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Abstract 

Goal: Formulation of empiric formula, which establishes relations between 
major matrix parameters of ceramic materials and composites and the 
coefficient of resistance to material thermogradient. Method: Harcpurt’s 
method of cooling of water in boiling regime till disappearance of water. Re-
sults: It is proved that work-pieces reveal maximum thermal resistance and 
preservation of exploitation properties, when total closed porosity is within 
2% - 8%, and pore sizes vary within 1 - 6 mcm. Besides, they are more or less 
of spherical form and are spread equally in the matrix. Conclusion: Thermo-
gradient effect formula was defined for complex form work-pieces, when 
surfaces in the pieces are transacted several times by angles of various curva-
ture radii. 
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1. Introduction

It is known that resistance to thermal- and air-thermal aggression and respec-
tively to thermogradient of composite work-pieces made on ceramic matrix de-
pends greatly not only on the value of the gradient at the mechanical stresses, 
which are mainly conditioned by the phases present in the material, ther-
mal-processing regime and physical-chemical processes going on in the material 
during synthesis but also together with other factors, on their form [1] [2] [3] 
[4]. 

If we take into consideration the fact that, when the nature of distribution of 
local mechanical stresses in solid bodies depends substantially on the form of a 
body, it is apparent that neglect of the form of a piece to thermogradient, will be 
associated with a big inaccuracy while determining the resistance of any specific 
work-piece [1] [2]. When we speak of the piece form, first of all, we have to im-
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agine the curvilinear bodies with the surface of various curvature radii, which 
are mainly associated with the design of composite pieces. Composite materials 
are often characterized by rather complex profile relief, and in separate sections 
of its relief we often come across with very small radius curvature surfaces. It is 
namely pieces of such relief which are characterized by relatively high mechani-
cal stresses, that is, static mechanical stresses [5] [6] [7]. When ceramic piece 
falls in the field of high thermal gradients the field efficiently acts on the section 
of a piece, in which mechanical stresses dominate, which is expressed in mi-
cro-efficiency, that is, in transformation of micro-cracks into macro-cracks and 
the final destruction of a piece [1] [2] [8] [9] [10] [11]. The fact is evident even 
without proving that in real conditions heat transmission is the last factor and 
temperature gradient between thermal emission and the piece at the border is 
bigger than the gradient formed in the piece, irrespective of the size of the piece. 

2. The Main Part 

As far as it is known for us, in technical literature available up to now impact of 
the form of any work-piece on the resistance of thermogradient of pieces has not 
been elucidated yet. The known Weibull’s formula [9] doesn’t consider certain 
definite complex forms of ceramic work-pieces and their effect not only on 
thermogradient of pieces, but also on their thermal resistance, at large. Likewise, 
a form of a piece is not considered in Bio’s [9] criterion, which characterizes 
value of temperature gradient between the piece surface and internal sphere. 
Fourier’s [7] formula offers us only coordinates of a spot to be considered. Kin-
gery [8] in his computations for non-stationary regime, when piece surface 
temperature suffers abrupt alteration from T1 to T2, while average temperature 
of a body remains almost unchanged (that is we deal with thermal shock) and at 
the same time heat transition tends to infinity—uses the so-called form factor, 
but physical content is not explained by interpretations. Kingery often introduc-
es the form factor in the formula for thermal resistance. 

In most cases these are spherical, cylinder and infinitely flat plates, that is, 
simple forms. We considered necessary to define formula of thermogradient ef-
fect for relatively complex forms, that is, when the piece surfaces are intersec-
tions by various curvature radius angle. For determination of a piece resistance 
to thermal aggression the value of this angle has determining significance. Al-
though we will repeat that in the complex material structure, the composition, 
texture and many factors have important impact on thermal resistance. Besides, 
we have to take into consideration that selection of adequate parameter for 
evaluation of methodology of thermal resistance and its assessment is rather dif-
ficult [12]. We think that determination of thermal resistance [13] only by 
means of the values of mechanical strength at stretching, E-elasticity module and 
temperature conductivity—a, are not sufficient. Special literature [14]-[19] offers 
formulas, which are used for evaluation of heat stability of work-pieces. Appar-
ently in those relations alongside with mechanical strength, porosity and thermal 
stability, we have to consider quantitative evaluation of the above referred para-
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meters. Limit of strength [6] at bending of porcelain material, when it causes its 
destruction, approximately equals to 56 MPa [20]. If we consider Budworth’s 
data [21] optimal volumetric quantity of pores in the matrix should not exceed 
10%, and as a result, its mechanics suffers drastic worsening. At the same time 
Helga Gollisch-Szibov [22] offers optimal pore sizes—5 mcm. Kingery [8] offers 
insignificant porosity dependence on the factor of thermal resistance. According 
to the opinion of Strelov [23] at swift heating, porosity doesn’t affect significant-
ly crack formation process. 

It is known from practice [3] that increase of porosity in most cases contri-
butes to the elevation of thermal stability, but due to the fact that at this moment 
mechanical properties are decreased, it is complicated to determine optimal po-
rosity. On the basis of experiments carried out by us by Harcourt [24] method 
and water cooling at boiling regime, it was proved that work-pieces reveal max-
imum thermal resistance, when total closed porosity in the matrix is within 0.5% 
- 8%, and sizes of pores vary within 1 - 6 mcm. At the same time, they are more 
or less of spherical form and are spread equally in the matrix. [24], that is, the 
material is consolidated. We tried to offer explanation for this problem and by 
the provision of a series of experimental data we formulated empirical formula, 
which establishes relations between urgent matrix parameters for ceramic mate-
rials and composites and coefficient of resistance to thermal gradient of the ma-
terial (for ceramic materials and composites). Temperature gradient created in 
the work-piece which is placed in temperature field should be characterized by 
the effect. Between the bottom of the work-piece and the heat source, there oc-
curs the temperature difference, or the primary gradient. At the same time, 
temperature field created along the piece height, is parallel to the initial field, 
and is perpendicular to the secondary one, or on the heat, created on the bottom 
of the work-piece. Thus, we received secondary temperature difference between 
heat source and the heat, created on the height of the work piece. Vector direc-
tion of both heat sources is on the same side. Thermogradient effect should be 
conditioned by emission trajectory curvature in temperature field and should be 
characterized by the coefficient, which shows durability of a piece in thermogra-
dient conditions and speed of temperature equalization in the environment. It is 
measured in cm/sec. 

( ) 1 21b tK r a dT dy d E aσ µ= ⋅ − ⋅ ⋅ ⋅ ⋅  

r—is for the work-piece curvature radius for selected surface element, σbend is 
mechanics at bending, MPa; μ—Poisson coefficient; at—temperature conductiv-
ity; E—Young’s module; a—coefficient of linear expansion, dT/dy—thermal 
gradient for the selected y axis, along which thermogradient occurs, d1/2—half of 
piece wall thickness. It is necessary to allow some empiric assumptions, thus, e.g. 
that the piece from the side of heating should be flat, while the angle of joining 
of any two planes should be determined by curvature radius, which equals or 
exceeds 

0.3 cmr ≥  
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Spot of joining of two planes of a piece is computed according to the design, 
empirically, at 30% maximum angle. As to the thermal expansion and thermal 
stress, it is considered that expansion of the work-piece is free, that is, mechani-
cally unlimited, while the stress can be formed not only due to abrupt alteration 
but also at gradual changes, since at one and the same thermal gradient and at 
various curvature radii, various stresses will be formed in the piece. 

In our case, to test the formula we used the properties of celsian elec-
tro-ceramic piece synthesized in BaO-Al2O3-SiO2 system [25] and inserted the 
above listed properties in the formula by the succession of values given in the 
formula: 

( )0.3 69 1 0.282 282 75 3 10 6 140 0.4 0.28  cm secK = × × − × × × − × × =  

Thus, if we determine universal connection between mechanical and thermal 
properties of the material, and alongside with it, we’ll take into consideration the 
piece design and wall thickness, we’ll be able to compute resistance of a piece to 
thermal gradient. 

3. Conclusion 

The formula enables us to determine numerical value, which will conform to the 
resistance of the given work-piece to thermogradient. This latter is computed by 
the provision of numerical values of the characteristics of the main ceramic ma-
terials (composites) used in practice which are given in the formula [26]. De-
signers of ceramic pieces will be able to use the data, first of all, with the view of 
selection of thermogradient, if threshold value of thermal resistance of the given 
material is known. 
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