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above the top of the partition during cir-  zones inter-communicating in
the upper and       culation.                                   lower parts
of said vessel and provided with  90
means for introducing a gas in a finely-  30                  EXAMPLE 2.
divided state into the lower part of one of         In this example the
tubular reactor was  said zones to cause a liquid occupying said
similar to that described in Example 1, except  vessel to circulate between
said zones, charac-      that the partition was positioned so that the
terised in that at least one vertical slot is  95 



cross-sectional area of the zone of liquid  provided in the upper part of
said partition,  35  downflow was approximately 8% of the total  said slot
being positioned in relation to the      internal cross-sectional area of
the reactor.  side wall of the vessel, or a baffle being pro-      The
width of the partition was 7.6 inches, and  vided, so that liquid
immediately after cir-      there was a slot, 1.4 inches in width and about
culating through said slot, is deflected in the 100      2 feet in height
in the top of the partition  horizontal plane.  40 adjacent to the reactor
wall. Dispersed air was    2. A reaction vessel as claimed in Claim 1
supplied at a rate of about 250 cubic feet per  wherein the resistance to
liquid flow of the      hour into the bottom of the zone of liquid  slot or
slots is between one and four times the      upflow, the level of the
liquid phase in the  sum of the flow resistances arising from all  105
reactor being approximately 10 inches above  other causes.  45  the base of
the slot. The liquid phase cir-    3. A reaction vessel as claimed in
either      culated in the reactor at a rate of about  of the preceding
claims wherein the vessel      22000 lbs./hour.
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for the same  portion.      rates of air supply; in this case the level of
4. A reaction vessel as claimed in either      the liquid phase was
maintained at about  of Claims 1 or 2 wherein the partition is 115      10
inches above the top of the partition.   tubular and a plurality of slots
and baffles is                                                  provided,
said baffles forming a labyrinth in 55                 EXAMPLE 3.
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height of 18 feet and  cribed herein with reference to the accom-  120
an internal diameter of 7 feet. The zone of  panying drawings.     liquid
downflow was formed by a central 60  cylindrical tube 13 feet in height and
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removed, so that the  is a plate non-diametrically disposed in the 110
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PROVISIONAL SPECIFICATION                    Improved Apparatus for
Reactions in Circulating Liquids             We, THE DISTILLERS COMPANY
LIMITED,   embodiment of the invention, relating to a          a British
Company, of 12, Torphichen Street,   reactor of about 7 feet in diameter,
Figure          Edinburgh 3, Scotland, do, hereby declare   5 represents a
side elevation of this embodi-  65          this invention to be described
in the follow-  ment cut away at the top and Figure 6 is an      ing
statement:-                                           enlarged horizontal
section along the lines            The present invention relates to
reaction  VI-VI in Figure 5.          vessels, and in particular to
reaction vessels      Referring to the  embodiment shown in          in
which a liquid phase is caused to cir-  Figures 1 to 3,  this consists of a
tubular  70          culate as a result of a density differential  reactor
1 divided into a zone of liquid up- 



10  set up by the  introduction of a gaseous phase.  flow 2 and a zone of
liquid downflow 3 by         tially of two vertical zones connected at the
tioned at the bottom of the  zone 2 for the         top and a the bottom. A
gas, which may or  introduction of a gaseous phase, and means  75
may not constitute one of the reactants, is   6 are positioned at the top
of the reaction     15  introduced into the liquid phase in a finely
vessel for the withdrawal of the gaseous phase.          dispersed state at
the bottom  of one of the  The reaction  vessel is also provided with
reaction zones.  The introduction of the  means, not shown, for the
introduction and          gaseous phase causes a difference in density
withdrawal of the liquid phase. The partition  80          between the
liquid contents of the two zones   4 contains a vertical slot 7.  In
operation the     20  with the result that circulation takes place,
effective  area of the slot 7, which is deter-         the direction of
flow being upwards in the    mined by the width of the slot and by the
zone into which the gas fed and downwards  height  during circulation of
the liquid in         in the other zone. In the specification the two  zone
2 above the bottom of the slot, is con-  85         zones are referred to
as the zone of liquid  trolled so that the resistance of the slot to    25
upflow, and the zone of liquid downflow, res-  liquid flow is not
substantially more than         pectively. At the top of the reaction
vessel  80%  of the total theoretical resistance to         the gas
seperates from the  liquid and is  liquid flow in the reaction vessel, by
adjust-         released from the reaction vessel. The cir-  ment to the
volume of the liquid phase in 90         culation of the vessel contents
ensures ade-  the vessel and to the volume of the gaseous   30  quate heat
transfer and mixing of the react-  phase introduced by means 5.  In this
embodi-         ants. Reaction vessels of this type can be  ment the
internal wall of the vessel at 8         employed when the provision of
mechanical    constitutes the means for deflecting the liquid         means
of agitation is undesirable, for instance  in the horizontal plane, as a
result of imping-  95         where the reaction mixture is corrosive, or
ing on the wall 8 the liquid phase is deflected    where the reactor is
operated wider increased  in the direction of the arrow A i Figure 1,
pressures.                                   and flows horizontally in this
direction before           It is an object of the present invention  liquid
downflow commences.        to provide an improved reaction vessel of
Referring to the embodiment illustrated in  100        the type described
in  which substantially  Figures 4 to 6, this consists of a  tubular   40
increased circulation rates are obtained.    reactor 9 divided into a zone
of liquid up-          Accordingly, the present invention is for a  flow 10
and a zone of liquid downflow 11        reaction vessel of the type
described, in  by means of a tubular partition 12 supported        which
the circulating liquid enters the zone  within the reactor by means not
shown.        of liquid downflow through a zone of liquid  Means 13 are
positioned at the bottom of the 45  horizontal flow comprising a slot
intersec-  zone 10 for the introduction of a gaseous       ing the
horizontal liquid path and means for  phase, and means 14 are positioned at
the       deflecting the liquid in the horizontal plane,  top of the
reaction vessel for the withdrawal       the effective area of the slot
being such that  of the gaseous phase. The reaction vessel is       the
resistance of the slot to liquid flow is  also provided with means, not
shown, for   50  not substantially more than 80% of the total  the
introduction and withdrawal of the liquid               theoretical
resistance to liquid flow in the  phase. On top of the tubular partition 12
is 



reaction vessel.                             mounted  a labyrinth 15 made
up of six      The invention is further illustrated with  baffles radiating
from the axis of the laby- 115      reference to the accompanying drawings.
In  rinth which is also the axis of the tubular 55   the drawings Figure 1
represents a plan of  partition 12. Each baffle consists of three sec-
one embodiment of the invention, relating to   tions, a radial section 16,
a chord section 17,       a reactor of relatively small diameter, e.g.  and
a circumferential sections 18. The vertical       of about 1 foot, while
Figures 2 and 3 repre-  outer edge of each baffle defines a vertical 120
sent a vertical section along the lines II-II  slot 19 with the adjacent
baffle. On entering  60  in Figure 1, and a stepped section along  the
labyrinth throuh the slots the liquid       the lines III-III  Figure 1,
respectively,  is deflected in the direction of the arrow       Figure 4
represents a plan of a  second  B in Figure 6, and flows horizontally in
this                 direction before liquid downflow commences.    It will
be appreciated that the embodi-          In operation, the combined
effective areas  ments illustrated in Figures 1-6 can be  15       of the
slots 19, which are determined by the  varied in many ways without
departing from       width of the slots and by the height of the  the
spirit of the invention. Thus, the laby-    5  liquid in zone 10 above the
top of the par-  rinth in Figures 4-6 preferably consists of       tition
12, during circulation, is controlled  six  baffles but could contain a
smaller or       so that the total resistance of the slots to  larger
number if desired. Similarly the baffles  20       liquid flow is not more
than 80% of the total  could be constructed so as to bend in a clock-
theoretical resistance to liquid flow in the  wise manner from  the centre
instead of   10  reaction vessel, by adjustment to the volume
counter-clockwise as shown in Figures 4 and       of the liquid phase in
the reactor and to the   6.       volume of the gaseous phase introduced by
JOHN HARRY,       means 13.                                        Agent
for the Applicants. Leamington Spa: Printed for Her Majesty's Stationery
Office, by the Courier Press.-1961. Published at The Patent Office, 25,
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