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Abstract: Problem statement: Much research of coal has been already undertakersdertain the
possibilities of coal being used as substitutehfeaivy fuel oil in the transportation sector. Thieak

of using coal as transportation fuel to the envinent must also be considered. This study will nevie
several aspects of the coal oil combustion progessiding combustion behavior, flame stability,
some emissions from exhaust gas; CO, NM@d the particulate matter in a well insulatecbtalory
scale furnace for more stable of combustidpproach: New way for preparation for liquid coal oil
steady combustion on a 2.75 m horizontal boilethwvidur annular segment tubes, a water jacket
system and a system for measurement of water tetyperinside was archived. Data was gained by
applying liquid coal in the experiment. Detaileagparation and setting for steady combustion of coal
oil and formation of the exhaust gas were discussasgd on data sampling from four sample points in
each centre of the angular tube segmdRésults. Preparation for coal oil combustion is an important
point in the successful of combustion. Heating ¢oal to than 100°C, heating the fuel line to taeng
temperature and providing enough air pressure tlimization of coal oil until 0.1 MPa allows coal
fuel smoothly atomized in the semi gas phase. Tiva®enough of air combustion via a blower with
4500 L min® of flow rate and a 24 L mih of water flow rate in the water jacket transfortie energy

of the fuel to the heat. Uncolored of the exhaust g@nd the physical inspection describes the
completion of combustion. This result closeetawith the pollutants formation in the exhaust.ga
Conclusion: By conducting a deep research process, therehamce for the substitute of heavy fuel
oil with liquid coal fuel with no special treatmeméeded in combustion process without ignoring the
contribution of the combustion results as an emvitental problem.
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INTRODUCTION sedimentary rock whose content is a heterogeneous
mixture of organic and inorganic constituents
Coal is believed by some to be one of the energgontaining intimately mixed solid, liquid and the

sources for the future, besides alternative enemgy gaseous phase (Rajender, 2007). It is composed
others renewable energy sources. The availability oprimarily of carbon along with assorted other elatag
coal as a fossil fuel is approximately predictedéoup including sulfur. It also contains a considerabigoant
to three times in normal use. There are coal deposi  of incidental moisture, which is the water trapped
many countries, which is an enormous estate adganta within the coal and in-between the coal particles
in comparison to crude oil and natural gas. In thgRajender, 2007).
transportation sector, finding new substitutes féssil Coal oil is categories as heavy fuel, in same grad
fuel and its derivative fuel is urgently needed andwith other residual of fossil fuel. Special treatinés
without ignoring the contribution of combustionuis  needed in order to completely burns and transfdren t
on the environmental problems. The transportatiorenergy inside. Nowadays, coal is expected as the
sector contributes the second largest source dfafjlo second option of energy source for future
warming after industrial sector. Coal has similartransportation. Coal as an alternative energy rresois
characteristics to fossil fuel. Coal is defined asan attractive technology since it is well develogeu
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thus could be implemented fairly and rapidly. Thare  seen in Fig. 1. From the coal tar tank, coal wapked
comparatively large quantities of coal reserves id to a continuous tar distillation process system tech
contents less of sulfur that minimizes the formatad  followed by the naphthalene distillation processohh
SQ, (Michael and Lester, 1994). Many countries havefraction process was undertaken. Slurry from a
conducted experiment for the possibility of usirgplc  continuous tar distillation process was treatedibing
as second alternative fuel for ships and otherg lonthe particle elimination device to eliminate pdet
distance sea transportation. It can reduce theatipeal  inside and naphthalene left in the process wasttire
cost. In this study, the pollutants formation fostable come to the tank for mixing process. JBO coal @bw
condition of liquid coal fuel, preparation of the created from the mixing of NWO, antrasen and
combustion process and the condition parametettseof naphthalene.
combustion are reported. Physically, the fuel was high density, black ioco
and strong in smell and is not easily transported@m

Coal liquefaction: Coal liquefaction is the process of (omperature. The properties of JBO coal fuel can be
conversion of coal into synthetic oil. Coal woul@ b ¢eenin Table 1.

gasified to make syngas (a balanced purified méxafr
CO and H gas) and the syngas is then condensed, usingreparation and support system: The boiler is an
catalysts to make light hydrocarbons. These can benclosed vessel that provides for combustion. The
further processed into lighter fuel. Syngas caw &le  product of heat is transferred into water, until it
converted to methanol, which can be used as affiell, becomes heated water or steam. Boilers are vulleerab
additive, or converted into coal liquid fuel. Themee to conditions such as the tube fouling; this majuce
two different methods for converting coal into lidu their efficiency over relatively short periods ofe and
fuels. also water flow, in the water jacket system. Preaafs

] ) ] ) ) ) preparation is important in order to set and carstihe
Direct liquefaction: This liquefaction works by gystem and all the supporting parts in the combasti
dissolving the coal in a solvent at high temper@md  ,rqcess. Main component into the boiler are thel fee

pressure. This process is genera_lly achieved b;li_r@ water system, the air system and the Byaitem.
coal as slurry in a process-derived solvent. Déffeer

processes may use only hydrogen with the solvedit an Naphthalene
may operate with or without a reaction catalyste Th distillation
process conditions used for this step vary conalgy

with temperatures in the range of 300-400°C and
pressures of 50-300 bar (Masaharu, 2003). Processes
that do not use hydrogen at this point tend to ateeat

low pressures. The more severe conditions are gkyner
associated with processes that carry out both the it
dissolution of the coal and the hydrocracking of th  Coaltar Particle Amm:l..a

=P 95%
Naphthalene

Continuous tar
distillation

IBO

dissolved products. eliminate dgvice
8>

Indirect liquefaction: This process was mainly
Naphthalene

consisted of the complete breakdown of the coal
structure by gasification and with steam and oxygenFig_ 1: JBO coal process
The composition of gasification products is adjdste

filling the required mixture of hydrogen and carbon Table 1: Properties of JBO coal fuel

monoxide and cleaned to remove the sulfur contginin Components Unit Amount

catalyst. This leads for producing high quality andbensity (15/4°C) g cm 1.1937
ultra-clean products. In the synthesis step, tisaltieg  Kinematic viscosity CStO 100.0000
synthesis gas is reacted over a catalyst, but at Zss'ﬁ‘;%'iﬁf‘rbon o\(/:vm ﬁ%%%%%o
relatively low pressure _operating_temperaturesh:e t Pour point oc ~7.5000
range of 200-350°C, with operating pressures in thei,0 Vol.% 0.1000
range of 20-30 bars (Masaharu, 2003). Ash content V0'(;% 0.0500
Fuel for experiments was JBO coal fuel, producect"™" Vol.% 05000

) Vol.% 0.7200

by JFE_ Chemlcal C_o. Japan_. The_ process of JFQanadium Vol.% 0.0000
production is categorized as direct liquefactioetdil  High calorific value MJ kgt 38.2600
of the liquid coal fuel (JBO) production process ¢ee  Low calorific value MJ kg 37.1700
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Fig. 2: (a) Drawing of burner (b) cross sectiorbafner and (c) drawing of boiler

Heaters, pump, blower, condenser and fuel lineesyst in the burner. It becomes harder to get good fodlair
for transporting coal oil to the burner are normalsed  mixing at higher turndown ratios since the air antas
with these systems. limited because of the closed arrangement. Towards,
Feed water system provides water to the boilerthe highest turndown ratios of any burner, it beesm
The flow rate of the water inlet was monitored for necessary to increase the excess air amounts &nobt
measuring heat release from combustion, forenough turbulence to get a proper mixing (Heywood,
transferring heat from flue gases to the waterdimshe  1988). Two separated systems of air for the condoust
boiler’s wall. Two thermometers were located atheac process proved important for combustion air support
of the block tube, with the water jacket systemand for air atomization. Air atomization is used to
receiving heat by transfer. The block of boilermegma  atomize the fuel inside the burner which has a towe
the burner receives the biggest heat via transtenf speed, surrounded with a high speed stream ofigiaté
combustion. In the experiment, 24 L rfirof fresh  the burner. Then, air combustion in the oxygen upp
water was supplied by the media of heat transfeden that integrated into the system keeps the fuelibgrn
water jacket system. Figure 2 shows the detailoiitb ~ Combustion air was supplied by the operation of a
and burner illustration. blower on a series of air supply pipes, with 4500ib™
Air is the important factor that influences the of flow rate. Air for atomization is gained frometh
complete of combustion process. The availabilitaiof  operational of compressor.
is related with the combustion efficiency and extau Coal oil preparation includes the selection ofktan
gas formation as well (Heywood, 1988). Air is alway material, designing a system and line heating
blown to the boiler to assure that there is no unédi  temperature setting. Within the construction of finel
fuel remaining. It is also important to control a@iside line, there are two major consideration was takame,
the burner, where its velocity can affects thedlgbce for the coal oil smoothly supply to the burner \with
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any sludge inside the pipe. Another purpose is that
heating of the pipe for keeping the fuel flow witio

Gas, liquid and solid samples were removed from
the combustion zone and water-quenched by using a

any disturbance from unmovable disperses particlestainless steel sampling probe with 6 mm exhaust ga

which affix to the pipe walls. The entire coal silpply

inlet 500 mm length, produced by Akano illustrated

system pipe is covered by 45 mm in width and 500 mnEijg. 3. A thermocouple for temperature measurement

length of rope heaters on which the entire normaily

be heated up to 130°C and automatically controbhby

unit on the digital control panel. For steady costimn,
the temperature of tank was set at 80°C, the pressu

fuel inlet burner was on 0.08 Mpa and water flowera
was 23.3 L miit. Detailed of steady combustion

parameters condition are described in Table 2.

Table 2: Steady combustion parameters condition

Components MDO Coal ail
Water cooling (ON/OFF), 23.4Lmih 233 L mint
Flow rate (L minY)

Exhaust gas fan (On/OFF) On On

Tank heating (ON /OFF), Off On (80°C)
Temperature (°C)

Fuel line heating (ON/OFF), Off On (120°C)
Temperature (°C)

Pressure from compressor (MPa) 0.1 0.1
Pressure inlet of burner (MPa) 0.07 0.08
Temperature inlet of burner (°C) 18 920

Heater setting of inlet burner (°C) Off On (110°C)
Pressure of fuel oil (MPa) 0.06 0.08
Pump flow rate (Hezt) 50 60

Water jacket cooling inlet (°C) 12 14

Water jacket cooling outlet (°C) 49 55

Rubber block

Exhaust gas sampling 1
Probe body

Eyes of probe

2173 mm
500 mm

@6 mm Thermocouple
Exhaust gas sampling 2

<&
<

v

Fig. 3: Sampling probe illustration
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Fig. 4: Measurement equipments

207

on real time sampling is located in the tail of #hees
probe. Sampled exhaust gas flow to different water
cooling system to turn down the temperature of agha
gas before measurement process begin.

MATERIALSAND METHODS

The system in the experiment has two main lines;
Light oil and Coal oil. All lines were designed an
independent system and have no relation to ear.oth
Light oil is used in the beginning and the end of a
experiment for a cleansing process, this withinnii@
of combustion. While no heating process in the whol
of the fuel oil's line. When the coal oil is supgli to
the burner, heating is the important in order tokena
liquid coal fuel easier to flow inside pipes. High
viscosity of coal fuel must be lowered by heating
process. Sampling point for data was created a$11),
160, 210 and 270 cm from the centre of burner (Lhe
sample hole was created with 42.7 mm in diameter,
further the probe was inserted to 202.5 mm, théreei
the boiler.

The heating temperature for the coal tank and fuel
line was set at 120°C. A fuel gear pump is operaited
50~60 Hz with average of fuel flow rate at 2.5 Lnthi
Two strainers are located before the burner togsud
the macro-molecules inside the oil. In order togkde
pressure in constant flow, a compressor with 0.2aMP
of pressure capacity was used to supply 0.08 MPa
pressure air to high pressure air drum, then tesresf
to the burner to keep a steady supply of air for
atomization. Detail of the system use to suppaopidi
coal combustion in the experiment can be seengn-i
Probe is put in each of the sampling point holgeba
sample data. The high temperature of exhaust gas mu
be cooled down before entering a measurement tools
needed for the consistence data collection in the
measurement process. Two century water coolers were
used for cooling and followed by filtering systetn,
catch disperse particles and minimize particleshim
gas sampler equipments. PM concentration is celibct
by using composite filter study with diameter 45 mm
and gas sampling flow rate at 20 L with 12 L fhirFor
gas contents inside exhaust gas measurement, Hodaka
HT-3000 sampling equipment is used. Figure 4 shows
the equipments used in the experiment.
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RESULTSAND DISCUSSION

During the combustion process, only gas and
Particulate were sampled and analyzed. Temperature
exhaust gas and water cooling system were alsc
measured. Combustion process was maintained in the
stable condition when data collection was collected

Visual observations of the flame during combustion
were made through small windows near the end af fou
annular tubes. As the combustion and atomization ai
increased, the flame zone rose being longer ibdiler. ~ Fig. 6: Combustion and exhaust gas condition
Setting process for good mixing between air and coa

fuel was the most difficult part since the fuel bive  From an observation of flame in the upside holer nea

high density and still contains small particlesethilow  the nozzle, no separation of burner nozzle andtmdin

together inside the pipe. Manual setting on bufoer ignition could be observed. This indicated good
proper combustion took long time. If the fuel wa® t combustion. The heat release rate that measured fro

much atomized, the exhaust gas was black in doldiif  the difference of inlet and outlet of the water laup
less fuel was atomized, the exhaust gas turnedtfiiio  shows at 877.17 kJ mihin 60 cm from the centre of
white. For this condition, stable flame could na b burner and it increase by the longer axial boilstashce

sustained. Otherwise, when proper of air and fuelew 275 cm to 1267.03 kJ mih Figure 6 shows the

mixed, the exhaust gas was without color. Only fleat  combustion and the exhaust gas condition pictufes o
around the wall of the exhaust gas appeared. liquid coal oil combustion when the cover block was

Air pressure also took an important role in theopened. Detailed of the condition parameters ottw
successful of combustion. Steady supply of airqares  combustion, when stability is gained are listedthe
for both atomization and combustion influent to theTable 2.
steady combustion. Air flow rate was varied to auhi

the range of air/fuel stoichiometric ratios. Basedthe  particulate matter: Particulate Matter (PM) contains a

exhaust gas color, a best visual observation ofolid part, as well as soluble organic material and

combustion was gained when the major zone okulfuric acid. The solid part consists of carboaofs

combustion was 80-90 cm, or more, from thezteoz which it was formed during the combustion process
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(Lian et al., 2006). Primary particles formed during Nitrogen component: Nitrogen is considered an
period of combustion, is merged by another to beenvironment problem since it initiates reactionatth
agglomerate particles. Measurement of physicalmf p result in production of ozone and acid rain. The
is difficult since the agglomeration process betwee principle pollutants generated by nitrogen ardmdcid
particles happened rapidly and in sort time. (NO) and its derivative, collectively referred te BQ,
From Fig. 7, we saw the build-up of pm mostly (Pollack, 1979). In combustion, formation of NO
occurring in the rich region of combustion and as gprimarily formed in three ways; prompt NOthermal
result of incomplete combustion. Hydrocarbon insideNO, and Fuel NQ. Figure 9 shows the formation for
fuel was not completely burned, which forms solubleboth NO and its derivative.
organic fraction component. The particulate was NO and NQ formation was formed in the same
identified at 0.948 g m, which inside consist way but different in formation timing. NO forms neor
0.7225 g m° of soluble organic fraction and 0.2255 g rapid than its derivative. From the experiment, the
m of dry soot. Then, the increase of axial distamee  highest NO formation gained at 386 ppm in the 60 cm
end of combustion remain 0.179 g nparticulate from the burner then slowly turned down to 229 gpm
which inside consist 0.104 g Pof soluble organic th€ 275 cm from the centre of burner. There wasta n
fraction and 0.0075 g ™ of dry soot. Figure 8 big difference for the concentration of NONO, was

indicates that the smoke percentage when combusti 6 ppm at highest concentration and 242 ppm fer th

occurred was on axial distance (Lc) from Burner 53%0West one.

at place near the combustion region then decreatiie u The NG formation cannot be separated with the
temperature of combustion. Thermal N@& formed

3% in 275 cm from burner. . . ; ; .
when nitrogen and oxygen in combustion air combine

] with one another at the high temperature of flame

— (Kennethet al., 1975). Figure 10 clearly describes the

_— M correlation between NQformation and combustion
- LR, T H
': SOF component temperature, by means of a sampling temperature. Th
= B Dry soot component highest NQ at 396 ppm was measured when the
e Ve temperature of sampling point was 400°C and it
= : decreases to 242 ppm while the sampling temperature
2 04 Lo e ——— was on around 240°C.
2
.3 a5 400 .
= i 380 ® NO
N 5 A 305 =——Trendiine of NO)
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Carbon and oxygen component: Hydrogen and carbon
were the main component inside fuel. Carbon moroxid
(CO) was created as incomplete oxidation of normal
result of flame, carbon dioxide. High flame tempera
and initiate of air and fuel mixing are the esssnfor
low formation of CO (Kennetkt al., 1975).

Figure 11 shows the formation of CO, £&d Q
in the flame. In the combustion, carbon in the fuel
oxidizes through a series of reactions to form carb
dioxide. However, it is impossible of 100% conversi
of carbon to C@ CO emission primarily results from
incomplete combustion due to poor combustion and
firing condition. Limited time in the rich zone of
combustion process caused incomplete formation®f C
which created the high value for CO. This concéiatna
will decrease by the increase length from the hburne
Proper of modification in ratio of air and fuel rinig
patterns will reduce the CO formation. Concentrati
CG, varying from 7.9-4.4 % while concentration of CO
as incomplete oxidation was gained from 2000-77® pp
in 275 cm horizontal length from the centre of aurn
Length of combustion flame and limited reactionioag
affects to the formation CGand CO.

CONCLUSION

An experimental study was conducted on the
laboratory scale for liquid coal fuel combustiom@ess
and exhaust gas formation. Detail of combustion
process, beginning from the preparation of theesyst
for fuel line, the heating system and the boiletisg
for steady combustion of liquid coal have been
explained. The side product of combustion which
contributes to the formation of emission and palut
was also investigated. The particulate componerg wa
measured at 0.948 g frin 60 cm from the centre of the
burner to 0.179 g M in the 275 cm from the centre of
the burner. While the NOcomponent was measured at
396-242 ppm. From this experiment, by good
preparation for steady combustion, there is a ahémic
the substitute of derivative fossil fuel with cdalel
with no special treatment is needed.
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