Available online at www.pelagiaresearchlibrary.com

4 4 4 . .
o~ ' : Pelagia Research Library

\ ' — Advancesin Applied Science Research, 2012, 3 (6):3909-3915
Library

Library

| SSN: 0976-8610
CODEN (USA): AASRFC

Corrosion Behavior of Austenitic Stainless Steel in Sulphuric Acid at
Various Concentrations

[liyasu I*, YawasD. S. and Aku S.Y

Department of Mechanical Engineering, Ahmadu BElaversity Zaria, Nigeria.

ABSTRACT

The susceptibility and resistance of type 304 anitstestainless steel exposed to sulphuric acid8NDto 1M
concentrations) at ambient temperatures and at éighmperatures were investigated. Weight loss ocettas
used to examine the corrosion rate of the steelr afbmersion in the corrosive media. The Constatieiision
Rate Tensile Test (CERT) was also performed wittnaometer to determine the susceptibility of teelgo
stress corrosion cracking in the corrosive medilisTpaper reports the observed susceptibility petB04
austenitic stainless steel to stress corrosion kirag in the corrosive media and its high resistat@einiform
corrosion of below 0.1mm/yr.
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INTRODUCTION

Corrosion is the destruction of a material resgltinom exposure and interaction with the environmgj.
Corrosion remains one of the most severe limitatifon the use of various steels in the chemical@atdochemical
industries. Millions of dollars are lost each ybacause of corrosion. Much of this loss is duehtodorrosion of
iron and steel [2].

Despite the introduction of polymers and composite®cent years, metals remain important in stmas because
of their strength, stiffness, toughness and tolegaof high temperatures. The noble metals, suclgoés and
platinum are an exception to this, but they arkenatoo rare for common use [3].

Although one of the main reasons why stainlesslstare used is corrosion resistance, they docinsfaffer from
certain types of corrosion in some environments Garé must be taken to select a grade which wiklb@ble for
the application [2]. Corrosion can cause varietprablems, depending on the applications and thi@mment.

Corrosion occurs in many forms in structures mafdthese steels during service in various media. &ofrthese
forms are intergranular [4, 5] pitting, sulphideess cracking, chloride stress cracking [6, 7] simdss corrosion
cracking [8, 9, 10]. Weld decay is also commonédnsitized stainless steel structures [11, 12]. ddresequences of
these forms of corrosion are obvious; varying fremormous material losses to unreliability of opetatthe
equipment which may lead to catastrophic conseggeimvolving both men and money [13].

High corrosion resistance of austenitic stainkssls is primarily attributed to the passive oXitte formed on its
surface, exposed to an aqueous solution, whichmiaure of iron and chromium oxides, with hydrogidnd water-
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containing compounds located in the outermost regfche film, and chromium oxide enrichment at thetal-film
interface [14]. However, the resistance of thisspasfilm is determined by the environmental coiotis which the
stainless steel is exposed to, as well as the atlayposition.

Tetraoxosulphate (VI) acid (Sulphuric) is the csive media used in this work. It is produced ntben any other
chemical in the world. It has large scale uses Kpgenearly all industries, such as fertilizer isthies, petroleum
refinery, paint industry, steel pickling, extractiof non-metals, and manufacture of explosives.[Ifblchemical
industries, it is used for the production of dyaffst pharmaceuticals and fluorine.

In this work, the acid used is further used ahbiggemperatures above room temperatures to enhesakdown of
passivity. The present investigation aims at evalgahe corrosion resistance of type 304 austesttinless steel
at different concentrations of tetraoxosulphate) (a&tid and at various temperatures to determineidatsility and
usefulness. It is hoped that the results from thigestigation will make a further contribution thet existing
knowledge in the selection of type 304 stainlessldor further industrial and environmental use.

MATERIALSAND METHODS

Material

The material used in this study is a 5mm diametee 804 austenitic stainless steel .The chemicalposition and
mechanical properties as supplied by the manufactne shown in Table 1. The tensile specimen wegpared
from this material using the lathe machine as shawirigure 1.They were machined from round bargh®
required specifications. They were then washeddegteased with acetone. The entire procedure wagdaut
according to (ASTM, 1989/1990).

Table1l Composition of 304 austenitic stainless steel (wt%)

Element | C S Ni Si Mo | Mn | Cr Fe
Wt% 0.06 | 0.005 | 803 | 045 | 0.03 | 1.40 | 18.95 | Bal

-1 Smm 28mm Smm ’f

1

#8mm

Figure 1 Tensiletest specimen

Experimental procedure

All the specimen were immersed at the same timaha experimental media which was sulphuric acid
concentrations of 0.3M,0.5M,0.7M,1M. A specimen wasioved from each of these acids after every sdegs
and the constant extension rate tensile test (CERiE)performed with a tensometer at a strain rh@0®3cm/sec
according to the method of Yawas[18]. As strainicgntinued, the load extension curves were plottgd
intermittently depressing the pin against the mgadrum which bore the graph paper on the tensemmétis
operation continued until the specimen fractureztcentage reduction in area of each test piecaeesded. This
test was carried out according to the methods aiideGhali[16],Rondellet al[17] and Yawas[18].

Corrosion test at various temperatures

Previously weighed coupons were suspended in edtheoexperimental media at an ambient temperatdire
(30°C), The first and second sets of coupon were ketddrom their corrodants after 7days and 14dagenvals
and the subsequent sets were retrieved after i, d8glays and 35days. They were then chemicalneldin 20%
sodium hydroxide containing 200glof zinc dust in order to remove the corrosion piaidAfter rinsing in distilled
water and absolute ethanol, the coupons were drieldweighed and the reading taken to the near@@00g on a
mettle AE166(Delta range) analytical balance adogrdo the method of Cheet al [19],Ashassi-Sorkhabét al
[20] and Jabeerat al[21].
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In order to study the effect of temperature thevabeeight loss test was carried out in all the expental media at
higher temperatures of %480,6(°,7¢°,and 86C using a thermostat water bath. Each specimerretdeved after
and interval of 4 hours. The difference in weighttloe specimen was again taken according to théhadebf
Yawas[18].

RESULTS

The results are shown in figures 2 to 8.
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Figure2.Variation of % Elongation to fracture against timefor steel immersed in 1M H,SO,
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Figure 3. Variation of % Elongation to fractureagainst concentration for steel immersed in H,SO, after exposurefor 7days
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Figure4. Variation of % Reduction in cross sectional area against time for steel immersed in 1M H,SO,
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Figure5. Variation of % Reduction in cross sectional area against concentration for steel immersed in H,SO, after exposurefor 7days
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Figure 6. Variation of corrosion rate against exposuretimefor steel immersed in 1M H,SO,

3912
Pelagia Research Library



lliyasu | et al Adv. Appl. Sci. Res., 2012, 3(6):3909-3915

H,SO,
0.12 ~
0.1 -
0.08 -
0.06 -
0.04 -
0.02 A

=A—H2504

Corrosion rate (mm/yr)

Concentration (M)

Figure 7. Variation of corrosion rate against concentration for steel immersed in H,SO, after exposurefor 7days
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Figure8. Variation of corrosion rate against temperature for steel immersed in H,SO, after exposurefor 4 hoursat 1M concentration.
DISCUSSION

Stress corrosion cracking of the steel.

Figures 2,3,4 and 5 show the SCC behaviour of gt austenitic stainless steel in dilutgSE, and expressed in
terms of percentage elongation to fracture an@tims of reduction in cross sectional area. Thesanpeters were
derived following the procedures of Mcintyre andlibn[22] , Beaver and Koch[23]. From the Figuré<an be
observed that both the percentage elongation ahattien in cross sectional area decreased witleasmd exposure
time and increased concentration. Owing to the hiskel and molybdenum contents austenitic staindssl type
304 is susceptible to stress corrosion crackirgnivironments rich in hydrogen sulphide.

Uniform Corrosion of the steel

In figure 6 above a decrease in corrosion ratexa®seire time increases was observed. This is bectngese
remains no direct contact between metal surfacecamsive ions by corrosion products and excesatbns near
the metal surface as reaction proceeds whichdsmsonance with findings of Dillion[24]

Figure 7 shows an increase in corrosion rate asecgration increases.
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The results also show a corrosion rate of belownfnlyear at ambient temperature. This indicates tegfstance to
corrosion in these environments at ambient temperafhe high chromium content which forms chromioxide
passivation on the surface of steel protects inffarther corrosion. The 8.03% nickel containedha steel assists
in providing resistance to uniform corrosion in reaately reducing environments 0$$0, at low concentrations.

Effect of temperature on corrosion of steel

Figure 8 shows an increase in corrosion rate mpdeature increases. At a constant time of fourd@und at

temperatures of 4®X,60°,7¢°,80°C , it was also observed that there was no sigmifioveight loss in steel,
probably due to the short time of exposure. Whempared to weight loss at room temperature of aBEA@ after a

period of 21 days it shows the length of time gb@sure also plays an important role in the corrosibthe steel as
established by Yawas[18].

CONCLUSION

The following conclusions can be drawn on the studgertaken on corrosion behaviour of type 304 eanist
stainless steel in430,.

i. The ductility of Type 304 Austenitic stainless $tdecreased with increased exposure time and ctratiem,
an indication that it is susceptible to stress@sion cracking in dilute 0.

ii. The corrosion rate decreased with increase in expdsne

iii. The corrosion rate of the steel increased withaase in temperature.

iv. Though the steel was highly resistant to unifornrasion in these environments it was still foundb®e
susceptible to SSC.

v. Hydrogen sulfide are principal agents in environtegrausing stress corrosion cracking e.g sea waiteaind
gas industries

vi. The mechanism of SCC involves the conjoint actibthe environment and the presence of a tensisstr
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