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ABSTRACT

During this report period, stress-rupture testing was continued on

the high purity V-15Cr-5Ti sheet to obtai'h data on time-to rupture and

minimum-creep-rate properties.  Five hundred-hour stress-rupture tests

have shown contamination; however, modifications to the creep furnace,

which have just been completed, are expected to eliminate this problem.

Recrystallized sheet has been electron beam and TIG welded.  The

TIG welds showed low ductility due to precipitate agglomeration.  Heat

treatments are being performed in an attempt to increase ductility.

Electron beam welds, with their faster cooling rates, showed good ductility.

Twenty-seven pounds of excess V-15Cr-5Ti sheet have been sent to

Argonne National Laboratory for use by other laboratories.

Viii



Il   INTRODUCTION

This program was initiated .te produce a· 1@0-pound, high purity

(<500 ppm:total interstitial content) vanadium inget·by,a process suitable,

for cemmercial applications. The process developed.by Wah Chang, Albany,

@regen, to produce the ingot is as fellows:

1)    aluminethermic reduction of'V205;

2) conselidatien by.electron .beam·melting .the· vanadium reduc-

tions;

3)    deuble electron beam melting.

The high purity vanadium inget was then alleyed by:

1) compaction of·vanadium, titanium  and. chremium ·flakes and chips;

2)            double arc' melted, first in·: argon,   then· in vacuum.

Cembustion Engineering is presently evaluating the high .purity (%500

ppm interstitial) V-15Cr-5Ti alley sheet.  The purpese of this evaluatien

is to determine the effect ef lewer interstitial content on the mechanical

properties of this alley. Argenne ·Natienal· Laboratory is· in the process

ef determining the mechanical properties en the same alley with an inter-

stitial centent ef approximately 1200 ppm. The present program ·will ·pre-

vide comparison of short term·tensile and stress-rupture data on beth base

metal and welded sheet material.

Argenne Natienal Laboratery, in their evaluation .of the lewer

purity material, feund that ·recrystallizatien occurred after :annealing at

900'C fer 1 hour with a resulting grain.size of ASTM-9.te 10.  Heat treating

at higher temperatures produced little  if ·any . change in grain  size  up  to

140@°C.  Above this temperature.very rapid grain growth.occurred.  It

i.s assumed.that.the abrupt increase in grain .size was due to solution of

1



grain boundary precipitates above 1400'C.  Argonne National Laboratory

chose to anneal their material at 1250'C for 1 hour for.optimum stress

rupture properties.

Heat treatment studies on the higher purity material showed
.

complete recrystallization after  1  hour at 1050'C. The grain  size · after

this treatment was ASTM-7 to 8. Annealing above 10500C caused initia-

tion of grain growth.  This differed, from the Argonne National Laboratory

results, and is assumed to be related to insufficient grain boundary

impurities in the higher purity material to retard grain growth.  Heat

treating at 1250'C for 1 hour resulted in a grain size of ASTM-4 to 5,

as compared to approximately ASTM-8 for the Argonne National Laboratory

material.

Based , on the above heat truatment studies,  it was decided to test

the high purity material in the 1050'C and 1250'C annealed ·conditions.

The maj ority   of the tests   will   be .pe rformed on recrystallized (10500C)

specimens since this would more nearly duplicate the structure and grain

size ·of the Argonne National Laboratory tests. A limited number of tests

will be performed at 1250'C to evaluate the effects of grain size and

second phase on strength properties„

2



II ·EXPERIMENTAL EFFORT AND DISCUSSION

Buring  the  past twe quarters, stress-rupture testing has continued.

Table.I presents all the stress-rupture data generated to date, tests

Nes.  11, 12,  13,· 14 and.16 being'·perfermed:,during this -repert..period.

Figure  1  indicates  the  lack ef third stage ·creep fer tests Nes.  11,  12

and  13  run  at · 65@eF  for ·40  te 6@.·hours·.. ·@ther· ,investigaters  have . seen

this.phenemenen, ·attributing strain- aging   as .the respensible mechanism.

This is further substantiated by serrated-type·tensile stress-strain.

curves previously obtained  at this temperature.

As ·indicated by .tests  Nes.  14  and. 16,  ·we have attempted  te

run the 500-hour stress-rupture.tests.  However, due to contamihation

during the longtime tests, poer data have.resulted.  Figure 2 presents

the creep curves fbr tests  Nes.   14 ·and  16. As shewn, interstitial  cen-

tamination has resulted in strengthening ef·the alley.  This is shewn by

the decrease in the.minimum creep rate of. the material.  Test Ne. 14 was

run prier te an everhaul ef the furnace.retert; test Ne. 16 was run after.

The linear, secondary creep of.test.Ne. 16 remained constant fer..12@ hours,

30 mere hours than test No. 14, indicating a somewhat ·cleaner system.

All precautions are taken te preserve the:purity ef the vanadium,

alloy during testing.  The elevated·stress-rupture.tests have been run.in

static:purified,argon.  The argen is·passed through a molecular sieve,

. then threugh 16@00F· titanium sponge. The V-15(r-5Ti test samples  are

further,pretected by wrapping in either tantalum or columbium feil. The
0

argen atmosphere. at. appreximately  5  psig is established  in the furnace
- after three vacuum' pump-dewns and argen backfills., The vacuum system,   a

diffusien pump with.liquid nitrogen celd trap, is capable.of ebtaining

vacuums in the system ef 10-6 torr.

3
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Table  I.  V-15Cr-5Ti Stress-Rupture Data

Time to Time to Min Creep Initial      Eo       E at Final
Temp Stress Test
(OC) (ksi) Rupture  3rd Stage Rate '         E     Intercept  3rd Stage    E

(hr) (hr) (in./in./hr)     (%)       (%)       (%)       (%)   No.
illl-.I.--

650 74.6 3.0 1.3 4.6 x 10-2 11.4 11.4 4.6 25·0    5

650 72.5 5.6 2.7 2.2 x 10-2 11.2 11.5 14.0 22.0    6

650 65.0 58.8 33.0 1.0 x 10-3 5.1 5.6 7.1 18.5    7

650 63.0 45·8 44.0 3.1 x 10-4 4.4 4.9 6.3 6.8   11

f.
650 64.0 49.3 39.3 4.1 x 10-4 4.6 5.0 7.0 7.0   12

650 64.0 63.0 63.0 3.9 x 10-4 4.8 5.6 8.0 8.0    13

800 50.0 1.4 0.5 6.1 x 10-2 1.2 2.4 4.6 34.0    3

800 40.0 28.1 12.0 4.0 x 10-3 0.2 0.8 3.2 21.0    4

800 37.5 28.2 8.5 1.4 x 10-2 0.1 0.4 2.0 18.0    8

800 35.0 118.3 28.0 5.8 x 10-4 0.1 0.6 2.0 16.5    9

800 35.0 72.0 27·0 1.0 x 10-3 0.1 0.6 4.0 23.5    10

800 32.0 425  --stopped--   2.0 x 10-5 0.1 0.4                       14

800 32.0 580 stopped-- 2.6 x 10-5 0.1 0.2                       16
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Figure  I. 650°C Stress- Rupture Test Results of V-15Cr-5Ti Sheet in Recrystal lized Condition 0050°C/1  hr)
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The furnace.retort has been recently modified te provide additional

pretection for the test sample.  This entails a ceil ef tantalum wire

placed.inside the furnace.directly abeve the feil-wrapped sample.  Through

-          resistance heating, the coil will be maintained·at 1100'C while the sample

is tested at 80OIC.   It· is expected that this hot· getter will further pro-

tect the sample from contamination. Tests have started; however, data

will not be available until.the next report period.

Other laboratories testing vanadium alloys have also had contamina-

tien problems during stress-rupture testing.  However, our problem is fur-

ther aggravated by the high purity of·eur starting material (% 400 ppm

total interstitial content).  Results of interstitial analyses show·that·

contamination to the extent of 1100 ppm interstitial content (H, C, N and

0) is sufficient to alter the creep rate.  Most investigators start with

material containing 1200 to 1500 Ppm interstitials.

A comparison of the linear secondary creep rates of tests Nos. 14

and 16 to those of shorter time tests is plotted in figure 3.  The creep

rates show excellent agreement to the previeus data, indicating the in-

itial minimum. creep rates are representative of the uncontaminated material,

The last phase of this program is an evaluation ef the TIG and

electron beam welds in the: high purity V-15(r-5Ti sheet.  The 0.04@-inch

thick sheet has,been welded  by beth methods  with the following schedules:
.

Electron..Beam Tungsten.·Inert Gas

'                80 kilovolts 1/8".dia. thoriated
tungsten electtode

2.5 milliamps                     90  amp dc
30"  per .minute travel 10" per minute travel

7
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1.
All  sheets were welded  from  one  side  with  a  "head-en-plate",

necessitating no filler metal or shearing.  The weld beads were transverse
.-

to the.rolling direction of the sheet.  All material was welded in the

recrystallized condition (1050'C/1 hr).  After welding, the sheets were

bowed due to weld metal shrinkage.  Therefore, another 1050'C/1 hour heat

treatment ·was performed ·to faciliate straightening .and machining.  Figures

4 and 5 show the head-on-plate welds.

Tensile testing of the TIG and electron beam welds has started.

Results frem the,tests are.shown in table.II which indicates brittle.TIG

welds.

Table II. Tensile Tests on Welded Sheet

V-15(r-5Ti

Preweld and Postweld Anneals of 1050'C/1 hr

We J d Comments
Test UTS Y.S. R.A.   Elong

Temp   ksi   ksi     % % Nc.

TIG    R.T.  80.40 73.6 01% 2.5 Failed in weld TIG-2.

TIG    R.T. 68.5 62.3 16.0 3.0    Failed in weld TIG-3

EB R.T. 90.1 74.1 47·Q 18.0 Failed in Parent metal EB -2

EB R.T. 91.8 75.4 45·6 21.5 Failed in Parent metal EB -3

none    R.T. 87.5 0 75 46.4 26.0 (Control)

TIG. 800°C 23·5 17·0 rU 3 Failed in weld TIG-1

EB 800°c 63.0 41.0 45·6 21.5 Failed in Parent metal EB 11
.

EB 800°c 60.0 38.6 15·0 17·Q Failed in weld EB-4
none 800°c 59.2 39.3 45·9 24.0 (Control)

Similar results were observed by Westinghouse Atomic Power Laboratoty

_          in their preliminary survey of vanadium alloys:  Cross sections of as-welded

and welded and annealed samples are shown in figures 6 and 7.  The

figures show that·the 1050'C anneal caused precipitate agglomeration.  The

9
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centerline of weld

Figure 7. Fractured TIG Weld with a Postweld Heat Treatment of 1050°C/1 hr.
Note Severe Agglomeration of Precipitate



agglomeration  in  the TIG welds is analogous to "coring" in ingots.    The

second phase  is  c incentrated due  to dii ferences in solubility on cooling.
.- In  an  effort  to n,ore uniformly distribute the agglomerated second phase,

fractured samples of annealed welds were heat treated at 1500°C for 4 hours,
-

then cooled at 700'C per hour.  Figure 8 shows the results.  As seen, the

precipitate went into solution and precipitated in a more uniform distribu-

tion. Of course, this does not offer a solution to the problem since the

grains are grossly oversize as a result of the 1500'C heat treatment.  It

would appear from these preliminary tests that welding procedures which

do not lead to agglomeration should be evaluated.  One method appears to

be electron beam welding.  Due to the rapid cooling after welding, agglom-

eration  cannot occur, as can be seen in figure 9.  It can be noted, how-

ever, that one centrally located grain shows agglomeration.  This grain

would be one of the last to solidify.  Ductility of the electron beam welds
.

has been shown to be good by the results of table II.  Figure 10, a cross

1

section of an 800'C electron beam welded tensile test, shows a ductile,

transgranular fracture even though the failure occurred in the weld.

The above results indicate that the V-15Cr-5Ti alloy can be

joined successfully by electron beam welding.  On the other hand, TIG

welds tend to be brittle.  Based on these results, tests on welds will be

performed using the EB welded samples. In addition, a small heat treatment

<         study will be performed on TIG welded specimens in an effort to determine

if ductility can be restored.
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Figure 9. Cross Section of Electron Beam-Welded
V- 15Cr-5Ti Sheet.  Note Lack of Agglomerated
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Figure 10. Cross Section of V-15Cr-5Ti Fractured Tensile

Sample Tested at 800°C. Sample Failed in Weld with
a Ductile Time Fracture
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'  ·. iII   FUTURE WORK

Long time stress-rupture tests will continue in the modified

-,                     creep  rig,
.

Electron beam-welded specimens will be stress-rupture tested,  A
/9

limited  ag ng   Btudy  will be, performed on TIG-welded samples   to det* rmine

if heat treating  can restore ductility  of the welds «

e.

.
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LEGAL NOTICE .

This report was prepared as an account of Government sponsored work. Neither the
United States, nor the Commission, nor any person acting on behalf of the
Commission:

A. Makes any warranty or representation, expressed or implied, with respat
to the accuracy, completeness, or usefulness of the information contained
in this report, or that the use of any information, apparatus, method, or
process disclosed in this report may not infringe privately owned rights;
or

B.  Assumes any liabilities with respect to the use of, or for damages resulting
from the use of any information, apparatus, method, or process disclosed
in this report.

As used in the above, "person acting on behalf of the Commission" includes any
employee or contractor of the Commission, or employee of such contractor, to the
extent that such employee or contractor of the Commission, or employee of such
contractor prepares, disseminates, or provides access to, any information pursuant

to his employment or contract with the Commission, or his employment with such
contractor.


