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?'here is no steel fot~ntl 011 c;~rtl l  i n  the for111 of  ;I 

pure mincr;tl like golci. Stccl is an ;trtil'icial sul.rst;tncc 
motlc from iron ore t l l ; ~ t  is st:thlc in 111c fornl of osiclc. 
Sincc steel is not s t i ~ l ~ l c  ill  nature. i t  terlcls to cll;tr~$c 10 

:I stnhlc form of osidc wllcrlcvcr i t  is csposcrl to the 
:ttrnosphcrc. wittcr. o r  soil; ancl this is corrosion. 
Corrosicln is the clcstructivc attack of a m ~ t i t l  1,). 
cl~cniical or  clcctrochen~ical rc;~ction. Deterioration I>! 
physical c.i~uscs is 1 1 0 1  c;~llctl corrosior~. 13 \11  is tlcscrit)ctl 
;IS c r o s i o ~ ~ ,  g;tIlir~s. o r  L V ~ ; I I . .  1s.ro111 t l ~ c  l ) o i 1 1 t  o f  vic\v 01' 

structural pcrformancc, corrosion is a ~>otcntial cause 
0 1 '  f';tilurc I)y v i r t ~ ~ c  ol' tllc higIlcbl. Icvcls ol' str.~*ss 
rcs~t l t i~lg  I'rorl~ rccltrcctl hcctioi~, 111 ortlcr to aclticvc ;I 

Io~lg  scrvicc life 0 1 '  steel structures. ~>r .olxr  ~xotcctiorl 
,- nlctl~ocls 01'  slccl ;t!:;tir~st co1.1.osio11 ;it-c t i c c ~ c > ~ ; ~ r v ,  ' I ' l ~ i h  

rcqttircs ;I good I I I I ~ ~ C ~ S I ; I I ~ ~ ~ ~ I I ~  01' c o r r o s i o ~ ~  111ccl1;111istn 
of steel materials. 

2. COIIROSION IL.IT?CII,\NIShI OF S'I'I<ISI, 
A I /i'r 1CII I fi 1,s 

On an open circuit. zinc can corroclc slowly. The 
sloiv conhurllption of zinc on an opcn circuit is 
accourltcrl h)r I;~rycly b y  the j~ctivity of minute 
irllpuritics, like irbn, cnll>ctlclcd in the surface of zinc. 
,.In) nlctal surface. sirnilar to thc situiition for zinc, is 
a conlposite of clectrorlcs clcctrically short-circuited 
tllrousll tllc Iwdy of metal itsclf (Fig. 2).  So  long as 
tllc r i~et i~l  rc~i l ;~ins  dry. corrosion is riot observed. But 
on cslx)surc of thc mct i~l  to wotcr o r  moisture, 
Ioc;~l-action cells itre forrnccl and arc acconlpanicd hy 
cllcrl~ic;~l convcrsiorl of tllc mc t ;~ l  to corrosion 
~ ~ l o ~ l \ l c l s .  

111 tllc c;ts? o f  1>11rc 111ct;tl S I I C I I  ;IS iron or  steel 
cs lx)sa l  to 1I1c ; t ~ ~ ~ ~ o s ~ ~ I ~ c r e .  1oc;tI-;tction cells ;Ire ;tIso 
set 111) \vI1cn t11crc arc v ; t r i ;~ t io~~s  irl the environment or  
i ~ t  tcrllj)cr;~trtc.c. I.'or. iron o r  htccl. the ncg:itivc 
clcctro(lc.s ;Ire c o n ~ m o ~ l l y  portions of the iron surface 
itsclf covered pcrhaps hy porous rust (iron oxides). 
ant1 positive clectrotlcs arc areas exposed to osygcn 
( f..ig. .3). '1 .11~  ; I I I I O I I I I I  of oxygcn r c ; ~ c I ~ i n ~  tllc 1nct;lI 
th;tt is covered I>y ruht is less than thc amount that 
contiicts other portions \\!here permeable coating is 
rllirlr~cr or ;~l)scnt. '1'11c ~x)siti\,c ;tnci 11cy;rtivr: elcctroclc 
arcas irltcrcllanyc and shift from pl:tcc lo pl;lcc as thc 
corrosior~ reaction proceeds. 

Fig. I Dry ccll'" Fig. ? >lc.lcI 5url;lcc. cnl ;~rgcd \howins  schcrn;~~ic ;~rr;lngcrncnr 

C I C  Ioc;~l-i~ctio~i cell' 
. ... ... :ntionctl ;tI>ovc. corrosion processes ;ire 

media'. the action is similar to that taking place in a 
ccll n1;ldc . u p  O f  ;I ccntcr c:~rhon clcctrotlc ;tnil ;I zirlc 
cup c'cctrotlc scp;tr;~tctl I>y ;tn clcctrolytc cons i s t i~~s  
csscnti.itlly of NI-I,CI solution (Fig. 1 ) .  At t l ~ c  c;trt>on 
elcctrcjde (positive pole). chemic:tl reduction occurs. 
;tntl ; I [  the zinc clcctrotlc (11cg;ttivc pole) osit l ; t t io~~ 
occurs, rnctallic zinc I~ci11g c:o~lvcrtccl ir~to hydri~tccl 
zinc i )ns .  The grcatcr the flow of clcctricity through 
the c r i ! ,  greatcr is thc amount of zinc that corrodes. Fip. 3 Dillcrcnii;~l ;~cr;~rion ccll rornicd h , ,us[ o n  iron' 



W h e n  there  is wa te r  a t  the  s tcc l  surfacc. the  
f o l l o w i r ~ g  rc : l c t io~ ls  [ ; \kc pl;tcc: 

F e r r o u s  I ~ y d r o x i c l c  (Fc  (01 I ) , )  forn ls  nest  t o  
t h e  s tec l  surface. A t  the o u t e r  surface of the  o s i d c  

f i l m ,  fe r rous  hyc l rox idc conver ts  to fer r ic  I iy t l ros i ( lc  
b y  d i s s o l v i r ~ g  oxygen ,  i n  ;tccortl \vit lt 

Fe r r i c  h y d r o x i d e  takes place a t  the  o u t e r  surface 
o f  t h e  o x i d e  f i l m ,  a n d  t h c  corros ion react ion proceeds. 

3 .  METHODS FOR PIIO'I'EC'TION OF 
,- STEEL 

MATERIALS .AGAINST CORROSION 

Since s tcc l  is t lot  stal)lc ill ~ ~ ; t t t t r c .  i t  t rcr lr ls t o  

~Ii:111gc 10 ;I SI;II)IC I'OVIII 0 1  osiclc \ \ I I L ~ I I ~ \ ~ ~ I .  i t  I \  

cs~)oSccl t o  ~ l t l l l o s ~ ~ l l L ~ l c .  \Y;ltLsr. 01 5011.  ~ ' o l l \ ' ~ ~ ~ ~ l L ~ l l l l \  

ill or-clcr t o  rcI'r;tin 1'1.0111 t I 1 i 5  I)cli;tvior. p r o l ) c ~ .  

p r o t c c t i ~ l g  ~ ~ ~ c t l l o t l s  ol' steel ;tg;ti~ist corro5io1i  ; ~ r c  

r e q u i r e d .  .l'licsc ~ n c t l l o d s  I'or p ro tcc t i r i g  s tcc l  (csl>osccl 

to a t r n o s p l ~ c r c s )  ag;tinst corros ion can b e  classil iccl 
i n t o  f ive g roups  as t'ollwos:' 

- Co;ltit igs (organic  ;tntl i i l o r y : l ~ l i c )  

- h l c t a l l i c  c o ; t t i ~ ~ g s  

- Cat l ioc l ic  p ro tec t ion  

- A l l o y i n g  

- C o n t r o l  o f  c ~ i v i r o ~ ~ r l ~ c ~ ~ t s  

N o r m ; ~ l l v  p ro tec t i ve  co;ttin.cs i ~ p p l i c t l  t o  s tcc l  f o r  

l l r o l c c t i o ~ i  ; lg: t i t~st ; t t ~ ~ ~ o > ~ ) l ~ ' r i c  c x ) r r o \ i o ~ ~  :IIY l) : t i t~ts. 
I>. ' 'I lnts arc  ~ ~ ~ i s t i ~ r c s  oI' 111:tny r;t\v 111;ttcri;tls. SOI~IC 

c o n i p o n c n t s  c a n  nave a very signit'icant e f fect  \\tic11 

u s c d  i n  p r o p o r t i o n s  as lo lv  ;IS 0.01 p e r  cent o t  the 

t o t a l .  whcrcas  o thers  c i l l l  h c  \ . ;~ r i c t l  to s0111c c s t c r ~ t  

\v i t  h o u t  hav ing  t o o  clrastic ;III e l  lccr .  13;1sic;tll!~. ~ > ; ~ i r i r  

consists o f  t l l r cc  111;tior corl l l )or lcr i t \  ; t i  folio\\\: ' ' 

- I3inclcr ( s o ~ i i c t i r ~ t c s  c:tllerl rc5irl. \ c l ~ i ~ , l c .  ( 1 1  

po ly rnc r )  
- Pign icu t  ancl cs tcn t l c r  

- Solvent  

so lvcr i t  is I)rcscnt t o  y i vc  goot l  appl icat ion p roper t ies  
;IIILI i s  r~* ; t I l v  ;III C S ~ ~ ~ I I S I < L *  \V;IXIC ~ ~ ~ ; t t c r i ; t I .  

h1ct;tllic c o a t i ~ t y  ; ~ r c  \vi t lc ly \ t i ed  ill p r ;~c t i cc  :IS 

a n  cl' l 'cctivc Incal ls  I'or t l l c  corr.o>ion conr ro l  of meta l l i c  

r i latcr ials.  h l c t ; ~ l l i c  c o i ~ t i ~ l g s  ~ w r f o r r n  ;I l o n g  scrv icc 

l i l 'c.  It \\.;IS r c l ~ o r t c i l  tI1;tt t l lc  scrvicc l i re  of z inc 
~ , o ; t t i ~ ~ g .  -100-700 gl~i t . ' .  III;I~ i o ~ ~ ~ c t i ~ i i c  l ~ e  o v e r  00 

vcars." h l c t a l l i c  c o i t t i ~ l g s  can l>c i l iv idccl i n t o  t w o  

classcs. \v l i ic l i  is r lob lc  :~rit l  sacrit'ici:ll. F o r  n o b l e  

co;ttings (c .c .  11ickc1. i t .  s i l c r .  copper .  o f  
c h r o ~ n i u m )  on stecl. the d i r c c t i o n  of cur ren t  
accc lcratcs :ttt:tck of the  hasc tnct;tl. B u t  fo r  sacri f ic ial  

coat ings (c.2. zinc. cac l~ni t tn i .  o r  a luminum)  o n  steel.  
t l l c  d i r c c t i o n  of  cul.rcrit th rough  [ h e  e lect ro ly te is f r o m  
coa t ing  t o  l ~ a s c  m c t a l :  as :I resul t  o f  this. t l i c  base 
n lc ta l  is cat l iod ica l ly  p ro tcc tc t l  (F ig .  4). So l o n g  as 

:~t lcc l t~ : t tc  cu r ren t  I l ows  anel t l l c  co;~t i r lg  rcma ins  i n  
c~ lcct~. ic . ;~ l  c o ~ ~ t ; t c l .  c o r r o s i o ~ l  oI' 1 x 1 s ~  111ct;tI ~ I o e s  not  

' I ' I lc 111051 COI~II~IOII IIICI;III~C c o ; ~ t i ~ ~ y  ttsccl t o  

p ~ . o t c c t  s(cc l  i t1  ; t t ~ i ~ o s ~ ~ I i c r c s  is z i ~ ~ c  c . o ; ~ t i ~ ~ g .  ' l ' l ic 111;tin 

: ~ c l \ ~ a r ~ t a g c s  01' z i ~ i c  c o ; l t i ~ l g  ;trc i ts lor ig scrvicc l i f e  a n d  

i ts  c c o n o ~ n i c .  L 'or ros ion r : ~ t c  01' ~ : t l v ; t n i i c d  s tcc l  p la te 

is !.cry lo\\. corilp:trctl w i t l i  nl i lc l  steel ( l ' ab lc  1 ).' 
' I ' l~cr .c  ;tsc';ilso r l lc  o t l i c r  ;~t lv; tntagcs ;IS l'ollows:" 

- ( i o o t l  :~ i l l i cs i vc  p r o ~ > c r t y  

- ( iooc l  sitrl';~cc l ' i ~ ~ i s l i i ~ ~ ~  

- I l i y l i  re l i ab i l i t y  
- ( ';III rc( lucc t i n l c  01 '  consf ruc t ion  

. . - . . ._,. . ... . . . , , , . , , ~ ~ c r i ~ ~ c ~ t  
coat ing 

f,!ctal 



'Fable 1 Corrosiori 1;1tc of rlliltl stccl ;~ncl gitlvanizcd stccl in  atniosl)hcrcs ( lO- 'n~ni /~)"  

Environmenl 

I'lace 

slecl Stccl 

X1;trinc 

City 
Industri;ll 

I Ic;~v)r I n d u h  

R u r a l  

hli ld 

steel 
0.2'; 

I 
- 

(;alvanizcd 

Steel 

In gaicr ;~I ,  c;~thorlic protection is uscl't~l for 
corrosion corltrol of o~ily sul>rilcrgccl or t>uriccl ~lictals 

Irl \uI; t l~ng c.o.~rinc 
that arc exposcrl to aclucous cnc.ironrn~:~ts or to mctli:~ ro m ~ \ i ,  \ p c c ~ m c n  
such as soils containing licluicl clcctrolytc ;IS the Rcfcrcn.cc - clcctrodc 
coritluctirlg co~ll~)oric~it ." .I" ' I ' l i~~s ,  i t  is I'rccl~rcritl~ 
sr;itccl 111:11 the rccllrlicll~c cilnnot t)c e~~~[)IoyccI  to 

~)rcvcnt corrosion ;~l>ovc the water line. 1)ccatrsc the 
i~~iprcssccl crlrrc~it C ; I I I I ~ O I  I .C ; ICI I  11ict;11 ;lrc;\s [ l i ; ~ t  : ~ r c  
otl[ o f  con[ac[ willl [lit clcc[r~)ly[c. '  I l ~ \ v ~ v c . r .  ~ I C C I ~ O I I I C ; I I I  S!ccl pl;~lc 

lloufu' ' statccl that c;~~liociic l,ro~cctio~l c;in I,c c o ' l t " l ~  "" 

cr~iployccl \villi  tllc cor~i I~ i r~ ;~ t ior~  of ~.o;~tirlg. 'l'lic key to 
;~pl)lyirig irii~)rcssc~I ~ \ I ~ I . C I I I  c;~~lioclic pro~cctiori 111 SoIitI cIcc~rc~Iytc 

;~lriiosl)licric crlviso~l~iicr~ts is lo use ;I solicl iorlic "llll;liflill.~: c();llill?' 

corltluclor ;IS ; i n  ;~ l lc r~ i ;~ l ivc  to ;I l i c l t r i t l  clcctrolytc. ;111d 
llic ly[)c ol' I ) ; I ~ I I I  cll;~r;~ctcr,izccl I>y ioliic contl~~ctiori is 
required. Doul'u found that tile introcluction of a solici 
electrolyte into the paint can solve this problem. The Fig. 5 Schematic clii@r;~rn of clcctrodc ;~sscmhly uscd 

conccpt can bc ill~~stratctl by Fig. 5 .  
f t l r  c ~ p c r ~ l t ~ c r t r ~ "  

The overall coating system is constructcd by 3.4 Al lo~ i~rg  
co:iting thc metallic surface to he protcctcd \vith the 
solid clcctrolytc cont;~ining coating (CK coating). 111crl 
with :in clcctroiiic;~lly co~iducting co;~tiny that acts as 
tlic anotlc. ?'lie 111ct;1l is [lien c;~tl~orlic;~lly ~>ol:rri/ccl 
using n n  cxtcrrial clc source. '1'0 i~ssist control of tlic 
cathotlic potcnti;~l. ;I gr;~pllitc rct'crcncc clcctrorlc is 
c~ l i l~cddcd  i n  ~ l l c  ('K coating. 

By this rncthocl. stccl rni~tcrii~ls ciin he protected 
itgainst corrosion in iit~nosplicrcs with high efficiency. 
Tablc 7 illustrates corrosiori rates ;111d protection 
efficicncy under c:~thodic protection." . 

/\lloyins is : ~ n  cffcctivc nic;ins for iriiproving the 
rcsist;l~icc ot' nict;~ls to ;itt;~ck by corrosive 
cnvironmcnts. \illlcn ;~lloyctl with stccl in sni;~ll 
conccntrationh. copper. ~>liosl,Ilorus, nickel. and 
chromium arc particularly cficctivc in rcducin_c 

. 

atrnosplicric corrosion. '1'al)lc 3 shows tlic cffcct of 

low-;~lloy conlporicnts 0 1 1  ;~t~iio.ipllcric corrosion of 
~rtccl. ' 

T'hc uscit~lncss of  I o ~ - i i l l O ~  stccls to effectively 
rcsist :~trnosphcric corrosion through formation of 
protective rust films has rcsultcd in the dcvel~pment  



of llic so-ci~llctl wc;lrllcririg srccls. 'l'licy i~r-c crill)loyctl ~icccssity of ~);lin~ilig, 11icrcl)y si~vi~ig i\l)l>r~cial)lc 
for coristruction of  buildings or hri~lgcs \\.ittiout tlic ~l l i~i~l tcn;~~lcc '  costs over thc lil'c ol' tllc structurc. 

'I'able 2 Sutnliiafy of' corrosiorl rarcs (by wcigllr Iosh) ;irltl ~)rotcctio~i clliclcncy irrltlcr c;~rliotlic ~ ) r o ~ c c t i o ~ i  
by mcans of CK coating : 40°C. moist atmosphere. rest duratiorl 7 days" 

Condition 

Control specimen without 

coilring ; ~ n d  cathodic 

prolrcriorl 

Co i~ tcd  spccirilcl~ witllour 

c:~thodic prorcction 

Coi~ tcd  spccilncn u~rdcr  

c:~tl~citlic p r o l c c ~ i c ~ ~ ~ '  

- 2lM) nlV  

- .350 m V  

- SIN) I ~ V  

- 71U) IIIV 

- 8.50 111v 

Table 3 Effect of low-alloy components on nt~nosphcric corrosion ol' comrnerci,al steel shect 
(Eight-year exposure)" 

-- - - - - 
16 % I n  \tccl 

Corrosion rate Protcrl~on 

(ninll! c i ~ r  1 clTcicnc> ( "r 1 

- - - 

Mild htccl 

Corro\ion rate 

(I~IIII/!C:I~) 

I'rotrclion 

cflicirnrj ( 70) 



The.  other method for protcction o f  stccl 
materials ;~gi~inst corrosion in ;~trnosphcric cnviron- 
nicnts is to corltrol the environment. Tl lc methods of 
controlling hulilitlity i ~ n t l  rcrnovi~lg impurities ciln Oc 
applied. As mcutiollcd 1)cl'orc. a criticill Iiumitlity 
exisls below whicli corrosion is negligible. ?'llcrcforc, 
i f  humidity is controlled a t  lo\\lcr than the critical 
value, corrosion protection will be effective. 

[Zcrnovi~ig at~iios~;l~cric ilil l)uritics 5~1cl l  ;IS ~11151. 

sull't~r-tlioxitlc. ;111tl sc;l-s;~lt ~);lrticlcs is ;~lso cll'ccti\c 
for tlic protection o f  stccl ~ l i ;~ [c r i ;~ ls  ;~g;~inst cc)l,~.osiol~. 
I t  was rcportctl that i f  tllc ;~tliios[)llcrc is t l lorc~~rghly 
purified, there i s  n o  corrosiorl eve11 i l t  O O ' % ,  Ill 1.':' 

The corrosion process of bare stccl h:is bccn 
cl;irifictl in this [)ill>cr. I 'hc methods I'or protecting 
steel mnlcr i i~ls tI1iIt ;Ire csposci/ 10 ;~tliiosl)llcrcs 
against corrosion were investigated. 'Tllcse protecting 
methods can be classified into five groups. They are 
coatings, metallic co:~tings, cathotlic protection. 
alloyings, and control o f  environnicnts. 
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