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WELDING SUPERALLOY SHEET FOR SUPERCONDUCTING CABLE JACKETS

L.T. Summers, M.J. Strum and J.W. Morris, Jr.

Dept. of Materials Science and Mineral Eng1neer1ng and
MMRD, Lawrence Berkeley Laboratory,
‘Un1vers1ty of California, Berkeley, California 94720

JBK-75, an iron-based superalloy, has been selected for use as
the cable jacket mater1a1 for the West1nghouse magnet of the large

‘coil project. Previous 1nvest1gat1ons of GTA welds of JBK-75 and

its sister alloy, A-286, have shown that age—hardened weld metal has
significantly lower yield and tensile strengths than comparable
heat-treated base metall. In this investigation of A-286 weld-
ments the undermatching properties are shown to be the result of
chemical segregation during weld pool solidification. This chemical
segregation results in significant changes in the k1net1cs of preci-
pitation of the gamma prime (y') harden1ng phase.

A-286 is an 1ron—based precipitation hardening stainless steel
Harden1ng is achieved by the prec1p1tat1on of an intermetallic
N13(T1 Al) phase dur1ng heat treatments at temperatures usually
between 650 and 800°C2 3, The Nijg (Ti,Al) yv' phase is an ordered
coherent FCC prec1p1tate of the L12 type structure. The effects of
chem1ca1 composition and heat treatment upon the aging response have
been well characterized* 5.

EXPERIMENTAL PROCEDURE

The material used was commercially available round stock of A-
286 of the compos1t1on indicated in Table I. Cut sections of the
round stock were hot rolled to plate form of 2.8 mm (110 mils)
th1ckness and solutionized at 1100°C and water quenched. The plate
sirface was sand blasted to remove an oxide scale and received a
final grinding w1th 80 grit emery papers prior to we1d1ng.



Table 1. Composition of A-286 Stainless Steel.

c Mn Si Cr Ni Ti Al Mo  Fe

0.05 1.3 0.6 15.0 25.0 2.15 0.15 1.0 BAL

Autogenous gas tungsten arc bead on plate welds were produced
using an automated welding torch. Welding was conducted at 110
Amps, 16VDC straight solarity. The electrode/work piece gap was
maintained at 2.54 mm (0.1 in) and torch travel speed was set at
2.54 mm/sec (6 in/min), Total heat input was 690 J/mm, An argon
shielding gas was utilized and supplied at 0.4 m3/h (15 ££3/n).

Tensile tests were conducted using flat tensile specimens. The
specimens were manufactured and oriented so that the applied load
was normal to the welding direction.

Specimens for metallographic and SEM analysis were prepared
using standard procedures. Specimens for TEM and STEM analysis were
prepared by mechanical grinding of thin sections followed by elec—
trochemical jet polishing.

RESULTS AND DISCUSSION

The aging response of A-286 weld and base metal at 725°C is
shown in Fig. 1. It is significant to note that the base metal
hardens faster and to a greater degree than the GTA weld metal. The
room temperature mechanical properties of both weld and base metal

are shown in Fig. 2. Using the deviation from linearity, we obtain

yield strengths of approximately 89 ksi and 110 ksi for aged weld
and base metal, respectively. A dissimilarity in ultimate tensile
strength is also observed, the weld metal showing an ultimate ten-—
sile strength of 133 ksi while that of the base metal being 165 ksi.
Highly localized deformation in the weld zone was observed in the
welded specimens. :

Scanning electron micrographs of typical aged base and weld
metal microstructures are shown in Figs. 3a and 3b, respectively.
The base metal exhibits large equiaxed grains that exhibit few grain
boundary precipites. Direct observation of the y’ hardening phase
using TEM shows a uniform size and distribution of precipitates in
the base metal. The weld metal, however, exhibits (Fig. 3b) large
precipitate—free zones located along the dendrite cores. These
zones have been determined to comprise approximately 40 v/o of the
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Fig. 1. Aging response of base and weld metal for heat treatment at
725°C.
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Fig. 2. Room temperature mechanical properties of base and weld
metal aged at 725°C for 48 hours.
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Figs. 3. Microstructure of age hardened base metal (a) and weld
metal (b).

age microstructure. The outer regions of the dendritic structure
shows y distributions similar to that observed in the base metal
during TEM observation. The boundary region between the precipitate-
free and precipitate—containing regions is delineated by highly
coarsened y' precipitates. The interdendritic boundaries have been
observed to be decorated by large titanium—rich precipitates. These
have been identified as TiC using TEM diffraction analysis.
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Fig. 4. STEM microanalysis of weld metal titanium microsegregation.
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The observed mechanical properties of A-286 weldments are the
direct result of the formation of the precipitate—free regions.
These regions provide easy pathways for localized deformation re-
sulting in the character1st1c de11neat1on of the weld microstructure
that is observed in teps11e specimens. .The interdendritic TiC
carbides have a large diameter and interparticle spacing and, thus,
exert little influencefdh'weld metal mechanical properties.

- A STEM m1croana1ys1s was emp10yed to determine the extent of
chemical segregation during weld pool solidification. A sllght
partitioning of the major alloying elements Ni, Cr, and Fe was
observed. However, a significant partitioning of Ti was detected.
Titanium strongly segregates to the interdendritic regioms, leaving

" the dendrite cores depleted of titanium (see Fig. 4). The formation

of the precipitate—free zones is found to coincide with a titanium
concentration of approximately 1.75 w/o, thus indicating a minimum
concentration for y' nucleation. This critical concentration is
consistent with the observations of previous researchersS.

CONCLUSIONS

Autogenous gas tungsten arc welds produced in A-286 exhibit
significantly lower yield and ultimate tensile strengths than compa-

‘rably heat—treated base metal. Deformation in the aged weld metal

is highly localized and delineates the dendritic microstructure.
The observed mechanical properties are caused by the formation of
precipitate—free regions located at the dendrite cores. These re-
gions form as the result of titanium segregation during weld pool
solidification which yields dendrite cores sufficiently lean in
titanium as to prevent nucleation of the hardening phase,.

ACKNOWLEDGMENTS

This work was supported by the director, Office of Energy
Research, Office of Basic Energy Sciences, Materials Sciences
Division of the U.S, Department of Energy under Contract Number
DE-AC03-76SF00098.

REFERENCES

1. M. J. Strum, Effects of Welding on Weldment Mechanical Perfor—
mance and to Austenitic Steels, M.S. Thesis, University of
California, Berkeley, June, 1982, LBL 14941.

2. R. Blower and G. Meyer, Austentic Stainless Steels Precipitation
Hardened with Titanium, J.Iron Steel Inst. London, 201:11:933
(1963). '

3. J. R, Mihalisin and R. F. Decker, Phase Transformatlons In

: Nickel-Rich Nickel-Titanium—Aluminum Alloys, Trans. TMS—AIME
218:6:507 (1960).




F. G. Wilson and F. B, Pickering, Effect of Composition and .~

Constitution on the Aging of Austenitic Steels Containing Alumi--

num and Titanium, J. Iron Steel Inst. London, 204:6:628 (1966).

"G. N, Manir, J, E, Bridge, H. M. James and J. A, Heydt, Correla- .

tion of Gamma—Gamma Prime Mismatch and Strengthening in Ni/Fe-Ni
Base Alloys Containing Aluminum and Titanium as Hardeners, Met.

" Trans. 1A, 31 (1970).

K. J. Irvine, D. T. Lelwellyn and F. B, Pickering, H1gh Strength
Austenitic Stainless Steels, J. Iron Steel Inst. London,
202:10:153 (1961). o



This report was done with support from the
Department of Energy. Ay conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that .
may be suitable.




o s
5o ot o~ B
ﬁ:;'&:’

- TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

L)
ien K.



