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APPENDIX A

CALCULATION OF CATALYST PREPARATION

Preparation of Co-Mg-O/ALQj; catalysts by the Wet Impregnation Method is

shown as follow:

Reagent: - Cobalt acet .' {rfite [Co(CH3CO0O0),-4H,0]
Support
Calculation for the prepz of #/AL O3 catalyst
The Co304/Al,05 ) catalyst preparation consists of Co

8w1% and AlLO3; 92wt%. i 0304/A1,05 catalyst is calculated

as follows:
Basis: ALO; 1 g. ;— ]
If the weight of catalyst was 150; ‘uld compose of cobalt 8 g.

4

and Al,O392 g. Therefg.)‘re in this system

BN Y o LNy
Cobaﬂ(w rlﬁ S H j mun}ﬁﬂ&kﬂ']@gﬂm molecular

weight of Co =59, then
the Co(CH3C0OO0),-4H,0 content =(249x0.0869x100)/(59%99)
=0.3712 g.



Calculation for the preparation of the 8Co-0.5Mg-O/Al, O3 catalyst
The 8Co0-0.5Mg-O/Al,03 aqueous solution used in catalyst preparation

consists of Co 8wt% and Al,O; 92wt%. The amount of cobalt in 8Co-0.5Mg-

0/Al,0O5 catalyst is calculated as follows:

Basis: ALOs 1 g.

the Co(CH;COO)#MHE0 /et (249x0.0869x100)/(59x99)
, /12 g.

.‘ ) gram.
= (0.0869+0.5)/100

Then. Mg 0.5% was loaded
The amount of Mg

Magnesium (lm) 0.0059 g. was impregnated f rj Mg(NO3), solution 99%
and molecular weight ofMg= 24.305 g.
o b AN

=0.0622 g.

LARIANNINANIANEIAE

The 8Co-Mg-O/Al,0O5 aqueous solution used in catalyst preparation consists
of Co 8wt% and Al,O3; 92wt%. The amount of cobalt in 8 Co-Mg-O/Al,O; catalyst is

calculated as follows:

Basis: AL,O5;1 g.
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If the weight of catalyst was 100 gram, 8 Co-Mg-O/Al,03 would compose of cobalt 8
g. and Al,O5 92 g. Therefore, in this system,
the amount of Co =8/92 x 1
=0.0869 g.

Cobalt (Co) 0.0869 g. was prepared from Co(CH3;C0OO),-4H,0 99% and molecular
weight of Co = 59, then
the Co(CH;C0O0),-4H,0 conter =(249x0.0869x100)/(59x99)

Then. Mg 1% was load alyst 100 gram
= (0.0869+1)/100

0.010869 g.

The amount of

Magnesium (Mg) £. was inipregnate hfrom Mg(NOs), solution 99%
and molecular weight
010869x256.41)/24.305
0.1157 .

Thus. the amount

Calculation for the preparatic he ! 2Mg-C/AlLO; catalyst

S —— H’
\Z AY |
The 8Co-2Mg-0O/Al,0O5 aqueous solution used inmtalyst preparation consists
of Co 8wt% and Al,03 92Wi%. The amount @ficobalt in 8Co-2Mg-O/Al,O5 catalyst is

easeios R E) JVTUVITWEIND

¢

s QA AN T U

Y
If the weight of catalyst was gram, 2Mg-:);A1203 would compose of cobalt 8
g. and Al,0392 g. Therefore, in this system,

the amount of Co =8/92 x 1
=0.0869 g.

Cobalt (Co) 0.0869 g. was prepared from Co(CH3CO0),-4H,0 99% and molecular
weight of Co = 59, then
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the Co(CH3C00),-4H,0 content = (249x0.0869x100)/(59x99)
=0.3712 ¢g. ~

Then. Mg 2% was loaded on 8Co/Al,O; catalyst 100 gram.
The amount of Mg =(0.0869+2)/100
=0.0209 g.

Magnesium (Mg) 0.0209 g.\was fimpregnated from Mg(NOs), solution 99%

Thus. the amount SPMENC q/""‘ (0.0209x256.41)/24.305
"‘"'-mzos "

\

Calculation for the ‘t e 8 Kﬂ\

D3 catalyst

C
The 8Co-3Mg-O i @ ’}\ n catalyst preparation consists

of Co 8wt% and Al, ;T e Qe ’ 8Co-3Mg-O/AlL05 catalyst
is calculated as follows: | 274 ﬁ ¢
WaEEsd

Basis: ALOs 1 g. ;‘-'f"’" e
If the wight of catalys g 8C : 104 would compose of cobalt 8
o. and Al,0592 g. Therefore. in tl Y |

H'
3192 x 1

the amount of

=0.0869 g.

ﬂ‘UEl’J'VIEWI‘iWEI”ﬂ‘i

Cobalt (Co) O 869 g. was prepare.d from Co(CH3COO)2 -4H,0 99% and molecular

W"”’Q”Wém*ﬁ ﬂ ‘j m 3»1 M r] fJ V 249x0. OSQX ET!))/(59><99)

ithe Co(CH;3C0OO),-4H,0 content

=0.3712 ¢.

Then. Mg 3% was loaded on 8Co/Al,Oj catalyst 100 gram.
The amount of Mg = (0.0869+3)/100
=0.0309 g.
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Magnesium (Mg) 0.0309 g. was impregnated from Mg(NO3), solution 99%
and molecular weight of Mg = 24.305 g.
Thus. the amount of Mg(NOs) > used =(0.0309%256.41)/24.305
=0.3257 g.

Calculation for the preparation of the MgO/AlL, O3 catalyst

The MgO/Al,O5 aqueous
1wt% and AlLO; 99wt%. T

ed in catalyst preparation consists of Mg

n MgO/Al,Oj5 catalyst is calculated

as follows:

0.0101 g.
Magnesium (Mg) i010} a:f | ated from Mg(NOs), solution 99%
and molecular weight of Mg = 24305
Thus. the amdus i 101x256.41)/24.305
= | .#

ly @

Calculation for the preparation of the 6Co-1Mg-O/AL,O; catalyst

AULINBNINYINT

The 6C81Mg-0/AlL05 aque‘pus solution used in catalyst preparatlon consists

L RS TT TR AT IR R o

1s calculated as follo

Basis: ALO3 1 g.
[f the weight of catalyst was 100 gram, 6Co-1Mg-O/Al,O3 would compose of cobalt 6
g. and Al,O; 94 g. Therefore, in this system,
the amount of Co =6/94 x 1
=0.0638 g.
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Cobalt (Co) 0.0638 g. was prepared from Co(CH3;CO0),-4H,0 99% and molecular
weight of Co = 59. then
the Co(CH;C0O0),-4H,0 content = (249%0.0638x100)/(59x99)
=0.2719 g.

Then. Mg 1% was loaded on 6Co/Al,Oj; catalyst 100 gram.
The amount of Mg =(0.2719+1)/100

and molecular weight

Thus. the amo

Calculation for the pre F the Mg-O/Al O; catalyst

The 7Co-1Mg-O 1ebus solution used in catalyst preparation consists
of Co 7wt% and Al,O5 93 e amov obalt in 7Co-1Mg-O/Al,0; catalyst

is calculated as follows:

Basis: AlLO; 1 g. v/ _
If the weight of catalyst'was 100 gram. 7Co-1Mg-O/Al, rl' would compose of cobalt 7
¢. and Al,O393 g. Therefore, in this systemg s

werfR B8 IV UV INBANT

¢ n= 0.0753 ¢g.

FWIANNIEU NIV E) H
Cobalt (Co) 0.0753 g. was prepare gglm Co(CH3COO)2-4H20 99% and molecular
weight of Co = 59, then
the Co(CH;3;C0O0),-4H,0 content =(249x0.0753%100)/(59x99)
=0321 .

Then. Mg 1% was loaded on 7Co/Al,O3 catalyst 100 gram.
The amount of Mg =(0.321+1)/100
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=0.0132 g.

Magnesium (Mg) 0.0132 g. was impregnated from Mg(NOs) solution 99%
and molecular weight of Mg = 24.305 g.

Thus. the amount of Mg(NOj3), used =(0.0132x256.41)/24.305
=0.1393 g.
Calculation for the preparation @ g-0/AL,03 catalyst
The 9Co-1Mg-O/ , in catalyst preparation consists
of Co 9wt% and Al,O . ' 1t of cobaltin 9Co-1Mg-O/Al>0;5 catalyst

is calculated as follow

Basis: ALO; 1 g.
If the weight of catalyst would compose of cobalt 9
o.and ALO;91 g. T
9/91 x 1

- 0.0989 g.

the amount of Cos

Cobalt (Co) 0.098 NI {CO)£4H;0 99% and molecular
weight of Co = 50 4én 'r‘
the Co(CH;CQ0),-4H0 ¢4 — = (249x0.0989x100)/(59x99)
¢a o  =04216g
AULINYNINEINT

Then. Mg 1% Was loaded on 9C0/AJ¢O3 catalyst }g(.) gram. .
PRAKEA T NA AT

Magnesium (Mg) 0.0142 g. was impregnated from Mg(NOs), solution 99%
and molecular weight of Mg = 24.305 g.
Thus. the amount of Mg(NO3)> used =(0.0142x256.41)/24.305
=0.1498 g.
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Calculation for the preparation of the 10Co-1Mg-O/AlL,O; catalyst
The 10Co-1Mg-O/Al,O5 aqueous solution used in catalyst preparation consists
of Co 10wt% and AlLO; 90wt%. The amount of cobalt in 10Co-1Mg-O/Al,O;

catalyst is calculated as follows:

Basis: ALOz 1 g

weight of Co = 59, the ‘ ’
¢ t uf

2§

22k
Then. Mg 1% was loaded on 10€6/Ak05 ¢ t 00 gram.
The amoun ofMg .‘f?;‘l’f . . =(0.4736+1)/100

_ Y]

Vo) 0.0147 @ was impregnated ffom Mg(NOs), solution 99%

N

\ 49x0.1111x100)/(59%99)
04736 g.

Magnesium

and molecular weight of' Mg = 24.305 g.

Thus ﬂeuog W)ﬂﬁ w E}q ﬂ@% 41)/24.305

o 01551 g

ammnmummmaa



APPENDIX B

CALCULATION OF DIFFUSIONAL LIMITATION EFFECT

In the present work there are doubt whether the external and internal diffusion
limitations interfere with the propane reaction. Hence, the kinetic parameters were

so as to prove the controlled system. The

calculated based on the experimental
calculation is divided into tw ' is the external diffusion limitation.

and the other is the intern

The phthalic a on 1s eonsidered to be an irreversible

first order reaction o \ \ atalyst particles in a fixed

\

ide ‘21% 0O, was used as the unique
reactant in the system. Because ige of phthalic anhydride was rather small

compared to the oxyge i carl be neg olecylar weight of nitrogen and

—'-i_ﬁ

oxygen are 28.02 \‘V 98-respectn vely. 1 & é molecular weight of the

gas mixture was calce m
o usmm‘nw &1N9

2NN

Consider the phthalic anhydride combustion is operated at low pressure and

high temperature. We assume that the gases are respect to ideal gas law. The density

of such gas mixture reactant at various temperatures is calculated in the following.

_PM _ 1.0x10°x26.890x10~
RT 8.314T
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We obtained : p=0.684 kg/m’  at T =200°C
p=0618 kg/m’  at T=250°C
p=0.564 kg/m’  atT=300°C
p=0.519 kg/m’  at T=350°C

Calculation of the gas mixture viscosity

gas mixture viscosity.

For a binary sys

where
ﬂl 5 /.l:, = ..;...;.-.;{%t:
Yi -

¢, =

'f INTNYINT

am{aﬁwumqwmaa

M. M, = molecular weight

Let 1 refer to nitrogen and 2 to oxygen
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M, =28.02 and M, = 31.98

From Perry the viscosity of nitrogen at 200°C, 250°C, 300°C, 350°C, 400°C,
450°C and 500°C are 0.0248, 0.027. 0.0286, 0.0305, 0.032. 0.0338, and 0.0368 cP.
respectively. The viscosity of oxygen at 200°C, 250°C. 300°C and 350°C are 0.0281.
0.03.0.032 and 0.034 cP. respectively.

At 200°C :

0.79x0.0248
Hn =079+ 0.02 0,040

2.60x10kg/m —sec

A1250°C :

0.79x0.027 ¢ & 021x0.03 o

H, = W . W %jsnrﬂzﬁxm's kg/m —sec
ammp@@gmqmmé‘ i

AL300°C - =0.948
8(1 L 28 02)
31.98

0.032 )( 28.02
0.0286 \ 31.98

¢y = 0-948( ) =0.929



0.79x0.0286 = 0.21x0.032
0.79+0.21x0.948 0.21+0.79x0.929

1Jr(o.o_v,os)"z( 28.02)'/4 i
" 10.034 31.98
=0.945

e, = =0.0299cP = 2.99x 10" kg/m —sec

At BSQOC 3 ¢|2 =

1/2
5
8(1 + "8'@)
31.98

/um= +— =
0.79+0.21x0.945 0.24<

Calculation of diffusion cocli€ig

Diffusion coeffici j inar
empirical correlation afé pyoposed by Re \ and Lee method is chosen

e @\\ \ eliable method. The empirical

\.\ ow pressure calculated by

to estimate the value of'D,

correlation is

4

'n
A¥

J
where Dag = binary d smn coefficient. cm /s

. MB-@ﬁmmm 2NN
RYAERI N INeaY

P = pressure,bar
o = characteristic length,"A

Q p = diffusion collision integral, dimensionless
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The characteristic Lennard-Jones energy and Length, £ and o ., of nitrogen

and propane are as follows: (Reid,1988)

For O, : o =3.467°A, £/k =106.7
ForN>: o =3.798°A . ¢/k=71.4

The sample rules are usually employed.

Qp is tabulatéd a ion of % /e for the Lennard-Jones potential. The

A
Q/) = (T*)B
otere T = 24 6. B - € 20.£9300 . D = 0.47635 . E =

& -
AB vl
1.03587 . F =1.52996 --l

|
W

T, qw@wmwmm
ﬁﬁ@ﬂﬁsﬁaﬁfﬁﬂﬁﬂﬂﬂ’]ﬂ 4

373 _ 6565 at 300°C
8728
T = 9B _ 7138 at350°C
87.28
106036 019300 103587 1.76474

p = T onsen T * * *
(T) exp(0.476357 )  exp(1.529967 ) exp(3.89411T )
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, = 0.928 ; 200°C

0.813 : 250°C

D

0.799 : 300°C

2

Q
Q
Q
Q, = 0.787 : 350°C

Il

With Equation of Dag.

At 200°C :

At 250°C

At 300°C : D(N»-0,)=

e &;uﬂ NEHTNEING

1x29. 86‘9°5x3 63 ><0 799

QWWﬂ\ﬂﬂ‘iﬂJWﬂ’mmaﬂ

Reactant gas mixture was supplied at 100 ml/min. in tubular microreactor used

in the phthalic anhydride oxidation system at 30°C

oxygen flow rate through reactor = 100 ml/min. at 30°C

1.0x10° x 26.890x10™
The density of en, p= - =1.067 kg/s
SCRIEGY AL ORER s £ 8.314(273+ 30) ¢
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-6
Mass flow rate = 1.067(100—201(—)—)= 1.78x10° kg/s

Diameter of stainless steel tube reactor = 9.5 mm

7(9.5x107%)?

Cross-sectional area of tube reactor = = 7.09x107° m’

-6
Mass Velocity . G = llw?= 0.025 kg/mz-s
7.09%107

Catalyst size = 40-60 mesh = 0.178-0

Average catalyst size =

We obtained

At200°C : Re,=

ALZSOC : Ry = (0152X10
.vtiﬁi”iﬁ* 3
HH
AL300°C : Re,= QBT 0y
299x10°
At350°C : Reflk HEJ’A) _s@y]0119

QW’W\ﬂﬂi‘ﬁUﬂmﬂﬂEﬂﬂﬂ

Average transport coefficient between the bulk stream and particles surface
could be correlated in terms of dimensionless groups, which characterize the flow
conditions. For mass transfer the Sherwood number, kmp/G, is an empirical function
of the Reynolds number, d,G/p, and the Schmit number, u/pD. The j-factors are

defined as the following functions of the Schmidt number and Sherwood numbers:
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.k p(a ] 23
jp =—2=| =™ |(u/ pD)
7 G | a,

The ratio (aw/a,) allows for the possibility that the effective mass-transfer area
am. may be less than the total external area. a,. of the particles. For Reynolds number
greater than 10. the following relationship between jp and the Reynolds number well

represents available data.

where G = mass velocity ficial)/based upon cross-sectional area of empty reactor

(G=up)

d, = diameter o

gp = void fraction of fhe intefparticle’space (Void fraction of the bed)

D = molecular diffusivity.ofcompe being transferred

Lok -;

ﬂuﬂ"i NENSHYINT
W 'wa‘faﬁ‘i“‘” ﬁ‘ﬁnwmaa

At300°C : jD—Q:i; (0.127)°47 =2.122

0.458 -0.407

At350°C : j, =——22(0.119)™4" =2.178
° 05
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A variation of the fixed bed reactor is an assembly of screens or gauze of
catalytic solid over which the reacting fluid flows. Data on mass transfer from single

screens has been reported by Gay and Maughan. Their correlation is of the form

= (i‘#ﬁ)(ﬂ/ pD)*"

Find Schmidt number. $

AL200°C : Sc = 290 g

0684x049 ..LJ

Y.
At250°C : Sc= 0

— ﬂugmwmwmm
_AMASAIANININENAY

=6.86x107
0.519x0.899
Find ky, : At 200°C, ky, = (W}(?.M x107)?* =42.57m/s
At 250°C, k, = [2‘0—706(%(;'(&)(7.87 x107)?"? =45.73 m/s



At 300°C, kn, = (—2—%6%@)(7.81 x107%)?* =51.48 m/s
At 350°C. ki, = (—2—'%%0—2-5—)(6.86x 10°)?° =62.61 m/s

Properties of catalyst

Density = 0.375 g/ml catalys
Diameter of 40-60 mesh

Weight per catalyst pa - 6.895x 107" g/particle

External surface area pei *'=7.26x107 m*/particle

7.26x107
6.895x107

Volumetric flow rate of'ga

am —

Molar flow rate of gaseous feed ..{’f = J =6.62 %107 mol/s
314(273 +30)

oxygen molar feed rate S .

phthalic anhydride &0iVers 0¥ % at 200°C

1.% % at 250°C
ﬂ‘UEVJ NYNTNHIAF

84.50 % at 300°C

TR T
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mixing perpendicular to the direction of flow (i.e., in the radial direction). The rate

of reaction will vary with reaction length. Plug flow reactors are normally operated at

steady state so that properties at any position are constant with respect to time. The

mass balance around plug flow reactor becomes
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FAO __’ 0 W 0 —> Fao(1‘x)

{rate of i into volume element}- {rate of i out of volume element |
+{1ae of production of i within the vclume element}

= {rate of accumulation of i within the volume elecment }

rw = L 's-oram catalvst at 200°C
Y
rw = Pk, catalyst at 250°C
Y
rw = a1 /s-gram catalyst at 300°C
AW
rw = F:;,x = 4 mol/s-gram catalyst at 350°C
At steady State t N s be written in terms of the
diffusion rate from the bulk gas to wrface. The expression is:

ANEANEN NN
amawrrr;fwfnwam

where Cb and C; are the concentrations in the bulk gas and at the surface, respectively.

s 4.045x107°
knanm ~ 42.57x1.052

At 200°C, (Cy-Cs) = =9.03x107 mol/m’

Tobs _ 7.459 x 10_5
kmam  45.73x1.052

=1.49x10° mol/m’

At 250°C, (Cp-Cy) =
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-4
AL300°C, (Cp-C)= =2 = LA75x107 _, 10 10% molim®
kmam  51.48x1.052

ros _ 1.182x107"
Kmam 62.61x1.052

=1.79x10° mol/m’

At350°C. (Cp-Cy) =

Consider the difference of the bulk and surface concentration is small. It

means that the external mass tr as no effect on the phthalic anhydride

oxidation reaction rate.

Next. consider / : ' ! »' of the phthalic anhydride

reaction. An effectiv order to express the rate of

reaction for the s of the temperature and

concentrations existi

i atalyst) may be expected
Where C reﬁeu Ejnﬁgl ﬂ;ﬁa%ﬂ%w mﬂﬁmvolved components
The“‘] W'Tﬂ\ﬁﬂfﬁfu URIANYIAY

Suppose that the phthalic anhydride oxidation is an irreversible reaction A—B

The equati '),
functionally as r = f(ET).

and first order reaction, so that for isothermal conditions r = f(Ca) = kiCa. Thenr, =

nkl(CA)s.

For a spherical pellet, a mass balance over the spherical-shell volume of

thickness Ar. At steady state the rate of diffusion into the element less the rate of
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diffusion out will equal the rate of disappearance of reactant with in the element. This
rate will be ppk;Ca per unit volume, where p, is the density of the pellet. Hence, the

balance may be written, omitting subscript A on C,

Figure B1. Reactant (A) @ ation v8. position for first-order reaction on a

Take the limit as _—~> sivity is independent of

the concentration of s

.'I
|
s

d’C ,d¢ k,p,C
+2 —r

" “WUB?ﬂUﬂ§WHWﬂ5
“”*‘W“Mﬁ%"mﬁnm’laﬂ

——Oatr—O
dr

and at outer surface

C=Cs atr=r;



Solve linear differential equation by conventional methods to yield

. r
r, sinh| 3¢, —
o v
C.  rsinh3g,
s kl/)I’
where ¢ is Thiele modulus for a spherical pellet defined by ¢ = B
J

e

Both D. and k; are necessary to use r, = nkj(Ca)s. De could be obtained from the

At200°C, Dc=(0.5/

At 250°C. D.=(0.5
AL300°C. D.=(0.5)

Substitute radius of catal =10 % “m with ¢ _equation

3 ‘1;_ = 5 -4 3
¢s= L8 XE4 >x107(kg/m’) . 5000c

]
4. =1.97x1084k (dimensionless) at 200°C

A ImiEns
_ARNRSIAIAA Y.

F, dx
dw

l'w —

where ry = kCa
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F,, dx
dw
F,, dx

dw

~ Thus, kCa =

kCAo( 1 -X) =

03
_ Ry Pl

kC., s1-x

W= o [ing-x)P? = T2 (1n(0.7))

kCAo \ ||1 | CAo
L ; ;

Calculate ¢, : ¢, =1.97 0 PN @97 xdG 9 1. 7810 " at 200°C
6 =181x at 250°C

4, =1.68x10" JaoZ 10" 10° at 300°C

For such small va al mass transport has no

effect on the rate of --_-'! ha

ﬂUEJ'WIEWIﬁWEJ'lﬂi
Qﬂﬁﬁ\iﬂ‘immﬂﬂﬂﬁﬂﬂﬂ



APPENDIX C

CALCULATION OF SPECIFIC SURFACE AREA

From Brunauer-Emmett-Teller (BET) equation [Anderson J. R. and co-worker

(1985)]

R |7 )

Where. p clafi _: re@orbed gas, P/P
Py ated vapo ‘ pressuie.of adsorbed gas in the condensed

. erature, atm

P \ \'*; orbed gas, atm
n at the NTP/g of sample
Ny, # \ . at the NTP/g of sample
c \\\\
Hc 3 50 d. gas on all other layers
H, st layer

Assume C

P
n(l-p)

= 0l -p) | (€2)

ﬂc‘!émﬁals'%fl’!c Niphilglie

wﬁaéﬂwumqﬂmaﬂ

Where, P, =Pressure at 0°C
P, = Pressure at t°C
Ty, = Temperature at 0°C =273.15 K
T, = Temperature at t°C =273.15+tK
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V = Constant volume
Then. P, =(273.15/T) xP, =1atm
Partial pressure

[Flow of (He + N, )- Flow of He]

P
Flow of (He +N,)

(C5)

0.3 atm

pressure equals to

For nitrogen gas. the saturateg
Po = 1.Iatmgh
then. p = P/Pg -

To measure the

N, y".:: (1 ,do N, area
m

temperature area i

Al umwnm YANT
ﬂ”’m mmmmwm aY

= Sample weight, g

T =Room temperature, K

Therefore,
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S

2 x
Si

273.15
X

e x0.7272 (C2.1)
w T

n, =

Whereas. the surface area of nitrogen gas from literature equal to

S, = 4.373 m%ml of nitrogen gas

Then.

(C7)

AU INENTNEINS
PRIAATUAMINAE



APPENDIX D

CALIBRATION CURVE

Flame ionization detector gas chromatographs Shimadzu model 9A equipped

with a Chromosorb WAW column is used to analyze the concentrations of phthalic

]| zene toluene, and benzene.
1 @lumn are used with a gas

detector, Shimadzu model 8A,

anhydride, maleic anhydride. ace

The Porapak-Q
chromatograph equipped*w
to analyze the conce

The calibratio eic anhydride. acetic acid,

ethylbenzene. toluene, anfl bghzene a ¢ ilustrated > following figures.

]

i¥

ﬂUEJ’mEWﬁWEJ’lﬂi
ammmmumwmaa
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5.0E-08
4.5E-08
4.0E-08
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E 5 0E-08
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3015-081'“8? Jedh jWﬂ’]ni

2.0E-08 |1

| UAINEIAE
5000 10000 15000 20000 25000 30000 35000 40000

area

Figure D2 The calibration curve of maleic anhydride
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5.0E-08
4.5E-08
4.0E-08
3.5E-08
3.0E-08
2.5E-08
2.0E-08
1.5E-08
1.0E-08
5.0E-09
0.0E+00
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gmole

QE+04  4.0E+04  5.0E+04

Figure D3 Th

1.6E-06
1.4E-06
1.2E-06 [\
1.0E-06 | -
8.0E-07

6.0

|
4 ¢

qm‘i MU AN

0.0E+00 1.0E+05 2.0E+05 3.0E+05 4.0E+05 5.0E+05
Area

gmole

I ANPINYINS
Y

Figure D4 The calibration curve of ethylbenzene
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1.8E-06 [
1.6E-06 y = 4E-12x
1.4E-06
1.2E-06
1.0E-06 |
8.0E-07
6.0E-07
4.0E-07
2.0E-07

0.0E+00 °
0.0E+00

+05  4.0E+05  5.0E+05

Figure DS The

2.0E-06 v ‘
1.8E-06 | ’ =6E-12x
1.6E-06 ' 1

1.4E-06
1.2E-06
1.0E-06, ‘a |
soepl 12 IV INENND

6.0E-0%)

TSI INgAE

0.0E+00
0.0E+00 5.0E+04 1.0E+05 1.55405 2.0E+05 2.5E+05 3.0E+05 3.5E+05
Area

gmole

Figure D6 The calibration curve of benzene



Table E1 Data of figure 5.5

APPENDIX E

DATA OF EXPERIMENTS

. o
Temp (°C) , ide conversion (%)

Blank )/, 20‘ \ .03 MgO/Ale3 A1203
200 2.18 4.01 S.27
250 2.65 11.48 17.66
300 5.93 = 14.10 37.06

< %E
350 15.37 = 29.10 41.66
400 22.3 4 (7 39.86 49.51
450 27.83 73, ahiis 51.28 55.23
500 34.41 0.7393)7 6 63.92 65.48
550 43.49 % .'::4 81.25 79.62

Y
Table E2 Data of
_v . "
Temp (°C) - aleic anhydride conversion (%)
lank | *GoMgO/Al,0; | ©C03;04/Al,05 | MgO/AlLO; AlLOj3
200 1) 0 lid I} %2.91 2.36
250 l""1.87 3025¢ 17.63 7.&5’ 8.59
AR I s | s
L 191 2

350 20.00 68.23 38.70 23.07 24.87
400 38.26 94.64 62.42 4393 50.09
450 61.50 94.76 90.51 79.38 85.74
500 67.05 95.29 91.05 84.78 86.61
550 68.69 97.63 93.36 85.43 89.89




Table E3 Data of figures 5.7-5.9

Temp.(°C) Benzene conversion (%) | Toluene conversion (%) |Ethylbenzene conversion (%)
Blank | Co-Mg-O/ALO; | Blank | Co-Mg-O/AL,O;| Blank | Co-Mg-O/Al,05
200 | 0.00 3.39 0.00 1.08 0.00 479
250 | 0.00 16.22 00 20.59 0.00 7.79
300 | 0.00 32, 47.79 0.00 12.21
350 | 0.00 : 75.49 0.00 86.49
400 | 0.00 o4 5 *3.77 10.00 100.00
450  |32.70 00.00 38.00 100.00
500 |43.15 0.00 48.00 100.00
550 |55.00 -Taafﬂ'* 00 62.00 100.00
& 12
| _ -3
Table E4 Data of figure 5104 <&~
A2
¢ ,_-:d' ,
Temp(°C) ..i“' 2 ersion (%)
2 iy LA
Blank |.Co- ‘ O/ALO; | ALO;
100 , 02 0.89
150 = @ 1.54 5.09
200 | 5.76 Jllf 22.38 10.43 11.26 6.43
250 ny  /h 27.86
300 .ﬁf P, 4'8 i 13.38 95.37
3 15 4 ¢ sy | 947297 | 9643
4 | 94, 3, 522 4.}. 96.95
450  95.79 95.46 9531 95.48 96.92
500 |96.46 96.83 97.24 97.79 97.36
550  |96.82 96.93 97.33 98.05 97.47




Table ES Data of figure 5.11

Temp (°C) Phthalic anhydride conversion (%
8C03MgO/AL,058C02Mg0/AL,058C01MgO/ALO48C00.5Mg0O/ALO;

200 14.4 14.59 29.08 14.47
250 22.65 24, 51.53 22.85
300 52.94 38 84.46 40.35
350 87.52 81 74 56.69
400 89.61 5.7 4 63.42
450 91.05 _ ; 82.30
500 92.09 974 85.39
550 92.3 0.09 86.01

Table E6 Data of figu ! éﬁ-

agac
Temp (°C) : onversion (%)
8Co3MgO/AL048 f 1MgO/AL058C00.5MgO/AlO;

200 % 5 0.27
250 1 : 3 97
300 26.2ﬂ , 43.@ 3.88
350 39.52 50.68 68.23 39.23
400 g a w_g@ﬁ: j 90.62
450 19190.89 92.58 94.76 92.53
5 ~ 9094 . 2. A A 9550
550 gtzﬂ i lﬁﬁiﬁ 97. a_Ejs.sz

94



Table E7 Data of figure 5.13

95

Temp €C) Phthalic anhydride conversion (%)
10Co1MgO/Al,0:9C0 1 MgO/ALO;(8Co1 MgO/AL,047Co1MgO/ALO46Co 1 MgO/AL,O;
200 19.36 17.02 29.08 15.29 18.18
250 30.52 23.44 51.53 17.86 25.61
300 70.96 60.35 84.46 52.97 63.61
350 85.41 " / 48474 66.71 76.87
400 90.06 ﬂl 78.06 90.87
450 91.21 53 == 78.95 90.95
500 91.54 79.12 91.05
550 91.63 80.02 91.21
| 5‘&{].
Table E8 Data of fig . '1 -
"
Tesip °C) 4 r; : version (%)
10Co1MgO/ALLO : )/ALO;|7Co1MgO/AlL0:}6Co 1 MgO/ALO;
200 1.93 b = 12.01 5.59 0.35
250 25. “Tter L 7.78 18.59
300 38 10.43 31.43
350 64.63 | 31.61 55.27
400 92.71?"r 77.39 94.64 87.27 87.11
450 4l , £ 88.7 87.89
500 9194.67 80.81 9579 ﬁd 90.00 90.58
5 9760 1% 90.84

THE




APPENDIX F
MATERIAL SAFETY DATA SHEETS OF

PHTHALIC ANHYDRIDE AND MALEIC ANHYDRIDE

de, phthalic acid anhydride

Physical data
Appearance: white cry f_’gfg'._;,,_;_. {
Melting point 151°¢

Boiling point: 295°C

wEUENENTNENS
PRARINTUNA NN Y

Density (g cm™): 1.53

Flash point: 152°C (closed cup)

Explosion limit: 1.7-10.5%
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Autoignition temperature:
Water solubility: slight
Stability

Stable. Combustible. Incompatible with strong oxidizing agents, strong bases.

Toxicology

Corrosive - caus Jarmful if swallov ﬁ:‘ inhaled. Skin or eye contact

may cause severe irritatj pni Typical STEL 4 ppm. Typical

PEL 2 ppm.
Personal protection
Safety glasses. gloves.:

Safety data for m: ""

il |

(L

General

ﬂuﬂﬂﬂﬂ‘ﬂiwmﬂ‘i

Synonyms cis-butenedioc ¢ anhydride, 2,5-furanedione,y toxilic anhydride,

iy} Al ok i Mﬂz’l@lﬂ&ﬂ N

Molecular formula: C4H>0;

Physical data

Appearance: colourless or white solid with an acrid odour
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Melting point: 53°C

Boiling point: 201°C

Vapour density: 3.4 (air=1)

Vapour pressure: 0.16 mm Hg at 20°C

Density (g cm™): 1435
Flash point: 102%
Explosion limi
Autoignition temn
Water solubility: sol

Stability

]
e

Stable. Comb i ible . sifong oxidizing agents. alkali

d¥

metals, strong bases, apl es, most common metals, polymerisation catalysts and

it ﬂ‘HEl’JVIEW]ﬁW g1N3
T°’“‘Wﬁ'm\‘1ﬂiﬁumﬁ’nﬂ?_l'lﬁﬂ

Harmful if swallowed, inhaled or absorbed through the skin. Corrosive - causes
burns. Irritant. Typical TLV/TWA 0.25 ppm. Typical PEL 0.25 ppm.
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Personal protection

Safety glasses, gloves, adequate ventilation.

AU INENTNEINS
PRIAATUAMINAE
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