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The purpose of this program to to determine the effeete of neutron radiation and 
rescter qasecus atmospheree en the etroetural ntegrity ef eendidate materials
for the gas-cooled loop.

nAmLaR. y

la ezplorstery nvestigation la being
resistant allcy for the fabricatien of tdbao and supporting appliances for the 
FRTR g—o—lad loop. In addition to a lom neutron eraoa seotion. the material 
mmet bo able to wii the operating eonditiens outlined in Table 1.

TAHE1
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Component suAime)MAanz

la l»afr Tube Section

Inner Sleeve

1500 816

600 316

1500 816

i
i

La cusceptible to ntergr

lity fer
applicatiene aro being a e—Harel. __
Hastellay 1, and Rastelley R-235. Of these alloys Inoonl 702 and wtella R~235 
ar precipitation hardening, uhile Ina anal and Hastella I are enly noderutoly 00.

One step in eelecting the optim allq for PRTR special loop Applieations la to 
compare the effeets of irradiatien in gasecus rsotor atmospheres. Tha irradiation 
of am hardening alloye —ally enuses embrittlement vhich Arastically reluoes 
ducility at elevated tomperatnran. Sinoe the hardening — ah am la— vary sommthat 
among the allays listed, important differenoes in irradiatien aff— ts on strength 
and ductility may oocur. -
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results in eurface resetions and train boundary attack cnusin rapid deterioration. 
These renctione are complez and favored by the prooonso of CO in ecubnation with

Internal ozidation lo also harmful ha—earwater vapor, hydrogen, or sulphur.
this resction nornally occurs at tawparoturoo and pressures exceeding the intende 
applications. During operation of the PRTR gee cooled loop, COa eontaining water 
vapor will come in contact with hot graphite under neutron irradiation. Several 

are poesibe, therefore, it isproucte of the fora
whether thio enviromont trill < 
shortenine their design life.

seriously attack the eandiAate
to determine 

ala thereby

Mart at ICM1
Two types of Arradtationa are planned, both of which onploy pre. and poet-irradiation 
testin. These we described below under the hesdings Renctor Enviroment Oral eat ion and 
Rechanical Porperties Bvaluation.

This will be a short-time irradiation of several favorable high-temperature
resistant allqe. peci
weight gain and hard 
after irradiation.

1. Irrnintad
These are listed in Table 2 along with their ohoud nal eompnnftien, anneal tag 
heat trastwanta, wsr rose epic crose sections, and epee lee . weights. la addition
to four nickel-base superalloye previously mentione, the list includes two 
additional nickel-base alloys (Hastella F and Inconel I), three lew no ng one os 
steele, three iron-chromiun-aluminum al l ays, and type 406 stainlese deal.
Although these additional alloys are not included in the mechanical properties 
irradiation, a eursory evaluation of their stability .
be useful in evalumting their usefalness for application and sr study.
Maoher ehaped specimens of the dimensions shown in Figure I will be eut from 
strip, and numbered aocording to Table 3.

2. TentinPrazram

The studies to be earls include 
arnearance, hardness, and weight.

due to irradiation in nicrost mtura 1 
is work will be porferas' withta load *

shielding. ..ou under construction in the Physical Metallurgy Operation's 
lavoratorios. One of these sp sn inans to be irradiated (A) yillhanoliqhmtrgaatfc. sa 5

Aghed2 
nd swop

2.22 
ation

r,urrT 1

for hardneeo and metallographie changes.
All specimens will be irradiated in the annealed or, in the ease of the agon 

hardening allays, solotion-treated condition. « Since the irradiation temperature 
will approach the aging tenperaturo for oono of the allays, it will be 
necessary to separate temperature and irradiation effects; to do thio,<
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Pile Atmonphere Errect- Specimen
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LUMBEIINGARANEETFORREACTOR -12

Material
UnirrMi ControlDasignation Irradiated Specimens

No. Designaton

Jot 318472 51-5T-5Z 2 5A-5B

JoL BH-1031 5 6x-6r-6Z 2 6A-6B

JoL RH-1053 3 71-7/-7Z 2 7A-7B

Ferral Modified 3 14X-14Y-14Z 3 14A-148-14C

AISI 406 S3 3 15X-15Y-15Z 2 15-19

Fe-Cr-Al 3 19X-19Y-19Z 2 19A-198

Fe-Cr-Y 3 201-20Y-20Z 2 20A-20B

Hastelloy X 7 22-22-222 3 224-223-22C

Hastelloy-R-235 3 241-24Y-74Z 2 +A-24B-24C

Inconel 3 261-26-262 3 264-268-26C

Inconel X 3 271-27-272 •* 27A-278-27C

lneon»1 ^2 2ex-2eT-26Z 3 28A-283-28C

Hastellcy F 3 301- 30Y-30Z 3 30A-308-30C

P UNCLASSIFLED
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TABL2

CHHGICALCQPOSITION-MEAT TREATMTS-CROSS SETIONAD SPEIAL WEIGHT MATERIAL LRUADLATEDTEVALNIATE

Designation 
of Alloy c si P S Al

itionw/o
No____ Mb ■1 ri lr Y Fa W

*4 2

7

1*

15

19

20

21

22

2*

26

27

28

30

32
22

JoL RH-1053

Ferral Modified

AISI 406 SS

Fe-Cr-Al

Fe-Cr-Y

D-979

Hastelloy X

Kastello R-235

Inconel

Inconel X

Ineonel 702

Hastellay F

AISI 304L 33
KISI 316L SS

.06 . 09 .08 .008 .015 -30 .40 .31 Bal.

.05

.10

.03

.01

.05

.15

.16

.15

.08

10

05

.03

.03

.05 .06 .004 .005 7.5 *.90 1.0 .50 Bal.

.36

.10

.11

.50

1.0

1.0

.90

.50

.70

1.0
1.0

.40

.10

.50

1.0

1.0

1.0

1.0

2.0
2.0

.016 .012

.009 .01*

.005 .012

4.15 13.25

5.6 2*.00

.12 30.00

1.00 15.00

22.00

2.00 14,00

17.00

1.00 17.00

3.75 17.00

22.00

1.00 19.00
1.00 18.00

• Annealine or Solution Tyat—m.

#em

.0* .93 .16 .15 Bal.

.10 Bal.

1 Bal.

.50

.50

-5

3.75

9.00

5.50

6.50

1.0

2.50
2.50 10-c

45.00 3.0 Bal.3-5

*7.00 19

65.00 2.5

*>0.00 2.5

-5.00 1.0

*6.00

10.00
11.00

8

8

7

2

13

3
or .-iZACTOR gyviROoayr

Beat Treatments"
—em--

1550F »'r .213

2 Hrs.1600F Air .176

1400F Air .197

2 Hrs.1600F Air .192

2 Hrs.1600F Air

1850 Oli

1.0 1 Hr- 2150F H20

’ 1 Hr. 2150T *lr

15 ■ woor H20

30 ■

30 N

3000F H20
2OOOF HO

1.0
<

1 Hr. 2150P Air

1850F Air

10%op Air

.21b

.303

.329

.351

.335

.3**

I

Specimen
Height 
____ gms______

2^

.5.

.48

.54

1.50

2.20

2.23

2.3b

2.18

2.10

2.16

Sa

#
K
T f

I

I

I

I

-
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lup.’cate unirradiated control specimens will be annealed in vacuum at the 
hrrnd ation temperature and for the period of irradiation. Any changes in 
hardness or microstructure resulting from these treatments will be accounted 
for in the examination of the irradiated specimens.

• IrrM* Procctur- vvl Capsule; ^scr.* an

The irradiation will be cenlucted in a site-graptriteinnnl at
C reactor. The xnosure period will be ngroxinateiy one .n.th at fu.l power.
Operatin temperatures will not be nonItored, but will be calculated on the 
basis of normal ambient temreratures. These can be art hasted from the monitorei 
temperature data for the tensile capsules to be irradiated in the second phase 
of the programn.

The irradiation capsule is illustrated in Firure ?. The capsule body is 
f-tricatel from graphite, and is open ch either end for he passage of reactor 
Kas. The specimens are supported on a stainless steel rod which is flame 
sprayed with Al203. and the ape-'mens are separated from one another with 
ceramic spacers. The support rod is in turn attached to a 304L stainless 
rack which slides freely in the capsule. The rack is held in place with 
a graphit • end nlug which is sec ur~t to the eansule with a "truarc" retaining
ring. The carsule in "none’" 
irresu arities it echannef:

n ea sliiing over graphite"-me

After discharge, the rapsule is easily tisnsseu Iei by renoving the retainng 
rings at tne end plu nvi sur ort roi. No hazaris in the irradiation of the 
capsule are anti rinat ~i; hcever. cara should be exercised during 1ischarge to 
prevent inadvertent breakage ef the.capsule.

B. MechanicalPorpertiesEvaluation
The effects of irraliation and reactor environment on the tensile properties ef 
our nickel-base alleys will be determined during this phase of the orogram.
Two levels of irradiation, three and six months, will be emploed st reactor 
graphite temperature. The same irradiation facility and atmosphere used for 
the environment evaluation will be used for these irradiations.

1• Materials to be Irradiated
Four nickel-base alloys. namely. Inconel, Inconel 702, Hastelloy X, and 
Hastelloy R-235 will be irradiated. Inconel 702 and Hastelloy R-235 will 
be aged, and Inconel and Hastelloy X will be stbilized prior to irradiation. 
The heat treatments and specimen weights for these allovs are presented in 
Table 4. The timensions of the t aile specimens are shown in Fipure 3.

2. Tystjn< Program

I

Duplicate tensile tests will be conducted on the irraiiated and unirradiated 
specimens at both room tezperature and 700°C (1292°). Within the range nf 
operating temperatures for the gas-cooled loop, the nickel -chromium alloys 
always exhibit a minimum in fuctility at about 700°c. It is of interest to 
determine the art led effects of neutron amage to embrittlement at this critical
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L . External Capsule

Specimen Mounting Rod

Rar k

Spacer

a
Spec inen

Ve«««

N 
$

7

-rRetaining Ring 
)

rI ru 2

Pil- Btu sp ere Tent Caprule
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1

Size C2 60° 
Cantar Drill 
To 13/64 Dia.
Both Ends ____ I

(.02 Sq. In.) 
.160 ± .0005 1

„407

.0^ » 4
:040 ’

4a .330 ma.

T
1.125

. 1.937

FIGURE 3

Tana ila Test Specimen

♦
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rap lb »
HEAT T.WUMEXTS AND SPBCIXEai WRIGHTS OF NICKEL-BAJE ALL 

TO DETSUUNE EFFECTS OF NEUTRON RADIATION AND REACTOR
ON IHSIIE PROPERTIE

S.IRRADIATE 
NVIRONMNT

Materal Solution Anne■T- Time
(F)

____
Cooling

. ^1*..
M#n< or St

(F
abilizinKTime

SpecinrrWeight
__ (ems)___

Inconel 1900 5 min. Air 1400 8 hrs. 12.62

Inconel 707 1925 30 min. Ar 1400 5 hrs. 11ZO

Hastelloy X 2150 20 min. Kir 1400 8 12.4

Hastelloy R-235 2150 30 ein. Furnace
Cool

12.30

table 5

TESTING CONDITICNS AND SPEIMMi MARKINS FORTENSIIEPROPERTLINV GATIpy

Condition Inconel
SgesimenMarkiqzs
Inconel 702 1Hastelloy I । H<>telloy ^-211

Unirradiated

Roon Temp. 26R1-26R2 28R1-26R2 22R1-22R2 24R1-24R2

700°C 2671-2672 2871-2872 2271-2272 2471-247?

Irradiated 3 aonths

Room Temp. 26R5-26R6 28R5-26R6 22R5-22R6 24R5-24R6

700°C 2675-2676 2875-2876 2275-2276 2475-2476

irradiated aogthg

Room Temp. 26R9-26R0 28R9-28R0 22R9-22R0 24R9-24RO

t
700°c 2679-2670 2879-7870 2279-2270 2479-2470

UNCLASSIFIED
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temperature. The tooting conditions and specimen markings are Hated in 
Table 5.

The testing equipment to be used on the program io illustrated in Figure 4. 
Thia oquipuTt consists of a vacuum capeule containing the speoinen mounts 
and pull rod a, a high-temporature furnace and controller, an I natron tensile 
testing instrument, and a vacuum eye free. The strength of the wit exceeds 
1500 pounde of tensile force at 2200 F, and a vacuum pressure of better than 
10 microns ia easily obtained. Provisions are made for backfilling with 
helium or argon to overcome the small force exerted at the friction seals. 
All tests will be performed at a constant stran rate of .002 in/in/min.

3. IrradiationProcedureandCapsuleDessription
As pointed out above, the tensile capsules will be irradiated under the mm 
conditions, ezcept for total exposure, and in the same facility as used for 
the firet phase of the program. Changes in irradiation nay occur after the 
effects of invironment on nickel-base alloys are evaluated.

The capsules to be irradiated three and sx months will be charged simultaneously. 
the ala months capsules in front. By means of a special tool, the three months 
capsules will be retracted and discharged upon exposure, leaving the six months 
capsules to accumulate their respective exposure. The fay return of alternate 
capaules will be Monitored with thermocouples.

The irraliation capeule la illustrated in Figure 5. The main body of the 
capsule io graphite, and la open in the center both to accommodate tharMo 
couples from the leadirg capsules and for the passage of reactor games. 
Sixteen specimens ar* held in place with graphite and specers which are doweled 
to the capsule body to maintain specimen spacing and alignment. Additional " 
holes are drilled through the capeule to improve gas circulation. The last 
end spacer ia secured with an end plug which la held in place with a "truare" 
ring. The capeule is "noeel" in front to allow easy eliding over graphite 
irregularities in the channel.

After discharge, the capsule La disassembled by either shesrine the dowel pin 
at each end spacer or by breaking the capsule at the vent holes. Be hazards 
in the irradiation are anticipated; however, ear* should be ezercised during 
discharge to prevent inadvertent breakage of the capsule. 4

mmm
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