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7 PATENT SPECIFICATION.

Convention Date. { United States) : June 4, 1935.

 GOMPLETE SPECIFICATION.
_Operation of Catalytic Converters.

We, Hotnry TProcrss CORPORATION, of
19, Diover Green, - Dover, Delaware,
United States of Amorica, s aorporation
duly organized- and exieling umder the
laws of the- Stabe of Delaware; United
Sbates of Americs éassiﬂneea'of EuGENE
JuirEs IHoopry an 'Homss DBATNWIN
Pricurn), do heral;ly declara the nabure
of this invention axd in.what mannar the
same is to be performed, to bo partioularly
deseribed ond ascertained .in and by the
following stutemend.— - ’

The present additdonr has as Iits_ ohjech.

the further utilization of the mvenfion

described in the principsl ~patent No.~

449,060 and additions - theréto, via,
patent No. 466,001  and “appHeation Jor
patent Mo, 7685/36 (Seriul No. 471,030).

This invenfion velabtes to btemperature
pontrol of reaclion wvessels. It is more
partieularly concerned with eontrelling

the temperature of portions of & fenetion-

chamber o zone containing a conbuch muss
which may promobe, cuter inbo, or in any
way ansish chemieal transfurnations.  The
inventivn, is especially directed toward
converters hauving operative eyeles eom.-

prising alternate perivds of exobheymic

and cndothermic reactions or. sllornate
periods on-stream and in regeneration.
One object of the imvention. fs to hold
a wall of the reaction chamber at subsian-
tially constant temperabure dwring both
perivdy of the cperative cycle, -thereby to
prevent adjacent portions of the bed of
contact  mass

or over-heated. Amnother object is to pre-
venb large internal stresses in the wall and
other pertions of tha converter and warp-
age or deformation cansed by -such
stresses.  Still another object Is fo main-
tain those porbions of the vonlaet maks
adfacont the chamber wall ab resetion
‘temperature duricg the exothermic phase
of tha operative cycle, as well as dnring
the endothermic phase thereol. S@ll fur.
ther objeets will be apparent lfrom the
detailed discussion which follows, In

carrying these objecls Intn effect it is.

necessgry to remove lurge quantifies of
Ticat. from the bed of cahalyst or contact
{Price 1}-]

or eatalyst within the -
reaction chamber frém being over-cuoled

mags during the excthermic portion of the
eyele of operation, and possibly fo add
substantis]l _guantities of heat thereto
duririg the endothermic portivn {hereof.
An advantageous method of and appar-
atue for effecting this sddition or removal
of heat are described uod illustrated in
the Spocifiestion .-of the said . principal
Tatert showing. heab exchange means
‘mbedded 'in the confuct mass and distri-
buted * throughout the same for cffesting
‘uxehange of large quantities of heat while
maintaining the tempereture threngheut
- the depth.and cross-section of the bed sub-
shantially uniform. Siove the praghical
Tse of the prasemt invention necessilates
" the remiovel ob addition . of large quan-
titfas of hest, fhis invention has practical
utility. only i connection with such a
process of heat framsfer and has special
_advantage in conngetion with sach a pro-
casa of (and apperabus for) heat exchange
Bs 1s taught in the specificalion of the
“aforeseid principal Latent, of which the
present inventibe -is an improvement aor
modifieation. )

In onc form of converber to which the
invention is divected the fluld reactants
for each peried of the vperntion cyele are
admitted to a manifolding chamber or

" gume in contignity with the reaclion

‘chamber or -zone and separated from the
latter by z perforated partition extending
govoss the converter. The reactants fthem
puss through thé partition sud inbo the
roass. Y desited, they may be distri-
buted throtighout the-depth snd eross see-
“tion of the mass by any suifeble means, in-
“elnding perforsted . conduits such as dis-
closed and claimed in our prior Patent
Na. 414,779, dated May 14, 1932,

The temperatures of those portions of
the converter shell bounding the mani-
folding .chamber smd of the faca of the
perforabed partition toward that chamber
clossly follow the temperature of fepids
contacting them. The temperature of

_ the contach miuss adjacent the partition or

tube sheshk also tends to follow the tem-
perature of fluids admitted to the mani-
“talding zones, though less elogsly than the
tube sheet itself. u%hc temperatura of the

| 271,931
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main body of the combach mass iz con-
trolled fo some exbent by the temperature
of entering reactsnts, but tends to go up

or down with exothermic or endothermic .

reactions, respectively, ths amount of
temperature vaviation depending ou the
Intensity of these reoctions sand the rate
wb whick heat can be supplied te or re:
moved from the mase. Those portions of
the ecanverter forming the reaction charu-
ber very in temperature with the contaed
mass. In instances whers the reactions
effected in the premence of the contuct
mass are sbrongly endothermic or exo-
thermic in character, the temperature of
the mass may ba conteolled by supplylng
heat thereto or rvemoving heat therefrom
ws by eirealuting one or move streams of
fluid in heat exchange relation with the
mass as indicated for exemple in tho
speeiticntion of the sald principal Patent
No. 440,080, of which the present appli-
cationn 8 a medification ar  further
davelapment.

The walls of the manifolding chamber

dir s converter operating in an  endo-

thermic fransformation at elevated tom.
verature aseume approximatcly the tem-
perature of the eutering reactants. When
lower temperature fluld vesetants for o
subsequent ewothermic reaction al the
same o a higher temperoature sre admitted
to the munifolding chamber the wall
femperatures of tha latfer dvop sharply
toward the temperature of {lese fuids
while the temperaturc of the moss adja-
cent  the maniiolding chamber drops
slowly or, in some instances, may cven
rise.  Thus, portions of the converter
eommen to the menifolding and reaction
chamnbers, as for exzample, the pevfarated
partition and ths converter walls, arve
subjected to intermal stresses, caused by
unequal rales of econtraction within them.
selves or even opposed contraction and
expansior.  In  some ingtenees, these
stresses hecomac high epcugh to cause

.deformetion of worpage of these portions

of the eonverter. It is evident that when

_the fransitiom s from exothermic fo endo:

thermie reactions unequal and non-com:
Densating iwies of expansion and ocon-
traction also tend to produca warpnge of
the converter strunture, Stiffening or sup-

.porting members arc sometimes provided

for the perlovaled partition, pavtienlarly
when the latter supports the weight of the
vontact mass andfar a sevies ui fluid dis-
fributing members. In such instances,
the tendcucies of the parkition to doform
wilh changes in teraperaturc of fuids
entering the emverter ore intensified, The
supperting members themselves ara auh-
ject to deformation and/or puiling loose
from their supporting = fastemings with

“addition {0 {le

these temporsiure chiunges.

These problems or diffieulties are in
addition to the equally or niore acrivus
problems of kecping the bed of contact
wggs  ab substantially uniform tempara-
ture throughoub every portion thercof,
and espacially adjacent the tube sheet or
sheets, so thet Lhe bed of mass will be
uniformly regenerated during the e-
genieration period and eaeh porfion thers-
of will possess uniform secliviby during
the on-streanm: or rveaction period. This
latter problem is espeelally diffienli to
snhve satiefactorily where vesclunis are
supplicd ab # femperature substantially
ahove the reaction temperatnre desired
during the endeothermic portion of the
oyele of eperation to supply lwut absorbed
in the prueess and where tha other
weactants o regenerating medinm  are
supphied at a femperature mch below
that desired in {he miss during the exo-
therinie reaslion.

The present invention avoids this Jiffi-
eulty and correets the undesizsble tem.
peratnre eemditions by condrel of the tem-

85

pucgbure of the reactions, ia. by feeding .

Huid reactants for each peried of the uper-

ation eyele te the converter 8t or near the

some  lempérature, and removing heat
frora or supplying heat ta the bed of ranss
by 2 separste heat exchange wedium in
the manner disclosed In our aforesaid
patent, of which this is an addition or
uicdification. The veaetants for the endo-

thermic resctiom are heated lo veuction
and .

temperature  or  slighily above
adwitted to the manifolding chamber and

thence to the contast mass and for the

snbsequent  exothermie reaction the re-
actanly are healed to the extent necessary
to maintain the walls of the meniolding
chamber at & substentially constant tem-

.Peraturs, thug aveiding rapid and exten-

sive chunges in temperatura of these
tions of the econverter structurs
respect to other portions thereof. In
above funetion, the
heated reactanis for the evothermis re-
action perfod perform the furlber impor.
tant funefion of maintaining the mass

por-
with

adjacent  ihe perforsted partition at a

temnpersture level move nearly eoinecident
with that of the main body of the mass,

One application of the invention is in
the utilization of a contact mass aHcer-
ngtely in transformation ov frestment of
hydrocarbons at one temperature Ileval,
527 T50 to 900° ¥, and in repeneration ab
g6 higher temperature, as at 900 (o 1100°
F. According to this iuveution the
hydrocarhens  are usually heated
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slightly above reeclion temperature, as to -

7T0° o 825° F., and fed to tha converlor
dirving o transformation pevied. In the
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subsequent regenevghion, the regenerating
medium, as for example, o stream of
oxyges, bearing fluid, snsh as air or 4 mix-
ture of nir and inext gaseous dilfents, is

heatzd in sny desirable memner o bring

it within or nesr the fompersture of the
stream of hydrocarbong, as fo 750° tg
850 F. The inlet temperubture of the
regenerating medium . is determined by
the desired tompeveturs_for the walls of
the manifolding chamber, cspocially the
perforated partition. - Following a hydro-
carbon translormation effected at subshan-
tially £A25° F., and during & regencrabion
at shout 3050° F., an inlef temperature
of the regenerating medium of approxi-
mately 800° F: holds the perbition ab snb-

stantially 825° F.  Any lowering of the.

temperafure of the partition has the dele-
tierious effeet of temﬁng to. cheelr or rebard
the rabe of regeneration of the mass whish
it adjacent the pwtilion, thus tending o
esuge non-uniformity of regeneration
throughoui various portions of the bed of
contach rmass.

Coperete embodiments of the Invenbion
wre digseloged in the gepompanying draw-

ings, in which Fig. 1 is an jllusfration of.

one form of the Invention showing .o pre-
forred form of the converter in sechion.
Fig. 2 iz a diagrammiade representation
of a modified form of the invention, and
Tp, 3 is a diagram representing e - ghill
different modiication. . )

In Fig. 1 vconverter X - preferably
coverad with suitable heat  insulating
metorial such as Iagging 4 is divided into
end manilolding chambers A and B ard
centrally located reaction chambers ¢ by
perforated partitions or flur sheets 5 amd
6. Fluid reactants for either exothermic
gr cudotheymio resotions supplied zelec-
tively by valved lines 17 or 22 pass
through fee 18 to enfer manifolding
chaanber A ond ate disteibuted umiformly
throughout the depth snd cross sention of
nonkact mass M dispescd o renction
chamber C by a serfes of nesbed distri-
buting members o perforated conduibs 7
while fluid reactlon products are -simul-
taneousky wvented from a pluslily of
puinbe i mese M into a series of perfor-
ated outlet conduits 8, substantially as
deseribed in the aforesaid. British Pabentd
No, 414779, Mass M may be ol any
known vk desired type capable of effect-

ing the trumsformetion or irestment of the

starting material but iz proferably in the
form of bits, fragments, or molded pieces
for regencration in place and when wtilized
in the transformation of hydrocarhons may
eomform te those discloged I our prior
Patcnt Ho. 416,025, dated March 28, 1982,
and in the specification of our copending
Patent Application No. 20,124, filed July

20, 1936 (Serial No. 478,216). In the co-
pending  application, lash  mentionad,
Hlusfrative cabalysis or confect mmsses
‘are deserived which may be composed of
gilicious mmaterials or blends of asilics snd
gluming, whather of nabursl origin or
grétfleially prepared (for example a blend
of silica, and alumina in which the weighd
ratio of silivs to alumine is of the order
of 4:1), which have present therein a
small proportion (19 or 1.5%, more or
less) of & mefalliferons oxidation pro-

. ofer, exemplary of which arc metals or

mefnl  componnds of nickel, . copper,
cobalt, | chromivm, iron and manganese.
The catalytic mass may be mclded into
pieces of regular sive und shape having a
pencteation depth of the order of I mm.;
for exsmple, & may bs molded indo
eylindrical “pellets baving w dismocler of
tha order of 2 mm. The fuid resction
produets arve discharged inbo menifolding
chember B and thenca indo tee 11 o enter
valved line 12 or valved line 13. Nested
ermduits 9 and Oe embedded in mnss M
serve to conduet g phrality of streams of
cooling or heating fluids by raversed fow
in heat exchange relalion with mass M to

remove heafi-from %he latter during the

exothermic reaction.peried andfor to sup-
ply hest {0 mess M during the endo-
thermic- reaction pericd. ‘These nested

* gondutts are ' of the Gype illustrated or

described ™ congiderable detail in our
aforesaid Potent Mo, 449,050, or, of sn
aquivalent type which permits cireulafing
5 Onid medium in'heat exchunge relation
with bui substantiiily out of heat con-
ducting relation with the mass M. Mani-
folds 10 and 10a in nosbed ralation supply
the: heat exchange fluid to and remove this
fuid from conduits 9 and 9. A conbinu-
ally Iresh supply of heating or cuoling
fluid may be used, or the fnid may be
reeivonlated through condults @ and Ya
and o suibable cooling system, as fov
example, the cirevits deseribed in the
specitication of our eforesaid Patent No.
449,050,

Pariitfon 5 i& provided witkh ribs or
stiffening members 14 to assigh it in sup-
porking the weight of contect msss M and
conduits 7 Bembers l& may be an
integral part of partition 3, substuntially
ag shown or they may be individnal mem-
Lers- afteched, if desired, o partibion 5 in
any suitable manner snd supported irom
the latler: or the walls. of converter 4 or
both., Whether attached to partition 0 or
not ov supported from the latter and/or
thé walls of manifolding chamber A 1 ig
mportant Lhet members 14 be maintained
‘at substontially the temperature of pur-
tition 5 o prevent deformation of these
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porting fastenings,

Bepctants for thoe codethernie frons-
formpation ave conducted by line 15 from
& suitable soures of supply to heater 16 of
uny suiteble tipe, wherein they wee heated
to the desived reaction tempevature or
siightly shove, as to 780° to 925° F., m
Instamees wheite Bhe charge
cerluin fyper of hydrocarbon materials,
as for exumple, light and heavy oils or
vapors. The heated reactants ave then
conducted through valved line 17 and laleh
tee 18 into manifolding chamber A,
whenee they are admiited to reaction
chamber €. oas deseribad above. The
reaction produets are venled fromn the
converter through ontlet fee 11 and into
valved iine 18 Teading to equipment for
vecivealution, slorage, heating, coollng,
fractionation, or any other desived treas-
mant.

Renctanis oy the exothermie reasctlon
are fed into u heater 21 by line 10 where .

*they ave heated to substantially tha tem-

perature of the endothermie reactants lry.

direet or indirect heat sxchange with vom-
bugtion products frora a suitable fuel con-
ducted o heater 21 by line 20. The exo-
thermic reaction produets are vented from
the converter through ounflet tee 11 and
line 18, Regencrating medium, such us
air, iz efficiently and economicaliy raised
to the desived temperatuve, o 800° T, for
‘exgmple, i direct heat cxchange with
copibustion produets from w fuel, as by
commingling with and supporting combis-
tion of & oontrolled amount of the latter.
The dircet hent oxehauge lender wvoids
the dilliculiies and expense of the erection,

- operation and maintenance of eertain in-

direet heat exchange furnaces, such as
pipe stills or the like, which often mush
be constructed of expensive alley steels,
particularly when they are intended #o
handle air and ecorrosive fluids ot high
tempergtures.

Whereas, In the embodiment discllosedl

in Fig. 1, the exothermic reactants are
heated to the desired fempersfure I o

single stage, Fig. 2 illustrates fwo siuge

heating of fhese reactants. Txothermic
rezction produets leaving eonverter Xa
by vaived ling 18g enter heat exchanger
=28n whercin they Jmpurt Leat to the exc-
thermic reactants being supplied hy line
1892, The heated reasctants ere further
heated to the predetermined temperature
level in heater 2lg of any desirable type
und ave conducted thence nfo converter
X by valved line 22a. Tha temperature
of the regenerating fluid may De raised to
the range of 500 o 600° F, in exchanger
23u snd to the range of 750 to 850° ¥. in
‘the second stage heater 91a,

"-In Fig. 3, the exothermic reactant

comprises-

fuids, steh as 2iv or the like are supplied
by line 19b. The fluid Is splif inio two
streams whick flow through wvalved con-
duits 1987, and 195°% respeelivily, the
proporbiouate  amounts of these two
streams being eontrolled hy the valves in
conduits 196 and 1802 One sireamn is
condurted inlo combustion clwinber 315t
of heater 21b where it commingles with
tuel supplied by line 20b and is heated to
a  predetermined femperature i direct
howt exchouge relution with the bumning
fuel. The stream nf combustion products
passes theough line 245 to be comuningled
with the eiv slrcwo in lme 19b2, The
combined streams then pass through con-
duit 256 into pipe roil 268b where they arve
in indirect heat exchange relstionship
with the vonbustion mixture in chamber

A1b* to complete haating of the regonerst-

ing medivm fo the desired temperalurs

before  admiltance to  the converter
through conduit 220.
With  control  of  the pmpordonals

Tnmionnts of regeneraiing medium heated
by indirect hest exchange alone and by

both direct and indirect heat exchangs,
this Huid ean he simultaneously heated to
the desired temperniure, sueh as TH)" to
850° ¥, sud conuningled with a prede-
texinined sud controlled amount of dihrt-
ing combnstion fumes.

1t is apparent fvom the above that the

nvenlion presenfs improvemnents in the
use of processas in which a hed of contaet
or estalytic mass is employed and in the
operation of converfers which simplify
prublemns et in the design and use of the
same. " The invention iz nof limited in its
essence io the speeific forms aad cxam-
ples discloscd hepein fur the purpose of
ilustration and explanatish. The con-
verter may be of any fype adapled [or
processing fnids, as deseribed in the said
principal Palent and especially may be
of the type which has a manifold or mani-
flding chamber adjacent »  reaction
chamber eantaining or adapled to contain
% eabalytic smass where the reaciion cham-
ber i3 separated from fhe manifolding
chamber by a perforated partition or
tube sheet. The invention is applicable
whether the converter is operated in hori-
zontal, oblique, upright nr inverted posi-
tion.
- Having now puvticulurly describad and
ageerfained the natmre of our said inven-
tion, and in what manner the samc ig to
be parformed, we declare that what we
claim is:—

1. Provess of opersting a  econverfer
liaving o redction zone combtaining a eoun-
tact mass capabla of wse In a eycle of
alternate periods of endothermic and
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3
ing a manifolding zone adjacent the reac- §: Process wmecording o claim § further
tiom gone snd heat exchange means with- . characterized by wutilizing the " fumes of
in the -rea¢iion zong for eonfrolling the  regeneration to supply some or all of the
ternperature of the contact mass,- in  heub for the firsh sbage through indirech

§ aceordance with the primeipal patebt No. heat exchange andjor cnmmmglm of 45
440,050 and  additions- thersto, = vizm., hot fumes with the regenerating medium,
Patcnt-. No. 456,001, and applmatwn for © 7. Prorssg according to claims 2, 8 and
Puateni Ne. f585j36 (Serial Mo, 471,980), 4 further  charvacterized by commmglmg
characterized by = allerhutely admitiing “af “least o pmrt of the regenevating

10 #inid veaefants fo the manifolding zone ~ medium with & controlled snd prede- &0
for each period of thé oycls at such tem- fermiined amocunt of fuel und burning the .
peratures ae to roeinbain -porfions of the "fmel and sending the regenerating
converter common fo the Zones ab subsben: medium and the combustion products of
tinlly constant +emperatura . “the -fuel into ths confaet mass to -

15 2. Process sccording to-elsim 1 further . régenerste the same. 58
charaeterized by leeding heated hydro- . 8. Process aseording fo any of claims
earbens for an endothermie fransiorming 2, 3 and & fwiber chavacterized by divid-
reaction and sunbsequently feeding a re- ing the stream of regenerating medium
gencraling mediim for an -exothermie into two portions, heating the firsk por-

80 vegenerating reachion; the regenersilng tion snd diluting it by adding het pro- 60
medinm befng heated -zubetantially 4o the ductz of fuel combustion, commingling
fcmperatuie of the hydrosarbon charge. the hested and dilnted firet portion with

8. Process according %o claim 2 fwrbher tho second portion, and then heating the
characterized by feeding . the . bydvocsz- commingled portions by heot exchange

25 hon ohargs at & famperaburg of T70° o -m‘th'the combustion products. 6o
920 F. and subsequently feeding the re- 9, Converter with conmections and con-
generating medivm ut @ tempera.ture oi frols substantially ae shewn in Tig, 1.
750° to 850° B, 10. Converbor © with connections  and

4. Trocess according to any of ‘the pre- confrols for endothermic  snd  for

80 ceding claims further echavacterized by exobhermic teactants substenbially as 70
heating the regenerating mediom’ to | shown in Fig. 2. -
approximately 800° F. bhefore senc'img it ‘11, Converfer -with connections and
into the manifolding zone, ponbrols fov ekothermic reactants or & re-

5. Process according.to claim 4 further gemerating medium  substanfially as

85 chavaclerized by bringing the regenerat- = shown in ¥ig. 8. :

40

ing medium fo the desived tempeoraturg in

two stages, the firat sbape raising the
medium t0 a tempernture between 300°

and 800 F. snd ihe second stage raasmg

it to 750° B. or above.

Dated the 18th day of Mareh, 1936.
- WM. BROOKS & BON,
No. 1, Quality Court,
Chaneery Liane, Fondon, W.0. 2,
Gha.rtere'd Palont Agents.

Abmgdon Pnntcd fm His Mu]usty s Stdivnery Office, by Bargess & Son

[Ws. 2050.—50 /6 /1938.]
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