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Fig. 2....Solubility of Caldum Coarbonate in Distilled
: Water Containing Carbon Dioxide .
{pH Yalues ot Approximotely 73 F)

coolers, are more susceptible to scale and sludge f

Fig. 3 Adapted from Bull. No. 15, Univ. of Mich. Formation and Propertiss of
Boiler Scales by P. E.
fig. 3....Solubility of Calcium Sulfate and of Calcum
. Carbonate for Comparison
(CoCO; in Equiﬁbrim with Normal C01 Content of the Ahaowhu!)

thanamtheooldpamofthesameeysmmumngthes&me
water.

The most common of the unstable soluble salts are the
_bicarbanates of ealcium, magnesium, and lly iron.

the calei b ﬁ!m to heat transfer. This tendency
is indicated iy by the L fier Index,” which
is obtained by subtracung the actual pH of a particular
wawr from the pH at which it is estimated precipitation of

Under conditions favoring the removal of carben 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-

b (often called alkalinity) fmm
the deeompo&uon of caleium bicarbonate according to
-following chemical resction:

Ca(HCOy)s + heat — CaC0s + CO, + HO

Caleium _, Calcium Carbon
Bicarbonate Carbonate ¥ Dioxide
Conversely, carbonates are readily converted to the more
soluble bicarbonate by the addition of carbon dioxide or
other acidie materials. This explains the increase in the ap-
parent solubility’ of calcium carbonate ai decreasing pH
values (increasing concentration of hydrogen ion) shown
in Fig. 2, the carbonate reaily going into solution largely as
bicarbonate.

+ beat +- water

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(HCO:)s + O —~ 2Fes0,+8C0:, +4HO

Ferrous Iron Carbon
Bicarbonate T OFE ~  guige + Digyide T FAte

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-
curs, mcnaasmg the water velocity ofu:n curez (’.he condition.

It ig desired to the in a
particular water toward the separation of calcium carbonate,
which may be desirable as s means of establishing a corro-
slon-resistant film on metal surfaces, or in other circum-
stances may be undesirable because of the impedance of

carbonate would just begin. This estimate may be
made by the use of Fig. 4.

Therc 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 calcium, magnesium, and iron, which form relatively
m.snluble oompounds Io the various soibenms pmcm

Aditi

ese
other element.s, pu.maxluly sodium, the oompou.nds of whxch
are relatively soluble.

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

c. The inctease in total whds, due to the evapommm of
water, may be
or mmrmmendy, of some of the used water by fresh supply

such as the polyphosphates, having the
?mperty of mh:bmng the pmplunnn of calcmm carbonate
soluuons supersaturated with i redy added.

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

is pe: ible only to such an extent as will
not cause a gerious increase i rate of corrosion.

The choice of the best expedient or combination of ex-
pedients must be made for each type of equipment, and wiil
be affected by operating and water considerations. Item ¢
above must be used, regardless of which other items are used,
for all recirculating water systems from which evaporation
takes place.

Once-Throvgh Equipment

Where abundant supplies of water are available at low
cost, the cooling water may pass through the equipment
once, undergoing a rise in temperature. Little difficulty from
scale should be encountered if the Langelier Index is lower
than +40.5, 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 Jower than 100 F. However, since many municipal
supplies are softened so that incipient calcium  carbonate
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{Data required for determining pH saturctio n)

(1) Total alkalinity, a3 parta per miltion of CaCO1 .

) Calcium in parta per million.

(3) Total dizsclved solids, in parts per millicn.

(4) Temperatura, Ceatigrade, st which pH mturation desired.

—

Ingtructions for Using Chart:. °
" L Epowing temperatore and total dissolvod solids, find tempersturo’ and
total solids coastant on Col. 1.+

4 Aligo this constant with given value of caloium o Col. 3 of Chart, then
{oeate point in Cal. 3 of Chart (Pivot Line).

3 Align this point on Pivot Line with given alimlivity on Col. §; read pH
saturation on Col 4.

index is pH actusl minus pH estumation.

81 ~0.5 (corroxive)
84 78

o Maﬂbh “within pH Renge 7.0-9.5)
) Fig. 4....Graph and Nomogram for Determination” of pH Sc:h:rahon by Langehers Formula

is induced, the I

ha.ble indication of scaling wndency

of scafe in is based pri-
msnly on the adjustment of pH, '.he spphcauon of surface-
active agents, or a combination of the two. Normally the
addition of 8 few parts per million of a surface-active agent
such as a polyphosphate® fed proportionately to a water
with a scaling tendency is ali _that is requ.lred to control *
scale.

Index is a more re-

‘Where a given water does not mpond sausfacwnly to
surface-active agents, reduction of pH with sulfurie acid or
carbon dioxide is often employed. The pH is reduced only
sufficiently to have it fall within the effective range of the
surface-active agent. The use of acid or carbon dioxide is
sometimes permitted without polyphosphates when corro-
sion will not be severe. In this case the pH is reduced s0
that the Langelier Index is less than +05. The acid or car-
bon dioxide must be added with care. Use of automatic pH
controllers is required if corrosion is to be prevented.

* A special case of scale from ferrous bicarbonate decompo-
sition was mentioned previcusly. Ferrous bicarbonate is con-
siderably less stable than calcium bicarbonate. The preven-
tion of th!s deeompomtlon can be momphshed by the

dditi poly in low * The use
of polyphosphate m “the ratio of two parts by weight to

one part by weight of iron is usually mogt effective. The
polyphosphate must be added to the water before exposure
of the water to air or chlorine if effective stabilization of
the iron is to oceur.

Closed Recirculating Systems

The closed recirculating system is one in which water cir-
culates through ope heat amhanger -where it absorbs heat,
has its ten ulat '.hmughan-
other heat exclumger in wlnch m temperature - is lowered.
In cold water or chilled water systems scaling is seldom a

. problem. In hot water systems scaling is seldom a problem

unless there is a large amount of make-up water.”

Open Recirculating Systems
_ Where water from condensers and similar equipment is
passed through a spray pond or cooling tower and then
returned to the equipment, there is an increase in the con-
centration of solids because of the evaporation of some of
the water into the cooling air, and, moreover, the aeration
removes carbon dioxide. Both factors promote the tendency
to deposit scale.

The corrosive properties of the water can also be increased
through the absorption of acid gases such as sulfur dioxide
(80,), from the air.® The absorption of gases from the air




