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(pihod, based on the manometric measurements of hydrogen has been described for the deter-
wion of total hydrogen in the range 20-200 ppm in 47 Li-Al alloys which are used for the
nition of tritium. Because of the highly reactive nature of these alloys to O,, N. and mois-
- an iy situ fabrication of the alloy was required for calibration purposes with proper precautions
amvent contamination. Hydrogen was extracted using a molten tin bath at 700° C and standard
feion of hydrogen was done in the form of LiOH. Effect of exposure of this alloy to contact
iﬂmphcre was evaluated and some thermodynamic considerations about the release of hydrogen

W %rds: Manometric method, hydrogen, Al-Li alloys, effect of exposure.

. Introdnet ion

h d{fu]?rmma-tion of hydrogen in Li-Al alloys assumes importance because of the
o ¢ I the production of tritium. A 4% Li-Al alloy is prepared for this
ﬁm Slr:sng[t:‘s ;lIOy, n Cofflparison with soft lithi}u_n metal, has the Eiesi::ed n}ecpa-
" be fireq 5 | be }nachm?d: ~Further, the trittum produced during irradiation
oy i ead at“mlnlum tritritide. However, the presence of hydrogen In these
e of by drO'the fOrmatl_on of HTO or HT, as the case may be,‘due to the
! Bs0cigteq 0_x1de. = hydride. Hydrogen, present in thess alloys, is preferen-
Wtare o the With lithium because of its extremely high reactivity with oxygen_and
atmosphere. The pick up of hydrogen is thought to be due either
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to the dircct conversion of lithtum to hydroxide by reactiop With mo;
UlStuR ;

reaction with oxygen to form Li,O, which being hygroscopic, ke : fﬂlh
comparison, aluminium hydiide is unstable, decomposing at 100° “llmoismm .=
- slhc

fabricated at 900" C, at which temperature most hydrides g

: : : € un:s
largely picked up at the fabrication and handling stages. nstable hYdIoh:

Several methods' have been employed for the deteimination of hydroge. -
nium metal—some for solid mctal and some for liquid meta], Tl i:-‘;ﬂ;:n In 2
fusion?, vacuum sublimation®, hot extraction®, first bubbles, isotope Eil]ldf-‘
Similarly hydrogen in lithium metal has been analysed by severa] mclhodgl,?’[’tﬁn'.g
ever, these methods cannot be readily adopted to the determinatigy of v
Li-Al alloys due to the high volatility of lithtum. Also hydrogen i pre&;t’imﬂ
pure metals as hydride while in these alloys it is present mostly as lithium hydl:;h
Hence a suitable method had to be devised and calibrated. The present paper dc;:
a simple manometric method for the determination of total hydiogen in Li-Al g
using a molten tin-bath. The method is based on the dissolution of the ali i
molten tin-bath at 700° C and measurement of the released hydrogen usingw
volumes and a differential oil manometer.

The primary requirements fer the development of such a method are samp ¢
the alloy which contain low amounts of hydrogen and a standard for hydroga fa
addition and recovery of known amounts. Samples of the alloy, therefore. had 1o’
fabricated in situ in order to minimise atmospheric contamnation. Libm
hydroxide was used as the standard for the calibration purposes.

2. Experimental
d. a s

The apparatus consists of a furnace section where hydrogen Is extrack o
and

for collection and measurcment of evolved gases and a section for the

the collected gas.

_ _ _ ' A
The apparatus manifold, as shown in fig. 1, consists of a quartz reac:m;i;ﬁml
e experl™

with 2 side arm for the addition of tin metal under the conditions of ¢ o
B. also a quartz tube, contains heatcd copper oxide catalyst and_ serves {0 i
whether all the evolved gas is hydrogen or not. Cis a glass moisture cﬂﬂiw:c i
coil to trap moisture, if any, in the evolved gas and to asceriain .[h-e p;pwiﬂﬁﬂ
other gases in the evolved gas. D is a differential oil manometer Cﬂﬁ’f’mmfd sand
oil, previously deaerated. A bulb (G) serves as a previously calibra! fi®
volume in order to calibratc the total volume of the apparatus. The [

st of the ™
is self-explanatory.

3. Fabrication of the alloy o ¥
!

gen. 1%

In ordcr to prepare samples of alloy containirg low amounts of hydre metal ¥

to be hardled in an inert atmosphere in a glove box. Pieces of lithiu™
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\Slica reaction tube; B—CuO tubs; C—Moisture condensation trap;
3-0i manometer; E—Mercury manometer ; G—Standard volumes; X—Stainless steel
moble; Y—side arm.

% 1 Setup for the alloy fabrication and analysis for hydrogen.

ad surfaces cleaned with a sharp scalpel in a glove box filled with argon of high
wity (9-95%). A small piecc was taken and loaded in a vacuum tight bottle,
miously weighed and kept inside the glove box. The weight of lithium metal was
seriained by weighing this bottle. Requisite amounts of pure aluminium metal
W% in the form of foils were weighed out and transferred to a stainless steel
neble placed inside the main reaction tube 4. This tube was then transferred to
¥ glove box and the lithium metal was added to the stainless steel crucible. The
" 2m of the reaction tube was loaded with 20 gm of pure tin metal, previously
::“d 0 remove any hydrogen present. The closed reaction tube was then taken
mtfallt; glove box and connected to the manifold. The whole system was completely
‘hfﬂheate:nd argon let‘in to a pressure of 5-6 cm of Hg.‘ The rezlt_cuo?l tube was
Wgenize lﬁ Sing a resistance furnace for a period of 90 min at 900" C In order to
d ¢ wo metals. It was found that during this time the formation of the

y ;

T W& COTRPI{?IC In the form Of a grey button.

Heatin
'farggng ‘;.a; then stopped and the alloy was allowed to be cooled in the atmosphere
iy nrlelal € tbe (4) was detached from the manifold and tilted in order to add
®ifolg angd ltn o the stainless steel crucible. Then the tube was re-attached to the
:E e, 5 hie apparatus was evacuated to a high vacuum of 10-5 torr. The tube

oy h}._:,a " al first slowly and then at higher rate to 700° C. The dissolution

| the tin-bath topk place and a slow lowering of the oil manometer
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Jevel on the pressure side resulted. The heating was continyeq until

constant. It was found that all thc hydrogen was evolved ip an‘hwelex’cl gy
tube was quenched to the room temperaturc. The rcading op manon tm%
and the amount of hydrogen formed was computed. The COppL;; : T W2 g
then heated to 600° C and opened to the gas atmosphere. The &bsenc:ld; tube y,
gas other than hydrogen was ascertained as the gas reacted witp e loof 2y oy
which condensed in the trap (C) and consequently brought ipe Oy

ol levels .
manometer equal. s ip gy

For calibration purposes requisite amounts of standard lithiym hy
were cvaporated on small thin dishes made of quartz and these
the stainless steel crucible as described earlier. For the standard adg;t
were loaded with the tin metal in the sidc arm of the main reacti

droxide Soli
were lmdﬂdn
10N these ity
OR tube (4)

In the case of samples, they were loaded inside the glove box and the naly
conducted in the same manner. |

4. Results and discussion

Table 1 gives the 1ecoveries of some typical fabrication experiments on the deem-
nation of hydrogen in lithium hydroxide. Thec results of this typical set reveal tu
the mathod can be successfully used for the recoveries of hydrogen in Li-Al 2
Table 1I sets out the results on two typical alloys prepared in the laboratory wn!
lithivm metal from two different sources. The first sample contained a mean vabe
of 46-1 ppm of hydrogen while the second sample was seen to contain 180 p
The results are a mean of direct determination as well as standard addit.ion. Tabk T
gives the results of a sample which has becen badly contaminated, with most of t
lithium already conveited to lithium hydroxide.

Table I
Recoveries of hydrogen from standards in the form of lithium hydroxide

___——_________________/

SL Hydrogen Hydrogen % Tecovery s.D. CV.
No. taken recovered of hydrogen

pe /e _ (pg/100 ug) - —
1 78-5 79-7 101-5
Z 126-0 130-8 103-8
3. 126-0 120-2 95.3 43 4-2
4, 157-5 168-5 107-0
5. 1575 159-9 101-5

Mean 101-8 /

wﬂ
A A T : R
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e ey
f H, added Total H, H; content ppm of S.D. C.V.
N0, Wi. 0 (as LiOH) recovered  in alloy H, in
/
ok o 31-1 31-1 42-7
| Z,m 96-9 121-1 24-2 477
2 5 129-2 157-0 288 45-8 2-1 46
[ 7‘1'7 686 97'6 33-0 46+-4
Yo 129-2 157-0 27-8 480
5 Mean 46+ 1
@ o %9 1142 17-3 173-0
. T3S 145-3 145-3 197-0
T 680 115-5 115-5 181:0 12-4 6-9
s §03-0 64-6 200-3 135-7 169-0
Mecan 180-0
Tole 111

wheis of a highly contaminated sample

Wt of alloy  H, present 7o Ha
taken
ng 1233
— .
R0 2076 0-55
?,'.-0 224-9 0-45
5&3 200-7 0-43
2595 0-46
Mean 0-47

k——

g

I |

oL WaS e ) _ .
Dbl"“tlr,ftswh *Posed to a controlled atmosphere inside a desiccator using calclum
bejy, - deSiceant

) %R content ¢ - The alloy picked up moisture from the atmt:')splwre increasing

§ h These values rom a value of 46-1 ppm to nearly 450 ppm in apout 10 days

- Wl requi Indicate that rigorous control of atmosphere, free from oxygen
duired for the fabrication, handling and storing of the alloy.’
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Fig. 2. Effect of cxposurc on hydrogen content
in 4% Li-Al alloy.

The mechanism of liberation of hydrogen from the alloy can be visulizd i
diffcrent ways. LiOH can decompose at high temperature to form Li,0 and H.0 ui
Sn can decompose the latter to form H,and O, with O, being 1etained as a stable ori
of Sn or Al. The preponderance of Sn and the higher affinity to O, points out o1
higher probability of Sn getting oxidised and retaining the O,. It has been fond
that even in the absence of Sn, H, is liberated which may be due to the s
decompcsition of LiOH and the consequent reaction of H,O with Li metal hov
ever, the kinetics of this reaction is too slow to be useful for analytical purposs
The earlier mechanism can be summed up in three probable 1eactions :

(@) Sn 4+ 4 LiOH - SnO, + 2Li,O0 + 2H,
(b) Sn + 2 LiOH - SnO + Li,0 + H,
(¢) 2Al1 4+ 6 L1IOH - Al,03 + 3 Li,O + 3L,

Free energy values for these reactions in the range of 300 to 1100 K were calete

lated using literature values available and free energy functions®. Tt has b aS‘wa
that LiOH 1s free and inspite of the homogeneity of the alloy, moisture reacls prllt of
tially with Li, breaking the bonds between Al and Li. Figure 3 shows the l? {fmm:
the AG values for these reactions as a function of temperature. It is Secn,r s
curves that the reactions (¢) has the highest negative free energy- e
possible that mass law considerations deter this reaction being the mes! red
For reactioss (@) and (b) it is seen that between 500 and 600K Plateau e
are observed, whilc otherwise the values go on monctonously imcreasing: o :
role of molfen tin can be understcod as a solvent, forming interm etall’ crin%
with both Al and Li, breaking the mectallic bond between them and e es®
melting point, its role in the liberation of H, is not clearly understo” 1;1111 1’

(a) seems to be morc probable and Sn seems to play a role more impof
catalyst.



