16.66%, 33.33%,
10.25%, and 38.46%, and 4.93%, 12.34%, 4.73%, and 11.74%, respectively, whereas an increase
in NOx and CO, was observed in FAME.

2.The specific fuel consumption decreased by 7.09% and 15.43% respectively, for B25 and B100,
whereas the brake thermal efficiency increased by 9.54% and 16.51%, and in FAME an increase
in BSFC and a decrease in BTE were observed.

3. There was not any noise and less smoke was observed in HRPM.

REFERENCES

Guzman, A., E. Torres, J., P. Prada, L. & L. Nunez, M. 2010. Hydro processing of crude palm oil at pilot
plant scale. Catalysis Today. 156 (1): 38 — 43.

Jiang, D.-Y., Bai, Y. & Guo., H. 2011. Exhaust emissions and combustion performances of ethylene
glycol mono methyl ether palm oil monoester as a novel biodiesel. African Journal of Biotechnology.
10 (72): 16300 — 16313.



197 Hydro Treatment of palmolein oil as fuel for diesel engines — An experimental study

Garrain, D., Herrera, 1., Lago, C., Lechén, Y. & Saez, R. 2010. Renewable diesel fuel from processing of
vegetable oil in hydrotreatment units: Theoretical compliance with European directive 200928//EC and
ongoing projects in Spain. Smart Grid and Renewable Energy, 1(2):70-73.

C.C, Enweremadu & b H.L., Rutto. 2010. Combustion, emission and engine performance characteristics of
used cooking oil biodiesel — a review. Renewable and sustainable energy reviews. 14 (9): 2863 -2873.

Neto da Silva A., F., Salgado Pratab, A. & Rocha Teixeira, J. 2003. Technical feasibility assessment of oleic
sunflower methyl ester utilization in diesel bus engines. Energy conversation management. 44 (18): 2857 — 2878.

Garcia-Davila, Ocaranza-Sanchez, Rojas-Lopez, M., Munoz-Arroyo, J.A., Ramirez, J. & Martinez-
Ayala, L. 2014. Jatropha curcas oil hydroconversion over hydrodesulfurization catalysts for biofuel
production. Fuel, 135:380-386.

Aatola, H., Larmi, M. & Sarjovaara, T. 2009. Hydrotreated vegetable oil (HVO) as a renewable diesel
fuel: Trade-off between NOx, particulate emission, and fuel consumption of a heavy duty engine. SAE
International journal of engines. 1(1):1251-1262.

K., Jha, K Sinha, A. & Agnihotri, P. 2008. Hydroprocessing of Jatropha oil to produce green fuels.
International Journal of ChemTech Research. 5 (2): 765-770.

Ndayishimiye, P. & Tazerout, M. 2011. Use of palm oil based biofuel in the internal combustion engines:
Performance and emissions characteristics. Energy. 36:1790-1796.

S.R., Premkartikkumar, K., Annamalai & A.R., Pradeepkumar. 2014. Significance of inlet air temperature
on reducing engine - out emissions of DI diesel engine operating under the Influence of oxygen enriched
hydrogen gas. Indian journal of science technology management. 38: 57-68.

Fattah I.M., R., H.H., Masjuki, A.M., Liaquat, Ramli M.A., R., V.N., Kalam & Riazuddin. 2013. Impact
of various biodiesel fuels obtained from edible and non-edible oils on engine exhaust gas and noise
emissions. Renewable sustainable energy reviews. 18:552 — 567.

N., Vedaraman, Puhan, S., G., Nagarajan & K.C., Velappan. 2011. Preparation of palm oil biodiesel
and effect of various additives on NOx emission reduction in B20: An experimental study. International
Journal Green Energy. 8:383-397.

Rao, G.L.N., S., Sampath & K., Rajagopal. 2008. Experimental studies on the combustion and emission
characteristics of a diesel engine fueled with used cooking oil methyl ester and its diesel blends.

International Journal Engineering Applied Science. 4:64-70.

S. Y. No. 2014. Application of hydrotreated vegetable oil from triglyceride based biomass to CI engines — a
review. Fuel, 115: 88-96.

Song Chen. 2012. Green oil production by hydroprocessing. International Journal of Clean Coal and Energy,
1, 4355-.

Iatkittiponga, W., Phimsen, S., Kiatkittipong, K., Wongsakulphasatch, S., Laosiripojana, N. &
Assabumrungrat, S. 2013. Diesel-like hydrocarbon production from hydroprocessing of relevant
refining palm oil. Fuel Processing Technology, 116 (0): 16-26.

Submitted: 14/01/2016
Revised :06/11/2016
Accepted :13/12/2016



