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THE EVsl DISTRIBUTION OF TRIMPEKATURE RISE
WITHIN THE CATALVST TUEBD IN THZ OXIDAY-
IOl OF CARBON liOI'2«IDE 8Y Li3..No OF

"EOPCOLITZ" (Cue-1nOy).

This investi :ation deals witk a very important part of
the -eneral problem: "The removal of carbon monoxide from'‘water-
ras' hydro:en by differential oxidation, witkh especial reference

to the preparation of hydro:en for use in ammonia synthesis".

The work of Scalione, Geldard and Van Name, in collab-
oration with Edrar, has fairly well established the qualitative
conditions under whickh this problem may be solved. Their work shows
that by means of the principle of mizin: a sufficient quantity of
oxy~en, or air, with the ras znd vassin: the mixture cver the cat-
alyst known as "Hopcolite™, the conditions may be so modified as
to brin> about the complete oxidation of the carbon monoxide with-

out the simultancous oxidation of the hydrozen.

Watcr- :as hydro-en is prepared in two standard ways,
and is delivcred with the followin compcsition, accordin: to the
method of orecparation: 65% Hz‘ 1 N, 32% COE’ and 2-3% CO; or
51% Hg, 179 No, 295 CO5, and 2-3% CO. It is saturated with water
vanor at about 40 derrees and may contain, in addition, small
amounts of Hgo, unsaturated hydrocarbons and other impurities.

only tre removal of CO, however, offers any zirecat or appreciable







difficulty: the otrer impurities beinz removed by rnorce or less
standard r.ethods.

The two best known miethods for the rerovsl of CO
from the 3is .re tre solution methcd, =nd the cat..lytic ricthed. The
former dcoends upon the conversion of CO to form:tes, or the bsorp-
tion of CO in solution cont.ining cuprous ions. The disadv nt-.zcs
of trhesc methods lie in the f:uct that a very l:.rge zbsorpticn sur-
face must be supplicd; a quantity of hydrczen is lcst in scrubbing,
due to its solubility in thc scrubbingz solution; and that these
solutions are constantly used up and rnust be replaced from time to
time. The obvicus advantazes axe: the rcroval cf other irpurities
besises CO; fairly wide ranzc of temperaturce and pressure control,
and lack of danzer cf subsequent catalytic poisoning from compounds
of metalloids and unsaturatcd hydrccarbons.

The catalytic process dcpends upon the ciaidation or
kydroenaticn of CO to CUg or tec CHg, resoectively. In preccesses in-
volvin: tke latter, thrce mols of Hp are rcquircd for each mol of CO,
and CHy :radually accurmulates in the system requirin; periodid at-
tention. However, these processus remove c¢ven very Small quantities
of CO under a wide ran ¢ of conditicns, and the spacc-volune-1life
of the catalyst is quite satisfactory.

In the oxidation of CO to CO,, at hi:r temperatures,
a relatively inactive catalyst ray be used and only a small ccess
over the theorctical requirc¢ment of oxy:en nced be supplicd. But the
removal of CO is complete only tc the point whkere equilibrium is
reached for the temperatura in question. 2revicus treatmnent with
steam introduces a number of tecknical difficulties, such as larr:e
catalyst chambers, steam condensation, ctc. The temperature control

must be ririd and the r-ases nust be purified of volatile metalloids







and unsaturated hydrocarbons.

At lower temperatures a more active catalyst must be
used. Only a small excess over the theoretical requirement of
oxy-en is ded. The removal of CO is practically complete, and
relatively hi -k space velocities may be maintained. The t r-
ature ccntrcl must be quite riz:id, necessitatin: raped dissipation
of the heat zenerated, and careful ccntrol of the CO content of
the enterins ras, as well as closely re - ulated space velocities.
All rases must be carefuily purified for the activity of this type

of cxidation catalyst is extrenely sensitive to poisoninz.

In order for the above proceecdure tc be successful on

a larzre scale a number of tocknical difficulties must be cycercome.
Por instance, trhe CO,remcval must be so ccmplete trat less thkan

.01% remains in the -as. The oxidation must be carried out in
the vresence cf ccnsiderable amounts of mcisture. It must reoquire
cnly a sli ht excess over the the theoretical requirement oi
cxyz:en, for the oxidaticn of CO. Tre cxidaticn cf CO must be car-
ried out in the presence cf a larse excess of COB. Tre space-
volume-life of tre catalyst must ve hi-h enou:r to make the con-
sumetion cf catalyst fall within reasonable limits. The cxidation
sfkould be carried out at atmospheric pressure and the sensitive-
ness of tkhe catalyst must nct be too :reat. The c¢ntire process

rnust be so simple that relatively unskilled labor can cperate it,

The literature shows thrat a number of metallic oxides
arc suitable as catalysts icr the preferential cxidation of CO. It
shows further that there is a very distinct temperature diffor-

encc between the cembusticn of CO and Hz. 'hile theése substances







will oxidize CO to C02 at a lcwer temperature tran H_ to H,O
2 2"

In order that

8
is done at the expense of their cembined cxyzen.

these c¢xides act catalytically, it is necessary that they be rapid-

ly reoxidized tc their fcrmer state by the cxy-en present in the

vas. It is further necessary that these rcactions take place rapid-

ly in crder tc functicn at hi:h space velccities.
The fcllcwin: table frem Fay, sutherland and Ferruson in
Poly. En>. 10;72 (1910), chcws the acticn cf some cf the more

common oxides.

Oxide Initial Temp in Initial Temp in
Dereces C with CO Derrees C with H, _~ Remarks
Pb0, 110 150 Di restion
Pb,0, with HiOm
Poo0z 150 170
Co0 155 165
COZO less than 11 110 Oxidation of CO by
¢ Br
2
120 220
30 65
Cu0 (HZO) 68 90 Precipitated
150 L7/ Oridized Metal
120 159.5
15 145 Precipitated by
oxidizinz Iin .
87 190
Mn20, 240 255 Amorphrous

the Cremical Wwarfare Service with the object cf developin: an ab—
scrbent for CO in air tc be used in ras-maxinz. Tre outcome cf this
work was the discovery of the two component "Hopcolite" (£05:Cu0-
GO%MnOZ). Tris material was found most active and oyerated at an
efficiency of 100%.

Pre factors influencin=: the mechanism of the Eopcolite
oxidation devend upcn the nhysical cendition of thre catalyst, which

is a function of its vrevaration; thre available oxyrTen content C1







trke catalyst; effect of temperatiure on the oxidation velocities
of CO and Eo, and finally upon the effect of small concentrations
C

Great care is taken in the prevaration cf the catalyst,

a full account ¢f which may be found in the work of lterrill and
Scalione, Jour. Amer. Ckem. Scec., 43, 1982 (1921), and need not be
reveated rere.

Cf -reatest importance are the factcrs influcncin- the
distribution cf teriperature rise thruout the catalyst tube. ilere
is a temverature difference of only about 25-30 de ‘rees between the
initial temverature of cxidation cf CO and that cf HE' inrespeetive
of the temperature at wrich tre CO be-ins to oxidize. Consequently,
if this difference should be overreached thke oxidizaticn of H2 would
immediately commence and trhe hreat evolved would be sufficient to
reduce the CuC to Cu by rydro-en, a ccndition easily reco ‘nized uy

the color of metallic ccpper within the catalyst mixture; causin-

destroyed.

V.

5. Desin of Lvmaratus.

This wori further shows that the tcemperature rise varfes
directly with tks vercent of CO in the -2s, in a riven avparatus

and at a constant space velocity. The tempcraturc rise wiil, in







6.

general, vary with the spece velocity, dependinz on the partiece
ular apparatus. The desiin of trhe avparatus is therefore, quite
important. Witk regard to the composition of the zas, it may be
said that an increase in concentration of hydrozen will increase
the radiatini capacity of the apparatus, while the heat conduct-
ivity of the other zases, beinx so nea}ly equal, makes variation
in their condentratigns of little importance.

A summary of the work of the Chremical Warfare Service
on this problem shows tkat a nuriber of very important principles
kave been more or less completely established. Trkese are as follow

1. 3edroducibility cx results. Under identical conditions
it is shown that a given sample of Loocolite will exkibit uniform
serformance.

2. Differential oxidation. It is shown that under any
ziven set of conditicns tkere is a temperature intverval oI at
least 25 dezrees in whiclk »nractically complete oxidation of CO is
Jracticable, and in which no anvreciable oxidation of hydro zen
takes place. #¥hile this is narrow limit, makinz control of temp-
erature rise quite rizid, it is nevertheless sufficient to make
the differential oxidation wnracticable.

3. Bfficiency of Lopcolite. The efficiency of this cat-
alyst is influenced greatly by moisture znd oxyzen content cf the
entering rarzes. By temperature and by the space velocities.

%. Temperature control. Probhably the most difficult,
and certainly the most important vroblem is temperature control.
Adequate control is thouzht pcssible trru desizn ¢f a reacticn
chamber of hixk hreat radiatin: canacity, by reduction of tke con-
centration of CO to about 0.5%, and by distribution of tre hreat

of reaction in some way.







5. Life, of the catalyst. arainst nerfectly pure rases the
life of the catalyst is probably very lon:. It is, in -eneral, dimin-
isked in provortion to the amounts of impurities in the :gas. In-
dications point to sufficient effectiviness against commercial gas
as to be quite practicable.

6. Influence of other zases. Carbon dioxide is apparantly
without effect. Hydroren sulphride rradually destroys the activity of
the catalyst, and the effect of unsaturated hydro-carbons has not
been determined.

TIn 2eneral it may be said that the prospect for a satis-
factory solution of the problem appears to be very z00d, Further re-
search should concern itself with a determination of the distribution
of temperature rise in catalyst tubes of sizes apolicable to larze
scale overation, as well as with the most effective space velocity
to be employed under such conditions. Witk the temwperature and space
velocities at which complete oxidetion of CO occurs at one operation.
With the determination of tkhe minimum c¢xyzen content to be supplied
and with the effect of those imourities most likely to be present in
commercial rtas.

Since a determinetion of the most effective temperatures
and space velocities, with the most even distridution of temperature
rise in the catalyst tube is of prime importance, our present work

deals exclusively therewith.

SXPERILENT. L.

A tas storave tank operatin- with an hydraulic seal, was

supplied with a two-way cocx, tkru whick a measured quantity of pure
CO entered. This ras was made by treatin- cx>alic acid with sulphuric
acid. Provision was nade for suovvlyin: air, wkick was adniitted in

oredetermined amounts, and the whole constantly stirred for at least
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elf an rour by means of an electricaliy stirringy device.

ihe gas was drawn thru tre entire apparatus by suction,
entering a sulphuric aci? tower, suvjlied with zlass beads, thence
into & calibrated flow-meter from which it passed into a calcium
crlcride tower, thence into the catalyst tube.

The catalyst tube was %astened into tke thermostat,
ecuipped for maintainineg a constant tempéerature within narrow
limits. The gas entered the catalyst tube thru a copper coil, ir=-
mersed in the vatk, in order to prereat tke gzas to the temperature
of the catalyst. Provision was made for collecting a sample of
tke issuinz zas for analysis.

Tre catalyst tube is made of copper, owinz to the high
heat conductivity of this metal. It is supplied witkh six small cop-
ver tubes of about 1/16 of an inck in diameter, spaced 1 inch apart,
enteriny the catalyst tube vertically. The catalyst tube proper
is 7 % inches long, and %4 inch in diameter, with an effective capac-
ity, or volume, of 17 c.c. Zach of the small tubes enterinz the
catalyst tube carries insulated wires making a contact directly be-
neath the entrance and about the center of the catalyst tube. Zach
of these thermo-couvles has one wire directly connected to one
ralvanoreter pnole, and the otrer wire thru a2 mercury connection
trence to the second 2alvanoreter pole.

Tre =alvanometer was calibrgted by plottinz the read-
inrs of the 1irst ttermo-couvle agzainst the otker rive, the first
Yeinx at veryinx temperatures. The curve so obtained is a straizht
line, consecuentlt the temverature cdiiference between tre first
‘arro-ccunle snd anv otker one could be read off directly from

oreter scale.












Il was found necessary in our work to make frequent

determinaticns oi the content of CC in the gas-air mixture ovoth

beiore and aiter oxidation by the cgctalyst, consequently the stan-

dard 1Ipg Ob method was adorcted.

DISTRIBUTION OF TEMPERATUZZE RIsSE IN TEZ CaTALYST TUBE

The catalyst tube was iilled by placing between the

standard thermo-couple, and thermo-couple #1, a,cooner wire gauze
and pouring in the catelyst wkile gently tapping the tube in order
to distribute the catalyst evenly. The standerd thermo-couvle is
surrounded with an inactive substance like chipped gzlass in order
to keep it at the temverature of the thermostat. After filling
the tuhe a second zauze is nlaced between the last trermo-couple
and the exit tube.
Temverature of thefmostat 60 desrees. Space velocity

Content of CO in aig?gés mixture 0.875%. Oxidation of

GO 93%.
t of catalyst: Pure Catalyst tkruout.

Thermo-couple temperature difference in dezree centi-

grade.
No. 1. No. 2. No. 3 No. & o)y )
IEIL (5 Loz .4 e l.4

Temperature of tlkermostat 80 degrees. Other conditions
same .
No. 1 No. 2 No. 3 lo.4 o. b

13.1 3¢9 2.4 2.3 0.8

Trese results are shown graphically on the followinz
chart. This shows that there is a max»imum tempverature rise of 11.6
and 13.1 degrees at 50 and 60 dezgrees respectively, with only a
carbon monoxide content of 0.87%., using a pure catalyst.

In or“er to get data upon the best temperature and
space velocity to be used on a pure catalyst to get the maimum

oxidation of CO, the followinz experiment was carried out.
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Temperatures of tlermostat 35 degrees, ospace velocity 1800

Content of CO in air-gas mixture 0.98%.. Oxidation of CO 90.2
arranzement of Catalyst: Pure catalyst trruout.
Thermo-ccouple temperature Aifference in degree centigrade.
No. 1 o. 3 0. & 0.

8.3 3.6 1) 1.6 0.%

Temperature of thermostat 40 degrees. opace velocity 1800
Content of CO in air-Zas mixture . 965, Oxnidation (610) R
asrranzement of Catalyst as above.

Trermo-ccuple temperature difference in degree centigrade.
No.1l Fo 2 Ne. 3 0 No. 5

8.1 3.8 1.5 56 0.0

Temperature of thermostat 50 dezrees. opace velccity 1800
Content of CO in air-gas mixture 0.965 Oxidation of CO 97.0%
Arranzement of Catalyst as above.

Trermo-couple temperature difference in degree dentizrade.

ore L Ne. 2 No. 3 No. # Mo. 5

—

Qe o B 7. 150 @ik

Temperature of therrostat 60 dezrees. opace velocity 1800
Content of CO in air-=zas mixture 0.96%.. Oxidation CcO 98, 5§
Arranzement of catalyst as v

Thermo-ccuple temperature difference in dezree centilzrade.
oy . No. 3 - Ho.

10.0 .8 1.5 G.3 -0.1

The followinz chart shows these results =raphically.

It will be seen that thre cffect of temverature is quite marked.

“hile the hisher temperature
>ives a rather hi-h temperature rise in oxidation,

the ef-fect of varyinz space velocity was undertaken.

>ives better oxidation of CO it alsc

so a study of
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1l.

Temoerature of thermostat 50 degrees. sSpace velocity 1800
Content of CO in air-gas mixture 0.87% Oxidation CO 95.9%
srranzement of catalyst:Pure Catalyst tkruout.
Trermo-couple temperature difference in degree centizrade.
No. 1 No. 2 No. 3 ¥o. 4 No. 5

3 ate) 4.4 2.0 Ol -0.1
Temperature of thermostat as above. sSpace velocity 3000
Content of CO in air-gas mixture 0.87% Oxidation CO 94 . 2%
arranzement of catalyst:as ove.

Thermo-couple temperature difference in de3ree centigrade.
Yo. 1 No. 2 No. 3 Nc. 4 Mo.

9.5 Moo 2 5.2 2.6 As&
Temperature of thermostat as above. Space velocity 3600
Content of CO in air-gas mixture 0.87% Oxidation CO 92.49
arranzement of catalyst: as above.

Thermo-couple temperature difference in dezree centixrade.
No. 1 0. 2 No. 3 No. 4 o. 5
11.6 9.4 e 4.2 4.1

Temperature of thermostat as above. Space velocity 4800

Content of CO in r-oas mixture 0.87] Oxidation CO 00.0%

Arrangement of catalyst: as above.

Thermo-couple temperature difference in deaxree centizrade.

Jlo. 1 ko5 (2 No. 2 llow & o. 5

13.8 8.3 .z 3.3 107
These results are shown xrgprically on tte followinz

paze. This dat¢ fairly well establishes the eifect of space veloc-
ity, showine that the masimum tepperature rise 1is associated with
ma¥imum sovace velccity. It was thouzht best to determine the ef-

fect of varyin=> CO content of the air--as mixture, which follows;
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12.

stat 50 degrees. Space velocity 3600

Temperature of thermo
in sir-ges mixture 1.21% Oxidation co Pe.1%

content cf (0{0)

Arrangement of catalyst: FEure catalyst thruout.

Trhermo-couple temperature difference in degree centigrade.
Fo. 1 No, 2 No. 3 No. 4 No. ©
14,6 20 0.%5 0.4 0.1
Temperature of thermostat as above. opace velocity 3600

Content of CO in alr-gas mixture 1.33% Oxidation of CO 92.5%

t of catalyst: a8 above.

Arrangemen

Thermo-couple temperature difference in de3rees cebtigrade.
No. 1 No., 2 No. 3 No. 4 No. 5

16.8 L 0.6 (0%} -0.2

Temperature of thermostat as above. space velocity 3600
Content of CO in air-gas mixture 1,63% Oxidation of CO 94 . 2%

Arrangement of catalyst as above.
Thermo-couple temperature aifference in degree centigrade.
No. 1 No. 2 No. 3 No. & No., 5

17.4 3.95 i

0.8 0.55

t as above. Space velocity 3600

Temperature of thermosta
1,92% Oxidation of CO

94 . 5%

Content of CO in air-<as mixture

Arrangement of catalyst as above.
wce in de3rees centizrade.

ple temperature differer

Thermo-Ccou
& No. 5

2 No. 3 lio.
1.6 1.35 120 @
sraphically on tre

No.l No.

20.0 3.1

These results are reoresenkted
followinx va-r€. It will Dbe seen trat the mazrimum tem

is directly proportional tc the CO content.
running danzerously ¢lose to the point at which hyd
A re-arrancement of the catalyst was next tried.

perature rise

A CO content of abou

rozen CXidBIRES-
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13.

Temperature of thermostat 50 degrees. sSpace velocity 3600
Content of CO in air-zas mixture 1.92% Oxidation of CO 82.4%

Arranzement of catalyst: Diluted with brick 1 to 1 thrucut.
Thermo-couple temperature Aifference in degrees cebtigrade.

At end of five minutes.
No. 1 No. 2 No. 3 No. & No. 5

20.4 2.4 2.0 1.8 1.05

Temperature of thermostat 50 degrees: Space velocity 3600

Content ¢f CO in air-zas mixture 1.92% Oxidaticn of CO same.

Arrangement of catalyst: as above.
Thermo-couple temperature difference in dezrees centigrade.

At end of ten minutes.
No. 1 No. 2 Wo., 3 No. 4 No. 5

19.0 2.2 Lo 152 0.6
Temperature of trhermostat 50 degrees. opace velccity 3600
Content of CO in air-gas mixture as above. Oxidation CO same.

Arranzement of catalyst: as above.

Thermo-couple temperature difference in degrees centizrade.

£t end of 15 minutes.

No. 1 No. 2 No, 3 No. 4 No. 5
14.6 I 1 Lo 1.0 0.6
Temperature of thermostat 50 degres. ospace velccity 3600

Content of CO in air-zas mixture as above. Oxidaticn CO same.

Arranzement of catalyst : as above.

Thermo-couple temperature in degrees centizrade.
At end of 20 minutes.

No. 1 No. 2 No. 3 No., 4 Ho. 5
6.8 U0 1.0 0) 7] 0.0

Continued on following page






Temperature of trermostat 50 degrees. opace velocity 3600

content of CO in air-gas mixture 1.92% Oxidation of CO 82.4%

Arrangement of catalyst: as above

Thermo-couple temperature difference in degrees centigrade.

At end of 25 minutes.
No. 1 NoRe No. 3 Iio.

1.0 0.3 )t

No. 5

3.2 1.2

Tre results are shown araphically on the fcllowing

page. It is seen trhat the catalyst rapidly looses efficiency with

time, at the end of 30 minutes +he oxidation being only 82.4%. A

determination of thre oxidation at the end of the otkrer five min-

ute pericds were not made. -

It was decided to vary the prooortion o brick to

st tube in an attempt to distribute

catalyst thruout the cataly

+o determine the iength

the temperature rise more evenly and alsc

of time necessary for the catalyst to give constant results.

gt will be noticed in the graphic data recorded from

this point of thre work that the space velocitymnis gziven in two

terms, designated, 5.V. and b.V.Z. Tre first represents the
space velocity as liters of gas per liter of tube content per
e velocity

rour of time, wkile the latter represents the spac

1liters of gas per liter of catalyst per rour of time.

as
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Temperature of thermostat 50 degrees. Space velocity 3600
Content of CO in air-gas mixture 0.63% Oxidation of CO Ju%
Arranzemnt of catalyst: PFirst 3 thermo-couples half catalyst
and h=lf brick. =Remainder, all catalyst.

Trhermo-counle temmerature difference in degrees centizrade.
No. 1 0. 0. % He., & o. b

1.8 1.6 0.6 -0.8

Temperature of thermostat as above. bnace velocity as above.

Content of CO in T~ mixture as above. Oxidation CO same.

arrangement of cat st: First 1 part brick to 1 catalyst.

(@)}

econd, 2 brick tc catalyst. Third 1 brick to 4 catalyst.

u s 1 brick e 9 catalyst oSty Al Meatie sl
e -couple temperature difference in dearees centisrade.
Yo. 1 0. 3 0. 4 Ho. b
na s T3 .

.

Temperature of trermostat as above. opace velocity as &bove.

i & i me .
Content cf CO in air-gas mixture as beve. Oxidaticn CO s
. ~ V.
irranzement of catalyst: Same as ao0Ve.
y 9250 in dezrees centizrcae.
Trermo-couple temperature difference 1in 4

Nol.o 1 S 2 . llo. & ¢

1 74 o
7 i 5 bove.
Temperature of tkerrostat above. onace velocity as &

Content of Co in air-<as mixture 0.86% Oxidation of CO 99%

srranczement ot catalyst: First itwo half catelyst, half brick.
678 ol y

Remaininxz trree thermo-couples all cat lyst.
LaEse ! i zrade.
b :riio-couple temperature difference in dezrees centizra

o, 1 Wo. 2 He. 3 £l
Doted NG 4.0 1.4

Continued on following3







18.

Temperature of trhermostat 50 degrees. Space velority 3600

Content of CO in air-gas mixture as above. Oxidation CO 99%

Arrangement 0% catalyst: same as above

At end of 10 minutes.

Thermo-couple temperature difference in degrees centigrade.

1iors Lt No. 2 No. 3 No. & o. S

.6 5.8 3.0 1.75

Temperature of thermostat as above. bdpace velocity same.

Content of CO in air-gas mixture as above. Oxidation CO 99%

Arrangement of acatalyst: sare as above.

At end of ten minutes.

o. 1 Do 0. I o. 4 No. 5
o 8.8 Bl s 206 1, ()
Temperature of thermostat as above. Space velocity same.

Content of CO in air-=2as mixture as above. Oxidation CO 99%

Arranzement of catalyst: same as above.

at end of Y minutes.

o No. 2 No. 3 No. 4 Fo. 5

5 8.8 5.6 2 55 sl

Joe
Trhese results are skro

page. Trey show that with a catalyst arrangement as abov

of results may be expected witkhin 20 minutes. He

of CO concentration is well shown, there being aln

raximum temperature rise for gas of 0.86%

0.63
Tris study was continued

arrangement and allowing the run to continue for 45 min

+re 1ife of the catalyst.

wn graprically on the following
e constancy
re again the erfect
ost twice as large

tnan for trat of gas of

with a different catalyst

utes to test






PLATE I

Distaibution oF 4m3_am.m>?:pm Rise .

e)

S E E TR TN [V RRg L Ra G AT RaTA Ol
” ?Tawémhhw L&J
SVd6ow; S\, 570, |

2 ¥ IPESlfEnEseERny R
a. Kﬁh:.ﬂ!i 5,6, AN 7 tmwiw R
= hiale Calalyst, w}\.&ﬁmj\.ﬁ\ﬂm.‘hﬁ
Crralyst PR

EELELE

4 rist & sections e

1k JREMAINDER E\W‘Q‘?.«? 3
URNER. F1RST sk clion / part
; seconn S ECfion | .m“«,k? ,
i phig, 3 R7h o

prically on the following pase

"HYOA M3N ''D0 ¥3ISS3 ¥ 1334n3N

(cther ccnditicns san

V 158 ol

These results are shown zra

<
(o}
~
(0}
+
o
<
-~
@]
ﬁ-x
o
o
<
]
()]
+
<







17.

Temperature of thermostat 50 degrees. Space velocity 3600,
Content of CO in air-gas mixture 0.86% Oxidation CO 99.15%
Arrangement of catalyst: First two thermo-couple 1 part cat-
alyst i part brick. Remaining three couples all catalyst.

Thermo-couple temperature differences in degrees centigrade

At end of 5 minutes run.

Mo.l No. 2 No. 3 No. 4 q B
T
4.6 8.0 = e, 1.0

At end of 10 minute run (other conditions same as above)
No. 1 No. 2 Fo. 3 0., 4 No. 5
216 6.6 7oA 4.1 0.2
At end ¢f 15 minute run (otker ccnditions sare)
No. 1 No. 2 Nc. 3 No. & e, 5
32 7.8 5.8 3.4 0.9
4t end of 20 minute run (otker conditions same)
No. 1 o, € lo. 3 WMoy & No. 5
3.2 7.9 7.8 .6 0.9

At end of 25 minute run (other conditions sare)

lio. 1 Yo. 2 (Ghy & No. 4 OFRES
5.7
i) 3.0 I U7, Zrol0
At end of 80 minute run (other conditions same)
@ L No. 2 9o K& o. ¢ JOINES
)R10) (el HOX2 6.0 2ol

At end cf 35 minute run (ctrher ccnditions same)
No. 1 ol 2 No. 3 No. 4 o. 5
3.0 B gl 10.4 6.2 2.0
At end of 40 minute run (cther conditions same)
Ho. 1 No. 2 No. 3 No., 4 Bo. &
L) s 10)55) 6.1 Il

These results are shown graphically on the following paze.,
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Temperature of thrmostat 50 degrees. Space velocity 3600

Content of CO in.air-gas mixture 0.86% Oxidation of CO 99.6%

Arrangement of catalyst; First couple three parts catalyst 1 part
brick. ovecond and third couples 1 part catalyst to lpart brick.
Remaining two all catalyst.
Trhermo-couple temperature difference in degrees centigrade.
.atend of 10 minutes run.
No. 1 No. 2 No. 3 No. 4 No. 5
TRkl 3105 4.8 3.8 go2
At end of 20 minutes run(other conditions same as above)
No. 1 No. 2 No. 3 Ho. 4 No. 5
8,4 10.0 5.4 %)) 2.8
At end of 30 minutes run(other conditions same)
No. 1 NCISHI2 No. 3 No. 4 No. 5
Tot? 105 %) 6.8 5.4 2.6
At end of 40 minute run (other conditions same)
No. 1 Qo 12 No. 3 o. 4 No. 5
6.8 10.0 7,0 Bol &) ©
These readings were continued for 30 minutes longer
taking readings at intervals of 5 minutes with following results:
At end of 50 minutes (other conditions same)
Nod oo & No. 3 I'o. & No. 5
6.2 9.6 7.0 55 3.2
At end of 55 minutes run (other conditions same)
No. 1 No. 2 No. 3 Ho. 4 No. 5
BIe2 9.5 6.8 5.4 3.4
At end of 60 minutes run (other conditions same)
No. 1 oo 2 Q% 5 No. 4 No. 5
ol 9.6 30T 5.6 s 2

Continued on following page.






NLE) s
Temperature of thermostat 50 degrees. bpace velocity 3600,
Content of CO in air-gas mixture 0.86% Oxidation of CO 99.6%
Arrangement of catalyst: First couple 3 parts catalyst 1 part
brick. Second and third couples 1 part catalyst to 1 vart brick.
Remaining two all catalyst.

Thermo-couple temperature difference in degrees centigrade.

At end of 65 minutes run.

Jio)e 1l Ilo. 2 o)y Chi 4 5 B

6.0 ) e e) 6.6 Bz Sl

At end of 70 minutes run {(other conditions same)

Moy WAl ok (% Ilo. 3 c. o. 5

6.0 9.9 6.7 6.3 Bt

These results are skhown graphically on trhe following
page. They show that the life of tke catalyst is quite efficient
for the lengtkr of this run, an hour and 10 minutes, for the oxida-
tion of CO at trhe end c¢f that time was 99.6%.

The results are fairly constant after 20-30 minutes
run, as is shown by tre last six curves on the following page.
This arrangement, tken, of catalyst gives satisfactory oxidation,
and constancy of r

A new rur was undertaken with a slizghtly different

catalyst arranzement and a highker CO content of zas.
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Temperature of thermostat 50 desgrees. Space velocity 3600.

Content of CC in air-gas mizture 1.22% Oxidation of CO 98.9%.

Arrangement of catalyst: First couple

Lol

Second,

2 catalyst to 1 brick. Thkird,

Remeining two all catalyst.

& pnarts catalyst to 1 part

2 catalyst to 1 bricx.

Trermo-couple temperature difference in degrees centizrade.

At end of 5 minutes run.

No. 1
11.8

At end
o. 1

I S192%]¢

At end
Ne. 1

8.4

At end
0 db

8.0

At end

No. 1

8.0

page.

of

of

of

of

of

By

No. 2

9.8

10 minutes
No. 2

1(0),2

15 minutes
o. &

10.¢&

20 minutes

25 minutes
0. 2

ALzt

30 minutes

17,

12.0

No. 3 We. &

5.4 4.6
run {other conditions
oM (gL

5.8 5.0

run (other conditions

0. 3 No. 4
Bl ] 5.0
run {other conditions
0. 3 No. 4
5.8 5.8
run (other conditions
0. io. 4
5.8 ()5, (5

run (otker cenditions

Je

Mo.
2.8

same as above)

These results are shown zaraphically on the following

arranzing the catalyst as above a large propcrtion of the

temperature rise due to increased CO content of zas is dissipatead.

Thus it is thouanrt possible to s0 arranze tie catalyst as to fair-

ly evenly distribute the temperature rise tkruout the catalyst tube,

accordinzly a new arrangement was perfected and tried out.
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Temverature of thermostat 50 degrees. opace velocity 3600.

Content of CO in air-gas misture 0.90% Oxridation 99.3%
Arrangement of cat AEie g bl couvle 3 parts catalyst to 1 part
brick, with last % inch all brick, second, 2 parts catalyst to
1 brick. Third, 2 parts catalyst to 1 brick. Remaining two all
catalyst.
Trhermo~counle temperature difference in degrees centigrade.
At end of 30 minutes run.
'o. 1 No. 2 Fo. & llo. 4 No. 5
7.3 3.4 7.4 4,4 152
At end of 40 minutes run (other conditions same as above)
o, 1 No., 2 No. 3 lo. 4 Ilo. &
6.9 3.2 7ol S8 2 o2
£t end of 50 minutes run (other conditions same)
Do. 1 No. 2 0. Ho. & 0. 5
6.8 3.0 1 oL V.6

These redults are shown graphiczlly on the folloying
page. This data considered with the wnreceedin data shows that
catalyst arranzement vlays a major »part in distributing the temd-
erature rise. Aifter half an hours run the results are always com-
paratively uniform. Tre eificiency in this case is very zood,
the CO beina 99.3¢ oxidized at tke ena of an hours run.

In the light of these results a new arrangement cf
catalyst was resorted to, in the hones of straizhtening out the

temperature rise, otker conditions being kept fairly uniform.
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Temperature of thermcstat 50 degrees. Space velocity 3600.
Content of CO in air-gas mixture 1.025%. Cxidation cf CO 98.3%.
Arrangement of catalyst: First coupnle 3 parts catalyst to 1 part
brick. Second and thirad, 1 part catalyst to 2 brick.
Remaininz two all catalyst.
Thermo-couple temperature difference in degrees centigrade.
At end ¢f 20 minutes run.
No. 1 0. 2 Io. 0. fo. &
6.9 2RE 3.0 3.0 2o
At end of 28 minutes run (otker conditions same as above)
No. 1 No. 2 0. & No. 5
6.5 2.6 206 2.0 2.4
At end of 30 minutes run (other conditions same)
Fo. 1 lfo. 2 Wo. 3 Ko. 4 o. &
6.6 B 3.0 2.8 2.8
At end of 35 minutes run (other conditions same)
No. 1 No. 2 o. 3 No. 4 0., o
6.7 G 3. 3.0 3.1
At end of 40 minutes run(other conditions same)
Jtkore, 3L No. 2 05 &) Ho. & No. 5
6.9 2.8 3.0 Zole 2.4

This data is stown =zraphically on the following page.
These results show excellent uniformity of temperature rise in
the last four couples, but tke first couple remains somehat out
of »rovportion. owever, these results show thet a catalyst arran-
zement somewhat ¢° “similar to the above, possibly diluting the
first couvle a little, should zive a better result.

The efficiency in thiis case is not quite as good as

in forrer cases.
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Temperature of thermostat 50 degrees.

23.

Space velocity 3600.

Content of CO in air-gas mixture 0.78% Oxidation of CO 99.1%.

Arrangement of catalyst: First couple 1 part brick to 1 part

catalyst.
to 1 catalyst.
Trermo~-counle temperature

At end of 20 minutes run.

No. 1
4.7

At end
No. 1
4.2
At end
No. 1
3¢9

At end
No. 1
3.8
At end
No. 1
3.3

No. 2

3.7

of 25 minutes run

No. &

&) 1/

Seconi,

Fourtk and

5.4

to 1 and %Lcatalyst, trird, 2 brick

fiftk couples

difference in

3 No.

6.2 3.6

{other conditi

fio. 3 No.

all catalyst.

degrees centigrade.

4 1Moo
iLols
ons same as above)

4 Ho-. 5

3.2 1.4

of 30 minutes run {other conditions sarme)

ll'o. 2

3.4

3 0.

6.0 4.

4 No. 5
2 2

of 35 minutes run (other conditions samne)

No. 2
3.6

3 {o

3.4

4 Riery 5

2.0

of 40 minutes run (other conditions same)

Ho. 2
3‘1

3 No. 4

5.8 4.2

No. 5
2ot

This data is shown graphically on the following vage.

‘hile these results show two peaks for temperatuvre rise, neither

of tkem is as high as obtained heretogore. However, in practice

this would be undesirable consequently: a new determination was

undertaken with a rearrangement of the catalyst in the light of

vrevicus results.
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space velocities and CO concentrations.

different temperatures,

The results of these determinations follow.
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Temperature of thermostat 50 degrees. Space velocity 3600.

Content of CO in air-gas mixture 0.96% Oxidation of CO 99.1%

Arrangement of catalyst: First couple 1 part brick to 1 part

catalyst.

couple

Second and

all catalyst.

third®

1 part catalyst to 2 brick. Remaining

Thermo-couple temperature difference in degrees centigrade.

At end of 20 minutes run.

No. 1

At end
No. 1

4.2

At end
No. 1

3.6

At end
No. 1

316

At end

No. 1
3.6

No. 2
&ies 1/
of 25 minutes
Nc. 2
&0
of 30 minutes
Yo. 2
SRE7
of 35 minutes
No. 2
3.4
of 40 minutes
Nic. 2
3.4

fo. 3
4.8
run (cther
No. 3
4.8
run (other
No. 3
4.8
run (other
0. 3
4.6
run (otker
No. 3
.6

No. 4
256
conditions
No. 4
2 o6
conditions
No. 4
2.6

conditions

conditions

No. &

2.4

NOMES
1 505

same as above)

2ol
same )

No. 5

2

Trese results are shown zraphically on the follswing

page. The uniform distributicn of temperature thruout the catalyst

tube with the catalyst arrangement as above and for the particular

conditions of temperature and CO concentration as above,

seems

to be guite as gocod as could be obtained. With this arrangement

of catalyst as standard it was decided to determine the effect of

different temperatures,

Trhe results of these determinations follow.

space velocities and CO concentrations.
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m -
Temwerature of thermwostat verying
R =0

Space velocity 3600.

Content of CO i L3~ ix ¢
in air-gas mixture 0.965% Oxidation varying.

Arrangement of catalyst:
first couole. 3econd

Remaininx counle all

catalyst.

Thermo-cour » AL .
ounle temmeratunre difference in dezrees

Tem bath &
aperature of bath 50 degrees centigrade.

lio. 1 Dy &

5.4 3.6
Oxidation of CC 99.1%

Tempverature of

50 degrees

lo.

0

5

5

No. 1 0. 2 0. lo.
Ane OR16) 4.8 20 A o2
Oxidation of 9, 1%

Temperature of bath Cegrees centigrade {
Fo. 1 N 2 No. 3 Mo. & ifo.
3.4 3.4 4.8 3.4 3

Oxidation of CO 98.0%
Trese results

o
23

page. They show that with
constant conditions of CO
hetter results are ohtained

erature a2t vwhich

Tre standard curve is alriost &

extremes of hizk and low vem

is sorewratl aevendent on the i glak At

for in tris case

concent

the conditio

but very voor oxidation at 40 desrees.

catalys?t arrangement as above and at

at 50 degrees, which 1s the temp-

perature.

zood oxidation wWas oht

centigrade(other

¢

t9)

31

zre shown granshically on tre fo

1 part brick to 1 part catalyst for

end third, 1 part catalyst %o 2 parts brick.

centigrade.

conditions smae)

other conditions sare )

[
(9]

rations and space velocity,

ns were origzinslly standardized.
rean between the two
?re oxidation of thre cO
temperature of the catalyst,

ained at 50 and 60 dezrees,

llowing
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To further test this standard curve a series of determinations
were carried out in which only tke CO concentration varied.
Temperature of thermostat 50 degrees. Space velocity 3600.
Content of CO in air-gas mixture varying. Oxidation varyings.
arrangement of catalyst: Pirst couvle 1 part catdlyst to 1 part
brick. Second e&nd trird, 1 »nart catalyst to & orick.

Fourth, 2 catalyst to 1 brick. ITast, all catalyst-
Thermo-couple temperature dirference in dezrees centigrade.

CO content of gas 1.64% Oxidation of (O 98&.6%.

No. 1 I'o. 2 c. 3 Ha. 4 Ho.

4.4 5.9 &, 3 4.4

CO content of ~as 1.Z21% Oxidation of CO .99; Other cond. szme.
No. 1 lo. & Fo. 4 No. 5

3.3 4.6 5.2 4.4

(¢3]
.
S

CO content of gas 0.965 Oxidation 99.1% Other conditions scarze.
No. 1 llo. & Wo. 3 No. 4 0.5
4.2 G 2.6 e

These results are plotted cn the following page. They
show the same dependence on CO ccncentiration that was shcwn by
the first experi ents. It seems trat an arrangement of catelyst
that will give uniform temperature rise for any given set of con-
ditions of CO concentration will very witlhi = maximum temwverature
rise above or belcw the standard curve, depdendinz on the CO con-
centration. The oridation for this w»articuler catalyst arrangerent
is not as zoo? for the tiaher CO ccncentrations as ior the stan-
dard condition
Anotrer set o:i “eterminations was unfertexen in vl.ich the shace
velocity was 1-zde tre variazble. 1}e Zesuliu cf this exeriment

aYe shc'm cn »raze 7.
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Temperature of thermostat 50 degrees.

Space velocity varying.

Content of CO in air-gas mixture «978% Oxidation of CO 99- 5%

Arrangement of catalyst: PFirst couple 1 part catalyst to 1 part

brick. Seccnd ang third, 1 part catalyst to 2 brick. Fourth - 2

catalyst to 1 brick. Fifth, all catalyst,

Thermo-couple temperature difference in degrees centigrade.

Space velocity 2000.

No. 1 No. 2 No. 3 No. & No. 5
4.4 o2 pINSe 1.0 -0.3
Space velocity 3600.

No. 1 No. 2 No. 3 No. 24 No. 5
26 2005 3.2 5 5(0) 2.4
Space velocity 4800.

Gre o. 2 No. 3 No. 4 No. 5
% 54k 2.0 4.0 2.4 4.6

These results are shown graphically on the follcwing

vage. The effect of Space velocity is quite marked. ‘“hile within

the limits of this exveriment the oxidation was quite satisfactcry,

the maximum temperature rise in botk cases other than the standard

curve, was too great. Here again the standard curve is nearly a

mean between the higher and lower Space velocities.

A discussion of the results obtained in the entire in-

vestigation bezins on the following page.







‘TN A ALYHAGW T | 0 Nounmu.}.';!ﬂ‘

YV recsoN HHOA M3IN 00 H3SS3 ¥ 133403

In order to







28",

DISCU3ION.

In a study of a xiven problem in which the result scugh-
is worked out by a progressive variation of one condition, it is, of
course, alweys well when oc¢ssible to fix other variables 30 that a
change in exverimental results will be in terms ogzgﬁe ccndition
in gquestion. Thus the work% recc.ded 2raphically in the first 4 plates
(pages 9a thru 12a), was conducted in crder to ascertain the most
suitable space velocity and the lowest temperature at which actual,
or very nearly, 10C% oxidation of CO occurs.

Tre results shown on plate 1 were obtained primarily
in order tc indicate the general character of the curve obtained by
plctting temperature of elevation against successive therm-ccuples
thruout the catalyst tube. This shows that the maximum oxidation
takes place arcund the first couvle, or witkin the first inch or
two cf the catalyst.

Passing to plate 2 we see that the oxidation of the
CO approaches 100% as the temperature is varied between 35 and 60
degrees. There is very little difference in the oxidation at 50 and
at 60 dezrces, and due tc the fact that at ¢Q dezrees the mcncxide
is very nearly completely converted to the dicxide, this temperature
was fixed for subsequent experiments.

It was to be exvected that an increase in space veloc-
ity would mean an increase in temperature within the tube and this
fact is establiskhed by data shown on pkgbde 3. These results show,
further trat with space velocities here used, the temperature rise
is very closely directly proportional to the space velccity; that is,
that with a dcubled space velocity the elevaticn of temperature is

doubfled. Tre oxidation is slightly less for the higher space veloc-

ities.

In order to gain some idea as tc the effect of a change







in gas compsoition upon the temperature within tke tube, experiments

were carried out giving the results shown on plate 4, using 50 de-
Zrees as fixed temperature and selecting 3600 as a suitable space
velocity. Here we find, as would be expected, an increase in per-
centage of CO means a corresponding increase of temperature. With

a gas of around 2% CO content it is noticed that the temperature
around couple #1 runs dangerously high. Here again trhe fact is noted
that oxidaticn is very nearly completed in the first inch or two

of the catalyst. The oxidation, we see, is more efficient with the
higher CO content whichk is prcbably due to the higher temperature
generated with these mixtures.

The foregoing work was carried out largely to gather
together general information and from a study of these data a tem-
perature of 50 degrees and a space velocity of 3600 was decided
uvon for further research. Beginning with plate 5 are results ob-
tained in an effort to evenly distribute the temperature rise with-
in tke tube.

The curves on plate 5 present an accentuated example
of a peculiarity whick we can not yet explain. Namely, that in all
cases where the catalyst has been diluted the temperature elevation
reaches constancy only after several minutes (in this case 25 min.)
Usually however, 10 minutes suffices. In this instance the catalyst
was diluted thruoutwggg inert brick of particies of the sane size
as the catalyst, and in the proporticn of 1 to 1. Consideration of
curve #5 (plate 5) shows distinctly the effect of the hrick is quite
marked. However, repeated runs convinced us trat with such a dilution
a 100% oxidaticn could not be obtained and for this reason the tube
was emptied and refilled as desiznated in plate 6.

These results were gquite satisfactory from the stand-

vont of completeness of cxidation. In curve #1 the maximum oxidation
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was shifted from the first to the second couple; us a result it was
thought feasible to have a dilute mixture at tkhe first part of tke
tube and prc2ressively increase it cward the end; in an attempt to
shift a part of the cxidaticn toward the far end of the tube.

Such an arranzement still gave the major part cf oxidaticn to the
first part of the tube so that another arrangement was tried as in-
dicated on this plate, givinz curves #4, 5, 6, and 7. Curve & was
obtained after five winutes run; the other three at five minute in-
tervals thereafter. Here we realized the dissatisfaction of such an
arrangement because of the markxed maxima around the second couple.

The curves shown on plate 7 are of conditions similar
to those ¢f ¥4, 5, 6, and 7 on the preceeding plate, except that a
new as mixture had been made up. The nature of the curve is the
same.

Probably because we had been so accustomed to see a
curve hizh around couple 1, and since in the curves of plates 6 and
7 this maximum had been shifted to around couples @ and 3, we de-
cided to increase the catalyst concentration around couple 1 thus
makinx it 3 parts catalyst to 1 part brick. (see plate 8 for complete
arranzement ). This zave a high point again to the first part cf the
tube with a gradual decrease towards the otkher end. In an attemot
to nut the elevation of temperature cf couples 2 and 3 up around
that of ccuple 1, the arranzement shown in plate 9 was tried.

Curves 4, 5, and 6, which are the ones truly represen-
tative of this arrangement show a distinct maxima again. This made
about the fourth time that in different arrangements the result had
been simply tc shift the hizh temperature point from couple 1 to 2
or to 3 as the case may be. Thus in our next arrangemant it was de-
cided to place a quarter of an inchk all brick between couple 1 and

2. The complete arrangement is shown in plate 10, whick is typically
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illustrative of the distinct effect of a slight variation in thke
mixture. Between couples 1, and 2. the curve takes a deep drop,
and due to this cooling, number 3, does not register very highly;
for the mcet part, only the heat zenerated at tris pcint-very little
heat of previous pcints beinz mechanically swept along to number 3.

“hile this was encouraginz, still the curve is far
from being straight, and accordinzly imprcver.ent was scuzht by chang-
ing the dispcsition of numbers 2. and 3. frcm 2 parts catalyst tc 1
of brick, tc 1 of catalyst tc 2 ¢f brick. (See vlate 11)
The results frcm this were quite satisfact:ry witkh the exception cf
the first part, and shcocwed clearly focr the first time that the ratio
cf catalyst tc brick around the first ccuple would have to be lessened.
Thus as is seen in plate 12. we next placed in the first section of
the tube a 1. tc 1. catalyst-brick mixture. In the third section c¢f
the tube the catalyst-brick ratic was raised tc 1.5 to 2. since,
because number 1. was being decreased, we figured so much more CO
would be left fcr the further sections to c¢xidize this increase cf
catalyst in number 3. wculd be necessary. The results show, however,
that thkis ratic arcund nomber 3, caused the maxima to shift to this
voint; nct an abruvt peak, true, but cn the whcle, giving a curve
upon which cne might improve.

Tre ratio of 1 to 1 (catalyst, brick) for the first
section seemed tc ve zocd encugh. Similiarly, a ratic cf 1 to 2
(catalyst, brick) for the second had v»rcved satisfactcry. However,
a 1.5:2 ratio scemed a little tco high for ccuple 3 (see plate 12),
so a 1 to 2 ratio was substituted as shown in plate 13. For fear
this decrease miaght shift a high pcint to couple 4 this section was

revlaced by a 2 to 1 ratio (catalyst, brick) instead of all catalyst.







Since couple 5 hrad alirays been low eneougk we did not chkange it.

This arrangement, as is seen from the curves, zave very
good results. The temperature rise around couples 1 and 3 are guite
close and only sligktly lcwer arcund 2. Couples 4 and b, of course,
are a little lower still, but in tke whole tube no point was hizker
than 4.6 deerees after 40 minutes run (see page 24). [t was concluded
that this arrangement was quite satisfactory, and could not be imp
proved uoon, because sc¢ cften z slizht change produces so marked an
efrect. The ratios are simple, oxnly the whole numbers 1 and 2 being
involved; the mixtures easily and guickly prepared.

It is realized that this arrangement gives a good curve
only for the fixed conditions of temperature and space velocity and
percent of CO as specified, and undoubtedly would vary with variance
of the conditions. The important fact estavlished, however, is that
by a study of results brougkt about by different mixtures, an arrange-
ment can be develoved vhich will gzive, very nearly, a straight line.
To ascertain just how this mixture would act towards a variation of
space velocity, temperature and CG content the work graphically
recorded in vlates 14, 15, anrd 16 was carried out. The results show
in olate 14 are just as ware exvected. The highest temperature caus-
ed a maxima at this ncint; the medium temperature being between
these two. This nlate also srows that tre curve highest at the first
vart of tre tube will be lowest at the last nart, and vice versa.

At this point it might be weéll to note the fact that even
at 40 degrees the oxidation is very good, which is not congruent

results obtained in the first few determination (see plates 2
and 3). This is explained, we trink, in that during the first part

of this work when analyzing a saniple after its passage over the







.- 234

catalyst, we failed to completely clean cut the calcium chloride
and phosphkorus pentoxide tuhes by dAraining an air current thru for
a sufficient length of time. Thug if an anelysis had been made from
the CO-air storage tank aad followed by zn analysis of gas after
passing it thru the catalyst tube. the oxidation, or efficiency, of
the catalyst would register a little less than it really was. We
conclude, then, that in many cases the oxidation was really better
than trat recorded.

The results with variation of gas composition as shown
in vlate 15 are in line witk logical prediction; a higher CO content
acting analogously tc those of plate 4, the lessened effect being
due to thre catalyst arrangement.

The svace velccity was varied as shown in plate 16,

It was to be expected trat a lcw space velocity wculd give & higher
oxidation in tre first wart cf the tube, and a:high snace velocity
in the last part. Curves 1 and 3 show this to be the case. A medium
space velocity, curve £, fallis a mean vetween curve 1 high, and curve
Z low.

Lamb, oscalione and Bdgar did some work on the effect

of moisture an Hopcclite. (Jour. imer. Chem. Soc. April 1922.) They
worked with a gas containinz 50 mm. water. Trey have shown that

moist CO-air- 5 mixtures reguire much higher temperatures for ox-

idation than if the moisture were absent. Too, it may be noticed that
if the swace velocity is plotted azainst the temperature at which

100% oxidation occurs (data p 747, 192Z Jour.) a very nearly straight
line is obtained, which tends to flatten slizhtly at hizh { 30000 )
space velocities. At space velocities up to 18000 an increase 0S
snace velocity cf 1000 means an increase of 1.66 degrees in temperatur
of trhe bath in order to secure 100%. oxidation. In our disquisition

we filled tke tube with catalyst without dilution and used a CO-air
mixture containing &. mm. water, which of course, is conveniently

. oy ; y .
had by bubblinx the 3as thru an ice-tower. #irst however, we mace a






run of the gas thru the usuval d¢rying proc2ss and noted the curve.
Then we switclked the gss currenv from the drying towers to the ice-
vater tcwer. Tre result was instantanecus. Thz galvanometer deflection
immediately dropped considerable, 2nd an asnelysis of a sample showed %
that the oxidation had fallen correspordingly lcw. In order to ascer-
tain at what temperature the catalyst woulc function efficiently un-
der these conditions, the temperature of the bath was raised from 50
degrees to 70 degrees. At this temperature the oxidation, and there-
for the resultant curve, was identical with that obtained for the
same gas with no water vapor. The thermostat temperature was now
slowly dropped while the flow c¢f gas continued. Oxidation remained
complete until 65 degrees was reached, at which temperature it de-
creased with the cooling of the bath.

it seems then from our results, and those of othrers,
that moisture simply necessitates a higher temperature of the bath;
that when the bath is kot eneouzh to cause tre Hopcolite to function
efficiently, the moisture des neot otherwise make itself objection-
able. Thus there seems to be no reason, if it is known approximately
how much water will be present, why a catalyst-brick disposition
can not be worked out which will evenly distribute the temperature
within the catalyst tube.

CONCLUsSIONS.

1. It is shown that the temperature rise within the
catalyst tube is directly proportional to the space velocity; that
it is proportional to the temperature of the bath and to the CO con-
tent of the zas, and that when the CO content approximates 2%, using
pure catzalyst, the maximum temperature rise within the catalyst tube i

aporoaches very closely the point at which oxidation of hydrogen be-

zins.







the catalyst may be diluted, =zad ¢ 2rranged, as te maintain a
tically unifeorm distribvution of temperature rise trhruout the ¢
alvst tube.

. Water vapor vciscns tha catalyst and necessitates

a higher terperature cf the thermostat for zomplete oxidation, with-

cut necessitatinz a re-arrangement of the catalyst in order to main-

tain an even distrioution of temperature rise within the catalyst

tube.
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