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The metal gample is dissolved in a slight excess of 6N HCl. The
boron is distilled as methyl borate in a specially designed Quartz still.
Evaporation of the excess methanol is made on a steam bath in an gtmosphere
of nitrogen. 7The boron is estimated colorimetrically using Naftel's curcumin
Frocedure modified to fit the quantities of borom involved. The range of

detection and estimation is from 0,05 micrograms to 0.5 micrograms of boron,
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COLORIMETRIC DETERMINATION OF BORON IN PLUTONIUM METAL

INTRODUCTION

This report is a supplement to the longer and more gensral Report
1n~303, which treats the determination of boron in various materials. In
fact, sone of the work discussed in the general répOrt, such as the analysis
of urenium, was carrisd out with the idea of applying a similar method to
plutonium metal. 4ctumlly it was possible to0 use ideantical methods of analysis
for these two metals, Since the same apparatus, rrocedure and technique were
used héra, detailed descriptions will not be given except in the cases of
actual changes in the procedurs. For detailed descriptions of apparetus,
procedures for distillation, evaporation and ecolor devslopmant, and also for
general precautions to be observed, the reader is referred to the general

boron report mentionsd above,

REAGENTS aND APPARATUS

Following are listed the raagents, their purificstion and conditions of
storage:
Distilled water. Distillation from a double Barnstesd still wes found t0 pro-
duce water sufficiently low in boron. It was stored in a quartz bottle. If,
however, distilled water from such a source is not sufficiently low in borom
it should be made slightly alkaline with sodium hydroxide and redistilled
“through a quartz still equipped with an effisient spray trap.

Caleium hydroxide, O.1N suspension, This was prepered by sdding 0.60 g

boron-fres calcium metal® to 200 ml distilled watep and making up to 250 ml

* Calcium metal essentially fsz-éa RTom 5-.56;’-::?’; *as Obtuinsd from the Liectro
Letallurgical Company, Magzelt 221118, :Thé.metal wes slectrolyzed out cf
a molten buth (frse from Yorates), and"wad distilled ip vacuo in an iren

retort, e o s % W% 2 -
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in a guartz volumetric flask. A very-fine-grained suspension of Ca(ORH),
resulted when calcium metal ground to -20 to +80 wesh was slowly added to
the water, 7The susyension was kept stoppered, shaken well bsfors using, and
discarded after three days.

liethanol, absolute., Du Pont's methanol was redistilled from sodium hydroxide
in a quartz still equipped with an efficisent spray trap; 1t waes stored in
Corning 9728 gless or quartz bottles,

Hydrochloric agid, 6No Baker's concentrated c.p. acid was found sufficiently
free from boron, %hen removed from the oripinal bottle it was stOréd in quertz
bottles. The .concentrated seild waé diluted with distilled water and stored in
quartz bottles,

Ethyl mlcohol, 95 pereemt., This was redistilled from sodium hydroxide in
'quartz st1ill and stored in Corning 728 glass or guartz.

Curcumin, 0.1 percent in 95  rercent ethyl alcohol, 0.25 g Eastman's

best gréde of curcumin was dissolved in 250 ml 95 parcent sthyl aloohol and
the solution kept in a Corning 728 glass flask,

Uxalic acid, 15 percent solution of c¢.p. crystals in distilled water. A stock

solution was mede by dlissolving 35,7 mg of c.p. HaBO3 erystals and diluting
to 260 ml with quartz-tistilled water. 10 m1 of stock solution diluted to
250 ml contained 1 microgram of boron per ml, Both solutions were stored
in quartz flusks. ‘

A complete desoription of ths fused-quartz stills and 8ll other edditiomal
apparatus is given in Report LA~303. The only change to be noted is in the

Coleman Universal Model 11 Spectrorhotameter. Xor this anelysis, the spectro-

photometer was squipped wifd & cide-cdvitte carrier and Bsckmen Corex
..: ..: LA X4 ..: .=. ... —
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cuvettes having a 1,00-em 1light path. —

ANALYTICAL PROCEDURE
1o Proparation of tha Standar& Curve,.

It was anticipated that the énalysis of plutonium metal for boron would
involve quite emall quantitimg of boron because, (1) the amount of metal
availabls for samples would be emall and, (2) the desired boron content of the
metal would be low. For these reasons 1t seemed advisable to increase the
sengitivity for small gquantities of bprono This was done by reducing the
volume of the final solution t0 3 ml before estimating the optical density.
This necessitated using smaller cuvettes than desoribed in Report LA-~303.

This modification in procedure gave a new standard curve with specific extinction
value 2.1, The procedure for prepering such a standard curve was as follows:

2,5 ml of freshly preparsd O0,.1N ca(OH)2 suspension was added to
each of four pletinum dishes of 40eml capacity. To succesaive guadruplicate
sets of dishea containing this bass were added 0, 0,05, 0.10, 0,15,

0,20, 0,25 apd 0,30 micrograms of boron as boric acid, (standard boric
ecid solution), The contents of each dish was svaporated to dryness in an
atmogphere Of nitrogen on a steam bath and mllowed to cool, Immedigtely

to the aontents of emch dish was added, {1) 0.25 ml 6N HCl and the dish
swirled gently to dissolve all residus, (2) 0,50 nl O.1 percent curcumin
in 95 pércent alecohol, (3) 0,50 mi 15 parcént oxalic acid and the dish
swirled asgain for final mixing, The dishes wers placed in the drying oven
doscribed in Report 14-~303 and bsated for 30 minutes beyomd drying at e

temporature of 58°% 3%, The dishes wore then removed srd allowed to cool.

APPROVED FOR PUBLI C RELEASE
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The color was quantitatively extracted from each residue with 95 percent
othyl alcohol and the solution filtered through a medium-porosity sintered-
glass Tilter into a 3-ml volumctric flask, Final dilution to 3 ml was made
with additional alcohol, Esch solution was transférred to a Beckman Corex
ouvette having e light path of 1,00 cm, The cuvettes were placed in the side
carrier and the Optical density reed on the Coleman Model 11 Spectrophoto-
meter at a wave length of 540 me., The reference solution was 95 percent
ethyl alecohol, The average of the optical density values for the four oOr more
determinations for esch copcentration of boron was plotted against micrograms
of added boron present, Table I shows the raa&ings obtained and Fig., 1

the resulting standard curve,

Tabls I

Concentration - Optical Density Data

Micyograms of Boron Fresent

0 0,05 0,10 0,15 0,20 0.25 0,30

[optstal
Densgitiea | 0,055 0,193 0,256 0,363 0,400 0,571 0.700

0,063 0,156 0,256 0,405 0,445 0,601 0,715
0,053 0,169 0,262 0,400 0,488 0,570 0,714

0,070 0.180 0,269 0,370 0.440 0.567 0,673

0,082  0.165  0.264 00448 © 04692
0,058  O.1B4 0,289 0.466 00680
0,180 0,260 ' Q0473
. Average 0,063 0,172 0,271 0,385 0,458 0,577 0,696
APPROVED' EOR-PUBLI C RELEASE
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2o Purity of Reagents. —

3ince it was désirabio to employ as pure reagents as possible, it was
necessary t0 determine a "total rsagent blank®™ each time a new lot of any one
reagent was prepared or used. It was also necessary 1o know what portion of
the total optical density wés contributed by the reagents in order to calculste
the boron present in a sample., Seriouns contamination of Ane or more rears<uty,
causing a high optical density for the "totsl reagent blank"”, nscessitated
checking individual reagents for purity. This happensd infrequently once sultable
sources of reagents were obtainodﬁ Description of procedures for checking
individual peagents are given in Report LA-303.

The total reagent blank was determined as follcocws: The apparatus was
the same as described in Report LA=-303, 0,25 ml 6N HCl was pipetted
into sach of the four quartz distilling flaskqo 8 to 10 ml purified
methanol was added t0 each and the flasks immediately connescted to the condensgrs.
45 ml purified methanol was distilled through each flask and collscted in 2,5
ml o1N Ca{CH), which hed been pipstted into a 50-ml quartz besker. The
receiving beaker was placed in the carbon dioxide-free atmosphere as described
in Report LA-303. »

Jmmediately after complstion of distillation sach beesker, containing
the distillate, was placed on the stemm bath and svaporated to dryness in an
atmosphers frss from carbon dioxide {nitrogen gas was used).

The color developmant and estimation of the optical density were carried

out exactly as desoribed on page 6 of this repori.

3. Anselysis of the sanmple,
The retal was outsigta:piicosgoﬁ aié}oximataly 50 ng weight after
[ X J ..: .:. ..: .:. ...

which the oxide coating wqp.rngveg in fhe following manmer: The cut pieces
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of metal were placed in a tungsten basket which served as the cathods in an
slectrolytic cell containing a solution of 850 psrcant syrupy.phosphorio acida
and 50 psreent sthylene glycol as elsetrolyte., Platinum wire served as the
anode, A current wes passed for several seconds which reduced the oxide,

The pleces of metal were rinsed in concentrated nitric acid, then in water and
£inally in acetone and allowed to0 dry.

The metal pieces wers weighed and sdded to 0,25 ml 6N HC1 in the
distilling flasks. Energetic dilssolving action of the acid liberated some heat
although only a very small portion of the distilliné flask became warm to
the touch, Bxperiments indicated insufficient heat was generated to cause loas
of boron through volatilizstion, ¥Five minutes or less was ususlly sufficient
time for the sample to dissolveo ’

After dlssolving the sample, 8 to 10 ml purified methanol was added
10 each distilling flask which was immediately'conneoted td the condenser,

46 ml purified methanol was disﬁilled ﬁhrough the distillation flask, keeping
the volume in the flask practically constant., The distillate was cauéht in
2,5 ml 0,1N Ca(OH)z suspension in a S0-ml gquartz heaker. The receiving
beaker was kept in an atmOsphers fres from carbon dioxide, Immediately upon
completion of distilletion, evaporation wes mede on & steam bath in an atmose
phere of nitrogen, After drynsss was reached each beaker was cooledo' Color
development, extraction of color and estimation of optical density were carried

out as described above, pages 6.

EXPERIMENTAL RESULTS

During the early stages of the work, uraniun metal wms used as a "stand

in" for plutonium, TableiIl: ‘$nich 2s reproduced (inm part) from Report La-303
“et 000 000 ves
..
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Table II
Recovery of Boron From Uranyl Chloride tions
Added Boron, Micrograms 0,05 'Ol 0.2 0.3 0.4 0.5
- ?0 91 90 97 94 87
1106 79 90 82 91 91
rearcent RecoOvery of 66 89 94 g1 97 9%
Boron _
S0 79 a7 87 88 86
66
98
70
Number of Determinations | 7 4 4 - 4 a4
Arithmetical Mean, psrcent|81 85 20 .92 93 90
Average Deviation from '
the Mean, percent 16 5 g 3 3 3

The data indicate smaller asnd more erretic recoveries in case of

0.05 micrograms of added boron than for larger amounts,

:.E .:E oEo O:E Oio O: )
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shows the recoveries obtained for added guantities of boron., The experimental
work that led to the deta in Table 1II was as follows: 10 g of uranium

metal was added to 8 ml concentrated HCl. BHgOp (30 percent) was added

until the oxide was dissolved, by conversion to uréhyl chloride, An edditionsl

9 ml of concentrated HC1 wes added to provide an excess of 10 ml of con-
centrated HCl, Distilled water was added to make @ finel volume of 100 ml.

1 ml, containing 100 mg uranium as Uozcl8 and 0,1 ml concentrated HC1

in excess, was pipetted into the distillation flask, the boron added in the fofm
of boric acid, (standard boric acid solution), and aiatillatlon, evaporation, and
¢olor development carried out as described above, pago 6.

Similar expesriments were carrisd out on recovery of added boron from
solutions of plutohium tri~chloride, The metal samples, weighing bet&een 20
and 80 wmilligrams, and prepared as described on pages 8 and 9, was sdded
to 0.20 ml 6N HCL 1in the distillation flask., After thg sample haed completsly
dissolved, boron was added im the form of boric acid (standard boric ecid
soiution)., Distillstion of methanol, evéporation and color develOopment wers
carried out as previously described. Tsble III shows the data obtained.

Table IXI contains all the data so far obtesined on tha reccovery of
added boron from plutonium solutions, No data bave b.aonvdiacardaa° There
seomed 4O be noO cofrelatiOn batween Qizo of sample And psrecent reqoverj, As\
in the case for uranium (Table I11), the recovery obtained for 0.05 micrograms
of added boron ssemsd t0 be shuller and more erratic than for larger amounts.

In the case of 0,05 micrograms of added boron, howsver, a rather severe test
of the method was involved bacause the boron content of the plutonium metal

was two or three times as myéé' - tha. dgonat of boron added, The possibility

yomaing, however, that f£or a'em»nrzmg qamraima of boron in the neighborhood
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Table IIT ~ VERVE

EMWCS " et

Recovery of Boron From Plutopium Chlorides Solutions

Added Boron, M¥icrograms 0,05 0.1 Q.15 -005
76 93 85 86
56 104 83 95
Percent Recovery of Boron
82 95 85 85
108 107 100 66
68
108
114
64
Number of Determinations 8 4 4 4
Asrithmetical Mean, percent 84 100 88 83 -
Average Deviation
from the Mesan, percent 19 & 6 8

of 0,05 micrograms, a reduction of the dimensions of the stills as well as

the volume of methsnol would increass the recovery factor,

o’s °%% %o o ‘e .
S° o3 2 e o %
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