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Abstract

With the increasing interest in the environmental problem, gasification melting furnaces have

been developed and utilized with general disposal and incinerating melting technology. Depending

on furnace operating conditions many sorts of refractories are applied. Stable durability of

refractories has been the most important factor. At our company, we have been continuously

responding to various important topics, concerning both refractory materials and engineering for

various ash melting furnaces. This report introduces typical unshaped refractories for various

gasification melting furnaces.
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1. Introduction

There are two methods for melting general waste,
(1) ash melting furnaces, which melt burned ash
and fly ash from incinerators into slag. and (2)
gasification melting furnaces which directly melt
municipal wastes into slag. Various types of ash
melting furnaces and gasification melting furnaces
have been developed and are in use.

Depending on furnace operating conditions many
sorts of refractories are applied. Stable durability of
refractories has been the most important factor.
The refractories used for each melting furnace
differ according to furnace atmosphere. ALOs;-Cr.O;
refractories are used under an oxidizing atmos-
phere, and C-SiC refractories are used under a
reducing atmosphere.

At our company, we have been tackling the devel-
opment of refractories from the first stage of
various ash melting furnaces. We made an effort to
understand the damage mechanism by researching
operating conditions, comparing and examining use

in actual furnaces and laboratory tests of
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Table 1 Typical properties of SiC castables

AlL,Os-SiC, SiC
CST-Sh9 CST-Sh6 CST-S612 CST-S513 CST-S517 HFC-S56
Chemical comp. AlOs 80 9 " 4 9 9
(mass%) SiC 15 84 81 89 (SiC+C) 84 83
Linear change 110°C-24h —0.03 0.00 —0.03 —0.03 —0.03 —0.03
(%) 9 1000°C-3h —0.12 —0.19 —0.18 —0.18 —0.03 —0.25
0 1300°C-3h (1400°C)+0.43 | (1400°C)—0.20 —0.15 (1500°C)—0.12 +0.15 +0.20
Modulus of 110°C-24h 9.1 14.7 1.5 11.0 4.9 7.0
rupture 1000°C-3h 19.7 24.5 18.0 20.0 13.7 20.0
(MPa) 1300°C-3h (1400°C) 12.1 (1400°C) 29.4 30.5 (1500°C) 25.0 27.4 20.0
Quantity required (t/n) 3.1 2.70 2.60 2.60 2.65 2.45
Water required (%) 4.2 5.5 7.0 7.0 6.0 7.5
. L Surface Surface
Main Application Plasma Slag tap area smelting smelting Plasma

Al:O:-SiO, castable
CLS-NbH2

SiC castable
CST-S612,CST-SH13

SiC brick
SBN-100R

Fig. 1 Example of refractory lining of gasification
direct melting furnace.
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refractories. We recommend the refractories which
are suited to the use environment in each furnace.
This report introduces typical unshaped refractories

for various gasification melting furnaces.

2. Castable Materials for Various Gasification

Melting Furnaces

2. 1 SiC castables

Gasification direct melting furnaces operate in a
reducing atmosphere. Therefore, in zones where
corrosion resistance is necessary, SiC and C-SiC
refractories are generally applied. Non oxide mate-
rials such as SiC and Carbon resist wetting by
molten slag, so the erosion speed is minimized very
effectively. In addition, because the coefficient of
thermal conductivity is high, thermal spalling
resistance 1s good. Under a reducing atmosphere, in
which there is no oxidizing damage, it is the pre-
ferred material. Table 1 shows the typical properties
of SiC castables.

Fig.1 shows a typical refractory lining of a
gasification direct melting furnace. High strength
dense chamotte wet gunning materials are often
used for the upper part because temperatures are
comparatively low so both wearing speed and short-
ening the term of construction are considered. Our
company developed not only the vehicle-mounted
system but also small-sized wet gunning equipment.
So 1t is possible to correspond flexibly even when
the space for a installation device is small. Because
thermal decomposition of remains and ash starts

near the reduction zone of the tuyere, SiC
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Fig. 2 Relation between Cr,O; content and erosion
depth of Al,0;-Cr,0; castables in laboratory
slag test.
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refractories are used for places which require corro-
sion resistance and slag infiltration resistance. SiC
castable is used for the wall lining, but SiC brick is
used for the cinder notch and hearth bottom because
more strength and corrosion resistance are re-
quired.

2. 2 Al,Os-Cr;0; quality castable

Gasification melting furnaces operate in an oxida-
tion atmosphere. Normally slag basicity (CaO/
SiO, weight ratio) is below 1.5, therefore AlQO;-
Cr:O; refractories are generally used. The reason
why chromium oxide containing refractories are
used 1s that when chromium oxide liquates out into
the slag a boundary layer of high viscosity is
formed. This increases corrosion resistance by
greatly decreasing liquation speed (spread speed)
considerably. As shown in Fig. 2 , increasing the
chromium oxide content tend to increase corrosion
resistance. Table 2 shows the typical properties of
ALOs-Cr;0s castable.

Fig. 3 displays a typical refractory lining of a
gasification melting furnace. Generally, materials
containing 10~30% chromium oxide are mainly
used for this kind of furnace. In some cases, use of
refractories containing , up to 60~80%, chromium
oxide, as shown in Table 3, substantially improves
corrosion resistance. They are used to a great
extent for higher corrosion resistance under tough

conditions.

Table 2 Typical properties of Al,0s-Cr,0s castables

A‘QOB‘CrZOS
High erosion resistance Erosion resistance + thermal spalling resistance
CST-Sh9 CST-Sh6 CST-Sb12 CST-Sh13 CST-S517 HFC-S56
Chemical comp AlL,Os 88 77 67 82 72 62
(mass%) ' Cr0s 10 20 30 10 20 30
° Sio; 7 7 7
Linear change 110°C-24h —0.01 —0.01 0.00 —0.01 —0.01 —0.01
(%) 1000°C-3h —0.05 —0.06 —0.02 —0.03 —0.03 —0.02
0 1600°C-3h +0.11 +0.63 +0.78 +0.12 +0.10 +0.10
Modulus of 110°C-24h 8.9 7.5 1.9 4.4 4.1 4.1
rupture 1000°C-3h 24.0 24.0 23.4 9.6 9.0 8.9
(MPa) 1500°C-3h 35.2 27.7 28.3 10.8 9.6 9.3
Quantity required (t/nf) 3.30 3.40 3.50 3.05 3.06 3.10
Water required (%) 4.5 45 4.5 5.0 5.5 6.0
Surface Surface Gasification plasma
. - smelting smelting melting
Main Application Gasification Gasification Gasification
melting melting melting
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Al20:-Cr203 castable
CST-A7160,CST-A7173,CST-A8158

Al20:-Cr203 castable
q CST-A7160,CST-A81568,CST-C83

Al:0s-Cr20s castable
CST-A7160,CST-A7173,
CST-A7177

Fig. 3 Example of refractory lining of gasification
melting furnace.
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Table 3 Typical properties of Cr,0s-Al,O; castables

CI’QOa-AbOa
Very high erosion resistance
CST-C83 CST-C84
Chemical comp. Al,Os 17 36
(mass%) Cr,0; 80 61
Linear change 110°C-24h —0.01 —0.01
(%) ° 1000°C-3h —0.03 —0.02
° 1500°C-3h +0.07 +0.12
Modulus of 110°C-24h 5.9 5.6
rupture 1000°C-3h 25.9 20.1
(MPa) 1500°C-3h 33.3 30.9
Quantity required (t/n?) 3.75 3.66
Water required (%) 5.5 5.5
. L Gasification
Main Application melting

On the one hand, while chromium oxide increases
corrosion resistance, the important bonding of the
microstructure 1s difficult to obtain and porosity
tends to increase. As a result, the main factors
causing refractories to wear is peel-off by thermal
spalling due to the influence of temperature fluctua-
tion or by structural spalling due to slag infiltra-
tion. In our company, we developed Al O;-Cr,0O;
castable with substantially improved peeling-off
resistance by adding a silica component. Adding the
silica component gave satisfactory results for the
spalling test, we think that it is ideal for region's
requiring thermal spalling resistance. Fig. 4 shows
the results of a drum type rotary slag test by
oxygen-propane gas heating. A laboratory test was
performed heating at 1600°C for 10h using the slag
from an actual operation. Adding the silica compo-
nent increased the slag infiltration resistance with-
out substantially decreasing corrosion resistance, so
1t 1s thought that structural spalling resistance is
also improved. In the actual furnace, when materi-
als with the silica component were applied to the
region of large temperature fluctuation, we verified
that peeling-off damage decreases sharply, at vari-
ous furnaces, we also developed Al;O;-Cr:0O; wet
gunning materials as shown 1n Table 4.
Adhesiveness during the gunning operation was
very satisfactory, so it will also contribute to short-
ening construction work.

However Al O; -Cr; O; refractories have the
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Fig. 4 Effect of SiO, addition on erosion and
penetration depth of slag test of Al,0s-Cr.,0;
castables in laboratory slag test (1600°C-10h)
contained 30% Cr,0s.
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Fig. b Erosion depth of chrome-free and Al,O;-Cr,0;
castables in laboratory slag test (1600°C-10h).

FELTWD, RIS TR OBEEN: bIEFFICRIFTdh 0,
THomEMEIC SEHkT 5  ENHRETH %,

LIAN, BIcEENIBLr s o alt Y
(E 3 flio A caEMER SV, RS K D EHS 6 M
70 LTEET 51, ALOs-CrO/E il K4 13 ek L
HoATHEEEA TV S, T, REREOBLD S,
sa a7 ) —fLOBEHEbEE->TETEY, YTk
DX S WERITIGZ B 7-D1T, FFRR ExVEEZEH
LicEiit &t s o o7 ) —EEM K EFHTE L TV 5,
Table5 127 B 7 ) —F % 25 7TIVONEERERT,
%72, Fig. 5 ICE KR 5 /A2 RAMICH - #EHR-7 o
N IEAD[ElEL 7 AR ERERIC K B it BV D FER
HRT, /B AT7 ) —F v R T, By v £20%
mnlCULiid 5 L N Lot E B L Th b,

Shinagawa Technical Report

Table 4 Typical properties of Al,Q;-Cr,0;
clean-shot (CLS) material

Al,0:-Cr,0;
wet gunning installation
CLS-A821
Chemical comp. ALOs 76
(mass%) CrzOS 10
SiO; "
Linear change 10°C-24h —003
%) o 1000°C-3h —0.30
° 1600°C-3h +0.15
Modulus of 110°C-24h 6.0
rupture 1000°C-3h 8.5
(MPa) 1600°C-3h 9.0
Quantity required  (t/ni) 2.95
Water required (%) 7.0
Coagulation agent G-binder
Main Application Gasification melting

Table b Typical properties of chrome-free castable

A|203-Mgo
ECD-AS1
Chemical comp. Al,Os 73
(mass%) MgO 19
Linear change 110°C-24n —0.02
% ¢ 1000°C-3h —0.06
° 1500°C-3h +1.33
Modulus of 110°C-24h 5.7
rupture 1000°C-3h 12.2
(MPa) 1500°C-3h 24.5
Quantity required (t/n?) 3.10
Water required (%) 5.0

problem of disposing waste materials. The chrome
1on exists as a trivalent state in the product and is
without any toxicity, but due to furnace conditions
1t deteriorate to a poisonous hexavalent chromium.

Recently, from the viewpoint of environmental
preservation, the demand for chrome free conver-
sion has also increased. In order to satisfy this kind
of request, chrome free castable, with high corro-
sion resistance, which utilizes special spinel raw
materials was developed at our company. Table 5
shows typical properties of chrome free castable,
and Fig. 5 shows a corrosion resistance comparison
of chrome free castable by laboratory rotary corro-
sion slag test. Chrome free castable had corrosion
resistance which is equal to the 20% chromium

oxide material.?’
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3. Conclusion

With the increasing interest in the environmental
problem, gasification melting furnaces have been
developed and utilized with general disposal and
incinerating melting technology. Refractory tech-
nology will greatly influence improvement in proc-
essing technology. When selecting a refractory,
optimum material choice is required by the investi-
gation of operating condition such as atmosphere,
slag constitution, and temperature of each furnace.

Especially, there is a need to increase the durabil-
ity of AL O;-Cr,O; castable for the gasification
melting furnaces. On the other hand, there is also a
need for chrome free refractories from an environ-
mental point of view due to the deterioration to
hexavalent chromium. So one of the future technical
topics will be to develop chrome free materials with
better corrosion resistance.

In this report, we introduced the lining structure
and refractories for the gasification melting fur-
naces. We have been continuously responding to
various important topics, concerning both refrac-
tory materials and engineering for various ash

melting furnaces.
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