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DRAFT TUBE FOR CATALYST 
REJUVENATION AND DISTRIBUTION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

This invention relates to a process and apparatus for 
regenerating - rejuvenating and uniformly distributing cata 
lyst in a slurry phase reactor by using a substantially vertical 
draft tube means, open at both ends, fully immersed in the 
slurry in said reactor and utilizing rejuvenating gas injected 
at or substantially near the bottom of said draft tube means 
through hydrogen gas injection means. Catalyst is draWn up 
the draft tube means from near the bottom of said reactor 
under the in?uence of the rejuvenating gas and ejected from 
the top of the draft tube means at or beloW the top of the 
slurry phase in such reactor. Catalyst reactivation - regen 
eration is accomplished using the draft tube means by using 
a rejuvenating gas such as hydrogen. For the purpose of this 
speci?cation, draft tube means Will be referred to variously 
as draft tube, draft tubes, rejuvenation tube or rejuvenation 
tubes according to the context of the speci?cation, unless 
otherwise indicated. 

BACKGROUND OF THE INVENTION 

Slurry reactors are Well knoWn for carrying out highly 
exothermic, three phase, catalytic reactions. Usually called 
“bubble columns” these reactors have a liquid phase in 
Which solid catalyst particles are dispersed or held in sus 
pension by a gas phase bubbling through the liquid phase, 
thereby creating a slurry. These reactors provide improved 
heat transfer characteristics for the exothermic reaction, With 
the bubbling gas maintaining the catalyst as a dispersion in 
the liquid phase. 

Bubble column reactors typically have a multiplicity of 
tubes suspended Within a shell-type housing, the tubes being 
?lled With a heat transfer medium, e. g., boiling Water, Which 
absorbs the heat generated by the exothermic reaction occur 
ring on the shell side of the tubes in the main body of the 
housing. 

Alternatively the reactor can be of a similar multitube 
design housed in a common shell-type housing as previously 
described but Wherein the gas and liquid are passed through 
the multiple tubes Which function as the reactor tubes, With 
ef?uent being removed from the upper ends of the reactor 
tubes and heat transfer ?uid being passed through the space 
along the outside surfaces of the reactor tubes. The reactor 
tubes can be either multiple individual tubes With spaces 
betWeen adjacent tubes, or multiple bundles of tubes With 
spaces betWeen adjacent bundles of tubes. 

Likewise the entire cross section of the reactor vessel may 
have a plurality of shafts disposed Within it, the bottoms of 
said shafts being located above the reaction gas inlet but 
extending a distance above the top surface of the reaction 
slurry into the gas disengaging spaces so as to create 
multiple single columns of standing, noncirculating liquid 
With catalyst suspended and dispersed in said standing 
liquid. The reaction zone therefor has multiple single 
columns, said columns having a common bottom reaction 
gas introduction zone and a common upper gas disengage 
ment space. To insure proper control of the exothermic 
process additional tubes can be inserted into or betWeen the 
multiple single columns to function as heat exchangers. 
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2 
It Would be an advance if, in Whatever con?guration the 

reaction vessel may take, catalyst Within the reaction vessel 
could be more uniformly distributed and circulated so as to 
insure more even catalyst aging in the course of the reaction, 
more effective use of the catalyst by insuring a higher 
probability that the maximum amount of available catalyst is 
in the reaction zone to promote the reaction by eliminating 
stagnant zones of uncirculating, standing catalyst, decreas 
ing mass transfer limitations, and improving heat transfer 
utilization. 

DESCRIPTION OF THE FIGURES 

FIGS. 1, 2 and 3 present in graphical form the results of 
cold mock-up draft tube runs comparing slurry distribution 
in vessels With and Without the use of added lift gas. 

FIG. 4 presents axial catalyst distribution comparisons at 
speci?c measurement moments before and during draft tube 
operation in an operating bubble column reactor (4 draft 
tubes and one rejuvenation tube in use). 

FIG. 5A presents catalyst activity and FIG. 5B shoWs 
hydrogen ?oW rates in continuous catalyst rejuvenation. 
FIG. 5A presents the ef?cacy of using draft tubes as con 
tinuous catalyst rejuvenation tubes using hydrogen as reju 
venating lift gas. 

FIGS. 6A, B and C present three pairs of temperature 
pro?les comparing temperatures inside the rejuvenator tube 
With temperature in the reactor slurry outside the rejuvenator 
tube at different temperatures in the reactor slurry. 

SUMMARY OF THE INVENTION 

Catalysts used in slurry phase reactors, such as hydrocar 
bon synthesis catalyst used to produce hydrocarbons from 
synthesis gases, or methanol, Which have become reversibly 
deactivated during use are regenerated - rejuvenated, circu 
lated and uniformly distributed throughout the slurry phase 
reactor by use of a substantially vertical draft tube, open at 
both ends, fully immersed in the reaction slurry, the bottom 
of Which draft tube preferably extends to near the bottom of 
the slurry reactor and the top of Which preferably extends to 
just under the top of the slurry phase, utilizing a rejuvenating 
lifting gas injected into the draft tube at or substantially near 
the bottom of said draft tube. 

The draft tube is sized in terms of length and diameter so 
as to insure that ?oW in said tube is at or above that ?oW 
Which provides both catalyst lift and catalyst rejuvenation. 
Velocity of the rejuvenation gas in the draft tube is such that 
the slurry density in the draft tube is less than the slurry 
density in the overall reaction vessel. Super?cial gas veloci 
ties in the tube, therefore, are at least 0.2 to 40 times the 
super?cial gas velocities of the gases in the reactor vessel 
itself, preferably 0.5 to 20 times, more preferably 3 to 15 
times the super?cial gas velocities of the gases rising in the 
reactor vessel. 

The draft tubes of the present invention are sized so as to 
?t Within the reaction vessel and are also sized so as to not 
interfere With the ?uid dynamics of the vessel nor With the 
normal synthesis gas ?oW Within such vessel. These draft 
tubes occupy, on a cross sectional area basis, as measured in 
the horizontal plane through the vertical draft tubes, a total 
of from 0.2 to 10% of the cross sectional area of the reaction 
vessel, preferably from 0.4 to 8%, more preferably from 0.4 
to 5% of the cross sectional area basis of the reaction vessel. 
Ideally multiple tubes Will be employed as to insure maxi 
mized catalyst circulation. When multiple tubes are 
employed no single tube Will constitute more than 50%, 
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preferable more than 30%, more preferably more than 10% 
of the total cross sectional area of the draft tube array. 

NarroWer diameter tubes are preferred so that ?uid 
dynamics are more easily controlled and so that excessively 
high super?cial gas velocities to achieve adequate lift can be 
avoided. Within the cross sectional area constraints recited 
above, tubes having diameters of less than 12 inches, 
preferably less than 8 inches, more preferably less than 6 
inches Will be employed in commercial hydrocarbon syn 
thesis vessels. 

The length of the tube is important, since When all other 
conditions, are constant, it is believed the amount of slurry 
pumped by the draft tube increases as length is increased. 
Thus the length of the lift tube Will be as long as the reactor 
design alloWs, i.e., approximately equal to the slurry height 
in the reactor. The diameter Will be set by ?oW regime 
considerations in the lift tube and by the amount of slurry 
that is to be pumped. Successful draft tube operation 
depends upon the density of the gas-liquid-solid slurry 
inside the draft tube being less than the density of the 
gas-liquid-solid slurry in the reactor surrounding the draft 
tube. The greater the difference is in these tWo densities, the 
higher is the velocity in the draft tube. 

The density inside the draft tube depends upon the ?oW 
regime therein, and that in turn depends upon the draft tube 
diameter and gas velocity. Furthermore, there is probably 
some interaction betWeen diameter and velocity. That is to 
say, an acceptable gas velocity range in a small diameter 
tube may be different from that in a larger tube, because the 
differences in densities betWeen the draft tube and reactor 
slurries Will be different for different draft tube diameters, at 
a given difference in velocity betWeen the draft tube and 
reactor. 

To be effective in catalyst dispersion and rejuvenation, the 
upWard velocity of the ?uid in the draft tube must be greater 
than the settling velocity of the solids, otherWise the solids 
Will not be carried up the draft tube. At the other extreme, too 
high a gas velocity Will cause the ?oW regime to become 
annular in Which the liquid-solid phase is spread out as an 
annulus against the Wall of the draft tube With the gas 
passing at high velocity inside the liquid-solid annulus. 
BetWeen these tWo extremes of gas velocity, the draft tube 
goes through an optimum operating region for catalyst 
dispersion. As the gas rate is increased from a loW level, the 
rate of slurry (liquid+solids) pumping ?rst increases, thereby 
improving the solids dispersion. As the gas rate is increased 
further, the pumping rate goes through a maximum and 
begins to decrease as the gas rate is increased further. This 
Was observed in the mockup of Example 1 (see FIG. 3), 
discussed in greater detail later, When the gas rate Was 
increased from 0.4 to 0.8 CFM (super?cial gas velocity in 
the tube increased from 46 to 92 cm/sec), the catalyst 
dispersion Was poorer at the higher velocity. 

Hydrogen, or such other hydrogen rich gas Which may 
contain inerts such as CH4, light hydrocarbons (e.g., 
C2—C1O) etc., but Which is substantially free of CO or other 
hydrocarbon synthesis process feed gases Which are reactive 
With hydrogen, is used in the draft tube as catalyst rejuve 
nation gas and lifting gas. It has been discovered that 
hydrocarbon synthesis catalyst Which has undergone short 
term reversible deactivation in the course of the HCS 
process can be reactivated in the presence of the hydrocar 
bon synthesis product using hydrogen, said catalyst rejuve 
nation occurring under the conditions of temperature and 
pressure similar to those employed for the hydrocarbon 
synthesis. Catalyst regeneration - rejuvenation using hydro 
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4 
gen or hydrogen containing gas is the subject matter of 
copending application Ser. No. 949,934 Filed Sep. 24, 1992 
in the name of W. N. Mitchell. 
To permit the draft tubes to function as catalyst rejuve 

nation Zones the draft tube is ?tted at its loWer end With gas 
de?ecting means such as a baf?e Which curtails entry into 
the tube of synthesis gases yet promotes or facilitates entry 
of additional liquid and catalyst (slurry). With such synthesis 
gas in?ux interdicted, the catalyst and synthesis product 
liquid present in the tube can be exposed to the hydrogen gas 
stream injected into the draft tube at or substantially near the 
bottom of the tube. Because the tube is fully immersed in the 
reaction slurry, the temperatures and pressures exerted on 
the contents of the draft tube are those of the synthesis 
process. 

The amount of hydrogen ?oW into the tube When used as 
a rejuvenation tube can be throttled such that at the begin 
ning of the regeneration - rejuvenation step ?oW is loW 
enough so that minimal catalyst is displaced out of the tube 
through the open top. How is maintained at this level for a 
time suf?cient to effect catalyst rejuvenation after Which 
hydrogen ?oW is increased to lift the catalyst out of the tube 
to permit a fresh charge of additional catalyst and hydro 
carbon synthesis product to be draWn into the tube. 
Alternatively, hydrogen ?oW rate is adjusted so that catalyst 
is continuously being draWn into the tube from the bottom 
in response to the hydrogen lifting ?oW; catalyst residence 
time in the tube is suf?cient to achieve the regeneration - 
rejuvenation of the catalyst by the time any particular 
catalyst particle has completed its journey to the top of the 
tube for discharge back into the main reactive slurry. 
The extent of the rejuvenation reaction occurring in the 

continuous mode using the draft tube as the rejuvenation 
vessel can be monitored by thermocouples placed inside the 
tube. The measured temperature pro?le in the rejuvenation 
tube is compared With the temperature pro?le in the reactor 
slurry surrounding the rejuvenation tube, corresponding 
thermocouples inside and outside the tube being at equiva 
lent heights above the bottom of the reaction vessel. The 
difference in temperature betWeen the contents of the reju 
venation tube and the reactor slurry is the temperature rise 
in the rejuvenation tube, Which can be used as a measure of 
the extent of the rejuvenation reaction occurring there. The 
ef?cacy of continuous rejuvenation in the rejuvenation tubes 
depends upon the temperature level in the rejuvenation tube 
Which is controlled to some extent by the temperature in the 
reactor slurry itself. As previously stated, depending on the 
level of deactivating species on the catalyst or in the Wax, 
rejuvenation at higher temperatures is preferred. 
When catalyst activity is loW, indicating that the concen 

tration of the deactivating species in the Wax and on the 
catalyst is high, the amount of reaction that occurs in the 
rejuvenation tube must also be high, and is evidenced by a 
greater temperature rise in the rejuvenation tube. When there 
is only little deactivation, the temperature rise in the reju 
venation tube is proportionally smaller. Hydrogen gas rate to 
the rejuvenation tube determines the residence time of the 
reactor slurry in the rejuvenation tubes and is important in 
determining the ef?cacy of the rejuvenation. Controlling 
residence time of the ?uids in the rejuvenation tubes is 
effected by controlling the amount of hydrogen gas being fed 
to the tube. Too high a rate of hydrogen reduces the 
residence time in the tube to a point that insufficient time is 
available for the pre-clean up and clean-up reactions to 
occur. 

The amount of hydrogen passed to the tube in the reju 
venation mode so as to effect suf?cient residence time 
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depends on the degree or level of catalyst deactivation, the 
concentration of deactivating species in the Wax present in 
the slurry, the diameter of the tube, and are all items either 
Within the control of the practitioner or dictated by the 
conditions of the synthesis reaction itself. Thus, control of 
hydrogen ?oW rates to the rejuvenation tube is left to the 
individual practitioner to set in response to the speci?c 
conditions encountered. When used for rejuvenation, the 
rejuvenation tube can occupy from 0.2 to 10% of the cross 
sectional area of the reaction vessel. 

As disclosed and claimed in copending application Ser. 
No. 994,219 ?led even date hereWith in the names of 
Behrmann and LeViness, degree of catalyst rejuvenation in 
the rejuvenation tubes can be controlled by independently 
controlling the rejuvenation temperatures in the rejuvenation 
tube as compared to the temperature of the surrounding 
reaction slurry. In many instances this involves conducting 
the rejuvenation at temperatures higher than those of the 
surrounding reactor. This control of the temperature in the 
rejuvenation tubes can be achieved either by increasing the 
residence time in the rejuvenation tube, so as to take 
advantage of the exothermic nature of the rejuvenation 
process itself and thereby increase the temperature, by 
deliberately introducing heat into the rejuvenation tube, by 
a combination thereof, or by introducing a cooling medium 
into the rejuvenation tube, thereby loWering the rejuvenation 
temperature. 

The temperature in the rejuvenation tube should be high 
enough to react out any entrained and dissolved CO in the 
loWer part of the rejuvenation tube and react deactivating 
species in the Wax and on the catalyst, yet loW enough to 
avoid excessive methane production and hydrolysis of the 
Wax. The rejuvenation temperature in the rejuvenation tubes 
to achieve effective catalyst rejuvenation may range from 
about 400° to 500° F., preferably about 420° to 480° F. and 
more preferably about 440°—470° F. The loWer temperatures 
are effective in those instances in Which the catalyst and/or 
Wax contain a minimum of deactivating species. Higher 
temperatures are needed in those instances When the catalyst 
and/or Wax containing higher levels of deactivating species. 

To effectively take advantage of the heat produced by the 
exothermic nature of the rejuvenation process itself in the 
rejuvenation tubes, it is preferred that the rejuvenation tube 
be ?tted With insulation means, thus trapping the heat in the 
rejuvenation tube. This insulation means can take the form 
of a coating of material of loW heat transfer coef?cient, such 
as ceramic. Alternatively the rejuvenation tube can be sur 
rounded by a larger diameter tube With the annular space 
betWeen the rejuvenation tube and the larger diameter tube 
surrounding it thus isolating it from the reaction slurry. 

Alternately, heat or cooling can be introduced into the 
rejuvenation tube by means of a separate, independent, 
controllable heating or cooling means source, such as a 
steam heat exchanger or electrical heater, run partially or 
totally up the interior of the rejuvenation tube. When 
heating, it Would be preferable to provide the maximum heat 
exchange near the bottom of the rejuvenation tube to provide 
the maximum bene?t in increasing the rate and extent of 
rejuvenation. 
When using the independent heat source/heat exchange 

inside the rejuvenation tube, it is preferable to simulta 
neously employ an insulating Wrap around the rejuvenation 
tube. 

In this and the previous embodiment the heat exchanger 
extending totally up the inside the rejuvenation tube might 
serve the purpose of heating the contents of the rejuvenation 
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6 
tube in the loWer region and mitigating the temperature rise 
(i.e. cooling) in the upper region, should reaction rates and 
heat of reaction be high enough to cause the temperature in 
the upper regions to rise to undesirable levels. 

Ideally catalyst distribution and rejuvenation Will be prac 
ticed simultaneously using the same draft tubes. When 
multiple draft tubes are used for catalyst redistribution some 
of the tubes may be fed rejuvenating gas at a high enough 
super?cial velocity for the purpose of accomplishing both 
catalyst rejuvenation and redistribution. 
When a number of draft tubes are employed as an array, 

those Which are used solely to accomplish catalyst redistri 
bution can be fed lift gas other than just hydrogen or 
hydrogen containing gas. Non-rejuvenating lift gas can be 
any gas such as gas feed, tail gases, volatile liquid product, 
light gaseous hydrocarbons, inert gases such as nitrogen etc., 
steam. When used for catalyst redistribution the super?cial 
gas velocity in the tube can be in the range of at least 0 to 
40 times, preferably 2 to 20 times, more preferably 3 to 15 
times the super?cial gas velocities of the reaction gases 
rising in the reactor vessel itself. 

As previously stated, the draft tubes are also located in the 
reaction process Zone so as to produce uniform catalyst 
redistribution through the reaction Zone and mitigate or 
eliminate areas of catalyst stagnation and overcome the 
natural settling tendency of the catalyst that creates a higher 
concentration of the catalyst in the bottom of the reactor than 
at the top. Thus the loWer ends of the draft tubes Will be 
placed at or near the bottom of such reaction Zones in those 
areas of loW or minimal normal circulation in said Zone, 
preferably from 0.1 to 1.0 foot from the bottom of the 
reaction Zone, more preferably from 0.1 to 0.5 foot from the 
bottom, most preferably from 0.1 to 0.25 foot from the 
bottom of the reaction Zone. Such stagnant Zones exist in 
bubble column reactors Wherein the catalyst is on the shell 
side in a shell and tube reactor. Bubble column synthesis gas 
is introduced into such reactor by gas introduction means 
such as bubble caps at the bottom of the reactor. Due to ?uid 
dynamics stagnant Zones are present at the bottom of the 
reactor surrounding the gas introduction. Catalyst accumu 
lating in those Zones is not circulated or lifted by the 
incoming synthesis gas; such catalyst in effect is lost to the 
catalytic process. With more advanced gas introduction/ 
distribution means such as multiple cone distributors, stag 
nant Zones of uncirculating, standing catalyst are avoided, 
but poor catalyst distribution throughout the slurry remains 
a problem. 

The catalyst maldistribution problem revolves around the 
axial gradient of catalyst concentration. While the energy 
impacted by the gas bubble tends to disperse the catalyst, 
gravity causes the catalyst to settle. The degree of dispersion 
increases With increasing gas velocity, increasing liquid 
velocity in the upWard direction, increasing liquid viscosity, 
increasing liquid density, and decreasing particle siZe. For 
practical conditions encountered in commercial vessels, 
there is still a large gradient of catalyst concentration from 
the bottom to the top of the reactor even When multiple cone 
distributors are used so that there are no stagnant standing 
Zones. It is this gradient Which is ?attened using the draft/ 
rejuvenation tubes. 

In the case of draft/rejuvenation tubes, catalyst is carried 
by the rejuvenating gas from the high concentration Zone in 
the bottom of the reactor to the loW concentration Zone at the 
top of the reactor. Gravity sloWly pulls the catalyst particles 
back to the bottom of the reactor Where they are again picked 
up and lifted to the top. 
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Siting draft tubes around the e.g., bubble caps in such 
reactors Would result in a siphoning of the catalyst up from 
the static Zone into the draft tube in response to the suction 
created in the draft tube and the discharge of such formerly 
static catalyst out the top of the draft tube back into the main 
reactive slurry mass. 

In reactors Which are not of the bubble column design but 
are still of a slurry design employing the gas introduction 
means described above Wherein reaction still occurs on the 
shell side of any columns in the reactor, similar stagnant 
Zones or concentration gradients exist even though such 
designs may have associated With them a high degree of 
back mixing. Eddies can be and are created Which create 
relatively stagnant catalyst Zones. Such Zones and gradients 
can also be effectively addressed using the draft tube/lifting 
gas assembly of the present invention. 
As stated, the present invention is of use in hydrocarbon 

synthesis processes Wherein gas, i.e. hydrogen and carbon 
monoxide, in a ratio ranging from about 0.5 to 4, preferably 
0.7 to 2.75, more preferably about 0.7 to 2.5, or other 
synthesis feed such as methanol, is injected at super?cial gas 
velocities ranging from about 1 to 20 cm/sec through gas 
injection means such as a bubble cap gas injector grid, or 
sparger into the main reaction Zone in Which is located 
hydrocarbon synthesis product (i.e. hydrocarbon liquids or 
liquid Wax) and catalyst. The gas bubbles up through the 
reaction Zone in contact With the catalyst in the hydrocarbon 
liquid and is converted into hydrocarbon product. The rising 
synthesis gas supplies the energy to maintain the catalyst as 
a dispersion in the hydrocarbon liquid thereby creating a 
slurry. 

Reaction takes place Wherever there are synthesis gas, 
catalyst and suitable reaction conditions, Which include 
pressures ranging from 1 to 100 atmospheres, preferably 10 
to 50 atmospheres, more preferably about 15 to 40 atmo 
spheres and temperatures ranging from about 175° C. to 
about 450° C., preferably about 175° C. to 420° C., more 
preferably about 175° C. to 300° C. 

The slurry phase liquids in Which the catalyst is dispersed 
are those that are liquid at reaction conditions, generally 
inert, and a good solvent for synthesis gas. Typically, the 
slurry is the product of the reaction and contains C5+ 
hydrocarbons, usually C5—C100 hydrocarbons. Preferably, 
hoWever, the slurry liquid comprises primarily high boiling 
paraf?ns With small amounts of primary and secondary 
alcohols, acids, esters, or mixtures thereof. Sulfur, nitrogen, 
phosphorus, arsenic, or antimony heteroatoms are to be 
avoided since these tend to poison the hydrocarbon synthesis 
catalyst. Examples of speci?c slurry liquids are dodecane, 
tetradecane, hexadecane, octadecane, tetracosane, and the 
like. Preferred slurry materials are Fischer-Tropsch Waxes 
and C16—C18 hydrocarbons. 

The concentration of solids, including catalyst, in the 
slurry phase is usually about 10—15% by Weight, preferably 
20—40 Wt % solids. 

The hydrocarbon synthesis reaction is highly exothermic 
and the heat of reaction is removed by a heat transfer 
material Which is either circulating on the shell side of a 
shell and tube reactor When the reaction takes place in the 
tube, or through the tubes When the reaction takes place on 
the shell side. The heat transfer material can be any material 
having a high heat capacity, Whether or not it undergoes a 
phase change. Preferably the heat transfer ?uid is boiling 
Water. 

The catalyst employed in the hydrocarbon synthesis pro 
cess is any catalyst knoWn to be active in Fischer-Tropsch 
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8 
synthesis. For example, Group VIII metals, Whether sup 
ported or unsupported, are knoWn Fischer-Tropsch catalysts. 
Of these, iron, cobalt and ruthenium are preferred, particu 
larly iron and cobalt, most particularly cobalt. 
A preferred catalyst is supported on an inorganic refrac 

tory oxide selected from Groups III, IV, V, VI, and VIII of 
the Periodic chart of the elements. Preferred supports 
include silica, alumina, silica-alumina, the Group IVB 
oxides, most preferably titania (primarily in the rutile form), 
and generally supports having a surface area of less than 
about 100 m2/gm, preferably 70 m2/gm and less. 
The catalytic metal is present in catalytically active 

amounts, usually about 100 Wt %, (the higher concentrations 
being typical When iron based catalysts are employed), 
preferably 2—40 Wt %, more preferably about 2—25 Wt %. 
Promoters may be added to the catalyst and are Well knoWn 
in the Fischer-Tropsch catalyst art. Promoters can include 
ruthenium (When it is not the primary catalytic metal), 
rhenium, hafnium, cerium, and Zirconium, and are usually 
present in amounts less than the primary catalytic metal 
(except for ruthenium Which may be present in coequal 
amounts), but the promoter:metal ratio should be at least 
about 1:10. Preferred promoters are rhenium and hafnium. 
Useful catalysts are described in US. Pat. Nos. 4,568,663; 
4,663,305; 4,542,122. 

Catalyst particle siZe is important and particle siZes may 
range from that Which is reasonably separable from the 
synthesis product to that Which is reasonably able to be 
dispersed in a slurry phase. Particle siZes of 1—200 microns, 
preferably about 20 to 150 microns meet these requirements. 
Particles of this siZe Which are easily separable from the 
synthesis product are those most advantageously bene?tted 
by use of draft/rejuvenation tubes to provide improved 
dispersion. Particles of this siZe tend to be more in?uenced 
by gravity than are smaller particles Which tend to stay in 
suspension and not settle out. 

Catalyst preparation may be accomplished by a variety of 
techniques, although catalyst preparation does not play a 
part in this invention and the regeneration - rejuvenation 
treatment disclosed herein Will improve the activity of the 
hydrocarbon synthesis catalyst hoWever it is prepared. 
A typical catalyst preparation may involve impregnation, 

by incipient Wetness or other knoWn techniques of, e.g., a 
cobalt nitrate salt onto a titania, silica, or alumina support, 
optionally folloWed or proceeded by impregnation With a 
promoter material, e.g., perrhenic acid. Excess liquid is 
removed and the catalyst precursor dried at 100° C. to 125° 
C. FolloWing drying or as a continuation thereof, the catalyst 
is calcined at about 300° C.—500° C. to convert the salt or 
compound to its corresponding oxide(s). The oxide is then 
reduced by treatment With hydrogen or a hydrogen contain 
ing gas at about 300° C.—500° C. for a period of time 
sufficient to substantially reduce the oxide to the elemental 
or catalytic form of the metal. Some prefer an additional 
cycle of oxidation/reduction. Another, and sometimes pre 
ferred method for catalyst preparation is disclosed in US. 
Pat. No. 4,621,072 incorporated herein by reference. 

Examples 

Example 1 

A number of ambient temperature mock-up draft tube 
demonstrations Were performed to demonstrate the ability of 
draft tubes to redistribute catalyst in a reaction vessel 
environment. Various runs Were conducted in a demonstra 

tion apparatus comprising a main vessel having an internal 
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diameter of 5.75 inches in Which Was located a draft tube of 
0.9 inch internal diameter, the draft tube occupying, in cross 
sectional area about 2.4% of the total cross sectional area of 
the reactor. 

The draft tube Was about 12 feet tall and eXtended from 
about 0.5 inch above the bottom of the main vessel and 
ended beloW the level of the hydrocarbon slurry, Which level 
differed from run series to run series. 

The liquid phase of the slurry consisted of predominantly 
C13H28 linear paraf?n, Which has viscosity, density, and gas 
hold-up properties similar to the liquid product present 
under hydrocarbon synthesis (HCS) conditions. Catalyst 
(12% Co - 1% Re on 94% TiO2-6% A1203, 50% porosity, 4.2 
g/cc skeletal density) Was used as the solid phase in the 
slurry. 

FIGS. 1, 2 and 3 report the results of these demonstra 
tions. 

In each ?gure a series of runs Were conducted. 

In FIG. 1, there Was an average solids concentration of 26 
Weight percent in the slurry and 33% gas hold up. 

In FIG. 2 gas hold up Was about 25%, super?cial gas 
velocity Was 11.3 cm/sec With a total slurry height of 177 
inches. 

In FIG. 3 gas hold up Was about 25%, super?cial gas 
velocity Was 5.6 cm/sec With a total slurry height of 162 
inches. 

Base line runs Were conducted at different gas ?oW rates 
(no lift gas) to establish the normal slurry distributions. 
Additional runs Were conducted in Which the draft tube Was 
employed using a lifting gas to shoW the effect on slurry 
distribution. 

In all instances for the particular draft tube used in this 
eXample, the runs in Which a draft tube Was employed using 
a lifting gas having a super?cial velocity greater than at least 
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1.5 times the super?cial velocity of the main feed gas 
stream, shoWed an improvement in slurry distribution. When 
lift gas super?cial velocity Was in eXcess of 15 times than the 
super?cial velocity of the gas feed stream, dispersion 
decreased indicating that dispersion goes through a maXi 
mum. The most effective dispersion is represented by the 
line closest to horiZontal, representing almost uniform cata 
lyst distribution across the vessel height. The bottom of the 
draft tube Was in a “J” bottom feed con?guration. This 
con?guration operates as a type of baffle to prevent gas from 
entering the lift tube through its bottom slurry inlet. Physi 
cally the “J” bottom feed con?guration it achieved by 
Welding tWo pipes together at a 90° angle. The top half of the 
horiZontal pipe section is removed to alloW gas-free solid 
liquid slurry to enter the draft tube. 

In the folloWing Examples 2 and 3 reference is made to 
different balances made at different times during the opera 
tion of a hydrocarbon synthesis (HCS) pilot plant. The runs 
used a catalyst comprising 12% Co-1% Re on a support of 
94% TiO2-6% A1203, Which Was activated by reduction in 
hydrogen at about 350° C. The liquid phase of the slurry 
consisted of the HCS Wax product Which is liquid under the 
reaction conditions of 210°—230° C., 20 atm. pressure. Feed 
gas composition Was about 56% H2-26% CO-13% CO2 - 5% 
CH 4 (by volume). Tail gas Was used as feed to the draft tubes 
When employed. Pure hydrogen Was fed to the rejuvenation 
tubes. An array of cooling Water tubes Was present in the 
reactor to remove the heat of reaction. Table I presents the 
different balances and the conditions employed during each 
balance, the number of draft tubes and/or regeneration tubes 
in use, the gas velocities in the tubes, the solids concentra 
tion reactor densities and reactor aXial temperatures Within 
the reactor slurry at different elevations Within the reactor 
vessel for each balance. Reactor Productivity refers to the 
volume of CO converted per hour per volume of slurry 
(catalyst+WaX+gas). 

TABLE 1 

CONDITIONS FOR DRAFT TUBE EXAMPLES 
TABULATED RESULTS 

HCS-PDU Run-Balance 

11 47 58 70 41 

Draft Tubes in Service 0 0 0 1—3"(]), 1—4"(]) 2—3"(]), 2—4"(]) 
Rejuvenation Tubes in Service 0 1—3"(]) 1—3"(]) 2—3"(]) 1—3"(]) 
Velocities, cm/sec 
Reactor 
Inlet 12.3 14.3 14.6 14.3 13.7 
Outlet 10.6 11.8 12.1 11.5 10.9 
Draft Tube 7.8 8.0 7.3 58.9 60.1 
Rejuvenation Tubes 0 75.9 74.8 36.9 75.7 
Reactor Productivity, Vol CO/Hr/ 41 61 61 70 69 
Vol Slurry 
Solids Concentrations, 
Lb Catalyst/(Lb Catalyst + Lb Wax) 
Elevation. Ft. 

0.23 0.4276 0.4030 0.4518 0.4140 0.3361 
2.52 0.4202 0.2820 0.3627 0.2960 0.2275 
5.47 0.3340 0.2843 0.3189 0.2462 0.2273 
9.41 0.2329 0.2185 0.2380 0.2158 0.2053 

13.49 0.1835 0.1965 0.1994 0.2202 0.2095 
20.49 0.0969 0.1690 0.1127 0.1624 0.2000 
30.47 0.0660 0.1178 0.0969 0.1497 0.1860 

Reactor Densities, Lb/Cu. Ft. 
Elevation, Ft. 

0.0—2.5 49.27 36.39 37.65 30.29 31.13 
2.5-9.8 35.53 28.54 28.74 26.56 26.10 
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TABLE l-continued 

12 

CONDITIONS FOR DRAFT TUBE EXAMPLES 
TABULATED RESULTS 

HCS-PDU Run-Balance 

11 47 58 70 41 

98-198 25.03 23.87 20.82 22.21 22.83 
19.8-29.8 21.29 21.62 17.91 20.63 21.15 
29.8-35.3 9.30 19.16 16.87 21.45 20.35 
35.3-39.8 0 4.94 1.12 1.0 1.92 
39.8-48.8 0 0 0 0 0 
Reactor Axial Temperature Pro?le, ° F. 
Elevation, Ft. 

1.0 415 415 424 424 413 
2.0 418 416 425 425 414 
3.0 421 417 427 427 416 
4.0 422 417 428 427 416 
5.0 424 418 429 429 418 
6.0 423 417 427 428 417 
7.0 424 417 427 428 417 
8.0 425 417 427 428 417 
9.0 425 417 426 428 417 

10.0 425 416 425 428 417 
11.0 426 417 426 429 419 
13.0 424 417 423 427 417 
15.0 424 416 423 428 418 
17.0 423 414 421 427 417 
19.0 423 414 421 428 418 
21.0 423 414 421 428 418 
23.0 422 413 419 427 417 
25.0 422 413 419 428 417 
27.0 422 413 418 427 418 
29.0 421 412 417 426 417 
31.0 421 413 417 427 418 
33.0 413 417 428 418 
35.0 410 414 425 414 
37.0 
39.0 

Example 2 

The ef?cacy of using draft tubes for enhanced catalyst 
circulation was demonstrated in a hydrocarbon synthesis 
pilot demonstration unit which is 4 feet in diameter and had 
a reaction slurry height of about 35 feet. 

Balance 11 was made at the start of run, no lift gas was 
injected into any draft tubes and no rejuvenation tubes were 
in use. 

Between days 6 and 7 in the run (Balance 41), about 
25,000 standard cubic feed per hour of HCS product gas was 
recycled to four draft tubes, two of which were 3“ diameter 
pipe and two of which were 4“ diameter pipe, giving a 
super?cial gas velocity of about 2 feet/sec in the draft tubes. 
In total the 4 draft tubes, having a total cross sectional area 
of 39.28 sq. inches occupied only 2.17% of the total cross 
sectional area of the reaction vessel (1809.21 sq. inches). A 
pair of 3“ diameter tubes (14.12 sq. inches) occupied only 
0.78% while a pair of 4“ diameter tubes (25.12 sq. inches) 
occupied only 1.39% of the total cross sectional area of the 
vessel. Apair of tubes made up of only one 3“ and one 4“ 
diameter tubes had a total cross sectional area of 19.62 sq. 
inches and occupied only 1.08% of the total cross sectional 
area of the vessel. 

Referring to Table I “Reactor Densities”, a higher density 
reading indicates a higher catalyst loading. These density 
readings show that during the measurement period Balance 
41 between days 6 and 7 during which the lift gas rate was 
about 25 KSCF/hr, density readings in the bottom of the 
reactor fell dramatically and the density reading near the top 

45 

50 

55 

60 

65 

of the slurry increased as compared to catalyst distribution 
and density reading reported for Balance 11, no lift gas in 
use. Furthermore, the four lower densities were very similar 
while the draft tubes were in service. These density changes 
were the result of the catalyst being much more uniformly 
distributed throughout the reactor. 

This change in catalyst loading is shown graphically in 
FIG. 4. This Figure shows the catalyst concentration, 
expressed as lb catalyst per lb of slurry (catalyst plus wax), 
plotted against elevation in the reactor. Balance 11, a mea 
surement made at 1.62 days, before the draft tube experi 
ment was carried out, shows a typical catalyst distribution 
without the draft tubes in which there was almost a 10-fold 
change in catalyst concentration across the length of the 
reactor. However, in Balance 41, a measurement made at day 
6.41 in the middle of the draft tube experiment, with all 4 
draft tubes in use (plus one additional tube of 3“ diameter 
used for in-situ catalyst regeneration (see Example 3)) and 
at a lift gas super?cial velocity of 60.1 cm/sec, the catalyst 
concentration was nearly uniform from the 2.5- to the 30.5 
foot level. The catalyst concentration at the 02-foot level 
was not as dramatically affected because the lower end of the 
lowest lift tube was positioned at the 05-foot level and 
therefore was not completely effective in lowering the 
catalyst concentration at the 02-foot level. In the region of 
the reactor over which the draft tube was operating, the 
catalyst concentration was nearly uniform, thus proving the 
effectiveness of the draft tube concept. 
The draft tube concept was again demonstrated between 

days 10 and 12 in balance 70. This time only two lift tubes 
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(one 3“ and one 4“ diameter) and tWo regenerator tubes of 
3“ diameter Were used With a lift gas super?cial velocity of 
58.9 cm/sec in each draft tube thus reducing the total lift gas 
employed by a factor of tWo. Rejuvenation gas rate Was 36.9 
cm/sec. Comparison of Balances 70, 47, 58 and 41 shoWs 
that the reactor densities Were improved nearly to the same 
extent as When four draft tubes Were used. The use of tWo 

draft tubes (and tWo regenerator tubes) Balance 70 de?nitely 
improved the catalyst dispersion over that obtained Without 
the draft tubes Balances 58 or 47, but the bene?t Was not as 
great as that achieved by four draft tubes plus one rejuve 
nator tube Balance 41, the total being of greater overall 
diameter and Which occupied a higher percentage of the 
cross sectional area of the reactor vessel. With four draft 
tubes, the ratio of the concentration at the bottom of the 
reactor (2.5-foot level) to that at the top of the reactor 
(30.5-foot level) Was less than 1.3, While With the tWo draft 
tubes (plus 2 regenerator tubes) the ratio Was 2. The con 
centration at the very bottom of the reactor (0.2-foot level) 
Was also signi?cantly higher With the tWo tubes than With the 
four tubes (42 Wt % vs. 33 Wt %). 

The use of the draft tubes to improve the catalyst disper 
sion also ?attened the axial temperature pro?le in the 
reactor. This is shoWn in the case of four lift tubes and one 
3“ diameter regeneration tube (balance 41) vs Balances 47 
or 58 and for the case of tWo lift tubes (balance 70 as 
previously discussed) as compared With balance 58 in Which 
no lift tubes Were used (but using regeneration tubes of 3“ 
diameter). Balance 58 data shoW that Without the use of the 
draft tubes the temperature difference betWeen the top and 
bottom of the reactor is over 12° F., While the temperature 
difference When four draft tubes Were operated (Balance 41) 
Was actually negative because of the loWer temperature in 
the bottom of the reactor caused by the cooling effect of the 
incoming gas feed. For Balance 70 With tWo draft tubes and 
tWo rejuvenator tubes in operation there Was perhaps a 2° F. 
difference betWeen the top and bottom of the reactor. 

These tWo examples demonstrate that very modest siZed 
draft tubes occupying less than three percent of the reactor 
cross section very effectively improve the dispersion of the 
catalyst. The bene?ts of improved catalyst dispersion are: 
(1) reduced mass transfer limitations and thereby improved 
catalyst utiliZation, and (2) improved temperature distribu 
tion that reduces the selectivity to unWanted lighter products 
and that improves the utiliZation of the heat transfer area in 
the reactor. 

Example 3 

Lift tubes Were employed to demonstrate the operability 
of continuous catalyst rejuvenation during the same set of 
runs used to demonstrate the ef?cacy of such tubes for 
catalyst redistribution using the same apparatus described in 
Example 2. The rejuvenation tubes, hoWever, are separate, 
distinct, and independent of the four previously described 
draft tubes and are tubes used in addition to the previously 
described draft tubes. The rejuvenation tubes are pipes 3“ in 
diameter and 31 to 32 feet long. 

FIG. 5A illustrates the good results obtained With con 
tinuous hydrogen rejuvenation using generally one rejuve 
nation tube, but never more than tWo tubes. The numbers in 
boxes on the ?gure are material balance serial numbers. The 
upper plot, FIG. 5A shoWs, betWeen day 0 and day 3, the 
typical rapid catalyst deactivation that occurred in the hydro 
carbon synthesis reactor. FIG. 5B shoWs the number of 
rejuvenator tubes used and the hydrogen ?oW rate. At about 
day 3, hydrogen Was fed to one rejuvenation tube, ?rst in the 
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14 
amount of about 2.5 kscfh and then at about 5.5 kscfh 
(super?cial gas velocity 37 cm/sec and 76 cm/sec). As soon 
as the hydrogen gas Was started to the rejuvenator tubes, not 
only did the catalyst activity cease to decline but it imme 
diately began to climb sharply. Although the activity varied 
someWhat during the rest of the run, depending upon What 
other experiments Were being carried out (see Example 2), 
the catalyst activity remained at or near its maximum value, 
thereby demonstrating the efficacy of continuous rejuvena 
tion. 
The extent of the rejuvenation reaction occurring in the 

continuous rejuvenation experiment Was monitored by ther 
mocouples placed inside one of the rejuvenation tubes. The 
measured temperature pro?le in the rejuvenation tube is 
compared With the temperature pro?le in the reactor slurry 
surrounding the rejuvenation tube for three different bal 
ances in FIGS. 6(A—C). In FIGS. 6(A—C), the solid circles 
represent the axial temperature pro?le in the reactor slurry, 
While the open squares represent the axial temperature 
pro?le in the rejuvenation tube. In all three plots of FIGS. 
6(A—C), the abscissae represents the axial distance in feet 
above the bottom of the reactor, and the ordinate represents 
temperature in degrees Fahrenheit. The difference in tem 
perature betWeen the rejuvenation tube and the reactor slurry 
is the temperature rise in the rejuvenation tube, Which is a 
measure of the extent of the rejuvenation reaction occurring 
there. A comparison of the top tWo plots (FIGS. 6A & B) 
shoWs the effect of the temperature level upon the extent of 
reaction occurring in the rejuvenation tube for tWo balances 
that Were close to one another in time. Balance 37, made at 
an average temperature in the reactor of 428.5° F., shoWed 
a considerably greater temperature rise in the rejuvenation 
tube than Was exhibited in Balance 33 made at an average 
reactor temperature of 418.5° F. Thus, the ef?cacy of con 
tinuous rejuvenation depends upon the temperature level in 
the rejuvenation tube, Which in these experiments Was 
controlled by the temperature in the reactor slurry itself. 
Monitoring temperature in the reactor and temperature rise 
in the rejuvenator tube is an ef?cient method for monitoring 
catalyst rejuvenation. This temperature rise increased as the 
amount of rejuvenation that occurred in the rejuvenation 
tube increased. 
A comparison of the bottom tWo plots in FIGS. 6B & C 

demonstrate that the condition of the Wax in the reactor also 
affects the extent of reaction occurring in the rejuvenation 
tube. Balance 24, made at 3.2 days on synthesis, occurred at 
the beginning of the continuous rejuvenation experiment. 
Hence, for this balance, catalyst activity Was loW being 4.3 
(see FIG. 5 at day 3.2) indicating that the concentration of 
the deactivating species in the Wax and on the catalyst Was 
high, and the amount of reaction that occurred in the 
rejuvenation tube Was also high, as attested by the tempera 
ture rise in the rejuvenation tube. For Balance 37 made at 
5.43 days on synthesis, on the other hand, for Which the 
reactor temperature Was very similar to that for Balance 24 
(428.5° F. vs. 430.3° but for Which the catalyst activity 
Was near its maximum being 7.6, indicating that the level of 
deactivants in the Wax and on the catalyst Was loW, the 
temperature rise in the rejuvenation tube Was loWer than that 
for Balance 24. Thus, both Wax condition and temperature 
level in the rejuvenation tube Were important in determining 
the amount of the cleansing, rejuvenation reaction that 
occurred in continuous rejuvenation. 
The gas rate to the rejuvenation tubes, Which determines 

the residence time of the reactor slurry in the tubes, Was also 
found to be important in determining the ef?cacy of the 
rejuvenation. Referring again to FIGS. 5A & B, betWeen 
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days 10 and 11, rejuvenation Was carried out in both one and 
tWo rejuvenation tubes. While activity Was declining With 
only one rejuvenation tube in service, activity again 
increased When the second tube Was put in service, even 
though the total amount of hydrogen being fed to the tWo 
rejuvenation tubes Was held constant. These data shoWed the 
importance of controlling the residence time of the ?uids in 
the rejuvenation tube by controlling the amount of hydrogen 
rejuvenation gas being fed to the tube. Rejuvenation time 
Will, of course, be dependent on the degree of catalyst 
deactivation as Well as rejuvenator tube diameter, and is 
Within the control of the practitioner. Too high a rate of 
hydrogen ?oW reduced the residence time in the tube to the 
point that insuf?cient time Was available for the pre-cleanup 
and cleanup reactions to occur. 

Reference to Table I reveals that even When only 1 
rejuvenation tube of 3“ diameter With hydrogen gas passing 
through it at 74.8 cm/sec. Was in operation there Was a 
noticeable degree of improvement in catalyst circulation, 
Balances 47 and 58. During the period that there Was no lift 
gas fed to the four lift tubes described in Example 2, but one 
rejuvenation tube of 3“ diameter Was being used Which 
employed H2 at about 72 cm/sec. super?cial space velocity 
the catalyst distribution in the vessel, as re?ected by catalyst 
density measured at different heights in the vessel, 
improved. This demonstrates, therefore that catalyst rejuve 
nation and improved catalyst distribution can be achieved in 
a single operation using the same tubes as both catalyst 
distribution and rejuvenation tubes When H2 is used as the 
lifting gas. 

Example 4 
The folloWing example gives the physical con?guration 

and the bene?cial effects obtained from a rejuvenation tube 
that has external insulation and internal heating or cooling. 
The advantage is that the effectiveness of continuous cata 
lyst rejuvenation can be controlled independently of tem 
perature in the reactor. 

Prior to Fun 16 of the hydrocarbon synthesis pilot dem 
onstration unit (HCS-PDU), the rejuvenation tube Was 
altered by providing (1) an external jacket for heat insulation 
and (2) an internal tube to provide either heating or cooling. 
Speci?cally, the rejuvenation tube Was a nominal 3-inch 
diameter pipe 46‘ in length. Attached concentrically to the 
outside of this rejuvenation pipe Was a nominal 4-inch 
diameter pipe also 46‘ in length Whose purpose Was to reduce 
the rate of heat transfer betWeen the rejuvenation pipe and 
the reactor slurry. The ends of the 4-inch pipe Were sealed 
against the 3-inch pipe so that the gap betWeen them served 
as a heat transfer barrier. Inside the 3-inch rejuvenation pipe 
and concentric With it Was placed a nominal 1-inch pipe the 
bottom of Which Was sealed. This pipe extended the length 
of and extended out of the top of the 3“ pipe and ended in 
a “T” ?tting. This 1-inch pipe could be heated or cooled With 
steam to control the temperature of the ?uid inside the 
rejuvenation pipe independently of the temperature in the 
reactor. Steam Was supplied to the upper end of the 1-inch 
pipe through the horiZontal arm of the “T” ?tting. Inside the 
1-inch pipe and concentric With it Was placed a length of 
3A-inch tubing that extended to length of the 1 inch pipe and 
extended out of the top of the “T” and exited into a steam 
trap. The purpose of this tubing Was to provide an outlet for 
the condensate accumulating in the 1-inch pipe in the event 
the 1-inch pipe Was used for heating or to provide an outlet 
for the exit steam in the event the 1-inch pipe Was used for 
cooling. The loWer end of the 1-inch pipe Was out?tted With 
six ?ns to increase the transfer of heat to the incoming 
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liquid-catalyst slurry. Each ?n Was 1A“ thick, 1/2“ Wide, and 
8‘ long. The loWer end of the rejuvenation pipe Was baf?ed 
to prevent, as much as possible, in?ux of reactant gases With 
the liquid-catalyst slurry into the loWer end of the rejuve 
nation tube. 
The folloWing data shoW the bene?t for heating the 

rejuvenation tube by comparing the rate of change in con 
version in the reactor With time brought about by adding 
steam to heat the rejuvenation tube contents. During the 
period of these tests, all other conditions of feed rate, feed 
composition, temperature, and slurry height Were kept 
essentially constant. The results are given in the table beloW. 

Bene?t of Adding Heat During Continuous Rejuvenation 

Heat Addition No Yes 

HCS-PDU Run 16 Balance Periods 19-23 24-35 
Rejuvenation Gas Rate, KSCFH 5.1 4.8 
Average Reactor Temperature, ° F. 427.7 427.3 
Average Temperature in Rejuvenation Tube, ° F. 429.9 439.6 
CO Conversion Range, % 32-26 26-36 
Conversion Change/Day —12.4 +10.4 

In this run of the hydrocarbon synthesis pilot demonstra 
tion unit, ?ve balances (19-23) Were made in Which catalyst 
Wax slurry Was pumped through the rejuvenation tube using 
pure H2 as the rejuvenation and lift gas With no steam being 
added to the 1-inch pipe. The average temperature in the 
rejuvenation tube Was 429.9° F. compared With an average 
reactor temperature of 427.7° F. The CO conversion during 
this period dropped from 32 to 26% over the period of about 
a half day, giving a rate of change in conversion of —12.4% 
conversion/day. The degree of catalyst rejuvenation occur 
ring Was inadequate to maintain a constant catalyst activity. 

Then, over the next 12 balance periods, While keeping the 
rejuvenation gas rate nearly constant, high pressure steam 
Was added to the 1-inch pipe through the horiZontal arm of 
the “T” ?tting to help heat the contents of the Wax-catalyst 
slurry being contacted in the rejuvenation tube With the 
hydrogen. The average temperature in the rejuvenation tube 
during this period Was 439.6° F. in the rejuvenation tube 
compared With an average temperature of 427.3° F. in the 
reactor. Over about a 24-hour period, the conversion 
increased from 26 to 36%, giving a rate of change in 
conversion of +10.4% conversion/day. Thus, by being able 
to increase the temperature inside the rejuvenation tube just 
about 10°—12° F. independently of the temperature in the 
reactor itself, catalyst rejuvenation Was increased to the 
point that not only did the conversion stop falling but rather 
it Was increasing at a rapid rate. 

These data con?rm the earlier data presented in Example 
3 that demonstrated the improvement in catalyst rejuvena 
tion brought about by performing the rejuvenation in the 
rejuvenation tube at a temperature higher than that of the 
surrounding reactor. The data presented here support the 
invention that by insulating the rejuvenation tube and pro 
viding internal heating, the rejuvenation rate can be con 
trolled independently of the reactor temperature. 
What is claimed is: 
1. A method for rejuvenating reversibly deactivated par 

ticulate hydrocarbon synthesis catalyst in a slurry phase 
reactor, said method comprising the use of substantially 
vertical draft tube means, open at both ends, fully immersed 
in the slurry containing the catalyst and injecting a hydrogen 
containing gas at or substantially near the bottom of said 
draft tube means thereby lifting catalyst in slurry from the 
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bottom of the slurry phase reactor into and through the open 
bottom end of the draft tube means, rejuvenating catalyst in 
the presence of said hydrogen containing gas in the vertical 
draft tube means and ejecting the rejuvenated catalyst into 
the top of the slurry phase in the slurry phase reactor through 
the open top of the draft tube means. 

2. The method of claim 1 Wherein the cross sectional 
surface area of the draft tube means occupies from 0.2 to 
10% of the cross sectional surface area of the slurry phase 
reactor. 

3. The method of claim 1 Wherein the substantially 
vertical draft tube means comprises one or more individual 
draft tubes. 

4. The method of claim 3 Wherein When multiple draft 
tube means are employed no single draft tube constitutes 
more than 50% of the total cross sectional area of the total 
draft tube means. 

5. The method of claim 3 Wherein the individual draft tube 
means of the draft tube means possess a diameter such that 
a suf?ciently loWer slurry density is maintained in the draft 
tubes than in the surrounding slurry in the reactor vessel. 

6. The method of claim 1 Wherein the open bottom end of 
the draft tube means is located at a height of from 0.1 to 1 
foot above the bottom of the slurry phase reactor. 

7. The method of claim 1 Wherein the hydrogen contain 
ing gas is injected into the substantially vertical draft tube 
means at a rate such that the super?cial gas velocity in the 
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draft tube means is at least 0.2 to 40 times the super?cial gas 
velocity of the gases in the slurry phase reactor thereby 
permitting suf?cient residence time in the draft tube means 
for catalyst regeneration - rejuvenation to occur. 

8. The method of claim 1 Wherein the bottom end of the 
substantially vertical draft tube means is ?tted With gas 
de?ecting means to minimize entry of reactant gases into the 
draft tube means. 

9. A method for producing hydrocarbons in a slurry phase 
reactor utilizing a hydrocarbon synthesis catalyst which 
comprises rejuvenating said hydrocarbon synthesis catalyst 
in accordance with the method of claim 1. 

10. The method of claim 9 wherein said slurry comprises 
the product of said hydrocarbon synthesis including C5+ 
hydrocarbons. 

11. The method of claim 10 wherein said slurry comprises 
C5—C100 hydrocarbons. 

12. The method of claim 11 wherein said slurry comprises 
Fischer-Tropsch waxes. 

13. The method of claim 9 wherein said hydrocarbon 
synthesis catalyst comprises a Fischer-Tropsch catalyst. 

14. The method of claim 13 wherein said F ischer-T ropsch 
catalyst comprises a Group VIII metal selected from the 
group consisting of iron and cobalt. 


