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Haynes international is looking for a more effective homogenization treatment for a 22" diameter ingot of Haynes® 242® that is triple melted by This work Is sponsored by Haynes
Electric Arc Furnace (EAF) and Argon Oxygen Decarburization (AOD), Electroslag Remelting (ESR), and Vacuum Arc Remelting (VAR). Since International. Kokomo. IN

the inner radius is the last portion of the rod that would homogenize, a focus was placed on minimizing microsegregation there. Using the ’ ’
standard ramp up time for the Haynes furnace and hold times of 5 hours, 8 hours, 10 hours,15 hours, and 20 hours homogenization treatments
were performed to observe the percent composition difference of the primary elements. A homogenized sample was received from Haynes

International using their standard practice and one was performed based on the ThermoCalc model that had a hold time of 31 hours.

ThermoCalc was used throughout to provide predictions of how heat treatments would perform, to determine an incipient melting temperature, o

and to minimize the microsegregation. It was observed that with greater hold times, the microsegregation of the sample decreased. Internatlonal
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Goal: To create a homogenizing heat treatment for a triple melted 22” ingot of the Below is the methodology behind the modeling of the heat treatment Below are plots summarizing the microsegregation (utilizing the
Haynes® 242® alloy that minimizes microsegregation and time. through mathematical and simulation means. T, Tx Flemings-Gungor approach [5]) within different samples: As Cast,
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Experimental Procedure
Below are the reported experimental images for the project. This gave AsCast HH ~ TC  5hr  8hr 10hr 15hr 20hr
Sample Preparation: information for (1) phases present, (2) incipient melting, and (3) sample Type
Ity ' . . . secondary dendrite arm spacing. Figure 14. Molybdenum composition (wt. %) vs. Fraction solid (vol.
¥ | Figure 3. Section of 22" diameter — . — . _

frac.) for all tested samples.

Haynes® 242® ingot. 5 Hr. Hold 8 Hr. Hold

Table 3. Comparison of ThermoCalc simulation values to

P

Samples of the inner, middle, and outer = . T A Fr experimental values.
. ’ 1 - e P e Heat Treatment ThermoCalc Experimental
ra}dlus of a Haynes@ 242@ 22" diameter . i N Sample Type Prediction of Results of
ingot were c.ut, polished to 1 ym, and . T — e Molybdenum Molybdenum
observed using a Quanta 659 SEM to 3 115 Hr. Holdl 0 8 o0 1 Hol g Compcsnttlo‘[/l Change CompOSIt;og} Change
analyze microsegregation. - Lo BT AEEno L RS EE R As Cast (Ys's;) (V; és°)
e E-Thd o PR TR v e T QAR T 1:" TS W RN S as . .
Figure 4 (left). Scheil ; _
Thermoca|C: simulation for non- i F % AR 3 _ AR HayneS Homogerﬂzed 1.53 6.68
= === equilibrium Bl B Tg-er”}OtC n > 1
S i Y [ R = idificati | e
y5= i sollldlf_lc_atlc:n sl‘lntqwmg | e —— Homogenized
rd N — i 5 hr Hold 5.41 7.05
- temperature. ' '
_f ! Figure 5 (right). 4 8 hr. Hold 4.36 6.96
Fan| | . ThermoCalc Diffusion SN 10 hr. Hold 3.81 6.06
- Model used with inputs of Figure 10. Backscatter SEM images of Haynes® 242® inner radius. 15 hr. Hold 2.71 5.37
ﬂ secondary dendritic arm _ _ _
j S~ spacing and final Brighter spots from backscatter are regions of high molybdenum 20 hr. Hold 1.94 6.16
%lnd?ient?emlp - 5 : composition from the content. It can be observed that micr.osegregation decreases with
A 00 01 Gjmzfn;;azﬁos.if?{;ufj 09 1.0 ol S —— ?0: SChell Model to SlmUIate |Onger hOId tlmeS

heat treatments at different

. L _ | |
nold times. - Final Conclusions

»

Figure 6. Plot of results
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the mid-radius and center of the alloy respectively. https://doi.org/10.1007/s11661-005-0338-2
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