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Effects of Ti Contents on Microstructure and Properties of Wire and Arc Additively
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Abstract ;: Reduced-activation ferritic/ martensitic(RAFM) steel thin-wall parts with Cr content of 9% were fabri-
cated by wire and arc additive manufacturing (WAAM). Specimens with different Ti contents (x Ti-RAFM, x=
0, 0.3, 0.8, mass fraction, %) were prepared by adjusting the chemical compositions of flux cored wires. The
effects of microalloying Ti on the microstructure, tensile properties and oxidation resistance of x Ti-RAFM steels
were investigated by XRD, optical microscope, scanning electron microscope, electron probe microscope, micro-
hardness tester and universal testing machine. The results indicate that appropriate amount of microalloying
Ti(x=0.3) leads to the in-situ formation of TiC and TiQO, particles in the molten pool, which can refine grains
and promote formation of martensitic microstructure. With the Ti content increasing to x =0.8, coarse ferrite
grains are generated in the microstructure. When x =0.3, microhardness and tensile strength of specimens are
significantly enhanced, which exhibit isotropy along different directions. In addition, the oxidation resistance of
specimens is obviously improved since Ti dissolved in the matrix promoting the formation of dense oxide film dur-
ing oxidation. However, with Ti content increasing to 0.8% , severe internal oxidation results in the reduction of
antioxidant properties.
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Tab.1 Chemical compositions of flux cored wires for

RAFM-xTi with different Ti contents %
wEB
I
Ak Cr w Mn Ti Si C Fe
0Ti-RAFM 8.97 1.495 0.8 0 0.2 0.08 4
0.3Ti-RAFM  9.01 1.5 0.8 0.3 0.2 0.08 4hE
0.8Ti-RAFM  8.99 1.5 0.8 0.8 0.2 0.08 4xif
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Fig.1 Schematic diagram of WAAM deposition process
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Tab.2 Process parameters of xTi-RAFM steels

SR ke B DB M R/

& /(L BE/(me JF/(mm-+ K/(kge A/ (kg-

min~ ') min"!) s h h™) mm™ ') m?)
0Ti-RAFM 20 8 4.47 4.27 729 7.872X10°
0.3Ti-RAFM 20 8 4.47 4.25 729 7.832X10°
0.8Ti-RAFM 20 8 4.47 4.23 729 7.796 X103
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Fig.2 Schematic diagram of extraction position as well as

geometry and dimensions of uniaxial tensile specimen
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Tab.3 Chemical compositions of as-printed RAFM-xTi steels %

wp
a4
Cr w Mn Ti Si C O Fe
0Ti-RAFM  9.01 1.45 0.28 0 0.07 0.08 0.037 &
0.3Ti-RAFM  9.01 1.46 0.32 0.2 0.08 0.08 0.047 4yt
0.8Ti-RAFM  9.02 1.45 0.44 0.56 0.11 0.08 0.032 4%
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Fig.3 XRD patterns of as-printed x Ti-RAFM steels
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(b) 0.3Ti-RAFM
B 4 3704 xTi-RAFM 40X 465 OM B 1%
Fig.4 OM images of as-printed 2 Ti-RAFM steels
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Fig.5 SEM images of as-printed x T-RAFM steels
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EPMA elemental mapping of as-printed 0.3Ti-RAFM steel
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Fig.7 EPMA elemental mapping of as-printed 0.8 Ti-RAFM steel
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Fig.8 Microhardness distribution of as-printed x TirRAFM
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(b) 0.3Ti-RAFM
B 10 %Y s B8 o TERAFM 403K 4 89 3540 B 0 % 52
Fig.10 Tensile fracture morphologies of as-printed x Ti-RAFM steels along Y axis
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Tab.4 Room temperature mechanical properties of as-printed
xTi-RAFM steels along Y axis and Z axis
Y IR i Z R

e biirag  JmRmE MK brhrig R i

JF/MPa JE/MPa #/% JE/MPa JE/MPa #/%
0Ti-RAFM 451421 273413 28.7£0.3 419£25 32212 10.840.6
0.3Ti-RAFM 778423 699415 15.4+0.1 67022 588414 14.8+0.2
0.8Ti-RAFM 438423 296413 34.84+0.4 390426 263+12 28.2+0.3
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Fig.9 Stress-strain curves of as-printed x T-RAFM steels

along Y axis and Z axis
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Fig.11 Oxidative weight gain curves of 2 Ti-RAFM steel for

different oxidation times
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