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SESSION 1 
Predicting Environment Sensitive Fracture:

What We Know and D on 't Know
A. Physical Factors

9:00 —  11:00 am, Monday, March 3

Chairman: B. £. WHde, U.S. Steel Corp., Monroeville, 
Pennsylvania.

S traln-R ate E ffects in E nvironm ent- 
Sensitive Fractures

R .N . Parkins 
The U nivers ity  o f Newcastle upon Tyne, England

P henom enologically, it  is now  reasonably well established tha t 
applied strain rate can m arkedly  influence the incidence o f 
environm ent-sensitive cracking in a num ber o f systems. The strain 
rates tha t w ill,  o r w ill no t, p rom ote  cracking depend sensitively 

'upon the environm ent as well as the a lloy . The effects o f m o no to n ic  
strain rate upon the cracking o f high strength A l alloys in w ater, o f 
A l-M g alloys in C rO j-C I so lu tions, and o f fe rr it ic  steels in various 
solutions w ill be usea to  illus tra te  the interdependence o f these 
parameters. W ith cyc lic  loading at low  frequencies, strain-rate 
effects appear to play essentially the same role as w ith  m ono to n ic  
loading and the lim itin g  stra in rate fo r  crack grow th is p robab ly  the 
same fo r bo th  modes o f loading, as w ill be suggested by results fro m  
studies on a cast A l-N i bronze in sea water and a fe rr it ic  steel in a 
CO 3 -HCO 3  so lu tion .

There is a need fo r more research aimed at exam ining the w ider 
va lid ity  o f this la tte r suggestion, w hich has practical im plica tions 
both w ith in  the labo ra to ry  and w ith o u t, and also fo r strain-rate 
effects to  be considered in the co n te x t o f fractu re  mechanics. In 
bridging tne gap fro m  the la tte r to  the mechanistic side, there is 
need fo r  precise d e fin itio n  o f crack tip  strain rates, as opposed to  
engineering strain rates, w hich may help in fo rm u la tin g  a model tha t 
w ould  a llow  be tter corre la tion  between observed lim itin g  strain 
rates fo r cracking and those calculated involving electrochem ical 
parameters.

Environm ent Sensitive Fracture:
W hat We K now  and D o n 't K now

R. M . Latanision 
D epartm ent o f Materials Science and Engineering 

Massachusetts In s titu te  o f Technology 
Cambridge, Massachusetts

W hile i t  is true tha t we know  qu ite  a lo t about the phenom enology 
o f environm enta lly  induced fra c tu re , l it t le  is know n about the 
atomic-scale in teractions w hich lead to  em b rittle m e n t. In some 
respects, this state o f affa irs is no t surprising since stress corrosion 
cracking, hydrogen e m b rittle m e n t, etc., are com plex phenomena 
understanding o f w hich requires in te rd isc ip lina ry  in teractions by, 
fo r exam ple, materials scientists, surface chemists, mechanical 
engineers and corrosion scientists. R egrettab ly, such interactions 
have never really occurred. In this presentation, emphasis w ill be 
placed in it ia lly  on a b rie f discussion o f phenom enology fo llow ed  by 
a more lengthy trea tm ent o f those characteristics o f metals in 
e lectro lytes w h ich , w hile  perhaps n o t having received a tten tion  in 
tra d itio na l th in k in g  on mechanistics, are considered to play a role in 
the atom istics o f environm enta lly  induced fracture  and may well 
a ffec t on ou r a b ility  to  understand and co n tro l such phenomena.

H ydrogen E m b rittle m e n t o f A lu m in u m  A llo ys :
Fact o r F ic tion?

D. J. D uquette  
Rensselaer P o lytechn ic  In s titu te , T ro y , New Y ork

Environm ental e m b rittle m e n t o f p re c ip ita tio n  hardened a lum inum  
alloys was reported as early as 1929. In general, the higher the yield 
strength o f the a lloy , the m ore susceptible i t  is to  prem ature failure . 
Much o f the early w o rk  on these alloys was concerned w ith  the 
effects o f liq u id  phase aqueous environm ents, p a rticu la rly  those 
conta in ing chlorides. Under s tatic  loading, fa ilu re  in these solutions 
is generally in tergranular and, due to  the preferred o rie n ta tio n  o f 
the grain boundaries, the alloys show a marked an isotropy in 
susceptib ility . This behavior has generally been linked w ith  the 
generic phenom enon o f stress corrosion cracking, and numerous 
mechanisms have been proposed to  expla in observed results. These 
mechanisms include all o f the classic theories of electrochem ical 
d isso lu tion , f i lm  rup ture , stress-sorption, etc. Under cyc lic  loading 
con d itio ns, the en v ironm enta lly  assisted crack path tends to be 
transgranular in com m ercial alloys w ith  some tendency tow ard 
m ixed transgranular/in torgr.m ular under certain environm ental co n ­
d itions  in high p u r ity  alloys.
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Recently, spontaneous crock grow th and low  d u c tilitie s  have 
been observed in A l-Zn-M g alloys exposed to w ater vapor. This 
observation has led to  the con jecture  that many o f the e lectro ­
chemical models w hich had been previously proposed were in error 
and tha t e ithe r m olecular adsorption or m olecular dissociation to 
produce hydrogen and subsequently hydrogen e m b rittle m e n t may 
be responsible fo r environm enta l susceptib ility . These hypotheses 
have led to  o th e r experim ents where a to m ic  hydrogen, at high 
fugacity was in troduced in to  the a lloy by electrochem ical charging. 
These experim ents have been perfo rm ed under bo th  cyc lic  and 
static loading and, at least fo r the highest strength alloys, generally 
resulted in degradation o f mechanical properties. However, the 
question nas been raised tha t ca thod ic  charging also increases 
d issolution due to  h yd ro x id e  fo rm a tio n . This presentation w ill 
address the pros and cons o f each model and a tte m p t to  indicate 
under w hat circum stances hydrogen e m b rittle m e n t o f A l a lloys may 
or may n o t occur.

C urren t Understanding o f the E m b r ittlin g  E ffects  o f 
Hydrogen on Steels and the Rem aining Areas o f Ignorance

R. A . O riani
U.S. Steel C orp . Research La b o ra to ry , M onroeville , Pennsylvania

The advance and in itia tio n  o f a crack in high strength steels under 
the in fluence o f lo w  a c tiv ity  hydrogen are m anifestations o f atom ic 
bond weakening by the dissolved hydrogen. The decohesioning by 
hydrogen occurs very near the crack tip , usually along internal 
interfaces already weakened by chemical and structu ra l features. 
The crack advance is b im oda l, the plastic tearing com ponent 

increasing w ith  increasing stress in tens ity  param eter and w ith  
decreasing y ie ld  strength. The hydrogen-caused decrease o f stra in to 
fracture  also re flects enhanced decohesion at interfaces where stress 
is generated by inhom ogeneous p lastic d e fo rm a tio n . In add itio n  to 
causing decohesion, low  a c tiv ity  hydrogen hardens steel by d isloca­
tion  reactions w ith  the dissolved hydrogen, bu t steel is also softened 
by the m icrovo ids the p o pu la tion  o f w h ich  is increased by 
hydrogen. Hydrogen o f very high a c tiv ity  increases all above effects, 
and also generates internal stresses because o f hydrogen gas 
produced w ith in  the m icrocracks. Th is causes increased tendency to  
lin k  up m icrocracks and thereby cause fa ilu re .

To atta in  p red ic tive  ca p a b ility  by the decohesion m odel, one 
needs to  understand the basic physics o f the decohesioning 
mechanism, the re la tion between the a tom ic s tru c tu re  and chem is­
try  o f an interface and its resistance to  decohesion, the details of 
how  stress is generated at an inclusion in terface by plastic

de fo rm ation , and the e ffec t o f hydrogen on d is location dynam ics. 
To be able to  calculate the rate o f crock propagation, one must 
understand all aspects o f the transport o f hydrogen, the stress 
d is tr ib u tio n  a t the a tom ic scale w ith in  the plastic enclave, and the 
plastic collapse o f ligaments between decohered regions.

Q uantita tive  Measurements o f Local S train V ariations 
in Welded 304 Stainless Steel

S. R. Bates and E. D. V e rin k , Jr.
U niversity o f F lo rida , Gainesville, F lorida

In recent years, failures of some welded oustem tic stainless steels 
have been observed wnich have been a ttr ib u te d  to stress corrosion 
cracking (SCC). Recent lite ra tu re  indicates that plastic strains o t 2 
to  4% are required to  nucleate and propagate SCC. Stresses 
c o n tr ib u tin g  to  the nucleation and propagation o f SCC include 
residual stress fro m  w elding or co ld  w o rk  as well as applied stress. 
W ith regard to  residual w elding stresses, w hat has been lacking in tne 
past is the a b ility  to  measure the level and d is tr ib u tio n  o f strain on a 
local level, i.e., areas as small as 10 m icrons in diam eter. Recent 
developments in scanning e lectron m icroscopy have provided the 
a b ility  to  ob ta in  selected area channeling patterns (SACPI from  a 
bu lk  specimen. In the SACP mode o f opera tion , the electron beam 
o f the SEM is rocked about a p o in t on the specimen surface instead 
o f being scanned over it  in a norm al fashion. R ocking the beam gives 
a pa ttern  fro m  a small selected area w hich carries w ith  it 
crysta llograph ic in fo rm a tio n  concerning tha t pa rticu la r small 
volum e o f m aterial. In the SACP process, a series o f d iffra c tio n  lines 
are ob tained. The acu ity  o f the lines is altered by changes in the 
level o f stra in in th ^  volum e fro m  w hich the pa ttern is obtained. 
Increasing the level o f strain decreases the line acu ity .

Much o f the early w o rk  in this fie ld  involved the measurement 
o f SACP line w id th  o f prestrained specimens. The line w id ths were 
measured d ire c tly  on the photograph o f the SACP. Because o f the 
low  contrast nature o f the SACP process, large statistical variations 

were observed.
In this w o rk , the line w id th  vs stra in were obta ined using an 

in -s itu , tensile-compression stage. The e lectron ic  signal obta ined as a 
result o f the SACP was processed using an analog-to-digital 
converter and a m in i-com pute r to  ob ta in  s ta tis tica lly  s ignificant 
data. Local stra in levels were determ ined and com pared w ith  tne 
engineering strains measured in standard tensile tests.

Since we have now  developed the means o f characterizing the 
local stress state in b u lk  specimens, we are in the process o f apply ing 
this technique to  the analysis o f SCC.

SESSION 2 
Predicting Environment Sensitive Fracture:

What We Know and D on 't Know
B. Electrochemical Factors

1:00 —  5:30 pm,-Monday, March 3

Chairman: R. N. Parkins, University o f Newcastle, New­
castle Upon Tyne, England.

The Pred iction o f E nv iron m enta lly -C o n tro lled  Cracking 
by E lectrochem ical Techniques

F. P. Ford
General E lectric  C orporate Research & Developm ent 

Schenectady, New Y o rk

A present need of technology in the fie ld  of en v ironm enta lly  
c o n tro lle d  cracking is a qu an tita tive  p red ic tion  cap ab ility  o f the

cracking susce p tib ility  fo r  a given a lloy /en v ironm ent system, and 
the u tiliz a tio n  o f this knowledge in to  a design c rite r io n . In a 
discussion o f the problem s associated w ith  fu lf i l l in g  this need, the 
e lectrochem ical aspects governing the the rm o dynam ic  requirem ents 
fo r cracking by various crack advancem ent mechanisms are re­
viewed, together w ith  a c ritiq u e  o f ou r present capabilities to 
pred ic t crack propagation rates. I t  becomes apparent tha t, although 
systems e xh ib itin g  severe cracking susce p tib ility  may be predicted 
re la tive ly accurate ly, and the theore tica l m axim um  and m in im um  
propagation rates in a given system may be adequately qu an tified , 
there are serious restraints on ou r pred ictive  capabilities fo r  the 
technolog ica lly  im p o rta n t in term ed ia te  propagation rates in e n v iron ­
ments w hich could be classified as "m in im a lly  aggressive." The 
reasons fo r  these shortcom ings in ou r present knowledge are 
discussed in the lig h t o f such matters as the d e fin itio n  o f localized 
chemistries and the varia tion o f the rate de term in ing step in a crack 
propagation mechanism w ith  such parameters as tim e and stressing 
mode.

F ina lly , the factors w hich in h ib it crack propagation are dis­
cussed, in view  o f the observation tha t industria l experience is not in 
agreement w ith  laborato ries ' p red ic tions of an ever-increasing 
num ber o f a llo y /e n v iro n m e n t systems capable o f presenting a 
cracking danger over extended design lives.
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C oncentra tion and Potentia l in Stress C orrosion Cracks 

T . R. Beck
E lectrochem ical Technology C orp., Seattle, W ashington

It is now  well know n tha t concentra tion  and po ten tia l w ith in  stress 
corrosion cracks and w ith in  corrosion crevices and p its are very 
d iffe re n t fro m  the surrounding bu lk  cond itions. The so lu tion  w ith in  
becomes concentra ted in the salt o f the corrod ing  metal and acidic 
by hydro lys is  o f this metal salt and by anodic fo rm a tio n  o f oxides 
on the walls. Several a ttem pts at m athem atica lly  m odeling con­
d itio n s  w ith in  stress corrosion cracks, crevices, and p its have been 
described in the lite ra tu re . The general procedure used has been to 
solve a system o f equations consisting o f fluxes fo r each species, 
ie lec tro neu tra lity  and c o n tin u ity . Boundary con d itio ns  are bu lk  
¿pncfin tra tion  and p o ten tia l at the m o u th , and electrode kine tic  
equations at the t ip  or base and on the walls o f the crack or p it. 
Results o f several published models are reviewed and suggested 
d irections fo r new w o rk  are discussed.

Predicting SCO Propagation Rates and Crack M orphologies 
by Fast S tra in ing Metal E lectrode Techniques

J. R . Galvele 
Com m ission Nacional Energie A tom ica  

Buenos A ires, A rgentina

A  technique is described by w hich qu an tita tive  eva luation o f the 
SCC parameters can be made. Th is technique applies on ly  to  those 
cases where the anodic d isso lu tion is the rate de term in ing step in the 
crack propagation process. The technique is based on po te n tio s ta tic  
stra in ing o f metal w ires. The strain rates used are in the range o f 10 
to 300 % /m in. This is much faster than the well know n slow 
stra in ing technique developed by Parkins and co-workers, where 
strain rates o f the order o f 1 0  °  % /m in were used, and much slower 
than those used by Staehle and co-workers and by Diegle and 
Verm ilyea, in the study o f transient repassivation processes, where 
strain rates o f the order o f 300,000 % /m in were used. When the wire 
is stra ined, slip steps are produced on the metal surface, eventua lly 
leading to  the exposure o f bare metal to  the so lu tion . The curren t 
density on the fresh metal is evaluated and it is com pared w ith  the 
crack propagation rate measured by o th e r techniques. A very good 
corre la tion  has been fou nd  between bo th  values fo r  the fo llo w in g  
systems:

i. m ild  steel in n itra te  so lu tion s ; 1

ii. m ild  steel'in a lkaline so lu tions;*
iii.  stainless steel in HCI so lu tion s ; 3

iv. stainless steel in NaCI + HoSCU so lu tion s ;4

v. stainless steel in NaOH so lu tion s ; 2

vi. Ni a lloy  600 in NaOH so lu tion s ; 5

v ii. Ni a lloy 800 in NaOH so lu tion s ; 5

v iii. stainless steel in NaCI + HCI so lu tion s ; 6

ix . ye llo w  brass in N a iS 0 4  + NaoS so lu tions . 7

Besides th a t the ra tio  between the cu rren t density on the bare 
metal ( i^ ) and the cu rre n t density on the film ed metal (is) was 
fou nd  to  be very convenient param eter fo r the evaluation o f crack 
m orpho logy. When i^ /'s  's higher than 10, sharp cracks are found, 
w hile  when this ra tio  is low er than 1 0 , on ly  shallow  trenches o r 
general d isso lu tion are found.

The theore tica l bases fo r this technique, as well as the present 
chances o f having a credib le theory  fo r SCC are discussed.
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Repassivation Rates and Stress Corrosion 
Crack Propagation

J. C. S cully
The U nivers ity  o f Leeds, Leeds, England

A bstract no t subm itted.

In-R eactor Poten tia l Measuromonts;
A p p lica tio n  to  Stress C orrosion Behavior

M . E. Indig 
General E lectric  Co., Pleasanton, C a lifo rn ia

In order to  understand and provide pred ictive  cap ab ility  concerning 
the corrosion behavior o f materials in a bo iling  water reoctor 
(BW R), i t  w ou ld  be desirable to  pe rfo rm  in-situ electrochem ical 
experim ents. However, the environm ent of a BWR, pure water at 
290 C and 1050 psi, results in d iffic u ltie s  in measuring and 
understanding e lectrochem ical phenom ena. For exam ple. Indig and 
G ro o t1 in an environm ent o f pH  10 LiO H  at 290 C found tha t most 
o f the e lectrochem ical reaction tha t occurred near the corrosion 
po ten tia l was a result o f charge transfer reactions involving dissolved 
hydrogen ra ther than the corrosion reactions. In this case, the 
electrical resistance o f the e lec tro ly te  was no t a m ajor lim ita tio n . 
Later in  reactor studies, Cowan and K a z n o ff2  fou nd  sim ilar 
behavior where oxygen was the p rinc ipa l gas dissolved in high 
tem perature w ater. Because o f these k ine tic  responses, evaluation o f 
the corrosion behavior, by the linear po la riza tion  technique or 
extrapo la tio n  o f the ca thod ic  Tafel curve is n o t possible in high 
tem perature aqueous systems. Fu rthe r e lectrochem ical d ifficu ltie s  
occur during the ap p lica tion  o f e ither anodic or cathodic po tentia ls 
to  electrodes in high p u r ity  water. The resulting curren t causes 
s ign ificant chemical changes in the local electrode e lec tro ly te  
environm ent w hich is con founded by the in a b ility  to  account fo r 
the large IR drop.

Perhaps the sim plest e lectrochem ical measurements tha t can be 
obtained in an operating BWR is the corrosion po ten tia l o f samples 
o f the reactor s tru c tu ra l and o th e r metal electrodes. The firs t major 
in-s itu  measurements o f corrosion po ten tia l (Type 304 stainless and 
p la tinu m ) were conducted in 1975 at the Dresden-2 BWR. These 
measurements were part o f the studies conducted to  understand the 
c o n trib u tin g  factors to  a series o f pipe cracks tha t occurred in a 4 
inch (10.16 cm ) by-pass line in bo iling  w ater reactors. The 
experience gained in the Dresden-2 studies was used to  guide 
subsequent experim ents at the V erm on t Yankee B o iling  Water 
Reactor. In bo th  o f these studies, high tem perature A g/A gC i/C I 
electrodes were developed so tha t the corrosion po tentia ls cou ld  be 
related to the standard hydrogen electrode scale and tha t stress 
corrosion experim ents cou ld  be conducted in the labora to ry  at 
po tentia ls measured in the reactor. Where possible, simultaneous 
measurements o f the chemical species dissolved in the high 
tem perature w ater were obtained. The chemical analyses com bined 
w ith  co n tro lle d  labo ra to ry  experim ents were used to  determ ine the 
c o n tr ib u tio n  o f the various chemical species to  the corrosion 
po ten tia l. For exam ple, at low  tem peratures, < 1 5 0  0 , during the 
reactor s tartup, i t  was found tha t hydrogen peroxide was a major 
c o n tr ib u to r ro the corrosion p o ten tia l. The H ; 0 ;  generally caused 
an increase o f > 0 . 2  V, above the po ten tia l caused by dissolved 
oxygen. A t  operating reactor tem perature, the po ten tia l appeared to 

be determ ined m a in ly  by the dissolved oxygen con centra tion . There 
were no sign ifican t effects fro m  un know n ra d io ly tic  species in the 
p ip ing system tested. One o f the major findings o f the Dresden-2 
studies was tha t the electrochem ical environm ent o f the by-pass 
line, where stagnation had been postulated, was n o t d iffe re n t than
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that in p ip ing  lines where fast f lo w  occurred. Thus, the local by-pass 
w ater environm ent was not the reason for by-pass line cracks. In 
both o f the reactor systems (V erm ont Yankee and Dresden-2), the 
reference electrode/m eta l electrode po ten tia l measurements re­
sponded rap id ly  to  system chemical transients, especially pH shifts, 
and were invaluable in setting electrochem ical lim its  fo r  conducting

laborato ry  experim ents from  sim ulated cold-standby to - fu ll power 
reactor operation cond itions .

References
1. M. E. Indig and C. G root. C orrosion, V o l. 25, p. 455 (1969).
2. R. L. Cowan and A. I. K a zn o ff. C orrosion, V o l. 34, p. 3 (1973).

SESSION 3 
Advances in Techniques fo r Corroding 

Surface Characterization
A. Spectroscopic

9:00 —  11:00 am, Tuesday, March 4

Chairman: J. B. Lumsden, Rockwell International, 
Thousand Oaks, California.

XPS and Its  A p p lic a tio n  to  C orrosion Research

C. R. C layton 
S tate U nivers ity  o f New Y o rk  at S tony B roo k 

Long Island, New Y o rk

It has been dem onstrated in recent years th a t X -ray photoe lec tron  
spectroscopy has considerable po ten tia l as a surface too l to  
characterize the co m p o s itio n , bo th  qu a lita tive ly  and q u a n tita tive ly , 
o f corrosion p ro d u c t layers. A  review w ill be given o f the the ory  and 
technique o f XPS h igh ligh ting  those details w hich are m ost relevant 
to  corrosion research.

Examples o f w o rk  carried ou t using XPS w ill be given based on 
studies o f passive and prepassive film s fo rm ed on stainless steel 
under d iffe re n t environm ental con d itio ns . Th is w o rk  w ill include 
nondestructive variable angle XPS analysis o f u ltra -th in  passive film s 
and ion etch depth studies o f th icke r ox ide  layers.

C haracteriza tion o f C orrod ing  Surfaces by 
In frared and Raman Spectroscopy

P. Fabis, J. Kaiser, C. B row n , and R. Heidersbach 
D epartm ent o f Ocean Engineering, U n ivers ity  o f Rhode Island 

K ingston , Rhode Island

The com plem entary techniques o f in fra red  and Raman spectroscopy 
can be used to  ob ta in  structura l in fo rm a tio n  about passive film s 
w hich fo rm  on metal surfaces in corrosive media. This in fo rm a tio n  
is o fte n  unobta inab le  by any o th e r techniques. The Raman 
technique has the ad d itio na l advantage o f being applicable to  in  s itu  
exem ination o f metal surfaces as they react in aqueous environ­
ments.

This presentation w ill discuss instru m en ta tion  fo r  use in 
s tudying  corrosion phenom ena in bo th  aqueous and gaseous 
environm ents. Special chopper c ircu its  necessary fo r  in  s itu  elevated 
tem perature gaseous exposures are discussed as well as signal 
averaging techniques, w h ich , when com pute r in terfaced, a llow  
itera tive exam ination  o f th inn er film s than had been possible w ith  
previous ins tru m en ta tion .

The results o f a com pleted study o f the anion effects on passive 
film s form ed on pure load in aqueous environm ents are presented 
along w ith  o ir im i i  rn-.n.ucli in to  gns<!Our. .tikI /y|tm ot ! 6  sxposur«» o f 
¡ron-ch rom lum  alluys.

N ature o f Passive O xide Film s on N ickel Determ ined 
by E lectrochem ical and Spectroscopic Techniques

B. R. MacDougall 
N ational Research C ouncil, O ttaw a, O n ta rio , Canada

The nature o f the passive ox ide  film  on nickel has been exam ined by 
e lectrochem ical techniques in co n ju n c tio n  w ith  high energy electron 
d iffra c tio n . X-ray emission, and Auger spectroscopies. The influence 
o f tim e and po ten tia l o f anodization on the thickness, s truc tu re , and 
breakdown susce p tib ility  o f the oxide in bo th  the passive and 
transpassive regions w ill be discussed. Conversion o f the ox ide  from  
a th in , com pact f ilm  to  a th ic k , porous overgrow th has been 
observed in neutra l borate so lu tion  and the kinetics o f oxide growth 
is studied. The re la tionship between the structure  and com position  
o f the oxide and its s ta b ility  towards Cl p itt in g  w ill be examined. 
It  w ill be shown tha t the ad d itio na l data provided by the 
e lectron-optica l techniques is o fte n  essential for a correct in te rp re ta ­
tio n  o f the electrochem ical measurements.

Auger E lectron Spectroscopy Studios o f 
Passive F ilm s and Intergranu la r C orrosion

J. B . Lumsden 
R ockw ell In te rna tio na l Science Center 

Thousand Oaks, C a lifo rn ia

A  num ber o f extrem e ly surface sensitive techniques are now 
available fo r  s tudying film s on the surface o f metals as well as the 
com position  o f grain boundaries. Th is presentation w ill focus on 
one o f these. Auger e lectron spectroscopy. A fte r a b rie f discussion 
o f the princip les o f the technique, p o in tin g  o u t its advantages and 
lim ita tio n s , results w ill be presented in w hich Auger spectroscopy 
has been u tilize d  to  study corrosion and corrosion related phe­
nomena. For exam ple, applications w ill be presented in w hich this 
technique has been used to  ob ta in  an im proved understanding o f the 
effects o f a lloy additions on passive f ilm  s ta b ility  on iron and 
stainless steel. Th is w ill include studies o f p itt in g  mechanisms and 
the effects o f inorganic in h ib ito rs . O ther investigations w hich w ill be 
presented and discussed w ill be those in w hich Auger spectroscopy 
has been u tilize d  to  ob ta in  grain boundary com positions. These 
analyses have provided m echanistic in fo rm a tio n  concerning in te r­
granular corros ion , stress corrosion cracking, and hydrogen em­
b rittle m e n t.

A p p lica tio n s  o f A n a ly tica l E lectron 
M icroscopy to  C orrosion Research

Charles E. Lym an 
M aterials Engineering D epartm ent 

Rensselaer P oly techn ic  In s titu te , T ro y , New Y o rk

M icroanalysis o f th in  specimens in the scanning transmission 
electron m icroscope (STEM) is an emerging technique capable of 
pe rfo rm ing  chemical analysis w ith  a lateral spatial resolution in the 
range 30-50 nm . In itia l invnstigntions usorl energy rlisptirsivo X fsiy 
spHctroscopy as ihn p rim ary  analysis m ethod. This tochnutu<i
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c u rre n tly  allows de tection  o f elements from  Na to U. One o f the 
m j|o r  results fro m  early w o rk  on stainless steels was the direct 
measurement o f the chrom ium  depletion p ro file  in sensitized steels. 
Several studies o f the m icrochem istry  across phase boundaries and 
gram boundaries have been in flu e n tia l in de term in ing structure- 
p roperty  re lationships in metals and ceramics. E lectron energy loss 
spectroscopy can be adapted to  STEM instrum ents easily and 
affords a m ethod fo r analyzing ligh t elements, Li and heavier. 
A lthough the specimen m ust be very th in  ( < 5 0 0  nm ), this 
technique does a llow  the id e n tifica tio n  o f oxides, n itrides, and

carbides. M ic ro d iffra c tio n  from  very small regions 10-20 nm) 
com pletes id e n tifica tio n  o f precipitates as well as giving the 
crysta llograph ic o rie n ta tion  o f indiv idual grains and second phases. 
X-ray spectroscopy, electron energy loss spectroscopy, and m icro- 
d iffra c tio n  techniques together make analytica l electron m icroscopy 
a pow erfu l too l fo r  corrosion research.

The presentation w ill discuss the capabilities and lim ita tio n s  of 
these techniques as well as give examples o f studies related to 
corrosion research.

SESSION 4 
Advances in Techniques fo r Corroding 

Surface Characterization
B. Electrochemical

1:00 —  5:30 pm, Tuesday, March 4

Chairman: F. Mansfeld, Rockwell International, Thousand 
Oaks, California.

A n E lectrochem ical M ethod to  the Q uantita tive  
D e te rm ina tion  o f the R eactiv ity  o f Grain Boundaries

L. Beaunier, M . F rom e n t, and C. V ignaud 
G roups de Recherche n °4  "P hysique des Liqu ides 

et E le c tro ch im ie " du C .N .R .S. associe a I'U n ivers ite  
Pierre et Marie Curie, Paris, France

Classical tests o f in te rgranular corrosion (H uey, Strauss...) are 
specially useful when prec ip ita tions  like carbides in stainless steels 
involve a varia tio n  o f the com position  near the grain boundaries. In 
the case o f an homogeneous phase, an electrochem ical m ethod is 
proposed w hich allows ob ta in ing  a well co n tro lle d  general corrosion 
and a reproducib le  intergranular a ttack . For iro n , n icke l, chrom ium  
alloys, th is m e thod  is based on a po te n tio s ta tic  a ttack  (H 2 SO4  2N, 
25 C) in the transpassive dom ain. The de te rm in a tion  by scanning 
e lectron m icroscopy o f the geometrical feature o f the g roover (<X 
opening angle, H depth) leads to  establish a model fo r  the selective 
d isso lu tion o f the grain boundaries. From  th is m odel, i t  is possible 
to  deduce the value o f a param eter Oq w hich characterizes the 
intergranular corrosion susceptib ility  o f a given a lloy . Fu rthe rm ore, 
the preferentia l a ttack o f a grain boundary is in te rpre ted  on the 
basis o f the e lectrochem ical kinetics. This allows one to calculate 
the density o f active sites a t the emergence o f the grain boundary 
and on the surface o f the grains.

This electrochem ical m ethod o f a ttack allows studying  the 
e ffect o f segregation phenom ena on the in tergranular corrosion. 
Examples w ill be given in the case o f nickel (segregation effects o f 
su lfur and s ilicon ), and iro n , nickel ch rom ium  alloys (reactiv ity  of 
the a ,7 g ra in  boundaries and Cdy boundaries).

* ■

Recent Advances in Impedance Techniques 
in C orrosion Science

D. D. Macdonald 
D epartm ent o f M etallu rg ical Engineering 

The O hio State U n ivers ity , C olum bus, Ohio

The electrochem ical corrosion o f metals and alloys in ion ica lly  
conducting  media (so lu tions, fused salts, etc.) occurs via the passage 
of charge across the interface. The driv ing force Tor this process is an 
electrical po ten tia l d ifference tha t is established by the anodic and

cathodic  partia l processes. A ccord in g ly , the e lcctrical and hence 

electrochem ical properties o f the system may be described generally 
in terms o f a com plex impedance fu n c tio n  Z (jo j) , where uJ is the 
frequency and j = \/"-1. O nly at c j = 0 is the impedance o f the 
interface equal to  the po la riza tion  resistance, and hence can the 
corrosion rate be calculated using the Stern-Geary re la tionship. 
Because the impedance functions fo r  many corrod ing  systems are 
characterized by very long re laxation times, i t  is necessary to  use 
low  frequency m ethods fo r the measurement o f the po la riza tion 
resistance in order to  ensure tha t the measured "res is tance" is 
unreactive.

Methods fo r measuring the in terfacia l impedance o f a corrod ing 
interface, and its frequency dispersion, w ill be reviewed. The 
discussion w ill include an analysis o f bo th  frequency dom ain and 
tim e dom ain m ethods, and the advantages and disadvantages o f each 
technique w ill be presented. M echanistic in fo rm a tio n  tha t can be 
drawn fro m  the frequency dispersion o f the com plex impedance w ill 
be discussed. Where appropria te , the techniques w ill be illustra ted 
by reference to  measurements th a t have been made on specific 
corrod ing  systems.

D e te rm ina tion  o f Surface Inhom ogeneities Using 
a Scanning Probe Im pedance Technique

H . S. Isaacs and M . W. Kendig 
B rookhaven N ational Laboratories, U p to n , New Y ork

A  scanning AC  probe technique has been developed to  measure the 
impedance varia tion o f electrode surfaces in electro lytes resulting 
fro m  heterogeneities. The technique can be applied to  all con d u c t­
ing surfaces in conducting liqu ids. Measurements have been con­
ducted on abraded specimens, p a rtly  etched A llo y  600, m ixed alloy 
surfaces. Type 304  stainless steel weld and corrod ing po lym er 
coated zinc pa in ted surfaces. W ith all specimens m arked variations 
in impedance were observed.

E lectrochem ical Noise Measurements in C orrosion Research

Ugo Bortocci 
Chem ical S ta b ility  and C orrosion D ivision 

N ational Bureau o f Standards, W ashington. DC

The de tection and analysis o f w ideband noise in the curren t o f an 
electrode under po ten tios ta tic  con d itio ns  can give useful in fo rm a ­
tio n  o f tw o  d iffe re n t types. If the cu rren t fluc tua tions  are the 
de term in is tic  response o f the system to  the in p u t noise generated by 
the po ten tios ta t, the data can be used to  ob ta in  the electrode 
impedance as a fu n c tio n  o f frequency, giving in fo rm a tio n  con­
cerning the nature and rate o f the electrochem ical reactions 
occurring on the corrod ing electrode. If the curren t noise, however, 
is due to  stochastic processes occurring at the electrode, it  can be 
em ployed fo r de tecting the onset o f localized corrosion and to 
study the processes o f breakdown and fo rm a tio n  o f pro tective  film s. 
Examples o f these measurements are presented, and some o f the 
problem s involved in the experim ental analysis o f the noise signals 

are discussed.
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Electrical M ethods fo r Appraising C orrosion in 
Organic C oating/M eta l Substrata Systoms

John Standish and H enry Leidheiser, Jr.
Lehigh U n ivers ity , Beth lehem , Pennsylvania

The objectives o f th is study were to determ ine (a) the nature and 
exact location of defects 3nd (b) the presence o f bulk-phase water 
beneath p o lym eric , pro tective  coatings on metals. Such in fo rm a tio n  
is useful in a* be tte r understanding o f the mechanism o f loss in 
corrosion pro tective  character o f coa ting systems.

A lte rna tin g  curren t (AC) e lectrical measurements were used to  
investigate the properties o f po lym er coated metals before and 
during exposure to  e lectro ly tes. The coating was the d ie lectric  in a 
parallel plate capacitor, w ith  the metal substrate serving as one plate 
and a counter electrode serving as the o ther plate. An a lternating 
voltage ( <  1 V  RIMS) was applied across the coa ting and the in* and 
out-of*phase com ponents o f the resulting cu rre n t were de term ined 
w ith  a lock-in  a m p lifie r. E lectrical properties were measured as a 
fu n c tio n  o f tim e o f exposure, concentra tion  and type  o f e lec tro ly te  
and tem perature. The effects o f exposure o f a coating to  an 
e lec tro ly te  were no t com ple te ly  reversible. Coatings having defects

showed a characteristic frequency-dtip ftnopnt iv n a v io r. iVl“ -(r.ufo­
ments made as a fu n c tio n  o f tem perature u ie n u iie n  ;ne oresencc of 
small am ounts o f w ater placed at the polym '«- -»y; nterfacu. 
Measurements made w ith  a shielded counter e lectrode enabled an 
analysis o f the e lectric  properties on a h igh ly  <ccoH?.:d scale. The 
electrica l properties o f d iffe re n t areas o f a coating d id  no t change 
u n ifo rm ly  during exposure to  an e lec tro ly te .

In terfac ia l and D iffus ion  Effects on C orrosion of 
C opper and Iron in Oxygenated A cid  S olu tions as 

Measured by the D igita l Faradaic Im pedanco Technique

W. H. S m yrl, Sandia Lab., A lb uqu erqu e, New M exico

Tne dig ita l Faradaic impedance measurement (D F IM ) technique is 
extrem e ly fast and accurate fo r de term in ing parameters which 
con tro l corrosion processes. The measurements may be made under 
steady state con d itio ns , and results are s im ilar to  those obta ined by 
o ther techniques. The most im p o rta n t app lica tion  promises to be in 
characterizing corrosion reactions under transient cond itions. Re­
sults obta ined fo r copper and iron w ill be discussed.

SESSION 5 
Corrosion Processes in Wear

9:00 —  11:00 am, Wednesday, March 5

Chairman: H. Stott, University o f Manchester, Manchester, 
England.

D etection  o f Corrosive Wear by E lectrochem ical 
Measurements

J. A . R ichardson, F. H. S to tt ,  and J. E. Breakell 
IC1 A g ricu ltu ra l D iv ., B illin gham , Teeside, England

E lectrochem ical techniques have been used to  investigate corrosive 
wear o f cast iron during recip rocating slid ing in various su lfu ric  acid 
environm ents. C orrosion p o te n tia l/tim e  data ob ta ined in the 
absence external po la riza tion  and c u rre n t/tim e  data obta ined under 
p o ten tios ta tic  con tro l have been m o n ito re d  con tin uou s ly  during 
slid ing and used as diagnostic too ls, p rov id in g  a guide to  the 
in fluence o f corros ion on wear. Observations show th a t there are 
d ire c t corre la tions between the measured changes in these e lectro­
chemical parameters and the types o f wear damage sustained by the 
specimens. During slid ing in 60% su lfu ric  acid, there is a decrease in 
corrosion p o te n tia l, p robab ly  due to  the con tinued removal o f the 
p ro tective  hyd ra ted  ferrous sulfate film . In 20% su lfu ric  acid, there 
is very l it t le  e ffe c t o f slid ing on the corrosion p o ten tia l. An observed 
progressive s h ift in po ten tia l in the noble d ire c tio n  is a ttrib u te d  to 
the presence o f exposed graphite on the con tacting surfaces 
fo llo w in g  graph itic  corrosion o f the cast iron  in this aggressive 
environm ent. S liding has been carried o u t in 60% su lfu ric  acid under 
po te n tio s ta tic  con d itio ns  a t po tentia ls  covering the range from  
com plete cathodic p ro te c tio n  to  anodic p ro te c tio n  o f the cast iron . 
Wear o f the surfaces and measured currents are s trong ly  dependent 
on tho applied po tentia ls. Some o f the advantages and disadvantages 
of oKtctrochom ic.il mnaaurumantc in Inv im ign tln g  corrosivn wonr nro 
evaluated.

E le c tro k in e tic  Wear Phenomena 

T . R. Beck
E lectrocham ical Techno logy C orp ., Seattle, W ashington

A b o u t ten years ago, a new wear phenom enon was reported to  
occur in the h yd rau lic  con tro l valves o f com m ercial jet airplanes. 
F low  o f phosphate ester hyd rau lic  flu ids through steel valves caused 
the generation o f e lec trok ine tic  streaming currents. These currents 
are generated a t the m etering edges o f the valves and cause corrosion 
w hich gradually increases leakage, re qu iring valve replacement. 
Numerous approaches have been investigated to  e lim inate  erosion 
includ ing changing the valve m ateria l, the valve geom etry and the 
flu id  com pos ition . The m ost successful so lu tion  to  the problem  to 
date has been the ad d itio n  o f certa in ionizable com pounds to the 
flu ids  at a concentra tion  o f a hundred o r a few  hundred parts per 
m illio n . A dsorp tion  o f such ion ic  species on the steel m etering edges 
o f the valves changes the electrical double layer structu re  and 
decreases the zeta p o te n tia l, resulting in smaller streaming current 
generation. Certain organic additives can also be ox id ized in 
preference to  corrosion o f the steel. The stream ing-current corrosion 
phenom enon may occur in o th e r situations such as in ca v ita tion , in 
ball bearings, and on gear teeth.

E lectrochem ical Aspects o f Wear in S lu rry  Pipelines

J. Postlethwaite 
U n ivers ity  o f Saskatchewan, Saskatoon, Canada

E lectrochem ical techniques have been applied to  the study of 
erosion-corrosion in p ilo t p lan t s lurry pipelines to  determ ine the 
effects o f the presence o f the suspended solids on: the corrosion 
rate; the anodic and cathodic reactions: the re lative m agnitude of 
the chemical and mechanical aspects o f the to ta l wear; and the 
e ffic iency  o f in h ib ito rs  no rm ally  and to con tro l the corrosion of 
iron in near neutral aqueous solutions. Results are presented for 
coal, iron  orn and sand slurrios at com m nrciiil concentra tions and 
velocities.
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F ro tting  Wear o f an A u s te n itic  Stainless Steel in 
C O ; at Tem peratures up to  650 C

D. E. T a y lo r, R. B. W aterhouse, F. B. H ard is ty , and A . Y . Nehru 
The W olfson In s titu te  o f In te rfac ia l Technology,

U nivers ity  o f N o tting ham , England

The paper discusses results fro m  a series o f tests, the purpose o f 
w hich was to  assess the effects o f a range o f experim ental variables 
on the nature and degree o f damage produced on fre ttin g  a Type 
321 stainless steel. N orm ally  loaded annular con tact surfaces were 
to rs iona lly  fre tted  at small am plitude  in an environm ent o f d ry  C O ; 
at selected tem peratures up to  650 C. O ptica l, e lec tron-optica l, 
surface p ro filin g  and m etallographic techniques provided a means of 
q u a lita tive ly  assessing the characteristic  features o f the resultant 
damage.

Of the experim ental variables investigated, am p litu de  o f slip 
between the surfaces, frequency, test du ra tion , and norm al pressure 
were all shown to  influence to  a greater or lesser e x te n t the 
magnitude o f surface damage in terms o f area coverage. A t  the 
highest test tem perature (650 C), the type  o f damage d iffe red  
sign ifican tly  fro m  tha t observed a t the low er tem peratures which 
was characterized by a considerable degree o f surface p luck ing . By 
con trast, the damage at 650 C to o k  the fo rm  o f a general smearing 
o f m aterial across the surface.

An Evaluation o f the O x ida tion a l Parameters o f Wear

T. F. J. Q uinn , J. L. S u llivan , and D. M . Rowson 
The U niversity o f A ston in B irm ingham , B irm ingham , England

This paper shows that the discrepancies between theory and 
experim ent, revealed by previous papers in w hich the ox ida tio na l 
theory o f slid ing wear had been applied to  steels, are m a in iy  due to 
the assum ption tha t the ox ida tio na l constants obtained from  
conventional s ta tic  o x id a tio n  experim ents can be applied to  the very 
d iffe re n t environm ent w hich exists at the real areas o f con tact 
between slid ing surfaces. I t  is fu rth e r shown tha t, although this 
assumption m ay be valid  fo r the A c tiva tio n  Energy for parabolic 
ox ida tio n  (Q p l, it is certa in ly  no t true for the accom panying 
A rrhen ius Constant (A p). The paper then describes how  fr ic tio n , 
wear, and division o f heat measurements can be used, in con ju nction  
w ith  the ox ida tio na l wear the ory , to  ob ta in  the best possible values 
o f A p and Qp , i.e., values which give consistent estimates o f the 
num ber o f con tacting asperities (N) at any given m om ent, the 
thickness o f the oxide film  (£) form ed at these N real areas of 
co n tact, and the tem perature IT 0 ) a t w hich the oxide film  is form ed 
during a con tact. These best possible values o f A p and Qp are shown 
to  be applicable to  a range o f sim ilar low  alloy steels, thereby 
ind icating th a t th is approach may be used fo r pred icting wear rates 
relevant to  w hole  ranges o f m aterials w ith  sim ilar ox ida tio n  
characteristics (as indicated by conventional static o x id a tio n  tests).

SESSION 6 
General

1:00 —  5:30 pm, Wednesday, March 5

Chairman: R. M. Latanision, Massachusetts Institute o f 
Technology, Cambridge, Massachusetts.

The N ature o f A n o d ic  Film s on N ickol and Single 
Phase N icke l-M o lybd enum  A llo ys

V . M itrovic-Scepanovic and M. Brian Ives 
M cM aster U nivers ity , H a m ilto n , O n ta rio , Canada

It is well know n tha t m o lybdenum  improves the resistance to 
corrosion o f stainless steels in acid, neutral and ch lo ride  con ta in ing 
media. However, it has n o t been unam biguously proven w hether 
a lloyed m o lybdenum  cou ld  make the passive f i lm  m ore stable w ith  
or w ith o u t its in co rpora tio n  in to  the passive film . There have been 
on ly few  reports concerning the passivity o f N i-M o alloys.

In the present s tudy, e lectrochem ical techniques com bined w ith  
Auger e lectron spectroscopy (AES) and d issolution analysis by 
means o f a tom ic absorption spectroscopy are applied on a single 
phase N i-M o a lloy in an a tte m p t to  understand the e ffec t o f 
m o lybdenum  on the nature o f passive film  on nickel in deaerated
0.15N N a^S O j so lu tion  (pH 3).

A n o d ic  po la riza tion  measurements perform ed on a series o f 
single phase N i-M o alloys (1 -15% w t Mo) suggest a negative e ffec t o f 
m o lybdenum  on the corrosion resistance o f n icke l, by the m ono­
ton ic  increase o f passive cu rre n t density w ith  m o lybdenum  co n ten t, 
at least fo r alloys w ith  m o lybdenum  con ten t greater than 5% Mo. 
However; open c irc u it p o ten tia l decay and surface reactiv ity  
measurements reveal a more stable surface coverage on these alloys 
than tha t on pure n ickel passivated under the same cond itions. 
Some ESCA evidence con firm s the presence o f m o lybdenum  in the

passive film  to  be in tw o  valence states (M o4* and M o6*). The 
question th a t s till remains open, and is the main ob jective o f the 
research in progress, is to  understand the s tructu re  o f the passive 
f i lm , since there are at least tw o  possib ilities:

1. M o lybdenum  exists in the passive film  as a result o f anodic 
o x id a tio n  process. There it  can fo rm  a m ixed ox ide  phase w ith  
nickel or exist as a separate ox ide  phase ow ing to a much greater 
the rm o dynam ic  s ta b ility  o f m o lybdenum  oxides than tha t of nickel 
oxide.

2. M o lybdenum  is incorpora ted in the f ilm  a fte r being trapped 
fro m  the so lu tion  in the defective nickel oxide due to the fact that 
m o lybdenum  is active th ro u g h o u t the passive po ten tia l region of 
pure nickel.

The com position-depth  p ro file  o f anodic oxide film s on 
N M O M o (wt% ) form ed at various potentia ls obtained by means of 
AES and spu tte r etching w ill be discussed and com pared w ith  data 
fro m  electrochem ical and d isso lu tion  rate measurements.

Hydrogen Perm eation and E m b rittle m e n t in 
N ickel and N ickel Base A llo ys

M . K urke la and R. M . Latanis ion 
Massachusetts In s titu te  o f Techno logy, Cambridge, Massachusetts

Recent w o rk  by Latanision and Opperhauser has shown an 
association between grain boundary segregation o f m etallo ids like 
Sn, Sb, P, and S (hydrogen re com bina tion poisons) and suscepti­
b i l ity  to  hydrogen em b rittle m e n t in pure nickel.

In this w o rk , hydrogen perm eation was studied using the 
Devanathan technique. The materials em ployed in this study were 
Marz grade n icke l, Ni 270, Ni 200, TD  n icke l, and Inconel 600. 
Permeation measurements on specimens undergoing plastic de form a­
tion showed tha t hydrogen is transported by m obile  d islocations at 
rates much faster than la ttice  d iffu s io n . The effects o f strain rate, 
charging con d itio ns, and m etallu rg ical s tructure  on dis location 
transport o f hydrogen are discussed, and the observed transport 
rates com pared w ith  theoretica l pred ic tions. Hydrogen perm eation 
in unstrained specimens was studied as a fu n c tio n  o f grain sue, heat
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treatm ent (anne3 !ed and annealed + heat treated con d itio ns), grain 
boundary segregation (exam ined by Auger electron spectroscopy), 

and im p u rity  co n te n t. The e ffec t o f poisons added to  the charging 
so lu tion  were also investigated. P relim inary results show tha t 
hydrogen absorption is increased bo th  by poisons added to  charging 
so lu tion  and by " b u il t - in "  poisons segregated to  grain boundaries. 
These experim ents are discussed in detail and re lationships between 
em b rittle m e n t susce p tib ility , perm eation behavior, and m etallurgical 
s tructure  are exam ined.

C orrosion M odeling by F in ite  E lem ent M ethod  

John W . Fu
VVestinghouse Research and Developm ent Center 

P ittsburgh , Pennsylvania

Q uantita tive  analysis o f the interactive cu rren t between cathodes 
and anodes, w hich is know n to  be the cause fo r many corrosion 
problem s, has n o t been possible in the past due to  the lack o f 
analytica l too ls. Recently, as the m ethod o f fin ite  elem ent analysis 
is becom ing w ide ly  kno w n , i t  is realized tha t this cathode/anode 
in te raction  is essentially a num erical way o f solving the Laplace 
equation w hich is the governing equation fo r the p o ten tia l d is trib u ­
tion  in corrosion cells and derived fro m  the fundam enta l require­
m ent o f the e le c tro n e u tra lity  law . In the fin ite  elem ent analysis, the 
geom etric shape o f the corrosive m edium  is modeled by a fin ite  
element mesh and the po la riza tion  behaviors o f the metals involved 
are assigned as the boundary con d itio ns  to  appropria te  faces o f the 
elem ent. The resuit o f the f in ite  elem ent analysis gives the po ten tia l 
d is trib u tio n  in the corrosive environm ent, inc lud ing  the m eta l/ 
environm ent in terface, w hich can then be used to  calculate the 
curren t density on metal surfaces according to  the c o n d u c tiv ity  
equation. Potentia l app lica tions o f th is m e thod  are the cathodic  
p ro tec tion  system design and the de te rm in a tion  o f po ten tia l 
d is tr ib u tio n  in areas where experim ental measurements are d if f ic u lt  
to  pe rfo rm .

Breakdown o f O xide Film s on Steel Exposed 
to  C hloride S olu tions

H. E. Townsend, H. J. C leary, and L. Allegra 
Bethlehem  Steel C orp ., Bethlehem , Pennsylvania

Breakdown o f a th in  a ir-form ed surface oxide film  is the firs t step in 
corrosion o f steel uoon im m ersion in 3 queous ch lo ride  so lu tion . By 
means o f visual observation, weight loss, and corros ion po ten tia l 
measurements, we studied oxide film  breakdow n on steel as a 
fu n c tio n  o f ch lo ride  and hydrogen peroxide con centra tion . We also 
studied the breakdow n in air saturated ch lo ride  so lu tion  o f other 
types o f oxide film s inc lud ing: ( 1 ) na tura lly  form ed oxides on 
a lum inum , stainless steel, and tita n iu m  alloys, and (2 ) oxides of 
a lum inum , ch rom ium , and tita n iu m  tha t were applied to steel 
substrates by means o f RF sputtering . The results are considered in 
terms o f the mechanism o f, and critica l factors required to avoid, 
breakdown o f th in  surface oxides.

A  L a bora to ry  Test on C orrosion f  Steel in Concrete

Satoshi I to  and Edward Escalante 
N ational Bureau o f Standards, W ashington, DC

The corrosion o f steel in concrete structures sucn as highway bridge 
decks where deicing salts are used, continues to  be a problem . 
Because corrosion is usually evident on ly a fte r considerable damage 
has occurred, a m o n ito rin g  system o f the corrosion rate o f steel 
rebar in concrete is needed.

In order to  develop a measurement m ethod o f the corrosion 
rate o f steel in concrete, tw o  experim ents were carried o u t. F irst, 
s im ulated corrosion tests were done in a so lu tion  o f C a(O H ); /NaCI, 
a sand m ix tu re  con ta in ing C a lO H lj/N a C I. The mechanism fo r the 
onset o f the corrosion o f steel in concrete were determ ined. 
Corrosion was in itia te d  by a d ry in g  process which enabled Cl ion 
to  be loca lly  concentrated m ore than 0 . 2  m o l/l,  and more than 2  

ppm oxygen. Second, corrod ing  m o rta r covered steel electrodes 
were prepared, u tiliz in g  the corrosion in itia tin g  technique as 
m entioned above. C urrent and po ten tia l step signals were applied to 
corrod ing  m o rta r covered steel electrodes and no ncorrod ing ones. 
From  an analysis o f the transient response curves in bo th  electrodes, 
the corrosion cu rren t was de term ined, evaluated, and fou nd  to  have 
good agreement w ith  the actual w eight loss.
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