
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



NASA TECHNICAL MEMORANDUM NASD. TV-77421

I

APPLICATION OF QUANTITATIVE MICROSCOPY TO CEP.AMICS

Yasuhiko Kondo /I
0,iSA-IM-77410)	 A1Y11CA1ICN CF OUAh ITAiIVE	 N84-34618
hiCBCaCJFY TL; CEiiAd1CS (NdtlCnal Aeronau;*ics
aad Space Aululni:;trution)	 J0 p
HC AUa/dF A01	 CSCL 11B	 U11C1dS

G3/17 24059

Translation of "Teiryo soshikigaku no seramikkusu
e no oyo", Seramikkusu (Ceramics) (Japan), Vol. 18,
No. 2, 1983, pp. 133-143.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON D.C. , 20546	 APRIL 1984

i



STANOARO 11Th ►A61

3. Reclplows Cetei" N..

s. 
RsrPR'TL 19 84

6. /.rlen" Oreewl.eller. Code

1.	 009ew6ee11e0 Rspeet No.

10. Work Unit Ne.

11. CewlreM «Grew! Ns.
0.	 0•ger..ef.ew Wwoe es1 A4 *so	 NASw,	 35 42

SCITRAN	 10. Type of RepeN sad Issrio4 Covered
Box 5456
S_anr a Barhara . rA 911	 Translation

12. S	 •e,. •.ng A ew Na..e o.1 Address
'ttiona^ veronautics and Space Administration
ilasnlndtone D.C. A0546	 1 

10. 1M.se"q Agemy Code

13. $W"loms.Nery Note$

Translation of "Teiryo soshikigaku no seramikkusu e no oyo",
Seramikkusu, (Ceramics) (Japan), Vol. 18, No. 2, 1983, pp.
133-143.

10. Abe"90'

A review with 28 references on analogy of bulk texture and
structure of ceramics and related materials by quantitative
microscopy with special reference to graphite in cast iron.

ORIGINAL PA ALI i Y
OF POOR Q

r^

(

	

	 1. R.~n His.	 L s•.ew^eni Aseesaism Me.

NASA TM-77420

f. Title ew! So ►N11e

APPLICATION OF QUANTITATIVE MICROSCOPY TO

j	 CERAMICS

Yasuhiko Kondo

T^

I

s

11. Kew Woods (fMwge ti AH eno$
	

la. 0l ssrlbewr 1906=00

Unclassified and Unlimited

i

11. Seev.lhr C144641. ( 01 M• '49	 P% u"Witi el.eesl. (of Ads p"a>TS• N^ d I ctrl)	 A r"w

Unclassified	 Unclassified	 10

ii



l i

APPLICATION OF QUANTITATIVE MICROSCOPY TO CERAMICS

Yasuhiko Kondo

1.	 Introduction
	

/133*

The met'iod of microscopic analysis of substances is being

used in fields such as metallics, minerals, etc., and it is

anticipated that i-^ will be applied to more studies in the future.

However, only the surface of the subject to be analyzed can be

microscopically observed and there is only a chance that this

surface will give a cross section of the substance. There

has consequently been some resistance to discussing the proper-

ties of the substances based on this structure. However, there
have been many studies of substances based on 1 micrograph and

very accurate conclusions have been reached.

It appears that surface observation using microscopes will be

reduced when it becomes possible to observe the inner structure

of opaque substances by another technique. However, optical micro-
scopes are still very important, even though X-ray permeation

methods and scanning electron microscopes have been developed.

Therefore, the development of a technique that can estimate the

3-dimensional structure of a s-,,.Ibstance, based on the two-
dimensional information obtained from the material surface for

cases where it is impossible to observe the inside of the material,

is being considered. That is, the subjects that we observed
gave 2-dimensional images where the 3-dimensional inner boundaries

of the materials intersected the cross-sectional plane com-

pletely by chance. The firm and size of the images were only

part of the actual 3-dimensional image. Therefore, a science for

estimating the 3-dimensional space based on the two-dimensional

structure, which can be observed, was developed. This is generally

known as stereole3Y. The quantitative study of structures

* Numbers in margin indicate foreign pagination.
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(quantitative microscopy) was developed as a result. Then

Elias et al., established the International Association on

Stereology in 1961.

On the other hand, the method whereby changes in the structure

during image conversion are traced was proposed as a result of

mathematical morphology studies on two-dimensional surfaces as

a method for quantitative study of structure [2]. This method is

introduced in the report of Takaku et al. [3].

In this report we describe the analysis of graphite structures

in cast iron by a case study procedure while focusing on the

application of quantitative microscopy to ceramics.

2. Cast iron

It will be necessary to briefly explain what cast iron is

before proceeding with this report. Cast iron is an iron

alloy that is generally called "cast metal." It can be used in

various fields, such as industrial equipment, automobiles, etc.

This usually refers to an iron alloy that contains approximately

2% or more of carbon in an iron-carbon two-element alloy. How-

ever, the carbon content of cast metal that is generally used is

2.5-4.5%. In addition to iron and carbon, the metal may also

contain silicon, manganese, phosphorus, sulfur, etc. Cast iron

has good fluidity in liquids and the rate of contraction with

hardening is low. Therefore, it is a metal that is suitable for

casting complex forms. Japan produces approximately 4,000,000

tons per year.

Graphite or a carbide We 3 C) is crystallized by solidification

of the carbon in the cast iron. However, this explanation will

be restricted to the case of graphite crystallization. 3raphite

that has been crystallized by cocrystallization and solidification

has an effect on the chemical structure and the solidification

conditions. Its :shape, size and distribution vary and affect

the mechanical properties, thermal properties, and other

2
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properties of the cast iron. For instance, the tensile strength
. 4	of cast iron changes from 10 kg/mm 2 to 60 kg/mm2 with changes

in the form of the graphite. Consequently, quantitative determina-

tion of the graphite structure is an important problem from the

viewpoint of research on cast iron. However, many of the attempts

to study the form, size and distribution of the graphite have been
r

restricted to explanations with standard figures.

Figure 1 and Figure 2 show the classifications of graphite

pertaining to the form and distribution of the substance respec-

tively [4) . Those pertaining to size are classified in 8 stages.
The actual structure of graphite in cast iron is represented with

these classification figures as the comparative standards. The

tendency to represent these as quantitative figures has increased

suddenly with the appearance of image analyzers.

The details that will be introjuced here are also the result
of research carried out under this condition. It must therefore
first be understood that it will take more time to completely

quantatively analyze graphite structures.

*^
I 	^^	 •	 r	 !,	 .may i

1.	 ^'	 11	 U	 F.

Figure 1. Form of graphite	 Figure 2. Distribution of
graphite.
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3. Method for Analysis of Graphite Structure in Cast Iron 	 /135

Since the properties of cast iron are determined by the
graphite content of this cast iron, it is necessary to analyze

the graphite structure. However, it appears that the pores in
the sintering process and original powder should be explained

to the readers.

The methods for analyzing the structure of graphite that

have been reported thus far can be classified as follows.

(1) The method whereby the properties of the structure
are determined by combining each parameter 	 [ 5 -7]

(2) The method whereby stereoscopy is employed	 [8-11]

(3) The method whereby image conversion is employed	 [10,
11, 12-13]

(4) The method whereby similar patterns	 are used	 [16,17]

(5) Other methods	 [18-20]

Of these, the methods in (1) - (3) will be treated in this
report. However, we will also report on the other methods using

image analyzers. Image analyzers consist of TV cameras that
are observed by humans. Thought processes are carried out by

computers. There have been many recent developments in electronic
technology and many types of devices are being marketed. The
theory for measurement using the image analyzers is the spot

analysi3 method. The micrograph structure equipped with a TV
camera is introduced as an image and a monitor. The outline

corresponding to the concentration (called gray value) of

the structure appears on , monitor using the intersecting points
(called image points) of the TV scanning rays. The object to

be measured is thereby made into an image. Moreover, the

scructural parameters that can be measured are classified into

the four types of surface area, size, peripheral length, and number

4
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of particles.	 It is possible to determine various sizes for

directional particles. Figure 3 shows one example of para-

meters measured that pertain to the size of directional particles.

However, there are various parameters for size and it is obvious

that the parameter must be selected in accordance with the purpose

of the study.

Furthermore, the structure to be studied is selected by

the gray value and measured after it appears on the TV monitor

as an image. However, prior to this, tests should be carried

out to determine the best image for the parameter to be measured.

For instance, during analysis of the particles or pores, the

measurement masks should be removed. Moreover, when foreign

matter is observed in the pores, this should be removed. In

addition, when particles that do not meet the purpose of the

tests according to their gray value are selected, they should

also be removed. These processes must be carried out in order

to remove the unnecessary images (called image treatment). These

processes are determined by evaluations by specialists on the

measured materials. Vowever, the image treatment method for each

material is a probl,:m that must be settled by each field.

In addition, there is a method whereby individual measurements

of each particle can be carried out while simultaneously measuring

the particles as a whole. The former is effective for cases

where the form, surface area, and size distribution must be 	
I

determined and the latter is effective for surface area ratio

measurements and stereoscopic measurements.

The results were studied by the above-mentioned analytical

method taking the use of an image analyzer into consideration.

5
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Figure 3. Size of Directional Particles.

3.1 Method for Determining the Features of the Structure by

Combining the Parameters

This method is used for analysis of graphite forms. The

technique is similar to analysis of forms of powders used in

powder engineering. Removal of graphite microparticles, removal

of particles on the measurement mask and removal of impurities

inside the graphite are carried out. The surface area (A),

size (L), and peripheral length (P) of each particle are

determined. These parameters are then combined and expressed

as the form of the image in image treatment.

Table 1 shows the nondimensional values pertaining to

graphite forms currently being proposed. Of these, the form

coefficient becomes smaller as the graphite form breaks down
with a true circle being 1. These values were determined with
the circle being the standard form.

The spherical ratio is the graphite surface area per surface

area of the circle surrounding the graphite. Those with a

spherical ratio of 80% or more are called spherical graphite

according to the method for evaluation of the spherical ratio

by the Japan Society on Minerals [211. The above-mentioned two

amounts should be applied to graphite that is theoretically or

substantially spherical. However, tihen applied to the first

graphite shown in I-III of Figure 1, there is a chance thaC_ the
physical signi.fi c.u;ice of the values will be unclear.
6
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TABLE 1. NONDIMENSIONAL VALUES FOR GRAPHITE FORM EVALUATION BY
COMBINING STRUCTURAL PARAMETERS

F1

Nondimensional value Computation equation Measurement

Form coefficient K=4n	 (A/P 2 ) Surface area, peri-
pheral length

Spherical ratiop S =A	 (nL 2/	 M /4) Surface area, maxi-
mum length

Axis ratio R=LW/LM !Width, maximum length

Eccentricity E - P/2)/ . LH LV2 peripheral  length,
projection length

CV ratio C:	 ratio of spherical
I
particle number

particles to flat j

i
particles I{

The axial ratio is the ratio of the length of the graphite

to its width. Spherical graphite has a value of 1. This value

becomes smaller as the graphite becomes more slender. This value

can be determined relatively easily from the micrographs without
an image analyzer.

Eccentricity is a value that was proposed as a measure of the

degree of branching of the graphite [5]. Unbranched flat graphite

has a value of 1. This value increases as the number of branches

increases.

The CV ratio was suggested as a measure for evaluating the

form of graphite having a shape somewhere between spherical

and flat (corresponds to III in Figure 1, called CV graphite; cast

metal that has been focused on in recent years) [6]. The form

of graphite with an intermediate shape is evaluated from the ratio

of the number of graphite particles with a spherical ratio of 60%

or more and the number with a spherical ratio of less than 60%.

7
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Figure 4 is an example of form analysis of cast metal

having the various graphite structures in the figure using

the fcrm coefficient (K), the spherical ratio (S), the axial

ratio (R) and the CV ratio (C) in Table 1: The four graphite

structures to the left of the figure are CV graphite and the two

to the right are spherical graphite. The graphite structure

becomes more massive in form as we move to the right of the picture.

There is a tendency for each measurement value to correspond with

the changes in form. Of these values, K shows relatively contin-

uous changes in comparison {_o the other nondimensional forms

and it can be said that this is an efficient value for classi-

fication of graphite forms that vary as flat CV and spherical

graphite. However, there is a problem with the use of this

measure with flat forms. Moreover, each value in Figure 4 is

the mean value for individual graphites. However, there are

cases where the graphite forms change within the field of vision 	 /136

(and within one cross section). The standard deviation of the

mean values is therefore large. when these firms are represented

only by the mean value, there are often various shapes represented

by the same value. Therefore, tests were carried out on the

representation of graphite forms with not one mean value, but two

values. An example is shown in Figure 5 151. Figure 5 classifies

the graphite forms by their form coefficients and axial ratios.

It can be said that this is more effective than the use of mean

values.

i

k ar..^-..
E --I U)

•

^I

r^ O
p

O • 4	 rd
m >

. form coefficient

4

Figure 4. Form Analysis of Figure 5.	 Evaluation of Graphite
Graphite by Nondimensional Forms by Two Nondimensional Values
Values	 (Table 1)

8

re



I	 .

e

However, a simpler method is preferred for structural

treatment of industrial. materials such as cast iron. Although

a complex method is obviously more precise, it is difficult

to apply. This problem is the same as that found in ceramics

and will be studied in the future. However, the purpose of

structural qualitative measurements is not to numerically deter-

mine the structure alone. The ultimate purpose pertains to how

these values are related to material properties, or that is, con-

trol of material properties by the structural values. It appears

that it will become easier to develop a simple structural analysis

method as research proceeds taking this point into consideration.

3.2 Method that uses stereoscopy

The measurements in the previous section were carried out

in order to represent the form of two-dimensional images that

appear from cast iron as basic forms. This will give the form of

the graphite a nondimensional value, as can be done in concrete

terms for the diameter of circles and spheres. However, there is

no guarantee that the values will be uniform in solid spaces

of material whose surface is being observed. For instance,

even though the form can be accurately represented, there are

still problems with the method. However, we can say that this

method is suitable for the case where simple particles are used

and the fcrm is to be determined, as in the case of powders.

On the other hand, stereoscopy is the method whereby the

values of graphite present in solid spaces are estimated from

information obtained from ojints and lines of the lower dimension.

It is one technique for qualitatively treating the form of mater-

ials [1]. This technique is a geometric probability theory and

dates back to references from 1848.

Stereoscopy is applicable to the case of particles and

crystals of various sizes with similar shapes that are arranged

at random. Special treatment is necessary for the case of

1
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particles that are oriented while being maldistributed. Osawa

has introduced the explanation of Elias as follows as a subject

of stereoscopy 1221.

(1) Form and Number

When many particles or cells of a similar '-iape are present

in the material, the number of particles present per unit volume
and the average form are estimated.

(2) Capacity

The volume percentage occupied by a certain phase is deter-

mined.

(3) Si 7e

The particle size and distribution are determined.

(4) Surface Area (Interface Area)

The interface area per unit volume of the material is deter-

mined.

(5) Length

The total length of the fiber structure, crystal structure,

etc. in the material per unit volume is determines:.

(6) Spatial Distribution of Particles

The contact percentage between particles, the number of

particles that make contact, the contact surface area, and the

distance between interfaces is estimated.
1

(7) Anisotropism

Orientation of the particles and cells is estimated.

(8) Analysis when the Sample Does Not Have a Random Structure

Analysis is carried out when the sample has an oriented

structure or when several aggregates of particles are formed.

(10) Continuous Cross Section Micrograph Technology
^ i

A sample is cut along parallel cross sections at uniform

distances and each cross section structure is analyzed.

10	 1
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(11) Research and Stereoscopy Equipment

Research should be carried out on equipment and gauges

and computers should be automated for rapid and accurate retrieval

of quantitative information (for- instance, number, length, surface

area, etc.) from images of the cross sections.

Figure 6 summarizes the correlation between the basic

parameters that have been established thus far and t.".0 three

dimensional values [23]. In the figures, P is a point, L is the

line, A is the surface area, S is the surface area, and V is the

volume. The large letters show the amounts pertaining to graphite

and the added figures show the amounts pertaining to measurements.

For instance, P p shows the value obtained by subtracting the

number of test points inside the particle from the total number

of test points during the measurements. According to the basic

equation listed in the figure, P p is equal to the surface area

percentage (AA) or the volume percentage. There have been many

references that have listed this basic equation previously

[1,23, 24-271.

Since the stereoscopic method is based on the geometric

probability theory, it seems that the sample to be measured

should have a structure common to samples in genera]. and that

it is necessary to determine the measurement field for a standard

deviation because there is always error in probability theories.

The image analyzer was therefore used. Table 2 shows the defini-

tions of the symbols used in Table 2.

11
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Line
i L.	 ( C,

Surface
area

Volume

Basic equations

Figure 6. Correlation between Measured Values (0) and
(C7) in Stereoscopy and Basic Equations

TABLE 2. DEFINITION OF MAIN STEREOSCOPIC SYMBOLS

^j

SvmboIsI	 Definitions

( Pp Value obtained by subtracting the total of test points

( that fall into the particle to be measured from the

( total test points at the measurement sit	 ;point

( percentage) .

r-( P L Value obtained by subtracting the total of intersections
•^( between particles and test lines from the total length
4j

v ( of the test lines.

N( PA Value obtained by subtractin g, the number of points

of where the line elements intersect the cross section
s4
U( from the experimental cross section area.

E ( LL Value obtained by subtracting the total length of

w( test lines cut by particles from the total length of

v ( the test line	 ( line percentage)
N( LA Peripheral len g th of particles per unit cross section

ai ( area
X

( AA Area of particles per unit cross section area	 (percen-

tage).

Cn ( LV	Length of line elements in unit volume

( S 	 Surface area in unit volume (specific surface area)
W( VV	Volume of particle in unit volume (volume percentage).
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Therefore, we will explain the use of stereoscopy for analysis

of graphite structures in cast iron using the model shown in

Figure 7. Figure 7 is an example of the structure of cast iron

with spherical graphite. This is the case where a 5 mm square

lattice was used. The square lattice can be made by any method.

Moreover, the total length of the scanning lines and the points

of intersection of the scanning lines are already known. When

the points of intersection that fall to inside the graphite

particles are determined, P P is the volume percentage or area

percentage and when the total length of the scanning lines that

cut inside the graphite particles are known, L L can be determined.

Therefore, the area percentage_ or volume percentage are known.

On the other hand, there are 68 points where the scanning lines

are crossed. Therefore, the cutting point P L per total length

of the scanning lines is 68/14.4=4.72. The dimension at this

time is mm-1 . When P L is known, the specific surface area S 

of the graphite in the solid can be determined from the basic

equation in Figure 6. That is, since S V=2PL , S  is 9.44 mm-1.

When S  is known, the specific surface area S VP per 1

particle, the mean free distance (between particle ends) a

of 3-dimensional particles, and the spherical diameter D 
3 

of

3-dimensional systems can be determined.

(5)

(6)

(7)

13
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Total length of scanning line L T = 14,4 mm
Total points of intersection of scanning line PT=169

Points of intersection that fall into graphite P1=20

Points of graphite cut by scanning lines P2=68

Figure 7. Model for Analysis of Spherical Graphite
by Square Lattice

Figure 8 shows SV, S VP and a determined from the above-

mentioned method for the forms of graphite in Figure 1. Accord-

ing to the figure, of the classifications, the SV and a of

Graphite I-III, which are flat graphites, can be clearly separated

from the massive IV-VI graphites. Moreoever, the S VP changes con-

tinuously with changes in the graphite form. Therefore, it appears

that these parameters can be treated as common parameters of form.

The relative surface area of the graphite is effective for
classifications of graphite forms. However, the specific surface

area does not show the concrete form of particles in solid.
There are no values that can clearly determine whether the graphite
in the case iron is spherical or flat. They are parameters that
are common to graphites of each type of form. When we consider

the fact that new information can be obtained on the material

properties based on parameters common to the different structures,

it appears that qualitative analysis of the structure of the

materials is not effective for concrete determination of form.

14
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Figure 8. Analysis of graphite form classifications.

Spherical
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(ferrite)
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Figure 9. Correlation between specific surface area S  and
tensile strength of graphite.
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Figure 9 shows an example of the statistical determination

of the specific surface area S  of graphite in cast iron by

the image analysis method and the correlation with the tensile

strength of the cast iron. According to the figure, the strength

of cast iron decreases with changes in form from spherical, CV, and

flat graphite and the strength of the cast iron increases with

spherical and flat forms with graphite of the same form. However,

it decreases in glaphites of the same form with CV graphite.

The reduction in strength of CV graphite depends on changes in

form and the increase in strength with spherical and flat graphite

depends on the fineness of the graphite. That is, it is clear

that the specific surface area and size are a major factor in

strength. This is therefore very effective in graphite structural

analysis of cast iron.

Moreover, research is also being carried out on analysis

of particle crystallization, particle surface area of pure alloys,

changes in products formed from the particle boundary, the inter-

face area of cocrystallized alloys, the S V , form and size of the

graphite, etc. in many fields of metals.

3.3	 Method Using Image Conversion

The explanations given thus far have been measurements of

samples whose images have been obtained from micrographs. However,

the method has been recently developed whereby new information can

be obtained by converting the image obtained and tracing its

structure parameters during this process. Serra [2] proposed

mathematical morphology as a new morphology and a method has been

developed whereby the measurement site and image are converted

using the correlation between various theories based on the fact

that the image and measurement site are made from an aggregate of

points. The result have been used in the development of the Texture

Analysis System of the Raitsu Co. The authors have also used this

method.

16
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The theory of image conversion has been previously explained

[2) and will therefore be omitted from this text. However, the

following analysis results obtained from image conversion will be

explained.

There are basically four types of image conversion.

(1) Erosion	 x 1: ! , . It," VI

Here X is the image, and B is the structural element.

All are dot aggregates. X shows the individual points.

(2) Expans ion	 X It 1 , : /(,",% O it

Here 0 is a space aggregate

(3) Opening	 fX, llt) - M
I.r: itri(X, 31)tO..rt IIAI

Here B is the aggregation of spectra opposite B.

( 4)	 Closed	 I. pit

The structural elements are used for conversion of the

image. The image is either lost (erosion) or becomes larger

(expansion). Hexagonal forms, line components or pairs of points

made into aggregates should be used according to the measurements.

Figure 10 explains the theory of erosion conversion. When

original image X at the top is eroded by structural element B (a

circle is used for convenience; however it is actually a hexagonal

form), large particles remain, as can be seen in the lower left

of the figure, and two small particles are removed. On the other

hand, when a pair of points is the structural element, only particles

corresponding to the distance between the pair of points remain

and the others are removed (lower right of figure) . Therefore,

although tha images converted by the form of the element differ,

17
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in the former case the information that is obtained pertains to

size and in the latter case the image is on distribution. Figure 11

shows the case where the image that was eroded by the round struct-

ural element in Figure 10 expands with the structural element

for size and then returns to its original shape. Image conver-

sion is open conversion whereby after erosion, expansion is

immediately carried out.

It is obvious that a new analysis can be carried out using

the image conversion operation. In this case it is necessary to

clearly define the structural elements. An image analyzer is

being marketed which combines the process of image conversion with

new electronic technologies. We would like to focus on this

analyzer. The structural elements are point aggregates and these

aggregates correspond to the original point of a mathematical coor-

dinate. They must be symmetric to the original point and their

size can be changed.

It is assumed that erosion conversion of certain phases

or of pores during the sintering process occurs. The erosion

process can be explained with the square model shown in

Figure 12 with the pair of dots and line components being the 	 /140

structural elements. The figure is a model where the square

particles that are 8 mm on one side are arranged so that they

are approximately 2.3 mm apart with 4 horizontal lines and 3 ver-

tical lines. The pairs of dots are shown in the top of the figure.

The bottom shows conversion when the images have been eroded by the

line components (original point to left end in each case). The

distance between the pair of points (h) and that of the line

components (1) increases by distance between image points da=0.222m mm.

The amount of erosion increases. An eroded image of 1-10da is

eroded uniformly from the right with 12 individual images (2.22 mm) .

However, the image eroded by a pair of points is alsc the same

With regard to length. When 1 and h increase with the distance

between particle, for instance when 1=h=20da as in the figure,

a new image appears at the top and there is a difference between

18
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Figure 10. Erosion conversion model in case
where Circle (B) and pair of points
(B') are used as structural elements.

X	 N	 N	 i	 ^r	 ;

Figure 11. Open model by expansion conversion
of eroded image in Figure 10.

images eroded by different structural elements. The length exceeds

the size of the particles when h=1=37da. :iowever, in contrast to the

fact that 9 particles remain at the top, the particles have been

removed from the bottom. The changes in area of each image during

changes in the images in Figure 12 were measured and the correlation

between the structural elements and the area percentage is shown in

Figure 13. The area percentage of the image eroded by a pair of

points is shown in the figure as C(h) (called covariance because

the form of the function is the same as the statistical covariance

function) and by PM in the case of linear components. According

1
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to the figure, C(0)=P(0) . This is the area percentage of the
square particle image in the measurement region. C h) ? P(1) when

1=h ? 6 da (da=0.222 in Figure 12; however, da=0.444 in Figure 13).

P(1) decreases linearly and 1=18da. That is (P91) = 0 with a

length of 7.99 mm. Therefore, the projected image length of the
square particle is given. when 1 and h are small, P(1)=C(h) and

PM decreases linearly. Therefore, these functions are uniform
with 1=h=0. Consequently, P(1) can be substituted with measurements

of C(h). P(1)=0 when 1 > 18 da. On the other hard, covariance C(h)

becomes smaller with a reduction to h ? 6 da. Nevertheless, this

shows the distance between the ends of each particle. The smallest

points are shown by h=17 da. There is an increase up to h=23da,

where the largest points are shown. Then the same changes are

repeated and C(h) shows the periodic properties. The distance
of 10.21 mm from 0 to the maximum h is 23 da shows the distance
between the center of each particle.

Original
image

®®® ED El
[MEE E

Figure 12. Eroded image of square model (8 x 8 mm, 4 lines
x 3 ross) (top: pairs of points, bottom: line
components)

From the above-mentioned it is clear that the information

ob talneC from continuous line components or from pairs of points

distributed spatially differs even with the same one-dimensional

structural element. Information on the size of the particles

is obtained from line segment structural elements and information
on the distribution of particles is obtained from structural

20
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Dimensions of structural elements (x 0.444 mm)

The a,b,c and d in the figure correspond
to the (a),(b),(c), and (d) in Figure 12.

Figure 13. P(1) and C(h) cf Square Models
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elE'mcnts consisting of pairs of points. Moreover,when these

measurements are taken in various directions, information is also

obtained on the anisotropism of the particles and anisotropism

of the distribution.

Covariance analysis can be used for distribution of flat

graphite, anisotropism, analysis of the form of the graphite,

measurements of the spacing of dendrite structures, analysis of

the layer structure and distribution of the cluFters.

Next, we will describe image conversion by hexagonal

forms as two-dimensional structures. There are often cases where

erosion or expansion by nexagonal figures is used as a means of

image conversion mainly for removal or aggregation of the image.

21
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Figure 14 is the case where open and closed image inversion

has been carried out ny hexagonal structural elements 1;, 3 spheri-

cal graphite. During the open phase the original image is first

eroded by the structural elements, as was previously mentioned.

When small particles are removed by erosion, the large particles

disappear from the outer edge. Next, the image is expanded and

the particles that disappeared revert to approximately the same

image as was initially used. When this process is repeated while

gradually increasing the size of the structural element, the

particles are gradually removed in accordance with the size of

the structural element, as can be seen in Figure 14(s). All of

the particles are eventually removed. On the other hand, during

the closed phase the original image is first expanded and then

eroded. Image conversion is carried out by repeating this process

while increasing the size of the structural element. The adjacent

particles are gradually connected to form an aggregate.

The open phase is similar to the process whereby particles

are treated by sifting. Information is obtained on the size of

the particles. The closed phase is used to obtain information

about the correlation between adjacent particles, that is, distri-

bution of the particles.

Analysis of size distribution by the open method will be

explained as an example of obtaining information on form. When

changes in the area percentage or number of particles are measured

during the image conversion process in Figure 14, the area percen-

tage in Figure 15 is obtained. In the figure the area percentages

for the cases of erosion, expansion, and a closed phase are also

listed. The area percentage by each conversion is as follows.

A erosion < Aopen	 Aoriginal image Aclosed Aexpansion

When changes in the area percentage of image conversion by

the open phase are shown by 
AA[XH(r)I 

and this is represented by

QH(X;r),
11"	 11 ,	 (8)

i

/142



• A

I

OF PLori Cik_!AUI V

Thereupon, H(r) indicates the structural element and r

represents the size of the element. XH(r) therefore shows the

image converted by H (r)*

Based on the above-mentioned equation, the function pertaining

to the particle distribution is defined a:: follows.

(9)

Q H (X;r=O) is the area percentage (AA ) of the original image X.

The above-mentioned equation gives the total particle distri-

bution of particles separated from the open phase. However, the

differential particle distribution corresponding to each particle

diameter can be obtained from the following equation and becomes as

shown in Figure 16 when the distribution for Figure 14 is determined.

iI '	 ( 10)

Information can be obtained on shape, distribi:tion, and

size by tracing the structural elements during image conversion.

However, it is also possible to combine different types of image

conversion. For instance, new information on distribution can be

obtained by erosion by pairs of points after the system has been

closed. Moreover, it is also possible to estimate the values for

3--dimensional systems by stereoscopy. Analytical methods that employ

image conversion will probably be very useful in the future for

application of software to quatitative determination of structures.

i
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(a) Image conversion by open phase
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(b) Image conversion by closed phase
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Figure 14. Open (a) and closed (b) phase of spherical graphite
by hexagonal structural elements (r is the size of
the structural element and the minimum length is
2.81 um).
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Figure 15. Changes in area percentage by image con-
version in Figure 14.
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Figure lb. Differ-ntial particle distribution from
Figure 14 (a) .
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4. Quantitative Determination of Direction
y

There are many times when the direction of the particles ^I
are crystal particles determines the many properties of the material. +^
The fact that special treatment is necessary in stereoscopic

#'treatment of particles that are oriented was previously mentioned. I
We will show one example of analysis by rose of direction. J

Figure 17 is the rose of direction of each crystal particle

of the structure in the figure [28). The rose of direction is

represented by f=N(a) as a function of the degrees taking the number

of intercepts in a horizontal direction while rotating the given

image by, for instance, 1°. In Figure 17 the direction of each

crystal particle is clearly shown. This analytical method is

based on measurements of the number of intercepts. Information on

the distribution and direction is obtained by simultaneously measuring

the rose of direction and covariance for each form of graphite

without affecting the shape of the particles.

Figure 17. Example of analysis of direction by rose of direction.

S. Conclusion

Case studies were made on analysis of graphite structures

in cast iron. The current state with regard to the form, size,
distribution and direction of the structure was described. We hope
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to use this method to trace the structure of ceramics.

Moreover, quantitative determination of structure is a

field of microscopic analysis and various studies have been carried

out on the field. Moreover, many different types of software

are being developed. In addition, rapid progress is being made in

the development of image analyzers, which will promote the use

of quantitative microscopy and the development of new materials.

Japan also anticipates the establishment of a sterescopy association.
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