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Abstract
Monoalithic refractory technology has been developed for ladlesand RH vessels, with the pur pose
of reducing thetotal refractory cost in Nippon Steel Corp. The technology includes mixing, install-
ing by casting, curing, drying. One of the most important thingsis drying shortly without explo-
sion. In concerning with this drying, we developed the combination drying method using micro-
waves and hot air. Heating by microwave isinternal heating, therefore, it is easier rapid heating
until back of structure with appropriate microwave power applied. This paper reportson drying
behavior of Al,O.-MgO, and Al,O,-Spinel monolithic refractories used with Ladle and RH vessels
and introductory situation of the microwave equipment in Nippon Steel Corp.
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microwave oven

wave length 1m 12.3cm

Frequency 100MHz  300MHz  245GHz

| Microwave Energy |

| Dipole Generated |
¢

| Vibration and Rotation on Dipole |

Internal Friction Converted
Heat in Materials
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Principle of microwave heating

2220000000000
gogoooooboooboboobooobbooooa
ooooPOwWmOOOOOOOOOOODOOOODO
oo POf+~E2*egy *tand
0oo0of00000HzZIDED OO DODOOVImOOOOO
O000000eyOOOOOOtd DOOODOOOO
O00o00oooooooooooooooooooog
gogooooobooooboboooobooonboooooa
goo00o0oooooooooooooooooooo
oo

3. gOooo

3.1 000000000
gooooooooobooobooooooooobog
UobOoObOdis00mmiOdlso0mmx O02500mm
oooboooooboooooboooooobooobooo
oo0o0obO0ooooooboon24scHzO0O0O00000
kwOoOOoOOo Ooooooooooooooooooooo
oooooooooooobooboobooobooooaoo
oobooooooogoo

32 00000OO0O0DOO0OO0O0OO
ooodoo-ooobooboooooooboooobooo
goboobooobooooboooboooboodoooo-od
gooooooooooobooobooobobobobOO00ooagoa
ODOO0ALO,0O00DO09%Smass 00000000000

3cm 3mm 1mm

10GHz 100GHz 300GHz 1THz

“ e
radio
frequency

microwave

4 —>

infrared radiation

goooooooood
Maicrowave frequency

00000000000 38800020080



gooooooooo

oooooo

Microwave [ - Power —1 Impedance
Isolator .
Generator | — — Monitor - Tuner
Wave Guide
Hot Aj Air Inlet Air Outlet
ot Air .
Generator Applicator :l

ggobooobooboboooo

gooooboo-oobobuoobbuooboboooobog
Chemical compositions of prepared alumina-magnesia

castable

Component

AlLO,

MgO

93mass%
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Maicrowave drying system
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Chemical compositions of prepared alumina-spinel castable
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Temperature and internal pressure in the blocks during microwave drying of alumina-magnesia monolothic refractories
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Drying time of alumina-magnesia castable with 5.6mass%

water addition

Microwave power (KW/ t) 2 4 6
Drying time (h) 32 28 22
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Drying time of alumina-magnesia castable with 6.3mass%

water addition

Microwave power (KW/ t) 2 4 6
Drying time (h) 23 23 17
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Relationship between the water addition and some physical and chemical properties
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Temperature and internal pressure in the blocks during

microwave drying of alumina-spinel monolothic refractories
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Physical properties of alumina-spinel monolithic refractories

Bulk density 3.16
Apparent porosity (%) 11.1
Modulus of rupture (MPa) -
Crushing strenght (MPa) 130
Modulus of elasticity (GPa) 133
Permeability (m?/s0cmH,0) 3.4x 100°6
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Microwave drying equipment in Nippon Steel

Frequency Total
Works Plant power
power
tube
Muroran Precast 2.45GHz 21kW
Blocks Magnetron
Kimitsu Ladle 2.45GHz 80kW
1SMP Magnetron
Kimitsu Ladle 2.45GHz 100kW
2SMP Magnetron
Kimitsu RH 915MHz 150kW
Magnetron
Nagoya Ladle 2.45GHz 120kW
Klystron
Nagoya Precast 915MHz 50kW
blocks Magnetron
Hirohata Ladle 2.45GHz 45kwW
Klystron
Yawata Precast 2.45GHz 120kW
blocks Klystron
Oita Ladle 2.45GHz 100kW
Magnetron
Oita RH 2.45GHz 30kw
Magnetron
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