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Abstract
A description is given of a chamber designed to permit electrodes
for spectrochemical analysis to be loaded outside the spectrographic lebora-
tory, excited with spark or other intermittent excitation, and disposed of
with a minimum risk to persomnel, If strippable films are used to protect
the most heavily exposed surfaces, residual radiation levels of ~ 2 mr/hr
at contact on the chamber parts can easily be attained for samples custome~
arily encountered,
1, Introductiop
In analyzing and type of material spectrochemically, one naturally
attempts to attain the maximum accuracy, precision, sensitivity and speed,
In enalyzing radicactive materials, however, the main consideration is
safety, and the following factors must be considered firsts

(a) Protection of operators from o, /B and ¥ radiation
(shielding).,

(b) Protection of operators from contact with radio-
active materials,

(1) Minimization of number of handling and
transfer operations prior to excitation
of sample,

(2) Prevention of air contamination, especially
during excitation of sample,

(3) Safe and rapid disposal of used electrodes,

(4) Safe, rapid, and complete decontamination of
auxiliary apparatus,

The general interests of safety and efficiency are usually served best
by standardizing techniques as much as possible, When the samples are radio-
active, safety and efficiency also affect the choice of excitation technique

and sample form,



le Choice of Excitation Technique

Since the discharges used in spectrochemical analysis are dis-~
ruptive, they must be conducted within an enclosed chamber in order to
provide shielding and prevent contamination of the air. It must be possible
to decontamimate such a chamber quickly and safely, both in order to safe-
guard personnel and to have the chamber available for re-use a8 soon as
possible,

The effectiveness and dispatch with which a surface can be de-
contaminated tends to vary inversely with its area, The minimum permissible
internal area of a chamber is dictated largely by the size and power rating
of the discharge taking place within it, If the discharge continuously
liberates large amounts of heat and vapor, as is the case with the D. C,
arc, the chamber must have a volume large enough to prevent overheating,
This is a matter both of convenience of handling and of possible Spectral
line interferences from chamber materials which might be volatilized into
the discharge if the chamber walls were too close to the ar¢, The use of
spark techniques, however, lowers the temperature within the chamber, and
makes it possible to adopt two measures which greatly simplify the de=
contamination problem:

1, The size of the chamber cavity may be greatly reduced,
thus decreasing the contaminated area,

2. The area exposed to contamination may be coated before
exposure with a strippable film, After exposure, this
film may be removed, gnd the contamination eliminated.
This technique can be used only with spark excitation,
since the film materials available cannot withstand the
temperatures prevailing in an arc chamber,

Almost all of the radiocactive materials analyzed in the authors?®

laboratory occur in solution form, Since this laboratory's non-radiocactive
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solutions are usually analyzed by either the copper spark method (1), or
the porous cup method (2), it appeared that the most ssrviceable protection
chamber would be one built expressly for spark sxcitation of solutions by
either of these methods.
A chamber has been dsveloped which has the following characteristics:
1, It permits the sample to be carried te the laboratory,
excited, and disposed of without exposure of operators
to dangerous levels of rediatiom or air-borne contemi-

nation,

2, It cam be dscontemineted im 2 - 3 minutes, with negligible
risk to the operator.

The ckamber consists essentially of two cassette asgsemdblies and a
ghnber block. The cassette assemblies comtain ths ﬁe@“&;rodem ; and can be
eJ,oud in such a way as to protect the coperator against radistiom or contui-v
nated dust coming from the sample. |

2., Assexbly and Opesrsetiom of Chamber

When the copper spark method is to be used, the order of operations
is as follows (See Figure 1): A 1/4" diam. copper rod, machined as described
in (1), is imserted part way into a closely fitting stainless steel tube. A
lang U-shaped cut hes besn made im the wall of the tube, and the metal tomgue
thus formed bemt imto the form of & wave (~) of very low emplitude. The ruult-
- ing spriag actiom prevents the elé@tr@ﬂe from slipping out of the tube. A
copper electrode im its tube is shown in Figure 1, part D. '

The loaded tube is them inserted into & stainless steel-limed hole‘
in the flueretheme rotor (Figure 1, part E) and pushed through umtil the emd
of the ccpper electrode emerges imto thse hemi-cylimdricel cevity hellowed out
" in the end-surface of the rotor. This entire assenbly is then inserted imto

the steiniess stesl cassetie (Figure 1, part F), smd secured by imserting the
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- thresded turning pim (Figure 1, part A} threugh the sle im the cassette

sad screving it inte the tapped kole shown ¢m the sutside curve surface of
the roter. The completed assembly is showm im Figure 2.

The cassette is them clesed by turmimg the rotor wumtil the pin
reaches the end of its slot. Figure 2A shows the cassette assembly vhen
closed.

Two such assexblies nré prepared and sent to the laboratory

submitting the sample. They are them opemed and pleced on a suitable support,

opened as shown in Figure 2. The radicactive solution is deposited em the
ond of the electrodes by a remete-comtrol pipette, and dried to a residue
b_',y means of an infre-red lamp. If Cocoom protective coatimgs are used

(See Sectiem hA), care should be taken to avoid overheating. A sheet of
metal or cardboard, containing a 3/8w hole, may be placed over the cassette
assembly in such a way that the end of the electrode is the only portiom of
the_ assembly exposed to the rays of the lamp.

When the liquid has evaperated, the cassettes are ¢losed again,
carried to the spectrographic lsboratory, amd imserted imto either end of
the vertical holes passing through the steinless steel chamber block. They
are correctly orieantsd and held inm plece by their rims and e suiteble pair
of indexing and retaining screws. The block is provided with windows con-.~
niltmg of glass or fused q_ua.rfz discs held in suitabls recesses by spring
clips. It is supported on the optical bench as shown in Figure k.

Once the cassettes are in place, the chamber cavity is created by
rotaiing the rotors within the casseties by means of the turning pins.
Figure 3 shows the appearance of the chamber after this has been done. It

will be noticed that the two cassette assemblies come together at the cemter
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of the block, completely filling it except for the cylindrical cavity
surrounding the electrode gap. The surface of this cevity, most of which
is on the rotors, is the only surface directly exposed to contaminatiom.

The steel slesves lining the hole in the rotor through which
the electrodes tube is thrust project 5 - 10 mm. from the outside end-
surface of the rotors; excitation is provided by clamping the electrical
leads to this projecting portion (See Figure 4). The insulation furnished
by the body of the rotor has proven sufficient to permit the use of an
ARL spark source (peak voltage ~35 kv). The spark gap is given its final
adjustment with the aid of a projected shadow-image, and the exposure made.
The electricel leads ares then discomnected, and the rotors turned to the
closed position, thus covering the greatest part of the contaminated area.
The entire chamber, still containing the cassettes, is then removed from the
supporting yoke and carried tc the laboratory for disposel of electrodes smd
decontamination.

To dispose of the slectrcdes, each cassette assembly is removed,
still closed, from the chamber block. It is then inverted over a disposable
container, such es s wide-mouthed bottle, opened, and the contaminated slectrode
pushed out of its tube from behind; into the bottle. The cassette assembly
is then closed; and the bottle capped and discarded. After both electrodes
have been disposed of, the cassette assemblies and theﬂchamber block are ready
for decontamination (See Sectiom 4).

If the porous graphite cup technique is to be used, the porous
cup electrode (PCE) is Pirst difped cpen side down into a dilute solution of
Zapon until most of the side surface, but none of the end; or sparking

surface, has been coated ((2), Pigure 1B). This prevents corrosion of the
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slectrode tube by any acid sclutions which may bs inserted into the PCE.
(Alternatively, parts coming in contact with corrosive sclutions may be made
of tantalum or platinum.) The PCE is then imssrted into an electrode tube
open end first, until the sparking surface projscts about l/h" from the
end of the tube. This is used as the upper electrode. A 1/4" diam. graphite
rod is used as the lower electrods. The chamber iz sssembled as sbove, and
the sample solution inserted Intc the porous cup from outside the chamber.
((2), Piguwre 1A.) Subsequent disposal and decontamination are accomplished
a8 with the copper spaik techniques. Chambers now in use provide at least
2,300 mg/@m? of shislding in all dirsctions, so that once the cassstte
assepblies have been closed, after evaporation of the residus, the operator
is complstely protected from O snd ﬁ.radiatiomo Protection against y radiationm,
however, is comparativelj slight, even after the casseattes have been inserted
into the chamber block (mée Tatle I.).

Table I*

Transmission of Radiatiom through Shielding

PType of Radiation % Transmitted
Through cassette walls Through chamber block walls
(3 mm. of stainiess steel) (10 mm. of stainless steel)

o ¥one i Hone
B (up to & mev,) Noze None
7 (0.5 mev,) 83 54
7y (1.0 mev,) 87 6k
y (2,0 mev.) 90 T2

¥Data for this table kindly supplied by Dr. F. Western.

3. Avoidance of Air Contamination

The breathing in of radiocactive sclid particles may be particularly
dangerous because of the extremely high level of rediatior in the immediate

neighborhood of such a particle (4). It i¢ therefors urgent that the vapors
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crested by the excitation of radicactive samples be kept under control.

Iﬁ order to prevent the escape of radiocactive vapors into the
'roony e partial vacuum is maintained in the chamber. Ko attempt is made
to have the chamber vacuum-tight; clearances of 0.2 - 0.3 mm. are purposely
left between chamber-block and cassette, cassette and rotor, etc. The air
vwhich thus leaks into the chamber is drawn off through a small outlet drill-
ed through the body of the biock near the rear (gless) window. (See Figure 3.).
The current of the air seeping into the chamber makes the escape of radio-
active vapors into the room virtually impossible. Air samples taken during
the sparking of residues which read ~ 5 r/hr at e distance of 3" when un-
shielded have shown no activity sbove backgr©und*. Before entering the
vecuum line, the air emerging from the outlet passes through ten inches of
cotton wadding and a gas washer whose gas inlet tube is fitted with a coafse
fritted glass disc. The scrubbing iiquid 1s chosen to correspond to the
chemical nature of the radiocactive species. Tests of the gas stream before
and after scrubbing show that this step removes 90 - 99.8% of the activity
remaining in the air stream after passage through the cotton. Tests have
shown no radioactivity to be present in the condensate or oil from the vacuum
PUNP*o

4., Decontamination of Chamber

(a) Technique

It has always proven possible to reduce surface activity of the
chamber parts to a negligible level (~ 2 mr/br for (B + 7) sctivity or ~ 30
decompositions/min. for & activity at a distance of 1") by some combination

of chemical treatment and sbrasion. The chemical methods of decontamination

#Measurements made by P. E. Browa and co-workers.
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have involved disassembly of the chamber below the surface of a chemical

bath whose ingredients were chosen, if possible, to form a complex with

the radioactive chemical species. The baths were renewed until activity

was down to the level mentioned.

however:

(1)

(2)

(3)

Chemical decontaminstion methods have several disadvantages,

Their effect on P~ and y-active substances, especilally

on porous surfaces, tends to follow a law of diminishing
returns. Surfeces contaminated with radiocactive isotopes
of elements amenable to chemiczal treatment, such as the
alkalis, alkaline earths, commor metals, etc., may require
several hours for decomtaminstion; the last traces of the
more stubbors elements, such as W, Cb, ets., may yleld to
nothing short of sandpaper.

Their effect on some a-active substances, such as Pu
and Am, is both slow and imcomplete, Prolonged abragion
of the surface is always nscessary, thus increasing the
danger toc the operator.

The use of drastic chemicel sgents is limited by the
nature of the material of the chamber. Although the use
of fluorothene (polymerized monmochlorotrifluorocethylene)
in comstructing the rotors makes them proof against any
combination of chemical rsagents (3), the stainless
steel parts are particularly susceptible to attack by
hydrochloric acid enmd alkalis.

In view of the difficulties comnected with chemicel decontamination

methods, it appeared that the problem might be solved more effectively by

avoiding contamination of the surface im the first place,

Attempts were first made to pre-coat parts to be exposed to con-

tamination with a layer of Carbowax 1540 or Carbowax 4000 (water-soluble

polyethylens glycols). After exposure, this coating was removed by lmmersing

the parts in a bath of warm complexing agent and flushing this away with varm

water.

This procedure considerably decreased the amount of activity deposited

on the chamber parts themselves, but some chemical aud abrasive treatment was
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still necessery for surfaces contaminated with Pu, Am;, or large amounts of
B- and y- active substances.

The most successful coating agent found so far has been Gocoon*,

a liquid which, vhen spread on a surface, driss rapidly to give an elastic,
strippable film. The coating may be applied either by dipping or by cement-
ing suitably shaped pleces of the dried film tc the surface to be protected.

The surfaces coated are usually the internal surface of the rotor
and both flat surfaces of the cassette, including the edges which form a
part of the cylindrical cavity. When Pu or Am contamivation 1s expected,
the conical surfaces between the cylindrical cavity and the windows (seen
forshortened in Figurs 3) are also coated with the liquid.

The specially shaped pieces used in coating the rotor and the
cassette are prepared as follows: Cocoon is sprayed onto a‘pmopth qqrfaco
to form a layer approximately 0.015 inches (0.3 mm) thick, and alloved . .
to dry for approximately thirty minutes. It is then stripped from the
surface. The pleces are next stamped out of this sheet with the aid of
nuifably shaped cutting dies. Stamped pieces for the rotor and cassette,
respectively, are shown in Figure 1, part B and part C. B

When needed, the coatings are cemernted to the rotors and cassettes
with a mixture consisting of one part Cecoon emd four parts scetone. This
procedure readies the chamber for use much mere quigkly than would be possible
if the coating were applied by dipping, since the exposed coating surfaces
do not have to be dried, and no trimming is required. Figure 1, part ﬁ and
part F show coatings on the rotor and cassette, partly peeled away.

If such coatings are used, clearances between the parts involved

*Msmufactured by the R. M. Hollingshead Company, Camden, N. J.



must, of course, be correspondingly increased.

When the exposure has been completed and the electrodes removed,
the chamber is disassembled under the surface of a complexing solution to
prevent contamination of the air by radicactive dust. The film is immedlately
peeled away from the surface with forceps, and discarded. The part 1s then
flushed with fresh water and allowed to dry.

(b) Results

Table II gives the results of recent measurements made on rotors and
cassettes with the aid of a "Zeus" ionization meter. All parts were dry when
imeasured, and the instrument géonetry was the same for all measurements. All
readings are given in mr/hr; the activity in each case was a combination of B
and 7.

Table TI
Effectiveness of Decontamination with Strippable Coating*

Sample Residual Activity on  Activity on Coating Part after Activity on Part
No. Part before Coating Spectrographic Exposure, before after Removal of

Removal of Coating Coating
1 <1 | 4oo 4.0
2 <1l 250 2.5
3 <1l 150 2.5
b <1 100 1.5
5 <1 | 50 1
6 < b7 <1
T 5 <1
8 < ' 12.5 <l

*#Measuremsnts by Amenda Estepp.
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After poroui cup exposures of _lolutioni containing ~ 1 mg/nl_or -
Pu ( lpociﬂc aétivity‘ = 1.8 x 108 doconpo:iﬁonu/min/ng), the face of the
, i‘oﬁor haj Bun- found to" hﬁve as few as 30 cowmts per ininutg of activity". _
‘ator removal of the contings
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