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(54) IMPROVEMENTS IN O R RELATING 
T O D E W A T E R I N G OF MATERIALS 

(71) We, UNITED K I N G D O M ATOMIC E N E R G Y A U T H O R I T Y , London, A 
British Authority do hereby declare the invention, for which we pray that a patent may be 
granted to us, and the method by which it is to be performed, to be particularly described in 
and by the following statment: 

The present invention relates to the dewatering of materials and particularly to the 5 
dewatering of gels. 

In the production of inorganic ceramic products (e.g. ceramic particles for nuclear fuel 
applications) by the gel precipitation process, a gel body formed in the gel precipitation step 
is washed with water and subsequently has to be dewatered to produce a dry gel body 
suitable for debonding by heating (to remove organic material) and heat treatment to give a 10 
ceramic product. 

Our British Patents Nos. 1175834, 1231385, 1253807, 1313750 and 1363532 relate to gel 
precipitation processes and reference should be made to these for information regarding 
such processes. British Patent 1313750 discloses "modifying agents" which can be used in 
gel precipitation process (e.g. in the preparation of actinide metal oxide ceramic particles 15 
containing uranium oxide and/or plutonium oxide). 

Briefly, in the production of a ceramic body by the gel precipitation process a feed 
solution containing a compound of an element (typically of a metal) and an organic 
gelling-agent, (gelating agent), or agents (e.g. certain polymeric material) is introduced into 
a precipitating agent in the desired physical form to give a gel in the desired form (e.g. 20 
particles, aggregates, tubes or threads) containing the element. (It will be understood that 
the element will generally be present in the form of a chemical compound, rather than as 
the free element). The feed solution may also contain other constituents such as a 
modifying agent as hereinbefore mentioned. The gel is subsequently washed with water, 
treated to debond it and heated to give a ceramic product. If a carbide product is to be 25 
formed, carbon may be included in the feed solution and a further carbothermic reduction 
step may be effected after debonding. The organic gelling agent enables the feed solution to 
gel in a coherent manner in the presence of a precipitating agent. 

A gel body as formed by the gel precipitation step may be considered as being a coherent 
structure of controlled shape containing primary particles precipitated from the feed 30 
solution and an extended polymer network formed from the gelling agent in the feed 
solution, the primary particles and the polymer network being arranged to give an open 
porous network within the gel body. 

At least some of the water present in a gel precipitated body as a result of the water 
washing step can be removed by air drying, but this can cause shrinkage of the porous 35 
network within the gel body. This shrinkage and resulting reduction in the porous network 
is very undesirable since during the debonding stage gaseous products are produced within 
the gel body and, in the absence of an adequate porous network, the gaseous products 
cannot escape satisfactorily with the result that the body can be ruptured by release of built 
up internal pressure. This can be particularly undesirable with a large gel body where 40 
diffusion paths for the escape of gaseous products are extended by virtue of size. 

It is therefore very desirable during dewatering to inhibit shrinkage of the porous 
network to a point at which there will be insufficient porous network for escape of gaseous 
products on debonding. 

Thus, according to the present invention a process for the dewatering of a gel precipitated 45 
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gel body having an open porous network comprises contacting the gel body containing 
water with an organic liquid capable of extracting water from the gel body thereby to 
extract water from the gel body, the organic liquid and conditions under which the 
contacting is effected being chosen such that organic liquid permeates the gel body so as to 

5 maintain an open porous network as water is extracted and such that an open porous 5 
network remains after removal of organic liquid. 

In a preferred embodiment of the invention a plurality of gel bodies are dewatered 
simultaneously and the gel bodies comprise gel particles (e.g. those suitable for the 
production of ceramic nuclear fuel 'microspheres'). Such gel particles can be formed by 

10 dispersing a suitable gel precipitation feed solution in the form of droplets into a 10 
precipitating agent. 

With a plurality of small gel bodies (e.g. particles of 2-3 x 102 um) the presence of the 
organic liquid during dewatering in accordance with the present invention is also beneficial 
in helping to inhibit the tendency for the gel bodies to agglomerate during the removal of 

15 water. 15 
Conveniently a gel body is shaken free of loosely adhering water before contacting with 

organic liquid. Where the physical form of a gel body permits (e.g. where the gel body is a 
gel particle) the contacting with the organic liquid can be conveniently effected by 
suspending, or partially suspending, the gel body in the organic liquid (e.g. a gel body, or 

20 plurality of gel bodies such as gel particles, may be subjected to a counter-current flow of 20 
the organic liquid at a fluidising or subfluidising velocity). 

For example gel particles can be passed counter-current to a flow of organic liquid in a 
column apparatus. The flow and density of the organic liquid is preferably such that the gel 
particles settle to the bottom of the column apparatus as they are dewatered to facilitate 

25 collection. Such a column apparatus may be used for batch operation or the dewatered gel 25 
particles may be removed continuously from the column (e.g. by conveying in a stream of 
the organic liquid). 

Alternatively, the organic liquid may be passed through a static bed of gel bodies. 
The process can be conducted so as to remove all extractable water from a gel body or, if 

30 desired, only partially to dewater the gel body (e.g. remove say 25% extractable water). In 30 
the latter case the partially dewatered gel body can be subjected to other drying methods as 
appropriate to the purpose for which the dewatered gel body is to be used. Thus, for 
example, providing dewatering in accordance with the present invention has been effected 
so that sufficient porous network can be maintained to permit satisfactory escape of gaseous 

35 products on debonding, residual water may be removed, together with organic liquid, by air 35 
drying. 

We have found that in geneial it is preferable that the organic liquid has a low solubility in water 
(i.e. less than 5%). Preferably the solubility is =£1%. 

Very preferably the organic liquid should be substantially inert to the gel body (i.e. 
40 . should not be capable of affecting the gel body adversely by chemical or other reaction) 40 

It is also preferred that the organic liquid should have a viscosity which permits easy 
handling (e.g. pumping) and as high a flash point as possible. 

We have found that it is generally sufficient for the organic liquid to have a water 
saturation content-of 1-20% by weight. The organic liquid can be, for example, an aliphatic 

45 alcohol, such as n-hexanol. 2-ethylhexanol, ethylbutanol (and mixtures of these) and 45 
related homologues. The rate at which water is extracted into the organic liquid can be 
regulated by adding a predetermined amount of water, which reduces the effective 
solubility of water in the organic liquid, or by raising the temperature of the organic liquid, 
which increases the effective solubility of water in the organic liquid, or by adding organic 

50 solutes (e.g. hydrocarbons), which directly affect the migration of water across the 50 
gel/organic liquid interface or alters the diffusivity of water in the organic liquid, or by 
combinations of these methods. 

A surfactant may be introduced into the organic liquid to modify the. extraction rate of 
the water or, in the case of gel particles, to help to reduce the subsequent aggregation of the 

55 particles when the excess adhering solvent is removed. A wide choice of surfactants is 55 
possible, but in general the surfactant should be chemically inert to the organic liquid and 
gel body, and should not cause foaming in the process or in the subsequent organic liquid 
recovery process. 

The organic liquid recovery process normally comprises distillation or evaporation to 
60 remove much of the extracted water. It may be convenient to remove just sufficient water 60 

from the organic liquid so that the bulk of the organic liquid in the distillation vessel retains 
the correct amount of water to permit re-use for dewatering gels without further 
adjustment; thus partially dried organic liquid may be recirculated. 

The process of dewatering a gel body in accordance with the present invention may be 
65 particularly useful in the production of ceramic particles for use as nuclear fuel where it is 65 
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desirable that the particles are free from cracks and surface defects. However, the invention 
has applications in non-nuclear fields (e.g. in the drying of alumina particles). 

It is believed but by no means certain that the process of the present invention may 
depend at least in part on the fact that the organic liquid maintains within a gel body surface 

5 tension forces which would otherwise be lost on removal of water, and thereby permits the 5 
porous network to be retained. 

It is also believed that the miscibility of water with the organic liquid is a factor 
influencing the maintenance of the porous network. 

It will be appreciated that removal of organic liquid from the gel body can be effected 
10 when sufficient water has been removed from the gel that the gel is hardened so that the 10 

porous network is stabilised. 
Organic liquid can be removed by a number of techniques e.g. heating. 
The invention also provides a gel precipitated gel body dewatered by a process in 

accordance with the present invention. 
15 The invention will now be further illustrated and described, by way of example only, as 15 

follows: 

Example 1 
Gel precipitated spherical particles (~3 mm diameter) were prepared from a mixture of 

20 uranyl and thorium nitrates in solution using polyacrylamide as gelling agent and 20 
ammonium hydroxide as a precipitating reagent as described in our British patent 1363532. 
The gel particles containing uranium and thorium (ratio U:Th = 70:30) were washed with 
water and separated from the bulk water by draining on a sieve. It will be appreciated that 
the uranium and thorium were present respectively as ammonium diuranate and 

25 amorphous thorium oxide or hydroxide. 25 
One sample of the wet gel particles was dried in a current of air at room temperature. 

Another sample of the gel particles was dewatered by shaking with sufficient hexanol to 
extract all of the extractable water from the particles. The particles were separated from the 
hexanol and the hexanol absorbed by the particles was removed by vapourisation in a 

30 current of air flowing over the particles. 30 
The gel particles were examined by carbon tetrachloride and mercury immersion 

techniques to measure densities and open porosity and nitrogen gas adsorption to measure 
the specific surface area and pore size. 

35 Specific Pore 35 
Particle density (g/cm3) Surface Area Radius 

By CC14 By Hg (m2/g) A 

40 Air dried gel 
particles 3.50 3.47 1.0 < 6 

40 

Hexanol de-
watered 

45 particles 3.80 0.88 101 >200 45 

These results show that the air dried gel particles contain very little porosity accessible to 
carbon tetrachloride or nitrogen. The hexanol dried gel particles contain 0.88 cm3 

porosity/g of gel. Pore volume measurements show that this porosity is due to pores with 
50 diameters greater than 200 A . 50 

The dry gel particles were debonded at 850°C in carbon dioxide and sintered at 1450°C in 
argon/5% hydrogen to give spherical oxide particles (circa 800 jtm diameter) with densities 
of 98% of theory for (U,Th)0 ; . The oxide particles produced from the air dried gel were in 
some cases fragmented and sections revealed the presence of internal cracks. The spherical 

55 oxide particles prepared from the hexanol dewatered gel particles were unbroken and 55 
contained no internal cracks indicating that the presence of the open porosity allows the 
gaseous decomposition products from the debonding operation to escape without 
generating internal pressures in the particles which would disrupt the particles. 

60 Example 2 60 
Gel precipitated spherical particles (circa 3 mm diameter) were prepared from a mixture 

of uranyl and plutonium IV nitrate solutions using polyacrylamide as a gelling agent and 
ammonium hydroxide as a precipitating agent as described in our British Patent 1363532. 
These gel particles (ratio U:Pu = 70:30) were washed with water. 

65 It will be appreciated that the uranium and plutonium were present respectively as 65 
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ammonium diuranate and amorphous plutonium oxide or hydroxide. 
A sample of the wet gel particles was dried in air at room temperature. Another sample 

of the wet gel particles was dewatered by circulating hexanol through a bed of the particles. 
The particles were then removed from the hexanol and absorbed hexanol removed by 
passing a current of nitrogen through the bed of particles. Measurements of the densities of 
the dry gel particles by carbon tetrachloride and mercury immersion techniques were as 
listed below: „ . , _ . . ' , „ 

Particle Density (g/cnr) 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

Air dried gel particles 
Hexanol dewatered gel particles 

By CC14 

3.87 
3.68 

By Hg 

3.86 
1.25 

These results show again that the air dried gel particles have very little porosity whereas 
the hexanol dewatered gel particles have a pore volume of 0.53 cm3 per gram. 

The dry gel particles were debonded at 850°C in carbon dioxide and sintered at 1450°C in 
argon/5% hydrogen to yield spherical oxide particles (circa 800[tm diameter) with densities 
(by Hg method) of circa 98% of theory for (UPu)02 . 

The oxide particles produced from the air dried material were in some cases fragmented 
and sections revealed the presence of internal cracks. The spherical oxide particles 
prepared from the hexanol dewatered material were unbroken and contained no internal 
cracks 

W H A T W E CLAIM IS: 
1. A process for the dewatering of a gel precipitated gel body having an open porous 

network comprising contacting the gel body containing water with an organic liquid capable 
of extracting water from the gel body thereby to extract water from the gel body, the 
organic liquid and conditions under which the contacting is effected being chosen such that 
organic liquid permeates the gel body so as to maintain an open porous network as water is 
extracted and such that an open porous network remains after removal of organic liquid. 

2. A process as claimed in claim 1 wherein the gel body is suspended, or partially 
suspended, in the organic liquid. 

3. A process as claimed in claim 1 or claim 2 wherein a plurality of gel bodies in the 
form of gel particles are dewatered simultaneously by passing the gel particles counter-
current to a flow of organic liquid. 

4. A process as claimed in claim 1 or claim 2 wherein a plurality of gel bodies ill the 
form of gel particles are dewatered simultaneously by passing the organic liquid through a 
static bed of the gel particles. 

5. A process as claimed in any one of claims 1 to 4 wherein the organic liquid has a low 
solubility in water (as hereinbefore defined). 

6. A process as claimed in any one of claims 1 to 5 wherein the organic liquid has a 
water saturation content of 1 to 20% by weight. 

7. A process as claimed in any one of claims 1 to 6 wherein the organic liquid is an 
aliphatic alcohol. 

8. A process as claimed in claim 7 wherein the aliphatic alcohol is n-hexanol, 2 
ethylhexanol, ethvlbutanol or a mixture thereof, or a related homologue thereof. 

9. A process as claimed in any one of claims 1 to 8 wherein the rate at which water is 
extracted into the organic liquid is regulated by adding a predetermined amount of water to 
the organic liquid prior to contacting with a gel precipitated gel body. 

10. A process as claimed in any one of. claims 1 to 8 wherein the rate at which water is 
extracted into the organic liquid is regulated by the temperature of the organic liquid. 

11. A process as claimed in any one of claims 1 to 8 wherein the rate at which water is 
extracted into the organic liquid is regulated by adding an organic solute to the organic 
liquid. 

12. A process as claimed in any one of claims 1 to 11 wherein the organic liquid contains 
a surfactant. 

13. A process for the dewatering of a gel precipitated gel body by contacting with an 
organic liquid substantially as hereinbefore described with reference to either one of 
Examples 1 and 2. 

14. A gel precipitated gel body whenever dewatered by a process as claimed in any one of 
claims 1 to 1.1. 

M. J. LOFTING, 
Chartered Patent Agents, 
Agent for the Applicants. 
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