
EFFECT OF HEAT TREATMENT ON THE DAMAGE RATIO 
OF CORRODED ST 60. MN STEEL 

In tMs work, the effect of varkous heat ~~ 
w i S T ' ~ ~ a n L ~ u e s t m g t h p r i o r t o u s e  ~~ after uw WM BfllLfEed It wmabserwd that by 
nwma&Efng for'mnrl'ce mdltlons n6t exkwdiM 10s 
~ c y d e s , t h a f & i g u e ~ w m ~ b y a f a c r w  
of 12. 

b y w d m  crude oil, dine environment, f-ue 
stfength, St 160 Mn steel, heat treatment. 

M q ~ ~ e r e  ~ ~ ~ o U p l p e l l n e s  
and fittings whem they are ewmptible to cwrwrion 
fadguecrabrlng of a metal under cyclic stfege In the 
presetlo8 of w m h  envlmment ms ic the case 
'w3lh ST 80 Mn, a medium carbon Nigerian statFdard 
qmdfkah, whtch Is used for m&g d plpellnes. 
o ~ ~ s p % l a g e h ~ r ~ ~ o f M i g e r l a ~ b ~ f r o m  
DilPIBB&W'bm&qp&becoraremissue. 

C m o d m f ~ o f ~ r e ~ ~ f R w n  
interaction with crude all is as a m h  .of the pmmee 
of Mne (Gough and SopIM, 1M). Ammdhg to Parkln 
and KoMyrkn (19883, mM fatigue are Induced In a 
tcansgranuPar pathway. Fontana (1988) in his 
lwmtlgation showed #at fatlgue are observed in 
c x # r o g f o n f ~ w ~ o w r e s p r x P d s t o ~ ~ f r o n t h  
b e k . l g ~ w s a o p p e d ~ n ~ - 1 S ( - e y ~ -  

Someworkhas~doneoncomvsionfadiguie 
~ o f S T 0 0 M ~ ~ I n m a n y m s d l a ( ~  
1891; ancIOhsbu&; 1- Mno reportedworkonthe 
ownblnedeflecf of crude dl and salR.le enwimrnent an 
ST 80 Mn hart been sighted. Thus the object of this 
work Is to ascertain the fom of heat treatment- 
~ ~ a n n e e t D ~ a a r d ~ W ~ e n h 8 6 1 0 8  
hfatigwstfenOthdST80Mnstgelhe~~ 
.cfud8diandsallneemlment. 

St 80. Mn steelcsample was abiained frorn DeL 

Lagaa(ankrNlgerJa). f h e d m n t d h ~ d t h e  
steel and the crude dl am sumnl- In TabCes 3.1 & 
3.2 respedhfely. 

ThesteeIeamplewas#rtandmachhedbosz4mdmI 
bstpleoesoonfmlngtoASMstandard. Thenthe 
speclmms were categorized a9 ddlows for corrosion 
fatlgw.mm detemh~orl and heattmemmt 

(i) As reabed No heat treabnsnt wes ~iven. The 
specimens were clamped into a campSetely 
reversed bending fatigue rnach'i with lha aid of 
grtpslrsinganAVERT75a5fatlguetestfng~ 
at the Department of Matallurgfcal 8 Matetjals 
Enginwring Labomtory ol the Obafeml AwaCowo 

I 
U m ,  IEgIfe, Nlgwta Cyde loading of varying I 

stress level was applied untll 1 0  cycles was 
reached. Balding m w n m  of 90, m, 50,30,10 
and 5'Ncrn Whtch'- to wgue atregses of 
Srl.34,41,48,29.M, 17.78,5.93and2.96N/m1'~P 
reepeetlvely were choeen. The remit Is 
s m -  h Table 3.3. 

(If) Spe-drnena were heated to a temperatwe of 9500c 
waked for 45 mbrW and waterquenched at 
mlperatum. 

(IY) Nemallsing: Specimens were heated to a 
tempemre df 850Dc make! far 45 mln- and 
allwed to cool in dr. 
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m-fnmm([)andtheheat- 
specimens in (Ii) - (fv) were pteoed In m a n  water 
(29.3%) salt content) for seventy hhrcr (72) houn after 
whkh thay were transferred to mde oil for another 
sgventy bib (72) h u m .  The fatlgua stresses were 
carried wt on tha rPet of smmens In (ii)-(hr) as In set 
(0. The mutts obtained ana sum- in Tablea 3.9, 
3.4, 3.8, 87, 3.8 rrespethwly. The curresponding 
damages are contained In Table 3.9. Flgun 1 
sumrnarlses the resub of experiments (1)-rw). 

etching and microscopy. The etchant used'were 
hydmd~loric and pi& adds tor tempered samples and 
2% nital for as-received, as r d v e d  but m@d, 
quenched, annedtled and normalized specimens. The 
r&sultin$ plptomtcrographs are contained In pfates 16. 

3. RESULTS AND DISCUSSION 

The chemical composition of ST 60 Mn steel 
(As-rewlved) Is shown in Table 3,.1. 

MWlography was tmbd out cm all the sds of 
specimens by cutting, rnountlrg, grinding, polafirng, 

'bhe manganese content is as high as 0.96% by weight. 

Fatlgue Shes NlmrriL No. of cycles (N) LfX!N 

53.34 8.1 X 109 3.91 
1 

41.48 10x108 4.04 

29.63 3.1 X 104 4.49 

17.78 5.5 X 10' 4.74 

5.93 2.9X 105 5.47 

2.m 1 0  a 

Element 

wt.% 

Sulphur . ~ rocarbolwr  
PamMns & 

, ammatla 

-P 

m-oo%A 

- 
I 

Trace 
metals 

w%J@l 
Phenol and 
EarboGyclb add 

-. 

2% 5% 

N i h w  
m p W n h  
Phenok, in dole^ 
&carbonb 

0.050.898, 0.01 -0.05% 
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fable 3.6 Fatigue Tea on A n n d d  apeclmcm In oomblned Nuds 013 and dlne dmm#tt 

- 

Fa%w 

53.34 

41.48 

20.63 

17.78 1.3X 1 0  4.f 1 

5.m 2,@7X 1 0  5.48 

2.m 1V 6 
> 

No of cycles (N) LogN 

- 

- - 

1 X 1 0  

3.1X 1W 

i .2'X 108 

FaUgue s t m  No, of cycles- (N) Log N I 
53.54 OSX 109 2.70 

41.48 5.5 X 1W 3.74 

29.63 2.6 X 108 3.41 

17.78 8.0 X 10' 3.90 

5.93 1.4XlOp - g.97 

296 1CP 6.00 

3.00 

3.48 

4-08 
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Table 3.7: Fgtlgue Tmsl on Nomraltsed opeclmesl In cmhlned w u d m  oll and saline ehvlronmsnt. 

Damage ratio = cormaion fatigue strength 

Alr fatigue stream 

lagN 

270 

3.74 

3.41 

3.90 

5.13 

6 

No. d qdes (N) 

, 0.5X 108 

5.5 X 109 

Samples In mblned crude dl 
arlddne mviK4m 

Airfdgue strength = 14.5 Nmm-@. 

4 

Comb Fabigye 
- W w  

2B.B 

17-78 

5 . a  

2.98 
, 

* Damage r& 

2.6X 1P 

8.0 X 1V 

1.4X 1Q 

l V  

03 

0.2 

0.4 
4 

As-reoelved 

water- 

NomraDsed 

Amrsa)ed 

7.0 

. 8.5 

5.9 
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a @I @ - N . P ~ ~ c L  (; secl Spo c rtn-e ,q 
=a)E,C;zc[ C q  UJ CL~...; q m( 
G u d ~  dl l 

Flg. 1 Faague Strength G u m  showing the Raldonshfp beiween Dry Speclmen nod thos~ 
(Normalisad, As-Redved, Annealed and quendw@Sagkgd; ln Salty Water (Sea Water) 
and Cruds Oil. UNIV
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MICROSTRUCTURE OF ST 60 Mn STEEL SPECIMENS 

PLATE 1 
&Rec8fved c0ridMblen ahowing stnrare of fersite 
(light} and pearlite {dark). 

PLATE 2 
As-Received but 6rroded condttlon showtng stru~ture offerrite and partite 
with dark patchss indkating corrosion effect (pitting). 
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PLATE 3 
w ~ ~ - ~ ? n 8 M I O C ~ ~ ~ a n r c t u r s .  

PLATE 4 
Annealed at SOOC showhg a coanre ferrite gralnu. 
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PLATE 5 
Mamalfsed at 8fiO0C showing a finer ferrite-pearllte structure. 
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Theas-recehredST60Mnstteelkobs@tvedfmm 
FQum1 ( c u n r e t ) l o h m t h e m * m .  
T t m e ~ ~ l n ~ e l  mudspeamteas 
the major phase (dark) In tha maMx af f- (light). 
l e ~ l l u t ~ a a m p l e ~ d e p l d e d i n '  
Ftpm1 (curve3)hasakwdamagerrrlio,ofObV&bk 
S.8b This la nat wprklng as the rnkmslrumre ahwn 
kplate2twmb - Ptopwtlon - -1. 

NPW Wen the medlum cahm steal b water- 
qmcffed, its behatbur lis described In Rgure 1 (cum 
5) .The~~nbthe~@fat lgueBt tengthanda  
f m w p m h g  damege ratlo ofO.2. The rnl-rer 
(plate 3) reveals that there hae been phase 
~ a t i o n t o ~ H m I c h I & h a r d f m d b r i # l e .  
fhe Eow fatigue stress couM be altrlbUtd to tlPs 
~~effec$dsulphldeandchlorMe~arWthe 
thternal)lf+lrxmawhard&~m- 
W b f m a t i o n o f h ~ c r a d r s .  

From %ure 1 (curve 4) the fatigue strength uf the 
€ Imaw~80MnIp tee l * toueage Is~ than  
Wrguenehed spsclmen but kmr than awlecekrcbd 
t-semple- 

T h f s f s d l s c m i b l e f m m Z h e r n ~ s h o r m  
t n ~ 4 w h e r e r i n ~ ~ a l n e d ~ ~ t r u c t u r e I s  
vfddMhW t h a w  allowing eaey pen- al 
sulphlde from dl and chtorlde from dhe emrlranment 
w h l c h ~ t o f ~ o f p b o n t h e m g t e ~ a n d  
with tkne tho pita nay be pqqated  by fatigue sWw$. 

F r w n ~ 1 ( ~ 2 ) ~ I s ~ l h e t ~  
h e a t - m b e M t o I n - t h e m  
fatigue strength of ST 60 Mn steel. Thls cwld be 
attributed to fairiy h o r n ~ - f I r @ r  pearllte grab 
v&hh the ferrite matrix (am pMe 5) thus rnaklng It 
dWfScuit for sulphlde Dons fm crwde dl and c h W  
Ions (from aaltne environment) to pmemeffie em 
Thb~o~~~~llesu#dtfielmrestlgatConcanled 
o u t $ y t 3 k m d h n ( 1 ~ I ) ~ t h e m m ~ S T 6 0  
Mn aaeel hwz enhanoed cwroskm frrtlgue strength In a 
cyanidsemIronment - 

FromthisI~gat)on%mbe~~commenderl that  
I m q p m s e ~ I k e S T ~ n u s e d f a r d l ~  
should be heat-treehad by normallzlng prtor to wa tn 
wder to enhansa the fatigue strength of this gravle of 

and thus prevent oil qlllage. 

m tBqmhaw mntributlom of wmra A. Adu, 
T . S o n t l M o f ~ o b M e t a l h ~ a n d M a t e r l a l s  
Engineering, Obafeml Awabwo University are 
apQrackrtivelyb-. 

Ifwgh, T. J. and sopwm, D. a. (1W: J w d  
ot the InsWute of metals. vOl,n,pp. 52!%32@. 

Mmmw H a  (1sBR): Encytapsledlaof sdanoe and 
TdmrogY, &lth,wl. 12 and 18. 

O I ~ k n n ,  0. (lW1): Effect d cyanide cm 
~ s b w n g I h d S T 6 0 k l n 9 t e e l . ( U R p u b ~  
B,Sc. thesl$ OAU, Ile-lfe, Nigeria). 

-1 a D. (iasr% D~~~IIIIMM~ ofcacrosion 
F-ue Strength of ST 60 Mn steel In coccla 
mucilage Unp&B&#A B.Sc. m, OAU, IW, - 
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