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Abstract: Thick-walled 316L stainless steel components fabricated by wire and arc additive manufacturing (WAAM) un-
dergo complex thermal cycles during deposition, which tend to cause microstructural inhomogeneity and residual stress.
Post-weld heat treatment is an important approach to improving their overall performance. In this study, 316L stainless steel
thick-walled components were fabricated by pulsed-current WAAM and subjected to heat treatments at 800 °C, 1 000 °C,
and 1 100 °C, respectively, to investigate the effect of heat treatment temperature on the as-deposited components. The re-
sults show that after heat treatment at 800 °C, the microstructure still consists of austenite and a small amount of ferrite, the
hardness decreases slightly, and the self-corrosion current density drops to 63%-99% of the as-deposited value, indicating
improved corrosion resistance. After heat treatment at 1 000 °C, dendritic coarsening becomes significant, the hardness de-
creases more markedly, and the self-corrosion current density increases to 104%-169% of the original value, indicating re-
duced corrosion resistance. After heat treatment at 1 100 °C, ferrite is almost completely dissolved into austenite, the hard-
ness decreases significantly, and the self-corrosion current density increases to 122%-265% of the original value, indicating

a drastic decline in corrosion resistance.
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Table 1 Chemical composition of substrate and welding wire (wt. %)

R C Cr Mn Ni

B Y <0.18 — 0.35~0.8 —
Sy <0.03 18.0~20.0 1.0~2.5 11.0~14.0
ok Si S P Cu Mo
etk 0.30 0.04 0.04 — —
Sy 0.30~0.65 <0.03 <0.03 <0.75 2.0~3.0

N5 VU A B A W s T ) AT = A R 1
H] L RAR L A T AR AR A, BUORE SR LA 1,
XoF U ZH IR () AN [R] AT 43501 552 800 °C . 1 000 °CHl
1 100 °CHULBR, PRI IS4 1 h, 4007 X8 28
¥, BRI 3. SR 4 M0 s R G Xt =~k imi
() R ZH AR A T RAE o W iR Bl ) LA 0.4 mm 45 (1]
A3 A0 BE I 10 A0 5 6, 7 DA T 2 G0 ) st
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Table 2 Deposition process parameters of formed parts

TR UL 123
) DU 2N PRI
G5 W R - : TS R
/(mm-s™")  F4HFE]/S /mm
/A 1A /Hz
1# 150 20 180  SiE20)Z2  — —
24 150 20 120 2iH20)2 2 5
3# 150 20 120 21202 3 5
4 5

44 150 20 120 23820 2

L Y R

(b))
E1 XA R
Fig. 1 Specimen cutting method
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Table 3 Heat treatment process parameters
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Fig.2 Macroscopic appearance of formed parts
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Fig.3 Metallographic diagram of formed parts before heat treatment
HHZHZL. BT, 1000 CCHAE IS  BEERAE R MR, X HORBE TS BRI AT Ak BTG
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F— BT LS B, H— OB A R P B SRR AL, DA 48T 5 1 R 20
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Fig. 4 Metallographic diagram of the upper part after 800 °C heat treatment
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Fig.5 Metallographic diagram of the middle part of the formed part after 1 000 °C heat treatment
F 1000 °CHALEL L 800 CCHAAL R AT LIRS AHIE . AT LASE i i i & 2 Wﬁ i -SRI
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Fig. 6 Metallographic diagram of the lower part after 1 100 °C heat treatment
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Fig. 7 Comparison of hardness before and after heat treatment
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Table 4 Electrochemical corrosion data of the upper part of the

formed part after 800 °C heat treatment

1k FUBMAERE BB E R A B

4 x107%/(A-ecm™) v RG2S 53 L%
1# 2.069 -0.283 -14
2 3.410 -0.362 -1
3# 3.565 -0.317 -37
44 4.410 -0.383 -2

RS HBRAPER 000 CCHALIE S B AL S BT
Table 5 Electrochemical corrosion data of the middle part of the

formed part after 1 000 °C heat treatment
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Table 6 Electrochemical corrosion data of the lower part of the

formed part after 1 100 °C heat treatment

B AL 3 b g 2 BE $AAb 7

BN LB o Pl R B

i x107%/(A-em™) PV WA A 53 /%
1# 3.705 -0.266 54
24 9.085 -0.249 165
34 4.057 -0.391 -28
a4 5.501 -0273 22

His x107%(A-cm™) (Y HEASAE T 43 /%
1# 4.061 -0.296 69
24 3.565 -0.317 4
3# 3515 -0.359 -38
44 5.187 -0.361 15
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o TR AR TR R S AR SR 1100 °CHb

&1 8 S A [ ik B R FA A 33U S 1) Tafel i
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Fig. 8 Comparison of Tafel curves before and after heat treatment

72 T WA g it
3 Hig

(2) H 3R HE A h 32k 316L JEERE I 1445 800 °C .
1 000 °CHII 1 100 °CHALFE S5 , 4 A S AIA IR S 2 Biti
JELRE T LA, e 1100 °C [ B O Rk B
SRR R SRS T R, 800 CCRALM IS R
FHAE B SR s (Al A8 /N T o (R A Bl /I i
T2 7%) , 1 000 °CF B ME B35 K, 1100 °C 2
BT

(2)800 °CH-) (LA PR 5, PUZH FE [ JE ik
T2 A A 2 A BRI Y 63%~99% , Tiif i PR3 T
1 000 °C #A4b PR A JELBE B (4 B BT Tl BE T REAIK
1 100 °CHA A 38 AR T JEE BE TR A2 1 e g ok
HE ST .

(3) 2R P Bl 5 W6 1) JELE J I A2 22 i I Ah 3
BENE PR e O 5 = s g T T B N R
RE I KR FEREA

S

(1] JAse. A aedliE — v 65E 20257 /) EX 51 [T].
LB TR, 2015(17) : 2273-2284.

ZHOU J. Intelligent Manufacturing Main Direction
of “Made in China 2025” [J]. China Mechanical Engi-
neering,2015(17):2273-2284.

[2] MW 270K, X R JEERER (7 (] BRI G AR
FWTFEIUIRLT ], HIARHIL, 2020,50(7) :9-17.

SUN QJ,LIJ Z,LIU Y B. Research status of narrow
gap laser welding for large thick—wall component [J].
Electric Welding Machine,2020,50(7):9-17.

(3] BRUUAS, 250k, EW0lR , 55 . JEREE A O T 8 5

JEBEAR BR A [ 7). JLAR TR 2241, 2010, 46 (22)
53-57.
ZHANG S J, LI Q, WANG L J, et al. Analysis on the
Forming Limit of Cold Open-die Extrusion with Man-
drel for the Thick—walled Tube[J]. Journal of Mechani-
cal Engineering,2010,46(22):53-57.

[4] Hhibehs . PO1HYIERER T A8k T 2T [D ], db
5 UL AR ST B, 2011 .

MA X H. Simulation and Experimental Research on
Vertical Extrusion Process for P91 Thick Wall Steel




60

43K

2026 4F

(5]

[7]

[10]

[11]

[12]

Tube [D]. Beijing: China Academy of Machinery Sci-
ence and Technology,2011.

TROCHR , ok 4 L, A5 . AL X CMIT HL S 1
i3 Inconel625 & 43 JSEREFFLH U S HERR M52 [T ]. AL
T AR A}, 2020,44(10) : 17-21.

XU W H, ZHANG P L, JIANG Q, et al. Effect of Arc
Trajectory on Microstructure and Properties of Inconel
625 Alloy Thick-Wall Parts by CMT Arc Additive
Manufacturing[ J]. Materials For Mechanical Engineer-
ing,2020,44(10):17-21.

PR, 1 I, XU AL, 2 RIZREE R AMZ 2 2185
BT PR UG PERE A M [0 ], ARSI,
2020,34(22):22118-22123.

SUNY,FENG Y H,LIU S Y, et al. Microstructure and
Mechanical Properties of the Large Thickness High Ni-
trogen Austenitic Stainless Steel Component Deposited
by Multi-layer and Multi-pass Plasma Arc Additive
Manufacturing Process[J]. Materials Reports, 2020, 34
(22):22118-22123.

Ding D H, Pan Z X, Cuiuri D, et al. Wire—feed additive
manufacturing of metal components: technologies, de-
velopments and future interests [J]. International Jour-
nal of Advanced Manufacturing Technology, 2015, 81
(1-4):465-481.

Busachi A, Erkoyuncu J, Colegrove P, et al. Designing
a WAAM based manufacturing system for defence ap-
plications [C]//4th CIRP Global Web Conference on
Understanding the Life Cycle Implications of Manufac-
turing,2015,37:48-53.

Williams S W, Martina F, Addison A C, et al. Wire plus
arc additive manufacturing [J]. Materials Science and
Technology,2016,32(7) : 641-647.

Dinovitzer M, Chen X H, Laliberte J, et al. Effect of
wire and arc additive manufacturing (WAAM) process
parameters on bead geometry and microstructure [J].
Additive Manufacturing,2019,26: 138-146.
AR, AL R, A5 L A IS A i ROR S
JO7 FH B4 A 0 JR (0] o [ b A BE JEE L 2021, 40(3)
198-209.

YU SF,YURS,HETY, et al. Wire Arc Additive
Manufacturing and Its Application: Research Progress
[J]. Materials China,2021,40(3):198-209.

Deb Roy T, Wei H L, Zuback J S, et al. Additive manu-
facturing of metallic components—process, structure
and properties[ J]. Progress in materials science, 2018,
92:112-224.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Chakkravarthy V, Jerome S. Printability of multiwalled
SS 316L by wire arc additive manufacturing route with
tunable texture[J]. Materials Letters, 2020, 260: 126981.
EBI KGR, J7 T % . CMT L3I b 3161
AN B SO A T 5 U RE A A (7). AR B2 i,
2019,40(05) : 100-106
WANG X G, LIU F C, FANG P, et al. Forming accu-
racy and properties of wire arc additive manufacturing
of 316L components using CMT process [J]. Transac-
tions of The China Welding Institution, 2019, 40(05) :
100-106.
o Fi i, 461, R A5 CMIT B A4 il i 3161 A
BB R 5L ] & JE i T (T,
2023(6):18-23.
WANG R C, CAI C Q, HAN S G, et al. Analysis of
forming efficiency and microstructure of 316L stainless
steel made with CMT additives [J]. MW Metal Form-
ing,2023(6):18-23
Jin W, Zhang C, Jin S, et al. Wire Arc Additive Manu-
facturing of Stainless Steels: A Review|[T]. Appl. Sci.,
2020,10:1563.
Wang L, Xue J, Wang Q. Correlation between arc mode,
microstructure, and mechanical properties during wire
arc additive manufacturing of 316L stainless steel [J].
Materials Science and Engineering: A, 2019,751:183—
190.
TR R RSCHT, EFid , 55 . AR Ok i oI 1 il
316 NE WAL 2 ERERYZm [T ], SR 45240
2024,45(04):79-85.
REN X H, LIANG W Q, WANG R C, et al. Effects of
different welding modes on microstructure and me-
chanical properties of 316 stainless steel by wire arc ad-
ditive manufacturing [J]. Transactions of The China
Welding Institution,2024,45(04) : 79-85.
Qiu Z, Wu B, Wang Z, et al. Effects of post heat treat-
ment on the microstructure and mechanical properties
of wire arc additively manufactured Hastelloy C276 al-
loy[ J]. Materials Characterization,2021,177:111158.
Tascioglu E, Karabulut Y, Kaynak Y. Influence of heat
treatment temperature on the microstructural, mechani-
cal, and wear behavior of 316L stainless steel fabri-
cated by laser powder bed additive manufacturing [J].
The International Journal of Advanced Manufacturing
Technology,2020,107(5-6) : 1947-1956.
AR PRSCRE, 7 A5 TNV BT H IS A 1 3
SR AN AW OUL 4 20 % P 452 PR A0 IR RE A 2 i [ .
&~ THETR



