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E F F E C T S OF IRRADIATION ON THE MECHANICAL 
PROPERTIES OF TANTALUM 

by 

Char les K. F r a n k l i n , David Stahl , F r e d e r i c R. Shober, 
and Ronald F . Dicker son 

Tensile, bend ductility, and hardness tests were performed at room temper­
ature on irradiated tantalum sheet to determine the effect of irradiation on the 
strength and ductility of tantalum. Sheet tensile specimens were irradiated in the 
MTR in an attempt to produce conversions of tantalum to tungsten of approximately 
1.5 and 3.0 w/o. Unirradiated tantalum and arc-melted alloys of tantalum-1.5 and 
—3.0 w/o tungsten were tested for comparison with the irradiated material. 

The tensile and yield strengths of tantalum were found to increase 
appreciably as a result of irradiation, whereas the tensile properties of unirradiated 
tantalum-tungsten alloys prepared by arc melting showed that small additions of 
tungsten do not significantly increase the strength of tantalum. These results 
indicate that the major part of the increase in strength resulting from irradiation of 
tantalum can be attributed to fast-neutron damage and that any contribution produced 
by the conversion of tantalum to tungsten is a minor one. 

I N T R O D U C T I O N 

The plu tonium-bear ing fuel of the Los Alamos Molten Plutonium Reactor E x p e r i ­
ment (LAMPRE) is to be contained in tantalum tubes . Tantalum is a t t rac t ive as a 
container m a t e r i a l because of i ts easy formabil i ty and because of i ts re la t ively high 
s t rength at the r eac to r operat ing t e m p e r a t u r e . However, l i t t le is known about the effect 
of i r r ad ia t ion on i ts mechanica l p r o p e r t i e s . 

Tantalum undergoes two modifications when exposed to a neutron flux of the type 
anticipated in the LAMPRE. The f i r s t of these is the conversion of tantalum to tungsten 
by the t he rma l -neu t ron reac t ion , Tal81(n, 7)Tal82(_^)-\\/'182_ Under the anticipated 
operat ing conditions of the mol ten-plutonium reac to r up to 3 w/o tungsten could be 
formed in this m a n n e r . The second modification is the lat t ice d isorder ing caused by 
h igh-energy neu t rons . This damage cons is t s of the formation of vacancy in te rs t i t i a l 
combinations assoc ia ted with h igh-energy atom disp lacements . Both of these modif ica­
tions in the tantalum s t ruc tu re should r e su l t in i nc rea se s in ha rdness and tensi le and 
yield s t rength, and d e c r e a s e s in ducti l i ty. 

Since the p r o p e r t i e s of the container m a t e r i a l , par t icu la r ly its ductili ty, a r e very 
impor tant in this application, it was des i r ab le that data be obtained which would provide 
a means for evaluating the effects of neutron bombardment . The mos t d i rec t manner 
for accomplishing this was to produce and tes t in the un i r rad ia ted state unalloyed 
tantalum and tantalum alloys containing tungsten in the amounts which would be produced 
by i r rad ia t ion . In addition, unalloyed tantalum was exposed to neutron dosages sufficient 
to produce the re fe rence convers ions of tungsten and then tested after the i r rad ia t ion . 
By a compar i son of h a r d n e s s , tensi le p r o p e r t i e s , and ductility of these var ious tes t 
m a t e r i a l s , the effect of tungsten format ion and of fas t -neut ron damage was a s s e s s a b l e . 
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A r e s e a r c h p r o g r a m based on the approach outlined above was initiated at 
Battel le Memor ia l Insti tute at the r eques t of Los Alamos Scientific Labora to ry . The 
r e su l t s of the p r o g r a m a r e r epor t ed in the following sec t ions . 

EXPERIMENTAL WORK 

Specimen P r e p a r a t i o n 

The tantalum used in the p r o g r a m was supplied by LASL. The m a t e r i a l was 
rece ived in the form of 0. 030-in. sheet which had been rol led from T e m e s c a l e lec t ron-
beam-me l t ed tantalum stock and fully annealed at 2500 F . This sheet stock was also 
used in the p repa ra t i on of h igh-pur i ty t a n t a l u m - 1 . 5 and - 3 . 0 w/o tungsten a l loys . These 
al loys were p r e p a r e d by a r c mel t ing under a pa r t i a l p r e s s u r e of hel ium in a copper 
hear th using a tungsten e lec t rode . A tantalum rod near the edge of the hear th was used 
to s t r ike the a r c and to gather the r e s idua l gases in the furnace. The al loys in the form 
of 250-g buttons were mel ted six t imes to insure homogenity. 

The buttons were cold p r e s s e d with total reduct ions ranging from 20 to 40 per cent 
to b reak up the cas t s t ruc tu re and then machined to have top and bottom surfaces pa ra l l e l . 
After cleaning in aqua reg ia , the buttons were cold rol led to a thickness of 0. 150 in. , 
vacuum annealed for 1 hr at 2600 F , and cold rol led to a final th ickness of about 0. 030 in. 
Tensi le spec imens were machined from the 30-mi l sheet and again annealed in vacuum 
for 2 hr at 2600 F . 

The final d imensions of the tensi le spec imens were : 

Length 4 .50 ± 1/64 in. 

Width 11/32 ± 1/64 in. 

Gage length 1. 0 ± 0. 002 in. 

Gage width 0. 250 ± 0. 005 in. 

Radius at gage length 1.0 in. 

A chemica l ana lys is of the unalloyed tantalum and the tanta lum-tungsten spec imens 
is given in Table 1. 

Capsule Design 

The capsules p r e p a r e d for the i r rad ia t ion were designed to provide the following 
conditions: (1) 1.5 and 3.0 w/o tan ta lum- to- tungs ten convers ion; (2) high, uniform 
the rma l flux; (3) fast flux; and (4) low specimen t e m p e r a t u r e . 
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TABLE 1. CHEMICAL ANALYSIS OF THE TANTALUM AND TANTALUM-

Impurity 

Aluminum 
Chromium 
Copper 
Iron 
Molybdenum 
Niobium 
Nickel 
Silicon 
Zirconium 
Nitrogen 
Carbon 
Hydrogen 
Oxygen 

Unalloyed 
Tantalum 

<5 
10 
10 
3 

— 
--
--
--
--

<10 
10 
0.3 

40 

Analyses for Indicated 
Tantalum-1. 5 w 

Tungsten 

15 
4 

20 
6 

20 
300 

6 
30 
15 
20 
20 

1 
53 

Specimen, 
/o 

•TUNGSTEN ALLOYS '̂*'' 

, Dpm_ 
TantaIura-3. 0 w/o 

Tungsten 

20 
5 

15 
15 
15 

100 
3 

60 
10 
35 
35 

1 
22 

(a) Average of two analyses taken of the alloys after they had been cold tolled to 0.030-in. strip 
and vacuum annealed. 

To i n c o r p o r a t e the above s p e c i f i c a t i o n s in to the c a p s u l e d e s i g n , the n u c l e a r 
p r o p e r t i e s of t a n t a l u m a l o n g w i t h the p h y s i c a l a n d t h e r m a l c h a r a c t e r i s t i c s of the c a p s u l e 
p r o p e r w e r e e v a l u a t e d . T h e n e u t r o n p e r t u r b a t i o n of the s p e c i m e n and e n g i n e e r i n g 
c o n s i d e r a t i o n s n e e d e d fo r d e s i g n of the c a p s u l e s a r e g iven in the fol lowing p a r a g r a p h s . 

E x a m i n a t i o n of the n u c l e a r r e a c t i o n s s h o w e d t h a t in the p r e s e n c e of t h e r m a l 
n e u t r o n s t a n t a l u m w i l l b e c o n v e r t e d to t u n g s t e n by the fo l lowing s c h e m e s : 

T a l 8 1 + n _ * T a l 8 2 

183 i a + n ^ T a 

W 182 

W 183 

The f o r m e r i s the m o r e i m p o r t a n t r e a c t i o n and , a s ou t l i ned in d e t a i l in the a p p e n d i x , 
the f r a c t i o n of t u n g s t e n f o r m e d a s a func t ion of t i m e can be e x p r e s s e d a s fo l lows : 

F r a c t i o n of t u n g s t e n f o r m e d 
o-j0t 

= 1 - e ^ 

w h e r e 

(Tx = t a n t a l t i m - 1 8 1 c r o s s s e c t i o n , c m ^ p e r a t o m 

0 = t h e r m a l - n e u t r o n d e n s i t y , n / ( c m ^ ) ( s e c ) 

t = t i m e , s e c . 

S ince the d e s i g n c o n v e r s i o n s a r e 1. 5 a n d 3 . 0 w / o , the n e c e s s a r y d o s a g e s a r e found f r o m 
t h i s e q u a t i o n to be 7 x 10^0 and 1.4 x 10^1 nvt , r e s p e c t i v e l y . 

C a l c u l a t i o n s to d e t e r m i n e c a p s u l e t h e r m a l - n e u t r o n - f l u x p e r t u r b a t i o n c h a r a c t e r i s ­
t i c s a n d , t h e r e f o r e , the u n p e r t u r b e d f lux l e v e l s r e q u i r e d to p r o v i d e t h e s e d o s a g e s in 
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in-pi le exposures of r easonab le length took into account the mac roscop ic c r o s s section 
of both tanta lum-^^^ and tan ta lum-^^^ . The per turba t ion factor was obtained by use 
of the IBM 650 computer with the P3 simplification of the spher ica l ha rmon ics t r anspo r t 
equation. The average t he rma l -neu t ron flux in the tantalum region was found to be 
about 0. 37 of the unper turbed flux level in the r eac to r facility. 

Engineer ing Design and Loading 

It was des i rab le to i r r a d i a t e the tensi le spec imens at a s low a t empe ra tu r e as 
poss ible and st i l l have al l six spec imens at about the same the rmal -neu t ron- f lux level . 
To mee t these r e q u i r e m e n t s , the tensi le spec imens were held ver t ica l ly around a s ta in­
l e s s s tee l basket to form a " r i n g " as shown in F igure 1. A sodium-potass ium alloy 
(NaK containing 56 w/o potass ium) which has a high the rma l conductivity was used as 
the hea t - t r ans f e r medium. A total hea t -genera t ion r a t e of 1340 Btu per hr was found 
for six spec imens using a value for gamma heating of 6 w pe r g. This amount of heat 
d iss ipated by r ad ia l heat t r ans fe r into a r eac to r water sink of 120 F should produce a 
specimen t empera tu r e of about 200 F , which is acceptable . 

To reduce specimen contamination during i r rad ia t ion , the tantalum spec imens 
were scrubbed with Alconox, washed with aqua reg ia , and thoroughly r insed with d i s ­
tilled water to r emove surface gri t ; they were then baked in a vacuum furnace to remove 
m o i s t u r e . The s ta in less s tee l capsule p a r t s were subjected to a s imi la r cleaning o p e r a ­
tion. The NaK and spec imens were loaded into the capsules in a dry box containing a 
helium a tmosphe re . The helium pe rmi t t ed leak checking of the capsule welds with a 
heliuna m a s s spec t rome te r . 

Nickel-cobal t dos ime te r w i r e s were placed around the tensi le spec imens in o rde r 
to verify the t h e r m a l - and fas t -neut ron- f lux density in the region of the spec imens . 
Aluminum-cobal t w i re s were a lso a t tached to the sur faces of the capsu les . 

I r rad ia t ion His tory 

The two s ta in less s tee l capsu les , designated 25-1 and 25-2 , were inse r t ed into 
MTR core posi t ions L-53 and L-57 , respec t ive ly , during the shutdown for Cycle 122. 

Capsule B M I - 2 5 - 1 , which was scheduled for a tan ta lum-to- tungs ten conversion of 
1. 5 w /o , was i r r ad ia t ed for four cycles (66 days) in an es t imated unper turbed t h e r m a l -
neutron flux of 4. 0 X I Q I ' * nv. Capsule BMI-25-2 , scheduled for a convers ion of 3. 0 w / o , 
was i r r ad ia t ed for seven cycles (109 days) in an es t imated unper turbed flux of 5. 0 x 
I0 I4 nv. 

The total e s t imated specimen the rma l -neu t ron doses based on the r eac to r -quo ted 
fluxes and the per tu rba t ion factor of 0. 37 a r e 8. 6 x 10^*^ and 1. 8 x 10^^ nvt for Capsules 
BMl-25-1 and BMI-25-2 , respec t ive ly , which a r e about 25 per cent higher than the 
requ i red doses . 

Capsule BMI-25-1 contained Specimens 1 through 6 and Capsule BMI-25-2 contained 
Specimens 7 through 12. 
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FIGURE 1. CAPSULE ASSEMBLY 
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POSTIRRADIATION EXAMINATION 

The examination of the i r r ad i a t ed spec imens was per formed in the Battel le Hot-
Cell Faci l i ty . Where poss ib le , the p r e - and pos t i r rad ia t ion m e a s u r e m e n t s were taken 
with the same equipment and equipment s tandardizat ion t es t s were made to validate 
the p r e - and pos t i r r ad ia t ion m e a s u r e m e n t compar i sons . 

The capsules were opened upon thei r a r r i v a l at the Hot-Cel l Fac i l i ty . P a r t i c u l a r 
ca re was exe rc i sed in removing the spec imens so as not to bend or s t r e s s them in any 
way. As soon as the spec imens were r emoved from the s ta in less s tee l capsu les , they 
were cleaned with butyl alcohol and photographed. Photographs of the spec imens a r e 
shown in F igure 2. Visually, the spec imens appeared undamaged as a r e su l t of the 
i r rad ia t ion . A white coating was seen at var ious a r e a s on the sur faces of the spec imens 
and was thought to be the r e su l t of the NaK-butyl reac t ion . The res idue was found to be 
quite adherent and had to be removed with a wire b rush . 

M e c h a n i c a l - P r o p e r t i e s Tes t s 

Tensi le Tes t s 

The tensile p r o p e r t i e s of the un i r rad ia ted and i r r ad ia t ed tantalum spec imens were 
de te rmined at room t e m p e r a t u r e with a Riehle tensi le machine (maximum load range 
3000 lb) using a s t ra in ra te of 0. 005 in. pe r in. in the p las t ic region. A cl ip-on l inear 
var iable differential t r a n s f o r m e r - t y p e ex tensometer was used with an autographic 
r e c o r d e r to obtain load-deformat ion cu rves . F igure 3 shows an i r r ad ia t ed specimen 
and at tached ex tensometer mounted in the Riehle tensi le machine . The a r c - m e l t e d 
alloy spec imens were tes ted with a Baldwin-Southwork-Universal test ing machine 
(maximum load range 2400 lb) using a s t ra in ra te of 0. 005 in. per in. 

The r e su l t s of the tensi le t e s t s of the un i r rad ia ted and i r r ad ia t ed tantalum and 
the t a n t a l u m - 1 . 5 and 3. 0 w/o alloy spec imens a r e shown in Table 2. Compar i son of 
the tensi le p rope r t i e s of un i r rad ia ted and i r r ad ia t ed tantalum shows i n c r e a s e s in s t rength 
with increas ing i r rad ia t ion exposu re s . The ul t imate s t rength of tantalum which had 
been i r r ad ia t ed for approximate ly 66 days inc reased from about 42, 000 to about 70, 000 
ps i . Exposures to 109 days further inc reased the ul t imate s t rength of the m a t e r i a l to 
about 86, 000 ps i . Compar ison of these data with those for the un i r rad ia ted a r c - m e l t e d 
alloys shows that the i n c r e a s e s in tensi le s t rength a r e far g r e a t e r than would be expected 
from alloying a lone. Ult imate s t rengths of 45, 000 and 52, 000 ps i we re observed for the 
a r c - m e l t e d al loys containing 1. 5 and 3. 0 w/o tungsten, respec t ive ly . 

The i r r ad ia t ed spec imens a lso show a m a r k e d loss in tens i le ductili ty a s indicated 
by the total elongation m e a s u r e m e n t s . The ductili ty of tantalum was reduced by about 
83 per cent after 109 days of radia t ion. 

Bend T e s t s 

A quali tat ive m e a s u r e of the ducti l i ty of the i r r ad ia t ed tantalum was made by 
comparing bend c h a r a c t e r i s t i c s of the un i r rad ia ted and i r r ad i a t ed spec imens . In this 
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1/2X N64905 

FIGURE 3. IRRADIATED TENSILE SPECIMEN MOUNTED IN THE 
RIEHLE TENSILE MACHINE WITH THE 
EXTENSOMETER ATTACHED 
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t e s t , the gr ip ends of broken tens i le samples w e r e fastened secure ly in a vise and bent 
90 deg f rom ve r t i ca l . After bending 90 deg, the specimens were examined visually at 
20 magnifications under a 3-D viewer . No evidence of cracking in or near the bending 
zone was found in e i ther the un i r r ad ia t ed or i r r ad i a t ed spec imens . 

TABLE 2. ROOM-TEMPERATURE MECHANICAL PROPERTIES OF UNIRRADIATED AND IRRADIATED TANTALUM 
AND UNIRRADIATED TANTALUM-1. 5 AND -3.0 w/o TUNGSTEN ALLOYS 

Specimen 
Description 

Unirradiated tantalum 
Unirradiated tantalum-

1.5 w/o tungsten 
Unirradiated tantalum-

3.0 w/o tungsten 
Irradiated tantalum 

(66-day irradiation) 
Irradiated tantalum 

(109-day irradiation) 

Number of 
Specimen 

Tests 

4 
3 

3 

4 

4 

Total Integrated 
Thermal Flux 

Based on 
Dosimetry 

Analysis, nvt 

. . 
--

--

7.8 X 10^0 

1. 57 X lO^l 

Ultimate TensUe 
Strength, 

psi 

42,000 
44,900 

52.400 

69,500 

86.300 

Average of 
0. 2 Per Cent 
Offset Yield 
Strength, psi 

30,000 
31,000 

38,500 

65,800 

81,400 

Properties Tests 
Elongation at 

Maximum 
Load, per cent 

— 

--

--

--

Elongation 
in 1 In., 
pet cent 

40 
39 

35 

16 

7 

Hardness, 
KHN 

103 
151 

170 

274 

309 

Hardness Determinat ions 

A s e r i e s of ha rdnes s i m p r e s s i o n s was made on both uni r rad ia ted and i r r ad ia ted 
spec imens with a Tukon ha rdness t e s t e r using a Knoop diamond indenter and 100-g load. 
The samples used in determining the m i c r o h a r d n e s s were taken from near the end of 
the tens i le spec imens so as to avoid tes t ing worked m a t e r i a l . Four readings were taken 
on each specimen. Table 2 gives the average ha rdness of the m a t e r i a l s . 

Analysis of the ha rdness data indicates that the inc rease in hardness of i r r ad ia t ed 
tanta lum is much g r e a t e r than that expected f rom alloying alone. The a r c - m e l t e d alloys 
show i n c r e a s e s in ha rdnes s of about 50 to 70 KHN depending on the amount of alloying 
addition; but in the case of the i r r ad i a t ed tan ta lum, i nc rea se s of as much as 205 KHN 
were found. 

Varia t ions of ha rdnes s were found for some of the i r r ad ia ted spec imens . Within 
a single s amp le , var ia t ions of 30 to 50 KHN for different a r e a s were noticed. These 
var ia t ions in ha rdness were assoc ia ted with fine nonmetal l ic d i spers ions found in 
local ized a r e a s of the m a t e r i a l . 

Metal lography 

tion. 
A meta l lographic examination of the tantalum was made before and after i r r ad ia -
Specimens were mounted in bakel i te and rough polished through 600-gr i t sil icon 
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a. Uniriadiated Specimen 

• 

lOOX 
b. Specimen 3, Irradiated 66 Days 

Hardness impressions may be seen. 

N 

HC4334 

lOOX HC4333 
c. Specimen 12, Inadiated 109 Days 

FIGURE 4. MICROSTRUCTURES OF IRRADIATED AND UNIRRADIATED TANTALUM SPECIMENS 

All specimens were etched with HF:HN03:H20. 
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lOOX HC4335 
d. Specimen 10, Irradiated 109 Days 

Note small amount of dispersed particles. 

"x 

lOOX HC4336 
e. Another Area of Specimen 10 

This region of the specimen contained large 
amounts of fine dispersion. 

FIGURE 4. (CONTINUED) 
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carbide p a p e r s . F ina l polishing was accompl ished on a Model " L " v ibra tory pol isher 
with s l u r r i e s of Linde A and Linde B ab ras ive using wate r as a lubr icant . The spec i ­
mens w e r e then swab-e tched with an etchant consist ing of equal pa r t s of hydrofluoric 
ac id , n i t r i c ac id , and wa te r . 

F igu re 4a shows the m i c r o s t r u c t u r e of un i r r ad ia t ed tanta lum. F igure 4b shows 
the m i c r o s t r u c t u r e of tanta lum (Specimen 3) after 66 days of i r rad ia t ion . The m i c r o -
s t ruc tu r e s of tanta lum (Specimens 10 and 12) after 109 days of i r r ad ia t ion a r e shown in 
F igu re s 4c , 4d, and 4e . 

No significant changes in appearance of the m i c r o s t r u c t u r e were observed as a 
resul t of i r r ad ia t ion . Local ized a r e a s of fine d i spe r s ions were found in some of the 
i r r ad ia t ed spec imens . Examples of these a r e a s a r e shown in F igure 4d and 4e. The 
identity of these d i spe r s ions in the spec imens was not es tabl ished but they appear to be 
an oxide or possibly a ca rb ide . There was no observable change in the gra in s ize . 

Hardness m e a s u r e m e n t s taken within these a r e a s containing prec ip i ta te general ly 
gave higher ha rdness readings than those taken in a r e a s void of the d i spe r s ions . 

Dos imete r Analysis 

Neutron fluxes w e r e de te rmined by rad iochemica l analys is of the a luminum-cobal t 
and nickel-cobal t w i re s from Capsules BMI-25-1 and BMI-25-2 . The dos imet ry r e su l t s 
a r e given in Table 3. The total in tegra ted fast flux is r epor t ed as based on the d e t e r ­
mination of cobalt-58 produced by the Ni58(n,p)Co5^ reac t ion . It is a threshold detector 
which has a th reshold energy of approximate ly 5. 0 Mev. By assuming a f i s s ion s p e c t r u m , 
extrapolat ion will give the total neutrons having energ ies >1 Mev. Fas t - f lux calculations 
based on long- t ime exposures of n icke l , g r e a t e r than 2500 megawat t -days resu l t in 
e r r o r re la ted to the neutron c r o s s sect ion of coba l t -58 , i. e. , the m e a s u r e d fast flux is 
l e s s than exper ienced. This is evident from Table 3 where the instantaneous flux 
m e a s u r e d for 65 .9 days is about twice that m e a s u r e d for 109 days . 

TABLE 3. RESULTS OF DOSIMETRY ANALYSIS OF ALUMINUM-COBALT AND NICKEL-COBALT WIRES 
FROM CAPSULES BMI-25-1 AND BMI-25-2 

Capsule 

BMI-25-1 

BMI-25-2 

Wire 
Composition 

Aluminum-cobalt 

Nickel-cobalt 
Aluminum-cobalt 
Nickel-cobalt 

Wire 
Location 

Outside 
Inside 

Outside 
Inside 

Irradiation 
Time, days 

65.9 

65.9 
109.0 
109.0 

Decay 
T ime , days 

160 
172 

99 
106 

Dosimetry AnalysisC*), nv 

Thermal-Neutron 
Flux 

1.51 x l O ^ ^ 
1.31 X 10^'* 
1.73 X 10l4 
1.65 X 1014 

Fast-Neutron 
Flux 

. , 
3.38 X lO^^ 

--
1.61 X 10l3 

(a) In the positions which these capsules were irradiated, the fast flux is lower than the thermal flux by 
a factor of 10. 

C a l c u l a t i o n of t h e i n t e g r a t e d t h e r m a l f lux u s i n g t h e v a l u e s o b t a i n e d f r o m the 
a l u m i n u m - c o b a l t d o s i m e t e r a n a l y s i s s h o w s t h a t t h e l e v e l of r a d i a t i o n w a s suf f i c ien t to 
g ive t he d e s i r e d c o n v e r s i o n of tan ta lunn to t u n g s t e n . 
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Chemical Analys is 

In o rde r to de te rmine the amount of tungsten p resen t after i r rad ia t ion , samples 
from th ree specimens from each capsule were analyzed. These s a m p l e s , weighing 
approximately 0. 10 g each , were taken immedia te ly adjacent to the f rac ture zone. They 
were dissolved in a solution of HF and HNO3 and diluted to 50 ml in the hot cell . A 
spec t rographic analys is was or iginal ly contemplated in which about 100 mg of tantalum 
was deposited on special ly p r e p a r e d e l ec t rodes . Checking the radiat ion level of the 
e lec t rodes after the tanta lum had been deposi ted gave readings of approximately 250 m r 
pe r hr at contact , higher by a factor of 10 than can be to lera ted in the p resen t facil i t ies 
for spec t rographic s a m p l e s . However , a recent ly developed ion-exchange separa t ion 
method for analys is for n iobium-tan ta lum-tungs ten- t i t an ium al ready in use at Battel le 
appeared suitable and was employed with an appropr ia te scale-down for the s m a l l - s i z e 
samples used . 

The separa t ion is based on the absorpt ion of tanta lum-tungsten complexes of the 
m a t e r i a l s on Dowex I from an aqueous HF-HCl solution followed by select ive solution 
with appropr ia te solvents . Exper imenta l tes t ing of un i r rad ia ted tantalum samples showed 
that tantalum was not soluble in the HF-HCl solution requ i red for ion exchange but that 
it could be dissolved in HF to which a l i t t le HNO3 ^ ^ ^ added an an oxidant. The HNO3 
addition was kept at a min imum since it can in te r fe re in the tungsten separat ion if 
excess ive amounts a r e used . New 0. 10-g samples were taken adjacent to the f rac tu re . 
The samples were dissolved and the composit ion of the solution then adjusted by addition 
of suitable quant i t ies of an aqueous HCl solution. The adjusted solutions were passed 
through a 1/2 by 7 in. column of Dowex 1 (minus 200 plus 400 m e s h ) , the effluent being 
d i sca rded , A check on one of the effluents indicated negligible activity (~20Q m r per hr) 
indicating quanti tat ive absorpt ion of the tanta lum. The tungsten was then eluted with 
30 ml of an HN4Cl-HCl-Hf m i x t u r e . The eluate samples were withdrawn from the hot 
ce l l , diluted to 50 m l , and subsequently analyzed. 

The tungsten was analyzed by the co lo r ime t r i c dithiol p rocedure routinely used 
in the analyt ical l abora to ry . The r e su l t s of the analyses a r e given in Table 4. These 
values a r e much lower than the values of 1,5 and 3. 0 w/o tungsten conversion predic ted 
by the rad iochemica l analyses of the dos ime te r w i r e s . The separa t ion procedure is 
repor ted ly quant i ta t ive , and no significant loss of tungsten should have occur red . How­
eve r , the re is the possibi l i ty that the 30 ml used to elute the tungsten was an insufficient 
volume to completely remove it . 

TABLE 4. TUNGSTEN ANALYSIS OF IRRADIATED SPECIMENS 

Capsule and Specimen Tungsten, w/o ± 10 per cent 

BMI-25-1 
1 0.6 
3 0.8 
6 0.7 

BMI-25-2 
8 0.8 

10 1.2 
12 2.2 
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DISCUSSION AND CONCLUSIONS 

Mechanical P r o p e r t i e s 

The mechanica l p r o p e r t i e s of tanta lum a r e found to be affected by i r rad ia t ion . 
F igu re 5 s u m m a r i z e s the changes in tens i le p r o p e r t i e s of tanta lum as tungs tenwas added 
by: (1) i r r ad ia t ion and (2) a r c mel t ing. Yield s t rength in the case of the i r r ad i a t ed 
m a t e r i a l (109 days of i r rad ia t ion) i n c r e a s e d near ly 3 t imes over that of the un i r rad ia ted 
tan ta lum. Compar i son of the tens i le p r o p e r t i e s of the un i r r ad ia t ed a r c - m e l t e d alloys 
with un i r r ad ia t ed tanta lum shows that the addition of re la t ive ly smal l amounts of tungsten 
does not marked ly i n c r e a s e the s t rength of tanta lum. It is felt that the la rge i n c r e a s e 
in tens i le and yield s t rength noted after i r r ad ia t ion is p r i m a r i l y the resu l t of damage to 
the m a t e r i a l by h igh-energy neu t rons . The re is no evidence that the tanta lum-tungsten 
alloys made by a r c mel t ing will be any different than comparable tan ta lum-tungs ten 
alloys fo rmed by the nuc lear t r ansmuta t ion of tanta lum to tungsten. The a tomic s ize of 
the tantalum and tungsten a toms i s effectively the s a m e . Alloying occurs by a tomic 
substi tut ion. The re fo re , no apprec iable a tomic - l a t t i ce d is tor t ion or s t r e s s will occur 
because of the addition of tungsten a toms to a tanta lum m a t r i x no m a t t e r if the a toms 
a r e added by the a r c - m e l t i n g p r o c e s s or by nuclear t r ansmuta t ion . 

The tantalum spec imens showed a m a r k e d loss in ductil i ty after i r r ad ia t ion as 
indicated by the total elongation measuremients . Reductions as high as 83 per cent were 
observed after 109 days of i r r ad ia t ion . Although the tens i le elongation was grea t ly 
reduced, bend t e s t s of the spec imens after i r r ad ia t ion showed that no ex t remely severe 
embr i t t l ement of the m a t e r i a l had occu r r ed . 

Hardness 

Tantalum showed a g rea t i n c r e a s e in ha rdness after i r rad ia t ion . Hardness 
i nc reased from 103 KHN to 309 after seven r eac to r cyc les . The tan ta lum-tungs ten 
alloys produced by a r c melt ing showed h a r d n e s s e s of 151 KHN for additions of 1. 5 w/o 
tungsten and 170 KHN for 3 .0 w / o tungsten. 

CKF/DS/FRS/RFD: jvo : ims :pa 
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Tungsten Introduced by Alloying and Transmutation,w/o 
J I 

, 2 0 . 2 0 2̂> 2.3X10" 7.0X10'" 1.54X10' 

Total Integrated Thermal-Neutron Rux,nvt A-359oe 

FIGURE 5, THE E F F E C T S OF ALLOYING AND OF IRRADIATION ON THE TENSILE 
PROPERTIES OF TANTALUM 
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APPENDIX 

NUCLEAR CALCULATIONS 

In the case of tantcilum, radioact ive nuclei , tanta lum-182, a r e subject to t r ans for ­
mat ion by neutron absorpt ion in addition to decay by beta emiss ion , as seen in Equa­
tions (A-1) and (A-2): 

181 182 -jS 182 
Ta + n • Ta ^ W (A-1) 

182 183 -/3 183 
Ta + n Ta -W . (A-2) 

Equations a r e then set up for the change in the concentrat ion of each nuclide with 
t ime: 

dNx 

dt 
= a i 0 N i , (A-3) 

dt 

dN3 

= Oj 0 Nj - 02 0 N2 - A,2 ^ 2 ' ('^"'*) 

- ^ = O2 0 N2 - O3 0 N3 - X3 N3 , (A-5) 

dN4 

- ^ = ^3 N3 - O4 0 N4 , (A-6) 

where 

N, = number of tan ta lum-181 a toms at any t ime, t 

N2 = n\amber of tan ta lum- 182 a toms at any t ime , t 

N , = number of tantalum-183 a toms at any t ime, t 

N^ = number of tungsten- 183 a toms at any t ime , t 

O = t he rma l -neu t ron -abso rp t ion c r o s s section, b a r n s 

0 = effective the rmal -neu t ron- f lux density, n / (cm^)(sec) 

X= d is in tegrat ion constant , l / s e c . 
Because of the ve ry high the rma l -neu t ron -abso rp t ion c r o s s section of tantalum-

182j(20, 000 barns) and i ts long half-l ife (112 days), ve ry l i t t le of the tantalum- 182 is 
depleted by decay and substant ia l ly all of the tantalvtm-182 is depleted by the rma l -
neutron capture and t r ans fo rmed to t an ta lum-183 . Equation (A-4) can then be simplified 
as follows by neglecting the X^ N2 t e rm: 
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dNz 

dt 
= Oi 0 N x - A.2 0 N2 (A-4a) 

T a n t a l u m - 1 8 3 , on t h e o t h e r h a n d , h a s a s m a l l t h e r m a l - n e u t r o n - a b s o r p t i o n c r o s s s e c t i o n 
(11 b a r n s ) a n d a s h o r t h a l f - l i f e (5 . 2 days ) so t h a t s u b s t a n t i a l l y a l l of t h e t a n t a l i i m - 1 8 3 i s 
d e p l e t e d b y b e t a d e c a y to f o r m t i i n g s t e n - 183. N e g l e c t i n g t h e 03 0 N5 t e r m in E q u a t i o n 
(A-5) y i e l d s : 

dN3 

dt 
= 02 0 N2 - ^3 N3 (A-5a) 

The t u n g s t e n - 1 8 3 f o r m e d a s t h e r e s u l t of b e t a d e c a y a s shown in E q u a t i o n (A-5a) i s no t 
r e a d i l y d e p l e t e d b e c a u s e i t s m a c r o s c o p i c c a p t u r e c r o s s s e c t i o n i s s m a l l . 

E q u a t i o n s ( A - 3 ) , ( A - 4 a ) , ( A - 5 a ) , a n d (A-6) a r e t h e n i n t e g r a t e d in o r d e r b e t w e e n 
the l i m i t s of t i m e , z e r o , a n d t i m e , t , s u b s t i t u t i n g t h e r e s u l t s of E q u a t i o n (A-3) in to 
( A - 4 a ) , a n d so on. E q u a t i o n s a r e o b t a i n e d fo r t h e a m o u n t of e a c h n u c l i d e a s a func t ion 
of t i m e . Of t h e s e fou r e q u a t i o n s , t h e two e x p r e s s i n g t h e a m o u n t s of T a ^ ° ^ (N2) a n d 
•^183 (ivj^) a r e m o s t i m p o r t a n t : 

N2 = 
'^1 N i (o ) -Oj^ 0 t - 0 2 0 t-

e - e (A-7) 

N4 = Ni (o) 
-Oi 0 t 

1 - e + 
ai X3 •02 0 t a i 02 0 0 _X3 t 

^2^^3 0) Xo (A,, <P) 
(A-8) 

S ince t h e l a s t two t e r m s in E q u a t i o n (A-8) a r e v e r y s m a l l f o r l a r g e v a l u e s of t i m e 
(4 X 106 s e c ) , t h e fo l lowing s i m p l i f i e d e q u a t i o n r e s u l t s : 

N4 
= 1 

0 t 

N 
(A-8 a) 

1(0) 

w h e r e 

N 1(0) n u m b e r of t a n t a l u m - 1 8 1 a t o m s i n i t i a l l y p r e s e n t . 

F r o m E q u a t i o n (A-8a) a n d t h e t a n t a l u m - t o - t u n g s t e n d e s i g n c o n v e r s i o n of 1. 5 and 
3. 0 w / o , t he n e c e s s a r y d o s e s a r e found to b e 7. 0 x 10^^ a n d 1. 4 x 10^^ nv t , r e s p e c ­
t i v e l y . S i n c e t h e nvt d o s e s a r e now k n o w n , a k n o w l e d g e of t h e c a p s u l e p e r t u r b a t i o n f a c ­
t o r * w i l l y i e l d t h e i n - p i l e t i m e fo r a n y u n p e r t u r b e d t h e r m a l - n e u t r o n - f l u x d e n s i t y . T h e 
P 3 s i m p l i f i c a t i o n of t h e s p h e r i c a l h a r m o n i c s t r a n s p o r t e q u a t i o n w a s u s e d to d e t e r m i n e 
t h i s f a c t o r . It o b t a i n s i t s n a m e f r o m t h e f ac t t h a t t h e a n g u l a r d i s t r i b u t i o n of t h e f lux i s 
a p p r o x i m a t e d b y a s e r i e s of L e g e n d r e p o l y n o m i a l s w h i c h i s t e r m i n a t e d w i t h t h e t h i r d 
(o r P 3 ) t e r m . T h e c a l c u l a t i o n s w e r e m a d e on t h e I B M - 6 5 0 c o m p u t e r u s i n g t h e a c t u a l 
c a p s u l e g e o m e t r y , a n d t h e p e r t u r b a t i o n f a c t o r w a s found to b e 0. 37. 

•It should be noted in the calculation of perturbation that both tantalum-181 and tantalum-182 are competing for the thermal 
neutrons since the macroscopic cross section (the product of the atom density, atoms per cm^, and the microscopic cross section, 
barns) of tantalum-182 approaches that of tantalum-181. The fact that this equilibrium exists can be verified with the use of 
Equation (A-7) wiiich gives the number of tantalum-182 atoms at any time and the thermal cross sections of both nuclides, 
assuming that the number of tantalum-181 atoms does not change appreciably. 



A-3 and A-4 

In-pi le t imes of 73 and 149 days (five and ten cycles) for the 1. 5 and 3. 0 w/o con­
v e r s i o n s , r espec t ive ly , w e r e obtained w^ith an unper turbed thermal -neu t ron- f lux density 
of 3 X 10 nv. Increas ing the unper tu rbed t h e r m a l flux will , of course , dec rease the 
cycle t ime as seen in Table A- 1 below: 

TABLE A - 1 . CYCLES REQUIRED AT VARIOUS UNPERTURBED 
THERMAL-NEUTRON-FLUX DENSITIES FOR 40-
MEGAWATT OPERATION IN THE MTR 

The r m a l - Neutr on 
Flux, nv 

3.0 X 10l4 
3. 5 X 10l4 
4 .0 X 10l4 
4. 5 X 10l4 
5.0 X 10^4 

1.5 
Days 

73 
63 
55 
49 
44 

Exposure for Indicated Conversion 
w / o Convers ion 

MTR Cycles 

5 
4 
4 
3 
3 

3.0 
Days 

149 
128 
112 
100 

90 

w / o Conv 
MTR 

ers ion 
. Cycles 

10 
9 
8 
7 
6 




