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APPENDIX A

Sample of Calculation

Volume of solltiog
H,O are weighted for 0.
The amount of"
O catalyst is calculated as fo
if the weight of ca
Jiaidinid < )
28V-Mg-O would.- S€ ,Os 28 g.and MgO 72 g,
therefore in thi 1

the algdiNBRENE ¥ 12857 g.

j ]
therefore there FJI wﬂaﬁﬁw E] ﬁ%’woﬂ j ﬂﬁzl.zssﬂ * 100
RINNIUNRINAE
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APPENDIX B
Calculation of Flow Rate and Explosive Limit

gon with varying HC/O, Mole ratio.

B.1 Calculation of Flow of C,Hj, 2

The calculation shown: be mposition of 4 vol% propane,

8 vol% oxygen and the balance arg
for total flow =
flow of 21% O , X ]
flow of 20% C, 18 assume \ \ ml./min.

if the feed contains 8 vold g :
then there is O, 1n

also there is C,Hj in flo
therefore X = 38.09 ml./min-
-"9;'—*' s

Y = 20,

argon used as.ba ko 100 - 38.09 - 20

IH
v = 41.91 ml./min.

.|I
il |
W

ﬂumwﬂmwmm
’QW’WNﬂ‘iEUNWTJV]EI’mEI
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B.2 Calculation of explosive limit of propane in air.

The explosive limit of propane in air are shown below [82],

lower limit in air pper limit in air

propane 2.37 vold —

Therefore, the-a of jpropane | in the fee ust not be in the range of

this explosive limit (b

Sample of calculation fer th
flow rate C;H, uséd i i ,';,.-J ) 4 ml./min.
flow rate of air is -
hence, there is prop

sTvalue is O.K)

I
A

|
’ |

ﬂ‘HEl’J‘VIEl‘VﬁWEI’]ﬂ‘i
’QW]MT]?EUNWTJV]EI'I&EI
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APPENDIX C

Chemisorption at Oxide Surfaces [29]

Table C.1 Classification of heterog V catalysts [29]
D\

Class ﬂ Examples
Metals

, Ni, Pd, Pt, Ag
Semiconducting
oxides and 10, ZnO, MnO,,
sulphides efiphsitization — Cr,0,, Bi,0,-MoO,,

= ‘ WS,

Insulator oxides : rogenation ALO,, SiO,, MgO
Acids 17 7 Y

H‘@)v sto4

gcracking Si0,-Al,0,, zeolites

fl HEL%[{?EJ NINENS
QDFW:’W AR SRINBI DN Yt e

whether the oxide is a semi-conductor or an insulator. It is now time to try to

explain these terms and to seek a rationalization of catalytic behavior in terms of
the chemisorption of molecules on oxide surfaces. The problem is in some ways
more difficult than for metals for several reasons [29]:

1) there is the simple fact that the surface contains two types of species,

anions and cations, and in general their relative amounts and steric disposition will
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vary from one crystal plane to another. It has to be established whether both
species participate in a given chemisorption.
2) Oxides differ greatly from one another in their thermal stability. Those

of the pre-transition elements, the so-called ceramic oxides, are remarkably stable

and find numerous high-temperature :Ililications, while those of the transition and

post-transition elements in /
heated. For this reason, i 1se $

//}n under vacuum, especially when
o e
| —

lectrical conductors, they are not

-5

so easy to study by t e proved rewarding in the case

of metals. Less is sorbed states of molecules on

oxides.

3) Many, i s catalysts in practice are in
fact binary or more t is difficult to define their
surface composition, a chemisorption on them require

extremely careful work. appear in due course.

A
i

o= g
—r P"‘r‘"l
To understal:g more about the
|

D) operties of oxides, and the

OW) more about what happens
zed that t@ mobility of electrons within

a solid gives ua‘eful inforfhation about the nature of the chemical bonds that it

3 uﬂg nﬂnﬁm eﬂﬂ,ﬂ,ﬁ about the electrical
AR AR TRy

! ] uc

contains.

On the basis of their electrical conductivities, solids are traditionally divided
into four classes as shown in Table C.2. Superconduction is only shown by metals
at very low temperatures, and they are included simply to emphasize the
astonishing range of 55 orders of magnitude over which electrical conductivity can

be measured. There are two classes of semiconductors. Group III-GroupV
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compounds like gallium arsenide, are termed intrinsic semiconductors because their
conductivity is an inherent feature of their chemical structure. However, important
as these substances are in solid state devices, they are not catalytically active and
will not be considered further. The greater interest are the oxides and sulphides

arture from precise stoichiometry: these

whose conduction is due to thc'L
substances are termed exti emlconductors The more non-

stoichiometric they are, 1t1es increase with temperature

according to a relati : \\ ation, so that a straight line

is obtained on plotting a rocal absolute temperature.

Table C.2 Classificatio l eo X ctivity [29]

Class Condugtivity. “\‘\ Examples

range e ‘\ |
“'_"_"m_

up to 10 “J

Superconductors

it chccscmscsmssinsommne TR
A -

O O E—— A

Conductors ) - Na, Ni, Cu, Pt etc.

- i
Semiconductors ly lO (a) intxinsic

ﬂuﬂqﬂﬂmﬂﬂﬂ? Si, GaAs, etc.

AN TN

post-transition elements

9 20
Insulators 10 -10 Stoichiometric oxides MgO, SiO,, Al,O, etc.
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Now some oxides when heated in air becomes oxygen deficienct: zinc oxide
is an example. Others like nickel oxide acquire oxygen, and become non-

stoichiometric by having an excess of oxygen in the lattice.

cti ide.
Table C.8 Classification ucti{r(é(ides [29]
¥ ————

Effect of heating in ais "‘:{f{/ &\\\\\\L ples
Nedabie @ " | \Zno, F&0,, TiO,, CdO,

r,
e

Oxygen lost

Oxygen gained

A qualitative,, und isorption of simple gases on

—

semiconducting oxide%/foll imply fror Wity as the band theory of
solid [5]. Reducing ges such as hydrogen and c@on monoxide are adsorbed

ater and carbon dioxide respectively

o o) ThEL AT S TR LIS o e
" ARAMN IYNAINENAY

The hydroxyl ions will decompose on heating to form water and anion vacancies,
and an equal number of cations will be reduced to atoms. Carbon monoxide
usually chemisorbs first on the cation, whence it reacts with an oxide ion:

Co).M" + 0" = M + Co,
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What is observed here is the first stage of a process that can lead ultimately to the
complete reduction of the oxide to metal. These steps are also similar to those
involved in the catalysed oxidation of these molecules.

The chemisorption of oxygen on p-type oxides which gain oxygen on

heating in air occurs by a mechani

,nvolvmg the oxidation of N1 ions at the

EEL

step in the incorporationg® : = to above. When the n-type

3+
surface to Ni
L2+
2N1 +

High coverages by t y to see that this is the first

oxides which lose oxyges by zinc oxide) are exactly

stoichiometric, they "however they are oxygen-

deficient, they can is needed to restore their

T \
stoichiometry by refilling anl.&?*l caneles and reoxidizing the zinc atoms. For

the reasons mentioned at thé-k this appendix, there is not the

equivalent body of-quantitative informatior ming chemisorption on oxides

that there is for i»— ‘he 18 # will however be helpful

towards rationalizing mir catalytic behaviour. m

gimmﬂﬂﬁ3&§ﬂ5W87ﬂ?
- s gy -

hydrogen or carbon monoxide for the same reason. They can, and do, react with

water and other polar molecules as:

X+

M*+0 — (©OH.M")+OH

X+

M™+0 — (CHO.M")+ OH
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Indeed under normal circumstances the surfaces of oxides such as alumina
and silica are covered by a layer of chemisorbed water; the surface is then said to
be fully hydroxylated, and indeed these hydroxyl groups are very firmly bound.
Their complete removal by heating is almost impossible. When the oxides are

suspended in water the M-OH groups can dissociate either as acids or as bases,

The latter proce Ul o Be! value in the preparation of
supported metal catalys . ina when well dried are useful
desiccants, and alumina a8 well as other oxides oh as titania are active catalysts
for the dehydration of al i8R becAuse of their abilities to remove the

elements of water from t

X
U

AULINENINEINS
RINNIUUNININY
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Position of the vibrational bands for the magnesium vanadate powders

Table D.1 Position of the observ

[83]
Mgy (VO), MgV,0,
IR Raman IR Raman assignment
fundamentals
915 897 sh ~ 923} ¥oxe
881 sh 888
861 862 840 sh 836
> asVOV str.*
833 827
730 sh 124w 731
687 690 vw 695 sh
610 br sh 7 655 V,0 str.
620
575 sh
552 523
485 h
473 473 430 440
448
415 411
394 391 383
370 351 _— 350 br 332
336 34
320 330 Y )
308 vw - : 302 309
291 290 286
275 i def. VO, 268
248 245 br ttice 242 243 + lat
235 vw 228
205 200 ¢ F-. 220 216 27 204
1 Y. , 198 174
2191% W 8|
171
156 14 1 150 149
U 145
136 137 1308 B | e o/
~ARRINTYUEIINYZ Y
q 191 + 948 ' 1867 655 + 655 + 552
732 + 695 + 440
1790 915 + 881 1790 917 + 873 1780 923 + 888
923 + 840
1720 862 + 861 1694 873 + 818
1672 861 + 827 845 + 840
- 1615 845 + 770
1347 862 + 485 1430 818 + 620 1408 731 + 695
1210 630 + 575 1208 695 + 523
1116 569 + 575 1117 731 + 383

str., stretch; def., deformation; sh, sharp; br, broad; as, asymmetric; vw, very weak. ¢ Very asymmetric VOV bridges.



E.1 Data of Catalytic Reaction Test.
Table E-1 Data of Figure 5.5

APPENDIX E

Data of Experiments

U/

110

at (°C) % propane conve sio vity to C2| % selectivity to C3
300 0.00
350 0.00
400 2.68
450 4.07
500 8.28
550 15.58
600 25.38
Table E-2 Data of Flgxe Y
s ¢ o S
(0)_| % ffapabeleuterivn| % SeediviyJo €1 el sty o 2 % netivity 0 3
300 4 000 ) ¢ 000 0.00 0.00
BN TG ThE EYCTTRL T T T
400 478 | i ~ 000
450 1.80 111 0.17 3.80
500 3.33 0.79 0.45 5.59
550 4.97 4.62 2.05 12.73
600 33.14 16.25 11.19 36.73




Table E-3 Data of Figure 5.3.

111

at (OC) % propane conversion | % selectivity to C1 | % selectivity to C2 | % selectivity to C3
300 3.56 0.00 0.00 1.94
350 4.95 0.00 0.00 347
400 4.78 0.00 7.48
450 512 g 1!’” 0.00 14.64
500 7.39 - ‘3’:»‘#‘ 0.00 20.19
550 11.09 : 0.14 22.67
600 17.5 - 1..;1‘ by 0.91 23.89

Table E-4 Data of Figug

at 'C) | % propane cc % selectivity to C2 | % selectivity to C3
300 1.03 0.00
350 0.00
400 0.00
450 1.84
500 4.18
550 6.92
600 9.01

mg k, selectivity to C3

3.29

0.00 14.68

400 20.64 0.10 0.04 32.23
450 51.95 0.11 0.06 21.17
500 65.19 0.51 0.17 16.53
550 68.19 1.26 0.52 17.64
600 77.90 6.06 3.15 17.41




Table E-6 Data of Figure 5.6.

112

at(’C) | % propane conversion | % selectivity to C1 | % selectivity to C2 | % selectivity to CS
300 0.00 0.00 0.00
350 1.49 0.00 0.00 77.98
400 8.89 ~ 0.00 0.00 57.84
450 30.30 \ 0.11 4021
500 55.24 0.39 29.03
540 59.26 .04 1.03 29.03
560 60.34 . 1.24 27.82
600 67. 52 431 25.56

Table E-7 Data of Figu . .ﬂ‘

at ('C) | % propane con Selegtivi ivity to C2| % selectivity to C3
300 0.00 5 AG0D 00
350 0.90 DA 0.00 73.85
400 5.86 Al 35 0.04 56.21

450 21.98 Y288, 0.70 41.81
500 49. o | 2374

550 63 p 18.76
600 66. 9 20.09

AMIAN TN INGINY

AUEINENINYINT




Table E-8 Data of Figure 5.8.

hold time (min.)| % propane conversion | % selectivity to propene

10 36.61 35.16

20 35.92 35.30

30 37.02 34.55

40 38.8i 41

50 i

60 P =

80 \ 3

100 - \

120 it

140 oy (4 -] d

160 : .;n‘ E. |

180 g v i 3455

200 34 fl"’ fodinis T'

220 36. :;%_ 91
T

A N

7

!

113

s nB AL ANENTNETNT

e
at (C %) selectivity to ﬂlecumy to CS

300 0.00 0.00 0.00

350 0.34 475 0.00 31.48
400 2.00 1.33 0.00 28.34
450 721 0.21 0.10 25.65
500 18.13 0.33 0.44 30.91
550 39.19 327 3.08 21.55
600 93.03 24.07 15.72 7.88




Table E-10 Data of Figure 5.10.

114

at (OC) % propane conversion | % selectivity to C1| % selectivity to C2| % selectivity to C8
300 0.00 0.00 0.00
350 0.44 2.10 0.00 44.75
400 2.61 0.73 0.00 39.37
450 7.70 ‘&3\ Ll 0.11 41.04
500 19.43 SN 0.40 37.41
550 37.57 197 2.31 26.96
600 97.17 22046 Q:-q"""-!rs.n 5.22
N
= NN
Table E-11 Data of Fig {7 -—Et )
& E r f % - = J ‘ -
at (C) | % propane co to C ivity to C2| % selectivity to C3
300 0.5 ‘4 (1 5080 4 0.00 8.18
350 2.80 A 0.00 16.23
l{r a >|._ -
400 7.30 205043 0.06 24.96
¥ eI TR
450 17.34 E= = ,;ﬂj;{--‘.q?é, 011 23.40
500 @ 049 19.51
0 :
55 | 3.70
600 98.97. 19.97 36 2.26

oz S ULANENTNYINT

:
at ( 13 Y54 ¢

300 q .00 0.00

350 0.84 0.00 0.00 64.22
400 5.80 0.15 0.07 35.65
450 17.13 0.06 0.14 31.84
500 36.81 0.07 0.29 20.14
550 64.43 0.81 1.32 20.22
600 79.37 9.56 7.40 14.68




E.2 Data of Thermal Analysis.

Table E-13 Data of Figure 5.18.

AULINENINYINg
RININIUNRINAE

T’C) | areaofO, | areaof H,0
100 90 3116
125 74
157 77
182 66 2688
207 75 2316
230 6 "
258 7
280 13
305 B
331
359 141
381 137 2
405 143 7
431 1 5
458

115



Table E-14 Data of Figure 5.19

TCC) | areaofO, | area of H,0

86 75 14712

95 77 5729

120 63

177 33

202 79 38 :

227 67 ""';.n

w | e ‘.»;/ m N
e NN

275 ‘ AN

301 : '

325

356

377

401

427

ﬂ'LlEI’JVIEWﬁWEI’lﬂ‘i
ﬂmmnimumwmaﬂ
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