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[57] ABSTRACT

A catalytic process for the conversion of hydrocarhans
or biluminous shales or carbon monoxide in the liquid
phase in contact with hydrogen flowing vpwardly
through a series of snccessive stages, each containing a
catalyst bed cither semi-stationary or disparsed in the
charge, the catalyst being maintained at sach stage by
an npward flow of hydrogen or hydrocarbon supplied
below an ap2ning in the partition wall bhetween iwo
successive siages and periodically allowed to pass from
one stage to the nexl {brough said opening, by discon-
tinuing said upwacd flow.

10 Claims, 4 Drawing Figures
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PROCESS AND APPARATUS FOR CATALYTIC
HYDROCARBON CONVERSION

BACKGROUND OF THE INVENTION

" 'his invention concerns a liquid phase process and an
apparatus for the catalytic conversion of hydrocarbons
or carbon monoxide in the presence of hydrogen.

Various processes ure known for the hydrotreatment
of heavy hydracarbon charges or of carbon monoxide,
in the ligquid phase, making use of a disperscd catalyst,
and particularly a process wherein the catalyst bed is in
dispersed or expanded form, the dispersion or expansion
being produced by the upward circulation of the Fquid
phase and/or hydrogen or a hydrogen-containing gas.
An example of such a process 1s the H-oll process for a
hydrocarbou liguid charge. This type of process does
not provide for a satisfuctory use of the catalyst; as 2
matter of fact, the catalyst withdrawn from the reactor
is & mixture of very substantially deactivated catalyst, of
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moderately deactivated catalysl and of almost new

catalyst and the sorting of the catalyst particles accord-
ing to their desclivation degree is diffiendt to achieve.

According to an improvement lo said technique {cat-
ulysl in a dispersed or expanded form), there is used =
scrics of superposed beds of the same iype. The fresh
catalyst is introduced al the upper stage of the reactor,
preferably after a previous sulfiding, while the stages
located below contain a catalyst which is the more

deactivated as il is at a lower stage. Periodically the

catalyst of one stage n is allowed o go down to the next
lower stage n+ 7, while the less used catalyst of ihe
upper stage n— 1 pusses to the stage n, and similarly for
al] the stages. The catalyst of the last stage, at the bot-
tom of the reactor, is discharged, while the fresh cata-
lyst is introduced to the first stage No. 1 at the top of the
Teactor.

This procedure pravides for an improvement of the
utilization rete of a catalyst before discharge from the
reactor. In addition, the fractionation of the reactor in a
series of catalyst beds, improves the efficiency of the
reactor. The main problem encountered in that type of
reactor, concerns the transfer of the catalyst from one
stage to the next stage below.

It has first been proposcd o allow the catalyst to
progressively go down through all the stages, but this
kas the major disadvantage of mixing, at each stage, a

_relatively highly active catalyst of stage n with & rela-
tively less active catalyst of stage n+ 1, which resulis in
a relatively poor usc of the catalyst.

It has also been proposad to tansfer the catalyst
periodically in separated charges or “batches”, whick
obviates partially some of the preceding disadvanizges.
Bet any one of these methods requires the use of valves,

with or without hydrogen feed lo the lrunsfer duct, 5

ahove the one or more valves. However, the use of such
valves, 8s described for example in U.S. Pai. Ne.
3,708,420, involves a tisk of rapid weur and deieriora-
tion of the valve sealing as 2 resuit of the possible pres-
ence of abrusive catalyst particles on the valve seat. The
construction of the reactor with the pusitioning of the
ane or mare valves ingide the reactor poses difficult
problems for their control, their maintenance and their
replacement when in operation, as a result of the tem-
perature and pressure conditions and of the corrosive
action of the reaction medium. The construction of the
reacior with the positioning of the one or more valves
outside the rcactor as indicated in TLS. Pat. No

2

3,708,420, makcs it necessary 1o bore holes at regnlar
intervals in the wall of the reactor for the introdunction
of the valves and such holes are not desirablc in the case
of reactors operating both at high (=inperatwe and
under pressure. Moreowver, in the case of catalyst trans-
fer through a duct cxternal to the reacior, the charge is
no longer in contact with a sufficient amount of catalyst
in the main reaction zone, which disturbs the runming of
the plant. In addition, by-pussing a section of the reactor
by means of a lateral duct disturbs the pressure disiribu-
tion: and produces siphonuges vt even discuntinves the
catalyst fluidization in said section and, in many ways,
resulis in a substantial disturbance of the reactor opera-
tion. Finalfy, the lareral ducts include knees which in-
terfere with the catafyst flow.

SUMMARY OF THE INVENTION
The present process obviates these disadvantages by
praposing a technique whercin the catulyst trunsfer is
considerably improved. In this technigue the commani-

“cetion batween two contiguous stages or the obturation

of the passage therebetween are achieved by making use
of the kinetic energy of a fraction of the gas and/or
liquid. This realizativn proviles for a simple operation
free of mechanical displacement. Morcover, the
achievement of the rewcior wherein the catalyst dis-
placernems are limited by partitions, provides 2 gystem
cquivalent to a reactor cascade either of the type with a
bubbling bed, or of the type with a semi-stationary bed,
but with only one device for introducing the catalyst
and for withdrawing the latter, and a single zone for the

" discngagement of the liquid, gas and catalyst, if such a

zone is required.

It is generally preferred to make use of bubbling beds
instead of semi-stationary beds. By semi-stationary bed
it is meant a catalys! bed subjected 1o an insufficient gas

" and liquid upward flow to produce the Huidivation of
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the bed; but these {low rates are however safficient to
displace the catalyst inside the bod, More precisely, the
liquid and gas flow rates are then from 30 to $0% of the
flow rates required for obtaining the bed fluidization,
wsually called, in a conventional manner in the art:
“hubhling hed” or “ebullated bed.” The catalyst is pen-
erally used as extrudates, grains or particles. By “cbul-
lated” it is intended to mean a fluidized bed whether it
be & gas or a liquid being injected therethrough.

The present process according Lo the invention con-
sists of passing the lignid phase (liquid charge or solvent
for the reactanis, according to the cose) and & main
streamn of hydrogen or of 3 hydrogen-containing gas,
upwardly through at least one cafalytic resction zone
comprising several stages. In the process each siage
contains a caialyst bed which may be either a semi-sta-
tionary bed or a bed =zt least 2 portion of which is in
dispersed statc in ihe liquid charge {ebullated hed), at
least one intermediary stage being in permunent com-
mouniculion respectively with the next lower stage and
with the preceding upper stage on. (he one hund throngh
several openings of small section and, on thc other
hand, through at leust one opening of relatively large
section. The catalyst passes from one stage o the neal
through said opening of relatively large section. Fur-
thermore, the process includes injocting ai least une
fluid selected from hydrogen, a hydrogen-containing
gas and 2 lguid fluid upwardly below satd openings of
relatively large section al & flow rate and at a velocity
safficient to slow down or impeds the passage of the
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catzlyst from one stage to the next lower stage through
satd openings of relatively large section, Additionally
the injection is periodically discontinued, or. reduced
below at lcast one of sald openings of zaid relatively
large section, to allow the downward passage of the
catalyst through said opening of relatively large section.
Preferably all the stages operates as above-described,
with however a slight modification concarning the
upper stage and the lower stage, The lower stage is in
communication with a duct for withdrawing used cata-
tyst, the latter being controllable through a hydrogen or
# hydrocarbon diffuser, as in the other stages, through a
valve or any other known device. The reaction produnct
and the hydrogenation gas are withdrawn from the top
of the reactor. The upper stage iz perindically fad with
fresh or regenerated active catalysl,

BRIEF DESCRIPTION OF THE DRAWINGS

The inveniion is illustraied by the sccompanying
drawings in which: :

FIG, 1 is a schematic side view of the catalylic resc-
tion zone apparatus for catalytic conversion of the pres-
ent invention; .

FIG. 2 is a side view of a dislribution box associated
with the grids in the apparatus of FIG. I;

FIG. 3 is a bottom view. of the distribution box; und

FIG. 4 is a side view of the distribution box of FIG.
3.

DETATLED DISCUSSION OF THE INVENTION

By relatively large opening, it is meant an opening
wherethrough the catalyst casily flows from one stage
to another, when the injection of hydrogen-containing
zas and/or the injection of the liquid phase is discontin-
ued below the concerned opeping. The cxperts may
easily determine from the above indieations, when vpon
knowing the size of the catalyst particles, the practical
ditensions to be used. Usually, the opening has a cross-
sectional area of at least 2 cm?, hut preferably at least 5
em?, The maximum area of the cross-scction depends on
the reactor section. It is preferable not to exceed 509 of
the cross-sectional area of the reactor.

The remalinder of {he separating zone between the
stages is provided with openings of small section as
above-described. Preferably these openings are hoics
wherethrough the liquid and hydrogen tlow upwardly
but they do not allow passage of the catalyst which
flows in the apposite direction. The perforations are
accordingly of relatively smali size, usually smalier than
1 em? cross-sectional area. These perforations may be of
various forms such as circular, rectangular or square, in
the form of clongate siots, grids, etc. . . . The preferred
form is that of grids made of profiled metal bars sepa-
rated by a space of, for example, from 0.1 to 10 millime-
lers. The scetion of the profiled bars may be advania-

. geously triangular or parabolic. During their position-
ing, the so-achieved partitions are then arranged in the
reactor so that the pointed portion is oriented dowa-
wardly.

The schicvement of the partitions by means of the
profiled bars, provides for a gond compromise beiween
the opening rate (%% of the open surface as compared to
the {otal surface), the rigidity and the small resistance to
gascs and liquids flow.

The shape of the one ar more relatively farge open-
ings is either circular, square or rectangulur, or has any
other form compatible with the nuture of the scparation
zone. The periphery of the opening is advantageously
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praovided with an upper edge whose height is higher
than 5 mm and preferahly higher than 20 mm.

The separating zones belween the stages arc horizon-
tal or inclined with respeet to a horizontal plane. In the
case where the liguid and gas flow rates are insufficient
to obtain a so-called “bubbling bed,” but sufficient to
obtain a semi-stationary bed, it is advantageous that the
separating zones be inclined with respect to a horizontal
planc by an angle equal to or close ta the natural slope
angle of the catalyst used.

The Biquid which may be injected below a relatively
large opening may be the charge itself or the solvent of
said charge when it is in 2 gaseous stute, bud there can
also be injected a fraction of the liquid product from the
reaction or a fraction of the solvent withdrawn at any
leve! of the reactor.

‘The injection of hydrogen or of a hydrogen-contain-
ing gas and/or of a fraction of the liquid phase, takes
place below each relatively large opeming, usually from
a distribution box {distribution zone) designed so as 1o
provide for a series of fluid jets at high velocity impad-
ing the normal flow of the catalyst through said open-
ing, As a preferred embodimeni, the distributor may use
hydrogen or a hydrogen-containing gas.

The distributor or distribution box may comprise an
assembly of tubes of appropriate diameter, comnected at
ibeir lower ond 1o & hydrogen gas distribution box. The
hydrogen or hydrogen-containing gas pressure in the
box is advantageously from § to 400% higher than the
onerating pressure of the reactor. The diameter of the
tubes producing the hydrogen gas jet is preferably from
(.25 to 1 em. Tt is more advantageous to inject 1be gas or
Liguid ut u higher flow rate from the periphery of the
distributor than from the center thereof. Preferably in
the case of a distributor made of tubes, the dizmeter of
thc tubes at the periphery of the box on the first row
and, optionally, on the second and third rows is from 2
to 20% higher than the diameier of the tubes of the
other rows. The tubes may be arranged in a parallel
direction to one another or may be slightly divergent
towards the exterior according to the relatively high
tendency of the ligoid phase o cause bubble treins to
coagulate. The géometrical shape of the hax is prefera-
hly the same as that of the relatively large opening
controlled thereby. Its surface area is usually at Jaast
Q.75 times the area of said opening; it is preferably [rom
one to ten times or preferably from 1.2 to 4 times that of
the opening. The vertical distancas between the lower
level of the separnting surfuce (excluding the edge) and
the upper level of the tubes or of ths hox is usually from
.15 t0 40 cm (more particularly 1.5 to 10 cm),

‘The dispersed catalyst may fill the total volume avail-
able at each stage (expansion rate of 1009%), or only a
poriton of said velume, Expansion rates from 10 to 70%
are preferred. It i3 known that the expansion rate
largely depends on the liguid flow rate. A portion of the
catalyst may rematn undispersed in the form of a rela-
tively dense layer laving on the plales sl each stage and
thus forming & fraction of a semi-stationary bed.

The number of openings of relatively large section ail
each stage is ul least 1; it may be greater and, tor cxam-
ple, from 2 to 10 openinps. The total area of these apen-
ings, at a given stage, preferably does not excesd 509%
of the cross-sectional arex of the reactor.

The cataiyst particlcs usually have an average diame-
ter from 0.12 to 10 mem, these values being however not
limitative.
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A firsi 1ype of reaction which can be conducted ac-
cording to the process of the imvention is the removal of
pollutant compounds contained in various hydrocarbon
CHtE,

The hydrocarbon charges so treated according to the
inveniion arc then figuid hydrocarbons or hydrocarbon
mixtures containing pollatants which may be of various
natures.

In a particularly advantageous application, relatively
heavy charges may be treated such as, for example,
crude oils or distillation residues containing such inrpu-
rities as sulfur and/or nitrogeh compounds, asphalts,
metal or organometailic compounds. The involved re-
actions are those applicable to heavy charges of this
tvpe, particularly desulforization, denitrogenization,
hydrocracking, hydrogenution and demelailication.

Another type of reaction is “the hydrogenation™ or
hydrogen treatment of coal or bituminous shales dis-
soived or dispersed in a flowing kydrocarbon solvent.

Arnother type is the hydrogen treatment of used oils
10 remove therefrom additives and organometallic par-
ticles and improve, by hydrogenation, their lubricating
power and stability to oxidation and temperature.

The opcrating conditions of the above:described re-
actions are usually condocted ar a temperature of from
270° to 455" C., a pressure of from 20 to 300 atmo-
spheres, and a hourly flow rate of the liguid charge or
solvent of from 0.1 to 15 velumes per volume of cata-
lyst. However, these values are not limitative and de-
pend on the nature of the charge or the degree of sever-
ity requied in the (reatment to be performed. '

The catalysts are ofien of a known type ss alrcady
used in similar reactions, for example compounds of
metals from group VI andsor VHI, used as such or
deposited on carriers such as, for exsmple, aluntina,
silica-alwmina, silica, magnesia, bauxite, rad-muds, clay,
kdeselgur, eto. . . . Exumpies of metal compoonds are
molybdenum, tungsten, nickel, cobalt and/or iron ox-
ides and preferably sulfides. These catalysts are of con-
ventional type and may be prepared in a known manner,

The process according to the mvention and the
above-described apparatus are generally used for 2l
culalytic non-catalylic processes where it is desired to
achieve counter-cirrent contact with a liquid finid of a
solid divided in particles of a size comparable to that of
catalysis.

A particalarly significant éxample is the synthesis of
hydrocarbons or aleohols by reacting such gases as CO
and H; in a flowing hydrocarbon liguid phase. Among
these hydrocarbon synthesis reactions, there will be
described particularly the synthests of methane or met-
hanation. '

For carrying out this reaction, the composition of the
syniheosis gas mixturc expressed by the molar ratio hy-
drogen/carbon monoxide, is advantageously selected to
be from 1/§ to 6/1. Preferably the ratio will be close to
2.5 to 3/1, which corrcsponds (o the theoretical stoichi-
ometry of the reaction. The liqnid used as 2 solvent for
the gaseous reactants is, [or example, injected at the
bottom of the reactor through z duct such as duct 1in
FIG. 1, at a rate, for example, from 1 fo 100 liter/diter of
catalyst per hour. Thc gas rcactants arc injecicd
throngh another duct, not shown in FIG. 1, and at
different levels of the reactor, for exampie through
ducts such as 12, 13 and 15, The liguid solvent must
exdiibit properties of bothk chemical incrtia and thermal
stability. Good resolis are obtaingd with saturated hy-
drocarbons, particularly with paraffinic hydrocarbons
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in the liqhid state under the recaction conditions. for
cxample heplane, octane, dodecane, hexadecane or with
mixtures of these hydrocarbons, for example liquid oil
or paraffin culs.

The pressure of the synthesis mixlure of hydrogen/-
carbon moncxide may vary from the atmospheric pres-
sure up to 30 bars or more, bat the operating pressure
will be preferably from 1 o 20 bars.

The hourly volume flow rate, expressed by the vol-
ume of synthesis gas mixture supplicd, under normul
conditions, per volume of reactor and per hoar (VVH])
may vary from 1 to S00. Preferably, a VVH of from 50
to 200 are osed, which corresponds to a rate of from
about 300 to 1000 liter/liter of catalyst/h.

The reaction temperature may be sclected from 100
to 450° C. The catalyst is a conventional methanation
catalyst apd more particulurly, = catalyst based on
nickel or a nickel compound deposited on 2 suitable
vartier, for example, alumina or kiesulguhs,

Among ibe alcohol synthesis reactions, there will be
described particularly the methanol synthesis and the
synthesis of higher homologous alcoliols.

The liquid solvent, its flow rate {i.c. its spacc vcloc-
ity) and the conditions of the injection of tha liquid and
gascous fluds sre sobslualially the same as those indi-
cated above for the methanation reaction. In the present
case, the pas reactants usually consist either of a mixture
CO+ Ky, or of a mixture COz - CO 4+ Ha (synthesis gas).
The operating conditions are well known. The tempera-
ture 18, for example, frome 130° to 350° C., the pressure
heing from 20 ta 200 bars, the molar ratio Hy/CO or the
motar ratio Ha/CO -+ CO;z being from 1.5 to 10, with a
velume flow rate from 1LOU fo 10,000 m® (N.T.B.) of
gas (mixture CO+Hs or mixture CO4+-CO;+Hy) per
m? of catalyst and per hour, As a catalyst, there is used
any conventional catalyst, for example bascd on at Ieast

. one metal or compound of metal such as copper, cobalt,
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chromipm, iron, vanadium, manganese, rare earth, zinc,
alkali metals deposited or not on & carrier snch us, for
example, alumina,

The liguid charge and optionally also a hydrogen-
containing gas arc introdeced through tine 1 {FIG. 1).
The misture flows npwardly in the reactar 2 and passes
through the grid 3, then the grid 4 and the prid 5. It
issues through Hne 6.

A eyclone, not shown, provides for the removal of
the liquid phase freed from catalyst when the disen-
gagement yone is insufficient fo achieve a perfect sepa-
ration of the cealyst, the lignid and the gas. The equip-
ment thus comprises, according to this figure, 4 stages 7,
8, B and 10. Fresh catalyst is introdoced throngh fine 11
and hydrogen or @ hydrogen-containing gas through
lines 12, 13, 14 and 15 feading the distribution boxes 18,
17, 18 und 19. The prids 3, 4 and 5 are provided with
so-called reiatively large opomings 20, 21, 22 and 23,
centered above the distributors and provided with
edges such as 26 ee FIG. 2). More and more used
catatyst, for example, in the case of purification of
heavy hydrocarbon charges, is present in stages @, 8 and
7 respectively. The flow rate of liguid and gas and the
diameter of the reactor are so selected as to maintain the
cafalyst in a dispersed or expanded state in stages 9 and
10 and a2t least partially in a semi-statiomery stafc in
stages 7 and 8.

This difference in the hydrodynamic state between
the 4 stages results from the fact that, in the lower stapes
7 and 8, the valalyst. whose composition is given i ihe
following examplcs, becomes heavy, in the cuse of, Tor
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example, the purification of heavy hydrocarbon
charges, with metals, maily nicke! and vanadinvm, and
wilh coke, and accordingly, its density becomes higher
than that of the fresh catalyst of the upper stage (No. 10)
and of the substantially unpolluted catalyst of the next
lower stage (No. 9). Moreover, the hydrogen injection
through such injectors us 16, 17, 18, increases the pas
velocily in the npper portion of the reactor and facil-
tates the transition to the “bubbling bed” state in the
upper slages.

The catalyst does not flow from one stage to the
ather us u result of the kinetic energy of the hydrogen
gas jets supplied by the distributors 16, 17, 18 and 19 and
passing through the openings 20, 21, 22 and 23.

Aftcr a certain period of use, without interrupting the
hydrocarbon and hydrogen flow introduced through
line 1, the valve 25 on line 24 is opened for withdrawing
the catalyst. When a portion or preferably the totality of
the catalyst has left stage 7, the hydrogen or hydrogen-
conluining gas injection through line 12 is discontinued:
the catalyst this passes from stage 8 to stage 7 throngh
the opening 20. Hydrogen is again injected through fine
1% and the hydrogen feed is discontinued through line
13 and 14 to allow the catalyst to flow down from stage
9 o stage 8. The proceduere is similar for the upper
stages 9 and 14,

It is uisc possiblc to discontinue the injection of hy-
drogen {or of a hydrogen-containing gas) simulta-
neously through lincs 12, 13, ¥4 and 15: thus, the cata-
lyst fiows down from one stage to the next, but af each
stage, a catalyst mixing occurs to & certain extent and
preferably this muost be avoided.

The design of the apparatus is exactly the same in the
case of a liquid stream used instead of hydrogen or of a
hydrogen-containing gas and flowing through pipes 12,
13, 14 and 15 for impeding the catalyst flow throngh
openings 20, 21, 22 and 23.

FIGS. 2 through 4 show, in detail, portions of the
apparatns. Particularly, FIG. 3 is a view from below of
the disiribution box; a side view of the same box is
shown in FIG. 4. .

The FIGS. 2, 3 and 4 show the position of tubes such
as 27 and 28 in a distribution hox of rectangulur shape 16
corresponding to a rectangular opeming 20 {in FIG. 2),
in a grid 3 (in FIG. 2) formed of profiled metal bars of
triangular section; 26 (in FIG. 2) designates the edge of
the opening, 29 (in FIGS. 3 and 4) shows cne of the
tubes located at the external periphery of the box; these
tubes have a diameter shightly larger than that of the
other tubes such as 27 (on FIG. 3) lacated further
toward the interior. Tipe 29 of FIGS. 2, 3 and 4 is used
for teeding the distribution box either from 2 high pres-
sure pipe 30 interaul to rcactor 2 (see FIG. 2), or
through u passage-way through the reactor wall.

In other cases, the distribution box may be simply
.construcied from u box having a perforated face, or
provided with a fritted surface, ar with eny other means
for obtaining fluid jets of high velocity.

The present process may also be performed in several
reaciors, with having dispersed catalyst und/or 2 semi-

stationary bed of the Lype described, these reactors.

being oplicnally associated in series or in parallel. Tt is
also possible to provide one or mere stationary bed
reactors, following one or more reactors with dispersed
or semi-stationary calalysts beds of the described type,
these stationary bed rcactors being optionally used fo
complete the reaction or to proceed to a different reac-

tion, for cxample saturating hydrogenation, hydrodesul-
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8-
fidation, hydrodenitrogenizution, hydrocracking, cata-
lytic cracking, hydrorefining or hydrofinishing.

EXAMPLE 1

By way of example, 1o clarify the performance ob-
tained by the reactor of the invention, the treatment was
performed un a straight ron residue of heavy Iran type,
whose propertics are mentioned in Table I, in three
different {ests, all invelving the same amount of catalyst
and the same flow rate of fresh hydrocarbon.

The catalyst used in the three series of tests is of the
cobali-molyhdenum alumina type. ¥l is presulfided be-
fore being introduced into the reactors used in the 3
lests. Its total pore velume is 0.50 cc/g, it conluins by
weight, 3% of cobalt oxide aud 14% of molybdenum
oxide. It is in the form of cxirudates of 2 1.4 mm diame-
ter and an average length of 8 mm.

The first test which will be calicd *Case A” concerns
the use of the catalyst in a single stage bubbling bed, not
in conformity with invention.

The second test, which will be callad “Case B” pro-
vides for the use of a catalyst in a teactor according to
the invention comprising 4 stages. of substantially the
same volume. Hydrocarbon withdrawals at the level of
cach bed indicates the advance rate of the rcaction and
the accumulation of. vanadium onto the catalyst. The
results are reported in Table IT. The stages are indicated
with reference numbers 1, 2, 3 and 4, while following.
the upward flow of the hydrocarbons. The catalysts
tflows downwardly.

The reactor used in each of the two test (“Case A™
and “Case B") has a ratio H/Dd=13 (height/diameter).
The total pressure is 90 bars at the reactor outlet, In
“Case A™ the flow rate of the hydrogen gas is 1480 liters.
NTP of gas per liter of charge at 15° €. The tota
amount of the gas is imjected at the bottam of the reac-
tor, in admixture with the charge: In “Case B™, 1600
liters of hydrogen pas per liter of charge are injected at
the bottom of the reactor and, in addition, 120 Hters of
hydrogen per liter of charge are injected between each
stage, through diffusers or distribution boxes. From the
above-defined hydrodynamic conditions, it is clear that
the bed is a semi-stationary bed in the lower stages 1 and
2 and an ebullated bed in the upper stages 3 and 4. In the
two tesis (“Case A and “Case B™), the average lemper-
atnre is 390° C. .

" In “Case B”, the reactor inclndes the additional fol-

lowing featuras: :

Two so-called “large™ openings in each partition
between two stages, crass-sectional area of zach
opening: 15 cm?; shape of the opening: rectangular.

Diameter of the so-calied small section openings:
zbout 0.3 em? in the form of prids made from pro-
filed metal bars spaced at 2 distance of about 4 mm,

Tleight of the edges 26 of FIG. 2: 25 mm.

Distribution box similar to that of FIGS. 4 and 5;
diameter of the tubes located above the periphery
of the distributior box: 0.5 mm; diameter of the
other tubes: 0.45 mm; cross-sectional area of each
distribution box equal to about 2 times the surface
of the so-vulled “large™ opening controlled there-
from,

- Averape vertical distance between the lower level of
the sepuruling surface (excluding the edge) and the
upper level of the tubes: 20 em.

Ia the third test, the same catalyst amonnt as the two

other tests is used in a stationary bed, in a conventivnal

down flow operated reactor having 2 height to diameter
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“TABLE II
CASEA - - -
I SINGLE CaSEDR
QBTAINED PRODUCTS STAGE “lsrSTAGE Ind STAGE I STAGE  4h STAGE
Properties of the 120" C.* et
Drensity gfee 493 0,920
Suliur %% bow. Atk 1.23 0.75 0.54 047
Nitragen phm 3570 Jie2
Conradsun carbun T DLW 7.0 .8
Vanndinm ppm ] 135 , - 91 7 b6
Vanadivm on the catalyst in % 166 222 115+ 4.1* L
ol pew catalyst
Temperature *C. 390 05 405 B KL%
Average [CIPRIAtIre "C. 100 300°C.
Total performances
Hydrodesnlfidation 2 how, 642 812
Hydrodenitrogenization % bow. 15 24
Vanadiwg removal B bow. 485 67
Ratio of added catalyst to the
el charge wass 9 b, 06 kgt 06 kgt
Rutio of the hourly flow rate of .
the fresh charge by weight 1o 0.83* 083 h—:
the catabyst weigtil
sCaleulrted fram hydracorbas sankfysss,
ratio of H/D) =4. The gas and liquid flow rates and the
prassures are the same as those used for the first two TABLE 111
tests, The average temperatare of the reactar is 370° C.,
corresponding to the catalyst and the charge to a nor- Third west
mal temperature of the cycle beginning. The character- Fixed bed reactor
istics of the obieined ‘prudt‘lcts are reported in Table 11T, Propertizs of the produced 180° C.+ cut
From the absérvation of the discharged catalysts and Density "'“ 0.940) wrem?
of the products obinined, it is apparent that the staged , Sarlfzr 044 % bow.
reactor according to the invention (“Casc B™) is muck Mitrogen 3150 ppm
more efficient than 2 single stage reactor as that of Cenradson carbon ‘5-"‘ % b,
“Case A" It provides for a better use of the catalyst 33 g‘;ﬁgﬂ’gﬂﬁ@ﬁon - .
issuing from the reactar with a higher methane content Eydrodenitrogenization 24 % b
for the same rate of additivn of new cutalyst. Vunudiuw rewoval of the
Moreover, the comparison of Tabie H (*Case ™) and eyele heginning , 7 %o bw.
“Tuble IIF shows thet in the reactor according to the ‘l_t::fgf"' temperature of the —
invention, there is obtained, at an average temperature 40 Ratic-hourly flow rate by
af 390° C., the removal of snlfur, nitragen and metals weight of fresh charpe/eata- i
and a reduction of Conradson carbon similar to those. Iyst weight 083 h—
obtained in 2 comventional reactor with & stafionury
bead, at 370° C,, at the beginning of the cycle, the ather
conditions being substanlialty unchanged. However, in 45
the case of a stationary bed catalyst, the metals {Ni and
V) depusited on the vaialyst will progressively deacti- .
vate said catalyst. and it is consequcnily necessary tv EXAMPLE 2
progressively increase the average temperature of the
reactor. After about 1200 hours, ihc catalyst containg- 50 This example relates to the manufacture of methane
about 20% of (Ni+V) and it is necessary to stop the  from hydrogen and carbon monoxide. As liguid solvent
operaticn of the plant, {o discharge the used catalyst  there is nsed a hydrocarbon cut of naphthenic and par-
and to replace it with a new charge of catalyst, ‘The  @ffinic type whose boiling point is in the range fram
reactor, designed in accordance with the invention, has  350° to 450° C. The average temperature for perforing
the advaniage of being kept in operation, due to the 35 the reaction is 340° C. The solvent temperature at the
possibilities of introducing new catalyst and of with- inlet of the reactor is 320° C.; the solvent temperature at
drawing used catalyst. the outlet of the reactor is 350° C. The average tempera-
ture of the gas-solvent mixture is 300° C. The operation
TABIET is conducied ender a pressvre of 40 bars. The volome
CHARACTERISTICS OF THE STRAIGHT RUN RESIDUE 6 velocity of the solvent is 20 1/1 catulysi/hour and the
- L OETHEAYY IRANIAN IVPE. volame velocity of the gas (CO+Hy) is 3,000 1/1 cata-
g‘é;mv @ 3530";:%‘5 afend lyst/hour, There is used a cululyst cousisting of nickel
Sulfur (S 16 % by weight deposited on kieselguhr {30% by weight of nickel) as
Witrogen (M) 4240 ppm (part per exirudaies of s 2 mm dizmeter and 2 5 mm length. The
Conradson carbon 107 I%mbi;lztigh: €5 ratio H/CO is 2.3, N .
Asphaitens 415 % by weight .In tast ca_l]e:cl “Casc Ap” the Cﬂ_talyst 1 ubr:d as “bub-
Nickel 7% ppm ’ bling bed"” in a single stage, not ir conformity with the
Yanadium 260 pom invention.
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In a second tesl which witl be called “Case B1", the
catalyst is used in a reactor according to the invention
comprising 4 stages subsiantivlly of the sama volumes
{same characteristics as the “Case B” reactor of Exame-
ple 1). The reactor used in each-uf these two test {Case
Ajand Case Bi} has a ratio of H/D == 13 (height/diamne-
ter). In test “Case Ay", the total amount of the gas is
injected at the bottom of the reactor, In the test “Case
B," there is injected, on the one hand, 2,700 fiters of gas
per litet of catalyst per hour and 300 fiters of gas per
liter of catalyst and per hour through the diffosers or
distribution boxes. In each of the 4 stages, the catalysi is
i a “ebullated bed”.
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In the two tests, the selvent withdrawn from the tap

of the reactor passes through an exchanger, which low-
ers its temperaiure to 300° C., and then reaches u separa-
tor, surmounted with a caoler whereby the temperature
of the reaction gas is decressed to about 40° C.

In *Case A1™, there is obtained, at the top outlet of
the reactor a gas whose compasition by volumc i3 as
follows (expressed as dry gas): '

Methans B5%
Ethane 9%
oo 2%
202 3.5%
Hz 3.5%

1n *Case B{”, there is obtained, at the top ontlet of the

reactar, a gas whosc composition by volume is as fol- 3

lows {expresscd as dry gas):

Methene 0%
Eihang 3%
[6(] 1%
O 3%
H; 3%
EXAMPLE 3

"This example concerns the manufactore of methanol
from hydrogen and carbon monoxide. The liquid sof-
venl is the same as in example 2. The average tempera-
ture of the reaction is 230° C. The temperature of the
solvent at the inlet of the reactor is 220° C.; the tempera-
ture of the solvent at the outlet of the reactor is 240° C.
The average temperature of the gas-solvent mixture is
200" C.

The cperating pressure is 100 bass. The space veloc-
ity of the solvent is 15 1/1. calulyst/hour and the Rpace
velocity of the gas (CO+Hy) is 6,000 1/1. catalyst/-
hour, The catalyst consists of balls of a diameter from
2.3 to 3.5 mm, said catalyst containing by weight:

40% of Cu()

209 of ZnQ

10% of alumina

30% of secar cement, used as hinder,

In u test called “Case Aj”, the catalyst is used in a
bubbling hed of a single stage, not in conformity with
the invention. ’

In a sccond test, which will be called “Casc By”, the
catalyst is used in a reuctor according to the invention
comprising 4 stages of substantially the same volume
{same churacteristics of the reactor as in “Case B™ of
Example 1). The reactor in these two tests (Casc As and
Case Bz} has a ratio of its height to its diametar:
H/D=13. In test “Case A3”, the totality of the gas is
injected at the boltom of the reactor. In test “Case By
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there is injccted on the one hand 5,400 liters of gas per
liter of catalyst per hour and 600 liters of gas per liter of
catalyst and per hour through the diffuser or. distribu-
tion boxes. The catalyst is present as a ebullated bed in
each of the 4 stages.

In the two tests, the volume withdrawn from the top
of the reactor passes through an exchanger which de-
creases its temperature to wbout 200° C. and then
reaches a separator overtopped with a cooler whercby
the temperature of the reaction gas can be decraased to
aboul 30° C, '

In the test “Case Az", the conversion rate of CO is
47% and there is obtained a mixiure containing by
weight 99% of methanol and 1% of higher homologous
alcohols (ethanol, n-propenol, isopropancl, n-bartanol
and isohutanol). In tcst “Case Da”, the conversion rate
of CO is 50% and there is obtained a mixtore also con-
taining by weight 99% of methano) and 195 of higher
komologous alcohols.

What is claimed is:

1. A liquid phase provess for the catalytic conversion
of hydrocarbons or carban monoxide in the presence of
hydrogen, consisting essentially of -passing a lquid
phase and a hydrogen-containing main gas stresm up-
wardly through at least one catalytic reaction zone
comprising several superposcd stages, the at least one
catulytic reaction: zone containing e catalyst bed in sach
stage which mey be cither a semi-stationary bed or un
ebullated bed, at least one intermediary stage being in
permasent communication respectively with the ncxt
lower stape and with the preceding upper Stage,
through « perforated support having multiple openings
having small cross-seetions of a size smaller than the
catulyst particles, and throngh respective ut least one
opening having large cross-scctions substantially larger
than the catalyst particles, the large cross-scciion open-
ings adapted to allow petiodical passage of the catalyst
from one stage to another, the process comprising peri-
odically injecting at least one fluid selected from hydro-
ger, a hydrogen-conteining gas and z liquid hydracar-
bon, upwardly, from below said openings of relatively
large cross-section, at a flow rate znd a velocity suffi-
cient to substantially siow down or impede the passage
of the catalyst from one stage to the next lower stage
through said openings of relatively large cross-section,
and periodically discontinuing the injection, or periadi-
cally reducing the imjection flow rate from below at
least one of said openings of relatively large cross-sec-
tion, to allow passage of the catalyst, downwardly
through said at least one of said openings of relagvely
lurge cross-section from one stage to the next lower
stape. . .

2. A process according to claim 1, wherein all said
intermedinry stages operatc as indicated in claim 1, and

‘further comprising periodically feeding fresh catalyst

into the upper stage, and at least 2 portion of the used
catalyst present in the lower stage being periodically
discharged therefrom,

3. A process according lo claim 2, wherein each
opening having & relatively farge cross-section has a
cross-¢ectional area of ut least 2 cm?, the total area of
the cross-sections being no greater than 509 of the total
cross-sectional area of the reaction zone.

4. A process according to claim 3, wherein said open-
ings of small cross-section as defined in claim 1, each
have a cross-sectional area of less thap 1 cm?,
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5. A process according to claim 4, wherein said injec-
tion of the finid selected from hydropen, a hydrogen-
containing gas and a liquid hydrocarbon, is performed
from & distribution zone located from Q.15 to 40 cm
below each of the relatively. Jarge cross-section area
openings, the area of said distribution zone being equal
to at least (.75 times the area of the relatively large
opening associated therewith, the Hquid hydrocarbon
being selected from at least a portion of the initial
charge, or of the reaction product, or of an intermediary
efffuent of the charge subjected to said catalytic pro-
cess.

. A process according to claim 5, wherein said fluid
is injected under a feeding pressure from 5 to 400%
higher than thc operating pressure of the reaction zome.

7. A process aceording to claim 1, wherein the cala-
lyst is in zn “ebullated” state at each stage.

8. The use of the process according to claim 1, for the
hydrotreatment of hydrocarbons or bituminous shales.

9. A process 2s iz claim 1 wherein said injection flow
is reduced for a sufficient period of time for allowing
substantially all of the catalyst in an upper stape tn
move to the next lower stage.

19. In a Hquid phase process for the catalytic conver-
sion of hvdrocarbons or carbon monoxide in the pres-
ence of hydrogen, comprising the passing of & liyuid
phase and a hydrogen contnining main gas stream up-
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14
wardly through at lcast one catalylic reaction zome
comprised of several superposed stages, each stage con-
taining a catalyst bed of either a semi-stationary hed
type or an cbullated bed type, at least ane intermediate
stage being in permanent communication respectively
with both {he next lower stage and with the preceding
upper stage through: (2} 2 perforated support having
multiple openings having small cross sectional arcas of
a sizc smaller thun the catalyst particles, and (b) through
at least one opening of large cross-section substantially
larger than the catalyst particles, the improvement com-
prising the steps of:
periodically injecting at icast one fluid selected from
4 hydrogen-containing gas and a liquid hydrocar-
hon, ppwardly through szid at least one opening of
large cross-sectinn, at a flow rate sufficient to sub-
standally impede Lhe passage of catalyst from each
upper stage to the next lower stage through said at
least vne opening of large cross-section; and
periedically reducing the injection flow rate of said at
least one fluid sufficient to allow passage of ihc
catalyst through said =l leust one opening of large
cross-section, whereby substantially only rclaiively
Iess uctive catalyst is removed from the catalytic
reaction zone whilc mainiaining relatively more

active catalyst therein.
¥ & % % &



