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ABSTRACT  
 

The effect of shot peening on pitting corrosion resistance of Ferralium 255-SD50 and Uranus 45N in 
acidified carnalite and sylvanite solutions has been studied. Also the effect of different pressure intensities of shot 
peening on the corrosion rate and on the pitting corrosion resistance of the above mentioned alloys were studied. 
The results show that the shot peening process has a little effect on the pitting corrosion resistance of both alloys in 
carnalite and sylvanite solutions. However, all specimens suffered from pitting corrosion where the pits in the 
treated specimens are noticed to be small in diameter, have low density and shallow depths. The pits created in the 
untreated specimens are noticed to be large in diameter and deeper. This may be ascribed to the effect of shot 
peening in inhibiting the pits initiation and propagation. Also, the pits initiation and propagation during the 
immersion period were noticed to take place very slowly. This may be attributed to the pronounced potential of both 
alloys in inhibiting the pitting corrosion in carnalite and sylvanite solutions. Moreover, the present study showed 
that the corrosion rates of both alloys decreased as the pressure intensity of peening increased.         
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Introduction 
 

Pitting corrosion is defined as a localized accelerated local anodic dissolution where a metal loss is 
exacerbated by the presence of a small anodic area in adjacent to a large cathodic one.  

Pitting corrosion is considered to be one of the most destructive and insidious form of corrosion because it 
can cause failure due to perforation with only small percent weight loss of the entire structure. It is well known that 
pitting corrosion is more dangerous than uniform corrosion because it is difficult to detect, predict and design 
against. The week detection of pits is mostly ascribed to their small size and coverage with corrosion products. In 
addition, it is difficult to measure quantitatively and compare the extent of pitting because of the varying depths and 
number of pits that may occur under identical conditions and is also difficult to predict by laboratory tests 
(Fontana,1987).  

 Although pitting is particularly vicious, it is a localized and intense form of corrosion and can lead to 
unexpected catastrophic system failure. Chloride is the most common agent for initiation of pitting, once a pit is 
formed its effect becomes a crevice, the local chemical environment is substantially more aggressive than that of the 
bulk environment. This explains why very high flow rates over a stainless steel surface tend to reduce pitting 
corrosion. The high flow rates prevent the increase of concentration of the corrosive species in the pit (ASTM,1975; 
Fontana,1987). 

Pitting usually requires an extended initiation period before visible pits appear. This period extends from 
several months to years, depending on both the specific metal and the corrosive. Once started, however, a pit 
penetrates the metal at an ever increasing rate. In addition, pits tend to undercut the surfaces as they grow (Dillon, 
1995; Fontana, 1987). 

 Pitting corrosion is sometimes seen to be quite small on the surface while below surface it becomes 
pronounced and very large. Apart from the localized loss of thickness, corrosion pits can also be harmful by acting 
as stress risers. Fatigue and stress corrosion cracking may initiate at the base of the corrosion pits (ASTM, 1975). 
Pitting can be initiated by one of the following processes (ASTM, 1975): 
- Localized chemical or mechanical damage to the protective oxide film, water chemistry factors which can cause 

breakdown of a passive film are acidity, low oxygen concentration, and a high concentration of chloride.             
- Localized damage due to poor application of a protective coating. 
- The heterogeneity in the metal structure of the component, e.g. the presence of non-metallic inclusions.    
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   One of the most economic and effective preventives for stress corrosion cracking (SCC) and pitting corrosion 
(PC) of metallic materials is surface working by shot peening (Lifka and Sprawls, 1970; Metal Improvement 
Company, 1990; SAE, 1993). 
Shot peening is a multiple impact of particles onto an elastic and/ or plastic target, which results in compressive 
stresses. Therefore, the compressive stresses included by shot peening will retard pitting corrosion (PC) and SCC. 
Using shot peening to control the corrosion of austenitic stainless steel was the topic of Friskes Study (Al-Rimawi, 
1997; ASTM, 1975). It was suggested that shot peening could influence the SCC of these steels by replacing tensile 
stresses with compressive stresses. Badran et al. (2008) studied the effect of shot peening and polishing on the 
pitting corrosion resistance of 304LSS. They (op.cit.) concluded that shot peening  and polishing can be beneficial 
in delaying and decreasing the pitting corrosion of stainless steel 304L and can maintain and improve the alloy life 
to nearly three times. Al Tal et al. (2008) studied the effect of shot peening on the stress corrosion cracking 
resistance of 304 SS immersed in NaCl solution. They reported that shot peening can prevent or at least retard 
cracking, leading to economic savings as a result of longer life equipment. They (op.cit) also concluded that 
increasing pressure intensity and coverage of shot peening can increase corrosion resistance. 
The objective of the present research work is to study the effect of shot peening on pitting corrosion resistance of 
duplex stainless steel in terms of pressure intensity. The corrosion rate is also taken into consideration.    
 

Materials and Experimental Work 
 
    The materials used to achieve this study are Ferralium 255-SD50 and Uranus 45N sheets of about 4.0 mm 
thickness. Also, carnalite and sylvanite solutions are used as mediums for carrying out the experiments. The 
physical properties and chemical compositions of  Ferralium 255-SD50 and Uranus 45N are shown in Tables 1,2,3 
and 4. 
  
Table 1: Physical properties of ferralium 255-SD50 (Sridhar et al., 1982). 

 
Table 2: Chemical specification of ferralium 255-SD50 (Sridhar et al., 1982) . 
Elements  C Cr Cu Fe Mo Mn N Ni P S Si 
Minimum    24.50 1.50 Remainder 3.10 0.80 0.20 5.50     0.20 
Maximum  0.030 26.50 2.00   3.80 1.20 0.25 6.50 0.025 0.005 0.70 

 
Table 3: Physical Properties of Uranus 45N Density: 8230 kg/m3 (Azo Journal of Materials Online ). 

Interval 
Temp. 
C 

Thermal 
expansion 
a x 10-6K-1 

C 
 

Resistivity 
( cm) 

Thermal 
Conductivity 
(W.m-1.K-1) 

Specific 
Heat 

(J.kg-1.K-1) 

Young 
modulus 

E 
(GPa) 

Shear 
modulus 

G 
(Gpa) 

20-100 13.5 20 80 17 450 200 75 
100 86 18 450 190 73 

20-200 14 200 92 19 500 180 70 
20-300 14.5 300 100 20 550 170 67 

 
Table 4: Chemical specification of Uranus 45N(Azo Journal of Materials Online ). 
C Cr Ni Mo N Others 
0.02 22 5.3 3 0.16 S  0.002 
PREN = [Cr%] +3.3[Mo%]+16[N%]  33 or 34, Note: Mo content is optimized in the 2.7 – 3.1% range 
 

Corrosion Test Environment     
Two rectangular glass aquariums were used. The first aquarium was filled with acidified carnalite solution 

while the other one was filled with acidified sylvanite solution. The solutions were prepared and analysed by the 
Arab Potash Company in Jordan and the constituents of each solution are shown in Table (5). The temperature of 
each aquarium was around 50 ± 2°C. The test duration for the specimens exposed to these solutions was 22 days. 

 
Experimental procedure  
 
Specimens preparation 
    Two sets of specimens were used in the present experimental work. The first set is made of Ferralium 255-SD50 
and the other set is made of Uranus 45N. All the specimens have approximately the same size (6× 3 × 0.4cm). The 

Density (Kg.m-3) 7810 
Young’s Modulus (N/mm2) 199 x 103 
Specific Heat, 20°C (J.Kg-1.°K-1) 475 
Thermal conductivity, 20°C (W.m-1.°K-1) 14.2 
Mean coefficient of thermal expansion, 20-100°C (°K-1) 11.1 x 10-6 
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authors made six kinds of specimens for each set and every kind has two copies to immerse one copy of each kind 
in one aquarium.  
   Each specimen has a tinny hole at the top edge; this hole was used to hang up the specimens in the vertical 
direction with the help of plastic wire, and to accommodate enough space between one specimen and the other. 
 
Table 5: The constituents of Acidified Carnallite and Sylvanite Solutions. 
 

Corrosive Media 
 

Volume of solution 
(Liter) 

Concentration of Nitric acid 
added  

(N) 

 
Solution composition 

 

Carnallite 20 0.1 
                      KCL.MgCl2.6H2O       84% 
                      NaCl                            16% 

Sylvanite 20 0.1 

                      MgCl2                          5% 
KCl                             20% 
NaCl                           12% 
H2O                             63% 

  
Shot peening  

 The shot peening process was carried out using a pang born ES-1580 shot peening machanine (Metal 
Improvement Company, 1990 ).The two sets of specimens were peened at different pressures (2,4,6,8 and 10 bars) 
in order to enhance the corrosion resistance of the specimens together with two unpeened specimens for each 
stainless steel alloy. 

The peened and the unpeened specimens were washed with tap water, distilled water and finally with ethanol 
to remove the residual waste.   

 
Measuring and weighing 

 After surface preparation the specimens should be carefully measured to permit calculation of the surface 
area. Since area enters in the formula for calculating the corrosion rate, the results can be no more accurate than the 
accuracy of measurement of the surface area. The original area is used to calculate the corrosion rate throughout the 
test. If the dimensions of the specimen change appreciably during the test, the error introduced is not important 
because the material is probably corroding with fast rate for its practical use. After measuring, the specimen is 
degreased by washing in a suitable solvent such as ethanol, and weighted to nearest 0.01 gm. The specimen should 
be exposed to the corrosion environment immediately, particularly if the material is not corrosion-resistant to the 
atmosphere. The weights and the surface areas of the specimens before being exposed are shown in Tables (6a & 
7a) for Ferralium 255-SD50 and in Tables (6b & 7b) for Uranus 45N. 

 
Immersion 

All specimens were immersed in the acidified solutions in the same period. And every day they were checked 
and make up distilled water was added to keep the solutions in the two aquariums at the appropriate levels. 

At the end of the testing periods, the specimens were taken out from the solutions, washed with tap water, 
distilled water and then with ethanol, then wiped with paper and dried. After that the specimens were weighed for 
weight loss calculation which must be around 0.01gm. 
The corrosion rates were calculated using the following formula (Fontana, 1987); 
Corrosion rate (mpy) =    534w 
                                         DAT                
Where w = weight loss mg. 
            D = density of specimens, g / cm3     
            A= area of specimen, sq.in. 
            T= exposure time, hr.  
                          

Results and Discussions 
  
Corrosion rate results 

The relative calculated corrosion rates (mpy) together with weight loss% and time to start pit for both sets of 
specimens are summarized below in Tables (6a and b &7a and b) for carnalite and sylvanite solutions respectively. 

The relative corrosion rates of Ferralium 255-SD50 (Table, 6a) exposed to acidified carnalite solution are 
slightly higher than that for Uranus 45N (Table, 6b), otherwise under identical conditions. However, the relative 
corrosion rates of both alloys (Table 7a&b) exposed to sylvanite solution are more or less the same, otherwise under 
identical conditions. Furthermore, the corrosion rates of both alloys decreased as the pressure intensity of peening 
increased. The results also show that the relative corrosion rates for both alloys in carnalite solution is higher than 
that in sylvanite solution. This is because the chloride concentration in carnalite solution is higher than that in 
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sylvanite solution. The high concentration of chloride and consequently the low oxygen concentration may enhance 
the corrosion rates and initiate the pit. 

 
Shot peening results 
  The pictorial comparison of the pitting corrosion of Ferralium 255-SD50 and Uranus 45N super duplexes is shown 
in the photographs displayed at the figures below. These figures show the surfaces of coupons for unpeened 
specimens (Figs. 1& 2) before exposure and that for peened and unpeened specimens (Figs.3 & 4) after exposure 
for 22 days in carnalite and sylvanite solutions respectively at temperature of 50°C. 
 
Carnalite solution 

The result obtained (Table 6a &b) show that the unpeened specimens for Ferralium 255-SD50 and Uranus 
45N were failed after 15 days from the beginning of their immersion time. However, the peened specimens for both 
alloys were failed after 16-17 days. This indicates that the shot peening process has little effect on the pitting 
corrosion resistance of both alloys in carnalite solution at a temperature of 50°C.  

 
Sylvanite solution    

The results obtained (Tables.7 a & b) show that the unpeened specimens for Ferralium 255-SD50 were failed 
after 17 days whereas the specimens for Uranus 45N were failed after 16 days from the date of immersion. 
However, the failure of the peened specimens of Ferralium 255-SD50 is noticed after 18-20 days whereas the 
specimens of Uranus 45N were failed after 17-18 days from the date of immersion. This indicates that the shot 
peening process has little effect on the pitting corrosion resistance of both alloys in sylvanite solution at a 
temperature of 50°C.  

It is worthy to mention that the Figures 3 and 4 show that all specimens suffered from pitting corrosion. It 
noticed that the pits have small diameters, low density and shallow depth whereas in the untreated specimens the 
pits are large in diameters and deeper. This indicates that shot peening can inhibit the pits initiation and 
propagation. Moreover, the pits initiation and propagation during the immersion were noticed to take place very 
slowly. This is because both of the two alloys have a pronounced potential in inhibiting the pitting corrosion in 
carnalite and sylvanite solutions. Furthermore, the specimens of both alloys were suffered from severe edge pitting 
corrosion.  
 
Table 6a: Experimental results for the immersed specimens in carnallite solution for ferralium 255-SD50    
Treatment type 
(Ferralium255-SD50) 

Surface area 
(in)2 

Weight before 
immersion 

(mg) 

Weight after 
immersion 

(mg) 

Weight loss 
(mg) 

Weight  
loss % 

Corrosion rate 
(mpy) 

Time 
to start pit 

(days) 
Untreated  7.27 74300 69920 4380 5.90 78.10 15 
2.0 bar shot peened  7.65 80050 75495 4555 5.69 77.11 16 
4.0 bar shot peened  7.66 79900 75550 4350 5.44 73.54 16 
6.0 bar shot peened  7.69 81350 76990 4360 5.36 73.42 16 
8.0 bar shot peened  7.36 74800 70800 4000 5.35 70.38 17 
10.0 bar shot peened  7.66 81350 77250 4100 5.04 69.31 17 

 
Table 6b: Experimental results for the immersed specimens in carnallite solution for uranus 45N. 
Treatment type 
(Uranus 45N) 

Surface area 
(in2) 

Weight before 
immersion 

(mg) 

Weight after 
immersion 

(mg) 

Weight loss 
(mg) 

Weight loss % Corrosion rate 
(mpy) 

Time to start 
pit 

(days) 
Untreated 8.03 97500 92900 4600 4.72 70.4 15 
2.0 bar shot peened  8.37 100150 95460 4690 4.68 68.86 16 
4.0 bar shot peened  8.04 95450 90990 4460 4.67 68.17 16 
6.0 bar shot peened  8.11 96350 91850 4500 4.67 68.19 17 
8.0 bar shot peened  8.09 97350 93200 4150 4.26 63.04 17 
10.0 bar shot peened  8.37 98500 94300 4200 4.26 61.66 17 

 
Table 7a: Experimental results for  the  immersed  specimens  in  sylvanite solution for ferralium 255-SD50 
Treatment type 
(Ferralium255-
SD50) 

Surface area 
(in2) 

Weight before 
immersion 

(mg) 

Weight after 
immersion 

(mg) 

Weight loss 
(mg) 

Weight loss % Corrosion rate 
(mpy) 

Time to start 
pit 

(days) 
Untreated 7.66 81400 78350 3050 3.75 51.56 17 
2.0 bar shot peened  7.33 75900 73100 2800 3.69 49.47 18 
4.0 bar shot peened  7.28 75450 72680 2770 3.67 49.27 20 
6.0 bar shot peened  7.53 77350 74500 2850 3.68 49.01 20 
8.0 bar shot peened  7.84 80950 78100 2850 3.52 47.07 20 
10.0 bar shot peened  7.66 81350 78650 2700 3.32 45.64 20 
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Table:  7b: Experimental results for the  immersed  specimens  in  sylvanite solution  for uranus 45N. 
Treatment type 
(Uranus45N) 

Surface 
area (in2) 

Weight(mg) 
before immersion 

 

Weight(mg) after 
immersion 

 

Weight loss 
(mg) 

Weight loss 
% 

Corrosion rate 
(mpy) 

Time to 
start pit 
(days) 

Untreated 8.15 99000  95700  3300  3.33  49.76  16  
2.0 bar shot peened  7.92 92150  89150  3000  3.26  46.55  16  
4.0 bar shot peened  8.27 98150  95050  3100  3.16  46.06  17  
6.0 bar shot peened  8.44 101500  98310  3190  3.14  46.45  17  
8.0 bar shot peened  8.11 104100  101100  3000  2.88  45.46  18  
10.0 bar shot peened  8.26 99000  96000  3000  3.03  44.63  18  

 
 

 
 

 
 

Fig. 1: Ferralium255-SD50 
before exposure to corrosive  
media 

Fig. 2: Uranus 45N  before 
exposure to corrosive  media 
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Fig. 3:  Photographs for the immersed specimens in carnalite solution 
                A) For Ferralium255-SD50                        B) For Uranus 45N 
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Fig. 4:  Photographs for the immersed specimens in sylvanite solution 
           A) For Ferralium255-SD50                               B) For Uranus 45N 
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Conclusions 
 

From the above mentioned discussion of the data obtained, it can be concluded that shot peening process has 
little effect in delaying and decreasing the pitting corrosion of both alloys in acidified carnalite and sylvanite 
solutions. The shot peening process improved the alloy life to a nearly 6-13% for both alloys in carnalite solution 
and 6-17% for Ferralium 255-SD50 and 6-12.5% for Uranus 45N in sylvanite solution. Also, the shot peening can 
inhibit to some extent the pits initiation and propagation. This can be ascribed to homogenous cold worked surface 
layer and the compressive residual stresses produced during the shot peening process. Also, it can be concluded 
from the results that as peening pressure intensity increases, the time to failure (time to start pit) is increased. This is 
because more compressive stresses are stored in the surface to overcome tensile stresses that leads to pitting 
corrosion in chloride solution. Moreover, the pits initiation and propagation during the immersion were noticed to 
take place very slowly. This may be attributed to the pronounced potential of both alloys in inhibiting the pitting 
corrosion in chloride solutions.    
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