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Fig. 9 Adapted from (1) Ind. & Brg. Chem., 20 (1935) 1197—by Balis. (3)
2.A.C.8. 60 (1929) 2085—Prear & Johnson. ]
Fig. 2....Solubility of Calcium Carbonate in Distilled
Woater Containing Carbon Dioxide

{pH Valvas at Approximately 73 F}

coolers, are more susceptible to scale and sludge formation
than are the cold parts of the same system using the same
water.

The most common of the unstable soluble salts are the
bicarh: of i and ly iron.

Fig. 3 Adapted trom Bull. No. 15, Univ. of Mich. Fermation ané Properties of
Boiler Scales by P. E.
Fig. 3.... Solubility of Calcium Sulfate and of Caluum
Carbonate- for Comparison
{CaCO; in Equilibrivn with Normal CO; Content of the Atmosphere)

the calcmm ca.rbonate ﬁlm to heat transfer. This tendency

ppr ly by the L Jier Index,’ which
ls obtained by subtracting the actual pH of a particular
water from the pH at which it is estimated precipitation of

Under conditions favoring the 1 of carbon dioxide, as
when the water is strongly aerated or when it is boiled, the

bicarbonates are readily converted to the relatively in--

soluble carbonates. The type of scale most usually en-
countered is calcium carbonate (often called alkalinity) from
the decomposition of caleium bicarbonate according to the
following chemical reaction:

Ca(HCOs)s + heat = Cal0; + CO; + HD .

Calcium Calcium Carbon
Bicarbonate + heat - + Dioxi

Carbonate

Conversely, carbonates are readily converted to the more
soluble bicarbonate.by the addition of earbon dioxide or
other acidic materials. This explains the incresse in the ap-
parent solubility of calcium carbonate at decreasing pH
values (increasing concentration of hydrogen ion) shown
in Fig.'2, the carbonsate really going into solution largely as
bicarbonate.

In special cases, primarily with well waters possessing a

high natural iron content, deposition of iron oxide from the -

decomposition of ferrous bicarbonate takes place according
to the following reaction:

4 Fe(HCOs)s + Oy — 2Pes0,+8C0, +4H0

Ferrous Iron Carbon
Bicarbonate T O%VE®2 = gi4¢ + pigrige T Water

. Low water velocity in heat transfer equipment often
causes sludges to settle out in the tubes. This has the same
effect-on heat transfer as scale formation. When this oc-
cu;s, mcmxmg the water velocity oft.en cures t.he condition.

tis desired to the t y in a
particular water toward the separation of calcium carbonate,
which may be desirable as 8 means of establishing & corro-
sion-resistant film on meta.l surfaces, or in o'.her circum-
stances may be undesi b of the i of

de + water i

| carbonate would just begin. Th!.s smnate -may be
made by the use of Fig. 4.

There are various expedients which may be employed
for avoiding or mitigating difficulties due to scales:

a. The water may be treated before use to remove elements
such as ecalcium, magnesium, and iron, which form relatively
mmluble o?otipounds In uze various snfmenmg pmcm this

of
other elements, arucula.rly sodium, the wmpound.s of which
are relatively f

b. The water may be treated within the equipment to pro-
mote the separation of dissolved solids as eludges, rather than
as scale which is, in most cases, more objectio:

¢. The increase in mml so!xds ue m the evapomtwn of
water, may be d by th
or m'.enmtteut.ty, of some of the used water by fresh supply.

d. Substances, such as the - polyphosphates, having the
?ropeny of inhibi the of calcnum b
rom solutions supersaturated with it, redy added.

o. The pH of the water may be lowe (hydrogen ion con-
centnuon raised) to reduce Lhe tendency for precipitation of

‘This is issibl to such an extent as

not cause s serious increase in rate of corrosion.

The choice of the best expedient or combination of ex-
pedients must be made for each type of equipment, and will
be affected by operating and water considerations. Item ¢
above must be used, regardiess of which other iterns are used,

for all recirculating water systems from which evaporation
takes place.

Once-Through Equipment

Where abundant supplies of water are available at low
cost, the cooling water may pass through the equipment
once, undergoing & rise in temperature. Little difficulty from
scale should be encountered if the Langelier Index is lower
than +0.5, based on the highest water temperature en-
countered in the system. This often corresponds to a car-
bonate hardness of less than 200 ppm when water tempera-
tures are lower than 100 F. Howev:r sinee many municipal
supplies are soff d so that i \{ carbonate
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Corrosion and Water-Formed Deposits, Causes and Prevention
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0.8 (corrosive)
+0.8 (scate forming)
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1. Knowing temperaturs and total diszolved solids, find temperature and

total solids constant on Col. 1.
2. Align this pojnt on Pivot Line with given alkelinity on Col. 5 resd pH

3. Align this constant with glven value of calclum on Col, 3 of Chart, then
saturation on Col. 4.

locate potnt in Col, ¥ of Chart (Plvot Line).
Saturstion index is pH sctual minus pH saturstion,
o.g.~pH sctusl, pH saturation, Baturstion [ndex.

Instructions for Using Chart:

Fig. 4.... Gréph and Nomogram for Determination of pH'S(:turaﬁon by Longelier's Formula

(Data rcquind for determlning pH saturation)

(1) Total alkalinity, as parts per million of CoCOs.

(%) Calcium in parts per million.

Based on article In Oat. 1838 fasus of American Walr Worke Assoctation

Journal and later corrections for Tablea 3 and 4 of azticle. Prepared for Charles
P. Hoover of the Columbus, Ohio, Water Softening snd Purification Plant by

M. L. Riehl.
(4) Tewparaturs, Centigrade, st whith pH saturation desired,

(8) Total dissclved sclids, o parts per million.
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{Applicable within pH Range 7.0~9.5)




