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Abstract: To achieve the preparation of an Aluminum-containing Austenitic Stainless Steel (AFA) layer on the surface of
nuclear-grade 316H stainless steel substrates, wire arc additive manufacturing (WAAM) technology was employed. The
study investigated the influence of deposition current on the formability, microstructure, and mechanical properties of the
316H/AFA steel composite components, achieving excellent single-pass multi-layer forming results through the optimization
of process parameters. Three groups of deposition currents—117 A, 133 A, and 148 A—were set, with a fixed weaving
length of 2.25 mm. The optimal weaving width corresponding to each current was determined via single-pass single-layer ex-
periments. The microstructure and phase composition of the components were characterized using metallographic micros-
copy, EBSD, and XRD. Mechanical properties were tested via uniaxial tensile tests, and the ability of the AFA steel layer to

form a high-temperature oxide film was verified. The results indicated that the optimal weaving widths corresponding to the
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three deposition currents were 11.0 mm, 12.5 mm, and 13.5 mm, respectively. As the deposition current increased, both the
layer width and layer height of the AFA deposit increased, with the layer width being more significantly affected by the cur-
rent. The AFA deposit primarily consisted of columnar austenite grains growing along the deposition direction, and the grain
length increased with both deposition height and current. The 316H/AFA steel fabricated by WAAM exhibited excellent me-
chanical properties, with an elongation at break exceeding 40%, and superior interfacial bonding strength at the 316H/AFA
interface. After oxidation in an air environment at 800 °C for 120 hours, the AFA steel layer could spontaneously form a
dense AlLO; oxide film on its surface. This study provides significant experimental support for the process optimization, mi-

crostructure and property control, and engineering application of AFA steel fabricated via arc additive manufacturing on

316H stainless steel surfaces.

Keywords: Arc-based additive manufacturing; AFA steel; deposition current; microstructure; mechanical properties
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Fig. 1 (a) AFA wire; (b) dimensions of the tensile specimen (Unit: mm)
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Table 1 CMT WAAM parameters used for preparing 316H/AFA steel

Si's DU I/A  BIKHRJE UV 228/ (memin™)  EHEE/ (mm-s™)  #EA/(-mm™) SR/ (Lomin™) A /(L min™)

AFA-1 117 19.0 43
AFA-2 133 19.4 5.0 4.5
AFA-3 148 19.8 5.7
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573.37 18 20
651.20

1.2.2 VLA LR R AE

K HL K AEZ YD U] BURAE 47 IO 20 218
fEFN 72 pERE MR o K 1aURE HH 80~20004 4 HH D 4K
FTIE 5 A TALMAI O FS |, K R AR - ik SR ia=1
S3)JEM 10 s, SERLAAHEIRE . SR H ZEISS Scope.Al
4 A S A X CMT HL 9384 4 316H/AFA 44 1% 1 1Y
AN R AL B AT 42 AH 2 U %58, if — 2 ] ZEISS
Smartzoom 5 A5 IR BB AL Sk T 50

K X 51 £k 7 511X (XRD, Philips X'PertPro
MPD) %} CMT HL 94 £1 316H/AFA X ¥ 15 9 k1 43
Bro MAZSECH . TAER R 40 kV, HLIE 40 mA, H

£ B 25°~90°, FHHLRE 0,025, FII L&A RETE
1 (EDS) Al HL 5 55 117 53 (EBSD) #8 3k 1) JEOL
JSM 7100F 9 4 H. 7 2 73 5% (SEM) #E 17 EDS JC %
43 A A1 EBSD R 4E 43 #7 , EBSD TAF L %k 20 kV,
LA 15 mA, F#AE KN 1 um,
123 A5 hatniX

AT Y CMT HL R3S B4 316H/AFA X 1Y AFA
G4 )25 316H F bt FLim i 45 4 58 5, X 316H/AFA
BT AT AR 2 PR AR, AR RS
1b IR o >R H TSE WL ¥ J7 GBI g0 AL 4 T Bl 4 it
TR, BEAFEER g 1< 107 s, 38 3 HA 5 i) e



553 1]

FooR A DU TSR i 316H/AFA B0V ZURIT ) “# P RE IO 520 47

2 GRS

2.1 AR R R SR A BN

22k v I A il i R E S b 42 s 22 44 1%
JEHERURIEN . R RSIE 316H/AFA 9 B BE(: R R
S R 25 BRI R K, 7F CMT HL g
MSEPEIAEN S fx R 1Eer =4
316H/AFA Y CMT HLyI A T 2 S50, 1 5878 % I
[ 316H FHepR b JF 2 il 2 T 2300, BV 7E 316H
Kb b RERTTAAE AFA B4 2 UIRRGED
B SR, BIRSIE AR IR 2 B 2 iR . 4553k
W DURR LI 133 A BESIK EE 2.25 mm B, 480 58
S 11.0 mm 1 12.5 mm ¥JREIRAT 3 LE T nl WAL
) AFA UTRRZ s IR L I ok 117 A R 148 AR, AN
A2 Bl K B RN B0 9 B T DU Y AFA & 42 a0
ODANESE , A S, inE 2 iR . 534h, Tal—2
KR (1 AFA-1 49 2.25 mm) , B2 50 58 B M\
14.0 mm [FK 3 11.0 mm AJ T B U B

2 FERBRRHENTERAMNE

Table 2 Oscillation process and forming effect under different deposi-

tion currents
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Fig. 2 Forming effects under different oscillation parameters: (a-f) I=
117 A; (g) I=133 A; (h) I=148 A
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Table 3 Oscillation parameters and forming dimensions under differ-

ent deposition currents

- U [ESTINIS 12598 Egtmm JEE/mm
/A J/mm £ /mm
AFA-1 117 2.25 11 13.6 2.3
AFA-2 133 2.25 12.5 14.8 22
AFA-3 148 2.25 13.5 154 22

B3 CMT 341 HliE 316H/AFA $0: (a-b) AFA-1; (c-d)
AFA-2; (e-f) AFA-3
Fig.3 316H/AFA steel produced by CMT WAAM: (a-b) AFA-1; (¢-d)
AFA-2; (e-f) AFA-3
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4 CMT RE5RiHF 1% 316H/AFA $WHI (a) B E EIF0 (b)
CTH
Fig. 4 (a)Cross-sectional view and (b)CT image of the CMT arc ad-
ditive manufacturing 316H/AFA steel
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Fig. 5 EDS line scan results at the interfaces between (a) the first and

second layers, and (b) the third and fourth layers of the AFA deposi-

tion layer shown in Fig. 4a
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Fig. 6 Influence of deposition currents on (a) layer width and layer height under different numbers of layers, and (b) average layer height and av-

erage layer width
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Fig.7 Optical images of the AFA-1 sample: (a) Low-magnification image; (b-c) top region; (d-e) middle region; (f-g)bottom region
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Fig. 8 Optical images of the AFA-2 sample: (a) Low-magnification image; (b-c)top region; (d-e) middle region; (f-g)bottom region
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Fig. 9 EBSD results of the AFA layer along and perpendicular to the

deposition direction

(a)
600F

(b) 700

600F

500} i
S 400r 3
300k <]
=300 o
200f =
100F
0
117 A 133 A 148 A 20
/A

10 316H/AFA SRR Z=IRHL R S MERE : (a) B2 77-RE 32 B
%; (b) ARNMEBIR TR 1 F 4
Fig. 10 Room temperature tensile properties of 316H/AFA steel:
(a)stress-strain curve; (b) mechanical properties under different

deposition currents
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Fig. 11 Characterization of the oxide film formed on the surface of AFA steel after oxidation in air environment at 800 °C: (a) XRD pattern of the

AFA steel surface; (b) SEM image of the cross-section of the AFA sample, and its corresponding (c) elemental mapping distribution
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