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TENSILE PROPERTIESOF IRRADIATEDSURVEILLANCECOUPONS

F. H. Huang
L. D. Blackburn

ABSTRACT

Tensile testingof austenlticsteel and superalloysamplesirradiatedin
the HMO ]3 assemblywas performedin supportof the Fast Flux Test Facility
(FFTF)SurveillanceProgram. Postirradlationyield stress,ultimatetensile
stress,uniformelongation,total elongation,and reductionin area of 304
stainlesssteel (SS), 30B SS weld, 316 SS, A286, In7]8, and In718 weld were
determined. Results showed the strengthof austeniticsteels increasedwhile
the ductilitydecreasedas a resultof irradiation. Low irradiationexposure
produced little property change in In718. Overall, the tensilepropertiesof
HMO ]3 surveillancecoupons showed a lower magnitudeof irradiatlon-induced
propertychange than was expected based on earlierstudies. Resultsfrom
these tests gave no indicationsof unexpectedlysevere irradiationdamage to
FFTF components.

1.0 INTRODUCTION

Surveillancecouponsfabricatedfrom the actual heats of materialsused
for reactorcomponentshave been retrievedfrom irradiationassemblyHMO ]3.
These couponswere locatedat assemblypositionswhere neutron fluxeswere
higher than that of the actual reactorcomponentthey represent. Swelling
measurementson selectedcouponshave been reported. This report presents
resultsof mechanicalpropertytests.

Tensiletests were conductedon sixteenHMO]3 surveillancecoupons
fabricatedfrom 304 stainlesssteel (SS), 308 SS, 3]6 SS, Inconel718 and
alloy A286. Alloy 7]8 is a hlgh-strength,precipitationhardenablenickel-
base superalloy. Testingof these surveillancecoupons identifiesthe extent
of radiation-induceddegradationin materialproperty for comparisonwith the
resultsof earlier studiesthat guided considerationscf irradiationeffects
for FFTF design.

2.0 EXPERIMENTAL

2.1 SPECIMEN PREPARATION

= Three types of specimenswere irradiatedin the HMO 13 assemblybut only
Fermi tensile specimenswere tested in this work. The Fermi specimenandthe
grips used in the hotcell are shown in Figure ]. The specimenis 47.63mmlong
with a gauge sectiondiameter of 3.]8 mm.
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Irradiationtemperaturewas measured in a limitednumber of subcapsules
containingthermalexpansiondifference (TED) monitors,the temperaturesin
all subcapsuleswere estimatedby comparingthe temperaturemeasuredby TED
monitorsand design temperatures. The temperatureprofilesfor all
subcapsulesin sample rods A and B are shown in Figure 3. Based on this
temperatureprofile, the irradiationtemperaturein the subcapsulecontaining
no TED was estimated. Both design and measured temperaturesfor the
subcapsulescontainingthe Fermi tensile specimenstested in this work are
listed in Table I.

The damage levels in the subcapsulescontainingthe dosimeterswere
analyzedbased on the countingresultsobtained from the dosimetrypackets.
The resultsof dosimetryanalysis are given In Reference]. Table I lists the
neutron fluence for each sample.

2.2 TEST PROCEDURE

Tensile tests were conducted in the hotcell using a screw-driven testing
machine. All measurementand test equipment,such as voltmeters,recorders
and thermocouples,were calibrated.

The basic proceduresfor this tensiletestingare as follows:

]. All specimenswere tested at 471°Cusing a screw-drivenmachine
operated at a crossheadspeed of 0.05 mm/min and an initialload
scale of gO/ kg.

2. After the test was completed,each broken specimenwas reassembled
to measure the final length.

3. Yield and ultimatetensilestrength,uniformsand total elongation
were determinedfrom Ioad-dlsplacementrecords.

4. The reductionin area was computedfrom the final cross sectionof
the sample.

3.0 RESULTS

Unirradiatedspecimens,fabricatedfrom the same heats of materialsas
the FFTF surveillancecoupons,were tested much earlier. The preirradlation
tensilepropertiesof HMO I3 control specimens,along with the heat number and
test temperature,are compiled in Table 2. The test parametersas well as the
0.2 percent offsetyield strength (YS), ultimatetensilestrength (UTS),
reduction in area, uniform (UE) and total elongation (TE) are summarizedin
Table 3.

An extensivedata base of the effectof irradiationin the Experimental
Breeder Reactor IT on the tensilepropertiesof 304 SS, 3]6 SS, and 308 SS
weld metal has been analyzed. These earlierstudiesshowed that both
irradiationtemperatureand irradiationexposurecan be importantin
determiningthe extent of change in a mechanicalproperty. In some cases,
differencesin the magnitudeof irradlation-lnducedpropertychange were
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detected betweendifferentheats of steel. Resultson the change in strength
propertiesfor austenitlcstainlesssteels irradiatedin HMO]3 are plotted
againstneutronexposure in Figures3 and 4. The yield strengthof 304 SS
(Figure3) increaseswith neutron exposureat low displacementdamage levels,
but reachesa limitingvalue of about 286 MPa for exposuresof about 8 dpa and
higher. Ultimate strengthshows some variability,but no consistentchange
with neutronexposure. This type of responseis typicalof that observedin
prior experiments,but the magnitudeof the strengthincrease is smallerthan
expectedon the basis of the earlier studiescited above. Yield and ultimate
strengthsfor 30B SS (Figure4) irradiatedat about 447% to exposuresbelow 3
dpa appear to show a small decreaserelativeto those propertiesfor
unlrradiatedmaterial. The specimen irradiatedto B.5 dpa (displacementper
atom) show significantlyhigher strengthbecausethe irradiationtemperature
was lower (397%). Once again, comparisonwith the earlierinvestigations
indicateshigher strengthvalues shouldbe expected at the lower irradiation
temperature.

Resultsfor uniform and total elongationare plotted in Figures5 and 6.
In the case of 304 SS (Figure5), the decrease in elongationat low neutron
exposuresis consistentwith the increasein yield strengthin this exposure
range. The low values of elongationat 5.3 dpa is attributedto data
variabilityrather than to a real data trend. In general,elongationvalues
are somewhathigher than those observed in earlier investigations The 308 SS
weld (Figure6) exhibitsa modest reductionin elongationat low exposures
(irradiationtemperatureabout 477%), althoughthe values seem somewhat
lower, relativeto the unlrradiatedcondition,than would be expectedfrom the
yield strengthchanges. The low elongationsat B.5 dpa for an irradiation
temperatureof 3g7°c are consistentwith resultsfrom the earlier studies.

Results for Inconel7]B and alloy A286 at low neutronexposures
generallyindicatesmall increasesin strengthand small decreasesin
ductilityrelativeto propertiesof unirradiatedmaterial. The combinationof
neutron irradiationand elevatedtemperatureduring the in-reactorexposure
clearly produceda materialwith high strength. The relativecontributionsof
neutrondisplacementdamage or Irradlatlon-enhancedprecipitationhardeningto
the observed effect cannot be assessed. Small changes in strengthand
ductilityfor precipitationstrengthenedInconel71B are generallyconsistent
with earlierwork for an irradiationtemperatureof about 377%.

4.0 DISCUSSION

There is no readily acceptable explanation for the low magnitude of
irradiationstrengtheningand generallyhigher ductilityobserved in stainless
steels from HMO]3 relativeto that expected from earlier studies. The only
hypothesisthat can be advancedat this time is that irradiationtemperatures
may actuallyhave been significantlyhigher than the analysisof TED monitors
indicated.
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5.0 CONCLUSION

Testing of coupons from the HMOI3 surveillanceassemblyshowed that the
irradiationexposuregenerallyincreasedstrengthand reduced elongationfor
austenitlcstainlesssteels,and had little effect on strengthand elongation
of In718 and Alloy A286. In general,HMO 13 couponsof austeniticstainless
steels exhibitedlower values of strengthincreaseand ductilitydecreasethan
expected based on resultsFrom earlierEBR-II irradiations. Resultsfrom
these tests give no indicationsof unexpectedlysevere irradiationdamage to
FFTF components.
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Specimen Material Heat Number Subcapsule Design Measured Damage Component
I D. Temp• Temp (dpa) -_

...... (°F) (°F)

N33 304 SS X23171 12A8 890 919, 17.0 RS-5

M32 626577-1 12B7 870 961 15 .0 RS-13 __.......... _ _

F94 8394-IA 12AIO 850 880 5 3 CR-6
• ,.... ._ie-l-i i

, _
P56 326284-2B 12All 855 885 ...2•9 RS-4 _
J5 633377 12A17 860 890 0 1 IV-3 _-.,- _:

......... e-_ X t_
i

M37 308 SS 326284-1B/-2B 12All 855 885 2.9 RS-6 _ o-_ (_......... _

,,,, . in, • ,_" M35 ,,SAME 12A12 860 890 1 7 RS-6 , = _.

L62 326284-2/-1A 12A14 860 890 0 6 RS-7 _ o .._

L51 SAME 12B2 700 746 8.5 RS-7 -_._

H60 IN718 ,C52227 , 12A9 870 900. 8.6.....CR-8

H75 8-4014 12B16 815 882 0.062 IV-2 oo
, , .,, , , , " ,,

L39 C52325 12A16 860 890 0.2 CD-I "_'_

L74 IN718Weld C523525 12A16 860 890 0.2 CD-3 E

H67 A286 62570R11 12A17 , 860.... 890 0.1 IV-I

E29 316 SS 66236 12A8 890 919 17.0 RR-2b,,, , , , , ,

H29 304 SS 36832 12A9 870 900 8.6 CR-7
,, _ " ' , r _ '"' i ,i ....... '

NOTE" All tests were conductedat a crossheadspeed of 0.002 in/min
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Test Strength(Mpa) Elongation(%)
Material Heat Number Temp

(OC) Yield Ultimate Uniform Total Component. ,

304 SS X23171 475 138.8 434.4 37.4 41.8 RS-5 _
626577-I 440 177 9 462 6 34 5 40.5 RS-13 _ _"
8394-1A 455 136 1 446 4 34 0 39.7 CR-6 < _ _:• • • _rt' -I-
326284-2B 425 135 7 440 1 34 2 40 7 RS-4 _''" _-,.... --_0 !

633377 504 158.2 407.6 30.7 36.4 IV-3 _ _,
o_ 36832 465 137 3 420 9 32 2 38.2 CR-72 = "_ ," " " _ _ r_

-wj
308 SS 326284-1B/2B 455 354.6 475.8 17.1 20.6 RS-6 _-- ._

326284-2/1A 370 410.2 489.2 16.0 19 3 RS-7 o -_ i• _ _ "I"I

IN718 C52227 465 442.9 833 3 34 8 37 4 CR-8 =• ° " _ 0

8-4014 504 981.8 1123 4 8 4 12 3 IV-2 • -a
C52325 420 944.3 1102 2 12 2 17 7 CD-I• . ", ¢_P

IN718 Weld C52325 420 962.7 1120.7 9.7 II.3 CD-3 _.......

0
A286 L2570K11 504 711.5 974.7 11.7 16.4 IV-I -..... ,.

"I"
3

I-.I
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StrenQth (MPa) Elongation{%)i 17
Reduction --

Specimen Material Damage in Area Total Total _
I.D. (dpa) Yield Ultimate (%) Uniform (X-Y (Direct

Record) Measure) -=4

N33 304 SS 17.0 286.9 439.9 15.4 12.4 15.4 15.9 _
M32 ........ 15.0 277.0 433.2 18.3 15.1 17.1 16.9 _"

H29 8 6 286 2 424.2 7 8 11 6 13 1 13 6 _
r_ , " " " , " " " 3 0

F94 5.3 262.7 375.3 10.9 7.7 11.4 10.5 _
.......... =

P56 2 9 211.3 420.8 24.0 24.2 27.0 29.8 = " _'
0 , " ..... "S (D C/_

I
._ J5 0.1 144.7 417.4 40.4 32.7 36.2 38.1 , o N

.............. -,It -I_

E29 316 SS 17 0 290.3 472.5 16 8 12 8 15.6 16.7 _= -_" " " 3..... Q I
Q -rl

.... " , " • 01_L51 308 SS 8 5 586.2 592.2 9.4.. 0 7, ,. 4 2, 2.7 "_

M37 2.9 304.8 414.6 22.6 10.8 !4.1 14.2 _._
M35 1.7 331.1 433.2 22.6 10.7 13.6 14.7 <

L62 0.6 281.9 421.4 7.8 12.0 16.7 16.5 _ o

H60 IN718 8 6 936.4 1123 7 19 0 12 8 13 4 13 5 n
• " • ' " * " ' _I_

L39 0 2 991 1 1095.6 19 7 8 9 11 5 13 4 _. . , . . . • ., - (_

H75 0.062 1075.1 1193.9 19.7 7.0 9.6 9.9 =o
::_

L74 IN718 Weld 0.2 I016.6 1151.8 16.8 8.3 10.6 11.6
, , ,,

H67 A286 0.1 796.1 1055.1 15.4 11.8 14.6 15.4
......... ,,,,,, ,, i ili,lli Hill i "J
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Figure 2. DesignTemperature and Irradiation TemperatureReasured
by TEDfor Axtal Location.
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Figure 3. Damage Dependence of Strength for 304 Stainless Steel
and 316 Stainless Steel.
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Ftgure 4. DamageDependenceof Strength for 308 Stainless Steel Weld.
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Ftgure 5. DamageDependenceof Elongation for 304 Stainless Steel
and 316 Stainless Steel.
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Figure 6. Damage Dependence of Elongat|on for 308 Stainless Steel Weld.
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