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ABSTRACT

The solid to liquid phase transformation of LiOH at 744.3 K is considered
to be an ideal candidate thermal energy storage (TES) mechanism for a Rankine
heat engine based Solar Dynamic system operating at ~682 K. MWhile pure nickel
is thought to be a suitable containment material for LiOH, long term contain-
ment is of concern because molten hydroxides are usually corrosive. Two com-
mercially pure nickel alloys, Ni-200 and Ni-201, have been exposed to molten
LiOH, its vapor and vacuum at 775 K for periods ranging from 50 to 5000 h, and
simple mechanical property measurements (77 to 900 K tensile and 750 K creep
rupture) of exposed alloys have been undertaken. This report documents the
mechanical property test procedures and presents tabular Tists of the test
data. :

INTRODUCTION

In order to provide increased electrical power and thermal energy for
Space Station Freedom, NASA is considering solar dynamic systems. The envi-
sioned units will consist of four major components: (1) a focused mirror,

(2) a heat receiver, (3) a thermal energy storage system, and (4) a heat
engine. The parabolic mirrors will gather sunlight and focus it into receivers
which absorb the energy. Part of this energy will be distributed directly to

a heat engine driving an electrical generator, and the rest of the energy will
be shunted to a thermal energy storage system for use when Space Station Free-
dom is in Earth's eclipse. From a materials view point the thermal energy
storage system is of particular concern, as the solid to liquid transformation
of salts is generally the most efficient method to store heat. Hence, the con-
tainment materials must be able to withstand long exposures (~30 yr) to molten,
highly corrosive salts.

In the case of an organic Rankine Cycle heat engine utilizing toluene as
the working fluid, the solid to Tiquid phase transformation of LiOH has been
suggested (ref. 1) as a nearly ideal means for thermal energy storage. This
choice is based on (1) a 744.3 K melting temperature, which is close to the
maximum operating temperature range (671 to 700 K) for this type of engine;



(2) the high energy storage capacity of 0.87 kJ/g; (3) the low volume change of
LiOH (~1 percent) upon solidification (ref. 2); and (4) probable compatibility
with pure nickel (ref. 3).

A program has been undertaken to examine the question of long term compat-
ibility between high purity Ni alloys and LiOH. Of prime concern was the pos-
sibility that exposure to LiOH would corrode these alloys and lead to failure
of the thermal energy storage unit through degradation of the mechanical prop-
erties. Nickel specimens have been exposed to molten LiOH, its vapor and
vacuum at the Lewis Research Center and subsequently subjected to tensile and
creep rupture testing at the Surface Engineering Center of the IIT Research
Institute. This report documents the mechanical property test procedures and
presents tabular lists of all the generated mechanical property test data.
Analysis of the mechanical property data as well as observations concerning
the effect(s) of LiOH and vacuum on pure Ni have been presented elsewhere
(refs. 4 to 6).

EXPERIMENTAL PROCEDURES
Exposures

Simultaneous exposure of pure Ni alloy samples to liquid LiOH and hydrox-
ide vapor were undertaken at the Lewis Research Center in thin-wall, nominally
280 x 120 x 130 mm "Bread Pan" corrosion capsules. Two racks, each holding
about 50 tensile type specimens, resided within the bread pan where, above the
melting point of LI1OH, the lower rack was covered with molten hydroxide while
the second rack was exposed to the LiOH vapor. A third rack of specimens was
laid on top of the sealed capsule, and the whole assembly placed inside a vac-
uum furnace for heat treatment. This latter batch of specimens served as the
control to separate the effects of thermal exposure alone from the combined
influence of heat and chemical attack experienced by the specimens within the
capsule.

Capsules and test specimens were fabricated from the approximately 1.6-mm-
thick Ni-200 and Ni-201 alloy sheet, where for any specific experiment the cor-
rosion capsule and test specimens were cut from the same material. Bread Pan
capsules with matching 1ids were produced by a combination of bending and weld-
ing, while the clevis tensile type test specimens (fig. 1) were directly
punched from the as-received sheet stock. In most cases the gage length of the
test specimens was parallel to the sheet rolling direction. Prior to assembly
both the tensile specimens and Bread Pans were cleaned by hot vapor degreasing
and ultrasonic washing in trichloroethane., After filling capsules with racks
of specimens and LiOH granules, they were evacuated and sealed by welding.

Bread Pans were heat treated for various lengths of time at 775 K in
vacuum. None of the exposures was continuous; all experienced shutdowns due to
various furnace operation problems. Upon completion of the corrosion experi-
ment, the capsules were cut open, and the LiOH dissolved in running water. The
LiOH and vacuum exposed specimens were then forwarded to the Surface Engineer-
ing Center of the IIT Research Institute for mechanical property testing under

contract NAS3-24976,

The chemistry and other data regarding the alloys and LiOH are given in
table I. Based on material specifications (ref. 7) for pure nickel alloys,
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Ni-201 is a low-carbon version Ni-200. However, as can be seen in table I, the
present heat of Ni-200 contains lesser amounts of substitutional impurities
(Fe, Mn, and Si) as well as a lower C content than the lot of Ni-201.

Tensile Testing

Multiple tensile tests at 77, 298, 400, 600, 750, and 900 K were conducted
on LiOH exposed, vacuum annealed, and as-received specimens. Briefly, testing
was undertaken in universal screw driven machines at a nominal strain rate of
6.7x10-2 s-! through the 0.2 gercent yield; beyond this strain the deformation
rate was increased to 2.1x1072 mm/s and held until failure. Strain was meas-
ured via a mechanical extensometer directly attached to the gage section. The
testing atmosphere varied with temperature where (1) at 77 K, specimens were
immersed in Tiquid Np; (2) at 298 and 400 K, tests were conducted in air; and
(3) above 400 K, measurements were carried out in a 0.006 Pa or better vacuum.
Typical test data included 0.02 and 0.2 percent offset yleld strengths, ulti-
mate tensile strength (UTS) and elongation at failure, where all mechanical
properties were calculated on the basis of the original (pre-exposure) dimen-
sfons. Tensile testing was undertaken on as-received Ni-200 (table I) and spe-
cimens exposed for 401 and 2500 h to molten hydroxide, its vapor or vacuum at
775 K. Additionally Ni-201 (table I) specimens were tested after 0, 50, 400,
2200, and 5000 h exposure to LiOH and vacuum at 775 K.

The incoming specimens (fig. 1) were punched with nominal 25.4 mm gage marks.
The exact distance between these points was measured and recorded. Each speci-
men was then tested according to the procedures outlined below:

77 K Tests
1. Install sample in cold cell grips.
2. Tape load pins in place.
3. Set extensometer bottom grip on sample.
4. Set top extensometer grip on top of sample 25.4 mm from other grip.
5. Install thermocouple tip on sample and hook leads to upper pull rod.
6. Screw assembly into cylinder.
7. Install system into Instron.
8. Pour thermos of liquid Ny into cold cell slowly (caution: system will

sputter and some Tiquid will be ejected).
9. As the Tiquid Ny cools the system, a load will develop on the load cell;
readjust crosshead to keep load at zero.
10. After at least 4 flasks are put in, allow system to settle for 8 min while
carefully observing load cell. Refill Ny as needed; N» Tevel should be
12 to 25 mm below top of can. This places sample in center of a 305 mm
deep volume of liquid nitrogen.
11. Set up Instron and X-Y plotter parameters:
Instron crosshead speed = 0.127 mm/min (lever in low).
Instron chart speed = 12.7 mm/min.
Instron load cell setting = 2273 kg.
X axis 0.004 V/mm.
Y axis 0.004 V/mm.
Pen down.
Servo to on.
12. Begin test.



13. When Toad reaches ~450 kg:
Pen 1ift.
Y-axis to 0.02 V/mm.
Pen record.
14. When extension reaches 1.20 V from starting point:
Pen 1ift.
X-axis to 0.02 V/mm.
Pen record.
15. When extension reaches 1.25 V from starting point:
Shift crosshead rate to 0.002 mm/min.
16. When extension reaches 6.5 V:
Pen 1ift.
X-axis to 0.04 V/mm.
Pen record.
17. Record on data sheet ultimate load from digital display.
18. After sample breaks, turn system off.
19. Remove cold cell from Instron.
20. Dump remaining Tiquid Nj.
21. Allow unit to warm to room temperature, and remove upper load arm
assembly.
22. Remove sample from fixture.
23. Measure sample final width, thickness, and gage length.

Room-Temperature Tests

1-4. Same as 77 K testing.
5. Set up Instron and X-Y plotter parameters:
Instron crosshead speed = 0.127 mm/min (Tever in low).
Instron chart speed = 12.7 mm/min.
Instron load cell setting = 2273 kq.
X axis 0.004 V/mm,
Y axis 0.004 V/mm.
Pen down.
Servo to on.
. Begin test.
. When load reaches ~450 kg:
Pen 1ift.
Y-axis to 0.02 V/mm.
Pen record.
8. When extension reaches 1.20 V from starting point:
Pen 1ift.
X-axis to 0.02 V/mm.
Pen record.
9. When extension reaches 1.25 V from starting point:
Shift crosshead rate to 0.002 mm/min.
10. When extension reaches 6.5 V:
Pen Tift.
X-axis to 0.04 V/mm.
Pen record. :
11. Record on data sheet ultimate load from digital display.
12. After sample breaks, turn system off.
13. Remove sample from fixture.
14. Measure sample final width, thickness, and gage length.
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400 K Tests

Same as 77 K testing.
Install system into Instron.
Put furnace on unit, and hook up furnace controller.
Set controller to 400 K.
Alloy system to come to equilibrium at 400 K (estimate 1 h).
Set up Instron and X-Y plotter parameters:
Instron crosshead speed = 0.127 mm/min (lever in Tow).
Instron chart speed = 12.7 mm/min.
Instron load cell setting = 2273 kg.
X axis 0.004 V/mm.
Y axis 0.004 V/mm.
Pen down.
Servo to on.
10. Begin test.
11. When load reaches ~450 kg:
Pen 1ift.
Y-axis to 0.02 V/mm.
Pen record.
12. When extension reaches 1.20 V from starting point:
Pen 1ift.
X-axis to 0.02 V/mm.
Pen record.
13. When extension reaches 1.25 V from starting point:
Shift crosshead rate to 0.002 mm/min.
14. When extension reaches 6.5 V:
Pen Tift.
X-axis to 0.04 V/mm.
Pen record.
15. Record on data sheet ultimate load from digital display.
16. After sample breaks, turn system off.
17. Disconnect furnace controller and remove furnace.
18. Allow unit to cool to room temperature, and remove upper load arm from
Instron.
19. Remove sample.
20. Measure sample final width, thickness, and gage length.

WO oo~ovuonom

600 - 900 K Tests

The three highest temperature tests were run in vacuum. This was accomplished
in an IITRI designed a vacuum test chamber. One such vessel is illustrated in
figure 2 which shows the general location of the specimen and the high tempera-
ture extensometer. The upper load arm exits the chamber by way of a dual
O-ring seal area that is connected to a secondary mechanical pump. The main
chamber is attached, using standard vacuum components, to a high-vacuum turbo-
molecular pump. Through use of this technique the main chamber vacuum of

0.006 Pa was repeatedly achieved. Lead-throughs in the hot chamber base plate
allowed connections of the following items:

- High-vacuum turbomolecutlar pump.

- Standard mechanical roughing pump.

- Internal vacuum gage.

- Coax electronic lead-throughs for the extensometer.



- Internal specimen thermocouple.
- Purge port.

Testing at 600 to 900 K followed these steps:

Lo WA —

10.
. Rough pump vacuum chamber to ~2.6 Pa.

. Pump vacuum chamber with turbopump.

. When vacuum in chamber is <0.006 Pa, begin heating.

. Allow system to come to equilibrium at test temperature.
. Set up Instron and X-Y plotter parameters:

16.
17.

18.

19.
20.

21.
22.
23.
24.
25.
. Remove extensometer and top load arm.
27.
28.

Install sample in grips.

Set extensometer bottom grip on sample.

Set top extensometer grip on top of sample 1 in. from other grip.
Install unit on vacuum chamber bottom plate.

Install T/C tip on sample and hook leads to lTower pull rod.

Set up and connect extensometer in chamber.

Check and replace O-rings if necessary.

Put top on vacuum chamber.

Install system into Instron.

Place furnace and controller around vacuum chamber.

Instron crosshead speed = 0.127 mm/min (lever in low).

Instron chart speed = 12.7 mm/min.

Instron load cell setting = 2273 kg.

X axis 0.004 V/mm.

Y axis 0.004 V/mm.

Pen down.

Servo to on.

Begin test.
When load reaches ~450 kg:

Pen 1ift.

Y-axis to 0.02 V/mm.

Pen record.

When extension reaches 1.20 V from starting point:

Pen 1ift.

X-axis to 0.02 V/mm.

Pen record.

When extension reaches 1.25 V from starting point:

Shift crosshead rate to 0.002 mm/min.

When extension reaches 6.5 V:

Pen 1ift.

X-axis to 0.04 V/mm.

Pen record. - - -
Record on data sheet the ultimate load from digital display.
After sample breaks, turn system off.

Allow unit to cool to room temperature in a vacuum.
Remove unit from Instron.
Open vacuum chamber.

Remove sample from bottom load arm.
Measure final width, thickness, and gage length of sample.



Creep Rupture Testing

Four standard creep stands with IITRI designed vacuum test vessels, simi-
lar to that shown in figure 2, were connected to a high vacuum cryogenic pump.
A typical series of creep rupture experiments consisted of 8 samples tested at
engineering stress 1gvels designed to produce failure in 50 to 1500 h at 750 K
in a vacuum of 6x10-3 Pa or better. Appropriate extension - time results were
gathered by a data logger tied to each stand with the desired information to
include time to 0.1, 0.2, 0.5, 1, 2, 5, and 10 percent strain; steady state
creep rate; and failure time & elongation. Ni-200 was tested in the following
material conditions: (1) as-received; (2) exposed to molten LiOH for 401 and
2500 h: and (3) annealed in vacuum for 401 and 2500 h. As-received Ni-201 was
also tested as well as specimens which had been exposed to molten hydroxide or
vacuum for 2200 h and 5000 h.

Prior to testing, the creep rupture specimens were punched with nominal
25.4 mm gage marks, and the exact distance between the gage marks was measured
and recorded. Vacuum creep rupture testing at 750 K was undertaken following
the procedures outlined below:

Install sample in grips.
Set extensometer bottom grip on sample.
Set top extensometer grip on top of sample 25.4 mm from other grip.
Install unit on vacuum chamber bottom plate.
Install thermocouple tip on sample and hook leads to lower pull rod.
Set up and connect extensometer in chamber.
Check and replace O-rings if necessary.
Put top on vacuum chamber.
Install system into creep stand.
Connect vacuum chamber to system.
. Rough pump vacuum chamber to ~2.6 Pa.
. Pump vacuum chamber with cryogenic pump.
. When chamber is <0.006 Pa, begin heating chamber.
. Allow system to come to equilibrium at 750 K.
. Using the desired stress Tevel and knowing the cross sectional area of the
specimen, calculate the desired dead weight loading required.
. With the data logger set to scan every 15 s, load the specimen at the
desired level.
. Turn on timer to unit.
. Continue recording the data every 15 s for 5 minutes; at that time, change
scan rate to every 5 minutes.
19. Continue recording every 5 minutes until test time equals 1 h, then change
scan time to every hour, for the next 24 h. At that point set scanner to
6 h intervals.
20. When sample breaks, system will turn itself off.
21. Allow unit to cool to room temperature under vacuum.
22. Remove chamber from creep stand and take out specimen.
23. Measure gage section on specimen and transfer that information along with
data from datalogger into computer program.
24. Using data, find the following information:
A. elastic strain
B. time to 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, and 10.0% strain
C. time to failure
D. steady state creep rate.
25. Plot creep curve from data.
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RESULTS

The tensile test data, consisting of the 0.02 and 0.2 percent offset yield
stress, ultimate tensile strength and tensile elongation, for as-received and
exposed Ni-200 and Ni-201 are presented in tables II and III, respectively.
Additionally for each test temperature - material condition the following sta-
tistical parameters are given: (1) arithmetic average; (2) standard deviation;
(3) maximum value; and (4) minimum value. Analysis of these data and typical
microstructures of as-received, exposed and tensile tested materials are pre-
sented in references 4 to 6.

Tables IV and V summarize the results of creep rupture testing where data
for time to 0.1, 0.2, 0.5, 1, 2,-5, and 10 percent strain; steady state (SS)
creep rate; and failure time & elongation are presented. Additionally for
Ni-200 the creep rates at 2 and 5 percent plastic strain are given; since
steady state was not generally reached until 10 percent or more strain had
been accumulated. Analysis of the creep rupture behavior along with typical
creep curves and plots of the time-to-rupture data and creep rates are pre-
sented in reference 6 in addition to photomicrographs of the microstructure of
tested samples.

DISCUSSION

An extensive study (refs. 4 to 6) of prolonged exposures of commercially
pure Ni alloys to LiOH and vacuum at 775 K has shown that there is Tlittle dif-
ference in properties after unstressed exposure to either environment for as
Tong as 5000 h. Specifically:

1. No significant weight changes (<1 mg/cml) occurred after exposures in
either molten LiOH, hydroxide vapor or vacuum;

2. Little, if any, difference in 77 to 900 K tensile properties among vac-
uum, Li1OH vapor or liquid exposed samples could be detected; and

3. 750 K vacuum creep rupture properties of vacuum and molten LiOH exposed
specimens are identical.

While surface connected cracks were found in the post-tensile test micro-
structures of LiOH exposed Ni-200 but not seen in vacuum annealed tensile
tested Ni-200, such differences did not translate into measurable changes in
mechanical properties. Furthermore, no microstructural differences were
observed in Ni-201 exposed to any of the three environments.

No degradation of mechanical properties due to LiOH exposure at 775 K was
found in either Ni-200 or Ni-201. However, several major differences between
these two alloys were noted: (1) the elevated temperature ductility of the
heat of Ni-200 was much better than that of Ni-201, and (2) Ni-200 was free of
intergranular cracking, whereas significant intergranular cracking occurred in
N1-201 tested at and above 750 K. This behavior is probably due to the higher
purity of the present lot of Ni-200 in comparison to that of Ni-201 (table I).

Although the data indicate that Ni and LiOH are compatible, two potential
problems (ref. 5) which have strong implications with respect to a LiOH/Ni
thermal energy storage system have been identified:
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1. Internal pressurization of the hydroxide filled Ni vessels must be
avoided to prevent possible failure of fusion weld joints from a combi-
nation of tensile stress and intergranular corrosion, and

2. The slow, but steady, loss of the LiOH energy storage media must be
expected if hydrogen can freely permeate through the Ni containment
vessel.

Even with these two precautions in mind, it can be concluded that pure Ni is a
suitable containment material for a LiOH thermal energy storage system.

SUMMARY

Considerable mechanical property testing of two pure Ni alloys exposed to
molten LiOH, its vapor, and vacuum for prolonged periods at 775 K have been
undertaken. A complete description of the test procedures and tabular lists
of the mechanical property test results are presented in this report.
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Table I. Characterization of Starting Materials.

Material Form Supplier Heat/Lot Composition (Wt Pct)
Number
Ni 200 Annealed Huntington K51K2A 0.01C-<0.01Fe-0.22Mn-0.02P~
Sheet Alloys 0.0015-0.04Si-bal Ni
Ni 201 Annealed DVN America 6510 0.02C-0.01Cu-0.06Fe-

0.0015-0.16Si-bal Ni

L10OH Granules  Foote 503-11B  99.1Li0H-0.3Hp0 with Li,C03
Chemical + LipS04 < 1.94, Ca0 < 0.2,
Heavy Metals < 0.002, Trace Cl
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- 677.0 83.0 124.0 139.0 §81.0
89.0 677.0 §9.0 97.0 133.0 679.0
132.0 578.0 81.0 - - 679.0
110.5 578.7 81.0 110.5 1368.0 679.7
21.% 0.5 1.8 13.5 3.0 0.9
132.0 §77.0 83.0 124,0 139.0 681.0
89.0 576.0 69.0 97.0 133.0 §79.0
117.0 387.0 49.0 112.0  130.0 374.0
116.0 388.0 §3.0 117.0  129.0 372.0
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112.0 387.0 51.0 97.0 108.0 370.0
114.0 387.2 61.8 102.4  119.2 371.8
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2.1 0.8 0.8 4.6 4.5 0.8
114.0 338.0 468.0 106.0 121.0 342.0
109.0 338.0 4.0 4.0 111.0 340.0
111.0 298.0 40.0 - - 308.0
110.0 297.0 37.0 - - 308.0
- 301.0 38.0 98.0 114.0 305.0
110.6 298.7 38.3 $8.0 114.0 307.0
0.5 1.7 1.2 0.0 0.0 1.4
111.0 301.0 40.0 98.0 114.0 308.0
110.0 297.0 37.0 98.0 114.0 306.0
95.0 224.0 32.0 82.0 101.0 232.0
96.0 228.0 52.0 94.0 108.0 236.0
97.0 227.0 48.0 - - 201.0
94.0 228.0 §2.0 86.0 107.0 229.0
94.0 223.0 63.0 - - 232.0
96.2 225.8 47.4 87.3 106.3 225.8
1.2 1.9 7.9 6.0 3.1 12.6
97.0 228.0 53.0 94.0 108.0 236.0
94.0 223.0 32.0 82.0 101.0 201.0
76.0 143.0 66.0 72.0 88.0 148.0
81.0 145.0 48.0 - - 1563.0
77.0 144.0 83.0 81.0 78.0 160.0
78.0 144.0 59.0 88.5 81.0 160.3
2.2 0.8 7.9 5.8 5.0 2.1
81.0 145.0 88.0 72.0 88.0 163.0
78.0 143.0 48.0 81.0 78.0 148.0
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Table II(c). Tensile Properties of Ni-200 after Exposure to LiOH at 775 K

Temp,  0.02 ¥5,0.2YS, UTS, Elong, 0.02 ¥5,0.2 Y5, UTS, Elong, 0.02 ¥5,0.2YS, UTS, Elong,
K WPa  WPa WPA 5 Ws  WPa WPA % WPa  MPa WPA X

2600 h at Temperature

Liquid Vapor Vacuum
77 103.0 118.0 663.0 82.0 - - 588.0 48.0 114.0 131.0 584.0 81.0
17 107.0  123.0 £60.0 57.0 107.0 128.0 584.0 58.0 114.0  129.0 584.0 82.0
7 103.0 122.0 §569.0 69.0 98.0 123.0 670.0 60.0 110.0 128.0 682.0 84.0
Average 104.3 121.0 667.3 69.3 101.6 124.6 567.3 66.3 112.7  129.3 683.3 82.3
Std Dev 1.9 2.2 3.1 2.1 6.6 1.5 2.5 5.2 1.9 1.2 0.9 1.2
Maximum 107.0 123.0 560.0 82.0 107.0 126.0 670.0 80.0 114.0 131.0 £84.0 84.0
Minimum 103.0 118.0 653.0 87.0 98.0 123.0 564.0 48.0 110.0 128.0 £82.0 81.0
298 90.0 107.0 3569.0 56.0 111.0 121.0 364.0 66.0 100.0 111.0 389.0 63.0
298 88.0 108.0 358.0 62.0 86.0 102.0 356.0 £4.0 100.0 112.0 369.0 58.0
298 71.0 103.0 362.0 §0.0 96.0 106.0 366.0 £8.0 94.0 114.0 3717.0 67.0
298 78.0 108.0 354.0 §2.0 89.0 101.0 366.0 50.0 104.0 118.0 3713.0 57.0 Transverse
298 106.0 118.0 369.0 48.0 88.0 102.0 368.0 61.0 78.0 89.0 3712.0 51.0 Transverse
Average 88.4 108.4 368.4 61.8 93.86 108.2 366.8 63.2 94.8 108.8 372.0 64.8
Std Dev 11.6 4.2 2.8 2.7 9.3 1.6 1.3 2.3 9.9 10.2 3.0 2.4
Max imum 106.0 118.0 382.0 68.0 111.0 121.0 368.0 66.0 104.0 118.0 377.0 §7.0
Minimum 71.0 103.0 364.0 48.0 86.0 101.0 354.0 60.0 78.0 89.0 369.0 §1.0
400 96.0 111.0 328.0 43.0 103.0 117.0 331.0 45.0 89.0 111.0 368.0 46.0
400 102.0 118.0 330.0 45.0 $6.0 110.0 331.0 48.0 98.0 113.0 334.0 46.0
400 83.0 114.0 329.0 45.0 118.0 127.0 328.0 46.0 97.0 112.0 346.0 48.0
Average 97.0 113.7 328.3 44.3 106.0 118.0 330.3 48.0 94.7 112.0 345.7 45.7
Std Dev 3.7 2.1 1.7 0.9 8.3 7.0 0.9 1.4 4.0 0.8 9.8 0.5
Maximum 102.0 118.0 330.0 45.0 118.0 127.0 331.0 48.0 98.0 113.0 368.0 48.0
Minimum 93.0 111.0 328.0 43.0 96.0 110.0 329.0 45.0 89.0 111.0 334.0 45.0
800 84.0 108.0 291.0 42.0 88.0 106.0 298.0 43.0 92.0 114.0 319.0 43.0
800 77.0  106.0 291.0 41.0 118.0 128.0 298.0 42.0 87.0 104.0 311.0 38.0
800 80.0 102.0 288.0 4.0 786.0 108.0 292.0 42.0 91.0 112.0 309.0 38.0
Average 80.3 104.0 290.0 42.3 93.3 113.0 296.3 42.3 88.8 109.5 313.0 40.3
Std Dev 2.9 1.4 1.4 1.2 17.9 9.3 2.5 0.5 2.9 3.8 3.7 2.3
Maximum 84.0 106.0 291.0 4.0 118.0 128.0 298.0 43.0 92.0 114.0 319.0 43.0
Miniaum 77.0  102.0 288.0 41.0 76.0 106.0 292.0 42.0 86.0 104.0 308.0 38.0
760 88.0 81.0 222.0 32.0 80.0 90.0 223.0 54.0 89.0 102.0 230.0 84.0
750 78.0 94.0 220.0 52.0 87.0 90.0 223.0 67.0 77.0 98.0 232.0 48.0
760 71.0 81.0 215.0 64.0 71.0 88.0 218.0 66.0 70.0 93.0 232.0 81.0
760 85.0 868.0 217.0 54.0 73.0 89.0 222.0 §2.0 74.0 91.0 231.0 58.0 Transverse
750 70.0 88.0 218.0 56.0 88.0 86.0 218.0 §1.0 Transverse
Average 74.0 90.0 218.0 49.4 71.8 88.8 220.8 64.0 71.5 95.6 231.3 57.8
Std Dev 7.3 2.8 2.8 8.8 4.8 1.5 2.3 2.3 7.1 4,2 0.8 8.0
Maximum 86.0 94.0 222.0 66.0 80.0 90.0 223.0 §7.0 89.0 102.0 232.0 84.0
Ninimum 86.0 868.0 216.0 32.0 87.0 868.0 218.0 51.0 70.0 91.0 230.0 48.0
900 63.0 89.0 148.0 82.0 56.0 72.0 148.0 38.0 81.0 78.0 169.0 39.0
900 - - 141.0 81.0 §0.0 70.0 148.0 £3.0 81.0 74.0 164.0 45.0
900 80.0 72.0 144.0 63.0 54.0 89.0 148.0 69.0
Average 56.6 70.5 143.7 68.7 63.0 70.3 147.3 60.0 80.7 78.7 166.3 50.0
Std Dev 3.6 1.5 2.1 4.0 2.2 1.2 0.9 8.8 0.5 1.9 2.8 11.8
Haximum 80.0 72.0 146.0 82.0 56.0 72.0 148.0 69.0 81.0 78.0 169.0 88.0
Minimum 53.0 89.0 141.0 63.0 50.0 89.0 148.0 38.0 80.0 74.0 163.0 39.0
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Table III{a). Tensile Properties of Ni-201
after Exposure to LiOH at 776 K

Temp, 0.02 YS, 0.2Y5, UTS, Elong,
K UPa MPa MPA X

As Received Condition

17 183.0 240.0 857.0 7.0

7 190.0 241.0 863.0 80.0

n” 186.0 230.0 848.0 83.0

Average 186.3 237.0 862.7 680.0
Std Dev 2.9 5.0 3.7 2.4
Maximum 190.0 241.0 857.0 63.0
Minimum 183.0 230.0 648.0 57.0
298 139.0 198.0 434.0 45.0

298 162.0 201.0 440.0 44,0

298 182.0 211.0 438.0 44.0

Average 161.0 203.3 438.7 44.3
Std Dev 9.4 5.8 2.6 0.6
Max imum 182.0 211.0 440.0 45.0
Winimum 139.0 198.0 434.0 44.0
400 131.0 186.0 410.0 41.0

400 164.0 201.0 416.0 38.0

400 174.0 201.0 411.0 42.0

Average 156.3 198.0 412.3 40.3
Std Dev 18.4 7.1 2.8 1.7
Max imum 174.0 201.0 418.0 42.0
Minimum 131.0 188.0 410.0 38.0
800 148.0 173.0 384.0 26.0

800 147.0 184.0 400.0 37.0

800 149.0 179.0 399.0 33.0

"~ Average 147.3 178.7 394.3 31.7
Std Dev 1.2 4.5 7.3 5.0
Maximum 149.0 184,0 400.0 37.0
Minimum 146.0 173.0 384.0 26.0
760 1198.0 1440 260.0 13.0

750 121.0 146.0 269.0 13.0

750 - - 227.0 10.0

Average 120.0 1446 246.3 12.0
Std Dev 1.0 0.5 13.% 1.4
Max imum 121.0 1456.0 269.0 13.0
Minimum 119.0 144.0 227.0 10.0
900 79.0 100.0 180.0 11.0

900 81.0 98.0 188.0 14.0

900 74.0 100.0 159.0 10.0

Average 18.0 99.3 162.3 11.7
Std Dev 2.9 0.9 4.0 1.7
Max imum 81.0 100.0 188.0 14.0
Minimum 74.0 98.0 169.0 10.0
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Table ITI(b). Tensile Properties of Ni-201 after Exposure to LiOH at 776 K

Temp, 0.02Y5, 0.2 YS, UTS, Elong, 0.02 YS, 0.2YS, UTS, Elong, 0.02 Y5, 0.2Y5, UTS, Elong,
K UPs MPa WPA ] WP WPs NPA X MPa MPa MPA X

50 h at Temperature

Liquid Yapor Vacuum
7 98.0 173.0 841.0 60,0 189.0 187.0  637.0 84.0 171.0 182.0  846.0 82.0
77 160.0 187.0 843.0 682.0 166.0 179.0  6842.0 83.0 183.0 192.0  6845.0 80.0
77 162.0 178.0 842.0 61.0 172.0 183.0  841.0 68.0 176.0 187.0  849.0 §8.0
Average 140.0 179.3 642.0 81.0 165.3 183.0 840.0 81.7 176.3 187.0 848.7 80.0
Std Dev 29.7 5.8 0.8 0.8 7.4 3.3 2.2 2.8 5.0 4.1 1.7 1.8
Maximum 182.0 187.0 843.0 82.0 172.0 187.0  842.0 84.0 183.0 192.0 849.0 62.0
Minimum 98.0 173.0 841.0 80.0 1656.0 178.0  837.0 58.0 171.0 182.0 845.0 58.0
298 168.0 196.0 433.0 47.0 146.0 166.0  465.0 49.0 168.0 171.0 432.0 49.0
298 154.0 170.0  432.0 60.0 136.0 145.0 428.0 48.0 160.0  189.0 430.0 48.0
298 144.0 150.0 430.0 48.0 1368.0 142,0  433.0 60.0 138.0 149.0 430.0 49.0
298 136.0 164.0 431.0 B51.0 141.0 163.0  423.0 61.0 133.0 160.0 431.0 62.0 Transverse
Average 147.8 167.3 431.6 48.6 139.8 148.8 434.3 49.6 144.8 184.8 430.8 49.5
Std Dev 9.0 17.7 1.1 2.1 4.1 6.4 12.8 1.1 9.8 16.5 0.8 1.6
Maximum 168.0  196.0 433.0 61.0 148.0 166.0  485.0 51.0 168.0 189.0 432.0 62.0
Ninimum 136.0  150.0 430.0 48.0 1386.0  142.0 423.0 48.0 133.0 149.0  430.0 46.0
400 - - 410.0 41.0 - - 414.0 41.0 - - 414.0 41.0
400 - - 407.0 43.0 145.0 160.0 414.0 43.0 137.0 150.0  416.0 43.0
400 141.0 161.0 411.0 41.0 - - 413.0 43.0 131.0 148.0 409.0 44.0
Average 141.0 161.0 409.3 41.7 145.6  180.0  413.7 42.3 134.0 148.0  412.7 42.7
Std Dev 0.0 0.0 1.7 0.9 0.0 0.0 0.6 0.9 3.0 2.0 2.8 1.2
Max imum 141.0 151.0 411.0 43.0 146.0  180.0  414.0 43.0 137.0 150.0 416.0 4.0
Minimum 141.0 161.0 407.0 41.0 145.0 180.0  413.0 41.0 131.0 146.0 408.0 41.0
800 107.0 138.0 389.0 40.0 112.0 140.0  398.0 43.0 117.0 148.0 397.0 41.0
800 119.0 147.0  430.0 38.0 117.0 161.0 412.0 44.0 111.0 136.0 390.0 42.0
800 101.0 136.0  392.0 42.0 118.0 140.0 392.0 41.0 113.0 143.0 404.0 42.0
Average 109.0 140.3 403.7 40.0 116.7 143.7 400.7 42.7 113.7 142.0  397.0 41.7
Std Dev 1.8 4.8 18.7 1.8 2.8 6.2 8.4 1.2 2.6 6.4 5.7 0.5
Maximum 119.0 147.0 430.0 42.0 118.0 151.0 412.0 44.0 117.0 148.0 404.0 42.0
Winimum 101.0  138.0 389.0 38.0 112.0 140.0 392.0 41.0 111.0 136.0 390.0 41.0
750 101.0  120.6 270.0 39.0 92.0  117.0 268.0 35.0 108.0 129.0 263.0 38.0
760 103.0 122.0 287.0 47.0 88.0 112.0 288.0 43.0 - - 276.0 46.0
750 99.0 122.0 279.0 38.0 108.0 123.0 272.0 41.0 107.0 128.0 278.0 47.0
760 100.0 120.0 286.0 40.0 98.0  117.0 267.0 38.0 97.0 118.0 270.0 46.0 Transverse
Average 100.8 121.0 276,56 41.0 96.5 117.3  268.3 39.3 103.3 124.3 271.0 44.3
Std Dev 1.6 1.0 8.1 3.6 7.8 3.9 2.3 3.0 4.6 4.8 6.1 3.8
Max imum 103.0 122.0 287.0 47.0 108.0 123.0  272.0 43.0 107.0 129.0 278.0 47.0
Mininum $9.0 120.0 288.0 38.0 88.0 112.0 288.0 36.0 97.0 118.0 263.0 38.0
900 88.0 89.0 189.0 14.0 73.0 92.0  168.0 8.0 87.0 104.0 182.0 19.0
900 81.0 96.0 180.0 14.0 87.0 103.0 174.0 14.0 82.0 $3.0 186.0 14.0
900 86.0 101.0 189.0 11.0 74.0 $7.0 188.0 11.0 86.0 104.0 181.0 11.0
Average 78.3 96.3 1668.0 13.0 78.0 97.3 168.0 11.0 84.7 100.3 178.0 14.7
Std Dev 7.6 4.9 4.2 1.4 8.4 4.6 8.6 2.4 2.1 6.2 7.8 8.3
Maximum 88.0 101.0 1689.0 14.0 87.0 103.0 174.0 14.0 87.0 104.0 182.0 19.0
Minimum 88.0 89.0 180.0 11.0 73.0 92.0 168.0 8.0 82.0 93.0 166.0 11.0
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Table III{c). Tensile Properties of Ni-201 after Exposure to LiOH at 776 K

Tewp, 0.02YS, 0.2YS, UTS, Elong, 0.02YS, 0.2Ys, UTS, Elong, 0.02 Y8,
K uPs WPa  UPA ] UPa NPa WPA X MPa

400 h at Temperature

Liquid Vapor
77 145.0 171.06 838.0 81.0 143.0 189.0 837.0 83.0 138.0
17 158.0 170.0 839.0 82.0 146.0 181.0 839.0 83.0 180.0
77 162.0 191.0 635.0 64.0 142.0 164.0 831.0 88.0 148.0
166.0 177.3 837.3 62.3 143.7 188.0 836.7 84.7 148.0
7.3 9.7 1.7 1.2 1.7 11.0 3.4 2.4 9.1
182.0 191.0 839.0 84.0 148.0 181.0 839.0 88.0 180.0
146.0 170.0 836.0 81.0 142.0 164.0 831.0 83.0 138.0
298 123.0 132.0 422.0 60.0 126.0 133.0 418.0 51.0 122.0
208 117.0  132.0 423.0 B1.0 122.0  131.0  420.0 52.0 116.0
298 137.0 163.0 417.0 B1.0 151.0 190.0 423.0 49.0 119.0
298 116.0 136.0 424.0 B1.0 123.0 144.0 418.0 50.0 121.0
123.0 138.0 421.6 60.8 130.3 149.6 419.8 50.6 119.3
8.6 8.7 2.7 0.4 12.0 23.9 2.0 1.1 2.7
137.0  163.0 424.0 61.0 181.0 1900  423.0 52.0 122.0
116.0 132.0 417.0 60.0 122.0 131.0 418.0 49.0 115.0
400 106.0 124.0  392.0 44,0 110.0 122.0 399.0 45.0 119.0
400 104.0 131.0 410.0 45.0 187.0 183.0 406.0 43.0 121.0
400 103.0 140.0 403.0 45.0 80.0 129.0 400.0 44.0 109.0
104.0 131.7  401.7 447 118.0 144.7 401.7 44.0 118.3
0.8 8.5 7.4 0.6 36.1 27.3 3.1 0.8 6.2
106.0 140.0 410.0 45.0 187.0 183.0 408.0 46.0 121.0
103.0 124.0  392.0 44.0 80.0 122.0 3989.0 43.0 109.0
800 108.0 129.0 386.0 39.0 108.0 130.0 382.0 38.0 101.0
800 109.0 130.0 379.0 35.0 108.0 128.0 371.0 38.0 106.0
800 130.0 166.0 371.0 37.0 98.0 123.0 37%.0 40.0 108.0
116.7 138.0 378.3 37.0 103.3 127.0 378.3 38.7 104.7
10.1 12.0 6.7 1.8 6.2 2.9 2.1 0.9 2.9
130.0 166.0 386.0 39.0 108.0 130.0 382.0 40.0 108.0
108.0 129.0 371.0 35,0 96.0 123.0 371.0 38.0 101.0
750 94.0 111.0 2b68.0 22.0 88.0 101.0 282.0 44.0 77.0
750 91.0 110.0 280.0 21.0 84.0 104.0  281.0 4.0 91.0
760 86.0 102.0 260.0 23.0 82.0 117.0  289.0 41,0 72.0
760 92.0 112.0 282.0 29.0 98.0 114.0 270.0 4.0 88.0
90.8 108.8 267.0 23.8 83.0 109.0 286.5 44.0 81.5
2.9 4.0 4.8 3.1 10.8 8.7 4.0 2.1 7.4
94.0 112.0 282.0 29.0 98.0 117.0 270.0 47.0 91.0
88.0 102.0 260.0 21.0 88.0 101.0 281.0 41.0 72.0
900 82,0 88.0 167.0 18.0 14.0 87.0  187.0 20.0 72.0
$00 70.0 88.0 183.0 20.0 70.0  116.0  161.0 17.0 1.0
$00 72.0 84.0 158.0 18.0 72.0 89.0 164.0 21.0 89.0
88.0 86.3 168.7 18.7 72.0 97.3 184.0 19.3 70.7
4.3 0.9 3.1 0.9 1.8 13.2 2.4 1.7 1,2
72.0 88.0 183.0 20.0 74.0 118.0 167.0 21.0 72.0
82.0 84.0 166.0 18.0 70.0 87.0 161.0 17.0 69.0
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Table III(d). Tensile Properties of Ni-201 after Exposure to LiOH at 776 K

Temp, 0.02YS, 0.2YS, UTS, Elong, 0.02YS, 0.2YS, UTS, Elong, 0.02 Y5, 0.2Y5, UTS, Elong,
K MPa WPs WPA X MPs WPa MPA H WPa WP MPA ¥

2200 h at Temperature

Liquid Vapor Yacuum
77 - - 832.0 63.0 148.0 169.0 828.0 84.0 188.0 201.0 828.0 81.0
77 183.0 170.0 829.0 68.0 138.0 180.0 828.0 81.0 148.0 169.0 836.0 80.0
77 169.0 166.0 842.0 688.0 155.0 188.0 830.0 85.0 - - 818.0 85.0
Average 181.0 167.6 6834.3 62.3 147.0 182.3 628.7 83.3 167.0 185.0 628.3 82.0
Std Dev 2.0 2.5 5.8 8.8 1.0 4.0 0.9 1.7 11.0 18.0 8.9 2.2
Maximum 183.0 170.0 842.0 68.0 165.0 188.0 £30.0 86.0 188.0 201.0 836.0 86.0
Minimum 168.0 166.0 829.0 53.0 138.0 169.0 828.0 81.0 148.0 189.0 818.0 80.0
298 118.0 128.0 418.0 3.0 109.0 118.0 417.0 62.0 103.0 118.0 417.0 52.0
298 123.0 133.0 414.0 57.0 177.0 186.0 414.0 §2.0 96.0 110.0 408.0 62.0
298 108.0 123.0 411.0 64,0 152.0 163.0 416.0 52.0 138.0 148.0 414.0 52.0
298 109.0 120.0 419.0 52.0 128.0 134.0 409.0 62.0 100.0 112.0 416.0 63.0 Transverse
Average 114.6 128.0 4166 54.0 141.0 150.0 414.0 52.0 109.0 122.0 413.8 62.3
Std Dev 8.3 4.9 3.2 1.9 26.8 25.9 3.1 0.0 17.0 16.3 2.9 0.4
Maximum 123.0 133.0 419.0 67.0 177.0 185.0 417.0 62.0 138.0 148.0 417.0 63.0
Minimum 108.0 120.0 411.0 52.0 109.0 118.0 408.0 §2.0 $6.0 110.0 409.0 62.0
400 94.0 98.0 384.0 46.0 112.0 121.0 386.0 46.0 87.0 105.0 331.0 45.0
400 - - 392.0 47.0 92.0 104.0 344.0 45.0 101.0 112.0 342.0 43.0
400 137.0 170.0 398.0 47.0 85.0 100.0 339.0 46.0 - - 388.0 45.0
Average 116.8 134.0  391.3 468.7 96.3 108.3 357.0 45.0 94.0 108.5 363.7 44.3
Std Dev 21.6 36.0 6.7 0.5 11.4 9.1 22.0 0.0 1.0 3.6 4.7 0.9
Maximum 137.0 170.0 398.0 47.0 112.0 121.0 388.0 46.0 101.0 112.0 388.0 46.0
Minimum 94.0 96.0 384.0 48.0 86.0 100.0 339.0 46.0 87.0 106.0 331.0 43.0
800 87.0 106.0 349.0 27.0 94.0 109.0 368.0 34.0 101.0 110.0 384.0 38.0
800 - - 382.0 38.0 - - 387.0 40.0 - - 387.0 39.0
800 97.0 113.0 387.0 33.0 - - 387.0 37.0 88.0 109.0 3568.0 34.0
Average 92.0 109.0 369.3 32.7 94.0 109.0 387.3 37.0 04.6 109.6 382.3 37.0
Std Dev 5.0 4.0 7.8 4.5 0.0 0.0 0.5 2.4 8.6 0.6 4.8 2.2
Maximum 97.0 113.0 387.0 38.0 94.0 109.0 388.0 40.0 101.0 110.0 367.0 39.0
Winimum 87.0 106.0 349.0 27.0 84.0 109.0 367.0 34.0 88.0 109.0 366.0 34.0
760 84.0 100.0 258.0 28.0 1.0 87.0 228.0 38.0 59.0 74.0 231.0 48.0
760 80.0 95.0 244.0 19.0 85.0 82.0 228.0 41.0 4.0 98.0 230.0 31,0
750 75.0 104.0 324.0 43.0 - - 226.0 46.0 - - 219.0 31.0
750 83.0 83.0 226.0 32,0 85.0 80.0 226.0 31.0 82.0 77.0 223.0 37.0 Transverse
Average 756.6 96.6 262.5 30.0 87.0 83.0 226.5 3%.0 85.0 82.3 226.8 38.3
Std Dev 7.9 1.9 .1 8.8 2.8 2.9 0.5 5.4 8.5 9.7 5.0 8.1
Maximum 84.0 104.0 324.0 43.0 71.0 87.0 228.0 48.0 74.0 98.0 231.0 48.0
WHinimum 83.0 83.0 226.0 19.0 85.0 80.0 226.0 31.0 §9.0 4.0 219.0 1.0
900 58.0 74.0 144.0 15.0 80.0 73.0 143.0 15.0 80.0 72.0 138.0 13.0
900 - - 141.0 156.0 81.0 74.0 144,90 15.0 69.0 72.0 138.0 13.0
900 78.0 81.0 1440 21,0 78.0 87.0 142.0 16.0 85.0 76.0 141.0 18.0
Average 87.0 77.6 143.0 17.0 88.3 78.0 143.0 16.3 81.3 73.0 138.3 14.0
Std Dev 9.0 3.6 1.4 2.8 8.3 8.4 0.8 0.6 2.8 1.4 2.1 1.4
Maximum 76.0 81.0 1440 21.0 78.0 87.0 144.0 18.0 86.0 75.0 141.0 18.0
Winimum 68.0 74.0  141.0 15.0 80.0 73.0 142.0 16.0 59.0 72.0 138.0 13.0
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Table ITI(e). Tensile Propertiss of Ni-201 after Exposure to LiOH at 775 K

Temp, 0,02 YS, 0.2YS, UTS, Elong, 0.02 Y5, 0.2Y5, UTS, Elong, 0.02Y5, 0.2YS, UTS, Elong,
K WPa UPs MPA X WP UPa MPA ] WPa WPy WPA %
/

¢

8000 h at Temperature

Liquid Vapor Vacuum
7 122.0 156.0 827.0 B0.0 145.0 181.0 821.0 49.0 208.0 218.0 821.0 89.0
7 134.0 146.0 832.0 45.0 132.0 166.0 832.0 46.0 142.0 168.0 827.0 86.0
77 - - 821.0 84.0 142.0 166.0 831.0 63.0 143.0 166.0 828.0 64.0
Average 128.0 150,56 628.7 §3.0 139.7 167.3 628.0 49.0 183.7 176.3 626.3 83.0
Std Dev 8.0 6.5 4.5 8.0 5.8 2.8 5.0 3.3 29.9 28.1 3.1 8.5
Maximum 134.0 166.0 832.0 64.0 145.0 181.0 832.0 63.0 208.0 218.0 828.0 89.0
Minimum 122.0 146.0 621.0 46.0 132.0 156.0 821.0 46.0 142.0 155.0 821.0 64.0
208 121.0 129.0 410.0 54.0 112.0 125.0 411.0 52.0 104.0 126.0 405.0 54.0
298 113.0 122.0 414.0 B4.0 108.0 119.0 412.0 54.0 101.0 119.0 407.0 24.0
298 125.0 134.0 412.0 B1.0 111.0 124.0 411.0 §8.0 104.0 114.0 405.0 62.0
298 106.0 119.0 _ 409.0 64.0 108.0 121.0 411.0 §3.0 115.0 125.0 408.0 51.0 Transverse
Average 118.0 128.0 411.3 63.3 108.8 122.3 411.3 63.8 108.0 120.8 408.3 45.3
Std Dev 1.7 6.9 1.9 1.3 2.8 2.4 0.4 1.6 6.3 4.6 1.3 12.3
Naximum 126.0 134.0 414.0 B4.0 112.0 126.0 412.0 58.0 115.0 126.0 408.0 64.0
Winlmum 106.0 119.0  409.0 61,0 108.0 119.0 411.0 52.0 101.0 114.0 405.0 24.0
400 91.0 110.0 378.0 44.0 98.0 113.0 376.0 42.0 168.0 177.0 371.0 42.0
400 107.0 121.0  384.0 41.0 96.0 113.0 ar1.0 43.0 98.0 119.0 376.0 39.0
400 108.0 121.0 382.0 46.0 99.0 113.0 376.0 42.0 129.0 148.0 374.0 41.0
Average 101.3 117.3  380.7 43.3 97.3 113.0 376.0 42.3 127.7 148.0 376.3 40.7
Std Dev 1.3 6.2 3.4 1.7 1.7 0.0 0.8 0.5 23.7 23.7 1.2 1.2
Maxinum 107.0 121.0 384.0 45.0 99.0 113.0 311.0 43.0 168.0 177.0 37171.0 42,0
Miniaum 91.0 110.0 376.0 41.0 956.0 113.0 375.0 42.0 98.0 119.0 374.0 39.0
800 $3.0 113.0 348.0 31.0 84.0 111.0 341.0 28.0 84.0 110.0 345.0 34.0
800 89.0 92.0 342.0 35.0 90.0 107.0 368.0 38.0 85.0 116.0 334.0 26.0
800 75.0 97.0 326.0 26.0 $0.0 111.0 326.0 27.0 88.0 109.0 320.0 26.0
Average 86.7 100.7 337.7 380.7 88.0 109.7 340.7 a1.0 86.7 111.7 3338.0 28.0
Std Dev 1.7 $.0 9.1 3.7 2.8 1.9 12.7 5.0 1.7 8.1 10.2 4.2
Maximum 93.0 113.0 348.0 35.0 90,0 111.0 868.0 38.0 88.0 118.0 345.0 34.0
Minimum 15.0 92.0 326.0 28.0 84.0 107.0 326.0 21.0 84.0 109.0 320.0 25.0
760 85.0 99.0 242.0 21.0 86.0 103.0 244.0 18.0 94.0 107.0 239.0 24.0
760 82.0 99.0 239.0 20.0 89.0 102.0 238.0 17.0 83.0 $9.0 264.0 17.0
760 73.0 91.0 242.0 20.0 74.0 98.0 223.0 18.0 141.0 162.0 219.0 14.0
760 81.0 $8.0 242.0 21.0 77.0 91.0 243.0 22.0 84.0 87.0 232.0 16.0 Transverss
Average 80.3 98.8 241.3 20.6 81.3 98.5 287.0 17.8 100.6 113.8 238.0 17.8
Std Dev 4.4 3.3 1.8 0.6 8.0 4.7 8.4 2.5 28.8 22.4 12.¢ 8.8
Maximum 86,0 99.0 2420 21.0 89.0 103.0 244.0 22.0 141.0 152.0 264.0 24.0
Winlmum 73,0 91,0 280.0 20.0 74.0 91.0 228.0 18.0 83.0 97.0 219.0 14.0
900 89.0 82,0 150.0 12,0 70.0 80.0 166.0 12.0 98.0 100.0 132.0 8.0
900 146.0 160.0 181.0 13.0 73.0 84.0 164.0 10.0 87.0 81.0 160.0 16.0
900 76.0 8.0 147.0 9.0 87.0 78.0 148.0 8.0 86.0 72.0 148.0 11.0
Average 968.3 109.0 162.7 11.3 70.0 80.0 162.7 10.0 78.0 84.3 148.7 10.7
Std Dev 34.5 3.1 8.0 1.7 2.4 3.3 3.4 1.6 14.2 11.7 11.5 3.7
Max imum 145.0 160.0 181,0 13.0 73.0 84.0 166.0 12.0 96.0 100.0 180.0 16.0
Minimum 89.0 82.0 147.0 9.0 87.0 76.0 148.0 8.0 86.0 72.0 132.0 8.0



Table IV. 760 K Vacuum Creep Rupture of LiOH Exposed Ni-200.

Elongation at SS Creep Creep Rate at Creep Rate at

Material Stress, Time to Percent Creep, h end Test or Rate, 2 Pct Strain, 5 Pct Strain,
Condition WPa 0.1 0.2 0.5 1.0 2.0 5.0 10.0 Rupture Rupture, Pct s-1 s-1 s-1

As Rec 148 0.34 2.89 20.00 112.00 807 13 8.T8E-08 1.06E-08 3.35E-07
As Rec 133 0.41 2.66 256.00 163.00 )1028 31 3.58E-08 8.88E-07 2.48E-07
As Rec 104 8.00 18.00 42.00 92.00 205.00 602.00 y1828 14 7.92E-09 2.76E-08 2.33E-08
As Rec 89 19.00 104.00 341.00 5465.00 1042.00 >1828 4 8.89E-09 »7.22E-09 »7.22E-09
As Rec 74 119.00 288.00 520.00 21482 1 +3.00E-09 +3.30E-09 +3.30E-0y
As Rec §9 110.00 357.00 649.00 1482 0.4 +9.97E-10 - -

L/401h 103 0.01 0.10 10 62 4.72E-08 2.08E-03 2.08E-03
L/401h 177 0.05 0.08 0.20 0.70 2.70 89 42 3,33E-08 1.08E-08 1.00E-07
L/401h 182 0.01 0.04 0.29 2.00 16.50 102 67 8.11E-07 8.00E-08 2.04E-08
L/401h 166 0.01 0.02 0.07 0.30 1.30 8.00 42.30 159 31 3.06E-07 2.32E-06 7.30E-07
L/401h 148 0.01 0.01 2.60 150.00 459 81 3.89E-07 - 1.10E-06
L/401h 133 0.03 0.20 0.90 4.70 40.30 240.00 1307 80 §.00E-08 8.20E-07 1.24E-07
L/401h 117 0.03 3.00 71.00 260.00 1639 49 7.78E-08 7.20E-07 7.78E-08
L/401h 103 0.03 3.80 109.00 304.00 627.00 »1580 4 1.33E-08 1.3BE-08 1.36E-08
V/401h 193 0.01 0.30 22 61 3.89E-08 1.48E-03 1.46E-03
¥/401h 177 0.01 2.00 78 68 8.33E-07 1.16E-03 1.51E-04
V/401h 1682 0.06 0.19 1.60 16,00 118.00 477 1) 3.89E-08 1.31E-06 3.18E-07
V/401h 166 0.02 0.09 0.28 0.80 2.70 12.70 1717 87 8.11E-07 5.25E-08 3.38E-08
V/401h 148 0.02 0.09 0.70 2.80 8.50 69.20 333.00 140 48 3.33E-08 3,68E-07 9.06E-08
V/401h 133 0.01 0.28 1.80 8.20 38.20 218.00 819 48 6.28E-08 6.61E-07 1.91E-07
V/401h 117 0.10 8.40 111.00 419.00 >1492 17 1.61E-08 1.71E-07 8,39E-08
V/401h 103 0.07 0.40 8.0 34,80 184,00 1360.00 Y1481 8 8.94E-09 8.60E-09 8.94E-09
L/2600h 192 0.02 0.04 0.10 0.70 8 37 - 2.72E-06 5.58E-08
L/2600h 177 0.04 0.12 0.50 97 48

L/2500h 162 0.03 0.08 0.10 0.50 81 33 1.92E-08 6.88E-06 1.92E-06
L/2600h 156 0.03 0.13 0.50 3,80 22.00 1487 80 6.56E-07 8.31E-08 1.11E-08
L/2600h 148 0.02 0.49 1.00 2,00 12.00 120 38 8.94E-07 1.35E-08 8.94E-07
L/2500h 141 0.20 43.20 425.00 1349 38 2.78E-08 3.33E-08 1.04E-07
L/2600h 133 0.02 0.07 0.18 2.70 41.80 6894.00 »1609 28 6.00E-09 4.68E-08 6.23E-09
L/2500h 118 0.10 11.90 93.00 >1528 40 4.44E-08 6.60E-08 3.08E-07
V/2600h 193 0.10 0.80 1.00 1.90 24 22 1.81E-08 - 1.81E-08
V/2500h i 0.02 0.10 0.30 2,30 15.00 87 38 7.78E-07 1.08E-06 2,21E-08
V/2600h 182 0.02 0.14 1.00 2,00 16.30 98.00 600 49 7.78E-08 4.20E-08 3.38E-07
V/2600h 166 0.03 0.10 0.30 1.30 11.30 71.00 329 53 1.63E-07 2.11E-08 4.57E-07
¥/2600h 148 0.02 0.10 0.80 1.10 2,20 21.00 400 31 9.44E-08 1.58E-08 8.20E-07
V/2600h 140 404 54

¥/2600h 133 0.08 0.16 1.20 7.30 38.30 105.00 284.00 >1608 23 1.08E-08 1.48E-07 1.46E-07
V/2600h 117 0.04 0.40 3.20 17.50 174.00 1987 23 2.22E-08 1.38E-07 2.39E-08
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Table V. 750 K Vacuum Creep Rupture of LiOH Exposed Ni-201.

Elongation at SS Creep

Material Stress, Time to Percent Creep, h ond Test or Rate,
Condition MPa 0.1 0.2 0.6 1.0 2.0 5.0 10.0 Rupture Rupture, Pct s-1

As Rec 87 8.50 90.00 360.00 978.00 »1612 2.8 2.19E-09
As Rec 94 12,00 38,60 85.00 188.00 287.0 3.9 1.17€-08
As Rec 101  40.00 87.00 300.00 617.00 1469.0 8.9 3.89E-09
As Rec 106 80,00 240.00 530.00 71694 0.5 1.06E-09
As Rec 114 1.00 2.00 24.50 94,00 364.4 - 1.26E-08
As Rec 131 0.03 1.40 10.00 38.4 2.0 8.08E-08
As Rec 138 0.66 9.00 28.7 2.9 2.08E-07
As Rec 145 0.02 0.04 0.05 0.17 0.4 5.7 1.08E-06
L/2200h 87 1.40 >1102 0.5 2.29E-10
./2200h 87 640.3

L/2200h 94 1600

L/2200h 94 8.00 9.20 70.00 158.00 6£72.00 »1600 4.0 8.00E-09
L/2200h 101 0.50 3.00 25.40 132.00 384.00 »1698 5.0 6.76E-09
L/2200h 109 4.70 104.00 481.0 8.0 4.17E-09
L/2200h 114 0.04 2.00 20.00 103.00 252.0 4.0 2.00E-08
L/2200h 131 0.05 0.20 2.20 12.00 40.00 154.00 181.0 11.0 3.68E-08
L/2200h 138 1.00 125.00 188.0 13.4 2,44E-08
L/2200h 148 0.04 1.00 142.0 9.0 8.42E-09
V/2200h 87 1.80 66.90 3683.00 »1171.3 2.8 2.69E-09
V/2200h 87 260.8

¥/2200h 94 0.93 8.10 92.00 1509.00 1523.00 1631 2.8 2.08E-10
V/2200h 101  34.80 96.20 281.00 597.00 Y1467 2.4 2.94E-09
¥/2200h 109 3 880

V/2200h 109 3.80 35.00 78.0 4.2 1.68E-08
V/2200h 114 »1661.2 0.8

V/2200h 131 0.02 3.00 121.00 280.0 8.2 4.81E-08
¥/2200h 138 0.03 0.20 12.40 ©66.00 160.00 210.0 9.1 2.14E-08
V/2200h 148 0.08 31,00 94.0 9.2 1.31E-07
L/5000h 87 2.00 19.00 93.00 453.00 1063.00 1200.0 8 4.72E-09
L/6000h 94 0.186 64.00 533.00 21600 9.0 1.92E-09
L/6000h 101 7.00 188.00 Y1200 8.0 3.89E-09
L/6000h 109 8.00 105,00 891.00 Y1500 8.0 8.33E-09
L/6000h 114 0.20 0.80 1.80 3.00 8.00 130.00 700.0 9.0 2.76E-08
L/8000h 131 19.00 400.00 700.00 »1000. 3.0 8.39E-09
L/6000h 138 0.40 44.00 120.0 9.0 6.00E-08
L/6000h 146 2.00 87.00 180.0 8.0 §.00E-08
¥/6000h 87 200.00 E47.00 »1400 2.0 3.81E-10
V/6000h 94 1.40 52.00 917.00 »1600 4.0 1.22E-09
V/5000h 101 5.00 84,00 391.00 >1600 7.0 9.44E-09
V/5000h 109 0.08 10,00 110.00 900.0 1.0 7.22E-09
V/6000h 114 0.26 21.00 50.0 8.0 4.17E-08
V/5000h 131 82.00 500.00 700.0 9.0 1.86E-08
V/6000h 138 0.40 24.0 6.0 1.67E-07
V/6000h 146 8.00 98.0 10.0 3.08E-07
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