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i PATENT SPECIFICATION

. COMPLETE SPECIFICATION.

Catalytic Apnaratus.

We, THE SBLpEN COMPANY, a COTpOIa-
tion. organized snd existing under the
lows of the State of Delaware, United
States of America, of MeCartney Strect,
in the City of Pitlsburgh, State of
Pemnsylvania, United States of America,
(Assignees of ALPHONs OTT0 JABCER, of
9, North Crandview Avenue, Crafton,
County of Allegheny, State of Penunsyl-
vanis, United States of Ameriea, a citizen
of the German Nepublic), do hereby
declare the nature of this mvention and
tn what munner the same i3 to be per-
formed, to be particularly deseribed and
asoertained i and by the following
glatement :—

Thiz invention
apparatus end more particularly to
eatalytic appacatus for earylug out
exothermic reactions or reactioms which
require very delicate femperature regu-
Tafion.

In -our prior patent, No. 233,987 dated
January 19, 1927 we bhave described a
converer system in which a plurality of
catalyst zones or conversers are used, the
first being provided with cooling which is
effected preferably by the reaction gases
themselves and wiich ecoling i3 suff-
clently powerful to permit large overloads,
followed hy uncooled catalyst layers or
converlers or by those provided with less
powerful reaction gas cocling.  This
operates very satisfactorily for converters
np to & certain wize and for cerlain
reactions. For othcr reactions which are
highly exothermic or especially where a
d;%erent temperature fs required in the
first Iayers or converters than in Iater ones,
suth as the oontact sulfuric atcid proocess,
it is not possible to obtain the desired tem-
perature control in the zones provided with
weak eooling in & menner sufficiently satis-
factory for very large sesle operation and
in the case of reactions such as the com-
tact sulfuric seid process where it is
desired to maintain a very much Jvwer
tempersturc in the last layers or the lust
converters in arder to permit high con-
wversion  equilibrium, the reaction gases
themselves cannot. be used as effectively
for cooling the final layer ag they are
themselves at t0¢ high o temperatnre and

[rice 1s.]

relates to oatalytic

must be ccoled down by means of inter-
toolers or heat ezchangers which add
sonsiderably o the hulk of the apparatus
and malke the temperatnre contral in the
lagt layors or converters diffieult.

Aceording to the present inveniion. a
plurality of catelyst layers or converbers
are provided, the first layer or comverter
being cocled by the reaction gases them-
selves and fhe second layer being pro-
vided with an independent cooling which,
however, in some cases may be effected
by reaction gases, but not after they have
passed through the first layer. For con-
venience and space economy the warious
converbers or calalyst Iayers ave mounted
in a single shell but it should bg,under-
stood that this is not the only arrange-
ment and separate converters may be used
standing side " hy side, as shown diagram-
matically in the patent referred to.

The catilytiv apparatus of the present
invention mey “Be  used for the moet
variouz vapor phase catalyses, sueh as:—
the oxidation of benzol, toluol, phenol, tar
phenols or furfural to -muleic acid and
fumaric aecid: cresol to sslicylaldehyde
and salicylic acid; tfolnol and the various
bhalogen and nitro substituted tolucls to
the eorresponding aldehydes and acids:
zylenes, peeudocumene, mesitylene,
paracymene and ofber derivotives to the
eorresponding  aldehydes umd  acids:
naphthalene = to - alphanaphthaquinoue,
phithalio anhydride and maleie . acid:
phtbalic aphydvide to maleic acid and
fumarie icl ; outhracens &0 anthra-
guinene ; phenamthrene to phenanthra-
quinone, phthalic anhydride and maleis
atif ; acenaphthene to acepaphthylene,
asenaphthacuinone,  bisacenaphthylidene-
dione, naphthaidehydic aeid, naphthalic
anbydride and hemimellitic acid ; fluorene
or dehydzogenated fluorcnes to. fluarenons ;
engenol- and isoeugenol to vanillin and
vaniilie aeid ;. mehyl alcohol and methone
to formaldehyde;..ethyl. alechol to scetic
acid : ethylens chiorhydrine to chloracetic
acid, R
Organic oxidetions in which impnrities
are selectively burned out or -trenstormed

mta  easily -removable substances. also

rejuire aceurafe control; ocxemples of
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such reactions are the purifieation of crude
anthragene or phenanthrene by the
selective eatelytic combustion uf carbazol,
the purification of crude npaphthalene,
crude mononmelear aromsbic hydrocarhons

“and crude aliphstic compounds, sneh as

high sulfur oils and moter foals.

Ammonis  from coal tar may also
be purificd by selective oxidafion of
organio and other fmpurities and requires
2 good ‘temperaturs “control. The appa-
ratus is alse suitable for the oxidation or
gyntheais of arrmonia,

The apparatus of the present invention
is also” suiteble for other types of
sxothermic vapor phase catalyses, such as
oatalytic rednctions,  hydrogenations,
oondensations and the like, and for high
pressure reactions and speeial reactions
such as the catulytic puriffeation of gases,
cafalytio waler gas process, synthesis of

hydrooyanic acid, production of reduction...
produets of oxides of carbon, such as, for -
esample, methanol, various motor fuels.:

and the like. Exomples of reduckions
are i—reduction of nitro eompounds to
amines, for Instence nitro henso! 4o
aniline, eto,, the reduetion of phenols to
cyclohexauuls, paphthalens to  tetraline,
ete., croton-aldehyde to normal hutyl
aleohol, acetaldehyde to ethyl aloohol,
etc. :

The catalytic apperatus of the present
invention is purticularly suited for the
contaot sulfurie aeid process where it per.
mits obiaining high reastion ‘temperature
and corzespondingly high resction velocity
in the first layers or converters, conpled
with & lower temperature for hest eon-
version equilibrinm in the later layers.
ur conververs. The invention will, there-
fore,- be deseribed more partioularly in
conneetion with the confact sulfuric aecid
process but it should be understood that
what 15 stated with r to this process
is applicable to other exothermic vapor
phase cafalyses, such as thoss enumerated
ahove, ;

The invention will be described n
graater detail in conmeclion with the
accompunying drawings, in which :

Fig. 1 is & wvertical section through o
cunverter systom provided with an intergal
heat exchanger ; '

Fig: 2 is a horizontal section along fhe
linaof 22 of Fig. 1;

Uig. 8 i3 a verfical sectivn through a
modited fype of converter gystem ;

Fig. 4 i3 a vertioal section through a
converfer system provided with - cloged
clreuit cooling of the second layer ;

Fig. 5 is o detail of the cooling element
design shown in Fig. 4 ; :

Fig. € iz a verbioal section thvough a-
eonverter system illustreting the use of

they

-indoming gases and them, after a second
revexsal  of flow,

suck ‘as, for example, air,

‘heat sxohanging cloments defined by the
open-end tubes 1l and elosed-end “tubes
10, and out through the -munifold 13,

reaction gas for cooling the second luyer
and also illustrating a different modifica-

“tion of cooling the first layer ;

‘Fig. 7 is o horizontal seetion slong the
Iine of 7—7 of Fig. &, 70

It should be understood that the draw.
ings are purely diagremmatic in nature
and accessories, suck as insulation, tem-
perature measuring devices, ete., have
been omitted for the sake of sirplicity,
but in an octual installation, of eourse,
all suck suitable details will be provided
by the skilled enginger,

In the modification shown in Fig, 1,
the first layer or converter is enolosed in
the shell 1, the catalyst 3 resting on the
sereen 2, Closed-end tubes 4 extend
through the catalyst and below the soreen
3 and open-end tubes 3 depending from
& tube-sheef fi extend substantially to the
bottorn of the closed-end tubes 1. The
tuhesheet € is provided with asuitable
Plogs: 7. far flling in catalyst. A some-

T
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:.what onstricted lower portion of the shell
- 8.is provided for the second catalyst layer

or. gonverter which is supported hy the
sereen - 9 and through  which double
countercurrent  heat eschange elcmonts

- cohsisting of closed-end tubes 10 and

open-end tubes [l pass horizontally. The
open-end tohes 11 are connected to the
manifeld 12, whereas closed-end tubes arc
conneeted to the manifold 13, The con-
verter Is also provided with & top
piece 14 and bottom piece 15,

In. operation the pases, for czample a
mixture of sulfur dioxide and oxygen-
oonbaining gases, enter the {op pisce 14
and, if desired, may be suitably bafflad
sud then pass downwardly through the
oper-end tobes & where they are ia
indirect heat cxchanging relation with the
cafalyst. On reaching the bettom of the
closed-end tubes, the flow of guses is
reversed, passing up through the annular 110
space hetween the open-end tubes 5 and
the closed-end tubes ‘4, during which fow
are in direet heat exchanging rela-
with . the catalyst and with the

100

105

115
they pass downwardly
through  the ecstalyst layer. Thenee,
after passing over the lower portion of the

doubla - eoumbercurrent heat exchanger,

they flow through the second layer or 120
converler, the temperatme of which is
regubited by eciromlating & cooling gas,
through the

menifold 12, the double counter ourrcnt

Affer pugsing through the second eatalyst
loyor or converter, the gases enfer the

bottom  plece: 15 and pass oub thrangl: 130
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the exit connection shown, DPuring the
passage through the fret layer or eon-
verter, the gases are subjected to such an
effective heat exchange, owing fo the high
velocity and long travel, that the cooling
effect of the incoming pases is suhstan-
tially proportiona] to  their  quantity
within very wide limits and as the heat
ovolved by the renotion which takes place
when the gases puss through the catalyst
layer is also substantially proportional to
the amount of pases flowing through it
will he evident that 2 uniform cooling is
achieved even with wide flnstuations in
the guantity of reaction peses Howing
through the converter system. In re-
acvtions such as the comtuct sulfuxic acid
process, it is desirable to have a high
temperature in the fivst converter or
catalyet layer in order to assure high
reaction velpeity but this femperaturs
shonld then he reduced before passing
through the last convetter or layer in
order to provide for best temperature
equilibrinm. This s also in poart effected
by the contact of the guses lewving the
first catalyst layer with the portiona of
the double countercurrent heat sexchange
clements extending helow the sereen 2 and
acting as an internal heat exchanger.
The temperature in the second rcatalyst
layer or converter i then . accurately
adjusted by & proper proportioning of the
cooling gas ugh the double countec-
current heat exchange elements provided
in the layer and by the temperature of
the cooling medivm. . It is thus possible
 maintain the second comverter or layer
at & very much lower temperature tham
the first layer and in this manner the most
resivable temperatures for high Teaction
velociby on the one hund sod excellent
conversion equilibrium on the other are
sutiafactorily obteined.

Instead of extending the double
connfercurrent heat exchange elements in
the first layer or eonverter bslow the
sereen. 2, thoy may be confined o the
cotalyst layer itself, in which cuse their
cooling effech i3 the same but they do not
serve to reduce the temperature of the
geses leaving the screen 2.

Ingtead of using doubls ocountercurrent
heat exchunge elements in the 2nd layer
or converter, straight fubes may be used
but such tubes are less efficient fempera-
ture regulating elements. If desired, the
seoond. converber or layer may, of course,
he in o separate shalf plaved beside the
first converter or layer instead of under-
neath it. The operation is, of ocourse,
identical and the choice of conatruction Is
decided almost whelly by questions of
spaoe and somstruetion economy,

Tt will be noted that not only is if

possible to operate with the optimum tem-
peratures in “both converters or eatalyst
layers but it i3 alsd Hoswsible to vary the
velocity of gas flow and time of contact
in the different 1layers or converters.
Ordinarily a shortér time of contact is
desired in the upper layer than in the
bottom layer. This is normelly elfecied
by reason of the fact that the heat
exchange elements are placed very close
in the upper layer and are less closely
placed in the hotbom layer. This is not
rought out in the diagrammatic drawing
where, for the sake of clearness, in Pigs.
1 and 2 the deuble countercurrent heat
exchange elements are shown widely
apaced. In actual practice, they are very
alopely spaced and the amount of catalyst
bebween them is corraspondingly smaller
with & resuléing high veloejity ol reaction
gas flow thereflrough and short time of
contact. The proper Himes of contact in
the vorious converters or lsyevs are, of
course, figured ouk by the skilled chemist
for any particular rcaction and it is an
advantage of the present invention that
the converter-system is flexible enough to
ermit oblaining “optimum conditions in
this important conneciion.

Fig. 3 illustrates a oonverter system
baving somewhat - diffacent  camponent
parts than that shown in Figs. 1 and 2
but operating on the same principle. The
upper converber or layer, as in Fig. 1,
containg a sheli 1 and top piece 14. A
iube sheet 16 ds, provided toward the
bottom of the shell from which rise tubes
17 which are filled with catalyst. Closed-
end tubes 18 with perforations 19 ai their
botbom ends ave placed over the catalyst
tubes, clogely surrounding the same. A
baffle 20 is also provided in the top piece
14 for better mixture of the gases. The

lower converter consists in @ shell 8, upper.

and lower tube sheets 21 and' 22 reupet-
tively, conmected. by tubes 24 filled with
cs.tag(st, retained on individual screens
23. A bottom piece 13 iz also provided.
Cooling gas enters the shell 8 t-hmu‘gh
the opening. 95, passes over the tubes 24,
after “being :deflécted by baffles 26, and
finally passes-out-throngkethe outlet 27.

In operation:-resction gases enter the
top piece 14, are:disteibuted by the baffie
20, and. pas: down -over the closcd-end
tuhes 18, being. in indireet heat cxvhang-
ing relation - with. .the catalyst in the
tubes 17. On -reaching the perforations
19, the e enter the annular space
between the tubes I8 and the tubes 17,
reversing theic flow end pass upwardly in
direct heat exchanging relation with the
catalyst and the tubes and with the gases
flowing outside of the tubes 18, and finally
reverse their flow again and pass down
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-through a

through the catalyst in the tubes. Then
the “gpases pass throngh the cafalyst in the
tubes 2¢ and out throogh tha bottom picee
13. It will be noted that the temperuture
control in the top converter is. the =ame
as in PFig. 1, that is to sey it increases
preportionately to the zeaction gas flow
und w double countercurrent heat exchange
takes place although the relative position
of catalyst and' heat ezcha; oloments

* is reversed. An estraordinarily effevtive

‘tempernture condrol is achieved as the
catalysd tubes may be chosen as small as
desired. 'The lower convarker has ifs

temperature eontrolled by a oooling gas -

and ean he adjusted to any desired tem-

grature without relation to thet obtain-.

ihg in the fop cobverter. -

Of course, the lower converter of the
‘type shown in Figs. 1 and 2 may be used
with an upper converter as shown in Fig.
3 and viee versa. - In fact the particular
association of one type of reaction gas
codled oonverter -with ancther type of
independently cooled converter is merely
to illusteate the flezibility of the inven-
tion and other different arrangements wmay
he employed. -

Fig. 4 illustrates a somewhat modified
type of converter comstruetion from that
in Fig. 1, the gases passing first through

‘a lower couverter and then through an

upper, instead of the reverse. The lower
converter contains double eounteremrrent;
heat exchange elements of the same type
as in Fig. 1 except that they are inverted.
The-samea reference charncters are used to
designate the same parts. Tke upper con-
verter is likowisc provided with double

eountercurrent heat exchanpe elements,

but- instead of their being arranged hori-
zontally as in Tige. 1 and 2 they are
arranged vettically. Like parts bear like
numerals. The cooling medium  aiter

‘Eassing through the double counbercurrernt

eal exchunge elements in the second
Iayer flows out throngh a pipe 27, thencs
conler 28, shown diagram.-
matically as a fire tube boiler, and are
finafly recirculated by the pump 29,
through the pipe 30, hack through the
double countercurrent heat exchange
elements. A bypass 31 is  provided
uround. the cooler 28 and the amount of
gas by-passed is controlled hy a valve 32
in the pipe 31 and a valve 33 in the
Tipe 27.

Even with effective heat insulntion, the
shells of the convertérs have w cerfain
eooling cffect and this may he compensated
for Dy ccoling the center of the catalysh
Inyer in the converter more sirongly than
the periphery. This iz shown in Fig. 4

by orifice phugs 34 which restrict the How
. of gas in the heat exchange'elements in-

the upper econverter. Similar restrictions

eauging wn inereased flow from the peri-

phery toward the center miay be applied
to the double countereurrent  heat
exchange elements in the lower converter
ar in the npper converter shown in Fig. 1.
The variation in cooling capacity thne
effected 15 not elaimed here brozdly hut
only in connection with the present com-
bination of converters.

Fig. 5 is a detail of the double counter-
current heat exchange elements shown in
Fig. 4 and illustrates that the innertnbe

“may be perforated in order to prevent

the gases from ptriking the elosed end of
the closed-cnd tubes in suffieient guantity

-t produce a cold =pof, which iz un-
‘desirable as

it makes for non-uniform
catalyst operating temperatres,

. Fig. 6 illustrates a eonverter in whiel
the flow of cas is the seme as that in
Fjgé 4, the upper econverter being pro-
vided with double countereurrent heat
exchange elements as in Fig. 4 and bear-
ing the same reference characters. The
boftom  converter is provided with a
-Jifferent type of double countercirrent
heat oxehange clemenis in the form of
concentric anmuli 33 and 36 respectively
nesting one within the other, the catalyat
being placed in the space between the
annuit 35. These anouli are also mo-
vided with perforations 37 at their open
ends sa that gases may pass out into the
catelyst. It will be noted that the fow
uf gases is the sume as in the modifica-
tion shown in Figs..I and 4, tHet is te

-say. the guses first pass hetween the anuuli
36 .in indirect heat exchanging relation
. with :the catalyst, then reverse their flow
-and . pass -down in the annular spaces
“between the anuuli 35 and 36 in direct

hicat cichanging relation with the tontack
mass and with the mooming gas, and
thence, after reversal of flow, through the
perforations 87 oand up  throuph the
vatalyst layer. The construction shown
in Pigs. 6 and 7 possesses, howaver, some
advantuges us the rings nest without the
use of fube sheets and the eatalyst in the
annuli presents a larger surface to the
heat exchange elementis than is the case
with the design shown in Figs. 1 and 4.
Compensation for couverter shell eocling

-mey be effected by inereasing the thiok-

ness of catalyst annuli from the ocenter
to the periphery. or hy providing suitable
restrictions in the gas flow {hrough the
various portions.

.. It should he noted that the design of
eonverfer shown i the firgt layer or con-
Ferber im Tigs. 1, 4 and 6 presents a great
advantage in- that tight connections’ are
nob necessury. It will be apparent that

canyi small leakages of gus will' merely
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camse » slightly smaller guantily o pass
through the heat exchange elements and
the-leakapes do not pass outside the con.
verter, ‘ipis is u marked contrast to the
old faehioned tubuloy converter, such as;
for example, that lustrated in the hottom’
aonverter of Fig. 3 where tightness of tho
tubes is essemiial pnd is freguently :=
troublesome matter as oonvericrs ere
operated at high temmperature and warping
is always to ba feared. -

In sddition to the modification in the
hottom converter shown in Figs, 6 and 7,
Fig. G shows the mse of the heat cwehange
elements in the top comverter to prcheat
incoming yesction geses. This is effected
by ecausing the imeoming reaction gas
foreed: by the bhlower 38 to pass through
the pipe 39 and fhen 'I:]:u-uugﬁJ the double
countereurrent hoa exchange elements
and fimally oub through the valved pipe
40 {0 the ehamber 41 where the mataral
to be ireated may be volatilized,  This
chamber it shown in purely diagram-
matio form and will vary, of course, witlr
the nature of the material used. Thus,
tor example, in the oxidation of enlfur
diexide to sulfur frioxide it wmay be a-
sulfur burner or in the case of organie
oxidations and other vapor 1jahase catulyses
or gthey satalyses involving volatile
organic compounds it may he a TAPOTIZLL
of any desired type. The representation:
is, .of course, purely diagrammatic and
docs not define eny partiemiar strugtural
design.  Affer the reaction gases have
been furmed, they pass Ghrough the pipe
42 into the converter, passing through in
the same manner as in the converfers
desoribed in Figs. 1 and 8.

The flow through the doublc ecounter-
current heat exchange elemenis in the
upper converter or luyer, which it will
be moted it the vevezse of the usual flow,
that is to say the pases pass first thraugh
the anmular space and then out through
the central tubes, may be suitably dis-
tributed by means of orifice plugs 43 or
other restrictions so as to compensate for
converier =heli cooling as desoribed in
connection with same of the other figures.
Obviously, of course, if desired, the
arrangement can be such that the gases
flow through the double counterewrent
hent exehange clements in the roverse
dircetion. The cooling may be controlled
by varying the speed of the blower or by
by-passing a proportion of the cooling
medium through the valved by-pass pipe
44. In some cases, for example when
starting up, it may be desirable to bypass
the whole of the gases. In cage of shut-
down of the lower converter or layer, guses
may be directly by-pessed by causing them
to entor through the valved pips 45. This

alsp permits reversing the fow of gases
through the donble counferourrent heat
exchange elements if desired sinee if the
valve in pipes 456 and 44 are opened and
the valve in pipe 40 iz closed, gas passing
in through fhe pipe 45 wil go down
through the .ceniral tubes and then up
thﬂt’.zflh the wqmular spaces bobween the
central trhes and the clesed end tubes
and, finally, out through the pipe 30 end
pipe 44,

The piping arrangement which provides
for the preliminary hesting up of part o
ull of the reachion gases by wusing bthem
28 ouoling media fur the second converber
may, of course, be applied to the desigins
shown in any of ‘the other res. -The
piping is, of course, shuwn dragrammati-
cs;eg and the prg{_jer- arrangement will be
used to praduce the fHow whicli the skilled
cheicnl - engineer may deem most advan-
tageows lfor the partienlar insteliation.

pourse the giping in practice will
usnally be insvlated, as will the converter,
and all such -desipn foofures which are
ordinarily used in. converber systems wilt
be applied but their particular eonstrue-
tion, of course, forms mo park of the
present  invention and 18, therclore,
amitted for the suke of clearness. Ib is
sometimen desirable to cireulate a gaseous
medium  through the ~ heat exchange
eloments of the second converter tem-
poparily without causing it to pass
through the chamber 41; thus, for
eaxample, when the gouverter is being
heated up it may be desirable to puss hot
gas of any qature through the heat
exchange e¢loments in order to heat up
the catalyst in. the upper vonverfer. This
muy be very eusily effected by closing the
valves in pipes 40 and 44 and openiug the
valve in pipe-45.. In such a case the ygas
will be foroed., by. the. blowsr through the
heat exchange slements and will pass out
throngh the pipe 45 and through a branch
exheust pipe 46, the check vaive 47 being
provided to prevent the gas from again
ciroulating {ihvough the Dblower. Any
other enitable piping arrangement may be
applied which will permib using a tem-
porary circulstion and is included in the
seope of the jnvention.

A few modifications of the present
inventiop have been shown, whie will
fllustrate its Hexihility snd application to
vapor phesa catalytic reactions. The
advantages of exact seotvol of temperu.
tare in both the eonvertors is, of course,
of great importance as has been brought
out above. In some cases it may be
desirable to provide further additional
convertors or_catulyst layers which 10w
pinssess other types of eocoling or no coof—l
ing means &t all. . Tho addition of further
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sonverters in series is ineluded within the
scope of the present fnvention and the
number of converters to be ussd #ill be

determined in every ense by the require

ments of the reaction and -hy the par-
ticular shructural design of the' con-
verbors. For some reactions it is desirable
to have a very short time of contaet with
the catalyst, and a larger oumbser of cop-
verters in geries permit relatively short
contast {imes in any one eonverfor with
suffiofent  total fime to efect the
Toactiol.  These modifications of struo-
bure, design and arrangement, of doncse,
will depend on the icular reastion- to
be ecarried-out and the most effective and
suitahle wrrangement, will In every case
be chosen, '

- In sume vreactions it is desirable o

recivculate the reacted products with or
without removel of paré of the products,
Such systems of reciroulation aze desaribed
in our co-peuding applcation, Patent N,
206,442, lfated July 29, 1928 and are
2pplicable to the converter sysiems illne.
trated in the present invention, Phe
iping arrangement for recirenlation will
¢ clear and has not heen specifically
paztionlar desfen fo be
used does not form a particnlar part of
this invention. Any ‘suitable type of

< Teciroulation, such es thoss described in

my co-pending application, may be nused,

.%I&ving g?;rg particularly des{rib'ed and
ascertained the matura of our said inven.
tion and jn what manner the same is to
be performed, we declaye that what we
elaim ia ;. )

1. A converter system comprising a

Plurslity of converbers or layers in serfes
in a single shell op in separate shells, at
least one econveriur or layer being pro.
vided with reaction pgas operated ooolingr
means sufflelent tu permit it to operatc ab
loadings Iargely in excess of ngrmal for
commersial yields, such as cooling means
whose cooling effect increases rapidly, or,
preferably in proportion to the reaction
gas * velocity * through  the converter,
followed by af least ouc converter or
loyer  provided with cooling  means
operated from a sousce ather than the
Teaction gases issuing from the first eon.
verter or layer, said eoaling means, for
sxamrple, heing of & doubls connteronrront
e.

- A eonverter system aezording  to
clafm 1 in which the evoling mediwm for
the indspendently cooled converter s
recirenlated, : )

3.7A " converter system acoording o
claim 1 in which part at Jeast of the
reastion gases ave nsed as the independent

-eauling’ medinm hefore they pass through

‘the first eomverter.
- & A" oouverter sysiem aceording  to
claims I 4o 3 in which the cooling means
in one or hoth of ihe converters are of
sueh. nopn-uniform placement, arrangement
or cooling eapacity as to compensate for
the non-uniformity of converter shell
couling. -
Dhant%d this dth day of November, 1929,
CRUIKSHANK & FAIRWEATHER,
65--66, Chancery Lanc, London, W.C. 2,

20, St. Vincent Place, Glasgow,
Agents for the Applicants.

-Abirgdon :  Printed for Hiz Mejesiy'a Stationery Offico, by B

& Son.
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