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Abstract

Gunning is a widely used method for the installation of refractory materials in high

temperature applications, providing benefits in terms of reducing vessel downtime and installation

cost. Shinagawa has developed a new system in order to minimize dust and rebound loss, which is

the disadvantage of gunning. In this paper, the outline of the new system, and merits in use of this

system are described.
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1. Introduction

The placement of monolithic products by pneu-
matic conveyancing known as dry shotereting or
gunning is a very cost effective method of placing
refractory product into a number of refractory
applications, from cement kiln preheater towers to
steel ladle protective layers and many non-
refractory related applications.

The process lends itself to the rapid delivery of
large or small amounts of product depending upon
the requirements of the user and can be easily
moved from work face to work face depending upon
the project geometry and timing. Cost to install is
generally lower than casting or bricklaying due to
lesser manpower requirements and usually minimal
formwork needs.

In the past, refractory materials used in gunning
have been comprised of high levels of cement bind-

ing different aggregates, making the application of
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Fig. 1 Pressure Pump Setup.
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the product relatively simple and resulting in ac-
ceptable levels of dust and rebound. When gunning
was originally introduced, it was common practice
to predamp and dwell the materials to improve the
gunning characteristics. As the technology of
cements improved, this requirement for predamping
was reduced and 1n many cases eliminated.
However, gunned properties were usually signifi-
cantly lower than brick or comparative product that
had been vibration cast behind formwork.

With the introduction of low cement gunning
technology, users were able to achieve the high
physical properties of low cement castable materials
on the wall, with the speed and flexibility of gun-
ning. The trade off for these improved properties
was an increase in rebound and dust during installa-
tion of the materials.

Due to increasingly strict on-site requirements in
areas of Occupational Health and Safety regarding
levels of dust during gunning and a requirement to
reduce the loss of material through rebound,
Shinagawa determined to develop a system that was
simple and easy to use, required little maintenance
and was In comparison to commercially available
predamping units, able to be used without the
requirement of extra labour on site. Additionally, in
comparison to wet shotcreting methods, the system
1s easier and faster to set up and requires signifi-

cantly less equipment to operate.
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Fig. 2 Inline Preform Mixer Unit.
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Fig. 3 Inline Preform Mixer attached to Pump Unit.
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2. The Shinagawa Inline Preform Mixer

The Shinagawa Inline Preform Mixer System was
thus invented to meet all of these requirements. It is
composed of a small tank holding the preforming
water, a pump, pressure tank and pressure switch
to ensure a consistent pressure of delivered water
and a check valve to ensure no backflushing of
water. This setup can be seen in Fig.1 below.

This system is connected to the Inline Preform
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Fig. 4 Dust reduction due to Inline Preform Mixer.
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Mixer via a water delivery hose to a nozzle inserted
into a mixing chamber. The small mixing chamber
1s designed to be effective with all gunning systems.
It connects to the feed hose after the gun and deliv-
ers a small but measured amount of water to the
refractory mixture as it passes along the hose on its

way to the nozzle, see Fig. 2 and 3 below.
3. Material Behaviour in the System

The aim of the process is to deliver a small and
controlled amount of water to the passing refrac-
tory stream in order to initiate the wetting up of
the product. The Inline Preform Mixer itself is
positioned 1 hose length from the refractory gun. It
compresses the passing material encouraging the
moisture and fine particles to coagulate and begin
to attach themselves to the larger aggregates form-
ing small moist spheres (pelletising the product).
This then both aids in the conveyancing of the
material to the target area and adds a dwell time as
the material travels from the inline preform mixer
to the nozzle and target area.

The end result 1s significantly less dust generated
at the nozzle as much of the fine (dust generating)
particles have formed into small damp pellets in
combination  with the larger aggregates.
Additionally, rebound has also been noticeably
reduced. All this is completed whilst still allowing
the nozzleman full control over final water demand
at the nozzle to allow for variations in vessels,

anchoring and substrates, see Fig. 4 below.
4. Properties

Concerns were initially raised that the addition of
moisture directly into the feed hose would lead to
blockages in the feed lines, causing safety issues. To
date, with many hundreds of tonnes installed, no
such issues have been observed.

It was theorised that the use of the Inline Preform
Mixer would result in more consistent "as installed"
properties as less dust and rebound lost would mean
more of the product as designed would end up on
the wall rather than as waste. It also meant that
the nozzleman would have an easier time installing

the material and thus be able to take more care
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Fig. 5 Gunning in the Rotary Kiln.
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during installation.

Physical property comparisons were therefore
made to check this theory. Utilising a standard
Shinagawa SHIRAGUN bauxite based low cement
gunning material used in alumina flash calciners
the following properties resulted when installed
with standard and alternatively using the Inline
Preform Mixer system on a major recent installa-
tion. Results are shown in Table 1.

As can be seen, the use of the pre-forming process
provided an increase in properties as compared to
standard gunning. It was also empirically noted
that there was a significant reduction in dust and
rebound as noted by the different nozzlemen.

On a different site, the system is currently used
with an alkali resistant low cement gunning mate-
rial used in a cement kiln preheater tower. In a
closed container, panels were gunned overhead and
all rebound collected, weighed and collated to deter-
mine difference in rebound levels between preformed
system and standard SHIRAGUN low cement
gunning. After weighing both standard and inline
preformed systems, it was noted that there was a
better than 5% decrease in rebound using the inline
preform system. Over a job of many hundreds of
tonnes, this results in significant savings to the
client.

In a further example, Shinagawa was requested
by a client to examine the feasibility of gunning a
complete lime rotary kiln (L=60m) in order to
reduce shutdown period and get the plant running
within a period of time not possible utilising stan-
dard casting systems. A significant reduction in
shutdown time was possible compared even to

conventional gunning because the use of the inline

Table 1 Comparison of properties

Datasheet Site Std Gunning Test Panels (19x) Preform System

Average Average Minimum Average Minimum
Bulk Density [kg/m’] 2500 2540 2440 2626 2510
Modulus of Rupture [MPa] 16 16 11 19 16
Cold Crashing Strength [MPa] 110 98 70 126 101
Permanent Linear Change [%) —0.1 —0.3 —0.6 —0.3 —0.3
Abrasive Index* 120 132 170 117 133

* - Abrasive Index by Morgan Marshal method,
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preform system allowed mechanical maintenance
teams to continue welding in the kiln whilst the
gunning was in operation. This saved many man-
hours during the course of the installation and

brought the job in under budgeted time and cost.
5. Conclusion

The Shinagawa Inline Preform Mixer system can
be used in all applications where a dry gunning
system 1s currently used. The system has been
shown to provide both dust and rebound improve-
ments leading to better material properties on the
wall and OH&S benefits to installers. In comparison
to shotcreting, the system is easier to use, faster to
set up and clean and requires significantly less
expensive equipment to operate. The Shinagawa
Inline Preform Mixer concept is covered by global
patent applications. For further information on this
system, contact can be made with Shinagawa in

Australia directly.



