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lead alloys in sea water, etc., are more mdely used in im-

monad

pressed current systems. "’he distribuiion of prot cur-

1965 Guide And.Dota Book

ant.\freexe soluhons, ‘lubricants, - lithium bromide absorpuan

rent on the cathode, power costs, and stray current effects on
neighboring structures must be considered when selecting the
number, form, and amngemen'. of t.he snodes.

A recent deve d-current cathodic pro-
tection is automatic potentml cont.ml M In this system, the
potenun.l of the structure is mntmuously measured against a

1 de by a i
the pmﬁecuve cument. applied to maintain the structure at a

tial value. Since the protective °
current !eqmmmﬂ“s vn.ry from place to place and from time
to time, the automatic potential control system assures full .

protection at all times and prevents excessive cathodic pro-
uchon, whu:h would accelerate coating damage by electro-
effect;* and cathodic attack on
mmh as alummum and power wastage.
Full

3 dent

upon
adequate current flow reachmg all surfaea to be protected.

On bare surfaces, the relation between an anode and cathode ~

ing system which regulates

ic metals

reir brines, and other lquids.
The local environment at a metal surface ean sometimes be
made less corrosive. This is the principle involved in the addi-
tion of filming amines to steam in order to protect condensate
lines and in the addition of certain additives to fuel oil in
order to reduce fireside corrosion in boilers.
Finally, some modifications of eqmpment design to reduce
the likelihood of are also
changes, e.g., the elimination of erevices and the provision of
weep holes to prevent water accumulation.

WATERSIDE CORROSION AND’DEPDSITS

The occufrence and correction of corrosion in water systems
is so closely interwoven with the oecurrence and correction of
other water-caused ':oublm that it is virtually impoasible to_

ider them y. The most, of these water
problems in hesting and ooolmg systems are ane or more of

configuration determines, in large part, the distribution of
pmﬁechve current For example, rels'.lvely simple anode

will ly distribute p ve current on the
outeide of xtorage tanks, well costed pipelines, tank mtenors,
and water boxes of heat exchangers. However, the

the following: (1) C n, (2) Scale formation, (3} Bic-
logical growths, and (4) Suspended solid matter.

The importance of having some knowledge of these prob-
lems can be appreciated from the fact that each of them can;
10 a varying cause serious reductions in the cooling or
hea

current received on the interior of a condenser tube from
anodes in the water box diminishes rapidly, within approxx—

mately two of the tube ent.
R.spxd i of '.he n—. effect occurs on t.he
4“.{ bare pi ductive media. ’I'l f

pmtecuve current. sources must be applied at more f)

ting i ofasysfemandmcausepmmawmeqmp-
ment failare, in some cases with widespread: damage and
danger to persons in the vicinity.
It is rare, thst adequste mogmhon is guvan h the eom—
plexity of the control of wat

ticularly in heatmg aud coolmg syshems The pmper bmdlmg

inf R
qu-m(u! effects of stray currents from a cathodic protec-
- tion system upon nelghbonng unlmw or other molated

of such L water

s, and ! admin: dunng each stage
of the system development design, conxtruchon, installation
a.nd operation. The information presented in this chapter is

noetallic sy must be All d eath-

odic pmwctlon installations should be reported to, and
peration with, local el lysis

E ics. Since the cathodi pn.nmple mustbe

adapted to meet the specific needs of each corrosion problem,
the costs vary widely. Although the amnual costs for pro-
tecting large coated structures may range from $.002 to $.02
per sq ft per year, the annual cost for protecting similar bare
surfaces may vary from $.02 to $.20 per sq ft, per year. .

Environmental Change

' Another approach in the battle ‘against corrosion is to
change the environment so that it is less aggressive to the
equipment. One of the more familiar examples of this ap-
proach in the refrigeration industry is the use of solid desic:
cants, such as silica gel, for maintaining a low moisturé lével
in refngemnt lines. Another npphcatmn of desiccants is fof
minimising- stmospheric corrosion by maintaining a -low
relative humidity. The familiar moth-balling technique “for
pmservmg decommissioned ships and other heavy equ:pment
is an example of this.

Vapor phase corrosion inhibitors can be employed to mini-
mize atmospheric cornmon in certain cases. Dicyelohexylam-

ium nitrite, for is ines used for the protée-
tion of steel parts within sealed containers. A related com-~
pound, cyclohexylamine dicarbonate, has been used in Great
Britain for the protection of idle boilers.

Addmgslkahtowahertomset.hepil a.ndusmgeormmon
i , such as chro , are other of teing
eorromve attack by changi t.he envi i Corrosion in-

ibition in water is d more fully in’thé next
section. Inhibitors for common control are added to glyeol

tended to provide the reader with a background for better
understanding of the causes and handling of water problems
in heating and qooling systems. However, it is necessarily far

Table 5 .... Anclyses of Typicol Public Water Supplies
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. from time to time, either because, supp!
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e the- 1
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Table b .5 . . Variations in Compoasition of Schuylkill
o River Water at Belmont Filter .
! .-, Plant, Philadetphia, Pa. y
)
T | Total { * Total Jobal. v
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Sepom i ;g %g ??) étl} }09 32? Fig. 1 .... Relationship Between Bicarbonate
November | 7.6 | 181 61 . 8 121 ] 289 Alkulmny, Free Corbon Dioxide, and pht
‘December 6:7 184 58 18 121 286
6.7 73 32 5 48 123
m“’:‘ 178 25 7 2 135 | 341 ing results which may dxﬁer from those anticipated on the

« 1049, Bacspiea were compéites for tho 1k ten day of each month.

ﬁomsuﬁclentwqunhfy the readeraaanexpen,and oxmts

mywater blems and treatm hods ot usually en-
d in these "Additional information is avail-

sblemRefemnml 3, 4, 5, and 16.

Water Churadensha

Betwe&u'hehmethat:tinllsnsmn,sleet, or gnow and
the time that it is pumped into a user’s premises, water dis-
solves™st least a little of almost every gns and solid substance
with which it comes in contact. It is these dissolved im-
purities, rather than’ the water itself, which are the primary
causes of the various water problems.

The chemistry of water is not simple. Aliost infinite varia-
tions are found in the compasitions of water 1i
showmg chemical analyses of some typical public water sup-
plies, gives & slight indication of these variations. Further-
more, the water réceived at & given location may vary widely
from different
sources are being used. or becduse the compésition of a single
supply fluctuates, as in the case of water supphes obmned
from rivers (Table 6).

Another, and often neglecfed chnmctznsm: which affects
watercaused problems is that the composition of the water
added to a system does ot necessarily réfnain the same after
the system starts to operats® Changes in chemical composi-
tion take ‘place as the mult of evnporatxon, aerahon cor-
rosion, and scale f These ch tem-

tion of biological growths, and the
u{umulnt.mn of suspended matter all tend to produce operat-

Tuble Convetsion Fadors for Water Anu1yses

To Convert

Into | Multiply by

‘ppm 7
ppm 143
,ppm 4 1000
‘ppm -1

Table 5, .

basis of the ch of the maki water.

Chzmwal Chamdauhcs The type and amount of dnssolved

ic materials, including gases, define the chemical

characteristics of any water. Typical water snalys(s such as
those shown'in Table 5 are not complete, but give only the
major constituents and those important for mumcxp&l and
average industrial use of the water. The many minor constit-
uents which are present in most water supplies have little or
no importance for the overwhelming majority of water uses.

In water analyses, all values, except pH, are usually given-
as parts per million (ppm), the weight of material dissolved
in a million parts by weight of the water or solution. ThuS,
1 percent solution corresponds to 10,000 ppm. It is im-
portant to keep in mind that, when water mmlysm are re-
ported in ppm, the chemical specuas must also be given. Thus,
the same calcium concentration in a single water might be
variously expressed as 100 ppm as CaCOs, 56 ppm as Ca0,
or 40 ppm as Ca.

Other units are also used in reporting water analyses. Table
7 summarizes a few of the more common of these, together
with factors for converting their numerical values into ppm.
Mast water analyses include only dissolved solids and omit
the dissolved gases which are also present. Certain of these,

such. as nitrogen, have virtually no effect upon any use 01' .

water. Others, such as oxygen, carbon dioxide, and hydrogen
sulfide, produce important effects in water systems. Carbon
dioxide can either be measured directly or can be estimated
fromthepHmdwt&lalkahmtybymnkmguseofoneoﬂha
many available variations of Tillmaan's curves (Fig. 1).

_Oxygen and hydrogen sulfide, on the other hand, in t_)rder w
have any ing must be d by special tech at
the time the sample is collected. Because" oxygen is s0.im-
portant in the corrosion of metals and because it is so readxly
dissolved to at least a limited extent as the result of contact
with sir in many water systems, the water chemist will often
simply make the conservative assumption that any water
supply which has had an opportunity to come .into contact
with air will be ssturated with oxygen in accordance mth its
partial pressure in air and the water temperature. . .

Of the chemical constituents ] reportedmawaw.r
analysis, lolal hardness is probably the item most commonly
recognized by laymen. Strictly speaking, this is & measure of
the dissolved substances whlch pmvent s0ap from Iaﬂmnng
-In most eases it corresp to the and




