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Abstract of Thesis

The fundamental metallurgy of titanium and its alloys has remained mostly unchanged for the past 80 years,
with an unwavering dominance of the market by the ubiquitous Ti-6Al-4V alloy (ASTM Grade 5) and the
“commercially pure” unalloyed grades (ASTM Grades 1-4). For much of this time, there has been little reason to
question the efficacy of these proven compositions, which have served favourably across numerous advanced
aerospace, biomedical and chemical applications. Nevertheless, several substantial issues have arisen in the past
decade to finally challenge the control of these grades over the titanium market, including: a surge of innovation
in manufacturing technology, rising demand for light alloys, supply chain stresses from global conflicts, and
emergent sustainability concerns from increased environmental awareness. Combined, these novel issues
demand a careful reconsideration of alloy design principles to meet contemporary requirements such as

compatibility with additive manufacturing processes, cost effectiveness, supply chain security, and recyclability.

In the context of these new challenges, this thesis reports the design and development of several new grades of
sustainable titanium alloys, specifically by and for additive manufacturing via the laser-based powder bed fusion
process. In particular, focus is placed on several low-alloy, high-impurity compositions which harness the
conventionally deleterious impurities of iron and nitrogen for positive strengthening effects via their
functionalisation towards grain refinement and solid-solution strengthening effects. These elements are of special
interest because they are frequent and unavoidable contaminants in the byproducts of titanium enrichment, and
end-of-life titanium scraps, thereby strongly implicating them in the development of any circular economy
process. For precise compositional control, an in-situ alloying approach from elemental powders has been utilised,

however the developed methods are expected to be fully compatible with feedstocks containing native impurities.

Throughout the stages of development, new findings were recursively factored into the design and processing of
the alloys. In the first stage, the fundamental in-situ alloying kinetics of titanium and iron were investigated in
terms of powder morphology and fusion parameter; with relation to their effects on homogeneity and defect
formation. After this, optimized Ti-1Fe alloys were systematically compared with similarly processed Ti-6Al-4V to
directly assess their suitability as a cheap and sustainable substitute, with an analytical breakdown of operant
microstructure formation and strengthening mechanisms. Finally, additional co-strengthening with nitrogen, and
optimization of heat treatability were investigated to expand the applicability and test the limitations of the

concept as a whole.

In totality, more than five different suitable approaches were devised to obtain excellent structural properties
from Ti-Fe-N based alloys. Amongst these, remarkable strengths of over 825 MPa, and satisfactory ductility of
over 10% strain-to-fracture were successfully obtained in compositions containing more than double the impurity
tolerance of the conventional unalloyed grades. Yet, these compositions remain substantially cheaper than
Ti-6Al-4V and are free of strategically critical elements. Overall, these results reveal excellent potential in the

exploitation of additive manufacturing mechanisms for development of cheap and sustainable alloys.
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RSCTH, 77— ZBERL G O-3< 0 Hifff & UOGIE, RIS RN ERSBREEEFIEDO —2Th D L—F KK
W a2 (LLF, L-PBF i5) ZHdhe L, AbE&RTHLI ATV LAV 2ELIHATZ 2 (T AEICbY, B
725y T B8k (Fe) L EHFEN) 2 AW Hikt I fee F ¥ B4 0Af%Z B L TW5. BEEMZE T, RO
oy E BT 4 AR E RFEHIER L T8, MRORGHENES TRV L0, RN EITH 57
IRREMEIC S B POMEEA LTS, T2 TAFZETIE, Ti R EBINTEDROBAEROFIHIZE TS
DIERERE & g3~ <, L-PBF #EOFUTH 2 BamEEEm AL TORMITCFER TO In-Situ Alloying (£D
LA TrR AL VS EHTE A MARFEZ B U T, LT AZLT U —OFEME - mEIME Ti-Fe-N A& OB L 2D
SRV O Z F72 2 HINE LTWD. AR TR O EERERIE, ROBY THD.

(1) Ti-1%Fe ® In-Situ Alloying 7'm & ZADHFBELIZERZ Y T, Fe i DY A AKLEE A0, L-PBF EICEKIT D
FHEIREIL /T A —Z BN T D Fe Do ATRRERHE Sk %9~ 2 B A FEMICIRA L T\ 5. Bl Fe ki1
i, MR —tEom e~ 7 n EEORIRAR L, ZORER, AR Fe JRFOmfafEEIC R T 5~ T v
H A NEOMARAL &, FIUC LD HEREORIEERIM E, 72 b ONICE W ETEREOMRI N FAIREE 705 Z L 2P 5
ICLTW5.

(2) L-PBF 82 IOV TER L7 VRS 2 8 0IATF 2 84T, AT %A MADEE TR0 OHfN k- T
TR OME SR 9~ B 728, 181 700°C~800°CHHIT TOEVLIR A2 MH &3 54, SR Ti-1%Fe 4TI, A
BEEIRTH DD Ti M L AFEOTENRT RO REFTHI LT, BULHE T Z &7 < @R & @it & Wr ¢
EDLVOTEBENTRFHEELET LI L EWLMNIILTND.

(3) XX ALK THIELEWNIL, o Ti HELENMSELRAMBERILHETHDH I LICHFEL, ZOREERL
PEET R, R TIE, MiTi MREBRIAFFEKR THLE L, MARRMAHET D o /UiEOER R
ERRTED L, Eiz, BULHEEME ONBVRE L MER) 1K - CEREGARATEICHE TEHZ LITHHILT
W5, ZORER, BRI EEBA L T BIRIZBWTIE, B RORE S CIRENMEIIZ(T 5 2 & 72 <, L-PBF 4%
W L7 RE R THDH Z L EZH LI LTS,

(4) o MBETHETH HEROWEIRIMNZ, Ti-1%Fe ABITBNTLT VA MEOHMIEE OERICE S L,
R G T T OMIK U BVLER S RIZ KX » TEE SRR FICHRT 2 Ti N O T /#7425 2 LT, 5l
TR KO OMEO [ E& R LT s,

LLED X 51T, R, Fekinlfele T4 VB ERAE&OAIRE AMIC, BFRMICEE TR/ nk Th o8kl %
FICER L, BRdEEMHIRR CO In-Situ GLETEH Liov /T A MEOBHHh LA JEiil & U8k & %
FEOBEAW RS 2 B4 % & I, SR ANOMIE 2B L C, HLeREELBTONAT & 54807
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