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OF SYNTHETIC MINERAL BODIES

Abstract. Quantitative and qualitative development of synthetic mineral bodies produced by
industry, the precise characteristic of which should be often compared using computer technique,
requires the unification of microscopic description of structures and their presentation by means
of mathematical language. The present paper deals with a proposal of numerical description of
structure based on the set of questions and answers deduced from the graph theory.

The dynamically growing demand for materials characterized by specific technical
properties requites a precise comparison of their microstructures, taking into account
their qualitative selection according to a particular application. In contrast to the
approach of classical mineralogy and petrography, it requires progressive elimination
of verbal descriptions for the benefit of computer language.

The views on classification of synthetic materials were gradually coming to the
above conclusion. Beginning with the division of sintered materials proposed by
Milligan (1950), via researches and analyses of Bielankin e al. (1957), Baumann
(1958), Smith (1964), Smith (1968), Allen (1968), Lach (1971), Glibowski and Swiecki
(1975) applied graph theory to the digital expression of microstructure of ceramic
bodies in green state and after firing. In their considerations they assumed after
Lach that pores in the analysis of microstructure should be regarded as a zero-phase
of the material.

The graph method is based on a list of questions (D* — list), allowing one to
define the properties of the material, then to make a graph of possible answers to
these questions (D-graph), and to classify the analysed material in the form D-descrip-
tion. The basic assumption is to answer only “yes” or “no” and to strictly obey the
given sequence of questions.

Unlike the authors who classified the structures of ceramic materials with the
help of 12 questions, we propose to describe microstructures by 24 questions con-
cerning structural properties. The questions are divided into 8 groups, and each
group contains 3 similar questions. The additional ninth group of 3 questions is
open for specific properties that may be significant for a given material. The questions
of the D'-list (Table 1) allow one to make the D-description of microstructure
(Table 3). Since the answers to the D'—list questions may only be “yes” or “no”,
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Table 1
D'—list: Questions for description of x-body microstructure

No Kind of question
1 Is the body fully crystalline?
2 Is the body partly crystalline (below 25% of the glassy phase)?”
3 Does the body contain much glassy phase (above 25%)?*
4 Does the body contain pores?
5 Do pores occur on grain boundaries?
6 Do pores occur inside the grains?
7/ Does the body contain crystalline grains of different sizes?
8 Is the body composed of large oriented areas of different composition?
9 Is the body composition visibly crystalline (under optical microscope)?
10 If body mean grain size is coarse-grained (> 1.0 mm)?
11 If body mean grain size is medium-grained (0.1—1.0 mm)?
12 If body mean grain size is fine-grained (< 0.1 mm)?
13 Is the body composed of microcrystalline components?
14 Is the grain structure polycrystalline or twinned?
15 Does the body contain more than one crystalline phase?
16 If crystals composed body has only isometric shape?
17 Is the crystal habit regularly bordered — idiomorphic?
18 Is the crystal habir partly regularly bordered — hypidiomorphic?
19 Is parallel orientation of needle-like or plate-like grains observed?
20 Is wetting of crystalline grains by glassy phase good?*
21 Are mechanical stresses observed in the structure?
22 Does the microstructure show post-technological effects?
23 Are phase-changes observed as a result of No 227
24 Is texture observed as a result of No 227
25
26 Questions for special features not listed before
27

Table 2

Schematic freehand drawings of more typical microstructures compared in Table 3

Body contains one crystalline phase, without glassy phase or pores.
Visible stress effect

Body as / contains pores inside the grains

Body as / contains pores on grains boundaries

Body contains two crystalline phases and pores inside the grains

Body as 4 contains pores on grain boundaries and hypoeutectic
crystallization inside the grains

Body contains two crystalline phases and pores on grain bound-
aries. Second phase twinnings or eutectic lamellae are observed

' In cermets intergranular metallic phase is similar to glass phase in ceramics,

in D-desciiption they are marked as “1” or “0”., The number of digits of all the
answers to 27 questions is 27. When some questions are omitted, the answer has
fewer digits, but the sum of digits in the position binary system equals the number
of questions. On this basis, the author divised the D-graph showing the mechanism
of microstructure classification (Fig. 1).

The graph peaks constitute the numbers of sub-sequent questions from 1 to
27 and they also constitute numbers which are equal to a sum digits of position
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0  Fig. 1. Graph D, of Dy-graph group
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Body as 6 but with the third crystalline phase. It contains pores
inside the grains

Body as 2 but composed of polycrystalline grains

Body contains one crystalline phase of two sizes composed of
glassy-crystalline matrix. Two types of pores
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Table 2

Body with one crystalline phase and pores inside the grains, compo-
10 sed of glassy matrix

Body with one crystalline phase composed of glassy matrix. Pores
1 inside the matrix

Body as 11 but with second lathlike crystalline phase with idio-
12 morphic grain habitus

Body as 12 but with need like second phase and pores on the grain
13 — glass phase boundaries

Body contains two crystalline phases and pores, composed of
14 glassy phase (more thain 50 vol. %)

glassy phase

@ 1st crystal

17

2nd crystal
o

‘! stress effect

\\“\I\\ twinnings or eutectic lamellae

polycrystal

2

pores

PATAD

——

binary system answers to questions. The peak “1” is only one, peaks “2” are two,
peaks “3” are four, peaks “27” are 2%°= 67109056 and the answers to the last
questions will then amount to 134218112.

As it is difficult to present the D,,-graph, we may use directly the D-description
as an ungraphic answer to the D'-list questions, This ungraphic answer in the binary
system is a D, structure indicator (Table 3). It may be shortened to an indicator
of the octal system by grouping similar questions in threes. Then every three digits
of the binary system will be equalled by one digit in the octal system according
to the principle:

Binary Octal

system system
000 0
001 1
010 2
011 3
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Table 3

D-description of typical microstructures compared in the pictures (Table 2)
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100
101
110
111

The microstructure indicator given in the octal system (Dg-indicator, Table 3)
allows one to describe every material by nine digits (27 : 3) which constitute a nu-
merical parameter of the material. This enables one to use mathematical methods
for the evaluation of technological processes.

Table 2 compiles schematic drawings of 14 typical cases of microstructure, which
are compared in Table 3, basing on the answers for the D*-list questions presented
in Table 1. The given Dg-indicators also describe a particular microstructure in the
range of D'—list questions, emphasizing the similarities and differences. Higher digits
in the indicators generally point to materials that are structurally more complex.

In this manner of microstructure description, numeral indicator must be supple-
mented with type of material and investigation method.

The application of the presented principle allows one to avoid optional description
of microstructure, generally used in petrography, and to eliminate significant differen-
ces in descriptions presented by different scientists and laboratories.
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Andrzej SZYMANSKI

OPIS CYFROWY MIKROSTRUKTUR SYNTETYCZNYCH
TWORZYW MINERALNYCH

Streszczenie

Rozwfu ilodciowy i jako$ciowy wytwarzanych przez przemyst tworzyw mineral-
nych, ktérych precyzyjna charakterystyka coraz czgsciej musi byé oceniana poréw-
nawezo z zastosowaniem technik komputerowych, W)'/maga ujednolicenia mikro-
skopowego opisu struktury i przedstawienia £0 za pomocy jezyka matematycznego.
W ar't){kulc przedstawiono metode cyfrowego opisu struktury w oparciu o zestaw
pytan i odpowiedzi wyprowadzony z teorii graféw,
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Anoncei IMUMAHLCKH

HUOPOBOE OIMMCAHUE MUKPOCTPYKTYP CUHTETUYECKUX
MUHEPAJIBHBIX TIJIACTMACC

Pesrome

Kosmuectsenioe u kavectsentoe pa3surue npon3Boaumurx HPOMBILIIEHHOCThIO
MUHCPANLHBIX IIACTMACC, KOTOPBIX TOMHYIO XapaKTEPUCTHKY BCE Yaule Hauo cpa-
BHUTCILHO OUCHUBATL C NPUMECHEHUEM TEXHMK OCHOBAHHBIX HA BHLIYHUCIIATENbHbIX
MaliuHax, TpeOyeT YyHUDUKALMU MUKPOCKONUYECKOro ONUCAHMS CTPYKTYpHI ¥ €é
TIPCACTABJICHUA TIDU TOMOLUM MATEMATUYCCKOTO s3bka. B CTaThe IpeCTaBicH
METO/ UM(POBOro ONUCAHUS CTPYKTYPHI HA OCHOBAHHM COCTABA BOIIPOCOB U OTBE-
TOB, BBIBE/ICHHOIO M3 TCOPUH Ipadiob.
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