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CHAPTER 3.2

PICKLING STEEL SURFACES

by

D.W. Christofferson

. INTRODUCTION

Pickling is the immersion of objects in dilute acids.
Pickling in metal working industries is a process in which
metals are immersed in acid solutions to remove oxides or
scales. Many exceilent references are available''s.

The primary reference is the second edition of the
Steel Structures Painting Manual, Volume | on Chemical
Surface Preparation by F.P. Spruance, Jr., then Chief,
Research and Development Section, American Chemical
Paint Company. Most of the basic technical data on pick-
ling is valid and included in this chapter with appropriate
changes. Steel Structures Painting Council Surface Prepa-
ration Specification No. 8 covers several pickling processes.

Various acids used in commercial pickling are
suffuric, hydrochloric or muriatic, nitric, hydrofluoric,
phosphoric and mixtures of these. In the United States,
sulfuric acid, because of its low cost, high boiling point,
availability and general suitability, is used extensively in
pickling simple and low carbon steels. They represent the
bulk of tonnage pickled. Increased use of reclamation and
regeneration of acids has made hydrochloric acid pickling
prominent for most low-carbon steels. Without acid
regeneration and reclamation some batch plant opera-
tions are being curtailed due to the high cost of disposing
of waste pickle liquors. Disposal problems result from en-
vironmental regulations.

Hydrochloric or muriatic acid alone or in combination
with sulfuric, nitric and hydrofiuoric acid is used to
brighten stainless and some alloy steels. The use of
hydrochloric acid with some grades of stainless steel,
especially 300 and 400 series, can increase the suscep-
tibitity to pitting and stress corrosion cracking and must
be used with caution. This chapter primarily concerns
structural grade low carbon steels.

Pickling is usually done by immersing work into pickle
baths in tanks. The same principles apply if the pickie
solution is sprayed or flowed over the work or if the work is
pulled through baths of acid as in the continuous pickling
of strip steel.

Acids suitable for pickling should remove only scale
from base metal, but a substantial amount may be wasted
dissolving the metal itself. Waste can be prevented with
suitable inhibitors.

For the rolling process steel is heated below the
melting point, usually in open furnaces in which oxygen
from the furnace atmosphere combines with hot metal to
form oxides of iron and alloying elements. On cooling,
these oxides set as a hard, brittle, adherent and usually
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black coating. This is designated by various names, such
as oxide, magnetic oxide, scale, mill scale, roll scale, forg-
ing scale, annealing scale, etc.

Scale is brittle, expands less than the iron from which
it is formed and cracks on cooling. It is not uniform in com-
position. The lack of uniformity is the difference in the
amount of oxygen in various parts of the scale film il-
lustrated in Figure 1.

The outer layer is richest in oxygen. It may approx-
imate the formula Fe,0,, containing about 30% oxygen by
weight. Beneath the outer layer is a material generally con-
stituting the bulk of the scale and nearly corresponding to
the formula Fe,O,, with about 28% oxygen. Next to the
metal the oxide may approximate the formuia FeO, which
contains about 22% oxygen. Beneath this may be a layer
of mixed oxide and metal of still lower oxygen content.

The outer layer of scale is almost insoluble in sulfuric
acid but slightly soluble in muriatic acid. The under layer
or layers are more solubie and the metal itself quite solu-
ble.

When pickling steel in sulfuric acid the diluted acid
penetrates through cracks in the outer scale layer and
dissolves some scale beneath and works through to the
metal or the scale layers rich in metal and low in oxygen'®.
These dissolve rapidly, evoiving hydrogen between the
scale and metal. It is this hydrogen evolution that is
responsible for removal of scale that is biown off in flakes
of varying size.

If all the scale were blown off at one time and the
metal immediately removed from the pickling solution,
there would be little preventable acid attack on the metal
and little need for an inhibitor. This, however, does not oc-
cur. Scale is removed from parts of the surface quickly.
The uninhibited acid attacks and pits these exposed areas
before scale is removed from other areas. Also, when pick-
ling with acids, the mill scale may be removed sooner than
rust, which often exists on some local areas. When
muriatic acid is used, the action is much the same as that
of sulfuric acid, except all the scales are more soluble and
some can be dissolved as well as blown off by the
hydrogen evolution™.

Acids remove surface deposits other than mill scale.
Rust is most generally encountered. Rust is a hydrated ox-
ide of iron. It is more soluble in sulfuric, muriatic and
phosphoric acids than are miil scales; therefore, rust
coatings are removed by being dissolved rather than being
blown off.

Rust, unlike scale, continues to develop cyclically and
if it were not removed along with chemicals that caused it,

Documents

COPYRI GHT 2000 SSPC:. The Society for Protective Coatings

I nformati on Handl i ng Servi ces,
Full document details: SSPC CHAPTER 3.2 1993


http://www.avadocuments.com/doc/sspc-chapter-3-2-1993
http://www.avadocuments.com/doc/sspc-chapter-3-2-1993

SSPC CHAPTER*3.2 93 B Ab279u40 0003539 T56 W

CRACKS IN SCALE
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FIGURE 1
Mill scale is composed of several layers: A. Fe,0, B. Fe,O, C. FeO
D. FeO + Fe.

Courtesy of Amchem Produets, Inc.

it would continue to form indefinitely even under coatings
of paint, oil, etc. Sand or shot blasting is more convenient
for rust and scale removal from large assembled struc-

tures such as ship hulls, bridge plates, gas holders, etc.,

that are too large and often too thickly encrusted with pit-

ted rust to be pickled. On smaller assemblies weldments

are normally abrasive blasted or mechanically cleaned to

remove welding scale prior to the pickling.

Il. PICKLING PROCESS

The pickling process is divided into three steps:

¢ Cleaning and preparation of metal
e Pickling
¢ Treating the pickled metal.

Cleaning, preparation and treating will be discussed
briefly before considering pickling in more detail. Surface
treatments and pre-treatments are more fully discussed in
Chapter 3. A wide variation exists in successful pro-
cedures; only a few will be discussed.

A. CLEANING AND PREPARATION OF METAL
PRIOR TO PICKLING

Cleaning removes from metal any material that would
prevent pickling acid from contacting the surface and
removing scale. The coating most frequently encountered
is oil.

Oils can be removed with oil solvents, most of which
are volatile and leave a thin film. Solvents can be applied
by any convenient means and wiped off with clean rags.
The metal can be degreased by immersion in solvents or
solvent vapors. The latter method leaves metal free of oil
but not from particles or smut held on the surface by oil
film.

Alkali cleaning is relatively inexpensive and should be
provided when cleaning prior to pickling. This is required
more or less regularly to remove oils, greases, cutting or
forming compounds, etc. Other contaminants that should
be removed prior to pickling are heavy rust and paint,
which, on new steel, mainly involves shop and mill marks.

Heavy rust that might prolong pickling can be re-
moved by scraping, wire brushing or abrasive blast clean-
ing. Paint and other types of marking can normally be
removed mechanically or with solvents.
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B. TREATING PICKLED METAL
1. Cold Rinsing

When metal is removed from the pickle bath, a
thin film of pickling acid and salts, resulting from
reaction of acid with metal, clings to it. The acid
and salts, with the exception of some produced
from phosphoric acid, actually stimulate rust for-
mation and must be completely removed before
they dry. An ample supply of clean water must be
available for rinsing, which may be accomplished
by any convenient means. Steel, wood, or con-
crete tanks provided with a skimming trough to
take care of an ample overflow of water are
generally used, although water can be applied
liberally with a hose.

Pickled work should be rinsed promptly, par-
ticularly if the acid is hot. If the film dries, it is dif-
ficult to rinse away residues that can cause trou-
ble in many of the following operations.

. Final (Hot) Rinsing — Neutralizing

When pickling acid and iron salts are removed or
diluted, metal must be suitably treated in prepara-
tion for operations that follow. Treatment
prevents steel from rusting and prepares it for
painting. Weak alkali solutions, such as Y to 'z
ounce per gallon of sodium carbonate or trisodi-
um phosphate, are used in a boiling rinse follow-
ing a cold rinse, previously described. The alka-
line surface does not rust rapidly, but it if is to be
stored indefinitely or exposed to weather, it
should be oiled. Alkali cleaning solutions are
suitable for application of oil but are not suited for
application of paint. Also, there are other
treatments that can be used to prevent rusting.

. Preparing Metal for Painting

Most paints do not adhere well and blister in a
humid atmosphere if applied to an alkaline or
neutral surface. For best painting results the sur-
face pH should be slightly acid. Best results occur
when the surface has a pH between 3 and 5. There
are exceptions when using special paints, such as
inorganic zincs, which normally are applied to
neutral surfaces. In pickling processes for in-
organic zinc applications, no further treatment is
normally used after the hot water rinse.

For most paints, other than inorganic zincs, it
is important that proper acid be used to produce
the proper pH. Phosphoric or chromic acids, or
mixtures, produce best results. Muriatic or
sulfuric acids should not be used because their
residues stimulate rust under paint.

It is desirable to further clean and treat pick-
led and rinsed steel in a phosphoric acid solution
prior to painting. Good results can be obtained by
adding approximately 0.25% by weight of concen-
trated phosphoric acid to the hot rinse bath, con-
tained in a steel tank, and maintaining this rinse
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at a pH of 3 to 5 by addition of acid as small
quantities are needed.

The cleanliness of the boiling rinse is impor-
tant, since it is here that a satisfactorily cleaned
surface can be spoiled for painting. For best
results the bath should be discarded daily and the
tank cleaned before making a new bath. This is
not practical for large scale structural pickling
operations, and good painting results can be ob-
tained by merely maintaining a water rinse
temperature at 140°F (60°C) or higher and paint-
ing promptly while steel is warm and dry.

lll. ACID PICKLING

Sulfuric, muriatic, phosphoric, nitric and hydrofluoric
acids are used for pickling ferrous metals. Sulfuric acid is
used most extensively for structural steel, although
hydrochloric and phosphoric acids are also used for struc-
tural and other steels.

Typical sulfuric acid pickling for low carbon structural
steels may not be suitable for some high strength con-
structional alloy and heattreated alloy steels. Some higher
carbon and alloy steels burn in acid very easily, making
surface smut more of a problem. One method to help
solve this is to add rock salt to the sulfuric acid bath. Navy
specifications call for the bath to contain 1.5% sodium
chioride. Test work is in order before pickling special
steels for which prior experience or test data is not
available, since steel composition also affects the time re-
quired for pickling®®.

Tanks constructed of mild steel plate or wood can be
used for both cold and hot rinse, but ordinary steel, un-
lined, cannot be used to contain any of the acid solutions
used in pickling. Wood tanks can be used temporarily to
contain sulfuric, muriatic, hydrofluoric or phosphoric
acids, but more permanent equipment, steel tanks lined
with materials that resist the acids, should be used to con-
tain them.

Table | includes acids and lining materials that

resist them and that should be used to construct steam
coils for heating.

A pickie tank suitably lined and constructed should be
equipped with a large bottom drain for rapid emptying and
easy cleaning, heating coils or other source of heat, water
for diluting acid and for washing the empty tank, and provi-
sions for introducing acid into the bath.

Water should never be added to strong acids. Even
when properly adding concentrated sulfuric acid to water,
enough heat generates to boil and blow the acid about.
Workers should stay as far as possible from acid when it
mixes with water in the pickle bath. In small installations
steel chutes or pipes should be provided over or through
which the acid is poured. In large installations the acid
should be transferred through a steel or lead pipe from the
storage or measuring tank to the pickle tank.

It is advisable to have a tank for measuring the acid
added to each pickle tank. For concentrated sulfuric acid
the storage tank may be safely constructed of mild steel,
since it is not attacked. However, other acids in concen-
trated form will attack mild steel. The acid storage tanks
must use material or linings suitable for the acid involved.

Pickle houses are usually filled with steam, and in
spite of the ability of inhibitors to reduce acid fumes, some
escapes into the air. It is desirable to provide adequate
ventilation. Warm air and exhaust ducts located over or
near the tanks are helpful in clearing the atmosphere of
fumes and acid mists. Also, structural steel within an
enclosed pickle house should be properly coated with an
acid-resistant coating system.

IV. OPERATION OF THE PICKLE BATH —
WITH ADDED DETAILS ON SULFURIC ACID

A. ACID

Concentrated sulfuric acid neither attacks steel nor
removes scale. It must be diluted with water before it can
be used. The rate of attack of sulfuric acid solutions at

TABLE |
Acids and lining materials that resist them
Acid Resis-
Stainless tant masonry Wood
Lead Rubber Steel (Brick) (Temporary)
Sulfuric X X X X
Muriatic RPN X . X X
Phosphoric X X X X X
Hydrofluoric X X - X
Nitric X
106
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FIGURE 2

Rate of attack of sulfuric acid on mild steel.
Courtesy of Amchem Products, inc.

120 °F (49°C) on mild steel is illustrated in Figure 2.

Even at a temperature of 120°F (49°C), concentrated
acid does not attack steel. Not until it is diluted with an
equal volume of water is there any appreciable action. The
activity of acid increases with its strength until it reaches
40% concentration. With further increase in strength, the
attack decreases rapidly.

Sulfuric acid pickle baths are usually operated within
the range of 2% to 15% by volume of 66° Baume sulfuric
or its equivalent strength of other commercial grades of
this acid, and not at higher strengths approaching that of
maximum activity. The greater the viscosity of the bath,
the higher the dragout losses. The waste of acid in the
spent bath prevents efficient use of acid at high concentra-
tions.

Figure 3 shows the relationship between acid attack
and strength of 20° Be muriatic acid. Muriatic acid is
hydrogen chloride gas dissolved in water. The 20° Be com-
mercial grade contains only about 31% hydrochlioric acid
by weight. Undiluted 20° Be muriatic acid attacks steel
more rapidly than stronger solutions and, as in the case of
sulfuric acid, the attack in operating ranges is proportional
to the acid’s strength.
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B. TEMPERATURE

While the activity of the acid solution within the usual
pickling range is proportional to its strength, the activity of
a pickle bath is markedly affected by its temperature, as is
shown in Figure 4 for sulfuric acid.

C. IRON SALTS

A fresh pickle bath at a fixed temperature continues
to remove scale from steel at the same rate; however,
pickle baths do not stay fresh. Small amounts of scale and
large amounts of metal that dissoive in the acid form iron
salts, such as iron sulfate (copperas), in solution. The
presence of iron salts in the bath has a significant effect
on pickling. As salts build up, removal of scale is delayed,
making the bath act as though the amount of acid in it had
been reduced.

With sulfuric acid pickling the effect of varying
amounts of sulfate in the bath is shown in Figure 5. As a
result of the retarding action of iron sulfate, or salts from
other pickling acids, the pickle baths should be discarded
before they become saturated.

D. TIME

Time is an important factor in scale removal. Some
time is required for acid to penetrate the scale and blow it
off, and even more time is needed to undermine “rolled-in
scale” or scale embedded in pits. Enough time must be
allowed to remove scale completely.

E. AGITATION

Baths of fixed characteristics pickle faster if agitated
than if still. This is clear when it is realized that the acid in
contact with any part of the surface picks up more and
more iron salts, such as the sulfates with suifuric acid
pickling, and loses strength quickly, as shown in Figure 5.
The faster fresh acid is brought to the surface and salt
contaminated acid is dispersed throughout the solution
away from the metal, the faster the pickling.

Agitation also washes off scale particles loosened
from metal to expose fresh areas to the acid’s action. This
same effect is accomplished by mechanical means as, for
example, with brushes.

Agitation in pickle baths may be produced
mechanically by moving the work through the pickling
solution, as in the continuous and semi-continuous pick-
ling of coiled strip steel, or with a pickling machine of the
type illustrated in Figure 6.

Agitation may also be created by moving the solution
past work that is stationary in the tank. The plunger
pickler, in which the pickle bath is caused to surge up and
down by a large plunger, washes over the surface, changes
the solution rapidly and removes loose scale.

The most common type of agitation is produced by
the steam used to heat the pickle bath. This may either be
discharged through holes in the lead pipe near the bottom
of the tank or through an injector nozzle, causing violent
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