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CHAPTER 14.2

THE LINING OF STEEL TANKS

by

Wallace P. Cathcart and Albert L. Hendricks

. INTRODUCTION

This chapter describes accepted practices for select-
ing and applying protective coatings to the interior sur-
faces of steel tanks. These coatings used as linings pro-
tect tank interiors from corrosive and/or erosive products
and often prevent contamination of the product by the
steel substrate. The tank may be used for processing,
transporting or storing chemical or food products.

The requirements necessary to obtain economical
service life with a coating as a lining include safety,
design/fabrication, selection of coating materials, surface
preparation, application techniques, curing, inspection
and maintenance. For purposes of this chapter the discus-
sion of a protective coating used as a lining is limited to
materials applied in one or more coats by conventional air
spray or airless spray methods to a total dry film thickness
of no greater than 50 miis. This chapter does not include
other application techniques such as flame spraying,
sheet-applied linings, metallizing or hand lay-ups.

The success of a coating system depends upon the
design of the tank, intended use, coating selection, total
dry film thickness of coating and application technique.
These factors make it essential to seek advice from a com-
petent supplier of coating materials and a knowledgeabie,
experienced applicator.

. SAFETY

Assuring the safety of workers in tank lining is of ut-
most importance. Working in confined areas with dust and
toxic and/or flammabie materials can create hazardous
conditions. Individuals working in these areas should be
familiar with precautions necessary to prevent accidents’.
Regulatory bodies, such as OSHA, have guidelines that
must be followed. In addition, training program should be
established to educate all individuals who apply coatings
to steel tanks.

Use of a check list such as the following, prior to start-
ing work, helps to establish conditions necessary for safe-
ty:

Barricades

Electrical Hazards

Explosion Proof Electrical Equipment
Eye Protection

Falling Objects

Fire Alarm Station

Fire Extinguisher — Fire Blankets
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Flammability of Materials Used
Ground Fault Interrupter
Nearest Telephone

Nearby Traffic, Cranes, Moving Objects
Protective Clothing

Respiratory Protection

Safety Permits

Safety Rescue Equipment
Safety Showers

Scaffolding

Source of Breathing Quality Air
Spark Proof Tools

Static Equipment Grounded
Toxic Materials

Warning Tags and Signs

Precautions in excess of standard industrial safety
practices must be followed for the work performed inside
tanks. For instance, all electrical power to work areas
must pass through a ground fauft interrupter. Clothing -
must be sufficiently thick to protect the skin from bom-
bardment during abrasive blasting and to provide protec-
tion from the coating material during application. Foot
wear for individuals applying the coating should have soft
nail-free soles that resist solvents, prevent sparking and
provide good traction. All workmen inside a tank should be
equipped with forced, fresh air breathing apparatus when
any blasting or spraying is being done (Figure 1). An alter-
nate or standby source of breathing air must be available
to provide a safe escape time in the event the primary
source fails.

Ventilation must remove blasting dust for visibility
and provide sufficient air to maintain solvent vapor con-
centration below both the lower explosive and threshold
limits. Because nearly all solvent vapors are heavier than
air, they tend to concentrate in low areas so it is necessary
to assure such areas are well ventilated. Detailed informa-
tion pertaining to explosive and threshold limits can be ob-
tained from various publications.?® Eye protection should
be mandatory for all workmen in the tank and in the area of
the tank when they are handling abrasive or when abrasive
blasting is in progress. All pressure equipment including
biast pots must be constructed as specified by National
Board Code and the ASME Code for Unfired Pressure
Vessels. Safety relief valves should be tested daily and
pressure tests should be conducted at least once and
preferably twice a year.
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FIGURE 1
Safely equipped man spraying the inside of small food process-
ing tank.

Courtesy: Tank Lining Corp.

lll. DESIGN AND FABRICATION TO RECEIVE
LINING

Whether a tank is being lined to prevent contamina-
tion of a product or to provide protection from corrosion,
the coating must act as a barrier between the product and
the steel tank. The coating must be essentially continuous
to perform effectively. Long or meticulously detailed
specifications for tank design are needed only for the most
exacting conditions as when a highly corrosive environ-
ment is to be handled. More commonly though, coatings
are used as linings to prevent iron or oxide contamination
of the product and the specifying engineer should address
himself to the difference. The essentials of good tank
design, stated simply, are these: avoid or eliminate sharp
edges, projections, crevices, acute angles and pits; design
the tank so that all surfaces are visible and accessible to
the workers preparing the surface and applying the
coating.

The surface tension of most liquid coatings tends to
pull the film from the apex of any edge or projection and
thus leave less film to protect the substrate. Arbitrarily, the
industry has assumed a minimum of %" radius of a sharp
edge, but more significantly, sharpness must be
eliminated.

Consideration should be given to designing nozzies
that extend into the tank for inbound flow to prevent high
concentrations of solutions from running down the sides
of the lining. In addition, the nozzle should have a large
diameter and short length to facilitate coating application
to the interior surfaces.

When applying a coating by spray, excessive
thicknesses tend to accumulate in areas where crevices,
pits and acute angles exist. If such areas cannot be avoid-
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ed in the design, they should be eliminated by fiilet
welding. The contour should be smooth encugh for the lin-
ing material to be applied uniformly* (Figure 2).

IV. SELECTION OF MATERIAL

Selecting the coating material for immersion service
is one of the most difficult functions and requires the
greatest degree of engineering skill and effort.

Immersion service is usually thought of as immersed
or submerged in a liquid. In this chapter that is the
assumption; however, it must be realized that tanks, silos,
railroad cars and hoppers are often lined to handle a dry
product such as grain, plastic pellets or salt. When lining
for dry service, it is sometimes assumed that the absence
of liquid eliminates the stringent requirements for coating
application. But there are several factors that may
counteract the apparent lack of liquid. In the case of
plastic pellets, for instance, where the lining is used solely
to protect the product, a chip or flake of the lining that may
be of little concern in a liquid contamination environment
could be of great economic concern if it managed to get in-
to the rollers of a high speed film manufacturing plant. In
another instance, hydroscopic properties of a product,
such as sodium chloride, can result in severe corrosion in
covered hopper cars after as little as three years. For dry
service, careful, knowledgeable engineering will
sometimes allow deviations from recommendations for im-
mersion; however, this is the exception rather than the
rule.

Among all the factors in coating selection, the three
most critical are (1) resistance to the reagent or the prod-
uct to be stored; (2) resistance to undercutting or underfilm
attack at points of minor breaks, discontinuities or
permeations that exist or develop; and (3) physical proper-
ties such as flexibility, adhesion and elongation that are

FIGURE 2
Lining of baked phenolic over carbon and stainless steel for high
pressure and temperature chemical separator.
Courtesy: Tank Lining Corp.
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satisfactory for the service for which the lining is intended.
For instance, a thick brittle lining might work well in a
fixed, rigid storage tank yet fail prematurely if used in a
railroad tank car or a thin-walled storage silo. Lesser fac-
tors, but nevertheless sometimes important, are (4)
resistance to water and oxygen passage; (5) resistance to
abrasion; (6) resistance to aging; (7) application and curing
characteristics such that a proper coating film is feasible
in the specific vessel to be lined.

As an example, the baking phenolic coatings that are
final cured at 400 °F. (204 °C.) cannot easily be applied in
extremely large tanks due to the difficulty in obtaining a
uniform temperature. Final cure temperature is limited to
the temperature resistance of the insulation on the vessels
that have been permanently insulated. Also double-
skinned barges, as now designed, cannot be baked above
approximately 300°F. (149°C.) because the inner tank ex-
pands and distorts or even splits the outer shell.

When selecting the proper coating system, it is
necessary to understand all of the conditions to which the
lining will be subjected, such as product type, exposure
time, temperature variations, temperature source, vapor
area, pressure, cleaning procedures, agitation, wet and dry
conditions, versatility, degree of abrasion or erosion, ther-
mal shock, trace chemicals present and possible physical
impact, either on the lining or the reverse side. Figure 3
shows a typical failure that occurred, in part, because all
of these conditions were not taken into account.

Gathering information on the variable in making a
selection is simplified if identical field history exists. But
even seemingly insignificant variations should be judged
by an experienced person competent in understanding
their significance. Some material suppliers and some ap-
plication companies keep extensive records of successes
and failures of each coating system used. This information
is often available, but it must be used judiciously. If actual
experience is not available, it is necessary to conduct
either field or laboratory tests. Field testing in the actual
environment is the most effective because it takes into
consideration all of the variables that exist. Field testing is
painstaking, time consuming and many times impractical;
therefore, the tendency is to utilize accelerated laboratory
testing. But it must be emphasized that evaluation by ac-
celerated tests is a technique to be used with great cau-
tion as it will only reject bad selections and not prove good
ones unless there is favorable correlation between the
results and similar performances.

in field testing, application of the test material to the
actual substrate is preferred since it is then exposed com-
pletely to all the variables. If substrate testing is not feasi-
ble, it is then advisable to suspend or attach a coupon
within the tank. Dissimilar metals should be insulated
from the sample to prevent a galvanic differential between
the sample and the vessel itself. The difference in the
temperature on a coating and the temperature of the out-
side tank wall may also be significant to its performance.
When suspending a panel, however, the variable of
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FIGURE 3
Failure of water tank lining from poor design, fabrication,
material selection and application.

Courtesy: D.M. Berger

temperature differential is lost. Thus, the results must be
carefully interpreted.

Laboratory tests are normally conducted on steel
coupons prepared under laboratory conditions by in-
dividuals well versed in the application of coatings to test
samples. Coated coupons are exposed to the product in-
tended for storage or transportation by submerging in a
container or using an Atlas Test Cell.® The samples are
normally observed at various intervals from 24 hours to
one year or until failure occurs.

The Atlas Test Cell consists of an open pipe to which
test panels are bolted on each end to form a doubie end
flange (Figure 4). The center piping has openings where
heating elements, condensers, thermometers and/or
agitators can be inserted. The body of the cell is con-
structed of glass, resistant alloy or coated steel. This test
can simulate many of the conditions experienced in actual
service, such as agitation, temperature differential across
the surface and temperature sources from inside or out. In
evaluating a protective coating for immersion the test
should be conducted for a minimum of six months and
ideally for one year.

Any changes in the appearance of the coating should
be recorded. Failure is normally indicated if blistering,
severe softening, swelling or severe discoloration has
been noted. With regard to softening and discoloration,
the difference between ‘“‘severe” and “less severe” or “‘in-
consequential”’ requires considerable experience and in-
depth understanding of the expected performance of the
lining. Likewise, failure of the panel is indicated if the lig-
uid is affected by the exposure in any significant manner.
Again, experience and understanding of expected perform-
ance is necessary to interpret what is significant. Follow-
ing is an example of what can be significant.

The liquid in a particular test has a pickup of two parts
per million of iron. By comparing liquid volume to surface
area, relating all to time and exposure in test as compared
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