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A progedurs @2 dezeribwd far the sepatatlon of hafolon from Zirconium and thetr indi-

witduyl determingtlion.

The samply s dissolved in sulforfe and hydroflocele aclds amnd the

hydroflugric peid removed by Fuming.  Afier diiotlon with water, the solution i3 transferred

to g eolumn containing a wtrong quaterngry aming anico-exchange resin (Blowex-1).
(Ed-?i peremit by voliume) sulfuric acid solution,

hafnium is cluted with diluted

removed by elution with 10 percent by volome sulfuric acid solution.

The
Zircoinm is
The clements are

recipitated with cupferron, ignited, and weighed aw the oxides, For samples containing
rom twenty to gighty percent of sirconinm, & second separation of the hafnium fraction

using the golumn ia necersary.
1. Introduction

The uze of hafnium and zirconium in nuclear
applications has made the separation and deterini-
nation of the two an important problem. Because
hninium and zirconium are very difficult to distin-
guish chemically, they can, for many uses, be
cotsidered as one constituent. However, since
hafnium and girconivm have very different nuclear
propertiea, it iz imporlant Lo know the relative
amounts of each present in materials used in Lhe
nuelear reactor fiald.

The difficulties encountered in separating hinfnium
lrom zirconium are well known [G, 7].' It has been
alow [1] that a separation of hafnium and zirconium
van be obtained by amon-exchanges in sulfuric acid
solution.

The method described here has besn nsed fo
iletermine hafnium and zireoniwm in mixtures of the
iwe elements containing 80 pereent or less of zir-
coniun, Work 1 1 progress to apply the methed
lo mmaterials conlaining more than S0 parcent of
zireonium.

The samples arc dissolved in a sullurtic-hydrofluoric
acid soluticn end the hydrofluone acid s fuined off.
The solution s diluted with water to 3.5 percent
by wvolume of sulfurie acid and transferred to an
anion-axchange column. ‘The hafnium is aluted with
8 3.5 percent sulfuric acid solution and then the
zirconium is eluted with a 10 percent sulfuric ncid
solution. For samples containing more than sbout
20 percent of zirconinin the hafninm fraction may
contain some zirconium and & second ssparalion
ueing the eolumn is necess to insure complets
separation. The hafmium :13 girconium #re pre-
cipitated with cupferron, ignited, and waighatf as

Dg and ZID';.

The procedure for samples containing less than
20 percont of Zirconiwm reguoires approximately 3
days to carry to completion, as about 12 hr are
required for the ion-exchange separation, and the

| F{oarey in hnackets ingicate the doratwre roferenres ol Ee ond of 10l paper,

rewaining Lime is required for dissolving tho sample
and for making the euplerron precipitations.

2. Procedures
2.1. Ion-Exchange Columns

The columns used in these experimenils were
conatrieted of polysiyrene tubes approximately 12
in. long and 1 in. i.d. A simple column can be
propared from such tubing as follows: Insert o
piece of polystyrena tubing @ in. long, ¥ in. o.d.
fwith o }s in. wall) through o No. § wazed, rablber
stopper, 20 that one end of the tnbing is fush with
the amall snd of the stopper.  Altach another 6 in,
length of the same tubing with a 2-in. langth of
Tywon K tubing. Insert the rubber stopper inio
thfﬁottmn of the 1-in.i1.d. tube. Attach aﬂusa—mr-k
clamp, used to control the flow rate, to the Tygon
tubing. Colwnns suitable for continuous oparation
have previously been deseribed for both glass [4]
and plasiic [5] assemnblisz, and these are convenient
1o use if a nunber of gnalyses are to be performeil.

Thoe anion-exchange resins used wers Dowex-1,
200- to 400-mesh, having 8 parcent of divinylbenzeno
crosslinkages. Experience during zeveral years has
shiown that the miesh size of (hese resins may vary
considerably from lot to lot. To select resin of
zuitable size, the material as received iz air-dried,
and eleved t-i]ruugh o 270-mesh eieve. Most of the
very fine malerial i8 removed from the fraction
passing the 270-mesh sieve, as follows: Prepare a
suspension of the resin in diluted ? hydrochlorie acid
f1 4+ 193, The coarser raction iz allowed to setile
for 10 to 15 min, and the finea removed by dacanta-
tion. HRepeat the process severnl times, until most
of the very fine material is removed.

Load the column with resin as follows: Cover the
hottom of the column with o ¥- to ¥-n, layer of acid-
resistant, polyviny! chloride plastic “wool." Add

® priliakend heyideochlorle acild O 4 1% cbeootos 1 vobamen of coneentrated hyrdee-
chlorle weld, spoer L1E, dilobed with 1% volumes of water. 1 no dlioilon 1z

rroeified, tho comeentraiesd il riicsl reagent 1% meant.
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portions of the resin suspension so as to obtain &
gettled colump of the resin that is 22 cm high.  Wash
the loaded column with approximntely 100 wml of
dhilated nitrie acid (1-+9), and then perforin seversl
wishing cycles hy alternate additions of dilated
Iyrdvochiorie weid (149 andd dilatecd hydrochloric
acid (341) to remove the remaining fines,  Finally,
wash the column wath diluted suliurnic acid (741933,
to convert the resin to the sullate form. Approxi-
mately 360 to 400 ml of sulfusic ncid solution will Le
required, and the removal of the chloride euwn be
followad by Lesting portions of the elpute with silver
nitrate solution. The resin charpe shoold not be
allowed to becoma dry.

2.2, Reagents

Sulfuric acid solution (3.5 pereent).—Add 70 ml of
sulfuric acid to 1,930 ml of water, mix well, and cool
to room temperature. This solution is referred 0 as
E.Rercent sulfuric acid solution in the procedure.

wlerran sobhwdion (B0 glifer).—IDdasolve 30 g of
cupferron in 45C ml of water, dilute to 500 ml, and
filter through a filter. This solution should be
eooled to ahout 5 *C and preparad aa needed, as the
solution ia not stable.

Cupferron wash sohdion.—Add 25 ml of cuplerron
solution to 975 ml of cold (6 *CY diluted hydrochloric
acid (1+9). Prepare as needad,

2.3. Procedure
Transler 0.5 £ of the melal sample (accuralely
weighed) to u covered 25-mnl platinmn erieible g
udd & suitable quaniity (14 ml for ssinples containing
less than 20 percent of zirconium, 21 ml for samples
vonlaining from 20 to 60 percent of zireonium, and
28 ml, with some evaporaiion, for samples containing
frotm G0 to 80 percend of zicconium) of diluled sulfuric
acid (1+3) and 5 o & deops of hydrofluorie aeid.
The sample will dissolve at rooin temperature. {10
tha sample ia in the oxide forn: traneler an amount
of sample equal to 0.5 g of halMmium and zirconum
to the cruc'i:lhle, and add a suitable quantity (zee
nhbove) of diluted sulluric acid (14+3) and 2 to 3 ml
of hydroflyoric: acid, Heat gently on an air bath to
dissolve.) After the sample dissolves, wash the
cover with water and place the uncovered crucihle
on & sand or air bath. Ewvaporate the solution to
fumes of sulfuric acid, cool, and wash down the walls
of the crucible with water. Ewvaporate the solution
to fumes again, cool, quantitatively tranafer the soly-
tion to a 400-ml beaker, and add sufficient water to
give & 3.5 percent sulfuric acid solution.

Transfer the solution of the sample in amall incre-
ments {10 to 16 ml) to the equilibrated ion-exchange
colomn, Wash the beaker l;}‘lnur or five times wilh
S-ml E})nrtinus of the 3.5 percent sulluric acid solution,
traneferting the washings Lo the columm and allowing
the solution to drain to the Lop of the resin each time.
Finally wash cown the sides of the ecolumn several
timez with & total of approximately 50 ml of the
sanie solution.
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a. For Samplee Containing Lesz Than 20 Percent of Zirconium

Fhiscard the first 125 ml? of solution from tha
coluun.  Clontinue adding the 3.5 percent sullurie
weid sclutaien,  Collert the second fraction of 550
ml {#ee Jootnote 3), contwining the hafninmn, 1n an
A00-ml bhesksar. Repluce the beaker with w 60020l
bagker to eatel the zireonium [raction.  Allow the
aolution to drain to the fop of the resin and wash
the sides of the column with 3 or 4 portions (a total
of about 20 ml} of diluted sulluric acid {149}, allow-
ing the =olution to drain te the top of the resin each
time.  Add w Lotal of 250 ] of diluied sulfuric acid
{14-9} und remove the beaker conlaining the zire-
conium fraction. Eguilibrate the jon-exchange col-
uin for the next elution cycle by passing 400 inl of
4.5 percent sulluric acid solution through tle resin
and allowing the solution to drain to the top of the
resin,

To the second fraction, contaiviog the hafniom,
alld 85 mi of hydrochloric aeid.  Cool to § °C, and
add elowly while stirving, 100 ml of wupferron
solution. Add a ball of paper puolp equivalent to
about one 11-cn. filter paper, siir until the pulp is
well dispersed, and allow the preeipitate to setile.
Filter through a double 7-em close-textured filier
paper fitted to a Biwhner funne! and precoated
with some paper pilp. Transfer the precipitate to
the funnel and wash, using 300 ml of cupferron wash
solution. Transfer the precipitate and paper Lo a
weighed 25-ml platinum crucible, and ignite at a
low temperaturc until! the carbon is gone. Finally
ignite to constant weight at 1,100 *C, and weigh as
hafnnmm dioxide,

To the thivd fraction, conlaining the zirconium,
add 15 ml of hiydrochloric acid. (ool to 5 °C and
add slowly with stirring 50 m! of rupferron soluiion.
Add & kall of paper pulp equivelent to about one
U-cm filter paper, stir, and allow the precipitate to
settle, Filter, wash, and ijgnite the zirconium
precipilate as described for hafniuim., Weigh the
gireonium as the dioxida.

b, For Sumpies Containing From 20 to BQ Percent of Fircemiom

Digeard the first 125 ] {sec foothote 3) of solu-
tion from the columm. Add a sufficient ! quantity of
3.5 percent sulfuric acid sclution te elute all of the
hafnium and some {10 to 50 mg) of the zirconinm.
Collect this sccond fraction in an 8300-ml beaker.
Replace the beaker with & G00-ml beaker and con-
El:éue the elution ¢f zirconium gs deseribed in saction
2.3a.

To the sacond fraction, contsining the hafnigin,
and some zirconium, add £5 ml of hydrochloric acid,
atd continue the procedure as described for hafnium
in zection 2.3a, until the precipitate is ignited at
low temperature. Reserve the oxddes for a second
separation using the solpmn,

0 the third fraction, containing zirconium,
precipitate using 50 to 104 ml of cupferron solution,

# Earh volyon moual 1e ealilrabed o determine the volume of solullan needecl
et elite the bafnium and z Thit & weme4iory Leraus the resins and
aolosn toedings vary somewhat with Jifterent Yty of resin,

1 The QUBHEILY. approcitnately M0 Lo &0 ml, will depend on recln, edonn
Icadimg, and elkdve atipunts of balblum snd Mreoniom.




filter, and ignite as described for zirconium in sec-
ticn 2.3a. This I8 zirconium fraction one.

To the reserved oxides from the second fraction,
add 14 ml ¢f diluted sulfuric scid (1433 and 1 to
2 ml of hydreofluoric acid. Heat gently on an air
bath to dissolve. Afior the oxides dissolve, wash
the cover with water and place the uncoverad crucible
ont & sehd or air bath. Evaporate the asolution to
fumes of sulfurie acid, eool, and wash down the walls
of the crucible with water. Evaporate the solution
to fumes again, cool, quantitatively transfer the
selution to a 250-ml beaker, and dilute to 100 ml
with water.

Transfer the solution in small increments {10 to
15 ml) to the eguilibrated jon-exchange column.
Wash the baaker ?ﬂur or five tines with 5l por-
tions of the 3.5 percent aulfyric acid solution,
transferring the washings to the column. Finall
wash down the sides of the column several times wit
approximately 50 ml of the same solution. Con-
tinue as described in section 2.3a to obtain tha

hafoiumn  fraction and  zirconium  fraction two..
Caloylate the zirconium percentage from the som
of the two zirconiom frectione and the hafnium per-
centage from the final hafoium fraction.

3. Elution of Eloments With Sulfuric Acid
Solutions

It has been shown previcusly [1] that halnium cen
be separated from zirconiwm using 3.5 percent sul-
furie acid solution to elute from resin having & percent
of divinylbenzene crosslinkages having a maxiraum
particlesizing of about 60y {passing through a 270-
mesh sieve). To obiain more separation the height
of the resin column was incrensed to 22 cm. is
separation, while nol as great as other separations
using ipn-exchaoge (2, 3, &, 9], is adequate if cars is
taken in setting up the colomns, ecalibrating each
column, and in preparing the solution used %ﬂr the
ion~axt-ﬂﬁnge sepatation. The first three curves in
ficure 1 give the separation of bafnivm from zirconi-
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um in .5 g samples of increazing zirconium-hafnium
retio by elution with 3.5 percent sulluric acid selution.
The fourth curve shows the separation obtained oo a
1 g eample of hafnium metal by elution with 3.5 per-
cent aulfurie acid solution. To obtain a reasonahble
volume of separation between the hafnium and the
girconium fractions, it is recommended that 0.5 g
samples be used and that smmples containing more
than 20 percent of zrconium determined by a
double 1on-exchange separation. To reduce the
volume of solution needed to elute the zirconiam, it
was eluted with a 10 percent sulfuric acid solytion.
The fifth curve gives the zirconium elution curve in
10 percent selfurie acid solution.

@ last two curves give the elution characteristics
of some other elements in 3.5 percent sulfuric acid
salution. Irom (3), mckel (21, cobsalt {2}, chromium
{3), manganese (2), copper (2), ahmmtum (3),
neodyminm {3}, lanthanum (3), and yitriom (3) are
sluted from the column without delay. Tin ),
thorium (4}, titsnium (4), and vanadium (5) are
only slightly absorbed, all being eluted in 3 or 4
column volumes. Uranium (8) and molybdenum (5)
are strongly absorbed. Elements that do not pre-
cipitate with eupferron, such as chromium, nickel,
and cobalt, will not mterfere with the determination
of hafnium and zirconiwm by the recommended

rocedure, Elements that do precipitate with cup-
error;, such as iren, titanium, and molybdenum,
would interfers in the recommended procedure.
These elements are partially eluted into the diseard
fractiopn but to eliminate these interferences, the
oxidea ean be rediseolved and a mandelic armd or
phosphate precipitation made.

4. Resuliz

The rvesultz obtained by the recommended pro-
cedure on a series of synlhetic oxide mixtures are
iven in table 1. The first six experiments were done
¥ the procedure recommended for samples coritain-
ing less than 20 percent of zirconium., These values
require little comment, being within the usual limita
of gravimetric methods. Experiments 7 to 10 were
done by the procedure recommended for samples
containing from 20 to 80 percent zirconium. These re-
sults show that for these compositions recoveries are
within 2 to 5 parts per thousand. The oxides used in
these experiments were obtained from previcus ion-
exchange separations. Spec aphic examination
of theze oxades indicated less than 100 ppm cross
contamination.
The results obtained on synthetic melal samples
are given in tabla 2. The metals used were “reactor
o matals. The zirconium was nearly hafnium-
rec and the hafnium {sampla 1 in table 3} contained
approximately 2.14 percent zirconium. The zirconi-
vm added was ealeulated from the zirconium in the
hainimn metal amd the zirconium metal added.
Specirographic examination of the recovered oxides
indicated less than 100 ppim zirconiwm in the hafnium
fraction and less than 1 percent haMiwn in the
girconium fraction.

The results obtained on twe “reactor grade”
hafnium metals is given in table 3.

Tasus 1. Hesulls of delerminaliony of streoniym ond kafiium
by the recommended provedure i variows mydhetic oride
ttrfures
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] Fa?i;rlmeuh:uslu: e procodure: ' For samples conksining kess then 30 per-
vent of Tiromniwm. "

h By I'1.1'I].|,!I‘.‘|t5t ua&n.g the procskdne; "For sampdes contalning [eam 20 o BD
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TapLE 2. Reaufls of determinations of zireontum and Refetun
by the recommended procedure in synfhelie melal contples
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