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PREVACE .

35

This manual of analytical procedures for the BE Recovery Process
comprises those methods which have been found most suitable for control of this
process. Preliminary working copies qf parts of this mancal have been in use
since 1947 during laboratory, semi-works, and pilot plant development of this
process. No attempt is made in this manual to specify which gémples will be
analyzed by{each procedure as this will probably be subject to change and
should be tlie subject ofisepérate docﬁmsnﬁSQ

The use of these procedures duwing the course of the development of
the "25" process has resulted in stremgthening of our contidence in these
- procedures and revision of many of them to increase their precision and
applicability to radicactive samples. At the times this manual goes to press
all methods included are felt to have been adequatély tested with the possible
sxception of polarographic d&termination of uraninﬁa While this 45 = well~
recognized technique and has found considerable use et OBRNL 25 a secondary
uranium method, it hss not found uss as & routine method on which primary
dependence for analyticai control wae based. Further studies opn this subject
| will be made prior to the start-up time of the Arco operation. |

The radiochemicai procedures included are for those elsments which are
most commonly requested at ORNL. On the basis of Banford experience It is
felt that there will be little demsnd for radicchemical analysis when the
plant operation becomes rautinea Any further needs for radiochemicsl procedures
can be satisfied by going to the refarences given ou those included here.

We wish to thank all thoes at:GRHL whe have-contributaa:to this manual

of procedures and express special sppreciatiom to Blvira X. Wilson and Helen P. Raaen




who have assembled and edited the procedures, to Dorothy Imman and Kathryn Odom
who have typed the preliminary and finsl drafts of this mangal, and to Peggy M.

Carter for the prepesration of the dra:wings used throughout.
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TOTAL ACTD IN HEXONE
Method No. 1

I. PRINCIPLE

The total acid present in hexome is deterﬁined by titration with
standard sodium hydroxide to the methyl red end point and calculated as per
cent acetic acid. k
IT. STATUS

The method is applicable to ravw or treated hexone. Any impurity in
hexone which reacts with NaOH will be calculated é’s acid. The accuracy and |
precision of the method have not been determined.

References:

1. Koltheff, I. M., and Sandell, E. B., Textbook of Quantitative

Inorganic Analysis, p. 552-4, MacMillan, New York {194B8).

. IIT. REAGENTS AND APPARATUS

A. Reagents
1. Standard Sodium Hydroxide Solution, approximately O.1 N.

Prepare from 1 N NaOH and standardize with potassium acid phthalate according

' to the procedure of Kolthoff and Sand.ell(l) .

2. Methyl Red Indicator Sclution, 0.2% in methancl-water. Prepare

by dissolving 1 g of methyl red in 300 ml methanol and diluting to 500 ml with

" distilled water.

3+ Methyl Alcohol, 0‘235011. Heutralize to the methyl red end point.
B. Apparatus
l. Pipets, volumetric, 20 and 25 ml capacities.

2. Flask, Erlenmeyer, 125 ml capacity.

1IV. FROCEDURE

1. Pipet 20.0 ml hexone into a 125 ml Erlenmeyer flask,

RPN —
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2. Add about 25 ml of methyl aicohol neutralized to methyl red. é-liSl
3. Add about 25 ml of distilled water.

b, Mix until the solution is homogeneous.

5. Add 2 drops of methyl red indicator solution.

6. Titrate with standsrd sodium hydroxide solution to the first

permanent appearance of a yellow color.

Lalculations:
Let: A = normality of standard ¥aOH solution

B = ml standard NaOH solution required for the titration
C = ml of hexone titrated.
A150:60.05 = mol. wt., of CH3COCH, ¢

0.803 density of hexone, g/ml

it

AXx B x 60,05 100 -
¢ x 0,803 x 1000

Then: Total acid in Hexone as CE3CO0H, per cent =
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FREE ACID IN URH SOLUTIGHS OF LOW-LEVEL ACTIVITY
: Method No. 2

I. FPRINCIFIE

The free acid in UNH solutiéns is considered to be the same as total
acidity. It is determined by titration with staﬁdard sodium hydroxide solution
to the methyl red indicator end point after precipitation of the uranyl ion
using a sélution of S%;KhFe(Cﬁ)é in saturated KHOB- The total acidity is ex-
pressed as normality. |

IT. STATUS

The method is applicable to the analysis of UNH solutions of 1aw~iével
ﬁ (1)
activity. The error of the determination is reported to be less than L% .
References:

1. Smith,D. M., "Determination of Free Nitric Acid in UNH," CC-1432

(April 2L, 19LL).

2. Kolthoff, I. M. and Sandell, E. B., Textbook of Quantitative

Inorganic Analysis, p. 553, MacMillan, New York (19L8).

I1I. REACENTS AND APPARATUS

A. Reagents
, 1. Potassium.Nitraté Solution, saturated. Frepare by dissdlving
3% g KNO3 in 85 ml of distilled watér which has been neutralized with 0.1 §
NaOH to the methyl red end point. | |
' 2. Potassium Ferrocyanide, 5% KhFe(CN)é. Prepare by dissolving
5 g KyFe(CN) g in a amall volume of saturated KNO5 solution and dilute to 100 ml
with the same KNOj solution.
3. Standard Sodium Hydroxide Solution, approximately 0.1 N.

Prepare by dilution from 1 N stock reagent, available from Eimer and Anend,
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635 Greenwlch St., New York. Check the standardization by titration of a sample
of potassium acid phthalate(2>- |

4. Hethyl Red Indicator Solution. 0.2% in alschol-water. Prepare
by dissaIVing 1 g of methyl red in 20U ml CpHglH %nd diluting to 500 wl with Ho0
or Brom Phenol Blue, 0.04%. Prepare by mizing C.1 g of dry indicator in a mortar
with 19 ml of 0.01 ¥ HaGH and dilute the mixture to 250 ml with water.

| 5. Aercsol, saturated solution. Salid reagent supplied by
Eimer and Amend.
B. Apparsius
1. Centrifuge tube, 50 ml capacity.

2. Pipets, volumetric, 1, 5 and 10 ml capacities.

IV. FROCEDURE

1. Pipet 5wl of & 5% KﬂF@(CN}@ solution inte a 50 ml glass
cﬁntrifuge‘tube(&>a

2. Add 1.0 wml of saaple.
. Dilﬁte to 2% m. &ith saturated KND

3 selutiana

. Lentrifuge until elear(b>o

MU e

o Test the supernatant with HhFe(Cﬁ)é solution for completeness
of precipitation. If farther precipitation cccurs, add more KﬁFe(CN)é and
centrifuge again. | |

&, Pipet 10 ml of the supermatamt into an Eriemmeyer flask, add
3 drops of methyl red indicator soclution and titrate with standard NaOH solution,
approximately 0.1 N, to the wethyl red end point{(%), |

Caleulations:

Calculate the acid normality of the sauple as fellowss
Let: A = mormallity of stendard ¥alH solation
B = ml of stendsrd HalH required by 10 nl of

supernatant ¢

Thens bcid Hormality = S XD
' ‘ 0.k wl

iy
il A
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¥otes

(a) For solutions which contain 48% UNH, use 20 ml kof KhFe(CH)é.g
For lower UNH zoncentrétions uge smaller amounts as necessary. :

(v) A few drops of Aerosol solution will aid the centrifugation.

(¢) If the color of the solution is intense, use 5 drops of 0.0L%

brom phenol blue instead of methyl red indicator.
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 FREE ACID IN RADIOACTIVE UNH SOLUTIONS

Method No. 3

1. PRINCIPIE

Free acid is determined in radioactive URH solutions after removing
the interfering uranium. The uraniom is complexed with potassium oxalate.
The free acid is then titrated potentiometrically with sodium hydroxide.

The determination is carried out at 1 to 3° C to repress dissociation of the
uranium complex. k

II. STATUS

The method is applicable to the analysis of radicactive UNH solutions
for free acid, since the procedure is easily cérried out behind a protective
barrier. The accurady and precision of the method have not been determined.

References:
1. Thomason, P. F.,#Chemistry Divi$ion Quarterly Report for
Period Ending Nov. 19L48% ORNL-229 (Feb. 3, 19L9).

| 2. Bemnety C. A., "Calculations of End Point in Potentiometric

Analysis®, HW=-7737.

3. Kolthoff, I. M. and Sandell, E. B., Textbook of Guantitative

Inorganic Analysis, Ch. XXXII, MacMillan, New York (1948).
ho Ibidg :pb 5530

5. Kirk, P. L., Quantitative Ultramicro Analysis, p. 36, Wiley and

Sons, New York (1950).

III. REACENTS AND APPARATUS

A. Reagents
1. Standard Sodium Hydroxide Sclution, approximately 1 N.
Available from Eimergand Amend, 635 Greenwich $t., New York. ©Check the
normality reported by the supplief by titrating a sample of:potassium acid

phthalate (Ref. l;) with the solution.

Siindbnintly T
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2. Standard Hydrochloric Acid Solution, approximately 1 N.
Available from Bimer and Amend. chéck the reported normality by titrating
a sample of the acid solution with the standard sodium hydroxide solution.

3. Lead Ritrate Solution, 10% Pb(NDB)Z, Prepare by dissolving
10 g Pb(NOB)z in 100 ml distilled water.

L. Potassium Oxalaté Selution, 25% KsCp0p. Prepare by dissolving
25 g KQCEOh in 100 ml distilled water.

 B.. Apparatus

1. pH Meter, Beckman, Industrial Model M,provided with gléss
and calomel electrodes.

2. Stirrer, magnetic type, electric, provided with small
stirrer cut frow nickél wire. |

3. Ice Bath.

4. Bufet, wmicro, Kirk type, of i ml total capacity, calibrated
(method of KirkSS) suggested.) . |

5. Eipet, wicro, 200 A capacity.

. Pipet, velumstric, 1 ml capacity.
IV. PROCEDUIE

1. Prom the estimated scidity of the sample determine what, if
any, hydrochloric acid "spike" is required. If required, pipet it into the
titration vessel. |

2. Place the titratiorn vessel and required apparatus behind a
protective barrier.

| 3. Pipet 200 A of the sawple into the titration vessel and add

a2 small magnetic stirring bar.

i PFlace the vessel in the ice bath.

5. Start the magnetic stirrer.
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6. Pipet 1 ml of 25% K,C,0), solution into the titration vessel.

The uranium should be precipitated. The total volume should be approximately

2 nl. This is critical.
| 7. After five minutés , stop the stirrer and lower the electrode
assenbly(?) and the tip of the Kirk; buret into the solution(®).
| 8. Stai't the stirrer. |
9. Titrate the acid potentiometrically with the standard
%aOH solution, approxiinately 1N, #xaking the additions in 1 cm increments.

Calculations:

locate the exact end point by use of the following equation:

End point, ml std. NaOH solution added = A-3B X D
, : : 24 ~ {B¥+C)
in which:
: A = maximum.a pH
B = ApH immediately preceding A
¢ = o pH immediately following A
D = increment of standard NaOH solution added in

" the viecinity of the end point, cm.
For example from the following data:

Cm Std. NaOH
idded in Vicinity

of End Point pH ApH
10 .90
11 5.0
0.16
12 5.1
; 0.60
13 5.7
' 0.15
: 1k 5.9
it is found that:
A = 0.60
B = 0.16
C = 0.15
D = 1.0 em
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Calculate the acidity (or basicity) of the sample as follows:

Lets :
= millequivalents,of acid added * wml of acid added x N of aeid

1]

millequivalents of base added = cm of base sdded x buret
factor x N of base

T

33

4 A of szmplis.

Thens
For acid deficient samples:

N of base in sample = _A 7 *

For acidic samples:

¥ of acid in sample % I

¥otes

{a) Care must be used as the electrodes are easily broken if they
touch the bottom of the titration vessel.
(v) The tip should be just below the surface of the ligquid but not

touching the electrodes.
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OXIDIZING POWER UF SODIUM DICEROMATE SOLUTION

Meﬁhod No. 4
I. TRINCIFLE
The oxidizing power of godium dichromate solution is determined by the
potentiometric titratibn of an aliqnot with standard ferrous sulfate solution in
sulfuric acid mﬁdium.‘ The oxidizing power is reported as molarity. The
reacbion is as follows:
MaplrgOs + 6 FeBOy + 7 HpS0, s Crp(SOuk + 3 Fep(80y)z + NepSOy + 7 HpO
T. BSTATUS | .
Any other substance presenﬁ in the dichromate solution which will oxidize
ferrous sulfate will be reported as sodium dichromate molarity. |
Reférences:

1. Kolthoff, I. M., and Sandell, B. B., Textbook of Guantitative

Tnorganic Analysis, Chs. XXXVI and XXXVIII, MacMillan, New York (1943).
2. Bennett, C. A., "Calculations of End Point in Potentlometric
Analysis”, HW-TT737.

III. REAGENTS AND APPARATUS

- A. Reagents
1. Standard Perrous Sulfate Solution, approximately 0.1 X FeSOh.

Prepare by dissolving 13.9 g FeSOhQ?HéO in water comtaining 25 ml conc. HpSOy.
Dilute to 1 liter. Standardize daily against O.1 ¥ standard potassium diéhromate
solution. This solution is umsiable,
| 2. Standard Potassium Dichromate Solution, 0.1000 ¥ KéCrQQ7.
Prepare by welghing out 4.903 g of pure dry K23r207, diﬁsalvé in water and dijute
to exactly 1 litsr. | |
3. Sulfuric Acid. 6 N. Prepare by adding 168 ml of 17.8 M

(95% Ho80)) acid to a volume of water and dilute to 1 liter.
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B, Aggaratus
1. pH Meter, Beckman Industrial Model M, provided with a
platisum snd a tungsten:electrodeo
2o Btirrer, magnetlic type,'electric,,provided with pyrex
glass»sealéd gtirring bar 1 3/8 inches long X 3/8 inches diamefer.
3. Buret, micro, 5 ml capacity, graduated in 0.0l ml. A
Greiner or Kirk type is desirasble. |
b, Pipet, transfer types 200)\ capacity.
IV. FPROCEDURE
1; Pipet 200>x of sample into a 50 ml beaker.
2¢ Dilute to appreximately'lo ml with distilled W&tera
3; Add 10 ml 6 § H S0). ‘
4, Put a magnétic stirring bar into the:selution and insert the
electrode assembly.
5. Start the megnetic stirrer.
6. Lower the buret tip into the solution. |
To Titrate potentiometrically with standard Fssoh solution, approximately
0.1 ¥, adding the solutlon in 0.1 wl increments as the end point is approached.

8, TReport the oxidizing power as molarity of sodium dichromate.

Caloulsticns: Locate the sxact epd point of ths titration by elther
{1) a plot of tae volume (ml) of standard ferrous sulfate solution added as
shecissa vs emf as ordinate (the inflection point of the curve indicetes the end

point) or (b) by using the following egquation:
A~ B

End point, ml of standard FeBOj added = T ) XD
in whichs
A = maximam o enf, nv
B = aesmf iﬁmediately préceding A, my
¢ = aemf immediately follewing A, mv
D = increment of standard FeSOy solution added in the vicinity of the

end point, ml.

.
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For example, from the following data: ‘

M1 Std. FeSO), Added in

Vicinity of End Point Enf, mv ‘ AXEnmf, mv
1.2 : ok ,
| ‘ > | o
1.3 : 2k
‘ 220
l.l}
>

1.5 15
it is found that: :

A; = 2020 nv

B = 0.00 mv

c = 0005 mv

D = 0.1ml
The sign of the & emf is disregarded.

Ca.lculate the oxidizing power df the sodium dichromate from th:e equation:

Oxidizing power of dichromate s 88 M of 35201.207 = ; g X g
: X

in which:
E = ml standard FesSoy sélution used
F = normality of standard FeSOj

G = ml of sample.
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TOTAL REDUCTNG MO

Method Ho. &

I. FRINCIFIZ

A et

The total amount of redunible material & oa sample of agueous. sclubieon

s

iz determined by 1bs reac txo with o messured excess of stendard potassium

dichromate. Afier the reaction iz complete, the excess dichromate ig titrated

3tajo

™

rotentiometrieally with standard ferrous sulfate.

II. S8TATUS
The method is spplicable to agueous seolutions containing reducible material.
The accuracy amd precision of the method have not bee; determined. They are sx-

pected to vary with semple type.

Referances:

rm——m——

1. Kol®heff, I. M. and Sandell, E. B., Textbook of Quantitative

Incrganic inalysis, Chs. XXXVI and XXXVIII, hacmillan, ¥ew York (1948).

Loy
<

. Rennett, T. 4., "Caleulations of Zud P“Aﬁt in Potentiometric

Analysis®, HW~T737.

III. REAGERTS AKD APPARATUS

1. Standard Potassium Dichromate Solution, 0.1000 N Kzlrz07.
Prepare by weighing out L.903 g of pure dry KyCroly, dissolve in water and dilute
te exently 1 liter. |

2. Sﬁamdard Ferrous Sﬁlfate Smlutiéng appfoximatalythi N FeS80y.
Prepare by dissolving 3 $ g FeSOy*7HoO in water containing 25 ml. af‘concof
Hpd0y. Dilnte to 1 liter, Standardize daily against 0.1 N standard potassium
dichromate‘salutiono This solution is unstable.

3. Sulfurie Acid, & Eo Prepare by adding 168 ml of 17.8 M

{958 stak) acid to o volume of water and dilute ta 1 liter.
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B. Apparatus‘ ’ |
1. pH Meter, Beckman Industrial Model M, providéd with a
' platinum.and a tungsten electrode.

2., BStirrer, magentic type, electric, provided with pyrex glass
sealed stirfing bar, 1 3/8 in. long x 3/8 in. diameter. |

3. Buret, micro, 5 ml. capacity, graduated in 0.01 ml. A
Greiner or Kirk type is desirable. j

L. Pipet, transfer type, 2004 capacity.

IV. PROCEDURE : |

1. Pipette 200 A of sample into a 50 ml. beaker.

2. Dilute to approximately 10 ml with distilled water.

3. Add 10ml of 6 K SgSGh.

L. Pipette into the Beaker an excess of standard potassium
dichromatefsolution, determined from the estimated reducing normality of the
solution.

5. Place a magnetic stirring bar in the beaker and start the
magnetic sﬁirrer. Stir‘fbr five minutes.

6. Stop the stirrer; lower the electrode assembly and the tip
of the buret into the solution. ‘

7. Again start the stirrer.

8, Titrate the excess KyCrp07 potentiometrically with the
approximately O.1 N standard ferrous sulfate solution, adding the solutioﬂ in
0.1 m1 increments as the end point is approached;

Calculationss

Locate the exact end point of the titration by either (1) a plot of
the volume,(ml) of standard ferrous sulfate solution added as abscissa vs emf
as ordinate (the inflection paint of the curve indicates the end point) or (2)

by using the following equations
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Bnd point, ml of standard FeS0), added =

in whichse

A =B x D
7?5 ={B+C) '

it

{1

maximum.A emf, my

A emf ﬂﬁmediately'préceding i, mv

& enf immediately following A, mv

increment of standard’FeSOh solution added in

the vicinity of the end point, ml,

For examplej‘from the following data:

M1 Std. FeS0j
Added in Vicinitbty

it is found that:

of End Point emf, mv Oemf, mv
1.2 2h
0
la 3 . Zh
220
1.k 2
; ' 5
1.5 i
A =2 220 mv
B = O mv
c = 5wy
D = 1 ml

 The sign of the A emf is disregarded.

Calculate the total reducing normality of the sample from the equation:

. Total reducing normality =

. in which:

Lo I~ o B C B

(Ex F) - (G x H)
I

ml standard KsCrpO7 added

= normality of standard K,Crp07 solution
= nml standard FeSO) used

normality of standard FeSOh solution

= pl of sample

v~ ——n, - -



‘ k 6 -1
— S T3 Y

ISOBUTYIMETHYLCARBIROL W HEXONE

AS REDUCIRG NOUEMALITY

Method No. 6

I. PRINCIPLE

The amount of isobutylmethylecarbinol present as an impurity in hexone
is determined by its reduocticn of potassium dichromste. A4 sampie of hexone
is allowed to react with an excess of standard potessium dichromate in a nitfic
acid medium. The excess dichromate isgthen titrated with standa#d ferrous sulfate.
The end point is deteated by use of ﬁérrain indicator.
IT. STATUS

The accuracy and precision of the method have not been determined. In
addition to iscbutylmethylearbinel, any substances which reduce potassium dichromate,
for example:decmmposition products af:”exana, will be reported as reducing |
normality of hexone.

References:

1. Kolthoff, I. M., and Sandell, E. B., Textbook of Qualitative Inorganic
Analysis, Ch. XXXVI, MacMillan, New Tork {1948). "

2o Tbid, p. 40k,

IIT. REAGERTS AND APPARATIS
A« Reagents

i. Standard Potassium Dichromate Solution, 0.1000 N K¢Cr207o

Prapare by weighing out 4.903 g of pure dry Egﬂr207, digsolve in water and

- dilute to exactly 1 liter.

2o Standard Ferrous Sulfate Solution, approximately g.l N FeBOy»

| Prepara by dissolving 12.9 g Feswh°?H20 in water containing 25 ﬁliof CONC. Hésog.
’ Dilute to 1 liter. HStandardize dally sgainst 0.1 ﬁ standard potassium dichromate

golution. This solubtion is wnstable.

i



6~ 2
6-1-51

3. Farroin {@uphananthralimemferraus sulfate) Indicator: Solutiem,
0.0125 M. Prepare by diluting 0,023 M stock solution with an squal voluse of
| water. |
Prepare a 0.08% ¥ stock solubiem by disselvisg 1.737 g FeS0u~THoO In
250 ml water and in this solutiom dissolve 1h.85 g-o-phenanthroline {C1pHRNL-HR0) «
This stock solution is stebls Tor at Least one year. | |
b Sulfurie Acid, 6 ¥ H,80,. Prepare by sdding 168 ml of
: 17.8 ¥ (95% Eéﬁﬂk} scdd to a volume of water and dilute to 1 ldter.
5. Ritric acid, 5 ¥ EEOBP Prepare by adding 325 ml of 15.4 M
(65% EKO3) acid to 2 volume of water ﬁnd dilute to 1 liter.
B. Apparatus
1. Pipets, capscities of 5, 135, 20 and 25 ml.
2o Erlenmay@r flask, 125 ml capacity.
| 3. Buret, micro auxamatic,ﬁ ml capacity graduasted in 0.01 ml.
b, Shop watch. |

TV. PROCEDURE

1. Plpet 20 ml of the hexmné into a 125 ml Erlenmeyer flask and add
5wl of 0.1 ¥ standard X CrgOy solution.

2. Add 25 ml of 5 § ENOg.

39: Shake for Tiftesn aacmn&@<&}a

b, Let stamd for five minutea(&}»

5a: Shake Tor £ifbsen seeanﬁ3<&},

6. Let stand for ten winutes'

7o 444 15 wl 6 K H,50, and three drops of Perroin indicator.

8. Titrmte timedistely with standard FegO, solution, spproximately 0.1 N.
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-~ Lets

"

ml standard KoCrpOg solution added
= normality of standard KQCrgov? solution
mi s’candard FeS0), solution used

= normality of standard Fesoh solution

M v a w =
#

= ml of hexone sample

Then:

Reducing Normality of Hexone = (8% B) é {(cxD)

Nota°
(a) Mme all shakmg and sample stand_ng interva.ls with a stop

watch to insure com'glete reaction.
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INORGANIC FLUORIDES ~ SPECTROPHOTOMETRIC METHOD WITH

"THORON® REAGENT

:Method Ho. 7
I. PRINCIPLE
Fluoride ion diminishes the red color which is produced when "Thoron®
reagent, l-(@~arsonophenylazo )-2~n&pthbl—3, 6-disulfonic acid, is added to
thorium nitrate solutiono The coldr dimunition,is prqportional to fluoride"

concentration. It is measured speétrophotametrically at a wave length of

5kS mpu.
II. STATUS

The method is applicable to the determination of inofganic fluorides
bin amounts ranging frém 0 to 50 micrograms. The factors affecting the coler
gtability of the thorium complex, $s well as interferencéé and their elimination
have beeh discussed in detail(l). The color is constant at pﬁ between 0.2 and 1.0
and is stable at room temperature for approximately 2L hours in the absence of
HCIO& and 3 hours in its presence. _ | |

Two procedures are given, i.e. procedurés to be used in the absence and
presencé of interferences. Aluminum and phosphorous are the chief interference
in the fluoride reacﬁion with the thorium complex. Steam distiilagion of a
perchloric acid solution of the sample at special conditions frees the fiuoride
from interferences. The overall gccuracy and precision of the method aré ap-
proximately 4 and 2,5 per cent respectively. Beer‘s Law is not followed exactly.
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L. Willard, H. H. and Winter, 0. B., "Volumetric Method for the
Determination of Fluorine®, Ind. and Eng. Chem., Anal. Ed., §,7 {1933},

5. Kuney, J. H., "Ferchlorie acid, Friend or Foeh, Lhem. and‘Engé
News, 25,1658 {(1947).
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III. REAGENTS AKD APPARATUS

A, Reageunts

1. #"Thoron® Reagent, 0.3% “Theron”,kl«@amarsanophenylazo}»2»napth01~3,
é disulfonic acid. Synthesize " Thoron® {(not ecmﬁercially available) by thé pro-
cedure of Reed, Byrd and Banks\é)c Purity and moisture content may vary from
bateh to batch therefore, plot a standard curve to determine the purity of
sach batch of ”Thoron",as daaeribsﬁ byAThamason,,Perry and Byerly(l) From
the determined burity'Qf the YThoron®, calcoulate the milligrams required to
give 100 ml of 0.3% solution and prepare the solution.

o, Standard Thoriwa Nitrate Solution, 100 ¥ Th/ml. Prepare a stock
solutiongof approximately 10 mg Th/ml by diasclving 23.8 g. Th(ﬁ03)h.hﬂgﬁ (Lindsay
1ight and Chemical Co., West Chioago, T1lineis) in distilled water and diluting
to % liter. Standardize Ly gvaporatiﬁg 10 ml aliquots to dryness and igniting
(to Thog) at 1000% to constant weight. Nake a dilutdon of this solution with
distilled water to obiain a staudard thoriom nitrate solotion containing 100%
Th/wml. |

3. Standard Sodium Flﬁoride Seiuti¢§’19 Y F/wl. Prepare a gtock
solution of 100 ¥ F/ml by dissolving 0,2221 g- KaF in 1 liter distilled water.

Prepare the standard selution by making a 1:10 dilution of the stock solution.

P uli
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L. Hydrazine Hydrate, 95% in H.0, Eastwan Kedak Coe, Boshester, N. Y.,

Reagent No. 902.

.
6.
Te
8.

Perchloric Acid, 70% HC10,, C.P.
Hydrochloric Acid, éoneu HCL, C.P.
Sodium Hydroxide, pellet, C.P.

Potassium Jodide, solid, C.P.

B. Apparatus

Ls

Fluoride Distillati&n Apparatus, see Apx. 1. Consists ofs

(a) Btean generstor
(1) flask
(2) flask heater, elsctric Cenco&ﬁotcane? 118 v, 350 W,
(3) Condenser trap

{(b) Modified Willgrerinter still.
(1) still pot :
(2) condenser |
{3) centrifuge tube, 15 ml capacity, graduated in 0.1 ml.

(L) still pot heater, electric, aluminum-jacketed, L0 mm

iade, 95 mm 0.do, 50 mu high.

{5) automatic temperature controller, Wheelco Model 224

TCB, used to régulate still pot temperature.

2,
light path.

64

Spectrophotometer, Beckman Model B, provided with cells Gf 1 om

Flasks, volumetric, 100 ml capacity.
Pipet, Mohr delivery, 1 ml capacity, graduated in 0.0l ml.
Pipst; volumetric, ‘1 ml c&pacity° k |

Pipets, micro volumetricg capacities 250 and 500 A . The WAba®

Model P 2030 automatic pipet, Arthur 5. LaPine & Co., Catalogue MG, Cat. No.

M 9490, is convenient to use,
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7. Quarts chips, for still pot. Broken pieces of sand-finished,
pure guartz tubing zre suitable,
Iv. PROCEDURE

A. In the Absence of Interferlng Tons

1. Pipet 1 ml of standard thorium mtmte solution (100 #/ml )(a)

into a 10 ml volumetric flasgk. |

2. Add a volume of sample'®’ containing 10 to 50 ¥ F~.

3. Add 500 A conc. HCl.

L. Rinse down the 51des of the flask with dlstllled water.

5. Add 250 A (e of 0.3% "Thoron® solution.

6. Dilute to volume wzth dlstllled water and shake.

7. Prepare a reference solution of 500 A of conc. HC1 and 250}1
of 0.3% "Thoron* solution diluted gto a 10 ml volume with distilled H,0.

8. Allow the sample to stand 15 minutes(d>.

9. Transfer the sampie and referegce to matched spectrophotometer
cells. '

10. Determine the per:cent transmitiance of the sample against the
referenée on a Beckman Model BN spectrophotometer at a wavé length of 5hL5 mp
on the bpen positiocn.

il. Obtain the fluoride-values frbm a calibration curve<e) prepared
with the batch of “Thorcn" being;used, and report the value for the sample.

gglculation: | |

Let: A = quantity of fluoride in aliquot, as determined from

calibration curve, {
B = aliquot offsample, ml
Then: k ;
Fluoride in sample, 4 /w1l = %
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B. In the Presence of Interfering Jons

CAUTION: This procecure requires the use of perchloric acid, a
reagent presenting an explosion hazard. Belore proceeding, become thoroughly
familiar with the possible hagzard and the method of safely handling the
reagent(S & 6)° It is most important to avoid the lormation of the anhydroﬁs
acide The dehydrating agents, sulfuric acid and phosphorous pentoxide, can
convert HBPQh to the anhydrous acid. Contact with organic wmaterial or porous
materials should be avoideda The distillation should be carried out in a fire-
proof hood:of special consiruction.

1. Place a few quartz chips in the distillation flask.

2. Pipet a volume of sample contaiming 10 to 504§ F~ into the
distillation flask.

3. BSeal the condenser intc the flask with 70% HCth as lubricant.

L. Place receiver tip in a 15 ml centrifuge cone containing a;
NaCH pellet dissolved in apprmximately 1wl distilled water.

5. By means of a 1 wml ¥Mohr pipet calibrated in 0,01 ml, add C.75 ml
of 70% HCth thru the side arm (steaw inlet) of the distillation flask.

6. Heat the flask to 1250 €, then introduce steam from the elec-
trically-heated steam generator.

7. Carry out the distillation between 125 and 135° € until the
volume of liquid in the centrifuge tube reaches 11.5 ml(f)o

8. Neutralizg the distillate, then acidify with 7 drops of conc.
HC1.

9. Add a few crystals of KI and let stand three minutes(g)g

10. Add two drops of 85% hydrasine hydrate(h), 1nS ml standard thorium

~

solution (100 (‘Th/ml)(a) and 0.2375 ml of 0.3% "Thoron" reagent.
' (1)

11. Dilute to 15 mi and allew the color ~’ to develop for 15 minutes.

~
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12, Prepare a reference solution containing only 0.375 ml of 0.3%
%Thoren® reagent and 7 drops of HCl.
13. Determine the per cent transmittance of the sample against the
reference solution using the Beckman spectrophotometer , model "BW, at Si5 e
;. Obtain the floride value of the sample from the calibration |
curveld) {for samples containing impu:ities) prepared with the batch of #Thoron®
in use.

Caleulation:

Let: A ® quantity of fluoride in sample aliquot as determined from .
calibration curve, ¥
B = aliquot of sample analyzed, ml.

Then: Fluoride content of sample, ¥/ml = %

Notes:

(a) The amount of standard thorium solution is critical and should
be measured carefully.

{(b) If the sample contains HNO5, it should be neutralized with NaOH
before the addition of other reagen’cso |

(¢) It is comvenient to use an ®Aba® Model D 2030 automatic mirco
pipet calibrated to deliver 250 A,

(d) The color is stable for at least 2l hours.

(e) Prepare a calibratinnfcurve for use in the absence of interferences
as follows. Use the standard NaF solution in place of the sample. Following
Procedure A, determine the optical dénsity of solutions con‘baining from O to 504
F~ at 10 § intervals. Plot the opbical density values as ordinates versus F~
amounts as abscissa on smimlogarithmic paper. The curve does not follow Beer's

Law. This curve must not be used for samples which have been distilled. A

sample curve is shown in Apx. 2.

— A e s wow o
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(£} Tue rate of distillation affects the resulis considersbly. The

collection of 11.5 ml of distillate in epproximately 15 ninutes is recommsnded.

(g} The KI is sdded to remove the Clp which may form from HC1O,
decomposition.

(1) The hydrazine hydrate reduces the excess KI.

{1) The coler does not change appreciably in 3 bours.

(i} ¥hen zbtandard NaF solutions are distilled frem HC10y, and then
assayed, the resulis sre higher than those oblained from duplicete sauples
analysed witheut diamllationm} > Pﬁepare & calibration curve for use with
distilled samples as followss Use the standard NaF solution in place of the
sample. Following Procedure B, determine the per cent transmitiance of sclutions
containing from O to 50 ¥ F” at 10 ¥ intervals. Plot the optical density values
ag oyrdinaetes versus F~ amounts a8 abscissase on semiwlogarithmié paper. The
curve does not follow Beer's Law. Although this curve can be used for debermining
7~ concentrations of O to 50 & , the most sensitive poriion of the curve is in
the range of QO to 20 § F” where an average inerease of 1Y F” pmduees an average

decrease of 0.083 in opbieal density; A typical curve is shown in Apx. 2.
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I. PRINCIPIE AND CGEEBRAL DISCUSBSION OF POLARUGRAPEIC

The polarcgrepbic method is based on the

voltage curve that is obtained when s selution containing = rwa@cim@h or oxidizable

ion is electroiyzed lv a cell containing a siestrods and s veference

electrode which remains unpolarized duripg the slectrolysiz. From the curreni-
voltage curves both 2 gualitstive and o guantitative suelysis may be wmadse since

£y

the half-wave potential is chorechberistic for s spzoific don, sond the height of the

diffusion current is proportionsl to the concedtration of the fon.

pe

In generélp the concentration of tﬁm reducibls fon In the tesl solulions
reanges from 10wk io 1GWQ ¥ and there 1s also prasent in the solution én inart electrolyts
which acts a3 a Suppartimg eléatrolytag Iﬁm soncsntration of the imért slagtrolyte
should be at least fifiy t1mas the concentration of the reducible or oxidizabls i#n
although the exa@t conscentration is nob eritical and {5 usually about 0.1 M. The
function of the supparting slectrolyts is ﬁ@ carry the currsnt in the bulk of the
solution without apprecisbls trangfer of the raducible fon. The current then is
limited solely by the rats of diffusiom of the reducible lom in the lay&r {meediately

o

suwrrounding the cathode, and hence is callad ths diffusi@m4curf@nt”a

In wost cases ths solutions must Le frsed from dissolvad oxygsn bacsuss it
is reduced st the dr@pping mercury electrode giving waves vhich interfsrs with those
of many other slements. This may be aecwmplishﬁd‘nv edther bubbl &ﬂ% ORYEen- e
nitﬁogen through the solution, or, in n%utral or alkaline aciutions, the oxygen

may be removed by adding sedimm sulfite. The solubtion 15 made sbout 0.1% in sodiwe

sulfite.



In some casss polavograms of websl lops show mayive whiich interfers

with the measuremsnt of the diffazion soarent. These muuime cen weunily be
sliminated hj the additics of o surfaag astive agent such a3 golatin, wethyl
cellulose, or a dys, e.g. webhyl red. The amoupt of agent to add depends on
‘the particular agenty howevwsr, the psund comgwntration of the m@Xima BUPPrassoYr
15 about oaol%(l>o |
Pcl@rmgraphy 15 resdily adspbable to thse apalysis of radioactive waterials
‘becauss faw manipulatienﬁ:are ﬁaceagarj in the course of spalysis. However, in the
case where the material is subremely vadiscestive the sise of the samples must be
sevarely limited and cne @uﬁt use micro btechnigues o ops angt a@&lyze very dilute
solutions with more conventlonel palar?gymphie pells {3 to 10 ml). |
Bacanse of the difficultiss involved in uwsing micrs spparatus and techmigues
behind.barricades, a high seangltivity rﬂumruimg ?@LarQ&I&p“\E} was desigped which
would be applicsble to apalyzing very dilute solutions in the range of 1076 Y or less.
The design of this polarograph, which wass upavailsble commercially, permits

S diffusion currvemts in the order of 5 x 107 ai@“u%m; e ho be recorded on s Browm

recorder and messured with o good degree of ascurasy.

References:
1. Xolthetf, T. ¥., aud L3 Ao prapity, Intersciencs,

New York, (19%1).

Mo: Kelley, M. T., ¥iller, H{ Ho, wnd Davenpors, W. He, Jr. "Chemistry
Division Quértarly Progress Heport fmf Perind Zadipg Merch 34, 1950,  Part IT,
Analytical Chemistry. Ag?olarwgraph for Analysis of Very Dilubs Solubions 10”5 7,
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IT1. DESCRIPTION OF THE THNSTRUMENT CONTRULS

A. Span Potenitial

The span potenbial ﬂegfrml sehs the voltage TERgS which the bridge
will cover. The ﬁpaﬁ.v&ltm&teA i uwsuslly sot at one volit, in which case the bridge
starts at zerc volis and traverses uhf@ﬂ@ﬁ a one wolt spsa at itz maximum travel.
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B. Initial Potential
’The initiai potential control determines the gctantial applied to

the polsrographic cell when the bridge is at zero and’is indicated by ths span
voltmeter. Whether the initial potentisl is positive or negative depends upon
the Reverse Switch. This ihitial potential contrsl méy be usad to start a
polarogram at any potentisl other than zero in order to sliminste running the
bridge slide wire over the complete rangéa Tnis control mey also be used to
cover a voltage range above one volt vhe# the span voltmeter is Seﬁ at one volit.
For exsmple, the Mf-wave potential of the cobaltous fon in 0.1 M gyridine -
0.1 M pyridinium chloride ié =lol v. The most convenient setting of the span volt~
meter is 1.0 v and of the initial voltmeter 0.85 v, in which case the zers position
on the bridge ﬁuuld correspond to ~0.8% v and would cover an sdditionsl one volt or to
-1085 vs AB can be seen only about hslf of the bridge would have to be goversd to
cdmpletely regord the wave.

. BReverse Switch on the Initial Potentlal Conbtrol:

Ordinerily, this switch ig left in the pormal positicn in which case
the sign of the potential iméressed on the bridge is negative. By twning the
switch to the reverse positién, the potentisl on the bridge becomes positive. If
thé switch is ih the reversekpositicgﬁthe;initi&l potential on the bridge is positive
and the bridge will traverse in s nega@ivé direction the span of voltasge indicated

on the span voltmeter.

D. Bridge Mobtor Switch
The bridge is started at the zero position and has an emf as
determined by the span and initial volimeters. The bridge motor switeh simply
starts the motof drive of thé helipot. The bridge is eguipped with a friction
clutch mechanism so that it is returned to zero by simply turning the indicator
knob to zero. | |

E. Browan Recorder Switch

In the "ON" position this switch starts the chart opérating as
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well as activates the motor which drives the recording pen.

¥, Zero Control

The zero control is uaéd to determine the position of the recording
pen on the Brown chart with no applied potential. This conirol may also be used
to buck out or eliminate reduction waves of lons that reduce before the ion being
analyzed, provided the goncentrationiaf the undesired ion is not too great.

G. R-Compensator

When the polarograph is operated at high sensitivities the so-
called "condenser curreﬁt" afsumes very great importance. This current is made
up of the charges on each drop due to the charging of the slsctrical double layer
as a capacltor., This current is of the order of 0.2 microampere, and in all polarc-
grams where the diffusion current approaches this value it musﬁlbe consideredo
This condenser current starts at a negative value at zerc potential, decreases
almost linearly to zero at the ”electrocapillary zero potential” for mercury
(about 0.5 %olt) and theﬁ incresses in a positive direction at a rate somewhat
different from thetprior to the electroc&pillary zero. In practice this condanser
- current resulis in a considerable positive slope 10 the residual current pertion of
the curve so that the measuremesnt of diffusion current becomes difficult. This
effect can be nullified by applying a compensating currant which increases with
potentizl in a negative direction. A device for this purpose comstitutes the so-
called R-compensator of this instrument.

’For practical operation, the posttion pt wvhich the R-compensator is
set may be determined In éne of the two ways. First, an aliguot of supporting
celsetrolyte is8 placed in the ¢ell and &earatedo With the other §ontrels (spaﬁ
and initial ?oltmeters, sensitivity, etc,) in their proper settings, the curve is

.started. The R~compensat§r is adjusted wntil the curve is approximately parallel

SR



to the voltage axis. This setting of the c@myﬁnsaﬁar will e approximstely the
same when the sample is polarcgrapheéa The alierneate method of determining the
position 18 to run a p@laragram of thé sample and to edjust ibe B-sompensator

until the residual current portion of the curve is parallel to the voltamge axis,

k At the highest sensitivities the shape of the curve may be different
from the ca;ven%ianal shape in that the diffusicn plaﬁeau wry not be parsliel to
the residual current portion of the curve. T this case the method of mﬁasufing the
curve to determine the height of the diffusion current is asssumed to acrrec%’for the
odd shape of the curve. This method was explained sbove.

H. Sensitivity Switch

The sensitivity switch determines the span of the'wava on the Brown
Recorder chart and is set in the position which will give the maximum wave helght
that can be drawn on the chart. The sensitivity is expressed in microamperss

per full scale of the chart.

I. Damping Control

| Again at high sensitivities, the magnitude of the oscillations drawn
on the recorder caused bj formation of the marmurykdrop in the slectrode become
so large that it is necessary to decrease the sizs of these oscillations. This is
done by using the damping control. Hdwever, if the oscillaﬁioné are completely
. damped out the curve draén does not rspresent the true &iffusian current, hence
the damping used should be the minimum consistent with good recording of thei
ccurves. It is important not to change‘the damping control between the two curves of

- a standard a&diticn auslysis.

IIT. METHOD OF DETERMINING THE REIGHT OF THE DIFFUSION CURKENT
In drawing the curves it is assumed that the average of the oscillations

is the true current. On that assumption the midpoints of the oscillatious are

”.ﬁ-““—L
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measured and a line drawn through two points in the straightest portion of the

residual curve. The same thing is done in the limiting currant region and in this

case the two lines may or may not be parailel. ‘

A line is then drswn through ﬁhe approximate position of ths El/éf through

the mddpoinﬁs of the osciilationﬁ, wntil this line’crcﬁses bothkthe previousi
 lines. A line perpendicular to the voltage axis ié dropped from the point wﬁere the
1 two lines cross at the tép of the wave to the point where it crosses the liné
’ representing the residusl current. The dlstance between the point where the

perpendiculer line crosses the residual line and the point where the line draﬁn

through the El/E crosses the residual curve line is measured slong the residual
’line and at opne half the dlistance ancther perpendicular line to the voltage axis

is drewnm uwp through the Ei/g until it orosses the line representing the diffgsion
-current. The height of the diffusion current is measured from the points where the
perpendicular line through the El/z crosses the residual curve line and the diffusion

'curve line.

IV. OPERATING PROCEDURE

lqi Place test #olution in the cell and start dessration by bubbling
oxygen-Tree nitrogen through the solution. ’

2. Set span potential at desired potemtial (usually one volt).

3. Adjust initial potentisl to desired potential if necessary.

L, Set bridge at zero. |

Do Adjust sepmsitivity control to the position that will give a full
wave on the Brown chart. (This is dotermined by trial method, )

6. 1If a high sensitivity is being used, turn on the R-compensator
and adjust as;previausly deseribed.

T. After the solution hes been deasrated, remove the nitrogen tube
to a position mbove the solution.

Sniniminiin
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8. Turn on the chart on the Brown and adjust the pen to about
position 10 on the chart by the zero contrel.

9. If the oscillations are lérge adjust the damping coptrol so ‘bhat:
the oscillations are approximately 10 mm high.

10. After the Brown Racorder and solution reach equilibrium, as indicated
by a pen drawing a straight line on the chart, turn on the Bridge motor and mark

the beginning point on the chart.
11. Record the polarogram until the straight line diffusion current

portion of the wave extends for at lsast 0.1 volt.

SR
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MERCURY -~ POLAROGRAPEIC DETERMINATION

Mﬁtﬁod Ko. §
I. PRIRCIPLE |

A current-voltage curve is registered as an increasing enf is slowly
and centinuously applied to & polarizable electrode (mercury dropping from a
éapillary) relative to a réference electrode (saturated calomel) joined to the
system by a ECl-agar bridge. The reduction of the ion, contained in a supportiﬁg
electrolyte that is many times as concentrated, isrindicated‘by a "wave", i.e,, an
increase in current to a limiting value, the height of which is a measure of the
guantity, of the reducible substance. The potentisl at which the wave attains
half its height after correction for the residual current of the supporting
medium is characteristic for the reducibie fon. Thisipatential is called the
hélf-wave potential. ‘

Both mercuric and mercurocus ions reduce at zero potential ét the dropping
mercury electrode versus the saturated calomel electrpde; therefore, no residuai
curve is obtained for the polarogratt. waever, Kolthoff and Lingape have fouﬁdithat
both ions yield well-defined diffusion currents that are directly ?roportional to
the ccncentration(l). , :

II. STATUS

This méthod is applicable to the determination of mercury in concentrations of
20 to 100 7/ml in solutions comtaining urenium. Sincs the half-wave potential of the
uranyl fom is -0.18 volt it does not interfere with the mercury determination. By
using relatively large cancéntrations of;mercury, approximately 20 to 100 7/m1,~it
has been found that,at the sensitivitieskat vhich these curves are run, the residusl
current is negligible, therefore the height of the current is'pfbportional to the

concentration. A typical polarogram is $hown in Apx. 2.
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’I:he use of a re¢ording polamgraph, especially the (RN polarograph
designed by M. T. Kslley(e’ 3{ is advised.
Further detailed information regarding the theory of polarogrsphy and the
polarograpﬁic determination of mercury is given in the references.
References:

1. Kolthoff, I. M., and Lingane, J. J., Polarogrephy,p. 251, Interscience,

New York (1941).

2. "ORNL High-Sensitivity Recording Polarograph”, Metﬁod ¥o. B,
this manual. ' | '

3. "chemistry Division Quarterly Progress Repert for period ending March 31,
1950. Part II, Analytical Chemistry . A Polarogreph for Analysis of Very Dilute
Solutions (10’6|§)I,Ma T. Kelley, H. H. Miller, W. H. Davenpart; Jr., p. 2k, ORKNL-686
IIT. REAGENTS AND APPARATUS | |

A. Reagents
1. Agar-KCl Solution for use in salt bridge. Prepare by dissolving 30 g

KC1 in 100 ml distilled water. Heat the solution and dissolve 3 g Agar in it.
2., Ammonium Chloride, sat. NHyCl. Prepare by adding about 300 g BHLCL to
1 liter of distilled water.
3. Ammonium Hydroxide, sat, NH),OH.
4. Copper, strip.
5. Standard Mercuric mtrate, 2.0 mg Hg (II}/wl in 0.1 N HNO3. Prepare
| by dissolving 2 : 0.005 g of mercury, redistilled apalytical reagent grade, in 6.25 m
Conc. HNOE;. - Add agpproximately 2 ml HQQ 4o ald dissolving, then dilute to one liter.
6. Mercurous Chloride (calomel), solid HgCl, analytical reagent grade.
7.‘ Methyl Red Indicater Solﬁtien, 0.2% in 60% CpH50H. Prepare by
dissolving 1 g methyl red indicator in 300 ml C2H5OH end diluting to 500 ml with

‘distilled water.
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8. Kitrogen, water-pumped.

9. Sulfuric Acid, 6 § (3 M) HySO,. Prepare by adding 168 ml conc. HpSO)
to about 500 ml distilled water and diluiing te 1 liter with distilled water.
B. Aggaratus ’

1. Polarograph, ORNL High»Sensitivity Recording is recommandgd; See
Reference 2. and 3. - o

2. Dropping Mercury Electrode. See Apx. 1. Construct from Bargent
barometric tubing, 5 inch length, sealed to a mercury reservoir designed to provide
a constant Hg level. The mercury &ropping time of this arrangement at full height
should be the optimum 3 to 5 seconds vwhen immersed in water aﬁ roam temperature; See
Method No. 10, Ref. 2 for instructions aﬁd care of the electrode.

3. Saturated Calomel E}ectrodeo Prepare by grinding appfoximately 50:g'HgCl
(calomel) with approximately 50 g Hg. Place the mixture in a 250 ml Erlemmeyer flask
fitted with a two-hole stopper. Add spproximstely 200 ml of a saturated KCl solution
té the Hgll - Hg mixture. Add Hg to covér the bottom of the flask. Seal a small
plece of platinum wire into‘a small glass tube and £ill the tube with mercﬁry.
Place this in the flask so that the Pt tip is in contact with the mércury pool;
annect the other end of the electrode (Bg in the tube) to the anode of the polaro-
graph with a lead from a platinus wire dipping in the mercury. Use only platinum in
contact with the mercury to prevent contémination of the mercury. ’Measure the |
resistance of the entire cail circuit from the mercurj reservoir to thé S.C.E.
wilth a conductivity bridge. This should:be less thanyﬁeoo ohms. I greater, re-
place the XCl»Agar bridge.

k. Reduction Cell. Prepare from a B 40/25 ball joint. Cut the female
part of the joint off and seal It at theicut end to givs a cell ofiabaut 2-1/2 |
inch length. Cut the male part off to about & 1 inch length and fit it with a

four-hole No. 5 rubber stopper. Provide the cell with a clamp.
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5. KCl-Agar Salt Bridge. Prepare by drawing the hot KCl-Agar
solution up‘into a length of Tygon tubing by use of a large hypodermic syringe.

6. Nitrogen Gas Wash Train, consisting of four gas wash bottles each
- comtaining 200 ml of equal amounts ofgsaturated RE,Cl and conca:ﬁHAOH with a féw
| strips of copper immersed in solution. Place 6 ¥ H,S0y and methyl red indicator in
& fifth wash bottle to absorb NH3 from the previous bottles. Thekindicator will
- turn yellow’when the H,S0y has been neutralized and should be replaced. Place
glass wool in a sixth bottle, %o servé as a moisture trap and connect this bottle
: to the reduction cell.
~ IV. PROCEDURE

l; Raise the mercury reserﬁoir to full height on the ring stand and
pipet an aliquot of the sample containing 20 to 100 7'ﬁ§:(II}/ml in O.i'g HKO3
©into the reduction cell. |

2: Bubble scrﬁbbed nitrogen through the solution for:ten winutes.

3. Set the span potential at 1.0 volt. |

4. Set the seﬁsitivity scale at 2 microamperes.

5. 8et the damp control so that the oscillations are about 10 to 15 mm
high when the cell is connected. |

6. Set the slide wire at zero.

T« Remove the nitrogen inlét tube from the solution to a position Just
- above the solution.
8. Discomnect the calomel electrode.
9. AdJust the zero knob of the polarograph so that the pen reads

epproximetely 10 on the chart.,
10. Wait until & straight line has been drawn. This forms the base line.

11. Connect the calomel electrode.

Snbaniboiind
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12. Record the polarogram ﬁntil the chart has traveled approximately
two inches. |
13. Stop the recorder.
1&@ Determine the diffusion current and calculate the Hg (II) concen-
tration of the sample. | | |

Calculations:

Let: 100 = number of scale divisions for full chart

fod
it

sensitivity scale settings, uma
B = height of Hg (II) wave, scale divisions
C = diffusion current, ua = A x B

D = vy Hg (II)/ml corresponding to C and determined from
the calibration curve ~

E = sample dilution factor.
Thens:
Mercury (II) in sample, y/ml =’Dvx E.

Preparation of Calibration Curve

Prepare a standard calibration curve in the following mamner. From the
- standard mercuric nitrate stock solution, 2.0 » Hg (II)/ml, prepare standard solution:
- eontaining 20, 40, 60 and 80 y Hg {II)/ml in 0.1 M HNO;+ Analyze 10.0 ml of each
standard soiution polarographically as described above, determiﬁing the diffusion
. current for;each. Plot the results on ractangular‘coor&inate graph paper, plotting

the diffusion current,/ua, as ordinate snd concentration of mercury, y/ml, as abscisse
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'URARTUM - POLAROGRAPHIC DETERMINATION BY STANDARD ADDITION

( Hethod NHo, 10

I. PRINCIPLE

A current-voltage curve is registemé 28 an increasing emi 1s slwly:
and combinucusly applied to a polarizabie slectrode {mercury dropping from a
éa.pillary) relative to a refersnce slsctrode (satm’aﬁe& calomel} joinsd to the
system by a KCl-agar bridge. The reduction of the ion, contained in & supporting
électrolyte that is many times as comcenmirsted, is mﬁicat@d by a “wave”, i.e., an
incresse in current to a limiting value, the height of which is &;measwe of the
Quantity: of the reducible substance. The potential &t which ths wave attains half
its height after corrscticm for the raﬁidu&l m:srfént of the supporting medium is
characteristic for the m&imibla fon. ‘Ehiss potentisl iz called the half-wave im‘cen'bia}

The polarogram of the uwranyl lom in &ilute salu“biéns af strong acidsk consiste
of a wave with a Im,lf«»ﬂs,:rmrej potential of -0.18 v and two coslesced mve-s with an
appax;ent half-wave potemtial of =0,93 v {S.0.B.}. Iﬁ is with the first vave only |
that this method i# comcermed. It is due to resctions such as |

ot 4 é"”“UOz“’“.,

The Flrst helf-wave yo‘tentﬁial is ﬁat«appmciably affacted by c}_mnges in acidity or
salt comcentration. )

II. STATUS
This methed i{s applicsble to the determination of ursnium in concentraticns
of 5 to 500 micrograms per wl in the ;:fe»sence of chromate snd irom. The standard
Addi‘tion technique(l) is asedo The supporiting &leeﬁrGEyte is 031 ¥ BECl. The helght
:'of the first pola.mgmphia wave hag beén showm by Tissm:off( *) te be pmportimal to
the cc:ncentrétion of the uranyl iom. A& typical polarogrem is shown in Apx. 2.
Interferencss from Cr(VI) zmd Fe{II1} are alimméted by boiling the sample

with 1 mi of 10 'peer cent hydroxylamine hydrochloride. The dissolved oxygen in the
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solution is removed before the polarogram is run by psssing water-pumped, purified
. nitrogen thmugh the solution for ten mmﬁtasg.

The use of a recording polarogra};h is advised. The OREL polarograph
designed by M. T. Kelley<6} iz wsed in the CRNL apsiytical copirol Ia‘mrsﬁ’wries
and instructions for 1ts use should be consulted. ’

‘ Further detailed information regarding the theory of polarography and the
poiarographic determination of wranium is : given in the references.
References |

1. Eolthoff, T. M., and Lingene, J. J., Polavography p. 251, Inter-

science, New York (1941).

2. Rodden, C. J., Anslytical Chemistry of the Marxhatian Project )pl, 586~
610, McGra% Hill, Wew York {1950}, '

3. Strubl, R., "Polarographic Studies with the Dropping Mei‘cury Kath@d@:.
Part LXXV. The Estimation of Uranium and‘ Uther Heavy {I%talfs in t}:ie:Excess of Irém",
Czechoslov. Chem. Commun., 10, 466 (1,938):. | '

' 4, Tishkof?, G. H., “’?ml&rographie dnalysis of Uranium” m{m-2605

(October 20, 104k).

5. "ORNL High-Semsitivity Rscording Polarograph”, Method Ho. 8,
this manual.

6. Chemistry Division Quarterly Progress Report for period ending March 31,
1950, Part II, Analytical Chamis“tryh . 7 4 Polarcgraph for Analysis :of very Dilute

-6 .
Solutiomns (10 g)f M. T. Kelley, B. H. Miller, W. H. Davenpori, Jr., p. 24, CRNL-686.

ITI. REAGENTS ARD APPARATUS

A Reggants

1. Agar-EKCl Solution for use in salt bridgs. Prapare by Adissolving 30 g
KCl in 100 mi distilled watéra Heat the solution apd dissolve 3 g Ager in it.
| 2. Ammonium Chloride, sat. I@H;i;cl, Propars by adding about 500 g WHyCl %o
1 liter of distilled water. |

A
ot o
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4k, Copper, strip.

Be Eydicxylaminﬂ ﬁydrochloride Solution, 10% Wi 0H-HOL, Pfapar@ by
adding 10 g of NBE OH® HCL to 100 ml distilled watel.

6. Hydrochloric Acid, 0.1 ¥ HCl. Prepare by diluting B.6 2 ml conc. {11, 6 M)
to 1 liter with distilled water. _

Te HMercurys re&istiile@,aﬂalytieal reagent grade.

8. N@rcurous Chioride (calomel), solid Hell, analytical reagent grade.

Qe Methyl Red Indicstor Solution, 0.2% in bﬁ% cjﬂmﬁﬁ Pre;are by diasolv-
ing 1 g methyl red indicator in 300 ml 62850H and 4fiuvting to 300 ml with distilled
water.

10. Witrogen, water-pumped.

11. Sulruric 4cid, 6 ¥ {3 M) HpSQy. Prepare by adding 168 wl conc. HyS0), .
to about 500 ml distilled watﬁr and diiutinw to 1 liter with aiatillsa.uater, |

12. Staﬂdard Uranium Selution, JGO? U/ml. Prepare a stock wranlum solution
containing approximately 10 mg U/ml by dissolving 21.09 g UOg(ﬁ03k36HQO, adding 6.5 ml
coOncs HEO3 and diluting to 1 liter with &1& illed water. Sﬁandar&ize in triplicate
by evaporating 25 ml aliguots to dryness, igniﬁin% st 1000° © snd weighing as U308.

B. Apparatus

1s Pelaragraph, UREL High«Samsitivity'Raoarding is recomssnded. See

Reference 5. |

| 2, Dropping Mercury Electrode. BSee Apx. 1. ﬂtdﬁ No. 9. Comstruct from Sarjent
barometric tubing, 5 inch length, sealed t0 o mercury resservolr designed to provide a
constant Hg level. The mercury dropping time of this arrangement at'full height should
be the optimum 3 to 5 seconds when immsrsed in watsr at room temperature. See reference

2, p. 591 for instructions and care of the electrodz.
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3. Baturated Calomel Elsctrode. Prepars by grinding spproximstely

50 g HgCl (mm:g with epproximetely 50 g Hgo Place ihe mixwre in = 250 ml
'Ervlenmeyer flask fitted with a two-hole stopper. Add spproximetely 200 ml of &
‘saturated KC1 solution to the HgCl - Hg mixture. Adﬂ Bg to cover the bottom of the
flask. Seal a small piece of platinum wire into o small gless tube spd £411 the
‘tube wifﬁ mercury. Flace this in the fla.sk go that the It ¢ip is in conbsct with the
meycury pool. Connect the other end Qf the elestrods (Hg in the ‘tmbe»} 'izz:}: the anode
of the polarograph with a lead from a ;gl&trimm wire dlpping in the merouwry. Use only
platinum in contact with the mercury to prevent wnmmi’.mmm of -the Beroury. F.Measm;e
‘the resistance of the emtire cell cimﬁi‘t from the mevoury mmrmﬁ;;’ o the SQC.E@ )
with a conductivity bridge. This should be lﬁsé ‘ﬁhﬁ;n SO00 obag. If’ greater, replécg
the KCl-;Agar bridge. | |

b, Reduction Cell. Prepare from a § &0/25 ball J@sint.,‘ Cut the Temale
part of the .jqin“t off and seal it at the out end Yo give a call «:)i abont 2-1 é
inch length. Cut the male part off o é,baut 8 1 inch length snd P4t 1% with ei |
four-hole Koo 5 rubber stopper. Provide the cell with a clemp. .

Se Kﬂl—»ﬁg&r S8alt Bridge. Pmpare by drawing thes hot X0l-aAgar solution up
into a length of Tygon tubing byl uge mf’t a large hypodermic syrings.

6. Nitrogen Gas Wash Train, consisting of Tour gas wash bottles each
éontainmg 200 ml of equal amounts of seturated KHCL and conce N, OF with a féw
strips of copper immersed in solution. Place & | EQS% and methyl red indicator
in a fifth wash boitle to absorb KHB fmm the previous botiles. The indicator will
turn yellow when the HESOE has beex; mutralize:& and should be replaced. Place
glass wool in a eixth bottle, to serve és 2 molsture trap and connect thiz botile to th
reduction cell.

IV. FPBOCEDURE
1. RBaise the wercury rwaw&ir the Tull height onm the ring stondard

and pipet lOoC) rl of the sample conteining 5 to 200 ¥ U/ml in 0.1 ¥ HCL 4mto the cal].{a

L R
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2. Bubble scrubbed nitrogen through the solution for five minutes .

‘ | 3ﬁ Set tha mpam voltaga 2% 1.0 volt and the sensitivity scale to 2.0 pe
for & sample containing appreximately 100 ¥ Ufmmq‘ For more dilute solutions set
the polarograph to a more seusitive scale in ordsr to get a good measurable wave.

k, Set the slids wire at z&re(ﬁ){
5. Remove the nitrogen inlet tubs from the scluﬁicn(é),
6. fTurn on the recorder smd the chart drive.

7. Adjust the zere xnob(®) of the polarograph s0 that the pen raads

apprbximately 10 on the chart.

8. Aﬂjust the dampimg cantrcl< } to obtain aﬁsillatians comparable to

those shown in Apx. €.
9, Start the polarogrsm by turning the motor switch on md/or angaging
the clutch axive(g> of the slide wire.

10. Mark the chart at the startiﬁg point.

11. Record the polarogram wntil the bridge indicator dial reads 4 (O.k volt).

12. Stop the recorder.

| | (n | |
13. Pipet 5.0 ml of a stamndard 500 y U/ml solutian( ) into the cell and mix witk

the sample.
14. Bubble gas through the sample a5 before.
15. Record the polarogram as before on a sensitivity scale of )GO}wa
16, Measure the height of each wave in divismns on the char’c by the
standard measuring technigue and caleulate the difxusien currwnt(13
| 17. Caleulate the Goncentratianfaf uranium as follows:

Caleculations

Let: VvV = aliguot of sample, ml

v = vwolume of standerd uranium solubion added to the reduction
‘3‘911; ml '
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1 = 4diffusion curregt of sample éliquot,}ﬁm
ig = diffusion current of sample al&queﬁ plus stendard ad&itian,}ua
&1 = increase in the‘diffusicn current, ma
Then:

Uraniim in sampl ivCs .
rentum in sesple, 7/ml = Tl o = C

Semple Calculation:

Sensitivity Scale VWave Height, o
Tagt Setting, Scale Diffusion

 Solution ya/loo secale div.  Divisions Current, pa
- lst Wave  Semple, 10 ml 2.0 62.5 1.25
2nd Wave Semple, 10 ul .y 5,0 84,5 3,23

 Standard, 5 ml

(8500 5 u(vI) fm1.

Then :
V = 10 ml
v = 5 ml
i = 1.28 pa
1, = 3423 pa
25 i & 1098 ).la
Cgpq = 500 7 U/ml
And
1.25 x 5.0 x 500
C = T.58 (10+5) + (1.25 x 5) = B86.92 y/ml.
Notes

(a) 1f or(VI) op Fe(III) is present, boil the semple with 1 ml of
| 10% hydroxylemine hydrochloride solution and cool.
() For low aoncentrations;of uranium, ten minutes degassing is

frequired.
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(¢) The slide wire with the clutch disengesged can be twrned in

keither direction.
(d) Leave the nitrogen imlet tube above the surface of the liquid.
{e) Leave the R-compemsator switch off unless solutions of very lov
’concentra'bion;s (1 to 10 7 U/ml) are to be analyzed. ; {See polarogrsph instm&ioas.j
(£) More dsmping to lessen the oscillation of the pen might be desirable
with some solutions. -
(g) For best accuracy the helght of the weve after the standard addition
‘should be approximately twice that of the original wave. The 5 ol of 500 ¥ U/ml
‘standard addition is sufficlent to obtein this increase with en original 10 ml
fsanmle of approximetely 100 7 U/ml. The standard addition on more or less concen~
:trated samples must be adjusted accordingly.
(h) See Sargent Model XII polarograph manusl.
(i) Calculate the diffusion curremt of each wave aa’ follows:
Let: |
100 = number of scale divisions for full chart
A = diffusion current, pa
B = height of U{VI) wave in scale divisioms

c

]

sensitivity scale setting; yps.
Then:

A w BX‘CO
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CURRENT ,pa

0.

kI/.La

40.5 ¥ U(X) /ml
0.1 M HNO3
SENSITIVITY=1.0pa/FULL SCALE

TYPICAL POLAROGRAM OF URANIUM (¥I)
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URANIUM - POTENTICMETRIC TITRATION WITH FERHIC SULFATE

Method Ho. 11

I. PRINCIPLE
The wranium in 2 solution originally sontaining tri~ ang gquadrivalsat
uraniuwm is determined acsurately by measurement of the titer between the two

end points indirated wy che

» in the sobtential of & platinuu-calomel electrode

gystem during addition of fervic ion to the
II. &TATUS

This wethod is applicable to the znalysis of solutio

jut
|
Jon
£
[+
L&

ontaining
either natural or U235~enriched uraniuw. Chrome alum golutdon is reduced to
chromous ion in a Jones reductor, and then transferred to the uranium solution
in order to reduce the uranium. The reduced uraniws is then titrated potentio-
metrically with ferric sulfate. The first end joint is reached when all of the
uranium is oxidized from the(iII)tm the(IV)valence state, whicﬁ is indicated
by an infléction of the galvanometer of abproximately 100 rav. The excess
chromous ién is simultaneously reoxidized so that the chromous is not involved
in the second end point. A second end point is reached when all of the uranium
is oxidized from the(IV)to(YI)state, The difference in the end points is the

titer value. The titration is made at a temperat@re of 90°C under a GO, at-

2
mosphere.,

A special titrimeter is employed which utilizes a 10 wl hypodermic
syringe in the reagent delivery'systémﬁ The vmlume of reagent‘consumed is
obtained from a Veeder-Root counter geared to the‘mannal syringe drive.
Nitrate, fluoride and large amounbs of phbsphate interfere with this
titration.i Iron, chromium, nickel, cadmiwm, manganese and aluminum do not in-
terfere buﬁ molybdenum, tungsten, copper, and tin must be absent. The inter-

ference of vanadium is stoichicmetric and may be corrvected after separite

determination of this element. Titanium introduces a third end point, but
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no error results if 31l three sre detected. The analysis of synthetie uranium
solutions b§ this method has been made to an accuracy within % 053%0
References
1. Nessle, G. J., Casto, C. C., Orlemann, E. F., Crimes, W. H., and
Larson, G. Eﬁ} #Poventiometric Titraﬁien of Uraniws with Fervic Sulfate®,
MDDC-1123 {May 29, 1547)
2. Widing, R. A. and Fargqubarson, J., "an Automatic /Potentiometric

Titrimeter®, ABCD-2836 (Dec. 23, 19L9).

IIT. REAGENTS AND AFPARATUS

A. Reagents

1. Carbon Dioxide Gas, gylinderp

2. OChbrome Potassium Alwm Solution, 10% Cr,(S0)) 3¢ KpB80y- 24 Hy0.
Prepare by dissolving 10 g of the alum and diluting to 100 ml with distilled
water. Unstable, therefore prepare dailyp

3. Standard Ferric Sulfate Solution, approximately 0.1 N. Prepare
by dissolving 28,1 g Feg(SOh)3° % HaO (assume X = §) in 100 ml conc. H,80;, énd
dilute (USE CAUTION) 4o 1 liter with distilled water. 4llow the solution to
stand 18 to 2l hours, then siphon it into the storage bottle {See Apx. 1 & 2)
and removekair tubbles from the titration syatem.

The calibration of the syringe~type turette serves as an indirect method
of standaerdizing the ferric sulfate solution (see Section IIX Ewl)o

L. Sulfuric Acid, conc. and 7.5% (v/v).

5. Standard Uranous Sulfate Sclution, 1.13 mg U/mla Prepare as
follows., Weigh to f O.imgalig sample of Us0g (99,95¢ reagent, MS-8T).
Transfer the sample quantitatively teo a 500 ml flat~bottem flask fitted with a
reflux condenser, Add 120 wml conGG:HQSGb and 10‘ml cong, HCL., Place on a
hot plate, heat strongly for LS mimites, and add’distilled water drop by drop

through the top of the reflux condenser, swirling the flask between each

ARERENTENDRY

C e e wen ann awe
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~ addition of the water, The green uranous sulfate should have dissolved. Transfer
the solution quantiﬁativély to a 1 liter flask and make up to volume with dis-
tilled water. |
6. Mercuric Chloride Solution, 2%. Prepare by dissolving 20 g
chl2 and diluting to 1 liter with diétilled water,
7. Zinc Metal, granular, 20 to 30 mesh.
B. Apparatus
1. Special Potentiometric Titrimeter, assembly manuaily operated,
illustrated in Apx. 1 and 2. The assembly comsists of the following partss
~ (a) Crank mechanism, geared to syringe plunger.
(b) Counter, five figﬁra, Veederwﬁﬁat type.
(c¢) Buret, hypodermic syringe-type, 10 ml capacity.
(d) Reservoir for FGZKSOA)B Reagent.
(e) Reaction Cell consisting of:
{1) ©beaker, spoutless, 300 ml capacity
(2) platinum electrode, made from 20 gauge wire
(3) calomel eleﬁtrcde, external, Beckman type
(L) reagent inlet
{5) COZ inlet
(6) thermometer
(£) Heater and Controls. Jacket-bype hester attached thru a
Variac to a Wheelco Temperature Controller, supplied by Wheelco Instruments Co.,
Chiecago, 131,
(g) Magnetic Stirrer, and glass-covered stirring bar magnet.
{(h) Potenticmeter, Rﬁbicon, supplied by the Rubicon Co.,
Philadelphia, Pa. '
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Calibrate the titrimeter in terms of the counter turns equivalent to
1 mg of uranium as follows, in triplicate, for each bLatch of Faz{sch)B prepared.
 Pipet a 25 ml aliquot of the standard uranous sulfate solution into the 300 ml
- reaction cell and carry out the potentiometric titration with ferric sullste

according to the procedure described in this method. This calibration procedure

assumes constant bore diameter of the syringe-type bureb:

Calculations
Let: A . total mg U in aliguot of standard uranous sulfate
titrated
B = counter number at second end point

¢ = counter mumber at firsit end point

B=C
A

Countber turns equivalent to lag U =
Make a daily check of the apparatus in the above mamner.
2. Jones Reductor. Make by sealing a small stopcock to a glass tube
 approximately 15 x 120 mm. Place a glass wool plug at the bottom and fill with
distilled wéter. Prepare a zine amalgam by adding 300 ml of 2% mercuric chloride

(or nitrate) solution and 1 to 2 ml conc. HHO4 o 3@0 g of pure 20 to 30 mesh
Zn in & beaker. Stir the mixture for § minutes, then decant the solution and
wash iwo or three times by deeantatioﬁ, Wash the reductor with 2% HyS80), then
‘ wifh distilled water. Always have the reductor filled with walter when 1% isk
- not in use. |
IV. PROCEDURE

1. If the submitted samples contain nitric acid, add sulfurie scid
~and fune.

2. Bring aluminum heating jacket up to operating tewperature of
100 to 115° C.

3. 4djust CQ, flow to approximately 2 bubbles per second.
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L. Pipet a suitable aliquot (approximately 100 mg wraniom) into a
30C ml spoutless beaker.
5. Cover the besker with a watch glass and heat the séluticn to
boiling.
6. While the sample is heaﬁing, prepare a chromous soluiion as follows:
a, After rinsing Jones Reductor with 7.5% sulfuric acid wagh,
allow the wash sol@tion volune to approach the bed of amalgam.
b. Add 5 to 8 ml of 10% chroge potassium glum solution to the
reductor followed by approximately 15 ml of acid wash.
c. Allow the reduced chromous solution to descend to the
glass wool plug at the base of the reductor then close
the stopcock. Check to see that the amalgam is covered
by acid wash.
7. When the sample is at a boil, move the titration beaker under
the Jones reductor, cover with the rubber stopper, and pass the chromous
solution intc the sample.
8. Place the beaker into the aluminum heater.

9. Cover with the rubber cap, placing the heated platinum wire into

position(a),

10. Attach the electredes to the proper leads (b),
11. Allow the temperature as shown on the thermometer to go to 90#1°C.
12. Lower the burette assembly into the proper hols.

13. Titrate with ferric sulfate to the first end pointgc)ﬁecord counteyr

number.

1. Reverse the polarity and titrate to second end poinﬁ(d)« Record

‘eounter number.

— e e v o
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Calculations

A. Natural Uraniwn Samples
’Let: A = counter number at second end point
B = counter number st first end point
® number of counter turns eguivalent to 1 mg uranium

total volume of sample, ml

25 B < B o
B

= aliquot of sample teken for analysis, ml
%Then:
Natural uranium content of sample, per cent

=§..%..§I§X1OO=F

Let: G = decimal per cent U235 in sample
H = decimal per cent Upsg in’sample

composite atomic welght of enriched uranium, g
= (G x 235.12) 4 (H x 238.14)

1]

I

Thens
| ‘Fatural uranium content of enriched sample, per cent =
Fx i
238.07 g
Notes:

(a) The platinum wire shauld be heated to red heat between titrations.

(b) The platinum electrode is connected to the negative pole of
the potentiometer, and the calomel electrode is connected to the positive pole.

(¢) The exceés chorsous ion is oxidized to Cr(III) so that the chramousn
is not involved in the second end point.

(d) This end point is marked by a similar inflecticn of the galva-
nometer but differing in degree. Whén approaching the second end point, add the

ferric sulfate rapidly until a reading of 200 millivolts is obtained, whereupon
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add the titrant in discrete increments; each addition equal to 2 musbers on
the counting;dial. Make readings on the galvanomeler after each addition.

The end point will occur close to 300 ﬁillivolts and can be caleulated by

“noting the sharpest break in millivolt readings.
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URANTUM - FLUCROMETRIC DETRRMIRATION

Method No. 12

I. PRINCIPLE

The fluorescence properties of uranium when sxposed te‘ultraviulet
light are intensified by fusion with some solids such as sodium fluaridﬁa’ The
Tluorescence method 1s the most sensitiva of all avsilable methods for the
determination of trace quantitiés oféuranium,

Solutions contalning microgram uranium concentrations are pipetted onto
sodium fluoride pellets, dried; fused, and the flucrescence of the Tused cake
under wultraviolet illumination is measured with a?flﬁaraphctaméter of special
design.

II. STATUS

Rodden(l) gives a comprehensive discussion of the flucrometric matho&
for determiﬁing uranium, It contains information om qusnching, Interferring
elements, flux materials, fluorescence standards aﬁé apparatusa: The analyst:'

- will find this reference most helpful§ The methed is reported to detect as

10 g of uraniwg. The aeéuracy of the method, however, is likely

little as 10°
| not better than 85 per cent.
If the submitted samples cantéin interferring elewents, or high leveis of
: radicactivity; uranium is extracted with tributylphosphats -~ "Varsol” solutions.
- Samples submitted in an organic mediuﬁ ars ﬁsu&lly‘frae enough of impuritiesﬁso
| that aliquots of the samples can be pipetted directly onto the sodium fluoride
| pellets and fused. |

References

1. Rodden, C. J. Anslytical Chemistry of the Manhattan Project, p 122-135

and 565-573, McGraw-Hill, New York, (1950).
2. Northrup, M. A., ”Flaoresqence Bead Test for ﬂraniuﬁ in Minerals",

Ind. Eng. Chem., Anal. Ed., 17, 664 (1945},

R g
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TII. REACENTS AND APPARATUS

A. BReagents
1. Sodium Fiuorids, &alid‘ﬁaﬁﬁ giving a low Tluoreszence blank

when tested by the procedure below, and being sasily formed into pellets. Variatior
within o single vendor's material is often noticsable and esch batch must ﬁe testad.

2. Nitric Acid, 12 ¥ Hﬁﬁse Prepave by diluting 780 ml cemc. {15.h M)
to 1 liter with distilled water.

3, Tributyl Phosphate Solution, approximately 2% TBP in "Varsol®.
Prepare by diluting 250 ml (Chﬁglgffk,cammarcial grade, to 1 liter with ”Vﬁrsol",
supplied by oil companies.

%, Standafd Uranium Solution, 1y U/ml. Prspare a stock solution
of uranyl nitrate comteinming 10.00 wg U/ml by dissolving 21.09 g Uﬁg{§03)2§6£90,
adding 6.5 gl conc. HNO; snd diluting to 1 liter with distilled water. Standardize
the solutiont gravimetrically in triﬁliaate by evaperaﬁing 25 wl aliguots t@ dryness
and igniting at 1000° C and welghing as U30g.

5., “Permanent” Uranium Fluorescence Standard. Prepare from uranium
soft glass, available froem Corning Glass Co., Gotning, We Yoy by grinding the
ursnium glass and mizing it with ground soft glass., Fuge the mixture in a:
platinum bubton on the mﬁltiple burper fusion device. Attempt to prepare a
standard ﬁhich will read approximetely 15 myv on a 2 « 2 sspsitivity setiing.
Reserve position No. 2 of the Fiumréphotemater for this standard.

B. Apparstus ’

1. Fluorophotomsber, Model Q1165 comstructad by ORNL Instrument
Diwision and %o be described in a férthc@ming report by M. T. Kellsy. Seegﬁpxp 2.

2. Multiple Buwruer Fusion Device, constructe&.by:ﬁﬁﬁL Instrument
Division snd describdsd in their dravings numbered D-hhz1, c-hh22, D.bh23, Ce-bhi2h

D-hh25, D-»hlm, D-5478 and B-3402. Bee Apx. 1.

The temperature of the firat twc burners on the fusion deviee

D v e omed oln  G61 om0
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should be 1000° C end the last 800° C. Pusion time should be two 1.5 minute
periods. ’ k | |
3o Pelletiier, for forming HaF pelliets. Describsd in ORNL
Instmmen‘binivision drawing No. C-9202. See Apx. ’1, ’
4, Platinum "Buttons”, milled. See Apx. 1. |
5. "Lucite” Carrier, tray for holding platinum buttoms containing
fused pellets and provided with a co#er, See Apx. 1.

6. magneti¢ Stirrer, type supplied by Fisher Scientific Co. Bquip
with a ”Luéite" cover containing holés into which the four inch test tubes can
rest. Use pleces of nickel wire as stirrers for ithe liguids céntained in the
test tubes; |

To Infra-red Lamp.
8. Test Tubes, four inch length.
9. Pipets, volumetric, 1 ml capacity.

10. Pipets, micro, 5 to 500 )\ capasities,

11. TForceps, provided with plaetinum ti@so

IV. FROCEDURE

A. Extraction of Uranium from Iﬁnterferring Blements
If ths sample is believed to contain interferring elements, ext:fact
the uranium as follews; performing the analysis in duplicate.
1. Pipet em aliquot (approximately 0.5 7 U) of the sample iuto a
small test tube comtaining a mag:aeti§ stirrer (W1 wire). |
2. Dilute to 500A with distilled water.
3. A4d 500A of 12 § HNO; .
, Pipet in 1.0 ml of 25% TRP in "Varasol".
- 5. Prepare two blanks by pipeting the following into swall test
tubes containing magnetigc stirrersy 500 >\ distilléd water, 50(): ;\ 12 8 mw3 ‘
and 1.0 ml 25% TBP in "Varsol”. :
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6. Place all the tubes in the "Lucite” holder on top of the

magnetic stirrer.
7+ Stop the stirrer and ailow the phases to separate.

B. Preparation of the FaF Pellet for Fluorescence Measurement

1. By use of: the pelletizer place 300 mg of WaF into each of
twelve platinum buttons. |
2. Pipet a suitable aliguot of the blank, sample, or of the
‘organic phase if the Procedure A was used, directly ounto the NaF pellet; In triplicate
3« Dry the button for five minutes under an infra-red lemp. |
4. Using a pair of platimm-tipped forceps place each button on one of
’the spindles of the fusion device. :
5. After each button is fused place it into a "Lucite" carrier for
protection from contamination until the uranium fluorescence can be read.

C. Measuremen‘b of Uranium Fluorescence

1. Plug the Fluorophotome‘ber, Model Q-1165, into the controlled
voltage line,. | »

20 -;_;gixroximately thirty minutes before reading samples, turn on the
ultraviclet iigmx switch at the left of the insirument panel and then the high
voltage switech at the right of the panel. ‘

35. Rotate the carrier of the Fluorophotometer and insert a series’
of sodium fluoride fused blanks into the numbered slots, leaving the first hole
clean and vacant.

1{. Rotate theilfo. 1 empty Slotv t0 the measurempent position. 8et the
coarss sensitivity indicator at "2" and the fine sensitivity indicator at "0".
Check to see whether the gslvonameter réaa.s"O". 1f riot » adjust the zero lmqh util

it does.
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Caleculations

let: A = scale reading for biank, Wy X scale factor for blank (
B = scale reading for sample aliquot, mv, X scale factor for sample
¢ = correct scale reading for sample sliguot, mv =B ~ A

D = 7 of vrenium correépon&ing to ¢ (determined from the calibration
' curve) E :

E = aliguot of sample analyzed, ml.
Then:
Uranium in sample, 7/ml = -%-

D. Cleaning of Platinum Buttons

Clean the platinum buttons after each use as follows:
;. Botl in conc. HNO, for not less than thirty minutes. An hour
is adequalte.
2. Rinse thoroughly with distilled water.
3. Boil in conc. H,S0; for mot less than ome hour.
b, Rinse thoroughly in distilled water and dry with Klsenex.

E. vPreparation of Calibration Curve

Pi'apare a standard celibration curve by analyzing 10, 25, 50, 100
and EOOA aliquots of the standard uranium aolutian,: 1y U/ml, and reading the |
plates against a blank of NaF according to the procedure deseribed above. FPlot
the number of millivolts as ordinate against the milligamma of urénium as sbscissae
cm three cycle log-log graph paper (Diefi;zgen Hoo 31:»0-}'_,33) » A typical calibration

curve is shown in Apx. 3.
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URANIUM - AMMONTUM THYICCYANATE SPECPROPEOTOMEIRIC METHOD
| Method Fo. 13
I. PRIKCIPLE
Uranjum (VI) and amsopium thiocyanate react in solution ia form a
yellow-colored complex. This complex is used under specified conditions as a
basis for determining uranyl ion. The intensity of the yellow color is
: measured against a reference solution weing a speetrophotamﬁtara
II. STATUS
The method is suitable for the determination of U{VI) in the range
- of 100 to lCOOyo Tt has the advantages of no interference framkcarbon&te
 ion and of tolerating up to sbout 2 mg Fe(III). The rad color of Fe(III)
~ thiocyanaste complex, which increases the absorption of light st the wave lenpgih
' used, is prevemted from forming by the addition offSnClga The pH of the
solution in which the color is develo@ed should be below 1.0 but the acid coﬁcen—
tration nct:greater than 12 millequivalents. Interferences froﬁ metal lons,

: ~ (1 and 2)
organic and mineral acids are discussed in the references '

. The time
factor is important. The accuracy of the method is M
References: |
1. Currsh, J. E., snd Beamish, ¥. E., "Colorimetric Detsrmination of
Uranium with Thiocyanate", Anal. Chem. 19, 609 (1947}).
2. NWutting, L. A., "Uranium Spectrophotometric Determination Using
Ammonium Thiocyanate”g Collescticn of Laboratory Procedures for Ionic Analysis

Group, files of L. T. Corbin, ORNL.

ITI. REAGERTS AND APPARATUS

A. Reagenis ,
1. Standard Uranium (VI) Solution, 1 mg U (VI)/ml. Prepare a

stock solution to contain approximstely 10 mg U (VI)}/ml by dissolving 21.09 g

it
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UO,(H03)p+6Hp0 in 1 liter of distilled water. Standardizs the stock solution
by evaporating 2% ml aliquots to dryness and igniting o U3&3 st 1000% C. Pre-
pare the stgndard uraniuwm solubtion by dllution Trom he stoek aélutiom,
2. Ammonium Thiccyapate Soluticn, & M HHy5CH. Pregare by dissolving
608.96 g NH,SCN in distilled water snd diluting to 1 liter.
‘3. Stannous Chloride Bolution, 10% Snﬁlgs Disgolve 50 g SnClg in
distilled water and dilute to 500 ml
i, Hyﬁrechloric Acid, conc. HCL,
B. Apparatus
1. Spectrophotometer, Beckman Modsl "B, supplied with 2 matched
set of cells, 1 cm 1lght path. |
2. Flasks, volumetric, 25 ml capacity.
: 3. Pipet, volumetric, ﬁjml capacity.

V. PROCEDURE

1. Pipet a suitable sample aliguot (200 to 1000 ¥ U(Vﬁ}) into a 25 ml
volumetric flask.

2. Add 5 drops of conc. HCL and mix{a>u

3. Dilute to0 a volume of 15 Bl

L., Pipet 5 ml 8 M NH,BCH into the fiuskmh

5. Add dropwise emough 0% Snﬁlz solution %o cause a permanent disappearanc
of the red color. '

6. Dilute to the 25 ml volume with distilled water ana shake the flask
mntil the sclution is homogeneous.

T. Measure the per cemt traésmittance of the sample éith & Beckman
Model B spectrophotometer at a wave iength of SSGfgp, uging as a reflerence liquid(c)

contained in a matched cell, a blank of resgents.

iiviieiie
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8. Determine the quantity of U(VI} in the sample aliguot analyzed by
reference to a calibration curve(d)« 'salculate the copncentration of uranium'

in the sample.

- Calculations:

Let: A = quantity of U (VI) in sample aligquot, as determined
~ from calibratian curve, 7

B = aliguot of sample analyzed, ml
Then: U (VI) in sample, 7/ml a-%m
Notes: |

{a) The pH should be at a value below 1.0 but the acid concentration
should not be greater than 12 milleguivalents. 4 low concentration of acid
fails o keep the stannqus chloride from hydrelyziné; and excess acid will
decompose ihe amﬁnnium thiocyanate leading to a false intemsification of color.

{(b) The volume is gquite critical. It haé been shown in a similar
method(e) that a = 2.0% error in volﬁme leads to apyroximatelyfa ¥ 3.0% error
in the uranium value. |

The Sn012 should be added after the ﬂHhSCH thereby preventing the
reduction of Hg(II) te Hg by the BnClo.

{¢) The reference solution éontains all feagenfs but no sample. A&
single reference solution is stable for an hour and all readings of one series
of analyses should be mamde within ﬁhis time.

(d) Prepare a calibration curve by folloﬁing the proc§aure gbove to
determine the per cent tramsmittancies of solutions containing from 100 to 1000 7
U (VI) at 200 Y intervalse Using semi»lagarithmic paper plot the per cent
transmittance values on the logarithmic and the ¥ of T (V1) on the 1linear scale.

A typical calibration curve is shown in Apx. 1.
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DETHIL ETHER EXTRACTION OF URANIUM

Co Method ¥o. 1k

I. PRINCIPLE
The solubility of uranyl nitrate in diethyl ether permits the separation
of uranium from wany other elements. Complete conversion of the original sample

to its nitrate prior to extraction is a primary requisite.

II. STATUS

A’batch procedure is described by hich guantities of uranium up to
LOO mg can be separated from interferring elements and radicactivity by diethyl
ether extraction. The uranium content of the exiract can then be determined
by any aécepted method. A gravimetric method ig not recommended because other
elementsfare extracted to some extent. Rcdden(l) gives an expellent discussion
of interferences in the ether extraction of uranium and the most satisfactory
methods of analyzing the ether extract according to the interferences present.
This discussion should be read.

Reférences:

1. Rodden, C. J., Analytical Chemistry of the Manhattan Project,

p. 36, McGraw Hill, New York (1950) .
2. "Ethyl Ether#, Chemical Safety Data Sheet SD-29, available from
Mamufacturing Chemists Assoc., Washington, D. C.

ITII. REAGENTS AKD APPARATUS

A. Resgents
1. Aluminun Nitrate, 2.3 M Al(NOB)Bo . Prepare by dissolving

431.41 g Al(H03)3.9H20 in distilled water and dilute to 500 ml with distiiled
water. | |

2. Diethyl Ether, (CpHig), O, C.P. anhydrous.

3. Ferrous Sﬁlfamate, 3 N. Preparz in the laboratory by re-~

acting an excess of iron filinge with the required.amount of sulfamic acid,

iy
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When the reaction is complete filter and standardize the filtrate with standard
ceric sulfate solution.
L. Nitric Acid, 0.1 N HNO3. Dilute 6.5 ml of 15.14 M acid (69% HNO3)
to 1 liter with distilled water.
B. Apparatus
1. Extraction Apparatus, shown in A@X. 1 and congisbing of:
(a) Stripping funnel, 125 ml capacity
(b) Extraction colﬁmn
(c) Ether reservoir
2. Pipets, 10 ml, and’-micro, ZSOQK capacities
3. Flask, volumetric 25 ml
IV. PROCEDURE |
CAUTION - The use of diethyl ether in this experiment presents a fire
and explosion hazard. For instructions on its safe handling see Reference 2.

Preparation of Extraction Apparatus

Bgfore starting a series of:extractions,:clean the coiumn,with l:lIHNO3
and rinse it with distilled water. Clean the stripping funnel, wipe the stop-
cock dry énd regrease 1t with silicone stopcock grease. When running duplicate
samples, do not dismantle the column; drain the first sample from the columm,
rinse the column twice with distilled water and @roceed with Step 4 of the
extractién.

Extracgigg

1. Close the stopcock on the strlpplng funnel, niﬁet in 10 xl of
0.1 N HNOB and attach the flask to the column with a clamp.
2. Fill the section of the column below the fritted disk with éther

- 3. Check the ether line from the reservoir to the column and remove
any bubbles.

L. Add 10 ml of 2.3 M A1(NO,), thru the top of the column.
: - : 3 3 :

w
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5. In the analysis of samples containing plutonium, add 250 A of 3 ¥

B e

ferrous sulfamate.

6. Pipet the specified sample aliguot {approximaiely 500 A U) into
the extraction column. |

7. Fill the extraction column to just below the sidearm with 2.3 M
Al(ﬁ03)3 solution. |

8. Open the stopcocks on £he ether reservoir and on the sidearm of thé
stripping flask. A gentle suction on the stripping flask is usually necessary
to start the flow of ether through the column. Gére must be eﬁeréised in rémoving
the vacuum to prevent the siripping solubion from being subke& back into the
extraction section. |

k9. Continue the flow of ether until 100 ml has beeﬁ caught in the
strippingkflask.

10. Turn the stopcock on the stripping flask to a closed position and

then turn off the stopcock on the ether reservoir.

Stripping:

1. Remove the stripping‘flask from the extraction column and stopper it.

2. Shake for 4 to 5 min@tes, remove the stopper carefully from time to
time to relieve any internal pressure that has béen built up.

3. Allow the phases to separate.

4. Drain the lower phase into a 25 ml volumetric flaska

5. Add 5 ml of 0.1 N HEQB and repeat steps 2 through L.

6. Discard the ether through the top of the flask, rinse the flask
with 5 ml of distilled water. Add this rinse té the solution in the 26 ml
volumetric flask. |

7. Heat the flask carefully and with constant stirring in a beaker of

boiling water until all of the ether has evaporated.
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8. Cool the flask to room temperature and dilute to volume with

distilled water.

9. Proceed with the method'mf analysis for U as specified.

PENRRRD Sgpee)
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VETHODS AND TECHNIQUES OF RADIOCHEMICAL ACTIVITY Mmmsxs

~ Method Fo. 26

I. PRINCIPLES ‘

Thére are two fundamentally different typés of radiochemical analysés.
The first, radiometric analysis, invélves the detefmination of the weight of an
element by’measurement of its radicactivity, with previous knowledge of specific
activity. In this manner the weight:of U present in a mixture could be determined
by isolating the U free from other radioactive elements and counting the alpha
activity. This method is closely analogous te colorimetric and volumetric de~
terminations. The second type of radiochemical analysis, activity analysis,
involves the determination of the radicactivity dﬁe to a given element in a:
mixture of radicactive elements. The resulis may be expressed as absolute ﬁ
activity or in terms of percéntage qf the total mixed activities due to the
element in question. In the determination of the activity associated with an
element, one is generally nol concerned with the‘weight of inactive isotopes of
the elemeht present.

It is not usually feasible ﬁo isolate quantitatively for measurement the
submicroséopic amounts of a radio eiement which oeccur in the samples which we
ordinarily must work upon. In general a carrier technic is employed. To the
sample abknown amount of the desired element is added as an inactive carrier.

By ordinary chemical methods the element is then separated from the mixture and
purified.: The active atoms accompany the inactive, and the activity in the

final precipitate is determined. The amount of carrier recovered is measured and
the chemical yield of the fraction df atoms, active and inactive, recovered in
the chemical manipulations is then used to correct the observéd activity of the

final precipitate to 100% recovery.

D mmr wem ekt st ane em
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The addition of inactive isotopes of the same element is not possible

for theﬁradiochemicai determinatipn of such activities as elgments L3 and 61,
since no inactive isotopes are known o exist. Under these circumSJanceszone
must eiﬁher develop a procedure and technique which gives guantitative (or re-
producible and known ) recovery oriuse a clogely similar slement as cayrief,
such as Re for element L3, and assume that carrier and tracer are recsvered
with efficiency.

IT1. EXPERIMFNTAL TECHNIQUE

A. Qeneral Discussion

The laboratory technique employed is essentially that used in
modern qualitative analysis. Reagents are usually dispensed from small pipet~
type dropping bottles. Most operations are performed in SG‘ml glass or lusteroid
centrifﬁge tubes, and centrifugatian is used instead of filtration whenever
possibl¢¢ 4 clinical style centrifuge is preferred. The activity sought is,
if possible, isolated as a precipitate which can be weighed directly without
ignition. The precipitate is collected on a 5/8 inch filter circle with the
aid of a small Hirsch furnel and washed with alcohol aad ether. FPurther
drying is obtained by use of & v&duﬁm desiccator or drying oven at 110° C.

In general, a separate:sample is taken for the.ﬁétermination of
each element, A systematic analygis has been worked out for the determination
of most of the fission products in a single sample (W. H. Sullivan et al,
CC-765, June, 19L3), but this method of approach has severai disadvantages.

The presence of carfiers for all the elements makes purifications more difficult

as a rule, since greater contamination of precipitates oceurs. A

o]
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systematic analysis is alse less convendent 1f Gnly one or two clements are
to be determined and reguires more time, as the begimming of swwe procedures
must wait upon the completion of ethsrs, The abundance of material usuwally
available for sampling’makes recourse to systematic analysis winecessary in
most process work.

In development of the procedures described in this manuval, efforts
have been made to provide separatioés which are as nearly quantitative as
possible. Completeness of recovery has been sacrificed in & number of operations,
however, for the sake of incressed SQeed and high purity of the final precipitate.

B. Choice of Sample Size

It is desirable %o take a sample for analysis such that the final
mounted.?recipitate will give a count in the range of 500 to 9,000 cts/min.
Low countz are inaccurate and time consuming o BEASUTE. Very high counting
rates are complicated by instrumental imitations (coincidence errors, ete.).
The choice of sample size depends on the gross activity of the sample and the
anticipated percentage of constituent to be determined. From past experiehce
it is often possible to estimate fairly well the propsr range of sample size
if the gross is known and the ty§e’cf solubion is familiar. It is usually
desirablé as the first step in the examination 6f a sample bo measure the
gross beba and gamms éctivity 1o sge how much dilution, if any, is to be re-
quired.

For samples consisting of or derived from UNH or bombarded metal,
the following tables may serve as a guide to the relative distribution of

activities among the several fission elements.
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Table 1
Percentage Distribution of Beta Activity
In Active UNH After Various Periods of Cooling*
(10-11 mg Total Absorption)

Element 10 4 - 30 4d 120 4 365 4
Ba 10 9 0.5 -
5r 9 18 23 11
2r 3e3 7 12 T.5
Cb 0.3 1.2 3 0.4
Ru 1.3 2.6 3 b5
Te 3.0 1.0 0.6 0.1
Mo 1-7 O:l - o .
Cs 0.1 0.2 0.8 2.2
e 3.0 1. - -
Y 8.5 17 23 6.l
Ce 9 16 31 67
la ¥ 13 0.8 -
Pr-Nd-61 7.5 8 0.5 0.7
93 21 0.1 - -

¥The relative importance of the natural (UX) activity of the U depends upﬁn
both the age of the material and the intensity of bombardment.

**Relatively large amounts of I are easily lost. Dissolved metal is usually
lower in I content than bambarded UNH. k
Table 1 shows the percentage distribution of béta activity among 93 and the
fission elements in metal or UNH bombarded for relatively long periods of time
(10-1004) and cooled various lengths of time. The data are derived from Brady
and Coryell {(cc-6L3) and Rubinson; Metealf, Seiler, Steinberg and Winsberg

(CC-2658). A1l the experimental work was done with 10-11 mg total absorber and,
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in the second study, negligible smounts of self-scattering. The backscattering
contributién in esach stﬁdy'was less than that associated with the standard
watchglass mounting technic. It ghould be remembered, too, that the activity
distributién is somewhat a function of bombardment time. For these reasons the
data should not be expegted to agree exactly with experimental findings usiﬁg
the methods in this manual, but the &elative orders of magnitude should agree.

In Table 2 is given an estimate of the approximate percentage distribu-
tion of effective gamma activity forfthe same matérial as in Table 1. Mostfof
the data has been adapted from GC~6&3 (counting through 1.9 g of Pb) and CC-2658
(counting with the sample between 1.7 g slabs of al).

Table 2

’ Percentage Distribution of Effective Qamma Activity in Active UNH After Various

Periocds of Cooling

Element 10 4 30 4d 120 ¢ 365 d
Ia + Nd &0 39 L 0.01
Zr 1 27 32 21
Ch 6 23 L8 L6
Ce 2 i 9 23

Ru 3 5 7 3.7
Te 8 1.0 0.1 0.02
Cs 0.1 0.1 0.5 5.5
I 2 1.0 - -

‘Since those data were taken before adoptimn of the standard “gamma
sandwich“; the results differ samewﬁat from what would be cobtained now
The observed gamma counts contained a substantial contribution
due to Bremsstrahlungen and scatteréd beta radiationj 4n effort has been made
in preparing the table to allow for this and it is hoped that the values given
are not seriously far from truth. ?he distribution of 10d was calculated from
a number 6f discordant’sources and has been adjusted to the writert's prejudice

by free application ofrinterpolatioh, extrapolation and intuitive weighting.
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C. Mounting and Counting the Sample

Counting of beta and gamma activities is done by means of a standard
thin windowed Geiger-Muller counter with scaling éircuit and recorder. The
technic is quite similar to that deééribed in Hﬁﬁgléﬁzﬂ Samples are chosen, if
possible, to give counts satisfactory for measurement on the second shelfl of
the standard‘counting arrangement. Liquid samples are evaporated to dryness on
1 inch watch glasses for mounting. The evaporation is best done with the aid of
a radiant heater mountéd above the watch glass, because heating from above causes
less spattering than heating from below. When solutions containing Hésbh or
H3PO), are to be evaporated, a crystal of KNO3 is added to the solution on the
watch glass. This results in volatilization of Hﬁég during evaporation and
lsaves a ﬁon-hygroscopic residue of?potassium salts. |

Before counting, the watch glass is mounted on a stiff 3 % inch x
2% inch card with a 1 1/16 inch round hole in the center. The watch glass is
placed on a flat surface, a 2 inch x 2 inch, thin cellophane sheet placed bver
it and the card pressed down from above so that the watch glaés, now covered with
the tightly stretched cellophane, rises through the hole. A 3 inch x 2 inch strip
of gummed paper or Scoich tape is then placed on the bottom of the card, sealing
the watch glass into place (apx. 1). This method of mounting supplies firm
support and good centering for the sample and prevents contamination of the count-
ing equipment by loss of the sample.
D.: Geometry

| The observed counts ob@ained with both beta and gemma active samples i
are quite dependent on the geometry factor at which they are counted. Rmpirical
factors may be used to convert counting rates from shelf to shelf. It should be
noted, however, that these factors are not highly reliable since they vary with
the hardness of radiétion and the scattering in different types of mountihg and
should be used only for approximations unless a special study has been made. The

geometry factor is determined by ¢ounting the so-called geometry standard, a

e
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mounted U or U308 sample which has been carefully compared with a UX sample of
known absolute disintegration rate. There ars small differences in shelf geometry
from set to set depending on the height of the tube above the shelves. The

following values approximate the conditions in use at the time of writing.

Shelf Geometry Factor
1 | 31.1%
2 9.5
3 L.l
L 2.6

I1I. CORRECTIONS

A. Backscattering

The material on which a sample is mownbed way affect profonndly‘

the observed counting rate due to theiphenamenan known as backscattering. Beta
particles traveling in a downward direction ars scattered (reflected) back up-
ward into the counter window. The observed backscatiering is a function of both
the energy of the radiation and the atomic number of the scattefing material.,

Engelkemeir (MUC-NS No. 312) has given cwrwves showing the increase in
the counting rate of samples of various fission isotopes mounted on increasing
thicknesses of mica. The maximum incfease in counting rate is 10 to 15% for
weak beta emitters and 10 to 20% with higher beta energy. The backscattering for
various beta emdtters moﬁnted on ®infinite® thicknesses or various backing materials
is shown as a function of the atomic number of the'mounting material. With
moderately strong beta emitters (about 1 Mev.) the observed counting rate, with
reference to zero backscattering as 1;00, were about 1.2, 1935,:1»55, 1.70 and
1.80 for Be, Al, Cu, Cd, and Pb respectively.

It is seen, therefore, that it is necessary that different samples
have the same sort of mounting in order that they msy be compared. The complete
elimination of backscattering is incohyenient and for most practical purposes

unnecessary; It is sufficient to couﬁt all samples under identical conditions of
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backscattering. Sinceiliquid samples are mounted by‘evaporatibn on watch glasses,
it is desirable to mount solid samplgs on watch glasses as well. It is most con-
venient to do this in the following manner.

The filter paper circle iskfirst weighed on a small watch glass, the
Zero weight being taken as the weight of the two together. After filtration,
washing, and drying with alcchol and ether, the Filter with its precipitate is
returned to the sanme waich glass for desiccator drying, weighing and mounting.
If a precipitate is to be oven-dried it is easiest to put it in Hirsch and all.
When dry, the paper is transferred to the watch glass which, being cool, can be
weighed immediately. If a precipitate must be ignited before weighing, it is
most simply done in an unweighed crucible. The crucible with the ignited residue
is then weighed, the residue carefully transferred to a watch glass for mounting
and the weight of mounted residue determined by rewelighing the emptied erucible.

Instead of using weighed filter circles; one may itransfer the dried
precipitate fram the filter paper to a weighed watch glass and weigh again.
This saves time in preparing papers bul may give a less even distribution of the
solid over the watch glass. 1

B. Absorption

The amount of absorbing material between sample and counter is

another faqtor vwhich muét be kept constant if samples are to be compared. Ab-
sorption in measurement of beta activity is measured in milligrams per squaré
centimeter of absorber. Absorption in measurement of gamma activity is measured
in grams per square centimeter of absorber. The absorber thicknesses will be
reported as mg or g, unit area being understood. As a first approximation it is
assumed that absorption depends only on the mass per unit area and that all sub-
stances are alike in this respect. Tﬁis is not exéctly true but for elements

of relatively low atomic number (3-18) the error introduced is of little con-

Sy
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sequence. The absorption of the counter window is ﬁsually‘about 3.5 mg, of the
cellophane cover about 3 mg, and of the air 2.7 mg for the second shelf or L. mg
for the third shelf. Aside from the absorption due to the sample itself, the
total effective absorption on the second and third shelves is about 9§ and 11 mg
reSpectiVe1y5 |

If an activity is mounted as a precipitate, the precipitate itself nmay
contribute to the total aﬁsorption of the counting arrangement. This self-ab~
sorption could be corrected for as simply half the weight of precipitate per ﬁnit

area were it not for the compensating effect of self-scattering. The solid matter

in the precipitate acts as a scattering mediun just as does the backing material,

increasing the observed count. Engelkemeir and his szssociates have shown that if

the same amount of activity is mounted with succsssively greater amounts of

carrier precipitate, the observed count increases due to self-scattering, goes

through a maximum and theﬁ falls as the selfnabsarpﬁian factor begins to be feli.
Experiments by G. Sadowskif and H. A. Mahlman have shown that on watch glasses, the
rise may be of the order of 30% with the meximum usually between iS and 20 mg of
solid matter present, The magnitude of:the effect depends on the’beta energy,

the density'of the precipitate and whether the activity is deposited in or spread
on the particles of solid. It is not péssible to set up a simple uniform mounting
arrangement so that all samples will have the same self-scattering and back-
scattering contributions, but as a first approximation the following conventions
may be employed. #11 1iquid samples aré evaporated on watch glasses with 20 mg
of cerous nitrate to supply optimum self-scattering, and self-absorption compar-
able to the amounts of precipitate usually mounted. Solid samples are mounted on
watch glasses as already described. With 10 to 30 ng of precipitate, the self-
absorption correction is disregarded, being more than compensated by the self-
scattering introduced. For precipitates weighing more than 30 mg, the weight in

excess of 30 mg is considered in making correction for self-absorption. One~haif
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’the excess wéight of precipitate is di%ided by the area over whi¢h the solid is
assumed to be uniformly spread and the result considered to be the effective
self-absorption. For a five-eighths inch (16 %o l?;mm diameter) filter paper, as

:commonly used in this work, the self-absorption of & uniformly spread precipitate

is thus calculated to be almost exactly one-fourth of the total excess weight.

The average weight of a mounted precipitate obtained by the procedures in this

" manual is between 20 and:BO mg which ﬁould make the effective total absorption

~ for a mounted sample about 10 mg. If the absorption curve of the mounted activity

is known in the region between 0 and 50 mg, it is not difficult to correct tﬁe

observed count to any chésen standard’total absorption for comparison with other
samples. If the actual absorption is less than the chosen standard amount,
aluminum abéorbers may be added on top of the sample to bring the total absorption

- up to the sﬁandard amount and the sample counted directly, T. B. Novey and

N. Elliott (CC-lEOh) have shown that the relative positions of ihe sample and

absorber affect the counting raste. Absorbers placed very close to the samplé

give greatly augmented scattering analogcous to self-scattering.’

For the purposes of these'analyses, the standard btotal absorption is
taken as 30 mg/sq. cm. for beta counting. Thus, for every sample, the total abe
sorption due to window, cellophane, air, and self«ébsorption is calculated and
enough aluminum placed on top to bring the total to 30 mg for counting. The
~original gfoss beta sample is counted under the same conditions. It is seen
that the use of this much absorber results in the relatively cdmplete screening
out of weak beta radiation such as that of 35 @ ¢b. This is not as serious as
it might appear, as these very soft ﬁeta particles do not constitute a source
of danger or trouble, and are therefore not of practical concern. It is, in
fact, desirable in most:work to eliminate the effect of soft beta radiationé as
they are very sensitiVe:to small variations in the total absorption. If, for

some reason, an activity characterized by very soft beta radiation is to be
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determined, the absorption of all samples involved is reduced to a minimam.

The absorption of a given counter window is usually determined by:the
maker and posted on the shield containing the counter. The absorption of air
is 2.1 mg between each shelf and about 0.6 mg between the first shelf and the
counter window. The absorption due to the cellophane used for covering samples
should be determined by weighing a sheet of measured area. Scoitch tape, if
used for direct covering of samples, should be standardized in the same WRY .

C. Coincidence

The efficiency of a Geiger-Mullerreaunter falls off at high count-

ing rates resulting in the observed dount being lower than the true. The error
(coincidenée error) may be determined experimentally for a given counter and
corrections applied. Fpr selr—quenched circuits, the correction is approximately
0.5% per thousand counts per minute and for Neher-Harper quenched circuits,
1.5% per thousand counts per minute. The correction is added to the observed
count before subtracting background and should always be made. For a discussion
see MCC 1602. A simple method of determining coincidence corrections has been

described by R. P. Metecalf in CP-2582.

D. Standard

The counts obtained from day to day on a standard sample with
a given ccunter are fouhd to vary up and down within a range greater than is
expected from statisticél considerations. To make all counts comparable, they
must be normalized to a standard. A standerd sample should be counted at léast
twice each day on a given counter and all counts taken should then be multiplied
by the factor necessary to bring the observed count of the standard sample 1o
the acceptéd value. Thus, if the chosen standard (on the shelf for which it
has been méde) counts 5150 cts/min while the accepted value is 5300 cts/min,

all counts taken at that time should be multiplied by the factor (5300/5150).

o
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E. Yield

The amployment of the carrier teéhnique permits an estimation of
the chemical yield from the radiochemical activity analysis. The quantity of
carrier recovered is measured. The chemical yield of the fraction of atomsg,
active anﬁ inactive, recovered in the chemical minipulations is then used to
correct tﬁe obgerved activity of thé final precipitate to 100% recovery. |

The following ruthenium determination is a typical examples A solution
of mixed activities has a total beta activity of 453,600 cts/min/mi. To 1.00 ml
of sample'is added 20.0 mg of Ru and by appropriate chemical minipulations the
Ru is isclated and purified. The Einal precipitate of wetallic Ru weighs 18.0 mg
and given L950 cts/min. The chemical yield is therefore 90% énd‘the count,
corrected for chemical yield, is 5500 cts/min/ml or 1.20% of the total beta activity
F. Decay '

It is frequently necessary to kncﬁ the activity of a constituent
at some time other than the analysis time. If the half life of the constituent
is known, the correction may be made‘using the radicactive decay law.

log &4 = log 4, - (’9;§9}) £
T
where A is the activity:at any time, Ay is the activity at analysis time, T%
the half life and t, the time difference in the same units. The following ;

graphical method is very convenient if many corrections are to bhe made.

Appendix 3 gives the table of the correction factor, ¥, in the equation

(activity at comparison time) = (activity at analysis time) x (F),

against the number of half lives elapsed between the camparison time and analysis
time, which is assumed to be later. If the analysis time is earlier than the

comparison time, the fadtor, ¥, is divided into instead of multiplied by the
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activity at analysis time. The basis of the methed lies in the fact that all
activities decay by the same fraction in the same number of half-lives (see
CN-1312). 1If an activity being determiﬁed has an active daughter, the activity
due to the daughter may alsc have to bejconsidered. 'If the half-lives in
question are long, the error over a period of a few hours may be negligible.

If the half-life of the daughter is quiie short, it is usuwally wost convenient
to count thezsample when the daughter is grown into the equilibrium with the

parent.

IV. REPORTING OF RESULTS

The result of & radiochemical éctivity*analysis is conveniently reported
as counts per minute per mg or ml of the starting sample or in terms of percentage
of total beta of ganma activity of thefmixture. With many analyses to be run,

- the report form shown in Apx. 2, has béen found most convenient. It is printed
on standard L x 6 in. filing cards which are easily handled and stored. The
twe columns are for duplicate samples, -On the card the abbreviations

¢CC, €CB, CCS, and CCY afe the counts corrected for coincidence, background,

standard and yield respectively.
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- {(FRONT)
#1 #2

Carrier (mg) Sample No.
“Gross (g) Constituent
Tare (g) Begun:

Net (mg) F. Sep.

% ¥ield

Volume Cir.

Day &. Hro Gem‘

Final Ro Abs.
_ Initial H. GB BE
Difference

Residual

Minutes Std: c/lj
C/M CCo
CCE CCB
cCB
CCS
CCY

C/W/V

(BACK)
REMARKS:

Analyzed by:

Gtd. by:

Calculated by:
Checked by:
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F = Fraction Remaining '

Half-Lives  F Half-Lives F . Half-Lives ¥ Half-Lives iy

0 1.000 1.10 467 2,50 177 - 5.5%0 0221
0.02 ,986 1.12 560 2,55 L1751 5460 <0206
0.0k .973 1.1h4 sk 2,60 .165 5.70 »0192
0.06 <959 1.16 JBUT 2,65 +159 5.80 0180
0.08 946 1.18 L1 2,70 S154 5.90 L0167
0.10 .933 1.20 135 2.75 .149 6.00 L0156
0.12 .920 1.22 429 2.80 <1k 6.10 L0146
0.14 +908 1.2k 423 2.85 .139 6.20 .0136
0.16 895 1.26 418 2.90 »134 6.30 L0127
0.18 .883 1.28 412 2.95 .129 6.40 .0118
0.20 871 1.30 406 3,00 125 6.50 +0111
0.22 - .859 1.32 501 3.05 2121 6.60 L0103
0.2h 847 1.34 «395 3.10 2117 - 6.70 0096
0.26 .835 1.36 «390 3,15 <113 6.80 0090
0.28 824 1.38 384 3.20 +109 6.90 L0084
0.30 812 1.%0 2379 3.25 »105 7.00 0078
0.32 .801 1.b2 =37k 3,30 .102 - 7.10 .0073
0.34 . T90 144 369 3.35 .0981 - T.20 L0068
0.36 STT9 1.46 o364 3.40 «09hT 7430 <0063
0.38 .T68 1.48 <358 3.45 -0915 T.40 . 0059
0.40 . 758 1.50 =354 3,50 0884 7250 .0055
0.h2 . THT 1.52 « 345 3,55 0853 7.60 0052
0,44 «T37 1.54 «3hh 3.60 L0825 7.70 .0048
0.46 727 1.56 +339 3.65 L0797 - T.80 0045
0.48 W77 1.58 »334 3.70 0769 - T7.90 .00k2
0050 : 0707 1060 ‘”%'Q(') 3975 90711'3 7@00 00039
0.52 697 1.62 <325 3.80 0718 8.10 0036
0.54 588 1.64 2321 3.85 - 0653 8.20 003k
0.56 678 1.66 316 3.90 L0870 8.30 .0032
0.58 - 669 1.68 2312 3.95 LOBLT - 8.ho 0030
0.60 560 1.70 .308 4,00 L0625 8.50 »0028
0.62 651 1.72 «30k 4,05 0604 8.60 .0026
0.6k U2 1.Th 0299 4,10 0583 8,70 002k
0.66 633 1.76 <205 L.15 o563 8.80 - 0022
0.68 .62k 1.78 -291 k.20 = 054k 8.50 « 0021
0.70 - 616 1.80 287 h,25 L0525 9.00 0020
0,72 - .607 1.82 .283 .30 = 0507 9,10 0018
0. T4 599 1.84 279 4.35 RelSelel 9,20 0017
0.76 «590 1.86 275 Loho JOkTh 9.30 - 0016
0.78 »582 1.88 272 kb5 SO45T 940 0015
0.80 STk 1.90 .268 .50 SOk 9,50 0014
0.82 566 1.92 .26k k.55 L0h2T 9.60 <0013
0.84 559 1.9k L261 L.60 L0813 9,70 L0012
0.86 W55 1.96 L2557 L.65 L0358 9.80 L0011
0.88 o543 1.98 - 253 L,70 .038% ©9.90 - G010
0.90 2535 2,00 «250 4,75 L0372 10.00 «0010
0.92 529 2.05 2k1 kB0 0359

0.9% 521 2.10 «233 4,85 L0347

0.96 514 2.15 .225 K.90 20335

0.98 507 2.20 218 4,95 L0324

1.00 e 500 2.25 210 5400 .0313

1.02 493 2,30 w203 5,10 02092

1.0k 486 2.35 .196 5,20 L0272

1.06 - 480 2.40 .189 5430 - 025k

1.08 H473 2.45 183 5.40 20237
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GAMMA ADTIVITY - ION CHAMBER METHCD

Yethod No. 27

I. PRINCIPLE

Gamma rays are highly penetrating electromagnetic radiation, analogous in
- properties to x-rays. They are not charged and therefore are not detectable as
’such by counting devices. The electrons ejected from matter by the passage of
gamma rays cause ionization which is theh detected by the use, in this method,
of an ionization chamber filled with gas under pressure.
II. STATUS
| This method is applicable tokliquid or solid samples. Aliquots of liquid
samples are pipetted into a center thimble of an ion chamber filled with argon
gas at approximately 30:atmospheres pfessure. Tﬁe ionizétion current is measured
by determiﬁing the potential drop across a known high resistor by means of é
Vibrating Reed Electrometer. The measurements may be recorded:on a Brown Strip
Revorder. k
The principles and limitatiqns of the ion chamber method of gamms activity
measurement, ag well as the development, calibration and use of the 100% geometry
Ion Chamber are ‘discussed in the references.
References:
‘1. Jones, J. W., and Overman, R. T., "The Use and Calibration of a
100% Geometry Ion Chamber®, MonC-399, (March 20, 15L8).
2. Rodden, C. J., Lnalyﬁic,al Chemistry of the Manhattan Project, Ch. 28,

McGraw-Hill, New York (1950).

3. Glasstone, S.? Sourcebook on Atomic Energy, Ch. VI, Van Nostrand,
New York (1950). '

Snantiinil
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III. REAGENTS AND APFARATUS

A Reggents
1. Radium Soluticn Standards, 0.2 to 100 mg Ra. Supplied in ampuoles
by the National Bureau of Standards, Washington, D. C.
| B. Apparatus | |
1. Ion Chamber, high pressure gamma, 100% geometry type. See Apx. 1

and 2 and Ref. 1, pgs. 6-8. Also see drawings:

D-3172 A Assembly Drawing

D-3173,~k,-5 Detail Drawings

D-2799 Make-up of Assembly (Shielding and
Housing) :

B~-3793 Special Cables and Fittings

in files of the ORNL Instrument Division.

2. Vibrating Reed Electfometer, Model 30, A.E.C. Contract No.
AT-U40-10en-72L, available from Appliéd Thysies Corp., 30 West Green.st., Paéedena,
Calif. See Apx. 2 and the manufacturer's "Instruction Manual for Vibrating
Reed Electrometer Model 30, Serial No. 20L¥. 1

3, Potenticmeter, voltage range of 0;1 to 1.0 v., supplied by the
Rubicon Co., Philadelphia, Pa:, Cat. No. 273l. Operating instruction are atbtached
to the insﬁrument. |

L. Test Tubes, Pyrex glass, 21 inch length x 1.5 inch i.d.

IV. PROCEDURE

A brief description of the instrument controls follows as an introduction
to the procedure for meaguring gamma éctivity by the Ton Chamber method.

The controls which are used to carry out measurements on the ion chanber
are che gcale selector, volitmeter range control, potentiometer decade and slide
wire, and the camber grounding switch.

ine scale selector or gfid 1eék gselector is located on the face of the
vacuum container which is 5itua£ed béﬁeath the ion chamber. The selection of

i grid leak is determined by the intensity of the sample to be measured and the

o o -




| opm— 27 - 3

6-1-51
method of measurement. The scales in order of decreasing inteﬁsities are 108,
1993 1010,'and 103 for the null point reading and 1012 and #open" for drift
measurements.

The voltmeter range control is located on the right hand side of the
Rubicon potentiometer. The settings are 10 mvy 100 mv, and 1000 mvl when the
scale selector is set at 100 mv. The potentiometer should be checked occasionally
against a standard celi in the potedtiometer,

The ion chamber when not in use is kgpt grounded, and is ungrounded only
during a measurement. ’Thé switch is of the foggle type and is located near the
front on the left hand side offthe chamber mount;

The potentidmeﬁer decade and slide wire are part of the standard pdtentio~
meter box. The decade switch has settings from 0.1 volts to 1.1l volt in steps
of 0,1 volt. The 1.1 veolt position is not to be used as this may lead to in-
accurate readings. The slide wire permits reading to be made fram 0.0000 volts
1o 0.1200 volts and can be added to‘the decade reading. The slide wire can be
used to shift the Rubicon potentiométer indicator to any convenient portion of
the scale or to zero. Both the slide wire and the Brown indicator cover the
same range.

A. Null Point Procedure

1. Check the instruments in the following memer.
(a) Turn the switch which comnects the Ion Chamber to the Vibrating
Reed Electrameter to the "ON" position.
(v) Check the backgroﬁnd readings on all resistor scales of the
Chamber. . These resistors are indidated by the épproximate resistance in chms

as 108

3 109, 1010, 1011, 1012 and "open®. The 1012 and Bopen? settings are for
rate of drift measurements and are capacitances, while the other scales are for

null goint readings.

gl



L f 21 - Iy

6=~1-51
(¢) 1Insert the radium standards into the Ton Chamber and measure
‘each on the fespective scales. Take each value less the background cof the scale
‘and check the resulting value against the calibrated results. If the variation
‘is greater than 2 per cent, check with the supervisor. |

2. Pipet an aliquot of the sémple into a glass test tube. Keep the
f liquid level of the sample less than 6 inches iﬁlheight, | ‘

3. lower the sample, contained in the test tube, to the bottom of
another glass tube 21 inches long x 145 inch i.d. by means of a string or wiré,
and then pléce both in tﬁe thimble of the chamber.

h.f Set the voltmeter range control on 100 mv (the voltmeter range‘
control has settings of 1, 10, 100 and 1000 mv), the resistor of the potentiometer
at 0,0 vclts, and the scale selector df the Ghambef on the 108 scale.

5; Unground the Ion Chamber by turning the switch which connects the
Ion Chambef to the Vibrating Reed Electrometer to the WONW position. If'the
voltmeter reading is off scale on thé high side, the sample is too strong for
the instruﬁenh. If the voltmeter reading is on the scale, increase the voltage
on the poténtiameter in steps of 0.1 v until the voltmeter resding is less than
10 mv on the scale. Change the range control to 100 mv and take the reading of
the voltmeter. If the reading obtained with the 108 resistor is lesss than C.l
volt, set the scale selector on the next higher resistance (109 scale). Reset
the range control to 1000 mv and the potenticmeter resistor to 0.0 volts and
repeat the operation, going successively from scaele to scale ugtil a4 reading on
the voltmeter is obtained. The reading to be reported is the sum in millivolts
of the reading taken fram the resisiar swibeh on the potentiometer and that
taken from the Vibrating Heed Blectrometer.

Calculations

Let: A = ;sample readiﬁg, mvy = reading of potentiometer resistor
switeh + reading of Vibrating Reed Electrometer.

B = background reading, mv.

-—mu«wv—.w
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C = sample aliquot, ml

Thens : 4 - B
Gamma activity at 100% peometry, mv/ml ™ —

B. Rate of Drift Frocedure

Rate of drift measurements are in general made on samples of low intensity
(0.1 rd Co or less) by use of the “opeﬁ“ scale; however measurements up to several
- rutherford eQuivalents of:cobalt can be made using the 102 scale.
1. Check the instrumentss take an aliguot of the sample and place iﬁ
in the Ion Chamber, as described in Part 4 above.
2. TFor samples of weak actiﬁihy proceed as follows.
(a) Set the scale selector on “apen”; the woltage range controi
on 1000 mv and the timer Lo zero. (Tﬁe decéde registance setting does not affect
the drift readings.)
(v) Unground the Ion Chamber. The indicator will drift across
the scale. When it reaches 100 mv tﬁrn on the timer, and when it reaches 800 mv
stop the timer. Grcund’the Ian.Chamh&r with the toggle switch; Record the:drift
time in seconds. Do not use a driftgtime less than 15 seconds:since it wili have
no sgignificance.

12 scale as follows:

3. For samples of more intense activiiy; use the 10
(2) Set the decade resistance and slide wire to zero, the scale
selector on 1012 and the voltwmeter range control on 1000 mv.

(b) HMake the measurement in the same manner as for the "open” scale.

Calculations

Let: = rate of drift for sample, scale divisions/sec

A
5 = background rate of drift, scale division/sec

Thens :
Gamma Activity, scale divisions/sec = A -~ B
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CROSS BETA ACTIVITY

Method No., 28

I. PRINCIPLE
Gross beta activity is determined by counting with a thin-window Geiger-
Mﬂllerfcounter at a fixed geometry ef‘approximately'lﬂ per cent.

II. STATUS

The methods and techniques of radiochenical activity analysis are dis-
cugsed in detail in Method No." 26 of‘fhié manual(lj;' The principle and design
of the Geiger-Miller counter are described in reférence 2,
References: |
1. “Methods and Techniques of Radiochemical Activity Aﬁalysis", Method
No. 26 , this manual. - k |

2. Glasstone, So,Sourcebcok on Atomic Energy, p- 136, Van Nostrand,

New York (1950).

II. REAGENTS AND APPARATUS

A. Reagents
1. Cerous Nitrate, saturated solution of Ge(N03)3~ 6H50.
2. Sodium Hydroxide Solution, 109 NaOH, Prepare by dissolving 10 g
NaOH, analytical reagent grade, and diluting to 100 ml with distilled water.

3. Ruthenium Carrier. Prepare by dissolving 28 g of commerical
ruthenium chloride (mixture of hydrated di-and tetra-chlorides) and diluting to
1 liter with distilled water. Standardize as follows:

’ Pipet S ml of carrier into a 250 uml Erlenweyer flask and add
25 ml of water énd 2 ml HG1. Addgooh g of powdered Mg in small porticns,;swirl-
ing after each addition. 4dd a féw drops of aerosol solution, and boil gently
until the Ru is well coagulated and the supernate is clear and colorless. (More

Mg may be necessary io’camplete reduction.) Add 10 ml of HCL and boil two winute
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’ Filter quantitatively'infa tared sintered glass crucible(a) and wash three times
each with hot water, alcohol and ether. Dessicate as described in preparation
of crucible. Express sténdérdization as mg. of Ru/ml.
B. Apparatus
1. Geiger-M&ller Counter, Scaler and Recorder, Model Q-762, available
. from Nuclear Instrument and Chemical Corp., 223-W. Erie Street, Chicago 10, Ill.
2. Infra«red Lamp. |

'3, Watch Glass, 25 'mm diameter.

L. Cardboard Mounting Card, illustrated in Apx. 1 of Method No. 26

5. Cellophane Film. ' |
III. PROCEDURE | ‘

1. Pipet suitable aliquotgbzl ml maximum volume; 500 to 9000 cts/min),
as designated on the analysis card, in duplicate onto 25 mm watch glasses.

‘2. If the samples do not have a solid concentration of ~ 20 mg in
the specifiéd aliguot, make the followi;g additions in the order listed: 2 drops
of ruthenium carrier, 2 drops of satufated Ce(NO3)3 solution, and 2 drops of
10% NaOH solution.. | |

3, Evaporate the samples to dryness under an infra-red lamp.
(Bvaporate organic solutions under a iight of low intensity until all the solvent
is removed. Increase tﬁe intensity for the final evaporation step.)

| 4. Mount the watch glass on a cardboard mounting card according to
the instructions given in Reference i.

| 5. Insert the sample inio the second shelf of the chamber (geometry
~ 10%) and count for four minutes.

6. On the data sheet record the number of registered counts and the

number of scaler lights.
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- Calculations

Lets A = measured beta count of sample aliquot, cts/min.,
B = coincidence correction, cts/min. Obtain from Table 1
(or Tables 2 and 3 if counts are run for other than
L minutes). B may'aisd be calculated from the eguation:
B = (cbserved counts)® x § x 10°6

C = background correction, cts/min.

- accepted count value for std.
obgerved couni value for std.

D = correction to standard, cts/min.

'E = volume factor for converting sample aliquot to ml.

Then: : ' N
Gross Beta Activity at 10% geomeﬁry(“/, cte/min/ml =

(A+B-C)DxE

Notes

(a) Prepare the sintered glass crucible as follows: Wash crucible
thoroughly withgwaterg alechol and éther.’ Place in a vacuum desiccator (con-
taining no desiccant) and apply vacuum f@f two minutes. Ad wit air, then evacuate
again for two minutes. Weigh and repeal desiccation until a weight constant to
0.2 mg is obtained.

(v) ’The aliguots selected far;analysis should not contain more than
20 mg of solids after evapmraﬁion,

(2) The results are usually rﬁpcrt@d without attempt 4o correct for

geometry factors, counter efficiency, ete.




- Table 1

COURTS PER g;ggzg

, 28:29;3()»31:32;33 - Apx.‘sti

85 74%

Fb“1°ro 1 2 3 4 5 6 7 8 9
0 0 16 32 18 31 80 96 112 128 1hh
1 160 176 192 208 20k 2ho 256 272:- 288 2gh
kbR B B2 A 2 8 &
3 49 )
g Sn 63 2”;‘; e bl B B m m
| 965 9 2- 997 1013 1029] 1065 106z 1078 I0o% Iilo
T 1126 1k2 1159 1175 1191 1207 1223 12k0 1256 1272
8 1288 130k 1321 1337 13%3 1369 1385  1ko2 1418 134
s h M BR owowp v w o
5 i% im SNV Y U T} Ry T T 1920
12 1938 1955 1971 1987 2004 2020 2036 2053 2069 2085
13 2102 2118 2134 2151 2167| 2183 2200 2216 2232 | 2§h81
i 2265 2281 2297 2314 2330 2347 2363 2380 2396 - 2 1%
1 o2 ohi zhég ﬁg%zgﬁ gggg_ 2511 2 Z g : <§;gg 25 2
Tg 25§52 26 = 262 2642 I ‘ég'"?? | E;Z" ]
17 2753 27$§ 2790 2806 28§3 zggz eagg §g§$ ; gggg gggg
30 :
ig 5332 §§§§ §?§§ ‘ §§§% §§5§ 2169 3185 320 gegS 3§gg
20 3251 267 328k 3300 1 33 % ; ,
ﬁi““f%éii %hss 3450 %ﬁzg***%%5§ ""%ﬁ%é 3516 3532 3949 336§
22 3582 3598 3615 3632 3648 ) 3%31
23 3747 3764 3780 3797 - 381k gogg
S np B B o it
1§§ T2RE 5263 héé%‘ 29 313 4396
7 hk13  Lu30  ubk7T 4463 W4BO 4563
28 L4580  h%97 b6l 630 LBWT k731
29 W8 k765 b782 4798 b,
 4gy Lo3e gha 4965
2 5 5068 5285 ;%gi
3 5851 ’
33 5419 5436 5453 shég
3k 5587 60k 5621 5638
D757 577h 5791 5808
o 5u26 5943 0 5977
37 6095 6112 6129 6146
38 6265 6282 6299 6316
39 643k 6451 6468 6h8S
RO 660k 6621 6638 6655
1 6775 6792 6809 6826
k2  69k5 6963 6980 6997
k3 m117  T3F T151 169
by 7288 7305 7322 7340
476 1493 7511
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Scaler, P v» o

Rdg. 0 l; 3 &4 5 & T 8 9
46 7631 7648 665 7683 TTo0G TRy T34 7152 7169 7786
W7 7803 7820 7837 7855 7872 788G 7906 7923 T9k1 7958
k8 7975 7992 8003 8027 gokki o 8078 8096 8113 8130
49  81h7 8165 8182 8199 8zil Sexb 8251, 8269 8286 8303
50 8320 8337 8354 B3z 83891  Bhob 8hoz Shh1 8hs8 8475
51 Bho3  B510 Doy T EBRE TBSEATEERTBROT TBOLh 631 BOLO
52 8666 8683 8701 &718 8736 8753 &0 8788 8805 8822
53 8839 8856 887k 53801 B0 8926 Bok3 8961 8978 8996
54 9013 9031 GOk8 5065 90831 5100 9117 9135 9152 9170
55 9187 920k 9222 9a3a 257 927h 9291 9309 9326 93kt
56 9361 9379 83g7 9414 Sh3zy 9hig oL6H UBk 9501 9519
57 9536 9553 G5TL 9508 GHO6 9623 9640 9658 9675 9693
58 9710 9728 AThE oTe3 2780 9798 g8164 9833 19850 9868
5 9885 9903 9920 5938 G551 9973 9991 10008 10026 10043
60 10061 10078 10096 10113 iCl31) 10148 10166 10183 10201 10218
61 10236 1025%F 10271 10289 19306 1032hF  I03EE 10359 10377 1030k
62 10h12  10b30 1047 10k6s  10BB2 10500 10518 10535 10553 10570
63 10588 10606 10623 106kl 10659 10877 106%% 10712 10730 107LT
64 10765 10783 10800 10818 10836 1083k 10871 10889 10907 1092k
€5 100k2 10960 10977 10999 11013 11031 11048 11066 1108k 11101
06 11119 11137 11154 113792 11300V 11808 LIS TIIgh3y 11261 11278
67 11206  1131hF 13331 11389 11367 11385 1ikop  11k20 11438 11455
68 11473 11k91 11508 11526 11%kh ) 11862 11579 11597 11615 11633
69 11650 11668 11686  1yToh 11721 LT3 LTS 775 11793 11811
70 11828 11846 1186k 11882 11899} 31017 131935 11953 11971 11989
TL 12006 1202k 120k2 T 12060 12077 18065 12113 12131 1219 12167
72 1218k 12202 12220 12238 12855 1BBT73 12291 12309 12327 12345
73 12362 12380 12398  12k16  12bzk . 12bsSe 1ebto 12488 12506 1252k
7125kl 12559 12577 12595 186131 12631 126kg 12667 12685 12703
75 12720 12738 1276 1o27vh  ApTooi 12810 12828 12846 12864 12882
76 12900 12018 12036  120%% 25727 12690 13000 13026 1308k 13062
77 13080 13098 13116 1313%h 13158 13170 13188  13p06 13224 132k2
T8 13260 13278 13206 13318 133321 1330 13368 13386 13hok  13ker
79 134k0 13458  13bkye 1349k 135121 13530 13548 13566 13584 13602
80 13620 13638 13552 LA367h 3380 33710 13728 137h6 13764k 13782
Sl 13600 13818 1383 13808 0 130731 13091 13909 13927 13945 13963
82 13982  1kooo  1hox8  1ko36  akosk i ako73 kool 1b109  1kiz7  1bk1ds
83 1h163 1h182 14200 1h218 k2361 ihesh 1bke73 14201 14309 1k327
8h 143h5 14363 1h382  1hhoo  AMEIS] 1kh36 1hASS 1bb73 1kkol  1bS09
85 14527  1hshs  1hses 1hs81  1b%po | 1h£17  1ke36  1hesk 1672 1h690

IHT08 1h726  INTRL kT3 T IRTEL INT89 1K 1835 1W853 1B

87 14890 14008 1hoeé  1kohh 1kof2 i 1b981  1%999 15017 15036 15054
88 15072 15090 15109 185127 sk 1misk imaBe 15200 15219 15237
89 13255 15273 15292 15310 15328 1837 1536% 15383 15k02 15420
{90 1;%38 15456  LSWTS  askos 35110 15530  199h8 15566 15585 1560
91 15601 15630 15658 15676 15606 | 15715 15731 1570 15768 15786
92 15804 13822 1s8h1  158% 15877 15806 1%01h 15032 15951 15969
93 15987 16005 1602k  160kz 16060 16079 16097 16115 1613k 16152
ok 16171 16189 16208 16226 16245 16263 16282 16300 16319 16337
] 16356 1637k 16393 16411 164307 16kEE 16467 16485 16504 16522
06 165h1 16550 16570 1650h  i66i5 | I6b33  ibbss 16670 16689 16707
97 16726 167hk 16763 16781 168co| 16818 16837 16855 1687k 16892
98 16911 16029 16048 16966 169851 17003 L7022 17040 - 17059 17077
99 17096 1711k 17133 L7ISL LTLT00 A1718B 17207 17225 17ohh 17262
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, Table 2 6-1-5:
CONVERSION TABLE FOR SCALER READINGS TO COUNTS/MIN.
{Count/min., values to be divided by counting time)
N - Scale of 64
Bealew [ 1 2 3 L 5 & 7 8 9

Rdg:
G owebaas 0O0AL 00128 00192 00256 0320 0038L  COLLS  0O%1Z 00576
1 006Lo  OCTON  0UTE8 00832 00896 00960  0102h 01088 0115z 01216
2 01280 013Lk OMO8 01472 01536 01600 0166k 01728 0179 01858
3 01920 01984 02048 ¢2112 02176 022L0  0230h 02368 o2k nzhoé
L 02560 0262y 02688 02752 02816 02880 C29Lh 03008 02072 03136
5 03200 0326 03328 03392 03LS6 (3520 0358 036LB 02712 03776
6 03840 0390 03968 04032 OLO96  oL160  ohz2h,  oL288  oh3sz - ohklé
7 OLLBO  OLSkl  0oL608  oh672 OLT36  OWBOD  OLB6L  OL928  OL99Z 05056
¢ 05120 05184 05248 05312 05376  OSLLD  OS50L 05568 05632 05696
9 05760 0582k 05888 085952 Q6016 0G0BO 061LL 06208 06272 08336
10 06LOC  O6L&L 06528 06592  GEESE 06720 0A78L DEBLB 06912 04976
11 07040 ©0710L 07168 07232 07296 07360 O7h2h,  O7TLB8 07552 07616
12 07680 O77hl 07808 07872 07936 08000 0B806hk  oBl28  0Blo2 08286
13 08320 0838Lh 0BLLB 08512 08576 086LO  OB70L  0B768 0BG 08896
1 08960 o0902h 09088 09152 09216 09280 093Ll  o9LC8  o9LTe 09U
15 09600 0966l 09728 09792 09856 09920  0998L  10CLE  1011p 10176
16 10240 1030L 10368 10L32 10496 10560 1062L 10688 10752 10416
17 10860  109Lh 11008 13072 11136 11200  1126L 11328 11397 11L56

O 11520 1188 11648 11712 11776 1180 1190L 11968 1032 1I096
19 12160 1222L 12288 12352 12h16  12L80  12%Lly 12608 12672 12776
20 12800  1286L 12928 12992 13056 13120  1318L  132Ld 13376
21 13Lho o 130l 13568 13632 13636 13760 1382L 13880 13957 h01é
22 1hoSo  ahh o 1h2e8 ke 1h336 0 Udoc ahhéh 14528 1592 1hésh
23 1720 AL78L ALSLB 1912 1LgTé 1BOLO 1510L 16168 3 VIR A TS
2 15360 1pheh  15LAD 15552 15616 18680 157LL 15803 15872 18936
25 16000 160EL 16186 1A192 16256 16320 1638L  14LLD 1681r 0 14576
26 16640 167CL 16768 16832  16Boé 16960 17025, 17088  i7ibe 17216
27 17280  17ahL 17LOB  17h72 17536 17600 1766L 17728 17792 17856
28 17920 1798  1BoLB 18112 18176  1f2Lo  1830h 18368 18432  18h0&
29 18560  1862L 18688 18752 18816 18880  185LL 19008 1907z 19136
3019200 1926l 19328 19392  19LS6 15520 1958L 19648 19712 19776
21198LC 1990k 19968 20032 20096 20160 2022k 20280 20352 20416
32 zbL80 205kl 20608 20672 20736 20800 2086L 20928 20992 21056
33 2120  2118L 2128 21312 21376 2L 2150, 21568 21632 21696
i 21760 2182L 21883 21952 22036 22080 221Ll 22208 25277 22336
35 22u00  22L6lL zeseB  peS92 22656 22720 2278 228L8 22912 22976
36 230L0  23I0L 23160 23238 23296 3300 TEINLTEILTS TIIEEE TSGR
37 23680  237LL 23608 23872 23%u6  zhooo  zLosl  2h18  2li192  zhete
38 24320 2L3BL  eLLk8  2hsiz  2h576  2LELo  2h70L 2L768  2LPan
39 2L960 2502l 25088 251852 25216 25280 253Ul 2508 25h7o
L0 25600 2566l 25728 25792 25886 25920 £59BL  260LS  2411p
L1 262Lko  2630L 26368  26L32  26L96 26560 2662 26688 26782
.3.32 26380 269Ul 27008 27072 27136 27200 2726L 27328 27393
ud 27520 2758L 276LB 27712 27776 27840 2790L 27968 28032 2R0SE
Lho2t160 2822 28288 28352 28L16 28480  285LL 28603 shevo 29736
LE ebico  2886L 26928 28992 29056 20120 2918l 29z 2931z 29376
Lo 2OLLO T 2950L 29568 25632 29606 | 29760 BEBEL  EPENE IR TSO0ME
hg 30080 301LL 30208 30872 30336 30L00  30LEL 30526 s0K9p ‘gosge
Lo 30720 30784 308L8 30912 30974 31040 3110L 31168 31232 31296
by 31360 3lkzh 31488 31552 21616 31680  317WL 31808 31972 31936
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COINCIDRENCE CORRECTIONS FOR G~M COUNTERS '
(Based on Coincidence Loss of 0.5%.per 1000 Cts/Min.)
{Corrections To Bs Added To Cts/Min.)

Counts/Minute Correction Counts/Minute Correcticn Counts/Minute Correction
0-3216 C 3900 16 7800 304
3L7-547 1 Lo0o 80 7900 312
sk8.707 2 %100 8k 8000 320
To8-836 3 k200 88 8100 328
837-948 i %300 92 8200 336
0kG.1048 5 500 97 8300 3hh
10k9-1140 6 b500 101 8400 353
liki-1224 7 4600 106 8500 361
1225-1303 8 4700 110 8600 370
1304-1378 9 k800 115 8700 378
1379-1449 ~ 10 %900 120 8800 387
14501516 11 5000 125 8600 396
1517-1581 12 5100 130 9000 Los
1582-1643 13 5200 135 9100 L3k
1641702 1k 5300 140 9200 kp3
1703-1760 15 5500 k6 9300 432
1761-1816 16 5500 151 9400 Lho
1817-1870 17 5600 157 9500 hesy
1871-1923 18 5700 162 4600 61
1924-197h 19 5800 168 3700 k70
2000 : 20 : BG0O 174 2800 480
2100 22 6000 180 9900 ‘%90
2200 24 6100 136 10000 500
2300 26 €200 192 11000 605
2400 29 : 6300 158 12000 720
2500 31 &hoo 205 13000 845
2600 3% £500 211 15000 980
2700 36 6600 28 15000 1195
2800 39 6700 sk 16000 1880
2900 ; he 6800 £31 17000 1445
3000 45 : 6900 238 18000 1620
3100 58 TO0O 245 190060 1805
3200 51 , 7100 250 20000 2000
3300 54 7RO LG 21000 2205
3400 58 7300 ; 266 22000 2420
3500 &1 ThOO &7 23000 2645
3600 65 TS0 281 25000 2880
3700 68 ; TEH0 280 25000 3125
3860 e 7700 ' o536 ~




6-1-51

CERIUM - BETA COUNT METHOD

Msthod No,23
I. PRINCIFLE
Ceriun, together with other rars eartis, 1s rvemoved frowm the bullk of
fisslon estivities and other slemente by precipitation with HF in acid golution,
The rare earth fluoride precipitate is dissolved in boric and nitric ecids and

Ingclvble ceric iodsts ig precipitated, taking
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oxidized in th
Jouwr &1l the Ce and s few psr cent of the other rare earth zcbivitlsa. The Ca iz
purified by reprecipitation and Zr and UX removed on s Zr(IOQ}; vuﬂfvﬁge¢~ﬁrﬁfi itate

while the Cs iz held in tae trivalent stats, Hydroxide precipitations ars used to

and ths Ce ig converted o the oxalate for

i1, STATUS
More detailsd discussions of &hé chemlstry of the zerium ssparaticn procedure
and of radlochemical scbtivity amelysia ays glven iln the refsronces, The principle and
desigr of the Gaiger -Miiller counter are Gescpibad,
Refsrsncss:

1. "Metheds snd Techniguss of Radicchemicsl Act tivity Ansliysis", Method No. 26,

2. Glesstone, 8., Sourcebook mniétamic Enerey, p. _g6 Van Nostrand,
New York (1950).
3. BHume, D. N., Ballou, N. ., and Glendenin, L, B., "4 Mamual of
Radics emisal Determintations of Fisaion Product Activitize”, CN-2815 (June 30, 194s).
Y. Flagg, J. F., Rider, B. ¥., and Andrus, W. §., "Methods of Chemical
"

Analy”is Tor Bsparation Procwss Resesrch Unit., Part II, Radicchemicel Methods

KAPL-BES (July 7, 1950).
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III. REAGENTS AND APPARATUS

A. Beggents -
1. Amionium Hydroxide, 15 M NH,OH (conc.), analytical reagent grade.
2. Boric Acid, sst. 33303. Prepare by adding 56 g HyBO; to 1 liter
bf distilled water.

3; Cerium Carrier. Prepare by dissolving 31 g Ce(NO3)3'6H20 and
diluting to 1 liter with distilled water.

 Standardize in triplicate by adding 5 ml of the carrier amd 20 ml

of water to a beaker. Heat to boiling and add with stirring 15 ml saturated
oxalic acid. Cool in an ice bath for ten minutes (clock). Filter in a tared |
crucible(a) and desiccate as described in preparation of the crucible. Express the
standardization i mg of cég(cg,oh) o/mle |

k. Hydrochloric Acid, (conc.) 12 M and 6 M. Prepare 6 M by diluting
500 ml conc. to 1 liter with distilled water.

5« Bydrofluoric Acid, comc., 27 M.

6. Todic Acid, 04035 M HIOz3. Prepare by dissolving 61.5 g HIO; and
diluting to 1 liter with distilled water.

T. ZLanthanum Holdback Carriér. Prepare by dissolving 31 g La(ﬁo3)3'63é0
and diluting to 1 liter with distilled water. |

| 8. Nitric acid, comc. (16 g)land 6 M. Prepare & M by diluting 38% ml

conc. HHO3 to 1 liter with distilled water.

9. Oxalic Acid, saturated. Prepare by adding 110 g HpCpO)*2HA0 to 1 liter
of distilled water.

10. Sodfum Bromate, 1 M NaBrO . Prepave by dissolving 151 g NaBro,
and diluting to 1 liter with distilled water.

il. Sodium Hydroxide, 19 M NaOH. Prepare_by dissolving 1 1b of
KaOH in 454 mi ﬁgo. Filter through asbestos and store‘inra plastic or waxeﬁ-glaés

bottle.
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12. Hydrogen Peroxide, 3d% EnOp, analytical reagent grade.

13. Sulfurous Acid Solution, 64 Hy5034+  Prepare by diluting
60 ml to 1 liter with distilled water.

14, Zirconium Holdback Carriero Prepare by dissolving 29 g
inO(HO3)2 *2H50 and diluting to 1 liter with distillisd water. Add a little HN03
to effect complete solution. B B

B. Apparatus

l. Clinical Centrifuge.

2. Centrifuge Cones, 50 ml capacity.

3« Lusterocid Tubes, 50 wl capacity.

. Ice Bath.

5. Filtering Apparatus, suction typs.

6. Geiger-Miller Counter, Scaler and Recorder, Model Q-T62,
avallable from Nuclear Instrument and Chemical cerpq, 223-W. Brie Street, Chicago 10,
Illinoisa

IV. PROCEDURE

1. (a) For agueocus samples which do not contain Al:

Pipet sample and 2 ml Ce carrier, 2 ml each La holdback .
carrier and 7¢ holdback carrier into a lusteroid tube. Swirl. Make 2 M in ENO,
and swirl. Add 2 ml conc. HF and swirl. (Centrifuge and discard supernatéﬁt. Add
about 10 ml water; slurry precipitate by stirring; trgnsfar contents to 50 ml
glass tube. Centrifuge and discard supernatant.

(b) Ir the ssmples contain appreciable aluminum:

Place sample in a glass centrifuge tube. Add 1 ml 6 M
HCl and 2 ml Ce carrier and swirl. Add sufficiemt 19 M NaOH to redissolve the
Al(OH)B Initially precipitated. Centrifuge and wash precipitate in 10 ml water.

Centrifuge and discard wash. Dissolve the precipitate in 3 ml 6 M HNO3, and
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transfer to a lusterold tube. Add 2 @l each of La and Zr boldback carriers, and

proceed as in 1 (a).

(¢) Ir the samples are submitted in s hexone medium:

Place sample in & glass cemtrifuge tube. Add 1 ml €M

HC1l and 2 ml Ce carrier. Swirl. Heat to drive off hexone. Tramsfer to a lusteroid
tube and add 2 ml La holdback snd 2 ml Zr holdback. Proceed as in 1 (a).

2, To precipitate, add about l’ml saturated H;BOs» Stir well. Add
8 ml conc. HNO3. Stir to dissolve; a drop or two more of HgBO, may be necessary.
With stirringiadd 0.5 ml L M EaBr03 or Qol o C.2 g KBr@3o Wait about one minute.
{The color should be deep red-orange). Place tubes in ice bath, add 20 ml 0.35 M
BIC; and stir. Digest 1 to 2 minutes. Cenitrifuge and discard supermatast. Wash
precipitate by stirring well in about 20 ml water. Centrifuge apnd discard supermatant.
| 3. To yellow ceric lodats preaipitatag add 2 drops conc. HCl, and 2 drops

30% HoOso -Stir welle. Add sbout 8 wl conce EH03° Stir to dissolve. Treat with

2ml of 1 M ﬁaBr03 or 0.3 g EBrdg. Add 20 =l 0035‘§:E103 and stir. Record the tims

of precipitation. Digest about five wminutes. Centrifuge and discard supernatant.

Wash precipitate by stirring well in shout 20 ml water. Centrifuge and discard
gupernatant, ‘

L, To yellow Ce iodate precipitate, add 1 drop come, HCL amd 3 drops
30% HpOne Stir well. Add about 8 ml cones HNOz. Dtir to disselve. Add 1 ml Zr
holdback carrier; swirl; should a slight precipitate come out; add about 2 more

drops each of conc. HQQQ and HCL to dissolve the precipitete. Add 20 ml 0.35 M

HIO3. B5tir well and digest five minutes. Csnirifuge and transfer soluticn to
nev tube, discarding the whibish solid.

5. Place tube in ice<bath. Precipitate the Ce as Ce(0H), by stirring
and cautiously adding an excess of 19 M ﬁa@ﬂ; about 8 ml: add minimum amount

more if a reddish color persists. Centrifuge and discard supernatant. Wssh the
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tube walls and precipitate with about 10 ml water. Centrifuge and discard
 supernate wash., Add 2 ml’6 N HC1 to the precipitate; swirl to dissolve; dilute
to a 10 ml volume by slowly adding watér. Add about 1 ml 6% H2803 and swirl.
{Red color should appear and disappear; solution should become decolqrized).
| 6. Precipitate the Ce by addigg dropwise and with stirring conc.
NHyOH; add a drop or two in excess. Centrifuge. Discard supernate.
| 7. Wash the precipitate twice with 10 ml portions of water.

8. Dissolve the Ce(OH)3 in aho@t eml6X 301. Add about 15 ml
vater. Heat to boiling, and add with stirring about 15 ml satursted oxalic acid.
Coptinue to stir until precipitate appears, and for é short while thereafter. l
Cool tube and place in ice-~bath for ten minutes digestion. During the digesticn,
tare papers.

9. Centrifuge and discard supernate. Swirl in 5 - 10 ml water and
filter with suction on a moistened tared paper. Wash three times with hot water, three
times with alcohol, and three times with ether. Dry one minute.

10, Weigh as cerium oxalate. Mount. Count no sooner thanitwo hours after
the time recorded in Step 3 (two hours allows for sevénteen minutes Prlku to come
into equilibrium with its el parent).

Caleculations:

Let: A = measured beta count of sample aliquot, cts/min;
B « coincidence correction, ots/min. Obtain from Method 2§, Apx. 1
(cr Apx. 2 and 3 if counts are run for other than four minutes).
Bmay also be calculated from the equ&tion,
B = (¢bserved Qaunt} 5% 10
C = background correction, cts/min.
D = correction to standard, cts/min =

accepted count value for standard
observed count value for standaerd
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E = yield, decimal per cent. ,
: F = volume factor for converting sample aliquot to ml.
Then: | v
Cerium in Sample measured at 10% geometry, cts/min/ml = 9"‘%‘.‘9“ xF
Notes:

(a) Prepare the siinterad glass crucible as follows. Wash it thoroughly
with water, alcohol and ether. Place it in a vacuum desiccator (containing no:
desiccant) and apply vacuum for two minutes. Admit air, then evacuate again for
two minutes. Weigh and repeat desiccatﬁon until a weight constant to 0.2 mg 13

obtained.
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NICBIUM - BETA COUNT METHOD

Methed No. 30
I. PRINCIFLE |
'Hiobiu@ is separated as thawhydrous oxide ffﬁm fission product activities

and other elements. The hydrous oxide is ignited at 800° C, weighed and counted
for beta activity.
IX. STATUS

More detailed discussions of the chemistry of the niobium separation and
of radiochemical activity analysis are given in the ﬁaferences° The principle
and design of the Geigernmﬁlier counter‘ate described.
| References:

1. "Methods and Techuiques of Radiochemical Activity Analysis"
Method No.26, this manual. |

2. Glasstome, 5., Sourcebock on Atemic Epergy, p. 136, Van Nostrand,

New York (1950). ’
3. Hums, D. §., Ballou, N. E., and Glendenin, L. E., "A Ménual of
Radiochemical Determinstions of Fission Product Activities”, CN-2815 (June 30, 1945).
b, Flegg, J. ¥., Rider, B. ¥F., and Andrus, W. S., "Methods of Chemical
Analyses for Separation Pracess Research Unit. Part II, Rediochemicsl Methods",
KAPL-348 (July 7, 1550).
I1I. REAGENTS AND AFPARATUS

Ao Beggents
1. Ammonium Hydroxide Solution, conc. 15 M NEyOH, enalytical reagent
grade. | |
2. Barium Nitrate Sclutiom, 50 mg Ba(N03)2/mlo Prepare by diasolviﬁg
50 g Ba(N03),, analytical remgent grade, and dfluting to 1 liter with aistilled |

water.
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3. Bﬁdr@@ﬁl@fi@ Asid, 6.2 HUL, Prapare by diluting 500 wl conc.
{12 ¥) to 1 liter with distillsd water,
b, z{;}fd}:’csfu@fw Acid, mon: ¥ 27 M EF (LBE).
5. Witris Acid, coms. {16 M) and & M. Frepare © M from conc. by
diluting 354 wl to 1 liter with &;ﬁ,@'ﬁ:ﬁlﬁd water.
6, Hichium Cerrier. Prepave by dissolving 26 g potaessiwm hexaniobate
{ "columbsats™), Kgﬁb5©19°lﬁ HaU, in Eﬁﬁzml water. He at slmost to boiling, than add
15 ml conc. Eﬂ@g slovly with stirring. . Cootisus heating and stirring for aspproxi-
mately three mimut@s, unem santrifuge 9md,waa%‘%&%ee times with 50 ml portians of
hot 2% ﬂﬁkﬁgg ﬁolutimma Add 200 =l of saturated oxelfe acid, hﬁat snd stir wtil
05 diggolves. Cool and dilute Lo wme liter. If the solution is cloudy, filter.
Standardice in triplicste by plpsting 5 sl of the garrier inﬁo a
‘beaker, add 30 wl & ¥ HEQ3 and 1 g EBrO; aud heat tm boiling. Boil gently with
stirring f@r,&bgu% five minutes. Joel and gdd conc. KHQOH to a pH of 8 to 10
(abmu%mlﬁ ml). Filtey qu&m&jﬁative 1y on No. 42 paper and wash with hot waxer.
Transfer to a previously lgnited and &ared @wucible, “smoke off" paper and ignite
“to =bout 8000 C for twenty minutes. Wéigh and caleulsate as mg af Eb205/mle
7. Niobium Wash No. l. Prepars by dissclving 96 g BHNO,, adding 38 ml
CONC» EEGB axd diluting to 1 liter with di1stilled water.
| 8. Hiobiuz Wash No. Z. P%epawa by dissolving 53 g ﬁﬂﬁﬁegg adding

;89 mi comc. HNO., and diluting to 1 liter with 4istilled water.

3
9., Oxalic 4214 Solutlion, saturated. Frepare by edding 110 g
HaCos0p *2HL0 to 1 1iter of distilled water.
2LVl :
10. ?h@nalphthﬂlein Indisator Bolution, QQGL% in 70% G2350H, Prepare

by dissalvimg 1 g of indicstor in 1 iiter of the Geﬁﬁﬁﬂfw HQO selvant;

1. rotessium Bromste, solld K8rOs.

12. Eireomiwm Boldbask Carrier. Prsparse by dissolving 29 g ZrO(K03)2°EHéO
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in 1 liter of distilled water. Add a little ENO3 to effect complete solution.
B. Apparatus | | |
1. Geiger-Miller Counter, Scaler and Beéorder, Model Q-762, available
from Nuclear Instrument and Chemical Corp., 223-W. Erie gt., Chicago 10, Illinéis.
2. Centrifuge, clinical.
3. Centrifuge Tubes, 50 ml capacity.
hg Lusteroid Tubes, 50 ml capacity.
5. Electric Muffle, set ax'BOOO c.
6. Filter Paper, Whatmsn Fo. k2.

IV. PROCEDURE

1. (a) If the samples are submitted in an agueous medium:

To a 50 ml glass centrifuge tube add: 1 @l Zr holdback carrier,
aliguot of sample (mot over 10 ml), conc. EHO3 (volume equal to sample volums), 1 ml
6 M HCl, 1 ml saturated ocalic acid, and 2 ml ¥b carrier. .Swirl., Heat solution nearly

to boiling and add 0.5 g EBrO, in small portioms, bolling for a few seconds after each

3
additian. Digest five minutes; centrifuge and discard supernatant. Wash thernb205
precipitate by stirring into it up to 10 ml of Nb Wash No. 1. Heat mixture nearly

to boiling; transfer to lusteroid tube; centrifuge and discard supernatant.

(b) If the samples sre submitted in a héxone'medium:'
: Add sample aliquot, 1 ml 6 M HC1, 2 ml saturated oxalic acid,
and 2 ml Kb carrier. Stir well. Heat to near boiling to volatilize hexone. Cool and
add 4 ml conec. HNO;. Make the KBrO, addition and coniinue as in 1 (a).

3

2. Dissolve the Nby0O5 in 1 ml conc. HF. Add 2 ml 6 M HNO_, 1 ml Zr

3
holdback, 5 ml water, swirl. add dropwige 1m Ba(HO3)2 solution (50 mg/ml) s5tir for
one minute. Centrifuge, discard the precipitate, decanting the supernatant into a

lusteroid tube. To the solution add 1 ml Zr carrier, swirl, centrifuge, and discard
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the precipitate. o

3+ Decant the supernatant into a iustémid tube, add with subsequent |
swirling a drop of phenolphthalein: indicator, then conc. FH, 08 to pH 8 to 10 »
{phenolphthalein will turn pink). Centrifuge esnd discard the supernatant. Losing
no time, wash the Hb205 precipitate by stirring uwp in 10 ml of Kb Wash Fo. 2. Centri-
ﬁlge and discard the supematant wash. vBepeat the washing. Use the wash solution
to transfer the ‘precipitate to a glass éeﬁtrifuge tube. Hest neaﬂy to boiling
and centrifuge, discarding the supernatant wash. To the precipitate add 0.5 ml 6 M
3303 and proceed immediately to Step 4.

4. Dissolve the ptecipitate_ of Nby0s by heating with 2 ml saturated oxalic
acid. To the digsolved prqcipii:éte » 8dd 3 ml water and 5 ml conc. EHOB(; and heat
nearly to bolling. Add 0.5 g of KB:OS in small portions, boiling:a few seconds
gftgr each addition, and digest five mix;utes. Centrifuge and discard supernatant.
Wash the Hb205 with Wash No. 1. Heat nearly to bci;ing and filter on No. 42 |
filter paper. TIf the first portion of the filtrate is not clear, ‘re;t_um it to
the filter,

5. With a stirring rod, fold the top portion of the filter paper down s
putting the sample and paper into a compsct form. 'ﬁ-ansfer by the ald of a stirring
rod.to a crucible, burn off thq filter paper on the entrancé of & muffle furnace,
and heat at BQOO C for twenty minutes.

6. Tare a watch glass without paper. Remove erucible from muffle and

ecool in a desiccator. Transfer contents to watch glass by means bf a spatula.‘

Weigh. Mount in the manner of a gross be‘ba determination and count.

Calculations:
let: A = measured beta count of sample aliguot, cts/min.
B = coinciden‘ce correction, cts/min. Obtain from Method' 28, Apx. 1

§r.Apz. 2 and 3 if counts are run for other than four minutes).
B may also be calculated from the eguation:

B = (‘observedicount)‘. z 5:;‘ 10° -6
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C = background correction, cts/min.
D = correction to standard, cts/min =

accepted count value for standard
chserved count value for standard

E = yield, decimal per cent.
F = volume factor for converting sample aliguot to ml.
Then# ’ |
- Niobium in sample, measured at 10% geometry, cts/min/ml =

(A“Fg”C)D X F
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RUTHENIUM - EETA COUNT METHOD |

Method No. 31
1. PRINCIPLE ,
Ruthenium is sepafated cleanly from other fission produgts, excapt
element 43, by distillation as BuOk from HClOy. The RuQj is mounted and determined
by beta counting. | |
II. STATUS
In the distillation carrier is added to prevent velatilization of IJAnd
~ BaBiO; is included to oxidize it to nom-veolatiis IOB" or IOh'o The presence of
| phosphates aveids the volatilization of sméll ammugts of Mo. The RuQ, is caught
in NaOH solution and Ru is preaipitatéd in the basic solution as a mixture of’Ru203
‘ and RuQ2 by reducticm with ethanelo Element 43, which is also volatilized by
~ Haloh, is not affected by the eﬁhanol‘tre&tmant and remains in solution. In the
analysis of process solutioms, 43 activity is pot determined because the longest-
lived 43 isotope so far detected in fission is the six hour daughter of 67 hour
Mo. The ruthenium oxide precipitate isﬂimu&veﬁ in HC1, and Ru is precipitafea
in a weighsble form by reduction with yowﬁéred Mg metal. The chemical yisld is
30% orgbettern Disc;saions of radiochemical activity amalysis and of the priﬁciple'
2and design of thelﬁeigerwﬁuller c@unter are given ip the refsrences.
References:
1. "Methods and Technigues of Radicchemical Activity Analysis", Method No. 26

this manual.

2. Glasstone, So; Sourcebook on Atomic Energy peo 136, Van Nostrand, New York

(1950) .
3. Hume, D. N., Ballou, N. E,é and Glendenin, L. E., “A Manual of Radio-

chemical Determinations of Pission Product Activities”, ON-2815 (June 30, lQhS),
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4. Flagg, J. F., Rider, B. F., and Andrus, W. S., "Methods of Chemical
Analyses for Separation Process Research Unit. Part II, Radiochemical Methods",
KAPL-348 (July 7, 1950).

5. Kuney, J. H., "Perchloric Acid, Friend or Foe", Chem. and Engr. News,
25 1658 (1947). :
III. REAGENTS AND APPARATUS

A. Reagents
1. Aerosol, 0.T., 0.1% Solution. Prepare by adding 0.1 g to 100 ml

distilled water.
2. Diethyl Ether, (CQH5)éO, anhydrous, analytical reagent grade.
3. Ethyl Alcohol, 95% CpHsOH.
k. Hydrochloric Acid, comc. (12 ¥) and 6 M. Prepare the 6 M by
diluting 500 ml come. to 1 liter with distilled water.
5. Todine Holdback Carrier. Prepare by dissolving 13 g XI and a
few mg NaHCO3 and diluting to 1 liter with distilled water. :
6. Magnesium Mstal, powdered, analytical reagent grade.
7. Methyl Red Indidafor Solution, 0.2% in 60% Ethanol. Prepare
by dissolving 1 g methyl red in 300 ml 023505 and di1u££ng to 500 ml with HoO.
8, Perchloric Acid, 70% HC10),, analytical reagent grade.
9. Phosphcric Acid, 85% HSPG&, snalytical reagent grade.
10. Ruthenium Carrier. Prepare by dissolving 28 g RuCly - RuCly,
mixture and diluting to liter with distilled water.
Standardize in triplicate by pipetting 5 ml of carrier into a 250 ml
Erlenmeyer flask and adding 25 ml water and 2 ml cone. HCl. Add 0.4 g powdered Mg
in small portions, swirling after each addition. Add a few drops of 0.1% Aei‘osol -
0.7. solutlon and boil gently until tﬁe Ru is wall:coagulated and the supernatant is

clear and colorless. Mors Mg may be hecaasary to complete reduction. Add 10 ml
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of gonc. HC1 and boil two minuxeso Filter quentitatively in a tared sintered

glass crucible<a) and wash three times each with hot water, alcohol and ether.
desiccate as described in the preparstion of the crucible. Express the standardization
as mg Ru/ml.
| 11, Sodfiuwm Bismuthate, HaBiQBs golid, analytical reagent grade. _
12. Sodium Hydroxide Soluti@n, 6 M NaOH. Prepare by dissolving 240,06 g
NaOH, analytical reagent grade, and diluting to 1 liter with distilled water.
B. Agg araius | |
1. Geiger-nuller Counter, Scaler and Recorder, Model Q-762, available
from Nuclear Instrument and Chemical Corpe., 223~ W. Erie Btreet, Chicago 10, Ill.
2. Centrifuge, Clinical. ’
3. Gentrifuge:Tubes, 50 ml capscity.
L, Ruthenium Still, as shoﬁn in Apx. &.
5. Fisher Filtrator.
6., Hirsch Funnel.,
7; Hot plategielectrica
IV. PROCEDURE
CAUTION: This procedure requires the use of perchloric acid, a reagent
presenting an'explosicn hazard. Before proeeeding, become thcroughly familiar
”with the possible hazard and the methad of safely handling the reagent(5) It
is most important to avoid the formation of the anhydrous acid. The dehydrating
agents, sulfuric acid and phosphorous pentoxide, can convert E3Poh to the anhydrous
acid. Contact with organic material or porous materials should be avoided. The
distillation should be carried out in a fireproof ho§d of special'canstructiong

1. (&) If the samples are submitted in an agueous medium.

To each of the two distillation flasks {free of straw or other

organic material) add: sample aligquot (no more ther 5 ml), 2 ml Ru carrier,

sl
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0.5 g NaB10,, 1 ml 85% H PO, 1 ml 1odine holdback carrier, and 10 ml ?

70% HC10, .
(b) If the samples are submitted in a hexonme medium:

Pipet sample aliquot into distillation flask and add 1 to 2 ml
of ethanol. Swirl and add 2 ml Ru carfier. Let stand five minutes. Place
distillation flask on hot plate with temperature conﬁrol set at "low" and
volatilize off organic mixture, evaporating almost tp dryuess. Bémnve the
flask, cool, and add 1 ml of lodine hcldbgck, 0.5 g NaBiOB, 1 ml 85% H3P0h,
and 10 ml 70% HC10, .

2. In a hood space free of peper or other orgsnic material, set up a
Ru st1ll (Apx. % . Use asbestos-center wire pauze uhder flaek, Insert the
delivery tube into 12 ml of 6 M NaOH comtained in a centrifuge tube in an ice
bath. Adjust the air influx to the system to give 1 to 2 bubbles psr second.

Heat the flask gently at first; then distill rapidly. During this last operatiom,
set the burner directly under the flask and move’baCk from the hood; watch to see
that bumping does not occur. (A yellow oil should come over.) Rinse the delivery
tube by continuing to heat wntil 1 to 2 ml of HC10, distills over. (This happens
1 to 2 minutes after HC10; fumes appear in the distillation flask.)

3. Add 3 ml of 95% ethanol to the distillate, swirl or stir to mix, dry tube
-bottom, and heat just to boiling by swirling over free flame. Ruthenium oxigde
will precipitate. Cool tube, centrifuge, and note if the supernatant is colorsd.
If it is not colored (indicating complete pracipit&ﬁion), dlscard the superuatant and
proceed to Sﬁep 5

k., Pour the colored superpatant into a marked centrifugé tube. HNHeutralize
the solution with concentrated HC1l (use methyl red indicator). Add 1 ml 6 M NaOH.

Make an ethanol precipitation as in Stép 3. centrifuge and discard supernatant. Use
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10 ml of water to wash the precipitate into the marked tube that contains the
first precipitate.

5. In 10 ml of water, stir so as to suspend the precipitate, add
1 ml 6 M NaOH, heat just to boiling, centrifuge, aﬁd discard supernatant.

6. To the precipitate add 2 ml of 6 M HC1, heat just to boiling
~ to dissolve, and edd 10 ml water. Add 0.2 g powdered Mg metal in small
portions shaking after each addition. Add a few drops of 0.1% gerosol O0.T.
to minimize frothing and boil gently until Ru 1s well precipitated. Continue
- boiling for two minutes.

7. Cool tubes slightly; place in water bath, slowly wash down the
tube walls with 5 ml concentrated HClL to remove ex@ess Mg, wipe tube and then
boil until the Bu coagulates. Centrifuge and discard supernatant. Swirl
precipitate in water. ¥Filter with suction on a moistened tared paper supported
on a Hirsch funnel in a filtrator. Wash three timgs with hot water, three times

with alcohol, and three times with ether. Dry one minute, mount, and count.

Calculations:
Let: A = measured beta count of sample aliquot, cts/min.

B = colncidence correction, cts/min. Obtein from Method 28, Apx. 1
{or Apx. 2 and 3 if counts are run for other than four
minutes}. B way alsq be calculated from the equation:

2 -
B = (observed count) X 5 X 10 6

C = background correction, cts/min.
D = correction to standard, cts/min., =

agcepted count value for standard
observed count value for standard

E = yleld, decimal per cent
P = voiume factor for converting sample aliquot to ml
Then:
’ Buzﬁegamnin.sa@@lqusfermined-at'loi geomstry, cts/min/ml =

8+ §'~ ClD_ x7.
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Hotes: ‘

{a) Prepare the sintered glass crucible as follows. Wash it thoroughly
with water, alcchol and ether. Place it in & vacuum desiccator (containing
no desiccant) and apply vacuum for two minutes. Admit air, then evacuate:
again for two minutes:. Weigh and repeat desiccation until a weight constant

to 0.2 mg 1s obtained.
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ZIRCONIUM -~ BETA COUNT METHOD

Method No. 32
I. DPRINCIPLE

Zirconium is determined aftér separation’fram othor fission;elemonts and
interferring substances by precipitation as insoxuble barium-fluczircqnmte. The
praecipitate is mﬂunted‘and the beﬁa count determined.

I STANS e |

1The original sﬁm@la‘ia if&at8¢ ﬁitth?'3n& écavénged vitﬁ Laﬁ3 to remove
UX, rare earths and much of the Ba énd Sy beforefpreéipitation of Zr. The {luo~
zirconate precipitate is easily dissolved in HNO3 or HC1l containing HBBOB“: The
latter serves to remove F as stable BFhf. After two reprecipitations and removal
of excoss Ba as sulfate, the Zy is Qonverted to cupfeorrate for ignition to:ZrOE
and weighing. The chemjcal yield is 60 to 70 per cent.

The classical separation of Zr as the phqsphaﬁe is wnrelisble as complste
interchange 1is not obtained. The oxalate method is not applicable in the ﬁresence
of BiPOu without lengthy preliminary treatment of the sarple, and the interchange
between carrier and tracer may be incomplete.

1. "Methods and Fechniques of Radiochemical 2ctivity Anelysis", Methad No.
this manual. |

2. Glasstone, 8., Sourcebook on Atomic Energy, p. 136, Van Nostrand,

New York (i950),
3. tume, D. N., Ballou, N. E., and Glendenin; L. E., "4 Manual of Redio~
chemical Determinations of Fission Product Acfivtﬁies“, CN-2815 {June 30, 19&5},
4. Plagg, J. ¥., Rider, B. ?., and Andrué, We S, “Me{hods of Chemical
Analysis for Separation Process Research Unit. Pért 11, Radiochemical Methods”,
KaPL~348 (July 7, 1950). . |
III1. EEAGENTS AND APPARATUS

A. Reagents
1. Barium Nitrate Solution, 50 mg Ba(NO3)p/ml. Prepare by dissolving
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50 g Ba(NOg),, analytical reagent grade, and diluting %o 1 liter with distilled water.
3/2%

2, Boric Acid Solution, saturated HyBOz. Add 56 g 53303 to 1 liter
of distilled water.

3, Cupferron Solution, &%. Dissolve 6 g cupferron and 0.l g (Nﬁh}EGOB
and dflute o 100 ml with distilled water.

%k, Hydrochloric Acid, conc. {12 M) and 1 Mo Prepare 1 M by diluting
86 ml conc. to 1 liter with distilled water.

5. Hydrofluoric Acid, coﬁco, 27 M.

6. Lanthanum Holdback Carrier. Prepare by dissolving I1 g La(NOB)aP 652(
in 1 liter of distilled water.

7o Nitric Acid, conc. (16 M) and 6 M. Prepare 6 M by diluting 384 ml
conco to 1 liter with distilled weter.

8. Sodium Hydroxide Solution, 19 M. Prepsre by dissclving one pound
of §aOH in 454 ml distilled water. Filter through asbestos and store in a plastic
or wax-glass bottle.

’ Do Sulfuriayﬁcid, conc.
10, Zirconiwm Carrier. Prepare by dissolving 29 g ZrO(NO3)Q°2HéQ

and diluting to 1 litervwith distilled water.

Standardize by adding’5 ﬁl of sarrisr to a besker, dilute t@yEﬁ to
30 ml, add 6 ml comc. HCL and cool in ice to approximately 10° ¢. ’Add with stirring
8 slight excess of 6% cupferron, snd filter guantitatively on No. 42 paper. Wash
with cold 2 M HC1l containing a 1ittle cupferron. Transfer to a previously ignited
and tared arﬁcible, "gmoke off" the pa@er and ignite atb 800Q C for twenty minutes.
Weigh and calculate as mg Zroa/mlo k

B. Apparatus
1. Geiger«ﬁgller Counter, Scaler and Recorder, Model Q-762, available
from Nuclear Imstrument and Chemical Cérpa, 223-W Brie Street, Chicago 10, Illinois.

2. Electric Muffle, set aut 600° C.
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3. Clinical Centrifuge.

4. Centrifuge Tubes, 50 ml capacity.

5, Lusteroid Tubes, 50 ml capacity.

6. Polythene Stirrer.

7. Whatman Filter Paper, No. 40.

‘IV. PROCEDURE

1. (a) For agueous samples which do not contain aluminume

Add 1 to b ml sample to a lusterold tube, dilute to b wl,

make 4 to 5Min ENO3° Add 2 ml conc. HF, and 2 ml of Zv carrierka),

(b) If the sclution contains spprecieble aluminum:
Place the sample in a glass centrifuge tube and add 2 mi
Zr carrier(a), 1 ml conc. HC1l, swirl. Precipitate Zr by addition of sufficient
19 M NaOE to redissolve Al(@H)3 initiaily formed. Centrifuge. Dissolve the |
precipltate in Y ml 6 )] Hﬂog, and transfer to a lusteroid tube. Add 2 ml conc. HF.

(¢) If the samples are submitted in & hexone medium:

{a)

Place sample, 3 ml conc. HCL and 2 ml Zr carrier % in a

glass centrifuge tube. Stir well and heat to volatilize the hexone. Transfef the
'aqueous phase to a lusteroid tube. Add 2 ml comc. HF. |

2. 2dd 1 ml La holdback carrier, mix well by stirring with a polythene
’stirrer and centrifuge briefly. Add a’second 1 ml portion La holdback carrier to the
‘supernatant. Swirl in a gentle mauner so as not to disturb the first precipiﬁate,
and centrifuge the new precipitate duwg on top of the first. Decant the supernatant
into a new lusteroid tube, and discard the precipitate.

3. To the solutibn, add 1 ml Ba(ma3)2 reagent (50 mg/ml), mix by swirling
or stirring,:digest one minuteo Centrifuge and discard the supernatant.

k, To the precipitate, add 2 ml of saturated 53303 and stir to suspend all

of the precipitate. Add 1 ml conc. ENOy, stir, then add 5 ml of water, and stir

p——_
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until precipitate is completely dissolved.
Sa ‘Add 1 ml conc. HF and repeat Steps 3 aﬁd b,
6. Add 1 ml conc. HF and repéat Step 3. |

7. To the precipitate add 2 mi saturated H3BO and stir to suspend all

3
of the precipltate. Add 3 ml conc. Hﬁl, stir, add 5 ml water, and stir to dissolve.
Remove stirrer. Add a drop of conc. HoSQO), swirl and centrifuge. Transfer the
supernatant to a clean glass tube. Discard the precipitate.

8, Dilute the solution to 20 ml. BSet the tube in an ice bath to bring
the solution to ice temperature. Fill a glass tube about two-thirds full with 1 M
HC1l, add a few drops of cupferron, and place this also in the ice bath. (This
solution is used to wash the zirconium cupferron precipitate,) While the solutions
are being cooled, set up fumnels fitted with No. 40 filter paper.

9. ‘Precipitate the cooled sample solution with 2 ml of 6% cupferron
solution. Working reasonably fast from this stage on, centrifuge and discard the
supernatant. Stir up the precipitate in cold 1 M HCl and filter the suspended
precipitaté through the’funnels that have been set up. k

10. With a stirring rod, fold the top portion of the filter paper down,
putting the sample and paper into a compact form. With the ald of a stirring rod
transfer the filter paper to a crucible, burs off the filter papgr on the edge of a
muffle furnace, and heat at 600° ¢ for twenty minutes.

11, Tare a watch glass without paper. Remove the crucible from the
muffle furnace and cool. Transfer contents to watch glass by mesns of a spatula,

and weigh. Mount glass and contents in the manper for a gross count.

Calculations
Let: A = measured beta count of sample aliquot, cts/uin.
B = coincidence correction, cts/min. Obtain from Method 28, apx. 1

for Apx.2 and 3 1f counts are run for other than iow winutes).
B may also be calculated from the equation:
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B = (observed count)” x 5 X 10
C = background correction, cts/min.
D = correction to standard, cts/min. =

_fecepted count value for standard
Pbserved count value for standard

E = yfeld, decimal per cent.

F = volume factor for converting sample aliquo*é to ml.
'I'henk: - |

Zirconium in sample measuréd’at 10% geometry, cts/min/ml =

X F'

(A+B&C)D
: = ;

Hotes:

(a) Make the interval between sample aldition and carrier addition

as short as possible.




33=-1
6=1~51

ZIRCONIUM = TTA-XYLENE EXTRACTION AND BETA COUNT

Method No. 33

I. PRINCIPLE

Zirconium (IV) forms a chelate complex with thenoyltrifluoroacetone (TTA)..
~ Both the chelating agent and the metal chelate have a negligibie solubility in
the aqﬁﬂous phase and can be extracted with an organic sclvent such as Xylene.
The chelate species extracted into the xylene is a neutrel molecule consistiﬁg
of a girconium atom bénded to four TTA ions. Presumably each TTA ion is attéched

by two oxygens in the following manner(1),

v 'é’zr‘o
c = C
1 ﬂ " 4
H- C c - C ¢ - CFB
~ S/ \C&

i

H
The extraction of the zirconium into the xyleneaTTA solution from the
aqueous solution containing a non-complexing anion may be represented simply by

the equation:

R :
M Ty € P T MW

in which:
HT = TTA, acid enol form
¥ = xylene phase
' A = aqueous phase
II. STATUS

The method has been used satisfactorily for the determination of radio-
girconium in concentrations as high as 2.5 x 108 etsfmin/ml(e)o; The chelétibn
and extraction‘WBre found to be essentially complete under the following con&i-
tions: O o 8 } HNOg, 1 to 12 M HC1, 8 minute extraction time from 2 M HNOs

solution, and 0.5 M TTA(B), Anions which complex zirconium interfere, especially'
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fluoride, phosphate andkoxalate, the latter markedly inhibiting the chelation
of zirconmium with Pra{1), The method has been found accurate to within -1 and
to have a precision better than 3%. The developmental work on the method is
discussed in detail in references 1 thru L.
References:

1. Runicn, T. C., “Chelate Process for Isolating Zirconium®, omci.—los
(Aug. 9, 19L8). | | |

2. Chemistry Division Quarterly Report for Period Ending June 30, 1949,
p. 228, ORNL-286 (Septs, 19L9).

3. Chemistry Division Quarterly Report for Period Dec., i9k8 to
Feb., 1949., p. 117, ORNL-336 (May L, 19L9).

i, Bremman, M. E. and Flagg, J. F., "The Determination of Radio-
zirconium by TTA". KAPL-332 (4pril 19, 1950). |

5. Hume, D. N., Ballou, N. E. and Glendenin, L. E., "A Manual of
Radiochemical Determinations of Fission Product Activities", CN-2815 (June 30, 1945)

6. Flsgg, J. F., Rider, B. F., and Andrus, W. S., nnethodé‘ of Chemical
Analyses for Separation Process Research Unit. Part II. Radiochemical Methods",
KAPL-348 (July 7, 1950).
III. REAGENTS AND APPARATUS

A. Reagents
1. Hydroxylamine Hydrochloride, NH20H-HCI,Wsolid;
2. Nitric Acid, conc. HROj. |
3. Thenoyltrifiuorcacetone (TTA) Solution in Xylene, 0.5 M TTA.
Prepare by dissolving 111.0 g TTA, (supplied by Dow Chemical Corp., Midland,
Mich.) in 1 liter of xylene, analytical reigent grade.
B. Appéfétus ’
1. Qeiger-uiller Ceuntei, Model Q-762, available from Nuclear

Instrument and Chemical Corp., 223 W. Erie St., Chicago 10, Ill.
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2. Watéh-Glass, 1 ineh dismeter.
3. Steel‘ﬁashér, to support 1 inch watch glass.
. Hot Plate, electric. |
5. Centrifuge Tube, 15 ml capaéity;
6. Flask, glass»étoppered‘Erlenmeyer; 25 ml ca@acitﬁﬁ
IV. PROCEDURE |
1. Place an appropriate aliquot of the sample (not over L ml)
in a 25 ml glass-stoppered Erlenmeyer flask. Dilute to 5 ml with distilled
water and sufficient conc. HNOq to make the solution 2 M. |
' 2. Add 0.1 g HHz‘OHDHGl.
3. Add 2.0 ml of 0.5 M TTA in xylene. Shake for 10 minutes.
4. Transfer the solution to a centrifuge tube and centrifuge three
minutes. Remove the agqueous phase with a transfer pipet.
S. Transfer a suitable aliqudt(a) of the organic phase to a watch

glass preheated on a large washer on a hot blate(b) (see Fig. 1),

Figo 1

6. Mount and count sccording to the procedure described in Method
No. 26,
Calculation
Let: A = measured beta count of sample aligquot, cts/min,
B = coincidence correction, cts/min. Obtain from Méled.28, Apx. 1

w(ﬂr ApXs 2 and 3 if counts are run for other than |

L minutes). B may also be caleulated from the equatiomt

B = (observed count)? x § x 10~6.
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C = background correction, cts/min
D = correction to standard, cts/min =
accepted count value for staddard

observed count value for standard

"

B yield, decimal per cent

F @ volume factor for converting sample aliquot to ml.

Then: ' :
Zirconium in sample at 10% geametry, cts/min/ml =

(A-O' BE:C)D % F

Notes:

(a) Do not trangggr mbre than 0.5 ml at a time. If ii is necessary

’to transfer all of the organic phase,'ringé the flask with approximately 1 ml

xylene. Add the wash to the tube, centrifuge, then transfer to the watch glass.
(b) The temperature of the hot plate must be regulated to give

rapid evaporation of xylene without boiling.



3 -1
" 6-1-51

PLUTONIUM ~ TTA-XVLENE BATRACTICH AND ALPHA COUNT

Hethod No. 34

I. PRINCIPIE

Plutonium (IV) forms a chelate complex with thenoylfriflu@roaceﬂcne
(TTA). Both the chelating agent and the metal;ahelaﬁe have a negligible
solubility in the aqueous phase and can be extracted with an organic solveﬁt
such as xylene. The chelate species extracted inte the zylens is a neutral
molecule consisting of a plutonium atom bonded to four TTA ilons. Presumably

each TTA ion is attached by two oxygens in the following menner:

\S/ \§¢
The extraction of the plutonium int® the xylene~TTA sclution from the
aqueous solution containing a non-complexing anion may be represented simply by
the equation(1):

BT, # Pl o> pury, o+ lu"
) Tafy Thrw T w

in whichs
HT = TTA, acid enol form
X # xylene phase
A = agueous phase

II. BSTATUS

The method was developed by Moore and Ruﬂgan&ﬁl) whe. have made a thoroug
report of this study. Since many ious form chelats compounds with TTA they are
separated from one another by tsking advanbtage of the high acid dependence of
the extraction of the chelate compounds into noen-polar sclvents. The procedure
describéd achieves a clean sepavation of plutonium freon cesium, columbium,

ruthenium, cerium, rare esrths, wranium and alwniowi.
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The platonium content of the organic phase is determined by alpha
counting. ’
References: ’

1. Moore, F. L. and Hudgens, J. E., Jr., "A Solvent Extraction Methed
for Plutonium Analysis", ORNL-153 (Sept. 2, 19L8).

2. Runion, T. C., "Chelate Process for Isclating Zirconium", ORNL~105
(Aug. 9, 19L8).

3. Hume, D. N., Ballou, N. E, and Glendenin, L. E., "4 Manual of
Radiochemical Determinations of Fiasion Product Activities", CN-2815 (June 30, 19L5)

4. Flagg, J. F., Rider, B. F. and Andrus, W. 5., "Methods of Chemical
Analyses for Separation Process Reseérch Unit. Part II. Radiochemical Method"®,
KAPL-3L8 (July 7, 1950).

III. REAGENTS AND APPARATUS

4. Reagents

1. Aluminum Nitrate, 2 ¥ Al(NO3)3~9HZO» Prepare by dissolving

375.1h g in distilled water and diluting to 1 liter.
2. Hydroxylamine Hydrochloride, 1 M NH,OH.HC1l. Prepare by dissolving

69.5 g NHZGHvHCI, analytical reagent grade, and dilute to 1 liter with distilled
water,

3. Hydrefluoric Acid, L M HF. Prepare by diluting 29.6 ml of reagent
grade (L8%) hydrofluorié acid to 200 ml with distilled.water. ‘Store in a hard

rubber bottle.
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m Nitric Acid, 2 M and 8 M HNO3. Prepare B M by diluting 100 ml of
:reagent grade concentrated HNCj to 200 ml. Preparei? M by dilution of the 8 M.
S. Sodium Nitrite, 1 M and 2 M NaNO3. Prepare 2 M by dissolving
138 ¢ KaNOy, reagent grade and diluting to 1 liter with water. Prepare the 1 M
by dilution of the 2 M. |
6. Thenoyltrifiuoroacetone (TTA) Solution in Xylene, 0.5 M TTA.
. Prepare by dissolving 111.0 g TTA (suﬁplied by Dow Chemical Corp., Midland, Mich.)
and diluting to 1 liter with xylene. | ’
B. Apparatus

1. Proportional Alpha Counter, Methane, Model 117 available from
Nuclear Instrument and Chemlcal Corp., 223 W. Erie St., Chicago 10, Ill., see Apx. 1.

2. Staxnless Steel Plates, 2 inch dises.

3. Hot plate, electric.

L. Centrifuge, clinicaio

5. Brlenmeyer Flask, glass-stoppered, 125 ml capacity.

6. Centrifuge Cones, 15 ml capacity.

7. Burnaré Meeker type.

8, Shaker, Burrell "Wrist-action® type is recammended.
Iv. PROCEDUHE

_4. In the Absence of Ferrous Sulfamate (HNO;»Method)

1. Pipet the appropriate aliguot (5,000 to 10,000 cts/min) of the
,éample into a glass~stoppered 25 ml Erlemmeyer flask. Rinse the pipet three times
: with Ho0 and add washings to sample volume.
2. Add 2 ml of conc. HNOj.
3. Evaporate to near drfness on a hot plate.
L. Repeat Steps 2 and 3.

5. Pipet 2 ml of 2 M HNOq into the flask. Swirl.
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£ &dd 20 deops of L K ﬁﬁé&ﬁo HCL, zwirl, and warm for five minutes
at 80° C.
2. Remove from the hot plate and add 20 drops of 1 M NaNOp, swirl
and let stanﬁ for five mimites. |
8. Test for @@Qpl@t@ﬂ@ss of oxidation by adding NaNOp dropwise
antil the effervescing veases.
9. Pipet L ml of TTa-xylene solution intc the flask and seal with
scotch tape.
10, Agitate for ten mimites.
1l. Transfer both phases to a 15 ml centrifuge cone and centrifuge
for five minutes.
12, PFipet 500 A aligquots from the orgenic phase onto stainless steel
plates. |
13. Ty plates on a hot plate(ay and flame each plate after it is
dry with a Mesker burner. | |
1. Count fors achivity for four minutes at 52% geometry.

B, In the Presence of Ferrous Sulfamate (HF Method)

1. Pipet 100 N of the sample into a glass~st0ppered 25 ml

Erlemmeyer flask. (Do not rinse the pipet with H,0.)

2. Wash the pipet with 100 X of 8 M HNO and add washings to sample.

3, Wash the pipet twice with 100 A porticns of L M HF. Add to
sample and swirl.

b, let the solution shand for ten minutes.

'S, Add 2 wl of 2 M Al(KO4) 5 and swirl.

6. Llet stand for five minutes.

7. Add 0.6 ml of B M REOB and 1,0 ml of 1 M NHQOH.H01, Swirl.

8, Warm for five minuﬁes at 80° C.

9, Add 2 wl of ¥ ¥ sodium nitrite and swirl.
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10. Fxlesct with L sl of TPA-xylene solution for ten mimtes. (Seal

3

5.
>

Aol pe e TR - { " R ol L R R S WLTe: g
the stoppsr in the flask wiih scotch tape.)

1. TPranzfer to a 15 ml centrifuge cone and centrifuge for five

feud

minuies.

12, Fipet appropriate aliquots from the organic phase onto stainless
steel plates. ’

13. Dry oo oa hot p?mﬁ;e{a} and flame each plate after it is dry with

a Meselker burner.

th. Count forod sctivity for four minutes at 52% geometry.

Calculatiouns

8§

Let: A total mwber of counts = (No. of registered counts x scale

fantor) 4 No. residual counts

B = total counts/minute = %

0 = vackground, counts/min.

D = eorpaction factor fer corrverting sample aliguot to ml
Theng

Plubonion in sswple at L0% peometry, cts/min/ml = (B - ) x D.
Notes:

{a} Rings, the cenvers of which are filled with asbestos, are placed

on the hot plate and used as supports for the plates.
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PLUTONIUM - LANTHANUM FLUORIDE AND ALPHA COUNT METHOD

Method No, 35
I. PRINCIPLE : . :

’ Plutonium is reduced to ’c.he(III)and(IV) valence states by hydroxylamine
hydrochloride. It is then carried from solution on a lanthanum flﬁoride pre-
cipitate. The laz;thanxnn fluor;de is then mounted on a stainless steel plate
and the plutonium alpha particles counted in standard equipment.

I7. STATUS

The various factors which affet:.:t this analysis have been investigated aﬁd
are discussed in the references. They are summarized :m Reference 1.
References: i

1. Clifford, A. F. and Koshland, D. E., Jr., "Devilopment of Radjo-
chemical Analytical Procedures for Plutonium -(1) Synthetic Solutions®, CN-2040
(Sept. 23, 19klL). _

2. Koshland, D. E., Jr., "Development of Radiochemical Analytical
Procedures for Plutonium -{2) Recdmen&ations for a Standard Procedure and Tests
in Change Solutions,” CN-2041 (Jan. 8, 19L5). L -
III. REAGENTS AND APPARATUS

A Reaggnts
1. Hydroxylamine Hydrochloride Solution, 10% NHuOHSHC1. Prepare by

dissolving 10 g NHoOH-HCL and -dilutdng to 100 ml with distilled water.
2. Lanthanum Nitrate Solution, 5 mg La/ml. Prepareﬁ.by'dissolving
15.5 g La(NO5) 30 EH,0, ané]ytical reagent grade, and diluting. toik 1 liter with
distilled water. : ' |
3. Nitric Acid, 1 N HNOj. Prepare by diluting 65.0 ml of 15.L M
(69%) }m03 to 1 liter with distilled water. |
lx, Hydrofluoric Acid, cone. HF.

S, Hydrochloric - hydrofluoric Acid Solution, 1 N HC1 énd 1N »HF’.-

|- v .
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Prepare by diluting 86.0 ml of 11.6 M (36%) HOL and 37 ml of conc. (482) HF to
1 Liter with distilled water, | |
6. Nitrie - hydrofluoric acid Solution, 1 N HNO3 and 1 N HF. iPrepare
Ly diluting 65.0 ml of 15.L M (69%)iHN03 and 37 ml of conc. (48%) HF to 1 liter
with distilled water. |
B. Apparatus
1. Proportional Alphs Counter, Methane, Model 117, see Method 3k,
Ap%e ko Nuclear Instrument and Chemical Corp., 223 W. Erie Street, Chicago 10, Ill.
2. Centrifuge, clineial.
3. Centrifuge Cones, 15 ml capacitly
}i. Infra-red Lamp
5. Mizro-burner
4, Btainless Steel Plates, 2 inch diameter
7. Transfer pipets, micr03 200 A bapacity.
IV. PROCEDURE
1. Pipet 2 suitable aliguot {50CC to 10,000 cts/min.) into a glass
centrifuge tube, :
2. Dilute to 2 ml with Hgl.
3. Make the solution 2 N in HNOg (~8 drops conc. HﬂOE}o
L, Add SOA of La(N0373 solution (5 mg La/ml).
5. Add L-6 drops of 10% NHzOH-HC1 solution.
6. Make the solution 2 N in HF (.~ 8 drops conc. HF).
7. Stir the solution until homogeneous.

8., Digest for five minutes at room temperature without agitation.

9. Centrifuge five minutes at full speed in a clinical centrifuge.
10. Remove thé supernatant'by the standard method(b).
11. Wash the precipitate with 0.5 ml of 1 N HCL - 1 g HF solution(¢),
(1f BiPOh’is in solutiéng digest this wesh ten minutes at roaﬁ

temperature before centrifuging.)

A
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12, Repeat steps {39) and (1@5° ‘

13, Wash the precipitate with 0.5 mlof a 1N HNOy - 1 N HF solution.

1);. Repeat steps (9) and {10} .

15. Transfer precipitate to a stainless steel disk using 25 A of
iXxN Hﬁﬁg‘salutian to slurry and transfer.

16, Wash the caﬁe thyee times with 25 A portions of 1 N HNOj solution.
Centrifuge a few seconds after the last wash to carry down any liguid on the
gides of the cone.

17. Transfer each of the cone washes to the stainless steel plate.:

18, Dry under an infra-red laap. |

19§ Flame the plate @autiauély 10 a dull red heat. Do not use a Fisher
turner for this. A micro Bunsen burner is the best.

20, Count the sample as usual (four minutes).

Caleulationse
Lebe 4 = total number of counts = (No. of registered counts
% scale factor) + No. residual counts.
B = total counts/minute = ﬁ :
i

¢ = background, counts/min.

p ® vwolume fachor for converting sample aliguot to ml.
Thens

Flutonium in samplejccunted at 52% geometry, c‘csfisinﬁni-"—‘-“(*B-;C') x D.
Notes: |

(2) Tnis meihod affords a clean separation from uranium. Am, Cm
and,ﬂp237 if present will also carry an the LaFj precipitate. If these elemeﬂts
are present, refer to ORNL-961 (¥p237) and ORNL-286 (im, Ca}.

(b) 4 piece of capillary tubing waich is connected to a vacuum‘line
is inserted in the supernatant and the liguid volume is drawn off.

{¢) For samples which contain s high concentration of aranium, cmit

the HF-HC1 wash and wash three times with 1 wl portions of 1 X Hﬁ03»1 K OF solutior
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DENSITY OF RADICACTIVE AQUEQUS SQLUTIONS -

FALLING DROP METHOCD

Method No. 51
- I. PRINCIPLE

The:density of ah aqueous solution is determined by meaSuring the time
reqguired for a drop of it to_fall a fixed distance in én immiscible organic
- medium (reference liquid), the density being found by reference to a calibraﬁion
curve. The falling time is related to the density by an expression derived
from Stokes‘law(l)o The reciprocal of the falling time in seconds when plotted
versus density on coordiﬁate graph paper gives a straight line.

II. STATUS

'The’organic liQuids used in this method are tetrabromoethane, mineral
0il and xylene. Mixtures of these liquids are prepared to give a slightly lower
specific gravity than the aqueous solutions to be measured. The mixtures are
placed in graduated cylinders which are képt in a constant temperature bath at
25 % 19 ¢, A measured drop of samplé is forced from a micro pipet beneath the
surface of the organic liquid using é remote control sampler. The buret is raised
above the Surfacé of thé liquid and the drop falls. The time required for the
drop to fall a fixed distance is neasured. The~dénsity of the sample is then
détermined‘by calculating the reciprocal of the falling time in seconds on é
standard density curfg, prepared by«ﬁsing Al(NO3)3 solutions of known densitg;and
reading the density directly. |

This method has been thoroughly studied in a similar System(a) and the
sources of experimental error reported to be (1) temperature fluctuations of the
thermostat (2) variations in the radius of the drop and (3) errors in timing the
drop fall. The .suitability of variéus solvents and the precision of the méthod

are discussed in detail.
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References:

1. Keston, A. S., Rittenberg, D. and Schoenheimer, K. J., "Exzchange
Reacticns of Organic Compounds with DpS0), J. Biol. Chem. 122, 229 {1637).

2. Frilette, V. J. and Hanle, J., "Gravitometry of Heavy Water.
New Reference Liquids for the Falling-Drop Method and Precision Attainable,"
inal. Chem., 19, 98L (19L7).

3, Hemphill, H. L., Secret Notebook, CL-176k.

L. Thomason, P. F., Secret thebook, CL~-155L.

5. Snell, F. D, and Biffen, F. M., Comuerical Methods of Analysis,

n. b3, NMeGraw-Hill, New York (19hLL).

ITI. APPARATUS AMD REACENTS -

A. Reagents

1. DMineral Q0il. Determine the specific gravity at 259C by the
pycnameter method(g).

2. Xylene, C.P. Determine the specific gravity at 25°%C by the
pycnometer‘method(S).

3. Tetrabromoethane, C.P., supplied by Bastman Kodak Compary.
Determine the specific graviﬂy at ZSCC by the pycnometer meﬁhod(S)a

. Density Standards. Prepare solutions of Al(ﬁ03}3°9H20 at
0.05 M intervals over the concentration range of 1.3 to 2.5 }. Determine the
exact densities of the solutions using the pycnometer aethod(S). It way be
desirable to prepare standards at closer intervals.

S. Reference Liquid. Prepare the organic wedium {reference
liquid) thru which the test solution drops by mixing tetrabroscethane snd xzylene.
Obtain ar estimate of the density of the sample at 25°C and prepare a series
of suitable density standards in the range of 2 0.03 about the estimated ssuple

density. Determine the specific gravity of the lightest density standard
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at 25°C by the pycnometer method(S)a Prepare the reference liquid to have a
specific gravity 0.99 of the specific gravity of the lightest standard, determining
the composition of the réference liquid from the following equations:

X = D(G’B)

in which

"

specific gravity of tetrabromoethane at 25°C

specific gravity of xylene at 25%

desired specific gravity of reference liquid

desired volume of reference liquid, ml

&

H O O w »
]

volume of tetrabromoethane, ml

D-X = volune of xylene, ml.
A drop of the lightest density standard should fall thru the medium in approximately
L0 seconds and of the heaviest in about 15 seconds.

For accurate results, i.e. density measurements to * 0,0003 g/ml, each
reference liquid should be used over a range of * 0.005 density units. Criteria
for change in density of the medium are (1) decrease in volume resulting from
volatilization and (2) coloration caused by the radicactivity of the sample. If
these changes occur, check the specific gravity of the reference liquid.

B. Apparatus
1. Modified Greiner Micro Buret, capacity 0.1 ml, operated by
- remote control. Details of the apparatus design are given in the fcllowing

drawings, on file in the ORNL Insitrument Division:

E-8502 - General Assembly of Specific Gravity Hood
E-8520 - Sub-Assembly of Specific Gravity Pipettes
D-8512 - Sub-iAssembly of Rotating Specific Gravity Table
D-8521 - Specific Cravity Pipettes

The following general alterations are to be made to a Greiner buret:
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(a) Seal a mercury reservoir into the buret as shown.

(v) Cu£ the U -shaped glass capillary section near the middle of the U
and insert a ball joint. This modification provides a removable buret tip.

(¢) Construct a number of spare replacable units to the exact specification
of the removable sections.

{(d) To aid the precision of drop formation, prepare a Teflon jacket for
- each buret tip as follows. Drill out % inch lengths of Teflon rbd (~~ 5/16 inch
0.d.) to an i.d. of 1/6l inch. Heat the buret tip énd pilece of Teflon. Care~
fully slip the Teflon over the tip of the buret until a very small section of the
buret tip shows., Grind down the glass tip with emery cloth until the glass tip
iz even with the Teflon. Polish off the outside edge of the Teflon tip to a
curved surface.

2. Constant Temperature Water Bath, 25 # 1°C. Assemble from the
following equipments:

(2) Dbattery jar, filled with distilled water.
(b) heater, knife type.
(¢) thermostat, mercurya—to¢wifgvand a relay.

3. Timer, automatic, calibrated in 0.1 second.

4. Graduated Cylinders, 100 ml capacity, for containing the reference
liquid, therefore uniformity of distance between 20 and 80 ml marks is essential.
Distance between 100 and 80 ml mark should be 3.8 *+ 0.1 em. Distance between
80 and 20 ml mark should be 11.3 £ 0.1 cm. |

5. Pycnometer, 10 ml capacity, provided with thermometer. Suggested
type, ASTM D-153, :

IV. PROCEDURE
l. Place the shielded sample on the table adjacent to the remote sampler.
2, Turn the plunger of the buret in until the column of mercury is
approximately % inch from the tip dr the buret.

3. Draw sample into the buret until the column of sample is acproximately

1

% inch from the ball joint. “
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li. Remove sample and lower the tip of the pipet to just beneath the
surface of the organic liguid (a)n

So‘ Discharge 5 }5of sample(b)o

6. Raise the buret very slowly until the tip breaks the surface of the
organic liquid.

7. Time the drop as it falls between the 80 and 20 ml marks (11.3 cwm.)
on the graduated cylinder(c)»

(a)

8. Record the falling time in seconds.

9. Calculate the reciprocal of the falling time and read the density
from a standard curve(®),

(a) The graduated cylinders of organic liquids are immersed in a
constant temperature bath to insure reproducibility of temperature.

(b) The delivery of the sawple must be done very carefully and slbwly
to prevent shaking of the drop from the tip of the buret before the correct
volume is delivered.

(¢) The drop has attained a constant falling rate by the time it
reaches the 80 ml (3.8 cm fall) mark. |

(d) The density of the reference liquid should be close to that of the
sample because the falling time should not be less than 7 seconds. Faster
falling drops are difficult to time and also do not conform to Stokes law as
they are not truly sphericzl.

- {e) Prepare the standard density curve as follows. Determine the
densities at ZSOC of the density standards described in III-4. Determine the
falling drop time for each standard according to the procedure; Calculate the
reciprocals of the falling drop times and plet these values ag abscissae versus
the densities of the standards as orainatesg using rectangular coordinate graph
paper. The resulting plot should be a straight line. A typical standard density

calibration curve is shown in Apx. 1.
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SPECIFIC GRAVITY OF MAKE-UP SOLUTIONS
| Method No. 52

I. FPRINCIPLE

The épecific gravity is obtained by comparing the weight of a solid
‘object in aif to the welight of the samé object in the solution veing snalyzed.
The specific gravity balance is calibrated to read specific gravity units
directly.
IT. STATUS

This method is to be used for mon~radiocactive make-up solutions only.
It does not permit accuracy approaching that given by use of the specific-gravity
bottle, but is desirable when a large number of samples are to be measured.

References:

1. Snell, ¥. D., and Biffen, F. M., *Commercial Methods of Anslysis

p. 47, McGraw-H111, New York (19hk).

2. Brochure from E. Machlett and Son, 220 Bast 23rd Street, New York,
N. Y., describing the Hohwald Improved Specific Gravity Chain Balance.
IITI. AFPPARATUS

1. Specific Gravity Chain Balance, Hohwald Improved, No. Ak-012,
supplied by E. Machlett and Son, 220 East 23rd Street, New York, N. Y. is
suggested.

2. Forceps, of the type supplied with balance weights.
IV. PROCEDURE

1. Check the zero point of thg balance. If adjustment is needed
consult the supervisor.

2. Fill the cylinder of the balamce to within 1/2 inch of the top with
the liquid to be measured. The bulb should be totally submerged.

3« Check the plummet to be certain that 1t does not touch the sides of

the cylinder.
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. Using a pair of forceps, move thelrider weight along the balancs
veam wntll the epproximate zero is obtained.

5. Balance to zerc with the chainomatic scale.

6. Read the specific gravity to the fourth decimal place and record
1t aleng with the temperature cof the solution in °c on the work sheet.

Example: - Suppose the roller weight is in the 1.2 notch on the bea,

the O on the vernier between 0,045 and 0.046 on the chain post, and the
seventh 1line on the vernier matches a lined the rezding is then 1.2457

gpacliiic graviiy.



