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Coating of AISI 4340 low-alloy steel with austenitic stainless steels and stellite6 cobalt
base by tungsten-gas arc welding method and investigation of the microstructure and
wear behavior of the resulting layer

N. Nabavinejad, A. Alaei*, P. Basir
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ABSTRACT: In this research, the microstructure and wear behavior of high-strength AISI 4340
low-alloy steel coated using austenitic stainless steels ER309, ER312, and cobalt base steel stellite 6
were investigated by tungsten-gas arc welding method. Microstructural investigations were carried Revised: May, 18, 2023

out by optical microscope and scanning electron microscope equipped with X-ray energy diffraction  Accepted: Aug. 15, 2023
spectroscopy system(EDS). Hardness measurement was done by the Vickers method with a load of Available Online: Sep. 03, 2023
30kgf on the surfaces and Vickers microhardness in the transverse sections of the welds in zigzag form.
Also, To evaluate the wear behavior, the wear test of the pin on the disc was used to identify the wear
mechanism. the highest hardness was related to stellite 6 by the amount of 565(HV), the reason for this
increase in hardness is the presence of carbide phases M23C6 and M7C3 as well as chromium-tungsten
complex carbides among bright cobalt dendrites. The results of the wear test showed that the highest
friction coefficient was related to ER309 weld metal has an average value of 0.68 and the lowest friction
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1- Introduction

Choosing wear-resistant materials, taking into account
the type of wear mechanism, can be effective in terms of
cost and increasing the service life of wear parts. Therefore,
the type of wear mechanism and the way to deal with this
phenomenon is very important for a suitable choice of
coating material. The alloys used to create the wear-resistant
layer can be of the iron base type, including austenitic alloys
with austenitic structure resistant to abrasive wear combined
with high impact and resistant to abrasive wear under low
forces and economical of these alloys, which is why The
characteristics of stainless steels are recommended as coating
materials. Another reason for the attention of these alloys is
the resulting microstructure, which includes ferrite, austenite,
and chromium carbide phases, which show good resistance
in metal-to-metal wear conditions at high temperatures (such
as rolling rollers) and low temperatures [1]. Another category
of cobalt-based non-ferrous alloys is called stellite. One of
the important features of these alloys is high wear resistance,
corrosion resistance, good stability at high temperature and
a combination of these conditions in hostile environments.
[2, 3]. Chen et al investigated the wear behavior of stellite 6
laser coating on AISI4340 and AISI4140 steels. The results
showed that the thickness of the oxide layer created with the
coating of Stellite 6 is in the range of 6 to 12 micrometers. The
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created oxides are very hard and adhere well to the substrate,
these oxide layers do not peel off easily, and therefore the
wear rate of Stellite 6 is quite mild [4]. Martin et al. evaluated
the additive friction stirrer deposit of 316L to repair surface
material loss in AISI4340 steel. The results showed that the
wear resistance of 316L coating is as good or better than
AISI4340 substrate material. However, there was evidence
that intergranular corrosion resistance was compromised due
to the formation of carbides or sigma phases [5].

In general, this article Aims to carry out a detailed study
on the wear mechanism of Stellite6 alloys and ER312-
ER3009 austenitic stainless steels with welding coating by gas
tungsten arc welding process to discover and compare the
wear and mechanical properties of the alloys in question on
AISI4340 high strength low alloy steel, is.

2- Research materials and methods

In this research, AISI 4340 high strength low-alloy steel
as the substrate and coating metals are made of austenitic
stainless steel ER312 and ER309 with diameters of 2.4 mm
made by Ama company and cobalt base filler metal Stellite 6
with a diameter of 2.3 mm made by the company Delero UK
was used. 3 discs made of AISI 4340 for coating and 1 raw
sample to compare the wear surface with coated samples in
sizes of 110 and 10 mm in diameter and thickness, respectively.
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Table 1. Welding conditions and parameters of samples

Current (A) Interpass Speed Polarity  position Preheat temperature(
temperature °C (mm/s) °C)
first layer = 150 140-150 2-2.5 straight Flat 150-160
second layer = 120
Table 2. The results of the surface hardness of the samples
samples AISI 4340AI1SI Stellite6 ER309 ER312
Average hardness(HV) 304 565 256 297

Fig. 1. Discs samples.A:Raw sample, B: Coated sample

Welding conditions and parameters are listed in Table 1. To
perform microstructural tests, 50 mm diameter disc samples
and other samples of square cross-section according to Figure
1 with dimensions of 20 x 20 mm from coated discs and one
uncoated disc sample with a diameter of 50 mm were prepared
with a wire cut. After preparing the samples from appropriate
sections for microstructural investigations by optical and
scanning electron microscopes, the samples were sanded and
polished using 60 to 3000-grit sandpaper, then the polished
samples, To compare the wear behavior, one sample of each
type of coating and one raw sample was prepared to compare
with the coated samples, all with a diameter of 50 mm. The
conditions of the pin-on-disk test were performed according
to the ASTM G99 standard at a temperature of 25 degrees
Celsius, a speed of 0.05 m/s, and a humidity of 40%. Also, the
applied load on the raw sample and 3 coated samples was set
to 100N, and the force-applying pin was selected from 52100
bearing steel. Hardness measurement results of the cross
sectional surface of the coatings were done by the vickers
method,30kg load in 15 seconds.

3- Results and Discussion

According to Figure 2, a thin martensitic layer has been
created at the interface between the substrate and the first
layer. The reason for this can be explained by the penetration
of carbon from the substrate to the interface, and it was also
observed at the interface due to the large difference in the
chemical composition of the substrate and the filling metal of
the partially uncombined area. Epitaxial growth is due to the
similar chemical composition at the interface. The first layer
with the second layer is clearly evident that the structure has
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Fig. 2. Optical microscopic images of weld metal inter-
face (A,B: ER312- B,C:ER309- EF:Stellite6)

changed from the interface to the first layer due to the lower
cooling and solidification speed and from the interface to
the second layer due to the higher cooling and solidification
speed and the chemical composition of the weld metal.

4- Conclusions

1. In ER312 weld metal, the hardness is significantly
higher than the sample welded by ER309, this problem can
be attributed to the presence of more ferrite in the structure
of ER312 weld metal due to its relatively different chemical
composition and freezing structure, Attributed.

2. The maximum hardness in the austenitic stainless
steel samples ER309 and ER312 was observed first in the
interface due to the formation of the martensite layer and then
in the HAZ region of the AISI4340 substrate steel due to the
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Fig. 3. Microhardness of the cross section of the coat-
ing toward s the AISI4340 steel substrate A:ER312-
B:ER309-C:Stellite 6
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Fig. 4. Graph of weight loss by distance for coating and
substrate metals

presence of tempered martensite in the structure.

3. The highest value of hardness, wear resistance, and
also the lowest value of friction coefficient was observed in
Cobalt Stellite 6 base weld metal, and the lowest value of

[ Substrate(AISI4340) |

Fig. 5. SEM images of wear surfaces for coating and
substrate samples

hardness, wear resistance, and highest friction coefficient was
observed in ER309 austenitic weld metal sample.

References

[IJN. Murugan, R. Parmar, Stainless steel cladding
deposited by automatic gas metal arc welding, Welding
Journal-Including Welding Research Supplement, 76(10)
(1997) 391s.

[2]N. Najari, M. Shamanian, A. Saatchi, Hardfacing of
stellite 6 on plain carbon steel and evaluation of the effect
of a martensitic and austenitic stainless steel interlayer,
iranian journal of surface science and engineering6(9)
(2010)55-65

[3] H. sabet, reconstruction of worn parts by welding method,
first edition, Amir Publishing House,1(1) )2012)8.)in
persian)

[4] H. So, C. Chen, Y. Chen, Wear behaviours of laser-clad
stellite alloy 6, Wear, 192(1-2) (1996) 78-84.

[5] L.P. Martin, A. Luccitti, M. Walluk, Evaluation of additive
friction stir deposition of AISI 316L for repairing surface
material loss in AISI 4340, The International Journal of
Advanced Manufacturing Technology, 121(3-4) (2022)
2365-2381.

HOW TO CITE THIS ARTICLE

(2023) 161-164.

DOI: 10.22060/me;j.2023.22118.7568

N. Nabavinejad, A. Alaei, P. Basir, Coating of AlISI 4340 low-alloy steel with austenitic stain-
less steels and stellite6 cobalt base by tungsten-gas arc welding method and investigation
of the microstructure and wear behavior of the resulting layer, Amirkabir J. Mech Eng., 55(6)

163






75 ool SlSo (owigee g pui

VAY B VWY Gl VF-Y Jlo & 0)lous DB 0553 ¢y ol Sl puoio 4 p5
DOI: 10.22060/me;j.2023.22118.7568

5 CoMiasl CILS a3l ¢ iakinn] (335 555 gVgd b AIST FYFo 5UIT oF 5¥od 6,15 ,iSs,
Jols ¥ dolw U8, o U8 lw 3, (ow)y 9 - ST wod (6, Wen (g, &

A 1.»9.5 & U.,M.CI Lo)...l& ‘DI)J 69.».: )..ol.»

oyl blcass oMl 1] oKl wblciss asly olge  pwtize 03Kl

18,5913 ey ,U
AARAVARVES ERIEIT
VYT YIVA 15,553L
AR ALEN-IORY
VEV[SNY 1ol )

1605 Clols

S LSy,

AIST ¥yy- 5U1

JE S b S
Ol

Silo g,

b istied 5055 slnaYb 5 S aMiul (olaglil talus p3ulSn 3590 55 3280 adllan (S ploxl (gl ol G 2oV
Sl 5 ol ols duliio § LS Cap 5 S (g (5)Sbg> sl b ERVWER Y24 g 25,
oS Vb ol 5, o by, Limgls ol > bl oo AISTFYFr YU plSontal 1 oS 3Ysb (5, 5 a5 do (£l
D9y 45 Codiwl cILS Gl 3Ygb g il ()35 555 (clandYgh 3l oaliunl bosid (¢ )IS' 42879, AISIFYF+ (Sociune 598 U1
S9N 9Sg Se 5 358 rsSwgySe bawgs ()Ll o) (Sl g2 2855 )5 () )90 = (ST (pogd () Sudg>
935 PSS Ve )Ll ySag hey 4 (Privw (B 1285 sl Sul 5 (63l Bl (e b s & jaome (o)
oo )18y (ol e (e (85 bl SIS  Cpgo o e (8ye dblie 3 5,509 (S 5 sk S5) 2
@ bgrye (s oyt 2 (L5 I s gl b odlisl talis 3l et e Sand g5) o el (ialel
YBR[ 6 4 bgspe Slawsl oy oy a5 3l Ui 15 sl (9051 zulis 039 5,505 B0 ljee 4 5 oMl

WSl o 1OV lawgie (3o 4y 5 CoMiwl hen 8 &y boyye SISl o b oy yiaS g +/FA Lawgio liae 4

9 9950 Trhae Yl (gjljl dgie g o Mg b g )5 0L A je
255 50 B g 2)90 sl o oolal g 4bj0
Canss) YU 0339 plSocinl Judo & pSoxims 358 (slodYsd 5l onlal
Lasln (o> @lio jelas Sl il g (ol @lio 13 (059 4 plSociul
Y5 Sotune (595 358 (e 51 457015 (loly3 3,0)8 (g3lwg )95 9
i s oluos (slaojls ;5 ATSTFFY e L5 Lawgio o, ST o8
oy slacl I Sy ey Cogw (Sige joige diwg lid Cov
Dby 0 YU i cov glinl cale doosd Fia danlon 39,8 il
ol (V] 298 00 oolital Syoxte JuST 5 S he ol LB g 4.l
AISTFYF+ Y ool 5UT o8 clos¥gb 3,08 Slols ) dogi |
Jsl Jis S0 )8 oy 425 2090 ez 99 3l agl ()05,
w3 3 |y oyl s Y a5 lsis 4 3Y8 ol (92 460 41 (950
S (o0 B UES9) (S 9 (el pl )3 Cuaglie jslate 4y e e
Tobw jl (pbciond @lio 13 3V eb £gi plobj o8 bl g W
drgi LS 29800 36 K00 ¥ g 5B L 3 tulo cle & g

doddo —
4 8wl il dlime ik ol g o 59 Jlse S
ol cod eale (059l (sl yiel)ly 55 dlge iz (ol g9
b )lSal, 51 (o V3l (S 5B 9 9 95wy Sn Sl alex ]
Blgd 1 aslbioe (IS 0d ol Sliba maw (gjlojl ca
Lo (Vs dnaisja ialS (le; G 2alS  agdle (55 S’
Olejen bl Fpre den jl 5 ¢ Clilad & jlo Gials 5 Glad yes
WIQM)>O>%JM9@563;SMA@)WDWWB
o s odliul 3)50 Cariio )3 S SosS Slabad I gl [Y]
ol 5l (bslseo b g )0 4 el ¢ 53y plai il (sla s &
Sldad I (3 S o )b Bmo B2 1) o] g Gigdh o 035m0
939 byl Adgi 56uiS 315 55 adgl dlge 39008 s & &S ods 55
S bg ole cpaix sl g S S5 b0 cage (B )1

Bpo b g ogil ©)90 4 bhasgerme g labab & (63190 > i )5

Alaei45Alireza@gmail.com sl Jsorgs ssiugs ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

vy



2R3 5l B oo oyl (iS9) dge e 4 ()5 SOj dYed (S
ol ) yd clajls Jols alols Jlisbo gy 3WT ol ds g5 3,90 Y
Vi slos 55 L 3B e bl 5 o Al py slase
Ol 39 I awlie Canglie (093 @ o5 slod 5 (39 slaSils i)
.[;’] RN A P
3l oo coMil pb 4 LS Gl aal e oWl oS camws
&y Canglio c_pinlis 6V Canglio 4 sioe BT ) oe sl S
sl ) Jas‘).w O'.’.I 5! S 5 9 YU glod pd cuwlio d)lv\?.l-.f. (S5
G &S 05 "D edr 3 el (51 U 4 ged o)Ll ol
hlos 090 bl dblite (o34) 4 Comsd jly laoio (553
Sagpigll dbel b 5l wms o Ui 293 5l oYL e)lS 4
591 shn 03588 JisSTin & 555 o s S sl L
A5 salg (Sa) bply pinle g (o553 Gl bulyd )0 pogad
b dlio )3 45 125l aaslio 435 Slgi_e oMl (slasLT yl
Ao i J&Kﬁbsmﬁbm Olala U900 poE Dgudy LS g0 d)l.au.o .)lya
25 g e )3 1,31 ) (g 48 2900 455 o0 1) (Slabab sl
LV g AT ol anily lojen Oy a4y dsad oIS 5 1) Caslio sla S
398 JyuS Bb Sy o > &5 SIS upelel (S
gliel Olgices 6y Bds ol LRl L oS sk 4 Al oo 8 dline
@)l alie b piel)ly S5 1A (zalsT]) (255, s L 4l 58
9 Mbiee GRS (B35 E x5 (939)9 )l Gl L ABb e (63959
ol 45 258 00 €8) 80> LIl G (699)9 ©l s SRl e
A9y 2l 4Y 2l g pesls (Al cuw (i) > &8 G
[\ ’] .)yuua
alls 5l oolatwl b oYed ()5 1S, (o) p (s3xe Clasdss
OWSerg Ggu Cunl W8S Cpgo 5SS Slagdy, 4 oMy
ly AISE¥YY. 5¥od ()5 )05y (Sl (ol g jldlog)
5 Baas 01d (oS iSe, 4 & 63,8 osnlis b 5,5 sy
3l o S5 oy (i 9 30,y o el slaco 00
— il Hlsle 5 sy el gl Ol 5l sl 4l &S s
dopd FeoVe (iSg) dnl S Cpired ol JSS Sjew s

Cgwy sy & O)Sen g (J V] ol @Bl (18 4l 6 4 s

1 Stacking Fault Energy (SFE)

Olyess @ 5l laad S5 ojluil uizmen 5 g s )5 Lulyd o
Lulyd cnl S92 b o) iS5y o5 i)l gjlojl g gl b 5 (Sj
sy J8las 4 adgr s s o sl (sladaly b wiS o o2l)8 1,

oS yglate 4 88 gy Gyl ST o8 leaY g8 culre (ke
Siarn S xS sl byl 290 5 Kber bug il g
2 39ge Ok Ol b o led (B85 Sl 0 b Sudle
Py pogdle o Cunl S5 4 oY blo o (B (o8 paw 3 g
Ois 9 290 el Cajiile B oyS el Wl 8 ol S5 Slides
Cawd 4 [F] 208 2w e slod B o0)08 S5 2959 (yg Juol>
J5S 5 et a4 (s3] polie 3909 S8 b bt Sl Loy ()]
sl pdy Bl (ool o slod g oSt Slos b a3 Sy
s 5eS Ol 3l e dilaie slon] o cuslio p)S iy 5 (53959 Ol
sl el 8L geSen b o Jloa) Lulys 5 (olss Jpus 5 o
0] 35 oo 2l

Oile piille g 85 S5 0 b Ghle 4 pglie dlge ]
Py ol cod wllad S yee Gl anje Bl Sl slg o
Sl Sy e oy ool b ablis oy 5 Gl p3lSe g5 W Ll
28 se lp sl Yoyt aliu ool | 455 o3le culie
QU plale Gl pille igdie ol o> (SSle Jalge 3]
Sby) SpSee B g 30 plin (Nd g ST Ols
bl dlex 5l daplSe eyl 5l Jols ialo €5 (il Caa (Jglite
S oslital sbe pyke 6)SBen Bk 5l Ll 4 polie slaaY
Jlail slo g o Fmslio Sl (S JB- s wsd )b a3
@ bl oe @Sotlne (398 i )l Slles (03Y58 (slaojls yresi
JEsbml g (g Is (Vb (b Cup 9 Vb () Sbgn sy i
Casd 4y 2V (s g plSoetal il b ol 53 i o le ol it
8l o S plSoinl Ca 6y Sbgn 1y (sl Sl 4 a5 0
OlFee [y S5 Cuglio (b slod g p St Lulyd Jlosl b
o b 3y90 Lhgpeew SWT Obl &S cuily as g b b Ll
o)l 4 (095 Sy askd) Coan dakad Loyl & dty (6,5 iS5,
polie &Y sl cae odlital 3)90 W o)l> e85 4 5l (5,538,
sl sl il soill danjl al 4y g9 5] Wl e Sl &
QLA Gl 4 plie 5 Y 45 L el (Lal5 il & polie il
o b 45" 3505 0,31 STl (ool 460 g o5 (sl 5 o5

YY¥



3,8das oS el 45 589, oole Sy bl g AISTFYF+ 5Ygd ula
S bl i ol Cum IS jokas g il canlio olSoxinl § (tolo
claYos 5 oMl oWl Liole polse 3550 55 585 adlllas
Al bwy S 4iSe, LER YVY ER YA umwl 58555
shile ol awlie 5 @iS car B S g ) Khe
Y ploal SUT oS Y58 g9y » a5 de slajU (S

3L e AIST ¥YY.

SaoT (g 9 dlge -Y
bdigel (5,880 g il oslel =Y =¥

Olgie a4 AISIFYFe YU plSoul 5T oS 3V 5 Gimgd ol o
ER YWY il ()5 S35 3Yg8 (i 359, slojlé 5 Y
0diSy b g Ll c8,5 cilo o e Y/¥ laylad L ER Y4
Ol g s 8 ph cile e oo YIY ylad L & coMiwl cILS 4l
dlb)m‘)b ‘L;:LM.) puS)) » 09)’1.0 a.\uf)J ul)lﬁ ul?:.u‘ PR oalai!
B8 5 e a9 ()39 oyt 53 (Sl blusl cops il
o2l ¥ 9\ sl 1> sy o 9 Y 2 (liosd 3l @ls .85
ol

sl 4 AIST¥YY+ (oYU ploxinl 5WI6S 3V 68 5l e imgh oyl
o duslio (gly pb digad das ) 5 ()5 S g; jolaie 4y Sy das ¥
Gl P A Colus g glad 4y olaojluil 3 olgd 4iS's) (cdiges b ol
23,5 45 Y pj Olgis & JSS (Swnd Ojgo 4 e le Ve VY
2 ol s 10,5 Sl urboline St aliusg 4 o] g
i ol 9y 32 ol 2 )DL el Clalad ()8 Sre 5 (213
On RS G 2 ol 90 2 45 A el s 4 e gy
iS5 29 ySl S walais b a8 wbl aisly Slbges doys ¥r L Y-
¥ gt ) o) byl g blpd ol Jyms (el o lul
ol o]

S JI)'T ‘_5]9.&7 2ol (e S &S cul Sda Y
b 4 Sd s g lidlo s, Lg[mui;;"‘.oﬂ pbl Cas WBab
el ) JS il (g yo e s b ,55 (sloiises g sio e O
4}9@.’ dde LgJ 9 04 d)lfwfa) dlmg_g.u».) )l &0 yh0 LS‘L'A Yexye

Ay Glis b)) gl sty AISIEYFe 0Yed myw jhuw (6554 dlso
Wb o idlS B 0SS B 0y9d yb cpo Y olis iliel b &S
4830 i3 048 bl gy sl (63 Slge (S sladiges (pimen
ol Aoy AISI¥YY+ cladiges iuiS plSotivl 5 s plSouiwl &S
o 65l Slgo & S 55 Lol e Sl 533 Slge L
Y @p8 L 65 LS5y 2 e ap & e 5 Gl [VY]
2o 5l edlatwl b Ladlsa (slady,ls L AIST ¥YF+ YU plSocinl 548
Cgae oS 3 L o] uls Ll AISIFY - 5655 5V g8 oS
st Sl el g Canl 0305 &) 550 Lol Layly 5l odlizsl L Laid
Sopby Sy b (I 29 e by E5 (sdn Sl )
IIYT 286 Y jlas b )30 €58 5 b oo il 38l

S UiSsy el JlB) g Jlbogy (e & OlSen 5 9 B
olis mls wisby PH Y-V (K5 0s o¥sd g9y p & codlial
Jobe 10 odd aus slaag )5 Jols odew &Y sl & ol
IVF] ol Jla5 (o) 05, 9 o5 sl b LS 51 i sl
27l 5 Gl b il JlB) o) 4 ohles 5 (2
o ol gls asly, AISI Y. 5 AISTFYY. clasYed o)
5o sodgime £ Codliwl (e b odd dbul sawsST 4Y cuwlbis
2P A g Mk Couw o 00B0l] ladwST .Cwl ieg S VY U
dwg dtwg |y & gawST Gy pl Sy Sas 4V 5L
o [18] el it SIS & Dol s 5 cul i 9 59500
prey o TV L 38 (Sl (300 gy (23 @ oS
A ob sl gl .aslyy AISTFYY. 0Yed 3 odaw dlge M
a¥pjdlge Sl e b oh 4 VP L iSg) ol plp 55 Cunglie
Cuoglio aSo! p dwo Cubld 3959 (saled ¢ Jlb cpl b .cuwAIST ¥YY-
g e e 6 a8 LS5 s & sl o (S355
V8] ol o33

w5 Y58 B9y 9y 2 (oAdgR 0 (g Al 4 d2g7 L
ab g ER YAV ER ¥ 0uiSy oljls 5l eolawsl b AIST FY¥- U1
Roap g JEmpRSE e )b () 4 F Codll S
5 odmliie wdd Ll ale ste 3 ol 4Y il ,kb, o lsle
5 Ladlon oy Cilises mlio )3 oSt (368 SWT 28 4 a2 L g
YL ol ST o8 3Yg8 o g (iloil pogas )3 ol Sixkeo Sl

2 Deloro

YvYo

1  Epitaxial growth



VAF VY o AF-Y Lo & 0,0 DO 0,95 ¢5ueS pool Sl usigeo 4yl

359 a0 3D o 1 03Ew! 3,90 80w £ y0gi1gS ATST4340 5WIT o5 3¥ o8 o luowd cuS 5 ) Jouo
ig e » 390 S yoge b ¥ » - ds

Table 1. Chemical composition of quantized AISI 4340 low alloy steel used in weight percent
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Table 2. Chemical analysis of welding wires by weight percentage
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Table 3. Welding conditions and parameters of samples
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Fig. 1. Sample of coated discs and raw sample without coating a) Disc coated with Stellite 6 b) Raw sample
without coating
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Table 4. Chemical composition of the final welding layer of coatings by weight percentage
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Table 5. Equivalent chromium-nickel ratio in the second coating layer of ER312 and ER309 samples
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Fig. 2. Macrostructure of coated sample

ln (oY 3 0355, gl ] Jols 283, 5Ly =¥ ¥
Y » ER YW ouisS 56 5l Jolbs 84, sl (wyp =) -V =Y
p9> 9 Jol
ool oxel ¥ U ;5 ER MY ouiiSy 36 51 Jobs jisloj,
Siel Jasl Sl 4y Jsl 0¥ )3 9 0 oanliio ¥ USS )3 45 jsboilen
1y slestl casyu il o] s a0 a8 a4l il 69,9 )l Y
3l 03,5 alys 1y i cusinl Sbul bylys s (5 )0 ol yen
o JlaopsyS Gliee 22l 5l 5B L <8y 5 gliel L 4 Sk
VL (slod ) ol domi 53 0ad o Pl bs (glod (28, Y,
Aalg JSWS S M Sy pIB )3 (i ob g 9 o0 S
dapd b oS Loyl aaly by (gly (e Caoyd deis > a5 W
G Hlie ()8 20> pljon g ond S gyt Cutiol @l
oS CdMes s ialS cde ay il 3w ol b asm asl )38l sl

Jobee USs = Ni +0.5Mn +30C )

ok ) LSy, dilate Jlilug,Sle —) ¥
Gl 2300 (L5 1) 0ad ()5S g diges LS lug So ¥ S
W 3 5 abges Sy 0n (S iSsy alaie il Sl ¥ IS
Jols cus oty (iSgy ladsY &S dgd o odaline (Cuwl sanlie LB
O celie ool g sled g )l JyuS Silo oS sl o

Al ) Sdg>

b 18 lsle 3oy (wyp -V Y
1S 8565 Slo Am3on ol |y AIST¥FF+ by 36 sl ¥ S

o3 Ciyle g Coyd Jold abe JLale, 09d w0 sdmlin Y S 5o

W P W

YYA



VAY B VWY doxiuo AFY Lo & oylad B 093 «pusS pual CSlSlo (nbies &y it

AISTFYF+ abjls sl ¥ S

Fig. 3. Microstructure of AISI 4340 base metal
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Fig. 4. Optical and electron microscopic images of weld metal: ER312 a-b) first layer of weld metal, c-d) second
layer of weld metal
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Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
@ B N Silicon K series 0.03 0.03 0.05
Chromium K series 25.18 26.51 27.99
Ireon K series 63.92 67.28 66.16
Nickel K series 5.88 6.19 5.79
Jl Total: 95.0 %
‘ AL :
4 . 3 L] 10
Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
Carben K series 3.13 3.44 13.99
o Fal L] . s
Chromium K series 26.43 29.07 27.28
Manganese K series 1.60 1.76 1.56
Iren K series 54.44 59.88 52.31
Nickel K series 5.32 5.85 4.87
\ ‘ J | Total: 90.9 %
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Fig. 5. Scanning electron microscope image with EDS analysis of the first layer of ER312 coating a) base,
b) micro carbide particles
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Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]

6 N Silicon K series 0.03 0.03 0.05
. ] Chromium K series 25.18 26.51 27.99
‘5,;:_..)15 5% \;:I)\S ¥ 1 Iron K series 63.92 67.28 66.16
Y 1 Nickel K series 5.88 6.19 5.79
J Total: 95.0 %
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Element Series unn. € norm. C Atom. C

[wt.-%] [wt.-%] [at.-%]

Carbon K series 3.13 3.44 13.99

o WA Fe | ] . R

Chromium K series 26.43 29.07 27.28

Manganese K series 1.60 1.76 1.56

Iron K series 54.44 59.88 52.31

" Nickel K series 5.32 5.85 4.87

J Total: 90.9 %
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Fig. 6. Scanning electron microscope image with EDS of the second layer of ER312 coating a) base phase, b)
carbide particles
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Fig. 7. Optical and electron microscopic images of ER309: a-b) first coating layer, c-d) second coating layer
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Element Series unn. ¢ norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
Silicon K series 0.17 0.18 0.36
Chromium K series 19.03 20.37 21.63
o M ] Manganese K series 1.54 1.65 1.66
Iron K series 62.06 66.43 65.66
: Nickel K series 10.62 11.36 10.69
|
|
l l Total: 93.4 %
J i A
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Element Series unn. ¢ norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
carbon K series 1.96 2.09 8.93
Chromium K series 24.02 25.66 25.27
o Fe L
Manganese K series 2.03 2.17 2.02
Iron K series 55.65 59.43 54.49
Nickel K series 9.97 10.65 9.29
}l Total: 93.6 %
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Fig. 8. Scanning electron microscopic image with EDS analysis of the first layer of ER309 coating a) base phase, b)
carbide particles
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Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]

Silicon K series 0.19 0.19 0.38
Chromium K series 22.87 22.66 24.03
Manganese K series 1.95 1.93 1.94
Iron K series 62.82 62.25 61.47
\5~L.‘:-!)L< Q‘)b - Nickel K series 13.09 12.97 12.18

Total: 100.9 %

Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]

Carbon K series 2.31 2.45 10.33
Chromium K series 22.01 23.31 22.72
Manganese K series 2.49 2.64 2.43
Iron K series 57.34 60.71 55.11
Nickel K series 10.29 10.90 9.41

Total: 94.4 %
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Fig. 9. Scanning electron microscope image with EDS analysis of the second layer of ER309 coating a)
base phase, b) carbide particles
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Fig. 10. Optical and electron microscopic images of the first layer coated with stellite 6
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Fig. 11. Optical and electron microscopic images of the second layer coated with stellite 6
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Element Series unn.Cc norm.C Atom.C
[wt.-8] [wt.-%] [at.-%]
silicen K series  0.51 0.60  1.19
Chromium K series  11.70 13.70 14.84
Manganese K series  0.33 0.39  0.40
- !
Iron K series  45.97 53.81  54.27
. EEEEE N Cobalt K series  24.53 28.71  27.44
Nickel K series  1.17 1.37  1.32
Molybdenum L series  0.33 0.39  0.23
| Tungsten L series  0.88 1.03  0.32
l | Total: 85.4 %
w—r—..,,‘Jl e | UL
4 1] L]
Element Series unn.C norm.C Atom.C
[wt.-3] [wt.-%] [at.-3]
Carbon K series  1.94 2.32  10.74
i silicon K series  0.01 0.01  0.01
_DU W Chromium K series 15.86 19.18 20.29
n S W EWEDE W Manganese K series  0.76 0.92  0.92
Tron K series  33.07 39.99 39.40
Cobalt K series  21.05 25.45 23.76
Nickel K series  1.06 1.28  1.20
Molybdenum L series  1.30 1.57  0.90
Tungs ten L series T7.66 9.26 2.77
L Jl Total: 82.7 %
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Fig. 12. Electron microscopic image with EDS analysis of the microstructure of the coating of the first layer of

Stellite 6 a: base phase b: complex carbide
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Element Series unn.C norm.c Atom.C
[wt.-%]  [wt.-3] [at.-%]
silicon K series 0.63 0.72 1.48
Chromium K series 21.04 24.28 26.87
Manganese K series 0.29 0.33 0.35
Iron K series 4.07 4.69 4.84
Cobalt K series 55.67 64.23 62.72
Nickel K series 2.47 2.85  2.80
Molybdenum L series 0.16 0.18 0.11
Tungsten L series 2.35 2.71  0.85
Total: 86.7 %
Element Series unn.C norm.C Atom.C
[wt.-%] [wt.-3] [at.-5]
Carbon K serie  5.54 6.20 22.81
Chromium K series 53.63 70.44 59.89
Iron K series 0.99  1.35 1.07
Cobalt K series 12.72 21.45 16.09
Tungsten L series 0.41  0.56 0.13
Total: 73.3 &
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Fig. 13. Electron microscopic image with EDS analysis of the microstructure of the coating of the second layer

of Stellite 6
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Fig. 14. Optical and electron microscopic images of ER312 weld metal interfaces
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Fig. 15. Optical and electron microscopic images of ER309 weld metal interfaces
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Fig. 16. Images of the interface between the substrate and the first layer of stellite 6
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Fig. 17. Optical and electron microscope images of the interface between the first layer and the second layer of stellite 6
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Table 6. The results of the surface macro hardness of the samples in terms of Vickers (HV)
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Fig. 18. Microhardness of the cross section of the coatings towards the AISI 4340 steel substrate A: ER309 coating,
B: ER312 coating, C: Stellite 6 coating
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Fig. 19. Graph of weight loss according to wear distance for coating and substrate metals
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Fig. 20. Diagram of friction coefficient in terms of distance for substrate and coatings
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Fig. 21. SEM images of wear surfaces for coated and raw samples
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