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PROVOCATIVE QUESTIONS IN METAL/SOLUTION REACTIONS TO WHICH MSSSBAUER SPECTROSCOPY SHOULD BE APPLIED 

H. Leidheiser, Jr. 

Center for Surface and Coatings Research, Lehigh University, Bethlehem, PA, U.S.A. 

ABSTRACT 

Eight problems in the field of metal/solution chemistry capable of attack by MSssbauer spectroscopy 

are outlined. These include: studies of corrosion beneath a coating; chemical factors associated with 

the delami nation of a coating during corrosion; the chemical nature of the bond between steel and an 

organic coating; the effect of cobalt on the corrosion of galvanized steel; corrosion inhibition in aque­

ous solution; the behavior of inhibitors in organic coatings; the nature of the inhibition of corrosion by 

tin ions and the ion exchange properties of iron corrosion products. 

Reviews have previously been prepared on the 

application of MBssbauer spectroscopy (MS) to the 
1 2 

field of corrosion.' The purpose of this paper is 

to outline a number of problems and unanswered 

questions in metal/solution reactions to which MS 

can and should be applied. It is hoped that this 

paper will stimulate specialists in MS to apply 

their talents to an attack on the problems cited. 

Underfilm Corrosion. Organic coatings are 

often applied to metallic substrates to reduce 

corrosion. After a period of time, most coatings 

lose their protective properties in a highly local­

ized manner when exposed to aqueous environments. 

Deterioration occurs in isolated spots at the coat­

ing/substrate interface and gradually spreads with 
3 

time. Electrical measurements in our laboratory 

show promise for detection of these points of local 

breakdown at an early stage, but the electrical 

measurements are largely sensitive to changes in 

the coating rather than changes in the substrate. 

Studies of the substrate require a technique 

that will scan the steel surface, coated with an 

organic material, with a highly collimated beam of 

gamma rays and monitor spectral lines due to re-

emission that do not overlap the spectrum for pure 

iron. The work of Graham and Cohen4 has shown that 

the common corrosion products of iron yield charac­

teristic MSssbauer spectra. The most promising 

energy regions to monitor are those which fall out­

side the metallic iron spectrum in the case of Fe?0, 

and Fe-jO^ and those near the center of the iron 

spectrum in the case of y-FeOOH and FeCO,. Once an 

active site has been located, an entire spectrum 

may be obtained. The difficulties of performing 

such an experiment are severe: (a) availability of 

a highly collimated beam of sufficient intensity, 

(b) obtaining a sufficient number of remitted gam­

ma rays that reach the detector, (c) interferences 

from materials in the coating and iron compounds 

in the substrate, and (d) devising a scanning tech­

nique that will be vibration-free. 

Cathodic Delamination. Organic coatings on a 

steel substrate often delaminate during corrosion 

as a consequence of the fact that the anodic reac-
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Huit problèms concernant la chimie d'interface métal/solution, uti l isant la spectroscopie Mbssbauer, 

sont présentés. Ils comprennent des études de corrosion sous un recouvrement dont les propriétés chi­

miques sont associées à sa séparation en différentes couches durant la corrosion; la 'nature chimique de la 

relation entre l 'acier et un recouvrement organique; l 'effet du cobalt sur la corrosion de l 'acier galva­

nisé; l ' inhibition de la corrosion en solution aqueuse; le comportement des inhibiteurs dans les recouvre­

ments organiques; la nature de l 'inhibition de la corrosion par l 'étain sous forme d'ions et les proprié­

tés de l'échange eionique des produits de la corrosion du fer. 
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t ion  i s  highly localized and the cathodic reaction, 
H20 + 1/202 + 2e- = 20H-, occurs a t  the periphery 

of the anodic area because water and oxygen are  
supplied through the coating. The important unan- 
swered question i s  whether the delamination occurs 

because of chemical changes a t  the coatinglmetal 
oxide interface or because the oxide i t s e l f  changes 

in chemical composition. Since the oxide i s  gener- 

a l l y  of the order of 5 nm i n  thickness and the or- 
ganic coating thickness generally i s  10 um or  more, 
innovative experimental methods are  required. Using 

5 7 ~ o  a t  the interface for  emission spectroscopy i s  
not a t t rac t ive  because the chemistry of cobalt i s  
not identical t o  tha t  of iron. Use of conversion 

electron techniques doesnot appear promising Se- 

cause of the thickness of the coating. The Moss- 
bauer technique i s  appealing because of i t s  non- 

destruct-ive nature. The development of a satisfac- 
tory experimental procedure to  address th i s  ques- 
tion i s ,  therefore, worthy of pursuit. 

Character of Steel/Organic Coating Bond. A 
t e s t  for  paint adherence t o  steel  involves exposyng 
the painted metal t o  e i ther  a hot aqueous solution 

o r ' t o  condensing moisture. In some cases the paint 
loses adherence to  the steel  a f t e r  such exposure 
and can be readily peeled off .  I f  the painted 
steel  panel i s  thoroughly dried a f t e r  exposure to  
boiling water, good adherence between the paint and 

the steel  i s  regained. The e f fec t  of water on the 

adherence appears to  be reversible. I t  i s  suggest- 
ed tha t  MS be applied to  a bet ter  understanding of 
th i s  phenomenon. One possible approach i s  to coat 
a s tee l  substrate w i t h  a thin layer (5  nm) of co- 
bal t  doped with 5 7 ~ o  and determine the emission 
Miissbauer spectrum of a painted sa~* : l e  while ex- 

posed to  boiling water and again a f t e r  the coating 

I s  completely dry. Differences in the spectrummay 
provide clues as to  the character of the s tee l  

water interaction a t  the paint/steel interface. 
41 loyed Galvanized Steel. I t  has recently been 

reported by a manufacturer of galvanized s tee l  that  
electrogalvanized s tee l  containing small amounts of 
cobalt exhibits superior corrosion performance. 

This r e su l t  i s  unexpected because the relat ively 
high exchange current density f o r  the cathodic re- 

action on cobalt as compared to  tha t  on zinc sug- 
gests tha t  cobalt should increase the corrosion 
rate.  I t  i s  proposed that  zinc be electroplated on 
s tee l  from a plating bath containing cobalt doped 
with 5 7 ~ o  and tha t  the emission spectrum be ob- 

tained before and a f t e r  exposure to  various corro- 

s ive  environments. The purpose of the experiment 
i s  t o  determine (a)  the chemical s t a t e  of cobalt in 
the zinc before corrosion and (b) the chemical 

s t a t e  of cobalt a t  the surface during the  corrosion 

process. The availabil Sty of information on the 
emission spectra of many cobalt oxides, hydroxides, 

5 and hydroxyoxides may be very useful here. 
Corrosion Inhibition in Aqueous Solution. The 

mechanism of corrosion inhibition i s  s t i l l  poorly 
understood. For example, i t  i s  not known i f  i n h i -  

bi tors fo r  the corrosion of iron function because 

of an interaction w i t h  metallic atoms a t  the  sur- 

face or through interaction with a thin oxide film 
present on the surface. Basic infotmation i s  re- 
quired concerning the character of the chemical 
bond between the substrate and the inhibitor mole- 

cule. 

I t  i s  proposed that  emission MS be applied t o  
th i s  question. A t h i n  layer (5-10 nm) of cobalt 
doped with 5 7 ~ o  should be prepared on a cobalt sub- 
s t r a t e  and the emission pattern should be obtained 

while the cobalt i s  exposed t o  an aqueous environ- 
ment of pH 2-5. The exact pH t o  be used will be 
determined by the ra te  of dissolution of the cobalt 
in the medium. I f  the cobalt dissolves more rapirl- 
ly than a spectrum can b e  generated, useful data 

will not be obtained. Of course, the reaction can 

be halted by plunging the wet sample in liquid ni- 
trogen and the spectrum bedetermined a t  low temper- 
ature. The same experiment should then be per-. 
formed w i t h  an aqueous solution which contains 
known corrosion inhibitors such as benzotriazole, 
pyridine, a polyamine, etc.  Differences in the 
Mossbauer spectrum in the presence and absence of 

the inhibitor may yield information about the chem- 
ical  bond between cobalt a t m s  
a t  the surface and the inhibitor molecule. Innova- 
t ive  approaches are  required as i s  s k i l l  in the in- 

terpretation of data. 
Behavior of Inhibitors in Organic Coatings. 

Corrosion resistance i s  often bu i l t  into organic 
coatings (paints)  by the addition of a corrosion 

inhibitor.  One of the means which has been hypo- 
thesized for  the effectiveness of inhibitors i s  

based on the solubi l i ty  of the inhibitor.  I t  has 
been suggested that  when the crating i s  wetted by 
rain,  water absorption by the coating i s  rapid and 

some of the inhibitor enters into solution and m i -  
grates to  the metal interface by a diffusion pro- 



cess. I t  i s  thus a v a i l a b l e  a t  the  meta l /coat ing 

i n t e r f a c e  whenever the  coat ing i s  wet. Such a hy- 

pothesis requ i res  t h a t  the  i n h i b i t o r  be very s l i gh t -  

l y  so lub le  because h igh  s o l u b i l i t y  would cause rap- 

i d  leaching o f  the  a c t i v e  i n g r e d i e n t  from t h e  coat- 

i ng .  

It i s  proposed t h a t  an organic coat ing be f o r -  

mulated w i t h  a ferromagnetic o r  ant i fer romagnet ic  

m a t e r i a l  t h a t  w i l l  serve as a model f o r  a co r ros ion  

i n h i b i t o r .  A c o b a l t  a d d i t i v e  should be doped w i t h  

5 7 ~ o  and the  emission spectrum should be determined 

immediately a f t e r  t h e  coat ing i s  'formulated and 

then a f t e r  the  coat ing has been a l t e r n a t e l y  wetted 

and d r i e d  f o r  many cycles. The emission spectrum 

should be taken as a f u n c t i o n  o f  temperature and 

changes i n  p a r t i c l e  s i z e  o r  p a r t i c l e  s i z e  d i s t r i b u -  

t i o n  should be sought by means o f  Mossbauer mea- 

s u m e n t s  as a f u n c t i o n  of temperature. Candidate 

m a t e r i a l s  t h a t  might  serve as a model f o r  a corro-  

s ion  i n h i b i t o r  inc lude Co2V04, MnCo204, LiCoP04 

CaCoSiO,, and Fe3(P04)2. 4H20 doped w i t h  5 7 ~ o .  The 

c r i t e r i a  i n  t h e  choice o f  the  model f o r  the  corro- 

s ion  i n h i b i t o r  are i t s  s o l u b i l i t y  and the  r a t e  o f  

so lut ion.  The s o l u b i l i t y  behavior o f  the  known 

cor ros ibn  i n h i b i t o r ,  SrCr04, should be approximated 

by the model i n h i b i t o r .  

Corrosion I n h i b i t i o n  by T i n  Ions. T i n  ions 
6 a r e  e f f e c t i v e  i n h i b i t o r s  f o r  t h e  corros ion o f  i r o n  

i n  many d i f f e r e n t  aqueous media. The quest ion re -  

mains unanswered as t o  t h e  mechanism by which t h e  

t i n  i o n  serves as an i n h i b i t o r .  Does i t  adsorb a t  

k i n k  s i t e s  and make t h e  a c t i v e  cathodic  and anodic 

regions l e s s  ac t i ve?  Does i t  form an i n t e r m e t a l l i c  

compound such as FeSn2 a t  t h e  surface? O r  i s  the re  

formed a co r ros ion  r e s i s t a n t  i r o n  t i n  o x i d e ?  There 

i s  a specia l  i n t e r e s t  a t  the  present t ime as t o  t h e  

ef fect iveness o f  t i n  ions i n  reducing cor ros ion  o f  

s t e e l  by h igh  temperature water. 

It i s  proposed t h a t  s t e e l  specimens be exposed 

t o  aqueous so lu t ions  conta in ing d isso lved  t i n  ions 

The costs o f  c leaning corroded s tee l  surfaces before 

p a i n t i n g  i s  very high, p a r t i c u l a r l y  when the s tee l  

i s  i n  r e l a t i v e l y  inaccess ib le  areas such as on 

bridges and t a l l  s t ruc tu res .  Environmental hazards 

associated w i t h  sandblast ing are 1 i m i t i n g  the  appl i- 
c a b i l i t y  o f  t h i s  c leaning method. There i s  g r e a t  

i n t e r e s t  i n  the  development o f  coat ing mate r i  a1 s 

t h a t  can be app l ied  t o  poor l y  prepared surfaces and 

y e t  g i v e  super io r  corros ion performance. There i s  

thus g r e a t  i n t e r e s t  i n  understanding b e t t e r  t h e  sur-  

face p roper t ies  o f  i r o n  corros ion products so t h a t  

coat ings can be designed t o  adhere we l l  t o  those 

corros ion products t h a t  have good i n t e g r i t y  and are 

i n t i m a t e l y  attached t o  the  s t e e l  base meta l .  
7 Recent work by Fowkes suggests t h a t  adherence 

between ino rgan ic  m a t e r i a l s  and polymers can be 

viewed as an acid/base in te rac t ion .  Increased know- 

ledge o f  the  acid/base character  o f  i r o n  co r ros ion  

products i s  a wor thwhi le  goal. I t  i s  suggested t h a t  

h igh  sur face area y-FeOOH be prepared us ing  5 7 ~ e  and 

t h a t  t r a ~ s m i s s i o n  M'cksbauer spect ra be determined 

w h i l e  the  oxyhydroxide i s  suspended i n  aqueous solu- 

t i o n  i n  the  absence and presence o f  ions t h a t  w i l l  

exchange w i t h  the  protons on -OH groups a t  t h e  sur- 

face. y-FeOOH i s  se lected as the  i r o n  co r ros ion  

product t o  be used because the  spectrum i s  a simple 

doublet.  Spectra should be taken as a f u n c t i o n  of 
+ ++ 

pH i n  the  presence o f  ions such as Na , Ca , Rbt, 

and ~r++. Changes i n  l inewidths,  chemical s h i f t ,  

and quadrupole s p l i t t i n g  should be sought as i n d i -  

c a t i v e  o f  the  i o n  exchange process. 

References 

1.  Leidheiser,  H., Jr., Simmons, G.W., and K e l l e r -  
man, E., Croat ica Chem. Acta 5 (1973) 257. 

2. Simmons, G.W., and Leidheiser ,  H., J r . ,  "Charac- 
t e r i z a t i o n  o f  Metal and Polymer Surfaces. Vol. - 
1. Metal Surfaces", Lieng-Huang Lee, E d i t o r ,  
Academic Press, 1977, pp. 49-63. 

3. Standish, J., Hughes, M.C., and Leidheiser ,  H., 
Jr., unpublished experiments. 

4. Graham, M.J. and Cohen, M., Corrosion 32, (1976) 
432. 

(con ta in ing  'lgmsn) a t  temperatures up t o  300°C and 5. Simmons, G.W., Kellerman, E., and Leidheiser ,  
t h a t  the  emission 'spectrum o f  t i n  be obtained a f t e r  Jr., "Pass iv i t y  and I t s  Breakdown on I r o n  and 

I r o n  Base A l loys" ,  R.W. Staehle and H. Okada, 
t h e  s t e e l  sample has been cooled t o  room tempera- Edi tors ,  Na t l .  Assocn. Corrosion Engrs., 
t u r e  o r  below. The low f f a c t o r  fo r  elemental t i n  Houston, Texas, 1976, pp. 65-8. 
at suggests that it would be net- 6. Buck, W.R. 111 , and Leidheiser,  H., Jr. , J. 

Electrochem. Soc. 108, (1961) 203. 
essary t o  generate t h e  emission spect ra a t  l i q u i d  7. Mostafa, and Fowkes, F.M., Eng. Chem. 
n i t rogen  temperature. Hopefu l ly ,  spect ra charac- Prod. R & D 17 (1978) 3. 

t e r i s t i c  o f  s p e c i f i c  t i n  species may then be ob- 

tained. 
I o n  Exchange Proper t ies  o f  Corrosion Products. 


