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Study of the performance on magnesia base catalyst used

for flue gas denitration”

Yu Gao' Xiaomin Hu’
(1 Northeastern University School of Resources and Civil Engineering Safety and Technical Engineering Shenyang, China

2 Northeastern University School of Resources and Civil Engineering Environmental Engineering Shenyang, China)

Abstract. To control contamination of flue gas emission NO,, the auther mixed method of preparing new magnesia base
catalyst and researched on denitrificating flue gas by directness catalytic decomposition. Usually removal rate of NO is
regarded on the main evaluation criteria. The author analysed calcination temperature of catalyzer manufacturing process, the
temperature of flue gas desorption tower, bed height and efficiency denitrification of NO concentration. And discussed the
result of both denitrate fore-and-aft of FT-IR and XRD. The experiment indicate that magnesia base catalyst is available to
directness catalytic decomposition denitrificate flue gas. Through denitrification rate is from 85% to 95%.The ingredient of
magnesia base catalyst is made from magnesia, firming agent, addition agent. Height denitration bed was 4~5 cm,
denitration reaction temperature is 130 ~170°C. Through the analyses above, presumed that magnesia base catalyst exist
activating of vice, and analyzed this vice preliminarily.

Keywords. denitrification, NO, flue gas. direct catalytic decomposition; catalyst

1 Introduction

SO; and NO, in burning coal emission flue gas is the main source of the air pollution in China. Nowadays it’s
the focus research to get rid of SO, and NO, and turns them economically and effectively into useful materials to
be the focus of studying. At present, industry adopts different kinds of denitrate technology to dispose flue gas,
each of them have advantage and disadvantage applicable conditions, for instance, adsorption method!", reduction

57} and so on™®. To the realities of increasing of flue

method™), decomposition method'*!, and oxidation method!
gas emission, resources lacking and environmental protection funds shorting in China. We explored a new way of
denitration and to researched by direct catalytic decomposition method. Denitration research was carried out
through development of the catalysis adsorbent. And the method remove NO, through decomposing and reducing
NO; into nitrogen and oxygen.

In condition of imitating flue gas, the author explored magnesia base catalyst how to dispose NO, (the
principal ingredients are NO, accounts for 90%) in flue gas by way of direct catalytic decomposition, anylized the

affection to denitrify by disposal condition, and anylized reaction theory primarily.

* This research was supported by Liaoning environmental research and education “project 123" (CEPF2008-123-1-1), the Key Laboratory of Eco-remediation
of Contaminated and Resources Reuse (Ministry of Education) foundation of China (NO.ERCERRO0807), the Science and Technology Program of Shenyang
of China (1071057-9-00) .
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2 Experiment

2.1 Catalyst Preparation

9-11]

Preparation of magnesia base catalyst by mixing method” '"!, Main raw materials was the magnesia of the

southeast Dashiqiao of Liaoning Province of China, curing agent (analytical reagent A.R. Shenyang City Xinhua
reagent factory), Additives (industrial products) . Figure 1 shows the process.

— e
re - ~

N 7 \‘\_\
/ Addition \ ( Firming |
\ agent  agent

e
e \\\

\ =

\Mig@:" Comminute Water admixture Molding |_=slm
]l Magnesia base catalyst-sorbent IE'{&

Fig.1 Flow chart of preparation of magnesia base catalyst

Experimental conditions is listed as follow: Magnesia was crushed into powder, particle size of the powder
was less than 0.076 mm. All kinds of raw material was blended for 10 minutes after mixing them. Then pressed
the mixture into cylinder-style particle, and average diameter of the particle was about 3 mm, average height was
5 mm. The rate of activation heating was control within 10~20°C/min. Temperature of mixture was raised to 500°C
in the air, then fixed the temperature for 3 hours.

2.2 Catalyst Characterization

In the furnace, the author used digital temperature to prepare. magnesia base catalyst’s catalytic activity was
characterized by NO removal rate (the ratio of that the difference of NO concentration of the simulation flue gas
enters and out the denitrating tower, and enters’) . Fourier transform infrared spectroscopy (Thermo Nicolet
Corporation) was used to analyse FT-IR of magnesia base catalyst of before and after Denitration. X'Pert Pro

diffraction (PANalytical B.V.) was used to analyse the characterization results of X-ray diffraction (XRD) .
2.3 Catalytic Experiments

Dynamic fluid systems was adopted in denitration simulation experiments. The system was made up of gas
installations, gas-mixing device, denitrification tower and the NO, on-line monitoring devices, and so on. Figure
2 shows processes of experimental.

Simulated flue gas devices is made up of N,, NO and O, cylinders and the corresponding valve, a flow meter
and the buffer bottles composition etc. Reactor gas imports simulated flue gas composition, NO, O, and water
vapor volume fraction of 0.1%, 6%, 3% and the remainer is N, balance gas. Magnesia base catalyst was used by
7~8 g in the experiment, space velocity is 2 720 h™', the reaction was carried on at special temperature. Active
evaluation of catalysts was made by fixed bed catalytic reactor at normal pressure. finally, simulated flue gas
entered NO, on-line monitoring of the system. Flue gas analyzer (Germany, MRU95/3CD) and hydrochloric

acid and naphthalene diamine spectrophotometry was to monitor concentration of NO, on-line, before and after



Study of the performance on magnesia base catalyst used for flue gas denitration 3

denitrification!'>",

[ 27 u
- 7 25 |
nfl  12f 17 } 2 E‘
o denitrating | 3 [
9 105 s i I —
| 15() ITL,\‘ ‘ 1—' 32
1| ( E . o ~ ’ CEY
7 1 | vl ?[
by B Y A AL z AT
s 2 8 ( |
i (8] =g ]

1,2,3.4——cylinder; 5,6,7,8—reducer; 9,10,31,32——flowmeter: 11,12,26,30——desiccant; 13,14——microinject; 15,16
—cushioning airbag; 17,18,23

tee valve: 19——gas mixer; 20——vapor generator; 21 control thermoscope:; 22—

relay; 24——temperature probe; 27——gas cooler; 28,29——gas sampler

Fig.2 Schematic diagram of experimental apparatus of denitrification by magnesia base catalyst

3 Results and discussion

3.1 Effect of Calcination Temperature

Figure 3 shows different denitrification rate of magnesia base catalyst at different calcination temperature. In
the range of 250°C to 350°C, NO removal rate increases according to the increasing of calcination temperature.
NO removal rate instable with much viberation when bed temperature is at 90°C. The NO removal rate by catalyst
decreases when roasting temperature gets 650°C except bed temperature in 130°C.

N3 100

2 80

—

z 60

g io —— bed temperature 30°C

(3]

o —&— bed temperature 90°C

& B —&— bed temperature 130°C
0 i ‘ ‘

250 300 350 400 450 500 550 600 650 700

calcination temperature/C

Fig.3 Effect of NO removal rate by temperature changing after 2 hours calcination temperature

Figure 3 shows that gradualde composition of organic matter and crystal water in magnesia base
catalyst-sorbent increase factor of porosity, pore volume and specific surface area in activation stage when
roasting temperature is below 350°C 1, Magnesa is getting activation at the same time, and activity defects come
into being. Temperature increasing promotes catalytic activity!"*'"*. Volatile evaporate completely when roasting
temperature above 350°C, and magnesia is nearlly activated completely. Catalytic activity keeps stable when
roasting temperature is in the range of 350C to 650°C, and crystal catalyst particles enlarge gradually with
temperature increasing. As roasting temperature exceed 650°C, higher temperature result in catalyst surface sinter.

Besides specific area degression, density increase, specific gravity increase, the activating vice gradually turned,
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and result in degression of magnesia base catalyst activity. In the meantime, catalyzer in the proximity of bed
temperature at 90°C, denitrate efficiency is in a state of instability. Because under this temperature simulation flue
gas of vapor in the fringe of seethe and aerification, and water in catalyst surface forms the liquid membrane to
impact catalyzer normal catalytic activity. But denitrate efficiency keep stabilize when bed temperature in 130°C,

and this is to explanat higher bed temperature in favor of catalytic conversion of magnesia base catalyzer.

3.2 Effect of Calcination Time

When the calcination temperature is at 400°C, the influence of calcination time on NO removing rate in
Figure 4. As a whole, the removal rate of NO is inferiority in initial stage (less 2 h) .Subsequently, 3 to 4 h run
up to higher level, and begin decrease in five hours later.

100 %= s PO i
80 —"

<

2

o

e

§ 60 -

E 40 —®— bed temperature 30°C
o

5 20 —8— hed temperature 90°C
S 2

—&— bed temperature 130°C

0

lh 2h 3h 4h Sh 6h 7h

calcination time/h

Fig.4 Effect of calcinations time on the NO removal rate at 400C

Such as Figure 4, Roasting activated, through thermal decomposition reaction in initial stage, and remove
magnesia base catalyst’s chemical combined water, thereafter organic matter, etc. the volatile material or impurity
begun to volatilize or decompose. At the same time the chemical bond between magnesia and firming agent
crystal further integration, and the surface forms the active defects. Going on with roasting, original pores became
larger and generate new pores. Pore structure upgrowth arisen, and it make in favour of enhanced magnesia base
catalyst-sorbent of adsorption activity. As time go on, it result in microlite relevance sinter, in the meantime it has
improved catalyzer mechanical strength. when calcination time exceed 5 h, catalyst excessive sintering, resulting
in reduced activity, denitrification efficiency decreased. According to Figure 4, activity decline quickly when bed
temperature lower. it is obvious that calcination time longer to make catalyzer easy sinter. Sintered catalyst
activity scale reduced after fritting, the active accommodation is reduced, the influence of denitrification is
relatively large. So in the range of flue gas normal temperature, the temperature more higher and the magnesia
base catalyst’s catalytic activity is more actively, and denitrate efficiency would better.

3.3 Influence of Adsorber Bed Temperature

In Figure 5, catalyzer denitrate efficiency was evaluated respectively when denitrating column bed
temperature was at 40, 70, 90, 110, 130, 150, 170°C and the figure also shows that NO removal rate increased
gradually with the raise of bed temperature. At 130°C, it gets a climax. Denitrate efficiency keeps stable in the
rang of 97.2%~99.6% when temrperature overpasses 130°C. Such embodies that catalytic activity is not obvious
at low temperature, it make denitrification rates lower and catalytic activity enhanced beyond 130°C. Catalytic
activity is activated at higher temperature and gets a ideal status. On the curve of lowest bed (4 cm) in the figure,

the temperature drops followed by a raise. The bottom value is at 90°C because such tempeérature just lies the
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edge on which water evaperates and boils quickly. At this temperature, the film of contact surface between catalyst
and NO may present a instable status among liquid phase, solid phase and gas phase, and such status cannot exert
the reductive effect of NO by the vice on O lattice imperfection of activity MgO crystal surface. The film of

contact surface is liquid below 70°C and it’s gas above 110°C, they are all unique stable structure.
100

90

80 —4— bed high 22.5¢cm
—&— bed high 6cm
—&— bed high 4cm

70

No removal rate/ %

60

40 70 90 110 130 150 170

denitrating column bed temperature/'C

Fig.5 Influence of amount of bed temperature and bed height on denitrification efficiency

3.4 Bed Height Impact on the Efficiency of Denitrification

At the temperature of 130°C, Bed height has small effect on the NO removal efficiency when bed height is
above 4 cm, The NO removal efficiency falls down with the lower of bed height when bed height is below 4 cm
According to Figure 6. It is because adsorption catalysis action of catalyzer to NO need touch time and response
time, and catalytic activity perfect only when bed height is above 4 cm. According to there variables of bed height
in Figure 5, selected bed height take small effect on NO removal efficiency. There is some difference at lower
temperature, while there is almost little difference above 130°C, the distance between the maximum and minimum
is just in 1%. It presents that catalytic activity is still inevident when NO is adsorpted and catalyzed at lower
temperature. Flue gas contact time is longer when bed height is higher, hence catalytic time is prolonged and
removal efficiency is increased. When temperature is beyond 130°C, catalytic activity is improved a little and
becomes stable, at the same time it behaves more evident catalytic activity, hence NO is removed much more. In

this research, bed height has been a lower level, so bed height in other experiments of the research was fixed on
S5cm.

P — o —— & & o
95 = A g +
% 85
<]
ERE
-
-
% 65 —&— bed temperature 130°C
55
1 3 4 5 6 7 9 11
bed high/cm

Fig.6 Influence of amount of bed height on denitrification efficiency

3.5 NO Concentration on the Efficiency of Denitrification

In chang of NO removal efficiency is not evident from Figure 7. It takes on increasing trend at 110°C. These
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show that the reaction is relatively stable at 130°C, and activity is higher than that of 110°C. So, high temperature
of denitiation column is advantage of reaction, and it shows that the reaction has some activation energy, such
activation energy accelerates the reaction at special temperature. It also implicates that the reaction is chemical
adsorption than physical adsorption. It also implicates that it’s an evidence to direct catalytic decomposition;, and it
suggests that the surface of magnesia base catalyst may esist activating vice.

100

95

90

85 |

NO removal rate/%

—&— bed temperature 110C
—— bed temperature 130°C

80 |

75 t :
500 750 1 000 1500 1750 2 000

NO concentration/(mg/m’)

Fig.7 Influence of amount of NO on denitrification efficiency

3.6 Fourier transform infra-red spectra (FT-IR) analysis

Figure 8 shows before and after magnesia base catalyst denitrate Fourier transform infra-red spectra
spectrogram. Main characteristic peaks of two Figures have no change, several peak is affected by steam and
pressed thickness in test, and their changes exist in whole peak height.
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Fig.8

Figure 8 shows that there is weak absorption peak at frequency of 1 080 cm ', and there is at there is strong
absorption peak at 1 210~1 025 cm . This suggests that there is antisymmetric magnesium salt in it. At the same
time, there are absorption peak at 528cm ' and 410cm . It suggests that it contains MgO. Figure 5b shows that
NH;" for stretching vibration doesn’t exist because there isn’t dispersive absorption spectrum between 3 300~
2000m ', and there isn’t symmetry, antisymmetric vibration and angle vibration in this range. But NH," for
stretching vibration may exit because there is strong dispersive absorption spectrum. Alkylamine has three groups
of peaks near 2970 m', 2800 m ' and 2480 m '. Figure 8a shows that this peak has existed before new
preparation catalyst is denitrated, so it’s a result of component translation after rosating. The change of every peak
is not evident at every stage of the experiment, this implicate that catalyst’s structure doesn’t change, so catalyst’s
feature doesn’t change in the process of denitrification. And NO, adsorption is just a mid-procedure in
denitrification.process, and magnesia base catalyst’s flaw play a key role on the removal of NO,. Hence we can
conclude that NO, is decomposed directly by catalyst into N> and O,:

NO (g) ——1/2N,+1/205; AG°=-86.9kJ/mol (25°C) (1

The result shows that it was directness catalytic decomposition reaction that of experimental study magnesia
base catalyst in denitrification process.

3.7 X-ray Diffraction (XRD) Analysis

Figure 9 shows the XRD of magnesia base catalyst after denitrification. Judging from the height and area of

X-ray diffraction patterns, we can conclude that the amount of magnesia is more than that of firming agent. The



