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240 CHAPTER 15

For new subsurface str , it is-therefore good practi
to include corrosion’ control measures in' the design. Such ocor-
rosion control must be selected and adapted o meet
the specific conditions in which the structure will exist: A cor-
rosion survey of some form is usually necessary before corro-

1965-Guide ‘And Data Book

Types of Soils

The oormsvﬂ:y of & soil is affected by lfa poms:ty (w,_
tion), electrical resistivity, dissolved salts. (depolarizers and
mhxblwm) moisture, and wd.xty or alkalinity. Although

sion eontrol can be designed for und, Etmc—
tures.® - B

Protective Coohngs——Eecmcc“Y lati

rates and ch istics caanot be exactly relateq
to the individual factor, the attack on a metallic structure
buried in niform soil’ will dly be on thoge
surfaces in contact with the least porous (sir-free), leagt

Protective coatings are applied to - undergmund stmctums
to isolate them from the soil envirohment and to insulate them
from electrical effects. Such costing maten&ls must, pom
long term qualities of high electrical resistance, inertness to
the envxmnme.ut low water absorption, }ugh resistance to

bysol] S and the te: atures at which

they are op d, and good adhesion. Most ings require

reinforcing, shm]dmg or both, to resist soil stresses. The per-

formance of.all coating systems even those.of the best ma:

terial specxﬁmtlons, are depaxdr.nt upon’ ﬂ}e mef.al surfnee

i and baclkfilling

and the physxml, chemmal blolog]c.&l, and e!ectnml stresses
that occur m service. -

The most, umd on “"_ v .‘Ast.ruol:
tures include the following: . - St
1. Hot-applied coal tar enamel. ’

2. Hov.cpphed petroleum base eoahn sudx 28 aapba.l'.
mmala and wax:

) Pulyenhylene or polyvinyl (tapes’ and ex':uded pu!yelhyl-

4. Coal tar epo:
5. Co!d-oppbadx{zmmunous and uphn.lt emulsona, cutbad(
solvents, greases, etc. ”

ene,

Tbe performance of ‘the cold-applied ooatmgs is ganerd]y
found to be the least effective.

Each of the coatings is formulated by ité manufacturs foxt
specific application and service conditi ’
TheT"‘P—-‘ C oft.heNACElnve

prepared st; on s for coal tar
coatings,® asphalt-type protective coatuwa, and pmfnbnm:ed
plastic films.

Cathodic Protedxon

Although cathodic, protection ean be &p‘:bed to baxe st.m -
tures underground, it is most widely.used to provide corrosion
control for exposed metal at the coating flaws (holxdays) whxch

i , most galine,. most moist, ort.hemostwdmsml_
The National Bureau of Stand has "themmz
extensive data’? on a series of field tests on various metals
and coatings in. many  typical soils throughout, the United
States. These studies, begun in 1910 and continued until 1955,
are the ‘most lmpon.a.nt source of mformahon on soil corrosion
avm]able. N

[
Bcderlul

High rates of corrosion m some air- free mvuonmm(s bave
been found to be iated with the of sulpk
ducing bacteria (spomvlbno dmxl.ﬁmm.ns) The role of t,hme
bacteria in the corrosion process is being- vigorously studied »
Tests on bacterial growth have shown some coating materials
are susceptible to biological attack. . -

Bacterial nchvxty should not be eonsndered a special nnd
new form of, cormsmn The conventional use of well apphed

and ion will control corrosion on
u.ndergmlmd metallic su'uctum in the presence of these
bacteria. Coatings which disbond, allowing water' and cor-
rodent to reach.the metal surface, will shield the exposed
meta! from the e.ﬁ'ects of apphed cathodxc pmtect.\on.

NACE and National Bureou of Stondards
References .

Most. of t.he significant papens pmnted at meetings of the
of which are

pemnent w underground corrosion and protection are pub-

lished in its ;ouma.ls Con-annn and Malawk Protection. Spe-

¢ific’ ) for under-

ground pipeline corrosion control are developed by Technical

Practice Committee T- 2

A stater p d by this C i on
quirements for corrosion contm] of underg:mund p:pelmm"
reads as follows: -

inevitably occur on the coating during and after 1],

The rate of metal penetration at coatuxg ﬂaws is oftm gma(er

than that on bare _surfaces. .. ;e
The cathodi jon of und, 1 “,‘

can be Bceomphshed by either galvamc anodm [(

RS E

1. Und swelglpmghnspomngpetmleummor
x-elahedr aress or
mnsﬁnglnmchmmnauwmtenﬁmrdwpubhc
safety, ahou!dbeeoated wnthaprotechve material of ‘per-
manznthx;h - Buch ﬁnutno

or ginc) or d current d current may.
be applied from anodes dxstnbuwd a.longxda the structure,
from remote anodes, or from deep well anodes. |

The method used depends  upon the eeonoxmm and the mte

conditions aff ting the design requu&
nients. - ..
Full cathods is achi

4 when the cumnt ap—
plied to the structuxe isan e.mount. sufficient-to prevent cur-
reutﬂnwmbotbesuﬂhomany ds]lpomt.sonthesmiue
of the structure:

- Specifically, this protective curmnt must be &pphed to the’
structure in an sufficient to its 1 sur-
face, at every point, negative by 8t least 0.85 volts to a e« copper-
saturated copper sulfate half oell in t-he lmmedmte pmxun—
ity thereof.®

. a8 to resist soil mmm,
a!u;l‘ded in sud: manner as m receive negligible damage (mm
ch stresses.

.N’v

W'here egvironment indjcates coating, as set out in No. 1,
the protective-coating should be supplemented by. npphm-
- - tion of adequate cathodic protection of such coated
3. Where question, may arise as to the npphmb of t.hac
requirements due to existing and lo; edy
Lhe problem should be passed to’ t.h ocal electmlym com:
. El:tee for study and

d’of quahﬁed i
whumeogmnnto theovuﬂlpwbiemsnd are free and.
capable n! _making objective decmou

' The most comprehensive, long-term' study of undergmund
corrosion has been conducted by the National Bureau of
Standards. The studies of soil corrosivity, materials, coatings, *
cathodic protection, stray currents, etc., eonduct.ed over a
penodof45yemshavebeenpubhshed"

msulauon does not prov:de ©OTTosion. pmtec-
water Catastmplnc corrosion "oce! o.n hot

Cermltwntly conmcted by wMex o I‘hxs
pe gurflces when, inf oy
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< The shut-down period, when condensation of moisture oc-
curs on mem.lmrfSes is usually the time’ whanthegreatest
da.mnge is done. When long shut-down periods are nnhmpated
a practical method for minimizing fire-gide corrosion is ‘to
clean L!u-. sariace thomughly and to provide adequate dmn

meess ‘cannot be ey P t
tion; such as’ fiber gl magnesia-asbestos, -
::tsu;:k:;)tdrymundergroundmnsthmughwnd
; tablé exumples of corrosion have been experienced wil
‘f,ew ‘months, after construction_ on mn@m&-asm insu- -
luated SNOW melhng plpe mnmfolds ex\‘andmg below' the' s!ab
e e und pipe heat

bnlt mauanals used’ for underyo ea
mslle?tl.:;:l :Snlm some . corTosion protective - d’ect. How-
ver, they.are relatively permeable to.water, and répeated
;un!.i:g ahd cooling -initiates attack under the insulation:
Similary, eormswn attack has been expeneneed at locations
‘water table. | -
afmmt and snow melt.mg plpe embedded m slgbs
ted with ver 27 h‘;nnk, b::n crete

and open expansxon joints, have subj

;%v;pzmm n.9 Severe corrosion of radiant heating pipe
embedded in sand or porous concrete under terrazzo ﬂoonng

R Chspters48 49, and’50.

dry air lation, in order to prevent’ condensation. (See
also Cm of Idle Heating Boilers, Chapter 52.)

" REFRIGERANT SIDE CORROSION

- Corrosion probl which develop,on thé refrigerant side
of eqmpme.ut, and methods for Lbeu' con?.rol, are dscumed in

(oo . REFER )
i mdusirial Water and Industrial - Waue Water
gi;”mw;‘ledg:’a{l ‘Publication x&d :ﬁ& 2d el
' for Testing Materials, P
1 ﬁtykoiﬂvm 'he ggévoswn md Oxidation of Metals (Edward
don, 1960)
Amdg Lfﬁm“‘:‘ oﬁckson, and E. F. Thurston: Industrial Water
Treatment Practice (Butterworth & Co Ltd , London, 1961).
¢ E. Nordell: Water Treatment for Bﬂur
¢ P Co., New Yark, 1961 an ed.)

has also been experienced. It is good

. sunh heaung sysmms to avoid severe eormsmn prob!ems by

of 1 in. of ; b
surround the piping, a water-proof membrane
rd:i!::h:feyshb and steel saddle pipe supports. The piping
should be coated at expansion Jomts and pipe should not come
in contact with the reinforcing steel. Lightweight or insulat-
mg concrete produces local cell acu“ty at the nonuniformities
in contact with the piping, The piping should be insulated
fmm all other metallic structures. Mngnmum anodes buried
in the adjoining soil may be attached to the piping to provide
rotective effect.

P Alt.bough cathodic protection has been applied to radisat
beating piping,® it is not always possible to direct adequate
amounts of protective current to corroding surfaeejs. The best
corrosion  control are those ted into the
original design and construction of the heating system.

FIRE-SIDE AND HIGH TEMPERATURE CORROSION

The surfaces of flues and boilers dwhmh eonx:; e:inta.) he;]):fa;:
husu roducta are seldom col wl

vnt.h ment o op c hi smoke hoods, and
canopies in eont.sct with flue gas may, however, be subject
to attack during warmup periods or when the rate of operation
is 8o low that the temperature of the flue gas is below its dew
point. In those sections of stacksin th.ch Bw:le gas temperatures
drop below the dew point, corrosion is inevitable during opera~
tion.

¢ 8. T. Powell: Wyala Clogvgt)lwnw Jor Industry (McGraw-
T B Ne;" makr;man Handbook (John Wiley & Sons,
Inc New York, 1948)

7. R. Evans: 4 ’ to Metallic Corrosion (Edward
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Y 1963;
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“miracle’ 'i'w conditioners (Journal of the

It is common practice to use case iron or acid-resistant vitre-
mmenmnd!aisteelmﬂuegaseonnechonsmapphmomm

menoanWa:a Works Association, Vol 50, 1958, p. 1371).
A"B Q. Welder and E. P. !(’umdge Practical pedormnncceof

order to prolong the life of these parts. Pr

with organic binders are destroyed rather rapidly above 400 F,

because of the decompeosition of the organic materials. Metal

surfaces with tempemtums Lhat do not exceed 400 F may bt;
tected by i of paints. Prot o

Vol 1854, p. ).
b Py Cuemi ﬁ“mnvaosxg T, o121
u%ﬂa Wgﬁ:@ﬁ:oadwn, ytical mntml of anticorrosion

‘stacks and other surfaces which xeach higher temperatures
may be achieved by the use of other coatings, such as the
silicones, that are rwstant at the service temperatures.

“r*e-slde corrosion ¢an be minimized by modification of the
firing eycle 80 as to minimize the number of times that the flue
gas temperature drops below its dew point, by specifying low
sulfur cohtent f\(els and, in certain types of installations, by
the use of fuel oés additives which neutralize the acidic con-
densates on the ide surfaces.
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