
1.　Introduction

　In accordance with application purposes or 
construction conditions, various relining methods, 
such as casting, gunning, pumping, ramming, and so 
on, are commercially avairable. In terms of quantity 
of production, casting and gunning occupies quite 
large portion. Because there is no requirement for 
installation and removal work of a mold, gunning 
work can be carried out simply and easily with 
minimized construction time. Gunning refractories 
are usually used as repairing material for base 
refractories which were initially relined with shaped 
refractories or casting refractories with a densified 
structure. In some cases, such as incinerators, 
where mold installation is difficult, however, gunning 
refractories are used as initially relined refractories. In 
this regard, gunning refractories with high durability 
and improved performance are required. 
　In this article, SIG (Shinagawa Improved Gunning) 
a newly developed gunning refractory material is 

introduced. It is characterized by high mechanical 
strength and abrasion resistance as well as quick 
drying properties which, due to minimized necessity 
for forced drying by combustion, contributes to 
carbon neutrality. 

2.　Gunning Machine 

　A comparison of general type dry gunning 
machine and newly developed SIG gunning machine 
is schematically illustrated in Fig. 1. In general type 
gunning operation, pneumatically transported dry 
gunning material is mixed with water in the vicinity 
of the gunning nozzle. In the case of SIG, instead of 
water, binder solution is mixed with pneumatically  
transported gunning material. Except for the 
pumping system for binder solution, conventionally 
used gunning machine components are applicable 
for SIG gunning operation. A general view of the  
SIG gunning machine is shown in Fig. 2.
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3.　Characteristics of SIG Gunning
Material 

3.  1　Mechanical strength
　The modulus of rupture of SIG gunning material 
gunned body after heating at various temperatures 
compared to conventional gunning material is shown 
in Fig. 3. Since alumina cement is used as binder in 
conventional gunning material, mechanical strength 
is created by cement hydrate formation from the low 
temperature range. When the heating temperature 
is elevated, the formed cement hydrate reverts 
to a non hydrate mineral component. Because 
of such constituent change of alumina cement 
hydrate, the mechanical strength of conventional 
gunning material gunned body which is heated at 
over 1000 ℃ is not changed much. The mechanical 

strength of SIG gunning material gunned body is 
created by formation of a strong chemical bond 
induced by gelation of binder, which is reinforced 
more by temperature elevation. Because of such 
mechanical strength manifestation mechanism, SIG 
gunning material gunned body which is heated at 
over 1000 ℃ exhibits almost doubled mechanical 
strength of conventional gunning material1-4). As per 
Fig. 4, in which hot modulus of rupture of the gunned 
bodied measured at 1200 ℃ of conventional and SIG 
gunning material are compared, SIG gunning material 
exhibits over doubled hot modulus of rupture. 
Because cement is no contained, CaO-Al2O3-SiO2 
compounds with low melting point are not formed 
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Fig.  1　Schematic diagram of conventional and SIG 
gunning method.

Fig.  2　General view of SIG gunning machine.

Fig.  3　Modulus of rupture of conventional and 
SIG gunning materials after heating at 
various temperatures.

Fig.  4　Hot modulus of rupture of conventional 
and SIG gunning materials at 1200ºC.



in the SIG gunning material gunned body5). That is, 
high mechanical strength of SIG gunning material 
at elevated temperature is explainable by the non-
existence of low melting point components in its 
gunned body. 
3.  2　Alkali resistance 
　Cross sections of conventional and SIG gunning 
material samples after alkali resistance test in 
which both samples were heated at 1300 ℃ for 
3 hours with alkali agent situated in their hollow 
are shown in Fig. 5. The solid and dotted lines in 
Fig. 5 indicate the original surface of the samples 
and corroded surface line by penetration of alkali 
agent, respectively. Compared to conventional gun-
ning material, SIG gunning material exhibits superior  
alkali resistance. It is inferred that superior alkali 
resistance of SIG gunning material is attained by 
its raw material blend composition with no cement 
components and formation of glass layer, which 
is generated by the reaction between the matrix, 
which is enriched with silica derived from binder 
solution and alkali agent.  
3.  3　Drying property 
　It is generally acknowledged that permeability 
of the monolithic refractory body is markedly 
improved by utilizing a binder solution6). In order to 
ascertain that effect on the drying property of SIG 
gunning material, a thermal explosion test, in which 
test samples were thrown in an electric furnace in 
which the internal atmosphere was kept at high 
temperature, was conducted with much severer 

experimental conditions. The exterior appearance 
of the thermal explosion test sample is shown in 
Fig. 6 along with its preparation method by gunning 
the SIG material in steel can. After gunning in steel 
can, the SIG gunning material test sample was cured 
in the steel can at room temperature for 3 hours 
followed by being thrown in an electric furnace in 
which the internal atmosphere was kept at 1000 ℃. 
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Fig.  5　Cross sections of conventional and SIG gunning material samples after alkali resistance test.

Fig.  6　Exterior appearance of thermal explosion 
test sample and its preparation method.

Fig.  7　Change of internal temperature in SIG test 
sample during thermal explosion test.



Under such severe test conditions of which moisture 
is evaporated only from the top surface, the SIG 
sample survived without explosive breakage. As per 
Fig. 7 in which the change in internal temperature 
measured with thermocouple embedded in SIG 
sample is shown, approximately 140 ℃ internal 
temperature was recorded at the final stage of 
drying in the thermal explosion test, which indicates 
of good drying property of SIG gunning material. The 
excellent drying property of SIG gunning material 
was also verified in practical application in which 

SIG gunning material gunned to 250 mm thickness 
was used for operation without drying. 

4.　Line-up of SIG Gunning Material 

　The Major specification of alumina-base and SiC-
base SIG gunning materials are summarized in Table 1 
and Table 2, respectively. By selecting the suitable 
alumina-base or SiC-base SIG gunning material, 
initial relining or repairing can be performed with 
SIG gunning material in various kinds of furnaces, 
namely, incinerator, melting furnace, industrial waste 
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Table 1 　Major specifications of alumina-base SIG gunning materials

Al2O3・SiO2 Hi-Al2O3 

SIG-A502 SIG-A602 SIG-A802

Construction requirements / kg･mｰ3 2,100 2,300 2,400

Chemical composition
/ mass%

SiC
Al2O3

SiO2

- 
50 
47 

-
61
35

-
77
17

Linear change 
/ %

110℃/24h 
1000℃/3h 
1500℃/3h 

-0.01 
-0.12 
+0.31 

-0.03
-0.21
+1.67

-0.03
-0.32
+1.60

Modulus of rupture
/ MPa

110℃/24h 
1000℃/3h 
1500℃/3h 

5 
10 
13 

5
14
15

5
17
18

Thermal conductivity 
/ W･m-1･K-1

at    250℃ 
at    500℃ 
at    750℃ 
at 1000℃ 

1.2
1.2
1.3
1.4 

1.3
1.4
1.4
1.5

1.4
1.6
1.6
1.8

Table 2 　Major specifications of SiC-base SIG gunning materials

Al2O3・SiC Hi-SiC 

SIG-S302 SIG-S502 SIG-S702 SIG-S802 SIG-S902 SIG-S952 

Construction requirements / kg･mｰ3 2,300 2,300 2,350 2,400 2,450 2,450 

Chemical composition 
/ mass%

SiC 
Al2O3 
SiO2 

32 
38 
27 

51 
27 
19 

71 
16 
11 

80 
11 
6 

90 
4 
3 

95 
- 
3 

Linear change 
/ %

110℃/24h 
1000℃/3h 
1500℃/3h 

-0.02 
-0.05 
-0.10 

-0.03 
-0.04 
-0.14 

-0.03 
-0.04 
-0.15 

-0.04 
-0.05 
-0.18 

-0.04 
-0.04 
-0.20 

-0.04 
-0.04 
-0.22 

Modulus of rupture
/ MPa 

110℃/24h 
1000℃/3h 
1500℃/3h 

5 
10 
15 

5 
11 
16 

5 
12 
17 

5 
13 
20 

5 
14 
24 

5 
14 
26 

Thermal conductivity 
/ W･m-1･K-1

at    250℃ 
at    500℃ 
at    750℃ 
at 1000℃ 

2.4
2.5
2.7
2.9

3.1
3.2
3.4
3.8 

3.6
3.7
3.7
3.8 

5.7
5.8
6.4
6.1 

7.0
7.1
7.6
7.4 

9.4 
9.2 
8.8 
8.4 



treatment furnace, cement kiln or heating furnace. 

5.　Conclusion  

　Newly developed gunning material “SIG (Shinagawa 
Improved Gunning)” which can be used at various 
industrial furnaces was introduced in this article.  
SIG can be rated as next generation dry gunning 
material which, in comparison with conventional 
gunning material, is characterized by high mechanical 

strength and quick drying properties. It is expected 
that, by upgrading and expanding the line-up of SIG 
gunning materials, the introduced gunning material  
will contribute to environmental conservation by 
reducing the CO2 emission volume realized by 
shortened drying time and/or in unit consumption 
of refractories realized by improved durability. 
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