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equipment be supplied, and that the safety program be en-
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Table 9 .. .. Solubility af Oxygen From Air in Wu!er

for ewa(.ahumes,mumerwavompersomlm;wyordam-

age to i Also, ofdnnkmgwa.wrby
ble treated or unt. wawrs maust be p

by elimi i or pro-

viding Approved backflow preventers.

With very few exceptions, the proper control of wat.er
treatment programs which involve the direct addition of
chemicals to the water depends upon proportional feeding of
the chemicals to maintain a desired concentration level at
all times. Particularly  in systems that have appreciable
makeup rates, intermittent batch or-slug feeding of water
treatment chemicals cannot be relied upon to produce satis-
factory results.

Because sound water treatment programs require care md
consistent attention, there appear on the market from time
to time, devices which allegedly prevent scale and corrosion
without requiring the opemtors attention. Va.nous natural
forces, such as el or catal generally
behaving in some new way are said o be responsxble for the
effects claimed ions of these devices
have found them to produee no s:gmﬁcant effect in preventing
or correcting corrosion and scale formation. .1

Corrosion Control. Corrosion ‘damage to water systems can
be minimized by using corrosian res:sumt materials of con-
struction, providing p to the
water from the metal surfaces of the equipment, removing
oxygen from the water, or altering the water composition by
adding corrosion inhibitors and pH control chemicals. Two
or more of these methods are often used in the same system.

Corrosion contral by the selection of corrosion

at Different Temperaturest -
Milliters per Liter. (m!/1)

C deg F deg Alr = Oxygen -+ Nilrogen
[1] 32 28.64 = 10.19 + 18.45°
5 41 2521 = ‘8.9F + 16.30 .
10 50 22.37 = 7.87 4 14.50,
15 59 20.11 = 7.04 + 13.07
20 68 1828 = 6.35 + 1191
25 K 16.71 = 5.75 + 10:96
30 26 15.39 = 5.24 4 10.15 .
0 104 13.15 = 448 + 8.67 .
50 122 11.40 = 338 4 7.55
60 140 9.78 = 328 + -6.50..
80 176 6.00 = 197 + 4.03-
100 212 000 = 000 + 0.00.

Undesirable side reactions can occur at higher témperatures
lead.mgwacxdmgasawhensu]ﬁtemused or to ammonis
when hydrazine is used.

Chemical removal of oxygen is used less often for cold vmter
circuits because of the slow rate of reaction of the sodium
sulfite with the dissolved oxygen, although the addition of a
very small amount of a cobalt salt acts as a catalyst to
greatly speed the tion.® - When ically feas:ble,
estalyr.ad sod.lum sulfite can be used to control corrosion in

zh cooling A . In open-spray systems, of

materials of construction is within the provmee of the equip-
ment or system designer. Although it is technically po@ble
to build equipment whu:h will show no stgmﬁcant corrosmn
under almost any

course, chemical i of oxygen would be too expensive
because the circulating water would be thomughly oxygenated
again with each passage through the spray

Oxygeu removal by vacuum dmeratwn can be used to

usually make this lmpomxble On the other hand, investiga-
tion of corrosion failures in air conditioning and hesting
equipment sometimes reveals design errors which show that
the most elementary principles of corrosion control, dis-
cused e&r].u:r in ﬂns dmpter hava been ignored. . .
] for controiling corrosion
on extemal and other surfm not reached by treated water,
but can also be very helpful a3 adjuncts to water treatment
for controlling corrosion at particularly vulnerable lomhons.
For example, metal pans of cooling towers or 2

corrosion in once-through eooling systems. It is
particularly applicable when the water contains an appre-
ciable carbon dioxide ion because the d
removes this as well as the oxygen.

Corrosion control treatment of heating and cooling waters
is most often carried out by. pH control or by a combinatiof
of pf coutrol and the maintenance of a corrosion inhibitor
in the water. Contrary to a widely held belief, adjustment of
the pH to 7.0 is not sufficient to stop corrosion. When the
oxygen coucent.mhon i3 low, control of pH at certain levels is

candensers operated i in areas, such as larger cities, in wbwh
the air of dust or other solid
matter, ehould be coated with paint or other suitable protec:

as in the case of low pressure heating
boilers mamfamed af. a pH above 10.5. In most other cases,
the ad ion of corrosion i

tive coating in order to minimize localized pitting of the
bottom resulting from the pouitice effect produced by a layer
of dirt. Such attack.can take place even when the circulating
water in the system is adequately treated with corrosion
inhibitors.

« In the control of corrosion by the treatment of the waua'r,
the removal of oxygen is effective for closed systems in which
opportunitiea for the pickup of addmomsl uxygen are small:
Thus, boiler feed may be ted ip an
open hester or deaera'mg henter. This process is based upon
the reduced solubility of oxygen in water at higher tem-
pemtums (Table 9) and is made more effective by equip-
ment design features which reduce the partial pressure:of

mmmthegasnbovethewafer The last traces of oxygen .

h 1eall by m Adits,
su.lﬁte or, at higher tempemtuzes. hydrasine.

Bulfite: 2 NasSOs + 03 — 2 NaSO0,
Hydrasive: NJH; + Oy — N; + 2 HO

of sodiunt

inhibitor in addition to pH control.

Chmmn.la are by far the most effective and umversal cor-
rosion inhibitors-knowd for water systems. Depending upon
the water bemperature and t.he effectiveness of treatment
control, the qui mybefromZOO
ppm (8s sodium chromate) to 2000 ppm. The minimum con-

centration must be carefully maintained because with chro-

mates, as with other anodic mlnbltors, pitting may develop
if the inhibitor ¢oncentration ls allowed to dmp very low.
Higher than mi are d in closed
systems because the cost is low, in view of the small water
losses, and an extra safety factor is thus provided. The chro-
mates are effective inhibitors over a very wide pH range from
about 6.5 up. An upper pH fimit is frequently ambhshed for:
purposes of scale control.
When economy of treatment i is of primary importance, as
in very large cooling towers, it ls poesxble to use.low concen-
tration mixt: of several i A number_of com-.
bmatmns are m use, such as chmmnte—polyphosphaw unc-
and |

1
2y 0 -polyphe ,

the use of an

" Corvosion and Deposits

ide. Total inhibitor concen 5 i . of 6’3_ ppm alnd
Tocs art ith such mixtures, but close pH controt is -
s uui]aﬁ;z:“;oeo:l corrosion conm;l Depending upon thé™ "
essential o4, the desirable pH range may be 6.0 10 6.5, 6.5
t0 7.5, 60m700:otherra.nge Unless tower operating con-
ditions are constant and continuous, an acid feeder and au% )
matic pH controller is required to maintain the necessary p.

w?lﬁl ites are ti desirable because of their

lor, disposal problems, and potential hazard if used
AS:Ill:l;;; Sodium nitrite has been used in place of chromate
a3 an inhibitor. With ferrous metals it is nearly as effective as
chromate but must be maintained at 8 pH.above 7.0 to avoid -
breakdown and at & minimum concentration of about 500
m. It is mlso neeessary to check for both nitrite and nitrate

jud quent intervals b the nitrite is”
becttompld ial oxidation and to ni- -
1&, which has no oormenon inhibiting properties. Sodmm

-

little or no prot effect on
amnt;“:mh:mhxhlwrs must be added with it, to pmvxde pro- -
tection. A .commonly used nitrite-base inhibitor includes
borax as a pH buffer, and the sodium salt of mempmbenw
thiazole as an inhibitor, for nonferrous metals.-
‘Under the proper conditions pol};phosphnt«;g hz:;e been ef-- -
tuberculahon and pitting. For this purpose
fect.lvexnred\lcms eg ﬂui those used for
sca.le control must be provided, as must close pH control, m
e 6.0 to 7.0 range.
'hCormswn control treatment of onoe—through eoolmg water
is practical only with very mexpenslve chemicals. pH ad-- -
justment with caustic soda or lime is sometimes used in an
attempt to form and maintain a thin protective flm of cal-
cium earbonate on the metal surfsces by adjusting the’
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least, soluble common constituent of waters. The solubility of

_calcium carbonate depends upon the pH, {emperature, and

total solids content of a water in addition to the calcium and
alkalinity (bicarbonate or carbonate). From these items, by
the use of one of several nomogmphs {such as that in Fig. 2)
the pH,, Le., the pH at which any given water isin equilibrium

- ‘with mlcmm carbonate, can be calculated. This pH can be

used with the actual pH of the water in either of two ealcula-

- tions which will indicate whether the water has a tendency to

precipitate calcium carbonate or to dissolve it.
The older of these is the Langelier Saturation Index.®
Saturation Index = pH — pH,

» A positive Saturation Index shows a scale-forming teude.ncy

The larger the index, the greater this tendency. But it is a
tendency only, other factors may inhibit, scale fomumon under

- some ci Usually, calcium carbonate
“ generally as a scale, when me Saturation Index exceeds -i:O 5
© to +1.0. A pegati Index indi that cal

. " carbonate will il dissolve and that bare metal will remain bare
*_ and thus accessible for corrosion.

Ry:nar™ suggested a modified method for predicting scale
formation based upon operatmg performsnoe He called this
the Stability Index.

S'a.blhty lndex =2 pH. - pH

.+ "The Sf.shxhty Index m a.lwnys posmve When it falls below 6.0
. " seale f¢ and it more probable the
' lower the numznml value of the index.

Sum]ar buf. not as mmple, methods have been published

- for the scale-forming ¢ ies of calcium sulfate®

and calmum phosphate,® but are not so commonly used. At
cocling water and lower p boiler tem-
Icium sulfate is far more soluble tha.n calcium

Langelier Index of the water to about +0.5 to +1.0. Sodium
silicate (water g]nsz) is also fmrly eﬂectxve for corrosion con-

trol in potable watér sys--
tems. Suffi¢ient mhcate is fed o increase the silica content of -
the water by about 8 ppm.

Qther chemicals used for corrosion control in hmtmg and
cooling systems include volatile amines (such as morpholine
and cyclohexylamine) and filming amines (such 8s octade-"
cylamine) used for steam condensate line pmtechon Vanous
mixtures are used for glycol or alecohol antif:

" carbonate as.shown in Fig. 3.

The most fool-proof method for prevenhng sca.le {ormation
is softening the water by passage through an ion

) (furmerly called zeolite) water softener. This external treat-
. mentpmmmmovmaﬂhutwappmofhudness Itis

usually carried out in a-closed vertical tank about § filled with
small beads of synthetic resin, called a cation exchange resin,
that has unique chemical properties. At low concentrations, it

ferentially absorbs calcium and magnesium ions from the

chilled wster or snow melhng systems, where the mhxblmr
must be ch with the agent.

The delignification of wood in.cooling towers, whils' not
strictly corrosion, is a related deterioration of materials of .
construction. Several distinet types of failure have been -
nufed one « of which is biological in nature and the other .-

ion of this deteriorati maybeeﬁechedb .
treating t.he wood, either prior.to construction or in p].'we

Solutions of :copper salts and of chromates are among those’;
used for this purpose: Chemical dehgmﬁcahon, usually a’sig
nificant blem where the circulati “water is high'in al
kalinity and low in hardness, can be minimired by keeping *
the circulating water pH low (about 7.0) and by limiting . _
chlorine to a maximum of 1.0 ppm.

_~Scale Control~The methods used for scale control in heat-
mg and cooling systems mclude a variety of both internal

and external The selection of an ap-'
propriate method for any one system requires the evaluation - -
of a considernble number of factors. Smaller systems tend to-
utilize internal treatment methods in which the chemical

: another mftemng cycle

.'-wa'.er yleldmg, in return, a chemicall eqmva.!eut 1 of
. sodmm ion, which is not scaleformxng

The cal and tent of t-.!-xeresm
rises to the point where they are no longer completely ab—

/Borbed from the water passing through the resin. The flow of

water is then reversed, backwashing the resin to remove any
dirt particles, md(hcmnmdxenmgmmtadbypmng
a much higher itration of galt .th h it. The sodlum
mn.soh.hest.rongs&lt lution-displace the absorbed cal

" and mngnesmm ions restonng the resin to its initial sodium
" form. After rinsing. out excess salt, t.be resin is ready for

_Softening _

CaR + 2Na*
NaR + G‘:‘(LMW) RegeA neration E + ®
Resin Resin

When it is possible to accept and control the presence of
suspended matter in the water, hudnasmybeehmmwd
by jon within the operating equipment. This is

boilers.”

are added du'ectl to the water, wh larger may ly done in lower pressure process steam
I tredto if fi lly justifiable. B Alks.llsm monl usesit«o,“l ate carbonate
Eschofchme e control method - with Eq 1. are added to re-

the opportunity for precipitation of ealcmm earbonau the

iR
N  fove t.he last of the hs.rdnm, by virtue of the lower solubil-




