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Effects of Hydrogen Addition in GTAW Shielding Gas on Microstructure
and Properties of ER308L Wire Deposited Metal
ZHAOQ Jiangyao*’, ZHOU Bagjin’, WANG Guofw?, XU Yina?, JAO Shuaiji€?

(1. Harbin Welding Ingtitute Limited Company, Harbin 150028, China; 2. Harbin Well Welding Co., Ltd., Harbin 150060,
China)

Abstract; To address the problem of insufficient strength-ductility synergy in ER308L deposited metal used for nuclear
idand equipment at a service temperature of 350 °‘C, gas tungsten arc welding(GTAW) was employed to investigate the effects
of welding speed, welding current and hydrogen addition in shielding gas on the microstructure and mechanical properties of
the deposited metal. The results demonstrate that decreasing welding speed and properly increasing welding current prolongs
the high-temperature dwelling time, promotes grain coarsening and improves the elongation after fracture. Hydrogen addition
into the shielding gas further increases arc energy and weld penetration, which significantly improves the strength-ductility
balance. Under the shielding gas of Ar-3%H,, the tensile strength at 350 ‘C is higher than 380 MPa and the elongation after
fracture reaches 27%. Neverthel ess, when the hydrogen volume fraction rises to 5%, the precipitation of ¢ phase is promoted,
leading to the deterioration of mechanical properties. The present study suggests that a proper amount of hydrogen is
conducive to optimizing the weld microstructure and enhancing the high-temperature ductility, while excessive hydrogen
induces the precipitation of brittle phases and deteriorates the mechanical properties.
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Fig.1 Schematic diagram of cooling curve test
for deposited metal
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Tab.1 Chemical composition of base metal
and welding wire (wt%o)

#MEL | C | S |Mn| S | P | Cr|N| Cul|V]|Fe
ER308L |0.013|0.38| 1.82 |0.0036|0.0025|19.87|11.2| 0.017 [0.01| 4%
304 |0.080/0.35|1.88|0.0035|0.0036|18.24|9.42| 0.075 [0.01 4%
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Tab.2 Test parameters of cooling curve test
for deposited metal

JEYsE | R JEET
T L L R T AT
IKIARIN | R | R /(L -min)|/(mm-min) B Sk
A |V R C
130mm/min 130
100 mm/min 100
—FF 260
80mm/min 80
60mm/min 60
12~14 4l Ar
180A 180 100
18 <80
220A 220 100
260A 260 100
300A 300 100
3%ES | 260 | 14 100 Ar+3%H,
5%EA, 260 | 16 100 Ar+5%H,

x3I BEIZSH
Tab.3 Welding process parameters

TRE R | R | R | R EENREE | R
G| WA N /(L-min?)|/(mm-min?)| /T SN
AR1 100
AR2| 260 80
AR3 60

12~14 ali Ar
AR4| 300 60

18 <80

AR5| 220 60
AR6| 180 60
H3 | 260 ~14 60 Ar+3%H,
H5 | 260 ~16 60 Ar+5%H,
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Fig.2 Cooling temperature curves of deposited metal at different welding speeds
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Fig.3 Cooling temperature curves of deposited metal at different welding currents
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Fig.5 Tensile mechanical properties at 350 C
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Fig.6 Weld bead morphology at welding speed
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Fig.7 Cooling temperature curves of deposited metal
under different shielding gas atmospheres
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Tab.4 Tensile mechanical properties of deposited metal
at 350 °C under different protective gases

EvEa ik JE RS | BUhisREE | WS Wit
sy L IMPa | /MPa | fifH<3R(%) | I046%(%)
H3 | 97%Ar+3%H, | 300 390 27 67
H5 | 95%Ar+5%H, | 289 381 24 59

MAESIG, W4 JEAE 350 CF P H i
I IR 38 B S48 BT R R, Ar+3%H, Ar+5%H, SR
THUHISR L4 WIFEAR 2 390 MPa, 381 MPa, Ji fil5®
JE 43 5 A 25 300 MPa., 289 M Pa, {H 731t /& 1% 2 1%
M AR EER , AR EEMZ,3%H, AT
350 C Wi Jm i K IR TF 2 27%; 111 25 H 3 & 5%
Ji RO FEL R 24%,
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sk KSTA3 A5 Bl (grain parameter, GP) 5 R3S 44 Bt
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Fig.8 KAM maps and GP maps of deposited metals
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Fig.9 Maximum, minimum, and average grain size
of FCC phase in deposited metals
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Fig.10 Weld bead morphology under different shielding gas atmospheres
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Tab.5 Chemical composition of deposited metals (wt%o)

w®h4is| C | S |Mn| S P |Cr|N | O|N

AR3 |0.0065|0.36|1.64|0.0055| 0.0072 [19.33|10.38|0.021|0.064

H3  |0.0056/0.37|1.57|0.0069| 0.0097 |18.69|10.03/0.011/0.035

H5 |0.0055|0.35|1.59|0.0059| 0.0098 |18.71|10.11/0.010/0.031
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Fig.11 SEM microstructure of deposited metals
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Fig.12 FCC and BCC phase analysis of deposited metal

9 |
- [ars
8 . s
| -
7 67 68 ! HS
|
—_~ |
X6
< 5.6 : 5.4
”ﬂﬂ | 51
= "42
& 4 |
& |
3 |
|
AR3 H3 H5 AR3 H3 H5 | AR3 H3 H5
(3RS fpER EBSD #1453t
Y s

Rl 13 NENE T T IA S R E RS &
Fig.13 Ferrite content of deposited metals
under different measurement methods

Yy, HATEREE, R REARSER T, MEELF
600 % 850 CHT, 8- BkR KRG A h o #H, o FtHZEM
R MatEAE , B B R SEARZS & 159 , 7Eh it F
H S R T L KR R 5 09 Lima 25 9%) 3001 47
%4 B kAT 850 CHAL B, A SRR 30min Al 1h

J&i o AT H 2512 3%F0 5%, Lee 25 PR 5 ik
S, BRSO SN T BT o
M, S56E 7 PARRSAEE T G A A ih g
U, Bl S i BN et T BT [ A, 5 2 485 o
WAMIRKR R 251 T, 22 20BN PEIR 2
iy T8 5 4 T K AT b T 600~850 °C 11 o Al 4
BTt R IXC ]

LA A AR RS T XELLX A) 8- RER o
A RETE T & B # U AR, R A EDS 43 T
AT BRI B AHERY A% 20 3 DL S S b R 25 i o A
AN RS, EARAE 8- # 34, Ik X AR3 H3,
H5 5 55 4 T A A 20 30 DL o g b 50 3 ol 5 L% o
Kl 14 7] UL, 3 AR h I AATE o MM IR ELBELR S
S AR EETHE, o AN R, R T
WEZH o M2 AR AR -ER R R A AT, X2
H T o M2 A R B A LR AT, HE IHEER R
PR e, LS R R -k R A R e S 1S
PRHET o MRIBT . XA R 10 TRAAH,

[zE R o~ o Ny - ke m{\\ N
Y u W $ ? ’ X ~ 4
B 3 p(} S
' e ~ ‘ a@a?\y
e kEkn [ 4 | agﬁ;ﬁ:\ - < \\m A
# )‘ C o 0'7“ } ( J .. ’ o /ﬁ o O'*E
- . Pl P ~ 1
. '_ "‘ P 1'/‘ . *ﬁ,/t‘r\ f—% \CE
/ - e oY - Vv
5 -\ii}, ; A \v\ e A /g"‘\( g \%/i o
R : ) ¥ S ’
& '.‘ : ,-",/ 10 0 pm T s, AWK g L)ﬂ 10 me — e ,»_W 10 0pm

14 IBEEE T o MAeFE T
Fig.14 Microstructural analysis of ¢ phase in deposited metals
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