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Abstract

Plastic refractories are clay bonded materials in which fireclay is used as a plastic raw material,

and are applied by ramming or by gunning with compressed air.

Our company has developed and markets plastic gunning materials and methods. Plastic gunning

reduces the period required for refractory work in comparison with ramming, but its adhesion rate

was inferior to dry and wet gunning, and it had the serious drawback that curing contraction after

installation was larger than with ramming.

Therefore, various improvements were made in the equipment in order to improve the adhesion

rate and workability, and materials with low curing contraction were developed. The results are

described in this report.
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1. Introduction

The plastic gunning is a method in which
plastic refractories are installed by gunning with
compressed air, and has various advantages in
comparison with the ramming method, in that
the material is not carried into the furnace, forms
for placing the refractory are not necessary, the
work period can be shortened, etc. Beginning
around 1980, our company developed and mar-
keted plastic gunning methods and materials,
but later discontinued these activities. However,
in 2005, the company participated in torpedo
car gunning at a steel works of a certain steel
maker. This method is also used with heating
furnaces and other atmosphere-controlled fur-
naces.

At this company, this gunning method is
termed SPG (Shinagawa Plastic Gunning).

An aggregate and a clay component which
displays plasticity when water are added are
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Fig. 1 Outline of plastic gunning equipment.
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blended, and viscosity is obtained by adding
water and part of the binder to this material
in advance. When sintered by the heat of the
furnace, the material becomes equivalent to
brick, and can be considered a refractory mate-
rial with extremely high spalling resistance.
Based on this fact, the use of plastic refractories
is indispensable in heating furnaces and other
industrial furnaces in which the effect of the
burner flame is strong, and in waste incinera-
tors which are subject to numerous changes in
the furnace temperature.

However, because plastic materials do not use
cement or other special hardening materials like
those used in castables, when only gunning is
performed, it is known that the adhesion rate
inferior to that in dry and wet gunning. Fur-
thermore, the contraction after curing in plastic
gunning is larger than that in rammer installa-
tion, which is a drawback of plastic gunning.

Based on these facts, to date, our company
has made various improvements in the plastic
gunning equipment, including measures to
increase the adhesion rate and improve site
workability, and has also developed materials
with low curing contraction. The results are
described in this report.

2. Outline of Plastic Gunning Method

Fig.l shows an outline of the plastic gunning
system. The material is delivered in 500kg one-
way flexible containers. The flexible container
is charged into a hopper by a crane or forklift,
and in the process, the material is charged
by cutting the bottom of the container. A set
amount of the charged material is discharged
by a cutout device at the bottom of the hopper,
and the material is fed to the gun by way of
a belt conveyor. The material is transported
pneumatically from the gun together with com-
pressed air, and is discharged from nozzle and
gunned on the installation surface.

Table 1 shows the main specifications of the
equipment. Fig.2 shows a photograph of the
appearance of the equipment.

The gunning discharge capacity of this equip-
ment is 2-5t/h. Gunning is performed with 3-4
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Table 1 Specifications of plastic gunning

equipment
[tems Specification

Material Design . Shinagawa original

conveyer Hopper capacity : Approx.1~2ton
Cutout system : Kneading type
Cutout capacity : 2~bton/h
Control . Inverter
Feeding system : Belt conveyer

Gun Design . Shinagawa original
Wear plate . Deep bores (12)
Revolution . 18~26rpm

Hose Size - B0A
Length 1 20~60m

Nozzle Design . Shinagawa original
Material - Wear resistant rubber

Compressor Power - 136kW

(Rental in field) | Air 2 16m°/min~
Pressure - 0.69MPa

Fig. 3 Appearance of fixed cutter for flexible
container.
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Fig. 2 Appearance of plastic gunning equipment.

personnel in the furnace and approximately 3
persons working around the equipment. When
performing work in a heating furnace or similar
facilities, the above-mentioned crew can spray
15-18 tons of material per day. Thus, even con-
sidering treatment of rebound loss, efficiency is
increased by several times in comparison with
installation with a rammer. Furthermore, when
performing work on the furnace roof and simi-
lar parts, if the furnace wall is lined with back
material, special forms are not necessary, and
as a result, the cost of construction is greatly
reduced.

3. Problems and Improvement Items

Improvement measures were implemented
in both the hardware and material aspects in
order to solve the various problems that had
occurred when performing plastic gunning
work up to the present.

1) Improvement of flexible container opening
device

As the original method of opening the bot-
tom of the flexible container, a fixed cutter, as
shown in Fig.3, had been installed at the top
of the hopper. However, with this method,
the material inside the flexible container was
compressed, making it difficult for the cutter
to penetrate. Even when the container was
lowered rapidly with a forklift, it is necessary
to repeat this operation several times to take
out the material from the container. In charging
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Fig. 4 Appearance of mobile cutter for flexible
container.
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with a crane, opening was virtually impossible
due to the slow lowering speed, and additional
manual cutting with a sickle or other tool was
unavoidable. This additional manual cutting
with a sickle was extremely dangerous work
because it was necessary for the worker to
place his hand under the hanging load.

Therefore, a mobile cutter was developed, as
shown in Fig4. The flexible container is placed
once on the flexible container stand by the fork-
lift or crane, and is opened by rotating the cutter
by motor drive. Because this device has a large
opening radius, virtually no material remains on
the inside when the flexible container is hoisted,
and as a result, smooth material charging has
become possible.

This not only reduces the total time required
for opening, but eliminates the need for per-
sonnel to touch the flexible container, thereby
greatly improving safety.

2 ) Water addition equipment

Our company normally uses PA-45G, which is
a general quality product as gunning material.
However, depending on the use location, there
are also many cases in which high alumina
PA-60G and PA-75G materials are used. As the
amount of alumina increases, the clay fraction
decreases by a corresponding amount, and as a
result, plasticity tends to decrease.

Therefore, adjustment of water addition in
the manufacturing stage is extremely difficult
with these materials. In a condition in which
the water content is slightly high, handling
becomes difficult. Typical problems include
clogging of the gun inlet, adhesion of material
inside the hopper, and the like. On the other
hand, in a condition in which the water content
is slightly low, the adhesion rate during instal-
lation is poor, and operation becomes extremely
uneconomical.

Therefore, a simple water addition device
was developed, as shown in Fig.5, and water is
added in the gun. The structure of this device
is extremely simple, in that the plastic water
tanks are pressurized using the air supply part
on the gun, and water is added by forcing out the
water in the tank. As a guideline, the amount of
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Fig. b Appearance of water addition equipment.
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Fig. 6 Outline of rebound material recovery
equipment.

water addition should be approximately 0.5% of
the gunning material. Thus, if the gunning rate
is 3t/h, the water addition rate will be approxi-
mately 15¢/h. A needle valve was installed to
adjust the water addition rate to around this
value as guideline corresponding to the gun-
ning condition, with this as a guideline.

Furthermore, the added water is stored in
two plastic tanks to enable continuous water
addition by switching tanks.

Adoption of this water addition method has
eliminated problems at the gunning site, and
has made it possible to secure an adhesion rate
of 70% or higher.

3) Rebound recovery and recycling equipment

Due to the characteristics of the materials
used in plastic gunning, the amount of rebound
material is large in comparison with wet gun-
ning. This has the demerits of increasing the
amount of material to be supplied, problems
associated with treatment of the rebound mate-
rial, etc. However, in the case of plastic gunning,
it is also known that the rebound material can
be gunned again in the as-recovered condition.

Therefore, equipment which enables simple
recovery and regunning of rebound material
was developed in order to reduce material loss,
reduce treatment costs, and respond to environ-
mental needs.

An outline of the equipment system is shown
in Fig6. A photograph of its external appear-
ance is shown in Fig.7.
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The rebound material generated at the gun-
ning site is charged to the ejector device with
conveyer. This ejector device with conveyer
pneumatically transports the material at a set
rate to a cyclone located beside the gunning
equipment. After air separation by the cyclone,
the material passes through the rotary valve at
the bottom of the cyclone and is again charged
directly to the gun.

The main specifications of this equipment are
shown in Table 2.

The transport capacity of this rebound
material recovery equipment is approximately
700kg/h. Thus, it is possible to secure an addi-
tion rate of 25% of the normal gunning rate
(approx. 3t/h) of the gunning machine.

Using this rebound material recovery equip-
ment, calculations show that it is possible to
recover virtually 100% of the rebound material,
assuming an installation rate of up to 2.8t/h.
However, in actuality, there are many cases in
which the spilled material cannot be recovered
completely. As a result, the total adhesion rate
is around 90%.

Table 2 Specifications of rebound material recovery equipment

Classification ltem

Specification

Material conveyer | Hopper content 0.8m°

Cutout system
Cutout capacity
Feeding system

Kneading type
1.0~3.3m°/h (1~3ton/h)
Belt conveyer

Power AC200V X 7.5kW

Gun Type Top-open type for SPG
Gunning capacity | 1~bton/h
Utility air 10~16m’/min % 0.2~0.3MPa
Power AC200V X 3.7kW

Material hose Size 50A

Gunning nozzle Type Straight rubber nozzle
Size @ 50mm X ¢ 30mm

Ejector device
with conveyer

Feeding system
Feed capacity

Combination of ejector and belt conveyer with slide-up gate
700~1200kg/h

Size 450L X 380W X 480H
Weight Approx.16kg
Recovery hose Size 50A
Suction device Separator Cyclone chamber
Size ¢ 300mm X 1050H
Material outlet Rotary valve (Shinagawa original)
0.2kwW
Dust collector Bag filter type
Blower Rotary type

8m®/min X —29.4kPa X 11kW
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Fig. 8 Comparison of curing contraction.
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Fig. 9 Influence of curing time on contraction
ratio.

4 ) Improvement of material

The plastic gunning materials used in soak-
ing furnaces and heating furnaces have superior
installation efficiency in comparison with ram-
ming materials, but the increase in crack width
during curing tends to be excessive. This is due
to excess addition of clay and water in order to
improve adhesion by increasing plasticity. The
linear change rate during curing was compared
with samples of the plastic gunning material
PA-45G and the ramming material BRM-SG
with dimensions of 40 X 40 X 160mm. The
contraction of the PA-45G material due to dry-
ing began during curing after installation and
reached —1.22% after 2 weeks. On the other
hand, the curing contraction rate of the BRM-
SG ramming material installed using a rammer
was limited to —0.73% after 2 weeks (Fig.8).

In installation methods to suppress this con-
traction, shortening of the curing time is most
important. As shown in Fig.9, when PA-45G
was dried one day after installation, the width
of the cracks after drying was held to a small
size, but when the curing time was long, for 2
weeks, a tendency of increasing contraction rate
and expanding crack width could be seen. This
shows that contraction of the installed refractory
is larger when evaporation of the water from
the refractory proceeds slowly than with rapid
drying, and it is necessary to begin drying as
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materials.
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soon as possible after installation. On the other
hand, in cases where it is not possible to begin
drying immediately, it is necessary to suppress
water evaporation. Curing under a vinyl sheet
suppresses water evaporation, and thus has the
effect of suppressing curing contraction cracks.
As the gunning material which inhibits
contraction, our company developed PA-453G,
which is an air-hardening material that inhibits
curing contraction by accelerating hardening,
and PA-452G, which is heat-hardening material
that inhibits curing contraction by retarding
drying of the installed refractory during cur-
ing. A gunning test was performed with these
two materials and the conventional material
PA-45G. Specimens with dimensions of 1000
X 500 X 250mm were prepared, and their
linear change was measured (Fig.10). PA-45G
showed large contraction in the early period,
and had contracted to —1.33% after 14 days.
In contrast, contraction of the air-hardening
material PA-453G was limited to —1.10% after
14 days, confirming the contraction inhibiting
effect. With the drying-inhibiting material PA-
452G, contraction was greatly reduced, being
limited to —0.49% after 14 days. Thus, it was
possible to reduce curing contraction even in
comparison with BRM-SG (—0.73%).

4. Conclusion

As described in this report, various improve-
ments were made in the plastic gunning method
(Shinagawa Plastic Gunning: SPG) in order to
improve the satisfaction of customers and instal-
lation contractors. However, some issues remain,
including further reduction in the amount of
rebound material and further improvement in
rebound material recovery efficiency, etc. The
authors intend to solve these problems at an
early date and create a more easily used SPG
system for improved customer satisfaction.



