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The Emission Spectra of Lead-Tellurium Allcys
Introduction:

Recently it has bteen shown that an alloy of lead and a very
small amount of tellurium gives a metal rroduct which 1s very
resistant to oxidation. VWhether the alloy is to be exrosed to
the natural forces of corrosicn or to the severe action of an
anodic potential, 1t withstands chemicel action tetter than pure

lezd,

The amount of Tellurium present to give the alloy this
proverty of resistance to ccrrcsion is usually less than one
ver cent. A chemical method for the determination of small
quantities of tellurium in its alloy with lead has been develcped
by W. J. Brown (Ind. Eng. Chew. (Ann. Ed.) 6 pg. ¥28, 1934) and
the rrocedure is very long. Since the stectra of Tellurium is
rather simcle and its most persiaqéht lines, namely, of wave
lengths of 2383,27 I. A, and 2385.78 I. A, are not interfered
with by any le=d lines it was decided that the intensity of thess
lines could be rade the basis of a new method for the determina-
tion of Tellurium in its alloys with lead. This physical method

should be faster and as accurate as the methods of wet chemical

analysis.

The srectrograch has long been successfully used for the
qualitative analysis of many elements. In quantitative work
it is especlally used for estirations of traces and minor const .
uents too small for satisfactory chemical analysis; for rapid

estimations of elements vresent in small amounts which would

require slow and complicated methods of analysis; for deter-
RIS
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mination of the approximate comrosition of materials when
amounts available are too small for cherical analysis. The
rroblem of estirating the amount of Te in Tellurium-Lead Allcys
in this latoratory was based uron the fact that as the concen-
tration of a constituent is increased the intensity of the 1light
from that constituent is increased. The estimations were to te
based upon the relation between the intensities of the Tellurium
srectral lines in the sample with the intensities cf the corre-
sponcding lines of the spectrum produced from stancard samples of

kncwn corrosition.

Many apolications of the svectograph are suggested by
Valter Gerlach in "Foundations and Methods of Chemical Analysis
By the Emission Spectrum®., Although his work is almost entirely
confined to the spark method of excitations, the princirles

involved cover a very wide field.
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Apparztus anc Materials:

The rmedium quartz srectrograrh, an instrument manufactured
by the Bausch and Lomb Co., wzs used in this work. The instrument
used must have sufficient resolving power and disversion to ser-
arate clearly the lines of the constituent sought from the lines
of the cther elements present. At 24C0 A the dispersion is about
6 A per millimeter. The total dispersion of 7,0C0 A-2,1CC A
may be photograrhed on one ten inch rlate.

The instrument must be equippred with an 1lluminating system
to give satisfactory results. A Bausch and Lonb electrode attac¥=
ment with electrode adjustments which move each holder inceven-
dently.in a vertical direction, and together horizontally ty
means of a lateral base adjustment was used in this work. The

electrode stand was mounted on the optical bench.

The lenses may be used for condensing the emission svectra
of the source. The focussing lens requires a spherical lens
of apvroximetely UYem. diameter. It is used to focus the image
of the hot electrode tips just above and below the slit ovening
respectively. The light between these images ray be condensed
with a cylinédrical lens which will concentrate the light vuss-
irg through the slit. (Research with the svectra of the Lead-

Tellurium alloys was carried cut without the use of elther lens )

Mounted on the optical bench is a motor driven sector dla~
phragm which when in oreration will eliminate from 50--100% of

the light, thus permitting longer exposures at lower intensitiigs‘

The electrodes used were regrarhitized Acheson rods.



The photograrhic materials and apparatus used were
Eagtran 33 commercial rlates and D-1 tray developer and

acid hyvo solution.,

Svecial reading lens and lantern, Bausch and Loub
instruments, were used for ctsgervation rlates. A svecial
vernier comparator made by the Lellingham and Stanley Ltd.,
London, was used for guzlitative work in determining wave

lengths.

The timing cevice used was a stancard stor watch.

However, automatic devices are available for special work.
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Kethods:

A-Standard Limits (C. C, Nitchie, Ind, Engz. Chem. (Ann.
Ed.) 1. pg. 1, 1229).

The emission spvectra of an arc 1s characteristic qualitat-
ively and quantitatively of substance beinzg arced, and through
repetition of a set of workable conditions for each exrosure a
spectrogram on a photographic rlate may be produced that will
ghow visually the relative intensities of characteristic lines
of the elements to be estim=ted., Such conzitions of arcing and
exposing must be guaranteed to give a total exposure of a definite
quantitative amount of the alloy during a definite arcing time.
For a given range of intensities the plate is sensitive to the
total amount of dispersed light striking it and the difference
in the "blackening" or intensity of the lines produced will be

relative to the percent of the eleunent to ve estinated.

The avbove princicle was used to determine the reiative
amounts of Te in Pb-Te alloys ranging between .CC5% to .57 Te.
Standard samples or alloys of the same composition as the allovs
to be analyzed were rrerared. Two methods were used to prcduce
an emission svrectra of a quantitative sample, but the rlates
obtained bty toth methods were interrreted visually by the same
rrocedure. Exposures of standards containing various increasing
percents of Te were mude on a spectrograrhic plate arranged so
that a similar plate nade under the sane conditions as the first
can be suverimvosed upon it. A serles of gradations for a rrelin-

inary plate mav be shown by use of concentrations of multicles of

two as (.1%, .08, .025, .Cl25% etc.). From the standard
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plate we can estimate the arvroximate range in which the corvect
percent will be found, by making a second rlate showing sever:z
consistent exvosures of the unknown. This vlate may be used as
the rreliminary rlate for the analysis of several ailovs. After
estimating the aprroximzte rercent from the standard plate a
third plate must vte made using a series of standards of five or
more in a decreasing or an increzsing order of concentration with
alternate srectrz of the samclez of the unknocwn. From this clate
the technician observing the rlate will finz it possible to esti-
mate the percent Te from the lines of a standard equal to or more
nearly equal to those of the unxnown than to any of the other
standards., The percent may be estimated or given as the same =zs
one of the standards if it apprears to be of the same percent,
Where more accuracy than (plus or minus) 5% of the actual guan-
tity present is required another vlate using standards in that
range having a swaller differential in the vercent. This plate
will enable the technician to be more accurate in the estimation

of the vercent of the Te present.

Two methods were used to vroduce the srectra from the arc.
Carbon electrodes were selkected and solutions of the st.ndarcs
were used to impregnate thé lower electrode for each exrosure
with a definite volume of the standard solutions. After evap-
oration the electrode wzs dried and used in the arc. The impreg-
nated salt thus burned out completely and gove a quantitutive

exrosure,

The second nethodé made use of the alloy directly. A sample

of the unknown or standards of twenty milligrams were introduced
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into the cruter of the lower electroce. The curbons arced and

the scmrle burned out completely during the necesszry tire duc

to the high temperature of the arc giving a quantitative exvosure

comparzole to the first wethod using solutions. These two methodls
are not interchangeable in one analysis btut eithzr has been founi

satisfactory under the vroter conditions for serarate analysis.

Many methods for carrying out a stectrozraphic analysis are
cescribed in literature. The feutures which are characteristic
of various methods involve the form of the sample, manner of
excitation, type of srectrograph, ancé manner and methods of
interpret\éng the samrle spectra and estimating the constituent
sought. It was not the purpose cf this discourse to describe thre
several methods used in other laboratories, but it was necesszry
to investigate various nethods in order to develor a nethod to

meet the reguirements of this vrovlem.



Procedure Involved:

The excitation, arcing, including volts, amperes and
time required, focusing of the svectrograrh, preparation of
electrodes, determinztion of the correct amount of 1light,
exposure of the photograrhic plate, and develorment of the
plate are in general the conditions inveolved which must be
treated with a technique that may be duplicated with each

exposure.

Trhe excitation for the arc is suprlied by a 12 amrere 3CC
volt motor generator and by means of the voltmeter and ammeter,
the carbon rheostzt may be adjusted to give 6 amprres and app-
roximately 35 volts. The time thzt the exrosure requires is the
first four minutes of arcing which under prorer conditicns vern-
its the conrlete volitilization of the sample. The srectrogrerh
should be rreviously focused to the correct alignrent using coc-
rer electrodes, the slit width of four corresronding to avprox-
irately .Cldmm. and a diaphraem giving a slit height of arprox-
irately 3mm, The total amount of light that would strike the
plate from a four minute exposure rust be reduced to eprroxinate-

1y 20% to prevent over-exposure.

Two procedures ray be used in the rreparztion of the electr-
cdes. The high grade grzprhite rods to be used as electrodes shcul
be about two inches in length. The lcwer electrode, positive, is
prepared with a crater of apvroxirate dimensions of 3 x 6 rx., and

the upter electrode is filea wedge-shaped. The lower electrcdes

to be used are irnpregnated by filling each crater with C.1l cc of



golutions containing the sumcle:z or staendard alloys, the concen-
tration of tihe soclutions teing such that o.l1l cc contained 12.5
mgr, of the alloy. A diluteenitric acid solution should te used
and various standards mude oy diluting with proper solutions of
Te-free lead nade up to the same concentration. These filled
electrodes are rlaced in an electric furnace for thirty to ferty
minutes during which time comvlete evaporaticn is assured, leavin>
the salt imrregnated in the pores of the carton crater. These
electrodes are now rezdy for arcing and exposures may be rade

in the order which may be demanded. For example, if it is to *e
a rlats of standards for reference, the exvosures would be made
in pairs and each vair sufficient distance from the next to allow
insertion of a sumrle stectra from another plate. However, if

it is to be a typiczl analysis, we would first have a standard of
a higher percent tellurium than excected followed by the sanmrle,
then another stancdard lower than the first, and finally ancther
scvectra of the sumrle followed ©ty another standard arrroximately
equal to the sample etc., until the standards range above and
below the expected analysis. All of these exrosures should

aprpear very close to each other for observation purvoses.

A gecond method may be used instead of the solutions to
irpregnate electrodes. The samples may be cut from the alloy
and weighed out accurately. In this work twenty milligram pieces
were used in the crater of the carton electrode. The craters for
this rrocedure arc about 2 nm. in diameter 2nd about 4 nm. deeyp,
the vrocedure thereafter beinz the same as used above. In

general, two analyses on one rlate are a raximum as the amount
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of tire saved wculd not justify the fact thut the vlate may
be lost thrcugh fogging or sore acciient which would ve a

hezvy loss if it rerresentec too much work.

The rlates are develored with Eastran D-1 trzy developer
for seven rirutes at a temcerzture of about 18° C, After devel-
oving, the rlates should be rinsec in wzter and then fixed in
Fastman acld hyro for twenty minutes or avvroximetely twice the
recuired time for cleuring. After washing in running watsr the

rlates Bhould be swabved with cotton and allowed to dry.

Tre technical interpretation of the rl:zte devends upbn the
procedure followed. In general, & relative corrarison of intens-
ities is made until the percent may bte estinzted. If two
observers analyze the rlate incerendently and rerort results
which check satisfactorily for tie specifications required, the
enalyslis may be accerted. If results are not rvositive, another
rlate rust be mude for trover results. Investigztions of the
cevelopnent of this vrocecure and several tyvical analyses will

be discussed subsequently.
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Discussion of Investigations and Results:
Selection of Svectral Lines:

A rrinary requirerent for the estimeation of Te in lezd
gpectra is that the lines used in corparing the rlzte be of
such intensity as will vary directly as the arount of Te in
the sample., These lines rust be of a grayish intensity which
are on a strailght line portion of the density-exvosure curve
for the rhotograprhic rlates used. It will be observed that
all lines in the same svectrum charzcteristic of Te zare not
cf the intensity which rekes it vossible to work in various
ranges of percent concentration. However, it wuas fount that
only a few lines were avzilable for comrarison fer concentra-
tion lower than 0.1% Te., These are also satisfactory for con-
centrations ur to 1% as the relative intensity remains the
same 1f the total amwount of light is decreased. The following
was found to be revresentative of the lines selected in this

work:

Tellurium lines: Range in % Te arc- I. A,

1. -.ooos%§2385.7s

2383, 27

.19 (2265.52

1o =edF (5255.02
(2255.50

Several other lines may be used if the technigue and the

tyre of equipment make it rossible,



12,

Sensitivity Limits and Precvaration of Standards:

Using the solution method of introcducing a sample into the
electroce, after convlete volztilization on further increase in
density of the sctectral lines will occur and the carbon srectrum
is not particularly harmful for comparison of lines hzving a
wave length less than 3,CCC angstrcms, The amount of the sanrle
introduced definitely limits the radiations of a certain consti-
tuent. The linit of detecticn devends uron the amount of the
sample which cin be used in the crater of the electrode for a
definite condition of excitation and srectrogravhy. Using .lcc
containing 12.5 milligrans of alley the limiting percent of
tellurium that could be detected in the lead means that only
. CC0C0C0625 grams of the sample was tellurium, With the tech-
nigue used in this work only a few of the millions of light waves
emitted pass through the slit and eventually strike the plate.

If dependable results are desired as low as this limiting sensi-
tivity, larger samples must be introduced and more light must be
erxployed by means of.reflecting minor or focusing and concdensing
lenses, Figure 1 represents a 12.5 mg. samcle and figure 2 a

25 rg. sample of the same alloy rrepared by the solution tech-
nigue. In figures 1 and 2 the plates rerresent exposures of

15 minute intervals of two samples being arced continuously. By
close otserv-tion, the Te lines of the larger samrle show greater
intensity and versist 15 to 3C seconds longer than those of the
12,5 mg. sample. The persistancy of the second is not twice that
of the first but use of this technique in studying rlates seens

to indiczate that a log-function exists between line persistancies

of low percent standards Te-Pb allovs. However, size of sanrles



Fig. 1

Pb-Te elloy 0.0187%€ Te 12.5 mg. solution sample

Fig. 2

Pb-Te alloy 0.0187% Te 25 mg. solution esmple
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is sometimes limited by chemical rrorverties. Tue to the sclubili-
ties of Po and Te nitric acid was found to be the only suitatle
solvent and 125, grams metzl ver liter a ccnvenient concentraticn.
Solution B of rure lead in dilute nitric acid and solution A
havinz a concentration of Z47.5 grams pure lead in two liters
gsolution 21so containing a ccncentration of 2.5 grams Te giving

a 1% solution. Solutions cf same concentration ray cte ottained

oy diluting vrorer volures of A with B. Solutions were prepared

as follows?

.5% Te Solution C (1CO0 cc A plus 1CO cc B)
.25% Te n F 10 cc ¢ "™ 100 cc B
1256 Te " I 50 ce F " 50 ccB
.10C% Te " J 10ccA "™ 90 ccB
.05% Te n M 50 ccd " 50 cc B
.025% Te M P 50 cc ¥ " 50 cc B
.0125% Te ™ R 20ccP "™ 20ccB
.005CH Te " S 20 ceR " 30 ¢ccB
.00C5% Te " T 10ceS " ©SC ccB

Intermediate standards were rrepared as needed by using

prorortional amounts of above standards,
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Prevaration of Sawmples: Solution Technigue:

Tre total amount of a samcle concsured by an exgosure 1s
very small and could not be selected as rerresenting the entire
samvle, In general, a large sanmple may be used such as 12.5
grams dissolved in nitric acid and the solution adjusted to
100 cc which would give the desired concentration. The samrle
solutions are then handled with the sane technigue as arxzlied

to the standard solutions.

In cases where the solution technique does nct vrovied the
gsensitivity using .1 cc ¢f the standards, larger aliquots ray be
4used, but atove .3 cc it is imrractical. If the larger sanmrle
introcduced into the electrode falls for the sensitivity of the
lower vercents of Te used, & technigue is resorted to where a
greater amount of the sawmwle is =zdded to the electrode. For this

rurzocse, the "metallic sanple technigue®™ was ucsed.
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Metallic Saumple Technique and Prevaration of Standaras and
Samples
First, the standard allovs were made up accurately with
a homogeneous concentration of Te. This reguired special
technigue and ecuipment. Definite weizhts of pure Te and pure
Pb were weizhed out to give desired alloys. Each alloy rust
ve made in the atsence of oxyzen to rrevent oxycdation of the
surface., The vessel arrangement should be such that the lead
would melt first and then dissolve the Te, It is held at the
relting point terrcerature for several hours to assure complete
homogeneity. Alloys of Po-Te of higher rercents can be success-
fully cast in clay crucibles, the surface being covered with

carbon to prevent oxization.

From these metzallic standards any size samrle recuired to
give the senstivity necessary may be used within workable condit-

ions that ray be duplicated.

In carrying out the actual srectrograrhy the rrocedure will
be entirely analogous to the solution technigque. A longer exvo-
sure time will be required for arcing of a metallic sancle &nd
therefore as arall a samrtle as wractical must bte used., Care
rust ve taken to assure comrlete volatilizztion of the samvle.
The craters of the elzctrode rust not be too deep so that be-
fore the comrlete exposure time has elarsed the remaining bead
of the sample will be directly in the arc with the uccver elec-

trode which will completely volztilize it.
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Tire Reaulired for Volatilization:
A study of the time reguired for the volatilizztion of

the sanvple, the veclatilization time of the Te, wnd the percent
of light necessury to give 2 line of satisfuctory intensity Zor
corxrarison to other ccncentrations, made it necessary to develop
an origiral vrocedure in this lzboratory to simplify as much as
rossible the work required. An electrode was rrerared by the
retallic sample technique rreviously descrized and a svectro-
gravhic rlate made of its stectrum in continuous exposures of
fifteen second intervizls, for five or six minutes. Referring
to figure 3, it is irmediztely arvarent that fourteen intervils

of 15 seccnds were reguired to volatilize the sanmvle.

Referring to figure 4, it is obvicus thzt fourteen interv.ls
of continuous exposure were agzain necessary. Figure 3 revreszuts
a twenty milligrem sanmvle of .126% Te., By observing the print,
it is evident thut the first 15-30 seconds cannot be relied uron
for a quuntitative exposure as the electrodes mu:st tecomre hot
enough to volatilizé the sample. Referring to the Te lines of
figures 3 and 4, we see that the tellurium is vclatilized zfter
seven and ninz intervals of fifteen s=conds respectively. The
time required for the exposure of a sample of this size on this
svectrum would be from 210 to 240 seconds if comoplete volatiliza-
tion is desired. However, accvroximately 150 seconds would be
sufficient to burn out the tellurium under these conditions of
excitation. If the total emission of these exposures was male

on one svectrum, otviously the rlate would be too darkx for

observation., On close examination of the Te lines we see that
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Fig. 3

Pb-Te alloy ©.11% Te
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Pb-Te alloy 0.126
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about five sets are of the intenzity desired. If we usz adbout
twenty cvercent of the total light we will obtain lines provor-
tionally sensitive to the Te concentration. This we will hzve
excosed the plate forty elght scconds but the plate shows the
lines in the ultra-violet very clearly. 1t was found that
results could te durlicated with less irreguiarity by volutil-
izing the entire sasrle, and consegueatly four minutes beccne
stzndard in this work. It is interesting to note tkhat as the
lead lines disaprear the impurities of the carbon cone out very
trightly. In figures 1 and 2 the firet spectra is that of Te
metal, The last spectra is that of iron for cdeternining wave

lengths.
Standard Reference Plztes:

The comparison method for determining the amount of the con-
stituent present resuire: a reference vnlate of a rmaximum range cf
standards. These pl:ites nmust consist of extosures mzde in &n
increasing or cecreasing order of concentration of the element
unier analysis. Each set of conditicns used in the analysis re-
quires an individual standzrd plate having been prepared under
duplicate conditions. In figures 5 and 6 standard plates are
reﬁresented for "solution technigue® and "netallic sample tech-
nique" respectively. The Te. lines show a gradual decrease in
intensity. The negutive plate is depended uron for analysis and
the print may or may not be avle to make this gradztion series
obvious. This plate will be used later in a tyoical analysis.

" Figure 6 shows a standard plate used for reference in an analy-

sis using the metallic samcle technique, An analysis will also

be 1llustrated by this method.



Fig. 5

Solution stenderds

Pv-Te stenderd alloys

Fig. 6

ketal Semples

Pb=Te standard alloys



18,

Analysis of Two Alloys by the Solution Technique:

Two alloys for analysis were selected from a group of

Pb-Te alloys rnown to te of low

concentration of Te. Each

alloy was sznpled end treated zs cutlined fcr use in a solu-

tion having a metallic concentration of 12.5 rg. ver .1 cc.

In a manner sixilar to the svectrozravhy of that used in the

rreparation of the standard plate for this rethed, five exro-

sures were made successively of
Plate was develoved by the sznue
iously used. Referring to Fig.
lines of eoual irntensity artear

assure the orerztor of relizble

each of these two saxvles. The
chotcgraghic technique &s prev-
7 we first xay cbserve that Te.
for each szmole which should

results; secondaly by comraring

the ncgative rlate of Fig, 7 with the plate of Fig. 5, we cun

estizate the apnroxincte cercent Te.

of both alloys. It wus

founi alloy #1 was between .1% and .3C» Te, and alloy #2 w-.s

- ~ey = 3 Vorh
cetween .C25% and .1l0%.

to concare the line intensities

From this infornwtion it was advisable

in questicn to closer standards

on the same rhotograrhic plate to eliminzte any voriation in

the sensitivity or rlate develornent.

standards ranging through the e:

or:er

were srectrograrhed with alternate szmyles

Referring to Fiz. 8,

tirated vercents in a decreasing

fcr analysis,

The rlate may or may not be develored with the same technique

as a stzndzrd vlate as smail variations eccuring will affect al:l

lines accordingly.

Orservations of this rlate if satisfzctory

will enavle one to estimate the rercent unknown in the alloys.

Reports of two ctservers were checked and agreed very closely

to the estinuticns wmade by the auihor,

If the percaents reportes



Fig. 7

Solutions

Preliminary analyeis of alloyse 1 & 2.

Fig. 8

Solutions.

Final anelycis of alloys 1 & 2.



by two worxers srou.d not check within the reguired Iimits of
accuracy, ancther plate zust be made that will yield accertable

resuits.

Using alloy #2 and selecting another unknown #3, an
analysis wus nade cf ezch, avrlyinz the nmetzllic samrle technigued
Alloy #3 was xncwn to be between .C7--.CS% Te. Using this
information, a final prlate could be rade et once. As shown
by figure ¢, the standzrds available in the resvective ranges
were srectrographed with alternate szmgrles of the unknown
arplyinzs the conditions previously outlined., Obtservations of
the negative of fiz. 9 would shcw alloy number 2 to be very

nearly .05% Te. and alloy nuuber 3 to bte .C&H Te.

Estimations of Te. in alloy #2 of .05% indicates the
reliability of the metallic samrle techiaique to be comparable
to the solutioh technique.,



Fig. 9
Finel enslysis of Pb-Te slloys # 2 & 3. ketel samples
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Stecial Notes
Selecticn of Carvons:

Grarhite rods rroduced by six companies were available fcr
use. In orier to select an electrode for svectrograpvhic use it
must be studied from the roint of view of the use to which it ie
to be ernvloyed. The carbons must te of certzin linits in diarmet e ;-
to withstand arcing conditions, However, the important point
to consider is the impurities and the vossioility cf their
spectral lines interfering with the characteriétic lines of the
spectra being studied., Fig. 10 shows the spectra of six carcvors
for long anc short exrosures. The carvons which would te used
were selected first frox the svectra standproint and second from
their cost and the supply on hend., Acheson grarhite rods were
selected and founéd to be sztiefactory after = rositive qualitatj_‘ree
analysis for Mg, Cu, Fe, Cr, Ca, B, V, Si, ln, Fe, Al and Ti,
Inpurities found rresent wer lig, in, Fe, Cu, Al, Ca, Ti, wnd V,
However, the only interfering line wes Fe at 2382.C4 which is
very clcse to a churacteristic Te. line at 2383.27. Sone in-
vestigoctions of the use of a rhotomicrometer for neasuring dif-
erences in line intensities were macde and it was evident at once
that interfering lines were marked disadventage. Refertring to
fig. 11, the vrint 1llustrates the analysis of a carbon for

imzurities.
Qualitative Analysis of a Pb-Te Alloy to be Analyzed for Te:

In order to make a sztlsfactory estirvation of an element |

Present by the rethcd of comparison it is necess=ry thkat the
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gtancdards not only contain the base netal and the element in
guesticn tut also the sare concéntration of almost any other
elerment tresent wiether as a rart of the alloy or an imourity

cf it. This is due to the effect of certain elexents when
rresent holdingz tack the intensity of otler lines which ray be

the lines of im ortance. If very small incurities zre kncwn

not to interfere ttan they rzy be neglectec. In figures 12

and 13 is rerresentel the analysis of the Po-Te allioys for Cu,

Ag, Mg, and traces of Fe, Cd, As, and 81 were found to be present,
and the difficulty with which their chazracteristic lines appe:zr,

indicate no interference with the tellurium lines stuiied.
Selecticn cf Lezd for Ease lletals:

Trhe rurest lead standards were selected because of their
more general use to any of the alloys imprure cor rure. In figure
14 is shown a corrarison of three very pure leads usad in labore-
tcries for such work. These leads were comcared at varicus tine
exposures and current densities of arcing, and the Central Scien-
tific Co's silver frce test lead was selected for use a8 a base

metal in the alloys and solutions.
Sanrles of Te. Above the Range of Spectrcgraph:

Such samples as may be too high in concentration of Te. for
the spectrograprh or stendard solutions available ray be dllutecd
with a solution of rTure base metal in such a rrovorticn as to
reduce the Te. concentration several times. After analysis tkis

vercent may te corrected bty the diluticn factor. However, such

concentrations ure generally estimated tv wet analysis,
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Conclucsions:

1. The methods pursued and develored in this work nay be
adarted an exvandeld to meet the requirexents of razny rrobiens
of a similar nature. The work here develoved has errloyed
nethods rreviously used in other laboratcries and does not
rerresent an entirely orizinal investizution. EHowever, the
technique used shows many chanzes over the trocedures suggested
oy other workers. Information required from time to tine in
this work has suggested many research rrovlems which should lead

to new spectrographic methods.

2e The method used here for the study of time exrosure and
intensity of lines employing a continuous vurning out svectrum
seems qualified zs a aistinct repid method of cuantitative
analysis., Havpid estin:tions azre at once obvious to the eye.
Interfering lines may burn out first vernitting the exarination
of others, and other important fucts which are only availarle
from a picture of the arc at succeeding intervals of time curins

the burning out of the sanxle,

3, The use of the esrectrograrh in conmercial and scientific
research labtoratories 1s being adaprted to many protlems coverinz
a brcad field in which rhysicel vrorvertiecs of nzterials are
getudizd uron the tasis of the constituents tvresent. TLetection
of the impurities or cuantitative estimaticn of rinor elerents
in 21loys is a srecial rroblem which rust ve develored in corder

to meet the dermands of modern intustry end science.
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