CHAPTER 1V

RESULTS AND DISCUSSION
F i y
Catalytic oxidation reactions of carbon'monoxide were performed using
oxygen and nitrous oxide gases as o‘fddants and selected transition metal oxides

as catalysts. The chemical cquations which represent for the studied reactions

are / F 1

4 h o2 catalyst
CO(@) + 1/2 Oz(k) 4 N g COz(g) (4 1)
.,f ‘_g i id
‘ catplyst
or CO&) + N‘)O(Q # ‘—) COz(g) + NZ(g) (42)
.f J- T ,i";

The catalysts used m thxs sﬁy are tricobalt tetraoxide (Co30,),
tnmanganese tetra0x1de (Mn304) femc oxide (Fé;O3) and chromic oxide

(Cry03). The physw'al properties such as thermal stabdlty BET surface area, as

well as X-ray powdered diffraction of all four catalysts were determined.
Physical Characterization of the Catalysts
1. Thermal Stability

The thermal stability of the catalysts were determined by using
thermal gravimetry (TG) and differential thermal analysis (DTA). TG and DTA
thermograms of Co0;0,4, Mn30,4, Fe;,O3 and Cr,0; are shown in Figure 4.1, 4.2,
4.3 and 4.4, respectively. Figure 4.1 shows that there is no signiﬁcant weight
loss of Co304 upon heating from 40°C to almost 800 °C. A small weight loss at
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a lower temperature range is accounted for desorption of moisture from Co3;04
material. A sharp weight loss at 800°C indicates a. phase transformation of
Co30;4 that loss O, to form CoO (40). This shows that the Co;0,4 catalyst is
thermally stable up to about 800°C.

Figure 4.2 shows a TG/DTA thermogram of the FepO3 catalyst.
A weight loss from 40°C up to aboﬁ; 400°C from TG curve and a broad

endothermic peak at the same temperature-range of DTA curve are due to a
desorption of moisture from thé F ¢,04 material. There is a noise at 500°C. This
result indicates that tpeTe203 cata!yst 15 very stable within the temperature

range of 40°C to 900°9‘ Ao
_'_.-"' ‘ - it

3

Figure 213 shows & TG/i;);l‘A thermogram of the Mn;O, catalyst.
A weight loss from 40°C up to about 420°C in TG curve and a broad
endothermic peak at abott 490°C of DT?S; c'lirve are due to a slow desorption of
moisture from the Mn3O4 matéral. Thele isan mcrease in weight from 450°C
to 750°C in TG cume—but—EbeF%ts—ne—eh&ﬂge—m—DMQurve A weight loss from
750°C to 820°C in TG curve and a sharp exothemuc peak at 800°C of DTA
curve show a phase transformation of Mn;0,4. By heatmg over 750°C, the new
phase of mangaiiesé’decomposes to |another different phase. Thus, Mn;O, is
not stable upon heating over 750°C. The new phase formed at about 800°C is
thermally stable 4ip t6 820°C.

Figure 4.4 shows a TG/DTA thermogram of the Cr,0; catalyst.
From TG curve, there is a weight loss from 40°C up to 560°C and an increase
in weight over 620°C. Three broad exothermic peaks at about 370,-450 and
850°C. In DTA curve show phase transformations. They indicate that the Cr,0;
catalyst has three phase transformation changes over 370°C. Therefore, Cr,0;
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is the least thermally stable catalyst among those used in this work. The
thermal stability of those catalysts are in the following order:

F6203 > C03O4 > MII3O4 > Cl'203

v//,

'_: catlysﬁs‘n:-easured by BET method. The
‘ Lable 4.1.

2. BET Surface Area Nl

The s
BET surface area o

Table 4.1 BET surfa a'of the €6;0 . Fe Mn3;0, and Cr,0; catalysts

G ﬁ)% W% Hl W %%q’ﬂ ﬁcatalysts in following
Qﬂﬁaﬁﬂim UA1ANYIAY

C03O4 > F6203 > Mn304 > CI'203

Typically, activity of a catalyst is proportional to its surface area.
This information is useful for interpretation of the catalytic performance.
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3. X-ray Powdered Diffraction

1) Co304 Catalyst

An X-ray diffraction (XRD) pattern of the Co304 catalyst

structure as the refere
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2) Fe;05 Catalyst

An X-ray diffraction (XRD) pattern of the Fe,O; catalyst
is shown in Figure 4.6 and its XRD data is shown in Table 4.3. The XRD
pattern matching between the Fe,0; catalyst sample and the reference (Fe,0;)
is shown in appendix (Figure A.2). 'Fhegefore, the Fe,05 catalyst has the same
structure as the reference. The XRD péttem of used Fe,O; catalyst in the
reaction of CO with N,O-and CO with O, comparing to the fresh catalyst and
its reference confirm that ﬂl_e struct;Jre of catalyst does not change after being

\
!

used. : |

i L | ‘;

3) Mn;()(’(?afalyst_

An X.-ray d;ffracnqn (XRD) pattem of the Mn3;0, catalyst

1s shown in Figure 4.7 and its“XRD _& is shown in Table 4.4. The XRD

patterns of Mn;0, catalysf sample companng to the pattern of the reference

(Mn30,4 and an()‘g)—as—shewn—m—appendrx—(ﬁgure A.3) indicates that the

sample is a mixture of Mn;04 and Mn,0;.By companson of peak at 36.08° and

32.92° of the sample with their individual baseline peaks, the ratio of
Mn304:Mn,05'is 1: 1.7.

The XRD pattern of used Mn3;Q, sampié in the reaction of
CO with N,O, comparing to the fresh Mn;0, catalyst and the Mn;O, and
Mn,O5 references. The XRD pattern of used Mn;0, sample is different from
the fresh catalyst as shown in Figure 4.7 (XRD data in Table 4.4) and Figure
4.8 (XRD data in Table 4.5), respectively. The XRD pattern matching between
the used Mn;O, sample with tﬁe Mn;04 and Mn,0O; references, shown in
appendix (Figure A.4) indicates that the Mn;O,: Mn,Os ratio in the used
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Table 4.3 XRD data of the fresh Fe,0s

D(A”) 178
3.675 32
2.693 100

awm\mmumfmmaﬂ



COUNTS

600 _|

3ge |

—1.38¢

w

0

lﬂ

0

RN T TRE

Flgure 4.7 XRD pattern of the fresh Mn;0,

L2442
—-1.418

—-1.2
—1.3588
S T

‘T‘ l"lllll

6h. 0

69



AU 991 Wﬂﬂﬂi

IR

Table 4.4 XRD data of the fresh Mn3;0,
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Figure 4.8 XRD pattern' of the used Mn30, in the reaction of CO with N,0
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Table 4.5 XRD data of the used Mn;O, in the reaction of CO with N,O

D(A®) L,

4.935 30
3.844 10
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1s higher than the fresh catalyst; the evaluated Mn;O,:Mn,O; ratio of used

catalyst in this reaction is 2:1.

The XRD pattern of used Mn;O, sample in the reaction of
CO with O,, comparing to the fresh Mn3;O, catalyst and the Mn;0, and Mn,O;
references. The XRD pattern of used Mn;,O4 sample 1is different from the fresh
catalyst as shown in Figure 4.7 (XRD data inTable 4.4) and Figure 4.9 (XRD
data in Table 4.6), respectively. Thﬂ XRD pattern matching between the used
Mn;0,4 sample with the Mng04 and Mn,O; references, shown in appendix
(Figure A.5) mdlcates ;h’it the Mn30x :MnyO5 ratio in the used catalyst is lower
than the fresh catalysg, the evaluated: Mn304 Mn,0O; ratio of used catalyst in
this reaction is 1:3.6. The XIU5 pattex‘g of used Mn;0, catalyst in this reaction
of CO with N,0 and co wlth 02 companng to the fresh catalyst and their

references confirm that the strug:tnre ofqar,alyst change after being used.
- 7

9 Cry0; Catdlgst . /10

(L

>

An X-ray diffraction (XRD) pattem of the Cr,0; catalyst
1s shown in Figure 4.10 and its XRD data is shown in Table 4.7. The XRD
pattern matching between the Cr,Oj catalyst sample and the reference (Cr,05)
is shown in appendix (Figure A.6). Therefore, the Cr,O; sample has the same
structure a3 the reference. The XRD' pattern of used Cr;0; catalyst in the
reactionof CO with N,O and CO with O, comparing to the fresh catalyst and
its reference confirm that the structure 6f catalyst does not change after being

used.
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Table 4.6 XRD data of the used Mn;0; in the reaction of CO with O,
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Table 4.7 XRD data of the fresh Cr,0;3

D(A") Il
3.627 49

2.662 100
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Comparison of the Catalytic Activity in Catalytic Oxidation Reaction

1. Comparison of the Catalytic Activity in the Reaction of CO with
N,2O

The results of the catalytic oxidation reaction of CO with NoO
employing Co30;, Fe203, Mn;0, d{Gl‘J;Q; as catalysts are shown in the
Figure 4.11. It was found that %CO Conversion increased at the higher

the different metal oxide catalysts in the
at thcitemperature 200°C in Figure 4.12 shows

temperature. %CO €ony

reaction of CO with i\,

: 'on of this reaction is the highest when used C0:0,
pscd Se;O3 and Mn30,, and is the lowest when

obviously that %CO cenv,
as a catalyst, are lower w
used Cr,0;. It is the e order §F1gure 4.11) in the temperature range

180-350°C for this réac on so the _g,rder of %CO conversion by different

catalysts are as follows:™ == 4
o ":_ _;J"'.::u_‘ b
A £
=00, 5 Fe,0, - MO, - 53I203
Y/ s

These order of % CO conversion ca}respond to the surface area
measuring by BET method (réfer'to Characterization of the Catalysts by BET
Method).

2. Comparison of the Catalytic Activity in the Reaction of CO with
02

The results of the catalytic oxidation reaction of CO ‘with O
employing Co30;, Fe;03;, Mn;O4, and Cr,0; as catalysts are shown in the
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Figure 4.12

%CO conversion in the reaction of CO with N,O by dlﬁ'erent
metal oxide catalysts at 200°C
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Figure 4.13. It was found that %CO conversion increased at the higher
temperature. %CO conversion and different metal oxide catalysts of the
reaction CO with O, at the temperature 200°C in Figure 4.14 shows obviously
that %CO conversion of this reaction is the highest when used Co304, are
lower when used Mn;0, and Fe,0s, and the lowest when used CrOs. It is the
same order (Figure 4.13) in the tempgrature range 130-330°C for this reaction,
so the order of %CO conversion by diffé‘;{m c:atalysts are as follows:
9

60304 > Mn3O4 > F6203 S Cr03
a

i

With ﬂle,dge of Cos04, Fe,05, and Cr,05 as catalysts, the order
of %CO conversmA the reactlon of (;O with O; is the same as those in the
reaction of CO convefrsxén in the rea(auon of CO with N,O except the Mn3;04
catalyst that %CO con'ffers’lon m’the rez}ctlon of CO with N,O (shown in Figure
4.15). The XRD pattern'of the used Mn;O& catalyst in the reaction of CO with
O, (refer to Charactenzatlon of the Ca{é}yst.by XRD) showed that there was a
change in the rauorﬂ.ﬂMn;Q.Mn;Qg_bthhf_mgbcpanOg Equation 4.3 (41)
indicates that Mn3G4 has been oxidized to be Mn203 in the excess oxygen
condition. The reaction of CO with O, that-has the excess oxygen, so Mn;04
could changg td be'MnyO3/in"thé Very aniount. M, ié the active species

catalyst in thig reaction and is the more higher activity than Mn3;QOy,, too.
2Mn3;0, + 1/20,(excess) ¢«—— 3Mn,0; 4.3)

The plot between percent peak area of CO reactant and CO,
product against the reactor temperature (°C) in the reaction of CO with N,O
employing Co;04, Fe;,03, Mn;0,, and Cr,0; as catalysts are shown in Figure
B.1 to B.4, respectively. The corresponding plot between percent peak area of
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Figure 4.13 %CO conversion with temperature in the reaction of CO with

0, by different metal oxide catalysts
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Figure 4.14 %CO conversion in the reaction of CO with O; by different
metal oxide catalysts at 200°C
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CO reactant and CO, product against the reactor temperature (°C) in the
reaction of CO with O, employing Co304, Fe,03, Mn;O,, and Cr,0; as
catalysts are shown in Figure B.5 to B.8, respectively.

Comparison of Catalytic Activity in the Reactions of CO with NO and CO
with O3

Catalytic activi : Wion of Co030,4, Fe,03, Mn;0;4

) M comparing the reaction of

Figure 4.15. According to

than the reaction of €O/ with 0, (it 1e same result in the range of
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Figure 4.15 %CO conversion of the reactions and different metal oxide

catalysts at the temperature 200°C
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