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Abstract. The paper presents a morphological qualitative classification of
statically synthesized diamonds, based on microscopic studies. Investigations of the
internal structure and habit of crystals and of their surface structure were carried
out on a variety of diamond grains representing different commercial brands. Five
distinct forms were determined for each of the two parameters, and three typical
grains representing each of these forms were selected and listed in Plates I and IIL
These tables serve as a basis for the qualitative evaluation of diamond grains and,
together with Table 1B, allow the selection of an appropriate diamond abrasive for
tools with different binders, ensuring their optimum service parameters. The indispu-
table advantage of the presented classification is that it is based on non-destructive
methods of evaluation of diamond grains, determining at the same time the mecha-
nical strength of diamonds, which depends on the structure of grains.

INTRODUCTION

This paper is an attempt at the morphological qualitative classification
of synthetic abrasive diamond grains produced by static synthesis. It is
a result of extensive comparative studies carried out on a variety of pro-
ducts with a view to developing a comparative system that would enable
the evaluation of the product of synthesis, after its granulometric and sha-
pe segregation, for definite uses in abrasive tools with organic, metallic or
ceramic binders.

The only available system of functional classification, the , Triefus
Abrasive Codings — TAC” (1965) includes the following factors: mineral
hardness (10 for diamond), durability factor — toughness of the particle
(varying from 9—0), grain form indicator — shape of the particle (warying
from 0, A, B... to R), and surface texture characteristics — nature of the
surface of the particle (varying from 0—9). When considering diamond,
the TAC system can be simplified as hardness, being always 10 for dia-
mond, can be left out of account. Moreover, from the extensive compara-
tive studies of natural and statically synthesized (on press) diamonds (Ba-
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kon 1980) it appears that the durability factor is clqsely as.sqciated with
the grain form indicator, and the two may be consldel'ed jointly as trl.le
,crystal habit and internal structure”. The ot'he_r important factor still
to be considered is the surface texture characteristics.

EXPERIMENTAL

Microscopic examination was carried out with a Le.itz—Wetzlar AMOP
optical microscope and a JEOL JSM SI and Cambridge Stereoscan.180
scanning microscopes. The optical microscope used allqwed the examina-
tion of samples in reflected, transmitted or polarized light. Prior to elec-
tron microscope studies, the samples were coated with a layer of gold or
carbon (the latter in the case of qualitative microanalysis) several dpzen
nanometers thick to give a conducting surface. The Stereoscan 18Q micro-
scope was equipped with a Link Systems attachment for X-ray microana-
lysis. The microanalytical system contained a detector capable of detecting
elements heavier than sodium. Microscopic images were described and
recorded on photographic plate. In view of the limited scope of this paper,
the photographic documentation and data presented are only a fraction
of the results obtained. Only grains and fragments of their structure cha-
racterizing certain morphological types of abrasive diamond were shown.

A comparison of the form of diamond grains was made on the basis
of the following criteria devised for that purpose:

— crystal habit and internal structure of single grains,

— form of faces of single grains,

— form of cutting edges of single grains,

— colour, lustre, translucence and transparence of single grains,

— linear parameters of single grains,

— mechanical strength of single grains.

The data presented are a result of examination of 100—150 grains at
different angles using photographic technique, due to which it was possi-
ble to determine the dimensions of faces, the length of edges, and the an-
gles between faces. An ateempt was also made to assess the irregularities
of the grain surface and to investigate the internal structure of single
grains.

RESULTS

Natural abrasive diamond grains appeared to be spherical mono- or
polycrystals. The present results only partly confirmed the earlier obser-
vations of Semko (1978) and Bakul et al. (1974, 1976, 1977) concerning
Russian diamonds. Single natural and synthetic diamond grains of various
commercial brands show wide differentiation in their structure. There-
fore, the inferences of Semko, Bakul et al. are relative. Nautral grains of
the RPD, EMB or DEBDUST type were characterized by a smaller amount
of sharp-edged crystals, more spherical shapes and a less developed sur-
face than the synthetic grains recommended for tools with resin binders.
The structure of single grains of the NRBT and SNDMB types was simi-
lar to that of electrocorundum abrasives obtained by crushing large elec-
trocorundum blocks (Maslankiewicz, Szymanski 1976). Such form of dia-
mond grains suggests that the NRBT and SNDMB types were obtained
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by crushing of larger natural crystals. Natural grains obtained in this
way had the surface characteristics similar to those of synthetic grains
recommended for tools with a metallic binder, or their surface was better
developed than that of synthetic grains.

The present studies confirmed the earlier observations of Stolin and
Gwozdiara (1971) indicating that synthetic diamonds occur in several
characteristic forms. However, no regular crystals in the form of cubes
were found among commercial diamonds subject to investigation, and neit-
her were regular synthetic grains in the form of orthorhombic dodecahe-
dra described by Semko (1978), which habit is typical of large natural
diamond crystals (Ortow 1963, 1973).

Synthetic monocrystals occurring as a combination of octahedron and
cube predominated quantitatively in the brands used in tools with me-
tallic binders of De Beers and General Electric and in Polish MDS *. As
shown by chemical analyses, these diamonds were synthesized in the
So—C or Co—Fe—C system. Grains of this type were regular monocry-
stals with the relatively large and smooth {111} and {100} faces, and in
a lesser degree, in the form of twin, parallel or irregular intergrowths, or
fragments of larger mono- or polycrystals. Grains recommended for tools
with metallic binders, e.g. saws, dressing wheels, drills, (MBS, MSD,
MBS-70, MBS-750, SDA, SDA 100, MDAS) exhibited a compact, nearly
spherical structure and the angles between faces with a common edge not
less than 90°. The amount of grains in this form ran up to 90%. Sporadi-
cally crystals with rounded or chipped-off corners and edges were noted.
In other commercial brands used in tools with metallic binders, there
were fewer regular monocrystals.

Grains with rounded corners and edges were observed primarily in
synthetic abrasives recommended for tools with galvanic metal binders
(more than 40% of grains).

Octahedral monocrystals were present in the ACB, ACK and Polish
DSK grains. As suggested by chemical analysis, these diamonds were
synthesized in the Ni—C or Ni—Mn—C system. A comparison of the ACO,
ACP, ACB and ACK grains showed that they were characterized by the
increasing amounts of grains with a compact structure and contained more
and more regular monocrystals with the smooth and larger {111} faces.
In the ACB, and particularly ACK grains, not fully grown crystals were
found as a combination of octahedron and cube.

Comparing the grain habit and the range of brands of one producer,
from diamonds for tools with resin, ceramic, metallic (for grinding and
superfinish, for granding wheels and files) and galvanic metal binders to
tools with metallic binders for the working of rocks, concrete and refrac-
tories and for the dressing of grinding wheels (for saws, drills, dressing
wheels), it was found that the samples contained more and more compact
grains in the form of monocrystals with a less developed, smoother sur-
face. The samples of grains for tools with a resin binder consisted entirely
of polycrystals and monocrystals showing a complex irregular habit, with
the faces grown differently near the edges and corners compared with

* All symbols for synthetic diamond samples are given according to thg designatiqn
of their producers. Polish grains have symbols: MDS — monocry_stallme synthetic
diamond, PDS — polycrystalline synthetic diamond, DSK=PDS (different producer,
Ni catalyst).

63



the central parts, or grown unevenly in different directions. Ch.aracteri—
stic were also grains with a platy habit and grains that were irregular
intergrowths of fine crystals of various sizes, generally less than 40 pm
(smallest grain size). It was found that in these types of diamond grains
the well developed flat faces frequently concealed the layered structure
and pores in the grains. Such structure of diamond was presumably due fco
the presence of a large number of crystal nuclei in the process of synthesis.

The transparence, translucence and the colour of grains are affected
by the internal structure of diamond crystals (Maslankiewicz, Szymanski
1976; Ortow 1973). Grains more than 100 ym in size containing nickel
were green-grey or black. Dominant were dark-green grains, commonly
with black opaque inclusions, or grains of grey colour resulting from the
considerable development of the surface, or from fractures. Most grains
(more than 70%) were non-translucent. Grains containing cobalt were
dark-green to light-yellow, the colour varying with their size. In the
RVG, RDA, DSK, DSP, PDS and ACO brands more light, colourless and
translucent grains were found in the RDA, RVG, DSP and PDS samples.
Samples of smaller grain size contained more translucent grains. Micro-
grains less than 20 pum in size appeared to be translucent white-grey or
colourless monocrystalline fragments. Their lighter colour was presuma-
bly due to the increased amount of monocrystals and the decrease in the
number and size of inclusions in grains. Natural grains were mostly trans-
lucent colourless crystals with lustrous or mat surfaces. The SNDMB and
NRBT samples contained transparent crystals, about 1/6 of the total
amount of NRBT grains being black and non-translucent diamonds. In
the SNDMB and NRBT grains, single crystals of light-yellow colour were
present.

On the basis of microscopic examination, the authors classified abra-
sive diamond grains into groups characterizing their internal and morpho-

Table 1
Extreme forms of diamond abrasive grains (A) and interrelation between form of grain, commer
cial sorts as well as field of application (B)

A
SURFACE o
o o o) <
- I B il 2
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INTERNAL oE = § E E g
- ;u—- i q:) '8
STRUCTURE o 25 &g B g £
AND CRYSTAL HABIT G nEE 2 aleREsEy 4 caE 5
2 B —
Regularly formed monocrystals A (1) A (2 A (3) A (4)
Monocrystals grown unevenly in various
directions A (5) A (6) A (7) A (8)
Polycrystals composed of coarse crys-
stals A (9) A (10) | A (11) A (12) B (13)
Polycrystals composed of fine crystals A (14) B (15)
Skeletal crystals A (16) B (17)
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B
Sort of grain
Extreme forms synthetic natural
of_diamond I 11 111 1V \"% I+
(aggzlrgiirgowmm L% GOl T
Oamy <<2§%‘3 9 Ggg Sy I Se- §
OBBY%S0000559naR88: X328 | 2288k
<<<<AxrSZ3Znnax=2252M A= hZemn
1 AABBAA ABAAAB A
2 B A BBAABB BAAABA A
3 AAAABB AAABBA A AA
4 BAAA BEB A B AAA
D) AA AA AAAAA B A
6 AABB ABB BB BAAABBB B A
7 BBBABB AA ABB BAEBBBBB BAA
8 B BBBA B AA
9 ABABAAB AAA AA
10 ABAAAA ABB AB
11 AAA BAB A B AB
12 ABBAAA AAB BAB
13 B
14 AAB BA RSB AB
15 BBB BB B BB
16 BBB BB A
17 A A
Suggested by producer type of binder in tools (+)
Binder:
resinoid ilvals iGls N e Sl Er
ceramic Sl s
galvanic i 7 it
metallic sl et ik P S i) i seksks

Grains with this forms to appear:

A — in majority,

B — sporadically.

+) Producer or distributor I. USSR; II. Czechoslovakia; III. De Beers; IV. General Electrgic; V. Poland.

logical structure from the viewpoint of their application in tools with
various binders. Seventeen extreme forms of abrasive diamond grains
were distinguished (Table 1A). In respect of the internal structure and
crystal habit, the following grains were distinguished:

— regularly formed monocrystals, :

— monocrystals grown unevenly in various directions,

— coarse polycrystals,

— fine polycrystals,

— skeletal crystals.
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Taking into consideratien the surface structure, the grains were divided
into:

— grains with flat, smooth faces,

— grains with flat, rough faces,

— grains with very rough surface,

— fragments of larger grains,

— ovalized grains.

Plates I and II give a more detailed characterization of the terms used,
along with descriptions and examples of certain relative _standards for
each grain form. Since single diamond grains with a definite internal
structure show a diversified morphological structure, they should be
described in a complex way. Table 1A presents the extreme forms of
abrasive diamond grains distinguished on the basis of microscopic exami-
nation, which characterize the morphological and internal structure of
grains. |

DISCUSSION

The commercial brands of diamond were evaluated from the point of
view of occurrence of grains showing the defined extreme forms. As
appears from Table 1B, there is a correlation between the form of a single
diamond grain, the composition of samples from different brands as re-
gards the amount of grains with a similar structure, and the optimum,
i.e. recommended by the producer, application of diamond in tools. A com-
parison of the composition of diamond brands in respect of the form of
single grains with the range of application of these brands suggests that
the kind of binder in a tool, and thereby the kind of mechanical working,
requires the use of grains with an appropriate structure. i

From the above studies it follows that the introduction of the criteria
of grain structure and the standards of extreme grain forms allows an
evaluation of natural and synthetic diamonds of various provenance from
the viewpoint of their optimum uses. The analyses have shown that such
evaluation is a non-destructive and unequivocal method of investigating
the grain structure, permitting one to define readily the optimum range
of application of grains in tools, and to determine their mechanical
strength. On the other hand, it should be noted that an assessment based
on microscopic studies is in some measure subjective and fails to determi-
ne fully the physico-chemical properties of a grain. The classification of
diamond grains presented in this paper does not exhaust all the possibi-
lities. In the authors’ opinion, it is satisfactory for comparisons of dia-
mond grains from the point of view of their use in tools with various
binders. It may also serve as a basis for detailed analysis of individual
grain forms (for example, monocrystalline grains with rough faces may
be evaluated from the viewpoint of the diversity of their surface structu-
re; fine- and coarse-crystalline grains consisting of polycrystals may be
divided according to the size and habit of diamond crystals making up
single grains; the linear parameters of grains may be estimated, etc.).

Translated by Hanna Kisielewska
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Andrzej BAKON, Andrzej SZYMANSKI

JAKOSCIOWA KLASYFIKACJA MIKROKRYSZTALOW
DIAMENTOWYCH NA PODSTAWIE CECH MORFOLOGICZNYCH

Streszczenie

W artykule przedstawiono opracowang na podstawie badan mikrosko-
powych morfologiczng klasyfikacje jakosciowg diamentow syntetyzowa-
nych metodami statycznymi. Badania prowadzono na diamentach wytwa-
rzanych przez gtéwnych producentow $wiatowych poréwnujac ziarna pod
wzgledem budowy i pokroju krysztatéw oraz struktury ich powierzchry.
Dla obydwu parametréw okreslono po pie¢ odmiennych postaci dla kto-
rych wytypowano po trzy charakterystyczne formy, zestawione na plan-
szach 1 i II. Tabele te stanowig podstawe do praktycznej oceny je}kosm
produktéw syntezy i lacznie z tabelg 1B pozwalaja na zalecanie okreslone-
go typu spoiwa do $cierniwa diamentowego dla wytwarzania narzedzi
o optymalnych parametrach eksploatacyjnych. ; L

Zaletg przedstawionej klasyfikacji jest ocena diamentu metodami nie-
niszczacymi, ktore dobrze réznicuja diamenty rowniez pod wzgledem wy-
trzymalosci, $cisle zwiazanej z budowg poszezegélnych ziarn.

OBJASNIENIA PLANSZ

Plansza I. Charakterystyka form ograniczajacych strukture i pokroj krystaliczny
diamentu. ; ; ;
Plansza II. Charakterystyka form ograniczajacych powierzchni¢ struktury kryszta-

16w diamentu.



Andonceti BAKOHD, Anoxceii LIAMAHBCKH

KAYECTBEHHAS KJACCUOUKALIMSA AJIMA3HBIX
MHMKPOKPUCTAJIJIOB HA OCHOBAHUMU
MOP®OJOTMYECKUX IMTPU3HAKOB

Pesrome

B craThe TIpEeACTaBIISIETCS KavyeCTBEHHAS Mop(ostornyeckast KiaccHprKarms
CHHTE3MPOBAHHBIX CTATUYECKMMH METOIAMH aJIMa30B, paspaboTaHHasi Ha OCHO-
BaHMM MMKPOCKOIMYECKUX MccIenoBannii. MccienoBanus IpOBOMIIUCE HA aIMasax,
HOJIyJaeMBIX TJIABHBIMH - IDOM3BOJHUTEISIME B MHpPE, IIPUYEM COIOCTABILUIMCH
3epHA B OTHOLIEHWH CTPOGHMSI M rabuTyca KPHCTAJIOB, & Takke CTPYKTYPbI HX
nosepxHocTe. [t 060MX mapaMeTpoB ONPEEIeHO IO MSTh Pa3sHbIX BUIOB, UL
KOTOPBIX HAMEYEHBI II0 TPA XapakTepHble (OPMBI, MOKa3aHHbIC HA Tabmunax I n I1.
O1H TaOIHIBI SBISIOTCS OCHOBOM IUIS MPAKTHYECKOM OLEHKM KayecTBa IMPOAYKTOB
CHHTE3a W BMecTe ¢ Tabimieil 1B mo3BOJSIOT PEKOMEHIOBAThH ONPEACIEHHBIM THIT
IIeMeHTa aJMa3HbIX aOpa3uBOB IS IPOU3BOACTBA MHCTPYMEHTOB C ONITUMAIbHBIMA
9KCILIOATAIIMOHHBIMY TTapaMeTPaMHu.

[IperMyIecTBO IPEACTABICHHOM KJIacCH(HMKALMU 3aKIF0YaeTCsl B MPOBEICHUH
OIIEHKM aliMa3a MeToJaMu 0e3 ero paspyllieHHs, KOTOPbIE XOPOLIO PpPa3IMYaroT
axMa3sbl TaKKe B OTHOLIEHWH CONPOTHBIISIEMOCTH, TECHO CBSI3AHHOW CO CTPOEHHMEM
OTAENBHBIX 3€PEH.

[IperMyImecTBO MPEACTABICHHONW KIACCH(DMKALUU 3aKIIOYAETCS B IIPOBEI HHUH
OLICHKM alMa3a MeTOoJaMHu 0e3 ero pa3pylIeHHUs, KOTOPHIE XOPOLIO pPa3InYaroT
aJrMasbl TakXKe B OTHOIIEHHHM COTPOTHBIISIEMOCTH, TECHO CBSI3AHHOW CO CTPOEHHEM
OTIEJIbHBIX 3€pPEH.

OBBACHEHWSA K TABJIMLIAM

Tabmna I. XapakrepucTuka (OPM OrpaHAYMBAIONIMX CTPYKTYPY M KPHCTAJUTMYECKAH OGITHK
amMasa.

Tabmuma II. XapakTepucTuka (GOPM OrpaHMYMBAIONIAX ITOBEPXHOCTH CTPYKTYPBl KPHCTAJIOB
amMasa.
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PLATE II
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