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THe: EVEt! �I;,'.:'RIBU':.'lOh 01<' TEJ1P·,lu-1.'L1UR::.: �ISi 

',IITHIN THE C,.'l.'.\.1.1Y::.T :i'UEE IH THl Oi>.E>A'1-

IO!l Or' C,.:.Bo;; LOI ,, D:::: :::>Y • ..:: •• ::.:, OF 

"EO•'COLFi'C::" (Cuo-!tnO,; ), 

This investi ,i.tion deals •;:i tr. a vary important part cf 

the ·onoral problem: "'.Pho removal of carbon mono:xidC' from 'water­

;as' �ydro�n by differential o:xidation, with especial roforunco 

to thl.. preparation of hydro ·en for use in ammonia synthesis", 

The work of Scali one, Gcldard and Van Name, in collab­

oration with Ed·ar, has fairly well established the qualitative 

conditions under which this problem may be solved, Their work shows 

that by means of the principle of rni}in a suffici nt q�antity of 

o>y·on, or air, with the •as and oassin · the mi:xturo ever t�e cat­

alyst known as "Hopcolite", the conditions gay be so modified as 

to brin~ about the completo oxidation of the caroon r:ionoxide with­

out the simultaneous oxidation of the hydro:en. 

Wat ... r- ·c.s r.ydro-en is ;:>repered in tr,o standard ways, 

and is delivered with the followin coffipcsition, accordin · to tho 

metho<l of prooaration: 655, H2, l�- N2, 32? co
2

, and 2-35c CO; or

515• Hz, 17�. llz, 295, CO;:, and S-3$, co. It 1s saturated with water 

va�or ut about 40 de;rees and may contai�, in addition, small 

amounts of H2�. unsaturated hydrocarbons and other impurities.

only the removal of CO, howevur, offers cny �rcat or appreciable 
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<lifficulty: thM otr�r i�puritics bcin: r0�ovcd by rorc or less 

st·.nd rd r."tl:ods. 

Th0 two oMst ,cnc·m J.l\,thods 1or tha r--r .. ov .1 ot CO 

frou the ; s r tt� solat10n ucthcd, nd th" c .t .lytic i�thvd. Th� 

forner dM�•nds upcn tl:c ccn¥crsion of CO to forn,t�s, or th., �sorp­

tion of CO in solution cont .inin6 cuprous ions. The dis.1dv .nt .,:;-.s 

of thcs0 methods lie in tht: f ct th t c.. very l·.r5e ·.bsorpticn sur­

face must be supplied; a QU�n�ity of hydrc�cn is lest in scrubbin�. 

due to its solubility in the scrubbin; solution: and that tho.;sc 

solutions are constantly us._a up and r.,ust be replaced fror.1 tim-. tc 

tir.e. The obvious advanta.;es are: the r.:r. oval cf otJ-.er ir·,puri ties 

bcsiscs CO; fairly •vidc ran::" of t"'r.,peratur..: and pr ... ssure control. 

and lack of dan.::e.r cf subscqu"nt c"'talytic pv1sonin:S fror. cor .. pounds 

of mctalloids and unsaturated h�•drocarbons. 

The catalytic prcco.;SS dc)�na� upon th� c�idation or 

r'7dro:�naticn of CO to ce,2 er tc CH4, r<-S? •ctivoly. In prcct.:SS1;s in­

volvin • tr.c latt •r. three riols of H z arc required for eacr: r.�ol of CO, 

anf. CP.4 radually accur.ml t-:is in th" srstcr· r..,quirin · p"riodid at­

tention. However, these proccss-.s remove "vcn very stall qudntities 

of CO under a wide ran ·o of condi ticns, and the spac0-volur.,o-lifc 

of tre catalyst is qu1to s•t1sfacto-y. 

In the oxidation of CO to CO., at hi:h terapcratures, 
(., 

a relatively inactiv� catalyst ray b..: us0d and only a s□all cycess 

over the tr.corctical requ1r..,f.i�nt of o:;.y :en n,,,.d be supl)lied. But the 

removal of CO is complete only tc the poi11t wtcre equilibrium is 

reached for the t·mpcratur in qucsticn. ?rcvi�us treatnent �ith 

steam introduces a number of technical difficulties, such as l�r?e 

catalyst char.1bers, steam condensation, etc. Tl:c ter.,pcraturc control 

r..ust be ri ,id and the ·as..,s r.ust b1.. purifi(:d of volatil.:i r::ctalloids 
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�na unsaturated hydrocarbons. 

At lower te�pcratureo a more uctive catdlyst must be 

used. Only a small excess over tho theoretical requirement of 

oxy.en is needed. The re□oval of Cu is practically corrplete, and 

relatively hi·r space v�locitios may be maintained. £he temper­

ature LOntrcl must be quite ri:id, necessitatin: rapid dissipation 

of the heat rcncrated, and careful control of the CO content of 

the entcrin• ·as, as well as closely re•ulatod spaco velocities. 

All •ases must be c�rcfully purified for the activity of this type 

of oxidation catalyst is cxtre�ely sensitive to poisonin:. 

In order for the above proceudure to be successful on 

a lar u scale a number of t·chnic�l difficulties �ust be c··wrco�e. 

�or instance, trn CO,rem0val must be so corrplete trat less tran 

0.01� renains in the ·as. The o�idation must be c.rried out in 

the presenc& cf considerable amounts of noisture. It must require 

only a sli �t e,cuss over the the theoretical requirement of 

c,y:en, for the oxidat1cn cf CO. Trc cxidat1cn of CO nust b� c�r­

ried out in the presence cf a lar e excess of CO2. Tr.e space­

volumc-life of the catalyst must be hi·h cnou� to muke the con­

sun�ticn cf catal�st f�ll �1trin rPaso�ablc li□its. The oxidation 

should be carriud out at at�os�hcric pressure and the sensitive­

ness of tr.e catalyst r.ust net be too :reat. The entire process 

�ust be so sirplw ttat rel�tively unskill�d labor can cpcrate it, 

The literaturu shows that a nm�er of ��tallic oxides 

are suitable as catalysts ivr tr.e preferenti�l oxidation of CO. It 

shows further that there is a very distinct teGperature diff�r­

encc between th� co�bustiGn of CO snd H2. �ilc th Su subst.ncds
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will o:>.idize CO to Co
2 

at a lc\·:er temperature Han H
2 

to ¥.2
0 , it 

is done at the expense of their co�bined oxy�en. In order that 

these cxidcs act catalytically, it is necessary that they be rapid­

ly reo:>.idized tc their fcr�cr st�to by the cxy·en present in the 

las. It is further necessary that these reactions tako place rapid­

ly in crder tc functicn at hi:h space velccities. 

The fcll,win • table frcrn Fay, ,:,utherland and Fer :uson in

Poly, En', 10 ;72 (1910), Ehcws the action cf some cf the more 

common oxides. 
-------

-------
----------

----------
-------

----------
---- ---

--------

Initial '.i'emp in 
Oxide Initial 

De,rees 
Pb02 110 

Pb203 150 

coo 155 

co2o 3 less than 11 

r:10 120 

!li203
30 

CuO (H20l 66 

CuO 150 

Cu
::.

0 3
120 

l.n0�(H20l 15
C, 

87 

Temp in 
C with co De •rees 

loO 

170 

165 

110 

220 

65 

90 

175 

155 

ll,5 

190 

C vii th H2 Remarks 
Di •estion 
PbGO

:, 
with Hll03

Oxidation of CO by
Br2 

Precipitated 

O:>.idized !!.et.al 

?recipitated by
oxid1zin • J.ln 

lf.n02 "Jry

t�zO� 240 �55 ,.morphOUS 

-------
-------

-------
-------

-------
-------

-------
-------

---
----
---

This work was continued and eYuanded durin• the war by 

the Chemical ',forfarc �ervice with the object cf developin: an ab­

sorbent for CO in air tc be used in •as-m .. ,.in ! • The outc cme of tr.is

work was the discovery of the two component "Hopcolitc" 1,0� Cu0-

60'",oi\n02). Tr.is material was found most active and o ierated at an

efficiency of l1l(Y,a. 

The factors influcncin• the mechanism of the Eopcolite 

oxidation deocnrl u:,cn the 11t.3s.i.�al ccnrlitien of tre catalvst, \·1r.ich

is a function of its ureuaration; the available o,y•en Lontent 01 
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tre catalyst; effect �f te•�eraturc on the O>id�tion velocities 

of CO and H2, and finally upon the eifect of s�all concentrations

of c
2

. 

Jreat care is taken in the preuaration cf th� catalyst, 

a full account cf which may be found in the work of 1:errill and 

�calione, Jcur. �mer. Cr.cm. Sec., 43, 1982 (19�1), and need not be 

rcpeate1 rcre. 

Of ·reatost importance aru the factors influuncin• the 

<listribution cf ter.,perature rise trruout the c.ita.1/lSt tube. 1r.ere 

is a temuerature difference of only about 2G-30 de rees between the 

initial temuerature of OYidation cf CO and that cf H2, irrespective

of the ter.:perature at nl:icr. tl e CO be ·1ns to o:;.idize. Consequently. 

if this difference should be overreached the o�idization of H
2 

would 

i1:.rned ia tely comr:ience and tr.e r,ea t evolved 1.1ould be sufficient to 

reduce tr.e cue to Cu by r.:,dro ·en, a. ccndi tion easily reco ·nized "Y

the color of metallic copper wittin the catalyst mixture; caus1n· 

tl e efficiency c:f the catalyst tc be cot .. Jletely a!'ld pe:r..anentl:, 

<lestrcyed, 

Tre factors influAncin: terporaturc distribution within 

tr.e catal"St tube, acccrdin· to Uc er,� of �calione, JeBaro an� 

VanUame, are as follcws: 

1. �omcval cf CO in multipl• st� c a�1aratus.

2. Control of c: concentration.

�- Effect cf boaco velocity. 

4. Heat ccnduct1vity at tr.c as.cud �1�turc.

5. Josi ·n of :.uvaratus.

6. Effect of r.csr. 01 catal:·st.

'?r.is ,er,: iur:hcr sr.cws th&t the t._npcraturc rise H.ri,e:,

diructly �·;ith tr.. Jcrcent of CO in the ·..i.s, in a ·iven a:9paratus 

and at a constant space velocity. The tcmpcrAturc rise 11111, in 
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general, vary with the spbce velocity, dependi�! on the partic• 

ular apparatus. The desi,n of the nuparatus is therefore, quite 

important. ·.1itt re5ard to tl:e composition of the ;ils, it may be 

said that an increase in concentration of hydro3en will increase 

the radiatin-� capacity of the apparatus, while the heat conduct­

ivity of the other �ases, bcin• so nearly equal, maKes variation 

in their condantrati�ns of little importance. 

A sumr.1ary of tte \\Ork of tl.e Cl':er,ical ·.varfare �erv1ce 

on this problem sr.ows tr.at a nu.r ber of very important principles 

have been more or less completely established, These are as follow 

1. :,e;iroducihilit .. c:i. results. Under identical conrl1tions

it is shown that a given sample of roucolite will exr:ibit uniform 

·Jerformance.

2. Jifferential o>.idation. It is sl:c,m that under any

�iven set of conriticns trere is a temperdture interv�l of at 

least �5 de�rees in whict 0ractic lly complete 0�1dation of CO is 

.:,racticable. and in wl:ict. no a::.:roreciable o:i-idation of l:ydro ien 

tal�es place. ','/rile this is a narrow limit, ma.kin� control of temp­

erature rise quite riiid, it is nevertheless sufticient to �ake 

the diffcrenti�l oxidation vracticilble, 

3. Efficiency ot Eopcol1te. The efficiency of tl:is c· t-

alyst is influenced gredtly by moisture na o�y3en content o1 the 

enterin,s �a ,es. oy temperilture and by the space velocities. 

�. Temperature control. t?robably tl'e most difficult, 

and certainly the r!lost ir. ucrtant nrobler. is ter.-.::,erature control. 

Adequate control is tr.ou�ht possible ttru aeei�n cf a reaction 

c�amber of hi�t teat radiatin cauacity, by reduction or tte con­

centration of CO to about 0.5�-. and by distribution of tte r:eat 

of reaction in some way. 
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�. Life. of the catalyst: arainst perfectly pure rases the 

life of the catalyst is probably very lon;. It is, in ·eneral, dimin­

ished in prouortion to the amounts of impurities in the ,gas. In­

dications point to sufficient effec·tiviness against commercial gas 

as to be quite practicable. 

6. Influence oi other �ase�. Carbon dioxide is apparantly

without effect. P.ydro;en sulphide ;radually destroys the activity of 

the catalyst, and the effect of unsaturated hydro-carbons has not 

been determined. 

!� qeneral it may be said that the prospect for a satis-

factory solution of the problem appears to be very :,ood, Further re­

search should concern itself with a determination of the distribution 

of temperature rise in catalyst tubes of sizes apulicable to lar�e 

scale oueration. as well as �ith the most effective space velocity 

to be employed under such conditions. Witt the temperature and space 

velocities at which complete oxidation of CO occurs at one operation. 

'Ni th the determination of the minimum o:xy1en content to be supplied 

and with the effect of those impurities most likely to be present in 

commercial ,as. 

Since a determination of the most effective temperatures 

and space velocities, with the most even distribution of temperature 

rise in the catalyst tube is of prime importance, our present work 

deals e�clusively therewith. 

EXPE�Il,IBIJ'.i' .• u. 

A :as stora:e tank operatin• with an hydraulic seal, was 

supplied with a two-way cock, thru whict a measured quantity of pure 

CO entered. This :as was made by treatin· o�ali0 �cid with sulphuric 

acid, Provision was �ade for suuulyin: air, which was adLlitted in 

uredetermined ar.:ounts, and tte wtole ccnst:.ntly stirred for at least 
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l.c•.lf an l.our by me�ns of an electrically stirrin:; device.

ihe gas was �rawn thru the entire apparatus by suction, 

ente:in� a sulphuric aL1� tower, su�7lied gith glass beads, thence 

into a calibrated flow-meter from which it passed into a calcium 

crloride tower, thence into the catalyst tube. 

The catalyst tube was tastened into the therrnostat, 

e�uipped for maintainin� a constant tempsrature within narrow 

limits. The gas entered the catalyst tube thru a copper coil, im­

mersed in the bath, in order to preheat the 6as to the temperature 

of the catalyst. Provision was made for collecting a sample of 

the issuin? 3as for analysis, 

The catalyst tube is made of copper, owin? to the high 

heat conductivity of this metal. It is supplied with six small cop­

per tubes of about 1/16 of an inch in diameter, spaced l inch apart, 

enterin� the catalyst tube vertically. The catalyst tube proper 

is 7 ½ inches long, and½ inch in diameter, with an effective capac­

ity, or voluae, of l? c,c. Zach of the small tubes entering the 

catalyst tube carries insulated wires making a contact directly be­

neath the entrance and about the center of the catalyst tube, Each 

of these thermo-couples has one wire directly connected to one 

"talvanor�eter pole, and the otr.er wirP. tr.ru a mercury connection 

thence to the second �alvanor.eter pole. 

The 1:alvanometer was calibrated by plotting the read­

in,s oi tr.e iirst trermo-cou?le a�ainst the other live, the first 

bein� �t varyinJ teLperatures, The curve so obtained is a straight 

line, consec;_uentl t, tr.e ter.:perature diff-erence between tr:e first 

·· �rr o-Lcu,le &nd anv otter one could be read off directly from









lt was found nece�sary in our work to make frequent 

determinations of the conteilt of CC in the gas-air mixture both 

before and after O:J\idation by the cctalyst, consequently the st,m­

dard I� o5 method was adoated.

_;n0TRIBU'i'I011 OF TEI11?ZR.,'i'U::C.: �=�E rn 1'H3 Ci,.T.A:'..,Y;:,T TUBE 

The catalyst tube was filled by placin.,; between the 

standard thermo-couple, and thermo-couple #1, a,co9uer wire gauze 

and pourinJ in the catalyst ,,}:ile gently tappin3 tl:e tube in order 

to distribute the catalyst evenly. The standard tl:ermo-couple is 

surrounded with an inactive subst�nce like chipped glass in order 

to keep it at the temperature of the thermostat. After fillin6 

tte tube a second gauze is 1lacad betgeen the last thermo-couple 

and tte e>.it tube. 

Temperature o:f thermostat 50 de5rees, Space veloci tJr 
3600. 

Content of CO in air-gas mhture 0.tl7�o. ili.idation of 
co 93% • 

. :·r_ ', ,,, "' t cf catalyst: Pure Catalyst thruout, 

Thermo-couple temperature difference in de;ree centi­
grade. 

No. 1. No • 2. Ho. 3 Ho. 4 No. t.> 

11.6 3.2 2.4 2.2 1.4 

Temperature of tr.ermostat 60 degrees. Other conditions 

No. l 

13.1 

No. 2 

3.5 

same. 
Uo. 3 llo.4 

2.4 2.3 

IJo. b 

0. tl

These results are shown graphically on the following 

chart. Tr.is s'hows that there is a ma>.imum terr.perature rise of 11.6 

and 13.1 degrees at 50 and 60 degrees res9ectively, with only a 

carbon mono>.ide content of 0.8?;,, using a ?Ure catalyst. 

In or? er to get data upon the best temperature and 

space velocity to be used on a pure catalyst to �et "the me.}.in-,um 

oxidation of CO, t'he following experiment was carried out. 





lhile the hi�her temperature ,ives better oxidation of CO it also 

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

the ef-fect of varyint space velocity was undertaken. 





Temperatures of tler�ostat 3b de�r�es, bpace velocity luOO. 

Content of CO in air-gas mixture 0.98� •. Oxidation of CO 90.21, 

arran�emont of Catalyst: Pure catalyst trruout. 

Thermo-couple temperature oifference in deP,ree centi�rade,

No. l 

8.3 

no 2 

3.6 

No. 3 

L9 

Ilo. 4 

1.6 

Ho. o 

0, r 

Temperature of thermostat 1,0 r.e:1;rees. ::,pace velocity iuov

Content of CO in air-q:as rri>ture 0.96;,. O>.idation CO 9..>,9� .

. ,rrang;ement of Cat"'lyst as above. 

Thermo-couple temperature cUtferenc.:e in de�ree centi�r.1ae.

tio.l 

8.7 

Ile 2 

3.8 

Uc. 3 

1.5 

l'c. 1 

0.9 

Ho. 5 

0.0 

Temperature of thermostat �O de�recs, ::,pace velocity lUOO

Content of CO in �ir-gas mixture 0.96�, O> idation of CO 97 .O�.

Arran�ement of Catalyst as above.

Thermo-couple temperature nifference in de�ree aenti�rade.

i'lo. l 

9.6 

No, Z 

4 • 7 

No. 3 

l. 7

Ho. , 

1.0 

J'o. 5 

0.15 

Temperature of thcrr .. ostat 60 aeJrees. ,,nace velocity 1800

Content of CO in air-"<as mixture c .96� .. O>.ination CO 98,5�.

Arran�ement of catalyst as above. 

Thenr.o-c.:cuple temperature diffe:-Emce in de ,ree cent1 -.rade.

No. 1 

10.0 

llo. .::

,: • 8 

no. 3 

l.b 

no. 1, 

0,3 

Ilo. ;) 

-0.l

The followin• chart srows these results Jraphicallj•.

It will be seen that the effect of temperatu�e is quite marked,

:'hile the hi�r.er ter.iperature 7ives better o:xidation of CO it ulsc

Jives a rather hi>r temnerature rise in o:xidation, so a study of 

the ef-f�ct of varyinr snace velocity was undertaken,





ma:i<imum suace velcci ty. It was thou:i:ht "best to determine the ef� 

feet of vary in'< CO content of the air-""as miJ:ture, 1'1hich follows; 
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Temuerature of thermostat 50 degrees. �pace velocity 1800

Content of CO in air-gas mi>.ture 0.871• Oxidation CO 95.95�

Arran.;;ernent of catalyst:Pure Catalyst tr.ruout.

Thermo-couple temperature difference in de�ree centi3rade.

No. l Ifo . 2 Ho . 3 llo • 4 Ho. 5 

5.8 4.4 2.6 0.2 -0.l

Temperature of tr.ermostat as above . �pace velocity 3000

Content of CO in air-gas mi:>ture 0.8770 Oxidation CO %.2�

Arran�ement of catalyst: as above.

Tl':e rmo-couple temperature difference in de�ree centi?,rade .

No. 1 

9,5 

llo. 2 

7.2 

no. 3 

5.2 

No. 4 

2.6 

no. 5 

1.3 

Temperature of trerrr-ostat as above. gpace velocity 3600

Content of CO in air-e:as mixture 0.875, Oxidation CO 92.4�o

Arranqement of catalyst: as above.

?hermo�couple teMperature difference in de�ree centi�rade.

No. l 

11.0 

No. 2 

9 .t, 

No. 3

7.�

Ilo. L. 

t,. 2 

no. 5 

4.1 

Temuerature of thermostat as above. �pace velocity 4ij00

Content of CO in air-q;as mi:xture 0.87�- Oxidation CO 00.◊50

ArrangeMent oi catalyst: as above.

Thermo-couple temperature difference in de1ree centi3rade.

lio. 2 

b,3 3. 3

Ilo. 5 

l, 7 
llo. l 

13.8 

These results are shown �rap�ically on tte tollowin?

pa:re . This da"t, fo.irly well establishes tr.e effect of space veloc�

i ty, sr.owinct that the ma:;. irnum terJi,era ture rise is associated v. i tr.

maximum suace veltcity. It was tr.ou<ht best to determine the ef�

feet of vary in·"' CO content of the air-:>-as mu. ture. ,·,r.ich follows;



' ,, 

.'. ,( : i.' 1., •; ,. ·., 

• - � / .J ,. \• •• 

r, 

t , , :·•., ) ···• .. 

.. .
.. 

, . 

. '



is 

runnin� aan�erously close to the point at which hydro-sen C'.l{id;\Les.

A re-arrano:ernent of the catalyst was neJst t.ried.
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Temperature of therll\-Ostat 50 de�rees. �pace velocity 3600

Content cf CO in air-�as mi:xture 1.2l�c Oxidation co'J12.1!/o

Arrangement of catalyst: Pure catalyst thruout, 

Thermo-couple temperature difference in degree centigrade .

Ho, b 

O.lNo. 1 No, 2 Ho. 3 

0,95 

l!O, 4 

0.4 
14,6 

Temperature of thermostat as above. bpace velocity 3600

Content of CO in air-g;as mi:xture l.33�c O:xidation of CO 92 .5�'o

2. 9 

Arranisement of catalyst: as above .

Tr.ermo-couple temperature d ifference in degrees cebti�rade,

No. 5 

-0,2
no. 3 

0,6 

No. 4 

0,3 
no. 1 

16,8 

no. 2 

1,7 

Temperature of t�ermostat as above , �pace velocity 3600

Content of CO in air�gas mi::xture 1,63o/o Oxidation of CO 94,270

Arrangement of catalyst as above ,

Thermo-couple temperature difference in degree centi�rade ,

No, 5 

0,55 No, l No, 3 

1, 5 

No, 4 

o.u

17,4 

No, 2 

3.95 

Temperature of thermostat as above . 3pace velocity 3600

Content of CO in air-R:aS mi:xture 1, 92�1: Oxidation of CO 94,Vio

Arrangement of ca�alyst as above ,

Thermo-couple temperature difference in de�rees centiirade ,

l!O, 5 
No, 2 Ho, 4 

1,35 
No,l 

20.0 3,1 

!lo, 3

1,6 

These results a re re9resenle� �raphicallY on the

followin>: "9a:>:e , It will be seen tL.1t the roa:iimum temperature rise 

is directly proportional to the CO content, A CO content of about 2�

runnin� dan�erously close to the point at which nyaro3en o:xidJ::ues. 

A re-arrano:eroent of the catalyst was ne:)(t tried, 





Continued on follr.win:3 -pa,;e 
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Temperature of thermostat 50 degrees. �pace velocity 3600

Content of CO in air-gas mi:i<ture l.92�o O:i<idation of CO 82.4o/o

Arran�ement of catalyst: �iluted with brick 1 to 1 thruout.

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, �pace velocity 3600

Content cf CO in air-gas mi:xture l.925� Oxidation of CO same,

Arrangement of catalyst: as above.

Thermo-couple temperature difference in degrees centigrade.

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

19.0 2.2 1. 7 1.2 0.6 

Temperature of thermostat 50 degrees. 6pace velocity 3600

Content of CO in air-gas mi:i<ture as abcve. O:Kidation CO same,

Arran5ement of catalyst: as above.

Thermo-couple temperature difference in de.grees centi�rade.,

�t end of 15 minutes. 

No .. 1 

14,6 

Uo, 2 

1.7 

No, 3 

1.7 

No, 4 

1.0 

No. 5 

0.6 

Temperature of thermostat 50 degres. �pace velocity 3600

Content of CO in air-gas mi�ture as above. O:Kidation CO same.

Arrangement of catalyst : as above,

Thermo-couple temperature in degrees centi�rade ,

At end of 20 minutes.

No, 1 

6.8 

No, 2 

1.2 

No. 3 

LO 

No, 4 

0.7 

No. 5 

o.o

Continued on following pa�e





14. 

Temperature of thermost�t 50 degrees. �pace velocity 3600

Content of CO in air-gas mi:i1 ture l.92o/o Oxidation of CO 82.t.�•

Arrangement of catalyst : as above

Thermo-couple temperature difference in degrees centigrade,

At end of 25 minutes.
No. 1 No, 2 No, 3 No. 4 No. 5 

3,2 1.2 1.0 0.3 0.1 

The results are shown graphically on the following

page, It is seen that the catalyst rapidly looses efficiency with

time , at the end of 30 minutes the o:x idation being only 82 ,41,, A

determination of the oxidation at the end of the other five min-

ute periods were not made.·

It was decided to vary the pro�ortion of brick to

catalyst thruout tr.e catalyst tube in an attempt to distribute

the terr:perature rise more evenly and also to dete rmine the length

of time necessary for the catalyst to give constant results,

at will be noticed in the �raphic data recorded from

tr.is point of the work tr.at tr.e space velooity□is given in two

terms, designated, s.V. and �.v. 2. The first represents tr.e

space velocity as liters of gas per liter of tube content per

hour of time, while tr.e latter represents the space velocity 

as liters of (sas per liter of catalyst per hour of time,





5.8 7.2 4.0 

Continued on followin:; pa.-7e. 
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Temperature of thermostat 50 degrees. Space velocity 3600 

Content of CO in air-gas mixture 0,63� Oxidation of CO 9U� 

Arranzemnt of catalyst: First 3 thermo-couples half cat�lyst 

and half brick. Remainder, all catalyst. 

Thermo-e;ounle temnerature difference in degrees centigrade. 

No. l 

1.8 

110. 2 No. 6 

1.6 

No. 4 

0.6 

!lo. b 

-0.8 

Temperature of thermostat as above. �pace velocity as above. 

Content of CO in air-.::as mixture a.s above. Oxidation CO same . 

Arrangement of catalyst: First 1 part brick to l catalyst. 

Second, 2 brick tc 5 catalyst. Third 1 briclc to 4 catalyst . 

Fourth, 1 brick to 5 catalyst. Last, all catalyst. 

Tr ermo-couple temperature difference in de-2:rees centi:,;rade. 

no. l 

3.8 3.2 

No. 3 

2.2 

Ho. 4 

1. 75

no. 5

c.e

Temperature of ther�ostat as above . �pace velocity as above .

Content cf CO in air-gas mixture as above. Oxidation CO same.

�rr�n�ement of catalyst: �ame as above.

Thermo-couple temperature clifference in clc�ree::; centi�rc-cie ,

no. 1 !'o, 2 ro. 3 

,:..1 

no. 4

l. 7!..,

no. 

0.9 

Temuerature of tr.err,.osta. t •. s o.bove . .:>uace velocity as above•

Content of Co in air-:,_:as mi:xture 0.86�, O:xidation of CO 99�.

Arrangement of catalyst: First tvro hc.J.lf catc'.lyst, )1alf brick.

Remainin� three therLlo-couples all catalyst.

ThirLo-couple temperature difference in deJrees centiJrade ,

Ho, 1 

5.8 

Uo. 2 

7.2 

Uc. 3 

4.0 

lio. 4 i.o. 5

G.4

Continued on followins Pu.'e ,





1e. 

Temperature of th�rmostat ·50 degrees. Space velor� ty 3600

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

Arrangement of catalyst: same as above

At end of 10 minutes.

Thermo-coui;,le temperature difference in degrees centigrade.

No. l No. 2 No. 3 No. 4 Uo. 5 

4.0 8.6 5.8 3.0 1.75 

Temperature of tr.er�ostat as above. �pace velocity same.

Content of CO in air-gas mixture as above. Oxidation CO 99�·o

Arrangement of acatalyst: sar.:e as above.

At end of ten ninutes.

No, l 

4.4 

No. 2 

8.8 

No. 3 No. 4 

2.6 

No. 5 

1.0 

Temperature of thermostat as above. ::;pace velocity same.

Content of CO in air- '$as mixture as above. Oxidation CO 99�;,

Arran�ement of catalyst: same as above.

At end of� minutes.

No. 2 

8.8 

No. 3 

5.6 

tlo. 4 

2.6 

Ho. 5 

1,2 
I!o. l 

5.2 

These results are st.own grapl:ically on tl:e following

page. They show tr.at with a catalyst arrangement as above constancy

of results may be expected wi tr.in 20 minutes. Here again the eriect 

of CO concentration is \'Jell shown, there being alr,1ost twice as large

r.a:ximum temperature rise for gas of 0.86�. t�an for that of gas of 

0.631�-

This study was continued nitl: a different catalyst

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

tl:e life of t:te catalyst.
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. 'i'hese results are shol'm graphically on the following pa:;e, 
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17. 

Temperature of th�rmostat 50 degrees. &pace velocity 3600. 

Content of CO in air-gas mi:xture O.U65o O:xidation CO 99.1570 

Arrangement of catalyst: First two thermo-couple 1 part cat­

alyst i part brick. Remaining three couples all catalyst. 

Thermo-couple temperature differences in de5rees centigrade 

At end of 5 minutes run. 

tlo.l 

4.6 

No. 2 

8.0 

No. 3 
s.-z 
___±::¢.-

No. 4 

3.4 

lfo. 5 

1.0 

At end of 10 minute run (other conditions same as above) 

No. 1 

2.6 

Ho. 1 

3.2 

JJo. 2 

6.6 

No. 3 

?.4 

No. 4 

4.1 

no. 5 

0.2 

At end cf 15 minute run (other conditions same) 

no. 2 

? • 6l 

Ne. 3 No. 4 

5.8 3.4 

tlc. 5 

0.9 

At end of 20 minute run (other conditions same)

No. 1 

3.2 

At end 

110. l

3.0 

At end 

No. 1 

3.0 

At end 

No. 1 

3.0 

At end 

no. 1 

3.0 

no. 2 llo. 3 Ho. 4 llo. 5 

?.9 7.8 4.6 0.9 

of 25 minute run (other conditions same) 

No. 2 110. 3 No. 4 no. 5 

!LO 
J.7

� o.7 2.0 

of io minute run (other conditions same) 

llo. 2 Ilo. 3 Ho. 4 IJo. !:J

8.2 10.2 6.0 2.1 

cf 35 minute run (ct.ter conditions same) 

t!o. 2 No. 3 No. I,, !Jo. 5

8.1 10.4 6.2 2.0 

of 40 1.,inute run (other conditions same) 

No. 2 

?.8 

No. 3 No. 4 

10.5 6.1 

Ho. 5 

1.9 

. These results are sho\-,n .graphically on the following pa:;-e, 





No. 1 

6.1 

Fo. 2 

9.6 

No. 3 

6.9 

No. 4 

5.6 

Continued on following page. 

No. 5 

3.2 





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. �econd and third couples 1 part catalyst to lpart brick. 

Remaining two all catalyst. 

Tr.ermo-couple temperature difference in degrees centigrade . 

. U end of 10 minutes run. 

No, 1 

11.1 

No. 2 

10.2 

No. 3 

4.8 

No. 4 

3.8 

No. 5 

Zo2 

At end of 20 minutes run(other conditions same as above) 

No. 1 

8,4 

No. 2 

10.0 

No. 3 

5.4 

Ho. 4 

3.9 

No. 5 

2.8 

At end of 30 minutes run(other conditions same) 

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

7.2 10.3 6.8 5.4 2.6 

At end of 40 minute run (other conditions same) 

No. 1 No. 2 No. 3 !lo. 4 No. 

6.8 10.0 7.0 5.2 3.0 

5 

These readings were continued for 30 minutes longer 

taking readings at intervals of 5 minutes with follo�,ing results: 

At end of 50 minutes (other conditions same) 

NoJ. Ilo. 2 No. 3 llo. 4 No. 5 

6.2 9.6 7.0 5.5 3.2 

At, end of 55 minutes run (other conditions same) 

No. l No. 2 No. 3 llo. 4 No. 5 

6.2 9.5 6.8 5.4 3,4 

At end of 60 minutes run (other conditions same) 

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

6.1 9.6 6.9 5.6 3.2 

Continued on following page. 





19. 

Temperature of thermostat 50 degrees. �pace velocity 3600. 

Content of CO in air-gas rni:xture 0.861b Oxidation of CO 99.650 

Arrangement of catalyst: First couple 3 parts catalyst 1 part 

brick. �econd and third couples 1 part catalyst to 1 part brick. 

Remaining two all catalyst. 

Tr.ermo-couple ten.per�ture difference in degree;; centi�rade. 

At end of 65 minutes run. 

Uo. 1 

6.0 

I'o. 2 

9.8 

ro. 3 

6.6 

:Jc. 4 

5.2 

llt. 5 

3-1 

At end of 70 minutes run (other conditions same) 

ro. 1 

6.0 

!io. 2 

9.9 

lio. 3 

6.7 

He. 4 

5.3 

rro. 5 

3.2 

These results are sr.ovm graphically on the following 

page. They sr.ow thdt the life of tre ca�alyst is quite effici ent 

for the length of tr.is run, an hour and 10 minutes, for the oxida­

tion of CO at the end cf tr.at time was 99.65-• 

The results are fairly constant after 20-30 minutes 

run, as is sr.own by tJ-:e last six curves on tr.e following page . 

This arrangement, tren, of catalyst �ives satisfactory o�idation. 

and constancy of reouJts. 

A now run was un1ertake� with a slightly different 

catalyst arrangement and a higher CO content 01 5as. 





temperature rise due to increased CO content of 5as is dissipated.· 

Thus it is thou�r. t possible to >:10 d.r ran�e t •. e catalyst ... s to fa.ir� 

ly evenly distribute tte tet.�erature �1se ttruout the catalyst tube, 

accordin�ly a new arrangement was perfected and tried out. 





20·. 

Temperature of th�rmostat 50 degrees. &�ace velocity 3600. 

Content of CO in air-gas mDture l.22)c Oxidation of CO 98,95o� 

Arrangement of catalyst: First couple S parts catalyst to l part 

brick. Second, 2 catalyst to l brick. Third, 2 catalyst to l brick. 

Remaining two all catalyst. 

Thermo-couple ter.1pera ture cu fference in d e6ree s centigrade. 

At end of 5 minutes run ♦ 

No, 1 

11.8 

No, 2 

9.8 

t1o. 3 

5.4 

!Io. 4 

4.6 

No. 5 

2.8 

At end of 10 minutes run (other conditions same as above) 

Ilo. 1 

11.l 

No, 2 

10.2 

Ho. 3 

5.8 

Ne. 4 Ho. 5 

5.0 tm. B 

At end of 15 minutes run (other conditions same) 

No. 1 

9.4 

Jio. 2 

10.e 

!lo. 3 

5.8 

rro. 4-

5. 0 

Ho. 5 

3.0 

At end of 20 minutes run (other conditions same) 

No. 1 

8.4 

110. 3

5.8 

No, 4 

5.8 

Ilo. 5 

2.6 

At end of 25 minutes run (other conditions sarr:e) 

no. 1 

8.0 

Po. 2 

12.1 

!lo. 3

5.12

ro. 4 

5.6 

no. 5 

2.8 

At end of 30 minutes run (ot�er conditions same) 

No. 1 

8.0 12.0 

l'o. 3 

5.8 

Fo, 4 Ho, 5 

f:,. 7 2.8 

These results a1e shown .:i:raphically on the following 

page.- By arran=sing tr.e catalyst as above a large proportion of the 

temperature rise due to increased CO content of gas is dissipated.· 

Thus it is thou�l':t poss1 ble to ::,O c,.rranie t,.e catalyst ;:,.s to fair­

ly evenly distribute the teLlperature rise tr.ruout the catalyst tube, 

accordin?lY a ner-1 arrangement was perfected <ind tried out. 









21. 

Tern-oerature of th�rmostat 50 de�rees. upace velocity f600.

Content of CO in air-�as mi> ture 0.9(1,. O>.idation 99.3$,
Arrangement of catalyst: first couple 3 parts catalyst to 1 part

brick, with last ¼ inch a.11 brick, uecond 2 -oarts catalyst to. � 

1 brick, Third, 2 :;>arts catalyst to 1 brick. �emaining two all 

catalyst. 

Thermo-couple temperature <'lifference in degrees centigrade. 

bt end of 30 minutes run. 

?,3 

no. 2 

3.4 

Jlo. 3 

?.4 

!lo, 4 

4.4 

!Jo, b 

1. 2 

At end of 40 minutes run (other con�it1ons sa�e as above) 

110. 1 

6.9 

No, 2 

3,2 

no. 3 

7,1 

!To. 4 

5,8 

Ho. 5 

2.2 

ht end of 50 minutes run (other conditions same) 

IJo, l 

6.8 

Ho. 2 

3,C 

Ho. 3 

7.1 

Uo. 4 

.., .6 

llo, 5 

2.0 

These results are shown graphicc:.lly on the follo·.��in5

page. This data considered with the :preceedin� data shows that 

catalyst arrc.n-!ement -olays a �a;or part in dist:ci0utin.3 the tem_)­

erature rise. After half an hours run tr.e results are alwa;;s com­

paratively uniform. The e�1iciency in this case is very sood, 

tr.e CO bein� 99,3; oxidized at tre end of an hours run, 

In the light of these results a new arran�ement of 

catalyst was resorted to, in the hopes of strai�htening out the 

temperature rise, otter conditions being kept fairly uniform, 
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The efficiency in ttis case is not quite as good as 

in forr.ier cases. 





·22.

Temperature of tl;err.,ostat 50 degrees. Space velocity 3600. 

Content of CO in air-gas mixture l.02�. Oxidation of co 98.3�,. 

Arran�e�ent of catalyst: First couple 3 parts catalyst to l part 

brick. Second and third, l part catalyst to 2 brick. 

Remainin? two all catalyst. 

Thermo-couple temperature difference in degrees centigrade. 

At end of 20 minutes run. 

no. 1 !To. 2 Ho. ;; llo. 4 lfo. 5

6.9 2.8 3.0 3.0 2.2 

At end of 25 minutes run (otter conditions same as above) 

no. l !Jo. 2 !lo. 3 l'o. 4 ro. 5 

6.5 2.6 2.6 2.6 2,4 

At end of 30 minutes run (other conditions same) 

2 
• 

Ho. 1 Ho. i1o. 3 Uo. 4 i1o. 5

6.6 2.? 3,0 2.8 2.8 

At end of 35 minutes run (other conditions same) 

No. 1 no. 2 !lo. 3 Ho. 4 no. i, 

6.? 2.8 3.0 3.0 3.1 

At end of 40 minutes run(other conditions same) 

No. 1 no. 2 !lo. 3 IJo. 4 No. 5 

6.9 2.8 3.0 2.8 2.4 

This data is stown �raphically on the following page. 

These results show excellent uniformity of temperature rise in 

the last four couples, but tr.e first couple remains somehat out 

of �roportion. However, these results show that a catalyst arran-

zement somewhat �similar to the abovs, possibly diluting the 

first couule a little, should 3ive a better result. 

The efficiency in this case is not quite as good as 

in forr.;er cases. 
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previous results. 





23, 

Temperature of thermostat 50 degrees. �pace velocity 3600. 

Content of CO in air-gas mixture O. 7850 Oxidation of co 99 .l�o. 

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

catalyst. Second, 2 brick to 1 and ,!_catalyst, ttird, 2 brick 

to 1 catalyst. Fourth and fiftr. couples all catalyst. 

Thermo-couple temperature difference in degrees centigrade. 

At end of 20 minutes run. 

No. 1 

4.7 

No. 2 

3.7 

1Jo. 3 

5.2 

llo. 4 

3.5 

Uo. 5 

1.5 

At end of 25 minutes run (other conditions same as above) 

?Jo. 1 No. 2 Iio. 3 no. 4 Uo. 5 

4.2 3.7 5.4 3.2 1.4 

,;t ena of 30 minutes run (other conditions sarr,e ) 

No. l Uo. 2 no. 3 no. 4 !Jo• 5

3.9 3.4 5.0 4.2 2.2

At end of 35 minutes run (other conditions sar,1e) 

No. l No. 2 no. 3 Ho. 4 !Jo. 5

3.8 3.5 5.8 3.4 2.0

At end of 40 minutes run (other conditions same) 

No. 1 No. 2 !lo. 3 No. 4 No. 5 

3.3' 3,1 5.8 4,2 2.2 

This data is shown graphically on the following -oa�e. 

'Nhile these results show two peaks for temperature rise, neither 

of them is as high as obtained heretogore. However, 1n practice 

this would be undesirable consequentl� a nev determination was 

undertaken with a rearrangement of the catalyst in the light of 

previous results. 
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different temperatures, space velocities and CO concentrations. 

The results of these determinations follow. 





Temperature of thermostat 50 degrees. �pace velocity 3600. 

Content of CO in air-gas mixture 0,9610 Oxidation of CO 99.l�c 

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

catalyst. Second and third, l part catalyst to 2 brick. Remaining 

couple all catalyst. 

Thermo-couple temperature difference in degrees centigrade. 

At end of 20 minutes run. 

No. l 

4.4 

No. 2 

3.7 

110. 3 

4.8 

No. 4 

2.6 

No. 5 

1.6 

At end of 25 minutes run (ether conditions same as above) 

No. 1 

4.2 

Ila. 2 

3.7 

No. 3 

4.8 

Ho. 4 

2.6 

lie. 5 

2.2 

At end of 30 minutes run (other conditions same) 

Ho. l 

3.6 

no. 2 

3.7 

No. 3 

4.8 

No. 4 

2.6 

Uo. 5 

2.4 

At end of 35 minutes run (other conditions same) 

No. 1 

3.6 

No. 2 

3,4 

!lo. 3 

4.6 

uo. 5 

2.1 

At end of 40 minutes run (other conditions same) 

No. 1 

3.6 

l1e. 2 

3,4 

Ila. 3 

I,. 6 

:ro • 4 

2.4 

no. 5 

2.1 

These results are shown graphically on the foll'O'Wing 

page. Toe uniform distribution of temperature thruout the cat�lyst 

tube with the catalyst arrangement as above and for the particular 

conditions of temperature and CO concentration as above, seems 

to be quite as good as could be obtained, With 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 follow. 





for in ttis case good o�idation was obtained at �O and 60 de1rees ,

but �ery poor o�idation at 40 de�rees .





Tem-,)era ture of tl�err.�ostat varying. Space velocity 3600. 

Content of CO in ai:c-gas mi:xture 0,96;� Oxidation varying. 

Arrangement 0£ cat�lyst: l ?art bricK to 1 part catalyst for 

first coucle . Second and third, l part catalyst to 2 parts brick. 

Remainin� cou:910 all catalyst. 

Thermo-cou:9le tem;;,eratPre difference in degrees centigrade . 

Temperature of bath JO degrees centigrade. 

Ho. l 

5.4 

Oxidation 

no. 2 

3.6 

of co

no. 3

4.9 

99 .110 

llo. 4 

1.1 

llo. 5 

0.5 

Temperature of bat!> 50 degrees centigrade(other 

No. 1 llo, 2 l:o. 3 no. 4 Uc. 5 

4.2 3.6 4.8 2.5 2.2 

Oxidation of co 99. l�� 

conditions sr;,ae )

of batl: 40 0 e(?;rees centigrad e (other conditions same )
Temperature 

Uo. l 

3.4 

tJo. 2 

3.4 

No. 3 

4,8 

Cr.,,;idation of CO 9tl.07•

!Jo. 4 

3.4 

no. f>

3. '7

Ttese results are shovm gn=ntically on tte following

-page . They show that with o, catalyst arrangement as above and at

constant conditions of CO concentrations and s1ace velocity,

"better results are obtai:-1ed at 50 degrees, whict is tr.e temp­

erature at whic.:r. the conditions were ori5inc.lly standardized.

The standard curve is alr.:ost a r,-,ean between the two

e:xtremes of hi�t and low �emperature . Tte o�idation of the CO

is sor,,ewhat deuendent on the initial temperature of the catalyst,

for in ttis case good o�idation was obtained at bO and 60 de;rees ,

out �ery poor o�idation at 40 de;rees .





. �hey 

Anotr.er set of r�eterr.nna.tions Wo-S nnr'e::-t"l�en in

velocity was r·.;.ne tre "a:na')le. ·�:"e -�::,t,lt, of this e},Jerirnent

are sro·m on ·Ja-1·e 27.





26. 

To further test th[s standard curve a ser�es of determinations 

were carried out in which only tte CO concentration varied. 

Temperature of thermostat 50 de�rees. ��ace velocity 3600. 

Content of CO in air-gas rni:xtu.Ye varying. OY.idation v1:>.ryin:5• 

4rrangement of catalyst: First cou�le 1 part catalyst to 1 part 

brick. �econd and tr.ird, 1 part catalyst to 2 brick. 

Fourth, 2 catalyst to 1 brick. :ast, all catalyst. 

Thermo-cou?le te�perature �iiference in de�rees centi5ra�e. 

CO content of gas 1.64�., 0>.idation of CO 91:l.6$o. 

Uo. 1 

4.4 

iro. 2 

5.9 

He. 3 

8.2 

r,o. G 

4.3 4.4 

C6 content of '"'"3.S 1.31;. 0>.idJ.tion of CO %.9�, Other cond. same. 

tlo. l 

3.3 4.6

ro. 3 

o.4

ro. 4 

3.2 

I;o. 5 

4.4 

CO content of gas 0.96�. 0-.,;id "'tion 99.1)� Other conditions s.;.rne. 

No. l 

4.2 3.6 

:Io. 3 

4,8 2.u

l'o. 5 

2.2 

These results ci:,g :s,lctte:" en the following page . .'l.ey 

show the same dependence on CO ccncen;;ration that •:1..1s shcrm o:,r 

the first experiments. It seems t�dt an 4rrangernent of catalvst,.., 

that �ill give uniform te,,�erature rise for any given set of con­

ditions of CO concentration --•ill v :qr ·1it1 e. !':la:><.imum ter::_)erature

rise above or ',e le•" tl:e s t,·mda.rn curve, de .)er.din� on the CO c. on­

centra tion. The o� id :..tion .or tr.is ·>articulc.r catalyst arran'.;er1ent 

is not as .:i:ood 1or tre l 1�:r.er CO ccncant1·a.t1on::, as ±or the et ... n-

da.ra confition 

Another set o:: .. eteE.:1nf.t1ons rio.b ,n .. <:!:::t ...... en in ·-·�.ic.l: tl:e s::,ace 

Ye loci tv 11c1s r �e tre "a, 1a',le. ·.1.r·e _ e::,nl t cf this e).Jeriment

,,re src m c.n ,a�� 27. 









27. 

Temperature of thermostat 50 degrees. Space veloc�ty varying.Content of CO in air-gas mixture .97850 Oxidation of CO 99.S�o 
Arrangement of catalyst: First couple 1 part catalyst to 1 partbrick. Second and 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.

l'o. l 

4.4 

No. 2 

1.4 

Space velocity 3600.

No. l 

2.6 

No. 2

2.5 

Space velocity 4800.

Ho. 1 

2.1 

!lo. 2 

2.0 

No. 3 

1.2 

No. 3 

3.2 

No. 3 

4.0 

No. 4 

1.0 

No. 4 

2.0 

no. 4 

2.4 

No. 5 

-0.3

No. 5 

2.4 

No. 5 

4.6 

These results are shown Jraphically on the folloning
page. The effect of space velocity is quite marked. 'Nhile within
the limits of this e:xoeri�ent the oxidation was quite satisfactory,
tho maximum temperature rise in both cases other than the standard
curve, was too great. Here again the standard curve is nearly a
�ean betneen the higher and lower space velocities.

A discussion of the results obtained in the entire in­
vestigation be6ins on the following page.
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::H::iCU.:inIOll. 

In a study of a ,-;'..ven problei,1 in which the rf'sult scu511· 

is worked out by n u�ogres�ive va�ia�ion of one condition, it ia, of 

e;ourse. alwrys well 11he,n oossi blc to fi:x other variables so th:::i.t a 
-t-he. 

rr.angfl in e'Xuerimental results 1:1111 be in terms of/I.one condition 

in question, Thus the •var'� recc:cl.ed -uuphic<1lly in t1'.c first 4 plates 

(pages 9a thru 12a), was conducted in order to ascertain the most 

suitable spuce ,elocity anj the lowest temperature at which actual, 

or very nearly, 1005" oxidatlon of CO occurs. 

The results shown on plate 1 were obtained primarily 

in order to indicate the general rharacter of the curve obtained by 

plotting temperature of elevation against succesGive therm-couples 

tr.ruout the catalyst tube. This shows that tr.e maJ<imum 0:>-idation 

takes place arcund the first cauule, or within the first inch er 

two of the catalyst. 

Passing to plate 2 we see that tho oxidation of the 

CO approaches 10�, as 1-he temperature is varied between 35 and 60 

degrees. There is very little difference 1n the oxidation at bO and 

at 60 degrees, and due tc the fact that at v0 de�rees the monoxide 

is very nearly completely converted to the d1cxide, this temper�ture 

was fixed for subsequent experiments. 

It was to be cxoected ttat an increase in space veloc-

ity would mean an increase in temperature within the tube �nd this 

fact is established by data shovm on pliglle 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 dcubled space velocity tre elevaticn of temperature is 

doubjled. The oxidation is slightly less fer the higher space veloc-

ities. 

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





in gas compsoition uppn t.he temperature within trP tube, experiments 

were carried out giving the results shown on plate 4, u:sing 50 de­

grees as fixed temperature and select1ng 3600 as a suitable space 

velocity. Here we find, a& would be expected, an increase in per­

centage of CO means a corresponding increase of temperature. ',Ii th 

a gas of around 2� CO content it is noticed that the temperature 

around couple #1 runs dangerously high. Here again the fact is noted 

that oxidation is very nearly completed in the firs� inch or two 

of the catalyst. The oxidation, we see, is more efficient with the 

higher CO content which is probably 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 

upon for further research: Beginning with plate 5 are results ob­

tained in an effort to evenly distribute the temperature rise with­

in tr.e tube. 

The curves on plate 5 present an accentuated example 

of a peculiarity dhich we cun not yet ellplain, Namely, that in c:111 

cases where the catalyst has been diluted the temperature elevation 

reacr.es constancy only after several r,1inutes ( in this case 2b min.) 

Usually however, 10 minutes suffices. In this instance the catalyst 
vviN, 

was diluted thruout -tN inert brick of particles of the sar .. e size 

as the cat3lyst, and in the proportion of l to 1. Consideration of 

curve #5 (plate�) shows distinctly the effect of the hrick is quite 

marked. However, repeated runs convinced us that with such a dilution 

a 100';, oxidation could not be obtained and for this reason the tube 

was emptied and refilled as desi�nated in plate 6. 

These results were quite satisfactory from the stand­

!JOnt of cor .. pleteness of c:>.idation. In curve il the ma>-inum o:i-.idation 
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30. 

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 the 

tube and �rc�ressively increase it cward the end 1 in an attempt to 

shift a part of the oxidation toward the far end of the tube. 

Such an arranqement still �ave the major part cf oxidation to the 

first part of the tube so that another arrangement was tried as in­

dicated on this plate, givin� curves #4, 5, 6, and 7. Curve 4 was 

obtained after five r.inutes run; the other three at five minute in­

tervals thereafter. Here we realized the dissatisfaction of such an 

arrangement because of the marked maxima around the second couple, 

Toe curves shown on plate 7 are of conditions siri'ilar 

to those cf )f4, 5, 6, and 7 on the preceeding plate, except that a 

new :i:as r..ixture had been made up. The nature of the curve is the 

same. 

Probably tecause we had been so accustomed to see a 

curve hi'!:h around couple 1, and since in the curves of plates 6 and 

7 this maximum had been shifted to around couples a and 3, vie de­

cided to increase tre catalyst concentration around couple l thus 

makin'!: it 3 parts cot�lyst to l part brick. (see plate 8 for complete 

arran:i:ement). This �ave a high point a�ain to the first part cf the 

tube with a ,uadual decrease towards the other end. In an attemot 

to �ut the elevation of ter.perature cf couples 2 and 3 up around 

that of ccuple l, the arran�ement shown in plate 9 was tried. 

Curves�. 5, and 6, which are the ones truly represen­

tative of this arrat1<sement :ohO\'I a distinct maxima again. This r,1ade 

about the fourth time that in different arran�e�ents the result had 

been sinoly tc shift the ri�h tem�erature point from couple 1 to 2 

or to 3 as the case li,c.y be. Thus in our ne:xt arrangemant it was de­

cided to place a quarter of an inch all brick between couple l and 

2. The complete arrangement is shO\'ffi in plate 10. which is typically
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illustrative of the distinct effect of a slight variation in the 

mixture. Between couples 1 1 and 2, the curve takes a deep drop, 

and due to this cooling, number 3, does not register very highly; 

for the fdCSt part, only the heat generated at this point-very little 

heat of previous points being mechanically swept along to number 3. 

'rlhile this was encouragini, still the curve is far 

from being straight, and accordin3'.ly improver. ... mt was sou:,ht by chang­

ing the disposition of numbers 2. and 3. from G parts catalyst to l 

of brick, tc 1 of catalyst to 2 cf brick. (�ee plate 11) 

The results frcn-. this were quite satisfact, ry with the e:isception of 

the first part, and showed clearly for t:he first time that the ratio 

of catalyst to brick around the first couple would have to be lessened. 

Thus as is seen in plate 12. we next placed in the first section of 

the tube a 1. to 1. catalyst-brick mixture. In the third section of 

tho tube the catalyst-brick ratio was raised to 1.5 to 2. since, 

because nurribor 1. was being decreased, we figured so much more CO 

would be left for the further sections to cxidize this increase of 

catalyst in number 3. would be necessary. The results show, however, 

that this ratio around nornber 3, caused the maxima to shift to this 

:point; not an abrupt peak, true, but on the whole, giving: a curve 

upon which one might improve. 

The ratio of 1 to 1 (catalyst, brick) for the first 

section seemed to be �ocd en0ugh. �imiliarly, a ratio of 1 to 2 

(catalyst, brick) for the second had proved satisfactory. Ho�ever, 

a 1.5:2 ratio seemed a little too hi�h for couple 3 (see plate 12), 

so a 1 to 2 ratio was subs'tituted as shown in plate 13. For fear 

this decrease mi�ht shift a high point to couple 4 this section was 

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





Since couple 5 rad a.1·,·.•ays been lo"' ,,_ d"d • " eneougi: we 1 not change it,

This arrangement, as is seen from the curves, gave very 

good results. The temperature rise around couples 1 and 3 are quite 

close and only sli3r.tly lower ar0una 2. Couples 4 and b, of course, 

are a little lower still, but in the whole tube no point was r.igher 

tran 4.6 de�rees after 40 minutes run (see page 21,). It was concluded 

that this arrangement was quite satisfactorr, and could not be imf! 

proven U"'lon, because sc --ften a sliJht change produces so marked an 

efrect. The ratios are simple, only the whole numbers 1 and 2 being 

involved; the mi�tures easily and quickly prepared. 

It is realized that this arrangement gives a good curve 

only for the fi�ed conditions of temperature and space velocity and 

percent of CO as specified, and undoubtedly would vary with variance 

of the concl.i tions. The i�r.portant fact establisr.ed, r.owever. is that 

by a study of results brou�rt about b? different mixtures, an arrange­

ment can be developed whicr. will �ive, very nearly, a straight line. 

To ascertain just how this mixture would act towards a variation of 

space velocity, temperature and CO content tr.e work graphically 

recorded in plates 14, 15, and lG was carried out. The results show 

in plate 14 are just as we.re ex-;>ected. The highest temperature caus­

ea a maxi□a at tr:is :_:>Dint; the mea ium tPmpe1·ature being betvreen 

these two. This cll8.te also orows tr.at tt.e curve highest at tr.e first 

uart of tre tube will be lowest at the last part, and vice versa. 

At this point it mi�ht be w•ll to note the fact that even 

at 40 degrees the oxidation is very good, �hich is not congruent 

rii tr. results obtained in the first few deten.ina.tion ( see plates 2 

and 3). This is explained, we think, in that durin3 the first part 

of this work when analyzing a sar.1ple after its passage over the 
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catalyst, we failed to complct�ly clean cut the calcium chloride 

an� phosphorus pentoxide tuhef by jraining an air current thrµ for 

a sufficient length of tir.1e. 'Hrna if a.n ana'.ysis had been made from 

the CO-air storage ta:ik and :ollowed bJ ::..n analysis of gas after 

passin� it thru the cacalyst tub�. the oxidation, or efficiency, of 

the catalyst would register a li�tle less than it really was. We 

conclude, then, that in many cases the oxidation was really better 

than that recorded. 

The results with variation of gas composition as shown 

in -plate 15 are in line witl:! logical prediction; a higher CO content 

acting analogously to those of plate 4, the lessened effect being 

due to tre catalyst arrangement. 

The S"Oace velocity was varied as shown in plate 16, 

It was to be expected trat a lcw space velocity would give a higher 

oxidation in the first ·oart of the tube, and a· high s9ace velocity 

in the last part. Curves 1 and 3 show this to be the case. A medium 

space velocity, curve 2, falls a mean between curve 1 high, and curve 

3 low. 

Lamb, ;,calione and Edgar did sor,1e work on the effect 

of moisture <im Hopcolite. ( Jour . .  :.mer. Chem. �oc. ;,,pril 1922.) They 
worked with a gas containing 50 mm. water, Tr.ey have shown tr.at 

moist CO-air-H
2 

mi:l'tures require mucl:! higr.er temperatures for ox­

idation than if the moisture were absent. Too, it may be noticed that 
if tr.e s:->ace velocity is -plotted against the temperature at which 

100';� oxidation occurs (data p 747, 1922 Jour.) a very nearly str<.1ight

line is obtained, wr.ich ten6e to flatten slightly at high (30000)

space velocities. At space velocities up to 18000 an increase os 

s�ace velocity of 1000 means an increase of 1,66 degrees in temperatur

of tre bath in order to secure 100� oxidation. In our disquisition

t b ,,u 1·t�. catalyst without dilution and used a CO-air
we filled tt.e u e , " � 

�i�ture containing 4, mm. water, which of course, is conveniently

had by bubblin::, the gas tr.ru an ice-tov1er. �'irst however, we made a





run of the gas thru tre usual d�ying proce&s and noted the curvn. 

Then we switched the �es c�rrent �rom the dzying towers to the ice­

water tcwer. Tr.e res,,lt w:;,.s inst:::ntane-cus. '1'h3 galvanometer deflectior, 

immediately dropped considcrablE, �nd an �nalysis of a sample showed, 

that the oxidation had fallen cvrrespo&dincly low. 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 aropped while the flow cf gas continued. Oxidation remained 

complete until 65 de�rees was reached, at which temperature it de­

creased with the cooling of the bath, 

It seems then from our results, and those of others, 

that moisture simply necessitates a higher temperature of the bath; 

that when tre bath is hot eneou�h to cause the Hopcolite 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. 

COHCLUjION::i. 

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 gas, and that when the CO content approximates 2i, using 

pure catalyst, the maximum temperature rise within the catalyst tube 

a-p·'.lroaches very closely the point at which oxidation of hydrogen be-

�ins. 
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the �atalyst may be ct�lutej, �nd c. �rra�ge�, as tL maintain a prac­

tically unifcrm dist�ib�t��� of thn1per�turH risH ttruout thH cat-­

alyst tube. 

�- �ater vapor �, iaons the cata]�st and necessitates 

a hiqher terperature cf the tbermostat f1r complete oxidation, with­

out necessitatin� a re-arrange�ent o! the catalyst in order to main­

tain an even distribution of temperature rise within the catalyst 

tube. 
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