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NON-METALLIC ABRASIVES

H. William Hitzrot

Non-metallic abrasives used for blast cleaning may be
classified as (1) naturally occurring, (2) by-product and (3)
manufactured abrasives. This chapter deals with these
types, their physical attributes and the choices among
them. Physical data are summarized in Table 1.

. TYPES OF ABRASIVES
A. NATURALLY OCCURRING ABRASIVES

Naturally occurring sands and flint sand are probably
the most commonly used abrasives. Sands are a readily
available source of abrasive and have been used for the
blast cleaning of steel since the inception of this tech-
nique. Sand particles (Figure 1) range from sharply
angular to almost spherical, depending on the source.
Silica sands are an effective abrasive for blast cleaning
new steel and for maintenance cleaning in non-critical
areas. Since sands are often dusty, with a high degree of
breakdown, they are not desirable for critical blast clean-
ing. In recent years silica sands have been replaced by
heavy mineral sands or other products that contain little or
no “free silica”.

Nonsilica sands may also be used for blast cleaning.
These are generally termed ‘‘heavy mineral” sands and in-
clude magnetite, staurolite, olivene rutile — either by
themselves or in various combinations. These sands are
tough and dense but generally of finer particle size than
silica sand, with median size in the 70 to 100 rather than 20
to 40 sieve size range more typical of silica sands. An ex-
ample of a heavy mineral sand is shown in Figure 2. Heavy
mineral sands are effective for blast cleaning new steel,
but are generally not recommended for maintenance ap-
plications. :

Garnet (Figure 3) is a tough, angular abrasive suitable
for “specialty-type” blast cleaning of steel parts and
castings, i.e., cleaning in a closed system that permits
recycling the abrasive. Available in a range of sizes, it can
be recycled a number of times because of its toughness.
The high cost of garnet restricts its use to specialty clean-
ing applications that require only small quantities of
abrasive.

Zircon is another tough, angular abrasive (Figure 4).
Its fine size limits its use to specialty blasting for removal
of fine scale, leaving a smooth, matte finish. Like garnet, it
has higher density and greater hardness than silica sand
and is considerably more costly.

Novaculite, a very pure, siliceous rock, is ground to
fine sizes for specialty blast cleaning. It leaves a satin
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luster finish and is most commonly used to clean precision
tools and castings.

B. BY-PRODUCT ABRASIVES

This group constitutes the most rapidly growing source
of abrasive materials for cleaning steel structures. The
relative low cost, availability in bulk, and low (less than
1%) free silica content make by-product abrasives well
suited for biast cleaning large steel structures, both for
new construction and maintenance cleaning. Conserva-
tion of materials and environmental concerns have given
further impetus to converting by-products into commercial
abrasives. Chief among the by-product materials being
used as abrasives are slags from two sources: metal
smelting slags (Figures 5 and 6) and electric power
generating (bottom ash) slags (Figure 7). Smelting and
boiler slags are generally glassy, homogeneous mixtures
of various oxides, which give them uniform physical prop-
erties important for abrasive applications. Slag abrasives
have a sharply angular shape ideal for efficient blast
cleaning of new, corroded, or painted steel surfaces. They
are available in the full range of abrasive sizes — coarse (8
sieve) to fine (100 sieve). Not all slags can be used as
abrasives. They need to be tough, have a bulk density of 80
to 100 Ib/cu ft, and exhibit a minimum amount of
breakdown on impact in order to be effective abrasives.

Agricultural shell products such as walnut shells
(Figure 8) and peach pits offer a speciaity by-product
abrasive. Tough but lightweight with a bulk density of
42-47 Ib/cu ft, agricultural shells are excellent for removing
paint, fine scale, and other surface contaminants without
altering the metal substrate. These shell products are
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FIGURE 1
Silica Sand Abrasive (X8 — Magnification 8 diameters)
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FIGURE 2
Heavy Mineral Sand Abrasive X8

The Society for

Ser vi ces,

2000

available from 10 to 100 sieve. Corncobs (Figure 9) are
another agricultural product used for specialty cleaning to
remove surface contaminants, such as grease and dirt,
without destroying or altering the paint or metal substrate.
Corncobs are also available in a full range of sizes.

C. MANUFACTURED ABRASIVES

Non-metallic, manufactured abrasives are made from
raw material feed stock and can be produced for specific
abrasive properties, such as toughness, hardness, or
shape. Some examples are silicon carbide (Figure 10), a
tough angular abrasive for specialty etching; aluminum ox-
ides (Figure 11) for blast cleaning materials such as
stainless steel; and glass beads (Figure 12) for peening
and cleaning small, delicate parts.

Because they are produced for specialized cleaning
needs, manufactured abrasives are 10 to 15 times more
costly than by-product slags and 30 to 40 times more ex-
pensive than sand. For this reason, manufactured
abrasives are not recommended for bulk cleaning jobs
where the abrasive cannot be recovered for reuse. The
tough, durable nature of most manufactured abrasives
makes them particularly adaptable to recycling as many
as 20 times. Consequently, net cost can be comparable to
that of the by-product abrasives.

il. CHOOSING THE RIGHT ABRASIVE

The variety of materials available make it necessary
to know how to select the proper abrasive appropriate for a
given job. An abrasive has four parameters that determine
its performance: shape, hardness, density and size. It is
important to know how each of these parameters affects
surface preparation.

A. SHAPE (ANGULAR VERSUS ROUND)

Because of their scouring action, angular particles
are best suited for removal of soft friable surface con-
taminants such as paint, rust, and dirt. Figure 13 il-
lustrates the scouring action. Round particles are best
suited for removal of brittle contaminants like millscale.
Round particles are also used to produce a peening action
when little or no change in surface configuration is permit-
ted.

B. HARDNESS (HARD VERSUS SOFT)

Hard or tough particles are best suited for blast
cleaning jobs where the primary objective is to remove
surface contaminants. Hard particles leave less residue on
the surface, minimize dusting, and, if recycling is
employed, (see last column, Table 1), provide the best
durability. Soft abrasives remove light contaminants
without disturbing the metal substrate or, in some cases,
the coating system. Soft abrasives, such as walnut shells
and corncobs, are used for cleaning valves or turbine rotor
blades and for removing grease from motors and dirt or
other deposits on paint films. They are aiso effective in
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cleaning industrial plants prior to repainting.

C. DENSITY (DENSE VERSUS LIGHT)

Generally, the denser the particle the more effective it
is as an abrasive. Since the kinetic energy of a particle is
equal to the mass times the square of the velocity, increas-
ing the mass increases the amount of work done by each
particle. The converse is also true.

D. SIZE (LARGE VERSUS SMALL)

Particle size is often overlooked as a parameter
affecting the performance of an abrasive. But marked im-
provement in cleaning can be realized by controlling the
size distribution of particles making up an abrasive. Clean-
ing rate is determined by the number of particle impacts
per unit of time. The more impacts, the faster the cleaning
rate. The limiting factor is that particles must be coarse
enough to remove the surface contaminants. The best
abrasive medium is one composed of a range of sizes
because coarse particles will remove the coarser con-
taminants while fine particles will scour out the residual
fine, friable corrosion products or old paint. For recycled
abrasives, it is extremely important that the range of parti-
cle sizes or operating mix be maintained by regular addi-
tions of new abrasives to replace fractured particles
removed from the biast cleaning system.

FIGURE 5

ll. MATCHING THE ABRASIVE TO THE JOB

In addition to understanding the relation between
these parameters and abrasive performance, it is equally
important to be aware of the job conditions that influence
the selection of an abrasive.

A. TYPE OF SURFACE

The abrasive selected to do the most efficient clean- Nickel Slag Abrasive X8
ing will depend on whether the surface is rusted, scaled,
painted or produced in a foundry. Rusted steel requires an
angular abrasive to scour the corrosion product. Scaled
steel requires dense, spherical particles to pop off the ox-
ide scale. Painted surfaces require coarse, angular par-
ticles to bite into more resilient paint coatings. A foundry
casting requires a hard, high density particle to remove
fused sand and metal flashing.

FIGURE 6

B. SURFACE FINISH REQUIRED

The desired finish is a factor in selecting the abrasive.
For instance, if the coating is to be removed without alter-
ing the substrate, a soft, angular particle, such as walnut
shells, may be used. Glass beads are suitable for removing
oxide films on rotor blades, plastic molds, and other in-
tricate parts where no dimensional change can be toler-
ated. At the other end of the spectrum, if a deep etch in the
metal substrate is required to enhance coating adhesion, a

. . FIGURE 7
coarse, hard, and angular abrasive such as copper slag is Coal Fired, Boiler Bottom Ash Slag X8

recommended.
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