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By treatment of the solution to be tested with aqua rogia, tinecyanide is re.

+

.

moved and

serves as

against a

the gold is oti.dized. The color intensity of the yellryi Chloroaiirj.o ion

a mmsurb of the goicloonoentration in the solution. Measurements are made

known standard usi~ a oolor!metor. The nethod is subjeot to interf’erenoe

by iron or any other impurity whioh gives oolor to the solution under the oonditiow

of’the +9s+.
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Appl?oabiMty

This proc~duro has been ~pplied only to solutions containing l% 25 grams

of gold per likcmO Stronger or weaker solutions may be analyced provided the sample

taken gives about 15 to 25 mg of gold in the final volume of 25 ml, this being the

optimum concentration for comparison in the oalorimetero

hcour~

The aoouraoy of tho procedure nas established by oomparing re~ults with those

obtained by gra.vimetriosold &ssay of the same solutionsO

‘Ihepercentage error can easily be held to less than 5 o/o if the concentration

of the unknown solution be nearly equal to or greater than that

the ooncentratiou is itzthe range 15 to 25 mg of’gold per 25 ml

Reagents .

10 EM, ooncentrated$ op. )

of tho standards and

final volume.

) 3 Vole H(21 + 1 VOIO HM03 = aqua r~giaO
)

2, ESN03=concentxatied$o.p.)

3. AUCI’?,cop.

4. KCN~ Oope

Ap~ywatu8

1’3 Fipetg 1 ml.

20 Beakers, 50 ml.

30 Ribbed watch glasseo, 3 inch-dia.

40 Graduates, 5 ml. and 25 ml.

5. Volumetric flasks, 25 ml. and 100 ml.
●*9 ● ●:0 ● e* ● 0

●** ● ● 0

6. Steam bath.
● ::0

. ● **** :0 ::
● ● m ● b

●* ●:0 ●** ●eo :** ● m

7. Wsh bottl}e ●* ●00 ●O* ● ●

9.9 ●** ● ● ● ●9..
b ● 6 ● ● ● bm ●
● e ● O ● ● ●

80 Calorimeter. . ● ● ●** : ::0
●9 ●** ● ●0
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Weigh to t% nearest 0.5 IRgabout 70 mg of AvCN and diSSOIVO it in a few

ml of water containing about 200 to 300 mg of KCN. Add to tho solution 20 ml of

aqua regia.and avaporate under cover of a ribbed watch glass to oonplets dryness on

the St@NiitKith (HOOD!). Repoet three times the evaporation to dryness with aqua regia,

using 20 ml eaoh time. Dissolve the residue in 6.5 ml of’aqua regia. Transfer the

solution to a IOO-ml vohxaetrio flask rinsing the oover glase aridbeaker with distilled

water and transferring the washings to the flask. Aerate the solution to remove oolor-

ed oxides of nitrogen by shaking vigorously and make the solution up to the mark with

distilled water. This solution oontains 0.623 mg of gold per ml or 15.6 mg of gold

per 25ml. (This is roughly equivalent to the concentration of gold when lml of’

plating bath is treated and diluted to 25 ml -- assuming a ‘platingbath solution con-

centration of 15.6 grams per liter.] The solution is stable for several weeks at

least.

Procedure

Accurately pipet 1 ml of plating bath solutiou into a fiO-mlbeaker.

5 ml of aqua regia, oover the beaker with a ribbed watoh glass, and ewaporate
I

-.

4
.

#

Y

.

?(

. .

4 .,

Add

the

solution to complete dryneee on the steam bath (HOOD!). Repeat the evaporation with

aqua regia three times~ using 5 ml each time. Dissolve the residue in 1.6 ml of

aqua regiao Transfer the solution to a 25-=mlvolumetric flask, rinsing the oover glass

and beaker with distilled water and transferring the washing$to the flask. Shake the

flask to remove oxides of nitrogen from the solution anclmake up to tho mark with dis-

tilled water. Compare with the skandr.rdgold solution oh the oolorimeter. Set the

standard solution at 20.Oinmdepth.

● ☛☛ ●
● ☛☛ ● ☛☛ ✎ ✎ ❞

●9* ● ● 9*

be : :0
● *99 90 ::

● ● : 90

9* ●:* ● *9 ● ** :90● *

● 0 ● D* ● e* 0 ● ●
. . . ●“m ● 0 ● ● 9
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1. Failure to aerate the oxidized gold solution will lead to high results

caused hy oolored oxides of’nitrogen.

20 Best results are obtained when the unknown is nearly equal to or stronger

than We standard. Low results are obtained when the unknown is as muoh as 7 o/o

weaker than the standard. Good results have been obtained with uulknocwn$60 o/o

stronger than tho standard.

3. The usual precautions concerning eyo fatigue when using the oolorimetor

must bo observed. The aver~ge of several r6adings ~hould be taken.

Calculations and expression of results

Flwm Beerls Law,

where Cl is the concentration

the known solution is viewed~

or

of

C2

’32= W@z

the known solution, L1 is the depth

is the oonoentration of the unknown

through which

solution and Lo

two halves of thei8 the depth through whioh the unknown solution is viewed. nen the

field are of the same brightness the above relation holds. A s~ale at the bate of the

oolorime%er gives values of L~/L2 when ~ is 15 or 20. Sinms the standard solution

is equivalent to 15.6 grams of’gold per Iitorj the oonoentration of the plating bath

solution in tei”msof grams of Au per liter equals

15.6x L1/L2.

#-
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M.CROVOLUMETRIC..4SSAYOF

(Revised Procedure)

Ab traot
-–?–––

PLUTONIUM

1
Plu~Jn&~.qs sulfate in”2N ~S04 is reduced to + 3 valence with zino amalgam

un er a C02 atmosphere and is titrated potontiometrical~yto ~ 4’Vf&3t100 Wi.~h COfiO

,,,
The method has b#en u8ed primarily for mixtaaresof + 4 and + 6 nitrate in

u

{

IN HN~~ Particularly fo’

1

The method permits direo’

of Ti, Vj Fe> MoS W and

if~auy one of these ions
.

I
de~erminod separately an
! i

Hanford r,aterialboth as reoeivod and atter purification.

deterxlnation of Pu in a soluble samplo provided ‘theoation8

aro present in amounts not greater than 0,.02to 0.03 per cent.

RJ-8 resent in appreciable amount it rausteither be removed or

subtracted (using the proper equivalent weight factor) from

\th!squantitative aombirzaion.

I

~ I
The prooedure he e given treate Pu nitrate solutions whioh require a correction

,1m ;~j Aliquots &re ta ;n by kmight or;volume as required$ threo aliquots containing
‘/ <.:

J

:.
f~om 3 to 10 mg ok Pu a b taken for ass~y and two aliquotm are used for determination. of’

/

;
Regardleea;of pr aautions taken #n a%oring the mm~le in solution, the conoen-:

i

/

1tration inoreasea~becau e of deoomposit on of water by alpha partioles. The magnitude.
7

.- of this effeot i$$relat !to the uonaen.ration of i% in the solution. It was calou’lated
.

for one sample to ba ab % ~,1per cent per week, but was found, in oombiriationwith
#

other effects, to be so:what greater. ,Thi~ effeot prevents a gas-tighk @e&l of saJnplaa
.

● ●** ●“ ... ●** ●*
. .

containing as muoh as 2’0 mg Pu”&r{m&. ltm~th”~s~reasonaliquots m-e taken within a
●

,,.. ,, ,:0:00●:. :C9 ●o
few hours from th~ timq’ ho sampleO~: ro~a~Jw@& ,

-.

.f

●e.** ● ?* .000
J. ● *O ●P:: : :0 .!●**:

●0 ●9*
‘: ‘~
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Reagents

1. ‘2S04~ oonoentra%ed.

20 H2S04, 1 N

30 Ceria sulfate,

40 Sa%urated zinc

10

ing

20

3.

●

40

50

. .

. .

.,

.

.,’

. .

7.

%kaohable

● 06 00
● ● 00 : ●:0 :00● 0

(’.)about 0.02 N in lN E12S04

amalgam.

syringe pipet controls for transferring all Pu solutions and for fill.

and emptfing tho buretso

Transfer weight-pipots with waxed tips (Fig. 1).

Volumetric pipets, waxed tip, calibrated to oonlmin 20 to lCO X ( F&g. 1).

These pipets are very simply constructed from pyrex glass tubing or small test

tubes. ‘i’heoonstriotionat the meniscus is fine enough so that a variation

of 1 mm does not correspond to more than 0.1 per cent of the pipet volume.

Platinum oruoiblos~ 8 ml.

Evaporation chamber (Fig. 2).

Infra-red lamp and Variao.

c02 genex=toro A satisfactory generator consists of a dewar flask of one liter

volume or larger whose heat conduction is sufficient to supply 1 to 2 ml of C02

gas per soooud when the flask is half filled with solid C02. Heat oonduotion

may be increased by inserting a aopper rod through the stopper. The flask should

be completely wrapped or taped for the pro-lxmtionof the oporator. A combination

safety-trap and C02 pressure indioator is attaohed to a side-arm of the C02 supply

line. It oonsists of’an open-red

8 inches in water. The operating
.9* ●

water by an appropriate s“&@i~p

section of the line imaersed to a depth of ‘5to

pres~ure is maintained at about 6 inches of
.00 ●em ●*

o; d&v&~r and length of the oapilXary leada
●

�✎ _.._-_*o-&.:.M .:0:00D*.. .,.”8.WU ..-....?,
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● ☛ ● ☛☛ ● O
● ooo”e: ●m. ●

● *O** ● 00

::oa : cot ●
● . . .*

● 0 :.0-00.:: ●

.

.

.

● n ● . . bee ● ** ● O*
●

● ,?::.:-* w●:
●:*: ● 0

● ●:9 :00● 0
in the apparatus (Fig.4).

8. Combination reduction-titrationcrops(Rigs. 3,4,5, and 6).

.. Variable-speed eleo%ric stirring motor, Variao, and waxed glase stirrers.9

10. Weight-bure’ts,0.5 to 300 ml capacity (Fig. 1). The tip is waxed outside so that it

will not be wet by water solutions. This minimizes loss in weight eauaed by evaporation

and also, for small-bore tips, prevents drainage except when it is forced with a syringe

or when the tip is immersed in a solutions The oontrol oonstriotion is waxed inside so

that it will not fill with solution and thus prevent gravity drainage when the tip is

immersed. If the same buret is used for the end point as for tho rest of the titration

its delivery rate tith the tip immersed should not exceed 2 mg of’solution per second.

11. Vacuum residue bottle. The liquid lead is a tapered 2-mm glass tube a%taahed to

the bottle by an adequate length of rubber tubing. The vacuum lsad oontains a

ootton-filled &ying tube.

12. BecdsmznpH m~ter with calomel and platinum eluotrodes.

Proocdure

HEED HEALTH SAW3TY RULES OUTLINED IN SECTION 1. (IA-416).

1. For weight aliquots weigh by difi’ereuoetho required amount of sample using

Q c?.eandry transfer pipet. Transfer the aliquots to 8-ml platinum cruoibles. For

volume aliquots use olean dry pipets calibrated ‘ttooontainw. After

volume aliquot into the oruoihle, rinse the pipe% once with lN~S04

waters adding all rinses to the oruoible. Dry the pipet on a vaouum

servo for future use. Add carefully around the side of the crucible

.
~2S04and enough water to give a volume not less than 0.6 ml. Plsae

.

.“ in the evaporation ohamber.

discharging the

and twioe with

manifold and re-

150 A of Oonoe

these oruoibles

.“’ With a stee.dystream of air passing through the ohamber, heat the aamplee with

point of the solution.

sulfate has precipitated

lamp and allovfthe samples

APPROVED FOR PUBLIC RELEASE
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● **9

boo ● ● 00a e
to Cool.

● **o-** ● **
When 0001 add aarefully arc?<nd””t~e”c;fi;i~fe>im enough water to redissolve the

●a ●:0 ● ** ●00 9**,9
+ 4 sulfate preoipiixzte:0.4 to 0.5 ~Z:sl@~% b.~K&3u& Repeat the fuming and dilution.--- ---.

●

2* If the reduotion-titrationoups

ly. Dry the stopcocks and grease them

With stopoock A open add lml of

9** ● 9*O ● m* ● 0

have not been used for some time clean

lightly.

dilute H2S04 to the amalgam reservoir.

thcm thorough.

Charge the

reservoir with enough saturated zinc amal.~wnto bring the level of %ho amalgam to the C02

side arm(2). Open stopoook B and force th- ~ilute atid out of the capillary into the CupO

It might be necessary to lower the amalgs.tuwith the syringe oontrol. With the C02 flowing(3~

raiso the amalgam

6yphon stopper in

platinum orucible

to a height of’about 0.5 cm. in the cup. Close stopoock A. Plaoe the

the position shown (Fig.4) and slowly draw the di6solved sample from the

into the cup. .lnorder to minimize spray, draw the last portion over very

slowly or allow the 8yphon lead to remain filled. Rinse the crucible and load with 2 ml of.

1NH2S04 in three portions. Remove the,syphon stopper and place the plastic lid [Fig.5) on

the oup. Raise the amslg.amto a height of about 1.0 cm in the cup. Insert the C02 lead

through the lid. Adjust the stirrer with the flattened portion half immersed-in tho amalgam.

Stir at a moderate rate for one-holf hour or longer.

3. Turn on the pH

4. }111 the burot

Weigh the filled buret to

meter and set the range switch to “+ XV1t.

with more eerie solution than is required to oxidize the sample.

the nearest 0.1 mg.

level of the C02 side arm. Open stopoock B to

the amalga,nreservoir with the syringe oontrol

and opened by the oscillating amalgam ool~.

Stop the stirrer. Lower the ama@n to the

a minimum flow rate. Adjust the pressure in

so that the C02 passage is alternately looked

When the reduoed solution has been raised into

the cup und the oapillary

stopcock %. The pressure

Close stopooak A. If any

between the oup and side arm 5.scompletely filled with C02S olose

in the reservoir should be sufficient to just look the C02 pissage.

amalgam has been retained in the solution, the ‘aboveoperation

must be repeated until the separation is accomplished.

20 An exoess of zino may be added to this reservoir in order to maintain the saturated
amalgam.
3. The c02 capillary should be fin~oenQt@ t~”p~~n~~:the regulation of the gas flow to a SIC
rate so that spray of pluton;um sol~tto~.i“~mi~.i~~:+c~
4, A separate re6idue bottle is kept’ ?of %“40!M rmswj end solutions of this kind, thus
eliminating excessive dilution of rqog~a~oo:rv$gti~.06 ●

● ● ☛ ✚ ✚ ✛✍❞ ●

:::0
● *. ● e*

● 00 ● ● 0 ● e
● *

—.. ...
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5. Remove the lid and CC+ lead. Rinse the electrodes and lower them into

the reduaod solution (Fig. 6). Titrate with stirring to within Q few per oont of
.

the end POint -. between 600 and 650 millivolts Continuo the stirring for at leas%

ten minutes or until a reasonably steady potontial is attained. As muoh as 95 per oent

of’the oerio solution may be force drained with a syringe oontrol. The h.8t ~ per

oent or more should be added in small portions by touohing the buret tip to &he sur.

face of the solution. The end point potenti~l is between 750 and 780 millivc.ltsoell

potential but should be determined by each operator from a titration aurve. Inter.=

polation of the end point is possible to 0.1 per cent from any potential between

und S20 millivolts provided a satisf’aotorycurve has been obtained. With some

praotioe onlyan initial and a l?iual wei~ht are required.

7’00

60 “Nhenthe titration is completxxitransfer the solution to the vaoutm red,.

due bottle. Rinse the oup and oapillary. mile the apparatue is not in use store it

with stopcock B olosed~ the oup filled with distilled H20 or dilute H2S04, the plastio

lid on the oup, and 0.5 ml of dilute Ii2S04over the amalgam in the reservoir.

Blank Prooedure

Determine the reagent blank in the presence of’plutonium in the following miy.

Take aliquote ranging from 0.01 to O.10mg of plutonium and several aliquots of about

5 mg. These are all taken from the same stuok solution or aowrat~ dilutions of ,the

stook solution, and are treated aoaording to Procsdure outlined above. Since their

-,

of the

. .
in the

in the-.

to .eaohother are aaourately known and sinoe the blamk is a very small fiwoti.on

5-mg samples and an @ppreoiable fraotion of the smaller ones, the value obtained
● 99 ● .90 ● 00 ● .

5-mg sample may be as6u&.?l&r&ot~f& t~~purpose of caloulatin..the amonnt
● ,, ,:0 :00 ● .* ● 9* ..

smaller eampleso Tho di~fe~~?oq ~+~~,k~ia oalcula%ed wxount and the observad
● be .00
●00:: ●9* .
● 9**.00.0 .9*

“’: ‘:b:
—
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:: *4: ●

●ee 9●eo ●●ao::*O.. ● 0 :00 m

PO- .-e :** w.
● :“ “;1s. : ● * : :*: ●\ ● :0 : ::

●:0 S*O 90

amount in the small eamples is the-r;&&nt blank oorrootion. It should not exoeed

Mlf ofplu~onium and should be reproducible to 2 or $f-

Precawtions

10 See Method of sampling concerning errors resulting from storago of the sample.

2, ~lthough the plutonium is quantitativel,yreduoed in less than one-half hour the
-..

minim.$,atime should be determined not only by this consideration but by the length of

time required to free the system f’rm 02. This iS necessary in order to obtain a low I
I

and constant blas*O

.

.

*

.

.

. .

.,

*,

3013.1+3 - ‘- - - ““- --+4

formed

4. At

“ is sLowly air oxldl%ed to 1% ‘. The error is negligible ii’the ti~ra~iou ts per

without interruption according to Prooedure 4 and 5.——

temperatures below 20° C the reaction is rather slow. Sriany ease the ond point

must be determined or interpolated from steady

5. If a falling end-point is observed examino

Evolution of hydrogen gas from the dilute acid

euough to raise the amalgam into the oapillary

partially oxidized satnp3e~,&ill of course make

6. If the potential ris

gent may be standardized

cmd back-titretingwith

7. Erratic baknae beh$

one attempts to deliver

C*S handled with rubber

ol~n, dry fingers or O(

initial and final wei~h

Correction for iron———

The prooedure fo

Therequ~remen~ that *h
‘.

oquivalont weight ratio

.-

s:above 820 mvj baok

by adding an excess o

d ferrou8 solution.

i& and significant e

m$ll amounts of 6olut

;l~ves. The effeot di

;t~n,Qoves and for tk

(not rising) potential readings.
!,
tho oaplllary below the titration oup.

film in oont&at with the amalgam may be

Eff’eoti~eoontaot of the aatalgars

k result ‘worthless

,tjrutowith ferrous reagent. This

with

r~-

~a oerio solution atza satisfaa%ory endp

~

ie rs in weight have been observed when
r

c1/!accurately from ‘relativelylarge bur-

a~peRrs when the burets are held -with

I
s reason tlm rubber glove is removod for

if
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plutonium concentration

Preoision and Aocuraoy

Average deviaiiions. from

aoc$dental, and of >0.2 per
. ---.

certain extent by results of

9909 per oent plutonium with

portion and 0019 per oent on

.

.
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● 0 9** ● ● *O ● ● ●

the mean of O.?.per oent are usual, of <0,05 por oent

oent rather unusual. Aocuraoy is demonstrated to a

plutonium metal and tetrafluoride. The former assayed

a staudard deviation 0.17 per oent on 14 aliquot~ of ono

6 aliquota of another portion. No results were rejeotod in

oaloulating the stamiard deviation. ‘l?hotetrafluoride aosayod MO.07 per oent gmre with

a etandard deviation of 0,D7 per oent.

Calculations—.

Apparent m:. Pu/go solution= (W. of oerio solution ing.)” T—-
(wt. of aliquot in go)

T= mg Pu per gram of cerio solution

Correotod mg. Pu/g. solution ~ (apparent value) . (4.28’ mg. Fe/g.solution)
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\ THE DETERMINATION OF

Abstract—-

,
. The

dioxide and
.

water formed by tine

1000° C in oxygen diluted with helium and the oarbon

oxidation of oerbou and hydrogen oompounds in khe

samplo are quantitatively absorbed on Ascarite and Dehydrite and weighed. Caloi.uIUburns

I a% an uncontrollably fast rate in pure oxygen or in air; by properly diluting tho

oxygen with the inert gas, helium, the rate of combustion oan be ecfsilycontrolled.
.

~,~imbi~
6

The mothed has been used only for oalcium metal but it is expaoted that it

would givo equally satisfactory results with magnesium and other ao%ive metala whioh are

.

. .

.
“

.

.

. .

diffioult to handle

Method of Sampli~

The sample

by the conventional proaedure.

should be in the form of small pieoee about 2 to 3 mm aoross or in

thin strips or turnings. Thiok pieoes are diffioult to oxidize oomplotely beoauso of

the formation of a protective oxide layer. Exposure of the sample to the air should

be kept at a minimum to prevent reaotion with oarbon dioxide iandmoisture.

. .
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si~e d Sample and Limit of Sen3ikivity——-

Samples of the order of one half’to one ~rasnme uead. The Mmitrn of

sensitivity on a ono=gran mample are approximately ~ ppm of carbon and 20 ppm

0S hydrogen.

b. Tank oxygen, 99.5 per cent mintiumpwity.

5. Tank heMum, 98 par cent minimum purity.

6. cOP&K!~oxide~ wiro fO13%a

Apparatum

3.. Multiple-unit organic combustion furnaoo [soo Fig. 7)~

24 ‘single-unitcombustion furnace (aeo Fig. ‘?).

3. Fused-quartz combustion tubs. Z?j=mmOD x ~00 w%

4. Fuziad-quartzccxnbustiontube, 2knm OD x SO cm.

~. Porcelain combustion boats, sizo & (Coors).

6. 2

7. 4

0. 2

9; 3

U-tubes containing Dehydrito.

u-tubes containing Ascari’teand IMydrite.

absorption towers containing Ascarita and DehydriteO

bubblers containing concentrated H SO .
24
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10, Thermocowplo and pyrometer.

XI. Boat hook.

12. Radioactive sourco (1 w ok radium].

130 Gum rubber tubin~, T-mm ID.

I&. ‘1’woadjua%a~le pinch cle.mpa.

X5. Glass wool.

36. Copper wire, O.1-izzch diameter.

Assembly of the cmbustion train

The completo assembly is shown in Fig. 70 The tube fiX2irag8for tho

combustion furnace and the preheater furrlaceare identical and are shown in
.

Detail A. Also shown in Dotatl A is the stiethoclby which tho tip of the contbuation

ttibeand the sido arm of the Dohydrite absorption tube are kept warm to prevent

condensation of water vapor. The filling of the absorption tubes is showm in

Fig. 2. Detail B. p.

The oxy~en

a3way8 containa more

282, of tho manual (IA-=416)0

ia sufficiently pure to use without pre-hemting. The helium

or 10s6 organic.matter. ‘fMs is removed by paaain~ tha gaa

thr?mgh a pmhoater and through oarbon dioxide andwator abc+orborabefore it is
. .

led into the ccmbuation furna~e.

J?roocdure

. 1.. Teat the krain f’orleaks bypezmittlng oxygon to

.
main system with pinch clamp P~ closed. If there am no leaks

flow through the

the rate of hub.

bling in the acid bubblers A and C wil~ he the same. Then test the preheater
.
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system by opening pinch clamp P$, clouing pinch clamp PO and allowing helium to

flow throu~h the syatcm as the rates of buboling in acid bubblers B and C are

obserwed.

2.

approximately

With the furnaces maintained at the correct tempcratures~ i.e.O

1000*C for the small unit and ap;>roximatcly6G0°C for both the

large unit and preheater adjust the rates of?flow of oxygen and helium to about

1 to 2 bubbles per second each and burn out the tubes j tah hours.

30 Turn off the heli~n~nd close Pinch ClmP P’. Aftcw about 30

rninutos ccnnact the wui~hed absorption tubas and taro as shown in Fig. ~. (Handao

tho tubes with olean dry cstton Qovose) A31ow tho tubes to remain on tho train

~ minutcm.

h. Remove the tubes from the train and weigh each against the tare

tube aa doecribod under (8) on p. 17g ofthu manual (M.u6].

uro until the wei~@t ohango of mch tube is

period. The train is then ready for use.

5. Adjust the temperature of the

Open the valve on the helium tankto give a

not more than 0.2

prohea+er furnace

Repeat the procod-

IQgper 50-minute

to about 600°C.

rate of flow of about 1!3bubbles 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 second and reduce rate bymean6 of pinch clemp P to about 1

per soemd.

. 7. Weighto the nearest mg. between 0.5 and 1,0 gr&m of samplo

.
pro-ignited No. 6A porcelain boat.

bubble

into a

8. ConneIctthe absorption tuba and tam to the train as shomi ;n-~iz. 7.. . .. . .,. 1%
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z.

.

.

Thero should bo glasa-to==glaasoontact bstwoen the Dehydrite tube and the end

of the combustion tube~ othorwiso moisture may oondwaso on the rubber conneoti,on

between the ho glass ends.

g. R@mo~e the stopper from tho front end of th~ ocznbustiontube. In-

sert the boat containing the sample into the open tube end and with the boat ‘

hook quickly push the boat past tho hot small furruxcainto tho unheated portion

of the tube between the two furnaces. Replace the stopper into the end of the

tube ●

10. Advance t12csmall furnmco until khe front end

oovored. As the calcium beccmca hot it will ignite and bura

Iuted oxygen. If the rate of combustion ‘tendsto become too

ed by reducing the rate of’flow of oxygen and increasi~ the

of the boat ia just

smoothly in the di-

rapid it is lea6en-

M-&e of I’lowof

helium by meana of the above-mentioned pinch clamps. By cutting off the ozygen

altogethcr~ the combustion can be completely ~toppai. A Iittla practice Is

required and since samples differ scnawhat in behavior continuous control is

necese3arycuring the burning operation. When ‘thecakcium direotly under the

furnace i~ burned advanco the furnaco again slightly and burn another small port=

ion. Continue in this way until the cntiro ample is burnodO Then discontinue

the helium flew completely and heat tho aemple in a modorate flow ef oxygon for

45 minutes. This heating is neocmsary to burn the sample completely and to flush

all of the helium out of the train.
*

31. Remove the abeqrpti.ontuboa and tare and weigh as described under

step 80 p. Iyg of the manual (LA-4.26).
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Blank Procodure—.

A blank

ia being properly
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dotmmination is necessary in

purified by the preheater and

order to mdce sure that the helium

absorption system and to asoer-

tain the blank correction to be applied to the entire determination - this is

mMom zero and usually is about 0~1 to 0.2 mgO It is sufficient to dcdmrmine

the blank only occasionally -- for instance, whenever the apparatus has been

idle for some time or when a new tank of helium or oxygen is to be+used. To

determine the blank proceed exactly as for an actual sample rune using approx-

imately the same rates of flow of helium and oxygen and the same time as for

the semplc detorminatien.

Precautions

1. Avoid undue exposure of the sample to the air to prevent its re-

aotion with oarbon dioxide and moisture.

2. After the sample appears to be burned in the Mhrted oxygen continue

the combustion for not less than &j minutes in pure oxygen. Failure to de+ this

will give rise to two errorso”the first due to incomplete combustion of the

samp2eo and the second due to incampletc removal of helium from the absorption

tuboa.

30 Observa the precautions mentioned onp. MO Of the =ual (LA==LM)

concerning static charges.

Calculation and expression of results

The carbon content is usually reported as parts petrmillion and
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calculated as follcvm:

k’Vt~(g.) C = Ht* (g.) increase Ascarite
increase A8cnrite tuba

mm C = w-to(g.) c x 106
m. ox-sample

The hydrogen

● ✘

●
●

c
● *

●

● *
::
::
● O

.
.

/-,,

tube {6a!n~b3)IfliPN2Swt. (g.)
(blank) X 00273

content is u3ually reported as per cent and is csloulated

---Wt. (g.) increase Dohydritc Ia.zbo(vample) minus wt. [g.)
increase Dehydrito tube (bkddx 0.1119

W& (go)Iix 100
wt. sample (go)
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ELRCTROLYTIC DITERMIIJATIOEOF COE4.LTIN ‘ITJNGSTEN-CARi3~&COMLT ALLOYS

Abstract—.

The alloy is dissolved in a mixture of h,ydroflouricacid and nitric

acid. The volatile aoids are removed by fuming with sulfuric acid and the

residue is dissolved in ammomium hydroxide. Ammenium ohlwide and sodium bi-

sulfite are added to tho solution which is cooled to 10° c and electrolyzed for

L15 mimtos using a rotating cathode.

Range”of applicability, size of aamplu. accuracy

The methcd has been used with satisfactory results in the analysis of

alloys containing f?roxx1 per cent to 9 per cent oobalt. The weight of EIampl.a

taken should be sufficient to furnish 60 to 80 mg of cobalto When more th~

~0 mg of’cobalt is electrolyzed low results are obtained.

The spent electrolyte contains a small amount of cobalt. Except in the

most accurate work, howevers this amount of undepositcd cobalt as well as the

smnll amount of extraneous mater~al (sulfur and tungsten) deposited on the cathode

can be neglected since the two quantities aro approximately equalo

H1.ifacmcentrfitod, Op.

HN03. conoentratedo c.p.

H2SOb0 concentrated, Copo

~Lt3H0 acmcentretedO c.p.
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5- ~NH Cl. O.P.

60 MHso50 cop.

7: Ethanol, ~%.

Apparatus
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● ******.* ● . .

● ●0 ●:0%!?’=:O:00:O.
● mOOe* ● **

● *** ● a
● : ●:0 : ● m

● ●:. :00●*

Diamond mortar and pestle mnde of hardened steel.

Analytical balance.

Platinurabeakers, 70 ml. (A cruciblo will do; it serves better if a

lip is made by cold hammring,)

Platinum ooverso ribbed (Ordinary cruciblo covers are easily ribbed by

Gold hammering.)

FJeetrolytio beakersO 200 ml.

Steam bath.

Hot plate.

Ice bath.

Thermometer.

Platinum gauze electrodosg

Cathode -= gauze cylinder {with blades)e Lmgth 50mm.,dia. 25 mm.,

ovorall length 125 ma

Anode -- gauze cylinder, length 30 mm., dia. 19 mu.

Drying even.

Desiccator.

F~ectrolysis apparatus equipped for stirring (the Electro Analyzer

made by the Fisher Scieutifio Company is well suited when equipped
●** .●** ●:0 .0...

with a variab~e”r$o~$at:t~cco~~ol rate of stirring.).
● O●* ●** ● 00●:0 :.. ●.

● ☛ ● ☛☛
● 0.

● mo . .

● 0.
●’* b ● ● .O.

● *D* :
● *O .

● 9.
:

● m. ●

● 0 ::0
●** ● . ● ●*
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Prooeduro

1.

2.

30

40

50

If material has born pressed crush into small pieoes in a hardened

steel mor~tr.

On a tared watch glass weigh ta the nearest 0.1 mg a sample contain-

ing not more than 8C)mg of cobalt and transferwith the aid of a small

brush to a 70==d platinum beaker.

Add to the sapple 3sd of concentrated hydrofluoric aoid followed by

~ml of ccmcen’tratednitric acid. Cover the beaker witha ribb+

platinum cover and heat until dissolution of the sample is complete.

Evaporate the

and evaporate

of watcr~ and

solution to dryfless. Add 2ml of sulfuric aoid (1$1)

to strong i’umeaof sulfuric aoid.’ Cool. dilute with 1 ml

evaporate to drynosa to effect remov~l of hydrofluoria

acid and nitric acid.

Cool the residue to room temperature. Dissolva it in concentrated

Y
OH and transfer the solution to a 200-ml e%eotrolytio beaker.

Loosen any residue adhering te the platinum beaker by scrubbing with a

polioeman and uoing concentrated ammonium hydroxide for rinsing. Use

a total volume of about 50d- of ammonium hydroxide. Add J5gram of

ammonium chloride and 0.5 grams of sodium bisull’itoand warm the cover-

ed solution on the steam bath until the residue is completely dis-

6olved. Ignore any graphitic carbon and iron which may be present.

Remove the solution from the steam bath, add an additional 25 ml of

concentrated ammonium hydroxido and cool to 20° C. Ebctrdpe 4’5

“.

9*O ●●’* ●:0 ● *. .*

● : :
● ● *

●
●

●
● 0 ● :. : :

:
● *

● * ● 00 :00 ●:* :.0 •~

● 00:00●
● 00 ● ●

● *.
●’0 ● ● ● .*.

9*..: ● O* .

● *.
:
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minutes using a cathode rotating at about 120 rpm and a current of 0.2

amperes. Without interrupting the current lower the beaker as the

cathode is rinsed ‘witha stream of water from a wash bottle. Dis-

connect the cathode and wash thorou~hly with water and then with

alcohol to remove the water. D,rythe cathode by waving it in air to

evaporate the ethanol and then place it in the oven at 10~0 C for two

or three minutes. COOI in a desiccator and weigh. Dissolve the deposit

in concentrated nitric aoido wash the oathode in water and alcohol and

dry and weigh as before. The difference in weight is equal to the

amount of oobalt in the snmplc.

Calculation and exprass$on of results

The per

References

cent cobalt in the ssmp~e is calculated as follows~

Weight cobalt deposited ~ x 100s perOent~~~lt
Weight sample taken

Brophy, Ind. ??ng.Chem.. Anal.M. ~. 363 (1951)
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FLUORIMETRIC ESTIMATION OF MICROGRAM AMOUNTS Oi?CRANIUM

Ab&tract

The strong greenish i’luoresoenoeof 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

irieither concentrated phosphoric or sulfuric aoid since they form a ~lear glass

at this temperature. The amount of uranium present is estimated byvimal

comparison of the intcmsity of the f’luorescenoeof the sample with’that of known

standards.

Applicability

The method has been used routinely for the determination of”miarogram

amounts of uranium in plutenium nitrate solutions and with the modifications to

be described. in gunk solutions8 ores and acme miscellaneous materials.

Size of sample and limit of sensitivity

Sufficient sample is taken to Sive not less than 1 microgram d’ uraniumO

10 micrograms being the optimum amount. The limit of sensitivity is about 1

microgram of uranium per ml of’solution.

Reagents

.

Phosphoric acid. 85%8 c.p. Organic matter is removed by boiMng the

aoid with ~ hydrogen peroxide until it exhibits no f~uoresoence

under teat conditions.
.

. .

“.

● 99 .●**
● 00 ● *. . .

● : :: ● *
●

:

●
● 0 . .. : ::0 9m

00 ●00 Oco ●:0 :00 ● .
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9**
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a Sulfuric C@ dg coneantrated~ o.p. Organic matter is ramovad as for

phosphoric acid.

30 Hydrogen peroxidoO ~~, c.p.

40 Perchloric acid, ~%, c.p.

5* Uranyl sulfate, op. (For preparation of standards).

6. J@thanoxa absolute. U. S. P.

Apparatus (see-Figures)

1. Volumetric fbasks~ pyraxa glass stoppercd* 1 ml.

2. Drying oven.

30 Hot plate.

4* Aluminum heating Mook.

5- Pocket speotrosoope.

6. Small DeWar flask.

79 Ultraviolet source. Westinghouse Typo A-H6 Lamp (Hg vapor) used vdth

quartz water jacket.

0. Mirrored concava roflector~ 6 in. dia.

9* Metal-case housing for lexnp.

100 Solenoid controlled water cooling systctm.

21 ● Quartz lens, piano-oonvexo 70mm dia., about 10 in. f’ooallength.

12. Lens support.

13. Copper sulfate solution filter -- S==inchthick.

Ih. Corning glass filter #986.

lb ● Cardboard tube, >inoh dia. x 12 inches. t~ prevent light scattering.

i
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J?reparationof standards

1. Prepare a stock uranyl solution by dissolving 0.084 grams Of U02S~0

2 1/2 +0 in water and diluting to 1000 ml. This solution contains 50 micro-

grams of’uranium per ml.

2. Into clean l-ml volumetric flasks transfer by means of micro-pipets

aliquots of the stock solution to give two sets each of the following amounts

or uraniumz Is 30 ~~ ~$ ~D 100 Is and 20 micrograms.

30 Add to oaoh of the above flasks 0.5ml of phosphoric acid (“organic

free”) and 2 drops of hydrogon peroxide (~). Place tlioflasks in the aluminum

heating block and heat at about 150° C until evolution of oxygen is oomplete.

Cool and repeat treatment with two more drops of H202. Cool and fil~ to the mark

with “organio free” phosphoric acid. Heat about an hour at about 185°C to rmnove

exoess Watera ooo1 and stopper tho flasks.

k. Turn

essential that

minutes in the

on the ultraviolet light and turn off all room light. It ia

the room be dark. Cool the flaakto bo exemined for 3 tok

dry ice-methanol bath. When sufficiently oooled the solution

will solidify to give a clear hard glass with a rather pointed corm shaped

meniscus.

5. Look through the pocket spectroscope at an ordinary fluorescent light

with the spectroscope held so that the red end of the spectrum is OKIthe left.
\

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

1 mm wide.

* 6. Remove the flask from the bath and hold at the fooal point of.the

● em . ●:0 . . . ● *
.9*

● : : ● m
:

● . . .. : ● e
●

::
● b00 0:0 :00 6:0 :.. ● .

9* ● ee
● D.

● *O . ●

9..
●** ● ● ● ●*.

● ***
● 0, .

:
● *.

:
● O.
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ultra-violet light. Rxaminc the fluorescent liGht emitted by the uranium by

looking through the spectroscope held within 1 cm of the flask.
5),

7= Prepare and study the various standards aa above. Preparation of

duplicato sets of standards is a good practice when learning the technique sinoa

it will help eliminate errors due to fau~ty preparation. Considerable praatice

is required and the personal faotor is large~ Two experienced andystao however,

till Usualleynot be in disagreemmrt bj~more than 1 miorogram over the range 1 to

15 micrograms.
,.

e

. ..-

~
The spectrum of ‘thouranyl ion showQ a set of five or six narrow bands,

beginning a
i
about @OO & and chcnxling toward the red. The second band at

i“ about 5100 iB the mod intense. the succeeding bands decreasing steadily in

?.

.

,

‘,

intensity (3ee literature reference 3 on pago ). Visual examination wjth
the pocket spectro~cope usually reveals no more than four bands. Those on the
right (the violet end of the spectrum) are of e.wave length that do not affeot
the oyo as much as those on the loft. With less than 2 miorogramo of uranium
only the two bands on tho left may be visible. Thereforo, both the number and
intensity of the bands are an aid in determining the amount of uranium present.

If organic matter has not been comp~etdy removed by the perc_@de troat-
mcmts tkmre will be a uniform green fluorescence ovor ths entire field. This
may be strong emough to obscure the uranium bands or merely enough to cause
uncertainty of the intensity of the bands due to the green background. In any
mm it must be completely eliminated for an accurate evaluation of the intensity
vf the uranium bands. A drop @ 7(7Z perchlcmia acid may be added to help oxidize
the organic material.

Nitrate ion is said to quenoh the fluoresoonoo of the uranyl ion but is
effectively rmnoved by the above treatment~ The ef’feetof a larga number of
other ions on the fluorescence of uranyl ion in aqueous solutions has been in-
vestigated by Finecko and Ilhrms(literature rofcrence 2) and Sill and Peterson
{literature reference 2).
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Prooodure for plutonium nitrate soluticma

HEED HEALTH SAFXTY RULES OUTLINED IN SECTION I (M - m6)

1.

about 10

2.

3.

aoid and

peroxide

40

5.,

Into a clean l-ml volumetric flask pipet sufficient sample to contain

micrograms of uranium.

Rvaporate the solution to dryness at 10~°C in an oven.

Allow the flask to 0003 and add 2 drops of “organic free” phosphoric

0.5 ml of j$@ hydrogen poroxi.de. He&t in tho ovon at 10J# C until the

.
is rcmovedo

Ropetatthe addition and evaporation of peroxido.

Fill to tho mnrk with “organio free” phosphoric aoid and compare the

intensity of the fluorescence produced in ultra-violet light with the standards

as described above.

Procoduro for ores, oti.

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

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

ono of the samples with a few micrograms of ukanium to detemine the per cent
.

x’eooveryin the procedure.

2* With

and filtration

be troublesome

high silioa ore8 it ia best tq remove the silica by dehydration

in the usual way sinco large amounts of insoluble material would

in the extraction proooduro to follow.

SO M&r removal of the silica~ evapora%o the solution to rmnove excess

aoids and make the nolution 5 ?4in nitric aoido Extraot the uranium by shakihg
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the solution in a separator funnel with an equ@ volume of ether for 15 minutes.

Repeat the extraction two more tines, discard the aqueous phase. and evaporate

the ether phases to dryness on the steam bath.

4* Take up the residua in a little dilute phosphoric acid and transfer to

a l-ml volumetric flask. Remove the water by evaporation in an oven at 105°C,

Ooo1o add 005 ml of ~ hydrogen peroxido and repeat tho evaporation. Repeat the

poroxido treatment and finally heat with a drop of perchloric aoid te removo the

traces of organic mattur. Fill to the mark with ~organic free’!phosphoric acid

and determine

precautions

%. The

and should be

2. The

3. The

the uranium as doacribed above.

volumetric flasks uswd must be free of any uranium

tested under ultra-xiolet light before use.

contamination

solution must be frcm of organic matter and nitrates.

solution must be cold when examined as the intensity of the

fluorescence deoreases rapidly as the solution is allowed to warm.

40 Excess water must be removed by heating as described &bove. @hCr\ti8e

the solution will arystallizo and somo of the emitted li@t will be absorbod and

scattered by the crystals.

5* The room must be dark~ and a few minutes should bo a120wad for acaanodat*.

ion of the eyes to tho darkness before examination of the sample.

With useO the ultra-violot lamp wil~ weaken and samples will appear to

less uranium than when examined when the lamp is new. This results in a

sonaitiviky, Furthermore. i’tmakes unwise the practioe of memory
●@* ● ●a* ●O* ●0

●“e : ● : : ::
● *
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camparison amitting the u8e of the standards. With oxparienceo this can be done-.
,

without any appreciable 10SS in accuracy; but the standards should be emminod

frequentlyto assure that the lamp has not weakened considerably.

.
.

Calculation and expression of restits

i~

followss

3*

Plutonium nitrate solutions

The uranium is roportod as ppm

.

based on plutonium and is calculated as

microgram uranium in aliquot x 103 ~ ppm uranium
mgo Pu/in10of’Solution x volume ol%li quot (m~.)

0res8 etoo
.

.

The uranium ia reported as ppm and ie calculated as follows;

= ppm uraniummicrograms of uranium
weight sample (g=j

Literature References

x. lilineke.E., and HarmB, J.*Z. Aml. Chin.

Bureau of Mines Information Circular

●
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LA -416 REVISIONS AND CORRECTIONS

Prooedure 11 B

~ 26
.RcferenGe8 Add LA o S6 (Terminal Report)

Prooedurc 11 C

P 31
step 30

step 40

P%
step 50

step ~o

step 80

step 9.

step 30.

P %

Withdraw m aliquot
add 200 microliters

equivalent to about ~
Of 6 N HCIO dilute tO

mg. of metal.
1 ml. in a l-ml.

@tVN3 stopperod........

Dia@olve 1.0 g. of the ammonium salt in 10 ml. of water...
Add ab~ut 30 drops of constant boiling..........

Add ~ drops of the above ether solution per 5 mg. of p3uton-
iumto the diluted aliquot and ..........

(last sentenco) Dissolve any residue which may appear by add-
ing .~..c..~..ee . b. . . . . . 6. and evaporate just to dryness in
tho $nfra red dr@g chamber.

(last sentence) Withdraw the solution, using a O.0~ ml.
micro pipet and coratit on a pair of copper electrodes.

Rinse tho orucible with 0.Q5ml. of quartz distilled 6 N
HC2 and add the solution to the copper elcotrodes.

Delete the first sentonoc.

References AddIA o 387 (Terminal Report)

Prooedure II D
t

.

a

PP *-43
The procedure as outlined does not give consistent rewalte on
beryllium and alwimm. It is believed that the acidity must ba very

t carefully controlled to prevent the oo-separation of these cle)mentu
with plutonium in Step 4. A retieed procedure will be issued at a
later date. .“.“~”~ : : : :.** ●00 ●e

. . ●● o:a ●*O*
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Procedure

p 47

P 53

Procedure

p 61
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11 E

Step 2. (second sentence) With the elcotrolyti.ccell immersed in a
beaker of cold watera clectrolyze at 0.2 to 0.6amps..........

Step 5. (third sentcnxm} Assemble the gas line to the syphon and open
the atop cock on the latter..,...,...

. .

Step 14 (last sentence) If necessary draw out the tip of the pipet or
wax it lightiy with a high molting wax.

Erocaution z. ”Neutralize...OOOOO.OeOO..ON$ eta. in excess of 0000~
milliequivalents~o.OOG

11 F

Step 8. (third mmtmco) Continue the exposure during the presilent
and Bilen% periods_e*.....*....

Step 9. {insert after third sentence) Flaae the film in 0.5 per cent
acetic acid short stop for 10 seconds. ‘

An alternative procesurc by means of which the complete spectrum
(2250-7100 ~) of a sample may be obtained in a single exposure (on 105 a-F
film) using only one spectrograph is described in Project Report LA-&?~7.

Procedure II I

P 74
Paragraph 2. [last sentcnoe) !l!hoprooision av&ages about 9 per cent

(average deviation from the mean) by the internal
standard methode

P 77
Footnote. If beryllium is not to be determined and if spemtra are to

be evaluated by the internal standard proceduro (part 10 B
below), the gallium oxide should be first ground with BIRO s

2B~~D A~03 and MoO
L
in amounts to give a mixtum oozrtainm

8 micrograms of bi uth, 0.8 micrograms of beryllium. 0.8
micrograms of gold and kO micrograms of molybdenum in eaoh
2 mg. of gtilium oxido.
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UNCLASSIFIED

p 80
Par&Graph B

I

(third sentoncp) Select internal standard M.nos {Bi, Mo,
Au or 13s)whichlie reasonably clo~e to the analysi8 lines
ohoseno
(insert after third oentonce) Also trytoaeleotforca-
parison the particular internal standard element which vol-
atili~es at about the same tempcnature as the element being
determined.

An alternative procodureO used in analyzing samplen in which gallium is
to bc d&cuminadO substitutes silver chloride for gallium oxide. Standard
and sample oxide mixtures are mado up to contain
in placo of 2 per cent gallium oxide. The limit
by thin procedure is &bout 6 ppm. Sosmitivities
essentially the same as thosu given on page 75.

Procedure 113 D

p 110
Reagents

6. w solution, l.~ N.
2an lytical reagent ~0

Procedure
stop 4. Addlml. of 1.5 N

Prooeaure 111 E

p Ill+
Reagents

h-per cat silver chloride
of semitiirity for g~llium
for other impurities are

This is prepared by diluting 50 ml. of
per cent NH to 5*Oml.

3

NH3 and again mix thoroughly.

=. SUtrio aoid~ ......... The+boron content hould be less than
0.1 micrograms per ml.

~
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