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Tlie EV'�H JISTRIBU'2'ION OF 'I"Bl,lPEr:A·rURE RIS.:!: 

WITHIN THE C,,T.\LY:ST TUBZ IH' THE OXE>A'.r­

IO!l O.r' Cr3BOH liOl 0, Di: BY L.E .• Il0 OF 

"HO?COLIT:C:" ( Cuo-iin02).

This investi �tion deals with a vary important part of 

tre ·eneral problem: "The rer:,oval of carbon monoxide.' from 'water­

;as' hydro:en by differential oxidation, with especial rafo1cnce 

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

The work of Scalione, Geldard and Van Name, in collab­

oration with Ed;ar, has fairly wall established the qualitative 

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

that by means of tho principle of mi1in• a suffi�icnt quantity of 

o�y,en, or air, with the •as and passin· the mixture over the cat­

alyst known as ''Hopcolite", the conditions may be so modified as 

to brin: about the complete oxidation of the carbon monoxide with­

out the simultaneous oxidation of the hydro:en. 

Water- :&.s hydro-en is prepared in two standard ways, 

and is delivered witt the followin composition, accordin: to tho 

methon of preparation: 6550 H
2

, l�- N2, 32'j{, CO2, and 2-350 CO; or

515• Hz , l?;, H2, 295. co2, and 2-3�, CO. It is saturated with water

va9or at about 40 de;rees and may contain, in addition, sm�ll 

amounts of H2u, unsaturated hydrocarbons and other impurities. 

only the removal of CO, .however, offers any ;reat or appreciable 
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(lifficulty; tr._ otrer ir..puritics b0in� r..:movcd by r.,ore or less 

st�nd�rd Lethods. 

Tho two b-::st knc·m r.11..,tr.ods for the rcr.,Ov'.'.l of CO

fro□ tr.e s s ra ttc solution Llethcd, .nd tr.e c � .lytic octr.od. Th� 

forner d09i.::nds upon the conversion of CO to fon:1.·•.tcs, or tr.c .bsorp­

tion of CO in solution cont .inin6 cuprous ions. The disadv .nt·.,:;es 

of tr.eso methods lie in the f ct th .t .:-. very L.r5e absorption sur­

face must be supplied; a quantity of r.ydro3en is lest in scrubbin3, 

due to its solubility in the scrubbin; solution; and tr.at tr.ese 

solutions are constantly used up and must be replaced fro□ time to 

tine. The obvious advanta�es are: the r�noval of other i�purities 

bcsiscs CO; fairly wide ranJe of temperature: and pressure control, 

and lack of danJer of subsequent catalytic poisoninJ froo compounds 

of metalloids and unsaturated hydrocarbons. 

The catalytic ::irocess dc)vnds upon th,., c:,.idation or 

r:rdro:enation of CO to co2 or tc CH4, reS,'.h.!Ctivcly. In precesses in­

volvin; tho latt,r, three nols cf Hz arc requir�d for each DOl of CO,

and CH4 �radually accumulates in tr.c systc� r�quirin; periodid at­

tention. However, tr.cse proccssus remove oven very small quantities 

of CO under a wide ran :c of conditions, and the spacc-volur.10-life 

of the catalyst is quite satisfactory. 

In the oxidation of CO to co2, at hi ;h _ter,1per«tures,

a relatively inactive catalyst may be used and onl.y a sr.1all excess 

over the theoretical requirement of oxy:cn need be sup�lied. But the 

removal of CO is complete only tc the point where equilibrium is 

reached for the temperatur0 in question, ?revicus treatcent with 

steam introduces a number of tcchnic'a.l difficulties, such as l�r !6 

catalyst cha.mbars, steam condensation, etc •. The ter,;perature control 
f .  ' ., . 

must be r'i !i'd a'nd the -asos must be purified of volatile metalloids
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and unsaturated hydrocarbons. 

At lower terr.peratures a more active catalyst must be 

used, Only a small e�ccss over the tr.eoretical requirement of 

o�y:en is needed. The removal of CO is practically complete, and 

relatively r.i·h space velocities may be maintained. The temper­

ature contrcl must be quite ri:id, necessitatin; rap�d dissipation 

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

the enterin, :as, as well as closely re•ulated space velocities, 

all :ases must be carefully purified for the activity of this type 

of O:hidation catalyst is extremely sensitive to poisoninr, 

In order for the above proceedure to be successful on 

a lar::e scale a number of tt)chnico.l difficulties must be ovorcome, 

?or instance, the CO.removal must be so ccmplete that less tran 

0,01�, remains in the ·as, ?he o:i-.idation must be carried out in 

the presence cf considerable amcunts of moisture, It must require 

only a sli ·ht exc�ss over the the theoretical requirement of 

O}y?en, for the o�idation cf CO. The oxidation cf CO must be car­

ried out in the presence of a lar · e e},ccss cf CO2. Tr.e space­

volume-life of the catalyst must be r.i�h enou:h to make the e;on­

sumntion of catalyst fall \''i thin reasonable limits. The c>-idation 

should be carried out at atmospheric pressure and the sensitive­

ness of the catalyst must not be too :reat. Tr.e entire process 

must be so simple that relatively unskilled labor can operate it, 

The literature shows that a number of metallic oxides 

are suitable as catalysts for the preferential o>-idation of CO. It 

shows further that there is a very distinct temperature diff0r­

cnco between tho combustion of CO and H2
, \

f

uilo these substances 
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will oxidize CO to co
2 

at a 1cwer temperature t.1--3.n H2 
to H2

0 , it

is done at the e:xpense of their combined oxy$en . In order that 

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

ly reo:xidized tc their fcrmcr state by the oxy sen present in the 

�as. It is further necessary that these reactions take place rapid-

ly in crder t0 function at hi-h space velocities. 

The fcllcwin: table frcm Fay, uutherland and Fer,uson in

Poly·. En•, 10 ;72 (1910 ), Ehcws the action cf some cf tr.e more 

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

----------------------------
----
--common o:indes. 

Initial 'i'emp in Initial '.i.'emp in 
C with H2 

Remarks 
O:xide 

De ,rees 
Po02 

110 

Pb203 150 

coo 155 

co2o3 less than 11

NiO 120 

tli 20 3
30 

CuO (H20 l 68 

CuO 150 

cu2o3
120 

nn02 
(H20 l 15 

87 

C with CO De ,roes 
lbO 

170 

165 

110 

220 

65 

go 

175 

155 

lf],5 

190 

Di :estion 
Pbz03 with HH03

Oxidation of CO by
Br2 

Precipitaled 

O:>-idized Metal.

Precipitated by

oxidizin: Un 

.• 

1r.nQ2 -;Jry 

l�n3o4 
240 

255 ;uncrpr.ous 

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

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

-
---
-
-
-
-

Tr.is work was continued and en,anded aurin t the war by 

tr.e Chemical ·,farfare �ervi,ce with the object of aevelopin; an ab­

sorbent for CO in air t(., be used in �as-malcin ,. The outcome of tr.is

wo rk was the discovery of the two component "Hopcoli tc" ( 40�oCu0-

60')oMn02 l. This material was found most ac.;tive and o Jerated at an

efficiency of 100�<• 

The factors influencin� the mechanism of the hopcolite 

oxidation ae-0en<l u�cn the physical ccn�it 1on of the catalyst , which

is a function of its preuaration; the available o:xy,en content of 





tre catalyst; effect rt te�pera�ure on the oJsidatio� velocities

of CO ano. H2, an<l. finally upon the effect of srna.ll concentrations

of c2
. 

Great care is taken in the preparation cf the catalyst, 

a full account of which may be found in the wcrk of I�rrill and 

Scalione, Jcur. Amer. Chem, Sec., 43, 1982 (1921), and need not be 

re')eated rere. 

Of ·reatcst importance are the factors influ0ncin· the 

o.istribution of temperature rise thruout the catalyst tube. There 

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

initial temperature of oxidation cf CO and that cf H2, irrespective

of the ter.:perature at which the CO be•ins to o:Jsidize, Consequently, 

if this o.ifference shouln be overreached the OJsidization of H
2 

would 

immediately commence and tr.e heat evolved would be sufficient to 

reduce the CuO to Cu by tyo.ro·en, a condition easily reco ·nized Dy 

the color of metallic copper within the catalyst mixture; caus1n: 

tre efficiency of the catalyst to be co1.1.:>letely and permanentlr 

rlestroyed, 

Tre factors influencin· te�peraturc rlistribution within 

the catalyst tube, acccr<l.in • to tl-c wort of ::calione, _";elrlard and 

VanName, are as follows: 

1. :lemoval of CO in multipl' st'- i.: a,)aratus.

2, Control of CO conccn�ration. 

11c. Heat ccnrluct1 vi ty oi the ·as;ous n.i:>. turc, 

5. Jcsi ·n of �p�aratus.

6. Effect of mesh of catalrst.

Tr.is worl� further shows tr.at the temperature rise varys

directly \"/ith tr.3 ocrccnt of CO in tha ·a.s, in a "iven anparatus 

and at a constant space velocity. The tornperature rise Hill, in 

," 
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�eneral, vary with the space velocity, dependin3 on the partic­

ular apparatus. The desiJn of the apparatus is therefore, quite 

important. ',>Ii th regard to the composition of the .�as, it may be 

said that an increase in concentration of hydro1en will increase 

the radiatin1 capacity of the apparatus, while the heat conduct­

ivity of the other �ases, bein, so nearly equal, makes variation 

in their condantratipns of little importance. 

A summary of the worl� of tl)e Chemical Warfare �ervice 

on this problem shows that a nur�er of very important principles 

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

1. :1.eproducibilit;· or results. Under identl.cal cornlitions

it is shown that a ijiven sample of Eoocolite will exhibit uniform 

".lerformance. 

2. j)ifferential o:xido.tion. It is shown that under any

�iven set of conditions t}ere is a temperature interval of at 

least ;;5 de'?.:rees in wr.icr. practically complete o>.idation of CO is 

0racticable, and in which no aporeciable oxidation of hydro�en 

talces place. ·,Vr.ile this is a narrow limit, makin-:, control of temp­

erature rise quite rifid, it is nevertheless sufficient to make 

the differential oxidation �racticable, 

3. Efficiency of Hopcolite. The efficiency of this cat-

alyst is influenced gredtly by moisture and oxygen content of the 

enterin,s ,a i:es. By temperature and by tr.e space velocities. 

�. Temperature control. £robably tre most difficult, 

and certainly the most ir.rocrtant problem is temperature control. 

Adequate control is thou�r.t possible ttru desi�n of a reaction 

cramber of r.i-,r heat radia.tin · cane.city, by reduction of the con­

centration of CO to about 0.5�. and by rlistributicn of tte heat 

of reaction in some way. 
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5, Life of the catalyst. rt,ainst perfectly pure ,ases the 

life of the catalyst is probably very lon�- It is, in •eneral, dimin­

ished in pro-oortion to the amounts of impurities in the tgas. In­

dications point to sufficient effectiviness against commercial gas 

as to be quite practicable. 

6. Influence of other �ases, Carbon dioxide is apparantly

without effect. Hydro;en sulphide iradually destroys the activity of 

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

been determined. 

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

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

search should concern itself with a determination of tr.e distribution 

of temperature rise in catalyst tubes of sizes apulicable to larJe 

scale oueration, as well as with the most effective space velocity 

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

velocities at wr.ich complete oxidation of CO occurs at one operation. 

'.Vi tr. the determination of tr.e minimum oxy ;en content to be su·pplied 

and with the effect of those impurities ffiOst 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 tterewith, 

3XPE5HiZ!l'i.' .• u. 

A :as stora·e tank op0ratin· with an hydraulic seal, was 

supplied witl: a two-way cock, thru which a measured quantity of pure 

CO entered. This :as was made by treat in· o>.ci.li<- a.eta with sulphuric 

acid. Provision was rr.ade for su9plyin ,. air, which was ailr,1i ttea in 

nrerletermined ar:iounts, anil the whole constantly stirred for at least 
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l�lf an tour by means of an electrically stirrin3 device.

,he gas was drawn thru tte entire apparatus by suction, 

ente:in� a sulphuric a�i� tower, su�7lied with glass beads, thence 

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

chloride tower, thence into the catalyst tube. 

The catalyst tube was iastened into the therr:1ostat� 

equipped for maintainin� a constant temperature within narrow 

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

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

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

the issuin� �as for analysis. 

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

heat conductivity of this metal, It is supplied with si� small cop­

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

enterinJ the catalyst tube vertically. The catalyst tube proper 

is 7 ½ inches long, and½ 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 @aking 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 

talvano�eter nole, and the other wire thru a mercury connection 

thence to the second talvano�eter pole. 

The -i:alvc.nometer was calibratecl by plottin':, the read­

in7S oi the tirst t}ermo-cou,le a':,ainst the other tive, the first 

"tlein � c:..t Yaryin1 ter .. ])eratures. The curve so obtained is a strai3ht 

line, conse�uentl• the te�perature difference between the first 

'· ·Hr o-�ou·)le r,na anv otter one coul11 be reaa off directl;y from 

tr" ,. al--, ncr 'lter 8(,ale. 
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It was found neceesary in our work to make frequent 

determinations of the content of �C in the gas-air mixture both 

before and after oxidation by the c&talyst, consequently the stan­

dard i� Ob method was adooted,

JIST:UBU'rIOH OF TEJ11?3R\'i'1.,'}:.: �:.:;� III TH3 C,i.T.A'.,Y0T TUBE 

The catalyst tube was filled by placin, between the 

standard thermo-couple, and thermo-couple #1, a,co9per gire gauze 

and pouring in the catalyst �bile gently tappin3 the tube in order 

to ristribute the catalyst evenlv. The standard thermo-couple is 

surrounded with an inactive substhnce 1 ike cr.ipped 5lass in order 

to keep it at the temperature of tre thermostat. After fillin5 

tte tube a second �auze is 0laced between the laut thermo-couple 

and tte exit tube. 

Tern-oerature of trermostat f;Q de"Srees. ;:,pace velocity 
3600. 

Content of CO in air-gas mixture 0.87;c, ili idation of 
co 937, . 

.• :: 1. • �r "• t of catalyst: :Pure Catalyst thruout.

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

No • 1 . No • 2 . No • 3 Ho • 4 Uo • :J 

11.6 3,2 2.4 2.2 1.4 

Temperatute of thermostat 60 degrees. Other conditions 

No. l 

13.1 

No. 2 

3.5 

same. 
no. 3 Ho,4 

2.4 2.3 

Ho. b 

0. tl

These results are shown graphically on the following 

chart. This shows that there is a ma�imum temperature rise of 11,6 

an� 13.1 degrees at 50 and 60 negrees res)ectively, with only a 

carbon monoxide 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 ma> ir.,urn

oxidation of CO, the following experiment was carried out.
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·:.'rile the ri rer t.emperature •ives better O)(idation of CO it also

�1ves a rather hi•h temperature ri�e in o�idbtion, so a study of

�he ef-fect of varyin• space velocity was undertaken,
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Temperatures of thermostat 35 de�rees, vpace velocity lUOO. 

Content of CO in air-gas mixture 0,98� .. Oxidation of CO 90.250 

arran'(ement of Catalyst: Pure catalyst ttruout, 

Thermo-couple temperature difference in de�ree centigrade.

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

8.3 3.6 1.9 1.6 o.�

Temperature of thermostat 40 de�rees. upace velocity 1uo0

Content of CO in air-�as rri:>.ture 0.9610, ())_idation CO 9o,9�,

Arran,;:i:ement of Catalyst as abo,;e.

Thermo-couple temperature cUfference in de3ree centigrade.

No.l 

8,7 

No 2 

3.8 

No, 3 

1.5 

l!o. ;, 

0.9 

No, 5 

0,0 

Temperature of thermostat �O degrees, upace velocity 1800

Content of CO in air-gas mixture O. 96�o ()},idation of CO 97 .O�o

Arran�ement of Catalyst as above.

Thermo-couple temperature difference in de.gree oenti�rade.

No. l No, 2 

9.6 4 • 7 

No, 3

1. 7

No. 4 

1.0 

Ho. 5 

0.16 

Temperature of thermostat 60 de�rees. upace velocity 1800

Content of CO in air-,i:as mixture O. 96� .• O>-idation CO 98, 5�,

Arran'(ement of catalyst as above. 

Thermo-couple temperature difference in derree centi'(rade.

No, 1 

10.0 

no. 2 No, 3 no. I,, Uo. b 

;,.a 1.0 o.3 -0.1

The foilowin:: chart sr.ows these results :,;raphically.

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

'1/hile the hi'(her 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 varyinr space velocity was undertaken,
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ma:ximum s-oace velc city. It was tr.ou>:r.t 'best to determine the e·f­

fect of varyin"' CO content of tr.e air-"'as rni:isture, r1r..ich follows;
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Temperature of thermostat 50 degrees. 0pace velocity 1800

Content of CO in air-gas mixture 0.87o/o Oxidation CO 95.9�b

Arran�ement of catalyst:Pure Catalyst thruout.

Thermo-couple temperature difference in desree centigrade.

No. l No. 2 No. 3 No. 4 no. 5 

5.8 4.4 /.t- 0.2 �O.l 
t.Co

of thermostat as a'oove, �pace velocity 3000
Temperature 

Content of CO in air-gas mi:isture 0.8?o/o OJ<idation CO 94.25• 

Arran3ement of catalyst:as above.

Thermo-couple temperature difference in de�ree centigrade.

No. 1 No. 2 

7.2 

No. 3 

5.2 

No. 4 

2.6 

No. 5 

1.3 
9.5 

Temperature of thermostat as above . Space velocity 3600 

Content of CO in air-gas mixture 0.87% OJ<idation CO 92.470 

Arran�ement of catalyst: as above .

Thermo-couple temperature difference in deiree centi�rade.

no. 5 
No. l No. 2 

9.4 

No. 3 

7.5 

no. I., 

4. 2 L,. 1 
11,6 

Temperature of thermostat as above. Space velocity 4800

Content of CO in air-�as mi:xture 0.87� .. OJ<idation CO 00.070 

Arrangement of catalyst: as above.

Thermo-couple temperature difference in de,reo centi3rade.

llo. l no. 2 No. 4 

3.3 

llo. 5 

1. 7

13.8 8.3 

No. 3 

$.2 

These results are shown ,traphicall:., on tr:e followin?

pao:e. This data fairly well establishes the effect of space veloc•

ity. showino: that the maJ--imum temperature rise is associated with 

maximum s-oace velt city. It wa.s thou:i:ht best to determine tr.e ef­

fect of varyino: CO content of the air-o:as mi:isture. nhich follows;
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is directly proportional tc the CO content, A CO content

runninq danqerously close to the point at which hydro3en c�idtr.14 ,

A re-arranqement of the catalyst was nezt tried.
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Temperature of tr.ermostat 50 ne')rees. ::,pace velocity 3600

Content cf CO in air -'!;as mi:xture l,2l�c Oxidation CO �2,lo/o

Arrangement of cat,,1)/St: Pure catalyst tr.ruout, 

Tr.ermo-couple temperature difference in degree centigrade,

No, b 
Ho, 2 Ho, 3 llo. 1,. 

0,% 0 .,� 0,1 
Mo. 1 

14.6 

Temperature of tr.ermostat as above, �pace velocity 3600

Content of CO in air-�as mi:xture 1,33�·" Oxidation of co 92,51b

2,9 

Arran�ement of catalyst: as above,

Tr.ermo-couple temperature differertce in degrees cebti�rade .

No, 5 
no. 2 no, 3 

0,6 

No, 4 

0.3 -0.2
No, 1 

16,8 

Temperature of thermostat as above, �pace velocity 3600

Content of CO in air-gas mi:xture l,63o/o Oxidation of CO 94.270

1,7 

Arrangement of catalyst as above.

Thermo-couple temperature difference in degree centigrade,

no. 5 

No, 1 No, 2 no. 3 

1,5 

No. 4 

0,8 0,55 
17,4 

Temperature of thermostat as above. $pace velocity 3600

Content of co in air-<1:as mi:r.ture 1,92�c Oxidation of co 94,5�o

3.95 

Arrangement of ca�alyst as above.

Tr.ermo-couple temperature difference in dei)rees centi3rade ,

No, 5 
!lo,l 

20.0 

No, 2 

3.1 

No, 3 llo. t,, 

1,35 

Tr.ese results are re9resente5 �raphicallY on the

followin<: !)a:>:e . It wi 11 be seen tr.<lt the ma:ximum temperature rise

is nirectly proportional to the co content. A CO content of about 2�

runnin� dan'J:erously close to the point at which hydro-3en cxid�/¾ , 

A re-arran�ement of the catalyst was next tried , 





6,8 1.2 1.0 0.7 0.0 

Continued on follcwing pa�e 
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Temperature of thermostat 50 degrees. �pace velocity 3600 

Content of CO in air-gas mixture l.92�o Oxidation 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 mixture l,921� Oxidaticn of CO same. 

Arrangement of catalyst; as above. 

Thermo-couple temperature difference in de5rees centigrade. 
At end of ten minutes. 
No. 1 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 mixture as above, Oxidation CO same, 

Arrangement of catalyst: as above, 

Thermo-couple temperature difference in degrees centi'5rade,. 
Lt 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. 3pace velocity 3600 

Content of CO in air-gas mi�ture as above. Oxidation CO same, 

Arrangement of catalyst : as above. 

Thermo-couple temperature in degrees centi?rade, 
At end of 20 minutes. 

No. l 

6.8 

No. 2 

1.2 

No. 3 

1.0 

No. 4 

0.7 

No. 5 

o.o

Continued on following pa�e 
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Temperature of thermostat 50 degrees. �pace velocity 3600

Content of CO in air-gas rni�ture l,92� Oxidation of CO 82.��o

Arrangement of catalyst: as above

Thermo-couple temperature difference in degrees centigrade.

At end of 25 minutes, 
No. 1 No. 2 Ne. 3 No. 1 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 oxidation being only 82,4�. A

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

ute periods were not made.

It was decided to vary the prooortion of brick to

catalyst thruout the catalyst tube in an attempt to distribute

the tem�erature rise more evenly and also to determine the length 

of time necessary for the catalyst to give constant results.

It will be noticed in the $raphic data recorded from

this point of the work that the dpabe velocity�is given in two

terms, designated, s.v. and �.v,2. The first represents the

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

hour of time, while the latter represents the space velocity

as liters of �as per� of catalyst per hour of time,





[,,8 ?.L 4,0 1.4 

Continued on followin� pu e,





Temperature of thermostat 50 degrees , Space velocity 3600

Content of CO in air-gas mi:xture 0.63�" Oxidation of CO 9tJ5�

Arrantemnt of catalyst: First 3 thermo-couples half catolyst

and half brick, F.emainder, all catalyst.

Thermo-oounle temnerature oifference in de�rees centi;>;rade,

No. l 

1.8 

Iio. 2 !lo. 3 

1.6 

No. -", !lo, b 

0.6 -0.l:J

Temperature of thermostat ,i.s above . .:i;;iace velocity as aoove .

Content of CO in air- :--as ni:xture as above. lli<.idation CO same.

Arran�ement of cotalyst: First 1 part brick to 1 catalyst.

Second, 2 brick to 5 catalyst. Third 1 brich to 4 catalyst.

Fourth, 1 brick to 5 catalyst. Last, all c�talyst,

Trermo-conpl e temperature difference in ae,i:rees centi->;rade.

3,2 

!lo. 3

2.2

no. 4 

1. 75

no. 5 

o.e

!Io, 1

3,8

Temperature of therrr.ostat as above, �pace velocity as above.

Content cf co in air-gas mi:>. ture as a.oove. Oxidation CO sa.me.

ArrJ.n::-;ement of catalyst: .:i:1me as above.

Thermo-couple temper,�ture 0 ifference in de 5rees centi _:ro.<ie .

I!c. 2 I'o. 3 

2 .1 

!lo. 4

1.n,

no. �­

o. 9 
rro. 1 

3,8 

Temperature of u,errr.ost"°' t �s above, .::,pace velocity as above.

Content of Co in air-�as mi:x ture 0.86�, O:>-idation of CO 99�0 

Arrangement of catalyst: First two half cat�lyst, half brick.

Remain in� tr.ree therr�o-couple1:> c.11 cutalyst.

3.2. 

Th ,rr.:o-couple temperature diffe rence in ctc1rees centi1rade .

llo. 1 llo. 2 Ho . 3 iio. 4 1,0. 5 

G.8 7,2 4.0 1,4 0,4 

Continued on fo11owin3 pa�e.





1s .. 

Temperature of thermostat .50 oegrees. Space velo<'_;_ty 3600

Content of CO in air-gas r:iixture as above. OXida:tion co 99%

Arrangement of catalyst: same as above

At end of 10 minutes.

Thermo-couple ter.�pera ture difference in degrees centigrade ,

No, l No. 2 Do, 3 No, 4 Yo. 5 

f, • t3 3,0 1,75 
8.6 4,0 

Temperature of tterrr.ostat as above. �pace velocity same.

Content of CO in air-�as mixture as above. Oxiil ation CO 99�•

Arrangement of acatalyst: sa�e as above .

At end of ten minutes.

No. 2 

8.8 

l�o. 3 No. 5 

i10 No. l 

4.4 

Temperature cf thermostat as above. ��ace velocity same,

Content of CO in air-<?:as mixture as above . OXidation CO 99)c

Arranq:ewent of catalyst: same as above .

At end of 5 minutes.

No, 3 llo. 4

2.6 

Ho, 5 

1.2 no. 1 

5.2 

No, 2 

8.8 5.6 

Tr.ese results are stown grapr.icallY on the following

page. They show tr.at with a catal�st arrangement as above constancy

of results may be e�pect0d within 20 minutes, Here again the etiect 

of CO concentration is well thown, the re being alwost twice as large

na'½imum temperature rise for gas of 0,86�. t!,an for that of gas of

0.631�-

This study was continued with a different catalyst

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

the life of the catalyst,
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At end of 40 1�.inute run ( otr.er conditions sar,1e)

l'o. 1 

3.0 

ll::,. 2 

7.8 

tlo. 3

10,5 

110. 4

6.1 

Po. 5

1.9 

-0 
r 
)> 

� 
[Tl 

� 

...... 
G-
F> 

i'hese results are -1ro\'m _;i;rapr.ically on tho following pa-re.





17-. 

Temperature of thermostat 50 degrees. Space velocity 3600.

Content of CO in air-gas mi:xture 0,86'io Oxidation CO 99.15'jc

Arrangement of catalyst: First two thermo-couple l 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.l 

4.6 

No. 2 

8.0 

No. 4 

3.4 

no. 5 

1.0 

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

No. l 

2.6 

No. 1 

3,2 

no. 2 

6.6 

No, 3 

7.4 

No. 4 

4•1 

no. 5 

0.2 

At end cf 15 minute run {other conditions same)

IJo. 2 

7.8 

No. 3 No. 4

5.8 3.4 

Ile. 5 

0.9 

same) 
At end of 20 minute run (other conc'li tions

No. l 

3.2 

At end 

Fo. l 

3.0 

At end 

No. 1 

3,0 

At end 

Ne. l 

3.0 

At end 

Ho. 2 Ho. 3 No. 4 Ho- 5 

7.9 7.8 t,.6 0.9 

sar,.e) 
of 25 minute run {other conditions

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

e.o J8. 7 o.7 2.0 

of �o minute run {other conditions samal

2 rio. 3 No- 4 no. 5 
No. 

8.2 10.2 6.0 2.1 

of 35 minute run (ctr.er ccnditions same)

i:O. 2 No. 3 Ne, 4 rro. s

8.1 10.4 6,2 2.0 

of 40 r�inute 

Ne. 2 

7.8 

run (other conditions

No. 3 No, 4

·10.5 6.1 

same) 

no. 5

1.9 
Uo. l 

3.0 

These results are sho\"ln graphically on the following pa1e,
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LJO • 4. 
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Continued on folloning page. 
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Temperature of tr.rmostat 50 degrees. �pace velocity 3600 

Content of CO in air-gas mixture C. 8670 Oxidation of CO 99. 6$0 

Arrangement of catalyst; First couple three parts catalyst 1 part 

brick. vecond and third couples 1 part catalyst to lpart brick. 

Remaining two all catalyst. 

Tr.ermo-couple temperature difference in degrees centigrade . 

. -.t end of 10 r11nutes run. 

No. 1 

11.1 

No. 2 

10.2 

No. 3 No. 4 

3.8 

No. 5 

£"o2 

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

No. 1 

8.4 

No. 2 

10.0 

No. 3 

5.4 

No, 4 

3.9 

No. 5 

2.8 

At end of 3C minutes run(other conditions same) 

JJo. 1 ric. 2 Ho, 3 Ho. 4 No. 5 

7.2 10.3 6.8 5,4 2.6 

At end of 40 minute run (other conditions same) 

l'o. 1 i!o. 2 I10. 3 no. 4 110. 

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\"1ing results: 

At end of 50 r�inutes (other conditions saire) 

Ho.l 

6.2 

At, end 

llo. 1 

6.2 

At end 

to. 1 

6.1 

of 

of 

!Io. 2

9.6 

55 minutes 

lio. 2 

9.5 

60 minutes 

r10. 2 

9.6

No. 3 

7.0 

run (other 

!lo. 3

6.8

run (other

I'o. 3 

6.9 

!lo. 4

5.5 

conditions 

Ho. 4

5.4 

conditions 

IO. 4 

5.6 

Continued on following page. 

No. 5 

3.2 

same) 

no. 5 

:;. ,._ 

same) 

Ho. 5 

3.2 





19. 

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

Content of CO in air-gas r,1ix ture O. 86$'o Oxidation of CO 99. 6�o 

Arrangement of catalyst: First couple 3 parts catalyst 1 part 

brick. �econd and thir1 couples l part catalyst to 1 part brick. 

Remainin� two all catalyst. 

Tl:erno-couple temperature difference in de5rees centi3rade. 

At end of 65 minutes run. 

IJo. l 

6.0 

l'O. 2 

9.8 

ro. 3 

6.6 

llc. 1 

5.2 

llc, • 5 

3.1 

At end of 70 minutes run (other conditions samol 

l'o. 1 

6.0 

!"o. 2 

9.9 

no. 3 

6.7 

He. 4. 

5.3 

Ile. 5

3. 2

Th ese results are shovm graphically on the following 

page. They shou the1t tre J.ife of tr.e catalyst is quite efficient 

for the length of this run, an hour and 10 minutes, for the oxid;­

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

The re sults are fairly constant after 20-30 minutes 

run. as is shown by tr.e last six curves on the following page. 

Tr.is arrangeme nt, tren, of catalyst �ives satisfactory oxidation. 

and constancy of results. 

A now run was unaertake� with a slightly different 

catalyst arran3ement and a rigr.er CO content of gas. 





ter �erature rise due to increased

Thus it is thou�l:t poss1ule to :;o �rr,,.-"e "•·!! caialrst .. s to rair-

lv evenly distribute tte terperature r1ije thruout the catalyst tube,

accordin,ly a new arran[)ement we.i; perfected .,.nd tr .. ed out.





20. 

Temperature of tr.ermostat 50 degrees. ;:;pace velocity 3600.

Content of CO in air-gas mi:;, ture l. 22�� Oxidation of co 98. 9So,

Arrange�ent of c�talyst: First couple i ,arts catalyst to l part

brick. jecond, 2 catalyst to l brick. Tr.ird, 2 c�talyst to l bric�.

Remainin� two all catalyst.

r.--ermo-couple te�)erature rliffere�ce in de;:e s cen�i�rade.

At end of 5 minutes run.

Po. 1 Po. 2 

9.8 

Ito. 3 

5.4 4.6 

Ho. 5 

2.8 
11.s

At end of 10 minutes run ( otr.er conditions s.>.me as above)

ro. 1 

11.l

ro. 2 

10.2 

TTo. 3 

5.8 

1 o. 5 

5.0 

At en� of 15 ninutes run (otr.er conditions sari,el

Ho, 1 

9.4 

!fo. 2

10,8 5. 8

'Jo. 4 

5.0 

Jlo. 5 

3.0 

.i.t end of 20 minutes run ( otl!er conditions same)

Ne. l 

8.4 

! o. 3

5.b

r:o. 4 

5,8 

'0. 5 

2.6 

At end of 25 r..inutes run ( otr.er conditions sar;.e)

IJo. 1 

8.0 

ro. 2 

12, l 5.6 

ro. ::> 

2.8 

At end of 30 minutes run (otl.er ccnditions sttrr,e)

rro. 2 

12.0 

110. 3 

5.8 

ro. 4 i o. 5 

f..,.? 2.8 
No. 1 

8.0 

TI-.t-se results a: e sr.own uii-or.iC.lllY on tr.e follc•: ing

page. :ly arran�ing: tre catalyst ab abo\'e Ll. large proncrtion of tr.e

tec?er�ture rise due to 1n�reased CO content of gas is dissipated; 

Thus it is tr.ou1l:t posc:i le to .:;o rra,,3e •• catal:·st c:.S to I...iir­

ly evenly distribute tte tet.perature rise t}ruout the catalyst tube,

accord1n:rlY a ne•� arran;;cr.-unt We;." perfected .. nd tried out.









21.. 

Tem'Oerature of tr.erreostat 50 de�recs. apace velocity 3000. 

Content of CO in air-�as rniJture 0,90�" OJ,idation 99.3�, 

,.rrangement of cat«l--st: I'irst cou-ple 3 parts c2.tz,.lyst to 1 ·part 

brick, with last r inch all brick, oecond, 2 parts catalyst to 

1 brick. Third, 2 ,arts catalyst to l brick. ;\emaininJ two all 

catalyst. 

Thermo-couple temperature difference in degrees centigrade. 

At end of 30 minutes run. 

!10. 1 

7.3 

no. 2 

3.4 

ro. :; 

7,4 

ro. 4 

4,4 

!Jo. o 

1.2 

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

l'o. l 

6.9 

!Jo. 2 

3.2 

ITO, 3 

7,1 

!lo. 4 

5.8 

JTo. 5 

2.2 

�t end of 50 minutes run (other conditions sane) 

ITo, 1 

6.8 

Ho. 2 

3.0 

110. 3 

7.1 

Ho, 4 

.., • E, 

lio. 5 

2.0 

Tr.ese resul i:s are srown grai_)r.ic�ll;; on i:he follo·,:inJ 

page. This data considered with the 'Oreceedin� C:ata shows that 

catalyst arran3ement plays a �ajor ?art in distri0utin3 tte tem)­

erature rise. After r.alf an hours run the results are al�a�s com­

paratively uniform. Tl:e e·diciency in this case is very JOOd, 

tre CO bein� 99,?1 OAidizerl at the en� of an hourb run. 

In t:r.e ligrt of these results a nevi arran,:;ement cf 

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

tem,erature rise, otter conditions being kept fairly uniform. 





page. 

in 

out 

arran­

tr.e 

The efficiency in tl�is case is not quite as good as 

in forr.;er cases. 





t2. 

Temperature of thermostat 50 degrees. Space velocity 3600. 

Content of CO in air-gas rnhture 1.02�- Oxidation of CO 98,35., 

Arran�ement of catalyst: First couple 3 parts catalyst to 1 part 

brick. Second and thir�. 1 part catalyst to 2 brick. 

Remainin? two all catalyst. 

Thermo-cou-ole temperature difference in degrees centigrade. 

At end cf 20 minutes run. 

No. 1 

6.9 

!io. 2 

2.8 

!lo. 3 

3.0 

!lo. 4 

3.0 

lio. Li 

2.2 

At end of 25 minutes run (other conditions some os above) 

f!o. 1 

6.5 

no. 2 

2,6 

!Jo. 3 

2.6 

Ho. 4 

2.6 

no. 5 

2,4 

At end of 30 minutes run (other conditions same) 

no. 1 

6.6 

l'o. 2 

2.7 

Ho. 3 

3,0 

no. 4 

2.8 

uo. 5 

2.8 

At end of 35 minutes run (other conditions same) 

Uo. l !Jo. 2 ]'lo, 3 Uo. 4 f.To. 

6.7 2.8 3.J 3.0 ,, ,1 

At end of 40 minutes run(other conditions same) 

no. 1 110. 2 .ilo. 3 ;10 . 4 No. 

6.9 2.8 3.0 2.8 2.4 

[; 

5 

This data is stown �raphically on the following page. 

These results show excellent uniformity of temperature rise in 

the last four couples, but the first couple remains somehat out 

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

�ement somewhat r' ·similar to the abova, possibly diluting the 

first counle a little, shoulrl $ive � better result, 

The efficiency in this case is not quite as good as 

in forr..er cases. 





previous results. 





23. 

Temperature of thernostat 50 degrees. bpace velocity 3600. 

Content of CO in air-gas mixture 0.78�. Oxidation of CO 99.l�o. 

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

catalyst. becon1, 2 bricK to 1 and¼ catalyst, ttird, 2 brick 

to 1 catalyst. Fourth and fifth couples all catalyst. 

Thermo-cou�le te��erature difference in de�rees centigrade. 

At end of 20 minutes run. 

No. 1 

4,7 

r10. 2 

3.7 

no. 3 

6.2 

Ilo. 5 

1.5 

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

No. 1 No. 2 Ilo. 3 lio. 4 JIO. 5 

4,2 3.7 5.4 3.2 l.4 

At ena of 30 minutes run (other conditions sar:,e l 

No. l no. 2 !lo• 3 no. 4 Uo. 5 

3.9 3.4 6.0 4.2 2.2 

At end of 35 minutes run (other conditions same) 

No. l no. 2 Uo. 3 Ho. 4 Jlo. 5 

3.8 3.6 5. 8 3,4 2.0 

At end of 40 minutes run (other conditions same) 

Ho. l !Jo. 2 !lo. 3 Ho. 4 Ho. 5

3.3 3,1 5.8 4,2 2.2 

This data is shown graphicall:v on the following 'Oa<?;e. 

'Nhile these results show two peaks for temper:J-ture rise, neither 

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

this would be unrlesirable consequently a ne•·1 determination was 

undertaken with a rearrange�ent of the cat .i�·st in the li17,ht of 

previous results. 





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. 





24. 

Temperature of thermostat 50 degrees. �pace velocity 3600. 

Content of CO in air-gas mixture 0.96� Oxidation of CO 99.l�, 

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 

no. 3 

4.8 

No. 4 

2.6 

No. 5 

1.6 

At end of 26 minutes run (other conditions same as above) 

No. l 

4,2 

llo. 2 

3.7 

Ho. 3 

4.8 2.6 

lie. 5 

2.2 

At end of 30 minutes run (other conditions sainel 

No. 1 

3,6 

l!o. 2 

3,7 

No. 3 

4.B 

tlo. 4 

2.6 

no. 5 

2.4 

At end of 35 minutes run (other conditions sainel 

No. 1 

3.6 

No. 2 

3.4 

110. 3 

4,6 

no. 4 

2,4 

Uo. 5 

2.1 

At end of 40 minutes run (other conditions same) 

Uo. 1 

3,6 

Ile. 2 

3,4 

No. 3 

,; • 6 2.4 

?Jo. 5 

2.1 

Tr.ese results are shovm graphically on the following 

page, T�e 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 �his case �ood o�idation was obt11nce 

out very poor o�idation at 40 de,roes. 





Temyerature of tr.er�ostat varying. �pace velocity 3600. 

Content of CO in air-gas mi:xture O. JG�o Oxidation varyin�­

Arran�er,1ent o: cnt.,.ly»t: 1 ;,art bric;, to 1 [)art cat_.lyst tor 

first couole . Second and �hird. l part cattllyst to 2 parts brick. 

Remainin: cou,:,le 11 catal"st. 

Thermr-C"U':lle tem0dratvre eifference in de�recs centigrade. 

Temperature of batr 60 <le3rees centigrade . 

re. 1 ,lo • .: io. :;- :·o. L ro. o 

5.4 3.6 4. 9 1.1 0.5 

Oxidation of CC 9).150 

1emperature ct oa,l 50 an�rees cent1gr3de(otr.er conditions sr.ae ) 

!lo. l 

4.2 

110. 2 

3.6 

•ro. 3 

4.8 

0-..:idation of er. 99 .15. 

: o. 4 

2.5 

1 o. b 

2.2 

Temperature of bath 40 a e�rees centigrade (other conditions Sb�el 

Po. l 

3.4 3.4 

!lo. 3 

4.8 

Oxidation of CO 9u.01-

3.4 3.7 

Tr.ese result::; are sl:own 1ua )h�c:illy on tho fcllo'.ling 

uage. They show that with a catblyst 3rrangemcnt as above and at 

constant conditions cf CO concentrations �na d)BCe velocity, 

better re:;ults are o'Jta1"1'9," at �C a e3rees. Hhicr. is tr.e terr.:>­

erature at ,:,r.icl' the con<l l t10,1s were ori ;in.:.lly standardized. 

Tr.e standard curve is alr:ost <• r.10i,.n between the two 

e�tre�ns of tizt and low ,ei,e:ature. �te c,1dation of tte CO 

1s soi.ew�at 6e�endent on the initial temperature of the catalyst, 

for in tr.is case 300d OJ,idation was olJt'lined at £>0 ;;.nd 60 de ;rees , 

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





<lara confitions. 

Anot:ter set of r,eterr.:1na.t1ons wo.s l'n(,.,:-tv-1:en in "f;.ic.:t the sJace 

velocity u,1s r ;.Ile tre ··a.:1a')le. ·lr·e � -�::..1:l t, c,f this e;. )eriment 

a.re sro·m on Ja�·e 27. 





26. 

'.i'o further test this standard curve a series of determinations 

were carried out in which only the CO concentration varied. 

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

Content of CO in air-gas mi:i; tu.re varying. Oxidation v2.ryin3. 

J,.rrangement of catalyst: First couple 1 part catalyst to 1 part 

brick. Second and tr.ird, 1 part catalyst to 2 bri ck. 

Fourth, 2 catalyst to 1 brick. Last, all catalyst. 

Tr.ermo-'cou.ple temperature .<lifference in de3rees centigrai'.e. 

CO content of gas 1. 641; Ox idation of CO 98. 6�o. 

No. 1 Do. 2 No. 3 no. 4 ITo. 6 

4.4 5.9 8.2 4.3 4.4 

C6 content of �as 1.31�- ◊.J.::idation of CO %.95., Other cond. same. 

I!o. l 

3.3 

!10. 2 

4.6 

110. 3 

5.4 

ro. 4 lfo. 5 

3.2 4,4 

CO content of gas G>.96�i, Oxidation 99.lo/� Otr.er conditions si.me. 

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

4.2 3.6 4,8 2.6 2.2 

These results ar'.3 plot tee� en the following page. '.;'hey 

show the same dependence on CO concentretion that \"JBS shown by 

the first experiments. It seems t�at an arrangement of catalyst 

that will give uniform �em)erature rise for any given set of con­

ditions of CO concentration will vary ,,,i tl: a maximum tem)era.ture 

rise above or belc� the standard curve, de?ending on the CO con­

centration. The O} id ;.tion 1or tbis ·_)articul2.r catalyst arrangenent 

is not a.s �oof for t},e t13·rer CO ccncentrat1ons as for the st;,.n-

cl.ara con<' i tions, 

Another set of c"eterr,nnr,tions wa.s unf e::::t""l�en in ·v1.icr. the S?ace 

veloci tv "i:l.S r·z.<le tre "a. it.')le. ',·re � ':l:..tcl t. of th1s e,. _)eriment 

a.re src'-m on )a::� 27. 









27. 

Temperature of thermostat 50 degrees . .:Space velor:� ty varyin6. 

Content of CO in air-gas mixture .978�o Oxidation of CO 99.5�o 

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

brick. $econd 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. 

ITo. 1 No. 2 Iro. 3 

4.4 1-4 

Space velocity 3600. 

Ho • 1 Ho . 2 No . 3 

2.6 2.5 3.2 

Space velocity 4800. 

Ilo . 1 I,o . 2 no. 3 

2.1 2.0 4.0 

no. 4 

1.0 

2.0 

i:o. 4 

2.4 

I1o. 5 

-0.3 

!lo. 5 

2.4 

Ho. 5 

4.6 

These results are shown 5ral)l:ically on the follcwing 

page. The effect of space velocity is quita marKed. llhile within 

the limits of this exoeriment the oxidation was quite satisfactory, 

tr.a maximum temperature rise in both cases other than the standard 

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

mean between the higher and lower space velocities. 

A discussion of tr.e results obtained in the entire in­

vestigation begins on the following page. 
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DI�CUJ::iIOtJ. 

In a study of a �:;, ven pro blcr,1 in whi c!'l the rf>Sul t scu5h.', 

is worked out by a progres�ive va�iation of one condition, it ia, of 

course, always well Wh6n p0ssible to fix other variables so that a 

chang� in exuerimental results will be in terms of one condition 

in question, Tr.us the worlc reco;:ded graphir.ally in the first 4 plates 

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

suitable space velocity anj the lowest temperature at which actual, 

or very nearly, lOO�c oxidation of CO occurs. 

The results shown on plate l 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 ,;hat tre ma:isimum 02,idation 

takes place around the first couuJe, or within the first inch or 

two of the catalyst. 

Passing to plate 2 we see thai; the oxidation of the 

CO approaches 1007c as the temperature :i.s varied betv1een 35 and 60 

degrees. There is very little difference in the oxidation at oO and 

at 60 degrees, and due to the fact that at �0 degrees the monoxide 

is very nearly completely converted to the dioxide, this temperature 

was fixed for subsequent experiments. 

It was to be expected that an increase in space veloc-

ity would mean an increase in temperature witrin the tube and this 

fact is established by data uhown on p�q�ille 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 elevation of temperature is 

doubeled, The oxidation is slightly less for the higher space veloc-

ities, 

In order to gain some idea as to the effect of a change 
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in gas compsoition upon the ·temperature within tbP tube, experiments 

were carried out giving the results shown on plate 4, u1,ing 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 2i 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 first 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 in�ormation 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 the tube. 

The curves on plate 5 present an accentuated example 

of a peculiarity which we can not yet explain. Namely, that in �11 

cases where the catalyst has been diluted the temperature elevation 

reaches constancy only after several minutes (in this case 25 min.) 

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

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

as the catalyst, and in the proportion of 1 to 1. Consideration of 

curve #5 (plate il shows distin�tly the effect of the brick 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-

9ont of completeness of oxidation. In curve #1 the maAi□um o�idation 
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was shifted from the first to the second couple; �s a result it was 

thought feasible to have a dilute mi:xture at the first part of the 

tube and prc�ressively increase it cward the end, in an attempt to 

shift a part of the cxidation toward the far end cf the tube. 

Such an arrano:ement still gave the major part of oxidation to the 

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

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

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

tervals thereafter. Here \'/e realized the dissatisfaction cf such an 

arrangement because of the marked maxima around the second couple, 

Th.e curves stown on plate 7 are oi conditions similar 

to ttcse f if4, 5, 6, and 7 on the preceeding plate, except that a 

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

same. 

Probably �ecause we had been so accustomed to see a 

curve hio:h around couple 1, and since in the curves of plates 6 and 

7 this maximum had been shifted to around couples 2 and 3, we de­

cided to increase tho catalyst concentration around couple 1 thus 

makino: it 3 parts catalyst to 1 part brick. (see plate 8 for complete 

arrano:err.ent). This K'.ave a hi.3h ucint ai,:ain to tte first part of the 

tube with a o:radual decrease towards the other end. In an attempt 

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

that of couple 1, the arran�ement shown in plate 9 was tried. 

Curves 4, 5, and 6, which are the ones truly represen­

tative of this arr n::.:ement sro,·, a distinct ma.>.ir a a.3ain. This 1.1ade 

about the fourth time that in <lifferent arrangements the result h�d 

been sir.ml�• to shift the ri�h temperature ])Oint from couple l to 2 

or to 3 as the case r.,o.y be. '.Phus in our next arn-.ngemant it was de­

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

2. The ccmplete arrangement is shcvm in plate 10, wr.ich is typically
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illustrative of the distinct effect of a slight v�riation in the 

miJ<ture. 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 �cet part, only the heat generated at this point-very little 

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

'rJhile this was encouragin:;, still the curve is far 

from bein15 straight, and accordin3'.ly improver .. ,mt was sou::,ht by cr.ang­

ing the disposition of numbers 2. and 3. from 2 parts catalyst to 1 

of brick, tc 1 of catalyst tc 2 cf brick. (see �late lll 

The results frcr.. this were quite satisfa.ct 0 ry with the e>ception of

the first part, and showed clearly for the 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 neJ<t placed in the first section of 

the tube a 1. tc 1- catalyst-brick miJ<ture. In the third section of 

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

because nu�ber 1. was being decreased, we figured so much more CO 

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

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

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

point; not an abrupt peak. true, but on the whole, givin� a curve 

upon which one might improve. 

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

section seemed to be 3ocd encuih. Similiarly, a ratio of l to 2 

(catalyst, brick) for the second had proved satisfactory. However, 

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

so a 1 to 2 ratio was substituted as shown in plate 13. For fear 

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

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





3i .·· 

Since couple 5 tad always been 101·· � d"d , eneoug1: we i 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 sli3htly lower around 2. Couples 4 and b, of course, 

are a little lower still, but in the whole tube no point was higher 

than ,.6 de�rees after 40 minutes run (see page 2�). It was concluded 

tr.at this arran�ement was quite satisfactory, and could not be im� 

proved uuon, because sc cften a sliJht change produces so marked an 

efrect. The ratio� 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 fixed conditions of temperature and space velocity and 

percent of CO as specified, and undoubtedly would vary with vari&.nce 

of the conditions. The important fact establis:ted, however, is that 

by a study of results brou�rt about by different mi�tures, an arrange­

ment can be developed �hich will give, very nearly, a straight line. 

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

space velocity, temperature and CO content the work graphically 

recorded in plates 14, 15, and 16 v1as carried out. The results show 
- . 

in plate 14 are just as we.re ex?ected. The I:ighest temperature caus-

ed a maxima at this Joint; the medium t�mperature being between 

trese two. This YJla.te also �rows tr.at tr.e cm·ve r.ighest at the first 

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

At this point it mi�r.t be well to note the fact that even 

at 40 degrees the oxi�ation is very good, �r.ich is net congruent 

r,i tr. results obtained in the first few deten,ination ( see plates 2 

ano 3). This is explained, we tr.ink, in tr.at during the first part 

of tr.is work when analyzing a sample after its passage over tr.e 



'1 

..• 

:1"' .. I). .. :{ .' 

' "' 

· . ...,r • I J l i ;rr L 

.. 

. ) 

.J. ' 

,..,i ' .!J ... ) .. 

".:. l. 

f '. 
.., > 

L 

I \ . , :' 

r ::; .; .., -:.. ) .. ,. 

. -; .' 

J/ 

,\ 

->· • • 



33. 

catalyst , we failed to �omplctely clean cut the calcium chloride 

anQ phcsphorus pentoxide tu�eP by draining an air current thrµ for 

a sufficient length of time. ThuJ if an analysis had been made from 

the CO-air storage ta�k and �ollo:,eA b·, 1 · 
f � - ,, J an ana ys1s o gas a�ter

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

the catalyst would re�ister a li�tle less than it really was, �e 

conclude, then, tr.at in many cases the oxidation was really better 

than that recorcled. 

The results vii th varia tion of gas composition as shown 

in plate 15 are in line with logical prediction; a hi3her CO content 

acting analogously to those of pl&te 4, the lessened effect being 

due to t�e catalyst arrangement . 

The suace velccity �as varied as shown in plate 16, 

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

oxidation in ti:e first ·oart of the tube, and a· high space 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 some work on the effect 

of moisture ©n Hopcolite. (Jour. _'.l,mer. Chem. �oc, �pril 1922.) They 
worked 111i th a gas containing: 50 mm. water. They have shown tr.at 

moist CO-air-F. miYtures require mucr. higher temperatures for ox-
2 

idation than if the moisture �ere absent. Too, it may be noticed that 
if tr.e S".lace velocity is plotted a.=sainst tte temperature at which 

lOO�L oxidation occurs (data p 747, 1922 Jour,) a very nearly straight 

line is obtained, which tends to flatten slightly at :ti5h (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 t:re bat:t in order to secure 100�. o:xidation. In our disquisition 

we filled tte tube with catalyst without dilution and used a CO-air 

mi> ture containing 4, mm. water, w:tich of course. is conveniently

had by bubblini the gas thru an ice-tower. J<'irst however, we made a 





run of the gas thru t�e usual dTying proce�s and noted the curvfi. 

Then we switched the gas current !rom the drying towers to the ice­

water t-::wer. Tte resu.1 t w2.fl insientaneous. 'Ih·3 galvanometer deflection 

immediately dropped consiacrable, �nd an �nalysis of a sample shewed, 

that the oxidation had fallen �orrespo�din5ly lcw. In order to ascer­

tain at what temperature the catalyst woule function efficiently un­

der these conditions, the �emperature of the bath was raised from 50 

degrees to 7G 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 rlropped while the flow of gas ccntinued. Oxidation remained 

complete until 65 rle,'7,rees was reacr.ed, at which temperature it de­

creased witr. the cooling of tr.e bath. 

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

that moisture simply necessitates a hi�her temperature of the bath; 

that when the bath is hot eneough 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 wr:ich will evenly distribute the temperature 

wittin the catalyst tube. 

COI!CLU.:,IOH::,, 

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 2%, using 

pure catalyst, the maximum temuerature rise within the catalyst tube 

ap·:iroaches very closely the point at which oxidation of hydrogen be-

sins. 





2,. •t '& s:,<"nT1 t-r...,r,. ;:;i.,e:n J. c.eL.nite set of cond::.tion--:

the catalys� may be ctllutej, �,rl � •rrarge�, as t, maintain a prac­

tically unifcrm dist�ibut:J� of tHmper�ture ris� thruout the cat­

alyst tube. 

�. �ater vapor utis0ns the cata�yst and necessitates 

a hi-ther terpcrature cf the trenr.osts.-t; for complete oxidation, with­

out necessitatin3 a re-arrange�ent of the �atalyst 1n order to main­

tain an even distribution of temperature rise within the catalyst 

tube. 
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