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EXPERIENCE IN USING ALUMINUM-SILICATE FIBER

BASED HEAT-RESISTANT THERMAL INSULATION

IN HEATING ASSEMBLY LININGS IN THE CERAMIC INDUSTRY

R. V. Zubashchenko1

Translated from Steklo i Keramika, No. 6, pp. 21 – 23, June, 2017.

The structure and properties of newly developed high-alumina articles based on aluminum silicate fiber are

shown. The application of the new NK-29 articles in the lining of high-temperature heat assemblies used in the

ceramic industry is examined.
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Heat insulation materials are quite widely used in the li-

ning of industrial heating assemblies. Commercial heat insu-

lation articles have low and stable thermal conductivity, ade-

quate mechanical strength, the required refractoriness, and

stable properties at high temperatures [1, 2]. The KT-1,1 and

KT-1,3 corundum heat insulation articles (GOST 5040–2015)

operate at the highest temperatures [3].

It should be noted that corundum articles, like other cel-

lular heat insulation articles, are lightweight and are not char-

acterized by high heat resistance. However, this index is im-

portant for periodic heating assemblies. The refractory lining

of such heating assemblies is subjected to alternate heating

and cooling during operation. As a result a temperature dif-

ferential arises between the surface and the interior volume

of the material, and this can result in failure of the article.

It is known that the heat resistance of composite materi-

als can be increased substantially by introducing fiber mate-

rials into grainy ceramic articles. Such articles are much

more resistant to thermal shock than cellular ceramics.

It is also known that fibers can form two types of compo-

sitions [4]:

– pore-free: the fibers reinforce the inorganic matrix;

– high-porosity: an inorganic porosity-decreasing binder

strengthens the fibers and lowers the thermal resistance of

the fibrous material by a very small amount.

A technology for manufacturing NK-29 heat resistant ar-

ticles on the basis of fibers strengthened by inorganic binder

has been developed by PKF NK, JSC [5]. The developed ar-

ticles comprise a fired porous material consisting of ran-

domly arranged Al
2
O

3
–SiO

2
fibers, a lightweight filler mate-

rial, and an inorganic binder. The microstructure of these ar-

ticles is shown in Fig. 1.

The main crystalline compounds of the article are corun-

dum (3.48, 2.55, 2.085, and 1.601 Å), mullite (5.39, 3.43,

3.39, and 2.54 Å), and �-cristobalite (4.11 and 2.52 Å). A

distinguishing feature of the obtained material is high ulti-

mate strength in compression, equal to at least 7.0 MPa. The

maximum service temperature equals 1500°C.

Physical-Chemical Properties of NK-29 Heat Insulation

Article . . . . . . . . . . . . . . . . . . . . . . . . NK-29

Mass fraction, %:

Al2O3, not less than. . . . . . . . . . . . . . . . . . . 63

Fe2O3, not more than. . . . . . . . . . . . . . . . . . 1.0

Apparent density, g�cm3, not more than . . . . . . . . 1.35

Residual dimensional changes on heating

up to 1500°C, %, not more than . . . . . . . . . . . . . 1.0

Ultimate strength in compression, N�mm2,

not less than . . . . . . . . . . . . . . . . . . . . . . . 7.0

Thermal conductivity at average temperature

650 � 25°C, W�(m � K), not more than . . . . . . . . . 0.45

Maximum service temperature, °C . . . . . . . . . . . 1500
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The technology developed for manufacturing NK-29

heat resistant articles yields large size articles. The light-

weight refractory has small maximum dimensional devia-

tions, which is achieved by machining of the intermediate

product.

For comparative evaluation heat-resistance testing of

NK-29 and corundum lightweight refractory was conducted

according to GOST 5040–2015. The tests were conducted in

air at 1300°C. Investigations showed the heat resistance of

the NK-29 developed material to be many-fold higher com-

pared with KT-1,1 and KT-1,3 materials.

It was shown that the NK-29 articles consist of high-alu-

mina porous filler bonded by aluminum silicate fibers which

are in contact at individual points with one another and with

the filler grains. The presence of fibers in the refractory

makes it resistant to sharp temperature fluctuations.

In addition, owing to such structure the fraction of the

heat flux transferred by conduction along fibers and the filler

in the indicated articles is low. This is a consequence of the

high thermal resistance of the point contacts formed in this

matter [4]. The thermal conductivity of the NK-29 articles

does not exceed 0.45 W�(m � K) at average temperature

650°C (the thermal conductivity of KT-1,3 does not exceed

0.80 W�(m � K)).

It is well-known that the existing methods of determining

the heat resistance do not fully reflect the actual sharp tem-

perature impacts on refractory articles during service. They

are suitable for comparative evaluation of the heat resistance

of articles. In practice it is necessary to know the actual dam-

age caused by sharp heating or cooling of a refractory article.

For this reason visual inspection of the lining during service

was conducted in order to determine the stability of the arti-

cles made of NK-29 material in periodic operating regimes

of a furnace.

The observations were conducted on a periodic furnace,

lined with the NK-29 heat insulation material, at PKF NK,

JSC. The furnace is shown in Fig. 2 (designed by Teplokhim-

montazh, JSC). The maximum working temperature was

1470°C. This furnace is used mainly for firing refractory ce-

ramic. The articles made of the NK-29 material were used in

the lining in the walls and roof of the furnace. The articles

functioned for more than seven years up to major overhaul. It

should be added that the absence of dense refractories in the

construction of this periodic furnace substantially decreases

the thickness of the lining and the accumulation of heat in the

masonry.

It is known that the crystallization occurring in glassy fi-

bers upon heating restricts the temperature interval of service

of conventional articles based on them. For example, accord-

ing to GOST 23619–79 the maximum temperature range of

fibrous articles produced in accordance with the indicated

standard is 1150 – 1300°C [6]. The NK-29 articles operate

successfully at 1470°C in spite of the crystallization of the fi-

bers occurring upon firing of these articles. In addition, in the

current year a second periodic furnace with a similar design

was put into operation at the enterprise.

NK-29 articles have exhibited high service properties in

the working layer of the periodic furnace at Rechitskii
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Fig. 1. Photomicrograph of NK-29 article under different magnifi-

cation: a) � 67; b ) � 2040.

Fig. 2. Periodic furnace at PKF NK, JSC.

Fig. 3. Lining of the high-temperature furnace at Rechitskii farfo-

rovyi zavod, JSC.



farforovyi zavod, JSC [Rechitsa Porcelain Plant] (Fig. 3).

The furnace was built according to a design developed by

Teplokhimmontazh, JSC (Staryi Oskol).

NK-29 articles have also been used to repair a slotted

roller furnace in the ceramic tile shop at OSMiBT, JSC

(Fig. 4). For this articles with different configuration were

fabricated (roof brick, side brick with openings for rollers,

block for protecting metal structures, and others). These re-

fractory articles were substituted for imported articles manu-

factured by the firm Thermal Ceramics. The customer did

not find any faults during operation of the furnace after the

imported refractories were replaced.

In summary, the developed NK-29 articles showed suc-

cessful operation in continuous and periodic heating assem-

blies and can be recommended for furnace lining in the ce-

ramic industry.
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Fig. 4. Lining of a slotted roller furnace for firing ceramic tile at

OSMiBT, JSC (Staryi Oskol): a) before repairs; b ) after repairs.
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