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A b s t r a c t  
 

T h e  aim of  t h is  s t ud y  w as  t o inve s t ig at e  t h e  corros ion b e h aviour of  AI S I  
3 16 s t ainle s s  s t e e l t o b e  us e d  as  re b ars  in cons t ruct ion. Aus t e nit ic s t ainle s s  
s t e e l AI S I  3 16 s amp le s  w e re  p ut  t o t h e  alkaline  aq ue ous  e nvironme nt s  of  
comp os it ion:  0.01M  NaO H + 0.01M  KO H  b ot h  f re e  of  ch lorid e s  and  t h os e  
cont aining  3 %  NaC l. T h e  h y d rog e n ion e xp one nt  p H  w as  10 and  12.5.  
T h e  f ollow ing  e le ct roch e mical me t h od s  h ave  b e e n us e d  t o inve s t ig at e  
corros ion:  p olariz at ion curve s  PC , E le ct roch e mical I mp e d ance  S p e ct ros cop y  
E I S , and  24-h our op e n circuit  p ot e nt ial O C P s t ud ie s . T h e  ob t aine d  re s ult s  
are  q uit e   comp re h e ns ive  and  ind icat e  on f as t e r s e lf -re s t orat ion of  p as s ive  
f ilms  und e r act ion of  ch lorid e s . T h e  ch lorid e s  d o not  caus e  e s s e nt ial 
ch ang e s  in t h e  p ot e nt ial value s , b ot h  corros ion and  crit ical, in comp aris on 
w it h  t h e  re s ult s  on s amp le s  s t ud ie d  in t h e  s olut ions  f re e  of  ch lorid e s . T h e  
s t ud ie s  re ve al t h at , out  of  t w o alkaline  e nvironme nt s , t h e  AI S I  3 16 S S  
b e t t e r p e rf orms  in t h e  p re s e nce  of  s olut ions  of  low e r p H . T h e  p re s e nce  of  
ch lorid e s  in t h e  s olut ion e nab le s  f as t e r f ormat ion of  a p as s ive  f ilm and  it s  
e ve nt ual aut o-re s t orat ion in cas e  of  d is rup t ion. T h e  p re s e nt e d  inve s t ig at ion 
re s ult s  ind icat e  t h e  ch lorid e s  acce le rat e  t rans it ion of  C r( I I I )  t o C r( V I )  on 
s t e e l s urf ace . T h e  long e r s t e e l AI S I  3 16 s amp le  re mains  in t h e  s olut ion, t h e  
more  and  more  f ilm f orme d  on t h e  s t e e l s urf ace  s t re ng t h e ns  and  g e t s  
s t ab iliz e d  re s ult ing  in b e t t e r s urf ace  p rot e ct ion.     
 
K e y w o r d s :  C orros ion, E I S  me as ure me nt s , AI S I  3 16 S S , alkaline  
e nvironme nt s , ch lorid e s . 
 
P om i ar y  k or ozj i  st al i  AISI 3 1 6  w  r ozt w or ac h  
al k al i c zny c h  

 
S t r e s z c z e n i e  

 
W  p racy  p rz e d s t aw iono w y niki b ad ań  koroz y j ne g o z ach ow ania s ię  s t ali 
kw as ood p orne j  AI S I  3 16 – p rz e w id y w ane j  d o z as t os ow ań  kons t ru-
kcy j ny ch  w  b ud ow nict w ie  – w  roz t w orach  alkalicz ny ch . Prz y g ot ow ane  
p ró b ki s t alow e  umie s z cz ono w  roz t w orach  o s kł ad z ie :  0.01M  
NaO H + 0.01M  KO H  b e z  ch lorkó w  oraz  z aw ie raj ą cy m 3 %  NaC l. 
W y kł ad nik j onó w  w od orow y ch  w y nos ił  10 i 12,5. D o p omiaró w  
koroz y j ne g o z ach ow ania s ię  s t ali z as t os ow ano b ad ania krz y w y ch  
p olary z acy j ny ch  PC , e le kt roch e micz ną  s p e kt ros kop ię  imp e d ancy j ną  E I S , 
oraz  b ad ania p ot e ncj ał u ob w od u ot w art e g o O C P. W y niki b ad ań  s ą  z g od ne  
i w s kaz uj ą  na s z y b s z e  s amood now ie nie  w ars t e w ki p as y w ne j  p od  
w p ł y w e m ch lorkó w . C h lorki nie  p ow od uj ą  z as ad nicz y ch  z mian  
w  w art oś ciach  p ot e ncj ał u, i t o z aró w no koroz y j ne g o j ak i kry t y cz ne g o,  
w  p oró w naniu z  w y nikami uz y s kany mi w  roz t w orach  b e z  ch lorkó w .  
W y niki b ad ań  w s kaz uj ą , ż e  s p oś ró d  d w u z as t os ow any ch  roz t w oró w , s t al 
AI S I  3 16 j e s t  b ard z ie j  od p orna na koroz j ę  w  roz t w orach  o niż s z y m p H . 
O b e cnoś ć  ch lorkó w  w  roz t w orz e  umoż liw ia s z y b s z e  t w orz e nie  s ię  
w ars t e w ki p as y w ne j  i j e j  od t w arz anie  w  p rz y p ad ku p rz e rw ania. W y niki 
b ad ań  w s kaz uj ą , ż e  ch lorki p rz y s p ie s z aj ą  p rz e j ś cie  C r( I I I )  d o C r( V I )  na 
p ow ie rz ch ni s t ali. W y d ł uż e nie  cz as u p oz os t aw ania s t ali w  roz t w orz e  
p ow od uj e  umocnie nie  w ars t e w ki i s t ab iliz acj ę  och rony  p ow ie rz ch ni s t ali. 
 
S ł o w a  k l u c z o w e :  koroz j a, s t al AI S I  3 16, p omiar E I S , ś rod ow is ko 
alkalicz ne , ch lorki. 
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1 .  Int r oduc t i on 
 
T y p e  U N S  S 3 1 6 0 0  s t a inl e s s  s t e e l  is  t h e  m o s t  p o p ul a r  a cid -

r e s is t a nt  m a t e r ia l  o f  incr e a s e d  r e s is t a nce  t o  co r r o s io n d ue  t o  M o  
a d d it io n.  I t  be l o ngs  t o  a us t e nit ic s t a inl e s s  s t e e l s  a nd  h a s   
a  f a ce -ce nt e r e d  ( f cc)  s t r uct ur e  [ 1 ,  2 ] .  T h is  s t e e l  is  e s s e nt ia l l y  
no nm a gne t ic in t h e  a nne a l e d  co nd it io n,  a nd  p o s s e s s e s  e x ce l l e nt  
cr y o ge nic p r o p e r t ie s  a nd  go o d  h igh -t e m p e r a t ur e  s t r e ngt h .  I n 
co m p a r is o n w it h  A I S I  3 0 4  S S  in t h is  s t e e l  m o l y bd e num  is  a d d e d  
t o  incr e a s e  h a l id e  p it t ing r e s is t a nce .  I t  m a y  be  us e d  f o r  m a ch ine  
p a r t s  w o r k ing in t e m p e r a t ur e s  up  t o  3 0 0 -4 0 0  ° C .  I t s  f r e q ue nt  
a p p l ica t io n h a s  be e n f o und  in p h a r m a ce ut ica l ,  t e x t il e ,  a nd  f o o d  
ind us t r ie s ,  a s  w e l l  a s  in ce l l ul o s e  a nd  p a int  m a nuf a ct ur e .  
C o r r o s io n r e s is t a nce  is  o f t e n t h e  m o s t  im p o r t a nt  ch a r a ct e r is t ics  

o f  t h is  t y p e  o f  s t a inl e s s  s t e e l s ,  a nd  a s  t h e  a d d it io n o f  M o  h a s  be e n 
r e p o r t e d  t o  im p r o v e  t h is  f e a t ur e ,  t h e  A I S I  3 1 6  S S  is  us e d  in 
ch e m ica l  a nd  m a r ine  ind us t r ie s ,  a s  w e l l  a s  in o t h e r  e nv ir o nm e nt s  
co nt a ining ch l o r id e s .  R e ce nt l y  it  h a s  be e n us e d  in co ns t r uct io n in 
t h e  f o r m  o f  r e inf o r ce m e nt  ba r s  ( r e ba r s )  [ 3 -5 ] .  
T h e  a im  o f  t h e  p a p e r  w a s  t o  inv e s t iga t e ,  m e a s ur e  a nd  r e v e a l  t h e  

co r r o s io n be h a v io ur  o f  A I S I  3 1 6  s t a inl e s s  s t e e l  in a l k a l ine  
e nv ir o nm e nt s  w it h o ut  N a C l  a nd  w it h  t h e  a d d it io n o f  3 %  N a C l .  
T h e  co ns e q ue nce s  o f  t h is  l o ng-t e r m  s t a y  a nd  t h e  be h a v io ur  o f  
A I S I  3 1 6  S S  in t h is  m o d if ie d  e nv ir o nm e nt  h a v e  be e n a l s o  
inv e s t iga t e d .  
 

2 .  Ex p er i m ent al  and M et h od 
 
N o m ina l  co m p o s it io n o f  A I S I  3 1 6  s t a inl e s s  s t e e l  s t ud ie d  is  

giv e n in T a bl e  1 .  
 

T a b . 1.  Ch e m i c a l  c o m p o s i t i o n  o f  A I SI  316  SS [ 1]  
T a b . 1.  Sk ł a d  c h e m i c z n y  s t a l i  A I SI  316  SS [ 1]  
 

E l e m e n t  c o n t e n t s ,  w t %  
Cr  N i  C M n  Si  P S O t h e r  F e  

16 -18  10 -14  0 .0 8  2 1 0 .0 4 5  0 .0 3 M o    2-3 b a l . 
 
M o s t  o f  t h e  s t ud ie s  h a v e  be e n ca r r ie d  o ut  a t  t h e  D iv is io n o f  

E l e ct r o ch e m is t r y  in t h e  Instituto Superior Tecnico L is bo n,  
P o r t uga l .  T h e y  w e r e  p a r t  o f  a  bigge r  p r o j e ct .   
 

2 . 1 .  P r ep ar at i on of  sam p l es 
 
S q ua r e  s a m p l e s  o f  t h e  s ur f a ce  a r e a  o f  1  cm 2,  cut  o ut  o f  a  s t e e l  

s h e e t  2  m m  t h ick  h a v e  be e n us e d  t o  t h e  s t ud ie s .  E a ch  s a m p l e  f o r  
co r r o s io n s t ud ie s  w a s  co nne ct e d  w it h  a  co p p e r  w ir e  ca bl e  ( F ig.  1 ) .  
A f t e r  r e m o v a l  o f  t h e  is o l a t io n t h e  w ir e  e nd s  w e r e  co nne ct e d  w it h  
t h e  s t e e l  s a m p l e .  A  s p e cia l  h igh  p ur it y  s il v e r  p a int  w a s  us e d  f o r  
t h is  p ur p o s e .  T w o  l a y e r s  w e r e  p ut  t o  e ns ur e  be t t e r  co nd uct iv it y  o f  
e l e ct r ic cur r e nt .  
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After the silver paint was dry, EpoFix Kit was used to flood the 
samples.  EpoFix R esin and EpoFix H ardener were mixed in ratio 
1 5: 2  parts of volume. T hen all the probes were put into the 
cylindrical shape forms and flooded with the mixture. N ext they 
were left for 2 4  hours to settle and dry. B efore that, the forms 
were cleaned and lubricated with petroleum j elly j ust to mak e 
samples easier to tak e out when they are dry. 
H ard dried samples were tak en off the forms and then subj ected 

to mechanical polishing . T he steel samples were polished with 
waterproof silicon carbide paper with four of the g rit siz es 3 2 0 , 
8 0 0 , 1 2 0 0 , and 4 0 0 0 . 
Afterwards the samples were put to the buffing  process using  

polishing  wheel/ disc with diamond polishing  compound of the 
g raininess 3  µ m, and ¼  µ m, respectively. 
I n view of avoidance of pitting  corrosion, a two-component 

toug h adhesive Araldid R apid of C eys®  was used. After this 
operation the bee wax was applied on the sample edg es to protect 
them ag ainst corrosion. T hus the samples active area was 
diminished by 1  mm at each side, leaving  the open area of 8 ×8  mm.  
 

2.2. P r e p a r a t i o n  o f  s o l u t i o n s  
 
T he comparative corrosion studies of such prepared the AI S I  

3 1 6  stainless steel samples have been carried out in four alk aline 
solutions prepared on de-ioniz ed water. T hey were mixed as 
follows:   

0 .0 1 M N aO H  +  0 .0 1 M KO H                 ( 1 )  
 

and it was the first one to carry the corrosion experiments. T he 
second solution was different by introducing  chlorides to the 
composition ( 1 ) , adding  3 %  sodium chlorides:  
 

0 .0 1 M  N aO H  +  0 .0 1 M  KO H  +  3 %  N aC l          ( 2 )  
 
Additionally these two solutions ( 1 )  and ( 2 )  were differing  with 

two pH  values in each of them. L ower pH  was established at 1 0 , 
whereas the hig her one was more alk aline and eq ualed 1 2 .5.  
P roper pH  of the solutions were corrected by addition of 

different substances:  N aO H  to increase the alk alinity from 1 2  to 
1 2 .5, and nitric acid H N O 3 to lower pH  down to 1 0 .  
 
2.3 . S e t -u p  f o r  c o r r o s i o n  s t u d i e s  
 
S cheme of the measurement cell is presented in Fig . 1 . T he 

electrochemical cell consisted of a work ing  electrode W E ( steel 
sample) , and counter electrode as the platinum reference electrode 
with submerg ed electrolytic k ey/ bridg e, which formed soluble 
connection between the cell and saturated calomel reference 
electrode ( S C E) . T he aim of the electrolytic k ey was to avoid 
g etting  chlorides from the reference electrode to the solution in 
view of g etting  correct experimental results.  
 
 

  
F i g .  1 .   E l e c t r o c h e m i c a l  c e l l  s c h e m a t i c   
R y s .  1 .   S c h e m a t  s t a n o w i s k a  b a d a w c z e g o  
 

T he studies of corrosion behaviour of AI S I  3 1 6  S S  were carried 
out in alk aline aq ueous solutions. O pen circuit potential ( O C P )  
was measured by means of potentiostat V oltaL ab P G Z 1 0 0  and 
computer with W indows 2 0 0 0  and the software V oltaM aster 4  
used to serve the potentiostat. T he electrochemical cell was placed 
inside the Faraday cag e. 
Each O C P  experiment lasted for 2 4  hours. T he potentiostat was 

prog rammed to read out the potential value every 2  seconds. At 
that reading  freq uency, 6 4 0 0 0  points were recorded, and it was 
maximum value, limited by the software. T he measurement started 
at once after putting  the sample to the solution [ 6 ] . 
P olariz ation curves and electrochemical impedance spectroscopy 

( EI S )  were obtained with the use of G amry I nstruments with 
R eference 6 0 0 -P otentiostat/ G alvanostat/ Z R A, connected with 
computer and operational system W indows 2 0 0 0  and the software. 
G amry I nstruments Framework , version 4 .3 5 ( 2 0 0 5)  was used 

to obtain polariz ation curves. B efore starting  measurements the 
samples were left in the solution for 3 0 -minute stabiliz ation, 
during  which the open circuit potential ( O C P )  was measured. 
T he electrochemical impedance spectroscopy ( EI S )  results were 

also obtained with the use of G amry I nstruments Framework . T he 
samples were left in the solution for one hour before starting  with 
the first test. T he following  measurements were carried out after 
the time of:  3  hours, 6  hours, 1 2  hours, 2 4  hours, 4 8  hours, and 7 2  
hours. B efore each of the tests the instruments were set up for  
5-minute potential measurement. 
 
3 . R e s u l t s  o f  t h e  s t u d i e s  
 
3 .1 . O p e n  c i r c u i t  p o t e n t i a l  ( O C P )  
 
I n Fig . 2  the open circuit potential ( O C P )  results are presented. 
 

 

 1 

 2 

 3  4 

  
F i g .  2 .   O p e n  c i r c u i t  p o t e n t i a l  r e c e i v e d  d u r i n g  2 4  h  o n  A I S I  3 1 6  S S  s a m p l e  i n  

d i f f e r e n t  s o l u t i o n s :  1  – N a O H + K O H ,  p H = 1 0 ;  2  – N a O H + K O H +  3 % N a C l ,  
p H = 1 0 ;   3  – N a O H + K O H ,   p H = 1 2 . 5 ;  4  – N a O H + K O H +  3 % N a C l ,  p H = 1 2 . 5  

R y s .  2 .   P o t e n c j a ł y  o b w o d u  o t w a r t e g o  O C P  o t r z y m a n e  p o  2 4  h  n a  p r ó b k a c h  s t a l i  
3 1 6  S S  w  r ó ż n y c h  r o z t w o r a c h :  1  – N a O H + K O H ,  p H = 1 0 ;   
2  – N a O H + K O H +  3 % N a C l ,  p H = 1 0 ;   3  – N a O H + K O H ,   p H = 1 2 . 5 ;   
4  – N a O H + K O H +  3 % N a C l ,  p H = 1 2 . 5  

 
As can be seen ( Fig . 2 ) , the open circuit potential ( O C P )  of the 

electrode studied at hig her pH  =  1 2 .5 ( curves 3 , 4 ) , both with 
N aC l ( 4 )  and without it ( 3 ) , has been increasing  steadily and 
approaching  the value of O C P  potential of the sample submerg ed 
in the solution of pH  =  1 0  without chlorides ( 2 ) .  S ome hesitation, 
deterioration and hig her deflection of the curve 1  in Fig . 2 , for 
sample in the solution of pH  =  1 0 , containing  3 %  N aC l, could be 
caused by an inaccuracy in sample connection. O n the other hand,  
the AI S I  3 1 6  S S  in alk aline solution of pH  =  1 0  after a short time 
has been almost flat and stable for a long  time, and at the end of 
the study started to increase slig htly above − 0 .2 5 V  vs. S C E.  
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3.2. P o l a r i z a t i o n  c u r v e s  ( P C )  
 
I n F ig .  3  t h e c o r r o sio n r esu lt s o f   p o la r iz a t io n c u r ves ( P C )  o f  t h e 

A I S I  3 1 6  S S  in d if f er ent  a lk a line so lu t io ns h a ve been p r esent ed .  
O ne m a y  no t ic e t wo  g r o u p s o f  P C  c u r ves o f  d if f er ent  c o r r o sio n 
p o t ent ia ls.  T h e ser ies p r esent ing  beh a vio u r  o f  sa m p les su bm er g ed  
in t h e so lu t io ns o f   p H  =  1 0 ,  bo t h  wit h o u t  c h lo r id es a nd  wit h  t h e 
a d d it io n o f   3 %  N a C l ( c u r ves 1 ,  2  in F ig .  3 ) ,  ind ic a t e t h e sa m e 
c o r r o sio n p o t ent ia l Ecor sh if t ed  o f  a bo u t  0 . 2  V  in p o sit ive d ir ec t io n,  
a bo ve t h e p o t ent ia l o f  sa m p les lef t  in t h e so lu t io ns o f  p H  =  1 2 . 5  
( c u r ves 3 ,  4  in F ig .  3 ) .   
 

 

 1 
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F i g .  3 .   P ol ar i zat i on  c u r v e s  ob t ai n e d   on  A I S I  3 1 6  S S  s amp l e s  i n  d i f f e r e n t  s ol u t i on s :  

1  – N aO H + K O H ,  p H = 1 0 ;  2  – N aO H + K O H + 3 % N aC l ,  p H = 1 0 ;    
3  – N aO H + K O H ,   p H = 1 2 . 5 ;  4  – N aO H + K O H + 3 % N aC l ,  p H = 1 2 . 5  

R y s .  3 .   K r zy w e  p ol ar y zac y j n e  P C  ot r zy man e  n a p r ó b k ac h  s t al i  3 1 6  S S  w  r ó ż n y c h  
r ozt w or ac h :  1  – N aO H + K O H ,  p H = 1 0 ;  2  – N aO H + K O H +  3 % N aC l ,  p H = 1 0 ;   
3  – N aO H + K O H ,   p H = 1 2 . 5 ;  4  – N aO H + K O H +  3 % N aC l ,  p H = 1 2 . 5  

 
S o m e c h a ng es in t h e p a ssive st a t e m a y  be o bser ved  o n A I S I  3 1 6  

S S  su bm er g ed  in t h e so lu t io n c o nt a ining  N a C l o f  p H = 1 2 . 5  ( t h e 
p o t ent ia l r a ng e o f  0  V  t o  0 . 4  V  o n c u r ve 4 )  a nd  it  is p r o ba bly  t h e 
elec t r o -o x id a t io n o f  c h r o m iu m  f r o m  C r ( I I I )  t o  C r ( V I ) .  T h a t  
beh a vio u r  m a y  ind ic a t e t h e p r o t ec t ive o x id e f ilm  o n t h e st eel 
su r f a c e h a s been lo o sing  it s t ig h t ness,  bu t  a f t er  c r o ssing  t h e 
p o t ent ia l 0 . 7  V  vs.  S C E  it  g et s self -r est o r a t io n by  r e-g a ining  
p r o t ec t ive p r o p er t ies.  A ll t h is is d u e t o  t h e p r esenc e o f  c h lo r id es 
wh ic h  f a c ilit a t e a nd  a c c eler a t e t h e o x id e f ilm  f o r m a t io n o n t h e 
st eel su r f a c e.  
 

3.3. E l e c t r o c h e m i c a l  I m p e d a n c e  
S p e c t r o s c o p y  ( E I S )  

 
T h e im p ed a nc e B o d e p lo t s ( F ig s.  4 -7 )  h a ve been p er f o r m ed  t o  

bet t er  u nd er st a nd  t h e p r o c esses o c c u r r ing  o n A I S I  3 1 6  S S  sa m p les 
insid e t h e elec t r o c h em ic a l c ell f illed  u p  wit h  c o nsec u t ive va r y ing  
a q u eo u s a lk a line so lu t io ns.  

T h e f ir st  c o nc lu sio n c o m ing  o u t  o f  t h e B o d e p lo t s ( F ig s.  4 -7 )  
o n t h e c o r r o sio n beh a vio u r  o f  A I S I  3 1 6  S S  is t h a t  t h e m a t er ia l 
r em a ining  lo ng er  in t h e so lu t io n p o ssesses m o r e st a ble o x id e f ilm .  
T h e c h a ng e o f  p h a se a ng le θ  in t h e lo g a r it h m ic  f u nc t io n o f  
a ng u la r  f r eq u enc y  ω ( c u r ve B )  well r ef lec t s t h e d ep end enc e.  T h e 
c u r ves o f  sa m p les r em a ining  in t h e so lu t io n f o r  o ver  2 4  h o u r s,  
a f t er  a c h ieving  m a x im u m  va lu e o f  p h a se a ng le θ  d ec r ea se m u c h  
slig h t er  t h a n t h e f u nc t io n o f  t h e sa m p le su bm er g ed  in t h e so lu t io n 
f o r  o ne h o u r .  
L ines B  o f  t h e st u d ied  sa m p les ( F ig s.  4 -7 )  a f t er  o ne h o u r  o f  t h e 

su bm er g e o f  sa m p les in t h e so lu t io n wh en o bt a ining  m a x im u m  
va lu e beg in t o  f a ll d o wn m u c h  sh a r p er / st r o ng er  t h a n t h e sa m e 
lines lef t  in t h e so lu t io n f o r  a  lo ng er  t im e.  H o wever ,  t h e c o r r o sio n 
d o es no t  p r o c eed  bec a u se t h e r ea c t a nc e ( L ines A )  is st ea d ily  
g r o wing  d o  no t  a c h ieving  c o nst a nt  va lu es t h a t  d o es no t  p r o ve o f  
t h e c o r r o sio n.  T h e c o u r se o f  f u nc t io n lo g | Z | =  f ( lo g ( ω)  p r o ves o f   
a  h ig h  r esist a nc e o f  t h is so r t  o f  st eel.  

 

  
F i g .  4 .   E l e c t r oc h e mi c al  i mp e d an c e  s p e c t r os c op y  p l ot s  ob t ai n e d  on  A I S I  3 1 6  S S  

s amp l e s  i n  t h e   s ol u t i on  N aO H + K O H ,  of   p H = 1 0  ( B od e  p l ot s ) ;   
t i mi n g   f r om 1  h  t o 7 2  h  

R y s .  4 .   W y k r e s y  i mp e d an c y j n e  E I S  ot r zy man e  n a p r ó b k ac h  s t al i  3 1 6  S S   
w  r ozt w or ze  N aO H + K O H ,  p H = 1 0  ( w y k r e s y  B od e ’ g o) ;   
c zas  d oś w i ad c ze n i a 1  h  d o 7 2  h   

 
 
 

  
F i g .  5 .   E l e c t r oc h e mi c al  i mp e d an c e  s p e c t r os c op y  p l ot s  ob t ai n e d  on  A I S I  3 1 6  S S  

s amp l e s  i n  t h e   s ol u t i on  N aO H + K O H + 3 % N aC l ,  of   p H = 1 0  ( B od e  p l ot s ) ;  
t i mi n g   f r om 1  h  t o 7 2  h   

R y s .  5 .   W y k r e s y  i mp e d an c y j n e  E I S  ot r zy man e  n a p r ó b k ac h  s t al i  3 1 6  S S   
w  r ozt w or ze  N aO H + K O H + 3 % N aC l ,  p H = 1 0  ( w y k r e s y  B od e ’ g o) ;   
c zas  d oś w i ad c ze n i a od  1  h  d o 7 2  h   

 
 
 

  
F i g .  6 .   E l e c t r oc h e mi c al  i mp e d an c e  s p e c t r os c op y  p l ot s  ob t ai n e d  on  A I S I  3 1 6  S S  

s amp l e s  i n  t h e   s ol u t i on  N aO H + K O H ,  of   p H = 1 2 . 5  ( B od e  p l ot s ) ;   
t i mi n g   f r om 1  h  t o 7 2  h  

R y s .  6 .   W y k r e s y  i mp e d an c y j n e  E I S  ot r zy man e  n a p r ó b k ac h  s t al i  3 1 6  S S   
w  r ozt w or ze  N aO H + K O H ,  p H = 1 2 . 5  ( w y k r e s y  B od e ’ g o) ;   
c zas  d oś w i ad c ze n i a od  1  h  d o 7 2  h   
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Fig. 7.  E l e c t r oc h e mic a l  imp e d a n c e  s p e c t r os c op y  p l ot s  ob t a in e d  on  A I S I  3 1 6  S S  

s a mp l e s  in  t h e  s ol u t ion  N a O H + K O H + 3 % N a C l ,  of   p H = 1 2 .5  ( B od e  p l ot s ) ;  
t imin g  f r om 1  h  t o 72  h  

R y s . 7.  W y k r e s y  imp e d a n c y j n e  E I S  ot r z y ma n e  n a  p r ó b k a c h  s t a l i 3 1 6  S S   
w r oz t wor z e  N a O H + K O H + 3 % N a C l ,  p H = 1 2 .5  ( wy k r e s y  B od e ’ go) ;   
c z a s  d oś wia d c z e n ia  od  1  h  d o 72  h   

 
 

4. D i s c u s s i o n  
 
I n th e initial p h ase of  inv estigation th e L uggin cap illary  serv ed 

to p rev ent th e direct contact of  th e ref erence electrode.  I nto th e 
cap illary  th e same solution w as p oured th at w as actually  in th e cell 
and th e ref erence electrode w as p laced inside.  T h is w ay  th e K C l 
solution of  electrode w as diluted against its getting to th e solution 
in th e cell w h ich  occurred th rough  th e cap illary  membrane.  D uring 
p erf orming of  sh ort tests,  such  as p olariz ation curv es,  th is meth od 
is v ery  ef f icient because th e K C l concentration inside th e cap illary  
is so low  th at it h as no signif icant ef f ect on result.  T h e p roblem 
arises during long-term tests w h ere th ere is no p ossibility  f or 
constant sup erv ision ov er th eir p erf ormance,  e. g.  O C P  w h ich  w as 
measured th rough out 2 4  h ours w ith out break .  D uring nigh t h ours 
th e electroly te in th e cap illary  w as leak ing to th e solution  
resulting in self -break ing th e test self -acting due to f low  
connection of  th e electroly te w ith  th e cell.  T h at f act decided to 
rep lace th e L uggin cap illary  into th e electroly tic k ey  [ 7 ,  8 ] .   
E lectroch emical I mp edance S p ectroscop y  sh ow s th e reaction of  

th e sy stem on sinusoidal interf erence of  electrode p otential.  T h e 
ox ide f ilm w h ich  is f ormed on th e A I S I  3 1 6  S S  surf ace under 
action of  th e solution is v ery  resistant w ith  small number of  p ores 
resulting in v ery  h igh  resistance v alue [ 9 ,  1 0 ] .    
O bserv ing p resented B ode p lots ( F ig.  5  and F ig.  7 )  one may  

notice th at f or steel samp les p laced in electroly tes containing 3 %  
N aC l th e cap acitance begins to grow  f or h igh er v alues of  
f req uencies and low er imp edance v alues.  F or steel samp les 
submerged in solutions f ree of  ch lorides ( F ig.  4 ,  and F ig.  6 )   
th e resistance begins to grow  f or th e f req uency  v alues of  about 
1 0 0  H z  and imp edance of  about 2  Ω,  w h ereas in F ig.  7 ,  under 
action of  solution containing 3 %  N aC l th e f req uency  f or w h ich  th e 
resistance begins to grow  eq uals about 1 0 0 0  H z ,  and imp edance of  
about 1  Ω.  S uch  a situation h ap p ens due to ch lorides w h ich  
accelerate steel ox idation and w ith  th is a p assiv e p rotectiv e f ilm is 
f ormed resulting in th e increase of  corrosion resistance of  steel [ 8 ,  1 1 ] .  
L ook ing onto th e f unction dep endence of  p h ase angle θ on th e 

angular f req uency  ω one may  notice th e f unction f alls in th e last 
stadium.  F or samp les lef t in electroly tes j ust f or an h our th at f all is 
much  greater th an th at measured af ter 2 4  h ours.  T h at means th e 
longer samp le is lef t in th e solution,  th e f ilm f ormed on th e surf ace 
is tough er and gets stabiliz ed resulting in better surf ace p rotection.  
T h e f alls reach  similar v alues of  p h ase angle.  T h e steel surf ace is 
more stable f or th e p h ase angle θ  of  about 8 0 ° ,  w h ereas f or 
measurements af ter one h our one may  notice th e f unction 
decreases more sh arp ly  f or th e samp le dip p ed/ p lunged in th e 
solution of  h igh er p H  =  1 2 . 5  ( F ig.  6 ,  and F ig.  7 )  ach iev ing low er 
f inal v alues of  p h ase angle ( of  about 6 0 ° )  th an th e samp le in 
solutions of  p H  =  1 0 .  

O ne may  comp are th e electroch emical research  results 
p resented by  th e auth ors of  ref erence [ 1 2 ]  w ith  th e measurement 
results obtained in th is w ork  on th e A I S I  3 1 6  S S  samp les and f ind 
th ey  are q uite comp reh ensiv e.  T h e similarity  of  th e obtained 
results p rov es of  a correct ap p roach  to th e studies p resented in th is 
w ork .  
 

5 . C o n c l u s i o n s  
 
I n th e corrosion studies of  austenitic A I S I  3 1 6  stainless steel th e 

h amp ering ef f ects of  alk aline solutions w ere measured.  B ased on 
th e study  results,  th e f ollow ing conclusions  may  be draw n:  
( 1 )  T h e obtained corrosion study  results are q uite smooth ,  and 

ev en at h igh  p otentials no sh arp  ch anges are noticeable.  T h e 
dif f erence betw een th e critical p otential and th e corrosion 
p otential f or A I S I  3 1 6  S S  eq uals some h undreds of  miliv olts 
in all cases;  th eref ore p itting is p ractically  imp ossible.   

( 2 )  T h e contents of  3 %  of  sodium ch loride in th e solutions do not 
af f ect ch anges in th e v alues of  p otentials ( corrosiv e nor 
critical)  in comp arison w ith  th e results of  tests carried out in 
th e solutions f ree of  ch lorides.  O n th e oth er h and,  th e 
corrosion resistance is h igh ly  af f ected by   p H  of  solution:  
better resistant to th e solutions of  low er p H .  

( 3 )  T h e p resence of  ch lorides is of  benef it at p romp ter f ormation 
of  p assiv e f ilm and its ev entual auto-restoration in case of  
damage.  T h e ch lorides accelerate transition of  C r ( I I I )  to C r 
( V I ) .  T h is p h enomenon is ap p arent in th e f orm of  w av e on 
th e p olariz ation curv es p lots of  steel subj ected to th e action of  
solution containing ch lorine ions,  esp ecially  in th e solution of  
p H  =  1 2 . 5  ( range of  0  mV  to 5 0 0  mV ) .   

( 4 )  O ne may  conclude f rom O C P  and E I S  p lots th at th e 
p rotectiv e ox ide f ilm h as been stabiliz ed in time lap se during 
th e samp le submerged in th e solution.  T h e op en circuit 
p otential O C P  measurement results conf irm th at th e 
austenitic stainless steels in alk aline env ironments beh av e 
p assiv ely .   

( 5 )  V ery  similar conclusions to th e O C P  results may  be draw n 
based on th e imp edance dep endences ( f unction of  th e p h ase 
angle θ on th e angular f req uency  ω ) .  F or samp les lef t in th e 
solutions f or only  one h our,  th e f unction f alls in th e last 
stadium to low er v alues th an at measurements during 2 4  
h ours.  T h at means th e longer A I S I  3 1 6  S S  samp le is lef t in 
th e solution,  th e more f ilm f ormed on th e steel surf ace is 
enh anced and stabiliz ed leading to better p rotection of  th e 
surf ace.  

( 6 )  I n measurements of  imp edance th e obtained v alues of  
resistance ex clude a p ossibility  to arise p itting at th e ap p lied 
p arameters of  th e p rocess.  O n th e B ode p lots,  p resenting th e 
ratio of  f req uency  to resistance it is v isible th at th e f unction 
grow s steadily  and does not stabiliz e ( th ere is one constant in 
th e p lots) .  T h at means th e p rop erties of  p ore w alls and 
bottom are eq ual/ identical.  T h e ox ide/ h y drox ide f ilm f ormed 
on th e A I S I  3 1 6  S S  samp le in alk aline env ironments is tigh t,  
comp act,  and w ell adh eres to th e substrate.     
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i m p l a n t a t i o n  o n  a u s t e n i t i c  a n d  f e r r i t i c  s t a i n l e s s  s t e e l s  a g a i n s t  l o c a l i z e d  
a q u e o u s  c o r r o s i o n ,  S u r f a c e  a n d  C o a t i n g s  T e c h n o l o g y ,  1 3 3 -1 3 4 
( 2 0 0 0 ) ,  3 44-3 5 0 .  
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Targi Automatyki i Pomiarów Automaticon  2 0 1 0  
 
 

 
W  d n i a c h  2 3 -2 6  m a r c a  2 0 1 0  r .  o d b y ł y  s i ę  p o  r a z  s z e s n a s t y  T a r g i  

A u t o m a t i c o n .  Z o s t a ł y  o n e   z o r g a n i z o wa n e  p r z e z  P r z e m y s ł o wy  
I n s t y t u t  A u t o m a t y k i  i  P o m i a r ó w P I A P  o r a z  f i r m ę  M V M  n a  t e r e n i e  
E X P O  X X I  w W a r s z a wi e .  W  t a r g a c h  wz i ę ł o  u d z i a ł  w c h a r a k t e r z e  
wy s t a wc ó w p o n a d  3 0 0  f i r m  z  b r a n ż y  a u t o m a t y k i ,  r o b o t y k i ,  
m e c h a t r o n i k i ,  e l e k t r o n i k i  i  p o m i a r ó w.  W i ę k s z o ś ć  z  n i c h  
u c z e s t n i c z y ł a  t a k ż e  w p o p r z e d n i c h  t a r g a c h  A u t o m a t i c o n ,  a l e  
p o j a wi ł y  s i ę  t e ż  f i r m y  n o we .    
W  t r a k c i e  t a r g ó w b y ł a  m o ż l i wo ś ć  z a p o z n a n i a  s i ę  z  a k t u a l n ą  

o f e r t ą  p r o d u k c y j n ą  wi e l u  f i r m  b r a n ż o wy c h ,  a  t a k ż e  z  n o wy m i  
p r o d u k t a m i  i  t e c h n o l o g i a m i  o b e c n y m i  j u ż  n a  r y n k u  ś wi a t o wy m .  
N a s z ą  u wa g ę  z wr ó c i ł y  s t o i s k a  P I A P ,  E M  t e s t ,  A s t a t ,  F a n u c ,  
W e n g l o r ,  H a r m o n i c  D r i v e ,  a  z wł a s z c z a  P B T  T e c h n i k ,  
p r e z e n t u j ą c a  m a s z y n y  d o  m o n t a ż u  p o wi e r z c h n i o we g o :  r ę c z n e ,  
p ó ł a u t o m a t y c z n e ,  a u t o m a t y c z n e  o r a z  d o  i n s p e k c j i  o p t y c z n e j  
p ł y t e k :  m i k r o s k o p y  i  wi z y j n e  s y s t e m y  p o m i a r o we .  N a  t a r g a c h  
b y ł y  wi d o c z n e  s i l n e  t e n d e n c j e  r o z wo j u  r o b o t ó w i  a u t o m a t y z a c j i  
p r o c e s ó w.   
R ó wn o l e g l e  z  t a r g a m i  o d b y wa ł y  s i ę  s e m i n a r i a  n a u k o we  

d o t y c z ą c e  z a g a d n i e ń  z wi ą z a n y c h  m . i n .  z  s y s t e m a m i  s t e r o wa n i a   
i  p r z e m y s ł o wy m i  s i e c i a m i  k o m u n i k a c y j n y m i ,  r o b o t a m i  
p r z e m y s ł o wy m i ,  k o m p a t y b i l n o ś c i ą  e l e k t r o m a g n e t y c z n ą  i  t r a n s m i -
s j ą  b e z p r z e wo d o wą .  J e d n o  z  n i c h  z o s t a ł o  p o ś wi ę c o n e  p r o j e k t o wi  
M ł o d z i  I n n o wa c y j n i ,  g d z i e  m ł o d z i  l u d z i e  p r e z e n t o wa l i  s wo j e  
p r a c e  d y p l o m o we :  i n ż y n i e r s k i e ,  m a g i s t e r s k i e  i  d o k t o r s k i e .   
X V I  t a r g i  A u t o m a t i c o n  s t a n o wi ł y  o k a z j ę  d o  p r e z e n t a c j i  

n o wo c z e s n y c h  r o z wi ą z a ń  k o n s t r u k c y j n y c h ,  n a wi ą z y wa n i a  
k o n t a k t ó w m i ę d z y  f i r m a m i  i  k l i e n t a m i ,  i n s p i r o wa n i a  wy o b r a ź n i  
s t u d e n t ó w i  u c z n i ó w s z k ó ł  t e c h n i c z n y c h ,  k t ó r z y  l i c z n i e  o d wi e d z a l i  
s t o i s k a  t a r g o we .  
W i ę k s z a  n i ż  w u b i e g ł y m  r o k u  o b e c n o ś ć  p o l s k i c h  f i r m ,  

z wł a s z c z a  m a ł y c h  i  ś r e d n i c h ,  n a p a wa  o p t y m i z m e m .  T e n  wz r o s t  
n a s t ą p i ł  p r z y  z m n i e j s z e n i u  s i ę  l i c z b y  o b e c n y c h  d u ż y c h  f i r m   
i  k o r p o r a c j i  m i ę d z y n a r o d o wy c h .  J e s t  t o  o z n a k ą  d o b r e g o  r a d z e n i a  
s o b i e  p r z e z  p o l s k i c h  p r z e d s i ę b i o r c ó w z e  s k u t k a m i  ś wi a t o we g o  
k r y z y s u  g o s p o d a r c z e g o .  
P i e r ws z e g o  d n i a  t a r g ó w p r z e d s t a wi c i e l e  p r a s y  i  wy s t a wc y  

z o s t a l i  z a p r o s z e n i  n a  k o n f e r e n c j ę  p r a s o wą ,  n a  k t ó r e j  d o k o n a n o  
p o d s u m o wa n i a  p r z y g o t o wa ń  d o  t a r g ó w i  s c h a r a k t e r y z o wa n o  i c h  
z a s i ę g ,  w r ó ż n y c h  p r z e k r o j a c h .  O k r e ś l o n o  t a r g i  j a k o  wy j ą t k o we   
z  d wó c h  p o wo d ó w.  P i e r ws z y m  z  n i c h  j e s t  t r u d n a  s y t u a c j a   

w g o s p o d a r c e  ś wi a t o we j  i  e u r o p e j s k i e j .  W  u b i e g ł y m  r o k u  wi e l e  
f i r m  b o r y k a ł o  s i ę  z  k r y z y s e m  g o s p o d a r c z y m ,  c o  n i e  p o z o s t a ł o  b e z  
wp ł y wu  n a  b r a n ż ę  a u t o m a t y k i  p r z e m y s ł o we j .  T a r g i  d a ł y  o k a z j ę  d o  
o c e n y ,  j a k  f i r m y  d u ż e  i  m n i e j s z e  p o r a d z i ł y  s o b i e  z  k r y z y s e m .  
D r u g i m  e l e m e n t e m  p o d k r e ś l a n y m  p r z e z  O r g a n i z a t o r ó w b y ł o  
o d d a n i e  d o  u ż y t k u  n o wo  wy b u d o wa n e j  h a l i  wy s t a wi e n n i c z e j  n a  
t e r e n i e  E X P O  X X I ,  k t ó r a  d a ł a  n o we  m o ż l i wo ś c i  t a r g o m .  D z i ę k i  
n i e j  z wi e d z a j ą c y  m a j ą  p r z e s t r o n n i e j s z e  c i ą g i  k o m u n i k a c y j n e  o r a z  
n i e  z a c h o d z i  j u ż  p o t r z e b a  o g r a n i c z a n i a  p o wi e r z c h n i  s t o i s k   
wy s t a wc ó w a n i  r o z s t a wi a n i a  s t o i s k  w h o l u  c z y  s a l a c h  
k o n f e r e n c y j n y c h .  
W y d a wn i c t wo  P A K  wz i ę ł o  u d z i a ł  w t a r g a c h  n i e  t y l k o  j a k o  

p a t r o n  m e d i a l n y ,  a l e  r ó wn i e ż  j a k o  wy s t a wc a .  S t o i s k o  P A K  
z n a j d o wa ł o  s i ę  w n a j wi ę k s z e j  h a l i  n r  1 .  Z a p r e z e n t o wa l i ś m y  
W y d a wn i c t wo  P A K ,  m i e s i ę c z n i k  P o m i a r y  A u t o m a t y k a  K o n t r o l a ,  
a  t a k ż e  wy d a n e  p r z e z  n a s  p o z y c j e  k s i ą ż k o we .  N a j wi ę k s z y  p o p y t  
m i a ł a  n a s z a  n a j n o ws z a  k s i ą ż k a  „ M i k r o k o n t r o l e r  P I C   
w z a s t o s o wa n i a c h ”  I .  P .  K u r y t n i k a .  
W  d n i u  2 3  m a r c a  2 0 1 0  r .  o d b y ł a  s i ę  g a l a  wr ę c z e n i a  Z ł o t y c h  

M e d a l i  t a r g ó w A u t o m a t i c o n .  K o m i s j a  k o n k u r s o wa  w s k ł a d z i e  m g r  
i n ż .  P r z e m y s ł a w Z b i c h o r s k i ,  p r o f .  d r  h a b .  i n ż .  J a n  M a c i e j  
K o ś c i e l n y  ( p r z e wo d n i c z ą c y ,  r e d a k t o r  d z i a ł u  A u t o m a t y k a  P A K ) ,  
p r o f .  d r  h a b .  i n ż .  K r z y s z t o f  S a c h a ,  d o c .  d r  i n ż .  S t a n i s ł a w 
K a c z a n o ws k i  o r a z  m g r  i n ż .  I r m a  P ę c i a k  p r z y z n a ł a  wy r ó ż n i e n i a  
f i r m o m :  
− A p l i s e n s  S . A . ,  z a  e l e k t r o p n e u m a t y c z n y  u s t a wn i k  p o z y c y j n y  A P I S ,  
−  F a n u c  R o b o t i c s  P o l s k a ,  z a  r o b o t a  F A N U C  M -1 i A ,  
−  F e s t o  S p .  z  o . o . ,  z a  l i n i o wy  n a p ę d  e l e k t r y c z n y  E G C ,  
−  L u m e l  S . A . ,  z a  a n a l i z a t o r  /  r e j e s t r a t o r  p a r a m e t r ó w t r ó j f a z o we j  
s i e c i  e n e r g e t y c z n e j  N D 1 ,  
−  M u l t i p r o j e k t ,  z a  a k t u a t o r  s e r v o t u b e  X H A  3 8 0 4 ,  
−  R E C T U S  P o l s k a  S p .  z  o . o . ,  z a  n a p ę d y  p n e u m a t y c z n e ,  o b r o t o we  
P u r e t o r g  z  s y s t e m e m  p r z e n o s z e n i a  n a p ę d u  ł o p a t k o we g o .  
W y d a wn i c t wo  P A K  s k ł a d a  O r g a n i z a t o r o m  g r a t u l a c j e  z a  d o b r ą  

o r g a n i z a c j ę  t a r g ó w i  d o ł o ż e n i e  s t a r a ń  o  u t r z y m a n i e  wy s o k i e j  
p o z y c j i  T a r g ó w A u t o m a t i c o n  wś r ó d  n a j wa ż n i e j s z y c h  wy d a r z e ń  
b r a n ż o wy c h .  
 

O p r a c o wa n i e :  B e a t a  K R U P A N E K


