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ABSTRACT

Dueto refractory nature of zirconium oxide, the sensitivity of Zirconiumin
Flame Atomic Absorption Spectrometer (FAAS) islow even with nitrous
oxide-acetylene flame asthe maximum temperature reached isinsufficient to
break down the compound of Zr and other refractory elements and hence
the sensitivity of FAAS for Zr is too low to be measured. Several com-
pounds of fluorides and ammonium ions reported in the literature have
been tried for the enhancement of absorption signal of Zr by FAAS and
determined the optimum concentrations of NH,F and HF+All for enhanced
absorption signal. A mixture of HF and Aluminium Salt has been found to be
most effective in the enhancement of absorption signal. Results and opti-
mum concentration of the added species for the enhancement of sensitivity
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of FAAS for Zr have also been reported in this paper.
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INTRODUCTION

Increasing useof ZirconiuminHigh Energy Mate-
rialssuch as Pyrotechnics (asmetd fuel), Ramjet Pro-
pellants, Solid Propellant Thruster (Zirconium Perchlo-
rate Potass um, ZPPand GlycidyleAzide Polymer mixed
with Ammonium Perchlorateand Zirconium, GAP/AP/
Zr), and Incendiary Compositiong*?, etc hasdrawn
attention for theanalysisof Zirconiumand Zirconium
Compoundsfor quality assurance. TheZirconiumis
analysed by FlameAtomic Absorption Spectrometer
(FAAS). But, dueto therefractory nature of itsoxide,
maximum temperature of flame even with nitrous ox-
ide-acetyleneflameisinadequateto break down the
compounds because of theinterdlementa and chemica
interferencesin thenitrous oxide-acetyleneflamel®. As

aresult, the sensitivity response of FAASfor Zr and
other refractory metalssuch as Ti isnot good as other
elementa andysistechniques. Inan unpredictablefash-
ion, certain elements or compounds can cause either
suppression or enhancement of the absorbance of the
element being measured. Theaim of thisstudy wasto
identify such elements or compounds which can en-
hancethesengitivity of Zr andysisin FAAS.
Theextensvesurvey of literaturereveal ed that the
use of fluoride compounds enhancesthe absorbance of
Zr not only inthe FAASbut a so in the Graphite Fur-
nace AtomicAbsorption Spectrometer (GFAAS) . It
has al so been observed that theammoniumion and a
considerable number of other nitrogen containing com-
pounds cause enhancement of the Zr absorptioninthe
Nitrous oxide-acetyleneflame!®. Therefore, the present
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study deal swith theimprovement of atomic absorption
of FAAS by the possi ble use of several fluoride com-
pounds (NaF, NH,F & HF), ammonium compounds
(NH,Cl, NH,F) and HF + Aluminium salt mixtureand
the subsequent determination of their optimum concen-
tration for theenhancement of absorption sgnd. Of the
severa compoundstried for sengtivity enhancement, a
mixtureof HF and Aluminium Salt hasbeenfoundtobe
most effectivein theenhancement of absorption signdl.

EXPERIMENTAL

Chemicalsand Reagents

All chemica sand reagentsused wereof anaytica
grade. Zirconium solutionswere prepared by diluting
Merck Standard of 1000 ppm (or mg/L). All the solu-
tionscontained 0.1 M KCl to suppresstheionization
interferencefor Zr in nitrous oxide-acetyleneflame. Cd-
culated amount of added speciesdissolvedintheZr
standardsto get the desired concentrations.

I nstrumental Procedure

All atomic absorption measurementswerecarried
out by using AA800 AtomicAbsorption Spectrometer
(Perkin Elmer, USA) fitted with 5cm burner heed, 0.7
nm glit width and with nitrous oxide-acetyleneflame
having 7.8 1/min C,H, flow. Absorptions were mea-
suredinfud richflaneand withHollow CathodeLamp
(HCL) of Zr made by Perkin Elmer. All atomic absorp-
tion measurementsfor Zirconium were made at the
wavedength of 360.1 nm.

TheZr standard solutionswith and without added
specieswere aspirated through the flame and absor-
banceswererecorded (TABLE 1 and 2).

RESULTSAND DISCUSSION

TABLE 1summarizestheinfluenceof variousadded
species on the absorbance of Zirconiumand Figure 1
showstheabsorbancevs. concentration curvesfor vari-
ouszirconium solutions. From thegraphit showscon-
Sderableincreasein sengtivity of theinstrument for Zr
inthe presence of 0.1 M of KCI, NaF, NH,F, NH,Cl
and HF (along with Al) each. However, the extent of
enhancement varieswith the nature of the speciesadded.
The presenceof 0.1 M KCl enhancesthe absorption

approximately 1.5 timesby suppressingtheionization
interference. For the same concentration of Zr, the ab-
sorbance varieswith the concentration of added spe-
cies. Itisaso dependent on the concentration of Zr as
givenin TABLE 1. For example, for the same concen-
tration of 50 ppm of Zr, the addition of 0.1 M NH,Cl
and 0.1 M NH,F haveenhanced thesignal by 2.5times
and 2.7 timesrespectively whereas 0.1 M of HF aong
withadded 0.1M Al hasledtheabsorptionto 3.4 times.
The sameisalso evident with higher concentration of
Zr. However, thefactor by whichtheabsorption signa
getsenhancedissomewhat lower but thetrend remained
thesame. Asexpected fromliterature, NH,Fhasshown
marked enhancement on the absorption signal of Zr.
These experimental factsarefurther supported by the
observed effects of NH,Cl and NaF- separately on ab-
sorbance. However, it isthe added speciesof HF+AI,
which has shown the maximum enhancement of absor-
bancefor agiven concentration of Zr.

TABLE 1: Influenceof variousadded specieson theabsor-
banceof Zr

Absorbance Absorbance Absorbance

Chemicals Used with with with
50 ppm 100 ppm 200 ppm

Zr Standard w/o KCI 0.010 0.026 0.068
Zr Standard with 0.1
M KCl 0.016 0.029 0.072
Zr Standard with 0.1
M NaF 0.018 0.034 0.075
Zr Standard with 0.1
MNH,CI 0.024 0.047 0.103
Zr Standard with 0.1
M NH,F 0.027 0.053 0.114
Zr Standard with
0.IM HF & 0.1M 0.034 0.062 0.122
Aluminium
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Figurel: Influenceof variousadded specieson the absor -
banceof Zr
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The concentration dependence of added species
have been studied for NH,F and HF+Al asthesetwo
gpeci es have shown marked enhancement ascompared
to others. TABLE 2 summarisestheinfluenceof con-
centration of added specieson Zr sensitivity for 100-
ppm standard solution for different molar concentra-
tionsand graphically representedin Figure2. Thebasic
shape of both the curveisamost samebut the HF+AI
has much enhanced effect on Zr absorption. After reach-
ing 2.5timesfor NH,Fand 3.2 timesfor HF+AL, the
absorbance becomes almost constant and the corre-
sponding concentration of both the added speciesbe-
ing 0.5M. Thismeansthat 0.5 M isthe optimum con-
centration of both the added speciesfor the enhance-
ment of Zr absorptionsigna inAAS.

TABLE 2: Influenceof concentration of added specieson Zr
sensitivity

Conc.of  Absorbanceof 100  Absorbance of 100
Added ppm of Zr Standard ppm Zr Standard with
Species with NH F* HF+ Al Salt”
0.0M 0.028 0.028
01M 0.052 0.061
0.3M 0.059 0.075
05M 0.064 0.082
0.7M 0.066 0.083
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Figure2: Influence of Concentration of added specieson Zr
Sengtivity

Intheabsenceof any activating species, Zr driesout
intheflameasrefractory oxideswith high melting point
andtherdoy mekingatomizationingfident. Themdtingpoint
of itsrefractory oxide ZrO, is2700C and therefore diffi-
cult todecomposeevenin nitrousoxide-acetyleneflame
with flametemperature 2500-2700°C. Thesamed ement
formvery strong fluoridecomplex in solution, and there-
foreinthe presenceof fluorideit driesoutintheflameas
volatilefluorides(m.p. of ZrF, being 912°C) whichleads
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togrester efficiency of aomizationthaninthe absenceof
fluorides, and givesriseto theobserved enhancement of
absorbance!* ¥, Theeffect of HFin presenceof Al inthe
improvement of absorbanceisprobably duetotheforma:
tion of afluoridecomplex of ZirconiumwithAluminium
(AL[ZrF],or Al[ZrF ] or both) and theflametempera-
tureissufficient for rapid decomposition of thecomplex
resultinginefficent atomization. Theeffect of anmonium
ionontheenhancement of Zrissimilar to that caused by
fluorideions. Theeffect gppearstoinvolvetheformation
of Zirconium-nitrogen bond asliteratureshowsthat anum-
ber of nitrogen conta ning compoundsa so causad enhance
ment of zirconium aosorbancein thenitrousoxide-acety-
leneflame!® 8. Themost probablereasonbeing Zr-N bond
is easier to be broken in comparison to Zr-O bond of
ZrQ, intheflameand thisfurther leadsto grester alomiza:
tioneffidency.

CONCLUSION

It can be concluded that for the determination of
Zirconium by the atomi ¢ absorption method, the addi-
tionof 0.5M HFand Aluminium (intheform of Al salt)
inall standard aswell asunknown solutionswill en-
hance the sensitivity of FAAS by approximately three
to four times. Furthermore, many of the interferences
areether removed or grestly suppressedinthismethod.
Theaddition of HF and Al salt isalso expected to be
useful inthe determination of other refractory elements
havinglow senstivityinFAAS.
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