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Abstract

Shotcrete has been developed and used widely within many industries. There is a strong demand

for introducing shotcrete in the Australian industries such as Alumina, Mineral Processing and

Cement due to its advantages in installation, particularly speed and environmental considerations.

However the exacting demands in these industries has resulted in the “off the shelf” materials

being unable to meet the requirements. Shinagawa Refractories Australasia have developed new

materials to meet to each customers specification and have been successfully installed in trials.
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1. Introduction

The process of wet gunning dense monolithic
materials is well known. However, advances
in technology and customer requirements
have changed the way development of refrac-
tory products needs to be done with end user
requirements now more strongly influencing
the way materials are designed.

As a response to these needs, Shinagawa
Refractories Australasia (SRA) have developed
a range of CLEANSHOT materials targeted
for specific industry requirements within the
Australian marketplace.

This report will discuss the development of
these materials, compare the properties of the

*1FIINEBELA — A 7 LA 27 HilrifE  Technology Manager, Shinagawa Refractories Australasia Pty. Ltd.
*2 MINEWREA — A NT LA 27 iy A7 234385 Technology Systems Manager, Shinagawa Refractories Australasia Pty.

Ltd.

*3MINHABELA — A M7 LA 27 EfdHAiE  Senior Technologist, Shinagawa Refractories Australasia Pty. Ltd.
* 4 FAIEGERT 8 2 F9E 7 v — 7 E4EWIZEE Managing Research Engineer, Unshaped Refractories R&D Group, Research Center
*5 WIIEBRE A — A T LA o7 Bkt S5 - Hi#ffB%  Director, Product & Techinical Development, Shinagawa Refractories

Australasia Pty. Ltd.



Shinagawa Technical Report

REIEM KT R, TELAKR, WAHFIZ XD i
TENTE e FEISERARA M (—#1I
Tay b U—=bMEMENG) PREEINT, &
fii % Z DM E T TICIMEM B ST &
AT

Yav by )= METIERTELIY L, B
REf D AR R, RATEE, ) N7 ¥ FEvio 72
TEEOWHERTENRLTW DY Z0d), 4%
%L ORL, BN RIFBIEERIZ 2y b
J— M LEZEELTW5b,

s R RS (SRC) dv 3y h 71—
MELHETHLZ)—ray b2H%L, &
FEMEZA L TWD? L LadsBEFOR S,
T, =AM F) TOEXOERIZTHIDZ S
ng, S HIEEOREMIGCliE O H T b RiE
PHELRTV, I TINSD=— B R 572
B, EWETOBOMA L SRCOFMT T, BLWY
% OBZE OB Z W THME 2 % L7,

3. MEBRLXE

3.1 $LE®IFHEDORR

PEMFay Y- MIEE, BILER S
2% L CSRADILETHFE L 72,

FERERE TI2BWTIE, EEXHI20mo ki o —
) =XV I ANORETEARD Sz I
F v — LW OREWIBAGT S N, RIRT A%
W7z —F =TI E N5, it LaARNE T AT
BOWMIIZIE, BOBEOEREHY, v av b
7)) — MPEIIZLERH LT A3 LA E
\ZVCHs 2120 - WEREE SR S iz, &

Vol. 52 2009

CLEANSHOT shotcrete products to the former
conventional materials used and report on some
customer service results.

2. Concept of Development

The development of refractories requires
a balance of chemical resistance and physical
properties centered around the application and
considering the ability to install the material.
Monolithic materials have been installed by
casting and gunning for many years, with wet
gunning (commonly referred to as shotcrete)
having been developed and used within steel
and other industries for over 10 years."?

The wet shotcrete process offers many advan-
tages over conventional materials such as speed
of installation and environmental benefits such
as low dust and rebound®. As such many end
users are now pursuing the use of this process
in their scheduled maintenance programs.

Shinagawa Refractories Co., Ltd (SRC) devel-
oped the shotcreting system CLEANSHOT and
have a wide variety of shotcrete materials."?
However, the “off the shelf” materials were
unable to meet the specific requirements of
Australian end users, raw material availability
and excessive cost when compared to the more
commonly sourced materials. Consequently, to
meet these demands, new materials were devel-
oped using a combination of customer application

Table 1 Comparison of CLEANSHOT 60M and conventional castable
Product CLEANSHOT 60M Conventional
Aggregate Andalusite / Mullite | Andalusite / Mullite

' Compressive Strength (MPa) b4 60

a??tf(;(’ge/%%?s Modulus of Rupture (MPa) 4 5
Bulk Density (kg/m?°) 2410 2370

Compressive Strength (MPa) 48 40

After heating Modulus of Rupture (MPa) 6 5
at 1000°C/6hrs Bulk Density (kg/m?’) 2370 2300
Permanent Linear Change (%) —0.3 —0.2
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Fig. 1 CLEANSHOT 60M installation trial.
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knowledge, SRC technological capabilities and
the experience of many development trials.

3. Development of Materials and
Performance

3. 1 Development of mineral sands material

The development of a shotcrete material for
the mineral sands industry was undertaken as
a joint project between the installation company,
the end customer and SRA.

The application required the installation
of material into a large Rotary Kiln, approx.
120m long. The Kiln itself is fed by a mixture of
char and mineral sands and fired by a natural
gas burner. There was a long history of cast
materials that have performed successfully
and unsuccessfully in the application and it
was requested that we match material chem-
istry and physical properties of the successful
castable material we are supplying. We have
developed CLEANSHOT 60M for this purpose
and the properties are shown in Table 1.

On repairing a 40m section of a 4.3m diam-
eter kiln in February 2008, a 10m section was
installed with approximately 110 tonnes of
CLEANSHOT 60M and remaining section with
conventional castable. Material has performed
successfully with all reports to date suggest-
ing that the material is performing equal to or
better than the equivalent castable. Fig.1 shows
the installation conditions. Installation rates
throughout the process were significantly bet-
ter than casting, with material be installed at
approximately 6-7 tonnes per hour and at times
peaking at 8 tonnes per hour.

Currently, SRA are in the process of further
improvements to the installation characteris-
tics. Another high grade has been developed
for a more severe process as well as a general
purpose grade. The customer envisions moving
completely to shotcrete installation within 2-3
years.
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Table 2 Typical properties of CLEANSHOT 80 and CLEANSHOT 60 AD compared with

equivalent low cement castables

Product CLEANSHOT CLEANSHOT Low cement Low cement
80 60AD castable castable
Aggregate Bauxite Andalusite Bauxite Andalusite
Stcr?a?getae?lfﬂi\ga) %0 %0 % 8
Attt | Momearfes | 0 . .
B ety 2820 2600 2800 2610
Strength (MPe) 100 80 0 o0
Alaaton | Modearfes | g : ® s
B ety 2710 2510 2730 2600
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3. 2 Development of materials for
the Alumina calcination process

Australia produces in the vicinity of 8 million
tonnes of Alumina per annum for domestic and
world markets with an abundant supply of low
grade bauxite feed. As such, there is a continued
market with new projects coming online as well
as maintenance of current calciners.

Typical alumina calciners within Australia
have developed two predominant wear mecha-
nisms associated with the particulate flow of
the feedstock. The first being high abrasion
due to the velocities and changes in direction of
feedstock and the second being thermal shock.

As such, two distinct products have been
developed to handle the dominant wear mecha-
nism at any one point, but it is still crucial that
each material be capable in both conditions.

The materials produced are based on con-
ventional aggregates, bauxite and andalusite,
but feature a low cement matrix, improving
the products capability in these high abrasion
environments and have the capability of being
installed with up to 3% stainless steel fiber
additions. Table 2 shows a comparison of the
abrasion resistant materials and conventional
materials normally used for this application.
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CLEANSHOT Z8

Low cement alkali
resistant castable

Fig. 2 Cup test of CLEANSHOT ZS & conven-
tional material: 1100°C/bhrs + b0g alkali
salts.
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At this stage in development, the materials
CLEANSHOT 60AD and CLEANSHOT 80 are
yet to enter extended service in calciners, how-
ever both have met stringent testing required
by Alumina manufacturers and are being con-
sidered for installation in new projects.

3. 3 Development of materials for
the Cement manufacturing process

Cement kilns in Australia are generally a
brick lined in combination of basic and alumina
materials. However, there is a significant amount
of refractory material installed in the pre-heater
tower as well as the cooler and more recently
these areas have been repaired in monolithic
materials such as dry gunning and casting.

Typically, refractories in these applications
have a high amount of alkali vapor attack as
well as suffering from abrasion from feedstock
and potentially thermal shock.

A stringent testing program is used by most
customers within the Australian marketplace
with respect to alkali attack in both oxidizing
and reducing conditions. To proceed with trials
it is a necessity to pass this testing.

SRA have two available materials that have
been offered to cement plants, with high alumina
material generally over looked with a preference
for CLEANSHOT ZS, a SiC-ZrO,-SiO, based
material designed to offer superior alkali and
abrasion resistance in all environments.

The alkali resistance works by a self protec-
tion mechanism, whereby the silicates present
create an extremely viscous glass to prevent
the further penetration of the alkali vapor. This
can be clearly seen in Fig.2 which shows the
CLEANSHOT ZS has a glassy phase present
at the test temperature, while the alternate
high alumina material has clearly let the vapor
penetrate throughout the test sample with no
reaction. It should be noted that it is this vapor
in real applications with a temperature gradient
present, that are deposited deep in the refrac-
tory and causes spalling. This is one example
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Fig. 3 Before and after installation of
CLEANSHOT ZS at cooler-cement kiln.
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where controlled greater reaction assists the
material performance.

CLEANSHOT ZS has now been installed in 3
Cement plants throughout Australia with results
being compared favourably to the standard
materials for the application. End users have
been impressed with the speed of installation
and the low installation losses on site using the
CLEANSHOT shotcrete technique. Fig.3 shows
the installation condition of CLEANSHOT
ZS at cooler-cement kiln. Initial performance
results indicate a very promising future for this
product.

4. Conclusion

Increased total refractory costs due to ris-
ing raw material costs, manufacturing costs
and coupled with advances in technology and
customer requirements have changed the way
refractory material needs to be developed.

SR A have developed a range of CLEANSHOT
materials targeted for specific industry require-
ments within the Australia marketplace to
meet these needs and have had success with
trials installed.

The advantages of shotcrete products dis-
cussed allow the end user an improved speed of
installation over more conventional techniques
whilst minimizing environmental issues such
as dust and installation losses in comparison to
dry gunning.

5. Future

Shinagawa Refractories continue to meet the
demand of a wide range of customers using a
variety of raw materials and methodologies to
meet specific requirements.
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