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Introduction Results — Initial Models Analysis
The refractory metals (W, Ta, Nb, Re, Mo) perform 1) Initial Modeling: The models below were built using least squares polynomial fit to Equation 1 with variables The accuracy of the ASTM E562 method was confirmed
hioh st h and resist ‘o heat Niobi h 45 min at 1125 °C , grain orientation mapping measured
150 SHENSH And TESISIANCe 1o fitat. TNIODIN hds 4 JMAK Theory Used for Model Building” Comparison of Microstructure at 64.4% RX and ASTM E652 measured 63.1% RX.
low density relative to the other refractories and other ; 0 o . .
materials with comparably desirable properties, 1) Xy =1-exp(—kt"), where k = koexp(— E) Similar Processmg Conditions
therefore 1t 1s a popular choice for the base element of X o
aerospace alloys! (e.g. C103, WC3009, CB752). E .
While 1t 1s known that alloying Nb with elements :g
such as Ti, Hf, and Zr can yield desirable macro-scale Q
L BED-C 50KV WD9Smm Hi
properties, little has been studied about why and how Qé
these alloying elements work on an atomic level to 3= color Codedlisp Tipe Srain Oletialon Spreac
. o . 8 Min  Max F:a?:tion F?a;tiltc)):
change niobium’s performance from a microstructural e B0 2 o06i 064 75 |+| 14 |+| 41
perspective. = k)= 1.97E+33 PR 0 =Xy
2 0= 100E+06 o o
; S =1.29 - -
Basis of Study — 3 Nb Alloys ~ ; : - :
1 10 100 1000 10000 = = -‘
Table I: Estimated RX Temperatures for alloys Time (s) z . .
Alloy (99 at% Nb) | RX Temp (°C) 1125 °C ® 1200 °C —1300 °C X "Site of Interest - 5 min M I o L T PR
After 5 min at 1200 °C, Nb-1Ti is fully recrystallized and grain growth occurs
1 at% Ti ~ 700 1 — { RE
1 at% Hf ~ 1100 201 Nb-1Hf
1 at% Zr ~ 1400 F 081
E' 071 EBSD grain orientation scans of Nb-1Hf after 45 min at 1125
Objective: build a theory for why difference 2 06 1 direction (left) and transverse planes (right)
in behavior occurs in two project phases: el ' '
project p g Future Directions
1) Initial Modeling: Build Models of predicting Xy, E 03 |
. O Phase 1, initial modeling, is nearing the end of
as a function of ¢z and 7 for each alloy £ 0.2 - L = 5.50E+27
,=5. . . .
2) Master Modeling: Use the 1nitial models to build '§ 0.1 - 0 = 1.12E+06 completion. As shown 1n the plots to the left, there 1s
_y . ) n=4.00 a lack of data populating the linear” region of the
a new model predicting X, as a function of solute A 100 00 10000 | | C
atom properties (size, bond lengths, melting 7, Time (s) i e b i Seaw'E il bl sigmoidal JMAK curves. Before moving into Phase
| | G N WP S W o 2, master modeling, I plan to complete additional
etc.) m 1125°C @ 1200°C ==1300°C X Site of Interest - 5 min

Aftér___lm atlzooc Nb s 177/ recrysmlhzed B annealing trials at 1125 and 1200 °C and mnitial trials
e | at 1050 °C to populate the datasets and reduce the

uncertainty of the base models.
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