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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Study of the diesel combustion characteristics of bio-butanol blended fuels

Name: Kazuyo Fushimi

Bio-butanol is derived from organic substances such as cellulosic material via fermentation process.
In order to utilize bio-butanol as a diesel fuel, the impacts of butanol isomers on the diesel combustion
and exhaust emission characteristics of butanol blended fuels are investigated. Additionally, the
aldehydes emissions of butanol blended fuels and the applicability of biodiesel fuel (BDF) as base
material for blending with butanol are studied. Moreover, the improvements of ignitability and lubricant
ability needed for the use of gas oil as base material for blending with butanol are experimentally
considered. This thesis is the report which comprehensively organizes these results.

In Chapter 1, organizing information about the energy situation and regulations in Japan that stand
for the background of this work was done and possibility of bio-butanol as diesel alternative fuel was
mentioned. Additionally, literatures reviews about the liquid fuel such as bio-alcohol and biodiesel fuel
were carried out and wrote up the agendas and significance of application of bio-butanol as diesel fuel.
At the end of this chapter, the objectives and the constitution of this thesis are expressed.

Chapter 2 describes the experimental apparatus, procedures and data analysis.

In Chapter 3, to clarify the impacts of butanol isomers on diesel combustion and exhaust emission
characteristics of butanol blended fuel, 1-butanol, 2-butanol and iso-butanol were blended with gas oil at
40 mass %, the physical properties of the blended fuels were measured, and the diesel combustion and
exhaust emission characteristics were investigated using a DI diesel engine. As a result, ignition delay
periods get longer in order of 1-butanol, 2-butanol and iso-butanol, in other words, blanched chain
structures of butanol molecules. Although HC and CO emissions increase at especially low load
conditions due to the longer ignition delay, NOx and Smoke emissions at middle and high load
conditions are almost the same as that of gas oil. From the experimental results, it is concluded that
1-butanol is the best for blending with gas oil when the DI diesel engine with the jerk type fuel injection
pump is used without modification.

In Chapter 4, for studying concerned the increase of aldehydes emissions originated from butanol
blending, exhaust gases of 1-butanol blended gas oil were analyzed for detecting formaldehyde and
acetaldehyde using FT-IR and for detecting butyraldehyde and isobutyraldehyde using GC/FID. As a
consequence, although aldehydes emissions certainly increase with butanol blending ratio at low load
conditions, they decrease with increase of the loads. Especially, acrolein was detected in a few ppm
throughout all load conditions. Moreover, when fueled with gas oil mixed with iso-butanol which
showed lower ignitability, isobutyraldehyde as intermediated product was shown to be emitted more
than that with 1-butanol.



In Chapter 5, utilization of BDF as a base material for blending with butanol was discussed. Palm
oil methyl ester (PME) was selected as base material and blended with 1-butanol, and then the
experiment was done. Comparing the result with the case of gas oil as base material, PME showed better
ignitability and emission characteristics. Moreover, from the viewpoints of engine rotation stability,
combustion and emission characteristics, and thermal efficiency, the upper limit of 1-butanol blending
ratio with PME showed 50 mass % which is 10 mass % more than that with gas oil. However, PME has
high pour point, which is 12.5 degrees Celsius and isn’t applicable for winter season or cold weather
region. For the improvement of pour point, by altering alcohol, which is used for producing BDF, from
methanol to 2-butanol, P2BE (Palm oil 2-butyl ester) was newly produced and experimented. As a result,
pour point of P2BE showed -2.5 degrees Celsius and ignitability of P2BE is as good as PME.
Additionally, HC, CO, Smoke emissions are decreased compared to gas oil. Therefore, P2BE was
described to be promising as base material for blending with butanol.

In Chapter 6, improvements of ignitability and lubricant ability of butanol blended fuels were
considered. For the improvement of ignitability, 2 kinds of cetane number improver (2EHN and DTBP)
were added into 1-butanol 40 mass % blended gas oil. Each improver showed almost same improvement
effect and addition of cetane number improver was shown to have beneficial effect. For the simultaneous
improvement of ignitability and lubricant ability for the use of gas oil as base material for blending with
butanol, addition of PME is thought to be easy way. However, there is a problem about higher pour point
caused by PME addition. Therefore, P2BE created in chapter 5 was tried to alter PME. As a result,
ignitability and lubricant ability were improved keeping pour point as low as standard of JIS NO.2 gas
oil with using P2BE.

Chapter 7 shows the conclusions of this study.



