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OBJECTIVE

The objective of this task is to assess the quality of laser welds on V-4Cr-4Ti alloys and to
evaluate the effects of weld parameters on the properties of weldments. This activity includes
evaluation of methods for controlling the atmospheric contamination of welds.

- SUMMARY

Microstructure and Charpy-impact properties of laser weldments of the 500-kg #832665 heat
V-4Cr-4Ti alloy were investigated. Optical metallography shows the grain sizes in the weld to be
greater than those in the base material. The grains are equiaxed near the middle of the weld and
elongated (oriented in the direction of freeze progression) near the edge. The banded structure in
the base metal seems to disappear in the weld zone, and density of secondary phase particles in
the weld is much lower than that in the base metal. Impact testing was performed with specimens
as-machined (by electric discharge machining with water as the flushing fluid), as well as after a
degassing heat treatment at 400°C for 1 h. In the as-machined condition, the ductile-to-brittle-
transition temperature (DBTT) for both the base metal and the laser weld is about -20°C. While
the DBTT of the base metal was decreased significantly with the degassing operation, that of the
weldment was relatively unaffected. Additional characterization and testing, including oxygen
analysis, is underway.

BACKGROUND

Laser welding offers potential advantages for welding vanadium alloys, including increased
flexibility for field and large component welding with acceptable atmospheric control. A pulsed
Nd:YAG laser with a fiber optic delivery system is used to conduct a systematic investigation of
the weld parameters and environmental control requirements for obtaining high-integrity laser
welds of vanadium alloys. The current effort is focused on evaluation of laser welds on ~4-mm-
thick plate of V-4Cr-4Ti alloy. The postwelding characterization includes Charpy-impact testing
and microstructural characterization of the welds. Because of the relatively large number of
samples in this recent welding effort and the different objectives for the various subtasks, the
postwelding characterization work will be carried out in several phases.
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Fig. 1 Schematic illustration of the fabrication of Charpy specimens.
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Fig. 2. Low magnification micrograph showing laser butt weld. Details of areas A through E are
given in Figs. 3-6.

One objective of the Phase | effort, described in this paper, is to determine whether there is
notable hydrogen uptake during test specimen preparation, which could affect the results of the
Charpy tests. In conventional tests, the specimens are vacuum-annealed after machining, which
would remove any hydrogen from the alloy. For the weld specimens, it is necessary to anneal the
material before welding and machining of the test specimens. During specimen cutting with an
electric discharge machine, the work piece is inundated in water and thus could pick up
hydrogen. A low-temperature hydrogen degassing heat treatment at 400°C for 1 h was performed
on some of the weldment and base metal specimens after they were machined to determine if
hydrogen uptake occurred or had any effect on the impact properties of the materials. Similar
tests were conducted on as-received material to further validate the results with respect to
hydrogen effects. The material used for this investigation was from the 500 kg heat #832665 of V-
4Cr-4Ti alloy with a supplier annealing at 1050°C for 2 h.

EXPERIMENTAL PROCEDURE

Fabrication of Charpy Specimens

The starting material for this series of tests was obtained from the 500 kg heat #832665 of V-4Cr-
4Ti alloy, which was annealed by the vendor for 2 h at 1050°C. Laser welding was performed on
a Nd:YAG laser welding facility [1]. The laser weldment was produced by butt welding of two
annealed plates of 3.8 mm thickness. Direction of the weld travel was perpendicular to the rolling
direction of the plate. Details of the welding procedure are given in Ref. 1.

An electric discharge machine was used to cut all of the Charpy-impact specimens. The
specimens were 1/3-size, i.e., 3.3 mm thick x 3.3 mm wide x 25.4 mm long, with a 30°, 0.61-mm-
deep, 0.08-mm-root-radius V notch. The base metal specimens were machined from an annealed
plate. Notch orientation (i.e., crack propagation direction) was perpendicular to the final rolling



direction and into the thickness of the plate. The weld specimens were prepared with the V-notch
in the weldment in the thickness direction, as shown in Fig. 1. The specimens were not exposed
to other hydrogenous materials (cleaning fluids, etc.) after they were cut.

impact Testing

In addition to the weld specimens, several base alloy specimens were tested to confirm that
hydrogen pickup during specimen preparation was not a problem. Under standard test
procedures, specimens were cut from cold-worked material and then annealed before testing. In
addition to the annealing, this procedure would remove any hydrogen that might have been
picked up during machining. For investigation of the weld properties, it was necessary to weld
annealed material and then machine the specimens. Some specimens were given a hydrogen
degassing treatment at 400°C for 1 h in vacuum to remove any hydrogen that might have been
picked up. . ‘ o

Charpy tests were conducted with a Dynatup drop-weight tester. The tester was verified before
these tests by using a 1/3-size high-energy ferritic steel calibration specimen supplied by Oak
Ridge National Laboratory. The calibration showed good agreement (within 1%) between the ANL
measured absorbed energy and the published ORNL data [2].

Fifteen Charpy-impact tests, eight for the base metal and seven for the laser weld (#031300B),
have been completed. Specimen temperature during impact testing was measured with a
thermocouple that was spot-welded to the end of the specimen. For tests in which temperatures
were above ambient, a hot-air blower provided the heating; for tests in which temperatures were
below ambient, argon gas prechilled with a mixture of dry ice, acetone, and liquid nitrogen
‘provided the cooling. In both cases, the specimens were held at the test temperature for a
significant period before the test. Five specimens, three for the base metal and two for the laser
weld, were degassed for hydrogen before the impact tests.

RESULTS

Microstructural Characterization of Laser Weld .

Fig. 3. High-magnification bright-field image of V-4Cr-4Ti matrix, labeled as
area E in Fig. 2.
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Fig. 4. High-magnification (a) bright-field and (b) dark-field images of laser weld (left
part) and matrix (right part) interface area, labeled as area C in Fig. 2.

To elucidate the microstructure of the weld zone, metallographic specimens were cut in the
orientation perpendicular to the direction of the weld and perpendicular to the roliing direction.
After polishing and etching, optical microscopy was conducted to investigate grain morphology
and possible microstructural inhomogeneities. An area containing the base metal, the heat-
affected zone (HAZ), and the weldment, is shown in Fig. 2. The weld appears to be sound, with
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good depth of penetration and no noticeable voids. Areas of interest are denoted as A through E
in Fig. 2 and are shown in detail in Figs. 3-6.

Figure 3 is a high-magnification micrograph of the base metal of Area E in Fig. 2. The grains are
small (~20-50 um) and show some indication of the characteristic banded structure aligned in the
direction of rolling. Using bright-field imaging, one can see a sharp interface between the weld
zone and the HAZ. This is shown in Fig. 4a of the region denoted as Area C in Fig. 2. The dark-
field image, Fig. 4b, of the same area, reveals the grain boundaries in the weld. The grains in the

“weld are elongated in the direction perpendicular to the interface as shown in Figs. 4 and 5.

Figures 6a and 6b are high-magnification micrographs of the laser weld, denoted as Areas A and
B in Fig. 2, respectively. The grains are equiaxed in the middle of the weld and are elongated,
oriented in the direction of freeze progression, near the edge. The grain size in the weld is
increased to ~50 um in the center of the weld and to =50 x 100-200 pm elongated grains near the
edge of the weld. The banded structure in the base metal disappears in the weld zone, but is still
present in the HAZ, see Fig. 4a. Densities of the small secondary phase particles in the weld are
much lower than those in the base metal. There is also noticeable equiaxed grain growth in the
HAZ adjacent to the weld, as shown in Figs. 4a and 5.

impact Tests

Fifteen Charpy-impact tests (eight for the base alloy and seven for the laser weld) have been
completed this period. The initial series of impact tests was conducted on base alloy specimens
to evaluate the potential for hydrogen effects associated with the specimen-processing
procedures required for the weld specimens. Charpy-impact tests were conducted on specimens
machined from the as received heat #832665 alloy annealed at 1050°C for 2 h by the vendor.
The list of Charpy specimens is shown in Table 1. Results shown in Fig. 7 indicate a DBTT of
-20°C, which is much higher than observed previously on specimens annealed at 950-1100°C
after machining. Additional specimens from this series were hydrogen-degassed at 400°C for 1
hr. Results from these tests (Fig. 7) indicate a DBTT of <-190°C, in agreement with prior results.

" These tests indicate that significant hydrogen was present in the nondegassed specimens.

Although not verified, it was assumed that the hydrogen pickup most likely occurred during the
machining process. Further tests will be conducted to determine the source of hydrogen.

" Fig. 5. High-magnification dark-field image of area D in Fig. 2.



22

Fig. 6. High-magnification dark-field images. of laser welded areas (a) for area A and
(b) for area B in Fig. 2.

Specimens from the weldment shown in Fig. 2 were tested in the as-machined condition and the
results are included in Fig. 7. The DBTT for the weld is ~0°C, only slightly above the DBTT of the
as-machined base metal. Two remaining weld specimens were hydrogen-degassed at 400°C for



1 h. In this case, the DBTT of the weld specimens increased slightly to about room temperature. It
appears that the hydrogen in the base metal must not have been picked up in the machining
process and that any hydrogen in the alloy must have been degassed during the welding

process. The results so far indicate that the DBTT of the laser weldments from heat #832665 is at
" or below room temperature. Oxygen analyses are being performed on the weldments to
determine the extent of oxygen pickup during the welding and to evaluate effects of oxygen
concentration on the properties. Further investigations are in progress to determine these various
effects on the laser welds.
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Fig. 7. Charpy-impact data for base metal and laser weld specimens showing ductile behavior.
Future Activities

Charpy specimens of Japanese material V-4Cr-4Ti alloy with a lower oxygen content are being
fabricated and will be tested to evaluate the effect of oxygen concentration on impact properties.
The fracture surface of selected specimens will be examined by scanning electron microscopy to
delineate the fracture mode. Oxygen and hydrogen analyses on the laser weldments are
underway and will be reported in the future.
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