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

H. A. Potratg ,

8.1 _ INTRODUCTION

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

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

and plutonium are presented in abstract form only.

8.2  PREPARATION OF PLUTONIUM SAMPLES FOR ANALYSIS

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
analybical procedures, the operator should follow carefully the instructions
given in Chpater 9 of this c¢olune. Spac£:1 precau@iona to be obgerved 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 gloves 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 musti be
taken to prevent loss of small pieces during the operation,

(2) Delts phase metal is very soft. large pieces can best be
broken un» by first flattening them in the diamond mortar to
a thickness of a few nmillimeters, so they can be 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 Flutonium )

The purpose of electrolytic polishing is to remove any surface film of
impurities which may adhere to the samples (e.g slag or oxide). 'he 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 fram the dry box to the hood in a8 closed screw cap vial
or weighing bottle, is removed frus its container and is placed in a tungsten
wire baskei, surrounded by & cylindrical platinum cathode, and immersed in a
50:50 mixture of ethylene glycol and syrupy phosphoric acid (Figure 1)

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

the main danger comes from the sdr.'sy.sr.'ai'rie.&.d;{ E\.f' thie electrolyte by the

evolved gases, The sides of the glass cont,ainer should HN 3 cent,lmeters
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Figure 1

Electro-polishing Apparatus
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>4or more above the surface of the electrolyte. 4 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 leas 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 raised
to 1ift the basket out of the electfolyte. The piece of hetal can then be
removed, The sample is immediately immersed in concentrated HN03 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
‘glass if it is to be weighed under the hood, or to a tared screw cap vial or
weighing bottle, if it is to be weighed outside the hood. In the case of
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. 'Tgénéipha form of plutocnium is very brittle and small
chips may easily be broken off unless great care is used in handling. The
metal should be held:in(the foréeps as short a time as possible. 1If it is
to be transferred to a bglénce 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 fros thé hood (or dry box), must be placed in. a closed con-
tainer,

8.2=4 Methods for Dissolving Plutonium Metal

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

evolution of gas. It dissolves sldwl}s’ia llz‘s.cﬁkgb'ufgs practically insoluble
in HNO, and HBPOh; Metal samples are’most’ fTequently dissolved in KCl. Danger
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fran spattering during solution in 'aoil. mo aas!’.s. vsff.h sample size; precautions

required when handling large semples are ctnsiderably greater than when handling

small ones. These precautions, necessary to avoid loas of material from spray

and spatter in dissolving operations, have becume, to an extent, standardiszed.
(1) Apparatus and reagents:

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

Solution vessel for larger samples (Ses Figure 2).
Misco pipets, 50 N .
Constant-boiling HC1l, distilled and stored in quarte.
(2) 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-boiling HC1 per milligrem of metal.
If the sample is of the order of 50 milligrams and requires
100-150 A of acid do not add the acid at once but divide and
add in two or three portions. If the acid ia run slowly down
the side of the flask the stopper may be inserted tefore spatter-
ing star"ts. Wait until the action has sulsided or stopped
before adding more acid. If the sample is to be diluted with
water wait until evolution of gas has ceased before adding the
water; this is to avold formetien of a black precipitate of
plutonium dioxide. |

(3) Proocedure for large ssmples (greater than 5V milligrems)s

Place the sample in the special solution vessel and add
the acid with either the attached pipet or the Misco plpet,
After evolution of gas has ceased and zolution is complete,
transfer the solutic:n.trt.t?e d.eaia‘.ed.aontainer with a syrirge

ripet or other suct'm;p pigpéz‘:n .3.,,.D: ‘nut 't pour the solution}
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Pigure 2

Solution Vesssl
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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 from the
dry box in a beaker or other container which cannot be tightly stoppered, it
is necegsary to wet the sample down with acid or water to prevent air 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 dissolves plutonium tetra-
fluoride within a few hours but the resultinp stable complex is
undesirable for some analytical procedures,

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

(3) Hydriodic acidior oxalic acid followed by concentrated HNOB.
¥hen the tetrafluoride is boiled with these reagents in this order
the solution-period is less than one hour.

(h)i Hot acid in sealed tube. This is a most satisfactory method
for dissolving plutonium fluoride and other difficult soluble
compounds. 4

The proceqdure is as %ollowa: Prepare a heavy wall pyrex tube ( 5
miliiﬁetér; i.d; and il miliimeters 0.d.) about 8 inches long by
gealing 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- |

[ ] o0 o 866 oMo 90

centrated hydrochloric or ﬁit&li acid.o qu; the lower end of the
.. OQ' 0.0 .0. ..I ..

tube with liquid mtrogen or dry, ice until the contents are frozen;
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seal off the open end andplace the tube in a metal bomb and heat

in an oven at 100° C. Soluticn in HC1 is cauplete in a few minutes
but in HNO3 and hcur 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 Dissvlving Plutonium Oxide

The same precautions are to be observed es with the plutoniunm tetrafluoride.
Hot concentrated sulfuric acid will dissolve black oxide but may or may not
dissolvs the yellow cxide. The sealed tube technijue employing'HNO3 or HCl is

satisfactory if the temperature is maintained at about 2° ¢,

8.3 SPECTROCHEMICAL TRCCEDURES

8.3-1 Speciel Health Safety Precautions tc be ébserved in Spectrochémical :
Agalysis pf Plutonium ketal and Its Compounds ¢

Plutonium metal and its compounds are handled in the spectrcchemical ’
labaratory in three esaeﬁtially different procedures, and the safety precautions
to be cbserved are discussed below under the topics: "Pyro-electric Methcd",
#Direct Spark Mkethod" and upferron Method",

(1) Pyro-electric Method

M¥aterial received fcr analysis by this method is in the form of oxide,
metal, or nitrate solutions., The conversion of ﬁetal into oxide, the'compound
required by the method' is carried cut in a dry box which also serves Lo héuge
the arc source, a balance, and all tools necessary for the preparation of
fk.the sample for arcing.' Figure 3. is a vicw into the left side Qf the dry
box in which the operations of sampie oxication, weighlng, grinding, and electrode-

loading are cerried ount, 3Samples are.admittedo:rﬁw gh&s chamber througr a double-~

door vestibule at the left of the bd;;aé.laasi\lvaci tr.e doors mugsi always be

L4
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Figure 3

{oft side of Dry Box
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closed, The operator, wea'ring a tightly fitting duet respirator, inserts
hi.s gloved hands into tigh‘tly fitting gauntlgts in the front of the box,
Metal sﬁecimens 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'}aporat,ed in the dry box, which has no exhauat facilities. They are evapor-
ated to dryness in platinum crucibles under an infra-red lamp in a well-
ventilated hood and then t,ra.nsrerred to the dry box in a nest of alternately
inverted beakers. vThere 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 oxdde~wranium 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 t,l'.xe weighing, grinding, and
transfer operations.

Semples are ax:ced in the conventicnal pyro-electric manner, the operator
continuing to wear a dust respirator (Figure L)e . 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 t.he dry box,
There each electrode pair is placed in a vial for transport to recovery. The
operator should present himself for a "nose count! as socn 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 Jdosses may occur

APPROVED FOR PUBLI C RELEASE
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Figure Lt

Pyro-electric Spectrochemical Apparatus
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during weighing and grihding. Tﬁeée mishaps are iﬁsviﬁible in‘rddtine opérgtion,
although every effort should be made to minimize their number. It is théréfore '
necessary to have the interior of the dry box decontaminated at freqﬁgnt'intg?f | o
vals, At such times & decontamination squad, equipped with dust respirators,
rubber gloves, and lﬁbqratory coveralls should remove a winAOW from the dr& |
box and ggther up the spillgd 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 ioto the room is prohibited during such times. Following
clean-up of the'quriqtgrior and replacement of the window, the floor and
exterior of the dry box should be monitored with é portable alpha-counter _;
("Pluto"), As a final p;ecaution, the room 6houla”b§:legt”pniﬁhabiﬁégél I
for several_hourd follqnipg»decontamination to allow any active dust ﬁo_setylgé 1'A )
(2) Direct Spark Method L '_ ‘
Materials received for analysis by thig @ethod‘consisg of mabal,v;éifﬁ;:‘x;f T
fluoride, or nitrate solutiona. See Section 8.2, above, for precautiéﬁs‘
to be observed in dissolving plutonium metal and tetrafluoride,
Beyond the dissolving operations, safety precautidns.are to be observed
at two stages: (a) evaporation of solutions on electrodes and (b) sparking'of‘
electrodes, | _ |
(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, .
and é laborétory garment, which covers the afmg and trunk complete-
1fly. The rate of;evaporation should Se fegﬁlatéd by a Varﬁac in
series with the lamps so that spattering never takes place. All »
_ SRR S

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

. s = e WA R RO
T uateel tray in the hood, 80 that in event of spillage the cQ -* T

tamination area j.s confined. "fbe hood and equipment should be

» whe o A 2 Au.) . e .

—_ - - - _v\
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monitored regularly to detect the rise of contamination and de-
contamination carried out when counts of 100/d@?/min. are Ox--

ceeded,

(b) Precautions to be observed in the sparking of electrodes are

two-fold: electrical and chemical, The operator should realizo
that the danger of receiving a fatal shock is ever-present around
the spark source and chamber. The case of the spark source and
chamber and the bed of the spectrograph have been grounded,

but the operator should inspect the gnound connéctions to see
that, they are intact before operating. Evidence of frayed

cablea or loosé contacts on the high voltage leads shouid be

e AR ‘_H,_;

repalred immedlately or called to the attentlon of the 3uper-
visor for repair, Evidence of anything abnormal in thg'behavior
of the equnpment {odor of burning insulations, stray sparks or ;"'
corona discharges at connection points, and irregular soundiﬁé

spark discharges) should be called to the attenbion of the super-”t":
visor for repair. The floor upon which the operator stands

should be clean and dry. Under 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 bhe spark source, \ uber, or spectrograph

during Operation. T ——
~

Regarding safeguard from the radio-chemical stardpoint,. the 3

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

full length laborabory smock while aparking electrodes.
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Pigure 5§

Sparking Chamber
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inserted or removed, Elecbrodes must be handled only with «
o pliers or fo:rceps reserved for active materials. Electrodes which

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

be mixed with uncontaminated oleotrodos. They should be placed

in a beayer, and the contamination remoVed by dissolving in

A e

l l nit{ic acid, the solutlon being saved for recovery. Electrodes& ;

Y
s

decontaminated in this way, may be re-used. ‘ o .' 4;;?

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

—7"

bench should be made Wwith a portablo alpha counper anﬁ decontamln-

. ation carrled out when indicated._ Ihe apark chamber and all tools}T ;
used in connection with the sparking of activo materials must be 'f,ié
regardod as contiminated and’ should be touched only with gloved | ;E

Hands should be checked for contamination follow1ng use of the
o equipment and thoroughly scrubbed with soap and water if any is
detected. Nose counts should be taken after active electrodes apglu;;;
oarked., e :
(3) . Gupferron Kethod

Materlal received for analyais by thls method is in the form of’nitrate

or chloride soluo;ons, Metal or tetrafluoride samples will have been dissolved”
elsewhere, and by the procedure already descrlbed Tho operator mgst wear A
rubber gloves and a full-fitting laboratony coat wh:le carrying out the chemioal
separations in a well-ventilated hood (Figure &)e . Care should be taken in
the evaporation of solutions that no spray be given off. Frequent monitorihg

of the glass floor of the hood should be made to detect the activity resoltiné

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,

APPROVED FOR PUBLI C RELEASE



3ASv313d O I'ldNd d04 d3N0dddV



APPROVED FOR PUBLI C RELEASE

17
All indiviauals éarrying out analytical operations on platorjum materials
should present themselves daily for a nose count, Weekly urine specimens cust
be submitted to detect at the earliest time evidence of pathological damage,

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 estimated
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
Pe : 10
kg 100
Al 200
Ca 100
Ti 1000
v ——
Cr 200
Mn 200
Fe LOO
Co -
Ni ————
Zn 4000
Zr 1000
No —
Ccd 10C0
Sn 2000
la 2000
Ce 1000 .
Bi 200 ,
Th 4000

(2) Reagents

(a) ULonstant-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
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(3) Appsratus and Materials

(a) 1 ml. glass-stoppered pyrex volumetric flasks.

(b) Misco syringe and 50 micrc~liter pipet tips.,

(¢) 1 ml. platinum crucible

(d) Electrode evaporator. See Figure 1Qe .

(e) 4" dia, x 14" long copper electrodes. Ends should be freshly
feced on lathe and sides machined lightly to a distance of &%
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.)

(1) Dletert spark unit

(J) Dbietert rocking developing machine

(k) Rausch and Lomb viewing box.

(&) Procedure

(Heed Health Safety Rules QOutlined Above)

(a) 1f mftallic, weigh out a 500 microgram sample and dissolve in
the smallest possiBle quantity of constant-boiling HCl. Dildute to volume with
,quartz-distill@d water in a 1 milliliter glass-stoppered pyrex volumetric
flask. Exa;1d;‘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 aliquot. 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) 1If the sample is an HClm~soluble 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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(¢) If the sample is insoluble in FCl but soluble on digestion
' in HNC3 (e.g. plutonium tetrafluoride), weigh out a quantity equivalent to

500 micro-grams of metal in a8 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 HC1 and dilute to
1 milliliter with quartz-distilled water in a 1 milliliter glass~stoppered
volumetric 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,
v.01, 0,005, 0.002, 0,001 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, T, V, Cr, Mn, Fe, Co, Ni,
Zn, Zr{ ¥o, Cd, Sn, La, Ce, Bi, and Th. Dilute 2 5 milliliter portion of this
stock éolution té 50 miliiliter in a glasas-stoppered graduated cylinder with
quartz-distilled water; this solution contains 100 micrograms per milliliter.
'Téansfer a 5 milliliter aliquot of this solution to another 50 milliliter

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

in accordance with the following table: -
Cylinder No, Dilute ( ) ml. of Cyl. (No, ) to 50 ml. liicrograms/ml,
1 - - 10
2 25 1 5
3 20 2 2
I 25 3 1
5 25 4 0.5
6 20 5 0.2
7 25 6 0.1
() 8 20 7 0.05
' 9 20 8 Q.02
10 <5 9 0,01
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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 mierograms of
each element. Lvaporate the solutions 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 conditions:
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 electro des
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 chanber. Strike a
spark between the electrodes, and open the epebtrograph shutter. Remove the
camera from 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 uniforamly 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 minuite. 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 dn total dapknegs for 3 minutes at 18.0°C in
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Eastman D-19 using rocking developument., Fix in F-5 for 10 minutes after
immersion in an acetic acid short stop for about 10 seconds. Wash plates
in a vertical streanm of water for 10 nminutes, rinse in distilled water, and
dry out, of contact with dust after removal of most of the water with a moist
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 quantity
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: p
CK-670 LAMS-122
" CK-877 LAMS~127
" CK-~928 LAMS-146
CK-993 LaMS-155
CK~1229 LAMS-190
CK-1326 LAMS-211
cCc-872 LAMS-217
LAMS-T72 LAMS=-249
" LAMS-86 LAMS-266
LAMS~97 LAMS-386 (Terminal Report
LAMS-1(9
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' 8.3=3 _ Spectrochemical Determination of Impurities in Plutonium Metal and
Compounds by the Copper Spark-Cupferron Extraction Method

(1) Abstract
Tri- or tetra-valent plutonium is separated from 1i, Be, Na,

Mg, Al, X, Ca, ¥n, Co, Ni, Zn, Sr, Cd, Sn, Ba, la, Ce, Hg, and
Pb by extraction of plutonium cupferride with chloroform, The
aqueous phase is evaporated on copper electrodes, and the latter
sparked to produce the dmpurity spectrum. Compariscn of the den-
sities of the impurity lines with standard specira permits
estimates of the anounts of idpurities present.

(2) Llimits of Sensitivity

(Based upon analysis of 5 milligrams of metal)

ppm ppm
Element firslL order geccnd order
Li 1,0 —
Be © 0.1 0.4
Ne 5 —
g 2 0.0
Al 2 25.0
K 20 —
Ca 2 20.0
Mn 2 -—
Co 10 -
Ni A —
Zn 40 - —
Sr b ——
cd 20 —
Sn 20 —
Ba 1l —
la 2 —
Ce 20 -—
Bg 50 ——
Fb 20 ——

(3) Reagents
(a) Constant-boiling HCl, distilled from and stored in quartz vessels.

(b) Diluted quartz-distilled ¥C1, preparea by dilutirg 12 milliliters
of c.t:v KC1 to 100 milliliters with quartz—distilled water.
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(¢) Purified cupferron (Ammonium salt of N-nitroso phenylhydroxy-
lamine), See secticn 8.10.

(d) Chloroform {Baker's Analyzed)
(e) BEther (Mallinckrodt)
(£) Quartz-distilled water
(4)Apparatus and MKeterials
(a) Electrélytic reduction cell. See Figure 8.
(b) 1 milliliter glass-stoppered pyrex volumetric flasks.
(¢) 10 milliliter glass-stoppered pyrex graduated cylinder.
(d) 1 milliliter platinum crucible :
(e) Misco syringe and quartz pipet tips (1 milliliter capacity). )
(£) Cylindrical micro-furnace. See Figure .lle.
(g) Infra-red evapcrating apparatus. See Figure e
(h) Electrode evaporator. See Figure 1Q.
(1) 3" dia. x 14" long copper eiectrodes. Ends should be freshly
faced on lathe and sides machired lightly to a distance of %" back
from end.
" (3) 4" x 10" 103F and NHB-sensitized 1-N photographic plates
(k) Spark discharge chamber. See Figure Te -

(1) Wadsworth fully autamatic stigmatic grating spectrograph, 21!
grating, 15,000 lines per inch {Jarrell-Ash Company).

(m) Dietert Spark unit

(n) Dietert rocking developing machine,
(o) Bausch and Lomb viewing box.

(5) Procedure

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

(a) If metallic, dissolve the sample in the smallest possible quantity
of constant boilin: HCl and dilute to volume with yuartz-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-eleoctrolytic Reduction Cell,
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Figure 9

Infra-red Evaporator

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

INFRA-RED LAMP

PLATINUM TUBE

PLATINUM PLATE N
2

PLATINUM
CRUCIBLE

A
GLASS ¥Pi—:TRl DISH

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

</

[

Figure 10

Electrode Evaporator
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Figure 11

Cylindricel Micro-Furnace
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1
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 volumetric flask of adequate capacity.

It may be necessary to digest the sample with these solvents or
witk 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.

(¢) Withdraw an aliquot equivalent Lo about 5 milligrams of metal add
200A 6N HC1, 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 or untilﬂthe
free acid is precipitated to produce a permanent turbidity. Add
1 milliliter of ether and extract the free acid into tle 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 solu:le portion,
Transfer. the insoluble residue to a 1 ml. platinum crucible and atteapt to
dissolve it with 0,1 milliliter of EF (distilled from platinumj}, 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 & few drons of wa'er and transfer to a copper
electrode for qualitative identvificaticn. !
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(e) Add 7 drops of the above ether solution per 5 milligrams of Pu
to the diluted sample aliquot and shake vigorously to coagulate
the plutoniﬁm cupferride. Add 0.1 milliliter of chloroform and
gently im'lert the flask several times to dissolve the cupferride.
The aqueous phase should be colorless, although it may be some-
what turbid.

(f) Draw off the aqueous phase as cerefully as possible, using a
quartg-tipped syringe pipet, and transfer it to & 1 milliliter
élaﬂihum ciuciﬁle. Disregard the small volume of aqueous phase

" {about 5 per cent) which cannot be easily separated from the
) éhiorofbi*m layer.

(g) Evaporate the aqueous phase to dryness in the infra-red drying
1\‘.‘-‘-"‘? e ‘}\x

:' ckamber, passlng nltrogen through the petri dish to carry away
:'""'Hmi" S A LI

€ﬁa;3333§ AN

'Nb considerable amount of undecomposed organic

R CHoe 8 X
>, maﬁtqg'th&ld rema1n at this point. Piasolve any residue which
?23 o A e

g}@é&'r by adding 0. 1 milliliters of purified 16 N nitric acid

e axr

':A;g L aﬁﬁsevapdggie just to dryness 1n the infra~red drylng chamber,

R CR TALE RIS

: Ff(ﬁ} Dissolve bhe residge in 0.1 millil:ter of quartz-distilled 1 N’

REi gty ’i’ ‘x‘?‘e% A -
S HQi; “ipbgraw the solution, using a 0. 05 mllliliter micro-
o ‘A;—‘\: *‘ xvn:.iﬁ:«m T

' pipet and coat it on a pair of copper electrodes,

.xta.¢.::‘. !

€3] "zins_e the crucible Wlth .06 milliliters of quartz-distilled 6 N

- u‘\w't

;"HCl and add thé solution to the copper electrodes,

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

-

‘electrode holder, using an infra-red lamp as the source of heat,
(k) Prepare a series of copper electrodes bear1ng known yuantities of

' Li, Be, Ké, Mg, F} Al, and Ca (and such additional elements®fron

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

0.005, .01, 0 05 micrograms of each elemenb)

4 rv+, ~APPROVED, EGR-RUBLI 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 énd vertical positioning by projecting a shadow-image
of the electrodes on a tcroen bekind the chamber on the optical
point,

(m) 3park the electrodes for 50 seconds, using the [ietert spark
unit, set for the following conditions: Rotary gap setiing at
10; Power, 2KVA; Inductance setting at 8; Input voltage, 230;
Cutput primary voltage, 95-100. Set the slit of the Wadsworth
spectrograph for 50 microns, Always check the alignment of the
electrodes before starting & run by vishal examination of the
spectrum of a pair of copper blanké.

Photcgraph the first order spectrum (2) of the following

lines on two 1l03-0 plates:

2288.0 R
2536.5
2576.1
279545
28L0.0
2833.1
3130.4
3282,3
3453.5
Ni: 3493.0
Zr: 3438.2
Ca: 5933.7
Al: 3961.5
La: 3949.1
Ce: 4012.4
Sr: LOT77.7
Cr: L254.3
fovey : hssh.o
Photograph the following lines on-a 103-F plate placed in the right

NP IERER R

s s Bb 4% 4% sy se O

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

Ne: 5890 R
Li: 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 appesar on these plates along with the lines of the alkali metals,
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‘ , i . 3)
Photograph the K: 7664.9 line on an ammonia-sensitized 1-N
plate placed in the left side of the camera cassette (as viewed from

the 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 minute. Dry the plate as rapidly
as possible in a stream of cold air. Plates sensitized in this menner are
extremely susceptible to fcgging, and the operations must be carried out in
absolute darkpmess. 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 D-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 mwater
for 10 minutes, rinse in distilled water and dry out of contact
with dust after removal of most 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.standards 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 , LAKS=T2 LAMS-176

CK~-801 LAMS-86 LANS-190

CK -877 LANKS~97 LAKS=-211

CK-928 1AMS-109 LAMS-217

CK=993 LAMS-122 LAMS-234,

CK-1064 LAMS-127 4S~24Y

CK=1229 1AMS-146 LAMS-276 '

Ck-1326 LANS~155 1A-387 (Terminal Report)
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__3-& Spectrochemical Determination ¢f Light-Flement Impurities in Plutonium
Letal and Compounds by the Copper Spark-Gallic Adcid-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
ingoluble compound with gallic acid and aniline which is
gelectively wetted by aniline. The aqueous phase, con-
taining uhe lighit-element impurities, 1s evaporated on copper
electrodes, which are then sparked.to produce the impurity
spectrum. Comparison of the densities of the impurity
lines with standard spectira permits estimates of the amounts
of impurities present.

(2) Applicability:

Tt.is met~od has been applied also to uraaniwn and uranium-
plutonium-alloys

(3) Limits of Sedsitivity

(Based upon analysis of 5 milligrams of metal)

ppm ppm
Element firsi order second .order
Li 1,0
Na 5.
Mg 1. 3.
Ca 1, . - : -10,
|4 20,

(4) Resgents
(a) Cecnstant-boiling ECL, distilled from and stored in quartz vessels.

(b) Diluted quartze-distilled HCl, prepared by diluting 1 milliliter
of c.b., HC1 to 5 milliliters with gquartz-distilled water,

(c) Purified gallic acid solution (7.5 milligrams per milliliter).
See section 8.30,.

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

{e) «uartz-distilled water.,

APPROVED FOR PUBLI C RELEASE
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3k
uartz-distilled HNOs,

Platinum~aistilled HF,

(4) Apparatus and laterials

(a)
(b)
(c)
(d)
(e)
(£)
(8)
(h)
(1)

&)
(k)

(1)
(m)
(n)
(o)
(5)

(a)

Electrolytic reduction cell, 3ee Figure 8,

1 milliliter quartz dentrifuge cones

10 and 50 micro-liter quartz pipets.

1 milliliter platinum crucible,

Infra-red evaporating apparatus. See Figure Pe

Electrode evaporator, See Figure 10.

Cylindrical micro-furnace. 3ee Figure 1le

LY x 10" 103F and NHB-sansitized I-N photographic plates,

4" dia. x 13" long copper electrodes, Ends should be freshly
faced on lathe and sides machined lightly to a distance of 4"
back from end. . -

Spark discharge chamber. 3ee Figure 7. - .

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

Dietert spark unit.

Uietert rocking developing machine

Bausch and Lomb viewing box.

International clinical centrifuge.
Froﬁedure

(Heed Health Safety Rules Qutlined Above)
If metallic, dissolve the sample (&4 50 milligrams, if available) in

the smallest possible quantity of constant boiling HCL and™%ilute to

volume with quartz-distilled water in a 1 milliliter glass-stoppered

APPROVED FOR PUBLI C RELEASE
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pyrex volumetric flagk., Examine the seclution critically for un-
dissolved material: if a residue is present, centrifuge it te the
bottom of the flask. Withdraw 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 when the soluti:n is clear, fume it down several times with quartz-
distilled FCL or Huo3 to dispel the fluoride. Combine the solution of
the residue and the solution first obtained and adju.t to a convenient

def inite volume,

(b) If the sample is a compound, dissolve an amount eguivalent to about
50 milligrams of metal in water, KC1l or Hl03, as necessary, and
dilute it to voluze in a volumetric flash of adeguate capacity. It
may be necessary to digest the sample with these solvenits or with 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
be this method.
(e) If 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 howr in the eleétro—reduction cel;.
(d) Yithdraw an aliquét equivalent to about 10 mg. of wmetal 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 latter stagea of evaporation to prevent formatio:x of an
4

insoluble residue. Dissolve the salt residue (preferably 4

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 mgs per ml.),pndb NS
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
canpleteness of precipit.ation by adding another 53 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, omitting, 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. »
Cafefully 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\millilit,er 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 t};:e 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 back and farth with a quarts pipet.
Divide the solution into two equal fractions and evaporate each fraction
on a pair of copper electrodes in the infra-red electrode evaporatar,
(This requires four copper electrodes, each bearing about one fourth
of the :sample impurities; if desired, the solutiopn may be divided be-
tween o"nly two electrodes, using clean blank copper electrodes to

oppose the coated ones in the spark).
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Prepare a series of copper electrodes bearing known quantities
of 1i, 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 conditiocns:
poﬁer 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 seconda, 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 ?orb. This is a check on the electrode alignment and *
should revqél the tall lines as uniformly bright slong 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 NH3-sensitized I-N plate in the left
hand side. Set the camera to photograph the range, 5500 R -
000 K.

Insert the standard electrode pairs and sample e;ectrcde pairs
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 aboutr mid-way between the first and lsst standard,

Develop the plates in total darkness for 3 minutes at 18.0o C.
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in Eastman D-19, using rocking development. Fix in F=5

for 10 minutes after immersion in an acetic acid short stop
foar about’l0 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

1i: 6103.6

1i: 6707.8

Ca: 3933.7 2nd order

Ca: 3968.5 2nd order

K : 7661609

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
LAMS-T2 LAMS=-122
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Spectrochemical Estimation of Fluorine in Uranium and Calcolum Metals

(1) Abstract

Fluorine is liberated from the sample as HF by H2304or

HC104., The HF is distilled and then converted to NaF by ab-~
sorption in NeOH, Ths NeF 13 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 6779,6 %
with the intensity of the same® band heads from a suitably pre-
pared standerd,
(2) Appliosbility
The method has been ussd primarily for uranium metal but
is applicable, presumbly, to ott;er materials which ere eoluble
in non~volatile ecids without loss of F, The limit of sersitiv-
ity is 0.5Y F,
(3).” Msthod of Sampling
- A represantative section of the interior of the piece of
urenium is cut to size that will fit the electrolytio cell,
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) Reageats
()) 71 per cent HNOz.
(v) 96 per oent H2804, F free (See Blank Procedurs) ,
(¢) 30 per cent 32304;" " L "
(4) 70 per cent HC10,," " "o "

(¢) 30 per cent Hy0,, Superoxol, Merck, "F free”,
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(£) 0.1 N NaCl, F free

(g) Sr0, F free |

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

(1) Nitrazine paper, Squibb

(5) Apparatus and Materials

(a) Electrolytic cell (Figure 13) - with storage battery,
voltreter, ammeter, and variablé resistance, or a unit contain=
ing a variable D.C, scurce with necessary ccntrols and meters.

(b) Platinum distillation cell and metal heating block. See
Figure 12, .

(¢) Hot plate and Variac,

(d) 2-liter s}phon bottle to maihtain reduced pressure on

absorption side of distillation cell. It is provided with

a stopcock or clamp to adjust flow rale,

(e) Safety trap to keep pressure within the required limits.(Fig~
ure 12), |

(f) 10 milliliter platinur evaporating dish

(g) Platinum crucibles, 3-5 milliliter capacity

(h) 1/8" diameter steel drill and bakelite guide for forming

" craters on electrodes. See.Figu;'e ‘Ue .

(4) 1/8" diameter spectrog;aphic graphite rod and 1/4" dismeter

graphite rod.
"(3) Ten 1/L" 1.d. heating coils mounted on an insulating

board -- Variac control. 3ee Figure 1B,

(k) Electrode holder

(1) A pipet control and*pipets of capac;ty 10,20, 50, and 100‘1..

(m) 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

Bleoctrolytioc Cell
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Figure 1
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 goo& electrical con-
tact tc the center electrcde (Figure 13)e If . the
sample has a smooth metallic surface, pickle it in cone,
HI\'O3 long enogh 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 eleétrode to the positive terminal and the
platinum gauze electrode to the negative kerminal. With
the electrolytic cell immersed in a beaker of cold water,

electrolyze at 0.2 -~ O.6lamperes into 2.5 milliliters of

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

4
from the metal sample. If a duplicate is being run and the
-approximate F content is known, electrolyze enough to give
l1-5Y F. With a current of 0.4 amperes, 0.5'grams will

be electrolyzed 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 soclution, rinse the metal (discarding rin-
sings), dry on filter paper and ﬁeigh.

(c) Add 400 X of 30 per cent H,0, to the solution in the tube.

2
Immerse 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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into 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
ndilliliters of 96 per cent H280h. 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‘&s pfobably
a leak at one of the caps of the distillation cell. 1If no

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

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

cell. Also the nitrogen (with maximum 8l)lowable pressuré de~
APPROVED FOR PUBLI C RELEASE
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termined by the height of the tube in the safety trap)

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

Raise the temperature of the heating block (See Precautlon

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

mdch 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 propsr voltage
setting on the Variac. Maintain the heating block at 1600

C for 14 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 50X

portion (Precaution 9¢),, Increase nitrogen pressure slightly °

before qpéq;ng cup C so Lhatvgbsorbing 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 basichSiubion cohtaining the distillate to a
small platinum crucible ordish and concentrate it to a volume
of 50 . If the F content is anpredictable, concentrate
one-tenth and nine-tenths of the solution separately and arc
these aliyuots on separate electrodes.

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

in the reverset direction. Use a trap 1f this is done
either with the aouth 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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sleave and a 1/8" steel drill into the other end (See Fige
ure lj}e A few hand turns of the drill with light pressure
will form a crater. Break off 3/4" 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 repeatedly.

Make upper electrodes as shown in Figure 1l,

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

as are required for distillations and 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 adequately quantit‘at_fie . With
a A pipet add enough water to moisten the Sr0. Twrn on the
Variac at lo;v voltage and evaporate slowly and carefully

S0 thgt, the SrQ0 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 solution,

Dilute respectivelyl milliliter and £ milliliters of reagent

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

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

Make standard electrodes carrying 1y , 2¢, Ly , and 8Y F,

APPROVED FOR PUBLI C RELEASE
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For the 1y standard, evaporate 10 A of the solution con-
taining V.l milligrams per milliliter on a SrO coated 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 SrQ and NaF by spattering.

Add the solution in small portions to the edge of the oxide
coating. It will spread rapidly over the crater and not

creep back along the outside of the pipet, If necessary draw out
‘the tip of the pipet or- wax it 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 down.
(i.e. facing the grating), With necessary precautions
against fogging of the plate, attach the camera to the

camera carriage of the Wadaworth, draw down the plate shield
and ciamp-it into position. |

Turn on the Dietert D.C, source. Set 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 4 (3 on the micrometeryscale). Raise the
camera cerriage to a reading of 30 millimeters and position
the wavelength to 5000 - 6300 2 on the short wavelength

palf. Flace in front of the slit a filter whiéh transmits
wavelengths of 5000 X and greater.  3et the front edge of

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

clamp the 90 millimeters spherical quartz lens 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 SrO 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. Raise 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 ), . Mark the position of the electrode
image on the screen behi.d the cage. Turn off the arc,

(r! Replace the SrC blank electrodé with a standard or sample and
adjust the crater to the same positioh using the shadow casti
on the screen by the small lamp in front of tle 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 thie camera carriage 3 millimeters,

(s) Develop the plate in total darkness for 4 minutes at 18°C in
Eastman D-19 using rocking development., Immerse the plate
for 10 seconds in an acetic acid short stop. Fix it in F=5
for 10 minutes or until the sil;;r halide is completely
aissolvea. liash the plate in running water for 10-20 minutes
and rinse it with distillea water, Remove excess water from
the plate with a sponge and dry iL out of contact witl dust,

(t) Compare (visually on-a rlite viewer with the aid of a lens)

UAPPIRINED R BUBIS-EMREIEASET e 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 conditions stated under Applicability must be met for

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

oxidized. Neutralize with 70 per cent HC1C Just to the

L
yellow color of the nitrazine indicator. Ca(OH)2 dissolves
completely. Add O.1 N NaCH aropwise - one drop beyond the
appearance of the blue color of the indicator. Evaporate
the solution to about half this volume or until the salt
crystallizes out when allowed to 06;1.

(b) add 100 A 0,1 N NaCH to cup C and follow Procedure I,(d).
(¢) TIransfer the warm concentrated solution of step(a)to chamber
A, Rinse the evaporating dish with 2 milliliters 70 per
cent HCth 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 temperature of 170°C instead of 160° C, If the

base in cup € is nct neutralized during aistillation, follow

rroceaure I, (g)=it”
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(e) 1If the base is neutralized (Precaution 9e),2ad 1 adlli-
liter of 0.1 N KaOH to cup ¢ and continuc distillation.
The volatile acid is most probably HCl.
(f) To test for Cl . acidify a small porticn of distillate with
HCth and &add AgCth. fleturn the test solutjon to the dis-
tillate and proceed as follows: If Cl~ is present neutralize
the entire distillate with HCth and add 0.5 milliliters of
1N HCth in excess, TIransfer to a centrifuge coaie of twice
the volume. Add 0,1 M AgCth in 100 A portions, mixing and
centrifuging after each addition until fgrther addition of
AgCl0,, no longer precipitates AgCl.
(g) FPFollow Procedure I, (d),
(h) Empty and rinse the aistillatiocn cell, Decant the clear solution
of step(f)and transfer it to Chamber A. Add 2 milliliters 96
per cent HZSGA' hssemble and test gas line as in Procedure I,(e).
Follow Prccedure 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 mgytetolerated in which case
‘this 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 ccnf&ct'bebwéen heating block and cell is not
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satisfactory, a w.x or oil bath may be used.

(b) Establishment of uantative recovery of known amounts of F
mugt 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 equally to all modifications.

(b) Neutralization of the base is caused either by 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 C17, NCS etc. in excess of 0,005 milliequivalents
(See Procedure I1).
(10) Literature References

Petrey, A. W. , Ind, kng. Chem,, anal, Ed. 6, 343 (1934).

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

LAMS=-86
1A¥5=97
1AKS~109
LA¥S-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, a 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, Ihe 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 svandard spectra.

(2) Sensitivity, Frecision, end Applicability

Following is a list of elements determinable in 030 according

8
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to the pyroeléctric method, together with their sensitivities of
detection. 3ensitivities are reported in parts per million on
the basis of 98 .milligrams of 0308 analyzed. In general the
precision is good to 20 pér cent of the amount reported.

It shoul@ be enphasized 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 &nd silicon

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

able by this procedure.

Element(h) Sensitivity (ppm)
i 0.2
Be 0.05
] 0.05
Na 5

(4) 3¢, Ge, 3e, Rb, Sr, Y, Te, Cs, RPa, Ru, Rh, ¥, Re, Cs, Ir, Pt, Tl not in-
vestigated, :

Mg 1

&l 5

31 2

p 50

K 4O

Ca 20
4$5) -

v 20
Cr 5
¥n 1l
Fe(S) ——
Co 1
Ni 1

Cu 0.5
Zn 20

As 5
Zr(5‘) ——
co(5) _—
No 1
Pd 1
Ag 0.05
cd 0,05
In 0.2
Sn 1
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Sb 5
R&fe Earths(S) -

Ta 5) -
AU 0.05
Hg 1l

Pb 1

Bi 0.2
™h(5) -

(S)Uneatisfactory by pyroelectric method

(3) Heagents

(a) Purified gallium sesquioxide, Gaj0,. See Section 8.10-3.

3
/
(b) Purified uranium oxide, U30g. (6)

(6)

Plece several 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 the
nitrate into quartz~distilled water. add enough nitric acid to prevent
formation of the insoluble orange compound on evaporaticn., EILvaporate the
solution to crystals of uranyl nitraute hexahydrate. Remove as much water and
nitric acid as is possible without formation of the insoluble salt. Repeat
the ether extraction and the above steps twice. Finally, ignite the resulting
salt to U308 in a muffle furnasce., See also section §.10-3,

3

Crp0y, n0y, Fex0,, Coz0,, Nig0,, CuO, Zn0, As0,, MOy, Ag.0,

3
Cd0, In)0,, 510, Sb,Cq, Augy, PACLy, KgO, PBC, iz03, c.p.
reagent grades,

(4) Acparatus and Laterials

(a} Tungsten carbide mortar and pestle.

(b) fin vise and needle

(¢) Platinum crucibles (18 milliliter capacity).
{d): A.R.L. graphite electrode cutter.

(e) Special spectroscopic graphite electrodes, avéilable from

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

' 13
Mini-mill, aveilable fram Fisher Scientific 'Co.

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

(1)
(3
(k)

18,

35 millimeter 341 film.

LM x 10" 103-F and NHB- sénsitized I-N photographic plates.

Rakelite electrode holders. 3ee Figure 1?.

(6) Procedurs

(a)

(b)

Prepare 5 grams of a U308 standard containing 1000 ppm of

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

MOy, Fe,04, 00203, ¥4,0, CaC, 43,04, ZnC, MoOg, AEL0, UaU,
[a) ;. d L]

the above compounds thoroughly into the U 0 in a tungsten

38

carbide mortar, ard mill the mixture on the Mini-mill.

Prepare a standard containing 500 ppm. of each of the same

‘metals by grinding 2.50 grars of the first standard with

2.50 grass of gure U0 bill the ddxture as befare. In

378*
similar fashion, preprre succeeding stendards so that the
following pp 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, convert it to U0 by ignition

38

in pletinum in air. A Veker bturner provides zdeguate heat
far the operztion. Salts w:.ich may be converted to U308
by ignition in alr should be sc converted before proceeding

with the analysis.
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Figure 17

F
Watch Glass with Off-center Holes
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Figure 18

Optical Allignment of Spectrographs
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Figure 19

Bakelite Eleotrode Holder
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Pigure 20

Graphite Eleotrode Dimensions
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Weigh cut €.0 milligrams of gallium sesquioxide as accurately
as possible on & 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.

Prepare a namber of 1/4" and 1/8" graphite electrodes to

the dimenesions shown in Figure 2Q¢ - . Pre-burn the electrodes

at 13.5 amperes d.c. for 30 seconds to rencve surface con-

tamination. Weigh out 100 milligrane of the uranium oxice-

" gallium oxide blank mixture and transfer it to the 8 milli-

meter deep crater of one of the pru-arced electrodes.
Similaerly, grind all of the other stendards with gallium

oxide and load electrcdes with 100 milligram charges,

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 a8 rotary motion.

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 sepuratiuc. of 4 millimeters by back-projection
of their shadow images on the alignuent screen. Check the

polarity of the arc, makirg the lower electrode thre anode,
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{(g) Place the 2% juartz prism on its table on the 2nd optical
bench of the Dietert and the 3" quartz lens in its place in
frort of the prism. Their positions shoula be determined
previously, so that a beaa 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 ajaphragm. Flace a 103-F plate in
the right hand side of the camera cassette and an NHB-
sensitized I-N plate in the left hand side ( as viewed from
the rear of the instrument). Set the camefa 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
gsecondary 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 ﬂo
sputter.

(1) Fmack up the cameras of both spectrographs and repeat the
arcing brocedure for the remaining standards. Byarcing
the weaker standards first the danger of contamination
of succeeding samples is reduced. Develop both film and
plates for 3 minutes at 18.0o C in Eastaan D-19, using
rockirg development. Place film in 0,5 per ceni 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
shouwld be run in duplicale and a standard sample should be
arced on each film and plate to reveal abnormaljties which
may arise in the 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. Compsre the
standard spectrum with the corresponding standard spectrum on
the master film, If the line densities agree for all of the
elements.of interest, proceed to.compare the lines of the sample
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 sgeries
of spectra. If the standard srectrum fails to agree with the
corresconding 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 tactor of two and provided the standard
spectrug's gallium lines and generzl background compare with those
of the sample spectra, the evaluation may still be made. In this
case, employ thle factor necessary to mahe the standard spectrum
sgree with the corresponding master plate s ectrum in reporting
regults in ppm,

(7) Alternative Frocedure
An arrangement by means of %hich the complete 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) References

This method was developed by the Netional Bureeu of Standards.

Additionai information is contained in the following reports:

s A-128 o LANS-122
A-129 LAMS=-127
A=1S4 LAMS=-146
A-1076 LAMS-155
A-2907 LAKS=-176
cc-2L0 LAMS=100
CK-801 . LAMS-P11
cX-928 LAMS=217
CK-993 LAMS~254

 LAMS-97 LAMS=249
LAMS=1C9 LAMS-257
LAMS- 266

843-7 Spectrochemical Determination of Impurities in Mapgnesium Oxide and
Calcium Oxide

(1) Abstract

5 milligram samples of finely ground MgO or Cad are weighed
into 2.5 millimeter deep craters of 1/l inch diamster graphite
eleoctrodes and arced at 13.5 amperss for aﬁ-minutea. A rotating
sector, adjusted to transmit 40 per cent of light is employed to
prevent excessive background. Comparison of the densities of the
inpurity lines with standard spectra permits estimates of the amounts
of impurities preseant.
(2) Sensitivity snd Precicsion

Fellowing is & 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

from the meen,
Sensitivity (ppm)

Element Mg0 a0
: Be 1 1
| e 20 0(7)
[6))
No grade of CaC sufficiently free of Mg was found,

A1 2 2
Si 50 50
Ca 10 ———
\'s 4 — 50
Cr 20 -
Mn 5 10
Fe 10 —
Ni - 50
Co — 50
Cu - 10
Mo 100 50
Ag - 1
cd — 50
In - 50
Sn 20 10
Sb - 50
Au - 10
Fb 2 10
Bi 10 10

(3) Procedwre

See LA Report 416,

8.2~8 Spectrochemical Determination of the Rare Eartl. islements In Uranium
Metel and ngggunds

(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-Vadsworth Spectrograph

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

Following is a list of elements whick have been determined
by the procedure described, tcgether vith their sensitivities of
detection. In general the precision is about 20 per cent deviation

from the omrrect 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 " L010

((3) Procedure
See Eritish Report BM=325, also LAMS-98 and la=416,

8.3-9 Spectrochemical Determiration of Impurities in Plutonium ketal and
Compounds by the Gallium Uxide-Pyroelectric Method

(1) Abstracﬁ

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 oxide and 73 milligrams
of purest uranium oxide (U308). ftie mixture is arced in ahdry box from
the crater of a graphite electrode in & direct current arc. The
complex spectra of uranium &and plutonium do not appear. The
quantities of impurities present are %stimated by comparison of
the densities of their spectrum lines with the corresponding lines
of standard spectra or by chotusetry, using internal standards,
(2) sensitivity, Precision and Applicability

Foilowing 18 a 1ist of elements determinable in plutonium

oxive according to the pyroelectric metiod, together aith corruspond-

ing sensitivities of detection. Jensitivities are reported in parts
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per million on the on the bgsis of 25 milligrams of oxide analysed.
fne precision averages about 9 per cent (average deviation frox 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 deterxﬁined only if such impurities are not
lost during the conversicn to oxide, Boron and silicon in plutonium
tetraflucride and mercury in metal are, for example, not determinable
by this procedure.

| In adcition, only those ccmpounds which may be converted to
essentially pure oxide (PuQp) may be analysed. Residues high in
sodiﬁm (e.g., fram the ignition of sodium plut.cnyi acetate) are

not amcnable to pyroelectric analyeis,

Eleczent Sensitivit ) :
(visual comparison)

Be , <6 .
B <6 2
Mg 15 -
Al 300 B
Si 50 - ;
Ca 60

P 500

vV 600

Ge o)

Cr .30

Xn L5

Fe 30

Co 30

Ni 60

Cu. <

Zn 150

As 150

Pd 300

Ag <6

In : 15

Sn 20 .
Sb 30 :
Hg 15

Pb 15
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(3) Reagents
(8) Purified gallium sesquioxide, Ga203. See Section 8.10-3,
(b) Purified uranium oxide U308. See section 8.10-3,

2
szoz, HgO, PbO,BC.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,
(¢) 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 Figure 2le .

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

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

{J) DBakelite electrode holders. See Figure19e

(k) Tight-fitting dust respirator.

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

v
-

-

(5) Procedure
(a) Prepare 5 grams of a U308 standard containing 1000 ppm of
each of the metals in the following salts and oxides: BeO,
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FPigure 21

Arc Stand for Dry Box
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Pigure 22

Aluminized Plane Mirror

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

{€

Pigure &3

Arrangement for Arcing Plutonium Oxide
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DIAPHRAGM
MOUNT

50 cm FL QUARTZ LENS

FRONT SURFACE ALUMINUM
+  MIRROR

|

V QUARTZ
[

|

WINDOW
15cm FL QUARTZ LENS
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F°203’ 002C3, NiBOh’ Cu0, Zn0, A3203, PdClz, Ag,0, In203,
Sno, 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 Kini-mill. Prepare a standard con~-
taining .SOO 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
standarde so that the following are available {(ppm): 1000, 500,
200, 100, 50, 20, 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.

S (b) Grind together 2 milligrams of gallium sesquioxide(8) and 25

(8) .
If beryllium is not to be determined, and if spectra are to be evaluated
by the internal standard procedure ( part (j)-2, below), the gallium oxide
shodl be first ground with Bi_Q,, BeO, Au Oy, and Ko0_ in amounts to give
a mixture containing 8 microggaas of B}, %.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 manher the-
following standards are available (ppm referred to the
plutonium contained in the mixture): 3000,.,1500, 600, 300,
150, 60, 30, 15, 6, 3, and blank,
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(¢) 1If the sample is in the form of plutonium metal or elloy,

. transfer it to a 1 milliter platinum crucible in the dry box
apd'ignitg 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) evapcrate it to dryness under an infra-red
lamp in & well-ventilated hood. Wear a plastic visor during
this operation and take every precaution to minimize spray
during the eveporation. Transfer the platipum crucible con-
taining the évaporation residue to the dry box in a nest
of alternately inveried beakers. Ignite'the residue tc oxide
in a micro-furnace in the dry box.

(d) VWeigh ou§ ¢ .0 milligrams of Ga203 as accurately as possible

on a tared watch gless pierced with an off-center hole. Cn

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

and 75 milligrams of thgrPuoz samp;o in the dry box, Grind

‘the mixture thoroughly in & tungsten carbide mortar and divide

£ into three 100 milligram portions, Transfer the mixtures

to 8 millimeter deep craters of preburned graphite electrodes.

(See Figure 20 for dimensions of electrodes). -

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

(£) 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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in position. He must also strike the arc by bridging the
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post and align the electrodes laterally and vertically

at a separation of 4 millimeters by back~projecticn of

their shadow-imsges on the alignment screen. Check the

polarity of the arc, making the lowsr electrode the anode,

Place the lst surface aluminized mirror ahd its table on

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

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

50 centimsters) on the optical bench between the mirror and

"the slit at a 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
check the diéphrdg{n 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 nejther slack nor under stress, and rack
the camera to the No. 10 position,

(From thie 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 vwith & piece of clean graphite rod. The

second operator must stand before the dry box and manipulate
the electrode controls which \issue 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 film 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 veriations from the standard film.

Develop the 103-3F film in total darkness for 3 minutes at

18.0 C in Eastman D—l9, using rocking development. Fix

the film for 3 minutes in Eastman F~5 after immersiocn 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 uith

a moist viacose 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 Comparisor with the Standard Film

Insert the sample film in the film jig of the densitometer

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

ment, Compare the standard spectrum of the sample film with
the correspondirg atandard 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 tte con-
centrations for which the densities are equal. If 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 compare with those of the sample spectra
the evaluation may still be made, 1In this case, employ the
factor necessary t§ make the standard speclrun agree with the
c§rresponding master film spectrum in reporting the concen-
tration of each element in ppm,
2, Evaluation by Photosetry, Using an Internal Standard
Select, in general, the most sensitive lines of the
elements of interest on the master film, Photometer them,
together with their adjoining backgrounds, in each of the
stendard spectra. Select internal standard lines (Bi, Mo,
Au, or Be)which lie rezsonably close¢ to the analysis lines
cﬂbsen. Also try o choose for comparison the particular
internal standard element which volatilizes at about the
same temperature as the element being determined, Fhoto-
meter the internal standard lines and their neighboring
backgrounds., Convert the line and background transmissicn
values into relative line intensity values by reference to

a film calibraticn curve., Subtract the background intensities
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from the corresponding line-plus-background intensities.
Divide each background-corrected analysis liune intensity
velue by its background-corrected internal standard line

"intehsit‘y value to obtain the so-called "intensity ratio",
Plot logarithms of the intensity ratio ggainst logarithms
of concentration. Straight line graphs with unit slope should
result,

- To evaluate sample spectra, obtain the log intensity
ratios of interest as described above. Refer these log
ratios to. the appropriate workirng curve and read off the
concentrati n of the impurity from the graph. It is well
to check the consiancy 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 gaélium is to be determined, substitute silver
chloride for gzllium oxide. Standard and sample oxide mixtures
are made up to eontain 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 LAKS=-302

See also references under 3ection 8,3«~6 above,
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8.3~10 Spectrochemical Determination of Impurities in Graphite by the
Gallium Oxide--Pyroelectric Method

(1)} Abstract

A 50 milligram sample of graphi;e centaining 4 per cent of
gallium oxide is arced from the crater of a graphite electrode
in a airect current arc. The gquantity of impurities present is
estimatea by comparison of the unknown spectrum with standard
spectra,
(2) Sensitivity ana Precision

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 the amount reportea,

“Element Sensitivity (First order)
Ag <1
A8 50
Au 1l
B 1
Re <1
Bi <1
Ca 10
Cd <1
Co <1
Cr <)
Fe 5
Hg 10
In <l
14 5
Mg >
¥n <l
¥o <1
Na 50(not D lines)
Ni <]

P ~v 300
Pb <1
Fd <1
3b 5
31 5
Sn 1
Tl 1
v 5
Zn <Q

APPROVED FOR PUBLI C RELEAS



(3¥

APPROVED FOR PUBLI C RELEASE

Procedure

See LA Report L16,

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)
(e)
()
(g)
()

© (1)

Abstreoct
GCallium is extracted as a chloregallio acid complex from hydro-
chloric acid solutions by mesns of isopropyl ether. The
oomplex is re-extracted into a smrll quantity of pure water,
which is evaporated on copper electrodes together with an
internal standard solution, The residue is exocited 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 gradusted cylinder, 10 milliliters.
Glass-stoppered volumstric flask, 10 milliliters,
Copper electrodes, & inch diameter by 1§ inch long.
Blectrode evaporator. (See Pigure 10),
Mioro-gyringe and pipet tips (50 mioroliter capacity).
Type 103-0 Bastman photographic plates, lj inch by 10 inoh.
Spark discharge chamter. (Ses Figure 7).

Wadsworth fully sutomatic stigmatic greting spsctrograph,
21 foot grating, 15,000 lines per inch (Jarrell-Ash Co.)e.

Dietert sperk unite.
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(J) Dietert rocking developing machine.
k) Dietert Comparator-Uensitometex.

(4) Procedure

Heed Health Safety Rules Qutlined In Sections 8.2 and 8,3-1
(a) Dissolve a sample of gallium~plutoriium alloy, weighing
about 50 milligrams, in hydrochloric acid in a 10 nilliliter
glass-stoppered volumetric flask. Adjust the acidity to 7.25
N and make theysolution up to 5 milliliters volume with acid
of this concentration. (Note that allowance should be made for
the consumption of hydrochloric acid_in the dissolving operation.
See "Microgravimetric Determination of Callium in Plutonium=-
Gsllium 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 aliquot of the ether phase to a

10 milliliter giiss-st0ppered volumetric {lask., Add 5 milli-~
liters of distilleu water to the voluuctric flask and shake
vigorously for 0 minutes to re-extract the gallium into the
water. Make the water phase volue up to 10 milliliters.

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

(d) Divide a 50 micro-liter portion of an internal standard
solutic:n (containing 80 micrograms of molybdenum per milli-

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

(£)

(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 gallium and 4 micfograms of molybdenun
(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 millimeiers
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 R.
Excite the electrodes for 50 seconds in a condensed spark
discharge (25,000 volts, 0.32 m H, 0.021;1,F) and photograph
their spectra through & 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 micrograms, Each spectrumAshould contain the
lines of molybdenum at 4.0 micrograma. Employ the technigues
degcribed above for elsctrode 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 18,0° C in Bastman D-19.
Following’brief immersion of the plates in an acetic acid

shiort 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,

(3) Photometer the Ga: 4033 £ and Mo: 4232 R lines in all sample
and standard spectra. Convert the line and background trans-
missions into relative intensities by reference to an
H & D curve (one plate from each bbx should be calibrated),
Substract the background relative intensities from 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
inﬁensity ratios for the standard plates against the log
of t:l:lé g.ailium quariiity. ('I‘hi.s. éhould yield a strajight
line of unit slope.) Refer the log intensity ratios for
samples to this working curve to obtain the quantity of
gadlliun obtained in the extractivnas. Use the intensity
ratios of the standards which were photographed on the same
plates as the sa&ples to check the validity of the working

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

(5) References

LANS-261 LAUS=276
LalS~266 . LAuS-288
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8.4 CCIORIMEIRIC PRCCEDURES

8.4~1 Colorimetric Deteruination of Phosphorus in Uranium and Plutonium
Metals

v —r———

(1) Abstract
The phosphorus is converted to ortho-phosphate by dissolving
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 spectrophotometrically. Silicate interference
is eliminated by extracting the phosphomolybdic acid complex
from 1 N stoh solution.
(2) Applicability
The methed is applicable to both uranium and plutonium metals
and to their compounds.
(3) S5ize 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) Conec. HNO3 (P and as free).
(¢) 10N stoa (approx.) prepared by diluting As free Ezsoa.

(d) 1N stO prepared by diluting the 10 N H;S0, .

L

(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 a brown bottle ar.d 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 milliliters with 1 N H230 This solution

4
should be made up fresh daily.

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

(h) n=Butyl alcohol, redistilled.

(i) 95 per cent ethyl alcohol, undenatured,

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

2
Hzo .

(5) &pparatus

(a) 8 milliliter quartz crucibles.

(b) Special separatory funnels 30-60 milliliters.. Figure 24
. (¢} 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) fTo the sample of metal (10 - 100 milligrams) in a 8 milli-
liter quartz crucible add 0,5 milliliter of concentrated
HN03 and cover Lo 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, & small amount of black oxide residue remains. In phos-
phorous analysis this residue i3 ignored because it is doubtful if it contains
an appreclable amount of phosphorous after the H,80, treatment which follows.
If desired, the black residue may be dissolved by heating to fuming with

H280

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

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

(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 HzSOh. The washing is carried ocut by p&ssing
nitregen through the separatory funnel for about 30 seconds.
Draw off the wash liguid each time and add to the original
agueous phase for recovery of metal,

Add 5 milliliters of dilute Sn012 solution and agitate by
passing nitrogen through the scolution for about 1 minute,
Draw cff and discard the ajuecus phase. Transfer the n-butyl
alcohrol containing the molybdenum to a § milliliter glass-
stoppered mixing cylinder, washing the funnel with &sbout

1l milliliter 95 per cent ethyl alcohol,

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

Using 0.5 milliliters 10 N HZSOA prepare a reagent blank by
exactly the same procedure used in the analysis of a sample
(steps (dthrough (1) above).

Compare thie sample with the reagent blank using the Peckman
spectrophotometer and wavelength setting of 70 mp.

Read the amount of phosphorus contained in thre sample from

a standard transmittznce curve prepered by measuring the
transmittance of knowrn amounts of P as KHzPoh or calculate

it from the 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 cf all reagents shoula give an
optical density no greater than .20 when compared with pure
n-butyl alcohol,

It is essential that HNO3 ba added first in the ulssolving

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

89
of the metal to prevent possible loss of P as PH3’

(¢) Because of the great tendency for ammonium molybdate
soiutions to pict up silica, it is essential that this
solution be kept in & paraffin coated btottle, This
is the most probable source of a high blank.

(d) To prevent silica interfermnce 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 ﬁ HQSOL the n-butylk alcohoi
soluble silicomolybdic acid complex is not formed; once
formed, however, it is extractable even from 1 N Ho 80,5
{(e) 1If the SnCl, solution is old a turbidity can be centri-
K fuged down before transferring to the spectrophotometer
cuvets,
(f) Arsenic interference is noﬁ completely eliminated by
extracting from 1 N stoh.
(8) Calculations and Expression of Results
| The phosphorus cohtént of the mample may be calculated
from the extinction equation

(3‘------—-.-'.-12

C.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 ppm.

ppm P = v P in sample

wt. sample in grams
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Bs4=2 Colorimetric Determination of Microgram Wuantities of Acid-Soluble

Sulfide Sulfur

(1)

(2)

(3)

Abstract

Sulfide sulfur in the sample is converted to H,S by

2
treatment with HC1l and is distilled into a solution of ZnAcz.

The distillate is treated with p-amino~dimethylaniline and
FeCl3 which converts the H2
is then dgtefm;ned spectrophotanetrically.

S to methylene blue. The latter

Applicabi li,tyf?

The method has been applied to uranium and to plutonium
metals and is presumably_applicabla to any materials which
dissolve in non-oxidizing acids with the £elease of their
sulfide sulfur as H23.

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 Size Limit, of Sensitivity
10 mg. 100 ppm

--100 rg. 10 ppm
1 gram 1 ppm
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(4) Reagents
(2) Seperation of HyS
l. 2 N HCl for dissolving sample,
2, 2 per cent ZnAc2 solution for trapping HQS.
(b} Color Development
1. Standard Na,§ solution for determining specific
extinction -~ Dissolve 0,746 grams Na2S-9H20 in Ho0 and
dilute to 100 milliliters, 1 milliliter{:1
milligram, S . (If care is taken to select large, well-
formed crystals of Na23~9H20 which are not discolored and
, ' are not wet, this solution may be taken'as a primary

¥ ., §10)
standard and need not be asgsayed,

0y B
A few assays have 'irfdicated 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 (FEastman prectical grade) in 7 milli-
liters concentrated HCl. Add 2.0 milliliters 0.1
M FeCly 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 H28
Same as for volumetric method. See Section 8,6-1,
(b) Determination
1. 25 milliliter volumetric flasks,

2, 2 and 4 milliliter pipets
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3. Assorted micropipets = 5, 10, 20, 25 A .
L4, Constant temperature water bath.

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

(6) Procedure

(2)

(b)

1f Plutonium and Its Compounds Are To Be Analyzed Heed

Health Safety Rules Outlined In Section 8.2
S

Separation of H2
Same as for volumetric S method. See Section 8.6=1,

Use 4 milliliter 2 per cent ZnAc

5 solution to trap the H5S.

Determination of H23

l. Transfer the ZnAc, solution to a 25 milliliter volumetric
flask and dilute to about 20 rﬁllil_i ters with distilled
water, Place the flask in the constant temperature
bath at 25° ¢ ( 0.5°C) and allow it o reach thermal
aquilibrium,

2, Add 2,0 milliliters freshly prepared Caro-Fischer
solution and mix well, Return the flask to the
bath for about § 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 ZnA02 and
2,0 milliliter Carc~Fischer solution dilutedto 25
milliliters. The reference wshould bLe prepared fresh

daily, preferably at the same time as the samples,
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(7) Blank procedure
It is 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 volumetric procedure, Section 8.6-1,
(b) Determination

Since the Lauth reaction (conversion of st to methylene

blue) is not quantitative, all conditions must be carefully

controlled so that the yield may be reproducible:

1., Temperature control 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 0.5o 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 <2 hours,

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

5. A single determination of the specific extinction
shculc be sufficient so long as all conditions 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 Results

From the series of standards prepared from the standard Nazs'

solution (omitting the distillation) calculate the "extinction
factort, f, (ll)which is defined as the quantity of s= in

micrograms required to produce unit change in extinction

for standardized procedure. f can best be evaluated by the

least squares equation:
2
b xZ..( E& n)
Z xy- AxEy
n

f=

vihere

X = micrograms of S® in the standardized volume of
25 milliliters

= E = extinction
n= number of observaticns
The summation is taken over the entire series of standarcs
- run. 5, 10, 15, 20, and 25¢y S is a convenient series, since
it is easily obtainable with the standard Nazs solution and
commercial micro-pipets. The precision of the colorimetric
determinaticn may be evaluated from the five standards by
calculating an f for each concentratica and corparing it with
the least-squares f. This is best expressed as the standard

v

deviation, « .

[N

‘ See "Spectrophotometric Units", Section III Ay LA-418,

APPROVED FOR RPUBLI € RELEASE



APPROVED FOR PUBLI C RELEASE

95

o =ﬂ| i;fafjf

where A.f is the difference between an individual f and
the least-squares f, n = the number of standards,

4
f

centerror. In addition "spiked" samples should be distilled

x 100 = the standard deviation expressed as per

to c.heck on the ré;overy obtdined.

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

%ST = Eef

when the above method of celculation is used.
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. 8,4=3 Colorimetric Determiration of Irm in Plutopium Materials

(1) Abstract
The iron is reduced to the ferrou; state with hydroxylamire and
determined spectrophétbméirically in the kesencc of trivalent
plutonium as the ferrous—-orthophenanthroline camplex.
(2) Applicability
. The method permits the determination of iron down to 100
ppm in relatively pure plutonium metal, plutoniume-gallium
alloys and piutmiun nitrate process solutions.
(3) Qéthod 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 dissolved in constant-boil-
ing HC1 -and 8 suitable aliquot of the solution is téken.
(4) Range and lLimit of Sensitivity
Although tKe optimum amoun{. of iron per determination
lies between 1C and 40 micrograms, amounts from 1 to 100
micrograms can be determined with some sacrifice in accuracy.
The aliquot asize should be governed by these limits,
(5) Reagents
(a) Constant-boiling HCl, Fe free.
(o) HCL, 1 N, | L
(e) Acetic acid-sodium acetate tuffer 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 dissolving Fastman's white label reagent in
distilled water, |

(e} 0.5 per cent o~pHenanthroline, The reagent is prepared
by dissolving recrystallized O-phenanthroline in distilled
water, A smsll amount of 95 per cent ethyl alcohol 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 capscity, and 1 milliliter
- capacity.

(b) Weight pipets, 200 A capacity. See Figure 33 - R ‘ ,

(c) Syringe pipet coﬁﬁrols.

(d) Volumetric flasks, 10 milliliters,

(p) Spectrophotometer.“(qukmap) _

(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 plutonium blanks
ard two aliquots for determinations. For samples contain-

ing more than 300 ppm of iron one plutonium blank is sufficient,

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

98

Cne plutonium blank is sufficient in any case if a fixed
absolute accuracy thro?ghout the range is all that is
reguired.

(b) Add 200X of hydroxylamine hydrochioride solution and
allow to stand one hour or longer.

(c) Aad 1 milliliter of acetic acid-sodium acetate buffer and
m;x thoroughly.

(d) Add 1 milliliter of dilute ammonium hydroxide and again mix
thoroughly.

(e) Add 200A of 0.5 per cent o-phenanthroline to the samples
in which iron is to be ;etermined (not to the plutonium
blanks), mix tkoroughly, and allow to stand for 30 minutes,
Dilute with distilled water to 10,0 milliliters and mix
thoroughly.

(f) Let the solution stand for 30 minutes and then transfer
about 3 milliliters of the solution to & clean, dry Beckman
cuvet,

(g) 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 ¢}. 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.

(h) Determine the extinction factor by carrying known amounts

of iron through the procedure. Distilled water is used as
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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 ¥y

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 millinicrons 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, If the extinction of a reagent blank exceeds 0,010 .

it should be subtracted from the observed 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
reasgents used,
(d) HNO3 present in amounts to give a final ccncentration of
. 0.005 M in the 10 milliliter volune 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 voluze) it is removed between steps b and ¢ by adding
a small excess of HZSOL to the aliquot and taking it to
dryness ip a platinum crucible under an infra-red lamp
(see Figure 34).
(8) Calculations
Express the result as micrograms of iron per gram of plu-
tonium. Micrograms of iron = extinction x extinction factor.
(10) References
LAMS-122
LAMS=127

8.4~ Colerimetric Determination of Sub-Microgram Juantities 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 curcuain procedure,
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(2) Applicability
The method has been applied to relatively pure calcium
metal and calcium oxide., It should be equally useéul for
other metals and similar compounds. Since both calcium
borate and calcium boride are soluble in nitric acid, it is
assumed the method can be used to determine boron if present,
in either of these forms.
(3) Range and Limits of Sensitivity
The prccedwre here described 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 @ 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 a Wiley mill to fineness -20 mesh to +80 mesh. A
100 milligram sample is taken for analysis.
(5) Reagents

Store Al)l 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 from NaOH through a quartz still,

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

(c) Calcium hydroxide, 0.1 N suspension, prepared from boron=

free calcium metalaigd distilled wster,
t

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

Corporation, Niagara Falls. It was speciall repared by electrolyzing cal-
cium from a boromxﬁﬂﬁmwaxhﬁdﬁﬂ-gﬁé% the metal in vacuo in an iron
retort. ——



(a)
(s)

(£)
(g)
(h)
ki)

(3)

(k)
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Sodium nitrate, reagent grade crystals.

Methyl alcohol, absolute. Distill from sodium hydroxide in a
quartz still equipped with an efficient spray trap. The
slcohol should contain 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, O.,1 per cent in ethyl alcohol, using c.p.

material like Eastman's best grade.

Ethyl alcohol, 95 per cent., Distill fram NaOH through

q quartz still,

Oxalic acid, 15 per cent solution in distilled water. Use
c.p. crystals, ‘

Standard boric acid solution, 1 milliliter containing 1 micro-
gram of boron. To make stock solution, dissolve 35,7 milli=

grams c,p. H crystals and dijute to 250 milliliters with

373
distilled water. 10 milliliters of this stock solution di-
lited to 250 milliliters contains 1 microgram of boron per
milliliter, .

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

godium chloride in distilled waier is electrolyzed into

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

is drawn of f into a quartz beaker, distilled water added
arvl 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 platinum bottle, The normality is determined by
titrating portions with a standard acid. The weight of the
remaining NaOH solution is determined by weighing the bottle
and contents, then subtracting the weight of the bottle. The
volume of the NaCH solution is determined by ph;s' weight

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, & 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 boran content.

(6) Apparatus

(a)

(b)

{c)

(d)

Four quartz 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)

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 into 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 Menifold
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(e)
(£)
(g)
{n)
(1)
(3)
(k)

()

(m)
(7)
(a)
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Two flasks, volumetric, 250.milliliters, quarts, g.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 dorie equipped with medium porosity sintered glass filter.
Soft glass dropping bottle, 60 milliliters.

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

Four beakera, quartz, 50 milliliters.

Procedure

Preparation of standard curve.

(1t 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.(IB)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, eapecially 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
liquid, and evaporate to dryness, Watch carefully and remove
imediately after dryness is reached and allow to coof. To
exch dish add 0.25 milliliters 6 N HCl and carefully dissolve
all precipitate, Next add 0.5 milliliters C.1 per cent

alcoholic curcumin and then U.5 nmiililiter 15 per cent oxalic
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acid, Swirl to mix ti’zoroug)mly. Place in the drying oven
with forced ventilation, at a termperature of 55° ¢ $3°
- and observe the time of drying. Leave in oven 30 minutes in
excess of drying time. Remove and allow to cool. Extract the
~ contents of each dish with 1 miililit.ér 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 st;:op;’)éf.' .R'éad. the .extihction E at 540 milli-
microns in the spectrophot,ometer using 9% 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.
,(b,') 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 002 trap and adjust so
the condenser tip i§~ beneath the surface of the base,
dWeigh 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 O.4 milliliter concentrated

'HNOB, keeping the flask cool under the tap. Swirl gently
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Pigure 27
Stan&ard Curve for Boron Analysis

Reference Solution: Ethanol (in regard to vertical scale)

¥EBoron
Extinction factor m = 0.436

E-E
Blank

Standard devistion (o) = 3%

A: :ho m/u

Light path 21,00 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 0.1 milliliters.I%) Next add
8 milliliters purified methyl alcohol and immediately

connect flask B to the coindenser,

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

" "

“Pour 50 milliliters of purified methyl alcohol 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 vapoys'continuously pass
through flask P, Then turn on Flask B heater and adjust the
Varlac to uaintaip.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 quarte
funnel into place, Hegulate 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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Jt 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 thisprecipitate be dissolved 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 same procedure be followed after
the addition of the oxalic acid.

Procedure for Total Reagent Blank
Pipet 1,5 milliliters 3 N electrolytic NaOH into flask B,

Add 200 milligrams NaNO crystals,'O.h milliliter concentrated

3
HNO3 and 8 milli_lit,ers purified methyl glcohol. Proceed with
distillation and color development és described above, (Since
the electrolytic NaCH is baron fres, this procedure resulfs
in & true reagent blank.) (15) Determine the reagent blank
at frequent 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

follons: Weigh 0.1000 gram calcium metal into the distillation flask. Dissolve
and proceed as described under MAnalysis of Sample",
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Ca(on)z, HCl, Curcumin, Oxalic acid: Measure 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 to cool and proceed with the color development as described
under "Freparation of Standard Curve", 1In other wards, carry
out the standard curve procedure omitting the additicn of boron.

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

Nitric Aecid: 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
milliliters 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 obtainea under "lKethyl Alcohol" gives the data for
caleulating the boron content 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 "Tot,al— Reagent Blank", omitting the sodium nitrate,
The value for the extincticn obteined here minus the total extincticn
obtained urder nitric acid gives the date for calculating the boron
coentent of the sodive hydroxide. Correction for O,k mdlliliter

nitric aeid must be applied since th.is is a larger volume of acid

-
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than w;s used under "Nitric Acid®.

Scdium Nitrate: The "total reagent blank" minus the blank obtained
under “nitric acid" gives the data for the calculation of the boron
content of the sodium nitrete. Experience‘has showry the boron con-
tent of reagent guality sodium nitrate to be negligible,

(1¢) Precavtions
(#) Observe every possikble precauticn to prevent reagent contenin-

ation.

(;)‘ é£bre all 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,

(¢) When a new quartz stiil is to be put in operation, distill
through it a ccnéidgrable quantity of methyl alcochol to remove
boron from the surface of the quartz, Experience has shown
that a new quartz surface is conteminated with boron which is

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

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

(e) Do not use pyrex pipets. WQuartz pigets are to be preferred
although Kimball glass secns to be :atisfactcry.

(£) Maintain drying oven temperatures at'55° c 13°,

(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 voldﬁe

during the entire distillaticn.
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(1) Exclude CO2 froe receiver during distillatich. This is the
purpose of the enclosure placed around the receiving vessel
(Figure 25).

(§) 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 czused by one microgram
of boron under the conditions of the expecr-iment..(l?) For
ease in calculating results, the reciprocal of the slope which
is given the name "extincticn factor", 1s used, In this case
the "extincticn factor" is 1 or 0,436, The significénce,
then, of the “extinction factcf‘;z?.s 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.

(¢1))
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 as 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 million:

(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-303 (Teradnal Report)

8.4=-5 Colorimetric Determiration of Sub-Microgram tJyuantities of Boron in

Uranjum Tetraflgoride

(1)

(2)

(3)

(&)

‘Abstract

Uranium tetrafluoride is dissolved in 3 N sodium hydroxide

ad 30 per cent hydrogen peroxide., The fluoride ion is either

precipitated as CaF, of compi%xed as FeF6 « The boron is

distilled as methyl borate. The quartz stills described in

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

dﬁstiilaﬁé. is trépped in calcium hydroxide solution and the
boron estimated by the colorimetric curcumin procedure,
Applicability

This method applies to relatlvely ﬁuré uranjum tetrafluoride,
Range and Limits 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 & con~
centration range from 0.5 to 5 parts per million.
Sanmpling

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) Reagents
The reagents required are listed in Section Bielie In
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 a quartz vol-
unetric flask. 25 milliliters cancentrated HCl are added
ard the voclume made up to 100 milliliters,

(¢) Calcium nitrate solution. To 10 grams boron~free calcium

" hetal in & quartz flask, add distilled water dropwise until
all the metal has been oxidized., Then add the calculated
amount, of goncegtrated nitric acid necessary to oconvert
the'caiéium hydrozide to calcium niérahé. Dilute to 100
milliliters with distilled water,

(6) Apparatus
" The apparatus reqguired is described in Section 8.4-k.
(7) Procedure ‘
(a) Preparation of standard curve,
Prepare a standard curve in the same manner as described
in Section Belialis
(b) Analysis of the sample
Pipet 2.5 milliliters of O.1 N Ca(OH)2 suspension into
a cléan 50 millili;er gquartz beaker. Set the quartz con=-
denser tip in place., Place the beaker in the CO2 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 to mix thoroughly,
warm slightly and allcw to dissolve, This usually requires
five to rtén minutes. After solution is complete, heat to
boiling for t,hiriy seconds to décompose most of the excess
Hs0, 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 ccld solution add 0.5 milliliter G‘(NOB)Q
solution, 0.20 milliliter concentrated HNOB, then shake to
mix. Add 8 « 10 milljliters puriiied methyl alcohol and
quickly 'conn'eét the flask' ﬁo AtAhe condenser. Pour 50 milli-
liters purified methyl alcohol into flask 4 (Figure .25) and distill
approximately 45 milliliters methyl alcohol into the receiving
beaker vzlxilg keeping the volume of soluti;)n constant in the
Ad.istilling lfiaslg,_. This is easily accomplished by proper
'hdjusﬁeht of the Varia;.c;.
Method ITI. 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
' coht.ain sufficient hydrochloric acid to give the proper
‘acidity). Add 8 - 10 milliliters purified methanol and
quickly commect the distillation flask to the condenser.

Pour 50 milliliters purified methyl alcohel into flask 4,
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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 alcohcl 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 sgrface of the
liquid 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 HCl1 to the beaker. Tilt and
rotate the beaker until the acia has dissolved all thre
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
héf 0;1 per cent alecholic curcumin and then 0,50 milliliter

15 per cent oxalic acid. Again tilt and rotate the beaker

to bring the reagents into contact with the wall surface of
the beaker. Immediately place the beaker in the drying oven
at a temperature of 550 C £3°. Note when dryness is reached
and ccntinﬁe to heat at the same temperature for an additional
30 minute period. LKemove 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 sintered-gléss filter into a 3 milliliter
volumetrio 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 & final
volume of 3 milliliters with sadditional alcohole.
Pour into standard Beokman cuvet having a 1.00 centimeter
.light path, stopper and determine the extinction at a wave-
length of 540 millimicrons using 95 per cent ethanol as a reference
solutione
(8) Procedure for the Toteal 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 determined. This is done
as followg: For Method I and Method II carry out the procedurs.
for analysis of the sample omitting the weighed semple. The
extinction under these conditions should not bq over 0,070,
If an abtnormally high reagent blank is found it is necessary to
find the source of contamination and reduce it by purification
of the reagent or reagents involved,
(9) Precautions
The precsutims given in Section B.u-j apply here.
(10) Reference -
LA-%03 (Terminal Report)

B.u-6 igolorimatric Dotermination of Sub-Microgrem Quantities of Boron in
Plutonium Metal

(1) Abstreoct

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 estivated by the colorimetric
curcumin procedure.
(2) ApplicabilityA
| 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.
(3) 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,
(4) Sampling
The metal is cut into pieces ranging from 50 to 100
milligrams in weight. If swrface contamination 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.
(5) Reagents.
See Section 8.4-4,
(6) Apparatus

See Section 8.4-4,
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(7) Procedure

Heed Health Sdfety Rules Outlined In Section 8,3

(a) Preparation of a standard curve,
Prepare a standard curve in the same manner as described
in Section 8.4=4.
(b) Analysis of the sample.
Pipet 2,5 milliliters of 0,1 N Ca(OH)2 suspension into
a clean 50 milliliter quartz beaker., Set the quartz conden-

ser tip in place, Place the beaker in the CO, trap and adjust

2
so tle condenser tip is beneath the surface of the Ca(OH)2
suspensiaon but not touching the bottom of the beaker, (Ses
Pigure 25},

* Pipet 0.25 milliliter 6 N HCl into the distillation flask.
t~{Dr0p the weighed sample ( a piece of metal weighing between
50 and 100 milligrams ) into the flask and allow it to dissolve;
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 eggéntially constant; This is done by proper con-
trol of the Variacs., 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

wash the tip. Immediately place the beaker on th. steam bath
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and lower the inverted funnel. (See Figure 26)e ‘St§r+

the nitrogen flow and carry out the evaporation in an

atmosphgre free from carbon dioxide. Remove the beaker

immediately. upon reaching dryness 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 requires

_patience and skill to prevent loss, Next add 0,50 milli-

" liters O.l per cent curcumin in 95 per cent alcohol, swirl
gently, then add 0,50 milliliters 15 per cent oxalic acid.
Again idcline 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 resove 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

 quantitatively removed. Dilute with additional alcohol
to a final volume of 3 milliliters, 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 Quanbities of reagents as in an actual analysis.
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The total reagent blank should be between 0.050 and 0.970
;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 Colorimstric 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. MNeasurements are

Y

t

‘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-
meter,
Accuracy

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

gsame solutions.

APPRCNED FOR PUBLI C RELEASE




(4)

APPROVED FOR PUBLI C RELEASE

123 - : » - -

o T § :

The percentage &rror can easily b§ held to lesé.t.haxl‘5 per o

cent if the concentration of the unknown sclution be nearly

equal to or greater than that of the standdrd; and the concen—

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

' mlllllitera of final volume.

Procedure

See LA Report Ll6A.

8,5 FILUORIMETRIC PRCCEDURE

8,5-1 Fluorimetric Fstimation of Microgram Amounts of Uranjium

- (1)

(2)

(3)

Abstract

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

© violet llght, is used as a measure of it,s concentration in

solution. Cooling to the temperature of dry ice-methanol
mixture enhancest%e; fluorescence. The uranium is contained
in either concenbrat'.;edrphosphoric or sulfuric acid since they
form a clear glass at this temperature. The amount of uranium
present is estimated by visual comparison of the intensity
of the f;uorescence of t‘,heb sample with that of known standards.
Applicability

The method has been used rout.inely for the 'dct,erminat.ion of

microgram amounts of uranium in plu‘oonium nitrate solutions,

’ _and with t.he modifications to be described in gunk scdlutions,

ores, an’i some miscellaneous materials.

Size of Sample and Limit of Sensitiv:.t.y
Sufficient sample is taxen to g:.ve not less than l micrio~
gram of uranium, 10 mlcrograms being the opbmum amomt.. Ihe

limit of sensitivit,y is about 1 microgram of uraniuw per miili-
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litver of solution.

(4) Reagents

{a)

(b)

(e)
(d)
(o)
()

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.

Perchloric acid, 70 pc£ cent, C.p.

Uranyl sulfate, c;p. (Por greperaticn of staﬁdards).

kethénol, absclute, U, S, P.

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

- (a)
()
(¢)

(¢)

- (e)
(£)
(g)

(h)
(1)
(3
(k)
()
()

Volumetrice flasks, pyrex, glas; st.oppered, 1 milliliter.
Drying cv;en

Hot plate

Aluminum heating block

Focket spectroscope

Small Dewar fl%ék

Ultraviolet souwrce. Westinghouse Type A-Hé Lamp (Hg vspor)
used with guartz water jacket.

Mirrored concs ve reflector, 6 inches diameter
Metal case housing for lamp
Solenoid centrolled water cooling system .

wartz lens. plano-contex, 70 millireters diameter, about
10 inches focal lengih .

lens support

Copper sulitate solution filter -- 3 inches thick
t
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Figurs 28

Arrangement for Fluorimetric Estimation of Uranium
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FPigure 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) Preparaticn of standards

(a) Prepare a stock uranyl soluticn by dissolving 0.0864 grams
of U0280h°2§1~120 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 sicro-pipets aliquots of the stock solution to give two
sets each of the following amounts of uranium: 1, 3, 5, 7,
5, 10, 15, and 20 micrograms, .

»(¢) Add to each of the above flasks 0,5 milliliters of phosphoric
acid ("organic free"”) and 2 drops of hydrogen peroxide (30
per cent). Place the flasks in the aluminum heating block
and heat at about 1500 C until evolution of cxygen is cam~
plete. Cool snd repeat treatment with two more drops of Hy0,.
Céol and fiil to thev&ark with "organic free® phosphoric acid,
Heat about an hour at about 185° C to remove excess water,
cool and stopper flasks,

(@) Turn on the ultraviolet light and turn off &1l room light.
It is esgentisl that the room be dark. Cool) the flask to
be examired for 3 - 4 minutes in the dry ice-methanol bath.

When sufficiently cooled the solution will solidify to give

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

(@) 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 bard appears to be about 1 millimeter
wide,

(e) Remove the flask from the bath and hold at the foecal
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,.
beginning at about 4900 R and extending toward the red, The second band
at about 5100 ® is the most intense, the succeeding bands decreasing
steadily in intensity (See lA-15), Visual examiration with the pocket
spectroscope usually reveals no more than four bands. Those on the right

(the violet end of the spectrum) are of a wave lergth that do not 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 aid in determining the amount of uranium
present.,

If organic matter has not been completely removed by the peroxide treate
ments there will be a uniform green fluorescence over the entire field,
This may be strong enough to obscure the uranium bands 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 ion is said teo 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. cit.),

e

(f) 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 dieagreement by

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

Beed Health Safety Rules Oqg;jnedA;Q Section 8.2

(a)'-Into a clean 1 milliliter volumetric flask pipet sufficient
gample to contain about 10 micrograms of uranium,

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

‘“(c)> 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 "erganic free" phosphoric acid and
compare the intensity of the fluorescence produced in ultra-
violet light with the standards as described abuve,

(8) Procedure for Ether-Stripped Gunk Solutions
| Vrihese 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 contain large amounts of magnesium salts and smaller
smounts of other miscellanecus salts.

Because of ' the ihsblubility gf the salis in concentrated acid
the uranium must be separated from them before the test ig
made. This procedure for the separation is fﬁlly described
in Chapter 2, Section 2.4=6 of this volume. The final cam-
parison with theé standards is made as described above,

(9) Procedure for 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.ohé of the samples with a few micro-

.4 *
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grams of uranium to determine the per cent recovery in the
procedure,

(b) With high siljica 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,

(¢) After removal of the silica, evaporate the solution to remove
excess acids and make the solution 3 ¥ in nitric acid. Extract
the uranium by shaking the solution in a separatory funnel
with an equal volume of:eiger 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 lgmiliiliter volumetric flask. Remove the water
by evaporation in an oven at 105°,/C, cool, add 0.5 milliliters

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

(10) Precautions

(=) The volumetric flasks uéed must be free of any uranium con -
tamination and should be tested under ultra-yiolet 1lizht
before use.

(b) The solution must be free of organic matter and nitrates.

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

alloﬁed to marm,
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(4) Excess water must be femoved’by heating as described above,
Qtherwise the solution will crystallize and some of the
emitted light will be absorbed and scattered by the crystals,

(e8) The roém 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.is new. This resulta in a loss in sensitivity. Further-~
more, it makes unwise the practice of memory comparism
omitting the use of the standards. With experience, this
can be done without apprgc;abld 19as in accuracy; but the.
standards should be examinéd fre;uently to assure that the
lamp has not weakened considerably. i

{11) References

siii, C.W., and Peterson, H.E.,'Bureau of ¥ines Information
Circular 7337, August 1945

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

Project Report La=15

8,6 VOLUMETRIC PROCEDURES
Volunetric Determination of Microgram wuantities of Acid-Soluble Sulfide

Sulfar
(1) Abstract
The sulfur is distiiled as hydfégen sulfide from acid solution
- and absorbed in an excess of calcium hypochlorite. The
sulfide is oxidized to sulfats and the excess calcium
hypochlorite is determined iodometrically. Stoichiometric
relationships, however, are not borne out experimentally.

Quantitative results are obtained by determining the titer
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(4)
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(b)
(c)
(d)
(e)
(£)
{

\g)
(h)

(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 HC1 and give up their sulfide sulfur as st under such
circumstances., The principal application is to metals:
Size of Sample and Limit of Sensitivity

The sampie size is determined by the sensitivity required, r
The absolute limit of sensitivity is about 1+ of S. ’
Reagents

Ca(CCl)Z: 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, 0.1 N :

Na25203, 0.1 N. Dilute to 0,01 N for use,

Starch indicator solution saturated with Hglz.

Zinc acetate, 2 per cent.

Concentrated stoh.

Concentrated HCl.

Standard Na2S solation 1 milliliter -1 milligrem. Standerdize

against standard IE-KI and Na23203.

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 deternination,
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(¢) 25 milliliter Erlenmeyer flasks

(d) Pipets, 5 milliliters, 2 milliliters, 1 milliliter, 100X,

¢

(a)

(b)

50A , 10 A,

(6) Procedure

I1f Plutonium Metal and Its Compounds Are To Be Analyzed,

Heed Health 3afety Rules Outlined In Section 8,2

Determination of Liter: 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 NeosS soiut.ion). Add
2 milliliters of 0.1 N KI and 2 drobs concentrated HQSOI‘.
Let the reaction proceed for 3 - 4 minutes to allow the iodine
reaction to go to completion. Titrate the liberated jodine
with the 0.01 N thiosulfate adding 2 drops of the starch

indicator just before the endpoint, Denote this wvolume

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

~ sulfate necessary to titrate the iodine liberated by 2 milli-

liters of Q.01 N hypochlorite without any added sulfide, De-
aote this volume of thiosulfate as A.

Then K 2 _100 ¥ where K is the relative titer value
(in ?S/ml ) fo% :h% thiosulfate sslution 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 4 Lo make the
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solution in B approximately 2 N and wash the aocid down with
s little water, (l1) Connect to a source of compressed nitro-
.gen and adjust to a rate of flow rapgd enough to prevent sucking
back when the still cools. (5) Heat the solution in B to
inoipient boiling. (6) Allow the gas stream tc sweep over the
llibérated H,S for § minutes. (7) Disconnest the trip € and
wisﬁ ihside #na out into thevr;ceiving flask with a small quantity
of water, (8) Add 2 milliliters of 0.; N KI and 2 drops of
| cdgc;ntratedAﬁesoh; (9) After 3 « 4 minutes titrate ﬁith 0,01 ¥
| thiosulfate adding 2 drops of the starch indiocator just before the
end point.
(c) Usknownss Procesd as in b omitting the sulfide and substituting
2 milliliters of_water for fhe zine acetate. Introduée the
:weighed sample into the flask, assemble the gtill and oontinue

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

- starting the 5 minute kheep interval, Gentle heating beiow
i the Soilinghpoint is pormissiblé to insure complete solution,
Keep the nit}ogeq stream flcwing'throughout the epntire operation.
(7) Blank Procedur§ |
_.. ..Determine the blank by running through £h7 §§;tillation pro=-
” \Qodura wifnout added sulfide. The blank is positive and con-
o nt#nt end is apparently caused by the destruction of ﬁ sﬁull
quantity of hypooﬁlorite during the distillation. No blank
correction is necessary if the sulfide is added directiy to the
hypoohlorite,.
(8) Precautions

(a) Do not allow the nitrogen stream to pags through too rapidly.
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(b) Keep distillation 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 iodide 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 bagic reactions involved are:

$* 4 KOCLT 3 SO, whCl

had - <+ ., -
OCl 21~ «2H P i+ H200 Cl

+ 25,0, 21" ¢S O

Tt %520y 2 45,0

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

1, (excess) -4 28,03 — 214 Sho(;.

(10) Calculations
Calculate micrograms of sulfide sulfur 'direct.ly from the
volune of thiosulfate used, If X milliliter are used
(A - OK=¢s

Express results in ppm.

- Y s
ppal = 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 S
-Kolthoff, I.M., and_Stenger, V.A;i 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 iodometrically,
(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 solution
without loss of sulfur.
(3) Range ,
“Sufficient plutonium solution 1s t;ken to give approximately
1 miliigram 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(HQPOQ)

(30-32‘per cent), Add a few glass beads and boil for §
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minutes. Cool and store in a brown, glass-stoppered bottle,

(b) HC1l,concentrated,

(e)
{(d)
(e)
(1)
(&)
(h)

{1)

HCth, 70 per cent,
I~ KI solution, 0,1 N
N823203, 0.0L N.

Standard Na23 solution, 1 milliliter = 1 milligram S.

Starch indicator‘

Ammoniacal CdClz. Dissolve 10 grams Cd012~2H20 in distilled

water, add 500 milliliters NHAQH and dilute to 5 liters,

Tank nitrogen gas.

(5) Apparatus

(a)
~(b)
(e)
(d)
(e)
(£)
(g)

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

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

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

Evaporating equipment. See Pigure 32

(6) Standardization of Reagents

(2)

(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
milliliter 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
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Bvaporation Apparatus
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iodine and 1.000 milligram (0.6625 meq.) of sulfide are
used, .
' 0.1000 meq. - 0,0625 meq. * 0.0375 meq. of excess iodine.
If n is the number of milliliters of thiosulfate used in
titrat,iné the excess iodine, 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
positim with"‘f,he end.of | the dblivéry tube touching the
bottom of t;'le flask. Pipet an aliguot of the unknown
(containing approximately 1 milligram of 8) into the
distillation flask, add a few glass beads and 20 milli-

S iitezfs 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 HZS comes over (approximately
10 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 wasin 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.
APPROVED FOR- PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

e

-.Add 10 milliliters concentrated HC1 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;lzter of the iodine solutlon into the cup of the lodine flask.
,Cautlously loosen the stopper S0 that the iodine is drawn into the flask
without allowing any of the HyS 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.

Shake 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, adc_iing the .starch indicator just before the endpoint,

If more than 1.5 milligrams of S* are present add 2 milliliters of
the iodine solution. 1 milliliter of O.,1 N I,-KI is equivalent
to 1.6 milligrams sulfide sulfur,

(b) In the #-esenc_e of niirété:

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

. vigérously to drive off all traces of nitrate. A criterion of sufficiently

o

vigorous boil ing is that no HC10, condenses in the distillation 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 remove the nitrate in one evaporati:n., The residual perchloric

acid will not react explosively with the reducing mixture., Cool the flask

ana prbceed with the alstillation 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:. |
[0.1 meg. - (xs 0.01)] 16 = mg. S

ng. SOZ =mg. 5 X 2,99

(10) References

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

LAMS=23),
LAMS—24Y

N LAMS=-261

8,6~3 Microvolumetric Assay of Plutonium
(i} Abstract |
B Piutonium as sulfate in 2N HQSOL is reduced to 43 valence
with zinc amalgam urcer a 002 atmosphere and is titrated
potentiometrjcally to 4 4 valence with ceric sulfate,
(2) Applicability
“The method has been used primarily for mixtures of 44 and
¢ 6 nitrate in 1 N HNOS’ particularly for Hanford material
bo}h as received and after purification. The method permits
direct detefmination of Pu in a soluble sample provided the
cations of Ti, V, Fe, Mo, W, and U are present in amounts not
greater than U,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 combir'nation.
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 fraw 1 to 10 milligrams of Pu are taken
for assay and two aliquots are used foar determination of ircn.
Regardleas of precauntions taken in storing the sample in

solution, the concentration increases because of decomposition

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

(4)
(a)
(b)
(c)
(d)
(e)

(5)
(a)

related to the ceoncentration of Pu in the solution. It was
calculated for one sample to be about 0.1 per cent per week,
but was found, in combi.ation with other effects, to be some-
what greater. This effect prevents a gas-tight seal of samples
containing as mach as 200 milligrams Pu per milliliter. For
this reason aliquots are taken within a few hours from the
time the sample is received.
teagents

HZSOL‘, concentrated.
h’ 1 N.

Ceric sulfate, about 0,02 N in l N stc .(19)

Séturated zinc amalgam.
| Solid 002
Appsratus

Det.achable syringe pipet controls for transferring all

Pu soluti.ns émd for t1lling and emptying the burets,

(19)

Standardige with Bureau of Z3tandards Nazczoh.
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(b) Trensfer weight-pipets with waxed tips (Figure 33).
;(c) Volumetric pié?ts, aned tip, calibrated to ocontain 20
to 100A (Pigure 33), Thess pipets are very simply
constructed from pyrex glass tubing or small tast tubue.
‘The construoction at the meniscus is fine enough so that
a variation of 1 millimeter does notv correspond to more
then V.l per cent of the pipet volume.
(d) Platinum oruoiblo#. 8 milliliters,
(o) Evaporation chamber (Figure 3L)
(£) 1Infra-red lamp and Variace

2

Dowar flask of one liter volume or lerger whose heat con-

(g) €O, generator, A satisfactary generator consists of a

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

. immersed to a depth of 6 to 8 inches in water. Ths
bpbrating pressuré is muintained at ebout & 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)‘

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

145

Figure 33

Micro Plipets
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Pigure 34

Evaporation Chamber
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Figure 35

Combination Reduotion«Titration Cups
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Pigure 36

Redu--“ion~Titration Cup
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(i) Variable speed electric stirring motor, Variac, and waxed
glass stirrers. )

(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 amall 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 control
construction is waxed inside so that it will not f£1il1l 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 :§§L of the titration its delivery rate with the
tip immersed should not exceed 2 milligrams 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 tubde,

(1) Beckman pH meter with calomel snd platinum electrodes.

(5) Procedure ‘

Beed Health Safety Rules OQutlined in Section 8,2

"(a) For weight aliquots weigh by difference the required amount
of‘;ample using a clean dry transfer pipet. Transfer the
aliquots to 8 milliliter platinun crucibles. For volume aliquots

“use clean dry pipets calibrated "to contain", After discharging
the volume aliquot into the crupible, 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-

2
a volume not less than 0.5 milliliter. Place these crucibles

ble 150 X of concentrated H SOh and enough water to give

in the evaporation chamber,
| With a stea&y streanm of air passgng through the chamber,
the samples with an infra-red lamp at a temperature somewhat
below the boiling point of the solution, When most of the water
is driven off and the rose-colored 4 4 sulfate has precipitated,
increase the temperature until the stoh fumes. Turn of £ the
lamp and allow the samples to cool. When cool add carefully
around the crucible rim enough water to re-dissolve the 4 4
sulfate precipitate; O.4 to 0.5 milliliter should be enough.,
Repeat the fuming and diluticn,

(b) If the reduction~titration cups have not been used for some
time clean them thoroughly. Ury the stopcbdcks and grease them
lightly. . ’

With a stopcock'a' (Figure 36)  open add 1 milliliter

of dilute stoh to the amalgam reservoir. Charge the reservoir

with enough saturated zinc amalgam to bring the ievel of the

X) " !
amalgam to the CO2 side ann.( ) Open stopcock B and force

(20)
An excess 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 002 flowing,(zl)transfer the dilute acid

(21)
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"ﬁ'and raise

(22)

A separate residue bottle is kept for second rinses and sclutions of this
‘kind, thus eliminating excessive dilution of recoverable residue,

(¢)
(d)

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 minimize,
spray, draw the last portion over very slowly or allow the
syphon lead to remain filled. Rinse the crucible and lead with
2 milliliter?fof 1N stoh in three portions., Hemove the
syphon stopper and place the plastic 1lid (Figure 37) cm

the .cu}p." Raise the amalgam to a height of about .1.0
centimeter in the cup. Insert the 002 lead through the lid.
Adjust theé stirrer with the flattened portion half immersed

in the amalgam. Stir at a moderate rate for one-half hour

or longer.

Turn on the pH meter and set the range switch to " 4MVY,

Fill the buret with more cefic solution than is required to
oxldize the sample. Weigh the filled buret to the nearest

0.1 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 ressure 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 capillary
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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Pigure 37

Red :otion Assemdbly
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sufficient to just lock the CO, passage. V“lose stopéock
A. 1If any amalgam has been retained in ihe solution, the abovo-
operation must be repeated until the separation is accomplished,
Remove the 1lid and 002 lead. Rinse the electrodes and lower
them into the reduced Soluxion. Titrate with stirring to
within a féw 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 potehtial but should
be deﬁermined 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;
vhen the titration is completed transfer the solution to the
vacuum residue bovtle, 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 %0, > the

2 2
plastic lid on the cup and 0,5 milliliter of dilute H3SO

4
over the amalgam in the reservoir.
Blank Procedure
Determine the reagent blank in the presence of plutonium
in the following way. Take aliquots ranging from 0.0l to 0,10

- milligrams of plutonium and several aliguots of about 5 milligrams,

These are all taken from the same stock solution or
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accurate dilutiuns 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
obtéined in the 5 milligram sample may be assumed correct

for the'purpoée;of calculating the asount in the smaller

. sampleé. The difference between this calculated amount

arnd the observed amouht 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 .

(n Prccaution&

(a)

(b)

(c)

(d)

» reGuired to fres the systém fram 0

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
qo; only by this consideration but by the length of time
2° This is necessary

in order to obtain & low and constant blank.

Pu*? 13 slowly air oxidized to Pul®, The errar is negligdible
if the titration is performed without interruption agccord-
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 (nobL 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

to raise the amalgam into the capillary. Effective contact

of the amalgam with the partially oxidized sampie will of
courae 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 satisfactory endpoint
and back—bitrating with the ferrous solution.

Erratic balance behavior ajd significant errors in weight

have been observed when one attempts to deliver small amounts

of solution accurately from relatively large burets handled

with rubber 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 determinat1on of iron is described

in Section 8.4-3. The requirement that the weight concen-

 tration of ifon when multiplied by 4.28 (the equivalénb

weight ratio) be uncertain by not more than O.1 per cent
of the total plutonium concentration is satisfied by this

method,

Precision and Accuracy

Average deviations {rom the megn of O,1 per cent are
usual, of <€0,05 per cent accidental, and of >0.2 pér cent

rather unusual. Accuraéy 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 ou 14 aliquots of one portion and 0,19

per cent on 6 aliquots of another portidn. No results were.
rejected in calculating the standard deviation. The tetra-
fluoride assayea 100,07 per cent pure wiih & 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..solutiq1::(apparenb value) - (L.28 x mg.Fe/g.

Soltn)
(11) Heferences
' LAMS-155 . LAMS-276
LAMS-190 LANS-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 micro-weight buret. Tle end
point is uetermined by using orthophenanthroline-ferrous com-
plex as an indicator,
(2) Applicability
Iﬁe method has been applied Lo uraniumn 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 determined by the method here described. Best results
are obtained with 1 milligram samples, Ih Lﬁe.analysia
of uranyl sulfate controls the maximum observed deviation from
the true value was 8§ Y . [Ihe average deviation in 17 énalyses

was less than 1Y .

(4) Reagents

(a) 2 N sulfuric acid.h
(b) 0.1 N potassium permanganate.
{c) 4 per cent zinc amalgam. T
(d) Standard ceric sulfate, .02 N.(QB)A

() ~

Standardize by weight against Bureau of Standards sodium oxal:te,
(e) Carbon tetrachloride,
(f) COrthophenanthroline~ferrcus indicator, approximaiely
0.01 K.
(g) Dry ice.
(h) Cecncentrated ﬁzsoh.
(i) Cincentrated ERC4,
(J) Concentrated HCth.
(5) apparatus | “

(a) Titration cup (Figure 39)
(b) Microweight burets .
(c) Syringe pipet certi-y icr 1illing burets.
{(d) 002 generétor aith outlets for titration cup and wash
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Figure 38

Titration Asgembly
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Figure 39‘

Titration Cup
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bottle.(zh)

Electric stirrer with glass agitator.
Microliter pipets, 20A.capacity.
Platinum crucibles, 10 milliliters.

Infra-red lamp. v

(6) Procedure

In absence of nitrate: o '

Fil1l the 002 generatcer with dry ice and bubble the
gas stream througl, the wash bottile for 2 - 3 huufs to sweep
out the oxygen from the generator and frgmdthg 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 CO, lead so that a fairly

2
rapid stream of 002 wili impinge on the surface cf the
soluticn to be placed in tre cup,

Fil1l the rubber bulb completely witﬁ deaerated water
and attach it to the cup with thé stopcock open. Carefully
compress 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 deasrated water fills the
stem,

Run into the cup 1 - 2 milliliters of the zinc amalgam

and then pipét into 'the cup tlie nitrate-free solution to

be tiirated. The volume of the soluticn 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 a safety valve to relieve excess
pregsure,

Fill the flssk with dry ice and stopper. Allow a few hours to

gweep out air befwre using.
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than 5~ 6 milliliters. Adjust the stirrer so that both
the amalgam and the solution are agitated. Keep the CO2
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 Ne If the solution is more acid than this ses below,
Reduce for 5 minutes. After reduction add dropwise
suffiolent 0.1 N KMnO) ( 1 drop is usually sufficient) to
make the solution pink and reduce again for 10 minutes aftér
the disappearsnce of the pink colore If during this second
reduction, the solution becom®s turbid due to the formation
of Mnoa, add another drop of the 2 N Basoh and allow
sufiicient time to reduce the Mnoa. if the turbidity does
not disappear, add another drop of acid,
Following the 10 minute reduction period, stop the
stirrer and add 2 - 7 milliliters of cc1h. Carefully open
the stopoock and squeeze the bulb gently to force water
around the amalgam and the Cclh layer, in this way wasghing
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 above,
Raise the stirrer so that it will not aéitato the CCIh
layer too violently and wash the stirrer with 1 milliliter of
deasrated water. Add exactly 20 mioroliters of the orthophen=-

A}

anthroline indicator and be sure to wash out the miecroliter
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bipet because these pipets are usually calibrated "to
contain®,

During the secornd 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
golutién‘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‘nhg titration.

In presence of nitrate

Kitrate interrers seriously in the procedure, Even small

ameunts 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

L Heat the

solution under an infra-red lamp until the fumes of H

(down the side) 2 drops of concentratéd H280
, 2%,

are eviderit. Transfer the crucible to a small hot plate

and continue heating until all of the acid has been fumed

off. Be caref@l to avoid spattering and do not ignite the
residu;{ Take up the U0,S0, in 1 - 2 milliliters of water

and trensfer qgantibatively to thé titration cup, Do not use
more than 3 = 4 milliliters for the transfer. This is necessary

because the final volume should not be over 5 -6 milliliters,

. In presence of excess acid

ir thé acid concentration of the sclution to be
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titrated is greater than 0,05 N, the end point will fade and

be indeterminate, 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
: Cfganic méttef.must also be removed., Place the sample

in a lu milliliter platinum crucible and add 2 milljiliters
of concentrated HNOB. Heat gently until the oxides of
nitrogen cease to.evolve, and add 3 drops of concentrated
HCth. Heat the solutien gently until the solution beccomes
colorless, Add more HCth if necessary. After the solutior
becomes clear, proceed as above,

ge) For U308

Dissolve the oxide in HNOB and proceed as above,
Indicator Blank

(7)

An appreciable amount of ceric ion is required to change

the indicator and this blank »;rxust be known accurately; the
quantity of indicater must be measured precisely. To do this
care must be exercised in pipetting the small volume (20 i )
of irdicator. The ir;dicator blank is determined by carry-

ing out the complete procedure in the absence of uranium.

o Ur;der the specified conditians, howevei', the blank which is

equivalent to approximately 50 fof U need be determined only

once for the same batch of indicator.

(8) Theoretical

Zinc apalgam will reduce the +6 uranium only to the

+ 4 stste, (Jones reductor, however, will produce a mixture
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of 3 and_fl;.)
. +*
NUQZ

Permanganate is used after the first reduction step

o2 e2a” ____ U0 eHz0
bécauée it effeé;ively eliminates a positive error, the exact
source ‘of which is undetermined,
(9) Precautions
(a) A sufficiently rapid stream of pure CO2 must be blown into
the cup during all operations.
(b) All air must be removed from the stem of the cup before
introducing the arx;a;gam. |
(¢) The cup must bé clean so that no mercury will stick to the
sides.
(d) Acigity of the solﬁtion must be approximately 0.05 N,
(e) The indicator must be added quantitatively.
(f) The end poigt is sharp and the increments near the end point
must be small so as not to over-run the end point.
(g) All nitrate and organic matter must be removed.
(10) Calculation of Results
-Let N be the milli;quivélenta of ceric ion per gram of
solution; then | =
mg. U=119.09 « N« (xwb)
wherevi iq_ghgvéraméAbf 6erié sulfate solution used in the
titration and b is the grams of ceric sulfate solution used
“for the indicetar blank,
(11) Refererice .

1AMS-176 ,
LAMS=462 (Terminal Report)
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‘ ’ 8,6~5 Hicfodet,eﬂgﬁggﬁqn. of Azide Nitrogen by a Kjsldahl Procedire
(1) Abstract '

" When an azide is treated with a réd{;cing agent in suifuric
acid medium and then ctarried through a Kjeldahl digestion
and distillation, one thirc of the azide nitrogen is re-
covered, The remainder is liberated as nitrogen gas.

. HNB ¢ 3}{‘*4 2e = NH: + §‘2
The reaction is quantitative anq forms a satisfactory basis
- for a procedure for the determinaticn of azide nitrogen.

(2) Procedure

See 1A 237,

8,7 GRAVIMETRIC FRCCEDURES

8.7—1. Gravimetric De‘teminat;on qg_uolybdgm in Molybdenum~Uranium Alloys
) (1) Abstract |
'I‘he m‘ol.s‘]bdex;n.x;t; after A;cida.,tion ‘wi'th“' nitric acid is precipitated,
filtered, ignited, and weighed as lead molybdate. 'Precipitation
_ of uraniux.niis preven’oed by buffering the solution with a.mm§nium
acetate, N |
(2) _Applicabiiity
- The mebﬁod has been used successfully for molybdenum-uranium '
élloys with molybd.en:um content varying between 0.5 anﬁ Sb
per cent, V
. . (3) References

Furman, N.H., "Scott!s Standard Method of Chemical Analysis",
5th ed., I, pp. 589-590, New York, D. Van Nostrand Cop, 1939

Hillebrami, W.F., and luncell, G.E.F., "A pplied Inorganic
Analysia®™, pp. 253-25L, Nem York, John filey and Sons, 1929,

Project Report 1A-416,
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8,7-2 Micro Determination of Gallium In Plutonium-Gallium Alloys
‘ (1) Abstract ‘
Gallium is separated fram a hydrochloric acid-plutonium
chloride solution by extraction of chlorcgallic acid with
isopropyl ether. The gallium is‘ re-extracted from the
ether by shaking with water and is determined gravimetrically
as the 8-hydroxyquinolate, Ga(c9360N) 3°
(2) Applicability
The method has been used in amlysiﬁg 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.p.
(¢) HCl, 12N, standardized.
. (d) Sodium act;ltaf.e solut‘ion, 20 per cent,
(e) Alcocholic é-hydro;yquinolMe solution,5 per cent,
(£) Phenolphthalein indjicator,

(g) Ammonium hydroxide, cone,
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(6) Apparatus
(a) Shaking tubes., Heavy wall, pyrex test tube, 1 1/4
centimeter onter diameter, 14 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, 1 milliliter,
(£) Shaking machine,
(g) Electric oven,
(h) Beakers, 30 milliliters.
(L, FHubber policemen ,
(J) Munroe crucibles, 10 milliliters, and filtering apparatus.
(k) Semi-micro balance (Seke), o
(7) FProcedure

Heed Health and Safety Rul®s Cutlined in Secticn 8.2

(a) Preparation of sample and extraction:
1. 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 &8 maximum,

2 Pusb H 2 pu*3 o3 A
The equivalent weight of Pu is 239/3==79.%. 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 volume of additional HCl and H20 needed to bring the
. resulting solution to 7.3 N in HCl in a volume of 1,00 milli—
llters.(zé)

3. Pipet the calculated volume of H20 into the shaking tube and
drop in the metal sample. Add the total cdlculated voluune of
HCl slowly from the 1 milliliter buret. The reaction will
start immediately upon the addition of the first drop of acid,
Keep the tube inclined while adding the acid to prevent the
posaibility of spray emerging from the tube,

4s 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 Nenormal HCl reqGuired to make 1 milliliter of 7 3 N HGL is
7.3/N ml. The total acid rejuirement is

= W > 1 ml
[:(79.75 my * N ’

and the water required is Vw'-(l.OO - Va) ml,

Tt is evident that & 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).

(7
FeCl2 will not be extracted by isopropyl ether,
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After shaking, allow the Pu-Hg layer to sepurate from the ether and
swirl the tube gently so that a sharp separaticn takes place. T?an;-r
fer the ether layer to a second shaking tube by means of the transfer
pipet. Wash the pipet by drawing up &n equal volume of ebﬁer 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 snother 20 minute interval.
Transfer the etheé layer to ihe second tube, Add a small quantihy of
ether to the first,tube, invert several times to wash the sides of

the tube and transfer the ether layer to the second shaking tube,

The matverial in the first tubs must be reserved for plutonium recovery.

3till 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 agueous layer to the beaker. The total volume in the beaker

shzuld now be between 15 and 20 milliliters.

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE
7

. (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, jiiash 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 the precipitate, Transfer as much as possible
by washing before using a policem#n. Extreme care must
be taken in the transfer since the precipitate is
difficult to handle because of its tendency to crawl
and become 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 transg-
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(C9H6ON)3ﬂ

(28}
Weighings to the nearest 0,005 milligrams are made on the semi micro
balance.
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(8) Precautions
(a) The acidity of the HCl solution must be accurately adjﬁsted
before extraction, ;
(b) The transfer o the precipitate is difficult 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
LANS-276
LAMS=-288

LA-425 (Terminal Repcrt)

8.,7-3 GCravimetric Determination of Carbon in Uranium Tetrafluoride

(1) Abstract
The sample, intimately mixed with Mg0, is burned at 1000° C
in a stream of oxygen. Fluorine not retained by the MgO
is trapped by Pb02. The carbor dioxide formed by oxidation
of carbon in the sample is quantitativély absorbed on
Ascarite and weighed, .
(2) Applicability ,
The mothod has been used paly for uranium tetrafluoride,
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 burned at 1000° € in oxygen diluted with
helimand the carbon dioxide and water formed by the oxida-
tion of carbmn and hydrogen compounds in the sample sre
quantitatively absorbed 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
ihe method has been used only for calcium metal but it is
expected that it would give equally satisfactory results
with sagnesium and other active metals which are difficult

~ to handle by the conventional prcdecure,

3) Method of Sampling
The sample should be in the form of small pieceé about 2 = 3
millimeters across or in thin strips or turnings. Thick
pieces 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 LA-416A.,

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 minutes using a rotating 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 § per cent
cobalt, The weight of sample taken sﬁould be éufficient
to furnish 60 to 8u milligrams of cobalt. When more than
90 milligrams of ccbalt is electrolyzéd iow resultis are
obtained, -
The spent electrolyte contains a small amount of cobalt,
Except in the most accurate wfrk; 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 twd quantit ies are approx-
imately equal,
(3) Procedure

See LA-416A.

8,8  CASOMETRIC PRCCEDLURES

8.8-1 Microcarbiding ¥ethod 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, zirconiuam 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 & 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 (loc. cit.).

The arrangement of the high vacuum system to which the
furnace tudbe is attached is shown in Figure 0. The
punping system consists of a Welch two stage rotary oil
pump. This is used to back a medium sized Brewer mercury
diffusicn pump (Figure® 40)s . This in turn is used to back

the main pump, an extra large Prewer pump (2, Figure LO). .
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Pigure 1O

High Vaouum System
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The vacuum line is conunected to the large diffusion pump
through a mercury cutoff (3, Figure L40)e 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 multiple loading manifold. These will
be desoribed.in detail.

T™he end of the vaouum 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 mercury diffusion pump

(14, Pigurs 40). This is used to collect the gases

evolved by the sample, The fore vabuum'end of the collection
pump 1e connectec 4o 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
pressurs indspendentlys

At times 1t 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 ice-ethylene trichloride
traps shown at 4 and 12 in Figure 40. Thess traps prevent
the electrodeless discharge of mercury v@por presgent

in the high vaocuum system,
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TR

The loading system which is sn integral part of the vacuun
line allows six samples to be held in vaouum at-one times |
The quartz vessel is shomn in Figure Ll.

| Thé top of the multiple loading system lis olosed.by a:
mercury sealed cap (5 Figure 4O)., A giass réd support
(6, FPigure LO) is oonsidered necessary to bear the weight
of the mercury in this type of seal, fhe buckets (7, Figure
LO) into which the samples are loaded Qre pivoted on
fixed 4O mil tungsten wires._\Below the pivot point is a
'\oompartment oontsining & seeled-in pioqe of irone The indi-
vidual buckets are spaced far srough apart so that, starting
at the top, the buckets may bLe individuelly turnmed up by
a magnet held above the loading manifold. The spout of the
loading manifold extends about 10 millimeters below ths
- top of a vertiocal funnel (9, Figure 4O) to pfevont the
samples from bounoing into the main manifold, Directly above
the vertical funnel is placed a plane glass window
(8, Figure L0) through which the temparature of the
Sfuéible;is read bfiﬁeans of a mirror arrangement and pyro-
meters This plane glass window is connected to the vacuum
line by a merocury sealed joint, (not shown in the figurs),
en arrangement whioch makes it possible ﬁo remove the
window for cleaning. The upper section of the funnel is
gealed permanontly into the pyrex system, while the lower
‘section, méde of quartg (Figure L42) is removabls for
claaning. The quart: sestion, which carries a male joint
and connects to a female joint on the pyrex section, is

supported by molybdenum wire hookse A one~half inch
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Pigures L1 '

Quart: Reaction Vessel
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Figure 42

Quartz Drecpping Tube
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Figure L3

Graphite Crucible,
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Figure L

Cirocuit for Solinols Velve Control
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Pigurs LS

Mioro Diffusion Pump
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diameter spectroscopic 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-
ment refer to Reports LA €8 and LA 153,

The mioro gas analysis apparstus has been modified in
Qeve;al respects. The instruotion of a sghort section of
capillary into one of the vertical tubes of the Toepler
pumps prevents mercury hammer and eliminatez breakage of
the pumps; In place of the solenocid valve recommended by
Prascott for operating Toepler pumps we have substituted
s simpler valve (General Eleatric Co. type CR 9507-CIB
sdlonoid valve)s The ciroui% used for operating this valve
is shom in detail in Figure Llie 1% can be set to make
the Tospler pump take a pre-determined number of strokes. A
reagent tube containing ocopper at 350° has b;en added to re-
move oxvgen from the gas mixture colleoted. A 10 ocudie
centimeter calibrated pipet has been added so that larger
gas volumes can be collected. A much more satisfactory micro-

diffusion pump (Figure L5) has replacei the types used by

Prescott.
(5) Opsration
Metgl samples should weigh approximately 50 milligrams,
Urahium samples are clesned by immersion in 13l nitric acid
until bright, followed by washing with water, absolute

aloohol, and octanes in rapid succession. Plutonium samples
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(29)

are electrolytically polished and immersed if 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 pump. The vacuum is broken 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 loading manifold. A slow stream of
helium is allowed to escape through this opening until the
T -8ix samples are loaded, The cap is then replaced.,

Once the line is evacuated and the diffusion pumps are in
operation, the graphite crucible is he;ted to about 14000 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 vacvum line is allowed
to cool and the traps are filled with refrigerant. At this
time the temperature of the crucible is‘inéreased to 2000° ¢,

‘ Outgassing is contined for? 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 of't.he system the pressure
cutoff (16, Figure LD ) between the high vacuum and analy-
sis systems.is opened, the bypass cutéff (35, Figure 40)
is closed, the cutoff (13, Figure 40 ) leading to the
collection pump (14, FPigure 4O) is opened, the cutoff
(3, Figure 4,0 ) leading to the outgassing punps (1 and 2,
Figure 40 ) is closed, and collection into 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 approxima§ely three minutes,

When 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
backet) is dumped into the cold crucible,

Héat is turned on‘at a crucible temperature of about
1000°C and the evolved gas is éollected almest 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 somewﬁat acéording to the

total volune collected and current operating conditiuns.
COnce collsction has beer ;topped the 3ystem is rearranged

so that the outgassing pumps are put into use., after ane-
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half hour of outgassing at 2000° C a check is made of the
blank of the system and if the blank is satisfactory the
next s#mple is run according to the above procedure. This
my be. repeated. until all samples are dumped or until it is
necessary to stop for analysis of the gases collected.

. 'I'ne‘ procedure for aﬁalyzing the gases collected from the
metal samples is adequately outlined by Frescott (loc.
cit+ ). The reagent,s are used in the félloﬁing order:
(a) magnesium pérchlorate for water, (b) soda lime far

- carbon dioxide, {(c) copper at 350° ¢ 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.'.'

Gas collected ~fron‘x ﬁmnium samples is not analyzed except
for special cases.” A gas composition equivalent to 90 per
cent carbon monoxide is assumed and oxygen values are reported
on the basis of this composition. In analyzing plutonium
samplevs it has not been necessary to determine oxygen in
amounts below 100 ppm. .He'nce if the total volume of gas .
,collected from the semple is less than the volune of carbon
monoxide which could be produced by a “sample 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
analyzed. '

(6) References

Prescott, Ind. Eng. Chem., Anal. Bd., 11, 230 - 233 (1939)

LA-58
[A-153

- -
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8.8-2 A Micro Combustion Method for the Determination qI'Carbqn '
(1) Avstract )
The sample is burned in oxygen at loﬁ pressuré'and the gaseous
products of combustion are analyzed in a Prescott gas analysis
apparatus. The estirated limit of sens%tivity is 20 ppm of 7 <
carbon on a 50 milligram sample.
{2) Applicability
The method has been applied to uranius and plutonium met;ls;
waniuvm cerbide and plutonium-gallium alloys.
(3) Apparatus ‘
The system is conmposed of three gections ﬁhich are separated
by special mercury cutoffs. These are (g) a high vacuum section,
(b) an oxygen supply section, and (3) a Prescott gas analysis
apparatus.
The high vacuum system, where canbustion of the sample
occurs, is shown in Figure 46. .
The loading manifold (Figure 47  shows details) sits in
a vertical position hnq‘is removsble from the vacuum line for
loading purposes. In its top is a plane glass window through
which the temperature of the ;;ﬁcible below is read., The
eight buckets in which the s;mples are placed—are ﬁeld in
blisters on opposite sides of the loading manifoid. They are
-~ - plvoted in such a way that they remain in their normsl
vertical position by turning as the IOQding 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

Multiple Loading Manifold.
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directly into a funnel below. This flilmnel is made of

three sections., The top is the funnel proper andl has a
male joint at its bottom so that it may be removed frwn

thé mid-section. The latter is seaied permanently int§

the system by means of  supporting réds sealed to the outer
glass tubing. It has & female joint at both upper and
lower emds. The bottom section is 'q.uvél.rtZE with a male joint
at its top. It reaches to within 15—2;0 xgillimef.ers of the
crucible. .

The crucible is made of platinum‘lo:w in carbon content,
It is fired in an oxygen atmosphere be:fore it is used. No
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
'shovm' in Figure 48. . - . |

The reaction tube, the dimensions olf which are shown in
Figure l.i, is of quartz. {These tubes can now be pro-
cured from Hanovia Juartz). The vessel is cmnected to
t,he: pyrex vacuum line by means of merchry segled' gromd
Joints. .

The oxygen supply section of the line is shown in Figure
49, - It. consists of a bulb (10, Figure ).9) * ‘contain-
in.g mercuric oxide which may be heated to a temperature of
‘500 » @ condenser for taking out mercury vapor, a Toepler
pump {Eck and Krébs, cat. no. 4100) having check valves (5
and 8, Figure 49- to prevent the gaa from backing up, &

3 liter storage bulb (4, Figu're af)) - for oxygen, and a
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Figure L8

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

whiile 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

rnorizontal 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 mercury when the gas i3 measured out. The measur-

ing buret is designed to hanale up to 15 cubic centimeters

of oxygen. s 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

caplllary 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 puiling the mercury below the bottom of the lower outlet,
At the inlet to the Prescott analysis system is piaced

a -quartz combustion tube, joined by graded seals to the

pyrex system, ihis tule contains about 6 grams of copper

weilal encasea in platinws foll, Juring oneration, the copper

‘a resied Lo 7000 C, av wh.cl tercperature .. takes out

ceereen bul oallowd tne g=ses with which we are concerned to
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Pigure 49

Oxygen Supply for High Vacuum 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 Pemove carbon dioxide,

The gas analysis sysggm may be isolated fram the high
vacuum system by means of & cutoff which contains 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 Bakers C.P. mercuric
oxide, Since the first portions of gas collected from this
material often contaln traces of 002, 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 andlyeis pipet is amalyzed for carbonacecus gases.
Ordinarily the oxygen will contain less than a total of 0.1
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, & slow
stream of carbon dioxide free air is allowed to escape’
from the openings.

Uranium samples are pickled with 1l:1 nitric acid, rinsed~
with water, and dried. Plutoniwa s‘amples are washed irf ace-
tone and dried, ‘

When the samples are loaded and crucible and reactio
vessel are in place, the system is evacuated and the diffusion
puaips are turned on, After the diffusion pumps have been
in operation about ten minutes, the entire high vacuum line
with the exception of the loading manifold, reaction vessel,
and diffusion punps, is flamed while the crucible Is heated
at 1250° C., After the crucible has been heated at this
temperature for several hours the system is chesledio 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
cutof f, lowering the cut off between the high va cuun and gas
analysis systems, an: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 m 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 'o;qgen 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 period collection of gas is begun by lowering

the cutoff leading to the collection pump and proceeding as
outlined in the last paragraph. If the volume of gas is small,
that is, less than about 3 nm3, the gas is analyzed. If

the carbon dioxide content proves to be too great, (i.e. in
excess of one mm3), 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'ess of oxygen in addition to the amount theoretically
required to burn uranium and plutonium metal to oxide is
used to obtain complete combustion.

A sample of uranium metal is ordinarily observed to burn
in about thirty seconds after the heating 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 1roe® ¢,

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 violently 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 cc) 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 ard off for several times. In case of very
large samples a time interval of 45 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 composition 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 wlume of carbon
dioxide which would be obtained 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 curbon 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 from the crucible
have been used,

In method 1, blank runs are made 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 of oxyZen for sample and pre and post sample
blanks, All gas volumes (semple and blanks) are analyzed. The
cerbon dioxide volume obtained from the sample is corrected by
sﬁbtracting from the volume of 002 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 ars corrected by
subtracting the average total volume of the pre and post
samples blenk 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 increagses the speed of carbon determination,

By out=gassing the system for one half hour between samples
eight samples may be hardled 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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8.5 RADIOCHEMICAL FRCCEDURE

8.,9~1 RadioAssay of Agqueous Flutonium Solutions

(1) Abstract
A method far estimating the plutonium concentration of

aqueous solutions by means of the alpha activities of aliquots

is descrited,
(2) Procedure
Two approximately 30 A :slliquots of the solution to be
assayed are diluted with 5N HNO3 in volumetric flasks of
such a 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
£ =6,2 sp?
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 concentration in grams per liter.
When the initial aliquots are properly diluted, a 30X aliquot

- of each of Lhe 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 a linear
amplifier. The glasses are counted far two eight minute
intervals each if there are less than 40O 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;nd the dilution factof s when combined with
the specific 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 PURIFIED REAGENTS - Edward Wichers

In the analytical work on uranium and plgtonium it was necessary in many
instances to use reagents of a higher degree of purity, especially with res-~
pect to light elements, than those corcercially avéﬁéble. Some specially
purified subsﬁances were needed for other purposes than as analytical resgents,
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 notn be given, Many of the methods will be recogniged as commonly
used for the s;xbs;tahces in question of similar ones. In several instances -

" methods were improvised to suit the existing requirements. Speed and conveniknce
of operation were major considerations in the choice of methods,

References to the degree of purity achieved, when given, are usually on
the 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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they were determired, In some instances 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 wsll known that careful attention to cleanliness of apparatus and
surroundings is essential in the preparstion of substences of high purity,
The exceptionsl cleanliness mainteired in the ohemical laboratory at los
Alamos, 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 wes realired,

8,101 Water end ¥ipneral Acids

For ths purification of wester »and of hvdrochloric, nitric, and sulfuric
acids ‘the all-quertz still illustrated irn Figure 51 was used, The partial
reflux column was packed with pieces of fire-polished fused quartz tubing,
sbout 5 millimeters in diemeter end 6 = 7 millimeters long, The boiling flesk
(still pot) was heated with a small eieotric stove, The usuel rste of distil-
lation (except for sulfuric ecid) wes 180 - 250 milliliters per hour, For
sulfuric scid the still pot was insulated with a heavy coat of asbestos paste
and tre reflux column wes provided with an electrical heeting mantle, Nitrie
and sulfuric scids were distilled at approximstely the constant~boiling com-
position, In accordance with ususl practice, head end tail fractions were dis-
earded, although this was probably nmot importent with respect to purification
from light elements, Receivers were qusrtz flasks or bottles, In a few in-
stances Vycor fleasks were ussd, Water and acids purified by sinrle distilla-
tion ia these quartz stills were found sufficiently pure to meet all require-
ments,

In the case of hydricdic acid the meir purpose was to separate it from the
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Figurs 51

All Quarte Still for Purification of Water and
Mineral acids,
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hypophospborous acid used as & preservative in the commercial reagmt. The
still, partial reflux head, and condenser were of Pyrex glass, as were also the
bottles used as receivers. Iodine was added to oxidize nearly all the hypophos=
phorous &cid in the batch to be distilled. A stream of carbon dioxide was
passed through the still and receivers while the acid was distilled. When
receivers wére sealed without admitting air, iodine was not liberated even
on 1oﬁg standing in strong daylight.

When the reagent grade of commercial hydrofluoric acid was distilled from
& platinum still provided with a short reflux column packed with platinum
gauze, the distillate was unsatisfactéry with respect to its content of
aluminum., This was true whether a platinum or a ceresin bottle was used as
the receiver., It was conjectured that the pla&inum ware had been buffed with
an aluminum oxide paste, which could not be removed‘frgm the surface by ordin-
ary cleaning technics., A qatisfactory acid naé prep;;éd by absorbing
hydrogen fluoride gas in water contained in a copper beaker, 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
i 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 triebhylbenzyl ammonium bromide with

silver oxide. The organic substances were available in adeguate
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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 approsch 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 ;c,hallous hydroxide contained too much
silica, but a satisfactory solution of it was prepared by
electrolyzing & slightly acid solution of thallous sul-
fate with & 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
Ifrom dust in & 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 TlBr, 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 ;ilver which

»  showed no silicon by spectrographic exaﬁination. The

purified silver was dissolved in nitric acid distilled

APPROES Rt teUsil¢ 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 reﬂdily crystallizable salt such as silver nitrate occurs as
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
eliminsted by dialysis of the sclution, but without such a treatgent it might
well persist through a series of recrystallizations. In this instance, at least,
dialyeis through cellophane yielded a soluticn of silver nitrate which con-
tained about one-tenth as much silica as the starting material and was satis-
factory for preparing "silicon-free' gilver oxide,

The sodium hydroxide solution used to precipitate the silver oxlide was
prepared by electrolyzing a solution of sodium chloride with a 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 also 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 R3R)NOH.

(2) Guallic 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 bj a single recrystallization from & rather concentrated aqueous
soluticn, followed by a molecular distillatiicn. A single recrystallization
from a 6 per cent agueous solution, which had beer shaken with a small amount

of a decelérizing carbon (Norite) and filtered to remove most of the colloidal
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and insoluble matter which the crude starting material containea, yielded a
‘better product,.. Two additional recrystallizations failed te show significant
further improvement. It was suspected that the troublesome impurities might
be present as fine suspended matter not completely removed by the filtration, .
Dialysis tlriro'ugh‘cell»oﬁhane ;vas unsatisfactory, apparently because the
cellophane coniribut.ed calciuvn and mdgnesium to the solution. Thereupron three
successive crystallizations from wate;', each preceded by a double filtration
through a fine fritted glass filtgr, ,yielgied a producp distinctly purer than
the first crof> and adequately low in light elements to meet the requirenents.
(3) Cupferron

The commercial reagent contsined too much calcium, magnesium, scdium and

aluminum to be satisfactory for certain light element analyses. An aqueous

g

solution of the compound was treated, in a separatory funnel, with enough
hydrochloric acid to precipitate the acid farm of the organic compound. The
acic form is almost insoluble in water, but very soluble in ether. The sus-
peﬁsion was extracted witﬁ ether and the agueous solution discarded. After
washing the ether soluticn two or three times with & little water itwas
poured into a platinum dish (cooled with ice), containing enough dilute
ammenium hydroxide to regenerate thre a;rmoniun salt. 'Ihe. ether was evaporated
ard the soluticn concentrated until a stiff mush of crystals formed on cooling.
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
to'redissolve the crystals and poured into about 2 volumes of redistilled
acetone. A homogeneous solutiun was obtained, from which the cupferron

was almost, completely precipitated by adding about 6 more volumes of acetone,

The crystals were drained Lty suction on a fritted glaas funnel and washed with

acetone. The product was rearly 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 alcohol used for boron determination was distilled over sodium
hydroxide in an allequarts still with a partial reflux column packed with
orughed quartze. The charge was 850 milliliters of alcohol (in a 1l-liter
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 fraction (50 =75 milliliters) wore'discarded. The digtillate
contained not more than 0,000 pert per millior. of boron., The factor of
improvement over the starting materisl was about 10,

(s5) Nitrobenzene

This material was not used as a reagent but as an electro-optical shutter
for polarized light (Kerr cell), The criterion of purity was an exceptionally
low electriocal conductivity (about 1012 mho)., Water was thought to be the
most important impurity. The commercial product was distilled at a prescure of °
about 3 millimeters of Hg through a vacuum=jacketed fractionating column after
stending over calcium 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
conductivitys. To test the effect of water on the conduotivity some of
the starting material was shaken with water periodically for 2 houré. This
inoressed the conductivity by only <0 per cent.

The results of this work were inconclusive except to indicste that the
normal impurities in altrouwngene have litile offect on its conductivity,
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 evideul, however, that tc nessurs conductivities
of the order of 10*11 to 10 12 reciprocu’ ckms the conditicns of measures
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ment must be closely specified,
+6) Acetone ana Butyl Alcohol
These solvents were purified by distillaticn through a rather efficient
fractivnating 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 coasercially 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 collectipng surface, '
(8) Oxalic Acid
This substance also was used as a reagent in 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 oxalic acid is
of a rather high orcer of purity. It was found that any desired degree of
purificati.n could be accomplished by repeated crystallizations from a hot
aqueous solution. For use in the rcutine purifipaticn of uranium recovered

from residues, by prec{pitation of uranyl oxaléte, the commerciel reagent

L g
was dissolved in hot water, the solution filtered, and then cooled rapidly to
get a mass of rather small crystals. The crystals were drained by suclion

and ajir-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

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE
on

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
the soluticn reache@ the temperature at which it was saturated. For volumes
of 2 liters it took 6 days for the temperzture of the solutizn to fall from 84°
¢ to 30° C (3 days to 35°). The acld crystallized in large, nearly transparent
masses, General considerations relating to the separation of crystals from
8 solutiun suggested that a slow crystallization of this kind wculd result in
a8 higher degree of pwificaticn than the procedure of rapid cooling so
commenly 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 cther
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 Buchner funnel. G3amples 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, The
letters ¥nd" signify "not detected®,

First Hecrystallizstion Third Recrystallization

Impurity Original Material Fast Slow Fast Slow
Be nd(<,001) nd - nd nd nd
Na o3 ) .07 .02 .0l5 . 0006
Mg o3 3 .003 012 0006
Al el ol nd (<.,07) .06 nd (<,015)
Ca 10 3 01 .03 < .0003
Sn 2 .3 <,1 .06 nd (<,03)
Pb o7 o7 <.l 06 .03
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It is realized that the condiéions described are far f rom ideal for growing
large and pure crystals, especially since the ratF of growth wes highest at
the time when the total solid surface wes smallestl 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 from & hot aqueous

solution, by the prbcedure used for oxalic acid, It was used in connection

with other preparations rather than as an analytical reagent.’

8.10-3 Inorganic Solids '

(1) Calecium 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 - 4 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 a2 sclution from which calcium sulfate was reprecipitated -
or it was treated directly with sulfuric acid, Thereafter the wrole cycle
was repeated several Limes. Finally the carbonate was jgnited to oxide,

A variation was to convert the carbonate to oxalate by dipgesti n with
a solution of -oxalic acid. The oxalate was washed and treated with sulfuriec
acid to form the sulfate as the first step cf the next cycle. The cycle of
three conversions (sulfate~cerbonate-oxalate)} was repeated several times,

anlthough spectrographic analysis never showed that magriesium 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 thk successive cycles clearly showed progressive purification,
It is believed that either of the two cycles should be very effective in
gseparating calcium from most impurities other than barium and strontium,
(2) Magnesium Oxide

A hot eolupicn of magnesium sulfate was mixed with one of ammonium
sulfate in egui-molecular propcrtiohs. Cn cooling, the double sali
MgS0, »(MH,),80, *6H,0 crystallized, This salt has a favorable solubility
curve and good cfystallizing 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 solution of the double sulfate was treated with a solution of ammonium
oxalte to yiéld magnesium oxai;té. 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 to the stoichiometric proporticn.
However its use in conjunction with the crystzllization of the d&uble
sulfate wes believed to aid pwrification. sore importznt, it cculd
be readily ignited to the oxide, which was the desired end product.

4 comparison between slow and fast crystallization of the double sulfate,'
similar to thet made for oxalic acid, showed that slow crystallization
was advantageous in this instance also,

(3) Beryllium Oxide

Work on this preparation was not copipleted. 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 compounds with acetylacetor®
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i£ is believed that a high degree of purificaticn 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- h
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 solution of sodium chloride or
socium hydroxide with & mercury cathode, draining off the amalgam through
a stopcock in the bottom of the electrolytic cell, and allowing the agmallam
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 stremngth. The boron content of the 3 N solution was leas than ,001
part per @illion: 7

. (5) Galliam 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 ether, a property shared by very few cther elements. 4 soluti.n 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 seversl times with 10 - 15 milliliter portions
of 6 N hydrochloric acid. Spectrograghic examinatioﬁ of a portion of the
ether solutioﬁ converted to G8.203 showed it to be of high purity except
with respect‘jbo irbn. The remainder of the material was evaporated over
water, and re-extracted under the conditions described above after shaking

the acid solution with a little amercury to reduc¢s the iron to the divalent
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state. Divalent iron is not extracted by ether, The extracted gallium
chloride solution was now satisfactory w%th 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
jgnited 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 amounts were necded. Reagent
grade sulfur was sealed in a glass tube with several times its volume of
water, The tube was heated 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
pare sodium chloride.. The well-known procedure of precipitation from a
filtered a&qiecus 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 small quantity of sodium chloride, of high purity with respect to
light elsments, 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) IJTodic acid

"Ihévéomercially available reagent was recrystallized three tines from
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a hot aqueous solution moderately acidified with nitric acid.
~(9) Thorium Oxide

0f several methods tried, precipitation of the oxalate proved best
with respect to convenience as weli as to separation from a variety of
impuritiss, especially light ele@ents. For repeated precipitation the
oxalate wés dissolved in hot concentrated hyurochloric acid., Cn diluting
this solution and 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 céurse, 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 5e gained by
alternating precipitation of cerous oxalate with that of cerous hydroxide,
The oxalate can be dissolved (with decamposition) in hot concentrated nitric
acld 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,
Mis 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 yiselded the djioxide,
) N (ll) Anhydrous Rare Earth Chlorides

Several kilograms of anhydrous cerous chloride and a small amount of
.anhydrous lanthanum chloride were prepared by treating purified oxalates
of the two elenants.;ith hyﬂrogen chloride. The hydrated oxalate (previous~
ly air-dried at room temperature) was placed in quartz boats in a 70 milli-

meter quartz tube heated by a tubular furnace, Hydrogen chloride was passed
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through a tube at a temperature not cver 80 -~ 90° C. untll no more gas was
absorbed, The temperature was then raised rather rapidly to 270° C, and
the current of hydrogen chloride continued until the evolution of water
ceased, Thereafter the temperature was raised gradually to 450 - 500° C.
During this period there was usually a small additional evolution of water.
The temperature was finally raised to about 750o 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 (1884, proved more convenient and
fool~proof than dehydration of the hydrated chloride, which has been more
commonly used. It.is important to saturate the oxalate with hydrogen chlloride
before letting the temperature rise above about 90°. Conversion of an oven-
‘dried oxalate was not succcssful,

(12} Uranium Oxide

U308 for use as a spectrographic sf,andard was prepared by the igr ition,
with a final temperaiure of 1000° C, or uranyl oxalate, This salt was
precipitated from a solution about 2 molar with respect to uranyl nitrate
and aboub normal with respect to nitric acid. A hot 3olution 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 boiling water bath for 30 minutes to one hour, After cooling, the
salt was drained by suction on a Puchner funnel and washed with several
small portions of water, The factor of purification was very good with

respect L& the 1izht elements, including boron, and also with respect to
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many of the heavy me}als. Cne or two reprecipitations were usually made,

For this purpose the salt was ignited and the oxide dissolved in nitric

acid,.
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CONTROL R 0AG HA
W, H, Hinch, E, W, Molloy, J. ¥, Tribhy
UCTIL

The problems involved in the control of radicactive hazards are many and
varieds. 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 (B.Ir Group) to
minimize these hazards,

No effort has been made to give more than minimal physiologieal aepects
of radiomctive oxpoaure, as the H, I, Group haa not besn directly conneoted
with this phase of the health prpgram,

942  PERSONNEL MOKITCGRING

w] M gonnel Ex

(1)concerned with in this chapter are

The principal bazardous materials
plutonimm (Pu), polonium (Po), uranium (tuballoy) = particularly U=235 (25),
and to lesser extent mercury and other heavy metals that cause kidney damage 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 detscting electronic inmstruments have been developed, .Tuballby -
and 25 are classified along with morcury as' chemically toxic substances ss
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) o
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 hagzards require® a camplete knowledge
of each individual exposure-iistory, means of detecting theée hazards, (alpha,
beta, ant gauma radiation deteeting instruments), developmenﬁ'cf health-safety
rules for hanaling thes=e substances, and carefully planned operating procedures
developed especially to guard against radicaclive hazards, |

The individual exposure history is obtained by:

(1) Interviewirg all new division personnel, or personnel changing
from one Jjob to another withﬁn the division,

(2) Monthly hazard data sheels.

(3) - Joint health-safety surveys of all latoratories.

(4) Individual health-safety reports for each laboratory.

(5) Urinalysis reports.

(6) Contaminated operation records.

(7) Contaminated accident records.

(8) 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 uedical 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 survey (3) of the entire area is made monthly by the H.I. and
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 edical Group offices monthly, listing the following

data:
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(1) Cperatio.s carried out in the laboratcry.

(2) Number of persons occupying the laboratory carrying out a
particular operation.

(3) Total amount of active material handled during the month,

(4) Persons continually in ﬂ1e laboratory not hgndling active
material,

(5) Persons occasionally in the laboratory not necessarily handling
active material,
Th-se reports are mde ocut 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. Essentially,
the urinalysis meuuusreferred~to in this Chapcer ard used on this project
can be classified in two sections: (a)' direct radiocassay 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 chemicsl heavy metal action (tuballoy, 25, mercury, etc.), All per-
sons of tnown tuballoy and mercury exposure and wsho 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
not at all through the intact skin. Both metals are relatively mild radio- _
active substances, emitting (along with their daughter pfoducts) alpﬁa, 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 dose of 0,5
r/beta/day, 25 metal is not fo well tolérated.
¢

For the albuminalysis test, urine specimen bottles are left in washrooms
of D building, Sigma building, ¢ shop, the contaminated laundry, and building
1 D.P. West Site each Thursday morning. All persoanel working with'tuballoy,
25, and mercury are asked to leave a gample. lhe bottles arc delivered to
the Medical Group by an H.I. representative and. tested for albumin, using the
Robert's reagent. By this test slight kidney impairment 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 Lo that element, usuaily once per week., This element
is highly toxic because of its intense radiocactivity (alpha emitting). It
is dangerous only if it enters the body, as the particles do not injure the
body externally (skin) in the concentrations encountered. Its short halle
period (140 days) and inert decay product (lead), and the fact that polonium

(2)

is not particularly concentrated in any one body organ tends to moderate

(2)
‘here 1s evidence that Fo may be found in higher cacentraticn in the heart,
lungs, and kidneys than in other body organs, but not to the same extent that
Pu 1is concentrated or deposited in the bones,

its toxicity as compared with plutonium. Therefore, the problem of personnel
protection from this element is the prevention of the substance from enter-
ing the body.

The actual urine aassay procedure is fairly simple. A specimen bottle

is obtained by the exposed individual from the Ledical Group sach Saturday

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

evening when leaving the Technical Area or DP East Area. Monday morning the
bottle containing the urine is returned to the medical laboratory 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 thing Monday morning
before he has dressed, » paper label is placed on the bottle, bearirg 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. TIhe copper plates are counted in & Simpson proportional
counter and the results are giwen as c¢/m per 24 hour sample. \

(L) Plutoninm determinaticn and health pass: Plutonium (Pu)

urine assays are given to all personnsl exposed to this element to amy 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 bends to be. concentrated and deposited
(3) (4)

in certain bones 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 into the body. A1l the procedures outiined in this
chapter are set up to prevent these two elements and their compounds fram
entering the body, or Lo 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 probability of contaminating a urine specimen from Pu

(3) Principsally the endosteiun of the long shaft bones proximal to the blood
forming (hemopoietic) tissue,

(4) he amount of plutonium excreted in the urine per 24 hours is approximate-
ly 1 part per 10,000 of Pu cmtained 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 2 lifetime without any visible harmful effects,

Actually, the true tolerance ray be several tines 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 {ree of contamination as possible,

This precaution has necessitated the health pass procedure, which enables

the person who is to be tested to stay away from all contaminated areas tor

at least 48 hLours before voiding the urine specimen thiereby minimizing

the possibility of transferring extraneous contamination from his body 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 Jdoses or not. This imuediate test is largely qualitative.

A period of ten to fourteen days must elapse before the plutonium urine
excretion rate approacthes 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. Hils
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 hospitel mess,
Before voiding a sample, he must wash his hands thoroughly ana put on & pair

of cottcn gloves., Effort should be made not to drink too much fluid just
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before the test, so as not to produce & 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 complicated.
Army Travel Orders are necessary for & 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 whickh all‘aoldiers must follow is:

{(a) Request far 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
hoapital 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 soldiert!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 amouni of Pu contained in the nrine the entire 24 hour
specimen is evaporated to dryness and the residue is wet-ashedusing ECl, HN03’
and Hzoz‘ This resiaue is dissolved in KCl, precipitated as the hydroxide,
redissolved in hC]l and extracted b chlorotorm and cupferron. A lanthanum
fluoride precipitation carrying the Pu is carried out and the precipitate is
radio-assayed for Pu. & Simpson proportional counter is used for this assay
and the counts are recorded as ¢/m/24 hour sample of urine.

9,2=3 Nose Counts

(1) Introductizn: i.cse counis are taken daily by all personnel
exposed to either plutonium or polonium to any degree. This healih jprocedure
is dosigned to detect minute amounts cf radioactive meverial 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 mosgt ¢f the individual's
exposure during the day., It has been shown that both elements are present on
dust particles in the air. 3ome cf this dust breathed in through the nose is
filtered(é) out éf the nostrils, nart «f the dust sticks to the wmucus membrane
of the upper respiratory tract but the rest of the dust reaches the bronchii
and lungs. KkKuch of the dust accumulated in the nostrils is blown cut along
with the nasal secreticns by the inuiviaual, ana most of the osust accumulated
in the upper respiratory tract is brought into the throst 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, tne deeper the
particle penetrates in the respiratory tract,
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which reaches the lungs is absorbed feairly rapidly and distributed by the
circulatory system throughout the entire body.

. .

Experimental evidence has shown & good correlation betwsen urine assays
for plutonium and polonium and the individual's nose count history, thus,
malking the nose tount a very impé;tant monitoring procedure. Both nostrils
.should stiow practically the sdme count if the contamination contained in
them 1s actually due to a fi]teriné 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 &ir is not monitored by nose counts as

it is too feebly radiocaclive to be detected by ordinary procedures. However,
ordinary precaulicns, such as are laid down in the Health Safety Rules£7)
will normally prevent dangercous air contamination exposure from these twc sub-
stanges. kercury contaminated air is monitored by ordinary steandard analytical
procedureé. Further discussicon ¢f air contamination due.to radiocactive
substances will be taken up in the secticn of this chapter éntitled YAir
Monitoring and Air Samples".

(2)‘ Routire rose counts: The actual procedure fogttakir@ nose
counts is relatively éimple. Each person who is exposed to Pu or Fo and who
works in the Chemistry ard ¥etallurgy Division has an individual nose count
box in which filter paper swabs from each nostril are placed. Pormerly, when
only a small number of counts were taken, the boxes and malerials, insiruments,
etc., were carried around D building by hand. However, as the number of build—

ings and persornnel handiing these two elements incressed, 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.b’. East. Materiels cerried on each cart are: ncse count boxes (one, for each
individuel ), one z8t of forceps for rolling the filter paper, one set of
forceps for removiug the filier paper from the applicator, bottles of distilled
water, absolute etharnol, sodium citrate soluti-n (5 per cent)}, and tie filter
paper swebs, The swabs consist of a strip of filter paper 3" by a" glued to
the end ¢f a small wcod applicator and wound tightly about thiis end.

One swab is used for each nostril. Before inserting tre swab in
the nostril it is moistened with distilled water. After swabbing the nostril
thoroughly, the filter paper is unwound frdm the applicator and placed in
the individual's box.-

The filler paper must be alloved to dry (usually 24 hours) before it is
counted. However, in emergencies it may be counted wet, assuming one-
half of the counts on the paper to be obscured by moisture. A new technique
developed to dry the filter paper immediately censists of heating the wet
paper under a bank of infra-red lamps (paper musl 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 nostril 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 ag c¢/m for each
nostril,

Same 250 nose counts are given daily‘at this site, A daily record of
all counte are placed on bulletin boards so that ndividual results are

available fcr inspection by laboratory members. Copies of this daily record
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are kept on file in both the F,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 plutonium,

(3) Special nose counts: A second type of nose count is given
aside from the routirne daily counts j;st 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 outside service workers after 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. akd 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 accldent, |

Y.2=l Hand Counts

(1) Introduction: HKand 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 elsectronic instru-
ments. Fu 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 counteras ‘glaced at convenient
places around & contaminated area or in "hot" laboratories. It is the duty

of all persons who are exposed, in these areas, to check their hands of ten

for alpha contamination, The second type of hand coﬁnt procedure enables the
H. I. Group té obtain deily recorda 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 section 9.4,
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Contamination on hands is dangercus becausc of the possibility of
transferring the active materiasl to tﬁe mouth and nose and thereby
Lo the G. I; and respirétory tracts. |

In cases of hand or linger cults, a highly contaminated nand would be most
dangerous because of the danger of absorption of the material directly into
the bloodstream. It is not impoasibie that active material might be trans-
ferred to a non-contanminated area by same 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. Bispensary.
(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 opersdte these counters and record the counts. Records of all
(9)
See section 9.6,
(10)

See section Y.

counts are kept on.file in the H.I. and Medical Group offices, BRefore testing
their hands it is required that all persons wash their hands at least once.
If hards are found over tolerance 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)
is described:

(a) Wash the hands first with liquid sulpho-soap ar® plenty of
hot water, '

(b) Rewash hands in above tartrate mixture, Use one small hand-
ful of mixture in a bowl of hot water,

{(c) 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 contamination,

For Po contaminated hands, 8 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 exceass hypochlorite with soap
and water,

9.2«5 Contaminated Operatioms

To protect all persons not in CMR Division and not directly
protected by the health and safety progfam set up for this division's perscnnel,
and who work oﬁ coﬁtaminated objects, ér in or around contaminated areas,
the following procedures have been developed, The above personnel 0cnsis£i
of Post service help (plumbers, electricians, carpenters,tinners, painteré,
etc.) Post firemén, and in some cases army fire and security guards and
X.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 projecﬂ. (This training consists of the recognition of the safety problems
connected with radiocactive 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 must be taken to sece that these
individuals are adeguately protected.

The 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 Jervice Cffice to have all
service workers report to the H.I. Cffice for instructions before beginning
work in ﬂhe 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 contaminatioﬁ.

;nxe protective equipmenp uagally’consists of covegalls, rubber gloves,
respirator, shoecovers, apd surgeonts caps. If t;e operation is excessively
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) ' o
See second paragraph under Section 8,2«7, .
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finishing the job, the worker'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 befare leaving.
In addition to tlils, an individual record is kept of all such operations,
The {following information is contained in the record:
(1) Nature of the job.
(2) Tyoe 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 Medical Group Cffices, and

are used by thede offices to compile the individual's exposure history.

9.2—6 Contaminated accidents

(1) General: & contaminatea accident may be defined as eny situation
involving excessive or uncontrolled spreading of contamination, unnecessary
and excessive gontamination of hands, tody, clothes, etc,, injury or cutting
of any part of the body while working in contaminated areas or with contémin-
ated objects, o entrance of radioactive material into the body. rontaminated
accldents may be minimized by obeying the Kealth Safety Rules and by following
the proper chemical and analyticai procedures set ur for personnel protection,

The most common contaminated accidents normally encowumtered are:
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(d)'Spiliage of rediocective compounds, solutions, ete,, during
eperations,
(t) Cuts, bruises, er lacerations on some part of the body while
working with contamineted items or in contamninated sress,
(c) Uncontrolled esocaps of stered solutions containing active
materisls,
(d) Accidental misplacement of conteminated objects,
() Pires in contamirated aress, |
(f) Explosions (ether extractions ef 49, 25, ete,).
(0 Accidental ingestion of rsdicsctive materials,
Spillage {a) is by far the most comron of the contaminated accidents, The
fect thet these radioactive materiels may spresd over an entire building makes
it imperative thst they be brought under control at onos, For instence, if a
"hot"™ solution is spilled, the spot fermed will at first be wet and lecalized,
However, as the spot dries, the radioactive gsalts attach themselves to duat
perticles which are always preseént mand are cerried about by air currents,
or the material sticks on the shoes ef psople moving about and thus is trens-
ferred throughout en entire building, in which case it is difficult er impess-
ible te ocontrel, A few spillages, which are not immediately cleasned up by
proper means, ceuld easily render en entire building hazardous or even unin-
hebiteble, Polonium exhibits this spreeding property te a strikimg depgree,
It appears to "coreep" over surfeces and penetrate into ths most ineccessible
spots with amazing rapidity, In sddition, it readily sttaches itself to

dust psrticles thet float in the air, The M and D seotions(lz)of'the H, I,group

(et

See Section $,3~-1

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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v, (&, (@, 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 becauses of the volatilization of large amounts of radioactive
meterials, Thus a fire could possibly vaporize encugh Pu or Po to render

(1
vast areas highly dangerous or uninhabitable for some period of time,

(14)

See Seoction 9,6 for air tolerance values,

A procedure hass besen developed for the Post firemen to follow in
case of 2 fire in any of the contaminated areas, A summary of éhis procoduro
follows:

" (&) 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 ismstruct them about the fire, Emergenoy pro-
tective oclothing will be stored at the M,P, gzate and will
be available for the firemen at a1l times, Masks, coverslls
and rubber gloves are absolutely necessary before entering the
burning ares,

(b} Fire at the Technical Area: Emsrgeucy protective equipment
will be stored in the red emergency shack just ovoposite to
D building entrance and will be available for firemen at all
times,

(&) If any tajury occurs while fighting the fire the individual
should contact firaﬁ-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, which will e picked up by the H.I.
Croup and cleaned. He also must report as soon as possible
to any one of the 1.1, dispensaries where he will be given
& special ncse count. (It is probable that an K.I. repre-
sentative will bte available at the fire to give the nose
counts during and immediateiy after the fire.) 1t should
be remembered by all nersons taking a nose¢ count to refrain
from 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 baih,

(e) All firemen exposed Lo any contaminated. fire are to be
reported to the H.,I., Group by uhe Fire Chief.

9,2~7 Dispensing of Protective Equipment

e

(1) Types of protective equipment: Protective equipment is designed
to protect personnel against radioactive hazards by preventing active material
from conta@inating the boay or perecnal clothing, or by pre?enbing possible
entrance of these substances into the body by way of skin lacerations or by the
G.1. or respiratory tracts. C(Clothing such as coveralls, shoe covers, smocks,
gloves, safety shoes ana other equipment such as respirators, gas masks, smoke
masks, positive pressure air hoods, oxygen masks, face shielas, and nasal
filters, are the principal types of protective equipment, and they are issued
through the .1, dispensaries maintained in D blilding and in buildings 1 and
51 at D.P, 3ite,

3hee covers, coveralls, laboratory smocks, rubber gloves and dust
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L

respirators are issued daily to all personnel working in contaminated Tech
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 seversl cubic feet of air per minute at 10 to

20 pounds gayge 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.protecbive |
equipment at this site, 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 contaminateé equipment when brought into the laundry is divided into
two separite 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 gus masks, and rubber gloves. The
clothing is washed in tumbler-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 éassed'on to the sewing and
mangling crew. This crew repairs any tears, etc., irons and folds the
clothing, anagsends it to the shipping or storage room. Ihe accessory
equipment uemands slightly different washing ana cleaning technique from that

used for the protective clothing. Usually, the respirators and masks npust

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

20

be washed by hand, To date no satisfactory cleaning colut;mus, and procedures

{15
See Seotion 9,3-6

have been foux;d which are effective in cleaning rubber gloves, Actually, it hes
been found cheaper to replace contaminated gloves with new ones rather than te
expsnd the tfm and labor necessary to decontaminate them, (About 20 per cent

of the totel number are sucessfully clesned by washing in a § per cent citrie

acid solution), Between 60,070 and 70,000 items are processed by the éontanin-
ated laundx;y monthly, |

Although the sbeve procedures sre set up to wash alpha oontaminﬂ;e:) clothing,
Q1

there is an occasional batch of beta eand gamma eontaninsted clothing, These

(16)

The principal source of beta and gamma contamination is radie-=lanthanum
(RaLa) , which is used in experimental werk at the Technical Areas snd at
Bayo Canyon,

are separated from the alpha clothing and washed in a tumbler-type washer, using
hot 5 per cent citric acid solution, This has proved to be a very eff;'xoiént pro-
cedure in weshing and decontaminating the clothiﬁg impngnated with beta snd gamme
emitting radiochemicals, 7

All lsundry persounel sre given daily nose counts, weakly urine albuminalysis,
routine urine redioesssys for Pu and Po, and occasional blood counts, No person
from the laundry hes as yet gone beyond the tolerance set up on any of these tests
(except sn ocoasional high nose count) , nlthough the protective equipment handled
is contaminated with eny or all of the harardous chemicals, both radioactive and
non~radioactive, used on this projeot,

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 monitering of

2ll rooms, buildings, and areas associeted with the CMR Division processing

or storing radiosctive materials (mainly the alpha emitting radicelements),

In addition to the monitoring duties there are many other important secondary
functions such as the decontamination of "hot" items, decontaminating and
clsaning after contaminated acoidents, dispens 1ng of protective equipmsnt,

air counting, and taking hand and nose counts, Three sectinns are now in
operaticn: the Technicel Area, D.P, Site E;st (Po duilding) , and D,P,

Site West section, Thea Tech Area ofgmiution is typical of‘ the three sections,
This force consists of a gection leader: three women to keep records, issue
protective scuipment and do routine monitoring, ® five man orew for room
survey work and sccident oontrol; two men to handle routine decontaminetion and
' spsolial monitoring probloma; two Qomon who wash contaminated g'lasmro; and
two counting roon 7operaton to co{mt nose swabs, ci; filter samples, and

ether gpecial samples,

8,5~2 Room Surv;ys

() Introduction: Room and laboratory surveys sre made each
working perlod, These surveys constitute one of the most important procedures
in contamination control, All rooms in which radiomctive materials are
processed, stored, or handled in any way ere checked with electronic instru-
ments desizned for the detection of alphe, beta, end gamma radiations,

The alpha detecting instruments used for these surveys are the mobile
slphe survey meter, "Poppy", the portsble alpha survey meter "Fee Wee",
the Plute, and the Zeuto (for a detailed discussion of these instruments

see seotion 9,4), These surveys are not intended to be an exsct quantitetive
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radioassay, but are only a general survey of the degree of contamination that
exists in the room wiith a reasonable degree of accuracy. By using direct
reading instruments a quick thorough scanning of a laboratory is possible
without hindering the normal operations that are going on in the room.
Juring the early days (1943 and 1945) of the project.., oniy a few roums
in one or two buildings in the.‘rechnical Aarea actually handled active materials,
and t,heri only in very small amounts. The monitoring crew at that time
ccensisted 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 & 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". If
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 'éllpha 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 rade by wheeling
the instrument into a room and scanning ar "“snooping” the working surfaces

of that room. This was a more accurate and efficient method of surveying a
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contaminated rcom, but the "Super-Snoop" wes deficient in many ways. It

was very heavy and bulky and was not mobile enough to be moved from building
tc bullding. “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 buildings, roomy, and persconnel handling the active
radiochemicals was increasing rapidly and there was an urgent need of an
inoreasing numbser of more mobile alpha-detecting instruments of the "Snoop®
type. The swipe method of roam survey was ineccurate and slcw and the "Super
Snoop" was too bulky. In April, 1945, the monitoring crew (then the monitor-
ing secticn under Group CM~1) was re-organized into an entirely separate
group, the Healﬁh—lnstrument, CM~12 Group, The functions of thLis new group
were to develép and repair health instruments for detecting alpha,'bet,a, and
ganme radiat:ic-ns, and maintain a iaundry for washing contaminated clothing,
as well as to carry on the monltoring and decontaminaticn functicn. By
June, 1945, several alpha survey meters, the "Poppy", "Zegvo", and "Pee
Wee", were brought in to supplement Lhe "Super Snoop'", and the swipe method
was abandoﬁed altogethgr.

Since June the monitoring pergonnel has expanded from one section
(eleven persons) to three sections (forty-one persons) to take care of the -
M and D problems in the Tech 4rea aml the newly built D.P.Site. Room surveys
are now (November, 1945) made daily ;n aixteen sepafate buildings (some 300
rooms), using portable instruments {Poppy, Pee wee, and Zeuto). & "Poppy"
used in buildings 51 and 52, D.P. Site (Po"building) has a counting .x.'a.nger up

to 300,000 .counts per minute and has eliminated the "infinity" counts, -
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and the confusion and inacouracy thst soccompanies this term, The standard
slpha counters now are used (D2, Buildings 1 and 51 at D,P, Site) exclusively
for counting nose swabs (slremdy 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 Beckman Portsble Survey Meter and the Lendsverk Wollan
electroscops, The actual monitoring of rooms handling beta and gamma emitting
rediochemicals is done ordinarily by the Mediygl Group (A=3), but in emergen-
cies 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 » fow laboratories in ths Tech Area,
The GM end L and W meters are used extensively by the H,I, Group in monitoring end
deconteminating "W" containers, This M and D procedure will be discussed under
& separate section, .

(2) Procedures: Rooms and laboratories in buildings D, D annex,
p2, D3, Sigms, H, V, U, and M buildings in the Technical Ares, and buildings
1, 2, S,P;, 5, 6, 51, 62 et D,P, Site sre monitored daily (Monday through Friday)
by "anooping™ with the mobile slpha counter "Poppy" or the portable elphe survey
meters "Zeuto" and "Pes Wee". Floors, doors, doorknobs, laboratory bsnches and
tebles, hoods, exteriors of dry boxes, and other permanent laboratory installa-
tions ere scanned in thess surveys, Locations which yield "owver tolerance"
oounts sre labeled as "hot spota™ with e teg denoting the actual count,

1
These "hot spots™ should be dooontaminated( »by the laboratory members

)

See Section 9.3-4¢ (1) ' on Laboratory Cleaning

as soon as possible, Upon completion of decontamination, an H,I, monitor
should be cealled to check the cleaned area with a Pee Wee or Zeute, The count

must be below tolerance before the decontamination is considered suscessful,
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In cases where the count remains high,.cven after thorough cleaning, a piecer
of oll impregnated filter paper is swiped 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 impossible; usually such
positiops are covered with paint or stainless steel for the purpose of
covering up any contaminaition that may work out.

In cases in which the laboratory members make no_effort 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.I, monitars, and rcom contamination has been

‘maintained at a satisfactory minimum.

Y.3-3 Preventive Measures in Contamination Control

Cperation procedurea for the safe processing_of radioactiye materials
are developed in view of the particular and special health hazards inherent
in these sﬁbsLQnCes, and all precautions are taken against possible leakage
in opgr#ting equipment. Nevertheless, during the various processing operatiors,
compourds of these elements do get out of Lﬁéir confining apparatus. Because
plutonium and polonium have hign specific activities, extremely minute amounts
give rise to tolerance velues, Thus the smail anomts of material that are
spread about, even under the 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 meterial is
necessary to give a count of 501 épgunbs “i"at 50 pgrcent geometry; 7 x 10-3
micrograms.of plutoniwn will givé-a like counting rate, This indicatles that

plutonium snd polenium compounds or the metal (Pu) should not be handled or

processed in any ordinary type of laboratory. Surfaces of wood, chemrock, lead,

or porcelain are either 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 workiouizand constitute a serious health hazard

to all personnel working in th;; area, | :
Thus the surfacing of any laborghéry involvedu in frocessing Pu or Po

(also to some extent tuballoy aﬁd 25) is of prime importance. A study of

various kinds of iaboratory suréacing éateriais shows that Lhe most suitable

types for handling fadiochemica%gliin descending ordgr of effectiveness, qre'7 

polished stainless steel, polig@gﬁ glass, polished steel and brass, lucite,

and certain plastic enamels, %aod, paint, transite, chemrock, stone, cast

iron, and iinoieum are allvéemifporous'dr'tend to beﬁoae'so with use and are
unsuitable for surfacing laboraté;les handl ing radi-chemicals.

Polished stainless steel is of the best surface for contaminated oper-)
ations as it has & smocth non-porous surface, is easy to clean, is not edsily
corroded by ordinary chemical reagents and doea not ordinarily become rusty,
cracked, or porols after extensive use, A very thln layer of light oil |
.applied to the ste~1 surface has been found to be very effective in holding
contamination and\pmeventing the active substances from comlng into direct
contact with the get;l. By washing off the oil frequently and applying
clean oil the stainless steel surface will remain free of contaminaticn a;

all times.

Qo3 Decontamination Procedures

(1) laboratory cleaning: Laboratory cleaning and decontamination
is a matter oi _good housekeeping. It is the duty of nll personnel to keep
their laboratory as free of conbamlnat1a1 as p0351ble. This is best accomplished
by maintaining a well kept. and cledn room and by cleaniqg any '"hot spots"
immedialely upon learning of their existence. A "hot spot! left uncleaned
will spread and become more and more difficult to decontaminate. The sources
of laboratory contamination are.many and difficult to control. To aid in
decontaminating these "hot spots", several types of cleaning solution have
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been developed, Of these solutibns,‘Lﬁc onég most commonly used arc listed
and explained in the section of this chapter entitled "Cleaning solutions
usea:" '

() Floor dooonthning#f&nx?loor canlamination has been a big
factor in spreading the active natgrial from laboratory to laboratory ard
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 to outside areas as well as to prevent the spreading
of contamination to the hamds and ciothing.

Crdinary floor cleaning procedures were found unsatisfactory in keep-
ing contamination to a desirable minimum, Several types of floor
oils and waxes 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 Lo float 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 ere scrubbed |
every other day with a solution of Tergital or 7oleo. This procedure is
effective for both plutonium and polonium.

(3) Contaminatéd glassware cleaning: The standard laboratory
dichromic acid method of washing glassware is used for decontaminating "hot"
glassware., The standard cleaning proéedurg used in the Technical Area is
described:

(a) 4ll glassware from tﬁe Chenmistry and Metallury laboratories

is checked with a "Pee Wee" before removal from Lhe labora-
tories, *
(b) ALl glassware having counts less than 20C-counts per minute '~

(Pu) is considered non-contaminated and must be washed by the
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laboratory personnel,

(¢) Allglassware' having counts greater than 20U counts per 'minubo.
{(Pu) is considered contaminated and is sent Lo the contaminatved
glassware washing room.

(d) All glassware from the polonium buildings, or glassware in which
polonium compounds are handled is autamatically 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 glaasware jg first washed in soap and water and rinsed o
before soakir;g in the dichromlc acid bath., Operators must
wear rubter glove's and eye shields during all washing

a.nd cléénling op,;sz_-—gjc_iqn‘s_.-_

(g) Glassware should sosk in the acid bath for at least 15 minutes.
The dichromic aeid is prepared ;8 needed by dissolvicg five
Qounds of pot,ass;um qiéﬁromate in ten galldns of concent;rated
sulphuric acid, The ﬁemperature of the chromic acid should |
be below 130° F.

(b) 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 shculd be noted: '

(» The-washing basins and sinks should be surfaced with stainless
steel (except the acid balh) to prevent accumulation of active
material, ;

(k) Personnel washi:ig the contaminated glassware shouid w.ear the
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following protective equipment: eyeshields, coveralls and.
and smocks, shoe covers, head covers or caps, rubber aprons
anderneatl: the smocks, heavy acid resisting rubber gloves,
and respirators,

(4) Cleaning of "W" containers, apparatus, etc,: Plutonium is
breught to this site from Hanford.as a slurry of plutonium nitrate in small
steel containers termed "W" containers. The container assembly is composed of
two parts, an inner stainless steel bomb container and gn outer steel carrier;
Tiris assembly, during shipment or storage is usually kept inside a boron plastic
transfer case., Upon arrival at 3ite Y the boron case is checked imneniately
for alpha, beta, or gamma contamination by the H., I. Group to determine if it i;
safe; from a health standsoint for unloading. If the outside of the boron
case is found to be contaminated it must be cleaned before it is handled or un~
loaded, After being CK'd, the asseﬁbly is stored until ready for rem;v&l 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 bowb cohtainer.is taken oul of the outer steel carrier.
Eoth the steel carrier and Bomﬁ container are cérefully mcnitored 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.

AflLer the Purification Group has emptied the contents, tﬁe 3nner bomb conbaiper
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 assembly is
placed back into the boron transfer case und is then ready to be feturned to
Site "yv,

"The stainless steel container 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 timgﬁ .
before all counts are beslow 50, No container has, as of now, been sncountered
which could not be satisfactorily cleaned,

Other types of laborstory apparatus sre decontaminated by the H,I, Group,
usually in a special laboratory set aside for this purpose, A general pro=-
cadure for decontaminating any ordinary item may be ocutlined:

(18

() Determine the radicelement preducing the contamination

(13)
As Pu snd Po, the principal sources of contamination, are handled in
separste 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 cams, '

(2) Check with a Poppy and detsrmine the extent of contamination,

(3) Scrub the items, using the proper cleaning solutionu.(lm

Pe

s

This is left to the disorstion of the dscontaminator (see section 9,3-
4(6) on cleaning molutions.)

(4 Rinse with distilled water and recheck with Poppy.

(8) If not below t;olergnéo (20) repeat préecedures until below tolsrance,

(20)
See Section 9,6

(8) Cleaning solutions used: The primcipal cleaning solution used
for decontaminating laboratory “"hot apots" nﬁdiahoratory equipnent contamine

ated with any or all of the active sgents is the Standard Cleaning Solution,

This solution is composed of':

Sodium citrete 5 pounds
Igopal (detergent) ._ 1600 cc
Commercial HC1 260 ce

Distilled water to make up to 20 liters of solution,

Other solutions e¢ccesionally used for cleaning equipment or "hot spots"

dus 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 HCl solution
2N ®'1 solution

2N nno3 solution

Solutions occasionally used for clesning polonium cbntaminated "hot spots"”

end eguipment are:

(o
)]

2N HNO3 solution

Sodium hypochlorite solution (2-56 psr cant)

Several laundry solutions for laundering protective clothing have been used

snd each one of verisble efficiency end usefulness, The principal laundry

solutions are:

(o)
(b)
(o)
(@)
()

Zoleo solution (2 per cent)

Igepal solution (2 per cent)

Ivory soap

Igepal (2 per caent) and citric scid (3 per cent) solution

Citric scid solution (6 per cent)

Citric acid solution is extensively used for lsundering all proteotive

equipment with beta end gamma contamination (Rala), Other laundry solutions

such as acetioc acid and oxallic acid; have been investigated but found either

useless or toxic and dangerous to laundry personnoi.

Care must be exercised - in using these clesning solutions on the hands

or any part of the body for most of the abovs solutions ere strongly acid,

The most oractioal cleaning agent to use direstly on the body is a non=alkaline

tyve of somp (for instance sulpho-sosp), In cases of extreme body contamination

due to Pu & sodium tartrate-tartaric acid mixture hes proved to be effective,
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9.3=5 Alr Monitoring and Air Samples

- The hazards connected with air contamination have alreauy been discussed,
Preventive measures in effect to maintain low air counts are principally that
of dust prevention and control, controlled processing operaticns which do not
allow vaporization, ebulllence,diffusicn, etc., of active material into the
‘air, and contamination control procedures; such as ruom 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 tre filter 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 iinute. After several hours, usuélly two to eight
hours, depending on the probable,contandnabion conta ined in the air, the filter

(21)
paper is removed and counted cn the "Long Tom'. Counts are calculated by

(21)

-

See section Y.4~3 (2) (¢).

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/liter of air.

The activity obtained on tﬁ;”fiitér papers 1is in part due to the natural
radioactivity found in the air, Thus the initial counting rate of the filter
paper may be many times that due tdibélonium or plutonium. Fortunately, however,
the natural activity is relatively short lived and & 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 all contaminated areas and air samples
. are taken daily. A record of all air counts is kept in the K, I. Group 0ffice,

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 liiferf 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 from standard laboratory equ pment with a special clamp to hold
the filter paper and is attached to the laboratory vacuum line. It has the
disadvantage of not being able to draw a sufficient quantity of air in a
reasonable period to provide an accurate cointing rate. 4 small mercury mano-
meter is used to measure the air flow. The "Filter King" is a device aesigned
to filter air up to fifty liters per minute. It has been used extensively to
test air from contaminated air lines in ilfe 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 plutenium
or polonium diffusing 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 per-mgability determined as a functio. of time. The

results were not coclusive, but there vger-e 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 Ala&os Creek from points extendiﬁg from the Technical Area
to the Rio Grande River, ana from Pueblo Creek, north of the Site, 3Jeveral
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 from the Technical Area
and D. P. Site,

Results obtained by analysis of these water samples indicated that the
contamination was low and that both elements were rapidly deposited from the

water by natural filtration.

(3) Studies on laundry-sélutiohs: 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 acigd,
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-sging worn once because no method of washing

has been developed which makes it eccnqmically possible to decontaminate them,

Yol HEALTH INSTRUMENTS

9.4~1 Introduction

All fhe Lea)lth instruments have been especizlly developed for the Manhattan
Project. The electroscopes ana coundenser air chaLper methoda of radiaticn
detection have been replaced with direct reading electronic instruments to
permit rapid surveys and gake possible cémpleté su£;eys over extensive
areas or installaticns. Up to the time of this project, the branch of electronics
dealing with very-sm2ll currents and pulges had not been extensively investi;v

gated; since then, extensive study has been made in ithis field and as a result
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new types of tubes and other c‘iréuit, comﬁonenhs necessary to build satisfactory
instruments have been developed. This progress has resulted in & number of
very satisfactory instruments.

In order to use these irsvruments 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 workers in the CMR Division: in general,
the procedures used for monitoring beta contamination also apply to gamma radiations;
thus there are only two genersal monitoring procedures. Alphs particles hLave very |
short ranges even in air, so thap their detection requi?es Lhe inatruments be placed
within a fraction of an inch of thé conﬂaminated surface, For thie reason it *
is often difficult to monitor irrégular surfaces., Since the particles may be
emitted in any one of the 4 pi direcbioﬁ;, the instruments must be held close
to the surface to detect particles which ar; emitted at low angles and hence
rise only & 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
material to secure good gqualitative measures of contamination.

While beta and gamma radiations are easier to Qetecfibecause of their
longer ranges, it is more difficult to oblain exact quantitative measurements
of "hot spots" because radiati.ne fram nearby areas will affect the intensity
of the spot being measured, The "hot spot” is best determined by carrying
a direct reading instrurent and alwayg_moying_in a direction so that the intensity
increases. The "hot spot" is thus located where the maximum intensity is found.

9,4-2 Functicn of the Instrument Section

) 8
The instrument section asscciated with the Health Instrument Group has

the specific duties of keeping all instruments used by the Group in order
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and adapting general instruments to special problems., Maintaining the health
instruments consists of mechanical and electrical repairs, clcaning the \
detectix;g units of contamination and keeping the instruments calibrated,
'I‘k-lere is very little development, of circuits carried on in this sc¢ction,

but there is considerable work done in developing new detectors ami makding
general improvements in _the inst.fur;xent.s # 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. fthe
instrument group has also held the responsibil}ty for instructing mo_nitoring‘
personnel in the proper use of the _iristruménts and interpretation of results.
In cases where instruments are assigned to other groups instruction has been

given to the psersonnel involved.,

9.4~3 Instruments Used by the CMR Diviéion

The health instruments used in the CMR Division may be conveniently divided
into two groups: (a) those used as survey instruments and (b) those used
for personnel protection. Both groups of instruments incl_;ude alpha, beta,
and gamme detectors, although the majority of tﬁe contamination is alpha emitting
material.. ' . B

(1) Survey instruments: | :
(a) Portable alpha survey 'i.nstrument,s: The ’i‘n\atr‘uments in this

classification include Pluto, Zeato, Zeus, and Pee Wee, ’I‘Ee Piut;o, euto,
and Zeus are d,o, amplifiers, 1In tt.ese'inétruments the ionization produced in
the vicinity of an alpha emitt.ing/material is collected by means of an electric
field and returned to the circuit through A'_ve'ry high i'a‘lure' resistor. The
voltage produced across such a resistor is measured and taken as an indication
of the iritensity of radiation. The limit of sensitivity of this type of in- |

strument depends on the characterist’ics of the amblimi.’ier uﬁed to measure the

produced voltage, _ S S

et [N
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The Pluto was the first instrument of this type and for 2 long time tre
only alpha survey meter available for general laboratory use by Lechniciansf
The sensitive chamber area of these three instruments is about 100 cm?,
The full scele senaitivity of the Pluto is soout 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 & full scale value of 20,000 c¢/m. The Zeus has
& top sensitivity of the same order as the Pluto but it has two more scéles
of about 100,000 ¢/m ard 2,500,000 ¢/m full scale. In addition to alpha
detecticn the Zeus can be used for beta o&nd gamma detection. All three of
these instruments arg sensitive to beta and gamma radiations, however, the&
are approximately 1000 times less sensitive to these iypes of racdiations than
alpha radiations b; virtue of the muck greater density of ionirzation produced
by the alpha particles, : |

The Pee Wee is a portable proporticnal counter. It is essentially an
open sided Geiger Mlller tube Qberated in air at atunospheric pressure at
such a point on the response characteri;tic of the tube tlat the amplifica=-
ticn of the pulse in the deteclor is proportional to the amount of ionization
produced by the particles. Cperation in the proportional region permits the
detecticn of alpha particles in the presence of beta and gamma radiaticn.
Two ranges are provided on this instrument (2,000 ¢/m and 20,000 c/m fuil
scale readings.) 1In 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 locatlicns where considerasle 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 semi-

portable instrument and is mounted cn a cart for easy transportation.
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(c¢) Portable beta and gamma survey instruments: The instruments
that are included in this group are the Hallicrafter and Victoreen G.¥. Survey "
keters, Zeus, the Beckman Portable Survey Meter,Aand the L & W Electrometer,

The unit used to measure beta ard gamma radjation is called the
"millircentgen" (nr). The present tolerance is 12,5 mr/hr, indicating that
an indivicdual can work in a beta and gamma flux of 12.5 mr/hr 8 hours a day,

6 days a week, for a lifetime, without ill effects, If, however, the radiation
flux is higher, the individual should work only a portion of a day so that

the total radiaticn during thre 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 linea; function however, and if personnel are required to work in
above tolerance arezs the H.I. Group should be contacted ana the permissible
time limit 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 encugh
to allow most beta rays to enter, but thick enough to stop alpha particles) 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 Electroumeter is a porﬂable instrument in which the ionization -
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 irovement of the needle

across the scale between light flashes indicates the rate of radiation airectly

r
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in scale readings. A sliding xetal cover permits measurement of beta and
gamma or gamma raaiation. The &é£er has two rarges, 100 mr/hr and 2000
mr/hr full scale values,

The poriable GM survey meters, made by the Victoreen Instrument Campany
and the Hallicrafter Compan%, are conventicnal G.M. tubes with pulse integrating
circuits. The Hallicrafter unit proviaes the high voltase nccessary for
operation of the G.M. tube by an electronic multivior:tor circuit, while the
Victoreen unit uses a special battery to furnish the G.M. tube voltage. Since
the G.M. tube detects individuel beta and gamma rays, thes instruments can
be made very sensitive. The Hallicrafter unit has two ranges: 0,12 and 2.5 ﬁr/hr
full scale. Cosmic ray backgrounds 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 box, whereas the detector of the Victoreen
unit is attached to a shcrt cable. In addition to the greater flexibility
gained in survey work by having 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 contamination, the methane pro=-
portional counter wzs the first instrument to give reliable quantitative
results. In this instrument a fine central wire G.M. tubc was operated in

the proportional region in methane at atmospheric pressure. A very thin
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window of collodion permitted alpha particles'to enter the charmber 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 Cogntér 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 simaller pulse. A logarithmic
integrating unit has been incoirporated to give good'percentage accuracy to the
reading over a very wide r;nge df vaihes. Triese iﬁﬁlfuments are installed in
numerous spots so that all workér; ip.the lahorator;es 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. If_the 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 provide better instrumcnts for special monitoring purposes.

3o

(b) Befa and gamma [nstruments- Cnly two instruments belong to

this group; the Victoreen pocket chamber and the L & W pocket electroscope.
The Victoreen potket chamber which is an air condenser with almost perfect
insulators used asisuppéfiﬁ.: RBefore entering a working area the chambers
are charged to é given voltéage; é; the end of the working period the voliage
remaining on the condenser is'measﬁred by an electrometer and the voltage is
taken as & measure of the radiégio;'received by the Qbrkef; |

The L & W pocket electroscope operates on the same principle except that

a8 small electroscope is built into the unit so thuat the discharge can be
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measured st any time by lookingt;hrouéh»the meter and reading the enclosed
scale, S i G ma e o |

(c) Monitcrs for a1r contamination' Since many of ‘the materials
encounuered in these laborahories are handled in the dry or powdsr forms
it is very likely that active cust is spread by air currents. 'Thus in
order to monitor the amount of active material in the air, the air in various
sections of the laboratory is pumped Lhrough fine filé%r 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 pﬁg tubular sample, The samples are collected over a

period of several hours so that an integratéd value is obtained,

2:5 HE4LIH ﬁEgCﬁDS ' - _' ; » f - .‘

Permanent records kept by the H. I. Gro:p are as followa._

(1) Dbaily monitoring survey results (both before and after decon-

+

. “tamination).
(2) &ir monitoring reshlts: ) A : , 4"
(3) Hand count results.’ -
(A) Nose count results,
{5) Urinalysis and héalth pass data,
(6) Special decontamination data.
(7) Contaminated acc;&épp data, '
(8) Monthly léboratofy éufiey results.
(9) Group hazard reports.
(10) Individual exposure daté.

(11) Contaminated operitiénﬂagta (outside‘services).
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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 his;ories.

The above records have a t:wo-fold purpose, OCne, they provide the Health
Group ’fith data that can be correlated and used to improve methods of
health protecticn. Iwo, t.héy_‘_-ﬁi}olvide a permanent record of all procedures
for individual and group heal‘r)-\:.prot,ect.ion in case any future legal action :

may require the use of such recards.

P
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9.6 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 - - - - - — -~ - - - - e - -
%g' ) m‘ep/hr -
ta
R R 12,8 . 1,25 1,28 1,25 1,25 -- - -
(8 ) a3 4 mrep grepbx] mrep/hrl mrep/ir . —
3 MRE
> R N X S g t2s bones 125 {12 |- --
¥ ) : - R brdarandicl woes /.
lute + Total (»)
250 50 .25 %) | 1pg 1500 50C 250 100(inside) {7 0, 0176
' ) nxer/hr 200(oytside) el
: o 11000 500 1,25(e) - &x10 6000 2000 1000 500(inside) |1500 o,”5¢c/m/L
% ‘ mrep/nr | pp 1000 (outaided .
@icte; . Very low 180 pg‘ﬂr
% 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 1t
Hicte ) Y Very low 186G pg L Y
- One hour | ~ - - = 12,5(8) 1 toxicity by See Sec, | per cu,
i sentact pdacesiien L. Alrha limit same ag for 40 S.2=2{k) 11 "t 73
q 2.3 x-
g -~ - - - - 12,547) O,IFg(dt) - - - - - - - - - - 10"6;
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/m (Po), the lower value is taken as the high nose count,

ep/hr -~ milliroentgen equivalen physical per hour (12,5 mrep/hr is tolerance for

Note: The limits set by the laundry are based on the following figures,

iy
K, 49

1)

i

. 4)

Boots - 30 c/m/in®
Clothes - 10 ¢/m
Gloves - 10 z/m/i

2
i? {same as hands) .
Respirators - 5 c/m/in® (inside), 10 .¢/m/in? (outside)

B

B and Y ., 1.25 mrep/ar for @,

. Po linits are, with the exception of regoirators,

four times thcse of 493 respirators are five times,
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9.7 BEALT: SAFRTY 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.I.

ard Xedical Groups.

1.

A\ Y
L]

Cleaning rags and other contaminated tresh should be disposed of
in special trash containers marked with red paint.

Booties, coveral_ls, smocks, surg."eon's caps, ;-ut;ber gloves, and
respirators must be worn at all times when working with 49 or
Po, Face shields must be worn in all épera'bions involving
handling of boiling 'solutions, or other solutions in which there
is any possibility of a_._ spray being formed. L
Coveralls and respirators must be worn in handling tuballoy or

25 where there is any édssibilit.y of either material getting into
the air, 1In machining either of these metals, a solution of water
soluble oil must&ne kept playing on the portion being machined, |
Direct handling of Lhese'metalé should be kept at a minimum.
During‘operaticnsr i;nvolving 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, bcooties, @ps, gloves, and fespirators mus.t be

removed, (gloves should be left in the working area within the
building). Project issued coveralls are not to be worn when l-eaving
the lechnical or D.P. areas or ﬁhen éntering non-contaminated 7
buildings within’.t,hese areas, except the dispensing sectinns of

K and 3 stack. S,pﬁot checks will be made to see that this rule is

followed,
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5. All rubber glo?re' shollda®be *Washed fre;uently in the approved

manner during long operations and before removing from ;ands}
Hands should be cér;aful]y wast.ed after removal of gloves and
checked under .t,'he' alpha hand counter.

6. No mouth pipetting shall be done in any operation in which
active materials are involved.

7. No material eit.h~er- lfree 6r{ in ’working. contéinei-s, and no
contamineted objects shall bé set on writing desk tops.
Exhibition specimens kept in clezned,‘closed containers
are exempt from t,his rule.

8, Persons desiring to work with the material in laboratories
other than their ovn, must request permission from the
usual occupants before beginning the work,

9.‘ All active dusu producing operations must be done in approved
dryboxes or sealed vacuum systems.,

10, Pans should be left running in all hoods which contain ar
have contained active material until they have been checked
and decontarrdnatéd't:o the satisfaction of the H. I. Group.

11, a) 1In case of xrdy sisills 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 sho;;ld be turned on before Je aving. The H.I.
Group diould bé notified as yuickly as possible after any such
accidents, - | :

b) In case of an acéident inwhich active material may have been

introduced into a wound, the following procedure should be

APPROVED FOR PUBLI C RELEASE

followed: - -’, 3o g %
(1) Vvash wound ixmnedlat,!:l;f'hur g5 Sestkedam of tap water,
.. ... [ ] o0® o o ®
(2) Squeeze wound or a}u;ﬂﬁ.t@rnﬁou§t§ o ¢ increase bleeding.

L X3
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(3) nipofy ¥o phe
as contaminated clothes have been changed,
(4) Inform the receptionist at the hospital that this
is a fTechnical;Areg Emergency"; be careful to
confiae the nature of the accident only to the
doctor in charge.,
(5) Leport the éccident to both the I'.I. and Medical
officé; th;r th.e wound has been treated,
No eating, drinking, or smoking will be allowed in rooms so
posted. No food or drink is to be kept in laboratory
refrigerators, -
The following Ef&‘D propedures are in-effect:
a) Daily room surveys are made and all "hot spous" (greater than
500 ¢/m) are imiicated by a suitable marker.,
b) As soon as possible the laboratory nersonnel should decontame
inate the "hot spots" found,
c¢) Upon the completicn of deccntamination, if nuv member of k & D
is ﬁresent, the H, 1. Group_d\ouldvbe called Lo minitor the
cleaned area in order to determine whether it is below 500 c/m.
d) If any persispent coﬁnn within a rcom is 5000 c/m (L9,25,_and
tuballoy) and 16;660 c/m {Po), or greater, all operation
will be stobped ;ithin 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 13§

applies after such cleaning).

fule 13 does not apply in case of emergency or c.ntaminated

accidents. In such cases all M & I), qerv.i.ge ,[at are necessary
T
and available will be sup'llar.' 53%&?. U doled that in

'4.’.

the event of serfous accldentrv ¢rs'spplegte di-ehoom count
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is to be aasyﬂﬂd bb bg géovp°50CU C. (for 49,25 and

tuballoy) and 10,000 c/b (for Po), or greater, until

\‘UNCLASS:':_ h:D
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Befegencos‘ ’

LA—391, Chemistry and Metallurgy Health Handbook of

Radioactivo Materials;

LA Technical Series-

Vol. l, Chdpter 5 Radiation Health Monitorlng

Vol. X, Chapber 6 Phyaiolopical Aspects of Polonium

Handling
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Sclentific and Technical personnel in CMR-12 contributing to

the work deacribed :in Chapter 9.

alpine R+ Dumrose V. Mertes M. Riachali
Appler G. Dunlap E. Molloy N. Roth
Béék V. Foley o E. Mueller R. Rupert:
Brown L; Gilbert F, Mullins A, Serna v
Brown " D. Ggééning H. Nelson E. Thayer
Coble H. Hadley ‘ C. hunerof Jde Tribbyl
Cole ¥. Hinch H. Pence W. Uebel
Cowling Nf Idenden o C; Petcrson S; Valdezi
Cox _ R. Kaufmaﬁh 3. Peterson 0. Whgner'
Davidson - G. Lag;mar§ini G. Ponﬁon H. Ward
Decker R. Maas o c. Pricé: Wells |
Derrickson ” J. Maxim C. Hendell MNC\B&%!ED
Dumanian M. McCallen | D. Reynolds J. Wilson

| _ G. Y?ung 7 !
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