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Abstract: The effects of oxygen on changes in char structure and reactivity during steam gasification of Shengli brown coal were
examined. A stainless steel simulated entrained-flow reactor was employed to carry out gasification at 800 and 900 C in 8
atmospheres: pure N,, 15% H,0, 25% H,0 and 35% H,O balanced with N,; and 1% O,, 15% H,0+1% O,, 25% H,0+1% O,
and 35% H,0+1% O, balanced with N,. The structure of chars was measured by Raman spectrum, and the intrinsic reactivity of
chars with air was measured using a thermogravimetric analyzer (TGA) at low temperature (300 C). The results show that the
effects of oxygen on char structure are different at high temperature (900 C) and low temperature (800 C) in brown coal steam
gasification. The volatilization of alkali and alkaline earth metallic ( AAEM) is strongly influenced by char structure. The presence
of O, during steam gasification has a similar effect on the volatilization of Na to the evolution of structure at different temperatures.

Experimental data provided evidence that a mixed H,O/0O, atmosphere could promote a decrease in subsequent char reactivity in air
at 300 C, and that char reactivity could correlate well with the band area ratio, / (GR+VL+VR>/ I.
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Based on its economic and environmental
properties, low-rank coal has the potential to be
highly competitive in today’s energy markets'' ™’
Compared with high-rank coal, low-rank coal in
particular brown coal has high volatility and
reactivity, and is a very good gasification feedstock.
Low-rank coal has three distinguishing features,
including abundant oxygen-containing functional
groups, a proportionally larger transition pore and
macropore structure, and more inorganic catalytic
constituents'>~®' that allow it to be gasified at lower
temperature ( around 900 C). Typically, a fluidized
bed reactor is used to gasify low-rank coal; however,
the process is always affected by the interaction
between volatiles (such as CO, H,) and char, which
790 the
and
! Further, the interaction
the gasification reaction

can result in changes in char structure
volatilization of AAEM ( especially Na)'**~"
dispersion of the catalysts''>
is able to influence
characteristics'” "',
Many gasification techniques are
compromised to different degrees by the effects of
volatile-char interaction that adversely impact the
gasification rate of char, making it imperative to
develop methods for minimizing the undesirable
effects of this interaction. In this work, a novel
brown coal gasification reactor was developed,
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through which the reaction of char and the reforming
of volatiles were decoupled (the novel process flow
diagram for brown coal gasification was shown in
Figure 1). The raw coal and gasifying agents (i. e.
H,0O and O,) flowed concurrently into the top of the
reactor simultaneously with the gasification reaction.
The char and volatiles were separated from the bottom
of the reactor and then completely gasified and
reformed with the secondary gasifying agents (O, and
H,O, respectively ). The novel gasification reactor
enabled the gasification of char in the absence of
volatiles at  very temperatures.  During
gasification, the gasifying agents, H,O and H,0+0O, ,
demonstrated distinct effects on the structure and
reactivity of char. In order to achieve high
gasification efficiency and carbon conversion rate, the
effects of oxygen on the structure and reactivity of
char during steam gasification must be clearly
understood.

low

The reactivity of char is determined by many
factors, including distribution and volatilization of
AAEM, changes in char structure, formation and
decomposition of soot on the surface of char, and
“thermal annealing”. Significant research concerning
changes in the structure and reactivity of char using a
fluidized-bed/fixed-bed different gas
atmospheres have been performed”""* ', However,

reactor in
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the impact of oxygen on the steam gasification
characteristics of Shengli brown coal in an entrained-
flow reactor has not been systematically investigated.
The changes in char structure, the relationship
between AAEM and char structure, and the
correlation between reactivity and char structure all
need further investigation to provide theoretical
guidance for the development of new technology.
Accordingly, multiple gasification experiments on
Shengli brown coal were carried out using a simulated
entrained-flow reactor at 800 and 900 C in different
gasifying atmospheres. The evolution of char structure
investigated using the Raman technique,
revealing the occurrence state of AAEM. Finally, the
correlation between reactivity and char structure was
explored.

was

H,0/0, volatiles H,0/0,
[ | |
brown | entrained-flowehar completely ! [ catalytic coal
coal '{" = ificati — formi
reactor gasification | | reforming gas
|

| |
A novel gasification reactor

Figure 1 Novel process flow diagram
for brown coal gasification

1 Experimental
1.1 Samples

The Shengli ( SL ) brown coal used as raw
material was collected from Shengli deposits located
in Inner Mongolia, China. The as-received brown
coal samples were crushed, ground, and then dried at
60 C for 24 h in a vacuum oven. The coal sample
was then sieved to a particle size between 0. 15 and
0.18 mm. The properties of the sample were C,
62.26% ; H, 6.12% ; N, 1.11%; S, 0.66% ; O,
29.85% ; V,34.10% (ad); M, 5.89 % (ad) ; and
FC, 50.72 % (ad), together with an ash yield of
9.29 % (ad).
1.2 Gasification

Figure 2 shows the schematic diagram of the pilot
entrained-flow reactor (EFR). The reactor included a
heat-resisting stainless steel tube (3 000 mm long with
80 mm internal diameter ), which was heated
externally with electric furnace. The electric furnace
contained three zones and was controlled by three
thermocouples ~ with ~ temperature  controllers,
respectively. The deviation of temperature inside the
reactor was controlled to less than +5 TC. An
isothermal zone ( ~2 400 mm long) was measured by
three thermocouples laid in the reactor. The coal
samples were continuously fed into the EFR from a
screw feeder, with a feed rate of 0. 6 g/min under
nitrogen flow as the primary carrier gas. The

nitrogen-oxygen mixed gas and the steam used a
peristaltic pump supplied to the EFR. The steam flow
was determined by measuring the water flow rate.
Total gas flow was 36.2 L/min.

Gasification was performed in the EFR at 800
and 900 C. The secondary gas (pure N,, 15% H,0,
25% H,0, 35% H,O balanced with nitrogen, and
1%0,, 1% 0,+15% H,0, 1% 0,+25% H,0, 1%
0,+35% H,O balanced with nitrogen) was fed into
the top of EFR. Deionized water was continuously
injected into the reactor with a peristaltic pump in
order to generate the steam. The gasification products
were gathered in a collection train consisting of a
filter, a cold trap kept at —78 C, and a flue gas
analyzer. Char was separated from gaseous products
in the filter. Portions of tar and H,S gas were
deposited in the CuSO, solution. The residual tar was
condensed and dissolved in tri-chloromethane in a
cold trap. After drying, the coal gas was measured by
a flue gas analyzer.
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Figure 2 A Schematic diagram of the entrained-flow
reactor used in this study

1.3 Raman spectrum

The char structure was analyzed by high-
resolution Micro Raman spectrometer (MRS) , with a
given objective magnified 50 times focused at excited
laser beams (532 nm visible laser lines). Spectral
resolution was 0 ~0.65 cm™. Changes in structure of
3 ~ 5 char particles were measured randomly each
time. The recorded spectral range was 800 ~
1800 cm™; each write time was 60 s. First, the
Raman spectrum was handled using GRAMS/32 Al
6. 0 software for baseline correction. Each Raman
spectrum (800 ~ 1800 cm™ ) was deconvoluted into
10 Gaussian bands''"*"* | viz. G,, G, Gy, V., Vy,
D, S, ,S, Si, R, the central positions of which were
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1700, 1590, 1540 cm™, 1465, 1380, 1300 cm™,
1230, 1 185, 1 060 and 960 ~ 800 cm™',
respectively.  Briefly, the G band located at
1590 cm™ was formed mainly by aromatic ring
systems ( brown coal or char ). The D band
(1300 cm™ ) represented defect structure in the
highly ordered carbonaceous materials, particularly
aromatic compounds with not less than six fused
rings. The G,(1540 cm™ ), V, (1465 cm™) and V,
(1380 cm™ ) bands represented typical structures in
amorphous carbon ( especially smaller aromatic
nucleus) and the semi-circular breathing of aromatic
rings. The S band represented mainly cross-linked
structures in coal char. The areas ratios of band were
used for quantitatively characterizing the changes of
char structure.
1.4 Determination of inorganic constituents
in the char

The content of alkali and alkaline earth metallic
species in coal and char were measured using a
Thermo Scientific iCAP 6 000 series ( ICP). The
coal/char sample was first ashed in a muffle furnace
at 1 C/min to the final temperature of 600 C and
maintained for 4 h. The ash was then digested in HF
and HNO, acids (1:1 ratio) at 110 C for 24 h. The
acidic mixture was subsequently evaporated at 80 C.
Finally, deionized water was used to dissolve the
digested ash when there was no acid. The deionized
water with AAEM species was injected into the ICP.
1.5 Reactivity investigation

A Perkin-Elmer Pyris 1 thermogravimetric
analyzer (TGA) was used to measure the reactivity of
the char following the procedures established
earlier®?"". Generally, about 7 ~ 10 mg of char was
placed in a platinum crucible in the TGA. First, the
temperature in nitrogen was set at 110 C and held
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20 min to fully dry the coal/char sample. The
temperature was then increased to 300 ‘C in nitrogen.
The reactivity measurement began as the gas
atmosphere was switched from nitrogen to air. The
specific reactivity (R) of char at any given time was
calculated by

1 dW
R=-—_°%% 1
W de (D
where W is the char weight (daf) at any given

time ().

The char was heated to 600 C and held for
30 min to burn out any remaining carbon composition
after the weight loss was leveled off, and the resulting
mass was taken as the weight of the ash'?.

The char reactivity was also characterized by the
following equation (2) :

Ry 5=0.5/75 (2)

where 7, ; is the time at which the conversion of
char reached 50% . The reactivity of char increased
with the increase of R, 5. Similarly, specific reactivity
measurements R, ,,, R,,, and R, , were also used.

2 Results and discussion
2.1 Char yields

Figure 3 compares the char yields from
gasification of SL brown coal in H,O and H,0+0O, at
800 and 900 C. It is obvious that the char yields from
gasification in 15% H,0, 25% H,O, and 35% H,O
were higher than that in H,O+1% O, mixture, and the
difference was even greater at 900 C. The char yields
at 900 C were lower than those at 800 C in H,O and
H,0 + O, atmospheres, respectively. This indicates
that higher temperature promoted the gasification of
brown coal in all gasifying atmospheres, and that
oxygen enhanced the conversion of brown coal during
steam gasification, due perhaps to
gasification rate of the char-O reaction.

the greater
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Figure 3  Char yields as a function of gasifying agent at 800 and 900 C
(a): 800 C; (b):900 T
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2.2 Features of char structure

Figure 4 represents the changes in char structure
reflected by Raman spectrum. From the description of
Raman spectrum in section 1. 3, the area ratios of
these bands, [ .y v,/ Ip, could represent the
relative ratio between the small and large fused rings
in char'”', shown in Figure 5 (a). Differences of
I Geivsvpy/Ip between the chars from gasification in
H,O and in H,0+1% O, were very small at 800 C,
and gradually decreased with an increase of steam
concentration, indicating that a few small fused rings
were consumed or converted into larger fused rings in
char. Steam was the primary factor responsible for
changes in char structure, with oxygen playing a
lesser role because H radicals cause the condensation
of aromatic systems generated in the reaction of char
with steam'’"'>*)  while oxygen was consumed on
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the surface of chars. So steam reduced the ratio of
I Goiv,+vpy/In» and the addition of 1% O, played less
role in char structure. At 900 C, there was a
significant difference in [ ;. ,y. ,v,,/ I, Of char prepared
from gasification in H,O and H,0+1% O,. The area
ratios of these /g, ,y, v,/ bands of chars in H,O+
1% O, were lower than those in H,O, indicating that
more small fused-ring structures reacted with oxygen.
The ratios of 1 ; .y, v, /I of chars from gasification
at 900 C were lower than those of H,O and H,0+1%
0, gasifying atmospheres at 800 C, indicating that
relative ratios between small and big fused rings were
lower at high temperature. The reasons were that high
temperature could promote the gasification. The
reaction rate of small fused rings increased with an
increase of temperature, leading to highly ordered
char structure.
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Figure 4 Raman spectra as a function of various gasification conditions
for the chars prepared from the gasification of SL brown coal in H,O and H,0+1% O, at 800 and 900 C
(a): 800 C; (b): 900 C
a: 100N, ; b: 15%H,0; c: 25%H,0; d: 35% H,0; e: 1%0,; f: 15%H,0+1%0, ; g: 25%H,0+1% O, ; h: 35% H,0+1% O,
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Figure 5 [, GR+VL+VR>/ I,(a), I.(b) as a function of various gasification conditions for
the chars prepared from the gasification of SL brown coal in H,O and H,0+1% O, at 800 and 900 C

The I, denotes the total area of Raman spectrum
between 800 and 1800 cm™ of chars during
gasification. The aromatic ring system and oxygen-

containing groups are the determining factors for
Raman intensity''®’. The oxygen-containing groups
with resonance effects are the main factors influencing
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Raman intensity in brown coal gasification at
relatively low temperatures. Figure 5 (b) shows the
total /; Raman peak areas of chars prepared from
gasification in H,O and H,0 + 1% O, at 800 and
900 C. The Raman intensity of chars during
gasification in H,0O decreased with increasing
concentrations of steam at 800 C. Furthermore, the
Raman intensity decreased much more sharply in the
H,0+ 1% O, atmosphere. These decreases are due
mainly to the deoxidation reaction between char and
H, produced from steam gasification, which in turn
decreases oxygen-containing groups in chars''’***’
The decrease in Raman intensity of chars during
gasification in a mixture of steam and oxygen
indicates that oxygen reduced the oxygen-containing
groups in chars. The I, of chars prepared from
gasification in H,O (15% , 25% , 35% H,O balanced
with N, ) were higher than those prepared from
pyrolysis ( gasification in N, ), then decreased with
increasing steam at 900 C due to the oxidation
reactions resulting in an increase of oxygen-containing
groups when steam was present. The deoxidation
reaction with char and H, could decrease the oxygen-
containing groups with an increasing concentration of
steam, resulting in the reduction of 7,. In other
words, the oxidation and deoxidation of char
simultaneously occurred in steam gasification at high
temperature (900 C). The I, of chars during
gasification in H,O and 1% O, was greater than that in
H,O at 900 C, being different from those at 800 C.
This is due to an increase of oxygen-containing
structures created by oxidation reaction. These results
indicate that the effects of oxygen on char structure
were different at high temperature (900 C) and at
low temperature (800 C ) in brown coal steam
gasification. The I, of chars from gasification in both
atmospheres at 900 C were less than those at 800 C,
verifying that high temperature promoted the breakage
of O-containing structures, and that temperature was
the primary factor influencing the changes in char
structure.
2.3 Retention of AAEM species

Figure 6 shows the volatilization of AAEM
species (i.e. Na, Mg and Ca) during gasification of
SL brown coal in various gasifying atmospheres at
800 and 900 T in a simulated entrained-flow reactor.
During steam gasification, the volatiles were first
produced, and then free radicals and light molecules
were generated by thermal cracking of nascent
volatiles. The reaction of steam with char or volatiles
could produce free radicals. The free radicals
replacing AAEM species held in the char might

explain the volatilization of AAEM species'''’. When
the brown coal was gasified in H,O atmosphere
alone, the concentration of Na in char at 900 C was
lower than that at 800 9, indicating that the
volatilization of Na was a strong function of
temperature. Increasing temperature would increase
the generation of H radicals either on the surface of
chars or in the gas phase''”’. The H radicals would in
turn displace Na from the bond of Na-char in the char
structure.

At lower temperature (i. e. 800 C), the
retention of Na for chars prepared from gasification in
H,0 and 1% O, mixture atmosphere was less than
that in H,O alone. By contrast, at higher temperature
(i.e. 900 C), the retention of Na for chars prepared
in a H,O and 1% O, mixture atmosphere was greater
than that in H,O alone. This interesting phenomenon
might be attributed to a different reaction pattern of
char-O, during steam gasification at 800 and 900 C.
In H,O atmosphere, the addition of O, would
promote the generation of H radicals that volatilize
Na ") " as well as consumption of some oxygen-
containing groups on the char surface. These factors
are believed to contribute to reduction in Na-holding
capacity of the chars. On the other hand, O, could
directly influence the bonding between Na and the
char matrix. The Na-O intermediate formed by O,
would constitute stronger bonding of Na with the char
matrix and enhance the Na holding capacity of the
chars. These changes for volatilization of Na were
similar to the evolution of O-containing structures in
chars (Figure 5(b) ). The Raman spectroscopic data
in Figure 5(b) shows that the concentrations of O-
containing structures in chars from gasification in H,O
+1% O, atmosphere were higher than that in H,O
atmosphere at 900 C. On the contrary, the
concentrations of O-containing structures in chars
from gasification in H,0 + 1% O, atmosphere were
lower than that in H,O atmosphere at 800 C. These
O-containing structures could act as sites for binding
Na to prevent its volatilization. Figure 6 (a, a’)
indicates that the role of O, in retaining Na during
steam gasification at 800 C was different from that at
900 ‘C. During gasification in a mixture of H,O and
1% O, , the factors enhancing the volatilization of Na
were dominant at 800 C; by contrast, more Na was
retained at 900 C. The evolution of Na is strongly
dependent on changes in char structure.

Figures 6 (b, b’) and 6 (¢, ¢’) show the
respective changes in concentration and retention of
Mg and Ca under various reaction conditions. The
changes in concentration and retention of Mg in chars

were minimal during gasification, which were
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attributed to its divalency'””!. The energy needed to

destroy two bonds in order to release Mg is greater
than that required to release monovalent Na. In
agreement with various studies”>'*'"*) | Na s
volatilized primarily due to the interaction of free

radicals with char, whereas Ca is slightly different.

14  (a)Na
X
; 12
A iy
5 10F & “ .
= L4 o
o 2 A
S 08 a o o
= o
g
i 0.6 -
=
8 04+
=1
o
© o021
0.0 1 1 1 L L L 1 1
0 5 10 15 20 25 30 35
Concentration of steam ¢ /%
1.0 - (b)Mg
§
=08l
5]
G
- 0.6 b
=
8
= 041
=
8 L]
g 02l .
© . . A
Q 8 2 4
1 1 | 1 | 1 1 |
0 5 10 15 20 25 30 35
Concentration of steam ¢ /%
14 - (c)Ca
2t
=
. 10
<
S g .
£ 0T . ¢
s .
1 = A
2 0.6 5 A . R
g oar * o A .
2 A
(=}
O 02+
00 | | | 1 | | 1 |

0 5 10 15 20 25 30 35
Concentration of steam ¢ /%

The CaCO; in chars are higher mobile than CaO. So
the agglomerates of CaCO, are formed due to the high
mobility. Finally, the Ca would be directly released
from the char in form of crystallites formed by the
CaCO, aggregations at relative low temperature.
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Figure 6 Concentration (a, b, ¢) and retention (a’, b’, ¢’) of the alkali and alkaline earth metallic species
(a, a’) Na, (b, b’) Mg and (c, ¢’) Ca in the chars as a function of gasifying atmosphere during gasification at 800 and 900 C
@ H,0 gasification at 800 C; 0; H,0 and O, gasification at 800 C;
A : H,0 gasification at 900 C; A: H,0 and O, gasification at 900 C

It should be noted that temperature also seriously
influences the volatilization of Ca during gasification
in H,O atmosphere alone ( Figure 6 (c,c’)). The
concentrations and retentions of Ca in char prepared
from gasification in H,O atmosphere were higher than

those in H,O+1% O, at the same temperature (i. e.
800 C). When 1% O, was added to H,O gasifying
atmosphere, it is believed that more breakages of char
structure was occurred, more H radicals were
generated, thereby reducing the concentrations of Ca
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in chars. However, retentions of Ca in chars prepared
from gasification in H,O were lower than those
prepared in H,0+1% O, at 900 C as the concentration
of H,O was less than 15% ; when the concentration of
H,O was higher than 15% , this result was opposite.
The likely reason for the high retention of Ca during
gasification of coal in H,O + 1% O, at higher
temperature in the less than 15% H,O could be that
some O-containing structures were formed, which in
turn enhanced the Ca-holding capacity. More CO,
and H radicals could be produced with the
concentration of H,O being more than 15% . CO,
would inhibit the decomposition of CaCO,, and
CaCO, aggregations were possibly formed. Therefore
more Ca species were released from chars. As such,
O, played different roles in the volatilization of Ca in
chars gasified in a H,0+1%O, atmosphere at
different temperatures. The results presented in Figure
6 clearly show that the gasifying atmosphere and
temperature influence the volatilization of AAEM
species during gasification by changing the structure
of char.

2.4 Reactivity of chars

Figure 7 shows reactivity measured by TGA at
300 C for the chars from gasification at 800 and
900 C in 15% H,0, 25% H,0, and 35% H,O,
balanced with nitrogen; and 15% H,0+1% O, , 25%
H,0+1% O,, and 35% H,O+1% O,, respectively.
Figure 7 shows as well that reactivity in air at 300 C
tended to decrease with increasing concentrations of
H,O for the chars from gasification in a H,O
atmosphere at 800 C. These findings proved that
steam decreased char reactivity measured at 300 C
during gasification at 800 C due to the formation of
condensed char structure by H radicals. The chars
collected in H,0+1% O, had lower reactivity with air
at 300 C than those produced in H,O ( Figure 7),
corresponding  with  the retention of Na
(Figure 6(a,a’) ). This was because the addition of
O, enhanced the generation of H radicals in H,O
atmosphere, thus changing the char structure. H
radicals would cause condensation of the aromatic ring
systems and result in a more ordered structure of char
with lower reactivity.

The chars produced in 1% O, show higher
reactivity with air at 300 C than those prepared in
100% N, at 900 C, due mainly to the changes of
structure forming more O-containing structures in
chars. The data in Figure 8 (a) once again proved
that steam also tended to reduce the reactivity of chars
collected at 900 C. However, the addition of 1% O,
in H,O at 900 C also lowered the reactivity of char
with air at 300 C (Figure 8(b) ). As the retention of

Na ( Figure 6) was comparable for these chars at
900 C, the dominant factor explaining differences in
char reactivity had to be char structure, shown in
Figure 5(a). In a word, the data from Figure 7 and
Figure 8 indicate that the mixed H,O/0, atmosphere
can promote a decrease in subsequent char reactivity
in air at 300 C.
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15%H,0
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Figure 7 Char reactivity measured in air using TGA at 300 C
chars were collected from gasification at 800 C in
15% H,0, 25% H,0, 35% H, O balanced with nitrogen,
and 1% O,+ 15% H,0, 1% O,+ 25% H,O0,
1% O,+35% H, O balanced with nitrogen

The catalytic effects of Mg and Ca for the
oxidation of SL brown coal char with air are relatively
minor. With low concentration, Na has far more
significant effects on char reactivity than either Mg or
Ca for the chars from brown coal®?’. Ultimately,
changes in char reactivity with air at 300 C are owing
to the evolution of char structure.

2.5 Correlation of reactivity and structure of
char

Figure 9 shows the reactivity of chars was
correlated with structure. The Raman band area ratios
represent the comparative ratios between small fused
rings and large aromatic rings in chars. The reactivity
of chars prepared from gasification in various
gasifying atmospheres at 800 and 900 C were
measured using TGA with air at 300 C. The index of
gasification was usually calculated by the time the
conversion of char reached fifty percent, which can
reflect the reactivity of chars. The indexes of
gasification denoted, respectively, by R, ,,, R, ,, and
R, s were calculated employing the time at which
conversion reached two percent, twenty percent, and
eighty percent, according to Formula (2 ). These
reaction indexes could evaluate reactivity at the
beginning and ending reactions of chars. The
correlation of reactivity and structure of char can be
obtained from the diagram, plotted by the indexes
with band area ratios I gy, v, /I (all temperatures
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and gasifying atmospheres). The results indicate that
the gasification index increased with an increase of the
band area ratio, [ g .y, v,/ Ip, shown in Figure 9
(a), (b), (c¢), and (d). Further, the results show

strong correlations between char reactivity and Raman
spectrum data, with the key reactivity role played by
char structure. The reactivity of chars can be
evaluated by means of Raman spectrum.
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Figure 8 Reactivity of chars measured with air using TGA at 300 C
chars were produced from gasification at 900 C in 15% H,O, 25% H,0, and 35% H,O balanced with nitrogen,
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3 Conclusions
Shengli brown coal was gasified in a stainless

experimental results, the following conclusions can be
drawn .

steel entrained-flow reactor at 800 and 900 C in
atmospheres containing inert (N, ), reducing (H,0)
and oxidizing (O, ) gasifying agents. Based on the

Steam was the primary factor explaining the
lesser changes in char structure and effects of oxygen
when gasification temperature was 800 C ; however,
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the effects of oxygen played a larger role at 900 C.
The O-containing groups in chars were determined by
oxidation and deoxidation during brown coal
gasification. The effects of oxygen on char structure
differed at high temperature (i. e. 900 C) and low
temperature ( 800 C) in brown coal steam
gasification.

The volatilization of alkali and alkaline earth
metallic species were strongly influenced by the char
structures. The role of O, in retaining Na during
steam gasification at low temperature (i.e. 800 C)
was different from that at high temperature (i. e.
900 C). O, promoted the volatilization of Na at
800 C, but contrastively increased the retention of Na

during gasification at 900 C in a mixture of H,O and
1% O,.

Char-air reactivity at 300 C revealed that the
mixed H,0/0, atmosphere could promote the
decreasing char reactivity. Changes in the reactivity
of chars were due mainly to the variation in char
structure during gasification.

Char reactivity correlated well with the band area
ratio, /i .y .v,/Ip, indicating that char structure
played the key role in changes in char reactivity.

Ultimately, the factors influencing volatilization
of AAEM and char reactivity with air at 300 C
largely changes in char structure.
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