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DETRINATION OF TRIVArr URArUM I FLUCRIDE RSTV urxrn-s 
BY TE HYDROGEN EvowrIO NaTcD

J. C. Mhite, A. S. Meyer, Jr., w. F. Vaughan
V. J. Ross and D- L. Mann ii<

ITRCDUCTION

The hydrogen evolution Method tar
rluoride vhich ws

the determination of uranum tri

developed by Mannng, Miller and Rowan? hms been
T

re the de term net ion of trivalent urant= in this laboratory for the past 

three years. The nethed has been applied to =Ey different sn=1. types, 

• =istues of u, and uF. and the large variety of 

Mixtures or fluoride salts that have been investigated as possible nuclear 

fuels. These statures contained mlknl1 metal, beryllia. and zrcontu 
fluorides.

I

SereroX "odifictions have been -de thnt have substantinlly 1mproved 

the perfor=nce ana ense or operation or the =thoa. mene 1=provementm 

include the umse oT (1) an Anexpeneive, long-lnstzng -ource oT pure carbon 

dioxide, (2) vacuum to assist in purging the eye tea at gne- that are 

-noluble in potaoelim hydroxide solution, (5) deaerated meta that tea 

an extremely quntity or non-ebsorbeble (M .loner now gca

or pureing 6as, (5) a an-plina technique to =tntmtze ccntaminntzon, ana

---

(6) more dilute abscrber solutton to reduce rm error.

-tin the purpoce of tnis report to shov the erfect at these modr- 

enttom and the mpplicnbility of the method to vurioum sample typen +ht 
contain uranium trifluoride.

o
The hydrogen evolution Method is based on the collection and ns m m 

men - of the hydrogen which is evolved free the oxidation of trivmlen.

** •=
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uranum by the hydrogen Lon as hydrochlorie acid as represented by the
equmtion1,2

H* ♦ UF,

Mhere fluoride mnlts mre co rned.

♦ 3 • 1/2 Ha- (
the reaction ia accelerated by addin*

(1)

boric acid vhich fmcilitates the dissolution of the sample by complexing 
—

the fluoride ion.

The appuratus ia CCI—bird as shonm 1n rigure i ana ±m purged with 

carboo dioxide by alternately evacunting the oystem and rilling it with 

carbon dioxide. hloric acid is then added to the renetion flask

eon tain in« the sample which la iatlaately mixed with boric acid. The 

nolution la heated until the sample is completely atanolved. The bydrogen
-

which is evolved from renction(1) is swept by a current of carbon dioxide 

into the eas buret in which potnasium hydroxide solution is confined. A 

correction for the vapor pressure of the potasalum hydroxide solution^ mnd 

a blank correctio, the =gnirude of which depends prmraly on the amount 

W carbon dioxide -ed to sweep the nyerogen into the sret, is applied to 

the measured volume of hydrogen. In this report, the tem "nen-akarbnble 

•neon" refers to those gases that are not soluble in potasniu kyroxide

e

1 *

solution.

s e wcoiicArxas
Source of Carbon Dioxide ,.

The carbon dianite which is to be weed for pureing the system must be 
(

of the highest purity available in order to have ea low a volume of gnses 

that are not absorbable in potass lew hydroxide s pcasible. Pertapa the 

purest source of cartoon dioxide is calcium carbonate in We form of Iceland
N , .spar, vhich, upon ncidir lention» releeses carbon dioxide. The volume of

son abets tootle endes per 100 al ia D.05 al. An alternate choice is warble

SECREr
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e chips, another for* or cmlelum carbonate Mith both these remgents, a Kipp

lk

r-

generator La required The mln dismdvmntage or either of thene sources is

tbeir relntively hleh cont and sttendant wste ue to the US* or a Kipp
senerntor.

Carbon dioxide gas ia cylinders vns also investigated as a source of 

purse paa. This source vns unsntinmctory becnume of its relatively poor 

degree of purity. The volume of non-absorbmble gnnes varied fro* as low as 

0.7 to an high at 2-5 al per 100 al. The disndvantnge caused by thena high, 
____ 
erratic blanks far outweishe any advantapes that tank COa mignt provide.

Solid carbon dioxide (dry Lee) proved to be the most completely satis- 

factory source of gas. A two-liter Devar flask ia charged with dry ice and

fit tel with a safety valve ariangemont as shown in Figure 2. This dewloe

is constructed free B-=m outside disaster glass tubing. The vertical

delivery tube is about 4-t nr bee long and extends through a tight-fitting 

rubber stopper Into the Devar flnsk containing the dry ice. The right

hozizontml arm, vhich La connected to the pif ter.

Inches 1on6 and in equipped with * stopcock.

La npproximtely two-
The lert horizontal mam La

alc 2 Inches La Length. The safety device is Located at a or
about 2 inches 

-
the verttcm delivery tube. ms anvzce constata of a

vertical U-tbe enoeter "pproxi-mtel 8-luches Long Md a descending ar* 

with m opening about one-half inch ia disaster at a distance four inches 

below the horizontml ar*. zhis nperf ng is covered with a anphrmgm,

which is cut from Whstaan Bo. 42 filter paper and glued necurely to the 

opening, so that excess pas pressure ean be relensed. The paper is of —wb 
22 b 86 2245 -

porosity that mercury cannot diffuse through it. The flash is allowed to

Si
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the Lesn —non gaamm, prement ma impuri such m oxgen no* nitrosen

frcm the syntmm.

Tbe pertineut Lnformtion eomcerm:ns carbon dioxide with renpect to 

cost mnd volume of gas umtmcrbed in potaasiw hydrozide la smmmmrned tn

the followina tmble.

-able X "a

Bowco

Dry low 
Cyiinder 
Kuhls chpe 
Iceland epar

t of Coat and facwt of VnttOTrttt Gases of 
Various Bowen* of Durban BLorijk

_Cemt,dollara_-. Fer FoundFer Determination
Ges Unmbsorbed 

in KCBt per cent V/V

0.02
0.20
0.50 
.50

0-000 
0.00k 
0.01
0.09

0.03 to 0.05
0.7 to 0.05
0.15 to 0.5
0.05 to 0.05

The nvianbility or unins dry ice is obvious from the •tandpoint of

purity end cost.

expensive

Icelmnd sper la equnlly pure but ower 200 times as

_ m.

VmemmtoProvide.RmpidDiuplm at of PCTa-dbeortsble Qasem fret By»—

he mtmosphere in wo mystm Is prepmred ruptdly hy nttmchire « wacuvm

line to the system (see Figure 1) end alteromtely emcumting and rilling

the system with pure carbon dioxide from the COa genermtor- Complete din-

pl an wean t of the air end other non-mbsorbmble gnmes eon be mecomplisbed

in about two minutes an compmred to mpproxtmmtely tee mimuten which ts
2

requtred by foliowin* the original procedure" whereby oartoco dioxide was

allowad to flow throush the mystem untl any no-mbsorbmale sanes were

cnppl etely remow

0ar12=A,33q
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s*

loric Acid

*
Significant roTi—ia of om-absorbeble ens have been ■ oc mortared from 

time to tine that were attributed to dissolved air in the hydrochloric acid 

weed to ainaolve the trivalent uranium halt. These volums were often quite 

Large of the order of 0.1 to 0.8 al (per 100 al of coz) and, more 1mportantly. 

were seldcm reproducible. hit auto were soda to expel the dissolve air by

s

bollins the acid prior to Its addition into the system. The volme of non- 

absorbable gnnes wms of the order of 0.15 al per 100 al after thin trentment

Further testa were wade ia which the acid vns boiled and cooled under a

- blanket of carbon dioxide. The blmnks vhich are obtained on the hydrochloric

*
acid vhen it is denersted by this technqum were an—what lower; however.

tbey vere not reproducible OB dirrerent solutions of hydrochlorle mc1d vhich

bed been treated la the smme mmnner

smtisfnctory vmy to demerntm the hyd

The method that proved to be the pet 

chlorc a V wms to purge the molutlon

thoroughly vith cmrbon dioxide by mdding dry ice chps Juut before the

introduction of the hydrochloric acid into the reaction flash. The blanka 

obtained on 100 al of cartoon dioxide sad the hydrochloric acid solution

under these condi tlons were of the order 0.05 al of mon-abeorbmble ennen-

Rate of Flow of the Cartoon Pioxide into the O— t

The evolved hrogen is swept by carbon dioxide into the pas buret at 

a carbon dioxide flow rate of about 15 al per mnute. It has been established 

that under these conditions, the carbon dioxide is ccmpletely abeerbed by

the potnasum hydroxide solution and =lero-bubles are formed- In the

er procedure a slover floe rate wns used that clomely conformed to

the flow rate recommended fer the peep—trie determinmtion of mitrogen by

SECRET
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the Dumaa method. mis modrientiom haa added to tbe overmll de

anmlysis time.

se in

Improved Sumplins Teshnigue
Ureniwm trifluoride,

h , in the P

mm euch, fe fairly stable to air mnd mointure, 

of mlkm metal flucries, in vhich trivlent

urunt can exist es • complex fluoride salt, Ms etmbility m redleml- 

Lennene. For exn=ple, in the presence of rubidium fluoride, uzanium tri- 

riaeriftn la raptdly oxtdized to tetrevalent wanton in • mmtter af minutes 

hen exponea to um atmcupteze. In ardor to insure a suitadte maple, nil 

honft or trivalent urantu salts in conducted in s controlled, =oisture-

at-ospbere. ne n—are ground in a ary San, wetemed cm • bmkunce 
wtch in xoentea in m m ton ana traneferrea to the renetor Himsk tube in tbe

____
ary box. In this manner the contaminmtion of the muppLe by mointure in

mtm#ifmmd mt s mfnmm.#444 #d #=* " " "mem-m"

Dilute Potamsiu EzroxizAbnorbensolutiom
Ho co-ectton is mate for the maheston or too potmantum hyroxide

to the wnl of the ens buret nine* tnis device bob fabricated from 

• 5-1 buret vten ana seen emmratea + deliver rather Umm to contain, 

mere in a alignt but negigmle rum error due to the arrerence
Sin vinccmtt, of wter nod me potasstu nyeroxide soLution. mhe =gitude 

ar tala y wfHt errar ton Soon further in trboosft by reuctng tbe eomemutra- 

tian of rhe KDH mhmorbing nolutton to 53 w/w per cent -

SECRET
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RESULTS

la Tble XI are listed some typienl annlyes of dirterent Tuned 

nuoriae nnt =txtures for trivalent uraniu by the modried hydrogen 

evolution merhoa. The duplcate mnmlyaes in all the tests we- 2 obtained

ntmaltaneously by two operators on two appmratus. Under these eodit ions 
ratter ran =nkm a single deterzinntion in approximately 50 minutes

exezumive erf uumple preparation time. In an average work-day, one

mtor CW make 10 determinmtoms vith enne-

Thbla II

TheAnmlysisorVarious
-------------- tk* Er

Type* for Trlvnlnnt Umnivg 
" tro^dtlo.. Method

UFa-UFa

H-Ar A .-me—-* •
*1

5-5
4.71

4.98
8.11

TrivalentUranum

Per Cent

79- 
78.6

78-9 
90.5

Coefricient of

Averare

79.0

79.7

Variationv 
Per Cent

6.47 
4.60

T9.5
o.1 79-T

4.78 80.0
90.9 79-5 0.9

LI-BeFa-Fs-UF. 5-65 
5.33

25-9 
24.9 25.

)
e

8.54
2.62

11-5 
12.3 XI .9

c.24 
0.25

1.1
1.1 1.1

(Table XI continued on p.B)
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Table II continued
Hydrcgen 
Measvred,

TrivalentUranum

Tzpe
LIF-BeFa-UF-UFa 
(continued)

NaF-LIF-UF3-UF,

ml Per Cent

8:83 2:53
2:99 36:8
2-87
2.61 -

3 .17 3-43

2-32
2.55
2.41
2.68
2.76
2.65

NaP-LIF-KF-UF--UF, 0.55
O.cO

■" . . --.-, -
1.071.18

44.8
45-
21.2 
20-8

20.JI. 
20.5
Ml.}
$-8
12.6 
12.2
2.6
2.6

NaF-ZrFe-UPs-UF.

0.55 
0.55

0.50

0-32
8:85
0.10
0.55

8:26
8:3?
0.M9
0.48

8:32
8:32

2:
1.1
1.5

1-2
2:2
2:8
2.2
1.8
2.2
2.0

2:2
1.
1.4

SECRET
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Average

2.6

57.2

7,

21.0

20.5

41.1

Coefficient of 
Varlation, 
Per Cent—

’•

I " ‘’
12.4 1.4

2.6

9-1

2.4

1.4

1.2

a.6

1.5

2.0

2.1

1.6

1.4

5-0

1-2
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me coefficient of varintton for each sample type wms cmlculnted from

the difference between duplcates.

*

P - number of pairs of duplicates 

v • coefficient of varimtion

D • difference between duplicates. per cent

The results
-

show that the prectsion of the method in effected not only 
-

by the volume of hyrogen ■saaured, as is to be expected, but aleo, by the 

composition of the sample. The most precise results were obtained on 

samples of essenttally pure uYs that had ur4 as the mmjor inpurity. When 

the concentration of UFs was mpproximately 12 to per cent by vekent in a 

Mixture of xaf-L-., the prectstom was still quite satisfactory. The 

addition of either R or Z-F. to this Mixture of fluoride salts resulted 

in a warteed decrease in precision. This effect can also be attributed to

the sma11 volume of hyrogen collected.

The obvious solution is to take a larger "e-p-e and thereby collect 

a larger volu of es. This approach has practical l=itations, hojavax. 

The reaction nnsk, whtch has a 25-1 capacity, 1s the ideal else to per=it 

adequate sparging of residual air and hydropen carbon dioxide. The 

BMxlwua else ■ ear It that can be handled is 1.5 g of which l g la boric acid, 

Which is required in dissolving the fluoride samples. Larger । 

« requtre a larger capacity flask. In tbe originel investiention of 61

mernoa, it wna found that erratic remuta were obtained «en 20-m nimsk» —

were use. It waa only vhen the smnller nlank WM uned thut matisfecter-

precision was realise*. This ph mm is often encountered in ensometrie

MCW
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The overall vhen N—riag vol— of —• -ens th» I "i 1”,

heless, qute antnfnctory mince such important factor. — anmple 

penelty ana contnmination earing ——11 — mny ens1ly nccount for "isnif-
________ ,

cunt errors vMb such —11 volvmes are mensured.
+4

CCCLUBICNS

a number or modificntions — — mmide to the uydrosen evolution 

anthod for the determltatton of tri—l—t uranum that have resulted in a 

mignirtemnt deerease in time of mumlysis per ——>1» and • mors relinble 

and regroducible result.
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07 APPZDIX
ES8

Er TRE MODIFIED OGE EVOLTICN IETHCD
I-E3

1. PIace the sumple, alors with a mortar end pestle, in a @ry-box ir

2. Grind the nample no unt it will pasa through a Bo. AS aaeh steve.

5.

h.

Mix the mmmple tcroughly and tranafer it to a dry sm=ple bottle, 

rannrer the ■ angle bottle and ita comtents to a dry-ban which 

contnins an analytical balance.

Ronsenta
1. Hydrochloric acid (h:1). Prepare by nddins 400 ml of concentrated 

hydrochloric acid to 100 al of water. Before addition of the acid to the

. *
, g , -,gg 

sn-ples, add beveral chir* or dry lew.

2. Boric mcta, rine crystal, ripit grade.

3. Potansium hydroxide solution (mpprozimtely 33 W/M per cent)- Add n"

450 < or reagent grade potasaium hyroxide to 1000 ml of vater. Allow to

cool and kmep tightly stoppered-

4. Dry low (for carbon dioxide generator).

5- Wreutry. f
*

Apmratum
1.
2.

Devr Hlask - 2 -11 ter cmpacity- 

Casometer - 100-m enpncity.
e

3. Renction flask - 15-m1, roud-bottom flmsk fitted with two nide arms
-

as shown in Figure 1.
k-

5.

Acld buret - 10-ml buret-
Hemter - Frmher-Bnell "Hotspotter."

) 6-

I=

Gas buret - 10-1 cmpacity

Vncum pump •

*
J:, i ‘

SaCREr
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1.

2.

cone all stopcocka on apparntu. 12
open otopcocx No. 6 mna fill gan buret to zero mrk with KOS -

alutom. clone stopcock, check to ha cure no Lenka
a

3. Weigh a sample (mmxiazm 0.5 «) to naaraat •& la a ha l once Pmn

and tranafer to a elenn, oven-rie resctiom flmsk. (Hote:

muast ha performed la a moisture-free ntmosphere (COz la recommended). 

conventent device consista at an annlytienl chnincmmtic keybomrd-type

Thia opersticn

A

bmlance, from Which the front gnuE has hewn r—fW, plncea la a plastie

bax equtppea with portholes ana ruber gloves.)
-

a

5
5

Add 0.5 to 1 6 of barie mc1d eryntnl to the renction Tlank-
Remove te ren--zon floak contatning the sample from the ay-box

place on the apparatus ms shown La dngrmm. (Hote: Kmep the renction

nnsk elonea by plmcing a etovper in the namz auring transfer to apparatus 

la order to exelude motst air.)

6. nth nesk la » cpen atopeocks No- i mnd 2 mnd rnl

someter with 100 m of cog-

7. Clone ntopcock No. 2 and open Ho. 5 to veuum line for ayproxi=mtely

50

8-

*

9.

ds.

Clome stopcock No. 5 mnd opem No-3t nn "yotem with COa-

Repent stega 6, T» mnd 8 several tmes.

Check for remiuml air in the mystem by penaing 100 ml of co* 

through the gna buret. Only micro-bubbles should he abaarwad ria lag 

through the Ko solutiom inthegns buret. Ir the myetem la uir-free.

10

volume or gs ad aheaa ha 0.3 to 0.6 mper1oom. Ira grenter

volume la reccrded, steps No. 6, T, B, nnd 10 should he vepemted.

ghUUCT

o, 

°

, " ■
- '
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o*u- 11. Vhen the system is mir-free, zero the mas buret as in step No. 2.

u. "aen et « te "o- 2 — ,
lower mercury bulb slightly and open stopcock Bo. 4. Allow IjO vt

»

- hydrochloric acid solution to flow into the renction vessel and then

close stopcock Bo. 4. 
7 -

15. Return

-

»

sas buret.
lb.

15-

r to zero level mnd open stopcock Bo. 5 to the
• j >

Close stopcock Bo. 3.
Avply bent to the renction vessel vith • "Hotspotter" boa tor

Continue sentle heating until the entre waul ■ la la solution and the

solution ta grana in color
16. While solutioning la prnceeding in step 15, tee snsceter is again 

, t****
filled with COa as deseribed la step 6,

17. After solutioning in complete, open stopcock Bo. 5 and flush the 

systezm with 100 ml of COz- After the fir»t BO or 50 al of gas have passed 

through, nicro bubbles should be observed rising in the gas burst.
18. Close all stopcocka and record the volume of hydrogen collected.
19* Bote bar nun trie pressure and roan Tonge ra turn at the time the

aaalyeia la mnde-
20. Ench new batch of acid mmde should be eheehed. for the abmorbed gas

content. Thia la done by folloving eta ne 1,

dry reaction recawl in place of a ammple- The volume sumaurod. not omy 

includes the volume of abaorbed gnnes in the hydrochloric acid solution, 
but also the impurities in 100 ml of CO*.
Calculation

(By, al -
F

> a 0 
m.wn: : — U‘", 

per cent

SECETT
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BY THE HYDROGEN EVOLUTION METHOD

FIGURE 1.FIGURE

33° 
KOH

$

■

*
t

—o —

... , > , .

-

4

■

o



a

UNCLASSIFIED
ORNL-LR-DWG. 11690

a

ii l

t

| *-112* 
m

I -"**5- 

2-- 

sasee 
--i." 

sesase

I

DIAPHPAM

s1 
j 7

L.J

I I
I I

T

DEWER FLASK
< * ■

FIGURE 2 * SAFETY VALVE ARRANGEMENT 
CARBON DIOXIDE GENERATOR

FOR THE
■

D


