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THE BV£N DISTRIBUTION OF TELMPERATURE RISE
WITHIN THE CATALYST TUBEZE IN THE OXIDAL-
1017 O CaRBOW liOliO. IDE BY liz..llo OF
"HOPCOLITZ" (Cuo-inOg).
Trhis investi :ation deals with a vary important part of
the -eneral problem: '"The removal of carbon monoxide from'water-
ras' hydro:ren by differential oxidation, with cspecial reference

to the preparation of hydro en for usc in ammonia synthesis'.

The work of Scalione, Geldard and Van Name, in collab-
oration with Ed rar, has fairly well established the qualitative
conditions under which this problem may be solved. Their work shows
that by means of the principle of mirin- a sufficient quantity of
oxy~en, or air, with the ras and passin: the mixturc over the cat-
alyst known as "Hopcolite", the conditions may be so modified as
to brin: abcut the completc oxidaticn of the carbon monoxide with-

out the simultaneous oxidation of the hydro en.

Watcr- :as hydro-en is prepared in two standard SH
and is delivered witlk the followin composition, accordin: to the

method of vreparation: 655 H 190 sz 32% COé, and £-3% CO; or

2‘
51% Hp, 17% N5, 295 COp, and 2- CO, It is saturated with water
vanor at about 40 dexrrees and may contain, in addition, small
amounts of Hs5, unsaturated hydrocarbons and other impurities.

only the removal of CO, however, offers any :ireat or appreciable







Aifficulty; th. otlrer impurities beiny removed by morc or 1less
standard r.ethods.

The two best knewn nethods for the renovnl of CO
from tke 3's "rv tke soluticn thed, znd tke crt.lytic method. The
former dcvends upon the conversion of CO to form:tes, or the - .bsorp=-
tion of CO in solution cont .ining cuprous ions. The disadv.ntr3gcs
of thesc methods lie in the fict that very 1l..rge absorption sur-
face must be supplied; a guantity of hydrogen is lcst in scrubbing,
due to its solubility in th¢ scrubbing solution; and that these
solutions are constantly used up and must be replaced from time to
time. The obvious advantages are: the rcmowval of other impurities
besises CO; fairly wide range of temperature and pressure control,
and lack of danzer of subsequent catalytic poisoning from compounds
of metalloids and unsaturatcd hydrccarbons.

The catalytic precess dcpends upon the cxidation or
hvdrotenation of CO to €U, or te¢ CHa, respectively. In precesses in-
volvinr the latter, three mols cf Hg are rcquircd for each mol of CO,
and CHy :radually accumulates in the system requirin; periodid at-
tention. However, these proccsscs remove cven very sSmall quantities
of CO under a wide ranic of conditions, and the spacc-volume-life
of the catalyst is quite satisfactory.

In the oxidation of CO to COE'
a relatively inactive catalyst may be used and only a snrall cxcess

at hi:h temperatures,

over the theorctical requirement of oxy:en nced be supplied. But thre
removal of CO is complete only tc the point where equilibrium is
reached for the temperaturc in question. Previcus treatment with
steam introduces a number of technical difficulties, such as larre
catalyst chambers, steam condensation, ctc. The temperature control

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







and unsaturated hydrocarbons.

At lower temperatures a more active catalyst must be
used. Only a small cxcess over the theoretical requirement of
oxyzen is needed. The removal of CO is practically complete, and
relatively hi-h space velocities may be maintained. The temper-
ature contrcl must be quite ri=:id, necessitatin: rapeéd dissipation
of the heat renerated, and careful control of the CO content of
the enterin: tas, as well as closely rerulated space velocities.
All rases must be carefully purified for the activity of this type

of oxidation catalyst is extremely sensitive to poisoninz.

In crder for the above procecdure to be successful on
a larve scale a number of tecknical difficulties must be cvercome,
For instance, the CO,removal must be so cocrvlete that less tkran
0.015, remains in the -as: The oxidation must be carried out in
the prescnce cf considerable amcunts of moisture. It rust reauire
cnly a sli ‘ht excess over the the theoretical requirement of
cxyzen, for tke oxidaticn cf CO. Trhe oxidaticn cf CO must be car-
ried out in the presence cf a lar-e excess of COE' Tre space-
volume-~life of tke catalyst must oe hirth e¢nou:h to make the con-
sumetion of catalyst fall within reasonable limits. The cxidation
skould be carricd out at atmospheric pressure and the sensitive-
ness of the catalyst must not be too :reat. Tke entire process

must be so simple that relzatively unskilled labor can cperate it,

Tre literature shows that a number of metallic oxides
are suitable as catalysts fcr the preferential oxidation of CO. It
srkows further that there is a very distinct temperature differ-

ence between the combustion of CO and HE' “hilc these substances







4.

‘-
will oxidize CO to 002 at a lcwer temperature t¥an H2 to Hzo, it
ijs done at tre expense Oof their combined Oxy3en- In order that
these cxides act catalytically, it is necessary that they Dde rapid-
ly reoxidized 1o treir former state by the cxy7en present in the
vas. 1t 1s further necessary that these reactions take place rapid-
1y in crder tc¢ functicn at ki -k space velocities.

Tre fcllcwin: table frem Fay, sutherland and Ferxuson in
Pcly. Env. 10;172 (1910), <hoWs tre action cf some ¢f the more

common oxides.

Oxide Initial Temp 1n Initia} Temp 1N
De rrees C with CO De rreces C with Ho Remarks
o0y 110 150 Di cestion
Pb,0, Witk HNO3
Poo03 150 170
CecO 155 165
Co.0, less tran Lk 110 Oxidation of CO vy
%) B
r2
120 220
BIE
Cu0 (HZO) 66 90 precipitated
150 s Oxidized Metal
120 15
Mno (HZO} 15 WA Precipitated BV
= oxidiziny kn -
LnC2 ory 67 190
“".I'IQOL 2/:‘;0 255 AmCTphOUS

the Chemical warfare Service with tre object of developinz an ab-
scrbent for CO in air tc be used 1in ras-makin’. Tre outcome cf tris
work was the discovery of tre two component "Hopcolite" (405Cu0-
6O%Mn02]. Tris material Was found most active and oderated at an
cfficiency ©of 100%.

The factors influencins the mechanism of the Fopcolite
oxidation denend udcn the physical ccnAaiticn of thre catalyst, which

is a function Of its vrevaration tre available 0>y Ten content Ol







tke catalyst; effect cof termperature on the oxidation velocities
of CO and Hz, and finally upon the effect of small concentraticns
of CZ'

Great care is taken in the prevaration cf the catalyst,
a full acccunt cf which may be fcund in the werk of Kerrill and
Scalione, Jcur. Amer. Chem. Scc., 43, 1982 (1921), and need not be
reveated here.

Of -reatest impcrtance are the factcrs influcncin- the
distribution cf temperature rise trruout the catalyst tube. There
is a temverature difference of only about 2L-30 de rees between the

initial temverature of oxidation c¢f CG and that cf H irrespective

2 '
of trhe temperature at wrich the CO be-ins to oxidize. Ccnseqguently,
if this difference should be overreached the ocxidization of H2 would
immediately commence and the heat evolved wouid be sufficient to

reduce the CuO to Cu by Lrydro-en, a condition easily reco mized uy
the colcr of metallic copper within the cadtalyst mixture; causan:
trhe efficiency of the catalyst tc be comoletely and permanently
destrcyed.

The factors influencinr terperzcture distribution within

the catalyst tube, accordin- tc tkc work of Scelione, seldard and

Vanlame, are as follcws:

1.
. Control of CO n t s
d. Bffeet of Space velocity.
Heat cenductavity ot the -ascous mixturc.
5. Desi'n cf Apnaratus.
Sffect cf meskh cf catalyst.
Tris weri further shows that the temperature rise varys
directly witk thz vercent of CO in the , in a riven avparatus

and at a constant space velocity. The temperaturc rise will, in
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general, vary with the space velocity, dependinz on the partic-
ular apparatus. The desiin of the agpparatus is therefore, guite
important. Witk regard to the composition of the 3zas, it may be
said that an increase in concentration of hydrozen will increase
the radiatiny capacity of the apparatus, while the heat conduct-
ivity of the other zases, beinrt so nearly equal, makes variation
in trheir condantratipns of little importance.

A summary of the work of the Chemical Warfare Service
on this problem shows tkat a nurber of very important principles
have been more or less completely established. These are as follow

1. Heproducibility oz results. Under identical conditions
it is shown that a gziven sample of kEovcolite will exhibit uniform
verformance.

2. Differential oxidation. It is shown that under any
yiven set of ccnditions tlrere is a temperature interval of at
least 25 dezrees in whick nractically complete oxidation of CO is
oracticable, and in which no apwnreciable oxidation of hydrecxen
takes place. #rile this is narrow limit, makinz: control of temp-
erature rise quite rizid, %t is nevertheless sufficient to make
the differential oxidation oaracticable.

3. Zfficiency ot Eowncolite. The efficiency of this cat-
alyst is influenced greatly by moisture and oxyZen content of the
enterinz razes. By temperature and by the space velocities.

. Temperature control. Probavly thre most difficult,
and certainly the most imcortant problem is temperature control.
Adequate control is thcuzht possible trru desiasn ¢f a reacticn
chamber of hiak heat radiatin - capacity, by reduction of thke con-
centration of CO to about 0.5%, and by distributicn of tre reat

of reaction in some way.
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5, Life of the catalyst. azainst perfectly pure -ases the
life of the cetalyst is probably very lon:. It is, in -eneral, dimin-
isred in prooortion to the amounts of impurities in the :gas. In-
dications point to sufficient effectiviness against commercial gas
as to be quite practicable.

©. Influence of other zases. Carbon dioxide is apparantly
without effect. Eydroren sulpride zradually destroys the activity cf
the catalyst, and the effect of unsaturated hydro-carbons has not
been determined.

In zeneral it may be said that the prospect for a satis-
factory solution of the problem appears to be very zood. Further re-
search should concern itself with a determination of tke distribution
of temperature rise in catalyst tubes of sizes apolicable to larze
scale overation, as well as witk the most effective space velocity
to be employed under such conditions. With the temperature and space
velocities at which complete oxidation of CO occurs at one operation.
Nith the determination of the minimum cxy:ien content to be suoplied
and with the effect of those imvurities most likely to be present in
commercial zas.

Since a determination of the most effective temperatures
and space velccities, with the most even disiribution of temperature
rise in the catalyst tube is of prime importance, our present work

deals exclusively tlrerewith.

TXPERIIENT L.

A tas stora-e tank operatin- with an hydraulic seal, was
supplied witk a two-way cock, thru which a measured guantity of pure
CO entered. Trhis ras was made by treatin- o»alic¢ acid with sulphuric
acid, Provision was made fcr suoplyin> air, which was admitted in

oredetermined amounts, and the whole ccnstantly stirred for at least







S
©elf an rour by means of an electrical:y stirrinz device.

+he gas wes drawn thru tlre entire apparatus by suction,
enterin a sulphuric aci”® tower, suwnlied with 2lass beads, thence
into a calibrated flow-meter from which it passed into 2 calcium
ckloride tower, thence into the catalyst tube.

Trhe catalyst tube was #astened into the thermostat,
ecuipped for rmaintaining a constant temperature within narrow
limits. ©The gzas entered the catalyst tube thkru a copper coil, im-
mersed in the vatk, in order to preheat the gas to the temperature
of the catalyst. Provision was made for collecting a sample of
the issuinz zas for analysis.

Tre catalyst tube is made of copper, owinz to the high
teat conductivity of this metal. It is supvlied with six small cop-
ner tubes of about 1/16 of an inck in diameter, spaced 1 inch apart,
entering the catalyst tube vertically. The catalyst tube proper
is 7 % inckes lcng, and % inch in diameter, with an effective capac-
ity, or volume, of 17 c.c. Zach of the small tubes entering the
catalyst tube carries insulated wires making a contact directly Dbe-
neatkh the entrance and about the center of the catalyst tube. Zach
of these thermo-couples has one wire directly connected to one
zalvanoreter wole, and thre otrer wire thru a mercury connection
thence to the second =zalvanormeter pole.

The =~alvanometer was calibrated by plottinz the read-
in>s of the uirst tlermo-counle azainst the other 1ive, the first
bYeinx at varyinz ten.peratures. The curve so obtained is a straiszht
consecuentld tke temoerature aifference vetween the first

v

‘2rro- #znd anv otker one could be read off directly from

cale.
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I1 was found necessary in our work to make irequent
determinaticns oi the content of ©0 in the zas-air mixture both
oeifore and alfter oxidation by the catalyst, consequently the stan-

dard 1Ip Ob method was ooted.

DISTRIBUTION

TEMPERATUEZS RISE IH THZ CATALYST TUBE

0

>3]

Trhe catalyst tube was filled by placin: beztween thre
standard thermo-couple, and thermo-couple #1, a,cooper wire gauze
and pouring in the catalyst while gently tapping the tube in order
to distribute the catalyst ev .  Tre standard thermo-couple is
surrounded with an inactive substance like clkipped glass in order
to keep it at the temperature of the thermostat. After filiing
tke tube a second gauze is nlaced between the lavt thermo-ccuple
and tre exit tube.

Temverature of thermostat &0 degrees. B5pace velocity

2600.
t cat t: Pure Catalyst tkruout.
Thermo-couple temperature difference in degree centi-
grade.
No. 1. No. 2. No. 3 No. 4 Ity )
11.6 OIS o At l.4
Temperature of thermostat 60 degrees. Otrher conditions
same.
No. 1 No. 2 90 &) No.4 e, 5
NEp L 25 20l 2.3 0.8

Trese results are shown graphically on the followinz
chart. This shows that there is a maximum temperature rise of 11.6
and 13.1 degrees at 50 and 60 degrees respectively, with only a

carbon monoxide content of 0.87¢., using a pure catalyst.

| In or”er to zet data upon the best temperature and
i
- space velccity to be used on a pure catalyst to et the maxinum

oxidation of CO, the following experiment was carried out.
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While the hixher temperature rives better oxidation of CO it also

>ives a rather hi-h temperature rise in oxidation, so a study of

the ef-fect of varyin> space velocity was undertaken.
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Temperatures of thermostat 3b degrees. opace velocity 1800.
Content of CO in air-gas mixture 0.98¢% . Oxidation of CO 90.2%
arranement of Catalyst: Pure catalyst trruout,
Thermo-couple temperature difference in degree centigrade.
No. 1 No 2 No. 3 No. & No, B

8.3 3.6 1.9 1.6 0.4

Temperature of thermostat %+0 degrees. opace velocity 1800
Content of CO in air-gas mixture 0.96%. Oxidation CO 90.95%
Arranzement of Catalyst as above.
Thermo-couple temperature difference in degree centigrade.
No.1 No 2 No. 3 0. No. 5

8.7 3.8 1.5 0)a3) 0.0
Temperature of trhermostat 90 degrees. opace velocity 1800
Content of CO in air-gas mixture 0.96% Oxidation of CO 917 0%
Arranzement of Catalyst as above .

Trermo-couple temperature difference in degree dentigrade.
No. 1 No., 2 No. 3 No. & Mo. 5
506 51 Lo 1.0 0.16
Temperature of thermostat 60 dezrees. oSpace velocity 1800
Content of CO in air-zes mixture .96%.. Onidation CO 98.5%
Arranzement of catalyst as above.

Thermo-ccuple temperature difference in dezree centizzrade.

n
(o)
G

No. 1 No. 2 No. 3 Wo.
10.0 %.8 1.5 G.3 -0.1
The followinz chart shows these results @raprically.
It will be seen that the effect of temveratuze is euite marked.
while the hixher temperature rives better oxidation of CO it also
rives a rather hixh temperature rise in oxidation, so a study of

the ef-fect of varyinz space velocity was undertaken.
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Temperature of thermostat 50 degzrees. space velocity 1800
Content of CO in air-gas mixture 0.87% Oxidation CO 95.9%
trranzement of catalyst:Pure Catalyst thruout.

Trermo-couple temberature dqifference in degree centizrade.
No. 1 No. 2 3 No. & No. 5

o
5.8 L.4 ;ﬁ(.ﬂf- 0.2 Lkt
b

2
Temperature Of thermostat as aobove. Space velocity 3000

Content of CO in air-gas mixture 0.87% Oxidation CO 94.2%
prranzement of catalyst:as above.
Trermo-couple temperature qifference in degree centigrade.
No. 1 ol w2 No. 3 No. & No. 5
RG] 72 a2 2.6 Lok
Temperature of thermostat as above. space velocity 3600
Content of CO in air-gas mixture 0.87% Oxidation CO 92.45%
srranzement of catalyst: as above.
Thermo-couple temperature aifference in dezree centirade.
O 1k No. 2 No. 3 Ho. % No. 5
11.6 9.4 755 4.2 4.1
Temperature of thermostat as above. space velocity 4800
Content of CO in air-gas mixture 0.857% Oxidaticn CO 00 .0%
Arrangement of catalyst: as above.
Thermo-couple temperature difference in dexrec centizrade.
Ho. 1 ol No. 3 0. & Io. 5
13.8 6.3 5.2 3.3 1.7
These results are shown sraprically on trhe fcllowinZ
pace. This data fairly well establishes the etfect of space veloc~
ity, showin= trat thre maximum temperature rise 1is associated with
maximum svace 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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Temperature of trermostat 50 dezrees. space velocity 2600

content ¢f CO in air-gas mixture 1.21% Oxidation co QZ.r%
Arrangement of catalyst: Fure catalyst thruout.

Thermo-couvle temperature difference in degree centigrade.
Fo. 1 No. 2 Ho. 3 No. % No. b
14,6 2.9 o) 0.4 0l

Temperature of trermostat as above. opace velocity 3000

content of CO in air-£as mixture 1.33% oxidation of CO 92.5%
Arrangement of catalyst: as above.
Thermo-couple temperature difference in degrees cebtizrade.

No. 1 o, 2 No. 3 Wo., 4 Wos 5
16.8 1.7 0.6 0.3 -0.2

Temperature of trermostat as above. oSpace velocity 3600

Content of CO in air-gas mixture 1.63% Oxidation of CO 94 .2%
Arrangement of catalyst as above.

Thermo-couple temperature difference 1in degree centigrade.

No. 1 No. 2 Mo. 3 No. & 0. ©

17.4 3.95 1.5 0.8 0,55

Temperature of trermostat as above. Space velocity 3600

Content of CO in air-2as miyture 1.92% Oxidation of CO 94,55
Arrangement of catalyst as above .

Thermo-couple temperature qifference in dezrees centizrades

Fo.l No. 2 No. 3 lio. & fo. ©

20.0 3.1 1.6 139 10 o

These results are raoresenled graphically on the

followinx vaze. It will be seen trat the maximum temperature rise
is directly proportional tc the CO content. A CO content of about &%
running danzerously close to thre point at which hydroxeéen Cxid§§h¢

A re-arrangement of the catalyst was next tried.
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Temperature of thermostat 50 degrees. space velocity 3600
Content of CO in air-zas mixture 1.92% Oxidation of CO 82.4%
Arrangsement of catalyst: Diluted with brick 1 to 1 thrucut.
Thermo-couple temperature difference in degrees cebtigrade.
At end of five minutes.

No. 1 No. 2 No. 3 No., 4 No. 5

20.4 2.4 2,0 1.8 1.05

Temperature of thermostat 50 degrees. 3Space velocity 3600
Content cf CO in air-gzas mixture 1,92% Oxidaticn of CO same.
Arrangement of catalyst: as above.

Trermo-couple temperature difference in dezrees centigzrade.
At end of ten minutes.

No. 1 No. 2 No., 3 llo, 4 No. 5

19.0 25 1987 1.2 0.6
Temperature of thermostat 50 degrees. Space velocity 3600
Content of CO in air-gas mixture as abcve, Oxidation CO same.,

Arrangement c¢f catalyst: as above.

Thermo-couple temperature difference in dezrees centizrade.
£t end of 15 minutes.

No. 1 No. 2 No, 3 No. 4 No. 5

14.6 1.7 Lo 1.0 0.6

Temperature of thermostat 50 degres. Space velocity 3600
Content of CO in air-zas mixture as above. Oxidation CO same.
Arranzement of catalyst : as above.

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

No. 1 Na., 2 No. 3 No. 4 No. 5
6.8 3507 1L e () (0),/ 0.0

Continued on follcwing pasge







Temperature of thermostat 50 degrées. opace velocity 3600
Conterit of CO in air-gas mixture 1.92% Oxidation of CO 82.&%
Arrangement of catalyst: as above
Thermo-couple temperature difference in degrees centigrade.
At end of 25 minutes.

No., 1 No. 2 We. 3 Fo. 4 No. D

3.2 Lo 1.0 0.3 0.1

The results are shown araphically on the following

page. It is seen that the catalyst rapidly looses efficiency with
time, at the end of 30 minutes the oxidation being only 82.4%. A
determination of the oxidation at trhe end of the othrer five min-
ute periods were not made .

It was decided to vary the prooortion of brick to
catalyst thruout thre catalyst tube in an attempt to distribute
the temperature rise more evenly and alsc %o determine the length
of time necessary for the catalyst to give constant results.

4t will be noticed in the grapric data recorded from
this point of thre work that the sgpate velocitymis given in two
terms, designated, s.V. and b.V‘z. Tre first represents (che
space velocity as 1iters of gas per liter of tube content per

tour of time, while thre 1atter represents the space velocity

as liters of gas per 1iter of catalyst per hour of time.
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Distribution oF Tenperafure Rise.
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Temperature of thermostat 50 degrees. Space velocity 3600
Content of CO in air-gas mixture 0.63, Oxidation of CO eIy
srranzemnt of catalyst: First 3 thermo-couples half catalyst
and half brick. Remainder, all catalyst.

Thermo-counle temnerature difference in dearees centigrade.

No. 1 0. c. o. 5
1.8 o ol oL -0.8
Temperature of thermosia above. opace velocity as above.

Content of CO in air-2as mixture as above. Oxidation CO same.
Arranzement of catalyst: Pirst 1 part brick to 1 catalyst.
second, 2 brick tc 5 catalyst. chivd 1 brick to 4 cat lyst.
ourthk, 1 brick to 5 catalyst. Lest, all € t st.
Yermo-couple temperature difference in dezrees centizrade.
To. 1 Ko, & 0. 3 0. o, 5
P g7 .
Temperature of thermostat as above. opace velocity as above.
Content c¢f CO in air-Zas mixture as above. Oxidaticn CO same.
lyst:

Thermo-couple temperature aifference in dezrees centizy .

Noth L Do 2 o
: 2o 1.7 .
Tempersture of trerrostal oS ove. onace velocity as above.

Content of Co in air-2%as mizture 0.86 Oxidation of CO 99%
srrangement of catalyst: First two half catealyst, half brick.
Remaininz three thermo-c woles all catalyst.

Th 2rmeo-couple temperature difference in deirees centizrade.

& Lo. 5

w»

fo. 1 o. 2 He.
5.8 T2 4.0 Lot 5

Continued 0N following €.
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Temperature of thermostat 50 degrees. space velocity 3600

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

Arrangement of catalyst: same as above

At end of 10 inutes.

Thermo-couple temperature difference in degrees centigrade.

No. 1 Oy 4 o. 3 0. & 0. 5

4.0 4 (6) 5. 3.0 1.75

Temperature of trermostat as above. dSpace velocity sameé.

Content of CO in air-gas mixture as above. Oxidation CO 997

Arrangement of acatalyst: same as above.

At end of ten minutes.-

No. 1 No. 2 o. 3 No. 4 Ho. 5

a.a 8.8 2.6 1.0
Temperature cf trermcstat as above. opace velocity same€.
Content of CO in air-oas mixture as apove. Oxidation CO 995
Arransement Of catalyst: same as above-
4t enda of © inutes.
To. 1 No. 2 5 & Yo. & Fo. ©
5. 8.8 5.6 2.6 1L (2

These results are stown graphically on the following
page - They show that with 2 catalyst arrangement as above constancy
of results may be expectad within 20 migutes. Here again the ctfect
of CO concentration is well shown, tprere beirg almost twice as largze
pmaximum temperature rise for 3Zas of LY kesndt for trhat of gas of
0.63%.
This study was continued witk a aifferent catalyst

arrangement and allowing the run to continue for 45 minutes to test

the 1ife of the catalyst.
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Temperature of thermostat 50 degrees. oSpace 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.
No.1l No. 2 No. 3 No, & 5 )
4.6 8.0 52 3.4 1.0
At end of 10 minute run {other conditions same aSs above)
Wo. 1 No. 2 To. 3 0. No. S
2.6 6.6 7.4 4.1 Q.2
At end c¢f 15 minute run (other cenditions sane )

fio. 1 No. 2 No. 3 Ho. & G. 5
e 7.8 5.8 3.4 0.9
at end of 20 minute run (other conditions same )
No. 1 No., 2 Ho. 3 No. & No. 5
£ 5% 7.8 4.6 Ohe,

it end of 25 minute run (other conditions sarne )

(5 "L 5 Ho. 3 0. & 0. 19

20 8.0 A8.7 fia () 2.0

At end of B0 minute run (other conditions same)

Q! OFC; 4 & 0. & Ho. S

)70 6.2 10.2 6.0 2ik

A+ end ¢f 35 minute run (ctrer cenditions same )

(&}

Fo  k o No. 3 Fc. & lio.
Z) 1) Iyl 10.4 6.2 2,0
At end of 40 minute run (other corditions same )
o. 1 No. 2 No. 3 lo. 4 Ho. &
L6(0) 7.8 05’ 6.1 Lo

These results are shovn graprhically on tre following padie.
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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. oecond and third couples 1 part catalyst to lpart brick.
Remaining two all catalyst.

Trermo-couple temperature difference in degrees centigrade.

~t end of 10 minutes run.

No. 1 No. 2 o. 3 No. 4 No. 5

WL 2 LOs2 .8 3.8 202
At end of 20 minutes run(other conditions same as above)
No. 1 0. 2 Oy & Vo, & No. 5
B4 10. o5L.4 3.9 2.8
At end of 3C minutes run(other conditions same)
No. 1 o (2 No. 3 0. 4 No. 5

e 10.3 8.8 5.4 2816

At end of 40 minute run (other conditions same)
Fo. 1 0. 2 ) o & 0. 4 O &
6.8 -® 7.0 o3 300

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 samre)

Noid o 2 No. 3 No. 4 No. 5

6.2 9.6 7.0 Bsf %o 2

At end of 55 minutes run (other conditions same)

(0)5. 2L 0. 2 o. 3 o. 4 0. 5

6.2 Do’ 6.8 5.4 3.4

At end of 60 minutes run (other conditions same)

No. 1 0. 2 o. 3 0. 4 0. 5

6.1 oG €.9 5.6 3.2

Continued on following page.
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Temperature of trhermostat £0 degrees. ©opace 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. sSecond and third couples 1 part catalyst to 1 vart brick.
Remaining two all catalyst.
Trhermo-couple temperature difference in dezrees centizrade.
At end of 65 minutes run.
0l 1T lo. 2 0. 3 c. 4 o 5
6.0 9.8 6.6 SpN2 Sindl
At end of 70 minutes run (otker conditions same)
No. 1 lo. 2 llo. 3 fc. 4 0, B
6.0 9.9 6.7 5193 B

Trese results are shown graphically on the following
paze. They show that the 1ife of the catalyst is quite efficient
for the lengthk of this run, an hour and 10 minutes, for the oxida=~
tion of CO at the end cf that time was 99.65.

The results are fairly constant after 20-30 minutes
run, as is shown by tke last six curves on the following page.

of catalyst zives satisfactory oxidation,

This arrangement, thren

A new run was undertaken with a sliightly different

catalyst arranzement and a higher CO content of zas.
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Temverature of thermostat 50 degrees. opace velocity 3600.
Content of CO in air-gas iz ture 0.90% Onidation 99.3%
~rrangement of catalyst: First couple 3 parts catalyst to 1 part
brici, with lest & inch all brick. cecond, 2 parts catalyst to
1 brick. Third, 2 varts catalyst to 1 brick. Zemaininz two all
catalyst.

Thermo-couvle temperature difference in degrees centizrade.

At end of 20 minutes run.

No. 1 0. 0. 'o. 4 No. 5

7.3 3.4 7.4 4.4 1.2

At end of 40 minutes run {other conditions same as above)

T'o. 1 0. 2 o, 3 o llo. &

6.9 Sl 2ot . 2082

£t end of 50 minutes run (other conditions same)

m

Ilo. 1 oL 2 o. & .
6.8 3.0 Uit U

These redults are shown graphically on the following
page. Trhis data considered with the vreceedin3 data shows trat
catalyst arranzement vlays a major »art in distrivuting tre tem:-
erature rise. After half an hours run the results are always com-
paratively uniform. Tre eificiency in this case is very zood,
the CO beinz 99.3% oxidized at the end of an hours run.

In the light of these results a new arrangement cf
catalyst was resorted to, in the hopves of strai:htening out the

temperature rise, otker conditions being kept fairly uniform.
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Temperature of thermostat 50 degrees. Space velocity 3600.
Content of CO in air-gas mixture 1.02{. Oxidation of CO 98.3%.
Arrangement of catalyst: Pirst coupnle 3 parts catalyst to 1 part
brick. Second and ird, 1 part catalyst to 2 brick.

Remaining two all catalyst.

Thermo-couple temperature difference in degzrees centigrade.

At end c¢f 20 minutes run.

No. 1 (o | = llo. 4 lio. &

6.9 2 0 210 25,2

At end of 2f£ minutes run (otker conditions same as above)
No. 1 No. 2 0. HORERE

6.5 2.6 2.6 o) 2.4

At end of 30 minutes run (other conditions same)

o, 1 lo. 2 I8l & Ho. 4 Ho. 5

6.6 Bl 3.0 2,8 B o)
At end of 35 minutes run (other conditions same)

0., 1 No., 2 Ol & o. & 0, O

6.7 2.8 %o 3.0 Hdl
At end of 40 minutes run(otker conditions same)
No. 1 No. 2 0. O < b No. 5

6.9 Bo o . 2.4

Trhis data is skown araphically on tke following page.
These results show excellent uniformity of temperature rise in
the last four couples, but the first couple remains somehat out
of wroportion. However, tkese results skow that a catalyst arran-~
zement somewhat ¢ “similar to the above, possibly diluting the
first couvle a little, shouleé zive a better result.
Trhe efficiency in this case is not quite as good as

in former cases.
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Temperature of thermostat 50 degrees. Space velocity 3600.

Content of CO in air-gas mixture 0.78% Oxidation of CO 99.1%.
Arranzement of catalyst: First couple 1 part brick to 1 part
2 brick to 1 and # catalyst, thkird, 2 orick

catalyst. dSeconi,

to 1 catalyst. Fourth and fifth couples all catalyst.
Thermo-counle temperature difference in degrees centigrade.

At end of 20 minutes run.

No. 1 No. 2 Wiefg & To. 4 No. 5
4.7 <5t 6.2 5.6 1.5
At end of 25 minutes run (other conditions same as above)
No. 1 0. 2 No. 3 o. 4 No. 5
4.2 BN 5.4 %ol 1.4
At end of 30 minutes run (other conditions sare)

No. 1 B0 3 No. 3 0. 4 No. 5
39 3.4 6.0 2952 2o
At end of 35 minutes run (other conditions same)

No. 1 No. 2 Do & o. 4 No. 5
3.8 3.6 5.8 3.4 2.0
At end of 40 minutes run (other conditions same)

No. 1 No. 2 lio. 3 No. 4 No. 5
i) Licyak 5.8 4.2 2.2

This data is shown graphically on the following vage.
'Yhile these results show peaks for temperature rise, neitker
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 thre light of

previcus results.







bmaining

NisiribuTioN OF TE

PLATE XII ,

e
/

MPERATURE R15&.

LR

SE NG SECTION [ CH 1hh<..«. T
i \HSRD Lx »hﬂhrﬂuﬂs

kL R TR e
h.\DEmu\ ﬂc

b AS_€0 Eﬁﬁk 7

B e an = Sw ne

¥ 1344N3H

PARY, ﬁaﬂhhv\hﬂ \n yA ﬁhhﬂ h):n:. \

P Eh_n:

Lo Ars GIRICIS - %..33255.3.‘.

;

- 20,70 4. Exzta.h.h S‘nrhm;h

Pt

‘thﬂ r\oﬁhaia\: ww\ 7t
Hhl

i

e
|
|

h :

HOA MAN “0D

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

space velocities and CO concentrations.

1]
()]
=~
=
FEs
]
~
o
(o5
3
o
+
D
=
o
-
(V)]
“
“
-~
<

The results of these determinations foliow.
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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. Second and third, 1 part catalyst to 2 brick. Remaining
couple all catalyst.
Trhermo-couple temperature difference in degrees centigrade.
At end of 20 minutes run.
No. 1 No. 2 lo. 3 No. 4 No. 5
4.4 3.7 4.8 2.6 1.6
At end of 25 minutes run (other conditions same as above)
No. 1 No. 2 No. 3 1o. 4 Iife)s o)
4,2 B, 4.8 %[5 2182
At end of 30 minutes run {other conditions same)
No. 1 I'o. 2 No. 3 No. 4 No. 5
3.6 3.7 4.8 2 (2 2.4
it end of 35 minutes run (other conditions same)
No. 1 No. 2 . 3 No. & Wo. 5
3.6 3.4 4.6 2na 250!
At end of 40 minutes run (other conditions same)
No. 1 'c. 2 No. 3 No. 5
3.6 3.4 4.6 2.4 2.1

These results are shown graphically on the following
page. The uniform distributicn of temperature thruout the catalyst
tuve with the catalyst arrangement as above and for the particular
conditions of temperature and CO concentration as above, seems
to be quite as gocd as could be obtained. Witk this arrangement
of catalyst as standard it was decided to determine the effect of
different temperatures, space velocities and CO concentrations.

The results of these determinations folliow.
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Temwerature of thermostat varyinz. Space velocity 3600.

Content ¢f CO in air-gas mixture 0.96% Oxidation varying.
Arransement oI catalyst: 1 part brick to 1 part catalyst for
first couole. Secon? and third, 1 part catalyst tc 2 parts bricxk.

Remaininz couwle 211 catalyst.

5.4 3.6 1.1 0.5
Oxidation of CC 99.1%
Temperature of vatk 50 dezrees centigrade(other conditions smae
No. 1 Do & Fo. 3
. 3.6 4.8 2880 .
Oxidation of CO 99,16

Temperature of bath 40 degrees centigrade (other conditions seme)

=

o. 1
3.4 3.4 5.4 SRV
Oxidation of CO 98.0%

Trese results are shown grashically on the fcllowing
vage. They show trat with a catalyst arrangement as above and at
constant conditions of CO concentrations and svace velocity,
better results are obtaineéd at 50 degrees, wrhich is the temp-
erature at which the conditions were originally standardized.

The standard curve is almost & mnean between the two
extremres of hizk and low tenperature. Tre cxidation of thke CO
1s somewkat devendent on the initial temperature of the catalyst,
for in this case zood oxidation was obtained at 50 and 60 dezrees,

but very poor oxidation at 40 desrees.
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7o further test this standard curve a series of determinations
were carried out in whick only tke CO concentration varied.
Temperature of thermostat 50 degrees. Space velocity 360C.
Content of CO in air-gas mixture varying. Oxidation varyinz.
ALrrangement of catalyst: First counle 1 part catalyst to 1 part
brick. Second snd thrird, 1 vart cetalyst to 2 brick.
¥ourth, 2 catalyst to 1 brick. Zast, all catalyst.
Thermo<+couple temperature diiference in degrees centigrace.
CO content of gas 1.64%s Oxidation of CO 98.6%.
No. 1 o, 2 c. 3 To. 4 lio, O
4.4 5.0 SINe) 4.3 4.4
CO content of zas 1.215. Oxidation of CO 96.9% Other cond. szme.
To. 1 CYE Fo. 3 No. & No.
B3 4.6 5.4 I 4.4
CO content of gas 0.965% Oxidation 99.1% Other conditions saIte.
No. 1 Mo. 2 Ho. 3 No. 4 o. 5
4.2 3.6 4.8 Bl 212

Trese results are vlotted cn the following page. They
show tke same denendence on CO concentration that was shown by
the first experiments. It seems that an arrangement of cetelyst
that will give uniform temperature rise for any given set of con-
ditions of CO concentration will very withk & maximum temderature
rise above or vuelcw tlhe standard curve, depernding on the CO con-
centretion. Trke o> idztioa f{or this 9erticulaer catalyst arrangement
is not as zoo¢ fox the kizher CO ccncentrations as for the sian-

dard conditions.

+1,

Anotrer set of cdeterminations was underteken in wl.ich the sdace
velocity was rade the —arizhdle. 7he zasulte of this e jeriment

are shko'm on naie 27,
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Temperature of thermostat 50 degrees. 3Space velocity varying.
Content of CO in air-gas mixture .978% Oxidation of CO 99.5%
arrangement of catalyst: First couple 1 part catalyst to 1 part
brick. Seccnd and third, 1 part catalyst to 2 brick. Fourth, 2
catalyst to 1 brick. Fifth, all catalyst.

Trermo-ccuple temperature difference in degrees centigrade.
Space velocity 2000.

gl No. 2 No. 3 0. & Ho. 5
4.4 1.4 L 1.0 -0.3

Space velocity 3600.

No. 1 No. 2 No. 3 4 No. 5
226 215 o2 240G 2.4
Space velocity 4800.

1 5" & No. 3 lo. & No. 5
A ik 2.0 4.0 2.4 4.6

These results are shown graphrically 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 both cases other than the standard
curve, was too great. Here again the standard curve is nearly a

velocities.

A discussion of the results obtained in the entire in-

vestigation begins on the follcwing page.
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DISCUssION.

In a stvwdy of & ziven problem in which the result scught
is worked out by a progressive vaiiation of one condition, it is, of
course, always well when onssible to fix other variables so that a
change in exverimental results will be in terms of one condition
in question. Thus the work recorded zraphically in the first & plates
{pages 9a thru 12a), was conducted in order to ascertain the most
suitable space velocity an3d the lowest temperature at which actual,
or very nearly, 1005 oxidation of CO occurs.

The results shown on plate 1 were obtained primarily
in order to indicate the general character of the curve obtained by
plotting temperature of elevation against successive therm-couples
thruout the catalyst tube. This shows that the maximum oxidation
takes place around the first couvle, or witkin the first inch or
two of the catalyst.

Passing to plate 2 we see that the oxidation of the
CO apprcaches 100% as the temperature is varied between 35 and 60
decrees. There is very little difference in the oxidation at 50 and
at 60 dezrces, and due to the fact that at ¢( degrees the monoxide
is very nearly completely converted to the dioxide, this temperature
was fixed for subsequent exneriments.

It was to be c¢cxpected that an increase in space veloc-
ity would mean an increase in temperature within the tube and this
fact is established by data shown on phgte 3. These results show,
further that with space velocities here used, the temperature rise
is very closely directly proportional to the space velocity; that is,
that with a doubled space velocity the elevaticn of temperature is
doubeled. The oxidation is slightly less for the higher space veloc-
ities.

In order to gain some idea as to tke effect of a change
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in gas compsoition upon the temperature within the tube, experiments
were carried out giving the vesults skown on plate 4, using 50 de-
grees 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 tke fact is noted
that oxidation is very nearly completed in tke first inch or two

of the catalyst. The oxidation, we see, is more efficient withk the
kigher CO content which is probably due to the higher temperature
generated with these mixtures.

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

The curves on plate 5 present an accentuated example
of a peculiarity whick we can not yet explain. lNamely, that in gll
cases where the catalyst has been diluted the temperature elevation
reackes constancy only after several minutes (in this case 25 min.)
Usually kowever, 10 minutes suffices. In this instance the catalyst
was diluted thruout the inert brick of particles of the sarne size
as the catalyst, and in the proportion of 1 to 1. Consideration of
curve #5 (vlate 5) shows distinctly the effect of the brick is quite
marked. However, repeated runs convinced us that with suck a dilution
a 100% oxidation could not be obtained and for this reason the tube

was emptied and refilled as desiznated in plate 6.

These results were quite satisfactory from the stand-

pont of completeness of oxidation. In curve #1 the maximum oxidation
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was shifted from the first to the second couple; .s a result it was
thought feasible to have a dilute mixture at the first part of thre
tube and prcazressively increase it cward the end, in an attempt to
shift a part of the c¢cxidation tcward the far end cf the tube.

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

The curves shown on plate 7 are of conditions similar
to thecse c¢f 74, 5, 6, and 7 on the preceeding plate, except that a
new =Zas mnixture 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 3 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 pcint again to the first part of the
tube witk a eradual decrease towards the otkher end. In an attempt
to nut the elevation of temperature cf gcouples 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 arransgement show a distinct maxima again. This made
about the fourth time that in different arrangements the result had
been simply to shift the hizh temperature point from couple 1 to 2
or to 3 as the case nmsy be. Thus in our next arrangembBnt it was de-

cided to place a guarter of an inch all brick between couple 1 and

2. The complete arrangement is shown in plate 10, wnich is typically
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illustrative of the distinct effect of a slizht variation in the
mixture. Between ccuples 1, and 2. the curve takes a deep drop,
and due to this cooling, number 3, does not register very highly,
for the ncet part, only the heat zenerated at this point-very little
keat of previous points beingz mechanically swept along to number 3.

Wrile this was encouraginz, still the curve is far
from being straight, and accordinzly improver.cnt was souzht by chang-
ing the disposition of numbers 2. and 3. from & parts catalyst to 1
of brick, tc 1 of catalyst tc 2 ¢f brick. (See vlate 11)
Trhe results frcr. this were quite satisfect:ry with the exception of
the first part, and showed clearly for the first time that the ratio
of catalyst to brick around tre first couple would have to be lessened.
Trus as is seen in plate 12. we next placed in the first section of
tke tube a 1. tc 1. catalyst-brick mixture. In the third section of
the tube the catalyst-brick ratio was raised to 1.5 to 2. since,
because number 1. was being decreased, we figured so much more CO
would be left for the further sections to c¢xidize this increase cf
catalyst in number 3. wculd be necessary. The results show, however,
that this ratio around ncmber 3, caused the maxime to shift to this
voint; not an abruvt peak, true, but on the whole, giving a curve
upon which one migkt improve.

Tre ratio of 1 to 1 (catalyst, brick) for the first
section seered tc be zocd encugh. Similiarly, a ratio of 1 to 2
(catalyst, brick) for the second had vnrcved satisfactery. Hecwever,
a 1.5:2 ratio seemed a little too high for couple 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 point to couple 4 this section was

revlaced by a 2 to 1 ratio (catalyst, brick) instead of all catalyst.
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Since couple 5 rad always been low eneouzk we did not ckange it.

Thisharn nt, as is seen from the curves, zave very
good results. The temperature rise around couples 1 and 3 are guite
close and only slizghktly lower arcund 2. Couples 4 and 5, of course,
are a little lower still, but in the whole tube no noint was higher
than 4.6 degrees after 40 winutes run (see page 24). It was concluded
that this arrangement was quite satisfactory, and could not be imsg
proved uoon, because sc¢ cften & slizht change produces so marked an
efrect. The ratios are simple, only the whole numbers 1 and 2 being
involved; the mixtures easily and quickly 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 establisked, however, is that
by a study of results brought about by different mixtures, an arrange-
ment can be develoved which will give, very nearly, a straight line.
To ascertain just hcw this mixture would act towards a variation of
snace Vv city, temperature and CO content the work graphically
recorded in plates 14, 15, ard 16 was carried out. The results show

in olate 14 are just as ware exvected. The highest temperature caus-

vart of tre tube will be lowest at the last part, and vice versa.
At this pcint it mizkt be weéll to ncte the fact that even
at 40 degrees the oxidaticn is very good, which is nct congruent
th results obtained in the first few determination (see plates 2
and 3). This is explained, we tkink, in tkat during the first part

of this work when analyzing a sample after its passage over the
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catalyst, we failed to completely clean cut the calcium chloride
and phcsphorus pentoxide tuhes by draining an air current thru for
a sufficient lenglh of time. Thus if an analysis had been made from
the CO-air storage tank and Zollowed by an analysis of gas after
passing it tkru 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 oxidaticn was really better
than that recorded.
The results with variation of gas composition as shown
in vplate 15 are in line with logical prediction; a hizher CO content
acting anzlogously to those of plate 4, the lessened effect being
due to the catalyst arrangement.
The svace velccity was varied as shown in plate 16,
It was to be expected trat a lcw space velccity wculd give a higher
oxidation in tre first woart ¢f the tube, and a}high snace velocity
in the last part. Curves 1 and 3 show this to be the case. 4 medium
space velocity, curve 2, falls a mean between curve 1 high, and curve
3 low,

Lamb, ocalione and zdgar did some work on the efiect

of moisture on Hopcclite. (Jour. Amer. Chem. Soc. april 1922.) They
worked with a gas containinz 50 mm. water. They have shown thrat

moist CO-air-E_ mirtures require muchk higzher temperatures for ox-

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

100% oxidation occurs (data p 747, 1922 Jour.) a very nearly straight
line is obtained, which tends to flatten slightly at higzh (30600 )
space velocities. At space velocities up to 18000 an increase os
snace velocity of 1000 means an increase of 1.66 degrees in temperatur
of tre bath in order to secure 100f. oxidation. In our disquisition

we filled tre tube with catalyst without dilution and used a CO-air
mixture containing 4. mm. water, which of course, is conveniently

had by bubblinz the zas thru an ice-tower. First however, we made a







run of the gas thru ire usval drying proc2ss and noted the curve.

Then we switched the gas current Zrom the drying towers to the ice-
water tcwer. The resualt was instantaneous. Th3 galvanometer deflection
immediately dropped consicerable, and an anelysis of a sample shcwed %
that the oxidation had faliier currespordingly lcw. In order to ascer-
tain at what temperature the catalyst woulc function efficiently un-
der these conditicns, 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 of gas ccntinued. Oxidation remained
complete until 65 dezrees was reached, at which temperature it de-
creased with the cooling of the bath.

It seems then from our results, and those ot others,
that moisture simply necessitates a higher temperature of the bath;
that when the bath is hot eneouzh to cause the LHopcolite to function
efficiently, the moisture des not 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.

COIICLUSIONS.

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 temverature of the bath and to the CO con-
tent of the zas, and that when the CO content aporoximates 2%, using
pure catelyst, the maximum temverature rise within the catalyst tube

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

zins.,
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