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contacting material and more particularly
relates to the catalytic conveision of
hydrocarbons in which finely divided solid
catalyst material is wused.

According to this inventinn, vapers or
gases are passed through reaction zone
or vessel in n direction countercurrent to

. the {low of fuely divided solid contasting

material. 'The wapors or gases are passed
apwardly throagh the reaviion zune anil
the finaly divided solid confacting
material is passed downwardly throungl
the reaction zome. The velorify of the
vapor or gas is so adjusted fhat the solid
particles are Auidized and - simulate a
liguid.

“According to the prefeired form of this
invention, the reaction zome or vessel is
provided with contacting means whereby
intimate tonlact between the solid par-
ficles nad the vapors or gases is obtained.

In the nceompanying drawings: .~

Tigure 1 represents a diagrdmmatic
chowing of apparasus adapted to carry out
the invenilon; .

Ficure 2 tepresents an enlarged detail
showing the internal canstruction of one
form of comteeting meang in a vessel;

Figare 8 rcpresants a Lorizantal cruss-
section taken substentially on line IJT—
TTT of Figurc 2; and

45 TFigure 4 represents snother form of re-

U

petion ve.ssel.
Referring now
(B~ ~°

to the drawing, the

aceordance with the Declsich of the
dated Tha geventeench da¥ ol June,

B s s ot e ~

TaApOTS ot 508 \nﬂ_lwﬁzgi:r divided solid
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vessel 10 and in order to cffect intimate
contact Letween the solids and the vapors
or pases contacling means ave arranged
within the vessel 10.

As shown in the drawings, the reaction
zome or vassel 10 comprises a bublile tray
column. Instead of tﬂis construction the
vessel 10 may be a packed tower or may
be a dise and doughtnnt tower, or the like.

60

The vessel is so congbrueted as to pro--

vide contact hetwaen the vapors and salid
parficles puassing through the vessel 10.

.Attention is directed to Figure 2 which

shows an enlarged debuil of the vesssl 10
and includes a pletd 16 having o down
spont 18 for condueting '
from the plate 16 ta the plate beneath the
plate 18. Fxtending upwardly from: the
plate 18 are small tubes 22 provided with
caps 24 to provide passageways for the
vapor Or ges passing upwa
the vessel 10,  As before stated the
velosity of the vapors or gages is sv
adjusted that the solid particles axe main-
tained in o fuidized condition. The solid
particles fo fiuidized condifion ave shown
at 26 ou plate 10,

Azranged above the plate 18 is another
plate 28 which is spaceﬂ from the walls of
the vessel 10 as ot 32 fe t{ruvi&e poesage-
ways 33 for conducting the duidized so id
parbieles from the plate 28 fo the plate 16
directly beneath the plate 23, The mlate
28 is also provided with npwardly extend-
ing tubes 34 provided with caps 38 to

golid particles.
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COMPLETE SPECIFICATION

Improvements in or relating to Contacting Finely Divided Solids
and Gaseous Fluids o

We, Sranpann (i, DEvELOPMENT LoM-
pany, a torporation duly organised aund
existing wnder the laws of the State of
Delaware,

6 having an office at Tinden, New Jersey,
Tnited Statcs of America, do hereby
deelare the nature of this inventien, and
in whal menner the same is o _he
perfarmed, to be perticularly deseribed

10 and aseertained in and by the following
statemeni:— -

This invention relates to treating
vapors ot gases with finely. divided solid
conttacting material and mors particnlarly

15 relates to the catalytic conversion of

hydrocarbons in which finely divided solid wi

catalyst material is used.

According to this invention, vapors. or
guses are passed through a reaetion.wone

20 vr vessel in a direction countercurgent to.

the flow of finely Jivided solid cantacting
wmpterial, ' The vapors or gases are passer
upwardly throngh the reaction gome and
the fnely divided polid
25 materisl 1s passed downwardly throuih
the reaction zome. The velocity of the
vapor or gas i 9o adjusted that the solid
particlas are fluidized and simulate o
Liguid. .
3¢ Arcording to the prefeived form of ihis
inveriion, the reaclion some or vessel iz
provided with contacting meens whereby
intimate confuct between the solid par-
ticles aafl the vapors or gases is obitaired.
35 In the aceompanying drawings;.. &
Figure 1 represents a diageitmdatic
showing of apparatus adapted to carry out
the Invention; T

=1

Figure $ represents an enlarged defail

40 showing the internal comstruetion of vue
form of contacting meuns in a vessel;
Figure 8 represents a horizonlul eross-
section taken substantially on line JTT—
IIT of Figure 2; and
45 Higure 4 represents anuther form of re-
action vessel, : .
Referring now to the drawing, the

(Bt~

TUnited States of Ameriea,

contaciing -

reference character 10 desipmates a re-
aotion zona or vessel wherein vapors aud
goses are contacted with finely divided 80
solid material, The wapors or gases are
intreduced into the lower portion of the
vossel through ling 120 ¥inely divided
solid contacfing Taterial }is indroduced

inte the upper portion of the vessel 10 55

through line 14. The contacting material
may be [resh or may be regenerated. The
flow of the fnely divided maferial and _
vapors or gases 15 countercurrent in the
vessel- 10 and in order to offect intimate 60
contact bebween the solids and the vapors

or tﬁases confacting means are orranged
thin the vessel 10.

As shown in the dyawings, the reaction
zone or vessel 10 comprises a bubble tray 6B
column. Instead of this consiruetion fhe
vessel 10 may he a packed fower or may
be a dise and douglifout tower, or the like.

The vessel is a0 eonsfrueted as to pro-
vide contact between the vapors and solid 70
particles passing through the vegsel 1.

-Attention is directed to Figure 2 which

shows an enlarged datail of the vessel 10
and includes u plate 16 having a down
spout 18 for conducting sclid particles 7B
from. he plate 16 to the plate beneath the
plate 16. Exiending upwardly from the
plate 18 ave small tubes 22 provided with
cups 24 fo provide passageways for the
vapor or gas passiog wpwardly through 80
the wessel 10,  Ae bhefore stated fhe
velocity of the vapors or gmses is sv
adjusted that the solid particles are main-
tuined in s fluidized rondition. The solid
particles in fluidized condition are shown 85

at 26 on plate 18,

~Avronged-above the plute 16 is another
plaie 28 which is spacéd from the walls of
the vessel 10 as af 32 to provide passage-
ways 33 for conducting the fluidized solid 90
particles from the plate 28 to the plate 16
directly beneath-the plate 28, The plaie
98 is also pravided with upwardly cxtend-
ing tubes 34 provided with caps 36 to
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b ticles throngh the tubes 34. The solid-
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- 10
15
20

95 fAunidized mass of the solid

20

provide passageways for the vapors or
gases passing npwardly through the vessel
10 while at the same iime preventing

ownward flow of the fluidized solid par-

particles iu fluidized condition are shown
at 38 on the plate 28. The fividized sobid
Partioles are condueted to the plate 28 hy
means of 4 down spout 42 which eonduafs
the finidized solid particles from o plate
directly wbove the. plate 28.

Beneath the first mentionsd plate 16 is
another plate 46 which is similar in con-
struetion {o-the plate 28, Plate 48 is o
arranged to haye passageways 47 for con-
ducting the fluidized solid particles from
the plate 46 to the plate 48 which is
arranged beneath fhe plate 48, Plate 48
18 similer in construction fo the frst men-
tioned plate 16 and has 8 down spont 49
for conducting fnidized. solid particles
from the plate 48 to the plate dirvaetly
bemeath, Preferably the dovwn spouts 49,
18 and 49 extend below thérsmrface of the
narticles om the
rexpeetive plates. :

TFrom the above it will be-seen that the
vapars or gascs pass upwardiy-through the
vessel 10 and the velocity of-the wapors
or gases is so adjusted that the ¥lid par-
ticles are finidiced dnd flow like o Yguid.
The Huidized solid particles
wardly in the-vessel 10 i, countercurrént

relation to tha vapors or gases. Yor.ex

amyile, the upfiowing vapors or gases pass
through the bed 26 on plate 18 to main-

" Inin the solid particles in fluidized con-

40

dition. The fluidized solid partivles fiow
from the pluate 16 through the down spout
18 to the mext lower plate 46. The vapors
or gases pass upwardly through the bed
of fluidized solid particles 28 and through
lubes 34 arranged on plate 28 and fhen
throngh the bed of solid particles 38 on

45 th%vglate 238,

bl

ith the arrangement of contact means
abave described, Intimate contact hetween
the vapors or gases and solid perticles is
effecied and a greater degree of agitation
is obtained than in vessels which do not
have the contacling means. If desired,
heating or conling eoils 52 may he intro-
duced into the space bebwaen the plaies.
For example, in Figure 9 tubes 52 are

66 shown arranged hetween plales 18 and 46,

60

B

In the catalylic conversion of hydro-
carhons carbonaveous deposits.-ave {re-
quently formed. on fhe solid particles
which are catalytic in this iype of opera-
tion and it is vsally necessarv tn rte-
generate the catalyst particles before re-
using them in another conversion opera-
tion. Tn some instences the catalytic
particles may be recyeled to the conversion
zone ot vessel 10 without regeneration,

flow down-

The régenerativn of the catalyst partieleg
or solid particles will be hereinafter do.
seribed in greater detail,

‘The reaction products in vapor form
pass overhead through Iine 54, VWhile
the velocity of the vapors or gases through
the vessel 10 iz relatively low, the reaction
Producly carry some of the solid pariieley

Toyerhead. [§is desirable to remove -{liese
solid particles from the reastion products
and the vapors passing through line 54 are
ntroduced into a separating means 56
which may he any suitable separating
means. bui which is shown in {he drawing
as & cyelone sepurator,
separating means may be used if desived.
In the separating weangs 84, vapors and
jases are  separated from substantially
dry solid purticles, The reaction, products
in vapor form
line 68 and are further treated ag desired
to sepaxdie desived constitvents. Tn the
eatalytie, conversion of hydrocarbons the
reuction products in vapor form are pra-
ferably pussed to
where tha  desired motor
separated from the rest
produets, -
. The separated solid particles eollseting
in the separator 56 are withdrawn through
lize 62 and passed through line 64 huving
a valve 68 To & regenerationzone vresantly
%o Le deseribed, Tm some instances it may
be desirable to racysle some of the separ-

“zated solid particles o the reaetion zone or
ve}s.sel 10 by means of line 14, )

The contaminated solid parbicles whick
move AGyuward-fn the reaction zona or
vessel 10 ave preferably-passed through
u stripping section for rednoving :
reaction -products. Residual
carbons are removed from ihe

fuels are
of the regetion

- hydro-
catalyst

% fractionating system &

removing residunl .

0

7h

a0

More than oue B0

bass over head through 9% -

95

particles in this section. If desired, heat-

ing coils' 68 may be intreduced hebwoen
the plates in  the lower
the reaction zone or vessel 10,
other suitable stripping gas iz introduced
into ike bottom portin of the reaciion
vessel or mome 10 through Iine 72.
 The siripped solid partidles are with-
drewn from the bottom of the rvegefion
zone or vessel 10 through line 74 having
a valve 76.  Alr or other suitable re.
cnerating gas is infroduced into line 74
selow line 76 by meuns of line 78 and the
cortaminated solid particles are carried
in suspeusion through line 82 to a separat-
ing means 86 for separating the sclid
particles from guses. 'The separting
means 86 is any snitahle geparator and is
shown on the drawing &s a oyelone
separator.  More than ome eyelome
separator oy be used if desived, The
separaled gases pass everhond through
line 88. The separated

1ia

geclion of 110
Sleam or -

124

125

solid  par- 130



590,882

<

bit)

2%

40

- 45

]

i

o

60

65

ticles ave withdrawn irom the bolium
ui the separating means 8 and passed
throngh line 92 Inlo the lop poriicn of o
regeneration zone 93, The comtaminaled
sofid partieles from the separator 54 which
are passed through line 64 are preferably
mixed with the solid particles withdrawn
from the hottom of the reaction sunc ox
vessel 10 and this mivtuve {s introduced
intc the separating mecans 36 just de-
seribed, Line 82 may pass direcily into
the top of vessel 83, eliminating the ze-
rovery means 56, The air in line 82 1s
sepurated from entrained solids in separat-
inz means presenily to be deseribed.

Air or other suifable regenerating pas
is introducesd inio the lower portion of the
repeneration sonpc 93 through line 54,
The remenevation zene 3 is of sghstan.
tiully the same construction as ihe rc-
netion zone vr vessel 10 ahove desczibed,
'The repeneration zone 83 is provided with
bubhle eaps and down spouts for provid-
ingy intimale contact hetween the solid
particles and the regemecrpting gas. The
contamingted solid particles pass down-
wordly through the regerenation zone and
the regenerated gns vmsses upward in
conntercurrent relation. thereto,

The regencration gases laave the fop of
ihe regeneration zune through line 86 and
s they curry a certain amount of solid
partieles vwith them, it is desirable 4o pass
the regeneration gases through a sepazat-
ing smeans 98 to recover the solid

he any sititable consiruction and is shown
in the drawing-as a_cyclone sgeparator.
More than one separsting mesus way be
nsad if desired, The regeneration gases
pass overhead through lime 102 and ave
vemoved from the systam. The separated
solid partieles wre withdrawn from the
hottom of the separuting means 98 and
veluraed o the upper porvtion of the
vegeneration zone through line 104. If

Kuc 82 passes directly inte the top of .

vessel ‘95 as above described, the alr is
separated frow cotrained solids in
separating means 98, .

The solid partieles during regeneration
in the regeneration zone §8 are main-
fained in a fuidized -condition dwing
their passage through the regeneration
sone. Preferably the refurn pipes 92 and
104 extend below the level of the fluidized
sglid particles on the top plate in fhe
regenerstion zone 98,

Ty the caluletic conversion of hydro-
parbions carbopaceons or organic malerial
is deporited on the catalyst pariicles.
Tlese catalvst particles are regenerated
by hurning off Hic carbonacecus or ergante
depesits, The firsd part of the regeneru-
fion {3 most netive and as the reaction is

exolhermic, it is desirable to prevent the

_temperature frem rising loo high duzing

this portian of the regeneratiom.  Aost
catalytic substazces are injured by high
temperatures and therefore it is necessary 70
to  eontrol  the fempepsfure during
regeneration. One way of coniroiling the
temperature is “tn introduce sooling coils
106 beiween the upper plates in the
regeneration zons 93. Any suitable heat 75
cxchange medium may be cirenlated
’shroug'ﬁ tubes 106.

Steam or other suilable siripping or
purging gas iz introduced into the hottam
portion or purging zone 107 of the 80
regeneration rone $3 through lipe 108 io
remove residual oxygen or regbnerafing
gas from the solid particles in the lower
portion of the regeneration zone 93, Tle
regencratcd solid perticles are withdrawn 85
from the botbomu of the regeuneration zome
93 through line 102 having & valve 114,
The regenerated solid phriicles are passed
through line 116 and introduced into the .
upper pertion of the comversion zome or 8f
vessel 10 through line 14,

Some of the solid particles are lost from
the mystem by enfrainment with {he
vapors and gases leaving the sepavating
means snd in order to maintain the 0§
amount of solid particles subslantially
constant ju the system, fresh solid
particles are preferably intreduced into
the upper portion of the regeneration zone

- 08 ihrough hne 118, 100
pariieles. The separating means 98 muay -

In Figure 4 there is shown another form
of apparatus which mav be used to rarry

out the invention. The vessel 180 is pro-

vided with a gas or vapor inlet 132 at the
hottom and a vapor or gas outlet 134 af 18&
the top, The vessel is also provided. with

an inlet pipe 136 extending into the fup
portion of the vessel for introduweing
powdered  contactiug or cadalydic
material.  Hear the hottom the vessel jig
180 is provided with a draw-off or outlet
138 for withdrawing powdered material
which has passed downward through the
wessel 130, -

The vessel 130 iz provided with a hottom 115 |

distributing plate 142 which acts to dis
tribute the meoming gas into the hottom
portion of the vessel,  The wvessel 130 is
wlse provided with spaced perforated
plates 144, 146, 148 and 172 for support- 125
g Anidized ealulyst or solid pariicles
and for distributing the upflowing gas or
vapor theough the flnidized catulyst or
solid. The layers of flaidized natalysi or

- zolid 154, [58. 158 und 102 are supported 125

on the vespective perfurated plates 1437,
144, 146,-118 and 152. The velocity of
the wvapor or gas pessing upwarlly
through the vessel 130 aerates or fluidizes
the layers of eatalyst or solid pariicles on 150
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the perforated plates so thet the catalyst

or solid particles or fluidized mass fiows

like & liguid. '

As powdered catalyst or solid material

® ig vonlinuously introduced ontc the top

plate 15% by means of the inlet pipe 134,

the level of the fluidized , mixture rises

and overflows a downflow pipe 184 which

extends through the top perforated plate
10 152, The dowaflow pipe is aranged so

that a portion 166 extends ahove the per-

forated plate 152 and snother longer por-

tion 168 extends below fthe perforated

plate 152 to a level zhove the next lower
1% perforated plata 143,

The Auvidized selid particles flow down
the pipe 164 omfe the next lower per-
forated plate 148 uhtil the mass reaches
the level o the pipe 172 which esrrics

20 the fluidized mixiure fo-the nexi lower
perforated plate 346. The downflow pipe

172 extends through the perforated plate

148 and has 2 portion projecting abova

the plate 148 and ancther portion projeet-
25 ing below the plule 148 described in con-
vection with the first downflow pipe 164.

Another downflow pipe 174 i3 provided
which extends through plate 146 and
awhich permits downflow of ths flnidized
‘splid purticles to the next lower perforated
plate 144. Another downlow pipe 176 is
provided with axtends througl ths per-
foratod plate 144 and econducts the
fluidized svlid pariieles to the bottom per-
85 forated plate or distribution plate 143.

The outlet pipe 138 extends abova the per-
- foraled plate 142 so that o layer of
finidized solid particles is built up on the
plate and when it reaches the top of the
ontlet pipe 138, it fows out of the vessel
180.

In the treatment of gases or vapors the
guses or vapors. are intraduced into the
bottom of the vessel 130 and ecentact the
solid particles on the separate perforated
plates as the vapor or gas fravels upward,
The veloeidv of the vapor or gas is so con-
trolled that the solid parlicles onw the
perforatad platas ara wmaintained im
fluidized condition, The treated gas
leaves the vessel 180 through line 134.
In passing npward the vaper or gas passes
countercurrent to the movement of tha
solid or cubalyst parlicles.

_ 'Fhe solid particles are mainiained vn
the perforated plotes and as the powdered
material 1s iniroduced infe the lop of the
vessel onte top plate 1562, the fiuidized
mixture rises above the top 166 of the
first downflow pipe 168 wmic the nexi
Inwer perforated plate 145 from which it
pasges thronzh the -snecdeding downflow

40
45

&0

80

pipes and it is withdrawn from the vessel

180 through outlet 138.
'he apparatus shown in Figure 4 muy

i)

T e
e S L e .

e used a8 eilher or both reaction vessels

shown in Figure 1 of the drawing., While

the apparatus may be used for the cuta-

Iytie eracking of hydrocarbens, it is also

suifable for the regencration of catalyst 70
particles whick have become coated with
carbonaceous. material. 1% will be seen
that the ratalyst particles containing the
mogt ea.rbonncen'us materials are: indro-
duced into the tap of the vessel 130 whers
the upflowing gas has a luw oxygen con-
ceniration. I% iy easiest to remove a
large  umount of the carbonaceous
material in the fivst part of the regenars-

75

tion and by limiting the amount of 86 -

oxygen, the regeneration is controlled to

prevent excessively high femperatures.
‘When the catalysi particles arrive neas

the bottoin of the vessel 130, most of the

carbonaceous material has been burnt off 85

and i, is difficult o remove ‘the remaining
traces of carbonageons wmaterial. The
calulyst particles in the lower portion of
the vessel 130 a1¢ contacted with ga8 con-
taining o high oxymen concentration and 9h
the removal of the ramaining rarhon-
aeeons material is facilitsted.

In Figure 4 the bottom of each down-
ﬁgw pipe is about on 3 level with the top
of the next lower downflow pipe. Fur
example, the hoifom of inlet pipe 188 is
about on & level with the top 186 of dawn-
flow pipe 164. If desired the level of the
fluidized. solid particles on cach per-
foruted plate may be raised by using
loniger pipes and having the tops thercot
extending above the hottoms of the draw-
off -pipes. For exa-mlple, with the inlet
pipe 136 as shown, a longer tube 14 may

-3

Le nsed having ifs lower end positioned 105

as shown whereas the upper portion 168
wonld extend above the position shown.
Tn this way e thicker layer of fluidized
solid parlicles would he ebtained and-the

100 .

level of the layer would extend ahove the 116

outlet end of inlet pipe 136. ‘The
remaining downflow pipes may  be
similarly arranged to incresse the” depth
of the Jayer of fuidized particles on each
plate.

In the catalyfic oracking of hydro-
carbons, gas oll vapors at & temperabure
of about 850° T, to 100° F. are introduced
info fhe reaction vessel or zone 10 through
lipe 12.
the same temperaiuse or as high as 1200°
F. are introduced into the upper portion
of the reaction zope 10 through hne 14,
The catalyst is in finely divided form and
is of such a size that snbstantially all of 123
the catalyst partioles will' puss through
&t to 400 mesh or finer of the standard
series. Az a catalyst, any suifable cata-
Iytic materinl may be used such as meid

The catalyst particles al about 120

activated betonite olays, synthetic gels 130

us
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eontaining silics and eluming or silica
and magmesia, etc.
During passage through the reaction
zone or vessel 10, the oil vapors are inti-
5 mately econtacted” with the catalyst
pariicles end are converbed to lower beil-
ing hydrocarbons.” The preduets of con-
version Era,sa overhead and are preferably
passed through line 58 to a fractionating
1 system for separating desirad motar fuel
from higher boiling constifuents. -
During the conversion, the catalyst
particles become enated with earbonacesius
material and ag the eatalyst particles pass
1p inlo the stripping section of lhe vessel

10, residual volatile hydrocathona are

removed. The wcatalyst partielss with

the remaining carbonaceous deposily are

introduced info the fop porlion of the
20 regeneration. zone. The calalyst partielas
are 2t a temperatore of about 800 F. o
106" ¥, In the regeneration zome the
contaminated catalyst pariicles are inli-
mately confected with air and the car-
bongecous material is burned from the
catalyst particles, During regeneration
of avid treated Lentonite cia.ya ihe tep-
peralure 13 maintained below ahout 1206°
F. to prevent injuring of the ocatalyst
particles or sintering thereof, Thé
regenernted calalyst  parbicles  pass
through the stripping sone or purging
gone LUT im the regenerption zone 93 and
are then withdrawn frum the bolftom por-
{ion of the regeneratiun zone through line
112, ‘The regenerated catalyst particles
at g temperature of gbout 850° T, fo 1200°
P, are returned through lines T16 and I4
to the upper portion of the reaction zome
or vessel 10 Tor another conversion opera-
tion,

One of the important featores of tha
invention is
exchange of gases and solids which may
he employed for heating or cooling
either. For instgnge, in the regenera-
tion in vessel 98 hot products of combus-
tion at ahout 1100° ¥. and deficiént in
oxygen heat the catalyst to about 900° F.
anﬁ distil off residual hydrocarbons,
decreasing the air requiresuents for
regeneration, Then, in the fop section
{he carbonized catalysts is burmt in the
presence of low oxygen concentration air,
In the bottom section the calalyst lean
in carbon is burnt in the presence of gns
high in oxygen. cuncealrabion, almost
pute air, Better temperature control of
the surface of the catalyst during burn-
ing, hetter femperature distribution  in
the vessel and less time for buraing
resulis from having the high carhon cata-
1yst burn. in low axyzen concentration gas
and low carbon catalyst burn in high
66 oxyoen concentration goas rather than w

25

30

40
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the counterllow leat.

fised concentration of either resctant in
the vessel.

This iz an example of the utility of
counterflow powder and gas contact where
the effect in the desired reaction is more
or less even throughout the vessel. Such
a. phenomenon csn be utilzzed in  many
reactions whers gases react with or freat
golids suck gs chlorination of solids, dry-
ing of solids, roasting of ores,. partial
oxidization or carbemizafion of eoal,
abgurpiivn of gases by solids, gas purifica-
tion, and the %ﬂ:e.

The caftalyst. particles while passing
through the rcaction gome 10 and the
regeneration sose 93 are mainfuined in o
fluidized condition so that they flow like
@ lguid, In order to maintain the catn-
Iyst porticles in fluidized condition, the
velocity of the vapors passing upward in
reaction zona 10 and the velocity of the
ges or gases passing upwardly, in
regeneration. zonc 93 are about 0.5 to 3
feat per second, By having the contact-
ing means within the vessels 10 and 93,
better heat comtrol of.the interior the-
reacting maass is possible. By adding
or removing heat i the heat transfer
tubes, any tempersture gradients in tha
tower may be maintained. This process
is also an improvement wupon processes
having vesséls which do not confain any
contacting meéans in that channelling is
avoided and better agitation snd eoniact -
are obtnined between the solid particles 100
and the gases or vapors. .

Having now particularly described and
sgcertained the nature of our said inven-
tion and in what manncr the same is to
be performed, we declare that what we 105
claim is:— :

‘1. A method of condecling gaseous
flvid and finely divided sclid particles.
which, comprises maintaining a plurality

10

'{7]

80

8b

90

05

-of beds of fuidized solid contact particles 111}

in a coniacting zune, -these beds beinﬁ
gituated one above the other and separate
by pervious horizontal partitions extend-
ing substantially across the contacting -
gone, each partition being peneirated by 113
2 vertical confined passageway or pipe,
madntaining the solid particles in & liquid
gimnlating - condition by introducing
gseous Huid “into the lower portion of
Ehe contacting zome, introdueimg sclid 120
contact particles” into an upper bed of
Auidized particles in the contaching zone,
and wnﬁ-o]]jng the velocity of the
upwardly-flowing pases so that the solid
particles in ‘the beds are mainluined in a 125
fluidized state, Leeping the depth of
fluidized solid particles in each bed sub-
stantislly constant by removing sold.
pariicles fromw. the upper surface of cach
hed st a predetermined level, paseing the 13¢
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pariicles removed from each bed through
the vertical confined passageway to the
nexk lower hed, end finally withdrawing
the particles of catalyst from the bottom
b of ihe contacting some aud removing
gases from the fop of the eontacting zune.
2. A method according tu¢ Claim I,
wherein, the depth of the bed of particles
is_controlled by flowing the Hauidiged

10 solid, particles from the fop of the upper.

. most berl o the next lower hed thremgh
a vertical confined passage extending from
the-tup surface of the uppermost bed 4o the
next lower bed and through the spuce

15 therebetween so that in passing from one
bed' {o the next, the particles in the con-
fined passaga are ouf of contact with tha
upflowing gascouy fluid,

.3, A method secording to Claim 1,

" 20 whersin ot least some of the solid particleg

in fluidized condition are removed from o

bed above the hottom bed of Anidized
solid partioles.

4. A method according to any of (Tnins

25 1 1o §, wherein the gaseous fuid is a

hydracarbon and the solid particles com-

prise a conversion catalyst whereby hydro-

carbon gases are converfed to hydre-

- carbons boiling within the moter  fuel

30 range.

5. .A method aceording to any of Claims

1 tn 8, whérein the contacting zone is a
regeneraiion zone, said regeneration zone
receiving solid “eatalyst pariicles at the
35 top and an oxygen-containing gns at the
bottom, so that the oxygen-containing gas

ascends while the--emtalyst particles
catalysi -

descemd,  the  regenerated

particles being ‘withdrawn from the
bottom portion of the regeneration zone. 40

G, A method accarding to any of the
preceding Claims, wherein the fluidized
golid particles flow from one hed to the
next lower bed Ly grayity.

7. A method according to any of the 45
preceding Claims, wherein the ﬁ‘ilickness
of the layer of fiuidized solid particles in
each bed is controlled by predetermining
the height of the top of the verticul con-
flued passageway-or pipe.
© 8. A method zceording to any of the
preceding Claims, wherein the bottom of
the vertical confined pussageway or pipe
leading from one of tﬁe partitions in the
contacting zome is substantially in the BB
same plane ag the top of the verlival con-
fined passagewsy or pipe leading from the
next lower partition.

- 9. A method according fo any of (luims
1 to 7, wherein the bottom of the vertical 60
confined passageway or pipe leading from
one of the partitions in the contacting
gone is below he fop of the vertical con-
fined passageway or pips leading from
the next lower partition. -

10, Apparatus for carrying out the
method claimed in any of the preceding
Clndins, as hereimgbove described, with
reference to Figure 2 or to Figure 4 of = -
the accompanying drawings, ’ 70

Dated this 30th day of Ociober, 1942,
. DL YOURNG & CO.,
: 29, Bovthempton Buildings,
" Chaneery Lane, London, W.C.2,
- ~Apgents for the Applicants,

3]

. Prioted for His Majesty's Stationery Office, by M.M.P, Lid.—1948,
-Published at The Patemt Ofica, 25, Southampion Buildings, Lendon, ‘W.(.2, from which
- copies, price 2a, 0d. ench (inland) 2s, 1d. {abread) may be obéained: -
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[This Drawing i a reproguction of the Original on @ reduced scale]
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