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ABSTRACT 

    This research is devoted to study the effect of applying different pre-tensile stresses 

(255,305,355,405,455,505 555 and 605) MPa on the microstructure, hardness and corrosion 

behavior of 304 stainless steel in 1N H2SO4.  The stress-strain curve was drawn for standard 

(304) stainless steel in laboratory environment. The curve was   divided into three zones. At 

zone one the values of elastic pre-stresses vary between (σ0 - σpro.) MPa. The results showed; 

that the corrosion rate was very little increased compared with that of as received (304) stainless 

steel. The microstructure presented undeformed austenitic grains and the hardness value was 

(157.433) Hv.  At zone two the value of plastic pre-stress varies between (σpro.- σ U.T.S) MPa. 

The corrosion rate increases after applying pre-stress between (σ255 - σ 455) MPa. The 

microstructure showed that the austenitic grains begin to deform in the direction of applied pre-

stresses. The maximum hardness at this region was (229.2) Hv, but at higher pre-stress (σ455 – σ 

605) MPa, the corrosion rate decreases.  The microstructure inspection shows the deformed 

austenitic grain and ά-martensitic phase needle are appeared inside austenitic grains and the 

hardness reached the maximum value (332.433) Hv. At zone three the values of pre-stresses are 

between (σ605 - σf) MPa. The results showed that the corrosion rate increases.  The investigation 

of microstructure showed that there are distortion in austenitic grains and ά- martensite phase 

observed inside austenitic grains. The hardness reached the maximum value at (354.3) Hv. The 

necking of gauge length of specimens occurs in specimens and this leads to deterioration in 

original properties  
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 Nفي  محلىل  463المقاوم للصذأ نىع  الفىالر  كلأتأثير تسليط األجهادات المسبقة على سلىك ت

H2SO42
 الخالصة

حسيٞظ   اجٖاداث  شذٝت ٍسبقت   ٍخخيفت   ٖٝذف اىبحذ اىحاىٜ اىٚ  دراست  حأرٞر  اىخش٘ٓ عيٚ اىبارد  ٍِ خاله   

ٍٞناباسناه  عيٚ   اىبْٞت اىَجٖرٝت ٗاىظالدة اىَجٖرٝت   (555,605 255,305,355,405,455,505)اىقٌٞ 

 ..1N H2SO4فٜ ٍحي٘ه 304ٗسي٘ك اىخامو ىيف٘الر اىَقاًٗ ىيظذأ ّ٘ع 

االّفعاه ىعْٞت قٞاسٞت ٍِ  -سٌ ٍْحْٚ االجٖادحٌ قٞاس ٍعذه اىخأمو قبو ٗبعذ حسيٞظ االجٖاداث اىَسبقت . حٌ ر   

ف٘الر ٍقاًٗ ىيظذا فٜ ج٘ اىَخخبر.قسٌ اىَْحْٜ اىٚ رالرت  ٍْاطق: اىَْطقت االٗىٚ : حنُ٘ قٌٞ االجٖاداث  403

ٍٞنا باسناه , حٞذ أظٖرث اىْخائج حذٗد زٝادة  طفٞفت فٜ ٍعذه اىخأمو ٍقارّت ٍع عْٞاث   (σ0 – σpro)اىَرُ بِٞ 

. ٗعْذ اجراء اىفحض اىَجٖرٛ حبِٞ اُ اىبْٞت اىذقٞقت ٕٜ عبارة عِ  403ٖذة ٍِ اىف٘الر اىَقاًٗ ىيظذأ غٞر ٍج

ّخائج فحض اىظالدة ماّج طالدة اىف٘الر اىَقاٍٗت ىيظذأ غٞر اىَجٖذ ٕٜ  حبٞباث اٗسخْاٝخٞت غٞر ٍشٕ٘ت ٍِٗ
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.(157.433Hv)  بق بِٞحخغٞر قٌٞ االجٖاد اىيذُ اىَس اىزاّٞت:ٗعْذاىَْطقت(σpro. – σ U.T.S)   حٞذ ٍٞنا باسناه ,

ٍٞنا   ( σ255 – σ 405)أظٖرث ّخائج قٞاس ٍعذه اىخأمو أُ ٍعذه اىخامو قذ أزداد بعذ حسيٞظ اجٖاد اىَسبق بِٞ 

. ٍِٗ ّخائج فحض اىبْٞت اىَجٖرٝت حبِٞ اُ اىبْٞت اىَجٖرٝت ٕٜ عبارة حبٞباث اٗسخْاٝخٞت ٍشٕ٘ت بأحجآ باسناه 

(.ىنِ عْذ (Hv 229.2اىَسيظ ٗحبِٞ ٍِ ّخائج فحض اىظالدة اُ أعيٚ قَٞت ىيظالدة فٜ حيل اىَْطقت ٕٜ  االجٖاد

مَا حبِٞ ٍِ   , اّخفض ٍعذه اىخأمو بشنو مبٞر.ٍٞنا باسناه    σ455 –σ 605)قٌٞ االجٖاداث اىَسبقت اىعاىٞت بِٞ ) 

أبرٛ اىشنو   ά-martensiticٕت ٍع ظٖ٘رط٘ر فحض اىبْٞت اىَجٖرٝت اّٖا عبارة عِ حبٞباث اٗسخْاٝخٞت ٍش٘

 332.433)داخو حبٞباث االٗسخْاٝج, ٍَا أدٙ رىل اىٚ أزدٝاد قَٞت اىظالدة حٞذ بيغج أعيٚ قَٞت ٍقذارٕا 

Hv)ِٞأٍا فٜ اىَْطقت اىزاىزت : حخغٞر فٖٞا  قٌٞ االجٖاداث اىَسبقت اىَسيطت ب.     ((σ605 –σf حٞذ    ٍٞنا باسناه ,

ّخائج اىفحض اىَجٖرٛ حبِٞ حذٗد حش٘ٝٔ مبٞر ىحبٞباث أظٖرث اىْ خائج حذٗد زٝادة فٜ ٍعذه اىخأمو . ٍِٗ

أبرٛ اىشنو   ά-martensiticاالٗسخْاٝج ٍقارّت باالجٖاداث اىَسبقت اىَسيطت أعالٓ  أضافت اىٚ ٗج٘د ط٘ر  

ىنِ اىخخظر اىحاطو فٜ (Hv 354.3) داخو حبٞباث االٗسخْاٝج ّٗسبخٔ عاىٞت ,حٞذ بيغج أفضو قَٞت ىيظالدة 

 اىعْٞاث أدٙ اىٚ حذٗد حذٕ٘ر اىخ٘اص االطيٜ االطيٞت.

INTRODUCTION 

ype 304 stainless steel offers excellent combinations of high strength, toughness and

mechanical properties with high corrosion resistance.

These steels exhibit excellent resistance to a wide range of atmospheric, chemical, 

textile, petroleum and food industry exposures [1]. These 

Properties decide about their wide application in the chemical, machinery, food, automotive, 

nuclear and shipbuilding industries. 

   This type of steel has been employed in many applications ranging from pharmaceutical 

equipment to piping in the nuclear reactors. 

   Several researchers [2-5] studied the effect of the deformation on mechanical properties and 

corrosion resistance for many types of stainless steel and other alloys by using different 

techniques. Peguet, et al [2] studied the effect of rolling and tensile distortion on the pitting 

corrosion resistance of AISI 304 and AISI 430 stainless steels. 

    They concluded that the pitting corrosion had differently depending on down loading. The pit 

inception frequency shows a max. after 20% rolling lowering or 10% tensile distortion. The pit 

propagation rate increases progressively with rolling reduction, and pit re-passivation faculty 

reduced driving to a higher number of more regular pits, and the highest pit dissolve average is 

occurred for 20% cold-rolling. The repassivation ability decrease when the cold-working 

percentages rate increases, driving to a more macroscopically pit density. Jin-long and Luo 

Hong-yun  [3] Studied the percentage of pre-strain (0%, 10%, 20%, 30%, 40%) of AISI 304 

stainless steel and sensitization at 575°C by the binary  loop electrochemical potentiokinetic 

reactivation process  and scanning electron microscopes. The results for sensitized specimens 

show that the degree of sensitization effects on the electrochemical behavior and the resistance 

of corrosion of the passive layer. More reactivation current density occurs at 10% pre-strain, 

when compared with other sensitized specimens with 30% and 40% pre-strain. They concluded 

that the different chromium depleted zones leads change in compositions and thickness in 

passive film with more strains. Ghosh   et al [4] studied the effects of cold deformation at 

varying amount of (10 %, 20%, 30%, 40%) at 0 °C on the microstructure and mechanical 

properties of an austenitic stainless steel. They concluded that at cold deformed (30% - 40%), 

the samples reveal the presence of ά martensite, while the non-deformed specimen showed only 

the austenitic microstructure. They concluded that deformation led to enhancement in hardness, 

yield strength and tensile strength values while the percent elongation was dropped.  Jingqiang 

Yang, et al [5] studied the resistance of  corrosion of DSS, type SAF2205 , SAF2507 in 3.5%  

NaCl  and 2 mol/L HCl solution under different applied stresses 100 MPa, 300 MPa, 500 MPa 

and  the percentage of pre-strain (5%, 10%, 15%).The corrosion resistance  of 2205 DSS show  

a little   decreases with increasing of elastic stress range. With increasing pre-strained level, they 

show that the pitting is allows present at located sites in austenite grains when the percentage of 

T 
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pre-strain is lower than 5%.  This is due to vary   elastic stress range. The pitting was observed 

at intersection between ferrite and austenite grain boundaries. When pre-strain level is above 5% 

they observed that the elastic stress and strain rate had no effects on pitting corrosion but 

reduced the general corrosion resistance and the strain may be increase the instability of passive 

film, which accelerated the dissolution of passive layer.   

    The aim and the scope of this work is to determine the effect of applied pre-stresses at 

different values of (255,305,355,405,455,505,555,605(MPa on the microstructure, hardness and 

corrosion behaviors of   304 stainless steel in 1N H2SO4 . 

Experimental Work 

    Table (1) lists the chemical composition of the as-received AISI304 stainless steel. Figure (1) 

shows the standard tensile test specimen, which used in this work according to ASTM E8M.  

     The tensile test was carried out at room temperature by applying a tensile load to obtained 

stress-strain curve as shown in Figure (2). The stress-strain curve divided into the following 

groups and an increase of 50 MPa after the value of yield stress (σpro.). The tensile test was 

conducted using a standard 2000KN capacity by using tensile machine, typeWDW-200E model 

in Production Engineering and Metallurgy Department, University of Technology. 

Corrosion test 

   The electrochemical behavior and corrosion test are done on the specimens as received and for 

specimens after pre-stresses (255,305,355,405,455,505,555,605, fracture stress) MPa. The 

corrosion tests were measured by Tafel Extrapolations Technique. The samples were exposed to 

1N H2SO4 solution. The electrochemical measurement was done at the Ministry of Science and 

Technology- Baghdad by using computerized potentate type PARSTAT 2273 / Advanced 

Measurement Technology, Inc..The electrochemical cell consists of working, electrode and 

reference electrodes. The reference electrode is a standard hydrogen electrode (S.H.E) .bridged 

by a Laggin-Haber probe.  The distance between the standard electrode and the surface of the 

specimen was set at about the optimum value of 1 mm. 

Microstructure, X-ray diffraction and Microhardness examination: 

    The microstructure test was examined by optical microscope using Metallographic 

microscope (MTM-1A, Japan). The phases present in stainless steel before and after pre-

stressing were examined by using X-ray diffraction instrument type (XRD-7000 X-Ray 

diffractometer), model (maxima-x).While The microhardness test of the specimens was 

conducted using  Digital  Micro Vickers Hardness tester model TH 714.       

Results and discussion 

     Figures (3) to (12) represent the polarization curves of stainless steel 304 in 1N H2SO4 

solution before and after pre-stresses. 

    Figure (3) represents the potentiostatic curves of anodic and cathodic polarization of 304 

Stainless steel in1N H2SO4 solution. The open circuit potential was (-375 mV) (S.H.E). The 

polarization curve started from this potential and passivation range started at (50 mV) in noble 

direction .The polarization curves were plotted at (10mVs-1) scanning rate. The potential range 

for the passivation region started at (50 - 1065) mV as shown in Table (2).The results represent 

to not change the valuse of the (Ecorr, Icorr, and Epit ,i pit) for specimens as received when 

compared with  elastic pre-stresses specimens can be due that the specimen returns to the 

original dimensions[6]. Figure [13,(a,b)] shows that the microstructure only one phase (γ) grain 

with twinning has F.C.C crystal structure. Also the X-Ray diffraction analysis represent only (γ) 

phase as shown in Figure [14, zone (I)]. 

    Figure(4) shows the polarization curve of 304 stainless steel after exposing  the specimen to 

elastic stress in 1 N H2SO4.It can be seen from the figure that there are some variations in 
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the values of  electrochemical parameters between the polarization curve of as received 

Figure(3) and polarization curve of 304 stainless steel at a proof stress (255MPa) as shown in 

figure(4).This variation includes (Icorr,Ipassive,ipit). The values of these  parameters are of 

small order increase than of  as nonstressed specimen. These results can be attributed to the non-

differences  in microstructures. The microstructure obtained,consists of one phase (γ) grain. 

The specimen at offest stress region has higher corrosion rate than that of as non-stressed 

specimens.  The passivation region of 304 stainless steel after elastic deformation is not 

irregular as shown in Figure (3) and  the starting and finishing of the passivation have the same 

values.Epit(1062mV) and Ipit (4.2*10-1 µA/cm2) as shown in Table (2). 

     Corrosion resistance test of 304 stainless steel was carried out after pre-plastic applied stress 

with values   (305,355,405,455,505,555,605) MPa in 1N H2SO4. Potentiostatic polarization 

curves are illustrated in Figures (5) to (11).  These figures revealed that corrosion resistance of 

304 stainless steel affected by plastic deformation. The corrosion resistance decreases with 

increasing of pre-plastic stress level and noticeably with increasing pre-stresses due to some 

changes including structure and distribution of dislocations Figure (13).The dislocation density 

increases and the stacking fault density increased with the increasing the value of pre-stress, the 

(γ) grains are also deformed and elongated due to pre-stress deformation as shown in 

Figure[13,(c,d)]. The stability of passive film decreases and the corrosion rate increases also. 

This clearly shown in Figure [14, zone (II)], it represents that the pitting in this case is more 

than that in case (as received) specimens.  It was observed that, the passive film was formed in 

pre-stress specimens more easily than that of unstressed specimens. At ( σ =605) MPa, the 

corrosion resistance decreases in 304 stainless steel  in 1N H2SO4 due to causing voids at the 

matrix-inclusion interface . Figures (4, 5, 6, 7) show polarization curves of (304) stainless steel 

after pre-plastic stresses.  The stainless steel shows active-passive behavior. It is clear that after 

pre-stress ( σ =605) MPa , corrosion resistance and passive range of  (2.1*10-1- 2.3*10-2) 

decrease, according to Figures (3,4,5,6,7,8,9,10,11,12), the pre-plastic stress  has a significant 

influence on polarization curves. Generally, high plastic tensile stress decreases corrosion 

resistance of stainless steel due to change in the nature of surface and change in the nature of 

passive film. This means, that pre-plastic stress can also change the properties of the passive 

film in304 stainless steel, the stability of the passive film depends up the values of plastic pre-

stress deformation. When the plastic deformation increases from 75.2% to U.T.S. , higher 

deformation occurs. This is related to the value of plastic deformation (455-605) MPa which 

induces phase transformation to (ά- martensite) phase, the needle shaped phase forms within 

austenitic grain as shown in Figure [13,(e)]. The X-Ray diffraction analysis also presents these 

two phase ( γ+ ά ) of martensite as shown in Figure [14,zone(III)].The obstacles like grain 

boundary twinning boundary and (γ / ά) marten site   interface makes the dislocation movement 

very difficult and the strengthening mechanisms occurs [7].  Therefore the hardness increases as 

demonstrated in Figure [13, zone (III)]. This leads to increase corrosion resistance due to   

increase the stability of passive film on the surface of (304) stainless steel. This will lead to 

decrease the pitting formation as shown in Figure [13,(f)].     The cyclic polarization as shown 

in Figures (4-3, 4-6, 4-7, 4-8) illustrated that the width of hysteresis loop is increased as pre-

stress increases. Figures (3,5,6,7) show the change in Ep and Epit. It is seen that these critical 

potentials are lower than those of unstressed condition. The results   indicate that pitting 

potential is more active than that without stress. A comparison between the curves at different 

pre-stresses reveals that at higher pre-stress, the pitting current density was different with 

respect to low pre-stress conditions. The passive range in low pre-stress is increased with 

respect to U.T.S stress. Effect of plastic pre-stress on the development of pitting corrosion 

showed that the plastic pre-stress deformation plays an important role in acceleration formation 

of pitting corrosion. Work of [8] reported that the accumulation of dislocation close to grain 

boundaries area can result in high stress concentration which makes pitting corrosion happen 

easily on these sites. The results show a detrimental effect of deformation on the pitting 
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corrosion of stainless steel for deformations corresponding to pre-stress at U.T.S stress, whereas 

the localized corrosion resistance of the pre-stress 304 stainless steel over 75.2% increased 

comparatively to that without pre-stress. The decrease in pitting corrosion from σ42.14% (1ԑ) to 

σ75.2% (31.8 ԑ)      was correlated with the defects created in the passive film. The very high 

values of stress (more than 75.2%) on the other hand, resulted in blocking of the voids mainly at 

the interface between inclusions and the matrix. It can be concluded that corrosion resistance is 

decreased due to plastic deformation.  The breakdown of Epit & Ep is evaluated by cyclic 

potentiostatic method in 1N H2SO4. The cyclic polarization in Figures (3,5,6,7) shows, width of 

hysteresis loop is increased as pre-stress increases.  

    It has been observed that the microstructure of the steel which deforms at a degree higher 

than σU.T.S as shown in Figure (12) will be elongated parallel toward the tensile direction and 

there are some dark areas in the structure referred to higher strain induced. Elongated austenitic 

grains are characterized by the deformed state of (304) stainless steel whereas the grains 

undergo elongation in the tensile direction. Perversely [9]   showed that the plastic deformation 

in the cold working of the Fe-Cr-Ni steel increased with an increasing degree of deformation 

(σU.T.S - σf).  

   The microstructure as shown in Figure [13,(i-j)],has two phases (γ+ά) of  martensite and the 

elongation of (γ) grains increases with the directional of tensile stress and the internal stress and 

strain field increase. The dislocation density increases more than in the plastic zone (III).This 

leads to increase the hardness values to (332.433-354.3) Hv as represent in Figure [13, zone 

(IV)].The X-Ray diffraction analysis demonstrates that there are two phases (ά) martensite and 

(γ) phases as shown in Figure (14).At the ultimate tensile strength, 304 stainless steel 

demonstrates that the value of the strain will be about (97.1%). 

   At the higher value of stress after the U.T.S to fracture show that after maximum load (σU.T.S), 

the 304 stainless steel is characterized by the reduction in cross-section of area and the gauge 

length will be necking and then failure happens. It was found that this will be changing the 

structure and the dimension of gauge length .The corrosion current density is higher than that of 

corrosion current density for the non-stressed specimens. These results confirm that the 

corrosion resistance related to the changes in the microstructure. Table (2) shows the data of 

corrosion current density, current density of passivation and current density of initiation. When 

the stainless steel deform after U.T.S, useful value is very poor because the material loses its 

mechanical properties. The study on corrosion of the 304 stainless steel after pre-stresses below 

U.T.S confirms that the corrosion resistance of 304 stainless steel measured 1N H2SO4 also 

decreases.  

CONCLUSIONS 

   The conclusions drawn from this study are: 

1-The open circuit potential value of (304) stainless steel in 1N H2SO4 is 

(-375 mV) .  

2-The passivation region started when the surface of specimen is coated with chromium and 

nickel oxides. The chromium oxide (Cr2O3) is the main component of the passive film. The 

passive potential started T 490 mV and finished at +1065mV. 

3-The elastic region is extended to 255MPa (offset strength yield) and when the load is removed 

the specimen returns to its original dimension. The specimen of (304) stainless steel under 

elastic stresses has a small variation in corrosion behavior compared with corrosion behavior 

with unstressed condition.    

4- After pre-plastic stresses between (255-405) MPa , some changes in structure and distribution 

of dislocation therefore the corrosion resistance decreases and the pitting corrosion was more 

than that of specimen under elastic pre-stresses. 
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5-Under pre-plastic stresses (455-605) MPa, two phases of (γ+ά) are observed in microstructure 

and these phases lead to some improvement in corrosion resistance and to decrease in pitting 

corrosion. 

6- When the pre-stresses reaches higher pre-stresses than σU.T.S (605) MPa, the specimens 

undergo elongation and get necked so that the cross sectional area would be smaller than that for 

non-stressed condition and corrosion resistance would be decreased. 

7-The hardness increased with increasing pre-stresses. 

Table (1).Chemical composition of 304 stainless steel 

Measured%Standard%Element%

0.070.08 maxCarbon

1.42.0Manganese

-0.045Phosphorus

-0.03Sulfur

0.640.75Silicon

18.518-20Chromium

10.28-12Nickel

0.300.38Molybdenum

0.100.12Copper

BalanceBalanceIron

Table (2).Corrosion parameters of 304 stainless steel in 1N H2SO4. 
Conditions

parameters

σ As 

received

σ 

255 

σ305 σ355 σ405 σ455 σ505 σ555 σ605 σf 

E0 -375 -360 -420 -450 -450 -400 -401 -403 -405 -410

I0

Ecorr -400 -400 -460 -460 -460 -400 -405 -408 -410 -460

Icorr

Epass 50 60 -120 -215 -220 -200 -190 -185 -175 -250

Ipass

Epit 1035 104

0

1040 1030 1035 1042 1043 1045 1050 1020

Ipit

Etran 1065 106

2

1063 1065 1062 1060 1050 1062 1060 1045

Itran

https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&sqi=2&ved=0ahUKEwjyxPix2tPKAhWmmHIKHRhiBmoQFggrMAM&url=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25CF%2583&usg=AFQjCNEdMMhrg6jyFNkLv9UeGitcviTamg&bvm=bv.113034660,d.bGg
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&sqi=2&ved=0ahUKEwjyxPix2tPKAhWmmHIKHRhiBmoQFggrMAM&url=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25CF%2583&usg=AFQjCNEdMMhrg6jyFNkLv9UeGitcviTamg&bvm=bv.113034660,d.bGg
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https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&sqi=2&ved=0ahUKEwjyxPix2tPKAhWmmHIKHRhiBmoQFggrMAM&url=https%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25CF%2583&usg=AFQjCNEdMMhrg6jyFNkLv9UeGitcviTamg&bvm=bv.113034660,d.bGg
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Figure. (1) The tensile specimen, showing: 

 overall length=100mm.     

 gage length=25mm. 

 width=10mm. 

 thickness=3mm. 

Figure.(2) Stress-strain curve of specimen as received. 

Figure.(3) Corrosion behavior of specimen as received. 
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Figure. (4) Corrosion behavior of specimen in proof  stress (255 MPa). 

Figure. (5) Corrosion behavior of specimen at (305 MPa). 

Figure. (6) Corrosion behavior of specimen at (355 MPa). 
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Figure. (7) Corrosion behavior of specimen at (405 MPa). 

Figure.(8) Corrosion behavior of specimen at (455 MPa). 

Figure. (9) Corrosion behavior of specimen at (505 MPa). 
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Figure. (10) Corrosion behavior of specimen at (555 MPa). 

Figure. (11) Corrosion behavior of specimen at (605 MPa). 

Figure.(12) Corrosion behavior of specimen at failure. 
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Figure (13) Comparison of microstructure between the different zones. 

Microstructure  before corrosion Microstructure after corrosion 
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Figure( 14) X-ray diffraction spectrum[zone (I),zone(II),zone(III),zone(IV)] of 304 

stainless steel. 
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