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Abstract

Methods are presented for the radiochemical analysis of precipitation, air-
filter, and impactor-filter samples for (1) fission products (Sr89, sr90, 795,
Bal40, Cel4i, and Cel44), (2) induced radiocactivities (Mn94, Agll0, w181, and
W 185), (3) high-altitude tracers {Rh102 and Cd109), (4) cosmic-ray spallation
products (Be?, Na22, P32, P33, and S39), and (5) natural radioactivity (Pb210),
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Radiochemical Procedures for Selected Radionuclides
' ' in Environmental Samples

1. INTRODUCTION

During the past several years, the Nuclear Studies Section of the Metecrology
Laboratory at the Air Force Cambridge Research Laboratories (AFCRL) has
performed radiochemical analyses on a variety of environmental samples, The
low radioactivity levels of radionuclides sought in most samples, particularly in
impsuctor-filter collections, have required radiochemical procedures which ensure
a high degree of purification and subsequent counting with sensitive low-level 3,
v, and X-ray measurement techniques. It was {elt that a worthwhile contribution
would be made to other investigators concerned with the determination of euviron-
mental radioactivity by compiling the radiochemical procedures employed at
AFCRL. For the most part, the procedures have been gleaned from the bulk of
the scientific literature (see references), the references to which are by no means
intended to be complete, and have been modified to suit our needs and purposes.

2.1 Precedure for Precipiistion Samplos (velome <1000 wi)

{1) Measure volume of appropriately collected precipitation sarnple and trans-
fer to a beaker,
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(2) Rinse the collection vessel three times with a minimum amount of 2M HCI
followed by three distilled water and three 2M NH4OI rinses. Pour the rinses into
the beaker used in 2.1 step (1) and add appropriate carriers.

(3) Filter through Whatman No, 42 filter paper using suction and wash any
solids with three 10-ml portions each of GM HC1, distilled water, and 2M NH4Ot.

(4) Dry solids in an oven at 1100C,

NOTE: Solids are reserved for separate analysis, if neces-
sary.

(5) Concentrate the sample by evaporation in a 2000-m] beaker and complete
the evaporation in a 150-ml beaker to a volume of about 25 ml. Subsequent radio-

chemical proceuures are carried out on this solution.

2.2 Procedures for Polystyrene Filter * Samples (Thuman, 1959)
2.2.1 EXTRACTION PROCEDURE

(1) Put filter sections into a beaker containing ennugh aqua regiz to allow the
sample to be completely submerged.
NOTE: Agqua regia may be prepared from 18 ml of concen-

trated HNOg and 82 ml of concentrated HC1 and
should be orange-red in color when used.

(2) Add appropriate carriers and digest on a hot plate with stirring and
prodding of thc organic filter mass until brown fumes cease to evolve,

NOTE: Extraction and equilibration with carriers.

{3) Carefully add more aqua regia to the organic filter mass and continue
digestion with stirring and prodding.

NOTE: Use about the game amount of aqua regia as in 2,2, 1
step (1).

{4) Continue digestion until brown fumes cease to evolve, then dilute the re-
gsulting mixture with distilled water and continue digestion for another 10 minutes

with stirving and progding.

*Available as8 Microgorban 88/87 from Delbag- Luftfilter, GMBH,
Schweidnitzenstrasse 11-15, Berlin-Halensee, Germany.




NOTE:  Dilute aith enough distiled water so the volume will
bo double that in 2, 2, 1 step (0),

(0} Cool the resuiting mixture and tHter thioudh: Whotnen Noo 42 tfitter pover
using suctict.  Wash the vesidue with several portions of 43 UCL Jollowed by
several distilled water rinses.

() Transfer the clear filtrate to a beoker and evaporate to a wminimar: Vautise,
Subsequent radiochemical procedures are performed vn this solution,

NOTE: Residue is reserved for geparate analysis and con-
firmation of complete extraction, if necessary.

2.2,2 DESTRUCTIVE DISTILLATION PROCEDURE

(1} Cut the filter sample into fractions of convenient size (about 1 sq {t) and
pelletize ot 20, 000 psi using a Carver Laboratory press. *

NOTE: Reduction of sample size to pellets of about 1-inch
diameter and 0. 5-inch heignt.

(2) Place the pellets in a 500-m) distilling flask and add appropriate carriers.
{3) Stopper the flask and admit the side arm into a 125-ml Erlenmeyer flask
immersed in an ice bath.
(1) Heat the distilling flask using a heating mantle and variable rheostat,
gradually increasing the temperature until dense vapors begin to evolve.
NOTE: Polystyrene liquifies at about 150°C and the distilla-

tion temperature range of pyrolysis products is 1500
to 200°C.

(3) When the vapors have distilled over into the Erlenmeyer flask, continue
increasing the temperature in increments until the sample nears dryness as indi-
cated by little or no evolution of vapors.

(6) Carefully complete the ignition over the open flame of 2 Meker burner.

(7) Cool and treat the residue with about 10 ml of concentrated HySO4 and
about 25 ml of concentrated HNO4. Heat gently over a Meker burner until dense
furnes of SO3 are evolved. Add 1 to 2 ml more of concentrated HNOg3 and again
heat to dense fumes of SO3. Repeat the addition cf 1- to 2-ml increments of con-
centrated HNOj3 with heating to fumes of SO3 until all organic matter has been

destroyed. \}
“Fred S, Carver, Inc., Summit, New Jersey. \300
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(8) Subseguent radiochemical procedures are performed on this solution,

NOTE: Some insoluble salts may be present, depending upon
carriers added.

2.3 Procedures for IPC Filter * Samples
2,3.1 EXTRACTION PROCEDURE

(i} In a 1000-ml beaker, put 500 ml of distilled water, 30 ml of concentrated
HNQg, appropriate carriers, then add the IPC filter. Add hromine water, with
stirring, until a yellow-orange color persists.

NOTE: Filter diameter is about 16 in, If sulfur analysis is
not performed, omit the bromine water,

(2) Digest on a hot plate at low temperature with occasional stirring. Add
bromine water as needed to maintain the yellow-orange color. Digest cold over-
night, then resume digestion on a hot r;]ate at low heat so that total hot digestion
time is about eight hours.

NOTE: Extraction and equilibration with carriers.

(3) Filter while hot through Whatman No. 50 filter paper using suction. Wash
residue with 50 to 75 ml of 1M HNOg. Press down pulp remaining in the funnel
with a clean beaker. Reserve filtrate,

{4) Transfer the pulp and filter paper to the original beaker. Add 100 ml of
IM HNOj; and digest on a hot plate fci thirty minutes.

(5) Filter through Whatman No. %0 filter paper using suction. Wash with 50
to 75 ml of 1M HNOj followed by three 30-ml portions of distilled water. Press
down the pulp remaining in the funnel with a clean beaker and suck dry for thirty
minutes.

{(6) Combine the filtrate from 2. 3. 1 step (5) with that from 2. 3.1 step (3) and
evaporate to about one-half the original volume. Subsequent radiochemical pro-
cedures are performed on this solution.

(7) Dry the filter paper and pulp in an oven at 1100C,

NCTE: Pulp is reserved for separate analysis and confir-
mation of complete extraction, if necessary.

*The Institute of Paper Chemistry, Appleton, Wisconsin. (See Defense
Atomic Support Agency (1960} A Study of the Fiitration and Permeability Character-
istics of IPC 1478 Filter Paper. Publication No. DASA 1168, Washington, D.C,)




2.3.2 EXTRACTION PROCEDURE, ALTERNATIVE METHOD
(1) Carry out 2,3.1 steps (1) and (2),

NOTE: Alternative method destroys organic matter,

(2) Filter while hot through Whatman No. 50 filter paper using suction. Wash
residue with 50 ta 75 ml of {M HNOj3 in small portions followed by 50 to 75 inl of
warm distilled water in small portions. Continue suction until dry.

(3) Dry filter paper and pulp in an oven,

NOTE: Reserve for separate analysis and confirmation of
complete extraction, if necessary.

(4) Evaporate filtrate from 2. 3.2 step (2) to dryness and add about 25 ml of
concentrated HNO3 and again evaporate to dryness.

NOTE: Concentration of sample and partial destruction of
organic matter,

(5) Add about 25 ml of concentrated HNQg3 and heat to boiling. Cautiously add
about 5 ml of HC1O4 dropwise. Evaporate to fumes of HC10Qy4, add concentrated
HNO3, and again evaporate to dryness.

(6) Repeat 2, 3. 2 step (5) until organic matter is destroyed.

NOTE: Complete destruction of organic matter.

(7) Dissolve residue in 50 to 100 ml of M HNO3. Subsequent radiochemical

procedures are performed on this solution.
2.3.3 ASHING PROCEDURE

(1) Carefully ash the sample in a platinum crucible over a Meker burner.

(2) Add about 5 ml of 6M HCI to the ash and heat gently. Transfer the result-
ing mixture to a 150-ml beaker using distilled water in the transfer.

(3) Repeat 2. 3.3 step (2) twice.

(4) At this point, add appropriate carriers.

(6) Evaporate the combined mixture to about 5 m! and add about 10 ml of aqua
regia. .

(8) Boil for about ten minutes and carefully evaporate to incipient dryness.
Subsequent radiochemical procedures are performed on this sample.

NOTE: Do not allow salts to bake.




2.1 Procedure for impactor Samples

2.4.1 TRANSPARENT PRESSURE-SENSITIVE CELLOPHANE TAPE
COLLECTION SURFACES CCATED THINLY WITH DOW-CORNING
HIGH VACUUM SILICONE GREASE*
(1) Place collection surface in a beaker, add appropriate carriers, and cover
with aqua regia. Digest carefully on a hot plate with stirring until brown fumes
cease to evolve.

NOTE: Collection surface has been stripped from glass
slides with dimensions 11.8 by 4.0 by 0.3 em.

{2) Reduce volume of liquid by evaporation to about one-half of the initial
volume and add an equal volume of aqua regia. Continue digestion until brown
fumes cease to evolve.

(3) Dilute mixture with distilied water and filter through Whatman No. 42
filter paper using suction,

(4) Wash the resulting organic residue several times with 4M HC1 followed by
several distilled water washes. Subsequent radiochemical procedures are per-
formed on this solution,

NOTE: Residue is reserved for separate analysis and con-
firrnation of complete extraction, if necessary.

2.4.2 ALUMINUM DISCS COATED WITH THIN FILM OF DOW-CORNING
HIGH VACUUM SILICONE GREASE
(1) Place the disc in a beaker containing about 20 ml of acetone and boil for
about five minutes on a water bath,

NOTE: Discs used as impaction surfaces had 1, 5-in. dia-
meter and 0. 003-in. thickness.

(2) Remove the disc from the acetone and wash surface withk 4M HCl, adding
the washings to the beaker,

(3) Return the disc to the beaker and boil for two minutes.

(4) Remove disc and wash with distilled water adding the washings to the
beaker.

NOTE: Disc is reserved for confirmation of complete par-
ticle removal, if necessary.

*Dow-Corning Corp., Midland, Michigan.




(5) Evaporate the mixture from 2. 4.2 step (4) to dryness and add appropriate
carrieis.

(6) Add 25 ml of 4M HCI and digest for twenty ininutes.

(7) Repeat 2.4, 2 step (6).

(8) Add about 25 ml of aqua regia and digest for thirty minutes,

(9) Filter the digestate through Whatman No. 42 filter paper using suction and
resgerve filtrate for subsequent radiochemical procedures.

NOTE: Reserve filter paper for separate analysis, if neces-
sary.

3. SEQUENTIAL RADIOCHEMICAL PROCEDURES

3.1 Mnd4, Srag, se90, 7695, Cel", and Cel ¥ in Polystyrene Fillers and
Impactor Samples

3.1.1 STRONTIUM SEPARATION AND PURIFICATION

(1) To the solutions from 2. 2. 1 step (6), 2.4.1 step (4), or 2.4.2 step (9),
containing the following carriers in accurately known amounts: cerium equivalent
to about 65 mg Ce(1O3)4, strontium equivalent to about 265 mg SrCOj3, manganese
equivalent to about 15 mg MnQy, and zirconium equivalent to about 70 mg ZrQg,
add 31 parts of fuming HNOj3 (90 percent) per 8 parts of solution.

NOTE: Agqua regia treatment of samples containing man-

ganese carrier exhibit a brown discoloration during
the initial stages of extraction.

(2) Harvest the precipitate in a 40-ml centrifuge tube.

NOTE: Collection of strontium nitrate.

(3) Collect the supernate in a beaker, dilute with distilled water, and reserve
for manganese, zirconium, and cerium separation and purification.

(4) Dissolve the precipitate from 3. 1.1 step (2) in 5 ml of distilled water.

(5) Add slowly, with stirring, 19 ml of fuming HNOg (90 percent) to repreci-
pitate strontium nitrate.

(6) Set in an ice bath for twenty minutes and stir occasionally. Centrifuge at

high speed for ten minutes. Discard supernate.

(7) Dissolve the precipitate in about 15 ml of distilled water and add about 20
mg of barium carrier and 5 mg of ferric carrier.

(8) Precipitate ferric hydroxide with 6M NH4OH. Centrifuge and save super-
nate in another centrifuge tube,




() Dissolve the ferric hydroxide in a minimum of 6M HNOj.

(1¢) Reprecipitate the ferric hydroxide with 6M NH,OH. Cen.rifuge, discard
precipitate, and add supernate to that of 3. 1. 1 step (8).

(11) To the pooled supernates, add 0,3 ml of 0.1 percent methyl red solution.

(12) Neutralize with 6M HNOg. Add 1 ml of 6M acetic acid and 2 ml of 6M
ammonium acetate. Heat nearly to boiling in a steam bath.

(13) Add 1 ml of 1.5 M sodium chromate dropwise, with stirring. Digest in
a steam bath for ten minutes.

NOTE: Volume should be = 30 ml to minimize loss of
strontium chromate,

(14) Centrifuge and discard the barium chromate precipitate.

(15) To the supernate, add 5 mg of ferric carrier.

(16) Make basic with ammonia gas, cen‘rifuge, and discard the ferric hydro-
xide precipitate, Transfer supernate to a smail beaker.

(17) Heat to Hoiling and add 10 ml of 10 percent sodium carbonate solution.

NOTE: Add the 10 percent sodium carbonate solution slowly,
stirring to avoid supersaturation.

(18) Digest until precipitation of strontium carbonate is complete,

NOTE: About thirty minutes is sufficient.

(19) Cool and harvest the precipitate in a 40-mi centrifuge tube. Discard
supernate.

(20) Dissolve the strontium carbonate in a minimum of 6M HNOj3. Dilute with
distilled water to about 10 ml, and boil for about ten minutes to expel carben
dioxide.

(21) Add about 5 mg of ferric carrier, make basic with am:inonia gas, centri-
fuge, and discard the ferric hydroxide precipitate.

NOTE: Record time tg since this is the separation of sr90
from Y90,

(22) Transfer supernate to a centrifuge tube and repeat 3. 1.1 steps (17) and
(18).

(23). Cool and cenirifuge., Discard supernate.

(24) Wash the precipitate twice with about 10 to 20 ml of 0. 5 percent sodium

carbonate solution with stirring. Centrifuge and discard washes.
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(23) After final centrifuging, add 10 to 20 ml of 0. o percent sodium casrbonate
solution and filter through a Whatman No. 3542 filter paper disc using a Millipore”
filter chiinney and suction,

(26) Wash precipitate with 0. 5 percent sudiumn carbonate golution, followe.d by
distilled water, 95 percent ethyl alcohol, and finally anhydrous ether,

(27) Dry in an aven at 1109C for about one hour and weigh as SrC03, Record
chemical yield and 3~ count the Sr89 and sr¥0 (v90) for $r#¢ determination.

NOTE: Make first count as soon as possible after tg.

(28) Allow the strontium carbonate 10 stand for at least twoe weeks for Y20
growth, then milk for y90,

3.1.2 YTTRIUM MILKING

(1) Dissolve the strontium carbonate from 3.1.1 step (28) into a 250-m] beaker
using 5 to 10 ml of 6M HNO5.
(2) Boil for about ten minutes to expel carbon dioxide.
(3) Add 5.0 ml of yttrium carrier and dilute to 150 ml with distilled water,
NOTE: Yttrium carrier is accurately standardized and

should be equivalent to about 275 mg Y3 O3 per
5 ml.

(3} Precipitate yttrium hydroxide with ammonia gas and digest for five minutes
on a ot plate.
f3) Yilter through Whatman No. 42 filter paper using suction. Wash precipi-
tate with distilled water.
NOTE: Save filtrate for redetermination of Sr89 and 5r390

if necessary, using several distilled water rinses
to ensure complete removal.

(6) To the filter funnel, add sufficient 2M HC] to completely dissolve the pre-
cipitate, then apply suction.

(7) Wash the filter paper with 2M HCL.

(8) Transfer the filtrate to a 250-ml beaker and dilute to 150 ml with distilled
water.

(9) Repeat 3. 1.2 steps (4) and (5). Record time of milk t;,, as second precipita~
tion of yttrium hydroxid: and combine filirate of second yttrium hydroxide precipi-
tation with filtrate frora 3. 1. 2 atep (5).

————.

*Mi_l_l—ipore Filter Corp., Bedford, Mass.




NOTE: If necessary, Y90 milking can be repeated on com-
bined filtrates. (Sec. 3.1.3.)

(10) Repeat 3. 1.2 steps (6) and (7).

(11) Transfer filtrate to a 250-m1i beaker and add 100 ml of 10 percent oxalic
acid solution,

(12) Digest on hot plate for fifteen minutes.

(13) Filter through Whatman No. 42 filter paper using suction, Wash pre-
cipitate with distilled water,

(14) Transfer filter paper and precipitate to a porcelain crucibie and ignite
to yttrium oxide with A Meker burner, Cool in a desiccator.

NOTE: Ignite for at least thirty minutes.

(15) Weigh #s Y503, record chemical yield, and 3~ couvt for v90 geter-
mination,

NOTE: Count on several successive days to confirm 62.4 h
half life for Y99,

3.1.3 REDETERMINATION OF Sr39 aND sr90

(1) Slightly acidiiy the combined filtrates of both yttrium hydroxide precipita-
tions from 3. 1.2 step (9) with 4M HCI and add 20 mg of ferric carrier.

(2) Make the solution basic with ammonia gas and heat to boiling.

{3) Filter off the ferric hydroxide precipitate using Whatman No. 42 filter
paper and suction.

NOTE: Record time tg since this is the separation of Sr90
from Y90,

(4) To the clear filtrate, add 1 g of solid sodiumn carbonate.

(5) Digest for about thirty minutes to ensure complete precipitation of strontium
carbonate.

{6) Filter through a Whatman No. 542 filter paper disc using a Millipore filter
chimney and suction.

{7) Dry in an oven at 110°C for about one hour and weigh as SrCO3. Record
chemical yield and 8~ count the Sr89 and Sr90 (v%0) for Sr89 redetermination.

NOTE: Make first count as soon as possible after tg.



(8) Allow strontium carhonate to stand for at least two weeks then proceed
with 3.1, 2,

3. 1.4 MANGANESE SEPARATION AND PURIFICATION
(1) Evaporate the supernate from 3. 1.1 step (3) to near dirvness,
(2) Add about 10 ml of concentrated HNOjy to the reciduc and wash the sides
of the beaker with 2 to 3 nl of concentrated HN({)5. Again evaporate to near dryuess,

NOTE: Removal of chloride ion allows for better manganese
dooxide yield,

(3) Repeat 3. 1.4 step (2) once,
(4) To the residue, add about 40 ml of concentrated HNO3 and boil until oxides
of nitrogen have been removed,
NOTE: About 0.3 ml of 30 percent hydrogen peroxide may

be necessary to effect complete solution., Boil off
exceag nernxide, if need,

(3) Cover the beaker with a watch glass and cautiously add 1 to 2 g of potassium
chlorate ir. amall increments, replacing the watch glass after each addition.

NOTE: This precipitation of rnanganese dioxide is best
carried out while the mixture is at a brisk boil.

(6) Remave the beaker from the heat scurce and wash the watch glass with cold
distilled water, collecting the washings in the beaker.

(7) Cool the mixture in an ice bath for about ten minutes.

(8) Centrifuge and reserve the supernate in a 250-ml beaker for zirconium
and cerium separation.

(9) Wash the precipitate with 10 to 15 ml of distilled water, centrifuging, and
adding the washings to the supernate of 3. 1.4 step (8).

(10) Add 15 ml of 3M HCI1 and about 0. 3 ml of 30 percent hydrogen peroxide to
the manganese dioxide.

(11) Heat until solution is effected, adding 30 percent hiydrogen peroxide ac
necessary.

(12) Add about 10 mg of zirconitun carrier and 1 ml of 85 percent phosphoric
acid and heat to boiling. Continue boiling for {ifteen minutes.

{13) Centrifuge and transfzsr the supernate to a 40-ml centrifuge tube. Discard
the precipitate.

(14) To the supernate, add about 5 mg of zirconium carrier and boil for fifteen

minutes.
(15) Repeat 3.1.4 step (13).
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(16) Adjust the pH to 4 or 5 using 10 percent sodium hydroxide solution,

(17) Heat to about 700C and pour the mixture into a 150-ml beaker containing
35 ml of boiling 10 percent sodium hydroxide solution and 0.4 ml of 30 percent
hydrogen peroxide.

NOTE: Removal of phosphate ion and precipitation of man-
genese dicxide.

(18) Continue boiling for five minutes. remove the beaker frem heat source,
and allow the mixture to stand for ten minutes.

{18) Gravily filtzr the mixture into a 150-ml beaker using Whatman No. 40
filter paper. Discard filtrate.

{20) Wasgh the precipitate twice with 8mall portions of 3 percent sodium hydro-
xide solution followed by a distilled water wash. Discard washings.

{21) Dissolve the precipitate on the filter paper using 2 minimum amount of
hot 3M HCIl along with the dropwise addition of 15 percent hydrogen peroxide.

(22) Wash the filter paper with distilled water and evaporate the filtrate to
incipient dryness.

(23) Wash down the sides of the beaker with several ml of concentrated HNOg
and again evaporate to incipient dryness.

(24) Repeat 3. 1.4 step (23) twice.

NCOGTE: Complete removal of chloride ion,

(25) Adc 40 ml of concentrated HNO3 and boil for about three minutes.
{26) While gently heating, cautiously add about 2 g of solid potassium chlorate
in small increments, covering the beaker with a watch glass after each addition.

NOTE: Allow the reaction tc subside before each addition of
potassium chlorate.

(27) Remove the beaker from the heat source and wash down the sides of the
beaker and watch glass with cold distilled water.

NOTE: Add the washings from the watch glass to the beaker,

(28) Replace the watch glass and cool the beaker in an ice bath, Transfer the
mixture to a 40-ml centrifuge tube using cold distilled water in the transfer.
Centrifuge and discard the supernate.

{29) Thoroughly wash the precipitate of manganese dioxide with several portions
of cold distilled water. Discard washings.




(30) Dissclve the manganese dioxide, using about 2 ml of 6M HC1 and the
dropwise addition of 30 percent hydrogen peroxide.

NOTE: Gentle heat may be required to effect compli-te
solution.

(31) Adjust volume to about 15 mi with distilled water and add about 2 g ol
ferric carrier.

(32) Boil t'e solution and add enough 10M NH4OH to precipitate ferric hydroxide.

NOTE: Avoid an excesgs of 10M NH,4OH.

(33) Continue heating for one or two minutes and centriluge. Discard pre-
cipitate.

(34) Add 2 mg of ferric carrier to the supernate of 3. 1.4 step (33) and repeat
3. 1.4 step (32), if required, to precipitate ferric hydroxide.

(35) Heat for one minute and gravity filter through Whauman No. 42 collecting
the filtrate in a 150-ml beaker. Discard filter paper and precipitate.

(36) Adjust the volume of the filtrate to about 75 ml with distilled water.

(37) Add 1l g of solid ammonium chloride and 1 ml of 1. 5M dibasic ammonium
phosphate.

NOTE: If a precipitate forms here, add 1M HCI dropwise
until it dissolves. -

(38) Heat the solution to boiling and add 10M NH,OH dropwise with stirring
until complete precipitation is effected.

(39) Continue stirring and boiling until the precipitate loses its flocculent
appearance and appears crystalline.

(40) Discontinue heating, add about 0.5 ml of 10M NH,OH, cover beaker with
a watch glass, and cool in an ice bath for two hours with occasional stirring.

NOTE: A slight excess of NH40H should be present.

(41) Filter through a pretreated, tared Whatman No. 542 filter paper disc,
using a Millipore filter chimney and suction.

{42) Wash precipitate with three portions of 0. 1M NH4OH and three portions
of 95 percent ethanol.

NOTE: Check filtrate for complete removal of chloride ion
using silver nitrate solution.




(437 Dry in an oven at 1100C for thirty minutes to constant weight,

(44) Cool, weigh as NInIiI{4P()4-i{2(), record chemical yield, and ¥ count for
'\/In"'*.

3.1.5 ZIRCONIUM AND CERIUM SEPARATION

(1} To the supernate from 3. 1.4 step (8), add 100 ml of 0. 35M iodic acid and
stir vigorously.
(2) Cool in an ice bath for ten minutes.

NOTE: Precipitation of zirconium and cerium iodates.

(3) Centrifuge and harvest the precipitate in a 40-ml centrifuge tube, Discard

supernate.
3.1.5.1 Zirconium Separation and Purification

{1) Dizsolve the precipitate from 3. 1. 5 step (3) carefully with stirring, using
10 ml of concentrated HNOy, 1 ml of concentrated HC1, and 1 ml of 30 percent
hydrogen peroxide.

(2) Boil off the peroxide in a water bath and continue boiling, if necessary,
until the precipitate has been dissolved,

NOTE: Additional 30 percent hydrogen peroxide and con-
centrated HC1 may be required.

(3} Cool in an ice bath and adjust the pH of the solution extremely cautiously
to 10 by the dropwise addition of concentrated NH4OH with stirring,
NOTE: If volume does not permit the addition of sufficient

concentrated NH4OH to attain pH of 10, continue pH
adjustment with ammonia gas.

(4) Digest on a water bath for about 10 minutes. Cool and centrifuge. Discard
supernate.

NOTE: Collection of zirconium and cerium hydroxides.,

(5) Dissolve the precipitate in a minimum amount of concentrated HCl, with
gentle heat, if necessary,

{6) Centrifuge and discard any insoluble residue, Dilute the supernate with
distilled water.

(7) Repeat 3.1.5.1 steps (3), (4), (5), and (6).

(8) Repeat 3.1.5.1 steps (3) and (4),




(9) Dissolve the precipitate 1o 10 ml of concentrated HOL using gentie heat,
necessary, and pass the solution through a prepared Dowex 1-N2 anion exchange
column-. (See Figure 1.)

NOTE: For preparation of column, sce 7.1 Zirconium
Column,

Figure 1, lon Exchange Column 1 (Harley, 1963)

(10) Wash the column with 100 m1l of concentrated HC1, collecting the effluent
and wash solution in a 250-ml beaker. Reserve for cerium separation and purifica-
tion.

(11) Elute the zirconium using 100 ml of €. 5M HCI1 at a flow rate not exceeding
3 ml per minute.

*Scientific Glass Apparatus Co., Inc., Bloomfield, New Jersey.
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NOTE: Record time tg since this ig separation of zirconium
from niobium.

(12) Evaporate the eluate to about 15 ml and transfer to a 40-ml centrifuge
tube,
(13) Adjust the pH to 10 with concentrated NH4OH, Cool, centrifuge, and

discard the supernate.

NOTE: Precipitation of zirconiuta hydroxide.

(14) Dissolve the precipitate in about 3 ml of concentrated HC1 using a little

heat, if necessary.
(15) Add about 25 ml of distilled water and 4 ml of 16 percent mandelic acid

solution with stirring.

(16) Digest the mixture at 95°C for forty-five minutes.

NOTE: Precipitation of zirconium mandelate.

(17) Cool the mixture and gravity filter through Whatman No. 42 filter paper.
(18) Wash the precipitate several times with a 5 percent solution of mandelic

acid in 2 percent HCl,
(19) Ignite the filter paper and precipitate in a platinum crucible over a Meker

burrer. Complete the ignition at 12000C for at least twenty minutes in a muffle

furnace.

NOTE: Ignition to zirconium oxide.

(20) Cool, weigh as ZrOj, record chemical yield, and 38~ count for Zr93,

NOTE: Count soon enough to avoid appreciable Nb93 growth.

3.1.5.2 Cerium Separation and Purification

(1) Evaporate the effluent and wash solution from 3. 1.5. 1 step (10) to about
20 ml and transfer to a 40-ml centrifuge tube using distilled water,

(2) Add about 10 mg of zirconium carrier and carefully adjust the pH to 10
using concentrated NH4OH.

(3) Digest, cool, and centrifuge. Discard supernate.

(4) Dissolve the precipitate with 10 ml of concentrated HNOj3, add 0.3 ml of
30 percent hydrogen peroxide, and allow five minutes for reaction time.

NOTE: Reduction of Ce(IV) to Ce(lll).
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(") Add 20 ml of 0, 350 iodic acid. Cool and centrifuge., Decant the supernate

into a 40-ml Lusteroid centrifuge tube and discard the precipitate,

NOTE: Precipitation of zirconium iodate.

(¢) To the supernate, wdd 3 1l of concentrated HF while stirring with a poly-
ethylene stirring rod. Centrifuge and discard the supernate,

(7) Slurry the precipitate with | ml of a saturated solutien of boric acid, add
5 ml of concentrated HNQg, and transfer to a 40-ml glass centrifuge tube.

{8) Dissolve the precipitate by heating, cool. and adjust the pH carefully to @
with concentrated NHyOH. Cool and centrifuge. Discard supernate.

(9) Dissolve the precipitate in 10 ml of concentrated HNOj3. Add 20 ml of
0. 35M iodic acid and immerse in an ice bath. Add 1 ml of a saturated solution of
sodium bromate. Digest for ten minutes, cool, centrifuge, and discard supernate.

NOTE: Oxidation of Ce (III}) to Ce (IV) and precipitation of
ceric iodate,

(10) Dissolve the precipitate with 10 ml of concentrated HNO3, 10 drops of
concentrated HC1, and 10 drops of 30 percent hydrogen peroxide. Boil off the
peroxide in a water bath and cool in an ice bath.

(11) Add 20 mi of 0.35M iodic acid and about 1 ml of a saturated solution of
sodium bromate to reprecipitate ceric iodate.

(12) Digest for ten minutes, cool, centrifuge, and discard supernate,

(13) Collect the precipitate on a Whatman No. 542 filter paper disc using a
Millipore filter chimney and suction. Use iodate wash solution (0. 175M jodic acid
in 10 percent HNO3) for transfer. Wash the precipitate with a minimum of distilled
water,

(14) Dry at 110°C to constant weight, Ccol, weigh as Ce (103)4, record
chemical yield, and 3~ count with and without a 250 mg/cm2 aluminum absorber
for Cel4l and Cel44 determination.

NOTE: Allow at least two hours to elapse before counting

in order to ensure Cel44 to Pri44 radioactive equili-
brium,

3.2 Be', P32 p33 §35 5,89 5ud 5eM in IPC Filter Samples and Precipitation
Samples

3.2.1 STRONTIUM SEPARATION AND PURIFICATION; YTTRIUM MILKING

(1) To the filtrates from 2.1 step (5), 2.3.1 step (6), or 2, 3.2 step (7), add
concentrated NH4OH until the pH of the solution {8 about 8. (At thia step, carriers
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are present in the tollowing accurately known amounts: 73 mg as S, 8. mg as
SrC0Og3, 35 mg as MgaPan, and 359 mg as the beryiliun chelate of 8-hydroxy-
quinaldine. About 30 mg of ferric carrier are also present.)

(2) Digest on a hot plate for about thirty minutes and gravity filter the hydro-
xide fraction through Whatman No. 42 filter paner, washing three times with 10-ml
portions of 2 percent ammonium nitrate solution. Reserve filtiate tor 3,2, 1 step
(6),

(3) Transfer the hydroxide fraction from 3.2.1 step (2) to a beaker using a

minimum amount of hot 1M HNO3 followed by distilled water rinses.

NOTE: The hydroxide fraction contains some strontium,

(4) Evaporate to about 1 ml and add 40 ml of fuming HNOg (90 percent).

(5} Cool in an ice bath for about one hour and harvest the strontium nitrate
precipitate in a 40-ml centrifuge tube. Reserve supernate for phosphorus and
beryllium separation.

(6) Dissolve the strontium nitrate in 5 to 10 ml of distilled water, combine it
with the filtrate from 3.2, 1 step (2) and evaporate to a minimum volume.

(7) Adjust the pH to 4 using 6M HCl and pass the solution through a prepared
Dowex 50W-X8 cation-exchange column (see Figure 1), collecting the effluent in a
beaker.

NOTE: For preparation of column, see 7.2 Strontium
Column.

(8) Wash the colu.nn three times with 25-ml portions of distilled water, com-
bining the washes with the effluent from 3.2.1 step (7). Reserve effluent and
washes for sulfur separation and determination.

(9) Elute the strontium from the resin bed by passing eacit of six 25-ml por-
tions of 4M HCI through the column.

{10) Evaporate the eluate almost to dryness and dissolve in a minimum amount
of diatilled water,

(11} Add 50 ml of fuming HNOg (90 percent), with stirring, in an ice bath and
harvest the precipitate of strontium nitrate in a centrifuge tube. Discard soernate.

(12) Dissolve the strontium nitrate in 2 minimum amount of distilled water and
reprecipitate strontium nitrate oy adding 40 ml of fuming HNO3 (80 percent) with
stirring in an ice bath.

{13) Harvest the strontium nitrate precipitate in a 40-ml centrifuge tube and

discard the supernate.
{14) Proceed as in 3. 1.1 steps (7) to (28) and 3. 1.2 steps 1) to (15).
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3.2.2 PHOSPHORUS SEPARATION AND PURIFICATION

(1) Evaporate the fuming HNO3 supernate from 3, 2.1 step (3) to dryness and
dissolve residue in a minimum amount of distilled water,

(2) Add 3 ml each of concentrated HyS04 and concen'rate] perchloric acid and
evaporate to dryness.

(3) Add > ml each of concentrated HySO4 and concentrated perchloric acid and
again 2vaporate to dryness, Dissolve the residue in 20 ml of distilled water.

(4) Neutralize the solution with concentrated NH;OH and add about 0.4 m] of
concentrated HgoSOy4.

{5) Add about 10 mg of copper carrier and heat to boiling.

(6) Continue heating on a hot plate at low heat while garsing with HoS for about
thirty minutes.

(7) Filter through Whatman No. 42 filter paper using suction and wash the
beaker and precipitate with 5 to 10 ml of distilled water gaturated with HaS. Discard
precipitate.

(8) Evaporate the filtrate to one-half its original volume on a iot plate.

(9) Add about 5 ml of concentrated HNOg3 and approximately 50 ml of ammonium
molybdate reagent.

(10) Heat on a steam bath for about five minutes, centrifuge, and reserve the
supernate for beryllium separation and purification,

(11) Wash the precipitate with 2 percent ammonium nitrate solution, containing
a few drops of 1 percent Aerosol OT solution, and discard the washings,

(12} Dissolve the precipitate in about 1 ml of concentrated NH4OH and add
enough solid citric acid to neutralize the solution.

(13) Dilute with distilled water to about 15 ml and add 10 ml of magnesia
mixture 1 and enough concentrated NHyOH dropwise uniil the solution is just alka-
line, then add about 0.5 ml in excess.

(14) Swirl the solution for about one minute and, if a precipitate does not
begin to form, add an additional 0.5 ml of concentrated NH4OH.

(15) Swirl the mixture for one minute after precipitation begins, and then add
4 ml of concentrated NH,OH.

NOTE: Precipitation of magnesium ammonium phosphate.

(16) Allow the mixture to stand in an ice bath for several hours, then centri-
fuge and digcard the supernate,

{17) Wash the precipitate with 0,7M NH 4OH, centrifuging and discaiing the
washings,

(18) Dissolve the precipitate in 5 ml of 70 percent perchloric acid and evapo-
rate to fumes of perchloric acid,
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(19) Wash down the sides of the beaker with distilled water and again evaporate
to fuimes of perchloric acid.

(20) Dilute to 15 ml with distilled water.

(21) Add about 0.5 ml of 0. 5M potassium permanganate and heat until the
permanganate color is discharged anu manganese dioxide precipitates.

NOTF: Manganese dioxide scavenge is necessary to remove
niobium contamination.

(22) Centrifuge, cool, and transfer the supernate to a 500-ml separatory
funnel. Oiscard the precipitate.

(23) Add 60 ml of 10 percent butanol-chloroform mixture, 30 ml of concen-
trated HC1, and 70 mil of 20 percent sodium molybdate solution. Shake for two
minutes, allow the layers to separate, and draw off the lower organic phase into a
second 500-ml separztory funnel. Discard the upper aqueous phase,

NOTE: Phosphomolybdic acid is extracted into the 10 per-
cent butanol-chloroform mixture.

(24) Add 75 ml of a 3M NH4OH - 1M ammonium chloride (1:1) buffer solution
to the second 500-ml separatory funnel.

(25) Shake for two minutes and allow the layers to separate. Discard the
lower organic phase and transfer the aqueous layer to a 250-ml beaker,

(26) Heat the solution to boiling, add 30 ml of magnesia mixture II, and allow

to cool.

NOTE: Precipitation of magnesium ammonium phosphate.

(27) Collect the precipitate on a Whatman No, 542 filter paper disc, using
Millipore filter chimney and suction.

(28) Wash the precipitate with three small portions of 1:20 NH4OH followed by
three small portions of 95 percent ethanol.

(29) Transfer the precipitate and filter disc to a porcelain crucible and ignite
to MgyP,0, with a Meker burner,

(30) Continue ignition in a muffle furnace at 1000°C for one hour.

(31} Cool in a desiccator, weigh as Mg2P207. record chemical yield, and 8~
count for P32 and P33,

3.2.3 BERYLLIUM SEPARATION AND PURIFICATION

(1) To the supernate from 3.2.2 step {10), add about 1.5 ml of bromine water
dropwise and adjust the pH to about 8 with concentrated NH,OH.




NOTEYE: Oxidation of Fe (1D to Fe (1),

(2) Digest on o hot plate at low heat for about thirty minutes ond gravity fiter
the hydroxides through Whatman No. 42 filte:r paper. Discard iltrate.

(3) Dissolve the precipitate on the filter paper asing o mmimum volaite of ho*
SM HNO, and collect the solution in a !50-ml beaker.

(4) Bring the solution to a boil and add about 5 mg of zirconium: car:ier,

NOTE: Zirconium hydroxide scavengings serve to remove
radio-zirconium contamination.

(3) Cautiously pour the hot solution into about 30 ml of 10 percent sodiun.

hydroxide solution and heat with stirring,

NOTE: Resulting pH should be about 10, Heryllium being
amphoteric, remains in solution at this hydroxide
ion concentration,

(6) Gravity filter through Whatman No. 42 filter paper and wash the precipi-
tate twice with 5 ml of warm 1 percent sodium hydroxide solution.
(7) To the combined filtrate and washes, add 5 mg of zirconium carrier and

heat with stirring for about ten minutes. ,
(8) Repeat 3, 2.3 step (6), collecting the filtrate and washes in a 125-ml

separétory funnel.
(9) Add 5 ml of 10 percent sodium (tetra) ethylenediamine tetraacetate sclution

and adjust pH to abcut 6 with 2 to 3 ml of concentrated HC1,

NOTE: Beryllium hydroxide precipitates at this point.

(10) Add 1 ml of acetylacetone and shake for two or three minutes. Let stand

for about ten minutes.
{11) Add 10 ml of chloroform to the separatory funnel and shake for two or

three minutes.

NOTE: Beryllium acetylacetonate is soluble in chloroform,

(12) Allow the layers to separate and collect the lower chloroform layer in a

150-ml beaker.
(13) Repeat the extraction with 5 ml of chloroform and combine the lower

chlorform layer with that obtained in 3. 2. 3 step (12).
(14) Add 5 ml of 6M HCI and evaporate to near dryness.

acpte GOOY
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(1) Add 5 ml of aqua regia and evaporate to near dryness. Dissolve the
residue in a minimum of Jdistilled water,

(16) Add 5 ml of 4M ammoatum chloritde solution and dilute to about 50 mil.

(17) Heat the solution to 60 to 7T00C,

(18) Add 20 to 30 percent excess 2 percent 8-hydroxyquinaldine solution drop-
wise with stirring. Adjust the pH to about © with 2M NH OH.

NOTY: Precipitation of Bc(('wHBNﬂ)z.

{19) Digest the precipitate at 60 t» 709C for about thirty minutes.

(20) Filter the precipitate from the warm solution through a tared, pretreated
Whatman No. 42 filter paper disc.

(21) Wash the precipitate several times with 30-ml portions of hot 1:100
NH,OH and follow with a 30-ml distilled water wash,

(22) Dry in an oven at 110°C to constant weight. Weigh as Be(CIOHBNO)T

Record chemical yield, and y count for Be’ determination,
3.2,4 SULFUR SEPARATION AND PURIFICATION

(1) Evaporate the effluent and washings from 3. 2.1 step (8) to dryness and
dissolve in about 150 ml of distilled water,

(2) Adjust the pH to 1 with 6M HCl and heat the solution to boiling.

(3) Add about 5 ml of 10 percent barium chloride solution dropwise with

stirring and then add 10 ml more of 10 percent barium chloride solution.

NOTE: Precipitation of barium sulfate.

(4) Digest the mixture on a hot plate for at least four hours.
(5) Filter the barium sulfate through a tared, pretreated, Whatman No, 542
filter paper disc, using a Millipore filter chimney and suction,
(6) Dry in an oven at 130°C to constant weight. Weigh as BaSO, and record
chemical :ield of sulfur to this point.
NOTE: The determination of sulfur yield at this point is

not absolutely necessary. However, it provides a
convenient check on the progress of the analysis.

(7) Grind the barium sulfate with about 10 to 20 times as much sugar charcoal
in a mortar and transfer the mixture to a Coors No. 0 porcelain crucible containing

a layer of sugar charcoal.
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(8) Cover the barium sulfate-charcoal mixture with another laver of sugar
charcoal to about 90 percent of the crucible volume and cover the c¢rucible with a
Vycor® cover.

(9) Heat the mixture over a Meker burner for about twenty minutes until a
condensate is seen on the underside of the crucible cover,

(10) Continue ignition for ten minutes in a muffle furnace at 950 to 100OYC.

NOTE: Reduction of sulfate to soluble sulfide,

(11} Remove the mixture from the furnace, cool. and leaca bninediately with
cold distilled water.

{12} Gravity filter the mixture through Whatman No, 42 filter paper, collecting
the filtrate in a beaker containing 40 ml of 0. 1 N iodine sclution.

NOTEL: Oxidation of sulfide to elemental sulfur,

(13) Continue leaching until the filtrate no longer gives a turbidity with 0, 1 Ti
iodine solution. Add more 0.1N iodine solution, if needed. Discard sugar charcoal
residue,

(14) Filter the mixture through a sintered glass filtering crucible of medium
porosity.

(15) Wash the sulfur three times with 10 ml of 50 percent ethanol and with the
use of a microburner, sublime the sulfur onto a Pyrex glass plate cocled with dry
ice.

NOTE: Purification of sulfur.

(16) Allow the sulfur to harden for a few days in a desiccator. Scrape it from
the glass plate into an agate mortar.

{(17) Pulverize the sulfur to a fine powder using an agate mortar and pestle.

(18) Weigh as elemental S, record chemical yield, mount, and [~ count for
$35 determination,

3.3 589 590 Ral02, celdl celdt, w1BL w185 4uy PH210 iy Polystrene
Filters
3.3.1 TUNGSTEN SEPARATION AND PURIFICATION

(1) Transfer the solution of 2. 2,2 step {8), containing the following carriers
in accurately known amounts: rhodium equivalent to about 3 mg Rh, tungsten equi-

*Corning Glags Works, Corning, New York,
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valent to about 5 mg W, bismuth equivalent to about 25 mg Bi, cerium equivalent
to about 10 mg Ce, strontium equivalent to about 15 mg Sr, to a 150-ml beaker
using dilute HC1 and distilled water for the transfer. Dilute to 50 inl with distilled
water,

NOTE: The solution should also contain about 7 mg of
thallium carrier and about 1 mg of tellurium carrier.

(2) Add 5 ml of concentrated HC1 and 3 ml of concentrated HNCg. Heat to
incipient boiling.

(3) Add 3 ml of 10 percent cinchonine solution in 6M HC ! and digest for at
least one hour on a steam bath.

(4) Centrifuge the tungstic oxide, reserving the supernate in a 125-ml Erlen-
meyer flask for bismuth, rhodium, strontium, and cerium,

(5) Wash the precipitate once with 6M HCI1 and centrifuge. Combine supernate
with that of 3. 3.1 step (4).

(6) Dissolve tungstic oxide with about 2 ml of concentrated NH 4OH and transfer
the resulting solution to a platinum crucible.

(7) Evaporate to dryness and fuse with 2 to 3 g of solid sodium carbonate over
a Meker burner.

(8) Cool the platinum crucible and place it, with contents, in a 250-ml beaker
containing about 100 ml of distilled water. LCigest over low heat for one hour.

NOTE: Formation of soluble sodium tungstate.

(9) Filter the residue from 3. 3.1 step (8) through Whatman No. 42 filter paper
and wash with a 5 percent solution of sodium carbonate. Reserve the residue for
strontium separation and purification,

(10) Neutralize the filtrate from 3. 3. 1 step {9) with concentrated HC1 using
phenolphthalein as an indicator., Add 50 ml of concentrated HC1l and evaporate to
dryness.

NOTE: Dehydration of silica,

{11) Add about 250 ml of hot distilled water, 20 ml of concentrated HCl, 10
ml of concentrated HNOg3 and filter pulp. Bring the solution to an incipient boil
and add 8 to 10 ml of 10 percent cinchonine solution in 6M HCL.

(12) Digest for two to three hours over low heat. Remove from heat and allow
the sample to stand overnight for best results.

(13) Filter the tungstic oxide through Whatman No. 42 filter paper. Wash
several times with cinchonine wash solution (1 ml of 10 percent cinchonine

e
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solution in 6M HCL per 100 ml of distilled water) and transfer to a platinum
crucible,

(13) lIgnite over a Meker burner until all carbonuceous matter has been
destroyed.

(15) Allow the rrucible to cool and add 3 ml of concentrated HNO; and about
5t 10 ml of 49 percent HE to the tunpstic oxide-silica residue,

(18} Lvaporate the sample to dryness on a sand bath,

NOTY: Removal of silica,

(17) Allow the platinum crucible to cool and add 1 ml of 6M sodium hydroxide
solution dropwisc. Wash down the walls of crucible with 2 te 3 m1 of distilled water.

(18) Gently heat the crucible for about five minutes until the tungstic oxide
has dissolved.

(19) Transfer the solution to a 40-ml centrifuge tube using distilled water in
the transfer. Adjust the volume to about 15 ml with distilled water.

(20) Add 10 ml of concentrated HNOg and digest on a hot water bath for about
two hours.

(21) Allow to cool, centrifuge, and discard supernate.

(22) Add 1 ml of 6M acetic acid and 2 ml of 6M ammonium acetate and adjust
the pH to 5, 5.

{23) Heat to 90°C on a sand bath and add 0.2 ml of 0.1 percent Aerosol OT
solution.

(24) Add 2 ml of a 5 percent solution of 8-hydroxyquinoline in 2M acetic acid
and stir for about two minutes,

(25) Cool the tungstic 8-hydroxyquinolate and filter through a tared, pretreated,
Whatman No. 542 filter paper disc.

(26) Wash the precipitate several times with a wash solution consisting of 10
ml of 5 percent 8-hydroxyquinoline in 2M acetic acid and 50 ml of 6M ammonium
acetate,

(27) Dry the sample at 110°C for thirty minutes and weigh ag WO, (CgHgON),.
Record chemical yield and x-ray count for w181 getermination and 8~ count for
W185 determination.

3. 3.2 RHODIUM SEPARATION AND PURIFICATION

(1) To the supernate from 3.3.1 step (4), add 10 to 20" ml concentrated HNO;
and boil to completely destroy any excess cinchonine. Rerm.ove nitrogen oxides by
heating to the evolution of 803 fumes.

(2) Add about 15 ml of distilled water, heat gently for geveral minutes, and

transfer the mixture to a 40-ml centrifuge tube,
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(3) Centrifuge and reserve the supernate in another 40~ ml centrifuge tube,
Wash the residue with about 5 ml of distilled water and again centrifuge. (Combine
this supernate with that reserved in the 40-ml centrifuge tube,

NOTE: Residue is composed mainly of insoluble strontium
sulfate and traces of silica.

(4) Combinc the residue of 3. 3. 2 step (3) with the residue obtained in 3. 3. 1
step (9), using distilled water. Reserve for strontium determination.

(5) To the combined supernates of 3.3.2 step (3), add 2 ml of 5 percent
sulfurous acid and 1 mlof 57 percent hydriodic acid (phosphorus-free) with vigorous
stirring,

(6) Centrifuge and reserve the precipitate for bismuth separation and purifica-
tion. Check the supernate for completeness of precipitation by the dropwise
addition of 57 percent hydriodic acid.

(7) To the supernate from 3. 3.2 step (6), add 10 ml of concentrated HCI] and
from 2 to 2, 5 ml of 57 percent hydriodic acid (phosphorus-free). Boil vigorously
for about thirty minutes. Maintain the volume constant at about 20 ml by repeated
additions of 6M HCl.

NOTE: Precipitation of rhodium iodide.

(8) Allow the precipitated rlicdium iodide to stand for a few minutes then
centrifuge for ten minutes.

(9) Transfer the supernate to a 125-ml Erlenmeyer flagsk, Wash the precipi-
tate with about 10 ml of 6M HCL

(10) Centrifuge, combine the supernate with that of 3. 3.2 step (9), and reserve
for strontium separation and purification.

(11) To the rhodium iodide precipitate of 3. 3.2 step (8), add 2 ml of concen-
trated HCl and 0.5 to 1 ml of 30 percent hydrogen peroxide dropwise with gentle
heating until solution is effected.

NOTE: Further addition of 30 percent hydrogen peroxide
may be required for complete solution,

(12) Evaporate the solution to about 1 ml by careful boiling.
(13) Cool slightly and dilute with distilled water to about 15 ml.
{14) Cautiously add 3 ml of a saturated solution of sodium nitrite with stirring.
(15) After effervescence has ceased, heat on a water bath for ten minutes
with occasional stirring.

NOTE: Formation of soluble sodium rhodonitrite complex,



(16) Add o, l mlbof terrie carrier, stir, and digest oren water btk 0 one

mintite.  Centrituge and discard the precipitate,

NOTE: Ferrice hvdroxide scavenge,

(17) To the supernate, add 0,2 ml of fanthanim cavepe s 002 e o pherendys

thalein indicator solution, and enough 1M eadian, hvdroxide toonoke G
Just alkaline.

(18) Digest the lanthanun: hydroxide for one ininute v a water batin Centrg-
fuge, transfer the supernate to another 40-ml] centrituge tube, anrd discar«d the

precipitate,

NOTE: Rare earth scavenge.

(19) Acidify the supernate by the addition of 0.1 ml of 3M HCL.
(20) Add 2 ml of a saturated solution of potassium nitrate with vigorous stirring

until precipitation occurs.

NOTE: Precipitaticn of potassium rhodonitrite.

(21) Digest the precipitate on a water bath for at least fifteen minutes.

(22) Cool, centrifuge, and discard the supernate.

(23) Dissolve the precipitate with 2 to 3 ml of 6M HCL and gentle heating.
Continue heating arnd evaporate to dryness.

(24) Cool and dissolve the residue in 3 to 4 ml of 0,1M HC1,

(25) Fass the sclution through a prepared Dowex I-X10 anion-exchange column

(zee Figure 2),

NOTE: For preparation of column, see 7.3 Rhodium Column.

(26) Wash with 1 to 2 ml of 0. 1M HCl. Discard effluent and washings.

(27) Elute the rhodium with 15 nil of concentrated HCl, collecting the eluate
in a 125-ml Erlenmeyer flask,

(28) Add 0.1 ml of tellurium carrier to the eluate from 3. 3, 2 step (27} and
reduce the volume to about 10 ml hy boiling.

{29) Cool and add 1 ml of 57 percen’ hydriodic acid {phosphorus-ireel. Trans-
fer the mixture to a 125-ml separatory funnel containing 15 ml of 4-methyl-2-pen-
tanone which has been previously equilibrated with 1 ml of 57 percent hydriedic
acid (phosphorus-free) and 5 ml of 6M HCl. Use about 5 ml of 6M HC1 in the
transfer.
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Figure 2. lon Exchange Column 2

{30) Shake vigorously for two minutes and allow the mixture to stand for t.a
minutes.

NOTE: Removal of traces of gilver and tellurium activities.

{(31) Carefully collect the lower aguecus phase in a 125-ml Erlenmeyer flask
and carefully boil for fifteen to twenty minutes. Maintain the volume at about 10
ml by the sddition of 6M HC1.

NOTE: Care must be exercised to prevent gpattering due to
traces of 4-methyl-2-pentanone present.
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(32) Cool and transfzr the rhodium iodide to a 40-ml centrifuge tube, using
M HCl in the transfer. Reserve the flask for use in subsequent steps.

(33) Centrifuge and discard supernate.

(34) Wash the precipitat> with 5 to 10 ml of 6M HCl and again centrifuge.
Discard the supernate,.

(33) Transfer the rhodium iodide to the flask form 3. 3. 2 step (32) using
distilled water 1 the transfer. Reserve the centrifuge tube for use in subsequent
steps.

(36) Add 1 ml of concentrated HyS0, and boil until iodine fumes cease to
evolve,

(37) Cool, wash down the walls of the flask with 3 ml of distilled water, and
add 1 ml of concentrated HC1. Boil for a few minutes until reddish color of rhod-
ium chloride is apparent.

(38) Carefully add 1 ml of concentrated HNO
perchloric acid. Boil to furmes of 803.

3 and 1 ml cf 60 to 70 percent
{39) Transfer the hydrated rhodium sulfate to the centrifuge tube from 3, 3,2
step (35) using a minimum amount of distilled water in the transfer and again boil
to fumes of SO3.
(40) Cool and transfer to an electroplating cell of approximately 3 ml capacity
(see Figure 3), using distilled water to effect the transfer, Wash centrifuge tube
with distilled water and transfer to cell.

NOTE: The plating ceil should be filled to about 85 percent
of capacity.

(41) Rhodium is electroplated onto a tared platinum disc (3/8-inch diameter,
0. 00!-inch thick) by electrolysis at about 75 milliamperes for about 16 hours (see
Figure 4),

(42) Remove the platinum disc from the plating cell. Rinse with distilled
water, followed by an ethanol rinse.

(43) Dry at 1100C for fifteen minutes, cool, and weigh as elemental Rh.

(44) Record chemical yield and x~ray count for Rh102 determination.

3,3.3 STRONTIUM SEPARATION AND PURIFICATION; YTTRIUM MILKING

(1) Ignite the residue from 3. 3.1 step (9) in a platinum crucible.

(2) To the supernate of 3.3.2 step (10), carefully add about 10 ml of concen-
trated HNOg. Gentle heating may be necessary to initiate the reaction which is
somewhat violent,

NOTE: Oxidaticn of iodide to iodine,
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__RUBBER GASKET

——PLATINUM SAMPLE DISC

Figure 3. Electroplating Cell (Approximate sizes)

(3) After the initial reaction has subsided, boil to fumes of SO3 to remove all
traces of iodine.

(4) Add about 1 ml of distilled water and transfer to the platinum crucible of
3. 3.3 step (1).

(5} Evaporate to drynees on a sand bath and gently heat over an open flame
until 803 fumes cease ta evolve.

{6} Add about 2. 5 g of solid sodium carbonate and fuse cver a Meker burner.
Transfer the homogeneous melt to a muffle furnace at 300°C and continue heating
for fifteen minutes.

NOTE: Conversion of strontium and cerium to carbonates
and/or oxides.
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(7) Remove the platinum crucible from the muffle furnace, allow to cool, ard
place it and contents into a 250-ml beaker containing about 100 ml of hot distilled
water.

(8) When the fused mass has loosened sufficiently, remove it from the crucible
and wash the crucible thoroughly with distilled water, adding the washings to the
beaker along with the removed mass. Digest over low heat with occasional stirring
for about one hour.

(9) Cool and filter through Whatman No. 42 filter paper. Wash the residue
with about three 10-ml portions of 5 percent sodium carbonate solution. Discard
the filtrate and washings.

(10) Dissolve the strontium carbonate present in the residue on the filter paper
with about 15 ml of 6M HCl. Reserve the filter paper and insoluble residue for
cerium separation and purification.

NOTE: Separation of strontium.,

(11) To the fiitrate from 3. 3.3 step (10) contained in a 250-ml beaker, add
20 ml of concentrated HCl and evaporate to dryness.

NOTE: Dehydration of silica.

(12) Add another 10 ml of concentrated HCl, gently heat for five minutes, add
100 ml of distilled water, and bring to an incipient boil.

NOTE: Dissolution of strontium salts.

(13) Gravity filter through Whatman No. 40 filter paper, washing the filter
paper aud any residue with several 5-ml portions of 5 percent HCl. Discard the
residue.

{(14) Evaporate the filtrate to about 15 ml.

{15} Add 90 ml of fuming HNO3 {90 percent) and stir with the ugse of a mechani-
cal stirrer for forty-five minutes.

(16) Cool in an ice bath, centrifuge, discard the supernate, wash the strontium
nitrate precipitate with 5 ml of fuming HNO3 (90 percent), and again centrifuge,

(17) Discard supernate and dissolve the strontium nitrate in about 5 ml of
distilled water and evaporate to dryness.

(18) Dissolve the strontium nitrate with 12 ml of distilled water, add 40 m] of
fuming HNO3 (80 percent), and stir until strontium nitrate precipitates.

{18) Cool ir : ice bath, centrifuge, and discard the supernate.

{20) Dissolvz the strontium nitrate in 5 ml of distilled water and adjust the pH
to 8 with concentrated NH4OH.




33

(21) Add 0.1 ml of ferric carrier and stir until ferric hydroxide precipitates.

(22) Centrifuge and discard the ferric hvdroxide precinitate

(23} Adjust the volume to about 20 ml with distilled water and heat to incipient
boiling.

(24) Add 10 ml of a saturated solution of sodium csrbonate with stirring.

(20) Cool and filter through a tared, pretreated Whatman No. 542 filter paper
disc using suction.

{26) Wash with two 10-ml portions of 5 percent sodium carbonate solution and
two 10-ml portions of distilled water.

(27) Dry at 1109C to constant weight, weigh as SrCO3, and record the chemi-
cal yield to this point.

(28) Dissolve the strontium carbonate off the filter paper disc using 6M HNO4,
collecting the resulting solution in a 40-ml centrifuge tube.

(29) Add exactly 1.0 ml of standardized strontium carrier, equivalent to 265

mg of SrCO,/ml.

NOTE: Additional strontium carrier is necessary in order
to employ a thick solid sample technique for 8-
counting | Libby, (1957), Suttle and Libby (19553)].

(30) Add about 20 mg of barium carrier and about 5 mg of ferric carrier.
(31) Proceed with 3. 1.1 steps (8) to (28) and 3. 1. 2 steps (1) to (15).

3. 3.4 CERIUM SEPARATION AND PURIFICATION

(1) Ignite the filter paper ar- residue from 3. 3.3 step (10) in a platinum
crucible.

(2) Cool and add 2 ml of concentrated HZSO4 and 10 ml of 49 percent HF.

{3) Heat on a sand bath to fumes of SO3 to insure silicon fluoride removal.

(4¢) Transfer the mixture to a 100-ml beaker using distilled water. Add 10 ml
of concentrated HCl and 10 ml of concentrated HNOa.

NOTE: Dissolution of insoluble oxides.

{5} Boil to fumes of §0,.
(6) Cool, centrifuge, and transfer the supernate to another 40-ml centrifuge
tube.

NOTE: Discard the insoluble residue.

{7) Adjust the pH to 10 with concentrated NH 4()H. cool, and centrifuge.
Discard the superne’e.
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{8) Proceed with 3.1, 5, | steps (9) and (10) and 3. 1, 5, 2 steps (1) to (14).
3.3.5 BISMUTH SEPARATION AND PURIFICATION

(1) Dissolve the iodides from 3. 3.2 step (6) in 1 to 2 ml of 6M I{NOj3 and heat
until icdine is removed. Centrifuge and discard any residue that may remain.

(2) Transfer the resulting clear supernate to a 125-ml Erlenmeyer fiask using
a minimum of 6M HNOjg rinses.

(3) Evaporate just to dryness over an open flame. Add 5 ml of concentrated
HCl and again evaporate to dryness.

(4) Add 20 ml of 3M HCI and about 0.5 g of hydrazine sulfate and heat to
boiling.

(5) Add 1 ml of a saturated solution of sulfur dioxide and continue to boil,
making three or four successive 1-ml additions of the saturated solution of sulfur
dioxide. Boil for about five minutes.

(6) Gravity filter the mixture into a centrifuge tube using Whatman No. 40 filter
paper. Wash the flask and precipitate with a dilute solution of sulfur dioxide.
Discard the precipitate.

NOTE: The dilute solution of sulfur dioxide may be prepared

by diluting a saturated solution of sulfur dioxide with
an equal quantity of distilled water.

(7) Make the filtrate basic by the dropwise addition of concentrated NH,OH,
Add 1 ml in excess and cool in an ice bath.

(8) Centrifuge and discard the supernate,

(9) Dissolve the bismuth hydroxide in a minimum amount of 6M HNOj3 and
transier the resulting solution to a 250-ml beaker. Dilute to about 100 ml with
distilled water,

(10) Add 6M NH,OH until the solution is slightly turbid, then add 20 ml of a
freshly prepared saturated solution of ammonium carbonate.

(11) Heat to boiling, cool, test for completeness of precipitation, filter using
a Millipore filter chimney, a Whatman No. 542 filter disc, filter pulp, and suction.
Wash the beaker and precipitate with several 5-ml portions of 0, 5 percent ammon-
ium carbonate solution.

(12) Transfer the precipitate and paper to a tared porcelain crucible and then
to a cold muffle furnace. Raise temperature gradually to 6009C and ignite for two

hours.

{13) If, upon ignition, some of the bismuth oxide (yellow) has been reduced to
elemental bismuth (silver or red), dissolve the mixture in 1 to 2 ml of 8M HNO;,
carefully evaporate to dryness on a hot plate, transfer to a cold muffle furnace,
and ignite as before.
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(t4) Cool, weigh as 8'12

(15) Dissolve the yellow bismuin oxide in a minimum amount of 8M HNOj

03, and record the cheraical yield at this point.

with heating and transfer the resulting solution to a 800-ml beaker using several
distilled water rinses. Dilute with distilled water to about 200 mi.

(16} Add exactly 1.0 ml of standardized bismuth carrier, equivalent to 100 mg
of 81203.

NOTE: Additional bismath carrier is necessary in order to

employ a thick solid sample technique for 3~ count-
ing [Libby, (1357), Suttle and Libby (1855)j.

(17) Add about 20 mg of antimony, tellurium, and zirconium, and about 10 mg
of cerium holdback carriers.

(18) Dilute to about 500 ml with distilled water, adjust the pH to 4 to 5, hLeat
to boiling, and gas with HZS for twenty minutes while cooling in an ice bath.

(19) Filter through No. 42 Whatman filter paper using pulp and suction. Wash
the precipitate with 1 percent HC1 solution saturated with st. Discard the super-
nate.

(20) Transfer the precipitate, filter paper, and pulp to a 250-ml beaker.

(21) Add 20 ml of ammonium sulfide solution (about 12 percent as sulfidic
sulfur). Macerate the paper and pulp thoroughly.

(22) Gravity filter through Whatman No. 42 filter paper. Wash thoroughly
with a 10 percent ammonium sulfide solution and discard the filtrate.

(23) Transfer the bismuth sulfide precipitate and paper to a 250-ml beaker.

(24) Slowly add 60 ml of 8M HNO,. Macerate the paper and digest on a hot
plate with stirring until the bismuth sulfide has dissolved. An additional 60 ml of
8M HNO3 may be required.

(25) Cool and dilute with 100 mi of hot distilled water.

(26) Filter off the paper pulp using suction and wash with 4M HNO,. Transfer
the filtrate to a 600-ml beaker.

NOTE: Discard pulp and any insolubles.

(27) Dilute to about 300 ml with hot distilled water and add about 10 mg each
of zirconium and palladium holdback carriers.

(28) Add 12 ml of 6M HCl and adjust the pH to about 4 with concentrated
NH, OH.

(29) Dilute to 500 ml with hot distilled water, heat on & hiot plate, and hold
at 900C until bismuth oxychloride settles out,

(30) Filter with suction while hot through Whatman No. 42 filter paper and
pulp. Wash the bismuin nxychloride with a warm 0. 5 percent HC] solution and dis-
card the filtrate.
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(31) Dissolve the biamuth oxychloride off the paper with warm 6M HC1, using
three portions of about 50 ml each and transfer the resulting solution to a 600-ml
beaker.

(32) Repeat 3.3.5 step (27).

(33) Adjust the pH to about 4 with concentrated NH4OH.

(34) Repeat 3,3.5 steps (29) and (30), recording the time after the {inal 0,5
percent HCI wash as the time of separation tg of Bi210 from Pb210,

(35) Disscive the bismuth oxychloride off the paper with warm 6M HC1 using
three 50-ml portions. Transfer solution to an 800~-ml beaker.

(36) Add about 10 mg of zirconium and about 5 mg of cerium holdback carriers.

(37) Dilute to 500 ml with distilled water, heat to boiling, and gas with H,S
for twenty minutes while cooling the solution in an ice bath.

(38) Filter through Whatman No. 42 filter paper with pulp and suction. Wash
the precipitate with 1 percent HCI solution saturated with HyS. Discard the filtrate,
(39) Dissolve the bismuth sulfide precipitate off the paper with a minimum

amount of warm 8M HNOj.

(40) Transfer the solution to a 1000-ml beaker and dilute to 200 ml with dis-
tilled water.

(41) Add 6M NH OH (or concentrated NHy;OH) until the solution is slightly
turbid.

(42) Add at least 20 ml of a freshly prepared saturated solution of ammonium
carbonate.

(43) Heat to boiling, cool, and filter through Whatman No. 42 filter paper with
pulp.

{44) Wash the precipitate with a 0. 5 percent arnmonium carbonate wash solu-
tion. Check the filtrate for completeness of precipitation by adding more saturated
ammonium carbonate solution and heating. Discard the filirate when precipitation
is complete.

(45) Transfer the precipitate, paper, and pulp to a v eighed porcelain crucible.

(46) Place in a cold muffle furnace and ignite as in 3. 3. 5 step (12).

{47) Perform 3, 3.5 step (13), if necessary.

(48) Cool and weigh as Bi,0,. Record the chemical yield based on the amount
recovered in 3. 3. 5 step (14) plus that added in 3.3, 5 step (16).

{49) B~ count for Bi?10 determination.

3.4 589 590 widl 404 wIBS iy Precipitation Samples
3.4.1 TUNGSTEN SEPARATION AND PURIFICATION

(1) To the filtrate from 2.1 step (5) add the following carriers in accurately
known amounts: tungsten equivalent to about 50 mg of WO, (C 9lE-lt,‘ON)2 and atron-
tium equivalent to about 250 mg of SrCOg.

S



(2) Evaporate the sample on a hot plate almost to dryness.
(3) Add 10 ml of concentrated HCI, digest for 10 minutes using a watch glass
cover, remove cover, and evaporate to dryness. Do not bake,

NOTE: Precipitation of hydrous tungstic oxide.

(4) Transfer the tungstic oxide to a 40-ml centrifuge tube, using about 20 mi
of 2M HCI1 in the transfer, and digest in a steam bath for ten minutes.

(5) Centrifuge while still hot. Decant and reserve the supernate in a 40-m)
centrifuge tube for strontium separation and purification,

(6) Transfer the precipitate from 3.4. 1 step (5) to a platinum crucible using
a minimum amount of 2M NH4OH in the transfer.

(7) Evaporate slowly to dryness and fuse with 3 g of solid sodium carbonate
over a flame.

{8) To the platinum crucible, add a small amount of distilied water as soon as
possible and transfer the contents to a 40-ml centrifuge tube.

(9) Digest in a steam bath, maintaining the volume at about 15 ml.

NOTE: Solution is hastened by breaking up the fused mass
with a stirring rod.

(10) Cool, centrifuge, and decant the supernate into a 150-ml beaker.

(11) Add about 10 ml of distilled water to the residue, heat to boiling, cool,
and centrifuge again.

(12) Add the supernate from 3.4.1 step (11) to that of 3.4. 1 step (10) and dis-
card any residue.

(13) ..cidify the combined supernates from 3. 4. 1 step (12) with 6M HNO, and
add 5 ml excess of concentrated HNOg.

NOTE: Effervescence occurs.

(14) Add 5 ml of concentrated HC1 and heat gradually to boiling.

(15) Dilute to about 75 ml with hot distilled water.

{16) Add 5 ml of cinchonine solution, heat, and stir for fifteen minutes,

(17) Cool to about 25°C and allow to stand for thirty minutes.

(18} Filter the tungstic oxide by gravity filtration, using Whatman No. 42
filter paper without washing. Discard filtrate.

(18) Dissolve the precipitate remaining in the beaker and on the filter paper
from 3.4.1 step (18) with hot 6M NH O,

(20) Collect the reaulting solution in a 150-ml beaker, washing the filter paper
thoroughly with a minimum amount of 6M NH,OH.




38

(21) Discard the filter paper and any insoluble residue.

(22) Adjust the pH of the ammoniacal golution to about 8 with &M HC1.

(23) Add about 0.3 ml of 1 percent Aerosol OT solution and heat to boiling.

(24) Remove gnwution from the heat source and add dropwise about 2 ml of a
4 percent alcohvolic solution of 8-hydroxyquinoline with stirring.

NOTE: Alcohol may boil off violently when added to the hot
solution.

(25) Acidify the solution to a pH of about 5 using 2M acetic acid and stir until
a precipitate forms.

NOTE: Scratching the sides of beaker with stirring rod aids
in the precipitation.

(26) Digest on a hot plate for one minute and allow to stand at about 25°C for
thirty minutes.,

(27) Filter the precipitate through a Whatman No, 542 filter paper dizc, using
a Millipore filter chimney and suction. Use distilled water for the transfer.

(28) Wash with several portions of distilled water followed by several hot
distilled water washes.

{29) Add about 0.2 ml of 0.1 percent agar solution during the final stages of
the filtering process to act as a binder.

(30) Dry at 1109C to constant weight. Cool, weigh as WOy (CyHEON),, re~ord
chemical yield, x-ray count for w18l and B- count for W185 determination.

3,4.2 STRONTIUM SEPARATION AND PURIFICATION, YTTRIUM MILKING

(1) Evaporate the supernate from 3.4.1 step (5) to 8 ml.

(2) Cool and slowly add 31 ml of fuming HN03 (90 percent} to precipitate
strontium nitrate.

(3) Set in an ice bath, with occasional stirring, for twenty minutes.

(4) Centrifuge at high speed for ten minutes and discard supernate,

{(5) Dissoclve the precipitate in 5 ml of distilled water and carry out 3.1.1
steps (5) to (28) and 3. 1.2 steps (1) to (15).

3.5 Na22, P32, 58?590, and Bal40 in IPC Filter Samples
3.5.1 SODIUM SEPARATION AND PURIFICATION

(1) To the solution from 2.3, 1 step (8), 2,3.2 step (7), or 2. 3.3 step (6), add
concentrated NH 4(’)H until the solution is just basic., The solution should contain

the following carriers in accurately known ar.ounts: barium equivalent to 125 mg




BaCl,- Hy0, phosphorus equivalent to 30 mg Mg, P,0,, sodium equivaient to 20 mg
NaCl, and strontium equivalent to 270 mg Sr('()3, and approximately 20 to 30 mg
ferric carrier,

NOTE: Vycor glassware and Teflon stirring rods are used
to minimize introduction of sodium from soft glass.

{2) Heat to boiling and add 20 ml of a saturated solution of ammonium car-
bonate and digest for fifteen minutes.

(3) Cool, centrifuge, and reserve the supernate. Wash the precipitate with
0. 5 percent ammonium carbonate solution,

(4) Centrifuge and combine the washings with the supernate of 3, 5. 1 step (3).

(5) Reserve the precipitate for subsequent separations,

(6) To the supernate from 3. 5.1 step (3), add concentrated HC1 to a pH less
than 1 and evaporate to about 20 ml.

{(7) Add 0.2 ml of ferric carrier and make barely basic with concentrated
NH4OH and add 0.3 ml in excess,

(8) Centrifuge and transfer the supernate tc a 400-ml beaker,

(9) Dissolve the ferric hydroxide in a minimum of 6M HNOj3 and combine the
solution with the supernates from 3.5." step (4).

(10) ‘i'o the supernate from 3. 5,1 step (8), add 1 ml of concentrated HCl and
evaporate to near dryness.

(11) Cool and add 1 m! of 6M ammonium acetate and 220 ml of sodium precipi-
tating reagent to precipitate N:atMg(UOZ)2 (C2H302)9- 6.5 H,0.

(12) Stir at high speed for twenty minutes using a magnetic stirrer and stirring
bar,

(13) Harvest the precipitate into a 10-ml c.ntrifuge tube discarding the suner-
nate.

{14) Wash the precipitate witk 20 ml of sodium wash solution, centrifuge, and
discard the supernate.

{15) Dissolve the precipitate with a minimum amount of conceatrated HCl,
dilute to 15 ml with distiiled water, and repeat 3. 5.1 step (7).,

(16) Centrifuge and transfer the supernate to a 40-ml centrifuge tube, dis-
carding the ferric hydroxide precipitate.

(17} To the supernate from 3. 5.1 step (16), add enough concentrated HC1 to
make the solution 3M.

(18) Add 5 mg of cupric carrier and gas with HZS for five minutes.

{19) Centrifuge and transfer the supernate to 2 150-ml beaker, discarding the
precipitate.

(20) Evaporate the supernate to dryness and continue heating over a3 Meker
burner until dense white fumes cease to evolve.




(21) Dissolve the residue in water and transfer to a 40-ml centrifuge ube.
(22) Evaporate the solution to dryness and dissolve the residue in about 0.5
ml of distilled water,

NOTE: A small amcunt ot concentrated HC1 may be re
quired to cffcet complete sohition.

(23) Add 20 ml of concenirated HCl-ethyl ether (i:1) reagent. Cool in an ice

batk with vigorous stirring.

NOTX: Precipitation of sodium chloride.

(24) Centrifuge and discard the supernate.

(25) Dissolve the sodium chloride in a minimum amouni of water and reprecipi-
tate sodium chloride with 20 ml of concentrated HCl-ethyl ether reagent as in 3.5.1
step (23).

(26) Centrifuge and discard the supernate.

(27) Suspend the precipitate in 10 ml of cold absolute ethanol and filter through
a pretreated, tar.d Whatman No. 542 filter paper disc using suction, a Millipore
filter chimney, and cold absolute ethanol as a trausfer agent

(28) Dry in ap oven at 110°C for ten minutes, cool in a desiccator, weigh as

NaCl, record chemical yi¢ld, znd determine Na22 using a v - ¥ coincidence counter.
3.5.2 PHOSPHORUS SEPARATICN AND PURIFICATION

(1} Dissolve the precipitate from 3.5, 1 step {5) in a minimum amount of
6M HNOB and evaporate to near dryness.

(2) Dissolve the residue in 6 ml of distilled water and add 24 ml of fuming
HNO3 (90 percent).

(3) Cool in an ice bath {for twenty minutes with occasional stirring.

{4) Centrifuge and transfer the supernate to a beaker along with the dissolved
Fe(OH), from 3.5. 1 step (9) and reserve.

(5) Dissolve the precipitate from 3.5,2 step (4) with 5 ml of distilled water
and add 18 ml of furning HNO, (S0 percent).

(6) Fepeat 3. 5.2 step (3).

(7} Centrifuge ancd combine the supernate with that of 3, 5. 2 step {4) and re-
serve the precipitate for barium and strontium separation and purification.

(8) Evaporate the combined supernates from 3.5, 2 step (4} to & ml.

(9) Add 5 ml of distilled water, 5 ml of concentrated HNOg, 1 drop of 1 percent
Aerosol OT golution, and 3 ml of ammonium molybdate reagent. Heat on a water
bath for five minutes.

NOTE: Precipitation of ammonium phosphomolybdate.
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{10} Centrifuge and wash the precipitate twice with 20 ml of 2 percent ammo-
nium nitrate solution, containing a few drops of 1 percent Aerosol OT solution.
Discard the washings.

NOTE: The supt 1ate may be used for beryllium analysis if
require!

(11) Continue with 3. 2. 2 steps (12) to (31).
3.5.3 STRONTIUM SEPARATION AND PURIFICATION

(I) Dissolve the precipitate from 3. 5,2 step (77 in 15 mi of distiiled water.
Add 3 mg of ferric carrier and bubble in ammonia gas until ferric hydroxide is
precipitated,

(2) Centrifuge, discard precipitate, and repeat ferric hydroxide scavenge two
more times,

{3) Add 0,2 ml 0.1 percent methyl red solution and then add 6M HNOQOj3 to a
light pink color,

(4) Heat to incipient boiling in a water bath and then add 0.4 ml of 1 percent
Aerosol OT solution with stirring.

{5) Add 3 ml of 1. 5M sodium chromate dropwise with stirring.

(6) Digest for ten minutes, with stirring, centrifuge, and reserve precipitate
for barium separation and purification.

(7) To the supernate, add 5 mg of barium carrier, digest in a water bath,
centrifuge, and discard the precipitate.

{8) Make the supernate barely basic with concentrated NH,OH.

{9) Contirue with 3, 1.1 steps (17) to (28) and 3, 1, 2 stecpa (1) to (15).

3.5.4 BARIUM SEPARATION AND PURIFICATION

(1) Dissolve the barium chromate precipitate from 3. 5, 3 s.ep (6) in 10 ml of
hot 2M HCl. Cool and carefully add 30 ml of fresh HCl-ether reagent (5:1).

(2) Cool in an ice bath for five minutes with stirring. Centrifuge and discard
supernate,

{(3) Dissolve precipitate in a8 minimum amount of water. Add 5 mg of ferric
carrier and make baaic with 6M NH4OH.

{4) Centrifuge and discard precipitate.

NOTE: Filter if necessary to remove traces of ferric
hydroxide.

(5) Evaporate the supernate to 2 to 3 ml and reprecipitate barium chloride
with 30 ml of HCl-ether reagent (5:1) cool in an ice bath, centrifuge, and discard
supernate.
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NOTE: Record the time since this is separation of Bal40
from Lal40,

(6) Filter through a Whatman No. 542 filter paper disc, using a Millipore
filter chimney and suctior.

(7) Use three 5-1nl portions of absolute ethanol, containing 3 to 5 drops of
concentrated HC1 in the transfer.

(8) Wash the barium chloride with three 5-ml portions of anhydrous ethyl
ether.

{9) Transfer precipitate and filter paper disc to a vacuum desiccator,

(10) Evacuate for two minutes, slowly release suction, evacuate for five
minutes, and again slowly release suction.

(11) Weigh as BaCl ,- H,O to constant weight, record chemical yield, and
8- count for Bal40 determination.

36 Cdl®%and Ag“o in IPC Filter Samples
3.6.1 SILVER SEFARATION AND PURIFICATION

(1) The solution from 2. 3. 3 step (6) containing an accurately known amount of
cadmium carrier equivalent to about 5 mg of Cd is evaporated to incipient dryness.
(Rhodium, stroutium, manganese, and cerium carriers in accurately known amounts
may also be present should these nuclide determinations be desired).

NOTE: Silver carrier is not added due to the presence of
chloride ion, which would precipitate silver chloride,
About 5 mg of zirconium carrier is also present as
a holdback., About 7 mg of thallium and 1 mg of

tellurium carriers are also present, if rhodium is
being determined.

(2) Wash down the sides of the beaker with about 5 ml of concentrated HNOgy
and again evaporate to incipient dryness.

NOTE: Removal of chloride ion.

(3) Repeat 3. 6.1 step (2) two more times, adding about 0. 2 ml of 30 percent
hydrogen peroxide, if necessary.

NOTE: The addition of 30 percent hydrogen peroxide may
be required to prevent precipitation of manganese
dioxide if manganese carrier has been added.
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(4) Add 10 ml of 6M HNO4 and heat gently to dissolve any salts.

NOTE: Dropwise addition of 30 percent hydrogen peroxide
may be necessary to effect complete solution.

(3) Remove the solution from the hot plate ang add an accurately known quan-

tity of silver carrier equivalent to about 10 mg,

NOTE: Silver chloride should not precipitate at this point.

(6) Boil gently for about five minutes and transfer the solution to a 40-ml
centrifuge tube.

(7) Adjust the volume to about 15 ml with 6M l—INO3 and then add about 0.5 ml
of 0.1 percent Aerosol OT solution.

(8) Bring the solution to a boil and add ! ml of 1M HCI.

NOTE: Precipitation of silver chloride.

(9) Heat gently to coagulate the precipitate, centrifuge, and reserve the super-

nate in a 125-ml Erlenmeyer flask for cadmium separation and purification.

NOTE: The supernate also contains those carriers present
in 3, 6.1 step (1).

(10) Dissolve the silver chloride in 2 ml of concentrated NH4OH and dilute to
15 ml with distilled water,

NOTE: Gentle heating will aid in the dissolution.

(11) Add 2 to 3 mg of ferric carrier and centrifuge. Transfer supernate to a
40-m! centrifuge tube and digcard the precipitate,

NOTE: Ferric hydroxide scavenge.

{12) Add 1 ml of a saturated solution of ammonium sulfide to the supernate
and stir vigorously.

NOTE: Precipitation of silver sulfide.

(13) Centrifuge and discard the supernate,
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(14) Add 1 ml of concentrated HNOg to the precipitate and heat carefully until
dissolution is effected.

(15) Dilute the solution to about 20 ml with distilled water.

(16) Bring the solution to a boil and «dd 1 ml of 1M HC1.

{17) Heat gently to coagulate the precipitate, centrifuge, and discard the
supernate,

{18) Repeat 3.6.1 steps (10) to (14}.

{19y Add 6M NaOH until the solution is alkaline and a precipitate is produced,
then add about 0.3 ml in excess.

(20) Centrifuge and discard the supernate,

(21) Dissolve the precipitate in about 0.2 ml of concentrated HySO,4 and then
evaporate to dryness.

(22) Cool and dissolve the residue in 20 ml of distilled water.

(23) Add 1 ml of 2M iodic acid, centrifuge, and discard supernate.

NOTE: Precipitation of silver iodate,

(24) Dissolve the precipitate in about 0.4 ml of concentrated NH;OH. Wash
down the sides of the centrifuge tube with about 1 ml of distilled water.

NOTE: If any sulfur residue is present, centrifuge and
discard it.

(25) Add about 0.3 ml of concentrated Hy50,4 and about 0.3 ml of distilled

water.

NOTE: Reprecipitation of silver iodate.

(26) Filter the precipitate through a pretreated, tared Whatman No. 542 filter
paper disc, using « Millipore {ilter chimney and suction.

{27) Wash the precipitate with three 3-ml portions of 95 percent ethanol.

(28) Dry in an oven at 1100C for fifteen minutes. Cool, weigh as AglO3, re-
cord chemical yield, and v count for Agl10 determination.

3.8.2 CADMIUM SEPARATION AND PURIFICATION

(1) Evaporate the supernste from 3. G, 1 step (9) almost to dryness.

{2) Add sbout 3 ml of concentrated HCl and again evaporate almost to dryness,

{3) Repeat 3.6.2 sgtep (2) two more times to insure complete removal of
oxides of nitrogen.

{4) Dissolve the residue with 2 ml of concentrated HC1 and gentle warming.

EEEEEEEE—— S
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{5) Dilute the resulting solution to about 15 ml with distilled water and trans-
fer toc a 40-ml centrifuge tube,
(6) Add 2 ml of 6 percent sulfurous acid with vigorous stirring followed by
the addition of 1 ml of 57 percent hydriodic acid (phosphorus-free).
NOTE: Teliurium and thallium iodide scavenge. Steps (6)
to (18) of this section are carried out only if rhodium
carrier is presert. If no rhodium carrier is pre-
sent, the residue from 3. 6,2 step (3) contained in a

125-ml Frlenmeyer flask is used, proceeding with
3.6.2 step (19).

(7) Centrifuge and discard the precipitate,

(8) To the supernate, add 10 ml of concentrated "ICl and about 2 ml of 57 per-
cent hydriodic acid (phosphorus free).

(9) Boil vigorously for about twenty minutes maintaining the volume constant
at about 20 ml by repeated additions of 6M HCL,

NOTE: Precipitation of rhodium iodide.

(10) Centrifuge and transfer the supernate to a 125-ml Erlenmeyer flask.

NOTE: Rhodium is removed, since it interferes with the
cadmium sulfide separation.

(11) Wash the precipitate with about 10 ml of 6M HCl, combining the wash-
ings with the supernate of 3. 6.2 step (}0).

(12) Reserve the precipitate for rhodium purification. [See 3.3, 2 step (11), ]

(13) Very carefully add about 5 ml of concentrated HNOj to the supernate from
3. 6.2 step (10).

{(14) Very gently warm the solution to initiate the reaction. After effervescence
ceageg, evaporate the gsolution to incipient dryness.

(15) If the iodine has not been completely removed, add more concentrated
HNOj to the residue and again evaporate to incipient dryness.

(18) Add 5 to 10 ml of concentrated HCI1 to the residue and evaporate almost
to dryness,

(17) Wash down the sides of the flask with 8M HC1 and again evaporate almost
to dryness.

{18) Repeat 3.6.2 steps (16) and (17) two more times.

(18) Dissolve the residue in about 20 ml of 0. 2M HC1, using gentle heat.
About 0, 3 ml of 30 percent hydrogen peroxide may be used to aid in diesolution.

NOTE: If hydrogen peroxide is uged, boil the solution for a
few minutes to remove any e€xcess.
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(20) Cool the solution and transfer it to a 40-ml centrifuge tube, using about
4 ml of distilled water in the transfer.

(21) Saturate the solution with Hgs for about three minutes, centrifuge, and
reserve the supernate for subsequent analysis depending upon carriers present in
3.6.1 step (1).

NOTE: Precipitation of cadmium sulfide.

(22) Dissolve the precipitate in 5 mi of 6M HCl, add about 1| mg of palladium
carrier, heat to boiling, and saturate the solution with H,S.

NOTE: Precipitation of palladium sulfide. Cadmium sulfide
does not precipitate at this pH.

(23) Allow the precipitate to stand for about five minutes and then gravity
filter through Whatman No, 42 filter paper into a clean 40-ml centrifuge tube.

NOTE: Discard precipitate.

(24) Evaporate the filtrate to dryness, cool, and dissolve the residue in 15
ml of distilled water.

(25) Add about 1 mg of ferric carrier and 1 ml of 6M ammonium acetate.

NOTE: Basic ferric acetate scavenge.

(26) Boil the mixture, centrifuge, and discard the precipitate.

(27) To the supernate, add 1 ml of 6M ammonium acetate.

(28) Boil the mixture and add about 1 mg more of ferric carrier,

{29) Centrifuge, discard precipitate, and transfer supernate to a 40-ml
centrifuge tube,

(30) Add 1 ml of 6M HCI and saturate the solution with HZS'

NOTE: Precipitation of cadmium sulfide.

(31) Centrifuge and discard the supernate.
(32) Repeat 3. 6.2 steps (22) to (31).
(33) Dissolve the precipitate in 1 ml of 6M HCl and evaporate to dryness.

(34) Wash down the sides of the centrifuge .be with a minimum amount of
distilled water and add about 0.5 ml of concentrated H280 4
t35) Heat the mixture until fumes of SO3 are evolved,
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(35) Cool and wash down the sides of the centrifuge tube with a minimum
amount of distilled water.

(37) Again heat the mixture until the cadmium salts begin to appear.

NOTE: Do not heat to dryness.

(38) Cool and dissolve the precipitate in about 0.5 ml of distilled wrter,
(39) Add 6M sodium hydroxide until the solution is just alkaline to phenol-
phtalein,

NOTE: Precipitation of cadmium hydroxide.

(40) Cautiously add 10 percent potassium cyanide solution dropwise until the

precipitate just dissolves, avoiding an excess.

NOTE: Formation of Cd(CN)4'2.

(41) Transfer the solution to an electroplating cell of appror.mately 3-nl
capacity (see Figure 3), using distilled water to effect the transfer. To the cell,
also add about 0.2 ml of 0.03 percent gelatin solution.

NOTE: The volume of liquid in the cell should be about 85
percent of full capacity.

{42) Cadmium is electroplated onto a tared vlatinum disc (3/8-inch diameter,
0, 001-ir.ch thick) by electrolysis at 10-15 milliamperes for three hours (see
Figure 4).

(43) Remove the anode while the current is still on and then remove the plati-
num disc from the plating cell,

(44) Wash the platinum disc with several portions of distilled water followed
by seve._al portions of 85 percent ethanol.

(45) Dry in an oven at 105°C for ten minutes. Cool, weigh as elemental Cd,
record chemical yield, and x-ray count for Ccal09,

3.7 wad, 589 590, 7,95 Celdd and Celddin Polystyrene Filters and impactor
Samples, Alternative Method

3.7.1 STRONTIUM SEPARATION AND PURIFICATION; YTTRIUM MILKING

(1) Evaporate the solution from 2. 2.1 step (6), 2.4.1 step (4), or 2.4, 2 step
{9), containing the following carriers in accurately known amounts: cerium equiva-
lent to about 65 mg Ce(104),, strontium equivalent to about 265 mg SrCO,,
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manganese equivalent to about 15 mg MnOz, and zirconium equivalent to about 70
mg of Zroz, to about 5 ml in a 150-ml beaker.

(2) Add about 5 ml of concentrated HNO3 ana evaporate to near dryness.

(3) Wash down the wails of the beaker with concentrated HNOg3 and repeat
3.7.1 step (2) twice.

NOTE: Destruction of organic matter.

(4) Add 4 ml of concentrated HCl. 1 ml of concentrated HNOj3, and a few ml
of distilled water. Heat gently until solution is effected.

NOTE: The addition of 0.2 to 0.3 ml of 30 percent hydrogen
peroxide may be necessary to effect complete dis-
solution,

(5} Adjust volume to about 50 rnl with distilled water and add about 0.5 ml of
30 percent hydrogen peroxide.
(6) Adjust the pH to 10 or 11, using concentrated NH,OH.

NOTE: Precipitation of hydroxides of manganese, zirconium,
and cerium.

{7) Gently heat the mixture for about three minutes and allow it to cool for
ten minutes.

NOTE: Readjust pH to 10 or 11 with concentrated NH,OH if
necessary.

(8) Centrifuge and transfer the supernate to a 250-ml beaker.
NOTE: If the supernate is not colorless, add about 0.3 ml

of 30 percent hydrogen peroxide and repeat 3.7.1
step {7).

{8) Wash the precipitate with a 1 percent solution of NH, OH, centrifuging and

combining the washes with the supernate of 3. 7.1 step (8).

(10) Dissolve the precipitate in a minimum amount of 6M HCIl.

{11) Add about 0. 3 ml of 30 percent hydrogen peroxide and repeat 3, 7. 1 stepe
{6) to (9.

{(12) Reserve the precipitate for subsequent analysia.

(13) Acidify the solution from 3.7, 1 step (8) with concentrated HCl and eva-
porate until salting out occura.
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{(14) Remove mixture from heat source and cautiously add 10 to 29 ml of con-
centrated HNQO;.

{15) When the reaction has subsided, evaporate to incipient dryness,

(16) Repeat 3, 7.1 steps (14) and (15).

NOTE: Removal of excess ammonium chloride is necessary
to ensure a satisfactory strontium yield,

(17) Dissolve the residue of 3.7.1 step (15) in about 5 ml of 4M HCl, using a
little heat if necessary.

(18) Transfer the resulting solution to a 40-ml centrifuge tube, using distilled
water in the transfer.

(19) Make the solution alkaline to phenolphthalein indicator, using 6M sodium
hydroxide.

(20) Heat the solution to boiling and add 10 ml of a saturated solution of sodium
carbonate with stirring.

NOTE: Precipitation of strontium carbonate.

(21) Digest the mixture in a hot water bath for thirty minutes to ensure com-
plete precipitation,

(22) Cool, centrifuge, and test the supernate for completeness of precipitation.
Discard supernate.

(23) Digsolve the precipitate in 5 ml of 6M HNO,.

(24) Proceed with 3. 1.1 steps (5) to (28) and 3. 1.2 steps (1) to (15).

3.7.2 MANGANESE SEPARATION AND PURIFICATION

(1) Dissolve the precipitate from 3.7.1 step (12), using about 3 ml of 6M HCl
and about 0.4 ml of 30 percent hydrogen peroxide,

NOTE: Gentle heat may be necessary to effect compiete
solution.

(2} Transfer the solution to 2 150-ml beaker using distilled water in the
transfer.

(3) Evaporate the solution to near dryness and add about 5 ml of concentrated
HNOj3.

(4) Repeat 3.7.2 step (3) two more times.

NOTE: Removal of chloride ion.




(5% T the rescidue, add about 40 ml of concentrated HNO2 and boil until oxides
of nitrogen have been removed,
NOTE: About 0.3 ml of 30 percent hydrogen peroxide may be

necegsary to effect complete solution. Boil off ex-
cess peroxide, if used,

(6) Cover the beaker with a watch glass and cautiovusly add 1 to 2 g of potas-
sium chlorate in small increments, replacing the watch glass after each addition
of potassium chlorate,

NOTE: This precipitation of manganese dioxide is best
carried out whiie the mixture is at a brisk boil.

(7) Remove the beaker from the heat source and wash the watch glass with
cold distilled water, collecting the washings in the beaker.

(8) Cool the mixture in an ice bath for about ten minutes,

(9 Centrifuge and reserve the supernate in a 250-ml beaker for zirconium
and cerium sgeparation.

(10) Wash the precipitate with 10 to 15 ml of distilled water, centrifuging and
adding the washings to the supernate of 3, 7.2 step (9).

(11} Procecd with 3. 1.4 steps (10) to (14).

3,7.3 ZIRCONIUM AND CERIUM SEPARATION

(1) Evapor:ite the supernate from 3.7.2 step (9) until salting out occurs.

(2) Wash the walls of the beaker with 6M HCI, cautiously add about 10 ml of
concentrated HC1l, and then evaporate to near dryness.

(3) Repeat 3.7.3 step (2).

(4) Add about 5 ml of concentrated HCl and heat gently.

(5) Cool, centrifuge, and decant the supernate into a 40-ml centrifuge tube.

(6) Wash the precipitate with about 3 ml of 6M HCl and centrifuge.

{(7) Add the washings to the supernate of 3, 7. 3 step (5) and discard the pre-
cipitate.

NOTE: If the precipitate shows a yellow discoloration, repeat
3.7.3 steps (6) and (7).

(8) Cautiously adjust the pH of the supernate fiom 3.7.3 step (5} to 10 with
concentrated NH,4OH.

NOTE: Precipitation of zirconium and cerium hydroxides.




{9) Digest the precipitate, cool, and centrifuge. Discard the aupernate,
(10) Dissolve the precipitate in 10 il o concentrated HOL,

(11} Proceed with 4, 1,5, 1 steps €0 to (200 and 3.1, 2, 2 steps (1) to (134,

L PREPARATIONY OF CARRIER SOLE THONS

a. Antimony corrier, Coretully add D0 omloof H'h('],) tor 250 il of concentrated

HCland cautisusly dilute to 500 ml with distilled water.

b, Barium carrier. Dissolve 4.3 g of Ba(NO,), in enough distilled water to

make 200 !,

¢. Beryllium carrier, Dissolve 46,0 g of [Se(N".‘)z- 3H., O in enough distilled

water to make 1000 ml.
d. Bismuth carrier. Dissolve 38.0 g of Bi(NUd)'i' aH, O in a sufficient quan-

tity of concentrated HNO4 and dilute to 1000 1l with distilled water,

e, Cadmium carrier. Dissolve 13,7 g of (‘d(l\'()3)2- #1,0 in a sutficient
quantity of distilled water. Slighily acidify the solution with HC1 and add enough
distilled water to make 500 ml,

f. Cerium carrier. Dissolve 15, 5 g of Ce(N() )4 6H,0 in enough distilled

water to make 500 ml.

g. Copper carrier. Dissolve 13. 4 g of Cu(‘lz' 21!20 in enough distilled water

to make 500 ml,
h. Ferric carrvier. Dissolve 48.4 g of l“e(‘13- ()HZO in enough 1M HCI to make
1000 ml.

i. Lanthanum carrier, Dissolve 3,1 g of La(NOB)B- 6H,0O in enough distilled

water t» make 100 ml.
j. Manganese carrier. Dissolve 18,0 g of 5\1n('12-~l}12() in enough ! percent
HC1 to make 500 ml,

k. Niobium carrier. Fuse 0.7 g of Nb205 with about 3 g of potassium bisulfate.

Leach the couled melt with 80 ml of a saturated solution of oxalic acid with the aid
of gentle heat and stirring., Cool and gravity filter through Whatman No. 42 {ilter
paper. Dilute the filtrate to 190 ml with saturated oxalic acid sclution.

1. Palladium carrier, Dissolve 1.7 g of PdCl2 in about 60 ml of concentrated
HC1l. Carefully dilute the resulting solution to 109 ml with distilled water,

m. Phosphorus «arrier. Dissolve 17.0 g of (l'x‘H_‘,)zl*lP()4 in enough distilled

water to make 500 ml.

n, Rhodium carrier, Dissolve 1.0 g of Rh(NOB)B' 2H,0 in enough distilled
water to make 200 nl,

0. Silver carrier, Dissolve 7.9 g of AgNO3 in a sufficient amount of distilled
water, Slightly acidify the solution with HCl and dilute to 500 ml with distilled

water.




p. Sodium carrier. Dissolve an accurately known amount of NaCl (about

25.4 g) in enough distilled water to make 1000 ml.

q. Strontium carrier. Dissolve 185 g of Sr(N()3)2 in enough distilled water to
make 500 ml.

r. Sulfur carrier. Dissolve 39 g of K2504 in enough distilled water to make
1000 ml.

s. Tellurium carrier. Dissolve 1.7 g of Na,TeO, in enough distilled water
to make 100 ml, Filter.

t. Thallium carrier. Carefully dissolve 1.0 g of T1203 in about 50 ml of

concenirated HC1 and dilute with enough distilled water to make 100 ml,

u. Tungsten carrier. Dissolve 17.9 g of N32W04o 2H20 in enough distilled

water to make 1000 m],
v. Yttrium carriei:. Place 31 g of YZOS* in an 800-ml beaker. Slowly add

150 ml of concentrated HCl. Cover beaker with a watch glass, place in an icc bath,
and allow to stand overnight, If solution has not been effected the next day, add

50 ml more of concentrated HC! and stir, Use of gentle heat and stirring may be
necessary to effect complete solution. Cool ancd dilute with distilled water to 500 ml,

w. Zirconium carrier, Dissolve 3.1 g of ZrOz(NOB)z- 2H,0 in a sufficient

amount of distilled water. Add about 0.5 ml of concentrated HNO3 to the resulting
solution and then dilute to 200 ml with distilled water.

5. STANDARDIZATION OF CARRIER SOLUTIONS

3.1 Barium Carrier

(1) To each of three 5, 0-ml portions of carrier solution in 250-ml beakers,
add 75 ml of HCl-ether reagent (5:1),
(2) Cool in a cold water bath for about 15 minutes while stirring.

NOTE: Maximum yield obtained at about 3CC.

(3) Filter through a pretreated, tared, sintered glass crucible of medium
porosity with suction using three 5-ml portions of absolute ethanol for the transfer.
(4) Wash precipitate with three 5-ml portions of absolute ethanol containing

4 percent HCL.
{(5) Wash precipitate with three 5-ml portions of anhydrous ethyl ether and
place crucible in & vacuum desiccator,

*Li;asay Chemical Div., American Potash and Chemical Corp., West Chicago,
Illinois.
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(6) Fvacuate the desiccator for two minutes, release suction, and evacuate

again for five minutes.

NOTF: Release suction slowly to prevent rapid influx of air.

(7) Repeat desiccation to constant weight and weigh precipitate as BaClz- HZO'

5.2 Beryllium Carrier

{1) To each of three 5. §-ml portions of carrier solution contained in 150-ml
beakers, add 5 ml of 4M ammonium chloride and 5 ml of 10 percent sodium tartrate
solution.

(2) Dilute to 50 ml with distilled water and heat to 50 to 70°C.

(3) Adjust pH to about 9 with 2M NH,OH.

(4) Add dropwise, with stirring, 20 to 30 percent excess of the calculated
amount of 2 percent 8-hydroxyquinaldine solution required to completely precipitate
the beryllium present.

NOTE: 8-hydroxyquinaldine is also known as 8-hydroxy-2-

methylquinoline, 2-methyl-8-quinolinol, or 2-methyl
oxine, having the empirical formula C10H9NO'

(5) Digest the precipitate at 60 to 70°C for about thirty minutes.
(6) Filter the precipitate through a pretreated, tared, sintered glass crucible
of medium porosity with suction using 1:100 NH40H in the transfer.
(7) Wash with several portions of 1:100 NH4OH and dry at 110°C to constant
weight and weigh as Be(ClOHBNO)Z'
NOTE: The precipitate is yellew and crystalline and exhibite

a bright green fluorescence when viewed under short-
wave ultraviolet 1inht,

5.3 Bismuth Carrier

(1) Place each of three 10, 0-ml portions of carrier solution into 400-inl
beakers.

{2) Dilute to 200 m} with distilled water.

(3) Add 6M NH 4O!«I until the solution is slightly turbid, then add 20 ml of a
freshly prepared saturated solution of ammonium carbonate.

(4) Heat to boiling, cool, test for completeness of precipitation, and filter
through Whatman No. 42 filter paper, using filter paper pulp and suction. Effect
transfer with 0.5 percent ammonium carbonate solution.




(7) Wonogh precipitate with ¢, * pereent armmomuin carbonate solution and trans-
fer precipitate, paper, and pulp to a tared porcelain crucible,
{(6) Place crucible and contents in a cold muffle furnace and gradually raise
temperature to 6000C,
(7) Continue ignition at 600°C for two hours,
(8} Cooul and weigh as 81203.
NOTE: I, after ignition, some of the yellow bismuth oxide
has been reduced to silver or red bismuth metal,
dissolve in a minimum of 1:1 HNO3, evaporate to

dryness on a hot plate, transfer to a cold muffle
furnace, and ignite as before,

3.1 Cadmiam Carrier

(1) Evaporate each of three 5. 0-ml portions of the carrier solution contained

in 100-ml beakers to dryness.

NOTE: Do not allow salts to bake.

(2) Dissolve the residue in 20 ml of distilled water,

(23) Add 2 ml of 3M ammonium chloride solution,

(4) Add 2 ml of 1. 5M dibasic ammonjum phosphate dropwise while stirring
and boiling,

{5) Discontinue heating and allow the mixture to cool to room temperature.

(6) Filter through a pretreated, tared, sintered glass crucible of medium
porosity.

(7} Wash the precipitate with several portions of d.stilled water followed by
several portions of 95 percent ethanol.

{(8) Dry in an oven at 110°C for thirty minutes, cool, and weigh as
CdNH4PO4-HzO.

3.3 Cerium Carrier

{1) To each of three 2. 0-ml portions of carrier solution contained in 250~-ml
beakers, add 10 ml of concentrated HNOj.

(2) Add 20 ml of 0. 35M iodic acid and immerse in an ice bath.

(3} Add 2 ml of a saturated solution of sodium bromate and digest in a steam
bath for ten minutes.

NOTE: Precipitation of ceric iodate,

{4) Cool in an ice bath for ten minutes, with stirring.




{3) Filter the pradipitate thruugli o pretieated, tared, sintered glass crucible
of fine porosity.

(k) Wash with several portions of iodate wash solution (0. 18M iodic acid in
10 percent HNOj3).

(7) Dry in an oven at 1100C to constant weight and weigh as (‘e’_l()3)4-

2.6 Manganese Carrier

(1) Transfer three 2, 0-ml portions of carrier solution into 150-ml beakers
and add 100 mi of distilled water.

(2) Add 2 g of solid ammonium chloride and 1 ml of 1. 5M dibasic arunonium
phosphate.

NOTE: If a precipitate forms here, add enough 1M HCI to -
dissolve it.

(3) Bring the solution to a boil and, while stirring, add 1:1 NH4OH dropwise
until complete precipitation is effected.

(4) Continue boiling until the precipitate loses its flocculent appearance and
appears crystalline.

(5) Discontinue heating and add about 0.5 ml of 1:1 NH, OH.

(6) Cover beaker with a watch glass and cool in an ice bath for two hours with
occasional stirring.

NOTE: A slight excess of NH,OH should be present as
evidenced by its odor,

(7) Gravity filter the precipitate through Whatman No. 42 filter paper and
wash with a 10 percent solution of ammonium nitrate, made slightly alkaline by the
aad:tion of NH4OH.

(8) Continue washing until chloride ion has been completely removed.

NOTE: Presence of chloride ion will cause reduction of
manganese during ignition.

(9) Ignite over a Meker burner and continue ignition in a muffle furnace at
10000C.
(10) Cool and weigh as Mn,P,0,.

5.7 Phosphorus Canier

(1} To each of three 10, 0-ml portions of carrier solution contained in 200 m!

beakers, add 20 ml of magnesia mixture I, and a few drops of concentrated NH,OH,




(2) Allow to stond for five minutes with occasional stirring, then add 1y il
of concentrated NH.;()H. with stirring.

(3) Cover the beaker with u watch glass and place in an ice bath and allow to
stand overnight.

(4) Collect the precipitate on Whatinan No. 42 filter paper, using suction, ang
wagh with 10-ml portions each of 1:20 NH,OH, 50 percent ethmnol, and 45 percent
ethanol.

(3} Transfer precipitate and filter paper to a tared porvelain crucible and
ignite over a Meker burner.

(6) Cool, add a small amount of selid amnonium nitrate, and reignite over a
Meker burner.

NOTE: }'ncrease”flame intensity in ‘ncrements to prevent
popping .

(7) Finally place crucible and contents into a mufflie furnace at about 7000C
for two hours.

(8) Advance temperature to 10009C and ignite for thirty minutes to constant
weight.

(9) Cool 11 a desiccator and weigh as Mg,P,0,.

2.8 Rhodium Carrier

(1) To each of three 1.0-ml portions of carrier solution contained in 40-ml
centrifuge tubes, add 1 ml of concentrated 1{2804 and heat to fumes of SOS'

(2) Cool and transfer to an electroplating cell of approximately 3 ml capacity
(see Figure 3), using a minimum amount of water to effect the transfer.

(3) Electroplate rhodium onto a tared platinum disc (3/8-inch diameter,
0. 001-inch thick) by electrolysis at about 75 milliamperes for about sixteen hours
(see Figure 4).

{4} Remeove the platinum disc from the cell, rinse with distilled water and
with 95 percent ethanol.

(5) Dry in an oven at 1109C for fifteen minutes to constant weight.

(6) Cool and weigh as elementary Rh.

5.9 Silver Carricr

(1) To each of three 2, 0-ml portions of carrier solution contained in 40-ml
centrifuge tubes, add 1 m! of 2M fodic acid and stir vigorously.

NOTE: Test for comp.eteress of precipitation.




(2) Colicil thie placipilate b a preticeicy, wared, sintered giass crucible of
medium porosity.

(3} Wash the precipitate with twn 5-ml portions of 45 percent ethanol.

(4) Dry in an oven at 1100C for fifteen minutes to constant weight.

(3} Cool and weigh as Ag!()S.

3.10 Sodium Carrier

(1) °  chemical standardization is performed. An accurately weighed quan-
tity of reagent grade sodiurmn chloride is dissolved in an accurately known volume

of distilled water and the amount of sodium per ml of solution is calculated.

3. 11 Strontium Carrier
(1) To each of three 10. 0-ml portions oi carrier solution contained in 150-ml
beakers, add about 60 ml of a saturated solution of ammonium carbonate.
(2) Digest on a hoi plate at low heat for about thirty minutes with occasional
stirring.
NOTE: Test for completeness of precipitation by adding a

few ml more of the saturated solution of ammonium
carbonate.

(3) Filter through a pretreated, tared, sintered glass crucible of medium
porosity and wash with three 5-mi portions of distilled water.

(4) Dry in an oven at 110°C for about one hour to constant weight.

(5) Cool in a desiccator and weigh &s SrCO,.

3.12 sulfur Carrier

(1) To each of three 5. 0-ml portions of carrier solution contained in 130-ml
beakers, add 45 ml of distilled water,

(2) Adjust pH of solution to 1 using 6M HCl and heat nearly to boiling.

{3) Add 10 ml of 10 percent barium chloride solution with stirring.

{4) Ligest on a hot plate for about one hour and allow to stand overnight at
250C .

NOTE: Precipitation of barium sulfate.

(5} Filter the precipitate, ugsing Whatman No. 42 filter paper and suction.
{6) Wash precipitste with several 10-ml portions of distilled water.
(7) Transfer precipitate and {ilter paper to a porcelain crucible and ignite

over a Meker burner for twenty minutes.




(8) Complete the ignition in a muffle furnace for about one hour at 800 500(C
to constant weight.
(9) Cool in a desiccator and weigh as BaSQOy.

3.13 Tungsten Carrier

{1) To each of threc 10. 9-ml portions of carrier solution contained in 125-mi
Erlenmeyer flasks, add 2 ml of glacial acetic acid and 8 ml of 6M ammonium
acetate solution.

(2) Heat on a steam bath to about 80°C,

{3} Add a few drops of 1 percent Aerosol OT soclution and 5 ml of 5 percent
solution of 8-hydroxyquinoline in 2M acetic acid.

(4) Heat on a steam bath until! the 8-hydroxyquinoline derivative of tungsten
coagulates.

NOTE: Coagulation may be aided by bringing the solvtion to
a boil over an open flame.

(5) Filter the precipitate through a pretreated, tared, sintered glass crucible
of medium porosity.

{6) Wash with three 5-ml portions of distilled water and or e 5-ml portion of
absolute ethanol.

(7) Dry the precipitate in an oven at 110°C for thirty minutes to constant
weight,

(8) Cool in a desiccator and weigh as WOZ(CQHGON)Z‘

5.14 Yitrinm Carrier

(1) To each of three 5, 0-ml portions of carrier solution contained in 400-ml
beakcrs, add 40 il ot 2m HOL and 40 ml of listilled water.

(2) Heat the solution to incipient boiling,

(3} Add hot 10 percent oxalic acid solution in 1-ml portions while stirring.

NOTE: Avoid supersaturation.

{4) When the yttrium oxsalate has been precipitated, add more hot 10 percent
oxalic acid solution until the volume is twice that at the start of step (3).

(5} Digest on a hot plate at low for ten minutes and cool to room temperature,

(6) Filter the yttrium oxalate through a pretreated, tared, porous bottom
porcelain crucible using suction.

(7) lgnite the crucible and precipitate at 800 £250C to constant weight.

{8) Cool in a desiccator and weigh as Y,0,.




Y8 Zarcomum Carrier

{1} Tu each of three o, 10-mj portinng ot carrier solution, ad-i 20 ml of distilied
water,

(2) Adjust the pH to 10 with 1:1 NH_ OH,

NOTE: Frecipitation of zireconium hydroxide,

(3) Allow the mixture to stand for about fifteen minutes.

{4) Gravity filter the mixture through Whatman No. 40 filter paper.

(5) Wash the precipitate with two portions of 1:100 NH40H.

(6) Transfer the filter paper and precipitate to a tared porcelain crucible and
ignite over a Meker burner.

(7) Continue the ignition in a muffle furnace at 1200°C,

(8) Cool and weigh as Zr()z.

6. SPECIAL REAGENTS

a. Ammonium molybdate reagent. Dissolve 100 g of ammonium molybdate
tetrahydrste in 400 ml of distilled water and add 80 ml of concentrated NH, OH.

b. Butanol-chloroform mixture, 10 percent. Mix 100 ml of 1-butanol (n-butyl

alcohol) with 900 ml of chloroform,

c¢. Cinchonine solution, 10 percent, Dissolve 10 g of cinchonine in enough
1:1 HCl to make 100 ml,

d. Hydrochloric acid - ether reagent. Carefully mix 5 parts by volume of

concentrated HC1 to 1 part by volume of anhydrous ethyl ether.
e. 8-hydroxyquinaldine, 2 percent. Dissolve 2 g of 8-hydroxyquinaldine :in

4 ml of glacial acetic acid and dilute witu: °n- . wisilled water to make 100 ml,
This solution is stable for about one week.
f. Iodine solution, 0.1N. Dissolve 1.3 g of iodine erystals in 10 ml of

distilled water in which 4 g of potassium iodide have been dissolved. Dilute to
100 ml with distilled water.
g- Magnesia mixture 1. Dissolve 100 g of magnesium chloride hexahydrate

and 200 g of ammonium chloride in a minimum amount of distilled water. Add
about 0,5 ml of concentrated HCl and dilute with enough distilled water to make
1096 ml.

h. Magnesia mixture Ii, Dissolve 55 g of magnesium chloride hexahydrate

and 140 g of ammonium chloride in a minimum amount of distilled water, Add
130 ml of concentrated NH 4OH and dilute with enough distilled water to make
1000 ml.




e}

i. Sodium precipitating reagent. Dissoive 35 g of uranyl acetate dihydrate,
300 g of magnesium acetate tetrahydrate in 800 ml of 4ist{lléd water containing 60
il of glacial acetic acid. Dilute with enough distilled water to make 1000 ml,
Add about 50 mg of sodium carrier‘and stir constantly for two hours. Allow the
mixture to stand for several hours and fiiter using Whatman No. 42 filter paper
and suction. Store the reagent in a polyethylene container.

1+ Sodium wash solution. Combine 35 ml of glacial acetic acid, 405 ml of
anhydrous ethyl acetate, and 460 ml of absolute ethanol in a pclyethylene container.

k. Sugar charcoal. Place a quantity of granulated cane sugar in an evaporating
dish and heat on a hot plate set at moderate temperature, Set up a 125-watt infra- -
red heating lamp at about gix inches from the surface of the sugar. Heat for about
ninety minutes with intermittent mixing until a brownish-black mass of the desired
consistency is produced. Reduce heat and continue heating until there is no appear-
ance of smoke upon mixing, Cool the mixture, remove it from the evaporating
dish, and pulverize using a porcelsin mortar and pestle. Considerable experimen-
tation is necegsary in order to determine those heating conditions required to
obtain a satisfactory sugar charcoal consisting of the optimum ratio of caramelized

to carbonized sugar,

7. PREPARATION OF ION EXCHANGE COLUMNS

7.1 Zirconjum Column

Place a wad of glass wool above the stopcock and add 20 ml of wet, settleu,
analytical-grade Dowex 1-X2 anion exchange resin (50 to 100 mesh) in the chloride
form. After the resin settles in the column, pass 150 ml of concentrated HC1
through at a flow rate not exceeding 3 ml per minute. Pass through 1 ml of niobjium
carrier and 100 ml of concentrated HCl, After use, the column may be regenerated
by passing 250 ml of 0. 5M HCI through the resin bed at a flow rate not exceeding

5 ml per minute.

7.2 Strontium Column .

Place a wad of glass wool above the stopcock and add 25 ml of wet, settled,
analytical-grade Dowex 50W-X8 cation exchange resin (100 to 200 mesh) in the
hydrogen form. After the resin settleg in the column, pass through 75 ml of
6M HCl. Then pass distilled water through until the excess acid is removed,

7.3 Lusdium Column

Place a wad of glass wool above the stoncock and add enough wet, settled,
analytical-grade Dowex 1-X10 anion exchange resin (200 to 400 mesh) in the
chloride form to measure about 3 to 4 cm in height when settled. Wash the resin

bed with about 50 ml of distilled water. "
§1N g
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