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COMPLETE SPECIFICATION
Control of Chemical Reactions

‘We, Houoey Pracess UorrParaTion, af
19, Dover Green, Tlaver, Delaware, United
Ntates of America, a corporgiion duly
organized and exisbing under the laws of
the State of Delawars, United States of
America, (assigness of Iiuemrvm JULEs
Hovpry) do hereby declare the naturc of
this inveodion and in what manner the
same is to be performed, to be particn-
larly deseribad and ascertained in and by
the following statement:;—

The present addition has as object
certain means for uiilizing the inveniion
deseribed in the Specifieation of the
principal patent No. 449,050 and in the
Speoifications of Applicationa for Palexts
of Addition, viz., Nos. 456,001, 567536,
470,976 axd b674 /36 (Serial No. 470,977).
 This invention relates io chemical re-
aclions, beth endethermic and exother-
mic, which involve the use of conlash
masses,  The lattcr may be ebsorbent,
adsorbent, mere spreading material, or
enter chemically into the reaction, More
particularly, the invention has to do with
reactions whick are sirougly exothermic,
such, for example, as the catalytic
synthesis of ammonia, preduction of
sulphur trioxide in the mentfacture of
sulphurie acid, the regemeration or ro-
astivation by oxidation of contect masses
eontaminated by coky and tarry deposits
after use in the treatmant or eonversion
of mineral oils, sfo. The invention
invalves both proeess and apparatus
aspents, )

One object of the invention iz o
contral the temperatirve of the reaction
in a uniform mannecr all through the von-
tact mass s0 as fo mainialn the same
withizn a predetermined temperature
range. ~ Another abject is #n removs ths
heat at a repid rate and in large amonnt.
Another thiect is fo sprepd ar disperse
the reactant Huids all through the contact
masd. S0l woother object is fo provide
suitable apparatus for realizing the above
results, . C -

The invention involves supplying ihe
reaciant fluids to the converter at & femn-
perature or temperatures within or near
the reaction range, so that the reaction
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will begin and be continued ub practicelly
the same rate withowt possibility of
intarruption, and passing 2 fluid in a
lurality of streams through the mass
ip, inbtimsaie but indirest heat exchange
with the latter. By °‘indirect Leat
ezchange ** iz meant an exchange
effected thromgh an intervening wall and
across & QAseous SPACE.
supply heat to The reaction if endothermic,

- and, when exothermie, i} is utilized to re-

move the generated heat or any undesired
or exeess park of the seme. By preference
distribution of reactanis and removal o
products iz effected substantislly uni-
formly all through the masm by iwo
series of apertured elements embedded in
the mass in symmelrical arrangement
after the manner disclosed in our British
Patent No. 414,779, dated May id, 1932,
and the independent heat cxchange fuid
may be dirculated {hrough tke interior of
the serics of clereents which remove the
regelion. products -without inferfering
with sueh function, as disclosed in the
Bpecification of Houdry Process Corpora-
tion, Mo, 449,060, Suitable heaf con-
ducting meunz are provided within the
contact mass tn effect rapid movement of
heat between the mass and the circulated
heat exchange medium, such means may
be of {he kind described in omr prior
Specification No, 430,174, Sneh megng
are preferably in the form  of fns
radiating from the elements of the outlet
series, These fins control to a large
exlent the disparsion and movement of
the reactant fluids and the reaclion pro-
ducts as well as the movement of heat,
In ore modification of the invention, they
even combine or. enoperate fo  form
elements of tha other conduit series.

The apparatus.of this invention and all
embodinients thereof illusiraled in the
drawing, provide for conducting all or
substantially 21! of the heat 0 be trans.
ferred to or from the chanuels or outlet

The fuid way

471,930

0Ty

55

60

()

%

80

85

90

85

corduits, which surround and are in 100

spaced relation with the duets for the
passage of heat exchange fluid. This
provision for iransfar of all or subslen-
tially all of the heat to the sonduits of
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ene proup ouly (or chanmel members

equivalent thereto) so that no substantial

or large amounis of heat are trousferred

from or to locoming reactants or

5 regenerating medium, is an essential

aspeet of the apparatns of fhis invention.

Also the eonstruction which provides for

cireulaling heat exchange flmid within

and through the bed of catalyst or mass

10 so that a free space is provided bebween

the ducts carrying the same and the sur-

rounding bed of mass, through which a

fluid such as outgoing geseous producis of

reaotion may be passed or not, as desired,

15 is also an important aspeet of this inven-
tion.

In order to illusirate the invention and
the manner of its unse, refarence will now
be kad to the accompanying drawings, in
which :—

Fir. 1 is a vertical sectional view of a
converter, tha fing on one of the series of
conduits being omitted for the sake of
clearness;
a5  Wig. 2 13 a transverse sectivnsl view on
an enlarped seale of the interior of the
converter suhstantially on the line 2—2 of
Fig. 1; C

i‘ig. 3 is = fransverse sectiomel view
similar f0 Fig. 2, omitting the eantacl
mass and showing a wodification. :in
which the fins enoperate {o form are- of
the series of conduits; :

Fig. 4 is a greatly enlarged sectionsal
view showing a shiding joint between the
interengaging fing on two of the ronduits
shown In Fig. 3; and :

Fig. 5 15 a Iregmentary
sectlonal view of the lower end of a con-
verter sach as showa in Fig. 1, illus-
trating the assembly of the modification
shown In Figs. 8 and 4.

The converier shown in Fig. 1 1s made
up of an nuter casing or shell 6 having a
45 detachable eover 6a, the entire exterior

being wultably protected against heat
losses as by u thick layer of hest
insulating material 7. The interior of
the converter is divided by upper and
50 lower partitions or flue sheets 8 and 9 into
a large central reaction chamnber A and
upper and lower end or manifulding
chambers B and . Mounted upon the
flua sheets so as to extend acrosy reaetion
55 chamher A from opposite sides’-in
parallelism and in symmetrical arrange-
ment are two series of elements D and E
adupted for wniferm distribution of
reactant fluids and removal of reaction
g0 products within and throyghout a contact
mass M substantially filling the resction
chamber A. Ir the form shown,
perforated conduits D of one series are
mounted in and extend somewhat ahove
g5 wupper flue sheet 8§ to clffieet communication

80
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between reaction chamber A and upper
manifolding chamber B. while elements

It of the other seriezs are mounted in
lower fiue sheet 9 to effect communication
between renetion chamber A and lower 70
munifolding chamber C,  Elemenis D
are of the single couduail iype, bub are
arranged to enclose heut ex.c}fange mem-
hers as will ba later deseribed. Suifable
means will he nsed to keep mass M from %5
beneath clements D in order that they may
ba free tn expand or lengihen under lem-
perature changes bui, for clearness, such
means gre not shown since they form no
part of the presen! invention., Elements
E are of the nested eonduit type such as
diselosed in the aforesaid British patent
Xo. 414,779, and comprise an outer
perforated member 10 having upper and
lower closed ends contained wholly within 85
reaction chamber A and an ihner conduit

11 which extends through flue sheet 9 and

to o point adjacent the Larther closed end

of conduit 10. Inner memher 11 serves

as tha snle means of communicafion be- 90
tween the interior of member 10 and
manifolding ehamber .

-Into the wupper vpen end of eaeh of
conduits Tf extends a heat exchange mem-
ber inthe form of an imperforate conduit
12 which encluses an inner supply condnit

80

b3

13, the heat exchunge wember extending

stibstantizlly the full lenpth of mewmber
1 .in gpaced felescaped relation, Earh
heat exchange member extends hayond s 100
corresponding element D and conduits 12
connect with the oufer member 14 of &
nested manifold T, the inner or supply
conduit 13 of which iz connected in the
inner supply conduits 13 of each of the 105
heal exchange members. There may he
a series of snch nested manifolds F
having a tramsverse supply maizn 16 cou-
nected fo inner supply membhers 15 and
an outlel main 17 conneeted with the 110
outer members 14. The connecfions lead-
ing from mains 16 and 17, such as 174,
te the exterior of the converter are pre-
ferably arranged with a detachable joint
such as 17D for converient assembly and 115
digassombly of the converter. The outer
conduits 12 of the heat exchange mem-
beis may have stops 18 thereon fo scrve as
vovers or closures for the upper open ends
of élements D and to limit the projection 190
of the heat exchange membhers within
sich elements. The defails of the heat
exchange system and the manifolding
arrangement therefor iy more fully dis-
closed in the ecopending British applica- 185
tion of Hondry Process Corporation, No.
5678, filed 25th February, 1936 (Scrial
No. 470,57¢).

To insure the desired degree of heat
transfer between elements D enclosing 130
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the heat exc}iaug‘e members 12, 18 and
eontact mass M, heat conducling members
or fine radiate from members D out into

the mass, as clearly indicated in Fig. 2,

5 to provide a multiplicity of heat con-
ducting chonnels all throngh the mass,
such fing being -omitted from Fig. 1 for
tke sake of clearness. In fhe form shown,
elaments
10 straight axially disposed fing 19 la
symmetrieal arrangement 90°  apari.
Mternating with {ins 19 are other straight
fing 20 having trausverse cuber ends 208
with diverging or faring cxicusicos or
15 wings 20c so arranged as to substantially
enuﬁsse, in a rather clogely spaced manner,
the plain of noo-fiuned cuter conduwifs 10}
of clements D. As shown in Fig. 2, the
fins form o -uniforma pattern of heat
20 conducting elements radiating into mass
M sa as to conduct heut efther toward or
frem elements I depending upon whether
the fluld eiroulated in the heat exchange
members 12, 13 is at & higher or lower
temperature than that of the contact mass
M. The form and arrangement of fins 20
is such as to mgke the exchange of Leut
very elfective in these portions of the mass
which immediately surround conduits 10
30 of elements BE. By preferenve, {he ports

in conduits 10 are suhstaniially opposite

]

the center of outer portioms 205, 20e of

firs 20, while the ports in elements D are

intermediats the fing of the series 18 and
85 20 so that the movement of fAuid between
elements D and B is bafled and directed
so 23 to be spread ag ueifermly as possible
throughent contant mass M,

Pigs. 8, 4 and 5 show a moedification
providing & simplified construction in
which Mz fins radiating from elements
Da are uitlized to form $he outer conduity
of elements Ea corresponding o conduits
10 of Figs. 1 and 2. A= indicated in Fig.
45 8, the sfreight fins 19a and 20z are sub-

stantially the same as in Fig. 2, with the
exception that they are slhighily longer
and  the +ransverse outwardly fared
porilon 204 on fins e iz circular,

10

50 although €his aha¥e may be varied. Parts

20d eooperate to form the outer conduils
of series Ba. For thiz purpose, Lthe cnds
of outwardly flared portions 204 may
merely abub, or interfit, or interlock, as
55 may be desired. One arrangement which
is satisfactory is disclosed in enlarged
detail in Tig. 4, where the reduced end 21
of one member 204 is shown as received
within an elongate slot or racess formed
60 by the forked end 22 of an adjscent part
24 on the next element D}z, Any suli-
able porting arrangement may be pro-
vided. ~If parts 204 arc in abntiing rela-
tion, the purts may be provided by notehes
§5 in one or both of the abuiting edges.

D are aPl_rDVidEd with four’

Whan inferfitting or interlocking joints
arc provided, as shown in Figs. 4 and 4,
ports may be provided in he weh parts
20d preferably adjacent the joiut and
slanting in the direction of the same, as 70
indicated ab 23 in Fig, 4. .
Ingsmuch as the eloments I of Fig. 1
and D of Fig. 5 musl not contaet lower
tuba shest 9 or 9a in order that there mey
be space for exzpansion, it iz necessary 7o
thet o somewhnt different structural
arrangement from lhak shown in ¥ig, 1
ba providsd for the members Da with
interlocking fins diaclosed in the modifica-
tion in Wige, 8, 4 and B, Such ar arrange- 80
ment is illustraied in Fig. 5, wherein
inner conduits 1im are provided with or
extend - through - conical members or
bosses 25 mounted in or on lower tube
sheets 9a, such busses to felescope with a 85
sliding fit within the lower ends of the
inferenpaging fin parts 204 which muke
np the ocvter eondnits of elements Ha.
Thig eonstruetion lends itself readily to
gssembly and disessembly of the son-
verter. Inner conduiis 1le, wilh Losses
25, are meunted on lower tubé sheei 2 or
B¢, whilc the elements Do, with inter-
enpaging fin members forming the oufer
ponduits Fa, will be mounted uwpon the
upper fube sheet. Tha upper tube sheet,
with the conduits Do assembled thereon,
will then be lowered through the vpen top
of the converter with the interengaging .
fin members D telescoping over the 100
inner conduits 1lg and finally engaging
conical bosses 20 when the upper tube
gheet is in place. The heat ezchange
system will then he lowered through the
open end of the converfer with the mam- 105
bers 12. 13 extending within the upper
open ends of eonduit seiies D or Pa, and,
after the comnections have been 1made,
cover Gg will thereafter be secured in
place ta complete the assembly of the 130
converter,. © - . .
When the resction taking place wilkin
chamber A is strongly esothermic, the
reactants will ‘be atimitted fo manifold-
ing chamber C 4t a lewperature within 115
the range of the reaction or slightly
therehelow. ~+ The reactants pass " up
through inacr tubes 11 or 1lla without
substantial Leal exchange with contact
mass M hefore passing into outer conduils 180
10 of Wigs. 1 and 2, or Ea of Figs, 8 and
5, to be uniformly distributed throughout
the muass. The reaction products pass
from the mass into the ports of the nearest
elements D or Da and over the vuber 195
imperforste conduits 12 of the heat
exchange elements thersin, giving up
gome of the heaf of the reaction te the
latter. Tn the mesubime, the fin series
19, 20 and 194, 206 conduct heal from all 130

90

95
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portions of the mass hack fo elements D
or Da, whenee it is transmitted largely by
rediation and, to a lass extent, by
convection, to the heat exchange medinm
5 in members 12, 13. TLe cireculafed heat
exchange meadium may be a gas, but is
preferably @ liguid such 23 water
mercury, diphenyl, or the like, cireulated
nuder pressure. The disclosed arrange-
10 ment of fing, in combination with the
fluid heat exchangs system, permits the
removal of ull beat in cxeess of that
necessary to malnfain the reaction, By
adjusting the speed of the circulation und
15 the cotering temperature of the fluid, the
temperature of the entire contact mass
may be regulated to &  nicety and
transitions in temperature of the endire
mass can he effecied nuickly und wuni-
20 formly. .
TWhen the reaction is endethermio, the
movement of reartants through the muass
ey Lo in the same direction as above
deseribed or in the opposite direction. If
in the opposite direction, the rcaetants
will he admitted to manifolding chamber
B. be digtribmted by elements D or Da
all through the mass, and leave through
elements E or Eg. The heal exchange
80 medinm ean then be utilized in the same
or in reverse flow to impart any desired
degree of heat to the reactants. If the
reactanis pass, before catering the mass,
aver manifolds ¥ and the conuections
g5 thereto in manifolding chamber B and
vver vuler imperforate conduits 12 of the
heat exchunge members which are dis-
posed within elemenis D and Da, they
will earry some of fhe heat from the heat
exchange medinm by convection iniu the
taass, In either case, however, heat will
ba distributed vr spread {hrough the mass
by radistion from conduits 12 to clements
D apd Dz and thence conducted by fins
45 19, 20 and 19a, 20e uniformly all through
the mass. Thus the requisite beat o hold
tha contact mass af {he reaction jempera~
ture iz supplied direetly bo the mass by
tke Lins and the heat exchange syslem,
50 and superheating of the resctants prior
to admission to the converfer with the
attendant disadvantages can be greatly
minimiged, or entiraly avoided when the
reactants arc charged into mamifolding
k% chamber . : '
To reduce heat exchunge by radiation
between upper fiue sheet 3 and manifolds
T* of the heat eschange system, suitable
baflingy means may be provided such as a
removable bafile sheet 27 (Fig. 1). This
and ¢lher bafling arrangements ave dis-
closed and claimed in the copending
British application of Heudry Proecess
Corporation, No. 5674, filed TFehruary
B5 25, 1936 (Serial No. 470,977).

25

40

60

The present Inveniion differs in &
number of respects Irom a eompanion
invention disclosed in the British Speci-
fication. of Houdry Process Corporalion,
Ko. 456,001, filed Jannary 27, 1936, An 70
importani difference lies in supplying in
the present cass the reanctants for mn
exothermic reaction at subslantizlly the
temperature of the reaction and in extract-
ing the excess heal of the reaction by the 75
jﬂaependent heat exchange wmedium
alone, and in apparatus for carrying out
this process. The said copending applica-
iion hes fins en the condnits of hoth
groups, arcenged 8o as to withdraw o 3G
desiTed percentuge of the heat of reaction
by the incoming reaciants or regenerating
Quid and the halance hy the heat
exchauge fluid; whereas the npparatus of
the present applicativn, as lJustraled in 83
Vig, 2 of the drawing, has fins enly on
the outlet conduifs or chanmels within
which, and oat of heal condueting
relationship therewith, an luner conduif
is shown for passage of heat exchange 90
medium, Figs. 3, 4 and 5 of the present
invention also show 3 fin srrangement
whereby all of the heal developed in the
reaction may he conducted to the outles
comduits, the fing being so constructed 95
that their vuler cxtending portions form
the cuter duct or wmcmbers of inlet
conduits whith are inferspersed there-
with.

The converter wmay he monnted,
assembled and operated in any desired
positivn, as vertically, horisculally or
obliquely. To reduce dumege to a con-
taet mass from the movement of the
conduits due to temperatura changes,
especially when the mass is in hits or
molded pleves, the converter shown in
Fig. 1 may be inverfed. The invention is
06 be considerad as covering the above and
all other ohanges, modifications and 119
adaplalions within {he scope of the
appended clalms.

- Having now particularly described and
asecrtained the nature of our said inven-
{ion and in whal manner the same is to 113
be performed, we deelare fthat what wo
claim da:—

1. Process of controlling chemical
reactions in a eouverfer having a largs
and: deep mass of contaect or cadalytic 120
material in the reaction chamber und & ° ~
heat exchange fluid passed in a plurality
of streams within and through the mass
in indirect heal exchonge with the zame
in aceordance with the priucipal pateni 125
and said patents of addition, characterized
by fceding reaetant fluid to the mass at
subsiantially the femperature of the ve-
achion and utilizing heot econducting
chavuels disposed in all parts of the mass 130

100

108
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to disperse or oollect beat for transfer by
radiation to or from the heat exchange

fluid. .
2. Process according to claim 1, further
5 chargoterized by directing s major part
of the croess heat of an excthermie 1e-
uslion by radiation from said channels
and o minor part of such heat by
convection tu the stream of heat exchangs
10 Auid, the cenvection transfer being
effected by passing the reaction producls
leaving the masa over the streams and be-

. fween the latter and the mass.
Process aceerding to elaims 1 or 2,
15 further characterized during {he re-
generation of a bed of calalytic malerial
contaminated with combuetible deposits
by the use of an oxygen-containing gas or
during an exothermic reaciion in the
20 presence of such o bed of material, by
feeding reactant fuid or regenerating
medinm to the bed of material subsian-
tially ot the desired reaction lemperafure
and removing all or substantially all of
2% the exelbermic heat developad with a
heat exchange or cooling fiuid send
within and through the bed of maberial
in_ & plurality of streamg held in spaced
relation with the hed to provide passages
30 therearvund, and eireulating gaseous
productz through said passages or nol, as
desired, to effect heat fransfer to said heat
exchange fiuid by rediation and comvec-
tion er -suhstantia{ly completely by radia-
84 ton.

4, Oonverter for effecling exolhermic
and endothermie reactions having a To-
actlon chamber with a contast mass
therain, one or more aperfured inlel

40 conduits for reactants and ome or more
aperbured outiet condunits for reaction
producie ecmbedded in the mass and
eans associnted with {be oullet conduite
for passing an independent ¢ooling or

4% heating medinm > therethrough out of
direc} vontact with tha mass, secording to
the principal patent and soid patents of
addition and according io the preceding
claims characterized by means for con-

50 dueting heat between the said ouflet

conduil or conduits and all parts of the-

nass.
5. Converter according te clalm 4,
fucther characterized in that the heat
55 conducting meaus are proportiomed and
arranged to eonduct substantially all of
the undesirable or ezeess heat of an
excthermic reaetion fo the outlet conduits
for absorption by the independent heat
80 sxchanpge medium.

6. Converber aeccording tv elaim 4
andfor elaim 8, further characterized in
that the heat conduecting means eomprise
fins radiating from the outlet conduits,
the fihs presenting a larpe surface area 65
and el least certain of them partly sur-
rounding the inled vonduits.

7. Couverter according to clalm 8,
further characterized in that straight fins

-alternate with the larger fing having oul- 70
wardly flaring portions afilized to baflle
and disperse fhrough the muss fluids

igsuing from the inlet conduits,

8. Converter ascording to olaim 6, -
further charasterized in that certain of 7
the #ng interoonnect individual conduibs
of the inlet and ocuilet series.

9. Oanverter for chemical roactions
providing @ reaction chamber for con-
taining a contact mass and perforated 80
eonduits extending into said chambher for
admission oy egress of Huid according fo
the principal patent and said patents of
addition &rﬁh er characterized by means
including elongate arcuate members with 85
interengaging sides attached to said
conduits to form other and indepsndent
conduits for egress or admission of fduid.

10. Converter according lo elahn 8,
furthar characterized in that the conduits 90
are symmsirieally arranged iIn the re-
action chaznber with the elongale arcuate
msmbers attached to the first conduits by
spaoing webs or fins,

11. Converter according fo claim 10, 85
further eharacterized in that straight fins
project from the first conduwilts in
gymmetrical alternation with those cazry-
ing the slongate arcunate members, '

%2. Converter according to  the
principal pstent with disposition and
arrangement of condgils, cerlain of which
have fins, substantially as described and
shown in Figs. 1 and 2.

13, OQonverter = according to  ths 10p
principal patent with two series of infer-
connected  pondulis substantially as
deserihed and shown in Figs. 3 and b.

14. Apertured eonduits ancording to the

rincipal patent with fins radiating thare- 110

m and with flaring ends adapted to
interangage to form other conduifs sub-
stantially as deseribed and shown in Pigs.
3and 4. -

Dated the 13th day of March, 1038,
WM. BROOKES & 50N,
Ne. 1, Quality Court, Chancery Lane,
London, W.C.2,
(Chartered Patent Agents.

100

Leamington &pa: Printed for Hiz Majesty’s Btationery Ofice, by the Cuourier Press,—1887.
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