CHAPTER V

RESULTS AND DISCUSSION

The results and discussion in this chapter are divided into two major parts
including the catalyst characterization and the catalytic combustion reaction of

phthalic anhydride and maleic anhydride, respectively.

5.1 Catalyst characterizati

5.1.1 Determi and BET surface area of

catalyst

The results of e area of all catalysts. which

are analyzed by Atomic \,\ ) and BET surface area are

summarized in Tables 5.

Table 5.1 The compositio m loading catalyst and BET surface

area
Catalyst  M2%Coconent - Soha conontet e surt
a a S H-'-'JY \IT =% — NV rwa.\.----.-——:r -
¥ 17 < ; ‘ surface area (m~ /2)
Co0304/A1,04 L!] 178
8C00.5MgO/AlL,O 8.0 0. 218
EUAES | ¢ Q/

8ColMgO/Alﬂ El ran'rl EI tn ?‘ Elf] ﬂ lj 124
8Co2MgO/AL Q@4 .0 1
8Co3MgO/LAL O3 o o/ .
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Table 5.2 The composition of different cobalt loading catalyst and BET surface area

Catalyst %Co content | %Mg content | BET surface area (m”/g)
MgO/Al, O3 - 1.1 244
6Co1MgO/Al,O4 6.2 0.80 197
7Co1MgO/Al,05 6.9 0.96 187
8Co1MgO/AlO3 8.1 0.68 124
9Co1MgO/Al; O3 8.8 1.4 230
10Co1MgO/Al, 04 193

The data in Tables™ obalt and magnesium contents

in Co-Mg-O/Al,03 sam

correlation between the ¢

value and could not define the

\\ d the surface area.

5.1.2 Fourier Wffared Spectrometer (FT-IR)

A

The IR spectrum (0 identify ‘ e functional group on the surface of

catalyst. The infrared radia vé ength of 400-2000 cm™.

The IR spec
Figure 5.1 shows th ;-—:-;—.f-f -of-ditferent lysts. Figure 5.2 shows

e shewed in Figures 5.1 - 5.2.

the IR spectra of di IR absorption bands are

measured in the region 400 900 cm™' exhibit the same IR spectrum as detected on JRC
ALO2. Fro i e occur at 385, 580,
and 667 cm “‘ﬂ\ﬁlﬂ mllmm ﬂﬂﬂm appears in the forms
of cry stem and the
absorp lﬁ"j ﬁﬁ ﬂbﬁ m ﬁﬁﬁﬁ%ﬁ;ﬁf t measurable
because in these regions the IR spectra of cobalt oxide may be hidden by the

absorption of Al,Os.
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Figure 5.1 IR spectra of different magnesium loading catalysts
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5.1.3 X-ray Diffraction (XRD)

The crystal structure of catalysts is identified by X-ray Diffraction technique.
Figures 5.3-5.4 reveal the results of XRD spectra of different magnesium and cobalt
loading of Co-Mg-0/Al,0O; catalysts.

From a previous research, the XR™ pattern of Co3O4 catalyst shows 6 peaks at
20°, 32°, 37°. 45°, 60° and 65.5° [Petryle and co-workers (2000)]. The XRD patterns
of Co-Mg-O/Al,0; catalysts in Fig
The XRD pattern of Al,O5 cata OWS el ‘at 37°, 45°, 46°, and 65.5° that are

and 5.4 are the same as Al;Os support.

the same position as Co;Oy-eala yst. i t the crystalline Co304 catalyst
peaks in Co-Mg-O/Al,Q; eatalVsiare : ause in these regions sine the
XRD patterns of Co; ) : ef, . \ D patte of Al,O3 support.

ﬂumwﬂm'swmm
QWWMﬂ‘iﬂJNWI’JﬂBWﬁH
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5.2 Catalytic reaction

In this work, the role of magnesium in the Co-Mg-O/Al;0O3 catalyst and the
effect of different cobalt and magnesium contents in the Co-Mg-O/ALO3 catalyst are
received much attention. Since the Co-Mg-O/AL,O3 system is a novel system that
have no information about its catalytic property. Therefore. the oxidation properties

of Co-Mg-0/Al,0; catalysts are studied by using the combustion reaction on phthalic

and Co-Mg-O/ALO5 caidly r phthalic a e combustion. For Co-Mg-
O/Al,O5 catalyst. the i ‘phthali ' creased from 30 to 85% at

reached 550°C. which the co _'_ : On the other hand, Al,O;
catalyst, phthalic anhydride _@o enl ed from 5 to 80%. The conversion
steadily increaselréym 5 to 80% at tk e of 220 to 550°C for
MgO/Al,0; catalystfwhile Co30. /s d.the conversion close to the
gonversion of AlLOs5 ca o ¢ 'lﬂ reaction products observed

CO, and H,0. No CO dppeared in the effluent gas.

AU INYUNTINEING

MgO//&le3 catalyst showi. the phthalignhydride conxg'rsion lower than
AIZ(QWE] ﬂiﬁiﬁ ﬂiirmg iPﬁ ﬂ!}%lﬁ'ﬁ]cﬂl‘ﬂ the reaction.
Moreo¥er it inhibited the ability to catalyze the reaction of AL,Os. e result is MgO
blocking the active site of Al,O;. On the other hand, Co304/Al;03 showed the higher
conversion than Al,O; catalyst. When loading magnesium into catalyst, Co-Mg-
0/Al,05 increased the phthalic anhydride conversion. The conversion was increased
about 55% at the temperature range of 200 to 300°C, indicated that magnesium is able
to improved the catalytic activity of Co304/Al,0; catalyst. The result reveals that

loading magnesium into Co;04/ALO; catalyst to form a Co-Mg-O/AlL, O3 catalyst
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gives higher conversion about 20%. This prove that the role of magnesium in Co-

Mg-0/Al,05 catalyst is promoter.
- maleic anhydride combustion

The catalytic activities of AlOs, Co03;04/A1,05, MgO/Al,0;. and Co-Mg-
0/Al,05 for the combustion of maleic anhydride are exhibited in Figure 5.6. The
1,03, Co0304/A1,05, MgO/ALO3, and
of 200 to 550°C for 2 to 90%. 5 to
93%. 3 to 85%. and 12 to ' tlon products observed CO; and

conversion of maleic anhydrid

CoMgO/Al,O; increased in t

_ on. and the maleic anhydride
combustion, it is found jum shov he role of promoter for both anhydride
combustions. Magnesiug o IO joted the adsorption of anhydride on the catalyst
surface, thus. provid oIt | n"‘ : '\: dride to react with cobalt. The

anhydride conversion because
maleic anhydride’s structire was ea ier. ccompose than phthalic anhydride’s
structure. The phthalic anhydride has the. ive position to initiate the reaction only

at the anhydride ring

0 fecompose. The test to find
o the combustion reaction of
benzene and alkyl b@enes such as toluene and ethyl@zene. From Figures 5.7-5.9
it was found that the €onyersion of benzene reaches 100% at 550°C while 100%

oluene confAl ug@mgm@ Y 505 Yibenzene conversion i

achieved at ablyut 350°C. The reacgion products &served are onl Oz and H,O.

ARIANN I um'mma d

the initiate reactio Y’ G
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Theoretically the oxidation at the methyl group attaches to the benzene ring of
toluene is easier than the direct attack at the aromatic ring. The results of toluene
oxidation exhibited in Figure 5.8 also show that toluene is easier to be oxidized than
benzene. The existing of the methylene group (CH>) of the ethyl group attaches to
the benzene ring allows ethylbenzene to be more active than toluene in the oxidation
process. The results exhibited in Figure 5.9 confirm the above hypothesis. These
results indicate that alkyl aromatic is easier to be decomposed than aromatic ring.

Therefore the position of reaction initiation is not likely to be the benzene ring. The

test of the combustion reaction of acetic acid 4 Figure 5.10 showed that acetic acid

was rapidly decomposed that \' &mall molecule of acetic acid.
The oxidation of 1 ide will'oecur only when phthalic anhydride

approaches the catalys | { p points to the surface. (see

approaches the cata ith, enzene ring points to the surface, the

adsorption of the phth

The oxidation of maleig aiil | S Simi ar to that of phthalic anhydride but

bond) as shown in FigEe 5.11b. ” | _
AUEINENINYINS
ARIAN TN INY Y
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combustion occur combustion occur

catalyst surface

Figure 5.11a The maleic anhydri L Wc catalyst surface
e —
ﬁ"’ N7/

2

) combustion

e ; a1
Figure 5.11b The phthalic anhydri ‘oachcs the catalyst surface

- fixed Co uﬂ, with various Mg wt% m

. AUAnuninens
S BT RILIAA IR 6y Bimeomo

catalyst$ that the amount of Co is fixed at around 8 wt%, while the amount of

5.2.2 The op RN FALIG0

magnesium is varied to find the optimum amount of magnesium. It is found that
8Co1MgO/Al,0O3 shows the best conversion, which increased from 30 to 85% in the
range of temperature at 200 to 300°C and steadily raised until the temperature reached
550°C, which the conversion was about 91%. While 8Co3MgO/Al,O5,
8C02MgO/AI203, and 8C00.5MgO/Al,O; exhibit almost the same conversion as
about 15 to 90 % in the range of temperature at 200 to 550°C. The catalytic activity
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of these catalysts is in the order of 8ColMgO/Al,0; > 8Co3MgO/Al,O; >
8C02MgO/Al,03 > 8C00.5MgO/Al,05.

e Maleic anhydride combustion

The catalytic activity of Co-Mg-O/Al,O; catalysts that the amount of cobalt is
fixed at 8 wt%. while the amount of magnesium is varied to find the optimum amount

of magnesium. is shown in Figure 5.1 e 8Co1MgO/Al,O; catalyst shows the best

reaction temperature from 200 to
550°C. While 8Co3MgQ/A 0 -~ nd 8C00.5MgO/Al,0; showed
the conversion about 5 to 9 I g «temperature at 200 to 550°C. The

catalytic activity of thes€atalVs cased in the.order of 8ColMgO/ALLO; >

ount of magnesium was
ed the catalytic activity of Co-
Mg-O/ALO; catalyst tha $eause magnesium inhibits the catalytic activity of
tesium ¢ promotes the adsorption of anhydride

on the catalyst surface. thus. prov tunity to react with cobalt, resulting

-

ated to inhibition of alumina

in higher activity.

activity and ability QfACId (0 Stay On the Y]

] §
AUt Ingninens
ARIAINTUNM NN Y
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- fixed Mg wt% with various Co wt%
e phthalic anhydride combustion

Figure 5.14 shows the phthalic anhydride conversion on the Co-Mg-O/Al,Os5
catalysts that the amount of magnesium is fixed at 1 wt%_ while the amount of cobalt

is varied to find the optimum amount of cobalt. It was found that 8ColMgO/Al,O5
s from 30 to 85% in the temperature range
% 90% at 550°C. On the other hand.
@3 and 6ColMgO/Al,0O; exhibit

e catalytic activity of these
‘Al,O; > 6C01MgO/A1203 >

shows the best conversion. which i
of 200 to 300°C. After that i
10Co1MgO/Al>03. 9Col 5
the conversion close tj ? n
catalyst is in the order /

9Co1MgO/AlL,O3 > 7C

o Maleic anhydi;

The catalytic agfivi . : talysts that the amount of
magnesium is fixed at 1 . while the amount of cobalt is varied to find the
optimum amount of cobalt, 1§;@1§ e ! 15. The 8ColMgO/Al,O; catalyst
shows the best comv,&',sion, ‘which enhances fi with reaction temperature

from 200 to 550°Ci /W 0Col] f80/ALO5, 7ColMgO/ALO5

and 6ColMgO/Ale;Q10w the conv about 5 to 9@6 The catalytic activity of
the catalyst decreases dnsthe order of 8ColMgO/Al,O3 > 10ColMgO/Al,0; >

comeonf IR AW T)
A N £ S M

strongly affects the adsorption of acidic reactant and the catalytic acidity that
controlled the catalytic activity. In case of excess cobalt loading, the catalyst acidity
increases while the adsorption of acidic reactant decreases that made the catalytic
activity decreases, because the ability to adsorb the acidic reactant of magnesium is
hidden by cobalt. On the other hand, lean cobalt loading affects the activity of the

catalyst to decrease. The catalytic activity decreased because the leanness of active
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site to react with the anhydride and magnesium is not able to catalyze the reaction by

itself.

AUt Ingninens
ARIAINTANNING1AY



54

Ite ur apupAyue srreyiyd o4ow G SUTRIUOD Pad)

s uonsnquiod apupAyue dtjeyiyd 10J 94m 00 SNOLIBA 1M 951M | B TN paxiy ey s1sK[eied £ y/0-3N-0D Jo K11anoe onkeie)) p1°s aandiy

(D,) dameraduwo | =
00S 00b o’
00g. = 00¢
0
| 0¢
€OUV/OSNTEC )
Sl
I E/
£OTIV/OSINTO; :
moNZ\OwESU. - 0 M
7 &
()
o @ C 08
) w, g To—— wn.
2

00T




55

118 Ul IpLIpAyue dId[RW 94[0W G()'() SUTBIUOD Pad)

)M UONSNQUIod dpLpAYUE DIG[EU 10) 041M 0) SNOLIBA UM 95Im | 18 SN paxyy jey) sisk[eied £O1y/0-3N-00 Jo Alanoe onkee)) SI°S 2an31y|
(D,) 2ameradwa . ol

u-
005 00t 00f. = 002
| ¢ 0

4]

— o

N

\// :
€OTUV/OTNERRT —== =% IS , _
COTV/OSIRERR6 L VG| foe o) SR (S - > o6 o
€0CIV/O3N 1_; N | LR 0= :
EOTIV/OTNTODD T e
T S
— &
@ - |08
-5
) < oo



	Chapter V Results and Discussion
	5.1 Catalyst Characterization
	5.2 Catalytic Reaction


