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Abstract

Spectrochemical determination of various
elemertal impurities in U3OB is made by direct
and carrier distillation methcd using exposures
from full & mm arc gap and that from a % mm arc
strip containing the cathode and central region
of the arc from 6 mm arc gap. The spectra from
the Cathode-Central region is found free of
‘ranium spectral background and is suitablie for
quantitative determination of impurities in U;04-
B, Cd, V, Fe, Cr and Pb gives reproducible re-

sults when 5% NaF is used as carrier in the

Cathode-Central region method measurements while
5% AgCl and 5% of the mixture AgCl + NaF (4:1) l
is found a suitable carrier for Ni, Co, Mn, Zn |
and Mo. AgCl, although good for the visual de- !
tection of low level of some elements, is found
an unsuitable carrier for quantitative analysis
‘ecause it creates a heavy background from the

Uranium spectra. Representative working curves

Copies to

of B and Cd for quantitative analysis are made
and at 0.1 ppm concentration level of B and Cd

a percent covefficient of variation of * 7 and

~

+ & i5 found respectively.
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INTRODUCTION

The raquirement of high purity Uranium compounds for use in
the nuclear reactor necessitates the developement cf methods of
analysis capable of detecting and determining parts per million
level or less of multielements impurities. The elemental impurities
with high neutron absorption crossecticn depresses the neutron
flux and therefore decrease the efficiency of reactcr fuel. Table
I illustrates the amount of various elements in ppm which gives
a thermal neutrcn absorption of 0.01% relative to Uranium [19).

Various methods have been used in the determination of trace
elements in Uranium and its compounds. The simultaneous detection
and determination of a large number of elements in Uranium oxide
by emission spectrographic method (1—38) is the most popular and
has been used in various laboratories of the world for the past
thirty years. Spectrographic methods differing from each other
by the special treatment of the Uranium oxide refractory matrix

has been used in such an analysis. The notable among these are:
1. Direct burning of U0y in the DC Arc (12)

2. The chemical separation of impurities from Uranium prior to

their excitation (1-11)

3. Concentration of impurities by evaporation-condensation pricr
to excitation (12-1u)

L. Distillation of impurities from the Uranium matrix into the
arc plasma using chemical carriers (15-3“]

§. Direct cathode region method (35-37)

In the direct burning of Uranium oxide the spectra from the
whole arc region is so réplete with Uranium lines that it will
obscure many of the lines of the impurities. The chemical separ-
ation and evaporation-condensation of impurities from the matrix
prior to excitation is disadvantageous because of loss of im-
purities, contamination, and manipulaticn. However the deter-
mination of rare earths and some heavy elements down to one tenth
or less of part per million level in U308 requires the concentration
prior to zuch an analysis. In the carrier distillation method
develcped first by Scribner and Mullin (15}, the carriers like
Ga,, and alkali halides (38-40)} added to Uranium oxide distills
off the impurities into the arc plasma by their high vapour press-

ure and lowers the abundance of the atoms or ions spectral lines



of the Uranium on the phctographic plate by depressing the plasma
temperature (38-40). The method because of its speed and low
detecticn limits for large numbher of metals has been very much

in use in the routine analysis of U'ranium compounds. Various
carriers and their mixtures have Lbeen applied with varying degree
of success in order to improve the sensitivity and precision of

analysis.

Table I

Absorptlion of thermal neutrons by various
elsamental Impurities in Uranium
element reutron neutrcns ab o bed ppr (U basis)
cross section by impurity relative which gives
(barns) to absorption by absorption of
equalent weight of 0.01% relative
Uranium to Uranium

Gd bs,617 2,090 0.011

B 762 2,150 0.0u5

Sm 5,828 1,830 0.050

Eu 4,406 1,100 0.1

cd 2,537 703 0.14

Co 36.3 19 5

Ag 6.8 18 5.6

Mn 13.2 7.4 1

Ti 5.8 3.6 28

v 5.0 3.1 32

Ni 4.6 2.6 39

“u 3.9 1.8 56

Cr 3.1 1.7 58

Fe 2.6 I.h 71

Mo 2.7 8,81 127

kecently Avni (35-37] developed a new direct method in which
the cat'hode region - a strip of 0.3 mm -~ 13 exposed on tne photo-
grephic plate instead of the entire arc of 3 or 4 mm normally
ssed, The matrix derse spectra in thiv method is almost eliminated
ans arn abundancy »f impurities e¢pectral lines is obtained when

.G, is excited by a DC arc in *the anode without adding any carrier.




At a € urm arc gap Avni (35) found the following characteristic

arc parameters in the vicinity of the cathode region:

1. The uaxial temperatnre gradient reaches ity maximum value of
0 . . . . e
73007K compared to the value in the ancde showing a rise of

800°k.

2. The2 voltage decrcases vy 12 volts,

3. The redlattve intensitly normalised to the value tound in the
ancde zone for almost all the impurity elements is about 18

tines higher in the cathode region.

L. The relative intengity of the Uraniuam cpootral lines decreases

5. Free alectron density iz the highest i the cathode region.
6. The cathode region has lowest Uranium particle concentration.

Attempts were made to use a similar method with our stigmatic
spectrograrh without limiting ourselves to Sirks focus position.
Preliminary work using the gpectrum of the cathode region plus
part of central region of a total 6 mm arc gap showed the same
freedom of heavy Uranium background. The method with these arc
parameters is therefore studied in the presence and absence of
different carrviers for the quantitative determination of some of

the common metal impurities in Usﬂa.

EXPERIMENTAL

Spectrographically pure materials from Johnson and Matthey
Ltd., England, are used for the preparation of 304 standards.
”308 and AgCl are prepared and purified in thi. laboratory by
the method described by UKAEA (17).



Table TI

Piouitmer toand operatirg counditiooc
Yrecttowraph
Gratirg EQr oron /
Source Paics b r s pa Lusaurce

modal T4

Photoproessos Pippe !l Ash wedel JA- 3510
Densitimeter Baivd Atomiv wmoder CBL
comparai ap
Reciprueal lincar 2.7 Alwm (wecond crder)
dispersi n
Wave length range, £ 2060 - 3440 {2nd order)

i -
B080 - 4550 (1st order)

Spectrographing setting
Grating angle 5940
Focus 4ghg
Tilt 9348
S1it width 25
Slit height 2.5 mm
Electrodes High purity graphite electrodes
supplied by Ringsdorff Werke GmbH
Bonn-Bad Godesberg, W.Germany
Cathode (counter electrode) Type RW0063
Anode (sample electrode) Type RWOOUL with pedestal type
‘ RWCOu8
Anode charge : 50 mgm with vent hole

Electrode gap 6 mm, The part of the arc gap for
exposure is detined by the dia-

phrapr ol the gratiag

Atmosphere Air

DC arc current 8 Amps

Exposure time 40 sec
Photographic plates Fodsk La-1, 10720 on tws plates

Deve.oping Kodak D-19, 1¢7°C, 3 min



T score oxides ot the elements and U5(8 are mixed in an
agate = rtor 2l heated fap 2 Leours at 900°7 for complete homo-

genisation. Sorics of svandards are prepared by dilution with

- J

", 7ge The carrier is mived with the ~tanlards in an agate mortor
3 {

and 57 mom ~f thig mixture g placed into the ancde (sample elec-

trode® rocer, pressed and a vent hole is forue? with a venting

ot rndegs and the

@
"
.
2

~+
O
Q
o
=
14}
in
-
%
B
Wn

striuck by touching the tuo
arc gap is kept constant to € mm by setting the cathode and anode
1

at pos:tions described above in table 11 and mavrked on the Arc

a
stand. The gsavplas are apced In triplicate er guadruplicate. The

I

Fy
+
"

Intens . |y coioal lines on the photographic plate is measured

7. For quantitative determination only those
lines oi the elements are considered whose il:tensities are at

least three times Ligher than their background.
RESULTS AND DISCUSSIUH
The spectra exposed from the entire % mm arc gap and that from

the cathode~central zone of the 6 mm arc gap are discussed.

DC-arc excitatlion with 4 mm Arc gap

The detection limits of various elemental impurities in the
U3O8 standards when arced in the presence of 5% each of carriers
NaF, NaCl, AgCl and their mixture 5% NaF + S$% NaCl and 4% AgCl
+ 1% Nal are shown in Table III. The spectra 1is exposed on the
photographic plate from the whole of 4 mm arc gap used. It is
found that the spectrum over the whole wave length range is masked
with high background from Uranium line spectra. The background

increases in different carriers in that order
AgCl > NaCl > NaF + AgCl > NaF + NaCl > NaF.

The intensity of spectral lines for B. 74, YV, Pb, Cr and Fe at a

(o]
certain concentration was found highest in Nab ared tc cther
carriers and their mixture. The chloride carriers, specially
Agl, sre the most suitable for elements Ni, (o, Mn and Mo at low
corwentrations. These cbservations show thet no gingle carrier

cr their mixture is suitable for the detection ¢f all the elements

to thajr lowest detection limit. It is seen that chloride and
Tiunride show different chemical z2ctivity in boiling off different



Table TT1

Natecrion 1ivit of inmpurities in Vg by

“arrier Gistillaricr rethad using 4+ 372 gap

Elemenrt Spectral Deterticn limit in ppm (U basis)

iine aAv

% 4% 5% Naf (1%)  NaCl (5%)
Nao Ae “aTh o abciun) NER (5w
Fow Pow (Ref 17) Fuw Fow Pow
. { Ui J.05H .1 0.1
L850 ! ), ¢ S 0.5 G 0.5
Co U512 1D 5.0 1.0 1 10 10
S ¢ 5.0 - 1o M 10
Mn 2734 57 L.e 1.9 - 1.0 5.0 10
20761 - - 0.5 - - -
Cr G254, 34 5.0 5.0 - 10 5.0 10
26772 - - 5.0 - - -
Cu 3247.54% 0.5 n.5s - 1.0 0.5 1.0
7n 345,02 10 10 20 20 10 20
Ni 414,76 20 5.0 - 10 20 20

3002.5
Pb 2833.06 2.0 2.0 - 5.0 2.0 5.0
267T®, 7 - - 1.0 - - -
Fe 2483.27 1.0 5.0 - 10 5.0 10.0
2599.50 - - 10 - - -
Mg 279%5,%3 0.1 0.5 - g.5% 0.8 0.5
2779.8 - - 5
Mo 3132.52 10 5.0 0.5 20 10 20
v 3183.9%8 2.9 2.0 1
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impurity =lements when comparing the carrier effect of NaF and
HaCl., Zgul and Hall show difterent cationic activity, as AgCl
boils «it more ot Yranium and some impurity clements compared

to that of NaCli. The sodium compounds are tound more favourable
for elements of low atomic mass like Mg, B, Si etc. The deter-
mination of various elements in Nat is found reproducible compared
to otner carriers used, showing the stabi'.ty of the arc in
respe . ot tto Loastant temperature, volatilizetion and less
wandeyr. g of the anode spot [38-uu). The mixtures of carriers

did nol give foprovenent i the Jdeicction power over the indi-

viduai teriicr.

DC Arc oxoitation with € mm gap - Exposure trom Cathode-Central

region ot Ar

The wpeciia from about ¥ mm are centaining the entire cathode
region and part of <. ntral region of the 6 mm Arc gap is found
free of Uraninr opectral background when UBOG is arced directly
without a carrier. The detection limit of various elements in
Ua(}8 (Table TV) i found higher than that reported by Avni (36)
and the carrier distillation method with 4 mm arc gap (Table III).
The high ar-ing ~urreat of 13 Amps and 35 sec exposure time used
by Avni in his 0.3 mm cathode region method might be responsible
for such low detection limits. A high background was observed
with our system when excitation is made with 12 Amps current and
40 sec exposure time, The 8 Amps current and 40 sec exposure time
are found the optimum arcing conditions to produce the most intense
impurity elemrents spectra with lowest backgrcund.

By incorporating the carriers 5% each of NaF, AgCl and the
mixture AgCl + NaF (u4:1) in U308

jority of the elements is increased by a factor of 10 to 100 in

the detection power of the ma-

comparison to that obtained when U3O8 is arced directly. Table IV
shows the detecticn limit of some impcrtant common elemental
impurities by Cathode-Central region rettod. The method is found
very sensitive for the quantitative determinati-n of B, Cd, Pb,

17 b

Vy I, Mg, Cr and Cu in the presence of sodium fluoride carrier

Y

with wetection levelg given in Table IV, Co, Ni, Mn, Zn and Mo

sl <nly be detected and determined using the carrier AgCl and

. o . P , n ; firn mmm E I S
£l ¢« AgCl + HaF, A Lackgrcund from Uranium spectra is observed

when SgCl is used as carrier in this arcing method but is very

mick lags thup thet when exposure: are made from the entire 4 mn
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Table IV

wtootion Timit of impurities in WU.0. by Do

ar- » oo dtation uning Tsthode -Central zoncdug £ opmare gap
Flemen! Spectril Dete ticn }imit in ppm (U basis)
line a°
Without 5% 5% 4% AgCl Avni
avprler Nai Agus 13 NAF withgut
carrier
(36)
B ud7.73 .5 0.91 0.1 0.2
Cd 2788.07 2.0 0.01 0.1 0.2 0.2
Co 3408.12 20 19 1.0 10 -
3u53,40 - - - - 1.0
Mn PR 19 b, 0 0.1 1.0 -
2876,10 - - - - 0.5
Cr 4754, 34 10 0.1 1.0 1.0 1.0
(1st order)
Cu 3?2L7.54 0.5 0.1 0.1 0.1 0.2
Zn 33u5,02 20 5.0 5.0 5.0 10
Ni 414,76 20 20 2.0 5.0 -
3002.u49 - - - - 0.5
Pb 2833.06 5.0 0.5 1.0 2.0 1.0
Fe 2hdd, 27 10 0.5 1.0 1.0 1.0
Mg 2795.53 0.5 C.05% 0.1 0.1 0.2
Mo 3132.59 10 5.0 0.5 1.0 2.0
v 3183.98 10 0.5 2.0 2.0 5.0
Eu 4435,50 109 50 50 50 15
(1st order)
Ga 3362.23 100 50 57 50 15
Sm by2y, 34 100 50 50 50 25

{1lst order)



172

ArC iy Rarse sevthas deanriiiesg like Gd, Smoand Eu could nat be
detected ar cach law Yevols as reported by Avni (37). Therefore
(0.1 to 0.01 ppm) of

e

to derermine thne paxinur permissible level
these =lenents 1n reactor grade Uranium it 1s necessary to con-
centrate ihese by chemical separation from !ranium oxide prior

to spectrographic analvysis.

La]

Fencessrtative vorking curves for B ana €4 were nade by arcing
vresence of Nab carrier. The results from the

in auplicate to ¢uadruplicate are reproducible

O

'egernty the working curves from

[

v, Firg. | rep

wsused vptical density of the spectral

e 4 tawevoent e SElodent oF var lation st 0.1 ppm level is

found + v mwl bt v for @ oand Cd respectively. These results show

that . i:ternai vroenlard 18 not needsd 2. B oand Cd determination

In U 0., similar voproducible results without an internal standard
o ke

.

)
are cbscived for Pr, V, Cr and Fe pat an internal standard is
needed t-r ovheyr clements determined in presence of AgCl carrier

where & large orread in density-concentraticen curve is observed.
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Table V

Cermoinat o vl BFoand Cd oin “3“'}‘ Byyr

]

L i arrler &xf.ix.g Cathod - vrivead

1}

vrlcal Twooorrs o i S +
) R coefficient
S e R of variation

(onm)

in

{

a

|

|

S 3 il B304

! b Cd T

AP st T cd

Piean T Run T Rung T Ruaa T7 =
e e e i e

] .

; it Y30 b 55

[
3

s
[
-

9]

i
']
¥

91 88 47 48

P Ty——
i
!
1
bl
4
]
i

33 )

ik i+ o o 58, 7

43 34 28 32
36 32 31 28
39 37 25 286
42 39 27 30

v ———

1+
-3
I+
w

S e 5 i

22 1¢ 19 18
n,033 24 20 20 17
25 21

i s i SRR M

1y 13 20 ;
0.01 12 15 15 1
14 1

o W

iy

*
Constant background 3 to 4 is observed with both lines,

+ . , .. 100
% coefficient of variation = “T-V/EET

where X

= average density
d = difference from mean

!

o= number of determinations
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