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NOTICE 
This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on 
behalf of NASA: 

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

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

As used above, “person acting on behalf of NASA” includes any 
employee or contractor of NASA, or employee of such contractor, 
to the extent that such employee or contractor of NASA, or em- 
ployee of such contractor prepares, disseminates, or provides 
access to, any information pursuant to his employment or con- 
tract with NASA, or his employment with such contractor. 

Requests for copies of this report should be referred to: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Office of Scientific and Technical Information 
Attention: AFSS-A 
Washington, D.C. 20546 

{. , b . 



T H I R D  QUARTERLY W P O R T  

( J a n u a r y  - March 1966) 

NASA-CR- 54648 

EIMAC R e p o r t  NO. T R  66-19, R/E 66-137A 

AN INVESTIGATION O F  SOLUBILITY AND D I F F U S I O N  
O F  OXYGEN I N  REFRACTORY METALS 

BY 

R. Pape 
L. R e e d  

R. M c R a e  

Prepared f o r  

NATIONAL AERONAUTICS AND S2ACE ADMINISTRATION 

CONTRACT NAS3-7626 

Project Management 
NASA L e w i s  R e s e a r c h  C n t r .  

C l e v e l a n d ,  O h i o  
Space Power  Systems D i v i s i o n  

R. A. L i n d b e r g  

REVIEWED BY: /??H&c ENGP 
R.C. M c R a e  
R e s e a r c h  and Special  
E n g i n e e r i n g  

E n g i n e e r i n g  D e p t .  

EIMAC 
Division of V a r i a n  
301  I n d u s t r i a l  Way 
S a n  C a r l o s ,  C a l i f o r n i a  



V 
ABSTRACT 

Electrical resistivity measurements are being used 

to determine the solubility limits and diffusion constants 

of oxygen in tantalum, Ta-lOW, alloy T222, columbium, 

Cb-1% Zr, and alloy FS-85. 

Tentative solubility limits have been established 

for tantalum in the range 600 to 92OoC. The limits of 

solubility range from 770 ppm at 598OC to 2265 ppm at 918OC. 
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I. INTRODUCTION 

This investigation concerns oxygen diffusion and 

solubility in commercially pure refractory metals and in 

advanced alloys for space power system components. Oxygen 

contamination of refractory metals reduces their resistance 

to alkali metal corrosion. Accurate knowledge of oxygen 

diffusion constants and solubility limits are required in 

order to establish realistic engineering and environmental 

specifications. 

This investigation is divided into two phases: 

Phase I. A determination of the limits of oxygen 

solubility in commercially pure tantalum and columbium and 

in the alloys Cb-lZr, Ta-lOW, FS-85 (Cb-28Ta-10.5W-0.9Zr) 

and T222 (Ta-9.8W-2.4Hf-O.OlC), at five temperatures in 

the temperature range of 1000°F to 240O0F. 

Phase 11. Average diffusion constants will be 

determined from electrical resistivity data using commer- 

cially obtainable wires for specimen samples. Absolute 

oxygen contents shall be determined by neutron activation 

analysis. Other methods of analysis such as electron micro- 

probe analysis, X-ray diffraction analysis, microhardness 

and conventional chemical analysis will be employed for 

obtaining corroborating data. 

It is expected that the data obtained on the pure 

metals will confirm the previously reported data in the' 
t 

-1- 



i pursue alloy solubility data. 
i .  
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11. SUMMARY 

A series of f i v e  oxygen c a l i b r a t i o n  runs was 

completed and specimens were then submitted f o r  neutron 

a c t i v a t i o n  ana lys i s .  

an oxygen c a l i b r a t i o n  curve t o  relate t h e  change i n  resis-, 

tance  a t  constant  temperature t o  the a d d i t i v e  oxygen 

content  i n  ppm. 

The r e su l t s  w e r e  used  t o  cons t ruc t  

A series of s i x  iso-thermal s o l u b i l i t y  runs was 

completed. 

t i o n  with t h e  oxygen c a l i b r a t i o n  curve t o  y i e l d  the 

( t e n t a t i v e )  s o l u b i l i t y  l i m i t s  f o r  oxygen i n  tantalum i n  

t h e  range 6OO0C t o  9 2 O o C .  

The d a t a  from t h e s e  runs was used i n  conjunc- 

Two of t h e  iso-thermal runs toge ther  w i t h  an iso- 

concent ra t ion  run w e r e  conducted a t  extended t i m e  sche- 

d u l e s  t o  explore  t h e  t i m e  dependence of the data obtained 

f r o m  t h e  two techniques.  

-3- 
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AppAMT-63 III. 

The apparatus  employed i n  the s o l u b i l i t y  deter- 

mination phase of t h i s  program i s  descr ibed i n  t h e  1st 

and 2nd q u a r t e r l y  r epor t s .  

A. Double Vacuum Furnace 

A double wal l  vacuum furnace w a s  b u i l t  during the 

l a s t  q u a r t e r l y  per iod t o  supplement the a i r  furnace used 

f o r  t h e  l o w e r  temperature range s o l u b i l i t y  runs.  Ear ly  i n  

t h i s  q u a r t e r  the furnace proper (independent from the  

s o l u b i l i t y  determinat ion apparatus)  was pumped down and 

t h e  hea t ing  e l emen t s  powered. 

Under power the tungsten h e a t e r s  (0.050 diameter h a i r -  

~ p i n  f i l amen t s )  twis ted  and w e r e  i n  jeopardy of sho r t ing  

o u t  through the weights hung from t h e  f i lament  loops.  A 

ceramic guard r i n g  was i n s t a l l e d  t o  c o r r e c t  t h i s  tendency. 

B. Dense Alumina Reaction Tubes 

Four dense alumina t u b e s  w e r e  purchased t o  supplement 

t h e  q u a r t z  r e a c t i o n  tubes,  i n  use w i t h  the lower-temperature 

range a i r  furnace.  O f  these,  one w a s  porous a t  t h e  closed 

end, t w o  w e r e  cracked during c u t t i n g  opera t ions  and a 

f o u r t h  w a s  meta l l ized  and brazed i n t o  a f lange  bu t  developed 

a leak ac ross  the metal l ized area. The porous t u b e  w a s  

r e tu rned  t o  t h e  vendor; the  two tubes w i t h  cracks on t h e '  

open end have been re-cut  below cracks and w i l l  be metal- 

lized* w i t h  a me ta l l i z ing  p a i n t  w h i c h  w i l l  be s p e c i f i c a l l y  

"Morganite ARR Alumina has  n o t  p rev ious ly  been me ta l l i zed  
by u s .  

-4- 



developed f o r  t h i s  low s i l i c a  ceramic body. 

The  ceramic t u b e  i n  the f l ange  h a s  only  a l o w  

order  leak so it can be used i n  the double vacuum oven 

a s  t h e r e  i s  s u f f i c i e n t  pumping speed i n  t h e  guard vacuum 

t o  p r o t e c t  t h e  heater f i laments .  

IV .  . , .EXPERIMENTAL PROCEDURES 

A. General 

T h e  experimental  procedures employed i n  t h e  work 

during t h i s  q u a r t e r  w e r e  discussed i n  de ta i l  i n  t h e  2nd 

Q u a r t e r l y  Report. 

The chemical cleaning procedure used on tantalum 

specimens i s  described i n  Table I. 

Spec ia l  procedures s p e c i f i c  t o  ind iv idua l  runs 

o r  run ca t egor i e s  are discussed m o r e  app ropr i a t e ly  i n  t h e '  

r e s u l t s  s ec t ion .  

B. Vacuum Bake-out of S o l u b i l i t y  Apparatus 

T h e  e n t i r e  vacuum s y s t e m  of the oxygen s o l u b i l i t y  

determinat ion apparatus  c a n  be baked ou t  and a base p r e s s u r e  

of 1 x low9 achieved before  s t a r t i n g  each experimental  run. 

This p r a c t i c e  i s  not  required,  however, s i n c e  t h e  f i r s t  

charge w i l l  be adsorbed on the wa l l s ,  sample holder ,  etc.  

and w i l l  make it impossible t o  r ega in  a high vacuum w i t h -  

ou t  a long vacuum bake-out. Fur ther ,  t h e  oxygen adsorbed 

by the c lean  w a l l s ,  e t c .  i s  d i v e r t e d  from the specimen so 

tha t  t h e  amount of oxygen accepted by t h e  specimen v a r i e s  

- 5- 



TABLE I 

CLEANING PROCEDURE FOR T a  SPECIMENS 

1. 

2. 

3 .  

4. 

5. 

6 .  

V a p o r  degrease ( T r i c h l o r e t h y l e n e )  

R i n s e  , de- ionized w a t e r  

Immerse i n  ac id  m i x t u r e  for  5 seconds 

( 1 0 %  H F ,  90% "03 by v o l u m e )  

R i n s e ,  de-ionized w a t e r  

R i n s e  , C.  P. e thanol  

S t a t i c  a i r  d r y  
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over the first few charges even though the charges admit- 

ted may be identical and the sorption capacity constant. 

It was therefore deemed the preferable procedure to allow 

the walls, etc. of the apparatus to become and remain 

saturated with oxygen. 

C. Time Correlation Durinq Experimental Runs 

A Moseley 680 "Autograph" recorder has been con- 

nected to the output of the "Millitorr" ionization gage 

(1 to 1 x torr). The pressure-time profile provides 

a means of monitoring the engassing charge cycle: an 

event marker pen provides temporal correlation between 

the engassing cycle and the resistance-measurements taken 

on the Kelvin bridge. 

V. EXPERIMENTAL RESULTS 

A. General 

A total of 13 experimental runs were conducted in 

this quarter. Five runs comprised an "oxygen calibration'' 

series: six were oxygen solubility runs employing the iso- 

thermal technique: one run employed the iso-concentration 

technique: one iso-thermal run was completed with a Ta-1OW 

specimen. 

The iso-thermal and iso-concentration techniques 

have been discussed previously in the first and second 

qua-rterly reports. 

B. Iso-Thermal Solubility Runs 

A series of 5 iso-thermal runs were conducted to 

-7- 



determine the  s o l u b i l i t y  l i m i t  of oxygen i n  Ta over the  

range 6OO0C t o  95OoC. The sample arrangement i s  a s  

depicted i n  Figure 1. A photograph of an a c t u a l  specimen 

i s  shown i n  Figure 4 of the  Second Q u a r t e r l y  Report t o -  

I ge the r  with d e t a i l s  of sample prepara t ion .  The i so -  

thermal technique r equ i r e s  t h a t  t he  s o l u b i l i t y  l i m i t  be 

ind ica t ed  by a break i n  the r e s i s t a n c e  vs oxygen charge 

curve.  

Experimental r u n s  TA 05 through TA 09 employed the  

iso-thermal technique. The pre-treatment of the  sample 

cons is ted  of chemically cleaning the  r e c r y s t a l l i z e d  wire 

a s  ou t l ined  i n  Table I and a vacuum bake-out a t  900°C for 

a minimum of 1 2  hours unless  noted otherwise i n  the  t e x t .  

Engassing was accomplished by t rapping  an oxygen charge 

i n  a 300cc volume a t  reduced pressure ,  pumping o u t  t h e  

balance of t he  oxygen feed s y s t e m  and then admitt ing the  

charge t o  the  r e a c t i o n  tube of t h e  furnace through valve 

V5 (See Figure 2 ) .  

3/4 minute per iod during which the  oxygen charge was admitted 

Each charge cycle  consis ted of a 3- 

t o  t h e  specimen and a second 3 - 3/4 minute per iod during 

which the  r eac t ion  tube was pumped out  and t h e  specimen was 

allowed t o  homogenize. Resistance measurements were made 

dur ing  t h i s  second h a l f  of the 7 - 1 / L  minure cyc le .  

The specimen weights, consrant engassing temperatures 

and s i z e  of oxygen charge was var ied from r u n  t o  r u n  a s  

noted.  

-8 - 



Pt, Pt-IORh 
THERMOCOUPLES 

TEST 
SPECIMEN 
- 

KELVIN BRIDGE 
CURRENTLEADS 

KELVIN BRIDGE 
VOLTAGE LEADS 

FIGURE 1. Schematic of Test Specimen showing 
placement of current and voltage 
leads and thermocouples. 
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TO FURNACE 

FROM OXYGEN 
SUPPLY 

I v3 v4 v 
EXPANSION CHAMBER I 

1 
v5 

h 

v2 
Y 

*TO PUMP 

I 
THERMOCOUPLE 

VACUUM GAGE 
I - l O 0 0 ) r  

THERMOCOUPLE / 
VACUUM GAGE 

0 - 2 0  TORR 

MV : Micrometer metering valve 
VL * Granville - Phillips variable leak 
V : High vacuum bakable valves 

FIGURE 2. Schematic of Oxygen Feed System. 

-10- 



Experimental Run TA 05 

TA 05 was conducted a t  a constant  temperature of 

A t o t a l  of 44 oxygen charges (300 cc a t  100Op 78OoC.  

per  charge) w e r e  admitted t o  the  r eac t ion  t u b e .  There 

w e r e  two procedural  e r r o r s ,  occurring i n  t h e  2nd and 3rd 

cyc le  which w e r e  e a s i l y  corrected during reduct ion of t h e  

da t a .  The da ta  a r e  reported i n  Table I1 and t h e  r e s i s t a n c e  

vs oxygen charges admitted i s  p l o t t e d  i n  Figure 3. In t e r -  

s e c t i o n  of t h e  i n i t i a l  and f i n a l  l i n e a r  po r t ions  of t h e  

curve occurs a t  approximately R/RO = 1.205 when co r rec t ion  

is made f o r  procedural  e r r o r s .  (The $rocedural e r r o r s  

such a s  t o  cause a depr iva t ion  o f  oxygen can be ad jus ted  

f o r  by s h i f t i n g  t h e  curve t o  the l e f t  by an appropr ia te  

amount. This co r rec t ion  does not  e f f e c t  Rs/Ro, however.) 

Experimental Run TA 06 

TA 06 was conducted a t  a cons tan t  temperature of  

8 8 1 O C .  

r e a c t i o n  tube.  The charge s i z e  was 300 cc a t  2 0 0 0 ~ .  

This i s  double t h e  charge s i z e  employed i n  t h e  prel iminary 

Run TA 05 and has  been adopted a s  a " u n i t  charge" h e r e a f t e r .  

The s o l u b i l i t y  l i m i t  i s  indiad'ted a t  R/RO = 1.249. (See 

Table 111) 

A t o t a l  of 33 oxygen charges w e r e  admitted t o  t h e  

Experimental Run TA 07 

TA 07 was conducted a t  a cons tan t  temperature of 

598OC. A t o t a l  of twenty-five 1 0 0 0 ~  charges was admitted t o  

- 11- 



TABLE NO. I1 

Oxygen 
Charge 

No. 

0 
1 
2 
3 
4 
5 
6 
7* 
8 
9 
10 
11 
12 
13 1 

14 
15 
16 
17 
18 
19 
20 
21 
22 

Resistance Data From Run TA 05 

R 
( O h m s  ) 

.1912 

.1919 

.1920 

.1932 

.1947 

.1962 
-1978 
.1982 
.2000 
.2016 
.2 034 
.2052 
,2069 
-2087 
.2 104 
.2120 
.2 136 
-2152 
.2167 
.2 182 
-2196 
.2210 
-2223 

Normal- 
ized R 

R/RO 

1.000 
1.037 
1.004 
1.011 
1.018 
1.026 
1.035 
1.037 
1.046 
1.054 
1.063 
1.073 
1.082 
1.092 
1.100 
1.109 
1.117 
1.126 
1.133 
1.141 
1.149 
1.156 
1.162 

Oxygen 
Charge 

No. 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

R 
( O h m s  ) 

.2237 

.2249 

.2259 

.2269 

.2280 

.2290 

.2299 
-2308 
,2316 
,2324 
.2330 
.2337 
.2 343 
.2348 
.2353 
.2358 
.2361 
.2366 
.2370 
.2373 
.2377 
.2380 

*Operat ional  E r ro r  (Incomplete oxygen charge) 

Norma 1- 
ized R 

R/RO 

1.170 
1.176 
1.181 
1.187 
1.192 
1.198 
1.202 
1.207 
1.211 
1.215 
1.219 
1.222 
1.223 
1.228 
1.231 
1.233 
1.234 
1.237 
1.240 
1.241 
1.243 
1.245 

Specimen Temperature 78OoC 

P o i n t  of Sa tu ra t ion  ( R s )  

Charge Size  

Specimen Mass 3.689 grams 

R s  = .2310, RS/Ro = 1.205 

300 cc a t  1 O O O y  pressure  

Engass ing Schedule 3 3/4 min. engassing t i m e  
followed by 3 3/4 min. homo- 
genize t i m e  

Sample Prepara t ion  S t d  procedure except  f o r  
omission of 145OOC bake o u t  

-12- 



I .275 

I .250 

I .225 

I .200 

A 

1.175 
\ a 
Y 

W 
0 z 1.150 

I- 
m 
v, 
W a 1.125 

a 
- 

n 
W 
rl! 
J z l*loo 
0 z 

I .075 

1.150 

I .I25 

i .ooo 

I' 

J 

I 

5 IO 15 2 0  25 30 35 40 45 

NUMBER OF OXYGEN CHARGES 

FIGURE 3. Plot of Normalized Resistance (R/Ro) 
versus number of oxygen changes for 
Run TA 05. The Run was at 78OoC. 
See Table I1 and Text €or additional 
details. 
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TABLE NO. I11 
L 

8 -  

I 

-_ 
Resistance Data From Run TA 06 

Oxygen 
Charge 
No . 
0 (Ro 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

-2468 
-2503 
-2544 
-2587 
-2631 
,2676 
-2719 
,2758 
-2798 
.2836 
-2871 
.2906 . 2 940 
-2969 
-2995 . 3017 . 3036 

Yormal- 
ized R 
X/Ro 

1 .oo 
1.015 
1.031 
1.048 
1.066 
1.084 
1.102 
1.118 
1.134 
1 . 149 
1.163 
1.177 
1.191 
1.203 
1.214 
1.222 
1.230 

Specimen i 
Temperature 

Point of Saturation 

Charge Size 

Specimen Mass 

Engassing Schedule 

Specimen Preparation 

Oxygen 
Charge 
No . 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

881°C 

,3052 
.3067 
.3079 . 3089 
,3100 
.3108 . 3116 . 3124 . 3130 
.3137 
-3141 
-3147 
,3153 
.3158 
.3161 
.3166 
-3171 

Normal- 
ized R 
R/RO 

1.237 
1 . 243 
1.248 
1.252 
1.256 
1.259 
1.263 
1.266 
1.268 
1.271 
1.273 
1.275 
1.278 
1 . 280 
1.281 
1.283 
1.285 

Rs = .3082 Rs/Ro = 1.249 

300cc at 2000u pressure 

4.2314 grams 

3 1/3 min. engassing time 
followed by 3 1/2 min homo- 
genize time 

Std procedure 

-14- 



t h e  reactlo:: tube.  -As intersection was observed i n  

t h e  r e s i s t a n c e  vs .  oxygen charge p l o t  a t  approximately 

R/Ro = 1.049. Though t h e  s i z e  of t h e  oxygen charge w a s  

reduced t o  1/2 t h e  s t anda rd  u n i t  charge  f o r  t h i s  run,  it 
l -  

was s t i l l  too l a r g e  i n  view of t h e  l o w  l i m i t  of  s o l u b i l i t y  

a t  t h i s  l o w  temperature .  See Table I V .  

Experimental  Run TA 08 

TA 08 was conducted a t  t h e  c o n s t a n t  temperature  of 

918OC. 

o f  1 hour a t  145OOC i n  vacuum. 

The specimen was g iven  an a d d i t i o n a l  pre- t reatment  

A t o t a l  of 37 u n i t  charges 

o f  oxygen w e r e  admit ted t o  t h e  r e a c t i o n  tube .  An i n t e r -  

s e c t i o n  was observed i n  t h e  r e s i s t a n c e  vs .  oxygen charge 

p l o t  a t  approximately R/Ro = 1 . 2 7 2 .  See Table V. 

Experimental  Run TA 09 

TA 09 was te rmina ted  be fo re  completion due t o  

equipment f a i l u r e .  

C. Oxygen-Calibration Runs (TA 10 throuqh TA 14)  

I n  t h e  iso- thermal  s o l u b i l i t y  de t e rmina t ion  technique 

t h e  p o i n t  o f  s a t u r a t i o n  f o r  a given temperature  i s  

determined by monitoring t h e  change i n  t h e  spec imen ' s  elec- 

t r i c a l  r e s i s t a n c e  a s  success ive  oxygen charges a r e  admit ted 

t o  t h e  furnace  r e a c t i o n  tube.  T h e  oxygen concen t r a t ion  

cor responding  t o  t h e  r a t i o  of i n i t i a l  r e s i s t a n c e ,  a t  tempera- 

t u r e ,  t o  t h e  r e s i s t a n c e  a t  the  p o i n t  of  s a t u r a t i o n  (RS/Ro) 

must t hen  be determined t o  y i e l d  t h e  s a t u r a t i o n  l i m i t  ( i n  ppm 
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TABLE NO. IV 

Resistance Data From Run TA 07 
_..- 

Oxygen 
Charge 
No . 
0 (Ro 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

R 
(ohms 1 

. 1838 . 1847 
-1859 
,1872 . 1885 . 1895 
-1906 
.1912 . 1920 
,1924 
,1931 
,1937 . 1942 

Normal- 
ized R 
R/RO 

1,000 
1.005 
1,011 
1.018 
1.026 
1.031 
1.037 
1.040 
1.045 
1.047 
1,051 
1.054 
1.057 

oxygen 
Charge 

No. 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

R 
(ohms) 

. 1942 . 1952 . 1960 . 1965 

.1969 . 1974 
,1979 . 1983 
.1987 . 1992 . 1997 . 200 2 
-2006 

Normal- 
ized R 
R/RO 

1.059 
1.062 
1.066 
1.069 
1.071 
1,073 
1.077 
1.079 
1.081 
1.084 
1.087 
1.089 
1,091 

Specimen Temperature 

Point of Saturation 

Charge Size 

Specimen Mass 

Engassing Schedule 

598OC 

Rs = -1929, Rs/Ro = 1.049 

300 cc at lOOOu pressure 

4.0131 grams 

3 3/4 min engassing time 
followed by 3 3/4 min. homo- 
genize time 

Specimen Preparation Std procedure 
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Oxygen 
Charge 

N o .  

0 Ro* 
1* 
2 
3 
4 
5 
6 
7 
8 
9 
10* * 
11 
12 
13 
14 
15 
16 
17 
18 

Resistance Data From Run TA 08 

R 
(Ohms ) 

.1706 

.1738 

.1770 

.1810 

.1850 

.1886 

.1924 

.1953 

.1973 

.2 012 

.2039 
-2067 
.2089 
-2 110 
.2129 
.2 145 
.2158 
.2169 
.2178 

Norma 1- 
i zed  R 

R/RO 

1.000 
1.019 
1.038 
1.061 
1.084 
1.106 
1.128 
1.145 
1.157 
1.180 
1.195 
1.212 
1.225 
1.237 
1.248 
1.257 
1.265 
1.271 
1.278 

Oxygen 
Charge 

No. 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

R 
(Ohms ) 

.2 186 

.2192 
,2197 
-2203 
.2207 
,2211 
.22 15 
,2219 
.2222 
.2225 
.2229 
,2233 
.2237 
.2240 
.2244 
.2247 
-22 50 
-2254 

* Seven min. delay due t o  T.C.  m e t e r  s t i c k i n g  
**Closed high vacuum valve with one min. e a r l y .  

Normal- 
ized  R 

R/RO 

1.281 
1.285 
1.288 
1.291 
1.294 
1.296 
1.298 
1.301 
1.302 
1.304 
1.307 
1.309 
1.311 
1.313 
1.315 
1.317 
1.389 
1.321 

Specimen Temperature 918OC 

Poin t  of Sa tu ra t ion  ., R s  = .2171 R s / R ~  = 1.272 

Charge S ize  300 cc a t  1000~ pressure  

Specimen Mass 3.4180 grams 

Engassing Schedule 

Specimen Preparat ion 

3 3/4 min. engassing followe 
by 3 3/4 min. 

Std rocedure except f o r  
1450 C bake o u t  B 
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of oxygen) f o r  t h e  p a r t i c u l a r  temperature.  Therefore 

a series of experimental  runs w a s  condilcted t o  determine 

t h e  r e l a t i o n  between R/Ro of a sample m a t e r i a l  and i t s  

oxygen content  ( i m  ppm) i n  the range below s a t u r a t i o n .  

Five oxygen c a l i b r a t i o n  runs w e r e  conducted (TA 10 

t o  TA 14)  and t h e  engassing data are r epor t ed  i n  Tables V I  

through X. I n  each case the  specimen was cleaned p e r  

s tandard  procedure and vacuum baked overn ight  a t  900°C. 

Four of t h e  specimens w e r e  engassed (300 cc a t  2000 IJ- of 

oxygen pe r  charge, 7 - 1/2  minute cyc le )  t o  var ious  values  

of R/Ro i n  the range of i n t e r e s t ;  the  f i f t h  specimen 

(TA 13)  w a s  no t  engassed. These f i v e  specimens toge ther  

wi th  an " a s  received" sample of the T a  material and two 

specimens f r o m  previous runs w e r e  s u b m i t t e d  f o r  neutron 

a c t i v a t i o n  a n a l y s i s  f o r  oxygen content .  

T h e  r e p o r t  of t h e  a c t i v a t i o n  a n a l y s i s  s e r v i c e  is 

t a b u l a t e d  i n  Table XI and is p l o t t e d  a g a i n s t  R/Ro i n  

F igure  4. 

These r e s u l t s ,  although good, are no t  up t o  t h e  

expected accuracy; it had been hoped t h a t  10 ppm accuracy 

would be obtained. The  s tandard dev ia t ion  is 50 ppm as 

determined f r o m  counting s t a t i s t i c s ,  .This discrepancy is  

perhaps due t o  t h e  form of specimen,in that  t h e  w i r e  d i d  

n o t  f i l l  the neutron a c t i v a t i o n  a n a l y s i s  capsule  volume. 

The i n e r t i a  of the material kept  it a t  the t r a i l i n g  end 
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TABLE NO. V I  

Res is tance  Data From Run TA 10 

Oxygen 
Charge 

N o .  

0 ( R o )  
1 
2 
3 

R 
( O h m s  ) 

.2081 

.2113 

.2154 

.2 195 

Norma 1- 
ized  R 

R/RO 

1.000 
1.016 
1.036 
1.055 

Specimen Temperature 

P o i n t  of S a t u r a t i o n  

Charge Size 

Specimen Mass 

Engassing Schedule 

Specimen P repa ra t ion  

Oxygen 
Charge 

N o .  

4 
5 
6 

R 
(Ohms ) 

-2236 
,2277 
,2321 

Normal- 
i z e d  R 

R/RO 

1.075 
1.095 
1.116 

899'C 

NONE (02 C a l i b r a t i o n  Run) 

300 cc a t  2000~ p r e s s u r e  

3.6060 grams 

3 3/4 min. engassing followed 
by 3 3/4 min. homogenize t i m e  

S td  procedure 
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TABLE NO. V I 1  

0 ( R o )  
1 
2 

Res is tance  Data From Run TA 11 

.2207 1.000 

.2240 1.015 

.2279 1.003 

Oxygen Normal- Oxygen 
Charge i zed  R Charge 

(Ohms  ) 

3 

Specimen Temperature 901OC 

P o i n t  of S a t u r a t i o n  

Charge S i z e  

Specimen Mass 

Engassing Schedule 

Specimen P repa ra t ion  

R 
(Ohms  ) 

.2318 

N o r m a l -  
i z ed  R 

R/RO 

1.050 

NONE (02 C a l i b r a t i o n  Run) 

300 cc a t  2 0 0 0 ~  p r e s s u r e  

3.9193 grams 

3 3/4 min. engass ing  followed 
by  3 3/4 min. homogenize t i m e  

S td  procedure 



TABLE NO, V I I I :  
__L 

Resistance Data From Run TA 12 

Oxygen 
Charge 

N o  , 
_” 

0 (Ro) 
1 
2 
3 
4 
5 

,2271 
,2305 
,2344 
,2386 
,2429 
,2473 

N o r m a l -  
ized R 
R/RO 

1 ,000 
1,015 
1.032 
1.051 
1,070 
1,089 

Oxygen 
Charge 
No , 

I-yu- - .---. 

6 
7 
8 
9 
10 
11 

~ -~ ~~~ 

Specimen Temperature 

Point of Saturation 

Charge Size 

Specimen Mass 

Engassing Schedule 

Specimen Preparation 

898OC 

Normal- 
ized R 
R/RO 

,2517 
,2558 
,2598 
,2637 
,2678 
,2680 

1,108 
1 , 126 
1 , 144 
1,161 
1,179 
1.180 . 

NONE (02 Calibration Run) 

300cc at 2000u pressure 

4.0417 grams 

3 3/4 min. engassing followel 
by 7 1/2 min homogenize time 

Std procedure 
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TABLE NO. IX 

R 
(Ohms ) 

Oxygen 
Charge 
No. 

Norma 1- 
ized R 
R/RO 

(NONE) Ro 

Oxygen 
Charge 
No. 

Resistance Data From Run TA 13 

Normal- 
R ized R 

(Ohms ) R/RO 

Specimen Temperature 

Point of Saturation 

Charge Size 

Specimen Size 

Engassing Schedule 

Specimen Preparation 

901OC 

NONE (No Engassing) 

NONE 

4.0262 grams 

NONE 

Std procedure 
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Oxygen 
Charge 
No 0 

8 
9 
10 
81 
1% 
13 
14 
15 

R 
(Ohms) 

,2892 
.2912 
,2950 
,2977 
.2997 
, 30 19 
,3032 
,3045 

Normal- 
ized R 
R/RO 

1 , 165 
1 , 176 
1 , 188 
1,199 
1,207 
1,216 
1,221 
1,226 

NONE (02 Calibration Run) 

3OOcc at 2000u pressure 

4.Q368 grams 

3 314 min. Engassing followed 
by 3 314 min. homogenize 

Skd procedure 
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TABLE XI 

Neutron ActivatLori Analysis  For Oxygen ( p p m )  

SPECEMEM 

As Received 

TA-13 

TA-11 

TA-10 

TA-12 

TA-14 

TA-05** 

TA-0 7 * * 

3,1523 

2 -6639 

2.6425 

2,43411 

2 'J4M 

2.6231 

2 5282 

2,8456 

---- 
1.0000 

P. 8507 

1.1163 

1.1792 

1.3035 

I, 2447 

**Included here fo r  comparison 

Deter 

159 

206 

813 

,1350 

1640 

2448 

4370 

2450 - 

i n a t  ion 

133 

225 

764 

1300 

1710 

2490 

4370 

2430 

Std ,  Dev. 

20 

20 

50 

50 

60 

50 

40 

10 
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F I G U R E  4. Calibration Curve for Oxygen in Tantalum 
in terms of normalized electrical resis- 
tance (R/Ro) of the tantalum. Samples 
were engassed at 9 0 0 ° C  2Oc. 
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of t h e  capsule  as it was shot toward the ne~tro-n-  cc?unt.ers 

thereby passing t h e  counters  later than t h e  leading end 

of t h e  capsule.  Further ,  specimens w e r e  deformed o r  f r ag -  

mented by t h e  1st pass  so t h a t  t h e  geometry is d i f f e r e n t  

f o r  t h e  2nd pass .  

D. Extended T i m e  S o l u b i l i t y  Experiments 

Three runs w e r e  completed whose main o b j e c t i v e  w a s  t o  

determine t h e  e f f e c t  of extending t h e  length  of t h e  cyc le  i n  

iso-thermal experiments (TA15, TA16) or employing a lower 

cool ing r a t e  i n  an iso-concentrat ion experiment ( T A 1 7 ) .  A l l  

t h r e e  specimens w e r e  hea ted  i n  vacuum a t  145OoC f o r  one hour 

i n  a d d i t i o n  t o  t h e  s tandard  pre-treatment of 900°C i n  vacuum 

overnight .  This a l t e r a t i o n  i n  pre- t reatment  d id  not  a f f e c t  

t h e  f i n a l  r e s u l t  s i g n i f i c a n t l y ,  (see l a t e r ) .  

Iso-Thermal Runs TA 15 and TA 16 

The iso-thermal experiments TA 05 t o  TA 09 employed 

e i t h e r  a 7 - 1 / 2  minute engassing cyc le  with a f u l l  "un i t ' 8  

(300 cc a t  2000 p) or a "ha l f -uni t "  charge. Runs TA 15 and 

TA 16 employed a 30 minute cycle  (3-3/4 minutes engassing 

t i m e  with 26-1/4 minutes fo r  homogenization i n  vacuo a t  

7 8 8 O C . )  

145OOC f o r  one hour, by self  hea t ing ,  be fo re  engassing. 

The specimens u s e d  i n  t h e s e  runs w e r e  annealed a t  

Run TA 1.5 was terminated a f t e r  18 engassing cyc les  due 

t o  equipment f a i l u r e .  

Run TA 16 w a s  ca r r i ed  t o  completion and a "curve 
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break" i n f l e c t i o n  occured a t  R/Ro = 1.198, Figure 5. 

Data are repor ted  i n  Table X I I .  

Iso-Concentration Run TA 1 7  

Previous iso-concentrat ion runs repor ted  i n  t h e  

2nd Q u a r t e r l y  Report a t  average cool ing rates of approxi- 

mately 2'C/minuke had f a i l e d  t o  produce a d i sce rnab le  

i n f l e c t i o n .  Run TA 1 7  was engassed using the s tandard  

7-1/2 minute cyc le  and u n i t  charges.  T h i s  iso-concentra- 

t i o n  experimental  run was then programmed t o  determine 

whether an i n f l e c t i o n  i n  t h e  r e s i s t a n c e  v s  temperature 

curve would occur i f  the average cooling r a t e  w e r e  reduced 

t o  0.83 Co/min. 

the  specimen temperature i n  25 C o  s t e p s  every 30 minutes. 

This was accomplished by manually lowering 

T h e  r e s i s t a n c e  values obtained f r o m  t h i s  run w e r e  

p l o t t e d .  There w a s  l i t t l e  or  no change i n  r e s i s t a n c e  noted 

af ter  reaching temperature f o r  any given s t ep .  There w a s  

no d i sce rnab le  i n f l e c t i o n  i n  the r e s i s t a n c e  vs  temperature 

curve. D a t a  on the engassing schedule and the temperature 

c y c l e  are repeated i n  Tables X I 1 1  and XIV.  

N o t e  on Equilibrium of Oxyqen with Tantalum 

Three r e s i s t a n c e  measurements w e r e  made d u r i  d g each 

engassing cyc le  during runs TA 1 5  and TA 16: one a t  approxi- 

mately 4 minutes, a f t e r  the  p re s su re  i n  the r e a c t i o n  t u b e  

had f a l l e n  back t o  t h e  "base-pressure" l e v e l ,  another  

w i t h i n  a minute of the end of t h e  30 minute cycle:  and one 
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NUMBER OF OXYGEN CHARGES 

FIGU'RE 5. P l o t  of Normalized Resis tance ( R / R o )  versus  
Number of Oxygen charges f o r  Run TA 16. The 
Run was a t  7 8 O o C  with extended hold  t i m e s  
b e t w e e n  oxygen charges.  See Table X I 1  and 
Text for a d d i t i o n a l  d e t a i l s .  
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TABLE NO. XI1 

--_ _-_.-._ *_. __- - 

N o r m a l -  
i z e d  R 

R/RO 

1.000 
1.017 
1.033 

R 
( O h m s  ) 

.1578 

.1598 

.1630 

Oxygen 
Charge 

N o .  

.~~~._ 

Oxygen Norma 1- 
Charge R i z e d  R 

N o .  ( O h m s  ) R/RO 

15 .1904 1.207 
16 .1914 1.213 
17 .1922 1.218 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

1.055 18 .1930 
1.076 19 .1932 
1.097 20 .1940 
1.118 21 .1947 
1.134 22 .1954 
1.145 23 -1959 
1.158 24 -1964 

.1971 

.1975 

.1978 

1.169 
1.179 
1.187 

~ .1982 

.1665 

.1698 

.1731 

.1764 

.1790 

.1807 

.1828 

.1844 

.1860 
-1873 
.1883 
.1895 

~ 

,_I_-___-_ A- --I-.- 

1.223 
1.224 
1.229 
1.234 
1.238 
1.241 
1.245 
1 ..2 50 
1.252 
1.253 
1.256 

Specimen Tempera tu re  78OoC 

P o i n t  of S a t u r a t i o n  R s  = 1.890 R s / R ~  = 1.198 

Charge S ize  300 cc a t  2000~ p r e s s u r e  

I 
I 
I 

I Specimen Mass 3.665 grams 
I 
! E n g a s s i n g  Schedu le  

I 
3 3/4 min. e n g a s s i n g  t i m e  
f o l l o w e d  b y  2 5 min . homo- 
g e n i z i n g  t i m e .  

, Specimen P r e p a r a t i o n  S t d  p r o c e d u r e  except for  1 145OoC bake o u t .  
1 
&-.----I- ---.-----.- 



TABLE NO. XI11 

Resis tance  Data From Run TA 1 7  

Oxygen 
Charge 

N o  

j O ( R o )  
1 
2 
3 
4 
5 
6 

R 
(Ohms ) 

-1995 

. 2093 
-2151 
-2213 . 2246 
-2283 

-2077 

N o r m a l -  
i z e d  R 

R / R o  

1.000 
1 . 041 
1.049 
1 . 078 
1.109 
1.126 
1.144 

Specimen Temperature 

P o i n t  of S a t u r a t i o n  

Charge S ize :  

Specimen Mass: 

Engassing Schedule 

Specimen P repa ra t ion  

Oxygen 
Charge 

N o  

, 7  
8 
9 

1 0  
11 
1 2  

R 
(Ohms ) 

.2314 
-2352 
-2394 
-2429 
-2455 
,2487 

N o r m a l -  
i z e d  R 

R/RO 

1.160 
1.179 
1 . 198 
1 . 2 1 8  
1.231 
1 . 247 

NONE (Sample used f o r  iso- 
concen t r a t ion  Run)See Table X I  

300cc a t  2 0 0 0 ~  p r e s s u r e  

3.655 grams 

3 3/4 min. engass ing  t i m e  
fol lowed by  3 3/4 min homo- 
g e n i z e  t i m e  

S t d  procedure excep t  f o r  
145OoC bake o u t  



TABLE NO. X1.V 

Iso-Concentration Data From Run TA 1 7  

Event 
No .  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Specimen 
Temperature OC 

950  
924.9 
900.6 
874.8 
850.7 
825.4 
801.5 
744.1 
752.4 
724.1  
702.9 

Resis tance Af te r  
3 0  Minute Hold 

- 2 2 5 0  
,2510 
.2480 
.2442 
- 2 4 0 6  
.2 366  
.2329 
.2287 
.2255 
.2210  
.2 1 7 4  

Cooling Rate: 

Charge Size: 

Specimen Mass: 

Specimen Preparation: 

250°C/300 m i n .  

NONE 

3 .6551  grams 

S t d  procedure except  
f o r  145OOC bake o u t  
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---- L L L G ~ ~ L ~ ~ ~ ~ ~ ~ ~ ~ ~  ..I..,,,,+ betweec these two. There w a s  a small  d i f -  

I ference between the t h r e e  readings due t o  experimental  

procedure. There was a s l i g h t  i nc rease  i n  r e s i s t a n c e ;  a t  

many engassing l e v e l s  above s a t u r a t i o n ,  t h e  three readings 

a r e  i n  agreement. Table XV shows t y p i c a l  values  of the 

r e s i s t a n c e  f l u c t u a t i o n  a t  var ious engassing l e v e l s  ( for  TA 1 6 ) .  

E. Tenta t ive  S o l u b i l i t y  L i m i t s  f o r  Oxygen i n  TB. 

Figure 6 i s  a t e n t a t i v e  p l o t  of s o l u b i l i t y  l i m i t  vs  

temperature as determined from iso-thermal experimental  runs 

TA 05, TA 06, TA 07, and TA 08 as w e l l  a s  from TA 16 (extended 

time iso-thermal r u n ) .  ;No( TA 1 7  d a t a  represent ing  an iso- 

concent ra t ion  run i s  presented s i n c e  no r e a d i l y  d i sce rnab le  

i n d i c a t i o n  of s o l u b i l i t y  l i m i t  was obtained from TA 1 7  o r  

f r o m  runs TA 01*, TA 03*, and TA 04*. 

./ 

' I  

i 

l -  

T h e  values  f o r  oxygen i n  ppm w e r e  obtained by refer- 

encing the value of RVRo for an ind iv idua l  run a g a i n s t  the 

oxygen c a l i b r a t i o n  curve ( F i g u r e  4 ) .  The e r r o r  l i m i t s  

shown i n  Figure 4 a r e  those assoc ia ted  w i t h  the  neutron 

a c t i v a t i o n  a n a l y s i s  alone. T h e  e r r o r  i n  temperature i s  as- 

t imated  a t  less than * 2C0 and so i s  the lesser of thee two** 

A f t e r  oxygen a n a l y s i s  t h e  second g r e a t e s t  source of e r r o r  i s  

t h a t  a s soc ia t ed  w i t h  the  determinat ion of the  R/Ro value a t  

s a t u r a t i o n  f o r  each individual  iso-thermal run; t h i s  i s  a 

g r a p h i c a l  s o l u t i o n  f o r  t h e  i n t e r s e c t i o n  of t w o  s t r a i g h t  l i n e  

segments which themselves a re  a g raph ica l  approximation. 

*Reported i n  Second Quar t e r ly  Report. 
**AT = l 0 C  i s  equiva len t  t o  A02 = 8 ppm Max. from t h e  g raph ica l  
p l o t  of t h e  da ta .  -32- 



TABLE XV 

R e s i s t a n c e  V a r i a t i o n  A s  A Function O f  T i m e  
_I_--_- 

A t  C o n s t a n t  O x y g e n  Levels* 

O x y g e n  
C h a r g e  

No .  

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
1 2  
1 3  
1 4  
1 5  

16 
1 7  
18 
19  
20 

2 1  
22  
23 
24 
25 

26 
27 
28 

R 1  

1598 
,1630 
-1665 
-1698 
-1731 

-1764 
-1790 
1807 
1 8 2 8  
1844 

1860 
-1873 
,1881 
-1895 
-1904 

-1914 
-1921 
,1929 
1932 ----- 

----- 
----- ----- 
a 1964 
-1970 

----- 
----- 
----- 

R e s i s t a n c e  ( O h m s )  

1599 
,1631 
.1667 
-1699 
,1732 

-1764 
-1790 
-1809 

1 8 2 8  
1945 

-1860 
1873 
1883 
1895 

-1904 

1914 
-1922 ----- ----- 
e 1939 

-1946 
1954 

e 1964 
-1971 

----- 

-e--- ----- 
-1981 

R3 

-1600 
-1632 
-1667 
1702 

,1732 

-1765 
-1790 
1810 - 1828 
1845 

-1860 
-1873 - 1883 
1895 

-1905 

.1914 
-1922 
01930 
-1932 
1940 

.1947 
-1954 
-1959 
-1964 
-1971 

-1975 
-1977 
1982 

AR 
u 

+ -0002 
+ 0 0002 
+ 0 0002 
+ ,0004 
+ -0001 
+ .0001 

0 0000 
+ -0003 

0 0000 
+ -0001 

0 0000 
.oooo 

+ .0002 
.oooo 

+ -0001 
0 0000 

+ .0001 
+ -0001 

.oooo 
+ -0001 
+ .0001 - 0000 

0 0000 
+ .0001 

---- 

----- ----- 
+ ,0001 

R 1  I n i t i a l  R e s i s t a n c e  af ter  E n g a s s i n g  

R2 R e s i s t a n c e  a t  I n t e r m e d i a t e  Po in t  i n  T i m e  

R3 R e s i s t a n c e  A f t e r  26 1/4 m i n .  H o m o g e n i z a t i o n  

*DATA FROM EXTENDED TIME S O L U B I L I T Y  RUN TA 16 
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FIGURE 6.  P l o t  of Oxygen S o l u b i l i t y  versus  

Temperature f o r  Tantalum ( t e n t a t i v e )  . 
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Because neutron a c t i v a t i o n  a n a l y s i s  is  capable of 

a h igher  degree of accuracy than t h a t  r e a l i z e d  h e r e i n  and 

s ince  t h e  g raph ica l  e r r o r  has  not  y e t  been evaluated,  t h e  

s o l u b i l i t y  l i m i t s  r epor ted  here  w i l l  be considered t e n t a t i v e .  

V I .  DISCUSSIONS AND CONCLUSIONS 

A. Extended t i m e  S o l u b i l i t y  Runs 

Iso-thermal run'TA 05 ind ica ted  a s a t u r a t i o n  l i m i t  of 1835 

ppm of oxygen a t  78OoC (R/Ro = 1.204) while iso-thermal run 

TA 16 (extended time cyc le )  ind ica ted  a s a t u r a t i o n  l i m i t  of 

1795 ppm of oxygen a t  781' CRYRo = 1.198) .  Discounting t h e  

d i f f e r e n c e  i n  ( cons t an t )  temperature t h e  values  a r e  wi th in  

40 ppm as compared t o  t h e  neutron a c t i v a t i o n  a n a l y s i s  s tandard  

dev ia t ion  of f 50 ppm a t  t h a t  range. 

The longer engassing t i m e  should al low t h e ,  Ta-02 

system t o  more c l o s e l y  approach an equi l ibr ium r e s i s t a n c e  

value.  It was t h e r e f o r e  a n t i c i p a t e d  t h a t  Run TA 16 would 

i n d i c a t e  t h e  s a m e  o r  a g r e a t e r  02 s o l u b i l i t y ,  as compared 

t o  TA 05. The decrease i n  s o l u b i l i t y  with increased homo- 

genizing t i m e  i n d i c a t e s  t h a t  one of a t  l e a s t  t h r e e  th ings  are 

happening. 

1. Since t h e  homogenization i s  taking p l a c e  i n  h igh  

vacuum with a very low oxygen p a r t i a l  p ressure ,  t h e r e  

is a n e t  loss  i n  oxygen during t h e  hold t i m e  due t o  

outgassing which increases  wi th  longer hold  t i m e s  . 
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2 .  A compositional o r  me ta l lu rg ica l  change i s  tak ing  

p l ace  which a f f e c t s  t he  o v e r a l l  e lectr ical  r e s i s t i v i t y  

of t h e  specimen such as g r a i n  boundary oxide sphero- 

d i z a t i o n .  

3 .  The temperature e r r o r  is  of an order  of 2OC 

which would be about f 16 ppm. I n  add i t ion ,  t h e  

h igher  temperature anneal a t  145OoC f o r  TA 16 may 

have cont r ibu ted  t o  the  d i f f e r e n c e  

Three r e s i s t a n c e  measurements w e r e  made during t h e  

homogenization p o r t i o n  (26-114 m i n u t e s )  of each engassing 

cyc le  (See Table X V ) .  Were t h e  r e s i s t a n c e  values  obtained 

from an iso-thermal r u n  t i m e  dependent, t h e  t h r e e  values  f o r  

each cyc le  would show a cons i s t en t  t rend;  they  do n o t o  

The resistance f l u c t u a t i o n  is a t t r i b u t e d  mainly t o  

small  ( f 2OC) temperature v a r i a t i o n s  and poss ib ly  r e s i s t a n c e  

measurement errorsu t h e  l a t t e r  i s  extremely s m a l l -  The 

e f fec t  of p o s s i b l e  t i m e  dependence on the f i n a l  value of R/RO 

for  t h e  s a t u r a t i o n  p o i n t  can b e s t  be determined when a com-  

p u t e r  program i s  a v a i l a b l e  f o r  eva lua t ing  iso-thermal d a t a ,  

(The d a t a  from TA -16 used i n  determining t h e  t e n t a t i v e  

s o l u b i l i t y  l i m i t s  r epor ted  above w a s  obtained by using t h e  

t h i r d  ( f i n a l )  r e s i s t a n c e  measurement from each engassing 

c y c l e .  The f a i l u r e  of t h e  iso-concentrat ion method ( r u n  TA 1 7 )  

t o  produce a g r a p h i c a l l y  d iscernable  i n f l e c t i o n  a t  t h e  

temperature  corresponding t o  t h e  s a t u r a t i o n  l i m i t  f o r  t h e  
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dissolved oxygen l e v e l  present ,  i n d i c a t e s  t h a t  t h i s  technique 

i s  not f e a s i b l e ,  a t  l e a s t  f o r  Ta, w i th in  the  ob jec t ives  

and scope of t h i s  program. A n  a d d i t i o n a l  continuous iemper- 

a t u r e  r a t e  programer i s  needed i n  order  t o  pursue t h i s  

technique f u r t h e r .  

B.  Computer Programs 

Both the  iso-thermal and the  iso-concentrat ion methods 

employed r e l y  on g raph ica l  so lu t ions  t o  determine p o i n t s  

of s a t u r a t i o n ;  t h i s  dependence introduces a small  sys temat ic  

e r r o r .  T o  obviate  graphica l  so lu t ions ,  i t  i s  d e s i r a b l e  t o  

develop computer programs t o  process t h e  raw da ta  and l o c a t e  

t h e  s a t u r a t i o n  po in t .  

Resul ts  t o  da t e  with the iso-concentrat ion technique 

y i e l d  no apparent i n d i c a t i o n  of a s a t u r a t i o n  po in t  i n  t he  

p l o t t e d  da t a .  I f ,  indeed, the d isso lved  oxygen i s  not  

t o t a l l y  "frozen-in"  b u t  does p r e c i p i t a t e  i n  some f i n i t e  

amount, then the  s a t u r a t i o n  po in t  can only be determined 

( f o r  Ta, a t  l e a s t )  by a s t a t i s t i c a l  a n a l y s i s .  A simple 

s i n g l e  regress ion  program was w r i t t e n  and appl ied  t o  the  

data from iso-concentrat ion runs with u n s a t i s f a c t o r y  r e s u l t s  

t o  da t e .  A mul t ip le  regress ion  a n a l y s i s  would be more i n  

o rde r  (e .g . ,  an adapta t ion  of t he  NASA SNAP 7094 Regression 

Analysis  Program) and w i l l  be considered f o r  f u t u r e  use.  

I n  t he  case of t h e  iso-thermal technique the  ind ica t ions  

of t h e  p o i n t  of s a t u r a t i o n  a re  r e a l  and e a s i l y  d iscernable  
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f r o m  t h e  p l o t t e d  da ta .  The t e n t a t i v e  s o l u b i l i t y  l i m i t s  

r epor ted  above are der ived from a g raph ica l  s o l u t i o n  and 

are sub jec t  t o  an uncer ta in  e r r o r .  A computer program 

could be used t o  c a l c u l a t e  t h e  e r r o r  i n  the ex t r apo la t ion  

- 

process  a n d - d e f i n e  the  s a t u r a t i o n  p o i n t  with less uncer- 

t a i n t y .  Preliminary work has begun i n  t h i s  a r ea ;  a simple 

program has  been w r i t t e n  and appl ied t o  t es t  cases. 

V I I .  WORK PLANNED FOR NI?,XT QUARTER 

1. Fur ther  a n a l y s i s  of the d a t a  from a l l  t r i a l  

runs,  s o l u b i l i t y  determination runs and oxygen c a l i b r a t i o n  

runs.  

2. Determination of s o l u b i l i t y  l i m i t s  of oxygen i n  

columbium i n  t h e  range 58OoC t o  95OoC. 

3 .  Process a d d i t i o n a l  alumina r e a c t i o n  tubes and 

p l a c e  high temperature oxygen s o l u b i l i t y  furnace i n  ope ra t ion  

I f  the p r e s e n t  tubes cannot be s u c c e s s f u l l y  meta l l ized ,  order  

tubes  from a second source known t o  have t h e  capac i ty  of 

being meta l l ized .  (AD-99 or  AD995, Coors).  

4. Continue design and cons t ruc t ion  of d i f f u s i o n  

appara tus .  

5. Develop computer program t o  determine s a t u r a t i o n  

p o i n t s  from iso-thermal experimental data. 
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