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APPENDIX A
CALCULATION OF CATALYST PREPARATION

Preparation of 8Co-Mg-0/Ti02 and sCo-Mg-o/Al203 catalysts by the Wet
Impregnation Method is shown as follow:

Reagent: - Cobalt acetate tetrahydrate [Co(CH:COO).- H.. |
Molecular weight = 249 g,
- Magnesium nitrate [My(NC>:) ]
Molecular weight = 25641 g
Support - Titanium dioxide [TiCh]
- Alumina [AlO:]

Calculation for the preparation of the 8Co-Mg-0/Ti02 catalyst.

The « Co-Mg- /Tio- aqueous solution used in catalyst preparation consists of
Co sWt% and TiC.. 92wt%. The amount of cobalt in s Co-Mg-o /Tio. catalyst is
calculated as follows:

Basis: TiC. 1g
If the weight of catalyst was 100 gram, s Co-Mg-o /Tl would compose of cobalt « g.
and TiC.. 92 g. Therefore, in this system,
the amount of Co =892 x 1
=0.0869 g.

Cobalt (Co) 0.0869 g. was prepared from Co(CH.COQ).'sH.o 99% and molecular
weight of Co =59, then
the Co(CHsCOQ).-+ Hzo content = (249x0.0869x . 00)/(59x99)
=03712 g,
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Then, Mg 1% was loaded on sCo/U 0 2 catalyst 100 gram.
The amount of Mg = (0.0869+1)/100
=0.010869 g

Magnesium (Mg) 0.010869 ¢. was impregnated from Mg(NUs,. solution 99%
and molecular weight of Mg = 24.305 g,

Thus, the amount of Mg(NC>;,. used =(0.010869x256.41)/24.305
=0.1157 ¢,

Calculation for the preparation of the 8Co-Mg-0/ Al20s catalyst.

The calculation for the preparation of s Co-Mg-o /Al.o- catalyst is the same as
the preparation of 8Co-Mg-0/TIC>2 catalyst.



APPENDIX B
CALCULATION OF DIFFUSIONAL LIMITATION EFFECT

Inthe 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% 1-propanol, 5% O. balance with nitrogen was used as
the unique reactant in the system. Molecular weight of 1-propanol and air (0. 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

Mab

Calculation of reactant gas density

Consider the I1-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  [.OxI05x30.744x!103
p= RT 83141



We obtained | =0.782 kg/m3
p —0.706 kg/m3
p= 0645 kg/m3
/

p=05% kg/m3

Calculation of the gas mixture viscosity

100

at T=200°c
at T=250"c
at T=300°
atT=350°c

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

0as mixture viscosity.

For a binary system of Land 2,

yilo

1 yiMi

=T 4T2NR T2+4T|@21

Where

um = Viscosity of the mixture

jUMu2 = pure component viscosity

yi 5y2 = mole fractions

Y2"m ,v /4

1+

2y vM2:
012 y

1 Mh

M

2

o =y

MI, M. = molecular weight

Let Lrefer to 1-propanol and 2 to air (0. 5% )

MI =60 and M2=28.2
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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.

. 0.0124y/v 282 NH
A
At 200°¢ o - 0.0248 J 6?2 - 050
8( 60
L 282]]
o f0028Y 60
% 20502000 0104 p28.27 = 214

0.08x0.0124 . 0.92x0.0248 _ i
W 008409240502 T0.99 40,08k 14 - V02T =221 X1 O kg - e

00135y v 2824 %

1+

i

et 0065V 60
02 05065 =213

0.08x0.0135 0.92x0.0265

M 0,08+ 0.92%0.506" .92 +0.08x2.113 0.0244cp = 2.44 x \0~5kg/m - SeC

10015 Yz 2824
00085 ] 6?2 05D
'y,

o 00285V 60
03 =0512 g 415 Aog oy =20

At 300°C p =

- 0080015, 09200085 - yofarh=8 ga dySianm -
T E TV AR AT 00%3CP = 968, 10kgm -sec
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r0.0162 282 "

1+
At B0 no = t 00303 160J _ 0517

60 1/2
L 28.2

o aaf 0030 7 60 _
2 20517, 016> 2. 72087

0.08x0.0162 092x0030 . i o
A 00850000517 092 1008y 037 = 0027865= 2.78X10-skgim - sec

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

(
3I03_ 0-98

, Viag 7
Dab~"" pyitBa 280 D

(i0“3)r ¥

where Dab = binary diffusion coefficient,cnr/s
T =temperature,K
Ma.w » = molecular weights of A and B ,g/mol

p L1
VMY vy
D = pressure,bar
< - Characteristic length,°A
Q 0 = diffusion collision integral, dimensionless

M,8=
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The characteristic Lennard-Jones energy and Length, £ and a , of air and

propanol are as follows: (Reid, 1988)

For C3H yOH : a (C3H yOH) = 4.549 °A, e/k = 576.7
For air L < (air) = 3.711 °Abe k= 786

The sample rules are usually employed.

Va+Vb . 454943711 112

& AB -

12

EMoln = EAEP (576.7x78.6)I2 =212.9

Qd s tabulated as a function of kT/s for the Lennard-Jones potential. The

accurate relation is

A C E G

V07 (79B+ exp(OT *)# exp(IT %)+ eXp(n ¢

Where T* = — | A=1.06036,B=015610 ,¢ =0.19300 , D =0.47635 , E =

£ AB

1.03587, F= 152996 , G = 1.76474 , H = 3.8941 1

% - ) 0
Then T 24159 2.222 at 200°c

T¢ = _4p- = 2456 at 250°
212.9
T* - - - = .
AD; = 2601 a J0°c
TF= .~ . =120926 at350°C
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1.06036 0,19300 1,03587 1.76474
(E*)QHD0 + exp(0.476357") +exp(1.529967*) + exp(3.894L ir )

0= 1038 ; 200°%
Qd = 1006 ; 250%
Qd = 0.979 ; 300°
0= 0956 ; 350°

With Equation of Dab,

303, 0B (1ggurzen

. r \ 30.249%
ALAC : DICHIOHI) 1 o096 1, 1008

3.01x10° mas

3@ 08 (qggm3

o LB s
ALZS0°c - DICHORAAIN =y 558 4132, 1006

362x105  mds

303,98 0957

- =S 3040
AL300 - D(CHIOHAIN = Yy 30 5, 413, 0979

426x105  mas

098
1308 302403, (10°9)62332

1x 30.24°5x 4.132x 0.956
5.04x105  mds

At 350°c : D(C3HTOH-air)
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Reactant gas mixture was supplied at 100 ml/min. in tubular microreactor used
inthe 1-propanol oxidation system at 30°c

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

the density ot L-propandl, p = 1'0)§1§15 i(é%?f%lO‘G: 11936 Ky

Mass flow rate = 1.236 100()3(010' = 2.06x106 kg/s

Diameter of quartz tube reactor = 8 mm

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

Mass Velocity , G= 503 3210. = 0.04 kg/mzs

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

dpG

Rep-
"

We obtained

on . (0.152x 10~3x 0.04) _
At 200°c : Ren 297%10'5 =(.208

A250°C :Re,,"O-l%Z%(()'lb(aollC 0.249
' Re, = 0.23

AUSOI: Re = 0.219
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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, dpGlp, and the Schmit number, p/pD. The j-factors are
defined as the following functions of the Schmidt number and Sherwood numbers:

K p (a 23
5 1'JA(A/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 r d pG ~ 040
V My

where G = mass velocity(superficial) based upon cross-sectional area of empty reactor
(G=up)
dp= diameter of catalyst particle for spheres
p = viscosity of fluid
p = density of fluid
$8B-=void fraction of the interparticle space (void fraction of the hed)
D = molecular diffusivitv of companent being transferred

Assume B=05

AL200°c  jD=-"(0.268)"° 4T = 1565

A5 ; o =350 249) 247 =163
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At300°c : 70.=" y - (0.231)-°47 = 1663

At350° : 70="(0.219)-=1.699

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

Jo=""p-{plpD)™

Where 8 is the porosity of the single screen.

foor\
Hence, km =
 p 001P0)

o (04586 e

V oebP j

Find Schmidt number, Sc : Sc = o

MAOC Sz oot = 0964

_ 24105
METC Se= frsagyeps = 0%
MAC S= gl enT= 0957

Se= OT8HOS
ALBOC > sape gy w1gg = 0928



Findkn: Ato0'e, k= 15X00% (0 964)23.- 0.0g2ms

AL 250°. km= 1-6&%@04“{0.955)“2/3 = 0,094 mfs

Ausooe. km= 0004 (0957)23=0.106 mi

on e 1099004 o -
At 350°c. km= 0504 (0.928)~23 =0.12 m/s

Properties of catalyst

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

Weight per catalyst particle = ) x0.375 " geg *10~7g/particle

External surface area per particle = (0.152 x 10°9)2=7.26x10"7 m2particle
1 26xI07_
6.895x 10

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

(lxi05)"|006)6|0'6"

8.314(273+3)

1-propanol molar feed rate = 0.08x6.62x10'5= 5.29x10'6 molls
1-propanol conversion (experimental data): 1.78 % at 200°C
573 Yat 200°C
28.07 % at J0°C
59.93 % at J0°C

am = 1.052x10~2 m2gram catalyst

Molar flow rate of gaseous feed stream = = 6.62 x 10~bmol/s

108
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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

Falnl

{rate of i into volume element} - {rate of i out of volume element}
+{rate of production of i within the volume element}
= {rate of accumulation of 1 within the volume elecment}

FA0= Fa(l-x) + (rwiW)
(W) = Fao-Fadl-x) =FAo = FAX

w = P -5-'--9X100A1XO'0178=4171%(16’7 fdis-gram catafyst at 200 ¢

w - Faox 2 229K 100x 0073 e 6 mol/]s-gram catalglst at 250¢

w = Ex 2 28x106x 08 4l o moi]fs-gram catalyst at WPt

w= FeX = 22K l(())'fxo'599:11.587x 105 mol/s-gram catalyst at B

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;

Ros —kmam(Cb-Cs)
1- propanol converted (mole)
(time)fgram of catalyst)
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where Cband c sare the concentrations in the bulk gas and at the surface, respectively.

on (rhpra- 08 = ATITXIN 4
At 200°. (Cb-Cy = Qam = 0.082x1 052 10" 5.47x10* mol/m3

0 a5 = 15I8x10M 4
At 250°c, (Cb-Cy = - 00901 LS x10"L 1.53x10 mol/m3

on (rhrq- 8 = 742xI0"6 3
At 300°c, (Cb-Cy = (1 = 0.106xL 052%10" =6.65x10° mol/m3

ALSEOE, (o= | 2 o.é’ii.?oxsglsom _126x103 molim3

From Ch (L-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, , 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 _m
rate evaluated at outer surface conditions 1S

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



Where C represents, symholically, the concentrations of all the involved components
Then, m=rs= f(CsTy)

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 rp=rlk|
(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
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—E

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

-4 " 'D .£ m4m-2D e ™ = -AmZAr[j(,C
Jr Jrear

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



At the center of the pellet symmetry requires

dC _ _
dr-Oatr-O

and at outer surface

c=csatr=1s

Solve linear differential equation by conventional methods to yield
. rsinh 37
C  rsinh3q

where (o is Thiele modulus for a spherical pellet defined by (a ~ KxP*

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

De = (e2D,

At 200°c. De = (0.5)2(3.01 X109 = 7.53x 106
At 250°c. De = (0.5)2(3.62xL 09 = 9.04x1 06
At 300°c. De=(0.5)2(4.26x10")= 1.06x10'5

Substitute radius of catalyst pellet. rs= 0.107x 10'3m with () equation

0.076x10" m Ik(m" /s - kg cat.) x 2000(kg/nv ) 21 200°
B 3V 753x10"(m2/)

N

0 =0.292 Vk (dimensionless) at 200°c
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A =0.266 Viv (dimensionless) at 250°C
bs = 0,246 yfk (dimensionless) at J0°C

Find k (at 200°C) from the mass halance equation around plug-flow reactor.

|lu: FAo dx

dw

where \v=kCA

Thus. kCA=
keAbo -x "
" ich k™
= R [ ()it o (n09)

k=-A —(- (0.9822)

Ao

(= . 9.29%ler6(moll ) - r (_1(
~ 0.1X10"3(kg)x 1.03{mol/nf)

=0.92 X 104 nr'/s-kg catalyst

0.9822)

Calculate ¢s:* =0.292 V0.92xI04 =0.0028 at 200°c
A= 0.266 Vs.03 X103 =0.015 at 250°c
46=0.246 VV1.68x10'2 = 0.032 at 300°c

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



APPENDIX C
CALCULATION OL SPECILIC SUREACE AREA

From Brunauer-Emmett-Teller (BET) equation

n(l-p)
Where,

“ne t O THE (C)

p = Relative partial pressure of adsorbed gas, P/Po
Po = Saturated vapor pressure of adsorbed gas in the condensed state at the
experimental temperature, atm
p = Equilibrium vapor pressure of adsorbed gas, atm
= Quantity of gas adsorbed at pressure p, ml. at the NTP/g of sample
nm - Quantity of gas adsorbed at monolayer, ml. at the NTP/g of sample

C =Exp[(He-H)RT]
He = Heat of condensation of adsorbed gas on all other layers
H = Heat of adsorption into the first layer

Assume C —» oo, then

n(l-p)
= n(l-p) (C2)

The surface area, , ofthe catalyst is given by
— %X ,1 (C3)

From the gas law
PhV tv
TI : (€4
Where, Pb = Pressure at 0°C
n, =Pressure at t°c
T = Temperature at 0°FC = 273.15 K
Tt =Temperature att°c =273.15 +tFC
V' =Constant volume
Then, Pb =(273.15/Tt) xP, = latm



Partial pressure

p_ [Flowof (He+N2)~ Flow of He] (C5)
Flow of (He + N2)

= 03atm
For nitrogen gas, the saturated vapor pressure equals to
Po = 1latm
then, p = PPo =0311  =02727

To measure the volume of nitrogen adsorbed,

|

3

N, 1 ml/1 atm at room Desorption of N, area

temperature area

2 1 27315
MWX T

Where, S| =N. 1ml/1 atm at room temperature area
2= Desorption of N. area
= Sample weight, g
T =Room temperature, K

ml. /g of catalyst (C6)

Therefore,
1 mB
m = x 1 (-p)
m L 281, 0 7m ()

T
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Whereas, the surface area of nitrogen gas from literature equal to
S = 4.373 m2ml of nitrogen gas

Ax-Mex 22|3'15x0.7272x4.343

"X -1 X X 31562 mlg (€7)



APPENDIX D
CALIBRATION CURVE

Flame ionization detector gas chromatographs, model 14A and 14B, were used
to analyze the concentrations of oxygenated compounds and light hydrocarbons,
respectively. 1-propanol,  2-propanol, ~ 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 CO2 by using Porapak-Q column.

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



118

5.00E-07

4.00E-07 -

3.00E-07 1

gmole of methane

2.00E-07 -

1.00E-07 1

0.00E+00 +——

0

s re D1 The calibration curve of methane

T Ny

U A

WX Lol . L dd T kTt g

100000 200000 300000 400000 500000 600000 700000

Area of peak

5.00E-06
4.00E-06 E'""’”"'""é ................ S — ST, ——
] : : y & 4.12E-13 :
[« B) - b 4
[ . .
= ]
=. 3.00E-06 -
< -
= ]
B -
= 2.00E-06 A
= q
=4 g
1.00E-06 -
0.00E+00 - = :
0 2000000 4000000 6000000 8000000 10000000 12000000
Area of peak

Figure D2 The calibration curve of ethylene
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Figure D3 The calibration curve of propane
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Figure D4 The calibration curve of propylene
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Figure D6 The calibration curve of 2-propanol
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Figure D7 The calibration curve of formaldehyde
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Figure D8 The calibration curve of acetaldehyde
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APPENDIX E
DATA OF EXPERIMENTS

Table E | data of figure 5.1a

e ARG RS PR G 6T G i
J 4539 0.03 14 7457 002 065 959 1291
4 43.36 0.02 126 745 002 070  9.66 12.88
5 4468 0.03 139 7393 002 064 966 12.30
7 43.00 0.02 152 7443 003 068 1010 1297
9 4356 0.03 1% 7267 003 072 990 13.29
1143712 0.03 147 7489 002 068  9.70 12.80
13 4353 0.03 143 7448 003 067 1001 1250
4187 0.03 145 7506 002 065  10.07 1240
17 4315 0.03 14 7306 002 075 976 1281
19 4023 0.03 176 71332 003 072 1055 13.06
22 41.36 0.03 198 7323 003 074 105 13.03
25
28
3l
3
39
43
46
43

40.21 0.03 143 7391 003 075 1047 13.10
38.60 0.03 151 7338 002 061 1089 1317
39.62 0.02 093 7211 004 080 10.76 1388
31.12 0.02 085 7290 003 08 1124 13.89
38.31 0.02 L4 7234 003 078 1097 1320
31.83 0.02 18 7233 003 081 1117 12.94
36.90 0.02 164 7336 003 082 1151 12.21
36.17 0.02 181 7198 003 083 1164 1290
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Table E2 data of figure 5.1b

Tre GREE R MR G G YT RS T
225 26.57 0.02 075 8398 003 040 518 831
325 2491 0.02 083 817 004 042 520 8.07
425 2477 0.02 076 841 003 038 459 1.0
55 2393 0.02 081 6781 003 032 38 112
7 2411 0.02 104 881 003 031 366 1.10
9 2210 0.02 075 8.9 003 032 3% 1.9
n2n 0.02 073 85 003 038 501 1.3
4 2156 0.02 078 8690 002 028 42 6.03
17 2213 0.02 072 882 002 032 502 131
20 2118 0.02 068 ~ 8567 002 036 457 1.19
23 2143 0.02 081 8723 005 028 363 141
26 2071 0.02 066 8563 002 032 381 8.35
29 2042 0.02 078 8705 002 026 s 5.8
2 1543 0.02 084 8504 003 036 471 8.16
» 1718 0.02 0.81 8587 003 037 554 1.19
3B 1618 0.02 09 8637 002 033 464 1.31
4 1564 0.02 076 8527 004 041  6.36 111
4 1573 0.02 0.74 833 003 039 6.0 1.14
46 1530 0.02 0.71 802 003 040  6.27 148
48 1535 0.02 0.79 8525 004 042 642 6.54
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Table E3 data of figure 5.1¢

L e R S
225 4117 0.00 132 9649 006 003 006 0.00
35 4643 0.00 103 9440 006 003 009 031
5 4595 0.00 082  9.36 003 003 006 0.29
125 4496 0.00 063 9733 002 003 004 0.33
1025 4575 0.00 058  9.12 002 003 001 0.37
13 4500 0.00 053 9699 002 006 000 1.00
155 46,50 0.00 065 933 000 009 000 179
18 4621 0.00 0.74 937 000 010 000 2.2
20 4429 0.00 090 967 000 007 000 155
22 4612 0.00 092 9487 000 010 0.0 2.22
24 46.66 0.00 093 9520 000 009 000 211
26 46.96 0.00 105 9460 000 008 0.0 192
28 4565 0.00 109 949 000 004 004 185
30 4748 0.00 081 98 000 004 002 183
j] 4612 0.00 058 9433 000 004 000 197
36 4416 0.00 066 ~ 9556 000 008  0.00 179
40 4463 0.00 0.76 9441 000 012 0.0 175
42 46.29 0.00 078 9373 000 009 000 1.80
4  42.69 0.00 080 9312 001 009 000 2.13
48 4254 0.00 083 9253 002 012  0.00 2.19



Table E4 data of figure 5.2

e A e e B U B

>

—

O© 34 O o1~

13
()
17
20
24
28
3l
34
37
40
44
48

33.74
33.63
32.46
30.89
30.02
29.56
30.23
28.90
29.95
30.18
30.43
28.29
28.36
29.30
29.03
28.79
28.88
29.05
28.91

0.04
0.06
0.06
0.06
0.05
0.06
0.06
0.06
0.06
0.07
0.07
0.07
0.07
0.06
0.06
0.07
0.06
0.07
0.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

18.12
76.39
1413
15.74
7181
10.52
1175
10.97
10.37
71.30
11.57
1148
10.42
11.34
11.94
12.15
12.53
12.26
12.45

0.05
0.07
0.06
0.06
0.06
0.06
0.05
0.05
0.05
0.05
0.05
0.06
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.46
0.61
0.61
0.56
0.60
0.60
0.60
0.55
0.58
0.60
0.60
0.67
0.68
0.53
0.50
0.53
0.55
0.58
0.55

11.36
14.23
1549
16.33
17.98
1861
17.96
1841
18.64
18.71
18.24
18.06
18.18
17.87
17.14
1743
16.38
17.44
17.55
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i
8.07
8.28
8.47
6.72
931
931
9.09
9.29
9.13
8.82
8.44
941
9.96
8.01
8.11
8.70
8.56
8.01
8.72
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Table E5 data of figure 5.2b
35.61 0.07
3 353 0.07
4 3509 0.06
6 3553 0.06
8§ 3520 0.06
10 36.01 0.05
13 3524 0.05
14 34,65 0.05
16 3545 0.05
18 3471 0.05
20 3505 0.04
223400 0.05
24 32.20 0.04
21 3187 0.04
0 3223 0.05
i 3212 0.04
6 3132 0.04
40 3274 0.05
a4 3215 0.04
48 32.06 0.05

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

70.99
10.20
69.23
10.38
71.06
69.95
10.66
69.06
70.01
69.91
70.89
7111
10.87
70.61
10.25
69.41
10.21
69.65
69.15
69.67

0.03
0.05
0.02
0.03
0.03
0.04
0.03
0.02
0.02
0.03
0.03
0.05
0.03
0.05
0.04
0.04
0.04
0.04
0.05
0.05

0.19
0.15
0.15
0.14
0.13
0.13
0.13
0.15
0.15
0.18
0.18
0.19
0.19
0.36
0.30
0.36
0.34
0.36
0.38
0.37

19.30
18.39
19.07
18.24
19.12
18.86
19.34
19.87
20.10
19.56
18.62
19.04
18.19
1801
17.80
20.27
18.36
18.77
20.32
19.40

12

\%de
8.27
9.84
10.84
8.92
8.90
9.42
9.1
10.23
9.55
9.1
9.02
9.35
9.59
10.83
10.73
9.77
10.75
10.66
9.63
10.07
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Table E6 data of figure 5.2¢

e SR AR " G T W SRR
225 46.99 0.00 942 6002 011 003 301 0.16
35 50.04 0.00 1043 6366 012 003 2545 02
5 49.39 0.00 109% 6372 013 000 2415 0.24
7 403 0.00 951 6765 008 004 219 0.09
85 4179 0.00 14 6434 011 006 2387 0.29
10 3978 0.00 158 720 007 005 1678 0.25
2 303 0.00 b4 7131 006 004 1464 0.06
4 2830 0.00 488 8093 011 004 171 0.25
175 32.56 0.00 604 7722 008 009 1510 0.5/
19 339 0.00 650 7291 007 009 1561 0.59
A 2997 0.00 004 7747 010 007 4L 0.44
24 2813 0.00 432 7851 010 024 142 156
26 3162 0.00 604 8064 006 013 1015 142
28 30.27 0.00 518 728 009 024 1829 3.05
0 3381 0.00 619 70l 010 018 1371 251
3 3027 0.00 ol 7423 009 021 1544 351
40 3405 0.00 604 7292 013 02 139 387
43 3474 0.00 652 7517 013 029 135 3.12
46 3171 0.00 708 7467 011 028 1190 433
43 3565 0.00 69 7353 007 021 1303 444
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Table E7 data of figure 5.3a

e GRoET AR 1EEe GEE QT W G
3.75 5200 0.17 000 3664 000 000 5947 2.54
475 49.34 0.28 000 35 002 002 6018 3.34
6 4745 0.29 000 3499 002 002 6119 341
8 4763 0.18 000 3310 001 002 6437 203
10 4756 0.19 000 3348 001 001 6236 2.26
2 4805 0.19 000 348 000 001 6132 2.39
4 4819 0.23 000 3440 001 001 6093 2.98
16 4799 0.18 000 3437 001 002 6165 2.46
19 4595 0.26 000 3461 001 001 6240 2.9
2 42 0.18 000 ~ 3570 002 002 6067 241
20 4283 0.19 000 355 002 002 6109 231
21 4238 0.19 000 363 002 002 6034 2.66
29 449 0.22 000 363 002 002 6018 2.3
A 4282 0.16 000  3»I11 001 001 6197 241
#4316 0.18 000 3659 00I 001 598/ 261
31 4246 0.16 000 3528 001 000 6L37 3.00
40 4327 0.16 000 3703 00I 001 5930 2.65
48 4240 0.20 000 311 00I 00I 6080 2.19
46 4272 0.19 000 3622 002 002 5988 2.9
48 4262 0.17 000 3694 002 002 6040 2.2
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Table E8 data of figure 5.3b

e e G SR LR Aol VR T
5111 0.14 000 5962 001 001 3322 2.19
4.5 48.74 0.15 000 6307 001 001 3319 301
6 4765 0.18 000 6063 001 00l 3523 2.99
8 4903 0.17 000 6376 001 001 3L75 2.98
10 4725 0.18 000 6548 001 00l 3090 3.03
2 4590 0.19 000 615/ 001 001 3383 3.04
4 4673 0.18 000 5833 001 001 3832 2.94
155 4513 021 000 5829 001 001 3817 312
19 4509 0.22 000 5861 000 001 3683 2.96
225 4438 0.25 000 5975 000 001 3662 2.93
245 4140 0.20 000 ~ 5497 001 001 4129 2.15
265 3845 0.20 000 5358 001 00l  40.88 2.60
29 38.86 0.20 000 5216 001 001 4450 2.69
315 4189 0.18 000 5010 001 001 4360 2.55
345 4125 0.20 000 4990 001 001 4380 2.39
B 3643 021 000 5287 001 001 4328 2.64
2 4211 0.20 000 4927 000 001 4313 2.62
455 40.66 021 000 5351 001 001 432 245
43 3991 0.23 000 5247 001 001 4294 2.65



Table E9 data of figure 5.3

e WHERE GHRE 1 G Y é"e%%‘e[f i
2 1221 0.16 000 938 000 2.80 110
P 13% 0.2 000 9395 000 O OO 2.58 148
T 0.2 000 9435 000 000 227 110
7 6891 0.33 000 9120 000 000 415 181

85 7351 0.34 000 %31 000 000 477 2.20
10 6931 0.3 000 9148 000 000 481 2.5

107 69.97 0.3 000 9043 000 000 420 199
13 6426 0.3 000 878 000 000 487 2.3
16 7581 0.37 000 8793 000 000 55 3.10
18 69.04 0.42 000 860 000 000 518 242

20 7340 041 000 9026 000 000 570 2.18
22 6852 0.4/ 000 815 000 000 583 2.68
24 1199 0.20 000 9339 000 000 31U 189
26 69.06 0.25 000 9147 000 000 279 152
28 6943 0.29 000 9003 000 000 3% 175
0 725 0.25 000 85 000 000 369 18
3 T541 031 000 8965 000 000 528 244
B 7644 0.37 000 880 002 000 54 2.12

2 12% 0.3 000 843 000 000 379 243

4 7644 0.26 000 9208 000 000 298 152

8 7233 0.30 000 909 000 000 448 2.10
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Table E10 data of figure 5.4a

e RN G e o G T Ui
175 96.10 0.26 000 37/ 000 000 %2 0.00
4 96.00 031 000 53 000 000 9280 0.03
6 96.27 0.29 000 4% 000 000 9278 0.03
§ 96.15 0.32 0.00 578 000 000 9246 0.03
10 96.07 031 0.00 587 000 000 917/ 0.04
13 95.98 0.29 000 600 000 000 9261 0.03
5 9586 0.34 0.00 55 000 000 9236 0.03
17 %01 0.37 0.00 846 000 000 8987 0.04
19 96.27 0.37 000 916 000 000 90.04 0.04
22 9614 0.3 0.00 953 000 000 8988 0.09
25 96.03 0.34 0.00 878 000 000 9012 0.06
28 9624 0.34 0.00 6.0 000 000 9060 0.05
3 9593 0.3 0.00 911 000 000 89388 0.08
3 96.09 0.34 0.00 912 000 000 8953 0.06
37 95.96 0.34 0.00 689 000 000 8662 0.07
395 96.13 0.32 0.00 636 000 000 9080 0.06
43 9.03 031 0.00 602 000 000 9114 0.07
46 9624 0.32 0.00 900 000 000 9047 0.06
48 988 0.37 0.00 945 000 000 8946 0.06
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Table E Il data of figure 5.4b

e U W e W e O T
25 9383 0.00 000 378 000 000 619 0.00
4 9469 0.00 000 37 000 000 6319 0.00
5 9400 0.00 000 3472 000 000 6484 0.02
7 9368 0.00 000 3639 000 000 62% 001
85 94.18 0.00 000 3712 000 000 6104 0.02
10 9393 0.00 000 3616 000 000 6183 0.01
2 %9 0.00 000 3442 000 000 6443 0.02
14 9560 0.00 000 3353 000 000 6415 0.01
16 9.12 0.00 000 347/ 000 000 6L34 0.03
18 9456 0.00 000 355 000 000 6257 0.03
A 924 0.00 000 3532 000 000 6431 0.02
23 9536 0.00 000 3574 000 000 6374 0.03
26 9488 0.00 000 3371 000 000 6500 0.03
29 95.26 0.00 000 3597 000 000 6349 0.03
32 9559 0.00 000 338 000 000 6336 0.02
3 9557 0.00 000 3593 000 000 6206 0.03
B %513 0.00 000 348 000 000 6233 0.02
4 9534 0.00 000 3533 000 000 6351 0.02
YA 0.00 000 323 000 000 6412 0.03
43 95.55 0.00 000 3584 000 000 6336 0.03
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Table E12 data of figure 5.4c

W e e O Y N
3 100.00 132 10.03

4,25 100.00 1.30 0 00 84.61 0 00 0.00 12.69 0 00
55 100.00 115 0.00 8710 000 000 99 0.00
6.5 100.00 115 000 8949 000 000 737 0.00
75 10000 0.89 0.00 9149 000 000 698 0.00
9 100.00 0.86 0.00 9355 000 000 524 0.00

1142 100.00 0.73 0.00 9087 000 000 563 0.07
15 100.00 0.60 000 9025 000 000 558 0.00
175 100.00 0.57 0.00 9357 000 000 567 0.08
185 100.00 0.48 0.00 9270 000 000 376 0.08

20.25 100.00 051 0.00 89.93 000 000 628 0.15
22 9399 0.72 0.00 86.70 000 000 1011 0.00
24 9385 0.66 0.00 80.78 000 000 794 0.00
26 89.83 0.62 0.00 9298 000 000 536 0.08
28 831 0.69 0.00 8955 0.00 000 6.74 0.16
0 8197 0.60 0.00 87.08 000 000 752 0.32
3 88.16 0.55 0.00 8518 000 000 871 1.06
36 8378 0.61 0.00 87.00 000 000 82 1.69
39 7790 0.57 0.00 91.13 000 000 491 1.25
42 8854 0.61 0.00 8290 000 000 1121 119

45 87.99 0.71 0.00 85.90 000 000 1160 123
48  9L77 0.60 0.00 8327 000 000 1357 0.89
49  89.16 0.71 0.00 8236 000 000 1464 118

ol 8879 0.79 0.00 7812 000 000 1628 1.26
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Table E13 data of figure 5.5

e Y P S S U S e e
317 69.09 0.05 14, 33
442 1167 0.13 2.35 72.59 0 46 4 19 5 43 1387
558 76.35 0.06 6.42 6897 052 469 551 13.79
658 74.63 0.06 6.63 6840 052 464 485 1458
750 7576 061 6.24 6857 057 491 471 1410
850 7159 0.06 4.90 6947 056 488 484 15.16
950 76.59 0.07 5.56 6911 046 395 362 1597
1067 72.82 0.06 546 68.86 057 458 385 16.52
1175 76.27 0.07 5.84 6941 039 336  3.00 16.35
1283 7753 0.07 5.08 6459 062 521 459 15.38
1425 7621 0.08 531 69.19 047 401  3.39 16.98
1525 71.24 0.07 5.68 68.74 052 447 365 16.71
16.37  12.77 0.08 4.49 6981 038 328 266 18.13
1730 75.40 0.05 1.38 6890 036 342 476 14.67
1825 7301 0.11 2.33 /542 035 340 326 14.85
2025 7485 0.08 4.60 7021 051 459 370 14.65
22.25 1329 0.08 4.56 6929 062 535 416 1412
2425 71.90 0.08 421 7040 062 518 39 15.46
26.25 73.09 0.08 3.62 68.96 045 384 278 15.28
2925 7422 0.08 3.86 6938 057 481 332 15.16
32.25 76.14 0.12 0.00 7037 060 497 365 16.77
38.75  77.35 0.08 553 6/81 060 501 334 17.55
4475 7331 0.08 3.55 7007 057 489 331 15.87
4840 72.59 0.08 3.83 7382 038 316 206 15.57
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Table E14 data of figure 5.5
SO R e R W T G
083 7883 1080  56.09 10.29 14, 39

525 1897 0 10 6.72 58.09 1.71 11.19 5.56 16.00
650 77.22 0.10 6.70 501 166 975 484 17.85
850 76.79 0.11 6.83 5613 318 1085 450 18.25
983 77.09 0.11 3.62 5837 15 1080 412 20.52
1100 75.48 0.12 2.95 5939 205 1042 496 20.25
1350 81.22 0.10 3.24 5799 170 1090 42 21.59
1550 7743 0.10 1.04 5471 161 999 385 22.55
1825 7881 0.11 701 5485 15 98 358 22.08
20.00 80.92 0.11 .85 5415 135 1008 279 23.10
22.00 80.87 0.10 6.43 5620 158 982 322 21.84
2350 8118 0.11 198 5461 199 966 330 21.63
2550 8137 0.07 459 5597 176 1083 351 22.33
28.00 80.27 0.11 6.40 56.52 186 954 362 21.15
3100 8197 0.12 6.15 5662 183 946 472 20.86
3400 8129 0.11 1.22 56.37 13 886 419 21.24
3950 78.10 0.05 3.35 6135 131 1015 315 20.25
4325 78.56 0.07 4.87 56.86 146 1051 321 21.66
46,00 75.15 0.07 4.70 531 148 1080 296 22.43
4800 7791 0.09 581 5.76 162 1048 374 20.75
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Table E15 data of figure 5.5¢

e G %%‘Wb %%W @%ﬂ@ éﬁm &%’aﬁ& [@@W e
320 6532 11. 07
400 65.12 0 10 4 60 72.32 1.16 12.73 7.86 0.39
500 64.28 0.09 4.18 6651 095 991 563 12.52
6.67 63.32 0.09 344 66.76 104 98 550 1261
6.00 64.03 0.09 2.85 6687 108 938 529 14.03
9.00 63.60 0.08 3.25 6622 097 808 433 14.02
1000 65.59 0.08 2.80 6506 097 75 430 19.07
1200 64.62 0.07 4.34 6650 106 742 431 1581
14.00  66.06 0.07 2.15 66.05 075 528  3.09 21.94
16.00 66.54 0.07 2.69 6712 118 768  4.16 16.84
18.00 64.70 0.11 4.00 6896 092 1091 461 8.89
22.00 60.14 0.08 2.05 6334 120 1222 566 13.54
26.00 5363 0.09 221 8032 123 953 491 0.61
30.00 56.98 0.07 2.23 7243 107 680  3.69 1291
36.00 61.78 0.07 2.24 7071 104 666  3.18 15.65
4200 63.72 0.10 2.32 7203 090 1048 3.79 9.59
43.00 64.05 0.08 1.10 21 085 649 279 10.78



Table EI6 data of figure 5.6a

Y e e Y Y R

Time
2.67
4.00
5,08
6.50
1.75
9.08
10.50
11.75
1383
17.25
19.42
21.42
23.00
26.00
29.00
32.00
36.25
41.00
43.25
48.00
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100.00 47, 52 561
99.26 0 16 51.31 27 97 061 2.49 7.13 321
99.55 0.00 4570 2909 181 793 1309 1.08
99.53 0.00 4055 3222 176 758 158 0.72
98.64 0.10 3115 4156 18 806 1486 0.87
97.19 0.09 3248 4449 160 725 1217 0.89
9342 0.00 4635 4809 017 081 212 0.95
92.81 0.00 3861 4268 127 541 1040 0.93
89.75 0.13 2216 4786 227 1023 1410 1.00
90.59 0.14 2033 4788 286 1294 1304 1.3
93.62 0.00 3401 4145 245 1074 9.6 1.04
19.87 0.10 2611 4501 195 1029 1565 105
68.71 0.09 2596 4734 154 789 1534 0.00
51.13 0.10 2154 5130 173 773 1573 132
61.74 0.10 2035 5597 206 857 1210 0.00
66.00 0.12 1838 5793 241 1028 992 0.00
79.49 0.11 2017 5229 248 1037 9.06 0.00
85.38 0.00 3180 4529 265 1094 7.36 0.00
95.23 0.00 3764 3958 257 1054 580 0.00
69.16 0.15 1218 6271 18 1040 1134 0.00
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Table E17 data of figure 5.60

e TR PR G G é@m ‘)éa%& %ﬁf "/%%‘“de
467 98.04 0.03 5170 3167

658 98.12 0.03 4468 394 0.26 1.31 11.94 0.58
983  95.97 0.00 -3625 4192 052 2% 1786 0.00
1100 9345 0.00 351 4170 054 308 1959 0.00
1308 87.89 0.00 2889  50.74 060 368 1467 0.00
1533 8185 0.00 2168 5530 055 351 889 9.39
1683  74.80 0.00 1985 6443 070 455 835 0.82
1833  68.06 0.05 1242 7279 074 48  7.02 104
1983 68.19 0.06 1110 7602 070 481 544 0N
31.08 69.96 0.00 1823 6716 062 400 767 091
3242 6322 0.04 1198 7546 065 420 580 0.85
38.83  66.00 013 2.29 8920 046 327 233 111
40.75  62.67 0.13 2.06 8759 062 443  3.06 1.19
48.00 4474 0.00 6.07 89.66 006 016 324 0.00



Table E18 data of figure 5.6¢

Time

3.78
4.83
6.00
7.50
8.50
9.50
10.50
12,00
13.00
14.00
16.00
18.00
20.00
22.00
24.00
28.00
32.00
36.00
42.00
48.00
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it %@&W a5 W ée%&ﬁw BT U

97.13
86.08
83.32
18.72
74.65
19.73
7301
75.15
76.74
12.67
73.19
11.22
86.20
83.65
78.59
77.07
1437
74.90
713.35
73.10

0.13
0.32
0.27
0.23
0.25
0.11
0.10
0.08
0.07
0.07
0.06
0.06
0.33
0.23
0.13
0.06
0.04
0.04
0.04
0.04

3.14
2.26
2.50
2.95
248
2.33
2.34
244
2.26
2.24
217
041
2.34
2.35
2.21
2.19
2.30
1.93
2.07

25.21
65.73
62.96
67.29
81.49
62.67
69.58
66.81
68.31
70.11
68.35
70.00
61.19
68.24
71.68
67.90
66.78
66.76
67.07
68.52

0.48
0.61
0.57
0.02
0.84
0.53
0.69
0.55
0.56
0.58
0.54
0.53
0.50
0.40
0.67
0.56
0.57
0.71
0.75

3.00
3.92
3.96
0.10
6.06
4.10
521
4.26
451
4.75
4.46
2.88
3.28
2.88
5.26
4,57
4.66
5.75
5.96

43.26
14.17
17.77
12.64
0.23
14.69
8.98
9.66
6.74
113
6.69
598
20.99
13.27
9.05
117
4.65
443
530
540

21.03
1115
1201
12,01
14.42
12.58
13.00
13.77
16.53
14.94
15.84
16.25
12.22
11.58
11.56
15.95
18.30
19.43
19.01
16.15
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Table E19 data of figure 5.7a

e Y VI e G W S I o
283 7450 0.24 83.46

400 72.66 0.21 0 00 82.40 0.16 0 10 15.44 1.24
500 7330 0.17 0.00 7832 019 011 1729 3.76
6.00 7255 0.16 0.00 7841 020 011 1547 4.29
700 7559 0.17 0.36 8034 020 010 1458 4.20
8.00 73.69 0.16 0.37 7954 021 011 1531 3.97
900 7293 0.14 0.33 7949 0201 011  14.48 410
1125 7613 0.16 0.52 8482 016 008 892 4,34
1300 77.60 0.15 0.48 8152 016 009  9.26 4.64
1400 76.53 0.16 0.57 8270 019 010 1073 490
1500 7531 0.14 043 8099 021 011 1131 538
16.00 76.43 0.14 0.52 8416 020 010 1004 4.78
1833 71.82 0.16 0.58 8362 018 010 976 5.29
2050 79.06 0.14 0.59 8062 024 013 1181 5.67
2200 76.55 0.15 0.46 8L79 021 011 1067 5.88
2500 76.15 0.14 0.61 6590 014 007 736 5.38
2900 79.29 0.22 0.00 8260 013 012 745 9.18
31.00 9381 0.48 0.00 7234 013 008  23.69 1.84
3500 93.74 0.34 0.00 7060 05 023 1801 219
37.60 91.80 0.46 0.00 7437 059 023  17.06 2.09
40.47  88.60 0.73 0.00 6212 176 037 2494 1.57
42.00 9045 0.24 8.19 56.86 189 021 2087 4.42
43.00 8747 0.39 4.55 %.71 369 029 2380 5.64
48.00 88.84 0.04 451 5508 529 037 2297 6.11
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Table E20 data of figure 5.7b

e R “RRE Mg é‘é(é'&mty éa%'afwty T R
300 10000 0.0 4336 1694 0.9 3643 004
425 10000 0.0 39.58 1818 0.10 0 07 3918 047
550 100.00  0.00 3650 1942 012 008 4384 042
650  92.39 0.00 36.63 1890 013 008 4256 045
850 8891 0.00 33.35 1723 015 009 4659 053
1050  86.54 0.00 33.89 1981 016 009 4462 06l
1450  79.76 0.00 3038 2069 019 010 4474 057
16.00 76.70 0.00 3006 2206 020 010 4547 062
1750 7188 0.00 2976 2550 020 010 4150 063
1950 7233 0.00 2944 2121 020 010 4095 058
2525 75.03 0.00 013 2478 020 011 4181 0.45
2900 7175 0.00 2690 2575 026 015 4464 049
3033 69.54 0.00 2003 2767 026 015 4067 052
3800 7136 0.00 2094 2869 032 017 4022 065
4200 7584 0.00 2158 3039 034 019 3638 075
4600 7461 0.00 2984 3144 027 014 38 070
43.00 76.44 0.00 2008 2543 034 018 385 0N
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Table E21 data of figure 5.7¢

Tire A e Yogeene o WHEE W AP MOl
163 8074 0.0 025 8058 016 012" 1327 448
21 81.16 0.2 000 8047 017 011l 1329 4.24
340 7905 0.2 064 8345 015 010 1084 5.14
450 8035 02 000 891 010 007 129 581
j700 8030 020 000 8471 013 009 989 5.00
800 8057 02 012 8237 012 005 1104 5.24
9.00 7971 0.22 066 811 009 006 1141 5.10
11040 8067 02 000 8264 008 006 10.75 6.16
1200 8075 02 068 8380 004 003 554 738
1400 8389 0.7 073 7406 013 010 1506 6.94
1600 8429 018 083 8335 013 006 1044 583
2200 8467 014 000 8364 013 005 891 6.40
2325 8504 015 020 816 013 010 902 4.37
2450 8508 014 000 8426 013 010 942 583
3183 8612 0.5 000 8767 01l 010 551 5.87
3325 893 013 000 8806 014 010 6.28 591
3467 8464 015 000 7383 013 008 1484 9.64
36.00 8357 0.4 016 8167 011 012 1273 6.03
3822 871 0.19 000 8000 009 018 1278 6.04
4033 82 02 000 803l 009 016 766 9.77
4200 8063 02 000 8265 008 010 1098 5.60
4550 7740 018 000 8424 008 004 555 6.06
4800 7608 0.9 000 8759 007 004 585 6.12




Table E22 data of figure 5.8a

Tine

2.00

4.00

5.33

6.50

9.50

12.50
14.00
16.75
18.00
20.00
23.00
30.50
33.50
37.25
41.00
43.00
48.00
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W B é@éﬁ‘ﬁ é‘mﬁ %%‘&fww T

100.00

100.00
100.00
100.00
100.00
87.83
81.93
14.75
79.45
74.86
69.39
71.35
76.90
14.47
7596
7157
78.22

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

58.70
48.28
47.89
48.43
42.79
39.03
3337
28.29
21.82
25.09
21.85
24.39
23.95
19.19
17.64
16.00
1591

30.62
33.99
34.87
41.53
48.47
50.35
59.82
61.00
64.69
67.73
1297
7421
7191
80.11
11.23
81.24

0 09
0.08
0.07
0.08
0.07
0.11
0.09
0.10
0.09
0.08
0.07
0.07
0.06
0.06
0.05
0.06

0.04
0.04
0.04
0.05
0.04
0.06
0.05
0.06
0.05
0.04
0.04
0.04
0.03
0.03
0.03
0.03

15.58
18.14
16.08
14.76
1411
10.48
1423
9.65
9.93
8.52
6.63
0.00
0.00
0.00
0.00
2.57
0.00

0.17
0.38
041
043
0.54
0.80
0.87
0.89
104
0.99
0.98
1.20
1.55
198
193
1.96
2.28



Table E23 data of figure 5.8h

R S D A S

Time

2.58

3.75

5.08

6.50

8.50

10.50
12.17
13.50
14.75
1733
18.67
22.50
24.25
30.00
34.50
40.75
46.50
48.00

80.42

83.13
79.36
80.14
19.78
17.73
75.64
74.60
70.17
63.27
61.13
70.50
62.77
50.49
48.57
51.45
67.85
63.18

0 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

69.47
61.40
69.35
70.52
67.09
64.07
65.20
68.45
70.88
69.80
66.55
65.48
67.01
64.73
64.97
63.63
65.01
67.10

0 20
0.14
0.11
0.12
0.15
0.15
0.13
0.13
0.15
0.18
0.17
0.17
0.29
0.32
0.29
0.18
0.18

0 08
0.06
0.06
0.07
0.09
0.09
0.08
0.08
0.09
0.10
0.09
0.10
0.18
0.21
0.20
0.10
0.10

29.00
31.37
30.13
28.34
30.71
34.14
3240
30.12
21.32
2621
28.65
3112
21.52
29.88
30.44
26.95
31.36
26.19
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e
0.63
0.54
0.09
0.75
122
0.47
133
0.24
0.59
2.50
3.94
2.20
421
3.88
317
8.70
243
551
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Table E24 data of figure 5.8¢

e GROEN MR SRR GRE L N SR R
300 97.98 0.00 0.00 22 017 003 265 014
1442 97.87 0.00 0.00 6931 015 004 2973 014
583  95.84 0.00 0.00 7309 013 005 2595 0.4
6.00 9.17 0.00 0.00 7066 011 006 2784 012
158 94.29 0.00 0.00 8957 002 001 8% 0.07
1033 96.32 0.00 0.00 69.07 007 005 3045 004
11158 96.14 0.00 0.00 7364 005 004 2591 004
1283 991 0.00 0.00 7315 005 004 265 004
11500 95.36 0.00 0.00 7158 006 004 27119 003
1633 94,01 0.00 0.00 71907 004 003 12970 003
1767 92.79 0.00 0.00 80286 004 003 1841 003
1900  85.09 0.00 0.00 7626 o1 009 2205 0.6
2133 85.66 0.00 0.00 6843 012 008 2890 004
2475 82.55 0.00 0.00 1231 o1 007 2517 005
2183 80.20 0.00 0.00 6804 015 011 2819 008
3083 76.72 0.00 0.00 7369 017 013 2305 012
33.00 76.34 0.00 0.00 7308 022 017 2119 023
36.75  13.22 0.01 0.00 6686 014 013 8359 0.40
40.00 79.46 0.01 0.00 65.72 054 038 2559 034
46.00 85.03 0.01 0.00 6491 105 051 2295 090
48.00 87.20 0.01 0.00 69.12 099 046 2046 1l
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Table E25 data of figure 5.9a

T Ghsn T T S R G T
200 182 0.70 000 7838 000 000 1790 0.00
250 1686 034 000 335 000 000 6378 0.00
300 6561 0.67 000 963 002 007 8783 0.00
30 96.83 0.74 180 84 012 035 8415 0.00
400 10000 083 3.02 286 014 041 875l 0.30
450 10000 087 3.78 106 040 103 869 105
500 10000 034 274 000 136 269 8810 2.3

Table E26 data of figure 5.90

Tap Gheen R R G G T Al e
200 783 0.06 000 993 000 000 8661 0.0C
50 1286 015 000 613 000 015 9017 0.00
300 5121 0.61 000 437 013 007 9309 0.00
350 85.89 114 19 545 01 013 9018 0.00
400 10000 086 230 3 012 041  90.28 0.00

450 10000 084 3.02 121 03 100 9047 0.79
500 10000  0.70 2.9 000 066 141 902 133
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Table E27 data of figure 5.10a

o AN A e S Y BN A
200 893 154 0.00 000 005 000 9.1 0.00
250 7648 081 000 5263 001 001 4223 0.55
300 86.32 048 000 5012 001 002 4333 150
30 10000 036 000 489 004 009 4465 17
400 10000 037 041 4951 011 013 4542 194
450 10000 036 176 5134 004 001 4390 211
500 10000 037 187 5220 001 011 4251 2.25

Table E28 data of figure 5.1

T nen ST N T BT T i
200 14 0.68 000 000 000 000 9.0 0.00
250 48.46 0.75 000 312 000 000 9241 0.00
300 97.20 0.78 000 3% 000 000 9332 0.00
30 10000 0.7 000 645 001 001 9146 0.00
400 10000 0.7/ 000 660 001 004 9067 0.00
450 10000 0.7/ 000 400 011 008 9459 0.00
500 10000 078 000 06l 017 008 9509 0.40



APPENDIX F
BLANK TEST OF OXIDATION REACTION

The oxidation reaction of 1-propanol and 2-propanol at the same reaction
condition hut have no catalyst (blank test) are shown as follow:
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t - 1-Propanol (C)
—*—Methane ()
—— Ethylene ()

(

e \ - * Propylene ()
—1 — Propane ()

| e I's  Formaldehyde ()
20 oY e ——Propionaldéhyde ()
cl2 ()

80

f(.Conversion (.Selectivity

=——4

200 250 300 350 400 450 500
Temperature ( °C)

Figure FI Conversion (C) of 1-propanol and product selectivities ( ) in the 1-propanol oxidation.

CTi
(0]
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= -1¥- 2-Propanol (C)
E . — Methane ()

g 60 — Ethylene ()

% 40 L —=Propylene ( )
% - — Propane ()

= i — C02()

200 250 300 350 400 450 500
Temperature (°C)

Figure F2 Conversion (C) of 2-propanol and product selectivities () in the 2-propanol oxidation.



APPENDIX G
CALIBRATION CURVE OF CARBON DIOXIDE CONTENT

Table G1 Detected area was converted to and estimated weight of carbon by feeding
|00foCO? 0.405 ml./min. mixed with helium in various flow rate through porapak Q
column on GC s AIT at 110°c detector temperature and 90°C column temperature,
using (L5 ml) sampling loop

Carbon content (mg) Average area (a.u.)
0.001293 2218
0.002138 3738
0.004051 1079
0.005375 9319
0.007239 12587

The assumption of gas content calculation was based on the ideal gas law.
fherefore. the data fitted with linear equation can be expressed below’;

Amount of carbon (mg), Y= 5.7410 x 10

Where least square error. R. = 0.9999
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0.008

0.006 v = 5 7410E-07x

R

9 9996E-01

M 0.004

0.002

0 2000 4000 6000 8000 10000 12000 14000

area

Figure G1 Calibration curve of carbon dioxide on GC s AIT
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