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The properties of wastes for melting need to be considered to minimize the maintenance of refractory and to discharge the
molten slags smoothly from a plasma torch melter. When the nonflammable wastes from nuclear facilities such as concrete
debris, glass, sand, etc., are melted, they become acid slags with low basicity since the chemical composition has much
more acid oxides than basic oxides. A molten slag does not have good characteristics of discharge and is mainly responsi-
ble for the refractory erosion due to its low liquidity. In case of a stationary plasma torch melter with a slant tapping port
on the wall, a fixed amount of molten slags remains inside of tapping hole as well as the melter inside after tapping out.
Nonmetallic slags keep the temperature higher than melting point of metal because metallic slags located on the bottom of
melter by specific gravity difference are simultaneously melted when dual mode plasma torch operates in transferred mode.
In order to minimize the refractory erosion, the compatible refractories are selected considering the temperature inside the
melter and the melting behavior of slags whether to contact or noncontact with molten slags. An acidic refractory shall not

be installed in adjacent to a basic refractory for the resistibility against corrosion.
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Table 1. Classification of refractories based on chemical properties and composition[2]

Properties Major type of raw material Major chemical composition Major mineral constituent
silica Si0, cristobalite-tridymite-quartz system
semi silica Si0,-Al,04 cristobaliter-mullite-quartz system
Acid chamotte Si0,-AL0; mullite-cristobalite system
refractory
clay-silicon carbide Si0,-ALO;-SiC mullite-cristobalite-silicon carbide system
clay-graphite-silicon carbide Si0,-AL05-C-SiC mullite-cristobalite-graphite-silicon carbide
zircon 710,-Si0, zircon system
high-alumina AlLO;-Si0, mullite-corundum system
silicon carbide SiC silicon carbide system
Neutral alumina-carbon ALO;-C(SiC) corundum-graphite(-silicon carbide) system
refractory
carbon C(SiC) graphite system
chrome Fe0O-MgO-Cr,0;-Al,0; chromite-spinel system
spinel MgO-AlLO, spinel system
magnesia-chrome MgO-FeO-Cr,0;-Al,0;4 periclase-chronite system
Basic magnesia MgO periclase system
refractory
dolomite MgO-CaO periclase-calcia system
magnesia-carbon MgO-C pericalse-graphite system
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Table 2. Damage factors and demand characteristics by zone of plasma torch melter

Sector Damage factors

Demand characteristics

* Abrasion by flow of metallic and nonmetallic melts
Tapping hole * Corrosion by flow of metallic and nonmetallic melts

* Thermal expansion and contraction

* Resistance to abrasion

* Resistance to corrosion

* Resistance to thermal spalling

* Resistance to structural spalling

* Abrasion by flow of metallic and nonmetallic melts

* Resistance to abrasion

Wall contacted . X : * Resistance to corrosion
. * Corrosion by flow of metallic and nonmetallic melts . .
with slags . . * Resistance to thermal spalling
* Thermal expansion and contraction . ¢
* Resistance to structural spalling
Wall contacted * Thermal expansion and contraction * Resistance to thermal spalling
with no slags * Chemical corrosion by high temperature gas * Resistance to chemical corrosion

* Abrasion by flow of metallic melts
Bottom Inside * Corrosion by flow of metallic melts
* Thermal expansion and contraction

* Resistance to abrasion

* Resistance to corrosion

* Resistance to thermal spalling

* Resistance to structural spalling

Throat for

. * Thermal expansion and contraction
waste feeding

* Mechanical Impact by waste feeding

* Resistance to mechanical spalling
* Resistance to thermal spalling

* Chemical corrosion by high temperature gas * Resistance to chemical corrosion

Off-gas outlet * Thermal expansion and contraction

* Resistance to thermal spalling

* Chemical corrosion by high temperature gas * Resistance to chemical corrosion
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Table 3. Chemical composition by samples

A. Concrete

Chemical composition (%)

Si0,  ALO; Fe,0;, CaO  MgO K,O  Na,O others
5083 1412 387 1649 382 249 1.82 6.56
B. Stainless steel
Chemical composition (%)
Fe Si Mn Cr Ni Ti Al C
74.03 0.5 0.5 17.0 7.0 0.7 0.2 0.07
C. Lamp glass
Chemical composition (%)
SIOz NazO Kzo CaO MgO Ale3 BaO B203

73.6  16.0 0.6 52 3.6 1.0

D. River sand

Chemical composition (%)

SiO0, ALO; Fe,0O; FeO CaO MgO K,O Na,O others

60.0 1589 296 3.69 585 354 252

2.84

2.71
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Table 4. Expected basicity based on chemical composition of mixed waste

Composition ratio

Total composition

Waste Mixed quantity Mixed ratio (W%)® ratio(w%) @ x 3 Basicity
(kg® (%)@ (Ca0/Si0,)
Sio, Ca0O SiO, CaO
Concrete 5 25 50.83 14.69 254.15 70.95 0.28
Stainless steel 10 50 0 0 - -
Lamp glass 3 15 73.6 5.2 220.8 15.6 0.07
River sand 2 10 60 5.85 120 11.7 0.1
Total 20 100 - - 595 98.25 0.17

% Stainless steel is excluded from basicity calculation due to none of SiO, and CaO.
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(b)

Fig. 2. Photos of refractory construction (a) melter inside (b) discharge hole.
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