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ABSTRACT

A microgravimetric prosedure for the determination of gallium in
galliumeplutonium alloys is presentedo The gallium is separated from plufonium by
extraction of chlorogallie acid with isopropyl ethero The gallium is re-extracted
from the ether by shaking with water and is determined gravimetrically as the

8-hydroxyquinolate, Ga (G9H 60}1) 3°
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MICROGRAVIMETRIC DETERMINATION OF GATLTUM IN PLUTONIUM-GALLIUM ALLOYS

The use of 8-hydroxyquinoline as a reagent for the determination of
go1llium was first suggested by Maser ard Bruckll) o The precedure was improved
and applied to indium as well es gallium by Gellmann and Wriggea)o Gellium
has a2l80 been determined electrolyticallyB) 0 potentiomefrically by titration
with ferrocyanideh) o and as the §xide after precipitation with tannins)o A
solcrimetric method has been describedé),, and the use of eupferron hes been
a.dvocatedﬂ °

In the present case, a mwethod which would permit the determinetion of
l-mg gquantitiee of gallium with an accuracy of 5 percent or bstter was required.
The gravimetric 8=hydroxyquinoline procedure, while it had not been appiied to
amounts of gallium below 3 ng) , #as selected for study since it seemed likely
that this procedure could be made to meeb the requirements. An extremely good
factor is involved (0.1%89) and the precipitate is of constamnt composition and
can be welghed direetly as Ga(CS,HéON)Bo The use of the 2-~bromo-8-hydroxyquinocline
he.s boes advocateda)o Results obtalned with this reagent were not satisfuctoryo.
High recoveries were obtained beceuse of the relative insoluvility of the reagents.
In addition, rigorous conditions for the quantitative preslipitation are reguired

which make the procedure difficult for routinez worke

1) Moser, L., and Brukl, 4. 51, 75 (1929)
2) Geilmann, Wo and Wrigge, Fro W., 4o Anorgo Allem. Chem- 209, 123 (1932)
3) Reichel, Eo, Z. Analo Chem. 87, 331 (1932)
L) Xirshmen, H. De, and Ramsey, de Ro, Jo Amo Chem- Soc. 50, 1632 (1928)

Zz Moser, Lo, and Bruk}, A. Momatsh 50, 151 (19

) Willard, Ho Ho, and Fogg, Ha seg ds AM3° Bfl’ Socs 59, LO (2

7) Moser, L., and Brukl, A., Mgaatgh s6i,3%39 (83251 =7 g?\mLASS'HEn
8) CGastinger, Be, 4o #nalo Chemi™f L5 (i)
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Reagents Required

}o Isopropyl ether, shake with alkaline permanganate and redistill.
20 Mercury, copeo
30 Hydrochloric acid, 12 N, standardized.
liu Sodium ecetate solution, 20 per cent.
5. Alccholic 8-hydrexyquinoline, 5 per cento
6. Ammonium hydroxide, cong.
7. Fhenolphthelein indicators.
Discussion

In order that quantitative results may be obtained in the extraction
procedure, the acidity must be carefully adjusted to 7.3 No At this normality
the distribution ratio of gallium between isopropyl ether and water is et a
maximnun 9) On either side of this value, the distribution ratio falls off
abruptlys In order to obteain this normality, the following factors must be
taken into consideration.

lc Hydrogen lon used in the solution of the metelo

2Pa+ 60" >2p’ 43 H,

The equivalent weight of Pu is therefore 239/3 = 797> If W is the weight of
the sample in mg and N is the normality of the HC), the volume in mi of acid
necessary to dissolve the metal is W/(79.7) (W) o

2c The volume of Nenormal HCl necessary to make ) ml of 7.3 N EC1 is
73/N ml,

The total acid necessary, therefore, te dissolve the metal sample and

produce 1 ml of 7.3 N HCY is

v = [+ 2L

9) Batcheldser, M. Co, Nachtriebs,

-8
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and the water required for 1 ml of solution is

V, = (100 = V) ml

A number of approximations heve been made in these caleulationso
For example, the volume change en dissolving the metel is neglested, Vy and
V, are assumed to be additive, and the sample weight is not corrected for the
gallium content, However, the results of meny determinations have indicated
that these corrections can be negleoted.

The most common interfering element found in the alley is iron. This,
if present in the solution in the oxldized state, will be extracted &s ferria
shlorideo Ferrous chloride, however, is not extracted by isopropyl ether. On
thiz basis; iron is prevented from interfering in the dstermination by shaking
the solution vigorously with elemsntal mercury before and during the ether

extructionc

FOM + 2Hg° - FeH + Hg2H

Teble I gives some typicel recoveries of gallium by the proposed
methodo An indication of the precision to be expected is givem in Table Il.
The data contained in Table II were obtained from sctual runs on unknowas and
indicate the precision obtained under regular operating conditionso

Proocedure

1, Extraction and re-extraction.

Extremo care shouvld bs used in nandling end dissolving plutonium samplesc

See LA-L16 for precautions and hozards invelvedo

Caloulate for a metal:sﬁméfi‘egnon?afniﬁg, ge.pproxim‘cely 1 ng of gallium,
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the volume of acid required to dissolve the metal and te produce, upon the
addition of a calculated volume of watery 1.00 ml of solutlon 7.3 N in HCli.
Pipet the calculated volume of water into the shaking tube and drop in the mestal
samplec Add the calculated volume of acid slowly from & l-ml buretc The reaction
will start immediately upon the addi®ion of the first drop of acid., Keep the
tube inclined to prevent the possibility of spray emerging from the tubs. If
metal turnings or filings are used, immerse the shaking tube in am iocec-waier
bath while adding the acid to slow down the vigorous resction that will results

When the sample has dissolved and the solution is clear, add 4 drops of
mercury to reduce the iron present and stopper the tube with a well greased
(silicone stopcock grease) ground gless stopper. Shake for five minutess

Rempve the tube from the shaking machine and add 1 ml of isopropyl
ether, being careful to wash down the stopper with the first portion added, Re-
grease the stopper if necessary and shake for twenty minutess

After shaking, allow the Pu-Hg layer to separate from the ether and
swirl the tube gently so that a sharp separation takes placeo Transfér the
ether layer to a second shaking tube by means of the transfer pipets Wash the
pipst by drawing up an equal volume of ether and add the ether wnshinges to the
second tubesc The same pipet should be used for any glven sample through all
the subsequent operationso

Add 1 ml of isopropyl ether to the first tube, stopper (greasing stopper,
if necessary), and sheke for another twenty-minute intervalo Transfer the ether
layer to the second tube, add a small quantity of ether to the firs# tube,

invert several times to wash the sides of the tube and transfer this ether layer

to the second tubeo




APPROVED FOR PUBLI C RELEASE

RR R IR RN PR AR |
IR s

Using the same pipet, add 5 ml of water to the second tubeo Add a
glass bead, stopper with a well.greased stopper, and shake for ten minuteso.
Transfer the lower aguecus layer by meens of the pipet to & 30-ml beaker

containing 5 ml of 20 percent sodium acetate, 1 drop of concentrated smmonium

hydroxide and 1 drop of phenolphthalein indicators While the pipst is passing
through the upper ether layer, expel air through the pipet so that no ethor is
permitted to entero. Fill %the pipet with water and add the washings to the beaker.
Repeat the rewextraction procedure with another 5 ml of watera

After transferring the second § ml of vater to the besker, add e smil
quantity of water to the first shaking tube, stopper, and invert several times
tO wash the sides of the tubeo Add these washings to the beaker s8 beforeo The
total volume of solution in the beaker should now be between 15 amd 20 mlo

2s Precipitation

Cover the beaker with a watch glass and heat bolow the boiling point
until most of the pink color of the indicator has disappeareds Wash down the
cover glass and add, dropwise, 15 drops of the alscholic S-hydroxyquinoline

{5 percent) waiting between drops for the yellow precipitate to forme Plzce

on the steam bath and digest for ons hours

3o Transferring, Washing and Drying of tine Precipitates

Transfer the precipitate to & tared 10-ml platinum Munroe crucible
using hot water to wash out the precipitate. Transfer as mucsh as possibis by
washing before using a peclioeman. Extreme cere must be taken in the transfer
since the precipitate is Qifficult to handle because of its tendensy to crawl and

become finely dispersedo Wash thgfspr%a:mi'i:a*ce‘;h i@ cerucible 3 times with

hot watero Inspect the besker wilil asI=SpAiTfifty #Pass to see that all the

g
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precipitate has been trensferredo
Dry in enr electric oven at 120°C for one hour. GCool and weligh an

Gﬁ.(cgﬂéoN)B F = 00138850

TABLE To

RECOVERIES OF GALLIUM BY TEE PROPOSED METHQD

Ga taken Ga found Percent Recovercd
ng mg <

0,811 0.808 99063
0.830 102,34
0.802 98.89
0,798 98,40
0,836 103,08
1,380 1.377 9978
1,392 100,87
1.490 1.491 100,07
1.4490 100,00
1,507 103,34
i.LoR ¢ 100013
Average 1000359
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TABLE JI

DUPLICATE RESULTS OBTAINED FROM ACTUAL ANALYSES INDICATING THE

Samnle Noo

7140
7ilhL
7255
7159
™
7241
731
T267A
72678
7276
7298
7273
7154-6=-3

740

FRECISION OF THE HMETHCD

Gallium
percent

1.08
1,04

1.11
1,04

1.02
2.0k

1,09
1,08

1,07
3,08

1,09
1-11

0,65
0,65

0.91
0.91

0095
093

0:97
099

0.78
0,81

0.97
1,02

Deviation of Duplicates

percent

385
6-73
2,97
0.93

0.93

1,83

2.15
2,06
3.85

Lo12
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Gallium Devietion of Duplicates

Sample Noo

3,80

1.03
1,07

7161

1,05

1.09

7205

3081

2,88
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