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OZET

Yoksek kiknrtlo komarlerimizin yakilarak gevreye zarar vermesi goniimozde
buytk tepkilere yol agmaktadir. Ozellikle Istanbul 8meginde oldugu giby, havadaki
kokort dioksit miktanmin 400 mgm Ozerinde olusu komurlerimizin cevre
agisindan ne kadar tehdit edici bir unsur oldugunu ortaya koymaktadur,

Dinyada % 3 den buyuk toplam kukurt ihtiva eden kémurler yoksek kakirtin
komurler, % 1 ile 3 arasinda toplam knkort ihtiva - eden komirler orta kakortln
kémtrler ve % 1 den az kikort ihtiva eden kémtrler ise az kokdrtld kémurler
olarak nitelendirilmektedir. Ulkemizde komarlerimizin bayik gogunlugu orta ve
yuksek kilktrtld kémorlerdir. Bunlann yikandiktan sonra yakilmasi veya yakma
igleminde knkurtin kikort dioksit gaz olarak tutulmas: gerekir.

Yanma sonras: veya esnasinda kokiirt tutulmasi olkemizde ilk olarak kok
tretiminde ve akigkan yatakh yakma sistemlerinde uygulanmistir. Giintmizde 1se,
bu yontem termik santrallerimizde kurulan desulfirizasyon tesislesi ile daha da
onem kazanmighir. Ancak desilfirizasyon tesislerinin kigik olcekte 1§letilmesi
pratik olmamaktadar. Kikurt dioksit turumunda geligtirilen kat: haldeki cesiili bazik
filitreler kidgitk 8lgekli yakima sistemlerinde daha pratik olabilmektedir.

Bu ¢aliymada, soguk ortamda ve farkh yanma sicakbklannda bir kag tur kan
bazik filitre kullamlmug, sonugta bunlanin etkileri ve % kokurt dioksit mtma
oranlan belirlenmigtir,

(*) Yrd Dog. Dr, S. Demirel Universitesi, Moh Mim Fak, Maden Mih BoL Lparta
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ABSTRACT

Desul furization of coal has firstly applied for the flue gas
in coke production and in fluidized bed combustion systems after
coal burning. In recent, the desulfurization methods have
significantly been progressed by founded the desulfurization
plants in thermal power stations. However, small scale operztion
of desulfurization plants can not be practical. Solid Tasic
filters, especially developed for sulfur dioxide holdup, mav be
economical in small scale burning systems. In this study. few
types of solid basic filters were used in cold medium follzwing
the combustion of «coal samples and at different Ev-ning
temperatures 1n the combustion chamber. Finally, the effec=s of
variables on emission as the percentages of sulfur c:=xide

holdup were determined.

1.INTRODUCTION

Burning of high sulfur «cocals in our country has recsntly
created great sensational contemplation in the society d.s to
environmental concern. In particular, for the recent examp:s of
Istanbul, sulfur dioxide amount locally reaching over 400 mg has

reflected the importance of this issue for environment.

In the world, the coals containing a total sulfur over 3% are
characterized as high sulfur coals, those with a total s_1fur
content between 1% and 3% are named medium sulfur coals anc the
coals comprimised the sulfur below 1% are called as low <=_1fur
coals. In our country, most of the coals used are higr and
medium sulfur coals. These types of coals should either be

burned in succesion to washing, or the sul fur contents of zoals



should be hold as sulfur dioxide in the burning system.

Holdup of sulfur dioxide gas in the burning systems after coal
burning 1s certainly necessary for the systems wusing hign or
medium sul fur coalsl1i]. Cn this purpose, several chemical
absorbents for sul fur dioxide gas can be used in liguid form or
solid form. The absorbents such as ammonia, caustic liquids and
solid basic filters such as salt and lime may be wussd 1n

the desulfurization after coal burning.

In this study, the desulfurization of a type of high "~ sulfur
Turkish «coal, Sivas-Gemerek coal after coal burning was
investigated by means of the varied sol:d basic filters 1in terms

of reduction of sulfur dioxide emission.
2. GENERAL DATA

Coal with a sophisticated chemical structure compr.mised
basically two different types of sulfurl2]. 0One 1s 1incrganic
sulfur in the forms of pyritic sulfur, sulfate sulfur and
elemental sulfur. The other is organic sulfur. In coal burning,
these sul fur components of coal are oxidized and burned tcgether
with the coal. A certain part of sulfur content of coal remalns
in the ash in the forms of sulphate and sulfide. The other part
of sul fur content evolved as sulfur dioxide into the atmosphere.
The environmental issues such as asicic rains and pollution
raise up due to the high amount of sul fur dioxide emmissizns 1N
extensively industrialized regions. The reduction of sulfur

content of coal may eliminate the vital issue in the begi-n1ng.

The methods used in coal desulfurization are given in Table 1.
The washing methods such as gravity separation, flotaticn and
column flotation of coal can not be effective 1in total sul fur
reduction(3,4]. Even the chemical and biological methods such as
caustic, acid leaching and bioleaching of <coal may not be

economical in coal processing.



Table 1. The various methods used in:;coal desulfurization.

Type of Methods

Methods
Gravity Separation
Magnetic Separation

Physical Electrostatic Separation
Flotation )
Column Flotation
Chemical communition

Chemical Aci1d leaching

Caustic leaching

Oxygen leaching

Bioleaching
Biological Bio-surface oxidation
Bio-flotation

Bio-column flotation

AP I AU R

Flue Gas Fluidized Bed Combustion

Desul furi- Pulverized Lime Injection
zation Ammonia, Caustic Soda

Lime Slurries
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During the combustion of coal or following the combustion
great amount of sulfur content of coal may be absorped by ligquid
or solid reagents. The desulfurization systems previously
founded in coking plants have been operated with ammonia or soda
and H2S scrubbed in the columns(S]. However, ammonia and caustic
soda may also be used for adsorption of S0z instead of H=S. Some
regenerable basic materials such as soda, lime slurries and lime

in solid filter form may' be used as absorbentsi6l. However,
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sodium content of soda has caused i1mportanmt fouling problems 1n
the boilers and burning systems. Hence use of soda in combustion

desul furization is limited.

Pulverized lime injection 1n combustion chamber has
signif1cantly reduced sulfur dioxide emmision during coal
burning. Solid basic filters have recently been developed for
desul furization of coal during coal burning or after coal
burning in combustion chamber. In this process, certain filter
forms of solid basic reagents such as lime and magnesite can
absorp sulfur dioxide during combustion.

In fuel bed combustion, suspension firing and <cyclone ‘flring
systems except fluidized bed combustion systems, solid basic
filters may be easily operated. However, the filters should be

changed 1in certain cycles of coal burning.
3. MATERIALS AND METHOD

In this research, a high sulfur type of Turkish coal,

Sivas—-Gemerek coal represently taken from highly pyritic coal

seams 1n the deposits, was used. The proximate analysis ¢? the
coal used in the experiments are given in Table 2. The coal
samples were ground to a suitable size, minus 0.600 mm. for

easily combustion of «coal in the laboratory scale muffle

furnace.

Table 2. The Proximate Analysis of Sivas-Gemerek Coal.

!
i Ash,% (dry) i 19.5 |
| Moisture,”Z (hygroscopic) | 17.4 |
| Flue matter,% | 49.5 |
| Carbon matter,% | 50.3 |
| Total Sulfur,% | S5.5 |
| Pyritic Sulfur,% | 3.7 |
| Sulfur in Ash,X% | 2.1 |
| Calorific Value, kcal/kg | 4140 |
L ] _




Firstly, calcium hydroxide pellets were produced in different
particle si1ze fractions and put 1nto a %11ter form. The effect
of amount of calcium hydroxide pellets i1n the filter on sulfur
Jdioxice holdup was investigated. For this aim, 0.6 g, 0.8 g, 1.0
g, 1.5 g and 2 g calcium hydroxi1de pellets were subsequently put
on the sieve located on the ceramic crucible in the muffle
furnace as shown in Figure 1. In each experiment 3 gr coal
sample burned. Temperature of furnace was kept at 800 =C. The

results are shown in Figure 2.

—E—. Exhausl Gas

Muffle Furnace

Figure 1. Experimental Apparatus {for Coal Burning.
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Figure 2. Effect of The Weight Ratio of Ca(OH)z Filter to Coal

on Sulfur Dioxide Holdup.



Secondly, the effect of particle size fractions of calcium
hydroxi1de pellets in the filter on reduction of sulfur( dioxide
amissi:on was determined. In these tests, -4.,25+2.80 mm ,
-2.8¢C+1.70 mm, -1.70+0.83 mm, -0.85+0.60 mm, -0.60 mm si1ze
fractions of pellets were subsequently exerimented with a
certain amount of pellet, 3 g. The experiments were carried out
at BOO =°C and with 3 g coal sample. The results are 1illustrated

in Figure 3.

Further, the effect of burning temperature on the sulfur
dioxide holdup of filter was ascertained. The burning
temperatures of 500 <C, 600 =C, 700 =C, BOO =C and 900 =T  were
subsequently tested on 3 g calcium hydroxide pellets in a size
fraction of -0.600 mm with burning 3 g coal samples. The results

are shown in Figure 4,
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Figure 3. Effect of Particle Size Fractions of Ca(0OH)z Pellets

in The Filter on Sul fur Dioxide Holdup.



Finally, the effect of the type of solid basic materials on
the reduction of sulfur dioxide emission was investigated.
Ground marble to -0.600 mm, Eshka mixture (1 part of NazCOs + 2
part of Mg0), magnesia and soda were subsequently used as basic
filter. In the experiments, burning temperature was 900 =C and
the weight ratio of filter to coal was 1/1. The vresults are

1llustrated in Figure 3.
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Figure 4. Effects of Burning Temperature (Filter Temperature) on

Sul fur Dioxide Holdup.
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Figure S. Effect of Types of Basic Filter Materials on Sulphur

Dioxide Holdup.
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4. RESULTS AND DISCUSSION

For the test of cold medium desulfurization by using the stack
part of muffle furnace and a ratio of basic filter weignt to
coal weight of 1/1, 20 g coal samples were <combusted 1n the
muffle furnace. In these test, just only 54 of sulfur dioxide
emmision was kept in calcium hydroxide pellets. This showed
that, in cold media, solid basic filters could not keep sulfur

dioxide.

As seen from Figure 2, the weight ratio of basic filter to
coal of 1/1 is sufficient for holding 72 %4 of sulfur dioxide
emission at the pellet size fraction of -1.70+0.835 mm. Over this
weight ratio, the same amount of sulfur dioxide absorption s
provided. Under the weight ratio of 1/1, there is a sharp fall

in sulfur holdup.

As shown 1n Figure 3, decreasing Ca(OH)z particle size 1n the
filter 1s 1ncreasing the sulfur dioxide atsorption. However,
-4.,25+2.80 mm particle size fraction providec a porosity of 67%
in the filter. At this porosity, Ca(OH): filter absorpez 67%
sul fur diox:de emission. -0.60 mm Ca(0OH)= pellets provided a
porosity of SO %Z in the filter and at this low borosity the

filter can keep almost total sulfur dioxide, 94 %4.

As seen from Figure 4, the highest burning temperature of 900
°C in the s*udy provided the'complete desul furization of cocal by
holding total sulfur dioxide content of flue gas 1in the filter.
In all temperatures over 500 <C, the sulfur may highly be kept
in the filter. For instance, at SO0 =C the filter can eliminate
67% of sulfur dioxide emission. At 600 <=C the sulfur dioxide
holdup in the filter is 88%. This high trend of sulfur dioxide
holdup in the filter may be very useful for different burners

and varied operational conditions of huge combustion chambers.

As shown in Figure S, the marble filter holds 75 % of total
sul fur dioxide emission. Magnesia and soda filters hold 67 % of
total sulfur dioxide emmision. The filter of Eshka mixture hold

99 % of total sulfur dioxide emmision. Ca(OH)z filter provides a
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complete sul fur dioxide absorption at 900 <C.

As a conclusion, total sulfur dioxide content of flue gas
after coal burning can be hold by calcium hycroxide filters with
a porosity cf SO %4 at a weight rati1io of filter/coal of 1/1 and

at an filter temperature of 900 =C.
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