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Corrosiocn problems in fertilizer plants

VERNON E. LYONS

Division of Chemical Operations, Tennessee Valley Authority, Muscle Shoals, Alabama

ABSTRACT

IN the [ertilizer industry there has been a gradual
shift to new tvpe of products of higher and higher an-
alysts during recent. years. The process materials and
the temnperatures and pressures involved in the process-
es to make these new materials have increased the like-
lihood and the importance of corrosion. At the same
time, progress in understanding corrosion and prevents
ing it has made it possible to keep corrosion within
practical limits in the new plants. The best solution to
a corrosion problem iy prevention, and this starts with
the contract for a new plant; the contract should cover
specifically what is wanted in the way of a corrosion-
resistant plant.  Even under the best conditions, iso-
lated corrosion problems will be encountered after the
plant is in operation. All corrosion problems should
be studied hy a corrosion specialist hecause the basic
causes can be quite varied and obscure. Identification
and correction of the basic canse are required if the
problem is to be solved rather than simply alleviated.
In this respect, corrosion problems are no different
from any other problem encountered in plant oper-
ation. Examples of several corrosion problems en-
countered in TVA plants are shown as well as the me-
thods used in solving them. The exposure of corrosion
test specimens in actual operating equipment is helpful
in solving such problems or improving the equipment.
A paint test programn and proper painting are the best
safeguards against general corrosion in the plant.

Introduction

CHANGES in the fertilizer industry have been occur-
ring at an cver increasing pace during the past scveral
decades. In the 1930's normal superphosphate of 16-
18 percent P,0, content was more or less the stand-
ard phosphate fertilizer.  Gradually fertilizers of high-
er and higher anaiysis have heen developed because
their lower transportation and application costs per
unit of plant food give them an cconomic advantage.
These higher grades required more concentrated pro-
ducts which usually required much higher tempera-
tures and pressures for manufacture. Chemicals that
became widely used included sulfuric acid, phosphoric
acid, nitric acid, ammonia, ammonium nitrate, urea,
and diammonium phosphate. With chemicals of this
type, the materials of construction became much more
critical under the severe conditions of temperature and
pressurc required for their manufacture.  Corrosion

that would have been tolerated when making normal
superphosphate could no longer be permitted becausc
of the hazard involved and the high cost of replacing
sophisticated equipment, :

The large-scale production of these new chemicals
has brought new corrosion problems. Many studies
and tests are required to identify potential problems
of corrosion and to determine what materials of con-
struction and/or process conditions can be used 10
solve them successfully. Fortunately, intensive study
of the fundamentals of corrosion has led to develop-
ment of means for controlling it. Development of new
metals and other corrosion-rseistant  materials  have
kept pace with advances in fertilizer technology so
that it is possible to produce thesc new fertilizers 1n
practical plants. These plants are not free of corro-
sion, but they can produce the products cconomically.

In many countrics the fertilizer industry has started
expanding very rapidly only in recent years. These
countrics have the distinct advantage of sccuring large
plants whicl. incorporate the latest fertilizer technology
and produce fertilizer most cconomically. However.
there is also a disadvantage because the engincers and
operators do not have a background of experience for
this type of planl,

Purpose of the paper

When you buy a new plant costing millions of dol-
lars, you naturally expect to obtain a trouble-free plant
that will produce the scheduled amount of product.
Generally this is what you will get; however, it is a
rare plant that will not develop some corrosion prob-
lems. The purpose of this paper is to outline the steps
that TVA has taken to solve corrosion problems in
its fertilizer plants. Tt is not my purposc to solve a
particular problem that you may have, but rather to
discuss the methods used: cach problem must be tack-
led individually. but the same methods can te applied
to most problems.

Solving corrosion problems by prevention

No discussion of corrosion problems would be com-
plete without recognizing that by far the best way to
solve a corrosion problem is to prevent onc from oc-
curring. This can be accomplished best while the new
plant is being designed. The process itself must not
employ conditions under which corrosion cannot be
controlled successfully. Since you only get what you

. Reprinted from Chemical Processing & Engineering, April 1971.



demand, we must go one step further back and re-
cognize that the contract or specifications for a new
plant must cover what you want from the standpoint
of a corrosion-resistant plant. Qbviously the specifi-
cations for a new plant which may invite bids from
several diflerent processes cannot give detajled speci-
fications for equipment subject 10 corrosion. How-
ever, it shou'd state in specific terms what is expected
in the way of a corrosion-resistant plant and thus give
the contractor a base for designing the cquipment,
This will also be the basis on which your engineers
can insist on the use of certain materials, methods, or
conditions by the contractor.

As an example of points that should be covered, I
would like to quote cxcerpts from our specifications
for a new urea-solution plant.

Materials and cquipment

a. Matcrials and equipment used shall be new. shall
meet performance requirements, and have physical
properties. conforming to the best engincering prac-
tice. When the characteristics of any material arc not
specified, material meeting the requirements of appro-
priate recognized standard specifications, codes, and
standards shall be employed. Materials and equip-
ment shall be kept clean and protected from weather,
and be free from excessive scale and rust. All open-
ings shall be provided with a protective cover.

Workmanship

a. Workmanship shall be first class and done by
workmen skilled in their various trades. Toler-
ances, fits, and finishes, where not definitely spe-
cificd, shall conform to the best modern shop
practices as used in the manufacture of finished
products and materials similar to those covered
by this specification,

Corrosion

a. Matcrials of construction shall be only those
which have been proved satisfactory by extensive
use in the process proposed and shall be such that
continuous long life and low maintenance opera-
tion are ensured.

b. Galvanic corrosion shall be avoided in process
equipment by climinating the use of dissimilar
metals in contact with cach other in a polar
solution.

c. Ten flanged nozzles with blind flanges shall be
provided at critical locations in piping and equip-
ment for installation by TVA of corrosion test
specimens. The specimens will be 2-inch diameter
discs suspended from the blind flanges.

d. Piping and cquipment in corrosive service shall
be designed for a minimum of § ycars’ operation.

e. All threaded conncctions on process piping and

equipment subject to carkamate corrosion shall
be back-welded.

Other points covered in the specifications are: res-
trictions on usc of copper, brass, and aluminium; pro-
vision of adequate pulsc dampeners and separators
between stages of the CO, compressor; a tempered
cooling water system for the intercoolers operating
above 700 psig; usc ot Type 304 stainless steel ia in-
terstage piping and coolers and in heat exchangers.

Similar provisions with appropriate changes, of
course, were included in our contracts for a 65 percent
nitric acid plant and a 225-ton-per-day ammonia plant,

The ammonia plant contract does include several
additional provisions which may be of interest to you. -

a. High temperature pipelines shall be insulated with
a high grade expanded silica or calcinm silicate
insulation essentially frec of chlorides or which
is treated with inhibitors to prevent corrosion in
presence of moisture.

b. Reformer tube specification shall bz such that at
50°F. above the cxpected operating temperature,
tube stress will not exceed the rupture stress after
100,000 hours of operation. Stress will bc calcu-
lated for sound metal after subtraction of un-
sound thickness on inside or outside of centrifu-
gal castings. Suppliers will be required to sub-
mit calculations showing their compliance with
the above.

The specifications also include some 13 references
to specific ASTM specifications which various mate-
rials or fabrications must meet.

We have performed a lot of test work to determine
what type of paint stands up best in our various plant
areas (/, 2). Thercfore our specifications for new
plants also include detailed specificatibns covering the
painting of the structural steel and equipment. More
details on the specifications and painting are given in
the appendix.

The contract provides that cach of the contractor’s
drawings shall be reviewed and approved by the TVA
project engincer,  This gives the engincer an oppor-
tunity to see that the various contract provisions are
being met at a stage where corrections can be made
without significant trouble to the contractor. This re-
view requires that the project engincer have a good
knowledge of the corrosive situations that may deve-
lop and what materials will prevent or minimize cor-
rosion. He calls on specialists for help when needed.
Most contractors are interested in having satisfied
customers, and we have experienced no unusual diffi-
culty in arriving at a mutually satisfactory solution
provided there is a rcasonable basis for our initial ob-
jections. Expericnce shows there is no substitute for
using the proper corrosion-resistant material,

The design engincer, in the case of new construc-
tion, and the maintenance supervisor, in the case of

Reprinted from Chemical Processing & Engineering, April 1971,



repairs, are hey men o the prevention ol corrosion,
The literature has many cxamples (5, 6) of the right
way and wrong way lo do certain jobs so as to pre-
vent corrosion. These men have a responsibility to be
aware of these practices and to see that they are fol-
lowed.

A former superintendent of our ammonia plant,
who was a man of wide experience, had an adage
which he often quoted, namely, “you pay for what
you nced, whether you get it or not.” Review of some
of your past problems will undoubtedly show this to
be true.

The atmosphere in most fertilizer plants is fairly
corrosive because of the dust and fumes which drift
around. We have found that proper painting of the
structural steclwork and equipment is an important
form of corrosion prevention. The new steel in a new
plant affords the ideal opportunity to eliminate cor-
rosion by proper painting. It is an opportunity you
will never have again because after the various dusts
and solutions seep into cracks and joints there is no
way of adequately removing them later. Proper sur-
face preparation and priming are pre-requisites for a
long-lasting paint job (/, 2).

Causes of corrosion

Before discussing some corrosion problems which
we have encountered, let us bricfly review the types
of corrosion that can occur. The purposc of this is
tc emphasize that most of the corrosion you will en-
counter in a modern plant is not of the simple type
such as would result from the use of a nonresistant
metal, but involves much more subtle factors that are
not always casy to recognize.

Corrosion is defined as the deterioration of metals
by direct chemical or clectrochemical reaction. The
corrosion rate is affected by many factors. The more
commor. ones are:

The metal itself

The corrodent

Temperature

Reaction products formed
Aeration

Oxygen concentration gradient
Relative velocity

Abrasion and/or erosion
Electrical gradient

The importance and interaction of these various fac-
tors are largely self-cvident. For practical purposes
corrosion is controlled by sclecting and balancing
these variables against one another so that an accept-
ably low rate of attack is obtained. Therefore when
unusual conditions occur during operation — as they
can and do when the process gets out of control, dur-
ing shutdowns, or while the cquipment is idle — un-
expected corrosion may occur because this balance
has been destroyed or altered. For example, active
metals, such as, aluminum, titanium, and high chro-

miwm stainless steel owe their high resistance to cor-
rosion under oxidizing conditions to the formation of
a surface oxide film which is very adherent and high-
ly imperviuus; thus the metal is protected from attack,
or we say it is passive. However, if the oxidizing con-
ditions are lost, the metal is rapidly corroded. Many
of you will recognize that this is the principle which
is used to protect many urea reactors from corrosion.
Thus corrosion can be encountered in even well-de-
signed plants if the proper design conditions are not
maintained. If corrosion becomes cvident in a plant,
one of the first steps in determining its cause is to
analyze the actual operating conditions and determine
how they have varicd from the designed conditions,
particularly with respect to the factors given above.
As mentioned above, general corrosion of large

areas rarely occurs in today’s modern plants. Instead,
severe corrosion may appear at localized pnints. such
as letdown valves, flange faces, welded arcas, ete. Over
the years, studics of corrosion by many workers have
led to the identification of various conditions which
will lead to corrosion. In most cases such corrosion
proceeds in a characleristic fashion which has led 1o
identification of these conditions as follows (3):

Crevice corrosion

Intergranular corrosion

Stress corrosion

Condensation corrosion

Galvanic corrosion

End-grain corrosion

Crevice corrosion can occur wherever there is a
space bctween two picces of metal. Here we are talk-
ing about spaces ranging from a hairline crack to per-
haps a quarter of an inch. Since a space will almost
always exist where two metals join cach other, unless
special precautions are taken crevice corrosion is
widespread. A crevice becomes filled with solution
which by virtue of its being essentially entrapped gra-
dually changes in composition so that it differs from
that in the surrounding medium, Then galvanic cell
action will cause corrosion; or a depletion of oxygen
in the solution in the cervicc may destroy the passi-
vity of the metal and lead to corrosion. This has been
found to occur between flanges at nozzles on urea re-
actors (4).

As its name implies, intergranular corrosion can
occur when a microconstituent of the alloy or impuri-
ties concentrate at the grain boundarics in the metal.
This alters the structure and corrosion resistance of this
arca; intergranular corrosion results in the metals
having a porous appearance.

Stress corrosion is not frequently encountered be-
cause it requires the simultancous occurrence of an
alloy subject to stress corrosion, a stress in the metal,
and the presence of a specific ion. The stress may
have been left in the metal when it was formed or be
the result of an applied load. Austenitic stainless
steels, such as Type 316, exhibit stress corrosion in
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solutions comaining chlorides.  Another cxample of
stress corrosion is the caustic embrittlement of boiler
tubes which should always be guarded against,

Although a picce of chemical plant equipment such
as a heat exchanger may adequately withstand the
corrosive action of the gases in it, rapid corrosion
may result if condensation of vapor occurs. The con-
- densed vapor will frequently dissolve acidic compon-
ents of the gases to form a weck or perhaps a strong
acid which the metal was not designed to resist, The
exhaust mufllers on cars and buses are frequently
victims of condensation corrosion.

Galvanic corrosion is the classic cxample of cor-
rosion. It can occur whenever dissimilar metals are
in contact with each other. Whenever moisture is
present to form an clectrolyte, a miniature battery is
formed with the result that the base metal is corrod-
cd away by ion action. If it is not possible to avoid
use of dissimilar metals, they should be insulated elec-
trically from each other to avoid this type of corrosion.

End-grain corrosion is a rather specialized type of
corrosion. Although the austenitic stainless steels have
adequate corrosion resistance on their rolled surface,
it has been found that the “end-grain® which is ex-
posed when the sheet is cut transverse to the rolling
direction has a much lower resistance with the result
that corrosion can be quite rapid in certain solutions.
The answer to this problem is to put a weld bead
along the end-grain surfaces.

As you know, corrosion is quite a specialized field,
and it is obvious from the above that I have not at-
tempted to give a detailed technical explanation of
how or why corrosion occurs. 1 hope the above dis-
cussion will have made the plant people aware that
corrosion can be caused by many different conditions
rather than simply the solution itsclf. For corrosion
to be prevented or corrected, it is imperative that the
basic cause be identified so that the proper corrective
action will be taken,

Corrosion problems in a plant

Despite the most careful planning of a new plant
by yourself and the contractor, some unexpected cor-
rosion problems may be encountered after the plant
starts operation. What do you do about these? What
steps should be taken to solve the immediate problem
and prevent ils recurrence? 1 suggest the following
steps:

1. Call in sonicone with a good knowledge of cor-
rosion. Each organization should develop such
an individual. He should sce the corroded pieces
in the original state rather than after they are
cleancd, since sometimes deposits or position may
be the key to the cause of the corrosion.

Take samples of the deposits or solutions; analy-
ses may identify the causc of the corrosion.

Review the actual conditions under which the
equipment has been operating, particularly tem-
peratures, concentrations, flows, cte. Are these

within the normal limits? Remember, the actual
damage may have occured much carlier, so you
need to look back many months.

It is nearly always urgent that operation be resum-
cd as soon as possible. In some simple cases the cause
of the corrosion may be determined and repairs and
corrective action taken promptly. However, in most
cases il is nccessary to make some sort of temporary
repair in order to resume production as soon as pos-
sible.  For example, a localized corroded area may
simply be built up by welding and the unit returned
to operation. Or leaking tubes in a heat exchanger
may be plugged so that the unit can be used. Or, the
unit may be by passed if it will not lead to unaccept-
able conditions downstream. The time thus gained
can be used to advantage. 1t will give the corrosion
specialist time to examine his materials and arrive at
the likely cause of corrosion. It will give time to
secure additional materials which will be needed for
permancent repairs of the unit. The use of a different
metal may be indicated: but, which metal? Corrosjon
specimens of likely metals could be inserted into the
equipment at the point of corrosion so as to obtain
actual data on corrosion rates and thus have a firm
basis for going to a more resistant material when per-
manent repairs are made. I temperature may be a
factor in the corrosion, the accuracy of the appropriate
thermocouples should be checked since 'hese might
be in crror.

I would now like 10 review several corrosion pro-
blems which we have encountered in our fertilizer
plants. T recognize thal you will not have these speci-
fic problems in your plant, but these will serve as ex-
amples of how corrosion problems were anticipated or
solved,

Corrosion in a Phosphoric Acid Plant: TVA pro-
duces phosphoric acid from clemental phosphorus (7)
in several acid plants. The process of acid production
consists of three steps, as shown in figure 1:

ELEMENTAL
PHOSPHORUS
FROM ECECTRI
RNAC
AIR WATER
‘ g S )
0
ACID MIST €XHAUST Gasch
PHOSPHORUS) HYDRATOR '?"(:l':tﬁ?:")gn ' To sk
BURNER VENTUR!
SCRUBBER
OR FILTERS
J EXHAUSY
FAN

PHOSPHORIC PHOSPHORIC ’“os(ykggé seid
Aci0 Acio FROM FAN AND $TACK
Fig. 1.
General flow diagram of the electric furnace process

for the manufacture of phosphoric acid.



1. 'T'he burning of clemental phosphorus with excess
air to form P,0,,

2. The hydration of this P,0, in a hydrator by
water and/or acid sprays.

3. The collection of the acid mist in a suitable col-
lector before the gases are discharged to a stack.

Originally, clectrostatic precipitators were used to
¢ollect the acid mist since this was the only type of
collector which would give an adequate recovery effi-
ciency. The corrosive conditions rcsulling from the
high strength and temperature of the phosphoric acid
were controlled successfully by the use of materials,
such as carbon tubes, silver wires, lead lining, and
stainless steel. However, after about 18 years' service
the condition of one precipitator had deteriorated (o
the point that complete replacement would soon be
necessary.

Comparison and cvaluation of alternative methods
of acid mist collection at that time disclosed that a
venturi scrubber would be a satisfactory collector for
the acid mist. Although venturi scrubbers are quile
common today, their potential was just beginning 10
be realized at that time. A venturi scrubber system
was installed in the No. | phosphoric acid unit in
July 1954. Figurc 2 is a drawing of this unit. The
system consisted of the venturi scrubber to agglome-
rate the mist with a cyclonic entrainment scparator
following it. A fan pulled the gases through the system.
The ducts were 30 inches in diameter and the throat
of the venturi was 11-1/2 inches in diamecter. The gas
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velocity at the throat is about 230 fect per second
Pressurc drop across the venturi was approximately
26 inches of water; this would now be classified as a
medium pressure drop venturi scrubber.

Plant experience and laboratory tests had establish-
ed that Type 316 stainless steel would withstand the
conditions encountered in this process satisfactorily as
long as the temperatures were below 225°F.  \Where
temperatures were cxpected to exceed this, the stain-
less sleel was water-cooled on the outside. Although
we were confident that the Typé 316 stainless steel
would be generally satisfactory, we were ~oncerned
about the corrosive conditions which would exist
at thc throat where the wvclocity was high.
You will recall that relative velocity and crosion are
factors which will affect corrosion rates. Because of
these factors, we anticipated that it might be dcsirable
later 1o construct the venturi throat scction of a more
resistant material.  Accordingly, before the unit was
placed in operation corrosion specimens of potenti-
ally more resistant materials were installed in the ven-
turi scrubber at a point where the velocity was 120
fect per sccond. It was impractical, of course, to in-
stall them directly into the throat; it was felt
that comparison of the other metals with Type 316
at the point chosen would give a sufficient indication
of their relative life. Table 1 gives the relative corro-
sion rates of the different metals at this point after 7
months’ exposure. You will note these values are not
the corrosion rates themsclves but are the ratios of the
corrosion rates to the rate experienced by 316 stainless
steel at the same time. Only Nionel had a corrosion
ratc which was significantly lower than that of Type
316 stainless steel. Considering the cest, availability, ex-
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Fig. 3
Fan impeller

TABLL 1
RELATIVE  (ORROSION  RESISTANCE OF
VARIOUS METALS EXPOSED IN THE C(CONE
SECTION OF THE VENTURI SCRUBBER

Relative corrosion rate as
compared with type 316

Metal stainless steel*
Nionel 0.4
17-14 Cu-Mo 0.7
V2B 0.8
FA20 0.8
Durimet 20 1.1
Type 201 Stainless Steel 1.1
Chlorimet 3 2.6
Hastelloy B 2.7
Monel 8.6
Type 430 Stainless Steel 1.8
17-4PH 11.8

* Corrosion rate of the test metal divided by the
corrosion rate of type 316 stainless steel obtained
during the same fest,

perience of the craftsmen in fabncnli-ng the melals,
and other factors, it was concluded that the longer life
of the Nionel did not justify ch:-iging to it.

This is an cxample of how jou should try to anti-
cipale corrosion problems and arrange to have the
answer recady when nceded. You will recall that in
the specifications for our urca plant there was a pro-
visicn that the contractor should provide up-to 10
nozzles through which corrosion specimens could be
inserted, We want these in order to gain more infor-
mation on the corrosion problems associated with the
urea process.

This venturi scrubber installation also furnished an
cxample of how unexpected corrosion can occur. The
fan used to exhaust the gases to the plant stack failed
after only 2 months of operation bhecause the impeller
which was made of type 316 stainless steel was seve-
rely corroded.  Figure 3 shows the impeller which
consists of inner and outer rings with the radial fan
blades butt-welded between these rings.  The rings
corroded on the side opposite the butt-welded blades.

Figure 4 is a photomacrograph of a cross section
of the fan blade binding ring and a blade and shows
wlere the corrosion occurred  Notice the tight fit of
the blade against the wheel and the complete closure
by the two welds which effectively prevented any possi-
bility of crevice corrosion occuring between the blade
and the binding ring.  Figure 5 is a picture of the
back side of the binding ring. You will note
the badly corroded areas opposite cach weld.  The
metal had assumed an open, granular appearance and
chunks had actually fallen out. Microscopic cxami-
nation showed that chromium carbide had precipitat-
ed at the grain boundaries. It was concluded that the
resulting chromium impoverishment of the austenite
grain surfaces had made them susceptible to rapid at-
tack under the acidic conditions. There was no evi-
dence of corrosion of cither the impeller or the fan
housing except in the areas near the welds.

This was a clear casec of intergranular corrosion
mentioned earlier. This type of corrosion is frequent-
ly encountered when thie regular type 316 stainless
steel is welded. It can be prevented by proper heat
treatment of the welded article so as to permit the
carbon to redistribute itself in the grains, but this is
usually not a practical solution. We have employed
it at times.

In order to resume production as soon as possible.
the fan impelier was fabricated with the blades secur-
ed by riveting instead of welding. This impeller last-
ed only a few months before the rivets became loose
and excessive vibration developed. Riveting subjected
the rivets to severe cold working which made them
much more susceptible to corrosive attack. The pro-
blem was solved by using extra-tow carbon (EL.C) type



Fig. 4
showing corrosion of fan impeller.

Photomacrograph

316 stainless steel and using the same welded con-
struction that had been uscd in the first impeller. The
low carbon content of this grade of stainless stecl pre-
vents significant carbide formation, and therefore
serious corrosion does not occur.  Although the usc
of the ELC grade when welding is to be performed
is now the accepted practice, this grade of stainless
steel was just being introduced at the time this trouble
accurred. '

Corrosion in an Ammoma Plant:  As another ex-
ample of how corrosion problems (8) are solved, 1
would like to cite an example that occurred in our
ammonia plant.  Our 275-ton-per-day ammonia plant
was constructed in 1942 It uses two water-scrubber
towers in parallel to remove the CO, from the pro-
cess gases.  Ligure 6 is a cross scction of the tower.
Each tower is 10 feet in diameter and 80 feet high
Process gas enters near the hottom, passes upward
through three sections which are packed with Raschig
rings, and leaves @t the op. Raw Tennessee River
water cnters the top through a central vertical pipe
and cascades downward over the packing.  Pressure
inside the tower is about 250 psi. The towers are
made of fircbox quality steel plate. ASTM specilication
A-70. and were originally 1-5/8 inches thick, which
allowed for 3,8 inches of corrosion before replace-
ment would be required. Over the years, a close
check was kept on the internal condition of the towers.
Between 1053 and 1955 it was necessary to replace
many of the internal parts. such as the grating and
grating support beams, water deflectors, and internal
water pipes, because of gradual corrosion. By 1959,
after 17 years’ service, it was apparent that corrosion
of the side walls had progressed to a point where they

Photomacrograph of section of impeller binding ring.

would be unsafe and the towers would have to be
replaced after another two or three years. It was esti-
maled tha: replacement would cost about $200,000,
Thus there was quile an cconomic incentive to find
some way of stopping the corrosion and thus avoid-
ing the cost of replacing the towers.

As carly as 1947, when corrosion lirst became sig-
nificant, tests were started to find a paint that would
protect the steel surfaces.  Some of the structural
mcmbers in the towers were painted with various types
of paints. During the next 10 years, paints of different
base types, such as vinyl, styrene butadiene, modificd
epoxy. and bitumen were applied to test pancls and
exposed inside the towers; but none was found v be
durable.

In 1957, more extensive tests were made of newer
prolective coatings of the organic types. Since the
plant towers were normally opened only once a year,
a smaller test sctup was devised to permit foster eva-
luation of the coatings.  Figure 7 shows the test ap-
paratus. It is simply a closed pipe connected to the
cxit waler system from the tower and is therefore at
the same 250-pound psi pressure.  Water frem the
tower flowed through the test apparatus continuously.
The coalings 1o be tested were placed on 1- by 5-
in~h test panels which were suspended in the test ap-
puaratus.  One set of samples was tested in the raw
water being pumped to the tower and another set was
in the gas-laden water lcaving the tower. It had been
established carlier that some films or coatings failed
because gas-laden water entered the film through pin-
hole defects: then when the pressure was released, the
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trapped gas cxpanded, forming a blister in the film
which caused subsequent failure.  The test apparatus
permitted quick release of the pressure as often as
desired and thus accelerated the test procedure,  Six-
tecn coating samples were tested for 7 months, Only
a chlorinated rubber remained ntact in the water
leaving the tower; but the same sample failed in 30
days in the raw water entering the tower. No coating
tested wag considered sufliciently durable for use.
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Fig. 7
Vessel used in testing coatings in walter under pressure

The corroded surface of the tower was quite pitted.
Because of the peaks and valleys of the corroded
walls, irregular shapes of the tower, parts, the abras-
sive edges and weight of the tower packing, and the
limitation of the matcrials tested, it became evident
that some lining or thick protective coating applied in
weveral coats would be reguired for successful control
of corrosion in the towers.

In further tests thick coatings of protective materials
were applicd to badly pitted steel plates which were
then exposcd in the pressure testing apparatus. The
test continued for 120 days with frequent reductions
of the pressure. Of 18 coating materials tested, 5 were
still in apparently good shape at the end of the 120-
day test. A silica-filled fibreglass reinforced epoxy
was considered the best for lining the tower for the
following reasons:

1. The first trowel coat could be applied to fill the
pits and cover the peaks of the corroded metal
to a depth of about 1/16 inch.

2. The lining was so tough and adhered so tightly
to the metal that it was diflicult to remove with a
hammer and chisel.,
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3. The material imparted some tensile strength o
the tower.

4. Its coclicient of expansion was almost the same
as that of steel. :

Subsequently the plant towers were lined with sili-
ca-filled fibregluss reinforced cpoxy by a contractor in
July 1960. The craftsmen who did the work knew
their jobs and were conscicntious workmen. The sur-
face was prepared by complete sandblasting which
assured good adhesion. Our plant engineers also fol-
lowed the job step by step. The combined thinkness
of the cured lining was approximately 1/8 inch above
the peaks of the meial surfuce. After being cured, the
lining was tested with a high voltage spark tester. Pin
holes, or voids, thus detected were repaired to pass
the spark test. This lining finished to a hard, smooth
surface. The cost was oniy $25,000. There have been
no operating problems, and at the last inspection in
1968 all visible parts of the lining showed no signs
of any damage or failure.

This case history scems to illustrate several points
which should be of interest to you as plant operators:

L. Usually there is no readymade solution to a par-
ticular corrosion problem. Each case must be
solved individually,

o

It illustrates the nccessity of testing potential
corrosion-resistant  materials under actual or
simulated plant operating conditions. -

3. When caught in time, and approached on a sound
technical basis. satisfuctory solutions can be found
to most corrosion problems.

Corrosion in a Nitric Acid Plant:  As a final
example, I would like to discuss a corrosion prob-
lem which we have in our nitric acid plant. This is
a modern pressure plant constructed by the Chemical
and Industrial Corporation in 1964. It is rated at
165-tons-per-day HNO, when producing 65 percent
nitric acid. Both the oxidation and absorption a-.
accomplished under a pressure of approximately 120
pounds per square inch.

This new unit had been in operation less than 3
months and was still under the supervision of the
contractor when it was discovered that the tubes in
the tail gas preheater were leaking. Examination of
the exchanger showed that 61 of the 710 tubes were
corroded and leaking at the lower tube sheet.

Figure 8 is a sketch of the exchanger. It is a gas-
to-gas exchanger in which the tail gas from the ab-
sorption column is hecated by the hot gases from the
waste-hcat boiler. The converted gas which contains
nitrogen oxides enters at the top and flows downward
through the tubes. The tail gas, which has been par-
tially hecated in a temnpering heater, enters the shell
side at the bottom and leaves at the top; thus the two
gas flows arc countercurrent. The exchanger operates
in a vertical position, and as you can sce by the di-
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Tail gas preheater.

mensions is a fairly large size. The tubes and tube
shects arc type 321 stainless steel. The tubes extend
about 3 inches below the lower tube sheet, and this
portion of most of them showed severe corrosion.
The corrosion was particularly scverc necar the tube
sheet. In order to return the plant to operation, the
leaking tubes were plugged and the unit resumed ope-
ration, After piping was fabricated to permit the
plant to operate without the cxchanger in place, the
exchanger was removed for retubing.

One of the tubes which extended below the tube sheet
was submilted for metallurgical examination.  This
tube had heen exnosed only to converted gas on both
its interior and cxterior surfaces. The tube failure was
due to “knifc line” attack in and at the boundaries
of the weld. The most severe corrosion was in parent
metal in the zones affected by heat during the process
of fusion welding. Examination showed that the grain
structure varicd from fine to coarse and that the
metal fused during welding was of cast structure.
This assortment of crystalline structures is evidence
that the tube was not properly hcat trcated after
welding. Since no weld nctal was added, proper heat
treatment should have yiclded a tube of homogene-
ous structure as required in ASTM designation A-249
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Fig. 9
False tube sheet on tail gas preheater

Grade TP321 which covered these tubes. Intergranular
attack which results from carbide precipitation was
quite pronounced.

The actual operating conditions of the cxchanger
were reviewed.  You will note in column 2 of the
table in Figurc 8 that the outlet temperature of th:
converted gas (231°F.) was considerably below the de-
sign temperature of 285 degrees. It was calculated
that the dew point of the converted gas was about
235°F. Since the gas had been cooled 4 degrees be-
low the dew point, it was estimated that approximate-
ly 7 per cent of the moisture present would have con-
densed to produce an acid having an estimaled con-
centration of 30 per cent HNO,. It was concluded
that the fack of proper anncaling and the condensa-
tion of the weak acid were the causes of this corro-
sion,

It is interesting to nole that while the preheater was
out of service the consumption of clectricity increased
18 per cent because of the lower cnergy content of
the gases sent to the power recovery unit (expander)
at the air compressor. The steam  production also
decrcased 18 per cent because the cooler tail gases
removed miore heat in the rcheater and thus left less
heat to go to the waste-heat exchanger.

Tests by TVA and relerences in the literature indi-
cated that type 304 ELC stainless stcel would proba-
bly give better service than the type 321. The tube
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Fig. 10
Tube sheet showing corrosion pattern,

supplier concurred in this recommendation, so ths
contractor retubed the heat exchanger using type 304
ELC stainless steel.  After the repaired prebeater was
reinstalled, the temperature at the converted gas out-
let was held well above the dew point, as shown in
column 3 of the table, and we thought this problem
had been solved.

However, inspection a ycar later showed that signi-
ficant corrosion was still occurring and the patlern

qas much the same as tefore. The corrosion was not
so rapid as before because use of the proper metal
prevented the rapid intergranular type of attack.
Most, but not all, of the tubes extending below the
tube sheet were being corrodded, with the most severe
corrosion occurring ncar the tube sheet.  The tube
sheet around the tubes (i.c.. crevice) was also corrod-
ing. No corrosion was noted on any other parts of the
heat exchanger.

In an attempt to keep the corrosive gases away
from the tube sheet, a false or second tube sheet was
fabricated and slipped over the ends of the extended
tubes, as shown in figure 9. Heated air was purged
into this 3-inch space from opposite sides of the ex-
changer continuously. 1t was thought that this air
would prevent further corrosion of the tube sheet by
preventing gases from contacting it.

Figurc 9 shows the lower end of the ¢xchanger 9
months later. It is ohvious that the air purge did not
deter the corrasion appreciably. In fact, some of the
worst corrosion occurred dircetly in front of the purge
air entrances, as shown by the two arrows on the pic-
ture. Some tubes had corroded through the tube
sheet and cven above it.



ft was still thought that the corrosion must be due
to condensation of acid and that such condensation
was occurring because of overcooling of the metal in
localized areas where the cool gas strcam cntered just
above the tube sheet. It was concluded that higher
gas temperatures, that is, less cooling, might avoid
the localized cool spot. Since only the lower few
inches of the tubes were damaged at all, the tubes
were cut to 8 feet 10 inches and the entire exchanger
shortened. On the shortened exchanger, the tubes
were cut flush with the lower tube sheet,

During installation of tubes in tube shcets, care
must be taken not to overwork th= tubes with the ex-
pander because excessive cold working of many me-
tals makes them much rrore susceptible to corrosion.
A torque-controlled tube expander is very useful. The
torque sctting is adjusted according to experience on
the first few tubes, and then the remaining tubes are
expanded using the same torque sctting. Carec must
also be taken not to work and cxpand the tube above
the tube sheet.

Unlortunately, alter a year's service many tubes
were leaking and the tube sheet appeared as shown in
Figure 10. The cool tail gas entered the shell side in
the left siue where the tubes are missing. The bright
arca to right of center showed no sign of corrosion
at all. The area of worst corrosion extended in to-
ward the center [rom the tail gas inlet and curved
around both sides near the wall of the exchanger, as
shown by the darker arcas. As you may have noted
in column 4 of Figure 8. the shortencd exchanger
raised the temperature of the converted gas outlet to
about 325°F and also lowered the temperature of the
outlet tail gas to about 335°F. The pattern of corro-
sion definitely seemed to be related to the stream of
150°F. gas entering just above the tube sheet,

This type of corrosion has been found in similar
plants (8) and occurs in the heat recovery train at the
point where cold gases can causc the metal tempera-
ture to fluctuate above and below the dew point of
the hot gas.  Under this condition, acid droplets form
and re-cvaporate, thus creating corrosive conditions
there and downstream. Crevices around the tubes
are particularly subject to corrosion,

This preheater has now been retubed using the re-
maining hall of the original 304 ELC tubes. When
it is reinstalled, the gas flows will bc made parallel,
that is, the cool 150°F. tail gas will enter at the same
end as (he hot 440°F. converted gas. 1t is hoped the
hotter converted gas will prevent the cool tail gas
from overcooling the tubes.

I would like to point out that the flange of the tube

sheet, and also its mating flange, are not insulated;
the rest of the exchanger is insulated. This is to per-
mit the detection of gas lecaks and tightening of the
flange bolts where necessary. It may be that heat
loss from the bare flanges is an additional factor con-
tributing to this condition. Somec type of easily re-
moved insulation will be installed when the exchanger
is returned to service. We also have corrosion pro-
blems that are not casily solved.

Usc of corrosion test specimens under plant
conditions

You will recall that our specifications for the urea
plant requirc the contractor to furnish up to 10
nozzles through which TVA could insert corrosion
test speciments if desired. Many of you may feel
that this type of testing is unnccessary. Our experi-
ence shows that it is well worthwhile. Laboratory
corrosion tests can give valuable information, but
only tests made under actual plant operating condi-
tions can include the interaction of all the variables
that will ke acting on cquipment at a given point.
Many workers have described the various types of
corrosion specimens they have used. We have found
thin. round disks 2 inches in diameter to be the most
convenient. They can be conveniently mounted and
handled. as shown in figure 11. Except in a few en-
vironments, glass tubing can be used in place of the
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. Fig. 11
Method of mounting corrosion test specimen

Teflon insulators and spacers. Figure 12 shows seve-
ral sets of corrosion specimens ready for insertion.
As you can sce, the specimens include metal, plastic,
and rubber. 1 believe these are for use in an SO,
removal pilot plant at a TVA steam plant.
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APPENDIX

DETAILS ON CONTRACT SPECIFICATIONS

Excerpts from specifications for a urea solution

plant which relate to corrosion prevention or control:

Materials and equipment

a.

Materials and equipment used shall be new, shall
meet performance requirements, and have physi-
cal propertics conforming to the best enginecring
practice.  When the characteristics of any mate-
rial are not specified, material meeting the re-
quircments of appropriate  recognized standard
specifications, codes, and standards shall be em-
ployed. Materials and cquipment shall be kept
clean and protected from the weather, and be
free from cxcessive scale and rust.  All openings
shall be provided with a protective cover.

Workmanship

a.

Workmanship shall be first class and done by
workmen skilled in their various trades. Toleran-
ces, fits, and finishes, where not definitely speci-
ficd, shall conform to the best modern shop prac-
tices as uscd in the manufaciure of finished pro-
duct and materials similar to those covered by
this specification.

Corrosion

(1) Materials of construction shall be only those
which have been proved satisfactory by ex-
tensive usc in the process proposed and shall
be such that continuous long life and low
maintenance operation are cnsured.

(2) No copper, brass, or copper-bearing metals
shall be used in the unit cxcept in instru-
mentation, cquipment and electrical applica-
tions which shall be adequately protected
from corrosive environment,

t.\
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“)

(5)

(6)

M

Galvanic corrosion shall be avoided in pro-
cess equipment by eliminating the use of
dissimilar metals in contact with each other
when in contact with a polar solutjon,

Ten flanged nozzles with blind flanges shall
be provided at critical locations in piping
and cquipment for installation by TVA of
corrosion test specimens. The specimens
will be 2-inch diameter discs suspended from
the blind flanges.

Aluminium shall not be used for process
piping. vessels or vessel linings, and process
equipment cxcept specific items made of alu-
minium which are called for within this
specification,

Piping and equipment in corrosive service
shall be designed for a minimum of five
years’ operation,

All threaded conncctions on process piping
and cquipment subject to carbamate corro-
sion shall be back-welded,

Equipment requirements

CO, compressor

(1) Adequatc pulsc dampeners, separators and

(2)

€)

@)

demisting equipment shall be furnished be-
tween stages to avoid vibration problems and
to prevent condensed moisture or CO, from
entering  downstream  cylinders. Pressure
pulsations shall be no greater than + 1 per
cent of mean line pressure measured at the
line nozzle of cach pulsation dampener.
Continuous drain-type separators shall be
provided. Restriction venturi nozzles may
be installed at the suction of cach interstage
for reduction of acoustic vibratjon.

Intercoolers operating above 700 psig on the
CO, gas side shall be provided with a tem-
pered cooling water system which limits the
inlet water to a minimum of 88°F. to pre-
vent cold spots and CO, condensation. A
closed cooling water sysiem shall be provid-
ed for cylinder jacket water.

All compressor cylinders shall be arranged
with top gas inlets.

All cold interstage piping and pulsation bot-
tles shall be 304 stainless steel except inter-
connecting piping and pulsation bottles be-
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low 700 psig which may be carbon steel with
1/8-inch corrosion allowance, All intercool-
ers shall have 304 stainless steel tubes,
baffles, staybolts, and tube shects with car-
bon steel shells. All moisture separators
shall be 304 stainless steel. Hot piping may
be carbon steel,

b. Heat exchangers

(1) Heat exchangers with cooling water on the

shell side shall have tubes, baffles and stay-
bolts of type 304 stainless steel. Heat ex-
changers with cooling water on the tube side
shall have type 304 stainless stecl tubes.
Other parts of the exchangers can be of car-
bon stecl unless stainless stcel is necessary
for process reasons.

Painting and finishing

Painting

(1) The contractor shall paint all structural steel,

machinery, and steel pipe. Piping or equip-
ment made of siainless steel or nonferrous
alloy shall not be painted. The paint sys-
tem shall be a vjnyl resin type of approved
manufacture and colour. Three coats shall
be applied to suitably prepared surfaces and
the three coats of dried paint shall have a
total minimum thickness of 5.5 mils. Com-
pletc details of all the paints the contractor
proposes to use shall be submitted for ap-
proval. The contractor shall submit for
approval a paint schedule showing type and
colour to be used on each application, Paint
shall not be applied prior to approval of the
paint and paint schedule by the Technical
Engincer.

(2) Surface preparation

(a) All structural steel shall be sandbiasted
to commercir] grade, or better, as de-
fined by the Steel Structures Painting
Council or shall be cleaned by acid
{ckling. Machinery shall be treated in
the manner usually given for the appli-
cation of high gloss machinery enamel.
All surfaces shall be frece of oil, grease,
rust, dirt, and chemicals before applica-
tion of the prime coat.

(3) Primer coat

(@) The primer shall be quick-drying synthe-
tic primer suitable for application to steel



surfaces, When applied by brush or
spraying to vertical surfaces, a minimum
dry film thickness of 1.5 mils shall be

and its colour shall be different from
that of the intermediate coat. The paint
shall be compatible with and suitable

obtained in onc coat without running or for application over the intermediale
sagging. Pigments shall be inorganic. coat. The coating shall be applied to
Fillers shall be chemically inert. The give a minimum dry film thickness of
vehicle shall consist essentially of syn- 2 mils. The pigments shall be inorga-
thetic resins dissolved in aromatic or nic. The vehicle shall consist of vinyl

ketone-aromatic solvents. chloride-vinyl acetatc coploymer resins
dissolved in ketonc-aromatic solvents
with low volatility, and shall contain
chemically resistant plasticizers. It shall
contain no resins other than vinyl chlo-

ride-vinyl acclate copolymer types.

(4) Intermediate coat

(a) An intermediate coat shall be applied
over the primed surface and shall be a
flat or low gloss type and of a color that
contrasts with the primer and finish coats.
The coating shall be applied to give a
minimum dry film thickness of 2 mils
without running or sagging. The pig-
ments shall be inorganic. Fillers shall
be chemically inert. The vchicle shall
consist essentially of vinyl chloride-vinyl
acetate copolymer resins dissolved in
ketone-aromatic solvents.

(6) Approved products

(a) Approval is given for the paints listed
herein when applied to give the speci-
fied minimum thickness of 5.5 mils;
paints other than thesc must be approv-
ed by TVA unless specified elsewhere
in this specification.

(5) Finish coat

(a) The final coat shall be of a gloss type in  Presented at the Fertilizer Plant Maintenance Seminar
a standard colour of TVA's selection Cechin, India

Chemical Processing & Engineering, April 1971

'



