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GLASS MELTER MATERIALS 
TECHNICAL OPTIONS FOR THE FRENCH 

VITRIFICATION PROCESS AND 
OPERATIONS EXPERIENCE AUTHORS 

ABSTRACT 

The French vitrification process for solidifying high-level radioactive 
waste which has been under industrial application since 1978, is 
mentioned briefly. This technique involves glass melting at 1,150°C, 
using an induction heated metallic vessel. 

The molten glass pouring is controlled by a thermal gate, which is also 
heated by induction. 

Two types of vessel are in use. Both are remotely removable and 
disposable to permit replacement at regular intervals. The technical 
criteria (the materials used have to meet) are described. 

The behaviour of the materials has been investigated using the industrial 
experience gained in the AVM facility during 8 years of operation, as 
well as with operation of a prototype for the new vitrification facilities 
under construction at La Hague. 

A short description of the use of these materials is also presented. 

INTRODUCTION 

Three industrial installations for the vitrification of fission product 
concentrates are operating or being built in France. They include the 
AVM installation for Cogema at Marcoule, in operation since 1978, and 
two additional facilities also for Cogema at La Hague : R7 associated 
with the UP2 800 reprocessing plant, currently being tested, and T7 
associated with UP3, non under construction. An other one is under 
construction for BNFL at Sellafield (U.K.). 

These installations implement a CEA continuous vitrification process 
which combines calcining with a glass melting furnace. Inactive 
prototypes for R & D are operating in the CEA laboratories at Marcoule. 



1. PROCESS PRINCIPLE 

This principle is show.ï on Figure 1. The solution to be vitrified is a 
mixture of fission product concentrates, alkaline effluents and 
dissolution fines, tt is continuously fed at the inlet of a rotary calciner 
together with calcination additives to obtain a calcinate with a 
structuré and a particle size .distribution which facilitate its 
incorporation into the glass. The electrically-heated calciner is made of 
URANUS 65 and is tilted at 3%. In this équipement solution evaporation 
and calcining of most of the metallic salts take place. The calcinate 
thus produced is mixed at the bottom of the calciner with glass frit 
introduced to yield the required vitrification forming elements. The 
mixture then flows by gravity into the glass melting furnace. 

The furnace is constituted by a metal reactor heated by medium-
frequency induction (10,000 Hz or 4,000 Hz). Even heat distribution is 
ensured by the superposition of several inductors working independently. 
Temperatures are set at each inductor to a value determined according 
to the glass level. 

The melter is fitted with draining nozzles, which are also induction 
heated. The nozzles act as thermal gates. 

The glass level in the reactor varies progressively during feeding. 
Glass is poured into a preheated cylindrical canister as soon as the load 
is sufficient, generally every 8 hours. Several pourings can be made in 
the same canister. 

An off-gas treatment system condenses steam produced, 
recombines nitrous fumes, recovers volatile chemical substances which 
are recycled to the calciner, and purifies noncondensable gases before 
release. 

There are two types of metallic melters : 

. the AVM facility uses a cylindrical reactor (Fig. 2) with 3 
diameter of 350 mm, constituted by a 1,030 mm high cylindrical 
shell ending in a 300 mm cone fitted with a pouring nozzle. It 
weighs approximately 120 kg . 

. the R7 and T7 facilities use an ovoidal reactor with a height of 
950 mm and a. width of 1,000 mm over its largest axis and 350 
mm over the smallest. It is equipped with two pouring nozzles, 
one for partial, and one for total drainage. It weighs 
approximately 300 kg (Fig. 3). 

The thickness of the melter walls is 10 mm for both types. They 
are fitted with internal vertical fins for improving heat diffusion. 

Glass is prepared at temperatures ranging between 1,120°C and 
1,150°C. In view of the high thermal stress involved, melters are 
disposable components and have therefore been designed for remote 
replacement. 



The maximum glass load for the AVM cylindrical melter is 
approximately 150 kg, that of the ovoidal melter is 250 kg to 300 kg. 

The cylindrical melter is suspended with free expansion at the 
bottom. The ovoidal melter has a flat bottom resting on a ceramic slab 
and freely expands upwards by means of bellows attached to the tube 
connecting the calciner to the furnace. 

2. STRESSES RECEIVED BY THE REACTORS 

The constituent material of these melters is subject to several 
significant stresses. 

2.1. Thermal stress 

The metal reactors operate at high temperatures, which are in 
fact not far from the acceptable limit for rolled alloys. Furthermore, 
induction heating is not perfectly uniform, especially for ovoidal melters 
with different bending radii. Design philosophy, together with insertion 
of a protective insulating muffle made of alumino-silicate fibers 
between the inductor and the melter, have however contributed to 
homogenizing the temperature and mitigating this disadvantage. 

In addition, induction heating is rapid and furnace temperature 
control is achieved by means of moderate and carefully controlled 
voltage steps in order to avoid any local metal overheating. 

2.2. Mechanical stress 

All the mechanical stresses gradually result in creep and localized 
distortion at hot areas. They are caused by the following factors : 
. melter weight (300 kg for the ovoidal model) 
. glass load (300 kg at the highest level) 
. stress caused by reaction and gas release 
. stress caused by negative pressure maintened at 150 mm WG in 

the reactor. 

2.3. Corrosion 

Corrosion can be considered at different levels : 

2.3.1. At glass contact 

Molten glass dissolves the protective oxide layer, causing 
chromium release into the bath and penetration of the glass components 
into the grain boundaries. The corrosive nature of the glass depends on 
its composition, and especially on the nature and content of the glass 
array modifiers. However, the molten glass bath, exerts a protection of 
the metal with regard to the direct oxidation by the atmosphere. 



2.3.2. Class-atmosphere interface 

The combined action of melting glass and ambient oxygen may 
lead to localized corrosion (flux line) especially severe for certain glass 
(heavy Na20, Li2Û, P2O5 concentrations). In the process used, the 
constantly fluctuating glass level considerably reduces this risk. 

2.3.3. Above the glass bath 

Corrosion is due to off-gas entraining volatile glass components at 
high temperatures. This specially applies to borosilicate glass. Upwards 
of 1,050°C, alkaline borates become extremely volatile and could be 
redeposited on the upper part of the furnace held at medium 
temperature. These extremely aggressive salts dissolve the chromium 
oxide surface layer and could result in substantial localized corrosion 
under unfavorable thermal and aerodynamic conditions. Moreover, the 
metal above the bath is subject to corrosion by the released fumes : 
nitrous fumes possibly containing traces of F", P2O5 and SO4". 

During normal operation, the volatility of glass components is 
however limited by the layer of calcinate and glass frit above the 
melting bath, which considerably reduces the evaporation surface. 

3. ALLOYS USED 

Alloys chosen for metters must therefore provide a suitable trade
off with respect to the following criteria: 

. oxidation resistance, 

. hot mechanical strength, 

. resistance to corrosion by liquid glass or its volatile components 

. good weldability. 

The main alloys under consideration are listed in Table I. 

They are all chromium nickel base alloys. Most are rolled with the 
exception of the last two, which are tungsten enriched cast alloys with 
excellent heat proof properties. Coronet 230 has also been used in cast 
alloys. 

From a hot mechanical strength aspect, these alloys all present 
practically the same hot creep characteristics. 

Deformation of the melter after 1,000 hours of prototype testing 
have been observed in the most exposed areas on those rolled alloys for 
which a 0.1% creep deformation is reached after 1,000 hours for a stress 
close to 2*io4 Pa (2 newton/ mm 2). 

These deformations appear in the form of a swelling of the 
cylindrical shell below the maximum glass level and, for the ovovdal 
shell, by a swelling of the large radius lateral faces. This swelling can be 
accompanied by a concave deformation of the melter below the glass 
level. 



For melters made of cast, tungsten-containing alloys which have a 
higher hot creep resistance, these deformations are relatively slight. 

Taking into account the glass load and the internal negative 
pressure, the Maximum stress at 1,150°C is estimated at 0.25 
newton/mm2 for the cylindrical melters and I newton/mm2 for the side 
elements of the ovoidal melters. This last value corresponds to a 
theoretical creep of 0.01% in 1,000 h. 

Figure 4 plots iso-deformation curves established after a 1,500 
hour operating period with an ovoidal melter. This was used on an 
inactive prototype under conditions more stringent than those of normal 
continuous industrial operation since testing was not fully continuous but 
rather performed in cycles of one week, an operating rate which leads to 
additional fatigue. 

As far as corrosion is concerned, behaviour obviously depends on 
the glass composition used. Ihe following general observations are 
proposed: 

. corrosion at glass contact is generally much lower than that on 
the metallic section above the bath ; 

. behaviour, with respect to weight loss, thickness reduction or 
the depth and evenness of intergranular corrosion improves with 
the chromium content of the material. This observation not only 
applies to behaviour at glass contact, but also and especially at 
interface level and above the glass ; 

. material of the type Coronel 230, Inconel 690 and 601 have a 
more consistent behaviour ; 

. glass containing a substantial proportion of P2O5 (greater than 
5%) causes more intensive corrosion at interface and above the 
bath and, under these conditions, high chromium content alloys 
such as Coronel 230 or Nimonic 81 have the highest resistance. 
It can be assumed that Inconel 690, which was not tested with 
this type of glass, could also be favourably placed. 

For cast alloys, the best results from a corrosion aspect were 
obtained by Manaurite 50 w, but its metallurgical state does not enable 
definite conclusions to be drawn. 

Generally speaking, when examined by micrography, these alloys 
placed at glass contact typically display 3 different layers : the outer 
most chromium oxide layer contains some metallic particles, followed 
by an intermediate layer showing internal oxidation precipitates of 
chromium oxides (aluminum or titanium oxides when those elements are 
present) ; below a chromium depleted zone is observed for depths of 
several hundred microns. As an example, for the glass used for vitrifying 
light water reactor concentrates in the R7 and T7 facilities, 
metallographic examination revealed, for Inconel 601, a surface 40 to 80 
um chromium oxide layer, a 60 urn internal corrosion layer reaching 80 
urn above the bath and a chromium depleted area of 200 urn ; in the case 
of Inconel 690, these values were 60 um for the chromium oxide layer, 



40 urn for the internal corrosion and a chromium depleted area of also 
approximately 200 um. 

From prototype results, it was seen that the life of the metallic 
melters was basically determined by the hot mechanical strength of the 
equipment. Corrosion, especially that observed in areas unwetted by the 
secondary glass, is secondary. Increase of melter mechanical 
deformation as operating progresses can be indirectly assessed by the 
evolution of the electric phase shift values for the inductor circuits as a 
function of time. 

The lifetime of a melter, determined by prototype experiments, is 
roughly 2,000 hours. After rinsing with inactive glass, its replacement is 
remotly performed, following established procedures. 

4. USB OF MATERIALS 

Materials were implemented following different methods : 

• Construction of the cylindrical or ovoidal shell and the end cones 
using rolled steel sheets, stamping of bottoms and domes and assembling 
by TIG welding. The internal fins are placed in the shell prior to welding 
of the end fittings. 

• Electron beam welding of a machined metallic assembly 
including the internal fins : bending the side elements of the ovoidal pot 
and electron beam welding on the fillets, followed by TIG welding of the 
stamped bottoms and domes as above (Figure 5). 

This process, still under development, has been used for the 
construction of one ovoidal melter prototype, in order to strengthen the 
rigidity by incorporating the vertical fins in the structure. Moreover,an 
additional transverse reinforcement of the side elements in the 
deformation areas consolidates the assembly and decreases its 
deformation. 

• Casting which is reserved for the cylindrical melter. The shell is 
centrifuged and joined to the cast cone section and the machined dome 
by conventional TIG welding. This method can be used for alloys such as 
Coronel 230. 

5. INDUSTRIAL EXPERIENCE 

Inconel 601 was chosen for the melters of the present industrial 
installations, because of its satisfactory overall properties relative to 
heat and corrosion resistance, its acceptable price,and its workability. 



The Cogema AVM vitrification facility, constructed by SGN at 
Marcoule, was commissioned in June 1978. It has since vitrified 1,100 
m3 of fission product concentrates, measured at the calciner feed point, 
in 37,000 hours of operation. A total of 1,412 canisters have been filled, 
representing 4,230 pourings and 490 tons of glass (cumulated figures up 
to July 1986). During this time, 13 cylindrical melters have been used. 

Table II gives the service life of these melters. 

Not counting the 3 melters prematurely withdrawn due to local 
overheating resulting in glass leakage, the average lifetime is 
established at 1,980 hours for 6.35 mm thick pots and 5,500 hours for the 
currently used pots, which are much thicker. 

CONCLUSION 

The metallic melters used in the French process for fission product 
concentrate vitrification are made of Ni-Cr alloys with a high chromium 
content. In particular, Inconel 601 is being used for the reactors of the 
Marcoule vitrification facility. These highly stressed components are 
considered as disposable equipment requiring remote replacement. 

Their service life is basically determined by the hot mechanical 
strength of the alloys used. Under continuous operating conditions, 
industrial experience has proven a melter is able to function for several 
thousand hours before being replaced. 



TABLE 1 

ALLOYS TESTED FOR MELTERS 

Ni Cr Fe Co Mn Si Cu Mo Al Ti C W 

Inconel 600 72 14-17 6-10 1 0.5 0.5 0 15 
Rolled Inconel 601 60.5 23 14.1 0.5 0.25 0.25 1.35 • 0 05 

Nimonic 81 63 30 1 2 0.5 0.5 0.2 0.3 0 9 18 0 05 
alloys Coronel 230 

Inconel 690 
60 
60 

35-37 
30 

< 5 
9.5 

< 1 <0 .6 < 1 <0.5 
0.25 

< 1 
025 

< 0 08 

Cast Manaurite 50 w 50 28 14 < 1.5 1.5 0 4 5 
alloys More 2 50 33 0 15 15 



TABLE II 

COGEMA VITRIFICATION FACILITY (AVM) 
SERVICE LIFETIME OF THE MELTERS 

Reactor Width 
(mm) 

Lifetime 
(hour) Comments 

1 6.35 2,150 
2 6.35 880 Local overheating 
3 6.35 1,590 Local overheating 
4 6.35 1,235 
5 6.35 1,714 
6 6.35 2,213 
7 6.35 1,908 
8 6.35 2,085 
9 3 5,024 

10 10 6,545 
11 8 2,700 Local overheating 
12 6.35 2,537 
13 10 5,151 
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Fig.3 : OVOID MELTER AND INDUCTION FURNACE 
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