-~ How TI“‘@ Prevent

B@s

er "Eub@ @@W@SE@W

Propcr operation and mamtenance of Lo pressure heatmg

boilers to prevent tube failures through corrosion cannot be

overemphasized. By updating a widely used article prepared for

this can be accom.plnhed

-HPAC almiost 14 years ago (January 1950) the duthor tells how

By H. F. HINST
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CorrostonN troubles in low pres-

" sure heatmff bollur—whmh usual-

Iy operate at steam pressures below
15 psig or water pressures below
30 psig—olten occur unngeessar-
ily. :

During the past 60 years, we
have had many occasions to exam-
ine boiler tubes to determine the
reasons for their failure. In very
few easés have tubhe defects been
the cause. Tn the vast majority of
instances, the need for replacement
has been traced to conditions of
environment,

In power boilers, corrosion of
the type common in heating hoil-
ers is rare. This is becanse opera-
tors of power boilers realize the
importance of proper water and

fire side’ conditions and take pre-

cautions to avoid such troubles.
Many users of heating boilers, on
the other hand, are not aware of
the possibilities of corrosion. They
often have little idea what causes
it and lack the know-how and t"\pf“
rience to combat it.

Fortunately, scale is not a major
factor in low pressure boiler tube
failures. A buildup of scale at tube
ends, however, has in some cases

resulted in failure through groov-
ing next to the tube sheet.

‘Oxygen Atiack on Water Side

Let us consider the various
mechanisms that lead to pitting or
waler side corrosion since this is
the most common type, accounting

for 75 percent of the tube failures

examined in-our laboratory,

Steel does not corrode appre-
ciably in dry air, only in the pres-
ence of moisture. Similarly, steel
does not corrode in clean, alkaline,
freshly boiled water if air is kept
away,

This has been proved in the lab-
oratorf by placing
tubes in ovdinary tap wafer in
flasks and hoiling the water, caus-
ing the steam -to condenac zmd run
back-into the flask. When the con-
densed drops of water were al-
lowed to contact the air, corrosion

. of the tubes occurred. When the

oxygen was removed from the air
in the flask and condenser by run
ning the air through pyrogallic
nc;d which is an oxygen absorbing
acid, no corrosion of the tubes was
evident.

This shows that the presence of
oxygen is an important factor in
corrosion problems. It was alse
found that if the heaters were shat

samples ufl

4

oo . _‘: ‘,"";" . i 7._’_" .
down .atrnight, the corrosion was

much morg-rapjd than if the water
were kept boiling. Tn effect, some
of the oxygen was etcluded from
the flask by the steanmy space over
the hoiling. water, In Jow prev-sme
h(,atmrr hollels, the return water
usuall) enters at the bottom, which
does not afford the oxygen re-

'_dllCthll that “would: be obtained
- if it dropped through the steam

sp ace

Pitting is probably the rnoc'-t dc-
* structive form of gofresion hat.afs

fects the water side' of
Frequently only o fey.”.
present, and most of the
is unattacked, Tn- other ‘cascs, :the
pits cover most of the surface, and

as an extreme, the pits vun tos -

gether, the corrosion ftaking - the
form of unifsrm atfacls lhe con-

centration of pits i
e -
e ﬁgrcc of
wRiEEle water.

a large extent 4
actdlty or afkalinjty

Fig. 1 shows examples of water
side corrosion of horizontal bmlm
tubes. -

Acidity and allxahmty are ex-
pressed by che_mlats ‘En terms of a
scale " of [ pH*
hyd1ocren 1'011,

~strong acid solution (strong muri-
atic or. sul[mie acid) is rated as

1, and a'strong alkaling (concen-
tmted caustic soda) is'rated as 14.
A neutral water fis 2 pH of T.

If its pH is below 5, the water
is actually sufficiently acid to dis-
solve the steel, and under these
conditions no pits form. Instead,
the corrosion is relatively uniform,
and the“steel gradually” gets thm-
ner until it is too weak to hold the
pressure or a small hole develops.

If the pH is between 5 and 94,
pitting takes place at a rate tlat
depends on the concentration of
oxygen in the w'ater.'Therc_fore,
it is necessary that all air or as
much air as possible be excluded
from the boiler water,

In onc experiment, a strip of

* steel hung in the middle of a fast

moving stream did not rust while
an identical piece hung in a stag-
nant pool at the edge of the zame
stream and connected to the first
by a wire pitted badly. This shows
that velocity and air content have
an effect on the corrosion of steel.
In most instances, pitting in hori-

‘zontal fire tube boilers takes place




along the top of the tubes on the
oniside, and it is belicved that this
is partly hecause of the difference
in velocity of the rising water and
steam bubbles, which creates an
eddy effect along the top of the
tubes and accelerates the corro-

sion, much as in the flowing

stream experiment.
In any event, pitiing would not

_occur in this type of boiler if no

oxygen were present in the water.

Practically all ground surface
supplies of water contain dissolved
air, the quantity depending on the
source, time of exposure, and tem-

perature, Cold water retains more .

air than warm waler, as can he
seen by filling a clear bottle with
cold water from a tap and allowing
it to stand overnight. Small air
bubbles will form on the sides,
demonstrating that as the water
warms up the gas is liberated.

This release of air in the form

of hubbles creates a problem in a
newly filled boiler. In a new hoiler,

-or one that has been drained and

refilled with cold water, air bub-
bles form on the tubes as the wa-
ter warms up, and in a very short
time pits develop under the bub-
bles because of the difference in
oxygen concentration in the waler
surrounding the bubble. Penetra-
tion as great as 50 percent of the
tube wall has been known to take
place in water stagnant for two
weeks duration. Once these pits
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1 PITTING is the most destructive form of wat

form they propagate. rapidly, even
under operating conditions.
Sometimes a new sct of tubes in-
stalled in a boiler has been found
to last less than a year whereas the
former tubes lasted five to 10
years. Obviously, something has
changed. In many cases the tubes
are blamed when actually there
have been ehanges associated with
the operation and maintenance of
the boiler, A dificrent method of
starting up ‘may have been used.
Circumstances may have been
such that the boiler was imme-
diately fired when the old set of
tubes was installed while the new
set of tubes was exposed to the
fresh water for some time. Aijr
bubble pitting may have started,
leading to the eventual failure of
the tubes. The temperature of the
fill water may have been different,
with the result that more air was
present in the new installation.
The composition of the fill water
may have clanged; a thin scale
may have been laid down at the
beginning of the life of the old
tubes, which served as a protee-
tion. Changes in electrical connec-
tions may. have induced stray cur

rents, leading to electrolygjt cor- -

rosion. Small air or steafn leaks
around pipe joints and valves may
have let aiv into the new setup. Air
vents may have become plugged
through jarring of the piping. In
short, any number of things may
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have happened that caused the
failure.

How To Remove Air

A large number of boiler tube
failures take place in fall when the
hoiler is started up for winter op-
ceration. These resnlt from the air
bubble pitting described above as
well as from oxygen being drawn
into the system through packing
and other sources. -

To minimize chances of this oc-
curring, a freshly filled hoiler
should be heated to bring the wa-
ter to a good boil, and the steam
so produced should be vented off
to carry the released gases out of
the boiler. Before this hoil-out,
water treating chenricals shonld
be added so as to get good mixing.
After the boil-ont, the vents shauld
be closed and the boiler used, or
cooled down if not needed. )

In hot water systems, production
of steam is not desirable, so the
water  temperalure should he
raised to 180 to 200 I for a short
time to allow most of the air to be
driven off through vents.

In large boiler installations, air
is removed from the feedivater by
-heating it up to the boiling point
and venting off the dissolved gascs.
In small installations, this is hard-
ly practical. In steam systems re-
quiring large quantities of makeup
water, however, it may be possible
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er side corrosion of boller tubes. These are examples of fire

tubes altacked on the water side by corrosion resulting from excessive oxygen in the feadwater.



to fit the return condensate tank
with a steam coil to preheat the
water to near the beiling point,
This tank would have to be vented
to release the gases.

At any rate, air can be kept out
of a boiler by heating the feed-
‘water to release the air.

Another method suggested b)f
"F. N. Speller, a noted authority on

corrosion, is to pass the feedwater

through a deactivator, which is a
tank containing steel scrap such
as turnings or wires. The oxygen
in the water attacks the steel in the
tank so that corrosive properties
are neutralized. The process is sat-
isfactory if the tank is large
enough to permit complete deacti-
vation and if the scrap metal is re-
newed frequently, This practice
is not often followed in steel heat-
ing boiler installations because
other methods of contro! aré usu-
ally more desirable.

In . addition to the air carried
into the boiler by makeup water,
substantial  quantitics may be
pulled in to the system during op-
eration by the vacoum in the con-
densate line or by vacuum formed
when the boiler is shut down or
the fire allowed to die out. Warm
days in spring and fall and even
in winter often result in cooling
down of small boilers and radi-
ators. This causes a vacuum, which
pulls air into the system through
vents, valves, and packings. Proper
maintenance of the entire heating
system is a must.

Hot water systems should not
suffer from air entering with
makeup water hecause there
- should be no makeup. There are
many cases, however, where make-
up is required because persennecl
draw off hot water for custodial
services or washing vehicles, cir
culating pumps leak, floats become
water logged, or antomatic feed
systems stick.

Systems are sometimes designed
to be pressurized with compressed
air in such a way that a large area
of water is exposed, allowing air
to be dissolved. In one system, well
water was pumped into a hori-
zontal eylindrical tank pressurized
across its entire surface. In an-
other system, hot water from three
boilers was pumped to an over-
head horizontal tank of approxi-

1ﬁa{cly 5000 gal capacity, which

was pressurized with . compressed
air from a pump in another huild-
ing. No one had any idea of how

~much air was heing pumped into

this system. Eighty pounds of sodi-
um sulfite, an oxygen scavenger,
added to this system every day
could not keep up with the dis-
solved oxygen being pumped in.

Any pressurizing of this type
should be in an offshoot of the sys-
tem and not in the main stream.
If it must be in the main stream,
nitrogen gas should be nsed for
pressurization,

With all-these ways of air get—

ting into a boiler, it appears that

it is most difficult to keep it out.
Fortunately, there are methods for
rendering it inactive in boiler wa-
ter.

Using Okygen S'cavengers

One method of removing o*(ygen
from hoiler water is to add an oxy-
gen absorbing chemical such as
sodium sulﬁtc, as

small quantities are required for
small quantitics of oxygen. It is
impractical, however, to try fo
handle farge quantities of air by
using this chemical in large quan-
tities since constant adchtlons will
canse foaming.

Alkalinity of the water must be
controlled in conjunction with the

use of sodium sulfite, The pH

should be 9.5 or higher.
Hydrazine is a chemical fre.
quently used in large utility boil-
ers to react with dlssolved oxygen,
but it.is not recommended for
heating boilers because it must be
closely controlled. Seldom is such

chemical control available in these

inste]lations.

Inhibitors are a class of “chemi-
cals that deposit a coating on the
surface of the steel or react with
it in some way to protect it against
attack. The former Steel Boiler In-
stitute compound, composed main-
ly of sodium chromate, was one of
these. Similar compounds are
available from most water treat-
ment companies. When added to
the water in recommended quan-
tites, this chemical will protect
hmIer surfaces during operation
or standby, Since it is harmful if

referred to
above. This is -practical if only-

taken internally and since it may
stain other products, it should not
be used if the steam is used for
process work. It has the advantage

" of imparting a yellow color to the
‘water, which the operator can see

in‘the gauge glass and thus readily
determine if more is needed.
Some trouble has been experi-

enced in hot water systéms from
this material’s formation of sodi-
um chromate cyrstals in. pump
seals, resulting -in leakage. Lower
concentrations than the 2.2 h per’
100 gal recommended for steam

" boilers have therefore been sug-
gested for hot water hoilers.

The value of this treatment and
of another inhibitor containing so-
dimm nitrate and sodium nitrite
was established in a series of tests

- reported in two HPAC articles ti-

tled Pointers on the Care of Low
Pressure Steam Steel Botlers, pub-

lished in February and April 1962.

These tests proved that both the
sodium chromate and the sodium
nitrite-nitrate inhibitors were ef-
fective not only in preventing ai-

_tack by dissolved oxygen but also

in stopping further attacm .ouce it
had started, There are some linita-
tions on the amount of chlorides
or sulfates that can be tolerated,
but these are seldom a factor in
waters used in heating boilers,

A few ‘years ago, there was a
flurry of gadget type water con-
ditioning curealls heing offered.
Oune such device was tested in a
supply line and proved ineffective
in preventing or stopping coiro-
sion of the tubcs

Don't Drain Needlessly

Many boiler owners completely
drain ‘their units once or twice a
year in the mistaken helief that the
water in the boiler is dirty. Ac-
tually, this praetice, along with
that of periodically draining small
quantities of water from a boiler,
should be discouraged hecause it
causes loss of chemicals and re-
quires makeup water, which
brings in more oxygen. If addi-
tional chemicals are added each
time to compensate for losses, how-
ever, little harm will be done. In-
surance companies require peri-
odic tests of the low water cutoff,
and at such times protection



should be insured by adding chem.
icals, )

Instead of inhibitors, alkalizers
stch as caustic soda may be used.
It is recommended that 2 oz of
caustic soda per 100 gal of boiler
water be added at the time of fill-
ing, This will insure a pH of 11
to 11.5, which will greatly reduce
the pitting effect of diszolved oxy-
gen. Some prefer a lower concen-
tration, down to 1.3 oz per 100 gal,
but outside of the possibility of
foaming, the larger quantities can
do little harm and can act as a
salely [factor should losses take
place by draining. Alkalizers, how-
-ever, will not stop pitling once it
has staited.

In new hoilers, or in old boilers
that have been retubed, a boiling
out unsing cleaning compounds is
recommended. This is necessary
to remove oils and other coatings
put on the tubes by the manufac-
turer prior to shipment or storage
to prevent rust. These have no
place in an operating hoiler. Since
they may shield portions of the
tubes from direct contact with the
waler, pitting may he accclerated.
A good boil-out 'is recommended,
uwsing a cleaning compound such
as a detergent or a mixture of 214
Ib of caustic soda and 214 Ib of
soda ash per 100 gal of water.

Dew Pagint Corrosion on Fire- Side

Approximately 15 percent of the
tubes examined in our laboratory
failed through fire side attack.
Corrosion on the fire side of boiler
tubes is caused by moisture con-
densing from the atmosphere dur-
ing periods of shutdown or from
flue gases during operation. This

is called dew point corrosion (the

dew point is the temperature at
which a vapor first condenses),
Dew poirt corrosion is the Toeal-
ized penetration of tube walls, tube
sheets, and other interfor metal
surfaces of a hoiler by concen-
trated solutions of sulfurcus and
sulluric acids. The corrodent al-
ways forms on the fire side of the
surfaces. If formed in suflicient

quantity, it can penetrate more

than 14 in. of steel in a year. Since
fire tubes or water tubes in a hoil-
er are usually less than 0.200 in,
thick, the rapidity of failure after
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onset of attack is not surprising.
Fig. 2 shows examples of fire side
corrasion of horizental tubes.
This type of corrosion is espe-
clally troublesome in areas with
high humidity and is accclerated

by the use of high sulfur fucls. Ash

deposits  accompany the combus-
tion of any low grade fucl. These
deposits collect on the fire side of
all metal surfaces and contain,
among other things, sulfur com-
pounds such as sulfites and sul-
fates, In the absence of moisture,
the deposits are of little concern.
When- the water vapor in the air
condenses on the ash covered sur-
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faces, howover, the sulfur com-
pounds readily dissolve to form
acidic solutions.

Accumulations of soot on tubes

should be periodically removed.
Soot " atlracts meisture; and ajr,
moisture, and steel together result
in corrosion. Cleaning may bhe
daily, weckly, or monthly depend-
ing on the {uel used and the meth-
od of firing.

Some hot water boilers—for ex-
ample, those in greenhouses—op-
erate at waler temperabires of 140
to 150 F, and under such condi-
tions the condensing gases from

“coal or oil fiving form sullurous:

2 DEWPOINT corrosion qiiu’cks tubes on fire s;c{e. Tube al upper leﬁ
is carbon steel fire tube. Boiler was fired with low grade fuel oil. Note
tack of general corrosion. Tube at upper right is horizontal water fube;
view is of underside, Below is shown o carbon steel horizontdl fire fube

sectioned !ong:mdmul[ly, upper seclion af fop, lower section at boifom.
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and sulluric acids, which attack
the tubes and result in a more uni-
form type of corresion, If the per-
centage of sullur in the” fucl is
'the situalion is worsc.
Evert with gas firing of hot wa.
ter boilers, serious fire side attack
can occur. Some systems use out-
door-indoor controllers to resct
system  water temperaftures up
and down as outdoor temperature
Auctuates, Low waler temperatures
can result in condensation of mois-
ture from the flue gas, leading to
serious ‘corrosion of the tuhes,
High water temperatures reduce
the. probahility of attack.
Regardless of the fuel used, dew
point corrogion may occur during
shutdown periods because of high
humidity, When shutting down a
boiler under such conditions, the
fire side tube surfaces should be
brushed and flushed to remove the
winter’s accumulation of soot and
other products of combustion. This
should be followed by blowing air
through to dry the surfaces. Also,
in extremely humid locations, the
stack should be disconnected, or
the damper at least closed, and a
tray of unslaked lime placed in the
ashpit to keep the fire side diy.
The lime should be renewed when-

ever 1t becomes mushy to preserve:

its drying eflectiveness. Oiling the

3 NECKING AND GROOV]NG is

form of corrasion concentrated af -

ends because of strains.

tube surfaces with a good grade
of oil is also recommended after
cleaning them at the start of a
shutdown period.

Many samples of scale removed
from fire side surfaces have been
found to be acid when mixed with
water, and it is not surprising that
the metal is eaten away to eventual
failure. In some cases hoilers are
installed in damp cellars, some-
times with water on the floor con-

stantly. It is ohvicus that humid
air will have ready access to the
fire side of boiler tubces if net kept
out or guarded against.

Necking and Gooving

Some horvizontal tube hoilers
suffer from a mechanism called
necking and grooving, This shows
up as a circumferential groove
around the outside of a tube where
the tube enters the tube sheet, as
shown in Fig, 3. Tt usually occurs
at the heginning of the first pass,
whieh is the hottest end of the
tubes. In all cases there is some
corrosion in  evidence in other
areas; but it is concentrated at the
ends because of strains from two
sonrces. When tohes are rolled in,
some unavoidable expansion takes
place hack of the tube sheet. Also,
when a boiler heats up, the metal

in the tubes expands, and with the

ends fixed in the tuhe sheets,
strains are set up at the ends.
Sometlines the expansion is so0 se-
vere that the tubes loosen in the
sheets.

This end corresion can he com-
hated by more gradual firing,
more gradual changes in temper-
ature, and maintaining boiler wa-
ter free of oxygen and under prop-
er control. -

Out-of-Service Measures

Follow These Rules

In-Service Measures

o Boil out the boiler with an alkaline cIeaner after
installing new fubes to remove oil or other coat-
ings from the tube surfaces. These protective
coatings are commonly applied to new tubes to
prevent rust during storage and transit; they will
cause- corrosion if aft on the tubes durmg boiler
operation.

° Bring a steam boiler to a goad steam ﬁutput as
soon as it is filled after draining to deaerate the
water. Heat the water in a hot water boiler to 180
to 200 F for the same reason. This will not remove
all the air, but most of it will be driven off.

* Add sodium chromate or caustic soda to the
water in recommended quantities.

* In damp locations, place a tray of unslaked
lime in the ashpit to absorb moisture and close
the boiler. Inspect lime occasionally and renew
when it becomes mushy.

¢ Keep all boiler fittings air-tight.

o Add sodium chromate or caustic seda to the
water in recommended quantities.

» Use-a fuel with low sulfur confent if possible
to avoid corrosive action of sulfur gases. '
o Brush, flush, and diy out the insides of fire
tubes as often as possible to remove soot and
other products combustion, and prevent the ac-
cumulation of moisture and condensed sulfur
gases.

* Use sodium sulfite regularly in the boiler feed-
water to remove the dissolved oxygen.

e Use a feedwater heater or deaerator to reduce
the oxygen content. '
* Prevent water leakage and avoid periodic drain-
ing of water from the system. This results in loss
of treatment chemicals and requires makeup,
which introduces air into the system.

LEATINR DIDINA ¢ AID FAOMPITIANMILS S,

—t . eAmm




