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EEN

COMPLETE SPECIFICATION.

Improvements in or relaling {o Mefhods of and Apparatus for . °
Catalysing Glaseous Reactions.
B

(A commmmication from Taw Smiacs Gwn
CorporaTioN, having » place of businesa
at 1100, Garrett Building, 239, Red-
wood  Sirees, Baltimore, Marytand,
United States of Amerion, & eorporation
organized and existing under {he laws
of the State of Maryland.)

I, Harorn Wang, a British subject, of
117 /112, Hatbon. Garden, London, E.C. 1,
do hereby deelare the nature of this
invenlien and in what manner the same
is to be performed, to be partionlarly
deseribed and ascerfeined in and by the
following statement :—

This mventios is for improvements in
or relating ito catalytic gasecus reactions
of the {ype in which a stream of the gas
to uodergo reastion, carrying with it a
pulverized catalyst in suspension, js passed
through a eomverber in which the resction
takes place, The invention soncerns more
porticularly the mapufacture of sulphurie

acid by a comtact process of this fype..

The present imvention is conenrrent with
Applicetion No. 18,549/27 (Berial Nd.
8(,251), to which reference is dirented,
as the +two inventions are somewhat
similar, .

In most cases wheve catalysts are em-
ployed for the purpose of effesting certain
desired contact reaetions, the efficiensy of
the conversion is controlled by several
factors, among which ave the tempersture
of the gas while in contact with the
catalyst, and the activity of the catalytic

The uactivity of the catalytic mass is
oiten  serionsly  diminished by  the
poisonons effact of impurities prescnt in
the gas being freated, for exsmple,
arsenio, in the wvase of sulphuric acid
manufaciure.  Comsequently, the gas
being ireated must be carefully cleaned
belure it comes into coptact with the
cafalyst. .

The temperature of the gas at the time
of the resetion is an impomant factor and
it most instances should not exceed a
is reguirement
limits the size of converters that ean he
used. I o certain size in excesded, the
heat of the reaction canmot be dissipated
rapidlg enough and the temperature of the

[Price 1 -]

gus will be raised above the desired point.
'Fhe converters, ftherefore, must not be
muade of & greater sive thsn one in which
a sufficient portion of the heat of reaction
may be dissipated. For cxeruple, in the
vase of the menufacture of sulphric acid
by the contuct process, small converters
UE’ only eight to ten tons capacity per
twenty-four hours can he employed. I[f
larger convertors are used the tempersture
of the gas oannot be readily prevented
from exeweding bhé maximum favourable
to effieient conversion. :

It is the principal dbject of the present
inventipn to provide improvements in
these respects on prior methods and appa-
raims"for effecting catalyiic reactions.

According .0 the present invention,
there is provided in processes inwvolving

wocousd  cubulybic reschbions of the type

eseribed, the method of controlling the
‘reaction temperature +which consiste in
effecting an interchange of heat within
the zona of resction as betwesn the Te.
acting gas therein and fresh zas incoming
thereto,

Avcording o a festure of $he inven-
tion, the method may consist in effenting
an interchange of heat as hatween the
eontents of the reaction sphere end fresh
gan inocoming thersto, at e nmmber of
points disbributed flhrough the resction
sphere and functioning, either
together, or certain.only of them sslen-
tively, the latter being the case in the
event of it being necessary to counferact
a8 tendensy to loaal over-hesting or uwnder-
heating. By this pcans it is possible so
{0 contre! the reaction temperature that
the whole of the reaction sphere iz main-
taimed at the correet temperature and
local over-heating or wunder-heabing in
avoided. Moreover, as will he at onece
appreciated, the invention provides means
whereby oconverters of almost unlimited
sie sy be smployed.

According to a further feature of
invention, the improved method sforesaj
may he one in whish the reasting
ozused S0 flow in a siveqn through the
resction sphere and the fresh gas Is caused
during
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of 22 mm, ¢f mercury.

transverse fo the flow of the reacting gas
and ab gelectively controlled points
sitnated one In advanve of the other in
the direetion of said flow,

As  previously stated, the invention
relates more partienlarly to the manm-
faotire of sulphurio acid by the contact
process and according to o further featire
of the invention, the process may comprise
submitiing a pas containing sulphwr
dioxide and oxygen to a’ procéss of
na.ﬁaé.]z:ic oxidation of fhe sulphur diozide,
of type desoribed and as sot forth
nbove, ‘separating the cetulyst from the
trewted ges snd afbter activating it return-
ing the séparated cafalyst to the sitream
of fresh gas, cooling the treated pas and
absorbing its content of sulphur trioxide
in anlphorie acid. As will bs appreci-
ated, it iz possible in connection with this
process of manufscture of sulphuric acid
to obviste the necessity for apparatns for
cleaning and purifying the gases hefora
the labter reach the converter. In addi-
tiont, the amount of catalysf-employed in
this system may be rclatively swosll »s
cumpared with the amount régnpisite in
the present processgs. These are’ notable
advantages as will he appreciated by those
acquainted with the art.. :

he oatalyst is pref.era?bl%r & hard Borous
gel body such, for cxmnple, as sifics' gel,
with or -without additional catalitic
material associated therewith, for ex-
ample, platinnm, copper or fron. As 1§

known, thess porous gel ahsorbents have

ultra-misroscopic pores, and the preferred
ol for use according to thiz invention
is onc in which the pore size sud total
pore volume is such that the gel adsorbs
2 vapour such as water vapour to such am
exient as to contain approximately 21}?,
of water, reckonsd on IEE:; weight of the
gal, when in ecquilibriuvm with water
vapour at 30° C. end o -paxbial pressure

The invention includes both an im-

" proved process and slso an improved

appazatus for nse in conmection with the
prooess, _

According o this aspeot of the nven.
tion, the Iatter comprises appurubus which
inciudes, in combination, a converter,
megns to pass therethrongh a stream of
the gas to be treated, means to fsed a
catalyst in finely divided form into the

. gas stream so that it becomes suspended

and cartied along through the. cemverter
in sald stresm, and & tobulae hewd ex-
changer situated within the converter in
the path of the gas stream thersthrough,

-~ “which exchanger iz conneced to the inlet

65

of the converter and is arrapged to con.
vey thereto fresh gas on its way to the
convertar, with or withoul means to repu-

late the dow of gas in the heat sxahanger.

" According to a featura of the inventiom,
the heat exchanger may be of such con-
struction as 4o ocanse the gas passng
through 3t to traverse {he inderior of the
annverter ssveral times hofore it reaches
the converter fnlet,

The iuvention also includes a specific
form of converter in apparatus as referred
to in the two preceding pazagraphs. The
converter comprises o reaction chamber,
a fubuler heat exchanger -within the
chamber, through which ewchanger fresh
gus is conveyed on its way fo the resction
chamber, means connecting the outlet of
the heat exchanger to the inlet of tho
reaction chamber, which exchenger is of
sectional construotion end comprises =a
plurality of tubes spaced apart and cross-

g the intcrior of the reaction chamber,

preferably transversely to the direction
of gas flow therein, and valve mcans
associated with the vearious scetiony of the
hea$ exchanger whereby one or more of
sald seolions may be cub out at will so
a3 selevtively to control the temperature
obtaining in tha wvarious parts of the
interior of the chamber,

The invention will now be further
deseribed with referenee to the accom-
panying drawings which fillustrate the
invention by way of exampls, and in
which ;

Bigure I s a disgrammatio view of
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one form of apparatus for effcoling 100

catalytic roactions between two or more

- gages, o accordance with the present

Jovention ;

Figure 2 is a sfmilar view, but showing
the added feature of means for regenerai-
ing the aatalyst ;

. Figare 3 is & disgrammetic view of @
confact sulphwric acid plant constructed
and arranged to operate in accordance

. with the present invention ;

- Pigure 4 is & sectonal view of the con-
verter taken substantially on the line 4--4
of Figure 3, . .

Tigure § is o disgremmatic view of a
pect of en acid plant showing a ‘modi-
fication ;

Figure 6 iftustrates a Further moditica-
tion of the plante of Wgnres 1, 2, 8 and 4.

In the apparatns illustrated in Figure
1, the gas is supplied fo the converter C
through the pipe 100 af the hottom
thezeof, it being understood that the con-
verter iz any suitable conduit or chamber
wherein the gas and the catalyst may coms
into intimate econtact, As shown,
converter in a vertieally srranged casing
or tubs forming a reacting chamber, The
catalyst, n verized form, is fed into
the streom of gus Sowing in the pipe 100
in ‘any suitable manner, & worm eonveyor
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101 being shown for this purpase. The
gas and catalyst pass upwardly through
the converter and thence by means of a
pipe 102 arc gunveyed to a separator 103.
It will be mnderstood that #he converter
is designed to permit the catalyst and gas
to remain in contact for a mefefent length
of time for the reaction to take place.
Preferably, o converter of 5 novel type,
which will be desoribed hereinafter, is
employcd, thiz converter bein designed
to eoutrol the temperatnre 0% the gas
therein, rapidly and delicately.

the sepurator 108, which may be of
uny desired type, the gas and the cabalyst
are separated. The geparator shown in
Fignre 1 is of the cycione -type, buf, of
tourse, others might be empioyed, suoh
as the alectuical type of precipitators,
The pas is withdrawn from separator 103
by a suction fan 104 connected with the
discharge pipe 105. It will be understood
that this i1 effocts the circulution of the
ges throngh the entire apparatus.

The catalyst separated omt in the
separator 103 is conducted by suitwble
means, as pipa 106, to the hopper 107
which supplies the feed worm 101, In
this manner, the catalyst fravels in &
tiosed cyole, being mnsed aver and over

again.
As the oatelyst is smployed in pulver.
ived form it has an immense surfage and
s catelytic effeotiveness is much
greater fhan where the catalybic body ia
arvanged in the form of heds, Moreover,
Masmuch ag the catalyst is msed over and
aver again, tho total amount required in
the system is small oompared with the
case where the catalytic body is disposed
in beds, In snch cages #here hes been
I practice a certuin economis maximum
a8 to the permisgble quantity of catalysh
in relation to
he eatalyst n suspended pulverised form,
however, and using the catalyst over ang
over again, although the tetal amount of
catalyst in the cntire system is small, it
May be fed info the gas at a rate such
that the amount used bar unit of gas
trested is considerably “greater than iy

economioglly possible “with the ecatalysy.

erranged In the form of beds, sinee Lhe
time taken for the vatalyst to fravel
throngh the converter snd to be scparated
from the gas and retum to the apper
107 is gnité short, being, in practice, a
madter of only a few seconds. By reason
of this fact, a very Ligh efficiensy and
activity are obtainable. I wish il to
be understood, however, that T am awure
that it is not broadiy new to cmploy a
puiverised eatalyst in suspension in the
reacting gases and to separate the catalyst
from the gases uiter the reaction has takes

the gas being treated. With -

place, activate the ssparated catalyst and
re-cyele the potivated catalyst back to the
gas stream for ve-usc upon fresh gag
therein, and I do uoh elaim this com.
bination of operations per se. Prior
Specifieation  No. 23,045/10 discloses an
artangement of this character, and ! do
not claim anything described or olaimed
therein, -

In many cascs there are impurities
Present i the gas which poivon the
catalyst or have the effect of gradually.
decreasing its efficiency. It is & wall
known faut, in many cases of catalytie
reactions, that the principal item of nost
is due to the cxpensive treatments
required to remove the poisonous sub-
stunces from the gas to avoid poisoning
the catalyst, which however is not

entirely accomplished, so that the eatalysh

must be regemersted from time tfo Hime,
regulling in the loss of anrtive material,
In the present invention the catalyst is
contimally regenerated, thereby making
it unnesessary to olcan the gas, it being
much cheaper to. regeoerate the ecatalyst
than clean the gas,

Thus, referring to Figure 2 of the

drawings, which, is 2 diasgrammatio view

like Figmre 1, & regenerator R of umy
suitable type is interposed preferably
botween tho separator and the point at
which the utalyst is fed into the stream
of gas. The most appropriate regenera.
bive spparatus for the particular prablem
wonld he wused. Thus, as shown, the
oatalyst separatud out by the saparator is
dc:ﬁvgred igac; {eed .'bubeyll[}S éﬁeh has a
iced device, such ag a worm conveyor for
feeding the catalyst into a rotatably
mommbed tube 109, dispoged in a casing
116 with the ends of the tube projecting
from the casing. ‘A furnace 111 is eon-
nected $0 the casing o heat the jmberior
thersof and thereby the tube. The hot
gas from the furnace is drawn into the
casing and im turn exhuusted thersfrom by

50
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ory suitable mesns, such as o suction fal -

112 having its inlet .connected with the -

eaging.  The qutalyst passes through this
tuhfgand ia hqa;tegl%hergiu to deive off the
objectionable . substances and is then con-
ducted. by uny méans, such as tube 113,
to the bopper 107 which supplies the fesd
worm 101, Usually, it is necessary  to
edmit air or some other gas to the interior
of the tube te vflect the proper trealment
of the catolyst. For this purpose an inles
114 for the tube is provided and this inlet
may be controlled by valve 115.

Tor the mosb eficient results, the active
material employed mrust be carried in swch
& way that a very large contact surface
is presented. Although the invention is
not limited thereto, i is preferred to
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employ a catalyst wherein silica gel or a
subgfanec heving substantially the same
structure is the carrier for the active
material. Thus, for oxidiging 350, to
8505, a platinum impregnated silfca gel
or 2 copper-iron impregnated silica gal or
other saitable gel might be employed,

In the process just deseribed, there-
fore, the catalybic attion Iy ufieeted by
contach between the ges and a solid
catalyst, the catalyst heing in pulverised
form, snd travellng in a olosed cycle,
being used over and over aggin, Further-
more, before if is relucned for re-use, the
catalyst is treated to remove objectionable
substances, this tweatment merely bein
one of the steps in the closed cyele
movement of the catalyst.

As further illustrated, a contact plant
for the manufscture of sulphmrie aeid,
constructed and operated in accordance
with the preseul iovention, will now be
deseribed.

FReferring to Figure 3 of the deawings,
the gases to be treated, in the plant shown,

are cbfained by roasbing oves in a reaster:

10 of any suiteble type. TFram  the

rongter the gases pass tloough a dush

eatoher i1, of any suitable type, and sre
delivered to the converter (. H the guses

are protuced by burning sulphur, then

the dnst cateher may be sliminated and
the gases delivered directly from the
brarner to the converter C. I desived, a

.cooling device 9, of any sullable type,

may be provided to cool the gases hefore
they enter the converter,

The catalyst, in pulverised form, {s fed
into the stresm of gases passing through
and delivered to a
separator 33 of awy suitable form. Iu
this separator, the catalyst is separated
from, the pases. The catalyst thus

suparated passes to 2 Tégenerafing appa-.

ratos B wherein if is freated for the pur-
pose of removing poigons or other sub-
stances talcn up during the reastion,
After this {reatment, the  cutulyst is
delivered into the stream of gases entering
the converter so that the material is uszed
over and over.

The gases separated oub in the separator
13 are delivered 5o a ovccler 14 snd then
to an edsorber 15 wherein the gased
confect  with
sulphuric acid which absorbz the sulphur
trivxide. .

The sulphuric acid iz delivered from
the hottorm of the absorber to a separator
17 wherein any of the catalybic matcrial,
not previonsly rewoved, is separated from
the “sulphindic “ucid. The sulpharic acid
dalivered from this ssparator passes to a
cooler 18 wnd the smaller part is dis-
charged by pipe 19. The greater part, by

concenirated '

means of pump 20, is returned to the top
of the absorher, :

Theve may be o small amount of catalyst
present in the acid delivered by pipe 89,
and mesny iz provided to recover this
catalyst frem the acid and return i to
the convérter for re-use.

The apparatus will new be deseribed
muore in detail,

‘The cenverter craployed is of novel form
and is designed so that & delicate conteol
of the temperature of the pases may be
had. ‘during the period of conversion.
With the converters heretofore employad,
no entirely satiefactory means have heen

. provided for dissipating the heat of re.

aclion. As a resulf, converters of limited
gize only cen be employed becanse, if the
maximum gze were exceeded, the tem-
perature of the gases wouwld be raised to
8 point beyond the mazimum for efficient
reaction. liven with the smaller #ype
present-day. eomverters, the temperature
throughout the mame is nobt uniform. In
spots, the comverter may become Ime too
hot. Xt is one of the aims of the present
inyention to provide a converter which
will permit regulation of the temperatnre
of the various parts of the comverter so
kot no spots may become excessively hot.

As shown in Figurcs 8 and 4, the con-
verter comprises & central conduit on
chamber 26 having small tubes or pipes
27 extending transversely of the same.
Thege tubes form passages for gases $o pass
directly from onc side of the converter
chamber to the other, and may be termed
tempsrature confrol fubes. Disposad on
one side of the shamber or conduit 26 is
an inlet or supply pipe 33 and on the
opposite side an outlet pipe 34. 'he inlet
pipe 38 is provided with a plurality of
small outlels or noszles 33% in sach of
which there i3 @ dJdamper 31.  These
nozzles 35% discharge infce flues 28 which
provide ecommunication between the
nozzles and one end of the temperature
control tubes 27. In the form shown in
Figwre 3. of the drawings, there are fibree
of these inlet flues 28.

" Bimilarly, the outlet pips 34 is pro-

¥ided with a plurality of nozzles 34* each

of which is provided with a damper 32.
Flues. 20 afford eommunication bebween
the ends. of the teruperatmre contral tuhes

T
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27 end said nozeles 34 In the form -
shown in tHe drawings, there are three of -

thers flues 20,

It will he seen that the flues 20 on one
side of the econvertar chamber are
stuggered with respect to the flues 28 on
the othee side, The purpose for this will
presently sppear.

In operativn, the gases leaving the eool-
ing device ¥ flow through conduit 33, eny

128
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of the nozzles 881 in which the dampers
may be open, flues 28, thence through the
tempersbure control tubes 27, flues 29, any
of the nozzles 34' that may be open and
finally into the pipe 34 which conveys the
gases to the central chamber of the con-
verter, The gases, reacting in the cham-
ber 26 of the converter, give out heat,
which, by means of the femperatura con.
trol tnhes, is iransferred to the gases
passing throngh said tubes,

The desigi of the converter is such that
the ecol guses before they are supplied to
the converter may be eaused to pass back
and forth through the temperature sontrol
tubes many times, cr only once. Furthor.
maore, said gases muy be ent off from Pass-
ing through cerbain of the {ubes. Thus,
the tewperature of the tempersture con-
trol tubes may be delicatcly regulated.
II all of the individually eontrolled
dampers 381 and 341 are open, then the
gases pass divectly from pipe 33 to pipe
34 m the manner described, above. With
this arrangement of the dampers, the cool
gases are in contact with the temperature
control tnbes for a short time oniy. Now,
if any seotion of the converter chamher
hecomes toon eold, the temperatnre control
tubes of that seclion may be snbt out ag
eonduits for the eool V%'asss and thus their
temperaiure raised. ith another setting
of the dampers, the fwo upper dampers
31 and the two lower dampers. 32 might
be open, all the remaining dampers being
closed. Witk this setting, the cool gases
from the pipc 83 pass thromgh the two.
upper nozzles 33', the upper fuc 28, the
upper group of temperature vontral tubes
into. the upper flue 20. The dampers 82
being closed, $he guses camnot pass imbo.
pipe 34 hut are ecoused to pass baoﬁbrough
the temperature contrel tubes into the
middle ﬂlzle 28. The dampers 31 opening
into the flue, beiug closed, the gases -again
pass through another set of temperafire
eontrol tubes inte the eontral fne 29,
thence to the left through _ the. tempera-
ture gontrel tubes into the bottom flue 28,
then fo the right inta the bottom flue 20,
Asg ths two lower dampers 32 are open,
the gates are now discharged into the pipe
34 and delivered to the converter, Yhns,
depending on the seblings. of tha dampers,
the gases may bo.caused to pass one or
mora times through the tnkes. .

As for this partieular phase of the
invention, thet is, +4he comversion of
sulphur diozide to sulphur trioxide, the
tempereture  range  within which  the
reavtlon may be carcied ouwb i5 of ma
particular importence, in as much as the.
temperature of such reactions are well
known in the art. By way of example
it may be stated that tile teiperature may

vary from 825° (¢ 4o gas° (., according
to the percentage of conversion from sui.
phur dioside to. sulphar trioxide desired,

The pulverised eatalytic material is fed,

by any suitable mesns, such as the con. TG

veyur 35, into the conduit 84 at g point
below the tubes 27, 30 that the reaction
tukes place whilc the gases are traveiling
throngh the chamber 26 and around the
tuhes 27. The heat of rpaction may be T4
transferved to the gases before they preact,

by cousing them to pass through the tubes

27, the extent of contuct of the gases with
these tubes heing controlled by the seftin

af the dsmpers 31 and 82 us describe 80.
abave, Thus, the hest of reaction is
utilised for heating the pases supplied to

the converter, and. being dissipated in this
way there is no limit to the sizc of the
converter that may be employed, as far ss 85
the dissipation of heat is aonecmed.

The ecataylst employed, preferably, is of
the type describerd hercinbefors. For
oxidising sulphur dioxide to sulphor tri-
oxdde, platinized silica gel, iron silica gel B0
or eopper-ivon silica gel are proferred.

Although, as stated, geﬂ; or materials
baving o porous. struoture like gels, are
preferved for the present invention, i is
to be distinctly wmderstood that the inven- 0§
tion is not limited to these materials bt
fncludes others..that may he uged for
eflecting eatalytie.reactions in {he manner
set forth in this Spegification.

The mizture. of ,gascs and palverised 100
eatalyst is conveyad by a pipe 36 to the
separator 13, which in the  drawings Is
lustrated as a oyclone separator, where
the catalytie agent is separated and drops
to the regencrating apparatug R. On the 103
other hand, the gases separated out by
meany of the separator 13 are condueted
by conduit. 37 to any suitable form of
eooler 14 and afier passing throngh this
cooler, the gases are delivered by means 110
of & condwit 38 to- the absorber 15. In
the absorher, the siiphur trioxide pussing
vertically up through the ssme is mes by
senoentrated  anlphuric  acid  fallin)
through the tower fur the purpose 116
ahﬂorﬁi.ng the gasecus sulphur fricxide and
therchy increasing the concenfeation of
the sulphurio acid,

The flow of gases through the spparatus
just described from the ore roaster to the 120
exit of the absorber may be effected in any
suitable marmer, but. as shown the suetion
fon 16 is. gonnected to the gas outlet of
the absorher 16 .snd effests the movement
of the gases thronigh the entire apparatus. 125

The sulphuric arid is conveyved from
the bottom of thé. shsorber by a pipe 39
to. 2 separator 17 of any suitable Gype.

In this separator, any of the eutalytic
agent that hes been earried slong by the 130G
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gases is separated from the sulphurio seid. is -~ defivered at the other ond imto 2
The sulphiric acid, by @ pipe 40, over. ' chamber 51. 'This chamber has sn outled
flows from the separator and is delivered. . for' delivering tha regenerated catalylio
% o cooler 18 and the final product is sageut: to the worm conveyor 35, If

5 discharged by pipe 19. Part of the cooled desired,'s maguetic separator 52 may be 70
sulphuric scid by meens of prmp 20 is interpdsed between the chamber 51 and
retirned to o reservoir 41 ab the top of the worm conveyor 30 for the purpose of
the ahsorher, this acid Ieing usef to Temaving any imagnebic irop oxide that
peroolate down through the absoxber, or may be present with the catalybic ugent.

I0 the acid may he returned from the botbom X dust ealector 53, of any suitable type, 70
of the absorber to the top thereof without is adapted to recover any dnst present in
passing through a separabor, and a small the chamber 51, & suobion fan 332 being
quantity of the scid may be taken from cormeeted with the dust collector tn effect
the hottom of the absorbor and deliversd  circulation,

15 to the separator 17, Water is ulse sup- Tn freating the catalyst in the »e- 80
phied to this reservoir 41 to reduce the generabor, it is often necessary to pruvide
concentration of the acid to the desired oxygen to burn off substances associsted
point. The catalytic _material separated therewith, end for this purpoze an air inlet
out in the separator 17 is conveyed to an  A0% is provided with may be associated

20 agitator 21 through a pipe 42, movement with the worm convoyor 50, said inlet BF
Tieing offected by a pump, indicated dia- being controlled by a valve 40"
grammatieally at 48, Water is supplied It is to be distinetly understood that
to the egitelor so that the sulphuric acid the application of the jnvention to a con.
is diluted meking it possible to handle tact sulphuric seid plant is desoribed

95 the catalyst without dameging subsequent mersly by way of illustrating one form of 00
apparatus, the  duvention. The invendion is not

The mixture is discharped from the limited bo sulphurie acid plants bub
agitator 21 by means of a pipe 44 to .maybe employed for effecting ovher
another scperator 22, The ligmid . catelytic reaclions, such as the synthesis

20 separated out in {his separstor is dis- ‘of dmmomiy, the hydrogenafion of oils, 95
charged by pipe 28 sud the recovered and; many other similar reactians depend-
catalybic material, by mesns of pipe 45 ing.on contact phenomena.
and & pump 46, is delivered to o flter 24 The apparatus for hydrogenaiing oils
of any snitable type, smch as an Oliver in docordance with the present method

35 . flter.. The aried catalytic material might be like that diagrammatically ilus- 100
delivered from this flter i conveyed by twated in Fignre 2 of the drawings. The
any suivable means to the regemerating catalyst used, preferably, would be a
apparatus B As shown, an elevator 25 nmickel silice gl The catalyst the

- is employed for this purpose. wsual methods becomes polsomed with

40 The apparatns 17, 43, 45, 24, 25, cte,, mnickel carbonyl. According to the present 105
is employed to recover any of the catalytic invention, howsver, this poison is removed
agent that may not have been separated in the xe ative apparatus where, if
by the, separator 13, Usnally, however, necessurly, %&lyijliragen, instead of air may be
the separsbor 13 is so efficlent that practi- supplied threugh the inleb 114.

45. cally no catelydic maleial passes along In connection with the plants shown in 1i(
with the gases in conduit 37, so that said Wigures 1, 2 and 3, it may be desivable
apparatus may be omitbed, ss shown in  to have a separate sowve of supply of
Fignre 5. Here the sulphuric acid passes oooling gases. As shown in Tigure 6,
from the ahsorber 15 directly through pipe the gas supply pipe 200 may deliver the

50 39 to the cooler 18, and parts 40, 17, 42, gases through a pipe 201 divectly to the 116
43; 91,722, 28, 45, 46, 24 and 25 of Wigure convertur or through pipe 202 to the tem-

3 are oioitted. . .perature confrol tubes of the econverter.
The regencraling apparatns R cousists Thése vwo pipes are supplied with valves
of any suiteble means for subjesting the 203 and 204 respectively for controfling

85 catdlyfic material to heat or other treat- 1 ow. -Pipe 202 may be provided with 128
ment that will remove poisons or auy other 'an air intet 203 controlled by valve 206.
-substancss assoniated with the same. As The' Sutlet pipe 207 for the cooling gases
shown & tube 47 is rotatively mownted in  i§ ¢cnnected by pipe 208 with the miet
& housing 49. This tube is heated in any of the convertcr, How In this J_ﬁpe 208

80 . suitable manmner, as by bot gases surround- being controlied by a vulve 200, The 125
ing the tube and supplied from a furnaec outles pipe 207 is also in communicalion,
492, ciroulation being effected by & suction through pipe 218, with an exhaust fau
fan 49> The catalytic material Is fed 211, i%ow in this pipa 210 heing controlicd
into one sud of the tuhe by any suitable by.u valve 212.

65 ' means, guch a8 a worm conveyor 50 and

.In the operation of this modification of 130
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the invention, when it is desived to employ
air for cooling the eonverter, the valves
203, 206 and 212 are opened and valves 204
and 208 closed. Then the axhaust fan 211
will draw air in through the aie inlck 205
and thiz air will be circulated through the
temperature control tubes and exhansted
thromgh fun 211. The reactant gases will
flow through pipe 201 to the inlet of the
converter. When it is desived to use all
of the reastant gases a3 the eooling
mediom, then valves 203, 205 und 212 are

closed and. valves 204 and 200 opened. .

The apparatus will then operate aas
explained in connecion with Hpures 1,
2 and 3. Except as described abave, the
structure of the converier is the same ag
illustrated in Wigurss 3 and 4.

In the claims and Speocification the term
“gas” iz intended to deseribe the
physieal state of the subsiance being
treated and lo include a single gas or
vapouwr und a mixtare of gases and/or
V4DOTTS.

Although various embodiments of the

inveniion have been desoribed in detail,

It is to be mnderstood thai ihe invention
s not limited fo these forms bub includes
modifieations  andl chunges whick come
within the scope of the appended claims,

I am aware that it is not broadly
new in catalytic gas reaotions to eflect an
interchs:; of heat in the reaction spheec
as between the reacting gas therein and
fresh gas incoming therelo and in this
eonniection I disclaim anything deseribed
or cluimed in prior Specifieation No,
221,229. T make no olaim, merecver,
to anything olaimed in my concurrent
Application No. 18,549/27  (Scziwl No.
304,251). '

Having now parficularly described and
ascertained the nature of the said inven-
tien and in what manner the same is io
be performed, as communicated to me by

my foreipn correspondents; T decldre (et

what I elaim fs:—

1. In - processes involving gaseocus
catalytic rcavlivns of the type described,
the method of controlling the reaction
tenperature which consists jn eaffecting an
interchange of heat within the zonc of
reaction as between the reacting gas there-
in end fresh ges invoming thereto.

2. In processes invelving gasecus
cutulytic reactions of the type described,
the method of ocontrelling the reaction
temperature so that the whole of the
reacifon sphere is mainteincd a6 the
correct temperature and local vver-heating
or under-healiog is svoided, which method
vonsizts in effecting an interchangs of heat
as between the contentz of the reaction
gphere and fresh gas Incoming thereto,
at a number of points distributed throngh

the reaction ephere and [funeticning,
cither all together, or certein unly of them
selectivaly, the latter being the case in
the event of it haing necessary to connter-
act a tendency to local over-heating or
under-heating.

3. The method claimsd in Claim 2,
wherein the reacting gas is caused to flow
I & stzesn through the reaction spherc
and the fresh pas is oamsed dwing the
heat transtersnce to pass through the re-
action sphere in a dircetion transverse to
the flow of the reseting gas and ab
selectively controlled points sitwated one
in advanes of the other In the divection
of said flow. o

4. In provesses of catalybic gaseous
oxidation of mlphur dHexids the method
of controlling the . reaction temiperature
cleimed i Claim 1, Claim 2 or Claim 3,

5. A process of msnufscture of sul-
phuric aofd, which  cumprises submitting
8 ga3 conleining sulphur disxide and
oxygen 0 a process of catalytie oxidetion
of the sulphur dioxide of the iype
deseribed and aceording to any of tle
preceding  Claims  1—3, seporubing the
catalyst from the treated gis and after
astivating it rebuming the separated
catalyst to the sbrewm of frash gas, coal-
ing ihe treated’ gas and absorbing its con-
teat of sulphur trioxide in solphuric acid,
substantially as deserihad.

8. The method claimed in any of the
preceding claims, wherein the cutelyst is
a hard porous gel body, with or without
additional catalytic material associsted
thevewith, for example, platinum, coppsr
or iron, .

7. Apparatus for use in effecting pro-
vesses  involving gasecus oatalybiz re-
atbions of the fype referred to and accord-
ing to Claim I, which apparatus com-
priges, in_combinaiidn, s converter, means
to pass therethrough & siweam of the

"o L lreated; means o feed s catalyst

in finely divided form:into the gas stream
so that it becomes suspended end earried
along through the eomverter ia said
stream, and » fubulay heat exchanger
situated within the converter in the path
of the gos sbream therethrough, which
exchanger is connected to the inlet of the
converfer and s arrenged to convey there-
to fresh gas ou its way to lhe vonverter,
with or without meens to regulate the flow
of gas in the heat cxchanger.

8, Appavabus according to (laim 7,
wherein the heat exchanger is of such
construction as %o causs the gas passing
through ft to traverse tha interior of the
eomverter several times Defore it resehes
the copverter inlct.

g, Ap%)a.ra-tus aceording to Claim 7, or
Ciaim 8, and arranged for continnous
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ing =long the exteriar of the reaction
chamber on one side thereof, an outled
conduik common %o the tubes and estend-

_ing along the extericr of the - resction ..
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operation, which apparatus comprises, in chamber on the oppeosite side thereof, a 48
vombination with the elements set forth {resh gas inlet manifold extending along
in said claims, means to separate the the first mentioned conduit and communi-

__ catalyst #rom the gas after the reashion, cating therewith at o number of paints,

£~ means to aotivate the separated oatnlyst a fresh gas ontlet manifold extendin
and means to re-cycle itefa.ck to the pas  along #he second-mentiomed oconduit an§ b0
stream for re-use thereln. - ecommunicating therewith at a numbor of

10. In apparatus ag claimed in Claim 7, poinis, mesns connecting the outlet mani-
. 8 our 9, a converter ecomprising a reaction fold to the inlet of the reaction chamber,

10 chamher, s tubular heat exchanger within and valves in the branches of one or both -
the ehamber, through which exehan%is: of the manifolds. 66
fresh gas is conveyed on ity way to 13. A converter aceording to Claim 12,
reaction chamber, means conmecting the wherein the conduifs sre so partitioned

. oullet of the heat exchanger to the imlet wlong their length as- to divide the heat

15 of the reaction chamber, which exchanger exzchanger intoc sections, with or without
iz of seafional oongtruetion and comaprises the partitiens beint%mm stagpared relation 60
a plurality of fubes spaced apart and o one another in two conduits,
orossing the inferior of the reaction chem- 14, A eonverter acoordivg to Claim 12
ber, preférably btransversely to the divee- or 18, wherein the velves in the branches

2¢ tion of gas flow therein, und valve mesns ‘of one or both of the maoifolds are inde- - .
aasociated with the various sectiens of the pendently comtrolled. ils!
bheet exchanger whereby one or more of 15, The method of -controlling ' the
said sections may he cut out at will so as rTeaction temperature in gaseous eatalyfie

. selectively to oowirol the temperature reachions, substantially ae hereinbefors

25 obfalning in the verious pazis of the deseribed with reference to the neccompany-

interior of ilhe chamber. g drawings, - . 70
11. A converter secording to Claim 10, 18. Apparatus for the mamufacture of

wherein means are provided whereby tha sulphuric acid by a contach process, whieh

fresh gas passing through the heat ‘ex- apparafus it constructed and operates as

80 changer is B&usgg to {raverss the Interior herein -deseribed and as illogteated in
of the reaction chember first from oune Figures 3, 4 and 8 of the accompunying 75
gide thereof to the opposite side, then drawings. -
buck to the first side, again across to the I7. A converter for use in effesting

.. oppusite side, and =0 on, with or without gesecus catalylic reactions, which ocon-

20 valve means for controlling the inlet ~wverter iz constrmeted and operates as .-
and for the cutlet of the reastion chamber. herein deseribed and ss illmstrated in 80

12. A converter according to Claim 10 TFigure 1, 2 or G of the accomponying
or Claim 3 and compaising, in conjuno- drawings, -
. Hon with {he hest-exchange tubes, an inleh . - -
49 couduit common fo the tubes and extend- - Dated this 20th day of November, 1528,
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(This Drawing is & reproduction of the Original on & reduced scale]
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