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Research progress on selective laser melting 3D printing
of titanium alloys and titanium matrix composites
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Abstract; As a kind of rising additive manufacturing technology in recent years, selective laser melting
(SLM) 3D printing technology has significant advantages and broad prospects in key and complex structural
components of high-performance titanium alloys and titanium matrix composites for aerospace, national
defense, and biomedical applications. The microstructure of titanium alloys produced by SLM mainly consists
of fine acicular o' martensites while in situ nanoscale TiBw and TiCp ceramic reinforcement phase can be
formed in the SLM process of titanium matrix composites. As a result, the components produced by SLM 3D
printing technology show better mechanical properties than those of casting and powder metallurgy. Based on
the introduction of the principles and features of SLM 3D printing technology, this paper mainly reviews the
basic research and engineering application progress on SLM 3D printing of titanium alloys and titanium matrix
composites, and looks into prospects of the related key basic science and technology problems.
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Fig.1 Schematic of SLM 3D printing apparatus
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Table 2 Typical microstructural features of titanium alloys and their composites prepared by different processes

o/’ lath width B phase width

Material Processing Microstructure Ref.
/pm /pm
TC4 Mill-annealed Globular § in o matrix — — [23]
TC4 Solution treated + aged Fine lamellar (o +8) — — [23]
Fine acicular o in
TC4 SIM <l1(a’) <100( prior B) [13, 24 -25]
columnar prior-@ grains
Fine lamellar (o + ) in <1(p lamella) ;
TC4 SLM +400 C/2 h <1(a) [25]
columnar prior-B grains <100 (prior B)
Lamellar (a + ) + globular 1 ~3(B lamella) ;
TC4 SLM +800 C/2 h 1~3(a) [25]

phase at prior-f grain boundaries

SLM + in-situ Fine lamellar (a + ) in

<100 (prior B)
<1(p lamella) ;

TC4 <1(a) [25]
heat treatment columnar prior-@3 grains <100 (prior B)
Acicular o in columnar
TC4 LMD 4 ‘ _ 0.88 ~1.57(a) 300 ~ 800 ( prior B) [26]
prior-@ with grain boundary o
TC4 SEBM Lamellar (a +8) 1.4 ~3.2(a) 1.4 ~3.2(B lamella) [27]
CP-Ti SLM refined acicular o’ — — [16, 28 -29]
TA7 SLM refined acicular o’ — — [30]
TC20 SLM Fine acicular 'in columnar prior-g grains <l(a') — [31]
Nanoscale TiB whiskers distributed
Ti - TiB SLM 0.6(a) — [32]
between fine lamellar o
Nanoscale lamellar TiC
Ti - TiC SIM — — [33]

distributed between fine « grains
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Table 3  Room-temperature mechanical properties of titanium alloys and their composites prepared by different processes

Equipment

Processing Materials g,/ MPa o s/ MPa oycs/MPa EL/% Ref.
Manufacturer
Cast (ASTM F1108) / TC4 =758 =860 / =8 [53]
Wrought ( ASTM F1472) / TC4 =860 =930 / =10 [54]
970 +17* 1 087 +8° / 17.6 £0.7°
LMD / TC4 [55]
960 +26° 1 063 £20" / 13.3£1.8"
984.1+8.5* 1032.9+12.9° / 9.0£2.9°
SEBM / TC4 [56]
982.9+5.7" 1029.7 £7.0" / 12.2 +0.8"
SLM EOS TC4 1 040 10" 1 140 10" / 8.2+0.3" [14]
1 143 +30° 1219 £20° / 4.89 +0.6°
SLM EOS TC4 [57]
1195 +19" 1269 £9" / 5+0.5"
SLM KU Leuven TC4 1110 +9° 1267 £5" / 7.28 £1.12"  [52]
SLM +850 °C/2 h KU Leuven TC4 995 + 6" 1004 +6° / 12.84 +1.36" [52]
SLM +1020 C/2 h KU Leuven TC4 760 +19° 840 +27° / 14.06 +2.53" [52]
SLM + tress relieved EOS TC4 1076 +14* 1189 +16* / 13.6+1.3*  [58]
SLM + in-situ heat treatment ~ SLM Solutions TC4 =1 100" =1 200" / =11 [25]
SLM SLM Solutions TC4 1158 16 1301 +18 / 3+1 [59]
SLM + heat treatment SLM Solutions TC4 970 +6 1031 +5 / 12 +1 [59]
989 +10° 1071 £8° / 9+1°
SLM + heat treatment Concept Laser TC4 [60]
1035 £9" 1092 £12° / 10 £1°
SLM ReaLizer TC20 1 360 +30" 1 480 +26" / 3.0+0.7"  [31]
SLM SLM Solutions CP-Ti 560 +5 / 1136 =15 51 £3.5 [28]
SLM SLM Solutions Ti —8.35v0l% TiB 1 103 £20 / 1421 £47 17.8+3.2  [32]
Powder metallurgy / Ti -5vol% TiB 1 200 / 1420 8.5 [61]
Powder metallurgy / Ti-10vol% TiB 1 400 / 1 650 5.5 [61]
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® Edwards & Ramulu - 2014 - no treatment - as-built surface
Xuet al. - 2015 - - no treatment - machined surface - martensitic
Liu et al. - 2014 - no treatment - machined surface

Wycisk et al. - 2014 - 3h at 650C - as-buillt surface

Wycisk et al. - 2014 - 3h at 650C - machined surface

Wycisk et al. - 2013 - 3h at 650C - shotpeened surface

e Ediards et al. - 2014 - no treatment - as-built surface

s Wiycisk et al. - 2014 - 3h at 650C - as-built surface

85, SR R Hop 55 A7 i

Edwards & Ramulu - 2014 - no treatment - machined surface

Xu et al. - 2015 - no treatment - machined surface - lamellar
Rekedal et al. - 2015 - 4h at 800C - as-built surface

Rafietal. - 2013 - 4h at 650C - machined surface

Hooerweder et al. - 2012 - 4h at 650C - EDM surface
Gong et al. - 2012 - 4h 3t 650C - sand blasted surface

s Lius @2 3. - 2014 - nO treatment - machined surface

s Rafi €t 3. - 2013 - 4h at 650C - machined surface

==+ MMPODS - 2010 - 0.5 inch casting - machined surface - R=01  esees MMPDS - 2010 - wrought - annealed - machined surface - R=0.01
o= == MMPDS - 2010 - 3 inch casting - machined surface - R=0.1 o= == = MMPDS - 2010 - wrought - aged - machined surface - R=0.1
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Fig. 10  Fatigue properties of TC4 alloys prepared by different processes
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Fig. 12  Titanium alloy structural components fabricated by
SLM 3D printing: (a) airbus A350 — XWB brackets;
(b) GE Aviation Aircraft Engine brackets made by
topology optimization design ; (c¢) spoiler actuator
valve block of Airbus A380; (d) titanium alloy in-

sert for satellite connection
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Fig. 13 Titanium alloy biomedical implants fabricated by
SLM 3D printing: (a) cranial implant; (b) sternal
replacement; (c¢) scapula implant; (d) Ti2448

alloy acetabular fossa implant
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