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In the first research studies series a selection of the quantitative composition of catalyst active phase

composition (iron, copper and manganese) deposited on mineral-carbon support was carried out. It was

found on the basis of the selection studies series that the best results were attained when copper and

manganese were used as catalyst components. The quantitative composition of the denitrogention catalyst

was estimated using a statistical method of experiment planning and metals content changed in the range

0.5 – 1.5wt % for both metals. Catalyst activity in nitric oxide reduction by ammonia was determined in

the dependence on an active phase composition in the temperature range 100 – 200
o

C, at GHSV (Gas Hour

Space Velocity) 6 000 and 10 000 Nm
3

/m
3

h, NO concentration 400 ppm, NH
3
/NO ratio 1:1. A graphic

presentation of the obtained results was made using the UNIPLOT program. The highest activity in nitric

oxide reduction by ammonia presented copper – manganese catalysts prepared by the impregnation of

mineral-carbon support with active metals salts solutions and calcination after each metal impregnation with

copper (up to 1.5 wt %) and manganese (up to 1.5 wt %).

Keywords: NO
x
, SCR, catalyst, optimization, mineral-carbon carrier.

Presented at VII Conference Wasteless Technologies and Waste Management in Chemical Industry and Agriculture,

Miêdzyzdroje, 12 – 15 June, 2007.

INTRODUCTION

The selective catalytic reduction (SCR) of nitrogen

oxides using ammonia is a proven and used for a long

time effective process of their eliminating from waste gases.

The catalysts prepared by vanadium oxide deposition on

titanium dioxide and lately on active carbons are applied

in this process. Nitric oxides are reduced by ammonia and

nitrogen and water are the reaction products
1
.

The efficiency of converting nitrogen oxides into neu-

tral constituents of the atmosphere depends on the proc-

ess temperature, their concentration and the presence

of oxygen in the waste gas, as well as the ammonia/

nitrogen oxides molar ratio. The catalyst's type and shape,

its activity, life period and waste gases GHSV largely

influence its efficiency. The presence of other impurities

in the waste gas, e.g. SO
2
, determines the operational

conditions of the process. In the classic SCR technology

process is conduced in the temperature range of the 623

– 723
o
K

2
.

At present the SCR process is well known and attains

high technological efficiency. Ceramic, monolithic honey-

comb shape supports impregnated with active phase cata-

lysts are offered by worldwide companies (Hitachi, Zosen,

Shell, Grace, Engelhardt) and found the largest applica-

tion in nitrogen oxides reduction
1
. The following proc-

esses are commercially accessible:

– titania support (TiO
2
) based catalysts, working tem-

perature 270 – 400
o
C;

– zeolite based catalyst (300 – 430
o
C),

– iron oxide based catalysts (380 – 430
o
C).

Worldwide energetic plants are exploiting mainly the

high-temperature flue gases denitrogenation processes,

with the titania based monolithic catalysts.

Transition metals oxides deposited on mineral supports

(TiO
2
, Al

2
O

3
, SiO

2
, ZrO

2
, ZSM-5) are mainly applied in

nitrogen oxides reduction processes, for instance vanadia

deposited on supports: V
2
O

5
/TiO

2
, V

2
O

5
/WO

3
/TiO

2
,

V
2
O

5
/Al

2
O

3
, V

2
O

5
/TiO

2
/SiO

2
. However, the largest com-

mercial application was found mainly by the following

monolithic catalysts V
2
O

5
/Al

2
O

3
, V

2
O

5
/WO

3
/TiO

2
, NiO/

Cu
2
O/Al

2
O

3

3 – 6
.

Active carbon based catalysts exploited in some ener-

getic plants are offered in the grain form (extrudates or

pellets), however they are characterized by a large pres-

sure drop (waste gases flow resistance), a necessity of high

level gas de-dusting and relatively low waste gas flows

(catalyst loading). The honeycomb catalyst shape ensures

the highest external geometric surface area in the volume

unit. The main advantages of such a catalyst in compari-

son to the grain form are:

– smaller front area of this catalyst bed, resulting in

lower gas flow resistance,

– tolerance of larger dust concentration in flue gases,

the catalyst's channel blockade by dust deposition is much

more lower,

– possibility of using a higher linear gas velocity, result-

ing in the lowering of external diffusion resistance in the

catalyst beds,

– considerably lower catalyst attrition losses of catalytic

material.

The honeycomb catalysts structure also ensures uni-

form flue gases flows and temperature distribution.

In this paper optimization of mineral carbon based SCR

catalyst composition was carried out. It was found in earlier

studies
7, 8

 that the application of active carbon and inor-

ganic mineral binder mixture is a very promising idea for

support manufacturing. The mineral binder presence in

the, subjected to the honeycomb forming monolith, pre-

cursors considerably improves the rheological properties,

makes the forming operation easier and improves the

mechanical strengths of the final support. As a result of



34 Pol. J. Chem. Tech., Vol. 9, No. 3, 2007

extensive technical studies the mineral-carbon monolithic

support manufacturing method was worked out.

EXPERIMENTAL

Hard coal, the 34 type and the natural alumina-silicate

(Jaroszów deposit) as well as the binding and forming

supporting materials were used as raw materials for the

monolithic support production.

The mineral – carbon supports have been manufactured

as honeycomb monoliths of the  1000x100/100 mm di-

mensions, the wall thickness of 1 mm, and 196 longitudi-

nal channels visible at the cross section area (14x14).

The first catalysts series was prepared by depositing the

same active phase weight percent on the carbon mineral

support samples. Catalysts were prepared using crushed

ceramic – carbon monoliths (grain size 0.63 – 1 mm) and

the water solution of copper (II) nitrate, ferric (II) nitrate

and manganese (II) nitrate as impregnation agents. All

active phases were deposited by the dry impregnation

method. After impregnation the obtained catalyst samples

were dried at the temperature of 110
o
C (overnight) and

calcined in oxygen free atmosphere at 360
o
C (for 3 hours).

The composition of the final catalysts was as follows:

CAT 1: 2.5 wt % Cu + 2.5 wt % Mn (calcination after

each metal impregnation),

CAT 2: 2.5 wt % Cu + 2.5 wt % Mn (one calcination

after the impregnation with two metals),

CAT 3: 2.5 wt % Fe,

CAT 4: 2.5 wt % Cu,

CAT 5: 2.5 wt % Mn.

On the basis of the results of the first series activity tests

the copper and manganese containing catalysts were se-

lected for further studies. The active metals were depos-

ited by dry impregnation with the water solution of active

metals salts and the calcination after each metal impreg-

nation.

Estimation of the influence of the catalyst's composi-

tion on its activity was performed by the mathematical

method of the experiment result analysis. The second level

regression equation of the general form:

Y= a
0
 + ∑a

i
x

i
 + ∑a

ij
x

i
x

j
 + ∑a

ii
x

i

2
(I)

was used, where Y catalyst activity, a
0
, a

1
...a

12
...a

11 
– model

coefficients, x
i
, x

j
 – active metals content. Standardization

of the variables (x
1
 – copper, and x

2
 – manganese) allowed

changing the active metals content in the range 0.5 – 1.5

wt %, at three levels: 0.5, 1.0 and 1.5 wt %.

The results of the catalyst activity estimation were pre-

sented in the form of a graphic presentation using the

Uniplot programme, which makes it possible to plot the

three dimensions dependence of NO conversion on the

active phase composition at the established GHSV and

the process temperature.

The research studies were carried out in a laboratory

flow apparatus, using the model gas of a determined chemi-

cal composition (NO content) similar to flue gases from

the power plant. The apparatus (Figure 1) consisted of a

model gas feeding system and the dosage system, the cata-

lytic reactor and the analyser for determining the content

of nitric oxide in the gas. 10 cm
3
 of the tested catalyst

(0.63 – 1.0 mm fraction) was loaded into the reactor.

Activity tests were carried out using model gas supplying

GHSV=6 000 h
-1

; 10 000 h
-1

 in the temperature range

100 – 200
o
C. The oxygen content in the model gas was

6%, NO content 400 ppm, and ratio NH
3
/NO = 1:1. The

influence of the copper and manganese content (0.5 up to

1.5 wt.%) on the catalyst surface, the temperature of the

SCR reaction and the gas flow space velocity, were deter-

mined.

DISCUSSION OF THE OBTAINED RESULTS

The results of the selective catalytic reduction of nitric

oxide by ammonia with using prepared mono- (Cu, Fe,

Mn) and copper – manganese catalysts are graphically

presented in Fig. 2. The highest activity in the SCR reac-

Figure 2. The influence of temperature on nitric oxide re-

duction over the first catalyst series

(GHSV=6 000 h
-1

, the catalyst composition is given

in the experimental section)

Table 1. Chemical composition of the prepared catalysts

(the second series)

Figure 1. The apparatus for the SCR catalyst testing: A –

ammonia in nitrogen containing cylinder, B – ni-

trogen and air mixture containing cylinder, C –

nitric oxide in nitrogen containing cylinder, 1 –

reducing valves, 2 – rotameters,  3 – reactor with

the catalyst, 4 – temperature indicator, 5 – MSI

2500 Analyzer, 6 – control valve (before catalyst),

7 – control valve, 8 – gas outlet
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tion was attained by the Cu-Mn catalyst, prepared by a

two-step impregnation with calcination after each metal

oxide depositing. Nitric oxide conversion at the tempera-

ture ca 160
o
C was higher than 80%. Therefore, the Cu-

Mn catalyst was subjected to further studies in order to

optimize the  active phase quantitative composition.

In order to optimize the catalyst composition in the next

step of the studies, nine catalysts with various active metals

content have been prepared according to the statistical

method of experiment planning. The metals' content was

changed in the range 0.5 – 1.5 wt % and the catalyst com-

positions are presented in Table 1. The selected results of

the realized activity studies are presented in Figs. 3, 5

(GHSV=6 000 h
-
 and 4, 6 (GHSV=10 000 h

-1
).

The analysis of the graphical presentations suggests

that the obtained nitric oxide conversions are decreasing

with the increase of the catalyst loading (GHSV). It is the

result of diminishing the contact time i.e. diminishing the

residence time of the reaction mixture in the catalyst bed.

On the other, hand increasing the catalyst loading (GHSV)

can strongly influence the external diffusion limitation.

Therefore, the application of higher GHSV (e.g. 10 000

h
-1

 and higher), should give provide an objective catalyst

activity comparison.

At the steady state tests parameters (NH
3
/NO =1,

GHSV=6000h
-1

, CNO=400 ppm) the highest nitric ox-

ide reduction by ammonia was obtained using the K3

catalyst (1.5 wt % Cu and 1.5 wt % Mn).  In the presence

of this catalyst in the temperature range of 160 – 200
o
C,

Figure 3. Dependence of the NO conversion on the Cu and

Mn content in the catalyst (160
o

C, GHSV=6000 h
-1

)

Figure 4. Dependence of the NO conversion on the Cu and Mn

content in the catalyst (160
o

C, GHSV=10000 h
-1

)

Figure 5. Dependence of the NO conversion on the Cu and Mn

content in the catalyst (200
o

C, GHSV=6000 h
-1

)
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quite high conversion levels, higher than 80% were ob-

tained.

Others catalysts of this series, demonstrating the lower

active metals contents presented a distinctly lower (by 10

– 20%) activity in comparison to the K3 catalyst. It means

that the increase in the active metal content in the Cu-Mn/

mineral-carbon catalyst (over 1.5 wt %) can further in-

crease the activity and the conversion level of nitric oxide

up to ca 90% and higher.

The data presented in Fig. 7 shows that the highest

conversion increase occurs in the temperature range of

140 – 160
o
C. It means that temperature in the SCR reac-

tion process should be higher than 160
o
C, preferably 180

– 200
o
C. Because of the high carbon content (coal and

mineral clay, weight ratio 4:1), this type of a mineral-

carbon based catalyst should not be exploited at tempera-

tures higher than 200
o
C. One can also see that the cata-

lyst's loading moderately influences nitric oxide conver-

sion, the differences in conversion levels attained at GHSV

6 000 and 10 000 h
-1

 were 10 – 15%.

In order to compare the activity of grain and honey-

comb monolithic catalysts, additional research studies were

realised. Preparation of the K3 catalyst was repeated,

however the monolithic support, instead of grain support,

was used. A dimension of the monolith support was as

follows: 40x40x200 mm, the wall thickness 1 mm and 196

parallel channels. The activity of this catalyst was deter-

mined in the reactor system similar to the one presented

in Fig. 1, however the reactor size enabled the loading of

the whole monolithic support. The results presented in

Fig. 8 clearly show that application of monolithic catalyst

Figure 6. Dependence of the NO conversion on the Cu and Mn

content in the catalyst (200
o

C, GHSV=10000 h
-1

)

Figure 7. The influence of the catalyst loading (GHSV) and the

temperature on the nitric oxide reduction over the best

(1.5 wt % Mn and 1.5 wt.% Cu/mineral-carbon) catalyst

Figure 8. The influence of the catalyst loading (GHSV) and the

temperature on the nitric oxide reduction over the

monolithic (1,5 wt % Mn and 1,5 wt.% Cu/mineral-

carbon) catalyst

generates a considerably lower conversion than the grain

form catalyst (about 30%) but one can observe a smaller

influence of GHSV on the conversion level. Presumably

it is the result of diminishing the  external diffusion resist-

ance in the case of applying higher GHSV.

CONCLUSIONS

1. The realized studies presented the usability of mineral

carbon monoliths for the  manufacturing of low tempera-

ture SCR catalysts (at the temperature lower than 200 
o
C)

2. The active phase composed of copper and manganese

could be successfully applied in the mineral carbon based
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SCR catalysts. The increase in the active metals content

increases the catalyst activity.

3. The monolithic Cu-Mn SCR catalyst enables obtain-

ing a lower nitric oxide reduction level in comparison with

the grainy Cu-Mn catalyst. A small difference in the con-

version level at both GHSV (6 000 and 10 000 h
-1

) suggests

the presence of the external diffusion limitation in the

monolithic catalyst bed at lower GHSV (6 000 h
-1

) and

decreased or eliminated at higher GHSV (10 000 h
-1

).
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