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APPENDICES



APPENDIX A
CALCULATION OF CATALYST PREPARATION

Preparation of 8Co/MgO catalyst by the Wet Impregnation Method is shown as
follow:

Reagent: - Cobalt acetate tetrahydrate [Co(CH3C00)24H20]
Molecular weight = 249 g.

Support - Magnesium oxide [MgO]
Molecular weight = 39 g.

Calculation for the preparation of the 8Co/MgQ catalyst.

The 8Co/MgO aqueous solution used in catalyst preparation consists of Co
8wt% and MgO 92wt%. The amount of cobalt in 8Co/MgO catalyst is calculated as
follows:
Basis: MgO 1¢.
|f the weight of catalyst was 100 gram, 8Co/MgO would compose of cobalt 8 ¢. and
MgO 92 g. Therefore, inthis system,

the amount of Co =892« 1

= 0,0869 g

Cobalt (Co) 0.0869 g. was prepared from Co(CH3COO)24H2) 99% and molecular
weight of Co = 59, then
the Co(CHICOQ)24H2) content = (249x0.0869x 100)/(59x99)
=0.3712 g.



10

Preparation of 8Co/Si02 and 8Coly-Al2) 3 catalysts by the Wet Impregnation
Method is shown as follow:

Support - Silica gel (Si02)
Pore volume =1.2 ml/g.
- Alumina (y-Al20 3)
Pore volume = I ml./g.

Calculation for the preparation of the 8Co/Si02and sColy-Al2o3 catalysts.
1. 8CalS102 catalyst

The 8Co/Si02 aqueous solution used in catalyst preparation consists of Co
8wt% and Si02 92wt%. The amount of cobalt in 8Co/Si02 catalyst is calculated as
follows:

Basis: Si022¢.
If the weight of catalyst was 100 gram, 8Co/Si02 would compose of cobalt 8 ¢. and
510292 g. Therefore, in this system,
the amount of Co =8/92 x 2
=0.1738 ¢.

Cobalt (Co) 0.1738 ¢. was prepared from Co(CH3COQ0)24H2 99% and molecular
weight of Co = 59, then
the Co(CH3COO0)24H2) content = (249x0.1738x100)/(59x99)
=0.7424 g,

2. 8Coly-Ahos catalyst

The calculation for the preparation of 8Coly-Al203 catalyst is the same as the
preparation of 8Co/Si02 catalyst.



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
calculated based on the experimental data so as to prove the controlled system. The
calculation is divided into two parts; one of which is the external diffusion limitation,
and the other is the internal diffusion limitation.

1. External diffusion limitation

The 1-propanal oxidation reaction is considered to be an irreversible first order
reaction occurred on the interior pore surface of catalyst particles in a fixed bed
reactor. Assume isothermal operation for the reaction.

In the experiment, 8% L-propanol, 5% ( 2 balance with nitrogen was used as
the unique reactant in the system. Molecular weight of 1-propanol and air (02 5%)
are 60 and 28.2, respectively. Thus, the average molecular weight of the gas mixture
was calculated as follows:

0.08x60 + 0.92x28.2
30.744 g/mol

M ab

Calculation of reactant gas density

Consider the 1-propanol oxidation 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 _ 1.0x10s X30.744xi0-3
p= RT = 8.314T



We obtained [7=0.782 kg/m3
[7=0.706 kg/m3
p=0.645 kg/m3
[7=0.59% kg/m3

Calculation of the gas mixture viscosity

atT = 200°C
at T=250°C
atT = 300°C
atT = 350°C

1

The simplified methods for determining the viscosity of low pressure binary
are described anywhere (Reid, 1988). The method of Wilke is chosen to estimate the

gas mixture viscosity.

For a binary system of 1and 2,

1y

1
PP ity did

n=yl

Wwhere jum=viscosity of the mixture
1,112 =" pure component viscosity

yi ,y2 = mole fractions

Lyl Ve

Yo M,

012 ( 0
Mi

81+M2y.
AV M,
021=0ﬂ2 A"2y

MI, M2= molecular weight
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Let 1 refer to 1-propanol and 2 to air (C25% )
MI = 60 and M2 =28.2

From Perry the viscosity of pure 1-propanol at 200°c, 250°c, 300°c, 350°c,
400°c, 450°c and 500°c are 0.0124, 0.0135, 0.015 and 0.0162 cP, respectively. The
viscosity of pure air at 200°c, 250°c, 300°c and 350°c are 0.0248, 0.0265, 0.0285
and 0.030 cP, respectively.

10012412 28204
1,0.0248, :?/(2) AL =050
50
14
282

AY = 00248V 60 _
220502 4014, 98 ~14

0.08x0.0124 0.92x0.0248
0.08+0.92x0.502 0.92+0.08x2.14

At 200°

=0.0227cP - 2.27X10 kg!m-sec

1y 0.0135 10282 W

msce e U 0' =05

6
1 982

a-osslfE [l

- 0.08x0.0135 1 0.92x0.0265 - 002McP-2 11, 10++..m ¢
0.08+0.92x0.506 0.92 +0.08x2.113 g
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0015 V2 9g Nk

1+ :
00285, 60
At 300° 0 - yaoXW A 20512
'y
5100285
2=0512{( i g )7 20

0080015, 09200285 _ o oeacde g sl
S DO0ETE T 0 g - L= 268 gm-sec

1. f0.0162\/2f 28.2v /4
0.030 60

At 350° 012 = 50 AN 0.517
Yy
Cnees 0030V 60
920517 0 0162)282 J7 4%

00800162 09240030 _poooe o |
M= 0.08+0.92x0507 092 +0.08x2037 ~ LU oop = 21&xI0skglm- see

Calculation of diffusion coefficients

Diffusion coefficients for binary gas system at low pressure calculated by
empirical correlation are proposed by Reid (1988). Wilke and Lee method is chosen
to estimate the value of Dab due to the general and reliable method. The empirical

correlation is

303- 08 (i)
Deb = ’

where Dab = binary diffusion coefficient,cm?
T =temperature,K
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MaMb = molecular weights of A and B ,g/mol

fLA 1 1

VM.y VA

p = pressure,bar
or = characteristic length,°A
Q D= diffusion collision integral, dimensionless

The characteristic Lennard-Jones energy and Length, and a , of nitrogen
and propane are as follows: (Reid, 1988)

Forc3HTOH <(C3H TOH)=4.549 °A s/k = 576.7
For air or (air)=3.711 “A5E [k =T78.6

The sample rules are usually employed.

£E4f .  ««tH|I=413

n\2
o - EREBTT=(5767x78.6)\0=212.9

y

Qd is tabulated as a function of kT/e for the Lennard-Jones potential. The
accurate relation is

Al ¢ 1 E G
D exp(DT*) exp(ft*) exp(ht?)

where T = — [ A=106036,B=015610 ,c =0.19300, =047635 6E=

£ AB
1.03587, F = 1.52996, G=1.76474, H = 3.89411



« - 413 _ 0
Then T* = 7179 - 2.222 at 200°c

« 923 _ 0
T 2179 - 2.456 at 250°c

T = 237239 - 2601 at 300°

T= S = 2006 at 380

106036 1 019300 1 1.03587

D=(r*)° 10 + exp(0.47635r* )+ exp(l .52996r*) + exp(3.8941ir")

QO = 1038 ; 200°c
Qd = 1.006 ; 250°C
Qd = 0979 ; 300°

0 =10.956 ; 350°C

With Equation of Dab,

303,09 (10 47302

. 05
At200°  D(CHTOH-ar) _ XIXSO.%%"254X4.132X1.038

301x105 m2

e s = (4% ) IO

362x105  m2s

3.03-, 098 (10957301

. 05
A D(CHIORa) o5t Ay g

4.26x10% m2

16
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[3.03- A4, 3(10_3)6233/2

1x 30.2405x 4.13~ x 0.956
504x 10°  nfls

At350°c  (CHTOH-ir)

Reactant gas mixture was supplied at 100 ml/min. in tubular microreactor used
in the 1-propanol oxidation system at 30°c

1-propanol flow rate through reactor =100 ml/min. at 30°c

The density of 'l-propanfﬁ, p= -l-lQ-Xglgf 1(29%4%[0_’32 13 lgg/s

Mass flow rate = 1236 10°§(1°' = 2.06x1.06 ko's

Diameter of quartz tube reactor = 8 mm

Cross-sectional area of tube reactor = A" x——= 5.03x10'5 m2

. _ A ~ _
Mass Velocity 5G 5.03%6,5 0.04 kg/m2-s

Catalysis size = 40-60 mesh = 0.178-0.126 mm
Average catalysis = (0.126+0.178)/2 = 0.152 mm
Find Reynolds number, Rep which is well known as follows:

Re. - dpG

We obtained

T0UC = A =
AUOJC: Re=< o TM =0268
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At250°  Rep= (0.152x1Q-3x0.04) _ 0219
2.44x10"5

At3Q0°C  Rep= (0-1522.6)323 |Si%>_(50-04) _ 0231

At350°c  Rep= 0.152X10-3X0.04)  ,,10
2.78x10‘5

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, dgG/p, and the Schmit number, p/pD. The j-factors are
defined as the following functions ofthe Schmidt number and Sherwood numbers:

Jo= k;;p (%:"—](ﬂ/pD)”’
The ratio (amat) allows for the possibility that the effective mass-transfer area
am may be less than the total external area, at of the particles. For Reynolds number

greater than 10, the following relationship between jo and the Reynolds number well
represents available data.

- 0.458(d, G\
sB Vo3
where G = mass velocity(superficial) based upon cross-sectional area of empty reactor
(G=up)
do= diameter of catalyst particle for spheres
p = viscosity of fluid
p = density of fluid
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B =void fraction of the interparticle space (void fraction of the bed
D = molecular diffusivity of component being transferred

Assume B=105

At200°c ; jo="y -(0.268)-°47=1.565
At250°c ; jo=""(0.249)-°47=1613
At300°c ; jo=y y (0.230)-*-4F = 1663

At350° 0=y y (0-219)47 =169

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

j"D - S_" n_P(j];J.ﬂ./p ,|j \)2 /3
Where is the porosity of the single screen.

fLp
Hence, km = jgé \](p/pD)z’3

0458G pa.gy se-n
V £bP >



Find Schmidt number, Sc  Sc = o0

oo aul  221%10%
AL200%C S0= oesaorng s 0964

AL250°C Sc=_244%10"

e 263%105
AL300° : So= g e oo g = 0967

At350°c Sc= 63&42%*0'27‘-]-_0—;%-: 0,928

- on L -005X0.04 o —
Find km At 200 c.km-, 0.7 y(0.964)23-0.082m/s

0 r ( 1.613 X 0.04 n -
AL250°C bm= |2l (098528 = 0.094 i

o L 663%0.04 _
A3 km= )(0.957) 71 = 0.106 ms

o e 899X0.04 1 gy -
ALSS0°e k= | e (0928)"Z8= 012l

Properties of catalyst

Density = 0.375 g/ml catalyst
Diameter of 40-60 mesh catalyst particle =0.152 mm

80



8l

Weight per catalyst particle = —0—1—9229. - 6.895 *1CT7g/particle
External surface area per particle = (0.152x109)2=7.26x10°] mparticle
= 6782965>>(<}?T7 =1052 X102 m2gram catalyst

Volumetric flow rate of gaseous feed stream = 100 ml/min

. 100x 100A
(Ixiob) 0

8.314(273 + 30)

1-propanol molar feed rate = 0.08x6.62x10'5= 5.29x1 06 mol/s

1-propanol conversion (experimental data): 1.78 %at200°c
573 %at 250°c
28.07 %at 300°c
59.93 %at 350°c

Molar flow rate of gaseous feed stream = = 6.62xi0-5molls

The estimated rate of 1-propanol oxidation reaction is based on the ideal plug
flow reactor which there is no mixing in the direction of flow and complete 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

Bl () W 0 _, Fao(X)

{rate of iinto volume element}- {rate of i out of volume element}
+{rate of production of i within the volume element}
= {rate of accumulation of i within the volume elecment}

Fao = Fao(l-x)+ (rwW)
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(W) = Fao-Fao(l-x) =FAo= FAX

w = FX o 220 10051XO0178 4.717x30" moffs-grarm-catalyst & 200 ¢
w= FX o 528 X10061X0 0573- 1 518x10 © molfé-gram catalyst at 250
w= FX o 22x 1gl"5X028-742x10  molls-gram catalfst-at300°€

= FaX - 529y 1%fX0599-1587x1]@"5 mol;s-gram catal§73t'at350c

At steady state the external transport rate may be written in terms of the
diffusion rate from the bulk gas to the surface. The expression is:

Robs — kmam(Cb-Cs)
1- propanol converted (mole)
(time)(gram of catalyst)

where Chand ¢ Sare the concentrations in the bulk gas and at the surface, respectively.

T
AL2O0°C. ()= ™ 0.0327)(117.())(égx10'1:5'47)(104 mol/m3

At 250°c. fCh-C! = kmm 00914% 6(52)(10 1= 153x1o4 mol/m3

° Cl= - = = TA 2X10-o----- = !
At 300°c. fCh-C|= -AL 0.10@'126%%10-'7 6.65x10’3 mol/m3

kmam

0 _robs 1587¢ 107 -
At 350°C. (Ch-Cs) = e 010 1050, 10 - L26x103 mol/m3
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From Cb (1-propanol) = 1.59 mol/m3

Consider the difference of the bulk and surface concentration is small. It
means that the external mass transport has no effect on the 1-propanol oxidation
reaction rate.

2. Internal diffusion limitation

Next, consider the internal diffusion limitation of the 1-propanol reaction. An
effectiveness factor, T], was defined in order to express the rate of reaction for the

whole catalyst pellet, rp, in terms of the temperature and concentrations existing at the
outer surface as follows:

actual rate of whole pellet L
A rate evaluated at outer surface conditions 15

The equation for the local rate (per unit mass of catalyst) may be expected
functionally as r=f(C,T).

Where ¢ represents, symbolically, the concentrations of all the involved components
Then, m=prs=rlf(CsTs

Suppose that the 1-propanol oxidation is an irreversible reaction A—B and
first order reaction, so that for isothermal conditions r = f(CA) = kiCA- Then =Kl
(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
diffusion out will equal the rate of disappearance of reactant with in the element. This
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rate will be PpkiCA per unit volume, where Pp is the density of the pellet. Hence, the
balance may be written, omitting subscript A on c,

Q?\K\L

Figure BI. Reactant (A) concentration vs. position for first-order reaction on a
spherical catalyst pellet.

W D . (a? 4ot2D 3 A = -4NT Ak,

Take the limit as Ar — 0 and assume that the effective diffiisivity is independent of
the concentration of reactant, this difference equation becomes

¢ dC k,p,c
drl dr D,

At the center of the pellet symmetry requires

=0atr=0
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and at outer surface

c=csatr=rs
Solve linear differential equation by conventional methods to yield

5sinh 1 (%
A= rsinh s

where ) is Thiele modulus for a spherical pellet defined by * = ! kl')ﬁ

Both De and ki are necessary to use = r|ki(CAs. De could be obtained from the
reduced pore volume equation in case of no tortuosity factor.

De = (52Dah)

At 200°c. De= (0.5)2(3.01x109) = 7.53x1 06
At 250°c. D= (0.5)2(3.62x1 09 = 9.04x1 06
At 300°c. D& = (0.5)2(4.26x109 = 1.06x1 05

Substitute radius of catalyst pellet, rs=0.107x1 O3mwith 4aequation

0.076x10'3m  k(m3/s-kgcat.)x1000(kg/m3) 0
1.53x10 6(mVs) ad0e

s =0.292 VK (dimensionless) at 200°c
5 - 0.266 Vk (dimensionless) at 250°C
@ =0.246 vk (dimensionless) at 300°c

Find k (at 200°C) from the mass balance equation around plug-flow reactor.
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- FAOdx
- dW
where rw= kCA
Thus, kCA= 0/8\/\)5
KCA(1-x) = Pl
01

RV
&b 0f =R 09)

Ao

k=, % 1 (- (0%2)

Ao

5.29x10” (molfs) o
0.1X10°3(kg)x 1.03(mol/nf)

=0.92 x 104 m3s-kg catalyst

k= 9822)

Calculate 48 £8=0.292 40.92x10" =0.0028 at200°c
£8=0.266V3.03x103 =0.015 at250°c
6 0.246 VI 68x102 = 0.032 at300°c

For such small values of it was concluded that the internal mass transport has no
effect on the rate of 1-propanol oxidation reaction.



APPENDIX C
CALIBRATION CURVE

Flame ionization detector gas chromatographs, model 14A and 14B, were used
to analyze the concentrations of oxygenated compounds and light hydrocarhbons,
respectively. Methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, formaldehyde,
acetaldehyde, and propionaldéhyde were analyzed by GC model 14A while methane,
ethylene, propane, and propylene were analyzed by GC model 14B.

Gas chromatograph with the thermal conductivity detector, model 8A, was
used to analyze the concentration of CO2and CO by using Porapak-Q and Molecular
Sieve 5-A column, respectively.

The calibration curves of methane, ethylene, propane, propylene, methanol,
ethanol, 1-propanol, 2-propanol, 1-butanol, CO2 formaldehyde, acetaldehyde, and
propionaldéhyde are illustrated in the following figures.
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Calibration curve

5.00E-07 -
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Area of peak

Figure C| The calibration curve of methane
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Figure C2 The calibration curve of ethylene
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Figure C3 The calibration curve of propane
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Figure C4 The calibration curve of propylene
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91

1.20E-05

1.00E-05 -
8.00E-06 -

6.00E-06

gmole of methanol

4.00E-06

2.00E-06

017415201 [ N S A T —
0 30000 60000 90000 120000 150000
Area of peak

Figure C6 The calibration curve of methanol
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Figure C7 The calibration curve of ethanol
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Figure C9 The calibration curve of 2-propanol
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APPENDIX D

The data of oxidation reaction test

Methanol oxidation

Table D1 Data of figure 5.13

Component

% Methanol (C)
% Methane ( )

%C02( ) 94.53
Table D2 Data of figure 5.14
Component

% Methanol (C)
% Methane ()

%C02( ) 97.45
Table D3 Data of figure 5.15
Component

% Methanol (C)
% Methane ()

%C02( ) 99,61

250

8.33

5.32
93 17

250

13.78
241
9.74

250
18.28
0.67
99.03

DATA OF EXPERIMENTS

Temperature (°C)

300 350 400
2156 6221  93.76

76 15679 1672
0146 8287  80.69

Temperature (°C)

300 350 400
2883 7152 9864
478 81 128

9431 9059  86.0

Temperature (°C)

300 350 400
6391 9141  98.79
176 221 3l

9701  9.23 95.94

450
93.71
17.87
198

450
99.36
14.44
84.42

450

100

4.2
95.12

500
99.69
17.8
19.23

500
100
13.89
84.9

500
100
5.98
93.53



Ethanol oxidation

Table D4 Data of figure 5.16
Component
200
% Ethanol (C) 35
% Methane 0.29
%Ethylene 0
%Propylene () 0
Y%Acetaldehyde () 98.06
% co2( ) 143
%Acetaldehyde (Y) 343
Table D5 Data of figure 5.17
Component
200
%Ethanol (C) 6.97
% Methane 0
%Ethylene 2.2
%Propylene () 0
Y%Acetaldehyde () 91.56
% co2( ) 4.15
%Acetaldehyde (Y)  6.39
Table D6 Data of figure 5.18
Component
200
%Ethanol (C) 9.8
% Methane 0.56
Y% Ethylene 314
%Propylene () 0
%Acetaldehyde () 95.29
% co2( ) 0.92
%Acetaldehyde (Y) 941

250

10.07
041

137
0.01
96.16
2.45

9.68

250
10.13

3.16

0
90.46
561
9.16

250
11.62
0.46
.15
0.25
88.97
321
10.33

Temperature (°C)
300 350 400
203 569 7513
05 089 3L
219 426 567
003 005 011
233 8612 7732
513 915 1562
188 49 58.09
Temperature (°C)
300 30 400
2165 60.66 84.27
001 003 033
598 956 1413
0 0 0.04
8256 5817 5154
1015 2984 329
1787 3529 4343
Temperature (°C)
300 350 400
3066 7382  85.67
021 083 203
2659 3264 3626
0.4 026 072
6505 5002 3619
749 1526 2358
58 3693 3

450
80.21
42
6.19
0.37
10.64
16.33
56.66

450
94.09
17
1749
0.22
43.26
36.54
40.7

450

93.46
2.96
40.17
178
28.33
26.36
26.48

9%

500
82.12
5.06
1.08
0.92
67.68
18.35
55.99

500
95.31
2,04
18.56
0.76
39.08
39.58
37.25

500
93.95
416
4147

13
25.12
28.15
236



1-Propanol oxidation

Table D7 Data of figure 5.19
Component

200 250
% 1-Propanol (C) 178 573
% Methane 0.09 003
Y%Ethylene 124 0.64
%Propylene (') 126 0.74
% Propane ( 0 0

% Formaldehyde (g) 0 318
%Propionaldehyde ( ) 91.19

%C02() 0.7 4.26
%~Propionaldéhyde (Y) 163 514
Table D8 Data of figure 5.20
Component

200 250
% 1-Propanal (C) 6.8 124
% Methane 002 001
%Ethylene 047 05
Y% Propylene () 745 25
% Propane ( 0 0

% Formaldehyde é ) 0 1
%Propionaldehyde ( ) ~ 90.52

%C02() 52l 86l
%Propionaldehyde (Y) 568 111

89.85

89.43

Temperature (°C)

300 330 400
2807 5993 738

002 004 01
027 06 132
167 21 23
0 0 001
383 451 401
67113 7759 7198

06 1302 18
2446 465 5312

Temperature (°C)
300 30 400
2086 5782 7042
003 004 008
091 081 109
748 1532 20.16
0 0 001
342 343 322
1583 5876 5246
1045 1372 2043
2264 3398 3694

450
15.26
0.27
123
2.39
0.03
3.69
69.01
18.57
51.94

450

14.58
0.38
193
24.46
0.08

3.09
4415
2391
32.93

o7

500
16.39
0.26
142
121
0.04
3.99
68.25
20.07
52.14

500
16.64
0.46
3.61
26.51
0.01
2.92
4.2
25.17
31.63



Table D9 Data of figure 5.21

Component

200
% 1-Propanal (C) 1.65
% Methane 0
%Ethylene 0.02
%Propylene () 5.36
% Propane ( 0
% Formalcehyde é ) 01
Y%Propionaldenyde ()  87.46
%C02() 1.89
% Propionaldenyde (Y)  6.69

250
1242

o9 sS ~No90
- —d; —_ O Iy (e
~N oo w — o
w D

Temperature (°C)

300
37.18
0.04
0.18
18.75

0

2.12
14.49
8.65
28.14

350
68.62
0.04
0.62
26.52
0.01
341
4941
1531
3391

400
80.15
0.13
134
34.61
0.03
3.16
36.13
19.78
28.96

450

83.44
0.38

193
38.98
0.08
311

3151
22.46
26.29

9

500
65.1
0.46
2.48
412
0.08
2.9
29.86
24.71
2541



2-Propanol oxidation

Table DIO Data of figure 5.22
Component
200
% _2-Propancl (C) 1492
% Methane 0
%Ethylene 0
% Propylene (') 9212
% Progane ( 0
%CQ2( ) A

Table D1 Data of figure 5.23

Component
200
% 2-Propancl (C) 1411
% Methane 0.02
%Ethylene 0

%Propylene S ) %.1
% Propang ( 0
%C02 () 405

Table D12 Data of figure 5.24

Component
200
% 2-Propanal (C) 21.96
% Methane 0
Y%Ethylene 0

% Propylene () 99.6
% Propang ( 0
%C02 () 0

250
32.08
0
0.04
90.15
0
9.23

250
18.13
0.08
0.0L
94.16

4%

250
52.18
001
0
98.32
001
0.17

Temperature (°C)

300 350 400
4312 5052  60.79
006 008 011
007 01 016
8302 6723 6241
0 0 0.03
1612 2187 3264
Temperature (°C)

300 350 400
2054 4947 6613
014 026 034
003 006 0L
9186 80.04 TL6l
002 003 001
645 1824 2528
Temperature (°C

300 " 350( ) 400
6741 7656 7778
002 006 02
002 012 03
9%.65 9045 86.89
0.0 0 0.03
306 967 1213

450
57.18
0.36
0.31
60.57
0.05
35.63

450
69.02
0.6/
0.12
66.23
0,02
3241

450

19.2
0.69
0.36
18.46
0.06
19.56

99

500
58.23
0.9
0.49
54.2
0.05
41.62

500
68.87
126

56,53
002
30.9

500
17.98
0.71
0.24
58.15
0.06
40.46



1-Butanol oxidation

Table D13 Data of figure 5.25

Component 0
% 1-Butanol (C) 176
%Methane 1.02
%Ethylene 215
%Propylene (') 11.38
%Propane ( 0
%Formaldehyde ( ) 0.74
%C02 () 13

Table D14 Data of figure 5.26

Component 4
% 1-Butanol (C) 16.72
% Methane 413
%Ethylene 2.16
%Propylene () 881
%Propane( 0
%Formaldehyde ( ) 466
%C02 () 80.16

Table D15 Data of figure 5.27

Component 0
% 1-Butanol (C) 14.43
% Methane h.16
%Ethylene 3.46
%Propylene (') 1243
% Propang ( 0

%Formaldehyde ( ) 0.96
%C02 () 76.83

290
9.9
382
2.39
)1
0.06
6.46
16.43

290
52.26
3.76
245
6.35
001
3.83
83.67

290
48,32
2.67
3.19

10.89
0.03

79.11

Temperature (°C)

300 350 400
4578 7144 9043
03 065 02
15 14 12

686 649 309
045 011 032
413 304 094

8336 8719 90.09

Temperature (°C)

300 30 400
1251 9174 100
228 209 097
189 183 12
598 561 504
005 004 066

280 164 0
8687 8931  90.04

Temperature (°C)

300 350 400
1373 97.39 9865
190 089 086
221 203 268
945 931 573
016 009 024

038 007 0
8299 8525 8876

100

450 500
9435 9653
147 19
281 312
506 51l
03 038

016 0
88.73  86.34
450 500
100 100
124 15
0.75 106
449 326
043 0.9

0 0
242 92.36

450 500
100 99.64
186 205
213 19
416 434
015 006
0 0
8813  90.46



APPENDIX E
BLANK TEST OF OXIDATION REACTION

The oxidation reaction of methanol, ethanol, 1-propanol, 2-propanol, and 1-
butanol at the same reaction condition but have no catalyst (blank test) are shown as
follow:
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Figure EI Conversion (C) of methanol and product selectivities ( ) in the methanol oxidation.
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Figure E2 Conversion (C) of ethanol and product selectivities ( ) inthe ethanol oxidation.
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Figure E3 Conversion (C) of 1-propanol and product selectivities ( ) in the 1-propanol oxidation,
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Figure E4 Conversion (C) of 2-propanol and product selectivities ( ) in the 2-propanol oxidation.
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Figure E5 Conversion (C) of 1-butanol and product selectivities ( ) in the 1-butanol oxidation,
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