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THODS FOR URANXUM. PLUTONIUM. AND ASWCIATED MATER-

H. A. Potratz t

Q_ INTNODW~
(

Described in this chapter are certain analytical procedures used routinely

in the Los Alamo$ Laboratory. For deta~ed inform&tion relating to the develo~

zaent,scope and accuracy of the methods described, the reader is referred to

Progre&s Repoti8 and Terminal Reports references which are given under the

individual procedures. Methods w~ich differ but little from conventional
I

practice and those which relate to the analysis of materials other than uranium

and plutonium are presented in abstract form only.

1 General Health-Safety Rule8

It should be well understood that for

care should be taken in handling plutonium

health safety

metal and its

purposes extreme

compounds. Every

precaution must be taken to avoid ingesting or inhaling them, even in most

minute quantities. When handling plutonium ifi~thesmall amounts required for

analytical procedures, the operator sho~d follow carefully the instructions
‘?

given in Chpater 9 of this colume. Sp&f81 precautions to be observed in

certain analytical procedures are included in the sections below.

j3.2-2 SEu@iw of Plutonium Metal and @XllU~Ci8 “- ..

AI.1operation requiring cutting, 8aWing, or breaking off of metal or re-

quiring transfer of Ppwdere must be done h an appxvmd dry box. During these

operations, the operator IS protected with respirator, cotton overalls, head
.
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cover and rubber gloves. Since the insides of the dry box gloves are often con-

taina ted, the operatmr should wear rubber surgeons gloves and buck sleeves

of the coveralls into the cuffs of the rubber gloves while warking in the

dry box.

The method of cutting plutonium metal aeperxlson whether ir,is alpha

i
or delta ~hase

(1)

metal:

Alpha phase plutonium is very brittle and large pieces can

usually be shattered into smaller sizes by mans of a diamond

mortar. ‘Ihesmaller pieces can then be cut to the desired

size with a pair of diagonal cutLing pliers, but care must.be

taken Lo -preventloss of small pieces during the operation,

Qelta phase meLal is very soft. large pieces cm best b@

broken uo by first flatteni~ them in the diamond mortar to

a thickness of a few millimeters, so they can be broken in

two with two pairs of blunt-nosed pliers. %hen the pieces are

small, they can be cut witi diagonal cutting pliers.

8.2-3 Electrolytic Polishing of }$lutonium
t

The purpose of electrolytic polishing is to remove any surface film of

impurities which may adhere to the samples (e.g slag or oxide). ‘I%eapparatus

for the polishing operation, togetherwith an analytical balance cm which the

polished samples are weighed, is set up under a gocd hood. ‘filesample which

has been transferred frcrathe dry box to the hood in a closed screw cap vial

or weighing bottle, is RMGVed frofiiw container and is placed in a Lungsten

wire baskeL, surrounded by a cylindrical platinum cathode, and immersed in a

m
50:50 mixture of ethylene glycol and syrupy phosphoric acid (Figure 1.) -.

Current is supplied by a 6V storage ba~tery. J;lringthe operation of cleaning

Lhe main danger

evolved gases.

corcesfrcm che s&dy*&
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Electro-polishing Apparatus
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or m6re above the surface of the electrolyte. A respirator or face shiela must

be worn at all times. The sample is electrolyzed until it is bright and silvery

(about 24+ minutes for samples that weigh less Lhan 150 milligrams). If tie

electrolysis is continued too lcng, the sample may again turn black. The

positive terminal (Pt cylinder) is disconnected and the terminal clamp is raised
.

to lift the baaket out of Lhe electrolyte. Ihe piece of ‘metalcan then be

removed. lhe sample is immediately immersed in concentrated HN03 LO rinse off

the electrolyte. It is then washed in water and finally in acetone, allded

to dry on.a piece of hardened filter papers and transferred to a tared watch

glass if it is to be weighed under the hood, or to a tared screw cap vial or

weighing bottle, if it iS to be weighed outside the hood. In the case of

deita phase samples, it is found that rapid surface oxidation occurs when ,

the sample is washed with water. If the sample is intended for oxygen analysis,

this nullifies the effect of polishing. ~is can be avoided by omitting the

water wash, and using acetone both to

In transferring the;sample every
. ....

avoid dropping it. ‘Xhealpha form of

chips may easily be brok-enoff ’unless

rinse off the HN03 and to dry the sample.

possible precaution must be observed to

plutcnium i8 very brittle and small

great care is used in handling. l’he

metal should be held in,the forceps as short a time as possible. If it is

to be transferred to a balance for weighing under the hood, it should be placed

on a watch glass during transit and should never be carried in the forceps even

if the distance to the balance case is only a few inches. A sample, when it

is to be removed from the hood (or dry box), must be placed in, a closed con-

tainer.

8.2-4 Methtis for Dlssolving Plutonium Metal

Plutinium metal dissolves in HCL, HI, HBr, I-lCIO&,and Br2 with vigorous

evolution of gas. It dissolves sld@~”i~H2~4~Vu~”$s pmctically insoluble
● m.. 99**

:eco

in HN03 W H3FQhj Metal samples~;e”~~:~”~$~~;n;iy dissolved in liC1.Danger
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f’ranspattering during solution in”%%fikXhor.&8~~.~;~h sample size; precautions

required when handling large samples are considerably greater than when handling

small ones. l’heoeprecautions, neoessary to avoid leas of material from spray

and spatter in dissolving operations, have beoome, to an extent, standardised.

(1) Apparatus and reagent6:

1 milliliter pyrex volumetric flask (test tube shape) for small
m-mples

Solution vessel for larger samples (See Figure 2)*

Milloopiputl$,~o k.

Constant-boilingHC1, distilled and stored in quartz.

(2) Procedure for emmll samples (50 milligrams or lees)s

Working under a well-ventilated hood transfer the metal sample

from its oontiner to a 1 milliliter volumetric flask and add

If the sample is of the order of 50 milligrams and require8

100-1502 of sold do not add the acid at once but divide and

add in two or three portions. If the aoid ia run slowly down

the side of the flask the stopper may be inserted before spatter-

ing starts. Wait until the aut~on has uukaided or stopped

before adding more aoid. If the sample is to be diluted with

water wait until evolution of ga6 has cea6ed before adding the

waterj this is to avoid formation of a black preoipftate of

plutouium dioxide.

(3) ~ooedure for large samples (greater than 5Qmilligrema)x

Place the sample in the special solution vessel and add

the acid with either the attaohed pipet or the Misoo pipet.

After evolution of gas has ceaaed and solution is oomplete,
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8.2-5 Methods for Dissolving Plutonium Tetrafluoride

Because this cqxmnd is a fine powder all transfers to solution vessel

or other container must be made in a dry box by an operator properly protected

with gloves, coveralls, and respirator. Before removing the sample from the

dry box in a beaker or other container which cannot be tightly stoppered, it
*

is necessary to wet the’mnple down with acid or water to prevenb air currents

from blowing it into the laboratory. In addition, it is good pactice to

cover the beaker with a piece of Parafilm before removing it from the dry box.
9

Several methods of solution are available; the choice depends upon what

is to be done with the dissolved sample.

(1)

(2)

(3)

The

‘Hot concentrated sulfuric acid. lhis dissolves plutonium tetra-

fluoride within a few hours but the resuJ.tir@stible ccmplex is

undesirable for some analytical procedures.

Hot concentrated nitric or hydrochl&ic acid. Heating with these

acids in an open container may require up to several days for

canplete solutti-n.

Hydrioclicacid:or oxalic acid followed by concentrated HN03.

When tie tetral?luorideis boiled with these reagents in this order

the solution period is less than one hour.

Hot acid in eealed tube. This is a most satisfactory method

for dissolving plu~oniun fluoride ad other difficult soluble

Coalpoas.
.. A

proced,yreis a8 folkw.s: Prepare a heavy wall pyrex tube ( 5
.

millimeters id. and 11 millimeters o.d.) about 8 inches long by

sealing off one end, taking care to avoid bubbles in the seal. Trans-

fer the sample into the tube and add 0.5 ,millilitersof either con-
●a* ●4* :0

centrated hydrochloric or”~di6~i~Oac#.~@Cgo~ Lhe lower end of the
● ● e

●0 ●:* :009:0:*C ●b
tube ?Jitl. liquid nitrogen6,0roO~yoico~O~\i+o}he cmtents are frozan;

ccc ● a@
● 9* ● * **9 b

●,0 ~ :.:●:0● *9**
● **9* 9**
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1’..,.
0

seal off the open end ~dFlaCe the tube it?a metal bomb

in an oven at 1000 C. Solution in HC1 is ccxnpletein a

but in HNOq SAU hcur or Lwo is rehuireds ?b remove the

and heat

,fewmirmtes

sample after
2

solution, again freeze the contents, crack the sealed ~nd of the

tube with a file and hot rod and tra~.sferthe soluticn with a syrin~e

pipet.

8.2-6 “Dissolvir.Plutonium,Oxide

‘l’hesame precautions are to be observed as with *W plutcnium bet.rafluoride,

HOL concentrated sulfuric acid will dissolve black oxide but may or may not

dissolv$ the yellow cxide. Ihe sealed tube Lechnique employingHli03 or J-ICIis

satisfactory if the temperature i.smainwined at about ~~” CO

$?& sPECT??OCHEMICALTFWCEDV1’iES “

j3.3-1 Sp’ecielHealM Safely Precautions to be Observed in Spectrochemical
Ax’@Ysis of Plutonium ketal and Its Compounds b

Plutonim metal end its’compounds are hahdlecfin the spectrcch”kical“

laboratory in three essentially differ&t procedm’es, and the safety precautions

to be observed are discussed below under the topics: “Pyre-electric Methcdl’j“

HllirectSpark

[1)

Material

Methodttand%upferron

Pyre-electric Method

received fcr analysis

Method’t.
.

bykhis method is in the form of oxide$

metalj or nitrate solutions. ‘Iheconversion of metal into oxide, the compound

required by the method, is carried out in a dry box which also serves to house .

the arc source, a balance, and all tools qecessary for the preparation of

~; saaiplefor ‘arciig~2’’F&wi’~”.-”~”‘%s’a ~iw into the left side if the dry : “

box in.which thb operat~ons of sample oxic!aticn,weigh~g, grivding, and electa%d~
,.

loading are carri.tiout. Samples a~ec~i~t.ed:tr.~ ~kjs,chamber througk a double
● ● ** ::

door vestibule ab the left of Li;ebd~} & ~“tis{.~;9 $i” We doors must always be.
●m ●00 ●Oee ’00:o~●“O● **
● **
● ***
● b*
●* ●89~e~i +::

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

Figure 3

Left side of Dry Box
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10
d

C1Osed~ ‘he operator, wea’ringa tightly fitting duet respirator, inserts

his gloved hands into tigh’tlyfitting gauntlets in the front of the box.

Metal specimens are transferred fronttheir vials to small platinum

crucibles in a micro-furnace and ignited at 700-8C9°C unLil conversion to the

black oxide is complete. Nitrate solutions, on the other hand, cannot be

evaporated in the dry box, which has no exhaust facilities. They are evapor-

ated to dryness in platinum crucibles under an infra-red lamp in a well-

ventilated hood and then transferred to the dry box in a nest of alternately

inverted beakers.

furnace.

TWO milligram

(U308) are~e~hd

l%ere the conversion to oxide is conpleted in the micro-

quantities of galliumoxide and 73 milligrams of uranium oxide

into vials on an analytical balance and introduced into

the dry box. Twenty-fivemilligrams qualities of plubnium oxide are weighed

out on a torsicu of assay balance & ~~ box and there grcund with the

gallium oxide-uranium oxide mixture. Ihe well-ground mhtures are placed

in electrcde craters in the dry box and transferred in electrode holder blocks

to the arc chamber through the door of the separating @rtition. Great care.-

should be exercised to minifi.izespillage during the weighing, grindirig,and

transfer operations.

Samples are arced in the converiticnalpyre-electric manner, the operator

continuing to wear a dusL respirator (Figureh).e . ~~ch electr~e is ret~n~

to its position in the electrode holder block after arcing ani, at the conclusion

of a series, the block.is returned to the left compartment of the dry box.

There each electrode pair is placed in a vial for transport to recovery. ‘Ihe

@

oFerator should present himself for a ‘(nosecountllas socm as possible after

arcing a series of samples.

Occasional accidents will occur in which an electrode mey be dropped and

its’contents spilled upon the floor of the dry box; small ~osses may OCCUr
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Figuro 4

~ro-eleotriu SpeotrochtmicalApparatus
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duringjweighing and griiding.
. .-.-”

‘1’heiemishaps are iwwitible in ro”utixleoperation, ““
. . -,

although every effort should be made to minimize the&, nuuber. It is th&efore .
-...

necessary to have the Interior of the dry box decontai&wted at frequent”inter- -_

vd8. At SUCh

rubber gloves,

box and gather

.J

times a decon@d.nation squad, equipped with du8t respirators,
,.s

.

and laboratory coveralls shoUM remove a wjndow from me dry “ ‘

up the spilled material with brushes and’moistened cheeee cloth.

A warning red light on the outside of the roan”door should be turned on to

indicate th~t er!tryinto the room is prohibi@d d@.ng such times. Follow% ,

clean-up of

exterior of

(“Pluto”]&

for several

.

the”box ~terior and replacement of the wlidovI,the f+oor ~d . ‘. , .,.

the d~ box shotid be monitored with a portable alpha-cotl@er .- , .,.: ,
.,:..,,...““

AS a final &ecaution, the ro&n should.b&,}e$t “,uni~abit~~.: .~:~”.,,,1 ~.7.....,.

hoW followi~ ciecontaminationto allow any active dust to.#et@e,
.

. . . .,.-:” .“. ....”.,
(2) Direct Spark Method

. <>.,.... ..

Materials received for apalysis by thi8 method ‘consistof metal, %’tra: ‘““”

.,-.

fluoride, or nitrate solutions. See Secticm 8.2, abovd, for precautions
,,

to be observed in dissolving plutonium metal and tetrafluoride. ‘

Beyon@ the dissolving operations, safety precautions are to be observed

at two stages: (a) evaporation of solutions cm electrodes and (b) sparking of .,

electm ales. ..

(a) C.cncerningthe first -- the evaporations should be oarried out
..

under infra-red lamps in a well ventilated hood by an operator

weWing rubber gloves, a dust respirator or plastic face ”shield,

and a laboratory garment which covers the arms hd tru@ c@nplete-

“ly. we rate of-evapcy’ationshould be &ulatkd by a %r~ac in.-.-“-. ”-’--- .— .’_. ..”.” ... .. -$. ... .:.

series with the laps so that spattering never takes p~ce”. “Ll...... ,,.. ___... ....>..,”.!.
. .equi@&t-”U8ed for the e.vapOratioj”<&ptid”r~s<”in a kta,inle%’vi’,~

. .
:

3
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.?. :. ,- . . y -7?. . .?

. .

Is. ”

. .

monitored regularly to detect the rise of cent+-qinationand de-

contaminateon carried out when counts of l@/dm2/xrin~ are ax-

ceededo

Precautions to be observed in the sparking of electrodes are .
,

two-fold: electrical and chemical, ‘Iheoperator should Pealiz.

that the danger of receiving a fatal shock is ever-present around

..

.
the spark source end chamber. Ihe case of the spark source and

chamber and the bed of the spectrograph have been groundedj

but the operator should inspect the ground connat?tionsto see

~at. @ey are”i.ntactbefore.operating. Evidence of fray@

cables”or loose ~ontacts on the high voltage leads .sho~d be.- -i .,. .!.:..:.....ti ~;,. ......-’.

repaired immediately or tilled to “tli6”aitenti&o! thi’,~upe-v
..’,:,’”

._,. .. .,. .

vhor fvr repair+ Evidence of”atiyth~~”a$ndsti”’”ti-’ttio”’%ebti~”.~”’,+
-..----- -..:.

of the equipment (odor of burni”& in~u~ations, stray s&kg OF -
........ .

corona discharges at connection points, &d fireg~ar so~ding ‘.. .

spark discharges) should be called ~0’tie at~nti~ of;$~ $~@- “:-,”.
-.. .

visor for repair. ‘he floor upon which the operator st@s

should be clean and dry. ljnder~ ,condi.tiofisshould @ ~Perator “-

stand in water left from mopp~ the floor. As a final pre-—.— —— ——

caution the operator should avbid unmcessar y body cont.%ct
‘c- -, . . ..-..—.

with the case of the spark source, chamber, or spectrograph
—

during operation.
L.

Regarding eafeguard from the radio-ehemioal standpoint,
.. ... .. ..

.:

;. ‘“k.,

..
. .

he’
.+.,

operatti should wear tubber gloves, a dusb respirator, And a.. .. .
.“. - ‘-” .$ ... .s.,.,.,

~@.1 Qgg@h laboratory smock while sp~king ele~tr~~%. -.,::‘;:,~...;j;
. .-.:-72.

&l.6ctrcdesbeari~ any t@nLity of-rmiicmctive m“terial W~~,=ti~~~&
.... ......

w
-.->:,.::+....

soever should be sparked inside the chamber providec-(Fi&We”’ i- *%..,’. ,$<%.’,,.+&s..<m-<. A

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



t

●

Figure 5

Sparking Chamber
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.. :- .... .
. .-

. . ..... ..-

. ,–@y.-–—
. .... .

--- .-

.. . . . .:

Z5

inserted or removed. Electrodes mu8t

pl$ers or forceps reserved for active
..’-.. .. ... L

‘havebeen sparked nay stillbear some
>.. ...--... .. ..-.*..,K. .-----

be handled only with t

mat+ria.lg. ,Electrodes~hi.ch

activity,.and @ould qot. _
.-.

.....
be mixed w#.th~contaminated e.leotrodqs. They shodd be placed ~.-..

,.-.

$n a beaker,and the contamlnatio.nrmomcl.by CWXTZOIVing,h .;.,-.. . . -. -- . . .,, ..:,
J:$ nitric acid}”the eclution being sav@ for recbvery. Elect~des, .___.——. :. -:.?..TA-....- ~
deccnta&na”ted.in.this way, may be re-used. .-.”r*-.:..=-.#—-..-+?.. -..

l?egularchecks of the activity of the floo~,,,.tablesand op~i&’”’---.!,. . . .. ., .......-.. . .-.
bench should be nade %tk a’por~able.alpha ,~~$~ &@ decon@nin-_.._,~
,. . ..-..,”. .’‘1 -.<.””~
ation carried out when indicated. The ajxirkcwqr and a~~ tog~~. ;,.

.. ””,. ~,*+
used in connection with the 8parking of act$.vi’mat’e~~’i.l.’srnu$tbe ....;

. .,.~., , ..+.
regarchxlas contaminated and’should be touc”h6donly tiifihgloved , ‘-“”.

,--,.,”:i”.i--<=“” -- “? .:?”.<..!.: “--‘
. ““1:

hands. ,..- .?-
-. ;

Hands should be checked for contamination,following use of the

““equipment

detected.

sparked.

(3) .Gupfermn
.

and.thoroughly scrubbed with
.

&08e counts should be taken

Msth&i
.-

Material received fo~ .arialyaisby this method i8..

soap and water if any is - ““
>.

after active electrodes are ..,.
.. ....y-. .. ....

.“. . . . ...” “>:,. ..*. . ...- ...+

or c~lorid.eti.lhtions.Metal.o~ “&~rafluoride samples W+ll have beqn di8solved . ‘,.,
....-----~;

elsewhere, and by the procedure a@ady described.
.;”-{+(A.-.,,..-~

‘IhQo,pe~atca-mggt’wear.,...,:~~-..:l<. ... ... ....4+
rubber gloves and a full-fittin~ lqbor~t~ coat w~lile&rryi~ out tie ch@&-j. ‘‘=.

,.. . +4
.f.-‘.-=

separations in a well-ventilated h@d (Figure .6),* ‘. &e’ should be taken in ,1,.,,,L&~
..,“.,

~
,7-k

the evaporatim of solutions that no spray be given off. Frequent aniitbring ; “:~.”,
..;-

“4
::

a
.,.-

of the glass floor of the hood should be made to detect the aefilvityresulting “‘,.~~~

accidental 8pillage.

For precautions

Spark Method” above,-.
..

~ ‘~
,-...,-i” :.. *
r,

.$0be observed in &parking electrodes.see (b) under NDirect’T-“-‘~
:..

:.;:3.\.J
... .

!

.’.,.
,.:,4
,.,,,
...-...-
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Figure 6

Well ventilated hood.
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AU individuals carrying out analytical opera tiot,s on pl”ltcx.jum Oaterials

should present L1’lemselvesdaily for a nose count. XeelJy urine specimen8 U’.ust

be submitted to deLect at tileearliest Lime evidence of pathological damage.

8.3 -2 Spectrochemical Determination of Intermediate and Heavy-!21emerit Imwri ties
In F’luhnium lietaland Compour,dsby tlie Direct Copper Spark Met}.od

(1) Abstract

A hydrochloric acid solution containing fift.y,microgramsof plutonium is

evaporated on copper electrodes and the spark specLrum photographed in the

range, 25C0 AO - 5000 AO. The quantity of impurities present is estimated

by comparison of the densities of their spectrun lines with the corresponding

lines of standard spectra photographed on the same

Limits of Sensitivity (based upon analysis of

Pw
Element first order

Ee KJ

w lGO
Al 200
Ca lCO
Ti 1000
v -—
Cr
Mn 2(D
Fe m
co - ——

lii ----

Zn 4000
Zr 1000
Mo -—-

Cd IXXO
Sn 2000
La 2000
Ce 1000 $
Bi 200
Th WOO

(2) Reagents

plates.

50 micrograms of metal)

(a) ~onstant-boilingHC1, distilled from and stored in quartz
vessels.

(b) Nir,ricacid, disLined from and stcred in quartz vessels.

(c) ?fat6r,distill@ fro,}lanastoredi,lquartz ve99e.ls,
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(3) Appratus and lfaterials

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)

1 ml. glass-stoppered pyrex volumetric flasks.

Misco syringe and 50 micro-liter pipet tips,

1 ml. platinum crucible

Electrode evaporator. See Figure lQe .

*I1dia. x l&’llong copper electrodes. llwisshould be freshly

faced on lathe and sides machined lightly to a distance of &

back from end.

Spark discharge chamber. We Figure 7.

4“ x 10” l@3-O photographic plates.

Wadsworth fully a utomatic stiguatic grating spectrograph,

.211 grating, 15,000 lines per inch. (Jarrell-Ash Co.)

DieLerk spark unib

Dietert rocking developing machine

Eausch and Lab viewing box.

(4) Procedure

(Heed Health SafeL~ Rules Outlined Above)——

(a) If metallic, weigh out a 500 microgram sample and dissolve in
>

the smallest possible quantity of constant-boilingI{Cl. L)ihuteto volume with

.quartz-dis~~d water in a 1 milliliter glass-stoppered pyrex volumetric
...,

flask. Ex.a%ne tne solukion critically for undissolved material; if a

residue remains, shake the solution until it is uniformly dispersed through-

out and ra-’~idlywithdraw a 50 micro-liter aliquot. Transfer t}if3aliquo% to ,

the top of a copper electrode and evaporate it Lo dryness in an electrode evapor-

0
ator, Prepare two 9uch electrodes.

(b) If the sample is an HCZ_soluble salt, weigh out a quantity

&quivalent to 500 micrograms of metal and dissolve. f’roceedas above.
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Figure ~

Spark Diuohnrge chamber
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(c) If the sample is insoluble i{i

in HNC (e.g. plutonium tetrafluoride),weigh
3

F’C1but soluble on di@3tiOn

out a quantity equivalent Lo

500 micro-gr&ms of meLal in a 1 milliliter platinum crucible. Add the smallest

possible quanbity of’quartz-distilled HNO thaL will dissolve the sample on3

digestion under an infra-red lamp; evaporate Lhe resulting nitrate solution

just to dryness.

1 milliliter with

volumetric flask.

Add 50 micro-liters of constant-boilingHC~and dilute to

quartz-distilledwater in a 1 milliliter glas8-W@ppWed

Proceed 8s above (a).

(d) Prepare a series of copper electrcde pairs bearing the follcsv-

ing total weights of the elements of interest: 1.0,0.5,0.2,0.1,o.05\0.02?

0.01, 0.005, 0.002, i).JOlmicrogram and-reagent blank. This is mdsb convenient-

ly done by starting witlIa stock solution containing 1 milligram per milliliter

of the following elements in 1:1 HC1: Ee, Mg, Al, Ca, ‘I’i,V, Cr, Mn, Fe, Co, Ni,

Zn, Zr, Uo, Cd, Sn, La, Ce, Bi, and ‘1%.Dilute a 5 milliliter porticm of this

stock solution to 50 milliliter in a glass-stoppered graduated cylinder with

q%?rtz+istilled water; this solution contains 100 micrograms per milliliter.
,,
Transfer a 5 milliliter aliquot of ~is solution to ano~er 50 fillil~ter

cylinder marked No, 1 and dilute

in accordance with the follming

to volume, }Yepare succ~eding standard soluLions

*
tab$e:

Cylinder No. Dilute () ml. of Cyl. (No . ) to 50 ml. Micrograms/ml..

1 10 “
2 25 1
3

5
20 2

4 25 ; 1
5 25 4 0.5
6 20
7

002
25 : 0.1”

8 20 0.05
‘) 20 i 0.(/2
10 25 9 0.01

I
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Use 100 m$cro-liters of each standard solution per electrcxlepair to pre-

pare electrodes bearing a total of 1.0, 0.5, eLc. to 0.001 micrograms of

each element. tivaporatethe solutions on the copper electrodes in the

same manner as for samples, using the tifra-red electrode evaporator or the

nichrome coil evaporator. Prepare eaeh standard solution fresh each ’day U

to avoid losses in strength due to hydrolysis or adsorption.

(e) SeL the Dietert spark unit to give the following conditions:

power in-put, 2 WA; inductance, 8; in-put voltage, 230; rotary gap, 10;

primary voltage, 95 - lCD.

Set the timer relay for an exposure of 60 seconds. Close the Alit of

the Wadsworth spectrograph to 25 micrctrs. Insert a pair of copper electrodes

into the holders in the discharge chamber and align than laterally and

vertically at a separation of 2 millimeters by projecting their shadow-image

on the alignment screen on the optical axis behind the chanber. Strike a

spark between the electrodes> and open the spectrograph shuttbr. Remove the

camera frcvnthe back of the instrument and observe the spectrum in the

wisible region with a hand lens through the camera port. This is a check

on the electrode alignment, and should.reveal the full slit height lines

as uniformly bright along their length. Set the Hartmann diaphragm to give

lines 2 millimeters tall ana load the ca,merawith 2 103-0plates. Set the

camera to photograph the range 2!W0 ~ - 50008.

(f) In8ert the 1.0 microgram standard copper electrodes in the

hol,derin the discharge chamber, close the door of the latter, and pass nitro-

gen through the chamber for me minute. Stop the flow of nitrogen, open the

spectrograph shutter and strike the discharge. Rack the plate up 3 millimeters

and repeat the operation for succeeding standatis. Spark the sample or samples

about mid-way between the first and last standard.
.

(g) D@v~Op tie plates in total d=kness for 3 ndmutes at 18.0°C in
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@stngm D-19 using rocking development. Fti in F-5 for 10 minutes after

● .
immersion in an acetic acid short stop for about 16 seconds. Wash plates

in a vertical strea of water for 10 minutes, rinse in distilled water, and

dry out

viscose

of contact with dust after removal of most of the water with a moist

sponge,
.

(h) Examine the plates on a viewing box or in a modified Judd-Lewis

plate comparator, comparing the line densities of.the sample spectra with

those of the standards photographed on the same plate. Subtract the quantity

of eac~ element appearing in the reagent blank from the quantity of that

elaent’appearing in the sample.

(5)References

The developuont of the method described is mverod in the following

project reports: d

‘ CK-670 LAMS-I.22
.
CK-877 LAMS-227

CK-928 LAMS-lb6

CK-993 LAW-155

CK-1229 LAMS”190

CK-1326 LAMS-23.I.

CC*2 LAMS-217

LAMS-w LAMS-249

‘ IAMs-8b LAA&266

“ LAMS-97 LAMS-386 (Terminal Report

LAMS-109
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& 3-3 Spectrochemical determination of Impurities iriF’luLoniumMetal and
Compounds by the Copper,-S&rk-C~rron Extraction Metkod--&.-

“(1) Abstract

‘IYi-or tetra-valent plutonium is separated from Li.,Be, Na,

A&, Al,~, Ca, h, Co, M, Zn, Sr, Cd, Sn, Ba, La, Ce, fig,and

Pb by extraction of plutonium cupferride with chloroform. The

aqucoue phase is evaporated on copper electrodes, and the latter

sparked to produce bileimpurity spectrum. Comparison of the den-

sities of the impurity lties with standard spectra permits

estimates of the anounts of i~purities present.

(2) Limits gf

Element

Li
13e
Ha
b!
Al
if
Ca
M
co
Ni
Zn
Sr
cd
%
l%
La
Ce
F?g
Fb

(3) Reagents

Sensitivity

(Based upon analysis of 5 milligrams of metil)

ppm ppril
firs~ order seccnd order.—

1.0
0.1.
5’
2
2

20
,-

;
10

4
/+0

1
20
20
1

2:
40
20

—-

0.4
—-

20.0
2’j .0
-----

20.0

--

.—

—.

-—
-—
--
-—

(a) Constint-boilingHC1, distilled from an(istored h quartz vessels.

(b) Diluted C!uartz-c!istilledFC1, prcparea by diluting 12milliMters
of c.k.. HC1 to 1(N milliliters with quartz-distilled water.
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(c) Purified cupferron ~hrnoriium8alt of h!-nitroso
lamine). See secticm g.30.

(d) Chloroform (Baker’s Analyzed)

(P) Ether (M&llinckrodt)

(f) Quartz-distill~ water

(4)Apparatusand Materials

(a)

(b)

(c)

(d)

(e)

(f)

(43)

(h)

(i)

‘ (j)

(k)

(1)

(m)

(n)

(o)

(5)

(a)

phenylhydroxy-

Uectrolytic reduction cell. See Figure 8.

1 milliliter glass+toppered pyrex volumetric flasks.

10 milliliter glass-?topperd pyrex graduated cylinder.

1 milliliter platinum crucible

Misco syringe and quartz pipeL tips (1 milliliter capacity).

Cylindrical micro-furnace. See Figuro.lL.

Infra-red evapaating apparatus. See Figure 9*

Electrcde evaporator. See Figure lQc “

~t’dia. x 1A” long copper e:ectrodes. Ends should be freshly
faced on lathe and sides machiriedlightly to a distance of $tiback
from end.

h~ x MY 103F and NH3-serisitized1-N photographic plates

Sprk discharge chamber. See Figure 7* .

Wadsworth fully automatic stigmatic grating spectrograph, 21!
grating, 15,000Mrms per inch (.JarrelLAsh Company).

Dietert Spark unit

Dietert rocking deve~oping machine.

Bausch and Lgob viewing box.

Procedure

(Heed Hea3th !Wety Rules Outlir.edin Sections 8.2 and 8.3-1)—— —. .

If ruetalljc,dissolve the sample in the smallest possible quantity

of constant boilir!!:HC1 and dilute to volume with quartz-dis~illed

water in a 1 milliliter glass-s~op,peredpyrex volumetric flask.

I

Examine tilesoluticn critically for un-aissolved material; if a
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Mioro-eleotrolytioReduotion Cell.

—.
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Infra-red Evaporator
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Figure 10

Eleotrode Waporator
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Figure 11

Cyllndriml Micro-Furnaoe,

.

‘7

.1
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(b)

(c)

(d)

e’

(1)
residue is present, centrifuge it to the both of tbieflask.

If the sample is in solution as +6 nitrate, reduce it ,tothe al+

st&Le at 1.8 volts and 15 milliamperes for 1 hour in tk,e

electrolytic cell.

11 tl,esample is a salt, dissolve an amount equivalent to about

50 milligrams of metal in waLer, HC1, or HIi03,-as necessary, and

dilute it to volume in a volumetric flask of adequate capacity.-:

It may be necessary to dige8t tt.esample with these solvents or

witk,HF in a platinum crucible under an infra-red lamp. Some

oxides may resist all efforts to dissolve Ulem, and their analysis

should not be a~templ.edby this aethod.

Withdraw an aliquot equivalent Lo about 5 milligrams of metal add

2w~6N HCi, dilute to 1 milliliter in a 1 milliliter glass-stopper-

ed pyrex volumetric flask.

Pre~re an e~her solution of the free acid of cupferron as follows:

Dissolve 1.0 g. of tl,eammonium salt in 10 milliliters of wa~er

in a 10 milliliter graduated cylinder equipped with a glass

stopper. Add about 30 drops of constant-boilingl!Clor until the

free acid is precipitated

1 milliliter of ether and

by shaking the cylinder.

●

LO produce a permanent turbidity. Add

extract the free acid into Llie eLher

.

TM If a residue appears at this point which resists all efforts to bring it
intc soluttin witk HC1, proceed Rith Lhe analysis of the solu::leportion.
Transfer.tke insoluble residue to a 1 ml. platinum crucible and attempt to
dissolve it with 0.1 milliliter of HF (distilled from platinum). If the
residue dissolves in HF, analyze it as a separate sample accordir,gto the
procedure given above. If che residue fafis tc dissolve in any of the min-
eral acids, slurry it up with a few drons of wa’.erand transfer b a copper
electrode for qualitative iden~ificaticn.
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(e) Add 7 drops of the above ether solution per 5 milligrams of Pu
.

to the”di~uted @mple aliquot and shake vigorously to coagulate

the plut0niu5 cupferride. Add 0.1 milliliter of chloroform and

gently invert th”eflask several times bo dissolve ti,ecupferride.
I

Ihe aqueous phase should be colorless,

what turbid.

(f) Draw off the aqueous phase as carefully

although it may be some-

as possible, using a

qtirt~-tiipped$yringe pipet, and transfer it toa 1 milliliter

platinum ciucible. Disregard the small volume of aqueous phase

(about 5‘per cent) “tiichcamoL be easily separated from the

‘chloroform,layer.

(g) EV~p@ate the aqueous phase to dryness in the infra-red drying-.,........,!........
>-:“-9 y.;:=’gl G ..7:,:*,”. ““ ‘

.’: chiuiiber, pa:s,slqjnitrogen thYXgh thepetr~ &sh to carry away
-t:.._--,*.X.-.’--....*--~.. .....;.._ .---,.-..sari<.-,..,.:.,.* ,.+*..., ; . .
~.,,tl..’.:S&X$r;:.:

‘%’c~ns~derable amount of undecompcsed organic

‘+:.$;;:*&*.::..“’~ ~ “ - ,::
,-....’ ...<>,.

,.’‘: “.”&iitershould r~ma% at this”hint, fiissolveany residue which
,-,.. ..!;,...q:-~.:=+%%%+.,.es’:.:,’.‘;%..“ *? ...~w.%=p~.e,:.-.‘~ - v““‘ . “-

“.1,.;:;.:.“” ““’wY..-‘“”~:,,:,~ _~_y&.,~y.,~q#W ~ ●1 .~ll~liters of purified 16 N nitric a~icj,..,.:.’c. . *)’ .> . -:2.?’:;,%$=-6.$-: i::. :. ‘“.-- ‘ .,
AG. <“ ~@,eLyapora%e just to dryness “inthe infra-red drying chmber.
.:>”:?.~~:+”..!:’:.2$%‘.1$>:“”““’:’-.; ~~~.,.;,~.;.~x;b,.l..$.’,.,:.... .,(1$’”fii’%~~ve.th~”residue “k 0.1 klliliter of quartz-distilled 1 N“

...v::<.”i;~j.~~+:g:“;..’:””,j.,,,
:., ,:....~t~.t,,.Whdraw.~he ?o~ution~ us,~nga O.O;~,lliliter micro-,.,c.l

‘....: ..”,. ..~.,:2:XW2$% ~‘ ““ : ‘
pipet and coat it on a pair of copper electrodes.

.,,:~-,.:.;:;:,...,-’. ... . . .... .
~~) ““.~8~””-”~~~’~~@~~Ie“~$-ti.06 &lliliters of quartz-distilled 6 N

..
+7..-:~,....-’-----.!,-..,.a~-....*.,..\~..:,-,\’i..’”.: - “

“ ~Cl,ad<~dd,,the,~lution to the copper electrodes.
1.-.;:.-’.... J., , .,,.- .. .,

t, (j) & ~ho solitloni ~ ~e ‘electrodesin the glass-covered brass
“.-4~”’“::~,.“:. ,,. .,

‘&ibctrc& fioldqr,-using an infre-red lamp as the source ‘ofheat..
-----

(~) pr@pqie’.~qeries of copper electrodes bearing known quantities of-. $,;.-’-

Q, ~,~’’’~a~Mg,’K, Al, and Ca (and such additional elementssfron-.’ .. . .. . . ‘.,, .“

..the”l~~ a$Q&ybe dk$~red) in the range of interest(e.g. 0.001,
----- ,.-,--- .. .... ..“,””.”.—

- ;0.005,O.01~0.05micrograms of each elemenb).

,.
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(1) AMgn ~he electrodes as carefully as poimible in the aischerge

chamber, gauging ~he 2 millimeter electrode separation and the

lateral and veruical positioning by projecting a shadow-image

of the electrodes on a screen behind the chamber on the optical
z

poil’lt.

(m) Spark the electrodes for 50

unit, set for tke following

10; Power, 2KVA; Inductance

seconds, using the Giet.ertspark

condi~ions: Rol.arygap setting at ‘

setting at 8; Input voltage, 230;

Cutput primary voltage, 95-100.Set Lhe slit of tke Wadsworth

spectrograph for 50 microns. klways check the alignment of the

electrodes before starting & run by vistialexamimtion of the

spectrum of a pair of coppg+rblanks.

Phobcgraph Che first order spectrum (2) of the following

lines on t~o 103-0 plates:

cd: 2288.of/
iig: 2536.5
WI: 2576.1
Mg: 2’795.5
Sn: 2840.0
Pb: 2833.1
Be: 3130.4
Zn: 3282.3
co: 3453.5
Iii:3493.0
Zr: 3438.2
Ca: 3933.7
Al: 3961.5
La: 3949.1
Ce: 4012.4
Sr: @7’7.7
Cr: l+25b.3
Ba: 455)+.0

Ph~tograph the following lines ona 103-F plate placed in tl:er$ght

side of bhe camera cassette (as viewed from the back of the instrument.):

N&: 5890 ~
Li: 6707.8

(2J Should only the light elmenw: Mg, Be, Ca, Al, Li, Na, and K be desired, use
only a 1-N plate and a 103-F pl~~~,. “me aeco:~dorder upectr@ ofll.g,He, Ca,

and Al will appear on these plates along with the lines of Ll,ealkali metals. ‘
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Photograph the K: 7664!9 line cm an mmonia-sensitized 1-N
(3)

plate placed in the left side of the camera caasette (as viewed from

tk!eback of Lhc instrument).

13‘To sensitize the plate hmerse it in a 4 per cent ammonia 8olution (by volume)
for one minute at a temperatur~ not exceeding 10°C. Transfer the plate Lo a
tray containingmethanol at 10 C for Gne minu~e. Dry tk.epla~e as rapidly
as’possible in a stream of cold air. Plates,sensitized in this mmner are
extremely susceptible to fcgging, and the operations must be carried out in
absolute darkness. The keeping qualities of sensitized plates are poor; they
may be kept in a refrigerator, but shouid be used within 48 hours.

(n) LJevel.opboth 103F and l-h plates in touil aarkness for 3 mirlut.,es

at 18.0° C in Eastman !)-19, using rocking development. Fti.in

F-5 fcr 10 minubes after immersion inan ace~ic acid short stop

-- for about 10 seconds. wash plates in a ver~ical stream of water

for 10 minutes, rinse in distilled water and dry out of contact

with dust after removal of mo8L of the water with a

sponge.

(o) Examine the spectra ona viewing box, comparing the

of the

on the

of the

moist vicose

line densities

sample spectra with those of the standards photographed

same plate. Subtract the quantity appearing in the spectr~

prccedure blank from thet appeariri in Lhe sample

spectra for each element of interest.

(p) References

l’hedevelopment of Lhe method described is covered in the

following projecL repcrts:

CK-738
CK-801
CK *877
CK-.928
CK-993
cK-lo6L
CK-1229
(X-1326

LM5-72
LAILS-t?6
LAPS-97
LAMS-1OY
LAMS-122
LAMS-127
I&%146
IAMS-155

LAMS-176
LAMs-lw
LAMS-211
LAW-217
LAh@-231+
LA!$W4y
LAMS-276
LA-387 (‘IWminalReport]
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8.3-1+Spectrochemical Determinationn cf LiKht-Element Impurities in P1utcmium
keta~ and c~pout~ds b.;the Copper S~rk-Gallic $cid-Aniline Method

(1) Abstrack
d

lYiP or tetra-valent plutonium nitrate or chloride is

separated from Li, Na, Mg, K, and Ca by formation of an

insoluble compound wi~h gallic acid and aniline Uhidl is

selectively wetted by aniline. Ihe aqueous phase, con-

taining We ligh~-element impurities, is evaporated on copper

electrodes, which are then sparked to produce

spectrum. Cocpari.sonof tk,edensities of tie

liws with standard spectra permits estimates

of impurities present.

{2) Applicability

the impurity

impuriby

of the amounts

ll,ismeL’:odhas been applieu also Lo uranium and uranium-
plutonium-alloys

(3) Limitsof Sensitivity

(Basei upon analysis of 5 mi.lligrms of metal)

Element
ppm

firs~ order
PP

second order

IA 1,0
Na 5.
k?? 10 3
b 1. . “ .10:
K 20 ●

(f+) Reagenbs

(a) Ccnatant,-boilin.gECl, distilled from and stored in quartz vessels.

(b) Diluted quartz-distilled HC1, prepared by diluting 1 milliliter
of c.b. HC1 Lo 5 milliliters with quartz-distilled water.

(c) Purified gallic acid solution (?.5 milligrams per milliliter).
See secbior~8.30.

(d) Aniline, distille’afrom quar~z and s~ored in red pyrex vessels.

(e) .@artz-di3tilledwaber.
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(f) ;Juartz-distilledIiN03.

(g) platinum-aistilla HF.

(4) ApparaLu9 and Materials

(a) Electrolytic reduction cell. See Figure 8,

(b) 1 milliliter quartz centrifuge cones

(c) 10 and 50 mfcro-liter quartz pipebs.

(d) 1 milliliter platinum crucible.

(e) lnfra-red evaporatingappara~us. See Figure 9..

(f) Electrode evaporator. See Figure 10. .

(g) Cylindrical micro-furnace. See Figure 110 .

(h) 4“ x 101’103F and NIi3-semd.tized I-N phoLograFhic plates.

(i) ~“ dia. x l~’tlong copper electrodes. Ends should be freshly

faced on laLhe and sides machined lightly to a distance of ~~t

back frau end.

(j) spark discharge

(k) Wadsworth fully

grating, 15,00U

chamber. see Figure 7, .

automatic stigmat,icgrating spectrograph, 231

lines per inch (Jarrell-Ash Co.).

(1) ~ietert spark Un~.L.

(m) tiietertrocking developing machine

[n) BausA and Lomb viewing ‘box.

(o) International clirlicalcentrifuge.

(5) Frocedure

(Heed Health Safety Rules Gutl$ned Above) ,

(A) If metallic, aissolve the sample (w’ 50 mil~igrams, if available) in

“thesmallest possible quantity of constant boi13ng XCl an&z%.Lu$Q to

volume with quartz-dis~illcxiwater in a 1 mlllilit,erglass-stoppered
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pyrex volumetric flash. Examine the solution critically for un-

dissolved material:

bottom of the flask.

a pipeL.and wash the

if a residue is present, centrifuge iL ti the

‘.%ithdrawmost of Lhe supernatant solution wiLh

residue in~o a 1 milliliter platinum crucible.

Digest tlieresidue with a small quantity o: platinurn+istilledHF~

anu when ttleeoluti:n is clear, fume it dowr~several times with quartz-

distilled I:CIor EM03 to dispel the fluoride. Ccmbine tie solution of

the residue and the solution first obtabled and adju.t.to a corlvenient

definite volume.
●

(b) If the sample is a comFound, dissolve an amount equivalent to about

50 milligrams of metal in water, HC1 orHK03, as necessary, and

dilute it to volune in a volumetric flas~:of adequate capaciby. It

may be necessary to digest Lhe sample with these solvents or with HI?in a

platinum crucible under an infra-red laup. Some oxides

efforts to aissolve them, and their analysig should not

may resist all

be attempted

by this method.

(c) If the sample is received in solution, have its concentration
L

determined by a~ay methods and dilute it to give a concentration

of about 50 mg. per milliliter. In any case, if Lhe valence siate ,

is +4$ rduce it to~Lhe*4 st-,Leat 1.8 volts (d5 milliamperes for
.

one hour in the ele;tro-rduction cell.

(d) Y,itk,,drawan

fer it,to a 1

~o dryness to

in t}.elabter

t
aliquot equivalent to about 10 ~. of metal wid trans- .

milliliter platinum crucible. Evaporate the solution

expel excess acids. Ee careful to avoid overheating

stages of evaporation to prevent formatio:lof an
#

tisoluble residue. Dissolve!tl,esalt residue (preferably ~k

nitrate) in abou~ 150 micro-liters of quartz-distilled waLer and
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b

(e)

(f)

36
transfer the solution to a 1 milliliter quartz centrifuge cone. Add about

SO microliters of gallic acid ~olution (~.s mg. per ml.)_and . :’;

about 15 micro-liters of aniline. A precipitate should form. Stir

with a lengLh of platinum wire nhich has been cleaned by ignition.

Centrifuge the precipitate t.othe botb..mof the ccme. Test for

completeness of precipitation by adding another 5!0micro-liters of

gallic acid solution. If a precipitate again forms, add another 15

micro-liters of aniline, stir, and centrifuge. Continue testing for

completeness of precipitation in t}]ismanner, cmittirr.g,however, further

I
additions of aniline. If care has not been taken to remove the excess

acid it will not be possible to remove the plutonium completely from

solution.

amount of

less than

Carefully

A final pH of 2 is considered to be satisfactory,and the

plutonium remaining the the aqueous phase will then b%

50 micrograms. *

withdraw the aqueous layer from the ccne by means of a

quarLz pipet; the volume ehould be between 300 and 500 micro-liters.

Transfer the soluticn to a 1 milliliter platinum crucible and evaporate

it to dryness under an infra-red lamp. Burn off Lhe residue of gallic

acid in a cylindrical micro-furnace. Dissolve the residue in 50 micro-

liters of HC1 (1 part of c.b. acid di.lut.edwith 1+parLs of water). Rinse

the crucible by transferring iL back (andforth with a quarLz pipet,

Divide the solution

on a pair of.copper

into twobequal fractions and evaporate each fraction

electrodes in tl~einfra-red electrode ev~porator.

(This requires four copper electrodes, each bearing

of the ‘sampleimpurities; if desired, the solution

tween o~ly two electrodes, usillgclean blank copper

oppose the coated ones in tilespark).

about one fourth

may be divided be-

electrodes to

,“
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k)

(h)

(i)

(J)

Prepare a series of copper electrodes bearing kncwn quantities

of Li, Na, Mg, K, and @ in the range of interest (e.g.,0.001,

0.005, 0.01, and 0.05 micrqrams of each element).

Set the Dietert

power in-put, 2

rotary gap, 10;

for an exposure

spectrograph to

spark unit to give the following conditions:

KVA; fiduct8,nC.$8; in-put voltage, 2X;

prjmary voltage, 95-100. Set the timer relay

of 60 seconds. Close the slit of the Wadsworth

50 micron?. Insert a pair of copper electrodes

@to the holders in the discharge chamber,and align Lhem

laterally and vertically at a separation of 2 millimeters by

.projecLingtheir shadow-image on the alignment screen on the

opLical axis behir.dLhe chamber. Strike a spark between the

‘electrodesand open the spectrograph shutter. Remove the camera

from the back of the instrument and observe the full-height

spectrum in the “visibleregion with a hand lens through the

camera port. This is a check on the electrode alignment and c
●

should reve~l the tall l.it;esas uniformly bright along their

length. Set the I-!artmamdiaphragm Lo give lines 2 millimeters

tall

side

hand

8W0

and load the camera. Put a 103-F plate in the right hand

of the camera and an NH3-sensitized I-N plate in the left

side. Set the camera to photograph the range, 5500f -

2.
.

Insert the st.anclardelectrode pairs and sample electrcde pairs

in the discharge chamber in tqm, passing nitrogen through Lh

chamber for cne minute. Stop the flow-of nitrogen, open the

spectrograph shutter and strike the discharge. Rack the plate

up 3 millimeters after each 60 second exposure. Spark tie sample

or samples about mid-way between the

Develop the plaks in Lotal darkness

first

fGr 3

and last standard.

minutes at 18000 C.
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in Eastman Ib19, using rocking development. Fix in F-5

for 10 minutes after immersion in an acetic acid short stop

for about’10 seconds. Wash pl~tes in a vertical stream of

water for 10 minutes, rinse in distilled water, and dry out

of contact with dusL after removal of most of the water with

a moist viscose sponge.

(k) Examine &i@ plstes on a viewing box or in the modified

Judd-Lewis plate comparator, Use the following lines:

Mg: 2795.58 2nd order
Na: 5890.0
II&:5896.0
Li: 6103.6
Lit 6707.8
Ca: 3933.7 2nd order
Ca: 3968.5 2nd oral@
K : 76b&.9
K ~ 7699.0

Compare the line densities of the sample spectra with those

of the standards photographed on the same

quantity of each element appearing in tie

the quan~ity of that element appearing in

plabe. Subtract the

reagent blank from

the sample.

(6) References

The developmat of the method described is covered in the

following project reports:

fx-937 LAMS-86
CR-11L8 LAMS-97
CK-1374 LAMS-109
LAMS-72 LM!S-3.22

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



39

8.S-S Speotroohemloal Estim~tion of Fluorine in Uranium and Calolum Metala

(1)

(2)

(3).-’

.,

.1 . .

(4)

Abstract

Fluorine is liberated from the rjampleaa HP by U2S040r

HC104. The

uorption in

SrO and the

HF is distilled and then converted tol?aFby ab-

BJaoH. The NaF Is ●reed in the pre$enae of exoess

amount’of fluorine is estimated by comparing the

Itiensity of the SrF band head. et 5771,9, 5774.8, and 5779.5 R

with the inten8ity of the same band heads from a suitably pre-

pared standard.

Applicability

The method has been umed

is applicable, presumably, to

in non-volstile aoids without

ity i8 0.6Y ?.

Method of Sampling

A represontatiw section

primarily for uranium metal but

other materiala which ere soluble

loss of F. The limit of’sensitiv-

of the interior of’the pieoa of

uranium is cut to siee”that will fit the electrolytic cell.

A motion measuring ●bout 4 x 4 x 20 millimeters and weighing

about 6 grams is suitable for the cell illustrated (Figure

13)* . Smaller sebtions may be ueed.
-

Reagents

(i) n

(?$ 98

(e) 30

(d) 70

(*) 30

*r sent HN03.

per- H2S04, F free (See Blank Proaeduro).

n n n
Wr cent H2S04,N 1*

per oent HC104,W “ n n n

per cent H202, Superoxol, Xerok, ‘F freeN. ‘ “ ‘
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(f) 0.1 N NaCMi3F free

(g) S@, F free

(h) NaF stock solubion containing 1 milligram F per milliliter

(i) Nitrazine paper, Squibb

(5) Apparatus and Materials

(a)

(b)

(c)

(d)

(e)

(f)

(6)

(h)

(i)

($)

(k)

(1)

(m)

Electrolytic cell (Figure 13) with storage battery,

voltmeter, ammeter, and variable resistance, or a unit contain-

ing a v~riable D.C, scurce with necessary controls and meters.

Platinum distillation cell and metal heati~ block. See

Figure S2. .

Hot plaLe and Variac.

2-liter syphon bottle to maintain reduced pressure on

absorption side of distillate.m cell. It im provided with

a stopcock or clamp to adjust flow raLe.

Safety tirapto keep pressure within the rqui.red limi.ts.(F5-g-

u.re 12)~

10 milliliter platinum evaporating dish

Platin~ &ucibles, 35 Wliliter @PaciW

1/8” diameter steel d+ill and bakelite”guide for forming
-

craters on electrcxhis. See Fi@re cl& ‘a

l/8n diameter spectrog~aphicgraphite rod and 1/4’1di~eter

graphtte

Ten J/l+”

board’--

rod.

id. heating coils mounted on an insulating

Variac control. See Figwe 1$. .

Electrode holder
,

A pipet control and$pipet.sof capac;ty 10,20, 50, and 100 A.

4“ x 10” 103a-T or 103a-D Eastman-Kodak spectrographic

plates.

(n) Eastman D-19 developer, F-5fixer, acetic acid short stop.
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Figure 12

-’ Distillation Apparatua
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Figure 13

Eleotrolytio Cell
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Figure m

A- I?leetrodeAswmbly

B- Cxmter forming Apparatus.

.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



A B

SrO COATED
CRATER CONTAINING

SAMPLE
\

II
II

II
II
II
II

STEEL
DRILL>

BAKELITE
GUIDE=

& DIA

GRAPHITE

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



t 4+

.

Figure 15

Detail of a Heating Coil
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(6) Procedure I (for uranium)

(a) File small notches near one end of the uranium sample so

Lhat it can be fasiened firmly with goo& electrical ccn-

tact tc the center,electrcide(Figure 11)~ If.Uhe

sample has a smooth metallic surface, pickle it in cone,

HN02 long eno’lghto remove the oxide coating. If it contains

cavities or has a rough surface, pickle it somewhat longer

until slag is dissolved and the surface has a metallic

appearance. Rinse weJ.lwith distilled water, allow to dry

on fjlter paper, and weigh to the nearest 10 milligrams.

(b) Attach sample firmly to the center electrode (Figurel~) .

Connect this electrode to the positive terminal and the

platinum gauze electrode to the negative terminal. With ‘+
.t’ ..”’

t$e electrolytic cell irmners&lin a beaker of cold water,

electrolyte at 0.2 - 0.6 amperes into 2.5@lliliters of
.’

SO per cent H2S04until 0.5 grams of uranium has been oxidized .

fran the metal sample. If a duplicqte is being run and the

approxWte F content is known, electr~lyze enougklto give

1 - 5Y F. With a current of 0.4 amperes, 0.5’grams will

be electrclyzed in about one-half hour. The U(SOk)2 pre-

cipitate in this case will fill tie cell to about one-third

the origilialdepth of 30 per cent H SC . Remove tk,ecooling
2h

bath and lower the solution tube. Flqnovethe uranium metal

from the cen~er electrcde, transfer any appreciable adhering

precipitate to the solution, rinse the metal (discarding rin-

sings), dry on filter paper and weigh.

(c). Add 400 ~ of 3~ perceniH202to Lhe solution in the tube.

Immerse the gauze electrode in the solution until all adhving

precipitate is dissolved: Drain the solution from the electrode

.,
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into the tube.

precipitate by

is dissolved.
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Discard rinsings.

occasional swirling

Mix the solution and

until all the precipitate

(d) Add 50 ~ of O.l NaCX to the pyrex CUPC (Figure 12). .

Place a small piece (1/8” x 1/4”) of nitrazine indicator

paper in the cup. Add enough water so that the surface

just touches the platinum gauze retainer. Assemble the CUP.

(e) Add the solution prepared in step(c)to chamber A. Add 1.5

milliliters of 96 per cent H2S0 . Assemble the gas line
h

to the syphon and open the stopcock on Lhe latter so that

1 or 2 bubbles per second pass through the base in C. Screw

down tightly the caps on chambers A and B (B need not be

~ opened between distillations) and assenble the pressure
J

. side of the gas line. Befcre applying pressure, test the line
.

.-$ for leaks by running the syphon at about 6 milliliters per.:
.1-.~~

minute (2 or 3 drops per seccnd) and observe if air bubbles

pass through the safety trap at a steady rate comparable with
.. -

the rate of flow thro@h C. If they do not, there is probably

a leak at one of the caps of the distillation cell. If no

gas bubbles through C, either the lead is stopped or there

is a leak in the line to the syphon. With the needle valves

closed and with air flowing aL the proper rate (1 or 2 bubbles

per second) ink the eafety trap, gradually turn on the nitro-
,,

gen ab Lhe tank to about 1 pound per square inch. Cpen the

small needle valves, E, unbil only an occasional air bubble

passes through Lhe Lube inLo the safety trap. With these

conditions a pressure aboub 1 centimeter of water below

aixaosphericpressure will be maintained within the distilbtion

cell. Also the nitrogen (with nax.imumallowable pressure de-
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Lernined by the hei~ht of the Lube in the safety trap)

wi.Llprevent gases or solution of samples from back~

up~inbo the pressure lines.

(f) Raise the temperature

9dfrom 100°C to 1600

m~lchof the v/aWr and

of the heating block (See Precaution

C over a period of 1 hour during which

some of the HF disLills over. The

rise in temperature is besL controlled by settin& the thermo -

state on the hot plate Lo a desired maximum and adjusting

the rate of temperature rise by making the proper vol~age

seLting on &he Variac. Maintain the heating block at 160°

C for 14 hours and the gas flow at 6 milliliters per minute

(Precaution9b)..If the base should be neutralized (blue to.’

yellow) at any time during distillation, add another 50~

portion (Precaution 9s”,.Increase nitrogen pressure slightly -

before opening cup C so ~hat absorbing solution will not be

drawn back inti cl]amberE!. Also see that any base $oluLion

in platinum lead is fore+.’into C after distillation is com-

–;
.-.

.!

.[

pletee “

1(d mansfer the b-ic.t~o ution containing the distillate to a ~

still platinum crucible ordish and concentrate it to a volume
.

of 50 ~ . If the F content is unpredictable, concentrate

one-tath and nine-tenths of the solution separately and arc

these aliquots on sepwate electrodes.

(h) Rin8e the distillation cell for the next determination by

drawing tap water and finally distilld water tirough it
.

in the reversef direction. Use a trap if this is done

either with Lhe couth or the vacuum line.

(i) Form craters in the electrodes by inserting

spectrographicgraphite rod into one end of

l/81’diameter

the bakelite
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eleeve and a l/8° steel drill into the other

we 4}0 A few hand turns of t}ledrill with

will form a crater. Break off 3/l+ncratered

end (See Fig-

ljght pressure

lengths.

(j) Make gr~phi~e electrode bases frcm 1/4” diameter rod.

This can be done on a lathe. Use a size drill which will

permit a neat fit for the cratered lengths. These bases

can be used repeatedly.

(k) Make uppe$ electrodes as

(1) “Placeas many electrodes

shown in Figure 14.

in the heater (Figure

as are required for distillations and standards. Neigh 1

milJigram of finely divided SrO into each crater. with scme

praCLiCe, CZiV3fUlvisual estimation after light’tapping of

the side of the electrode is adequately quantit’iititie. Wth

a X pipet add enough water to moisten the SrO. Turn on tie

Variac at low voltage and evaporate slowly and carefully

so that the SrO i~ noL los~. Continue evaporating small

portions of water from the SrO until an even coat of oxide

(free from large bubbles and fragile crustti)covers the entire...

crater.

(m) Prepare two standard

Dilute respectively
.. .

NaF solutions fran the stock solution.

milliliter and 1!milliliters of reagent

(f?= h 10 milliliters. Prepare fresh standaxx!solutions

every 3 days until a solution of a particular concentraticm

has stood in its containing vessel for several weeks. !ibere-

after, fresh standards need not be prepared,

(n) Make standard electrodes carrying ly , 2Y , l+y, and 8Y F. -

I
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1 taining 0.1

as prepkred
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standard, evaporate 10A of the solution con-

milligrams per milliliter on a SrO coated crater

in step 1 . Proceed similarly with the other

standatis and distillate concentrates. Evaporation must nob

be so rapid as to cause loss of SrO and NaF by spattering.

Add the solution in small portions to the edge of the oxide

coating. It will spread rapidly over the crater and not

creep back along the outside of the pipe% If necessary dratiout

the tip of the pipet or-wax it lightly with’s high melthg WfLX.

(.l In botal darkness load the right side of the Wadsworth camera

witha 4flY.10~1103a-T (or 103a-D) plat”e,emulsion side down

(i.e. facing the grating). With necessary precautions

against fogging of the pla~e, attach the camera to the

camera carriage of the ?/ad8wcrth$draw down the plate

and clamp it,into position.

(p) Turn on the IJietertD.C, source. SeL the amperage at

shield

a

minimum (about 3 amperes with this arc) by turning the hand-

crank to the counter-clockwise stops Set Lhe automatic timer

at 60 sec. Set the polarity switch at positive for lower

electrode. Adjust the slit height to 2 millimeters and the

slit width to 30 ~ (3 on the micranete~”scale). Raise the

camera c~rriage to a reading of 30 millimeters and position

the wavelength to 5000 - 63008 on the short wavelength
&

~alf. Flace in front of the slit a filLer which transmits

wavelengtklsof 5000 i and greater. Set the front edge of

:he base of the cage at 40.7 centimeters on the scale and

clamp the 90 millimeters spherical quartz lens with its bsse
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against that of

of the arc will

m
tinecage so that an enlarged (j-fold) image

be focused on the slit.

(q) clamp a craLered”elecLrode (containing SrO only, in the lower

holder and a pointed one in Ltteupper holder (Figure 4).

Close the cage door. R’ithan electrode separation of about

5 millimeters s~rike the arc with a graphite rod mounted

in an insulating handle. Raise tk,eupper electrode to a

separation of 10 millimeters and adjust the electrcxles(laterally

and vertically) so thai the sli,tis in the upper side of the arc

image (Figure 16 )e ... \!arkthe position of the electrode

image on the screen behi.d the cage. ibrn off Lhe arc.

(rl Replace the SrC blank electrode with a sbandard or sample and

adjust the crater to the sane position using the shadow cast

on the screen by the small lamp in fron: of tilelens. Cpen

the shutter, strike Lhe arc as in(q) and raise the upper electrode

to 10 millimeter separation. As the electrodes burn away

maintain them at this position. If the 3rG should volatilize

completely in less than 60 seconds close the sklu~terand turn

off @b arc. After each exposure close the shutter and,-

raise tjlecamera carriage 3 millimeters.

(s) Develop the plate in total darkness for 4 minutes at 18°C in

Eastman D-19 usiry rocki~,gdevelopment.. Immerse the plate

for 10 seconds in an acetic acid sk,ortstop. Fix iL in F-5

for 10 nti~utesor u;ttilt~tesilver halide is completely

aissolvea. Iiashthe plaLe in running water for 1O-AI minutes

and rinse il.witlidistilleu water. Remove excess water from

the plate with a spo~e r~,ddry iL out of contact ‘flitI-.dust.
●

(L) Compare (vi:suallyon a ~l;it~;vi(’ierwiti!the aid 01 a lens)
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,

Figure 16

Ara Image (Inverted)

t
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,

5’774.8arid5779.5f areUSed. Iiti utifom excitation

conditions and equal amounts of SrC the backgrounds should

be the sme for each exposure. Under normal conditions

estimation,of fluorine by comparison can be made to 40

per cent or better. If the background is not the same for

each exposure, make an allowance for the variation.

(7) Procedure II (for calcium)

The conditior,sstited under ApplicabillLy must be met for

any particular sample. For Ca metal the following modifica-

tions are made:

(a) Ilace the Ca metal (about 1 p-am) in a 10 milliliter platinum

/
evaporat:

dropwise

oxldized

ng dish and cover it.with a watch glass. Add water

Lhrough the lip until the sample is completely

Neutralize wick 70 per cent HCIC, just to the
4

yellow color of the nitrazine indicator. Ca(OH)2 dissolves

completely. Add 0.1 N NaCH aropwise —— one drop beyond the

appearance of the blue color of the indicator. Evaporate

the solution to about half this volume or until the salt

crystallizes out when allo~ed to cool.

(b) Add 100 A 0.1 N NaOH to cup C

(c) I’ransferthe warm concentrated

A. Rinse tkieevaporatir,gdish

and follow Procedure I,(d). ,

solution of step(a)to chanber

with 2 milliliters 7J per

cent HC1O and Lransfer tk,erinsings to chamber
4

and LeSL Lhe gas line as in Procedure 1~ (e).

(d) Follow Procedure I, {f) with these exceptions.

A. Assemble

Use a uis-

LillaLion temperamre of 170°: insLead of 1600 C. If the

base in CUP C is rlctneutral.izeuaurihg aistillat.ivn,follow

Irocecure 1~ (g)-(t’
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(e) If tl,ebase is neutralized (Precaution90\,aud 1 milli-

liter of 0.1 N fdaOHto cup C and continue ~iscillation.

The volatile acid is inosLprobably I-!C1.

(f) To test for Cl-. acidify a small porticn of distillate with

HC104 and add AgCIO& Return the test solution to the dis-

tillate and proceed as follows: If Cl- is present neutralize

the entire distillate with HC104 and add 0.5 milliliters cf

1 N HC104 in excess. Transfer to a centrifuge cone of twice

the volume. Add 0.1 lJAgCIOk in 100 A portions, mixing and

centrifugii~ after each addition until further addition of
.

AgCIG~no longer precipitates AgC1.

(g) Follow Procedure I, (d),

(h) MPtY and rinse tie aistillaticn cell. Decant the clear solution

of sLep(f)and transfer it Lo Chamber A. Add 2 milliliters 96

per cent F2SC14.

Follow prccedure

(S) Blank Procedure

Assemble and test gas lir~eas in.Procedure I,(e).

I, (f) - (t).

Establish the absence of F (to limit of sensitivity) in all the

reagents by performing the entire procedure without a sample. A

small ( 4 lYF) but reproducible blanks mqfbtolerated in which case

‘thisvalue is subtracted frar,the plate estimation of F.

‘(9) Precautions

~ (a) Adequate lieating

between chambers

temperature that

of distillation cell is essential. The leads

A,B, and C must be maintained at aqch a

water will not. condense in them; otherwise

distillation will nt,tbe s,moothand recovery may not be com-

plete. If ccm~act between heatipg block and cell is not

.
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satisfactory, a W.X or oil bath may be used.

(b) Establishment of quantative recovery of known amounts of F

must be done by any one operator. If conditions as given in

Procedure I,(f) are not sufficient they will have to be altered

accordingly. Ibis applies equally to all modifications.

(b) Neutralization of the base is caused sither by acid spray from

chambers A and B or by distillation of volatile acids; it is

the.latter, if the sample has an unex?ect~~y high F- content) .

, or IIasCl-, NC-
3

etc. in excess of 0.005 milliequivalenLs

(See Procedure II).

(10) Literat.ureReferences

?etrey, A. K. , Ind. kg. Chem., Anal. &i. ~, 343 (1934).

Ahrens, L. P., S. African J. Sci. ~, 98 (1943).

Project Reports:

LAMS-86
l_nMs-97
MhLs.-lo9
JA?S-122

“,

8.3-6 SpectrochcznicalUeterminaticn of Impurities in Uranium YeLal arri
Compounds by the Gallium Gxide.-Pyroelectric kethod

(1) AbsLract

Ihe uranium metal or compound is ccnverted to U308 by ignition

in air. A l(lltmilligram sample of the resulting oxide containing

2 per cat of gallium oxide is arced frcxnthe crater of a graphite
.

electrode in

uranium does

is estimated

a direcL current arc. l%e complex spectrum of

not appear. ‘11.equanLityof impurities presenL

by comparison of the densities of their spectrum

lines with Lhe corresponding lines of s~andard spectra.

(2) SertsitiviLy,Frecision, ~nd AJplicabilit~

Following is a list of elements de~erminable in U308 according
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.
to tilepyroelecbric mitkcd, together with dleir sensitivities of

detection. Sensitivities are reporLed in parLs per million on

tl-,ebasis of 98.milligrams
‘f ‘3°8 analyzed● In ‘enera~ ‘*

precision is god to 20 per cent of the amount reported.

It sho’-dxibe e.nphasizedtkldtLhe limits of sensitivity listed

rel~te to impurities present in oxide. Impurities in metal or

salt samples may be determined only if such ix.puritiesare not

lost in burning the meLal or salt to oxide. Eoron and silicon

in fluoride and mercury in metal are, for example, not determin-

able by Lhis procedure.

Elememt(4) =tivity (PPJRI

Li 0.2
Ee 0.05
P 0.05
Ka 5

(4) Sc, Ge, Se, Rb, Sr, Y, Te, Cs, Ea, Ru, Rh, ‘I’;,W, Cs, Ir, Pt, ‘illnot in-
vestigated,

Mg
Al
Si

P
K

v
Cr
M
Fe(j)

cc
M
Cu
Zn

Mo
FM
Ag
cd
In
Sn

1

5
2

50
40
20
.-
20

;
--

1
1
0.5

20
5“

--
7
i
0.05
0,05

‘ 0.2
1
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Sb 5
R& e F~rLhs(5)f

.-
Ta5) --
Au 0.05
Hg 1
Pb 1
Eli 0.2
ill(5) .-

.—

(5) Unsatisfactory by pyroelectric method

(3) Reagents

(a) Purified galljum sesquioxide, Ga@3. See Section 8.10-3.

(b) Puri’fieduranium oxide, U308. (6)

(6)
Place several hundred grams of uranyl nitrate hexahydrate (Mallinckrodt)

in a 1 liter separator ,funneland add about 5W milliliters Of afiydrou~ e~er :
(Merck). Separate the ether layer from the water layer and re-extract the [
nitrate into quartz-distilled water. Add enough nitric acid to prevent
formation of the in801uble orange compound on evaporation. Evaporate the
solution to crystals of uranyl nitrate he.xehydrate, Remove as much water and ~
nibric acia as is possible without forrna~ionof tl:einsoluble salt. Repeat
the ether extraction and tke above steps twice. Finally, finite the resulLing “ .,
salt Lo U 08 in a ~dfle furnaoe.3 See also, section 8.10-3.

Cr203, L!n02,Fe203, c0203’‘i304‘ CUO$ ZnO$ AS203} l~OO3SAg20~

cdO, 1~03, SnO, Sb2C3>

reagent grades.

(4) A?parat.usa{idkaterials

(a) Thngst.encarbide mortar

(b) Fin vise and needle,

(c) Platinum crucibles (18 milliliter capacity).

A~03, PdC12, HgO, PbC, Ei203, C.P.

and pestle.

(d): A.R.L. graphite electrode cutter.

(e) Special spectroscopic graphite electrodes, available from

National Carbcn Co.

(f) 7{atch-glas9es(4 centtiieters)wititoff-center holes. See .
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(d

(h)

(i)

(j)

(k)

Figui’e17. ~

Mini!-rnill,avcd.lablefran Fisher Scientific ‘Co.

211~ 211 45° qmrtz ~rism in adjustable mounting. S@e Figure

18,

35 millimeter SA1 fib.

km x 10!I103-F and NH3- s~nsitized I-N photograph: plates.

Eakelite electxcde holders. See Figure ~ * “? /

(5) Procedure

(a) Prepare 5grams of aU308 stindard containing 1000 ppn of
$

each of the metels in Lhe following salts and oxides: LiF,

carbide morbar, and mill tie mixtxre on the Xini-mill.

Prepare a standard containing 5(W ppmo of eat).of the same.

metals by grinding 2.5@ gr~s of the first.stalxlardwith

2.50 grams cf ~ure U308. Lill the ~xture as before. In

similar fashion, prep:le succeeding stind?rds .50 ttl~tthe

following’pytiare available: 1000, NO, 200, 100, 50, 20,

10, 5, 2, 1, 0.5,0.2, 0.1, 0.05 and blank.

(b) If the sample is metallic, convert iL to U O by ignibicm
38

in platinum in air. A Eeker burner provides adequate heat

for the operction. SalLs W:.jch may be converted to U30
8

by ~~:nitionirjair should be sc co~~vertedbefore proceeding

with Lt.eanalysis.
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t

t

Figuro 17

Rhtoh Glans withdOff-oenter Hole.

.
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Fipure 18

Optio.elAlllgnment of Spectrographs
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Figure 19

Bakelite Eleatrode Holder

.’

.,
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Figure 20

Graphite Eleotrode Dimensi(ms

2

-1

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



x

x

TE

Smm DEEP

Smrn DEEP

POST

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



62

(c) Weigh cut t?.0milligrams of gallium sesquioxide as accurately

as possible on a tared watch glass pierced with an off-center

hole. Cn the same

d ‘he ‘3°8 bl&ti“

carbide mortar and

the uranium oxide.

watch glass weigh out 392 milligrams
t

Transfer the whole to & tungsten

grind the gallium oxide thoroughly into

(d) Prepare a number of l/4° and l/~” graphite electrodes tO

the dimensions shown in Figure 2Q. Pr+burn the elecmodes
.

at 13.5 arnpm-esd.c. for 30 secondsto re~~vesurfacecon-

tamination. Weigh out 100 milligrams of tkleuranium oxicie- ;

gallium oxide blank mixture and trar,sferit to Lhe 8MiMi- ~

rteterdeep crater of one of the prc-arced electrodes.

Similarly, grind all of the otk.erstandards witklgallium

oxide and load electrodes with 100 milligram ~harges.

(e) Tap t2aCkJelectrode on a hard

at the bottom of the crater.

vise, through the charge and

surface tO cOJfip~cttk.eSam@e

I’uelIa needle, held in a pin .

into the graphite at tktebottom

of the crater. Tap the electrode again and witk.drawthe needle

with a rotary motion.

(f) Adjust the llietertArc Unit to give a current of 13.5

amperes on closed “circuitWith graphite f31eChVXit?Sin @CO.

Place a poirtted1/8” diameter electrcde irI tk,eupper electrode

holder and a graphite

electrode beari[,gthe

on tt,elower POSL and

post ir~tk,elower holder. Flace the

uranium oticie-galliumoxide blank I

align ~he electrodes laLerally and

vertically at a separatiuliof 4 millimeters by back-projection

of Lheir shadow images on the aligy.ent screen. Check the

polarib~ of the arc, makir$ tilelower electrode U_.eanode.
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(g) .Placethe 2N

bench of the

fror.tof tb.e

J
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:Iuartzprism of,iLs Lable orIthe 2nd optical

Dietert and tiie3n quartz lens in its place in

prism. Their positions shoula be determined

previously, so thaL a beaa of .Ligl,ti: sent.into the ::ads}~crth

spectrograph. Close tl.ealit of Lk,eYIadswortilscecbrograph

to a Wiatli of 50 microns and adjust.its height to 2 milli-

meters wit~ltileHartmann aiaphragm. ~lace a 1OS-F plate in

tkJ(? right hand side of the camera cassette and an NH -
3

sensitized 1-N plate in the left hand side ( as viewed from

the rear of tl,eiristruc.ent).Sec the camera to photograph

the range, 5320R - ‘7800~. Check the i)ietert.camera to

make certafi it contains film.

(h) Cpen tie slit of the Dietert spectrograph to a widtk of 20

microns and bring the No. 2 diaphragm in position at the

secondary focal point. Cpea tilespectrograph shutters and

strike the arc. Contjnue the exposure during the pre-silent

and silent periods, extinguishing the a’rcwhen it begins to

sputter.

(i) !@ck up the cameras of both specLrographs and repeat Lhe

arcing procedure for the remaining standafis, By arcing

Lhe weaker stanciardsfirst the danger of contamir,aLion

of succeeding samples is reduced. Develop both film arid

plates for 3 minutes at l@.OO C in EastalanD-19, usir.g

rockkg development. Place film in 0.5 ,percent acetic

scid s?iortstop for 10 seconds. Fix the film in F-5 for
I

3 minutes and

water and dry

of the excess

(j) Bid t}iefilm

tkieplatee for 10 minutes. Htise iJldistflled

Gut of COntaCt With dust a~ter rem!OV&lof MOSt

water with a moist viscose sponge.

between frames cut from 1/16 inch Lucite so
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that iL may be used as a master plate in tke Dietert densi-

tometer. The plates should be left unbound, for use on the

viewing bcx.

(k) Prepare and arc samples in exact~v the same way. All samples

should be run in duplicaLe and a standard sample should be

arced m each film and plate to reveal abnormalities which

may arise in tie procedure.

‘ (6) Evaluation end Expression of Results

To evaluaLe a film place it in the film jig irL the densitometer

and insert the waster f~lm in the master plak? slide. Compare the

standard spectrum witiithe corresponding stzmiard spectrum on

the masLer film. If the lj.nedensities agree for all cf the

elements of interest, proceed to compare the ljnes of the sample

spectra with the corresponding lines on the master plate, noting

the concentrations for which tie densities are equal. If necessary,

interpolate the sample lines’ densities into the standard series

of spectra. If the standard s~.ectrumfails to agree witi the

corres;ending spectrum on the master plate, l~k for a density

matck with one of tkleother master spectra. Provided the disagreement

is not greater ban a factcr of LWO and provided tl;estandard

specfm.nts gallium lines and gmer=l background compare with those

of the sample spectra, the evaluati:m may still be made. In Lb:a

case, employ tke factcr necessary to male tl.estandati spectrum

agree with the corresponding rrasterplate s ectrum in reporting

results in pFn,

(7) Alternative Froceciure

An arrangement by means of Which the complete s~ectrum (2Z50 -

7100 AO) of a smple may be obtainea in a sin@e exposure usil~g

only one spectrograph is described in Project !leportM-25*7.
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●

(8) References
,

This method was developed by the National Bureau of Standard6.

AddltionaA information is oontained in the following reportas

t A-128

A-129

A-1%

A-w7b

A-2907

Cc-so

CK-801

c~.928

CI+93

LAMS-97

. LAMS-1C9

LAMS-266

MM- 122

LAMS-127

LAMS-J).$6

LAMS-155

LAMS-176

LAMs-l?o

LAMs-?ll

LAM-217

LAMS-254

LAMS-249

LAW-25?

0.3-7 Spect,rochemicalDetermination of Impurities in Magnesium Oxide and
~xlde

(1) Abstraot

5 milligram samples of finely ground B?gOor CaO are weighed

Into 2.5 mlllineter deep craters of 1/14inoh diameter graphite

eleotrodea and aroed at 13.5ampe-reafor ~mlnutes. A rotating

aeutor, adjusted to transmit 40 per oent of light is employed to

prevent excessive background. Comparison of the densities of the

impurity lines with standard spectra permits estimates of the amounts

of impurities preseata

(2) Sensitivity and Precision

Following is a list of the elements determinable by the method

described, togethor with corresponding sensitivities of deteotion.
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The precision is estimated ~o be & 50 per cent, average deviation

from the mean.
Sensitivity (ppm)

Element M@ CaO

Be 1
t B 20

+7)
! M

(7)
No grade of CaC sufficientlyfree of Mg was found.

Al
Si
Ca
v
Cr
Mn
Fe
Ni
co
Cu
MO
Ag
Cd
In
Sn
Sb
Au
Pb
M

20
50
10

20
5
10
-.
--
-. 10

—

20

.-

20

50

5:
50
10
50
10
10

10 10

(3) Procedure

See LA Report 416.

8.3-8 SpectroGh@nical Determlnatjon of the Rare EartJ,Llements In Uranium
Met&l and CqmW.unds

(1) Abstract

The rare-earth elements are separated from uranium and its

compounds by means of an ether extraction of the uranium, precipi-

tation of the rare earths as fluorides, and purification of the
-$

latter by way of the hydroxides. The final determination is carried

out spectrographicd.ly, using a Jarrell-Ash-Yiad8wcmtinSpectrograph

and an A.R.L.-Dietert W1.ti-3ource Unib.
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(2) Sensitivity and Precision

Following is a list of elements which have been determined

by the procedure described, tegether with their sensitivities of

detection. In general the precision is about 20 per cent deviation

from the correct values; usually, results are low by about this

amount.

Dy
M
Sal
IUd
Pr
La
Ce

Micrograms

0.05
0.05
0.50
0.20
0.10
0.01
0.10

.PPm(10 g. sample)

.005

.005

.050

.020

.~~

.OQ1

.010

((3)Procedure

See Eritish ReporL IM-315,also LAMS-98and 1A-416.

8.3-9 SpecLrGchemical Determir~tion of Impurities in Plutonium fietaland
@mpmnds by the Gal~ium (mide-PyroelectricMethod

(1) AbS$ract

‘Iheplutonium metal or compcund is converted to oxide by

ignition in air in a dry box. A 25 milligr~m sample of the resulting

oxide is ground with 2 milligrams of gallium oxic?eand ’73milligrams

of pures~ uranium oxide (U C ).
38

Ihemixtureis arced in a dry box from

the crater of a graphite electrode in a direct current arc. The

complex spectra of uranium and plutonium do nGb appear. the

quantities of impurities present are estimated by cccqxmison cf
I

the densities of Lheir spectrum lines with the corresponding lines

of standard spectra or by photojfletry,using inbernal s~endards.

(2) Sensitivity, Precision and $ppl~cability

Followir~ is a list of elements determinabi~ in plutonium

oxide according to Ltk?pyroelectrjc Getl-od,togettjerfiithcorrespond-

ing sensitivities of deLection. Sensitivities are reported iriparts
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,“

per million on the on tk,ebasis of 25 mill~grama of oxide analysed.

fhe precision averages about 9 per cent (average deviation fro:lthe

mean),

.,
It & ould be +asized thaL the limits of sensitivity

listed relate to impurities present in oxiae. Impurities in metal

or compounds may be determined only if such impu??ities are not

lost during the conversion LO oxide. E?oronand silicon in plutonium

tetraflucmide and mercury in metal are, for example, not determiriable

by his procedure.

In adciLion, only those ccmpounds which may be converLed to

essentially pure oxide (H.@2) may be analysed. Residues high in

sodium (e.g., from Lhe ignition of mdium plutcnyl acetate) are

not amenable to pyroelectric analysis.

Be

i
Al
Si
@
P
v
Ge
Cr
*
Fe
co
Ni
Cu
2n
As
Pd
Ag
In
Sn
Sb
%
Pb

<6
<4

3%
50 “
60
500 .
600
6

.j~
.L5
30
30
60
<b
150
150
300
<6
15
20

E
15

..

.,

.,

.-l

4
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(3) Reagents

(a) Purified gallium sesquioxide,Ga203. Seo Section 8.10-3.

(b) PurifieduraniumoxideU308. See section8.10-3.

(c) BeO, B20~, MgO, A1203, sio2, ca3(?04)2,V205$Ge02,Cr203~~2s

Ni O , CUO, Z@, Ae203,PdC12~Ag20tIn203ss~~F9203,C0203J 3 4

sb203~H@> PbO~ c.p.reagentgrades~

(4) Apparatus and Materials

(a) Combination dry box for preparing and arcing samples. See

Figures~, h+ and 23* . .

(b) Pin vise and steel needle.

(c) Platlnum crucibles (1 milliliter capacity).

(d) A.R,L.graphite and electrode cutter.

(e) Special spectroscopic graphite electrodes, available from
National Carbon Co.

(f) Arc stand for dry box. See !?igure21e .

(g) Watch glasses (4 centimeters)with off-centerholes. See
Figure 1?. .

(h) Mini-mill, available from Fisher Scientific Co.
2

(i) 103-aFfilm.

(j) llakeliteelectrode holders. See Figurel% .
3

.1 .

(k) Tight-fittingdust respirator,

(1) lst-surface aluminized plane mirror in mounting for optical
bench. See Figure Z?a . .

(5) Procedure “

(a) Prepare5 gretmsof a UsOg

each of the metals in the

.

standard containing 1000 ppm of’

following salts and oxides: BeO,
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Arc Stand for Dry Box
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Figure 22

Aluminized Plane Mirror

*
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Figure ~

Arrangement for Arcing Plutonlum Oxide .
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SnO, Sb203J HgO, and PbO. Grind the above compounds thorough-

ly into enoughU308 to bring the total weight to 5 grams. Use

a tungsten carbide mortar and pestle for the grinding, and

mill the mixture on tl,eh!ini-mill. Prepare a standard cm-

taining 5@ ppm of each of the same metals by grinding 2.50

gramsof the firststandardwith 2.50 gram of pureU O . kill38

the mixtureas before. In similarfashion,preparesucceeding-

standards so that

200, 100, 50, 20,

atione may all be

the following are available (ppm): 1000, 500,

10, 5, 2, 1, and blank. ‘Ikeforegoing oper-

carried out without fear of danger Lo the

analyst. Succeeding operations must be carried out in the

dry box by an operator w“earinga full laboratory smock, rubber

gloves, and a well-fitting dust

Health Safety Precautions to be

2 Analysis of Plutonium Metal and

respirator. Read l~~pecial
,

Observed in Spectrochemical .:

its Compounds “ (section 8.3-1)

under “PyroelectricMethodtfbefore continuing.

“T (b) Grind together 2 milligrams of gallium sesquioxide(8) and 25 ~
,2 .“

If beryllium is not to be determined, and if spectra are to be evaluated
by the internal standard procedure ( part (j)-i?.below~ the gallium oxide
shod be first ground with Bi O , *O, Au,@a. and HoO in amounts to give
a mixture containing 8 microg?a$s of Bi, ~.~ microgra& of Be, 0.8 micro-
grams of Au, and 40 micrograms of Mo in each 2 milligrams of gallium oxide.

milligrams of pure plutonium dioxide with 73 milligrams of

each of the standards prepared above. In this manner the-

following etandards are available (ppm referred to the

plutonium contained in tie mixture): 3000,,11500,400, 3CKI$

150, 60, 30, 15, 6, 3, and blank.
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(c} If the sample is in the form of plutonium metal.or alloy,

transfer it to a 1 mil.literplatinum crucible in the b box

an&ignite it in a micro-furnace at 700-800°Cunbilconversion

to the oxideis complete. If ths sampleis a solution(e.g.

dissolved nitrate) evaporate it to drynes8 urxieran infra-red

lamp in a well-ventilated hood. Wear a plastic visor during

this operation and take every precaution bo minimize spray

during tie evaporation. llransferthe platinum crucible con-.

tainin.gthe evaporation residue to the dry box in a nest

of altern;ltelyfnverLed beakers. Ignite the reeidue to otide

in a micrc+furnace in the dry box.

(d) Weigh out c.0 milligrams of Ga203 as accurately as possible

on a tared watch glass piercsd with an off-center hole. On

( t?)

(f)

-.

the same watch-glass weigh out 219 milligrams of pure U308

and 75 milligram~ o,fthe FuO EXM@.e in the dry box.
2.

Grind
.- .. . , , ..“
the mixture thoroughly in a Lu&&& carbide mortar and divide

it+into three 1(X)milligram portions~ Trarwferthe mixtures

LO 8 millimeter deep craters of preburrledgraphite electrodes.

(See Figure ~ i%r dimensicnzsof electrodes).-

Tap eacheleotrde smartlyon a hard surfaceto compactthe

sample at Lhe bottcxnof the crater, Push a needle, held in

a pin vi;e, throug~ the charge and into the graphite at the

bottcunof the crater. Tap the electrode again and withdraw

the needle with a rotary motion.

Adjust the i).C.rectifier unit to give a current of ~.5

amperes on closed circuitwith graphiteelectrdes in place.

Put a pointed 1/8 inch diameter electrode in the upper electrode

holder and a graphite

‘electrodebearing the

post in tke lower

standardblankon

holder. Place the

the Mwer electraie
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~st and align the electrodes laberally and vertich13y

at a separation of i+milltietere by back-projection of

the+r shadou-irnageson the alignment”screen. Check’~hb.. .. .

pol%rity of the arc, making the lower electrode ”the anode.

. (g) Place Me 1st surfac:aluminizedmirror &d its table on

the optical bench of tk,espectrograph,making sure that its

an@e is such a8 to direct Lhe I&ht falling upon it central~

into tne slit of the spectrograph. Insert a ~,uartzlens (f*l.

50 ceritb~ters)on the opticalbenchbetweenthemirrorand

the slit at a position predetermined to focus an image of

the arc upon the grabing. See Figure~. . Check to insure

that the slit of the”qectrographis 20 micronswide, ad

checkthe diaphrafito ma}.e certainthat the No. 5 ~peltire

is 3n place. Test the tensicn of the fQm in the camera to

insure that it is neither slack nor under stress, and rack

the camerato the No. 10 position,

(h) (From thie point on the assistance of a second operatcr is

required. One operatormu8t standbehindthe dry box with ~~.
d

& @.oved,h&ndsinsertedthroughthe gauntletsfor the
,

purpose of removing old electrodes and inserting new ones” “,“3

in position. He must also striketiiearc by bridging the ‘ “

electrode gap V8it~La piece of clean graphite rod. l%e

second operator must s-d before the dry box and rriinipulate

the electrode controls which issue frcxathe front of the dry

box. He must also operate the switches for extinguishing the

arc, r~ove or 3nsert the alignment lamp ‘andshutter as

required, and attend to the rackingof the camera.)
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Ignitethe arc and exposefrom thispointuntilthe arc

hissesand sputters, after having Pssed t.hwugh a silent

period. Arc succeeding standards in identical manner, pro-

ceeding from the weaker standards to the strcngerones to.

minimizetk,edangerof contaminationfrom dust produ~ in

the arcing. ( A film so run is called a “standard film”.)

. Qrdi~srily, the operator should plan to run several eamples

in triplicate and to run one or two standard~ on the same

film for normaliz~ variations fron the standard film.

(i)

?.

‘?
f ..’.

Develop &e 103-W film in total darkness for 3 minutes at

18.0° C in EastmanD-19,usingrockingdevelopmh. Fix

the filmfor 3 minutes:in EastmanF-5 after*erSion for

about10 secondsin an aceiii$acid shortstoP* Wash ~he fi~

for 5 minutes,rinsein distilled water, and dry in a current

of warm air after removal of most of the excess water with

a ffioiatviscose sponge.

Bind the ‘standard film!’betw~n frames cut from 1/16 inch

Lucite so that it may be used as a master plate in the Dietert

demitmeter. Evaluate the spectra on a fiti according to

either of the following procedures:

1. Evaluation by Visual Comparisca with the Standard Film

Insert the sample film in the film jig of the densitometer

and the master film in the mz]sterplatteguides of tkle instru-

ment. Compare the standardspectrum of the sample film with

the corresponding stsndard spectrum of tI-,efiasterfilm. If

the line densities agree for all of the elements of interest,
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proceed to compare the lines of the sample spectra with

the corresponding lines on the master film, noting tt.c corl-

centrations for which the densities are equal. If necessary,

interpolate the sample linest densities into the standard “

series of spectra. If the standati spectrum fails ti agree

with the corresponding spectrum on the master film, lcok

for a density match with one of the other standard spectra.

Provided the disagreemeritis no greater than a factor of two,

~nd protided the standard spectrum’s gallium lines and

general background coaphre with those

.— the evaluation may still be made. In

factor neceseary to make the standafi

cor’respondir!gmasLer film spectrum in

tration of each element in ppm.

2. Ev&luation by Photometry, Using an

of tilesample spectra

this case, employ the

spectrum agree with the

reporting th,econcen-

Internal Standard

Select, in general, the most sensitive lines of the

elements of interest on the master film. Photometer them,

together with their adjoining backgrounds, in eack of the

standard spectra. Select internal standard lines (Bi, Mo,

Au, or Ee}which lie reasonably C1OSC to the analysis lines

chosen. Also try LO choose for comparison the particular

internal staridardelement which volatilizes at about the

same temperature as ~Jf! element being determined. Photo-

meter the internal standard lines and tl.eirneighboring

backgrounds. Ccmv6rt the line anclbach,groundtransmission

values into relative line intensiLy vslues by reference to

a fihn calibrat:cn curve. Subtract the background intensities

I
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from the corresponding line-plus-backgroundintensities.

Divide each background-correctedanalysis li~leiritensity

v&lue by its background-correctedinternal standard line

inLensity value to obtain the so-called “intensity ratio’!.

Plot logarithms of the intensity raLio ggainst logarithms

of ccncentrationo Straight line graphs with unit elope should

result.

To evaluate sample spectra; obtain the log intensity

rfitiosof inberest as described above. Refer these log

ratios to.the appro@ate workicg curve and read off the

concentra$i~n of the impurity from the graph. It is well

to check the constancy of the working curve from time to

time (on each film, if possible) by analyzing a standard

“sample.

+l+&X+HH&X+W

An alternative procedure, used in analyzing samples in

which gallium is to be determined, substitute silver
,

chloride for gallium oxide. Standard and sample oxide mixtures

are made up to contairl/+per cent silver chloride in place

of 2 per cent gallium oxide. The limit of sensitivity1

for galliun by this procedure is about 6 ppm. Sensitivities

for otl]erifiipuritiesare essentially the same as those given

above.

(6) References

LAMS-261 1.Ms-288

LAMS-276 1.JVLS-302

Seealao references under 3ection 8,3-6 above,
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8.3-10 $pectrochemical Determinatiionof UnPurities in Gra@ite by the
Gallium Oxi.de--PyroelectricMetk,od

(1) Abstract

A 50 milligram sample of’graphite ccnt,aining4 per cent of

gallium oxide is arced from the crater of a gr&phiLe eiectrode

in a airect current arc. The quantity of ifnpuribiespresent i9

estimteu by comparison of the unknown specLrum with standard

apecLra.

(2) Sensitivity ana P?Y3CiSiOn

Sensitivities given below are in parts per million on the

basis of”@3 mil.jgrams of graphite analyzed. The precision is

of the order of : 20 per cent of’Lhe acount reportea.

Element

Ag
Af3
Au
B
E!e
Bi
Ca
Cd
co
Cr
Fe
Hg
In
Li
Mg
Mn
$!0
~a

Ni
P
Pb
Fd
3b
Si
Sn
’11
v
Zn

Sensitivity (First order)

<1
50
1
1

<1
<1
10

<1
<1
<]
5
10

c1
5
5

dl
<1
50(noL D lines)

<1
N 300
<1
<1
5
5
1
1
5
20
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(3J Procedure

See u Report 1+16.

8.3-11 SFectrocIiemicalDetermination of bllium in Plutonium Metal and
mmW- e Isopropyl%Hier E* raation ~

(1]

(2)

(a)

(b)

(c)

(31

(n)

(b)

(o)

(d)

(e)

(f)

(g)

(h)

‘ [i)

Abatraat

Gallium is extraoted as a ehlorogellio acid complex from hydro-

ahlorio acid solutions by means of isopropyl ether. The

oomplex is re-extraoted into a small quantity of pure water,

whiah is evaporated on oopper electrodes together with an

internal standard solution. The residue IS exoited in

a oondensed spark discharge and the quantity of gallium evaluated

by photometry

Reagents

Concentrated

Re-distilled

of the resulting photographed speotrum.

hydrochloric acid.

isopropyl ether.

Distilled water

Apparatus and Materials

Glass-atoppered pyrex graduated cylinder, 10 milliliters.

Olass-stoppered volunwtrio flask. 10 milliliters.

Copper electrodes, ~ inoh diameter by l+ inoh long.

Rleotrode evaporator. (See Figure 10).

l!ioro-~ringe and pipet tips (50 mioroliter capaoity).

Type 103-0 Eastman photographic plates, 4 inoh by 10 inoh.

Spark disohargo oimmber. (See Figure 7).

Wadsworth fully automatio stigmatio grating spectrograph,
21 foot grating, 15,000 line~ per inoh (Jarrell-Ash Co.).

l)ietertspark unit.
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?
(j) DieLert rocking developing maohine.

,.

‘k) 2ietert Ccxnparator-tiensitornetex.

(4) Procedure

Heed Health Safety Rules Outlined In 5ecU.ons 8.2 and 8.3-1

(a) Dissolve a s~ple Of ~a.ll~um-pl.to~i~~ allojJ, weighing

about 50 milligrams, in hydrochloric acid in a 10 milliliter

@ass-sLoppered volumetric flask. Adjust Lhe acidity to ?.25

N and make Lhe solution up to 5 milliliters volume with acid

of :his concentration. (Note %at allowance shouldbe made for
“

the consrxnptionof hydrochloric acid in the dissolving operation.

See Wicrogravirnetriclletenn:nati’onof Gallium in Plutonium-

Gallium Alloy#W.

(b) Add 5 milliliters of isopropyl ether Lo the solutim and

shake vigorously for 20 minutes. Alloi~the phases to separate,’

and transfer a 1 millili~er aliquot of The ether phase LO a
.,

10 milliliter gl~ss-stoppered volumetric flask. Add 5 mill3-
t.

liters of distilled water Lo the volumetric flask and shake

vigorously for 22 minutes to re-exLract the galli’uminto the

water. Make the water phase volune up to 10 milliliters.

(c) Xithdraw, by means of a micro-pipet, a 50 micro-liter aliquot

of the water phase and divide iL about equally beLween the Lips

of two copper electrodes. Evaporate the sol~ticrlsdust to

dryness on the copper electrodes by ,meansof an electrcxie

evaporator.

(d) Divide a 50 micro-liter portion of an internal standard
●

solution (containing80 micrograms of molybdenum per milli-

.

9!

liter) between the same electrodes, Evaporate these solutions
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to dryness

(e) In ~~lar

(f)

(8)

(h)

a8 described above.

fashion, prepare copper electrodes bearing 1.0

and 0.28 micrograms of gallium and 1+micrograms of molybdenum

(duplicate pairs) by evaporation of appropriate volunes of

a standard gallium chloride solution.

Inserb the electrodes, by pairs, in the holders of the

spark discharge chamber, gauging their 2 millheters

separation and lateral and vertical alignment by back-

projection of their shadow image on a graduated screen

behind the chamber.

Place a 4?1x 1011,103-0 plate in the left side of the camera

cassette (as viewed from the back of the spectrograph). Set

the spectrograph to photograph Lhe region, 2300 - 47008.

Excite the electrodes for 50 seconds in a condensed spark

discharge (25,000 volts, 0.32 mH, 0.021#F) and photograph

their spectra through a slit whose width is 25 microns.

Prepare a “standard plate” bearing the sp6ctra Of gallium
.

in Lhe following quantities~ 1.0, 0.5, 0.2, 0.1, 0.05, 0.02,

0.01, and 0.00 micr~ramse Each spectrum should ccntain the

lines of molybdenum at &.O micrograms. Employ the techniques

described above for electrode preparation and excitaticm.

(we “:Landard” plates,need be prepared only once or twice,

since data obtained from then are used to construct

working curves.)

(i) Develop plates for 3 minutes at 18.06 C in Eastman D-19.

Following brief

shorL stop, fix

immersion of the plates in an acetic acid

them for 10 minutes in acid hype. Wash the ,
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plates in a stream of waker for 10 minutes, rinse in

distilled water, and finally dry them in a stream of

warm air.

(j) Photometer the Ga: 4033 ~-and KG: l@32 !?lines in all sample ,

and standard spectra. Convert the line and background trans-

missions into relabive intensities by reference to an

H & Dcurve (one plate from each box should be calibrated).

Substract the background relative intensities frcxnthe

- line plus background intensities to obtain the net line

intensities. Compute tie log ratios of the analysis and

internal standard line intensities (G@o). Plot the log

intensity ratios for the standard plates against the log

of the gallium quantity. (ZYIisshould yield a straight

line of unit slope.) Refer the log intensity”ratios for

samples to this work~ng

gallium obtained in the

ratioe of the sbandatis

curve to obtain the quantity of

extractions. Use the intensity

which were photographed on the same

plates as the sa~les to check the validity of the working
.

, curve, correcting Llielatter as may be necessary for any

given plate. Finally, calcid.atethe ..uantityof gallium

present in the original samples.

(5) References

uMS-261 LAMs-276
X.AW-246 IAUS-2$8

./
b$
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8.4 CCLORIMEIRIC PROCEDURES

8.4-1 Calorimetric Determination of Phosphorus in Uranium and Plutonium
Metals

(1) Abstract

l%e phosphorus is converted to orth~phosphate by dissolving

the sample in an oxidizing acid. lhe phosphate is then treated

with ammonium molybdaLe and the resulting p~osphomolybdicacid

cunplex ii extracted into n-butyl alcohol. l%e alcoholic phase is

shaken with stannous chloride solution to give mol.ylyknumblue

which is measured spectrophotcmetrically. Silicate interference

it3 eliminated by extracting Lhe

from 1 N H2S04 solution.

(2) Applicability

phosphomolybdic acid complex

‘Ihemethod is applicable to both uranium and plutonium metals

and to their compounds.

(3) Size of Sample, Limit of Sensitivity and Range

Sample size, 10 - 100 mg. Limit of sensitivity, about O.2~ P,

(20 ppm on 10 milligram sample). Rangk, 0,2- 12Y P.

(4) Reagents

(a) Cone. HC1 (P arxiAs free).

(b) Cmc. Hh03 (P and As free).

(c) 10 N H2s04 (approx.) prepared by diluting As free F2W&.

(d) 1 NH2SQL prepared by dilutiw L~Ae10 NH2SOL .

(e) Stock solution of SnC12, made by dissolving 10 g of c.p.

salt in 25 milliliters of cone. HC1. Ibis solution should

be stored in a bro~n bobtle a].dkept in the dark; it should

be imaaeup fresk every 10 days.
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(f) Dilute SnC12 prepared by diiuting 1 milliliter of tt,estock

solution to 200 milliliters with 1 N H SO .
2 ){

This solution

should be made up fresh daily.

(g) Ammonium molybdate solution (5 per cent prepared from

Baker’sspecial reagent for micro analysis, F’content

not over 0.0002 per cent FCA. fib soluLion should

be stored ina paraffin-coated, glass-sLoppered bottle to

prevent picking up of silica.

(h) n-Butyl alcohol, redistilled.

(i) 95 per cent eLhyl alcohol, undenatural.

(j) Stock

pared

H20.

standard phosphate solution, 100Y P per tililiter pre-

by dissolving 0.k389 g KH2POh in 1 1. of disti.iled

(5) Apparatus

(a) 8 milliliter quartz crucibles.

(b) Spechl separator funnels 30-60 milliliters. Figure 2A .
.

● (c) 5 ~lliliter mixing cylinders.

(d) Spectrophotometer (Beckman).

(6) Procedure

Xf Plutonium L!etal and Its Cmpourds Are To Be Analy.-.. zeal,

Heed Health Safety Rules Cutlined in Section 8.2.-——

(a) To the sample of metal (10 -100 milligrams) in a 8 milli-

liter quartz crucible add 0.5 milliliter of concentrated

fiNG3and cover to prevent loss of spray. In case of pluto-

niur.~meLal ca]ceritrateaHC1 is added dropwise after L}le

addition of HNC unLil solution of the fi.et.albegins.
3

When
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the reaction subsides more HC1 may be added.(9)

7T-----
Plutonium metal is difficultly soluble in ac~uaregia and tends to become
passive. The addition of HC1 will cause the reaction to begin again. After
solution, however, a small amount of black oxide residue remains. In phos-
phorous analysis this residue is ignored because it is doubtful if it contains
an appreciable amount of phosphorous after the H2S04 treatment which follows.
If desired, the black residue may be dissolved by heating to fuming with
H#04.

-—.. .—

(b) After the metal has dissolved take the solution to dryness

under an infra-red lamp+

(c) Take up the residue (with heating) in 0.5 millimeters of

10 NHSO
2 4“

(d) Transfer the solution to the specially designed separator

funnel using three 1 milliliter portions of distilled water.

(e) Add 1.5 milliliters of 5 per cent ammonium rnolybdateand mix.

Let stand for ~ - 10 minutes.

(f) Add 5 milliliters of n-butyl alcohol and agitate for 2 minutes

by passing a current of nitrogen through the side arm of the

separator funnel, The nitrogen should be passed through a

scrubbing bottle containing a s&@l amount of 1 N H2SOL and

a layer of n-butYl alcohol. The gas issuing from the funnel

is passed through a cotton plug or another wash bottle to

trap any spray (Figure 24.)

(g) LetStand5 finutesto petit the two phases to separate;

draw off the apeous phase and save the metal recovery,

I

I

(h) Wash the n-butyl alcohol layer twice with 4 milliliter

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

87

Figure 2J4

&ppamtua for Phosphate Extraction
.,
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portions of 1 N H2SO&. The vJashir]gis

nitrogen thro@. Lhe separator funnel

Drew off the wash liquid each time and

aqueous phase for recevery of metal.

carried GUL by &Xtssing

for about 3d seconds.

add to the original

Add 5 milliliters of dilute SnC12 solution and agitate by

passjr,gnitrogen through the solution for about 1 minute.

Draw cff and discard the aqueous phase. Transfer the n-butyl

alcohol containing the molybdenum to a 5 milliliter glass-

stoppered mixing cylinder, washing tl.efunnel with about

1 milliliter 95 per cent ethyl alcohol.

Dilute tl~ealcoholic solution Lo exactly 5 milliliters with

95 pm cent ethyl alcohol.

Using 0.5 milliliters 10 N H2W4 prepare a reagent blank by

exactly the same procedure used in the analysis of a sample

(steps”(d)ihrough(1)above).

Compare W,e sample with the reagent blank using the Peckman

spectrophotcxzeterand wavelen~tk setting of 73 m$.

Read the amount of phosphorus contained in “thesample fron

a standard transmittance curve prepered by measuring the

transmitiimce of knowriamounts of P as KH2P04 or calculate

it from ttjeextinction equation given under ‘tCalculations

and expression of results”.

(7) Precauticn6.

(a) Frequent checks should be made on tt.ereagenL8 to insure a

good blank. * good bl=k cf all reagenLs shoula give an

optical densiLy no greater Lhan G.20 wha comapareciwith pure

n-butyl alcohol.

(b) It is essenl.ialthat HN03 bk added first ir;the dissolving
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of the metal to prevent poesible loss of P as P ~
%

(c) Beoause of the greaL tendency for ammonium molybdate

solutions to pie} up silica, it is essential that Lhis

solution be kept in a paraffin coated bottle. ‘l’his

is the most probable source of a high blank.

(d) To prevent silica interference it is important that the

solution to be extracted be made at least 1 Nwith H SO
24

before adding the ammonim molybdate. Because of the 8uppreSSed

ionization of silicic acid in 1 N H290Lthe n-butyl d.cohol

soluble silicomolybdic acid cmpl.ex is not formed; once

formed, however, it is extractable even fr~ 1 N H@4~

(e) If the SnC12 solution is old a turbidity can be centri-

2 fuged down before transferring to the spectrophotcmeter.

cuvets,

(f) Arsenic interference is not ccuapletelyeliminated by

extracting front1 N H2SQ4.

(8) (hlcuhti@nS and Expression Of ~@9Ult8

lhe phosphorus content of the sample may be calculated

from the ext~nction equation

where c

n-butyl

c= E-

o.112

represents the micrograms of P per 5 milliliter of

alcohol and E is the extinction (optical density)

observed when the length of the lighlpath is 1 Cenbtieter. ~

Results are expressed in ppm.

y P in 8ample
ppm P ~

~t. sample in grams
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(9) References

Berenblum and Chain, Biochem. J., 32, 295 (1938)

Project report CK-1229

Project report CK-1326

8.4-2 CalorimetricDetermination of Micrcgram Qualities of Acid-Soluble
Sulfide Sulfur

(1) Abstract

Sulfide sulfur in the sample is converted to H2S by

treatment with HC1 and is distilled into a solution of ZnAC2Q

Ihe distillate is treated with p-amino-dimethylanilineand

FeC13 which convert’sthe H2S to methylene blue. ‘l%@latter

is then delxwniriedspectrophotometrical.ly.

(2) Applicabili,ty~

The method has been applied to uranium and to plutonium

metals and is presumably applicable to any materials which

dissolve tilnon-oxidizing acids with the release of their

sulfide sulfur as H So
2

(3) Size of Sample and Limit of Sensitivity .

.
The size of sample is determined by the sensitivity re-

required. Since the limit of detection of the method is

approximately 1*, the limits of

Sample Size

10 mge
.100mg.
1 gram

sensitivity are:

Limi-f Sensitivity

100 ppsl
10 ppm
1 ppm

.
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(4) Reagents

(a) Separation of H2S

1. 2 N HC1 for dissolving sample.

2* 2 per cent ZnAc2 solution for trapping H2S.

(b) Color Development

1. Standard Na2S

extinction --

dilute to 100

solution for determining specific

Dissolve 0.746 grams Na2S09H@ ti H20 ZMId

milliliters. 1 milliliter~l

milligram. S=. (If care is tiken to select large, wel.l-

formed crystals of Na2S~9H20 which are not discolored and

are not.wet, this solubion may be taken as a primary

{10)
standard-’andneed not be assayed.

110) ‘i

A few assays have’’:iridicatedthab such a solution is not more than 1 per
cent below the calculated value.

.
2. Cam-Fischer reagent -- Dis801ve 25 milligrams pamino-

dimethylaniline (Eastman practical grade) in 7 milli-

liters concentratedHC1. Add 2.0 milliliters 0.1

M FeC13 solution and dilute to 20 milliliters. ‘Ms

solution musL be prepared fresh daily and is hence

best made up in small quantities.

(5) Apparatus

(a) Separation of H2S

Same as for volumetric method. See Section 8.6-1.

(b) Determination

1. 25 milliliter volumetric flasks.

2, 2 and 4 milliliter pipets
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3* Assorted micropipets -- 5, 10, 20, 25 A .

k. Constant Lernperaturewater bath.

5. Spectrophotometer (e.g. Coleman Model No. 11).

(6) Procedure

If Plutonium and Its CcxnpourdaAre ‘lbBe Analyzed Heed
..

Health Sa~ety Rules Outlined In Section 8.2

(a)

(b)

Separation of H2S

Same as for volumetric S method. See Section 8.6-1.

We 4 milliliter 2 per cent ZnAc2 solution to trap the H.#.

Determination of H2S

1. ‘12mnsfer Lhe ZnAc2 solution to a 25 milliliter volumetric

flask and dilute to about ZKlmilliliters with distilled

water. Place”the flask in the constant ~emperature

allow it ;.oreach thermal

prepared Care-Fischer

bath at 25° C (* 0.5°C) and

equilibrium.

2. Add 2.0 milJ.ilitersfreshly

solution and mix well. Return the flask to the

bath for about 5

3. Dilute to vclume

remain in the ccnstat temperature bath for 20 -- 30

minutes.

with distilled water and allow to

minutes more.

4. Determine tie extinction spectrophotomebrically at

660 ~ using as the reference a similarly prepared

solution containing /+milliljter 2 per cent ZnAc
2
and

2.0 milliliter Care-Fischer solutiondilutedt,o25

rnilllliters. Ilhereference uhould be

daily$ preferably at the same time as

prepared fresh

the samples,

.
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(7) Blank procedure

It is unnecessary Lo run blanks on the distillation. ‘lhe

reference solution is equivalent to a blank on other reagents.

(8) Precautions

(a) Separatim

Sam as for volumetric procedure, Section 8.4-1.

(b) Determination

Stice the Lauth reaction (conversion of H2S to methylene

blue) is not qmntitative, all conditions must be carefully

, controlled so that the yjeld may be reproducible:

1. Temperature ccntrol is very important ard the reaction

must always be carried out at the same temperature

at ~ich the specific extinction was determined. Not

more than 0.5°C variation should be permitted.

2. The Cam-Fischer solution must be freshly prepared.

3. The extinction of the solution slowly increases

on standing, especially if large amountx of r- are

present. The increase after 20 minutes, however, is

very slight, usually less than 1 per cent from 20

minutes to 2 hours.

4. A more dilute Na2S standard solution should not be

used since it would not be stable. The 1 milligram

per milliliter solution should show no significant

changes over a period of several weeks if it is kept.

well stoppered.

5. A single determcina~ionof Lhe specific extinction

ahculc be sufficient so lcxig as all conditions are

kepb unchaqxd. It is desiratde occasiofially,
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however~ to check the.value by running a standard.

“ (9) Calculation and Expression of Resu2ts

From the series of standards prepared from the standard N S
%,

solution (omittbg the distillation) calculate the ‘Extinction

factor]t,f,
(11)

which is defined as the quantity of Ss in

micrograms required to produce unit change in extinction

for standardized procedure. f can best be evaluated @ the

least squares equation:

n

where

x ==micrograms of 5
25 milliliters

Y=EZ extinction

in the standardized volume of

*

n = number of observations

The

run.

it is

summation is taken over the entire series of standards

5, 10, 15, 20, and 25YS is a convenient series~ since

easily obtainable with tke standard Na2S solution and

commercial micro-pipets. Ihe precision

determination may be evaluated from the

calculating an f for each Corlcefttratiot]

of the calorimetric

five standardB by

and com~ritig it with

the least-squares f. Ibis is best expressed as the standard
.

deviaLion, o .

7111
See “SpectrophotometricUnits)’,Section 111 A. LA-416.

1

t
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where A.f is the difference between an individual f and

the least-squares f, n = the number of standards.

+X loo= the standard deviation expressed as per

cent“error. In addition “spiked’isamples should be distilled
. .-

to check on the recovery obtained.

The Amount of S- present in the sample is simply “

when the above method of calculation is used.

I

(10) References

L.H. Almy, ~. Chem, ~OCe &, 1381(1925).

A.

0.

R.

R.

I.

w.

Suslova,Ijb. Prakt. ~U.S.SoR.) 16, No. 6, 19-20 (1942)

(in Chemical Abstracts ~, 5110).

Spengler, K. %ablinsky and A. Wolf, ?Q Wir%schaftsgruppe

~0 2% 106 {19f@) (in ch~ca~ Ab~tracts

~, 49$8)●

Pcaleroy,J. Am. Water Works Assoc. ~, 943 (1941)

pomeroy, Bate? Works and SeweraPe, ~, 279 (1936)

St. Lmant, 2. Physiol. Cheme J& 245 (1929)

Mecklenberg and F. Rosenkranzer,~. Anorg. Chem. 86, 143 (1914)—.

Project Reports
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CK-928 CK-1229
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$.lb-3 Colox’i metric Determination of Ircm in PlutopiUM Materjxds

(1)

(2)

(3)

(L)

(5)

Abstract

me irm is reduced to the ferro~ state with hydroxylamir,eand

determined spectrophotometricallyin the pesence of trivalent

plutonium ae the ferroue-orthophenanthrolinecanplex.

Applicability

lhe method permite Lkledetermination of iron down to 100

ppm in relatively pure plutonium metal, plutonium-gallium

alloys and plutcmiun nitrate process solutions.

Method of Sampling

Samples received as solutions are aliquoted by weight or

by volume. When samples are in the form of small metal

buttons, the entire button is dissolved in constantAoil-

ing IiCland a suitable aliquot of the solution is taken.

Range and Limit of Smsitivity
-

Althougtsthe optimum amount of iron per determination

lies between lC and 40 micrograms, amounts from 1 to 100

micrograms can be determined with some sacrifice in accuracy.

‘l’he aliquot size should be governed by these limits.

Reagents

(a) Constant-boilingHCl, Fe free.
.1

(b) SiCl,1 N. ‘ “

(c) Acetic acid-sodium acetate buffer solution. This is pre-

pared by dissolving 84 grams of reagent grade sodium

acetate trihydrate in distilled water, adding 20 milli-
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liters of glacial acetic

(d) 20 percent hydroxylamine

acid ad diluting to one liter.

hydrochloride solution. lhis ia

prepared by dissolving Eastman~s white label reagent in

distilled water.

(e) 0.5 per cent o-ptienanthroline. ‘I’hereagent Is prepared

by dissolvi~ recrystallized O-phenanthroline in diskilled

W8ter. A small amount of 95 per cent ethyl alcohol may

be used to facilitate solution. This reagent shouldbe

colorless.

(f) Dilute ammonium hydroxide, Fe free. (1(X)milliliters of

concentrated reagent diluted to 1 liter.)

(6) Apparatus

(a) Volumetric
capacity.

pipets, 10- 200A ~~city, and 1 milliliter
..

(b) Weight pipets, 200h apacity. See Figure 33. . “T
., ,“

(c) Syringe pipet contro18.

(d) Volumetric flasks, 10 mill.llitcrs.

(m) Spectrophotometer. (Beckman) - - .

(f) Cuvets, 1 centimeter ~~ht path.

-..

.,

(7) Procedure

fl”eedHealth Safety Rules Ou~lined in Section 8.2

(a) ‘lYansfer the aliquot to the bottom of a dry 10 milliliter

volumetric flask, being careful to get none of the solution

in the neck of the ~lask. For samples containing less

than 300 ppm of iron, take two aliquots for plutonium blanks

ad two aliquots for determinations. For samples contain-

ing more Lhan 300 ppm of iron one plutonium blank is sufficient.
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(b)

(c)

(d)

(e)

(f)

(g)

(h}

*

Cne plutoniuu blank is sufficient in any case if a ftied

absolute accuracy throughout the range is all that is
.

required.

Add 200h of hydroxylamine hydrochloride solution and

allow to stand me hour or longer.

A~d 1 milliliter of acetic acid-sodium acetate buffer and

!
mix thoroughly.

Add 1 milliliter of dilute ammonium hydroxide and again mix

thoroughly.

Add 2CQA of 0.5 per cent o-phenanthroline 60 the Samples
)

iqwhich iron is to be determined (not to the plutonium

blanks), mix thoroughly, and allow to stand for 30 minutes.

Dilute with distilled water to 10,0 milliliters and mix

thoroughly.

Let the solution stand for 30 minutes and then transfer

about 3 milliliters of the solution to a clean, dry Beckman

cuvet.

If ~ual volume aliquots were taken, use tie plutonium blank

as a reference. If unequal weight aliquots were taken, use

di~tilled water as a reference (see Precaution C). Read

the extinction at 515 millimiorons. For un~ua~ weight

aliquots cor~*ectthe observed extinction of the

sample for the extinction caused by plutonium. Calculate

this from the plutonium blank.

I)eterminethe extinction factor

of iron through the procedure.

by carrying known amounts

I)istfiledwater is used as
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a reference in reading the extinction (see precaution U).

‘I’Mconcentration of HN03 should be approximately the sam

in the extinction factor determination as in the sample

determinations (see Precaution d). l%e extinction factor

is expressed as micrograms of ircm per extinction unit.

fiis factor was determined by one operator as 49.9Y

iron per extinction unit in the absence ofHN03; 51.OY

iron per extinction unit in the presence of 0.005ldHN03.

Theextinction factor for Pu at 515 fi~~icrons was

found to be approximately 150 milligrams Pu per extfiction

unit*

(8) Precautions

(a) Dilution of the sample

may cause hydrolyeia.

while still in tie -1-L valencs

‘lheresulting oxide will go into

solution slow3y when hydroxylamine hydrochloride is added.

(b) W4 appreciably decreases the rate of reduction of pluton-

iuM to +3 valence. It is presumed to have little effect

on the quantitative reduction of the iron. Samples contain-

ing sulfate are usually allowed to reduce for 12 to 24

hours.

(c) It is ccmvenient to use distilled water or the plutonium

blank as a reference. lhe use of either is valid only if

the iron ccntent of the reagents is negligible and if the

extinction of the O-@enanthroline reagent itself is negli-

gible. If the extinction ofa reagent blank exceeds 0.010,

it should be subtracted from the observed extir,ctionor the
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reagent blank should be used as the reference. Each oper-

ator should run

reegents used.

(d) HN03 present in

a reagent blank on any particular set of

amounts to give a final ccncemtraticn of

0.005 M in the 10 milliliter volume appears to decrease

the extinction by about 2 per cent.
1* 0“5 M ‘N03’ ‘*

decrease is of the order of 90 per cent. If the HN~

concentration should exceed 0.01M (in the final 10 millil-

iter volume) iL is remwed between steps band cby adding

a small excess of H SO to the aliquot and taking it to
21.b

dryness in a platinum crucible under an infra-red lamp

“ (see Figure 34).

(9) Calculations .

Express the result as micrograms of ircm per gram of plu-

tonium. Micrograms of ircn = extinction x extinction factor.

(10) References

IJws-122

wds-127

8.4-4 Colcrimetric Determination of Sub-Microgram @antities of Boron in
CalciumMeta~

(1) Abstract

Calcium metal is oxidized with water and the hydroxide is

dissolved in a slight excess of nitric acid. ‘he boron, in

the presence of sodium nitrate, is distilled as methyl bor-

ate from a specially designed quartz still. The distillate

is trapped in calcium hydroxide solution and the boron is

estimated by the calorimetric curcumin procedure.
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9 .
(2)

(3)

(4)

(5)

AppliCability

The method has been applied to relatively pure calcium

metal and calcium oxide. It ahould be equally useful for

other metsls and similar compounds. Since both calcium

borate and calcium boride are soluble in nitric acid, it is

assumed the method can be used to determine boron if present,

in either of these forms.

Range and Limits of Sensitivity

The prccedure here described permits the determination of

borcn in the range 0.05 to 0.5 micrograms which corresponds

to a concentration of O.~ to 5 ppm in a 100 milligram sample,

with an accuracy of about 12 per cent.

Sampling

Mall chips are remved from the

ground in a Wiley mill to fineness

calcium metal pjece and

-20 mesh to +80 mesh. A

MO milligram sample is taken for analysis.

Reagents

Stare All Reagents (Except Where Noted) in martz Containers

(q) Distilled water, from a double Barnstead still. If free boric

acid is present in the water supply, it will be necessary to

distill frm NaOH through a cprtz still.

(b) Nitric acid, concentrated, c.p. The &x’on content should be
.

less than 0.1 microgram per milliliter. Distillation from

quartz may be necessary.

(c) Galcium hydroxide, O.l Nsuspenaion, prepared from boron-

02)
free calcium metal and dis~illed water.
f

112)
Boron-free calcium metal was obtained fro..:the ElectrometallugiMl
Corporation, Niagara Fai15. It was specially prepared by electrol.yzi~ cal-
cium frcu a boron-free molten bath and distilling the metal in vacuo in an iron

retort. ——
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(d) Sodium nitrate,

(e) Methyl alcohol,

reagent grade crystals.

absolute.

quartz still equipped with

alcohol sho~d c~ta~ not

boron per milliliter.

Distill from

an efficient

!

suxiiumhydroxide in a

spray trap. The

more than 0.0005 micrograms of

(f) Hydrochloric acid 6N. Dilute c.p. concentrated acid tith an

equal volwne of distilled wabero

(g) Curchn, 0.1 per cent in ethyl alcohol, using c.p.

material Mke Eastman’s best grade.

(h) Ethyl alcohol, 95 per cent. Distill fruz NaOH through

q quartz still.

(i) Oxalic acid, 15 per cent solution in distilled water. Use

cop. crystals.

(j) Standard boric acid solution, 1 milliliter containing 1 micro-

gram of boron. To make stock solution, dissolve 35.7 millig-

rams c.p. H#O= crystals and diJute to 250 milliliters with
J>

dis~illed water. 10 milliliters of

lited to 250 milliliters contains 1

milliliter.

(k) Sodium hydroxide, 3 N. Sodium from

this stock solution di-

microgram of boron per

a solution of c.p9

sodium chloride in distilled wa~er is electrolyzed into

a mercury cathode forming sodium amalgam. ‘I’hesodium amalgam

is drawn off into a quartz beaker, distilled water added

and allowed to stand overnight. 10 ampere hour of current

will yield sufficient sodium for approximately 100 milli-
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liters 3 N solution; The NaOH solution is decanted into

a weighed

titrating

remaining

plati;um bottle. ‘Lhenormality is determined by

portions with a standard acid. l’heweight of the

NaOH solution is determined by weighing the bottle

and contents, then subtracting the weight of the bottle. The

volume of the NaGH solution is determined by bhi,s”weight

and from standard density tables. Dilution to a concentra-

tim of 3 N is

tilled water.

standard acid,

made by adding the calculated Wolume of dis-

For a check, a final titration is made with

l%e NaCH solution is stored in the platinum

bottle. ‘Xhismethod of preparation produces sodiwn hydroxido
.

with extremely low borcm ccmtent.

(6) Apparatus

(a) FOW quartz stills (Figure 25}.

(b) Spectrophotometer, (Beclanan),using absorption cells of 1.90

centimeter light path.

(c) Steam bath, with openings for four or more vessels, equipped

with quartz manifold and distributing apparatus for evapo~

sting in an atmosphere free from carbon dioxide (Figure ~6)!*

(d) Drying oven, 10 x 12 x 12 inches, electrically heated arxl

thermostatically controlled. Insert a glass tube through

a vent in the top, terminating the tube near the floor of

the oven. The air stream is filtered through cotton and

dispersed by blowing through the Lube inLo a 10 centi-

meter evaporating dish placed on the floor of the oven.
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Figure 3

Quartz Still for Boron Determination
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Figuro 26

Stem Bath with Quartz Manifold

1
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la)
-.

(e) Two flasks, volumetric, 2’jf)milliliters, quarts, g.s.

(f) Four flasks, volumetric, 10mil.liliter, pyrex, R.s.

(g) Four flasks, Erlenmeyer, 250 milliliters, :~uartz.

(h) Two pipet.s,5 milliliters, graduated inO;l ~dlliliter.

(i) FiYe pipets, 1 milliliter, graduated in (J.01milliliter

(j) Filter *~te equipped with nedium porosity sintered glass filter.

(k) Soft glass dropping bottle, bO milliliters.

(1) Four platinum evaporating dishes, hO niliiliters (Quartz beakers

may be substituted).

(m) Four beakera,

(7) Procedure

(a) Preparation of

quartz, 50 milliliter30

standard curve.

(It

for

().1

is recommended that ‘pdruplicate determinations be made

each point on the standard curve.) Add Z.5 milliliters

1{Ca(OH)a suspension to each of several 40 milliliters

4 (13)~d~ (), 0.1, ().2,0.3s o.~, etc.,platinum dishes.

~..— —

56 milliliter quartz beakers .maybe substituted although platinum dishes
are easier to handle, especially in dissolving the precipitate with HC1.

up to (J.8microgramof boron (0.8 milliliter standard boric

acid solution) to successive dishes, Place on the steam

bath, low’er

the flew of

li.~uid,and

@mdiately

the .~uartzfunnel in place (Figure 26,)adjust

nitrogen so that it ripples the surface of the

evapor--teto dryness. Watch cbrefully and remove
,

after dryness is roached and allow to cool. To

each dish add 0.25 milliliters 6 N HC1 and carefully dissolve

all precipitate. lj~xt,ad(ib.5 milliliters G.1 per cent

;~lcoholi.ccurcumin iitid t}lenu.5 riiiil~litg~s 15 per cent oxalic
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acid. Siirl to mix thoroughly. Place in the drying oven

with forced ventilation, at a temperature of 55° C 430

and observe the time of drying. Leave in oven 30 minutes in

axcess of.dry- time. R~ove ~d allow to cool. Extract the

contents of each dish with 1 milliliter 95 per cent ethyl

alcohol. Filter through a medium sintered glass filter catch-

ing the clear f,iltrat.ein a 3 milliliter volumetric flask.

Repeat with successive small portions of alcohol until all

COIOr is quantitatively removed. Dilutje wj, h additional

alcohol to a final volume’of 3 milliliters, shake, tranafer
.. . .

to a cuvet and stopper. Read the exttiction E at”540 r&lli-
. .

microns in the spectrophotometer using 95 per cent ethyl

alcohol as reference. Plot extinction against micrograms of

boron present. Repeat ir:quadruplicate for each level of

boron. Figure ~~ ‘shows“;,& typical Stan-d curve.

(b.) haly8iS of sample.

Pipet 2.5 milliliters of a 0.’1N Ca(OI!)2suspension into

a clean 50 milliliter quartz bea~er. Set the quartz cotienser
,.

tip in place. Place the beaker in the C02 trap and adjust so

the condenser tip is beneath the surface of the base.

~feigh0.1 gram of calcium metal into flask S, keeping

the flask in a horizontal position. Add 0.5 mini iter dis-

tilled water, keeping the flask under the tap un~il action

cea8es. Add 200 milligrams NaNO crystals and then carefully
3

acidify the solution by adding 0.4 milliliter concentrated

HN03, keepingthe flask cool under the tap. Swir~ gently
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h dissolve all calcium hydroxide. (Keep the flask horizontal

during the above operations.) This amount of HN03 iS

‘1~) Next addsufficient for an excess of G.1 milliliters.

8 milliliters p~ified methyl alcohol and immediately

connect flask B to the colidens~r~

(14)
—.

This condition cf acidity is important because too much HN03 seems to
interfere in the subsequent distillation of methyl borate.

.

“Pour 50 milliliters of purified methyl alcohol into flask A

and connect to shill. Place pinch clamp in position. Heat

flask A, gently at first, to prevent bumping. Increase

heat gradually until alcohol vapors’continuously pass

through flask I?. Then turn on flask B heater and adjust the

Variac to maintain &e initial volume in the flask during the

mbire distillation. Distill approximately 45 milliliters

methyl alcohol into the receiver, and then lower the receiver

until the co denser tip i5 above the surface of Lhe dis-

tillate. Continue distilling until one or two milliliters of

methyl alcohol have washed the condenser tip. Remove the pinch

clamp and turn off both heaters.

Place the receiver on the skeam bath and lower the quartz

funnel into place.

ripple? the surface

Lo

to

in

dryness. Reaovc

cool and proceed

(a) qbove.

Regulate the flow of nitrogen so that it

of the liquid in the beaker, and evaporate

immediately upon reaching dryness, aJJow

with the color development,as described
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(8)

It will be noted t,hatevaporation on the sLeam bath has

left a thin film of precipitate on the walls of the beakers,

It is essential bhat all this~ecipltate be dissolved by the

0.25 milliliter 6 N HC1. IRis is best accomplishedby

Lilting the beakers and rotating slowly. Care and patience

will be essential in developing this technique. It is

equally important that the same procedure be followed after

the addition of the oxalic acid.

Procedure for Total Reagent Blank

Pipet.1.5 milliliters 3 N electrolytic NaOH into flask B.

Add 200 milligrams NaNOj crystals,“0.4milliliter concentrated

HN03 and 8 milliliters purified methyl alcohol. Proceed with .

distillation and color development as described above, (Since

the electrolytic NaCH is boron free, this ~ocedure results.,

’15) Determine the reagent blankina true reagent blank.)

at frequent in~ervals to guard against contamination.

(9) ~oced~e for Individ@ Reagent Blanks

If the tctal reagen~ blank is greater than O.I.Oextinctic~n

units when using the Beckman spectrophotometer and regular

cuvets, further purification is necessary. To determine

that pare of the total blank contributed by the various

reagenLs proceed as follows:

(15)
If boron-free calcium metal is at hand, an alternate,procedure isas

foil.aws:Weigh 0.1000 gram calcium metal into the distillation flask. Dissolve
and proceed as described under ‘tAnalysisof Semple~.
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@( OH)2, HCl, Curcumin, GxaMc acid: Measure 2.5 milliliters of the

0.1 N Ca(OH)2,suspension into each of 4 platinum evuporatir,.gdishes.

Evaporate to drynesson the stea hath in an atmosphere of nitrogen.

Allow to cool and proceed with the colcv development as described

under ‘lFreparationof Standard Curve”. In obher wads, carry

out the 8tandard curve procedure omittirg the additiozl of boron.

Methyl Alcohol: Measure 2.5 milliliters of the 0.1 N Ca(CIH)2

suspension into each of fcur platinureevaporating dishes. Add

55 milliliters methyl alcohol fran e pipet to each dish and pro-

ceed a8 above. IYe value for the extinctica obtained here minus

the value fc.rthe optical density obtair.edabove gives the data

for the calculation of the boron content of tie methyl alcohol.

Nitric Acid: F’ipet0.10 milliliters concentrated nitric acid into

each &stillation flask, add 840 milliliters purified nethanol

and immediately connect to the cor:denser. Add approximately 50

fliliters purified methanol to Flask A (figure ~), and ii8-

till, evaporate and develop color as describedunder ‘?Analysisof

SampleIt. Ihe extincticm obtained in this procedure minustthe total

extinction obtJainedunder “Methyl Alcoholltgives the data for

calculating the boron cent.enLof the nitric acid.

Sodium HydroxMe: If it is suspected that the ~dium hydroxide

Is no~ free frcxaboroz],proceed as follows: Carry out tk,epr~

ccclurefor the ‘f’Total”Reagent Blankn, ~tting tie sod~um nitrate,

Ike value for the exci.r,ctionobteined Ylereminus ti,c total extincticm

obtained utxier“nitricacid gives Lhe data for calculatirlgthe boron

ccritent of the sodicn Y.yc!roxide.Correction for 0.4 mi~il~ter

● nitric acid must be applied Si.tice tkis is a la~ger volume of acid

.
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than was used under

Sodium Nitrate: Me

under %itric acid“

‘Mtti.c Acid~.

~total reagent

gives the data

bhnkn minus the blank obtained
f

for the calculation of the boron

ccntent of the sodium nitr~te. Experience has shown the boron con-

tent of reagent quality sodium nitrhte to be r.egligible.

(m)

(a)

(bj

.

(c)

(d)

(e)

(f)

(g)

(h)

PrecauLionf3

Observe every

ELtim ●

possible precaution to prevent reagenb conlXuin-

Store all reagenbs, except where noted, in quartz conbiners.

Cornir@ 728’gl~as is sati~factoryfor methyl and ethyl alcohols.

The electrcilqticNaOH must be kept in a platinw bottle.

Hhen a new quartz still is to be put in operation, distill

through it a ccmsiderable quantity of methyl alcohol to remove

boron from the surfsce of the quartz. Experience has shown ,

that a ne~ quartz surface is cont=miriatsdwith boron which is

difficult to rerave. It actually requires weeks to decontaminate

a new still. #&ercise Ereat care in the use of deeontirnlnated

stills.

Keep all pipets, glassware and still scrupulously clean. Always

tinse with distilled water.

Do not use pyrex pipets. Quartz pipets are LO be preferred
a

altkough Kimball glass seems to be satisfactory.

Maintain drying oven temperatures at 55° C i3°.

Keep flask B Qol during additjon of reagents to prevent loss

of boron.

Keep the volume of solution in flask B at the initial volume

during the entire distillation.
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(i)

(J)

(k)

(1)

Exclude CC2 frtx.receiver during distil-3.atiGh.‘l’hisis ffje

purpose of the enclosure placed around the receiving vessel

(Figure 25).

To prevent b~~irig, ,donot heat flask A too rapidly

Avoid spattering during evaporation on the steam bath.

Exclwie other work, especially glass blowing, from the laboratory

as much as possible.

(11) Calculaticna and Expression of Fiesults

Express results in parts per million unless otherwise

requested.

Calculations by a methcclof leqst squares gives a slope

of 2.?9 for the standard curve (Figure ~). Tkis mmber

indicates the increase in extinction caused by one microgram

(17)
of boron her the conditions of the experiment. For

ease in calculating results, ti-.ereciprocal of the slope which

is given the name ‘lextinctic.nfactor)t$ is used. In this case

the “extinction factor” is 1 or 0.A36. ‘lhesignificance,
~

then, of the ‘extinction factcr” is that it re~esents the

amount of boron (in

quired to produce a

micrograms of B per 3 milliliters) re-

change of one unit in the extinction.

{17)
This value for the slope of the standard curve holds for the type of spectro-

photcmeter and cuvets used. In addition, the conditions existing for the
color reacticm with curcumin also influence the slope. ‘he value given above
should not be taken as Feal unless actually determined by experiment.

—

To calculate the amouat of bmcn inmicrc$yuns, multiply

the increase in extinction by the extinction factor.
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E (increase)= E sample - E reagent blank

Amt. boron (in micrograms) = (E sample - E
Extinction factor.

Expressed as parts per million:

reagent blank) x

B (Pm) = ~E sample - E reagent blank) x Extinction factor
Wt. sample in grams

(12) Reference

Naftel, James A., Jnd. &g. Chemz, Anal. Ed., & 40’7(1!?39)

Project heport LA-303 (Terminal Report)

.,

8.4-5 Calorimetric Dete,rmirationof Sub-Microgr&m”Qtiantitiesof Boron in

(lj Abstract ‘“

Uranium tetrafluoride is dissolved in 3 N sodium h$droxide

and 30 per cenk hydrogen peroxide. ‘Ihefluoride ion is either

‘precipitatedas CaF2 or comp~exed as FeF6— . The boron is

disbilled as methyl borate. ‘Ihequartz stills described in

.. section 8.4-4. are used for distillation. Ihe metk~ylborate

distillate is trapped in calcium hydrofide solution and the

boron e8timated by the calorimetric

(2) Applicability

‘Ihiemethod appljes to relatively

(3) Range and Limits of Sensitivity

In 100 milligram samplea, 0.05 to

curcumin procedure.

pure uranium tetrafluoride.

0.5 micrograms of boron havo

‘1O per cent in the final volumebeen determined with an accuracy.

of 3 milliliters to which the solution is diluted for

spectrophotometricdetermination. ‘Xhiscorresponds to a con-

centration range from 0.5 to 5 parts per million.

.
‘(k) sampling

‘he sample must be finely ground in a boron-free mortar.

%
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.

Coarse particles will not dissolve in the quantities of reagents

employed.

(5)” Rea.gent8

~e reagents requ:red are listed in Section Bsb~bS In

addition to these the folluwing are needed:

(a)

(b)

(c)

Hydrogen peroxide, 30 per cent. Merckcs reagent gradee

Ferric-chloride, Baker~a c.p. 10 grams FeC~a 6H20 are

dissolved in 50 milliliters distilled water in a qw?irtzvol-

umetric flask. Z5 milliliters concentrated HC1 are added

and the volume made up to 100 milliliters.

Calcium nitrate solution. To 10 grams boron-free calcium

metal in a quartz flask, add distilled waber dropwise unLil

all the metal has been oxidized. lhenadd the calculated

amount of concentrated nitric acid necessary to convert

the calcium hydrozido to calcium nitrate. Dilute to 100

milliliters with distilled watero

(6) Apparatus

The apparatus required is describ~ in =cLion $.L-L.

(7) Procedure

(a) Preparation of standard curve.

Prepare a standard curve in the same mnner as described

in Section t!&bO

(b) Analysis of the sample

Pipet 2.5 milliliters of 0.1 N @(OH)2 suspension into

a clean 50 milliliter quarts beaker. Set the quartz con-

dmser tip In place. Place the beaker in tie C02 trap

and adjust so the ccndenser tip is beneath the surface

of the calcium hydroxide but not buching the bettor+of
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the

Weigh 0.100 gram of finely ground sample and transf●r

to the distillation flask. Add 1 milliliter 3 N Na@H and

0.5 milliliter 30 per cent H202. Shake to mix thoroughly,

warm slightly and allcw to dissolve, This usually requires

five to ten

boiling for

H202 ad to

minutes. After solution @ complete, heat to

thirty seccmds to decompose mosL of the excess

remove some of the water frcm the solution. Cool

the flask under the tap. From this point Lwo methods for

preventing the distillation of fluoride ion are available:

.,—
Methcd I. To the cald solution acid0.5 mill~liter Ca(NOa)A

solution, 0.20 milliliter concentratedHN@ ,
3

mix. Add 8- 10 mi~iliters purilied methyl

quickly co~ect the flask”to the condenser.
.

JZ

then shake to

alcohol and

Pour 50 Milli-

liters-purified methyl alcohol into flask A(~i@r~-=) ~d distill

approximately 45 milliliters mott,ylalcohol into the receiving

beaker while keeping the volume of solution constant in the
.,.

distilling flask. This is easily accomplished by proper. .
.

adjustment of the Variacs.

Method II. TCIthe cooled solution add 1 milliliter FeC13-HC2

solution. Shake to mix thoroughly. (If the FeC13-HCl solution

is prepared as directed under ‘}Reagents”,one milliliter will

contain sufficient hydrochloric acid to give the proper

acidity). Add 8 - 10 milliliters purified methanol and

quickly connect the distillation flask to tie condenser.

Pour 50 milliliters purified methyl alcohol into flask A,

.’
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as in kethcclI and distill approximately 45 milliliters j.nto

the receivi~g beaker, while keeping the level of the liquid

constant in the distilling flask.

From th~s point the procedure is the same for either

method. Before the end of the distillation, lower Lhe

J receiver until the ccndenser tip is above the surface of the

liquid in the beaker. Continue distilling until one or

two milliliters of methyl alcohol have washed the condenser

tip. Remove the pinch clamp and turn off both Variaca.

Immediately place the beaker on the steam bath, lower

the quartz

sufficient

liquid and

funnel into place (Figure 26) and turn oz a

flow of nitrogen to ripple the surface of the

evaporate it to dryness. Remove from’..

bath inm.ediatelyupon reaching dryness, allow to

proceed with the color development as follows:

Add 0.25 milliliters 6 N IiClto the beaker.

tne steam

cool and

Tilt and

rotate the beaker until the acid has dissolved all the

residue ofithe walls. ‘lhisstep is important and requires

patience and pracLice to develop sufficient technique to

prevent any loss of contents. ‘hen add 0.50 milliliters

of 0.1 per cenL alcoholic curcumin and then 0.50 milliliter

15 per cent oxalic acid. Again tilt and rotate the beaker

to bring the reagents into contact with the wall surface of

the beaker. Immediately place the beaker in the drying oven

at a temperature of 55° C&3°0 Note when dryness is reached

and ccntinue to heat at the same temperature for an additional

30 minute period. liemovefrom the oven and allow to cool.

Extract the colc~ from the conten!.sof the beaker with 1
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milliliter of 95 per oent ekhyl el&ohol. Filter through a

.
medium,porosity Sintered-glass filter into e 3 milliliter ,

volumetric flask. Continue ●xtracting and filtieringwith small

volumes of alcohol until the color has been quantitatively extraoted

and transferred to the volumetric flask. Dilute to a final

volume of 3 milliliters with addlt%onal alcohol~

Pour into standard Beakman cuvet having a 1.00 centimeter

light path, stopper and determine the extinotton at a wave-

length of 540 millimicrons using 95 per oent ethanol as a referenoe

eolution.

(8) Procedure for the Total Reagent Blank

Since aaloulation of the amount of boron pre~ent involves a

knowledge of the boron content of the reagenta used, it is neoessary

that a ‘total reagent bladcn be determined, This is done

as follows: For Method I MM Method 11 carry out the procedure

for analysis of the sample omitting the weighed sample. The

extinction under these conditions should not be over 0*0704.

If an atnorsmlly high reagent blank is found it is necessary to

find the source of contamination and reduce it by purification

of the reagent or reagents Involved.

(9) Precautions

The preceutims given in Seution 84-Q apply here.

(10) Reference

TJL-503 (Terminal Report)

8.LL-6 Calorimetric lloterminationof Sub-Miorogram Quantities of Borou in
Pluton~um Meml——

(1) Abatre.o%
.

Plutonium metal Is dissolved in 6

es methyl borate from a speoially

N HCI. T~.eboron is distilled

designed quartz
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still. ‘Thedistillate is trapped in a calcirm hydroxide

suspension. lhe boron is esti.watedby tt,ecalorimetric

curcumin procedure.

(2) Applicability

● The method has been applied to”relatively pure plutonium

metal and to gallium alloys of the metal containing up LO 3.5

atcxaicper cent gallium.

(3) Range ~d Limits of Sensitivity

‘Iheprocedure described here permits the determination

of boron in the range 0.05 to 0.5 micrograms, which corresponds

to a concentration of 0.5 to 5 ppm in a lCW milligram sample,

with an accuracy of ~ 10 per cent. 0.03 micrograms of boron

can be esti’ated with an accuracy of ~20 per cent in the

final volune of 3 milliliters to which the solutioh is
f

diluted for specLrophotometricdetermination.

(4) Sampling

The metal is cut into pieces rangir,gfrom 50 to 100

milligrams in weight. If surface contaminaLicn is suspected

it is recommended that the sample be cleaned by electrolytic

..polishingmethod described in Section 8.2. me metal is then

placed in co:lcentratednitric acid for a few seconds, washed

in distilled water and then in acetone and allowed to dry.

(5) Reagents

See SecLion 8.1+-4.

(6) Apparatus

Se. Section 8.4-4.
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(’7) Procedure

,

I
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Heed Health Safety Rules Outlined In $ecbion 8&

(a) Preparaticm of a standard curve.

Prepare a standard-curve in the same manner as described

in Section 8.4-4.

(b) Analysis of the sample.

Pipet 2.5 milliliters of 0.1 N Ca(OH)2 suspension into

a clean 50 milliliter quartz beaker. Set the quartz conden-

ser tip in place. Place the beaker in the C02 trap and adjust

so tk condenser tip is beneath the surface of the Ca(OH)2

suspemsicm but not touchi% the bottom of the beaker. (See

Figure 25),

f Pipet 0.25 milliliter 6 N HC1 into the

=’-Drcpthe weighed sa,mple( a piece of metal

50and 100 milligrams ) into the flask and

distillation flask.

weighing between

allow it to diseolve;

this requires only a few minutes. l%en add 8 - 10 milliliters
I

purified methanol and immediately connect the flask to the

..

condenser. Distill approximately 45 milliliters purified

methanol through the distillation flask into the Ca(Oli)2

suspension, at the same time keeping the voluQe in the dist.ill-

aticn flask essentially constant. This is done by proper ccm-

trol of the Variacs. Lower the receiving beaker so the

quartz tip of the condenser is abGve the surface of the dis-

tillate and continue distilling for 20 or 30 seconds to

wash the tip. Immediately place the beaker on th< sLeam bath

I
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and lower the inverted funnel. (See Figure %). /$@!ti

the nitrogen flow and carry out the evaporation in an

atmosphere free from carbcm dioxide. Remove th,ebeaker

immediately.upon reaching d.ry~jessand allow to cool.

Add 0.25 milliliter 6 N HC1 to the beaker, inclino

and rotate to bring the acid into contact with all the pre-

cipitate. ‘his operation is important and rquires

patience and skill to prevent loss. Next add 0.50 milli-

liters 0.1 per cent curcumin in 95 per cent alcohol, swirl

gently, then add 0.50 milliliters 15 per cent oxalic acid.

Again incline and rctate the beaker to bring the reagents

into ccmtact with all the wall surfaces of the beaker.

Place the beaker in the drying ovenat 550 C~3°C and

heat 30 minutes beyond the drying ttie. At the end of this

period rauove from the oven and allow to came to room temp-

erature. Extracb the color from the ccntents of the beaker

with 1 milliliter 95 per cent ethyl alcohol. Filt& through

a medium porosity sintered-glassfilter and catch the clear

filtrate in a 3 ndlliliter volumetric flask. Repeat with

successive small portions of alcohol until the color is

quantitatively removed. Dilute with additional alcohol

to a final volume of 3 milliliters, shake and transfer to

a Beckman absorption cell with l.CXlcentimeters light path

and determine the extinction at

Beckman spectrophotometer.

(8) Procedure for Total R&agent Blank

Repeat the entire procedure

540 millimicrons on the

.

omitting the sample but

using the same quantities of reagents as in an actual analysis.
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‘he total reagent blank should be between 0.050 and 0.070

extinction units. If the blank is much greqter than this

value, it is necessary to find the source of the contami.na-

tiono

(9) R&ferance

“IA-XO (Terminal Report)

8.4-7 Rapid Calorimetric Estimation of Gold in Cyanide Plating Baths

[1) Abstract

By treataenb of the solution to be tested with aqua regia,

the cyanide is removed and the gold is oxidized. The color

intensity of the yellow chloroauric ion serves as a measure
\

of the gold concentration in the solution. A!easurementsare
\1

made against a knawn standard using a calorimeter. The method

is.. $ubjecb to interference by iron or any

which @ves color to the solution under the

test.

(2) Applicability

other i,mpurity

co~ditions of the

‘IIIisprocedure has been applied only to solutions containing

15 - 25 grams of gold per liter. Stronger or weaker solutions
,

may be analyzed provided the sample taken gives about 15 - 25

milligrams of gold in the final volume of 25 milliliters, this

being the optimum concentration for comparison in the colori-

meker.

0
(3) Accuracy

.Iheaccuracy of the procedure was estabushed by comparing

. results with those obtained by gravimetric gold ●ssay of the

same solutions.
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8.5

lq?j.. . ,.

,’. -.

!l’hepercentag6 error can easily be held to lessthan 5 per
,“.

cent if the &centration of the unknown solution be nearly
.

equal to or greater than that.of the standard, a“ndthe cmcen-
,.

tration is in the range 15 - 25”mil..ligra.ms
. .. .

milliliters of’final ‘v~l~e. “‘ ‘

Procedure .,

See LA Report JJ6A.

FLUORIME’lRIGF’RCX’XXIRE

of gbld per 25 ,
.,

8.5.1 Fluortietric Estimation of ?LicrogranAmounts of Uranium

(1) Abstract

‘The strong green<sh fiuoresccmce’of wanyl ion in ultra--..—.

violet light is used as a measure of Its concentraticm in
-.

solution. Cooling to the temperature of dry ioe+nethanol

mixture enhances t%d fluorescence. The uranium i8 contained
. .

in either concentrated phosphoric or sulfuric acid since they

form a dear glass ab Lhis temperature. Ihe amount of wani~n

present is estimated by visual comparison of the intensity

of the fluorescence of the

(2) Applicability

lhe method has been used

sample with that of known standards.

routinely for tie determination of

microgram amomts of uranium in plutonium nitrate eolutions$
..

a@ ~th the modifications to be described, in-gunk .sdluticnsy.... . . .. ..

ore39 ati same miscellaneous materials.
... . -.. ,—.

Q
(3) Size of Sample and Limit of S~?itivity’

SUfficiwt s+mple is taken to give not...

gram of uranium, 10 microgram? being the
-.

,.

less than 1 micr”o-
..

Opwlwm a’llomt. ‘1.he
,.. ,

limit of sensitiviLy is about * microgram of uranium per mil13-

,.. , .,
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li~er of solution.

(f+) Reagents

(a) Phosphoric acid, 85 per cent, c.p.

removed by boiling the acid with jO

Organic matter is -

per cent hydrogen

peroxide unLil

condiLioas.

(b) Sulfuric acid,

remuved as for

it exhibits no fluorescence under Lest

concentraLedj c.p. CTganic matter is

phcsphoric id d.

(c) l@h”o~m Fcroxide_~30 per cent, C.F.

(d) Percliloricacid, 79 per cent, c.p.

(e) Ura~l sul~”b~e,c.p. (For ~epcraticn of stadarde).

(f) KeLh.&~ol,abmlute, U, S. P.

(5) Apparatus (See Figures 28 nnd s)-.

(a)

(b)

(c)

(d)

,(e)

(f)

(g)

(h)

(i)

(J)

(k)

{1)

(m)

Volumetri~:fbsks, pyrex, glass st,oppered,1 milliliter.
. . . -.

Drying even

Alumi.rIu.mheating block

Focket spectroscope

Small i)aar flask

Ultrav20ieL source. %estinghouqe.Type A-H6 Lamp
used witi quartz waLe.rjacket.

(Hg v8por)

Mirrored conc$ve refleckor, ‘6inches diameter

Metal case housing fcr lamp

Solenoid ccntroll.odwater cooling system .

<uartz icm. pkno-c?ntex, 73 millimeters dhmeter, about
3.0inches focal len~~h

.Lenssupport

Copj:ersu;fate sol~t.ionfilter -- 3 inct.est.}iick
t
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Figurs 26

Arrangement for FluorimetriciEstimation of Uranium

.

●
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Figure 29

Aluminum Heating Block
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(n) Corning gkss filter #986

(0) Cardboa@ tube, 3 inches dimet= x 12 inches> to Prevent

light scattering.

(6) Preparation of standards

(a) Prepare a stock uranyl

of U02*4*2~H20 in water
.
~is solution ccntains 50

liter.

solution by dissolving 0.0861+grams

and diluting to 1000 milliliters.

micrograms of uranium per miJli-

(b) Into clean 1 milliliter volumetric flasks transfer by means

of ad.cro-pipetsaliquots of tilestock solution to give two

sets each of the following amounts of urwd.w: Ij 33 5$ ?S

● (c) Add to each of the above flasks 0.5 m.illiliters of phosphoric

acid (Wor.ganicfreeJt)and 2 drops of hydrogen peroxide (30

p& cent). Place the flaaks in the aluminum heating block

and heat at about 1500 C until evolution of cxygen is cm-

plete. Cool and repeat tr-tment with two Olme drops of H202.

COO1 and fill to the mark with ‘?orean~cfree:’phosphoric acid.

Heat about an hour at about 185° C to remove excess water,

cool and stopper flasks.

(d) ‘IUrnon the ultraviolet light and turn off all room light.

It is essential tlxatthe room be dark. COOJ.the fksk to

be examiced for 3 - ktminutes in the dry ice-methanol bath.

When sufficiently cooled tt.esoluticn will solidify to give

a clear hard glass with a rather pointed cone ShaFledmeniscus.

(c) Laok through ~he pocket spectroscope atan ordinary fluorescent

light with the spectroscope held so that the red end of the

spectrum is on the left. Adjust the ;lit width so that Lhesharp
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yellowish green bard appears to be about 1 millimeter

wide.
0

(e) Remove the flssk frcm the bath and hold at the focal

point of the ultra-violet light. Examine the fluorescent

light emitted by the uraniti by looking through the

(18)
spectroscopeheld witi,in1 centimeter of the flask.

118)
The spectmua of the uranyl ion shows a set of five or six narrow bands,

begin.nir~at about l+9CC)~ and extending toward the red. me second band
at about 5100 ~ is the most intense, the succeeding bands decreasing
steadily in intensity (See IA-15). Visual examination with the pocket
spectroscope usually reveals no more than four bands. Ihose on the right

(the violet end of the spectrum) are of a wave ler@h that do not affect
the eye as much as those on the left. With less than 2 micrograms of uranium
only the two bands cm the loft may be visib~e. ‘Iherefore,both the number
and intensj.tyof the bands are an aid in determining the amount of uranium
present.
If organic matter has not been completely removed by the peroxide treat-

ments there will be a uniform green fluorescence over the entire field.
Ibis maybe strong enough to obscure tbe uranium bends or merely enough to
cause uncertainty of the intensity of the bands due to the green background.
In any case it must be completely eliminated for an accurate evaluation of
the intensity of the uranium bands. A drop of 70 per cent perchlorlc acid
maybe added to help oxidize the organic rrraterial
Nitrate ion is said to quench the fluorescence of the uranyl ion but is

effectively removed by the above treatment. The effect of a large number
of other ions on the fluorescence of uranyl ion in aqueous solutions has been
reported by !3ineckeand Harms and Sill and Peterson (loc. cit.).

(f) Prepare and study the various standards as above. Prepara- ‘

tion of duplicate sets of standards is a good practice when

learning the tectiique since it will help eliminate errors

due to faulty preparation. Considerable practice is re-

quired and the personal factor is large. TWO experienced

analysts, however, will usually noL be h disagreement by

more than 1 microgram over the range 1 to 15 micrograms.
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(’7) Procedure for Plutcnium Nitrate Solutions

Jie@ Health Safety Rules Outlined in Section 8.2

(a) Into a clean 1 milliliter volumetric flask pipet sufficient

sample to

(b) kvapcmte
.

(c) Allow the

contain about 10 micrograms of uranium.

the solution to’dryness at 105° C in an oven.

flask k CQO1 and add 2 drops of’‘organic freew

phosphoric acid and 0.5 milliliter of
.

peroxide. Heat in the oven at 105° C

removed.

X per cent hydrogen

until the peroxide ie

(d) Repeat the addition and evapcmation of peroxide.

(e) Fill @ the mark with “organic free” phosphoric acid and ,

compare the intensity of the fluorescence produced in ultra-

violet light with the standards

(8) Procedure for Ether-Stripped Gunk

These solutions result frcunthe

as described abcwe.

solutions

continuous ether extraction

process enployed by the uranium (235) recevery group for the

recovery of uranium from a wide variety of materials. lhey

usually ccnttin large amounte 01 magnesiugisalts and smaller

amounts of other

Because ofthe

the uranium must

m$acellaneous salts. .
-.

in801ubiMty of the salts in concentrated acid. ..

be separated frcm tl.embefore the test is ‘
“,.,

made. Ibis procedure for the separation is fully described ‘

in tiapter 2, Section ”2.&6 of this volume. ‘l%efinal can- .

pariacm with tha standards is made as described above.

(9) Procedure for Ores, etc.

(Q) Br~e tie Mterial into solutionby anapp--opriate method --

acid attack or

in triplicate,

.6 >*

fusion as maybe required.

spiking ohe of the samples

Run the analysis

with a few micro-

(
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grams of uranium

procedure.

(b) with high sfiica

to determine the per cent recovery in tie

ores it is best to remove the silica by

dehydration and filtration in the usual way since large amounts

of insoluble materia.1would be troublesome in the extraction

procedure to follow.

(c) After rwoval Qf tie silica, evaporate

excess acids and make “the eolution 3 K
.

the uranium by shaking Me solution in

the solution to

in nitrie acid.

remove

Extract

a sepratory funnel

with an equal volume of ether for 15 minutes. Repeat the
-.

“ extraction two more times}’discard the aqueous phase, and

evaporate the ether phased to dryness on the steam bath.

(d) Take up the r08idue in a little dilute phosphoric acid and

transfer to a 3 mll.lilitervolumetric flask. Remove the water

by evaporation in an oven at 105°,’C,cool, add 0.5 miJMliters

.of 30 per cent hydrogen peroxide and repeat the evaporation.

Repeat the peroxide treatment and finally heat with a drop

of Perchloric acid to rcxnovethe last traces of organic

matter. Fill to tie mark with ‘Iorganicfreef$phosphoric

acid and determine the uranium as described above.

(10) Precautions

(a) ‘he volumetric flasks used must be free of any uranium con -

tatninationand 6hould be tested under Utrawiolet ligklt

before use.

(b) ‘Ihesolution must be free of organic matter and nitrates.

(c) ‘he solution must be cold when examined as the intensity

of the fluorescence decreases rapidly as the solution is
..

allowed to narm
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a

(d)

(e)

(f)

.—

[M)

>..=.

Excess water must be removed by hc+atingas described above.

0therfli8ethe solution will crystallize and some of the

emitted Mght will be absorbed and scattered by the crystals.

The roan mush be dark, and a few minutes should be allowed

for nccocmdation of the eyes to the darkness before examina-

tion of the sample.

With use, the ultra-violet lamp will weaken and samples will

appear to contain less uranium than when examined when the

lamp is new. Thiq results in a loss in sensitivity. Further-

more, it makes unwise the practice of memory comparison

omitting the use of the standards. With experiace, this

can be done without appreciable’loss in accuracy; bub the
—

standards should be examined frequently to assure that -the

lamp has not weakened considerably.
.
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8.6 VQLUJiETRICPROCEDURM

8.6-1 Volumetric Determination of Microgram Quantities of Acid-3oJuble Sulfide

$!!Q&E

(1) Abstract

Ihe suLfur is distilled as hydrbgen sulfide from acid solution

and absorbed in an excess of calcium hypochlorjte. ‘IMe

sulfide is oxidized to sulfate and the excess calcium

hypochlorite is determined iodometrically. Stoichiometria

relationship’s,however, are not borne out expertientally.

JuantiLative results are obtained by determining the titer
-..

,.
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values of the reagents against known quantities of sulfide.

(2) Applicability

The method has been applied to urani~ and plutonium metals

and is presumably applicable to all materials which are soluble

in 2 N HC1 and give up their sulfide sulfur as H2S under such
,

circumstances. The principal applicaticm is to metals.

(3) Size of Sample and L&nit of Sensitivity

The sample size is determined by the sensitivity required.

‘he absolute limit of sensitivity is about

(J+) Reagents

(a) @( OCl)2: Dissolve 6-10 grams calcium

depending on the chlorine content in 250

‘t
l? of s.

hypochloriti, U.S.F’.,

milliliters disti~ed ‘

t
water, shake well and filixr. Dilute the filtrate to one

liter and sLore in ●n amber bottle in a dark place. Under

these conditions the solution is stable. This solution is

approximately 0.1 N. For

to 0.01 N each d~ before

(b) KI, O.l N

(c) Na2S203, 0.1 N. Dilute to

(d) Starch indicator solution

(e) Zinc acetate, 2 per cent.

(f) Concentrated H2SO&.

{g) Concentrated HCI.

use on the microgram scale dilute

use and redetermine tho titer.

0.01 N for use.

saturated with Hg12.

(h) Standard Na2S solution 1 milliliter~l milligram. Standardize

against standard I~KI and Na S O .223
(i) Tank nitrogen gas.

(5) ApparaLus

(a) Fyrex still. See Figure 30.

(b) 1 milliliter buret graduaLed in hundredths,
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IUgure 30

Pyrex Apparatus for Sulfur determination.
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(C) 25 milliliter ~rlenmeyer

(d) Pipets, 5 milliliters, 2

50A ,10 A.

(6) Procedure

flasks

milliliters, 1 milliliter, 100X,,

If Plutonium Metal and Ibs Compounds Are To Be Anal,yzed%

(a)

r:.

.

‘(b)

Heed Health Safety Rules Outlined In Section 8,2

Determination of Liter: To 2 milliliters of 0.01

eolution in a 25 milliliter Erlenmeyer flask, add

N hypochlorite

loov< of

%lfide sulfur (100 kof the standard ?482Ssolution). Add

2 milliliters of 0.1 N KI and 2 drops cacemtrated H2S04.

Let the reacticn proceed for 3 - 4 minutes to allou the iodine

reaction to go to completion. Titrate the liberated icdine

with the 9.01 N thioaulfate adding 2 drops of the starch

indicator just before the endpoint. Denote this volma

of thiowlfale aa ~. Similarly determine the volume of thio-

sul.fatenecessary to titrate the iodine liberated by 2 milli-

liters of 0.01 N hypochlorite without any added sulfide. De-

~notethis volume of thiosul.fateas ~.

‘ThenK~ lCOY where K is the relative titer value
~-a

(inYS/IUl ) for th= thiosulfate solution as used in conjunction

with hypochlorite.

Recoveries from the still: (1) Pipet meaeured amounts of S=

into 2 milliliters of 2 per cent zinc acetate contained in

the still pot B (Mgure 30 ] aridassemble the still. (2) Pipet

1 milliliter of 0.01 N hypochlorite into the 25 milliliters

receiving flask and add a little distilled water so that the

tip of the condenser is below the surface of the solution.

(3) Add sufficient concentraLed HC1 through A to make the
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solution in B approximately 2 Hand wash the aoid down with

a little waters (4) Comeat to

gen and adjust to a

baak when the still

inoipiekt boiling.

-liberatedH2S for ~

wmsh inside antiout

of watoro (8) Add
.—.

concentratedH2SOW

rete of flow

00018. (5)

a source of oompresxed nltro-

rapld enough to prevent sucking

Heat the solution in B to

(6) Allou the gas stream to sweep over the

minutes.-‘(7) Disoonneet the trip C ●nd

into the reaeivi.ngflask with a small quantity

2milli11Aers of O.lEKI and 2drops of

(9) At% 3 -4 minutes titrate with 0.01 N :

thioaulfate adding 2 drops of the $tarch indioator just before the

end point.

(o) Unknowmz Proceed as in b omitting

2 milliliters of water for the zino

the sulfide and substituting

aaetate. Introcluaethe

weighed sample into the flask, assemble the still and oontinue

as above. Be sure that the sample is in soluticm beforo

..- @t&rting the 5 minute &eep interval. Gentle heating below
. .

the boiling point

Keep the nitrogen

(.7) BIWMCProcedure

.

is permifi6ibleto insure complete solution.

stream flowtng throughout the e~tire operation,
.

.JWermiue the blank by running through the,distillation pro--..

.— .8 .“

o~dure witnout added sulfide~ The blank is positivg and oon-

etant and is apparently aaused by the deutruotima of a small

quantity of hypoohlorite during the distillation, NO blank

correction is neoesa.aryif the sulfide i8 added direotiy to the

hypoohlorite.

(8) .Prectiutions .

(a) Do not alluw the nitrogen stream to pass “throughtoo rapidly.

. .
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(b) Keep distillation time short to cut down the blank; 5 minutes
is usually $YUfficiult.

(c) Do not heat to boili@.

(d~ A~OW sufficient time for oxidatitinof iodide by hypochlorite

before tetrating.

(e) Use suitable buret. One of 1 milliliter capacity graduated

in hundredths, so tha~ 0.001 milliliter can be estimated, is

adequate.

(9) ‘1’heoretical

The basic reactions involved are:

P + 40C1-.—> so: %4cl-

“12+2s20; > - =
2X ‘%+%

The reactions used in standardizing the Na2S solution are:

S“ + 12 ~ S0*21-

12 (excess) •+2s20~~ 2r+

(10) Calculations

Calculate micrograms of sulfide

volume of thiosulfate used. If X

Express Fesults

PP =

in ppm.

Y s=

‘4°:

sulfur directly from the

milliliter are used

sample weight h grams

●
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$.6-2 Volumetric Determination of Sulfate Sulfur In Plutmiumldaterials

(1) Abstract

The sulfate is reduced to sulfide by means ofa reducing

mixture ccxqxmed of hydriodic acid, hypophosphorous acid and

hydrochloric acid. ‘he hydrogen sulfide is trapped in ammoniacal

cadmium chloride solution and the sulfide sulfur is then

determined iodometricalw.

(2) Applicability

‘Ihemeticd has been applied to plutoniwn nitrate solutions

and 5.spresumably applicable to other plutonium solutions

. and to”all plutonium materials that can be put into solution

without loss of sulfur.

(3) Raqw

Sufficient plutonium solution is

1 milligram of sulfide sulfur or 3

taken to give

milligrams of

approximately

sulfate.

Satisfactory results can be cbtained in the range 0.3 milli-

gram to 5 milligrams of sulfur.

(4) R=gents “

(a)

;

Reducing fixture. M.x160 milliliters HI (47 per cent), 160

milliliters concentrated HC1 and 40 milliliters H(lLJW22)

(3~32, P= cent). Add a few glass beads and bil for 5

. .
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minutes. Cool and store in a brown, glass-stoppered

(b) HCl,concentrated.

(c) HC104, 70 per cent.

{d) 12- KI solution, 0.1 N

(e) Nf9’3203,~.ol N.

(f) Standard Na2S solution, 1 milliliter = 1 milligram

(g) Staroh indicator

(h) Ammoniacal CdC12. Dissolve 10 grams CdC12C2H20 in

bottle.

s.

&isLilled ~

water, add 500 milliliters NH OH and dilute to 5 liters,
h

(i) ‘fanknitrogen gas.

(5) Apparatus

(a) Distillation equipment. See Ftgure31~-. -

(b) Iodine flasks, 250 millili~ers.

(c) Buret, 5 milliliters, graduated in hundredths.

(d) Pipets, l milliliter, accurately calibrated.
\

(e) Pipets, 50A , 100A .

(f) Graduated cylinders, 5, 25, 50, 250 milliliters.

(g) Evaporating equipment. See Figure 32. .

(6) Standardization of Reagents

(a) Standardize the 0,1 N 12-KI solution againat arsenious oxide

in the usual way.

(b) Standardize the 0.01 N sodium thicmulfate by carrying 1 .

milliliter of the standard sulfide solution through procedure

a as described below. The resulting ti~er is then a relative

value with respect to the iodine solution and the known amount

of sulfide. The blank correction is also eliminated by this

procedure.

Assuming 1.000 milliliter of O.10(XlN (0.1000 meq.) of
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Figure 31

Distillation Appmatua
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Figure 32

Evaporation Apparatus

.
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iodine and 1.000 milligram (&&25 meq.) of s~f ide are

used,

o.1~.O meq. - 0,0625 meq. ~ 0.0375 meq. of excess iodine.

If n is Lhe number of milliliters of thiosulfate used in

titrating the excess iodine, then the normality of the

- thiosulfate is

(7) %oc&dure

(a)
.

,..

.——

..—

Heed Health Safety Rules Outlined in Section 8.2 ‘

In the absence of nitrate:

Place”50 &l.liliters of the ammoniacal cadmium chloride

eoluttin in ihe %0 milliliter j odine flask and place in

positicmwith“’the end”of the delivery tube touch~~ the

bottom of’t;e flask. Pipet an aliquot of the unknown

(containing apprcadmtely 1 milligram of S) into the

distillation flaak, add a few glass beads and 20 milli-

liters of “thereducing mixture. ImAiate.ly connect the

flask to the still. Place the heater in position and bring

to a rapid boil, klen no more H2S comes over (apprOXima@lY

16 minutes), start nitrogen bubbling through the boiling

solution at a gentle rate. Pass the nitr~en through for

10-15 minutes.

At the end of We distillation, disconnect the delivery

tube at the semi-ball joint and wash down the inside witi

a few mill.ilitera of water. Disconnect

the delivery tube at the standard taper

the lo~er part in the receiver. Raove

the gas stream. .
.

the lower part of

joint ati leave

khe heater and stop

,1
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u
Add 10 milliliters concentratedHC1 to the cadmium sulfide solution

in the’hdime fh8k, stopper invnediately,swirl to mix and place in an

ice bath. then ti,esolution is cold, remove from ice bath and pipet 1

mi.11.i.lit.erof th~ iodine solution into the cup of the iodine flask.
..

.Cautiouslyloosen the stopper so that the iodine is drawn into the flask

without allowing any of the H2S to escape. Wash the iodine into the

flask with small portions of distilled water being

not to remove the stopper completely. The partial

the wash water without difficulty.

careful at all times

vacuum will draw in

Shake the flack well so that 811 the H2S will react with the iodine.

Allow the flask to cane LO rooa temperahre with occasional shaking.

Titrate with the thiosulfa~e to the disappearance of the blue starch

color, add% the starch indicator just before the endpoint.

If more than 1.5 milligrams of S= are present add 2 milliliters of

the iodine solution. 1 milliliter of 0.1 N 12-KI is equivalent

to

(b) In

1.6 milligrams sulfide sulfur.
,,

l~e peselic.eof nitrate:

Nitrate interfars seriously with the procedure. Traces of nitrate

will produce low resulte. TO elim..na~enitrate, evaporate the solution

with’5 nd.11.il$tersof 70 per cent perchloric acid. Boil the solution

vigorously to drive off all traces of nitrate. A criterion of sufficiently
-. .

Vigorous boili~ is that no HCIO
4
coildensesin the distillation flask.

A convenient apparatus for the evaporation is shown in Figure ~e .

Do not close the semi-ball jofit completely but clamp it so that a small

gap is left beLween the male ard female parts of the joint.

Evaporate the solution until.the valume is decreased to 1 - 2 ml.

This will reinovethe nitrate in one evaporati!.n. The residual perchlo~ic

acid will not react explosivelywi~h

Ma proceed viiththe uis~illaticn as

the reducing mtitum. CoOl the flask

described above.
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(8) Precautions

(a) Do not pass the

(b) Nitrate must be

(9) Calculations

nitrogen through the solution too rapidly.

quanti~atively removed.

Ifx_ milliliters of 0.01 N thiosulfate are used to titrate

the excess iodine when 1 milliliter of 0.1 N iodine is added,

then:

[0.1 meq. - (X* O.OJJ16=mg. s“

mg. so; =M.g. s’ X2,99

(10) References

Luke, C.L., Ind. Eng..Chem.,Anal. Ed.&, 602 (l!IY+)

LAMS-234
.

LAW&y

\ LAMS-261t,1

~6-3 Mi.crovolumetricAssay of ~lutinium

(1) Abstract
. .

Plutonium as sulfate in 224H2SOL is reduced to+3 valence

with zinc amalgam uffiera C02 atmosphere and is titrated

potentiometrjcally LO +4 valence with eerie sulfate.

(2) Applicability

‘The method has been used primarily fcr

~ 6 nitrate in 1 N HNO~, particd=ly for

both as received aridafter purification.

direct determination of Pu in a soluble sample provided the

cations of ‘X5,V, Fe, Me, Ii,and U are presenL in amounts noL

greater WLn 0.02 - 0.03 per cent. If any one of Lhese ions is

present in

determined

mixtures of +4 and

Hanford material

The methcd permits

appreciable amour.tit must either be removed or

se~rately anc subtracted (usir:gLtN proper equiva-
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lent weighL factor) from tie quantitative catbinaticn.

.

The procedure here

require a correction

(3) Method of Sampling

Aliquots are taken

giva Lreata Fu nitrate solutions which

for irofionly.

by weighL or volume as required; three

aliquots ccmtaining frcm 1 to 10 milligrams of Pu are taken

for assay and two aliquots are used for determination of ircn.

Regardless of precautions taken in storing the sample in

solution, tkieconcentration increases because of decomposition

.ofwater by alpha parbicles. The ma&nitude of this effect is

related to tke

calculated for

but was found,

what greater.

concentration of Pu in the solution. It WCS

one sample to be about 0.1 per cent p?r week}

in ccmbi,,ationwith otk]ereffects, to be some-

This effect prevents a gas-tight seal of samples

containing as much as 200 milligrams I’uper milliliter. For

this reason aliquots are taken within a few hours from tk,e

time the sample is received.

(~) H2*4> ~ No

(c) Ceric sulfate, about 0.02 N in 1 N H2SC4.
(19)

(d) Saturated zinc amalgam.

(e) Solid CQ2

(5) Apparatus

(a) Detachable syringe pipet controls for transferring all

PU soluti.ns and for iilling and emptfi~ the buretse

~19)
st~ndardize with Bureau of Standards Na2C2@h.
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(b) Transfer weight-pipets withwaxed tips (Figure 33).

,(c) Volumetric pipets, waxed tjp, calibrated to oontain W

to 100X(Figure Jj). These pipet$ are very simply

eonstruoted from pyrex glmas tubing or mall test tuboc-

The oonstruotion at thE?IIM?2i80USi8 fine enough so that

a variation of’i millimeter dOt)8 not correspond to more

then U.1 per oent of the ptpet volume.

(d) Plati.numoruoibles, 8mllliliters.

(e) Evaporation ohamber (Figure 34).

(f) Infra-red lamp and Variac,

(g) C02 generator. A uatisf&ct~y generatar oonsists of a

Dewar flask of one liter volume or larger whose heat oon-

duoticm is wffioient to supply i to 2mi.lliliters of C02

gaa per second when the flask is hali’filled with solid

C02. Heat

ooyper r(xt

completely

operator.

conduction may be inorpased by inserting a

throug~.the stopper. The flask should be

wrapped or taped for the protection of the

~~ombinmtion safety-trap and C02 pressure

indioator is attaohed to a atde arm Of thm C02 supply

line. It wnsists of an open-snd seotion of the line

“,immersed to a depth of 6 *O 8 iuohes lnw”ater. The
.—

operating pressure iB mtiintainedat about 6 inohes of water

by an appropriate seleokion of diameter and length of the

oapillary leada in the ~pparatus (Figure 36).

(h) Combination reduction-titratiw cups (Figures 35, 36,

37, and 38).
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Figure 33

Mioro Plpeta

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



w

wnz!5o

.

a?

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



Figure ~

Evaporation Chamber
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Fi&~re 35

Combination Reduotion-Titration CUPS
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Figure 36

Redu:.’,ion-TitrationCup

.
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(i) Variable speed electric stirring motor, Variac, and waxed

glass stirrers.

(j) ~feight-burets,0.5 to 3.0 milliliters capacity (Figure 33). .

his Lip is waxed outside-so that it will

solutions. ‘his minimizes loss in weight

and also, for small bore tips, prevents a

not be wet by water

caused by ~vaporation

solution from d~in-

ing from the buret except when it is forced with a syringe

or ~~henthe tip is immersed in a solution. The ccntrol

construction is waxed inside so that it wi13 no~ fill with

solution and Lhus prevent gravity drainage wi?enthe tip is

immersed. If the same buret is used for the end point as

for the rest of the titraLion its delivery rabe wiLh the
,:.-

tip immersed sho~d not exceed 2 milli~ama of solution per

second.

(k) Vacuum residue bottle. ‘iheliquid lead is a tapered 2 milli-

meter glass tube attached to the bottle by an adequate length

o~rubber tubing. ‘l’hevacuum lead contains a cottcn filled

drying tube.

(1.) Beckman pHmeter with calomel and platinum al.ectrcdes.
.

(5) Procedure

~d HeQth Safety Rules Outlined in Section 8.2

“(a) For weight alfquots weigh b? difference the required amount
~)

of sample UBing a clean dry transfer pipet. Transfer the

a.li~uotsto 8 milliliter platinum crucibles. For volume aUquots

‘We clean dry pipets calibrated ‘Lo containl~. After discharging
.

the volume aliquot.into the crucible, rinse We pipet once

with 1 N H SO
2h

and twice with water, adding all rinses to
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the crucible. Dry the pipet on a vacuum manifold and reserve

for future use. Add oarefully around the side of the cruci-

ble 150X of concentratedH SG and enough water to give
2 4

a volume noL less than 0.5 dliilj.Ler. Place these crucibles

in the evaporation chamber.

Nith a steady stream of air passirg through the chamber,

Lhe samples with an infra-red lamp at a temperature somewhat

below the boiliqj point of Lhe solution. Mien most of the water

is driven off and Lhe rose-colored +-4 sulfate has precipitated,

increase the temperature until the H2SO~ fumes. Turn off the

lamp and allow Lhe samples to cool. When cool add carefully

around the crucible rim enough water -tore-dissolve the +4

sulfa~e precipitate; 0.4 to 0.5 milliliter should be enough.

Repeat the fuming and dilutim.

(b) If the reduction-titrationcups have not beem used for sane -

tifieclean them thorou@ly. llrythe sLopc6cks and grease them

lightly.
-

With a stopcock’’~’(Figme 36) opm add 1 milliliter

of dilute H SC to the amalgam reservoir.24 Charge the reservoir

wiLh enough saturated zinc amalgam Lo bring the level of the

amalgam to the C02 side arm.
(20)

Open sLopcock’’Il’’anclforce

720)
An excess of zinc may be added to “thisreservoir in order to maintain the

saLurateciamalgam.

the dilute acid out of the capillary tito the cup. It might

be necessary to lower the amalgam slightly ~ith the qminge

control. With the C02 flowing,
(21)

transfer the dilute acid

Ia)
‘l’heC02 capillary should be fine enough to permit the regulation of the gas

flow to a slow rate so that spray of plutonium solution is minimized.
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(22) Close ~topcock’’B”md raiseto Lhe residue bottle.

.-
A separateresidue bottle is kept for second ri-,sesand sGluticms of this

‘kind, thus eliminating excessive dilution of recoverable residue.

the amalgam to a height of abouL 0.5 centimeters in the cup.

Close stopcock’’A’~Place the.syphon stopper in the position

shown (Figure .36) and slowly draw Lhe dissolved sample

from the platinum crucible into the cup. Xn order to minimize.

spray, draw the last portion over very slowly or allow the

syphon lead to remain filled. Rinse tie crucible and lead with

2 millilitersiof 1 N H SO in three portions. Remcve the
2 /+

syphon stopper and place the plastic lid (Figure 37) m

tie cup.’ Raise the amalgam to a height of about .1.0.( .

centimeter in the cup. Insert the C02 lead through the lid.

Adjust th~ stirrer wittlthe flattened portion half immersed
.

in the amalgam. Stir at a moderate rate for one-half hour

or longer.

(c) Turn on the pH meter and set the range switch to “+MV”.

(d) Fill the bureL with more eerie soluLi.onthan is required to

oxidize Lhe sample. ;Veighthe filled buret to the nearest

0.1 milligram. SLOP Lhe stirrer. Lower the amalgam to
./

the level of the CQ2 side arm. open stopcock’’#’toa minimum

flow rate. Adjust the ~essure in the amalgam reservoir

with the syringe control so Lhat the C02 passage is alternately

locked and opened by the oscillating amalgam column. When the

reduced solution has been raised into the cup.and the capillar$

between the cup and side arm is completely filled with C02,

close stopcock’’B’~The pressure in the reservoir should be
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Figure 37

Red~otion Assanbly
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$ufficient to jusk lock the (X)2passage. ~lose stopcock

A. If any emalgm has been retained in the solution, the above

operatiotirnl~stbe repeated until the separation is accomplished,

(e) Remove the lid and ~2 lead. Rinse the electrodes and laer

them into the reduced solution. Titrate with stirrhg to

within a few per cent of the end point — between 6c0

and 650 millivolts. Continue Lhe stirring for aL least

ten minutes’or until a

As much as 95 per cent

drained with a syringe

reasonably steady potential is attained.

of the eerie solution may be force

control. me last 5 per cent or more

should b6 added in small portions by touching the buret tip

T
.t”‘ to Lhe surface of tie solution. me end point potential is

between 750 and 780 millivolts cell potential bu~ should

be determined by each operator from a titration curve. Inter-

polation of the end point is possible ti,OJ per cent froh any

potential beLween 7’03and 820 millivolts provided a satisfactory

curve has been obtained. With some practice only an initial

and final weight are required.

(f) When the titration is completed transfer the solution to the

vacuum residue boLtle. Rinse the cup and capillary. ,While

the apparatus is not in use store iL with stopcock,B ,closed,

the cup filled with distillea H20 or diluLe H SO , the
24

plastic lid on the cup and 0.5 milliliter of dilute H2S0
4

Qver the amalgam in the reservoir.

(6) Blank Procedure

Determine the reagent blank in Lhe presence of plutonium

in the following way. Take aliquots ranging from 0.01 to 0.10

fni+graqs of

these are all

plutonium and several aliquots of about 5 milligrams.

taken from the same stock solution or
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accurate diluti(,nsof the stock solution, and are treated

according to Procedure outlined above. Since their ratios

to each other are accurately known and since the blank

is a very mall fraccion of the 5 milligram samples and

an appreciable fraction of the smaller ones, the value

obtained in the 5 milligram s~ple may be assumed correct

for the purpose-of calculating the amo@ in the ~aller I

I

samples. ‘l%edifference between this calculated amount.

and the observed amount in the small samples is the reagent

blank correoLion. It should not exceed 10y~ of plutonium

and should be reproducible to 2 or 3y .

(7) Precaution

(a) See klethodof Sampling

storage of the sample.

(b) Although tiLeplUtOniUlll

than one-half houti“the

concerning error3

is quantitatively

resulting from

reduced in less

minimum time should be determined

not only by this consideration but by.,

r+uired to free the system fian 02.

in order to obLain a low and constant

+l!$,‘3 i9 SIOWly air-otidlzed to Pu(c) Pu

if the titraticn is performed without
.

ing to Procedure (d) and (e),

the length of time

This is necessary

blank.

‘Iheerror is negligible

interruption accord-
<

, .’

.

(d) At twaperatures below 20°C the reaction is rather slow.

In any case the end point mush be determined or interpolated

from steady (noL rising) potential readings.

—

. .
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(e) If a falling end poinL is observed examine tie capillary be-

low the titration cup. Evolution of hydrogen gas from the

dilute acid film in ccntact with tt,eamalgam may be enough

to raise the amalgam inLo the capillary. hffective contact

of the amalgam wit>lthe partially oxidized sample will of

course make the results worthless.

(f) If tbe potential rises

ferrous reagent. his

an excess of the eerie

above 820 mv, back titrate with

reagent.may be standardized by adding

solution at a satisfactory endpoint.
.

and back-titrating wiLh the ferrous solution.
.,.~,..

(g) Erratic balance behavSbr ~d significant errors
,...’

have been observed when one at’tempLsto deliver

in weight

small amounts

of solution accurately from relatively large bureta handled

with rub”bergloves. ‘i%eeffect disappears when the burets

are held with clean, dry fingers or cobton gloves and for.

this reason ~he rubber glove is removed

final weighings.

(8) Gorrecticn for”Iron

‘Sheprocedure for determination of

in Secticm $.4-3. The requirement that

Lration of i~on when multiplied by f+.28

for initial and

,.

iron is described

the weight concen-

(the equivalat

weight ratio) be uncertain by not more than 0.1 per cent

Qf the total plutonium concentration is satisfied by this

method.

(9) Precision and Accuracy

Average deviations from the meqn of 0.1 per cent are

usual, of <0,05 per cent accidentd~ and of >0.2 p’a cent

rather unusual. Accuracy is demonstrated to a certain extent
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by results on plutonium metal and tet.rafluoride. ‘Me former

assayed 99.9 per cent plu~cnium wiLh a standard deviation

of 0.1’7 per

per cent on

rejected in

cent on U+ aliquots of one portion ~d ~.19

6 aliquots of another portion. No results were

calculating the standard deviation. The tetra-

fluoride assayea 1~.O’7 per cent pure with a standard
-.

devia~ion of 0.6’7per c&t.

Calculations

Apparent mg. Pu/g. soluticns = (wt. of eerie solution in R.) x T
(wt. of aliquots in g.)

T=mg. Pu per gr=~ of eerie solution

Corrected mg. Pu/g. solutj.cn=(apparenb value) - (&.28 xmg.Fe/g.

(11) References

s
LAMS-155

LAM-190

LAMS-21?

8.6-4 MicrovolumetricA9say of Uranium

(1) Abstract

Uranium as Lkle+b

means ci’zinc-amalgam.

standard eerie sulfate

point is ueLermined by

plex as an indicator.

(2J” Applicability

SolIn)

.
LAMS-276

LAMS-288

LAM3-507 (Terminal Report)

sulfate is reduced to the+4 state by

The +4 uranium is then titrated with

using a micro-weight buret. Tk.eend

using orthophenantktroline-ferrousccm-

Ihe methou has been applied LO uranium samples which do

noL contain plutonium. If iron i3 presenb, it must be deter-

rnirveaseparately and the tiLraLiorlresult corrected accordingly.

●
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(3) %n~e and Accuracy

Frcm 0.1 milligrams to 5 milligrams of uranidm can

be determ.il.eaby the”“methodhere described. Best results

are obtained with 1 milligram samples. In Lhe analysi.a

of uranyl suJfahe controls the maximum observed deviation from

the Lrue value was .SY . I’heaverage deviaLion in 17 analyses

was less than ly .

(4) Reagents
,. ●

(a) 2 N sulfuric acid.

(b) 0.1 N potassium permanganate.
--

(c) 4 per cent zinc amalgam.

(a) Standard eerie sulfate, 0.02 N.(23)

(23)
Standardize by weigtrtagairlstBureau of Standards sodium oxd~teo

(e) Carbon tetrachloride.

(f) Crthophenant.hroline-ferrousindicator, approxima~ely

OO.1h!.

(g) Dry ice.

(h) ConcentratedH2SC’4.

(i) Clncentrat.ed1?NC3.

(j) Concentrated HC104.

(5) ~pparaLus *

(a) Titration cup (Figur6 ~)

(b) LiicroweighLburets

id) CC2 generator wiLh outlets for t,itraticm cup and wash
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Figure 38

Titration Asuenbly

.
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Figure #

Titration Cup
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t)ottle.(24~
(e) Electric stirrer with glass agitator.

(f) Mcroliter FipeL8, 20h.carScity.

(g) Platinum crucibles, 10 milliliters. ‘

(h) Infra-red lamp.
v

(6) Procedure

(s) In absence of nitrate: .

Fill the C02 generatcr viithdry ice and bubble the

gas stream thrcxgh tJie wash bottle for 2’- 3 hours Lo sweep

out the oxygen from the generator and frcn tilewLer in

the wash botLle. Clean the titration cup Nith cleanir,g

solution and rinse thoroughly. Place the tibraticn cup

on the stand and adjust.the C02 lead so Lhat a ftLirly

rapid stream of C02 will impinge on tilesurface cf the

soluticm Lo be placed in tie c~p.

Fill the rubber bulb completely with cieaeratedwater

and attach it to the cup with the stopcock open. Carefully

compress the bulb so that the water ie forced into the

stem of the cup and displaces all of Lhe air in the stem.

Close the stopcock so that the deaerated water fills the

stea.
●

Run into ehe cup 1 - 2 milliliters of the zinc amalgam

and then pipet into ‘thecup t}ie nitrate-free solution to

be ti;rated. The volume of the solution should not be more

‘~
A Dewar flask fitted with a tight-fitting rubber stopper with an outlet

to CUD and wash bottle thrcugh a T; also a safety :alve to relieve excess
pre8sure. Fill the flask with dry ice and stopper.. Allow a-few hours to
sweep Out air befare u8iw.
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●

than 5- 6 milliliters. Adjust the stirrer 60 that both

the amalgam and the solution are agitated. Keep the C02

stream running at all times during the determination.

If the solution ie neutral or basic add sufficient 2 NH SO
24

(usually 2- 3 dropn ) to make the solution approximately

0.05 N. If the solution is more aoid than this see belw.

Reduce for 5 minutes. After reduotion add dP0pWi88

8uffioient 0.1 N K?#aO~( 1 drop is usually sufficient) to

make the solution pink and reduce again for 10 minutes after

the disappearance of the pink color. If during this second

reduotion, the solution beoomes turbid due to the formation

of MnO , add another drop of the 2 N H2SO~ and allow
2

sufficient time to reduce the Mn02~ Xl’the turbidity does

not di8appear, add another drop of aaida

Folluwing the 10 minute reduction period, stop the

stirrer and add 2 - ~ milliliters of CC1 .
b

Carefully open

the stopoook and squeeze the bulb gently to i’oroewater

around the amalgam and the CC1 layer, in this way waahing
4

the amalgam. Release the pressure on the bulb and allow

the amalgam to run down in-tothe bulb. Repeat this operation

until all of the amalgam is in the bulb and the CC1 is drawn
4

Into the oapillary. At this point there will be a layer of CCI
4

in the bottom of the oup and the reduoed solution above.

Raise the stirrer so that It will not agitate the CC1
4

layer too violently and wash the 8tirrer with 1 mi2151iter of

deaerated water. Md exacttlyZXlmiorolitertiof the orthophen-
$

anthroline indioator and be sure to wash out the mioroliter
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pipet because these pipets are usually calibrated ‘Ito

contain”.

During the second reduction period, fill

buret with standaxxieerie sulfate and weigh.

indicator, start the stirrer and titrate to a

the microweight

After adding the

sharp change

from r$d to colorless (or very light blue). Add the eerie
—
solution slowly near the end point ustig very small increments.

‘Iheend point under proper conditions of acidity is sharp;

the color change . is, stable for 5 minutes.

the difference is the weight of eerie sulfate

Reweigh the buret;

solution used

in

..(b) In

the titration.

‘presenceof nitrate

hitrat~ interfers seriously in the procedure. Even small

ameunts of nitrate will produce fading and irregular end points,

To remove nitretes befoie’titrating, transfer the solution

to a 10 milliliter plat’inumcrucible and carefully add

(down tie side) 2 drops of concentrated H2SOL. Heat the

solution under an infra-red l&np until the fumes of I-SSO
24

are evidefit. ‘Transferthe crucible to a sm?kllhot plate

and continue heating until all of Lhe acid has been fumed
..

off. Be careful to avoid spattering and do not ignite the

.,
residue: Take up the U02SOL in 1 - 2 ~.iliters of water

i
‘-

and trarisferquantitatively to the tihration cup. Do not use

more than 3

because the

(c) .In presence

If the

- 4 milliliters for tiletransfer. ‘Ibisis necessary
.

final volume should not be over 5 -6 milliliters.

of excess acid

acid concentration of the solution to be
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(d)

(e)

lfl+

titrated is greater than 0.05

be indeLaminate. If this is

N, the end point will fade ard

the case, or if the acid is

“othorthan sulfuric, treat Lhe solution as described in the

preceding paragraph.

In presence of organAcmatLer

Crganic matter must also be rsmoved. Place tie sample

in a 10 milliliter platinum crucible and add 2 milliliters

of co[;centratedHNO .
3

Heat gently.until the oxides of

nitrogen cease to evolve, and add 3 drops of concentrated

HCIO&. Heat the solution gently until the solution becones

colorless. Add more HC1O if necessary. After the solutior,
4

becomes clear, proceed as above.

‘or ‘3°8

Dissolv6 the oxide in HN03 and proceed as above.

(’7) Indicator Blank

. An appreciable hunt of eerie ion is required to change
.

. . . the indicator and this blank must be known accurately; the

quantity of indicatcr must be measurea precisely. To do this

.
care.must be exercised in pipetting the small volume (20i j-

of ir.dicator. ‘Xheindicator blank is determined by carry-

ing out the complete procedure in the absence of uranium.

. . . Under the specified conditions, however, the blank which is

equivalent to approximately 50Vof U need be detexmi.nedonly

once for the same betch of indicator.

(8) Theoretical

Zinc amal.gamwill reduce tie+6

+4 state. (Jones reductor, however,

unmium ozilyto the

Will produce a mixture
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Permanganate is use@ after the first reduction step .

because it effectively eljminates a positive error, the exact

source of whj.ch is undetermined.

(9) Precautions

(al A sufficiently rapid stream of pure C02 must-be blown into

the cup during all operations.

(b) All ~ti must be removed from tie stem of the cup before

introducing th,eamalgam.

(c) ‘Ihecup must be clean so that no mercury will stick to the

sides.

(d) Acidity of the solution must be approximately 0.05 N.

(e) The indicator must be added quantitatively.

(f) me end pint is sharp and the increments near the emd point ,

must be small so as not

(g) All nitrate and org~ic

(10) Calculation of Results

to over-run the end petit.
,

matter must be r,emoved.

Let N be the milliequivalents of eerie ion per gram of
-

golution; then ,

. . “reg.U=119.09 ●’N : (x-b)

where x is tha grams of cer$c sulfate solution used in the. ..

titration and b ia”the granisof eerie sulfate solution used

‘for the indicatm blank.

(11) hefe~ence
.

*J I*
LAMs-176
LAK,S-L62(Terminal Report)

.

:.

.
..’- .
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8.6-5 Ricrcdetermi~?hion.of Azide N-l_Lrogen”by a Xjel.dahl.Proce&re

(1)

(2)

Abstract
,.

When an azide iS treabed with a redticingagent in sulfuric

acid medium and then Carried through a Kjeldahl digestion

and dist~l.lation~one Lhirc of tie azide,nitr%en i~ r~

covered, Itleremainder is liberated as nitrogen gas.

HN3 +3H++2e”* NH; + N2

- The reaction is quantitative and forms a satisfact~y basis

for a prGcedure for ‘tiedetermination ofazide nitrogen.

Procedure”

See u 237. .

8.7 GRAV3ME’UUC PROCEDURES

i .,

$.7-1 Gravtietric I)eterminatZono~.uo~en w in Molybdcmum-Uranium Alloys

(1)

(2)

(3)

Abstract
.,,

.’Ihemolybdent~ after otidation with nitric acid is precipitated,

filtered, ignited, and weighe4 as lead molybdate. ‘Precipitation

of uranium is prevented by buffering the solution with ammonium. ..

acetate. -

Applicability .

‘Shemethod has been used successfully for molybdenum-uranium

alloys with molybdenum content varying between 0.5 and 56

per cent.

References

Fuman, N.H.$ ‘iScott$sStandard Method of Chmical Analysis~$
5M ~., I,,pp. 5~-590, New Yoti, D.”Van Nostrand Cot, 193Y

Hillebram3,W.F., and Luncell$ G.E*F., ~~AI~pli.edInorganic
Ana$ysian, PPY 253-25k~ NW York, John Wiley and Sons, 1929.

Froject.Report IA-416.

,. .-
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8.7-2 Micro Determination of GalJium In Plutonium-GalliumAlloys

(1) Abstract

Gallium is se~rated frun a hydrochloric acid-plutonium

chloride solution b~ extraction of Alorogallic acid with

isopropyl ether. lhegall.ium is re-extracted frcvnthe

ether by shaking with water and is determined gravimetric811y

as’the 8-hydroxyquinolate,Ga(C H ON) .
96 3

(2) Applicability

‘Ihemethod has been used in analyzing plutonium-gallium

alloys with a gallium content ranging from 0.5 to 2.0

weight per cent.

(3) Size of Sample

Sufficient sample is taken to give approximately 1

milligram of gallium.

(k) Accuracy

In the analysis of control $amples (pure plutonium

solutions to which known amunts of gallium were added) .

the maximum observed deviation frcm the true value was 3

per cent, the average deviation 1 per cent.

(5) Reagents -

(a)

(b)

(c)

(d)

(e)

(f)

(~)

Isopropyl ether. Shake with alkaline permanganate and re-

distill.

Mercury, C.p.

HC1, 12N, standardized.

Sodium acetate solution, 20 per cent.
.

Alcoholic ‘&hydro~yquinoline 8d.u&o@ P’= cent.

Phenolphthalein ind$cator.

Ammonium hydroxide, cone.

..
..
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(6) Apparatus

(a)

(b)

(c)

(d)

(e)

(f)

(8)

(h)

(i)

(j)

(!()

Shaking tubes. Iieavywall, pyrex test bube, 1 lik ‘

centimeter outer diameter, 14 centimeters long, with well

fitted ground glass stopper.
b

Pipet, 1 milliliter, graduated in hundredths.

Transfer pipets, syringe type, 5 milliliter capacity, 2Q

centimeters long.

Steam bath.

Buret, 1 milliliter.

Shaking machine.

Electric oven.

Beakers, 30 Milliliters.

Rubber policemen .

Munroe crucibles, 10 milliliters, and filtering apparatus.

Semi-micro balance (Seke). 8

(7) “Frocedurc

He@ HeaLth and Safety RullfsCutlined in Secticm 8.2

(a) Preparatianof sample and extraction:

1. Cut metal specimens each approximately 100 milligrams,in

weight and weigh each sample accurately to 0.2 milligrams.

. .
2. Calculate the volume of 12 N HC1 needed to dissolve the Pu$

(25)

Tz’r———
In order that quantitative results may be obtained in the extraction pro-

cedure, the acidity must be adjusted to 7.3 N. At this ncrmality the distri-
bution ratio of gallium between isopropyl ether and waLer is a maximum.

2 PU+6 Ht+2 pu+3 43 lit
?‘Ike equivalent weight of Pu 5.s239/3a7y. . IfW is the weight of the sample

in %. and N iS the act~l nor~lity of the HC1, the volume (in ml.) of acid
necessary to dissolve tiiemetal is W/ (79.?) (N).
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and Lhe volume of additional HC1 and H20 needed to bring tie

resulting solution to 7.3 N in HC1 in a volume of 1.c)Omilli-

liters.

3. Pipet the calculated volume of H20 into the shakjng tube and

drop in the metal sample. Add the total calculated volume of

HC1 slowly frcm the 1 milliliter buret. ‘Ihereaction will

start immediately upon the addibion of the first drop of acid.

Keep the tube inclined while adding the acid Lo prevent the

possibility of spray emerging fran the tube.

4. Y\’enthe sample is in solution, add 4 drops of mercury to re-

duce the iron present(27) and stopper the tube wiLh a well-

greased ground glass stopper. Place the tube in the shaking

machine and shake for 5 minuteso

5. Remove the tube from the machine and add 1 milliliter of

isopropyl ether, being careful to wash down the stopper with

the first portion added. Regrease the stopper if necessary and

shake for 20 minuLes.

126)
The volume of N-normal HC1 required to mahe 1 milliliter of 7.3 N HC1 is

7.3/N ml.. ‘l’hetotal acid requirement is

and the water required is Vw =(1.00 - Va) ml.

Tt.is evident that a number of approximations have been made in these oal-
,

culations.For example, the volume change that acompanies the dissolving of
of the metal is neglected, the volumes of water and 12 N acid are assumed to
be additive, and the sample is assumed Lo be 1(X)per cent Pu (no correction
being made for the gallium present).

,
i

(27)
FeC12 wil1 not be extracted by isopropyl ether.
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6. After shaking, allow Lhe

swirl the tube gently so

170

Pu-Hg layer to separate

that a sharp separation

7.

8.

9.

10.

.11.

12.

3.3.

fer the

pipet.

ether layer to a second shaking

Wash the pipet by drawing up an

the ether washings to the second tube.
.

.

from the ether and

takes place. Trans-

Lube by means of the transfer

equal volume of eLher and add

lhe same pipet should be

sh:uld now be between 15 and 20 milliliters.

used for any given sample through all the subsequent operaticne.

Add 1 milliliters of isopropyl ether to the first tube,stopper (greasing

stopper if necess~ry),and 8hak@ for another 20 ~nu~e fiterval●

,
TYansfer the ethe$ layer to the second tube. Add a small ‘luantityof

ether to Lhe first!tube, invert several times to wash the sides of

the tube and transfer the ether layer to the seco~@ shaking tube.

‘he maLerial in the first tuba must be reserved for plutonium recovery.

SLil.1using

tube.

Add a glass

s~opper and

the same pipet add 5 milliliters of water to the seccnd
d

bead to Lhe seccnd tube, stopper with a well-greased

shake for 10 minutes.

Transfer the lower aqueous layer by means of the pipet to a 30

milliliter beaker containing 5 milliliters of Xl per cent sodium

aceLate, 1 drop of phenolphthalein,and 1 drop of ammonium hydroxide.

WhLLe the pipet is passing through Lhe upper ether layer, expel air

through the pipet so that no ether is permitted to enter. Fill the

pipet with water and add

Repeat the re-extraction

these washings

procedure with

water.

Transfer

of water

fer this

the water layer to the beaker

to the shaking Lube, stopper,

aqueous layer to the beaker.

to the beaker.

another 5 milliliters of

and add a small quantity of

invert a few times, and tr&ne-

‘Ihetotal voluae in the beaker
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. (b) Precipitation

Cover the beaker with a watch glass and heat below the

boiling point until most of the color of the indicator

has disappeaz%d. iiash down the cover glass and add,

dropwise, 15 drops of the alcoholic 8-hydroxyquinoline
.

solution, waiting between drops for the yellow precipi-

tate to form. Place on the steam bath and digegt.fu

an hour.

(c) Transferring,Washing and Drying of the Precipitate.

1. Transfer the precipiLaLe to a tared (28110 ~1~.

liter platinum l.funroecrucible using hot water to

wash OUL the precipitate. Transfer as much as possi$le

by washing before using a policeman. Extreme care must

be taken in the transfer since the precipitate is

difficult to handle because of ite tendency to crawl

and beccme finely dispersed.

2. Wash the

with hot

glass to

ferred.

p~cipitate in the Munroe crucible 3 tties

wa~er. Inspect the beaker with a magnifying

see that all the precipitate has been trane-

3. Dry in an electiricoven at 120° C for one hour. COO1

for one hour in the balance room and weigh(28)as

Ga(c HON)3.
96 .

t28i
.“

Weighings to the nearest 0.005 milligrams are made on,the semi micro
balance.
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(8) Precautions

(a) Ihe acidity of the HC1 solution must be accurately adjusted

before extracti’)n.

(b) The Lran8fer of the precipitate is difficult and care musL

be used. Use plenty of hot wa:er for the operation.

‘ (9) .Calculatims

mg. Ga s mg. precipitate x 0.1389

per cent ‘Gas m. Ga x 100
sample wt. in mg.

(10) References

LAbt8-2b6

1.fd&-276

LAMS-288

IA-425 (Terminal Repcrt)

8.7-3 GravircetricDetermination of Carbon in Uranium Tetrafluoride

(1) Abstract

The sample, intimately mixed with M@, is burned at 1000° C

in

is

of

a stream of oxygen. Fluorine not retained by Lhe MgO

trapped by Pb02. The -rbori dioxide formed by oxidation

carbon in the sample is quantitatively absorbed on

(2)

(3)

.

Ascarite and weighed. ‘.

Applicability t

The method has been used nl.yfor uranium tetraf~uoride,
f

but it is expecied that it would give equally satisfactory

resulLs with certain other halogen-bearing inorganic

materials.

Procedure

See LA-416.
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8.7-4 Ihe Determination of Carbon and Hydrogen in Calcium Metal

(1) Abstract

‘he kample is bumed~k 1000°

helhriana Lhe carbon dioxide

C in oxygen diluted rnith

and water formed by the oxida-

Lion of carbcn and hydrogen compounds in the sample are

quantitatively abscrbed on

weighed. Calcium burns at

pure oxygen or in air; by

the inert gas, helium, the

controlled.

(2) Applicability

Ascarite and Uehydrite and -

an uncontrollably fast rate in

properly dilubing Lhe oxygen with

rate of combustion can be easily

?he method has been used only for calcium metal but it is

●xpected that it would give equally satisfactory results ‘

with mgnesium ard other active metals which are difficult

to handle by the conventional prodecure.

(3) Methcd of Sampling

‘Em sample should be in the form of emall piece~ about 2 - 3

millimeters across or in thin strips or turnings. Thick

pieces are difficult to oxidize

formation of a protective oxide

sample to air ehould be kept ak

completely because of the

layer. Exposure of the

a minimum to prevent reaction

with carbcm dioxide and moisture.

(4) Procedure

See L&416A.

8.7-5 Electr~tic Determination of Cobalt in Tungsten Carbid~obalt Alloys

‘(1) Abstract

The alloy is dissolved in a mixture of hydrqfluor_icacid

-.
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and nitric acld. lhe volatile acids are removed by fuming

with sulfuric acid and the residue is dissolved in ammonium

hydroxide. Ammcmium chloride and eodium bisulfite are

added to the soluticm which is c~led to 10° C and electro-

lyzed for 45 minutes using a rotattig cathode.

(2) Range of Applicability, Size of Sample, Accuracy

The method has been used with satisfactory results in the

analysis of alloys containing from 1 per cent to 9 p= cent

cobalt. The weighL of sample takem should be sufficient

to furnish 60 to 8tJmilligrams of cobalt. When more than

90 milligrams of ccbalt iselectrolyzed low results are

obtained.

me spat electrolyte contains a small amount of cobalt.

hcept in the most accurate wcrk, huwever, this anmunt Of

undeposi@ cobalt as well as the mall amount of extran-

eous material (sulfur and tungsten) deposited on the

cathode can be neglected since the two quantities are approx-

imately equal.

(3) Procedure

See LA-416A.

8.8 GASOMETRIC PRCCEW?ES

8.8-1 Microcarbiding Method for Determination of O~gen

(1) Abstract

Ihe oxygen content of small samples

by carbiding the metal in vacuo and

evolved.

of metal can be determined

analyzing the gases

-. .. . .

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



..

175

(2) Applicability

The method was designed for the determination of oxygen

in uranium and plutonium metals and has been used chiefly

for this purpose. Plutonium chlorides, plutonium fluorides,

pluLonium oxide, uranium tetrafluoride, uranium oxides,

thorium nitride, thorium oxide, zirconium nitride, tungsten

carbide and platinum metal have also been analyzed for

oxygen by this procedure.

(3) Size of Sample and Ihit of Sensitivity

If high sensitivity is not required, a practical working

limit is X0 ppm on a 50 milligram sample. The ultimate

limit of sensitivity which can be achieved is approximately

5ppmona5~

(4) Apparatus

. ‘l%eapparatus

of two parts.

conversion of

takes place.

milligram sample.

used for the determination of oxygen consists

One is the high vacuum system in which the

the oxygen in the sample to carbon monoxide

The other is the micro gas analysis appara-

tus of the type described by Prescott (1oc. cit.).

The arrangement of ,thehigh vacuum system to which the

furnace tube is attached is shown in Figure @. ~c

pumping system consists of a Welch two stage rotary ofi

pump. ‘his is used Lo back a medium sized Brewer mercury

diffusicn pump (Figure ‘hO)s . ‘!kisin turn is used

the main pump, an extra large I?rewerpump (2, Figure

to back

40). .
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Figure 40

High Vaouum System

i
,.

e
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The vacuum line is aonneotgd to the large dlffbeion pump

through a mercury cutoff (3, Figure ~)c ‘fhiaoutoff

8erve6 to isola$e the pumps from the ‘lineafter degassing

has been oompleted (see below).

The oentral part of the liue oonsists of the quarts

reaation vessel joined to the vaauum line by a quarts-

pyrex standard taper mercury sealed joint (10, Figure &O).

graphite aruoible, ●nd multiple loading msaifold. ‘fhelleWill

be desoribed in detail.

?’heond of the vaouum line away from the main pumping 8ys-

ten leads through a mercury cutoff (13, Figure fKl)to the

high vaoucm ond of a two etagemeroury diffusion pump

(14, Figure l@]. Thie is used to’aolleot the gase8

evolved by the sample. The fme wbuun end of the collection

pump is oonnected to the gas analysis apparatus through a.

outoff (16, Figure 40) made with two glass check valves~

,. W Using&his %ype of oonneotion it is pousible to ‘break*

either high vaouum or gas analysia system to atmospheric

pressure independently.

At time8 it is convenient to alla the gas from the

oolleotion pump to be pumped out through the main manifold

of the high vaouum aystema This iu aooomplished by means

of a bypass.system,(u, Figure @)o

Interposed between the two mercury autoffs and the

quartz reaotion vessel are tuo dry ioe-ethylene triohloride

traps shown at 4 and 12 in Figure 40. Thecw traps prevent

the eleotrodeless di,sohargeof mercury vapor present

in the high vaouum system.
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The loading system which is an integral part of the VaOUUp

link allowa iix samples to

The quartz vessel ia ahuwn

The top of the multiple

meroury sealed

(6, Figure i.$’1}

of the meroury

LO) Into Which

be held in vaouum at”one timo~

in Figure 41.

loading system is olosed by a

aap (5 Figure kO). A glass rdd support

is considered neaessary to bear the weight

in thi6 kypO of seal. The buokets (7, Figure

the samples are loaded are pivoted on

fixed 40 mil tung~ten wires~ Below the pivot point is a

compartment oontsinlnc a 8ealed-in pieoe of iron. The indi-

vidual buokets are upaoed far ero-aghapart ao that, starting

at the top, the buckets may be individually turned up by

● magnet held above the loading manifold. The spout of

loading manifold extends about 10 millimeters below the

top of a vertioal funnel (9, Figure 40)’to prevent the

samples from bounoing into the main manifold. Directly

the rertioal funnel is placed a plane glasu winduw

the

ahove

(8, Figure 40) through which the temperature of the
.
orucible is read by “xseanaof a mirror a~rangement and pyro-

meter. This plane glass window is connected to the vacuum

line by a meroury sealed joint, (not shown in the figure),

an arrangement whioh makes it possible to remove the

window $or oleaninga The upper section of the funnel is

sealed permanently into the pyrex system, while the luuer
.

seotion, made of quartz (Figure m) is removable for

cleaning. The quartz seotion, whioh oarries a real-joink

and oonneots to a female joint on the pyrex section, is

eupported by molybdenum wire hooket A one-half’inoh
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Figure 41

Quartz Reaction Vessel
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Figure @

Quartz Drc?ping Tube
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Figure &3

G~phite Crucible,
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Figure /d+

Cirouit for Soliuoi8 Valve Control
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Figure 45

Mloro Diffusion Pump

1’
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diameter speotrosoopio graphite cruaible (11, Figure 40)

is supported 15 to 20 millimeters below the bottom of the

funnel by a 40 mfl gungsten wire. The dimensions of the

cruoible

For a

are given in Figure 43*

more oompleke description and drawings of the equip-

ment refer to Reports IX 58 and LA 1539

The mioro gas analysis apparatus has been modified in

several re8peot6. The instruction of a short section of

capillary into one of the vertical tubes of the Toepler

pumps prevents meroury hammer and eliminates breakage of

the pumps. In plaoe of the solenoid valwe recommended by

Prescott for operating Toepler pumps we have substituted

a simpler valve (General Eleotrio Co. type CR 9507-CIB

solenoid va~be). The airouit u8ed fOr operating this valve

is ahuun in detail in Figure ~. I* can be aet to make

the Toepler pump take a pre-determined number of 8tr0k96. A

reagent tube containing oopper at 350° has been added to.re-

move oxygen from the gas mixture colleoted. A 10 oubio

centimeter calibrated pipet has been added so that larger

gas volumes oan be aolleoted. A muoh more satisfactory micro-

diffision pump (Figure h5) has replace,ithe @pe used by

Pre800tt.

(5) Operation

Metal samples should weigh approximately 50 milligrams.

Uranium sa?nplesare cleoned by immersion in 1s1 nitric acid

until bright, followed by washing with water, absolute

aloohol, and ootane in rapid succession. Plutonium samples
.

.

I
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J

are electrolyticallypolished
(29)

and Immersed irloctane

until loading.

?29)
See Secticn 8.2.

men the crucible and quartz vessel are in place and the

loading manifold is capped, the system is evacuated by means

of the mechanical pump. ‘Ihevacuum is brokem by turning

off the mechanical pump and admitting helium into the

‘qwtem thro~h a

line between the

diffusion pump.

stopcock (not shown in the figure) in the

mechanical pump and the first mercury

When sufficient helium to give a pressure

. ..
of a few millimeters of mercury has entered the system the

cap is removed from the loading manifold. A slow stream of

helium is allowed to escape through this opening until the

#—.. -six samples are loaded. The cap is then replaced.

Once the line is evacuated and the diffusion pumps are in

operation, the graphite crucible is heated to about Jf@Oo C

by means of a 10 KU output oscillator. The reaction tke

is cooled by running hot water. ‘h crucible is heated for

about ten minutes and Lhen the entire line with the exception

of the diffusion pumps, loading manifold and reaction vessel

is fl~ed with an air-gas flame. The vacuum line is allowed

to cool-and the traps are filled with refrigerant. At this.. .. . .

time the temperature of the crucible is increased to 2000° C.

Outgassing is contined foflseveral hours and then blanks are

taken at one-half’hour intervals until the blank corresponds

to about 2 ppm on a 50 milligram sample (gas volume of about

0.15 mu?) at w~iich point.outgassing is considered satisfactory.
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In order to determine the blank of the system the pressure

*

cutoff (16, Figure 40 j between

sis systems is opened, the bypass

is closed, the cutoff (13, Figure

collection pump (14, Figure ~0)

the high vacuum and analy-

cutoff (1..5,Figure 40)

@ ) l=ding to the

is opened, the cutoff

(3, Figure @ ) leading to the outgassin~ pumps (1 and 2,

Figure @ ) is closed, and collection into bhe micro-

pipet in the analysis sysLem is begun. The ord,inarycollection

period of ten cycles of the Toepler pump in the analysis

system is approximately three minutes.

I/henthe blank is satisfactory the induction heater is-

turned off and the crucible is allowed to cool 15 minutes.

Then the line is set for collection of the gas in the micro-

pipet (see

bucket) is

Heat is

1000°C and

preceding paragraph) and the first sample (top

dumped into the cold crucible.

turned on at a crucible temperature of about

the evolved gas is collected almost continuously

until the rate of collection per ten cycles of the Toepler
.

pump is less Lhan ten per cesitof the total volume already

collected. The temperature is raised by 100 to 203° stages

and the gas collected as abo~% until 2000° C is reacted.

At 2000° C gas is collected almost continuously until the

volume collected in ten cycles of the Toepler pump is con-

stant at less than twice the blank. The point at which the

collection is stopped varies scmewhat according to the

total volu;lecollected

Once collection has

60 that the outgassinfj

and current operating condi~icms.

beet s~opped the system is rearranged

pw~lpsare put into use. ~fLer cne-
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hdf hour of outg=dng ~t Zooo” c a

blank of the system and if the blank

check is made of the

i8 Sati9faCt0ry the

next 8ample i8 run according to the above prodedure. This

may be repeated”until all samples are dumped or until it i8

necessary to stop for analysia of the gases collected.

‘iheprocedure for analyzing the gases collected frou the

metal samples ig adequately outlined by “Prescott(loce

citt). me reagents are used in the fr?llowingorder;

(a) magnesiwn perchlorate for water, (b) soda lime f=

carbon dioxide, (c) copper at 3S0° C for @Q%ens (d) coPPer

oxide at 350° C in series with magnesium perchlorate for

hydrcgen and (e) copper oxide at 350° C in series with soda

lime for carbon monoxide.””’

Gas collectedfro: uranium samples is not analyzed except

for special cases.’ A gas canposition equivalent to 90 per

cent carbon monoxide is assumed and oxygen values are reported.

on the basis of thi8 composition. In analyzing @utcmium

samples it has not been necessary to determine oxygen In

amounts below 1~ ppm. Hence if the total volume of gas

collected frcm the sample is less than the volume .ofcarbon
I Q!,.

monoxide which could be produced by a sample containing 100

ppm of oxygen the oxygen content of the sample i8 reported -

<100 ppm. If the gas volume is large the gas must be

analyzed.

(6) References

Frescott,

LA-58

IA-153

~nd. EtIg. Chem., Anal. Ed., &, 230- 233 (1939)

.
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8.8-2 A Micro Combustion Method for the Determination of Carbon .. ...

(1)

(2)

(3)

Abstract 4

The sample is burned h oxygen at low pressure and the gaseoh

products of combustion are analyzed in a Prescott gas analf~is

apparatus. ‘he esticated limit of sensitivity is 20 ppm of 5
3

carbon on a 50 milligram mmple.

Applicability
,,- ,. -.
The method has been appl~.eci’to uranium and plukonium metals,

urahium carbide and plutonium-gallium alloys.

Apparatus

The system is conposed of three secbions which are separated

by special mercury cutoffs. These are (a) a high vacuum section,

(b) an oxygen supply section, and (3) a Prescott gas analysis

apparatus.

The high vacuum system, where combustion of the sample

occurs, is shown in Figure @. .

The loading manifold (Figure L7 shows details) sits in

a vertical position a~ is removable from the vacuum line far
.

loading purposes. In its”top is a plane glass window through
-!-,

which the temperature of the c~cible below is read. The

eight buckets in which Me samples are placed are held in

blisters on opposite sides of the loading manifold. ‘l%eyare

pivoted in such a way that they remain in their normal

vertical position by turning as the loading manifold is in-

verted, l%e samples are loaded while the manifold is inverted. 7’

A mercury sealed pair of 40/50 ground joints makes a vat-tight

connecti~:nbetween the loading manifold and the main manifold.

Mien a bucket is turned up, the sample it contains drops

.
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Figure lJ6

High Vacum Carbon Cmbuticm Systcm
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;

Figure /+7

Multiple Loading Manifold.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



[

WINDOW

4 =kcrn t-

,0

ON METAL PIVOTS

MERCU

BUCK

MOUTH

OPENIN

DUMPE

i

—

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



f

.
. 193

directly into a

three 8ection9.

funnel below. IIxLsfunnel is

The top is the funnel proper

,.

made of

and has a

male joint at its bottom so that it mQy be reaov@

the mid-section. ‘he latter i8 sealed pW~@nent~

the 8yqtem by means of supporting rods sealed to

glass tubing. It has a female joint aL both upper

frcm

into

the outer

and

lower emis. ‘l’hebottom ~ectio.nis quartz with a male joint

at its top. It reacheg to within 15=20 millimeters of We
!.,.”:.

crucible.

The crucible is made of platinum low in carbon cwttent,

It is fir-cdin an otigen atmosphere before iL is used. NO

liner is used. This crucible is supported by an 8 centimeter
.

long, 80 mil diameter platinum wire, also low in carbon “T
,1t’

content. The dimensions and design of the crucible are

shown in Figure @. .

‘l%ereaction tube, Lhe dtiensions of which are shown in

Figure Q, is of quartz. (These tubes can now be pro-

cured frcm Hanovia Quartz). me vessel is ccnnected to

the;pyrex vacuum line by means of mercury sealed ground. .

joints.

The oxygen supply section of the line is shown in”Figure

‘“49*’” . It consists of a bulb (10, Fi~ure ’49) “ “con~in-
.

ing mercuric oxide which ray be heated to a temperature of

500°7 a condenser for taking out mercury vapor, a Toepler

pump (Eck and Krebsj cat. no. 4100) having check valves (5

and 8, Figure &- to prevent the gas frcm backing up, a
!.

“3liber storage bulb (4, Fig~e 49) , for oxygen, md a
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Figure .!48

Platinum Cruoible
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gas measuring buret. Between Lhe storage bulb and the

measuring buret is a mercury cutoff (3, Figure49)

whicn is designed to hold gas pressure on cne or ~o~h sides

while isolating one side from the other. Illi3“valve”

consists of two fir,egrade fritLed pyrex plates of 20

millimeters diameter sealed 5 centheter apart in the

horizontal ouLleL tube of Lhe storage bulb. ‘thenthe “valve”

is closed, mercury fills the space between the two discs.

The rate of flow of gas fron the hi~h pressure to Lhe low

pressure side depends on what fracticn of the plates remains

coverea by zercury when the gas is measured out. ‘l%emeasur-

ing burc~ is designed to hanale up to 15 cubic centimetws

of oxygen. H capillary sealed into the buret (Figure 50)

prevents Lhrowing mercury when the gas is released from the

buret. When the gas in tt,eLuret.is compressed (by running

up m,ercuryin tie bulb) the mercury trapped in Lhe

capillary is blown out into the Lube conLatiing the refer-

ence column of mercury. Most of the gas then escapes through

tt]ecapillary before mercury again covers it. No mercury

is throwrlwhen the residual gas is allowed to escape

by pulling th~ mercury below the bottom of the lower outlet.

At the in]et to the Prescott analysls systxm is piaced

a quartz combustion tube, joined by graded seals to the

pyrex qstem. ibis Luke contains about.bi’grams of copper

4Je:.alencasea irlplatinum fuii. Jurirlgow.rationj the COppei
.

:q :-@;:*~L(J7CX)VC, at whlcl.tectperaLllre;! take3 out

:r.,.-(-r.but y~i~~ tileg=Se.Y~iti,W>.icfiWC are ccmcerned to
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Figure 49

Oxygen” Supply for High Vaouum Carbon Combustion
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..

go

at

through.

The reagnnts used in the analysis system are copper

700° to remove residual oxygen, magnesium perchlorata to

ranove water, manganese dioxide at 225° to remove sulfur

dioxide and to ofidize carbon monoxide, if any is present,

and soda lime to Femove carbon dioxide.

The gas analysis syqt$mmay be isolated fran the high

vacuum system by means of-a cutoff which contains two

glass check-valves (LA-58). ‘//henthis cutoff is closed it

is possible to “break the vacuudt in the high vacuum system

while keeping the gas analysis system evacuated.

(L) Procedure

Oxygen is produced by heating Bakers

oxide, Since the first portions of gas

C.P. mercuric

collected from this

material often contain traces of C02, approximately two

liters of gas are pumped off and discarded. Following this

the

gas

and

gas is collected in the evacuated storage bulb. lhis

is analyzed by measuring out around 10 cubic centimeters

passing it through the hot copper reagent at the inlet

of the Prescott apparatus. ‘Iheresidual gas collected into

the analyeis pipet is analyzed for carbonaceous gases.

Ordinarily the oxygen will contati less than a total of 0.1

ml. 3 of C02 per cubic centiraekw of oxygm. Enough oxygen

may be stored in the storage bulb to last for a large number

of analyses.
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me high vacuwu systa, is kept free of carbon dioxide

by breaking the vacuwn with carbon dioxide free air. When

the loading manifold or reaoticn vessel is removed, a slow

stream of carbon dioxide free air is allowed to esaape

from the openings. .

Uranium samples are pickled with 1:2 nftric acid, rinsed

with water, and dried. Plutoniwa ;amples are washed i;ace-
.

tone and dried.

When the samples are loaded and crucible and reacticm

vessel are in place, the system is evacuated and the diffusion

pumps are turned on. After the diffusion pumps have been

.,
in operation about ten minutes, the entire high vacuum line

with the exception of the loading manifold, reaction vessel,

and diffusion pumps, is flamed while the crucible is heated

at 1250° co After the crucible h;s been heated at this

temperature for several hours the system iseho~to deter-

mine whether outgassing is complete. ‘l%isis done by raising

the cutoff leading to the outgassing pumps, lowering the

cutoff leading to the collection pump, raising the bypass

cutoff, lowcriqg the cutoff between the high vacuum and gas

analysis systems, and collecting the gas through the hot
-w

copper tube into the @llection pipet in the gas analysis

line. The usual blank taken a~ UY20° C is collected in a

three minute interval by ten StrOke8 of the Toepler pump in

the gag analysis system. When less than 0.10 MN? of gas is

collected in this manner, outgassing is considered

complete.

Nowwith-the crucible cold and isolabed from thepqs,
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between five and ten cubic centimeters of oxygen are intro-

duced into the system from the oxygen supply. I%e crucible

is heated in the oxygen for two minutes at the lowest temper-

ature attainable (about 800°C) with the G.E. 5 K.W. input

induction heater. ‘lhetemperature of the crucible is

increased and held at 1200° C for 13 minutes. At the

end of this period collection of gas is begun by lowering

the cutoff leading to the collection pump and proceeding as

outlined in the last paragraph. If the volume of gas is small,

that is, less than about 3 nvn3,the gas is analyzed. If

the carbcm dioxide content proves to be too greah, (i.e. in

excess of one #), the crucible is burned for several hours

at 1250°c in oxygen.

When the carbon blank corresponds to about 0.1 - 0.2 InrI?

of carbon dioxide (per cc of oxygen used) the induction

heater is turned off. ‘he sample is dumped into the cold

crucible from the loading manifold and a measured volume

of oxygen i: introduced into the closed system. 100 pr cent

excess of oxygen ii-taddition to the amotit theoretically

required to burn uranium and plutonium metal to oxide is

used to obtain canplete combustion.

A sample of uranium metal is ordinarily observed to burn

in about thirky secorxisafter the heating oscillator is turn-

ed on. me crucible is heated a total of two minutes at

the lowest possible temperature jusb ●s in the case of the

blank for carbon: ‘Ihetemperature L3 then rqised to 12@ C.

After the temperature has been held at 1200° C for thirteen

minutes the gas is collected over into the gas analy9i9 sy3-
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tem ●

Plutonium burns much more violently than uranium so that

greater cautiollmust be exercised in the combustion of

plutonium samples. A fraction of the oxygen is added (1 to

3 cc) and the heat turned on at the lowest possible tempe-

ature for 15 seconds and then off for 15 seconds. This is

done two or three times end then the time interval increased

to 30 seconds on and off for several times. In case of very

large samples a time interval of 45 seconds *ould be used.

This entire procedure is repeated unbil all the oxygen

has been added ad then the tempaature is increased to 12CX)0.

C for thirteen minutes and the gas is collected

(5) Wlculation of Results

A gas canposition of 89 per cent carbon dioxiae

as for uranium.

r

is assumed

in calculating the carbon content for all plutonium samples

which give a total gas volume less than the volume of carbon

dioxide ~hich would be obtained from a sample containing approx-

imately 200 Ppn of carbon. tie 89 per cent factor is based

a the analysis of twenty six samples and is accurate within
*

10~r cent. If the volume of gas collected is large the fac-

tor is not consistently valid. Under these conditions the gas

must be analyzed. The introduction of the factor as a tinm

saver in runntitgcarbons has been made possible by the lower-

ing of the purity requirements for plutonium and uranium and

a resultant decrease In the required sensitivity of carbon

determination. Accurate determination of less than lM ppm

of carbon is unnecessary. Hence if the volume of gas obtained

is less than the volune of czrbon dioxide which wou~d be pro-

duced by a sample containing 100 ppm of carbon, the carbon
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catent af the sample“isreported as 100 ppll.

Two methods of correcting for the carbon blank from the crud ble

have been used.

In method 1,

and immediately

blank runs are mde immediately preceding

following the analysis of the sample. In making

tbese runs the procedure given above is followed using approxi-

mately equal volumes of o~gen for sample and pre and post sample

blanks. All gas volumes (samnle and blanks) are analyzed. The

c&rbon dioxide volume obtained from the sample is corrected by

stibtrackingfrcxnthe volume of C02 producad by the sample the

a;erage volume of C02 in the pre and post sample blanks.
8

In method 2, blanks are taken before the first sample and

after the last. In this way eight samples may be run success-

ively but only two blanks are required. The gas obtained

blank runs is not analy;ed. ‘thesamples are wrrected by

subtracting the average total volme of the pre and post

in

samples bknk from the total volume of gas produced in the

burning of eaoh sample.

Method 2 of blank correction combined with the 89 per cent

factor for plutonium ati the 100 ppm limit of sensitivity of

carbon greatly increases the speed of carbon detertiatia-i.

By out-gasstig the syskm for one half hour between samples

eight samples may be haniled in around twenty hours even

though several of the gas volumes do require analysis.

‘here ik

8amples may

appreciable

analysis of

reason to believe that the carbon in the metal

be highly segregated and for this reason an

sampling error may be associated with the

sample6 as small as 50 or lCO milligrams.
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(6) References

Wooten and Guldner, Ind. &g. Ch~.& Anal. ML, & 835 (1942)

Mw*ray and Ashley, ~, & 242 (1~~)

prescott, Ibid, 11230 (1939)——

LA-58

LA-153

M-1429

8.5 RADIOCHEXICAL FRCCEWl&

8.9-1 RadioAssay of Aqueous ~lutonium Solutions

(1) Abstract

A method for estimating the plutonium concentration of

aqueous solutions by rreansof Lhe alpha activities of aliquots

is described.

(2) Procedure

TWO approximately 30A aliquots of the solution to be

assayed are diluted with 5N Hh!C)3in volumetric flasks of

such a size that tke dilution factor used to convert the number
.

of micrograms of Pu that are alpha counted to grams per liter

JW concentration of the submitted solution is approximately

given by

f=6.2 f3~p~

where f is tiledilution factor, s is the estimated concentration ,

in grams per liter of the total amount of salts in the solut~on,

and p is Lhe estimated Pu concentration in grams px liter.

When the initial aMquot3 are properly diluted, a 30kaliquot

“of each of the dilute solutiGns is placed or a number two

microscope cover gl~ss and is dried on it at about 80°C. ‘fhe
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two cover glasses are then alpha counted in a linear

amplifier. The glasses are counted for two eight minute

intervals each if there are less than 4.00counts per

finute on them or two four

than 400 counts per minute

when the glasses have less

minute intervals

on them. An air

than 3000 counts

if there are more

cha!nberis used

per minute,

- each, and a nitrogen clwmber linaar amplifier is used

when they have more than 3000 co&ts per minute each. ‘Me

counting data and the dilution factor, when combined with

tk,especific alpha activity of the Pu, yield the Pu concen-

tration of the initial solution.

(3) References

A mere detailed account of this procedure is given in

IA 469.

8.10 PRJ3PAl&TIC?{OF SPECIALLY PURIFIED REAGJ3N’E5- Edward Wichera

In the analytical work on uranium and pl$tonium it was necessary in many

instances to “usereagents of a higher degree of purity, especially with res-

pect to lighL elemente, than those commercially av~fiab~e.
-.

purified substanceswere needed for other purposes than as

‘Ikemethods by which these materials were prepared will be

follrxdng paragraphs. Details of manipulation that are in

Some specially

analytical reagents.

outlined in the

camnon laboratory

. practice will not be given. Many of the methcds will be recognized as comnonly

used for the substances in question of similar ones. In several instances ‘
.

9 methods were improvised to suit the existing requirements. Speed

of operation were major ccmsiderations in the choice of methods.

References to the degree of purity achieved, w}iengiven, are

and convenience

usually on

tke comparative basis, since it is unsafe Lo assign absolute values to quantities

,ofthe small magnitudes involved without giving in detail the methods by which
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they were determined. In some lnatence~

thet the reegent gave n sufficiently low

pose et hand.

the oriterson

“blank” to be

of purity was simply

ouiteble for tki pur-

It ia well known that aareful attention to cleanliness of apparatus and

surroundings ia essential in tlw preparation of suhtmnces cf high purity.

The exceptional cleenli~s6 meintai~ed in the ohemical laboratory at LCIIS

Alamo6, especially wlkh reapeat to dust-free alr~ eontribu%ed very gree%l~ to

t},eease with which the work herein desoribed could be done and the measure

of uucoess that was realized.

8.10-1 Water end Vinernl Acids

For the purification @f ~eter nnd of hydrochloric, nitric, end sulfuric

acida”the en-quartz still illustrated in Figure SI wau u;ed. The partial

reflux oolumn was packed with pieces of fire-polished fused quartz tubing,

about 5 milllmetera in diemeter end 6 - 7 millimeters long. The boiling flask

(@till pot) weB he~hdw itha small eieotrio stove. The umelrst.e of distll-

latimn (except for sulfurio acid was 150 - 250 milliliters per hour. For

sulfuric ecid the still pot was ine!uletedwith a heavy coat of asbe6tos paste

and tt.eref?.uxoolumn wes pro?ided with an eleatrioal heating mantle. Nitrio

and sulfuric aoids were dintilled at approximately the constant-boiling com-

position. In accordance with u!!ualpractice, head bnd tall frnct3nns ware dis-

card-d, although this was probably not importantw5.threspect to purification

from light elements. Receivers were qusrtz flasks or bottles. In a few in-

atanoes Vyoor flasks wre used. “Waternnd ●cldu Furifled by $i~le di8killa-

tion in these quartz stills wrre found suffic~ently pure to met all require.-

r.ents.

In the case of hydr~odie ecld the meir.purpose was to separate it from the
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All Quartz Still for Furifioation of Water and
Mineral acids.
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hypophosphorousacid used as ● preservative in the coxunercialrea@nt. l%e

still, partial reflux head, and condenser were of Pyrex glass, as were also the

bottles used as receivers. Iodine was added to oxidize nearly all the hypophos-

phorous acid in the batch to be distilled. A stream of carbon dioxide was

passed through the still ●nd receivers while the acid was distilled. when

receiver’swere sealed without admitting air, icdine was not

on lo;g standing in stro~ daylight.

When the reagent grade of commercial hydrofluoric acid

a platinum still provided with a short reflux column packed

liberated even

was distilled

with platinuai

gauze, the distillate was unsatisfactory with respect to its”content of

aluminum. This was true whether a platinum or a ceresin bottle was used

the receiver. It was conjectured that the pla$inum ware had been buffed

an aluminum oxide paste, which could not be removed from the surface by
“.?-.

ary cleaning technics. A satisfactory acid was preparqd by absorbing

hydrogen fluoride gas in water contained in a copper beaker, the inside

from

as

with

wdin-

mlr-

face of which had been thoroughly etched with nitric acid. ~ter a satis.

factory reagent was similarly prepared in a platinum bottle, the inside surfaco

of whick had been digested with fused potassium pyrosulfate for several hours.

8.10-2. Organic Compounds

(1) Triethyl benzyl ammonium hydroxide

An approximately’0.5 N solution of this base was used

in connection wdttba spectrographic determination of traces

of siliccm, as an indirect determination of fluorine. The

prjncipal requirement as to purity was, therefore, a very low

silicon content. The compound was readily prepared by

treating triethylaminewith benzyl bromide in acetone solution

and by metathesis of the trieb~ylbenzyl amnonium brcmide with

silver oxide. ‘he orgalic substances were available in adequato
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purity but silver oxide was not. Silica-free sodium

hydroxideneededfor the preparation of silver oxl.de

could have been rather easily prepared, but the available

silver salts did not have a low enough ccntent of silicQ.

A different appr~ch was therefore usai for the first

preparation of the organic bese. ‘Ibiswas to use

thallous hydroxide instead of silver oxide for the meta-

thesis with the
%
R~NBr.

‘Ibe●vailable thallous hydroxide contained too much

silica, but a satisfactory solution of it was prepa~d by

electrolyzinga slightly acid solution of thallous eul-

fate with a mercury cathode and a platinum anode enclosed

inan alundum thimble. ‘l’heresulting thallium amalgam

was transferred to a platinu@ dish, covered with a ff.h

of water, and allowed to react with air while protected

from dust in a desiccator. ‘he solution thus obtained

was titrated and treated with a slight excess of the qViBr.

The solution of R3R1NCH, decan~edfrcm the precipitate

of TIBr, was found to be adequately low in silicon.

Two ways were tried successfully to obtain a solution of

stiver nitrate sufficiently lm in silica to be used with

specially prepared sodium hydroxide for producing silver

oxide. one was to melt silver (which contained silicon

previous to the treatient) on a cupel of calcium oxide

and to keep it molten for several minutes. ‘Ibis

scorifyi.ngprocess yield% a button of silver which

“ showed no silicon by spectrographic examination. lhe

purified silver was

in the quartz still

dissolved in nitric acid distill@d

previously described. ‘I%eother
.
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method was to dialyze a solution of silver nitrate through a cellophane man-

brane. ‘Ibistrial was based on the presumption that silicon present as an

impurity” in a readily crystallizable salt such as silver nitrate occurs aa

silicic acid. If so, one cculd hardly expect to remove it by filtering or

cenbrifugti~ a solu~ion of the salt. An impurity of this kind might be readily

eliminated by dialysis of the solution, but without such a treatment it might

well persi8t through a series of recrystallization. In this instance, at least,

dialysis through cellophane yielded a soluti~m of silver nitrate which con-

tained about one-tenth as much silica as the starting material and was satis-

factory for preparing 119ilicm-frecl’silver oxide.

The sodium hydroxide solution used to precipitate the silver oxide was

prepared by electrolyzimg a solution of sodium chlorida with a mercury cathode

and allowing the sodium amalgam to react with quartz-distilledwater in a

platinum vessel. The electrolytic cell had a stopcock at the bottom to permit

drawing off’amst of the amalgam without inclding Lhe

the electrolyte. ‘Ihis,wasdone also in preparing the

ly mentioned.

portion in ccntact with

thallium amalgam previous-

There was little to choose from between the thallous hydroxide and the

silver oxide procedures for prepariqg the R R~NOH.
3

(2) GQlic acid

‘Ibissukstance was ccmmerciall.yavailable only,in a rather impure fonu,

ccmtaining far too much of the light-element impurities. At first it was
o

purified by a single recrystallization from 8 rather concentrated aqueous

soluticn, followed by a molecular distillation. A &gle recrystallization

from a 6 per cent aqueous solution, which had been shaken with a small amount

of a decolonizing carbon (Norite) and filtered to remove most of the colloidal
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and in801nble matte~ which tilecrude startdng material containea, yielded a

better product. Two additional recrystallizaticnsfailed tc ohow significant

further improvement. It was suspected that the troublesome impurities might

be present as fine suspended matter riotcompletely removed by the filtration.

Dialysis tkro’ughcellophane was unsaii.sfactory,apparently because the

cellophane contributed calcium anfimdgnesium to the solution. Ihereupon three
.

successive crystallization from water, each preceded by a double filtration

through a fine fritted glass filt~r,,~ielded a product diatirlctlypurer than

bthe first cro and adequately low in light elements to meet the requirements.

(3) Cupferron

Ihe commercial reagent contained too much calcium, magnesium, sodim and

altinum to be satisfactory for certain light element analyses. An aqueous

solution of the compound was treated, in a separator funnel, with enough
.

hydrochloric acid to precipitate

acic form is almost insolubl~ in

pension was extracted with ether

the acid form of the organic compound. The

water, but very soluble irIether. ‘l%esus-

and the aqueous solution discarded. After

washing the ether solution two or three times with a little water it was

poured into a platinum dish (cooled ~ith ice), containing enough dilute

ammmium hydroxide to regenerate tk.eamoni.m salt.
‘.

‘he ether was ev~porated

ad the solution concentrated until a stiff mush of crysbals formed on cooling.

On the surface was a layer of tarry matter result~ng from the partial decorr.pos-

>
iticn Of the acid form While h etkJer solution. The whole msss was warmed

to~edissolve the crystals and poured into about 2 volumes.of redistilled

acetone. A homogeneous solutiun was obLained, from wk,ichthe cupferron

was almost..completely preci~itated by adding about 6 more volunes of acetone.

‘fhecrystals were drained by suction on a fritted glaas funnel and wask,edwith.

acetone. IMe product was riearlyfree of terry dtcompos~ticm producM and was

.
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muoh better then the starting material with respect to the inorganiu impurities.

(b) Methyl aloohol

Methyl aloohol used for boron determination was dietilled over sodium

hydroxide in an all-quart~ still with a partial reflux oolumn paaked with

orumhed quartz~ The oharge waa 850 milliliters of aloohol (in a l-liter

boiling flask) and T - 8 grama of Na~ pellets. A bead of porous gold was

used to minimize bmaping. The rate was about 250 milliliters per hour. sma~l

head and tail fraation (50 -’75milliliters) were discarded. The distillate.

uontained not more than 0~0004 part per millior.of boron- The factor of’

improvement over the starting material was about 10.

(5) Nitroheniene

This material was not used as a reagent.but as an eleotro-optiaal shutter “

for polarized light (Kerr oell). The oriterion of purity was an exceptionally

10U eleotrioal oonduotivity (about 10‘12mho). Water was thought to be the

moat important impurity, The eommeraial produat was distilled at a prest!ureof ‘

about 3 millimeters of Hg throuch a vacuum-jacketed fraotionatlng oolumn after “

etanding over calcium oxide in the still pot overnight. The conductivity of the’
r

distillate viasnot signlf$cantly lower than that of the starting material. The

distillate was then fractionally frozen. Again there wan no improvement in

00hauOtivity, To test the effeot of water on the oonduotivity some of

the starting material xas Bkaken with water periodically for 2 hours. This

tnoreused the conductivity by only W per cent.

The results of this work were inconclusive except to indicate ttit the ‘

normal impurities in nitrobunsene havg little effeot on it~ aonduotivity.

The conductivities observed were beXievod to be of the same order of magnit,udu

as those reported by H~ IS.~hitd in the Ravi-w of Scientific Instruments, Vol-
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ment must be closely s~cified.

~6) Acetcne ano Bu~yl Alcohol

l%ese solvents were pur~fied by dis~illati~n ti.rougha rather efficient

fracbimnating column. Ihe apparatus was of Pyrex glass.

(7) Ammonium Cartxmate

Ihe mterial was used not as an analytical reagent but in &he course of

purifying o~her substances. The ccxwierciallyavailable reagent (which is

of a rather high order of purity with ,respectto inorganic constituents)

was sublimed in a 3 liter Pyrex beaker. A platinum dish full of ice, sitting

on the beakers was used as tie collecting surface.

(8) (Md.ic Acid

Iliissubstance also was used as a reagent in the purification of other

substances> rather than fen’analysis. Its importance in prepari~ salts

of the rare earths, Uranjum, and plutonium warranted a more careful etudy

of its purification than was r%uired of mos~ of the otker s~cially pre-

pared substances. l’k.ecommercially available reagent grade of oxal~c acid is

of a rather high order of purity. It was fouridthat any desired degree of

purification could be accomplished by repeated crystalJ1.zationsfrcm a hot

aqueous solution. For USE in the rou~iliepurii’~caticnof uraniuk recovered

from residues, by precipitation of uranyl oxalate, Lhe commercial reagent..Y.,

was

get

and

dissolvd in hot water, the solution filtered,and’then cooled rapidly to

a mass of rather small crystals. The crystals were drained by suction

air-dried.

To attain a very high degree of purity the acid was recrystallized very

slowly two or Chree times.

to tJIeneck with a filtered

a thick layer of granulated

‘Xhiswas done in round-bottomed ?yrex flasks filled

solutiorlnearly saturated at 90°C, and buried in

cork. ‘l’hesolution wae mechanically stirred with

a Pyrex glass sthrer, the stem of which p8ssed through a hole in the stopper
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of the flask. As the solution cooled, small crystals of oxalic acid were

dropped in from ttie to uime to make sure thaL crystal grow Lh would start when

tke solution reached the tem[.erat.ureat which it was saturated’. For volumes

of 2 liters it took 6 days for the ter,per~t,ureof the solution to fall from 84°

C to 30° C (3 days tO 350). l%e acid crystallized in large, nearly transpar-t

masses. General considerationsrelating to the separation of crystals from

a soluticn suggested that a slow crystallization of this kind wculd result in

a h~gher degree of purification than the procedure of rapid cooling so

commonly practiced in the laboratory and sometimes recommended in chemical

Iiterature. ‘Todetermine ~hich was tie better.procedure, at least for

oxalic acid, two 35CX)gram lots (5 liters of solution, saturated at w“ C)

of identical material were recrystallized 3 times. Cne was treated by the slow

process described above. Eight days was required tc cool this 10L. ‘J%eother

lot was crystallized rapidly by cooling the flask full of solution under the

tap and castantly shaking it until it reached room t,exr.perat.ure.The mass of

small crystals was drained by suction on a Buchner funnel. 3amples of the

first and third recrystallizaticms of each lot were carefully ashed and the

residue analyzed by spectrographicmettlodsin comparison with the starting

material. The results were as follows, expressed in parts

letters !!ndt’signify ‘!notdetectedit.

per million. Ike

Impurity

Be
Na
u
Al
Ca
Sn
Pb

Or@.inal Material

●1
10

● .
.;

First.!iecrystallization IIIirdRecrystallization
~ slow Fast ~

nd nd
.07 .02
●3 .003..

0.0? nd (< .~)
3 .01

L .1
:; <.1

nd nd
.015 .0006
.012 .0006
.06 nd (~.015)
.@3 ~ .oc03
.06 nd (~.03)
.06 .03
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It is realized that bhe conditions described are far from ideal for growing

large and pure crystals, especially since the rate of grcwth W2S highest aL
“,

the time when the total solid surface was smallest. Nevertheless it is

clear that tklemethod used afforded much better conditions than those

existing in the rapid crystallization.

(9) Ammonium Cxalate

‘l’hissalt was purified by slow recrystallization frcm a hoL aqueous

soluticm, by Lhe procedure used for oxalic acid. It was used in connection

with obher preparations rather than as an analytical reagent.’

8.10-3 Inor@.nic Solids

(1) Calcium Oxide
.
I

The procedure used began with Lhe addition of’diluted sulfuric acid to
!

a filtered solubion of calcium nitrate. The precipitated calcium sulfate

was well washed and then digested at room temperature with a solution of

ammonium carbonate fcr 2 - & hours. This partia31y converted the sulfate

to carbonate. After washing out most of tk,eammonium sulfate the residue
.

was treated again with ammonium carbonate to complete the conversion. After

thorough washing on a fritted glass filter the carbonate was either dissolved

in nitric acid to yield a solution from which calcium sulf&Le was reprecipitated

or it w~a Created directly with sulfuric acid. Lhersafter Lhe wt.olecycle

was repeated several Limes. Finally Lhe carbonate was ignited to oxide.

A variation was to convert the carbonate to oxalate by digesti n with

a solution of oxalic acid. The oxalate was washed and treated with sulfuric

acid to form the sulfate as the first step of Me next cycle. ‘i’he cycle of

three conversions (sulfate-carbonabe-oxalate)was repeated several times.

filthoughspectrographic analysis never showed that,rnagr,esiumand sodium
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were as completely eliminated as was desired, poss$bly because of corltam-

ination of the small batches befcre they were analyzed, comparisons of

samples fr6m th~ successive cycles clearly showed progressive purification

It is believed that either of the two cycles should be very effective in

separating calcium from most impurities other than barium and strontium.

(2) Magnesium Oxide

A hot eoluticn ofmagnesium sult%te was mixed with one of ammonium

sulfate in equi~olecular proportions. Cn cooling, the double salt

MgS04C(hWL)2S04*6H2G crystallized. This salt Y:asa favorable volubility

curve and good crystallizing behavior. IL was crystallized slowly in the

manner described for oxalic acid. For a volume of 5 Mt<rs, 5 days Yas

required for cooling from about 90° C to nearly rcom temperature. A faintly

acid solution of”the double sulfate was treated with a solution of arwnonium
, .

oxalte to yield m.gnesium oxdate. ?his salt is not very soluble in water

but it precipitates rather slowly and Lhe yie~ is not very good if the

oxalate is not added in an amount close to the stoichiometric proportion.

However its use in conjunctionwith the crystdlizatim of the double

sulfabe wm believed to aid purification. :ore import:.nt,it cculd

be readily ignited to Lhe oxide, which was the desired end product.

A comparison between slow and fast crystallizationof the double sulfate,

similar to that made for oxalic acid, sl-.owedthat slow crystallization

also.

not co@pleted. The procedure of prifica-

was advantageous in this instxmce

(3) Beryllium Oxide

Work on this preparation was

tion chosen was fractional distillation of the acetyl-acetone compound, which

was prepared by methods described in the chemical literature. In view of

the fact that very few elenientsform volatile cucqxmnds with aceLylaceto[.e
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it is believed that a high degree of purificatit:ncould be attair.ed’’with

less effort than is usually needed to prepare pure compounds of the light@r

eleavents. However the work was discontinued before final spectrographic ‘
‘..

determinations of purity were made.

(4) Sodium Hydroxide

‘Iherequirement was a 3 N solution with a very low boron content. ‘lMis

was readily obtained by electrolyzing a solution of sodium chloride or.

souium hydrotide with a mercury cathode, drafitingoff the amlgam Lhrough

a stopcock in the bottbm of the electrolytic cell, and allowing the amal~am
..

to react with a.mall amount

solution of sodiwn.hydroxida

desired strength. ‘Iheboron

part per &illSon;’ ~“’

I (j) t?dli.m Oxide

of WAter in a platinum dish. Ihe concentrated

thus obtained was titrated and diluted to the

content of the 3 I!solution was less than .001

Ihe requirement

the Mght elements.

in ether, a property

chloride prepared by

was a generally high degree of purity with emphasis on

Advantage was taken of the solubllity of gallixn chloride

shared by very few &her elemenLs. A solutif:nof gallium

dissolving lb grams of meballic gallium (in contact with

platinum) in hydrochloric acid, was evaporated LO a syrup and transferred to

a separator funnel with approximately 6 N hydrochloric acid, At a volume

of 50 - 60 milliliters it was extracted with about 200 milliliters of ether,

The ether solution was washed several ttiew with 10- 15 milliliter portions

of 6 N hydrochloric acid. Spectrografj]ioexamination of a portion of the

ether solution converted to Ga203 showed it to be of high purity axcept

;
wibh respect’@ iron. ‘Me remainder of the material was evaporated over

water, and re--extractedunder the conditionsdescribed above after shaking

the acid solution with a little mercury to reduce the iron to the divalent
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state. Divalent b-on is not extracted by ether. ‘Iheextracted gallim

chlo~ide ?olution was now satisfactory with respect to all tiprities.

To convert gallium chloride Lo oxide, oxalic acid in slight excess over

the stoichioinetricrequirement was added to the partially evaporated solution.

On evaporating to dryness the chloride was converted to oxalate~ which WaS.

ignited to oxide (in platinum)’at about 500° C.

(6) sulfur

‘Therequirement was a material with a very high electrical resistance

when melted and cast into forms. Cnly small amounLs were nacded. Reagent

grade sulfur was sealed in a glass tube with several times its volume of

water. The tube was l,eatedto melt the sulfur, then shaken vigorously to

extract the liquid sulfur with water, The water became disti~lctlyacid.

After cooling, the solid sulfur was transferred to another tube and again

melted and axtracted. ‘Ibiswas repeated once more.

melted and allowed to freeze in an evacuated system

pure

(’7) Sodium Chloride

‘!%spurified sulfur was

to remove residual water.

‘me requirement was a material which would have the melting point of

sodium chloride. The well-known procedure Qf precipitation fr~ a

filtered aqleoue solution by means of hydrogen chloride was used. The pro-
..

duct was redissolved and reprecipitated kwice. ‘I%efinal prcduct was care- ~
) ..

fully fused in a platinum dish to eliminate hydrogen chloride and any other

volatile substances.

A small quantity of sodium chloride, of high purity with respect to

light elements, was prepared by neutralizing a solution of electrolytic sodium

hydroxide (see

evaporating to

(8)

paragraph 4) with quartz-distilled hydrochloric acid and

dryness in platinum.

Iodic acid

The commercially available reagent was recrystallizti three thes frcm
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a hot aqueous solution moderately acidified wi&I nit&i.c acid.

. (9) Ttmrium Oxide

Of several methods tried, precipitation of the oxalate proved best

wi,threspect ,toconvenience as well as to separation fmm a variety of

impurities, especially l$ght elements. For repeated precipit.abionthe

oxalate was dissolved in hot concentrated hydrochloric aoid.

this solution qrxladding a SEM1l additional amount of oxalic

reprecipitated, Tbe oxal~te was washed free of chloride and

Cn diluting

acid the oxalate

ignited to the

oxide. This method, of c%urse, affords no

(10) Ceric Oxide

For cerium, repeated precipitation of

separation from rare earths.

the cxalate also proved adequate.

No advantage in purification

alternating Precipitatim of

The oxalate can be dissolved

from light elements seemed to be gained by

cerous oxalate with that of cerous hydroxide.

(with deccnaposition)in hot concentratednitric

acid and thus prepared for reprecipitation. To separate the cerium from

other rare earths, the nitric acid solution was treated with potassium

brcxnateto oxid!ze the cerium to the quadrivalent state, after which the

addition of ammonium phosphate caused the precipitation of eerie phosphate.

This precipitate was bulky and difficult to wash. It was dissolved by

suspmdMg It in water and digesting with hydr~en peroxide. From the

reeulti.~ solution cerous oxalate was reprecipitated. Ignition of the washdd

oxalate at about 1200° C yielded the dioxide.
,.,,.. :.>.,.

(-ilj &&&OU8 Rare Earth Chlorides

Several kilograms of anhydxmus cerous chloride and a small amount of

anhydrous lanthanum chloride were prepared by treating purified oxalates
.

of the two elenmts with hydrogen chloride. The hydrated oxalate (previous-

ly air-dried at mom temperature) was placed in

lne~erquartz tube heated by a tubular furnace,

quarLz boats in a 7’0 milli-

Hydrogen chloride was passed

.
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Lhrough a tube aL a temperature not over 80 - 90° C. unLil no more gas was

absorbed. The Temperaturewas then raised rather rapidly t.o270° C, and

the current of hydrogen chloride continued unLil the evolution of waLer

ceased. Thereafter the temperature was raised gradually to 450- 500° C.

During this period there was usually a small additional evoluticn of water.

The temperature was finally raised to about 750° C and held there until the

chloride was prefectly whi.Le. The grey color which appeared during the

intermediate stage of heating (probably due to cr~bon) was cleared up by

adding a little carbon dioxide to the hydrogen chloride. ‘l%etime required

for the entire operation was 8 - 10 hours.

The procedure, which is a modification of that described by Robinson,

Proc. Roy. Sot., volume 3’7,page 150 (188~ , proved more convenient and

fool-proof than dehydration of the hydrated chloride, which has been more

comnonly used. I&is important to saturate the oxalate with hydrogen chloride

before letting the temperature rise above about 90°. Conversion of an oven-

dri,ed oxalate was not succ..seful.

(12] Uranium Oxide

U308 for nse as a ~pectrographic slxmdard was prepared by the igritio~,

with a final temperature of 1000° C, or uranyl oxalabe. This salt was

precipitated from a solution about 2 molar with respect ~o uranyl nitrate

and about normal with respect to nitric acid. A hot solution of oxalic

acid, containing about 10 per cent more tian the stoichiometric requirement,

was added, with stirring, to the uranium solution. The mixture was digested

in a boiling water bath for 30 minutes to one hour. After cooling, L\,e

salt MM drained by suction on a Eucl]nerfunnel and washed with several

small portions of waLer. l%e factor of purificationwas very good with

Z’&Spe Ct ~G ~~e l~h~ el~,entg, ~nelt]ding bol-~, and alscI ~i~h respec~ LO
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many of the heivy meLals. L’neor two reprecipitationswere usually made.“

For this purpose the salt was ignited and the oxide dissolved in nitric

acid.

\

.

I

f
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QgJ!m!OL ME$SURES FOR RADIOACTIVE HA-

W. Ii. Einch, E. W. ~Ou~, J. ?. Tribby
,

I$!EZDUOTI~

The problems involved in the co@rol of radicaotive hazazib aqe many and -

varied. An attempt has been made in this chapter to indicate some of the more

importzmt and prmilent henlth hasarde encountered by workers in the CMR Division

and the pwventive measures taken by the Heal~ Instrument Group (H’.1”.Group) to

MMJIIiZe these

“ No effort

of radioactive

hazadtl .

has been made to give more “- minimal ~ysielogical- aepeats

tith this phase of the health prpgram.

F’lR30NNELNONITGRSUG
...

el lhXPOSUl?Q

The principal Iwzardow materiala
(1)

ooncerned with in this chapter are

plutoninm (I@, polonium (Po), uraxhxm (tuballoy) - particular~ U-235 {25)t
.!>

and to lesser extent mercury and other hea~ metals that cause kidney damage.

Plutonium and polonium are extremely toxic elements because of their radio-

active properties, and it ie mainly fcm the detection of these two substances

that alpha detesting electro&o inetrumenta haYe been developed. Tuballcg

.—

. .

-“&

%
:< .

.

-.

and 25 are classified along with mercury as chemically taxj.csubstmoes as “

they are too mildly radioactive to aot as serious radioactive hazar4s;

that is, much smaller amounts are necessary to be ohcudoally tmx$c than

radioactively toxic.

11)
These radioactive substances will often be referred to in this chapter als

ticti~ aterlal, ~rda wtirlala$ or simply aa contanlnrtion. IUgh&
contaminated areas are oftin referred to au @rt”,s

,..

$-
...
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Protect-ionof personnel against these hazards requireS a

of each individual exposurc~:istory, means of detecting these

beta, anti

rules for

developod

ganma radiation deteettig instruments), development

ccmplete knowledge
.

hazards, (alpha}

cf health-safety

hamling these substances, and carefully planned operating procedures

especially to guard against radioactive hazards.

The individual exposure history is obtained by:

(1)

(2)

(3)

(f+)

(5)

(6)

(?)

(8)

Interviewer.gall new divisim personnel, or personnel changing

from one job to another withjn Lhe Uivisicn.

;ontl’tlyhazard data sh’eeLs.

Joint health-safety surveys of all lakora~ories.

InalviduAl ht?alth.-safetyreports for each laboratory.

Urinalysis reports.’

Contaminated operation records.

ContaminaL~d accident records.

Study of

Hazard data sheets

division Group Leaders,

nose and hand coun~ records.

(2) are distributed nmnthlyby tJ\eMedicalGroup to

who in turn fill o!xtthe required information (Lype

and degree of exposure for each person in his group) and return the sheets

to Lhe Uedical Group. Three copies are made by the Medical Group for each

Group Leader and one copy is filed in tkieHealLh Instrwient office. The joint

health-safety survey (3) of tl,eentire aiea is made month~ by Lhe H.I. end

Medical Group representatives. A careful inspection is made of all rooms

and laboratories to determine the health hazards involved in each chemical
,.

operation. ‘Iheindividual laboratory health-safety reports (4) are sub- .

●
mitted to Lhe H.1. and :edical Group offices monthly, listing the following

data:
,.
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(1) CperatiOis carried out in the laboratory.

(2) Number of persons occupying the laboratory

particular operaticm.

carrying out a

(3) TOtal ~o~t G~ active ~terial handlw during the month.

(4) persms ecn~inualu In tie laboratory not tmndling active

ma~erial.

(5) Persons occasionally in the laboratory not necessarily handling

active material.

‘l’h*sereports are uade OUL individually by Lhe person directly in charge

of each laboratory.

9.2-2 Urirtalysi.s

(1) Introduction:urinalysis is ahealt.h procedure set up to check

elimination of toxic substances from the body, or to detecb abnormal excretion

products produced in the body by the action of toxic substances. Essentially,

the urinalysis methoisreferred to in tkjischapter and used on this projcdt.

can be classified in LWO sections: (a)” direct radioassay for a radioactive

substance in”thc urine (plutonium and polonium); (b) albuminalysis Lo detect

abnormal amounts of albumin in the urine as a resul’tof kidney damage result-

ing from chemical heavy metal action (tuballoy, 25,

sons of }.nowntuballoy and mercury exposure and who

are examined further for tuballoy and/or mercury in

mer”curysetc.). All p~-

show a persistent albuminuria

their urine.

(2) Albuminalysisr Biological experiments have proved that tuballoy

and 25 are poorly absorbed through the gastro+ntestinnl tract, and probably

not at all through the intact skin. Both metals are relatively mild radio- .

active substances, emitting (along with tkeir daughter productg) alpha, beta,

o and gamma radiati,ns.
. .

Ike beta ard gamma radiation is toxic to the human
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skin, but experiments

metal for 2 hours per

r/beta/day. 25 meLal
r

lb

indicate that Lhe hands

day indefirliLely. IYd.s
.,

may tolerate contact with tublloy

corresponds to a doss of 0.5

is not PO well tolerated.

For the album.inalysistest~ urine specimen bott~e~ are left in washro~~

of D building, Sigma building, C shop, the contami”mted laundry, and builci~g
,,

1 U.P. West Site each Tt’ursdaymorning. All persomel working with tuballoy,

25, and mercury are asked to leave a sample. “Ihebot~leg arc delivered to

the Medical Group by an H.1. representative and test+ for albumin, using the

RobertTs reagent. By this test slight kidney impairmaL due to action of

25> Luballoy, or mercury can be detected before any great harm is done, and

steps can be taken to reduce the personfs ex~sure.

(3) Po deLerminatjon: Radioassays for polonium

to all personnel exposed LO Lhat element, usually once per

in urine are given

week. This e.1.enent

is highly toxic becauoe of iLs intense radi.oactiviuy(alpha emitting). It

is dangerous cmly it it enLers Lhe body, as the particles do not injure the

body externally (skin) in the coflce[~trat.ionsencountered. Its short half-

period (140 days) ad inerL decay product (lead), and the fact that polonium

is not particular”tiyconcentrated in any one body organ
(2) tend, tomod=abe

.

[<)
‘here is evidence that Fo may be found in higher ccncenLraticn in the heart,

lungs, &nd kidneys than in other body organs, but not Lo the same extent that
Pu is concentrated or deposikd in tie bones.

3.tstoxicity as

protection from

ing tie body.

I%e actual

compared with plutonium. ‘Iherefore,the problem of per$onnel

this elanent is Lke prevention of the substance from enter-

urine aasay procedure is fairly simple. A specimen bottle

is obtained by the exposed individual from the Eedical Group each Saturday
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evening w~,enleaving Lhe Technical Area or

bottle containing the.urine is returned to

DP E&st Area. Monday morning the

the medical lak)oratoryfor ahalysia.

During the weekend bhe individual is

contaminatim and to wash Thoroughly

preferable that the individual void

requested not to expose himself to any

before submitting the sample. It is

his sample the first thirigMondaymorning

before he has ciressed. A paper label is placed on the botble, bearirg the

icdividual!sname and the time the specimen was collected. ,

To deLermine L[:eamount of Folonium in the urine, the sample is measured

(usually 50 cc is used), aci(iifiedwith HC1 and the polonium is plated out

on copper plaLes. Me copper plates are counted ina S$mpson proportional
.

counter aridtileresultx,are given as c/m per 24 hour sample.

(L) PluLcnilundeter,mi.naticnand health pass: Plutonium (Pu)

urine assays are given to all personnel exposed to Lhis element to a~ degree.

This substance is extremely toxic because of its radioactively. IL has a

half-period of approximately 24,000 years and is alpha active, decaying into

a mildly radioactive daughter prcduct. It bends to reconcentrated and deposited

(3) and L}ie rate of excretionin certain bcnes (4) from the body is slow. As

with polonium, the principal means of personnel prelection is Lo prevent

entrance of the element into the body. All the procedures outllned h this

chapter are set up to prevent these two elemenbs and their compounds frcxn

enLerAng the body, or Lo detect,their presence and amount in tt.ebody before

harm can result. As the number of plutdnium counts excreted in the urine is

small(’)and as Lhe probability of contaminatin~ a urine specimen from F’u

‘>) princip~lly the endosteim of the long shaft bones proximal Lo the blood
formitlg(hemopoietic) tissue.

‘~’)I’heamount of plutonium excreted in the urine per 24 hours is approximate-
ly 1 part per 10,CKX2of Pu ccntained in the bcdy.

(5) 7 ~/m for a 24~,oU ~mple or 14c),~ d/m taking place in the body. ‘Ih’is

amounts Lo one microgram of plutonium or about the amount generally considered
LO be tolerated in the body for a lifetime without any visible harmful effects.
Actually, Lhe true Lolerance I:@y be several times greater,
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present on clothes, hands, or oty,erparLs of the body is great, ib is

necessary to collect the 2.4hcur urinesample under very rigorous condition..

All possible precaution must be taken to prevent extraneous contamination, “J’

t and hands and clothes must be as free ●f Contamination as possible,

This precaution has necessitated the healtl~pass procedure, which enables

the person who is to be t$sted to stay away from all contaminated areas for

at least J!@}Joursbefore voicii~ the urine specimen t.llerebyminimizing

Lhe possibiiiby of transferring extraneous contamination from his body and

clothhg to the sample. Routine health passes are given periodically to all

exposed personnel, the period varying wiLh degree of exposure.

In the case of contaminatedaccidents, the individuals expos~ are

immediately sent on health passes in order to deLermine whether they have

received large doses or noL. ‘ll,isimediate test is largely qtud.itative.

A psricd of ten Lo fourteen

excretion rate approaches a

indication of the amount of

Civilian personnel are

days must elapse before the plutonlwa urine

constant value, thereby giving a quantitative

maLerial remaining in the body.

requested to .sLayaway from the ‘lkc.hnical and D.P.

Areas for a period of two days, during which time they musL wash frequently

ana wear freshly laundered clothes. At 8:00 A.M. of the Lhird day Lhey re-

port to the hospital. ‘here the individual is required to 8hower and change

to hospital clothing, placing his perscnal clothing in a canvas bag. His

clor,hesare not to be touched again until the end of the 2$ hour pericd, nor

is he to leave his room excepL for meals which he takes in the

Before voiding a sample, he must

● of cottcnglovese Effort should

wash his hands

be mde net Lo

thoroughly ana
,

drink too JWJCh

hospitzd mess.

put on a pair

fluid just
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before Lhe test, so as not LO produce a large volume of

of urine is difficult Lo evaporate and consumes a great

For Military personnel the health pass procedure is

Army ‘TravelGrders are necessary for a soldier before he

the POSL for the required two days. ‘Theprocedure wljich

urine. A large volume

deal of valuable time.

more complicated. “

may be absent from

is laid down for all

miiit.aryper80nnel and vdlicl.all soldiers must’follow is:

(a)

(b)

(c)

(d)

(e)

(f)

Request for this pass should be submiLted to tl]eI-i.I.

office at least ule week before the pass is to btigi.n.

Request musL contain the following information: name, rank,

A.?.!?.,date of departure and reburn, and destination while on

pass. L.

Travel orders are issued from WD V31itar~ office 24 hours

before be~inning pass.

Two copies are issued, one of which is turned into the SEi)

Orderly Room on day

Iliesoldier reports

6.00 A.M. where he

of departure.

after /@ hours Lo the Post Hospital at

will remain for 2& hours. While in the

l~09piLaltkleprocedures are Lhe same as for civilians.

At the end of ~his,period he will turn in the second copy of

J.isorders to the SED Orderly Room.

Any violation of this procedure might result in the soldierls being

considered A.W.O.L., and cause inconvenience to the next one who goes on a

health pass, Allowances are gfvcn all military personnel for t~lispass; $4.00

for LWO nights lodging, and meal tickebs for six meals at 75 cents per meal.

If the individual is married and.lives with his wife on or near the Post he

is allowed $6.00 cash in place of the meal.tickeLs.
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It should be noted that all -personnelcm the project who have had exposure

to pluLonium b any degree should submit LO this urinalysis before termination.

‘Todetermine the amounL 01”Pu coritainedin t,tieurine the entire X hour

specimen is evaporated to dryness and die residue is wet-ashedusing EC1, HNO ,
3

and H202. This resiuue is dissolved in EC1, precipitated as the hydroxide,

redissolved in };CJand extracted b..chloroform aridcupferron. A lanthanum

fluoride precipitation carrying the Pu is carried out and the precipitaLe is

radio-assayed for Pu. A Simpson proportional counLer is used for this assay

and the counts are recorded as c/m/24 hour sample of urine.

9,2-3 hose Counts

(1) Intrcxiucticn: Lcse cotin~sare taken daily by

exposed to either plutonium or polonium to any degree. This

is designed to detect minut.t?amounts cf radioactive ma~erial

all personnel

},eal~h[,rocedure

accumulated in

the nostrils. Ihese counLs are Laken rlearthe end of each shift, so as to

be sure to cover the major part of Lhe working period a[:dmost Gf the ind.ividualfs

exposure during the day. It }~asbeen shown ti~atboth elements are ,present.on

dust particles in the air. Sane cf this dust breathed in through the nose i8

filtert?d(6)out of the rlostrils,oart c.ftlie UJSt sticks LO the mucus rr,embrane

of Lhe upper respiratory tract buh the rest of the dust reaches tk,ebronchii

and lungs. liuchof the dust accumulated in tilenostrils is blown cut along

with L}lenasal secreticfisby the i~u~ivi~ual,ana mast of the oust accurrulaLed

in Lhe upper respiratory LracL is brought into the tb,roat by ciliury acticn

and Lhen swallowed, allotiir.gmost,of the active material to pass through the

body witioub absorption (Fu is abscrbed very slowly, if at all throug};~he G.I.

tract). Fowover, that “art of the active material contair,edon dust particles

r
Ihe depth to which the dust parl.icles penetrate is a function 6f the dust

particle size. “~tesmaller ti,e parLicle size, in general, tke deeper the,

par~icle pei,etratesillthe respiratory ~ract.
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which reaches ti,e lungs is absoxbed fairly rapidly and distributed by the

circulatory system throughout the enLire body.
●

Experinwntal evidence has shown a good correlation between urirleassays

for plutonium and polonium and Lhc individualIs nose count history, Lhus,

making the nose ‘kmunL a very important monitorirlgprocedure. Both nosLril

.should show practitally L}iesame count if tiletoritamination conLairledin

s

them is actually due Lo a fi]tering action on contaminated air. Variable

counts in separate t:ostrilsare probably due to accidental action, wch as

placing a finger in cne nostril, and wherisuch counts are encountered only

the lowest count is considered of any importance.

Tuballoy and 25 cofitaminationin air is noL rrtorlitorsdby riose counts as

it is too feebly radioactive to be detected by ordinary procedures. However,

(7)
ordimry precauticms, suckias are laid down in tk,e Hsalth Safety Rules’.

will normally prevent tiangcrt)usair ccmtarninationexposure from tk,eseLwc sub-

sLances. )ierc~ conr.aminateciair is monitored by ordinary standard analytical

procedure. FurLher discussion of air col,taminationdue,to radioactive

substanceswill be taken up in the sectifn of this chapter entitled “Air

Monitoring.antiAir Samples’).

(2) ’Routir.enose counts:
.,

‘Tl~eacLual pxwcedure for takir~ nose

counts is relatively simple. Each person who is exposed to Pu or PO and who

works in t},eChem-istryand Metallurgy Division has an individual nose count

box in which filter paper swabs from each nostril are placed. Formerly, when

only a small number of count,s were.taken, the boxes and materials, instrur.ents,

etc., were carried around D building by hand. However, as the nunrbexof build-

ings and personnel handiin~ r,kcseLwo elemen~s increbsedj push type carts were
L

(7)
See Section 9.7.
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developed and placed in the three strat@c ar-a, D building, D.P. West, and

D,I’.East. Materials carried on each cart are: nose count boxes (one.for each

iridividud), cne set of forceps

forceps for removitlgtiiefil:er

water, absolute ett,ai~ol,sodium

paper sw&bs. ?%e swabs consist

for rolling the filter paper, one set of

pa~r from tke applicater, bottles of dis~illed ‘

citrate soluticn (5 per cent)~ and the filter

of a strip of filter paper 3“ by &t glued to

the end cf a small YWOd applicator and wound tigl]tly about this end.

One swab is used for each nostril. Before lrisertAng tt e smhb in

the nostril it is moistened wiW distilled water. ~$ter swabbing the noetril

tt!oroughly,the filter paper is unwound frcn the applicator and placed in

the individuals box.

l’hefilLer paper

counted. However, in

half of the counts on

$

must be allowed to dry (usually 24 hours) before iL is

emergencies it may be counted wet, assuming one-

the paper to be obscured b:?moisture. A new te~.nique

developed to dry the filter paper immecU.atelydcnsists of heating the wet

paper under a bank of irifra-red.lamps (paper muBL be at least eight inches

from tie lamps). .By this means the paper may

in i5 minutes.

After drying, the swab frcn each noshjl

alpha counter for a period of 1 to 2 minutes.

be dried and ready for counLing

.

is counted on a standard

During ‘the,count.ingprocedure

Ltiebackground of the counter is checked and deducted frcm the Lot&l count

to give the true count on the swab. CounLs are recorded ae c/m for each

nostril,

Some 250nose cou.xitsare given dai3y at this siLe. A daily record of

all counts are placed cm bulletin boarde so that individual results are

available fcr inspection by laboratory membars. Copies of this daily record
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APPROVED FOR PUBLIC RELEASE



~.
11

.

are kept on file in both the P.I. and Medical Group offices and are referred

to in determining personnel exposure, and serve as a criLerion in scheduling

health,passes for persons exposed to plutonium. :.

(3) Special nose counts: A second type of’nose ccunt is given
I

aside from the routiriedaily comLs just described. I%Zt is, the special ~~ ‘

nose count, which is given during contaminated operations or duricg emergen-

cies. They are given to personnel not included in the above procedures, such

as outside service workers aftfirworking in mnteminated surroundings, and to

all personnel after conteminat.ed accidents. A complete record of all special
,

nose counLs is kept on file in H. 1. and Medical.Group offices. This record

serves as a criterion for determining the exposure history of sJ.Ioutside

service workers and the exposure suffered by any ~Yeon involved in a contamina-

ted accidenLo

y.2-4 Hand Counts

(1) Introduction: Iiandcounla are a monitoring procedure set up to

check the hands in order to determine the contamination due to radioactive -

substances. These counts are recorded by alpha detecting electronic insLru-

mats. Fu and Po are the principal elements to be counted. Hand counts may

be considered te be of two kinds. me first type of hand count is taken by

the individual hfi.8elfwith the aid of hand counLer8
(8)

placed at convenient

places around ~ contaminated area or in ‘thotl~laboratories. Ib is the duty
:

of all persons who are exposed, in these areas, to check ~L@r hands often

for alpha contamination. The seccnd type of hand count procedure cxmbles the

H. I. Group to obtain deily records of the hand count.of a13 CMR Division per-

sonnel leaving’for lunch or at the end of shifts. This procedure will be

discussed under Wand Contamination Controlfl.

(8)
See section 9.4.

;’

.
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Contamination on hands is dmgercus because of the possibility of

transferring the actiare material to the mouth and nose and Lhereby

to the G. 1. and respir~tory tracts.

In cases of hand or finger ctiLs,a highly contaminated hand would be most

dangarous because of the danger of absorption of the maierial directly into

the bloodstream. It is noL impossible thaL active material might be Trans-

ferred Lo a non-contaminated area by some careless individual-who has

neglected to keep his hands Clean. It is doubtful if appreciable amounts

of Pu are absorbed through Me intact skin, but there is some evidence that

Po does so to a limited degree. To ~evenb the above possibilities, person~

are urged to keep their hands below tolerance (9) at all Limes. To aid in

this purpose, various types of cloth and rubber gloves are available from

the H.I. Dispensary.

(2) H~d cmtaminaticn ccmtrol: Double plate hand counters are placed

near the exits of d building and buildings 1 and 51 at D.P. Site. An H.I.

operator is on duty at the end of all shifts and during the lunch hour in each

(io)
building to opertitethese counters and record the counts. Records of all “

r9 )
See section 9.6.

(10)
See section Y.4+

I

comts are kept on..file in the Ii.X.aridMedical Group offices. Before testirig

their hands it.is required that all persons wash their hands at least once.

If bards are found over Lolerance the individual must re-wash until they

are below tclerance. A 1$1 mixture of sodium Lartret.eand tartaric acid

has been found to be effective in lowering hand counts to tolerance in case
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of Pu contamination. The procedure for washing

is described:

(a)

(b)

(c)

(d)

(e)

Wash the hands first with liquid
hot waber.

highly contaminated hands

sulpho-soap aridplenty of

Rewash hands in above t&traLe mixture. Use one small hand-

ful of mixture in a bowl of ho~ water.

Scrub hands with a brush for ~Jree minutes, keeping hands

immersed in Lho soluiion.

Mn8e, rewash wit,hsmap and water.

It is advisable not to use the alkali bar seep in cases of

(Pu)

,.
high hand contamination.

For Po contaminated hands, a 3 per cent solution of sodium hypochlorite

has proved effective, but it is slightly corrosive to the skin. The pro-

cedure for using this soluLion is essentially h rinse the hands thoroughly

with the solution, and then to wash off tho excess hypochlorite with soap

and water.

2.2-5 Contaminated.0perat9.ms

To protect all persons riotin CMR Division and not directly

protected by the health and safety progtiamset up for this divisions perstmnel,

and who work on contaminated objects, or in or around contaminated areas$”“

the followirigprocedures have been developed. ‘iheabove personnel ccnsist

of Post service help (plumbers, electricians, carpcnters,tinners~paint.ers$

etc.) Post firemen, and in some cases army fire and security guards and

MOP. personnel. Army fire ard security guards and M.P.Is are Ordharily ex-

posed only because of being stationed around contaminated areas, md the

health hazards LO which these persons are exposed are noL great. This type
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of personnel is given two to three days training before starking to work cn

Lh project. (‘IldsLrainir& mnsists of the recognitiorlof the safety prob”lems

connected with radioactive hazards and how to combat these hazards in case of

fire or accidents.) ‘l’heyare also given routine nose counts.

The”post service workeraj however, are often directly in contact with

many or all of the health hazerds while worm in Lhe contaminated areas.

For instance, a plumber repairing a %ot~’ dry box in a “ltot~laboratory ,

suffers direct exposure to the contamination contained in the drybox. Also,

for security reasons, this individual is not aware of the scientific facts

connected with radioactive health hazards as are Me laboratory technicians
●

and scientists, and Lherefore greater care nmst be taken to see that these

individuals are adequately protected.

Ike contamtilatedoperation procedure will afford this protection if all

the rules and regulations set up are followed explicitly. Arrangements have

been made with the Maintenance Office and Post Service Cffice to have all

service workers report to the H.I. C,fficefor instructions before beginning

work in the contaminated buildings and laboratories. Before any d the above pe~

sonuelcommencework, they are issued a set of protective equipment; the equip-

ment varying with the type of job and hazards. ‘RXJarea and objects, v,hich

require servic3ng, are m.onitcwedthoroughly for degree of contamination.

“theprotective equipment usually consists of coveralls, rubber gloves,
.

respirator, shoecovers, and surgeonls caps. If tie oj>era”tionis excessively

hazardous, it may be necessary for an H.I. man Lo actually monitor UIC entire

job, and tie workers maybe! given additional protective equipment.
(11)

After

(11)
See second paragraph under Section $.2!-70 .

* .-
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finishing the job, the workerjs hands, other exposed parts of the bcdy, prQ-

Lective clothing, equiprmt, and tools are monitired for possible conLamiri-

aLion, and special nose counte are given. If any individuals clothing

is found contaminated he is requested to bake a shower before leav.iug.

In additim LU tJi~g, an individual remrd is kept ~f all such operations.

The following

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

information is contained in the record:

Nabure of tie job.

‘Ty;wand degree of hazard.

Date, time of heginninC and ending job.

Length of exposure,

Protective equipment issued.

Uegree of contamination fo~d orIclothing and body.

Hand oount

Nose count

Copies

are used by

of this reccrd are filed in Lhe E.I. and Medical Group Offices, and

the~e offices to ccupile the individual~s exposure history.

9.2-6 Contaminated Accidents

(1) General: A contaminaLea acciaent may be defined “&sany situation

involving excessive or uncontrolled spreading of contamination, unnecessary

and excessive ~orltzuninatiorlof hands, body, clothes, etc., injury or cutLing

of any part of the body while working in contaminated areas or with contamin-

ated objects,~ entrance of radioactive material into,the body. rgnt~:inabed

accidents may be m~nimized by obeying the Health Safety Rules and by following

the proper chemical and analytical procedures set ur for Pereonnel protection.

‘IYemost commn contaminated accidentB normally encccmtered are:
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(0)

(d)

(e)

(f?

(d

Spillage

Spillage of radioactive compeunds, solutiens, etc., during
eperstions.

Cuts, brui8e8, ●r leceraticm on some part of the body while

working with oontamirxatedihns or in contaminated e-as.

Uncontrolled esoape of stored solutionu containing active

materla18.

Accidental miaplaoement of contaminated objeots. ,

Fires in contaminated area8.

Exphwion6 (ether extraotians of 49, 25, eta.).

Accidental ingesti~n ef radioactive materials.

(a) 1s by far tl’nmost oomon of the contaminated aooidents. The

feet that these radioactive materials may spread ever an entire buildlng makes

it imperative thet they be brought under control ●t onoeo For instance, if a

‘hot” solution is spilled, the spot formed will at fir8t be wet and localized.

However, as the spot dr!es, the radioactive salts attach themselves to dust

partioles whioh are always presdnt and are carried about by air currents,

●r the material stioka on the shoes ●f people moving ●bout and thus 5s trans-

ferred throughout an entire building, inwhioh caee it is difficult ●r impass-

ible to oontrol. A few spillages. whioh are not immediately oleaned upby

proper means, oould easily render ●n ●ntire building hazardous or even unin-

habitable. Polonium exhibits this spreading property to a striking degree.

It nppear8 to “oreepm over ●rfaoes and penetrate into the most inaoceas~.ble

6p0t8 With amazing rap!dity. In addition, it readily ●ttaches Itself to

du8t partioles that float in the air. The M and D seotions
(12)

ef the ~1.&oup

See Section 9.3-1

heve been espeeiallytrsined to oombat this uncontrolled spreading of aotive

material, and these eeotions should be notified immediately in cases of spill-

age of “hot” materials.
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(b), (6), (d], and (~ are discussed in the section on Health Safety .

Rllle*.(13)

3)
See Section 9*7

(2)” Fires and explosions: Tires and explosions (e) and (f?,

may be the most 6eriouss not only by immediate destruotlon of life ●nd proper-

ty but also beoause of the volatilisation of large amounts of radioactive

meteriah. Thus a fire oould possibly vaporize enough IN or Po to render

(19
vent areas highly dangerous or uninhabitable for some period of time.

See Seotion 9.6 for air tolerance values.

A procedure has been devuloped for the Post firemen to follow in
.

case of a fire in ●ny of the contaminated areas. A summary of this procedure

followss
,
(d Fire at D.P. Site; All firmenw ill carry a smoke mask whioh

will be put on before entering the area. The fire crew will

be met at the D.PO gate by a representative

Committee to inetruot them about tha fire.

teotivu olothing will he stored at the M.P.

be available for tlw firemen at all tlme8.

and rubber gloves are

burning areae

(b) Fire at th Teohnioal

will be stored in the

of the Safety

Emergenoy pro-

gata and will

Masks, ooveral18

absolutely necessary befbre entering the

Areas Emergenoy protecti= 6quipment

red emergenoy shuck just opposite to

D building entrance and will be available for firemen at all

thef$.

(~ If any injury oacure while fighting the fire the individual

should oontaok a fir6t-aid represefltatlve,or if one is nat

available, report immediatelyto the PosJtHospita10
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(d) }]fterfighLitigthe fire Lhe firemea will discard all his

;>rotectiveequipment, wJ;ick.will :e picked up by tk,eH.T+

Croup and cleaned. liealso musL reporL as soon as possible

to any orleof tl:e1!.1.dispensaries where he will be given

a special nG8ecowL. (It is probable LhaLan H.I. repre-

sentative will be available aL the fire LO give the nose

COIXILSauring and imme~iateiy after the fire.) lt should

be remembered by all oersons taking a nose ccunt to refrain

frcm”blowing the nose, so ti~atthe comts obtained will be

indicative of the actual exposure. If a fireman is found

to have suffered an exceptionally high exposure to contamin-

ation, he will be sent on a health pass aridgiven urinalysis

for Pu or Po, or bo:h.

(e) All firemen exposed LO any ccmtxuminatecl.fire are to be .

reported to the H.X. Group by he Fire Chief.

9.2-7 iJit3pensingof Protective Equigvnent
L

(l! “&pes of protective equipnent: Protective equipment is designed”

to protect personnel against radioactive tiazarcisby preventing active material

frcm conLamhating the boay or Preonal clothing, or by preventing possible
.

entrance of these substances into ~he body by way of skim lacerations or by the

G.I. or respiratory trac~so Clothing such as coveralls, shoe covers, smocks,

gloves, safety shoes arm other equipnwnt such as respirators, gas masks, smoke

masks, positive pressure air hoods, oxygen masks, face shielclsjand nasal

filters, are tk,eprincipal types of protective equipment, and they are issued

through Che 11.1.dispensaries maintained in I.1b{ilaing and in buildings 1 and

51 at 5.P. Site.

3_JGe covers, coveralls, laboratory smocks, rubber gloves and dust
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respirators are issued daily to alJ personnel working in ccmtaminated Tech

mea and D.P. Site buildi~us. C@rLain very hazardoas operations, however,

require additional protective devices such as positive pressure air hods,

o~gen masks, etc. l%e positive pressure air hocds have proved of great value

in cases of extreme air contamination, but have bhe draw-back of requirtiigah

air line capable of supplyil~ several cubic feeL of air per minute at 10 to

20 nour,dsgauge presslare~ Nasal filters (of the hay fever type) have been ‘

trial in cases of }Iighlycontaminateci

value.

(2) Laundry operations: A

to launder aIl alpha, beta, and @mma

air exposures,but are of questionable

laundry is matitained

contaminated clothing

by the H.1. Group

and protective

equipment at this 8iLc. The laundry is composed of 25 members with the

following organizational breakdown: (~) admtiistration, lb) washiug and

“ drying operations, (c) glove and respirator processing, (6) shipping and

receiving, and (e) maintenance.

lhe cantxminated equipment w})enbrought into the laundry is

two separ~-t.eclasses: (a) general clot,hing~such as shoe covers,

divided into

underclothing,

coveralls, smocks, Lowels, and (b) accessory probvct.iveequipment, such as

respirators and other types”of smoke gag masks, and rubber gloves. The

clothing is washed in tumbler-type washers, dried in centrifugal driers, and

then monitored for contamination. ‘I%eclothing should meet the tolerance

requirements shown h Sec.$?A before it is passed on LO the sewing and

mmgling crew. IYtiscrew repairs any tears, etc. irons and folds the

clothing, anasend$ it to tie shi~ping or storage room. Pte accessory

equipment uemands slightly different washing ana cleaning technique fmm that

used for the projective clothing. Usually, the respirators and masks must
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be washed by hand. To date no satisfactory oleaning colutions(10 end prooadurea

~
See Seotion 9.3-6

have been found which are effeotiw in oleaning rubber glows. Aatually, it has

been found cheaper to roplnae contaminated gloves with newones rather than to

expend the time and labor neoessary to decontaminate t~mo (About 20 per oent

of the total number are suees6fully oleaned by wnshing in a 5 per oent oitria

said solutio~, Between 60,0!?0 and 70$000 Items ●re prooe68ed by the contamin-

ated laundry monthly.

Although the ●bem,prooedures ●re set up to Wa6h alpha oontamlnated clothing,

there is an occasional batoh of betri and gamma contaminated olothing.
(1$)

These

(16)
The prlnoipal souroe of bets and gamma contamination is radie-lanthanum
(RaLa), whioh is used in experinmntal work at t~ Teohnioal Area and ●t
Bayo Canyon.

—

are separated from the alpha cloth~ng and washed in a tumbler-type Wa6hOr, using

hot 6 per oent oitrio aoid solution. Thie hm proved to be a very eff’ioiontpro-

cedure in washing and decontaminating the olothing impngnated with beta and gamma

emitting radioohetnica18. .

All laundry personnel ●re given dafly nose oounts, weakly urine ●lbuminaly8is,

routine urine radioaseays for Pu and Po, and octoasionalblood oounts. No per60n

from the laundry has aa yet gone beyond the tolerance”set up on any of these tests

(exoept an oooasional high nose aount), ●lthough the protective ●quipment handled

is contaminated with any or all of tho ha?ardoue ohemioa16, both radioactive end

non-radioactive,used on this projeot.

9.2! LABORATORY MONITORING AND DECONTAMI??ATTONPROCEDURES

9.3-1 Organisation and Funotion of the M and D Sections

The Monitoring and Decontamination (M and D) Seations

,

of the Health “’
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Instrument

all roome,

or 6toring

Goup have been developed prinoipallyto oarry on monitoring of

buildings, and areaa associated with the CMR Division processing

radioaotlve materials (mainlythe alpha emitting radioele~nta).

In addition to

functions suoh

cleaning after

the monitoring duties there are many other important secondary

●s the deoontaininationof ‘hot” items, deoontamina%ing and

oontamlnnted ●coidants, di8pen6hlg of proteok,iveequipnl~nte

air countintD and tmking hand and no8e oountu. Three seations ore nm in

operntion: the Teohnical Area, D.P. Site East {Po buildin~ , mnd D.P.

Si+e Yfe6tsoation. The Tech Area organisation is typical of the three 6ections.

This foroe aonsists of a section leader. three women to hep records, issue
s

protective eouipment nnd do routine monitoring ● five man erewfor room

surveywork and aocident oontrol. two men to handle routine deoontemiziatlonand
8

‘speoial monitoring problems. two women who wash oontamlnated g’lasewareoand
s ●.

two oounting room operators to count nose swabs, ●ir filter samplea, and

●ther speoial samples.

9.S-2 ~OOl!lSur+s
..

(~ Itiroduction~ ROOm ad laboratory surwya

worki~ period. Ttise surveys oonstitit? one of the most

in uontamlnation oontrol. All rooms In whioh radioactive

proces6ed, stored, or handled in any waywe ohecked with

are made ●ach

important procedures

materials are

eleotronio instru-

ments desiugnedfor the deteotion of alpha, beta. ●nd gmma radiations,

The alpha detooting instruments used for these surveys are the mobile

●lpha survey meter, “Poppy”, the portable alpha survey meter ‘I%e Wee”,

the Pluto, and the Zeuto (for a detailed disouesion of these instruments

see seotion 9.4). These surveys are not intended to be an exaot quwstitative

.

. . .
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radioassay, but are only a g~neral survey of the degree of contamination that

exists in the room wih a reasonable degree of accuracy. By using direct

reading instruments a quick thorough scanning of a laboratory is possible

without hindering the normal operations that are going on in the room.

During the early days (1943 and 1944) of the project: oniy a few roums

in one or two buildings in the Technical Area actually handld active mterials,

and then only in very small amounts. lhe monitoring crew at that time :

consisted of about four men. The only alpha-detect$inginstrument on hand was

the immobile standard alpha counter, and the room surveys were made by “

swiping four or five positions in each contaminated room with a piece of oil

impregnated fi.LLerpaper, covering in this wiping motion a surface of shout

30 8quare inches. ‘Ihi8filter paper Lhen was counted on the standard

alpha counter LO determine if the position that was ewiped ‘%otllor ‘tCK’:.If

the the filter paper showed a count of less than 500counts per minute

the position was regarded as being ‘iOffn, if the count on the paper was

be,tween500 counts per minute and 25,000 counts per minute the position

was regarded as “hot”, and if the count was greater than 25,000 counts

per minute (this was the maximum range of the counter) the position was

was regarded as “Infinity$’.‘lhe‘linfiniLyUcount simply meamt thak the count

on the swiped position was too great to be counted. In the early part of

1945 a mobile ’&lphscounter known as the ‘Super Snoop’1was developed and was

used to supplement the swipe method. By using the ‘lSuperSnoopn, direct

readings of the conta&inaticn (in similar units) could be made by wheeling

the instrument into a roan and seaming or “snooping” the working surfaces

of Lhat room. Ibis was a more accurate and efficient method of surveying a
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contaminated rcom, but the ‘!Super-Snoop” wes deficient in many ways. It

was very heavy and bulky and was not mobile mough

to building. ‘In addition, it was boo clumsy to be

of the laboratories without damaging the equipment

at work.

to be moved from building

used in a great many

or annoying the personnel

By 1945,the number of buildings, roonq, and persqnnel hadling tiieactive

r&diochemicQ18was increasing rapidly and there was an urgent.need of an

increasing number of more mobile alpha-detecting instruments of Lhe ~’Snoop’t

type. The wipe method of room survey was inaccurate and slow and the ‘Supr ,

Snoop” was tio bulky. In April, 1945, the monitoring crew (then the monitor-

ing secticn under Group CM-1) was re-organ~zcd inLo an entirely separate

group, the Health-Instrument, CM-12 Group. The functions of !J.i9new group

were to develop and repair health instruments for detectirg”alpha, beta, and
,

gamma radiaticne, and maintain a laundry for washing contaminated clothing,

as well as w carry on the monitoring and decontaminaLicf?functicn. By

June, 194,5,several alph8 survey meters, the ‘~Poppy’!,WeQLOl’,

Wee’f,were brought in to supplement the ‘lSuperSnoopIf,and ‘the

was abandoned altogether.

Since June the monitoring perscnnel has expanded frcm one

(eleven persons) Lo three sections (forLy-one persons) to take

..
-d Ifpee

swipe method

.-

section

care of the

M and D problem in the Tech Area ard the newly built D.P.Site. Room surveys

are now (November, 1945) made daily in s~xtecm separate b~lj~~ings(some 300 . . “

rooms), using portable instruments (Poppy, Pee ~;ee,and 2tuLo). A “Poppy”
..

used in buildings 51 and 52, .D.P.Site (Po building) has a counting range_up

to 300,000.’munts per minute and has eliminated Uie “infinity’;counts,
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and the confusion and insoouraoy that ●ccompanies this terx The standard

slpha uounters now are uued (N!, Buildings 1 ●nd 51 at D.P. Site) exclusively

for oou~ting nose ewabs (alremdydiscussed) and air samples. Air samples will

be discussed in a later seotion.

The beta ●nd gamma deteoting Instruments now in uuo ●re the Portable

GM Survey Meter, the Beokman ??ortuble Survey Meter and the Lands&rk Wollan

electroscope. Tha actual mon:ltoringof rocms handling beta and gamma emitting

rndioohemioah is done ordinarily by the Medloal Group (A-O), but in emergen- ‘

oieu the H.T. Group may be called in to aid in monitoring or deoontaminnting.

The principal beta and gamma radioaotivo material (RaLa) is used only at

Bayo Canyon Site with the exat)pt$onof a few Inboratories in the Tech Area.

The GM ●nd L and W meters ●re used extensively by the H.T. Group in monitoring ●nd

decontaminating “~ containers. This M and D procedure will be discuesed under

a separate section.

(2) Procedure8r Rooms and laboratories in buildings D, 7)annex,

D2, D3~ Sigma, H. V, U, aridMbuilding8 in the Teohnical Area, ●nd buildings

1, 2, 3,’-4,5S 6, 51, S2 at DOP. Site are monitored daily (Monday through Friday)

by ‘snooping” with the mobile alpha oounter ‘Poppy” or the portabla ●lpha survey

meter8 ‘Z8utoW and ‘Pae Wee”. Floors, doors, doorknobs, laboratory benahes and

tables, hoods, exteriors of dry boxes, and other permanent laboratory installa-

tions are scanned in these surveys. Locations which yield ‘?overtoleranoew

oounts are lmbeled as “hot spotam with a tag denoti~ the actual count.

These ‘hot spots* should be deooataminated
(17)

by the laboratory members

v —
*e Seetion 9.34 (1..’on Labor*tory Cloanimg

ma soon es posalble. Upon ctompletlonof decontamination, an ‘H.I. monitor

should be oalled to check the cleaned ●rea with a Pee Wee or Zeuto. The oount

must be below toleranoo before the decontamination is considered suooes6fu10
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.

In cases where Lk,e count remains high, even after thorough cleaning, a piece

cl’oil hpregnated filter paper is swiped over the surface and held up Lo

Lhe meter. If no counts are recorded by the meter,

regarded as impregnated and further decontamination

positions are covered with paint or 9Lainless 9teel

coverjng up my contamfiLiCA~ thaL may work out.

the active material is -

impossible; usually wch

for the purpose of

In cases in wkich the laboratory members mke no effort LO clean the hot
.. —.

positions, a note is sent the Group Leader in charge d? that laborabozy fndi&i+
..

ing that this Sit.uatinnexis~s. Tn general, there is good cooperation between

the laboratory staff and the H.I. moniLors, and rcorncontamination has been

maintained at a satisfactory minimum.

Y 3-3. Preventive Mea8ures in Contamination C.gntrol

Cperatiun procedure8 for the safe processing cf radioactive materials .-.

are developed in view of the particular and special healLh hazards inherent
.

in iilesesiibstances,and all precaution are taken against possible leakage

in operating eqlliprnent.I!evertheless,during Lhe various processing opera.tioris,
.“

compoucds of Ll,eseelements do get out of l.h,~irconfining apparaLus. Because

plutonium and polonium have high specific activities, extremely minute amounts

give rise to tolerance values. Ihus the small amounts of material that are

spread about, even under the conditions of Lhe most careful and exacting labor-

atory Techniques, prcuuce ‘thotspots~li.

In the case of polonium onlyl x 10-7 micrograms of the material is
-.

-3necessary to give a counL of 503,~_C,OWts - at 50 percent geometry; 7 x 10
. —

micrograms of plutonium will give a like counting rate. I%is indicates Lhat,. ,,

0
plutonium and polcniurncompound8 or tilemetal (Pu) ehould noL be handled or

processed in any ordinary type o~ laboratory. Surfaces of wood, chemrock, lead,

or porcelain are either porous or semi-porous, and ar~ycontamination Lhat

falls on these surfaces may “soak in” and becme impregnated. Later on, thi8

..i -.. -
/

-A
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contaminationmay gradually wor;~ou~ and constitute a serious health hazard

to all personnel workinG in Lh&L ar~.

‘I%usthe surfacing of any laboratory involved in processing Pu or Po

‘ (also to some extent tuballoya~d 2~) is of prime importzmce. A study of

. various kinds of laboratory surfacing materials shows that Lhe most suitable

types for handling radiochemicals ‘, in descending order of effectiveness, are

polished stainless steel, polished glass, polished sLeel and brass, lucite, ,
..7”+

and certain plastic ename19z HI~od, paint, transite, chemrock, stone, cast
-. .

iron, and linoleum are all semi-porous or tend to becwe so with use and are

unsuitable for surfaciry=jlaboratories hanaing radi~,chemicals.

Polished shinless steel is if the best surface for contaminated oper-

ations as it has a smocth non-porous surface, is easy to clean, ie not easily
;.

corroded by ordinary ckmical reagents and does not ordinarily become rusty,.

cracked, or porGtl&after extensive use. h vem Lhin layer of light oil “-” “’-’:. .. ....

applied Lo the steel surface has been found to be ve~ effective in holding

..
contamination and~reventing the active suhsLancta8from comin-ginto direct ,

... . -. .. .

conLact with’Lhe $etal. By washing off the oil frequent3.yanriapplyi~
.

clean oil the stainless steel surface will remain free of contamination at

all times.

934.- beconhmination lh-ocedure~

(1) Laboratory cleanjng: Laboratory cleaning and decontamination .

is a matber of good housekeepi!~. IL is t.,heduLy of all personnel to keep
.,

~heir laboratory as free of contaminatim~ as possible. This is best accomplished

by maintaining a weil kept ana ’~leanroom and by cleaning any “hot spots” - ‘

i,mmediaLelyupon learnir@ d’ their existence. A ltl~otspotl’ lef~ uncleaned

will spread and become more and more difficult.to decontaminate. The sources

of laboratory contandmation are.nnny and difficult to conkrol. lb aid in

decontaminating these “hot spots”, several types of cleaning solution have

.— .=.

. ......
.,. .!;.
_—. ..,. . -..=. .-

..,
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been dHft310pf5d. Of Lhese soluLLxu3$ the ones most comrhonly used arc listed

and explained in Lhe section of this chapter entitled “Cleanin& solutions
. .

usea.”

(2) Floor dooontiudna~i& t?loorcm Laminationhas been a big

facLor in spreading the active .oate-rialfrom laboratory to laboratory and

thmughoub Lhe buildings in general. Foot coverings are worn by all persomel

in contaminated areas to prevent shoe contmminaLion and the subse&uent

Gpreading of material to outside areas as well as to prevent the spreading

of contamination b the hands and clothing.

Crd$nary floor cleaning procedures were fcund unsatisfactory in keep-

ing contamimcion LO a @usirable minimum. Several.Lype9 of floor

oils and waxes were used in an effort LO prevent absorption of active matxwials

into Lhe floor coverin~s and to-keep the dust down, but none prove~~satisfactory .

‘#axeswere found to flake and Froduce particles small erlcughLo fioat in the

air, carrying the contamineticn;

Scrubbing machines were fcund to be very effective in rcunovingconLamin-

aLion from all amoottlsurface floors. AL present all floors are scrubbed

every ott)erday with a solution of Tergital or Zoleo. lllis procedure is

effective for both plutonium and polonium.

(3) con~~i~t~ gl<lsswareCleantig:me Standad lab~~tw

dichromic acid method of washing glassware is used for decontamtiting ~’hoti~

glassware. The standard cleani~ procedure used in the Technical Area is

described:

(a) All glassware from the Cliemistryand lLeLaUury laboratories

is checked with a ItPeeWee” befo”rere&oval.from Lh,elabora-

tories. +

(b) All glassware havjng counLs less tJLan20C-countsper @nut. “-

(Pu) is considered

....

non-contaminated and must be wa~~~ by the

. . . . ..—
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(c)

(d)

{e)

(f)

(g)

(h)

ii)

‘I%e

(J)

(k)

laboratory pereonnel.

All@~8=re having counLs greater than 20G counts per d.nutat.

(Pu) is considered contaminatedand is sent LO the contaminawd

glassware washing room.

All glassware from the polonium buildings, or glassware In which

polonium compounds are heridledis automatically considered

contaminated, Lagged “hot”, and sent k the @assware washing

room.

All glass bottle8, etc. must be empty before they are

accepted for clwming.
. .

‘IReglassware is-first washed in soap and water and rinsed

before soaking in tke dichromlc acid bath. Operators must

wear rubber gloves and eye shields during all washing
. .-

and cleantng opa-ations..-..

Glassware should soak in the acid bath for at least 15 minutes.

The dichrcmic acid is preparedas needed by disrsolvi::gfive
.-

pounds of potassium dichromat,ein ten gallons of concentrated

sulphuric acid. the tw.perabure of the chromic acid should

be below uOO

After soaking

in tap water,

F.

in t%e acid bath, &he glassware is first rinsed

then in 2 per cent sodium citrate solution, and

then re-rinsed ia.tap waber.

After rinsing, the glassware is dried in a steam heated drier.

following shculd be noted: ,?

‘Ihe washing basins ana sinks should be surfaced with s~inless

steel (except the actd b+Lh) LO prevent accumulatioilof active

material.
f

Personnel wash~~g the contaminated glassware should mxir the

-.”.
. .
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following protective equipment: eyesh~elcis,coveralls and “

and smocks, shoe covers, head covers or caps, rubber aprons

underneath the snocks, heavy acid resisting rubber gloves,

and respirators.

{4) Cl=niw of W’ contair~ers,apparaLus, etc.: Plutonium is

brought to tt,iesite IYcjf[.Hanford as a slurry of plutonium nitrate in small

steel ccmtainere Lermea ‘W containers. The container assembly is composed of

two parts; an inner stainless sLeel bomb container and an outer steel carrier.

l’his assembly, during shipment or storage is usually kept inside a boron plastic

Wmsfer case. Upon arrival at Site Y the boron case is checked imasuiately

for alpha, beba, or gamma conLaminaLion by tie H. I. Group to

safe, from a health standpoint for unloading. If the outside

case is found to be contaminated it must be cleaned before it

loaded. After being GK$d, the assembly is stored until ready

‘the plutoniun nitxate. Immediately before the containers are

determine if it is
. .

of the boron

is handled or un-

for re~val of

delivered to the

Purification Group, the container assembljyis removed from the boron transfer
..

case, and the inner steel bomb container is Laken OUL of U% ouLer steel carrier.

Eoth the steel carrier and bomb container are carefully mcnitored for corltamin-

ation, and any contamination is’fimoved. All counts must be below 50 counts

per minute before the container is Lurned over to the Purification Group.
,>

AfLer tliePurification Group }tasemptied Ll;econtenbs, the inner bomb container
..

is returned to the 1{.1.Group to be rechecked and recleaned. After iL is certaih

all counts on the steel carrier and container are below 50, the assenbly is

placed back into the bcmon transfer case und is then ready to be returned to

Site ‘W.

“’lhestainless steel container is very easy to ciean. U9ual.lyib i19only

necessary to scrub the steel surface with 2N HNO
3’

rinse, and the contamination
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h removed.
I

In n few cases it ie necea8ery to repeat the oleaning severml tlmeo .

before all counts are below 60. No container has, es of now, been encountered

which could not be aetiufactorl,lyaleanad.

Other types of laboratory @pper@tUs are deoontnmineted by the H*I. ~row$

usually in a special laboratory uet aside for thi6 purpose. A general pro-

cedure for decontaminating any ordinnry item nay be outlined$

(1) Determine the r~~dioelement produoing the contamination
(1$)

~—
As,Pu end Po, the principnl source8 of contnminetion, are handled in
separate buildings ●nd areas and are nevur mixed, It i8 eaay to determine
the type of contamination on an itemby knowing from whloh area and build-
ing the item oame.

(2) Check with a Poppy and determine the extent of contamination%

(3) Scrub the items, using the proper ~leani~g 8ol~tion@.(l@

w%—————’
This is loft to the disaratlon of the decontamlnator (see section 9.3-
4(0 on oleanimg Evolutions.)

(4) Rinse with distilled water and reoheck with Poppy.

(k) If “notbelow tolerance
(20)repeat pr@edure8 until balm tolerance.

See Section 9.6
..

(d Cleaning solutions usedr The principal oleaning solution used

for decontaminating laboratory ‘hot spots” and laboratory equipment contamin-

ated with any or all of the active agents is the Standard Cleaning Solution.

This solution ia composed oft

Sodium oitr~te S pounds

Igepal (detergent. 1600 OC
.

Commercial HCl 260 cc

Distilled water to make upto 20 liters of 8olution.

Other aolution8 accaaioil~lly used for elcaning equipment or *hot spots”

due to pl$;toniumcontamintt~on are~
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(d

(b)

(0)

(d)

(e)

(f)

Citric acid solution (6 per cent)

Sodium citrate solution (5 per cent)

Sodium tartrete solution (2 per cent)

6 N Xl sol,~tion

2N HCl Solutton

2X FIN% 80~UtiOU

Solutions occasionally used for cleaning polonium contaminated “hot spots”

and eauipmant are:

(~ 2 N HN03 solution

(b) Sodium hypochlorite solution (2-5 per ten@

Several lnundry solutions for laundering protective clothing hwe been used

end ench one of variable eff’icienayand usefulness. The principal Inundry

6olution8 ares

(c) Zoleo solution (2 per oent)

(b) Igcpal solution (2 per cent.

(c) Ivory soap

(d) IgepaI (2 per coat) and aitric acid (3 per cent) solution

(f) Citrio aoid solution (5 per cent)

Citric acid aolutlon is extensively used for lnurdering all proteotiva

equipment with beta and gamma oontarnination(RaLa). Other laundry solutions

suoh as ●ootio acid and oxalio acid; have been investigated but found either

useless or toxic and dangerow to laundry personnel.

Care must be ●xerefsed . in using these cleaning solutions on the hands

or any part of the body for most of the above solutions are strongly acid.

The most rractioal cleanin~ agent to use direotly on the bcdy is a

tyne of soap (for instance sulpho-son$. In cases of extreme body

due to Pu a sodium tartrate-tnrtaric acid mixture has proved to be

non-alkaline

contamination

effective.
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* The hazards connected HiLh air contamination }Iavealreauy been aiscussed.

Preventive measures in effect to maintain low air counvs are principally tiiab

of dust prevention and control, controlled processing operaLic,nswk,icJ1do not

allow vaporizatiGrl,ebullienceSdiffusicn, etc., of active material kLo the

1air, and cent.ami:m~ioncotitrolprocedures; such as ruom surveys, contaminated

accident control, etc.

To monitor the degree of <iircorltamiruaLien axisiting in a building, severalG

air fil~er apparatus have been develo~ed and installed in var:ous strategic ‘

points throughout the areas. I’heFilter Iiueenair monitoring unit is the

apparaLus”mos~ commonly used and consists simply of an air pump with a special

filter paper attachment. Air is punpd through Lie filLer paper at a constant

rate of frcrqone to Len cubic feet per minute. It is usually run at L cubic

feet (113 liters) per ;..inuLe. After several hours, usually two to eight

hours, dependilg on tt,eprobable contamination contained in the air, the filter,
(21)

paper is removed and counted cm tI!e“Long TOMI1. Counts are calculated by
.-

7ii~
tjeesection Y..&% (2) (C).

.-

dividing the total counLs on the paper by the volume of air (in liters} that
. .

passed through Lhe paper. l?esultsare given in c/m/liter of air.
.

‘Iheactivity obtained on the filterrpapers is in part due to the natural

radioactivity found in the air.” ‘I%usthe initial counting raLe of the filter

paper may be many tties Lhat,due to polonium or plutonium. Fortunately, however,

the natural ac~ivity is relatively short lived and a procedure has been developed

to permit calculatiai of tile’@.utonium or polonium activity in.tkiepresence of

these natural radioactive elements.
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FilLer iueen

are Laken daily.

The determination

unitsare in use in all contaminate areas and air samples

A record of all air counts is kept jn the E. 1. Group 0ffic8.

of Lhe corlcentrationof active material in the air thaL is

considered tolerance is coinplax. At the present Lima the tolerance for

plutonium is 0.935 C/M per li~;erof tir and ~s75 C/m Per liter of air for

polonium. This is a “two year’”tolerance, that is, if a person breathes air

containing this concentrationof material forby-eight hours a week for two years

he will have accumulated a tol.erwce dose in his body.

‘Mo other types of air filtering equipment have been used. The ‘~llistle

Tubet’is made frcm standard laboratory equ”pment with a special clamp to k,old

the filter paper and is attached to tktelaboratory vacuum line. It has the

disadvantage of not being ablo LO draw a sufficient quantity of air in a

reasonable period to provide an accurate co.mting rate. A small mercury man+

meter ie used to measure the air flow. The “Filter King” is a device designed

to filter air up to fifLy liters per minute. It has been used expensively to

test air from contaminated at: lines in vKe Wchnicsl Area.

Y.3-6 Special problems

(1) Permeability of rubber gloves to pluLonium and polonium: Actual

laboratory operaticms involving the handling of these substances, both in the

form of drv metal and dry compounds ard wet soluticns, gave evidence that most

or all types of rubber gloves were either permeable or semi-permsble to these

elements.

Studies’were conducted in June,

or polonium difiusing through rubber

lYl+5,ti determice the amo~L of plut~i~

gloves. TO debermine Lhe amount of poloni~

passing through the rubber, experiments were performed using boLh wet and dry

forms of material, and the permeability determined as a functio. of time. The

results were not conclusive, but there were good indications that the Standard,.
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Iatex and Matex gloves were less permeable than oLher available types.

(2) Contamination in creek water: ,;everal8ample3“ofwater were

Laken OUL of Los Alamos Creek from points extending from the Technical Area

to the Rio Grande River, ana from Pueblo Creek, nortk of the Site. Geveral

samples were taken from the Rio Grande Jiiwr itself. I%e objecb of these

tests was to deLexmine the amount of plutonium and polonium that was being

emptied into these streams through the waste water fran the Technical Area

and D. P. Site.

Results obtained by analysis of Lhese water samples indicated Lhat Lhe

contamination was low and that both elements ww,e rapidly deposited fran the

water by natural filtration.
.-..—

(3) Studies on laundry solutions: Efforts are now being maue to

find better and more efficient laundry

agents being investigated are : citric

oxalic acid, hydrochloric acid, nitric

washing so~utions. Among the cleaning

acid, tartaric acid, acetic acid,

acid, and various types of soap.

RubQer gloves have been extremely

rubber gloves are discarded aft&

has been developed which makes it

dffficult to decontaminate, and at present
.-..
being worn once beCaU8C no method of washing

economically possible to t!econkaminatethem.

Y*4 HEALTllINSIRWEN~

9.4-1 Intrcductim

All the F.ealthinstrument have been especially developed for the Manhattan

Project. Ihe electroscopesana ccmdenscr air chw.ber ni~t.hds of radiaLicn

detection have been replaced with direct reading electronic instruments to
..

permit rapid surveys and make possible complete surveys over extcmeive
.

areas or insmllaticme. Up to bhe time..of.~i$ project, the branch of electronics

dealing with very-small curremts and pulses had not been extensively investi-

gated; since then, extensive study has been made in this field ad as a result
-.
,

..- .
-. -- ,,. .
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new types of tubes and other circuit components neceseary to build satisfactory

instruments have been developed. ~is pr@re& has resulted in a number of

very 9ati8factory instruments.

In order to use these irstrhents “titell.igently,a knowledge of the types

of radiation to be measured ia necessary. Alpha, beta, and gamma radiations are

the more common types encountered by workers in the (MR Division: in general,

the procedures used for monitoring beta contamination also apply to gamma radiation;

thus there are only two general monitoring procedures. Alpha particles have very

short ranges even in air, 80 #&t, their detecticn requires

within a fracticn of an inch of the contaminated surface,

is often difficult to monitor irregular 8urfacese Since

emitted in any one of the 4 pi direction>, the instruments

Lhe instruments be placed

For thiiareascm it

the particles may be

must be held close

Lo the surface to detect particles which are emitted at low angles ad hence

rise only a fraction of their rang’eabove tilesurface.” It cannot be stressed too

strcinglythat alpha detecbion equipment must be placed very close to the active

material to secure good quaMtative measures of contamination.

While beta and gamna radiations are easier to detect becsuse of weir
:

longer ranges, it is more difficult to obLaln exact quantitative measurements

of “hot spots” because radiatit,nefrcm nearby area8 will affect the intensity

of th~ spot being measured. he ‘Ihotspot“ is best determined by carrying

a direct reading instrumnL and always moving in a directicn so that the intensity
,-

increases. me “hot spot;!is Lhu5 located where the maximum intensity is found.
.

9.4-2 Functicn of Ll,eInstrument Section——

The instrument section associated with the H~alth Instrument Group has

the specific duties of keepjng all instruments used by the Group in order
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and adapting general instruments LO special ~oblcms. Maintainingrthe health

instruments consists of mechanical and elecbric81 repairs, cleaning the

detecting units of contaminatiorland keeping the instruments cal_ibraLed.

There is very little development,of circuits carried on in this section,

but there is considerablework clonein developing new detectors aml mdalng

general improvements in.tkieinstruments m that less maintenance is necessary.

Calibration of the irlstrumentsis an important functic.nof this section for

with the large number of instruments of various kinds in use, correlation of

measurements is possible only by a rigid system of calibrtitionchecks. fhe

instrument group has also held

personnel in the proper use of

In cases wt.ereinstruments are

the responsibility for instructing monitorir~

t.hoinstruments and interpretation]of results.

assQ-led to otiiergroups instruction.has been

given to the persomel involved.

9.4-3 Instruments Used by the CM? Division

The healLh instruments used in tt,eCMR Divisia\ may be convenien~3y divided

inLo Lwo groups: (a) those used as survey instruments and (b) those used

for personnel protection. Both groups ‘offistruments inclwie alphri,beta,
:,

and gamaa detectmrs, eltllou@ the majority of the contamination is alpha emitting “

material..

(1) Survey instruments:

(a) Portable alpha survey i~struments: ‘he

classification include Pluto, ZeUbo, Zeus, and Pee Wee.

and Zeus are do. amplifiers. In tkese”instrwaents Lhe

the vicinity of an alpha emittinE material is collected
—

.’

3n8trumcnts in this
. .

llieFlute, Ieuto,

ionization produced in

by means of an electric

field and returned to the circuit through a very high value resistor. l%e

voltage produced across such a resistor is measured and takenas an indication

Me limit of sensitivity of this type of in-of tl-.e’iritensityof radiation.
..,-

strumentdependson the characteristicsof the amplifierused to measure the c

prcduced voltage. ..
>. ~, ,.:. .. ...- !. ..,, 2;.1..-, -,... ...-. ..

.. . . -. .: ,.,~ :X.
...... ..-—. .. ._. _.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



37

The Pluto was the first instrument of this type and for a long time the

onlyalpha survey meter available for general laboratory use by technicians.

fie sensitive chamber area of Lhese three instruments is about X0 cn2.

The full scale sensitivity of the Pluto is aoouL 25,000 c/m, while the 2~to

will resporidwj.tha full scale reading for about 2$000 c/m. A second

range on the Zueto permibs a full scale value of 20,000 c/m, I%e Zeus has

a top sensitivity of Ll?esame order as the ~luta but it,has two more scales

of about 103,000 c/m ad 2,500,000 c/m full scale. In addition to alpha

detecticn tie Zeus can be used for beta cnd gamma detection. AU three of

Lhese instrurm?ntsarq sensitive to beLa and gamma radiaticms, however, tt,ey

are approximately 1030 times less sensitive to these Lypes of raciatims Lhan

alpha radiatims b:;virtue of Lhe much greater density of ionization prcduced

by the alpha particles.

The Pee Wee is a portable proportional counter. It is essentially an

open sided Geiger Mllllertube ~>yeratedin air aL ahospheric pressure at

such a poinL on Lhe response characteristic of the tube tlat the amplifica-

tion of the pulse in the detector is proportional to the amount of ionization

produced by the particles. Cpcration in the proportional region prmibs the

detection of alFl!aparticles in the presence of beta and gamma radiation.

l’w orangesare provided on this instrument (2,000 c/m and 20,000 c/m fuil

scale readings.) In addiLion, earphones can be used for accurate determination

of low munts. This is by far the most valuable alpha survey instrument we

have at this time.

(b) A.C. operated alpha survey instrument: The Poppy is anA.C.

operated instrument having the a&ne general design as the I’ee‘Aek. It is

used in locaticms where considerable monitoring is done and in places where

a permanently installed instrument can be used. A loud speaker replaces the

earphone8 of tt.ePee Wee. This-type of ir~lmument is also used as a Isem~-

portable instrument and is mounLed cn a cart for easy Transportation.

.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

... 38

(c) PorLable beLaanci gamma survey i,mrmxnents: ‘l%einstruments

Lhat are included in lhjs grcup are the Fallicrafter gnd Victoreen G.M. Survey’ .

Meters, Zeus, the Beckmn Portable

‘he uniL used Lo measure beta

“millircenLgen” (m). lbe present

Survey A!@ter, and the L & W Electrometer.

and gamma radiation is called the

Lolermce is 12.5 mr/hr, indicating that

an individual can work in a beta and gamma flux of 12.5 mr/hr 8 hours a day,

6 days a week, fGr a lifetime, without ill effects. If, however, the radiation

flux is higher, the individual should work only a portion of a day so that

the total radiaticn during tt.eday does net exceed the day~s tolerance.

Hence, in a field of 50 mr/hr, a man should work cmly two h(,ur.jper day. ‘1’his

is not a linear”function hcwever, and if personnel are required LO wor~ in

above tolerance are~s the H.I. Croup should be ccmcacted ana c}ie permissible

Lime iimit set b~ their representative.

The Zeus ana Beckman Fortable Survey Eeter are d.c. amplifiers and have

the same l~mitations as the d.c. amplj.fiers

Both of these instruments are equipp@ with

to allow mclstbeba rays to enter, but thick

mentioned urder alpha detectors.

a thin walled chamber (thin enough

enough to stop alpha particles)

and a slide to cover the chamber with t,hickermaterial which will absorb a

large part of tkiebeta radiat5.on. ‘l%eBeckman Portable has the following full

scale values for various ranges: 20,80,400, and 2000 mr/hr. %e Zeus has

the following ranges: 25, 103, and 2500 mr/hr.

‘IkeL & W ELectrcmeLer is a portable instrument in which the ionization

prcduced by radiation discharges the voltage on the electrometer needle;

comparison of the ti~e necessary to discharge the fiber with a calibration

chart allows determination of the radioactivity. The L & W Electrometer

has a*built-intiming light so caubrated bhat tho movement of tie needle

across Lhe scale between light fla8hes indj.caLes the rate of radiation airectly

.

. =.
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in scale readings. A sliding metal cover permits measurement of beta and

gamma or gamma raaiation. I’t,emeter has two ra~es, 103 rnr/hrand 20Ul

mr/hr full scale values.

The porl.ableGM survey meters, made by the VicLoreen lnatrumenL Ccmj)aqy

and the Hslljcraftcr Compa~J, are ccmventimal G.M. tubes with pulse integrating

circuits. The %Jlicrafter unit proviaes the high voltage necessary fcr

operation of Lk,eG.L!.tube by an electroriicmult.ivibr~tor circuit, wtlilethe

Victoreen unit uses a special battery LO furrtishLhe C.M. tube voltage. Sir,ce

Lhe G.M. tube detects ind~viuud beta a~d gamma r~lys,thes instruments can

be made very sansitive. ‘he Ha13icrafter unit has two ra~es: 0.12 and 2.5 ~/hr

f~lllscale. Cosmic ray backgrourldsmay give a 10-30 per cent reading on

the most sensitive scale. me Victoreen instrument has Ll,reeranges: 0.2, 2.0,

and 20 mr/hr full scale. Botilinstrumen~s have sliding covers to allow either

gamma or beta and garma detection. In the Hallicrafter unit the GM debector

is located within Lhe instrument Pox, wttereasLhe detector of the Victoreen

unit is attached

gained in smvey

can also be used

to the unit.

to a short cable. In addition to the greater flexibility

work by tlavin&the G.M. tube on a cable, the Victoreen unit

for deLecLing low inLensLty radiatior)by attaching earphones

(2) Instruments used for perscnnel protection:

(a) Alpha hand counting instruments: AltlIoughd.c. amplifiers

and chambers were first used for checking hand ccmtadnation, Lhe methane po-

portinnal counter was the first instrument to give reliable qualitative

re8ults. In this instrument a fine central wire G.M. tube was opera@d in

the proportional region in methane at atmos*eric pressure. A very thin
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window of collodicm permitted alpha particles”Lo enter tilechamber but kept

air from mixing with the methan.eo lletiane,was used because of its low

ionization potential which resulted in a large initial pulue Lo the

amplifier and made it pos$ible to use a simple amplifier.

Later Lhe Chicago Hand Counter was developed and has since proved to

be a very 8aLisfactory instrummt. The methane has been di4Fensed wiLh and a

more sensitive amplifier developed to use the smaller pulse. A logarithmic

integrating unit has been incorporated to give good percentage accuracy to the
.- .. . ..>

reading over a very wide range of values. lliCSe instruments are installed in

numerous spots so Lhat all workers in tie laboratories have easy access to.,.

a hand monitor. The detector unit used with Lhe Chicago instrument can be made

in almost any size so the probes used at present are”-largeenough to allow— -.

complet8 coverage of the entire side of a hand. If the probes are used in
,. .,—

pairs it i.apossible to monitor an entire hand, front and back, at a single

operatinn. The probe units for the Chicago Hand Counters were easy to
..

obtain so some of the amplifiers used witl.the methane filled detectcrs
—

were modified to #rovlde better instr~ents for specia~mon~toring purposes.
,.%—..- -.

(b) 13e~-’andgamma ‘inatr~~nts: Cnly two instrment,s belong to

this group; the Victor@en pocket chamber and the L & W pocket elecLr@8cope.

The Victoreen pocket chamber wh~ch’is en air condenser with almost perfect

insulators used as supports.: Before mtering a working area the chambers
.

are charged to a given volt?Age; at the end of the working period the voltage

, remaining on the condenser is ’measuredby an electrometer and the volta~e is
,..

taken as a measure of the radiiitionreceived by the worker.

lhe L& W pocket electroscope”opraLes on the same Winciple except tha:t”

a small electroscope is built into the unit so that the discharge can be
.——_ .——_

‘. .,

s

J,
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..
measured at any time by looking”thro@ tlie meter and reading the enclosed

_.. . . . ..

scale. ...<..... -.

(c) Monitcrs for air-conta&naLion:
----..

Since many of the materials
..-. . . -..

encountered in these laboratories are

it ie very likely that active ckmt is

order to monitor the amounb of active

handled in the dry or powder forms

spread by air currents. ‘bus in.-

material in the air, the air in various

sections of the laboratory is p’hmpedLhrough fine filter paper and checked

for acLive material. A portable air pump (Filter iueen) and a tubular piece
.

of special high retention filter paper is used to collect the dust. A

special counter known as

‘l%iscounter is simply a

adapted to receiviragthe

the ‘tLong‘hm’tis used to determine the activity. ‘

standard alpha counting instmunent with the chamber

tubular sample. lhe samples are collected over a

period of several hours so that an integrat~ value is obtained.
: .

“0 HEAL’IHF(ECCRDS —
... — .. . . .

Permanent records kept by the H. 1. Grol.:pare as follows: -

(1) Uailymcnitoring survey-results (both befme ani after decon.t

, ‘ taminati(?il).

(2]

(3)

(q

(5)

(6)

(7)

(8)

(9)

(lo)

(11)

,,

Air monitoring results;

Hand count results.”
‘-

Nose count resulbs.

Urinalysis and health pass data. ..

Special decontamination data.

ConLaminated acc:Ldentdata. ,,

Monthly laboratory s~vey results.

Group hazard reports.

Individual exposure daLa.
6

Contaminated operat~on-’d~ta(outside services).

— ,,.
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.

Hith the exception of (61,”LcopiesOf all records are sent to the

Xedical Group for incorporate n into individual caee histories.

‘l’heabove records have a two-fold purpose. Cnej they protide the Health

Group ~ith data that can be correlated and used to jx+move meLhods of

health protecticm. Two, they .~ovide a permanent record of all procedures

for individual and group health protection in case any future legal action ..,. .

may require the use of such retards.
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Y.? HLALIY SAFhTY RULES

Ihe followirg list of rules is in effect,in the CI!RDitisicn

aL the tifneof writing. Any exceptian to it must be by agreement with the

grouprequesting such exception and the authorized re.presentat.ivesof the E.I.

ad Xedlcal Group8. ..

1. Cleaning rags arid_oti.ercontaminated Lresh should be disposed of

in special trash containers marked witk red paint.

2. Eooties, coveralh, smocks, surgeon$s caps, rubber gloves, and

respirators must-be worn at all times when working with 49

Po. Face shields must be worn in au operations involv~ng

handling of boiling$solutlons,or other solutions in which

or

there
.- .- ,,

is any possibility of a spray being formed. .-.

%. Coverallsand respim’torsmus[,be worn in handling tuba.lloyor

. ..

25 where Lk,ereis any possibility of ei~her material getLing into

the air. In machjnirg either of these metals, a solution of wa~er

soluble oil must be kept playing on the portion being macf,ined.

Direct handling of tklese”metailsshould be kept at a minimum.

During’operations involving direct handling of Wcse materials for

more Lhiinone hour per day, thick, protective glovts must be

worn.

4.. Xhen leaving a building where contaminahd operations are carried

on: smocks, bcoties, caps, gloves, and respirators must be9

removed, (gloves should be left in the working area within the

building). I’rejectissued coveralls are noL to be worn when leaving
,

the rechnicrilor’D.F~ areas or when entering non-contajnina~ed

buildings within .theseareas, except tk.edispensing sectims of

K and S stock. Spot checks will be made to see that this rule js

follon’ed. ..,-.

., I
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5. All rubber ~;o’;%.g‘eh~fia:’b”e‘;~shed frequently in Lhe approved
$

mannerduring long operations
,-

and before removing from hand?.
●

Hands should be carefully wasl.ed after removal of gloves and

checked under the alpha hand cokter.

6*

7.

8.

Y.

10.

11,

No mouth pipetting shall be done in any operation in which

active ~terials are involved.
. . ,.

No material eiLher free or”in working cont~iners, and no

contaminated objects shall be set on writing desk tops.

Exhibiticm spesimens kept in cleaned,’closed containers

are exenpL fran th~s rule.
.....

Persons desirij;~to work wik the material in laboratories

other than their own, must request permission from the

usual occupants before beginning the work.

A1l active dusliproducirlgoperations must be done in approved

dryboxes or sealed vacuum systems.

Fans should be left running in all hoods which contain ur

have conLained active material until they have been checked

and decmtaminsted to the satisf?ictionof the H. 1. Grap.

a) In case of any s~jillsinvolving acLive mterial, personnel not

required for rscovery should leave the laboratory immediate

and the rcmahing pe~’sonnelas soon as possible. All

already operating should be turned on before k aving.

Group &Iould be notified as quickly as possible after

accidents.

i’ansnot

The I’-!.I.

any such
~.

.4

b) In case of an acdident inwhich active material may have been

introduced intcla wound, the following procedure should be .,,.

fOllowedt ●** “●** ●:0 ●.* ●*
● :: ● ::

(1) Y;ashwound immedia&f:#i& fk~:stk!am of tap water.
●eo Q:00.

(2) squeezewoundor a]l$i$t.~~~vu~tj t;:incretiseble@W*—
●* 9**

●O.*.,* *

y .,
...>.

. . ..
. .

... .
- .“

.. ,,

-.
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(3) &ji & M:JA Ml

as ccm%mi nated cl ot.hes

(4) Informthe recepbionis~

for Lr=tment of wound as soon

have been chsnged.

ac Lhe l;ospiLal that this

is a !lTeck.nical Ayes Emergency”; be careful to
., ,

ccnfide the nature of tie accident mly to the

docLor in charge.

(5) Leporttheaccidentto both Lhe1’.1.and l,?edical.
... .. .

offices after tk,e wound klas been trea~ed.

12 ● NO eaLirg, drink~hg, or smoki~, will be al loweu in rooms

posted. No food or drink is to be kept in laboratory

refrigerators. -

so

, ,.
13. Tlie

a)

500

b)

. .

following E &_D procedures are in”effect:

.Dailyroom :3urveysare made and all “11oLspo~stl (greater than

c/m) are indicated by a suitable marker.

As soon as possible the laboratory ‘pergcnnelshould decontam-

ir]atethe “hot spots” foti.

c) Upon Lhe completic.nof deccnta!mination,if no member of M & U

is present, tlteH. 1. Group ~ould be called to m(nitor the

cleaned area in order to determine wl-.ether it is below 503 c/m.

d) If any persistent coun~ within a rcom is 5000 c/nr(49)25, and
—.

tuballoy) and 10,000 c/m {Po), or greater, all operation

will be stopped wi.bhin thaL rcom unti~ iL has been cleaned. ‘

?YIecleaning will be ucae by Lhe room occupants with t,he

assistance of an‘H. I. representative, if’desired (Section UC

applies after such cleaning).
. ------

!?ule13 does net.apply’in case of emergency or ct:ntxuninated

,.
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LA-39~,Chemistryand MetallurgyHealthHandbookof

Radioactive Materials.

LA TeihxiicalSerieo:

IiaciiationHealth MonitoringVol.1, Chapter 5,

Vol.X, Chapter6,
Handling. .

.+ ’...

.--, -
Physiological Aspects of Poloni~ ‘ “

.. >-:.“. .. .,

Scientific and Tec~@.cul personnel in CMR-12~ontributinR to

~~e work deflcribe.d:LnChapter ~.

.—.-

P, Alpine R, Dumrose
...

F. Appler G. Dunlap

C. Deck V. Foley “- ..
.<

M. Rischal~
,.

No RothE. ]hllOJ’

E. Mueller R. Rupert

A. Serna

E. Thayer

J. Tribby

F, MullinsC. Brown L, Gilbeti” .
.

X. Brown
. .

D. Gr~ening,.. . . . ,.#. ... ....

N. Coble U. Hadley -“

H. lielson

C. Numerof

H. Pence W. Uebel

S. Valdez

Ii.Cole W. Hinch ‘

S. Cowling N. Idender\ ‘ ““”..
..

W. Cox ,- ii Kaufmiz~
. .’

J. D&vi-dson - G. L,agomarsini
.. .,,.

M. De&cr R. Maas
,.. ”.-..”.

C. Derrickaon ‘ J. Maxim

C. }eterson

J. Peturaon O. Wagner

H. Ward ‘G. Ponton

C. Price

C. Rendell

- D. Reynolds J. KilsonJ, Sn.umnian M, McCallen

G. yOUl~
. . . . . ... . . .. . 1.. . . . ● 9O ●
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