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Titanium alloys have low density and excellent corrosion resistance, making them promising candidates
for biomedical and aerospace applications. Applications are limited by poor machineability and alloy design.
Pure titanium has poor strength. Ti-6Al-4V (Ti64) has high strength but low biocompatibility. In situ alloying
by additive manufacturing attempts to resolve these limitations by creating bespoke high strength,
biocompatible titanium alloys in a wide range of geometries from readily accessible feedstock material.

Interstitial nitrogen and oxygen are effective at strengthening titanium when composition is carefully
controlled. Carbon is another cheap, accessible, and biocompatible interstitial but has low solubility. However,
laser powder bed fusion (L-PBF) can induce a stable super saturated carbon solid solution when TiC powder is
added. This thesis explores the effect of interstitial carbon on the microstructure, deformation mechanisms, and
mechanical performance of various L-PBF titanium alloys.

Adding up to 0.5% TiC to commercially pure titanium leads to simultaneous increases in strength and
ductility. With a heat treatment 1 h at 500°C, adding 0.5% TiC led to a 73% increase in yield strength as well
as an increase in ductility from 26.3% to 29.0%. Further increases to carbon content continued to improve
strength at the cost of ductility. Adding TiC leads to grain refinement by promoting martensitic transformation.
A combined Hall-Petch and oxygen equivalence model showed solid solution strengthening and grain refinement
both improve mechanical performance. This was further confirmed by heat treating samples for 3 h at 700°C to
homogenize grain size. These samples also showed simultaneous increases to yield strength and ductility up to
0.5% TiC.

The addition of carbon into Ti64 also improved mechanical performance. Post-processing optimization
showed that the carbon solid solution is stable at high temperatures of up to 1100°C. Heat treatment for 1 h at
500°C led to a monotonic increase in strength at a reasonable ductility trade-off. By heat treating for 3 h at
700°C, the simultaneous increases to yield strength and ductility up to 0.5% TiC were once again observed.
Carbon addition led to finer martensitic laths as-printed but promoted grain growth and fusion during heat
treatment. The combined strengthening model showed the increase in yield stress was a function of grain
refinement and solid solution strengthening. Schmid factor analysis showed that the increase in ductility is due
to carbon’s preferential pinning of prismatic dislocation slip, which inhibits necking.

Ti-10Mo is a more exotic titanium alloy with high B-phase stability. As commercial Ti-10Mo powder is
unavailable, the alloy was produced in-situ by L-PBF. During process parameter optimization, it was discovered
that Ti-10Mo exhibits an oriented-to-misoriented transition (OMT) within the printable process parameter
range. A procedure for rapidly identifying and quantifying the OMT was developed, and predicted as-printed
texture was successfully mapped over a large design space. For mechanical testing, the samples were heat
treated for 3 h at 500°C to create a duplex a-B structure. At a constant volumetric energy density, yield stress
was more isotropic in the misoriented case due to the B-phase texture. However, strain hardening was more
isotropic in the oriented case because the misoriented case evolved an a-phase texture during heat treatment
and grain rotation during deformation was suppressed.

Ti-10Mo is mechanically insensitive to carbon addition. As-printed, the sample with 0.5% TiC added
was notable for having the only measurable plasticity, although it was less than 1% strain. After heat treatment
for 3 h at 700°C, strength and ductility were nearly unchanged by TiC addition of up to 1%. This is attributed

to carbon segregating into the a-phase but deformation occurring primarily in the B-phase.




fk X7
M BEAEOBEOEE K OVHE Y3

59 P ( PETERSON JACK EDWARD )
(%) i3 4
e # o i I E
FROUEAMENYE | Al & wnox EEEO /N
m A H=E PN (SIS
g & o= FEH i
RLEBEDORERNES

AFWILTIE, 7 —F BB S O3 0 HTFE LR, 2BICE KM EDSBREIERIED D> Th D L —FHRK
Rtk (BUF, L-PBF L) 1Z XL 0 ER3 2 5 & U HEE ST DR R TE AOEHE & 1R S T T RSB O ZF BhiR B %
FEDHME LTS, —fRICKE CIE, T4 Ti KB MRDO—FECTHY, TOEFEN JIS X0 ASTM T
OREFRMEZBZ DL, FHLEDRISHTHDRIETF X > TiC MERBIFUCHL L TF X UM OIEMENE L <K
T35, 20L& BB L TARILTIE, L-PBF IEOFRMTH 2 RFTHI L BB M AIB LI LV Ti fMmAT
DRFIEF O A BH U, BB BEMEEIRE LR T 5 SRS, ~L7 o MEZREIC K 0 fEaRL oML
T L TCI3FIEDT F > (Neara, a+f _fH, Near ) OETICBWTEME &L BIEEEZMY CEDI LA/RL
TW5. F72TiCKF% Ti HyR L HEMAICIES LRI T L — Y 2 S L2, Wk RO ZORA LIS EIEL,
TiC R D RBIFADEABIFEEFR L LT a-Ti R ONERILY A MIRZERRECHEET I EEHLNITL
TND. SOITRBEET Z T 2B A28 U C, BEEIREEZMER LoD, v /LT A MR DO B —1{k
XD, BE—EMENRT U AOH 2B BRI LTS, ZILOMEREE T T, BiRE & SEENSTHTNT 5 EmRE
RFGET Z L ORIBUCET 2 L—PRIRER Y 0 2 ARGHRAMEL TV D, FERMREE, UTO®Y Tho.
(1) Near a-Ti TH HHTF ¥ U FEBEEIMICEB VT E X 3 v LRE T DHARARIR o fEERLE, #EORFERIN
WL TERRD AT A MERRLDN O 72 DR~ & B L, 2D T A YA RITRFE B ROV ED
T2 &, ZLTZOWMMMBIEREEHNS o+ MHEETHD Ti-6A1-4V MIZEBNWTHETT 52 & &R L T
5. =T, BRI X DRGSR OMIRAIE, R ENEE O L 5 b O TIER L, A UREd AL &2 FF o
“NANT YA DT AORMAEDMBEINTHERTHDIZEEHLENITL TS,

(2) Near B-Ti Td 5 Ti-10%Mo & DEVLIRFIIZIIT DML, L — VRO XX —#E L 2x v Vi
LW 2 DOERHRMITRARFET 22 L2 AL, BRI, MBS I > THIRZRFER B fEsRi A iR
BrmtEZ2 9 {001} 4R B AR &, BOH72 B FEmRID> B 72 D ELMMEOFERN S/ e~ D ERE S, TREd I —559F
B ER X (oriented—to—misoriented transition map, OMT = v )IC L > CRIFICEHIR TEAZ L Z R LTV 5.
DM =y FICESOTEERMEOBIE(LEZX Y, Ti-10%Mo A48 5 IFEEO R FHENMER TE L 2 L2 E
AELTWA. &51Z, {001) glemz2 AT 2ARERICE T, BB ZIT 201, HRRICE 5 {10-12) a o =—,
BLO=AT VA MERRIZE D {2-1-10) a 7 ADORRICER LT, 5IEMEOB EHEFES K& KB L, 524
MDOEFMEEZEHTELZ LA AH LTS,

(3) Ti-10%Mo A& ~DOELILIZ T, Mo OFNBENA L, Methie o HOEREMFI T2 2 L12LYD, ZOF %
UM OFEMEITRIEIZ S E T 5 K, £ ORFBFEEBRAETBD T”/RE W, ZTHUIEBLBELER T g B D o L E(L
RENEWREIRFIC LY o FHORFTVEREZ S 2 & Ta-Ti/B-Ti 2 EREEMM AT L, Zhic & B EERICE
7% B-Ti FHOREREIHRH G MH ST BHDORITEATHERREI T2 Z LITERT 22 L2 60T LTV D.
PLED X210, RESUIMER D~ A F AHERHT 2 /MW ocskE & B 2 b TE o RFEKD E EIRIIICEE TLM
RAEXHATHE LTIRAT, L—PHREAEMIEIC L) ERS 2 mBRERBZEHT X UHICB O TRERE & it
PEDOTNLZ2 BN E DRI HEDOBICH 2072 7 a0 ARFHR B HR - >FReMRZHL NI L TN 5.

£oT, KU LT E L TUMES 2 D LD 5.




