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DISCLAIMER

“F This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

¢ bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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acid and some of the problems involved are describied,

and W. Raiff

ABSTRACT

Plating of Postum frem Hvdrofluoric Acid

The equipment for a high dernsity run of po

MILM-2Z13

von cut of hydrofiuncric

Attempts to plate large quaniities of pestum on copper have nol

Ey

ugen very successiul,

in that a3
“he resull

&

There is nco detectable amcurd of bismuth plating cut at
T i te plate

“o normal calomel sleclrode, Thois was shown by abtempis o
cut of a bismuth nitrate soluticn.

Sorubiiity of Pestum in Varicus Media

&

shows that zbout 2.56 wnits per ml, ¢lssolve at room temperal

DETAILED REPORT

I. Flating of Postuvm frop Hydrofluoric Acid Solution

F. High Densiiy Run

The general points being considered in the coastructieon

ament for the production of High Level Fostum Gauzes were mentioned in ithe

i;a;on m

O¢O v:

4 rough su\c} of the solubility of pestum in hydreflucric acid
&4 &
4 LB

Fad

of equip~

Jee b o

last progress report.™ A more detailed discussion of the progress to date

will be made here,

The develcpment work of plating postum ocut of hyi“oFluoric acid
has proceeded to the &olnt whers it is desired Lo make some runs plabting
out quantities of postuw frem 10 - 250 units per gauze, The following
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points have been considered in a report for limited distributiono2

I.  The amount of material requested for each run should be ten
per cent greater than the amount of the final yield desired, This allows
for a plating efficiency of approximately ninety per cent. To supply
this amount of material it is requested that Production ship regular pro-
duction gauzes, each one packed separstely in a platinum can sealed in &
glass ampoule, Although a separate pscking for each foil would be prefer-
able, to reduce cost it might be acceptable to place more than one gauze
in a can. Tantalum would not be acceptable as a metal to be used in canning
the gauzes. Hydrefluoric acid is corrosive to tantalum and could not be
uged to rinse the can after removal of the gauzes. The glass ampoules as
received from Production will be opened by the usual method of using a scratch
and a hot red. It is not necessary to teke steps toc prevent the oxidation of
the postum sinee it will be dissolved in the solubicn and replated anyway.

IT. The present msthod being planned for t{he preparation of the
sclutions is to place the gauzes as they are removed frem the ampoules and
cans into the bottem of the beaker. Stripping action will take place for
approximately twenty-four hours, After the stripping is compleiz, a plati-
num gauze will be placed over the gaures and the solution will be stirred
with a magnetic stirrer. A periodic check of the liguid level of the so-
lution will be made since evaporation loss may be appreciable. To reduce
the esvaroration loss the solubion will be in a cooling tath shown in

-

Figure 1.

The amount of peolionium in sciution will be about 2.4 units per
ml. Even larger quantities may he present because 2s postum plates out
more cught to go into solution.

' I1I. The plating bath will consist of a platinum beaker which will
be used as an anode as well. A cooling bath will surround this beaker since
the heat reisased by the postum will »e considerable. No investigation of
the plating procedure has been made excspt at rocm tempersture; therefore,
an effort will be made to maintain the temperature at 20°C. - 25°C. During
the plating run the bath will be stirred by means of a magnetic stirrer and
an iron nail sealed in fluorothene as a rotator.

IV. It is expected that the heat liberested by large quantities of
postum will heat the elecirode, especially during the transfer from the
plating bath to the canning process, For this reason a unique type of cathode
holder has been invented. A hollow brass tube extending above the dry box
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will have the cathode holders welded on the end. (See Figure 2.) Either
- powdered dry ice or liquid air will be used as a coolant,

The use of postum plated out of nitric acid to prepare the hydro-
fluoric acid solutions might possibly make the use of a cathode potential
controller unnecessary. However, unless the purity of postum to be used
and the hydrofluoric acid and water used to make the solutions has been
carefully checked;, it might be wiser to use one, Moreover, all experimen-
tation hus been carried out with a potential controller and the potential
kept at 0.0 v, to the nomal calomel electrode so that deviation from this
condition may give undesirable results,

V. The time required fer the completion of the plating will be
approximately eight hours, Some of the solution will have to be replenished
since during this time some will be lost by evaporation. The solution will
not be cooled to less than 259C, becsuse of the posgibility that the plating
may not proceed as has been determined at room temperature.

The solution will be sampled directly as the plating proceeds in
order to determine how far it has gone. It may be necessary to dilute the
sample to bring the concentration of activity down into counting range.

VI. The rinsing procedurs must be carried out with a minimum of
lost time. The cathode is arranged so that it may be raised and lowered.
The plating bath will be removed and the rinsing bath (See Figure 3) put
in its place. A small current is passed during the rinse to prevent ihe
solution of any material. The procedure will be repeated for the acefone
rinse but without current passing through the solution.

At the completion of the run the gauze will be removed from the
cathode holder and placed in a tantalum gun. A platinum cap will be placed
over the top with as tight a fit as possible., This gun will then be placed
in a specially constructed aluminum container designed to dissipate the heat
generated by the postum. (See Figure 4.) This aluminum can is constructed
with fins to give it & larger cooling surface. It may be originally coated
-with copper so that the copper may be stripped after the can is sealed and
in that way be decontaminated. A special vise has been constructed to hold
the can during the opening and closing procedure, ({See Figure 5.) A siml-
lar vise will be sent along with the aluminum can so that it may be opened
easily at its destination.
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After the tantalum gun has been placed in the can, a special cap
with a needle valve is placed on the can. This container is attached to
the vacuum system where it can be evacuated, This dries the gauze. It
is then filled with dry helium. The helium filled can will be returned
to the helium filled dry box where a quick change of caps may be made
with a stream of dry helium directed at the top of the can during the
change. The closed aluminum can will be placed in a copper block with
pieces of dry ice ahove and below it to cool the gauzes during the trip
to its destination.

A calculation of the increase of pressure due to the helium re-
leased by alpha particles shows that it will be approximately one atmosphere
after twenty days.

In the event that the cap of the aluminum can sticks and cannoi
be opened easily, a groove has been cut around the bottom of the can to
mark the point where the can may be cut withcut cutting into the tantalum
gun. {See Figure 4.} The bottom of the can being cut off allows the gun
to slide out easily. .

If the cap is removed the tantalum gun may be lifted out with a
small loop of platinum wire that catches under the bottom and extends over
the top. This sort of an arrangement will be necessary because the can
msy not be tipped to allow the gun to slide out.

VII. The neutron count of the completed gauze should be less
than 3 x 10% n. /sec, Indications are that this figure should be easy to
meet. In the past it has been observed that the less surface area per
curie, the lower the neutron count,

ViII. The amount of postum plated out can be detemined by a
calorimetric measurement., Care should be taken not to have the size of
the can larger than will fit into a large calorimeter,

A serious problem with very large deposits is the high equili-
brium temperature in the calorimeter. The vapor pressure of postum at
500°C, is about 1,9 mm, of mercury. Approximately a half curie of postum
will volatilize if the can has a volume of 6.6 ec, The calorimetric run
should be as sghort as possible to reduce to a minimum the amount of postum
distilling out of the can.

UNCLASSIFIED

-12 -




- UNCLASSIFIED

MIN-213

IX. Special dry boxes have been constructed for use with very
large quantities of postum, - {See Figure 6.) One will be used for the
preparation of solutions., The second will be used for plating and canning.
This one will be filled with oxygen-free dry helium. & vacuum system will
be built into the dry box to dry the plated gauze and.to introduce very
pure helium into the final aluminum can. The third dry box will be used
to clean the aluminum can and prepare it for shiment.

The interior of the dry boxes will be covered with removable paper
in order to facilitate the cleaning of the dry box after the run is completed.

X. & constant check of the laboratories will be made in the usuval
way for alpha contamination. For gamma radiation a G. M. tube will be used.
Theqtolerance level for gasmma radiation is about 0.1 8/?day or,3300 photons/
em,“/gec. On the bagis that one gamma is emitted for every 107 alphes,
approximately 1 % 107 gammas wotld be emitted every second by the btobal
quantity of material, Using these values the tolerance 1limits shown in
Table I would have to be observed.

A B-wall tube will be used %o monitor for neutrens. From a test
run it has been estimated that approximately 1.7 = 107 neutrons per sec,
will be released. The tolerance level for fast neubrons as reported by the
Health Division is 150 mo/cmag/seco If the neutrons frem the ©-F source
are considerad to be fast neutrons, the tolerance limits shown in Table II
sheuld be taken.

Two important points are made evident by these tables, First some
protection should be provided for personnel who will be working near the
source. Lead and paraffin shizlids will be installed. Second, after the
solution has been prepared, all handling should be done by remote controi.
Construction of remote control eguimeent is being carried out now and will
be reported in the next progress report. '
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Table I
CGAMAIA RADIATION TOLERANCE LIMITS WiITH 350 UNITS OF POSTUM

Distance from Source Photons/cm. 2/sec, Telerance Limit

2 feet 200 Below

1 foot , 3600 2l hours

6 inches L1,Q0 | 6.2 hours

-1 inch 14 x 105 12 minutes
1 om. 1.05 x 10° 1,56 minutes
Table IT
NEUTRON P.2TICLE TOLEBANCE LT4ITS WiTH 350 UNITS OF PCSTUiM IN 1.0 N
HYDEOFLUORIC ACTD

Distance from Source Neutrons/cn. %/sec. Tolerance Limit

I, feet ' 9.5 . 73 hours

3 feet 167 7.2 hours

2 feét - 368 3.3 hours

1 foot 1470 .49 minutes

6 inches 5,94 x 10° 12 minutes

1 inch 2.14 % 1“,5‘ 20.2 seconds

1 om, 1.38 x 106 3.3 seconds
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I-G. BACKING MATERJALS

The desire to place ben units of material on copper stemmed from a
request ?y Quk Ridge for that amount of material on a copper target in an area
1/ nox 1/8n.

It was found over a yzar ago that copper could be pla ed ocut of
hydrefluoric acid since the uCLd was a non-oxidizing medium.~ The deposit
was good and appeared to go on easily, However, only low density dsposits
weye plated.

: An attempt to plate ten units of postum on a flat surface 1/4" x
1/8" proved unsuccessful., The postvm plated slowly until three units were
plated and then csased, The plabing potential was held at -0.5 v, %o the
normal calomel electrode. .

It will be nscessarr Lo meke some preliminary runs to detemmine whs
optimum conditions for plating on coprer before any attempt is mede to plate
on the X-rsy absorption spechruam targeb. '

II. Plating of Postum fyrom Nitric Acid

A. FHinsing of Plated Gauze

Pzst experiments have saown that a gocd deal of pastum is lost
in the rinse solution.™ This seems %o be the direct cause of the acid
whigh clinge t0o the electrode as it is removed from the solution.

A method of rznolng vas used for two series of experiments in which
the gauze was placed in a buffer sclution. The buffer was a sodiur acid
phosphate buffer which had a pH of 8.9, and held this value after the addi-
tion of sn amount of 1 5 N nitric acid which would be carried by the gauze.
Table III shows the resulis of these runs. The gauze was allowed to be in
the air 24 seconds before being rinsed. It remained in the rinse solution
two minutes before being removed. The results indicate that the rinse shouid
be a pure solution without contaminants. There was no improvement in the
amount of postum lost in the rinse and the neutrcon count on the gauzss were
excessive. The recommended procedure here is not to use a buffer to neutre-
lize the acid clinging to the gauze, In this experiment the fact thabt zere
current produced the least loss of postum was again illustrated.

UNCLASSIFIED
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Table ITII

RINSING OF PLATED GAUZES IN SODIUM oCID PHOSPHATE BUFFER SOLUTION

Current Postum Postum Case Neutrons
Gauze Density Dissolved in Residue Density per sec.
_No._  Rinse _ in Rinse (mc.) {(mc.) mc. fem, < per Unit
589 20 398 LO 1391 6843.0
590 15 146 268 1505 5104
591 i0 284 1366 90 316 -
592 > 335 198 172 570
593 0 113 1153 592 24,20,
594 0 73 424 340 1204
595 20 22 0 1826 1274
556 i5 1582 0 120 L8LT
597 10 1344 1 76 256
598 5 1457 1 199 7T
599 . 0 13k 307.6 1637 45T
600 N 0 140 7.0 - 1884 78,890

. Plating Procedure

¢ ‘ An investigation of whether any amount of bismuth piates out at
0.0 v. to N.C.E. has been started, This is being carried out by weighting
some platinum gauzes, plating them at 0.0 v. to N.C.E. for six hours and
reweighing them.,
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.The solutions used were 1.0 N, 1,25 N, 1.50 N, 1.75 N, and 2.0 K
nitric acid, Each solution contained exactly 0.998 gm. BittTas Bi(N03)3
per 100 ml.

After plating, the cathodes were rinsed, without a flow of current,

o first in water and then alcohol., They were dried over a hot plate and allow-
ed to cool before reweighing, Table IV shows the weight change of the platinum

cathedes. :

4pparently no bismuth plates cut at this potentizl. The change in
weight 1is probably due to errors in weighing, The plating potential will be
changed and the experimeni repeated.

I7I. Solubility of Postum in Varicus Media

The solubility of postum in hydrcflucric acid was checked roughnly
by placing a quantity of postum in ¢ "Teflon” wial and adding 1.0 ¥ hydro-
flueric acid. A goodly excess of postum was added to 4.5 ml, of pestum in
each case. The results in Table V were ckitainsd for three runs. The azmblent
temperature was room temperature with no effort made to control it. 1L was
found that the soclution temperature was considerably nigner than ambient
temperature because "Teflon" is a geed insulaior and did not allow the heat
to dissipate very well. The average solubility may be considered to be
2.56 units per ml. at room temperature, The cross section for the X, n re-

These indicate that for large volumes of concentrated solution the nsutron
radiation becomes a serious health bazard,
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" Table IV
PL4TING OF BISMUTH AT 0.0 v. TO N.C.E.
flun No. Acid Concentration Weight Change
1 0.98 N HNO3 + 12 gamma
2 " - 1 n
3 ' " - 7 0
4 oo + 8
5 l.22 -~ 58
6 n " - 10
7 " u -7
8 A - 18 v
2 l.u8 on - 26 ®
10 woo - 29 @
11 T .20 v
12 i n I VA
13 | ' .75 ¢ . +t 8§ v
14 u " + 16 ¢
3 i " + 6 ¢
( 16 | " 430 v
17 2.0 " - 34 ¢
18 h oo - 16 v

19 n 1 . 19 t
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-Tabie'V ¥
. So;.ubz,%;t ¥ _ < s
Run dF Normelity... =~of JFostam . ‘I'h@ono Sec. . “‘“ﬁo‘t‘uma
1 4.0 : 2,39 2, 5 %, 10 ';gop mla
2 - 1,02 2.89 908_x‘20“ 4.5 ml,
3. ©1.02 2,41 7.4 %20 k.5 mi,
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