The Effect of Increasing Tramp Elements on Weldability of Alloy /18
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Abstract: Inconel 718 is a nickel-based superalloy that is utilized in the aerospace industry due to its
high strength properties, high corrosion resistance and good weldability. Inconel 718 has a very
specific composition with many tramp elements that affect the mechanical properties. The tramp
elements of interest are Phosphorous, Manganese, Silicon, Copper and Vanadium. The purpose of
this study is to evaluate if the listed tramp elements affect the mechanical properties of Inconel 718.
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Virgin 718 is becoming scarce, leading to rising

Metallog raghy The investigated tramp elements (V, P, Si, Cu, and P) demonstrated
varied but detrimental effects on the performance of welded 718.
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precipitation heat treatments. areas, most likely due to faster fractions than non-welded areas. * Decreased performance for tramp elements in reduction of area

Weldability: The relative ease with which a metal cooling rates compared to casting Likely due to lower carbon wt. % and elongation, falling below AMS 5383 standards.

can be welded using conventional practice. | | in weld wire. « With strength, weldments demonstrated no major deviation and
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yo ' ditterent heats from 2014 and 2024 dendrite length measurements. + Increased number of welded samples

« Allows for more accurate statistical analysis
* More samples allow for larger variety of mechanical tests
« Stress rupture, creep life, and hot tensile tests
« Embrittlement of welded samples suggests decreased creep life
* Not specified in AMS 5383, still vital in aerospace applications.
« Examination of reduced ductility in welded samples
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Investigating the effect strain has on 718's corrosion resistance.

Experimental Procedures

Sample Matrix 359 |
Composition: Maximum P
Three dopant levels of tramp elements with T |
10 sample groups in total:
1.Standard: Heat composition, provided
by Howmet
2.Intermediate: average between the
standard composition and the max
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to acids and other corroding substances
Investigation of tramp elements in pairs
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3.Max: AMS 5383 limit composition Intermediate suggesting corrosion resistance. No visual difference in dendrite mechanical performance, and microstructure with only two
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the weld area:

Observe the effects of other tramp elements
* The five analyzed in this report were of highest concern, however

| pmmamy |

. . ] Distance From Weld other elements such as boron may have additional detrimental
Groove size: 0.3 x 0.0625-in. 020- e None of the welded effects.
Machined tensile bar 01% €0z o = samples failed in the
All tensile bars undergo heat treatment via Standard = oz welded area.
AMS 5383. “05 S Rk Gl Eal s et Bk (ol Bt o Bl s Rty (ot Rt ol However, welding still

_ . Width of -
Weldability: Tensile bars were Wéld: _25 - compromised the ACkHOW'BdgmentS

machined (above), then the groove was °-°5f ductility of samples,
“repalred” Wlth Welded materlal tO teSt P _ i - e W T L 0.00 Cltll Il\;l'dIM' Ir\/l| IM' T Mclis Ir\'n IS'. T I\III'dICI I|v'| IC' T MIV T l;/ll P T aS Shown below
mechanical properties. 1-inch chem e ———

The Purdue team thanks Howmet La Porte and Whitehall teams,

Condition

pads were machined and welded (right) PR specitically: | | | |

for pre-failure weldment microstructure. ~1/2inch|  depth _ Jonathan Hilsmier: Senior Process Engineer, delivered on welding and

Mechanical Testing: Welded and dlameter) Tensile Performance coordinated delivery of tensile bars

unwelded test bars of each alloy M ) - B Weided Dave Brayshaw: Project feedback and metallographic analysis support.

composition were tensile tested at room Nl LR O] AMS 5383 Limit : [ Non-Welded Josh Smith: Welded tensile bars and casting lead.

temperature and compared with UTS, : il I O e | O T I 1 O I Brian Griffin: Chemical analysis support, metallographic analysis.

YS, %EL, and %RA of the AMS 5383 — — Sl g I ] | L l I 4 [0 The Purdue Team would also like to thank Professor Kevin Trumble for

specification. Carbon - - 0.08 ; | [ F 1 r his support and guidance throughout the project.

Metallography: Conducted standard ﬂ'ﬂmms - 3;3?5 g j T %

n](e;t]allcigraphic preparation. Utilized Kalling’s E;{%ium ;g_gg éi%ﬁm - | { | ] T | T ol I E I

etchant. ic : : il MM MaxMn MAS MaxS: W Cu MexCu MaxV MexP MoxAl G MM Mt MASI MarS) MG MG MexY | Nar e

Grain Size: average grain intercept (AGI) E;-i{ﬁﬁﬂwmmm: %EE %%E REfEI’EHCES

allows for rapid, repeatable quantification Aluminum 0.40 0.80 ol | | 2

of grain size. Five parallel lines laid over tanium + Aluminum . e 1 I I kS

each micrograph, with intercepts counted ~ Boron - 0.006 L. 2=y . 1. Rged,_ R. (2008, July). The Superalloys Funde_xmeptals and

manually. AGI values allow for direct Iron remainder St | | 2T - i m|OMm o Applications. https://www.researchgate.net/publication/287242590The

comparison of grain size between groups.  pry Y §ol | /N I Superalloys Fundamentals_and_Applications

AGI = Y (N = number of intercepts, L = length of e ° Ao L T ] i { { 2. AMS. (2023). AMS5383: Nickel alloy, corrosion and heat-resistant,

line) - . MO K Ve _ L o-LPL-EHLEL UL ( investment castings, 52.5Ni - 19CR - 3.0mo - 5.1CB(NB) - 0.90ti -

Porosity Fraction: Threshold images to 5 N A s R4 - T Condition Condition 0.60al - 18fe, vacuum melted homogenization and solution heat

\(/:erlify Ithe (l;)lsck areas are pgres: e g Pk y ° Ductility: Non-welded outperforms Strength: Non-welded samples gegtjg J?S?i:gein;ggzé{‘fhe Effect of Phosphorus, Sulphur and
alculated by Porosity Fraction = 3227 X 3 St welded counterparts. Conftr.ol IS only outperform but to a Iess_er extent. Silicon on Segregation, Solidification and Mechanical Properties in

100% _ ' | welded group above specification. Max All performs worst in both Cast Alloy 718.” Superalloys (1996): 451-455.
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