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Abstract 
 
                 The objective of this study is to study the effect of heat treatment 
on the corrosion resistance of stainless steel 304L sheets. Industries have to 
endure considerable cost due to metal corrosion. Stainless steel 304L sheets 
were tested under different diffusion annealing temperatures. Moreover, the 
corrosion resistance of these sheets was measured by immersing samples in 
0.1 M HCL acid solution and calculating weight loss after 
immersion.Stainless steel 304L sheets were used in this study due to their 
high corrosion resistance and because  of their wide use in industrial 
processes . Previous studies by the researcher had investigated the corrosion 
resistance of this steel on sheet samples that were initially heat treated and 
then were subjected to varying peening pressure. Meanwhile, this study 
aims at investigation of the isolated impact of each process on the corrosion 
resistance of Stainless Steel 304L. Therefore, sheets were subjected to heat 
treatment using three annealing temperatures of 1040 oC, 1070 oC and 1100 

oC. Then similar sheets were tested for the corrosion resistance following 
peening pressures of 60 psi, 80 psi and 100 psi .The results of corrosion 
resistance expressed as weight loss in gm/cm2shows that the loss was the 
lowest for sheets that were heated treated at 1040  oC. Moreover, the loss 
was the lowest for sheets that were treated at 100 psi shot peening pressure.  
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Introduction 
 
    Corrosion is defined as the destruction or deterioration of material 
because of reaction with its environment. Some insist that the definition 
should be restricted to metals, but often the corrosion engineers must 
consider both metals and nonmetals for solution of a given problem. [1, 2]. 
    Corrosion resistance and mechanical properties are usually the most 
important factors in the selection a grade for a given application [3]. The 
corrosion resistance of the martensitic stainless steels is lower than that of 
the austenitic steels. These alloys are normally used in atmospheric 
corrosive applications [4]. As a result of works of many researchers on 
metastable pit formation and growth, the critical pitting potentials are now 
better defined. The kinetics of small hemispherical pits growth is 
established, but there is no agreement if pit growth occurs under ohmic or 
diffusion control. The kinetics of large pits growth with different shape was 
not studied extensively. The most complete investigations were done on the 
effect of alloy composition and on the effect of inclusions in iron-base 
alloys on pitting [5]. Shot peening is a mechanical surface treatment 
procedure which leads to compressive residual stresses at the surface of a 
component and is widely used to improve fatigue performance [6].   A strip 
of SAE 1070 spring steel, when peened on one side, it will deform into an 
arc towards the peened side due to the induced compressive stresses from 
the shot peening process  .By measuring the height of the arc, the intensity 
can be calculated.  This process is done before the actual peening process on 
production parts to verify the peening process is correct [7]. Typical shot is 
made of steel, ceramic or glass beads with sizes ranging from 50 μm to 
6mm in diameter and having velocities at impact of up to 150m/s2. Each 
piece of shot striking the material acts as a tiny peening hammer, causing a 
small indentation or dimple on the surface. In order for the dimple to be 
created, the surface fibers of the material must be yielded in tension. Below 
the surface, the fibers try to restore the surface to its original shape. 
Compressive stresses induced by shot peening provide considerable 
increases in part life. Many materials will also increase in surface hardness 
due to the cold working effect of shot peening [8]. The intensity level of 
shot peening process correlates the amount of energy transferred during the 
impact of a typical shot with the work piece and is related to the kinetic 
energy of the blast stream [9]. The Almen strip test, which was originally 
proposed by J.O.Almen, is used to quantify the intensity level [10]. 
     Coverage is the measure of original surface area that has been obliterated 
by shot dimple.  Indentations are most likely to occur without overlap in the 
early stages of the shot peening process so that the coverage increases 
linearly with time [11]. Stainless steel sheets were tested under different 
diffusion annealing temperatures and varying shot peening pressures 
Moreover, the corrosion resistance of these sheets was measured by 
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 immersing samples in 0.1 M HCl acid solution and calculating weight loss 
after immersion [12].   
 
 
Materials and Methods  
 
    In this study, the researcher used sheet samples similar to those used in an 
earlier study (12). The specimens used in this study are made from stainless 
steel 304L and all of them have approximately the same size, the length of 
the specimens is around 4±0.3cm, width around 2.5±0.2cm and the 
thickness is 0.2cm . 
 
 
Heat Treatment of Specimens  
  
   The austenitic stainless steels are heat treated to remove the effects of cold 
forming or to dissolve precipitated chromium carbides. The ideal heat 
treatment to accomplish both requirements is the solutions anneal which is 
conducted in the (1010°C to 1121°C). These materials cannot be hardened 
by heat treatment. Type 304L is normally annealed at the range of 
temperature from 1038 - 1121°C then cooled by air. Annealing process is 
the most frequently specified for austenitic stainless steels, before their 
actual usage .The main objective of this treatment is to dissolve the phases 
that have precipitated during the thermo mechanical processes at 
temperature called the austenitic temperature.   
     Table (1) shows the chemical analyses of the 304L stainless which was 
performed at the Royal Scientific Society in Jordan. 
 

Table 1: Chemical Composition of 304L Stainless Steel 
 
Type C Mn Si P S Cr Ni N 

304L 0.030 2.0 0.75 0.045 0.030 20.0 12.0 0.10 

 
   In this investigation, the following procedure was used to prepare the 

samples prior to the corrosion resistance tests: 
1- Heating a stainless steel 304L specimens to temperatures of    T =1040, 

1070, and 1100 oC.  
2- The temperature was maintained for two minutes to remove stresses, 

soften the steel, improve machinability, improve cold working 
properties, and obtain a desired structure. 

3- The specimens were also subjected to slow cooling by air media. 
 
 



48                                                                                            M. E. Matarneh 
 
 
4- The specimens were then immersed in 0.1 M HCl solution and weight 

loss readings in gm/cm2 were obtained at intervals of 48 hours to a full 
duration of 384 hours (16 days).  

      To study the impact of shot peening pressure on the corrosion resistance, 
specimens were subjected to peening pressure using an air-blast 
machine and then were immersed in the 0.1 M HCl and readings of 
weight loss in gm/cm2 were obtained at intervals of 48 hours to a full 
duration of 384 hours (16 days). The machine used in this research is a 
Pang born Es-1580 shot peening machine. 

 
Shot Peening Machine 
 
     The machine used in this study is described as an air blast    machine in 
which the compressed air is introduced at the rear of the nozzle also called a 
gun producing a low pressure, and a high-velocity air flow in the gun body, 
the shot peening shots are steel spheres are stored in an over head hopper 
and are accelerated through the nozzle by air which is traveling at a high 
velocity. A special fixture on a rotating table which allows speeds to be 
controlled by a gear and a motor system usually fixes the work piece .
Samples were peened at different levels of shot peening pressure. Three 
different levels of pressure were used at 60, 80 and 100 psi. Peened 
specimens were washed with clean water then with distilled water to remove 
the residual shots.                
 
Corrosion Test Environment  
 
   Experiments to evaluate the corrosion of 304L specimens were conducted 
using an aggressive solution as corrosion promoter. A glass aquarium filled 
with a solution consisted of 0.1 M HCl and distilled water was used as the 
corrosive environment. The aquarium temperature was around 23±2ºC. The 
test duration for the specimens in this aquarium was 384 hours of exposure 
time 
 
Corrosion Resistance 
 
     To determine the effect of diffusion annealing and shot peening on 
corrosion resistance performance, each steel specimen was immersed in 150 
mL, 0.1M HCl solution. The solution was added during the experiments 
when needed to prevent any reduction in solution concentration. Metal loss 
was calculated as: W = (Mo – Mi) / A 
Where: 
   Mo- is the mass of the specimen before immersing in corrosion media. 
   Mi- is the mass of the specimen after a period i of the immersing time 

A- is the surface area of the specimen. 
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Test Specimens 
         In this study, a total of six specimens were used to investigate the 
corrosion resistance of stainless steel 304L sheets as shown in Table (2). 
Three were subjected to heat treatments and the other three were subjected 
to shot peening treatment. 
 

Table 2: Stainless steel specimens used in this study 
Specimens No. Heated at an annealing 

temperature Co 
Shot peening 
pressure psi. 

1  60 
2  80 
3  100 
4 1040  
5 1070  
6 1100  

 
 
Results 
 
    Tables (3) and Table (4) show the corrosion resistance as expressed by 
weight loss in 0.00001 gm/cm2 for heat treated and shot peening 
respectively. 
 

Table 3: Results of Weight Loss in gm/cm2 for Heat Treatment 
 1040 OC 1070 OC 1100 OC 

48 hours 14.1 21.5 23.4 
96 hours 22.5 28.4 38.3 
144 hours 23.9 32.9 60.0 
192 hours 26.1 33.8 71.9 
240 hours 27.0 34.7 72.3 
288 hours 29.6 39.5 74.5 
336 hours 38.0 44.3. 88.6 
384 hours 38.0 44.3 88.6 

 
Table 4: Results of Weight Loss in gm/cm2 for Shot Peening 
 60 psi 80 psi 100 psi 

48 hours 1.3 7.4 7.0 
96 hours 2.2 7.4 12.2 
144 hours 3.0 8.3 12.3 
192 hours 5.2 11.8 12.7 
240 hours 17.4 11.8 13.4 
288 hours 18.6 31.5 14.4 
336 hours 20.0 46.9 22.3 
384 hours 20.0 46.9 25.4 
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    The results are also shown in Figures (1) and (2). Specimens that were 
heat treated at 1040 oC showed the least weight loss and thus the highest 
corrosion resistance. For shot peening, the specimens showed best corrosion 
resistance at peening pressure of 60 psi up to 240 hours of immersion. 
However, the results suggest better corrosion resistance for 80 psi  for 
longer immersion durations past 240 hours. This may have been caused by 
the presence of localized failures that were eliminated during the first part of 
immersion duration. These failures mat have been reduced for periods 
longer than 240 hours. This trend may need further investigation in order to 
confirm this behavior. 
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Figure (1): Results of corrosion resistance following heat treatment 
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Figure (2): Results of corrosion resistance following shot peening treatment 
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Conclusions 
 
   Heat treatment and shot peening both seem to improve the corrosion 
resistance. However, the results show better resistance to corrosion  for shot 
peening specimens.. The study shows better resistance for heat treatments at 
1040 o C and peening pressure of 60 psi. Higher pressures may cause more 
surface failures on the specimen which are eliminated during the immersion 
test. 
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