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B EAMA R R S AR, 12 B AT B IRIE A R 2 (WAAM) B S & R4/ B E L L 2
3R FEAK. At AR LA IRIE AR 3 R E &L IN625 4+ EA#eS 304L/TC4 #ZEAH, FH4£ IN625/TC4
HERBIIAY T Nb A IammR, AAFREMUMAER, LEIHR A FRE LRI F: L IN625 A+
BT AR 0 ) & 304L/TC4 45 AT, 78 304L/IN625 A1, [ A& AH AR 69 AL, MW y-Fe+ a-Fe R #r4% A4
y-Ni, £ IN625/TC4 M, d T Ti-Ni Zigh £, &RXSBHFeI4L MR AA y-Nioy-Ni + TiNi; + (Cr, Mo) +
Laves—TiNi + TiNi; (42 #4X) + (Cr, Mo)—TiNi + TiNi; (M 4k) + (Cr, Mo)—TiNi + Ti, Ni + (Cr, Mo)—p-Ti +
Ti,Ni—p-Ti + Ti,Ni + o-Ti—p-Ti + o-Ti; #E M4 8 304L £ TC4 BHARFEHIKZI L LG THeLH, £
40%TC4 Y5 BAR JE ik 3 KAA 812HV, 5, V2 B TiZ 5 80E K2 M Ik TiNi; #8& TiNi; + (Cr, Mo) #8697 sk, ; 5 E A4+
FHRALIRE A 201 MPa, TP RES 1.9%, BT X AL, BATEE 100%TC4 B E, % EE%M
WA B-Ti+ TN, AFFRILE T 838 BG4 H A B &L IN625 4 F A 469 304L/TCA Hh A, F—E
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Analysis of the Microstructure and Properties of the 304L./TC4 Gradient
Material Prepared by Wire Arc Additive Manufacturing
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Abstract: As typical engineering materials, stainless steel and titanium alloy are widely used in the aerospace indus-
try, chemical engineering, electric power, nuclear energy, marine equipment, and other fields. The gradient ma-
terials prepared from these two materials exhibit multiple excellent properties. However, the strength, especially the
tensile strength, of stainless steel/titanium alloy gradient materials prepared by wire arc additive manufactur-
ing (WAAM) is relatively low. Therefore, the 304L/TC4 gradient material with IN625 as the intermediate material
was prepared by WAAM, and a small amount of Nb was introduced to the IN625-to-TC4 transition region to control
the phases. The microstructure, elemental distribution, and mechanical properties were systematically investigated.
The results show that the 304L/TC4 gradient material can be successfully prepared with IN625 as the intermediate
material. On the 304L/IN625 side, with the change in material composition, the phase gradually transitions from -
Fe + a-Fe to y-Ni. On the IN625/TC4 side, because of the poor mutual solubility of Ti-Ni, the phases in different
zones are as follows in sequence: y-Ni—y-Ni+ TiNi; + (Cr, Mo) + Laves—TiNi + TiNi; (short rod-like) + (Cr,

Mo) —TiNi + TiNi; (network-like) + (Cr, Mo)—TiNi + Ti,Ni + (Cr, Mo) —B-Ti + Ti;Ni—p-Ti + Ti,Ni + o-Ti—p-
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Ti + o-Ti. The microhardness of the gradient material from 304L to TC4 first increases and then decreases as a whole.

The maximum hardness of 812HV 5 is reached in the 40% TC4 deposit layer, which is attributed to the formation of a

large number of network-like TiNi; phases and TiNi; + (Cr, Mo)phases in this deposit layer. The average tensile

strength of the gradient material is 201 MPa, and the average elongation is 1.9%. The fracture mode is a brittle frac-

ture, and the fracture occurs in the first layer of the 100% TC4 deposit layer, whose main phase is -Ti + Ti,Ni. This

study proposes the preparation of 304L/TC4 gradient materials with IN625 as the intermediate material through

WAAM, which improves the tensile strength of stainless steel/titanium alloy to some extent and provides support for

its application in a wider range of engineering fields.

Keywords: wire arc additive manufacturing (WAAM) ; 304L/TC4 gradient material; microstructure; mechanical

property
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Tab.1 Chemical composition of the test substrate and wire materials %
M‘ /{dr Wc Wsi Wni Wer WMo Wnb Wri Wre Wal Wco Wy
SS304 FkAR 0.075 0.60 8.10 18.30 — — — gy - - -
304L 2244 0.025 0.07 8.50 19.20 — — — R — — —
IN625 2244 0.040 0.06 A 21.59 10.00 4.15 0.16 2.79 0.17 0.06 —
TC4 24} 0.050 0.42 — — — — R 0.10 6.10 — 4.07
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Tab.2 Process parameters for preparing the 304L/TC4 gradient material
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Fig.1 Schematic of the preparation process and the
formed specimen of the 304L/TC4 gradient mate-
rial
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Fig.2 Schematic of the wire feeding velocity strategy
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(X-ray diffraction, XRD) , i% XRD Ak H AT
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Fig.3 Schematic of the sampling of the 304L/TC4 gradi-
ent material and tensile specimen
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Fig.4 Thin-walled 304L/TC4 gradient material specimen
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Fig.5 EDS analysis of the 304L/TC4 gradient material
along the deposit direction
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Fig.6 EDS analysis of the 304L/TC4 gradient material
along the horizontal direction
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Fig.7 Microstructure of each layer in the 304L-to-IN625
transition region of the 304L/TC4 gradient material
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Fig.8 XRD analysis results of different deposit layers in
the 304L-to-IN625 transition region of the
304L/TC4 gradient material
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Fig.9 XRD analysis results of different deposit layers in
the 1IN625-to-TC4 transition region of the
304L/TC4 gradient material
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Fig.10 Microstructure of each layer in the IN625-to-TC4 transition region
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Fig.11 Microstructure of different positions on the TC4
side
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Fig.12 Microhardness distribution of the 304L/TC4 gra-
dient material along the deposit direction
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Fig.13 Stress-strain curve of the 304L/TC4 gradient ma-
terial
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Fig.14 Fracture morphology of the 304L/TC4 gradient
material

TE 304L/TC4 BEEEME, AR Z g AHZH
T A3 A 4 AHE]. 3041 ZE IN625 Il 5 4K Bl i 45
1%, AR F2 22y 8 AR K, ANAELE R 1 4R (AL A
Y15 IN625 & TC4 M mARAE R Ay, (A 2R F
&g LA P rbr B ST, &R AL A A
By Metk, MG w Ay R, FERRFER 2R 4R
[ 4k G 2 0] L K 5 364 2 0] A8 B B ) AETE R K 22



© 396 - KHAR AR (A AR5 TR

F59% H4M
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W7 B R i R Y ING625 2 TC4 . A EwFot &
7N, FE Ti-Ni &1 3 &R b e, Hiapie | 5y
PIIASE DL A i A AR X A/ INHE P AR ], A3/
YR Jg TiNiz ., TiNi, TipNi. H1 TR R AL bk
HUWTZLARE T, Tl TLNG 763X 5 T 1Y g 7 e s 1.
[F] RO ZUE S, TE B )2 100%445 8=, SO0
HAUH TN HeRAHS B-Ti B, AT TiNi 5
TiNi; LA} TiNi 5 TioNi, Ti,Ni #1 B-Ti Z i Sk gs
FRASTE e ) 25 A K, A T Ak 25 5 7 A o T 4
o, SRR AR RIS TN BORAH M5 52,
FHA A 28U &) T R Sy . R, 1
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Bk, R 304L/TC4 6 FE Ak o i 55 X 3.

K WAAM i 2 L IN625 Sy o [a] 41 K
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i1 4 Je (B Ak A i AR s RIS H] IN625 2R
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1P ARSI T A S AN AL B AR TR AL, BRI
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B, FEEEARHRLR B T2 201 MPa.

3 & it
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