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ABSTRACT

The desulphurization characteristics of four sorts of industry alkaline wastes and one sort of limestone were studied by
means of flue gas analyzer and the high temperature tube reactor. Pore structure and desulphurization product char-
acteristic were investigated respectively by mercury porosimeter and XRD diffraction technology. The reasons why
wastes and limestone hold the different desulphurization capability were deeply discussed. The result shows that white
clay and carbide slag could capture the release of sulfur at 800-1100C. Salt durry and red mud could capture the re-
lease of sulfur at first stage at 800-900C . But when the experimental temperature rises to 1000C, the sulfur capture
abilities of them depress. Pore structures of waste are higher than that of limestone. This makes the sulfation reaction
goes further. To sum up, wastes have better sulfur capture ability.
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1. Introduction

Combustion desulphurization technology has been conXRD diffraction technology.

cerned as an important development direction ofl coa ]

clean technology. Natural limestone has been widely. Experiments

used as desulphurization sorbent because it centain .

great amount of CaO. But the actual operating tesul 2.1 Materials

that limestone’s desulphurization efficiency andOCa gqyr sorts of industry alkaline wastes and one eért

conversion fraction are not high in the fluidizegdofur-  |imestone are used as samples in this experimehitew

nace, and in other combustion mode, its efficiei®y cjay comes from Laiwu. Red mud comes from Zibo.

even lower [1]. When the limestone is added exweBsi  Carbide slag comes from Jinan. Salt slurry comem fr

ash and C@in the flue gas will increase greatly. Binzhou. Limestone comes from Zibo. The samples’
With the rapid development of Chinese industry, thechemical composition is analysed according to GB328

accumulation and discharge of industry wastes becomrhe results are given in Table 1. The coal sangpledn

more and more serious, which pollutes the enviratme coal which comes from Huangtai. Proximate and sulfu

Only a small number of wastes are used as builtiag  form analysis of the coal is shown in Table 2.

terial. And some useful matters are reclaimed ftbese

wastes. Many industry alkaline wastes contain atgre 2.2 Procedure

deal of CaO and alkali Oxide [2,3,4,5,6,7], whichnC The desulphurization characteristics of sorbentsewe
react with SQ directly. If these alkaline wastes can be sydied in desulphurization experimental reactagufe
used as desulphurization sorbent, the purpose io§us 1) The mass of the coal sample is 100+0.1mg. e c

waste to treat pollution will be achieved. The deburi-  sample is added into the sorbent at the rate @<€a/The
zation characteristics of four sorts of industrkatihe g, of flue gas was analyzed by MSI flue gas analyzer.
wastes and one sort of limestone are studied bysnef The phase composition of desulphurization product

flue gas analyzer and the high temperature tubstae® 55 analyzed by target DIMAX-B X-ray diffractometer
this paper. Pore structures of industry alkalinstesand  The pore structure was studied by Poromaster6Ounerc
limestone are investigated by mercury porosimeterpqrosimeter.

Desulphurization product characteristics are aralyisy Sulfur capture ability of sorbent is judged by treei-
Project Supported by National Natural Science Fatiod of Chin able amOL_mt _Of Soreleased from t.he coal after add_lng
(N0.59976019), Shandong Natural Science Foundatifo. desulphurization sorbent. The ratio of S@leased is
Y2003F07). calculated by the formula (1):
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Where Mg is the mole mass of sulphukg, is the
mole mass of SQC is the concentration of S@t time
to, Vy is flux of flue gasM is the mass of coal arglis the
sulphur containing ratio in coal.

3. Results and Discussion

3.1 Desulphurization Characteristics of Wastes

The desulphurization characteristics of sorbentsewe
studied at 800-1200 , as is shown in Figure 2.

37

stone’s always. According to XRD pattern of sulfer
tention at 80 (Figure 3), it is clear that after adding
white clay, carbide slag and red mud, the main ldesu
phurization product is CaS0OThe diffraction maximum
of CaSQ is clearly higher than that of desulphurization
product caused by adding limestone. It shows thatew
clay, carbide slag and red mud are more easilt rgitic
SO, directly. Besides CaSQthere is MgSQin the sul-
fur retention with salt slurry. MgS@ diffraction maxi-
mum is high. It shows that magnesium-based maiters
salt slurry can capture the release of, 3Dfirst stage,
which improves salt slurry’s sulfur capture abilityeast
CaSqQ is produced after limestone is added, and Ca0D stil
exists in great amount. It is because limestonalsirta-

SQ; is released through two stages in coal combustionions speed is slower, which results in worst defsui-
The rate curve shows tow-peak structure. FeS and arzation efficiency.

matic sulfur in the coal will release when temperatis
above 100@ . The rate curve shows-peek structure
at 800-900C [8].

Only SQ at first stage is released at 80qFigure 2).

At 900°C, the amount of SOreleased increases obvi-
ously and the ultimate ratio is 94%. When experitalen
samples are added into the coal, the amount ofr8O
leased decreases greatly. But the change of eatd ma

The rate curve shows one-peak structure. The ukimarig's effect is greatly different. White clay’s sielphuri-
ratio of SQ released is 53%. When limestone is addedation effect is the most outstanding, and themaite
into coal, the amount of SQeleased decreases. Whenratip of SQ released is about 21%. 73% is reduced com-

the industry alkaline wastes are added into thé, ¢ba

pared with coal’s ratio. Carbide slag shows betesul-

amount of S@released decreases obviously. Salt slurry’sshurization efficiency at such temperature, andatm® is

effect is the most outstanding. There is almostSi®
released and the ultimate ratio of St@leased is only
11.7%. White clay's effect is obvious and the rae

about 38%. 56% is reduced compared with coal'®rati
When red mud and salt slurry are added into th¢ toa
ratios reduce 39% and 47% respectively.

13.5%. Red mud and carbide slag also can captere th At 1000C, since FeS and aromatic sulfur in the coal

release of S@at first stage. Wastes can resist,36
leased. Sulfur capture ability of wastes highenthiae-
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Figure 1. Schematic diagram of the experimental apratus
(1-flue gas; analyzer; 2-flowmeter; 3-test sample4-reactor;
5-preheater; 6-thermostat; 7-tube heater; 8-computg

Table 1. Chemical composition analysis of test sang(%)

Sample LOSS SiO, Al,0; Fe,03 CaO MgO X
1" white clay 36.2 10.7 0.86 0.21 485 1.8 98.27
2" red mud 19.1 184 11.2 10.01 36.95 1.87 97.53
3" carbideslag 285 2.8 15 0.2 664 01 995
4" Limestone 43 21 046 0.2 516 25 99.86
5" salt slurry 335 1191 264 1.77 33.96 13.9 97.68

Table 2. Proximate and sulfur form analysis of coal

Proximate analysis Sulfur form analysis Net calorific

(%) (%) power
-1
M Au Va FCa S S S & Quealklkg)
1.14 32.31 14.41 52.14 1.88 0.06 1.16 0.66 20696
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begin to release in great amount, the late stageaap in
the process of SQOreleased. Limestone doesn’t reduce
SO, released amount at first stage, but ng 8Qeleased
at late stage. The ratio of $@leased reduces 54%. Af-
ter white clay and carbide slag are added, the amoiu
SO, released reducesobviously at first stage and np SO
is released at late stage nearly. The ratios red0geand
66% respectively. Red mud and salt slurry haveebett
desulphurization performance at first stage, bwehao
efficiency at late stage, which makes their desuiizia-
tion efficiency depress, and the ratios reduce 5%
36% respectively.

At 900-1000C, white clay can capture the release of
sulfur at first and last stage. White clay’'s debuliza-
tion performance is the best. This is becauseeipser
sents better micro-structural characteristics, tvhice-
pares for rapid pyrolysis of CaGQOadsorption of S©
and sulfation reaction. Carbide slag also has bsttéur
capture ability, only second to white clay. Thesmais
that carbide slag contains rich Ca (@HJa (OH} will
be decomposed into CaO at about 200 it can react
with SO, early and capture SOCarbide slag represents
better micro-structural characteristics of innergpsimi-
larly. Salt slurry and red mud contains magnesiasehl
matter and so they can react with Sdirectly at lower
temperature. They represent better micro-strucithaf-
acteristics, which is good for the full sulfatioeaction.
Therefore they can capture the release of sulfuirstt
stage. But the stability of MgSQs poor. The sulfate is
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decomposed again at late reaction stage andiS@e-
leased, which decreases sulfur capture ability af s
slurry and red mud. Limestone’s desulphurizatiopaca
ity increases with rise of temperature. This is duse
limestone’s calcinations and decomposition needsra
tain range of time and a certain temperature. Atititial
stage, when adding limestone, S@eleased ratio is
higher than when adding wastes. As time extend®-li
stone is calcined into CaO of porous structure,dgfoo

sulfation reaction.
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Figure 2. Desulphurization characteristics of waste in
800-1200C (a-the rate of SQ released with various samples;
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Figure 3. XRD pattern of sulfur retention from wastes in
800C (1-CaSQ; 2-SiO,; 3-Fe0; 4-CaO; 5-Al0g;
6-CaAl;Siz015, 7-CagFe; (SiOy)s; 9-CasAl06 10-Cay Al
O,g; 11-MgSOy; 12-MgO)
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Figure 4. XRD pattern of sulfur retention from wastes in
1100C (1-CaAl,Si,Og; 2-CaSQ,; 3-CasAlg012-CaSQ; 4-2C,
S:CaSQ; 5-Ca, (Si0,) ; 6-CaSiO;; 7-CasFe, (Si0y)s; 9-Fe,0g;
10-Ca0; 11-MgO; 12-AbSiOs; 13- Al,O3)

Copyright © 2009 SciRes

At 1100C, after white clay, carbide slag and limestone
are added; SPis captured at first and late stage. The
ratios of SQ released reduce 54%, 38% and 53% respec-
tively. After salt slurry and red mud are addedyuiph
they can capture the release of sulfur at firsgestahey
can do nothing to the sulfur released at late stape
ratios of SQ released reduce only 3%-10%. Desulphuri-
zation efficiency is decreased significantly.

XRD pattern of sulfur retention at 1100shows that
the main desulphurization products of white clayd an
carbide slag are Ca30 CaAlg0;,:CaSQ and
2C,S-CaSQ (Figure 4). The diffraction maximum of
CaAlg01,-CaSQ and 2GS-CaSQ is significant, show-
ing large quantity. It is obvious that during theaction
process, considerable part of Ca&dms thermal stable
phases GC#lz0;,-CaSQ and 2GS-CaSQ@ which en-
hances the sulfur capture ability.

Figure 4 shows that compared with desulphurization
product at 80@, the main desulphurization product of
salt slurry and red mud are £4;0;,-CaSQ and Ca
(Si0y),S0O, at 1100C, only with a small amount of
CaSQ. There is even no Ca%n red mud. From the
diffraction ~ maximum  value, the value of
CaAlg01,-CaSQ and Ca(Si0y),S0O, is small, showing
smaller amount and poor desulphurization efficiergait
slurry and red mud contains alkali metal compoumd! @
considerable part of Gareacts with such compound and
forms CaA}Si,Og, Ca(Si0y), CaSiQ and CaFe, (SiOy)3
etc. as shown by Figure 4. It decreases calciuctisea
center and so it can't capture high-temperaturisahd
SO, decomposed by Ca0which weakens sulfur cap-
ture ability.

At 1200C, when experimental samples are added,
desulphurization efficiency is poor and the ratdsSO,
released reduce only 3%-19%. The reason is thailisec
of serious high temperature sintering of experiraent
sample, sulfate produced at initial reaction stesgeap-
idly decomposed again, which deteriorates wastdfirs
capture ability. Wastes basically cannot captuee rig
lease of sulfur at such temperature.

To sum up, after white clay and carbide slag adedd
the amount of S@released is reduced significantly at
first and late stage. White clay and carbide slaglc
capture the release of sulfur at 800-1TQ0After salt
slurry and red mud are added, the amount of f8@ased
is reduced significantly at first stage. Salt sjuand red
mud could capture the release of sulfur at 800'‘@0But
when the experimental temperature is above 100he
sulfur capture abilities of them depress. Afterdstone is
added, the amount of $SQeleased is hardly reduced at
first stage. Its resistance to S@recipitation is lower to
experimental wastes at 800-900 But when the experi-
mental temperature rises to 1000 limestone could
capture the release of sulfur.

3.2 Temperature Characteristics of Wastes

As is shown by Figure 2, when white clay and carbid
slag are added, the ratios of Sf@leased reduce over
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50% and over 40% respectively at 800-1T00ANnd at

This makes wastes react with Sore easily at initial

900-1000C, the ratios could reduce over 70% and 56%reaction stage. Porosity and specific area of lioresare
respectively. The range of optimum desulphurizationsmaller, which makes limestone have poor sulfutuwap

temperature is wide and desulphurization perforraaac
good. White clay and carbide slag represent goamomi
structure characteristics. So sulfation reactioruladto

ability at initial reaction stage.
The pore structure of white clay after calcinatiats
850C is improved. The pore size distribution is wider.

process in the inner particles and high temperatureorosity and specific area increase greatly, whietkes

desulphurization phase is easily formed at highpena-

SO, diffuse easily and sulfation reaction process goes

ture, which makes their desulphurization perforneanc further in the inner particles. With the rise afgerature,

better. When salt slurry and red mud are addedatfies
reduce over 40% at 800-90Q showing better sulfur

capture ability. When the temperature rises to 1000

because of poor sulfur capture ability at late atadp-
composition of desulphurization product and serisins
tering, the sulfur capture abilities of them deprdsme-

stone has poor desulphurization capacity at 800c900

because of its hard calcinations and bad micrastrec
With the rise of temperature, limestone is calcifidty,
which improves the sulfur capture ability a littM/hen

temperature rises to 1200 industry alkaline wastes and
limestone hardly have any desulphurization capsbili

because of serious sintering. So the optimum dbatilp
zation temperature window of white clay is 800-11Q0

carbide slag’s is 800-1080, and salt slurry and red

mud’s is 800-95 .

3.3 Microstructure Characteristics of Wastes

its pore size distribution becomes further widerd @o-
rosity increases continuously. Because of sinteritgy
specific area decreases a little at 105@ut the general
situation is better. This makes it still represehigher
sulfur capture ability, which is in accordance witie
above desulphurization experiment results. Carlsidg
represents porous structure and its specific ardauge.
With calcinations reaction and sintering reactian g
multaneously, the pore size distribution of carbsiiag
becomes wider, which makes S@eep into the particles
easily and makes sulfation reaction go further.utfoits
specific area and porosity decrease with rise wiptra-
ture, they are still higher, and so carbide slagrsfpre-
sents better sulphur capture ability. Red mud c¢osta
large amount of AD; and FgO;. They react with pro-
duced CaO and form CaO-AlL, 3CaO-Al0,,
CaO-Fg0O; and 2Ca0O-FE©®; at 850C, which makes mi-
crostructure worse, the quantity of macropore and

The inner microstructure of desulphurization sotbenmesopore decrease. The pore size distributioncbfimed

greatly influences its sulfur capture ability [9]1Bicro-

becomes narrow after calcinations. Liquid eutestitu-

pore structure of samples was studied by mercury pgjon accelerates ion migration and diffusion, whitt-
rosimeter in this paper. The samples include oaigin gioys crystal lattice of CaO. Irregular pore isnied.

samples and test samples after calcinations at’8&Ad

The specific area and porosity of red mud incre®éieh

1050C. The testing results were analyzed and charactefise of temperature, CaO-4&Q, 3Ca0-A30; CaO-Fe;

istic parameters were got, including pore sizeritistion,
porosity and specific area (Table 3 and Table 4).

Table 3 and Table 4 show that the pore structure

wastes’ and limestone’s original samples are gredift
ferent. The pore size distribution of wastes isilsinmo

that of limestone, with micropore and mesoporengki

the main part. But porosity and specific area oftes are
higher than that of limestone.

Table 3. Aperture and porosity of test sample

850C 1050C
Calcined sample Calcined sample
Poresize Porosity Poresize Porosity Pore size Porosity

(um) (%) (um) )  (um) (%)
white clay 0.004-0.2 13.216 0.0045-0.3 19.665 0.005-1 22.329
carbide sle 0.004-0.2 25.083 0.0045-0.3 21.717 0.005-1 15.166
red mud 0.004-0.2 13.2690.005-0.04525.549 0.5-1 6.073
limestonen.011-0.3020.099 0.008-2.5 16.175 0.005-1 19.354

Original sample
Sample

Table 4. Specific area of test sample (i)

Original 850C 1050C
Sample sa?nple Calcined sample Calcined sample
white clay 2.915 8.267 6.148
carbide slag 15.069 8.602 6.269
red mud 7.715 9.602 2.915
limestone 0.097 3.715 3.071

Copyright © 2009 SciRes

and 2CaO-F©; accelerate sintering. Pore structure of
red mud changes, which causes plugging of porermer f

%hation of molten pore or macropore. The specifieaar

and porosity decrease rapidly and sulphur captoiiéya

is reduced. The change of limestone’s microstractur
with rise of calcination temperature is similartt@at of
white clay’s. But porosity and specific area of distone
are lower and its sulphur capture ability is wotkan
white clay’s.

4. Conclusions

The desulphurization characteristics of sampleshesh
studied at 800-1200. White clay and carbide slag could
capture the release of sulfur at 800-1200Salt slurry
and red mud could capture the release of sulfdirgtt
stage at 800-900, and when temperature rises to
1000C, the sulfur capture ability of them decreases.With
the range of experimental temperature, industrglad&
wastes represent better temperature characterigties
optimum desulphurization temperature window of whit
clay is 800-110@, carbide slag’s is 800-10%0, and
salt slurry and red mud’s is 800-960 According to the
test of mercury porosimeter, the original sampled a
calcined samples of the wastes have better poeedéiz
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tribution, higher porosity and specific area. Thiskes [3]
SO, deep into the inner particles and sulfation reacto
further. But because of sintering, specific ared poros-

ity of red mud become smaller with rise of temperat
Sulfur capture ability of red mud decreases. Comgar [4]
with limestone, industry alkaline wastes repredmtter
desulphurization characteristics and temperatusrach
teristics. They may be a new sort of desulphuidzati
sorbent.
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