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Mineral behavior of low-temperature lignite ashes under gasification atmosphere
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Abstract—To investigate the mineral behavior of lignite ashes under gasification conditions, 450 °C Xiaolongtan lignite
ash samples (XLT-LTA) treated at different temperatures or pressures under reducing atmosphere (H,/CO,=1 : 1, volume
ratio) have been examined by means of an SC-444 apparatus, a scanning electron microscope with an energy dispersive
X-ray detector (SEM-EDX), and by X-ray diffraction (XRD). The results showed the sulfur content in the XLT-LTA
to be much higher than that in ashes prepared at 815 °C, as a result of the release of sulfur dioxide during the oxidization
of pyrite. With increasing temperature, the XLUT-LTA particles gradually agglomerate and form partially molten surface
entities with obvious apertures, and the content of iron and calcium in the congeries or molten parts increases due to
the fusion of fine ash particles with the enrichment of iron and the formation of low-temperature eutectics of calcium
and iron. An increase of pressure restrains the decomposition of calcite and muscovite, and promotes the formation
of iron minerals (e.g., hercynite, cordierite, and sekaninaite) and orthoclase. The content of amorphous material also

increases with increasing pressure.
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INTRODUCTION

Lignite, which accounts for approximately 40% of global coal
reserves, will become increasingly important in energy supplies in
the future because of its easy access and low mining costs [1,2]. In-
organic matter present in low-rank coals has adverse effects on its
process performance [3,4]. A detailed knowledge of the behaviors
of inorganic matter during gasification is of importance to devise
strategies for the reduction or elimination of various technological
problems (e.g., agglomeration, corrosion, abrasion-erosion, slag for-
mation, and fouling) as well as environmental impacts [5]. During
gasification processes, coal ashes pass through a reducing reaction
zone. Thus, an understanding of the behaviors of minerals in lignite
ashes under a reducing atmosphere is necessary for research and
development (R&D) of lignite gasification technology.

The fact that dispersed metals (mineral matter) in low-rank coal
act as catalysts for gasification has been explored by many research-
ers [6-11], and the organically bound calcium in New Zealand lignites
has been shown to be responsible for their high reactivity and high
hydrogen concentrations during gasification [12]. Matsuoka et al.
[13] delineated the transformation mechanisms of alkali and alkaline
earth metals in low-rank coal during the gasification process. Sodium
silicate results in the formation of slag, and a reduction of tempera-
ture or the addition of coarse meta-kaolin at a feed-rate roughly equiv-
alent to its ash content can successfully solve slag formation problems
during a high sodium lignite gasification process [14,15].

In recent years, the gasification center of the Institute of Coal Chem-
istry (ICC), Chinese Academy of Sciences (CAS) has devoted much
attention to the R&D of Xiaolongtan lignite (XLT) pressurized fluid-
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ized bed ash agglomerate (PFBA) gasification. During the pilot-plant
test (the flow sheet of the XLT PFBA pilot plant gasification is shown
in Fig. 1), a slag sometimes formed on the inner surface or near the
gasifier distribution plate, which affected the gasification efficiency,
resulting in defluidization, and even leading to unscheduled shut-
down of the whole gasification system [16,17]. The formation mech-
anism of slag during lignite fluidized-bed gasification, and the methods
for its prevention by raw lignite pre-treatment have been explored
in previous work [18,19]. Slag formation is strongly related to the
behavior of minerals under high temperature and pressure [3,10,
18-20]. XLT ashes contain more calcium and iron minerals, and
also the calcium and iron synergistic mechanism is operative in the
formation of slag, which increases the likelihood of slag formation.
When the Fe,0,/CaO (molar ratio) is close to 1, the tendency for
ash slagging is maximized [21]. However, little work has been pub-
lished on mineral behavior of XLT ashes under a reducing atmo-
sphere. Therefore, the purpose of this study has been to explore the
mineral behaviors of XLT-LTA ashes under reducing atmosphere
(H,/CO,=1: 1, volume ratio) with increasing temperature or pres-
sure. This study may provide some further guidance for R&D of
lignite fluidized bed gasification technology.

EXPERIMENTAL

1. Samples Preparation
1-1. Properties of Xiaolongtan Lignite

The XLT samples (air dried basis) used were provided by the
gasification center at the ICC, CAS, and originated from Yunnan
province, Southwest China. The samples were ground to a particle
size of less than 0.200 mm. According to the Chinese standards of
coal analyses (GB/T212-2001, GB/T476-2001, GB/T213-2003,
GB/T214-1996), proximate and ultimate analyses of the XLT sam-
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Fig. 1. Flow sheet of the XLT PAFB pilot plant gasification.
1. Belt conveyer 8. Feeder
2. Sieving machine 9. Bucket elevator
3. Coal crusher 10. Coal lock hopper

4. Deduster 11. Rotary feeder
5. Rotary dryer 12. Gasifier
6. Conveyer 13. Ash lock hopper system

7. Doal hopper 14. Heat exchanger

ples were performed, and the results are shown in Table 1. Oxygen
content was determined by the difference: O,~100—(C,+H,+N,+

Table 1. Proximate and ultimate analyses of XLT

Proximate analyses on air dried basis (%)

Moisture 11.64
Volatile matter 35.56
Ash 8.95
Fixed carbon 43.85
Ultimate analyses on air dried basis (%)

Carbon 56.65
Hydrogen 3.36
Nitrogen 1.12
Sulfur” 1.07
Oxygen’ 17.21

“Total sulfur

"By difference

Table 2. Composition of ash sample and its AFT

15. 1* Cyclone

16. 2™ Cyclone

17. Fine collection and transport system
18. High temperature fine re-gasifier
19. Fine hopper

20. Steam/oxygen distributors

21. Oxygen supply system

22. Waste heat boiler

23. Steam and soft water pre-heater
24. Water scrubber

25. Desulphurization reactor

26. Gas burner

27. Soft water supply system

28. Washing water cleaning system

S.aitM AL, as also listed in Table 1. The ash compositions were
determined following analytical methods set out in the Chinese stan-
dard GB/1574-2007 for coal, coke, water coal shurry, and gangue.
The ash fusion temperature (AFT) under reducing atmosphere (H,/
CO,=1:1, volume ratio) was tested and the results are presented
in Table 2. From Table 2, it can be observed that the content of cal-
cium oxide and sulfur trioxide in the XLT ashes is very high, and
as expected its AFT is comparatively low.
1-2. Preparation of XLT Low Temperature Ash Samples

The preparation procedure for XLT low temperature ashes (XLT-
LTA) was as follows: The XLT sample (1.00 g) was first placed in
a ceramic crucible, which was in turn placed in a muffle furnace;
the muffle furnace was heated from room temperature to 450 °C
within 30 min, and the temperature was kept at 450 °C for 24 h. There-
after, the sample was removed and immediately immersed in iced
water; the quenching time was typically no more than 10s [22].
Phase transformation and segregation of the crystals was prevented
by this rapid cooling [23]. The quenched sample was placed in a
vacuum oven at 105 °C for 36 h, and crushed to a particle size of

Constituent SiO, ALO, Fe,0O, CaO MgO SO, K,O Na,O TiO, P,0;
Composition (wt%) 33.14 17.56 8.95 21.64 1.79 13.16 0.99 0.94 1.44 0.28
AFT“ DT ST HT FT
Temperature/°C 1096 1158 1169 1189

“DT - deformation temperature; ST - soften temperature; HT - hemispherical temperature; FT - flow temperature
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Fig. 2. Schematic diagram of pressurized fixed bed furnace.
1. Gas inlet 7. Ball valve
2. Pressure vessel 8. Reaction gas (H/CO,=1:1,
3. Quartz crucible volume ratio)
4. Reaction pipe 9. N,
5. Sampling entrance  10. Temperature controller
6. Magnet 11. Furmace

less than 0.074 mm. All samples were stored in a cabinet dryer be-
fore measurement.
1-3. Preparation of XLI-LTA under Different Temperatures or Pres-
sures

The ash samples were prepared in a pressurized fixed-bed reac-
tor (Fig. 2), which has been described in detail elsewhere [24]. The
depth of the XLT-LTA samples in the crucible was no more than
5 mm, and the external diffusion effect was tested for, and elimi-
nated by, increasing the gas velocity. Based on the temperature at
which a slag formed and the operational pressures in the pilot plant
at the ICC, CAS, under the conditions of a reducing atmosphere
(H,/CO,=1:1) and a residence time of 15 min, two series of ash
samples were prepared: one comprised samples obtained at differ-
ent temperatures (700, 750, 800, 850, 900, 950, 1000, and 1050 °C)
at ambient pressure, while the other comprised samples obtained at
different pressures (0.2, 0.4, 0.6, 0.8, and 1.0 MPa) at 900 °C.

The procedure for the preparation of ash samples is briefly out-
lined as follows. The samples (0.50 g) were placed in a quartz cruci-

Table 3. Composition of XLT-LTA (wt%)

ble, which was in turn placed in the upper chamber of the reactor.
The heaters were activated to increase the temperature to the re-
quired value, and then Nitrogen (N,) was introduced into the pres-
sure vessel and the reactor to displace the air and to increase the
pressure to the desired value. Thereafter, a mixture of 50% Hydro-
gen and 50% carbon dioxide (volume ratio) was introduced into
the reactor to displace the N,. When the conditions were steady,
the crucible was lowered into the constant temperature zone by a
magnetic force driving system. At the end of the test, the ash sam-
ples were elevated to the upper cold chamber, and cooled for about
10 min under N, atmosphere. After depressurization of the reactor,
the reacted samples were removed and ground to a particle size of
less than (0.074 mm for analyses to assess the mineral behavior under
a reducing atmosphere.

2. Ash Analytical Methods

A NavaNano 430 scanning electron microscope (SEM) operat-
ing at 15.0kV was employed for observing the morphologies of
the samples, and a Sigma energy dispersive X-ray detector (EDX)
was used for qualitative elemental identification and semi-quantita-
tive analyses. For SEM observations, the fine ash powders was care-
fully placed on conducting glue and then coated with gold vapor to
make it conductive.

A RIGAKU D/max-rB X-ray powder diffractometer (XRD) em-
ployed with Cu K« radiation (40 kV, 100 mA, Ke;,=0.15408 nm)
was used for mineralogical analyses. The samples were scanned
with a step size of 0.01° at 5° 2@/min scanning speed over the range
26=15°to 85°.

RESULTS AND DISCUSSION

1. Characterization of XLT-LTA
1-1. Compositions of XLT-LTA

The residual carbon (RC) content in the XLT-LTA was analyzed
using an SC-444 apparatus (Leco Corp., St. Joseph, MI), and its
remaining constituents were analyzed according to the Chinese stan-
dard GB/1574-2007. The results are presented in Table 3. As can
be seen from Tables 2 and 3, the sulfur content in the XLT-LTA was
much higher than that in ashes prepared at 815 °C, while there were
only slight variations in the contents of other components of the
ashes. This difference can mainly be attributed to the release of sulfur
dioxide due to the oxidization of pyrite during the preparation of
the 815 °C ashes.

pyrite (FeS,)+oxygen (O,)
—magnetite (Fe,O,)+sulfur dioxide (SO,) [25] 1)
magnetite (Fe,0,)+oxygen (O,)— iron oxide (Fe,0;) [22] )

1-2. Surface Morphology of XLT-LTA

An SEM image of XI'T-LTA is presented in Fig, 3. It can be seen
that the XUT-LTA was mostly composed of many fine irregular gran-
ules with a small quantity of large particles, with some fine aper-
tures among the particles.

Constituent RC SiO, AlLO, Fe,0O, CaO

MgO S0, K, 0O NaO TiO, P,0,

Composition 3.24 30.17 15.92 8.26 19.69

1.58 17.74 0.98 0.94 1.25 0.23

Korean J. Chem. Eng.(Vol. 30, No. 3)
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Fig. 3. SEM photo of XLT-LTA.

1-3. Crystal Phases of XLT-LTA
The XLT ash samples were prepared at 450 °C because at this
temperature their mineral constituents are little transformed, and
the ashing time is relatively brief. The ratio of the peak heights in
the XRD pattern is proportional to the mineral concentrations [26,
27], and for the same mineral, the variation in the diffraction inten-
sity can approximately reflect the variation in its content [28]. The
XRD pattern of XLT-LTA is shown in Fig. 4. It can be seen that
the XLT-LTA was mainly composed of quartz, anhydrite, and cal-
cite, with small quantities of illite, pyrite, goethite, and kaolinite.
2. Behavior of the Minerals in XLT-LTA with Increasing Tem-
perature
2-1. Surface Morphologies of XLT-LTA at Different Temperatures
To elucidate the precise variations in elemental content in con-
geries or molten parts of XLT-LTA with increasing temperature,
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Fig. 4. XRD pattern of XLT-LTA.
1. Quartz (Si0,)
2. Anhydrate (CaSO,) 6. Goethite (a~FeO(OH))

3. Calcite (CaCO,) 7. Kaolinite (Al,[S1,0,,](OH),)
4. Tllite (KAL[(OH),AISi;0,,])

5. Pyrite (FeS,)
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elemental analyses were performed in “spot mode”, whereby the
beam was localized on a single, manually chosen, circle. SEM images
of XLT-LTA and the elemental compositions in congeries or mol-
ten parts at different temperatures are shown in Fig. 5. At 800 °C
many irregular fine ash particles were simply stacked together, except
for a small quantity of conglutinated particles (Fig. 5(a)), while at
900 °C, some large particles with fine apertures were formed due
to the bonding of some fine ash particles (Fig. 5(b)). At 1,000 °C,
the large particles had been agglomerated, and partially molten sur-
face entities with obvious apertures emerged (Fig. 5(c)). At 1,050 °C,
the surfaces of the entities with some large apertures were melted
(Fig. 5(d)). It is also apparent that the XLT ash had been sintered at
900 °C, almost 200 °C lower than its deformation temperature (DT)
of 1,096 °C. This is consistent with the results of previous studies,
e.g., that the initial melting temperature of ashes can be as low as
200-300 °C below their DT values [29], and that the agglomeration of
six Turkish lignites started at 860-1,060 °C, again about 125-200 °C
lower than their DT values [30]. Along with the variation in melting
temperatures of the ashes, the melting process appears to be accel-
erated by the presence of calcium through the formation of eutectic
mixtures in the FeO-Si0,-Al,O, and CaO-Si0,-ALO; systems [29].

The main components of ash (SiO,, Al,O,, CaO, and Fe,O;) gen-
erally comprise more than 85% of its total content. Thus, it is reason-
able to predict the properties of ashes from these main components
[30]. Based on EDX analyses, the elemental compositions of the
congeries or molten parts of XLT-LTA at different temperatures are
illustrated in Table 4. It can be seen that the content of iron and cal-
cium increased with increasing temperature. As the XLT-LTA was
heated, some fine ash particles first melted and agglomerated due
to the enrichment of iron in the fine particles during the formation
of ashes [17], leading to the formation of low-melting, adhesive
ferro-silicate. Calcium was then assimilated into fayalite structures
to form low-temperature eutectic mixtures [31-33], which result in
the low DT value of the particles. This offers a possible explana-
tion for the enrichment of iron and calcium in the molten entities
with increasing temperature.

2-2. Mineral Transformations of XLT-LTA with Increasing Tem-
perature

Fig. 6 shows the XRD patterns of the main mineral components
and their contents in XLT-LTA at different temperatures under reduc-
ing atmosphere (H,/CO,=1 : 1). It can be seen that XLT-LTA were
mostly composed of quartz, illite, anhydrite, goethite, calcite, and
magnesium ferrous oxide at 700 °C. Oldhamite and ferrous mag-
nesium silicate emerged at 800 °C, and fayalite was indentified at
850 °C. Anorthite and hercynite were formed at 950 °C, while the
gehlenite appeared at 1,050 °C.

As the temperature increased, many reactions took place among
the various minerals. The diffraction peak of calcite gradually de-
creased and then disappeared at 850 °C due to the reaction: calcite
(CaCO,) calcium oxide (CaO)+carbon dioxide (CO,) [29], and the
relative content of anhydrate gradually decreased, and oldhamite
appeared and then increased due to the following reactions.

anhydrite(CaSO,)
— calcium oxide (CaO)+sulfur dioxide (SO,) [29] 3)

anhydrite (CaSO,)+carbon monoxide (CO)
—> oldhamite (CaS)+carbon dioxide (CO,) 4
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(d)
Fig. 5. SEM photos and elemental compositions of XLT-LTA at different temperatures; (a) 800 °C; (b) 900 °C; (c) 1,000 °C; (d) 1,050 °C.

Korean J. Chem. Eng.(Vol. 30, No. 3)
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Table 4. Elemental compositions of XL'T-LTA under different tem-
peratures determined by EDX (line weight%)

Temperature/°C

Element

800 900 1000 1050
(0] 55.21 55.39 51.86 44.58
Al 10.87 9.96 8.96 8.89
Si 19.35 18.75 16.29 14.16
S 2.78 1.62 1.73 2.00
K 1.65 222 1.63 1.05
Ca 7.83 8.67 12.24 18.54
Fe 2.31 3.38 7.30 10.78
anhydrite (CaSO,)+carbon (C)

— oldhamite (CaS)+carbon dioxide (CO,) [34] Q)

Under a gasification atmosphere, Fe** is gradually transformed
into Fe*, which may lead to the formation of magnesium ferrous
oxide; the latter can then react with silicon dioxide to generate the
ferrous magnesium silicate and oldhamite. Clay minerals may react
with partially-oxidized pyrite and calcium oxide to generate silicate
glass, which can be melted at 750-760 °C [35]. The reactions of fer-
rous oxide with mullite, the transformation of kaolinite, lead to the
generation of fayalite, which then evolves into hercynite with in-
creasing temperature, and can sometimes lead to the formation of
the low-temperature eutectic FeO-FeS [36]. The reaction of calcium
oxide with mullite generates anorthite (950 °C), and some anorthite
then may evolve into gehlenite (1,050 °C). The interaction of XLT-
LTA minerals under reducing atmosphere with increasing tempera-
ture may involve the following reactions [23,29,35-37]:

pyrite (FeS,)— pyrrhotite (FeS)+other sulfides 6)
goethite (o~FeO(OH))— wustite (FeO) @)
pyrrhotite (FeS)+wustite (FeO)— ferrous sulfide oxide (FeO-FeS) (8)

magnesium ferrous oxide (MgO), ,(FeO),,;)+silicon dioxide (SiO,)
— ferrous magnesium silicate (Fe,,,Mg,7Si0;) C)

kaolinite (ALO,-2Si0,-2H,0)— mullite (3AL,0,-2Si0,) (10)
mullite (3A1,05-2Si0,)+wusite (FeO)
— fayalite (2FeO-SiO,)+hercynite (FeO-AlLO;) (11)

illite (KAL[(OH),AISi,0,,])+wustite (FeO)
— almandite (3FeO-ALO,-3Si0,)
+hercynite (FeO-ALO,)+eucite (KAISi,0;) (12)

calcite (CaCO,)— calcium oxide (CaO) (13)
mullite (3AL0;-2Si0,)+calcium oxide (CaO)

—anorthite (CaO-ALO;-2Si0,) (14)
anorthite (CaO-AlO;-2Si0,)+calcium oxide (CaO)

— gehlenite (2Ca0-ALO;'SiO,) (15)

3. Behavior of the Minerals in XLT-LTA under Different Pres-
sures

Fig. 7 shows the XRD patterns of the XI'T-L'TA obtained at 900 °C
under at different pressures. The XI'T-LTA obtained at 900 °C is
mostly composed of quartz, anhydrate, oldhamite, fayalite, and illite
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Fig. 6. XRD patterns of XLT-LTA at different temperatures.
1. Quartz (Si0,) 7. Ferrous magnesium silicate
2. llite (Fey,:Mg) 46Si05)
(KAL[(OH),AISi;0,]) 8. Oldhamite (CaS)
3. Anhydrate (CaSO,) 9. Fayalite (Fe,SiO,)

4. Goethite (a-FeO(OH))  10. Anorthite
5. Magnesium ferrous (Ca0-Al,05-2Si10,)
oxide 11. Hercynite (FeAl,O,)

12. Gehlenite
(2Ca0-A1,05-Si0,)

((MgO), 1,(FeO)y3)
6. Calcite (CaCOs,)

at ambient pressure (0.02 MPa). Illite is presented in the samples
prepared at 900 °C over the whole range of pressures studied, and its
content slightly increased with increasing pressure. This is because
it begins to react with the wustite at 900 °C (Eq. (12)), and an in-
crease of pressure disfavors this reaction. Calcite and muscovite
appear at 0.2 MPa due to increasing pressure preventing their de-
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150
XLT-LTA-900 °C -1.00MPa

Table 5. Contents of mineral of XLT-LTA at 900 °C under differ-
ent pressures determined by RIR

Pressure/MPa

Mineral content

i

(Wt%) 002 020 040 0.60 0.80 1.00
Quartz 60.09 49.17 4326 36.17 32.73 28.20
200 | 1 Anhydrate 1336 13.94 1445 1453 14.89 13.23
5] XLT-LTA-900 °C -0.80MPa Oldhamite 10.78 928 11.18 1124 538 548
0 20 73 10 ,.Juﬁ 1 ! Fayalite 880 723 9.15 980 5.15 524
. Tllite 312 376 426 454 526 326
400 | | Calcite 934 984 997 584 483
XLT-LTA-900 °C-0.60MPa Muscovite 236 264 278 197 2.10
2 - 734 76 Cordierite, Ferroan 327 218
S ] O A L Orthoclase 238 243
‘é 400 Hercynite 297 3.04
£ . : XLT-LTA-900 °C-0.40MPa Sekaninaite 243
~ 200 | ) Glass’ 385 492 522 1097 20.16 30.01
0 Mﬁk :} l ]LG { - !‘ X “Includes both amorphous phase and any carbon (char) components
600
- ' XLT-LTA-900 °C-0.20MPa amorphous phase in each case was estimated by subtracting the pro-
400 . . . .
portion and inferred composition of the crystalline phases from the
200 5] 273 4 6 1 I bulk ash composition [38]. The content of mineral components of
0 Y ST E— XLT-LTA at 900 °C under different pressures determined by the refer-
800 | | ence intensity ratio (RIR) is listed in Table 5. The material identi-
600 | fied as amorphous materials by XRD techniques was not necessarily
400 [ 3 XLT-LTA-900 °C-0.02MPa of uniform composition within the individual ash samples; it may
200 | slh4 4 1 ! also have included particle components that were too low in abun-
0 dance or too small in particle size to be separately identified by X-
10 20 30 40 50 60 70 80 . .
. ray diffraction methods [38].
2-Theta/ From Fig. 7 and Table 5, it can also be seen that some low-melting
Fig. 7. XRD patterns of XLT-LTA at 900 °C with different pres- ferrous alumino-silicates (e.g., cordierite and sekaninaite) are formed
sures.

1. Quartz (SiO,)

2. Anhydrate (CaSO,)

3. Oldhamite (CaS) ((Mg,Fe),AlSi0,5)

4. Fayalite (Fe,SiO,) 9. Orthoclase (KAISi;Oy)

5. 1llite (KAL[(OH),AlSi;0,,]) 10. Hercynite (FeAlLO,)

6. Muscovite,syn 11. Sekaninaite
(KALSI,AIO,(OH),) (Fe,ALSisOy5)

7. Calcite (CaCO,)
8. Cordierite, ferroan

composition. Cordierite and hercynite emerge at 0.8MPa, and sekan-
inaite appear at 1.0 MPa. With increasing pressure, hercynite, feld-
spar (e.g., orthoclase and albite), and sekaninaite are formed and
their content increases on the basis of their diffraction intensities, as
aresult of Egs. (12) and (13), and the following reactions:

quartz (SiO,)+alumina (Al,O,)+potassium oxide (K,O)

—>orthoclas (KAISi;Oy) (16)
quartz (SiO,)+alumina (Al,O,)+sodium oxide (Na,0)

— albite (NaAlSi,Oy) (17)
quartz (SiO,)+alumina (ALO;)+ferrous oxide (FeO)

— sekaninaite (Fe,Al,Si;O,5) (18)
The abundance of the individual crystalline phases as indicated

by XRD analyses was used to estimate the overall chemical com-
position of the crystalline phase, and the overall composition of the

at 1.0 MPa, which play a binding role in the formation of spherical
agglomerates, and assist in the separation of ashes from the gasifier
during fluidized-bed gasification. Furthermore, the content of amor-
phous material clearly increased with increasing pressure on the
basis of the distorted baseline in the 2 &range 5-30°.

The effects of pressure on the ash behaviors are mostly due to
the shifts in chemical equilibria among the various minerals. Ele-
vated pressure not only restrains the decomposition of calcite and
muscovite, but also increases the formation of iron minerals (e.g.,
hercynite, cordierite, and sekaninaite) and orthoclase, which are likely
to form low-temperature eutectic mixtures.

CONCLUSIONS

The mineral behavior of XLT-LTA under a reducing atmosphere
at different temperatures and pressures has been studied. From the
compositions of XLT-LTA and ash prepared at 815 °C ash, it can
be concluded that the sulfur content in the former was much higher
than that in the latter as a result of the release of sulfur dioxide dur-
ing the oxidization of pyrite. With increasing temperature, the XLT-
LTA particles gradually agglomerated and formed partially molten
surface entities with obvious apertures, and the fusion of fine ash
particles with the enrichment of iron and the formation of low-tem-
perature eutectics of calcium and iron led to increases in the con-
tents of iron and calcium in the congeries or molten parts. Due to

Korean J. Chem. Eng.(Vol. 30, No. 3)
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the effects of pressure on the positions of various chemical equilibria,
increased pressure not only restrained the decomposition of calcite
and muscovite, but also promoted the formation of iron minerals
(e.g., hercynite, cordierite, and sekaninaite) and orthoclase. Further-
more, the content of amorphous material increased with increasing
pressure.
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