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REACTIONS IN THE NIOBIUM-HYDROGEN SYSTEM 

Will iam M. Alb rech t , W. Douglas Goode, J r . , and Manley W. Mal le t t 

Equilibria in the niobium-hydrogen system were determined in the range 
100 to 900 C, 0.1 to 1000 mm of mercury hydrogen pressure, and hydrogen/niobium 
atomic ratios of 0.01 to 0.85. X-ray measurements were obtained at 25 to 400 C at 
hydrogen/niobium ratios up to 0.54. 

The studies showed that a solid solution of hydrogen in niobium is produced 
throughout most of the system. A miscibility gap was foundat low temperatures and 
pressures, with a critical point at about a temperature of 140 C, a hydrogen pressure 
of 0.01 mm of mercury, and a hydrogen/niobium ratio of 0.3. Sorption rates at 300 to 
550 C were initially linear. At higher temperatures, sorption rates were controlled 
by diffusion in the metal matrix. Diffusion coefficients at 600 to 700 C can be 
expressed by 

D '^-0.0215 exp [(-9370 ± 600)/RT \ . 

Desorption rates were lower than those predicted by diffusion. 

INTRODUCTION 

In a previous study'1) the equi l ibr ia in the n iobium-hydrogen sys tem were inves t i ­
gated in the ranges 100 to 900 C^ 10 to 1000 m m of m e r c u r y hydrogen p r e s s u r e , and at 
hydrogen/niobium atomiic ra t ios of 0 .01 to 0 . 8 5 . A s ing le -phase solid solution was p r o ­
duced throughout mos t of the sys t em. However , the p r e s e n c e of a two-phase region in 
the sys tem was indicated at low t e m p e r a t u r e s and hydrogen p r e s s u r e s . The p r e s e n t 
study was made to es tab l i sh m o r e definitely the extent of th is reg ion . Using a m o r e 
sens i t ive appara tus equi l ibr ia w e r e es tab l i shed at p r e s s u r e s lower than those of the 
prec«»ding work. Equi l ibr ium products w e r e identified by X - r a y diffraction. A l s o , 
s tudies were made of the k inet ics of the reac t ion of hydrogen with niobium and of the 
diffusion of hydrogen in the m e t a l . 

Paxton and SheehanC^) m e a s u r e d the solubil i ty of hydrogen in niobium at a p r e s s u r e 
of 1 a tm to es tab l i sh pa r t i a l ly the phase d iag ram of the s y s t e m . They a lso made p e r ­
meabi l i ty exper iments to m e a s u r e the r a t e of diffusion of hydrogen in the m e t a l . 
Gulbransen and AndrewC3) have repor ted the k inet ics of the reac t ion of hydrogen with 
niobium for 200 to 900 C at hydrogen p r e s s u r e s up to 57 m m of m e r c u r y . Both of 
these studies have a bear ing on the p r e s e n t invest igat ion. 

(1) References, at end of report. 
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MATERIAL 

The or iginal niobium b a r s were cut and fabr icated to approximate ly 0. 3 - , 0 . 6 - , 
and 0 .9 -cn i rods and to 0 . 0 3 - c m shee t . Samples for the r e a c t i o n - r a t e and diffusion 
studies were vacuiim. annealed at 1150 C for 1/2 h r . The analys is of the fabr icated 
niobium after annealing is shown in Table 1. The niobium had a Vickers ha rdness of 113. 

TABLE 1. ANALYSIS OF THE NIOBIUM FOR REACTION-RATE AND 
DIFFUSION STUDIES AFTER FABRICATION 
AND ANNEALING 

Element Analysis, ppm by weight 

Tantalum 
Iron 
Tin 
Molybdenum 
Silicon 
Vanadium 
Chromium 
Aluminum 
Titanium 
Carbon 
Oxygen 
Nitrogen 
Hydrogen 

(a) After degassing. 

1500 
200 
200 
50 
50 
50 
20 
20 
20 

120 
430 
120 
« ( a ) 

P u r e hydrogen was obtained f rom the t h e r m a l decomposi t ion of u ran ium hydride 
p r e p a r e d f rom dry tank hydrogen and degassed uran ium ch ips . 

EXPERIMENTAL METHODS 

The method to obtain equi l ibr ium data has been desc r ibed . (1) However , for this 
work , the mic ro -S ieve r t s appara tus was equipped with a differential oil m a n o m e t e r to 
m e a s u r e p r e s s u r e s in the range 0. 1 to 50 m m of m e r c u r y . Br ie f ly , data were obtained 
as follows. A m e a s u r e d amount of hydrogen was added to the ca l ibra ted react ion tube 
containing 3 to 4 g of sheet (0, 03 cm thick) niobium^ At the d e s i r e d t e m p e r a t u r e , the 
sys tem was allowed to come to constant (equil ibrium) p r e s s u r e as m e a s u r e d on the 
differential oil m a n o m e t e r . The equi l ibr ium composi t ion was calculated from the 
equi l ibr ium p r e s s u r e , spec imen weight , volume of gas addit ion, and volume capacity of 
the reac t ion sys tem at the exper imenta l t e m p e r a t u r e . 

Sorption r a t e s were m e a s u r e d with another modified Siever t s appa ra tu s . (4) 
Es sen t i a l l y , the appara tus cons i s t s of a reac t ion tube , p r e s s u r e r egu la to r , gas b u r e t , 
and a high-vacuum-pumping sy s t em. Cyl indr ical spec imens approximate ly 0 . 3 , 0 . 6 , 
and 0.9 cm in d iamete r and 1 to 3 cm long were d r y - a b r a d e d through 240- , 4 0 0 - , and 
600-gr i t si l icon carbide pape r . Each spec imen was weighed, m e a s u r e d , and spot 
welded to a plat inum pla t inum-10 w/o rhodium thermocouple . After a light final pol ish 
with dry 600-gr i t s i l icon carbide p a p e r , the sample was hung in the reac t ion tube and 
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sea led to the S iever t s a p p a r a t u s . The sys t em was evacuated to l e s s than 0. 01 jj, of 
m e r c u r y , and then heated to the tem.perature of the run . 

The react ion was ini t iated by admit t ing hydrogen through the p r e s s u r e regula tor to 
the reac t ion tube . The bure t was kept balanced at atm.ospheric p r e s s u r e at a l l t im.es. 
Readings of the bure t w e r e taken at convenient timie i n t e r v a l s , depending upon the speed 
of the reac t ion . The amount of gas r eac ted with the sample was the difference between 
the volume added from the bure t and the volume remaining in the gas phase in the c a l i ­
b ra ted dead space of the reac t ion tube . 

Diffusion coefficients for hydrogen in niobium were de te rmined f rom so rp t ion - ra t e 
da ta . A few exper iments were made to de te rmine diffusion r a t e s by a technique based 
on measu r ing r a t e s of outgassing of spec imens in a vacuum of 10~° to 10~5 m m of m e r ­
cu ry at var ious t e m p e r a t u r e s . The appara tus and p rocedure have been desc r ibed 
prev ious ly . C5,6) The r a t e s of hydrogen outgassing w e r e m e a s u r e d for 0. 6 - c m -
d iame te r niobium cyl inders with ini t ial hydrogen/niobium ra t ios of 0. 03 to 0 ,06 . 

RESULTS AND DISCUSSIONS 

Equi l ibr ia 

The equi l ibr ium data obtained in the p r e s e n t study have been combined with those 
previous ly repor ted for the n iobium-hydrogen sys tem to give comprehens ive coverage 
of the ranges 100 to 900 C, 0. 1 to 1000 m m of m e r c u r y p r e s s u r e , and 0. 01 to 0. 85 
hydro gen/niobium r a t i o s . F i g u r e 1 i s a logar i thmic plot of equi l ibr ium p r e s s u r e 
against "composition for var ious t e m p e r a t u r e s . It i s seen that none of the i s o t h e r m s 
shows invar iant p r e s s u r e s . This indicates that t h e r e i s no two-phase region within 
these r a n g e s . Equi l ib r ium data could not be obtained at lower t e m p e r a t u r e s and p r e s ­
s u r e s because of the ex t r eme ly long t imes r equ i r ed . 

The equil ibr ia in the niobium-hydrogen sys t em were in t e rp re t ed in t e r m s of the 
conditions requi red to form var ious products (solid solutions) having definite hydrogen/ 
niobium r a t i o s . F o r a given ra t io or composi t ion, the equi l ibr ia can be cjqjressed by 
the equat ion, 

l o g P m m = - A / T + B . (1) 

F r o m plots of the logar i thm of the equilibri i im p r e s s u r e agains t r e c ip roca l t e m p e r a t u r e , 
va r ious isopleths a r e obtained from which the cons tan t s , A and B , can be calcula ted. 
Severa l r ep resen ta t ive isople ths a r e shown in F igu re 2. Values of the constants and 
thermodynamic data for the var ious composit ions a r e s u m m a r i z e d in Table 2. It i s 
seen that t he re i s a genera l i nc r ea se in the heat of solution with hydrogen composi t ion. 

http://tim.es
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FIGURE 1. LOGARITHMIC PLOT OF ISOTHERMS IN THE 
NIOBIUM-HYDROGEN SYSTEM 
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6 

TABLE 2. THERMODYNAMIC DATA FOR VARIOUS NIOBIUM-HYDROGEN COMPOSITIONS 

Constants in 
Hydrogen/Niobium 

Ratio 

0.01 
0.02 
0.03 
0.05 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 

logPmm»_ 
A 

3478 
3592 
3567 
3675 
3688 
3953 
4149 
4301 
4424 
4319 
5005 

- A/T + B 
B 

4.833 
5.490 
5.770 
6.170 
6.801 
7.548 
8.030 
8.403 
8.765 
8.895 

10.670 

AH, 
kcal per mole 

15.90 ± 0.20 
16.40 ± 0.13 
16.33 ± 0.07 
16.40 ± 0.11 
16.90± 0.12 
18.09± 0.04 
18.99 ± 0,05 
19.70± 0.12 
20.20 ± 0.14 
19.80 ± 0.29 
22.90 ± 0.71 

AS, 
cal/(mole)(K) 

8.93± 0.25 
11.94 ± 0.18 
13.22 ± 0.09 
15.05 ± 0.15 
17.94± 0.14 
21.36 ± 0.06 
23.57 ± 0.07 
25.27 ± 0.19 
26.93 ± 0,23 
27.52 ± 0.47 
35.65 ± 0.97 

X - r a y diffraction m e a s u r e m e n t s were made at room t e m p e r a t u r e to 400 C on 
niobium and on spec imens having 0 ,097 , 0. 24, and 0 .54 hydrogen/niobium r a t i o s . The 
data were obtained from X - r a y pa t t e rns of the spec imens contained in sealed quar tz 
c a p i l l a r i e s . In a l l c a s e s body-cen te red-cubic s t r u c t u r e s w e r e found. The var ia t ion of 
la t t ice p a r a m e t e r s with t e m p e r a t u r e and composit ion a r e shown in F igure 3, The 
spec imens having hydrogen/niobium ra t ios of 0.097 and 0.54 contained two phases at 
room t e m p e r a t u r e and a single phase at 100 C and above. The spec imen having a 0. 24 
hydrogen/niobium ra t io showed two phases at room t e m p e r a t u r e and 100 C and one 
phase a t 150 C and above. In the single p h a s e s , the la t t ice p a r a m e t e r s i nc r ea sed with 
t e m p e r a t u r e and with hydrogen content. F r o m the data for n iobium, the t h e r m a l -
expansion coefficient for the m e t a l was calculated to be 7. 9 x 10-6 pe r C. This i s in 
good ag reemen t with the handbook value of 7. 1 x 10-° pe r C. (7) It can be seen in 
F igure 3 that the t h e r m a l expansion of the spec imens containing hydrogen is approxi­
ma te ly the same as that of the m e t a l . The change in la t t ice p a r a m e t e r with hydrogen 
concentrat ion was calcula ted to be 0. 0023 ± 0. 0002 A pe r a /o hydrogen. 

The X - r a y data in F igu re 3 can be used to outline a two-phase region in the 
n iobium-hydrogen sy s t em. The l imi t s of the two-phase region w e r e calculated to be at 
hydrogen/niobium ra t ios of 0. 024 to 0. 75 at room t e m p e r a t u r e and 0. 099 to 0. 52 at 
100 C, A l s o , by extrapolat ing the equi l ibr ium data to lower p r e s s u r e s , i soba r s of 0.01 
and 0. 001 m m of m e r c u r y w e r e calculated which pa s s through the two-phase reg ion . 
The phase d iagram showing va r ious i soba r s for the niobium-hydrogen sys tem is p r e ­
sented in F igu re 4 . It is seen that the c r i t i c a l point where the two phases become identi­
cal i s at about 140 C , 0 .01 m m of m e r c u r y hydrogen p r e s s u r e , and 0. 3 hydrogen/ 
niobium r a t i o . It should be noted that the designat ion of the high-hydrogen phase which 
was r epor t ed ( l ) previous ly a s beta has been changed to alpha p r i m e . This i s in keeping 
with the cus tomary nomencla ture for solid solutions showing a misc ib i l i ty gap. 

Values for hydrogen solubil i ty in niobium at p r e s s u r e of 1 a tm were recent ly r e ­
por ted by Paxton and Sheehan(2). The i r r e s u l t s a r e conapared with those of S iever t s 
and Moritz(8) and of th is study in Table 3. It is seen that solubil i t ies of Paxton and 
Sheehan below 600 C a r e cons iderably lower than those of the other s tud ies . On the 
bas i s of the solubili ty study and h igh - t empera tu re X - r a y da t a , Paxton const ructed a 
phase d iagram for the n iobium-hydrogen sys t em showing the p r e s e n c e of the hydr ides 
Nb2H, having a hexagonal s t r u c t u r e , and NbH, having a body-cen te red-cubic s t r u c t u r e . 
The p re sence of the hydride Nb2H is not indicated in the p r e s e n t study. Such a 
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hexagonal s t ruc tu re has been a t t r ibuted to i m p u r i t i e s , probably n i t r i d e s , by B r a u e r and 
HermaJin{9), The NbH s t ruc tu re of Paxton and Sheehan co r r e sponds to the alpha p r i m e 
s t ruc tu re of the p r e sen t study. 

TABLE 3. COMPARISON CF EQUILIBRIA DATA AT 1 ATM FOR THE NIOBIUM-HYDRCXJEN SYSTEM 

Temperature, 
C 

Equilibrium Hydrogen/Niobium Ratio 
Paxton and Sheehan Sieverts and Morltz 

800 

600 

500 

400 

300 

0.047 
0.16 
0.22 
0.55 
0.66 

0.051 
0.15 
0.39 
0.64 
0.73 

Present Study 

0.061 
0.16 
0.42 
0.68 
0.77 

Sorption Kinetics and Diffusion 

Kinetic data for the sorpt ion of hydrogen by niobium to produce composi t ions with 
hydrogen/niobium ra t ios of 0. 05 , 0. 10, 0 .50 , and 0.70 were de te rmined in the range 
300 to 700 C. The exper imenta l conditions of t e m p e r a t u r e and p r e s s u r e were d e t e r ­
mined from the isopleth (Figure 2) of the des i r ed product . Represen ta t ive ra te data a r e 
shown in F igu re s 5 and 6. F o r every reac t ion up to 550 C, the init ial sorpt ion ra te was 
l inear (see F igure 5). After a t i m e , depending upon the conditions of the run , the r a t e 
dec rea sed and the reac t ion stopped when equi l ibr ium was es tab l i shed . Usually the reac t ions 
r emained l inear until about 40 to 50 pe r cent of sa tura t ion was at ta ined. At 300 to 
450 C only the init ial p a r t s of the sorpt ion curves were obtained because of the ve ry 
long t imes to reach equi l ib r ium. At 600 to 700 C no ini t ial l inear r a t e was noted (see 
F igu re 6). A s u m m a r y of a l l the l inear r a t e constants obtained at 300 to 550 C is given 
in Table 4 . The var ia t ion of the ini t ial l inear ra te constants with t e m p e r a t u r e for the 
var ious composi t ions a r e shown in an Ar rhen ius plot in F igu re 7. Data for the 
equation 

k = A exp ( -Q/RT) (2) 

for each composit ion a r e given in Table 5. It was found that at a given t e m p e r a t u r e the 
ini t ia l l inear ra te i nc rea sed with increas ing hydrogen content of the product . A l s o , the 
act ivat ion energ ies i nc rea sed with the hydrogen/niobium r a t i o , 

Gulbransen and Andrew^^) found no consis tent ra te type for the niobium-hydrogen 
reac t ion from 250 to 900 C at p r e s s u r e s up to 50 m m of m e r c u r y , A l inear reac t ion 
r a t e was r epor t ed only at 300 C and 21 m m of m e r c u r y hydrogen p r e s s u r e . At these 
condi t ions, a composit ion having a hydrogen/niobium ra t io of 0 .6 would be produced. 
The ra t e constant calculated from, the i r data is 1.6 x 10-4 ml/(cm.2)(sec) . This ra te 
constant is in line with the p r e s e n t work . However , at 700 and 900 C Gulbransen and 
Andrew found r a the r low reac t ion r a t e s . They show reac t ions continuing up to 2 h r 
using 3. 3-mil- th ick (0. 008 cm) spec imens . In the p r e s e n t s tudy, a spec imen 0.6 cm in 
d iamete r at tained equilibrium, solubili ty in about 5 min at 700 C (see F igure 6). 

At 600 to 700 C the sorpt ion curves could be desc r ibed by a diffusion equation in 
which sorpt ion is ini t ial ly pa rabo l i c . Modifying the der ivat ion of D e m a r e z , et a l . , (^0) 
the solution of P i c k ' s second law for diffusion in a finite cyl inder can be exp res sed as 
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FIGURE 5. REPRESENTATIVE RATE DATA FOR THE REACTION OF 
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TABI£ 4 . SUMMARY OF INITIAL LINEAR RATE CONSTANTS FOR THE REACTION TO PRODUCE 
VARIOUS HTDROGEN-NIOBIUM COMPOSITIONS 

Hydrogen/Niobium 
Ratio 

0.05 

0 .1 

0.5 

0.7 

Temperature , 
C 

550 
550 

450 
500 
500 

550 

400 

425 
450 
450 
480 

300 

325 
350 

366 

Pressure, 

mm of mercury 

67 
69 

52 
112 
114 

218 

145 
261 
450 
480 
744 

83 
210 

460 

745 

Rate Constant, 
10-3 ml/(cm2)(sec) 

21 
12 

1.7 
9 .1 

10 

29 

1.9 
6.6 

14 
14 

37 

0.35 
1.7 
6 .7 

11 

TABLE 5. RATE EQUATIONS FOR THE INITIAL LINEAR REACTION TO PRODUCE 
VARIOUS HYDROGEN SOLUTIONS 

Hydrogen/Niobium 
Ratio 

Constants in the Arrhenius Equation 

Frequency Factor A 
Activation Energy, Q^ 

kcal per C 

0.10 

0.50 

0.70 

1.32 X lO"? 

1.39 X 10^ 

2.18 X i O l l 

32 .6 ± 1.0 

36 .4 ± 1.3 

3 8 . 7 ± 1.5 
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00 IX 

C/Co = l - - ^ ; > .™».^™^»— e x p j ^ D t ~ 1 . ^ + : ^ , (3) 

where 

C = ave rage hydrogen concent ra t ion at t i m e , t 

CQ = final equi l ibr ium hydrogen concent ra t ion 

Pm ~ ^ root of the Bes se l function, JQ O ) 

D = diffusion coefficient 

i = length of cyl inder 

a = rad ius of cy l inder . 

The cy l indr ica l spec imens used in the sorpt ion exper iments had a length five 
t i m e s the radius ( i / a = 5 ) . Substi tuting 5a for i , Equat ion (3) becomes 

03 c» 

r-if^ , 32 Y ^ 1 j 
C / C Q = 1 - / / ^ ^ exp-? -

a^z 2 
. 25 

Dt 

a 2 j 
(4) 

The theo re t i ca l curve obtained from Equation (4) is shown in F i g u r e 8, in which C / C Q 
is plotted aga ins t ( D t / a ^ ) ^ ' ^ so as to yield a s t ra ight line for the ini t ial parabol ic 
behavior . The pa rabo l i c r a t e i s followed until about 40 pe r cent of sa tura t ion 
( C / C Q = 0,4) is a t ta ined. If the sorpt ion of hydrogen is diffusion cont ro l led , a p rope r 
choice of D would r e s u l t in the exper imen ta l cu rves coinciding with the theore t i ca l 
c u r v e . The excel lent a g r e e m e n t of s e v e r a l exper imenta l curves at 600, 650, and 700 C 
with theory is a l so seen in F i g u r e 8« It should be pointed out that the sorpt ion curves 
obtained at the lower t e m p e r a t u r e s (350 to 550 C) did not follow the theore t i ca l diffu­
sion c u r v e . P robab ly some surface reac t ion affected the sorpt ion r a t e s . 

The diffusion coefficients that w e r e calculated from sorpt ion and desorpt ion ra te 
data a r e s u m m a r i z e d in Table 6. It can be seen that the diffusion coefficients from the 
outgass ing (desorption) expe r imen t s a r e somewhat lower than those obtained from 
sorpt ion r a t e s . T h e r e was a poor a g r e e m e n t of the desorp t ion r a t e s with diffusion 
theory so that diffusion coefficients calcula ted from desorp t ion would be doubtful. The 
diffusion r a t e s obtained f rom sorpt ion data give the bes t values for the diffusion 
coefficients for hydrogen in niobium. 

The diffusion coefficients r epor t ed by Paxton and SheehanC^.) and included in 
Table 6 a r e cons iderably lower than those of the p r e s e n t work . Paxton and Sheeh.-in 
infer that a slow surface reac t ion in the pe rmea t i on exper iments m a y have affected 
the i r va lues of D. This i s highly probable since they found that the niobium perm.eation 
m e m b r a n e s became d isco lored during the i r e x p e r i m e n t s . 
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TABLE 6. DIFFUSION COEFFICIENTS FOR THE NICBIUM-HYDROGEN SYSTEM 

Temperature, 
C 

500 
600 
600 
600 
650 
650 
700 
700 

From Sorption 

— 
10 

9 .4 
9.2 

14 
13 
16 
18 

Diffusion 

This Work 
Coefficients D, 

From Desorption 

0.58 
2 . 4 

-_ 
__ 

4 . 3 
-_ 
__ 
— 

10-6 cm2 per sec 

Paxton and Sheehan(a) 

0.00011 
0.00063 
0.001 

— 
--
._ 

0.0063 
0.0036 

(a) From Reference (2). 

T h e v a r i a t i o n of the d i f fus ion coef f i c ien t w i t h t e m p e r a t u r e i s d e s c r i b e d by the 
e q u a t i o n 

D = D _ e x p ( - E / R T ) . (5) 

T h e d a t a o b t a i n e d f r o m s o r p t i o n r a t e s a r e shown in F i g u r e 9 . T h e e q u a t i o n for t h e b e s t 
s t r a i g h t l i n e t h r o u g h t h e p o i n t s a s d e t e r m i n e d by t h e m e t h o d of l e a s t s q u a r e s i s 

D = 0 . 0 2 1 5 e x p [ ( - 9 3 7 0 ± 6 0 0 ) / R T ] , (6) 

w h e r e 9370 ± 600 c a l p e r g - a t o m i s t h e a c t i v a t i o n e n e r g y . T h e e n t r o p y of d i f fus ion c a n 
be c a l c u l a t e d f r o m D Q and E u s i n g the t h e o r y of W e r t a n d Z e n e r ( l l 5 1 2 ) for i n t e r s t i t i a l 
d i f fus ion . F o r a b o d y - c e n t e r e d - c u b i c l a t t i c e 

Do = 1/6 a ^ v exp (AS/R) , (7) 

w h e r e a© i s t h e l a t t i c e c o n s t a n t a n d v i s t h e f r e q u e n c y of v i b r a t i o n of a s o l u t e a t o m in 
a n i n t e r s t i t i a l p o s i t i o n . T h e v i b r a t i o n f r e q u e n c y c a n be a p p r o x i m a t e d f r o m t h e 
r e l a t i o n s h i p . 

V = ( E / 2 m > . 2 ) l / 2 (8) 

w h e r e E i s a p p r o x i m a t e l y e q u a l t o t he a c t i v a t i o n e n e r g y , m i s t h e m a s s of t h e s o l u t e 
a t o m , a n d X i s t h e d i s t a n c e b e t w e e n the i n t e r s t i t i a l p o s i t i o n s {X = a o / 2 ) . F r o m 
E q u a t i o n s (7) and ( 8 ) , AS fo r d i f fus ion of h y d r o g e n in n i o b i u m w a s c a l c u l a t e d t o be 
3 . 8 c a l / ( g - a t o m ) ( C ) . A c c o r d i n g to t h e o r y t h i s low p o s i t i v e v a l u e of AS i s c h a r a c t e r i s t i c 
of i n t e r s t i t i a l d i f fus ion a n d no t d i f fus ion t h r o u g h g r a i n b o u n d a r i e s o r o t h e r s h o r t -
c i r c u i t i n g p a t h s . 
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CONCLUSIONS 

The equil ibr ia and X - r a y studies show that in the ranges 100 to 900 C, 0. 1 to 
1000 m.m of m e r c u r y p r e s s u r e , and 0.01 to 0.85 hydrogen/niobium ra t ios the n iobium-
hydrogen sys tem cons is t s of a s ingle-phase solid solution in which the bas ic body-
cen te red-cub ic s t ruc tu re of the m e t a l expands as the hydrogen concentrat ion i n c r e a s e s . 
Equi l ibr ia in the sys tem a r e bes t desc r ibed by a s e r i e s of isopleths since the heat of 
solution i n c r e a s e s with hydrogen content . A two-phase region showing a misc ibi l i ty 
gap was found at re la t ively low t e m p e r a t u r e s and p r e s s u r e s . Calculat ions based on the 
equi l ibr ium and X - r a y data p lace the c r i t i ca l point where the two phases become ident i ­
cal a t about 140 C^ 0. 01 m m of mLCrcury hydrogen p r e s s u r e , and 0. 3 hydrogen/ 
niobium r a t i o . The two p h a s e s , alpha and alpha p r i m e , a r e both body-cen te red-cubic 
s t r u c t u r e s differing only in la t t ice p a r a m e t e r and a r e cons idered to be solid solutions 
of hydrogen in niobium. 

Rates were obtained for the sorpt ion of hydrogen by niobium to produce seve ra l 
solid solut ions having hydrogen/niobium ra t ios of 0 . 0 5 , 0. 10, 0 . 50 , and 0 .70 . The 
ini t ia l r a t e s de te rmined from 300 to 550 C were l inear and i nc rea sed with t e m p e r a t u r e 
and composi t ion. At 600 to 700 C sorption r a t e s were diffusion control led. 

The diffusion coefficients obtained f rom desorpt ion a r e lower than those obtained 
for sorpt ion. Actual ly , the desorpt ion cu rves show a poor agreement with diffusion 
theory . Apparent ly some surface react ion influences the desorpt ion r a t e . 
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