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1. Introduction 
The operation of power reactors, like that of fuel fabrication and nuclear fuel reprocessing 
plants, generates substantial quantities of waste. A large share of this waste is low- and 
medium-level waste, which is also combustible. 

Similarly, a number of institutes, laboratories, and hospitals, in the course of their'activities, 
generate waste of which a portion is radioactive and combustible. 

It is the duty of the States that generate these wastes to manage their subsequent treatment and to 
ensure that they never pose a hazard to the environment. 

To do so, adequate treatment is indispensable to reduce their volume for economic reasons 
(lower overall disposal cost) and also practical ones (to avoid quickly saturating the disposal 
sites). 

Moreover, the treatment of these technological wastes can help to isolate hazardous substances 
(such as plutonium) and thus to make disposal safer. 

2. Treatment by Incineration 
The chief advantage of incineration is to minimize the volume of burnable waste treated, and to 
produce a residue termed "ash". This ash is usually stable from the physicochemical standpoint, 
as the chelatants and a large part of the organic components have been destroyed by the action of 
heat. 

Radwaste incineration is essentially designed to achieve; 
- complete combustion with the best weight and volume reduction factor, 
- fume purification, by dry or wet processes, generating a minimum of secondary waste, 
- uncomplicated and hence lower-cost equipment that can be fully automated, 
- installation running under constant negative pressure, offering the fullest guarantee against 

overpressure of explosion, and eliminating outside contamination hazards, 
- long service life of refractory materials, 
- acceptance of a wide range of sundry waste including oils and solvents, and 
- easy evacuation of inert ash to the immobilization facility. 

3. Incinerable Wastes 
Two main classes of incinerable wastes can be distinguished according to their origin : 

- |3 /y waste generally produced by reactors and research centers, and 
- waste containing a emitters produced in fuel cycle facilities, especially fuel fabrication and 
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reprocessing plants. 
Whereas, they may differ in their type of radioactivity, incinerable wastes are basically divided 
by their physical character into three families—solid, liquid, and gas. 

The highly-diversified solids family includes; 
- plastics such as polyethylene, polystyrene, PVC, neoprene, polyurethane, etc. , 
- rubbers and elastomers, 
- cellulose materials such as paper, board, rags, cotton, wood, etc. , and 
- incombustible materials; metals and glass. 

Solid wastes are generally mixtures of the above components. Their average low heating value 
ranges from 12, 000 to 30, 000 kJ/kg depending on the composition of the mixture and the 
moisture content. 

The bulk density is low (about 150 to 200 kg/m3) rising to 300 to 400 kg/m3 when coarsely 
crushed.' 

The liquids family may include oils or high water content tritiated solvents (up to 30% water or 
more). 

The oils have a specific gravity of about 0. 9, viscosities at 20'C of about 50 CP, and a flash 
point of around 60'C. They are miscellaneous oils including cutting oils. 

The gas family includes butènes and butanols from pyrolysis operations on solvents such as 
tributylphosphate and dodecane used in reprocessing plants. 

4. Incinerators — the Available Technologies 
A wide variety of incinerators is available throughout the world. SGN has built up 25 years of 
experience in this field and has many completed projects to its credit. It is involved today in 
major projects (including the "alpha" incinerator of the Melox plant, the "beta/gamma" 
incinerator of the El Cabril center in Spain, and the centralized incinerator project in southern 
France) and specialized in the following processes. 

- ß/y incinerator : development of a standard excess air incinerator for capacities from 10 to 150 
kg/h, 

For higher capacities, exceeding 1 t/h, SGN is currently designing a larger incinerator with 
mechanized grates and a heat boiler installed on the fumes circuit. 

Concerning oils and solvents, SGN is fitting these incinerators with a high efficiency 
combustion system, specially designed at the Grenoble CEA Nuclear Research Center. 

- a incineration, as part of the Melox project, SGN has adapted a standard incinerator to this 
incineration mode. The PWTF plant at Tokai Mura (Japan) was first equipped with an 
incinerator of this type by Hitachi-Zosen, SGN's licensee in Japan. 

At the same time, a two-step alpha incineration process is under construction at the Valduc 
Nuclear Research Center with small capacity units to be operated in gloveboxes. 

- For the incineration of solvents and gas, a combustion tunnel has been designed for COGEMA 
on the basis of an existing facility. 
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4. 1 Standard incinerators 
These compact units feature the following components inside a sealed refractory- lined steel 
casing : 

- a loading chute, its inlet controlled by a sealed !<x:k with double sliding doors, 
- a combustion chamber with grates designed to incinerate plastics, 
- two burners, including one for post-combustion, 
- a Y-shaped post-combustion chamber lined with silicon carbide aggregate, and 
- an exit duct for flue gases. 

This incineration unit, designed for small capacities (10 to 150 kg/h) incorporates a fume 
treatment system generally including. 
- gas dilution by cold air, 
- dry filtration (bag filters for example) , 
- HEPA filtration, 
- if necessary, fume acidity treatment, 
- gas scrubber, and 
- discharge stack. 

4. 2 MELOX incinerator 

4. 2. 1 Objectives and basic options 

The objective is to obtain maximum reduction of both the volume and the alpha activity of 
v/astes intended for geological disposal. 

The basic options retained for the management of combustible wastes resulting from the . 
fabrication of MOX fuels are as follows; 
- incineration in the MELOX plant located on the MARCOULE site, and 
- treatment of plutonium-rich ashes in the La Hague UP2-800 reprocessing plant enabling; 

• the recovery of plutonium in the ashes by electrolytic dissolution and its recycling in the 
plant purification units, and 

• the vitrification of treated ashes. 

4. 2. 2 Incineration 

The combustible alpha wastes will be incinerated in an advanced version of a field-proven grate 
furnace, operating with excess air and provided with a postcombustion chamber filled with 
silicon carbide aggregates. 

These wastes have specific characteristics : 

- a plutonium content requiring highly reliable containment and the implementation of a 
criticality control system, 

- a very high proportion of PVC which requires particular precautions against hydrochloric 
corrosion, and 

- a high proportion of chioroprene with high zinc concentration which leads to an improtant 
production of volatile chlorides and requires the implementation of a specific gas treatment. 

Compared with existing facilities, the MELOX incinerator whoes capacity is 20 kg/h, which 
will start operation at the end of 1993, will be provided with miscellaneous innovations, taking 
into account these specific requirements. 
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The containment of radioactive materials in the incinerator is ensured by means of two successive 
static barriers strenghtencd by a double dynamic barrier: 
- a first welded casing constitutes the first static barrier, and 
- a second welded casing constitutes the second static barrier. 

The space between the two casings is ventilated in excess pressure with respect to the combustion 
and postcombustion chambers, and under negative pressure with respect to the local 
environment. 

The non-contamination of the air extracted from this double jacket is permanently controlled. 

Particular precautions are taken in the design of casing penetrations and of the intermediate 
space. 

The criticaiity control method retained consists of maintaining the plutonium mass below a limit 
fixed by safety authorities in each part of the facility : 

- waste preparation, 
- incineration, and 
- ashes conditioning. 

The incinerator control system is comprised of : 

- permanent neutron counting around the ash removal hopper, 
- neutron counting around the postcombustion chamber which takes advantage of the moderating 

power of silicon carbide aggregates, and 
- periodical inspections and cleaning through double doors. 

The refractory thickness and the double jacket ventilation are designed so that the whole first 
casing be maintained at a temperature higher than the maximum dew point of hydrochloric 
vapors. 

For this the double jacket is divided into channels, the distribution of air and the temperature of 
which have been determined using a computerized design model. 

The filtering of fumes containing zinc chloride requires prefiltration at a relatively low 
temperature on a cleanable filter. High efficiency bag filters have been selected. 

The development tests carried out by CEA enabled the best filtering medium to be selected and 
the filtration and declogging parameters to be optimized. 

These choices were corroborated by an endurance test performed on a representative pilot unit. 

4. 3 VALDUC incinerator 

This incinerator based on the IRIS process (pyrolysis and calcination in two rotary kilns) and 
built by USSI, will be operated in 1995 and will have a 7 kg/h capacity. The two-step IRIS 
incineration process has been tested on an inactive pilot unit of a 4 kg/ h capacity which 
cumulates more than 3500 hours of operation, 

The wastes previously crushed are pyrolysed at 550°C in an electrically heated rotary furnace. 
The solid residue is calcined at 900°C in a second electrically heated rotary furnace. 

The corrosion tests carried out have enabled the selection of the materials best adapted to each 
process step and the tests performed on the pilot unit under representative conditions have 
validated these choices. 
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The tightness systems are derived from those used in the fission product vitrification furnaces of 
reprocessing facilities. 

The furnaces are installed and maintained in glove boxes like the electrically heated rotary 
furnaces used for calcining plutonium oxalate in reprocessing facilities. 

Pyrolysis gases are burnt at 1100°C in a fixed electrically heated postcombustion chamber lined 
with very high quality refractories. 

The heating system design enables easy maintenance in a glove box. 

After postcombustion, the fumes loaded with zinc chloride are purified on high efficiency bag 
filters like in the MELOX incineration system. 

4. 4 Combustion tunnel (for liquids and gases) 

For the treatment system, the method employed is excess-air combustion of the gases or liquids 
to be eliminated. 

The system described below features superior incineration efficiency. Results achieved are ten 
times greater than the values specified. 

An industrial incineration facility based on that technology has been operating for three years 
with highly satisfactory results. 

Combustion chamber 

The combustion chamber, excluding the postcombustion chamber, is sized to accommodate a 
heat density up to 300 thermies per hour and per cubic meter at the maximum rate of heat 
release. 

The combustion chamber is cylindrical and horizontal in shape. 

Burner 

Aside from the combustion chamber size and the shape of the flame exit, the prime factor 
determining complete combustion is the quality of the fuel/oxidizing substances mix. Special 
measures are therefore taken to ensure high velocities at convergent jets of air from the burner 
firing block, whatever the flow of gas to be incinerated. 

The basic arrangement for the burner and its firing block is therefore as follows. 
- a central input of natural gas or liquid fuel coupled with primary air flow ensuring combustion 

of this gas or liquid with very small excess oxygen, 
- an input of secondary air in the form of peripheral jets converging on the main burner flame. 

Its flow is regulated according to requirements, 
- a scavenging air input at a constant flow and hence constant injection velocity to ensure a high 

turbulence and cooling of the firing block in all regimes, and 
- inputs of gas between the secondary air and the flame of the natural gas burner via three-way 

valves. 

Combustion aid 

The central burner is fed constantly and the flame, monitored to ensure safety. This is carried 
out to control combustion of the feed gases and, if necessary» to maintain temperature in the 
combustion chamber. 
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Temperature 
The final criterion for ensuring effective combustion is the temperature inside the chamber. 
The target temperature in the postcombustion chamber (regulated temperature) is 850 to 
1 , lOO'C- This temperature is slightly lower than the temperature in the combustion chamber, 
which is displayed in the control room. 
Temperature in the postcombustion chamber is regulated by adjusting the natural gas or liquid 
fuel and secondary air flows using a split-range control concept. 

If the temperature is greater than the set point, the natural gas or liquid fuel and primary air 
flows are decreased. Tf the temperature difference continues, the secondary air flows are 
increased. 

Postcombustion chamber 

A second chamber filled with porous silicon carbide pebbles is placed at the combustion chamber 
outlet. This postcombustion chamber further enhances combustion quality by increasing the 
possibility of gases and unburnt solids mixing with the oxygen of the flue gases, which contain a 
large fraction of excess air. 

The pressure drop in the postcombustion chamber is measured before and after the silicon carbide 
and displayed locally. This gives information about the clogging of the silicon carbide bed by 
dust particles. 

Conclusions 
Tn addition to the expertise we have acquired in the implementation of beta-gamma waste 
incinerators with capacities up to approx. 1 T /h , two industrial incineration processes of 
chlorinated solid wastes highly contaminated in alpha emitters have been developed in France. 
- the two-step incineration, process enables safe installations in glove boxes for capacities ranging 

from some kg/h to 20 kg/h, and 
- the direct incineration process in a high-tech fixed furnace derivated from SGN standard 

incinerators enables safe installations for capacities ranging from .10 kg/h to 50 kg/h. 

Moreover, SGN had the original idea of installing two combustion tunnels with associated 
equipment in order to burn poisonous explosible gases (arsine, phosphine, silicon tetrahydride, 
hydrogen, etc.). They have been operating since three years with outstanding elimination 
efficiency (above 99. 95%). This idea is now being adapted to pyrolysis gases arising from 
spent fuel reprocessing plants. 
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EXPERIMENTAL STUDY ON PYROLYSIS INCINERATION 
PROCESS FOR RADIOACTIVE WASTES 

MA Mingxie QIU Mingcai WANG Peiyi 
ZHOU Lianquan LIU Xiaoqin 

China Institute for Radiation Protection 

ABSTRACT 
In order to treat combustible radioactive wastes containing plastics and rubber in a considerable 
amount, a pyrolysis incineration process has been developed. Laboratory study and pilot test for 
the technology were performed. The results obtained in pilot test show that the waste containing 
a larger amount of plastics and rubber can be burnt perfectly in given technologic conditions, 
with a high volume-reduction factor obtained, and the process is easy to control. 

1. Introduction 

Experimental studies have been carried out to develop an incineration process for treating 
uranium-contaminated wastes. The wastes to be treated contain, besides paper and cloth, a 
great portion of synthetic materials such as plastics, rubber, and ion-exchange resin. The 
process developed is pyrolysis incineration. On the basis of laboratory study, a pilot plant has 
been constructed, and cold test, performed. The purpose of cold test is to demonstrate the results 
of the laboratory study and obtain the information and data applicable for scaling-up. A 
continuous operation of 120 h was performed with cumulative operation time nearly 1000 h. 

2. Principle 
The combustion behavior of cellulose materials such as cotton, paper, etc. is quite different 
from that of synthetic materials such as plastics and rubber. The former can be readily burnt 
and the latter fumes heavily when burning. The difficulty of burning the waste containing 
synthetic materials lies mainly in the flue gas cleaning because of the large amount of soot and 
tar produced in incomplete combustion. In our opinion, the rational way is to try to assure 
perfect combustion in order to inhibit the production of soot and tar, rather than to remove them 
by post- combustion or dust collecting process. This is the reason why we chose pyrolysis 
incineration for these wastes. In the process, the pyrolysis of waste and the combustion of 
volatile pyrolytic products proceeded separately. The feature of the process was to convert the 
direct combustion of solid materials into that of gas and tar mist which is liable to proceed 
perfectly so as to inhibit the formation of incomplete combustion products and simplify the 
cleaning of flue gas. 

3. Process Description 
The pilot test was limited to the processes of pyrolysis, combustion, and flue gas cleaning, 
excluding waste pretreatment and ash handling. Shredding and packaging of waste were 
performed manually. The waste bags had the size of 60^80 mm. The simulated wastes were 
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composed of various uncontaminated materials. The typical waste composition was as follows; 
cotton and paper 40% 
PVC 25% 
PE 15% 
rubber 5% 
ion-exchange resin 5% 
poly-perchloroethylene 10 % 

A simplified flow diagram is shown in Fig. 1. 

The throughput capacity of the pilot plant was nearly 4 kg/h. 

Pyrolysis 

The pyrolyzer was a shaft cylindric furnace made of carbon steel without refractory lining. It 
was 273 mm in outer diameter and 1,100 mm in height. Waste bags were fed into the furnace 
batchwisc and thermally decomposed into volatile products and pyrolytic char in an oxygen-
deficient atmosphere. The heat required for pyrolysis was supplied by the heat evolved from the 
combustion of pyrolytic char left underneath with primary air. The volatile pyrolytic products, 
including combustible gases and tar mist, were carried away with the upward gas stream and left 
the furnace. The.ash was swept down through the grate with a rotating rod. Its residual carbon 
content was below 5 % ( w t ) . The volume reduction ratio was 35 : 1 approximately. 

There were jackets at the upper and lower parts of the furnace. Cooling air was blown into the 
lower one to cool the cylinder wall of the lower part of the furnace and thus reduce its corrosion. 
The hot air leaving the lower jacket entered the upper one for maintaining a higher temperature 
of the wall to prevent or reduce the condensation of tar mist. 

The primary air amounted only to about one fourth of the stoichiometric quantily of air required 
for complete combustion. The low rate of air stream diminished the entrainment of ash, 
resulting in a low fly ash content in flue gas. Pyrolysis rate was not quite steady; during a 
feeding period, it was faster at the beginning and then became slower gradually. Wastes of 
different composition showed nearly the same behavior in pyrolysis. 

Combustion 

The volatile pyrolytic products from the pyrolyzer, after mixed with sufficient secondary air, 
entered the combustion chamber via a nozzle. The horizontal combustion chamber was made of 
a high alumina ceramic tube (150 mm I. D. , 750 mm L) withelcctroheating coil and thermal 
insulation outside. Under condition that the temperature in combustion chamber was above 
1170K and the oxygen concentration, above 5 % , perfect combustion could be obtained. The 
flame was clear and no smoke was perceived. The combustion temperature was commonly 
within the range of .1.220— H20K. Normally, the combustion heat was sufficient to maintain 
the temperature within the range. External electroheating was supplied only when the 
temperature fell down below 1170K. As mentioned above, the pyrolysis rate varied in each 
feeding period, the oxygen concentration in flue gas varied accordingly in t he range of 
5—15%. It could be controlled by adjusting the secondary air flow rate. 

Cooling 

The hot flue gas from the combustion chamber was cooled to 570K with an air-to-gas jacketing 
heat exchanger before entering the cleaning system. 
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Cleaning 

The flue-gas cleaning system consisted of a filter for particulate removal and an absorption 
scrubber for acidic gases removal. If the filtration efficiency was high enough » only particulates 
of very small size could escape from filtration. It was anticipated that the small particulates 
would not probably be removed effectively in scrubbing, thus the exhausted scrubbing solution 
should not be managed as radioactive liquid waste. The arrangement of the cleaning system was 
based upon that assumption. 

Bag filter was selected for particulate removal. Filtration had to be carried out at a temperature 
higher than the dew point of flue gas to prevent acid condensation. The dew point of flue gas 
was estimated to be about 405~420K. In operation, the filtration temperature was kept above 
435K. The filtration medium was NOMEX needle felt with mass thickness 350 g/m 2. The face 
velocity was about 0. 9 m/min. 

The content of particulates and their size distribution were determined (see Table 1)... 

It can be seen from the table that for the waste containing high content of PVC and rubber the 
particulate contents before and after filtration are much greater than those for the waste 
containing only cotton and paper. In the case of the waste with high content of plastics and 
rubber, the results of chemical analysis showed that the particulate samples collected before and 
after filtration contain a great amount of Pb and Zn, These constituents are considered to be 
originated probably from the additives in plastics and rubber. Lead and zinc would sublimate in 
the form of chlorides in pyrolyzer and are then converted into oxides or other compounds in 
combustion chamber. In cooling process of flue gas, they are condensed gradually and collected 
in filtration. The high content of particulates in flue gas behind filtration suggests that 
condensation of some sublimate could happen after filtration. Generally, the decontamination 
efficiency is different from the filtration efficiency. The actual decontamination efficiency will 
be determined using contaminated waste in further experiment. 

After filtration, flue gas entered an absorption tower which was packed with ceramic corrugated 
plate packings ( 2 , 000 mm high). The tower was 150 mm in diameter and 4, 000 mm in 
height. The gas temperature at the entry was about 343K. The acid gases were removed from 
the gas stream by countercurrent contact with alkaline solution ( 5 % sodium carbonate 
solution). The concentrations of acid gases and the absorption efficiencies are given in Table 2. 

Since the results of HCl removal are not satisfactory, further improvement is required. 

Whether the exhausted scrubbing solution can be managed as non- radioactive liquid waste 
remains to be demonstrated in hot test. 

A negative static pressure is maintained in entire system with an induced draft fan. 

Corrosion problems 

All devices and tubes are made of carbon steel. Because of the high acid content in flue gas (see 
Table 2 ) , corrosion is a serious problem. No quantitative results can be given. By visual 
observation, the corrosion of pyrolyzer is not serious. In the cooling and cleaning systems, the 
most serious corrosion occured in the duct sections adjacent to combustion chamber and between 
the baghouse and absorption tower. The corrosion of devices and ducts in the temperature range 
of 440~680K was found to be comparatively much slighter. These results agree basically with 
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those given in literatures. 

Summary 

In general, the results of cold test conform to those of laboratory study. The results obtained 
show that the process can incinerate wastes with high content of synthetic materials. Other 
features include low energy consumption and full combustion. 

Table 1 Content and Size Distribution of Particulates 

Composition of waste 
Particulate content mg/m3 Percentage of different sizes (urn) 

(in number) * 
before after 

filtration filtration < 1 1-2 2—5 5 - 7 7-10 >10 

Cloth, paper 100% 

Cloth, paper 60% 
PVC, rubber 40% 

32 2.1 73.6 14.3 9.76 0.34 0.67 1.35 

620 39 55.0 23.8 15.3 2.0 2.5 1.33 

* before filtration 

Table 2 Results of Absorption 
Acidic 

gas 
Velocity 
(m/sec) 

Liquid rate 
(mVh • m 2) 

Concentration of gas mg/m3 

original after absorption 
Absorption 
efficiency (%) 

HCl 
S0 2 

0.5 
0.5 

28 
28 

1.08X10* 1.61X10* 
4.84X102 1.00 

98.5 
99.8 

Air heater 
Air lock 
Pyrolyzer 
Cooling air 
Feed 
Combustion chamber 
Radiation heat exchanger 
View glass 
Cooling air 
Jacketing heat exchanger 
Compressed air 
Baghouse 
Impulsion dust collector 
Absorption tower . 
Tank 
Pump 
Blower 
Discharge 
Secondary air 
Primary air 
Ashpit 
Ash 

= JYfessspsssdL 
»^wooo 

Fig. 1 The flow sheet of pyrolysis incineration 
P—manometer; T—thermometer. 
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MELT REFINING OF URANIUM CONTAMINATED 
COPPER, NICKEL, AND MILD STEEL 

RENXinwen LIU Wencang ZHANG Yuan 

China Institute for Radiation Protection 

ABSTRACT 
This paper presents the experiment results on melt refining of uranium contaminated metallic 
discards such as copper, nickel, and mild steel. Based on recommended processes, uranium 
contents in ingots shall decrease below 1 ppm; metal recovery is higher than 96%; and slag 
production is below 5% in weight of the metal to be refined. The uranium in the slag is 
homogeneously distributed. The slag seems to be hard ceramics, insoluble in water.., and can be 
directly disposed of after proper packaging. 

1. Introduction 
During the processes of uranium mining and milling, uranium isotopes separation, or nuclear 
fuel fabrication, a large amount of spent metal parts contaminated by uranium compounds will 
be produced, particularly in case of decommissioning of nuclear facilities. Generally, they will 
be decontaminated at the original sites, then disposed of as radioactive wastes or reused as clean 
metals depending on their contamination levels. In order to reduce the waste volume and recover 
the reusable metals , melt refining can be regarded as a sound solution. 

The experiment aims"at selecting the suitable flux composition and process parameters, which are 
important factors in transferring uranium from melt into slag in addition to free energy of oxide 
formation. 

2. Experiment Methodology 

In order to obtain the results for refining the contaminated metal, following experiments were 
performed with nickel. 

Method 1 
The uncontaminated nickel was weighed and placed into crucible. Then, a designated amount of 
uranium compound and certain percentage of flux were added into it. After preheating, it was 
transferred into a resistant furnace for melting. After a certain period of time, the melt was 
casted. The ingot was drilled to take samples and the drilled chips of surface layer were 
removed. The uranium contents were measured with spectrophotometric analysis. 

Method 2 
The real contaminatd nickel was weighed and placed into crucible. The flux was added with the 
same percentage as in Method 1. After preheating, it was transferred into resistant furnace for 
melting with the same temperature and duration as Method 1. Then the melt were casted. The 
ingot was drilled to take samples and the uranium contents were measured. 

Figure 1 illustrates the results. There is the same tendency for the two curves. However, 
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Method 1 seems to be more sensitive to the flux amount, it is adopted for this experiment. ' 

3. Results and Discussion 
The thermodynamic parameters of copper, nickel, and steel are showed in Table 1 for 
reference. 

3. 1 Flux selection 

Each sample to be melted is 100 g by weight, in which contamination levels are 238. 2 ppm, 
342- 3 ppm, and 238. 2 ppm uramium for Cu, Ni, and mild steel respectively. Flux is added 
into the crucible in 10% (wt) . After preheating, the mixtures are melted in a resistant furnace 
at different temperatures (Cu—1300°C, Ni—1550°C, steel— 1600'C) for 0. 5 h . 

The results are listed in Tables 2 , 3 , 4 , and Figure 2. They indicate that the decontamination 
efficiency will be affected by flux composition obviously. Figure 2 shows that the 
decontamination efficiency has a close linkage with the basicity of flux. Under the experimental 
conditions, better decontamination efficiency can be obtained within the basicity range from 1 to 
1. 3. The slag produced from blast furnace in the Taiyuan Steel Plant has a composition of 38. 1 
S i0 2 , 41.4 CaO, 3. 8 MgO, 2. 6 F e 2 0 3 , and 14. .1 A1 20 3. Because its basicity is about 1. 1, 
the highest decontamination factors for copper, nickel, and mild steel can be obtained in the 
experiment. This flux is rich in resources and low in cost. So it has been tested in more detail. 

3. 2 Selection of melting temperature 

The blast-furnace slag was selected as flux with an amount of 10% (wt) , and it was melted for 
0. 5 hr under different temperatures. The results are showed in Figure 3. It can be found that 
when copper was melted above 1300°C> the temperature had little effect on decontamination 
efficiency. If the temperature was lower than 1300°C, ingot casting would have some 
difficulties. For nickel, the temperature over 1500°C also had little effect on decontamination 
efficiency. When the temperature was below 1550°C, ingot casting would also have some 
difficulties. Because of the limit of experimental furnace, 1550°C was chosen as the melting 
temperature for nickel. 

Experimental phenomena indicate that melting temperature for decontamination should be 
200~300'C above the melting point of relevant metals. 

3. 3 Selection of melting time 

Under the conditions of selected melting temperatures (Cu—1300 eC and Ni—1550*0 » flux 
type (blast-furnace slag) , and the amount of flux (10% by weight) , melting time was changed 
from 0. .1 to 1 h . The results are showed in Figure 4. It indicates that extending the melting 
time seems disadvantageous in removing uranium from copper and no effect is found on 
decontamination of nickel within 0. 17—1 h . 

Since uranium contaminants can be extracted into slag rapidly, the metal should be casted as 
soon as it was fully melted. The melting time should usually not exceed 0. 5 h . 

3. 4 Effect of flux amount on decontamination efficiency 

Under the conditions of selected melting temperatures (Cu—1400'C and Ni—]550°C)> flux 
type (blast furnace slag), and melting time (0. 5 h ) , melt refining was carried out within the 
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scope of 0 ~ 1 0 % (wt) of flux amount. The results illustrated in Figure 5 show that the 
minimum amount of flux added should be 5%(wt ) , otherwise the residue contents of uranium 
in the ingot should increase evidently. This amount is only for laboratory scale. In industrial 
scale the amount will be greatly reduced. It is necessary to find out the most favourable amount 
to be used for the furnace. 

3. 5 Effects of contamination level on decontamination efficiency 

Under the same conditions as Section 4, contamination experiments were conducted for Cu 
(2. 4 ~ 2 3 8 . 2 ppm of uranium) and Ni (342. 3 — 680. 6 ppm of uranium). The results 
illustrated in Figure 6 indicate that the contamination level has no effect on the residue uranium 
contents in the ingot. Even if this level rises to 680. 6 ppm, the resdue uranium content in the 
nickel ingot is only 1. 5 ppm. In fact such a high contamination level is seldom found. 

There is less need of prcdecontamination process for metal parts contaminated by natural 
uranium. For the metal parts from uranium enrichment plant, much stricter prcdecontamination 
process is necessary so as to recover uranium and avoid criticality. 

3. 6 Refining results of real samples 

Samples from nuclear fuel fabrication facilities were taken to demonstrate the refining 
effectiveness. The parameters are as follows. Melting temperature; Cu—.1400*C » 
Ni—1550'C> and mild steel—]600'C; melting time. 0. 5 h ; flux : blast furnace slag; and 
amount of fiux : 10% (wt). The results are listed in Table 5. The refining gives sufficient 
decontamination efficiency, no matter how much the contamination level is. 

3. 7 Refining parameters recommended 

The refining parameters recommended are listed in Table 6. For steel, the melting temperature 
depends on the sort of steel. Normally it is higher than 1600*C-

3. 8 Metal recovery and slag productive rate 

Under the conditions of melt refining parameters recommended, the metal recovery and slag 
productive rate have been measured. For copper, the metal recovery is 99. 9 ± 0 . 3 % ; slag 
productive rate (slag weight/amount of flux added in) is 125. 7 ± 1 6 . 8%. For nickel, the 
metal recovery is 96. 1±2 . 7%; slag productive rate is 133. 6±24 . 8%. For mild steel, the 
metal recovery is 98. 9 ± 1 . Q% ; slag productive rate is. 128. 3±21 . 4%. 

Those data were obtained in laboratory scale. The slag productive rate in industrial scale will be 
much less than that in laboratory scale. 

3. 9 Uranium release rate to environment during melting 
» 

During melting, uranium may escape from crucible to the environment in different compound 
forms. The measurement results are listed in Table 7. It indicates that the uranium release rate 
is very low, which will not exceed 10~ s of the total uranium contained in the metal to be 
melted. 
3. 10 Uranium distribution in slag 

200 g of flux was put into the crucible. Uranium compound containing 0. 4763 g uranium was 
then added to. It was melted in the furnace at 1550'C for 10 minutes, and then casted. After 
slag ingot was cooled down naturally, samples were taken from it as shown in Figure 7 to 
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measure the uranium contents. The results listed in Table 8 show that uranium distribution in 
the slag is rather homogeneous. That total uranium amount calculated with an average uranium 
content in the slag is 105. 1% of that added. 

Samples of slag, produced during copper melting, were taken for measurement of the uranium 
content, the total uranium amount calculated was 25. 24 mg, 105. 9% of the total uranium 
contained in the metlcd copper. 

Conclusions 

- The results obtained accord with those anticipated by thermodynamics. 
- Melt refining can transfer the uranium contaminants from metal into slag effectively. 
- Residue uranium contents in the ingot after melt refining mainly depend on the basicity of 

flu>£. When the basicity falls in the range of 1 ~ 1 . 3, the optimum decontamination 
efficency can be obtained. 

- Blast-furnace slag produced in the Taiyuan Steel Plant has a basicity of 1. 1. This slag is the 
most effective flux for melt refining copper, nickel, and mild steel. 

- Temperature of 200—300'C above metal melting point is suitable for melt refining. 
- Flux addition amount should be higher than 5% of the metal by weight when the metal is 

melted in laboratory scale. It could be much less than 5% in industrial scale. The proper 
amount of flux added in depends on the melt furnace capacity. 

- The shorter the melting time, the better the decontamination efficiency. As soon as the 
metal is melted completely, it should be casted. 

- Original contamination level has no effect on melt refining results. 
- Uranium distribution in slag is sufficiently homogeneous. 
- Slag looks like ceramics. It is very stable in water or diluted mineral acid. It can be disposed 

of directly after proper packaging. 
- Using parameters recommended for melt refining in laboratory scale, residue uranium 

content in ingot is lower than 1 ppm; metal recovery is higher than 96%, slag productive 
rate is around 135%, uranium release rate is lower than 10"5 of the total uranium in the 
melted metals. 

Table 1 Thermodynamic Parameters 

Metal 
Density 
(g/cm 3) 

Melting point 
CO 

Specific heat 
(cal/g) 

Fusion heat 
(cal/g) 

copper 
nickel 
iron 

8.92 
8.902 
7.869 

1083 
1452 
1536 

0.0916 
. 0.107 

0.1077 

51 
73 
64.4 
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Table 2 Decontamination Efficiency of Various Fluxes for Copper 

Flux Flux composition 
No. ( w t % ) 

1 100BaCi2 

2 20CaO 80Fe2O3 

3 65Si02 lOCaO 15Fe 20 310Al 2O 3 

4 40NaF 60CaF2 

5 30SiO2 50CaO 5CaF2 5Fe 20 310Al 2O 3 

6 40SiO2 30CaO 10CaF2 20Al2O3 

7 10QCaF2 

8 Na-glass 
9 50SiO2 25CaO 25Fe 20 3 

„ , . Residue U n „ m Basicity , . DF* 
content (ppm) 

10.7 22.3 
13.3 17.9 
3.8 62.7 

13.0 18.3 
3.6 66.2 
1.8 132.3 

18.3 13.0 
5.7 41.8 
3.5 68.3 
1.0 235.8 

0.21 

1.65 
0.76 

0.41 
10 38.1SJQ2 41. 4CaO 3. 8MgO 2. 6Fe2Q3 14.1A12Q3 1. 1 
* DF; decontamination factor 

Table 3 Decontamination Efficiency of Various Fluxes for Nickel 

Flux Flux composition 
No. . (wt %) 

3 65SiO210CaO 15Fe 20 3 10Al2O3 

5 30SiO2 50CaO 5CaF2 5Fe 20 3 10Al2Oa 
6 40SiO2 30CaO 10CaF2 20Al2O3 

10 38. lSi0 2 41. 4CaO 3. 8MgO 2. 6Fe 20 3 14. lAlzOs 
11 75Si02 20CaO 5Fe 20 3 

12 40SiO240CaO 20Fe2O3 

13 75Si0225CaO 
14 10SiO2 40CaO 10Fc2O3 40Al2O3 

15 50SiO2 25CaO 25A1203 

Table 4 Decontamination Efficiency of Various Fluxes for Mild Steel 

Flux Flux composition „ . . Residue U ^ „ 
• , n/N Basicity _ / . DF 

No. (wt %) Content (ppm) 
5 30SiO2 50CaO 5CaF2 5Fe 20 3 10Al2O3 

6 40SiO2 30CaO 10CaF2 20Al2O3 

10 38. lSi0 2 41. 4CaO 3. 8MgO 2. 6Fe 20 314. 1A1203 

11 75Si02 20CaO 5Fe 20 3 

12 40SiO2 40CaO 20Fe2O3 

13 75Si0225CaO 
14 10SiO2 40CaO 10Fe2O3 40Al2O3 

15 50SiO2 25CaO 25A1203 

16 10SiO2 50CaO 10CaF2 5Fe 20 3 25A1203 

17 40SiO250CaO l0Fe 2O 3 

18 25Si02 50CaO 25Fe 20 3 

Basicity Residue U 
content (ppm) 

DF 

0.23 10.0 34.3 
1.63 2.8 122.3 
0.76 2.7 126.8 
1.1 1.0 342.3 
0.31 4.1 83.5 
1.25 1.1 311.2 
0.36 4.7 72.8 
1.38 2.2 155.6 
2.4 7.4 46.3 

1.96 6.4 37.2 
0.76 2.2 108.3 
1.1 1.5 216.5 
0.31 4.9 48.6 
1.25 2.5 95.3 
0.36 4.9 48.6 
1.38 3.3 72.2 
0.42 3.3 72.2 
0.40 3.5 68.1 
1.42 4.3 55.4 
0.25 4.0 59.6 
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Table 5 Melt Refining Results of Real Samples 

Metal Copper Nickel Mild steel 

Furnace No. 1 1 2 1 2 3 
Original U cont. (ppm) 2 298 3111 6 25 152 

• Residue U cont. (ppm) EDL* BDL BDL BDL BDL BDL 
DF > 4 >6E2 >6E3 > 1 0 > 5 0 >3E2 
* BDL. below determination limit 

Table 6 Melt Refining Parameters Recommended 

Metal Flux Amount of flux Melting temp. Melting time 

Copper Blast furnace slag 5% (wt) 14008C 0. 2 - 0 . 5 hr 
Nickel Blast furnace slag 5%(wt) 1550'C 0. 5hr 
Steel Blast furnace slag 5%(wt) >1600'C 0.5hr 

Metal 

Table 7 Uranium Release Rate to the Environment at Various Temperatures 

T("C) Furnace No. Total U in metal(mg) Total U in air(mg) Esc. rate 

Copper 1250 1 47.64 
1300 1 238.2 

2 47.64 
3 47.64 

1400 1 47.64 
2 47.64 
3 95.28 
4 476.4 
5 1209 

Nickel 1550 1 1600 
2 21947.9 
3 47. 88 
4 47.88 

1600 1 142.92 

1. 8E-3 3. 8E-5 
2. 5E-3 1. OE-5 
1. 5E-3 3.1E-5 
3. 5E-3 7. 3E-5 
4. 3E-3 9. OE-5 
5. OE-3 1. 0E-5 
1. 2E-4 1. 3E-6 
8. 8E-5 1.8E-7 
8. 5E-5 7. 0E-8 
7. 5E-4 4. 7E-7 
1. 3E-3 5. 9E-8 
1.1E-3 2. 3E-5 
4. OE-3 8. 4E-6 
1. 7E-3 1. 2E-5 

Table 8 Uranium Distribution in Slag 
Sample No. Ul U2 U3 U4 
Sample WT(g) 0. 3740 0. 4000 0. 5553 0. 3504 
U. Cont. (mg/g) 2. 6404 2. 0344 2. 5216 2. 8182 
Average U Cont. (mg/g) 2. 5037 ± 0. 3357 
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