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Abstract

In this investigation, the effect of heat input of SMAW process on the corrosion behavior of Hadfield steel

weld joints was investigated. For this purpose, 4 annealed sheets with thickness 25 mm prepared from
Hadfield steel and then welding applied by SMAW process with 6.75 and 11.25 kJ/mm heat input values.
For corrosion behavior evaluation of base metal and weld metal areas, potentiodynamic polarization and

electrochemical impedance spectroscopy methods were used in the 3.5% NaCl solution. The result of

corrosion tests indicated that by increasing the heat input in the SMAW process, the corrosion resistance in

the weld metal were reduced. It was also found that in both heat input values, base metal had more corrosion

resistance compared to weld metal.

Keywords: Hadfield steel, corrosion behavior, weld joints, heat input, SMAW process.

S selS (Saps Ceaglie (oilas Al (oS oy 5
Sa ot ol la gy IS sk Al 0 Bl S0
LasVys ol a8 coal oals 0L 58 minl glasY
33 oo b dls oSOy Jsloes 5o 2l (8o slis
ke sla Y e o el Ol (8 SV 6 5
ledd slol LasY s 5l s Sxadly IS5 i M) s oS
Sl a5l 53 ady s 5 035 Olsme Sl i3l ;o
ST SlaylS L [VIssd oo HaSOsJ shoms 53 olasi s xSl
5 pomenl S3UT olis oS s o OLES [Y] 3 ime 5 (55
2 St easlie JalS 5 Gl Eel GO r e S
Al ol ol s i pl L ge Adola SY 8
S F 03 055 Ol ORI S0 )8 DS O

Alesls a8 alssls SV 8 ol
U S g T3 sla el )L aS el els OLES L e
LasV s (o2 Vil S, L, ool
S Sl 854,55 Dol Ol e el ) 5 SG[AA]S 1
EEN RN PP PRCHEN S DI N JE N T JENERE
el Lol LS 5 sl3Se> 5 GUT w5 &8 Slidss
Aol b s g3 ool il aS el et 5158 )]
PALS s o YY0 (g5l ss Y5 sLghys oS
Aol 3 Gedimn ol 5h o g 5B (S e slhe

PRV
oS o3 VY s lyls oS (gl 5K maxad SUT o)
VAAY Jlu s dbdsla &l bw g o 535850 Ao 3 VY
JSi5 bl 8 ST dinla 5Y 55 02 48 0
S A B PR SPR ERV) SR I W
seds sl Vb )8 S LB S Sl e S5
LV opl ol il pl 53 o sl Canslis slls
s e cslie 5 O sy Sllanil VU plSo
Olors mlio il iliis mlo o 00 28 &)y ol
53 [V s e a8 S LSS al ol 5 (3letly Odne
ol 58 6,5 U ole 0T 2,008 4 by 5 ol 5l
Dl e il obie ol 1S e L1 Y
ol 5 sl 008 dlg ) g @SS e Sl el
S gl o orte Sl L OV 5 0l s
g edd e SRl el (sl e 4 STV Flel
e cplaS das e Ol Aldsle 5V Ll gy anllas Ll
Ny Sojir ralS el oilas A)lS D3 sbul b
5 Ikl el ks an 53 [0] 553 e 5 S
e S oS ol oy b JF] s
Aisls ool Vs ae b glacujpls (s, 5

33 Ol e iyl L a8 Wsls 0L Qe ol itls

1 Srivastava



\O \\‘—“‘m AYa¥ &M}}Jﬁ‘i 4\4)\.«;..3 cJ}‘ JL“ c&‘ﬁ‘ 6)&3‘99.- ‘_5)‘91:..3‘,”.\.9 4.1‘}.;3 c&‘)&hﬁjé}?\ﬂ b‘,w

o=l o 1Ay byl o 4 G (6K o L)
3358 Sl 53 4 45 LS ey e e
eVl pe> 5 Say5 ceglis o SMAW a5
Slasiagsy 5o a8 350 wlsn Aidsla SV ()0

Dy o LiS 4..&-\.3]1 Cjnﬁj‘ u{,‘d-’u:“:*::i

R399 ol =Y

SV pb (anly 58 Olsmmd) i cnl 03 ealial 5550 SV 8
ol @l e 18] ASTM A- VYA aldsla Jls 5Kes oz
ool s 4 Abals SN 5 5l el Lol 35 aue ¥ Tl (st
by Ll ol s oS 5 w5 0l 4 YO mm
OLL (V) st 5o 5 Al o) Gl (600 (oenih
L 5% olKas Jaw 5 ol s (SWAGB 5 s ol 0l 030
Slasd i pd ST 03lal B A 035 G 53 TO 4513
Sl il el ey 0L (1) IS s Il b
35, S GG s ) el 4 s, IS
SPIVO 85,5 &l > sl G L (SMAW) o
odla sl S0 - 5K slasy Sl e 5)V/YO kI/mm
Sadaly 51 LS asdad 4 (65555 Dol 6 amle Gl S
VIS esliad 2

Q=n ($+VI/1+++S) o)
Gy o ln s 02 (B u e M e b 0l 02 S
Q emad ol VO L ol SMAW) s 55,531
Vi oo 2 JoiskS o OB ankd w4 3505 o)l
o S 5 ol o 0L SAS T By e 5
Glas > 3l (o0 adds 2 e e o S5
Slambl g ads 5 (V) Jsa b L Gilee ol asles (63555
WIS E RN S NGRS S S (V) U s (6,80 5
Sl e 53 a3 S Aul 3 0L Sl e S
O LS 5w a5 el esls Jlail Gl 53550
o o=l o3 elial 5y e Glans Sl pland S S
(F) dodzr 52 5 0dd oy Gl 2 (s il bon s

Cj_: O LS|J_:45¢_.N|;J J.:Lék;—w‘ ol °J|DU:)|J.§

Ales god a5 (S g A3 3 3505 Sl

Sl ddale Jls 8t rmal SY 5 das IS5 (5l
L aldale axkad 5o Jlail gl Jos opl 5 25ls (S5«
ol Clabd and Ly 5 iols ¥ 4 0 S ool SN
Vpd b 3 s 5 gl 5 (n fege 35 o0
35 LS Soladad b andad 0sls ool cdlisle s K zozul
S S gl aS el 0T 1 J 3 L S
il s e Bl s b ug s ol J S
el 5o Jpd BB Shr adkie 3 Al 5B sl J-
e e 5SS 5 L Sl g il U
a5 sl Y5 03 el W3 a0ls w55
g SLS Bl O (i b el 4 akdsla
G Vs ) G Gl ) e 2 S
Sl 5 el SMAW') s 55, S0 Ly (6K g
LWL 8 ol e slass SN LasY gl (oK 5
Sl am a5 b DY V] tes 5 50 ()l o) 50
S Ladads 5o ool Slided (gl 4 dldsls SN
il lasy SISV cpl ) bl 5 sk
DS 5 T b Y] ol 48 S & s
Ao adlas o 5l 008 S 5 G s
Sl U S tisged oS Ollime ol itls s ol
Sl ) Al (s il s S Ol DS S 5
alS S Wl 0L Oliime cpl emman Al e Ll
Ssly g 53 O 5 ,0) S g Sl g OAS S 25
03,5 gy SAS Olppe Laslsl s Sy o311 Ll
S (6, K Slidss s 54 ) Q)\J;-J'\Ji‘tu iz s
e Mbsla s S anad SV S8 b a3
S8 4S WU gad i3S VO] Oldises (ol a3 S
g5 3 N ol ol o Sl gadlan 53 63,5
b & Mn,3Cs s Mn;C;
g e el () Dlakad o A5 Al 4 a5l

1 Shielded Metal Arc Welding
2 Curiel-Reyna



\\‘—“‘m AYa¥ &M}}Jﬁ‘i c‘A)LQ.:J cJ}‘ JL» c&‘ﬁ‘ 6)&5‘99.- ‘5)}u}c‘9lﬁ 4.1‘}.;3 cal)l&.a‘,‘_;}'.,ﬁ b‘,w \#

3L e el 3 Wgas o Il (S35 sba ilesl (ol 5
g L I Bl jaab o el o Ol s &
el 53 pbe s S uiliel e b 55T L
=8 3 o3 gd e 3V mV (g auls S 5L Sl
Ol oM ilesl s A5 plnil Voo kHz- ) mHz
s + 1000 mV U = 400 mV o3 suwe 53 Seolys senilyy
Sl s sl vV Vs 2y, &5 L 5 OCP oy
DATLS eslanal (V) gadasly 51 O gaol 3,0 Coglin (gaculoes
Rp:(l_ 2'3 iCOIT)'[(Ba'BC)+(Ba+BC)] (V)

g;.ﬁj‘jﬁ; ulijz-lcorr “-’j‘:‘“"‘jﬂ,)j‘. k:a.ﬂ‘jLQARP d.h;\) U‘i| BE

A3l s b1 4l ek Be 5 bl 4L i Ba

ol args Aisla 3V g laddys olend LY Jgus

$I5 M2 e

Al ke A paxt A e
A Ymax +/*¥max Y\ Ymin V0= VY0 ASTM A-VYA oLl
i /0¥ Yy YT Yy o ags SLas s

SIS sl SMAW ()18 o i3 sla bl =Y Jgr

Assle S sleb s

NSRS SWy by e e -
ol _ 3_,, SE g Al
o ke Jaidls <y ol @33
ARTALH] v Y. YO Y. SMAW
#IVO ¥ Y. |0 Yo SMAW

b s e 5B (S 5 S o Gl e
Esmpy adaily ) s DAL sslizal (F) satail, |
g3l Shny 5 3 53 055 Ssls Wodla 53 Sy
gad el o A (JB D (Sl sonily 8 gl 0
o ¥ Sl e 654k s Ol T 5 Jsme L (IS 25 20D
Skl o 3l eslizad b S, b lesl o8 el S5
5S35 7SI AGALCT o o 55, ol (35,501
G SVl 3l el 4 slaaisad 3l o 5 O
oz 4 S e Jor 5 i planil QIS 355801 Olgie @ 0l
PGStat 302N Jue (Autolab) &oliwl 51 JI8 = Sliaal yenils

S slaesl oo adlie ol gles (A 58 04 5
S ) Ry lai b e ol oy il
Sledss iy il Gble Jltlag) ) p @l s S
SRy A e Glaeslan Sl eslital L st osls L)
Aoss ¥l w51 LT 038 21 6l 5 0 (53ku aslal
by Jol glajlslnn, cnle 5o 5 el eslin
Ol e (=S o301 jobte 4 dd o) (S0 50 S s S
&l s Image J 53 D;)'\ s e ble s laug S
Image Analyzer | ;3| £ S gble pl gladls o3Il o)
53 el JSIS Dl e S e A eslinl
sl (XRD) Sl 550 o1 3 Ll 35,8 iy o
Slagtlesl plnil gl 53,0 sladiped s sl A3 S
JUasl a5 18x18x18mMm’ slal 4 (5145 gad ¢ S5, 5
Ll iy oo o JLaSl 5l g 5 0y 0k (S5
L ol g Slads sad o Kld Cile 3 &) ey
Lol s osloy Adss 5 5 A 4 il glreslan
Y T PR RO W TR Y vf:jﬂ O b
Jmate oK 5 oS 4 o o o 0 gl (5 s
s S e Gl (g5l S Kos Bb 5 0 S
S ol S rj\? Al e 9,5 /Y0 NaCl J sl O35
Ghlos 5l oS a (55 (Sos5 sl el el ¢l
Sy e b S s Jlail S Ghla i il

LA ~° eJ‘J

Yedeg

Y

il
. 7 emm
oYomm |

I 1

—’w‘—rmm

3 Ymm

Yemm \Yemm a !

Jlail b 5l (Solad - S

le.:ﬁJLﬁ Jyf U:Ij} QYL\A:‘ ;JJ? JL&) L}"Li)J‘ ij.a: 4..:
SLSase sladd ses (3l aslel 31 s Y0 NaCl J ghos s

1 X-Ray Diffraction



\V \\‘—“‘M AYa¥ QM}}}:\‘H c\A)LQ.:J cd}‘ JL» c&‘ﬁ‘ 6)&.’5‘99'- 6)}\}3}(3.\.9 QJJJ cQ‘)K@A}d}:ﬂa b‘,w

Uﬁi | ;";‘ \ gz ,
el )\/ ; 3 é'

R,

;.‘.- '..":‘ “'J
ailuio  Hig v P
<l il 27 { n=75.5um 2

R & ¥ &

e .
S SN R

#/vo KJ/mm (o VV/vo KJ/mm (il

slos Fe-Mn slaUT s 58 (2530 b aS s pai 3,158
Soosky b o Sl (6ol Sl Oljee 4 Sy 30k £ 0
sdalive Ol po |y ool SIS aey 5K b3l s
Ol L S s e edaliine SIS ke glas Sl s gl
Lad)lS Ol e SMAW (00 g dul b 3 (53555 &)~
Lf;’%b_é\c;jfj\]iu&la.;ﬂju:ﬁ-j-l.é‘_ga?-lj):ﬁ):
Asla SV 8 s ol JWEl 5 S sk ST Al
DS B S sl SN a3k 5l s ea s ol Dl
S5 L o5 s Sor Dldalin imen ([Y5) Y] o
Loaaly oo VY] S0 5 Lo Lo S s ol Jol-
N ys s VL s AuslS Loy QJJ.;—}L”

Syl calis wdsla
sy )8 D3 Ol dad)S Ol (s 2 Sl
oVl i 51 5 sl 5 16 (ol Image T 58 o
ol osls QLS (V) IS 55 5 el (6,8 o3Il (6,18 5
dlal Jhpor 5645 550 0 cdalie o Il s ol
TV VYO KI/mm gs s, <ol = L sl (g S s
Gy Jlail iy 5 eIl s AL e A )S Ao
8 oy VY hls #/VO KI/mm (65555 oyl > b el
sl (o, o Il ol Sl e cadate fpomen (ol
0350 )8 ds 3 VY (o BV V/YOKI/mm (63,5 &yl > L
L sded )8 s Sl ol 51 il ailate oS s

Sl s eslinal 5 40 vf:)}ﬁ- J';;"Laﬂ 55 4. S Jaze
(G s Odel s 4 3l Oligabsl (gl 5 0 plowil 25°C
5 P & [ S PR I PUPE IV I
S5 Fo 2 SMAW (685 Aal b 35,5 )~
‘_gLAuL"L,U'T L 5l e cdldsla 5V 5 (o) SCa i VL)
sl 5B Gedd e, 55 sl 1Sl s 5l O el M
SFPIVO (634558 Dol > ol e 3 a S L il
Sy Ss o 5 A Sa g edal 55 > 5 V)/YOK)/mm

i g st SEMD) iy, s S
S34 W -

Com s s T

ol s sl )Y

P S b5 0l g B1S le slar (Y) IS
L alisla oY o S o VLl Caliss Gbls 5l (g8
4S jehilaa das e 0L Cilse (635,55 ool > slis
dw pa (835,55 Dl Sl g5 a3 ogd e edalis
Bl oo 65 ool Sl e sadlan by 5B et
A3l e A IS 1 i alie ol e 4 il (g aes
5 0SSV sl s gl 4 Ol5 e 1y el saias
Cople 4 ol LS 5l 5 omen 350 DU 38
«[V4] Lee and Choi..S -+ (5,8 s ol slales ;s

1 Scanning Electron Microscopy



slF  pidten aoyo Lo

\\‘—“‘M AYa¥ bl:m.ﬂ}j}:\“g c\A)LQ.:J cd}‘ JL» cb‘ﬁ‘ 6)&.’5‘99'- ‘5)‘9\:3}(‘9.\.9 QJJJ cQ‘)K@A}d}:ﬂa b‘,w \A

L Foe SIVYZC L akisls Y45 gl au s LSis
A Yl s G B e (DT a8 BC
P e al3AlS jmie 5 S 4 O 3 Oles O
K glado S s esls LSty Kdea LG das o oo b
AT 0L 3l o cpdge nl oo lp lims S5 1,
Loy e Sl glaesl oo o S sl (K0
03 5 edd (5,5 o3l J=b S e ey oKs
33,5 oo a0l s el sl esls OLES (F) S
S M S Al s 53555 Dol Sl LS
o5 Glp e Oy 4 5l Wbsle 5 5 (IS 5o JLas]
Sl Rl L 1A sl a8 LSCES Lles 63 gdsee
S5 sl BLS Ol (o8 Al b s (53555
o Sl Al el B 65 58 glady)ls
o o3lizud XRD U7 51 s 5l 55 ol LSKE5 Sl
o (0) o 5w sdd 5,158 (0) IS s ;,I@L;;j
(s R s e | SiS slads IS a8 5 pd e aade
e 38 I 56 5 035 MsC g 56 51 550 slad)lS

V] el e o

—o— il

1200 | -
X& gl Jaiis (alod 00906 <. )

200

§

g

&

&

0 50 100 150 200 250 300 350
akBo lo
Lol sl (80 Jlail g U O 5 e 45 -F S

VV/YOkJ/mm (o #/VOkI/mm (<l :g35,5 ool >

Sooliy 3 gamilty O gamel 53 Eala3l - Y=Y

O sl 50 M ol s b e gla s gas (B) IS5 5

Salasl ol bg e 2l (F) dode s 5 Saliys il

el A8 ds s YV (Ll #VO KI/mm (65,5 ool >
Sl bl (35,5 Dol Sl 538 53 e
Gl S 4 s (g A8 Ol Sl (s B s ol

AL el e
Loy Jlasl gs,a S b gladls o3l oy s b S
sl osls gL (V) S5 5 a5 Image Analyzer )35l ¢
LS ankd 4y (635,55 ool Rl L aS das e Ol el
75.5um L \YY/Y 5l adls o3l N Y/YOKI/mm 5 #/VO
b (V) IS8 a5 b e Al o0 28
Sl adlaie slg «g3a0s Do GRIPIL S 235 e
GBI Sldalin b Slaalie opl & ol al Sl 53l ol >~
3358 ol UL DLl s [N EhKes 5 sl 5 5
ol 055 5 sV ol 5l ke sedleie slgy

40

35

30 |
25 |
20
15 f
10 [

| I

0

-]} - ] o <

oy ey 5 e

_}l.é(;ﬂl:hnageJ)lJ-_éwJ}la.ﬂjjJﬁ)lscjjjw.:d—\"}i.ﬁ
S3555 Sl Lol slogl &l Sl e adlate (O el
Sl Lo bl &l 51 e aidaie (o $/VO kI/mm

35,58 ol Lol sl 3 e (O VV/YO KI/mm (635,
S35 ol sl sl o 56 (& $/VO KI/mm

VV/YOkJ/mm

So o g Sl Sl L s b 5l ls
Jels 1y )8 51 VL alie gl 5 asilsy, Sl
Il glas (635,55 ol o alsdl 51 sl 5 055 e
LT3 OLL 5l oy Shgr 5B 5 sl il ets (1S g
235de Sl s 5 B Sloos am Do 12 S s

wles o3 3dwe) 3505 (6 min Olej 4 5L .,\ﬁJLSJ.*&.f.J b



(ABIAGCE 2o o 25,5501 il o fammndlis

3
=
w

\4 \\‘—“‘M AYa¥ QM}}}:\‘H c\A)LQ.:J cd}‘ JL» c&‘ﬁ‘ 6)&.’53’: ‘5)‘9\.13‘9(‘9.\.9 QJJJ cQ‘)K@A}d}:ﬂa b‘,w

Vg S Jlail g 58 55 (VL Ol 4 Ladils e
S Jﬁb\’g‘,\.}fﬁwg}gﬁ.ﬁ.},\l@:u)bﬁ WT
TA] 35 e LES

Al st 5 aS a3 6550 6la Joes Lasils e )
S Gley =Y ks e Jhlpl ) (Sapet a4 bl s s
T35 S o 13 b ai LS 55 S gdols Sl
Ceglie O Camal Eely yosls | Si5 Ll K
..,\..':.,\.ab;'-;:)}ﬁ-

ol Salys il & ganl 522 Eales 2 gy 53
Aol b s LS aadad 4 (935,55 Ol il il &S sls ol )
Jlasl Syt caglio Jl5 s SAMW (oS3 4
L g Sams ol a8 das ol | alisls 5V (o )IKo
2 oS DN B0 5 sl5am 5 BT a5l Jol- b
2ol el sl plail (g5l 55 O 5 K sV g,

-14

Senld ol O el o M ol 4 bgs e slasls sad =5 IS
L.;aJ\..f.: Jl};i\ u;;;-]l_e(&;‘?/\/akJ/mm S99 Q)\J}L.;a.)\.i

\V/Y0 kJ/mm S99 Q)b}

LS;).J M)Jwﬂabu.‘:.n' S48 J)_};’Q] L;WJ:M—Y’ J_’.X?

JLail g3 8 3 aS 558 e sdalin .ol ol o3l OLL
s (gogys Sl calis palas Lol slawl (oSS
oo VG (Sasp sl 5l E g 5w cas 4l
Sy M s S 335 e aadle imen o
Ry e W T R I e L oy
ssklen |5 5l (528 Sy Cwglis o(V)/YOKI/mm)
ol L (Y) L) L3S odalise v&\ﬁjﬂ:ﬁ sl 5l S
S 5 S DS Ol LS asdad 4 (655,5 D)l >~
S el sl 6K e Jlasl i 56 s adils e
Sl 3 gonniliy ol 20 Og031 31 0kd Jols s 313

Olimen 5 a0l 031000 okl gy i b ogdits bl

LgLAQJ‘JJ J_'I| B ui':};-j'léjb ol DL>Li| (‘_sv\-:l)ts CJ\)D
51 S andad 4 calisis (63958

350 ¥ E‘

300

(Y0) il gl

350 —
300

250

Mn;C

0
10 20 30 40 50 60 70 80 90

(Y9) oy aly

ool (e K Jaer S as

i AN Yi0) VE/YY s Ol e

bond g S ilibal (orien b talo3T YT

oilasl e by e o 5SOU sl lsges (V) I3 s

sl sl (580 > Ll i B 5IXRD sla S -0 JSKs

VV/YOkJ/mm (o &#/VOkJ/mm (<l : (¢35, &yl > L

L BIVO 3 3sss o il B S Sl cnl
jLé.,\._ﬁ‘)Lg ‘ngqu- .,\._.gjj.é BE )LSuhe @\\/YO /mm



\\‘—“‘m AYa¥ &M}}ﬁ\% c‘A)LQ.:J cJ}‘ JL» c&‘ﬁ‘ 6)&5‘99.- ‘5)‘,u‘,¢‘,b 4.1‘}.;3 c&l)l&.a‘,‘_;}.ﬁ b‘,w \

IS LY Bl b Soaliys gy 8l 5, irleT gl o gte —F s

P L Ca\ﬁjuﬂ «;)J?J:«.}ti ‘;")}’L‘Jl{ﬁ
(S ES . ; .
JL_” b;lwc .P_M erﬂlﬁ)jﬁ Jjjﬁl)djhil.ya ﬁﬁl)jgf aalaie
R . .
e S (AGAECLar 0 e e ilo
JYEYYN £ o/0 YaA £ O ACERE YV+0 ol
Q)ifl.vc.\.wjbulu@yjb
V/AYAA £ o/ Yax0 —“\YAA £ Vs O\ +0
FIVOKI/mm (555
Sl bedd sll g 5l
Y/ADEY £ «/0 YA+ 0 —1F4¥ + V. \FOVY £ O

Y V/Y0 kl/mm RTEDE]

d).,\_g-o_ib'\W.Ul:d)}\?l{;w?@juﬂfﬁ
A PIVO 5l g3, ol il L aS s 8 e ala>De
Sl Gl L aS el OF ol pl s ool anil j2alS
slss 2l 58l ‘élaﬁ)‘\_ij_?mdjljuké‘qd:j)j
%Md\ﬁ.}éﬂ‘ﬁgb‘}_:euu@)lsdbcﬂjLéd.;‘b)f
H}A ;JJ? %M@‘ IS {"AIJ'Q u&-ﬁjﬂ ;JJ?
Sl L sl 3V (oS Ll o 5o
o2 3l Jeol- GiL:Jl_iLM}b)'JA sl 5 a8 Ol
S 3 Sre SBLL Y]l calis 3 sume 5 (S5 U
S 7 S D358 S s eals 1S ol ) iy
Slad o8 Ol Oals i3l Ja aldsla S¥ 8 Sl
,\impﬂmwbjfﬂm&@\gi@;ww&s

Dyh oo N nl 53 dge (S35 035

s gad (52,55 55558588 —F-Y
SMAW (6,8 s dial b 3505 ol 6 s g
S ey isla SV (i i Jlasl S, Cueslin
03,55 7 sl 3 Sialiys iy O gonl 50 (sla b3l 0L
AN SR Soe b sl B e DB el
ol o3ls QLA (4) ISl 3 5 el g (s pslad o)
cb_.ﬂ).a @y e odalin SO pl 5l &S shiles Lol

3505 Dol bedd (s Jlasl s 6 S,

I, NaCl%5/3 J e 55 gl S Gl i il
s e Sl IS5 ol 5l oS shailes das e LSS
S2505 Dol L el alanl )G Jlal Sy
ol sl | (6,5 5 Ll s 36 4 el #/VOKI/mm
il sl Ceglie VYO KI/mm g3 5,5 ol L
S350 Dol Sl 93,8 3 e Al (6
(s 3k 4 Cnd w56V Y/YO KI/mme 5#/V0 kI/mm
awslie L § e 3 1 (6 iy Bl ilel e glas
kS 5y e sdalie V) IS s s 5SCU (glals g0
S sl 5l (galod a8 e SO Slmls gad 0 0y s
33 205 G B e S aly 58 Gl (il Ol 23
Ceslie L eomen Ll il (63555 )l I
oldel i il bl sleas ol S5y,
Sl giliy Ol 2% bl b b oland s S

Al Sl en
Stwlowe Gl sl ol 3550 dslae s (A) JS5 s
ol o3l UL pland g S Guldel e il (gla 2l L
Cnslin Sl iz s w3l 0L Usles Jlude . [Y 2]
L Uit caglie 5 (CPE) 6505 <ol oLl «(RS) J plows
sbeo s 43 x5 L L EIS s (0) Jsdr 2L oo (Ret)
o Jade ol 5o Aas e 0L W) J.i.; 33 ok eals Ol
Sl L ol Il 5o 03 48 550 e sdali
ke s 4l 36 A YV/Y0 kI/mm 5#/V0 KI/mm (6395



SEMMAG 100 Ow SE

SEMM/IS00W WO 10 20mm
Datelmiong 050815 Vac MV

R /
SEMMAG 100k Ont SE
SEMHVIS00W WO §100mm
Oateriay) 050615 Vac HVac

sk (Ol sl (Ll :;:)fcla_ﬂleEMﬁ;LA—ﬂ e
u;'FJL’@f FVOJ/mm (¢35, Q)‘fl.:a.)\.i :L?‘.’.‘ u;'F

VV/YOkJ/mm RLESY] Q)‘f Lr OJ»::I}L?L.’"

QYj_ﬁ LSJLL;? JL.AJ‘ ‘_)::j_}flﬁjb ;QJJ_P- Q‘)Lm}
RPN U F A PN L PR T N PSSRt |
dol b s g ool Rlisl U Lae i ol Ges
Lo b 5ol el (5530 SMAW (o182 5
Ao Sappt mhe Lol 5 Sa) et e senlis
;)P)Lq-ﬁd_f'hj_lﬁc]L.ﬂdsbﬁjf&da}W ‘u:’)"
sl ol ELE LSl ol g S 5 oS

Sl Slsen Sl s seily sl 3 0

S aomi ¥

(obtlayy S ((Soy LSL'“J%,L‘).T s b
-y vijjziﬂ g:;jg.ﬂjjg.:n olaalie 5 XRD L;ujfﬂ
45 28 S a0l 5 o

~ IV XRD sla Sl 5 6558 Sy Sor Sltalin
s ialpl 5 (C3MN) 5Kis slad IS Ol 215l
s aldsla SNV g (K0 e dlasl i 5l s adils s

dial by 56 So,p da.ﬂ 4 Cons VV/YO kJ/mm
CSS FNVOKIMm (635,55 Sl = Lol (6,5 s
&l}.é\L_{oHAj_iu_ﬁaMLiﬂda.ﬂ):@):Qljé}
3 ldde (g dul b s LIS axkd 4 (35,5 Oyl
samm g edd i Gher 5B s adilng e sluad 5 )8
Lais s La s S JS05 4 g8 25 VL olie
3 il 05, S SaS SUIIE 5 S asse S
Sz 5 L&l a8 zanl sae 5 L5 18 4l
Dien a1 AL o L) SIS 5 Sen s 5o
35y (e sl Lguajé}d,«&jﬂ.bd)da.ﬂvf:)j}
Q_A)quGil_:}l_f“_gzj)j@)b_;-g;_ll}j:}_a):uij_;_-

;bj_i- LSLA&'LA)TJ IS J—él?- ;bjjﬁ- CJJJ ;ﬁjjﬁ-

Syls cilles
100 —a— all
% —--—
A
80

o 50 100 150 200 250 300
&2 yo yo Sl bl 28ly uilosel

uﬁfﬁ(%c?/\/(}k]/mln 839,38 Q)‘fl.:a.)\.i :L?‘.’.‘ u;'F

VV/YOKI/mm (655,55 oyl - sl sl

Rs ||
—AMA— —
R
ct

k..é.:lﬁ LSLA_}‘:A‘)L.’. ML&A Ls‘j'.’ oalail )90 d}L&A )‘JA—A Jg‘:

sl s SN ildel s



\\‘—“‘m AYa¥ &M}}ﬁ\% c‘A)LQ.:J cJ}‘ JL» c&‘ﬁ‘ 6)&5‘99.- ‘5)‘,u‘,¢‘,b 4.1‘}.;3 c&l)l&.a‘,‘_;}.ﬁ b‘,w Yy

dlasl o m Jis 5o 5 b 5 6l EIS (gls el )l -0 Jgi

il st 2 5l sl Bl ) el gl
e Sl aeal = osall S S s eal =
YVAN O / OVEY S/ YNF <l S
= | PR UL SN PRty . e
[y 3 Chd -
VEY/E YF /OFNY AR . oo
S/NVO KI/mm (g3,
P Lol sl 5 o o
a/) Ya / AGYY AR R 7 T

VVW/YOKI/mm (g5 59

"Investigating the effect of titanium addition on the wear
resistance of Hadfield steel", Metallurgical Research

Technologe, Vol. 111, pp. 375 - 382, 2014.

S el 5 edly Glrbe g (ol Gz anid

ASTM asls 5V ol y s 35 il SelG o "

35 s slealp iasn e wsld_2s " A128-C

g OF = Y0 o sl eslos oiis Jlw lgme okige
AYay

6.Srivastava, A. K. and et al., "Corrosion behaviour of
TiC-reinforced Hadfield manganese austenitic steel
matrix in-situ composites", Open Journal of Metal, Vol.

5, pp. 11-17, 2015.
7.Grajcar, A., Krukiewicz, W. and Kotodziej, S.,
"Corrosion behaviour of plastically deformed high-Mn

austenitic steels", Journal of Achievements in Materials
and Manufacturing Engineering, Vol. 43, pp. 228 — 235,

2010.
8.Ervina Efzan, M. N., Vigram Kovalan, K. and Suriati,

G., "A review of welding parameter on corrosion
behavior of Aluminum", Int. J. Eng. Appl. Sci., Vol. 1,

No.1, pp. 17-22,2012.

9.Afolabi, A.S., "Effect of Electric Arc Welding
Parameters on Corrosion Behaviour of Austenitic
Stainless Steel in Chloride Medium", AU J.T., Vol. 11,

No. 3, pp. 171-180, 2008.

10.Gill, T. P. S. and et al., "Effect of Heat Input and
Microstructure on Pitting Corrosion in AISI 316L
Submerged Arc Welds", Corrosion Science, Vol. 44, No.

8,pp. 511-516, 1988 .

wﬂjﬁ" “P cj_é L5_-‘M ERS) LL;MJ ctr tJ‘}} VJ-J;\\

Ll Ss, 0 GTAW asl b g5, ol > b

09> ‘uij—’ J\f o JYY0 d)b)b QJ.: Li.:) Jyjﬁ U:'j}
\Y’qv “\O =\ N8 ) e)LA..i- O

;_JLQ- 3 r‘)b .,\.1.7- ‘"Lm\bé dbﬁ)ls dj)jﬂlﬂ" g.r ‘&“:'pf'\Y
AYAD Ol ¢ esl3l ol jLasl ¢ o e

e Axdls (58 e dnT s 53 305 Sl
5 sl a3l e Jltla gy (g5 Dol a
Sy 3K A8 5l il slie

Dl it S Al 53 s3ss Sl i s -
Ceslds o A Liols Nyb o, b Jlal Gy s
SIS San mdsn (Sao sl 5 S Sy
Sl il s s s e LS 3 511 (6 it
S )S) e (o)t sediS LAl Jelse (2555
el SRl O JLal Jh e 58 s (Ladils e
s aly B S anT B s 305 Sl a s -
S Saslie Aldala SY 8 () Jlal g S
sl (g i

Shlest 4 b pasis (Sau $i s seon bm
o adiale Y58 S Jlal g 5 s (S
L Lo i ol Gas 5 el o il o plae i IS

T N U S e e P P Y RIS JEge a1

&
1. Subramanya, D.K., Swansiger, A. E. and Avery, H.S.,
"Austenitic Manganese Steels", ASM Metals Handbook,

10th ed., Vol.1, pp.822-840, 1991.

S ole 5L ) o b e 5 e oS

D8 il SV et s s 5 055 5 o siie ST

O ooled D o353 53,55 wign 5 poke alme Malisls
ATAF NA-YA o

3.Limooei, M.B., and Hosseini, Sh., "Optimization of
properties and structure with addition of titanium in
hadfield steels", Proceedings of Metal 2012, Czech

Republic, Vol. 1, pp. 1- 6,2012.
4 Najafabadi, V.N., Amini, K. and Alamdarlo, M.B.,



Yy \\‘—“‘m AYa¥ &M}}Jﬁ‘i c‘A)LQ.:J cJ}‘ JL» c&‘ﬁ‘ 6)&5‘99.- ‘5)}u}c‘9lﬁ 4.1‘}.;3 cal)l&.a‘,‘_;}'.,ﬁ b‘,w

pep eSOl M s el sl sl
c(FJM) J‘J.&K Cr g”;bjjﬁ- W;jj.\g\ " [ ‘Qjﬁ,\/\

AYAV Olghool i 58 10 Olghol ms oK
19.Lee, T.K., and Choi, C.S., "Driving Force for y—¢

Martensitic Transformation and Stacking Fault Energy
of y in Fe-Mn Binary System", Metallurgical and

Material Transaction A, Vol. 31A, pp. 355-360, 2000.

20.Hong, J.H. and et al., "Corrosion behaviour of copper
containing low alloy steels in sulphuric acid", Corrosion

Science, Vol. 54, pp. 174-182, 2012.
s_.)L?: t"Q‘j'.l.é )‘ C,.ELQ;- 9 ;JJ‘}} L;..NJ.L«.A" g.r grbj.é\‘\
\Y‘VA gdb_é.? tuLAS e)‘jbl_i Q‘)L.:M;‘ 9 ?L?: M}A gd‘)‘

13.Mendez, J. and et al.,, "Weldability of austenitic
manganese steel", Journal of Materials Processing

Technology, Vol. 153-154, pp. 596-602, 2004.

14.Curiel-Reyna, E. and et al., "Influence of cooling rate
on the structure of heat affected zone after welding a
high manganese steel", Materials and Manufacturing

Processes, Vol. 20, pp. 813-822, 2005 .

15.Curiel-Reyna, E. and et al., "Effect of carbide
precipitation on the structure and hardness in the heat-
affected zone of Hadfield steel after post-cooling
treatments", Materials and Manufacturing Processes,

Vol. 23, No. 1,pp. 14-20, 2007.
16.Annual book of ASTM standards, "ASTM 128 A /

128 M, Standard specification for steel castings,
austenitic manganese", ASTM International, vol. 1,

1980 .





