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CHAPTER 2.2

METALLIC ABRASIVES

by

Einar A. Borch

This chapter discusses the physical properties of
metallic blast-cleaning abrasives and describes their ver-
satility in producing various required degrees of finish,
profile and cleanliness on metal surfaces. Also reviewed
are types of metallic abrasives and an analysis of the
mechanics of blast cleaning with these abrasives.

Purchasing abrasive that meets the prescribed
chemical and physical specifications is only one pre-
requisite for achieving the required ¢leaning and finish. An
equally important requirement is for the user to maintain
and operate the blast-cleaning system to produce a prop-
erly balanced size distribution in the abrasive working mix.
This, in turn, can assure effective, efficient cleaning and
uniform finish.

These factors should be considered in evaluating the
performance of a metallic abrasive used to achieve a
specified finish:

» Time required to achieve the specified finish

* Abrasive consumption rate and its costs

s Cost of wear, parts and maintenance of the

blast-cleaning equipment, including the effect of
down time for maintenance work.

No one type, size, shape or hardness of metaliic
abrasive can fulfill all requirements of blast cleaning for all
applications. Therefore, the user must be prepared to
evaluate the above factors in selecting proper abrasive.
Metallic abrasives are available in a wide variety of types,
shapes, hardnesses and sizes. It is possible to select a
metallic abrasive with the right combination of properties
to meet specified finish requirements.

. TYPES OF METALLIC ABRASIVES

Three general types of metallic abrasives — cast steel
shot and grit, malleable iron shot and grit and chilled cast
iron shot and grit — are available for surface preparation.
(Cut-steel wire shot is a fourth type, but represents less
than one percent of all metallic abrasives produced.) The
choice of one type over another is a matter of matching
size, shape and hardness with the surface finish required
and evaluating relative consumption rates and cost.

In addition to hardness, the rapidity with which grit
rounds up depends upon the frequency that individual par-
ticles are recycled. With the airless blast equipment, the
frequency of recycling is rapid. In air-blast, due to the ex-
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tremely low abrasive flow rates in relation to total abrasive
in the system, the grit rounding process takes much
longer.

Il. METHOD OF MANUFACTURE

Raw materials and alloys are melted and adjusted to
meet required chemistry specifications for iron or steel.
Molten metal of the required temperature is removed from
the furnace and is channeled into streams, which then
drop onto jets of water under pressure, atomizing the
molten metal into random sizes of shot that fall into a
water-filled quenching pit. Atomization may also be ac-
complished mechanically, or by air or gas jets.

The cast shot is removed from the quenching pit and
heat treated. It is then screened into sizes in accordance
with Society of Automotive Engineers (SAE) specifications
(Table 1). Grit is produced by crushing hardened shot in
roll-type crushers or ball mills, after which it is screened in-
to SAE sizes and heat treated, as required.

lil. HISTORY OF METALLIC ABRASIVES

Chilled iron shot was the first cast metallic abrasive
developed, coming into use shortly after the turn of the
century. It satisfied a vital need in the granite industry for
an improved, faster-cutting medium to replace sand, which
was being used for the gang-sawing and polishing of
granite blocks. Ghilled cast iron abrasive cut much faster
than sand, and because it could be reclaimed and re-used,
resulted in dramatic reductions of cost per square foot of
sawed or polished surfaces.

Chilled iron shot and grit subsequently replaced sand
as the medium in many air-blast applications equipment.
Its use grew rapidly because one ton of chilled iron
abrasive did the work of 40-50 tons of sand. Chilled iron
abrasive, moreover, cleaned better and faster.

In the mid-1930’s, two events had major impact on the
growth of the metallic shot and grit industry: anti-silicosis
laws were imposed that prohibited the use of sand for
blast cleaning inside industrial plants; and the centrifugal
(airless) blast-cleaning method was developed.

Centrifugal blast cleaning, using chilled cast iron
shot and grit, eliminated the silicosis hazard of sand. It
also provided faster, more effective, and more economical
cleaning than with air-blast methods using non-metallic
abrasives. The use of metallic abrasives expanded rapidly.
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TABLE 1
SAE SHOT & GRIT SIZE SPECIFICATIONS WITH SUGGESTED REMOVAL SIZES(

CAST SHOT SPECIFICATIONS FOR SHOT PEENING OR BLAST CLEANING

Screen Opening Sizes and Screen Numbers with Maximum and Minimum Cumulative Percentages Aliowed on Corresponding Screens
NBS Screen SAE Shot Number

Screen | Standard Size
No. mm (in)

81320 S1110 5930 8780 S660 $550 S460 $390 S$330 $280 $230 8170 S110 S70

3 @

4 4.75 (0.187) All Pass — — — — — — — — — — - — -

5 4.00 (0.157) — All Pass — — — — — — — — — — — —

6 3.35 {0.132) 90% min — All Pass — — — — — — — — — — —

7 2.80 {0.111) 97% min | 90% min — All Pass — — — - — - — — — —

8 2.36 {0.0937) — 97% min | 90% min — All Pass — — - — — — — —

10 2.00 {0.0787) — — 97% min | 85% min — All Pass | All Pass — — — — — — —

12 1.70 (0.0661) — — — 97% min } 85% min — 5% max | All Pass — — — — — —

14 1.40 (0.0555) — — — — 97% min | 85% min — 5% max | Ail Pass — — — - —

16 1.18 (0.0469) — — — — — 97% min | 85% min — 5% max | All Pass — — — —

18 1.00 (0.0394) — - — — . 96% min [ 85% min — 5% max | All Pass — —

20 0.850 {0.0331) — — — — — — — 96% min | 85% min — 10% max | All Pass — —

25 0.710 {0.0278) — — — — — — — — 96% min | 85% min — 10% max — —

30 0.600 (0.0234) — — — — — — — — — 96% min | 85% min — All Pass —_

35 0.500 (0.0197) — — — — — — — — — — 97% min — 10% max —

40 0.425 (0.0185) — — — — — — — — — — — 85% min — All Pass

45 0.355 (0.0139) — _— —_ — — - — — - — — 97% min — 10% max

50 0.300 (0.0117) — — — — — — — — — — — — 80% min —

80 0.180 (0.007) — - — — — — — - — — — — 90% min | 80% min
120 0.125 (0.0049) — — — — — — — — — — - - — 90% min
200 0.075 (0.0029) —_ — — - - — et — — — - — — —

Suggested Removal Size
0.0232 0.0165 0.0165 0.0138 0.0117 0.0117 0.0082 0.0070 0.0059 0.0049 0.0029
for Cleaning Structural Steel(z)

CAST GRIT SPECIFICATIONS FOR BLAST CLEANING

Screen Opening Sizes and Screen Numbers with Minimum Cumulative Percentages Allowed on Corresponding Screens
NBS Standard Screen SAE Grit Number
Screen mm Size
No (in) G10 G12 Gi¢ G16 G18 G25 G40 Gso G8o G120 G200 G325
) (&)
4 4.75 (0.187) — — — - — — — - — — — —
5 4.00 (0.167) — — — — — — — - — - —
6 3.35 (0.132) - — — — — — - — — — — —
7 2.80 Q.111) All Pass — — — — — — — — — - —
8 2.36 (0.0937) - All Pass — — — - - — — — — —
10 2.00 (0.0787) 80% — All Pass — — — — — — — — —
12 1.70 {0.0661) 90% 80% — All Pass — — - — — — — —
14 1.40 {0.0555) —_ 90% 80% — All Pass — — — — — — —
16 1.18 {0.0469) — — 90% 75% — All Pass — — — — — —
18 1.00 (0.0394) — — — 85% 75% — Ali Pass - — — — —
20 0.850 {0.0331) — — — — — — — — — — — —
25 0.710 {0.0278) — — — - 85% 70% — All Pass — — - —
30 0.600 (0.0234) — — — — — — — — — - — —
35 0.500 (0.0197) — — — — — — — — — — — —
40 0.425 (0.0165) — — — — — 80% 70% - All Pass — — —
45 0.355 (0.0139) — — — — — — — — — — — —
50 0.300 0.0117) — — — — — — 80% 65% — All Pass — —
80 0.180 (0.007) — — — — — — — 75% 65% — All Pass —
120 0.125 (0.0049) — — — — — — — — 75% 60% — All Pass
200 0.075 (0.0029) — — — — — — - — — 70% 55% —
325 0.045 (0.0017) _ — — — - — — - — — 65% 20%
Suggested
Removal Sizes for 0.0232 0.0165 0.0165 0.0138 0.0117 0.0062 0.0059 0.0049 0.0029
Cleaning of
Structurat Steel?
(1) Courtesy Society of Automotive Engineers (SAE J444a).
(2) See Discussion of Work Mix.
(3) Corresponds to SO Recommendations.
(4) This is coarsest size in common use for blast cleaning structural steel for painting.
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As the use of centrifugal blast cleaning increased, it
was discovered that the combination of mass and velocity
of the extremely hard, friable chilled cast iron resulted in
two serious problems: fast abrasive breakdown and resul-
tant high consumption cost, and extensive and costly wear
on the blast-cleaning equipment.

These problems were minimized by development of to-
day’s superior metailic abrasive — steel shot and grit. The
change came about, however, in stages over a period of
years.

First, chilled iron shot and grit was subjected to a nor-
malizing process. The resultant malleable iron abrasive
had hardness values about half that of chilled iron
abrasive, with economic benefits: malleable iron abrasive
had up to double the life of chilled iron; and malleable iron
very markedly reduced the wear on blast-cleaning equip-
ment.

Malileable iron abrasives provided definite improve-
ment in the economics of blast-cleaning, but introduced
new problems. Graphitic carbon, ordinarily present in the
malleable iron abrasive, often caused carbon deposition
on the work or substrate being cleaned, creating problems
in subsequent processing. Also, the use of malleable iron
shot and grit, being of lower hardness than chilled iron,
resulted in measurable reduction in cleaning rates and
sometimes in the ability to produce specified surface
finishes or anchor patterns.

IV. CURRENT PRACTICE

Recognition of those problems led to the development
of cast steel shot and grit. Today, approximately 85 per-
cent of all metallic abrasives are cast steei, which has
these advantages over malieable iron:

e Wider selection of hardness ranges, permitting the

e Much longer useful life — as much as a 2:1 advan-
tage for steel abrasive of 45 Rockwell C hardness.

A. COMMON USES OF METALLIC
ABRASIVES

Metallic abrasives have several common uses:

1. Surface cleaning and preparation of metal prod-
ucts prior to coating and painting of the surface
(removal of mill scale, rust, old paint and other
contaminants, and generation of an anchor pat-
tern to enhance coatings adherence).

2. Surface cleaning of ferrous and non-ferrous
castings (removal of molding sand, and heat treat
scale).

3. Surface cleaning of forgings, weldments and steel
mill products including slabs, billets, bars, plate,
sheet and strip, pipe and rolled structural shapes
(removal of mill scale, rust and other oxide accre-
tions).

4. Surface cleaning of heat-treated metal products
(removal of oxide scale).

5. Surface preparation of fiberglass reinforced
plastic products for bonding.

6. Etching of hardened steel mill rolls.

7. Shot peening to impart residual compressive
stresses to improve fatigue properties of metal
products, and to minimize intergranular and
stress corrosion cracking of alloyed metal prod-
ucts.

8. Peen forming of aircraft wings.

9. De-flashing of precision molded rubber products
and some molded plastic (polymeric) parts.

10. Reduction of chemically bonded mold and core
sand lumps for reclamation and re-use of foundry

user to tailor abrasive hardness to finish re- sand.
quirements.
¢ Elimination of the graphitic carbon deposition prob-
lem.
TABLE 2
DESCRIPTION OF PROPERTIES
HARDNESS

ABRASIVES SHAPE SIZE SHOT GRIT
Cast Steel Shot or Grit Full range of SAE May be specified:

sizes (SAE J-444)

commercially available cast steel abrasives
have mid-range hardnesses of approximately
35 Rc, 45 Rc, 55 Rc, 65 Rc.

Malleable Iron Shot or Grit Fuli range of SAE 1 range 1 range
sizes (SAE J-444) (28 Rc - 40 Ro) (28 Rc - 40 Re)
Chilled Cast Iron Shot or Grit Full range of SAE 1 range 1 range

sizes (SAE J-444) (57 Rc - 88 Re) (57 Rc - 68 Rc)
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B. ADVANTAGES

Compared to sand or other non-metallic abrasives,
metallic abrasives are used differently and have certain
advantages:

1. Longer useful life as compared to that of sand,
ranging from 50 times greater for chilled iron to
more than 200 times greater for tempered cast
steel.

. Greater impact for given size particles, resulting
in much faster and better cleaning. (Metallic
abrasives have a density of approximately 1-1/2 to
2-1/2 times that of sand or other non-metallic
abrasives.)

. Versatility and adaptability. Cast steel offers a
wide range of options in size and hardness, in ad-
dition to the basic choice between round shot
and sharp, angular grit.

. Much greater visibility while blasting. (Dusting of
non-metallic abrasives causes visibility problems
and can create environmental hazards.)

. Minimal embedment of abrasive particles. (Non-
metallic abrasives, because they are so brittle and
friable, have a different type of embedment than
metallics?.)

C. CONSTRAINTS

Basic constraints that must be recognized in the use
of metallic abrasives as a substitute for non-metallic
abrasives in airblast equipment are

1. The blast-cleaning operation must provide effec-
tive reclamation and recycling to realize the
durability advantage of the metallic abrasive
(abrasive leakage must be kept to the minimum by
proper maintenance of the blast-cleaning system).

. To achieve consistent production cleaning qual-
ity, and optimum operating costs, careful atten-
tion must be given procedures for maintaining a
stabilized work mix, or operating mix, in the
system.

. Metallic abrasives must be protected in such a
manner that they are not exposed to moisture or
corrosive environments.

. Overblast must be avoided to assure proper pro-
file for long-range performance of high-perform-
ance coatings.?

D. CHEMICAL AND PHYSICAL PROPERTIES
(TABLE 2)

There are two generally accepted specifications for
cast steel shot and grit:
1. Society of Automotive Engineers — SAE J-827;
and
2. Steel Founders’ Society of America — SFSA
20-66.
From the standpoint of chemistry and screening,
either of the above is suitable for specifying steel shot and
grit to be used in metalworking applications. However,
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with respect to hardness, it must be noted that both of
these specifications were developed primarily for blast-
cleaning iron and steel castings, where an anchor pattern
is seldom critical on the finished casting. For many other
applications, and because of more critical finish re-
quirements, the cleaning of structural steel and other prod-
ucts often requires abrasives of greater or lesser hardness
values than those specified by SAE J-827 and SFSA 20-66
(Rockwell C40-50).

The cost-benefit trade-offs in a user’'s selection of
high versus low hardness in metallic abrasives requires
evaluation of the finish, desired speed of cleaning,
abrasive durability and equipment wear. Only the user can
make the proper choice based on the priority placed on
each of these factors.

The generally accepted specification for malleable
iron abrasive is SFSA 21-68. The size and chemistry
specification in SFSA 21-68 also applies to cast chilled
iron.

V. MECHANICS OF BLAST CLEANING WITH
METALLIC ABRASIVES

Abrasive blast cleaning is a battering or bombarding
of the work surface by continuing impact of abrasive par-
ticles propelled by compressed air through a nozzle, or by
centrifugal force from an airless blast wheel.

For abrasive particles to affect a change in the work
surface, the stress exerted by the individual shot or grit
particie at the point of impact must exceed the strength of
the work surface itself. Four factors determine that stress:

* Energy contained in the propelled abrasive particle.

¢ Area upon which that energy is expended, and the

angle of impingement.

¢ Strength and hardness of the work being cleaned.

¢ Strength and hardness of the abrasive particle.

Energy contained in a single particle of abrasive is
generally related to the variables of particle mass and
velocity, as illustrated by the

equation for kinetic energy — MV?
2

(M mass; V = velocity)

When selecting new blast-cleaning equipment for a
given application, a choice of velocity is available. Velocity
is governed by air pressure in airblast systems, or by the
combination of wheel-peripheral speed, wheel diameter
(inside and outside) and shape and length of the wheel
blade in centrifugal (airless) blast cleaning.

It is apparent from the above equation that change in
velocity has the most significant effect on kinetic energy
of the particle. However, with any given blast-cleaning
equipment and under a given set of operating conditions,
the factor of velocity can, for all practical purposes, be
considered constant. Thus, for an abrasive of given hard-
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