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ABSTRACT

A post weld heat treatments (PWHT) is a widely used method to improve the part that
was repaired by welding process. This PWHT can efficiently modify the microstructure and
improve the weld metal properties. Therefore, this research aimed to study a heat treatment of hard-
facing flux-cored arc welding metal on the JIS-S50C carbon steel surface.

This experiment was carried out by using the JIS-S50C carbon steel sized 100 mm. in
width, 150 mm. in length and 20 mm. in thick. The 3 layers of a hard-facing were produced on the
workpiece material by using the flux-cored arc welding process with given welding parameters.
The hard-faced specimens were heat-treated by using different processes such as tempering,
annealing and hardening. Then, the heat treated specimens were prepared for examined the
mechanical properties and microstructure of the hardfacing welded metal.

The experimental results can be summarized as follows. The temperature and heat cycle
of both annealing and hardening processes were not only affected the specimen distortion but also
generated crack at the heat affected zone of the welded specimen. The 3 cycles of the hardening
process produced the largest distortion and the largest crack in this study. The microstructure of the
heat treated hardfacing metal revealed that reinforcement phase was larger than the one with no heat
treatment. Furthermore, this reinforcement phase also connected to be a large network area and
resulted in decrease weld hardness. The experimental results suggested that the heat treatment
processes were not suitable for improving the mechanical properties of the hardfaced metal

produced by flux-cored arc welding.

Keywords: flux cored arc welding, hardfaced welding, heat treatment
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1 Y
FOUF UNUNAADA
Y 1
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pg1elsAmummannarnilsunaniveugalinnuainsnlun1syunda (Hardenability) 1o
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nlaewilulassafranmulailaa
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mianndasven asauengu idaufFmavesmiveonlumanndinail
3 ) ¢ o A A s Y ' Y ! o o o 4
mannaAFueud NTuAMTueUTBYNI1 0.20% N3 13U 15U MAITITDEUA
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gﬂ‘ﬂ 2.1 ﬂ’J13JZ‘T3JW‘LJ‘ﬁi$W’JNﬂﬁJ1mﬂ1§UE)u AITULULUILITIAN LASAITUUUIVDILaNNA

4
ANTUDU

1 a < 14
Askeland 1182 Phule [16] lAugaIMsuLenwiinvourannaInIs uoUANENIAY
< < 1 a a
mamgazmaﬂﬂﬁ'mmmmm (American Iron and Steel Institute: AISI) LA AUIAUIAING
IATPINALKIBLLIT N (American Society of Mechanical Engineering: ASME) asuaadlunsem
v 1 < o o (% 2
2.1 Tasszunlumsuisngunannar lumssh Tl 15w Taemshuuadmviumnlslunsisen
o Y o @ = @ < Y Z}J A w v 9
491 1%@1’;!@611@1@&@131,1,5ﬂwuwmﬁwgwauﬁaﬂclumaﬂﬂmuu VUSNAAUAVTDIAITANIYHUY
= s 3 Vo < Y A 3 Y s o o
aetlsuamrsueuluman IFU §1I98 N HANNA1 AISI1040 A9 IHANNAIAITUDU (A4a% 10) NY

PSS uouMInD 0.4% (§a1av 40) 1anna1 SAE1I0120 Ao (MaNNA1AS UY (Aatav 10) 7

= [ Y o 3|
NS MaMsUoUMINY 1.2% (Faav 120) Hudu

v

I 1 1 1 a <3 o v o ]
wannaenansontengu ldaudiunaumanil wsogduuumssaamanndniug aea0619
1 -dy I F) 4 A I Y A A 4 I v A A [}
Ao 11Tl imannd1n15ueU (Carbon steel) AiD thanna Nl s vowilusgnauraniiysunm la
a 9 aa 1 a = 1 Aa A < Y A
iy 2% wazilszneu ldredaneu lumu 0.6% nazuuanitia iy 1.65% wiomannd1any

4 .. Ao 4 1 a < Y s o A
154 (Decarburizied steel) NHUFHMS VDY 11IAY 0.05% HANNAIAT VIUMNAY (Ultra-low

A <3 Y A 4 I v A A 1 a aa
carbon steel) Ao tianna NN F U UsIgNaNraniiUSua luny 0.03% uazFanouuas
A 3 9 < Y s o A < Y A <

uIMiaaniios annd1A15UBUAT (Low carbon steel) Ao tanna1niin1suowilusianay

1% IS [ o W w 4
vaniifsinal 0.04-0.15% Wuaqlumsiidues Tnssadusooud tazmsldnuduq [16]
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M919N 2.1 FIUHTUMUATVOUHENNA191 AIST tiag ASME [16]

AISI-SAE
Number % C %M %S % Ni % Cr Others

1020 0.18-0.23 0.30-0.60
1040 0.37-0.44 0.60-0.90
1060 0.55-065 0.60-0.90
1080 0.75-0.88 0.60-0.90
1095 0.90-1.03 030-0.50

1140 0.37-044 0.70-1.00 0.08-0.13% S
4140 0.38-043 0.75-1.00 0.15-0.30 0.80-1.10 0.15-0.25% Mo
4340 0.38-043 0.60-080 0.15-030 1.65-200 0.70-090 0.20—0.300% Mo
4620 0.17-022 045-065 015-030 1.65-2.00 0.20—-0.30% Mo
52100 098-1.10 0.25-045 0.15-0.30 1.30-1.60

8620 0.18-0.23 0.70-090 0.15-0.30 040-0.70 040-060 0.15-0.25% Y

9260 056-064 0.75-1.00 1.80-2.20

o 4

Y @ ' <
ms19h 2.2 dydnbaliazaIuNaUNUAT Ve UNANNAINIATFIU JIS G4051 [17]

oL damaumandi (% Taevhwitn)
anwa
C Si Mn P S

S 10C 0.08-0.13 0.15-0.35 0.30-0.60 | 0.030 max. | 0.035 max.
S 12C 0.10-0.15 0.15-0.35 0.30-0.60 | 0.030 max. | 0.035 max.
S 15C 0.13-0.18 0.15-0.35 0.30-0.60 | 0.030 max. | 0.035 max.
S 17C 0.15-0.20 0.15-0.35 0.30-0.60 | 0.030 max. | 0.035 max.
$20C 0.18-0.23 0.15-0.35 0.30-0.60 | 0.030 max. | 0.035 max.
$22C 0.20-0.25 0.15-0.35 0.30-0.60 | 0.030 max. | 0.035 max.
$25C 0.22-0.28 0.15-0.35 0.30-0.60 | 0.030 max. | 0.035 max.
S 28C 0.25-0.31 0.15-0.35 0.60-0.90 | 0.030 max. | 0.035 max.
S 30C 0.27-0.33 0.15-0.35 0.60-0.90 | 0.030 max. | 0.035 max.
$33C 0.30-0.36 0.15-0.35 0.60-0.90 | 0.030 max. | 0.035 max.
$35C 0.32-0.38 0.15-0.35 0.60-0.90 | 0.030 max. | 0.035 max.
S 38C 0.35-0.41 0.15-0.35 0.60-0.90 | 0.030 max. | 0.035 max.
S 40C 0.37-0.43 0.15-0.35 0.60-0.90 | 0.030 max. | 0.035 max.
S 43C 0.40-0.46 0.15-0.35 0.60-0.90 | 0.030 max. | 0.035 max.
S 45C 0.42-0.48 0.15-0.35 0.60-0.90 | 0.030 max. | 0.035 max.
S 48C 0.45-0.51 0.15-0.35 0.60-0.90 | 0.030 max. | 0.035 max.
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MR 2.2 TdnualiazunaumMuniiveurannamnasgIu JIS G40s1 [17] (o)
S 50C 0.47-0.53 0.15-0.35 0.60-0.90 0.030 max. 0.035 max.
S 53C 0.50-0.56 0.15-0.35 0.60-0.90 0.030 max. 0.035 max.
S 55C 0.52-0.53 0.15-0.35 0.60-0.90 0.030 max. 0.035 max.
S 58C 0.55-0.61 0.15-0.35 0.60-0.90 0.030 max. 0.035 max.
S 09C K 0.07-0.12 0.10-0.35 0.30-0.60 0.025 max. 0.025 max.
S15CK 0.13-0.18 0.15-0.35 0.30-0.60 0.025 max. 0.025 max.
S20C K 0.18-0.23 0.15-0.35 0.30-0.60 0.025 max. 0.025 max.

ZJJ A Y T a < Y A
won1niu M9 2.1 lduaaamsuiatensiiaveuranndinay (Alloy steel) A0

< A v o A 9 a A s ' =i a3 Y A
HANNANUTIANTUHANAIDUS) LUVTNUNUUDNUUDIINAITUDU LFU Glu@]’li’l\?‘ﬂ 2.1 1annan

q

dy Yy 9 = = o A 1 aa a a G = A 9 d’
AvAUAUAIIAY 4 D9 9 TFIQNANHANDU 1FU Fanow dnina Wae Iasleuiud 1w e
o wa { o o Y ¢ <
Ysulysamiaadoans vaugiduavdesdrgameaudnaaslimunisveulumanna
@ < Y 4
wauaaaasluannainsueu [16]

9 < Y 4 a Y < Y Aa
myldaumannaasveulugaamnssnInetonlfivanndniinasgruaiugu

a A A . ¢ A o 9 [ Y
NINAN AD WIATFIUYATINNTINYIJY (Japanese industrial standard: JIS) Nimualdmanna

s ° o 9 A P~ B 2 9 ! A Y A a2
ﬂ'liﬂﬂuﬁ'lﬁiﬂiﬂiﬂﬁi']\‘lmi@Qﬂﬂi“ﬁﬂﬂﬂ@]i}'lﬂﬂ']ﬁellugﬂiﬂu LU NITTIATIDOU Wﬁ@ﬂ'li@]ellugﬂ

[

Y o Z}J o ) @ dy wa g Y = [ dyl
Fou vanimililiinsan msaugy waznisdSvlyeanifaisanuion Senanvauziin

v o

mannd1 manndusanguesniily 23 nquuazidydnuaiduanilunissi 2.2 Fuduns
ATz HaumauIniIiasy @15NaRUAI9Y 19U Cu Ni Cr Ni+Cr @115ungu S09CK
S15CK $20CK fi1/3una 1aiifu 0.25% 0.20% 0.30% tag Cu Ni Cr 10 Ni+Cr dmiunguaue)
l1in251AU 0.30% 0.20% 1Az 0.35% 1HANNA1 3 Ngu Av S09SK S15K uag S20CK 1Fd1msy

o a < J d <3 o a 1A
yaanunelumsiguAIIRI8A15 DO (Case hardening) IMANNA1AITHINITHAAIINLNAIDU

< Y a . . o = A ddg! 1 Aa A =
nannannalna (Killed steel 1ng0t) uazmmimmammugﬂmmmmuﬂwm ATITIUNITA

Yugillidesndn 4s [17]
A ¢ o
2.2 MawondIanlanzuNangw [18]

a J Aa 4 Y a A 4 [ I A
WuzAbg N 1desuenisionorinlanzunaagu iunszuiumsiyonTay

. ) . L .
T¥aayeuldosvuaanainiiuaia Fagnilouriuiuseuns o uion (Torch or Welding
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v

gun) 0ONNIBEABLLBIMIUNDI AL NB1INTLLE (Contact tip) AIAFONILTUNEA VRO
o o Y d’ Y ﬁ' v A ay a 4 45!
nszuahldnszumyon lvariigaia wWolmeaauaznuia Tane 5 uauazinan15015nIu
9 4 A Qy A Y I 1 [BR]
ANNTBUIINBITNITHABNHI TansF ua waztasadtarenlmiluvea Tavizaielougiio
4 [ [ ] ] 1 (K% ]
WADNINANVBITOUITON YRZIReINUUNANINNOUTTIE Inaieteginiasesnulnaqu
' N s Ao w [ A A Yy 1w
venasumaduazysnuseulalonsnuag Tangihaavasumad unanguiden 19 1aun und

A I [ v A = (23 23 [ A
oy uoanvlund susueaNuNa tazunaneay uaaaalugiln 2.2

Gas nozzle

Wire guide and
contact tube
Sohdified slag

Shielding gas

Tubular electrode

Powdered metal,
flux, and slag

forming materials

Solidified

We

22.1 gunsalnlFlunszuaumageundndnes

Weld pool
7 Arc and

metal transfer

saq Y A v o A ¢ g A q9 A4 A
gUnsainlmvlounununssuIUMIFeN1 N larzunanguile ldalaioun
9y 24 ' o =~ A A o A A A Il '
ApamsunalnaguaINNIeuaNITUANA NN UINEUATDIFONLaz T Ao NNNY A TN
0w A Aquyu A L. q Yo W A o
dmSumswoun 19a1a%ouuy Self - Shielding 92 lildnwnainagy inseenruguanua,
A [ 2] [24 a J J a o A o A A =
inseeiadsuums nauna,meund, lsduosanauaz uemFavesiuFoui uFoui litiuow
a v a a ' ¥ a < o A = <3 A Y ]
iFavzeonuuUiInwiuana1IniInnN 2 lldarsvesiuseutivuamniiio lvn1suoaiiu

A dd%’ a S A a A v J J A W KX o Y S o =
Gllmgl,‘]fﬁ)llﬂﬂluﬂilﬁmfﬂiﬂﬂlﬂﬂinﬂﬂ'lil‘]f?)ﬂwaﬂ“]fﬂ?Jii]w\lﬂ’)ull'lﬂi]\ﬁﬂl‘ﬂu@@\ul‘ﬂ@@ﬂﬂ]u@EJ‘V]

u

WuFou [20]
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222 vanmsi¥ounansnes
A v o SN Yo ] o ' A o &
MIoundndaos lasuaudouNnN1T91sNIZHINAIAFOUN VT UNUKIADY

a 4 4 J 1 1 4
azaeivih Tanz ez darsarasen Tanzaraourasuaz aezgndInionIueIing
< < 4 o Y o 4 & o ¢
Fununmeiumunseuunalnaquldvinmswasuazmevesandmelualadon Feldnd

1A 1 o Y ' ZIJ v o Y Ao o a v 3 a o 9y a
lifisauaszshliunadnaquiiniudimihidvasendou, uandndudeourhldinani
a £ a 1 ) A a Z}J J 1 o a
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YouiuFeuiolnaquuinueinneluarafenionasuazaeudlrvzassarlnaquiile
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Y 1
Tamadeiiotazinied [20]

2.3 MIFOUFUTOINY (Buffer Layer Welding) [21]

9
Y

4 2 A A g o ' g o
M3 FeuFUsoeil Ao 1uaAIna1tdszauseine laned uau (Base Metal) AT
4 Aa < o Qy 4 a o 4
WOUNDNAILY (Hardfacing Layers) 119 laned uaunaz Tanziwoudananu laauaziile
Y [ A A a 9 Y A ay A ) YA J ay
YosrunanideananasosuanivedlaTasnulauundonluguaunluldlinmsguiuan
E2 1
(Preheated) HazanaransznumsAaaNuaToalus uu¥eutazdoinsnansenuveInsde
J [ 4 1a 1 Z}J a <Y Qy
svesaunaumaniuazilostumayonliidaszrieFuneniudsiulanes uay uay

[ Il a ZI./ a < 1 ZI/ Qy
Yosiululinasosuandvessuwenimdud lilgsu Tansd uau

A A o«
2.4 MIBONNBNHN IS [22]
1 I ad a P T~ L 9 v a = o A v
msanuad lanziudsmsmayisnils s9i 14 Iaeldiag lanewiiahoanunionis
9 [
FUANY INADVVUAIVOIT UNUNADINT 29819951 1na01 Tany TansHay 15310A Wa1aan
= a < @ a ' @ ) = . ]
MsnaeUAd ovudnyazAinu hivasvazanesiun lave i l1inaen (Adhesion) 1951
2 [l
MIUAINSE YUY taze1AYn WieR1 langd uurasyazales Ny Tanedaihmuniou
E2
@ (Cohesion) Tanzrauiingmimndoun s UNUAEY
as Aa 3 I ad o Y =< ) ?z}/ a v A
A55uITMINenAl lanziwdulasri 14 lavgsaivinentiuvasvazalgnan U
Qy A o a 9 < A a dyd 1 a I s
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Surfacing)

A, a < - 1 a a Q'{ ?1‘/ 1 3
n3suASNenAuds ulFu I uranstlud ldvaauansaaaludl a.6.1896 Aau lu
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1 a..1920 IdinenssudsiinldlugamunssuniziniuTaoneniud sz iniu e 14
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a S A A [ o J ?zl/ Y v 3
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4 1 d A = 9 A
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2.5 MIdUYU

< @ | 1 4
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9 v
ﬂ’me?Emmﬂmﬁugﬂ (Process annealing) N199UODY (Annealing) msevulfinsuauaue
. y = 7, . A ¢
(Normallizing) waznseu NI uNAUNANNY (Spheroidizing) ﬂizﬂjuﬂ1il“ri61uui;ﬂﬂ§$ﬁﬂﬂ
ensaaeanuATon AuauLazlSunInsgnesive wld e IR autiananaves

v Y
mannduasundaslaeliseazideasine 1T
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[ 9
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o o y 4 4 S 4 ..
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Abstract

This research aimed to study an effect of a post weld heat treatment on JIS-S50C
hard-faced layer properties produced by a flux-cored arc welding and to study a relation between
mechanical properties and microstructure of a weld metal that was pre- and post-weld heat
treated. The summarized results are as follows. Post weld heat treatment (PWHT) was not

required for the hard-faced layer on base metal because it affected to distort the base metal shape

malizgimmatudafnnszdunatesunngd afefl ¢ Tadainnds uminedeAaihng 3234
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and produced a large crack at the interface between HAZ and base metal. The maximum
distortion of the base metal was about 2.8 mum when 3 cycles of post weld heat treatment were
applied to the hard-faced weld metal. i1y layers of the no-PWHT weld metal indicated the
hardness of 703 HV that was higher than that of the 3" layers of PWHT weld metal. Variation
amount of white and grey phases that were included of chromium, silicon, molybdenum and
vanadium due to PWHT affected to vary the hardness of the hard-faced weld metal.

Keywords : Flux cored arc welding, Hardfacing layer, Heat treatment
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