ntion relates to an apparatus for contacting fluid wt

d material. This type of apparatus is anongst others applied for the -
catalytic treatnment of fluids, such as the catal ytic desul phurizati on and
denetal lization of 5 petroleumresidues. The invention relates nore in
particular to an apparatus for cgnfacting fluid with particulate solid
material conprising a during operation vertically extending vessel having
inlet neans for fluid and particulate solid-material at the upper part of
the 10 vesselapprauslis fbeicofBARGNE GFTHD | vkl pkTibiinm® contact space within
the vessel, the lower part Qf_ the boundary of the contact space conprising
a separating section bei ng ST MBYERAE fiuid and im perneable to
particul ate solid nmaterial to permt fluid to flow fromthe contact space

into a flui th?e hh@é:r;tllgg I%![i%&?i'létghorl ?g@{aac%nﬂarl%ontai@az%% B%)(Fl ng arranged

at an angle wth respect and separ et neans for
fluid arfithapartdoniate soliddnaterdpl alThis r"é[r?ge@f gepAtEea®d of the separating
secti on. anbagst %a&éé lé.bglléa tde thpecdthipoild @Reatiidn€|or FBuilgs,used to include

a gas/ | d m I n. the abo e nent j.ane of contactin
apgar at Iu%u i ﬁr‘f"r 8&?’&%%%%1’8%%?% tﬁilt}éﬁgjr‘ﬁyf’ﬁe vessel , Wlni gh

bed Bovesetrnleamvnesidiesli recti on by way of graV| ty flow Aged solid

particles ar edEﬁw‘FéhacEQEdﬁeﬁﬁw?éE B | *&“‘B&rﬁ%ﬁiazofbot%}f %ﬁ&%‘%&s"‘fuxj e fresh

solid partlc es are su led 1nto éﬂf art vessel . The
fluid flesReAYtingr SWEE ‘t’#é‘ E%’(‘:f“@f’lﬁe?r £pP Eﬁﬁe%ﬂl@%{-ﬁq&aiﬁ exerts driving
forces oncthg @@ﬁﬂo&aﬁémhmyoaxtmlbgdrdseei hevihg ealétomeahs tdae fl uid

flow. Th fI UI sect | reby pushes the
solid me Sal ﬁgfg?‘ \éﬁ% Eﬁ@?r&raﬁ\ %’ﬁe §8§a9859 ’#gtéggct ion. At high
flui@ veWre@éeli #9id Hal8D meagy|doshmmmi cating mah & gowteaxit] wmshvthlagal nst the
screen Wrehvsdleh acdy 95:dr0bsft L#atnd %Suﬁda&?tép@hpeéo%ﬁ& tBgcparticulate

solid materi al, and t he screen suyrface cannot. be overcone, so that a
stagnantCQEBﬁ%Flng a separating section being permeable to fluid and 1mr

permeable to particulate solid material to permit fluid to flow

"A/E%XRATUS FOR CONTACTI NG FLUI D W TH PARTI CULATE SG_I D I\/ATE%I‘) m
v pa) te

from the contact space into a fluid collecting space, the separating
15 section being arranged at an angle with respect to the horizomtal,
and separate outlet means for fluid and particulate solid material
arranged downstream of the separating section.
The term fluid in the specification and claims is used to
include a gas/liquid mixture. '
20 In the above-mentioned type of contacting apparatus, the
particulate solid material forms a bed in the vessel, which
~bed moves in downward directiom by waj of gravity flow. Aged solid
perticles are discharged from the lower parﬁ of the vessel while
fresh solid particles are supplied into the upper part of the
25 vessel. The fluid flowing through the bed of particulate solid
material exerts driving forces on the solid particles of the bed
in the direction of the fluid flow. The fluid flowing towards
the separating section thereby pushes the solid material against the
screen forming the separating section. At high fluid velocities the
30 so0lid material can be easily pushed against the screen with such a
high force that the friction between the particulaie solid material
and the screen surface cannot be overcome, so that a stagnant zone °

N

€



’

2 in which the particulate solid nmaterial does no | onger nove is formed - L:

adj acent to the screen. The 'phenorrenon of the formation of such a stagnant (

~zone ts also called "pinning". Since in such a stagnant zone .the solid

mat'erlfJ is not 5 regul arly refreshed, the part of the bed of

_parti, l'ate solid material in such a zone may easily be plugged with

“eont ami hations such as dirt, coke, metals and salts, fromthe fluid flowing

t Airough the bed of- parti cul ate solid mategial. A further consequence of the

. formation of a 10 st agnant zone adjacent to a screen in a contacting '
‘appar atus may conkl Yhidhekhs partigulatgeselddcusheaishdeedng tangepaoneability of

_.the stagnant zoneig somdrsﬁueect Eﬂ&lhets&eﬁn.lll'rﬂelpheh&ientiﬁso?eth&an no | onger:
be di scharged fro dt:n articulate soli dﬁ@at er.i a% " hi,s case the
fluid 15 treat rré'ﬂ? °ﬁ Thé ﬁt%%atgf‘ % ZBMaria p§P etl in order
to clean and ref rsdshetﬂneSththgﬁ;dsmMesqnev\,hhtlsoltd aatenisl denseti ng and :
ther ef ore cqst| y Qpatayofke-baNACOMS BV Bt Iche?bdeBE GATHLuRa0PET a1 €

apparatus for con in with particulate solid_material at ever 20
i ncreasing fluid ﬂ‘ﬁﬁé\/"\?g?’()i@ﬁt . sueh, aob?“ﬁ mehieghthy PePdugsRdurEtk This
t-endency is assocoatadnat idnsasuphond dgre, ekkeyf métulsl fidresiten foma St agnant

zone, in the bed qf pPaniki & tﬂ%“%{ll dle ?%i %‘f#&t%«?ul?t?es%ﬂ@t' ng section

in the contacting appar at'us. he pr esent
invention is to Re§eTied. oh faptheratansequance i sbe ifagmation ®fukt h particul ate

solid materijgl whaagidhteysie adjscet @3S Rerédnlid I kontateiQCppAacide ri sk of
~the formation of a_stagnant zone cent to a rati section is
‘reduced. The appdfat 5%%3'? tﬁ){] g to c‘f“l’fém’rs"ﬁsg ﬂ thereto conprises
a dLHI ng (naerat|(n¢rmeability of the stagnant zone is so reduced that the
- fluid in the vessel can no longer be discharged from the bed
of particulate solid material. In this case the fluid
15 treatment in the contacting apparatus must be stopped in
. order-to clean and refresh the plugged zones, which is a
time—consuming and therefore costly operation.
Nowadays there is a ‘tendency to operate apparatus for
contacting fluid with particulate solid material at ever
20 increasing fluid flow velocities to obtain higher
throughputs. This tendency is assoclated with a growing risk
 of the formation of a stagnant zone, in the bed of
particulate material adjacent to a separating section in the
contacting apparatus. _
25 - The object of the present invention is to provide an
apparatus for contacting fluid with particulate solid
' material wherein even at increasing fluid flow velocities
the risk of the formation of a stagnant zone adjacent to a
‘ separating section.islreduced. The apparatus according to
30  the invention thereto comprises a during operation
vertically.extending vessel having inlet means for fluid and
particulate solid material at the upper part of the vessel,
said inlet means communicating with a contact space within
the vessel, the lower part of the boundary of the contact
35 space comprising a separating_section being permeable to



A\ cal |y extending vessel having“inlet nmeans for fluid and particul ate

¥l material at the upper part of ‘the vessel, said inlet neans _

~xonpuni cating with a contact space within the-vessel, the |ower part of fhe

- botndary of the contact 35 space conprising a separating section being -

_perneable to 2a fluid and inmperneable to particulate solid material to

( permit fluid to flow fromthe contact space into a fluid collecting space, \J.J
‘the separating section being arranggd at an angle with respect to the
hori zontal, and separate outlet nmeans for fluid and particulate solid
nmaterial, afiluahged tﬂnm%béan‘i%Pa’E%“%%‘ﬁaF%&iidn’ga%eéHf &8,  -3- wherein
‘means are [Pt #gduid ol NBNCERE: Ehlcobtdttesicadintot a ilabd t he pressure -

decreasing i n_ downward direction | on e rati egtion during '
oper ati on ﬁ%ﬁ@%ﬁpﬁﬁ&?u&?‘e\ﬁ?ﬁ*‘iﬁégsau‘% i ?’gg%é%%%{&(%? a%r essure gradi ent
i nducing 5 an anglensitiheespegtdtonitheé hobiiapgel y apdsepargteugttlelie separating

sectiong inateadaf rRAuPadbett1db]atePssluNtadepi RO Briddgeepar ating section
as in t?1e known contacting apparatus. As a result thereof the force pushing

the solid rdsweptrgan 9% Lhe (3eRAABS FeCHP section is increased with respect
to the force pushing the 10 ~solid material against.the separating
section. This higher pushing force means a considerabl e reduction of the

ri sk of the formati on of above-nentioned stagnant zones. The invention wll
now be described by way of exanple in nore detail with reference to the
drawi ngs, wherein 15 " Figure 1 schematically shows a vertical

- Cross section of ' :




an apparatus.for contacting f|UId with particulate solid material according
to the invention; Figure 2 shows detail Il of Figure 1 on a ltarger scale;
Figuré 3 shows the flow pattern adjacent to the screen 20 section
showh in Figure 2; Figure 4 shows a first alternative of the pressure
gradi-ent i nduci ng nmeans shown in Figure 2; Figure 5 shows the flow pattern
adjacent to the screen section sho I n Flgure 4; 25 Figure 6 .
shows a second alternative of the %nessure gradi ent i nduci ng nmeans shown in
Figure 2; Figure 7 shows a third alternative of the pressure gradi ent

i nduci ng means 5@9&%& rﬁxeﬁhgléfr@ ﬁrovi‘&!éh 'fbﬂ%ﬁu&n%hé"&ﬁeésxfrg Féx‘é&l@ﬁ% ernative

. of the pressure gradi ent i nduci ng ‘means shown in ur e
““Referring to Fi gt the é’r9%§’§'éldefr8?‘s’éﬁ HhFayartegd WFCYP&HPa%{"Pﬁg"hIeI ui d wi th

particul ate sol i gegi@htirgabe AABRIduTEEe lopBr136h aFt twagﬁ&azuand 3. The
- contact spaces 2 and_3

are par ounded hy outer converg]ng
coni cal surfaces 4 aﬂ’dth&tg? éc%'m%q?eng °l% aressﬂﬁé %:\?V\@ ircie y
di ver gi ng sconi calhemrtlatéﬁuﬂ whtl Pbliguely (pass ithzbysh Ebelsepmrating coni cal
surfaces 4 and 6ge@fdnp ﬁEE’eaE é@ edd@cxﬂé&lﬂ? &Jasén%‘éhﬁugﬂaé&e' Eetleabpimol 1 d

material and to gw de said solid ma erial In direction.” The spaces
2 and 3 are furtPRACIER AFIER HB HROFR CPPEciing SPRratNsyfAy Beref¥dtel 1 and by
the walls of ri ng;a-bapaﬁecfmeejmhsan@rtde %a&&meﬁtalveicmg tHe aepg@dtibg t he
Fower ends of th ni ca ng, 5 es tively. In
this exanpl e theg%tc%g Iéslsliécreaﬁclde 8??? ? 3’)%?5&51"3 %gﬁl?éigﬁ coni cal
surfaces 60and 7selid mafegial @zainsd theeser@aésngleectmnb Thiie Hhigher verti cal

axi s of the out epudtORf GRkcs WehAS @S consARErad18M f2a0PON b thE - ribREOULET |

_conlcal surfaces_ 4 angd 5 are carried and
: orma.t:.on of above-mentioned sta.gna.nt zones.

0

The invention will now be descr:.bed. by way of exsmple in
more detail with reference to the di'awings, wherein N
15 Figure 1 schematically shows a vertical cross section of
an apparatus for contacting fluid with particulate solid material
according to the invention; .
Figure 2 shows detail II of Figure 1 on a larger scale;
Figure 3 shows the flow pattern adjacent to the screen
20 section shown in Figure 2; .
Figure 4 shows a first alterna:blve of the pressure gra.d:.ent
1nduc1ng mea.ns shown in Figure 2; . :
. Figure 5 shows the flow pattern a.d.jalcent to the screen
section shown in Figure U;
25 Figure 6 shows & second alterna.t:l.ve of the’ pressure gradient
inducing means shown in Figure 2;
. Figure T shows a third alternative of the pressure gradient
inducing means shown in Figure 2; and _
Figure 8 shows a fourth alternative of the pressure gradient
30. inducing means ‘shown in Figure 2.

' Referring to Figure 1, a vessel 1 of an apperatus for
contacting fluid with particulate solid material comprises two _
~contact spaces 2 and 3. The contact spaces 2 and 3 are partly bounded
by outer, downwardly conve:_'ging conical surfaces 4 and 5, respectively,



aces 6 and 7 by insert supports 14 and 15, respectiVely. The walls of
ring-shaped channels 9 and 10 are provided with 15 separdting ’,
- sections fornmed by inner screens 16 and 17, respectively, and outer screens =
~~18 and 19, respectively. Said screens are perneable to fluid and :
‘.inpermeable to particulate sold naterial to permt the flow of fluid from.
- the spaces 2 and 3 into fluid-collecting spaces 20, 21 and 22, 23, -
respectively. The fluid passed through 20 the screens 16 and 18 is-
recei ved by a fluid-perneabl e distributor tra¥ 24 érran ed gar.t ly in
f1 ui d- col PBR{IRET s SQFRVEIGLE R VEEE Ty CIHCRH (IR cﬁnfln'g’ sfate 21. The
f1 ui d- col lpeetive@y s|Eaek aiP @ndorikcalpyurifecey dvanicd,vaddhsnaid $hown neans,

known per se. for cool]j e £1uid. : {he e 6 and 18.
The.screer?se'rﬂ.'fé3 ? r%‘é’%ﬁ*@% ﬂg]{@}aégérgéap%%%?sc?épég%g%:ﬁ% ?rféogl;\tg %%,dé%, 27 and
28, respeceidaoyid maserisdi in) darmwardedinsshiond There spetesvdrandsadraven, for

i nducj ng %er%s%&dgaaﬁj gatteabPNa ak N1l o8 Radlle $65KRAN1Viddhod AP esSUT €
decreasing in downward direction during. operatiaon of the apgarat us. By this :
ar r angeneXelbt of nEingsshaped schanpetiy A E’é‘gﬁpnrﬁeﬁﬁe‘iﬁwgﬂ’i grrsesd ft eri al e

agai nst t ke Swer nsndisSofp thy edvindelala surtdcles De agd (B o d emd dgtail with

ref erence LQUI : 3 t \ ' . i ntion 'thé
means 25, gpgc%gyéﬁé g%'%grg% I de ﬁ?’g?lsﬁgg%aggg%egﬁgeng%?%h%\ég means 25,
126, 27 an@fZtheniipperheoniselcardacss b and) Trane eRgnted8| Gndavhs apglesi ng neans.
- The Y’gszehj'%hﬁ?chftﬁé k}@ftiﬁlb.ﬂ\dxggd?ﬂ%h@hﬁﬂef molaice&?sﬁﬁacém dn@nyd iant-i ni elt . gO
provi ded wi a rotary valve ar the su 0 -5- particylate soli
Tateri al . SFOBRE A TG FEICRL FFTORR § T¥el THTIEELIBE of t he
vessel 1 augpetiedhyt cond sappB2si 12 and dilgerespretivelypped fer ioner t he vessel

1. The flui.g:i 91.!%@ [ I ta ' I ] 0 S ja_an outl et
33 arranggggqséagl ogn%'%? g‘%%.'g?_}t%geis‘ég%gé#s%ﬁ{%%g&fﬁa%% eé? :‘\'r?ge n

communi caffkerwaells of the ring-shaped channels 9 and 10 are provided with

-'@JOI’IEd by cone supports 12 and 13, respectively, and the i nner coni cal

15  geparating sections formed by inner screens 16 and 17, respectively, .
| and outer screens 18_' end 19, respectively. Said screens are p'ermeablé
to fluid and impermeable to particulate solid nsterial to permit
the flow of fluid from the spaces 2 and 3 into fluid-collecting
~ spaces 20, 21 and 22, 23, respectively. The fluid passed through
pg  the screens 16 and 18 is received by a fluid-permeable distributor
" tray 2L arranged pertly in fluid-collecting space 20 and partly in
. fluid-collecting space 21. The fluid—céllecting spaces 20 and 21
may be provided with not shown means, known per se, for cooling the

_ f£luid passed through the screens 16 and 18. The screemns 16 through

25 19 are each provided with means 25, 26, 27 end 28, respectively,

' each being arranged behind the relevant screen, for ‘inducing a
pressure gradient along the relevant screen with the pressure
decreasing in downward direction during operation of the apparatus.
Bﬁr this arrangement of the means 25 through 28 pinning of solid |

30 material against the screens is prevénted as will be explained in
detail with reference to Figures 2 and 3. In the shown embodiment "
of the invention the means 25, 26, 2T and 28 are identically
shaped. Hereinafter these means 25, 26, 27 and 28 will be indicated

35 by the expression a.nti-piﬁning means. _ . _

~ The vessel 1 is further provided with an inlet 29 for fluid
and an inlet 30 provided with & rotary valve 31 for the supply of



with-the fl uid- col l ecting space 23 arranged behind the outer screen 19. The
coIIectlng space 22 arranged behind the inner screen 17, is in f1uid
communi cation with the collecting space 23 via a nunber of fluid passages
34. For renoving the particulate 10 solid material fromthe vessel 1 an
out | et~ pi pe 35 provided with a rotary val ve 36 passes through an opening in
the bottompart of the vessel 1. Ilx.order to load the vessel 1 with -
particulate solid naterial, rotation of the rotary valve 36 is stopped and
t he 15 vessel is filled with a carrier liquid supplied via the fluid
tnlet 29. Solid particles are introduced into the vessel 1 via the inlet 30
by rotating thepaaa;huela% solilie materidl. ForaishkriSutiigl tedlibia uhtrasaly d

: particles and rennv m.t he sel 1 V|at e fluid qutl 33. The
introduced part?cUl gge g?rlarZ%ty%ﬁe SR di f‘{éFﬁ%“é‘t%e “ﬁ% cont act
space 2 on the apypogetdni the uppsrf pers off thedvéssad Wwelhe fduid ishdischetgedt
space 3 on the %fBﬁPEhé:‘iﬁi-,&ﬁ'orS?k' ftﬂé?ev%sédﬁﬁdv{r aﬁ‘féﬁF.% 3”% éﬂin s %&? vessel 1

with particulate solid materia exanp to be
treated is5int rIREEEEE oD thy screpps 1] eande19 ng; beingeiy copminipdtdonog and

~di stributed ovehﬁm\em:euﬁﬁ;-tcosmeen@ spbce RRcarapaged1gehind. the odteét ri but or
tray 32. The ty €. of paﬂ

c%L es si gces chosenedt Ea%ﬁpgogh arJ:_i naf lons in
the fluid strea paSSI ng roug% tiRe 9ess e eoyn?%e beds of
-particul at e sol éereent Bhi % innfiuid cumunidatipmorth thanebldecid@eg spadpon
flowi ng throughaj R aledumieP8e Ii1614 %@sé%'s' 8 rf%ﬁrfea!mn@ faﬂaepmtcaﬁtes pace

2 part of the cont.am nations Is renoved omthe yid stream We

" reachi ng tHe riFyHgnTategich nem the Y%ée%re&?éﬂti?%ipapﬁﬂsl Plf"é%@%‘l t"FlEh cont act
space 2 vi a t heaaptaryngalve 36hgasisas cihroughcen cbeniuyl ih he batiten mteen 18
and will enter gpthg t‘%%sgi yi'd- 35 col | ecting spaces 20 and 21 behind
sai d screens 16 . respectively. In these fluid- col l ecting spaces 20
~and 21 the fluid isIterdexdepleadcts e'esenidﬂomnomgeﬁme #93i8r to further

treat ment materla.l, rotation of the rotary valve 36 is stopped and the
' 15 vessel is filled with a carrier liquid supplied via the fluid
inlet 29. Solid particles are introduced into the vessel 1 via
the inlet 30 by rotating the valve 31. The carrier liquid is
' replaced by the solid particles and removed from ‘the vessel 1
via the fluid outlet 33. The introduced particulate solid
20 material forms a bed in the contact space 2 on the upper conical
‘surfaces 4 and 6 as well as in the contact space 3 on the lower
-conical surfaces 5 and T.
Ai'ter loading the vessel 1 with pa.rt:.cula.te solid materisl,
a flu:.d, for example e liquid, to be treated is 1ntrod.uced into
25 the vessel 1 via the fluid inlet 29 and d:_l.strl'buted over the
contact space 2 via the openings in the distributor trey 32. The
type of solid perticles is 8o chosen thet conteminations in the
k fluid stream passing through the vessel 1 are egbsorbed by the
beds of particulate solid material in the contact spaces 2 and 3.
30_ Upon flcwmg through the bed of part:.culate solid material :Ln the
contact space 2 part of the contamna.tn.ons is removed from the
fluid stream. When reaching the ring-shaped channel 9 the trea.ted_
fluid will leave the conbact space 2 via the openings in the inner
screen 16 and the outer screen 18 and will enter into the fluid- -
35  collecting spaces 20 and 2T behind seid screens 16 and 18,
respectively. Ih thes.e fluid-collecting spa.ces 20 and 21 the fluid
is for example cooled aﬁd_/or homogenized prior to further treatmexit



- thereof. Via the openings in the distributor tray 24 the fluid is
equently supplied to the | ower contact space 3. After having passed the
. of solid particles in this space 3, wherein the renmmining part of thé.
contdam nations is renoved fromthe 5 fluid stream the'treated fluid is
,»\dl scharged fromthe contact space 3 via the openings in the inner screen 17 _
. and the outer screen 19 and flnaléy wi thdrawn fromthe interior of the

vessel 1 via the fluid outlet 33.°Wen contanination and deactivation of

t he beds of solid material necessitate repl acenent of the solid 10

parti cl esheretfar Yisy he op88idas imttieedissvitutoesivey f tiwhiBhidhe mass of,

sol i d par E&&%qﬁ&t&?%dﬁ%ﬁ% td 42 i&réroé&ﬁﬁcﬁ%ﬂgé t®dafdepm underneath, and
fl ows out of the vessel whereafter the rotation of the rotary valve 36

i s st oppd@Ving epsedothy bﬁgr‘iq BPEd pREbisles dPabty PaRsl 8arfSTR™Y suppl i ed
i Nt o t he theselaiding gatb ofi tHlectortAmbyatd ohisitisngenoked rfebmargkeval ve 31. During

the repl nt_of the Fluk ds & t|n cess in the
vessel% af@ “Es%g% ’nglédsagfé’%d’nﬁ&be ur?%gér?hs g%d?% he&st(%f:?d mat eri al can
al so contspace s e Bheredendagredn el heperhecreeni ?@@Merl n this case -
val ves 3L.206h 36 ﬁ{defpx?ehﬁ?ﬂﬁ%hhﬂavﬂrff&{tﬁg'ﬁ%ﬁbrz& thé Qfedked 150 that a

continuoug or intermttent fl.ow of fresh solid material is supplied via the
inlet 30 v"Bu'?t}enﬁlWeP‘éﬁeanﬁﬁ Wheho CQEE?B‘FG'T%I MY AR Eratiee 8bds of solid
mat eri al thg masnofngomid sebérialbiciesaltate tdpdacatentnst the tsolbaigh 19 is

.prevent e fs I -pin rough 28. A
furtﬁ'@ %ggg Qghgtgoftg%g%?%ggelénggﬁ%@m# ng%/v é‘%ﬂ%ﬁ%“%‘% reference to
Fi gures ZaaﬁcPfBSO%Wom-ﬁg-cb%ﬁ fingbhe Nesselny-ishapdenssrmsuerorgedi th t he outer
screen 1&r8RduiaBencaith) a&ldnﬂd% SRABE thé- vés%eihpwhefea&wruﬁJ the outer

screen 18 is co sed of a raljty of horjz ars 40 arranged at a -
di st ance 11"?‘6??!%2@% mt&f':ﬁp o) 3160¥?ns§r°5?et?r ﬁ‘eﬁs %‘fli"ﬁo?arrf‘é?&eél gl its 41,
and is r eiref preferalily simlltamdously ahpplieti b tied wésgedi norikars 42. The

ant _' R "AG "B rdfeCiHEPileS 85t dyPOdel K DhEMY W ré{?l&reké’ﬂ’cged in the

of the solid material the fluid-treating process in the vessel

may be continued. It will be understood that the solid material
can also continuously be refreshed during the fluid treatment. In
this case valves 31 and 36 are permsnently or periodically
20 rotated so that a continuous or intermittent flow of fresh solid
material is supplied via the inlet 30. During operation of the
vessel 1 plugging of the beds of solid material by pinniﬁg of
solid meterial to the screens 16 through 19 is prevented by the
arrangement of the eanti-pinning means 25 through 28. A further
25 explanation of these mesns will now be given with reference to
' F:Lgures 2 and 3, show:l.ng part of the ring-shaped channel 9 w:.th
the outer screen 18 and the anti-pinning means 27.
As shown in Figure 2 the outer screen 18 is composed of a
plurality of horizontal ba.?s %0 arranged at a distance from each
30 other to form a plurality of horizontal slits 41, and is reinforced . - -
by a plurality of vertical reinforcing bars U42. The _ahti-pinning '
means 27 comprises a box-like structure L3 a.rra.nged in the
the fluid-;collecting space 21 and enclosing the outer screen.18.
The box-like structure 43 comprises two substantially parallel
35 fluid-tight walls 4h and 45, attached to the ring-shaped channel



the fluid-collecting space: 21 and encI05|ng '‘the outer screen 18. The
box- Ilke structure 43 conprises two substantially parallel 35 fluid-ti

wal l.s ‘44 and 45, attached to-the ring-shaped channel 9 and bei ng

i Aclined with respect to the outer screen 18. A | ower perforated wal l 46.
bei ng—arranged at an angle with -respect to the outer screen 18 extends
lle_,vveen the fluid- tight wall 44 and the fluid-tight wall 45.- The
perforations 5 in the lower wall 46 have been indicated by reference
nunmeral 47. The interior of the box-like structure 43 is prow ded with flow
resi st ance nmearfs 8¢ behpe AGPRTSE WiberoRPERt Sonble ouber 86¥9FBadla nass of

.-;jspheLI cal soli Clil.SIlgﬁéﬂ QEﬂ‘craﬂ_élfwﬁilllfg ﬁehgw e&&hﬁ@é’ma’c Pmt Bggichaiviel 9 alo:IJ acent
to the screen uri tion esse own in Figure
'3. For the sak&8F°H 383%37 rc%‘f?ﬁSﬂeWt §x% gﬁ\m %ﬁe‘?—’f éﬁ?eﬁ’?gre only

schemati cal | y itidhtatedd hhnaﬂ dhe ef13idTight rtadk nli%-t Bt perfegebitdnsuous flow of
the particulsat g,Sghd %G&t %Qiﬁ'hstﬁm% heaschand el Igeflggéncgeﬁi}ne'rg.g' cated by

arrow A. Inth f 1 uil d-col ectlnglll E)ace 21 outside
structure 43 a ‘JubReaArreniry afnfio ﬁi‘ﬂ%?oﬁ%@%‘?&r@ FEeRzavEded _which s
~mai nt ai ned at arikbVllowl Msdktddtanmddne id tihel foirRSEfbCpdriteddle NN 9O tO

obtalnaflwdfl Wfromthe ch nnel e flui C space 21.
Fluid treated by he pamtsl cuf eezélg °%B%é’r“’g J‘leﬁ‘t’%‘e gjb E{’J[ space 2
‘| eaves the charpsétem 29 thepehanngl \H aumnhml Blomisarees| 18 sluging opetasiount er

screen 18. jphens bge SeE£AN 1184 §hcnat 1P Ydes, V!‘Jrhtl?é“s!ak@'o@néﬂzﬂ'lgfans 27
theflwdflowupo??ﬁ,gssmgthrou the slits eperpendlcular to

"the screen 8. THE Reqtsqshavn 1) Figwrer Puate P’I‘Jﬁmﬂ%q"}atb‘ifslﬁyt’ﬁélg 544
mat eri al agai nsin Fmrec:s.eene LEateidiet ety obadgneinutgs Oflo®Sof tﬁ&ep’arpi@me.ﬂél ng

ounuiar 0 ooyl oL LS BlablY 180, 106, 0B By

ar r angenent of t ernea ss 48 has the
fol | owi ng. ef f ecrrewn 4-hin fthei fluifwmeliettdaempace &1heu‘@c!-|deé4helbox-5|lh%e t he

pressure inRst hesthchatide 43 e substentially uniform fluid pressure prevails,

" -vhich is maintained at a lower level than the fluid pressure in
the channel 9 to obtain a fluid flow from the channel 9 into the
fluig-collecting space 21. Fluid treated by the particulate
solid ma.teria.:_l. in the contact space 2 leaves the channel 9

20 pertly via the horizontal slits 41 in the outer screen 18. When
o the screen 18 is not provided with ant:.-p:.nnlng means 27 the
fluid flow upon passing through the slits 41 will be perpend:.cula.r
to the screen. 18. The force induced by the fluid flow will push
the solid ma.terla.l against the screen 18, thereby ha.mper:.ng or
25 _' even preventing downwa.rd movement of the solid materisl through
the channel 9. The arrangement of the box-like structur_e 43 with
the permeeble mass 48 has the following effect on the fluid flow
adjacent to the screen 18. Since the pressure in the fluid-"
_ collecting space 21 outside the box-like structure 43 is
30 substantially uniform, the d:LrectJ.on' of the flow of fluid upon
' passing through the perforations 47 in the wall 46 of the '
box-like structure 43 will be perpendicular to said wall ‘46.
Thigs fluid flow ha.s been indicated by arrows B. Due to the
presence of the permeable mass 48, shown in Figure 2, in the

35 Dbox-like structure 43 the fluid pressure prevailing in the upper

part of the box-like structure 43 will be substantially higher’



ting .space 21 outside the box-like structure 43 is 30" substantlally
_ orm the direction of the flow of fluid upon passing through the -
perforations 47 in the wall 46 of the box-like structure 43 will be ’
- perpendicular to.said wall 46. This fluid flow has been indicated by arrows +
.~'B. Due -to the presence of the perneable mass 48, shown in Figure 2, in the,
.35 box-like structure 43 the.fluid pressure prevailing in the upper part J
of the box-like structure 43 will ke substantially higher 8 than the.
fluid pressure in the |ower part of said structure 43 near the |ower
~ perf or at ed R Fhﬂél“i\"nérﬁs&ﬁési"of:h%d-ﬁ‘a‘?’éﬁf‘“bPés%ﬂ}tdes"%‘FE'éFecal l ed iso-baric
. 'plhanesh oc(cajrn!ﬁag the Idg:&rh@tfofatléa w10 USE .U TRe é(?juaihy bfllg:ohbaad‘tl ow ,of fljw d
. therethrou ave n te n I n accordance
with the pg{] ¥e aﬁ" s eéiorgé"'%%gjcf n(fg &cu?{ gna'!rh'eae"sr’f all locations
per pendi culﬁ?e FW&FQP ﬁécﬁ'ﬁéﬂz cthslﬁrﬂ?Usof Iﬁéﬂeift shereshroughi havei on of the

. perfor agedwal knd‘!l@a@élﬂb héhaRhERBES. 1Q£e§ hQuF)ﬁ:EHF&Q'c@ wIREScHe8 the iso-baric
pI anes are incl gl with 10 res%g }af’sfg i SCree so that the fluid

“wi |l obli qRRHEHE Jﬁ‘[}s ThEheTeEhe fa Mt cBE a8 D aﬂ']ows Cin Figure 3. The

obl i queneskocatid¢dse pétpendidulow do seii Tso-thagbd ylalm:sennlma to thee i nclination of

e e AL, 96 B0l TR S S BRTpEOLS T

conpared W t er mea g/ partlcu ate solid material
i n the ri nthesReFRed %‘h&‘ﬁﬁ%l 8gt %ﬁsm#é«a%aw Pﬁ% igetipedpyitht y of the
per neahpe Papectt&oatlst @éréendtsy 8aSthatf cﬁehemsm:hnabbmuaiythe wal | 46

results in a d cregge o theiu %Lgedagg eﬁ_ be 8?it hee crﬁen 18 and the
" fluid flowtithe® EFFS e vertlc ne ?‘é ‘} EWE rorcés induced by the-
fluid fl owsbliauensse Qﬁéhdcﬁbn%rfdowdxiemrﬁ lstsetlhedepanda cnlthee solid materi aI

in the chappakad@h sl chd Hetiatia Va1l Al bhd hBE gerRsaadenre of the
of the permeable mass 48 compaged with the permeability of
15 the bed of particulate solid.material in the ring-shaped
- channel 9. An increase of the permeability of the permeable

mass 48 and/or a decrease of the inclination of the wall 46
results in a decrease of the acute angles between the screen
18 and the fluid flow linés C. The vertical coﬁponents of

20 the forces induced by the fluid flows promote the downward
movement of the particulate solid material in the chanmel 9
along the screen 18. A further consequence of the
inclination of the fluid flow lines C with respect to the
screen 18 consists herein that at a given fluid flow

25 velocity adjacent to the screen 18, the fluid flow-induced
force on the-particulate_solid material in the direction of
the screen 18 is reduced compared with the fluid |
floweinduced'fprce adjacent to a screen not being provided
with anti-pinning means. =~ = '

30 The above-mentioned arrangement of the box-like
Strﬁcture 43 with the permeable mass 48 allows an incréase
"of the fluid flow velocity without the risk of the formation
of a stagnant zone. of solid material adjacent to the screen
18. By reducing the acute angles between the fluid flows and '

35 the screen 18, the fluid flow-induced dowﬁwafd force is



inclination of the fluid rom1I|nes C.with respect to the screen 18
consists herein that at a given fluid floow 25 velocity adj acent to the
'screen 18, the fluid flowinduced force on the particulate solid materi
i the direction of the screen 18 i s reduced compared with the fluid
fl.owi hduced force adjacent-to a screen not being.proovi ded with

adj-- pi-nni ng nmeans. 30 . . The above-nmenti oned arrangenent of the
box-li ke structure 43 with the perneablesnass 48 allows an increase of .the
-flruid flow velocity wthout the risk of thHe formationh of a stagnant zone of
solid materi al ad}mmedtooﬁtrhéumpeaf 48id Byzheed:mu hg dbharaduiye angl es .

bet ween ‘the fl ui d:e‘d_hemg eﬁ@ 1351memca@%e1@erf5 Id Q¥ nduced

downward force is e reducfion-o sal angl es can he o
obt ai ned by reducfeﬁ’ﬁe?%? 'ii‘é ﬁ?‘F&FP’b‘?‘?l T RRtadar ¢ smarky fm PaBBIRi t h r espect
to the horizont aladjacentbtaitheascreewtlls, f thewpérfoketed adj acent to the screen -
18, the perforated -9- wall 46 is preferably perpendicul arly arranged
with respect to the fluid-tight walls 44 and 45. Varying the.inclination of
the: perforated wall 46 should therefore be preferably -attended with a
“variation in the inclination.of the fluid-tight walls 44 and 5 45.
Reference is now made to Figures 4 and 5, showing a first alternative with
fl ow schenme of the pressure gradient inducing neans shown in Figure 2. In
.this first alternative enbodi nrent of the invention the screen 18 is"
provided with a-box-like structure




y, ‘50 encl osing said screen-and bei ng arranged in the fluid-collecting
- [spade 21. This box-like structure 50 has a top wall 51," a bottomwal |- 52,
"5h&-a side wall 53 provided with perforations 54. The interior of the "
box” | i ke structure 50 is provided with flow resistance neans in the formof =
.- perneabl e mass 55 wherein the 15 degree of perneability increases in
" downward direction dlong the screen 18. The perneable mass 55 is for Ljf
exanpl e conposed of solid granul-aP particles having sizes increasing in
downward direction. The size of fthe rforations.54 in the side wall 53 is
So choseifthdf 1harpirEply SerpraiRudrt Smanes KLtk SRERFridugh 20  sai d
- per f or at ith@sflndd-tEightivalbs dthomsd hhe Verpimgs chenmcbihrtidd wifdtheaves t he

channiel eHEAURlDe PEILRGSuItlR 5615ERARI BRG] L ke ot ucture

50. Due wnwar ecreasi ng resi'stance nmeabl e mass 55,
the flui @ m@@%m%lpnthehén@éﬂaﬁ%@ ttPecﬂWé'Wﬁdfaééédt gedt he screen 18

i s rekatiygely 25 hi gh near the upper end thereof and decreases in

downward dir ion. The is arj c_pl anes, o dnt e box-Li ke

ST ucure 50 TAEFISNG (HoPT FRRBIYS FURIErib POt n AR S BERH | ndf cat ed i n

Fi gure Sahyernlaa:.ve sdth ot isecbeme bifethenpteéssare @radiensaimtiviedng bari ¢ pl anes

depends t %Erg grdeabl e mass 55

over thegﬁel gﬁt&ﬁ{ ELtﬂhllé % E’g@t@? u%tggée ggﬁ##e% %Poﬁg

per pendi &b¢ davertioni the sevesnr 1 i praydded MEth £ doxtlike FtrreeTecr een 18

?CCOﬁdI pgo}]&cﬁa&ﬂd il bkl aﬁesﬁiﬁ@lwﬁ@éabm }th@ mi@%%%cﬁhghf I ?5 d fi gw
i nes of the ui SSi ro erfo I,ons in the si de

wal 1 53 §P&FHE™ 1?%83"& Pﬁ?%‘ Beet® ﬁ%fgéf P8 Phe arrows B. -

Arrow A walll G& esndt hesidieredili b3 m'bvztde@ gr@nvpe:;zfora’clonmsh f I ow of the

parti cul 3¢ s5RkktbaTBE Arltbod Rikd'Serhdiiire NAPEM FBIA whhn Blowarying he

degree of the permeabil %/ per meabl e nass 55 over, the hei ght of the
box- i ke repisience desns 1n he form of & permeable mass 55 wherein the

15 degree of permeability 1nc_re_a.ses in downward direction along the
screen 18. The permeable mess 55 is for example composed of
solid granuler particles having sizes increasing in downward
dir'ection. The size of the perforations S5k in the side wall 53
- is so chosen that the particles of the mass 55 cannot pass through
20 said perfora.tlons Sh, Figure 5 shows the flow scheme when flu:l.d
. leaves the chennel 9 through the openlngs in the screen 18 and
~ the box-like structure 50 Due to the downwa.rdly decreasing
resistance of the permea.ble mass 55, the fluid pressure in the
box-like structure 50 adjacent to the screen 18 is relatively
\ 25 high near the upper end thereof and decreases in downward
direction. The iso~baric pla.ﬁes occurring in the box-like
structuré 50 quring the flow of fluid therethrough have been
‘indicated in Figure 5 by cha.in-dotted'lines. The inclination
of said iso-baric planes depends on the variation of the
30 permeability of the permeable mass 55 over the he:.ght of the
boxfl:l.ke structure 50. The fluid flowing perpendlcular to said
" iso-baric planes will pass through the screen 18 according to the
- fluid flow lines indicated by the arrows C. The fluid flow lines
of the fluid :upon passing through the perforations 54 in th_é.
35 -side wall 53 of the box-like structure 50 have been indicg.ted '
by ﬁhe arrows B. Arrow A indicates the direction of th_e' gravity



" the |ncI|nat|on of the fluid floms |nd|cated by the arrows C, is 5 -
varied. At a desired fluid vel ocity through the openings of the screen 182,(¢m'
the wariation of the degree of the perneability of the perneable mass 5S.
over-the height of the box-like structure 50, is so’chosen that the total
downward force, i.e. the gravity force and the verti cal conponent of the
fﬁgiﬂ_flomflnduced force 10 on the parg%culate solid material in the
‘channel 9 exceeds the friction between thé solid particles and -the screen

18, occurring gygy ity Eﬁ&ﬁ‘pQPE cm%eagoﬂm%m ab Eﬂlaeriﬁéusﬂaﬁéaow | nduced

force. Reference Is_now imade to Figure 6 show ng a cross-section 15 of .a
second al t er natthgRRedf 91 ¥ Wrpdes t&?r%@%ﬁtt% PRTEERPILIY hitA§ nmeans shown
'in detail in Fipgicab2e mk3e 39Nbirep itheined e dBStiehbow-1ike Brgudtmré JQNpPri ses a

“box-like struct re6 . ALLangs he, f UIdC space 21 and

encl osing the screlélr? %atlg}% gdﬁ%e fﬁ % r%?"f'su%?ureg%%%ggtnhﬁpgfmw(%fchlél osed -

top 20 wabl Geried.chbedesirdd flalif Bociic thivugh direvereniads pFfotbeded wit h
~.openings 64. Theridd 681k %labfonbef dhbk@eg&%éwyﬁ@pépmémﬁ%dbflt@ed in

downward direction into a uralit npar t ment S 66 Each -
el 86 15 pr oFPTRRIEP CHES8 e PR thy TeS6Nk R iR DAttt SHrEREES s

openi ngs form dg $d ehvsensthdtanhe t3bal doemrerd fidreeyal.es the gwaribe secured to

~the vertical gl ?ée%ﬁ ”&eb@éﬁe é%:h%#gné%rfe@ge }ﬁuﬁfWQEd%gV\’%rgl ng. The

-total cross- séc |ona area eni ngs Increases in
downwar d dilPecterobhe l’hﬁléﬂ%ﬁ:,*@ selddi materiak dnsthef channed R ereepsisethaand t he

gpen: nES 3? ?41@&1%83%&Qﬁeﬁatmm%i&ekhi&£ tewgebedd ugd th[ OUQP the
ox-like-structure e essuyres in variou artnments
decrense i n doRHEAREIPECH: SHe PREGE CORORHE #1 A6 R ieRannel |9
arriving at the.némredet\o::’b&, tends to reach' locations of | ower pressures

~Due to t he di ffere%g t{gen mgI%| ﬁlgﬁgﬁ%ﬁgwatmgg%gﬁéﬁnts 65

. the fluid will obI|q asstrouht slit In the screen -
i18 15 of a secon terna.tlve o6f the screen arrangement with anti-

_p:.nn:.ng means shown in deta.:.l in Figure 2. The antl-p:.nn:\.ng
means shown in Figure 6 comprises a box-like structure 60
~ arranged in the fluid-collecting space 21 and enclosing the
screen 18. Said box-like structure 60 consists of a closed top
20 wall 61, a closed side wall 62 and a bottom wall 63 provided -
with openings 64. The interior of the box~like structiure 60 is
subdivided in downward direction into a plurality of compartments
65 by walls 66. Each wall 66 is provided with openings 67 for
 the passage of fluid, said openings forming flow resistance
25 means. The walls 66 may be'secured to the vertical reinforcing
bars 42 of the screen 18 'by-mea.ns.of welding. The total cross-
sectional area of the openings 67 in the walls 66 increases in
dovnward direction. ) o _ .
. The cross_-sect:l.onal areas of the openingé 67 and the openings
30 64 are so chosen that due to the flow of fluid through the
- box-like structure 60 the fluid pressures in the various
. compartments decrease in downward direction. The ‘fluid in the
_ring-shaped channel 9 arriving at the screen 18, tends to reach
locations of lower pressures. Due to the differences of the
© 35 fluid pressures in the compartments 65 the fluid will o'bl:.quely
’ pa.ss through the horizontal slits 41 in the screen 18.



he.ipclination of the fluid flows depends on the differences between the
®ssures prevailing in the conpartnments 65. The pressure differenhces
Bnsel ves -depend on the total cross-sectional areas of the opénings 67 and
\ 64, being so chosen that the inclination of the fluid flows is such -
_[that the total downward force on'the solid naterial in the channel 9
~“'exceeds t-he friction between the solid material and the screen 18, -induced gl;
by the fluid flows. In Figure 7 a further enbodinent of the inventionis 10™"
~ shown. In this enbodi ment the pressure gradi ent induci ng neans conprises a
_plurality Bfe épcldodticnl ¢5 the HuidfJous sieperds of |thied passages 71 are present
form ng f| PM¥repSicet HeRedE RS pribsurls! pravdPisRBYiddensecured to the vertical
‘reinforcing bars 42.0of the screen 15 The walls 70

' ) f | di ,ng.
‘are so ar r AMBBEENEBFE By tt op’éeféﬁ?%t]aﬁgfé/rffr{gasnt%hgmﬁeiﬁﬁ Iﬁlgg?ndt he fl uid

passages 7dn dberwwaskrassisertidnel wirdtd dfhtheopeiingscifsesd i n downwar d
di recticon. g Thg { &St RABEES thgpqgg\jd\iﬁ%jr_%qggn RESHRIeBu1al efllsl NO the flow of

fluid lsheret’hrou decrease In Irection along the screen 20 18.

As a consebuéhel thaetheftatad dowpvardyfexce,rn theetediid inagertali ng operation of

. the appar aid!$he hlanidIC 9 UgieRed£ tle (frit fonSBétHRen el So1ial ativel y high, and

the fluid pressure r the |awer, end t he reep, 18 is relatively | ow
By the ar r%fﬁéi@hfn‘g%ifhsecrffﬁﬁg?pﬁngg ?J‘_ie)i’yftl}'et Fﬁ'lguiﬁ g]f"d'sl‘n the 25 :
ri ng-shaped chtmi¥égu® Vi 4 [furthercénhodindnti ofidhy fnyestioneiscreen 18. The

_inclinghi ogmowh, theehid bhbddiaust RS Progedrlr gadileddendsiiggn 18 depends on the
variation of the Ien%?hsrénd t he vari ation of i}&'ne w dths of the fluid
passages 7HaRHRORTIRG R I Y, of\PRReRd BILlentd ArERRsed0S° passages 71 are

so chosen thuat fmidapgéugés 7l uiré ptemenv coomirgy £1dve resmdtaned i on of the fluid .
f1ows passinde! HQUANILM 365 WNeddirll TS UED vBriRaye that the total

downward forc i _ _
: reinforcing bars 42 of the screen 18 by means of welding.

15 The walls 70 are so arfange¢ relative to each other that the
- length of the fluid passages 71 deéreaées and/or the width
thereof increases in downward direction. The resistances

induced by sald passages 71 during_the flow of fluid
therethrough decrease in downward direction along the screen
' 20 18. As a consequence thereof thé fluid pressure prevailing
during operation of the apparatus near the upper end of the
" screen 18 is.reiativélj high; and the fluid pressuré near
the lower end of the screen 18 is relatively low. By the
arrangement of'the_fiuid-passages 7i-the fiuid in the
25 ring-shaped channel 9 will therefore obliquely pass the
screen 18, The inclination of the fluid flows passing _
through the screen 18 depgndsfdn'thg-variation of the
-lengths and the va:iafion of the widths of the fluid
passages 71. These lengths and/or widths of the fluid
30 passages 71 are so chosen that at a given.fluid flow
velocity the in¢lination ofithe-fluid'flows passing through
the screen 18 has such a value that the total downward force
on the solid material in the changel.S exceeds the fluid
fldw~induced,friction between saidfsolid matérial and the
35 screen 18. | '



on the solid material in the channel 9 exceeds the fluid flowinduced
friction between sai d solid material and the 35 screen 18. 1la In

Fi gure -8, showing a fourth alternative of the arrangenment shown in detail
in Figyre 2, the pressure gradient inducing nmeans are incorporated in the
screen’ 18 itsel f. The -12- horizontal bars 40 are so arranged relative
'tq,each other that the width of the horizontal slits 41 increases in
downward direction so that the horizontajj slits 4l.near the upper end of
the vessel formrelativel gh flow resistances and the horizontal slits
41 near 5 the | oweP Féﬁgr"ofs’tﬂ\?“’é%& actrurgh radtarnasive iofethe smal | f1 ow

‘r esi st ances. Wthrtﬁgemvmmrmgetmt mrngm screhanpre8sudd Uid will. | eave
‘the channel 9 at W espect e urface of, the screen
18, thereby redug ﬁ&ﬁa@l&k%‘ﬁb%n@#ng&g & 9_9_3'} 5 Pat s |nI§ he channel 9
to the.openings 6¥Set eTé'er een 18, as expl ai ned 10 her ei nbefore with
reference to the preceding Figures 2 through 7. It is noted that the
“invention is not restricted to screens having a circular shape as shown in
Figure 1. Instead thereof the screen nmay be, for exanpl.e, frustoconically
shaped, by applying the screen in the conical surfaces formng part 15 of
t he boundary of a contact space in an apparatus for contacting fluid with
particulate solid material. Further, the screen does not need-to be
sprovided with horizontal slits for passing fluid. Any other type of

"openi ngs can be applied w thout departing -fromthe invention.




I't is further noted:that’' the pernmeabl e nasses 48, 55 can be
d of, for exanple, fibres woven to forma perneabl'e network ‘i nstead of
¥d granular particles. It will be understood that the invention is not ¢
- restricted to the enbodi nents descri bed above by way of exanple. In this -
—conn- 25 ection it should be noted that al so conbi nati ons of the design
features of the enbodi nents_fown in the Figures may be used, e.g. by CJ‘
provi ding the box-like structure 43 shown in Figure-2 with perforated wal | s
65 to formconpartnents in downstreamdirection shown in Figure 6 instead

of the PEBRIRLRaiRtfh are sbiafddd &@zﬂelam%nt@r&@gastﬂarfa{at%t acting

fluid with partlculate sol 1 materla nprising a durlng operation

verti cal | yridxk efdthe) bpeiaatah A1 by Yininareptamdn fdpmrnd dLzardighisei cul at e
solid mat taﬁia.@'t@t h&fl&oﬂme'éliw 41 QIe_aEhﬁleVﬁﬁﬁeQ"t end of ﬂﬁzlt ﬁeéé’éllei’orﬁ?ants f th
communi cat i ce inside the vesse e J.ower part o e
boundary dt® &g%veégrﬁzﬁg‘t% %s"@gﬁ‘bcﬂssﬁﬁgﬂe rs}’é’ﬁé?%i%gﬂ%’éﬁtlpoﬁ ®Hei ng

per neabl e the ldwerdemhdfitheesemabl 8 tform reliativedy eusdl fowatesistdnces. per it
fluid to fiQW {HeombdviCarMkafdntSBAGRe! {HeBeh 189 £idil! $1G0LL ALt L0 space, the

separating section being arrangied at an angle wth respect to the

hori zont alchegrRl Seplacat ¥ubat gl EdhsTIsRect |1e theysuriaset PE 8t e sol i d

mat er Id aIOI ?Ho&-aagaa , Onenety eadudihgt {1 g%%ﬁ&%ﬂﬁﬁ@@?l wndvmreeia geans are

provi ded for sure_gradi Wi t e decreasing

i n downwar'd E#? eﬁ. Baﬁooﬁg t°|?§mg‘§§ §%ﬁgs°§§8?|1§n érat i on-of the

appar aius .he2einbefiore ypil aeferarse claithe dpriepedingi anm'es\/faa !:b:rcmsh he pressure
~gradi ent i nducyngs RARS %Mﬂé?ﬁvé&t@% 18Sh& §Q§ﬁ-1€€é’d‘%oa£c{z%@9§d ina

box-like structure, said box-1li
having a circular shape as shown in Figure 1.

Instead thereof the screen nay 'be, ‘for example, frustoconlca.lly
shaped, by a.pply:.ng the screen in the conical surfaces forming part
15 of the boundary of a contact 'space in an appa.ra.tus for contact:.ng
fluid with part:.culate solid material. _ _
Further, the screen does not need to be provided with ,horizenta.l_
slits for passing fluid. Any other type of. epenings can be applied
 without departing from the invention.
It is further noted that the permesble masses 48, 55 can be
formed of for example, fibres woven to form a permeable network '

20

- instead of solid granular particles. -
It will be understood that the 1nvent10n is not restr:.cted to
" the embodiments described sbove by way of example. In this cenn-
25 ection it should be noted that also combinations of the design
feeﬁxres of the embodiments shown in the Figures may be used, e.g.
by providing the 'box—like' structure 43 shown in Figure 2 with
_ perfora‘bed walls 65 to fom compa.rtments in downstreanm d:l.rect:l.on
_shown in Figure 6 instead of the permeable mass ltB



t he separati ng secti’on and conprising a lower wall arranged at an angle

V\nth»respect to the separating section and prowW for
passage of fluid. 25 3. ° An apparatus as cIa| m 2, where| n the
fl ow, I‘ESI stance nmeans conprises a perneabl e nmass M’I M s as
_c+g1r'red|n claim 3, wherein the perrreablllty of t I'

20 structure. be| ng p05|t|oned wi thin the fl'uid- coIIectlng space, abutti@
t

i ncreases in downward direction. 30 5. 3 An appar atus_ as clalned in claim
1, wherein the pressure gradient |ndUC|ng means conprises fl ow resistance
-means arranged in a box-like struecture, said box-Iike 14 structure being

~positioned within the fluid-collectingcesmge, abutting the separating
'section and conprising a top wall and a bottomwal |l both being

per pendi cul ar to the separating section and a si-de wall provided with
openings 5 for the pABssangeraffusf far dontagdiny Sluidewith psxtdendates conprising a
per meabl e nass hammmﬁcmamwﬁswg 'anﬁt'iﬁ%@d]ﬂrhﬂoqméﬂﬂl rection along
t he separating sect |n§ AB ap us as 596 'ﬁgl n any one of the
clainms 3-5, wher EFYFRAfRS H&??‘ﬁ}a e Eaégeﬁd'f?ﬁ?‘? &0dst “sol i d 10
particles. 7. partipplatat ssliasmaﬂeaiaieatluhechmpem partwhieithe rveisbel ,f | ow
‘resi stance ans f ranged in a
plurality o;r%vval ﬂ{@gliﬁeﬁeﬁ& %ﬂﬁggl Vi 3 %Qﬁ%ﬁ??%r |90rJ"'1L=%l ﬂ'ﬁe ox-|ike
~structure in 15 GW§P‘F%‘an¥‘Eﬂ Aevey Bert Af Fhg pAundary of e ewsatt nents. 8.
An apparatus as bedd@&hﬂrmsfdgaameparaﬁﬁéeéd&tio’&bﬁiﬁsﬁemﬁﬁﬁié @pal areas of

the openings for fﬂ}% 25y %.agerm%fab]fel go particulate solid material to
' permit fluid to flow from the contact space into a

10 fluid-collecting space, the separating section being
arranged at an angle with respect to the horizontal, and
separate outlet means for fluid and particulate solid
material arranged downstream of the separating sectioa,
wherein means are provided for inducing a pressure gradient

15 with the pressure_decreasing'in downward direction, along |
the separating section during operation of the apparatus.
2; An apparatus as claimed in claim 1, wherein the
pressure gradient inducing means comprises flow resistance

" means arranged in a box-like structure, said ‘box-like .

20 structure being positioned within the flnid—collecting
space, abutting the separating section and comprising a
lower wall arranged at an angle with respect to the'-'

'separating section and provided with an opening for the
passage of fluid. '

25 3. An apparatus as claimed in claim 2, wherein the flow

' resistance means comprises a permeable mass.
4., - An apparatus as claimed in claim 3, wherein the
permeability of the permeable mass increases in downward

o direction. . .

30 S. An_apparatosfas claimed in claim 1, wherein the
pressure gradient inducing means comprises flow resistance

means arranged in a box-like structure, said box-like



" apparatus as clainmed in claim1, wherein the. pressure gradient inducing [*®

dr ease_in_downst ream di

rection. 20 9. 'An"apparat.us as claimed in claim

erein the pressure gradi ent inducing neans conprises a-plurality of
pagsages Hﬂmﬂjuﬂl“mmwmljl ty of spaced walls arranged so that the flow*s,
resi stanc passages during the flow of fluid therethrough *

sdecrease in déwnhar®¥ 25 direction al ong the separating section. 10. An

means consists of openings in a sgpeen forimng the separating section, the i”"‘
cross-sectional areas of said openings increasing in downward direction. 30

11. An appitactirer beingoppedtioned vithin the Alyidrealdart@ solid material,
. Subst ant i adgagenabdecsg tiad sbpiraking\sb&ipar dndC bbniprisifgeactope to the

acconpanyi‘paqid%e"gg%q__l.tm]'q%ﬁ%tthogeai}llg%?%gglgj{c%f% %Q%%I%as been reproduc_ed. t_)y"

phot ocopyi ng "t

cants orrgin

contain a few

anendnent sseparatingr eecailen ispd|a side wadl providedrvipbnependggescript contai ning |
these agTenghrephe plBdageCot FIRLL! eRe Flok MRsDi@ALE GRand the Patent Oifice.

comprising a permeable mass having a permeability increasing

in downward direction along the separating sectidn.

6. An apparatus as claimed in any one of the claims 3-5,

wherein the permeable mass comprises a mass of solid

10 particles.

7. An apparatus as ciaimed_in claim 2, wherein the flow

resistance means comprises openings fdr the passage of

fluid, arrangéd in a plurality'of walls, said walls _
subdividing the interior of the box-like structure in

15 downstream direction into a plurality of compartments.

8. An apparatus as claimed in claim 7, wherein the cross-

sectional areas of the openings for the passage of fluid

increase in downstream direction.

20 9. An apparatus as claimed in claim 1,'wherein the

pressure gradient inducing means comprises a plurality of

passages formed by a plurality bf spaced walls arranged so :

that the flow resistances induced by said passages during

the flow of fluid therethrough decrease in downward

25 direction along the separating section.

'10. An apparatus as claimed in claim 1, wherein the.

 pressure gradient inducing means consists of openingé_in a

screen forming the separating section, the cross—-sectional

areas of said openings increasing in downward direction.

30 ll. An apparatus for contacting fluid with particulate

solid material, substantially as described herein with.

~particular reference to the accompanying drawings.

| The taxt of the lpodﬁ.' cation has been :ip:cduned Yy photoeom.ng the spplicmnts c:Lgi.ml
. typesczipt. It msy contain & few anendments which are difficult to read. The oxiginal

4ypescript containing these

apendnents pay be inspected cn the premises of the Patent Office



