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Abstract Catalytic effects of Na Ca Fe and their composites on NO-char reaction in the presence of SO, were inves-

tigated by Temperature Programmed Reaction TPR

technique. The catalytic activity order of three metals is Fe > Ca >

Na in the same conditions. SO, may participate in the oxygen-transfer process to influence the metal catalytic effect in
NO-char reaction. For three types of metal loaded catalysts effects of SO, concentration on their catalytic activities are
different. The catalytic activity of Na loaded char is influenced most by the SO, concentration. 2% Na or Fe loaded
chars and 3% Ca loaded char have the highest NO conversion activity in the presence of SO,. Na-Fe and Na-Ca compos-
ite catalysts have higher catalytic activity. Synergistic effect of Na-Ca and Na-Fe may be responsible for the high NO
conversion activity of these bimetallic catalysts in the presence of SO,.
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There is a worldwide increasing concern about
the air pollution from nitrogen oxides during coal
combustion. NO_ is one of the main contributors to
acid rain and N,O is a greenhouse gas and depletes
the ozone layer indirectly. Great effort has been made
for economical and effective reduction of NO, to
harmless N,. The emission level of NO during coal
combustion is affected by many factors including the
coal-N content the combustion conditions and the in-
organic impurities in coal. Moreover it has been rec-
ognized early that NO-char reaction is one of the most
important reactions in reducing NO during coal and/
or char combustion '** and many researches ° "
also found that metals such as K Ca Na and Fe have
catalytic effects on NO-char reaction. It was found
that the use of bimetallic catalysts combining potassi-
um with transition metals presents a synergetic
effect the activity of the bimetallic catalysts is higher
than the sum of the activities of the monometallic cat-
alysts ° '* . The synergistic catalytic effect of Na-Fe
composite in the NO-char reaction has been also ob-
served in O,/Ar atmosphere > . SO, always present
in exhaust gases can modify the metal chemical
state and consequently affect the metal catalytic ac-
tivity. Recently in the presence of SO, the effect of
mineral matter on NO-char reaction has been repor-
ted '° . In this paper working with the same experi-
mental conditions used in the previous work '°
extend our study to a more complex composite cata-
lyst system. Thus the aim of this study is to analyze

we
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in the presence of SO, the catalytic behavior of some
metals and their composites during NO reduction by
carbon. The paper will also compare the NO reduc-
tion results with those found in the absence of SO,.
For this purpose some metals Na Fe Ca and metal
combinations supported on a demineralized coal char

have been studied as catalysts.

1 Experimental

Longkou lignite with a particle size of 0. 25 mm ~
0. 125 mm was used in this study. Demineralization of
Longkou coal was performed by concentrated HF and
HCI. After demineralization it was devolatilized in a
quartz fluidized bed reactor i.d. 50 mm at 950 C
for 30 min in N, atmosphere. The ash content of

prepared char denoted as LK-de 1is 0.42% dry
basis  and the elemental analysis daf basis is C
92.9% H 0.68% S 0.30% N 2.55% and
O 3.48% by difference .

Metal nitrate solutions of Fe Ca Na with calcu-
lated concentration were prepared. Nitrates were load-
ed on the prepared char by impregnation method at
60 C. Then the sample was dried for 5 h at 110 C
and calcined 30 min at 900 C in Ar. The prepared
catalyst is denoted as LK-de-xM in which M repre-
sents the metal loaded and x represents weight per-
centage of metal in the catalyst. Several metal com-
posite catalysts are prepared by co-impregnation meth-
od as the similar condition. The composite catalyst is
denoted as LK-de- xM-yN in which M and N
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represent the metal loaded and x and y represent
weight percentage of metal in the catalyst.

The NO-char reaction was carried out in a quartz
fixed bed reactor i.d. 20 mm with a fused quartz
disk in the center of the reactor to hold the reactant.
Before the NO reduction experiment the char and the
metal loaded chars were preheated at 900 C for
30 min in Ar. After the temperature was cooled down
to 400 C  Ar was switched to Ar/NO/ SO, or Ar/NO.
The inlet concentrations of NO and SO, were
560 x10°° v/v and 800 x 10™° v/v  respective-
ly wunless otherwise stated. When the gas concentra-
tion reached to the stable level temperature pro-
grammed reaction TPR was performed at the heating
rate of 5 C/min to the final temperature of 900 C.
The weight loss of chars in all runs is less than 5% in
this work.

2 Results and discussion
2.1 Effect of SO, on metal catalytic activities
in NO-char reaction Catalytic effects of Fe Ca
and Na metals on NO-char reaction in the presence of
SO, by TPR are shown in Figure 1. It can be seen
that complete NO reduction temperatures of metal
loaded chars shift to lower temperature and activities
of metal loaded chars are all higher than that of the
original char. The catalytic activity order of three
metals is Fe > Ca > Na. However without consider-
ing the influence of SO, Zhao et al > " found that
the catalytic activity order is Na > Fe > Ca for NO-
char reaction in various atmosphere and Na is more
effective on reducing NO than Fe at low temperature
<670 C  while it is opposite at high temperature.
From these results it can be concluded that SO, atmos-
phere has great influence on the catalytic activity of
Na for NO conversion. Previous research ” ' has
concluded that catalytically active matters can catalyze
the reaction of NO-char effectively because they can
accept oxygen from NO to form MO, O and then
transfer oxygen to the active sites of char to form CO
or CO,. According to this theory it can be deduced
that SO, may participate in the oxygen-transfer
process in two ways to influence the metal catalytic
NO-char reaction. One way is that SO, may block the
formation of the important intermedium M, O, O
and the other is that SO, may hinder the oxygen trans-
fer from the intermedium to the active sites of chars.
This influence is much more significant for Na loaded
chars than others because of its strong alkalinity
which may cause the reaction between Na active sites
and SO, relatively easy.

To further understand the effect of SO, in NO-
char reaction TPR profiles of original and Fe loaded
chars are compared in Figure 2. For the original char
NO conversions in the presence and absence of SO,
are almost the same at the low temperature range and
a small increase of the NO conversion is observed at
the high temperature in the presence of SO, which
may be attributed to the thermodynamically spontane-
ous oxidation reaction of SO, to SO, by NO at high
temperature '° . For the Fe loaded char NO conver-
sions in the presence of SO, are lower than those in
the absence of SO, in the whole temperature range
which may also because that SO, participates in the
oxygen-transfer process in NO-char reaction and de-
creases the oxygen-transfer ability of Fe.
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2.2 Effect of SO, concentration on NO-char
reaction Figure 3 shows catalytic activities of three
metal loaded catalysts in NO-char reaction at SO, con-
centrations of 80 x 10 ® v/v and 800 x10™° v/v .
For three types of metal loaded catalysts effects of
SO, concentration on their catalytic activities are dif-
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ferent. For LK-de-1Fe catalyst the effect of SO,
concentration is complex. At low temperature below
570 C NO conversions of LK-de-1Fe are a little
higher in 800 x 10 ° v/v SO, than those in 80 x
107° v/v SO, while at high temperature above
570 C the situation is opposite and high SO, con-
centration suppresses the NO conversion over LK-de-
1Fe remarkably. For LK-de-1Ca catalyst SO, con-
centration has little effect on the NO conversion below
570 C but above this temperature the negative effect
of SO, on the NO conversion is obviously especially
in the high SO, concentration. For LK-de-1Na cata-

lyst SO, concentration has great influence on its cata-
lytic activity and NO conversions in 80 x 10 ™® v/v
SO, are all much higher than those in 800ppm in the
whole temperature range. From these results it can be
drawn a conclusion that the catalytic activity of Na
loaded catalyst in NO-char reaction is influenced most
by SO, atmosphere which also provides an explana-
tion of why the catalytic activity order of three metals
in NO-char reaction is Fe > Ca > Na in the presence of
SO, while in the absence of SO, the catalytic activity
order is Na > Fe > Ca.
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Figure 3  Effect of SO, concentrations on the catalytic activities of catalysts
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2.3 Effect of metal loading amount on NO-
char reaction The effect of metal loading amount

1% ~3% on NO-char reaction in the presence of
SO, was also studied by TPR as shown in Figure 4.
It is obvious that the activity of catalyst depends on
not only the metal loading amount but also the type
of metal loaded. With increasing loading amount of

--- LK-de-1Fe-800 x 10 ¢ v/v
--- LK-de-1Ca-800 x 10 ¢ v/v
--- LK-de-1Na-800 x 10 ™® v/v

Fe and Na 2% metal loaded catalysts have a maxi-
mum catalytic activity in the whole temperature
range. However Ca loaded catalysts show the differ-
ent activity tendency compared with Fe and Ca loaded
catalysts which have the highest activity as the Ca
loading amount is 3% .
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Figure 4 Effect of metal loading amounts on NO-char reaction in the presence of SO,
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2.4 Catalytic activities of composite catalysts

Based on the results discussed above it can be
concluded that the presence of SO, have difference in-
fluences on catalysis characteristics of Na Ca and Fe
loaded chars in the NO-char reaction. It would be
very interesting to evaluate the influence of SO, on
the catalytic activity of composite catalysts. Several

Na Ca and Fe bimetallic or trimetallic catalysts have
been prepared with the total metal loading amount of
1% remaining unchanged while simultaneously var-
ying the relative contents of Na Ca and Fe. Activi-
ties of composite catalysts in NO reduction by TPR in
the presence of SO, are shown in Figure 5. It is found
that the activity of composite catalyst is very complex
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and varies with the component of the catalysts and the
reaction temperature. For LK-de- 1/2Ca-1/2Na
and LK-de- 1/2Fe-1/2Na  composite catalysts
complete NO conversion temperatures are a little low-
er than those of mono-metallic catalysts Na Ca or
Fe  which clearly indicates that Na-Fe and Na-Ca
composite catalysts have higher catalytic activity. Re-
sults in Figure 5 a show that the NO reduction ac-
tivity of LK-de- 1/2Ca-1/2Na composite catalyst is
higher than that of LK-de-1Ca above 600 C and
higher than that of LK-de-1Na in the whole tempera-
ture range. Figure 5 b shows that the reaction tem-
perature has great influence on the activity of Na-Fe
composite catalyst. It is interesting to see in Figure 5
¢ that the activity of Ca-Fe composite catalyst is al-
most the same as that of Ca mono-metallic catalyst
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and lower than that of Fe mono-metallic catalyst. II-
lan-Gomez et al " found that bimetallic catalysts

combining potassium with transition metals present a
synergetic effect the activity of the bimetallic cata-
lysts is higher than the sum of the activities of the
monometallic catalysts in the NO-carbon reaction.
Thus as in the same family with K Na combining
with transition metals may also have the synergetic
effect to promote the NO-carbon reaction. Synergistic
effect of Na and Ca or Fe during reaction may be re-
sponsible for the high catalytic activity of Na-Ca or
Na-Fe bimetallic catalysts. Obviously it is not
strange to see the low catalytic activity of LK-de- 1/
2Fe-1/2Ca composite catalyst because of without the
synergetic effect of Na.
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Figure 5 Effect of composite catalysts on NO-char reaction in the presence of SO,

a — LK-de- 1/2Ca-1/2Na
b — LK-de- 1/2Fe-1/2Na
¢ — LK-de- 1/2Fe-1/2Ca
d — LK-de- 1/3Na-1/3Fe-1/3Ca

To further verify the synergetic effect a Na-Ca-
Fe trimetallic catalyst LK-de- 1/3Na-1/3Fe-1/3Ca
was prepared and tested in the NO-char reaction in the
presence of SO, as shown in Figure 5 d . If there
was not the synergetic effect in the trimetallic cata-
lyst its catalytic activity would be certainly lower
than the catalytic activity of LK-de-1Fe which has the
highest catalytic activity among three monometallic

® LK-de-1Ca A LK-de-1Na
O LK-de-1Fe A LK-de-1Na
O LK-de-1Fe A LK-de-1Ca
A LK-de-INa O LK-de-1Fe @ LK-de-1Ca

catalysts in the NO-char reaction. However below
620 C the catalytic activity of the trimetallic catalyst
is almost the same as that of LK-de-1Fe and above
this temperature its catalytic activity is higher than any
monometallic catalysts’. The complete NO reduction
temperature of trimetallic catalyst also shifts to lower
temperature. It clearly demonstrates that the synerget-
ic effect exists without doubt.
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