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ABSTRACT

By treatment of the solution to be tested with sque regia, the cyanide is re-
moved and the gold is oxidized, The color intensity of the yelleow chlorcauric ion
serves as a mousurd of the goid concentratiom in the solution, Measursments are made
against a known standard using a colorimeter. The method is subject to interference
by iron or any other impurity which gives ocolor to the solution under the conditions

of the test,
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Appliocability

This procedure has been applied only to soclutions conteining 15- 25 grams
of gold per liter, Stronger or wesker solutions mey bs analysed provided ths semple
taken gives about 15 o 25 mg of gold in the final volume of 25 ml, this being the

optimum concentration for comparison in the eolorimeter,

Acouracx

The acocuracy of the procedure was sstablished by comparing results with those
obtuined by gravimetrio zold essay of the same solutions.

The percentage error can easily be held to less than § o/b if the concentration
of the unkoown solution be nearly equal to or greater than that of the standard, and

the concentration is in the range 15 to 20 mg of gold per 26 ml final volume,

Reagents ~

1, HC1, concentrated, c.po )
g 3 vol, HC1 + 1 vol, HNOz = aqua regia,

2, HNO,, concentrated,c.p. )
Jo AUCN, CoPo

4, KCN, 0ops

Aggaratua
lo Fipet, 1 mlo

2, Besakers, 50 ml, —
3. Ribbed watch glasses, 3 inch-diz, ’
4, Gradustes, 5.m10 and 25 ml,

5. Volumetric flasks, 28 ml, end 100 ml,

L4 00 o e0s 0060 00
6, Steam bath, O S LU S ]

00 000 000 008 000 o0
7. Wash bOtt1;° o, o0e o see o

8, Colorimeter.
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Keigh to the nearest 0.9 mg about 70 mg of AuCN and dissolve it in a few
ml of weter containing about 200 to 300 ug of XCN. Add to tho solution 20 ml of
agua regis and evaporate under cover of a ribbed watch glass to complets dryncss on
the steam bath (HOOD!), Repeet thres times the evaporation to dryness with sgua regis,
using 20 ml each time, Dissolve the residue in 6.5 ml of agua regia, Tranafer the
solution to a 100-ml volumetric flask rinsing the cover glass and beaker with digtilled
water and trensferring the washings to the flask, Aerate the solution to remove colore
ed oxides of nitrogen by shaking vigorously and make the solution up to the mark with
distilled water, This solution contains 0,623 mg of gold per ml or 15,6 mg of gold
per 256 ml, (This is roughly oquivelent to the concentration of gold when 1 ml of
plating bath is treated and dilutgd to 25 ml -~ assuming & plating bath gsolution con-

centration of 15,6 grams per liéero) The solution is stable for several weeks at

least,

Procedure

Acourately pipet 1 ml of plating bath solution into a 50-ml beaker. Add
5 ml of agua regia, cover the beaker with a ribbed watch glass, and evaporate the
solution to complete dryness on the steam bath (HOOD')., Repeat the evaporation with
aqua regia three times, using 5 ml sach tims, Dissolve tho residue in 1.6 ml of
agua regie, Transfer the golution to & 25-ml volumetric flask., rinsing the cover glass
and beaker with distilled vater and transferring the washingsto the flask, Shake the
flask to remove oxides of nitrogen from the solution and make up to tho merk with dis-
tilled water. Compare with the stand-~rd gold solution oh the colorimeter., Set the

standard solution at 20.0nm depth,
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Procautions

1. Feilure to acrate the oxidized gold solution will lewd to high results
caused Ly colored oxides of nitrogen,

2, Best results are obtained when the unknown is nearly equal to or stranger
than the standard. Low results are obtained when the unknown is as much asg 7 o/b
weaker than the stendard, Good results have been obteined with uuknowns 60 o/o
stronger than the stendard.

3. The usual precautions conoerning eys fatigue whan using the colorimeter
aust be observed, The aVerégo of several readings should be teken,

Calculations end expression of results

From Beer's Law,
CiLy = Cply, or Cg e Ci1ly/L,

where C; is the concentration of the known solution, Ly is the depth through which
the known solution is viewed, Cy is the concentration of the unknown solution and L,
i8 the depth through which the unknown solution is viewsd, When the twe halves of the
fiold are of the same brightness the above rolation holds, A socale at the base of the
colorimeter gives values of Ll/ie when 1 is 15 or 20, Since the standard solution
is equivalent to 15.6 grams of gold per liter, the concentraticn of the plating bath
gsolution in terms of grams of Au per liter equals

15.6 x 1y / L.
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41CROVOLUMETRIC ASSAY OF PLUTONIUM
(Revised Procedure)
Abgtract
Pluvonivnas sulfate in 2N sto4 is reduced to + 3 valence with zine amalgam

under & CO, atmosphers and is titrated potentiometrically to + 4 valence with ceric

su%fhtea

Agﬁlioability A
| The method has bgen used primarily for mixtures of + 4 and + 6 nitrate in
8 HNQ3, particularly o2 Hanford meterial both ss received and after purification,

The method permits direot determination of Pu in a soluble sample provided the cations

of T1, V, Te, Mo, W and g aro present in amounts not greater than'oqoz to 0,03 per cent,
Iffany one of these ionsf 28 resent in appreciable amount it raust either be removed or
deierminsd separately ané subtracted (using the proper equivalent weight factor) from

th quantitative combination,

3

{

The procedure heje given treats Pu nitrate solutions whioh require a correction

for iron only,

Mdthod of sampling

Aliquots ére taken by weight orfvolume as requireds threo aliquots containing

4
§
£
}

iiom 1 to 10 mg or Pu arle taken for ass§y and two aliquots are useod for determination of
h

1?on°

r e gy L

e T

Regardless«of precautions taken fn storing the sample in solution, the concen~

tration 1noreasea§becau§e of decomposition of water by alpha particles, The magnitude

) .
of this effect isirolatdd to the concenération of Pu in the solution, It was calculated
for one sample to be abdut 1 per cent per viegk, but vas found. in combinatiom with

other effeocts, to be sOrewhat greater. This effeot prevents a gas-tight seal of samples

ooo .'
- ° .oo o 0" °

containing as much as 280 mg Pu‘perOmz. r%uutthoreason aliquots sre taken within a

fow hours from the timeythe uample is réceinde .
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Reagents

1. stoi, concsntrated,

2, HZSQ4’ ly

3. Cerio sulfate, about 0,02 N in 1N Hys0,( ™
4, Satursated zinc amalgam,

5,
Solid CO2

Apparatus
1, DRotachable syringe pipet controls for transferring all Pu solutions and for fille

ing end emptying tho burets,

2. Transfer weight-pipets ﬁith waxed tips {(Fig., 1).

3. Volumetric pipets, waxed tip., calibrated to coutain 20 to X0 XA ( Fig. 1),

These pipets are very simply comstructed from pyrex glass tubing or sm2ll test
tubes. The constrliction at the meniscus is fine enough go thet a veriation
of 1 mm does not correspond to more then O.1 per cent of the pipet voluma,

4, Platinum orucibles, 8 ml,

5, Evaporation chamber (Fig, 2).

6, Infra-red lamp and Variaoc.

7. €Oy generator. A satlsfaotory generator consists of & dewar flask of one liter
volume or larger whose heat conduction is suffiocient to supply 1 to 2 ml of 002
gas per second when the flagk is half filled with solid COp, Heat oonduction
may be increaced by inserting e copper rod through the stopper. The flask should
be completely wrapped or taped for the protection of the operator. A combination
safety~trap and CO2 pressure indicstor is attached to a side-arm of ths CO, supply
line, It consists of an open~eond section of the line immersed to a depth of 8 to

8 inches in water. The operating prebsure is mainteined at abont 6 inches of

water by an appropriate seieethu ot dionctur and length of the capillary leads

cte ane 0008 Y ':

...-."_

1, Standerdize with Bureau of S%an;erdg ﬂBngﬁ.n.
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in the apparatus (Fig.4).
8, Combination reductiom-titration cups (Figs. 3,4,5, end 6),
9o Variable-spesd electric stirring motor, Variac, and waxed glass stirrers.
10, Weight<burets, 0.5 to 3.0 ml capacity (Fig. 1), The tip is waxed outside go that it
will not be wet by water solutions, This minimizes loss in weizht caused by evaporation
and also, for smallebore tips, prevents drainage except when it is forced with a syringe
or when the tip is immersed in a solution. The control constriction is waxed inside so
that it will not fill with solution and thus prevent gravity drainage when the tip is
lmmersed, If the same buret is used for the end point as for the rest of the titration
its delivery rate with the tip immersed should not excesd 2 mg of solution per secound.
11, Vecuum residue bottle, The liquid lead is a tapered 2-mm glass tube attached to
the bottlse by an adequate length of rubber tubing., The vacuum lezd conteing a
cotton-filled drying tubde.,
12, Becgman PE meter with calomel and platinum eleoctrodes.
FProcedure
HEFD HEALTH SA®ETY RULES OUTLINED IN SRCTION I, (LA-416),
1, Por weight aliquots weigh by differencs the required amount of sample using
e clean dry transfer pipet. Transfer the aliquots to 8-ml platinum crucibles. For
volume aliquots use clean dry pipets calibrated "to ocontain®. After discharzing the
volume aliquot into the orucible, rinse the pipet once with 1N H;804 and twice with
water, adding 211 rinses to the orucible, Dry the pipet on & vacuvum menifold end re-
sorve for future use., Add carefully around the side of the crucible 150 X of cons,
HZSO4 and enough vmter to give a volume not less than 0.6 ml. Place these crucibles
in the evaporation chamber,
With a stesdy stream of air passing through the chamber, heat the samples with
an infra-reéd lemp at a temperature-eo«uwﬂku bﬁ&&&.the boiling point of the solution.

When most of the vater is drivef, pﬁ'! o Ga,orbs’éecolored + 4 sulfate has precipitated,

inorease the temperature until ‘if*p ;st:),i 2‘\:111635 * #arn off the lamp and sllow the samples

- e
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to cool, When cool add carefully ardind *the” cfasible Fim enough water to redissolve the
.. ... ... o0 e oo 9o

+ 4 gulfute precipitate: 0.4 to 0.5 mIoshouIa bd difou

2. If the reduction-titration oups have not been usod for some time clesan them thorough-

Repoat the fuming and dilution,

mee
o

ly. Dry the stopcocks and grease them lightly.

With stopcock A open add 1 ml of dilute HpSO4 to the amalgam reservoir. Charge the
reservoir with enough saturated zinc amalgam to bring the level of the amalgam to the €O,
side arm(z)o Open stopoock B and force tre 1ilute acid out of the capillary into the cup,

It might be necessary to lower the amalgom with the syringe control., With the Co, flowing(3

raigse the amalzam to @ height of about 0.5 cm. in the eup, Close stopcock A, Place the
syphon stopper in the position shown (Fig.4) and slowly draw the dissolved sample from the
platimum orucible into the cup, In order to minimize spray, draw the last portion over very
slowly or allow the syphon lead ‘o remain filled. Rinse the cruci?le and lead with 2 ml of
1N Hp504 in three port_ionso Remove the syphon stopper and place the plastic 1id (Fig.5) on
the oup, Raise the amalgam to & height of about 1.0 cm in the cup. Insert the COp lead
through the lid, Adjust the stirrer with the flattened portion half immersed in the aralgam.
Stir at a moderate rate for one-hslf hour or longer.,

3. Turn on the pH meter and set the range switch to "+ MV",

4, Fill the buret with more ceric solution than is reguired to oxidize the sample.
Welgh the filled buret to the nearest 0,1 mg, Stop the stirrer. Llower the amalgam to the
level of the COz side arm. Open stopocek B to & minimum flow rate. Adjust the pressure in
the smalgam reservoir with the syringe control so that the CO, panssage is ulternately looked
and opened by the oscillating emmlgam column, When the reduced solution has been raised intc
the cup and the capillary betwsen the cup and side arm is completsly filled with COp, close
stopcock B, The pressure in the reservolr should be sufficient to just lock the CO, passage.
Close stopcock A, If any amalgam has been retained in the solution, the 'above operation

must be repcated until the separamtion is accomplished,

2o An excess of zinc may be added to this reservoir in order to maintain the satursted
amalzam,
3. The COp capillary should be fingsg Fagtd t!»’p&i'?nigt;-the roguletion of the gas flow to a slc

rate so that spray of plutonium soluﬁion iu'm1n1mlzedo
4, A separate residue bottle is kepes 232 Yobhi ‘FinSes and solubions of this kind, thus
eliminnting excassive dilution of reoowab&wre&: Que'a

Vi ———
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5, Remove the 1id and CO, lead. Rinse the elactrodes and lower them into
the reduced solution (Fig, 6), Titrate with stirring to within a few per cent of
the end point -- between 600 and 650 millivolts., Continue the stirring for at least
ten minutes or until a reasonably steady potentiml is atteined., As much as 95 per cent
of the ceric solution may be force drained with & syringe control. The last 5 per
cent or more should be added in small portions by touching the buret tip to the sure
face of the solution, The emd point potentisl is between 750 and 780 millivelts cell
potential but should be determined by each operator from a titration ocurve., Inter-
polation of the end point is possible to 0.1 per cent from any potential between 700
und 820 millivolés provided & setisfactory curve has been obtained. TViith some
practice only an initial and a final weizht ere required.

6. ihen the titration is completed transfer the solution to the vacuum resi-
due bottle. Rinse the cup and capillary. While the apparatus is not in use store it
with stopcock B closed, tho cup filled with distilled Hao or dilute Hgsoé, the plasgtio
1lid on the cup, and 0,5 ml of dilute HzS0, over the smalgam in the reservoir,

Blank Procedure

Determine the resgent blank in the presence of plutomium in the following way.
Take aliquots ranging from 0.0l to 0,10 mg of plutonium and several aliquots of about
5 mgo These are all taken from the same stwok solution or aocurate dilutions of the
stock solution, and are treated according to Procedure outlined abovs, Since their
ratios to each other are accurately known and since the blank is a very small fraction

of the S-mg samples and an apprecisble fraction of the smaller ones, the value obtained

- eee oo o0
o eooo o ° o o

in the S-mg sawple mey be assun;e& cax'éeot Efoi—r ti‘;: purpese of calculating the amonat
.00 0:0 :oo 000 eoo oo

in the smaller samples. The differencg bglween this caleulated amount and the observed
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amount in the small samples is the recagent blank correction. It should not exceed

10¥ of plutonium and should be reproducible to 2 or 3 ¥.

Precautions

1, See Method of sampling corcerning errors resulting from storage of the sample.

2, élthough the plutonium is quantitatively reduced inm lsss than one-half hour the
minimegs time should be determined nnt only by this consideration but by the length of

time required to free the system fir-m Oa- This is necessary in order to obtain a low

and constant blank, ‘

3, pu™ is slowly air oxidiszed to Pu+4° The error is negligible if the titration is per
formed without interruption according to Procedure 4 and 5,
4, At temperatures below 20° C the resction is rether slow. In any oase the ond point
must be determined or interpolated from steady (not rising) potential readings.
5. If a falling end-point is observed examine the ocapillary below the tiiration oup.
Evolution of hydrogen gas from the dilute acid film in contact with the amalgem may be
enough to raise the amalgam into the capillaryoz Effeotive contact of the amalgam with
partially oxidized sampl{ %ill of course make t;é result worthless,

g .

6. 1If the potential riséétabove 820 mv, bkok ¢ titrateo with ferrous reagent. This rea-
3

gent may be standardizad: y adding an excess o the osrie solution at a satisfactory eundp:

-~

and back-titre ting with e ferrous solution, z
<

7. Erratic balsnce beha i§r and signifiocant e rgrs in weight have been observed when

st aerndipeyne om

one sattempts to deliver mall amovnts of solutjo acourately from relatively large bur-
5 .
ets handled with rubber | 1pvos° The effect &i a?pears when the burets are held with
N ] .
clean, dry fingers or coltbn gloves aund for thisjreason the rubber glove is removed for

initial and final weighihga. -

Correotion for iromn

The prooedure for dotermr@\tbn: of 11‘5 13“ odescm‘bod in 1II1 D of this manual,
' fguon when multiplied by 4,28 (the

be unc®r§8‘°:1 o sgot

The requirement that thz weight ﬁbﬂ&en’traﬁo

equivalent welght ratio r%a. * than 0.1 per cent of the total

i
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plutonium concentration is satisfidd ¥y thid he\Mod’

Precision and Accuracy

Average deviations from the mean of 0.1 per ocent are usual, of £ 0,05 por cent
aoq;dental, and of )*Ooz per oent rather unusual. Accuracy is demonstrated to a
cértain extent by results of plutonium metal and tetrafluoride. The former assayed
99,9 per cent plutonium with a standard deviation 0,17 por cent on 14 aliquots of one
portion end 0.19 per cent on 6 aliquots of another portion. No results were rejeoted in

calculating the standard deviation, The tetrafluoride agsayed 100,07 per cent pure with

& atandard deviation of 0.7 per cent,

Caloculations

Apparent m3. Pu/g. solution = (wt, of ceric solution in g.)' T

(wt, of mliquot in go)

T = mz Pu per gram of ceric solution

Jorrected mg. Pu/g. solution = (apparent value) « (4.28° mgo Fe/g.solvtion)
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FIGURE 1

TRANSFER PIPET
VOLUMETRIC PIPET
WEIGHT BURET

_ SCALE : 15"

—INFRA-RED
LAMP

— = > FILTER TRAPS

SCALE: ¥2"=¢"

FIGURE 2

EVAPORATION CHAMBER

VOLUMETRIC, ASSAY OF PLUTONIUM

S WAXED,lNSlDVEA
% " \_‘ .

AND AIR LINE
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STOPCOCK B
TO SYRINGE /

' CONTROLV'

TO SYRINGE
CONTROL 2.

: — DILUTE HgSO0,

7

. ' WAXED
¢ QUTSIDE:

FUSE HOLDE‘.RS»Z

L~ ZINC AMALGAM

STOPCOCK A—" « »

SCALE: 1"=1"

FIGURE 4
REDUCTION- TITRATION CUP

) ) . VOLUMETRIC ASSAY OF PLUTONIUM
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THE DETERMINATION OF CARBON'4NR*SYDROGN Y% SCALCIUY METAL

Abstraq&

The semple is burned at 1000° ¢ in orygen diluted with helium and the ocarbon
dioxide and water formed by the oxzidation of oerbom and hydrogen compounds in the
sample are quentitatively absorbed on Aecgrite and Dehydrits end weighed, Caloium burns
at an uncontrollably fast rate in pure oxyzen or in airj by properly diluting the
oxygen with the inert gas, helium, the rute of combustion oan be eesily controlled.
Applioability

'

The mothod has been used only for calcium metal but it is expsoted that it

would give oqually satisfactory results with magnesium and other aotive metals which are

difficult to handle by the conventional procedure.

Mothod of Sampling

The sample should be in the form of small pisces about 2 to 3 mm across or in
thin strips or turnings. Thiock pieces are diffiocult to oxidize completsly because of
the formetisn of a protective ozxide layer, Exposure of the sample to the alr should

be kept at a minimum to prevent reaction with carbon dioxide and moisture.
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Size of Sample and Limit of Semnsitivity

Samples of the order of one half to one gram are used. The limite of
sensitivity on a onoegram sample are approximately 50 ppm of carbon and 20 ppm

of hydregen.

Egagentn

1. Ascarite (soda-asbestes).

2. Dehydrite (Arthur H. Thomns, anhydrous Mg(CIO&)z)Q
. 3o Eésqh’ concentrated, cops.

Lo Tank oxygen, 99.5 per cent minimum purity.

5. Tonk helium, 98 per cent minimum puridly.

6. Cepper oxide, wire form.

7. Coppar gaure.

Apparatus

1. Multiple-unit orpanic combustion furnsce (see Fig. 7).
2. Single-unit combustion furnace {asee Fig. 7).

3, Fusedequartz combustion tubs, 25-mm 0D x 100 cm.

}i. Fusedequartz combustion tube, 20-mm D x 50 em.

S. Porcelain combustion bomts, size 6A (Coors).

6. 2 y=tubes containing Dehydrite.

7. L U-tubes containing Ascarite and Dehydriteo

8, @2 absorption towers containing Ascarite and Dehydrite.

9, 3 bubblers containing concentrated H SO

n
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10, Thermocouple and pyrometer,

13. BRoat hook,

12, Rwdicactive source (1 mg of radium).

13. Gum rubber tubing, 7-mm ID.

4. Two adjustable pinch clemps,

15. Glass wool. .

16. Gopper wire, 0.1=inch dismeter.

Assembly of the combustion train

The complete assembly is shovm in Fig., 7. The tube fillings for the
combustion furnace and the prehester furrnace are identical and are shown in
Deteil A. Also shovm in Dotall A is tﬁc mothod by which the tip of the combustion
tubs and the side arm of the Dehydrite absorption tube are kept warm to prevent
condensation of water vapor. The filling of the absorption tubss is shown in
Fige 2, Detail B, p. 182, of the manual (1La<416).

The oxygen ia sufficiently pure to use without pre<heating. The helium
always contaius more or lese organic matier., This is removed by psesaing the gas
through a proheater and through carbon dioxide and water absorbers before it is

led into the combustion furnace.

Procedure
1. Teat the train for leaks by permitting oxygen te flow through the

main system with pinch clemp P?! closed. If there are no leaks the rate of bub-

bling in the acid bubblers A and C will be the same, Then test the preheater
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aystem by opening pinch clamp P!, closing pinch clamp P, and allowing helium to
flow throurh the system as the rates of bubbling in acid bubblors B and C ara
cbserved.

2. With the furnaces malntained at the correct temperatures, i.e.,
approximately 1000°C for the smalil unit and aprroximately 600°C for both the
large unit and preheater, adjust the rates of flow of oxygen and helium to about
1 to 2 bubbles per socond each and burn out the tubes 3 te L hours.

3o Turn off the helium and clese pinch clamp P', After about 30
minutos connect the weighed absorption tubes and tare as shown im Fig. To (Handle
the tubes with cloan dry cotton gloves.) Allow the tubea to remain on the train
30 minutes.

L. Remove the tubes from the train and weigh each against the tare
tube as described under (8) on p. 179 of the maowal (L&<416). Repeat the proced-
ure until the weight change of each tube is not more than 601 mg per 30-minute
period. The train is then ready for use.

5. Adjust the temperature of the preheater furmace to about &009C,
Open the valve on the helium tank to give a rate of flow of about 10 bubbles per
second and reduce rate by means of pinch clamp P! to about 3 bubbles per second.

6. Adjust the valvo on the oxygen tank to give a rate of flow of about
5 bubbles per sccond and reduce rate by meamne of pinch clemp P to about 1 bubble
per sacond,

7. Veigh to the nearest mg. betveen 0.5 and 1,0 gram of sample inte a
pre~ignited No. 6A porcelain boat.

8. Connect the absorption tube and tsre to the train as shown in Pig. 7.
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Thero should be gless=to-glass oontact between the Dehydrite tube and the end
of the combustion tube; othorwise moisture may condense on the rubber connection
between the two glass ends,

9. Remove the stopper fram the front end of thg cwmbustion tube. Ine
sert the boat containing the sample into the open tube ond and with the boat '
hook quickly push the boat past the hot small furnace into the unheated portion
of the tube Letween the two furnaces., Replace the stopper inte the end of the
tube. '

10. Advence the small furnace until the froot end of the boat is just
covored. As the calcium becemes hot it will ignite and burn smoothly in the di~
luted oxygen. If the rate of combustion tends to bocome too rapid it is lessen~
ed by reducing the rate of flow of oxygen and increasing the rate of flow of
helium by means of the aboveementicned pinch clemps. By cutting off the oxygen
altogether, the combustion can bes completely stopped. A little practice is
roguired and since samples diff'er somewhat in behavior continuous control is
nocessary curing the burning operation. When the calcium directly under the
furnace is burned advance the furnece agein slightly and burn another small port-
lon. Continue in this way until the entire semple is burned, Then discontinue
the helium flow completely and heat the sample in e moderate flew of oxygen for
L5 minutes, This heating is necessary to burn the sample completely and to flush

all of the helium out of the train.

1l. Remove the absorption tubes and tare and weigh as described under

step 8, po 179 of the manuel (La=416).
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Biank Procodure

A blank dotermination is necessary in order to make sure that the helium
is being properly purified by the preheater and absorption system and to ascer-
tain the blank correction to be applied %o the entire dotermination == this is
seldom zero and usually is about 0.1 to 0,2 mge It is sufficient to determine
the blank only occasionally == for imnstance, whenever the apparatus has been
idle for some time or when a new tank of hslium or oxygen is to be used. Teo
determins the blank proceed exactly as for an actual semple run, using approx-
imately the same rates of flow of helium and oxygen and the same time as for

the semple detorminatien.

Procautions

i, Avoid undue expospure of the sample to the air to prevent its re-
action with ocarbon dioxide and moisture.

2. After the sample appears to be burned in the diluted oxygen continue
the combustion for not less than L5 minutes in pure oxygen., Failure to de this
will give rise to two errors, the first due to incomplete combustion of the
sample, and the second dus to incomplete removal of helium from the abscorption
tubes,

3s Observa the precautions mentioned on p. 180 of the manual (lLA=L16)

concerning static charges.

Calculation and expression of results

The carbon content is usually reported as parte per million and is

-
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minutes using a cathode rotating at about 120 rpm and a current of 0.2
amperss. Without interrupting the current lower the beaker as the
cathode is rinsed with a stream of water from a wash bottle. Dis-
connect the cathode and wash thoroughly with weter and then with
nlcohol to remove, the water, Dry the cathode by waving it in air to

ovaporate the ethanol and then place it in the oven at 105° C for two

or three minutes, Cool in a desiccator and weigh. Dissolve the deposit
in ooncentrated nitric acid, wash the cathode in water and alcohol and
dry and weigh as before, The difference in weight is equal to the

amount of cobalt in the sample.

Calculation and expression of results

The per cent cobalt in the sample is caleulated as followss

Weight cobalt deposited = x 300 & per cent cobalt
Weight sample taken

References

Brophy, Ind. Fng. Chem., Anal, EBdo 3, 363 (1931)
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FLUORIMETRIC FSTIMATION OF ¥ICROGRAM AMOUNTS OF URANIUM

Abstract

The strong greenish fluorescence of uranyl ion in ultraviolet light is
used as a measure of its concentration in solution, Cooling to the temperature
of dry ice-methanol mixture enhances the fluorescence. The uranium is contained
in either concentrated phosphoric or sulturic acid since they form a clear glass
at this temperature. The amount of uranium present is estimated by visual
comparison of the intonsity of the fluorcscence of the sample with that of known

standards.

Applicability

The method has been used routinely for the determination of microgram
amounts of uranium in plutenium nitrate solutions, and with the modifications te

be described, in gunk sclutions, ores and some miscelleneous materials,

Size of sample and limit of sensitivity

Sufficient sample is taken to pive not less than )1 microgram of uranium,
10 micrograms being the optimum amount. The limit of sensitivity is about 1

microgram of uranium per ml of sclution.

Reagents
1. Phosphoric acid, 85%, cap. Organic matter is removed by boiling the
acid with 30% hydrogen peroxide until it exhibits no fluorescence

under test conditions,
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Sulfuric aeid, concentrated, c.p, Organic matter is removed as for
phosphoric aecid.

Rydrogen peroxide, 30%, copo

Perchloric acid, 70%, cop.

Uranyl sulfate, ¢.po (For preparation of standards).

Methanol, absolute, U. S. Po

Apparatus (sce’Figuros)

1.
. 5
3.
L.

T

3.
10.
11,
12,

1.
15.

Volumetric flasks, pyrex, glass stoppered, 1 ml.

Drying oven. |

Hot plate.

Aluminum heating block.

Pocket spectroscope.

Small Dewar flask.

Ultraviolet source, Westinghouse Type A-H6 Lamp (Hg vepor) used with
quartz water jacket.

Mirrored concave reflector, 6 in. dia.

Metal-case housing for lamp,

Solenoid controlled water cooling system.

Quartz lens, plano-convex, 70 mm dia., about 10 in, feoal lengtho
Lens support.

Copper sulfate solution filter == 3=inch thicke

Corning glass filter #986.
Cardboard tube, 3-inch dia. x 12 inches, to prevent light scattering.
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Preparation of standards

1. Prepare a stock uranyl solution by dissolving 0,086 grams of UOESQMD
21/2 Béo in water and diluting to 1000 ml, This solution contains 50 micro-
grams of uranium per ml.

2., Into clean l-ml v°1um;tric flasks transfer by means of micro-pipets
aliquots of the stock solution to give twe sets each of the following amounts
or uranium; 1, 3, 5, 7, 9, 10, 15 and 20 néicrograms°

3o Add to each of the above flasks 0.5 ml of phosphoric acid ("erganic
free") and 2 drops of hydrogen peroxide (30%4). Place the flasks in the aluminum
heating block and heat at about 150° C until evolution of oxygen is complete.
Cool and repeat treatment with two more drops of Héoeo Cool) and £11} to the mark
with "organic free" phosphorioc acid., Heat about an hour at about 185°C.ta remove
excess water, cool and stopper the flasks,

L. Turn on the ultraviolet light and turn off all room light, It is
essentiai that the room be dark. Cool the flask to be examined for 3 to 4
- minutes in the dry ice-methanol bath. When sufficiently cooled the solution
will so}idify to give a clear hard glass with a rather pointed cons shaped
meniscus. |

5. Look through the pocket spectroscope at an ordinary fluorescent light
with the spectroscope held so that the red end of the séectrum is on the left,

\

Adjust the slit width so that the sharp yellowish-groen band appears to be about

1 mn wide,
6. Remove the flask from the bath and hold at the focal point of the

-
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ultra-violet light. FExamine the fluorescent light emitted by the uranium by

looking through the spectroscopc heid within 1 cm of the flask.5)

7. Prepare and study the various standards as above. Proparation of
duplicate sets of standards is a good practice when learning the technigue since
it will help eliminate errors due to faulty preparation. Considerable practioce
is required and the personsl factor is lerge. Two experienced analysts, however,
will usually not be in disagreement by more than 1l microgram over the range 1 to

15 micrograms,

5

‘ The spectrum of tho uranyl ion showe 2 set of five or six narrow bands,
beginning at about L900 £ and extonding toward the red. The second band at
about 53100 is the most intense, the succeeding bands decreasing steadily in
intensity (ses literature reference 3 on page ) Visual exmamination with
the pocket spectroscope usually reveals no more than four bands. Those on the
right (the violet end of the spectrum) are of o wave length that do not affect
the oyo as much as those on the left. With less than 2 micrograms of uranium
only the two bands on tho loft may be visible. Therefore, both the number and
intensity of the bands are an aid in determining the amount of urenium present.

If organic matier has not been completely romoved by the peroxide treat-
ments there will be m uniform green fluorescence over the entire field. This
mnay be strong enough to obscure the uranium bands or merely encugh to cause
uncertainty of the intemsity of the bands dus to the green background. In any
case it must be completely eliminated for an accurate cvaluation of the intensity
of the uranium bands, A drop of 70% perchloric acid may be added to help oxidize
the organic material.

Nitrate ion is said to quench the fluorescencoe of the uranyl ion but is
effectively removed by theo above treatments The effect of a large number of
other ions on the fluorescence of uranyl ion in aqueous solutions has been in-
vestigated by Finecke and Harms (literature reference 1) end $ill and Peterson

(literature refsrence 2),
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Procadure for plutonium nitrate solutions

HEED HEALTH SAFFTY RULRS OUTLINFD IN SECTION I (1A - L16)

1. Into a cleoan l-ml volumetric flask pipet sufficient sample to contain

about 10 micrograms of uranium.

2. Evaporate the solution to dryness et 105°C in an oven,

Allow the flask to cool and add 2 drops of "orgenic free" phosphoric
Heat in the oven st 105° C until the

3
acid and 0.5 ml of 307 hydrogon peroxide,

~

peroxide is removed.
L. Ropeat the addition and evaporation of peroxide.
5. Fill to tho mark with "organic free' phosphoric acid and compare the
intensity of the fluorescence produced in ultra=-viclet 1light with the standards

as desgribed above.

Procodure for ores, aoto.

1. Bring the material into solution by an appropriate method == acid

attack or fusion as may be required. Run the analysis in triplicate, spiking

one of the samples with a few micrograms of uranium to determine the per cent

recovery in the procedure.

2. With high silioca ores it is best to remove the silica by dshydration

end filtration in the usual way since large smounts of insoluble material would

be troublesome in the extraction procedurs to follow,

After removal of the silica, ovaporate the solution te remove excess

3.
acids and make the solution 3 ¥ in nitric acid,.

Extract the uranium by shaking
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the solution in a separatory fumel with an egual volume of ether for 15 minutes.
Repeat the extraction two more times, discard the aquecus phase, and eveporate
The ether phases to dryness on the steam bath,

L. Take up the residue in a little dilute phosphoric acid and transfer to
a2 1-ml volumetric flask. Remove the water by evaporation in an oven at 105° C,
6001, add 0.5 ml of 30% hydrogen peroxide and repcat the evaporation. Repest the
peroxide treatment and finally heat with a drop of perchloric acid te remove the

traces of organic mattor. Fill to the mark with "organic free" phosphoric acid

and determine the uranium us described abova.

Precautions

1. The volumetric flasks used must be free of any ureanium contaminetion
end should be tested under ultra-violet light before use,

2. The solution must be free of organic matter and nitrates.

3. The solution must be cold when examined as the intensity of the
fluorescence decreases rapidly as the solution is allowed to warm.

L. ©Excess water must ba removed by heating as described above, Otherwise
the solution will orystallize and some of the emitteod light will be absorbed and
scattereod by the crystals. .

5« The room wust be dark, and a few minutes should be allowed for accomodats
ion ol the eyes to the darkness before examinstion of the sample.

&. With use, the ultra-violet lamp will weaken and samples will appear to
contain less uranium than when oxamined when tho lamp is new. This rosulis in a

loss in sonsitivity. Furthermors, it makes unwise the practice of memory
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R comparison omitting the use of the standards. With expsrience, this can be done
without any eppreciable loss in accuracy; but the standards should be examined

frequently to assure that the lamp has not weakened comsiderably.

Calculations and expression of results

I. Plutonium nitrate sclutions

The uranium ie reported as ppm based on plutonium and is calculated as

follows;

micrograms uranium in aliquot x 105 =
- mg. Pu/mi, of solution x volume ol aliqueot {mi.)

ppm - uranium

5. Ores, ctc,
The uranium is reported as ppm end is calculated as follows;

micrograms of urapium £ ppm uranium
welight sample (g.)

Literature References

1. FEineke, E., and Harms, J., Z. Apsl. Chem. ; 220'125n&28,(195u)

., 2. Si1l, C. ., and Peterson, H. E., Bureau of Mines Ihformation Circular
7337, August 1945 . )

3. Project Report lLA-1S
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1A = 116 REVISIONS AND CORRECTIONS

Procedure I B
P 26

References Add LA = 486 (Terminal Report)

Procedure II C

p 3
Step 50

S‘bop h °

p 3
Step 5.

Step 7.

Step 8,

Step 9.

Step 10,

P35

Withdraw an aliquot sguivalent to about 5 mg. of metal,
add 200 microliters of 6 N BCl, dilute to 1 ml. in a l-ml.
glass stopperedececcese

Dissolve 1.0 go of the ammonium salt in 10 ml. of water...
Add cbout 30 drops of constant bolling.ecossesnso

Add 7 drops of the above other solution per 5 mg. of piutone
ium to th@ di lutad aliquot a.nd ss00es0000

{last sentence) Dissolve any residue which may appear by add-
Ing cocececeessssensscss.and evaporate just to dryness in

the infre red drying chamber.

{last sentence) Withdraw the solution, using & 0.05 ml.
micro pipet and coat it on a pair of copper electrodes.

Rinse the orucible with 0.05 ml, of quartz distilled 6 N
HC1 and add the solution to the copper slectrodes.

Deleotes the first sentence,

Reforences Add I8 = 387 (Terminsl Report)

Proocedure II D

pp 38-L43

The procedure as outlined does not give consistent results on
beryllium and alumirum. It is believed that the acidity must bs very
carefully controlled to prevent the co-scparation of these elements
with plutonium in Step Lo A revised procedure will be issued st a

Intor dates o eeepy e
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Procedure II &

p L7
. Step 2. (second sentence) With the electrolytic cell immersed in a
. beaker of cold vater, electrolyze at 0.2 to 0.6 AmMPSoceescccs,
Step 5. (third sentence) Asscmble the gas line to the syphon and open
the atop cock on the lattercescscsees

p 50
Step 1y (last sentence) If necessary drew out the tip of the pipet or
wax it lightly with a high molting wax.

p 53

Procaution 3., Noutraliz@...ccsccsooceesp No; oto. in excess of 0,005
milliequivelentsss.ocoe

Procedure I F

p 61
Step 8. (third sentence) Comtinue the exposure during the presilent
: and silent periodsccecececacens

Step 9. (insert after third sentence) Place the film in 0.5 per cent .
acetic acid short stop for 10 seconds. ’

‘ An alternative procesure by means of which the complets spectrum
(2250-T7100 R) of a sample mey be obtained in a single exposure (on 103 a-F
film) using only one speotrograph is described in Project Report LA-257.

1, Procedure II I
<
s p 7L .

R Paragraph 2, (last sentence) Tho precision averages about 9 per cent
{average deviation from the mean) by the internal
standerd method,

p 17

Pootnote, If beryllium is not to be determined and if spectra are to
be evaluated by the intorrmal standard procedurs (part 10 B
below), the gallium oxide should be first ground with 3120 P
Beb, Au205 and MoO, in amounts to give a mixture containin
8 micrograms of bigmuth, 0.8 micrograms of beryllium, 0.8
micrograms of gold and LO micrograms of molybdenum in each

J 2 mgo of gollium oxide.
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p 80
Paragraph B (third sentsnce) Select internal standard lines (Bi, Mo,
Au or Bq)which lie reasonably close to the analysis lines
chosen.
(insert after third sentence) "Also try to select for com-
parison the particular internal standard element which vol-

atilizes at about the same tempersture ms the element being
determined,

An alternative procedure, used in analyzing samples in which gallium is
to be determined, substitutes silver chloride for gallium oxide., Standard
and sample oxide mixtures are made up to contain 4} per cent silver chloride
in place of 2 per cent gallium oxide. The limit of semsitivity for gallium
by this procedure is about & pprm. Sensitivities for other impurities ars
esgentially the same &8s those given on page 75.

Procedure III D

p 110
Reagents

6. NH_ solution, 1.5 No This is prepsred by diluting 50 ml. of
anélytical reagent 30 per cent NH§ to 500 ml.

Pracedure

Step 4. Add 1l ml. of 1.5 N NH§ and again mix thoroughly.

Precedure III B

p 114

Reagents

2- Nitrio &Oidg Oupqeesens The boron GOnten‘b hOuld be 1883 th.m
0.1 micrograms per mi.
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