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Inhibition effect of potassium iodide on 
corrosion of stainless steel in hydrochloric 
acid solution 
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The inhibition effect of potassium iodide on the corrosion of stainless steel has been examined 
using weight loss and electrochemical measurements. Potassium iodide was found to be an 
excellent inhibitor for stainless steel types 316, 430 and 440 (efficiency more than 95%), and 
moderate for type 304. The corrosion rates in 1 M HCI and in presence of potassium iodide fit 
an Arrhenius equation. The presence of potassium iodide lowered both the activation energy 
and the rate of reaction. Polarization measurements indicated that potassium iodide acts as an 
anodic inhibitor particularly at higher concentrations and as a cathodic inhibitor at lower 
concentrations. The synergistic effect of potassium iodide on the inhibitive efficiency of the 
organic substances was studied. 

1 Int roduct ion 
Acid solutions are widely used in industry, the most 
important fields of application being acid pickling, 
industrial cleaning, acid descaling and oil-well acidi- 
zing. Because of the general aggressiveness of the acid 
solutions, the practice of inhibition is commonly used 
to reduce the corrosive attack on metallic materials 
[1]. In order to minimize the loss of metal, acid 
inhibitors are added to the pickling baths; these are 
usually organic compounds containing oxygen, ni- 
trogen or sulphur and are characterized by high mo- 
lecular weights, and in particular by stereo-chemical 
structures and the presence of polar groups [2-7]. 
Nowadays it is common practice to use a mixture of 
inhibitors, each one characterized by different but 
complementary modes of action which confer addi- 
tional or synergistic inhibiting properties to the mix- 
ture [8-11]. 

2. Exper imenta l  procedure 
The compositions of the stainless steels used in these 
experiments are given in Table I. 

For  weight loss measurements, rectangular speci- 
mens of stainless steel of size 1.0 x 5 x 0.1 cm with a 
small hole -~ 2 mm diameter near the upper edge of 
the specimen, were used for the determination of the 

T A B L E  I C o m p o s i t i o n s  of  the  s ta inless  steels (wt %) 

T y p e  of  spec imen  C r  Ni  M e  C 

304 18.20 8.12 - 0.08 
316 16.18 10.14 2 - 3  0.08 

430 14.18 - - 0.12 

440  16.18 - 0.75 0.60 
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corrosion rate. Prior to use each specimen was mech- 
anically polished, degreased in acetone, dried and 
weighed to the nearest 0.1 rag. For electrochemical 
measurements, test specimens were cut as strips, 10 cm 
long by 0.5 cm wide. A strip was inserted into the 
sample holder tube except for a 1 cm section at the 
end. The test area was scoured clean just prior to use. 

3. Results and discussion 
3.1. Weight-loss measurements at room 

temperature 
Corrosion tests for different types of stainless steel in 
1 M hydrochloric acid solution in the absence and 
presence of potassium iodide conducted over a period 
of 6 h (curves are not shown), revealed that the loss in 
weight increased linearly with time. The corrosion rate 
derived from the straight lines thus obtained are given 
in Table II. It can be seen that the corrosion rate 
progressively decreased with increase in the concen- 
tration of potassium iodide. 

Fig. 1 shows that the inhibitive efficiency of pot- 
assium iodide increases with increasing concentration 
for the different types of stainless steel, except for 0.1 M 
potassium iodide in stainless steel type 316. Potassium 
iodide was found to be an excellent inhibitor for 
stainless steel types 316, 430 and 440 (efficiency more 
than 95%) and a moderate inhibitor for type 304. 

3.2. Effect  of  t e m p e r a t u r e  
The effect of temperature (30-- 80 ~ on the corrosion 
inhibition of different types of stainless steel in the 
absence and presence of potassium iodide (0.1 M) is 
shown in Table III. It can be seen that weight loss 
increases with increasing temperature. The corrosion 
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T A B L E  II Effect of different concentrations of potassium iodide on the corrosion rate of stainless steel in 1 N HC1 at 30~ 

Concentrations 304 316 430 440 
of potassium 
iodide Corrosion Efficiency Corrosion Efficiency Corrosion Efficiency Corrosion Efficiency 
(M) rate (%) rate (%) rate (%) rate (%) 

(mgcm 2h-1) (mgcm-2h  -1) (mgcm-2h  -1) (mgcm 2h-1) 

0.036 - 0.064 - 0.580 - 0.260 - 
O. 1 0.011 69.4 0.023 64.0 0.018 96.9 0.015 94.2 
10- 2 0.012 66.6 0.002 96.8 0.019 96.7 0.031 88.0 
5 x 10 3 0.012 66.6 0.004 93.7 0.036 93.8 0.060 76.9 
10 -3 0.015 58.3 0.009 85.9 0.140 75.8 0.130 50.0 
10 4 0.015 58.3 0.009 85.9 0.230 60.3 0.150 42.3 

T A B L E I I I Effect of temperature on the corrosion rate of different types of stainless steel in 1 M HC1 and in the presence of 0.1 M potassium 
iodide 

304 316 430 440 
Temperature corrosion rate corrosion rate corrosion rate corrosion rate 

(mg cm-2 h 1) (mg cm-2 h -  1) (mg c m - 2 h -  a) (mg cm-2 h -  1) 
(oc) 

1M HCI 1M HCI + 0.1 M 1M HC1 1 M HCI + 0.1M 1 M HC1 1M HCI + 0.I M 1M HC1 1M HCI + 0.1M 
KI KI KI KI 

30 0.036 0.011 0.064 0.023 0.58 0.018 0.26 0.015 
40 0.27 0.019 0.250 0.008 3.50 0.040 2.60 0.020 
50 0.40 0.018 0.500 0.016 10.50 0.060 6.20 0.020 
60 0.52 0.020 0.700 0.021 17.50 0.600 14.00 0.060 
70 1.05 0.024 1.500 0.021 32:00 0.200 23.00 0.160 
80 1.53 0.025 2.800 0.022 41.00 0.520 37.00 0.460 
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Figure 1 Inhibitive efficiency of different types of stainless steel 
against concentration of potassium iodide: (0)304, (�9 316, (x )  
430, ([~) 440. 
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Figure 2 Arrhenius plot for different types of stainless steel in 1 M 
HCI and in presence of potassitim iodide: ( x ) 304, (&) 316, (Q) 430, 
(�9 440. 

r a t e  d e r i v e d  f r o m  w e i g h t - l o s s  m e a s u r e m e n t s  was  p l o t -  

t ed  a g a i n s t  lIT. T h e s e  m e a s u r e m e n t s  c o n f o r m  the  

r e l a t i o n  o f  t h e  t y p e  

- E  
l og  r a t e  - + c o n s t a n t  (1) 

R T  

w h e r e  E is t he  a c t i v a t i o n  ene rgy ,  R t he  gas  c o n s t a n t  

a n d  T t he  a b s o l u t e  t e m p e r a t u r e .  

Fig.  2 r e p r e s e n t s  A r r h e n i u s  p l o t s  of  s t a in l e s s  s teels  

as a f u n c t i o n  of  I / T  for  u n i n h i b i t e d  ac id  a n d  in  t he  

p r e s e n c e  of  0.1 M KI .  T h e  a c t i v a t i o n  ene rg i e s  ca lcu -  

l a t e d  f r o m  the  s lopes  o f  t he  c u r v e s  for  t he  d i f f e ren t  
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types  of stainless steel in the absence and  presence 
of the inh ib i to r  are  given in Table  IV. The  value of 
ac t iva t ion  energies ob ta ined  in free acid so lu t ion  are of 
the same o rde r  of magn i tude  as those  observed  by 
Riggs [12], 14.2 k c a l m o 1 - 1 ,  and  Podes t a  and Arvia  
[13] for the co r ros ion  of  ca rbon  steels in phos pho r i c  
acid and  chlor ide  so lu t ions  respectively,  Schor r  and  
Y a h a l o m  [14], R. M. H u d s o n  et al. [15] and  Dhi ren-  
d ra  et al. [16], 15.18 kca lmo1-1 ,  for the cor ros ion  of 
stainless steel in HC1. Based  on  the above  conclus ions  
regard ing  the ca thodic  process,  the es t imated  E values 
m a y  be a l loca ted  to the d ischarge  of hyd rogen  ions in 
the ca thod ic  reac t ion  and  the ra te -de te rmin ing  steps 
for the co r ros ion  of the different types of stainless steel 
are  of the o rde r  of  magn i tude  of ac t iva ted  adsorp t ion .  
I t  is in teres t ing tha t  the presence of po t a s s ium iodide  
lowers bo th  the ac t iva t ion  energy, E, and  the rate  of 
react ion,  more  than  for the un inh ib i t ed  solut ion.  The  

inh ib i to r  is bel ieved to be f irmly held on the meta l  
surface, somet imes  by chemisorp t ion ,  as a result  of 
which the surface a rea  of the meta l  covered by in- 
h ib i to r  molecules  increases as t empera tu re  rises [17]. 
These results  agree with Machu ' s  [18] studies of  the 
influence of  t empe ra tu r e  on inh ib i to r  act ion,  which 
conc luded  that  with a "powerful"  inhibi tor ,  the act iva-  
t ion energy Was lower  for the inhib i ted  than  for the 

TABLE IV Activation energy for the different types of stainless 
steel in 1 M HC1 in the absence and presence of 0.1 M potassium 
iodide 

KI 
concentration 

Activation energy (k cal tool - 1) 

304 316 430 440 

17.04 16.58 16.58 16.12 
0.1M 4.15 2.76 12.40 11.50 

un inh ib i ted  reaction.  Accord ing  to Riggs and  H u r d  
E19] and Anoschenko  [20], the mechan i sm is changed  
in the presence of  an inh ib i to r  from ac t iva t ion-con-  
t rol led to a d i f fus ion-control led  process.  The under-  
lying mechan i sm m a y  be in h a r m o n y  with the above  

results. 

3.3. Galvanostatic measurements 
Anodic  and  ca thodic  po la r i za t ion  measurements  were 
conduc ted  separa te ly  for different types of  stainless 
steel. Fig. 3 a - d  show the po la r i za t ion  curves in 1 M 
HC1 solu t ion  wi thout  and  with po tass ium iodide.  
T a M  regions extend over  a b o u t  a decade  of the cur-  
rent  axis. The reproduc ib i l i ty  of the ca thodic  Tafel 
slopes was somewha t  bet ter  than  those of the anodic  
Tafel  slopes ( _+ 5 mV/decade  and  _+ 10 mV/decade ,  
respectively). The cor ros ion  current  and  the cor ros ion  
po ten t ia l  were given by the intersect ion of ex t rapol -  
a ted  anod ic  and  ca thodic  T a M  lines. Elec t rochemical  
pa rame te r s  de te rmined  for all samples  s tudied in 1 M 
HC1 with and  wi thout  po ta s s ium iodide  are sum- 
mar ized  in Tables  V - V I I I .  I t  can be seen tha t  the 
add i t i on  of  inh ib i to r  shifts the cor ros ion  po ten t ia l  for 
all the samples  towards  the posi t ive d i rec t ion  and,  at 
the same time, the cor ros ion  current  densi ty  decreases.  
The  ca thodic  Tafel slope, be, is apprec iab ly  increased 
for stainless steel types 304, 316 and  440 c o m p a r e d  
with the addit ive-free solu t ions  except  at  lower con- 
cen t ra t ion  (10-4M), while bc for type 430 decreases 
with the add i t i on  of  po ta s s ium iodide.  The  values of  
the anod ic  Tafel slopes, ba, decrease in the presence of 
po t a s s ium iodide,  except  at  the two concen t ra t ions  
(10 -3  and  5 x 10 -3  M) for type 440. 

The inhibi t ive efficiencies ca lcula ted  f rom the po la r -  
iza t ion m e t h o d  are  l isted in Tables  V -V I I I .  I t  can be 
seen that  there  is a good  coincidence between the 

TABLE V Electrochemical parameters of stainless steel type 304 in 1 M HC1 in the absence and presence of potassium iodide 

Potassium Rest Corrosion Corrosion Efficiency b a - b~ 
iodide potential, potential, current, (%) (mV/logi) (mV/logi) 
CONG. Erest Ecorr /corr 
(M) (mV) (mV) (laA cm 2) 

0 - 150 -200  33.11 84 133 
0.1 - 3 1  - 116 9.12 72.4 37 227 
10 -2 - 5 8  - 103 10 69.8 60 190 
5 x 10 3 --34 - 140 10 69.8 70 123 
10 3 - 5 7  - 1 7 0  19.05 42.5 73 137 
10 -4 - 7 1  -150  19.05 42.5 43 113 

TABLE VI Electrochemical parameters of stainless steel type 316 in 1 M HC1 in the absence and presence of potassium iodide 

Potassium Rest Corrosion Corrosion Efficiency ba - bc 
iodide potential, potential, current, (%) (mV/logi) (mV/logi) 
conG. Erest Eeorr Ieorr 
(N) (mV) (mV) (gA cm- 2) 

0 - 8 1  - 136 28.84 90 100 
0.1 + 26 - 16 15.14 47.5 33 200 
1 0  - 2  - -  2 - 56 3.98 86.2 46 153 
5 x 10 -3 - 6 - 66 7.94 72.46 47 176 
10 -3 - 3 2  - 7 0  12.58 56.38 30 147 
10 -4 - 63 - 8 6  15.14 47.5 17 66 
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Figure 3 Polarization curves for different types of stainless steel in 1 M HCI solution in the absence and presence of potassium iodide. (a) 304, 
(b) 316, (c) 430, (d) 440. ( ) 1M HC1, ( - - - )  0.I M KI, ( . . . .  ) 10-2MKI, ( . . . . .  ) 5 x 10-3 M KI, (- x-)  10-3 M KI, (-O-) 10-4 M KI. 

TABLE VII Electrochemical parameters of stainless steel type 430 in 1 M HC1 in the absence and presence of potassium iodide 

Potassium Rest Corrosion Corrosion Efficiency ba bc 
iodide potential, potential, current, (%) (mV/logi) (mV/logi) 
conc. Erest Ecorr lr 
(M) (mY) (mY) (rtA cm- 2) 

0 - 242 - 256 144.54 80 124 
0.1 - 141 - 183 13.8 90.4 27 83 
10 2 - 199 - 2 3 0  38 73.7 30 57 
5 x 10 3 - 203 - 240 57.5 60.2 20 83 
10 3 - 2 3 6  - 2 5 6  69.2 52.1 27 47 
10 -4 - 2 4 0  - 2 7 0  120.2 16.8 27 54 

inh ib i t ive  eff ic iency o b t a i n e d  by the  p o l a r i z a t i o n  

m e t h o d  a n d  by the  we igh t - los s  m e a s u r e m e n t s .  

T h e  c o r r o s i o n  po ten t i a l ,  E . . . . .  for  the  d i f ferent  types  

o f  s ta inless  steel  in i nh ib i t ed  s o l u t i o n  m o v e d  t o w a r d s  

m o r e  n o b l e  va lues  wi th  i nc rea s ing  i n h i b i t o r  c o n c e n -  

t r a t ion .  As a resul t  o f  these  o b s e r v a t i o n s  it  m a y  be  

a s s u m e d  tha t  a n o d i c  i nh ib i t i on  p r e d o m i n a t e s  for  po t -  

a s s ium iodide ,  pa r t i cu l a r l y  at  h i g h e r  c o n c e n t r a t i o n .  At  

l o w e r  c o n c e n t r a t i o n  the  i n h i b i t o r  s h o w s  a t e n d e n c y  to  

c a t h o d i c  inh ib i t ion .  Th i s  is in a g r e e m e n t  wi th  H e u s l e r  

a n d  C a r t l e d g e  [21]  a n d  C a v a l l a r o  a n d  Fe l l on i  [22]  

w h o  f o u n d  tha t  i o d i d e  ions  exer t  a s l ight  i n h i b i t i o n  on  

the  c a t h o d i c  r eac t i on  a n d  a m a r k e d  ac t i on  on  the  

a n o d i c  reac t ion .  
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The rest potent ia l ,  Erost, shows a tendency  towards  a 
more  posi t ive value for all types of stainless steels. The 

m a x i m u m  shifts ranges from 10(~180 mV. 

3.4. P o t e n t i o d y n a m i c  m e a s u r e m e n t s  
Fig. 4a d shows the p o t e n t i o d y n a m i c  E - I  polar iza-  
t ion curves for the different types of  stainless steel in 
1 ~4 HC1 in the absence and  presence of different 
concen t ra t ion  (0.1 10 4 M) of  po t a s s ium iodide  solu- 

tions. The  E - I  curves of stainless steel types 304 and 
316 show one peak  in free acid  at  po ten t ia l  values 20 
and  0 mV, respectively.  The presence of an inh ib i to r  
shifts the po ten t ia l  peak  towards  the noble  value with 
increas ing inh ib i to r  concent ra t ion .  The anod ic  po la r -  
iza t ion  curves for stainless steel type  430 possess two 
anod ic  current  m a x i m a  in free acid  at  po ten t ia l s  - 40 
and  160 mV, respectively.  The presence of different 
concen t ra t ions  of  po t a s s ium iod ide  causes the d isap-  
pea rance  of  the second anod ic  max imum;  this m a y  be 

a t t r i bu ted  to the s t rong  adso rp t i on  of  the inh ib i to r  on 
the meta l  surface. E - I  curves of stainless steel type 440 
show no anod ic  current  max imum.  

The  cor ros ion  potent ia l ,  E . . . . .  and  pi t t ing  poten t ia l  
for the different types of stainless steel are shifted 
towards  more  noble  po ten t ia l  with increas ing pot -  
ass ium iod ide  concent ra t ions .  The cor ros ion  current  
decreases  with increas ing inh ib i to r  concent ra t ions .  

F r o m  the previous  results it can be seen that  there is 
a good  coincidence between the inhibi t ive efficiency 
ob ta ined  by  po ten t iodynamic ,  ga lvanos ta t i c  and  
weight- loss  measurements .  

3.5. Weight-loss measurements for different 
types of stainless steel in a 1 M HCl- 
containing mixture of inhibitors 

In the series of tests with single inhibi tors ,  as far as the 
inhibi t ing  efficiency values were concerned,  it  was 
observed  that,  even in the mos t  favourable  case, the 
cor ros ion  rate  general ly  r emained  too  elevated to be 
cons idered  acceptable  in the t r ea tment  of  well-acidi-  
zing. E v e n t u a l  synergist ic  effects were researched by 
using b ina ry  mixtures  of o rganic  inh ib i to r  and  pot-  
ass ium iodide  which had  a l ready  been tested singly. 

Table  IX shows the cor ros ion  rate  and  the efficien- 
cies for the different types of stainless steel in the 
presence of different inhib i tors  (hexamine,  quinol ine  
and  th iourea)  and  mixtures  of them with po tass ium 

iodide.  Mixtures  of hexamine  or  quinol ine  with pot -  
ass ium iodide  tended to improve  the inhibi t ive effici- 

ency to a greater  extent  (more  than  90%) for stainless 
steel types 316 and  430 and to induce a mode ra t e  
inh ib i t ion  for the o ther  two types, 304 and  440. The 
presence of po tass ium iodide  with th iourea  increases 
only the efficiency of stainless steel type 304. 

F r o m  the previous  results it can be seen tha t  the 

mechan i sm of inhib i t ion  is essential ly one of  mixed 
con t ro l  with a prevalence of anodic  or  ca thodic  ac t ion  
accord ing  to the acid  concent ra t ion .  The  ha logen  
anions,  der ived from po tas s ium iodide  in acid solu- 
tion, are  p r o b a b l y  s t rongly  a d s o r b e d  on the surface of 
the stainless steel, decreas ing the posi t ive charge  of  the 
meta l  and  thereby faci l i tat ing the a dso rp t i on  of or-  
ganic  cations.  The inhibi t ive efficiencies can be closely 
cor re la ted  with the rate  of  ox ida t ion  of iodide  ions to 
iodine  [23]. 

TABLE VIII  Electrochemical parameters of stainless steel type 440 in 1 M HCI in the absence and presence of potassium iodide 

Potassium Rest Corrosion Corrosion Efficiency ba - bo 
iodide potential, potential, current, (%) (mV/logi) (mV/logi) 
c o n c ,  Erest Eeorr /eorr 
(M) (mV) (mV) (~tA cm- 2) 

0 -278 -223 100 43 107 
0.1 - 9 6  - 133 7.58 92.4 20 143 
10 -2 -148 - 110 13.8 86.4 37 226 
5 x 10 -3 -170  - 156 15.85 84.1 83 170 
10 -3 -199 - 153 30.2 69.8 73 133. 
10 -4 -217 -226  79A 20.6 26 36 

TABLE IX Corrosion rate and the efficiency for different types of stainless steel in the presence of different inhibitors and mixtures of them 

Concentration 304 316 430 440 
of inhibitor 
(M) Corrosion Efficiency Corrosion Efficiency Corrosion Efficiency Corrosion Efficiency 

rate (%) rate (%) rate (%) rate (%) 
(mg cm - 2 h - 1) (mg cm - 2 h - 1) (mg cm- 2 h- 1) (mg cm - 2 h - 1) 

10-1 hexamir~e 0.022 38.8 0.034 46.87 0.200 65.5 0.07 73.07 
10 -~ quinoline 0.024 33.3 0.038 40.62 0.120 78.5 0.05 80.76 
10 _2 thiourea 0.026 27.7 0.014 78.10 0.130 77.6 acc. acc. 
10-'* potassium 0.015 58.3 0.009 85.90 0.230 60.3 0.15 42.30 
iodide 
t0-1 hexamine 0.010 72.2 0.004 93.70 0.044 92.4 0.06 76.90 
+ q 0 ,  KI 

10 z quinoline 0.010 72.2 0.006 90.60 0.042 92.7 0.084 67.70 
+ 10 -4 KI 
10 2 thiourea 0.010 72.2 0.010 84.40 0.140 75.8 0.26 0.00 
+ 10 ~4 KI 
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Figure 4 Potentiodynamic curves for different types of stainless steel in the absence and presence of potassium iodide. (a) 304, (b) 316, (c) 430, 
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