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1. Introduction 

Sludge is produced in treating industrial waste water, civil waste water, and radioactive waste 
water by flocculation. The sludge produced from treating radioactive waste water contains 
radioactivity. The treatment of radioactive sludge is different from that of non- radioactive 
sludge. One of the most commonly used methods is cementation, and the cement-solidified 
product is finally disposed of. The solid content in the low-level radioactive sludge is ].~2% 
initially, and will be 6^10% after long-term storage. This shows that there is a large amount 
of water in the low-level radioactive sludge. The volume of the sludge will be greatly reduced 
after dewatering. For the final disposal, the volume-reduction of this product has a high benefit 
in economy. 

The methods to be used for sludge dewatering are mainly flocculation, filtration (natural 
filtration, pressure filtration, and vacuum filtration), and centrifugal separation. Since low-
level sludge is a suspended colloid, not easy of dewatering. Therefore, the fast and large-scale 
dewatering of such sludge can not be achieved by the above methods. The freeze-thaw plus 
centrifugal separation and the freeze-thaw plus vacuum filtration have been developed for 
effective dewatering the unpretreated sludge seperately at the Atomic Energy Research 
Establishment (AERE), Harwell, United Kingdom and the Nuclear Research Centre, Mol, 
Belgium. Volume-reduction factor (Volume-reduction factor = Volume of original sludge / 
Volume of sludge after freeze-thaw process and subsidence) of these two kinds of methods can be 
very high. The physical properties of the freeze-thawed sludge are completely different from 
those of the originals. The resulting solid is in a granular shape and settles well. The volume-
reduction factor is about 5~7. If it is progressively separated through vacuum filtration and 
centrifugal separation, the volume-reduction factor or the solid content can be higher. ^ 

In our laboratory, methods of immersing freeze and simulated two-step freeze have been studied 
for the elementary properties of simulated low-level sludge, the effect of freezing temperature, 
freezing time, and settling time on volume-reduction factor. Some parameters for design of 
freeze-thaw device are provided. 

2. Experiment 
2. 1 Experiment of freezing in a cryogenic bath (Type KF2 Cryogenic Bath) 

The sketch of the device is shown in Fig. 1. The cryogenic bath was filled with 50% glycol 
solution as cooling medium. The plastics bottle (100 ml) was used as a container for freezing 
sludge and immersed in the coolant. The original sludge with 2% and 7% solid was prepared. 
Specimens were obtained after freezing, and the frozen sludge was then thawed in the 
atmosphere for 24 hours. After baking the specimen, the solid content was measured. 
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2. 2 Test of simulated two-step freeze 

A simulated freeze-thaw device consists of a small freezing tank, a small power pump, and a 
cryogenic bath as shown in Fig. 2. The parameters of freezing tank are : 

Capacity. 0. 8 liter 
External diameter of spiral coil : (|>86 
Internal diameter of spiral coil : 4>70 
External diameter of copper pipe : cj>8 
Internal diameter of copper pipe. 4>5 
Turns of spiral coil; 11 
Heat exchanging area : 0. 06292 m 2 

Solid content of original sludge : 2% and 7%. 

The devyatering effects on sludge under different freezing temperatures and different time were 
measured. 

2. 3 Pilot freeze-thaw test of 20 liter in capacity 

The process is shown schematically in Fig. 3. The capacity of freezing tank is 20 liter. The solid 
content of original sludge is 2%. 

Heat transfer area of freezing tank is designed to 0. 8273 m 3. 

The pilot freeze-thaw facility with 20 liter in capacity needs cryogenic pump and other pumps 
suitable for proper flow, a compressor with sufficient power, proper proportion of stored 
freezing medium to working freezing medium. Under these conditions, the sludge can be ensured 
to be frozen completely within the required time . 

3. Results and Discussions 

3. 1 Mechanism of flocculation by freeze-thaw process 

Crystallization of water originates from crystal nuclei and extends in branched shape. The 
simulated sludge contains calcium phosphate and ferric hydroxide. Part of the sludge is colloid, 
its particles are electrically charged. Fig. 4 gives the structure of a double electric layer of colloid 
particles. Colloid possesses special physical properties such as Brownian movement and 
electrophoresis, which are destroyed during freeze-thaw process. During freezing, the 
electrolyte accumulated around the sludge particles can destroy the electrical potential layer. 
Finally, the frozen and thawed sludge particles are aggregated under an action of the force 
between molécules to form granular particles which are easy to settle. Thus, the dewatering of 
sludge is realized. M 

The ice point of sludge measured in the experiment is - 0. 22 'C ; under the same conditions, the 
ice point of natural water, - 0* 13 ftC• The ice point oi sludge is close to that of water. ra 

3. 2 Results of experiment in cryogenic bath 

The 7% sludge is frozen at different temperatures of - 6*C > - 8 °C > and - 10 CC respectively. 
The results of freezing effects are shown in Fig. 5. The solid content of sludge rises rapidly to 
20—22% after frozen for A hours at the temperatures of - 6 'C and - 8 °C » but only 18% at 
- 10 'C. This may be resulted from fast freezing at - 10 °C. 
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For 2 % sludge, freezing effects at - 6°C, - 8*C» - 10 "C and - 12 "C are rather good, in 
which the best freezing effect is achieved at - 12 °C But the result at - 14 °C is worse (see Fig. 
6). From the figuras, it can be seen that after the sludge being completely frozen, the solid con
tent of the sludge will not be increased any more. The destruction of sludge properties occurs 
mainly during freezing of water. In case of fast freezing, the aim of dewatering can not be 
achieved. 

From Figs. 5 and 6, it is found that, for 7% sludge and 2 % sludge, the optimum freezing 
temperatures are - 8 °C and - 12 °C respectively. The optimum freezing time is 4 hours for both 
cases. It shows that solid content of sludge affects the freezing process. 

It is observed from microscopy that the particle size (d) of the frozen and thawed sludge will be 
decreased with the decrease of freezing temperatures, e.g. d(- 6 *C)> d(- 8 ° C ) > 
d(- ]0 c C ) > d ( - 12 e C ) > d ( - 14 °C). Therefore, when sludge is frozen slowly, the bigger 
volume-reduction factor can be obtained. ^ 

3, 3 Results of simulated two-step freezing test 

The conditions of this test are chosen according to the results as described above. The longest 
freezing time is 4 hours. 

The 2% sludge is frozen at - 8 'C > - 12 °C > and - 15 °C respectively. After thorough freezing, 
the solid content of the frozen and thawed sludge reaches 18% ^ 20.% at each given 
temperature. At the lower temperature, the solid content rises gradually; at the higher 
temperature,*it rises steeply (see Fig. 7) after the sludge is frozen for 2 hours. 

When the 2% sludge is frozen at - 8 eC ». - -10°C > - 12*C > and - 16'C » the volume-reduction 
factor is between 7 and 8, which shows a rising tendency. When the 7% sludge is frozen for 4 
hours at - 8 eC>- 10 'C> - .14 °C> and - 16 °C > the volume-reduction factor is between 2 and 
3 , and will be descended slightly with descending of temperature, which is similar to the 
previous results. In order to achieve the aim of sludge dewatering, different freezing tempera
tures should be applied to different sludge sölideontents, see Fig. 8. 

It is found from Figs. 5 , 6 , and 7 that the optimum freezing period is 4 hours; in shorter time, 
the sludge can not be frozen completely; if too long, the volume-reduction factor can not be 
gone up any more. 

3. 4 Results of pilot freeze-thaw test of 20 liter in capacity 

The sketch of process is shown in Fig. 3. The freezing temperatures are chosen at - 8 e C, 
- 11 °C » and - 15 'C. The solid content of original sludge is 2%. The results are shown in 
Fig. 9. It is found that - 11 "C is the optimum freezing temperature and 4 hours, the optimum 
freezing period. The volume-reduction factor can reach 6—7. 

Conclusions 

The results of the above experiments show that the freeze-thaw process can be used to effectively 
dewater the sludge with the volume-reduction factor up to 6 ~ 7 . The parameters obtained from 
these experiments are quite useful for engineering design of large-scale freeze-thaw process. 
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