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ABSTRACT

Carbon monoxide (CO) is a very toxic pollutant emitted from wood fired boiler, which is widely used
in small and medium enterprises in Vietnam. The treatment of CO containing flue gas faces many
difficulties due to the inert property of CO that cannot be removed by traditional adsorption and
absorption methods and one of the effective CO treatments is catalytic oxidation. Therefore, we
aimed to prepare various catalysts on different carriers for treatment of CO in flue gas, including -
Al,O3-based metal oxides (Co304/Al,O3, CryO3/Al,03, and CuO/Al,O3), CuO-MnOx/OMS-2, and
CuO-MnOx/zeolite. The CO removal tests were conducted in a continuous fixed bed reactor in
laboratory scale with temperature range of 50 — 550 °C. The characteristics of catalytic materials
were then determined by various methods such as Brunauer-Emmett-Teller measurement, X-ray
diffraction, energy-dispersive X-ray spectroscopy, Fourier transform infrared spectroscopy, scanning
electron microscopy, and thermogravimetric analysis. Results showed that CuO-MnOx/OMS-2 was
the best catalyst with high removal efficiency of 98.41% at reactor temperature of 250 °C while gas
outlet temperature of < 50 °C, proving the suitability of this material for practical treatment of CO in
flue gas. The reaction follows Mars-Van-Krevelen mechanism with the presence of Cu?*-0?~-Mn**
+ CuT-0-Mn3* + O, redox in the structure of the material. Moreover, the effect of environmental
factors such as flow rate, inlet CO concentration, and catalysts amount on the CO removal efficiency
were investigated and noted for designing and operation purposes. Concentration of outlet CO
met well QCVN 19: 2009/BTNMT - National technical regulation on industrial emissions for dust and
inorganic substances. Therefore, CuUO-MnOx/OMS-2 catalyst material could be a potential catalyst

Ho Chi Minh City University of
Technology, VNU-HCM
Correspondence

Nguyen Nhat Huy, Ho Chi Minh City
University of Technology, VNU-HCM

Email: nnhuy@hcmut.edu.vn

History
e Received: 07-3-2019

o Accepted: 14-6-2019
o Published: 31-12-2019

DOI :10.32508/stdjet.v2iS12.469

| '.) Check for updates

Copyright

© VNU-HCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

A

——
VNU-HCM Press

for treatment of CO in flue gas of boiler.
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INTRODUCTION

Every year, millions of tons of carbon monoxide
(CO) emitted into the environment cause serious
consequences for human health!. In addition to
natural emission sources, carbon monoxide (CO) is
also generated by incomplete combustion of carbon-
containing substances in wood-fired boilers, waste in-
cinerators and other processes. In Vietnam, many
small and medium enterprises are using wood boil-
ers as main heat energy source for their production
process. Due to the limited budget and low technol-
ogy, most of the wood boilers are cheap and ineffi-
cient and the incomplete combustion results in high
concentration of CO in the flue gas. In order to meet
the more and more strictly environmental regulations
for emissions, several methods have been studied and
some have been commercialized?>. One of the most
effective ways to treat CO is oxidation in the presence
of a catalyst>.

Noble metal containing catalysts such as Au/TiOj,
Au/ZrO; and Pt/SnO; have been used for low tem-
perature CO oxidation. However, due to the high cost

and limited availability of noble and precious metals,
the research group paid more attention to the goal of
preparation and testing using popular metal catalysts
for this application. In particular, Cu is widely men-
tioned because of its high activity for CO conversion
at low temperatures*. Studies show that the catalytic
activity of CuO depends on the oxidation state of Cu
and especially on the nature of the carrier. A num-
ber of common carriers have been studied including
CeO,, Al,O3, zeolite, and OMS-2. The increase in
catalytic activity of Cu when carried on reducing ox-
ides like CeO, is explained by the synergistic effect
due to the good dispersion of CuO on CeO; lead to
the possibility of reduction at lower temperatures than
CuO°. Among new catalysts, octahedral molecular
sieves (OMS) on the basis of manganese oxide which
has a wide range of reactions, especially for oxida-
tion reactions. Currently, there have not been many
studies focusing on the treatment of CO in the waste
biomass boiler (which has a temperature of about 250
°C) using catalysts that do not contain nobles metals.
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Therefore, in this study, the research group focused on
the preparation of different catalytic materials and in-
vestigated the activity of these catalysts to apply for ox-
idation of CO in air at different temperatures. The ef-
fect of environmental factor such as inlet CO concen-
tration, gas flowrate, and catalyst amount were also
investigated.

MATERIALS AND METHODS

Material synthesis and characterization

All chemical used are analytical-grade from China
and Vietnam. Figures of all materials are displayed
in Figure 1. Manganese oxide octahedral molecular
sieves (OMS-2) were synthesized by a hydrothermal
method® as follows: 11.33 g MnSO4.H,O dissolved
in 120 mL of deionized water was added to a solu-
tion of 7.57 g KMnOy in 38 mL of deionized water
and 4 mL of concentrated HNOj3. The obtained mix-
ture was transferred into a 165 mL Teflon-lined stain-
less steel autoclave and heated at 160 °C for 24 h. The
product was then filtered, washed with deionized wa-
ter and dried at 105 °C for 12 h. The material was ob-
tained after calcination at 400 °C for 4 h and denoted
as OMS-2.

Catalyst of CuO-MnO,/OMS-2 with 15 wt.% of CuO-
MnOx (Cu:Mn molar ratio of 6:4) was prepared
by impregnation method. Calculated amounts of
Cu(NO3);.3H,0 and MnSO4.H, O were dissolved in
deionized water and impregnated with OMS-2. The
mixture was mixing and sonicated for 30 min, fol-
lowed by stirring and heated at 80 °C for 15 min. Af-
ter that, the material was dried at 105 °C for 12 h and
finally ground and calcined at 400 °C for 4 h.
CuO/Al,O3 catalysts were prepared by impregna-
tion method with copper nitrate aqueous solution
of the desired concentrations’. At first, 2.82 g of
Zn(NO3),.6H,0 and 11.29 g of AI(OH)3 were dis-
solved in distilled water. The mixture was then dried
at 105 °C and calcination in air at 500 °C for 6 h. Af-
ter that, CuO was impregnated by adding of 5.584 g
Cu(NO3); into the mixture, followed by drying at 105
°C and calcination in air at 600 °C for 6 h.
Cr,03/Al,03 sample containing 15.7 wt.% of Cry O3
were prepared by mixing a known mass of finely pow-
dered AI(OH); with a calculated amount of CrO3
solid, followed by drying at 120 °C and calcination in
air at 800 °C for 6 h®.

The materials were characterized by Brunauer—
Emmett-Teller (BET, Porous Materials, BET-202A),
scanning electron microscopy (SEM) with energy-
dispersive X-ray spectroscopy (EDS) (JEOL JSM-
IT200), X-ray diffraction (XRD, D2 Phaser, Bruker),
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Figure 1: Pictures of catalysts used in the study.

Fourier transform infrared spectroscopy (FTIR,
Bruker-FTIR), and thermogravimetric
(TGA, TGA Q500 machine).

analysis

Catalytic activity test

The micro-flow reaction system (Figure 2) consists
of 3 parts: gas supply system, reaction system, and
analysis system. Gas flow is supplied from clean gas
pump and gas cylinder containing 5% CO balanced
in Np. The CO gas is then diluted with clean air for
reaching desire concentration of around 2000 ppm
before feeding into the reaction. All gas flowrates were
controlled by mass flow controller (MFC) with typi-
cal total flowrate was kept stably at around 1 L/min.
Catalysts with amount of 0.4 or 1 g and particle size
through a 20 - 40 mesh sieve was placed inside the
reactor to form a packed column inside the reaction
tube. The catalyst was pre-activated in air stream at
250 °C for 30 min every first use of a new catalyst. All
the experiments were conducted three times and the
average values are presented in the manuscript.

The concentration of CO in the inlet and outlet were
continuously monitored by using a portable emis-
sions analyzer (Testo 350 XL, Germany). The efhi-
ciency of CO treatment was then calculated as Equa-
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tion (1) and used as a criteria for evaluation the ability
of the catalysts at different reaction temperatures.

Cin — Cour

in

H= x 100% (1)
Where H is the removal efficiency (%). Ci, and Coy
are the inlet and outlet CO concentration (ppm), re-
spectively.

In this study, different types of catalyst (i.e., Co3O4,
CuO, Crp03, and CuO-MnOx) and carrier (i.e.,
AlyO3, OMS-2, and zeolite) was tested in order to find
the best material for CO oxidation. Moreover, envi-
ronmental factors such as temperature (50 - 500 °C),
flow rate (0.52 - 1.3 L/min), CO concentration (500 -
4500 ppm), and catalysts amount (0.25 - 1.25 g) on the
CO removal efficiency were investigated.

]
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Figure 2: Experimental set-up for catalytic oxida-
tion of CO.

RESULTS AND DISCUSSION

Material characterization

The BET surface area of catalysts are summarized in
Table 1. It can be seen that surface area of OMS-2
support is 62.5 0 m?/g and that of CuO-MnOx/OMS-
2 is 52.76 m?/g, which was slightly lower than that
of OMS-2 support.
of OMS-2 material after doping with copper oxide-
manganese oxide mixture somehow demonstrates the

The decrease in surface area

dispersion of metal oxides on the surface of the sup-
port. SEM images of OMS-2 materials are presented
in Figure 3. Both pure and doped OMS-2 materi-
als exhibits nanowires morphology with diameters of
about 13 nm and lengths of several um. Figure 4
shows the XRD patterns of OMS-2 catalysts. The
diffraction peaks at 26 of 12.6°, 17.9°, 28.7°, 37.5°,
41.9°,49.9°, and 60.1° are attributed to the crystalline
phase of cryptomelane (KMngOjg), indicating that
the nanowires OMS-2 materials has a cryptomelane-
type structure .

Table 1: BET surface are of catalysts

Catalyst BET surface area (m?/g)
OMS-2 62.50
CuO-MnO,/OMS-2 52.76

Figure 3: SEM images of (a) OMS-2, (b) CuO-
MnOx/OMS-2.
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Figure 4: XRD patterns of OMS-2, CuO/OMS-2,
and Cu0-MnO,/OMS-2 catalysts.

EDS result of CuO-MnOx/OMS-2 is presented in Fig-
ure 5 while those of all OMS-2 materials are summa-
rized in Table 2. The major components of the OMS-
2 materials were oxygen and manganese while cop-
per was detected in doped samples. Surface chemical
property of the material has strong effect on the cat-
alytic activity of the material \. FTIR results in Fig-
ure 6 present an octahedral structure of OMS-2 with
wave number in range of 800 - 400 cm™! ', The peak
at470 cm~ ! is attributed to Mn** in octahedral struc-
ture while peak at 475 cm~! is assigned to the oxy-
gen transfer !>, The oscillation of Cu-O were observed
at peaks of 430, 439, and 461 cm ™! for CuO/OMS-
2 sample '>*. These peaks were also found in FTIR
spectra of CuO-MnOx/OMS-2 but with lower inten-
sity, indicating lower amount of copper oxide on the
OMS-2 surface.
was also observed at peaks of 3430 and 1626 cm

In addition, the present of water
—115
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Thermogravimetric analysis of OMS-2 materials were
also done, and the results of CuO CuO-MnOx/OMS-
2 is presented in Figure 7. The weight loss of around
2% with temperature < 400 °C could be due to the wa-
ter release while the loss at temperature range of 400
- 700 °C could be the structural decomposition of the
materials at high temperature.
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Figure 5: EDS results of OMS-2 and CuO-

MnO,/OMS-2.
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Figure 6: FTIR of OMS-2, CuO/OMS-2 and CuO-
MnOx/OMS-2 catalysts.

Activity of catalysts based on Al,0; carrier

Experimental results  with Co304/A1,03,
CuO/Al, 03, and CryO3/Al, O3 catalysts in Figure 8
show that CO conversion increases with reaction
For Co0304/Al;,03 and CuO/Al,O3,
the highest conversion efficiency was achieved at
500 °C, reached 99.60% for Co304/Al;O3 and 93.94

temperature.
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Figure 7: TGA result of CuO-MnOx/OMS-2 cata-
lysts.

% for CuO/Al;O3. In t he temperature range of
50 - 250 °C, CO gas is inert and not converted
to COx,.
increased at higher temperatures. For CryO3/Al,03

CO conversion started from 300 °C and

material as catalyst, CO conversion did not occur or
was very limited even when increasing the reaction
temperature. 'The highest performance at 400 °C
temperature was only 11.62%. This proves that the
catalytic activity of CrpO3/AlL,O3 is very low and
this material is not suitable for CO conversion in the
exhaust gas.
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Figure 8: CO conversion efficiency of Co30,,
Cr,03, and CuO catalysts based on Al,03 carrier
at different temperatures.

Activity of catalysts based on OMS-2 and
zeolite carrier

The ability of CuO/OMS-2, CuO-MnOx/OMS-2, and
CuO-MnOx/zeolite catalysts for CO conversion are
shown in Figure 9. Similar to Al,O3 -based catalysts,
CO conversion efficiencies by these catalysts was inef-
fective at 50 °C and increased with the reaction tem-
perature. For CuO/OMS-2, the highest removal ef-
ficiency at 500 °C and reached 73.15%. At the tem-
perature range of 50 - 250 °C, low CO conversion of



Science & Technology Development Journal - Engineering and Technology, 2(512):5131-5139

Table 2: Atomic percentage of element

Materials (0] Mn Cu
OMS-2 40.11 59.89 -
CuO/OMS-2 60.40+3.18 36.2442.97 3.36£1.50
CuO-MnO,/OMS-2 64.451+2.66 30.9742.14 1.1340.70
6.44% was observed. And the conversion starts to be e scuoOMS2 0.4 CO-MEOR OMS-2

effective when the temperature was higher than 250
°C.

For CuO-MnOx/OMS-2 material, CO conversion in-
creases with both the reaction temperature and the
amount of catalyst. When more catalyst are used, CO
conversion efficiency will be higher and more stable
over time. With 0.4 g of material, the highest effi-
ciency was 98.66% (at 600 °C). With 1 g of catalyst,
the highest conversion efficiency was 99.96% only at
500 °C. Moreover, it is also observed from Figure 9
that, the conversion efficiency increases very fast at
low temperatures from 50 - 250 °C but the efficiency
starts to slow down when temperature over 250 °C
and become more stable. The results also proved
that CuO-MnOx/OMS-2 materials was effective for
CO removal and stable over time. On the octahe-
dral molecular catalytic surface (OMS-2), the Mn-O
bonds are relative weak, so that flexible surface oxy-
gen atoms are able to participate in the reaction and
restore to its original state when oxygen supply from
gas flow is available. Compared to some other cata-
lysts (e.g., Pt-catalytic conversion system reaches 50%
at 290 °C %), CuO-MnOx/OMS-2 has higher activity
due to the combination of Mn and Cu can produce
Hopcalite CuMn,O4 with high oxidizing activity for
CO removal.

For CuO-MnOx/zeolite catalyst, the highest efficiency
was at a temperature of 500 °C and reached 96.92%.
In the temperature range of 50 - 350 °C, CO con-
version did not occurred. The conversion of CO
starts to be effective at 400 °C but from this tem-
perature or above, the ability of CO conversion in-
creases slowly and stably over time. In the contrary,
the treatment efficiency increased very rapidly from 0
to 94.63% in temperature range of 350 - 450 °C. It is
obvious that CuO-MnOx/OMS-2 had the highest re-
moval efficiency of 98.41% at low temperature of 250
°C. Therefore, it was chosen as catalyst for further ex-
periments.

In order to clarify the effect of CuO and MnOx on the
OMS-2 support, the comparison experiments were
conducted using OMS-2, CuO/OMS-2, and CuO-
MnO,/OMS-2 materials. As seen in Figure 10, CO
removal increases with the increase of temperature.

—&— 1g CuO-MnOx/'OMS-2  —&—0.4g Cu0-MnOx/zeolite

!

CO conversi
19
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0 100 200 30

0 400 500
Temperature (°C)

Figure 9: CO conversion efficiency of OMS-2
and zeolite based catalysts at different temper-
atures.

For OMS-2, CO gas was relative inert at low temper-
ature of 50 - 100 °C while it started to be oxidized
to CO, at temperature of 150 °C. This can be ex-
plained by the low activity of OMS-2 support with-
out the presence of copper, which only reached the
removal efficiency of 31.89% at 200 °C. Compared
to OMS-2, CuO/OMS-2 and CuO-MnOx/OMS-2 had
higher catalytic activity due to the doping of copper
with Cu?* -O?~ -Mn** bonds on the support sur-
face. At catalyst surface, CO combines with oxygen in
Cu?t -0% -Mn** to form CO, and leaves an oxy-
gen vacancy (Cu™ - o -Mn>T). These oxygen vacan-
cies were then instantly occupied by free oxygen in
the air thus act as active sites for reaction of CO!".
Accordingly, the reaction of CO is continuously oc-
curred on the surface of the catalyst due to the pres-
ence of Cu?T -0%~ -Mn*t <> Cu™ - 0-Mn3" + O; re-
dox. The oxidation of CO to form CO, follows Mars-
Van-Krevelen mechanism©.

Figure 11 demonstrates the effect of calcination tem-
perature on the activity of CuO-MnO,/OMS-2 ma-
terial for CO oxidation. One can see that the cat-
alytic activity gradually decreases with the increase of
calcination temperature from 400 to 600 °C but sig-
nificantly decreases with further increase of temper-
ature to 700 and 800 °C. Thus, the activity of CuO-
MnO,/OMS-2 depends on calcination temperature
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Figure 10: CO conversion efficiency of OMS-2,
CuO/OMS-2 and CuO-MnOx/OMS-2 catalysts at
different temperatures.

and the temperature of 400 °C is suitable for post-
treatment of the material in terms of material struc-
ture, removal efficiency, and energy consumption.

80 A

Conversion (%)

0 e :

0 100 200 300 400 300
Temperature (°C)

Figure 11: Effect of calcination tem perature on
the a ctivity of CuD-MnO,/OMS-2 catalysts for CO
oxidation.

Effect of other environmental factors

Figures 12, 13, 14 and 15 illustrates the effect of op-
erational condition on the CO removal using CuO-
MnOx/OMS-2 material. In Figure 12, the CO re-
moval efficiency increases with the increase of CO
concentration from 526 to 2300 ppm, where it reaches
maximum efficiency of 98.41%. This could be ex-
plained by the gas bulk mass transfer of CO increase
in this low inlet concentration range. However, fur-
ther increase of CO concentration slightly decreases
its removal efficiency, possibly due to the limitation
of catalyst surface active sites for CO adsorption and
reaction. This should be noted when designing a cat-
alytic system for practical application where CO con-
centration in flue gas fluctuates from 200 to 5000 ppm.
The lower inlet concentration of CO could result in

SI36

lower removal efficiency while the outlet concentra-
tion is required to meet emission standard (QCVN 19:
2009/BTNMT).

Removal efficiency (%)

Ln
=
1

2000 3000
Concentration (ppm)

0 1000 4000 3000

Figure 12: Effect of inlet CO concentration (1 g
Cu0-MnOx/OMS-2, 250 °C, 1 L/min, n=3).

In actual small wood boilers, the flowrate of flue
gas usually fluctuates due to the variation in steam
amount need of the production process. Figure 13
presents the effect of gas flowrate on the removal effi-
ciency of CO. It is obvious that the removal efficiency
continuously decreases with the increase of flowrate.
The reason is mostly based on the gas retention time,
where higher flowrate means shorter retention time
for CO reaction on the catalyst surface. This result
also indicates that if a designed catalyst system works
well with the highest flue gas flowrate, it could even
work better under lower flowrate condition.

100 %

80 A

70 1

60 A

Removal efficiency (%)

40 T T T

0.25 0.5 0.75 1 1.25 1.3
Flowrate (L/min)

Figure 13: Effect of inlet gas flow rate (1 g CuO-
MnOx/OMS-2, ~2300 ppm CO, 250 °C, n = 3).

In order to clarify the effect of both flowrate and con-
centration on the removal ability of CO, the constant
amount of CO was maintained while both flowrate
and concentration was changed. The result is dis-
played in Figure 14 for flowrate range of 0.5 to 1.0
L/min and CO range of 4132 to 2045 ppm. It can be
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observed that the removal efficiency is more depen-
dent on the flowrate than on the concentration in the
investigated range. This implies that the gas retention
time should be a more important designing parameter
than the operational concentration of CO concentra-
tion in the practical application.
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Removal efficiency (%)

—#— Removal efficiency F
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L

—=— Concentration
T T T 0
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Flowrate (L/min)

4
=

Figure 14: Effect of both inlet gas flow rate and
concentration under constant mass flowrate of
CO (1 g Cu0-MnOx/OMS-2, 250 °C, n = 3).

The amount of catalyst used in a practical system is
important design criteria. Too much catalyst would
take more cost and high pressure drop while too less
catalyst result in low efficiency. The effect of catalyst
amount on CO removal is demonstrated in Figure 15.
It is obvious that the efficiency increases from 64.6 to
99.7% with the catalyst amount from 0.25 to 1.25 g
due to the more active surface available for CO ad-
sorption and reaction. However, the linear increase
of efficiency was not observed for whole investigated
range. The amount of 1 g could be the most suitable
with the efficiency of 98.4% while 1.25 g is an excess
amount with inefficient use by CO concentration of
2300 ppm and gas flowrate of 1 L/min.
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80 o

70 A

60 A

Removal efficiency (%)

40

0.5 075 1 1.
Catalyst amount (g)

0 0.25

]
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"]

Figure 15: Effect of catalyst amount (CuO-
MnOx/OMS-2, ~23 00 ppm CO, 1 L/min, 250 °C,
n=3).

CONCLUSION
Catalysts of  Co304/Al,03, Cry03/A1,03,
CuO/Al,03, CuO-MnOx/OMS-2, and CuO-

MnOx/zeolite were synthesized by impregnation
and hydrothermal methods and applied for oxi-
dation of carbon monoxide gas in air. The results
show that most catalysts increased activity with
the increase of reaction temperature. Among
them, CuO-MnOx/OMS-2 catalyst material had
the highest efficiency at 250 °C and stable activity
during reaction time. The most suitable operational
condition was found to be inlet CO concentration of
2300 ppm CO, gas flowrate of 1 L/min, and catalyst
amount of 1 g. These result shows a potential use of
CuO-MnOx/OMS-2 material as an effective catalyst
for treatment of CO-containing flue gas in practical
application.
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Nghién ctru xtr ly khi thai chita CO stf dung xuc tac tu ché tao

Nguyén Thi Bich Thao, Nguyén Nhat Huy"

Bl

TNs rom

; Carbon monoxide (CO) la chat gay 6 nhiém khong khi déc hai sinh ra tir 16 hoi dét cdi von dugc st
dung rong rdi trong cac doanh nghiép vua va nho tai Viét Nam. Viéc xt ly khi thai CO dang phai
déi mat véi nhiéu khé khan do tinh chét tra ctia CO va khéng thé dugce xtr ly bang cac phuong
phap hap phu va hdp thu truyén théng va mot trong nhiing phuong phap xt ly CO c6 hiéu qua
la phuong phap oxy héa cé st dung xuc tac. Do dé, chiing toi da hudng dén viéc diéu ché cac
chdt xtic tac khac nhau trén cac chat mang khac nhau dé xir ly CO trong khi thai, bao gébm y-Al, O3
(Co304/A1,03, Crp03/Al,03, va CuO/AlpO3), CuUO-MnOx/OMS-2, va CuO-MnOx/zeolit. Qua trinh
thar nghiém xd ly CO dugc thuc hién trong moét thiét bi phan tng c6 dinh lién tuc & quy mé phong
thi nghiém vd&i pham vi nhiét dé tur 50 - 550 °C. Cac dac trung cla vat liéu xUc tdc dugc xac dinh
bang céc phuong phap nhu do dién tich bé mat riéng, nhiéu xa tia X, phd tan xa nang lugng tia X,
phd dao dong hong ngoai, hién vi dién t& quét va phan tich nhiét trong trudng. Két qua cho thay
CuO-MnOx/OMS-2 la chat xUc tac tot nhat véi hiéu suat xdr ly cao dén 98,41% & nhiét do thiét bj
phan tng la 250 °C nhung nhiét d6 khi dau ra < 50°C, chiing minh su phu hgp cla vat liéu cho
qua trinh xtt ly CO trong khi thai. Biéu nay dugc giai thich tuan theo co ché Mars-Van-Krevelen
VG su t6n tai clia cdp oxy hoa - khir Cu?t-0?~-Mn*t < Cut-0-Mn3* + O, trong ciu trdc clia vat
liéu. Bén canh dé, anh hudng ctia cac diéu kién van hanh khac nhu néng dé CO dau vao, luu lugng
dong khi thai, va khéi lugng xuc tac st dung lén hiéu qua xtr ly CO cling dugc khao sat dé dua ra
nhing dé xudt hop Iy cho viéc thiét ké va van hanh hé théng xtr ly CO bang xuc tac. Néng dé CO
sau quad trinh x ly dat quy chudn QCVN 19: 2009/BTNMT - Quy chuan ki thuat qudc gia vé khi thai
cong nghiép doi véi bui va cac chat vo co. Nhu vay, vat lieu xic tac CuO-MnO,/OMS-2 la mot chét
xUc tac tiém nang trong viéc (ng dung dé xr ly CO trong khi thai 1o hai dot biomass.

Tur khoa: cacbon monoxit, oxy hoa, xc tac, kiém soat 6 nhiém khong khi
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