9y 3Ll 3y 9 sl 90 9 P9 05 (ylo o Juw g (S s Y S I il
GTAW gy 4 ¥e¥ (33 K5 0¥ed 59 5 o Sl

B e T e Loy de T pdle shge g sl e

J tondpour@ma iutacir lgiw! s oKls sl e wlige sdSils (¢S5 o Ll Ll IS =)
isrec@cciutacir Olgasl s oKl sl wdige oISl skl =Y

hrjazi@cciutacir Olgiol zas o8l sl e wdige odSiSls HLisls -Y

ashrafi@cciutacir lgiol s oKl sl wdige 0dK2ils JLsliul —¢

Effect of cladding powder composition on simultaneous syn-
thesis of Cr and Mo and microstructure of the clads obtained on
304SS using GTAW process

S. J. Tondpour!, M.Salehi?, H.R. Salimi Jazi’, A. Ashrafi*

1 - Welding graduate student, Department of Materials Engineering, Isfahan University of Technology, E-Mail: J.tondpour@
ma.iut.ac.ir

2- Professor, Department of Materials Engineering, E-Mail: isrec@cc.iut.ac.ir

3- Associate Professor, Department of Materials Engineering, E-Mail: hrjazi@cc.iut.ac.ir

4- Assistant, Department of Materials Engineering, E-Mail: ashrafi@cc.iut.ac.ir

RN

035 LSt 5l e S 5 Oy deeS1 (5 5 51 Ol 30 Ol s Sl ol 5555 Sl g ly DS 3 05581 30 ol i
e 4 psia 503l ¢ IS O 3o denST (6 5 1S ST Gl Sty 535 bl 1 (5 et Il slte s 23S 1 e 3500
o 8 = &S e B S Aol b 5 e 5 LS JLsl AISTB04 05 S5 oY 5 q\(ﬂjcla_wﬂwa L&yl il e
SN S5 S 5 o5 Sy Sen Jan 5 o lials SISy elad ped mhaie mhave 3 S omlans g3 0551 Liles 58 s (GTAW)
Q)}.&A{Ji_};‘-_}sja‘)éLA‘J,LVS}))LT;'-LA63)5)§J)A453‘:OL§J@u.@ﬁ)\}w)ﬂéjy(EDS)éj}‘\j@s_i:]oé_.v}@em(SEM)Ji{j‘)
SSs s, Ol 2l 31U i sl 038 ot ANy 5 0 5058050 V05 LS mde o 53 5 en gy il w53 St oy b
@Lﬂj;O;”lj.go))’\f«.(_'ﬂw\4.1(::[;”Ji;”b;‘r‘xjJi}q-)l}:)bg:ﬁjé)'uQ\J‘aﬁja.k_.ijﬁ)LAL;.S))&.L@)U}L—Mﬁ)‘o.,\_..io}\:ﬁj))>ﬁ):m_..ﬂt;
O s S g a5 O gs Olsee S8 £35S Oy Sl bl o pe coddionls iS55 5o 4 el Ol 035581 48 sls LS
R P e o B U wpte
.GTAW304 05 K5 5Y 5 ¢S O 50 (8 iS55 i g hdS slaely

Abstract

In the present study, the effect of addition of potassium permanganate on the cladding microstructure obtained
from the simultaneous synthesis of chromium from chromium oxide and molybdenum from molybdenum trioxide,
were studied. For this purpose, a paste of blended powders containing chromium oxide, molybdenum trioxide,
nickel, urea and aluminum with various amounts of potassium permanganate was applied on the surface of AISI
304 stainless steel substrates and welded using GTAW process. Cross section of the cladded samples have been
investigated using optical microscopy and scanning electron microscopy (SEM) equipped with energy dispersive
spectroscopy (EDS). The results revealed that the morphology of the claddings in the center of the weld is lathy fer-
ritic in austenite matrix and in the interface of the substrate and cladding, the morphology was changed to skeletal
ferritic. By increasing potassium permanganate in the cladding powders, the final microstructure of the cladding
has been finer and the amount of ferrite in the weld metal has been increased. Furthermore, the results showed
that the addition of potassium permanganate to the cladding powders would result in increasing the chromium
content and subsequently decreasing the molybdenum content of the weld pool, without any significant changes
in the manganese content of it.

Keywords: synthesis, cladding, molybdenum, chromium, 304 stainless steel, GTAW.
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1- Hardfacing
2- Cladding
3- Gas Tungsten Arc Welding(GTAW)
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9- Heat Affected Zone
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Abstract

This research focused on formation of Delta Ferrite Phase in AISI 431 Martensitic Stainless Steel by dilatometric
instrument. The paper aims to determine an optimum temperature and soaking time according to the morphology
and percentage of Delta phase, in order to have a better prediction of the steel’s mechanical and thermo-mechan-
ical properties. Heating treatments were performed under temperatures from 1050 °C to 1250 °C and two time
periods, 5 and 10 minutes. The dilatometric curves results show that temperature of Martensitic start transforma-
tion decreases with increasing of soaking temperature and time. The content of delta ferrite phase decreases when
temperature is below of 1100 °C then increases to 14 percent of volume fraction and morphology of this phase is
lathy ferrite that changes to vormecular or island shape by increasing of temperature.

Keywords: Delta Ferrite Phase, Dilatometry, Martensitic stainless steel

(CARERY XCY;

1 L li/ DK€ g5)9llio |Lwaiga

-
)


www.sid.ir

1w L li/ @K€ g5)9llio |Lwaign

-~
L]

($39 w0y9) AISIA31 25 355 )bo (35 ST oY g8 o bl S 5 = ) Jgu

%C %Si %Mn %P %S %Cr %Mo 9%Ni %Cu %Al % Fe
R oy .54 il R} 10,FY . N8 Y5 < PP o Balance
S S5 ady e e Gl 380 5 (Ve 0¥ ¢ (S saih oS (535 5 Aoddo

(Ve ol oSl pa))ad aalpa Sk jae GhalS 4o o

A0 5 60T i ke (38 K5 0¥ 8 5u Blo e jd 5l
002 2050 (Voo )OSes 5 g g IS Lo 55 0¥ 58 (ol sy
A o8 ¥ g8 sy a SO Gad Siias 5l plas € s S )3
ol o e 8 Hlass (iul 8l

Gl o8 gaan s e S wiag oo s oladllas i
B aS o s ol € Sl da,o VYV e e ok it wl gles B
Yo 510 s wle o 8L et Wl 5 o 0¥ s ANV sles
3 ol )asd oo (s cu s + i) 55650 dlie o)l
N\ R WA ROV

17Cr-2Ni oY 68 dings o Gt slos (VAAA) o)), Kan 5 YL
aatine Ul o8 Blo 4 S il su S K3V B Vol Gl
(B S 53 i &l 555 Gl 31wl 5 e a8 Gadida
Bed oo @S bl yd 5o (Ko iy 5y Slaail alSadul

sobiablun, olomds puso ¢l v e sl Gi SIS
e s sloa Jate Sl el il (Gay, S o i a S o
sles iy S ot ol b olimas e @y ol
o9 s se LSl (AS 5 (oS oledal (5550 S ol L)
35T slales (pinan wan oo Gl usdi o 1, LAl
5005 ead a5 sladl paaa S Jlale 5 (55U lnss LG
(Y el (KL g 5Sh)aas oo 1)

iz (b9 9 Slge

aose AISIA31 5w ,le 058 S0 oY 58 Jia 55 Gl 5o
Joaz 09 0¥ 58 Cpl oliand S 508 S 518 (s 0 5 Gada3
.:_\.wla.ui(\)

Sose 4 (S Gusd oS 5o 0ed Jal e (o oY 53 0l
GOS8 G, Slaalie Yoo v Job 5 slaslis YAV Hlad 4 ol (et
500l a8, s 8, g0 w93 Wi 3 w93 delul Hu g ea s
S5l VAL =\ Ve °C ples sugane s s Gha i ol Guses
sla € gad Gupes ad ala3l AL °C slos Ho aad olilee gou &
Saslie £E4 /) jlad 4 ola Gl gl JSB 4 (5550 530 9l

deo 0 ¥ a8 wm u V1 gla (5850 050 S5 slasy 58
b e GAL S AISIA3] )l gie 4 0 S wamyu /N0 5 S
59 oY 58 (al iy oo suliiaal el 5 S bl b 59 Y sane
Hle S5 bl e (i 5 ol (ol plus il
s (g0 sollial sllas (SOISe palsa g (Supsa 4 ceplie
o oS oy sla i Jolid ¥ 58 Gl slau s K 51 2
A g Syddad gla QB G 3S) glialda JH0 YL alkasl

LAl wy, wad alaslcldac 4 i )0 5 S5 >l
ooty a8 enSBHl Jola 385l 55 S5 u¥ 5 s
Soo0r Slallle us i o s o5 5 silasils it uf o0 S
rolic JobaSane HblA o S ol suls s La 0¥ 58 0l
5 9¥ot s g cui ] gla s by s oS5 3]
Deolie ol Wil 3 oo 0¥ 68 HEAL o, a4t ] (slales
(595 <YL b an IS 5 By a8 ouilasdl el Calids
(Y08 (S culaige (Lao ses sane Gla s 55 VAAALs
JolS co—e 0 LaaY 58 o asls Blo s 53 (B8 (ol s
SOl ol @S a0 JSE 5 Wl S oo S g W o
Sl sud T o a1 530 Gl 9 el SIS LSE (So) 0
Loo dasl s a3 o1 o olid i 9 Glo cupé gana s yu S
Slaie K ) 55 B o i (558 31V slos Lo solagSS L
5] s 4 Sl 55 g0 Baa (gl | g

oals 53 (oo 53 Blo o 8 S Walias Gl A
O St g ae 15 o1 ol o <€ e ils aal A sole 4 5
VA4~ el o) o Sine s tl)il 00, S3 ikl diney 5 s e sd
s o Slg) GIolEan 5 Sp (Y0 € ol diloles (S Ll85
sualS cels Laly cud 5 gaa 4 S Wil sols oLas (Vo) - b3
09 (el s oo (5955 4 (o Jaass slea Gl 8l 5 s (5559
G 8 48 el oo S olgiding (VAALE) HAE Sl (S 5
S5 slas¥ g8 s (53580 5 (lils (ol bal sl 5 8 5 Gl
ol A L35 03

YL olie S Bl dug Do Sl Bl 2 53 )t
(IS e oSam g sl s 50, 1S) ket lSat Ll (BalS Sl ]


www.sid.ir

200

150

100

Js—b & yeis (M)

50

P L T

— .
1f.-.-- 1125 °C - 5 min ___

0 200 400 600
e S sbas (CC)

T B
800 1000 1200

Sl bl ol o 4y 4B B oo YD Glod 50 ool (5,104 (gAigoi G rogido S — ) JSb

200 —

(o) NS RPN -+ NN | O—

"
—\?‘,“ 180 1
.
St i
[ S FRRSIS, BRGNS | SR, N—; . S ———
150 " i 2 i N L 1 N i .
1000 1050 1100 1150 1200 1250 1300

Sl sl (°C)

8IS Loy 9 Loo b (MS) (s 35 sLo il &9 i (glod @l i — ¥ JSCi

O5e5V 30 cile 5l uy gea b sals (i lawus 5l la Gsal
g Jstboe 5l e s Sl sy 50 (sl 388 5153 1S Sl
Olymous (5555 o sSus 5 Sae laws 53 L s HEAL 5 5 Uy
a3 5 ws 5 (S el (gl i i 5 PMG3 Jus

ks suldiol Clemex  pewaigo 5580

e 9 gl

Sh= s duwlxo

Loleasil 813l 5 530 53 Glule S sl Jnte a5 L

Oy (ol (IS 51 (b oo 0 Siabie Vo E /Y Jodo
.&miggj(,m :'_}S)A‘)‘f.\}u..\sdd‘cu‘)‘

] Er P L PP ] R LR IRV PR . R L YV IN| EW ILVEN
0 °Cls b S 3L dgaiAc0o A/D (5530 5300 oS0
dLA‘}CAMQVOOC&lLAJGL&MuL}\Yo’u\’O’ GL&LA.JG
ey b Qs sud (5,100 4830 V- 50

S o sl dw 45T ans it g e GBI sles B Y °Cs
(5_,14.@&43:\540am@\\vogud_,af._,i.jﬁc;uaw‘,x
:)33\""9\’0’ ;\\"LSLALAJ‘)J@L:V’ QAAL’L)I-\;\-LUJQA-:ZI
WA S e s 88 (5 5)agSD

TR R L T R g B e N S LIS

1 L li/ DK€ g5)9llio |Lwaiga

=


www.sid.ir

1w L li/ @K€ g5)9llio |Lwaign

x

A3 ) oo 4 ol Ksile a2 0 WO -z

VY L ol oS ol s ol i (6,)10gS0 48180 0 e 4 VYO
VL I v PV PN

Halwjs)

VIS o s e 5l (gulasd (5555 (@ sS—5 Sue s sl
e 50 VA ol La @ sad aad gl HBALL S ol a0 suls L
b gad saa La G sad ol Ho suileassl il g0 g0 Gl @8

Ol el sl s (513 15 (XRD) Syl dabl 3,8 gl €SS
oo o silassl il 31 (g 31 ol (ol ta @S julailan aay o
e S0 31 5 3 5 s 5 sLa Ky s Lol 9
d 5055 a4 sl S 5o el 4Sd Rl S e s

D158 a s b 8 AR sla G 5o Blaien ¥ slans 5o
sala plas o < Hu ] el 5w guS 85l Clemex  poudigo
NUIVPA IFYEW

WS Bl da 0 V) e (slen B aS sl o o)) 53 o Ll sad )
Ol 525 59 s el sa i p g 5l Bl o 58 JSES il 5 50a
5901 Shale 51 ity (55006 dBiBs 0 o Lk 258 it Los
s ot wea s bol Ol dia Vs Holes Glea
55 i 58 ol S 8 2 53 6 (YY) olSa
Bl o 5l soidin Hlate 4880 Vs Sue o El sadd IS
Wanyu VY0 5 LuE Leg Gl sl U Lol o) sad Jass et
S oshilan g ol s gy Bl o 58 JS85 Saolivs se 5
S8 ad (st Hlale (IS0 o) LRl b ol ad e
saulyd ol guss s obe) 3 olaids 4 el sud JS 33 By
il s b 3 S

B B W a0, SKdilw 4> 50 1Y — o

adgl =&l ol Wiges jLS Ly, - JSCi

AAA L sl Ac, sles 5 Giline sla & 5ab (sl ol Suiiles a5
&) Gsal el crnns a0V .Sk 31 alaslie) Gilast b aaya
ol sad solo Glas Y K o st g3 Hlagad )

L 53 LT o sl aS e 5 gad 5o 500 335 5L g s slow
AATQM@LA&&AxwLuHJL{A&am@JASAK@A
Dol Y KE Hu sad suly las Wi, b liie guig, «S

Aoz py b slos Lo Gl 33 b coal md e oS ghailan
YU slos o oS (gl Gsad (553 5 sl 00 S layy (2alS 53050
S ol ) Ggad B 55 Guly oS a0 S dEs Y Sae @
S LIS L o ol oS sl st (550K 4880 0 e 4
ol Slsaan (Yo ) ),

dlaiul gy slos YL slos Lo (5,10eSS Loy (il 81
Sm GBS 15 a3 (o ol s S oS 5L
s JSaS cu 50 Hle oS |y ol als s lal a i S5 b aly
e 8ske (o s ol IS8 (ol 585l oS we o ale 4
o BSES 4 gy il (sla il pe Bl Sl S8 ol
&2 it €S yae (5500 4 Gl e Hud aS L dal Hu uS
oo e Loa it (AL L el (ol S a5 alladal alss!
oS 08 il am 5V 0e YL Lo (3l L opiaan o5t
b yealic 3 A8 30 ol el sad p gy Bl o b et

JJ‘AJJA‘\,’A‘JCA&;;—AJT\)—L&&L\}‘(SJLCJ‘AJ‘)SO\’A’AAL}

A aalsa USS 5 (S (saed g elic ) Ae il e

il g g glos 1) 05t o cuiinn] Sidis oolusly &l S
ala JA‘J..; u::.&ls ‘J Ls:*.'f}:*:)"o

Lo o8 oS gl sad sl L (R iSske ol Lk sles


www.sid.ir

Intensity
0 =) Expermenta patter: (1.dat)
@50 — [D0-006-0695] Fe Iren (ron, syn)
—
-
850
o0
750
= =
650 o
—
800 —
550 e i g
(‘?q o~
w0
450
? | I
i I I | I
0.00 10.00 20,00 30.00 40.00 50,00 60.00 70.00 80.00 90.00 100,00 110,00 120,00 130,00
Cua (1541874 &) Tthets
adgl digod XRD) sl axiol 5,45 gl — ¥ JSCi
14 L o o s S
" 10 min ’
12
7
L ’
2 ’
J‘ 10 7
’
- (=] s ;e
8k O NV vmmmrmes meommer O /
] H ’ /
i D
: o
2 6 7 ,é
) r /’ -
F A
4 ’, y,
r rd
| M
TR P
“3n Aol
0 1 1
1000 1050 1100 1150 1200 1250 1300
(CO) S sl

el glod g yloy jo sud JuSlid ldo o yd wuoyo — & JSCb

B snd a S oS Bladays V10u ) 4S8 la € gad 5150 wan
lales Hu Lol (o -8 JS)adly oo o 0¥ oo s 4 Bl o 3
oot Blo cusd (55 dlsa g watews LIS a315 5o oS (Lo 5 YL
oS lils cosd e b T lis edn, s ea S S5 Glsa w
S ol pla wly 5o bos cpl YL (1 IS S)euulsn & <&
28l ks 5ads Lals oo 8 5 s b alla 4 alis o,

il o ORI 5 o sla GBas3 b Billae «S(g -8 JS2)

Y )Sae
e85k sl s s a8 V0 HLL (SA s Sae (50
VYo 50V B3 4 (Sl (sla as S wd plasl Bls o 5d
saddsulo plas V U8 o a0 johilen o i (oS o)l 5,y
ey 53 O 51 5380 s 8 3 5o (SA s Sae 31l

a3 il 4z )0 1Y+ glod 5 ouds (6,10 digod jLislw i, — £ JSCo
A3 B Wow

B 2,0 phaile 1G58 el win ) (s sl
s OLES ssliad (pl i s (B1Sslhe uSe (550 b sla

1M [ Lin G/ @€ 1gf)9llin owaign

3


www.sid.ir

TR UG/ W€ 1g))9Jlio |uu2igo

pw

Lo ey yd 56 -0

and Double Austenitization treatment on the microstructure and mechani-
cal properties of 4317, Journal of Materials Engineering and Performance,
Volume 8(3), June 1999

2-A. Rajasekhar, G. Madhusudhan Reddy, T. Mohandas, V.S.R.
Murti,” Influence of austenitizing temperature on microstructure and me-
chanical properties of AISI 431 martensitic stainless steel electron beam
welds”, Materials and Design 30 (2009)

3-Bashu, S.A. ;Singh, K. and Rawat, M.S. “Effect of heat treatment on me-
chanical properties and fracture behavior of a 12CrMoV steel” , Mater. Sci.
Eng. A, 127, 7-15, 1990.

4-Carrouge, D. ;Bhadeshia, H.K.D.H. and Woollin, P. “Effect of delta-ferrite
on impact properties of supermartensitic stainless steel heat affected zones”,
Sci. Technol. Weld. Join. 9, 377-389, 2004

5-Wang, P. ;Lu, S.P. and Xiao, N.M. “Effect of delta ferrite on impact prop-
erties of low carbon 13Cr—4Ni martensitic stainless steel”, Mater. Sci. Eng.
A 527 (2010) 3210-3216.

6-Schffer, L. “Tensile and impact behavior of the reduced-activation steels
OPTIFER and F82H mod”, J. Nucl. Mater. 262, 1336—1339, 1998.
7-Cardoso, P.H.S. ; Kwietniewski, C. ;Porto, J.P. Reguly, A. and Strohaeck-
er, T.R. “The influence of delta ferrite in the AISI 416 stainless steel hot
workability”, Materials Science and Engineering: A, Volume 351, Issues
1-2, 25, Pages 1-8, 2003.

8- Rho, B.S. ;Hong, H.U. and Nam, S.W. “The effect of d-ferrite on fatigue
cracks in 304L steels”, International Journal of Fatigue 22, 683-690, 2000.
9-Saeed-Akbari A., Bleck W., Naderi M.” Determination of steels micro-
structural component based on novel characterization techniques.” Aachen
University, Institute of Ferrous Metallurgy, pp. 4-9,(2006).

10-Y.H. Wen, H.B. Peng, P.P. Sun, G. Liu and N. Li,” a novel training-free
cast Fe—18Mn-5.5Si-9.5Cr=4Ni shape memory alloy with lathy delta fer-
rite”’, Scripta Materialia, 62, (2010).

Rl agoy — Al

2359 (FEwg S FI -V UL

S o s0aliie |y (538 dn Gl ol sl ge G35k

O3 K55 9¥ 58 Hu il S Gl sles HSE ol Gaiad
o) caod 4 Jad il gusa S s AIST431 3555k

2l Ac, sles 5ol Kamilis 4o 0 VA L sl A, sles -\
el crwws ol S Sl a0 AMA L

sy GRS 555 Le il gy i (slas dLou Sl 81 L -
slos Lo dBBL V- e w0 aS (gl gl (gl s ainad 5 il 80 S
0 Sae 4 4S el (5] sl B 3 Guly cl sa (5510 S5 WL
ol sad (g5la 4S5 4By

IS Bl a0 VY o B Leo Gaol30 b s e ladie —Y
WS ol El8 wm 50 VE B s 9 (2alS

Ol b oS il oo o Y ) Blo 58 55658050 2
S o T S g eda 0 b USS e S 4 gle) 5 Lo

&1y 9 b
1- K.P. Balan, A. Venugopal Reddy, and D.S. Sarma, “’Effect of Single

WWW.SID.ir


www.sid.ir

