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(54) Contacting particulate solids 
wi th liquids 

(57) Liquid, e.g. acid for use in a 
leaching process flows through a 
vertical conduit (10) and past a 
plurality of baffles (11) spaced along 
the axis of the conduit (10). Each 
baffle (11) defines a mixing chamber 
on each side thereof and provides a 
small gap (16) around its perimeter 
between the baffle (11) and the wall 

of the conduit (10). The baffles (11) 
are provided with sloping top surfaces 
(14) for preventing solid particles from 
settling on the baffles (11), and 
sloping undersurfaces (15) to improve 
mixing ofthe liquid and the solid 
particles. 

The liquid flows upwardly in the 
conduit (10), but solid particles may 
be fed from the top or from the 
bottom of the conduit (10) to mix with 
the liquid. Gas may be introduced to ' 
promote improved flow conditions. 

The drawings originally filed 
were informal and the print 
here reproduced is taken from a 
later filed formal copy. 
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SPECIFICATION 
Improvements in or relating to apparatus for 
contacting particulate solids with a fluid 

This invention relates to apparatus for 
5 contacting particulate solids with a fluid. 

It is often required to contact a particulate solid 
with a fluid in orderto carry out a chemical or 
physical reaction. Contact may be achieved by . 
allowing the solid to form into a packed bed and 

10 then forcing the fluid through it by some means 
such as pumping. This is difficult with particulate 
solids which tend to pack into a dense band. For 
radioactive applications pumping is undesirable 
and the amount of circulation which can be 

15 brought about through a packed bed by such 
means as a gas or a thermal lift is limited. 

A particulate solid can be dispersed in a fluid by 
stirring, sparging orfluidisation. This avoides the 
formation of a densely packed bed and leads to 

20 9°od contact between the solids and the fluid. The 
reaction may be carried out batch-wise or 
continuously. If it is carried out batch-wise there 
are the usual problems caused by the intermittent 
operation, such as disruption ofthe overall 

25 process and difficulty of control because of the 
changing conditions in the reactor. Also, in those 
processes where the product solid is in contact 
with spent liquor, a number of successive 
reactions with fresh liquor may be required and 

30 then the overall time to complete the reaction may 
be excessively long. If the reaction is operated 
continuously in a reactor, an important problem 
may be to prevent the solids just fed into the 
reactor from being swept directly into the product 

35 liquor. If it is important to avoid this problem, it 
may be largely overcome by carrying out the 
reaction in a series of well-mixed compartments or 
stages, but when dealing with radioactive 

•• particulate solids a number of separate stages is 
40 likely to be undesirable because of the problem of 

transferring the solids between the stages and 
because ofthe large number of stages required. 
Another problem is the large number of stirrers 
needed or the large volume of sparge gas used and 

45 requiring treatment before discharge. For fluidised 
beds there is also the need to pump the liquor 
between stages. 

Thus, the treatment of radioactive particulate 
solids with a leaching acid such as nitric acid is 

50 likely to be best carried out continuously in 
equipment which has a minimum of moving parts, 
is easy to maintain and especially to clean, and is 
limited for criticality by the geometry of the 
apparatus. 

55 According to the present invention there is 
provided an apparatus for contacting particulate 
material with a liquid, the apparatus comprising a 
conduit having an inlet and an outlet in spaced 
relationship along the length of the conduit, 

60 means for admitting the material into the conduit, 
and at least one baffle means in the conduit, the 
baffle means defining at least one gap for the 
liquid and the material to pass therethrough 
between the wall of the conduit and the adjacent 

65 periphery of the baffle means, and the baffle 
means having at one end thereof a surface shaped , 
so as to deflect the particles in a direction towards 
the gap. 

Desirably, the apparatus includes means for 
70 injecting a gas into the conduit, and the injecting 

means may include a tubular element extending 
along the conduit and arranged to inject the gas 
into the bore of the element. 

The material may comprise gel spheres, and the 
75 admitting means may be arranged to admit the gel 

spheres adjacent to the element. 
In one form of the apparatus, the baffle means 

may have a shaped surface at the other end 
thereof for deflecting the liquid towards the gap. 

80 Furthermore, a plurality of the gaps may be 
defined at least in part by a plurality of channels in 
the said adjacent periphery of the baffle means. 

In the preferred form of the apparatus, the 
conduit is adapted for operation in a substantially 

85 vertical orientation, the inlet is below the outlet, 
and a plurality of the baffle means are disposed 
one behind the other along the conduit. 

At least one of said shaped surfaces of a said 
baffle means may be of conical form, and means 

90 may be provided for vibrating the baffle means so 
as to assist the transport of the material through 
the conduit. 

The invention will now be further described by 
way of example only with reference to the 

95 accompanying drawings, in which: 
Figure 1 shows diagrammatically a side 

sectional representation of an acid dissolver for 
dissolving plutonium from plutonium 
contaminated ash; 

100 Figure 2 shows diagrammatically a side 
sectional representation of an apparatus for 
dissolving gel spheres of nuclear fuel material; 

Figure 3 shows to an enlarged scale a sectional 
view in the direction of arrow 'A' of Figure 1; and 

105 Figure 4 shows a view on the line IV—IV of 
Figure 3. 

Referring to Figure 1 of the drawings, the 
apparatus is intended for the treatment of 
plutonium contaminated ash which is produced by 

110 the incineration of waste such as rubber gloves, 
tissue paper and other combustible products. 

The waste ash is reduced to a particle size less 
than 600 microns by milling and sieving and is 
then treated in the apparatus of Figure 1. The 

115 apparatus comprises a substantially vertical 
conduit 10 made of glass tube approximately 100 
mm inside diameter, and approximately 2000 mm 
long. Located in the bore ofthe conduit 10 are a 
plurality of baffles 11 spaced along a supporting 

120 rod 12 suspended from a top plate 13. Each baffle 
11 is made of polytetrafluoroethylene (PTFE) and 
is a solid body having an upper conical surface 14 
and a lower conical surface 15 (see Figure 3 
where two such baffles 11 are illustrated in more 

125 detail). 
The diameter of each baffle 11 is just slightly 

smaller than the inside diameter of the conduit 10 
so that the baffle 11 expands in use to fit the bore 
ofthe conduit 10. Each baffle 11 is provided with 
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equispaced channels 17 around its perimeter, the 
channels 17 being semi-circular cut-outs which 
are of 3 mm diameter and countersunk at the top 
and the bottom thereof to provide sloping 

5 surfaces 1 8 , 1 9 respectively. 
The conduit 10 has a fluid inlet 2 0 for admitting 

nitric acid that is heated by a heater 21 to boiling 
point, and is provided at its top with an outlet 2 2 
forthe boiling acid which contains in solution 

10 plutonium leached from the waste ash. 
Solid particles of waste ash are fed from a 

hopper 2 3 by means of a screw-conveyor 2 4 into 
the conduit 10 through an inlet branch pipe 2 5 
located below the acid outlet 22 , so that the 

15 particles fall towards the bottom of the conduit 10 
whilst the acid flows upwards in the reverse 
direction. The particles cascade along the conduit 
10 and fall onto the upper conical surface 14 of 
each baffle 11. The angle of inclination of each 

2 0 conical surface 14 relative to a horizontal plane is 
arranged to be greater than the angle of repose of 
the particles, so that the particles are prevented 
from collecting on the surfaces 14 and are thus 
deflected and caused to slide down the surfaces 

2 5 14 and fall through any gap 16, and the channels 
17, between respective baffles 11 and the wall of 
the conduit 10. 

A gas such as air or N 2 may be admitted 
through a sparge pipe 4 7 or draught tube to assist 

3 0 the upward flow of acid or to improve mixing of 
the particles and the acid. Additionally, or 
alternatively, evolved gases from the reaction 
between the particles and the acid may be used to 
achieve the same results. Some of the acid 

35 flowing towards the gaps 16 and channels 17 is 
deflected towards the centre of the bore of the 
conduit 10 by the conical surfaces 15. The liquid 
acid is caused to swirl in the space between 
adjacent baffles 11 by the gas flow rising through 

4 0 this space so that the particles are thoroughly 
mixed with the acid. The swirling acid also assists 
the downward movement of particles settling on 
other conical surfaces 14 located immediately 
downstream (relative to the net flow of acid) of 

4 5 each respective baffle 11. 

Below the lowest baffle 11, a conical surface to 
constitute the lower end of the conduit 10 may be 
provided, and although there is no great need to 
cause a swirling action below the lowest baffle 11, 

50 this sloping conical surface of the conduit 10 
assists the funnelling of the particles that collect 
there into an outlet 26 . 

Particles passing out of the outlet 26 are 
conveyed by a gas-lift system 27 which utilizes 

55 acid from a tank 2 8 or recirculated acid that is 
lifted along a pipe 2 9 by the lift-gas admitted at an 
inlet 30. The lift-gas is separated by a separator 
31 and the particles are conveyed to collection 
tanks 3 2 by the acid. The acid is then recirculated 

60 to the lift-gas system 27 via a pipe 33. 
At the top ofthe conduit 10 the acid outlet 2 2 

is provided with a settlement tank 3 4 having a 
product outlet 38 through which the dissolved 
plutonium is carried. The settlement tank 3 4 is 

65 provided to allow the fine light particles of ash 

which are swept upwards by the flow of acid to 
settle out. The top ofthe conduit 10 is also 
connected to an off-gas outlet system 3 5 
comprising a demister 36 and a condenser 37 

70 which returns condensed acid to the collection 
tanks 32 and separates out the off-gases. 

In each channel 17, periods of upward flow of 
gas and liquid and periods of downward flow of 
solid particles occur. These periods are 

75 determined by the rate at which gas and liquid 
flow up the conduit 10 and by the rate at which 
the particles are fed into the conduit 10. The 
upward flow of acid and gas sweeps back above a 
respective baffle 11 the particles settling into 

30 channels of that baffle 11 and sets-up circulation 
currents which help to disperse the particles and 
to move them down the conical surface 14 of 
that baffle 11. For particles which are readily 
dispersed, the main hold-up in the conduit 10 is a 

85 result of the high density dispersion created in the 
space between adjacent baffles 11. For more 
rapidly settling particles an appreciable part of the 
hold-up may be in the settled mass on the conical 
surface 14 of each baffle 11. Below the inlet 

9 0 branch pipe 2 5 there is a net settling of particles 
countercurrent to the upward flow of acid. 

Above the inlet branch pipe 25 there are only 
those particles small or light enough to be carried 
by the liquid flow or which are entrained by a 

95 rapidly moving upward current of gas and liquid. 
The baffles 11 above the inlet branch pipe 2 5 
ensure that any heavy particles entrained by the 
upward current are allowed to settle back into the 
conduit 10, and that any very light particles are 

100 held in the conduit 10 for a significant time before 
discharge (in the limit this time is the residence 
time of the liquid in the upper part of the conduit 
10). 

Blockage of channels 17 may occur as a result 
105 ofthe particles forming into heaps and bridging 

across the channels 17, but such blockages are 
invariably broken-up by the intrusion of gas into 
the heap, helped by the sloping surfaces 19 on the 
underside ofthe channels 17. For more persistent' 

110 blockages it may be necessary to apply a vertical 
movement or vibration to the baffles 11 by 
moving the supporting rod 12 vertically. 

Referring now to Figure 2, there is shown an 
apparatus, very similar in many respects to that 

115 shown in Figure 1, intended for the dissolution of 
gel nuclear fuel spheres to recover the nuclear fuel 
material from those spheres which do not satisfy 
an acceptable specification. The apparatus of 
Figure 2 comprises a conduit 4 0 similar to the 

120 conduit 10 of Figure 1, except that no outlet is 
provided at the bottom ofthe conduit 4 0 which is 
surrounded by a heat transfer jacket to control the 
temperature at the bottom of the conduit 40 . 

Cold nitric acid from a pipe 43 , and gel nuclear 
125 fuel spheres 4 2 (shown to an enlarged scale for 

clarity) from a hopper 4 4 are fed through an inlet 
branch pipe 4 5 into the conduit 40, the feed of the 
gel spheres 4 2 being controlled by a peristaltic-
type valve 46 . Due to their density the gel spheres 

130 4 2 settle towards the bottom ofthe conduit 40, 
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but they are kept in suspension by the flow 
created by the injection of gas through the top of a 
hollow support rod 12a into an annular tube 49 
having internal holes 50 (only two are shown) to 

5 release the injected gas as bubbles near the 
bottom ofthe conduit 40. The injected gas 
eventually passes upwards through the conduit 4 0 
past a number of baffles 11 identical to the baffles 
11 of Figure 1. The gel spheres 42 dissolve in the 

10 acid at the bottom of the conduit 4 0 until they are 
small enough to be carried upwards by the upward 
flow of the acid. The baffles 11 serve to ensure 
thorough mixing ofthe gel spheres 42 and the 
acid, and impede the upward movement of the gel 

15 spheres 42 so as to retain them along the conduit 
40 until they are virtually completely dissolved. 
The heat transfer jacket 41 is used to heat the acid 
in the conduit 40 to start the reaction with the gel 
spheres 42, and may subsequently be used to cool 

20 the conduit 40 to disperse the reaction heat. 
The dissolved nuclear fuel material together 

with any gel residue in the acid flowing out of an 
acid outlet 53 is allowed to settle in a settlement 
tank 54, and the product solution is collected from 

25 a product outlet 55. 

An off-gas system 35 is provided identical to 
that of Figure 1 except that condensed acid from 
the condensor 37 is returned to the inlet branch 
pipe 45. 

3 0 Although two specific forms of apparatus have 
been described, the invention may be useful in 
other processes in the pharmaceutical, chemical, 
and metallurgical industries, where it is desired to 
contact solid particles with a liquid or a gas. 

35 CLAIMS 
1. Apparatus for contacting particulate material 

with a liquid and comprising, a conduit having an 
inlet and an outlet in spaced relationship along the 
length of the conduit, means for admitting the 

4 0 material into the conduit, and at least one gap for 
the liquid and the material to pass therethrough 
between the wall of the conduit and the adjacent 
periphery ofthe baffle means, and the baffle 

means having at one end therof a surface shaped 
45 so as to deflect the particles in a direction towards 

the gap. 
2. Apparatus as claimed in Claim 1, including 

means for injecting a gas into the conduit to assist 
the flow of the liquid along the conduit. 

50 3. Apparatus as claimed in Claim 2, wherein the 
injecting means includes a tubular element 
extending along the conduit and arranged to inject 
the gas into the bore of the element. 

4. Apparatus as claimed in Claim 3, wherein the 
55 material comprises gel spheres and the admitting 

means is arranged to admit the gel spheres 
adjacent to the element. 

5. Apparatus as claimed in any one of the 
preceding Claims, including the baffle means 

60 having a shaped surface at the other end thereof 
for deflecting the liquid towards the gap. 

6. Apparatus as claimed in any one of the 
preceding Claims, wherein a plurality of the gaps 
are defined at least in part by a plurality of 

65 channels in the said adjacent periphery of the 
baffle means. 

7. Apparatus as claimed in Claim 6, wherein the 
channels at least at one end thereof have 
openings which widen in a direction towards said 

70 one end. 
8. Apparatus as claimed in any one of the 

preceding Claims, wherein the conduit is adapted 
for operation in a substantially vertical orientation, 
the inlet is below the outlet, and a plurality of the 

75 baffle means are disposed one behind the other 
along the conduit. 

9. Apparatus as claimed in any one of the 
preceding Claims, wherein at least one of said 
shaped surfaces of a said baffle means are of 

80 conical form. 
10. Apparatus as claimed in any one ofthe 

preceding Claims, including means for vibrating 
the baffle means. 

11. Apparatus for contacting particulate 
85 material with a liquid substantially as hereinbefore 

described with reference to Figures 1, 3 and 4, or 
Figures 2 , 3 and 4 ofthe accompanying drawings. 
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