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1. INTRODUCTION

In general, the mzww%uwa of mixtures of chemically
gimilar elements by @ﬁ@ﬁkﬁ»ﬂﬁﬁw gm@wwwwaaw_@%QQQamw@a is a
&pwwwamwm' if not impossible task, For example, the rare
earth elements are chemically 80 awgwwaﬁ.wﬂyauaaa;amnyw gZravi-
metric methods of anslytical chemlstry (with the exception of
a few whose anomalous valence permit a gravimetrie separation)
serve to determine only total rare earths.
| The analysisg of mixtures of gireconium and hafnium is an.
other example ﬂwa&@ ordinary analytieal methods have thus far
falled completely., This failure is quite understandsble, for
the elements are so similar that no reagent will quantita-
tively separate one from the other, Indeed, all chemical pro-
cedures (except for atomic weight methods) for determining
zireonium imply, taeitly or otherwise, that the method actu-
ally determines zireonium along with any hafnium which is
presgent,

The techniques of emisslon spectroseopy offer a particu-
larly good solution to the problem aw;msawwmwmm:anaw mixtures,
Slnce the emiseion spectra of an element sre indeperndent of
its chemical properties, analytical methods baged aw such

spectra are unaffected by chemical eimilarities. In fact, ae
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II. SURVEY OF METHODS FOR THE ANALYSIS OF
HAFNIUM-ZIRCONIUM MIXTURES

The analysie of hafnium-zirconium mixtures has, in
general, been of limited interest to the analytieal chemist,
Hafnium, beeause of its similar chemical properties, is
assumed to accompany zirconium in all procedures whilch deal
with the separation and the determination of the latter (1),
The discussion given below i8 a survey of the methods which
have been employed by varioue workers in attacking this

problen,

A, Chemical Methods

Reference wag previously made t0 the fact that these two
elements are very similar in chemical propartxea; Hafnium is
somewhat more basle than zirconium and 1its salts have a
8lightly different 80lubllity. These differences are so small,
however, that chemleal methods of separation which depend upon
them are not quantitative,

It’miéht be presumed that any chemieal procedure for the
analysis of a mixture of these two elemente would be one in
the nature of an atomle weight determination, One such pro-
cedure 18 found in the literature {2), and it hae been of

value to0 workers in following fraetionations,
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The basle of the so-called selenite method lies in the
discovery by Clasgen (2) that both hafnium and zirconium form
basie selenites upon s resetion of the oxychloride with ex.
cess selenlous seid, After long digestion with axcasa ﬁai&,
the basic selenites are converted to normal selenites, These
are crystalline compounds of definite ecomposition and may be
welghed as guch, After welghing, the selenite may be ignited
to the oxide, whieh in turn may be welghed again, The per-
centage of hafnium (es hafnium oxide) may be found

THEOg = 374,86 [vt. oxides. 35702 (wt, selenitesy]
wt, oxides

”’ Wnile thie yréaﬁaurﬁlis ene of the better methods of
analyzing mixtures of hafniﬁm‘anﬁ zireonium, it is time.con-
suming, and ite sccursecy falle off wnéﬁ determining small
amounts of hafnium in gzireonium and viee versa, It is essen-
© tial that the basic selenite be digested for a sufficient
’iémg%h of time (12-15 hours) to be converted qugntiﬁaﬁivwly
into the normal salwniﬁe, Furtharmév&,’ainwe a8 pure binary
mix&ura 18 needed, a préiiminary purifieation is necessary,
wmmm the hafnium ¢oncentration is 25%, the aaaura@y of the
method is £0.57 (3.,
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B, Physical Methods

1, Density determinations

One striking difference in the properties of these
two elements 1s in the density of thelr respective oxides,
dince the mmwavaw of 2r0y la m,wu\@sw that of HfO, is 10,47
(4), n density determination of the mixed oxides is a
measure of composlition,

The expression for per cent hafnium oxide is
\WPM&%@& z\\mrea \mﬁma
Mito, - /(2r0g X AN
While this method has been widely used in the past to

follow %&wa«wauwap@wa» it hag many limitations, The oxides
must be thoroughly de-gassed before a density determination
ean be made, Bince different erystal structures are formed
at different temperatures (4), the sonditione of the ignition
influence the density of the oxides and must be ecarefully
a@5¢saww@a‘; It hae the same %»m&a@wgaa%&a ne the gelenlte
method in that a pure binary mixture must wa,ﬁaaaw and in
that its accuraecy decreases as the concentration of elther
oxide inereases. Lareen, Fernelius, and Quill {(5) have com-
pared the results obtained by this method with that obtained
by aﬁa.maw@naﬁa method. The following are some examples:



s

4 Hf by denseity 4 Hf by selenite
23,2 23.6
50.4 51,0
87.8 5.3
89.0 7.7

It will be noted that the methods are in falr agreement
except at high hafnium concentrations where both methods

have a large error, .

2, X-ray emigsion spectra

8ince von Hevesy's discovery of hafnium, X-ray emisslion
spectrosecopy hae played an important role in its analytical
chemiatyry (6}, It was by this method that von Hevesy fol-
lowed fractional preecipitation procedures which enabled him
to prepare pure hafnium oxide, Ximura (7) haﬁ'annwn that by
using the Lf3; line of hafnium together with the LS, line of
lutetium ae an internal standard he could determine the per.
centage of hafnium in mixtures of phosphates and oxides of
hafnium and zireonium, This method hae the disadvantages of
s lack of sensltivity and of the difficulty of measuring the
blackening of an Xeray film, PFurthermore, since the sample
muat be deposited on the ancde of the X.ray tube iteelf, the

method i1e ineonvenient to use,

3. Optical rotation
It has been found (8) that zirconium had gomewhat lese

effect than hafnium oxychloride on the amount of rotation
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whieh ﬁarﬁariﬁ aeid solutione imparted to plane polarized
light, Wernimont and De Vries (9) showed that this could

be made the basis of an apalytieal procedure., Preliminary
studies by these workere showed that a‘@@myﬁrzmén of ana-
lytical results by this method was within 1107 of the values
obtained from density determinations, It has the eame dis-
advantages of the selenite and density methods in that pure
binary mixtures are necessary and 1t 18 not sensitive at low

concentratione of hafnium in zirconium and vice versa,

4. Radlochemical

If a mixture of hafnium and girconium is irradlated with
slow neutrons, two hafnium lsotopes sre formed, one with s
19-20 secord half-life (10, 11), the other having a 45.585 day
setivity (10). Elther of these activities may be counted and
the hafnium content determined. The error is in the order of
104. |

The faot that the neutron capture eross-section of haf.
nium is much greater than that of zirconium (12) is the basis
for another radlochemioal method whieh has been used as an
analytical tool, The HI/Zr ratio may be found if the neutron
¢apture cross-gectlion of the unknown sample is determined and
eorrections applied for the eapture cross-section of any other
lmpurities in the sample. |
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the dilution factor is taken into account., In analyzing
high hafnium concentratione the @rrér could easily be 107 of
- the smount present.

Other epecirochemical meth@da‘far-&et@rminiﬂg;Hf/zr‘
rati¢ﬁ~hmvé been deseribed (15,16}, but these were only semi-

Quantitative 1n nature and no detalled praaadur@a were given,
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111, THE DETERMINATION OF MAJOR CONSTITUENTS
BY SPECTROGRAPHIC METHODS

A, Historlical

Generally speaking, spectrochemical methods until re-
cently have been considered to be valid only in analyszing
for minor impuritiee, Indeed, a recent bock on spegtroscopy
states (17): |

The upper limit of concentration at which ordi-
nary methods become uncertain is usually given as

5 per eent, although in some cases 10 per eent con-

centration ean be reached when only one variable is

involved ,

In the past two years there have been a number of arti.
¢les published on the spectrochemieal determination of con-
stituents at higher concentrations, FProbably the outstanding
application in thils respect has been in the analysis of high-
alloy steels (18), It has been shown that spectrographiec
methods can determine alloying constituents with an accuraocy
which eompetes with routine chemical methode. Such precise
results have been shown to depend upon (a) rigidly controlled
exeltatlion such that the influence of one element upon an.
other is eliminated, (b) the use of direct reading methods
for measuring speectral intensities, i.e., measuring light in.
tensities electronieally, and (e¢) the development of rigorous

esleulating methods,



nlaﬁ

High eobalt alloys have been analyzed spectrographieally
for higher percentages of molybdenum, manganese, iron, ¢hro-
mium, silicon, and nickel by Hlhvonen and eouwark&rs (19).
These workers reported a precision of 3,7-11,17 per cent and
an accuraey of 3,5-10.3 per cent.

fpeotrographiec methods have nlso been succeesfully ape-
plied to determination of eonstituente up to 100 per eent,
Fagsel (20), ueing a d.e, are as an exeitation source,
annlyzed yttrium and gadolinium as major constituents in
mixtures of other rare earth oxides, Fassel obtained a
high degree of precision -- a per cent standard deviation
of ﬁﬁ.ﬁ% -« for the type of discharge which wae employed,

The high precision abtainé& was attributed to the high degree
in whieh the chosen internal standard compensated for the ex-
e¢ltation variables, Herman (21) has shown that binary mix.
tures of nioblum and tantalum may be analyzed spectrographe
leally., Herman claimed that the aecuracy was within one unit
per ¢ent of the actual value when the average of three ex.
posures was used, Chandler's work on the analysis of hafnium
and zireonium has been reviewed previously (p., 8).

One of the ressons that there has been little work done
on the determination of higher concentrations of elements is
probably due to the faet that there are several problems

whieh become more seriols when the analysis for a major con-
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stituent is desired. These difficultles are listed below
and ﬁxll b@k&iaeuaaﬁd further under gaparata h@gdinga?

1. felf-absorption muet be eliminated or minimized,

’ﬁ. The inflawn&e that one element exerts upon the
intensity of lines of another element mnust be
minimized,

3. Experimental errors assume a greater signifiecance,
Theese may be divided Into excitation and phataw
metrie ewrara; The Tormer may be reduced by the

- proper cholee of controlled excitatlon conditions,
Ena,la%téﬁ‘&ré minimized by means of refinements

lm~phatam&§ry;

B. Theoreticsl

If an atom is exeited by thermal, elecirical, or radiant
energy, the electrons are raiged into higher energy states,
When an electron returns to a lower state, its energy is lost
through rediation or transferred by collision with another
another atom., The energy whiech iz emitted in the form of
radiant energy and the wave-length of the light are related
by the following expression: |

E = Eg~-F = by = 20

S

E A
where E = energy emitted

Fg = total energy of the higher state
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Ey = total energy of the lower state
h = ?l&mak'a constant

v = f{requency af emltted 1ight

¢ = ‘v&iaaihy of light ,

A = wave.length of emitted nght‘

¥ueh th@arétxaﬁl and experimental work has been done on
the analysls of the spectra, and Tor a complete discussion
of this subjeet one must consult specialized treatises (22).
A = result of this work, it has been shown that the emleslon
and absorption of energy takes place according to definite
rules, The exeltation of electrons may take plaece in such
a marner that the electrons may osccupy only certain prede-
termined energy states, and furthermore, the eélectrons may
return %0 thelr lowest level only in finite steps. For ex.
a&pim* an electron msy go from an excited state to the lowest
or araunﬂ‘ataﬁa in one step, or it may go rfaﬁvﬁhm exelted
state to an intermedlate state in one step, then to the
ground stﬂha in another step,

There are many @&ﬁaibla values of energy atat@a and
amar@y levele, each of which 1# a characteristic of a given
kird of atom, Thﬁ wave~lengthes of the light emitted are
likewise characteristic of the atom,

ir %hﬂsa'wavawlaﬁgﬁhx'are~diapar$ad by anapeﬁtragraph

or speciroscope, the dietribution of these wuvé«leugthﬁ
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glves riee to the charseteristic spectrum of the element,
This spectrum way then be used for the quslitative identi.
Tieation of the slement,

’ ?hﬁ\ﬁasig of quantitative spectrochemical analysis llies
in a correlation of line intensitlies with concentration.
The intensity of a spectral line ¢an be ghown to be dependent
upon the number of atoms which are in an exeited state and
the probability that the exeited atom returne to a specifie
lower state to glve rise to the spectral line (its transition
probability). That the excitation of atome in electrical ex-
citation sources ig, for the most part, a thermsl phenomenon
will be discussed later. If thise premise ig sccepted, the

number of atoms in an exelted state, n, oan be expressed:

_ AFE

Where W, = number of atoms 1n excited state n
| By = gtatistliesl welght factor
AFy = energy above the ground state

K = Boltzmann constant

T = absolute temperature
The expression for the intensity of a line arising from
state n is: |

AR,

InoCPygye"’

Where Py, = transition gf@babilitg

xa = intensity of line
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Congider the ratio of intenslitlies of two lines of the
game element, one arising from a state n, the other from

stzte m, ?h&ﬁ,

AEn

In ol Pn qn@ &Y
2h 3 —Em
m Pm Cjne &y

In ordinary laboratory excitation sources, the tran-
sition probablliities P, and Fm may be assumed constant,

Thﬁﬂ, AEM—AEV\
In. e 4T
Im

If two different elements, A and B, are in a discharge,
s simllar expreselon is valid if the appropriate concentration

terms are inserted,

AEQ—AEA
le ®

It is evident from this equation that the ratio of inten-
sitles is dependent upon the temperature of excitation, as well
ag concentration ratlo. BSince in actual practice it 1ies ALffi.
cult to econtrol the temperature precisely, another means must
be used to obtain a constant relationship between intensity
ratio and concentration ratio, It will be noted in the equation
above that if the exponentlal term is zero, i.e. when A E, =AE,,
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the axpraaaiam is no longer dependent upon temperature,
Hence, if lines are chosen whiah‘h&va simi&mr«ex@itatiah PO-
tentiale, fluetuations in excitation will have little effect
on intensity ratie. On the eihmr hand, lines whioch have sub.
aﬁaﬁtialxyvﬁirfwrant exﬂit@tién potentials should ghow wide
spread fluetuations under different discharge conditions,
Experiments varxfyiﬂg these gonelusions will be dlscussed in
a later section, |

If equal exeitation potentinls or a controlled exeitation
temperature is assumed the following relationship between in-
tensity ratio and concentration ie obtained:

Thus far, the idesl onse, An‘vhiah no self-absorption
oceurred in the discharge, has been considered, In order to
allow for the preeence of this effect, an @xggnanﬁi&l term
should be included in this expression. Then,

"
I 4]

B B
#ince log E; = nlog -~ + log k
A ¢
B , B

8 plot of log intensity ratlc againet log concentration ratlo
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resulta in a straight line of slope n, When no self-absorp-
tion takes place the slope is one.

Throughout this discussion, it has been tacitly assumed
that the ratio of coneentration of elementes A and B in the
discharge vapor wae the same as in the electrode, 1t 1is
fortunate that chemically similar elements often possens
similar phyegieal properties and volatlilize at the same rate,
It will be shown later that hafnium and zirconium, for ex-
ample, have identieal distiliation rates,

The above aiaausa;én is the basis for the internal
standard method of ayaatraahﬁmiea&‘&na&yﬁig‘ This technique
was introduced by Gerlach and Schweltzer (23) and is now al-
moat universally used in quantitative work, This procedure
Anvolves the use of either (a) a line of the matrix material
which is known to ha‘aaﬁaﬁanﬁ in ite intensity, or (b) a line
of an element which is known to be abgent in the sample, and
whieh ie¢ introduced in a known constant amount, As was
pointed out earlier, a ratlo arvtha.unkﬁawn constituent line
to the internal standard line 1s a measure of the smount of
unknown present., The proper use of this method tends to cane

cel out variables in photometry as well as in excitation.
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be absorbed, the nunber of atoms in these higher states di.
minish quite rapldly ae the energy inereases, Langstroth (24)
nag estimated the relative population of the 38%fy, state (the
ground level) of Mgl to be 1000 while the 3p®Pd,, (a higher
level) is estimated to be 0.3. | |

The ensuing dlseussion of eelf-sbgorption follows that
desoribed by Dieke (25), The treatment given ie fairly sim-
ple but is adequate for our purposee. Let the line be emitted
st the center of the light source with intensity I, and tra.
verse an optical path of length L.

Then,
L %'/fgrdr

wheye Kr is tﬁa nunber of atoms per unit volume st distance r
from the light source which are espable of absorbing the par-
ticulsr lire, i.e,, ntoms which are in the lower state of the
emlasion line,

The 1ateﬂaxty of light far from the light source, i.e,,
outside the region of aalf*abg@rgtien,’xs kﬁwnv

wiL
I = 1 o€

where a is the absorption coefficlent per unit number of
atome whieh abeorb, Since thls coefficlent is proportional
to the transition probability whieh in turn is proportional
0 Lo, | |

n mﬂig
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and for a limited wav&»l@ngth.fwgiam may be cahﬁiﬁﬁféﬁ con-
atant,
[ = 1gem%Lio

ard log I/1g = =-dLl,

1f £ = log Ly, e = I,, and

log I/l = =-dLe

Dieke has measured I and [, for iron linee. In messuring
15, he used carbon electrodes contalning iron asg an impurity
g0 that the absorbing eloud would be at s minimum, He found
that in gome cases log I/1, = 2, This means that 99 per cent
of the light of those lines was lost by the self-reversal pro-
cess,

In snalyzing trace quantities of elements, the problem
of self.revereal need not be eonsidered geriously, since the
amount of the element in the cold vapor is very small, Indeed,
1t 1e fortunate that such is the ¢sse, for the most sensitive
linea of the elemente are those whioch arise from transitions
to the ground state.

If, however, one wishes to analyze quantitatively for
blgher concentrsations of elements this problem merite serious
attention., Since the amount of absorption is dependent upon
- the denslity of the element in the cool vapor surrounding the
diacharge, any varisble influencing thls density, (in par-

tlcular, the alr currents in the discharge and the temperature
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of the disecharge) will affeat the amount of absorption.
Since it 18 partieularly difficult to control these vari-
bleg -~ it has been claimed that san opened door or the
breathing of the observer influences the absorption (25) -«
the use of lines subjeet to this phenomenon is %ﬁiﬁe objec~
tionable,

In order to overcome this objleetion, it le necessary to
choose lires in which self-reversal, if it i8 not entirely
eliminated, is reduced to = minimum, It is fortunate that
the theoretiesl work which has been done on the elaseifi-
eatlon of the apectra of many elemente is helpful in the se.
lection of such lines, Through the speetral classificatlion
one 18 able to choose only those lines whose lower state 18
not the ggauu& level; hence these lines are much less suscep-
tible to self-reversal, The intensity of these lines then
remain proportional to the concentration of atoms.

It follows from the previous discussion that the choice
of lines to be used for the analysis of high concentrations
is limited to those whose lower state 1ls at a relatively high
energy level, In order to cbtain these higher energy levels
it is necessary to employ s relatively high.energy source of
exeltation, It will be pointed out later that an over-damped
condenser discharge ie sdmirably sulted for such type of exe
eitation,
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., Effect of Extraneous ¥aterials

That the internsl standard technlque was an important
advancement in a@ﬁatr@gr&ﬁﬁxa aaglyaia has been demonstrated
in previous discussions, Ideslly, the internal standard ele-
ment compensates for &ll'var&gﬁiéﬂa in akaitatiaa and pho.
tometry. ?raatzeaxly§ however, the best an internal standard
oan do is to minimige theee variables, Lts use depends upon
the assumption that at » fixed concentration of unknown ele-
ment, the ratic of the inteneity of the line a£ ﬁaa unknown
element to the intensity of the internal standard ie essen-
tially constant, ?hzﬁ'rﬁlgti@aﬁhig &@aﬁ not ﬁﬁlﬁ, in general,
when sdditlonal elementse, so-called extraneous elemente, are
present in the sample, As a result, the ratio of line palr
intensities xﬁ a'fanatian of the smount and kind of axﬁr&w«aus
elements present, The importance of this effect in qQuanti-
tative work is to limlt sgaéﬁr@araphiﬁ analysis to samples
which h&ve #ary nearly ;&a pame chemiecal composition as the
standard samples upon which the working curve is based,

Many workers have cobserved the ax%rana@usvﬁff@at, and
much attention has been given to its oauses &a@ correlations,
Fast €26} givee a review of the literature on this sub ject,
and it will not be repeated here, Investigatlions by some
Russian workers have been discussed by Smith (27) ard will
be reviewed briefly from a fundamental viekpéiﬁﬁ.
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Thege investigations, by mandﬁl'ahﬁam‘iﬂs), and Khramova
(29), have aamfirmed the fact which spectroscopists haﬁ long
suspected, that the excltation of spectra, whether by flame,
are or spark, is a thermsl phenowenon, The former investl-
gated the imtanaitiﬁa mt,lin&ﬁ‘mﬁ p function of temperature,
and found them to incresse to & maximum, then déer&aa& as the
temperature was raised, Ornatein (30) then showed that a car.
bon are whieh burne in an atmosphere of sodium (as sodium
ehloride) is at s lower temperature than an @r@inazy are,

48 2 result of thie evidence, thecse workers explain the
extraneous effect ag an effect which results from the lowering
of the axﬁiﬁati@u‘tem@aratur@~by the presence éf enay lonlg-
able eomponents, Langstroth and Newbound (31), on the con-
trary, in their work on the effect of extraneous maﬁ&r&aia on
magnesium, oadmium and lead intensity ratios, found 1t diffi-
cult to correlate the intensity variations with effective
‘%amgeraturﬁ. It might be p@iﬁ%&ﬁ out that in the latter case,
resonance lines were used almost exclusively. The use of
these lines is objectionable in that the intensities of these
lines are dependent not only upon temperature of exeitation,
but also upon the amount of self-absorption whieh takes place.

It h&a,baan found that the effect of extraneous materials
¢an be reduced by the use of buffers or by choosling the proper
exeitation ebnﬁiti@na. It ﬁiil be shown that this effect was
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pinimized in this investigastion through the use of the latter
teennique, together with the cholee of an 1ﬁ%wrma1 standard
whose excitation and vala@iii#&%iém characteristics closely
paralleled that of the unkmown, |

E. Excitation

The proper exeltation of the sample 18 a subjeet which
has recelved much attention from epecirographers in the past
few years, The importance of thie subjeet has arisen from
statistical studies made by Grossman, Sawyer and Vincent (32)
on the errors associated with speetrochemlical analyels. They
found that they could attribute the greatest source of error
to the excitation of the sample even when employing a cone-
trolled spark discharge, Whlle thelr studiee were made on
steel samples, there is little doubt that their conclusions
are of universal applieation. Ip recognizing this source of
error, Zeribner (33) states:

. It hae become evident that the fu%u#ﬁ develop-

ment of spectrographlic anslysis will depend largely

on improvements in present exclitation sources,

It ie clear ﬁhat~a ﬁpﬁaﬁﬁag?aphln‘i@x¢£$atian} source
‘fulfillu two @urwaﬁea, Flret, it causes tﬁwrvapariaaﬁiam and
the dissociation of the gample, and gecond, it is the means
of exclting the atoms so that they may emit their sharacter-

istic radiation. Henee, the problems of obtaining s repro-
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dueible source depends upon a controlled vaporigation as well

as 2 controlled exeitation.

i, D, 0. are sources

The use of an electrie mare i8 s quite ammm@h:praaﬁﬁaw
in emission spectrosecpy because 1t possesses advantages of
Bimplicity and gensitivity whioh sre Aifficult to duplleate,
Ite only requivements are a 4.,¢, power source, ususlly 220
volts, and & ballast resistance, It has been found gatis-
Tactory for use with = wide range of bose materisls, Un-
fortunately, the d.c, are is erratic in its behavior and the
reproducibility of aspectral lines obtsined from thle aocurce
ig poor.

Kany workers have attempted to overcome these objections
by various devices, Vincent and Sawyer (34) ﬁt&ﬁllixea the
arc conslderably by rotating the lower electrode at about 600
revolutions per minute, A rotating magnet (35) se well as a
magnetic field (36) has been used Lo stabilige the discharge,

Probably the most satlafactory means of redueing the
light source fluctuation and ites effects is through the use
of various buffers snd through the judilclous cholee of an
internal standard. Strock (37) hae pointed out thst progress
hae been made in applylng d.e. are methode to the analysis of
refractory materinle only through the use of these methods,

He polnte out that a small sample placed in an are orster



behaves very similarly as would a larger bulk placed in a
m&iallur&iaai‘furnaﬁaﬁ He further shows that the fraectional
Aistillation effects ean be made a more gradual process when
a sultable buffer, e.g., graphite powder, is used, If the
internal standard which is chosen @@ﬁgaaaag~u,aimiiaﬁ vola-
tility as the unknown materisl and has similar exeitatlon
eharacteristions, it is poseible to compensate for the erratic
behavior of the d,¢, are, As was pointed out earlier, Fassel
(20) obtained a high degree of precision by means of an in-
ternal standard which exhibited almost an ideal behavior.

It will be pointed out later that prellminary experimenis
irdicated that the d.e¢., are was inadequate for high precision

analysis of zireonium,

2, _Bpark gources

Earlier 1@?&&&15&%&?& soon realized that an alternating
current epark exeltation would be somewhat more controllable
than thﬂ\ﬂ.aﬁ are. Meggers (38), for example, in his classle
papey aamanstratimg the feasibllity of spectrographic analysis,
used this type of excitation.

At present a large share of the q&aﬁtitativﬁ analyaie of
metals is accomplished by means of a.c, apaﬁk sources {39),
In earlier work an uncontrolled, or fréawrunning spark, was
used, A typleal example of sueh s spark consisgted essentially

of a 10,000 to 40,000 volt transformer, a capacitance of 0,002
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to 0,02 mierofarad, an inductsnce of a few hundredths of a
millihenry, and s resistance of a few ohms, The analytioal
gsp, the self-inductance, snd the resistance were uaa&rin
serles acrose the secondary of the transformer with the
- eapaclitance connected im,par&llﬁl~with the gap. |

One difficulty observed with this aauram #aa the in-
ability to obtaln a reproducible braakwé@wn'paﬁéntial of the
gap. This in turn affected the stability of ﬁhﬁ a@&r@a and
regsulted in a lack of praﬁxs&eﬁ in the gpectrographic results,
In order to overcome this defeet, Feusener (40) prﬁyaaea the
use éf a so-called controlled condensed epark diseharge. In
this type of eireult g rotatory interruptor whleh is operated
by a synchronous motor controle the sparking potential so |
that the dlscharge takes place only when the condenser is at
peak voltage. |

Vincent and Sawyer (34) have simplified the original
Feussner circuit and this eircult ie shown in Figure 1. The
transformer charges the condenser C which ie discharged at
the proper moment by the gynohronous gap. The discharge then
takes place through the reeistor R,, inductance L, and the
analysis gap G. The peak voltage is 40,000 volts, and the
eireult constants R, L, and ¢ may be adjusted to give dif-
ferent types of diseharge,

While the exelitation sources which have been described
thue far have found widespread use in modern specirographic
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Flgure 1.

Controlled Spark Circuit

_6"7
[



#3530

lsboratories, they fail to prmv&&avaertaim'rafim&mantn which
sould be desirable. | ‘ | | _  -

‘The spark sources thus far considered have the following
shortcomings: |

1. fThelr use results in s lack of sensitivity of the
‘ gpectrographic method, : '
2. They fall to provide for means of employing very
. high values of capacitance so that an overdamped
discharge may be obitsined, Thie type of dlscharge
possegses a long time conetant end pagpses large
amounts of energy through the analytieal gap.

3. 'They do not provide mufficient flexibility in the
type of excitation which may be obtalned,
3, The multisource unit
Hasler and Dietert (41) recognized these limitations

and have deseribed an excitation source, termed s multisource
unit, which was designed to correct them,

The baaia eirecult is shown in Figure 2. 1% 1s composed
essentially of two parts, a high voltage ignitor eircuit and
a low voltage power eireuit. During the charging eyele, the
power condenser -- also the ignitor condenser -.- 18 charged
to a definite peai voltage, The ignitor @ircuit initiates
“the dlscharge at = selected time during ﬁiﬁﬁﬁrkthﬂ charging
or ﬁia@h&r@iﬁg ﬁwr&aﬁt The time of initiation is regulated
by means of the synchronous gap, and ocan be adjusted with
great precision, After the apalytical gap has hﬂan broken
down by the ignitor ecirecult, tha‘large aanﬁ»nsﬂf bank dle.
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charges through a power resistor, induetance, and the ana-
lytieal gap., 8ince the inductance and resistance may be
varied as well as the ecapacitance, wide, controlled vari-
atlone may be obtained with this source unit. A bullt-in
omseillographie unit illustrates the wave form of the dle-
charge and charge currents,

Hasler and Dietert (41) show that there is a2 complete
geparation of the charge and the dlscharge current, if the
ignition takes place after the condenser is charged, and
further show that the discharge is independent of the low
powered lgnitor cireuit. Thus it i& evident that if means
are avallable for controlling the peak voltage to whieh the
power condenser lg charged, exact equality of discharges
should ocour. These workers have also found that the proper
cholece of elrcult conetante has s stabllizing influence on the
discharge, ;

It would be expected that the preecision which 1s attain.
able with this source unit would be very high. This has been
fourd to be true, for it is by the use of such an exeitation
source (together with electronic methods of measuring light
intenslties) that the error in analyzing ferrous materiasls is
approximately =0.37 (18).

The fact that very high valuee of capacitance may be en.

ployed is of interest from several viewpointe., As wap
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mentioned previously, this allows the use of an overdamped
diegcharge which passes large amounts of energy through the
analytieal gap¢ Thie 18 of interest in the ¢mse of the exe
eltation of rarra@ﬁaay ma%&r&a&s where the vagﬁrixaﬁien of
the sample is p&rti&ulawly &iifiaulﬁ. Herdle and Wolthorn
(42) have used this type of diﬂah&r&& successfully in the
anslysis of slliea refractories for various impurities, Hels
and Seribner (&5) alao fourd this type @f‘&imﬁh&rge to be
uaa?ul in the analysie of portland amm&nﬁ; |

mne use of an av&rdamyaﬁ E@ﬂﬁﬁﬂﬁ&f‘ﬁlﬁ%h&?&@ has been
shown o reeult in a minimum of self.reversal effects if the
proper line pair 1e chosen, By t&e wrﬁm@r‘ahaiae of source
eagpaan%n a discharge may be obtained which exeites lines
whiech start and end in h&$h~an@rgy gtates, it has been
pointed out that these lines are less su#aﬁptxbie to self.
absorption. Hassler (41) has shown that 1ﬁ'th& oage of the
analysis of copper in aluminum, aylinaar relationship holds
between intensity ratio and asnaentra%ian‘avmr}a two-hundred .
fold f&riatxén of values. 8ince the elope of thie funotion
was unity, there was little or no self.absorption in this
esse, B | |

The characteristics of thia diacharge arsyauah that small
amounts of %&wyla sra vaporiged during aa@h half eyele, Be
cause k%ﬁr@ is s rﬁlatkvaly large quantity of eneygy available
for the exmi%atian of a small amount of aampl&, it might be
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expected that the extraneous effect would be minimized. 'Whils
there has ﬁaen very little work done on the aff@@% of extrane-
aua’ﬁaﬁeﬁiala in a discharge af‘ﬁhxa type, ﬁgszgw'{laé bé -
lieves that the successful application of ap@é%&%@t&yhle neth~
ods ta‘%h$ amaiyéia of high aliay aﬁawlaraapa@ﬁs»znvpart upon
the use of such a diseharge. %hallsttér aaa‘axﬁimﬁﬁ inatrm~
mental in eliminating the effect of large changes in the con-
centratlions of the alloying elements, .

F. Problem of Photometry

The photogrsphic emulsion has in the past proved to be
the most pcyulaf~mﬁﬁ1mm for the measurement of the radiani
energy emitted by the excited atoms. Although the recent in
tm@%ﬁnﬁ&ﬁmhw%%gm%@a%%#&&&&%nm
tended ﬁa supercede ghmtagra@hie methods wh&rﬁ & large volume
of routine snalytical work must be done, the latter method
wlill no doubt continue to be an important technidue for many
Years, Avantages whieh photography possesses include its
high sensitivity,its feature of integrating the light whieh
falls on the emulsion over the entire period of exposure, and
its ability to record a2 large number of spectral lines simule
taneously. It also constitutes a permanent r&aﬁmﬁ. it is not
without its dieadvantages, however, and in a@aﬁr to use it

successfully in quantitative analysis, careful attention must
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be given to the eontrol of its many varisbles. These vari-
sbles include 1ts non-linear response to light, 1ts awﬁmma
of sensltivity and contrast with wave length, and 1te change
of contrast with temperature and time of development.

In spite of awaa@,apnwwazwwyga the photographlc error
oan be made guite small by means of eareful techniques,
Kaiger (48) and Vincent and fSawyer (49) have shown that this
error is much smaller than that involved in the excitation
panple, These conclusions were eritized by Irish (50) be-
cause Kalser econfined his study to but one plate, and Vincent
and Sawyer limited thelr etuly to a few plates exposed over a
fhort period of time, Irish elaims that the photographic
error lg considernble when spectrograme and photographic
plates are used in large quantities,

The errors associnted with photographie photometry may
be minimized by the proper control of several experimental
conditions. By a restriction of the wave length range and
through the use of a ¢ﬁa§gﬁmﬁ@¢»a@wwwfaeaaﬁawwaﬁ developing
machine (51), the errors arising from these factors may be
reduced %0 a negligible quantity. The use of an internal
standard compensates for any residuasl errors from such sources,

The problem of determining the plate response to radiant
energy is one which merits eareful attention., Harrison (52)
has reviewed the variables associated with this problem and
discusses the methods available for ealibrating the photo.
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graphiec emulsion, Sawyer and Vincent (53) hQV@ ghown that
the most precise methods involve either the fundamental in.
verse square law or the use of stepped filters, The former
has the disadvantage of its lack of convenience, and the lat.
ter are difficult to prepare and calibrate,

Beenuse of its convenlence, a rotating logarithmic sec-
tor diek in front of the spectrographic glit ls a widely
used method of varying the lizht intensity by a fixed amount.
Webb (54) has shown that if the sector 1s rotated at suf-
ficiently high speed the intermittency effect 18 negligible,
Lack of uniform slit illumination and non-parallelism of the
8lit jaws will cause errors 1n emulsion calibrations which
have been prepared by this means., Zinece a short slit length
may be used, the two-step method of Churchill (55) reduces
suech errors,

When the internal standard line has the same density as
the unknown line, the errors in photometry due to the plate
responge sare at a minimum, This nay be ahawn by the fol-
lowing considerations: Over the atraight portion of the plste
enlibration curve the following relationship is valid:

log -.“- = Ylog I
where T = per cent transmission
Y = slope of the line
I = vrelative 1mt@nsi§y'
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Then, taking differentials,
d \ochT = VYdlogl 4 \031 dv

404
1. S = legldy
I - Y
This expression shows the relationshlp between the relative

error in intensity, ‘5‘% , the relative error in 1/T , the

error in the emuleion eallbration dV , intensity I, and

slope Y ,
If we asgume the following values,
a(1l/m) |
-~ = +0,01
/T
I = 2,03 log I = 1,31

the ml&twg error in intensity ie »0.13 or +137, Hwewér,
1t is obvious if two lines I, and Iy are equal in density,
1.e., have the game transmittancy, the ratio of the two is
unaffected by errors in Y .

Conegider another mmvm whieh I, =z 2,0 and Iﬁ = B,0,
or I/I, = 4.00, and the other values of ¥ , a4V and %@é_ﬁ
are assumed as before. The relative error in I, 1is +13%,
thue I, = 2,26, The relative error in Ig is +16,37,

Then I = 8.00 « 1.31 = 9.31

I
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" ‘The final error in measuring the line pair ratio is then
+37, and it ean be shown that for larger ratlos the error
eontinues to increase. Furthermore, the same treatment ap-
plies to ratios lese than one, Finally, it may be stated
that, while the internal standard method decresses the errors
in photometry, this method beeomes leas precise as the ratios
&@v1a§$ fram'aﬁity; This is in sgreement with the conelusionse
of Sehmidt (56) who discusees variance 1n'apee%raen@miaal
anaslyelis from a different point of view,

When determining high aanamﬁtraﬁians in order to reduce
the photographic ﬁrrwr to a minimum, i1t is necegsary to have
working ocurvee whose intensity ratios do not differ greatly
from one, This necessitates the use of several line pairs,
sach of whioch is useful over a short range of concentration,

In the work deecribed herein such a plan was used,
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IV. EXPERIMENTAL

A, Apparatus

¥uch of the apparatus employed in this research has been
degoribed (57}.‘ A 2l-foot grating spectrograph, manufacetured
by the Jarrell-Ash Company, (Boston, Massachusetts) was used
in all of the axp@rimsnts‘ This is a fully automatiec instru«
ment having a dispersion of 5,1 A/mm in the first order spec-
tra, 2.5 A/mm in the second order, and 1.7 A/mm in the third
order, |

The external optlecal gystem was designed to give uniform
illuminstion on the slit, It employed a 10.5 om. focal-
length eylindrical quartz lens with axie vertieal, placed
A4 em, from the slit, and a 50 em, foeal length quartz lens
with axis horizontal, placed directly in front of the slit,
Two eoylindrieal lenses were used, rﬂﬁhgr than a gingle
gpherieal lens, in order that the li@h# would fill the
grating horizontally without exeeeding it vertieally. The
source was 55 em, from the slit.

The electrodes were aligned by means of = projection de-
Viece desoribed by Smith and Faesel (58).

A rotating sector of the triple sector-disk had a relative
exposure ratio of 1:11.585,
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B. Emulsion Calibration

A determination of the response of the photographic
plate to radiant energy must be made in quantitstlive spectro.
graphle analysis, Probably the most convenient method of
earrying au§ #uch a ealibration is by means of a rotating
stepped sector, It has been shown by Webb (54) that if the
gector 18 rotated at 3000 revolutions per minute any inter.
mlittency effect is negligible, '

%imsa:tna 1llumination w&a}&ﬁitarm only in the eentral
portion of the slit, a two-step method of ealibration was
uged, This has been thoroughly deseribed in previous work
(57). Beesnuse a stroboscopie effect is observed when this
method is used in conjunction with an a.c, discharge, it may
not be used with suoh sn excitation souree, In the ¢ali-
bration of all plates used in this work, a d.e. iron are
drawing &*3 amperes was used as the light source,

The preparation of a preliminary curve ie advantageous
in %h&t 1t‘ameakh£ out the fluetuations in the densitometer
resdings, 1t was pr@par&& in the following manner: The iron
are wag exposed through two steps of a rotating stepped sgeector
and the per cent transmlssionsg of iron linee in the desired
wave length region were @ﬁaauraé in both steps, Thus, the in.

tengity ratioc of a partlceular iron line in one step to that of
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the same line in the other step was 1:1.585., Several (12.15)
lines were mensured over a wide range of transmitisney and
the per gent tranemission of one step wag plotted against
that for the other step on two-eyele logarithmic paper, A
smooth curve drawn through these points constituted the pre-
liminary curve., A typleal example 1s shown in Figure 3,

The final emulsion ealibration curve was obtalned by
geleeting ae an ordinate a per cent transmiseion higher than
any whieh occurred in the experimental work and assigning it
an arbitrary relative intensity of one, The abseisaa corre-
sponding to this ordinate then had a relative intensity of
1.585, fThis latter reading wae applied as an ordinate and
the abecises corresponding to 1t then had a relative inten-
sity of (1.585)%. This process was continued until a per
cent transmission lower than any used in the experimental
work was reached, A plot of log per cent transmission against
log relative intensity gave the desired emulsion ealibration
curve, The calibration curve corresponding to the preliminary
curve given in FPigure 3 is shown in Figure 4,

C. Preliminary Experinente

It was necessary to give some attention to the form of
the sample which c¢ould be used for gxapa@«»@a., Al though

Feldman (10) successfully excited solutions of zireonium, 1t
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was felt that any method of analysis using auah'aalukiana
would be limxta& to soluble salts. Sinece it is difficult to
digeolve gzirconium oxide, and since this le one of the more
common forme of girconium, such a method would not be practi-
eal for analyszing oxide samples, On the other hand, since it
ig relatively easy to convert prretiocally all zlreonium salis
(the phosphate is a notable exception) to the oxide, it wase
deecided that this would be the logical sample form,

Some preliminary experiments were earried out using s
high.amperage d,¢, are sas the exeliing source on a mixture of
graphite and oxide. 9trock and Drexler (62) ard Feldman (10)
had previously observed that the refractory nature of szir-
eonium oxide ¢mused difficulties in obtaining a reprodueible
vaporization and exeitation in this type of disaharse* This
obgervation was confirmed in our studles, arnd it became evi-
dent that if a high-precisglion method of analyszing hafnium-
zireonium mixtures were to be developed a moré reprodueible
gource of excitation would be neceseary.

The use of an over-damped eondenser discharge to exelte
the gample appeared to have several advantsages over & con-
ventional d.e, are., It is possible not only t¢ obtain a con-
trolled, reprodueible disgeharge, but to @mplgy high current
density discharges which impinge upon the saﬁpl& surface and

form suffieciently high temperatures to vaporize the gzirconium



A6

oxide, Such s discharge has been used successfully to
~ analyze é@m&ﬂta and other miﬂeral‘nraéu@té (63). In these
investigations the a&mple was mixma with graphit@ %ﬂﬁ prasa@d
into pellets, The 9&11@% was thu& r@naerea ] a&nﬁu&tar and
was used ae the iammr al&etr@éa.
| A elmilar wa%ha& of ﬁam@la p?@parakian wae found appli-
eable to amaly&iug mixtures of hafnium and xir@anxum oxides,
Experiments concerning the @x&d@;grapmxt& ratio were carried
@ut simultaneously with thoese on the multisource nansﬁants.
It was found that the aﬁr@ﬂgﬁh of the pellet was determined
by th& graphlite-oxide ratia, an& that the p@llet diginte
grated if the disecharge wne too powerful. An oxide.graphite
_ratlo of 1:1 banm#mﬁ satisfastorily together with multlisource
constante 14 mlerofarads, 480 microhenries, and 65 ohms,
Later experimente showed that an oxide-graphite ratio of li4
eould alec be used., fince th@yhafn&uw concentrates are rela-
tively rare, this rﬁﬁaetian in sample r@%uir@men% was of
value in ealibrations at higher hafnium aanwenﬁraﬁiwna¢

When the galleﬁ waoe made the positive electrode, the
discharge was somewhat erratic, but if the pellet wae made
the negative ﬁiaanrﬁd@ this behavior wae minimliged. Further-
more, sﬁ@h 8 polarity was found to effect an increase in the
intensity of the hafnium lines, This effect wan desirable in
that an increased sensitivity for hafnium could be obiained,

In all the work reported here, such s polarity waes used,
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since the properitles of hafnium and zirconlum are very
elmilar, zirconium was the logleal eholee of an interpal stan-
dsrd in determining hafnium. Sinee an 1deal internal standard
zn,aﬁé waiun possesses similar volatilization =s well as ex-
citation oharacteristics, an iﬁ?@ﬁ&xgaﬁiag of the relative
volatility of hafnium and girconium was made,

& moving-plate technique wae employed in this study., The
procedure gonsisted of making short Qﬁns@euﬁiva exposures,

2 mm, in length on a plate which wes moved up 3 mm. for each
exposure, Representative hafnium and sireonium lines were
ldentified and the intensity ratios of the lines were deter-
mined, This ratio wae plotted against time and is shown in
Figure 5, 1f any selective distillation took place in the
disehnrge it would be quite evident from such s plot. It is
¢leay from the figure that halnlum and zirconium wér@ volaw
tilized equally in the dlscharge.

If no fraetional diptillation occurred, 1t was evident
that in all probability the same pellet could be used more
than once, 8Sinece it would not be necesmary to prepare sepa-
rate gamples, this would be a distinet edvantage in any future
studies on exeitation, preeision, and effects of other vari-
sbles. In order to confirm this premise, an experiment was
earried out in whieh an@,palleﬁkwaa excited ten times and was

compared with ten pellets, each excited but one time, The
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results are shown in Table 1, Slncoe there was no evidence of
selective excitation, it was concluded that no error wss in-
trcduced when an individual @ﬁllﬁt’nas excited more than once,
Furthermore, in a preeision study, which will be discunsed
later, one pellet was used for fifty determinations and
showed no slgnifiesnt ohange in its intensity ratio,

Tabkle 1.

Effect of Exelting One Pellet Ten Times Compared
with ﬁxai%zng’Xn&ividu&l ?&Xiata One Time Fach

R PN A KB Al
et e e o et S e S T R

Pellet exelted consecutively | Individual Fellets

Tar 2861,7 lur 2861.7
2 2856,1 Lo 2855.1
1.08 1.09
1.08 1.08
1.07 1.08
1.09 1.07
1,08 1.10
1.08 1.08
1.08 1.10

rverage 1,08 Average 1,08

The line pairs used in thie research were selected with
some e¢are, The primary eriterion for the eholce of these
lines waeg that the exeitation potentlials be similar, The
reagoning which led to this restriotion was discussed on

page 17, It will be pointed out later that the eholice of a
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line pair which did not possess the proper excltatlon char.
acteristics resulted in » three-fold lnerease in the experl-
mentsl error.

It wag fortunate that the spark epectrum of both =zir.

. eonium and hafnium hed been clageified (64, 65). This made
it poesible to choose lines which originated from the spark
spectrum for the Qquantitative ealibrations. Sueh lines
originate in higher energy levels and should be subject to

a minimum of #axrawﬁvarsai. Sinece the lonigzation potentlsl
of gireonium has been determined (66) as 6.93 elestron volts,
the exeitation potential of the Zril linesg could be ealeuw
lated,

There is some dissgreement in the value of the ionization
potential of the neutral hafnium atom, Hubbard and Meggers
(67) 1ist its value as approximately 5.5 e.v. but Finkelnburg
(68) elaims 1% should be T.6 e,v. Finkelnburg's value was
¢nleulated from regularities in the soreening increment
throughout the periodie table, Meggers intimates (69) that
his value i1e¢ based on some unpublished data, All values of
the &xaitatién potentials for hafnium lines are arbitrarily
baaed on Meggers' walue of the lonization potential,

Line pairs were selected which would be relstively free
from interferences, Sinee iron and titanium almoet invari-

ably are found in szirconiferous materials, particular eare



5l

wns btaken Lo use lines whieh were not subject %o serlious
interference from lines of these elements, ;

‘Certain photometrie considerations also were factors
in choosing a line pair. Since the sensitlvity and response
of the photographie emulsion change with wave length, 1t is
deeirable to choose lire palrs within 25 & of each other,

This eriterion was adhered to falrly closely except in the
eage of HFII 3109,1 and 7Zrlil 3164.3. 9ince the plate response
¢hanges vérylliﬁtl@ with wave length in the region, and sinece
“the other considerations were favorable, in thls ease a larger
wave length interval was neéaagary. - The faet that it was nd.
vantageous to uee intensity ratlios near unity was an addi.
tional faetor in choosing line pairs, The reasons for such

a eholee have been dlsoussed previously in this paper,

The line palrs which were chosen for the quantitative
ealibrations are listed in Table 2, The wave lengths are
those listed in the Massachusetts Institute of Technology
~ Wave Length Tables (70},

D. Anslysis of Hafnium-Zirconium Mixtures

The expression relating intensity ratio and concen-

tration wag shown previously to be

Ly Ch

log Ig = n log gg + k
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T&bxe 3.

ﬁummamy of Operating canéitiaﬂa far Aaalyming
Hafnlum«Zirconlum Mixtures

B el s e T e MMMWMWWWW

%@@ﬁtraarapn Jarrell«Ash 21l-1t, a%ismmzie
, grating spectrograph with opti-
aal %yatam previously described

Upper electrode (positive) Graphite rod, 1/8 in, dimmeter
and 1 in, l&ﬁg pointed at one
- end

Lower electrode (negative) Cylindrieal pellet prepared as
: described above

Analytical source An overdamped 60 ayala a0,
digeharge with arc-like @haraau
teristics obtained from ARL
Multigource with the following
constante:

Capacltance; 14 microfarads
Inductance: 480 microhenries
 Registance: 65 ohma

Phnge angle: 30 degrecs

Expaumr& tine 20 seconds

g1t 0,05 mm,

Emulsion 8A No. 1 (Eastman Kodak Co.)
Wave 1eag&h,ra$iem 23003500 A

Order First

Sector T~step sector

Development 4 minutes at 21°C, in D-19 with

continuous aglitation

Densltometyy ' ARL Comparator-Dengitometer
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8ince the ziroonium oxide contained some residual haf-
niue and the hafnium oxide aantaiﬁﬁﬁ g@me'residual,zirabnium,
1t was necessary to determine the amount of residual present
in each., This was done by the method Gr‘gﬁr@»int@rﬁaptﬁ'(TL).
A plot wae made on m&ilimetaﬁ»dwmw&ima&a paper of intﬁnaity
ratio vs, concentration ﬁﬁﬁfgrix 100) of standard as prepared,
l,e,, the xira&uium oxide wag assumed gu#@, When the points
were extrapolated to gero Hf/Zr x 100, it was found that this
gave a finite value of the inteneglty ratio. Sinee sueh a
plot must give gzero intensity ratic at zero per eent hafnium,
the ocurve was ﬁiﬁplaeﬁﬁ laterally o that it passed through
the origin, The amount of this displacement wag then a
- measure of the hafnxﬁm,aemtaat of the zirconium oxide,

A pimilar correction was made for the girconium remsin-
ing in the De Rewsl hafnium oxide, Later in thls research a
more highly purified sample (labeled 99,57 HfO,) was obtaired,
and the same technique applied to determine the residusl zir.
eonium, After allowing for the zirconium content of the two
gamples of hafnlum oxide, working ocurves prepared from esch
ecineided,

Figures 6 and 7’§haw the magnitude of the eorrections
which were applied,

A sample of zireonlum oxide econtsining negliglble haf.

nium {(~300 parts per million) also beecame avallable from
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?émta Mineral Company EPhiiaﬂ&lpb&a, ?gmﬁaylvanim}* Atandard
ﬂample$ fpr the range Hf/Zr = ,04.350 then were prepared on
ﬁﬁa bas&akﬁfkpurs 7r0g and HfO, eontaining 1,80 zr/Hf x 100,
| The final working curves for the mixtures were obtained
by plattiag log iﬁtemaxﬁy‘raﬁi@ against log Hf/2Zr x 100,
}?haywarw shown in ?1ﬁu§a 8. With ene»eznapﬁian the working
eurves aim all ¢loee to ﬁhﬁ theoreticoal alapa of one, This
t#aﬁ serves to demonstrate that little or no self-.sbsorption
took place, The exception, the line using HfII 2861.7 and
Zril 2839.3, has a glope somewhat less than one., This was
obeerved, 1t is balxavea, beeause of the presence of a small
smount of continuous backgrourd for which a correction could

not be made,

2, FEffect of operating varisbles

Hixtures of hafnium and zireonium should conetitute an
ldeal combination to study from the point of view of the in.
ternal standard prineiple, Line palrs having very eimilar
as well as two-fold differences in exeitation potential were
avallable for study, Since it hae been shown that there
wae no difference in the relative volatility of the two ele-
mente, varying the experimental conditions could be ocompared
between such elasgses of line pairs.

a, Type of excitation Hasler (41) hae shown that a

multisource unit, by a variation of only the reslstance
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parameter, ean give s variety of excitation corditions, He
shows that, for a glven wg&;&&%ﬁ&a and oapacitance, the dlis.
charge changes from an are-like to s oritiecally damped
(spark-iike), then to an overdamped dlscharge having aro-like
echaracteristics when the resistance 1s gradually Aincreased,
Several line ﬁaw%a,a@uw measured under such swn@ww varying
exeltation eonditions, Figure 9 shows the varistions which
were obgerved in the different line pairs, It is interesting
to note that the lirne pairs HBfIL 3109,1/7rii 3164.3 and
HPII 3000,1/7rlI 3003.7 are se constant as the pairs
HEIL 2975.9/HFII 3109,1 and 2ril 3164.3/7rIl 3003.7. That
the line pair HEII 2975.9/2ril 3003,7 exhibits a definite in-
crease in its ratio is difficult to explain, eince its ratio
of exeitation is nearly the same ns the previous HfIL/2Zril
line pairs, . |

Line pairs which possessed two-fold differences in exci-
tation potential might yg,@»@gaﬁ@& to exhlibit marked changes
in their intensity ratios under the conditions of the experi-
ment., This le actually what was observed, It will be noted
that not only the HfII/Zrl ratios, but aleo the 2rlI/zrl
ratlos varied quite considerably. While a more quantitative
study of the preeision of the two clagses of line pairs will
be presented later, 1t will be noted that the precision of
line pairs having a marked difference in excitation potential

is muech less than that for the other line pairs.
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b, Extraneous materisls The effect of the presence of

other impurities on intensities has been discussed previously
in this work (p.23)., ®uch an effect wae studied in the sys-
tem under consideration with two different materials. Sodium
chloride was chosen for this gtudy because sodlum possesses

a low regonance potential and scdium chloride is quite vola-
tile. The addition of this compound afforded an extreme test
of the effect of extraneous materials, Calclium was also
studied because it is a common lmpurity.

In the first o=se, sodium chloride in varying amounte
was mechanienlly mixed with a sample of gzirconium oxide con.
taining 2.77 hafnium., The pellets were excited and the ine
tensity ratio of HfII 2861,.7/2ril 2856.1 and RfII 2822,6/
rl a&ﬁl,é were determined., A similar study, except for line
pairs, was made using calolum as the extraneous element, In
this ¢ase the ealeium wap added to0 a solution of zireonium
and hafnium, the hydroxides preecipitated, evaporated to a
slurry, and ignited to the oxide., In this manner the e¢aleium
should form a more intimate mixture than could be obtained by
dry grinding.

Figure 10 shows that in the ease of the system under obe
servation, the effect of these added materials ean be neg-
lected, It will be noted that even those line pairs which
have an unfavorable relationship of their excitation potentisls
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show the same lack of response on the asddition of $xﬁranewus
~elements as do the other line pair. Thls indieates that the
type of discharge which was aaéﬁ tended to éliﬁ;ng%e the
effeots of such added materials. . ’

¢, Base materials In view of the constant intensity

ratios which had been observed under widely varying exeltation
cordltions, and in the presence of extraneous elements, an ex.
periment was earried out to show whether or not different zir-
conium salts could be used for analysis direetly. Zirconium
pyrophosphate, selenite, and zirconyl nitrate,‘sulta%e and
¢hloride were prepared fram»ﬁb& aama‘base material, Pellets
of these #alts mixed with graphite were prepared and excited,
Table A& ahawa the average afltripliaaﬁe eXposures, ‘it will

be noted that such salts may be uped ﬁir@@%ly‘in carryiﬁg out

an analysis,

Table 4,

Effeet of Using Zireconium Salts
ss Base lMaterials

s .

Bage material ; ; ;Hf‘~1$9,l
ZrQ, 1.75 1,07
m‘ygﬁs} & 1;73 E ) agg
Zr0Cl e - 1,72 ' 1.04
2r0(N04 ) s 1.68 .98
ZrOf0, ' 1.62 .99
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& simllar experiment was oarried out using some zlr-
conium metal which had been prepared at the Bureau of Nines,
Téﬁ metal was machined to 1/4 ineh diameter rods and was
excited alang.wiﬁh gireonium oxide p@ll&%a whieh had been
prepared from the ssme metal, Zireonlum turnings from this
metal were algo pressed into pellets and exelted, Beoause
preliminary experiments showed differences In the intensity
ratics, nine exposures of each sample were made to see iIf
the observed differences were significant. Table 5 shows
a comparison of the three samples in whieh the walue reported

is an average of nine determinations.

Table 5,

Comparigon of Hf/Zr Intensity Ratios Using Pellets of
Zirconium Oxide and Flectrodes of Zireonium Netal

Sample : Xﬁf 2861.7

Ior 2856.,1
zirconium oxide ' l.22
Zirconium wetal 1,16

Zirconium metal turnings 1:31

There appears to be deflnite evidence that there are
glgnificant differences in the intensity ratios. This 1s
gomewhat difficult to explain, although one may postulate
that in the case of the oxide, there may be a slight differ.
ence in rates of decomposition, This wauxd'than be reflected
in a lower intensity ratio,
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4, Graphite-oxide ratio  The effect of ueing varying

&ra@hitamaxiéa ratios were invaatigaﬁed ‘Th@'reaultg are
tabulated in Table 6, | | :

Tabla 6.

' Effeat @r &raph&ﬁawﬁxmd@ Ratio on
Intensity Ratlo

@mpmwmxma ii&f E&ﬁ?.?
ratio Lzr 2839.3
211 437 L229 1,16
Ael A28 225 1.16
6:1 o3 222 1.16

Spparently changees of this ratio have little effect on the
line pa&r intwnsiﬁyﬁ ,
e, Crystal strueture In thelr studies on the spectro-

graphie analysis of cements, Hssler and co-workers (63) found
it nesessary to reduce thelr samples to » standard form, I
had bw&ﬁ‘r@paw%é& (72) that it was necessary to use a standard
erystalline form of girconium In order to obtain consistent
resulte, In view of the work described previouely it was
thought that the internal standard pﬁimeipl&‘waﬁld correct for
such variations in erysialline form., A sample of zireonium-
hafnium hydroxide was ignited unﬁ&r.ﬁ%ra@ different aanﬁitimna,
one at‘lﬁﬁ“; a second at 700 apd a third at 11009, All were
ignited for two hours. The latter @wakaamplas should possess
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different erystalline forms, The results are summarlged

in Table 7.
Table 7.
Eftaa% of Tenmpersture of ignition
on lnimnsity Ratio

Temperature _Hf 2861,7 Tge 2975.9  lmf 3109.1
’c, zr 2839,3  “zr 3003.7  “zr 3164.3

125 1,18 413 . 227

TO0 1.20 JAlh 226

1100 ‘ 1.16 JA09 .226

The conelusion whieh msy be drawn ie that there is little or
no variation of intensity ratio with chsnges in orystsal

gtructure inytnia system,

Precision

Hueh of the data concerning the precision of speetro-
chemioal methods whioh are in the literature were obtained
by making a number of exposures on a gingle photographle plate,
Sueh a procedure gives a false preeision because errors which
arise from the photographic photometry are less than would
ordinarily be encountered, All prescision studles which are
reported in this work were obtained from single exposures on
separste photographie plates, In order to minimize errors
whieh mlght be attributed to the emulsion grain, trans-



5 8

mittaney readings were made on two or more steps, l.e. all
those stepe in which the transmlttancies of the spectral
lines were between 77 and 757,

The intensity ratioc HEf 2861.7/7r 2856.1 of one standard
gample was determined 50 times on 50 separate plates, A
routine spectrographer excited thie sample and determined its
intensity ratio together with routine samples with no extra-
ordinary preeautions, This precision was a measure of what
might be expected for routine determinations. The per cent
standard deviation for single determinations on this sample
was 1,40, PFour values were discarded in thie caleulation be-
eause thelir deviations were more than three times the stan.
dard deviation. A histogram of the distribution of intensity
ratios 1 shown in Figure 11. |

The precision of other line palrs was determined by ex-
pmwiﬁg #amplms of appropriate concentrations twelve times on
twelve éiffareat p&mtéa*' Iin arﬁer ta 1lluetrate the 1&p0§»
tance of choosing the proper 11&&&, the preclsion of inten-
8ity ratio of two lines having sn unfavorable ratio of ex-
citation potential wes determined, The precision data are
tabulated in Table 8, It is aisniriaaﬁﬁ to note that the
precision of the line yg;rﬁ having similar exeitation poten-
tials (which were used in the preparation of the working

curves) have a per cent standard deviation in the order of
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1-27 while that of unfavorable line pair HfII 2975.9/7rl
3022.5 18 5.05%.

Precision Study of Line Palrs

oy

femple No. Per cent hafnium Line pailr  Per cent stana
dard deviation

1 | 13.8

1.26
2 . 37.5 1.68
2 37.5 5,05
3 50,0 gili ;xaézg 1.96
4 69.2 BELD igggf% 1.35
5 85,1 ‘ 1.95
6 95.4 HELL 2857.6 .87

Zril 284k,

A measure of the seccuracy of thig method was obtained in
three ways: (a) comparison with standard ssmples prepared by
an independent laboratory, (b) comparison with independent
spectrographie results, and (e} comparison with s chemlesl
method .
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Table 10.

Comparison of m@maaﬁamﬁmwﬁwa Resgults

Per cent wawzwaa in mixed anwa@a

ET I C N

dample : Péliet method : Osk Ridge : National Bureau
“ + of Standards
1 .30 .23 30
2 .86 .85 -
.W M-g mtwwy i d

consideration it is somewhat doubtful if such a oriterion
applies, The selenite method, deseribed previously, is not

a simple procedure and suffers from errors which were previ.
ously discussed. Nevertheless, spectrographic determinations
of the hafnium content were msde on some mixed oxide samples
whiech had been analygzed by the selenite method by Prof., E. M,
Lareen of the University of Wiseonsin ﬂquu. A eomparison of
results are tabulated in Table 11,

Table 11,
Comparison of fpeetrographle and Chemieal Determinations
t Per cent hafnlum in mixed oxldes
Sample K Spectrographic Chenmiesal
A 9.54 9.18 0.3
B 13,3 14,72 0.3
E 35.0 36.93 ﬂa o2
H 50.0 me.mm Q.m
J TL.9 4 4w.mw %0.3
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It will be noted that, with the exception of sample A, the
values abtainﬁa by Prof. Laregen are conslstently high compared
With our results. He states that the oxides were pure binary
mixturees, but that the selenlum ﬂiaxiﬁg whxaﬁ he used to pre-
pare the selenious acld was oontaminated by some unknown ele-
ment. The contaminant 1mpartﬁﬁ:a,ﬁlxgh$ly brown color to the
ignited oxides, |

it 1s possible that the spectrographic determinations
would check better with the melenite if this contaminant were
not praﬁant, At the tiwme of this thesls no other rémults

were avallable from Prof, Larsen.
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V. SUMMARY AND CONCLUSIONS

it has been demonstrated that the hafnium content of
mixtures eontaining zireonium and hafnium may be determined
spectrographioally over the range 0,1.99 per cent, The ac-
curacy of the method compared very well with independently
prepared standard samples and independent spectrographie
method s, é@mp&riaan with chemienl analyses were satisfsetory,
but tentatively were somewhat low, The precision for gingle
determinations averaged 1,50 per ¢ent standard devistion, A
line palr whose exeitation potentiale differed by s faetor of
two was shown to have a per cent standard deviation of 5.05,

Studles were made on the effect of changing the experi-
mental variasbles, ¢.g,, the dissharge conditions, the base
materials, the oxide-graphite ratio, the erystal strueture of
the oxlde and the presence of extraneous nmaterials, It was
found that these variasbles, with the exception of using metal-
lle materials as samples, had little or no effect on the
ratioe of line pairs whose excitation potentiale were sinmilar,
The ratlos of lines whose exeitation potentials differed by
a faotor of about two showed a wide variation under changing
disecharge econditions, However, such line palre were not af.

Teeted by the addition of extraneocus materials,
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Thig methed of analyslis should prove a useful tool for
the further understanding of the chemioal properties of

these elements.
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