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ABSTRACT

The solid to liquid phase transformation of LiOH at 744.3 K is considered

to be an Ideal candldate thermal energy storage (TES) mechanism for a Rankine

heat engine based Solar Dynamic system operating at ~682 K. While 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-

merclally 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 a11oys have been undertaken. This report documents the

mechanical property test procedures and presents tabular lists 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 recelver, (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 dlstrlbuted directly to

a heat engine driving an electrical generator, and the rest of the energy wlll

be shunted to a thermal energy storage system for use when Space Station Free-

dom is in Earth's eclipse. From a materlals view point the thermal energy

storage system is of particular concern, as the solid to liquid transformation
of salts Is generally the most efficlent method to store heat. Hence, the con-

talnment materials must be able to withstand long exposures (~30 yr) to molten,
highly corrosive salts.

In the case of an organlc Ranklne Cycle heat engine utilizing toluene as

the working fluid, the solid to llquid phase transformation of LiOH has been

suggested (ref. I) as a nearly ideal means for thermal energy storage. This

choice is based on (1) a 744.3 K melting temperature, whlch is close to the

maximum operating temperature range (671 to 700 K) for this type of englne;



(2) the hlgh energy storage capacity of O.B7 kJ/g: (3) the low volume change of
LiOH (~l 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-
IbIIIty betweenhigh purity N1 alloys and LiOH. Of prime concern was the pos-
slblIIty that exposure to LIOH would corrode these alloys and lead to fallure
of the thermal energy storage unlt through degradatlon of the mechanlcal prop-
ertles. Nickel specimenshave been exposed to molten LIOH, Its vapor and
vacuumat the Lewis Research Center and subsequently subjected to tensile and
creep rupture testing at the Surface Englneerlng Center of the lIT Research
Instltute. Thls report documentsthe 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 vacuumon pure NI have been presented elsewhere
(refs. 4 to 6).

EXPERIMENTALPROCEDURES

Exposures

Simultaneous exposure of pure NI alloy samples to liquid LiOH and hydrox-

ide vapor were undertaken at the Lewis Research Center In thln-wall, nominally
280 x 120 x 130 mm "Bread Pan" corroslon capsules. Two racks, each holding

about 50 tensile type specimens, resided within the bread pan where, above the

melting point of LIOH, 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 wlthin the

capsule.

Capsules and test speclmens were fabricated from the approximately 1.6-mm-

thick NI-200 and NI-20I alloy sheet, where for any specific experiment the cor-

rosion capsule and test speclmens were cut from the same material. Bread Pan

capsules wlth matching llds were produced by a comblnatlon of bending and weld-

Ing, while the clevis tensile type test specimens (fig. l) were directly

punched from the as-recelved sheet stock. In most cases the gage length of the

test specimens was parallel to the sheet rolling direction. Prlor to assembly
both the tensile specimens and Bread Pans were cleaned by hot vapor degreaslng

and ultrasonic washing in trlchloroethane. After filling capsules wlth racks

of speclmens 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 contlnuous; all experlenced shutdowns due to

various furnace operation problems. Upon completion of the corrosion experi-
ment, the capsules were cut open, and the LIOH dlssolved In runnlng water. The

LIOH and vacuum exposed speclmens were then forwarded to the Surface Englneer-

Ing Center of the lIT Research Instltute for mechanlcal property testlng under
contract NAS3-24976,

The chemistry and other data regardlng the alloys and LIOH are given In

table I. Based on materlal specifications (ref. 7) for pure nickel alloys,



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 amountsof substitutional Impurltles
(Fe, Mn, and SI) as well as a lower C content than the lot of NI-201.

Tensile Testing

Multlple tensile tests at 77, 298, 400, 600, 750, and 900 K were conducted

on LiOH exposed, vacuum annealed, and as-recelved specimens. Brlefly, testing
was undertaken In universal screw driven machines at a nominal strain rate of

6.7xi0 -5 s-l through the 0.2 _ercent yleld; beyond this strain the deformation
rate was Increased to 2.1xlO -j mm/s and held until failure. Strain was meas-

ured vla a mechanical extensometer directly attached to the gage section. The

testing atmosphere varied with temperature where (1) at 77 K, specimens were

Immersed In liquid N2; (2) at 298 and 400 K, tests were conducted In alr; and
(3) above 400 K, measurements were carried out in a 0.006 Pa or better vacuum.

Typlcal test data Included 0.02 and 0.2 percent offset yleld strengths, ultl-

mate tensile strength (UTS) and elongation at failure, where all mechanical

properties were calculated on the basis of the original (pre-exposure) dimen-

slons. Tensile testing was undertaken on as-recelved 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 O, 50, 400,

2200, and 5000 h exposure to LiOH and vacuum at 775 K.

The incoming speclmens (flg. I) 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

I. Install sample In cold cell grlps.

2. Tape load plns In place.

3. Set extensometer bottom grip on sample.

4. Set top extensometer grlp on top of sample 25.4 mm from other grlp.

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 11quld N2 Into cold cell slowly (caution: system will

sputter and some liquid will be ejected).

9. As the liquld N2 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 mln while

carefully observlng load cell. Refill N2 as needed; N2 level should be
12 to 25 mm below top of can. Thls 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 axls 0.004 V/mm.

Pen down.

Servo to on.

12. Begin test.
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13. Whenload reaches ~450 kg:
Pen llft.
Y-axls to 0.02 V/mm.
Pen record.

14. Whenextension reaches 1.20 V from startlng point:
Pen llft.
X-axis to 0.02 V/mm.
Pen record.

15. Whenextension reaches 1.25 V from starting point:
Shift crosshead rate to 0.002 mm/mln.

16. Whenextension reaches 6.5 V:
Pen llft.
X-axls 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. Removecold cell from Instron.
20. Dumpremalnlng liquid N2.
21. Allow unit to warm to room temperature, and remove upper load arm

assembly.
22. Removesample from fixture.
23. Measure sample flnal width, thickness, and gage length.

Room-Temperature Tests

I-4. Same as 77 K testlng.

5. Set up Instron and X-Y plotter parameters:

Instron crosshead speed = 0.127 mm/mln (lever In low).

Instron chart speed = 12.7 mm/mln.

Instron load cell setting : 22?3 kg.
X axis 0.004 V/mm.

Y axis 0.004 V/mm.

Pen down.

Servo to on.

6. Begin test.

7. When load reaches -450 kg:
Pen lift.
Y-axis to 0.02 V/mm.

Pen record.

8. When extension reaches 1.20 V from starting point:
Pen lift.

X-axls to 0.02 V/mm.

Pen record.

9. When extension reaches 1.25 V from starting polnt:

Shift crosshead rate to 0.002 mm/mln.

10. When extension reaches 6.5 V:

Pen lift.

X-axis to 0.04 V/mm.

Pen record.

If. Record on data sheet ultimate load from digital display.

12. After sample breaks, turn system off.

13. Remove sample from fixture.
14. Measure sample flnal width, thickness, and gage length.
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400 K Tests

1-5. Same as 77 K testing.
5. Install system Into Instron.
6. Put furnace on unlt, and hook up furnace controller.
7. Set controller to 400 K.
8. Alloy system to come to equlllbr|um at 400 K (estimate 1 h).
9. Set up Instron and X-Y plotter parameters:

Instron crosshead speed = 0.127 mm/mln (lever |n low).
Instron chart speed = 12.7 mm/mln.
Instron load cell settlng = 2273 kg.
X axis 0.004 V/mm.
Y axls 0.004 V/mm.
Pen down.
Servo to on.

lO. Begln test.
II. When load reaches ~450 kg:

Pen llft.
Y-axis to 0.02 V/mm.

Pen record.
12. When extension reaches 1.20 V from startlng polnt:

Pen lift.

X-axls to 0.02 V/mm.

Pen record.

13. When extens|on reaches 1.25 V from starting point:

Shift crosshead rate to 0.002 mm/mln.

14. When extenslon reaches 6.5 V:

Pen llft.

X-axls 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 cooi to room temperature, and remove upper load arm from

Instron.

19. Remove sample.
20. Measure sample final width, thickness, and gage length.

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-rlng seal area that is connected to a secondary mechanlcal pump. The maln
chamber is attached, using standard vacuum components, to a hlgh-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 turbomolecular pump.

- Standard mechanical roughing pump.

- Internal vacuum gage.
- Coax electronic lead-throughs for the extensometer.



- Internal specimen thermocouple.
- Purge port.

Testlng at 600 to 900 K followed these steps:

6
7
8
9

I0
II
12
13
14
15

Install sample in grips.

Set extensometer bottom grip on sample.

Set top extensometer grip on top of sample I in. from other grlp.
Install unlt on vacuum chamber bottom plate.

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

Set up and connect extensometer In chamber.

Check and replace O-rlngs if necessary.

Put top on vacuum chamber.

Install system Into Instron.
Place furnace and controller around vacuum chamber.

Rough pump vacuum chamber to -2.6 Pa.

Pump vacuum chamber wlth turbopump.
When vacuum In chamber is <0.006 Pa, begln heatlng.

Allow system to come to equilibrium at test temperature.

Set up Instron and X-Y plotter parameters:

Instron crosshead speed - 0.127 mm/mln (lever In low).
Instron chart speed = 12.7 mm/mln.

Instron load cell setting - 2273 kg.
X axis 0.004 V/mm.

Y axis 0.004 V/mm.

Pen down.

Servo to on.

16. Begin test.
17. When load reaches ~450 kg:

Pen llft.

Y-axis to 0.02 V/mm.

Pen record.

18. When extension reaches 1.20 V from startlng point:

Pen lift.

X-axis to 0.02 V/mm.

Pen record.

19. When extension reaches 1.25 V from starting polnt:
Shift crosshead rate to 0.002 mm/min.

20. When extension reaches 6.5 V:
Pen lift.

X-axis to 0.04 V/mm.

Pen record.

21. Record on data sheet the ultimate load from digital display.

22. After sample breaks, turn system off.
23. Allow unit to cool to room temperature in a vacuum.

24. Remove unit from Instron.

25. Open vacuum chamber.

26. Remove extensometer and top load arm.

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



Creep Rupture Testing

Four standard creep stands with IITRI designed vacuumtest vessels, simi-
lar to that shownin figure 2, were connected to a high vacuumcryogenic pump.
A typical series of creep rupture experiments consisted of 8 samples tested at
engineering stress IRvels deslgned to produce failure |n 50 to 1500 h at 750 K
In a vacuum of 6xlO-a Pa or better. Appropriate extenslon - time results were

gathered by a data logger tied to each stand with the desired information to
Include tlme to O.l, 0.2, 0.5, l, 2, 5, and I0 percent strain; steady state

creep rate; and failure time & elongation. NI-200 was tested in the following
material conditions: (1) as-recelved; (2) exposed to molten LiOH for 401 and

2500 h; and (3) annealed In vacuum for 401 and 2500 h. As-recelved N1-201 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 followlng

the procedures outlined below:

I. Install sample In grlps.
2. Set extensometer bottom grlp on sample.

3. Set top extensometer grlp on top of sample 25.4 mm from other grip.

4. Install unit on vacuum chamber bottom plate.

5. Install thermocouple tip on sample and hook leads to lower pull rod.

6. Set up and connect extensometer in chamber.

7. Check and replace O-r|ngs if necessary.

8. Put top on vacuum chamber.

9. Install system into creep stand.

lO. Connect vacuum chamber to system.

If. Rough pump vacuum chamber to ~2.6 Pa.

12. Pump vacuum chamber with cryogenic pump.

13. When chamber is <0.006 Pa, begin heating chamber.

14. Allow system to come to equilibrium at ?50 K.

15. Using the desired stress level and knowing the cross sectional area of the

speclmen, calculate the desired dead weight load|rig required.
16. W|th the data logger set to scan every 15 s, load the specimen at the

deslred level.

17. Turn on timer to unit.

18. Contlnue 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 tlme equals I 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. A11ow 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, flnd the following informatlon:
A. elastlc strain
B. tlme to 0.I, 0.2, 0.5, 1.0, 2.0, 5.0, and 10.0% strain
C. tlme to failure
D. steady state creep rate.

25. Plot creep curve from data.



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-recelved 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-
tlstical parameters are given: (I) arithmetic average; (2) standard deviatlon;

(3) maximum value; and (4) minimum value. Analysis of these data and typical

m|crostructures of as-recelved, 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 tlme to O.l, 0.2, 0.5, l, 2,-5, and lO percent strain; steady state (SS)

creep rate; and failure tlme & 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 lO percent or more strain had

been accumulated. Analysis of the creep rupture behavior along with typical

creep curves and plots of the tlme-to-rupture data and creep rates are pre-

sented In reference 6 in addition to photomicrographs of the mlcrostructure 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 little dif-

ference In properties after unstressed exposure to either environment for as

long as 5000 h. Speciflcal]y:

I. No significant weight changes (<I mg/cm 2) 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, LIOH vapor or ]lquld exposed samples could be detected; and

3. 750 K vacuum creep rupture propertles of vacuum and molten LIOH exposed

speclmens are identical.

While surface connected cracks were found In the post-tenslle test mlcro-

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 mlcrostructural 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 ductlllty of the

heat of Ni-200 was much better than that of Ni-20l, and (2) Ni-200 was free of

Intergranular cracking, whereas slgnlficant intergranular cracking occurred In

NI-201 tested at and above 750 K. Th|s 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 N1 and LIOH are compatible, two potentlal

problems (ref. 5) whlch have strong Impllcatlons with respect to a LiOH/N¿

thermal energy storage system have been Identif_ed:



I. Internal pressurlzatlon of the hydroxlde filled NI vessels must be
avolded to prevent possible failure of fusion weld joints from a combi-
nation of tenslle stress and Intergranular corrosion, and

2. The slow, but steady, loss of the LIOHenergy 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 perlods 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. Characterlzatlon of Starting Materials.

ORIGINAL

OF POOR
PAGE IS

QUALITY

Material Form Supplier Heat/Lot
Number

Composltion (Wt Pct)

Nt 200 Annealed Huntington K51K2A

Sheet Alloys

O.OIC-<O.OIFe-O.22Mn-O.O2P-

O.OOlS-O.04Si-bal NI

NI 201 Annealed DVN Amerlca 6510 O.02C-O.OlCu-O.O6Fe-
O.O01S-O.16Sl-bal Ni

LIOH Granules Foote 503-11B

Chemlcal
99.1LiOH-O.3H20 wlth LI2CO 3
+ Li2SO 4 < 1.94, CaO < 0.2,
Heavy Metals < 0.002, Trace CI

lO



Average
$td Day
Meximum
Minimum

Tsmp,
K

77
77
77

Table I[(a). Tensile Properties of Ni-200
after Exposure to LiOH at 775 K

0.02 YS,O.2 YS, UTS, Elong,
MPe MPa MPA

As Received Condltion

147.0 252.0 808.0 56.0
243.0 311.0 803.0 54.0

283.0 808.0 53.0

105.0 282.0 606.7 54.3
48.0 24.1 2.1 1.2

243.0 311.0 808.0 58.0
147.0 252.0 603.0 53.0

Average
Std Day
Maximum
Minimum

298
298
298
298
298

241.0 260.0

190.0 253.0

220.0 258.5
21.0 3.5

241.0 260.0
199.0 283.0

307.0 43.0
393.0 39.0
399.0 39.0
394.0 42.0
398.0 45.0

396.8
2.1

399.0
393.0

41.8
2.3

45.0
39.0

Transverse
Transverse

Average
Std Dsv
Maximum
Minimum

400
400
400

193.0
229.0
198.0

206.0
18.3

229.0
193.0

224.0
234.0
230.0

229.3
4.1

234.0
224.0

362.0
362.0
361.0

361.7
0.5

362.0
301.0

31.0
33.0
35.0

33.0
1.8

35.0
31.0

Average
S_d Day
Maximum
Minimum

800
600
800

172.0
184.0
164.0

106.7
3.8

172.0
184.0

201.0
211.0
201.0

204.3
4.7

211.0
201.0

328.0
315.0
325.0

322.7
5.8

328.0
315.0

38.0
33.0
38.0

35.7
2.1

33.0
33.0

Average
S_d Dev
Maximum
M]nimum

750
750
750
750
750

95.0
125.0
139.0
133.0

123.0
10.9

139.0
95.0

114.0
155.0
184.0
156.0

147.8
19.8

164.0
114.0

253.0
250.0
274.0
236.0
232.0

24g.0
13.8

274.0
236.0

48.0
56.0
43.0
62.0
55.0

50.8
4.8

56.0
43.0

Transverse
Transverse

Average
Std Dev
Heximum
Minimum

900
900
900

70.0

08.0

69.0
1.0

70.0
68.0

79.0

78.0

77.5
1.5

79.0
76.0

139.0
136.0
149.0

141.0
5.9

149.0
135.0

53.0
42.0
41.0

45.3
5.4

53.0
41.0

tl



Average
S_d Dev

Maximum

Minimum

Average

Std Dev

Uawimum

B;nlmum

Average
Std Oev
Baximum
Minimum

Average
SLd Day
Bawimum

Minimum

Average

Sbd Dev

Baximus

Minimum

Average

S_ Dev

Meximum

Minlmum

Table II(b). Tensile Properties of N|-200 after Exposure to LiOH at 775 K

Tamp, 0.02 YS,O.2 YS, UTS, Elong, 0.02 YS,O.2 YS, UTS, Elong, 0.02 YS,O.2 YS, UTS, Elong,
K MPe MPe UPA l MPa MPa UPA _ MPa MPe MPA X

77

77
77

298

298
298

298
298

400

400
400

800
800

800

750

750
750
750

760

900

900

900

401 h at Temperature

L;quid Vapor Vacuum

109.0 132.0 578.0 57.0
128.0 137.0 578.0 82.0

577.0 82.0
117.5 134.5 576.3 80.3

8.G 2.5 O.G 2.4
120.0 137.0 577.0 82.0

109.0 132.0 578.0 57.0

94.0 113.0 307.0 54.0
91.0 111.0 303.0 50.0

94.0 115.0 384.0 58.0
98.0 117.0 382.0 52.0
98.0 117.0 386.0 51.0

94.8 114.8 38_.0 62.8
2.3 2.3 1,8 2.2

98.0 117.0 367.0 50.0
g1.0 111.0 382.0 50.0

98.0 111.0 336.0 44.0

98.0 113.0 336.0 44.0

98.0 110.0 838.0 48.0
98.7 111.3 335.7 44.7

0.9 1.2 0.5 0.9

98.0 113.0 338.0 46.0

96.0 110.0 335,0 44.0

91.0 104.0 298.0 42.0

88.0 109.0 303.0 38.0
86.0 110.0 299.0 38.0

88.3 107.7 299.3 39.3
2.1 2.8 2.9 1.9

91.0 110.0 303.0 42.0
86.0 104.0 296.0 38.0

- - 223.0 48.0
71.0 94.0 228.0 52.0
81.0 97.0 228.0 48.0

82.0 97.0 226.0 53,0
- - 225.0 44.0

78.0 98.0 225.2 48,8

E.O 1.4 1.2 3.4
82.0 97.0 228.0 63.0

71.0 94.0 223.0 44.0

160.0 88.0
88.0 80.0 148.0 84.0

51.0 75.0 146.0 70.0
58.6 77.5 147.0 88.7

7.5 2.5 2.2 2.5
88.0 00.0 160.0 70.0

61.0 7G.0 146.0 84.0

- 577.0 83.0
82.0 89.0 577.0 59.0

112.0 132.0 578.0 81.0
97.0 110.5 578.7 81.0

15.0 21.5 0.5 1.8
112.0 132.0 577,0 63.0

82.0 89.0 578.0 59.0

98,0 117.0 387.0 49.0

88.0 115.0 388.0 53.0
90.0 112.0 380.0 50.0
99.0 114.0 388.0 56.0

94.0 112.0 387.0 81.0
93.4 114.0 367.2 sx.e

4.9 1.9 0.7 2.5
99.0 117.0 388.0 58.0

86.0 112,0 386.0 49.0

98.0 114.0 338.0 40.0

91.0 109.0 330.0 44.0
92.0 111.0 337.0 46.0

93.7 111.3 337.0 46.0

3.1 2.1 0.8 0.8
98.0 114.0 338.0 48.0
91.0 109.0 338.0 44.0

95.0 111.0 298.0 40.0
90.0 110.0 297.0 37.0

- - 301.0 38.0
92.5 110.5 298.7 38.3

2.5 0.5 1.7 1.2
95.0 111.0 301.0 40.0

90.0 110.0 297.0 37.0

75.0 95.0 224.0 32.0
73.0 98.0 228.0 52.0

83.0 97.0 227.0 48.0
82.0 94.0 228.0 52.0

78.0 94.0 223.0 63.0
78.2 9E.2 226.8 47.4

3.9 1.2 1.g 7.9

83.0 97.0 228.0 53.0
73.0 94.0 223.0 32.0

84.0 78.0 143.0 88.0

72.0 81.0 145.0 48.0
68.0 77.0 144.0 83.0
84.7 78.0 144.0 59.0

5.7 2.2 0.8 7.9
72.0 81.0 146.0 08.0

58.0 78.0 143.0 48.0

124.0 139.0 581.0 81.0
97.0 133.0 679.0 69.0

- 679.0 83.0
110.5 138.0 679.7 81.0

13.6 3.0 0.9 1.8
124.0 139.0 681,0 63.0

97.0 133.0 579.0 59.0

112.0 130.0 374.0 54.0

117.0 129.0 372.0 48.0
94.0 118.0 372.0 51.0

92.0 113.0 370.0 51,0 Transverse
97.0 108.0 370.0 52.0 Transverse

102.4 119.2 371.6 61.2

10.1 9.2 1.6 1.9
117.0 130.0 374.0 54.0

92.0 108.0 370.0 48.0

105.0 121.0 341.0 43.0

97.0 111.0 340.0 44.0
94.0 112.0 342.0 43.0

98.7 114.7 341.0 43.3
4.6 4.5 0.8 0.5

105.0 121.0 342.0 44.0

94.0 111.0 340.0 43.0

- 308.0 39.0

- 308.0 31.0
08.0 114.0 305.0 36.0

98.0 114.0 307.0 35.0
0.0 0.0 1.4 3.3

98.0 114.0 308.0 39.0
98.0 114.0 305.0 31.0

82.0 101.0 232.0 48.0

94.0 108.0 236.0 52.0

201.0 57.0
88.0 107.0 229.0 30.0 Transverse

- 232.0 40.0 Transverse
87.3 105.3 225.8 46.4

5.0 3.1 12.6 9.5
94.0 108.0 235.0 57.0
82.0 I01.0 201.0 30.0

72.0 88.0 148.0 40.0

- - 163.0 70,0
81.0 78.0 150.0 87.0

88.5 81.0 160.3 59.0
5.6 5.0 2,1 13.6

72.0 80.0 163.0 70.0

81.0 76.0 148.0 40,0
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Average
SLd Dev
Uewlmum

Minimum

Average

Std _v

ilmximum

Hinimum

Average
Std Dev

Haxisu=

Minimum

Average
Std Dev
Uawimum

Minimum

Average
Std Dev
Max)mum

M;nimum

Average
Std Dev

_ximum
Minimum

Tmp,
K

77

77
77

298
298

298
298

298

400
400

400

BOO

600

600

750

750
750

750
750

900
gO0

gO0

Table II(¢).

0.02 YS,O.2 YS,
UPs MPa

Tensile Properties of Hi-200 dter Exposure to L|OH st 775 K

UTS, EIon9, 0.02 YS,O.2 YS, UTS, EIong,
UPA S HPs UPs MPA

2500 h st Temperahre

0.02 YS,O.2 YS, UTS,
MPm MPI MPA

Liquid Vapor Vacuue

Elong,
I

553.0 82.0 - 588.0 48.0 114.0 131.0 584.0 81.0
560.0 57.0 107.0 120.0 584.0 58.0 114.0 129.0 584.0 62.0

559.0 59.0 98.0 123.0 570.0 60.0 110.0 128.0 682.0 64.0

103.0 118.0

107.0 123.0
103.0 122.0

104.3 121.0

1.9 2.2

107.0 123.0
103.0 118.0

90.0
88.0

71.0
78.0

105.0

86.4

11.6
105.0

71.0

107.0
108.0

103.0
108.0

118.0

108.4

4.2
116.0

103.0

557.3 59.3 101.5 124.5 507.3 55.3 112.7 129.3 583.3 82.3
3.1 2.1 5.5 1.5 2.5 5.2 1.9 1.2 0.9 1.2

500.0 62.0 107.0 128.0 570.0 80.0 114.0 131.0 584.0 84.0

553.0 57.0 96.0 123.0 564.0 48.0 110.0 128.0 582.0 81.0

359.0 56.0 111.0 121.0 354.0 55.0 100.0 111.0 369.0

358.0 52.0 85.0 102.0 358.0 54.0 100.0 112.0 309.0
362.0 50.0 95.0 105.0 356.0 56.0 94.0 114.0 377.0

354.0 52.0 89.0 101.0 355.0 EO.O 104.0 118.0 373.0
359.0 48.0 88.0 102.0 358.0 51.0 76.0 89.0 372.0

96.0
102.0

93.0

97.0
3.7

102.0
93.0

111.0
118.0

114.0

113.7
2.1

118.0
Ill .0

358.4 51.6 93.6 106.2 355.8 53.2 94.8 109.8 372.0

2.6 2.7 9.3 7.5 1.3 2.3 9.9 10.2 3.0
362.0 56.0 Ill .0 121.0 358.0 58.0 104.0 118.0 377.0

354.0 48.0 65.0 101.0 354.0 50.0 78.0 89.0 369.0

828.0 43.0 103.0 117.0 331.0 45.0 89.0 111.0 358.0
330.0 45.0 98.0 110.0 331.0 48.0 98.0 113.0 334.0

329.0 45.0 118.0 127.0 329.0 46.0 97.0 112.0 345.0

84.0

77.0

80.0

60.3

2.9
84.0

77.0

105.0

105.0

102.0

104.0
1.4

105.0

102.0

328.3 44.3 105.0 118.0 330.3 46.0 94.7 112.0 345.7
1.7 0.9 6.3 7.0 O.O 1.4 4.0 0.8 9.8

330.0 45.0 118.0 127.0 331.0 49.0 98.0 113.0 358.0
326.0 43.0 90.0 110.0 329.0 45.0 89.0 111.0 334.0

291.0 42.0 88.0 105.0 296.0 43.0 92.0 114.0 319.0

291.0 41.0 118.0 126.0 298.0 42.0 87.0 104.0 311.0
288.0 44.0 76.0 108.0 292.0 42.0 91.0 112.0 309.0

88.0

78.0
71.0

65.0
70.0

74.0

7.3
86.0

85.0

91.0

94.0
91 .O

88.0
88.0

90.0

2.8
94.0

88.0

290.0 42.3 93.3 113.0 295.3 42.3 88.9 109.5 313.0
1.4 1.2 17.9 9.3 2.5 0.5 2.9 8.6 3.7

291.0 44.0 118.0 128,0 298.0 43.0 92.0 114.0 319.0
288.0 41.0 78.0 105.0 292.0 42.0 85.0 104.0 309.0

222.0 32.0 80.0 90.0 223.0 54.0 89.0 102.0 230.0

220.0 52.0 67.0 90.0 223.0 57.0 77.0 98.0 282.0
215.0 54.0 71.0 88.0 218.0 56.0 70.0 93.0 232.0
217.0 54.0 73.0 89.0 222.0 52.0 74.0 91.0 231.0

216.0 55.0 08.0 66.0 218.0 51.0

53.0

80.0

58.5
3.5

60.0
53.0

69.0

72.0

70.5
1.5

72.0
69.0

218.0 49.4 71.8 88.8 220.8 54.0 77.5 95.5 231.3
2.6 8.8 4.6 1.5 2.3 2.3 7.1 4.2 0.8

222.0 55.0 6O.O 90.0 223.0 57.0 89.0 102.0 232.0

215.0 32.0 67.0 80.0 218.0 51.0 70.0 91.0 230.0

146.0 62.0 55.0 72.0 146.0 38.0 dl.O 78.0 159.0

141.0 81.0 50.0 70.0 148.0 53.0 el.O 74.0 154.0
144.0 53.0 54.0 89.0 148.0 59.0

143.7 58.7 53.0 70.3 147.3 50.0 60.7 76.7 155.3

2.1 4.0 2.2 1.2 0.9 8.8 0.5 1.9 2.6
148.0 82.0 55.0 72.0 148.0 59.0 81.0 78.0 159.0

141.0 53.0 50.0 69.0 148.0 38.0 60.0 74.0 158.0

53.0
56.0

57.0

57.0 Transverse
51.0 Transverse

54.8

2.4
57.0

51.0

46.0
46.0
46.0

45.7
0.5

48.0
45.0

43.0

38.0
38.0

40.3
2.3

43.0

38.0

84.0
48.0

61.0
58.0 Tr.sver.

Transverse

57.8
6.0

64.0
48.0

89.0
45.0

50.0
11.8

66.0
39.0
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Average
SLd Dev
_ximum
Minimum

Average
Std Dev
Maxlmum
M;nlmum

Average
S_d Dev
Maximum
Minimum

Average
Std Day

Maximum
Minimum

Average
Std Day

Msximun
Minimum

Average
Std Pev
Maximum
Minimum

Table III(s). Tensile Properties of Hi-201
after Exposure to LiOH at 775 K

Tamp, 0.02 YS, 0.2 YS, UTS, Elong,
K gPa gPa MPA X

As Recelved Condition

77 183.0 240.0 857.0 57.0
77 190.0 241.0 853.0 80.0
77 188.0 230.0 848.0 83.0

188.3 237.0 652.7 60.0
2.9 5.0 3.7 2.4

190.0 241,0 857.0 63.0
183.0 230.0 648.0 57.0

298
298
298

139.0 198.0 434.0 45.0
162.0 201.0 440.0 44.0
182.0 211.0 430.0 44.0

151.0 203.3 436.7 44.3
9.4 5.6 2.5 0.5

162.0 211.0 440.0 45.0
139.0 198.0 434.0 44.0

400
400
4O0

131.0 186.0 410.0 41.0
164.0 201.0 416.0 38.0
174.0 201.0 411.0 42.0

156.3 196.0 412.3 40.3
18.4 7.1 2.8 1.7

174.0 201.0 418.0 42.0
131.0 186.0 410.0 38.0

ego
8oo
6oo

146.0 173.0 384.0 25.0
147.0 184.0 400.0 37.0
149.0 179.0 399.0 33.0

147.3 178.7 394.3 31.7
1.2 4.5 7.3 5.0

149.0 184.0 400.0 37.0
146.0 173.0 384.0 25.0

750
750
750

110.0 144.0 250.0 13.0
121.0 145.0 259.0 13.0

- - 227.0 10.0

120,0 144.6 245.3 12.0
1.0 0.5 13.5 1.4

121.0 145.0 259.0 13.0
119.0 144.0 227.0 10.0

900
900
900

79.0 100.0 160.0 11.0
81.0 98.0 168.0 14.0
74.0 100.0 159.0 10.0

78.0 99.3 182,3 11.7
2.9 0.9 4.0 1.7

81.0 100.0 166.0 14.0
74.0 98.0 159.0 10.0
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Average
Std Dev
Maximum

Minimum

Average
Std Dev

Maximum

Minimum

Average
S_d Dev

Max;mum
Minimum

Tup,
K

77

77
77

Table IIX(b).

0.02 YS,
iJPe

Tena|le Properties of N|-201 after Exposure to LIOH at 775 K

0.2 YS, UTS, Elong, 0.02 YS, 0.2 YS, UTS, Elong,
MPa UPA _ MPa MPa MPA

Liqu|d

50 h at Tmperatura

Vapor

98.0 173.0 641.0 60.0 189.0 187.0 837.0 64.0
160.0 167.0 043.0 69.0 155.0 179.0 642.0 63.0

162.0 178.0 642.0 61.0 172.0 183.0 841.0 56.0

842.0 81.0 165.3 183.0 640.0 61.7

0.6 0.8 7.4 3.3 2.2 2.8
643.0 82.0 172.0 187.0 842.0 84.0

641.0 80.0 155.0 179.0 637.0 56.0

140.0
29.7

162.0
98.0

179.3
5.8

187.0
173.0

298 156.0 195.0 433.0 47.0 148.0 155.0 455.0 49.0

298 154.0 170.0 432.0 50.0 136.0 145.0 426.0 48.0
298 144.0 150.0 430.0 46.0 136.0 142.0 433.0 GO.O

298 135.0 154.0 431.0 51.0 141.0 153.0 423.0 51.0

400

400

400

0.02 YS, 0.2 YS, UTS, Elong,
MPa MPa MPA

VlcuuI

171.0 182.0 846.0 62.0

183.0 192.0 645.0 80.0

175.0 187.0 649.0 59.0

178.3 187.0 846.7 80.0
5.0 4.1 1.7 1.8

183.0 192.0 849.0 62.0
171.0 182.0 845.0 58.0

158.0 171.0 432.0 49.0

150.0 189.0 430.0 48.0
138.0 149.0 430.0 49.0

133.0 150.0 431.0 52.0 Transverse

147.8

g.O
158.0

135.0

167.3

17.7

105.0
150.0

431.5 46.5 139.8 148.8 434.3 4Q.E
1.1 2.1 4.1 5.4 12.5 1.1

433.0 51.0 146.0 156.0 468.0 61.0
430.0 48.0 136.0 142.0 423.0 48.0

144.8 184.8 430.8 40.S
9.8 18.5 0.8 1.5

158.0 169.0 432.0 52.0
186.0 149.0 430.0 46.0

141.0

141.0
0.0

141.0

141.0

151.0

151.0
0.0

151.0

151.0

410.0 41.0 - 414.0 41.0

407.0 43.0 145.0 160.0 414.0 43.0
411.0 41.0 - 413.0 43.0

409.3 41.7 145.0 180.0 413.7 42.3

1.7 0.9 0.0 0.0 0.5 O.O

411.0 43.0 145.0 180.0 414.0 43.0
407.0 41.0 145.0 180.0 413.0 41.0

- 414.0 41.0
137.0 150.0 415.0 43.0

131.0 146.0 409.0 44.0

134.0 148.0 412.7 42.7
3.0 2.0 2.6 1.2

137.0 150.0 415.0 44.0
131.0 146.0 409.0 41.0

Average
Std Div
Maximum

M;nimum

800

000

000

107.0 138.0 389.0 40.0 112.0 140.0 398.0 43.0
119.0 147.0 430.0 38.0 117.0 161.0 412.0 44.0

101.0 130.0 392.0 42.0 118.0 140.0 392.0 41.0

109.0

7.5
119.0

101.0

140.3

4.8
147.0

138.0

403.7 40.0 115.7 143.7 400.7 42.7
18.7 1.6 2.8 5.2 8.4 1.2

430.0 42.0 118.0 151.0 412.0 44.0
389.0 38.0 112.0 140.0 392.0 41.0

117.0 146.0 397.0 41.0

111.0 135.0 390.0 42.0
118.0 143.0 404.0 42.0

113.7 142.0 397.0 41.7
2.5 5.4 5.7 0.5

117.0 148.0 404.0 42.0
111.0 135.0 390.0 41.0

750
750

750
750

101.0 120.0 270.0 39.0 92.0 117.0 288.0 35.0
103.0 122.0 287.0 47.0 88.0 112.0 288.0 43.0

gg.O 122.0 279.0 36.0 108.0 123.0 272.0 41.0
100.0 120.0 286.0 40.0 08.0 117.0 287.0 38.0

108.0 129.0 283.0 38.0
- 275.0 48.0

107.0 128.0 278.0 47.0
97.0 116.0 270.0 48.0 Transverse

Average
Std Oev
Maximum

Minimum

100.6
1.5

103.0
99.0

121.0
1.0

122.0

120.0

275.5 41.0 08.5 117.3 268.3 39.3
8.1 3.5 7.5 3.9 2.3 3.0

287.0 47.0 108.0 123.0 272.0 43.0
266.0 38.0 88,0 112.0 286.0 35.0

103.3 124.3 271.0 44.3
4.5 4.8 5.1 6.8

107.0 120.0 276.0 47.0
97.0 118.0 283.0 39.0

Average
Std Oev

Maximum
Minimum

900

900

900

68.0 89.0 169.0 14.0 73.0 92.0 158.0 8.0
81.0 90.0 180.0 14.0 87.0 103.0 174.0 14.0

86.0 101.0 169.0 11.0 74.0 97.0 188.0 11.0

79.3
7.8

86.0
08.0

95.3
4.9

101.0
89.0

166.0 18.0 76.0 97.3 168.0 11.0
4.2 1.4 8.4 4.5 8.5 2.4

169.0 14.0 87.0 103.0 174.0 14.0
180.0 11.0 73.0 92.0 158.0 8.0

87.0 104.0 182.0 19,0
82.0 93.0 185.0 14.0

85.0 104.0 181.0 11.0

84.7 100.3 178.0 14.7

2.1 5.2 7.8 3.3
97.0 104.0 162.0 19.0
82.0 93.0 185.0 II.0
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Average

SLd Day

Maximum

H;n_mum

Average
$td Day

Maximum
• M;nlmum

Average
Sad Dev
Max;mum

M|n_mum

Average
Std Dev
Maxlmum

Minimum

Average
Std Day

Maxlmum
gln|mum

Avermoa

Std Oev
Max|mum

Win|mum

Tamp,
K

77
77

77

298
298

298
298

400
400

400

8OO

80O
8OO

750

750

750
75O

900

900

900

Table IXZ(c).

0.02 YS, 0.2 YS,
MPo gPa

Tens|le Properties of N;-201 after Exposure to LiOH at 775 K

UTS, Elong, 0.02 YS, 0.2 YS, UTS, Elong, 0.02 YS, 0.2 YS, UTS, Elong,
MPA S gPa MPa MPA _ gPa MPa MPA

400 h at Temperature

Liquid Vapor Vacuum

145.0 171.0
150.0 170.0

182.0 191.0

038.0 81.0 143.0 109.0 637.0 63.0 138.0 168.0 635.0 80.0

839.0 82.0 146.0 181.0 639.0 83.0 180.0 188.0 631.0 81.0
635.0 64.0 142.0 154.0 631.0 68.0 146.0 169.0 631.0 81.0

637.3 82.3 143.7 188.0 835.7 64.7 148.0 187.7 832.3 80.7

1.7 1.2 1.7 11.0 3.4 2.4 9.1 1.2 1.9 0.5
839.0 84.0 146.0 181.0 839.0 88.0 180.0 189.0 835.0 81.0

835.0 61.0 142.0 154.0 831.0 83.0 138.0 168.0 631.0 80.0

155.0 177.3
7.3 9.7

182.0 191.0

!45.0 170.0

123.0

117.0
137.0

115.0

132.0
132.0

153.0

135.0

422.0 50.0 125.0 133.0 418.0 51.0 122.0 133.0 420.0
423.0 51.0 122.0 131.0 420.0 52.0 115.0 131.0 420.0

417.0 51.0 161.0 190.0 423.0 49.0 119.0 133.0 428.0
424.0 51.0 123.0 144.0 418.0 50.0 121.0 137.0 418.0

123.0

8.8
137.0

115.0

138.0
8.7

153.0

132.0

421.5 50.9 130.3 149.5 419.8 50.5 119.3 133.5 421.5
2.7 0.4 12.0 28.9 2.0 1.1 2.7 2.2 3.8

424.0 51.0 151.0 190.0 423.0 52.0 122.0 137.0 428.0
417.0 50.0 122.0 131.0 418.0 40.0 115.0 131.0 416.0

105.0
104.0

108.0

104.0
0.8

105.0

103.0

124.0
131.0

140.0

131.7
8.5

140.0
124.0

392.0 44.0 110.0 122.0 399.0 45.0 119.0 134.0 403.0
410.0 45.0 187.0 183.0 408.0 43.0 121.0 140.0 400.0

403.0 45.0 80.0 129.0 400.0 44.0 109.0 128.0 403.0

401.7 44.7 119.0 144.7 401.7 44.0 116.3 134.0 402.0

7.4 0.5 36.1 27.3 3.1 0.8 5.2 4.9 1.4
410.0 45.0 167.0 183.0 406.0 45.0 121.0 140.0 403.0

392.0 44.0 80.0 122.0 399.0 43.0 109.0 128.0 400.0

108.0

109.0

130.0

116.7
10.1

130.0
108.0

129.0

130.0
155.0

138.0

12.0

155.0
129.0

885.0 39.0 108.0 130.0 382.0 38.0 101.0 125.0 379.0
379.0 85.0 106.0 128.0 377.0 38.0 105.0 125.0 370.0

871.0 37.0 98.0 123.0 379.0 40.0 108.0 130.0 374.0

376.3 37.0 103.3 127.0 379.3 38.7 104.7 128.7 374.3
5.7 1.8 5.2 2.9 2.1 0.9 2.9 2.4 3.7

385.0 39.0 108.0 130.0 382.0 40.0 108.0 130.0 379.0
371.0 35.0 98.0 123.0 377.0 38.0 101.0 125.0 370.0

94.0
91.0

08.0

92.0

111.0
110.0

102.0

112.0

258.0 22.0 88.0 101.0 282.0 44.0 77.0 102.0 280.0

280.0 21.0 84.0 104.0 281.0 47.0 91.0 112.0 277.0
250.0 23.0 82.0 117.0 289.0 41.0 72.0 102.0 288.0

282.0 29.0 98.0 114.0 270.0 44.0 88.0 110.0 271.0

90.8

2.9
94.0

88.0

106.6
4.0

112.0
102.0

257.0 23,8 83.0 109.0 265.5 44.0 81.5 108.5 269.5
4.8 3.1 10.8 8.7 4.0 2.1 7.4 4.8 8.3

262.0 29.0 98.0 117.0 270.0 47.0 91.0 112.0 277.0
250.0 21.0 88.0 101.0 261.0 41.0 72.0 102.0 260.0

62.0
70.0

72.0

66.0

4.3
72.0

62.0

88.0

88.0
84.0

85.3
0.9

86.0

84.0

157.0 16.0 74.0 87.0 167.0 20.0 72.0 88.0 161.0

163.0 20.0 70.0 116.0 161.0 17.0 71.0 88.0 150.0
158.0 18.0 72.0 89.0 164.0 21.0 69.0 83.0 155.0

158.7 16.7 72.0 97.3 164.0 i9.3 70.7 86.3 158.0
3.1 0.9 1.8 13.2 2.4 1.7 1.2 2.4 2.4

183.0 20.0 74.0 118.0 167.0 21.0 72.0 88.0 181.0
158.0 18.0 70.0 97.0 161.0 17.0 69.0 83.0 155.0

51.0
51.0

51.0
52.0 Transverse

51.3
0.4

52.0
51.0

48.0
45.0

44.0

45.0
0.8

46.0
44.0

42.0

36.0
34.0

37.3
3.4

42.0
34.0

45.0
41.0

49.0

43.0 Transverse

44.5

3.0
49.0
41 .O

19.0
19.0

15.0

17.7
1.9

19.0

15.0
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Average
Std Oev

Maximum
Minimum

Average
Std Oev

Max;mua
M|nima

Average
Std Dev

Haximum

Minimum

Average
Std Oev

Maximum

Minimum

Average
Std Oev
Maximum

Uinimum

Average
Std Day

Maximum

Hinimum

TaSla III(d). Tensile Properties of Nl-2Ol after Exposure to LIOH at 775 K

Tmp, 0.02 YS, 0.2 YS, UTS, Elong, 0.02 YS, 0.2 YS, UTS, EIong, 0.02 Y$, 0.2 YS, UTS, Elong,
K HPa MPa MPA X HPe MPa HPA _ MPe MPa MPA X

2200 h at Temperature

Liquid Vapor Vacuum

77 - 832.0 53.0 148.0 159.0 828.0 84.0 188.0 201.0 828.0 61.0
77 183.0 170.0 829.0 68.0 138.0 180.0 628.0 81.0 146.0 189.0 835.0 00.0

77 159.0 105.0 642.0 68.0 155.0 168.0 630.0 85.0 618.0 65.0

290

298

298
208

400

4O0
4O0

600

600
600

750

750
750

750

900
900

900

181.0 167.5 834.3 62.3 147.0 182.3 628.7 63.3 157.0 165.0 826.3 62.0
2.0 2.5 5.8 8.6 7.0 4.0 0.9 1.7 11.0 18.0 8.9 2.2

163.0 170.0 642.0 68.0 155.0 188.0 630.0 85.0 168.0 201.0 835.0 85.0
159.0 165.0 829.0 53.0 138.0 159.0 828.0 81.0 146.0 189.0 818,0 80.0

118.0 128.0 418.0 53.0 109.0 118.0 417.0 52.0 103.0 118.0 417.0

123.0 133.0 414.0 57.0 177.0 186.0 414.0 52.0 95.0 110.0 409.0
108.0 123.0 411.0 54.0 152.0 183.0 416.0 52.0 138.0 148.0 414.0
109.0 120.0 419.0 52.0 128.0 184.0 409.0 52.0 100.0 112.0 415.0

114,5 126.0 415.5 54.0 141.0 150.0 414.0 52.0 109.0 122.0 413.8

8.3 4.9 3.2 1.9 25.8 25.9 3.1 0.0 17.0 15.3 2.9
123.0 133.0 419.0 57.0 177.0 185.0 417.0 62.0 138.0 148.0 417.0

108.0 120.0 411.0 52.0 109.0 118.0 409.0 52.0 95.0 110.0 409.0

94.0 98.0 384.0 48.0 112.0 121.0 386.0 46.0 87.0 105.0 331.0
392.0 47.0 92.0 104.0 344.0 45.0 101.0 112.0 342.0

137.0 170.0 398.0 47.0 85.0 100.0 339.0 45.0 - 388.0

115.5 134.0 391.3 48.7 96.3 108.3 357.0 45.0 94.0 108.5 353.7

21.5 33.0 5.7 0.5 11.4 9.1 22.0 0.0 7.0 3.5 24.7
137.0 170.0 398.0 47.0 112.0 121.0 388.0 46.0 101.0 112.0 388.0

94.0 96.0 384.0 46.0 85.0 100.0 339.0 45,0 87.0 105.0 331.0

87.0 105.0 349.0 27.0 94.0 109.0 368.0 84.0 101.0 110.0 384.0

882.0 39.0 387.0 40.0 - 387.0

97.0 113.0 387.0 33.0 387.0 37.0 98.0 109,0 358.0

92.0 109.0 359.3 82.7 94.0 109.0 387.3 37.0 94.6 109.5 382.3

5.0 4.0 7.6 4.5 0.0 0.0 0.5 2.4 6.5 0.5 4.8
97.0 113.0 367.0 38.0 94.0 109.0 368.0 40.0 101.0 110.0 387.0

97.0 105.0 349.0 27.0 94.0 109.0 387.0 34.0 88.0 109.0 358.0

84.0 100.0 258.0 26.0 71.0 87.0 226.0 88.0 59.0 74.0 231.0
80.0 95.0 244.0 19.0 85.0 82.0 226.0 41.0 74.0 96.0 230.0
75.0 104.0 324.0 43.0 - 225.0 46.0 - - 219.0

88.0 83.0 228.0 32.0 65.0 80.0 226.0 31.0 82.0 77.0 223.0

75.5 95.5 282.5 30.0 67.0 88.0 225.5 39.0 85.0 82.3 225.8

7.9 7.9 37.1 8.9 2.8 2.9 0.5 5.4 8.5 9.7 5.0
84.0 104.0 324.0 43.0 71.0 87.0 228.0 48.0 74.0 98.0 231.0

83.0 83.0 228.0 19.0 85.0 80.0 225.0 31.0 69.0 74.0 219.0

58.0 74.0 144.0 15.0 80.0 73.0 143.0 15.0 80.0 72.0 138.0

141.0 15.0 61.0 74.0 144.0 15.0 59.0 72.0 186.0
78.0 81.0 144.0 21.0 78.0 87.0 142.0 18.0 65.0 75.0 141.0

67.0 77.5 143.0 17.0 d8.3 78.0 143.0 15.3 01.3 73.0 138.3

0.0 3.5 1.4 2.8 8.3 6.4 0.8 0.5 2.8 1.4 2.1

76.0 81.0 144.0 21.0 78.0 87.0 144.0 16.0 35.0 75.0 141.0
68.0 74.0 141.0 15.0 80.0 73.0 142.0 15.0 59.0 72.0 130.0

52.0
62.0
52.0

63.0 Tranavaraa

52.3
0.4

53.0
52.0

46.0
43.0
45.0

44.3

0.9
45.0

43.0

38.0

39.0

34.0

37.0

2.2
39.0

34.0

48.0

31,0
31.0

37.0 Transverse

38.3

8.1
48.0

31.0

13.0

13.0
16.0

14.0

1.4

18.0

13.0
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Average
Std Dev

_ximum

Qlnlaua

Trap p
K

77

77
77

Table III(e).

O.OQ YS, 0.2 YS,
QPe lIPe

122.0

134.0

128.0

6.0

134.0
122.0

Tensile Properties of Hi-201 after Exposure to LiOH at 775 K

UTS, Elon9, 0.02 YS, 0.2 YS, UTSp Elon9, 0.02 YSj 0.2 YS, UTSj Elon9,

MPA K MPe MPe MPA _ MPe MP_ MPA S
/

5000 h at Twperature

Liquid Vmpor Vacuum

156.0
146.0

150,5

5.5

150.0

145.0

827.0 50.0 145.0 101.0 821.0 49.0 208.0 218.0 021.0 69.0

832.0 45.0 132.0 155.0 832.0 45.0 142.0 168.0 827.0 88.0

821.0 84.0 142.0 156.0 831.0 53.0 143.0 165.0 828.0 64.0

828.7 53.0 139.7 157.3 828.0 49.0 163.7 170.3 026.3 83.0
4.5 8.0 5.0 2.8 5.0 3.3 29.9 28.1 3.1 0.5

632.0 64.0 145.0 161.0 632.0 53.0 206.0 218.0 828.0 89.0
821.0 46.0 132.0 155.0 821.0 48.0 142.0 156.0 821.0 64.0

298
298

298
298

121.0
113.0

125.0
105.0

129.0 410.0
122.0 414.0

134.0 412.0
119.0 409.0

64.0 112.0 126.0 411.0 62.0 104.0 125.0 405.0 64.0
54.0 106.0 119.0 412.0 54.0 101.0 119.0 407.0 24.0

61.0 111.0 124.0 411.0 58.0 104.0 114.0 405.0 52.0
54.0 100.0 121.0 411.0 53.0 115.0 125.0 408.0 51.0 Transverse

Average
Std Dev
Mi_ |lWll

M|nln_m

118.0
7.7

125.0
105.0

128.0
5.9

134.0
119.0

411.3
1.9

414.0

400.0

53.3 106.8 122.3 411.3 53.8 106.0 120.8 406.3 45.3
1.3 2.8 2.4 0.4 1.5 5.3 4.8 1.3 12.3

54.0 112.0 125.0 412.0 50.0 115.0 125.0 409.0 54.0
51.0 108.0 119.0 411.0 52.0 101.0 114.0 405.0 24.0

Average
Std Dev

Wax|mum
Minimum

400
400

40O

91.0
107.0

108.0

101.3
7.3

107.0
91.0

110.0
121.0

121.0

117.3
6.2

121.0
110.0

378.0
384.0

362.0

380.7

3.4
364.0

378.0

44.0 98.0 113.0 378.0 42.0 158.0 177.0 377.0 42.0
41.0 95.0 113.0 377.0 43.0 98.0 119.0 375.0 39.0

45.0 99.0 113.0 375.0 42.0 129.0 148.0 374.0 41.0

43.3 97.3 113.0 378.0 42,3 127.7 148.0 375.3 40.7

1.7 1.7 0.0 0.6 0.5 23.7 23.7 1.2 1.2
45.0 99.0 113.0 377.0 43.0 156.0 177.0 377.0 42.0

41.0 95.0 113.0 375.0 42.0 98.0 119.0 374.0 39.0

Averege
Std Dev

_xlmum

Minlmum

Average
Std Oev

Haxlmum

Hlnlmum

Avtrege
Std Dev

Heximmm

Hinlmlm

800
800

80O

750
750

750
750

900

900

900

93.0

89.0

75.0

113.0 348.0
92.0 342.0

97.0 325.0

86.7 100.7 337.7

7.7 9.0 9,1

93.0 113.0 348.0

75.0 92.0 325.0

85.0

82.0
73.0

81.0

00.3

4,4

85,0

78,0

89.0
145.0

75.0

99.0 242.0

99.0 239.0
91.0 242.0

98.0 242.0

98.0 241.3

8.3 1.3

99.0 242.0
91,0 239.0

82.0 150.0
180.0 181.0

85.0 147.0

98.3 109.0 152.7
34.5 38.1 8.0

145.0 180.0 181.0
69.0 62.0 147.0

31.0 84.0 111.0 341.0 28.0 84.0 110.0 345.0 34.0

35.0 90.0 107.0 356.0 38.0 85.0 118.0 334.0 25.0
28.0 90.0 111.0 325.0 27.0 88.0 109.0 320.0 25.0

30.7 65.0 109.7 340.7 31.0 85.7 111.7 333.0 26.0
3.7 2.9 1.9 12.7 £.0 1.7 3.1 10.2 4.2

36.0 90.0 111.0 858.0 38.0 86.0 I16.0 345.0 34.0

26.0 84.0 107.0 3213.0 27.0 84.0 109.0 320.0 25.0

21.0 85.0 103.0 244.0 18.0 94.0 107.0 239.0 24.0

20.0 39.0 102.0 238.0 17.0 83.0 99.0 254.0 17.0
20.0 74.0 98.0 223.0 18.0 141.0 152.0 219.0 14.0

21.0 77.0 91.0 243.0 22.0 84.0 97.0 232.0 16.0

20.6 81.3 98.5 237.0 17.8 100.5 113.8 2_.0 17.0
0.5 8,0 4.7 6.4 2.5 25.8 22.4 12.8 3.8

21,0 $9.0 103.0 244.0 22.0 141.0 152.0 264.0 24.0

20.0 74.0 91.0 223.0 18.0 85.0 97.0 219,0 14.0

12.0 70.0 30.0 186.0 12.0 96.0 100.0 132.0 0.0

13.0 73.0 84.0 164.0 10.0 87.0 01.0 160.0 15.0

9.0 87.0 70.0 148.0 8.0 85.0 72.0 148.0 11.0

11.3 70.0 80.0 152.7 10.0 78.0 84.3 148.7 10.7
1.7 2.4 3.3 3.4 1.8 14.2 11.7 11.5 3.7

13.0 73.0 84.0 158.0 12.0 96.0 100.0 160.0 15.0
9.0 87.0 75,0 148.0 8.0 85.0 72.0 132.0 8.0

Trlnlverie
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Table IV. 780 K Vacuum Creep Rupture of LIOH Exposed N|-200.

Material S+resa,
Condition UPs

Time to Percent Creep, h
0.1 0.2 O.E 1,0 2.0 6.0

Elongation at SS Creep Creep RaLe at Creep Rate e_
end Test or Rate, 2 Pc_ Strain, SPct S_raln,

10.0 Rupture Rupture, Pct e-1 s-1 s-1

As Rec
As Rec

As Rec
As Rec

As Rec

As Rec

148 0.34 2.89 20.00 112.00 807

133 0.41 2.E£ 2£.00 IE3.00 )1028
104 8.00 18.00 42.00 92.00 208.00 602.00 >1828

89 19.00 104.00 341.00 645.00 1042.00 >1828
74 119.00 268.00 520.00 >1482

$9 110.00 387.00 649.00 >1482

£6 8.78E-08 1.06E-00 3.3EE-07

31 3.68E-08 6.86E-07 2.48E-07

14 7.92E-09 2.75E-08 2.33E-08
4 6.89E-09 ,7.22E-09 e7.22E-09

1 *3.00E-09 e3.30E-09 *3.30E-0v

0.4 ,9.97E-I0

L/4Olh

L/4Olh
L/4Olh

L/4Olh
LI4Olh

L/4Olh
L/4Olh
L/4Olh

V/4Olh
v/4olh
v/4ozh
V/4OZb

V/4Olh
V/4OZh

V/4Olh
9/401h

Ll2SOOh

LI2SOOh
L/2500b

L/2600h
L/2500h

L/2SOOh

L/2£OOh
L/2£OOh

V/2SOOh

V/2SOOh
v/2sooh
V/2GOOh

V/2800h
V/2£OOh

V/2£OOh
V/2600h

193

177
182

1£6
148

133
117

103

193

177

182
166

148
133

117
103

192

177
102

166
148

141
133

118

193

177
182

186
148

140

133
117

0.0S

0.01

0.02

0.07

0.04

0.02

0.10

0.02

0.06

0.01 0.10 10

0.08 0.20 0.70 2.70 89
0.01 0.04 0.29 2.00 18.60 102

0.02 0.07 0.30 1.30 8.00 42.30 159
0.01 0.01 2.80 160.00 469

0.03 0.20 0.90 4.70 40.30 240.00 1307
0.03 3.00 71.00 280.00 1839

0.03 3.80 109.00 304.00 827.00 >1£80

0.01 0.80 22

0.01 2.00 78
O.OS 0.19 1.80 16.00 118.00 477

0.02 0.09 0.28 0.80 2.70 12.70 177

0.09 0.70 2.80 8.S0 89.20 333.00 740
0.01 0.2S 1.80 0.20 38.20 218.00 819

0.10 8.40 111.00 419.00 )1492
0.40 8.90 34.80 184.00 13E0.00 >1481

0.02 0.04 0.10 0.70 8
0.12 0.50 97

0.03 0.08 0.10 0.£0 81
0.03 0.13 0.60 3,80 22.00 1487

0.02 0.49 1.00 2.00 12.00 120
0.20 43.20 426.00 1349

0.07 0.18 2.70 41.80 894.00 >1609

0.10 11.90 93.00 )1828

0.80 1.00 1.90 24
0.02 0.10 0.30 2.30 15.00 87

0.02 0.14 1.00 2.00 15.30 98.00 bOO

0.03 0.10 0.30 1.30 11.30 71.00 329

0.10 0.80 1,10 2.20 21.00 400
404

0.1£ 1.20 7.30 38.30 106.00 284.00 >1608

0.04 0.40 3.20 17.60 174.00 )1967

82 4.72E-08 2.08E-03 2.08E-03

42 3.33E-08 1.08E-06 1.00E-07
E7 8.iiE-07 8.00E-06 2.04E-00

31 3.06E-07 2.328-06 7.308-07
61 3.89E-07 1.10E-06

60 E.OOE-08 6.20E-07 1.24E-07
49 7.78E-08 7.20E-07 7.78E-08

4 1.33E-08 1.36E-08 1.3EE-08

61 3.89E-08 1.48E-03 1.46E-03

88 8.33E-07 1.10E-03 1.61E-04
88 3.898-08 1.31E-08 3.18E-07

87 8.11E-07 8.2EE-08 3.38E-08

46 8,33E-08 3.68E-07 9.0EE-08
48 8.28E-08 6.818-07 1.91E-07
17 1.618-08 1.71E-07 6.39E-08

8 8.94E-09 8.80E-09 8.94E-09

37 2.72E-06 6.68E-06
48

33 1.92E-06 6.88E-00 1.92E-08
80 6.68E-07 8.31E-06 1.11E-08

38 6.948-07 1.36E-08 6.94E-07
38 2.78E-08 3.33E-08 1.04E-07

26 6.00E-09 4.868-08 6.23E-09
40 4.448-06 e.£OE-00 3.08E-07

22 1.81E-08 1.81E-08

38 7.78E-07 1.08E-06 2.21E-06
49 7.78E-08 4.29E-08 3.38E-07

63 1.£3E-07 2.11E-06 4.67E-07
31 9.44E-08 1.688-08 0.20E-07

64
23 1.08E-08 1.48E-07 1.46E-07

23 2.22E-06 1.38E-07 2.39E-08
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Teble V. 750 K Vicuum Creep Rupture of LiOH Exposed Xi-201.

Material Stress,
Condition gPa

Time to Percent Creep, h
0.1 0.2 O.E 1.0 2.0 5.0

Elongat;on at SS Creep
end Test or Rote,

10.0 Rupture Rupture, Pct s-1

ks Rec
ks Rec
As Re¢
ks Rec
ks Rec
As Rec
As Rec
ks Rec

87 8.50 90.00 360.00 978.00
94 12.00 38.60 86.00 188.00

101 40.00 87.00 300.00 517.00
109 80,00 240.00 G30.O0
114 1.00 2.00 24.50 94,00
131 0.03 1.40 10.00
138 0.66
146 0.02 0.04 0.06 0.17

9.00

)1E12 2.8 2.19E-09
287.0 3.9 1.17E-08

1459.0 8.9 8.89E-09
)1894 O.E 1.08E-09

384.4 1.28E-08
38.4 2.0 8.08E-08
28.7 2.9 2.08E-07

O. 4 5.7 1.08E-08

L/2200E 87
L/2200h 87
L/2200h 94
L12200h 94
L/2200h 101
L/2200h 109
L/2200h 114
L/2200h 131
L/2200h 138
L/2200h 146

1.40

8.00 9.20 70.00 158.00 672.00
0.50 3.00 2E.40 132.00 384.00

4.70 104.00
0,04 2.00 20.00 103.00

0.05 0.20 2.20 12.00 40.00 154.00
1.00 126.00

0.04 1.00

V/2200h 87 1.80 65.90 383.00
V/2200h 87
V/2200h 94 0.93 8.10 92.0o 1609,00 1623.00
V/2200h 101 34.60 98.20 281.00 697.00
V/2200h 109
V/2200h 109 3.80 36.00
V/2200h 114
V/2200h 131 0.02 3.00 121.00
V/2200h 138 0.03 0.20 12.40 66.00 1EO.O0
V/2200h 145 0.08 31.00

)1102 0.5 2.29E-10
E40.3

)1500
)1600 4.0 8.00E-09
)1898 5.0 5.76E-09

481.0 8.0 4.178-09
252.0 4.0 2.00E-08
181.0 11.0 3.88E-08
188.0 13.4 2.44E-08
142.0 9.0 6.42E-09

)1171.3 2.8 2.E9E-09
280.8

)1681 2.8 2.08E-10
)1467 2.4 2.94E-09
) 880

78.0 4.2 1.G8E-08
)1581.2 0.8

280.0 8.2 4.61E-08
210.0 9,1 2.14E-08
94.0 9.2 1.318-07

L/EOOOh
L/SOOOh
L/60OOh
L/EOOOh
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700.0 9.0 2.78E-08
)1000. 3.0 6.39E-09

120.0 9.0 5.00E-08
180.0 8.0 5.00E-08

)1400 2.0 3.81E-10
)1500 4.0 1.22E-09
)1500 7.0 9.44E-09
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EO.O 8.0 4.17E-08

700.0 9.0 1.88E-08
24.0 6.0 1.87E-07
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