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Abstract

In the Australian refractory market, the main users of shotcrete materials are in the industrial
(non steel) markets, particularly the cement and lime industry where resistance to alkali attack is
required. Shinagawa Refractories Australasia has developed the NOVACRETE" range of shotcrete
products with a focus on excellent installation characteristics across the range while maintaining
the application specific formulations required in alkali rich environments.

1. Introduction

The shotcrete or wet gunning process has been well established in international refrac-

U4 and has merits due to considerations such as speed

tory markets since the early 1990s
of installation, lower levels of wastage and safety concerns such as dust generation when
compared to dry gunning equivalents ”~*. The installation procedure is the same as most
standard wet gunning installations where a dry castable is mixed with water before being
transported via a concrete pump to the work face where an accelerator is mixed with the
castable in a high velocity air stream?-?.

Shinagawa Refractories Australasia's NOVACRETE® range of products has been devel-
oped as a robust, user friendly product that is able to be easily installed. The current range
that applies to the cement and lime industry include several products with each of these

products having a certain role in the market place.
2. NOVACRETE" Products for Application in Cement and Lime Kilns

Rotary kilns in the cement industry in Australasia are traditionally lined with refractory
brick, however there are areas of cement and lime manufacturing plants that are lined
with monolithic refractories such as preheat towers, hoods, coolers and tertiary air ducts”.
These areas contain high levels of alkali that can cause loss of refractory linings by the
process:

alkali vapour — penetration— solidification — spalling

Shinagawa Refractories Australasia’s alkali resistant products give protection against

* 1 Technical Manager, Shinagawa Refractories Australasia Pty. Ltd.
* 2 Technical Systems Manager, Shinagawa Refractories Australasia Pty. Ltd.
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Table 1 Comparison of NOVACRETE® products
Product NOVACRETE® R2 | NOVACRETE® R4 | NOVACRETE® R9
Mullite / High alumina Mullite
Aggregate Andalusite +SiC+2r0.*Si0; | +SiC+Zr0.+Si0;
BD (kg/m? 2450 2860 2530
After heating MOR (MPa) 8 10 8
at 110°C /
24 hrs CCS (MPa) 80 70 90
PLC (%) -0.1 -0.1 -0.1
BD (kg/m° 23b0 — 2450 2750 2450
After heating | \1OR (MPa) 12 12 10
at 1000°C /
Shrs CCS (MPa) 70 80 90
PLC (%) 0.4 -0.1 -0.3
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the penetration of alkali vapour by creating a high viscosity glass on the surface layer of
the refractory” hence they are well suited to the environment while maintaining the good
physical properties achieved by the use of low cement castables (LCCs).

The products that have been developed are NOVACRETE® R2, NOVACRETE® R4
and NOVACRETE®™ R9 and are aimed at being able to perform across all areas in these
industries (Table 1). NOVACRETE® R2 is a 60% alumina material based on low iron,
synthetic mullite aggregates and is designed for use in a wide range of industrial applica-
tions including those with a low alkali load. NOVACRETE® R4 is a premium grade alkali
resistant material which is chemically also 60% alumina. It is formulated on high alumina
aggregates with the addition of Silicon Carbide and Zirconia Silicate for increased resis-
tance to alkali vapour penetration. The base aggregate choice also gives the material good
abrasion resistance in environments such as cement and lime Kkiln preheat tower cyclones.
NOVACRETE® R9 was developed to have the alkali resistance of NOVACRETE® R4 but
is based on lower density aggregates. The end result is a product that has the same alkali
resistance at 10% lower installed density.

3. Alkali Resistance Test Method

The products in this study were tested for resistance to alkali attack by Shinagawa
Refractories Australasia standard cup test method. Samples were cut from gunned panels
with the cup section formed by core drilling. The samples were prefired to the test tem-
perature of 1100C before being filled with the alkali salt reagent and a lid of the same
refractory material being affixed with an air setting mortar. The samples were then fired
to 1100C and held at this temperature for a total of 48 hours before cooling to room
temperature. The lid was removed and the sample inspected before being refilled with
reagent, sealed and fired to 1100C for a further 48 hours. On completion of the second
cycle the samples were sectioned and photographed with observations made as to the
condition of the materials.



Vol. 57 2014 Shinagawa Technical Report

4. Alkali Resistance Test Results

4. 1 Using potassium sulphate as the reagent

When samples were filled with Potassium Sulphate and fired to 1100C the reagent was
absorbed into the cup as seen in Fig. 1. The NOVACRETE® R2 sample showed some small
cracks indicating that the vapour penetration had some effect. The NOVACRETE® R4 and
NOVACRETE®™ R9 samples did not show any discontinuity in the samples after firing.

Fig. 1 Results of alkali cup testing at 1100°C with Potassium Sulphate reagent.

4. 2 Using sodium sulphate as the reagent

4. 2. 1 Firing at 950C

Results shown in Fig. 2 show that for the NOVACRETE® R2, the salt was absorbed
into the refractory material with no evidence of cracking or bowing of the sample. The
NOVACRETE® R4 and NOVACRETE® R9 show containment of the alkali salt with some
reaction layer in each of the samples with no evidence of cracking or bowing present in
the samples.
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Fig. 2 Results of alkali cup testing at 950°C Fig. 3 Results of alkali cup testing at 1100°C
with Sodium Sulphate reagent. with Sodium Sulphate reagent.

4. 2. 2 Firing at 1100°C

Results are shown in Fig. 3 and like the 950C firings; there is absorption in the
NOVACRETE® R2 sample with no disruption to the structure. The NOVACRETE® R4
and NOVACRETE®™ R9 samples also show containment of the reagent with a reaction layer
larger than that of the samples fired to 950C. This is expected as the reaction rate will
increase as the firing temperature is increased.

4. 2. 3 Summary of results

From the results observed, the NOVACRETE® R2 is considered applicable for areas of
zero or mild alkali conditions only as there is disruption of the sample in the Potassium
Sulphate test. Varying the alkali conditions did vary the result with the Sodium Sulphate
reagent causing no cracking or bowing.

The NOVACRETE® R4 and NOVACRETE® R9 did not display any disruption through
cracking or bowing in any of the alkali cup testing conducted. These products are consid-
ered as Shinagawa Refractories Australasia’s premium alkali resistant shotcrete grades for
the cement and lime industry.
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Fig. 4 Thermal conductivity of NOVACRETE® R4 and R9.

5. Influence of Density on Properties and Performance

Both NOVACRETE® R4 and NOVACRETE®™ R9 share the same system to generate
alkali resistance, however the NOVACRETE®™ R4 is based on high alumina matrix and the
NOVACRETE®™ R9 is based on a preformed Mullite matrix. The end result is a density
difference of approximately 10% meaning a decrease in the material required to be ordered
by the end customer while maintaining similar physical properties and performance in
alkali environments.

Not only is there a benefit in density and material requirements, the NOVACRETE® R9
has a decreased thermal conductivity compared to NOVACRETE®™ R4 due to the inherent
thermal conductivity of the main aggregates in the products. This difference in thermal
conductivity between the products is seen in Fig. 4. In a standard configuration of inside
temperature of 1000C with a lining configuration of 75mm 1200C grade lightweight
refractory as backup layer and 115mm layer of dense hot face refractory, the effect on shell
temperature can be seen in Fig. 5. The end result is a lower shell temperature and heat

loss and as previously noted a lower lining weight.
6. Installation of NOVACRETE" Products

NOVACRETE® products are designed with the aim to make the product as easy as
possible for the contractor to install. The products are robust enough to withstand the
slight variances in water addition that is the case on a lot of sites and are able to be
installed through a range of equipment types such as small and large pan mixers and
small and large concrete pumps. Careful design in particle size has led to products that
are able to be transported very long distances both vertically and horizontally in steel
pipe work with vertical pumping distances approaching 100m being achieved. Control of
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983°C 984°C

194°C 183°C
26°C 26°C
115 190mm 75 115 190mm 75
NOVACRETE® R4 NOVACRETE® R9
NOVACRETE® R4 | NOVACRETE® R9
Interface Temp C 896 829
QOutside Temp C 193 183
Heat Loss W/m’ 2607 2364
Heat Storage MJ/m’ 362 312
Lining weight kg/m’ 391 358

Fig. b Effect of lower density and thermal conductivity on shell temperatures.

Fig. 6 Installation of NOVACRETE® product.

the chemical reactions in the calcium aluminate bonded system gives working times that
enable long installation periods between cleaning of equipment. This allows contractors to
schedule breaks in the installation work, such as meal breaks and adjustment of formwork
to be completed with less risk of the refractory hardening in the pipe work. Fig. 6 shows
the typical installation conditions of a NOVACRETE® product showing the normal charac-
teristics of a shotcrete installation of low dust and rebound.
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7. Conclusion

Installation of refractories by wet gunning also known as the shotcrete method gives the
benefits of low dust, low rebound and potential for fast installation rates when compared to
dry gunning of low cement refractories. Shinagawa Refractories Australasia has developed
a range of NOVACRETE® products specifically for mild and high alkali environments
seen in the cement and lime industries with good alkali resistance achieved in the tests
conducted across a range of temperatures and alkali reagents.
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