CHAPTER V

RESULTS AND DISCUSSION

In this chapter, the results and discussion are divided into the following
sections. Section 5.1 reports characterization of spinel type zinc gallate and zinc

aluminate catalysts, Section 5.2 shown ca ic reaction at difference condition.

ction at 300°C for 2 h are
pattern of ZnGa,04 (spinel
formed without contamination

ng atomic ratio Zn/Ga 0.5 and

0.25 (stoichiometric ratio). Howeyq—)at,s fartin g n/Ga atomic ratios equal to 0.33
and 1.00 showed the

( maks of contaminéie pm ﬁ oxide and zinc oxide,

respectively. i
For ZnAl,04 the@{D pa : n 1gurq|ﬂ.2. The spectra are similar
with XRD pattern of ZnAkQOy (spinel phase), [20]. The sample with Zn/Al atomic

ratio of 0.50 extﬂt%c{)alpﬁeﬁj iihliar) XRD fehardcletistic peak to the spirel

phase As for the gimples with higher 0Zn/Al ratio (1 OO) another pe%l-(’s were observed
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Zn/Al ratio] (0.33) another peaks were observed which should be ascribed to the

presence of an excess amount of Al,O;.



41
5.1.2 BET surface area

The total surface areas of catalysts were measured by BET single point

method. Results are shown in Tables 5.1 and 5.2.

Table 5.1 Total surface area by BET single point method

Sample BET Surface area (m®/g)

ZnGa204

Zn/Ga 1.00 ) 61.04
) ‘ 41.33
44.36
47.42

ZnA1204
82.06

113.06
144.45

ace areas of zinc gallate and
LY

v than those synthesized

Sangthongano u?_i.u

zinc aluminate synthesis’

by other methods. ]
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Table 5.2 Total surface area by BET single point method and crystallize size*.

Sample BET Surface area d’ (nm) d® (nm)
ZnGa04
Zn/Ga 1.00 67.69 14.42 14.33
Zn/Ga 0.50 52.27 18.13 18.33
Zn/Ga 0.33 76.51 10.80 10.67
ZnAl,O4
Zn/Al 1.00 12.67
Zn/Al 0.50 9.67
Zn/Al 0.33 7.99

* referred to Sangthongarotha, ." = ’ J
® Crystallite size of progiicts’ calculated” am erer equation using KCI as an
o 7 (2
internal standard. w s
¢ Crystallite size of products fi
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5.2 Catalytic reaction

The catalytic property of the zinc gallte and zinc aluminate catalyst is
investigated by using the oxidative dehydrogenation reaction as the test reaction.
Catalyst pretreated in inert gas can be selected the better performance for oxidative
dehydrogenation [30]. For all experimental, the major product was propylene along

with small amounts of ethane, ethylene, and methane.

5.2.1 Catalyst test for U

The catalytic pr
figure 5.4. The prop
from 400°C to 450°

esented in figure 5.3 and
shi vith increasing temperatures
ature higher than 450°C, the

propane conversion inc §' ral y ; \%y to propylene decreases
rapidly with increased té : , then the reaction is higher
than 500 °C, propylene seleg The cause of the reduction in
propylene selectivity at high act due to the further oxidation of
propylene to combustion produc?lr »O4 atomic ratio 0.50, at reaction

ZnGa;O4 atomic ratlosB.?{T and and @e yield is about 5-8 %.
Propylene yield increases yiél.nly with incre%sjpg reaction temperatures from 400°C

to 500°C for Znﬁ%ﬁm@a%ﬁ] (%J)m Wg q5ﬂ°§for ZnGa,0, atomic

ratio 1.00. Then'the reaction temperg,tures hlgher than 500°C and 550°C propylene

oo TR TN IEN 8 | B 7 o i

0.50 propylene yields increase at reaction temperatures 500°C-600°C.
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Figure 5.3 Propane conversi 0! n of propane on ZnGa;O4

catalysts.
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Figure 5.4 Propane selectivity of oxidative dehydrogenation of propane on ZnGa,O4

catalysts.
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Figure 5.5 Propane yi Xidati Vg : '\(}ﬂof propane on ZnGa;O4

catalysts.
Effect of ZnGa,04 co
Sangthonganothai, P [201% ' 13,04 with vary composition of
ZnGazO4 by vary the C:S‘contents at Zﬁ/Gf atomic g_ﬂO 0.50 and 0.33, at any

the amounts of reactant 1}3) parati
Catalyst composmoga has effect on ox&l,ative dehydrogenation of propane, at

o oo G A G TR T I o o

400 °C propane cdtiversion is not dlff%;ent The dlfferent propane convers10n can be
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maximum propane conversion can be achieved at ZnGa,0, atomic ratios of 0.25 and
0.50 and at higher reaction temperature ZnGa,O4 atomic ratios 0.50 and 0.25 were
maximum propane conversion, too. Propylene selectivity ZnGa,O; atomic ratio 0.33
is maximum propylene selectivity and ZnGa,O,4 atomic ratio 1.00 have minimum
propylene selectivity with reaction temperature from 400°C to 500°C. The activity of
catalyst can considered from propylene yield (figure 5.5) and reaction temperature,

the operation need low temperature to decreases operation cost. At high reaction
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temperature above 550°, ZnGa;O4 atomic ratio 0.50 have highest propylene yield

but they have high energy consume. Temperature between 400°C-500°C, ZnGa,O,
atomic ratio 0.33 can be should, the smaller amount of Ga used in preparation step
than ZnGa;O4 atomic ratio 0.25, nearly propylene yields.

The compositions of ZnGa,O4 have effect on oxidative dehydrogenation of
propane to propylene, at reaction temperatures between 400°C-500°C they have high
effect on propylene selectivity, ZnGa,O4 atomic ratio 0.33 has Ga,O3; phase and
ZnGa;04 atomic ratio 1.00 has ZnQ Hl the structure or on surface (Zn/Ga
atomic ratio 0.50 has only coqgete spine @l It is believed that Ga increases
propylene selectivity. Wn—mereasug Ga-—m—pnparatlon step (increases Ga in
mic rﬁ propylene selectivity are not

0 sﬁi‘face that are suitable can be effect on

structure or surface) more

r—3

increases, so Ga contenits i
propylene selectivity(

have excess Zn to form

Aaidias - ey
testing, found that the select1v1ty kssthanﬂm&; atomic ratio 0.33, it should be
daf A
occurred by the loss @ﬁ Ga;0; p‘ﬁasé m *’anaz Eﬁc

ratio 0.25 or may be loss

structure of ZnGa,04 dc‘e-?ease selectivity, it su e t@ Ga-O is the active center
for oxidative dehydrogenatdion of propane to %r_(’)'pylene.

From thﬁs 1t Ej‘?‘ﬂ Wﬁwmmn&zo“ atomic ratio

0.50 has highest yiel when compare w1th all composntlons

QWWﬂ\ﬂﬂ‘ﬁm URIINYIRY

Nde 2 Catalyst test for zinc aluminate (ZnAl,Oy)

The catalytic property of ZnAl,O4 catalysts is presented in Figures 5.6 and 5.7,
the propane conversion increases slightly with increasing temperatures from 400 °C to
500°C, when the reaction temperature is higher than 500°C, propane conversion
increases rapidly, while the selectivity to propylene decreases rapidly with increasing

reaction temperatures from 400 °C to 600 °C. The cause of the reduction in
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propylene selectivity at high reaction temperatures is due to the further oxidation of

propylene to combustion products.

The propylene yield of ZnAl,Oy are presented in Figure 5.8, propylene yield
of ZnAl,O4 catalysts increases slightly with increasing reaction temperatures from
400°C to 600 °C for all catalysts atomic ratio. Propylene yield of ZnAl,O, atomic
ratio 0.33 is maximum and ZnAl,Oy atomic ratio 1.00 is minimum, propylene yield at

any composition are similar at low temperature (400°C-500°C). When reaction
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Figure 5.6 Propaﬂl conversion of ox19at1ve dehydrogenatlon of pragane on ZnAl,O4
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Effect of ZnAl,O4 composition

The compositions of ZnAlL,O4 catalysts were effect on oxidative

dehydrogenation of propane, at low temperature between 400°C-500°C, propane
conversion are not different. Activity of ZnAl,O4 catalysts have been shown by
propylene yield (Figure 5.8) and reaction temperatures. Propylene yield of every

Zn/Al atomic ratio increases slightly with increasing reaction temperatures. ZnAl,O,
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atomic ratio 0.33 have highest yield at any reaction temperature, and propylene

yield of ZnAl,O4 atomic ratio 0.33 > ZrAl,O4 atomic ratio 0.50 > ZnAl,O4 atomic
ratio 1.00. Between temperature 400°C-500°C, propylene selectivity of ZnAl,O4
atomic ratios (Zn/Al) 0.50 > ZnAl,O4 atomic ratio 0.33 > ZnAl,0,4 atomic ratio 1.00.
The excess Al in catalyst (ZnAl,O4 atomic ratio 0.33) has the formation of ALOj; in
the structure or surface, propylene selectivity decreases about 20%. The Al contents
that is suitable for this case is ZnAl,04 atomic ratio 0.50. The excess of Zn in catalyst
(ZnAl,O4 atomic ratio 1.00) have

ion of ZnO phase in the structure or
surface, propylene selectivi ‘ pylene selectivity of ZnAl,O4

atomic ratio 0.33 about 159
From the results, ‘ =525°C ZnAl,O4 atomic ratio
0.5 has highest yield (4:5-5.5% - positions. The excess Zn

and Al in catalysts were'decréases : - ~ ly and propylene selectivity of
excess Al is higher than g — \ \
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Figure 5.7 Propane selectivity of oxidative dehydrogenation of propane on ZnAl,O4
catalysts.
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Figure 5.8 Propane yield of oxi ative o ydr ion of propane on ZnAl,Oy4
catalysts /
The ZnAl,O4 atomic e spinel structure has highest

selectivity. For ZnAl,O4 atomlc 0.33 the select1v1ty decrease. It
it - ’_,J" "’

suggest that ZnO phasein spinel decrease " :
2 _

probably affects of chemisorptio

ive dehydrogenation, it

high temperatures, ZnO

-typeﬁf chemisorption on oxides
surface will be loss oxygengwgn increase temperatures [34]).
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selectivity of oxidative dehydrogenatlc;p so the excess Al,O4 phase are importance in

this syst ﬁaﬁa m I"lr(ﬁlxwt ﬂh nation, from
the pro:ﬂe amphotoric 1t ma oss of absorb oxygen. From

catalytic test results it Al,O3 phase show the loss of adsorb oxygen in oxidative

will be loss oxygen 1onsa not absorb

dehydrogenation because absorb oxygen are important for the selectivity. It suggests
that Al,O3 phase in ZnAl,O4 spinel decrease selectivity in oxidative dehydrogenation

of propane to propylene.
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Compare catalytic performance of ZnGa,04 and ZnAl,O, catalysts

At reaction temperature 400°C-450°C, propane conversion of ZnGa,O4 and
ZnAl,O4 are similar. When reaction temperatures are higher than 450°C, a difference
in propane conversion are appeared, propane conversion of ZnGa,Oy is higher than
ZnAlyO4, while propylene selectivity of ZnAl,O4 is higher than ZnGa,04. At reaction
temperatures between 400°C and 500°C, ZnAl,O4 have higher propylene selectivity
than that ZnGa;O4. Propylene yield of ZnAL,O,4 were similar yield at any reaction

temperature and catalysts atomic \%‘), ? ene yield of ZnGa,O4 have two
difference, first ZnGa,04 ato! at reaction temperatures 400°C-
500°C have small propw d"!hen atomic ratios 0.33 and 0.25

in reaction.

- nA1204 were better then

propylene have similar an

reaction temperatures
ZnGa;04. Thus, reacti

ZnGa04 were better

:’Bcatalytic performances of
mic ratio 0.33, catalytic
performance of ZnGa,0y i ' reaction temperatures, when
reaction temperatures highe
better than ZnGa,0y,. I

From sum of me results, found that
ZnGa,04 atomic ratios.0.50 has highest perft

The lower oxygg catlon s bor

peratures 525°C-550°C

it
nergy in catalytﬂ system or in the structure

of spinel has low selectivity«for oxidative dehydrogenation of propane to propylene

[13]. For ZnGﬁa)um&lem &Mﬂaﬁ tw(ﬁdqrﬂ rdination of oxygen

surrounding in ox?tle, Ga-O and Al-Oto predict oxygen bond energy, Ga-O will have

o SRR T ORI b orca e

Al atom. From the catalyst testing ZnAl,O4 has higher selectivity than ZnGa,O4, they

supported to that Ga have lower oxygen cation’s bond energy.
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