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ABSTRACT OF THE DISCLOSURE

A chemical-reactor method, wherein a liquid phase and
o pas phase are pagsed vppwerdly through unpacked re-
action chambers in a reacior columa. The chambers are
separated from one another by perforafed plales with
openings such Uml (he Hoear gas velocity through the
plales is 1 to 50 meters per secondk

FIELD OF THE INVENTION

Dur present invention relates to a method of carry-
ing out lguid-phase/gas-phase chemical reactions and,
more particularly, to a systemz for increasing the efficiency
of such reaclions as may rely vpon the intimute contact
of a gascous phase with a ligoid phase,

BACKGROUND OF THE INVENTION

The chemical-reactor art has herstofors proposed a
mumber of basic techniques for carrving out liguid/pas
reactions in which infimate comtact of the liguid phase
and the gas phase is provided. Such systems may make vse
of vertical partitions producing undnlating paths for the
yespeciive fluid in counter-current for intimate relatiom,
or so-called “packed” columns in which the flow space
is filled with a multiplicity of packings in a packing-tower
configaration, Typical packings range from Raschip rings,
which are cylindrical bodiss with unohstrueted central
apenings, to perforated bodies having ribs or vanes filling
the central opening, from saddie-shaped structures ta cofls
and the like.

The vertical partitions of the flrst-mentioned type of
chemiea! reactors are designad to promote the rapid cir-
culation af the reaction mixture and, to this end, the re-
action mixture is drawn continuously from an upper part
of the reactor and recircnlated or reintroduoced through 2
Iower portion theceof.

In the packed type of reactor, similar circnlation may
be provided althongh the columns are generally towers
of a lenpgth sufficient to ensure completion 1o the desired
degrea of the reaction, prior to removal of the pas phasc
at the upper end and countercurrent remaval af the liquid
phare below the sopport plate for the packing.

Upon leaving the reactor, the gas and lHguid phascs
are separated from cne another and part or all of the
recavered gas can be raturmed to the reactor by a cir-
cnlating pump. The reactor generally was provided with
heaiing or cooling elements o dissipate the cnergy re-
leascd by aa exothermic reaction or to supply the enerzy
neccssary for an cadothermic reaction or simply to main-
tain the reaciivn tenperaturc constamt by cnunteracting
heat Jass to or take up from the environnisnt,

OBIECT OF THE INVENTION

Tt is the principal object of the present invention to
pravide a method of carrying out gas-phase/liquid-phase
reactions in which a more iniimate rclatiomship of the
phases can be achicved than bus been pussible bereio-
fore, und {he reaction efficiency thereby increased.
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A corollary object of this Invention is to provide an
improved system for carrying onf a lignid/gas chamical
interaction, the system heing relativaly simple and free
from breakdown ar abstruction, enabling high throngh-
puts of the reactants, and promoting intimate comtact
hatwseen the liquid and gas phases.

SUMMARY OF THE INVENTION

We have nchieved these objects in a chemical reactor
for canrying out ligmid/gas interaction which comprises
a vertical column provided with at least oue “ivay,” plate
ar “bottans”™ having openings or the like through which
the liquid phase ascends upwardly along with the gas
in the mapner a bubble column of the type heretafore
employed in lignid/gas separation by iractional distilla~
tion and the like,

The invention resides in our discovery that, when the
horizontal tray, plate or bottom has one or more open-
ings for vpward flow of the gas phase therethrough, and
these openings and the pressure differential across the tray
35 suche that the linear velocity of the gas in the openings
is 1 to 50 m,/second, the chemical reaction is promaoted
to = surprising depree with no loss of throughput or re-
action efficiency, so that the averall efficiancy of the re-
action system is considerably jncreassd.

The space-time efficiency characteristics of the reactor
are, under these conditions, far better than those of a re-
avtor using vertically extending partitions or subdividers,
in spite of the fact that the velocity afang these partitions
in the prior-art system may be within the aforesaid range.
While we are unable to explain, at this tims, the reason
for the unexpected improvement in the reaction afficiency
using bubble plates whose openings are fraversed by an
npwardly moving pas at velocities of ! to 30 m./scoond,
over columms with vertical subdividers and similarly rapid
gas streams, ‘we belisve that it is a consequence of the
different type of interaction between the gas and liquid
phases that occurs as the pas enters the opening, as the
gas traverses this relatively short constriction, and as the
cas contzcts the liquid upon passing froo the operning
jnto tha upper chamber. It has been found, for example,
that the reactor cperatcs best whea the chambers on sither
side of the tray are free from pucking and thvs are plenum
chambers.

Accarding 1o a further feature of this invention, the up-
right column is generally cylindrical and is subdivided in
the vertical directien by a multiplicity of plates or bottoms,
each of which defines a reaction chamber above the plate,
and a second reaction chamber below the plate, the re-
action chambers being inferconnecled through at least one
but preferably a plurality of openings in the plate through
which the gas passes af a velocity of 50 m./second,

It has been found (0 be advaniageous o provide up to
50 such trays or pluies, glthough best results are obtain-
uble wilh reactors containing 5 ta 20 stacked rsaction
chambers, .

It is important to the principles of the prasent inven-
{ion, moreaver, that the free space of the reactor chamber
ot be pnlimited and, indeed, it is essential that the ratio
between the chamber height to the chamber diameter lis
hetwean 0.3:1 and 5:1, prefcrably between 0.8:1 and
2:1.

According to a further feature of this inveation, the
horizontal plates, which subdivide the reactor internaily
into a pluorality of reaction chambers to either side of the
particntar tray, are provided with openings for the through-
fiowr of gases and the liquid phase as previously ohserved,
The transition of the gases and the liquid from one cham-
ber to the ncxt is provided only from below, upwardly
and g reverse flow or Lackflow of liquid or gas i pre-
¢cluded,
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Tt has been found thot o velocity of T ta 50 m:/second
ensnres total elimination of the backflow which is essen-
izl o the present invention, especially when 10 to 50
uniformly distributed openings are provided per m.2 of
the- trays and the openings are circulur bores having a di-
ameter between 3 wnd 20 mm. per opening. To establish
the liqwid gas velocity, we may wasy the mumber and
cross-section of the- individual openings for a given gas
volume and pressure drop across-ibe, reactor or, with &
constant digtiibution of the openings and opening. cross-
section, vary the throughput of the gas or the pressure
dilferential, The trays may be removeble .to permit ad-
justment of the hole distribution and cross-section.

Tt will be immediately evident that the present inven-
tion differs substantially from (ray colomn for the frac-
tinnal distillation of liyuids or the fractiona} separaiion of
liquefied gases and the like wherein a physicul provess is
performed and liquid phase commonly moves in » gen-
erally downward direction while 2 gag phase moves in &
generally upward direotion,-the gas and liquid phases pass-
ing in counterflow through the apparatus, In such cases,
liguid accumulates wpon the tray -which, unlike the trays

of the present syatem, have weirs or the like for storing

the liguid in a layer of predetermined height, through
which the pas bubbles.

By contrast, the present invention provides for a chemi-
cal process with an upward movement of the liquid and
gas phases-in common through the chambers from the
bottom: of the colomn to an ountlet at the top thereoi o
at.any intermediate location, the column being generally
filled. with the liquid through which the gas is passed.

10

15

20

25

30

There ate no weirs or layers of well-defined height in the -

system of the present invention and the gas funetions also
as a valvc means.preventing any downward flow of liguid
whatsoever. There is, comssquently, a total enfrainment
of the liquid npwerdly, together-with an intimate mixture

of the liemid and the gas in the opcnings through which -

both must pass in a concugyent, rether:than countercur-
rent, flow .in addition to ibe expected contact of the gas
with the liguid-in the reaction.chambers separaicd by
the frays. '

Since 1he partitions between the reaction chambers are
simple perforaied plates, the reactor is. of limited cost
and is very simple even if, for example, plates of the
bubble-cap colimns type are used, Ithas also been found
that the reactor of the. present invention reduces sharply
the: reaction {ime in mauny types of chemical reactions and
thercby reduves the formation of byproducts which other-
wise tend to become substantial, Since byproduct forma-
tion is reduced, the reactor can be nsed fo carry oul sue-
cessive reuction steps in n complex averall Teaction with~
out concern that the subsequent steps in a complez. overall
reaction without concern that the subsequent sicps may
be restricted or Kmited or modified by the preseace of
the byproducts,

Still another featire of this invention resides in the pro-
vision of a donble-wali housing for the reacior or a heat-
exchange jacket thersfor, therchy ercating u chamnber en-
veloping the reaction chamber. A heating or cooling me-
ding may be cirenlated throngh the jacket to provide the
heat mecessary for endothermic reaction, to exiract the
heat produced by exothermic reactions, or simply to main-
tain 2 constant rcaction temperature. The jacket or heat-
exchange chamber may, moreaver, be subdivided so thut
the individual reaction chambers or individual groups of

reaction chambers may be individusily cooled or heated, -

or cooled and keated.in groups, as desired.

‘We may alsa provide additional heating and cooling
elements in the reactor as is necessary. However, we prefer
to constitute the.perforated plates or trays as holfow mern-
ters or o, provide the perforated plates with fluid con-
duits through which the heating or cooling medium. can
be circulated, 'This latter system is highly advantageous
since it provides heating or cooling at the region of the

most intimate contact of the lquid with the gas, Le. at-
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the region in which the gas iraverses fhe openings in-
these plates.

When all or a major part ol the liquid phase reactant
or the gas-phase reactant is introduced into the first reas-
tion chamber, i.c. the Jowest reaction chamber, the major
part of the chemical reaction. cccurs in this chamber.
In many cases it iy desirable to increase the dimensions
of the first chamber or the first few chambers io increasc
the volume of the reucting materials therein amd thus
avoid excessively conceniraled reaction activity, This ex-
pedient, which is a feature of the invention, enables the
temperature to be controlled more. easily whether the
reaction is exothermic or cndothermic in nature. It is also
possible 1o achieve this result by maintaining the. tem-
perature of fhe first chamber or first iew chambers at 2
level below that of the higher chambers,

Sl unother featvre of this invention resides im the
provision of respective inlste at each or at least some of
the chanbers, preferably in the lateral walls thereol, by -
whick part or all of a reactant {gas or liguid phesc) can
be introduced inte the individul chambers with the tolality
of the reactant heing distributed over the entire set of
reactor chambers, Tt will be understood thet such in-
dividwal inlets may be nsed for a lower gronp of reaction
chambers, in which case the imitial reactants are dis-.
tributed over this group, while an wpper group may. be
used to sustain an aftcrreaclion or subsequent one.

Tha reactor is hermetically sealed to enable the reace
tion to be carried oul ai.w reduced or subatmospheric
pressure, at normai or stmospheric. pressure, or at cle-
valed or superatmospheric pressure, depending opon the
reqoirements of the reaction scheme. Furthermore, it is
preferably carrled ‘out contiruously alfhough it is also
passible to nse the reactor in intermilteat modes of opera-’
tion with approximate intermittent addition of liquid but-
contlnnous additon of gas. Moreover, the apparatus is
not limited to a particnlar chemical reaction and may be-
nscd with practically all reactions. involving lignid znd
gas phases. For example, the reaction of a liquid and «
gas to form another lignid, thercby climinating the gas
phase entirely at the outlet and of the reactor except for
any excess gas which may be iptroduced under the mass-
agtion principles to diive the reaction fo completion. It
also may mvolve two Hguids which chemically combine
to form a liguid and a gas and the reaction between a
liguid and a gas- which form different-ligoids and gases.

The term “liguid” and “gas” or “lignid phase™ and
“gas. phase™ are used herein to designate both pure sub-
stances and mixtures of suhstances in the regpeciive physi-

_gal states, A *liquid; +gas==liqnid” reaction is exemplified

by hydrogernlion reactions- in whick a ligquid organic
medivm muy be hydrogenated in the presence of snilable
catalysis, Typical of the “liquid;+liguid,=liquids-t-gas;”
systems iy the Teaction of chlorinated paraffin with ben-

zene while the “liguid,+fas,~lquids+gas;” type of mac-

tion may be represented by the chlorination of organic
compounds, Tn -the second type of reaction, the gas-is a
prodoct and part or all of #t may be recirculated. to the
reactor fo constimte the gas flowing through the bubble

. plates with the indicated velocity.

DESCRIPTION -OF THE DRAWING

The above and other ohjacts, featnres and advantages.
of the present invention will become more readily ap- -
parens from the following description and cxamples,
reference being made {0 the accompanying drawing in
which:

FIGE. 115 a diagrammatic vertical cross-section through
a chemical reactor in accordance with the present inven- .
tion;

FIG, 1A is a perspective cross-soclion illpstrating a
portion of the chemical rcactor:

FIG. 2 is & longitudinal scefion through another em=

bodiment of the imvention;
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FIGS. 3-5 are flow diagrams showing how the system
of FIG. 1 or the systsm of FIG. 2 may be nsed under
different circumstances.

SPECIFIC DESCRIFTION

The reactor of FIG. 1 comprizes a cylindrical honsing
1 which is subdivided vertically by seven horizontal per-
Yorated plates 2 into eighi reaction chambers 3 as illus-
trated structurally in TIG. 1A, The perforated plates 2
separating the chambers 3 above and below euach plate,
are jmerconnecied by openings 4 as has been described
above. In this system, only a single opening 4 is provided
at the ceafer of each plate, althoupgh each plate may be
provided with a multiplicity of such opeoings as has
been described above,

The housing 1 is provided with an inlet 5 along its axis
and at the bottom for intraduction of one of the reactant
phases into the system. A radial mlet 6 may supply the
other phase, The inlets § and 6 are of the flanged-fitling
type and are designed to be connected by screws, clamps
or welding in a pipe system fromy which (he reacizmts
can be derived. Tt wifl be understood that but a single
intet is necessary for both reactants although there may
be a disadvartage in such an arrapgement as a conse-
quence of premature reaction of the components before
they enter the reactar, Consequently, we prefer to infro-
duce the two phases separately info the reactor at a lower
portion, here represented ay ihe bottom resction chamber
3. Tt will be noted, morevver, that the boltom reaction
chamber 3 has a height H; which exceeds the height Hy
of the reactinn chamber 3 abowve the Initial chamber,
whereby the volume capacity of the lower reaction cham-
ber is greater than the capacity of the more downstream
chambers in the path of the reaction system, The gas and
lignid move in common npwardly through the reactor
from one chamber 3 to the next, with the bubbles of gas
traversing the openings 4 with a linear velocity of 1 fo 50
m./second, thereby totally excluding any backflow of
reactants or reaction products.

The finzl reaction mixtore is withdrawn from the heatd
of the cylndrical column via the ontlet fitting 7, Aroond
tha reaction vessel, we provide a heat-exchange jacket 8
which may extend over some or aJ] of the reaction cham-
bers 3 and may be subdivided for civoulation of heu!-
exchange Auid specific to one or more of the rcaction
chembers. An inlet % and an outlet 10 are provided for
the heat-exchunge medium which may be 2 heating fluid
when the reaction is endolhermic or a cooling fivid when
the resction is exothermic.

The reactor shown in FIG, 2 differs from that of FIG.
1 in that the cylindrical vessel 101 is interrally subdividad
by perforated plates 102 each having several openings
104 o connect the reaction chambers 103 separated by
iheso plates. In place of the heat-exchange jacket, the
plates 102 may be hollow, as illustrated for the system of
FIG. 1A, or ¢lse the jacket arrangement of FI3. 1 can
be employed with the heated plate system of FIG. 1A,
In this casc, only part of the reactant mixture is formed
in {he lowest chamber 103 by introdncing the lignid and
pas phases via the inlets 105 and 106 into this botfom
chainber, The rost of & reactant phase, e.g. the gas phase
or the liguid phase, may be introduced via inlet fittings
11, each of which communicaies with a respective reac-
tion chamber 103 above the lowest reaciion chamber
The two uppermost reaction chambers are shown not to
have inlets 11 and scrve to permit completion of the re-
action withont further addition of the reactants, Each of
the inlets 11, moreover, may be nsed for both the lignid
and the gas phases,

In FIG. 3, we have shown an arrapgement which is
‘particularly suited to- a reaction of a fivsi lguid and a
pas to yield a second liquid, ideally there being no gas
at the outlet However, for mass-action displacement of
the equilibriom in the direction of the complete reaclion
of the {irst Jiquid, it is costomary o employ an excess of
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the gns especinlly when the excess is required to maintain
the linear gas velocity through the openings 4 at 1 to 50
m./second. The renctor column 12 of FIG. 3 corresponds
to fthe reactor of FIG. 1 and is provided with the per-
forated plate separators 2 and the roaction chambers 3 in
superimpnsed velationship. Ten reaction chambers 3 are
hers provided by nine perforated-plate separators,

From the resarvoir 13, a reactant liquid is drawn by
a metering pump 15 and forced via linc 14 into the col-
ume 32 through the axial inlet 5. A pressure tank, com-
preszed or liquefied ges botile or gas generator Is repre-
sented at 16 and supplies the reaciant gas to the columa
12 vis an inlet 6, The gas-leed line 17 bus a valve 19 rez-
nlating the gas flow in accordance with the desired rcla-
tionship of gas input to the first or reactant liquid. Here,
tno, the reaction nixtures passes wpwardly from chamber
to chamber without any backflow and at a dinear gas vefoe-
ity of [ to 50 m./second, The reaction produces a second
liquid which is drown off from the head of the column via
the outlet ¥ and led o a gas/liquid separator 20, Excess
or mnreacted gas is retorned at 23 to fhe reaction veysel
12 and is fed to the latter, at the inlet 5, via a metering
pump 22 and a line 23, The reaction product s, of course,
drawn off at 2L

Tn FIG. 4, wa have shown a reactor system which mey
he nsed when a gas s produced. In this system, a frst and
a second liquid react to produce a third liquid aad a ges
which, in accordance with the pripetples of this jnven-
tion, but be circulated or otherwise returned to the reac-
Hon chambers to flow at a velocity of 1 to 530 m./second
through the holiow in the perforated plates. In this em-
bodiment, the reactor of FIG. 1 or of FIG. 2 may be
used and is again designated st 12, The reactor i subdi-
vided into ten chambers by the perforated plates, From
the rescrvoir 13, a reaciant liquid or the several reactant
liquids arc supplied via line 14 and the metering pumyp 15
to the column 12 at the inlet 5. The liquid stream entariog
the reaction chamber may also entrain 2 slurry-type cata-
lyst in the presence of which the reaction is carried ont,
initially or promoted. The second resctani, also of the
liquid phase, is drawn from a reservoir 24 and supplied
via lincs 26 (fittings 11) to the lower efght reaciion cham-~
bers 3, valves 25 controlling the distribution of the amonnt
of this reactant among the reaction chambers. The raac-
tion product, namely, the third liquid and the gas evolved
doring the reaction is withdrawn through outlet 7 and led
via line 19 to a gas/liquid separator 20, The liquid is, of
course, recovered at 21 while the pas (line 23) is re-
turned io the enlumn 12 via the metering pnmp 22 as
previonsly described. In the event of an insufficiency of
gas 10 maintain the indicafed Lnear volocity throngh the
openings in the plates separating the reaction chambers, a
vilve 232 may be vpened fo admit ipert gas to the mater-
g pump 22. In the cvent, excess gas is present, the sxcess
may be bled off via line 27 and valve 28.

In FIG. 5, the sysiem is designed for 2 reaction of a
liquid and a gas {0 yield, as reaction products, another
liquid and snother gas. In thiy systers, the column 12,
which may have the construction llustrated in FIG. 2, fa
supplied from below at 14 with the reactant Hquid from
reservoir 13 by the metering pemp 14, The reactant pas,
however, is delivered from a pressire vessel 29 through
a manifold 2% lo the individual inlefs 31 of the lower
eight reaction compartments 3 at raies determined by
the valves 30, The next liquid and gas reaction product
is recovered from the columm 19 separated into the Te-
speclive phascs at 20, the liquid beinp collectad at 21. ‘The
gas may be discarded or rcosed ang is led away from the
separator by line 32 and valve 33, .

In FIG. 1A, we have shawn a portioa of a reaction
column according to the invention in which the reaciion
vompartment 203 Is separated from 2 lower compartment
203z by a perforaicd plate 202 and from an upper com-
purlment 2035 by the perforated plate 202* which may be
identical to plate 202 which has been shown in section and
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somewhat in perspeciive form for greater clarity. Tt will

be immediately apparent that, unlike conventinnal bubhble-

- cap trays, the separating plates 202, stc. have planar upper

- and lower surfaces 202g and 2025, fres from weirs, dams,
ovarflows or the like which snstain predetermined thick-
nesses of liguid layers on conventional bubble-cap itrays.

The. openings 204 in the plates 202 of this invention ter-

minaie flush with the -planar suriaces 202q and 202&
which reach to the wall 201 of the column. In this sys-
tem, hoth gas and Hanid pass mpwardly {arrow A) through
the perforated plates from lower chamber to higher cham-
ber, the gas traversing the hollow 204 at a velocity
Ve=1--50 m./second. .The reaction chambers have
heights Hs in a ratio to the diamefer T» of Hq:.D-=-0.3:1
io 5:1 and preferably 2:1=Hg:D=-0.8:1. The number of

8,701,798
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openings 204 ranges between 10 and 50 per m.? and the .

diameter & of the opening is between 3 and 20 mm

~ From FIG. 1A, it will also be apparent that the in- -

dividual compartments 203 can be associated with ze-
spective compartments 248z of 2 heating jacket 208 which
may be supplied -individually with“a Reating or cooling
fluid by .inlets and ontlets of the type represented at 9
and 10 in FIG. 1, but not illusiraied in FIG. 1A. Alterna-

tively or in addition, the plaftes 202 may be hollow and.

provided with flnid channels 2085 through which heating
or cooling fluids may be eirculated from a reservoir
208¢ by a pump 2084 via lines 208e and 208f. Also, the
individual compartments or some of them may be formed
with flttings 2¥1 throngh which reactanfs may be supplied
to the individual compartments.

SPECIFIC EXAMPLES
Example I )

In. & system of the-iype shown-in FEG. 3, using & col-
uma. made. froin VA pressure pige with en internal diam-
eter T of 152 mum, and a tofal length of 6 m. subdivided
internally by 2 VA plates each baving a single cylin-
drical centrally positioned hole of & diameter of 7 rom.,
s0 that 10 equal-size. reaction chambers are provided,
a tallow-type stearin-containing fatty acid is eatalyfically
hydrogenated. The reactor was heated by an elzctrical
heating jacket to a temperature of 130° and is supplicd
with twenty liters per hour of the fatty acid having av
iodine number of 53.4, by a continuously opcrating meter-
ing pump,

The futty acid is mixed with 0.3 weight percent of a
catalyst consisting of 509 by weight nickel and 50% by
weight kieselguhr, 'The liquid, of course, is fed from the
bottom -rad passes upwardly throueh the ten chambers
‘of -the reactor. Into the lowest chambsr we pump, at
1820 atmospheres (guuge), hydrogen in-an amount of
© 1.2 cubic meters per hour at stenderd tcmperature and
pressare. Af least part- of the hydrogen is supplied to the
column upop reeovery from the continuows affuent of-
the .column which is separated. The hardepable product
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leuving the column s a . ytcarin faity acid having an .

iodine number of 0.72. Undes the same conditions, except
that the pecloraled plates were removed, the end produet
hus-an iedinge number of 8.0. When the thronghput of
the fatty acid was. reduced o0 2.4 kilograms per hour,
onder otherwise similar conditions and vwpon removal of
the perforated plates, the iodine number was. aboui 0.72.

Example II

The system of FIz. 4 was emploved with a reactor
column consisting of ten glass tubes each with a diameter
of 100 mm. and. gz Jength of 235 . Between the zlass
sections, Teflon (polytetrafinoroethylene) discs wers in-
terposed between the glass scetions, the discs each having
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@ circular coniral hole of a diameter of 10 mm. Twenty .

kitograms per how of benzene was fed to the reactor

8.
and entrained a sfurry of 0.5 kilopram of aluminum chio-
rida per hour, : ’

Simultaneously and at a rate of 10 kilograms per hour,
a mixture consisting of 46.0% by wcight paraffin, of
37.3% by -weighi monochloroparafiin, and 16.7% by
weight of higher chiorinated parafling wug fed into the
column at the lower eipht reaction chambers of the ten .
formed-by the glass tubes at radial arms provided in the
Iatter. The mixhare was distriboied equally among the.
cight lower chambers. In addition, 2.4 cubic meters per
hour of hydrogen chioride gas (STD') was fed into the
lowest chamber and recirculated from the product end -
of the column. Excess hydropen chloride gas was vented -
from the system. The rcaction product was found to be
substantiaily ircc from organically bound chlorine and -
consisted of 7% distillable alkylbenzens (98% sulfo-
nafabie).-

In the absence of the perforated plates, the reactor -
was only capable of yielding a tenth of the thronghput
and nevertheless gave an- end product which contained -
iraces of organically bound chlorine, while having only
73% distillable alkyl benzenes with a suifonatable ratio
of 8%,

Exampie III

The system of FIG, 5 was used lo produce monochloro-
paraffin, 10 kg./h. of parsfiin with a boiling point of
200-219% C, at standard pressure is forced inlo the reac-
tor colnmn with dimensions and construclion 25 provided
in Fxample Y. 2.54 kilograms per hour. (standard lem-
perature and pressure) of chlorine is introduced into the
lower eight reactor chamhbers fhrough side-arms formed
therein. The reactor temperature. is held at 105-120°.

The tiquid reaction pmduct containg 46.0% by weight
of nonreacted paraifin, 37.3% by weight-of monochloro-
paraffins and 16.7% by weight of higher chlarinated
paraffins. When the procedure vas repeated using a reac-
tor from which the perforated piates bad been remaved,
the reaction ‘product cornsisted of 52.4% by weight of
nonecocied paraflin, 28.2% of monochloroparaffin and
19.49% by welght of higher chlorinated paraffins.

We ¢laim:

1. A method of chemically reacting a catalytically hy-
drogenatable liguid with hydrogen to produce at leust -
a hydropenated product, said methed comprising the steps
of ;-

suspending a hydrogenation catalyst in said hydrogenat-

able liquid to produce a suspansion; -
passing a rcaction mixtura of both said hydrogenatahble-
liguid suspenmsion and gaseous hydrogen. upwardly
through a reactor columm vertically subdivided into
& plurality of impacicd reaction chambers by verti-
cally ypuced perforated horizontal plaies;

inducing-said geseous hydrogen 6 traverse. said plates -
at & velocity ol belween 1 and 50 meicrs per second,
therely forming swid hydrogenated product, said sus-
pension, product and bobbles of said -guscous hy-
drogen substantially filling sald column; and -

removing said product from said reactor coltmn at
the top theraof,
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