exposures for the past ﬁﬁ‘eevz yem‘ “Thes stud'ws fwwe been conducted not only in the salz pro-
ducing facilities of Morton Salt Company, bt also in the producer and user operations of such
companies as Food Mac&mery Ca" amtzcm, Monsmzta Chemicai Company, _.-:md Pemmsalt Maraifac-
turing Company. - o

Some of the more :mpartemt' 'r sults and fzﬂdmgs from t}zese smdtes are presented, with par-
Yicular emphasis on that which, tn the author’s opmzmz. !S fhe most zmportant advance: the use of
metallic sacrificial bases prmr to- prote ve coafmg. : L

Performances and scomm:cs mre t&amugkly develaped. -

Paint and coatings can pmtect in salt expuaures.

This has been ampIy prnven in many galy *pmducmg plauts am:l sait uging operations. Coat-~
ings can prevent corrosion of steel in humid salt exposures; such corrosion being capable of de-
stroying steel Btructures and. ec;uxpmem at the rate of ¥/ 4'-mch of steel m httle more than four

gears.  vi.oaon e s

Such protection is not gcmg to be ubtamed however' hy the use of ‘magic” materials, or by
gullible wishful thinking. that the: apreadlng cf seme ‘nighiy : auted materlal mrer the surface will,
by itself, cure your corrosion. prﬂb}ems '

Durable coating pmtection is obtained by exactly the same approach which you have found
necessary in solving all of your other plant maintenance operating problems; by the use of intelli-
gent engineering planning and attention, in the same manner that you engineer your uge of corros-
ion resistant metals and your cathodic protection.

HOW DO COA’rmGs FAIL IN SALT EXPOSURES?

Let's follow through the various stages of paint failure in salt armospheres; for only by
studying the mechanism of coating failure can we learn how to intelligently prevent such fatlures.

Let’s not make this study in the dry atmospheres of the mine, or even in your mill or pack-
aging buildings where the humidity might be very carefully controlled. The active corrosion of
steel in salt exposures proceeds to a serious degree only when the prevailing humidities dre above
70%. So let's look for the various stages in the progression of paint failure and consequent cor-
rosion of the underiying steel in your above-ground structures exposed for long periods to rela-
tively high humidity. Let's look at your headframes, your salt conveyors and other bulk salt
handling equipment, and any steel work immediately adjacent to these.
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Coating failure will abmost invariably start, assuming proper coating material selection and
application, at small isolated points in the paint application. It will be noticed that these points of
initial failure predominantly occur at prominences or projections, at plate or flange edges of the
steel surface, or other irregularities in that surface (Figure 1).

Figure 1.

Failures g0 starting at such polnt sources rapidly spread from these points of initiarion to
destroy, by undercutting the paint protection in the immediately surrounding areas (Figure 2).
As long as this procese of spreading from the points of initial failure is not derected and stopped
by intelligent maintenance attention, thie undercutting and spreading process will continue until
paint protection is lost in large surrounding areas {Figure 3), until complete paint protection {g
lost (Figure 4).

Thus it may be seen that complete paint protection over equipment, or structure, originates
from a few early pinpoint paint failures, which if detected and sealed in, in their early stages,
would prevent such complete failure. It ig agein the old story of "for the Iack of a nail the battle

was logt.”
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. Fi.gar.e 2

These first few points _of-f_ailuref initiation are, of course, minute discontinuities in the
coating application which allow exposure of the base steel to the humid salt environment. The en-
vironmen: causes corrosion at these points of metal exposure and the prying, undercutting action -
of the rust produced proceeds to destroy the adjacent sound paint protection, continuing at an in-
creasing rate as long as any steel or it corresion product is exposed to the environment. These
initial discontinuities in the paint protection may be caused by inadvertent air bubbles, pinholes,
or other holidays in the.paint application itself, or by mechanical damage of scraping, impact or
sbrasion o the coating protection during its service life,

From this mechanism of premature failure of paint protection, it is easy to see that durable
protection can only be obtained if the coating material is selected and applied to be a completely
continuous and resistant barrier between the corrodible steel and the corrosive environment, and
during its eervice life is maintained as such a continuous resistant barrier. This end is most
practically accomplished by using only coating systems which have proven their durable resist~
ance to the exposure, by either actual plant tests or successful long term usage; and the applica-
tion of these 1o the surface by application procedures of good surface preparation and coating ap-+
plication, making sure that the paint protection i3 applied in a minimum of 5 mils (0. 005™). dry
filmn thickness and this thickness is built up in a misimum of three coats. .
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Figure 3.

Three months after the applied coating system has been exposed to service, the surfaces
should be examined for any traces of rust staing, which will disclose thoge minute disconrinuities
should be promptly sealed by spot repair. This three month ingpection and spot repair interval
will disclose any. weaknesges inadvertently resulting in the application. However, during the en-
tire service life of the paint application, such inspection and spot repair if indicated should be
conducted at regular periods varying with frequencies from gix months to a year depending upomn
severity of exposure, in order to detect mechanical injury occurring to the coating by usage,

"Oh, but that's a lot of trouble, " I can hear some of you say, "that's an expengive proce-
dure, and we don't have the money and personnel to carry out that type of application and spot re-
pair, and we can't afford to set up to do it just for the sake of painting the plant.™ You can't af-
ford not to do it! Figure 7 shows, in the step-curve, the cost of casual painting, which over a
fourteen year period amaounts to $2. 80 per square foot of surface protected. The diagonal showing
a final cost of $3. 40 per sguare foot is the average cost of your fabricated and erected plant steal
which wiil be lost and must be replaced if it is not protected from salt corrosion. The herizontal
line at the top ending at this same cost is that cost to your plant if you over-design all steel mem-~
bers and equipment to provide a corrosion allowance, which can be corroded away during the de-
sign life of the structure or equipment without impairing the required load-bearing strengths.

The lower curve showing the lowest cost of $1. 20 per square foot is the cost of doing what we rec-
ommend: properly applying a properly selected coating initially, and then placing it on regular
inspection and spot repair during its entire service life. You will notice the initial cost of the
paint application is over twice the cost of your present paint application, but this initial premium
ias returned after the first two years of service,

Seill skeptical? L.et me tell you a story. Many years ago when we first started working with
the salr industry, we were told by the experienced old-timers in the industry that when areel was
exposed to salt, the salt worked into the steel, and no matter how carefully this steel was subse-
quently cleaned, it would thereafter corrode rapidly and paint performance over it would be in-
ferior to steel which had no priar exposure ro salt, Of course we immediately recognized this as
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Eig_ure 4 . .

n "old wives tale, ” which had been handed down in the industry and accepted: but which really
had no foundation in fact. ~Rather than argue the point, we decided it would be much simpler to
demonstrate the fallacy of this belief... So we put in a salt'exposure, identical pieces of steel,
coated with exactly the same paint system, one of which had been exposed to salt exposure for
some monthe and which wag coated after only wire- brushing; another which had been similarly
previously exposed to salr butwhich had been then blastedto clean white metal before coating; and
a third which had never beéen exposed to salt. On exposing these coated specimens in salt expo-
sure, it was not surpriging to find that the pa!nt system applied over the wire-brushed rusty steel
failed quite soon; but unfortunately the performance of the coating system over the blasted speci-
men previously exposed to.salt, while good, ‘was definirely inferior to the one which had never
been exposed to salt. We knew of course that this was a “fluke” in testing and so set out replica-
tion of these tests. The replication gave the same resulis: and so have further replications made
ever after. It is evident that thig _"oi_d wives tale'’ does havea basxs in fact, and our faces are

slightly redl _

Mowever, what can we learn from this? If it is then true that &teel which has been exposed
te salt is more corrosion-susceptible than steel which has never been exposed to salt; ir logically
follows that we should never allow our steel t¢ come in contact with salt! This comes right back
to where we started. The steel should be initially coated with a continyous resistant barrier
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which will prevent the salt from ever contacting the sreel; and during the service life of this sreel
that resistant barrier must be maintained continucus by regular inspection and spot repair of that
barrier film. It seems that we just cannot duck it!

We recently have a2 new assist which will make this job of regular inspection and prompt
spot repair less cnerous. This ia the use of zinc as a sacrificial base under our coatings. [ can
hear yvou say, "zinc as galvanize certainly does not last very long in a salt plant”; but we did not
suggest that you usg Zinc as the protective coating, we suggested that you use zinc a8 a sacrificial
bage for an organic protective coating. It is true that with this system, it ig the zinc that protects
the steel from corrosion, but the organic coating film over the zinc protects the zinc from use-
Iess digsipation, and preserves ite full reservoir of protection until it i8 needed 1o protect the
steel, Furthermore, the corrosion product of zinc is a fine powder with little prying action, and
subsegquent mechanical injury to the organic coating will not result in a rapid deterioration of the
surrounding surfaces.

The additional cost of such a sacrificial bage wiil increase the initial application cost by
about 1{%, but will prolong protection over three fold, Figure 5 shows two beams erected and

Figure 3.
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painted at the same thme with the same paint system in a salt pan house. The verrtical beam has
zinc as a coating base, and the transverse beam is without such zinc.

As a word of caution, it must be pointed out that while all zincs are beneficial, there will be
congiderable variarion in performances with the ype and form of zinc selected. It is therefore
suggested that the zinc used be chosen with iatelligence, from the varieties of galvanize, metal-
lize, and the various zinc-rich coarings available. Figure 6 ghows the range of variation in per-
formance of various zincs under the same organic coating.

Flgpre 6.

:
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Figure 7.
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