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.' ANALYTICAL METHODS FOR URANIUM, PLUTONIUM, AND ASSOCIATED MATERJALS

H. A. Potratg ,

8.1 INTRODUCTION

. , ¢ R ' ' L5
Described in this chéptgr are certain analytical procedures used routinely :
in the Los Alamos Laboratory. For detailed information relating to the develop-
ment, scope and accurécy of the methods described, the reader ig referred to
Progress Reports and Terminal Reports references which are given under the
individual péocedurcs.' Methods wﬁich differ but little from conventibnal
:

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

and plutonium are presented in abstract form only.

§=2 PREPARATION OF PLUTONTUM §£H2LES FOR AQALYSE§
8,2-1 General Health-Safety Rules .

It should be well understood that for health safety purposes extreme
‘care should be taken in handling plutonium metal and its compounds. Every
precaution must be taken to avoid ingesting or inhaling them, even in most
minute quantities, When handling plutonium inéthe amall amounts required for
analytical procedures, the operator should follow carefully the instructions
gliven in Chpater 9 of this columne, Spac£:l precau@iona to be observed in
certain analytical procedures are included in the sections below. |
8.2-2 _Sempling of Plutonium Metal and Compounds .

All operations requiring cutting, sawing, or breaking off of metal or re-

', quiring transfer of powders must be done in an approved dry box. During th&se
operations, the operator is protected with respirator, cotton overalls, head
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cover and rubber gloves, 3ince the insides of the dry box gloves are often con-
taminated, the operator should wear rubber surgeons glcoves and tuck sleeves
of the coveralls into the cuffs of the rubber gloves while warking in the
dry box.
The method of cutting plutonium metal deperds on whether it is alpha
or delta rhase metal:

\1) Alpha phase plutonium is very brittle and large pieces can
usually be shattered into smaller sizes by means of a diamond
mortar. The smaller pieces can then be cut to the desired
size with a pair of diagonal cutting pliers, but care musi be
taken to prevent loss of small pieces during the operaticn,

(2) Delts phase metal is very soft. large pieces can best be
broken u» by first flattening them in the diamond mortar to
a thickness of a few millimeters, so they can bte broken in
two with two pairs of blunt-nosed pliers. %hen the pieces are

small, they can be cut with diagonal cutting pliers,

8.2=3 Electrolytic Polishing of Ilutonium )
The purpose of electrolytic p§lishing is to remove any surface film of
impurities which may adhere to the samples (e.g slag or oxide). ‘The apparatus
for the polishing operation, together with an analytical balance on which the
polished samples are weighed, is set up under a good hood, The sample which
has been transferred fraa the dry box to the hood in @ closed screw cap vial
or weighing bottle, is remcved frus its container and is placed in a tungsten
wire baskel, surrounded by a cylindrical platinum cathode, and immersed in a

50:50 mixture of ethylene glycol and syrupy phosphoric acid (Figure 1l.) <

Current is supplied by a 6V storage battery. uJuring the operation of cleaning

the main danger comes from the sdrsy.:r.'a;meoéo <5:t. 2\.15 th.e electrolyte by the

evolved gases. The sides of the glass container ghould yﬂf 3 centimeters

APPROVED FkiFiJetd, € 3rel Bt [ SS IF IE D



APPROVED FOR PUBLI C RELEASE

.
.
ecoee®
° .
XTI Ad
o ®
.
.
e0000®
* .
so0000
o ¢ °

Figure 1

Electro-polishing Apparatus
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>4or more above the surface of the electrolyte. A respirator or face shield must
be worn at all times. The sample is electrolyzed until it is bright and silvery
(about 2-4 minutes for samples that weigh less than 150 milligrams). If the
electrolysis is continued too long, the sample may again turn black. The
positive terminal (Pt cylinder) is disconnected and the terminal clamp is rajsed
to 1ift the basket out of the electfolyte. The piece of hetal can then be
removed. The sample is immediately immersed in concentrated HNO3 to rinse off
the electrolyte. It is then washed in water and finally in acetone, allowed
to dry on a piece of hardened filter paper, and transferred to a tared watch
8lass 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
delta 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. This can be avoided by omitting the
water wash, and usiné‘aégﬁone both to rinse off the HNO3 and to dry the sample.
In transferring the sample every possible precaution must be observed to
avoid dropping it. 'Tgéuéipha form of plutonium is very brittle and small
chips may easily be broken off unless great care is used in handling. The
metal should be held:inithe foréeps as short a time as possible. If it is
to be transferred to a bqlénce 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 thé hood (or dry box), must be placed in a closed con-
tainer,

8e2-4 Methods for Dissolving Plutonjum Metal

Plutonium metal dissolves in BECL, HI, HBr, HClOL, and Br2 with vigorous

evolution of gas. It dissolves sldwlliis }lzﬁ(ﬁksb'ufgs practically insoluble

in HNO, and HBPOh; Metal samples are’most’ fTequently dissolved in KCl. Danger
APPROVED FOR UL e BELEASE.
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fran spattering during solutiea in uci&.ihorsgs&s niih sample size; precautions

required when handling large semples are cotnsiderably greater than when handling

amall ohos.

These precautions, necessary to avoid loas of material from spray

and spatter in dissolving operations, have become, to an extent, standardized.

(1) Apparatus and reagents:

(2)

(3)

1 milliliter pyrex volumetric flask (test tube shape) for small
samples

Solution vessel for larger samples (Ses Figure 2).
Misco pipets, 50 Ne
Constant-boiling HC1l, distilled and stored in quarte,
Procedure for small samples (50 milligrams or less)s
Working under a well-ventilated hood transfer the metal sample
from ite continer to a 1 milliliter volumetric flask end add

- 3 X or more of constant-btoiling HC1 per milligram of metal.
If the sample ias of the order of 50 milligrams and requires
IOO-IEO.A of acid do not add the acid at once but divide and
add in two or three portions. If the acid is run slowly down
the side of the flask the stopper may be inserted before spatter-
ing stafts. Wait until the action has sutsided or stopped
before adding more acide If the sample is to be diluted with
water wait until evolution of gas has ceased before adding the
water; this is to avoid formatien of a black precipitate of
plutonium dioxide. |
Procedure for large ssmples (greater than 50 milligrams):
Place the sample in the spocial solution vessel and add
the acid with either the attached pipet or the Misco plpet.
After evolution of gas has ceased and szolution is complete,
transfer the solutic:n tn...t?e deaiaed.aontainer with a syrirge

ripet or other suct'm;p pigpé}; .3.,..D: ‘nut 't pour the solution}

APPROVED FOE?.’Pu'BL’l.c {REF BASE
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8.2-5 Methods for Dissolving Plutonium Tetrafluoride

Because this compound 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 fram the
dry box in a beaker or other container which cannot be tightly stoppered, it
is necessary to wet the sample down with acid or water to prevent ajir currents
from blowing it into the laboratory. In addition, it is good practice to
cover the beaker with a piece of Parafilm before removing it from the dry box.

Several methods of solution are available; the choice depends upon what
is to be done with the dissolved sample.

(1) 'Hot concentrated sulfuric acid. This dissolvea plutonium tetra-
fluoride within a few hours but the resultin@ stable camplex is
undesirable for some analytical procedures,

(2) Hot concentrated nitric or hydrochléfic acid, Heating with these
acids in an open container may require up to several days for
complete solutiocn.

(3) Hydriodic acid or oxalic acid followed by concentrated HNOs.

When the tetrafluoride is boiled with these reagents in this order
the solution‘period is less than one hour.

(L)i Hot acid in sealed tube., This is & most satisfactory method

~ for dissolving plutonivm fluoride and other difficult saluble
coméoudds. o 4
The procedure ié as %ollowa: Prepare a heavy wall pyrex tube ( 5
miliiﬁetérs i.d; and il miliimeters c.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 milliliters of either con- |
centrated hydrochloric or’}ii;é:‘.ii:.ac.ic; .;:.Cég;a the lower end of the

tube with liquid nitrogen or, .d.ryoic.g.ugtiil.the contents are frozen;

[ 4 e o & [ ]
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seal off the open end andplace the tube in & metal bomb and heat

in an oven at 100° C. Soluticn in HCl is cagplete in a few minutes
but in HNO3 and hour or two is reéuired. To remove the sample after
solution, again freeze the contents, erack the sealed énd of the

tube with a file and hot rod and trarsfer the soluticn with a syringe
pipet.

8,2-6 Dissolving Plutonium Oxide

The same precautions are to be observed &8 with the plutonium tetrafluoride.
Hot concentrated sulfuric acid will dissolve black oxide but may or may not
disaol\ret the yellow cxide. The sealed tube technigue er:xployingl»iNO3 or HCl is

satisfactory if the temperature is maintained at about 200° ¢,

8.3 SPECTROCHEMICAL TRCCEDURES

8.3-1 Speciel Health Safeiy Precautions tc be ébserved in Spectrochémical :
Ax;alysis 5:: Plutonium ketal and Its Compounds ¢

Plutonium metal and its compounds are handled in the spectrcchemical '
labaratory in three esaeﬁtielly different procedures, and the safety precautions
to be observed are discussed below under the topics: "Pyro-electric Methed", -
"Direct Spark Method" and™upferron Method",

(1) Pyro-electric Method

Material received fcr analysis by this method is in the form of oxide,
metal, or nitrate solutions. The conversion of hetal into oxide, the'compound
required by the method, is carried out in a dry box which also serves to hbuge
the arc source, a balénqe, and all tools ﬁecessary for the preparation of
" the sample for arding. Flgure3. ™ 1s & vicw into the left side gf the dry
box in which the operations of sampie oxicaticn, weighiﬁg, grinding,Aand electrode-

loading are cerried ount. 3amples ar;e.a&nigt.edzir.;m ¢ .5 chamber through a double-

14
o loaatedws 84° the doors musi always be

XXX

door vestibule at the left of the tgdx.; &

LEASE
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Figure 3

Leoft side of Dry Box
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clogsed, The operator, weéfing a tightly fitting duet respirator, inserts
hié gloved hands into tigh;ly fitting gauntlets in the front of the box.
Metal sbecimens are transferred from their vials to small platinum
crucibles in a micro-furnace and ignited at 700-800°C until conversion to the
black oxide is complete. Nitrate solutions,.on the other hand, cannot be
e§aporated 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 tr;nsferred to the dry box in a nest of alternately
inverted beakers. | There the conversion to oxide is completed in the micro-
furnace.

Two milligram quantities of galliumoxide and 73 milligrams of uranium oxide

‘ (U308) are weighed into vials on an analytical balance and introduced into

the dry box., Twenty-five milligrams quantities of plutonium oxide are weighed
out on a torsion of assay balance in the dry box and there ground with the
gallium oxide-uranium oxide mixture. The well-ground mixtures are placed

in electrode craters in the dry box and transferred in electrode holder blocks
to the arc chamber through the door of the separating partition. Great care
should be exercised to mininize spillage during tk:ne weighing, grinding, and
transfer operations.

Semples are arced in the conventiocnal pyro-electric manner, the operator
continuing to wear a dust respirator (Figure L) . Bach electrode is returned
to its position in the electrode holder block afteér arcing and, at the conclusion
of a series, the block is returned to the left compartment of ﬁhe dry box,
There each electrode pair is placed in a vial for transport to recovery. The
orerator should present himself for a "nose count" as soon as possible after
arcing a series of samples.

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

its?contents spilled upon the floor of the dry box; small dosses may occw

APPROVED FOR PUBLI C RELEASE
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Figure Lk

Pyro-electric Speotrochemical Apparatus
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during weighing and grinding. These mishaps are inevitable in routine operation,

although every effort should be made to minimize their number. It is therefore

necessary to have the interior of the dry box decontaminated at frequent ‘inter- e

vals. At such times & decontamination squad, equipped with dust respirabdrs,
rubber gloves, and laboratory coveralls should remove a window from the dry |
box and gather up the spilled material with brushes and moistened cheese cloth.
A warning red light on thé outside of the room'door should be turned on to
indicate that entry into the room is prohibited during such times. Following
clean-up of the'quriqtgrior and replacement of the window, the fleoor and
exterior of the dry box should be monitored with é portable alpha-counter _;

("Pluto"), A8 a final precaution, the room shoulﬁ”bé:legt”pniﬁhabiiég;i

for seversl hours following decontamination to allow any active dust to settle, o

(2) Direct Spark Method

Materials received for analysis by thié gethod‘consisg of mabal,v;éi¥§;‘
fluoride, or ﬁitrate solutions., See Section 8.2, above, for precautiéﬁs‘
to be observed in dissolving plutonium metal and tetrafluoride.

Beyond the dissolving operations, safety precautio.ns .are to be observed
at two stages: (a) evaporation of solutions on electrodes and (b) sparking'ofi
electro des, _ _ |

(a) Ccncerning the first == the evaporatiéhs should be carried out
under infra-red lambs in a well ventilated hood by an operator

wearing rubber gloves, a dust respiratar or plastic face shield,

PR SR
s,

and a laboratory garmeni which covers the arms and trunk complete-

1;ly, The rate ofievaporation should Be regulatéd by a Varﬁac in

series with the lamps so that spattering never takes place. All

equipment ‘used for the evaporation shpuld rest in a stainless ;‘

.—"“
oo kvﬁ -

T uateel tray in the hood, s0 that in event of spillage the con-

et - 2 *»u.) . Tt

tamination area 18 confined. The hood and equipment should be

E if’i APPRCNED,FOR>PUBLIC RELEASE s
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(b)

: _.cablea or loosé tontacts on the high voltage leads shouid be

visor for repair. Evidence of anyt.hj.ng abnormal in tho behavior ' ol

APPROVED FOR PUBLI C RELEASE
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monitored regularly to detect the rise of contamination and de-
contamination carried out when counts of 100/dn}2/xrin. are ®Xe
ceeded,

Precautions to be observed in the sparking of electrodes are
two-fold: electrical and chemical. The operator should realize
that the danger of receiving a fatal shock is ever-presenf. around .
the spark gource and chamber. The case of the spark. source ‘a‘md »
chamber and the bed of the spectrograph have been grounded

but the operator should inspect the ground connéttions to see

that, they are intact before operating. Evidence of frayed

..

u."" "..‘

repa:.red irm\edlately or called to the attent.lon of the 3uper-

SR B

of the equnpment {odor of buming insulations R s’cray sparks or :

corona discharges at connection points, and irregular sounding

spark dischargea) should be called to the attenbion of the super-'n;" |

vigor for repair. The floor upon which the operator stand_s

should be clean and dry. Ynder no conditions should the operator

stand in water left from mopping the floor, As a final pre-

caution the operator should avoid unnecessary body contact

with the cage of t,he spark source, \ mber, or spectrograph

during operation. ‘

N~ .
Regarding sai'eguard from t.he radio-chemical stardpoint,. t.he .

operator should wear rubber gloves, a dust respirator R anu a

f,‘ull length laboratory smock while aparking electrodes.

APPROVED FOR PUBLI C RELEASE
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Figure 5§

Sparking Chamber

-

APPROVED FOR PUBLI C RELEASE



3SvAT13Y O 179nNd H04 a3/ \Odddv

N EETERE AL Y TR

C oy H"' n"_wnm ! inw '-J fi“ ‘mjﬂi‘ K | e --‘rv“' (nr,,......._ e ....,:r

l‘l. ' prre N - -

3ASv3134 O 1'1dNd J04 d3INOodddV



X _

APPROVED FOR PUBLI C RELEASE
15

inserted or removed, Electrodes muat be handled only with «
pliers or fcrceps reserved for active materials., Electrodes which

have been sparked may still bear some activity, and should got

be mixed with uncontaminated eleotrodoe. They should be placed

in a beayer, and the contamination remoVed by dissolving in

LA L e=

1 l nitric acid, the solutlon being saved for recovery. Electrodes, -

decontaminated in ‘this way, may be re—used.

Regular checks of the activity of the floor, tables and optieal

bench ahould be made Wwith a portable alpha couqter ang decontamln-

. ation carrled out when indicated. The spark chamber and all tools | ;
used in connection with the sparking of active materials must be tiié
regarded as contaminated and’ should be touched only with gloved .1é3
hands.--w~«:x'- P .- SIS A.t,,l‘«. N B . ;:

Hands should be checked for contamination follOW1ng use of the
- equipment and thoroughly scrubbed with soap and water if any is
detected. Nose counts should be taken after active electrodes are

sparked.
’ (3) Cupferron Method

Materlal received for analyais by thls method is in the farm of nitrate .
or chloride solut;ons, Metal or tetrafluoride samples will have been dissolved
elsewhere, and by the procedure already descrlbed Thc operator mgst wear .
rubber gloves and a full-fitting laboratony coat whlle carrying out the chemieal
separations in a well-ventilated hood (Figure 6)e Care should be taken in
the evaporation of solutions that no spray be given off Frequent monitoring
of the glass floor of the hood should be made to detect the activity reselting
accidental spillage,

For precautions to be observed in sparking electrodes see (b) under "Direct

Spark Method" abo ve.

APPROVED FOR PUBLI C RELEASE
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Mgure 6

Well ventilated hood.
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All indiviauals éarrying out analytical operations on platonjum materials
should present themselves daily for a nose count. Weekly urine specimens aqust
be submitted to detect at the earliest time evidence of pathological danmage.

8.3-2 Spectrochemical Determinaticn of Intermediate and Heavy-Element Impurities
In Flutonium Metal and Compounds by the Direct Copper Spark Metl.od

(1) Abstract
A hydrochloric acid soluticn ccntaining fifty micrograms of plutonium is
evaporated on copper electrodes and the spark spectrum photographed in the
range, 2500 A® - 5000 A®, The quantity of impurities present is estiimated
by comparison of the densities of their spectrum lines with the corresponding
lines of standard spectra photographed on the same plates,

Limits of Sensitivity (based upon analysis of 50 micrograms of metal)

ppm

Element first order
Ee . 10
kg 1C0
Al 200
Ca 100
Ti 1000
v ———
Cr 200
Mn 200
Fe LOO
Co -
Ni ————
Zn 4000
Zr 1000
Ho —
Cd 1000
Sn 2000
la 2000
Ce 1000 .
Bi 200 .
Th 4000

(2) Reagents

(a) Vlonstent-boiling HCl, distilled from and stared in quartz
vessels,

(b) Nitric acid, distilled from and stered in quartz vessels.,

(c) Water, distilled from and stored in quartz vessels,

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

18
(3) Appasratus and Materials
(a) 1 ml. glass-stoppered pyrex volumetric flasks.
(b) Misco syringe and 50 micrc-liter pipet tips.
(c) 1 ml. platinum crucible
(d) Electrode evaporator. See Figure 1Qa
(e) 4" dia, x 14" long copper electrodes. Ends should be freshly
faeced on lathe and sides machined lightly to a distance of A"
back from end.
(£f) Spark discharge chamber. 3ee Figure Te
(g) 4" x 10" 103-0 photographic plates.,
(h) Wadsworth fully automatic stigmatic grating spectrograph,
21" grating, 15,000 lines per inch. (Jarrell-Ash Co.)
(i) Dietert spark unit
(3§) Dbietert rocking developing machine
(k) Rausch and Lomb viewing box.
(4#) Procedure

(Heed Health Safety Rules Outlined above)

(a) 1f mftallic, weigh out a 500 microgram sample and dissolve in
the smallest possiﬁle quantity of constant-boiling HCl. Dilute to volume with
,quartz-dis@ill@d water in a 1 milliliter glass-stoppered pyrex volumetric
flask. Exaglﬂ;‘tne soluticn critically for undissolved material; if a
residue remains, shake the solution until it is uniformly dispersed throﬁgh-
out and ranidly withdraw a 50 micro-liter aliguot. Transfer the aliqudt to
the top of a copper electrode and evaporate it to dryness in an electrode evapor-
ator. Prepare two such electrodes,

(b) If the sample is an HCl~scluble salt, weigh out a quantity

equivalent to 500 micrograms of metal and dissolve, Proceed as above,

APPROVED FOR PUBLI C RELEASE
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Figure 7

Spark Discharge Chamber
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(¢) 1f the sample is insoluble in FCl but soluble on digestiom
in HNC3 (e.ge plutonium tetrafluoride), weigh out a quantity ejquivalent to
500 micro-grams of metal 4n a 1 milliliter platinum crucible. Add the smallest
possible quantity of quartz-~distilled HNO3 that will dissolve the sample on
digestion under an infra-red lamp; evaporate the resulting nitrate solution
just to dryness. Add 50 micro-liters of constant—~boiling HC]1 and dilute to
1 milliliter with quartz-distilled water in a 1 milliliter glass-stoppered
volunetric flask. Froceed as above (a), ’

(d) Prepare a series of copper electrode pairs bearing the follow-
ing total weights of the elements of interest: 1.0, 0.5, 0.2, 0.1, 0.05, 0,02,
0.01, 0,005, 0.002, (,001 micrograms and reagent blank. Ihié is most convenient-
ly done by starting with a stock solution containing 1 milligram per milliliter
of the following elements in 1:1 HCl: Be, Mg, 41, Ca, Ti, V, Cr, Mn, Fe, Co, Ni,
Zn, Zri ¥o, Cd, Sn, La, Ce, Bi, and Th, Dilute a 5 milliliter portion of this
stock solution té 50 miliiliter in a glass-stoppered graduated cylinder with
gquyartz-distilled water; this solution contains 100 micrograms per milliliter,
“fransfer a 5 milliliter aliquot of this solution to another 50 milliliter

cylinder marked No. 1 and dilute to volume. IFrepare succeeding standard solutions

in accordance with the following table: -

Cylinder No. Dilute ( ) ml. of Cyl. (No. ) to 50 ml. lidcrograms/ml,
1l - - 10
2 25 1l 5
3 20 2 2
I 25 3 1
5 25 IR 045
6 20 5 0.2
7 25 6 0.1
8 20 7 0.05
Y 20 8 Q.02
10 25 9 0,01

APPROVED FOR PUBLI C RELEASE
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Use 100 micro-liters of each standard solution per electrode pair to pre-
pare electrodes bearing a total of 1.0, 0.5, etc. to 0,001 micrograms of
each element. Evaporate the solutiong on the copper electrodes in the

same manner as for samples, using the infra-red electrode evaporator or the
nichrome coil evaporator. Prepare each standard solution fresh each day
to avoid losses in strength due to hydrolysis or adsorption,

(e) Set the Dietert spark unit to give the following conditiona:
power in-put, 2 KVA; inductance, 8; in-put voltage, 230; rotary gap, 10;
primary voltage, 95 - 100.

Set the timer relay for an exposure of 60 seconds. Close the slit of
the Wadsworth spectrograph to 25 micrars. Insert a pair of copper electrvdes
into the holders in the discharge chamber and align them laterally and
vertically at a separation of 2 millimeters by projecting their shadow-image
on the alignment screen on the optical axis behind the chamber. Strike a
spark between the electrodes, and open the epebtrograph shutter. Remove the
camera fran the back of the instrument and observe the spectrum in the
visible 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 and load the camera with 2 103-0 plates. Set the
camera to photograph the rénge 2500 X - 5000 X.

(£f) Insert the 1.0 microgram standard copper electrodes in the
hoﬁFer in the discharge chamber, close the door of the latter, and pass nitro-
gen through the chamber for »ne 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 standards. Spark the sample or samples

about mid-way beiween the first and last standard,

(g) Develog the plates sn total dapkness for 3 minutes at 18.<;°C in
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Eastman D-19 using rocking developuent. Fix in F-5 for 10 minutes after
immersion in an acetic acid short stop for about 10 seconds. Wash plates
in a vertical stream of water for 10 minutes, rinse in distilled water, and
dry out of contact with dust after removal of most of the water with a molst
viscose sponge,

(h) Exanine the piates on a viewing box or in a modified Judd-Lewis
plate comparator, comparing the line densities of the sample spectra with
those qf the standards photographed on the sume plate, Subtract the guantity
of each element appearing in the reagent blank from the quantity of that

element'appearing in the sample.

(5) References

The developuent of the method described is covered in the following

project reports: 4

CK-670 LAMS-122

" CK-877 LAMS~127
" CK-928 LAMS-14,6
CK-993 LaMS-155
CK~1229 LAMS-190
CK-1326 LAMS-211
cc-872 LAMS-217
LAMS-T72 LAMS=-249

" LAMS-B6 LAMS-266
LAMS~97 LAMS-386 (Terminal Report
LAMS-109
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. 8,3=3 _ Spectrochemical Determination of Impurities in Plutonium Ketal and
Compounds by the Copper Spark-Cupferron Exiraction Method

.(l) Abstract

Tri- or tetra-valent plutonium is separated from Li, Be, Na,
Mg, Al, X, Ca, ¥n, Co, Ni, Zn, Sr, Cd, Sn, Ba, la, Ce, Hg, and
Pb by extrection of plutonium cupferride with chloroform. The
aqgueous phase is evaporated on copper electrodes, and the latter
sparked to produce the impurity spectrum. Compariscn of the den-
sities of the impurity lines with standard spectra permits

estimates of the anounts of idpurities present.

(2) Llimits of Sensitivity

(Based upon analysis of 5 milligrams of metzl)

ppm ppm
Element first order seccnd order
Li 1.0 —
Be © 0.1 0.k
Na 5 ——
kg 2 0.0
Al 2 25,0
K 20 —
Ca 2 20.0
¥n 2 —
Co 10 -
Ni A —
Zn 14 Q) -—
Sr ] —
Cd 20 —
3n 20 —
Ba 1l —
la 2 —
Ce 20 -—
Hg 40 ——
Fb 20 -

{3) Reagents

(a) Constant-boiling HC1l, distilled from and stored in quartz vessels.

(b) Diluted quartz-distilled ¥Cl, preparea by diluting 12 milliliters

of c,t:e KC1 to 100 milliliters with quartz—distilled water,
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Purified cupferron (Ammonium salt of N-nitroso phenylhydroxy-
lamine)., See section 8.10.

Chloroform (Baker's Analyzed)
Ether (Mallinckrodi)

Quartz-distilled water

(4)Apparatus and Materials

(a)
(b)
(c)
(d)
(e)
(£)
(g)
(h)
(1)

()
(k)
(1)

(m)
(n)
(o)

Electrélytic reduction cell. See Figure 8.

1 milliliter glass-stoppered pyrex volumetric flasks.

10 milliliter glass-stoppered pyrex graduated cylinder.

1 milliliter platinum crucible

Misco syringe and quartz pipet tips (1 milliliter capacity).
Cylindrical micro-furnace. See Figure.lle.

Infra-red evapcrating apparatus. See Figure 9e

Electrode evaporator. 3See Figure 1Qe

3" dia. x 14" long copper eiectrodes. Ends should be freshly
faced on lathe and sides machined lightly to a distance of 4™ back
from end,

4" x 10" 103F and NHB-sensitized 1-N photographic plates
Spark discharge chamber. See Figure Te -

Wadsworth fully automatic stigmatic grating spectrograph, 21!
grating, 15,000 lines per inch {Jarrell-ish Company).

Dietert Spark unit
Dietert rocking developing machine,

Bausch and Lomb viewing box.

(5) Procedure

(a)

(Heed Health Safety Rules Outlired in Sections 8.2 and 8.3-1)

If metallic, dissolve the sample in the smallest possible quantity
of constant boilirn: ECl and dilute to volume with quartz-distilled
water in 8 1 milliliter glass-stoppered pyrex volumetric flask,

Examine the soluticn critically for un-aissolved material; if a
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— Pigure 8

Mioro-electrolytic Reduction Cell.
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Figure 9

Infra-red Evaporator
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Figure 10

Electrode Evaporator
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Figure 11

Cylindricel Micro-Furnace
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1l
residue is present, centrifuge it to the bottom of the flask.( )
If the sample is in solution as +6 nitrate, reduce it to the +4
state at 1,8 volts and 15 milliamperes for 1 hour in the

electrolytic cell.

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

. 50 milligrams of metal in water, HCl, or HNOB,"as necessary, and

dilute it to volume in a volunetrig}flask of adequate capacity.

It may be necessary to digest the sample with these solvents or
withk HF in a platinum crucible under an infra-red lamp. Some
oxides may resist all efforts to dissolve them, and their analysis
should not be attempted by this method.

(c) Withdraw an aliquot equivalent Lo about 5 milligrams of metal add
200M 6N HCi, dilute to 1 milliliter in a 1 milliliter glass-stopper-
ed pyrex volumetric flask.

(d) Prepare an either solution of the free acid of cupferron as follows:
Dissolve 1,0 g. of the ammonium salt in 10 milliliters of water
in a 10 milliliter graduated cylinder equipped with a glass
stopper, Add about 30 drops of constant-boiling HCl ar until‘the
free acid is precipitated to produce a permanent turbidity. Add
1 milliliter of ether and extract the free acid into the ether

by shaking the cylinder.

If a residue appears at this point which resists all efforts to bring it
intc solution with HCl, proceed with the analysis of the soluile portion.
Transfer. the insoluble residue to a 1 ml. platinum crucible and atteapt to
dissolve it with 0,1 milliliter of EF (distilled from platinum}, If the
residue dissolves in HF, analyze it as a separate sample accordirg to the
procedure given above. If the residue fails tc dissolve in any of the min-
eral acids, slurry it up with a few dro~s of wa'.er and transfer to a copper
electrode for qualitative identificaticn. :
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(e) Add 7 drops'of the above ether solution per 5 milligrems of Pu
to the diluted sample aliquot and shake vigorously to coagulate
the pluboniﬁm cupferride. 4dd 0.1 milliliter of chloroform and
gently inYerL the flask several times to dissolve the cupferride.
The agqueous phase should be colorless, although it may be some~
what turbid.

(f) Draw off the aqueous phase as cerefully as possible, using a
quartz-tlpped syringe pipet, and transfer it to a 1 milliliter
platinum cxucible. Disregard the small volume of aqueous phase

" {about 5 per cent) which cannol be easily separated from the
1\§hiorofbfm,layer.

(g) Bvaporate the aqueous phase to dryness in the infra-red drying

Zw -

Ty *:r\n

_:' ckamber, passlng nltrogen through the petri dish to carry away
- 7-,::."';""7~" e e A .,an - t'. .

. tHe 33%3%8“ 'Nb considerable amount oF undecomposed organic
ST SR X
>, maﬁtgF'hhoﬁld rema1n at this point. Pigsolve any residue which

. WA

? LR ‘&ﬂ i

a}zasaxf ‘ﬁy adding 0. 1 milliliters of purified 16 N nitric acid
LA iy

,.I
/3 just to dryness in ‘the infra-red drylug chamber,

: ?f(b} Diasolfg Egg residue in 0.1 millillter of quartz-distilled 1 N’
ANy Bty e% -

HQ}», “ipggraw the ;olution, using a 0.05 milliliter micro-
e -

T ’“‘ 'tvn: a0
o pipet and coat it On a pair of copper electrodes,

- . e .t‘(a e .-. ; :

@ 'Rinse hhe crucible W1th .06 milliliters of quartz-distilled 6 N

E T \u-'t\ .
«

:*HCl and add thé solution to the copper electrodes,

(3) Dry the soluglcﬁs on the electrodes in the glass—covered brass

) o
) electrode holder, using an infra-red lamp as the source of heat,
(k) Prepare a aerles of _copper electrodes bear1ng known yuantities of

' Li, Be, I\”a, Mg, I’ Al, and Ca (and such additional elements®fron

V';ithe list as may be deslred) in the range of interest(e.g. 0,001,

.0, 005, .01, 0 05 micrograms of each element).

.;%»;-f.-  ~APPROVER, EGR.PUBLI C RELEASE
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(1) Align the electrodes as carefully as possible in the aischerge
chamber, gauging the 2 millimeter electrode separation and the
lateral and vertical positioning by projecting a shadow-image

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

’

point.

(m) S3park the electrodes for 50 seconds, using the [detert spark
unit, set for the following conditions: Rotary gap setting at .
10; Power, 2KVA; Inductance setting at 8; Input voltage, 230;
Cutput primary voltage, 95-100. Set the slit of the Waasworth
spectrograph for 50 microns., Always check the alignment of the
electrodes before starting & run by vistal examination of the
spectrum of a pair ol copper blanké.

Photcgraph the first order spectrum (2) of the following

lines on two 103-0 plates:

Cd: 2288,0 R
Hg: 2536.5
Mn: 2576.1
Mg: 2795.5
Sn: 2840.0
Pb: 283301
Be: 3130.4
Zn: 3282.3
Co: 3453.5
Ni: 3493.0
Zr: 3438.2
Ca: 5933.7
Al: 3961.5
La: 3949.1
Ce: 4012.4
Sr: 4O77.7
Cr: L254.3
— Ba: 4554.0
Photograph the following lines on-a 103-F plate placed in the right

side of the camers cassette (as viewed from the back of the instrument):

Ne: 5890 ¥
Ii: 6707.8

(2) Should only the light elements: Mg, Be, Ca, Al, Li, Na, and K be desired, use
only a 1-N plate and a 103-F plgte,. The second order spectrug of Mg, Re, Ca,
and Al will appesr on these plates along with the lines of the alkali metals,

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

32
‘ : i . (3)
Fhotograph the K: 7664.9 line on an ammonia-sensitized 1-N
plate placed in the left side of the camera cassette (as viewed from

th.e back of the instrument).

(B)To sensitize the plate immerse it in a 4 per cent ammonia solution (by volume)
for one minute at a temperaturg not exceeding 10°C. Transfer the plate to a
tray containing methanol at 10 C for one minuie. Dry the plate as rapidly
as possible in a stream of cold air. Plates sensitized in this mznner are
extremely susceptible to fecgging, 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 should be used within 48 hours,

(n) Ulevelop both 103F and i—N plates in total aarkness for 3 minutes
at 18,0° C in Eastman 5-19, using rocking development. Fix in
F=5 for 10 minutes after immersion in-;n acetic acid short stop

-- for about 10 seconds. Wash plates in a veriical stream of mater
for 10 minutes, rinse 4in distilled water and dry out of contact
with dust after removal of moat of the water with a moist vicose
sponge.

(o) Examine the sbectra on a viewing box, comparing the liue densities
of the sample spectra with those of the.standardé photographed |
on the same plate. Subtract the quantity appearing in the spectrum
of the prccedure blank from thet appearing in the sample
spectra for each element of interest.

(p) References

The development of the method described is covered in the

following project repcrts:

CK=738 . LA¥S-T72 LAKS~176

CK-801 LAMS-86 LANS-190

CK -877 LALS=Q7 LANS=-211

CK-928 LAMS=-109 LAMS-217

CK-993 LAMS=-122 LAMS-23)

CK-1064 LAMS-127 LANS~24Y

CK-1229 LAKS~146 LAMS~276

CKk=~13%6 LAMS~155 LA-387 (Terminal Report)
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§43¥h Spectrochemical Determination cf Light~Element Impurities in Plutenium
Letal and Compounds by the Copper Spark-Gallic dcid-aniline Method

(1) Abstract ,
Tri~ or tetra-valent plutonium nitrate or chloride is
separated from Li, Na, Mg, K, and Ca by formation of an
insoluble compound with gallic acid and aniline which is
selectively wetted by aniline. The aqueous phase, con-
taining the light-element impurities, is evaporated on copper
electrodes, which are then sparked.to produce the impurity
spectrum. Comparison of the densities of the impurity
lines with standard spectra permits estimates of the amounts
of impurities present,

{(2) Applicability:

Tt.is met“od has been applied also to uraaniwn and uranium-
plutoniumn-alloys

(3) Limits of Sensitivity

(Based upon analysis of 5 milligrams of metal)

ppm ppm
Element firsi order second .order
i 1.0
Ha 5.
Mg 1. 3.
Ca l, . - : .10,
Y. 20,

(4) Rezgents
(a) Censtant-boiling KCl, distilled from and stored in quartz vessels,

(b) Diluted guartz-distilled HCl, prepared by diluting 1 milliliter
of c.,b. HC1l to 5 milliliters with quartz-distilled water,

(c) Purified gallic acid solution (7.5 milligrams per milliliter).
See section 8.310,

(d) Aaniline, distillea from juartz and stored in red pyrex vessels.

(e) wuartz-distilled water.
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(£) wuartz-distilled HNO3.
(g) Platinum-aistilled HF,
(4) Apparatus and laterials

(a) Electrolytic reduction cell. see Figure 8,

(b) 1 milliliter quartz dentrifuge cones

(g) 10 and 50 micro-liter guartz pipets.

(d) 1 milliliter platinum crucible,

(e) Infra-red evaporating apparatus. See Figure Qe

(f) Electirode evaporator. See Figure 10,

(g) Cylindrical micro-furnace. 3ee Figure 1l

(h) 4" x 10" 103F and Mi3-sensitized I-N photographic plates.

(i) 4" dia. x 1s" long copper electrodes, Ends should be freshly
faced on lathe and sides machined lightly to a distance of "
back from end. . .

(3) Spark discharge chamber. 3ee Figure 7o - .

(k) Wadsworth fully automatic stigmatic grating spectrograph, 21!
grating, 15,000 lines per inch (Jarrsll-Ash Co.).

(1) Dietert spark unit,

(m) wvietert rocking developing machine

(n) Bausch and Loub viewing box.

(o) International clinical centrifuge.

(5) Frocedure

(Heed Health Safety Rules Outlined Above)

(a) If metallic, dissolve the sample (&4 50 milligrams, if available) in
the smallest possible quantity of ¢onstant boiling HCL and#ilute to

volume with quartz-distilled water in a 1 milliliter glass-stoppered
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pyrex volumetric flask. Examine the sclution critically for un-
dissolved material: 4if a residue is present, centrifuge it to the
bottom of the flask. 'ithdraw most of the supernatant solution with

a pipet and wash the residue into a 1 milliliter platinum crucible,
Digest the residue with a small quantity o: platinum-distilled HF,

ana wnen the soluti:n is clear, fume it down several times with guartz-
distilled HCl or Huo3 to dispel the fluoride. Combine the solution of
the residue and the solution first obtained and adju-t to a convenient

definite volume,

L

(b) If the sample is a compound, dissolve an amount equivalent to about
50 milligrams of metal in water, HCl or HN03, as necessary, and
dilute it to volue in a volumetric flask of adejuate capacity. It
may be necessary to digest the sample with these zolvents or with HF 4in a
platinum crucible under an infra-red lamp. Some oxides may resist all
efforts to aissolve them, and their analysis should not be attempted
'By this method,
(c) 1If the sample is received in solution, Pave its concentration
determined by assay methods and dilute it to give a concentration
of about 50 mg. per milliliter. In any case, if the valence siate R
is +8, reduce it to, the +4 stite at 1.8 volts {Al5 milliamperes for
one hLour in the eleétro-reduction cel;.
(d) withdraw an aliqu;t eguivalent to about 10 mg. of metal and trans-
fer it to a 1 milliliter platinum crucible. Evaporate the solution
Lo dryness to expel excess acids. Be careful to avoid overheating
in the latier stages of evaporation to prevent formatio: of an
4

insoluble residue. Dissolve the salt residue (preferably ¢

nitrate) in about 150 micro-liters of yuartz-distilled water and
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transfer the solution to a 1 milliliter quartz centrifuge cone, Add about
50 microliters of gallic acid solution (§¢5 mg, per ml.)_pnd» e
about 15 micro-liters of aniline., A precipitate should form. Stir
with a length of platinum wire which has been cleaned by ignition.
Centrifuge the precipitate to the bott.m of the cone. Test for
caapleteness of precipiﬁation by adding another 50 micro-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 this manner, anitting, however, further
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. A final pH of 2 is considered to be satisfactory, and the
amount of plutonium remaining the the aqueous phase will then be
less than 50 micrograms. .
Carefully withdraw the aqueous layer from Lhe cone by means of a
quartz pipet; the volure should be between 300 and 500 micro-liters.
Transfer the soluticn to a l\milliliter platinum crucible and evaporate
it to dryness under an infra-red lamp. Burn off the residue of gallic
acid in a cylindrical micro-furnace, Dissolve tﬁe residue in 50 micro-
liters of HCl (1 part of c.b, acid diluted with 4 parts of water). Rinse
the crucible by transferring it beck and farth with a quarty pipet.
Divide the solution into two equal fractions and evaporate each fraction
on a pair of copper electrodes in the infra-red electrode evaporator,
(This requires four copper electrodes, each bearing about one fourth
of the:sample impurities; if desired, the solution may be divided be-
tween %ply two electrodes, using clean blank copper electrodes to

oppose the coated oues in the spark).
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Prepare a series of copper electrodes bearing kncown quantities
of Li, Na, ¥g, K, and Ca in the range of interest (e.g.,0.,001,
0.005, 0.01, and 0,05 micrograms of each element),

Set the Dietert spurk unit to give the following conditicns:
pov}er in-put, 2 KVA; inductance, 8; in-put voltage, 230;

rotary gap, 10; primary voltage, 95-100., Set the timer relay
for an exposure of 60 seconds, Close the slit of the Wadsworth
spectrograph to 50 microns, Insert a pair of copper electrodes
ipto the holders in the discharge chamber and align them
laterally and vertically at a separation of 2 millimeters by
projecting their shadow-image on the alignment screen on the
optical axis behird Lhe chamber. Strike a spark between the
electrodes and open the spectrograph shutter, Remove the camera
from the back of the instrument and observe the full-height
spectrum in the 'visible region with a hand lens through the
camera ?ort. This is a check on the electrode alignment and ¢
should reveal the tall lines as uniformly bright along their
length., Set the Hartmann diaphragm to give lines 2 millimeters
tall and‘load the camera. Put a 103-F plate in the right hand
side of the camera and an Miz-sensitized I-N plate in the left
hand side. Set the camera to photograph the range, 5500 g -
2000 .

Insert the standard electrode pairs and sample e;ectrcde paira
in the discharge chamber in turn, passing nitrogen through the
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 the sample

or samples abour mld-way between the first and last standard,

Develop the plates in totsl darkness for 3 minutes at 18.00 C.
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in Bastman D-19, using rocking development. Fix in F-5
for 10 minutes after immersion in an acetic acid short stop
for about 10 seconds, Wash plates in a vertical stream of
water for 10 minutes, rinse in distilled water, and dry out
of contact with dust after removal of most of the water with
a moist viscose sponge.

Examine the plates on a viewing box or in the modified
Judd-Lewis plate comparator, Use the following lines:

Mg: 2795.5 8 2nd order

Na: 5890,0

Na: 5896,0

I3 610306

1i: 6707.8

Ca: 3933.7 2nd order

Cas 3968.5 2nd order

K : 7664.9

K ¢ 7699.0
Compare the line densities of the sample spectra with those
of the standards photographed on the same plate. Subtract the
quantity of each element appearing in the reagent blank from

the quantity of that element appearing in the sample,

(6) References

The development of the method described is covered in the

following project reports: ~
CC-937 LAMS-86
CK-1148 LAMS-97
CK-1374 LAMS-109
LAKS-T2 1ANS-122
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8.3-5 Spectrochemical Estimation of Fluorine in Uranium and Caloium Metals

(1) Abstract

Fluorine is liberated from the sample as HF by H2304or

HC104. The HF is distilled and then converted to NaP by ab-
sorption in NeOH, Thes NeF 1s arced in the presence of excess
Sr0 and the amount of fluorine is estimated by comparing the
iztensity of the SrP band heads at 5771_.9, 5774,8, and 5779,56 R
with the intensity of the sam® band hesds from a suitebly pre-
pared standerd,
(2) Appliosbility
The method has been ussd primarily for uranium metal but
is applicable, presumedly, to oth;r materials which ere eoluble
in non~volatile ecids without loss of F, The 1limit of sernsitiv-
ity is 0,5Y F,
(3)." Msthod of Sampling
‘ A representative section of the interior of the piece of
T uranium is cut to size that will fit the electrolytic ecell,
A section measuring sbout 4 x 4 x 20 millimeters and weighing
about 6 grams is suiteble for the cell illustrated (Figuras
13)e . Smaller sections may be used, b
(4) Reagsats
() 71 per cent HNO;.
(v) 96 per cent HZSO4. F free (See Blank Procedurs) .
(¢) 30 per cent 32304;" " woom "
(&) 70 per cent HC10,," " "o "

(6) 30 per cent H,0,, Superoxol, Merck, "F free",
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0.1 N NaQCH, F free

(g) sr0, F free

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

(1)

Nitrazine paper, Squibb

(5) Apparatus and Materials

(2)

(b)

(c)

(d)

(e)

(£)

(g)

(h)

(1)

()

(k)

(1)
(m)

Electrolytic cell (Figure 13) - with storage battery,
voltreter, ammeter, and variable resistance, or a unit contain-
ing a variable D.C, scurce with necessary ccntrols and meters.
Platinum distillation cell and metal heating block. See

Figure 12, .

Hot plate and Variac,

2-liter s};phon bottle to maintain reduced pressure on

absorption side of distillation cell. It is provided with

a stopcock or clamp to adjust flow rate.

Safety trap to keep pressure within the required limits.(Fig-
ure 12). |
10 milliliter platinua evaporating dish

Platinum crucibles, 3-5 milliliter capacity

1/8" diameter steel drill and bakelite guide for formirg

" craters on electrodes. See Figure -ljo ‘.

*

1/8% diameter spectrographic graphite rod and 1/4" dismeter
graphite rod.

Ten 1/4" 1.d. heating coils mounted on an insulating
board -- Variac control. 3ee Figure 1B.

Electrode holder

A pipet control and*pipets of capac'ity 10,20, 50, and 100 N .

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

~ plates.

(n)

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

- Distillation Apparatus
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Figure 13

Bleotrolytic Cell
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Figure 14
A - Bleotrode Assembly

B » Crater forming Apparatus.
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Figure 15

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

(a) File small notches near one end of the ursnium sample so
that it can be fastened firmly with gooll electrical con-
tact tc the center electrcde (Figure 13)e If . the
sample has a smooth metallic surface, pickle it in cong,
HI\'O3 long enough to rancve the oxide coating. If it contains
cavities or has a rough surface,vpickle it somewhat longer
until slag is dissolved and the surface has a metallic
appearance., Rinse well with distilled water, allow to dry
on filter paper, and weigh to the nearest 10 milligrams,

(b) Attach sample firmly to the center electrode (Figure 13) .
Connect this electrode to the positive terminal and the
platinum gauze electrode to the negative Lerminal. With
Qbe electrolytic éell immersed in a beaker of cold water,

electrolyze at 0.2 - 0.6.amperes into 2.5 milliliters of

30 per cent st until 0,5 grams of uranium has been oxidized

Oh
from the metal sample. If a duplicate is being run and the
-approximate F content is known, electrolyze enough to give
l-5Y F. With a current of 0.4 amperes, 0.,5'grams will
be electrclyzed in about one-half hour. The U(SOL)2 pre-
cipitate in this case will fill the cell to about one-~third
the original depth of 30 per cent stoh. Remove the cooling
bath and lower the solution tube. Remove the uranium metal
from the center electrcde, transfer any appreciable adhering
precipitate to the aolution, rinse the metal (discarding rin-
sings), dry on filter paper and ﬁeigh.

(c) Add 4LOO X of 30 per cent H202 to the solution in the tube.
I@merse the gauze electrode in the solution until all adhering

precipitate is dissolved: Drain the solution from the electrode
APPROVED FOR PUBLI C RELEASE
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intoc the tube, Discard rinsings. Mix the solution and
precipitate by occasional swirling until all the precipitate
is dissolved.

Add 50 A of 0.1 NaCH# to the pyrex cup C (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.
Add the solution prepared in step(c) to chamber A. Add 1.5
nilliliters of 96 per cent HQSOh. Assemble the gas line

to the syphon and open the stopcdck on the 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 assemble the pressure

side of the gas line. Befcre applying pressure, test the line
for leaks by running the syphon at about 6 milliliters per
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 throdgh C. If they do not; theré-is pfobably
a leak at one of the caps of the distillation cell. If no

ge8 bubbles through C, either the lead is stopped or there

is a leak in the line to the syphon. VYiith the needle valves
closed and with air flowing at the proper rate (1 or 2 bubbles
per secord) into the safety trap, gradually turn on the nitro-
gen at the tank to about 1 pound per square inch. Cpen the‘ .
small needle valvéa, E, until only an occasional air bubble
passes through the tube into the safety trap. ¥ith these
conditions a pressure about 1 centimeter of water below
ataospheric pressure will be maintained within the distillation

cell, Also the nitrogen (with nmaximum allowable pressuré de~-
APPROVED FOR PUBLI C RELEASE
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ternined by the height of the tube in the safety trap)

will prévent gases or solution of samples from bhacking
up,into the pregsure lines,

Raise the temperature of the heating block (See Precaution

9a) from 100°C to 160° C over a period of 1 hour during which

mach of the water and some of the HF distills over. The

rise in temperature is best controlled by setting the thermo -
state on the hot plate to a desired maximum and adjusting

the rate of temperature rise by making the proper voltage
setting on the Variac. Maintain the heating block at 1600

C for 134 hours and the gas flow at 6 milliliters per minute
(Precaution 9b).,, If the base should be neutralized (blue to
yellow) at any time during distillation, add another 50 A

portion (Precaution 96),, Increase nitrogen pressure slightly °

before qpéqing cup C so that absorbing solution will not be
drawn back into chamber B, Also see that any base solution
in platinum lead is forced-intoc C after distillation is com-
plete, ]

Transfer the basichS§ution cohtaining the distillate to a
small platinum crucible ordish and concentrate it to a volume
of 50 A . If the F content is unpredictable, concentrate
one-tenth and nine-tenths of the solution separately and arc
these aliyuots on separate electrodes,

Rinse the distillation eell for the next determination by
Arawing tap water and finally distilled water through it

in the reverset direction. Use a trap if this 4s done
either with the asouth or the vacuum line.

Form craters in the electrodes by inserting 1/8" diameter

spectrographic graphite rod into one end of the bakelite

APPROVED FOR PUBLI C RELEASE
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sleeve and a 1/8" steel drill into the other end (See Fige
ure )¢ A few hand turns of the drill with 1light pressure
will form a crater. Break off 3/4L" cratered lengths.

Make graphite electrode bases fram 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 bages

can be used repeabedlj.

Make upper electrodes as shown in Figure 1l

‘Place as many electrodes in the heater (Figure 15),

as are required for distillations end standards., Welgh 1
milligram of finely divided SrO into each crater. With some
practice, careful visual estimation after light tapping of
the side of the electrode is adeguately quantifati#e . With
& A pipet add enough water to moisten the Sr0. Turn on the
Variac at loQ voltage and evaporate slowly and carefully

80 thet the Sr0 is not lost. Continue evaporating small

portions of water from the Sr0 until an even coat of oxide

(free from large bubbles and fragile crusts) covers the entire

crater,
Prepare two standard NaF solutions from the stock sclution.

Dilute respectivelyl milliliter and £ milliliters of reagent

(#). to 10 milliliters. Prepare fresh standard solutions

every 3 days until a solution of a particular concentration
has stood in its containing vessel for several weeks. There-
after, fresh standards need not be prepared.

Make standard electrodes carrying l1¥ , 2¢, Ly, and 8YF, -
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For the 1y standard, evaporate 10 A of the soclution con-
taining V.1 milligrams per milliliter on a Sr0 co;ted crater

as prepéred in step 1 , Proceed similarly with the other
standards and distillate concentrates. Evaporation must not

be so rapid as to cause loss of Sr0 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 cutside of the pipet, If necessary draw out
‘the tip of the pipet or- wax 5t lightly with'a high melting wax,
In total darkness load the right side of the Wadsworth camera
with a 4" x 10" 103a-T (or 103a-D) plate, emulsion side dovm.
(L.e. facing the grating). With necessary precautions
against fogging of the plate, attach the camera to the

camera carriage of the Wadasworth, draw down the plate shield
and ciamp 4t into position. |

Turn on the Dietert D.C, source. 3Set the amperage at a.
minimum (about 3 amperes with this arc) by turning the hand-
crank to the counter-clockwise stop. Set the 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 g (3 on the micrameteryscale). Raise the
camera cerrisge to a reading of 30 millimeters and position
the wavelength to 5000 - 6300 2 on the short wavelength

balf. Flace in front of the slit a filter whic‘h transnits
wavelengths of 5000 X and greater.. 3et the front edge of

the base of the cage at 40,7 centimeters on the scale and

clamp the 90 millimetera spherical quartz lenas with its base
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against that of the cage so that an enlarged (3-fold) image
of the arc will be focused on the slit.
Clamp a cratered electrode {containing Sr0 only, in the lower
holder and a pointed one in the upper holder (Figure 1h)e
Close the cage door. With an electrode separation of about
5 millimeters strike the arc with a graphite rod mounted
in an insulating handle. Ralse the upper electrode to a
separation of 10 millimeters and adjust the electrodes (laterally
and vertically) so that the slit is in the upper side of the arc
image (Figure 16 ), . NMark the position of the electrode
image on the screen behi d the cage. Turn off the arc,
Replace the SrC blank electrodé with a standard or sample and
adjust the crater to the same positioh using the shadow casi
on the screen by the small lamp in front of tie lens. Cpen
the shutter, strike the 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 3r( should volatilize
completely in less than 60 seconds close the shutter and turn
off ﬁbé arc. After each exposure close the shutter and
raise the camera carriage 3 millireters,
Develop the plate in total darkness for 4 minutes at 18°C in
Eastman D-19 using rockiug development. Immerse the plate
for 10 seconds in an acetic acid short stop. Fix it in F=5
for 10 minutes or uitil the sil;;r halide is completely
aissolvea. liash the plate in running water for 10-20 minutes
and rinse it witl distillea water. PRemové excess watcr from
the plate with a sponge and dry it out of contact with dust.

Compare (visually on & pl:ite viewer with the aid of a lens)

LhePBIINVED AR BiBIreeprPgaSETe band heads ot 5771.7,
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Pigure 16

Arc Imsge (Inverted)
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5774.8 and 5779.5 R are used. #ith uniform excitation
conditions and equal amounts of SrC the backgrounds should
be the saue 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 conditiors stuted under Applicability must be met for

any particular sample. For Ca metal the following modifica-
tions are made:
(a) Flace the Ca metal (about 1l gram) in a 10 milljliter platinum
evaporaﬁing dish and cover it with a watch glass. add water
dropwise through the lip until the sample is completely

oxidized. Neutralize with 70 per cent HCC 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
appearanceé of the blue color of the indicator. Evaporate
the solution to about half this volume or until the salt
cryastallizes out when allowed to cé;l. 4

(b) add 100 A 0,1 N NaOH to cup C and follow Procedure I,(d).

(¢) TIransfer the warm concentrated solution of stiep(a)to chamber
A. Rinse the evaporating dish with 2 milliliters 70 per
cent HClOL and transfer the rinsings to chamber A, Assemble
and test the gas line as in Procedure I, (e).

(d) Follow Procedure I, (f) with these exceptions. Use a ais-
tillation temperawure of 170°C instead of 160° C. If the

base in cup C is nct neutralized during aistillaticn, follow

rroceaure I, (g)=it°
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(e) If the base is neutralized (Precaution 9e),aad 1 adlli-
liter of 0.1 N KaCH to cup C and continue distillation.
The volatile acid is most probably HCl.

(f) To test for Cl . acidify a small porticn of distillate with
HCth and add AgClOL. fteturn the test solution to the dis-
tillate and proceed as follows: If C1~ is present neutralize
the entire distillate with HClOL and add 0.5 milliliters of
1N HClOL in excess, TIransfer to a centrifuge cone of twice
the volume. Add 0.1 N AgCth in 100 A portions, mixing and
centrifuging after each addition until fgrther addition of
AgCl0, no longer precipitates AgCl.

(g) FPollow Proceduwre I, (d),

(h) Empty and rinse the aistillaticn cell, Decant the clear solution
of step(f)and transfer it to Chamber A. Add 2 milliliters 96

per cent H,SC hAssemble and test ges lire as in. Procedure I,(e).

L
Follow Procedure I, (f) - (t).

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

reagents by.performiné the entire procedure without a sample. A

small { € 1¥F) but reproducible blanks meytetolerated in which case

@his value is subtracted fran the plate estimation of F.

k9) Precautions

(a) Adequate heating of distillation cell is essential. The leads

between chambers A,B, and C must be maintained at sych a
temperature that water will not condense in them; otherwise

distillation will nct be smooth and recovery may not be com=

plete.' If conf%ct'betwéen heating 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. This applies ejually to all modifications.

(b) Neutralization of the base is caused sither oy acid spray from
chambers A and B or by distillation of volatile acids; it is
the latter, if the sémple has an unexpectedly high F~ content,

¢  or has Cl7, NC; etc. in excess of 0,005 milliequivalents
(See Procedure II).
(10) Literature References

Petrey, A. W. , Ind, kng, Chem,, anal, Ed. &, 343 (1934).

Ahrens, L. V., S. African J. Sci. 39, 98 (1943).

Project Heports:

LANS-86
1ANS=97
1AkS-109
LAKS-122

8.3-56 Spectrochemical Determinaticn of Impurities in Uranium ¥etal and
Compounds by the Gallium (xide-Pyroelectric Method

(1) Abstract
The uranium metal or compound is converted to U308 by ignition
in air, » 100.milligram sample of the resulting oxide containing
2 per cent of gallium oxide is arced from the crater of a graphite
electrode in a direct current arc, The complex spectrum of
uranium does not appear. The quantity of impurities present
is estimated by comparison of the densities of their spectrum
lines with the corresponding lines of siandard spectra,
(2) Sensitivity, Frecision, end Arplicability
Following is a list of elements determinable in U,0 according

378
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to the pyroel;ctric meth.od, together with their sensitivities of
detection. 3Sensitivities are reported in parts per million on
the basis of 98 .milligrams of U308 analyzed. In general the
precision is good to 29 pér cent of the amount reported.

It shoul@ be emphasized thdt the limits of sensitivity listed
relate to impurities present in oxicde. Impurities in metal or
salt samples may be determined only if such izpurities are not
lost in burning the metal or salt to oxide, Foron &ngd silicon

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

able by this procedure.

Element(h) Sensitivity (ppm)
Li 0.2
Be 0.05
5 0.05
Na p)
(L) 5C, Ge, SG, Rb, SI‘, Y, Te, CS, Ba, Ru, Rh, “';, Re, CB, II‘, Pt, Tl I'lot in"

vestigatec,

Mg 1l
2l 5
51 2

P 50

K 40
Ca 20
TiKS) -
Vv l

Cr 5
¥n 1l
Fe(S) —
Ce 1
N3 1
Cu 0.5
Zn 20
AS 5
cb(5) -
Vo 1
Pd 1l
Ag 0.05
cd ] 0,05
In 0.2
Sn 1l
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Sb 5
R&fe Earths(S) -

Ta 5) -

Al 0005
Hg 1l
b 1

Bi 0.2
Th(5) _—

(5)

Unsatisfactory by pyroelectric method

(3) Heagents

(a) FPurified gallium sesquioxide, Gaz0,. See Section 8.10-3.

3
{
(b) Purified uranium oxide, Us0g. (6)

(6)

Place severul hundred grams of uranyl nitrate hexehydrate (Mallinckrodt)
in a 1 liter separatory funnel and add about 500 milliliters of anhydrous ether
(Merck), Separate the ether layer from the water layer and re-extract thre
nitrate into quartz-distilled water. Add enougl nitric acid to prevent
formation of the insoluble orange compound on evaporaticn. ZIvaporate the
solution to crystals of uranyl nitrate hexahydrate., Remove as much water and
nitric acid as i3 possible without formation of tle insoluble salt. Repeat
the ether extraction and the above steps twice. Finally, ignite the resulting
salt to U308 in a muffle furnace. See also section 8.10-3,

(c) LiF, BeO, ByO,, NaCl, Mg0, Alz05, S10,, CaB(Poh)Q, KCL, V,0c,
Cr203, kn0,, Fe203, 00203, NiBOh’ Cu0, 2n0, A8203, MoOB, Agzo,
cdo, Iny0., Sn0, Sb,Cqy AuzOy, PACl,, KgO, PbC, Bij04, c.p.
reagent grades,

(4) Acrparatus aud Laterials

(a) Tungsten carbide mortar and pestle.

(b) Fin vise and needle

(¢) Platinum crucibles (18 milliliter capacity).

(d): AR.L., graphite electrode cutter.

(e) Special spectroscopic graphite electrodes, avéilable froo

National Carbcn Co.
(f) Watch-glasses (4 centimeters) with off-center holes. See
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Figure 17.

' 2
Mini-mill, aveilable fram Fisher 3cientific ‘Co.

(h) 2" x 2" LSO quartz prism in adjustable mounting. See Figure

(1)
(3)
(k)

18,

35 millimeter 341 film.

4N x 10" 103-F and NHB- sgnsitized I-N photographir plates.

Rakelite electrode holders. 3ee Figure 1?.

(6) Procedure

(2)

(b)

Prepare 5 grams of a U308 standard containing 1000 ppm of

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

BeO, B0, NaCl, MgC, al.04, 510,, CaB(PCh)Z,.HCl, &'205, Cr,0,,
MO, , Fe203, 00203, NiBOlb CuC, n5203, inC, }.‘.003, Agzo, cac,
In 0,5 30, 5b,0,, Au Cy PdCl,, HgO, PbO, and 35.203 . Crind

the above compounds thoroughly into the U _0 in a tungsten

38

carbide mortar, arnd mill the mixture on the iini-mill.

Prepare a standard containing 500 gpm. of eacl. of the same

‘metals by grirding 2.50 gracs of the first standard with

2.50 grams cf pure UBOS' bill the ddxture as befare. In
similar fashion, prepzie succeeding standards so that the
following ppr are aveilable: 1000, 500, 200, 100, 50, 20,
10, 5, 2, 1, 0.5, 0.2, 0.1, 0.05 and blenk.

If the sample is metallic, coavert it to U O by ignition

38

in pletinum in air. A leker bturner provides zdequate heat
far the oper=tion. Salts w: :ich may be converted to U308
by ignition in air should be so converted before proceeding

with the analysis.
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F
Watch Glass with Off-center Hole.
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Figure 18

Optical Allignment of Spectrographs
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Pigure 19

Bakelite Electrode Holder
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Pigure 20

Graphite Blectrode Dimensions
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(c) Weigh cut 8,0 milligrams of gallium sesquioxide as accurately
as possible on a tared watch glass pierced with an off-center
hole. Cn the same watch glass weigh out 392 milligrams
of the U308 blenk. Transfer the whole to & tungsten
carbide mortar and grind the gallium oxide thoroughly into
the uranium oxide.

(d) Prepare a number of 1/4" and 1/8" graphite electrodes to
the dimensions shown in Figure 2Q¢ - . Pre~burn the electrodes
at 13.5 amperes d.c. for 30 seconds to remcve surface con-
tamination. Weigh out 100 milligrane of the uranium oxice-

" gallium oxide blank mixture and trarsfer it to the 8 milli-
meter deep crater of one of the pru-arced electrodes.
Similarly, grind all of the other sterdards with gallium
oxide and load electrcdes with 100 milligram charges,

(e) Tap each electrode on a hard surface to compact the sample
at the bottom of the crater, I'ush a needle, held in a pin
vise, thrdugh the charge and into the grarhite at the botton
of the crater. Tap the electrode agein and withdraw the needle
with a rotary motion.

(£f) Adjust the Dietert Arc Unit to give a current of 13.5
amperes on closed circuit with graphite electrodes in place,
Place a pointed 1/8" diameter electrode in the upper electrode

| holder and a graphite post ir the lower holder. Flace the
electrode bearing the uranium oxide-gallium oxide blank
on the lower post and align the electrodes laterally and
vertically at a sepuratiue. of 4 millizeters by back-projection
of their shadow images on the alignient screen. Check the

polarity of the arc, makirg the lower electrode thre anode,

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

63

{g) Place the 2% nuartz prism o. its table on the 2nd optical
bench of the Dietert and t.e 3" gquartz lens in its place in
frort of the prism. Their positions shoula be determined
previously, so that a beaam of .ight i: sent into the “adswerth
spectrogragh. Close the slit of the Yadsworth spectrograph
to a wiath of 50 microns and adjust its height to 2 milli-
meters with the Hartmann diaphragm. [Ilace a 103-F plate in
the right hand side of tue camera cassette and an NHB-
sensitized I-N plate in the left hand side ( as viewed from
the rear of the instrument). Set the camera to photograph
the range, 5320 % - 7800 R. Check the Dietert camera to
make certain it contains film.

(h) Cpen the slit of the Dietert spectrograph to a width of 20
microns and bring the No, 2 diaphragm in positioﬁ at the
secondary focal point. Cpen the spectrograph shutters and
strike the arc. Continue the exposure during the pre-silent
and silent periods, extinguishing the arc when it begins ﬁo
sputter.

(1) wmack up the cameras of both spectrographs and repeat the
arcing brocedure for the remaining standards. Byarcing
the weaker standards first the dznger of contamination
of succeeding samples is reduced. Develop both film and
plates for 3 minutes at 18.0° C in Eastman D-19, using
rockirg development. Place film in 0,5 per cent acetic
acid short stop for 10 seconds. Fix the film in F=5 for
3 minutes and the plates for 10 minutes. Hinse in distilled
water and dry out of contact with dust after removal of most

of the excess water with a moist viscose sponge.

(3) Bipd the film between frames cut from 1/16 inch Lud te so
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that it may be used as a master plate in the Dietert densi-
tometer., The plates should be left unbound, for use on the
viewing bcx.

(k) Prepare and arc samples in exactly the same way. All samples
should be run in duplicate and a standard sample should be
arced on each film and plate to reveal abnormaljties which
may arise in th.e procedure,

‘ (6) Evaluation and Expression of Kesults
To evaluate a film place it in the film jig in the densitometer
and insert the master film in the master plate slide. Compare the
standard spectrum with the corresponding standard spectrum on
the master £ilm. If the line densities agree for all of the
elements.of interest, proceed to.compare the lines of the sarple
spectra with the carresponding lines on the master plate, noting
the concentrations for which the densities are egual. If necessary,
interpolate the sa@ple lines' densities into the standard series
of spectra. I1f the standard srectrum fails to agree with the
corresronding spectrum on the master plate, lcok for a density
matel with one of the other master spectra. Provided the disagreement
is not éreater than a factor of two and provided the standard
spectrug's g2llium lines and generzl background compare with those
of the sample spectra, the evaluati:.n may still be made. In this
case, employ tle factor necessary to make the standard spectrum
sgree with the corresponding master plate s ectrum in reporting
results in ppm,

(7) Alternative Frocedure
An arrangement by means of %hich the conplete scectrum (2250 -
7100 A®) of a sample may be obtained in a single exposure using

only one spectrograph is described in Project Report 1A-257,
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(8) Referencas

This method was developed by the Netional Bureeu of Standards.

Additionai information is contained in the following reportss

v A-128 - LANS-122
A-129 LAMS-127
A=19h LAMS-146
A-1076 LAMS-155
A~2907 LAMS-176
cc-240 LAMS-190
CK-801 . LAMS=P11
cX-928 LAMS-217
CK~993 LAMS-254

| LAMS-97 LAMS-249
LAMS-1C9 LA¥S-257
LAMS- 266

8.3-7 Spectrochemical Determination of Impurities in ¥apgnesium Oxide and
Calcium Oxlide

(1) Abstract

5 milligram samples of finely ground MgQO or Cad ere weighed
into 2.5 millimeter deep craters of 1/l inch diameter graphite
electrodes and arced at 13.5 ampsres for aﬁ-minutea. A rotating
sector, adjusted to transmit 4O per cent of light is employed to
prevent excessive background. Comparigson of the densities of the

inpurity lines with standard spectra permits estimates of the amounts

of impurities preseat,

(¢) Sensitivity snd Precision

Fellowing is a list of the elements determinable by the method

descrited, together with corresponding sensitivities of detection.
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The precision is estimated to be & 50 per cent, average deviation

fran the mean,
Sensitivity (ppm)

Element Mg0 Cagl
. Be 1l 1
X B 20 10
| e 20 2(7)
[€))
No grade of CaC sufficiently free of Mg was found,
Al 20 2
Si 50 50
Ca 10 —
\'s 4 — 50
Cr 20 -
Mn 5 10
Fe 10 —
Ni - 50
Co - 50
Cu - 1C
Mo 100 50
Ag - 1l
cd — 50
In - 50
Sn 20 10
Sb - 50
Au - 10
Fb : 2 - 10
Bi 10 10

(3) Procedure
See LA Report 416,

8.3~-8 Spectrochemical Determination of the Rare Eart). itlements In Uranium
Metel and Compounds

(1) Abstract

The rare-earth elements are separated fram uranium and its
compounds by méans 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 spectrographically, using a Jarrell-Ash-YYadsworth Spectrograph

and an A.R,L.=-Dietert Lulti-3ource Unit,
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(2) Sensitivity and Precision

Following is a list of elements whickh have been determined
by the procedure described, tcgether 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. v
Element Micrograms ppm (10 g. sample)
Dy 0.05 .005
Gd 0.05 005
Sm 0.50 050
Nd 0.20 .020
Pr 0.10 010
la 0.01 001
Ce 0.10 - 010

(3) FProcedure
See Eritish Report BN-325, also LAMS-98 and La=4l6,

8.3-9 Spectrcchemical Determiration of Impurities in Plutonium hetal and
Compounds by the Gallium Oxide-~Pyroelectric Method

(1) Abstracé

The plutonium metal or compcund is converted to oxide by
igniticn in air in a dry box., A 25 milligram sample of the resulting
oxide is ground with 2 milligrams of gallium oxid'e and 73 milligrams
of purest uranium oxide (UBCB)’ fie mixture is arced in abdry bex from
the crater of & graphite electrode in a direct current arc. The
complex spectra of uranium &nd plutonium do not appear. The
quantities of impurities present are %stimated by comparison of
the densities of their spectium lines with the corresponding lines
of standard spectra or by chotometry, using internal standards,
(2) Sensitivity, Precision and Applicability

Foilowing 18 a 1list of elements determinabies in plutonium
oxive according Lo the pyroelectric metiod, together »ith correspond-

ing sensitivities of detection. J3ensitivities are reported in parts
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per million on the on the bgsis of 25 milligrams of oxide analysed.
fhe precision averages about 9 per cent (average deviation froa the
mean) .
It erould be emphasized that the limits of sensitivity

listed relate to impurities present in oxide. Impurities in metal
or compounds may bé deterﬁined only if such impurities are not
lost during the conversicn to oxide. Boron and silicon in plutonium
tetrafluoride and mercury in metal are, for example, not determinable
by this procedure.

| In adeition, only those ccmpounds which may be converted to
essentially pure oxide (Pulp) may be analysed. Residues high in
sodidm (e.g., frum the ignition of sodium plubcnjl acetate) are

not amcnable to pyroelectric aralysis,

Elecent Sensitivit ) .
{visual comparison)

Be , <6 "
Mg 15 -
Al 300 ot
Si 50 - ,
Ca 60

P 500

v 600

Ge o)

Cr 30

n 15

Fe 30

Co 30

Ni 60

Cu. <a

Zn 150

As 150

Pd 300

Ag <6

In ; 15

Sn 20 B
Sb 30 '
Hg 15

Pb 15
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(3) Reagents

(2) Purified gallium sesquioxide, Ga,0 See Section 8,10-3,

3.
(b) Purified uranium oxide U308’ See section 8.10-3,

(c) Be0, B,O,, MgO, Al 05, S10,, Ca3(FO,),, V,05s GeOp, Cr MnO,,

203’
Fe203, 00203, NiBOh’ Cu0, 210, A9203’Pd012, Ag,0, In203, Sn0,
Sb203, Hg0, PbO, c.p. reagent grades,

(L) Apperatus and Materials

(a) Combination dry box for preparing and arcing samples. See
'Figures 3, L, and 23. ..

(b) Pin vise and steel needle,

(c¢) Platinum crucibles (1 milliliter capacity).

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

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

(£) Arc stand for dry box. See FPigure 2k

(g) 4Hatch glasses (4 centimeters) with off-center holes., See
Figure 17

(h) Mini;mill, available from Fisher Scientific Co.
(1) 103-aP film,

{3J) DBakelite electrode holders. See Figure19e

(k) Tight-fitting dust respirator.

(1) 1lst-surface aluminized plane mirrcr in mouating for optical
bench. 3ee Figure 22,

v .

P

(5) Procedure
(a) Prepare 5 grams of a U308 standard containing 1000 ppm of
" sach of the metals in the following salts and oxides: BeC,
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Figure 21

Arc Stand for Dry Box
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Pigure 22

Aluninized Plane Mirror
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Pigure &3

Arrangement for Arcing Plutonium Oxide
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DIAPHRAGM
MOUNT

50 cm FL QUARTZ LENS

"\ “SFRONT SURFAGE ALUMINUM
'\  MRROR
‘ L

\ QUARTZ
WINDOW

15cm FL QUARTZ LENS

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

3

Fe203, C02C3, NiBOL’ Cub, Zn0, A3203, PdCl,, Ag,0, In203,
5n0, Sb2033 HgO, and PbO. Grind the above compounds thorough-
ly into enough U303 to bring the total weight to 5 grams. Use
a tungsten carbide mortar and pestle for the grinding, and
mill the mixture on the Mini-mill., Prepare a standard con-
taining .500 ppm of each of the same metals by grinding 2.50
grams of the first standard with 2.50 grams of pure U308. Mill
the mixture as before. In similar fashion, prepare succeeding
standards so that the following are available (ppm): 1000, 500,
200, 100, 50, 2u, 10, 5, 2, 1, and blank. The foregoing oper-
ations may all be carried out without fear of danger to the
analyst. Succeeding operations must be carried out in the
dry box by an operator wearing a full laboratofy smock, rubber
gloves, and a well-fitting dust respirator. Read "3pecial
Health Safety Precautions to be Observed in 3pectrochemical

P Analysis of Plutonium Metal and its Compounds " (section 8.3-1)
under "Pyroelectric Method" before continuing.

"‘_ (b) Grind together 2 milligrams of gallium aesquioxide(B) and 25

(8) .
If beryllium i3 not to be determined, and if spectra are to be evaluated
by the internal standard procedure ( part (j)-2, below), the gallium oxide
shodd be first ground with Bi_ 0,, BeO, Au 0O, and ¥o0_ in amounts to give
a mixture containing 8 microggaas of B}, 5.8 microgra&s 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 mar;ner the-
following standards are available (ppm referred to the
plutonium contained in the mixture): 3000,.,1500, 6§00, 300,
150, 60, 30, 15, 6, 3, and blank,
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(c) 1If the sample is in the form of plutonium metal or elloy,

. transfer it to & 1 milliter platinum crucible in the dry box
a\nd’ ignit,§ it in a micro-furnace at 700-800°C until conversion
to the oxide is complete.. If the sémple is a solution (e.g.
dissolved nitrate) evaperate it to dryness under an infra-red
lamp in a well-ventilated hood. Wear a plastic visor during
this operation and take every precaution to minimize spray
during the eveporation. Transfer the platinum crucible con-
taining the évaporation residue to the dry box in a nest
of alternately inverted beakers. Ignite the residue tc oxide
in a micro-furnace in the dry box.

(d) VWeigh out ¢ Q0 adlligrams of Ga203 as accurately as possible
on a tared watch gless pierced with an off-center hole. On
the same waﬁch-glass weigh out 219 milligrams of pure U308
and 75 milligrams of the}rPuO2 samp;o in the dry box. Grind
.ﬁgé'mikxﬁfé éhoragghly in e tuhgéfén carbide mortar and divide
it into three 100 milljgram portions, Transfer the mixtures
to 8 millimeter deep craters of preburned graphite electrodes.
(See Figure 2D for dimensions of electrodes). -

(e} Tap each electrcde smartly on a hard surface to compact the
sample at the bottam of the crater. Push a needle, held in
& pin viée, thfough the charge and into the graphite at the
bottam of the crater. Tap the electrode again and withdraw
the needle with & rotary motion,

(f) Adjust the D.C. rectifier unit to give a current of 13.5

| amperes on closed circuit with graphite electrodes in place,
Put & pointed 1/8 inch diameter electrode in the upper electrode
holder and a graphite post in the lower holder. Place the

“electrode bearing the standard blank on the lower electraie
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(h)

.in position. He must also strike the arc by bridging the
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post and aligh trhe electrodes laterally and vertically

at a separation of 4 millimeters by back-projecticn of

thé;r shadow-images on the a;@éﬁment:.ééreen. ‘Check the

polarity of the are, making the lower electrode the anode.

Place the 1st surface aluminized mirror and its table on

the optical bench of the spectrograph, making sure that its
angle is such &s to direct the light falling upon it centrally

into the slit of the spectrograph. Insert a .uartz lens (f.l.

50 centimeters) on the optical bench between the mirror and

"the slit at & position predetermired to focus an image of

the arc upon the grating, See Figure 3 . Check to insure
that the slit of the spectrograph is 20 microns wide, and
¢heck the diaphragm to make certain that the No. 5 ape:ture

is in place. Test the tension of the film in the camera to
insure that it is neither slack nor under stress, and rack
the camera to the No. 10 positicn.

(From this point on the assistance of a second operatar is
reguired. One operator must stand behind the dry box with
his gloved hands inserted through the gauntlets for the

purpose of removing old electrodes and inserting new ones

electrode gap viith & piece of clean graphite rod. The
gecond operator must stand before the dry box and manipulate
the electrode controls which \isaue fran the front of the dry
box. He must also operate the switches for extinguishing the
arc, rexove or insert the alignment lamp and shutter as

required, and attend to the racking of the camera,)
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Ignite the arc and expose from this point until the arc

hisses and sputters, after having passed through a silent

- .period. Arc succeeding standards in identical manner, pro-

(1)

(3

ceeding from £h¢ weaker standards to the stronger ones to
minimize the danger of contamination from dust produc§d in
the afcing. ( A £ilm so run is called a "standard film".)
Ordinarily, the operator should plan to run several samples
in triplicate and to run one or two standards on the same
film for normalizing variations from the standard film.

Develop the lOB-aF film in total darkness for 3 minutes at

_18.0 C in Fastman D-l9, using rocking development. Fix

the film £or 3 minutes in Eastman F-5 after immersion for
about 10 seconds in an aceti¢ acid short stop. Wash the film
for 5 minutes, rlnse in diatilled Water, and dry in a current
of warm air after removal of most of the excess water with

a moist viscose sponge,

Bind the "standard film" between frames cut from 1/16 inch
Lucite so that it may be used as a master ﬁlate in the Dietert
densitometer, Evaluate the spectra on a film according to
either of the following procedures:

1. Evaluation by Visual Comparison with the Standard Film

Ingert the sample film in the film jig of the densitometer

‘and the master film in the muaster plate guides of the instru-

ment. Compare the standard spectrum of the sample film with
the corresponding standard spectrum of the master film., 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 correspondirg lines on the master film, noting tt.e con-
centrations for which the densities are equal. 1f necessary,
interpolate the sample lines! densities into the standard
series of spectra., If the standard spectrum fails to agree
with the corresponding spectrum on the master film, lcok
for a density match with one of the other standard spectra,
Provided the disagreement is no greater than a factor of two,
and provided the standard spectrum's gallium lines and
general background coapare with those of the sample spectra
the evaluation may still be made, In this case, employ the
factor necessary t§ make the standard spectrur agree with the
c§rresponding master film spectrum in reporting the concen-
traticn of each element in ppm,
2, Evaluation by Photomsetry, Using an Internal Standard
Select, in general, the most sensitive lines of the
elements of interest on the master film, Photoneter thenm,
together with their adjoining backgrourds, in each of the
steandard spectra. Select internal standard lines (Bi, Mo,
Au, or Be)which lie rezsonably close to the analysis lines
cﬁbsen. Also try io choose for comparison the particular
internal standard element which volatilizes at about the
same temperature as the element being determined, Fhoto-
meter the internal stendard lines and tleir neighboring
backgrounds., Coanvert the line and background transmissicn
values into relative line intensity values by reference to

a film calibraticn curve. Subtract the backgrcund intensities
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from the corresponding line-plus-bzackground intensities.
Divide each background-corrected analysis line intensity

value by its background-corrected internal standard line
Hintehsiﬁy value to obtain the so-called "intensity ratio®,
Plot logarithma of the intensity ratio ggainst logarithms

of concentration. Straight line graphs with onit slope should

result.

To evaluate sample gpectra, obtain the log intensity
ratios of interest as described above, Refer these log
ratios to. the appropriate working curve and read off the
concentrati:n of the impurity from the graph. It is well
to check the consﬁancy of the working curve fram time to
time (on each film, if poseible) by analyzing a standard
sample.

RSO

An alternative procedure, used in analyzing samples in
which gailium is to be determined, substitute silver
chloride for gallium oxide, Standard and sample oxide mixtures
are made up to éontain L per cent silver chloride in place

., of 2 per cent gallium oxide. The limit of sensitivity
for gallium by this procedure is about &6 ppm. Sensitivities
for other impurities are essentially the same as those given
above.
(6) References
lAMS-261 1AMS-288

LAMS=276 LANS=302

See also references under Jection 8,3«~6 above,

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

8.3-10 Spectrochemical Determination of Impurities in Graphite by the
Galllum Oxide--Pyroelectric Method

(1) Abstract

A 50 milligram sample of graphi;e containing 4 per cent of
gaullium oxide is arced from the cruter of a grarhite electrode
in a airect current arc. The quantity of impurities present is
estimatea by comparison of the unknown spectrum with standard
spectra,
(2) Sensitivity ana Frecision

Sensitivities given below are in parts per million on the
basis of 48 mil.igrams of graphite analyzed. The precision is

of the order of M 20 per cent of tre arount reportea,

“Element Sensitivity (First order)
Ag <1
A8 50
Au 1l
B 1
Be <1

Bi <1
Ca 10
cd <1l
Co <1
Cr <)
Fe 5
Hg 10
In <l
14 5
Mg 5
¥n <l
Mo <1
Na 50(not D lines)
N3 <]
P ~v 300
b <1
Fd <1
Sb 5
33 5
Sn 1
Tl 1l
v 5
Zn <Q
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Procedure

See LA Report Li16é,

8.3-11 Spectrochemical Determination of Gallium in Plutonium Metsl and
Compounds by The Ysopropyl Ether Rxtraction Method

(1)

(2)
(a)
(v)
(e)

(3)
(a)

()
(o)
(d)
()
(£)
(g)
(n)

(1)

Abstraoct
Gallium is extrascted as a chlorogellio acid camplex from hydro-
chloric scid solutions by mesns of isopropyl ether. The
complex is re-extracted into a small quantity cof pure water,
which is evaporated on copper electrodes together with an
internal standard solution. The residue is exoited in
a oondensed spark discharge and the quantity of gallium evaluated
by photometry of the resulting photogrephed spectrum.
Reagents
Concentrated hydrochloric acid,
Re-distilled isopropyl ether.
Distilled water
Apparatus and Materials
Glass-sfoppered pyrex graduated cylinder, 10 milliliters.
Glass-stoppered volumetric flask, 10 milliliters.
Copper electrodes, 4 inch diameter by 1§ inch longe.
Bleoctrode evaporator., (See Pigure 10).
Uioro-gyringe and pipet tips (50 mioroliter capacity).
Type 103-0 Bastman photographic plates, lj inch by 10 inch.
Spark discharge chamter, (Ses Figure 7).

Wadsworth fully automatic stigmatic grating spectrograph,
21 foot grating, 15,000 lines per inch (Jarrell-Ash Co.).

Dietert spark unit,
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(J) Dietert rocking developing machine.
'«) Dietert Comparator-Uensitometer.
(4) Procedure

Heed Health 3afety Rules Outlined In Sections 8.2 and 8.-1

(a) Dissolve a sample of gallium-plutorium alloy, weighing
about 50 milligrams, in hydrochloric acid in a 10 milliliter
glass-stoppered volumetric flask. Adjust the acidity to 7.25

N and make th_solution up to 5 milliliters valume with acid

of this concentration. (Note Lhat allowance should be made for
the consumption of hydrochloric acid_in the dissolving cperation.
See "Microgravimetric Determination of Gallium in Plutonium=-
Gallium Alloys",

(b) Add 5 milliliters of isopropyl ether to the solution and
shake vigorously for 20 minutes., Allow the phases to separate
and trensfer a 1 miliiliner aliguot of the ether phase Lo a

10 milliliter glass-stoppered volucetric flask. Add 5 milli-
liters of distilleu water to the volumetric flask and shake
vigorously for 0 minutes to re-extract the gallium into the
water. Make the water phase volw:e up to 10 milliliters.

(c) Withdraw, by means of a micro-pipet, a 50 micro-liter aliyuot
of the water phase and divide it about equally between the tips
of two copper electrodes. Lvaporate the soluticns Just to
dryness on the copper electrodes by means of an electrode
evaporator.

(d) Divide a 50 micro-liter partion of an internal standard
soluti;n (containing 80 micrograms of molybdenum per milli-

liter) between the same electrodes. kvaporate these solutions
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(g)

(h)

(1)
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to dryness as described above.

In similar fashion, prepare copper electrodes bearing 1.0
and 0,28 micrqgra@s of galliwa and 4 micfograms of molybdenunm
(duplicate pairs) by evaporation of appropriate volumes of

a standard gallium chloride solution.

Insert the electrodes, by pairs, in the holders of the

spark discharge chamber, gauging their 2 millimeters
separation and lateral and vertical alignment by back-
projection of their shadow image on a graduated screen
behind the chamber,

Place a 4" x 10", 103-0 plate in the left side of the camera
cassette (as viewed from the back of the spectrograph). Set
the spectrograph to photograph the region, 2300 - 4700 &.
Excite the electrodes for 50 seconds in a condensed spark
discharge (25,000 volts, 0.32 m H, 0,021 f( F) and photograph
their spectra through a slit whose width is 25 microns.
Prepare a "standard plate" bearing the spéctra of gallium
in the following quantities: 1.0, 0.5, 0.2, 0.1, 0.05, 0.02,
0.01, and 0,00 micirograms, Each spectrumAshould contain the
lines of molybdenum at 4,0 micrograms. Employ the technigues
degcribed above for electrode preparation and excitation,
(Iﬁg "standard" plates need be prepared only once or twice,
since data obtained from them are used to construct

working curves,)

Develop plates for 3 minutes at l8.0° C in Eastman D-19.
Following.brief immersion of the plates in an acetic acid

short stop, fix them for 10 minutes in acid hypo. Wash the
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plates in a stream of water for 10 minutes, rinse in
distilled water, and finally dry them in a stream of
warm air.

(§) Photometer the Ga: 4033 % and Mo: 4232 R lines in all sample
and standard spectra. Convert the line and background trans-
amissions into relative intensities by reference to an
H & D curve (one plate from each box should be calibrated),
Substract the background relative intensities fram the

- line plus background intensities to obtain the net line
intensities, Compute the log ratios of the analysis and
internal standard line intensities (Ga/Mo). Plot the log
in:censity ratiocs for the standard plates against the log
of tk:né g.ail'ium quariiity. ('I‘ni's. showld yield a strajght
line of unit slope.) Refer the log intensity ratios for
samples to this working curve to obtain the quantity of
gallium obtained in the extractiuna. Use the intensity
ratios of the standards which were photographed on the same
plates as the aar_nples to check the validity of the working

. éurve, correcting the latter a&s may be necessary for any
given plate. Finally, calculate the . uantity of gallium
present in the original samples.

(5) References

LAMS-261 LAWS=276
LalS~266 . LAuS-288
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8.4 CCIORIMETIRIC PRCCEDURES

8.4=1 Colorimetric Deteruination of Phosphorus in Uranium and Plutonium

Metals
(1) Abstract
The phosphorus is converted to ortho-phosphate by dissclving
the sample in an oxidizing acid. The phosphate is then treated
with ammonium molybdate and the resulting phosphomolybdic acid
campiei is éxtracted into n-butyl alcohol. The alcoholic phase is
shaken with stannous chloride solution to give molybdenum blue
which is measured spectrophotametrically. Silicate interference
is eliminated by extracting the phosphomolybdic acid complex
from 1 N stoh solution.
(2) Applicability
The method is applicable to both uranium and plutonium metals
and to their compounds,
(3) Size of 3ample, Limit of Sensitivity and Range
Sample size, 10 - 100 mg. Limit of sensitivity, about 0.,2Y P,
(20 ppm on 10 milligram sample). Range, 0.2 - 12Y P,
{(4) Reagents
(a) Conc, HCl (P and As free).
(b) Conc. HNO3 (P and as free),
(¢c) 10N stoh (approx.) prepared by diluting As free EQSU&.
(d) 1N HQSOL prepared by diluting the 10 N H2S0, «
(e)

Stock solution of SnClz, made by dissolving 10 g of c.p.
salt in 25 milliliters of conc. HCl., This solution should
be stored in @ brown bottle ad kept in the dark; it should

be maae up fresh every 10U days,.
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(f) Dilute SnCl2 prepared by diluting ) milliliter of the stock

solution to 200 mi:liliters with 1 N H280 . This solution

A
should be nade up fresh daily.

(g) Ammonium molybdate solution (5 per cent prepared fram
Bakers special reagent for micro analysis, P content
not over 0,0002 per cent FOL’ This solution should
be stored in a paraffin-coated, glass-siloppered bottle to
prevent picking up of silica,

(h) n=-Butyl alcohol, redistilled.

(1) 95 per cent ethyl alcohol, undenatured,

(3) Stock standard phosphate solution, 100y P per milliliter pre-
pared by dissolving 0.4389 g KH2POL in 1 1. of distiiled

H20,

(5) &pparatus

(a) 8 milliliter quartz crucibles.

(b) Special separatory funnels 30-60 milliliters. ) Figure 24
. (e) 5 milliliter mixing cylinders,

(d) Spectrophotometer (Beckman).
(6) Procedure

If Plutonium l'etal and Its Campounds Are To Be Analyzed,

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
HNO3 and cover to prevent loss of spray. 1In case of pluto-
nium metal concentrated HCl is added dropwise after the

addition of HNC3 until solution of the netal begins. When
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(9)

the reaction subsides more HCl may be added.

(9)

Plutonium metal is difficultly soluble in aqua regia and tends to become
passive., The addition of HCl 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 appreclable amount of phosphorous after the H,S0, treatment which follows.
If desired, the black residue nay be dissolved by heating to fuming with

H,50, .

(b) After the metal has dissolved take the solution tc dryness
under an infra-red lamp,

(c) Take up the residue (with heating) in 0.5 millimeters of
10 N HQSOL

(d) Transfer the solution to the specially designed separatory
funnel usingAthree 1 milliliter portions of distilled water,

(e) Add 1.5 milliliters of 5 per cent ammonium molybdate and mix.
Let stand for 5 - 10 uinutes,

(£) add 5 milliliters of n-butyl alcohol and agitate for 2 minutes
by passing a current of nitrogen through the side arm of the
separatory funnel. The nitrogen should be passed through a
scrubbing bottle containing a swall amount of 1 N H SOL and
a layer of n-butyl alcohol. The gas issuing from the funnel
is passed through & cotton plug or another wash bottle to
trap any spray (Figure 24.)

(g) Let stand 5 minutes to permit the two phases to separate;

draw off the ajueous phase and save the metal recovery.

(h) Wash the n-butyl alcohol layer twice with 4 milliliter
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Pigure 2,

Apparatus for Phosphate Extraction
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portions of 1 N HQSOh. The washing is carried ocut by p&ssing
nitrogen through the separatory funnel for about 30 seconds. .
Draw off the wash liquid each time and add to the original
agueous phase for recovery of metal,

Add 5 milliliters of dilute SnCl2 solution and agitate by
passing nitrogen through the solution for about 1l minute,
Draw cif and discard the ajuecus phase. Transfer the n-butyl
alcotol containing the molybdenum to a 5 milliliter glass-
stoppered mixing cylinder, washing thLe funnel with about

1 milliliter 95 per cent ethyl alcohol,

Dilute the alcoholic solution to exactly 5 milliliters with
95 per cent ethyl alcohol,

Using O,5 milliliters 10 N HQSOL prepare a reagent blank by
exactly the same procedure used in the analysis of a sample
(steps (dxhrough (1) above).

Compare thie sample with the reagent blank using the Peckman
spectrophotoneter and wavelength setting of 730 mp.

Read the amount of phosphorus contained in the sample fronm

a standard transmittance curve prepered by measuring the
transmittance of knowr, amounts of P as KHQPOh or calculate

it from thke extinction equation given under "Calculations

- and expression of results",

(7) Precautions.

(a)

(b)

Frequent checks should be made on the reagents to insure a
good blank. A good blank c¢f all reagents shoula give an
optical density no greater than 0.20 when compared with pure
n-butyl alcohol.

It is essential that HNOB ba added first ir the uissolving
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of the metal to prevent pcssible loss of P as PHB’
Because of the great tendency for ammonium molybdate
soiutions to pict up silica, it is essential that this
solution be kept in & paraffin coated bottle, This
is the most probable source of a high blank,
To prevent silica interferance it is important that the
solution to be extracted be made at least 1 N with stoh
before adding the ammonium molybdate. Because of the suppressed
ionization of silicic acid in 1 N HQSOL the n-butyk alcohoi
soluble silicomolybdic acid complex is not formed; once
formed, however, it is extractable even fram 1 N H S0,
If the SnCl, solution is old a turbidity can be centri-
fuged down before transferring to the spectrophctometer
cuvets,
Argenic interference is not~ conpletely eliminated by
extracting from 1 N stoh’
Calculaticns and Expression of Results
| The phosphorus coht'ent of the mample may be calculated
from the extinction equation

C'------—---n-l2

0.112
where ¢ represents the micrograms of P per 5 milliliter of
n-butyl alcohol and E is the extinction (optical density)
observed when the length of the lighlpath is 1 centimeter.

Results are expressed in ppa.

pom P = ¥ P in sample
pm -

wt. sample in grams
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Bo4=-2 Colorimetric Determ‘.nation.of Microgram Quantities of Acid-Soluble

Sulfide Sulfur

(1)

(2)

(3)

Abstract

Sulfide sulfur in f.he sample is converted to HQS by
treatment with HCl and is distilled into a solution of ZnAc,,
The distillate is treated with p-amino~dimethylaniline and
F‘eCl3 which converts the HQS to methylene blue., The latter
is then dgtefngined spectrophotometrically.
Applicabi nx.y'f

The method has been applied to uranium and to plutonium
metals and is presumably_applicable to any materials which
dissolve in nén-oxidizing acids with the r:elease of their
sulfide sulfur as H28.
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 1y, the limits of sensitivity are:

Sample 3Size Limit, of Sensitivity
10 mg. 100 ppm

- .100 rg. 10 ppm
1l gram 1l ppm
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(4) Reagents
(a) Separation of HaS
1., 2 N HCl for dissolving sample,
2, 2 per cent ZnAc2 solution for trapping HQS.
(b} Color Development
1. Standard Na,$ solution far determining specific
extinction -~ Dissolve 0.746 grams Na2So9H20 in HZ0 and
dilute to 100 milliliters. 1 milliliterfk1l
milligram, S o (If care is taken to select large, well-
formed crystals of Na2309H20 which are not discolored and
, ' are not wet, this solution may be taken.as a primary

* . {10)
standard and need not be assayed,

1) N B
A few asgsays have'iffdicated that such a solution is not more than 1 per
cent below the calculated value.

2. Caro-Fischer reagent — Dissolve 25 milligrams p-amino-
dimethylaniline (Fastman prectical grade) in 7 milli-
liters concentrated HCl. Add 2.0 milliliters O.1
M FeCls solution and dilute to 20 milliliters. This
solution must be prepared fresh daily and is hence
best made up in small quantities.
(5) Apparatus
(a) 3eparation of st
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 picropipets - 5, 10, 20, 25 A
Le Constant temperature water bath,

5. Spectrophotometer (e.g. Coleman Model No. 11),

(6) Procedure

(2)

(b)

If Plutonium and Its Compounds Are To Be Analyzed Heed

Health Safety Rules Outlined In Section 8.2

Separation of H,S

2
Same as for volumetric S method. See Section 8.6-1,

Use 4 milliliter 2 per cent ZnAc

2 solution to trap the H5S.

Determination of st

1. Transfer the ZnAc, solution to a 25 milliliter volumetric
flask and dilute to about 20 @illiliters with distilled
water, Place the flask in the constant tjemperature
bath at 25° ¢ ( 0.5°C) and allow it :o reach thermal
equilibrium,

2, Add 2,0 milliliters freshly prepared Caro-Fischer
solution and mix well, Return the flask to the
bath for about 5 minutes,.

3. Dilute to vclume with distilled water and allow to
remain in the constant temperature bath for 20 =-- 30
minutes moré.

4, Determine the extinction spectrophotometrically at
660 myp using as the reference a similarly prepared
solution containing /4 milliliter 2 per cent ZnAc2 and
2,0 milliliter Carc-Fischer solution dilutedto 25
milliliters. The reference whould be prepared fresh

daily, preferably at the same time as the samples,
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(7) Blank procedure
It i2 unnecessary to run blanks on the distillation. The
reference solution is equivalent to a blank on other reagents,
(8) Precautions
'(a) Separation
Same as for volunetric procedure, Section 8.6-1,
(b) Determination

Since the Lauth reaction (conversicn of HoS to methylene

blue) is not quantitative, all conditions must be carefully

controlled so that the yield may be reproducible:

l. Temperature cantrol is very important and the reaction
must always be carried out at the same temperature
at nhich‘the specific extinction was determined. ﬁot
more than 0.50 C varistion should be permitted.

2, The Caro-Fischer solution must be freshly prepared.

3. The extinction of the solution slowly increases
on standing, especially if large amounts of S- are
present. The increase after 20 minutes, however, is
very slight, usually less than 1 per cent from 20
minutes to < hours,

L. A more dilute Nazs standard solution should not be
used since it would not be stable. The 1 milligrar
per milliliter solution should show no significant
changes over a period cf several weeks if it is kepE
well stoppered,

5. A single determination of the specific extinction
shculc be sufficient so lorg as all corditions are

‘kept unchanged. 1t is desirable occasicrally,
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‘ however, to check the.value by running a standard,

-~
-

(9) Calculation and Expression of Resu'ts

From the series of standards prepared from the standard Nazs'
solution (omitting the distillation) calculate the "extinction
factory, £, l:!')which is defined as the quantity of S~ in
micrograms required to producé unit change in extinction

for standardized procedure. f can best be evaluated by the

least squares equation:
2
b xZ..( E& )
n
Ixy- BXIY.
n

f=

vhere

x = microcgrams of S~ in the standardized volume of
25 milliliters

= E = extinction
n= nunber of observaticns

The summation is taken over the entire series of standarcs
run. 5, 10, 15, 20, and 25y S is a convenient series, since
it is easily obtainable with the standard N328 solution and
cormercial micro-pipets. The precision of the colorimetric
determinaticn may be evaluated from the five standards by
calculating an f for each concertratioc: and comparing it with
the least-squares f. This is best expressed as the standard

&

deviation, o .

{ |
‘ ﬂSee "Spectrophotometric Units", Section 111 A, LA-418,
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o ._.\l igf £)?2

where A.f 4s the difference between an individual f and

the least-squares f, n = the number of standards,

-%- x 100 = the standard deviation expressed as per
cent ‘error. In addition "spiked" samples should be distilled
to c.h.eck on the ré;overy obtained,

The Amount of S: present in the sample is simply -

%ST = Eef

uhén the above method of calculation is used.
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‘ Beh=3 Colorimetric Determiration of Irom in Plutopium Materials

(1) Abstract
The iran is reduced to the ferrous state with hydroxylamire and
determined spectrophbtbméix‘ically in the kesencc of trivalent
plutonium as the ferrous—-orthophenanthroline camplex.
(2) Applicability
"I‘ne method permits the determination of iron down to 100
ppm in relatively pure plutonium metal, plutoniumegallium
alloys and piutmium nitrate process solutions.
(3) ﬁéthod of Sampling
Samples received as solutions are aliquoted by weight or
by volume. VYhen samples are in the form of small metal
buttons, the entire button is dissclved in constant-boil-
ing HC1 -and 8 suitable aliquot of the solution is téken.
(4) Range and limit of Sensitivity
Although t,kTe optimum amoun{. of iron per determination
lies between 1C and 40 micrograms, amounts from 1 to 100
micrograms can be determined with sone sacrifice in accuracy.
The aliquot size should be governed by these limits,
(5) Reagents
(a) Constant-boiling HCl, Fe free,
(b) HC1, 1 N. S
(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 acid and diluting to one liter,

(d) 20 percent hydroxylamine hydrochloride solution, This is
prepared by dissclving Fastman's white label reagent in
distilled water,

(e) 0.5 per cent o~pHenanthroline, The resgent is prepared
by dissolving recrystallized O-phenanthroline in distilled
water, A small amount of 95 per cent ethyl alcchol may
be used to facilitate solution. This reagent should be
colcrless,

(£) Dilute ammonium hydroxide, Fe free. (100 milliliters of
concentrated reagent diluted to l'liter.)

(6) Apparatus

(a) Volumetric pipets, 10 - 200 A capacity, and 1 milliliter
© capacity.

(b) Weight pipets, 200 A capacity. See Figure 33e¢ - ...%.

(c) Syringe pipet coﬁﬁrola.

(d) Volumetric flasks, 10 milliliters,

(p) Spectrophotometer.“(qukman) _

(£f) Cuvets, 1 centimeter light path.,
(7) Procedure

Heed Health Safety Rules Outlined in Section 8.2

(a) Transfer 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 flask. For samples containing less
than 300 ppm of iron, take two aliquots for plutonjum blanks
ard two aliquots for determinations. For samples contain-

ing more than 300 ppm of iron one plutonium blank is sufficient.
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Cne plutonium blank is sufficient in any case if a fixed
absolute accuracy thro?ghout the range is all that is
required,

Add 200 M of hydroxylamine hydrochloride solution and

allow to stand one hour or longer.

Aad 1 milliliter of acetic acid-sodium acetate buffer and
mix thoroughly.

Add ) milliliter of dilute ammonium hydroxide and again mix

thoroughly.

Add 200A of 0.5 per cent o-phenanthroline to the samples
in which iron is to be éetermined (not to the plutonium
blanks), mix thorcughly, 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 & clean, dry Beckman
cuvet.

If equal volume aliquots were taken, use the plutonium blank
as a reference. If unequal weight aliquots were taken, use
distilled water as a reference (see Precaution C). Read
the extinction at 515 millimicrons. For unequal weight
aliquots correct the observed extinction of the

sample for the extinction caused by plutonium. Calculate
this from the plutonjum blank.

Determine the extinction factor by carrying known amounts

of iron through the procedure. Distilled water is used as

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

99

a reference in reading the extinction (see Precaution e¢).
The concentration of HNO3 should be approximately the same
in the extinction factor determination as in the sample
determinations (see Precaution d)., The extinction factor
is expressed as micrograms of iron per extinction unit,
This factor was determined by one operator as 49.9 ¥

iron per extinction unit in the absence of HNOB; 51.0¢
iron per extinction unit in the presence of 0,005 Y HNOB.
The extinction factor for Pu at 515 millimicrons was

found to be approximately 150 milligrams Pu per extinction

unit,

(8) Precautions

(a)

(b)

(c)

Dilution of the sample while still in the =4 valence

may cause hydrolysis. The resulting oxide will go into
solution slowly when hydroxylamine hydrochloride is added.
SOZ 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,

It is convenient to use distilled water or the plutonium
blank as a reference. The use of either is valid only if
the iron content of the reagents is negligible and if the
extinction of the O-phenanthroline reagent itself is negli-
gible., 1If the extinction of a reagent blank exceeds 0,010

it should be subtracted from the obaerved extinction or the
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reagent blank should be used as the reference, Each oper-
ator should run a reagent blank on any particular set of
reagents used,
(d) HNO3 present in amounts to give a final ccncentration of
. 0.005 M in the 10 milliliter volume appears to decrease
the extinction by about 2 per cent. In 0,5 M HNOB, the
decrease is of the order of 90 per cent. If the HNO3
concentration should exceed 0,01 ¥ (in the final 10 milli-
liter volume) iiL is removed between steps b and c by adding
a small excess of HZSOL to the aliquot and taking it to
dryness in a platinum crucible under an infra-red lamp
(see Figure 3L).
(8) Calculations
Express the result as micrograms of iron per gram of plu-
tonjum. Micrograms of iron = extinction x extinction factor,
(10) References
LAMS=-122
LAMS=127

8.4-4 Colerimetric Determination of Sub-Microgram yuantities of Boron in
Calcium Metal

(1) Abstract

Caleium metal is oxidized with water and the hydroxide is
dissolved in a slight excess of nitric acid., The boren, 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 colorimetric curcumin procedure,
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(2) Applicability
The method has been applied to relatively pure calcium
metal and calcium oxide, It should be equally useful for
other metals and similar compounds. Since both calcium
borate and caleium boride are soluble in nitric acid, it is
assumed the method can be used to determine boron if present,
in either of these forms,
(3) Range and Limits of Sensitivity
The prccedure here deacribed permits the determination of
boren in the range 0,05 to 0.5 micrograms which corresponds
to a concentration of 0.5 to 5 ppm in a 100 milligram sample,
~with an accuracy of about 12 per cent.,
(4) Sampling
Small chips are removed from the calcium metal piece and
ground in & Wiley mill to fineness -20 mesh to +80 mesh. A
100 milligram sample is taken for analysis,
(5) Reagents

Store All Reagents (Except Where Noted) in juartz Containers

(a) Distilled water, from a double Barnstead still. If free boric
acid is present in the water supply, it will be nécessary to
distill fram NaOH through a quartz still,

() Nitric acid, concentrated, c.p. The baron content should be
less than 0,1 microgram per milliliter., Distillation from
quartez may be necessary,

(¢) Calcium hydreoxide, 0.1 N suspension, prepared from boron-

free calcium metalagx)xd distilled waters,
¢

(12)
Boron-free calcium metal was obtained fro:: the Electrometallurgical

Corporation, Niagars Falls. 1t was specially prepared by electrolyzing cal-
cium from a boroﬁ&?ﬂ@@NﬁﬁltEﬁfbd%HBLAdsdﬁgliiﬁgﬁé the metal in vacuo in an iron
retort. ——



(d)
(o)

(f)
(g)
(n)
fi)

(3)

(k)
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Sodium nitrate, reagent grade crystals.

Methyl alcchol, absolute. Distill from sodium hydroxide in a
quartz still equipped with an efficient spray trap. The
slcchol should cantain not more than 0,0005 micrograms of
boron per milliliter, '
Hydrochloric acid 6N. Dilute c.p, concentrated acid with an
equal volume of distilled water,

Curcumin, 0,1 per cent in ethyl alcohol, using c.p.

material like Eastman's best grade,

Ethyl alcchol, 95 per cent. Distill fram NaOH through

q quartz still,

Oxalic acid, 15 per cent solution in distilled water. Use
Cep. Crystals, ‘

Standard boric acid solutien, 1 milliliter containing 1 micro-
gram of boron. To make stock solution, dissolve 35,7 milli-
grams c,p. H3803 crystals and dijute to 250 milliliters with
distilled water. 10 milliliters of this stock aoclution di-
lited to 250 milliliters contains 1 microgram of boron per
milliliter, '

Sodium hydroxide, 3 N. Sodium from a solution of c.p,

sodium chloride in distilled waier is electrolyzed into

" _"a mercury cathode forming sodium amalgam. The sodium amalgam

is drawn off into a quartz beaker, distilled water added
arnvl 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 platidum bottle., The normality is determined by
titrating portions with a standard acid. The weight of the
remaining NaOH sclution is determined by weighing the bottle
and contents, then subtracting the weight of the bottle. The
volume of the NaCH solution is determined by-ghis'ﬁeight

and from standard density tables., Dilution to a concentra-
tion of 3 N is made by adding the calculated wolume of dis-
tilled water. For a check, a final titration is made with
standard acid. The NaCH solution is stored in the platinum
bottle, This method of preparation produces sodium hydroxide

-

with extremely low boron content.

(6) Apparatus

(a)

(b)

(c)

(d)

Four yuartz stills (Figure 25).

Spectrophotometer, (Beckman), using absorption cells of 1,90
centimeter light path.

Steam bath, with openings for fowr or more vessels, equipped
with quartz manifold and distributing apparatus for evapor-

ating in an atmosphere free from carbon dioxide (Figure 26)s

Drying oven, 10 x 12 x 12 inches, electrically heated and
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 tube intc a 10 centi-

meter evaporating dish placed on the floor of the oven.
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Quartg Still for Boron Determination
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Figuro 26

Steam Bath with Quartz Manifold
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(e)
(£)
(g)
(h)
(1)
&)
(k)

(1)

(m)
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Two flasks, volumetric, 250.milliliters, quarts, ge.s.

Four flasks, vblumetric, 10 milliliter, pyrex, g.s.

Four flasks, Erlenmeyer, 250 milliliters, -juartz.

Two pipets, 5 milliliters, graduated in 0.1 milliliter.

Five pipets, 1 milliliter, graduated in 0.0l milliliter

Filter dore equipped with medium porosity sintered glass filter.
Soft glass dropping bottle, ©0 milliliters,

Four platinum evaporating dishea, 40 nmiliiliters (Quartz beakers
may be subatituted).

Four beakera, quartz, 50 milliliters.

(7) Procedure

()

Preparation of standard curve.

(It is recommended that juadruplicate determinations be made
for each point on the standard curve.) Add 2.5 milliliters
0.1 H Ca(OH)2 suspension to each of several 40 milliliters

platinun dishes.(lB)Add 0, 0.1, 0.2, 0.3, 0.4, etc,,

(13)

50 milliliter yuartz beakers may be substituted although platinum dishes
are easler to handle, eapeciully in dissolving the precipitate with KHCl.

up to U.8 microgramof boron (0.8 milliliter standard boric
acid solution) to successive dishes. Place on the steam
bath, lower the quartz funnel in place (Figure 26,)adjust

the flcw of nitrogen sovthat it ripples the surface of the
lijuid, and evaporate to dryness, Watch carefully and remove
imuediately after dryness is reached and allow to coof. To
each dish add 0.25 milliliters 6 N HCl aund carefully dissolve
all precipitate. HNext add U.5 miliiliters C.l per cent

alcoholic curcumin and then U.5 rdililiter 15 per cent oxalic
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acid, Swirl to mix thoroughly. Place in the drying oven

with forced ventilation, at & termperature of 55° ¢ 23°

* and obsgrve the time of drying. Leave in oven 30 minutes in

excess of drying time, Remove and allow to cool. Extract the

‘contents of each dishv with 1l millilitér 95 per cent ethyl

alcohol. Filter through a medium sintered glass filter catch-
ing the clear filtrate in a 3 milliliter volumetric flask.

Repeat with successive small portions of alcohol until all

_color is quantitatively removed. Dilute with additional

alcohol to a final volume of 3 milliliters, shake, transfer
to a cuvet and sﬂopbéé.' .Réaq the extinction E at 540 milli-
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 27 - ghows “.a typical standard curve.
Analysis of sample. _

Pipet 2.5 milliliters of a 0.1 N Ca(OH), suspension into
a clean 50 milliliter quartz béaxa‘. Set the quartz condenser
tip in place. Place the beak‘er\ in the CO, trap and adjust so
the condenser tip i§~ beneath the surface of the base,

Weigh 0.1 gram of éaicium metal into flask B, keeping
the flask in a horizontal position. Add 0.5 milli iter dis-
tillea water, keeping the flask under the tap until action
ceases, Add 200 milligrams NaNO3 crystals and then carefully

acidify the solution by adding 0.4 milliliter concentrated

'HNOB, keeping the flask cool under the tap. Swirl gently
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Pigure 27
Standard Curve for Boron Analysisa

Reference Solution: Ethanol (in fngard to vertical scale)

§Boron
Extinction factor m 0.436

E-E
Blank

Standard devist'on (o) = 3%

A: ‘hO m/u
Light path=1,00 cm

Reckwman quartz sps~trophotometer
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to dissolve all calcium hyAroxide. (Keep the flask horizontal
during the above operations,) This amount of HNO3 is
sufficient for an excess of 0.l milliliters.(l“) Next add
8 milliliters purified methyl alcohol and immediately

connect flask B to the condenser,

(14)
This condition ¢f acidity is important because too much HNO3 seems to
interfere in the subsequent distillation of methyl borate,

" "

"Pour 50 milliliters of purified methyl alcochol into flask A
aﬁd connect to still. Place pinch clamp in position. Heat
flask A, gently at first, to prevent bumping. Increase
heat gradually until alcghol vapogs‘continuously pass
through flask P. Then turn on Flask B heater and adjust the
- Variac to uaintaig.ﬂxe initial volume in the flask during the
entire distillation. Distill approximately 45 milliliters
-  methyl alcohol into the receiver, and then lower the receiver
until the co denser tip is above the surface of the dis-
tillate. Continue distilling until one or two miliiliters of
methyl alcohol have washed the coﬁdenser tip. Remove the pinch
clamp and turﬁ off both heaters, |
Place the receiver on the steam bath and lower the guarte
funnel into place, Regulate the flow of nitrogen so that it
ripples the surface of the liquid in the beaker, and evaporate
to dryness, Removc immediately upon reaching dryness, allow
to cool and proceed‘with the color development as described

in (a) gbove.
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It will be noted that evaporation on the steam bath has
left a thin film of precipitate on the wal;s of the beakers,
It is essential that all'this;recipitate be dissclved by the
0.25 milliliter 6 N HCl. This is best accomplished by
tilting the beakers and rotating slowly. Care and patience
will be essential in developing this technique. It is
equally important tha£ the saae procedure be followed after

the addition of the oxalic acid.

(8) Procedure for Total Reagent Blank

(9)

Pipet 1,5 milliliters 3 N electrolytic NaOH into flask B,

Add 200 milligrams NaNO. crystals, O.4 milliliter coacentrated

3
HNO3 and 8 mjlliliters purified methyl glcohol. Proceed with R
distillation and color development és described above, (Since
the electrolytic NaCH is baron frees, this procedure resulfs
in a true reagent blank.) (15) Determine the reagent blank
at frejuent intervals to guard against contamination.
Procedure for Individual Reagent Blanks
If the total reagent blank is greater than 0.10 extinction

units when using the Beckman spectrophotometer and regular

cuvets, further purification is neéessary. To determine

that part of the total blank contributed by the various

reagents proceed as follows:

(15)

If boron-free calcium metal is at hand, an alternate procedure is as

follows: Weigh 0,1000 gram calcium metal into the distillation flask., Dissolve
and proceed as described under "Analysis of Sample",
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C&(OH)Z, HCl, Curcumin, Oxalic acid: Weasure 2,5 milliliters of the
0.1 N Ca(OH)z. suspension into each of 4 platinum evaporating dishes,
Evaporate to drynesson the stean bath in an atmosphere of nitrogen.
Allow Lo cool and proceed with the coler development as described
under "Freparation of Standard Curve", 1In other wards, carry
out the standard curve procedure omitting the additicn of boron.

Methyl Alcohol: Measure 2,5 milliliters of the 0,1 N Ca(OH)2
suspension into each of four platinum evaporating dishes. Add
55 millliliters methyl alcohol fram & pipet to each dish and pro-
ceed =8 above. The value for the extinction obtained here minus
Lhe value fcr the optical density obtained above gives the data
for the cglculation of the boron content of the methyl alcohol,

Nitric Acid: Pipet 0,10 milliliters concentrated nitric acid into
each distillation flask, add 8-10 milliliters purified methanol
end immediately connect to the condenser, Add approximately 50
millilitera purified methanol to Flask A (figure 25) and iise
till, evaporate and develop color as described under "Analysis of
Sample", The extincticn obtained in this procedure minus. the total
extinction obwinea under "Methyl Alcolhol! gives the data for
caleulating the boron coutent of the nitric acid.

Sodium Hydroxide: If it‘is guspected that the sodium hydroxide
is not free from boron, proceed as follows: Cerry out the pro-
cedure for the "‘I‘otal- Reagent Blank", omitting the sodium nitrate,
The value for the extincticn obtéined here minus the total extincticn
obtained urder nitric acid gives the date for calculating the boron
centent of the sodium hydroxide. Coz-recti:on for O.L mdlliliter

nitric aeid must be applied since this is a laiger volume of aeid

-
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than was used under "Nitric Acid™.

Sodium Nitrate: The "total reagent blank" minus the blank obtaired
under "nitric aciq" gives the data for the calculation of the boron
content of the sodium nitre¢te. Experience ‘has showry the boron con-
tent of reagent guality sodium nitrate to be negligille,

(1¢) Precavtions
(#) Observe every possikle precauticn to prevent reagent contanin-

atiaj.

7(gfgﬂéfbre 21l reagents, except where no£ed, in quartz containers.,

Corning'728'gla§s is satisfactory for methyl and ethyl alcohols,

fhe electrolytic NeOH must be kept in a platinum bottle,

(c) When & new quartz stiil is to be put in operation, distill
through it a ccnéidgrable guantity of methyl alcohol to remove
boron from the surface of the quartz. Experience has shown
that @ new quartz surface is conteminated with boron which is

" Qifficult to remove, It actually rejuires weeks to decontaminate
a new still., sxercise great care in the use of decontaninated
stills.

(d) Keep all pipets, glassware and still scrupulously clean. Always
tinse with distilled weter. |

(e) Do not use pyrex pipets. wuartz pipets are to be preferred
although Kimball glass seecns to be :;tisfactory.

(£) Maintain drying oven temperatures at'55° c *3°,

(g) Keep flask B cool during addition of reagents to prevent loss
of borun. .

(h) Keep the volume of solution in flask B at the initial volume

during the entire distillaticn,
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(1) Exclude 002 fror receiver during distillatich. This is the
purpose of the enclosure placed around the receiving vessel
(Figure 25).

(3) To prevent bumping, do not heat flask A too rapidly

(k) Avoid spattering during eveporation on the steam bath.

(1) Exclude other work, especially glass blowing, from the laboratory
as much as possible,

(All) Calculaticns and Expression of Results
Express results in parts per million unless otherwise
- requested,

Calculations by a method of legst squares gives a slope
of 2,29 for the standard curve (Figure 27}, This number
indicates the increase in extinction cazused by cne microgram
of boron urider the conditions of the expecriment.(l?) For
ease in calculating results, the reciprocal of the slope which
is given the name "extincticn factor", d4s used, In this case
the "extincticn facter" is 1 or 0.436, The significénce,
then, of the “extinction factc‘:".'zzs that it remresents the

amount of boren (in micrograms of B per 3 milliliters) re-

quired to produce a change of one unit in the extinction.

am
This value for the slope of the standard curve holds for the type of spectro-
photometer and cuvets used. In addition, the conditions existing for the
color reaction with curcumin also influence the slope. The value given above
should not be taken 8s real unless actually determined by experiment.

To calculate the amount of burcn in micrograms, multiply

- the incresse in extinction by the extincticn factor.
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E (increase) = E sample - E reagent blank

Amt. boron (in micrcgrams) = (E sample - E reagent blank) x

Extinction factor,

Expressed as parts per milliont

(E sample — E reagent blank) x Extinction factor
Wt, sample in grams

B (ppm) =

(12) Reference

Naftel, James A., Ind. Eng. Chem,, Anal, Ed., 11, 407 (1939)
Project ﬁeport LA-BOB (Terminal Report)

8e4=5 Colorimetric Determiration of Sub-Microgram 'yuantities of Boron in

Uranjum TeLraflgorido

(1)

(2)

(3)

(&)

‘Abstract

Uranium tetrafluoride is dissolved in 3 N sodium hydroxide
and 30 per cent hydrogen peroxide. The fluoride ion is either
‘precipitated as CaF, or complexed as FeF6 . Te boron is

distilled as methyl borate. The quartz stills described in

. gection 8.4-4. are used for distillation. The methyl borate

distillate 4is trapped in calcium hydroxide solution and the
boron estimated by the colorimetric curcumin procedure,
Applicability

This methiod applies to relat;vely pure uranium tetrafluoride.
Range and Limita of Sensitivity

In 100 milligram samples, 0.05 to 0,5 micrograms of boron have
been determined with an accuracy ¥ 10 per cent in the final volume
of 3 milliliters to which the solution is diluted for
spectrophotometric determination. This corresponds to a con-
centration range from 0,5 to 5 parts per million.
Sampling

The sample must be finely ground in a poron-free mortar,
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Coarse particles will not dissolve in the quantities of reagents
employed.
(5)7'Reagents
The reagents required are listed in Section 8ekiels 1In
addition to these the following are needed:

(a) Hydrogen peroxide, 30 per cent. Merck's reagent grade,

(b) Ferric chloride, Baker's c.p. 10 grams FeCl3° 6H20 are
dissolved in 50 milliliters distilled water in & quartz vol-
unetric flask. 25 milliliters concentrated HCl are added
ard the velume made up to 100 milliliters,

(¢) Calcium nitrate solution. To 10 grams borcn-free calcium

7 métai in & quartz flask, add distilled water dropwise until
all the metal has been oxidized., Then add the calculated
anocunt of gonce;trated nitric acid necessary to convert
the'caiéium hydrozide to calcium niératé. Dilute to 100
milliliters with distilled water,

(6) Apparatus
" The apparatus required is described in Section 8.4k,
(7) Procedure ‘
(a) Preparation of standard curve,
Prepare a standard curve in the same manner as described
in Section Belielie
(b) Analysis of the sample
Pipet 2.5 milliliters of O.1 N Ca(OH)2 suspension into
a cléan 50 millili;er quartz beaker, Set the gquartz con=-
denser tip in place. Place the beaker in the 002 trap
and adjust so the condenser tip is beneath the surface

of the calcium hydroxide but not touching the bottom of
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the teaker (Figure 26). .

Weigh 0,100 gram of finely ground sample and transfer
to the distillation flask. Add 1 milliliter 3 N NaCH and
0.5 milliliter 30 per cent H202. Shake t¢ mix thoroughly,
warm slightly and allow to dissolve. This usually requires
five to l_tén minutes. After solution is complete, heat to
boiling for thirty seconds to decompose most oi the excess
H,0, and to remove some of the water from the solution. Cool
the flask under the tap., From this point two methods for
preventing the distillation of fluoride ion are available:
Mett;od I. ‘To the ceid solution add 0,5 milliliter C&(k‘}‘():‘,‘)2
solution, 0.20 milliliter concentrated HNOB, then shake to
mix. Add 8 « 10 milljliters puriiied methyl alcohol and
quickly 'conn'et.:‘t the flask' ﬁo AtAhe condenger. Pour 50 milli-
liters purified methyl alcokol into flask 4 (Figure.25) and distill
approximately 45 milliliters methyl alcohol into the receiving
beaker whilg keeping the volume of soluti;)n constant in the
Adistillilng li’iaslg,_. This is easily accomplished by proper
'hdjusf‘meht of the Varia.acg.
Method IT. To the'cdoled solution add 1 milliliter FeCl4-HC1
solution. Shake to mix thoroughly. (If the FeClB-HCl solution
is prepared as directed under "Reagents", one milliliter will
' cdnt.ain sufficient hydrochloric acid to give the proper
‘acidity). Add 8 - 10 milliliters purified methanol and
quickly comnect the distillation flask to the condenser,

Pour 50 mjlliliters purified methyl alcohol into flask A,
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as in kethod I and distill approximately 45 milliliters into
the receiving beaker, while keeping the level of the liquid
constant in the distilling flask.

From this point the procedure is the same for either
method, Before the end of the distillation, lower the
receiver until the ccndenser tip is above the surface of the
B 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 Variacs,

Immediately place the beaker on the steam bath, lower
the quartz funnel into place (Figure 26) and turn or a
sufficient flow of nitrogen to ripple the surface of the
ligquid and evaporate it to dryness.' Remove from’the ateam
bath imiediately upon reaching dryness, allow to cool and
proceed wiﬁh the color development as follows:

Add 0,25 milliliters 6 N HCl to the beaker. Tilt and
rotate the beaker until the acid has dissolved all the
residue on the walls. This step is important and requires
patience and practice to develop sufficient technique to

prevent any loss of contents. Then add 0,50 milliliters
_af 0;1 per cent alcoholic curcumin and then 0,50 milliliter

15 per cent oxalic acid. Aigain 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 550 c t3°. Note when dryness is reached
and ccntinue to heat at the same temperature for an additional
30 minute period. Lemove from the oven and allow to cool.

Extract the coler from the contents of the beaker with 1
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milliliter of 95 per cent ethyl eléohol, Filter through a
medium ,porosity aintered-gléss filter into a 3 milliliter
volumetric flask. Continue exiracting and filtering with small
;olumes of alcohol until the color has been quantitatively extracted
and tranaferred to the volumetric flask. Dilute to a final
volume of 3 milliliters with sdditional alcohol.

Pour into standard Beokman cuvet having a 1.00 centimeter
.light path, stopper and determine the extinction at & wave-
length of 540 millimicrons using 95 per cent ethanol as a reference
solution,

(8) Procedure for the Totel Reagent Blank

Since cslculation of the amount of boron present involves a
knowledge of the boron contsnt of the reagents used, it is necessary
that a "total reagent black™ be determineds This is done
as follows: For Method I and Method 1I carry out the procedurs.
for analysis of the sample omitting the weighed semple. The
extinction under these conditions should not bq ovsr 0,070.
If an abnormally high reagent blank is found it is necessary to
find the source of contamination and reduce it by purification
of the resgent or reagents involved.

(9) Preceutions
The preceutims given in Section 8.~y apply here.
(10) Reference -
LA-303 (Terminsl Report)

B.u~-6 _Colorimetric Dotermination of Sub-Microgram Quantities of Boron in
Plutonium Metal

(1) Abstrect

Plutonium metal is dissolved in 6 N HCl, The boron is distilled

as methyl borate from a speoially designed quartg
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still. The distillate is trapped in a calcium hydroxide
suspension. The boron is estiunated by the colorimetric
curcumin procedure.
Applicability

The method has been applied to relatively pure plutonium

- metal and to gallium alloys of the metal containing up to 3.5

atomic per cent gallium.
Range and Limits of Sensitivity
The procedure described here permits the determination
of baron in the range 0.05 to 0.5 micrograms, which carresponds
to a concentration of 0.5 to 5 ppm in a 100 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 volume of 3 milliliters to which the solutioh is
diluted for spectrophotometric determination.
Sampling
The metal is cut into pieces ranging from 53 to 100
milligrams in weight, If swrface contaminatiin is suspected

it is recommended that the sample be cleaned by electrolytic

_polishing method described in Section 8.2. The metal is then

placed in coucentrated nitric acid for a few seconds, washed
in distilled water and then in acetone and allowed to dry,
Reagents.

See Section 8.4-4,
Apparatus

See Section 8.4-4.,
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(7) Procedure

(a)

(b)

i - — o

Heed Health Safety Rules Qutlined In Section 8,39

Preparation of a standard curve,

Prepare a standard curve in the same manner as described
in Section 8.4=4.
Analysis of the sample,

Pipet 2.5 milliliters of O,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 CO2 trap and ad just
30 tle condenser tip is beneath the surface of the Ca(OH)2

suspensian but not touching the bottom of the beaker., (Ses

Pigure 257,

Pipet 0,25 milliliter 6 N HCl into the distillation flask.

-~ Drop the weighed sample ( a piece of metal weighing between

50 and 100 milligrams ) into the flask and allow it to dissclve;
this requires only a few minutes, Then add 8 - 10 milliliters
purified methanol and immediately connect the flask to thé

condenser. Distill approximately 45 milliliters purified

. methanol through the distillation flask into the Ca(OH),

_suspension, at the same time keeping the volume in the distill-

ation flask esgentially constant, This is done by proper con-
trol of the Variscs. Lower the receiving beaker so the

quartz tip of the condenser is above the surface of the dis-
tillate and continue distilling for 20 or 30 seconds to

ﬁash the tip. Immediately place the beaker on th. steam bath
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and lower the inverted funnel. (See Figure 26)e ‘Stqr?
the nitrogen flow and carry out the evaporation in an
atmosphgre free from carbon dioxide. Remove the beaker
immediately. upon reaching dryuess and allow to cool.

Add 0,25 milliliter 6 N HCl to the beaker, incline
and rotate to bring the acid into contact with all the pre..
cipitate. This operation is important and rejuires
_patience and skill to prevent loss, Next add 0,50 milli-

" liters O.1 per cent curcumin in 95 per cent alcohol, swirl
geéntly, then add 0.50 milliliters 15 per cent oxalic acid,
Again ihcline and rctate the beaker to bring the reagents
into contact with all the wall surfaces of the beaker,

Place the beaker in the drying oven at 55° C *3°C and
heat 30 minutes beyond the drying timé. At the end of this
period remove from the oven and aliow to come to room temp-
erature, Extract the color from the cantents of the beaker
with 1 milliliter 95 per cent ethyl alcohol., Filter through
a medium porosity sintered-glass filter and catch the clear
filtrate in a 3 milliliter volumetric flask. Repeat with
successive small portions of aleohol until the color is

o quantitatively removed. Dilute with additional alcohol
to a final volume of 3 milliljiters, shake and transfer to
a Beckman absorption cell with 1,00 centimeters light path
and determine the extinction at 540 millimicrons on the
. Beckman spectrophotometer,
(8) Procedure for Total Réagent Blank =
Repeat the entire procedure omitting the sample but

‘using the same Quantities of reagents as in an actual analysis.,
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The total reagent blank should be between 0,050 and 0.070
;xtinction units. If the blank is much greater than this
value, it is necessary to find the source of the contamina-
tion.
Reference

1A-340 (Terminal Report)

8.4=7 Rapid Colorimetric Estimation of Gold in Cyanide Plating Baths

(1)

Abstract

By treatment of the solution to be teated with aqua regia,
the cyanide is removed and the gold is oxidized. The color
intensity of the yellow chloroauric ion serveﬁ as a measure

of the gold concentration in the solution. Measurements are

N

‘made against a known standard using a colorimeter. The method

. is. subject to interference by iron or any other impurity

(2)

(3)

thch gives color to the solution under the codditions of the
test,
Applicability

This procedure 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-
neter,
Accuracy

.The accuracy of the procedure was established by comparing
results with those obtained by gravimetric gold sssay of the

same solutions,
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The percentage error can easily bé held to lesé.thém‘S per o

cent if the concentration of the unknown solution be nearly

equal to or greater than that of the 3tanda'rd;, apd the concen-

tration is in the range 15 - 25 milligrams of gbld per 25

' mllllliters of final volume.

Procedure

See LA Report Ll6A,

8.5 FLUORIMETRIC PRCCEDURE

8,5-1 Fluorimetric Estimation of Microgram Amounts of Uranium

(l)

(2)

(3)

Abstract

I‘he strong greenish fluorescence oi’ uranyl 1on in ultra-

- violet llght is used as a medsure of its concentration in

solutlon. Cooling to the temperature of dry ice-methanol
mixture enhances 't%e; fluorescence. The uranium is contained
in either concentrat;d -phosphoric or sulfuric acid since they
form a clear glass at this temperature. The amount of wranium
present is estimated by visual comparison of the intensity
of the f.luorescence of t{he» sample with that of known standards,
Applicability

The method has been used routinely for the 'dct,ermination of

microgram amounts of uranium in plutonium nitrate solutions,

’ _and w.{th t.he modi-ficatioris to be described, in-gunk sdlutions,

ores, anri so.'ne miscellaneous materials.

Size of Sample and Limit of Sensitiv:.ty
Sufficient sample is taxen to g:.ve not less than l micrio~
gram of uramum, 10 mlcrograms being the optmum amomt.. me

limit of sensitivit,y is about 1 microgram of uraniuwn per miili-
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liter of solutione

(4) Reagents

(a)

(b)

()
(d)
(e)
(£)

Phosbhoric acid, 85 per cent, c.p, Organic matter is -
removed by boiling the acid with 30 per cent hydrogen
peroxide until it exhiﬁits no fluorescence under test
conditions,

Sulfuric acid, concentrated, c.p. Crganic matter is

removed as for phcéphoric acic,

Hydrogen peroxide, 30~per cent, c.p.

Percliloric acid, ”O pcr cent, CoPe

Uranyl sulfate, c.p. (For preperaticn of standnlds).

kethénol, absclute, U, S. P.

(5) Apparatus (See Figurcs 28 and 29)..

. (a)
(b)
(c)

(¢)

* (e)
(£)
(g)

(h)
(1)
(3
(k)

()
(r)

Volumetric flasks, pyrex, glas; stoppered, 1 milliliter.
Drying cvén

Hot plate

Aluminum heating block

Focket spectroscope

Small Dewar fléék

Ultraviolet source. W¥estinghouse Type A-HE Lamp (Hg vepor)
used with guartz water jacket.

Mirrored concsve reflector, 6 inches diameter
Metal case housing for lamp
Solcnoid ccntrolled nater cooling system

uartz iens. plano-con?ex, 70 millireters diameter, about
10 inches foecal lengih

lens support

Copper sultate solution filter —— 3 inches thick
t
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Pigure 28

Arrangement for Fluorimetric BEstimation of Uranium
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Pigure 29

Aluminum Heating Block
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(n) Corning glass filter #986
(o) Cardboard tube, 3 inches diameter x 12 inches, to prevent
light scattering,

(6) Preparation of standards

(a) Prepare a stock uranyl soluticn by dissolving 0.,0864 grams

of Uozsohozéuzo in water and diluting to 1000 milliliters,
" This solution contains 50 micrograms of uranium per milli-
liter,

(b) Into clean 1 milliliter volumetric flasks transfer by means
of micro-pipets aliquots of the stock solution to give two
sets each of the following amounts of uranjum: 1, 3, 5, 7,
5, 10, 15, and 20 micrograms. ,

*{c) Add to each of the above flasks 0.5 milliliters of phosaphoric
acid ("organic free") and 2 drops of hydrogen perOxide (30
per cent). Place the flasks in the aluminum heating block
and heat at about 150¢ C until evolution of cxygen is com~
plete, Cool and repeat treatment with two more drops of Hy0,.
Céol and fiil to thevkark with "organic free! phoaphoric acid,
Eeat about an hour at about 185° C to remove excess water,
cool and stopper flasks,

(@) Turn on the ultraviolet light and turn off all room light.

It is essentisl that the room be dark. Coo}l the flask to

be examined for 3 - 4 minutes in the dry ice-methanol bath,
¥hern sufficiéntly cooled the solution will solidify to give

a clear hard glass with & rather pointed cone shaped meniscus,

(e) Look through the pocket spectroscope at an ordinary fluorescent
light with the spectroscope held so that the red end of the

spectrun is on the left. Adjust the slit width so that the sharp
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yellowish green btand appears to be about 1 millimeter
wide,

(e) Remove the flask from the bath and hold at the foeal
point of the ultra-violet light. Examine the fluorescent
light emitted by the uranium by looking through the

' (18)

spectroscope held within 1 centimeter of the flask.

(18)

The spectrum of the uranyl ion shows a set of five cr six narrow bands, .
beginnirg at about 4900 R and extending toward the red., The second band
at about 5100 ® is the most irtense, the succeeding bends decreasing
ateadily in intensity (See LA-15). Visual examiration with the pocket
spectrogscope usually reveals no more than four bands. Those on the right

(the violet end of the spectrum) are of a wave lergth that do rot affect

the eye as much as those on the left, With less than 2 micrograms of uranium
only the two bands on the left may be visible, Therefore, both the number
and intensity of the bands are an aijd in determining the amount of uranium
presen .

If organic matter has not been completely removed by the peroxide treat-
ments there will be a uniform green fluorescence over the entire field.
This may be strong enough to obscure the 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 perchloric acid
may be added to help oxidize the organic material

Nitrate jon 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 Einecke and Harms and Sill and Peterson (loc. cCite).

e

(£) Preparé and study the various standards as above, Prepara- '
tion of duplicate sets of standards is a good practice when
learning the technique 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 not be in disagreement by

more than 1 microgram over the range 1 to 15 micrograms.
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(7) Procedure for Plutonium Nitrate Solutions

Heed Health Safety Rules Outlined in Section 8.2

(2) Into a clean 1 milliliter volumetric flask pipet sufficient
sample to contain about 10 micrograms of uranium,

(b) Evaporate the solution to dryness at 105° C in an ;ven.

‘“(c)i All&w tﬁe flask tc cool an& add 2 drops of "organic free"
phosphoric acid and 0.5 milliliter of 30 per cent hydrogen
péroxide. Heat in the oven at 105° C until the peroxide is
removed,

(&) Repeat the addition and evaporation of peroxide,

(e) Fill to the mark with "organic free" phosphoric acid and
compare the intensity of the fluorescence produced in ultra-
violet light with the standards as described abuwve,

(8) Procedure for Ether-Stripped Gunk Solutions
o 7‘lhese solutions result from the continuous ether extraction
proceés employed by the uranium (235) recovery group for the
recovery of uranium from a wide variety of materials. They
usually cotain large amounts of magnesium salts and smaller
amounts of other miscellanecus salts,

Because of the ihsélubility 'c;f the salts in concentrated acid
the uranium must be separated from them before the test ig
made., This procedure for the separation is fuily described
in Chapter 2, Sect'ion”?..l..—é of this volume. The final com-
parison with thé standards is made as described above,

(9) Procedure fcr Ores, etc,

(a) Bring the material into solution by an appropriate method ==

acid attack or fusion as may be required. Run the analysis

in triplicate, spiking ohe of the samples with a few micro-

. é
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grams of uranium to determine the per cent recovery in the
procedure,

(b) With high silica ores it ig best to remove the silica by
dehydration and filtration in the usual way since large amounts
of insoluble material would be troublesome in the extraction
procedure to follow,

(c) After removal of the silica, evaporate the solution to remove
77777 excess acids and make the solution 3 M in nitric acid, Extract
the uranium by shaking the solution in a separatory funnel
with an equal volume of:egger for 15 minutes, Repeat the
" extraction two more times&'discard the aqueous phase, and
evaporate the ether phases to dryness on the steam bath.

(d) Take up the residue in a iittle dilute phosphoric acid and
‘transfer to a l;miliiliter volumetric flask. Remove the water
by evaporation in an oven at 105%9/'C, cool, add 0.5 milliliters

.of 30 per cent If:ydr_ogen peroxide and repeat the evaporatien,
Repeat the peroxide treatment and finally heat with a drop
of perchloric acld to remove the last traces of organic
matter, Fill to the mark with "organic free" phosphcric
acid and determine the uranium as described above,

(10) Precautions

(8) The volumetric flasks uéed must be free of any uranium con -
tamination and should bé tested under ultra-yiolet light
before use,

(b) The sqlution musp be free of organic matter and nitrates,

(¢) The solution must be cold when examined as the intensity
of the fluorescence decreaseg rapidly as the solution is

allowed to mwarm,
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(4) Excess water must be removed.by heating as described above,
Otherwise the solution will crystallize and some of the
emitted light will be absorbed and scattered by the crystals.

(8) The room must be dark, and a few minutes should be allowed
for accomodation of the eyes to the darkness before examina-
tion of the sample,

(f) with use, the ultra-violet lamp will weaken and samples will

B appear to contain less uranium than when examined when the
lamp.ia new. This results in a losa in sensitivity. Further-
more, it makes unwi se the practice of memory comparism
omitting the use of the standards. With experience, this
can be done without apprgc}ablé_lpss in accuracy; but the.
standards should be examinéd fre;hently to assure that the
lamp has not weakened conéiderably.

{11) References

-

sill, C.N., and Peterson, H.E.,'Bureau of Mines Information
Circular 7337, August 1945

Eineke, E,., and Harms, J., Z Anal., Chem., 99, 123-128, (1934)

Project Report la=15

8.6 VOLUNETRIC PROCEDURES

8.6~1 Voluymetric Determination of Microgram yuantities of Acid-Soluble Sulfide
Sudfur

(1) Abstract

The sulfur is distiiled as hydfégen sulfide from acid sclution
-~ and absorbed in an excess of calcium hypochlorite. The
sulfide is oxidized to sulfats and the excess calcium
hypochlorite is determined icdometrically. Stoichiometric
relationships, however, are not barne out experimentally.

Quantitative results are obtained by determining the titer

-
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(a)

(b)
(<)
(d)

(1)
(5)
(a)
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values of the reagents against known quantities of sulfide,
Applicability

The method has been applied to uranium and plutonium metals
and is presumably applicable to all materials which are soluble
in 2 N RCl and give up their sulfide sulfur as st under such
circumstances. The principal application is to mehals:
Size of Sample and limit of Sensitivity

The sampie size is determined by the sensitivity required. .
The ébsolute limit of sapsitivity is about 1y of S. *
Reagents

Ca(CCl)Q: Dissolve 6 - 10 grams calcium hypochlorite, U.S.P.,

depending on the chlorine content in 250 milliiiters distilled

water, shake well and filter. Dilute the filtrate to one

liter and store in an amber bottle in & dark place, Under

these conditions the solution is stable. This solution is

approximately 0.1 N. For use on the microgram scale dilute

to 0,01 N each day befare use and redetermine tho'titer.

KI, 01N :

Na28203, 0.1 N, Dilute to 0,01 N for use,

Starch indicator solution saturated with HgIz.

Zinc acetate, 2 per cent,

Concentrated HQSOA.
Concentrated HCl,
Standard Na2S solation 1 milliliter -1 milligram. Standardize
against standard I5-KI and N323203.
Tank nitrogen gas.

Apparatus

Pyrex still. See Figurs 30,

(b) 1 milliliter buret graduated in hundredths.
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FPigure 30

Pyrex Apparatus for Sulfur determination,
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(¢) 25 milliliter Erlenmeyer flasks

(d) Pipets, 5 milliliters, 2 milliliters, 1 milliliter, 100A.,

50A , 10 A,

(6) Procedure

(a)

(b)

If Plutonium Metal and Its Compounds Are To Be Analyzed,

Heed Health 3afety Rules Qutlined In Sectjon 8,2

Determination of tLiter: To 2 milliliters of 0.01 N hypochlorite

eolution in a 25 milliliter Erlenmeyer flask, add 100\'{ of

Sulfide sulfur (100 X of the standard NeoS soiution). Add
2 milliliters of 0.1 N KI and 2 drops concentrated HQSOL.
Let the reaction proceed for 3 - 4 minutes to allow the iodine
reaction to go to completion. Titrate the liberated iodine
with the Q.01 N thiosulfate adding 2 drops of the starch

indicator just before the endpoint. Denote this volume

of thiosulfate as &, Similarly determine the volume of thio-

' sulfate neceasary to titrate the iodine liberated by 2 milli-

liters of 0.01 N hypochlorite without any added sulfide, De-
aocte this volume of thiosulfate as A.

Then K 2 _100 ¥ where K is the relative titer value
(in ?S/ml ) fo% :h% thiosulfate solution as used in conjunction
with hypochlorite,
Revoveries from the still: (1) Pipet measured amounts of S
into 2 milliliters of 2 per cent zinc acetate contained in
the still pot B (Figure 30 } and assemble the still, (2) Pipet
1 milliliter of 0,01 N hypochlorite into the 25 miliiliters
receiving flask and add a little distilled water so that the

tip of the condenser is below the surface of the golution.

(3) Aadd sufficient concentrated HCL throug,h A Lo make the
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solution in B approximately 2 N and wash the socid down with
s little water, (L) Connect to a source of compressed nitroe
.gen and adjust to a rate of flow rap;d epough to prevent sucking
back when the still cools. (5) Heat the solution in B %o
inoipient boiling. (6) Allow the gas stresm to sweep over the
llib;rated H,S for § minutes. (7) Disconnect the trip C end
wisﬂ ihaide #na out into thevr;ceiving flask with a smell quantity
of water. (8) Add 2 milliliters of 0.1 N KI and 2 drops of
| c&go;ntratedAﬁesoh; (9) After 3 « 4 minutes titrate ﬁith 0.01 ¥
| thiosulfate adding 2 drops of the starch indlcator just before the
end point,
(e) ”ﬁhknowns: Proceed as in b oﬁitting the sulfide and substituting
2 milliliters of_water for fhe zine acevate. Introduée the

weighed sample into the flask, assemble the gtill and ocontinue

as above, Be sure that the sample is in solutim before

' ‘starting the 5 uinufe kieep 1nt9rva1. Gentle heating beiow
i the Soilinghpoint is pormissiblé t0 insure complete solution,
Keep the nitfogeq strean flcwing'throughout the eptire operation.
(7) Blank ProcodurQ | '
... ..Determine the blank by running through fh9.q§§tillation pro-
u _;Qdure wifnout added sulfide. The blank is positive and con-
o dfant and is apparently caused by the destructionm of ﬁ sﬁull
quantity of hypooﬁlorite during the distillation., ¥No blank
correction is necessary if the sulfide is added directiy to the
hypochlorite,
(8) Precautions

(a) Do not allow the nitrogen stream to pags through too rapidly.
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(b) Keep distillaticn time short to cut down the blank; 5 minutes
is usually sufficient.

(c) Do not heat to boiling.
(d* Allow sufficient time for oxidation of jodide by hypochlorite

before tetrating.

(e) Use suitable buret., One of 1 milliliter capacity graduated
in hundredths, so that 0,001 milliliter can be estimated, is
adequate,

(9) Theoretical
The basic reactions involved are:

$* 4 40CTT 3 SO, whCl

- - <+ ., -
OCl 21 «2H P I+ Hzoo C1

I+ 25,00 = =

The reactions used in standardizing the Nazs solution are:
S¥I, —¥ 521

1, (excess) -¢ 25,03 —> 24 sho6

(10) Calculations

Calculate micrograms of sulfide sulfur directly from the
volune of thiosulfate used., If X milliliter are used
(A - )K= ¢ 5~

Express results in ppm.

- Y S”
PRl = sample weight in grams
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(11) References ’

Kolthoff, I.M., and Sandell, E.B., "Textbook of Juantitative
Inorganic Analysis®, pp. 587-588, 639-640, New York, The
Mackillan Co., 1943 LT

-Kolthoff, I.M., and_Stenger, V.A;j Ind. Eng, Cﬁem., Anal, Ed,,
1, 79, 1935
8.6=2 Volumetric Determination of Sulfate Sulfur In Plutonium Materials

(1) Abstract
The sulfate is reduced to sulfide by means of-a'reducing
mixture composed of hydriodic acid, hypophosphorous acid and
hydrochloric acid. The hydrogen sulfide is trapped in ammoniacal
cadmium chloride solution and the sulfide sulfur is then
determined icdometrically.,
(2) Applicability
The method has been applied to plutonium nitrate solutions
and is presumably applicable to other plutonium solutions
and to all plutonium materials that can be put into soclution
without loss of sulfur.
(3) Range ,
“Sufficient plutonium solution is t;ken to give approximately
1l milijgram of sulfide sulfur or 3 milligrams of sulfate,
Satisfactory results can be cbtained in the range 0,3 milli-
gram to 5 milligrams of sulfur,
(4) Reagents .
(a) Re&ucing mixture, Mix 160 milliliters HI (47 per cent), 160
milliliters concentrated HCl and 40 milliliters H(H2P02)

(30-32 per cent). Add a few glass beads and boil for 5

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

138

minutes., Cool and store in a brown, glass-stoppered bottle.

(b) HC1l,concentrated,

()
(d)
(e)
(£)
(g)
(h)

(1)

HCth, 70 per cent,
I~ KI solution, 0.1 N
Nazszoa, 0,01 N.

Standard Na23 solution, 1 milliliter = 1 milligram S.

Starch indicator‘

Ammoniacal CdClz. Dissolve 10 grams CdClzo2H20 in distilled
water, add 500 milliliters NHhCH and dilute to 5 liters.

Tank nitrogen gas,

(5) Apparatus

(a)
~(b)
(c)
(d)
(e)
(£)
(&)

Distillation equipment. See Figure 31ls- .
Iodine flasks, 250 milliliters,

Buret, 5 milljliters, graduated in hundredths.
Pipeta, 1 milliliter, accurately calibrated,
Pipets, 50A, 100 .

Graduated cylinders, 5, 25, 0, 250 milliliters,

Evaporating equipment. See Pigure 32

(6) Standardization of Reagents

()

(b)

Standardize the 0,1 N I,=KI solution against arsenious oxide
in the usual way.

Standardize the 0.0l N sodium thiosulfate by carrying 1
milljliter of the standard sulfide solution through procedure
& as described below. The resulting titer is then s 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 0.1000 N (0,1000 meq.) of
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Figure 31

Distillation Apparatus

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

. 4% -
] 4-? ] t
r w|®
—T—/ _~WATER (OUT) wjo N
I V'_K_i
- [2mmoD
SEMI BALL-12-5
_is [TH20mm 0D
0 "’g’
o
o
| WATER (IN) [ 7
nie] /§ 35
w|¢
Np—=[ O\ S
P N
r \\ )<~ T
| — SEMI BALL - 28-15
-
o)< T9)
<

)

L 125 m| ERLENMEYER FLASK

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

Figure 32

Bvaporation Apparatus
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jodine and 1.000 milligram (0.6525 meq,) of sulfide are
used, .

4 0,1000 meq, - 0,0625 meq. * 0.0375 meg. of excess iodine,
If n is the number of milliliters of thiosulfate used in
titratiné the excess jodine, then the normality of the

- thiosulfate is

(7) Procedure

Heed Health Safety Rules Cutlined in Section 8,2

(a) In the absence of nitrate:

Place 50 milliliters of the ammoniacal cadrium chloride
gsolution in the 250 milliliter jodine flask and place in
positiam withrihe end.of.the délivéry tube touching the
bottom of’é;e flask. Pipet an aliquot of the unknown
(containing approximately 1 milligram of S) into the
distillation flask, add & few glaas beads 8nd 20 milli-

. liters of the reducing mixture. Immediately connect the
flask to the still. Place the heater in position and bring
to a rapid boil, ¥hen no more H,S comes over (approximately
16 minutes), start nitrogen bubbling through the boiling
solution at a gentle rate., Pass the nitrogen through for
10=15 minutes,

At the end of the distillation, disconnect the delivery
tube at the semi-ball joint and wasﬁ down the inside with
a few milliliters of water. Disconnect the lower part of
the delivery tube at the standard taper joint and leave

the lower part in the receiver. Remove the heater and stop

the gas stream.
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-.Add 10 milliliters concentrated HCl to the cadmium sulfide solution
in the iodine flask, stopper immediately, swirl to mix and place in an
ice bath, when the solution is cold, remove from ice bath and pipet 1
mill;llter of the jodine solutlion into the cup of the iodine flask.
,Cautlously loosen the stopper 8o that the iodine is drawn into the flask
without allowing any of the HaS to escape. Wash the iodine into the
flask with small portions of distilled waier being careful at all times
not to.remove the stopper completely, The partial vacuum will draw in
the wash water without difficulty.

Spako the flask well so that all the H,S will react with the iodine.
Allow the flask to cane to room temperature with occasional shaking.
Titrate with the thiosulfate to the disappearance of the blue starch
colér,~adding Lhe.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 O,1 N I,-KI is equivalent
to 1.6 milligrams sulfide sulfur,

(b) In the ﬁreaeuqe of niirété:

Nitrate interfers seriously with the procedure, Traces of nitrate
will produce low results, To eliminate nitrate, evaporate the solution
with'5 milliliters of 70 per cent perchloric acid. Boil the solution

. vigérous? to drive off all traces of nitrate. A crlterion of sufficiently

vigorous boiling is that no HCl0, condenses in the dlstillatlon flask,

4
A convenient apparatus for the evaporation is shown in Figure 32, .
Do not close the semi-ball joint completely but clamp it so that a small
gap is left between the male and female parts of the joint,

Evaporate the solution until the volume is decreased to 1 - 2 ml,
This will reamove the nitrate in one evaporatiwn, The residual perchloric

acid will not react explosively ¥ith the reducing mixture, Cool the flask

ana proceed viith the aistillation as described above,
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(8) Precautions ,
’ ' (a) Do not pass the nitrogen through the solution too rapidly.
(b) Nitrate must be quantitatively removed.
(9) Calculations
If x_ milliliters of 0.01 N thiosulfate are used to titrate
the excess iodine when 1 milliliter of 0.1 N iodine is added,
rnhen:. |
@.1 meq, - (xe 0.01)] 16 =z age S

mgo SO; = Mg S= X 2099

(10) References

Luke, C.L., Ind. ¥ng. Chem., Anal. Ed. 6, 602 (1934)

LANS=23,
LAMS-24Y

N LAMS=-261

8,6=-3 Microvolumetric Assay of Plubonium
(i) 4bstract |
B Piutonium as sulfate in 2N HQSOL is reduced to 4-3 valence
with zinc amelgam uncer a CO, atmosphere and is titrated
potentiometrically to 4 4 valence with ceric sulfate,
(2) Applicability
“The method has been used primarily for mixtures of A4 and
¢ 6 nitrate in 1 N HNOB’ particularly for Hanford material
bo}h as received and after purification. The method permits
direct deLefmination of Pu in a scluble sample provided the
cations of Ti, V, Fe, Mo, %, and U are present in amounts not
greater than v.02 - 0.03 per cent. If any one of these ions is
present in appreciable amourt it must either be removed or

determined sepzrately anc subtracted (usirg the broper equiva-
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lent weight factor) from the quantitative combigaticn.
The procedure here given treats Fu nitrate solutions which
require a correction for ircn only.
Method of Sampling
Aliquots are taken by weight or volume as required; three
aliquots containing fram 1 to 10 milligrams of Pu are taken
for assay and two aliquots are used far determination of ircn.
Regardless of precantions taken in storing the sample in

solution, the concentration increases because of decomposition

.of water by albhé particles. The magnitude of this effect is

(4)
(a)
(v)
(c)
(d)
(e)

(5)
(a)

related to the cencentraticn of Pu in the solution. It was
calculated for one sample Lo be about 0.1 per cent per week,
but was found, in canbi..ation with other effects, to be some-
what greater. This effect prevents a gas-tight seal of samples
containing as much as 200 milligrams Pu per milliliter. For
trhis reason aliquots are taken wi thin a few hours from the
time the sample is received.
lteagents

HQSOL‘, concentrated.

HQSCL, 1N, 19)

Ceric sulfate, about 0,02 N in‘l' N H2$C .

Séturated zinc amalgam.
| Solid CO2
Appsratus

Deﬂachable syringe pipet controls for transferring all

Pu soluti.ns gnd for tilling and emptying the burets.

(19)

Standardige with Bureau of Standards Na2020 L
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(b) Trensfer weight-pipets with waxed tips (Figure 33).

'(c) Volumetric pié?ts, aned tip, calibrated to contain 2V
to 100A (Pigure 33). Thess pipets are very simply

-conétruoted from pyrex glass tubing or smell test tubsc,.

‘The construoction at the meniscus is fine emough so that
a variation of 1} millimeter does not correspond to more
then V.l per cent of the pipet volume.

(d) Platinum oruoible#. 8 milliliters.

" (e) Evaporation chamber (Figure 3L)e

(£) 1Infra-red lamp and Variace

2

(g) €O, generator, A satisfactary generastor consists of a
Dowar flask of one liter volume or lerger whose heat con-

duction is sufficient to supply 1 Fo 2 milliliters 9f C02
gas per second when the.flask iz halt filied with sol;d
002. Heaut conduction muy be increased by inserting a
covper rod éhroughrthe stopper. The tlask should be
completely wrapped or tapsd for the protection of the
operator, A.;ombination safety-trap and 002 pressurs
indicator is attachsd to a side arm of the C02 supply
‘line. It cunsists of an open-snd section of the line

", immersed to a depth of 6 to 8 inches in water. Tha
épbrating pressuré is muintained at about 6 inches of water
by an approprltﬁe seleotion of diameter and lemgth of the
capillary leads in the apparatus (Figure 56).

(h) Combinstion reduction~titration cups (Pigures 35, 36,
57. and 58)¢
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Figure 33

Miocro Pipets
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Figure 34

Evaporation Chamber
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Figure 35

Combination Reduotion«Titration Cups
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FPigure 26

Redu--'.ion~Titration Cup
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(1) variable speed electric stirring motor, Variac, and waxed
glass stirrers. 7

(3) Weight-burets, 0.5 to 3.0 milliliters‘capacity (Figure 33)e .
This tip is waxed outside'so that it will not be wet by water
solutions. This minimizes loss in weight caused by evaporation
and also, for small bore tips, prevents a solution from drain-
ing from the buret except when it‘is forced with a syringe
or when the tip is immersed in a solution. The centrol
construction is waxed inside so that it will not £il1l with
solution and thus prevent gravity drainage when the tip is
immersed. If the same buret is used for the end point as
for the rg§t of the titration its delivery rate with the
tip immersed should not exceed 2 milliirams of solution per
second.

(k) Vacuum residue bottle. The liquid lead is a tapered 2 milli-
-meter glass tube attached to the bottle by an adequate length
of rubber tubing. The vacuum lead contains a cottcn filled
drying tube,

(1) Beckman pH meter with calomel snd platinum el ectrodes.

(5) FProcedure

Beed Health Safety Rules Outlined in Section 8.2

"(a) For weight aliquots weigh by difference the required amount
of‘;ample using a clean dry transfer pipet. Transfer the
aliyuots to Brmilliliter platinun crucibles. For volume aliquots

“use clean dry pipets calibrated "to contain', After discharging
the volume aliquot into the crucible, rinse the pipet once

with 1 N stoh 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 carefully around the side of the cruci-
ble 150 X of concentrated HZSOL and encugh water to give
a volume not less than 0.5 milliliter. Place these crucibles

in the evaporation chamber,

| With a sbeady stream of air passing through the chamber,
the samples with an infra-red lamp at a temperature somswhat
below the boiling point of the solution., When most of the water
is driven off and the rose-colored + 4 sulfate has precipitated,
increase the temperature until the H S0, fumes. Turn of £ the
lamp ard allow the samples to cool. When cool add carefully
around the crucible rim enough water to re-dissoclve the + 4
sulfate precipitate; O.L to 0.5 milliliter should be enough.,
Repeat the fuming and diluticn,

If the reducticn-titration cups have not been used for same

time clean them thoroughly. Ury the stopcécks and grease them
lightly. . )

“ith a stopcock"s' (Figure 36)  open add 1 milliliter
of dilute HQSOL to the amalgam reservoir. Charge the reservoir

with enough saturated zinc amalgam to bring the ievel of the

X) i
amalgam to the CO, side ann.( ) Open stopcock B and force

(20)

An exceéss of zinc may be added to this reservoir in order to maintain the
saturated amalgam.,

the dilute acid out of the capillary into the cup. It might
be necessary to lower the amalgam sl ightly with the syringe

control. With the CO2 flowing,(zl)transfer the dilute acid

(2)

The CO, 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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to the residue bottle.(zz) Close stopcock B and raise

(22)
A separate residue bottle is kept for second ri-nses and sclutions of this
‘kind, thus eliminating excessive dilution of recoverable residue.

the amalgam to a height of about 0.5 centimeters in the cup,
Close stopcock A, Place the .syphon stopper in the position
shown (Figure .36) and slowly draw the dissolved sample

from the platinum crucible into the cup. In order to minixaize,
spray, draw the last portion over very slowly or allow the
syphon lead to remain filled. Rinse the crucible and lead with

2 milliliters.of 1 N HQSO in three portions. Hemove the
- - .‘

A
syphon stopper and place the plastic lid (Figure 37) cm
the éqp{‘ Raise the amalgam to a height of about .1.0
centimeter in the cup. Insert the CO2 lead through the 1lid,
Adjust the stirrer with the flattened portion half immersed
in the amalggm. Stir at a moderate rate for one-half hour
or longer.

(¢) Turn on the pH meter and set the range switch to " 4MV",

(d) Pl the buret with more ceric solution than is required to
oxidize the sample. Weigh the filled buret to the nearest
0.l milligram. Stop the stirrer. Lower the amalgam to ,
the level of the CO, side arm. Open stopcock'B' to a minimum
flow rate, Adjust the mressure in the amalgam reservoir
with the syringe control so that the 002 passage is alternately
locked and opened by the oscillating amalgam column. When the
reduced solution has been raised into the cup.and the capillarg
between the cup and side arm is completely filled with 002,

close stopcock"B. ‘The pressure in the reservoir should be
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Figure 37

Red 'ction Assemdbly
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sufficient to Jjust lock the CO, passage. Vlose stopéock
A, If any amalgam has been retained in £he solution, the abovoi
~ operation mnst be repeated until the separation is accomplished.
Remove the 1id and CO2 lead. Rinse the electrodes and lower
them into the reduced Solution. Titrate with stirring to
within a f?w per cent of the end point — between 600
and 650 millivolts. Continue the stirring for at least
ten minutes or until a'reasonably steady.potential is attained,
As much as 95 per cent of the ceric solution may be force
drained with a syringe control. The last 5 per cent or more
should be added in small portions by touching the buret tip
to the surface of the solution. The énd point potential is
between 750 and 780 millivolts cell poteﬁtial but should
be de@ermined by each operator from a titration curve, Inter-
polation of the end point is possible to Oul per cent from any
potential betwéen 700 and 820 millivolts provided a satisfactory
curve has been obtained, Vith some practice only an initial
and final weight are required;
¥hen the titration is completed transfer the solution to the
vacuum residue bouvtle. Rinse the cup and capillary. While
the appaiatus is not in use store it with stopcock B closed,

_the cup filled with distilled H_O or dilute H,80 , the

2
plastic lid on the cup and 0.5 milliliter of dilute H3S0

over the amalgam in the reservoir. )
Blank Procedure
Determine the reagent blank in the presence of plutonium
in the following way. Take aliquots ranéing from 0,01 to 0.10
' @illigram; of élutonium and several aliguots of about 5 milligrams,

These are all taken from the same stock soclution or
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accurate dilutiins of the stock solution, and are treated

according to Procedure outlined above. Since their ratios

to each.othef are &ccurately.known and since the blank

is a very small fraction of the 5 milligram samples and
an appreciable fraction of the smaller ones, the value
obtained in the 5 milligram sapple may be assumed correct

for the'purpoéefof calculating the asount in the smaller

. sampleé. The difference between this calculated amount

and the observed amount in the small samples is the reagent

blank correction. It should not exceed 10 v of plutonium

‘and should be reproducible to 2 or 3y .

(7) Precautions

(a)

(b)

(c)

(a)

' reGuired to fres the systém fram O

See Method of Sampling concerning errors resulting from

storage of the sample,

‘Although the plutonium is Quantitatively reduced in less

than one-half hour the minimum time should be determined
not only by this consideration but by the length of time
2 This is necessary

in order to obtain a low and constant blank.

Pu*? is slowly air oxidized to Put®. The errar is negligible
if the titration is performed without interruption accord-
ing to Procedure (d) and (e). | ;o
At temperatures below 20°C the reaction is rather slow,

In any case the end point must be determined or interpolated

from steady (nobt rising) potential readings.
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If a falling end point is observed examine the capillary be-
~low the titration cup. Evolution of hydrogen'gas from the
dilute acid film in contact with the amalgam may be enough
ﬁo raise the amalgam into the capillary. Effective contact
of the amalgam with the partially oxidized sampie will of
coursé make the results worthless,

If the potential rises above 820 mv, back titrate with
ferroua reégent.‘ This reagent may be standardized by adding
an excess of the ceric solution at a sabisfactory endpoint
and back-titrating with the ferfous solution.

Errabic balance ‘behavior aqd significant errors in weight
Have.béén.obServed when Bﬁ; attempts to deliver small amounts
»of soiution.accurately from relatively large burets handled
with rﬁbbér gloves. The effect disappears when the burets
are held with clean, dry fingers or cotton gloves and for
this reason the rubber glove is removed for initial and

final weighlngs.

Correction for Iron

The procedure for determinatlon of iron is described
in Sectiem 8.4-3. The requirement that the weight concen-
tration of iron when multiplied by 4.28 (the equivalent
weight ratio) be uncertain by ﬁot more than O,1 per cent
of the total plutonium concentration is sétisfied by this
method,
Precision and Accuracy
Average deviations from the megn of O.l1l per cent are
usual, of €0,05 per cent accidental, and of >0.2 pér cent

rather unusual. Accuracy is demonstrated to a certain extent
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by results on plutonium metal and tetrafluoride. The former
assayed 99.9 per cent plutonium with & standard deviation
of 0.17 per cent on 14 aliquots of one portion and 0.19

per cent on 6 aliguots of another portién. No results were.
rejected in calculating the standard deviation. The tetra-
fluoride assayea 100,07 per cent pure wiﬁh a standard
deviation of 0.07 per cemt. o | -

(10) Calculations

Apparent mg. Pu/g. soluticns = (wt, of ceric solution in g.) x T
(wt. of aliquots in g.)

T =mg. Pu per gra. of ceric solution

Corrected mg. Pu/g..solutia1=(apparenb value) - (4.28 x mg.Fe/g,

Soltn)
(11) Heferences
' LAKS-155 . 1ANS-276
LA¥S-190 LAMS-288
LaMS=217 LAMS=507 (Terminal Report)

8.6-4, Microvolumetric Assay of Uranium'

(1) Abstract
Uranium as the$ 6 sulfate is reduced to the +4 state by
means cf zinc-amalgam. The 4/ uranium is then titrated with
standard ceric sulfate using a aicro-weight buret. T7le end
point is uetermined by using orthophenanthroline-ferrous com-
plex as an indicator.
(2) Applicability
Iﬁe method has been applied Lo uranium samples which do
not contain plutonium. If irén i3 present, it must be deter-

minea separately and the titration result corrected accordingly.
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(3) Range and Accuracy
From 0.1 milligrams to 5 milligrams of uranium can
be determiied by the method here described. Best results
are obtained with 1 milligram samples. Ih Lhe.analysia .
of uranyl sulfate controls the maximum observed deviation from
the true value was § Y., [Ihe average deviation in 17 énalyses
wsas less than 1Y . |
(4) Reagents
{(a) 2 N sulfuric acid.h
(b) 0.1 N potassium permanganate.

{c) &4 per cent zinc amalgam.

(a) Standard ceric sulfate, 0,02 N.(23)A

(23)

Standardize by weight against Bureau of Standards sodium oxalute,

(e) Carbon tetrachloride,
(f) COrthophenanthroline~ferrcus indicator, approximaiely
0.01 k.

(g) Dry ice.

(h) Ccncentrated stoh.
(1) Cincentrated INC3.
(J) Concentrated HClOb.

(5) apparatus k .
(a) _Titration cup (Figure 39)
(b) Microweight burets .

(c) Syringe pipet cortivi :icr 1illing burets.

(d) 002 generétor with outlets for titration cup and wash

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

159

Figure 38

Titration Asgembly
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Figurs 391

Titration Cup
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bottle.(zh)

Eleclric stirrer with glass agitator.
Microliter pipeta, 20A.capacity.
Platinum crucibles, 10 milliliters.

Infra-red lamp. v

(6) Procedure

In absence of nitrate; o *

Fill the 002 generater with dry ice and bubble the
gas stream through the wash bottle for 2 - 3 huufs to sweep
out the oxygen from the generator and frgmtthg water in
the wash bottle. Clean the titration cup with cleanirg
solution and rinse thorougﬁly. Place the titraticn cup
on the stand and adjust the 002 lead so that a fairly
rapid stream of 002 wili impinge on the surface cf the
soluticn to be placed in tre cip,

Fill the rubber bulb completely witﬁ deaerated water
and attach it to the cup with thé stopcock open. Carefully
compreas the bulb so that the water is forced into the
stem of the cup and displaces all of the air in the stem.
Close the stopcock so that the deaesrated water f£ills the
stem,

Run into the cup 1 - 2 milliliters of the zinc amalgam
and then pipét into the.cﬁp the nitrate-free solutioa to

be tiirated. The volume of the solution should not be more

A Dewar flask fitted with a tight-fitting rubber stopper with an outlet
to cup and wash bottle thrcugh a T; also 2 safety valve to relieve excess
pressure,

Fill the flssk with dry ice and stopper. Allow a few hours to

gweep out air befwe using.
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than 5- 6 milliliters. Adjust the stirrer so that both
the amalgem and the solution are agitated. Keep the 002
stream running at all times during the determination.
If the solution is neutral or basiec add:sufficient 2N Hasqh
(usually 2 - 3 drops ) to make the solution approximately
0,05 ¥¢ If the solution is more acid than this ses below,
Reduce for 5 minutes, After reduction add dropwise
sufficient 0,1 N KMnOb ( 1 drop is usually sufficient) to
make the solution pink and reduce again for 10 minutes after
the disappearsnce of the pink color, If during this second
reduction, the solution bYecomes turbid due to the formation
of Mnoa, add another drop of the 2 N Basoh and allow
suf{icient time to reduce the Mnoa. if the turbidity does
not disappear, add another drop of acide
Following the 10 minute reduction period, stop the
stirrer and add 2 - 7 milliliters of CClh. Carefully open
the stopcock and squeeze the bulb gently to force water
around the amalgam and the CCIh layer, in this way washing
the amalgam, Release the pressure on the buldb and allow
the amalgam to run down into the bulb, Repeat this operation
until all of the amalgam is in the bulb and the CClh is drawn
into the capillary., At this point there will be a laysr of CCIh
in the bottom of the cup and the reduced solution abovse,
Raige the stirrer so that it will not agitate thevcclh
layer too violenily and wash the stirrer with 1 milliliter of
deasrated water., Add exactly 20 microliters of the orthophea-

L]

anthroline indicator and te sure to wash out the microlitasr
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bipet because these pipets are usually calibrated "to
contain',

During the second reduction period, fill the microweight
buret with standard ceric sulfate and weigh. After adding the
indicator, start the stir}er and titrate to a sharp change
from red to colorless (or very light blue), Add the ceric
éblutidn‘slowly near the end point using‘very small increments,
The end point under proper conditions of acidity is sharp;
the color change . is , stable for 5 minutes. Reweigh the buret;
the difference is the weight of ceric sulfate solution used
in the titration.

In presence of nitrate

Kitrate intgrrers serjously in the procedure. Even small

amcunts of nitrate will produce fading and irregular end points,
| To remove nitrsztes before titrating, transfer the solution

to a 10 milliliter platinum crucible and carefully add

(down the side) 2 drops of concentratéd H230A°

solution under an infra-red lamp until the fumes of HQS

Heat the

_ %

are eviderit. Transfer the crucible to a small hot plate

and continue heating until all of the acid has been fu@ed

off. Be caref@l to avoid spattering and do not ignite the
residus. Take up the U0,S0, in 1 - 2 milliliters of water

and trensfer qgantibatively to the titration cup. Do not use
more than 3 - 4 milliliters for the transfer. This is necessary

e

because the final volume should not be over 5 -6 milliliters,

. In presence of excess acid

If the acid congentration of the solution to be
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titrated is greater than 0,05 N, the end point will fade and

be indeteérminate., If this is the case, or if the acid is

other than sulfuric, treat the solution as described in the

preceding parﬁgfgph.

(d) 1In presence of orgaﬁic matter
: G}ganic méttef'must also be removed, Place the sample

in a lu milljiliter platinum crucible and add 2 milliliters
of concentrated HNOB. Heat{ gently until the oxides of
nitrogen cease to.evolve, and add 3 drops of concentrated
HCth. Heat the soluticn gently until the soclution becames
colorless. Add more HCth if necessary. After the solutior
becomes clear, proceed as above,

Se) For U308

Dissolve the oxide in HNO3 and proceed as above,
Indjcator Blank

(7)

An appreciable amount of ceric ion is required to change

the indicator and this blank »r.nust be known accurately; the
quantity of indjcater must be measured precisely. To do this
care must be exercised in pipetting the small volume (20 i )
of irdicator. The iﬁdicator blank is determined by carry-

ing out the complete procedure in the absence of uranium.

B Under_the specified conditians, howevef, the blank which is

equivalent to approximately SO'fof U need be determined only

once for the same batch of indicator.

(8) Theoretical

Zinc arpalgam will reduce the +6 uranium orly to the

4+ L stste, (Jones reductor, however, will produce a mixture
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of #3 and +4e)
T
. 8o,

Permanganate is used after the first reduction step

+ - b
+2H . f‘?.e ] U0 0H20

because it effectively eliminates a positive error, the exact

source of which is undetermined,

(9) Precautions

(a)
(b)
(c)
(d)
(e)

(£)

(g)
(20)

(31)

A sufficiently rapid stream of pure CO2 must be blown into
the cup during all operations,

All air must be removed from the stem oflthe cup before
introducing the aﬁa}gam. |

The cup must bé clean so that no mercury will stick to the
sides,

Acidity of the solﬁtion must be approximately 0.05 N.

The indicator must be added quantitatively.

The end point is sharp and the increments near the end point
must be small 8o as not to over-run the end point.

All nitrate and organic matter must be removed,
Calculation of Results

-Let N be the milliéﬁuivélents of ceric ion per gram of
solution; then | -
mg. U=119,09 + N « (x=b)

wherevi iq_ghgvéraméAéf éerié sulfate solution used in the
titratibn and b is the grams of ceric sulfate solution used
“for the indicetar blank.
Refereﬁce .

1AMS=-176 )
LAKS=462 (Terminal Report)
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8.6-5 Miciodetggggéggggn.of Azide Nitrogen by a Kjeldahl Procedire
(1) Abstract '
. ¥hen an azide is treated with a rred&cing agent inl su.furic
. acid medium and then tarried through a Kjeldahl digestion
and distillation, one ihirc of the azide.nitrogen is re-
covered, The remainder is liberated as nitrogen gas.
HNB ¢ 3}{‘*4 2e = NH: + §12
The reaction is quantitative anq forms a satisfactory basis
- for a protedure for the determination of azide nitrogen.

(2) Procedure

See 1A 237,

8,7 GRAVIMETRIC FRCCEDURES

8.7-1 _Gravimetric De‘temﬁi_n_a;t}‘gn of Molybdenum in Molybdenum-Uranium Alloys
) (1), Abstract |
'I‘ne moi&bdetlxt;;t; éftei* oh.détion .withj nitric acid is precipitated,
filtered, ignited, and weighed as lead molybdate. "Precipitation
. of uraniux.nifis prevented by buffering the solution with a.mm@niwn
acetate, B |
(2) _Applicabiiity
- The metﬁod has been used successfully for molybdenum-uranium '
élloys with molybd.en;um content varying between 0.5 anﬁ Sb
per cent. V
(3) Hfeferences

Furman, N.H.V, #Scott! s Standard Method of Chemical Analysis®,
5th ed., I, pp. 589-590, New York, D. Van Nostrund Cop, 1939

Hillebrami, WeF., and luncell, G.E.F., "A pplied Inorganic
Analysia™, pp., 253-25L, New York, John Wiley and Sons, 1929.

Project Report 1A-416,
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8,7-2 Micro Determination of Gallium In Plutonjum-Gallium Alloys
‘ (1) Abstract 4
Gallium is separated fram a hydrochloric acid-plutonium
chloride solution by extraction of chlorogallic acid with
dsopropyl ether. The gallium is re-extracted from the
ether by shaking with water and is determined gravimetrically
as the 8-hydroxyquinolate, Ga(C9H 6ON) 3°
(2) Applicability
The method has been used in analysiﬁg 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. .
(L) Accuracy
In the anaiysis of control samples (pure plutonium
solutions to which known anxognt:s of galli.um were added)
the maximum obéerved deviation from the true value was 3
per cent, the average deviation 1 per cent,
(5) Reagents
(a) Isopropyl ether. Shake with alkaline permanganate and re-
distill, '
(b) Mercury, c.pe.
(c) HCl, 12N, standardized.
‘ (d) Sodium act;.tate solut.ion, 20 per cent,
(e) Alcoholic é-hydro;\yquinolMe solution,5 per cent,
(£) Phenolphthalein indicator.

(g) Ammonium hydroxide, cone,

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

168 :

(6) Apparatus
(a) Shaking tubes., Heavy wall, pyrex test tube, 1 1/4
centimeter outer diameter, l4 centimeters long, with well
fitted ground glass stopper,
(b) Pipet, 1 milliliter, graduated in hundredths,
(c) Transfer pipets, syringe tybe, 5 milliljter capacity, 20
centimeters long.
(d) Steam bath,
(e) Buret, 1l milliliter,
(£) Shaking machine,
(g) Electric oven,
(h) Beakers, 30 milliliters,
(L. fubber policemen .
(J) Munroe crucibles, 10 milliliters, and filtering apparatus.
(k) Semi-micro balance (Seke), ‘
(7) Procedure

Heed Health and Safety Rul#s Qutlined in Secticn 8.2

(a) Preparation of sample and extraction:
l. Cut metal specimens each approximately 100 milligrams in
. weight and weigh each sample accurately to 0.2 milligrams,

25
"2, Calculate the volume of 12 N HCl needed to dissolve the Pu,( )

(25) ' . '
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 water is & maximum,

2 Pus6 H 2 Pu*3 o3 A
The equivalent weight of Pu is 239/3=7Y, % If W is the weight of the sample
in mg. and N is the actual normality of the HCl, the voluze (in ml,) of acid
necessary to dissolve the metal is W / (79.7) (N).
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and the volums of additional HCl and H20 needed to bring the
. resulting solution to 7.3 N in HCl in a volume of 1,00 milli-
liters .(26)

3. Pipet the calculated volume of Hy0 into the shaking tube and
drop in the metal sample, Add the total cdlculated volune of
HCl slowly from the 1 milliliter buret. The reaction will
start immediately upon the addition of the first drop of acid,
Keep Lhe tube inclined while adding the acid to prevent the
possibility of spray emgrging froei the tube,

4o V¥hen the sample is in solution, add 4 drops of mercury to re-

~duce the iron present(27)

and stopper the tube with a well-
greased ground glass stopper. Place the tube in the shaking
machine and shake for 5 minutes,

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 minutes,

(26)
The volume of N-normal HCl reGuired to make 1 milliliter of 7 3 N HCl is
7.3/N ml. The total acid requirement is

”&w%m*l‘?j"‘l

and the water required is VW'-(I.OO - V;) ml.

Tt. is evident that a number of approximations have been made in these cal-
. culations,For example, the volume change that accompanies 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 to be 100 per cent Pu (no correction
‘ being made for the gallium present),

(27)
F‘oCl2 will not be extracted by isopropyl ether,
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After shaking, allow the Pu-Hg layer to separate from the ether and
swirl the tube gently sc that a sharp separaticn takes place. Trans-
fer the ether layer to 2 second shaking tube by means of the transfer
pipet. Wash the pipet by drawing up an equal volume of ether and add
the ether washings to the second tube. The same pipet should be

used for any given sample through all the subseéuent operations.

Add 1 milliliters of isopropyl ether to the first tube, stopper (greasing
stopper if necessdfy),and shake for another 20 minute interval.
Transfer the etheé layer to ihe second tube, Add a small quantity of
ether to the firsg tube, invert several times to wash the sides of

the tube and tranafer the ether layer to the second shaking tube.

The material in the first tube must be reserved for plutonium recovery.

Still using the same pipet add 5 milliliters of water to the second

4
tube.

Add a glass bead to the second tube, stopper with a well-greased
stopper and shake for 10 minutes.

Transfer the lower aqueous layer by means of the pipet to a 30
milliliter beaker containing 5 milliliters of 20 per cent sodium
acetate, 1 drop of phenolphthalein, and 1 drop of ammonium hydroxide.
While the pipet is passing through the upper ether layer, expel air
through the pipet so that no ether is permitted to enter. Fill the
pipet with water and add these washings to the beaker,

Repeat the re-extractioh procedure with another 5 milliliters of
water,

Transfer the water layer to the beaker and add a.small quantity of

of water to the shaking tube, stopper, invert a few times, and trans-
fer this aqueous layer to the beaker. The total voluse in the beaker

shiuld now be between 15 and 20 milliliters,
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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 disappeared. 7iiash 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 digest for
an'hour.

(c) Transferring, Washing and Drying of the Precipitate,

1. Transfer the precipitate to a tared (28)10 millif
liter platinum Munroe crucible using hot water to
wash out thg precipitate, Transfer as much as possihble
by washing before using a policeman. Extreme care must
be taken in the transfer since the precipitate is
difficult to handle because of its tendency to ecrawl
and became finely dispersed.

2, Wash the precipitate in the Munroe crucible 3 times
with hot waper.- Inspect the beaker with a magnifying
glass to see that all the precipitate has been trans-
ferred,

3. Dry in an electric oven at 120° C for one hour. Cool
for one hour in the balance room and weigh(28)as

Ga(C9H60N)3ﬂ

(28}
Weighings to the nearest 0,005 milligrams are made on the semi micro
balance.
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(8) Precauticns
(a) e acidity of the HCl solution must be accurately adj&sted
before extraction, ‘
(b) The tranafer o the precipitate is Jdifficult and care‘must
be used. Use plenty of hot water for the operation,
{9) . Calculatiuns
mg. Ga = mg. precipitate x 0.1389

per cent Ga = ____ mg. Ga x 100
sample wt. in mg.

(10) References
LAMS-266
LAMS=-276
1AMS-288
LA-425 (Terminal Repcrt)

8.7-3 Gravimetric Determination of Carbon in Uranium Tetrafluoride

(1) Abstract
The sample, intimately mixed with Mg0O, is burned at 1000° C
in a stream of oxygen. Fluorine not retained by the Mg0

is trapped by PbO The carbon dioxide formed by oxidation

’e
of carbon in the sample is quantitativély absorbed on
Ascarite and weighed, .

(2) Applicability ,

The method has been used pnly for uranium tetraffuoride,
but it is expected that it would give equally satisfactory
results with certain other halogen-bearing inorganic

materials,

(3) Procedure
See LA-416,
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8.7-4 The Determination of Carbon and Hydrogen in Calcium Metal

(1) Abstract ‘
The sample is bwned at 1000° C 4n oxygen diluted with
heliunand the carbon dioxide and water formed by the oxida-
tion of carbo and hydrogen compounds in the sample are
quantitatively absarbed on Ascarite and Dehydrite and
weighed, Calcium burns at an uncontrollably fast rate in
pure oxygen or in air; by properly diluting the oxygen with
the inert gas, helium, the rate of combustion can be easily
controlled,

(2) Applicability
The method has been used only for calcium metal but it is
expected that it would give equally satisfactory results
with sagnesjum and other active metals which are difficult

7 ”to handle by the conventional prodecure,

(3) Method of Sampling
The sample should be in the form of small pieces about 2 =~ 3
millimeters across or in thin strips or turnings. Thick
pleces are difficult to oxidize .completely becaﬁse of the
formation of a protective oxide layer., Exposure of the
sample to air should be kept at a minimum to prevent reaction
with carbon dioxide and moisture.

(4) Procedure
See 1A-L416A.

8.7-5 Electrolytic Determination of Cobalt in Tungsten Carbide-Cobalt Alloys
(1) Abstract .

The alloy is dissolved in a mixture of hydr¢fluoric acid
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and nitric acid, The volatile acids are removed by fuming
with sulfuric acid and the residue is dissolved in ammonium
hydroxide. Ammonium chloride and sodium bisulfite are
added to the solution which is copled to 10° C and electro-
lyzed for 45 ninutes using a roLating cathode, '
(2) Range of Applicability, Size of Sample, Accuracy
The method has been used with satisfactory results in the
analysis of alloys ccntaining from 1 éer cent to 9 per cent
cobalt. The weight of sample taken should be éufficient
to furnish 60 to 8u milligrams of cobalt. When more than
90 milligrams of ccbalt is electrolyzéd iow resulis are
obtained, -
The spent electrolyte contains a small amount of cobalt,
Except in the most accurate wﬁrk; however, this amount of
undeposited cobalt as well as the small amount of extran-
eous material (sulfur and tungsten) déposited on the
cathode can be neglected since the two quantities are approx-
imately equal,
(3) Procedure

8,8  CASOMETRIC PRCCELURES

8.8-1 Microcarbiding Method for Determination of Oxygen

(1) Abstract
The oxygen content of small samplés of metal can be determined
by carbiding the metal in vacuo and analyzing the gases

evolved,
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(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,
plutonium 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 Limit of Sersitivity
If high sensitivity is not required, a practical working
limit is 100 ppm on & 50 milligram sample. The ultimate
limit of sensitivity which can be achieved is approximately
5 ppm on a 50 milligram sample.
(4) Apparatus
- - The apparatus used for the determination of oxygen consists
of two parts. One is the high vacuum system in which the
conversion of the oxygen in the sample to carbon monoxide
takes place. The other is the micro éas analysis appara-
tus of the type described by Prescott (loce cit.).

The arrangement of the high vacuum system to which the
furnace tube is attached is shown in Figure L0, The
pumping system consists of a Welch two stage rotary oil
pump. This is used to back a medjium sized Brewer mercury
diffusicn pump (Figure ' 4O)e . This in turn is used to back

the main pump, an extra large Prewer pump (2, Figure UO). .
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Figure L0

High Vacuum System
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The vacuum line is conunected to the large diffusion pump
through a mercury cutoff (3, Figure L40)s This cutoff
serves to isolate the pumps from the line after degassing
has been completed (see below).

The central part of the line consists of the quarts
reaction vessel joined to the vacuum line by a quartz~
pyrex standard taper mercury sealed joint (10, Figure Lo),
graphite orucible, and multipls loading manifold. These will
be desoribed in detail.

T™he end of the vacuum line away from the main pumping sys-
ten leads through a mercury cutoff (13, Figurs LN) to the
high vacuum end of a two stage meroury diffusion pump

(14, Figurs 40). This is used to colleot the gases

evolved by the sample. The fore vabuum'end of the collection
pump 1e sonnectec o the gas analysis apparatus through a
outoff (16, Pigure 40) made with two glass check valves,

By using this type of connection it is possible to "break"
either high vacuum or éaa analysis system to atmospheric
pressura indspendentlys

At times it is con?enient to allow tﬁe gas from the
collection pump to he pumped out through the main manifold
of the high vaouum‘ayatem. This is accomplished by means
of a hypass: system, (15, Pigure LC),

Interposed between the two mercury oﬁtoffa and the
quartz reaction vessel are two dry ics-ethylene trichloride
traps shown at 4 and 12 in Figure 4O0. Thess traps prevent
the electrodeless discharge of mercury v@por present

in the high vaocuum system,
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The loading system which is sn integral part of the vacuun
line allows six samples to be held in vacuum at-one timee
The quartz vessel is shom in Figure Ll.

| The top of the multiple loading system is olosed.by a:
mercury sealed ocap (5 Figure LO). A glass r¢d support
(6, FPigure LO) is considered necessary to bear the weight
of the mercsury in this type of seal, fhe buckets (7, Figure
LO) into which the samples are loaded are pivoted on
fixed 4O mil tungsten wires.‘\Below the pivot point is &
~ compartment oontsining & seeled-in pieqe of iron. The indie
vidual buckets are spaced far srough apart so that, starting
at the top, the buckets may bLe indivyiduelly turned up by
a magnet held above the loading manifolds The spout of the
loading manifold extends about 10 millimeters below the
" top of a vertical funnel (9, PFigure LO) to p}evont the
samples from bouncing into the main manifold. Directly above
the vertical funnel is placed a plane glass window
(8, Figure L0) through which the temperature of the
éfuéible;is read bfiﬁeana of a mirror arrangement and pyro-
meters This plane glass window is connected to the vacuum
line by a meroury sealed joint, (not shown in the figurs),
en arrangement whioch makes it possible fo remove the
window for cleaninge. The upper section of the funnel is
sealed permanontly into the pyrex system, while the lower
‘seotion, made of quarte (Figure L42) is removable for
claaning. The quart: sestion, whioch carries a male joinmt
and connects to a females joint on the pyrex section, is

supported by molybdenum wire hookse A one~half inch
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Pigure L1 !

Quart: Reaction Vessel
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Figure 42

Quartz Drcpping Tube
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Pigure L3

Graphite Crucible,
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Figure LI

Cirocuit for Solinolis Velve Control
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Pigurs LS

Mioro Diffusion Pump
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diameter gpectroscopic graphite crucible (11, Figurs Lo)
is supported 15 to 20 millimeters below the bottom of the
funnel by a LO mil gungsten wire. The dimensions of the
crucible are given in Figure L3,

For a more complete desoription and drawings of the equip-
nent refer to Reports L4 &8 and 1A 153,

The micro gas analysis apparstus has been modified in
Qeve;al respecta. The instiruction of a short section of
capillary into one of the vertical tubes of the Toepler
pumps prevents mercury hammer and eliminatesz breakage of
the pumps; In place of the solenoid valve recommended by
Prescott for operating Toepler pumps we have substituted
s simpler valve (General Bleatric Co. type CR 9507-CIB
solenoid valve)s The oirouit used for operating this valve
is showm in dgtail.in Figure Lli« I% can be set to make
the Tospler pump take a pre-destermined number of strokes. A&
reagent tube containing copper at 350° ha s b;en added to re-
move oxvgen from the gas mixture collectede A 10 cudic
centimeter calibrated pipet has been added so that larger
gas volumes can be colleocteds A much more satisfactory micro-

diffusion pump (Pigure L5) has replacei the type used by

Prescott,
(5) Operation
Metgl samples should weigh approximately 50 milligrams,
Uranium samples are clesned by immersion in 11l nitric acid
until bright, followed by washing with water, absolute

aloohol, and octans in rapid succession. Plutonium samples
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(29)

are electrolytically polished and immersed id octane

until loading.

(29)
See Secticn 8.2.

When the crucible and quartz vessel are in place and the
loading manifold is capped, the system is evacuated by means
of the mechanical punp. The vacuum is brocken by turning
off the mechanical pump and admitting helium into the

 system through a stopcock (not shown in the figure) in the
line between the mechanical pump and the first mercury
diffusion pump. When sufficient helium to give a pressure
of a few millimeters of mercury has entered the system the
cap is removed from the lcading manifold., A slow stream of
helium is allowed to eacape through this opening until the
- -8ix samples are locaded., The cap is then replaced.

Once the line is evacuated and the diffusion pumps are in
operation, the graphite crucible is heéted to about 1400° C
by means of a 10 Kw output oscillator., The reacticn tube
is cooled by running hot water. The crucible is heated for

' about ten minutes and then the entire line with the exception
of the diffusion pumps, loading manifold and reaction vessel
is flamed 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‘inéreased to 2000° c,
Outgassing is contined fort several 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 mm3) at which point outgassing is considered satisfactory,
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In order to determine the blank o.f't.he system the pressure
cutoff (16, Figure 4O ) between the high vacuum and analy=-
sis systems.is opened, the bypass cut&ff (15, Figure 40)
is closed, the cutoff (13, Figure 40 ) leading to the
collection pump (14, Figure 40) is opened, the cutoff
(3, Figure 40 ) leading to the outgassing pumps (1 and 2,
Figure 40 ) is closed, and collection inte the micro-
pipet in the analysis aystem is begun. The ordinary collection
period of ten cycles of the Toepler pump in the analysis
syétem is approximapely three minutes,

Wnen the 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 micfo—~
pipet (see preceeding paragraph) and the first sample (top
bucket) is dumped into the cold crucible..

Heat is turned on.at a crucible temperature of about
1000°C and the evolved gas is éollected almost continuously
until the rate of collection per ten cycles of the Toepler
pump is less than ten per cent of the total volume already
collected. The temperature is raised by 100 to 200° stages
and the gas collected as above until 2000° C is reached.’

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 samewﬁat acéording to the

total volume collected and current operating conditiouns.,
Once collesction has beer ;topped the system is rearranged

so that the outgassing pumps are put into use. after ane-
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half hour of outgassing at 2000° € a check is made of the
blank of the system and if the blank is satisfactory the
next s#mple 418 run according to the above procedure. This
ray be.repeated.until all samples are dumped or until it is
necessary to stop for analysis of the gases collected.

The‘procedure for aﬁalyzing the gases collected from the
metal samples is adequately outlined by Frescott (loc.
cite). The reagents are used in the félloﬁing order:
(a) magnesium pérchlorate for water, (b) soda lime far

- carbon dioxide, (c) copper at 350° C for oxygen, (d) copper

oxide at 350° C in series with magnesium perchlorate for
hydrogen and (e) copper oxide at 350° C in series with soda
lime for carbon monoxide.f

Gas collected~frog ﬁranium samples is not analyzed except
for special cases. A gas canmposition equivalent to 90 per
cent carbon monoxide is assumed and Oxygen.values are reported
on the basis of this composition. In analyzing plutonium
sampleé it has not been necessary to determine oxygen in
amounts below 100 ppm. .Hdnce if the total volume of gas .
collected fran the semple is less than the volune of carbon
monoxide which could be produced by a-;mmple containing 100
ppm of oxygen the oxygen content of the sample is reported
<100 ppm. If the gas volume is large the gas must be
analysed. '

(6) References

‘Prescott, Ind, Eng. Chem., Anal. Ed., 11, 230 - 233 (1939)

LA-58
[A-153

-
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8.8-2 A Micro Combustion Method for the Determination of Carbon '

(1) Abstract

The sample is burned in oxygen at low pressure and the gaseous

products of combustion are analyzed in a Prescott gas analysis
apparatus. The estirated limit of sensj'tivity is 20 ppm of 7 :
carbon on a 50 milligram sample,
{2) Applicability
The method has been appl:ied’ to uranit;tr; and plutoni‘um met;ls.,‘
uranivm cerbide and plutonium-gallium alloys.
(3) Apparatus |
The system is composed of three sections ;dhich are separated
by special mercury cutoffs. These are (a;) a high vacuum section,
(b) an oxygen supply secticn, and (3) a Prescott gas analysis
apparatus,
The high vacuum system, where cambustion of the sample
occurs, is showrn in Figure 46. .
The loading manifold (Figure 47 shows details) sits in
a vertical position ﬁnq‘is removable from the vacuum line for
loading purposes. In its top is a plane glass window through
which the temperature of the :n;.cible below i3 read. The
eight buckets in which the s;mples are placed-are ﬁeld in
blisters on opposite sides of the loading manifoid. They are
- pivoted in such a way that they remain in thsir normal
vertical position by turning as the JOQdirxg manifold is in-
verted, The samples are loaded while the manifold is inverted.
A mercury sealed pair of 40/50 ground joints makes a vac-tight

connecticn between the loading manifold and the main manifold,

¥hen a bucket is turned up, the sample it contains drops
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Figure L6

High Vacuum Carbon Combution System
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Figure L7

Kultiple Loading Manifold.
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directly into a funnel below. This fli:nnel is made of
three sections. The top is the funnel proper ard has a
male joint at its bottom so that it may be removed frwm
the mid-section. The latter is sealed per_-manently into
the system by means of supporting réds sealed to the outer
glass tubing. It has a female joint at boph upper and
lower emis. The bottom section is dué.rtziwith a male joint
at its top. Il reaches to within 15—%0 xqil;imeters of the
crucible, -

The crucible is made of platinum‘ lcéw in carbon content.
It is fired in an oxygen atmosphere be:fore it is used. ¥o
liner is used. This crucible is supported by an 8 centimeter
long, 80 mil diameter platinum wire, also low in carbon
content. The dimensions and design of the crucible are
'shown' in Figure 48, . o .

The reaction tube, the dimensions o'f which are shown in
Figure l.i, is of quartz. {These tubes can now be pro-
cured from Hanovia Quartz). The vessel is cainected to
the: pyrex vacuum line by means of merchry sealed gromd
Joints, . .

The oxygen supply section of the line is shown in Figure
49+ - It consists of a bulb (10, Figure 49) = contain-
-in.g mé;curic oxide which may be heated' to a teinpérature of
‘5000, a condenser for taking out mercury vapoar, a Toepler

pump {Eck and Krébs, cat. no. 4100) has}ing check valves (5
and 8, Figure 49 to prevent the gas from backing up, a

3 liter storage bulb (4, Fiéu;'e 497 . for oxygen, and &
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Figure 118

Platinum Crucible
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2as measuring buret. Between the storage bulb and the

measuring buret is a mercury cutoff (3, Figure,9)

whicn is designed to hold gas pressure on one or toth sides

while isolating one side from the other., This "valve!

consists of two fine grade fritted pyrex plates of 20

millimeters diameter sealed 5 centimeter apart in the

rorizontal outlet tube of the storage bulb. Vhen the "valve"

is closed, mercury fills the space betwcen the two discs.

The rate of flow of gas from the high pressure to the low

pressure side deperds on what fracticn of the plates remains

coverea by aercury when the gas is measured out. The measur-

ing buret is designed to hanale up to 15 cubic centimeters

of oxygen. =a capillary sealed into the buret (Figure 50)

prevents throwing mercury when the gas is released from the

buret. %*hen the gas in the turet is compressed (by running

up mercury in the bulb) the mercury trapped in the

capillary is blown out into the tube containing the refer-

ence column of mercury. Most of the gas then escapes through

the capillary before mercury again covers it. No mercury

is thrown when the residual gas is allowed to escape

by puwiling the mercury below the bottom of the lower outlet,
At the inlet to the Prescott analysis system is piaced

a -quartz cowbustion tube, joined by graded seals to the

pyrex system. ihis tute contains about 62 grams of copper

aeial encasea in platiauwm foll. Juring oneration, the copper

la resied Lo 7000 C. ar wh.cl. tecperatare .. takes oul

cwesen bub aliowd tne gises with which: we are coucerned to
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Pigure 49

Oxygen Supply for High Vaocuum Carbon Combustion
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go through,
‘ The reagants used in the analysis system are copper
at 700o to remove residual oxygen, magnesium perchlorate to
. remove water, manganese dioxide at 225° to remove sulfur
dioxide and to oxidize carbon monoxide, if any is present,
and soda lime to Femove carbon dioxide,
The gas analysis sysggm may be isolated from the high
vacuum system by means of & cutoff which cantains two
glass check-valves (LA-58), '"hen this cutoff is closed it
is possible to "break the vacuum" in the high vacuum system
while keeping the gas analysis system evacuated,
(4) Procedure
Oxygen is produced by heating Bakera C.P. mercuric
oxide, Since the first portions of gas collected from this
material often contain traces of CO,, approximately two
liters of gas are pumped off and discarded., Following this
the gas is collected in the evacuated storage bulb. This
gas is analyzed by measuring out around 10 cubic centimeters
and passing it through the hot copper reagent at the inlet
of the Prescott apparatus. The residual gas collected into
the analysis pipet is amalyzed for carbonaceous gases.
Ordinarily the oxygen will contain less than a total of 0.l
mm.3 of 002 per cubic centimeter of oxygen. Enough oxyzen

may be stored in the storage bulb to last for a large number

‘ of analyses.
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The high vacuum system is kept free of carbon dioxide
by breaking the vacuum with carbon dioxide free air. When
the loading manifold or reaction vessel is removed, a slow
gtream of carbon dioxide free air is allowed to escape’
from the openings.

Uranium samples are pickled with l:1 nitric acid, rinsed-
with water, and dried., Plutoniua s‘amples are washed irf ace-
tone and dried, _

When the samples are loaded and crucible and reaction
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 manifola, reaction vessel,
and diffusion pumps, is flamed while the crucible is heated
at 12500 Co After the crucible ha;s been heated at this
temperature for several hours the system is cheoledto deter-
mine whether outgassing is complete. This is done by raising
the cutoff leading to the outgassing pumps, lowering the
cutoff leading to the collection pump, raising the bypass
cutoff, lowering the cut off between the high vacuum and gas
analysis systems, afn:i collecting the gas through ths hot
copper tube into the esollection pipet in the gas analysis
line. The usual blank taken at 1200° C is collected in a
three minute interval by ten strokes of the Toepler pump in
the gas analysis system. When less than 0.10 me of gas is
collected in this manner, outgassing is considered

complete,

Now with ‘the crucible cold and isolated from the pumps,
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between five and ten cubic centimeters of oxygen are intro-
duced into the system from the oxygen supply. The crucible
is heated in the bxygen for two minutes at the lowest temper-
ature attainable (about 800°C) with the G.E. 5 K.W. input
induction heater. The temperature of the crucible is
increased and held at 1200° C for 13 minutes. At the

end of this perfod 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 ia small,
that is, less than about 3 mm3, the gas is analyzed, If

the carbon dioxide content proves to be too great, {i.e. in
excess of one mms), the crucible is burned for séveral hours
at 1250°C in oxygen.

When the carbon blank corresponds to about 0.1 - 0,2 e
of carbon dioxide (per cc of oxygen used) the induction
heater is turned off. The sample is dumped into the cold
erucible from the loading manifold and a measured volume
of oxygen ir introduced into the closed system. 100 per cent
exc;ss of oxygen in addition to the amount thecretically
required to burn uranium and plutonium metal to oxide is
used to obtain complete combustion.

A sample of uranium metal is crdinarily observed to burn
in about thirty secords after the heaiing oscillator is turn-
ed on. The crucible is heated a total of two minutes at
the lowest possible temperature Just as in the case of the
blank for carbon. The temperature is then raised to 1R00° c.

After the temperature has been held at 1200° € for thirteen

minutes the gas is collected over into the gas analysis sys-
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tem,

Plutonium burns much more vioclently than uranium so that
greater caution must be exercised in the combustion of
plutonium samples., A fraction of the oxygen is added (1 to
3 c¢) and the heat turned on at the lowest possible temper-
ature for 15 seconds and then off for 15 seconds. This is
done two or three times and then the time interval increased
to 30 seconds on and off for several times. In case of very
large samples 2 time interval of L5 seconds should be used,
This entire procedure is repeated until all the oxygen
has been added and then the temperature is increased to 12000 .
C for thirteen minutes and the gas is collected as for uranium,

(5) Calculation of Results '
A gas camposition of 89 per cent carbon dioxiae is assumed
in calculating the carbon content for all plutonium samples
which give a total gas volume less than the wolume of carbon
dioxide which would be ohtained from a sample containing approx-
imately 200 ppa of carbon. The 89 per cent factor is based
on the analysis of twenty six samples and is accurate within
10 per 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 time
saver in running carbons 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 100 ppm
of carbon is unnecessary. Hence if the volume of gas obtained

is less than the volume of cuzrbon dioxide which wou:d be pro-

duced by a sample containing 100 ppm of carbon, the carbon
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content of the sample’is reported as 100 ppm,

Two methods of correcting for the carbon blank fram the crucible
have been used,

In method 1, blank runs are nade immediately preceeding
and immediately following the analysis of the sample. In making
these runs the procedure given above is followed using approxi-
mately equal volumes oiz oxyZen for sample and pre and post sample
blanks, All gas volumes (semole and blanks) are analyzed. The
cérbon dioxide volume obtaired from the sample is corrected by
sl.ibtracting fran the volume of CO2 produced by the sample the
aJerage volume of CO, in the pre and post sample blanks.

In method 2, blanks are teken 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 in
blank runs is not analy;ed. The samples are corrected by
subtracting the average total volume of the pre and post
samples blznk from the total volume of gas produced in the
burning of each sample.

Method 2 of blank correction combined with the 89 per cent
factor for plutonium and the 100 ppm limit of sensitivity of
carbon greatly increases the speed of carbon determination,

By ocul-gassing the system for one half hour between samples
eight samples may be handled in around twenty hours even
though several of the gas volumes do require analysis,

There is reason to believe that the carbon in the metal
samples may be highly segregated and for this reason an
appreciable sampling error may be associated with the

analysis of samples as small as 50 or 100 milligrams,
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8.6 RADIOCHEMICAL FRCCEDURE

8,9-1 Radiohssay of Aqueous Flutonium Solutions

(1) Abstract
A method for estimating the plutonium concentration of

aqueous solutions by means of the alpha activities of aliquots

is descrited,
(2) Procedure
Two approximately 30 A ;aliquots of the solution to be
assayed are diluted with 5N HN03 in volumetric flasks of
such & size that the dilution factor used to convert the number
of micrograma of Pu that are alpha counted to grams per liter
Pu concentration of the submitted solution is approximately
given by
f =6,2 sﬁpﬁ’
where f is the dilution factor, s is the estimated concentration .
in grame per liter of the total smount of salts in the solution,
. and p is the estimated Pu concéniration in grams per liter.
When the initial aliguots are properly diluted, a 30k aliquot

- of each of the dilute soluticns is placed or a number two

microscore cover gless and is dried on it at about 80%°¢c. e
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two cover glasses are then alpha counted in & linear
amplifier. The glasses are counted for two eight minute
intervals each if there are less than 400 counts per
minute on them or two four minute intervalé if there are more
than 400 counts per minute on them. An air chafnber is used
vhen the glasses have less than 3000 counts per minute,
each, and a nitrogen chamber linear amplifier is used
when they have more than 3000 counts per minute each. The
counting data a.md the dilution factoi' s when combined with
the Specifi;: alpha activity of the Pu, yield the Pu concen-
tration of t;he initial solution.

(3) References

A mare detailed account of this procedure is given in

IA 469.

8.10 PREPARATICN OF SPECIALLY PURJFIED REAGENTS - Edward Wichers

In the analytical work on uranium and plgtonium it was necessary in nmany
instances to use reagents of a higher degree oi‘ purity, especially with res-
pect to light elements, than those comcercially avéﬁéble. Some specially
purified subsﬁances were needed for other purposes than as analytical reagents,
The methods by which these materials were prepared will be outlined in the
folloming paragraphs. Details of manipulation that are in common laboratory
practice will not be given, Many of the methods will be recognigzed as commonly
used for the s;xb:;tahces in quesation of similar ones, In several instances -

" methods were improvised to suit the existing requirements. Speed and conveniknce
of operation were major considerations in the cheice of methods,

References to the degree of purity achieved, when given, are usually on
tte comparative basis, since it is unsafe to assign absolute values to Quantities

of the small magnitudes involved without giving in detail the methods by which
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ttey were determined, In some instsnces the oriterion of purity was s imply
thet the resgent gave s sufficiently low "blenk" to be suitable for the pur-
pose at hand,

It is well known that careful sttention to cleanlineas of appsratus and
surroundings is essential in the preparstion of substences of high purity,
The exceptionsl cleanliness mainteired in the ohemical laboratory at los
Alemos, especislly with respeat to dust-free sir, sontributed very greatly to
the emse with which the w;rk herein desorited could be done and the measure
of sucoess that was realired,

8,10-1 Water end ¥iperal Acids

For the purification of weter =snd of hydrochleric, nitric, and sulfuric
acids ‘the all-querty stil) 1lJustrated in F}gure 51 wss d;ed. The puartial
reflux solumn was packed with pieces of fire-polished fused quartz tubing,
sbout 5 millimeters in diemeter snd 6 — 7 millimeters long, The boiling flesk
(still pot) was Feated with a small eieotric stove, The ususl rste of distil-
lation (except for sulfuric ecid) was 180 - 250 milliliters per hour, For
sulfuric scid the atill pot was insulated with a heavy coat of asbestos paste
and the reflux column wes provided with an electrical heeting mantle, Nitrie
and sulfuric acids were distilled at approximstely the constent~boiling com-
position, In accordance with ususl practice, head end tall fractions were dis-
earded, althourh this was prcbably mot importent with respect to purificetion
from light elements, Receivers were qusrtz flasks or bottles, In a few in-
stances Vycor flesks were used, Water and acids purified by sinrle distilla-
tion in these quartz stills were found sufficiently pure to meet all require-
ments,

In the case of hydricdic scid the meir purpose wes to separate it from the
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Figurs 51

All Quartez Still for Purification of Water and
Mineral acids.
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hypophosphorous acid used as a preservative in the commercial reagen't. The
still, partial reflux head, &nd condenser were of Pyrex glass, as were also the
bottles used as receivers. Iodine was added to oxidize nearly all the hypophos=
phorous &cid in the batch to be distilled. A stream of carbon dioxide was
passed through the still and receivers while the acid was distilled., Wwhen
receivers wére sealed without admitting air, iodine was not liberated even
on loﬁg standing in strong daylight.

When the reagent grade of commercial hydrofluoric acid was distilled from
a platinum still provided with a short refluyx column packed with platinuni
gauze, the distillate was unsatisfact§ry with respect to its content of
aluminume. This was true whether a platinum or a ceresin bottle was used as
the receiver, It was conjectured that the plafinum ware had been buffed with
an aluminum oxide paste, which could not be removed from the surface by ordin-
ary cleaning technics. A qatisfactory acid naé prep;;ég by absorbing
hydrogen fluoride gas in water contained in a copper besker, the inside sur-
face of which had been thoroughly etched with nitric acid. Later a satis-
factory reagent was similarly prepared in a piatinum bottle, the inside surface

of which 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 with & spectrographic determination of traces
of silicon, as an indirect determination of fluorine, The
principal requirement as to purity was, therefore, a very low
silicon content., The compound was readily prepared by
treating triethylamine with benzyl bromide in acetone solution
end by metathesis of the triethylbenzyl ammonium bromide with

silver oxide. The organic substances were available in adequate
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purity but silver oxide was not, Silica-free sodium
hydroxide needal for the preparation of silver oxide

could have been rather easily prepared, but the available
silver salts did not have a low enough content of silica.
A different approach was therefore used for the first
preparation of the organic base, This was to use
thallous hydroxide instead of silver oxide for the meta-
thesis with the RBR'NBr.

The available ihallous hydroxide contained too much
silica, but a satisfactory solution of it was prepared by
electrolyzing & slightly acid solution of thallous sul-
fate with a mercury cathode and a platinum anode enclosed
in an alundum thimble. The resulting thallium amalgam
was transferred to & platinug dish, covered with a film
of water, and allowed to react with air while protected
‘from dust in a desiccator, The solution thus obtained
was titratedmand treated with a slight excess of the R3R'NBr.
The solution of RBR’NCH, decanted from the precipitate
of T1Br, was found to be adequately low in silicon,

Two ways were tried successfully to obtain a solution of
silver nitrate sufficiently low in silica to be used with
specially prepared sodium hydroxide for producing silver
oxide., One was to meit silver (which contained silicon
previous to the treatment) on a cupel of calcium oxide
and to keep it molten for several minutes. This

- scorifying process yielded a button of éilver which
. aSOWed no silicon by spectrographic examdnaton. The

purified silver was dissolved in nitric acid distilled

APPROES rest teuptilé peqviagply described. The other
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method was to dialyze a solution of silver nitrate through a cellophane mem-
brane, This trial was based on the presumption that silicon present as an
impurity - in a readily crystallizable salt such as silver n;trate occurs a3
silicic acid. If so, one cculd hardly expect to remove it by filtering or
centrifuging @ solution of the salt. An impurity of this kind might be readily
eliminated by dialysis of tre solution, but without such a treatment it might
well persist through a series of recrystallizations., In this instance, at least,
dialysis through cellophane yielded a solutirn of silver nitrate which con-
tained about one-tenth as much silica as the starting material and was satis-
factory for preparing "silicon-free" silver oxide,

The sodium hydroxide solution used to precipitate the silver oxide was
prepared by electrolyzing a solution of sodium chloride with & mercury cathode
and allowing the sodium amalgam to react with quartz-distilled water in a
platinum vessel. The electrélytic cell had a stopcock at the bottom to permit
drawing off most of the amalgam without including the portion in contact with
the electrolyte. This was done &l1so in preparing the thallium amalgam previous-
ly mentioned,

There was little to choose from between the thallous hydroxide and the
silver oxidé procedures for preparing the RBR}NOH.

(2) Gsallic acid

This substance was commercially available only in & rather impure form,
containing far too much of the light-element impurities., At first it was
purified by a single recrystallization from & rather concentrated aqueous
solution, followed by a4 molecular distillaiicn., A single recrystallization
from a 6 per cent aqueous solution, which had been shaken with a small amount

of a decolérizing carbon (Norite) and filtered to remove most of the colloidal
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and insoluble matter which the crude starting material contained, yielded a
‘better product.. Two additional recrystallizations failed tc show significant
further improvement. It was suspected that the troublesome impurities might
be present as fine suspended matter rot completely removed by the filtration,
Dialysis thrdugh'celibéhane ;as unsatisfactory, apparently because the
cellophane conﬁributed calciunm and mdgnesium to the solution. Thereuron three
successive crystallizations from wate;, each preceded by a double filtration
through a fine fritted glass filté;,"yieléed a produc§ distinctly purer than
the first cro& and adequately low in light elements to meet the requirements.
(3) Cupferron

The comuercial reagent contsined too much calcium, magnesium, scdium and

aluminum to be satisfactory for certain light element analyses. an aqueous

solution of the compound was treated, in a separatory funnel, with enough
hydrochloric acid to precipitate the acid farm of the organic compound. The
aci¢ form is almost insoluble in water, but very soluble in ether. The sus-
pehsicn was extracted with ether and the agueous solution discarded. After
washing the ether soluticn two or three times with & little water it was

poured into a platinum dish (cooled with ice), containing enough dilute
ammonium hydroxide to regenerate tlre aﬁmoniun salt. Ihe'ether was eveporated
ard the soluticn concentrated until a stiff mush of crystals formed on coolinge
On the surface was a layer of tarry matter resulting from the partial decompos-
iticn of the acid form while in ether solution. The whole mass was warmed
toredissolve the crystals and poured into about 2 volumes of redistilled
acetone. A homogeneous solutiun was obtzined, from which the cupferron

was almost completely precipitated by adding about 6 more volumes of acetone,

The crystals were drained Ly suction on a fritted glaas funnel and washed with

acetone, The product was riearly free of tarry decomposition products and was
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much better than the starting material with respect to the inorganic impurities.
(L) Methyl alcohol

Methyl aloohol used for boron determination was distilled over sodium
hydroxide in an sallequarts still with a partial reflux column packed with
orughed quartz. The charge was 850 milljliters of alcohol (in a l-1liter
boiling flask) and 7 - 8 grams of NaOH pellets. A bead of porous gold was
used to minimize bumping. The rate was about 250 milliliters per hour. Small
head and tail fraotion (50 =75 milliliters) were.discarded. The distillate
contained not more than 0,000 pert per millior of boron. The factor of
improvement over the starting material was about 10,

(s5) Nitrobenzene

This materiel was not used as a reagent but as an eleotro-optioal shutter
for polarized light (Kerr ocell), The oriterion of purity was an exceptionally
low electrical conductivity {about 10712 mho), Water was thought to be the
most important impurity. The commercial product was distilled at a prescure of °
about 3 millimeters of Hg throughk a vacuum—jacketed fraoctionating column after
standing over celcium oxide in the still poﬂ overnight, The conductivity of thé
distillete was not significantly lower than that of the starting material, Tho'
distillate was then frectionally frozen. Again there was no improvement in
conduotivity. To test the effect of water on the conductivity some of
the starting material wes shaken with water periodically for 2 houré. This
increused the conductivity by only <0 per cente

The results of this work were inconclusive except to indinste that the
normal impurities in nitrouwngene have litile effect on its oonductivity,
The conductivities observed were believod to Le of the same order of ragnituds
es those reported by He J, White in the Revi-w of Scientific Instruments, Vol=

une &, page 22 (;9}5). It tecame evideutl, however, that tc nessurs conductivities
of the order of 10'11 to 10 12 reciproca’ ckms the conditicns of measure-
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ment must be closely specified.
16) Acetone ana Butyl Alcohol
These solvents were purified by distillaticn through a rather efficient
fracticnating column. The apparatus was of Pyrex glass.,
(7) Ammonium Carbcrate
The material was used not as an analytical reagent but in ghe course of
purifying other substances. The comsercially available reagent (which is
of & rather high order of purity with respect to inorganic constituents)
was sublimed in a 3 liter Pyrex beaker. A platinum dish full of ice, sitting
on the beaker, was used as the collecting surface, '
(8) Oxalic Acid
Thiis substance alsc was used as a reagent ir the purification of other
substances, rather than for analysis., Its importance in preparing salts
of the rare earths, uranium, and plutonium warranted & more careful study
of its purification than was reguired of most of the other specially pre-
pared substances. The commercially available reagent grade of oxaljc acid is
of a rather high order of purity. It was found that any desired degree of
purificati.n could be accomplished by repeated crystalliizations from a hot
aqueous solution. For use in the rcutiune purifipaticn of uranium recovered
from residues, by precipitation of uranyl oxaléte, the

L G
was dissolved in hot water, the solution filtered, and'then cocled rapidly to

commercial reagent

get & mass of rather small crystals. The crystals were drained by suction
and air-dried,

To attain a very high degree of purity the acid was recrystallized very
slowly two or three times, This was done in round-bottomed Pyrex flasks filled
to the neck with a filtered solution nearly saturated at 90°C, and buried in
a thick lsyer of granulated cork, The solution was mechanically stirred with

Y P&rex glass stirrer, the stem of which psssed thrbugh 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 time to time to make sure that crystal growth would start when
trhe solutien reacheg the temperature at which it was saturated. For volumes
of 2 liters it took 6 days for the tempersture of the solutizn to fall from 84°
c to30° ¢ (3 days to 350). e acid crystallized in large, nearly transparent
magses. General consideratiocns relating to the separation of crystals from
& soluticn suggested that a slow crystallization of this kind wculd result in
a higher degree of purificaticn than the procedure of rapid cooling so
commonly practiced in the laboratory and sometires recommended in chemical
literature. To determine which was the better procedure, at least for
oxalic acid, two 3500 gram lots (5 liters of solution, saturated at 90° C)
of identical material were recrystallized 3 times, (ne was treated by the slow
process described above, Eight days was required tc cool this lot. The other
lot was crystallized rapidly by cooling the flask full of solution under the
tap and constantly shaking it until it reached room temperature. The mass of
small crystals was drained by suction on a Buckner funnel. 3amples of the
first and third recrystallizations of each lot were carefully ashed and the
residue apalyzed by spectrographic methods in comparison with the starting
material. The results were as follows, expressed in parts per million. Tre
letters "nd" signify "not detscted",

First Hecrystallization Third Recrystallization

Impurity Original Material Fast Slow Fast Slow
Be nd (<,001) nd - nd nd nd
Na 3 | 07 .02 015 -0006
Mg 3 3 »003 012 .0006
Al el s nd (< ,07) 06 nd (< ,015)
Ca 10 3 01 .03 <,0003
Sn o3 3 <.l .06 nd (<.03)
Pb o7 o7 <.l 06 .03
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It is realized that the condi£ions described are far f rom ideal for growing
large and pure crystals, especially since the rat? of growth was highest at
the time when the total solid surface was smallest: Nevertheless it is
clear that the method used afforded much better conditions than those
existing in the rapid crystallization. ‘

(9) Ammonium Cxalate

This salt was purified by slow recrystallization froam & hot aqueous

soclution, by the prbcedure used for oxalic acid. It was used in connection

with other preparations rather than as an analytical reagent.’

8.10-3 TInorganic Solids '

(1) Calcium Oxide '

The procedure used began with the addition of diluted sulfuric acid to
a filtered solution of calcium nitrate. The precipitated calcium sulfate
was well washed and then digested at room temperature with a solution of
ammonium carbonate for 2 ~ L hours. This partially converted the sulfate
to carbonate, After washing out most of the anmonium sulfate the residue
was treated again with ammonium carbonate to complete the ccnversion. After .
thorough washing on a fritted glass filter the carbonate was either dissolved
in nitric acid to yield a sclution from which calcium sulfate was reprecipitated -
or it was treated directly with sulfuric acid. Thereafter the whole cycle
w2s repeated several times. Finally the carbonate was ignited to oxide.

A variation was to convert the carbonate to oxalate by digesti n with
a soluticn of -oxalic acid. The oxalate was washed and treated with sulfuric
acid to form the sulfate as the first step of the next cycle. The cycle of
three conversions (sulfate-carbonate-oxalate) was repeated several times,

although spectrographic analysis never showecd that magresium and sodium
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were as completely eliminated as was desired, possibly because of contam-
ination of the small batches befare they were analyzed, comparisons of
samples from thé 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 soluticn of - magnesium sulfate was mixed with one of armonium

sulfate in equi-molecular propcrtiohs. Cn cooling, the double salt

Mg30, *(NH,) 80, *6H.0 crystallized. This salt has a favorable solubility

L .
curve and good ci‘ystallizing behavior. It was crystallized slowly in the
manner described for oxalic acid. For a volume of 5 liters, 5 days vas
required for cooling from about 90° C to nearly rcom temperature, A faintly
acid solut;‘.on of the double sulfate was treated with a solution of ammonium
oxalte to yiéld magnesium oxai.até. This salt .is not very soluble in water
but it precipitates rather slowly and the yield is not very good if the
oxalate is not added in an amount close tc the stoichiometric proporticn.
However its use in conjuncticn with the crystzllization of the dbuble
sulfate wes believed to aid puwrification. rore import=nt, it could
be readily ignited to the oxide, which was the desired end product.

4 comparison between slow and fast crvstallization of the double sulfate,'
similar to thet made for oxalic acid, showed that slow crystallization
was advantageous in this instance also,

(37 Beryllium Oxide

Work on this preparation was not cojgipleted. The procedure of purifica-
tion chosen was fractional distillaticn of the acetyl-acetone compound, which
wag prepared by methods described in the chemical literature. In view of

the fact thet very few elements form volatile coompounds with acetylacetore
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i.t is believed that a high degree of purificati:n could be attaired with
less effort than is usually needed to prepare pure compounds of the lighter-
clements. However the work was discontinued before final spectrographic- b
determinations of purity were made,
(4) Sodium Hydroxide

The requirement was a 3 N solution with a very low boron content. This
was readily thained by electrolyzing a soluticn of soditm chloride or
soaium hydroxide with a mercury cathode; draining off the amalgam through
a stopcock in the bottom of the el__ectrolytic cell, and allowing the amalpam
to react with a small amount of water in a platinum dish. ‘The concentrated
solution of sodium hydroxide thus obtained was titrated and diluted to the
desired strength. The boron content of the 3 N solution was less than 001
part per i{xillion;' 7

. (5) @alliam Oxide

The requirement was a generally high degreea of purity with emphasis on
the light elements. Advantage was taken of the solubility of gallium chloride
in ebhér, a property shared by very few cther elements. 4 solutiin of gallium
chloride prepared by dissolving 10 grams of metallic gallium (in contact with
platinum) in hydrqchlor'xc acid, was evaporated to a syrup and transferred to
a separatory 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 times with 10 - 15 milliliter portions
of 6 N hydrochloric acid. Spectrograghioc examina'cioﬁ of a portion of the
ether solutioﬁ converted to Ga203 showed it to be of high purity except
with respect'ii;o ifon. The remainder of the material was evaporated over
water, and re-extracted under the conditions described above after shaking

the acid solution with & little amercury to reduc¢s the iron to the divalent

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

215

state. Divalent iron is not extracted by ether., The extracted gallium
chloride solution was now satisfactory with respect to all impurities,

To convert gallium chloride to oxide, oxalic acid in slight excess over
the stoichiometric requirement 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

The requirement was a material with a very high electrical resistance
when melted and cast into forms. Cnly small amounis were necded. Reagent
grade sulfur was sealed in a glass tube with several times its volume of
water, The tube was Leated to melt the sulfur, then shaken vigorously to
extract the liguid sulfur with water, The water became distinctly acid.
After cooling, the solid sulfur was transferred to another tube and again
melted and extracted., This was repeated once more, The purified sulfur was
melted and allowed to freeze in an evacuated system to remove residual water,

(7) Sodium Chloride

‘The requirement was a material which would have the melting point of
pure sodium chloride.' The well-known procedure of precipitation from a
filtered aqieous soiution by means of hydrogen chloride was used, The pro-
duct was redissoivgg and reprecipitated twice. The final product was care-
fully fused in a platinum dish to eliminate hydrogen chloride and any other
volatile substances.

A smal)l quantity of sodium chloride, of high purity with respect to
light elements, was prepared by neutralizing a solution of electrolytic sodium
hydroxide (see paragraph 4) with quartz-distilled hydrochloric acid and
evaporating to dryness in platinum.

(8) Iodic acid

The conmercially available reagent was recrystallized three times from
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& hot aqueous solution moderately acidified with nitric acid.
(9) Thorium Oxide

Of several methods tried, precipitation of the oxalate proved best
with respect to convenience as weli as to separation from a variety of
impurities, especially light ele@ents. For repeated precipitation the
oxalate wés dissolved in hot concentrated hyurochloric acid, Cn diluting
this solution gnd adding a small additi onal amount of oxalic acid the oxalate
reprecipitated. The oxalate was washed free of chloride and ignited to the
oxide., This method, of course, affords no separation from rare earths,

(10) Ceric Oxide

Por cerium, repeated precipitation of the oxalate also proved adequate,
No advantage in purification from light elements seemed to Be gained by
alternating precipitaticn of cerous oxalate with that of cerous hydroxide,
The oxalate can be dissolved (with decamposition) in hot concentrated nitric
acid and thus prepared for reprecipitation. To separate the cerium from
other rare earths, the nitric acid solution was treated with potassium
bromate to oxidize the cerium to the quadrivalent state, after which the
addition of ammonium phosphate caused the precipitation of ceric phosphate,
This precipitate was bulky and difficult to wash. It was dissolved by
suspending it in water and digesting with hydrogen peroxide, From the
resulting solution cerous oxalate was reprecipitated. Ignition of the washed
oxalate at about 1200 C yislded the dioxide,
) \ (ll) Anhydrous Rare Earth Chlorides

Several kilograms of anhydrous cerous chloride and & small amount of
‘anhydrous lanthanum chloride were prepared by treating purified oxalates
of the two elenanta';ith hydrogen chloride. The hydrated oxalate (previous-

ly air-dried at room temperature) was placed in quartz boats in a 70 milli-

meler quariz tube heated by @ tubular furnace, Hydrogen chloride was passed
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through a tube at a temperature not cver 80 - 90o C. until no more gas was
absorbed., The temperature was then raised rather rapidly te 270° C, and
the current of hydrogen chloride continued until the evolution of water
ceased, Thereafter the temperature was raised gradually to 450 - 5000 C.
During this period there was usually a small additional evolution of water,
The temperature was finally raised to about 750° C and held there until the
chloride was prefectly white., The grey color which appeared during the
intermediate stage of heating (probably due to czrbon) was cleared up by
adding a little carbon dioxide to the hydrogen chloride. The time required
for the entire operation was 8 - 10 hours.

The procedure, which is a modification of that described by Robinson,
Proc. Roy. 3oc., volume 37, page 150 (188L), proved more convenient and
fool-proof than dehydration of the hydrated chloride, which has been more
comuonly used. It.is important to saturate the oxalate with hydrogen ch.loride
before letting the temperature rise above about 900. Conversion ¢f an oven-
‘dried oxalate was not succcssful,

(12} Uranium Oxide

U308 for use as a spectrographic sf,andard was prepared by the igrition,
with a final temperaf.ure of 1000° C, or uranyl oxalate. This salt was
precipitated from a solution about 2 molar with respect to uranyl nitrate
and about normal with respect tc nitric acid. A hot solution of oxalic
acid, containing about 10 per cent more than the stoichiometric requiremént,
was added, with stirring, to the uranium solution. The mixture was digested
in a bolling water bath for 30 minutes to one houwr. After cooling, the
salt was drained by suction on a Puchner funnel and washed with several
small portions of water, The factor of nurification was very good with

respect t¢ the lizht elements, including boron, and also with respect to
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many of the heavy metals. (ne or two reprecipitations were usually made,

For this purpose the salt was ignited and the oxide dissolved in nitric

RCido
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CONTROL R 0AG HA
W, H, Hinch, E, W, Molloy, J. F. Tribby
UCTIL

The problems involved in the control of radicective hazards are many and
varied, An attempt has been mwade in this chapter to indicate some of the.more
important and prevalent health haszards encountered by workers in the CMR Divisiou
and the preventive measures taken by the Health Instriment Group (H‘.If. Group) to
minimize these hazards,.

No effort has been made to give more than minimal physiologieal aapects
of radiomctive oxpoaure, as the He I. Group haa not besn directly conneoted
with this phase of the health prpgram,

942  PERSONNEL MOKITCGRING

w] M gonnel Ex

(1)

The principal hazardous materials’™ ‘concerned with in this chapter are

plutonimm (Pu), polonium (Po), uranium (tuballoy) = particularly U=235 (25),

and to lesser extent mercury and other heavy metals that cause kidney damage 7 e ‘
Plutonium and polonium are axtremely toxic elements because of their radio- ' N%
active properties, and it is mainly for the detection of these two substances

that alpha detecting electronic instruments have boen developed, Tuballey -~
and 25 are classified along with morcury as' chemically toxic substances as

they are too mildly radiocactive to act as serious radioactive hazarés;

that is, rmuch smaller amounts are necessary to be chemically toxic than

radiocactively toxic.

1)
These radloactive substances will often be referred to in this chapter as

active material, hagardous materials, or simply as contaminationm, Highly
contaminated areas are often refmed to as "hpt"
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Protection of personnel against these hazards require¥ a canplete knowledge

of each individual exposure'listory, means of detecting theée hazards, (alpha,

beta, ant gaama radiation detecting instruments), development cf healtih-safety

rules for hanaling these substances, and carefully planned operating procecures

develcoped especially to guard against radicactive hazarcs,

The individual exposure history is obtained by:

(1)

(2)
(3)
(4)
(5)
(6)
(7)
(8)

Interviewirg all new division personnel, or personnel changing
from one Jjob to another within the division.

sonthly hazard data sheets.

- Joint health-safety surveys of all latoratories.

Individual health-safety reports for each laboratory.
Urinalysis reports.

Contaminated operation records,

Contaminated accident records,

Study of nose and hand count records.

Hazard data sheets (2) are distributed monthly by the uédical‘Group to all

division Group leaders, who in turn fill out the rejuired information (type

and degree of exposure for each person in his group) and return the sheets

to the medical Group. Three copies are made by the Medical Group for each

Group Leader and one copy is filed in the Health Ihstrua@nt office., The joint

health-safety swvey (3) of the entire area is made monthly by the H.I. end

Medical Group representatives. A careful inspecticn is made of all rooms

and laboratories to determine the health hazards involved in each chemical

operation. The individual laboratory health-safety reports (4) are sub-

mitted to the H.I. and iedical Group offices mdnthly, listing the following

datas

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

(1) Cperatio.s carried out in the laboratcry.

(2) Number of persons occupying the laboratory carrying out a
particular operation.

(3) Total amount cf active material handled during the month,

(4) Persons continually in the laboratory not hendling active
material,

(5) Persons occasionally in the laboratory not necessarily handling
active material,
Th-se reports are mde cut individually by the person directly in cherge

of each laboratory. .

9.2~2 Urinalysis

(1) Introduction: Urinalysis is a health procedure set up to check
elimination of toxic substances from the body, or to detect abnormal excretion
products produced in the body by the action of toxic substances. Kkassentially,
the urinalysis methais referred to in this chapter ard used on this project
can be classified in two sections: (a) direct radioassay for a radiocactive
substance in the urine (plutonium and polonium), (b) albuminalysis to detect
abnormal amounts of albumin in the urine as a result of kidney damage result-
ing from chemical heavy metal action (tuballoy, 25, mercury, etc.). All per-
sons of tnown tuballoy and mercury exposure and who show a persistent albuminuria
are examined further for tuballoy and/or mercury in their urine.

(2) Albuminalysis: Biological experiments have proved that tuballoy
and 25 are poorly absorbed through the gastro-intestinal tréct, and probably
nct at all through the intact skin. Both metals are relatively mild radio-

active substances, emitting (along with their daughter products) alpha, beta,

and gemma radiati.-ns. The beta and gamma radiation is toxic to the human
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skin, but experiments indicate that the hands may tolerate contact with tuballoy
metal for 2 hours per day indefinitely. This corresponds to a doss of 0.5
r/beta/day, 25 metal is not so well tolérated. ' .

'

For the albuminalysis test, urine specimen bottles are left in washrooms
of D building, Sigma building, C shop, the contaminated laundry, and buildiqé
1 D.P. West Site each Trursday morning. All personnel working wiLh'tuballoy,
25, and mercury are asked to leave a sample. lhe bottles are delivered to
the Medical Group by an H.I. representative and. tested for albumin, using the
Robert's reagent. By this test slight kidney impalrment due to action of
25, tuballoy, or mercury can be detected before any great harm is done, and
steps can be taken to reduce the person's exposure,

(3) Po determination: Radioassays for polonium in urine are giwven
to all personnel exposed to that element, usuaily once per week. This element
is highly toxic because of its intense radioactivity (alpha emitting). It
is dangerous only if{ it enters the body, as tihe particles do not injure the
body externally (skin) in the concentrations encountered., Its short half-.
period (140 days) and inert decay product (lead), and the fact that polenium

(2) .

is not particularly concentrated in any one body organ tends to moderate

(2)
‘here is evidence that Fo may be found in higher cacentration in the heart,
lungs, and kidneys than in other body organs, but not to the same extenf that
Pu is concentrated or deposiled in the bones,

its toxicity as compared with plutonium. Therefore, the problem of persocnnel
protection from this element 1is the prevention of the substance from enter-
ing the body.

The actual urine assay procedure is fairly simple. & specimen bottle

is obtained by the exposed individual from the kedical Group sach Saturday
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evening when leaving the Technical Area or DP East Area. Monday morning the
bottle containing the urine is returned to the medical latoratory for ahalysis.
During the weekend the individual is requested not to expose himself to any
contamination and to wash thoroughly before submitting the sample. It is
preferrable that the individual void his sample the first thirg Monday morning
before he has dressed. s paper label is placed on the bottle, bearing the
individual's name and the time the specimen was collected.

To determine ti.e amount of polonium in the urine, the sample is measured
(usually 50 cc is used), acidified with KCl and the polonium is plated out
on copper plates. The copper plates are counted in & Simpson proportional
counter aud the results are giwen as c¢/m per 24 hour sample. ‘

(4) Plutonium determinaticn and health pass: Plutonium (Pu)

urine assays are given to all personnel exposed to this element to any degree,
This substance is exiremely toxic because of its radioactivity. It has a
half-period of approximately 24,000 years and is alpha active, decaying into
a mildly radioactive daughter product. It tends to be. concentrated and deposited

(4)

in certain bones(B) and the rate of excretion from the body 1s slow. As
with polonium, the principal means of personnel protection is Lo prevent
entrance of the element intvo the body. All the procedures outiined in this
chapter are set up to prevent these two elements and their compounds fram
entering the body, or to detect their presence and amount in the body before

harm can result. As the number of plutonium counts excreted in the urine is

5
small( )and as the probabilitly of contaminating a urine specimen from Pu

(3) Principsally the endosteiun of the long shaft bones proximal to the blood
forming (hemopoietic) tissue.

(4) e amount of plutonium excreted in the urine per 24 hours is approximate-
ly 1 part per 10,000 of Pu contained in the body,

(5) 7 ¢/m for a 24 hour sample or 140,000 d/m taking place in the body. This
amounts to one microgram of plutonium or about the amount generally considered
to be tolerated in the body for a lifetime without any visible harmful effects,
Actually, the true tolerance rmay be several times greater,
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present on clothes, hands, or other parts of the body is great, it is
necessary to collect the 24 hour urine sample under very rigorous conditions,
All possible precaution must be taken to prevent extraneous contamination,
and hands and clothes must be as free eof contamination as possible,

This precaution has necessitated the health pass procedure, which enables

the person who i8 to be tested to stay away from all contaminated areas tor

at least 48 hours before voiding the urine specimen thereby minimizing

the possibility of transferring extraneoua contamination from his bedy and
clothing to the sample. Routine health passes are given periodically to all
exposed personnel, the period varying with degree of exposure,

In the case of contaminated accidents, the individuals exposed are
immediately sent on health passes in order to determine whether they have
received large Joses or not. This immediate test is largely Qualitative,

A period of ten to fourteen days must elapse before the plutonium urine
excretion rate approaches a constant value, thereby giviﬁg a quantitative
indication of the amount of material remaining in the body,

Civilian personnel are requested to stay away from the Technical and D.P.
Areas for a period of two days, during which time they must wash frequently
and wear freshly laundered clothes. At 8:00 A.M. of the third day they re~
port to the hospital. There the individual is required to shower and change
Lo hospital clothing, placing his personal clothing in a canvas bag. His
clothes are not to be touched again until the end of the 24 hour period, nor
is he to leave his room except for meals which he takes in the hospital mess,
Before voiding a sample, he must wash his hands thoroughly ana put on a pair

of cottcn gloves., Effort should be made nct to drink too much fluid just
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before the test, so as not to produce a large volume of urine., A large volume
of urine is difficult to evaporate and consumes a great deal of valuable time.

For Militéry personnel the health pass procedure is more camplicated,
Army Travel Orders are necessary for a soldier before he may be absent from
the Post for the required two days, The procedure which is laid down for all
military personnel and whict all.soldiers must follow is:

(a) Request for this pass should be submitted to the K. I.
office at least one week before the pass is to begin,

(b) Request must contain the following information: name, rank,
A.3.,N,, date of departure and return, and destination while on
pass. .

(e} Travel orders are issued from SED Military office 24 hours
before beginning pass.

(d) Two copies are issued, one of which is turned into the SED
Orderly Room on day of departure,

(e) The soldier reports after 48 hours to the Post Hospital at
8,00 A.M. where he will remain for 24 hours. ¥hile in the
hospital the prccedures are the same as for civilians,

«f) At the end of Lhislperiod he will turn in the second copy of
l.is orders to the SED Orderly Room.

Any violation of this procedure might result in the soldier's being
considered A.W,0.L., and cause inconvenience to the next one who goes on a
health pass. Allowances are given all military personnel for this pass; 34.00
for two nights lodging, and meal tickets 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 tickets,
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It should be noted that all perscnnel on the project who have had exposure
to plutonium to any degree should submit to this urinalysis befare termination.

To determine the amount of Pu coritained in the urine the entire 24 hour
specimen is evaporated to dryness and the residue {s wet-ashedusing ECl, HNOB,
and Hzoze This resiaue is dissolved in KC1l, precipitated as the hydroxide,
redissolved in KC] and extracted b chlorotorm and cupferron. A lanthanum
fluoride precipitation carrying the Pu is carried out and the precipitate is
radio-assayed for Pu. A Simpson proportional counter is used for this assay

and the counts are recorded as c/m/24 hour sample of urine.

Ye<=3 Nose Counts

(1) Introducticn: icse counts are taken daily by sll personnel
exposed to either plutonium or pclonium to any degree. This hLealth jrocedure
is doesigned to detect minute amounts of radioactive metrerial accumulated in
the nostrils. These counts are taken near the end of each shift, so as to
be sure to cover the major part of the working period ard most ¢f the individual's
exposure during the day. It has been shown that both elements are present on
dust particles in the air. sSome of this dust breathed in through the nose is
filtered(b) out éf the nostrils, nart <f the dust sticks to the umucus membrane
of the upper respiratory tract but the rest of the dust reachkes the bronchii
and lungs. kuch of the dust accumulated in t.e nostrils is blown cut along
with the nasal secreticns by the inuiviaual, ana most of the sust accumulated
in the upner respiratory tract is brought into the throat by ciliary acticn
and then swallowed, allowirg most of the¢ active material to pass through the
body without abéorption (Fu is abscrbed very slowly, if at all througﬁ the G.I.

tract). Fowewer, that -art of the active material contained on dust particles

(6)
The depth to which the dust particles penetrate is a function of the dust
particle size. The smaller the parlicle size, in general, tnc deeper the
particle penetrates in the respiratory tract,
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which reaches the lungs is absorbed fzirly rapidly and distributed by the
circulatory system throughout the entire body.
~ .

Experimental evidence has shown a good correlation betwsen urine assays
for plutonium and polonium and ithe indiviaual's nose count history, thus,
making the nose count a very impé?tant monitoring procedure, Both nostrils
.should show practically the same count if the contamination coritained in
them i3 actually due to a ftheriré action on contaminated air. Variable
counts in separate rostrils are probably due to accidental action, such as
placing a finger in cne nostril, and when such counts are encountered only
the lowest couﬁt is considered of any importence,

Tuballoy and 25 contarination in air is not monitored by nose counts as
it is too feebly radicactive to be detected by ordinary procedures. However,
ordinary precauticns, such as are laid down in the Health Safety Rules£7)
will normally prevent dangeruus air contamination exposure from these twc sub-
stances. kercury contaminated air is monitored by ordinary standard analytical
procedureé. Furtiher discuasicn ¢f air coutamination due.to radiocactive
substances will be taken up in the secticn of this chapter éntitled "Air
Monitoring and Air Samples",

(2)‘ Routire nose counts: The actual procedure foéttakir@ nosge
counts is relatively Simple. Each person who is exposed to Pu or Fo and who
works in the Chemistry and ¥etallurgy Division has an individual nose count
box in which filter paper swabs from each nostril are pleced. Formerly, when
only a small number of counts were taken, the boxes and malerials, instrumentas,

etc., were carried around D building by hand. However, as the number of build-

ings and personnel handliing these two elements increcsed, push type carts were

7) '

See Section 9.7.
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developed and placed in the three strategic areas, D building, D.P, West, and
D.l'e East. Materiels cerried on each cart are: ncse count boxes (one for each
irdividuel), one zet of forceps for rolling the filter paper, one set of
forceps for removing the filier paper from the applicator, bottles of distilled
water, absolute ethanol, scdium citrate soluti-n (5 per cent), and tie filter
paper swebs., The swabis consist of a strip of filter paper 3" by #" glued to
the end cof ‘a small weod applicator and wound tightly about this end.

One swab is used for each nostril. Before inserting the swab in
the nostril it is moistened with distilled water. After swabbing the nostril
thoroughly, the filter paper is unwound frdcx the applicator and placed in
the individual's box. |

The filter paper must be alloved to dry (usually 24 hours) before it is
counted, However, in emergencies it may be counted wet, assumling one-
half of the counts on the paper to be obscured by moisture. A new technique
developed to dry the filter paper immediately ccnsists of heating the wet
paper under a bank of infra-red lamps (paper must be at least eight inches
from the lamps). -By this means the paper may be dried and ready for counting
in 15 minutes. :

after drying, the swab from each nosiril is counted on a standard
alpha counter for a period of 1 to 2 minutes, During the counting procedure
the background of the counter is checked and deducted from the total count
to give the true count on the swab. Counts are recorded as c/m for each
nostrile.

Some 250 nose counts are given dai}.y‘at this site. A daily record of
all counts are placed on bulletin boards so that individual results are

available for inspecticn by laboratory members. Copies of this daily record
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are kept on file in both the H.I. and ledical Group offices and are referred
to in determining personnel exposure, and serve as a criterioﬁ in scheduling
health passes for persons exposed to plulonium,

(3) Special nose counts: 4 second type of nose count is given
aside from the routine daily counts jLst described. Th-t is, the special
nose count, which is given during contamirated operations or durirg emergen-
cies. They are given to personnel not included in the above procedures, such
as oulside service workers aftrr working in conteminated surroundings, end to
all personnel after contaminated accidents. A complete record of all special
nose counts is kept on file in H. I. a;d Medical Group offices. This record |
serves as a criterion for determining the exposure history of all outside
service workers and the exposure suffered by any person involved in & contamin-

ated accident,

Y.2=4 Hand Counts

(1) Introduction: Hand counts 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 instru-
ments., FPu and Po are the principal elements to be counted. . Hand counts may
be considered tc be of two kinds, The first type of hand count is taken by _

(8)

the individual himself with the aid of hand counters ’“glaced at convenient
places around & contaminated area or in "hot" laboratories. It ias the duty

of all persons who are exposed, in these areas, to check their hands often

for alpha contamination. The second type of hand codnt procedure enables the
H. I. Group té obtain daily records of the hand count of all CMR Pivision per=—

sonnel leaving for lunch or at the end of shifts. This procedure will be

discussed under "Hand Contamination Control®,

(&)

See gection 9.4.
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Contamination on hands is dangercus becausc of the possibility of
transferring the actiwve material to tﬁe mouth and nose and thereby
to the G. I; and respirétory tracts. |

In cases of hand or finger cuts, a highly contaminated nand would be most
dangerous because of the danger of absorption of the material directly into
the bloodstream. It is not 1mpoasibie that active material might be trans-
ferred to 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 absofbed through the intact skin, but there is some evidence that
Po does so to a limited degree. To prevent the above possibilities, persons

(9)

are urged to keep their hands below tolerance at all times. To aid in
this purpose, various types of cloth and rubber gloves are available from
the H.I. Pispensary.,
(2) Hand contaminaticn control: vouble plate hand counters are placed

near the exits of U 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

(10)
building to operdte these counters and record the counts., Records of all
(9)
See section 9.6,
(10)

See section YA,

counts are kept on .file in the H.I. and Medical Group offices, Before testing
their hands it is required that all persons wash their hands at least once,
If hards are found over Lolerance the individual must re-wash until they

are below tclerance. A l:l mixture of sodium tartrate and 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 highly contaminated hands (Pu)

{98 described:

(a) Wash the hands first with liquid sulpho-soap ar@ plenty of
hot water, ‘

(b) Rewash hands in above tartrale mixture, Use one small hand-
ful of mixture in a bowl of hot water,

(¢) Scrub hands with a brush for three minutes, keeping hands
immersed in the solution,

(d) Rinse, rewash with svap and water,

(e) It is advisable not to use the alkali bar soep in cases of
high hand conteminaticn, ’

For Po contaminated hands, & 3 per cent solution of sodium hypochlorite
has proved effective, but it is slightly corrosive to the skin. The pro-
cedure for using this solution is essentially to rinse the hands thoroughly
with the solution, and then to wash off the excess hypochlorite with soap

and water,

9.2=5 Contaminated Operations

To protect all persons not in CMR Division and not directly
protected by the health and safety progfam set up for this divisien's persecnnel,
and who work on contaminated objects, or in or around contaminated areas,
the following procedures have been developed. The above personnel CCnsisﬁi
of Post service help (plumbers, electricians, carpenters,tinners, painteré,
etc.) Post firemen, and in some cases army fire and security guards and
K.P. personnel, Army fire and security guards and M.P.'s are ordinarily ex-
posed only because of being stationed around contaminated areas, and the

health hazards to which these persons are exposed are not great. This type
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of personhel is given two to three days training before starting to work on
the projecﬁ. (This training consists of the recognition of the safety problems
comected with radioactive hazards and how to combat these hazards in case of
fire or accidents.,) They are also given routine nose counts,

The post service workers, however, are often directly in contact with
many or all of the health hazerds vhile working in the contaminated areas,
For instance, a plumber repairing a "hot" dry box in a "hot" 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 radicactive health hazards as are the laboratory technicians
and scientists, and therefore greater care mist be taken to see that these
individuals are adequately protected.

Trhe contaminated operation procedure will afford this protection if all
the rules and regulaticns set up are followed explicitly. Arrangements have
been made with the Maintenance Office and Post Service Cffice to have all
service workers report te the H,I, Cffice for instructions before beginning
work in #he contaminated buildings and laboratories. Before any of the above per-
. sonnelcommence work, they are issued a set of protective equipment; the equip-
nent, varying with the type of job and hazards. The area and objects, which
require servicing, are monitored thoroughly for degree of contaminatioh.

;nxe protective equipmenp usgally’consists of covegalls, rubber gloves,
respirator, shoecovers, anpd surgeonts caps., If tge operation is excesgsively
hazardous, it may be necessary for an H.I. man Lo actually monitor the entire

Job, and the workers may be given additional protective equipment.(ll) After

(11) : -
See second paragraph under Section 9,2-7, .
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finishing the job, the vworker's hands, other exposed parts of the bedy, pro--
tective clothing, equipment, and tools are monitored for possible contamin-
alion, and special nose counts are given. If any individual's clothing
is found contaminated he is requeéted to take a shower before leaving.
In addition to this, an individual record is kept of all such operations,
The following information is contained in the record:
(1) Kature of the job.,
(2z) Tyve and degree of hazard.
(3) Date, time of heginning and ending job.
(4) Length of exposure,
(5) Protective equipment issued.
(6) Degree of contamination found on clothing and body.
(7) Hand ocount
(8) Nose count
Copies of this recard are filed in the E.I. and iedical Group Cffices, and

are used by tnese offices to compile the individual's exposure history.

9.2-6 Contaninated Accidents

(1) General: .« contaminatea accident may be defined as eny situation
involving excessive or uncontrolled spreading of contamination, unnecessary
and excessive contamination of hands, tody, clothes, etc., injury or cutting
of any part of the body while working in contaminated areas or with contamine
ated objects,r entrance of radioactive material into the body. rontaminated
accidents may be minimized by obeying the Health Safety Rules and by following
the proper chemical and analyticai procedures set ur for personnel protection.

The most common contaminated accidents normally encountered are:
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(a) Spillege of redicective compounds, solutions, etc,, during
eperations,
(b) Cuts, bruises, er lacerstions on some part of the body while
working with contaminated items or in contaminated ereas,
{c) Uncontrolled sscaps of stered solutions containing active
materisls,
(@) Accidental misplacement of conteminated objects,
(e) Fires in contaminated aress, |
() Explosions (ether extrsotions ef 49, 25, etc,).
(9 Accidental ingestion ef redicsctive materials,
Spillage (o) is by far the most comron of the contaminated accidents, The
feot thet these radieactive materiels may spread over an entire building makes
it imperstive thst they be brought under control at once, For instence, if a
"hot" solution is spilled, the spot fermed will at first be wet and lecalized,
However, as the spot dries, the radiocactive salts attech themselves to dust
perticles which are alweys presént and are cerried about by air currents,
or the material sticks on the shoes ef people moving about and thus is trens-
ferred throughout en entire building, in which case it is difficult er impess-
ible te contrel, A few spillages, which are not immediately cleaned up by
proper means, ceuld easily render an entire building hazardous or even unin-
hebitable, Polonium exhibits thie spreeding property te a strikisg degres,
It appears to “creep" over surfaces and penetrate into ths most inaccessible
spots with amazing rapidity, In addition, it readily sttaches itself teo

dust psrticles that float in the air, The M end D aeotions(lz)of'the H,l.group

(et

See Section 9,31

heve been especially trasined to combat this uncontrolled spreading of active
material, and these sections should be notified immediately in cases of spill-

sge of "hot" meterials,
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®, (d, (d, and (g are discussed in the section on Health Safety
(13)

Rules,

¢

See Section 9,7

(2) Fires and explosions: Fires and explosions (e} and (f),
nay be the most seriocus, not only by immediate destruction of life and proper-
ty but also becauss of the volatilization of large amounts of radiocactive
meterials, Thus a fire could possibly vaporize encugh Pu or Po to render
vast areas highly flamz;m'oue(1 or uninhsbitable for some psriod of time,

(14)

See Section 9,6 for air tolerance walues,

A procedure has been developed for the Post firemen toc follow in
case of 2 fire in any of the contaminated areas, A summary of éhis procoduro
followss
" (&) Fire st D.P, Site: All firsmen will carry a smoke mask which
will be put on before entering the aroa; The fire crew will
be met st the D,P, gate by s repressntative of the Safetly
Committee to imstruct them about the fire, Emergenoy pro-
tective clothing will be stored at the M,P, gate and will
be available for the firemen at 81l times, Mesks, coverslls
and rubber gloves are absolutely necessary before entering the
burning areas,
(b} Fire at the Technical Area: Emsrgency protective equipment
will be stored in the red emergency shack just ooposite to
D building entrance and will be available for firemen at all
times,
(&) If any injury occurs while fighting the fire the individual
should contact first-aid representative, or if one is not

svailable, veport immedistely to the Post Hospital,
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(d) after fighting the fire the firemen will discard all his
protective equipment, whichk will te picked up by the H.I.
Group and cleaned. He also must report as soon as possible
to any orie of the t'.I. dispensaries where he will be given
& special ncse count. (Il is probable that an K.I. repre-
sentative will be avajilable at the fire to give the nose
counts during and immediateiy after the fire.) 1t should
be remembered by &ll nersons taking a nose caunt to refrain
fran blowing the nose, so that the counts obtained will be
inaicative of' the actual exposure, If a fireman is found
to have suffered an exceptionally high exposure to contamin-

ation, he will be sent on & health pass and given urinalysis '
for Pu of Po; or boih.

(e) All firemen exposed Lo any cortaminated. fire are to be
reported to the H.,I. Group by uhe Fire Chief.

9,2-7 wuispensing of Protective Equipment

(1 Types of protective equipment: %rotective equipment is designed
to protect personnel against radioactive hazards by preventing active material
fram conta@inating the boay or peresonal clothing, or by preQenbing possible
entrance of these substances into the body by way of skin lacerations or by the
G.1. or respiratory tracts. Clothing such as coveralls, shoe covers, smocks,
gloves, safety shoes ana other equipment such as respirators, gas masks, smcke
masks, positive pressure air hcods, oxygen masks, face shielas, and nasal
filters, are the principal types of protective equipment, and they are issued
through the l.,1, dispensaries maintainea in D blilding and in buildings 1 and
51 at D.P. Site,

3hee covers, coveralls, laboratory smocks, rubber gloves and dust
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L

respirators are issued daily to all personnel working in contaminated Tec¢h
area and D.P, Site buildings. Certain very hazardoas operations, however,
require additional protective devices such as positive pressure air hoods,
oxygen masks, etc. The positive pressure air hoods have proved of great value
in cases of extreme air contamination, but have the draw-back of requiring an
air line capable of supplying several cubic feet of air per minute at 10 to

20 pounds gauge pressure. Nasal filters (of the hay fever type) rave been
tried in cases of highly contaminated air exposures, but are of questionable
value,

(2) Laundry operations: A laundry is maintained by the H.I. Group
to launder all alpha, beta, and gamma contaminated clothing and.protective
equipment at this sitc., The laundry is composed of 25 members with the
following organizational breakdown: (a) administration, {b) washing and
drying operaticns, {¢) glove and respirator processihg, (8) shipping and
receiving, and (e) maintenance,

The contaminatea equipment when brought into the laundry is divided into
two separéle classes: (a) general clothing, such as shoe covers, underclothing,
coveralls, smocks, towels, and (b) accessory protective equipment, such as
respirators and other types of smoke gxs masks, and rubber gloves. The
clothing is washed in Lumbler-type washers, dried in centrifugal driers, and
then monitored for contamination. The clothing should meet the tolerance
requirements shown in Sec.9,6‘ before it is ﬁassed'on to the sewing and
mangling crew. This crew repairs any tears, etec. irons and folds the
clothing, andasendd it to the shipping or storage room. The accessory
equipment uemands slightly different washing ana cleaning technique from that

used for the protective clothing. Usnally, the respirators and masks must
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be washed by hand, To date no satisfectory cleaning lolutj;m(ls, and procedures

{15
See Seotion 9,3-6

have been fouz;d which are effective in cleaning rubber gloves, Actually, it hes
besn found cheaper to replace contaminated gloves with new ones rather than to
expsnd the tim and labor necessary to decontaminate them, (About 20 per cent
of the totel number are sucessfully clemned by washing in a § per cent citrie
scid solution), Between 60,070 and 70,000 items are processed by the éontanin-
ated laundx;y monthly, |

Although the abeve procedures are set up to wash alpha conteminated clothing,

1
thers is an oocasional batch of bete and gamma econtaminsted olothing.( 9 These

(16)

The principal source of beta and gamma contamination is redie=lanthanum
(RaLa) , which is used in experimental werk at the Technical Area snd at
Bayo Canyon,

are separated from the alpha clothing and washed in a tumbler-type washer, using
hot 5 per cent ecitric acid solution, This has proved to be a very effioiént pro-
cedurs in washing and decontaminating the olothiég imprcgnated with beta snd gamma
emitting rediochenmicals, 7

All lsundry personnel are given daily nose counts, weakly urine slbuminalysis,
routine urine radioassays for Pu and Po, and cccasional blood counts, No person
from the laundry hes as yet gone beyond the tolerance set up on any of these tests
(except sn occasional high nose count), although the protective ecuipment handled
is contaminated with any or all of the harardous chemicals, both radioactive and
non-radioactive, used on this project,

9.3 LABORATORY MONITORING AND DECONTAMINATION PROCEDURES

- 9,3=1 Organigation and Funoction of the M and D Sections

The Monitoring and Decontamination (M and D) Sections of the Health
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Instrument Goup have been developed principally to carry on monitoring of

2ll rooms, buildings, and areas associeted with the CMR Division processing

or storing radiosctive materials (mainly the alpha emitting radiocslements),

In addition to the monitoring duties theres are many other important secondary
functions such as the decontamination of "hot" items, decontaminating and
cleaning after contaminated wcoidents, dispens 1ng of protective equipmsent,

air counting, and taking hand and nose counts, Three sectinns are now in
operaticn: the Technicel Area, D.P, Site East (Po building) , and D,P,

Site West section, The Tech Area ofgmiution is typical of‘ the three sections,
This force consists of a section leader; three women to keep records, issue
protective ecuipment and do routine monitoring, ® five man orew for room
survey work and eccident oontrol; two men to handle routine decontamination and
*special monitoring probloma= two Qomon who wash contaminated g’lasmre: and
two counting roon 7operatorl to co{mt nose swabs, cirl filter samples, and

ether gpecial samples,

9,5=2 Room Survéys

() 1Introduction: Room and leboratory surveys are made sach
working perlod, These surveys constitute one of the most important procedures
in contamination control, All rooms in whish radiowctive materials are
processed, stored, or handled in any way are checked with electronic instru-
ments desizned for the detection of alphe, beta, and ganma radiestions,

The alpha detecting instruments used for these surveys are the mobils
slphe survey meter, "Poppy", the portsble alpha survey meter "Fee Wee",
the Plute, and the Zeuto (for a detailed discussion of thess instruments

see section 9.4), These surveys are not intended to be an exsct quantitetive
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radioassay, but are only a g-neral survey of the degree of contamination that
exists in the room wiih a reasonable degree of accuracy. Ry 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.
Juring the early days (1943 and 1944) of the project', oniy a few roums
in one or two buildings in the.‘{‘echnical area actually handled active materials,
and theh only in very small amounts. The monitoring crew at that time
ccnsisted of about four men. The only alpha-detecting instrument 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 filter paper, covering in this wiping motion a surface of about
30 square inches. This filter paper then was counted on the standard

alpha counter to determine if the position that was ewiped "hot" or "CK", 1If
the the filter paper showed a count of less than 500 counts per minute

the position was regarded as being "OK", if the count on the paper was
between 500 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". ‘The "infinity" count simply meart that the count
on the swiped position was too great to be counted., In the early part of
1945 a mobile alpha counter known as the "Super Snoop" was developed and was
used to supplement the gwipe method. By using the "Super Snoop", direct
readings of the conta&inatim (in similar units) could i:e made by wheeling
the inatrument into a rcom and scanning or "snooping" the working surfaces

of that room. This wus a more accurate and efficient method of surveying a
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contaminated rcom, but the "Super-Snoop" wes deficient in many ways. 1t

was very heavy and bulky and was not mobile enough to be moved fram building
tc building. :In addition, it was too clumsy to be used in a great many ‘
of the laboratories without damaging the equipment or annoying the personnel'
at work.

By 1945, the number of buildirxgs, roomg, and personnel handling the active
radiochemicals was increasing rapidly and there was an urgent need of an
inoreasing number of more mobile alpha-detecting instruments of the "Snoop"
type. The swipe method of roam survey was ineccurate and slcw and the "Super
Snocp" was too bulky. In April, 1945, the monitoring crew (then the monitor-
ing secticn under Group CM-1) was re-organized inLo an entirely separate
group, the Healjth-lnstrument s CM=12 Group. The functions of tl.is new group
were to develc;p and repair health instruments for detecting alpha,-bet,a, and
ganma radiat:ic-ns ,» and maintain a iaundry for washing contaminated clothing,
as well as to carry on the monitoring and decontaminaticn functicn. By
June, 1945, several alpha survey meters, the "Poppy", "Zeu.o", and "Pee
Wee", were brought in to supplement the "Super Snoop", and the swipe method
was abandohed alt.ogethgr.

Since June the monitoring personnel has expanded from one section
(eleven persong) to three sections (forty-one persans) to take care of the -
M and D problems in the Tech Area ard the newly built D.P.Site. Room surveys
are now (November, 1945) made daily in sixteen sepafate buildings (some 300
rooms), using portable instruments {Poppy, Pee Tiee, and Zeuto). & "Poppy"
used in buildings 51 and 52, .D,P. Site (Po building) has a counting ‘r.‘a.ngei up

to 300,000 --counts per minute and has eliminated trie "infinity" counts, -
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and the confusion and inaccuracy thst aocompanies this term, The standard
slpha counters now are used (D2, Buildings 1 and 51 at D,P, Site) exclusively
for counting nose swabs (already discussed) and air samples, Air samples will
be discussed in a later section,
The beta and gamma detecting instruments now in use are the Portable

GM Survey Meter, the Beclman Port;blo Survey Meter and the Lands;ork'Wollln
electroscope, The actual monitoring of rooms handling beta and gamma emitting
rediochemicals is done ordinarily by the Nedieal Group (A-8) , but in emergen-
ciss the ﬁ.I. Group may be called in to aid in monitoring or decontaminating,
The principal beta and gamma radioactive meterial (Rala) is used only at
Bayo Cenyon 3ite with the exempkion of w» fow laboratories in ths Tech Area.‘
The GM end L and W meters are used extensively by the H,I, Group in monitoring end
decontaminating "W" containers, This M and D procedure will be discussed under
s separate section, .

(2) Procedures: Raoms and laboratories in buildings D, D annex,
p2, D3, Sigma, H, V, U, and M buildings in the Technical Ares, and buildings
1, 2, S,P;, 5, 6, 51, 52 at D, P, Site are monitored daily (Monday through Frid&ﬁ
by "anooping™ with the mobile alpha counter "Poppy" or the portable elpha survey
meters "Zeuto" and "Pee Wee", Floors, doors, doorknobs, laboratory bsnches and
tebles, hoods, exteriors of dry boxes, and other permanent laboreatory installa-
tions ere scanned in these surveys, Locations which yield "ower tolerance"
oounts sre labeled as "hot spota™ with e teg denoting the actual count,

1
These "hot spots™ should be dooontaminated( »by the laborastory members

)

See Section 9,354 (1) on Laborstory Clesning

a8 soon as possible, Upon completion of decontamination, an H,I, momitor
ghould be celled to check the clesned area with a Pee Wee or Zeute, The count

must be below tolerance before the decontamination is considersd suscessful,
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In cases where the count remains high,.cven after thorcugh ecleaning, a piecer
of oil impregnated filter paper is aswiped over the surface and held up to

the meter. If no counts are recorded by the meter, the active material is
regarded as impregnated and further decontamination imposaible; usually such
positiops are covered with paint or stainless steel for the purpose of
covering up ary contaminaiion that may work out.

In cases in which the laboratory members make no_effogt to clegprthe hot
positions, a note is sent the Group Leader in charge of that laboratory indicat-
ing that this situation exists. In general, there is good cooperation between
the laboratory staff and the H.l., monitars, and rcom contamination has been

‘maintained at a satisfactory minimum.

Y.3-3 Preventive Meagures in Copntamination Control

Cperation procedures for the safe processing of radioactive materials
are developed in view of the particular and special health hazards inherent

in these sdbst;nCGs, and all precautions are taken against possible leakage

in opgr#ting equipment. Mevertheless, during the various processing operatiorns,
compourds of these elements do get out of Lﬁéir confining apparatus, Eecause
plutonium and polonium have high specific activities, extremely minute amounts
give rise to tolerance values, Thus the smail anounts of material that are
spread about, even under Lhe condiiions of Lhé most careful and exacting labor-
atory techniques, prcduce "hot spots',.

In the case of polonium only 1 x 10~7 micrograms of the material is
necessary to give a count of 501 épgqnbs “:_at BO percent geometry; 7 x 10-3
micrograms'of plutoniwn will givéia like counting rate, This indicates that
plutonium snd polenium compounds or the metal (Pu) should not be handled or
processed in any ordinary type qf laboratory. Surfaces of wood, chemrock, lead,'

or porcelain are ejther porous or semi-porous, and any contamination that

falls on these surfaces may "soak in" and becowe impregnated. Later on, this
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contamination may gradually worx out and constitute a serious health hazard

to all personnel working in théé area, | :
Thus thie surfacing of any labor§t6ry involved in rrocessing Pu or Po

(also to some extent tuballoy aﬁd 25) is of prime importance. A study of

-various kinds of iaboratory suréacing rateriais shows that Lhe most suitable

types for handling radiochemica§§l;;n descending order of effectiveness, gre_' .

polished stainless steel, poligﬁgd glass, polished steel and brass, lucite,

and certain plastic enamels., ﬁocd, paint, transite, chemrock, stone, cast

iron, and iﬁnoiepm are allvéemifporous'ar'tend to beéoae'so with use and are
unsuitable for surfacirg laboratéries handling radi.chemicals.

Polished stainless steal is of the best surface for contaminated oper-.
ations as it has a amocth non-porous surface, is easy to clean, is not edsily
corroded by ordin;ry chemical reagents and does not ordinarily become rusty,
cracked, or porols after extensive use, A very thln layer of light oil |
.applied to the ste’l surface has been found to be very effective in holding
contamination andjpreventing the active substgncea4£rom comlng into direct
contact with bthe metal. By washing off the oil frequently and applying
clean oil ihe stainless steel surface will remain free of contaminaticn a;
all times.

Q3= .Deconbamination Procedures

(1) laboratory cleaning: Laboratory cleaning and decontamination
is a matter of good housekeeping. It is Lhe duty of nll pesrsonnel to keep
their laboratory as free of contamlnatlon as p0551ble. This is best accomplished
by maintaining a well kept. and cledn room and by cleaniqg any "hot spots"
immediately upon learning of their existence. A "hot spot" left uncleaned
will spread and become more and more difficult to decontaminate. The sources
of laboratory contaminaticn are many and difficult to control. To aid in
decontaminatling these "hot spots', several types of cleaning solution have
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been developed. Of these solutions, "'t.‘hc one§ most commonly used arc listed
and explained in the section of this chapter entitled "Cleaning solutions
usea:" ]

(2) Floar dcoonthning‘!:igbn:?loor canlamination has been a big
faclor in spreading the active .emtgrial from laboratory to laboratory and
throughout the buildings in general. Foot coverings are worn by all personnel
in contaminated areas to prevent shoe contamination and the subsequent
spreading of material Lo outside areas as well as to prevent the spreading
of contamination to the hamds and ciothing.

Crdinary floor cleaning proccdures were found unsatisfactory in keep-
ing contaminaiion to a desirable minimum, Several types of floor
oils and waxecs were used in an effort to prevent absorption of active materials
into the floor coverings and to -keep the dust down, but ncne proved satisfactory .
waxes were found to flake and produce particles small encugh to fioat in the
air, carrying the contaminaticn.’

Scrubbing machines were fcund to be very effective in removing contamin=-
ation from all smooth surface floors. At present all floors are ‘scrubbed
every other day with a solution of 'I‘ergital or 7oleo. This procedure is
effective for toth plutonium and polonium.,

(3) Contaminated glassware cleaning: The standard labeoratory
dichromic acid method of washing glassware is used for decontaminating "hot!
glassware. The standard cleaning proc%edurg used in the Technical Area is
described:

(a) All glassware from t,k.1e Chemistry and Metallury laborafories

is checked with a "Pee Wee" before removal from the labora-
tories, *
(b) A1l glassware having counts less than 20C-counts per minute

(Pu) is considered non-contaminated and must be washied by the
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laboratory personnel,

(c) All glassware' having counts greater than 20U counts per'minute.
{(Pu) is considered contaminated and is sent to the contaminated
glassware washing room.

(d) A1l glassware from the polonium buildings, or glassware in which
polonium compounds are haridled is automatically considered
contaminated, tagged "hot", and sent t« the glassware washing

room, ‘ |

(e) All glass bottles, etc. must be empty before they are
accepted for cleaning.

(f) The glassware is first washed in soap and water and rinsed
before soakiég in the dichromic acid bath. Operators must
wear rubter gloves and eye shields during all washing
and clé#ging opgféﬁ;9n§;_

(g) Glassware should soak in the acid bath for at least 15 minutes.
The dichromic aeid is prepared ;s needed by diseolving five
Qounds of potassiﬁm qiéﬁromate in ten galloﬁs of coacenérated
sulphuric acid. The ﬁanperature of the chromic acid should
be below 130° F.

(h) After sosking in the acid bath, the glassware is first rinsed
in tap water, then in 2 per cent sodium citrate solution, and
then re-rinsed in _tap water,

i1) After rinsing, the glassware is dried in a steam heated drier,

The following should be noted:

(3) The-washing basins and sinks should be surfaced with stainless
steel (except the acid bath) to prevent accumulation of active
material, i

(k) Personnel washi:ig the contaminated glassware shouid w.ear the
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following protective equipment: eyeshields, coveralls and.
and smocks, ahoe covers, head covers or caps, rubber aprons
underneatl: the smocks, heavy acid resisting rubber gloves,
and respirators,

(4) Cleaning of "W" containers, apparatus, etc.,: Plutonium is
brought to this site tru Hanford.as a slurry of plutonium nitrate in small
stegl containers terwed 'W'" contalners. The container assembly is composed of
two parts, an inner stainless steel bomb container and ;n outer steel carrier,
Tiris assembly, during shipment or storage is usually kept inside a boron plastic
transfer case. Upon arrival at 5ite Y the boron case is checked imneniately
for alpha, beta, or gamma contamnination by the H. I. Group to deteramine if %t i;
safe; from a health standpoint for unloading. If the outside of the boron
case is found to be contaminated it must te cleaned before it is handled or un-
loaded. After being CK'd, the assémbly is stored until ready for rem;val of )

" the plutonium nitrate. Immediately before the containers are delivered to the
Purification Group, the container assembly is removed frém the boron transfer
case, and the inner steel boub cohtainer.is taken out of the outer steel carrier.
Eoth the steel carrier and Bomﬁ container are cérefully menitored for contamin;
ation, and any contaminaticn is‘removed. All counts must be below 50 counts
per minute before the container is turned over to the Purification Group.
After the Purification Group has emptied the contents, tﬂe inner bomb cont&iner
is returned to the E,I. Group ﬂo Sé recheckéd and recleaned. After it is certain
all counts on the steel carrier and container are below 50, the assenbly is
placed back intc the boron transfer case und is then ready to be feturned to
Site "Wv,

“‘he stainless steel épntainer is very easy to clean, Usually it is only

.necessary to scrub the steel surface with 2N HNOB’ rinse, and the contamination
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18 removed, 1In a few cases it is necessary to repeat the cleaning several times )
before all counts are below 50, No container has, as of now, been sncountered
which could not be satisfactorily cleaned,

Other types of laboretory apparatus sre decontaminated by the H,I, Group,
usually in a special laboratory set aside for this purpose, A general pro-
cedure for decontaminating any ordinary item mey be outlineds

(18)

() Determine the radicelement producing the contamination

(13)
As Pu send Po, the principal sources of contamination, are handled in
gseparste buildings snd areas and are never mixed, it is easy to determine
the type of contamination on an item by knowing from which srea and build-
ing the item ocame, '

(2) Check with a Poppy and determine the extent of contaminatiom,

(3) Sorub the items, using the proper cleaning solutionu.(lm

Pe

s

This is left to the disorstion of the decontamimtbr (see section 9,3~
4(6) on cleaning molutiens,)

(4} Rinse with distilled weter and recheck with Poppy.

(8) If not below tzoleranéo (20 repeat precedures until below tolerance,

120)
See Section 9,6

(8) Cleaning solutions used: The principal cleaning solution used
for decontaminating laboratory "hot apots” nﬁdiaboratory equipnent contamin-
ated with any or all of the sctive agents is the Standard Cleaning Solution,

This asoclution is composed of'

Sodium citrete 5 pounds
Igepal (detergent) 1600 ce¢
Commercial IC1 250 cc

Distilled water to make up to 20 liters of solution,

Other solutions e¢ccesionally used for cleaning equipment or "hot spots”

due to plutonium contamination are:
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Citric acid solution (6 per cent)

Sodium citrate solution (5 per cent)

Sodium tartrate solution (2 per cent)
6 N KC1 solution
2N ®1 solution

2N HN()3 solution

Solutions occasionally used for cleaning polonium cbntaminated "hot spots"

end eouipment are:

(o
(v

2N HNO3 solution

Sodium hypochlorite solution (2-6 psr cant)

Several laundry solutions for laundering protsctive clothing have been used

snd each one of varisble eff'icienocy and usefulness, The principal laundry

solutions are:

(a)
()
(<)
(a
€y

Zoleo solution (2 per cent)

Igepal solution (2 per cent)

Ivory soap

Igepal (2 per caent) and citric scid (3 per cent) solutien

Citric scid solution (5 par cent)

Citric scid solution is extensively used for laundering all proteotive

equipment with beta and gamma sontamination (Rala), Other laundry solutions

such as acetic acid and oxalio acid;, have been investigated but found either

useless or toxic and dangerous to laundry personnel,

Care must be exercised - in using these clesning solutions on the hands

or any part of the bedy for most of the sbovs solutions ere strongly acigd,

The most oractioal cleaning agent to use directly on the body is a non-alkaline

tyve of somp (for instance sulpho-sosp), In cases of extreme body contemination

due to Pu a sodium tartrate-~tartaric acid mixture hes proved to be effective,
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9e3=5 Alr Monitoring and Adir Samples

- The hazards connected with air contamination have alreauy been discussed,
Preventive measures in effect to maintain low air counis are principally that
of dust prevention and control, controlled processing operaticns which do not
allow vaporizatiorn,ebullience,diffusicn, etc., of active material into the
tair, and contamination control procedures; such as room surveys, contaminated
accident control, etc,

To monitor the degree of air contamination exisiting in a building, several
air filter apparatus have been developed and installed in various strategic -
points throughout the areas. [he Filter (ueen air mcnitoring unit is the
apparatus most commonly used and consists simply of an air pump with a special
filter paper attachment. Air is pumped through tie filier paper at a constant
rate of from one to ten cubic feet per minute, It is usually run at 4 cubic
feet (113 liters) per .inute. After several hours, usué;ly two to eight
hiours, depending on the probable,contamination conta ined in the air, the filter

(21)
paper is removed and counted cn the "lLong Tom". Counts are calculated by

(21)

Jee section Y.4~3 (2) (e).

dividing the total counts on pée paper by the volume of air (in liters) that
passed through the paper. Hesults.are given in c/m/1iter of air.

The activity obtained on tﬁénfiitér papers is in part due to the natural
radiocactivity found in the air., ihus the initial counting rate of the filter
paper may be many times that due tdib&lonium or plutonium. Fortunately, however,
the natural activity is relatively short lived and a procedure has been developed

to permit calculation of tiie plutonium or polonium activity in the presence of

these natural radioactive elements,
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Filter Jueen units are in use in &1l contaminated areas and air sampl es

are taken daily. A record of all air counts is kept in the K. I. Group Office,

. The determination of the concentration of éctive materiai in the air that is
considered tolerance is complex. At the present time the tolerance for
plutonium is 0.035 c/m per liter of air and 0.75 ¢/m per liter of air for
polonium. This is a "two year" tolerance, that is, if a person breathes air
ccntaining this concentration of material forty-eight hours a week for two years
he will have accumulated a tolerance dose in his body,.

Two other types of air filtering equipment have been used. The "Thistle
Tube" is made franm standard laboratory equ pment with a special clamp to hold
the filter paper and is attached to the laboratory vicuum line. It has the
disadvantage of not being able to draw a sufficient quantity of air in a
reasonable period to provide an accurate counting rate. 4 small mercury mano-
meter is used to measure the air flow., The "Filter King" is a device daesigned
to filter air up to fifty liters per minute. It has been used extensively to
test air from contuminated air lines in ilte Technical area,

Y,3-6 Special Problems

(1) Permeability of rubber gloves to plutonium and polonium: Actual
laboratory operations involving the handling of these substances, both in the
form of drv metal and dry compounds and wet solutions, gave evidence that most
or all types of rubber gloves were either permeable or semi-permeable to these
elements.

Studies were conducted in June, 1945, to determine the amount of plutaium
or polonium diftusing through ‘rubber gloves. To determine the amount of polonium
passing through the rubber, experiments were performed using both wet and dry

. forms of material, and the permgability determined as a functio. of time. The

results were not cnclusive, but there were good indications that the Standard
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latex and Matex gloves were less permeable than other available types.

(2) Contamination in creek water: 3everal samples of water were
taken out of Los Alaﬁos Creek from points extendihg from the Technical Area
to the Rio Grande River, ana from Pueblo Creek, north of the Site. Jeveral
samples were taken from the Rio Graﬁde [i ver itself; The object of these
tests was to determine the amount of plutonium and polonium that was being
emptied into these streams through the waste water fram the Technical Area
and D, P, Site,

kesults obtained by analysis of these water samples indicated Lhat Lhe
contamination was low and that both elements were rapidly deposited from the

wnater by natural filtration.

(3) Studies on laundry solutions: Efforts are now being maae to
find betier and more efficient laundry washing solutions. Among the cleaning
agents being investigated are : citric acid, tartaric acid, acetic acid,
oxalic acid, hydrochloric acid, nitric ac&d, and various types of soap.

Rubber gloves have been extremely difficult to decontaminate, and at present
rubber gloves are discarded aftér_ﬂging worn once because no method of washing

has been developed which makes it economically possible to decontaminate them,

Yooy HEALTH INSTRUMENTS

9.,4=-1 Intrcoduction

All fhe health instruments have been especially developed for the Manhattan
Project. Thre electroscopes anc condenser air chaLper nicthods of radiaticn
delection have been replaced with direct reading electronic instruments to
permit rapid surveys and make possible cc;mpleté su.r;'eys over extensive
areas or installaticns. Up to the time of this project, the branch of electronics
dealing with very -smz2ll curreats and pulges had not been extensively investi;v

gated; since then, extensive atudy has been made in Lhis field and as a result
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.

new types of tubes and other ciréuit compénents necessary to build satisfactory
instruments have been developed. This pr&grebs has resulted in a number of
very satisfactory instruments.

In order to use these irstruments intelligently, a knowledge of the types
of radiation to be measured is necessary. Alpha, beta, and gamma radiations are
the more common tyres encountered by workeras in the CMR Division: in general,
the procedures used for monitoring beta contamination also apply to gamma radiations;
thus there are only two general monitoring procedures, Alpha particles have very |
short ranges even in air, so that their detection requires Lhe instruments be placed
within a fraction of an-inch of thé Conéaminated surface, For thie reason it '
is often difficult to monitor irrégglar surfaces, Since the particles may be
emitted in any one of the 4 pi directioﬁ;, the instruments must be held close
to the surface to detect particles wﬂich aré emitted at low angles and hence
rise only a fraction of their range above the.surface{ It cannot be stressed too
strongly that alpha detection equipment must be placed very close to the active
materisl to securs good gqualitative measures of contamination.

While beta and gamma radiations are easier to Qetecﬁibecause of their
longer ranges, it is more difficult to obtlain exact quantitative measurements
of "hot spots" because radiati.ns from nearby areas will affect the intensity
of the spot being measured, The "hot spot” is best determined by carrying
a direct reading instruvent and alwayg_moying_in a direction so that the intensity
increases. The "hot spot" is Lhus located where the maximum intensity is found.

9.4-2 Functicn of the Instrument Section

A 3
The instrument section asscciated with the Health Instrument Group has

the specific duties of keeping all instruments used by the Group in order

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

36

and adapting general instruments to special froblems. Maintaining the health
ingtruments consists of mechanical and electrical repairs, clcaning the ‘
ciet.ectir‘xg units of contamination and keeping the instruments calibrated,
Tt;ere is very little development of circuits carried on in this scction,

but there is ccnsiderable work done in developing new detectors ami makding
general improvements in _thre instfuéents g that less maintenance is necessary;
Calibration of the instruments is an important functicn of this section for
with the large number of instruments of various kinds in use; correlaticn of
measurements is possible only by a rigid system of calibration checks. The
instrument group has also held the responsibil}ty for instructing monitorirg‘
personnel in the proper use of Lhe_instruménts and interpretation of results.
In cases where inatruments are assigned to other groups.inatruction,has been

given to the personnel involved.

9.4=3 Instruments Used by the CMR Diviéion

The health instruments used in the CMR Division may be conveniently divided
into twe groups: (a) those used as survey instruments and (b) those used
for personnel protection. Both groups of instruments inc;ude alpha, beta,
and gamma detectors, although the majority of tﬁe contamination is alpha emitting
material.. ' . S

(1) Survey instruments: | :
(a) Portable alpha survey'ipstruments: The in;tfumcnta in this

classification include Pluto, Zeato, Zeus, and Pee Wee, Tﬁe Piuto, 2 uto,
and Zeus are d,c, amplifiers, In these'inétruments the ionization produced in
the vicinity of an alpha emittinngaterial is collected by means of an electric
field and returned to the circuit through é;very high value resistor. The
voltage produced acress such a resistor is measured and taken as an indication
of the' irtensity of radiation. The limit of sensitivity of this type of in- |

strument depends on the characteristﬁcs of the amblifier dsed to measure the

produced voltage, .
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The Pluto was the first instrument of this type and far a long time tre
only alpha survey meter available for general laboratory use by Lechnicians,
The sensitive chamber area of these three instruments is about 100 cm<,
The full scele sensitivity of the Pluto is scout 25,000 ¢/m, while the Zeuto
will respond with a full scale reading for about 2,000 ¢/m. 4 second
range on the Zueto permits a full scale value of 20,000 c¢/m., The Zeus has
a top sensitivity of the same order as the Mluto but it has twc more scéles
of about 100,000 ¢/m amd 2,500,000 c¢/m full scale. In addition to alpha
detecticn the Zeus can be used for beta &nd gamma detection. All three of
these instruments arg sensitive to beta and gamma radiaticns, however, the&
are approximately 1000 times less sensitive to these iLypes of radiaticns than
alpha radiations by virtue of the muck greater density of ionization produced
by the alpha particles, : |

The Pee Wee is a portable proportiocnal counter. It is essentially an
open sided Geiger Miller tube Qberated in air at atwnospheric pressure at
such a point on the response characteriQtic of the tube that tke amplifica-
ticn of the pulse in the detector is proportional to the amount of ionization
produced by the particles. Cperation in the proportionsl region permits the
detecticn of alpla particles in the presence of beta and gamma radiation.
Two ranges are provided on this instrument (2,000 c¢/m and 20,000 c/m fuvil
scale readings,) In addition, earphones can be used for accurate determination
of low counts, This is by far the most valuable alpha survey instrument we
have at this time. _

(b) A.C, operated alphalsurvey instrument: The Poppy is an A.C.
operated instrument having the séﬁe general design as the Pee Wek, It is
used in locaticns where consideraﬁle monitoring is done and in places where
4 permanently installed instrument can be used. A loﬁd speaker replaces the

earphones of tre Pee Wee. This type of instrument is also used as a sgemi-

portable instrument and is mounted cn a cart for easy transportation,
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(c) Portable beta and gamma survey iustruments: The instruments
that are included in this grcup are the Hallicrafter and Victoreen G.¥. Survey -
leters, Zeus, the Beckman Portable Survey Meter, Aand the L & W Electrometer,

The unit used to measure beta and gamme radiation is called the
"millircentgen" (nr). The present tolerance 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,
b6 days a week, for a lifetime, without il) effects, If, however, the radiation
flux is higher, the individual should work only a portion of a day so that
the total radiaticn during the day does nct exceed the day's tolerance,

Hence, in a field of 50 mr/hr, a man should work only two hcurs per day. This
is not a linear: function however, and if personnel are rejuired to work in
above tolerance arezs the H.I. Group should be ccntacted ana tthie permissible
tine iimit set by their representative.

The Zeus ana Beckman Fortable 3urvey Keter are d.c. amplifiers and have
the same limitations as the d.c. amplifiers mentioned urder alpha detectors,
Both of these instruments are equipped with a thin walled chamber {thin enocugh
to allow must beta rays to enter, but thick enough to stop alpha partisles) 7
and a slide to cover the chamber with thicker material which will absorb a
large part of the beta radiation. The Beckman Portable has the following full
scale values for various ranges: 20,80,400, and 2000 nr/hr. The Zeus has
the following ranges: 25, 100, and 2500 mr/hr,

The L & W Elecirometer is a porﬂable instrument in which the jonization
produced by radiation discharges the voltage on the electrometer needle;
comparison of the time necessary to discharge the fiber with a calibration
chart allows determination of the radicactivity. The L & W Electrometer
has atbuilt-in timing light sc calibrated that tho movement of the needle

across the scale between light flashes indicates the rate of radiation airectly

v
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in scale readings. A sliding xetal cover permits measurement of beta and
ganma or gamma raaiation. [he ;n.;éer has two rarges, 100 mr/hr and 2000
mr/hr full scale values,

The poriable GM survey neters, made by the Victoreen Instrument Campary
and the Halljicrafter Compam;, are conventicnal G.M. tubes with pulse integrating
circuits. The Hallicrafter unit proviaes the high voltage nccessary fer
operation of the G.M. tube by an electronic multivior:tor circuit, while the
Victoreen unit uses a special hattery to furnish the G.M. tube voltage. 5Sirce
the G.M. tube detects individuzl beta and gamma riys, thes instruments can
be made very sensitive., The Hallicrafter unit has two ranges: 0.12 and 2.5 mr/hr
full scale. Coamic ray backgrourds may give a 10-30 per cent reading on
the most sensitive scale. The Victoreen instrument has three ranges: 0.2, 2.0,
and 20 mr/hr full scale, Both instruments have sliding covers to allow either
gamma or beta and gamma detection. In the Hallicrafter unit the GK detector
is located within the instrument bcex, whereas the detector of the Victoreen
unit is attached to a sh:.arﬂ cable, In addition to the greater flexibility
gained in survey work by havinf the G.M. tube' on a cable, the Victoreen unit
can also be used for detecting low intend ty radiation by attaching earphones
to the unit. |

(2) Instruments used for personnel protection:

(a) 4&lpha hand counting instruments: although d.c. amplifiers
and chambers were first used for checking hand contamdnation, the methane pro-
portional counter wzs the first instrument to give reliable quartitative
results. In this instrument a fine central wire G.k. tuvc was operated in

the proportiocnal region in methane at atmospheric pressure. A very thin
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window of collodion permitted alpha particles'to enter trhe chamber but kept
air from mixing with the methané. uetﬁane.was used becausc of its low
jonization potential which resulted in a large initial pulee to the
amplifier and made it possible to use a simple amplifier,

Later the Chicago Hand Copntér was developed and has since proved to
be a very satisfactory instrument. The methane haé been dispensed with and a
more sensitive amplifier developed to use the smaller pulse. A logarithmic
integrating unit has been incoiporated to give good'percentage accuracy to the
reading over a very wide r;nge 6}'vaiﬁes. Triese iﬁﬁlfuments are installed in
numerous spots so that all worgérg in.the lahoratoriea have easy access to
a hand monitor. The detector unit uséd with the Chicago instrument can be made
in almost any size 80 the probes used at present are large enough to allow
complete coverage of the entire side of a hand. Ifithe probés are used in.
peirs it is possible to monitor an entire hand, front and back, at a single
operation. The probe units for the Chicago Hand Counters were easy to
obtain so sone ofithe amplifiers uéed vitl the methane filled detectars

were modified to nrovide better instrumcnts for special monitoring purposes.

3o

(b) Beta and gamma Lnstrumenta Cnly two instruments belong to

this group; the Victoreen pocket chamber and the L & W pocket electrcscope.
The Victoreen potket chamber which is an alr condenser with almost perfect
insulators used asisuppéféﬁ.: Before entering a working area the chambers
are charged to é given voltggg; é; the end of the working period the voliage
remaining on the condsnser is'meaaﬁred by an electrometer and the voltare is
taken as a measure of the radii;io;'received by the ﬁbrkef; |

The L & W pocket electroscope operates on the same rrinciple except that

a8 small electroscope is built into the unit s¢ that the discharge can be

APPROVED:-FOR PUBLI C RELEASE : | -




APPROVED FOR PUBLI C RELEASE
Y

measured at any time by looking:"at.hrou;gh »the meter and reading the enclosed
scale, . e |

(c) Monitars for air’ oéﬁﬁatﬂnatiqn: Since many of the materials
encomt.er-edhir; .ﬁ.;e.se laliaolx:aborie-s ar.~e handled in the dry or powdsr forms
it is very likely that active dust is spread by air currents. ‘hus in
order to monitor the amount of ac¢tive material in the air, the air in various
sections of the laboratory is pumped Lhrough fine filitf"er paper and checked
for active material. A portable air pump (Filter .ueen) and a tubular piece
of special high retention filter paper is used to cdilect the dust. A
special counter known as the "Long Tom" is used to determine the activity,
This counter is simply a standard alpha counting instrument with the chamber
adapted to receiving the tubular sample. The samples are collected over a
period of several hours so that an 11;1tegratéd value is obtained, -

2:5 HEAI_’IH f(E(’:GP.‘DS ' - ; » f - .‘

Permanent records kept by the H. I. Group are as follows:
(1) baily monitoring sur‘veytfést;‘lt-;s. (both befeore a;rxi after qécon-
. - tamindtion). . |
(2) Air monitoring results, . : L
(3) Hand count results.’ -
(_4) Nose count results,
(5) Urinalysis and helalth pass data,
(6) Special decontamination data.
(7) Contaminated acc:ﬁepp data. .
(8) Monthly la;boratofy éur;\fey results.
(9) Group hazard reports.
(10) Individual exposiire dat.é. ’

(11) Contaminated opex‘itfén-'a;ta (outside‘sa'vices).
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With the exception of (6),-copies of all records are sent to the
Medical Group for incorporati n into individual case histories,

The above records have a t:uo-fold purpose, Cne, they provide the Health
Group lfitll data that can be correlated and used to improve methods of
health protecticn. Iwo, t.h'ey_‘_-ﬁii‘oyide a permanent record of all procedures
for individual and group heal‘rl-\:.protection in case any future legal action :

may reguire the use of such records.

)
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9.8 RADTATIZ LIMITS

|Ratiation | Hands c/mj Fose c/m | Body " Bedy Bonts Clothes | Glsves | Respiratcrs {Urine Alr
or (Surface) | (Internal) | c/m c/m 2/m c/m . c/m/fe4nr | Tclerance
terial
Alpha 11
- - - - - 1,28 - .- - - — - - - - - - - -
%g' ) mrep/?:r -
ta
SRR R 12,8 . 1,25 1,28 1,25 1,25 .- - -
(8) L 5 74 mrep arep/ur] prep/hnl mrep/ur . — e
3RS
> - SR S 12.5 - - 1.25 128 {1,256 | 126 - -
gx ) : - i ariarapdr. acea/or.
koo + Total (’)
250 50 .26 (%) | 1pg 1500 50C 250 100(inside) {7 0, 0176
' : mxei/ox 200(cytside) el
Lgot:ej . § i“ . . -4 ‘ . ) Total ’ (“}
: T 11000 500 1,25(e) - &x10 6000 2000 1000 500(inside) |1500 o.”5¢c/m/L
% : mrepdnr | np 1000 {outsided .
ey . Very low 150 ngﬂ‘}“
5 One hour | - = -~ = 12,5(F) [ toxicity by See Sec, §per cu,
™ centact arep/ar i ____Alpha limit same ag Sor 49 9.2-2 (bl st
Hicte ) Y Very low L 18G pg v Y
- One hour | ~ - - = 12,5(8) | toxicity by See Sec, | per c:,
i goptact  Aaceslic | _Algha limit sape as for 40 G, 2=2{k} 1f+ ',”
: 2.3 x
E -—--- - - 12,5¢7) O.IFg(U-) - - - - - - -- - - 10*5‘;
A nrep/hr pe/L

(*) Two year tolerance assuming 100% retontion by langs (actual valne depends on fraction retalined),
(#%) Chemical toxic tolerance
(%) If both nostril counts are above 50 c/m (49), 500 c¢/a (Po), the lower value is taken as the high nose count,

ASV313d O 119Nd d04 d3aNOHddV

(A %Yymrep/hr -~ miliircentgen equivalen’ physical per hour (12,5 mrep/br is tolerance for B and Y . 1.25 mrep/ar for @,
Note; The limlts set by the laundry are based on the following figures,
XK, 49 B, Po limits are, with the exception of regoirators,
1) Boots - 30 c/m/inz four times thcse of 493 respirators are five times,
zg Clothes - 10 7y1.52 |
3} QGloves = 10 ¢/m/in” (same as hands) .
T 4) Respirators - 5 c/m/in® (inside), 10 c/m/in? (ocutside)
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9.7 BEALT: SAFLTY RULES

The followirg list of rules is in effect in the CMR Divisicn

at the time of writing. Any exception to it must be by agreement with the

group requesting such exception and the authorized representatives of the H.l.

ard Medical Groups.

1.

Cleaning rags and other contaminated tresh should be disposed of
in special trash contalners marked witl red paint,

Booties, covera;la, smocks, suré%on's caps, yubber gloves, and
respirataors must be worn at all times when working with 49 or
Po, Face shields must be worn in all 6perations invelving
handling of boiling "solutions, or other solutions in which there
is any possibility of a;spray being formed., ‘

Coveralls and respirators must be worn in handling tuballoy or
25 where there is any géssibility of either material getting into -
the air. In machining either of these metals, a solution of water
soluble oil mustiﬁe kept playing on the portion being machined;v
Direct handling of Lhese'metalé should be kept at a minimum.
During‘operaticnsrinvolving direct handling of these materials for
more than one hour per day, thick, protective gloves must be

worn,

vhen leaving a b@ilding where contaminated operaticns are carried
on: smocks, bcoties, égps, gloves, and respirators must be
removed, (gloves should be left in the working area within the
building). I'roject issued coveralls are not to be worn when lé&ving
the fechnical or D.P. areas or when entering non-contaminated 7
buildings withinfthese areas, except the dispensing sectinns of

K and 5 stock. Sppt checks will be made to see that this rule is

followed,
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5. All rubber gloV¥s’shoifd’be Washed freguently in the approved

’
manner during long operations and before removing from hands,

Hands should be carefully wash.ed after removal of gloves and
checked under.the'alpha hand counter.

6., No mouth pipetting shall be done in any operation in which
active materials are involved.

7. No material eithér”free 6r{in-working contéinefs, and no
contamineted objects shall bé set on writing desk tops.
Exhibiticn specimens kept in clezned,'closed containers
are exempt from this fulé;

8. Persons de§irihé 69 W?%kigiairﬂle material in laboratories
other than their ovin, must request permission from the
usual occupants before beginning thie work.

9. All active dus: producing operations must be done in approved
dryboxes or senled vacuum systems.

10. PFans ghould be left funning in all hoods which contain ar
have contained active material until they have been checked
and decontaminatéd-ib the satisfaction of the H. I. Group.

ll, a) In case of nﬁy sbills involving active material, personnel not
required for recovery should leave the laboratory immediately
and the remaining pe&sonnel as soon as possible. All fans not
already operating shoéld be turned on before le aving. The H.I.
Group diould bé notified as gyuickly as possible after any such
accidents, = | ;
b) In case of an acéident inwhich active materiul may heave Beeh'i

introduced intu a wound, the following procedure should be

followed: . o.: * 000 oo oo

(1) Vash wound immediatt:ly’ﬂi‘.ur fee desisezam of tap water,
(2) Squeeze wound or aiqélé.tcﬁu%iqu&f g% increase bleeding,
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as contaminated clothes have been changed,
(4) Inform the receptionist at the hLospital that this
is a FiTecknicall ;ﬁxre‘a Emergency"; bé careful to
confide the nature of the accident only to the
doctor in charge.
(5) Leport the ;a\ccident, to both the I'.I. and Kedical
ofi‘ice; Q‘tér th.e wound has been trested.
No eating, drinking, or smokins will be allowed in rooms so
posted. No food or drink is to be kept in laboratory
refrigerators, -
The following E‘-&”D procedures are in effect:
a) Daily room surveys are made and all "hot spois" (greater than
500 ¢/m) are indicated by a suitable marker,
b) is soon as possible the laboratory nersonnel should decontame
inate the "hot spots" found.
c¢) Upon the completicn of deccntamination, if nu member of ¥ & D
is ﬁresent, the He I, Grouwp _sh ouldv be called to munitor the
cleaned area in order to determine whether it is below 500 c/n;.
d) If any persistent coﬁnn within a rcom is 5000 c¢/m (4,25, and
tuballoy) and lOi&)O ¢/m (Po), or greater, all operation
will be stobped \;it,hin that rcom unti) it has been cleaned.
The cleaning will be acne by the rcom occupants with the
assistance of an’H. I. representative, if desired (Section 136
applies after such cleaning)
fule 13 does not_ apply in case of emergency or cuntaminated
accidents. In such cases all M X I), qerv.i,geg thah are necessary

and available will be sup -lled-.“ Ict, gﬁcu.bd o :io&,ed that in

*
the event of gserfous accldentw ersSppleasie & oi‘oom count
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LA-391, Chemistxy and Metallurgy Health Handbook of

Radioactivo Materials;

LA Technical Series'

Vol. l, Chdpter 5s Radiation Health Monitorlng

Vol. X, Chap!er 6 Phyaiolopical Aspects of Polonium

Handling

cee

Scientific and Technical personnel in CMR-12 contributing

I oms e

the work described in Chapter 9.

Alpine R+ Dumrose V. Mertes pi8 Riachali
Appler G. Dunlap E. Molloy N. Roth
Beck V. Foley E. Mueller R. Rupert
Brown L; Gilbert ( F. Mullins A, Serna v
Brown " D. Ggééning H. Nelson E. Thayer
Coble H. Hadley o C. Numerof Je Tribbyl
Cole ¥. Hinch H. Pence W. Uebel
Cowling Nf Idenden . C; Petcrson S; Valdezi
Cox _ R. Kaufma§&1 J. Peterabn 0. Wagner'
Davidson - G. Lag;mar§ini G. Ponéon He Ward
Deékcr ‘R. Maas o C. Pricé: Wells |
Derrickson ” . Maxim C. Rendell MNC\J\leD
Dumanian M, McCallen | D. Reynolds J. Wilson
G Ypung o '
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