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ABSTRACT

Tritlum can be extracted satisfactorily from
l1ithium aluminate targets by heating at 850°¢C
in 2 vacuum for 10 hours; less than 0.1%4 of
the tritium remains in the residue.
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Tritium can be extracted satisfactorily from

lithium aluminate targets by heating at 850°C

in a2 vacuum for 10 hours; less than 0.1% of N
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EXTRACTION OF TRITIUM FROM LITHIUM ALUMINATE TARGETS

INTRODUCTION

The New Production Reactor (NPR) at Hanford requires tritium-
producing targets that will not melt even in the event of acoel-
dents that might raise the temperature of the zirconlum-clad
targets to an estimated 1100°C. ILithium aluminate was chosen as
the most sultable target materlal (mp = 1900°C) after tests of
1ts irradiation behavior.

Pacific Northwest Laboratory (PNI.) proposed extraction of
tritium from the de-clad lilthium aluminate targets by dissolution
in molten sodium tetraborate at 850°C, since preliminary data
indicated that thermal extraction of the ftritlium without the use
of a flux would give high losses to the residue. The Savannah
River Laboratory (SRL) was asked to evaluate the proposed .process
for use at the Savannah River Plant (SRP) --- PNI does not have
facllities for large scale tests with irradiated targets. Experi-
ments with bhoth lrradlated and unirradiated targets, with and
without flux, were conducted at SRL toc obtaln sufficlent infor-
mation to estimate the cost of modifylng existing tritium
separations equipment for extraction of the NFR ceramic targets.
The results of these tests are presented in this report.

SUMMARY

Experiments conducted at SRL to evaluate a process for
extracting tritium from 1ithium aluminate targets showed that:

e The targets do not have to be dissolved in flux to
extract the tritium; in fact, the use of flux results
in a 1 to 2% loss of tritium to the residue.

¢ The tritium can be extracted from the targets by
heating at 850°C 1in a vacuum for 11 hours, with
less than 0.1% tritium lost to the residue. Use
of a lower extractlon temperature increases the
loss of tritium in the residue; for example,
11 hours at 750°C resulted in a 1.2% loss.

¢ The lsotopic purity of tritium in the feed to the
plant thermal diffusion columns 1s expected to be
in the ‘range of 50 to 80%. The impurity 1s protium
derived from H,o0 present in the ceramiec and on the
crucible; the evolved water vapor willl be decomposed
on an existing uranium bed.




¢ (O and €Oy evolved from the ceramic during extraction
add a volume equlvalent to one-tenth to one-third
that of the tritlum.

e The hydrogen lsotopes can be aeparated from most of
the €O and CO,, 1f necessary, wilth Hopcallte*
(oxidizer}) and zeolite (water absorber) beds in -
series. This treatment wlll be used only if current
studies show that the effectliveness of the plant
uranium decomposer and/or the palladium diffuser is
reduced by these gases.

DISCUSSION

EXPERIMENTAL APPARATUS

The pllot-scale tritlum extractlon equipment used for these
tests 1s illustrated schematically in Figure 1.. The apparatus
congisted of a wvacuum furnace capable of heating a 1-foot target
element and the required flux to a temperature of 1000°C, a com-
bination of Hopcalite (oxldizer) and zeolite (water absorber)
beds 1n seriles for separating the isotopes of hydrogen from the
other extraction gases, a uranium bed used for a decomposer, a
speclally built vacuum pump with a limited collection volume on
the discharge side (to permit accurate measurements of small gas
volumes), and gas collection vessels. Pressures were measured

oL o
% _— YT ‘

To
N Stack
Or
Uranium
Storage
Bed
A - Extraction Furnace F « Uranium Bed Decomposer K - 33.2-cc Collection Vessel
B - ““‘Hopcalite’” Bed G - Special Yacuum Pump L - 77.6-cc Collection Vessel
C - Cooling Water Jacket H - 0-150 cm Hg Asheroft Cage M - Modified Welch ""Duo - Sea!””
D - Zeolite Bed | - Closed End Manometer Yacuum Pymp
E - Cold Tran J - 8339-cc Collection Vessel N - Somple Point

FIG. 1 SCHEMATIC DIAGRAM OF EXTRACTION FACILITY

* Hopcalite l1s the reglstered trademark of Mlne Safety Appliances
Co, for chemical materlals for use as a catalyst.

-2 .




with an 8-inch-diameter 0-150 cm Hg, pressure-vacuum gage. A
trap cooled with liquld nitrogen was included bhetween the furnace
and the pump to collect all gases condensable at -77°C. A Welch
"Duc-8eal"” vacuum pump, modified by W. M. Welch Sclentific Company
to be leaktight on both the vacuum and discharge sides, was used
to transfer gases from the collectors fto either the stack or a
uranlum storage bed. All apparatus was cof metal except for the
glass cold trap and sample bulbs. The furnace was shielded to
protect persconnel agalnst radlaticon, and all squipment was
enclosed in a ventilated glovebox. Figure 2 1s a photograph of
the complete facility. .

B o

FIG. 2 PHOTOGRAPH OF EXTRACTION FACILITY

EXPERIMENTAL PROCEDURE
Extraction Cycle
The extractions were made with various charges to the furnace
to study the effects of the followlng varlables:; ratic of flux
to target, pretreatment of flux, location of target in flux,

material of construction of crucible, and time for extractlon at
various temperatures. After loadlng the furnace and pumping the

- 3 -
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system down o less than 50 microns, a normal extraction cycle
started with a 2-hcur furnace heatup perlod to the desired
extraction temperature. The gases evolved were passed through
one or more of the followlng systems, depending on the desired
results: Hopcallte-zeolite beds, cold trap, and uranium decom-
poser. All gases were collected in calilbrated volumes at known
temperature and pressure, and were analyzed by mass spectrometry.

When the ccld trap was used, 1t was warmed to room tempera-
ture at the completion of the extraction cycle and the gases
evolved were collected and sampled for analysis. Further heating
of the trap, to about 100°C, evolved the water vapors (Hg0, HTO,
Tz0), which were pumped through the uranium decomposer at 550°¢,
collected, and analyzed.

At the completion of each run with 1lrradiated targets the
equipment was rinsed with hydrogen at elevated temperatures to
remove tritium absorbed on the walls, The tritlum collected in
the rinse was added to that collected during the run.

Hopcalite -zeolite System

The Hopealite (88 g of an 80/20 mixture of manganese dioxide
and cupric oxide) and zeolite (61 g of Linde Molecular Sieve
Type 3A) beds were used during two runs to demonstrate a methed
of separating the hydrogen isctopes from the majority of the
other gases. The system is 1llustrated schematlically 1n Figure 3.

Furnace

"Hopealite” Bed
500°C

Cooling
Water

.

Zeolite Bed
50°C or 500°C

U Bed

550°C

!

LProduct Cycle ]

FIG. 3 PROCEDURE FOR REMOVAL QF CO+ CO, FROM PRODUCT
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The gases evolved from the furnace were passed through the Hop-
calite bed at 500°C to oxldize the hydrogen 1sotopes. The vapors
were then sorbed on the zZeocllte bed, which was malntained at 50°C
during the extraction cycle, while the remalning gases (mainly
He, €O, and C0,) were collected, sampled, and discharged to the
stack. At the completion of the extractlon ¢ycle, the zeolite
bed was heated to 500°C for desorption, and the water vapors -
were passed through a uranium (185 g U) bed decomposer at 550°C
to produce the gaseous hydrogen lsotopes.

Residve Analysis

Several methods were used to measure the tritlum centent of
the resldues. The residue from runs made using flux was sampled
at variocus locatlons in the crucible; each sample was dlssolved
in bolling 5M HC1 in a closed system. Gases evolved durlng the
dlssolution were sampled and analyzed by mass spectrometry. The
HC1l solutlcen was decomposed wlth calelum metal and the resulting
hydrogen was analyzed for tritium by an lon chamber.

Residues from the runs in which no flux was used were
analyzed by two methods: (1) A 4 to 6 g sample of the residue
was dissolved 1n a closed system by a 50-50 mixture of conecen-
trated H,S0, and concentrated HayPO,; the gas phase was analyzed
by mass spectrometry and the liguild phase was diluted, decomposed
with calclum, and the gases were analyzed for tritium by 1lon
chamber. (2) A 0.5 to 0.9 g sample of the residue was heated to
1400°¢ in a closed system under vacuum, and the evolved gases
were collected and analyzed directly in the ion chamber. Results
by the seccond method of analysis showed significant varlation
between several samples from one pellet, whereas good agreement
" was obtained uging the first method. The necessity of using
. small samples for the second method probably prevented represen-
tative sampling. Only analyses cobtained by the first method are
presented in this report. '

CRITERION FOR SATISFACTORY EXTRACTION

Prcduct loss in the residue was used as the sole griterion
for satisfactory extraction of tritium during a run. Normally
the tritium content of a target at the time of extraction is
calculated from the helium quantity: cc Tp = 1/2 (cc *He-cc °He).
However, the targets used in these studies were vacuum-tested
for cladding leaks after fabrication by introducing *He intc the
target through a small hole in the end cap,; and seallng the heole.
The excess *He varied from target to target thus making 1t
impossible to obtaln the normal material balance after extractlon.

_5-
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Estimates of* the degree of lithium burnup in the reactor similarly
were not preclse enough to provide a rellable 1ndicatilon of
recovery performance. Further error was introduced by adsorption
of tritium on the walls of the equipment, an effect that was
accentuated by the very low tritlum content of the targets
(average Ty GVR = 0.63 STP cc/cc ceramic). In contrast, the
tritium content of the residue c¢an be measured accurately to less
than 0.1% of the total tritium.

TARGET DESCRIPTION

The unirradiated targets used for fthese tests conslsted of
an aluminum housling tube, 13 inches long by 1m1/u inches 0D,
containing pellets of lithium aluminate 2 to 2-1/2 inches long
and 1-3/32 inches in diameter. The density of the pellets was
2.33 g/cc (89% of theoretilcal).

The irradiated targets were similar to the unirradiated
targets except that they were only 12 inches long and the density
of the pellets averaged about 2.07 g/cc (79.3% of theoretical).
The zirconium Jackets that were present over the aluminum during
irradiation were removed at Hanford before shipping.

RESULTS

The data for all of the runs are summarized in Table IV of
Appendix A, whilch glves the conditions for each run, the overall
gas composition in terms of the majJor gases evolved, and the
tritlium content of the residues. Tables V through XIV of Appendilx
A 1ist in detall the composltlion of the gases evolyed at varilous
times during extraction of the 1lrradiated NPR ceramic targets.
Observations made during the tests are dlscussed below.

Elimination of Flux

Before the lrradiated targets were received, a falrly exten-
slve preparatory study was made of the dissolution of 1ithilum
aluminate in sodium tetraborate, in accordance with the original
process concept. Subsequent tests made wlth lrradiated targets
showed that flux was not needed to recover the tritium, so the
remainder of the program was concentrated on the thermal extrac-
tion of tritium without the use of flux; only these nonflux runs
will be discussed 1n the main section of this report. The pre-
liminary studles made with flux and unirradiated targets before
recelpt of the irradiated targets are presented in Appendix B.

-6 -




Temperature and Time Requirements

Figure 4 shows the rate at whilch gases are evolved during a
typlcal extraction (no flux) in a stainless steel crucible {Run
13). As the crucible was heated to the desired temperature for

O o ; : M|
650° He
]
e
S 300 —
(&}
(&)
-c"' — [—
QL
=
e
i 200 — |
wH
8 H
S 2
i) 1 T ]
@ 2
=
(=]
> 100+ —
CO+CO,
o | | J | I
0 5 10 5 20 25

Time, hours

FIG. 4 GASES EVOLVED AT 900°C - NO FLUX (Run 13)

- extraction (900°C in Run 13), the aluminum can melted {~660°C)
releasing an initial surge of *He, H,, Ty, and CO+C0,. After
8 hours of heatlng, with about 6 hours at extraction temperature,
the evolution of “*He stopped and the rate of H,, T,, and CO+CO,
evolution decreased rapidly. As Indicated by the residue
analyses in Table I, more than 99.9% of the product had been
extracted from the target in & to 11 hours; the H, and T,
recovered after that time is gas that was absorbed on the walls
of the metal equipment during the i1nitial surge and was subse-
quently vacuum outgassed. The CO and CO, evolved are from both

target and crucible,.

At the completion of a run the pellets were brittle and
easlly cracked alcong thelr axes; hlgher temperatures of extractlon
increased the brittleness.
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TABLE I

Tritium Loss to the Resildue

Tritium Loss

Run Condition to Residue,8) %
.13 2% hours at 900°¢ 0. 004

9 21 hours at 850° 0.012

14 11 nours at 850°C 0.008(b)

16 6 hours at 850°¢ 0.36(¢)

15 11 nours at 750°C 0.91

21 11 hours at 750°¢C 1.5

20 Residue from Run 15, 6 hours at 850°C ©.012

23 Residue from Run 21, 6 hours at 850°C 0.008

(a) Based on tritium recovered.

(b) Believed to be iow by a factor of 10.

(¢) Average cof 0.41, 0.32, and ©.36%, the analyses obtained
from three different pellets,

The residue analyses for the runs using irradiated targets
and no flux, summarized in Table I, show that tritlum can be
satlsfactorily extracted from lithium aluminate targets 1in, at
most, 11 hours at 850°C (Runs 14 and 16). In runs 15 and 21
the target was heated to only 750°C for 11 hours; the resulting
average loss of 1.2% 1s considered too high for normal plant
production runs (<0.1%), but should be low enough to permit a full-
scale extraction test 1n the separatlons plant.

Isotopic Purity

The capaclity of the plant thermal diffusion columns for
separating hydrogen from tritium decreases considerably as the
tritium concentration in the feed decreases, as shown in Table II.
The isotoplc purlty of the extraction gases during the nonflux
runs varied from 15 to 46%, with 15 to 20% of the tritium present
as HTO and T,0 (Runs 9, 16, 21). As noted in the next section,
most of the protium comes from the crucibles. Furthermore, all
of these runs were made with tritium GVR's (ratio, volume of gas
at STP to volume of target) varying from 0.25 to 0.95, whereas
the expected production targets for the plant will have a tritium
GVR of about 1.2. Because the hydrogen content (water) of the
production targets 1s expected to be lower than that of the targets
used 1n this study, the lsotoplc purity for the plant feed to the
thermal diffusion columns should be in excess of 50 to 60%. (The
water content of targets currently produced at the NPR corresponds

-8-
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to a feed of 75 to 80% T..), At this concentration, one thermal
column will be sufficient to process the predicted load of
6 kg/yr from the NPR. il

TABLE II

DELETED

Material of Construction for Crucible

Tests comparing mild steel and stalnless steel crucibles
showed that the use of 304L stainless steel crucibles in the plant
should be continued, since stalnless evolves significantly less
CO+C0; than does mild steel, as shown 1n Table III. The expected
CC+00, GVR for typical plant operation would be less than the 0.4
observed in Run 16, since the much higher ratio of target to
crucible mass 1n the plant will decrease the relative contribdu-
tion of CO+CO, by the crucible; the empty crucible in Run 22
evolved CO+CCz equivalent to 0,32 GVR, implying a contrilbution of

- only C.1 GVR from ceramic in Runs 16, 17, and 21. The data in

TABLE III

Gagses Evolved from Crucibles of Stalnless Steel and Carbon Steel

Cruclble ‘ Temp, Time, H,, CO+CO0,,
‘Run _ Steel Contents °c hr GVR GVR
15  304L  Irr'd. Target 750 11 0.66 0.80
21 304L Irr'd. Target 750 11 1.06 0.42
16 304L Irr'd. Target 850 6 0.73 0.42
17 304L Unirr'd. Target 850 4 €.70 0.40
‘22 304L  Empty B 850 5 o.7ala)  o.32(2)
18 Carben Unlrr'd. Target 850 5 &0.73 2,22
19  Carbon Empty 850 5 o.51(8) 2,50(a)

1

(a) Calculated as though a target were present.

-9-
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Table IIT also indilcate that most of the H, evolved during an
extraction comes from the crucible {Runs 22 and 19) and not the
target; agaln, the relative contributlon will be diminished 1in
the plant. '

Ramoval of CO and CO,

The GO and CO; evolved during the extraction of tritium from
the ceramlc targets may have detrimental effects in the plant on
the performance of the uranium bed decomposer (reduces Hp0, HTO,
and Tz0) and the palladium diffuser (separates hydrogen isotopes
from other components of the process gases). A portion of the
CO and CO; wlll be reduced by the uranlum, an action which adds
to the consumption of uranium and may lead to inactivation by a
surface layer of carbon. Decompesition of methane on the palla-
dium diffuser can decrease its performance sufficiently to
require oxldative regeneration; fortunately, methane was not
produced when mixtures of Tz, CO, and CO; were passed through
the hot uranium decomposer {Run 13). Because of these uncer-
tainties regarding the effects of C0+C0,, an addltional purifica-
tion step using a combilnatlon of Hopcalite and zeolite beds in
series was develioped for the plant 1n case 1t should prove neces-
sary to prevent the C0+C0, from passing through the uranium
decomposer and/or the palladium diffuser. This process is
described 1n the section under Experimental Procedure and 1s
shown in Figure 3.

Eighty to ninety percent of the CO+C0, was separated from
the tritium Stream by the Hopcalite-zeolite system {Runs 14 and
15), with no tritium lost to the byproduct stream of He and
00+C0, .

FUTURE WORK

\ The extraction process will be confirmed with additional
irradiated targets from the NPR. These targets, which are mcre
representative of the expected production targets, will have an
average ceramic density of 88.6% of theoretlcal and an average
tritium GVR of 1.4, compared to 79.3% and 0.6 for the targets
already investligated. The effects of CO+C0, on the uranium
decomposer and palladlum diffuser will be determined and the
ability to extract tritium at 750 and 850°C will be verified.
This evaluation should eliminate the need for a large-scale
demonstration at the Semlworks, and permlt a full-scale extrac-
tion test to be conducted at 750°C in the plant without equipment
modification. ‘

- 10 -




APPENDIX A

DETAILED SUMMARY OF DATA OBTAINED

Table IV summarizes all of the runs made. Tables V through
XIV glve the detalled composition of the gases evolved at various
times during a2ll of the tests wilth 1rradiated targets, and during

the tests to determine the material of construction for the cru-
¢ible.

- 1]l =




1-b
2-a
2-b
2-¢
2-d
3-8

3-b

10
11

12
13
14
15
16
17

18
19
20

21

22

23

(a)

{(b)
(e}

TABLE IV
3 of
Temp-Time,
Furnage Charge Crucible O¢-hr
o tgt [no Al) Carbon Steel 8001
7hg Llux 750-4
same Carbon Steel 780-3
1270g flux {powder) Carbon Steel T 6005
same Carbon Stesl 8450-4
same Carbon Stesl 850-4
sane Carbon Steel 1,000-13¢ 5
500g tgt Carbon Steel 550-43
same Carbon Steal 850-6
500g tgt,1900g flux Carbon Steel 250-10
&8 4 except tgt
::;ended & no AL Garbon Steel 850-1¢C
500g tegt, 1070g flux 304 LC 850-10
Stainiess Steel
1070g flux 30i, ELC 850-7
Stainless Jteel
0 t suspended
]%8 gt%lux P Carbon Steel 850-20
410g gL Carbon Stesl 850-21
1230g flux Carbon Steel 850-11
0 gth? ded
1588, Sretrontad flux Carbon Steel 850-20
410 tgt auspended
1680z pretregtad flux Carbon Steel B850-cy
L0g tgt 304L 900-24
Stainless Steel
Kl0g tet 304L
3tainless Steel 850-11
W0g gt J04L
Stainlesa Steel 750-11
410g tgt 0LL
Stainless Steel 850-6
500g tet 304L
Stainless Steel B50-4
500z tgt Garuvon Steel B50=4
Carbon Steel Crucible Carbon Steel 8504
Residua from Run 15 3041,
3tainless Stesl 850-6
4l0g tgt 30
Stainleas Steel 750-11
305L Crusible 30LL
Stainlesa Steel 850-4
Residue from Run 21 304L 850-6

Stainkess

YR -- ratlo, wolume ol gas at 3TF to volume of target.
If flux is present but no target material, a ¥/1 flux
to charge walght ratlc 1a assumed and GVR 1s expreased
as 1f tgt were present,

Some helium in target prior to irradiztion.

Irradiated targets used in Funs &, 9, 11, 12 through 16,
20, and 21.

- 12 =

H! = Tobal
[

710

34
10,400
<1, 0
213
2%
615
50

893

543
488

2,500
1,670

405
2,150

275
242
266
b5
iz
134

13%
146
94

25,im}
19%

136
1io0tn?

He as Hy0,
—t
22.6 a7
1.1 0
#1.3 95
<g.1 <60
1.7 0
2.2 0
<3,l <97
0.3 68
bhe§ 32
2.7 35
Lak 34
21.8 87
9.9 83
2.2 67
7.0 55
1.5 53
1.4 HEY
1.5 P
2.4 el
0.7 FARY
0.7 35
0.7 46
0.7 29
0.5 30
1.4 2t
1.1 35
0.7 16
6.0 7l




TABLE IV (Continueg)

o (3

o+ €0 Tl s as HTC Isotopic Tz Remain:
R e o fsme)  mEDmRTT  ahCTb  bemepig, i Resigue (N g
- - 5.6 - - - - -
- - 2.3 - - - - - -
- - 5.7 - - - - -
277ted 2,2 0 _ _ - _ -
1gg' %! 1.5 0 " - - - -
1,020'? 8.0 a . _ _ _ -
g - o) - _ _ - ~
50 0.2 43 - . _ . -
&87 BN 5.1 " _ . _ _
921 b 1.0 _ _ _ _ .
47 50,28 3.2 - - - - -
128 1.1 0 _ — - - -
2,220 12,0 a2 172 0.92 75 g Lok
1,420 7.6 331 129 0.70 17 24 0,012
1,250 4.0 - - - - - -
1, 440 7.8 400 123 0.67 40 31 1.2
1,220 6.7 256 87 0.47 - 27 1.7
59 0.1 381 175 0.95 - L0 0,004
9 (93KK 0,05 (0,5)R 296 92 0.4 - 15 0.00¢ |
33 (L4808 0,18 {0,8)¢k? 349 i 0.25 - 27 0.91
77 0.4 279 117 0,63 20 46 10436
80 a.4 i, 7 - - - - -
b5 2.2 3.5 - - - - -
462 2,500 1.6 - _ _ _ _
204 1.1 3.4 2.4 - - - -
77 0.4 3.5 8 0.46 15 30 1.5
59 0.3'¢ J - - - - -
0.5 .03 1.2 2.1 _ _ _ "
{d) Besea on T, recovered. {J) A1l the gasen were passed directly through & Hopealite
{e] Minimun value, not all was ¢ollected. and zeolite bed.
{f) PFlux decomposed. (k) WValue in parentheses based on total C04C0, evolved,
(g) Gas was trapped in the borax, probably CO+CCa. not just that evolved with the T, from zeclite bed.
{h}) Not all of the LIAIC, was in the flux. (1) Pased on %10g target.
{1} All the gases were passed directly through a uranium (m) Resldue probably absorbed moleture while exposed to
decomposer &% 530°C. air for several days,
{n) Realdus prodably absorbed H, during expssure tq an
Hy rinae.
- ]_3 -




TABLE V

fun 8: @Oases Evolved from Irradiated Target in Flux at 550°C
for 20 Hours - Carbon Steel Crugible

Toral ce (STP]

Time, Total Toyal
Date min Vp1%8) Hg 2He *He HY T, et (ol by 0, CO, Ar CH,
2/1L4/66 &7 154 5.68 0.54 131 1.11 4.90 5.73 10,4 - - .32 - 0.03
n 52 170 1.72 Q.75 153 - 1.00 1.38 13,0 - 0.12 0.16 - 0.03
n 67 96.7 3,06 0.69 84.8 - 0.18 o.g3 1. 5,01 0.12 0.49 - 0.97
" 115 155 18,2 0.60 33.7 8.67 3.05 7.68 86,7 2.34 0,08 1.42 - 0.32
" 161 178 34.6 - 7ahl 8.66 0.60 5.93 126 - 0.02 0.35 - 0.05
it 210 160 19.0 - 0,35 9.57 0.62 5.58 110 - 0.02 Q.45 - 0.08
" 285 171 37.7 - - 6.20 0.38 3.8 126 - 0.07 0.4 - 0.07
" 375 170 25,7 - 0.07 5.64 C.34 3.16 138 - 0.20 0,39 - -
" 0 164 18.3 - - 4.03 0,20 2,21 14 - 0.21 0.08 - -
" C0 165 15.4 - - 3.52 0.23 1.99 146 - 0.15 0.11 - -
n 73 161 12,3 - - 2.92 0,19 1.65 145 - 0.16 0,15 - 0.05
n {c; 19 0.5 - 1.22 0,21 0.21 0.32 b The 1.22 0.17 511 - 0.16
" d 1530 1220 - - 227 10.2 124 14.0 10.7 - 2.7 - 0.46
Total 3690 1430 2.58 A2 278 22.1 163 1060 19.2 132 L58 - 1,32
2/15/66 - 151 5,78 - - 1.15 0.08 0.66 13,3 98.1 3.4 0.23 1.26 -
" 160 1562 . - - 3.28 0.18 1.92 1 12.7 2,96 0.26 0.15 0,05
" 295 15, 8.22 - - 1.68 0.09 0.93 143 0.37 0.66 0.22 0.02 0.03
" 0 157 .12 - - 1,25 0.08 0,70 145 - 0.17 0,27 0,02 0,03
" 535 5.9 2.16 - - 0,42 0.03 0.24 62.1 0.57 0.3 0.18 0,01 Q.01
" 62 74.6 2.28 - - C. bhy 0.03 0.25 1.8 - 0.06 0.03 - 0,01
w Ec? 135 0.03 - - 09.03 0.03 .18 - - 134 - 0,07
" d 59.6 4.3 - - 7.52 0.35 4.0L 9.20 0.1l 0.04 1.0 - 0.05
Total 959 8y.6 - - 15.9 Q.87 8.7 572 112 35.6 136 1.47 0.25
Grand Total L5650 1520 2.58 a2 294, 23.0 172 1630 131 37.0 594 1.47 1.57
Product retained in equipment 2
Product retained in residue 2.34
Total product 174
(2} Column 9 not included.
(b} Includes 1/2 the ®He found.
(e) Gases evolved from cold trap while thawing.

tagses evolved from heating sold trap and passing gases through a uranium decomposer at 5509C.
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TABLE VI

Run 9: GOasea Evolved from Irradiated Target at 850°C for 21 Heurs -
Carbon Steel Crucible .

Total cg (STP)
Toka,

Time,
Late min GSE?&: Hgy 3He 4He HT T, T,‘b} co N, COy Ar CH, 05
2/17/66 29 169 19.1 0,47 128 1.35 2,75 3.6 3.06 13.0 0.22 0.35 0.4 -
v 155 6.41 0,93 127 5.62 1.49 b7 2.93 10.2 0.39 0.26 0.0¢ -
" 49 159 15.1 0.57 50.5 15.6 5.06 13,2 56.6 15.2 0,57 0,08 0,10 -
" 60 163 472 - 6.03 15.7 15.7 23.5 110 .64 1.24 - 0.03 -
o 74 168 3.07 -~ 5,21 11.0 10.7 16.2 134 2.75 1.47 - 0.03 0.05
" 81 164 3.43 0,03 5.16 8.28 5.22 9.38 126 15.3 0,86 - 0.03 0,08
" 107 169 4,07 Q.02 3.30 7.12 3.18 6.715 142 8,04 0.71 - 0,07 0.02
" 165 177 E69 - 1.58 5.52 1.75 4,51 1138 24,7 0,18 - 0.05 0.1L
" 285 167 5.54 - 1,12 k61 1,02 3.32 15 - Q.22 - 0.03 0.03
" 420 112 [ YA 0.66 3.07 0.61 2.15 103 - 0.04 - 0.02 0.04
n 40 70.6 3,21 - 0.39 2,15 0.34 1.2 60.4 3.97 0.03 0,01 0,01 0.05
" 30 L2.6 2,05 0.02 0.20 1.18 0.19 0.79  35.5 3.42 0,01 - ~0.01 0.06
" 720 38.9 2,10 - c.18 1.15 0.16 0.74 34.0 1.33 - - © .01 0,06
" Ec} Q4.2 0.01 - - . 0.0 0.0L 0,02 - (VA 93.6 - 0.08 0.06
" d 32 245 - 0,39 39.7 1.73 2L.6 - 5.64 32.9 0,07 - 0,56
'otal 2180 323 2,04 330 122 49.9 112 1100 114 132 0.77 0.9 1,15
2/18/66 255 59,5 4,22 - .19 2.41 0.30 .50 52,0 0.21 0.03 - 0.13 0.04
" 450 59.0 2.97 - 0.22 1.60 0,19 0.59 50,9 3.07 - - G.02 0.04
" 630 48,6 FIN A 0,16 1.28 0.15 0.7¢ 4.5 2,99 0.01 - 0,01 0.08
" 780 36.4 1.95 - 0.11 0.93 0.0% 0.55 0.6 2.69 - - 0.01 0,05
* (e) 10. 5,61 - - 1.09 0,05 0.59 Z 0,23 2.99 0.0L - 0.02
Total 214 17.2 - 0.68 7.31 0,78 42 175 .19 3.03 0.01 0.17 0.23
Crand Total 2390 340 2.04 33 12G 50,7 116 1280 123 135 0.78 1.13 1.38
Proguct retained in eguipment 12-51
P t retained i d .15
roduct retained in residue 3

Jotal preduct

{a) Column 9 not lncluded.

(b} Includes 1/2 the “He found.

(o} Gasen evelved from cold trap while thawing.

(d) Gases evolved from heating cold trap and passing gases through a uranlum bed decomposer at 5509C.
(e) Combination of (c) and (d).
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TABLE VII

Run 11: Gases Evolved from Irradiated Target in Pre-Treated Flux™
at 950°C for 20 Houra - cCarbon Steel Cruecible
Total g¢ (STF)
Time, Total To

Date min vol'ld)d He 2He *He HT 1, Ta co N CO, Ar CHy 0y
2/24/66 70 176 9.48  0.63 149 1.87 4,78 6,03 1.87 .58 0.12  0.26 0,02 0.48

" 75 170 2,65 0.76 1g1 L83 2,32 5,02 0,95 6.83 0.12 0,22 - 0,05

" 120 146 8.79 1.18 0,8 11.2 L.18 10.4 éb.a 12,2 0.51  0.07 0,04 0. 44

" 150 148 7.83  0.36 22.8 24.6 8.23 20.7 8.6 8.70 0.83 - 0.07 -

" 210 145 27.9 - 6.64 17.4 3.04 11.7 79.1 10.3 0.lhy - 0.03 0.16

" 330 143 13,7 - 2,48 9.26 1.7) 6.3L 114 1.22 0.37 0,04 0,03 0.42

" 480 134 65,71 - 0,94 Lu 4L 0.83 3,03 120 0.28 0.28 0,04 0.01 0,55

" 600 89.0 2,97 - c.08 1.84 0.33 L.25 82.9 - 0.36  0.03 0.0] O, Lh

" 720 86.6 2.09 - ¢.08 1.3k 0,23 0,90 81.3 - 1.0L  0.03 0,02 0,45

" c) 259 3.24 - - 0,05 0.05 0.08 - 256 - - -

n d) 195G 93.0 - - 64,7 13.5 5.9 - 2,48 15.3 - 0.06 0.59
Total 1690 178 2,93 400 14 39.2 11 595 49.6 275 0.69 0.29 3.59
2/25/66 210 144 bo47 - 0,07 2.726 0.27 1.40 132 1.87 0.22 0,03 0.03 0.42

n 390 111 2,23 - 0.04 1,17 0.16 0.76 1 1.39 0,12 0,02 0.01 0.29

" 570 105 1.76 - 0.03 0.93 0,12 0,69 102 - o.gg 0,01 0,01 0.25

" 50 100 1.60 - 0.03 1.67 0.10 0.99 96.3 0,06 0. 0,02 0.0L 0.21

" {c) 125 0,01 - - - 0.02 0.02 - 0,30 125 - - 0.05

" dl 26.4 10.6 - - 4.83 0.52 2.42 4.99 2.72 2.69  0.01 0,01 0.06
Total 611 21.6 - 017 10.9 1.19 6,28 Lh3 6.34 128 0,09 0.07 1.28
Grand Total 2300 199 2.93 400 152 40,4 117 1040 56.0 403 0.78 0.36 4.87
Product retained in equipment 4.8

Product retained in residue

lotal product

* Vacuum aried at 850°C for 11 hours

{a) Column 9 net included.
(p) Includes 1/2 the “He found.
(¢c) Gases evolved from cold trap while thawing,

{d)} Gases evolved from heating ¢old trap and passing gases through a uranium bed decomposer at 550°C.

prior to mun.

%
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TABLE VITT

Run 12: @ases HBvolved from Irradiated Target in Pre-Treated*
Flux at 8%0°C for 24 Hours - Carbon Steel Cruoible

Total cc (STP)

Time, ‘Total

.-é%a

Date min yol¢8? Hg *He *He HT Ty A co Na C0g Ar CHe 0y
3/7/66 136 - 547 6.7 2.19 248 51.0 13.1 39.7 122 11.0 477 1.70 C. bdy 0.33
i 185 135 21,2 0.01 8,55 20,2 b2 1.3 Touk - 3.98 0.0L 0,03 0.01
4 290 157 20.6 - 1.38 16.0 2,97 11.0 110 - 6.40 - 8.03 0.02
" 340 156 15,6 - .45 10.0 1.58 6.60 122 - 6.{# 0,03 .03 0,11
" 20 1y 9.77 - 0.03 5.69 .78 3.63 122 - 6. 0.01 0,03 O.Sg
" 800 123 . - - 3.58 0,47 2,26 107 - 5,50 - 0.02 0.
Total 1263 165 2,20 259 106 23.1 775 659 11.0 33.3 1.75 0.58 0.60
3/8/66 210 129 7.99 - - 3.67 0.37 2,21 108 0.53 4.20 0.0L 0.01 0.01
" 360 118 3,22 - - 1.54 0,18 0.95 10 - 8.8 0.0} 0,12
" 57Q Lz 37 - - 1.63 0.19 1,00 12 - 10.8 - 0,01 0.03
" 870 175 L.28 - - 1.85 0.21 1.13 156 - 12,3 - 0.02 0.07
Potal 564 19,0 - 259 8.70 0,95 5.30 494 0.53 40.1 0.01  90.05 0.23
Grand Total 1830 184 2,20 115 24.1 g2.8 1150 1i.5 73.4 1.76 0.63 0.83
Product retained in equipment 3.9

Product retained in residue
Total producs

i3

* Voeuum dried at 850°C for 11 hours prlor to run,

(a) Column ¢ not included; all of the gases passed directly through uranium bed decomposer
at 550°C during the run.
() Includes 1/2 the “He found.
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Time,
Date min

3/10/66 95
" 230

" 800
Total
3/11 /66 300
n / 870
Total
Grand Total

Produet retained in equipment
Product retained in reasidue

Total product

TABLE IX

Fun 13: Gases Evolved from Irradiated Target at 900°C
for 24 Hours - 304L Stalnless Steel Crucible
Total ez {3TF)
Total ‘ Toge .
Volt® Hg He $He HT Tg (¥ [534] N, co, Ar CHy Gy
&89 118 2.96 361 110 45.0 102 ik 23.2 3.31 0.75 0.48 Q.20
121 23.9 0.02 16.3 7.9 156.2 35.1 24.5 1.38 0.92 0.01 0.02 0.01
55.0 23.6 - 2,33 18.1 L.16 13.2 5.12 1.38 0.11 0.04 0.03 0.1
865 166 2,98 380 166 654 150 54.0 26.0 434 0.80 0.53 0.32
11.1 5.79 - 0.18 3,82 0.55 2.4 0,27 0.34 0.02 0.03 0.05 0.05
12.6 7,20 - 0.34 L. 04 0.50 2.52 0.20 0.23 0.02 0,02 0.01 .04
23.7 13.0 - 0.52 7,86 1.05 L.98 0.47 0.57 0.04 0,05 0.06 0.09
889 179 2,98 341 174 66.5 155 5.5 26.6 4.38 0.85 0.59 0.4
20,0
0.007
173

ia.) Column 9 not included; all of the gases passed directly through uranium bed decomposer at
§50%¢ during the run.
{b) Includes 1/2 the “He found.
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TABLE %

Run 14: Qases Evolved frem Irradiated Target at 850°C
for 11 Hours - 304L Stainless Steel Crucible

‘'otal oce [STP}

Time, fotal 10Lgl
Jate mfn Vgl 8t ily e e HY Ty Tt co Ng CO, Ar CH, Qg
3/22 /66 62 175 0.02 0.70 111 - - 0.35 - 14.2 7.17 0.35 ' 0.28 £1.3
" 72 177 - 1.89 141 - - 0.94 - 12,5 12.3 0,30 0,23 8.48
n 370 153 0.06 0.70 42.3 - - 0.35 - .04 51,2 0.02 0.08 Shal
" 760 38.6 0,06 0.03 1.4 - - 0.01 - c.90 12.8 - 0,02 23.4
Total Sigky Q.14 3.32 296 - - 1.65 - 31.6 B83.5 0.67 0.61 127
3/22/66 {e) 515 363 - - 130 12.2 77.1 5.56 1.03 2,73 - .05 0.10
3/231/66 {c) 12y 14.1 - - 4.53 0.43 2.69 0.43 102 0.4 1.64 0.01 0.04
Total 639 377 - - 135 12.6 79.8 5.99 103 3.14 1.64 0.06 0.14
Grand Total 1180 377 3.32 296 135 12.6 81.5 5.99 135 86.6 2.3 0.67 127
Product retained in equipment 10.7
Product retained in residue 0,00
Total product 1;:’72

ia; Column 9 not included; all of the gases passed directly through Hopeallte
and zeolite beds.

{b}) Inoludes 1/2 the °He found,

(¢) Gasem evolved after heating zeollte bed to 500°C.




TABLE XI

(b) Includes 1/2 the ®He found.
(¢) Gases evolved after heating zeolite bed toc 500°C.

Run 15: G@ases Evolved from Irradiated Target at 750°C for
11 Hours - 304L Stalnless 3teel Crugible
Total ¢e [STP)
Time, Tot: To a}
__Date  min  ygila’ Ha *He *He HT T, 10 o0 N, co, Ar CHa 0,
3/28/66 67 175 - 1.0L 142 - - 0.50 - 14.8 10,1 0.35 0.26 5.93
" 7% 179 - 2,09 156 - - 1.04 - 9.5 10.7 0.32 0.25 0,11
n 280 129 0,03 1.10 49.3 - - 0,55 - 13.2 58.1 0.4 0.0% 7-17
" 75 62.1 0.05 0.0k 1.53 - 0.01 0.02 - 15, 36.5 0.20 0.02 8.10
Total 545 0.08 L.24 349 - 0,00 2.11 - 53.2 115 1.00 0.62 21.3
3/28/66 c 153 78.7 - - 35,4 Lok 22.2 - 12, 2Lk 0,10 0,03 0.15
3/29/66 U 7.6 20,2 - - 10,7 1.39 6,73 9.80 32.2 1.3 0.60 0.02 0.04
Total 230 98,9 - 5‘*9 46,1 5.88 28,9 9.80 45.0 2.7 0.70 .05 0.19
Grand Total 775 99.0 424 349 45,1 5.89 31.0 9.80 98,2 138 1.71 0.67 21.5
Product retained in equipment 15.0
Product retained in residue o)
Total product ﬁ
{a} Column 9 not included; all of the gases passed Glrectly through Hopealite and
zeolite beds. i
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TABLE XII

Run 16: Gasea Evolved from Irradiated Target at 850°C for
6 Hours - 304L Stalnless Steel Crucible

Total ¢c (STF)

Time T To
BLe min' \L(gl ) Ba 2He “He HT i T:&I’ cOo Na Ay Chg Cp G0,
3/30/65 &8 179 18.0 0.77 137 2.63 1.25 2.95 5.02 13.6 0. 41 0.11 0.27 0.13
" 9c 185 2.5 2,13 110 24 b 13.1 26,4 4.30 8.40 G.19 .09 0.07 0.11
" 460 151 16.1 0.32 32.2 34.0 24,4 41.5 43.0 0.23 - 0.06 C.05 0,548
Total 515 56.6 3.22 279 61.0 38.8 70.9 52.3 22.2 0.60 C.26 0.39 0.72
3/30/66 fe) 13.0 Q.01 - - - - - 0,21 0.15 0.02 0,01 Q0,06 12.5
" (d) 67.9 39.7 - - 1k.3 1.94 9.10 3.34 G.24 - 0.06 0.03 8.26
lotal 80.9 39.7 - - 14.3 1.94 9.10 3.55 0. 40 0.02 0,07 0.09 20.8
Grand lotal 596 96.3 3.22 279 75.3 40,7 80.0 55.9 22.7 0.62 0.33 0.48 21.5
Product retained by equipment 36.7
Product retained in residue 0,42
rotal product 117

(a) Column 9 not included.

(v} Ineludes 1/2 the °He found.

(¢) Gases evclved from cold trap due toc thawing.

(d) Gases evolved from heating cold trap and passing gases through a uranium decomposer at 550°04
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Rune 17, 18, 19, and 22:

TABLE XITT

Steel Crueiblee at 850°C

@ases Evolved from Carbon and Stalnless

Totel oc (STP)

Time, Total
Run Date min_ vo1'®?
17 b/1/766 330 142
m\m W66 - 26.5
17B{e) 4/1/66 - 78.7
Total 247
18 L A/GE 290 56
18a(®) uﬁfee z 523.1
18B(e) b /66 - 50,6
Total 644
19 b/5/6€ 270 555
19afb) a/5/66 - 20,7
198(e) #/5/66 - 32.3
Total 608
22 4/15/66 225 158
QQAEb; 4/15/66 - 12.8
22Ble) 4 /19/66 - 26,3
Total 197

Mo

75.6
0.02
60,2

136
o4
C.02
41,8
145
65.5
0.05
27.
93.5
114
0.07
ee,

136

Fun 17 - 304L ¢rucible containing unirradiated terget.

Run 18 - Carbon steel crucible ¢contalning unirradiated

Run 19 - Empty earbon steel crucible.

Run 22 - Empty 304L crueible.

() Columns 10 and 17 not included.
(b} Gas evolved frum trap when thawed to room temperature.

(¢} Gaa paseing through uranium decomposer while heating trap

®He ‘He HT Ts
- 4,65 2N 0.01
: - oo  @.of
- 4,65 5,47 0,08
- L5 1,19 G, 11
- - - 0,01
0.03 0.04 1.03 0. 01
0.03 3.49 2.22 0,13
- 1,55 0.50 0.17
. - - 0.01
- - C.60 -

- 1.55 1,10 0,18
- - 0. b -

- 0:01 0:29 -

- 0.01 0.73 -

target.

Total

Te co N,
1,24 40,5 17.9.

- - 0.65
2,07 3,01 0.21
3.31 3.5 8.8
0,70 408 45,8
0,01 0,32 0,31
0.52 1.52 o, 14
1.23 410 46,3
G.42 438 43,2
0.01 0,59 0.36
0.30 0.66 0.21
0.73 439 48.8
Q.22 42,8 -

- 0.33 0,20
0.15 0.94 0,34
0.37 LHI 0.54

to about 100°C,

Ar

0,4ty
¢.03

C. 47
0. 40
0.05
0.45
0.05
Q.01
0.06

0,01

C.01

—CHa_

Q.27
0.10
0.21

0.58
0,62
0.04
0,07
0.73
c,61
0,06
.08
0.72
0.16
0,06
0.07

0.29

_CG0g_ CO,+4C0
0,28 ho,7
25,6 25,6
11.0 14,0
36.9 80.4
0.85 409
27.3  27.7
6.50 8,02
34,7 4l5
0,22 438
15,5  20.1
2,80 3,46
22.5 46z
0.13 42,0
12,17 12,%
2,55 3,49
14,8 58,8
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TABLE XIV

Run 21: (ases Evélved from Irradiated Target at T50°C
' for 11 Hours - 30LL Stainlese Steel Crucible

Total cc {STP)

Time, Total To
late min Vo1'8) H *Re ‘He HT Ty 1y ¢ ) N, O, Ar Chs 0Oz
/14,66 62 188 35.5 1.03 128 2,13 0.60 2,18 3.93 15.9 0.17  0.60 0.23 0.30
" 85 175 28.5 2.21 106 18.4 4,56 Jﬂéls 8.62 6.33 0.21 0.32 0.12 0.07
" ThL5 150 29.8 0.24 26.0 6.3 23.3 6 21.3 2.09 0.04 - 0.09 0,13
Totai 513 93.8 3.48 260 66.8 28.5 63.6 33.9 24.3 C.42 0.92 0.k 0.50
! {c} 20.6 0.01 - 0,01 0.02 0,01 0.02 0.29 0.24  19.6 0.04 0.02 0,11
"o d 95.6 66.6 - - 5.33 0.12 2.78 3.67 0.60 19.1 - 0.09 0.11
A Total 136 66.6 . 0.01  5.35 0.3  2.80  4.16 0.8,  38.7  0.04 0,11  0.22
' Grand Total 629 160 3.48 260 72.1 28.6 66.4 38.0 25.2 39.1 0.96 0.55 0,72
Froduct retained in aq_uipmen'; 17.8
Product retained in residue 1.28
Total product 85.5

(a) Column 9 no% included.

(b) Includes 1/2 the °He found.

{¢c) Gases evolved from cold trap due to thawing.

(d) Grses evolved from heating cold trap and passing gases through & uranium decomposer at 5509¢,
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APPENDIX B
EXTRACTION OF TRITIUM FROM LITHIUM ALUMINATE TARGETS USING FLUX

A conslderable amount ¢f work was done at the Savannah River
Laboratory tc evaluate the process proposed by Pacific Northwest
Laboratory for the extraction of tritium from lithium aluminate
targets by dissolution in molten Na,B,0, at 850°C. Although a
flux was found not te be necessary, this work 1s of interest and
i1s summarized in this Appendix.

In the proposed fluxling process, shown in Figure 5, the
aluminum-clad targets are charged to the furnace with dehydrated
sodium tetraborate in a welght ratio of 20% targets to 80% flux.

Ceramic Targets
'

Charge Furnace
Na,B,07 20 wt % Ceramic

) 80 wt % Dry Flux
Melt to Glass

LEvocuute ond Leck Test 1

']
] Extract ot 850°C

Cast to Shape

{
Discard Crucible .

FIG. 5 PROPOSED FLOWSHEET FOR EXTRACTION PROCESS WITH FLUX

As the temperature of the evacuated furnace 1s increased to 85000,
some o©of the tritium 1s evolved when the cladding melts; thils is
elemental tritium which 1s released even at room temperature if
the cladding 1s punctured. The remainder of the tritlum slowly
evolves as the flux dissolves the target. The cruclble contain-
ing the residue is then buried. Significant information obtailned
from experiments with both irradiated and unirradiated targets to
demenstrate the proposed process is discussed below.
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Successful Dissolution

Dissolution of a L1A10,; target in four times its weight of
molten sodium tetrahorate at 850°C allows extraction of more than
98% of the tritium in 20 hours (Runs 9, 11, and 12). No trace of
target materlal was found when the crucibles containing the resi-
dues from these runs were cubt at two-inch intervals. Ceramilc
residue was not found on the bottom of the erucibles when the
bottom sectlons were cut along thelr axes. A plot of the gases
evolved during Run 12, shown 1n Figure 6, indicates that pessibly
&ll of the trifium was released from the target during about six
hours at 850°C, as in the case of runs without flux, and that the
remaining time was spent vacuum cutgassing the tritium from the
metal equipment, Since the dissclution of unirradiated ceramic
in flux at 850°C was only about 40% complete in 10 hours, as
egtimated from the crucible sectlons of Run 5 in Flgure 7, irradi-
ated targets apparently dissclve faster than unirradiated targets.

200
CO+ C02
a
}_
2
S 800 [~ ]
<
©
=2
O
-
ul
w
L=]
o
o 400— -
g
= YHe
4
Hp
Ta
5 [ | | | |
& S5 10 15 20 25

Time, hours

FIG. 6 GASES EVOLVED AT 850°C - WITH FLUX (Run 12)
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By
NEG. 66618 NEG. 66619
2 Inches from Bottom 4 Inches from Bottom

NEG. 66620 o NEG. 66621
5 Inches from Bottom 6 Inches from Bottom

NEG. 66623 NEG. 66624
8 Inches from Bottom 9 Inches from Bottom

Ceramic Pellets were Placed in the Crucible Side by Side
for a Total of ~5 Inches, Starting from the Bottom,

FIG. 7 EXTENT OF CERAMIC DISSOLUTION AT END OF RUN 5
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Losses to the Residye

Analysis of the residues showed that 1 to 2% of the T, was
retained in the flux and was unextractable {Runs 9, 11, and 12).
Althcugh the samples analyzed were taken from varilous locations
in esach of the crucibles, they agreed within 1% for any one run,
indicating a uniform concentration. The Tz 1ls probably retained
by exchange with the ftraces of water remaining in the flux.

Suspending Targets

The targets must be suspended off the bettom of the crucible
in order fo uniformly dissolve the L1Al0, in flux. Otherwise the
dissolution rate of the ceramic on the bottom of the eruclble will
decrease as the denser flux contalning dissolved LiAl0, settles
to the bottom. Filgure 8 shows the remains of a target after 10
hours at 850°C in flux (Run 4). The crucible and most of the flux
has been removed from the ceramic residue except for the bottom
1 inch. The bottom 4 inches of ceramic dissolved much slower
than the remainder of the target. Suspending the target on a
grate 4% inches above the bottom of the cruclble gave a much more
uniform dissolving rate (Figure 7).

T v g g g e

NEG. g§522

FIG. 8 EXTENT OF CERAMIC DISSOLUTION AT END OF RUN 4

Evolution of Hy, CG, and CG,

As shown in Table IV, during the extraction of tritium with
untreated flux, 9 GVR of H, and 12 GVR of CO4+CO; are zalso evolved
{(Run 8). Pretreating the flux at 850°C for 11 hours in a vacuum
reduced the Hp; and CO+CO, evolubtlon to about 1.5 and 7.C GVR,
respectively (Runs 11 and 12). Continued vacuum drying of the
flux at 850°C removed very little additional water, as interpreted
in Figure @ from the data of Run 2. Attempts to pretreat at
10009C caused the flux to decompose (Figure 10). All of these
experliments with flux were conducted in carbon steel crueciblies.
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FIG. 9 H,0 LEFT IN Na,B,0, AS A FUNCTION OF TIME AT 850°C IN A VACUUM

NEG. 94560

FIG. 10 INTERNAL VIEW OF FURNACE SHOWING DECOMPOSED Na B, 0

2477
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The later realization that the crucibles add both carbon cxides
and water in the amcunts suggested by Table III has not been
inciuded in the data; e.g., approximately 2.5 GVR of CO and CO;
should be subtracted from the total as the contribution from the
carben gteel crucible,

Corrosion

The maxlmum corrosion rate of both the stainless steel and
carbon steel crucibles was about 5 mils in 20 hours, close to
that observed by PNL; no locallzed attack was observed,

HTO AND T,0

As observed in Runs 8 and 11, 75% of the tritium is evolved
ag water vaper when untreated flux is used, whereas pretreating
the flux reduces the fractlon to 40%; this vapor can be readily
decomposed by hot uranium chips.

Use of Lower Ratic of Flux to Ceramic

One run was made (Run 6) using a flux-to-ceramic ratio of 2
instead of the usual 4. The amcunt of ceramic material dissolved
or severely attacked by the flux varled considerably depending
upon the location of the ceramlc in the crucilble, as shown in
Figure 11. There was a large vold arcund the top three inches of
ceramic material thus accounting for the low dissolution rate at
that location. The initial release of gases from the target
probably acted as an air 1ift and moved some of the flux into the
top, e0ld, reglon of the furnace where 1t sclidified. The poor

dissolution over the bottom 3 Inches indicates again the need for
suspending the material off the bottem of the erucible. The

results of this run emphasized that a flux-to-ceramic ratio of
4 is necessary to ensure that the targets will be completely
surrounded by molten flux.

Analyses of Sodium Tetraborate
A variety of chemical analyses were used to conflrm that:
¢ The decomposition products of the sodium tetraborate

which was heated to 1000°C (Run 2d) in vacuum included
metallic sodium.
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NEG. 66648 NEG. 66650 NEG. 66651
1 Inch from Bottom 3 Inches from Bottom 4 Inches from Bottom

NEG. 66653 NEG. 88655 NEG. 66657
6 Inches from Bottom 8 Inches from Bottom 10 Inches from Bottom

NEG. 66659 X ' NEG. 66660 \ NEG. 66661
12 Inches from Bottom 13 Inches from Bottom View from Top of Crucible

FIG. 11 EXTENT OF CERAMIC DiSSOLUTION AT END OF RUN 6
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e The "anhydrous" Nao,B,0, contains approximately 1%
water that is released between 850 and 1000°9C, and
contains unstable impurities that liberate signifi-—- . ‘
cant quantities: of €05, 0O, and Hyv -

e There 1s no selective leaching of lithium from . i
1lithlum-aluminate targets by the NayB,0, flux. - 5

e The carbon oontent.df Nao-By0- from several sources '
varied from 25 to 350 ppm. ’

Disadvanteges of Using Flux

There appear to be no advantages In using flux to extract
tritium from lithium aluminate to offset the numerous disadvan-
tages listed below: ‘

¢ The loss of tritium to the flux will run between 1
and 2% compared to <0.1% extracting without flux.

¢ NayB,0, which is low 1n molsture content may be dif-
ficult to obtain; new equipment and techniques would
be required for charging the flux to the production
furnace.

e The capacity of a furnace charge 1s reduced markedly
by the large volume occupled by the flux.

e The amount of water vapor evolved when using flux is
many times greater than without flux, thus requiring
additlonal uranium decomposers. i

® The amount of C0+00, evolved durlng the extraction of
tritlum with flux is at least 10 times greater than
without flux. '
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