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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. 

This invention reates to an improved method of con 
tacting a liquid and a gasiform material, particularly to 
effect a chemical or physical change. 
Many different types of processes are in use and have 

been suggested for bringing about contact between liquid 
and gasiform materials. These processes involve combi 
nations of various manipulative steps, e.g., up?ow, down 
?ow and horizontal flow of the liquid, concurrent and 
countercur-rent ?ow of the gasiform material relative to 
the ?ow of liquid and the use of solid ‘contact materials 
in the form of ?xed, moving, and ?uidized beds. These 
conventional processes have various problems or short 
comings connected with them. For example, they often 
suffer from poor contact between the liquid and gasi 
form materials and, if a solid contact material such as 
a catalyst is used, between the liquid and gasiform reac 
tants and the surfaces of the particles of contact mate 
rial. Another limiting factor often involved in these 
processes when a contact material is used is that the 
pressure drop across the bed of contact material rises 

- rapidly after a certain point as the throughput rate of the 
liquid is increased. Still another limiting factor, which 
may occur in connection with certain processes, e.g., hy 
drocarbon conversion processes, is that deposits tend to 
form on the inner walls of the reactor and also on the 
surfaces of any contact particles which are used. This 
causes loss of activity if a catalyticcontact material is 
being employed and may also cause plugging up of the 
reactor. 

It is an object of this invention to provide an improved 
process of effecting contact between liquid and gasiform 
materials. A further object is to provide a process of 
chemically reacting liquid and gasiform materials in the 
presence of a mass of solid particles of contact material 
whereby a decreased pressure drop in the particulate 
mass, improved contact between the reactions and the 
contact material, and a decrease in the rate of formation 
of deposits in the reactor may be accomplished. 

These and other objects are attained by concurrently 
?owing streams of the liquid and gasiform material up 
wardly through a vessel containing a mass of solid par 
ticles of a contact material, the mass of solid particles 
being maintained in random motion within the vessel by 

I the up?owing streams. A mass of solid particles in this 
state of random motion in a liquid medium may be ‘de 
scribedas “ebullated.” An ebullated mass of solid par 
ticles has a gross volume that is larger than that of the 
same mass when it is stationary. The bene?ts of this in 
vention are ‘obtained when this expansion is at least 10% 
of the volume of the stationary mass. The contact ma. 
terial is in the form of beads, pellets, lumps, chips or like 
particles usually having an average dimension of approxi 
mately at least 1/32 inch, and more frequently in the 
range of 1/16 to 1%; inch. The size and shape of the par 
ticles used in any speci?c process will depend on the par 
ticular conditions of that process, e.g., the density, vis 
cosity and‘ velocity of the liquid involved in that process. 
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It is a relatively simple matter to determine for any 

ebullated process the range, of throughput rates of up 
?owing liquid which will cause the mass of solid particles 
to become expanded while the particles are maintained 
in random motion. The gross volume of the mass of 
contact material expands when ebullated without, how 
ever, any substantial quantity of the particles being car 
ried away by the up?owing liquid and, therefore, a fairly 
well-de?ned upper level of randomly moving particles 
establishes itself in the up?owing liquid. This upper level 
above, which few, if any, particles ascend will herein 
after be called the upper level of ebullation. In contrast 
to processes in which ?uid streams ?ow downwardly or 
upwardly through a ?xed mass of particles, the spaces 
between the particles of an ebullated mass are large with 
the result that the pressure drop of the liquid ?owing 
through the ebullated mass is small and remains substan- ' 
tially constant as the ?uid throughput rate is increased. 
Thus, a considerably smaller consumption of power is 
required vfor a given throughput rate. Moreover, the 
ebullated mass of particles promotes much better con 
tact both between the liquid and gasiform streams and 
between these ?uids and the surfaces of the particles. 
Under these conditions, a signi?cantly greater ?uid 
throughput rate may be used without impairing the de; 
sired degree of contact than if conventional down?ow or 
up?ow through a ?xed bed of contact particles is used. 
Additionally, it should be noted that the random motion 
of particles in an ebullated mass causes these particles 
to rub against each other and against the walls'of the 
vessel so that the formation of deposits thereon is im 
peded or minimized. This scouring action helps to pre 
vent agglomeration of the particles and plugging up of 
the 'vessel." This effect is particularly important where 
catalyst particlesare employed and maximum contact 
between ?uid reactants and the catalytic surfaces is de 
sired, since such surfaces are then exposed to the reac-. 
tants ‘for a greater period of time before coming fouled 
or inactivated by foreign deposits. For this reason, the 
process'of this invention is particularly useful in carrying 
out various chemical reactions between liquid and gasi 
form materials in the presence of a solid catalyst. Some 
of these reactions are hydrogenation of hydrocarbon oils 
for re?ning purposes such as ‘desulfurization or for hydro 
,cracking the oil to gasoline and other valuable products, 
hydrogenation of animal and vegetable fats and oils so 
as to convert them to re?ned edible products, various 
halogenation processes, e.g., chlorination of toluene to 
form benzyl chloride and the chlorination of paraffin 
wax, oxidation processes employingair or puri?ed oxy-' 
gen, e.g., the oxidation of acetaldehyde to acetic acid, 
sulfonation and. nitration processes like reacting benzene 
vapor with sulfuric acid, and amidiz'ation processes such 
as contacting molten nicotinic acid with ammonia. , 
The process of this invention may be carried out under 

-a wide variety of conditions. To obtain the advantages 
of this invention it is only necessary that the liquid and 
gasiform materials ?ow upwardly vthrough a mass of par 
ticulate material at a rate causing such mass to reach 
an ebullated statep In each ebullated system‘, variables 
which may be adjusted to attain the desired ebullation in 
clude the ?ow rate, density and viscosity of the liquid 
and the gasiform material, and the size, shape and density 
of the particulate material. However, it is a relatively 
simple matter to operate any particular process so as to 
cause the mass of contact material employed to become 
ebullated and to calculate the percent expansion of the 
ebullated mass after observing. its upper level of ebulla 
tion through a glass window in the vessel or by other 
means such as liquid samples drawn from the vessel at 
various levels. In most processes carried out in accord 
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ance with this invention, the contact particles will be ap 
proximately of a size passing through 1%; inch mesh open 
ings but retained by V32 inch mesh openings (i.e., between 
about 3 and 20 mesh screens of the Tyler scale), the 
gross density ofv the stationary mass of contact material 
between about 25 and 200 pounds per cubic foot, the 
?ow rate of the liquid between about 20 and 120 gallons 
per minute per square foot of horizontal cross-section of 
the ebullated mass, and the expanded volume of the ebul 
lated mass not more than about double the volume of 
the settled mass. In certain cases, liquid ?ow rates as‘ 
low as 5 and as high as 500 gallons per minute per square 
foot of horizontal cross-section of the ebullated mass may 
be used. Similarly, the expanded volume of the ebul 
lated mass may be several times the volume of the settled 
mass but expanding the settled mass by ebullation to a 
volume more than three times its original volume is rare 
ly justi?ed on technical or economic grounds. ' ‘ 

Generally, the process conditions of temperature, pres 
sure and ratio of liquid to gasiform material in any par 
ticular system operated in accordance with this invention 
may be similar to the conditions used in operating the 
system without ebullating the particulate material. ' How 
ever, when the ebullating technique of this invention is 
used, a greater-degree of contact is obtained and, there 

, fore, the time to bring about the desired chemical or 
physical change in any particular system will be shortened. 
The better contact achieved with ebullated solids is par 
ticularly bene?cial in chemical reactions. performed in 
the presence of solid catalysts which are expensive. In 
such chemical reactions, the ebullated catalyst not only 
will have longer life thereby curtailing costly regeneration 
but also will give better catalyst utilization thereby in 
creasing the space velocity of the ?uid reactants. 
The invention will now be illustrated with reference 

to the [drawing] drawings which diagrammatically 
[shows] show in FIG. 1 a process for reacting hydrogen 
with a heavy hydrocarbon oil and in FIG. 2 a modi?ca 
tion thereof. 
Charge stock from line 1 is combined with recycle 

oil from line 16 and hydrogen-containing gas from line 
2 is added to the combined oil, all of the ?uid reactants 
?owing through heater 3. The preheated gas-liquid mix 
ture is thence transferred by line 4 to the bottom of re 
actor 5 which contains a mass of solid particles of hy 
drogenation catalyst supported on screen or perforated 
plate 6. When the process is not in operation, the catalyst 
mass has a stationary bed level 7. When, however, the 
process according to this invention is being carried out, 
the particles are in constant motion with respect to each 
other and the gross mass expands so that its upper 
boundary orupper level of ebullation is at 8. The reactor 
may contain a second screen or perforated plate 9 near 
its top to prevent stray particles of contact material from 
leaving reactor 5 with the reaction e?luent. It should be 
noted that screen 9 is near reactor outlet 10, well above 
upper level of ebullation 8. The reaction effluent dis 
charging through outlet 10 ?ows through line 11 into sep 
arator 12 wherein it is separated into gasiform and liquid 
phases. A gasiform stream which comprises unreacted 
hydrogen and both gaseous and vaporized hydrocarbons'is 
drawn off by line 1-3 and conventionally treated to recover 
hydrogen, hydrocarbon gases, gasoline, etc. The sep 
arated hydrogen may, of course, be used as part of the 
hydrogen feed to the system. Part of the liquid drawn 
from separator 12 through line 14 is sent to’ product re 
covery or further treatment to obtain valuable products, 
e.g., by fractional distillation, catalytic cracking, lubricat 
ing oil re?ning, etc. The remainder, of the liquid is cir 
culated by pump 15 through line 16 for recycling to re 
actor 6 after being combined with fresh, feed and hydrogen 
as aforesaid. _ I . ' 

The above description. illustrates ‘a process which op 
crates batch-wise as far as the contact material is con 
cerned. When a process is relatively clean, i.e., little or 
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4 
no foreign deposits are formed on the contact particles, 
the process‘ may be operated in this fashion for a consider 
able period without interruption. Howcver, when a 
process causes substantial fouling deposits to be formed on 
the contact particles, particularly those depending upon 
high catalytic activity to promote reaction, it is necessary 
to interrupt the process at intervals and replace the fouled 
contact material with fresh or regenerated material, al 
though these intervals are lengthened because of the 
scouring effect produced by ebullation, as already men 
tioned. When it is desired to operate the process in a 
completely continuous manner, contact material may be 
continuously withdrawn from reactor 6 through line 17 
as a slurry and sent to catalyst regeneration plant 18. 
Therein the catalyst particles are separated from the 
liquid, regenerated, reslurried in the liquid and sent back 
to reactor 6 by way of line 19. 
The invention will now be further elucidated by exam 

ples which demonstrate its versatility in operations in 
volving contact between gasiform and liquid materials 
to etfect chemical and/ or physical changes. 

EXAMPLE 1 

A residual hydrocarbon oil having a gravity of 8.3‘ 
API, a sulfur content of 5.3% by weight and a Rams 
bottom carbon residue of 17.2% by weight was hydro 
genated by a process as illustrated in the drawing using 
a cobalt molybdate hydrogenation catalyst of 12 to 16 
mesh particle size, a pressure of 3000 pounds per square 
inch gauge and a temperature of 830° F. Hydrogen-rich 
gas was supplied to provide 1000 standard cubic feet of 
hydrogen for each barrel of charge stock entering the 
reactor. Treated oil was recycled to the reactor at the 
rate of 27 volumes per volume of charge stock andv hy 
drogen recovered from the reaction e?luent was also re 
cycled to the reactor so that the total hydrogen ?owing 
through the reactor was 7000 standard cubic feet for each 
barrel of charge stock. During the ?rst 800 hours of 
operation, the charge stock together with recycled oil 
had a total up?ow rate of 30 gallons per minute per 
square foot of horizontal cross~section of the reactor. At 
this liquid flow rate, the mass of catalyst particles was 
mildly ebullated and its ‘volume was expanded about 
15% over that of the same mass when in a settled state. 
While the charge stock was essentially a residuum of 
hydrocarbons boiling above 900° F., the total liquid 
product recovered from the hydrogenation process com 
prised approximately 70% by volume of hydrocarbons 
boiling at temperatures not exceeding 900° F. Accord 
ingly, the operation is said to effect about 70% conver 
sion of the charge stock. The sulfur content of the total 
liquid product increase from 0.4% to 1.0% by weight 
during the ?rst 300 hours of operation which represented 
the usual high initial deactivation of fresh catalyst, but 
only from 1.0% to 1.4% by weight during the 300 to 
800 hour period. The treated oil recycle rate was then 
reduced to yield a liquid flow rate‘ of 20 gallons per minute 
per square foot of horizontal cross-section of the reactor 
during the 800 to 1000 hour period at which rate sub 
stantially no ebullation or expansion of the catalyst mass 
occurred. >Under these conditions, the sulfur content of 
the‘ total liquid product increased from 1.4% to 1.7% by 
weight, indicating a considerable rise in the deactivation 
rate of the catalyst over that obtained during the 300 to 
800 hour period when the mass was in an ebullated state. 
During the period from 1000 to 1230 hours, the .oil re 
cycle rate was increased to yield a total liquid flow rate 
of 40 gallons per minute per square foot and at this rate 
the catalyst mass was again in an ebullated state and its 
volume expanded to about 20 to 25% over that of the 
mass in a settled state. In this latter period, there was 
substantially no increase in sulfur content of the liquid 
product. The lower rate of decline of catalytic activity 
obtained during the 300 to 800 and 1000 to 1230 hour 
periods as represented by rise in sulfur content of the 
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liquid product as compared with the higher rate of decline 
of catalytic activity obtained in the 800 to 1000 hour 
period when the catalyst mass was stationary indicates 
that the rate of catalyst deactivation is substantially less 
when the process is run with the catalyst mass in an ebul 
lated state than when a conventional ?xed bed is used. 
Comparing the results obtained when the process was 

operated with the catalyst particles in an ebullated state 
with the results of a hydrogenation process conducted 
under similar conditions but with liquid down?ow 
through a ?xed bed of catalyst particles, it was found 
that each pound of ebullated catalyst was as effective as 
approximately two pounds of catalyst in a ?xed bed. 
Speci?cally, it was observed in this example of the in 
vention that the charge stock was hydrogenated at the 
rate of 0.14 barrel per day per pound of ebullated catalyst 
in the reactor. This rate is indicative of a higher space 
velocity than can be achieved with ?xed catalyst particles 
if comparable products are to be obtained. 

EXAMPLE 2 

The charge stock of Example I was again treated by the 
general process shown in the drawing, this time with the 
reactor containing a mass of inert glass beads (0.085 inch 
in diameter) rather than a catalyst. The process was 
carried out at a pressure of about 3000 pounds per square 
inch gauge and a temperature of 870° F. Fresh hydrogen 
was supplied at the rate of 1000 standard cubic feet per 
barrel of charge stock and treated oil was recycled at 
the rate of 19 volumes per volume of charge stock yield 
ing an overall liquid ?ow rate of 60 gallons per minute 
per square foot of horizontal cross-section of the re 
actor. Hydrogen separated from the reaction e?luent was 
recycled to make the total hydrogen flow through the re 
actor 5000 standard cubic feet per barrel of charge stock. 
Under these conditions, the mass of glass beads was well 
ebullated, the expanded volume of which was more than 
50% greater than that of the settled mass. 
This operation resulted in 55% conversion of hydro 

carbons boiling above 900° F. The total liquid product 
had a gravity of 15° API and its boiling point distribution 
was as follows: 

Volume percent: Boiling point range, ° F. 
13 % ___________________________ _ _ Up to 400 

15% ___________________________ __ 400-600 

27 % ___________________________ _ .. 600-900 

45 % ___________________________ __ Over 900 

When the components of the product boiling up to 400° 
F. were distilled off, the remaining product had a vis 
cosity of 200 SFS at 122° F. so that it could be directly 
used as No. 6 fuel oil. The results of this operation in 
terms of product demonstrate that even inert glass heads 
when maintained in an ebullated state are effective in 
bringing about intimate contact between the gaseous and 
liquid reactants and, hence, noteworthy hydrocracking of 
the charged residuum. - 

EXAMPLE 3 

Natural gas containing approximately 5% by volume 
of hydrogen sul?de is scrubbed with chilled acetone which 
is an effective absorbent for hydrogen sul?de. The scrub 
bing tower is equipped with heat exchange tubes which 
are submergedby the acetone and which serve to main? 
tain the acetone vat a temperature of —1S ° F. The natural 
gas at a pressure of 600 pounds per square inch gauge is 
passed upwardly through the tower which also ‘contains 
a mass of ?ne sand (20 to 32 mesh size). Acetone is 
circulated upwardly through the tower at the rate of 50 
gallons per minute per square foot of horizontal cross— 
section of the tower while the rate of gas ?ow is con 
trolled to give a scrubbed gas containing not more than 
1% by volume of hydrogen sul?de. 
Under the operating conditions, the mass of ?ne sand 

is ebullated to an expanded volume about 40% greater 
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6 
than the volume of the settled mass. In this case, the 
randomly moving sand particles promote not only intimate 
contact between the gas and absorbent liquid but also 
temperature equalization in the liquid and high heat 
transfer at the surfaces of the cooling tubes. Since the 
absorption of hydrogen sul?de in acetone is accompanied 
by the release of heat, the ebullated solid mass performs 
the very desirable function of spreading the heat re 
leased predominantly in the bottom portion of the tower 
to all the other portions of the tower. Thus, localized 
temperature surges which would diminish the absorption 
of hydrogen sul?de by acetone are substantially elimi 
nated. Furthermore, the ebullated sand continuously im 
pinges on and rubs the surfaces of the cooling tubes in 
contact with the acetone so that the rate of heat trans 
fer is nearly double that observed in-the absence of the 
ebullated sand. 
The acetone leaving the top of the tower ?ows to a 

desorption vessel wherein the pressure is decreased to 
nearly atmospheric pressure While nitrogen is bubbled up 
through the acetone to strip the absorbed hydrogen sul?de 
therefrom. Thence, acetone substantially free of hydro 
gen sul?de is repressurized by pump and again introduced 
into the bottom of the scrubbing tower operating at a 
pressure of 600 pounds per square inch gauge. 

EXAMPLE 4 

Synthesis gas comprising hydrogen and carbon mon 
oxide as the predominant components is produced by the 
partial combustion of fuel oil with oxygen of 98% by 
volume purity. Very ?ne soot formed during the partial 
combustion is dispersed in the synthesis gas to the extent 
of 120 grams per 1000 standard cubic feet of gas. The 
bulk of this soot can not be eliminated by passing the 
gas through a conventional water wash tower. 

Pursuant to this invention, a vessel like reactor 5 of 
the drawing contains a mass of iron particles (20 to 35 
mesh size) ebullated (volume expansion 35%) by water 
?owing upwardly at the rate of 80 gallons per minute 
per square foot of horizontal cross-section of the vessel. 
The passage of synthesis gas upwardly through the vessel 
is regulated to yield scrubbed gas containing not more 
than 0.05 gram of soot per 1000 standard cubic feet of 
gas. Clearly, the randomly moving and colliding ebul 
lated particles not only bring about extremely good gas 
liquid contact but also promote wetting of the soot par 
ticles by the water which ordinarily shows little wetting 
propensity with respect to soot. 

EXAMPLE 5 ' 

Coal having 38% by weight of volatile matter and 
6% by weight of ash on a moisture-free basis is pul 
verized to pass through a 100-rnesh screen and then ad 
mixed with hydrocarbon oil in the weight ratio of 3 
parts of oil per part of coal. The coal-oil suspension is 
passed upwardly through a hydrogenator similar to re 
actor 5 of the drawing together with hydrogen. The 
hydrogenator contains a mass of iron oxide hydrogena 
tion catalyst particles of 4 to 6 mesh ‘size. The coal-oil 
suspension ?ows up through the hydrogenator at the rate 
of 80 gallons per minute per square foot of horizontal 
cross-section of the hydrogenator thereby eifecting ebulla~ 
tion of the catalyst particles with approximately 20% 
expansion of the settled volume of the catalyst mass. Hy 
drogen-‘rich gas (90% by volume hydrogen) is supplied 
to the bottom of the hydrogenator at the rate of 24,000 
standard cubic1 feet for each ton of coal entering the 
hydrogenator. The hydrogenation is conducted at a 
temperature of 870° F. and a pressure of 10,000 pounds 
per square inch gauge. The reaction e?luent comprising 
coal-oil suspension discharges from the hydrogenator into 
a separator whence gasiform and liquid streams'are sepa 
rately withdrawn. Part of the liquid stream which is an 
oil suspension of partially hydrogenated coal particles is 
recycled directly to the hydrogenator to maintain the 
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aforesaid flow rate of 80 gallons per minute per square 
foot and to provide a residence time of 30 minutes for 
the coal particles in the hydrogenator. About 80% of 
the carbon in the coal is thus converted to liquid and 
gaseous hydrocarbons including 130' pounds of gasoline 
for each ton of processed coal. 
The foregoing examples illustate the diversity of chemi 

cal and/or physical process involving intimate contact 
between liquid and gasiform materials which may be ad 
vantageously carried out in the presence of ebullated 
solids. If the desired process does not require a catalyst, 
then an inert comminuted solid material is selected to 
provide the ebullated mass. As shown in Examples 4 
and 5, very ?ne solid particles may be carried in suspen 
sion by the gasiform or liquid stream entering the con 
tact zone without unfavorably in?uencing the ebullated 
solid mass therein. To the contrary, such suspended ?ne 
particles frequently enhance the scouring of the surfaces 
of the ebullated mass so that where the ebullated particles 
are catalytic fouling of these catalytic particles by the 
accumulation of foreign deposits thereon is curtailed and 
the e?ective catalyst life is lengthened. In Example 5, 
an increase of at least 50% in the catalyst life is ob 
servable. 
For the purposes of this invention, the liquid and gasi 

form material which are to be brought into thorough con 
tact with one another have different compositions, i.e., 
the gasiform material is not merely the liquid in vapor 
form. While certain liquid ?ow rates and sizes of ebul 
lated solid particles have been set forth for most prac 
tical operations, deviations from these ?ow rates and 
particle sizes are possible depending upon the several 
variables hereinbefore mentioned of each contacting op 
eration. For instance, petroleum coke particles of 42 
to 60 mesh size are ebullated by oil flowing upwardly 
at the rate of 10 gallons per minute per square foot of 
horizontal cross-section of the contact zone. On the 
other hand, ?red clay pellets in the form of one-half 
inch-diameter spheres are ebullated by the same oil ?ow 
ing at the rate of 150 gallons per minute per square foot. 
Many modi?cations of the invention will occur to those 

skilled in the art upon consideration of this disclosure 
without departing from the spiritor scope thereof. For 
instance, protective screen 9 in reactor 5 of the drawing 
may be omitted and its function may be duplicated by 
enlarging the horizontal cross-section of the top portion 
of reactor 5 beginning at a level in the vicinity of the 
upper level of ebullation 8. Thus, the liquid ?ow rate 
up through the top portion of reactor 5 will be appreciably 
decreased with the result that entrained particles from 
the ebullated mass will tend to drop back thereto. 
The liquid passing through reactor 5 does not have to 

be withdrawn through top outlet 10. Elnstead] As 
shown in FIG. 2 the liquid may be discharged through a 
lateral outlet 20 in reactor 5 disposed at a level above 
the upper level of ebullation 8 while a gasiform ef?uent is 
separately withdrawn through top outlet 10. In other 
words, the separation of the admixed liquid and gasi 
form streams may be carried out in the top portion of 
reactor 5 rather than in separator 12 shown in the 
drawing FIG. 1. In many cases, it will be desirable 
to recycle part of the liquid withdrawn from the top 
portion of reactor 5 by pumping it back into the bottom 
of the reactor after passing the recycle liquid through a 
heat exchanger to cool or heat this recycle stream in order 
to hold the temperature in reactor 5 at a desired value 
for an exothermic or endothermic operation, respec 
tively. [On the other hand] Furthermore, also as shown 
in FIG. 2 liquid may be recycled internally within re 
actor 5; in such case, a standpipe 25 with a top open end 
.above upper level of ebullation 8 may be used to pass 
liquid from the top of reactor 5 to a pump 27 disposed 
below screen 6 in the bottom of reactor 5, the liquid 
discharged by the submerged pump thence ?owing up 
wardly again through the mass of ebullated solids. In 
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8 
lieu of screen ‘6 which uniformly distributes the flow of 
liquid and gasiform material to the entire mass of ebul 
lated solids in reactor 5, the bottom of the reactor may be 
tapered or funnel-shaped so that the admixed liquid and 
gasiform streams introduced into the bottom of the 
funnel will flow up uniformly through the entire ebullated 
mass. Accordingly, only such limitations should be im 
posed on the invention as are set forth in the appended 
claims. 
What is claimed is: 
l. The process of hydrogenating a carbon containing 

material in the liquid phase in the presence of a mass 
of particulate solids of between about ‘1/2" diameter and 
60 mesh size, said solids being nominally maintained 
within a contact zone, which comprises passing the liquid 
carbon containing material and a hydrogen rich gas up 
wardly through the mass of solids, maintaining the zone 
at hydrogenation conditions of elevated temperature and 
hydrogen pressure up to about 10,000 p.s.i.g. so that at 
least a substantial part of the carbon containing material 
remains in the liquid phase, maintaining the linear gas 
velocity for the size and density of the solids below a 
rate which, by itself, would cause ?uidization of the mass, 
maintaining the linear velocity of the liquid through the 
mass in the range of 5 to 500 gallons per minute per 
square foot of horizontal cross section of the contact 
zone, and, based on the particulate solid size and density 
and liquid density, such as to maintain the mass of par_ 
ticulate solids in an expanded state of at least 10% greater 
volume than the settled state of the mass but below a 
velocity to carry over solids from the zone, the combined 
liquid and gas ?ow producing a random motion of the 
solids in the liquid, maintaining in said contact zone an 
upper level of liquid above which substantially no par 
ticulate solids are carried, and removing a liquid e?luent 
of hydrogenated carbon containing material from the 
upper part of the contact zone. 

2. The process of hydrogenating a carbon containing 
material as claimed in claim 1 wherein a portion of said 
e?iue'nt is- recycled with the liquid feed-to the contact 
zone to establish the minimum liquid velocity to expand 
the bed. 

7 3. The process of hydrogenating a carbon containing 
material as claimed in claim 1 wherein the carbon con 
taining material is a- sulfur-containing hydrocarbon oil 
the particulate solids are a sulf-active hydrogenation cat 
alyst and the reaction conditions in the contact zone are 
maintained at a hydrogen pressure of about 3000 p.s.i.g. 
and at a temperature and space velocity such that the 
percentage of desulfurization of the hydrocarbon oil is at 
least 60%. 

4. The process of hydrogenating a carbon containing 
material as claimed in claim 3 wherein a portion of the 
effluent is recycled with the liquid feed to the contact 
zone such that the percentage of desulfurization of the 
hydrocarbon oil is at least 80%. 

5. The process of hydrogenating a carbon‘ containing 
material as claimed in claim 3 wherein the carbon con 
taining material is a heavy hydrocarbon oil boiling es 
sentially above about 650° F. and wherein recycled treated 
oil and up to about 7000 standard cubic feet of hydrogen 
per barrel of said sulfur containing oil are passed up 
wardly through the contact zone and wherein at least 
about two volumes of treated oil is admixed with each 
volume of said heavy hydrocarbon oil passing through 
said contact zone.' 

6. The process of hydrogenating a petroleum oil com 
posed of at least 10% of a fraction boiling above 900° 
F. and having a sulfur content of at least 1.0% which 
comprises ?owing said oil in liquid phase with a hy 
drogen rich gas upwardly through a contact zone con 
taining a bed of a particulate hydrogenation catalyst of 
from 3 to 60 mesh and at a hydrogen pressure and at 
a temperature and space velocity such that the percentage 
of desulfurization of the feed hydrocarbon is at least 
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60% and the conversion of the fraction boiling above 
900“ F. to a fraction boiling below 900° F. is at least 
30%, maintaining a hydrogen rich gas velocity in the 
order of 1 to 20 standard cubic feet per pound of hy 
drocarbon charge, withdrawing a reaction e?iuent con 
taining a substantial amount of liquid from the upper 
part of the contact zone, and recycling a portion of said 
reaction e?luent to the contact zone together with the 
liquid feed such that the up?ow liquid velocity shall be 
maintained in the range of 20 to 120 gallons per minute 
per square toot of horizontal cross section of the zone 
depending upon the particle size and density of the catalyst 
to establish at least a 10% expansion of volume of the 
bed based on the settled volume of the bed and accomplish 
random motion of the particles without carryover of the 
particles from the zone. . 

7. The process of hydrogenating pulverized coal to 
make synthetic petroleum hydrocarbons which have a sub 
stantial fraction boiling below 900° F. which comprises 
?owing said coal suspended in a hydrocarbon liquid in 
liquid phase together with a hydrogen rich gas upwardly 
through a contact zone containing a bed of a particulate 
hydrogenation catalyst of 3 to 20 mesh and at a pressure 
in the order of :from about 5,000 to ‘10,000 pounds per 
square inch gauge and at a temperature and a space 
velocity such that the conversion of the carbon in the 
coal to the synthesis petroleum hydrocarbons is about 
80%, withdrawing a reaction e?luent containing a sub 
stantial amount of liquid ‘from the upper part of the con 
tact zone and recycling a portion of said reaction effluent 
to the contact zone together with the liquid feed such 
that the up?ow liquid velocity shall be maintained in the 
range of 20 to 120 gallons per minute per square foot of 
the horizontal cross section of the zone depending upon 
the particle size and density of the catalyst and the liquid 
density to establish at least a 10% expansion of volume 
of the bed based on the settled volume of the bed to ac 
complish random motion of the catalyst without sub 
stantial carryover of catalyst from the contact zone. 

8. In chemical reactions exempli?ed by hydrogena 
tion, desulfurization, hydrooracking, halogenat-ion, oxi 
dation of hydrocarbons, sulfonation, nitration, and amidi 
zation involving a three component system of a liquid, a 
gasiform material and a mass of particulate solids wherein 
the particulate solids are between about 1/2" diameter and 
60 mesh and are normally maintained within a contact 
zone, and wherein the contact zone is under temperature 
and pressure conditions required for the speci?ed reac 
tion, the improvement which comprises passing the liquid 
and the gas-iform material upwardly through the particu 
late solids, maintaining the linear velocity of the liquid 
through the mass in the range of 5 to 500 gallons per 
minute per square foot of horizontal cross section of the 
contact zone, and, based on the particulate solid size and 
density and liquid density, being such as to maintain 
the mass of particulate solids in an expanded state of at 
least 10% greater volume than the settled state of the 
mass but below a rate to carryover solids from the zone, 
maintaining the linear gas rate for the size and density 
of the solids sufficient to aid in producing a random 
motion of the solids in the liquid but, by itself, insu?ic-ient 
to accomplish ?uidization of the solids, maintaining in 
said contact zone an upper level of liquid above which 
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substantially no particulate solids are carried, and re 
moving a reacted component from the contact zone. 

9. The process of effecting a change as claimed in 
claim 8 in which the particulate solids are inert. 

10. The process of effecting a change as claimed in 
claim 8 in which the particulate solids are catalytic. 

11. The improved process of scrubbing a natural gas 
containing hydrogen sul?de with an absorbent liquid to 
remove said hydrogen sul?de from said gas, which com 
prises passing said gas and said liquid upwardly through 
a scrubbing zone containing a bed of particulate solids, 
the particles of which are coarser than 10 mesh, the 
linear gas velocity ‘for the size and density of the solids 
being insu?icient to ?uidize the particles, regulating the 
?ow rate of said liquid upwardly through said scrubbing 
zone in the range of about 20 to 120 ‘gallons per minute 
per square foot of horizontal cross section of said scrub 
bing zone to expand the settled volume of said bed at 
least 10% and not to exceed 50% and to cause random 
movement of said particles in liquid within the expanded 
volume of said bed without carryover of particles from 
the bed, withdrawing said liquid with said hydrogen sul 
?de contained therein and separating scrubbed gas from 
said liquid. 

12. The process of removing soot present in a synthesis 
gas, which comprises passing water and said gas upwardly 
through a contact zone containing a bed of a particulate 
solid from 20 to 35 mesh, maintaining a gas ?ow rate 
below a rate which by itself will ?uidize the ‘bed, regulat 
ing the ?ow ‘rate of said water upwardly through said 
contact zone in the range of about 20 to 120 gallons per 
minute per square foot of horizontal cross section of said 
contact zone to expand the settled volume of said particuv 
late solid at least 10% and not to exceed 50% and tr 
cause rand-om movement of said particles in the wate: 
within the expanded volume of said particulate solir 
without carryover of particles from said contact zone 
removing the gas scrubbed substantially free of sair 
soot, and withdrawing thus contacted water with salt 
soot suspended therein. 

13. In chemical reactions as claimed in claim 8 th 
added step of recycling liquid phase reaction product 
under e?‘luent conditions from the upper part of sail 
contact zone above said mass of particulate solids to th 
lower part of said contact zone below said mass of particu 
late solids. 

14. In chemical reactions as claimed in claim 13 rh 
added step of positively recycling said liquid phase reactio 
products downwardly through the contact zone. 
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