I Yo (1Y0-1£8) 3ls0 5 (siypllio pokigo & 0

DOI: 10.22067/jmme.2021.69260.1006 1600 oSG o plod it 5 v Sl

*GTAW 5954 FEY 3Yg5 5110 figSisl Lawgd oudi5 )45, A283 ¥gd Cilke _oles § stsluy s
@UA}}: Jle

m Ol gzl sla

a5 S )5 axlllas 5, 30 A283 5Y s slaa Vi SO 5 solislas,y olss (s 0 080 ks Jlidn )/j:fé” il ol s Gu\.ﬁf”
Gas ) jl5 Sy g s ol 5, S b as iy sl TVO LSl 5 FEV O35 558 puim il Cilimin S
S LB e g 3yse o b iy ol Sl s iS5 S (slad po 5T SaSw s A exliz | (GTAW) (Tungsten Arc Welding
ool 3 gt (slacy s S jlotle sy M Slazeil 2 ol it Jloel S, Y K4S ol 3 ol OLES 55 5,500 Sldalts
I SASTy i i o5 o 5 i Slao s Sl a5 Gl iy S &Y 5 st o> il o0 &Y les]
L S /gfj-/".«;.gi/}u:;ﬁéf'ﬁﬁﬁ L st s wlge 5 22 ~ EDS) (Energy Disperse X-ray Spectroscopy) O/ s
b folio o 5 08,8 oo pondlo o U ANO iy pu 5 TV iy Coamar Y05 1 molis gl CBLE ol ii ool 0L
J,L,;X4;;/;uwg,:fujﬁa&»afj@w.;ﬁ;wﬂu;;A;za'Q/mumv@/j LYol s Yoi sy 100 U 5.8 5%
S sl A283 5Y s LY il b Cunplés 5 o b pold 3 ] TY0 LS8 Sy 40 Glate il 40 Cunslio 5 e Ol

Y Jlasl izpn 3 SA283 Y3 LY s 10 salm U il a0 Caaslio g 5 JE) sadm 43 e il oo 10 55/

2 S ol WY 2 G il o Canslin 5 /A Sul Olpnds o S e Y (S0 TEV 2S00,

YV 055 Y AV LSl (g8 2S5, A2B3 5V 5 GTAW )5 25> (Suls” (slaojlg

Sl ool mhaw 53 2S5, S sl (F 5 plandisn s s
A e gla gy 5l el S5, S sl
{4l o559 50 b a3t BBl o5 b ety
Chemical Vapor) b 5L 51 sleld 505w,
03,5 Syl Gk 5l oas 2 5 ([B] (CVD) (Deposition
[7] 58-S s o5 Gesb O 3 b 5 (6]
P ¢l sl sladsl 3 51 S spd e sl
(Sl Jdsa GTAW. g,y 51 eslanal dlasY s e
S Sher ol g Cabis sbul bl
[8] il o Vb (S oy 5 s Y 5w iy
5 S a el (SO ol b
bt S 5w i b dlasl o S S5 4 ol
S b ps s (o G 5 sleil $

PPRYY

s bdas oS A3 o o0 S0S SV ¢ 5 S A283 SUT
gbe 2 oS S Sz s Sl o O3 2 of
Jsb 5o sV ol il e (A0 mlo 5 ARV
Db s S P 3 e sata 055 OB e
ol 4 ool 5 s 8 e culis hals 5 Suule
i o2V Gl 4 Canslie Sl Jsema sbay 3L
Sl 5 s ol ge Lo pdome by (635050 55 Ol )8
Cood) ST 35 il (6550 (eban (S3lupslie Sllas )

1] el s s s sl
Sl IS oo e 3l mae pedigs 55 S sk
(O 51 a5k o [2] 5580 oobiiel ombaw Lyl 3 55
el oo ploand oS 5 i 05y (elan ol LS
ibord 358 Sllas bl b o placd S 5 s (F

Al e VE ANV O 3y sl 5 WA YT Wlie il s sl ™

Ol b d e oDl 31T o8l (ol dio Al (g5 ke =3l 50 wdigo 03,5 SLalalid st 80y 55 (V)

Email: F.ostovan@gmail.com


mailto:F.ostovan@gmail.com

.H.A...vj;o.i.;‘j)g@jj A283 ;yjﬁu_ifbﬁuﬂyj)buﬁj

AR

S OIS i skl R om Al
5 orbp by s i 53 S5 5 e Sl
b s ol s 5,158 55 [13] (Farias et al.) ol Kes
Pl Y G Ul 005 slawdly o8 g Al
(JSS o5 4 (o) (oY 58 e sson 1Y
351 03,5 (SN se

Sldlas 1 gl 3 Y0 LSl SUT 4 S
5 SN el s 00 S Sl S Ulsen
St ol b 14,15] o b yme 5o, 5
B Ak 53 Sl Sl e Sl slasll
S AL e S0 Al ol 1 flee e 5
Yo sl olemil S 5 55 ezl a2 e
S Al e Jomn 35 pamss M Comes ke
Gbla 53 p g 5 28 (05) eSS slasle LSS o
Sl g e Gh S8 sbeal o 3 (oS
3 S0 (S Gl e s JB e s
L Olge Copen il dalr Dlakad (6
Sl S o SUT ) gt S5 0 S
e Bl ul 8 2550 GBS b 53 SOl
Jlail glaad 53 (b (o b5 Zlrsel oS 5 sl @
[16] 55

S e S0 SS XEY J::WJ Oy N
I Al 3 5 St 3 0SS glasY o g
2l Y Lo glas )8 55 (glos 1S Olseeas 45 AL 0
350 03015 Sgeal ol Gladase 53 S35 4y Cuaslia oS
S8y gle 5o SV 2,8 3 eslanad
L2171 5505 01513 508 G 5 slaalS 5,0 5 ol K2V

05 a5 gl 3T s b LT ol plas as s
e A3 OF plasd S5 03 pomsd paie )yl
2y SusScblis 86 65 S LVL les 55 0 S
oSS sy e sslams (8 5o 5 ol JiSIs
Caaglie il als Cow a5 das 0 |25 1, (Crr2sCe)
L5 L5 o p st s = 253 o ST S5
4 (NB(C, N)) psmse Les)lS JS23 L 1y o S8

Rl OF (SO 5 (Kb ol 5 G s (S e
o2 bsosd SusS s 5l gs oS Gleg i 4 S K s
S o DS S L oSS el (Lpd e byl
Fsr 5233 SIS S5 S Sl pl 5o s S e S5
S GRS Sl b B8y 5B S bl 5 S
Olsea) Y0 LSl SUT 9] Al o olasl o sl
ol IS w0l GaUT Sl S Gopls 5SS
VU 0 gpabbiST ;o glin VU 55 oSl bty oS
@ Cuslis (el Siust 4 Cslis 1800 °C sles b
Iy« mlbo 55 @b slao )8 s VL (So) 5
S s 03 ol Sl 0pSU L les S
Cose Salie slaV s s Y0 Bsl 5UT
53 L 5UT ol il 5 5 gyl LT 381 &S colazs S
S o Al ol S5 ol b ks 23 S sl
5 Olpal g &S o Gt s b Ol sen
Vo Pyl iS55 ¥ G s S ) 50 [10] O 1SSen
GTAW iy, L ABIT oS sV she sy
b Caglie oS s Ol Ol @l LS (IS g,
O &Y 3 5l i Rl WV s 3 Rl (So)
Ve dgd> 53 Sy (B Ol (e 5 3 My
555 s a3l W Sl S Wl e 5 S5
ISy Al (6,8 % L [1T] (Xuetal) Oles
Ao 3V e (50,5 150 LSl SUT Y G 3 b
B80S Gl gl s S (I8 g, VTS5
gl 3 ik gy B3JIG B oSl 5 (S35 4 Zasli
53 izl Al S gy Jnl by Y 55 L
Jode oS o ¥ 5 5 b Jlal S (S35
O San 5 5l sS sy 35 04U 0T 3 w5 S
5okl [12] Kos Lad>s s (Parvin Kumar et al.)
by sddsbul Yo LSl s SO Lol
D3 gt 3558 B16L (K30 3V 65, |, GTAW
S Sl & Canslie a0l (G ol gl sl
Lol s Aoz WA Olpen ol el (51530 5

2L 5 Oddse 3l 8 Sl sz e

JEo e “_,<: é:vw‘fj«/jw;/[w

e s i la ikiga &



ARAY

Ol gl sla s

SUT Jols Calosea s, 5L g5 3 5| A283 SN v
Al eslize 1Y0 LSl ST 5 YEV 05555 5V
35088 5 DI85l B pber b S 5 () Jour
Aas e 0L | eslizul

sl Gde jilea b Sieslin Slles
LS Gasp Ve bt il B la Ss T S5 5 s
i Ol g Jols e e 5 A el G
wor sl 5l OB Sepl a5l s S olss
sy S NB NS ol e 2 s £ L
S S GAIA S e 53l g e
Lgad A a S b3 55 Gdss ol e Olsea daasY
G (il =) JS8) gy Oy adsl &Y 5 Jels Ul
Pl s b D e L Olpea &S
338 o lis i onl b baasas Sos 5 sdelinses
oo O g Y S S (o) KD s sl o
(7 =) K2 p o 8505 53 A 03linal YLV 053855 5Y b
SNV SUT i ) g Y S dlest ) g
JS2) ool el i gl s S Jlest Y0 SUIT LY
35 eslizad Y0 LSl SUT s Y Kl (5 =)

SIS S oKis s GTAW ()5 iy
55,50 K 5l esliull 5 DCEN o las L MILLER
Sl bl Ad ol (vvemm Ls) e505 JACRIIR G
03 JoS o s—oas aa el ps esliul 5 50 (S 5

Cslods S5(Y) Jsd

o gles 55 (Sopsay Caglin a5 331 Gy
S Sl gl WaaY 5 el 81t sl Lai>
Lol 5 Vb e300 Dol Jdsa S s b
SWT nl 6,8 2855 5l Jol> o s 5,8 s
18] ol 550 2
P g 555053 OB N 5 bl il
e b ey Y 93 Al s A283 DY 6 <
Syt @AGTAW - BLU S SN W P
WY s bt YU L e e S
e 055 35 Sepl & e 5L o ea 5[19,20]
@b Sl S YO LSl ST s i en 5 YRV
b o slie Sl ol b i G B s
Fo b= e 55 [21-23] 5l b S 5 SRl
e SV sy ol 5 SO el
SN s s, Y0 LSl 5TV 0555 oY
OB np 5 bl 2 5e A283 S NS

S

GRS S, 9 3l
3 el VoV sl b lag s cassy onl el
S5 esliul 5550 A283 SUT i I AMM Culie s L
b gy s SUT gl s S 503 S
(Optical Emission Spectrometry Analysis) ¢, s (g s
3,16kl wlul » Foundry Master oS s & sa
35 Ui bl gl b JULTASTM E1086-08

Y0 FsSCul s TEV saes 5 ol 5wl 56 Slend S 5 ) Jads

(£33 4203) ol =S 5
oS ke /4l 5l c Mn Si P Si Cr Mo Ni Cu Nb Fe
A283 */YA v /AQ v/vYo v/eay /+Yo v/*q v/eed v/r0 A v/ev g e.L.vLA‘_éL.
ER347 v/ \/0A f/EY LVARR (VA YA/AA - 1¢ LVARN * /YA e.L.vLA‘_éL.
ERNiCrMo3 LAV /YA /Y VAR A YYNY AYY AY/AY AT Y/ Y AN

[FEX ‘&;ijvﬂ‘}w}‘;\ﬂdﬁv‘/



.ﬁw‘}f onJL(@jJ A283 )}/j_e‘;ifL(a /[}}j}[‘b—bﬁj VYA

E
347 Stainless steel coating

|

°“182 10. 11 12 13 14 l‘ mle2 10 11 12 13 14 15

WWWWWWW
mﬁmrhnﬂmmmmnmmnmnnnm!nnmnhmmnhnmﬁmmm rrmmmrntmmnmmmmmmmlnnmnllnmmlnnnnmnnnnmmmmnnnhnmnﬂmmhvﬂﬂﬁmw

347 Stainless steel as
interlayer and Inconel 625
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Microstructure and Mechanical
Properties of A283 Steel Coated by
Inconel 625 and 347 Steel Using GTAW

Farhad Ostovan'

1- Introduction

A283 alloy is a low carbon steel alloy which needs to
be surface treated due to its low wear resistance,
especially in the presence of high stresses.
Accordingly, increasing the surface resistance against
wear and dimensional reduction is of interest [1]. One
of the most common method for the surface coating of
steels, is GTAW [8]. A successful coating by the use
of GTAW demands an appropriate selection of filler
metal in order to reach the highest mechanical
properties and corrosion resistant [9]. As a Nickel
based alloy, Inconel 625 alloy has been used in
different applications. However, due to the
segregation of alloying elements at the weld metal and
HAZ zone, welding and coating of this alloy has been
found out to be challenging. 347 austenitic stainless
steel is also one of the most widely used materials in
the industry as the coating. Considering the high
efficiency of multilayer coatings [19,20] and
according to the fact that Inconel 625 and 347 stainless
steel are able to produce a high corrosion and wear
resistant coating layer [21,22,23], this paper aims to
investigate the microstructure and mechanical
properties of double-layered coating including Inconel
625 and 347 stainless steel on the A283 steel
substrates.

2-Exprimental

The base metal employed in this study was 10 mm x
15 mm x 8 mm plates of A283. 347 stainless steel as
well as Inconel 625 were selected as coating materials.
Type of filler material and the order of coatings layer
were the variables. Welding equipment of MILLER
was employed for GTAW with an electrode of
tungsten+2%thorium (2.4 mm in diameter) and in
DCEN mode. The microstructure of the weld joints
was evaluated by Metallux 3Leitz optical microscope,
MIRA3/Tescan and VEGA/Tescan-LMU SEM
equipped with EDS. The microhardness test was
performed for Vickers hardness by the use of
MICROMET machine according to E384-89 standard.
Wear test was performed according to ASTM G133
standard procedure.

3-Results and Discussion

The microstructure of the A283 base metal (the first
sample) is presented in Figure 1. A homogenous
ferrite-pearlite structure can be seen throughout the
microstructure.
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Figufe 1: Microstructure of A283 substrate‘éteel.

By moving from the zone far from the welding
heat towards the coating layer in second sample
(including a single layer of 347 coating), a decrease in
the concentration of pearlite microstructure can be
seen. Due to an increase in the temperature of substrate
in the regions close to the coating layer, the pearlite
microstructure gradually dissolves in the ferrite matrix
and pearlites can appear as narrow lines in o ferrite
grain boundaries [21].

Microstructure of the coating in the third sample
(including a layer of 347 and a layer on Inconel 625)
is austenitic with a dendrite morphology. Dendrites
are short in the first coating layer (347 stainless steel)
and are long in the second coating layer (Inconel 625).
The microstructure of the fourth sample (coated with
a single layer of Inconel 625) is austenitic with a
dendritic morphology, in the center of the weld zone,
along with carbide precipitates throughout the
microstructure.

The hardness test results are presented in Table 1.

A significant increase in the hardness of both coating
layers (in different samples) can be seen due to the
presence of complex carbides of Cr and Nb.
The weight loss results after wear test showed that the
first sample owned the highest weight loss. The weight
loss in the second sample was almost half of the first
sample, indicating a higher wear resistance of this
sample due to the austenitic microstructure and
carbide precipitates in the coating layer. The third and
fourth sample showed the less weight loss, indicating
the higher efficiency of Inconel 625 as coating layer in
increasing the wear resistance.

Table 1: hardness values at different coating layers.

Hardness (Vickers)
Sample substrate First layer Second layer
1 143+3 - _
2 14244 16913 -
3 143+2.5 179+1.3 202+2.2
4 142+2.8 202+1.9 -

Figure 2 presents the worn surfaces of the samples.
The wear mechanism in the first sample is abrasive. It
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can be seen that the wear paths are like abrasive paths
accompanied with squeezed surfaces which is
contributed to the ductile-like behavior of the material.

Figure 2: SEM micrographs of the worn surfaces of the
first to fourth sample respectively.

The straight path of the wear pin has been
disappeared in the second sample and a drastic effect
of detachments can be seen on the worn surface. The
wear mechanism is almost high stress three-body
abrasive wear. In the third sample, surface destruction
and wear products have been decreased, when
compared to the second sample. Finally, in the fourth
sample, the worn surface includes different scratches
which were resulted from the frequent effects of the
wear pin on the surface. Instead of squeezed areas, the
lamination of the worn surface can be seen in this
sample.

4- Conclusion

In this research, the effects of double layer coating

consisted of 347 stainless steel and Inconel 625 have

been investigated on the microstructure and
mechanical properties of A283 carbon steel substrate.

The results of this study are briefly as follow:

- Microstructural studies showed that after coating
process, during the filler rod melting, due to an
increase in the temperature of the substrate, the
pearlite structure was gradually dissolved in the
ferrite matrix and appeared as narrow lines in the
ferrite grain boundaries.

- EDS and XRD analysis confirmed the presence of
precipitates, mostly carbides, in the microstructure
of the both 347 and Inconel 625 coating layers.
These precipitates had then a significant effect on
the mechanical properties of the coating.

Farhad. Ostovan

- Hardness and wear test results showed that, the

Inconel 625 has the highest hardness. By applying
Inconel 625 coating, the hardness of substrate
increased by 60 Vickers. Also, by applying the 347
stainless coating layer, the hardness increased by
~25 Vickers. Wear resistance of the Inconel
coating was almost 3.5 times greater than that of
A283 substrate due to the presence of the
precipitates in the microstructure of the coating.
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