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ABSTRACT

Hot cracking and poor wetability o° the molten weld metal
presented problems in welding the thick sections of the Hastelloy X

Phoebus 2 nozzle. A prograw was conducted to evaluate the effect

of varying percentages of aluminum on the weldability of Hastelloy X.

The results indicate that lowering the aluminum content of
Hastelloy X improves weldability. Utilization of the low-aluminum
Hastellcy X material for the NERVA nozzle should result in improved
weld quality and lower welding costs.
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I. INTRODUCT 1ON

Additions of alurinum which exceed the critical tolerance to flx gas
reactions =may induce we!d hot cracking in nickel base alloys®* Hot crac'.ing
and poor wetability of the molten weld metal presented prcblems in welding
the thick sections of the Hastelloy X Phoebus 2 nozzle. The Phoebus nozzle
material and weld wive residual aluminum content was in the range cf 0.25 to
0.35 percent, with 0.500 percent being the maximum allowed by the material
specification. The aluminum forms a stable oxide which inhibits wetability

ard deposits oxides on the weld surface.

IT. OBJECTIVE

The objective of this proyram wa2c ¢~ evaluate ine effect of varying

percentages of aluminum on the weidability of Hastelloy X.

: 4 (8 SUMMARY

Four l-in. rhick plates (representing four material heats with varying
aluminum compositions) were procured to accomplich the evaluation. Aluminum
content of the plates varied from 0.540 percent to 0.010 percent. Aalil heats
were vacuum-induction melted with one heat (ESR-68-603) being remelted by the
electro-slag process. Hastelloy X weld-wire from two material heats (with
aluminum content varying from 0.210 percent to 0.048 percent) was used to
accomplish the welding. Marerial heat numbers and chemical analysis of the
plates and weld wire are shown in Table 1. Weld preparation for all plates
consisted cof a double U-groove with a 60 deg included angle and a 0.050/0.060
root land. The plates were welded by the semi-automatic gas tungsten arc
process (CTAY} under contvolled conditions with such variables as amperage,
voltage, wire-feeds, weld travel-speed, and shielding gas-flows remaining

the same for each weldment. Welding conditions were as follows:

*Welding Handbook - Sec. l,Chapter 2, Page 2.8); Sec 4, Chapter 67, Pages 67..,
67.3; 671.39.




L — JE—————"

v —
Amps Volts Travel Speed Wire Feed Shielding Gas Mixture and Flow Rate
215 9.5 5 in. per min. 30 in. per min. 50X He, - 50% A at 50 C. F. H.

An evaluation of the weldability characteristics of each plate
was made by visual observation of the wetability, molten-pool cleanliness,
and weld-surface characteristics. The Hastelloy X Phoebus-2 nozzle welding

experience was used as a standard of comparison in making the evaluation.
Iv. CONCLUSIONS

Oxide content and metal flov of TIG process welds are improved by
reducing the Al content of Hastelloy X to 0.01X. There is some indication
that the Al coatent of filler wire is more significant than that of the

parent metal.
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P.M. V-18-68-601 0.54
F.M. 260-5-2784 0.21

INCHES ]
AERQJET GENERAL CORPORATION
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Weldability was significantly impaired by the heavy oxide formations.
Wetability was poor and the surface of the completed weld bead was
covered .ith a heavy oxide that obscured the normal weld ripple pattern.
Typical oxide formation is indicated by the arrows.

Figure 1 - High Aluminum Base Plate - High Aluminum Filler




M. V-22-68-632 0.270 % Al
M. 260-5-2784 0.210 2 Al

P.
F.

Weldability was better than plate 68-601. However oxide formations
were evident which inhibit the flow of the molten metal and, instead
of feathering at the weld edge, the molten metal tends to roll-over.
This roll-over usually causes voids or lack of fusion in multiple-pass
welds. Oxide was evident on the completed weld, mostly along edge of
the weld bead. Typical oxide formation is indicated by the arrows.

Figure 2 - Intermediate Aluminum Base Plate - High Aluminum Filler
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P.M. ESR-68-603 0.060 7 Al
260-5-2784 0.210 7 Al

An exazple of the adverse effect of high Al content filler wire on weldabilaity
characteristics. MNote scattered oxides on weld sarface. Typical oxide
formation is indicated bv the arrows.

Flgure J - louw Aluminus Base Plate - High Aluminum Filler



(L]

O, U S W
VO R R R

e it Wy

P.M. V-19-68-617 0.010% AL
F.M. 260-5-2784 0.210Z Al

The high Al content wire definitely reduced the good weldability
characteristics. The molten pool contained oxides and the wetability
was somewhat impaired. Scattered oxides were evident on the completed
weld. Typical oxide formation is indicated by the arrows.

Figure 4 - Low Aluminum Base Plate - High Aluminum Content Filler
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Cleanliness and improved fluidity of the molten pool was evident using
the low aluminua filler wire. The surface of the completed weld
exhibited a good ripple pattern and only one or two small oxide
formations. Typical oxide formation is indicated by the arrow.

Plaure 5 - Intermediate Aluminue Base Plate - Low Aluminum Filler
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P.M. V-19-68-617 0.0102
0.04812

F.M. 2610-7-2203
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Weldability was very good, the flow characteristics were opt inum
with excellent blending at the edges. The molten pool was clean

and the completed weld exhibited a clean surface and a well-defined
ripple pattern.

Figure 6 - Low Aluminum Base Plate - Low Aluminum Filler
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