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st orage hopper vesseﬁ“@% g g a'h nar aﬁ'%v I@gr 'S pur poseIn as

I ndi cated, vessels 70 and 60 are at atnospheric pressure, catalyst is first

45 |ntroduced into a storage hopper 70 by way of funnel 100 through I|ine

101 and valve 102, and nitrogen is preferably flushed through vessel 70

t hrough |ine 104 and/or line 71 to elimnate air and noisture that may be

pr esent _on the cat aI yst Either before or atter catal yst is introduced,




55 transfer valve 75 nmay be opened to provide the sane dianeter path for
the catalyst slurry to flow thr.oughout the path fromJ-tube 71 to vessel
60. The transfer is closely con 4 P1 yBreguI ating the nitrogen gas flow
rate and pressure |ntroduced fromline 104 through val ve 105. The pressure
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and 19 |j cleared before valve 64 is closed, for the reasons noted before.
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and % e ok B¢ cataiyst bee 298 Provides: adpauaterradial distibution of gas ik lauid By derming ORCPIC 4 |
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di vi der groqfy an btsofﬁxﬁ%br ?he T, &E{"ah &F uﬁ hir 'qu'd
only sl bk dal Ws%thJr wm xture at nar flow
condi ti ons pro uces maxi rrum carryr ng capacr ty of the fluid. Addi t ionally,

t he external dinensions of the circular bend or arc portion of the
J-section of the tube 29 is several ¥ nes the dianmeter of inlet 30 and the
connected fl ow path, including the dowmwardly directed 40 portion. The
portion of tube 29 above inlet 30 is many tinmes shorter and smaller in

vol ume than the remainder of J-tube 29, down to, and including, control



clog entry 30. This avoids potential build up of coke at entry 30 of pipe
29. Such an arrangenent assures th 8a£%Q¥St can be w thdrawn by | am nar
flow without artificially fluidiZF %4 191 1tat|ng bed 11 directly adjacent
to J-tube entry 30. so Because gravity drai nage of catalyst by an
openi ng tEhaf ythe center of the catalyst support. screen neans 17 is not
required'TTréggg'present arrangenent, as in the prior art, it is p055|ble to

operate t hq:r&ﬁlwf@rggﬁhatte@ iMah BEYAtatud TRdeR flow Bdniitléns B SAbdaNG Eyﬁﬁmeens the effective-
Accor di ngbgé, of o6 Mor8going NRechErdal bR hytRduliE SacloRs W&IE Validafe8 Nbr PdromihilE ifiCtre@ing
ﬁe{ef er ablpiocésing Mk inpdiadardom lahd WipdrdtRA stredimEesbumbriidwing thiolgH € rhdving LR ob@staystn a
at abl garbkads| as iSgeei fically, we have found that conventional valves used
to feed andn eeiki pladt opérating aff uphy oleOepdd aas(4 BEB) lydipedrbon Feed andihydyogéncay @12 MPat o
and out ¢#20a P3), vasyst bedlskpansions heasarainerd)@ars svadel ikt gémmereia scalecflontivblbaitiee with Iaeds -
bet ween vhatayets otdiffezantisizehcshapes rasd dansitins pp indisatedHo Talilel Bach type piowatalyst was tested
st el | i70 e sopapatelyr iBedi| ebigation (gmensionlawam tpasuredhvsinggh giyomerayfsoure asda#etemramer as
t he i nl emouned touddtest 10% ked qxpansipre Tablp Vicshawrd flove velocitips) required| to wedues 195 ded des
super i or eXpapsianith gpuard! ealalygtsjaha stendard By dipges recirquiaiianrralp of §9q standagg cubig melres e out
t he net h6'éP‘°o'l"°tt’°h@° %%F@ht“‘?%?\/’e?\'{‘ff enafirmed, thehed exppgsion reguis fjom Ahe spmbeqmymergighi

commer ci 58 W%ady avai | a |I|t for such severlt of servi ce nmkes

hem 16 ew s o9 te&wr using o
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are partﬁ?g

permts %ﬁ f@ ﬁqag

subst apt halrdokrbbif rﬁgf s@%n@ncaﬂﬂlat at a{%atﬁ 'v& dsin
Jduring t jpp (ﬁausa hSlQ r dxy) trﬁa%ﬁ $éa9t9r Ve se%b’héﬁin I8 atlise be%@ys hifls faéd i
THproves glageef T 1 CI ency o l'iquidtransfer of catalyst particles and
further redgéfrapedyt orbortidBigl isé RodidIBo SeMctilYohtthe baisiH WF Rvithtidn drWbListRA @62 2
partial ¥éleédOfatet WRICH @t substariibilyPhigIRFItAA| nofiid) Rodign 1@ Fatd,Usdy Odpt tol 7008 1gkt8y an
al t er nat AddifoRiIg thdse testsliriitats aHat sor® coMminarciiSdatalysts @ill Inat Tt aEehsondbleiskigrdfebd 1@tes d.

I n this @nieqaitiolsbave amigh degiée/@ uhiforrhityrane are lByfficiantly stoag tot rdirdaibtheiainEgitp diringnt al
t ube 52 Mmovement ihitol el Muhef thearbartoy gdssqh avitbautétigtionfor breaikagee vol une of bed 10 10. As
shown, intake 56 is preferably directly above the central, non-perforated,
section 25 of the truncated pyramd fornmed by screen support neans 17.

Whi | e 88uch an arrangenent is |less preferred than that shown in the

enbodi nent of Figure 1, such an arrangenent is nmade suitable by the fact
that the slurry of liquid and catal yst can be made to flow only under

| am nar flow conditions. Wth either the J-tube of Fig. 1, or the L-valve
of Fig. 4, arrangenents, the pressure in discharge lock 15 vessel 80 is
br oug up to equal that in reactor vessel 11. Valve 84 is opened and
catalyst flowis controlled, as seen in Fig. 1, by regulating flow through
val ve 93. Such fl ow decreases the gas-pressure in discharge |ock chanber 80
and line 82 sufficiently to induce a lamnar flow of catal yst particles
from ygssel 11 when transfer valve 84 is opened. After valve 84 has been
fl"ushed with vacuum gas oil through valve 88 and line 87 and then cl osed,
the 20 residuumis drained fromvessel 80 through drain Iine 120, bel ow
J-tube 86 and conical screen 121. Flush oil is then sent in through valve
93 to wash residuumoff the catalyst and to cool the catalyst. The vessel
can besdrained and filled as many tines as needed. The pressure in vessel
80 is then reduced to a | ower pressure (about 50 psig or less). The
pressure in vessel 90 is nade equal to that in vessel 80 and valve 94 is
opened. The flow and pressure are then controlled through valve 110 to

i nduce | am nar flow of catalyst 25 through J-tube 86 and into vessel 90.
Val ve %4 is flushed with flush oil through valve 107 and cl osed. The fl ush
oil is drained through drain line 122 bel ow conical screen 123. This
catal yst can be washed with water if desired through valve 110. The vessel
shoul d be purged of any hydrogen by sending in nitrogen gas al so through
l'ine }0. Finally, vessel 90 is nearly depressurized and the catalyst is
dunped using water as the carrier fluid through J-tube 96 by nitrogen flow
t hrough valve 110 to control the rate of catalyst flowin 30 di schar ge

pi pe 124 Foll owi ng are exanpl es of process runs conducted in accordance

wi th nmethod steps of the invention and using apparatus in accordance with
t he foregoing enbodi nent of the present invention. EXAMPLE I 35 In a

seni - commerci al scal e resi duum conver 4% on pil ot plant operating at 16 to 32
[err] per day (100-200 BPD), the catalyst transfer procedure, as descri bed
above, was denonstrated nore than 50 tinmes. During each transfer, about

0. 057[err](2 CUbIC feet) of catalyst was aned |nto and out of the react or

_______ B -, = 1 NI~ S\




40 cubic feet) per hour of catalyst were acconplished through pipes with
an insi'de dianeter 8 tines larger than the catal yst dianeter. Plug flow
novenent of the catal yst and tﬂ?%ﬂ%’eﬂ?@’of bed ebul ati on were proven using
radi oactively tagged catal yst particles incorporated in the test bed. Anobng
the significant features of the invention specifically denonstrated in such
runs were that: (1) ball valves, such as those made by the Kaynr and Mogas
conpani es, can be used to i sol at e thesRDS reactor 45 ¢ fromthe catal yst
transfer vessels, and to transfer cat&lyst particles W thout using solids
hand}ing valves, (2) the catalyst bedsl evel and thus &bul ation can be
\adequat el y nDnltored usi ng a gamma-gay source and det®ctor, (3) J-tubes
(all with upward fl aw sections substantlally shorter &han the downward flow
paths) will satisfadtorily transfer& catalyst partlcles wi t hout | ocal
ebul ation, by Ianlné% fIU|d=3Iom1(4 use of fluid feed pnlet distributor
nmeans wnth a coni cals suppor -and C entri oC anhy g sgggrent pl ates prevents
ebul ation at the 50 » bagé o -the cgtghyst-bed and progi §es adequate radial
di stribution of gas-and'Elqg;d by forqlng concentric @l ®ernate rings of gas
and liquid (5) substaanaI ey fferenceg were shown whe§ezbed ebul ation
(expansi on) occurre@ we s opfdgat al ygy as conpared to®n® significant bed
ebul@ti on (expansi ﬁg h "Eher 1:a|—y$ Hshry % hefsgne size and shape
but with a | ower dwﬁ; 6) t p@fster, of TR A yst Ento , and out of, a
bed travel |l i ng dowggar E’g bys @nawﬂ&ﬁ.ﬁl. 3@@@ Yessel while conti nuous| y
operating a hydroprige §ang.$yste 5 Rr a.gas @ont ai ni ng hydragen
and a feed stream ofa h éPocﬁ!ﬁbn l'i ggisds f1 owi ng as aeskngl e stream from
t he ‘Dottom of the bdd, 2 gemnlt cgdnGEﬁb @ oW Wi t hout separation
\dvrlng upwar d passage £ nd Q& sof' ot tHe“reactor vessel, and
(7) as the result ofai gl"'ermit-qnt &ag@al ﬁtil e,ctBe catal yst bed
noves countercurrent-l y“ ,ou A* he;’;qa el glg-l i ke flow 12 EP
0 444 912 Bl EXAVPLE E #ro#vfhe Qregoi ng in am gpparatus under flow
condi ti ons describe n!éxanple I--the gf fe Jesg of the foregoing
mechani cal and hydr &af actors wgr e'-vad i%lct el € 0% performng
hydrotreating 5 proceSS| ng wthe ufw'ocﬂarbcm antl hydgoB8en streans
counterflow ng through a noving bed ®ft catal yst partiglgs, as follows: In a
pil @ plant operating at up to 0.64:Lgrr] per day (4 BPR) hydrocarbon feed
and hydrogen at 15.2 MPa (2200 PSI) 228ty 2B Bxp@ngi on neasurenents
were made at comercial -scale flow gt tdes &idhsbelssof catal ysts of
different sizes, shapes, and densitisds as indicated im Table |I. Each type
of catalyst was tested 10 separately.s Bed ebul ati on Qezpan5|on) was
reasfired using a gamma-ray source adudd RtdranBals Bownted to detect 10%
bed expansion. Table | shows flow vddChil.esnr.equmedcto produce 10% bed
expansion with several catalysts at %hsstandard hydrogen»reC|rcuIat|on rate
of 890 standard cubic netres per cuﬁ(;rmn5e~(5000~SC¢B) These results

onfirmed the bed expansion results f-r-onot'ﬁe-sern- som:ert-m al scale plant of

QxP

P %,@?,3@ »
3»:?9

anple I. 15 Table Il is a S|mI-a-r %ei of;rgns ugi ng beds of three of
the sanme catal yst particles as those -t-esgegl yngep gonal t&i ons shown in Table
| except that the liquid viscosity, I|;qU| d den5|ty ang pressure of the

hydrocarbon feed stream and gas were, Ipwer in Table I tghan Table | to
matce a different set of connercial‘pperating conditidns. From Tabl es |I' and
11 the effect of catalyst particle sjgp, dgnsifysaRd Shgpe are clearly
indicated for different flow conditiphs f£or Lhga Liduid @d gas conponents
of the feed. The design feed rates f9®:a 20 hydrocarBorY treating process
were cal cul ated by standard scaling procedures to indi"cdte the values in
MBPD®O (t housands of barrels per day) IhYough a reactor vessel containing a
catalyst bed 3.5 m(11.5 feet) in dilhkters Lnegeneral catalyst for
commercial use would be selected on the basis of levitation or ebul ation at
a selected rate which is substantially higher than nornmal design feed rate,
say up to 100% greater. 25 Additionally, these tests indicate that sone
comPBrcial catalysts will not lift at reasonable design feed rates. if the
particles have a high degree of uniformty and are sufficiently strong to
maintain their integrity during novenent into and out of the reactor
vessel, without attrition or breakage. 30 35 40 45 50

14



55 13 EP 0 441 912 Bl [err] [err\ 14 EPO441 912B1 [err] [err] In a 4
foot dianeter vessel a "cold nodel" was operated using up to 1270 [err] per
day (8000 BPD) water and 275 SCrfP #41 §12B% cat ures of the inlet liquid and
gas distributor as well as the hydrogen gas redistribution and quench
stages, described above and shown in the dr aW| ngs were scal ed and tested.

Fl ow 15 EP 0 441 912 Bl neasurenents and sunder wat er phot ogr aphy proved
that distribution of the inlet gas andi |iguisd was uniformacross the full
cross-sectional area of the catal yst -vsppport. screen in the vessel.

Redi stgi bution of the rising gas thr cgjg t;;he{ i nverted V-shaped sheds was
SsHown to be surprisingly effective e¥en V\/aert gas was intentionally

mal di stributed bel ow the redistribut @) sfa@ds.. 5o SWMVARY Briefly, these
test results show that the present u:lvbngr‘ rt rﬁak‘és possi bl e substantially
continuous flow of uniformy distri b.t:&ed hydr ogen and hydrocarbon |iquid
acrosgea densely packed catal yst bedgtb filly 10 substantially the entire
vol une of a reactor vessel by |ntrod ' ng ft “4Inigs as alternate annul ar
rings of gas and liquid at a rate |nsu fIC nt~ t® flevitate the bed and with
the catal yst selected with a densi tyg sha sargl §|~ze adequate to prevent
Ilftln?g of the bed at the degired f eady r % Chtal ysts are sel ected by
measurf ng bed expansion in a=large pi§ ot of e:nt rUn®wi th hydr ocar bon,

hydr ogen, and catal yst at thg desi gnéa essqr'es and flow velocities. ) At the
desired flow rate, such catakyst contd fiual @ fhopsgin a plug-like manner 15
downwar dl y t hrough the vessel' bye#nt dum»ﬁq f-r esh-cat al yst at the top of
the bggd by lam narly flow ng-sucm:‘.‘cat!aﬂy I'§=|-n4a $I id streamon a periodic
.or. sem conti nous basis. Cat aF-'ysﬂ"és r"e;ro -by' I-amrnarl y flow ng catal yst
\pértlcles inaliquid stream’OLE df tene-bott-orﬁo‘? ¢he bed. Intake for such
flowis out of direct contac® w thﬁe:st-ream of gas flow ng through the

bed and the flow path is substaﬁt’;all 0enst-ant in cross-sectional area and
greatas in dianeter by several 3’; hare tdve di aneter of the catal yst
particles. 20 Vari ous nD@i f.‘bz:@tl ons.a.rfd;-changes in the structural

arrangenent and in the stepSssegeforth for an-stream catal yst repl acenent
to take the greatest econonfed V%lnt age ofs g¢he hydroprocessing vessel
capacity will occur to thosBSskBa¥ed in ti#€tart. Al such nodifications or
chargés coming within the scqpeagg the apd¥edl &l &ins are intended to be
i ncluded therein. 25 Clains 3. Rtount erfldgN reagtdr vessel (11)

conprising: a reservoir forngd "t he | ower gnd of said reactor vessel (11)
wherein a fluid m xture of a“hy #carbon Ig,guid and a reactive gas are
m xed for sinultaneous flow l:pVNE” y throuph; a.bgdg(10) of 30 particles

ext endi ng upwardly through sgi cﬁisact or vessele(%1y, neans for adding said

particles at |east periodicakl y4f the upgey? emd»or said vessel (11); neans

for renoving said particles fromthe |ower end of gaid bed (10) after

count erflow downwar- dly through said upwardfysflo@ ng streamof said fluid
tugge; and a pervious conical support neaps €1 )¢for supporting said bed
) of particles and through which 35 sal-d Imd m xture enters the

Iower end of said bed (10) fromsaid reservsoq reae whe | ower end of said

&
feloative

size
cescccacsvessoanas
2
2

50

Cate-
tyeot

EXAMPLE Wil
in a 4 foot diameter vessel a "cold model” was operated using up to 1270 m® per day (8000 BPD)'

water and 275 SCFM air. The features of the inlet liquid and gas distributor as well as the hydrogen gas
redistribution and quench stages, described above and shown in the drawings were scaled and tested. Flow
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reactor vessel (11); characterised in that said particle bed support neans
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menbers (27) are radially spaced apart fromeach other at a distance to
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of the i nhabsegat farmed lin thei ldwatoend Lol saidr ieacie rvesse! (1he wharbih acfiuds snixdee tof @nal

ar ea ofhytilocarigmtlighig snd & reeglive Dassae enixad ifan simuitaneas Jlew upwRedly wquplhatbed (10)0df t he
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hydr ocar bU bﬁﬁ an a re gat' ad' a are m xed gfmgl %Er"#?ﬂ%%?"?f’ﬁ
upwar dl'y through a bed (10) of 30 particles extending upwardly through

said reactor vessel (11); neans fo¥® adding said particles at |east
periodically at the upper end of said vessel (11); neans for renoving said
particles fromthe |lower end of said bed (10) after counterfl ow downwar -
dly through said upwardly flowi ng streamof said fluid m xture; and
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a pervious conical support neans (17) for supporting said bed (1I0) of

partlcles and t hrough which 35 said fluid mxture e Pﬁm nd
of said bed (10) fromsaid reseFP@#1H2B8%e | ower end Omﬂmﬂm Wﬂ”m
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being directly connected respectively to said at | east one 25 pressure
vessel (60, 80) for supplying fresh Yarticles to the top of said bed (10)
and for receiving spent particles renoved fromthe bottom of said bed (10);
and




means are provided for independently control ling the
external pressure vessels (60, 80 o requl ate the fl ﬂwmimwlﬂn
through said flow lines (19, 29) Y aminar flow o

said flow lines (19, 29) to transport particles into and out of said
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conpément flow lingd29) f eed streaminto the base of said catal yst bed (10) and
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