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CHAPTER 2.8

OTHER METHODS AND FACTORS IN
SURFACE PREPARATION

by

Bernard R. Appleman and John D. Keane

1. INTRODUCTION

Most painting and corrosion scientists consider sur-
face preparation to be the key factor in coating perform-
ance and protection. The more commonly used techniques
such as abrasive blasting, water blasting, hand and power
tool cleaning, chemical cieaning and pickling are covered
in separate chapters. This chapter describes the many new
approaches to surface preparation of structural steel that
have developed from the need to protect worker health and
the environment. Several of these proposed new tech-
niques aiso offer the prospect of improving the quality,
safety or cost of many surface preparation operations.

Open air sandblasting is being restricted in certain
locales because the paint and dust pollute the air and
water. In addition the Occupational Safety and Health Ad-
ministration (OSHA) is concerned about protecting
workers against silicosis and other respiratory diseases. In
cleaning an existing structure, it may be necessary to
recover and dispose of old paint particles, particularly
those containing lead or chromium compounds.

The selection of the method of surface preparation
depends on a variety of complex factors such as location
and criticality of structure, availability of funds, existence
and enforcement of regulations, and the experience and in-
genuity of owner and contractor.

Several of the alternative methods are variations, im-
provements, and modifications on existing techniques,
such as water blasting or abrasive blasting. Others are
based on non-mechanical forces such as xenon lamps,
tasers, ultrasonic waves or plasma streams. Both of these
categories are covered in this chapter”. This chapter also
describes some of the specialized equipment and
engineering approaches attempted by government agen-
cies and industry to recover the abrasive dusts and paints.
Other chapters describe the latest advances in biast clean-
ing, power tool cleaning, and chemical cleaning.

Il. ENVIRONMENTAL AND HEALTH FACTORS

Environmental and health problems associated with
abrasive blast cleaning have been among the major factors
in the search for new methods. In this section we will
describe briefly the specific hazards and the type of regula-
tion being considered.

Health officials have expressed concern that the use
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of silica sand abrasives may cause a debilitating lung
disorder known as silicosis. Silicosis is caused by
breathing minute dust particles. OSHA is considering
establishing a standard for worker exposure to silica and
other abrasive dusts, which could greatly restrict the type
and quantity of abrasives used for blast cleaning®.

The Environmental Protection Agency (EPA) has
established limits on the total permissible concentration
of suspended particulates in air®, Proposed revisions by
EPA would impose restrictions primarily on particulates
with a diameter of less than 10 microns.

The dust produced from sand blasting is also objec-
tionable because of visual pollution. Although no Federal
standards are in effect, many states and municipalities use
the Ringelmann scale®. This scale indicates the propor-
tion of light obscured by the particulates. A rating of 2 on
the Ringelmann scale, for example, corresponds to a
reduction of 40% in visibility.

Environmental and occupational health officials have
been very concerned about the composition of the old
paint being removed from structural steel, some of which
contains toxic lead and chromium compounds. Sand blast-
ing of paint containing lead will frequently produce air-
borne concentrations of lead greater than the maximum
permissible by the EPA. In addition, the paint particles are
deposited on roadways, waterways, and adjacent ground.
The extent to which these particles pose a health hazard
has not been determined. The National Ambient Air Quality
Standard (NAAQS) for lead is 1.5 micrograms per cubic
meter (ug/m?), averaged over a 90-day period®.

The Occupational Safety and Health Administration
has established standards for air-borne concentrations of
lead and chromium to protect the worker in the
workplace®?). There is little hard data available on the
levels of these compounds to which a sand blaster would
be exposed.

Another potential problem associated with abrasive
blasting of paint containing lead is the disposal of spent
abrasive. Lead is one of the toxic substances covered
by EPA’s Resource Conservation and Recovery Act (RCRA)
regulations on solid waste disposal®. The 1980 Federal
Regulations require the use of the Toxicity Characteristic
Leaching Procedure (TCLP) to determine the concentration
of leachable lead. If the concentration of lead is greater than
5 milligrams per liter, the material is classified as hazardous
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TABLE 1: MATERIALS REGULATED

Regulatory Agency Material Regulated Permitted Limits

Area of Concern

Worker Health Federal: OSHA Silica (Respirable) 100 ug/m3 (8 hr. average)
Worker Health Federal: OSHA Nuisance Dust 5 mg/m3 (8 hr. average)
(Respirable Fraction)
Worker Health Federal: OSHA Lead (Total) 50 pg/m3 (8 hr. average)
(Construction and
General Industry)
Worker Health Federal: OSHA Chromium (Respirable) 50 ug/m3 (8 hr. average)
Clean Air Federal: EPA Lead (in air) 1.5 ug/m3 (90 day average)
Clean Air Federal: EPA Suspended Particulates 150 ug/m? (24 hr. average)
Solid Waste Federal: EPA Leachabie Lead & 5 mg/L
Chromium
Clean Water EPA, States, Fish & Lead Residues ‘'zero discharge” in

Game, Coast Guard

some locales

waste. A similar standard exists for hexavalent chro-
mium. The used abrasives (often several hundred tons)
woulid then require disposal in a more costly and often
difficult to find toxic waste disposal site. Recent blast
cleaning of some bridges in Massachusetts has resulted in
lead concentrations of up to 60mg/liter).

In summary, conventional sand blasting and other
paint removal methods may produce the detrimental ef-
fects listed above (Table 1).

Let us consider the prospects for alleviating the above
conditions and satisfying the regulations. It is useful to
divide the technology into those methods which alleviate
the air pollution probiem and those which alleviate the
dust and paint fallout into water, roadways, etc. As will be
discussed, the new techniques have had reasonable suc-
cess in reducing the air pollution hazards associated with
abrasive blasting. The problem of preventing dust and
paint from being deposited into the ground and water is
much more difficult and costly.

lll. VARIATIONS ON WET AND WATER
BLASTING

The chapter on water blast cleaning describes the use
of high-pressure water (up to 10,000 psi) to prepare metal
for painting. Water-blasting alone, even at high pressure,
will not remove tight, intact paint and heavy rust buildup
from structural steel at acceptable production rates. Wet
blasting (the use of water along with abrasives), on the
other hand, can provide highly satisfactory results for
these. There are several different types of equipment and
approaches available; the effectiveness and the cost de-
pend strongly on the particular system selected. The main
systems described include wet abrasive blasting, sand in-
jection, and air-water-sand.

A. CONVENTIONAL WET METHODS

1. Sand Blasting with Water
This technique incorporates water into a conven-
tional abrasive air blast unit. The sand is projected
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against the surface to be cleaned by means of com-
pressed air as in dry sand blasting. A separate hose
delivers the water to the nozzle. In the water curtain
version, the water forms a ring around the sand
nozzle. In this method sand and water emerge from
separate orifices. There is little loss of abrasive
velocity leaving the nozzle; cleaning rates are much
the same as with dry blasting!'9.

2. Water Blasting with Sand Injection

The abrasive is injected or aspirated into the water
stream at the nozzle. It must necessarily be in-
troduced after the water is pressurized to avoid
pump damage. Figure 1 shows a typical abrasive in-
jection unit.

Many types of abrasives can be used in wet blast
cleaning, the most widely used being sand. The type and
size of abrasive is directly related to the rate of cleaning
and the surface roughness. Particles too small or too large
for the type of surface being cleaned can slow production.

Systems have been developed wherein the operator
may selectively blast with or without abrasive injection. In
this way a surface can be cleaned of biofouling or other
contaminants by water alone without disturbing the intact
paint. Gorroded areas, however, can be cleaned to white
metal only by injecting the abrasive into the water stream.

FIGURE 1
A typical sand injection blast unit.
Courtesy of Partek Corporation
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FIGURE 2
Typical marine use of the hydraulic equipment with sand injec-
tion.

Courtesy of WOMA Corporation

The overall performance of water blasting with or
without abrasives depends on the abrasive, inhibitor,
operational technique, surface condition and degree of
cleaning required.

Several federal and state agencies have evaluated the
performance of moderate to high pressure hydraulic clean-
ing systems. In one evaluation, most of the systems failed
to meet the performance requirements because of being
underpowered (operated at 500-1200 psi using conven-
tional pumps) or because of inability to meter the sand
without clogging. The most successful unit used pres-
sures of about 2000 psi with two or more nozzles operated
at the manifold" (Figure 2).

3. Air-Water-Sand

Some recently developed processes utilize a com-
bination of air, sand, and water to provide a highly
versatile and efficient means of preparing surfaces.
A British version of the air-water-sand method in-
cludes a Ia\rge volume of air (300 to 400 cubic feet
per minute) into which one to two gallons of water
per minute can be entrained with or without a corro-
sion inhibitor. Sand or other abrasives may be
added at 200 to 400 pounds per hour, and the mix-
ture is delivered through an open-ended, cone-
shaped, wide-mouthed nozzie (0.5 to 1 inch in
diameter) at pressures which can be varied from 15
to 100 psi. In various trials the speed of cleaning
has been estimated to be from 50 to 200 square feet
per hour depending on the surface, with reported
removal of single coats of paint leaving the primer
coat intact at rates as high as 300 to 450 square feet
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per hour. Each of the quantities — air, sand, and
water — is independently adjustable so that the
system can be used without sand at low pressure
merely to wash down the surface('2.

A U.S. version involves a somewhat similar
unit which operates at about 1000 pounds per
square inch water pressure with sand injection.
Unlike the English system, this one entails remote
control via micro switches of a seven-ton dry blast
pot by the operator at the nozzie rather than by
verbal communications with an operator. Also,
unlike the English method, it involves a con-
siderable amount of sand, which sometimes has a
tendency to stick to the work as a slurry. This slurry
is then allowed to dry and is washed off with an
auxiliary nozzle at perhaps 1000 to 1500 square
feet per hour3 (Figures 3a and 3b).

4. Sodium Bicarbonate

Sodium bicarbonate blasting is one of a group of
wet blasting and waterjetting systems that employ
water-soluble abrasives. Like most wet blast sys-
tems, they produce less dust than dry blasting. Res-
idue can be sent to a wastewater facility, rather than
disposed of as hazardous waste, if paint chips, espe-
cially those containing lead, can be separated from
the wastewater. The technigue does not damage a
substrate although it is very effective in scrubbing
a surface.

Sodium bicarbonate blasting has been shown
to remove epoxies and urethanes, oil, grease and
loose rust. It will not remove tight rust or mill scale,
and does not impart a profile, so it is best suited for
maintenance painting. Adhesion of various coatings
after use of the system is still being evaluated. While
sodium blast cleaning is more expensive than other
methods, the decreased costs of waste disposal
when paint chips are separated must also be taken
into account.

B. IMPORTANT FEATURES OF WATER AND
WET BLASTING

1. Water Volume
The volume of water varies considerably among the
techniques discussed. The sand injection methods
rely on water as the primary medium; typical flow
rates are 5 to 15 gallons per minute (gpm). The
water curtain entails only the small amount of
water necessary to contain the dust. The air-water-
sand process typically uses 1-2 gpm.

2. Sand Volume
The sand injection method uses considerably less
sand than dry blasting or water curtain. The air-
water-sand processes provide a greater degree of
control of the abrasive and consume still smaller
quantities of sand, with the British version using
the least.
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FIGURE 3
Cleaning underside of European bridge with air-water-sand unit.
Co-author observed separate sections which were cleaned to
white metal (passing potassium ferrocyanide test) and others in-
volving spot removal of individual coats.
Courtesy of KUE, Ltd.

3. Water Nozzle Thrust

Conventional high pressure and sand injection
units develop pressures up to 10,000 psi and
thrusts of 50 pounds, which can be a significant
safety hazard, particularly when operated from a
scaffold or other location of precarious footing.
The sand injection unit may be operated at lower
pressure (2000-3500 psi) for removing loose paint
and rust.

The water curtain and air-water-sand units nor-
mally operate at 1000-2000 psi, thereby con-
siderably reducing the safety hazard. For these
operations, the major safety consideration is
pressure used to propel the sand, which is normally
at about 1000 psi. The reduced nozzle thrust ob-
tained with the air-water-sand units also produces
less operator fatigue. For several of the high
pressure-high thrust units (both with and without
abrasive) the operator could work only for one or
two hours at a time.

4. Dust
The dust created by dry blasting ¢an be controlled
through the use of either a water injected system or
a water curtain.

5. Costs

It is difficult to compare wet abrasive cleaning
costs with other surface preparation methods.
Equipment and labor costs, surface conditions, and
production rates all vary and have not been well
documented. Compared to hand tool cleaning, the
higher equipment costs of wet abrasive blasting
are more than compensated in lower labor rate
costs per square foot, a cleaner surface, and higher
production rates. The total cost of wet abrasive
blasting is in almost all cases higher than dry sand
blasting. Observed rates vary from 125 to 200% of
the latter.

For the air-water-sand approach, the equip-
ment costs are high compared to other methods;
economics dictates that its use be limited to large
scale applications.
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Most of the examples reviewed have been
directed at producing blast-cleaned surfaces (e.g.
SSPC-SP 6 or SP 10). For situations in which it is
necessary to remove only loose rust or paint, the
use of high pressure water alone or low pressure
with sand might well provide higher rates and
superior surfaces than either dry blasting or con-
ventional hand and power too! cleaning.

. Flash Rusting/Inhibitor

Flash rusting can occur within minutes after
blasting with water (Figure 4). To prevent oxidation
or flash rusting, a suitable inhibitor is usually in-
jected into the blast hose or applied after blasting.
It is important to use a rust inhibitor with a strong
enough solution to retard rust after the final rinsing
of the contaminants and spent abrasives has been
completed. Inhibitors include soluble chromates,
phosphates, nitrates, and molybdates(4. Certain in-
hibitors, when dry, leave salts that could produce
adhesion problems for protective coatings.
Therefore, the inhibitor must be compatible with
the paint system to be applied. Inhibitors must also
meet EPA requirements and be non-pollutants.

It is often preferable to apply the inhibitor solu-
tion after water blast, thereby minimizing operator
exposure, saving inhibitor, reducing problems of
liguid pollution, and often running scant risk of ex-
cessive flash rust. The air drying feature of the air-
water-sand method is highly beneficial in minimiz-
ing flash rusting.

. Production Rate

The production rate for achieving a specific surface
condition (e.g. near-white metal blast, SSPC-SP 10)
depends on the type of system chosen, the par-
ticular unit, the proficiency of the operators and the
original condition of the surface.

The air-water-sand units are the most
sophisticated system concepts and would probably
be most competitive with conventional dry sand
blasting for a full-scale field operation. The sand-

FIGURE 4
Flash rusting of water-blasted steel rail.
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