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Melt-slagging was investigated as a technique for volume

reduction and decontamination of radioactively contaminated scrap

metals. Experiments were conducted using several metals and slags

in which the partitioning of the contaminant U or Pu to the slag

was measured. Concentrations of U or Pu in the metal product of

about 1 ppm were achieved for many metals. A volume reduction

of 30:1 was achieved for a typical batch of mixed metal scrap.

Additionally, the production of granular products was demonstrated

with metal shot and crushed slag.

INTRODUCTION

Machines, tools, glove boxes, and other structures associated with

processing of nuclear materials are subject to surface and crevice con-

tamination. Airborne dusts of uranium and transuranic (TRU) compounds are

common sources of contamination. The primary concern in these unirradiated

materials is their alpha emission. They are a serious biological hazard

only if ingested. The concern from the waste management viewpoint is the

extremely long half-lives of the TRU elements and the attendant necessity

to assure prevention of their entering the food chain.

(a)Research sponsored by division of Waste Management, U.S. Department
of Energy under contract W-7405-eng-26 with the Union Carbide Corporation.
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Current trends are to treat even extremely low level radioactively

contaminated material as hazardous waste requiring burial in extensively

engineered and monitored shallow-land burial grounds to assure its

isolation. Items contaminated with TRU elements to a level more than

10 nCi/g are considered TRU-waste and require retrievable storage for

eventual emplacement in a geologic repository. These relatively expensive

disposal techniques lend incentive to reducing the volume of waste.

Melting of most metals under an oxidizing slag tends to decontaminate

the metal and concentrate the contaminant in the slag.1 The thermodynamic

principle underlying this behavior is that an alloying element will partition

between melt and slag such that at equilibrium its activity is the same in

each phase. We previously2 calculated from thermodyhamic free energy data

(with the assumption of equilibrium and ideal solution) the slag/metal

distribution of several contaminants in common metals at appropriate

melting temperatures. These calculations are only indicators of trends,

but show that uranium and the TRU elements should concentrate in oxidizing

slags equilibrated with melts of Sn, Pb, Zn, Cu, Fe, Ni, and Cr. In

contrast, only slight decontamination is predicted by oxidizing slags over

melts of aluminum. These trends are being confirmed in laboratory scale

experiments.

Items of simple geometry can sometimes be decontaminated and certified

as clean to the required level by direct counting and smear techniques.

However, larger and more complex shapes are impossible to certify as clean

to the required level due to inaccessible spots, crevices, cracks, etc.



The ingot product of melting can be shown to be uniform and thus can

be accurately tested for radionuclide content by a technique such as

passive gamma analysis. Thus, in addition to the simple volume reduction

achieved by transforming the metal to its most dense form, this ability

to determine the radionuclide content may permit some of the metal to be

removed from the waste stream entirely or downgraded to a less hazardous

waste category.

An alternative to casting of ingots is to produce shot from the molten

metal. Shot may have advantages from a handling or nuclide assay stand-

point. Metal shot and granular slag may also be desirable as a form for

permanent disposal. We have produced metal shot and granulated the slags

using simple apparatus.3 These granular products have been shown to be

suitable for suspending in a grout mixture used for permanent disposal

through the shale hydrofracture technique at the Oak Ridge National Laboratory.

The granular form of slag and metal should also be suitable for mixing with

glass, concrete, tailored ceramics, or other media for stabilization during

shipping and final disposal.

LABORATORY DETERMINATION OF SLAG/METAL
DISTRIBUTION OF CONTAMINANTS

Three different types of experiments were run to measure the partition

ratio (defined as the amount of contaminant in the slag divided by the amount

in the metal) for uranium with several metals and slags; 1) the solid metal

was surface contaminated with U0 2 and then melted under a slag, 2) the metal

was prealloyed with uranium then melted under a slag, and 3) the slag was

premixed with UO2 and the transfer of uranium to the metal bath was measured.
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In each case, more accurate and repeatable results were obtained when the

slag was removed from the molten bath before casting the metal or allowing

it to solidify in the crucible. In the first type of experiment, extreme

care was necessary to avoid mechanical entrapment of UO2 particles in the

metal for our small sample size. This would be less of a problem for

larger melts where good metal slag contact is achieved and slag separation

before casting is easier. In the second case, many of the metals were

difficult to alloy with uranium because of its low solubility. This low

solubility is an asset in the actual melting where it is desirable to

minimize uranium content in the melt. The third method proved to be the

best experimental technique for the determination since the UO2 dissolved

easily in the slag and transfer of uranium to the melt was uniform.

Theoretically, the result is the same since, at equilibrium, transfer of

uranium to and from the slag is equal regardless of the original source

of the uranium.

Some typical results are given in Table I. Although the experimental

values for the partition ratio tend to agree in order of sequence with the

calculated values, the experimental values are different by many orders of

magnitude from the calculated values. The reasons for the gross dis-

crepancies are most likely those listed in the reference,2 that is, assuming

ideal solution and Henry's Law activity coefficients of unity. It should

also be pointed out that when the uranium is prealloyed with aluminum,

partition ratios of only 2 to 3 are observed instead of 190 as in the table.

Only minor differences in effectiveness were noted between different

oxidizing slags for most metals. A noted improvement was obtained for

aluminum by using a NaF-CaF2 slag instead of an oxide based slag. Uranium

values of 1 to 2 ppm were obtained in the aluminum with this slag. Details

of these experiments are in a report now in preparation.1*



Table I. Results of Equi1ibrati ng Several Metals
with Slag Containing 0,3 wt % U

Equilibration
Metal Temperature

()

Uranium
Concentration
Irt Metal (ppm)

Partition Ratio
Experimental Calculated^

Sn
Pb
Zn
Al
Cu
Fe
Ni

550
550
550
700
11.00
1600
1600

2.5
<2
<2
16
5

<2
4

1.2
1.5
1.5
1.9
6

1.5
7.5

X:

X
X
X
X
X
X

103
10?
103

TO2

102
103

to2

105G

TO 2 9

io-3

TO211
10 1 1

aFrom reference 2.

To demonstrate the feasibility of decontamination of TRU contaminated

metal wastes, various ferrous and non-ferrous metals were contaminated

with PuO2 and melted with and without slags. These experiments are in

progress and the detailed results will be given in a future report.

Table II shows the Pu distribution in the bulk and surface of the ingots

which were contaminated with 500 ppm of PuO2 and then melted and allowed

to solidify in situ with no slag.

These results indicate that use of proper slags will be necessary for

efficient removal of Pu from the contaminated metals. Table III presents

the Pu distribution in the mild steel and stainless steel samples which

were contaminated with 500 ppm of PuO2, melted with different slags, and

allowed to solidify in BHU.

Table II. Distribution of Pu in the Bulk Metal and Surface Dross
of Pu Contaminated Samples Melted Without Slags

Metal Pu (ppm)-bulk Pu (ppm)-surface Pu (surface)/
Pu (bulk)

Fe
Cu
Ni
S.S
Al

0.25
1
89
121

I856a

533
15960
116

6153
18237

2.1 x
16.0 x
1.3

50.0
9V9

1.0s
103

aThis high value probably indicates that a dross inclusion was
contained in the metal sample.



Table III, Results of Melt Refining Tests
on Mild Steel and Stainless Steel

Sample No.

1

CSI

3

4

5

6

7

1

2

3

4

5

Pu content
Metal

1

1

2.5

0.6

8.6

0.4

8.3

1.9

0.8

0.5

1.5

0.4

(ppm)

Slag

1470

910

2360

2280

2670

3970

942

Partition
ratio

Mild Steel

147

91

94

190

16

496

11

Stainless Steel

1120

1700

2240

3680

2640

59

213

448

123

330

VIt % slag

10

10

10

5

5

5

10

10

10

10

5

5

Slag type

borosilicate

blast furnace

high silica

borosilicate

blast furnace

high silica

basalt

borosilicate

blast furnace

high silica

borosilicate

high silica

Nominal compositions of slags are as follows:

Borosilicate slag = 80% SiO2> 13% B 20 3, 4% Na2O, 2% A12O3, 1% K20

Blast furnace slag = 4025 CaO, 30% SiO2, 10% A12O3, 15% Fe2O3, 5% CaF2

High silica slag = 30% CaO, 60% SiO2, 10% A12O3

Basalt slag = 42% SiO2, 8% A12O3, 26% Fe 3O M 12% CaO, 6% MgO, 4% Na20, 2% K20



The results indicated that the final Pu concentration in the metal is

not very sensitive to slag type or composition. Borosilicate and high

silica slags were more effective on mild steel and resulted in higher

partition ratios, whereas, high silica slag was better for stainless steel

decontamination. There was little effect of slag volume on decontamination

effectiveness. Smaller slag volumes are desirable since the resulting

waste volume will be smaller and the refractory life will be longer. With

proper use of slag type and volume, final Pu concentration well below 1 ppm

can be expected for melt refined mild steel and stainless steels.

Seitz and co-workers5 studied the decontamination of plutonium and

americium contaminated metals using a similar technique. They contaminated

their samples with about 400 ppm PuO2 and in some cases they used larger

slag volumes and different types of slags. Their results are similar to

our findings for bulk metal sampling techniques. They were able to isolate

areas of clean metal containing no slag inclusions by use of autoradiography.

Analysis by this technique led to Pu concentrations in the parts per billion

range.

ENGINEERING-SCALE DEMONSTRATION
OF SCRAP METAL MELTING

A load of 218 kg of mixed metal scrap from a metal scrap bin was

processed through the proposed scrap metal handling process2 as an

engineering-scale demonstration. The scrap was mechanically cut into pieces

that would fit into our 0.13 m diam by 0.15 m long melting container. At

this point the scrap occupied a volume of 0.395 m3 as opposed to 1.60 m3

before size reduction ~ a 4:1 volume reduction. The scrap was easily

separated by appearance into 15.2 kg copper, 10.2 kg stainless steel, 88.5 kg

aluminum, 65.4 kg steel, and 39.9 kg of mixed metals containing mostly copper



wire with insulation and galvanized steel. The metals were contaminated by

painting with a U02-alcohol slurry and melted separately under slag or

drip-melted for the aluminum. The mixed metals, could not be melted for

lack of an adequate fume handling system, so an equivalent volume of steel

was substituted. The total ingot volume after melting was 0.0494 m3 with

about 0.003 m3 of slag. This volume represents a further volume reduction

during melting of 7.5:1 giving a total volume reduction of 30:1.

Analysis of the metal ingots and slags for uranium by fast neutron

acitvation analysis shows that the decontamination was very successful.

The results are given in Table IV.

Table IV. Results of Melting U02 Contaminated Metal Scrap

Metal

Steel

Stainless Steel
Copper
Aluminum

U concentration
in metal

(ppm)

1.6
0.1
0.07

4

Partition
ratio

450

750
900

1

POWDERED PRODUCTS FROM MELTING

Powdered or granular products may be preferable to solid ingots in

some applications for assay, handling, or disposal convenience. We have

demonstrated the feasibility of producing granular products by crushing

of the slag and low pressure water blasting of the molten metal.

The slags used in this work are friable. A single pass through a

jaw crusher produced particles with a size distribution of 50% 1 to 3 mm

and 50% less than 1 mm.3 The specific gravity of the slags is ideal for

dispersing in the standard grout mixture used for shale hydrofracture at

ORNL. Trial mixes containing the crushed slag proved to be very stable

indicating that no problems would be anticipated in their pumping.3 The

crushed slag should also mix well with other stabilizing media such as glass,
concrete, etc.



A multiple nozzle water blaster was developed to use low pressure

water to produce shot or granules from the molten metals.3 The relatively

coarse size distribution of the metal particles and their high specific

gravity wi l l require a higher density and viscosity for the grout mixtures

to ensure pumpability. The in i t i a l tests of grout mixture stabi l i ty with

metal shot and other metal granules up to 4 mm diameter showed the mixture

to be relatively stable. Refinements of the water blast disintegration

process produced shot with a size distribution of 50% <1 mm, with the

remaining 50% <3 mm. This product gave a stable (and pumpable) grout

mixture.3 The metal shot also should be suitable for incorporation into

other stabilizing media i f desired.

CONCLUSIONS

It is clear that volume reduction will be achieved by melting metal

scrap into ingots of a shape and size desirable for the end disposition

of the metal. A 30:1 volume reduction was achieved for a batch of mixed

scrap but this will vary greatly with the original configuration of the

scrap. A unique advantage accrues by melting, which, when combined with

the decontamination achieved, may be more important than the volume

reduction. This advantqge is the ability to accurately verify the

radioactive nuclide content of the metal ingots through a combined effort

of quality control to assure that the ingots are homogeneous along with

inspection of all ingots by passive gamma signature analysis.

Once the nuclide content has been verified, the disposition of the

metal depends on the cleanliness achieved and the institutional contraints.

Our laboratory results indicate that U and Pu concentrations in the 1 ppm
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range may be obtained with the ferrous alloys, copper, nickel, lead, zinc,

and others. Higher values can be expected for aluminum alloys. In larger

scale, even cleaner products may be expected due to the ability to obtain

better slag/metal separation with larger melts. If current regulations are

modified, much of the metal may be sold as clean scrap metal. If not, the

metal may be treated as industrial waste and shallow-land buried rather

than placed in more complex and expensive hazardous waste burial or placed

in retrievable storage as transuranic waste.

The incorporation of crushed slag with grout for hydrofracture is an

attractive method for permanent disposal in areas where this process can

be used. The metal could also be permanently disposed of by hydrofracture

as shot or granults if desired.
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