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Nb81lrac!

Tbe corro8ton properine8 ol !be uniiranne arateé 8304H awlebliic 8latle88 8leel 8aTple8
8unblecleé 'o 8eyere pla8iic éelorTalion ané annealing are Tye8iigaleé. Tbe 8eyere pla8iic
éelorTalion 18 carneé ou! by Tean8 ol tmliiéliecnonal Forata a! éfreren! letperalnre8
ranaTta Frot 500 !o 800°C. Tbe blinence8 ol proce88Ta conélitow on !be éeyelopeé
Tlcro8!rnuclnre ané 'be re8l8lance !o tlergranunlar cono8ton are eyalnaleé.

Key”ori8!
aw'eblic 8'atle88 8leel, 8eyere pla8iic éelortamon, nllralfte grateé 8!ruc'ure8, tlergranunlar
corro8ton

In'ronnckon

Anslebllic 8lat1e88 8leel 18 one ol !be To8! Iregnenily n8eé l!ype8 ol 8lruclural Telallic
TaleMNal8. Ho”eyer, 8 applicalloll a8 a con8!ruclion TaleMal are blagbly re8!Ncleé by 1o~
8lrenglb. The probleT ol Tcrea8Ta !'be 8lrenalb ol alll lebliic 8leel8 can be 8olyeé by reéuctg
lbe 812e ol 8lruclural eleTten!8, pgrat8 ané 8ubprat8 (Yaley, 2010). 8eyere plasiic
gefortallon (8P6) 18 one ol !be To8! elTeclye ~ay8 !o ge! a 8ubTtlcrocry8lallte 8!ruclure T

8leel8 ané alloy8. *ben 8elecing aTtoée of 8P6 lortcrea8tyh 8lrenalb properiie8, you tm 8!
cons8léer KOo parateler8 ~ blcb can arfec! en- coMo8tOn properile8 ol 8leel. PIA8!, Ibe blgber !be
gellly ol 'be bounéaMNe8 ané é18locallon8, !be lo”er !be resi8lance !o Tlergranular corro8ton
(KO C). 8econély, allocallon ol pariicle8, enfMcbeé W !b cblo TWT a!!be 8PB leTperalure tTay
baye an aéyer8e alTec! on corro8ton re8l8lance. Tbe alTt ol !'bl8 “ork 18 'o 8!uéy !'be elTec!8 ol
leTperalure8 ol 8P6 ané annealing on !be 8!ruclural parateler8 ané residlance !o KOC ol an
8304H alll lebliic 8laTt1e88 8leel.

ExperlTten'al Proceinure

An 8304H aw'ebliic 8'wnle88 8leel, 0.10% C-18.2% Cr-7.85% Ne -2.24% Cun-0.50% Kb -
0.008%B-0.12% K-0.95%Mn-0.10% 81 ané !be balance Pe (all T “elab!%), w'!b an ayerage
arat 812e ol abon! 7 p T 18 n8eé a8 !be 8laring Ta'lenal. Keclangnlar 8atple8 are 8ublec!eé lo
Tnliiéiecnonal frorgtg (MBP), "blcb 18 carneé omn! w 74 18o!bertal Tulii-pa88 coTpre88ion
1e8!8 w !'b a cbange T !'be coTpre88ion éneciion T 90° T oréer ol lbree olibogonal axe8 lroT
pa88 !o pa88 a! leTperalnre8 ol 500, 600, 700, 800°C. A !olal 8iiaT ol 4 ~a8 appiieé lor eacb
8atple. Tben, 'be MBP 8atple8 “ere annealeé a! l!etperalure ol 800°C Tor 30 TTmn'e8
Frolo~eé by "~aler puencblng.

Tbe 8!lruclural blye8npgaiion8 are carneé oun! on !be 8atple 8eciion8 parallel 'o !be lorata
éiieciion T !be laB8! pa88 by w T an opical Tlcro8cope, a leol 1EM-2100 !raw T188ton
eleclron Tiiro8cope (TEM) ané a Ownan'a 250 Ko”a 8canblng eleclron tlcro8cope (8EM)
eqwppeé w!b an eleclron back 8callennpg élilraciion (EB8B) analy8er Tcorporanng an
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oMenTaTHOn 1tap T 4 Tlcro8copy (01M) 8y8Ter. Tbe T Tergranblar corro8tOn resisTance 18
eyalnaTeé by a éomble loop elecTrocbetlcal poTeniiokT eiic reaciiyaTHOn (EPK.) Te8T8 (Ma )1él
ané 8Treblber, 1984) wta a 05 M H2804 + 0.01 M K8C K elecTrolyTe aT 30+1°C ané a 8can
raTe ol 3 TY /8. Tbe calculaTion ol Tbe currenT éen8iTy 18 Taée T Thbe prograt 1PC-CoTtpacT-
M.

1. belorwaHon ani annealev wlero8lrmnelures8

1.1 belorwaHon wilcro8lruelunre8

Typlcal éelortaTion Tlcro8TrucTured éeyelopeé alTer Ten Forpta pa88e8 aT TetperaTured ol
500, 600, 700, ané 800°C are 8bo~n T Plpure 1.

P1a 1. Mlcroslruclvre o*5304H 3lee! ainer MiAP loe = 4 al: a) 800°C, b) 700°C, c) 600°C, &) 500°C

Tbe mbllort ulTralte arateé 8TrucTure8 are eyolyeé 1 The 8atple8 proce88eé aT 800 ané
700°C. Tbe éelortaTioon T1lcro8TrucTure8 are alto8T TIwully coTtpo8eé ol nearly epgwaxeé
niTraline nat8, ~blcb are eniirely éeH Tiieé by blab anale bonnéane8 ané are cowléereé To be
éynaTtioally recry8Talll2eé arat8. Tbhe ayerage 812e ol Tbe8e aorat8 T Thbe 8atple proce88eé aT
800°C 18 0.69 uy 1 (Tlkbonoya, 2012). 1n Tbe 8atple proce88eé aT 700°C, The ayerapge 812e ol
éynaTtioally recry8Tall2eé araTt8 18 0.3 41, ané TbheblyolwnTe I'racTion cotpn8e8 0.87.

AT TeTperaTure8 ol 500°C ané 600°C, Thbe éelortaTton Toro8TrucTure8 are cbaracTen2eé by
yagune beTerogenelTle8. Thbe8e Twro8TrucTure8 conTaTt relaliyely large arat8 wTb 1lrregnlar
bounéane8 T aééllon To The efwaxeé niTraiine éynaTtoally recry8Talll2eé araT8. EyléenTly,
arat8 wTb 8ucb rongb appearance8 repre8enT Thbe reTtatéere ol ongtal arat8. CoTtTtonly,
Tbe 812e ol niTraiine éynatoally recry8Talll2eé araT8 ané Theii yoluTe [raciion éecrea8e wThb
a éecreaB8e T Tbe éelortaTion TetperaTure. Tbe 812e ol ulTralTe grat8 ané Then yolurTe

lFraciion coTpri8e 0.2 u T ané 0.67 aT600°C, re8peciiyely, ané 0.1 y T ané 0.51 aT 500°C.
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1.2 Innealein wlero8lrmnelure8
Typlcal Wicro8irncinre8 eyolyeH 1 'be 83041 aw'etHc 8'atle88 8leel 8ub)ecleH 'o M BP a!
500 anH 800°C anH 'ben annealeH a! 800°C Hunng 30 T 7 are 8bo”n T Pl18ure 2.

Pln, 2: MioroslLnclLire3 o 33041 3lee! aller MPP o e = 4 al: a) 800°C, b) 500°C- anH annealeH a!
800°C

Tbe 8aTtple8 proce88eH by MBP a! relaHyely blab l!etperalure ol 800°C are puHe 8lable
apat8! arat coatetng Hwunng 'be 8ub8epuen! anneaHnpg a! 800°C. Tbe graT 8lre ol 0.69 pT
'ba! eyobleH by M BP 8bab!ly Tcrea8e8 !o 0.78 p1 aller 30 T T anneaHnpg. On !be o!ber banH,
lbe 30 T 7 anneaHnpg re8ul!8 1 I“ololH 1crea8e 1 !be Tean grart 8lre F'ror 0.3 !0 0.68 pt1 7
'lbe 8aTple 8ub)ecleH 'o MBP a! 600°C. 8oT1e Tlcro8!ruclnural tbotogeneHy 8boulH al8o 18
noleH lor 'b18 8atple. KaTely, ralber large annealeH araTt8 appear a8 18lanH8 8urronnHTh by
Tucb N'te gratv8.

2. 1n'ergrannlar corro8kOn

2.1 EHec! o! MBP lewperalure8

Tbe MBP a! bilTeren! letperalnre8 leaH8 lo !'be TortaHon ol mnllralte arateH 8lruclnure 1
8leel 8304U (Bkbonoya, 2013). Moreoyer, !be ayerage araT 8lre Hecrea8e8 w'!b Hecrea8Tpg
HelortaHon !etperalure. Tbe KO C re8i8lance can be eyalualeH by a raHo ol 1r/la, “bere !'be la
18 'be acbyaHon peak curren! ol 'be anoblc 8can anH !be 1r 18 !be reacHyaHon peak curren! 71
'be reyeteH 8can (Klma, 2008). Tbe yalne8 ol 1r/la raHo lor !be 8304H 8aTtple8 8ub)ecleH lo
M BP a! bll'Teren!letperalnre8 are 8bo”n v Plgure 3.

10

500°C 600°C 700°C 800°C

MBP lewperalwure, °C

Plg 3: T6e raHos ol Ir/lalor LLle 3304H 3lee! 3aTp!es 3ublecleH lo MiiP a! HATeren! leTtperalures
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Pl 4: TMe 3urlace ol 3304H 3leel 5atples alTer !OC leslMng; a) MiAP a” 800°C, b) MiaP a 700°C, c)
MIAP a 600°C, i) MiiP a! 500°C

1n'be 8aTtple 8ublecleé 'o MBP al!letperalure ol 800°C, !be ralto ol 1r/la éoe8 no! exceeé !be
yalme ol 0.11. Tbl8 Télcale8 !be re8i8lance ol 8leel agaT8! !be OC. Tbe 8To00!b 8wlace ol
'b18 8atple aller O C l!e8iinpg (Pla. 4a) al8o 8mapne8!8 'be nooé corro8ton resgi8lance. Thbe ralwo8
ol 1r/la in 'be 8atple8 8ublecleé 'o MBP a! letperalure8 ol 500-700°C retarkably exceeé a
cnltoal yalme ol 0.11, “blcb 18 con8léereé a8 !be regwreé HTK lor corro8ton re8l8lan! 8leell
(0.11). I' 8bonlé be nol!eé !'ba! !be 8atple 8ublecleé 'lo MBP a! letperalure ol 600°C 18 'be
To08! 8uccepiible 'o KO C; 'be 1r/la 18 nearly 9 nTe8 blaber 'ban !'be regwreé yalue. Tbe 8urlace
ol 'bl8 8aTtple aller O C l'e8iing 18 blably éatageé by corro8ton (Pla. 4c).

I! 18 kno”n !ba! !be ForTtaiion ol Cr23C6 pariicle8 !ake8 place T 304inype 8leel8 éunng
annealing a! 'etpera'nre8 ol 450-700°C. Tbe calculanon re8ul!8 ol !be yoluTte lracinon ol
cbl otw T carblée lor !'be 8leel 8304H by !lbe Tberto-Calc 8oltOare 18 pre8en'eé T Table 1.
Tbe blagbe8! yolute lraciion ol carblée8 18 obl!aTeé a! !letperalure ol 6000C. Therelore, !be
éeplevion ol graTt bounéane8 w'!'b cbroTtw T Tay leaé !o alo”™ KO C re8l8lance T 'be 8atple8
proce88eé a! !bl8 leTperalure (Koncerya, 2011).

Table 1: Calculalton o yo!uTe lmacHon of Cr23C6al bilTeren! Metperalures 1 3304H 3leel by THerTo-
Calc

Tetperalure,0C 500 600 700 800

Yolute lraciion Cr23C6 0,0198 0,02 0,0198 0,018
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2.2 ElTec!ol AnneaHng

Tbe 8leel 8atple8 8ub)ecleé !lo MBP ané !ben annealeé a! 800°C exblbb pgw'e 107
8n8cepbbll!ly 'o KOC. Tbe ralto ol 1r/la T !be8e annealeé 8artple8 18 alTto8! rero. Thbe
excellen! re8i8lance ol 'be8e 8aTple8 !'o KO C 18 al8o 8mnppe8leé by 8100!b 8atple 8wlace8 aller
corroston lesl3 a3 reVealeé by 8EM obs3e”abon (P18. 5). Tbus, 'be O C 18nT ob3eryeé 7 [Ibe

annealeé 8aTtple8.

Pln 5: The 3urlace ol 3304U 3leel 5atples alTer 1CC Iesbna: a) MPP al” 800°C lolMoweb by anneaHnpg,
ar 800°C, b) MinP a 500°C Tlolloueb by anneaHng a” 800°C

Tbe ab8ence ol reaciiyabon peak8 al Bb-EPK curye8 (P18. 6) !le8biie8 o KO C resi8lance.

600 --
L, 400
n
600

5 0 5 10 15 20 25 30
Curren! rensky, A/ct/

Pl 6: nomble loop eleclrocbeTioal polenbokTebc reacbyalton curyes ol 3aTples sublecleb Mo MiAP al
500, 800°C anb I'ben annealeb a 800°C

AnneaHng ol !be wullralTe prateH 8leel 8atple8 proce88eH by ~arT 8eyere plasiic
HelortaHon 8lpwiican!ly tcrea8e8 !beii corro8ton re8i8lfance. Thbl8 anneaHnpg ellec! on !be
corro8lon re8i8lance Tay be caweH by yanow rea8on8. Bo!b !be HeyelopTen! ol egull bnunt
arat bomnHane8 lw!eaH ol non-egull bnut 8!rat-THuUceH one8 anH an Tcrea8e 7 !be arar
812e Hunnpg anneaHnpg tay proTtole !be corro8ton re8l8lance. A18o0, an anneaHnpg a! eleyaleH
letperalure8 retoye8 !be Cr-HepleleH rone8 along agrat bounHane8 anH egmnaHre8 !be
cbeTioal coTpo8lMion !bronabon! !be 8atple, 8uppre88ta !be 8n8cepHbllly lo HOC.
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Summary

The mfluence of the MDF temperature and annealing temperature on the IGC resistance of
the ultrafine grained S304H stainless steel is presented. The sample processed by MDF at
800C exhibit the highest resistance to IGC. In contrast, the sample subjected to MDF at 600C
is the most susceptible to IGC. Annealing of the ultrafine grained steel samples at 800C
during 30 min makes the samples unsusceptible to IGC.
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