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ABSTRACT

Data from kinetic tests on the oxidation by oxygen catalyzed by a
fixed bed of Girdler G-43 platinum catalyst of hydrogen, carbon monoxide,
and methane, in a flowing stream of helium, were empirically correlated
to give reactor design equations for use in design of catalytic oxidizers
for gas-cooled reactor helium purification systems. A typical design for
the EGCR purification system was a catalytic oxidizer with 3.77 ft3 of
catalyst. All tests were made in a 2-in.-dia reactor at an average tem-
perature of 500 % 250C, a total pressure of 300 psia, mass flow rates of
0.066 to 0.225 g mole/cmgomin, and contaminant levels of 0,219 to 2.00 vol %.
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1.0 INTRODUCTION

Kinetic tests were made on the oxidation of hydrogen, carbon mon=
oxide, and methane by oxygen catalyzed by a fixed bed of platinum
catalyst in a flowing stream of helium. A first process step in several

proposed gas~cooled reactor helium purification systems is oxidation of

hydrogen, carbon monoxide, and hydrocarbons to water and carbon dioxide.l-

Two types of oxidizers have been proposed, oxidation by copper oxide and
catalytic oxidation by oxygen. The latter method, with a fixed bed of
Girdler Type G=U43 platinum catalyst, was proposed by Anderson2 for the
Experimental Gas~Cooled Reactor (EGCR).

Personnel in the Reactor Projects Division have tested a small-scale
model of the proposed catalytic oxidizer for the EGCR purification system.
However, these tests were of components only and did not include kinetic
tests, which would be necessary for proper design of such an oxidizer.
This type of information is not available from the manufacturer of the

catalyst since it was developed and tested for a different application.5

The experimental tests and data correlation presented in this report
are for a narrow range of operating conditions which will be usable for
design of the EGCR purification system and other similar applications.
Work was purposely limited in scope so that usable data would be avail-

able for EGCR design in a short time.

2.0 EXPERIMENTAL WORK

2.1 Reagents

The Girdler G-43 catalyst used was in the form of solid right cyl-
inders with nominal dimensions of 1/4 by 1/4 in. The bulk density of the
catalyst was 0.95 g/cc and the average specific surface area of two sam-

ples was 178 mz/g. The grades of the gases used in the tests were:

Helium Navy Grade A, purity ~100%
Hydrogen 99.5% purity
Carbon monoxide 99.5% purity
Methane 99.0% purity
Oxygen 99.5% purity
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2.2 Experimental Facility

All tests were made in the Gas-Cooled Reactor Helium Coolant Purifi=-
cation Test Facility6 (Fig. 2.1). This facility is capable of synthesiz-
ing contaminated helium with hydrogen, carbon monoxide, and methane, and

oxygen addition to the contaminated gas is possible.

The 2-in,-dia oxidizers which are components of the system were used
in this study. Helium contaminated with 0-2% hydrogen, 0-2% carbon mon-
oxide, 0-1% methane, and 0-5% oxygen at 0-325 psig, 30-600°C, and gas
flow rates of 0-120 slpm can be delivered to the oxidizer. The oxidizer
were fabricated from 2-in.-dia schedule 80 stainless steel pipe with high-
pressure (600 psi) flanges at either end (Fig. 2.2). Platinum catalyst
bed depths of 3 to 12 in. were used in the oxidizers and there were
thermocouples probes every 2 in., within the vessels. ZXach oxidizer was
internally insulated at the top and bottom and externally heated and insu-

lated by a tube furnace.

2.3 Experimental Procedure

All tests were made by the following procedure:

1. The oxidizer was charged with the proper amount of catalyst and
heated to the specified operating temperature,

2. A preheated stream of pure helium was then introduced to the
oxidizer and the catalyst bed was allowed to reach thermal equi-
librium at an average bed temperature of 500 S 2500.

3. A predetermined, constant rate of contaminant(hydrogen, carbon
monoxide, or methane) was introduced to the gas stream.

L, Oxygen was introduced to the gas mixture just prior to its entry
to the 2-in. oxidizer at an initial, constant rate less than that
required to give a stoichiometric amount.

5. The oxygen flow rate was increased as a step function periodi-
cally until there was no contaminant (H2, Co, or CHA) in the
reactor off-gas or until the oxygen addition rate was greater
than necessary to give a stoichiometric amount.

The oxidizer off-gas was sampled periodically by a gas adsorption
chromatograph using comparative thermal conductivity measurements,

and check samples were taken for analysis by mass spectrometry.
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The lower limit of detection of hydrogen by the chromatograph was

~10 ppm and for the oxygen, carbon monoxide, and methane was ~~

> ppm.

2.4 Experimental Data

From the experimental data taken it was possible to determine the
oxygen and contaminant concentration in the helium gas stream prior to its
entry to the oxidizer and in the oxidizer off-gas. Thus, it was possible
to determine the effectiveness of a specific amount of catalyst under the

various experimental conditions.

Catalytic Oxidation of Hydrogen. Twenty-five tests (Table 2.la) were
made at 500°C * 259C and 300 psia with catalyst bed depths of 6 and 12 in.
+ 1/2 0, = H,0. Two different gas mass flow

2 2
rates, approximately 0,0670 and 0.219 g mole/cm?-min, were used with each

for the catalyzed reaction H

bed size; initial hydrogen concentrations were 0.35 to 2.08 vol %.

Catalytic Oxidation of Carbon Monoxide. Fifteen usable tests (Table

2.1b) were made at average bed temperatures of 500 % 25°C and a total
pressure of 300 psia for the catalyzed reaction CO + 1/2 O2 = COQ. Three
different gas mass flow rates (0.0669, 0.1152, and 0.216 g mole/cm?-min)
were used; the initial carbon monoxide concentration ranged from 0.425 to

1.94% vol %.

Catalytic Oxidation of Methane. Seventeen usable tests (Table 2.lc)

were made at average bed temperatures of 525 I 259C and a pressure of
300 psia for the catalyzed reaction CHM + 2 O2 = CO2 + 2 HEO. Three dif-
ferent gas mass flow rates (0.0667, 0.1140, and 0.218 g mole/cm®.min)
were used and the initial methane concentration ranged from 0.219 to

0.627 vol %.

Simultaneous Catalytic Oxidation of Hydrogen, Carbon Monoxide, and

Methane, Three series of tests were made in which (1) hydrogen and carbon
monoxide were co-oxidized by oxygen in the catalytic oxidizer, (2) hydrogen
and methane were co-oxidized, and (3) all three contaminants were oxidized
(Table 2,2), In these tests a 6-in. bed depth of the G-43 catalyst was
used at average bed temperatures of 500 ¥ 25°C, a total pressure of 300
psia, and an average mass flow rate of 0.0677 g mole/cm?-min. Initial
contaminant concentrations varied from 0.398 to(1.08 vol %.
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Table 2.1  Experimental Data from the Kinetic Study of the
Oxidation of Hydrogen, Carbon Monoxide, and Methane by
Oxygen in a Fixed Bed of Girdler G-43 Catalyst

Bed Total Gas Concentration, vol %
Run  Height, Avg Bed Feed Rate, Initial Final
No. in. Temp, °C g moles/min Ho 0o Ho 0o
a. Reaction Hp + 1/2 0o = Hp0
4B 6.0 510 1.28 2.00 0.956 0.142 0.027
Le 6.0 490 1.28 2,00 0.900 0.20k4 0.011
Lp 6.0 500 1.28 2.00 0.887 0.238 0.006
Lg 6.0 515 1.28 2.00  O.774 0.460 0.004
L 6.0 490 1.28 2.00 0.691 0.500 0.002
5C 6.0 490 1.27 1.00 0,499 0.013 0.006
5D 6.0 iTely) 1.27 1.00 0.503 0.012 0.009
5E 6.0 490 1.27 1.00  0.517 0.003 0.018
6B 6.0 510 1.26 0.4%0  0.260 0.002 0.061
6C 6.0 490 1.26 0.40 0.246 0.003 0.048
TA 12.0 490 1.27 0.83 0.413 0.007 0.001
7B 12,0 Loo 1.27 0.83 0,415 0.00k4 0.002
D 12.0 500 1.27 0.83 0.411 0.009 0.001
TE 12.0 490 1.27 0.83  0.409 0.014 <0.001
8B 12.0 505 1.26 0.35 0.175 0.002 0.001
OA 12.0 Los 4,15 1.01  0..481 0.052 0.002
qC 12.0 520 4,15 1.01  0.hls 0.123 0.001
9D 12.0 500 4,15 1.01  0.399 0.21k 0.001
10B 12,0 515 4,13 0.43  0.213 0.006 0.001
11A 6.0 hgo 4,15 1.05 0.bk18 0.217 0.002
11B 6.0 500 4,15 1.05  0.4hy 0.173 0.002
11¢ 6.0 510 4,15 1.05  0.474 0.12k 0.002
11D 6.0 505 4,15 1.05 0.309 0.434 0.001
11E 6.0 500 4,15 1.05 0.2k40 0.570 <0.00L
124 6.0 510 4,13 0.54 0.221 0.100 0.001
b. Reaction CO + 1/2 0p = COp
cO 05 cO 05
SA 6.0 510 b1k 0.95 0.3767 0.1969 0.0003
6A 6.0 495 1.30 1.9%  0.9613 0.0240  0.0033
TA 3.0 480 1.28 1.06 0.0307 0.9988 0.0001
TB. 3.0 485 1.28 1.06 0.4192 0.2252  0.0018
8a 3.0 520 4,14 1.09 0.3142  0.4624  0.0004
8B 3.0 515 b1k 1.09 0.3948 0.3060 0.0028
8¢ 3.0 520 L,1h 1.09 0.4648  0.1710 0.0003
9B 3.0 510 1.27 0.43 0.0071 0.4498  0.0005
oC 3.0 490 1.27 0,463 0.0261 0.4112 0.0002
oF 3.0 510 1.27 0.43 0.2331  0.0316 0.007h
10A 3.0 480 4,10 0.425 0.1613 0.1096 0.0036
10B 3.0 500 L.10 0.425 0.2105 0.0213 0.0086
10C 3.0 505 4.10 0.k25 0.1956 0.0478 0.0070
11A 3.0 520 2,20 1.08 0.3372 0.ko72  0.0008
11B 3.0 510 2.20 1.08  o0.4234  0.2376 0.0022
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Table 2.1 (Continued)

Bed Total Gas Concentration, vol %
Run Height, Avg Bed Feed Rate, Initial Final
No.  in. Temp, °C g moles/min  CH) O, CH), 0o

. Reaction CH), + 2 0p = COp + 2 HoO
1B 6.0 490 1.277 0.4760 0.7149 0.1210 0.0049
1C 6.0 500 1.277 0.4760 0.5800 0.1906 0.0092
2h 6.0 560 1.280 0.5400 0.5092 0,2860 0.0002
2B 6.0 545 1.277 0.5400 0.3081 0.3860 0.0001
3A 6.0 480 1.263 0.2190 0.0101 0.2140  0.0001
3C 6.0 490 1.272 0.2190 0.4746  0.0307 0.0982
SA 6.0 505 b1k 0.3520 0.5725 0.,1034 0.0533
TA 6.0 5L0 L1k 0.4450 0.8708 0.0606 0.1020
B 6.0 530 Lok 0.4450 0.6500 0.1242  0.0094
8a 6.0 530 h.12 0.3780 0.4770 0.1426  0.0062
OA 3.0 515 2.18 0.3660 0.0122 0.3600 0.0002
9B 3.0 Loo 2,18 0.3660 0.3666 0,1980 0.0306
9C 3.0 500 2.18 0.3660 0.5325 0,1325 0.0655
10A 3.0 480 1.272 0.3920 0.5351 0.1415 0.0341
10B 3.0 530 1.272 0.3920 0.3639 0.2155 0.0109
11a 3.0 530 2,20 0.6270 0.7552 0.2550 0.0012
118 3.0 510 2,21 0.6270 0.7668 0,1488 0,0104

Table 2.2 Experimental Results of Simultaneous Catalytic

Oxidation of Hydrogen, Carbon Monoxide, and Methane at
500 £ 250C in a Flowing Stream of Oxygen
Concentration, vol %

Run Tnitial Final
No. Ho CO CH), 0, H, co CH), N
1A 1.05 0 0 0.39 0.264 - - 0
1B 1.05 0.80 0 0.k1 0.420 0.602 - 0
1C 1.05 0.80 0 0.65 0.064 0.510 - 0
1D 1.05 0.80 0 0.80 0 0.273 - 0.025
2A 1.08 0 0 0.50 0.068 - - 0
2B 1.08 0 0.91 0.50 0.192 - 0.855 0
2c 1,08 0 0.91 0.77 0.050 - 0.778 0
2D 1.08 0 0.91 0.98 0 0.678 0.001
3A 0 0.705 0.398 0.64 - 0.058 0.243 0.001
3B 0 0.705 0.398 0.86 - 0 0.1k2 0.183
3C 0.71 0.705 0.398 0.90 0 0.022 0.253 0.009
3D 0.71 0.705 0.398 0.86 0.003 0.043 0.313 0.008
38 0.71 0.705 0.398 0.61 0.029 0.223 0.385 0.003
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3,0 CORRELATION OF DATA

Since the purpose of this experimental study was to obtain experimen-
tal kinetic data and usable reactor design equations in a short time, no
attempt was made to design the experimental program toward obtaining
enough data with sufficient accuracy to permit determination of the mecha-
nism of reaction rate control. This type of approach, as presented by
smith| and others, requires investigation of a considerable number of
process variables and a large effort directed toward calculation and
analysis of experimental results,

The approach taken was to empirically correlate the experimental data

in a manner similar to that outlined by Weller.

3.1 Apparent Reaction Rate

It was found that the apparent reaction rate for the oxidation of
hydrogen, carbon monoxide, and methane at a constant mass flow rate could

be expressed by
n_m
o= KpC po (l)

where r = apparent reaction rate, g moles of contaminant reacted per
cubic centimeter of catalyst bed per minute
K = apparent reaction rate constant at constant flow rate
Per Py = partial pressure of contaminant and oxygen in the gas stream at
any point in the reactor, atm
n, m = exponents of P, and po necessary for proper correlation
But since it may be assumed that
P =y (2)
where n = total pressure, atm, and y = mole fraction of component of

interest, then.

_ (n+m),.nm
r=n LSRN (3)
It was found that the apparent reaction rates could be expressed by,
B 0.5.0.5 X
For hydrogen, ry = 1Ky Vg (&)
, 1.5 .0.5
For carbon monoxide, ro = KISV, (5)



For methane,
2
Ter = " KenVedo (6)

The material balance around a differential volume in the reactor

results in the flow reactor design equation (see Sect. 6.1 for derivation).

Y.
vV _ fay
F" -I T (7)
Yo
where V = volume of catalyst in reactor, cc,

F

]

gas feed rate, g moles/min

Vo1 Vg = mole fraction of contaminant initially and finally

Incorporation of eq. %, 5, and 6 individually into the flow reactor
design equation, after integration, results in the following equations

for determining the apparent reaction rate constants:

For hydrogen,

[eyy vy +g +(2y, -y )/2
\\/5 O 0 (¢] 6] e]

= 1n
x(V/F 2
(V/F) 2y = ¥y MWy + Ve  +¥e + By, -¥y.)/2
0 B /VH H H 0 H
0 0 f f £ 0 o)

(8)

g

For carbon monoxide,

For methane,

Kapr = 1n (10)
CH 2
o} o o f

where yﬁo, YCO, yCHo’ ybo = initial mole fractions of HE’ Co, CHM’ and O2

£ 2

f, yof = final mole fractions of HE’ CO, CHh’ and O

All three reaction rate constants were found to be mass-flow-rate

dependent with the following average values for K (Table 3,1):



Table 3.1 Apparent Reaction Rate Constants

Run Mass Flow Rate, Reaction Rate Constant, Run Mass Flow Rate, Reaction Rate Constant

No. g moles/sq cm.min g moles/cc.atm g moles/sq cm.min g moles/cc.atm
Catalyzed Reaction of Ho + 1/2 Oo = Hp0

4B 0,0677 0.000935 114 0.1152 0.,0540

Lc 0.0677 0.001052 11B 0.1152 0.057h4

4D 0.0677 0.000935

I 0.0677 0.000757 gﬁ g'gig 8‘2?%2

iy 0.0677 0.000758 85 0'217 0'0912

5C 0.0670 0.001320 8c 0'217 0‘0993

5D 0.0670 0.001261 1o 0‘215 0'1091

5E 0.0670 0.001269 ToB 0‘215 0'1360

6B 0.0666 0.000742 1o0 0‘215 0'1991

ec 0.0666 0.000782 Catalyzed Reaction of CH) + 2 Op = CO, + 2 HyO

TA 0.0670 0.000813 2 2 2

7B 0.0670 0.000807 1B 0.0668 0.0650

yp) 0.0670 0.000793 1C 0.0668 0.0769

TE 0.0670 0.000803 2A 0.0670 0.0535

8B 0.0666 0.000768 2B 0.0668 0.04L7

9A 0.219 0.00176 gﬁ 8:822% 8:832?

gg 8:218 g:ggigi 10A 0.0666 0.0586

108 0.218 0.00236 10B 0.0666 0.0585

11a 0.219 0.00265 9A 0.114 0.080k4

11B 0.219 0.00257 9B 0.11L4 0.0900

11¢ 0.219 0.00277 ac 0.114 0.081%

11D 0.219 0,00194

11E 0.219 0.00160 gﬁ 8'212 8°i§§§

127 0.218 0.00277 h 0'217 o°1422
Catalyzed Reaction of CO)+ 1/2 0Op = COo . y

6A 0.0680 0.0333 B 0.217 0.1620

TA 0‘0670 0‘0235 11A 0.220 0.15 5

7B 0. 0670 0. 0314_8 11B 0.221 0.0970

9B 0.0665 0.0258

aC 0.0665 0.0302

oF 0.0665 0.0416

_g-[_



- 14 -

Average Mass Flow Rate, G, Kﬁ
g moles/cme.min

For hydrogen,

0.0665 0.00098
0.225 0.0021k4
For carbon monoxide, Kt
0.0669 0.066k
0.1152 0.1054
0.216 0.2116
For methane KbH
0.,0667 0.560
0.1140 0.836
0.218 0.1407
The apparent reaction rate constant at constant mass flow rate can be
incorporated into an expression for a rate constant for any flow rate:
8 ]
K = kG or k= K/G (11)
where k = rate constant for all mass flow rates
G = mass flow rate, g moles/cmg-min
8 = exponent of G necessary for correlation
By use of the values for Kﬁ, Kb, and KbH at the various flow rates,
it was found that
Ky = 0.00571GO'65 (12)
0.982
Ky = 0.9506G (13)
_ 0.772 i
Koy = 0-453¢ (1h) '
|
The apparent reaction rates can then be expressed by: -
For hydrogen,
B 0.65. 0.5_0.5
ry = 0.00571xG "y 7y, (15)
For carbon monoxide,
_ 1.5,0.982 0.5
r, = 0.9501 "G Ve Y, (16)
For methane,
_ 2.,0.772
Tag = 0.453x°G Yew¥o (17)

——t
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3.2 Simultaneous Oxidation of Hydrogen, Carbon Monoxide, and Methane

The three series of tests made with simultaneous oxidation of two or
more contaminants showed that the preference of oxidation in the catalytic
bed was hydrogen first, carbon monoxide second, and methane last. That
is, the major portion of the hydrogen was oxidized prior to significant
carbon monoxide or methane oxidation and the major portion of the carbon
monoxide was oxidized prior to significant methane oxidation., Although
these effects were not quantitative, for a conservative reactor design it
should be assumed that the first portion or zone of the catalytic bed will
be utilized for hydrogen oxidation by the total amount of oxygen available,
the second zone for carbon monoxide oxidation by the total remaining oxy-
gen, and the final portion of the oxidizer will oxidize the methane with
the oxygen remaining after both hydrogen and carbon monoxide oxidation.

3.3 Reactor Design Equations

One of the main purposes of this work was to establish necessary
design equations for fixed bed catalytic oxidation with Girdler G-U43
platinum catalyst in helium purification systems. The design equations
can be developed by rearranging egs. 8, 9, and 10 and incorporating
egs. 12, 13, and 1k for the apparent reaction rate constants. The result-
ing design equations are:

For hydrogen,

250 Yy * T ¥ (Eyoo - yHo)/E
2L8 T

ln 18)

>
2y, =¥ ) YV +Vu + ¥y + 2y, =y.)/2
“J/ Oo Ho Hf Hf Hf Oo Ho

For carbon monoxide where oxygen is less than stoichiometric,

v, = 1.052 F N
1.5,0.982 =

C O
o

R ol ol o W
For ol o
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For carbon monoxide where oxygen is greater than stoichiometric,

V. = 2,10 F x

C
1.5.,0.98
n "G 2y -y
( é)\/ Oo Co

-1 -1
x [gan _V/yco/(Eyoo - yco) - tan \/ycf/(Eybo - yco) (20)

For methane,

Ya Y,
C.'0
1n . fy o}
- yoo) .0

_ 2.2 F
ca = T2 ,0.859 (27,
Q

v (21)

i
where V = volume of platinum catalyst necessary for the oxidation, cc.

It should be noted that when simultaneous oxidation of two or more
contaminants is contemplated, necessary reactor volumes are additive for
each contaminant and the oxygen mole fraction to be used is the total

un-used oxygen in the gas stream (Sect. 5.2).

3.4 Reaction-rate-controlling Mechanism

Although the tests made in this study were not exhaustive enough to
absolutely establish the rate-controlling mechanism, there was definite
indication that mass transfer of both the contaminant and oxygen to the
solid pellet from the bulk gas stream contributed to the reaction rate
control, By the conventional two-film theory this would mean that mass
transfer through a stagnant gas film surrounding the solid pellet was an

important factor.

This rate~-controlling step was evident by the reaction-rate depend-

0.65 to G0.982

ence on the mass flow rate, which ranged from G . According

to conventional theory and correlations, this dependence should be approxi-

0.8

mately G if other variables are held constant where mass transfer

through the gas film is controlling.9

3.5 GCR Application of Platinum Catalyst Oxldizer
EGCR. The design criteria established for the EGCR oxidizerlo plus

addition of some capacity for methane oxidation gives the following gas

impurity levels for the EGCR oxidizer:

Py
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Gas, vol %
Contaminant Impure Purified
gp(ref 11) 2.3 <0.1
colref 11) 2.3 <0.1
CHA 0.01 <0,005
02 - 0.00001

(There are no requirements for methane oxidation in EGCR design specifica-
tion, but it is felt that a realistic design should include provisions for
this contaminant. It is assumed that 10 ppm of oxygen contamination from

the oxidizer can be tolerated.)

From the above data, yH = 0.023 yC = 0,023 yCH = 0,0001
o o) o]
Yy, =0 ¥, =0 ¥ = 0,00005
Hf Cf CHf
and yo and yo will depend on the stoichiometry of the various reactions,
o) f

with the final Yo = 0.,00001.
T

With these criteria and the reactor design equations and assuming
that the maximum mass flow rate tested, G = 0,220 g mole/cm?-min, is used,
the necessary volume of the catalytic bed would be

Vy = 14,000 cc, v, = 2450 cc, Vog = 90,000 ce

The total volume would then be 106,450 cc or 3.77 ft3 (see Sect. 5.2 for
detailed calculations).

With the prescribed EGCR purification system, total flow rate of
130 1b/hr or 245 g m.oles/min,2 and at the mass flow rate to be used,
0.220 g moles/cm3-min, a vessel 15 in. inside diameter and 38 in. long

would contain the catalytic bed.

Other GCR Applications. Although the range of experimental conditions

used in this study was limited, the results should have application for
other gas-cooled reactors which will operate at a pressure and with helium
purity requirements similar to those of the EGCR. If the helium purity
requirements are more restrictive, and especially if small amounts of oxy-

gen addition by the catalytic oxidizer cannot be tolerated (such as will
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be the case for a high-temperature GCR), another type of oxidizer should

1
be considered, e.g. a copper oxide fixed bed. 0

The effects of changing the total pressure of the gas from 300 psia
or operating at a temperature other than 500°C were not investigated;
however, if these changes are no more than ¥ 100°C or * 100 psi, the cor-
relations presented here could probably be used in the range of flow

rates and contamination levels tested.,
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5.0 APPENDIX

5.1 Derivation of Flow Reactor Design Equation

Consider a differential volume of the fixed bed, dV. If it is assumed
that the gas flow rate, F, is constant throughout the reactor, then the
flow of contaminant, x, into the differential volumes is Fyx, where Yy is
the fraction of x in F, and the flow of contaminant out of the differential
volume is F(yx + dyx), where dyk is the change in Yy due to the differen-

tial volume:

Fyy —=| & ||—=TF(y, +dy,)

If the reaction rate of x is r in the differential volume, then, by
the law of conservation of matter, the amount of x entering minus the

amount of x leaving must be equal to the amount of x lost or reacted:
Fy, - F(yx + dyx) = rdV (22)

After simplifying and rearranging this becomes

av = - iZi (23)
F r
or

dy.

dav X

— b - —
IF fr (24)
If we integrate over the entire volume of the reactor, VR’ and from
an entering fraction of x, Yy » to a final fraction of x, Yy s the limits

o) bl

of integration for eq. 24 become

v ¥
R av x Ay,
F-7)., T (25)
o] Y

Integration of the left-hand side of eq. 25 gives the flow reactor

design equation:

Zfi=-fyx Py (26)
¥ Yy r
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The right~hand side of the equation can be integrated when the reac-
tion rate, r, is available in terms of the fraction of x in the feed, Yy

at any point in the reactor.

5.2 Design Calculations for EGCR Oxidizer

Assume that the following contamination levels will be in the oxidizer

gas streams:

Oxidizer Feed Gas, Oxidizer Off-gas,
Contaminant mole fraction mole fraction
Ho 0.023 <0,001
co 0.023 <0,001
CHu 0.0001 <0.00005

The total mass flow rate, G, will be 0.220 g mole/cm?.min; the oxidizer
temperature will be 500°C; the total pressure will be 300 psia; and the
total gas flow, F, will be 130 1b/hr or 245 g moles/min. With the follow-

ing stoichiometry,
Hy + 1/2 0p —> H0
CO + 1/2 05 —> COp
CHM + 202 —= C0, + 2 H2O
the initial oxygen content should be at a mole fraction of

. 0.023 + 0.023

Yo 5 5 + 2(0.00010 - 0.00005) + 0.00001 = 0.02311
o]

Assuming complete reaction of hydrogen and carbon monoxide,
Yo = % =¥, - Vg /2 = 0.02311 - 0.0115 = 0.01161
f HQ o/ CO o o

oo

The necessary mole fractions of the various components will be:

and

% Yo - Yo /2 = 0.01161 - 0.0115 = 0.00011
of CH), o) CO o

For hydrogen oxidation,

yHo = 0,023000 ny =0 yoo 0.023110 yof = 0,11610

For carbon monoxide oxidation,

Yo = 0.023000 yb =0 Yo 0.1161 Vo = 0.00011
0 f (o} f

i

N

.

fry— RN
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For methane,

= 0.000100 Yog = 0.000050 Vg = 0.000110 Yo = 0.000010

Y
CHO f o £

From eq. 18, the volume of catalytic bed necessary for the hydrogen

oxidation will be

7 - (248)(2h5)
B (20.4)(0.220)0+0°
EJ2(0.02311)(0.023) + 0.023 + (0.0Lk622 - 0.023o)ﬂ%
x 1ln = 14,000 cc

EV(o.ou62e - 0.0230)(0) + 0 + O + {0.0k622 - o.023o)/é}

From eq. 20 the volume of catalytic bed necessary for the carbon mon-
oxide oxidation will be

v - (2.1)(2k5) N

c
(20.4)1*%(0.200)0+982 ‘Vb'02322 - 0.023

X tan-l_\/ 0.023 - tan-l_w/;_= 2L50 cc
0.02322 - 0,023

From eg. 21, the volume of catalytic bed necessary for the methane

oxidation will be

. (2.2)(2k5) i}

CH
(20.4)2 (0.220)°-8%9 (0.0002 - 0.00011)

N (0.00005) (0.00011)
(0.,00010)(0.00001)

x 1

= 90,000 cc

The total volume of the catalytic bed would be

Vo= Vg o+ Vg o+ Vo = 14,000 + 2450 + 90,000 = 106,450 cc or 3.77 £t

C H

For a mass flow rate of 0.220 g mole/cm?-min and a total flow of

245 g moles/min, a reactor cross sectional area, A, of 245/0.220 = 111k cm®

would be needed. This would be a reactor inside diameter, D, of

ﬂJZL)(lllh)/ﬂ = 37.6 ecm or ~15 in., The reactor length, L, would then be

L = V/4a = 106,450/1114 = 95.6 cm or ~38 in.
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