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• By Norman Rohr 

PARTICULARS 
The differences between good and bad diamond 

powders aren't visible to the naked eye. But the 

advantages of proper particle size, shape, friability, 

and dispersion are plain to see. 

A batch of synthetically produced 
diamond particles yields a wide 
array of shapes and sizes. While 

larger particles wind up in grinding 
wheels, hones, and dressing tools, the 
smallest particles are refined into dia
mond micron powder. In its finished 
form, diamond micron powder, which 
consists of particles ranging from OJllTI 
through 67fl1ll (67=325/400 mesh), is 
most often used in slurries and com
pounds for lapping and polishing 
applications. Recent advancements in 
the production of diamond mjcron 
powder will allow it to meet the 
demands for precise metal removal 
and surface fiillshing that have result
ed from trends such as: 

1. A heightened awareness of fiillsh 
and flatness requirements, as shown 
by concentrated efforts toward more 
stringent quality standards, product 
standards, and quality control; 

2. A greater emphasis on the high
ly precise small components and 
assemblies required by miniaturiza
tion and automation; and 

3. The necessity to fiillsh new and 
exotic materials that may require the 
application of laboratory techillques 

in production. 
Until 1957, when synthetic dia

mond micron powders became avail
able in commercial quantities, mined 
natural diamond was the sole source 
for industrial diamond powders. Still 
used on a limited basis today, natural 
diamond is crushed to produce a frag
mented boart and then sorted accord
ing to particle shape. Natural diamond 
micron powder is occasionally used 
today for Japping and polishing tung
sten-carbide cutting inserts. 

Today, the vast majority of diamond 
micron powders used in metalworking 
are produced synthetically, either in 
polycrystalline or monocrystalline 
form. 

Polycrystalline Powder 
Polycrystalline diamond micron 

powder's microstructure is quite dif
ferent from that of natural or synthet
ic monocrystalline powder. While 
occurring naturally as carbonado, a 
rare form used occasionally in spe
cialized wheel-truing applications, 
synthetic polycrystalline powder is far 
more common. The synthetic form is 
usually produced via shock synthesis, 
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SIZE DETERMINED BY: 
1. Circumscribed circle; 

MAXIMUM 
PERMISSIBLE 

PARTICLE 
SIZE 
pm 

3 

4 

6 

8 

8 

10 

12 

14 

19 

23 

25 

29 

34 

40 

45 

60 

67 

90 

2. Mutual agreement between produc
er and consumer; 

3. No particle larger than maximum, 
10% by count smaller than mini
mum, 5% by count shales and sliv
ers exceeding nominal size. 

Figure 1: Permissible particle-size 
variations within a powder, as pre
scribed by the International Diamond 
Association. 

which uses graphite as the source of 
convertible carbon. In a process that 
takes a fraction of a second, the graphite 
is exposed to a controlled explosion. 
The shock of the explosion transforms 
the graphite into 100A microcrystallites 
of diamond. The microcrystallites then 
bond together to form polycrystalline 
particles as large as 100flm. 

These powders are well-suited for 
applications that call for both high 
material-removal rates (mrr) and 
smooth surface finishes, such as super
polishing sapphire, monocrystalline fer-

rites, and titanium carbide. They are 
used in both loose (dry powder, slur
ries, or pastes) and fixed (bonded) abra
sive systems. 

Monocrystalline Powder 
I Unlike the polycrystalline synthesis 
process, monocrystalline synthesis 
requires extended control of tempera
tUre, pressure, and duration. It 's a high
temperature, high-pressure process. 
Diamond grown under such conditions 
possesses special properties, demon
strated by the individual particle during 
application. 

The particles are divided into families 
and further divided according to particle 
type. The most crucial physical proper
ties result directly from the manufac
turing process. 

Friability. The most important parti
cle property is friability. Highly friable 
particles expose fresh cutting surfaces 
during use and are usually referred to as 
resin-bond diamond or RB micron, 
though their use is not limited to resin
bond systems. RB micron powder is 
suited to a wide variety of applications 
in both loose and fixed systems. It is 
typically the particle of choice for the 
loose-abrasive lapping and polishing of 
carbides and certain ceramics. In fixed 
systems, it is typically used in resin- and 
vitrified-bond grinding wheels. 

Some applications , such as those 
involving highly abrasive nonferrous 
metals and materials, call for a less fri
able diamond, which is less susceptible 
to fracture and therefore lasts longer. 
This type of particle is called metal
bond diamond or MB micron, because 
it typically is embedded in a stronger 
bond such as metal. The bond must hold 
the particle long enough for it to cut and 
remove material before dulling or pop
ping out of the bond. The bond should 
wear down before the particle dulls. If it 
doesn't, then the bond is too hard. Like 
RB micron, MB micron is suited to both 
loose and fixed abrasive systems. Fixed 
systems include electroplated and 
metal-bond wheels . 

Particle Size. Diamond manufactur
ers attempt to produce particle sizes 
larger than the micron size region, nor
mally 325/400 through 20125 mesh. 
Those are the sizes used by tool manu
facturers . However, because the synthe
sis process doesn't allow tight control 
of particle size, micron-size particles are 
also produced inadvertently in small 
quantities. Micronizers (diamond-pow
der manufacturers) purchase these "par
ent" particles. The parent particles are 
sorted according to various defect crite-

ria, and those selected are further 
processed into micron feed, which is 
turned into micron powder. . 

The size of a single particle is not as 
crucial as the distribution of particle 
sizes throughout the whole assemblage 
of particles. Particle-size distributions 
(PSDs) can be characterized by the 
micron grade chart shown in Figure 1. 
Particles are measured and the distribu
tion of sizes is laid out on a graph to 
form a bell curve (Figure 2). Steep 
curves indicate that more particles of 
the same size exist in a given range. In 
a broad curve, many different sizes exist 
within a given range. The closer the par
ticles are in size, the faster the mrr. The 
ideal situation would be to have all par
ticles identical in size. However, since 
micron-size particles are even more dif
ficult to control than mesh-size parti
cles, there are always oversize and 
undersize particles. The key for the 
micronizer is to develop as tight a bell 
curve as possible. 

The critical feature of any grade of 
diamond micron powder and its PSD is 
that all particles fall within the limits 
agreed upon by the producer and cus
tomer. Generally accepted specifica
tions that detail PSD, mean value, stan
dard deviation, and media values are 
available and are periodically updated 
by industry experts, such as end users 
who have their own measurement 
equipment and metallographers. 

If all micron-powder particles were 
, spherical, then particle size could be 

measured by diameter. But, the more 
angular the particle shape, the more com
plex size determination becomes. Since 
quality micron powders come in a vari
ety of particle shapes, and all measure
ment equipment has detection limits, 
there is no single ideal device for size 
determination throughout the spectrum 
of micron grades. Most size-determina
tion techniques produce a relatively 
accurate assessment of PSD, though 
some are more precise than others. It is 
only when these techniques are exercised 
at the limits of their detection capabilities 
that "fringe-measurement" inaccuracies 
occur. These are caused by the measure
ment device failing to see clearly the 
entire population of particles, thereby 
skewing the statistics generated. 

Some common measurement meth
ods employed in PSD determination 
include electro-zone sensing, laser-light 
scattering, and image analysis. In an 
electro-zone sensing device, such as the 
Elzone, produced by Particle Data lnc., 
Elmhurst, IL, material is put in a vessel 
and suctioned up through a ruby orifice. 



Each particle is electronically sized and 
counted. A laser-light scattering device 
may consist of a sample recirculator, a 
measurement module, and a computer
control module. It typically utilizes the 
phenomenon of low-angle forward scat
tered light from a laser beam projected 
through a stream of diamond particles. 
The amount and direction of light scat
tered by the particles is measured by an 
optical detector array and then analyzed 
by a microcomputer, which calculates 
the size distribution of the particles in 
the ample stream. Image analysis, or 
optical microscopy, refer to the projec
tion of particles through a microscope to 
a video-interface system. Image analy
sis has played a major role in structur
ing PSD-determination techniques in 
the diamond-micron-powder industry. 
Correlation between these various 
methods can be achieved by proper cal
ibration and use of conversion factors. 

Particle Shape. The shape of a parti
cle is difficult to define quantitatively. 
Becau e diamond micron particles 
come in a variety of shape , it's nece -
sary to employ image-analysis equip
ment to generate quantitative data. This 
method is limited to a two-dimensional 
look at the particle population. The 
major drawback of this method is that 
the particle's third dimension (depth) is 
ignored. It is the balanced relationship 
of length, width, and depth that deter
mines whether or not a particle is 
"blocky." 

Qualitative shape analysis, when u ed 
to detect uniform shape characteristics in 
diamond micron powder, provides ade
quate information to determine whether 
or not a powder contains shapes that will 
help produce optimal abrasive action 
during application. Optical microscopy 
has proven to be an invaluable tool for 
this purpose. 

Figure 3 depicts a set of dissimilar 
shapes that the human eye can easily 
identify. A quality micron grade must 
contain uniform shape characteristics. 
Most applications require blocky cube
shaped particles. A blocky particle has 
sharp edges and comers and removes 
material at a fast rate, making it prefer
able in most applications. However, 
some very fine polishing applications 
react better with a less blocky, more 
spherical particle. These applications 
require very little material removal. 
Irregular shapes are more suitable in 
fixed-bond application , such as elec
troplated wheels and hones. These par
ticles are generally sharper and 
microfracture more easily. 

These different particle geometries 
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Figure 2: The bell-curve PSD of an MB micron powdel: 
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Figure 3: Typical shapes of diamond micron particles. 

can deliver unique benefits during appli
cation if the entire micron grade is made 
up of similarly shaped particles. Micro
fracturing occurs evenly when particles 
are of the same shape and work togeth
er for even material removal. There are 
no known benefits of a micron grade 
containing dissimilar shapes. Dissimilar 
shapes cause uneven microfracturing, 
uneven particle sharpness, and often 
require more energy to remove material 
because of uneven pressures on the 
workpiece. Dissimilar shapes are also 
susceptible to gross fracturing, which 
actually breaks the particles into two or 
more pieces. Today, some micronizers 
are capable of producing solely the 
desired particle shape for a given grade. 

Particle Dispersion. Particles in a 
solid or liquid medium should be even-

Iy distributed over a work area to pre
vent uneven material removal. Proper 
dispersion of fine particles is essential 
for many reasons, including segregat
ing particle during the grading proce s
es, building stable suspensions, and 
enhancing desirable particle activity 
during slurry production and use. Also, 
thorough dispersion is a prerequisite for 
performing accurate size determination 
during analysis. 

Some contaminants may produce a 
net attractive force on the particles, 
causing a solid/liquid (slurry) system to 
flocculate. Slurries cannot tolerate these 
contaminants or their residue . Con
versely, other contaminants may pro
duce a net repulsive force on the parti
cles, causing extreme di spersion. 
Therefore, control of contamination is 



the key when preparing particles for 
processing or producing parts. 

Particle-Surface Purity. Control of 
the particle-surface purity in any micron 
grade is important to both the producer 
and the consumer. This control can help 
predict the stability of solid/solid and 
solid/liquid systems. The presence of 
contaminants at threshold limits may 
corrupt the balance necessary for a sys
tem to maintain its stability. 

Proper particle-surface cleaning treat
ments are imperative for achieving de
sirable results during electroplating pro
cesses. In fact, all solid/solid systems 
require surface-purity control. The par
ticles must be properly prepared for at
taining an intimate mixture with resin-, 
metal-, or vitrified-bond materials . 
Certain substances on the particle sur
face can prevent the intended metallo
graphic bonding. 

Today's advanced technology permits 
the creation of diamond particles in the 
range of O.05/lm to O.lO/lm; a carat of 
micron powder may contain 62 billion 
particles. At sizes this small, it is easy to 

FOUR DECADES OF PROVEN 

PERFORMANCE 
Warren Diamond p rocesses 
ONLY the hig hest q uality raw 
m a t er ial s ... lnco rporatin g 
monocrysta ll ine, po lycrystal
line synthetic diamond, natu
ra l d iamond and cubic boron 
nitride to meet all demanding 
industrial applications. Warren 
Diamond products are being 
used successfully for a w ide 
range o f abrasive applic a 
tions inc luding grinding, preci
sion mac hining, honing, lap
p ing, polishing and super fin
ishing. 

NONABRASIVE ApPLICATIONS 
Warre n p owd e rs no t o nly 

understand how such powders can be 
easily contaminated by dust and grit, as 
well as other contaminants. 

The most common contaminants 
found in diamond micron powders in
clude metal and/or organic plaque, re
sidual surfactants or dispersants, and 
tramp contaminants. Trace amounts of 
metals and organic plaques usually 
accompany raw materials from the syn
thesizer. These are substances that were 
not completely removed during the 
recovery and classification stage of pro
cessing. Residual surfactants or disper
sants are materials that are commonly 
found in trace amounts. These materials 
are introduced to the particle by the 
micronizer to facilitate particle disper
sion. The substances adsorb to the par
ticle surface and through negligence are 
not removed afterwards. Tramp conta
minants vary in concentration and are 
usually introduced to the product during 
material-handling stages. Their occur
rence usually results from poor labora
tory hygiene. 

There is growing concern in the 

superfinishing industry that certain 
impurities contribute to corrosive activ
ity during final polishing . However, 
purification processes are emerging that 
can reduce concentrations of corrosive 
impurities prior to cleaning. 

Diamond-particle type, particle-size 
distribution, particle shape, and the abil
ity to control particle-surface purity 
should determine the applications of 
any diamond micron grade. With the 
technology available to micronizers , 
each customer should be able to satisfy 
his special requirements by specifying 
the desired characteristics of those 
properties mentioned. If the customer 
doesn' t know about those characteris
tics, and the micronizer doesn' t have the 
experience to guide him, programs can 
be established to help profile such prod
uct characteristics. 6 

About the Author 
Norman Rohr is sales manager with 
Warren Diamond Powder Co. Inc ., 
Olyphant, PA. 

SUPERABRASIVE COMPOUNDS 
Warre n Dia m o nd com
pounds incorporate all of our 
supera brasive powd e rs into 
specia lly formulated vehic les 
to meet the specific needs of 
the entire sp ectrum fo r t he 
polishing a nd super finishing 
in d ustr y. Compo unds are 
available to meet your speci 
fi c ations using several diffe r
ent viscosities, high and low 
temperature melting po ints, 
o il solub le, water soluble or a 
sp ecia lly fo rmulated water 
and o il so lub le ba se . Com
patible thinners are also avail
able. 

meet b ut exceed a ll technica l c rit e ri a spec ified by the 
industry's growing nonabrasive a pplic ations. 

SUPERABRASIVE SLURRIES 
Warren Diamond slurries are available in both water so luble 
a nd o il/w ater soluble vehic les. Fo r your sp ecial process 
need s, all superabrasive c rystal types are available in slurry 
fo rm. SUPERABRASIVE MICRON POWDERS 

All Warren Diamond superabrasive products are proc essed 
in our state-of-the-art laboratories in c onformance with the 
requirements of both national and international standards. 

WARREN DIAMOND SUPERABRASIVE POWDERS ARE 
AVAILABLE IN SEVERAL TYPES INCLUDING: 

• Metal Bond (Also available in metal coatings) 
• Resin Bond (Also available in metal coatings) 
• CBN (Cubic Boron Nitride) 
• DeBeers Virgin Natural 
• Polycrystolline 

Reprinted from 
CUTTING TOO~ 
ENGINEERING® 

All Warren Diamond slurries are pac kaged in 100 gram, 400 
gram and 1 U.S. gallon HDPP shatterproof containers, proven 
to be the most effective materia l in shipping, storage and in 
use. 
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TELEPHONE: 717-383-3261 
FAX: 717-383-3218 

Warren Diamond Powder Co., Inc. 

s~tember 2, 1997 

Mr. H. Tracy Ha~~ 
President 

H. Tracy Ha~~, Inc. 
1711 N. Lambert Ln. 

Provo, UT 84604-1858 

Dear Mr. Ha~~: 

MID VALLEY INDUSTRIAL PARK 
1401 East Lackawanna Street 

P.O. Box 177 
Olyphant. Pennsylvania 18447-0177 

72lank you :for expressing interest in Warren Diamond Powder Co., Inc. and 
our cODp~ete ~ine o:f micron superabrasive products. 

A wor~d-~eading diamond micronizer, Warren is p~eased to o:f:fer a 
variety o:f micron diamond powders, :from. natura~ to synthetic meta~ bond 

and resin bond monocrysta~~ine t:o po~ycrysta~~ine diamond .. 

Warren Diamond takes tremendous pride in our abi~i ty to o:f:fer cOll!P~ete 

technica~ support, same day service, and, most ill!Portant~y, the highest 
qua~i ty diamond powder avai~ab~e. 

I encourage you to review this ~i tera ture at your convenience. P ~ease 
:fee~ :free to contact me to~~-:free: (800) 368-5155 :for £urther service. 

I ~ook :forward to hearing :from. you! 

~(l~~ 
Ka~een Gr~J ' 
Marketing Coordinator 

Enc. 

efpecial-i.sls in Qlnicron duperabrasive &Producls 


