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SPECTROGRAPHIC ANALYSIS OF ALUMINUM FOR MINOR ALLOYING AND
IMPURITY ELEMENTS IMPLOYING AN AZ ARC EXCITATION

Lalit Chandra Chandoia, Jodo de Brita, Reginaldo Peraira Gomes

and Antosia Roberto Lordelio

ABSTRACT
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1 INTRODUCTION

Aluminum has many uses i reactor techinology 4nd industry. 1t readily combines with many
othe: elements to form alloys and  therefore many varetnes nf sluminum base alloys have been
developed. At tmes, these alloying »lements 2ie in miner amounts. For example, the addition of
0.05 -0.2% of Ti to aluminum results 2 an allov with (efined grain structure and this alloy gives better
castings. The addition of B has a similar etéent. The presence of S has 3 deleterious effect on the tensile
properties of aiuminum but Si and Fe dre present in it as an impurtty during extraction from bauxite
ore. A maximum of 1% 15 specifiad for these two elements in aluminum aitoys. Manganese is normally
added 1o aluminum to improve its tensile propert:as at cievated temperatures and the addition of Cu to
aluminum atfords greater response to heat treatmeni. The nominal composition of some of the
aluminum alloys used n industry s given in Tabte 13

For its use in reactor technolagy, the most important factor to be considered is neutron
economy. Table!! lists the therma! neutron ahsorption cross section of aluminum and some of its
alloying elements. It ic seen that aluminum has 8 low thermal neutron absorption cross section which
makes it useful as 8 cladding and structural material in reaciors up to 10G°C. At higher tempevatures it
corredes and pits badly uniess the water used is of very high purity. For its use at higher temperatures
with ordinary water, it has to be alloyed with other elements to make it mose cosrosion resistant and
strong. Since conservation of neutrons is the primery consideration in seactors, the alloying elements
8150 should have a low thermal neutron absorption cross section. Table 11 also gives the relstive cros:
section of soma alloying elements, on equal waight basis, taking the relative cross section fe
sluminum #s 1.00. The elemants having a \slative cross section of less than 1 will reduce the overal,
neutrnn absorption when slloyed with aluminum and vice versa. Thus, from this data it 18 possible to
thooretically calculete the neutron sbsorption ooss sacticn of an aluminumn alloy it the sloying
components sre precisely Known.
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Teble |

Nominal Composition ot Some Aluminum Alloys

Aluminum

Association 1100 2024 6063 M-288
N?

b e e e B

Commerciat x 245 63S o

N
Nominat Composition, Weight %
Al 99 Remainder Remainder Remainder
Cr —-= 0.1 Max 0.1 Max —
Cu 0.2 Max 45 0.1 Max —
Fe - 05 0.35 Max 0.5
Mg - 1.5 0.7 —
Mn 0.05 Max 0.6 0.1 Max -
Ni -- — - 1.0
Si -~ 0.5 04 0.1
Ti - - 0.1 Max —
Zn 0.1 Max 0.1 Max 0.1 Max -
Others 0.15 Max 0.15 Max 0.15 —
Max = Maximum
Table i}

Relative Absorption of Thermas! Neutrons on Equsl Weight Basis

S

856535

Atomic Absorption Reistive Cross-
Element Weight. | Cross-Section, Ratio i /Il Section §
Barns. }i

Al 26.96 0.23 117.3043 1

8 10.82 785 0.0143 8203

Cu 63.64 3.69 17.2195 6.8

Fa 55.85 2.53 22.0750 63

Mg 24 32 0.063 386.0317 0.3

Mn 54 .94 13.12 4.1621 28.2

Si 28.09 0.13 216.0769 0.54

Ti 4799 56 1317




11 Sope

TRos mmethind o nteiden To weve o B ok aneiesis of stammun aiio gy contaiming the
aletnscts B Cu Fe Mg Me S and T noconesatration rame G5 10 (% The mothod 1s not intanded
{00 A tanng the inwest imtt of dota, i fa hp sleaue s bt e boer Aeyelaped for the analysis in a
hmend predetermunes rance

SaMOles v (el SMgpBt BENRR s e cnbet HSes et gw i bt a0 Te onglysed by
thiy methort pfter ther rrnLeecqn e A e pagm ewics

Saruples CoONtEiaeig rewe R T 30 theen roo et Can B sonogtty it img th ahwmenom
OX.005 At araty ud

13 Preverus Spacirograpnye Mavped:

Ry e DR ey g e ttvargpadd B U g ces ot

LIIEITAY

A ey s T T e, e huade @ ckoandd cetales o0t eaemental 2 a8t vs al 8 low

A

ot Hegars of hec e i m T o e RN e at sy oA Pie iy end ndisper e i in

i raer g e s RO e o T ey MAe L sy o Y sradlysis Fae exemple

recectly S PCNE RS prw LOGRDTT 0T maup e pocow Prmpmataee o Sl nge 0 argon At solee and
Poungy That the resite pre whiogewdec f g0 tyal pety and raolal g oa Ristary of samples They

Bla oyt TRt a sl T Case s 1 e aosor U e the data riaEiean of many, eiemente

Earoae S50 e o s e TOT T e U0 Qah Hefbhiwg eno spark rxutation te
M aNTO A (L g r o el o tRea eyt attecte gog raduct.oc 0 the o amber of gralytical
L o,

NECRE G & 8RN

Uachet tra suclace (oimy anG depiths ol crgters foimed e
A o plleyy tigecsaneag Mg Cna o T ateer a bt vo'tage spark was passed through them, They
Sl thpem chge sarpsieg or T atemigec s o8 pia R N apd Ard) The offerts of 1hese gases on
Lig IEREES M AT I S

¥

MU L [ SR et aw e Eametgen by us g oo samptes end exciting

them v 8 D g s 4 gacpimeyenie AT A aeg TAKARASHE Y Lt 3 guantomets with argon
. . ] X

gBy flow 1o Metercia e T M, M oone L eloaum alinysy LAMGEUY and BLACK 5 slso

utiiged the dvm ¢ ceae v catem fa T ange 0t gurye cod tounet et oew alitys enuld also be
inorporated tite et LRI s LU B X ERONVA Y Lracysed 8l ~F gioanimum with S, Cu and

. - KRR .
Mg yang 8 Photees ta - vromater WL o o F IRt " have L a e gt reading attpcyment
for the spactrometrc a « v-rtcre el il
HAALAND R S I R 2 T o oMM TNty v ent.ie standaras {Johnson

[ )]

Martthey % Co ) whniage « BNTGL (A pixt KARNIY usyd these stasdards as i slectrodes, against »
pointed raphite cx urtee plewciAdd oo 7 ey aodd snalysed the olioyiv elements in the rod
wmpies

ZAKHARIYE *° ras useG w DG arc terroaque after conver,ang tae metal o oxide by
dissolution in nitic ac -t PVEPOTETILY and cacialian i than method af convarvon to oxide there is 8
pogibilrty of the loss ' snmm elerants thwe!ce CHANDOLA and MACHADO'® Jevetoped snother
method of obtsiniag 1= oxide which i theoosh s Foxiroxide. They proved that there « no less of
many elements Linclud: g ) dycng ths onve . TOROK and PETHG'?*' have dererrnined only Cu
in the rangs 0.1 - 1%,

Amercan Socety tor Testing Mataniar -ASTM, have vive suggested methods tar the anetysis ot
rium o ghoys These rrat s inchude e to gno spey iechnique of CALLON and RUSSEL‘ ., pin




to plane spark techrque of CRAMPTON'?! anit solution rotating disc spark technique ot MURPHY and
MORTENSEN' ' JAYCOX‘ 13 has suggested a miethod in which the sample is converted to sulphate,
mixed with graphite and excited in a DC arc. A dvop of phosphoric acid is added to the electrodes and
they are heated otior to their excitation.

Though the AC spark and DC arc technique of excitation have been extensively used, the AC
arc techmique has not been utilised so often. LADER''?) has used the AC arc for the analysis of 65-35
anii 5050 magnesium-aluminum alloys by drying the sample solution on the top of flat electrodes.
OLOFIELD and FERM'Z3) did some work on the analysis of aluminum alloys using an intermittent AC
are, but details of their work are not available, GUSARSKII and TARASEVICH!'®! determined only Na
n these allgys using AC arc. 0BUKHOVA'22} and others have used a contact spark for simpling and
then used AC arc for excitation cf alloy samples.

1.3 — AC Arc Source of Excitation

Since the AC arc source of excitation has not been extensively used, it is appropriate to discuss
some important features of this source.

The AC arc was first used by DUFFENDACK and WOLFE'® . The AC arc source operates at
high voitages of 2200 to 4400 volts if it 15 to be of se!f iyniting type. Figure 1 gives the circuit diagram
of 3 self igrted AC arc source(zo’. A variable nductance L in the primasy circuit and a variable
resistance R in the secondary circuit controi the current which is usually upto 5 amperes.
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Figure 1 ~ Curcuit Diagram For a Self ignited AC Arc Source

Figure 2 shows the circuit diagram of an ignited AC arc source''?) which can operate ot
voltages of 1100 volts or fess. Here a tesla vansformer T, induces high frequency current in the main
circuit containing analytical gsp B The voltage across capacitor Cz vises rapidly and the src starts
through the gap B. The arc 13 extinguished automastically when the voltage is not enough to sustain it,
Ptieisticker had used an ourside means in the form of a rotating disc containing metallic (conducting)
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and insulated segments to start and stop the arc. Transtormer T, and condenser C, arc used to give
powder to tesla transformer Tz’ By adjusting the auxiliary gap A, the power in the analytical yap B can
be requlated. L,, L, and C, are used to filter out the high frequercy from the mains.
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Figure 2 ~ Circuit Disgram of a Tesia Ignitec* AC Arc Source

The current and voitage characteristics of an AC arc are given in Figure 3129 Ag the current
changes from zero st A to 8 rnaximum on positive side and back 0 zero st B and maximum on negative
side and back sgain to zero st C, the voltage has a meximum twice; once in each cycle. In sach half
cycle, the src breacks st maximum voltage is sustained at lower voltage and then extinguished. Thus
there are 100 or 120 differant arcs per sacond tetween the alectrodes depending upon whether
the in(t has 8 50 or B0 cycles frequency respactiyaty
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Figure 3 — Courrent and Voltage Characteristics of an AC Arc

It is observed that though the DC arc excitation gives the best sensitivity, the precision it gives
i not satisfactory because two factors. First, it gives selective volatilisation of elements present in the
sr¢c according 10 their boiling points. Second, the DC arc has a tendency to strike st some selected
points known as ‘hot spots” and it continues 10 burn at these points. In an AC arc the arc strikes
100 - 120 times per second (depending on the supply being 50 ar 60 cycles per second) and each time
the src area is only @ fraction of a square millimeter. Every time the src strikes a fresh surfacs snd
entire slecirode surface is sampled by the arc during the period of exposure. Thus the difficulty
in & DC arc burning at few prelerrod spots s eliminated. Though the local tempersture in the
small arc. area is high, the overall temperatiare artained is much less than in DC are and thus the

selective volatilisation s rediem



2 - EXPERIMENTAL

2.1 - Outline ot the Method

The aluminum alloy sample is convertad to dluminem oxide. The oxide so obtained is glued to
the tlat ends of a pan of graphite eloctrodes without any further treatmont. The standards are prepared
synthetially on pure aluminum oxeie. The sampies ang standands are exaited by an ynived AC are
source and recordedt on photographic plate with the help of a grating spertiograph. The densities of
selected hines are obitained and their Jdensities calculated by a calibration of the phetographic plate. The
ntensity s ateo calculated fos a line of alummum which serves as an internal standard. Intensity ratios
matysis hne and internal standard ine are calcutated. These intensity ratios are related to the
concentration by the help of the working curves obtaned from synthetic standards.

2.2 - Preparation of the Sanple

The sample is converted 1o alumuwsn oxide by the following procedure. The metal is dissolved
n a mimmum quantity of high punty hydrochtone acid and amontum  hydroxide is added to it.
Aluminum hydroxide 15 precipitated. The precipitate along with the supernatant solution is first
evaparated tn a water bath ang then calomed over a bunsen burner in a platinum crucible il a constamt
weight 15 obtained. The aluminum oxide o obtamed is directly used for analysis.

2.3 — Preparation of the Standards

Standards in the form of metai sods for the determination of elements mentioned except B
couki be obtained commercally fram Johnson Matthey and Co. Since the determinaiion of B was also
required and no commercrai standards were avatlabic for this, it was decided to do the analysis an oxide
powder and prepare the standards on high purity aluminum oxide obtained from the same company.
This method of standard preparation has the advantage that similar or other standards containing
different elements can be easily in the !aboratory. in the case of metal standards, the analysis is limited
10 nine elements only but even these nine eiements are covered in five different sets. Many sets of the
standards have to be maintained if the analysis is done on the metal itself.

The compo.nds taken tor the preparation of the standards and their weights used to obtain 1%
standard are given in Tabie 1. '

Further standards are prepared by diluting 1% standard with pure aluminum oxide. Six
standards were prepared in all and these contamned 1, 0.5, 6,25, 0.1, 0.05 and 0.025% of each of the
seven elements mentioned, in alurmninum oxide matrix.

2.4 — Selection of Electrodes and Fixing Glue

In an AC arc the polarity of the electrodes changes in each half cycle. Therefore, the mos!
efficient excitation is obtained if both electrodes contain sample. For this, it is necessary to hold the
sample to electrodes with 8 glue. Qut of many giues tried, a glue named Ratio TV Service Cement (G.
C. Electronics, fllinpis, US. A} when diluted with ethyl acetate and tolual was found to be most
suitable, It was found that the sampie sticks to the electrodes befter for the purpose of excitetion when
the sample is uniformly spread over the tiat ends of the electrodes. Othier forms of electrodes were slso
tried but were found to be unsuitable Both the electindes used are 1/4 inch diameter, 2 inch
lore, have flat ends and § mg sarnple 5 glued to each. Thesn electrodes were cut from 12 inch
rods supplied by National Carbon Company  The loaded electrodes are dried under an infra-red
famp prior 10 axeitahion



Table I3

Preparation ot 1. Standard on Aluminum Oxide

Quantity Compound Amount
Element Required Taken Taken

my myg

Boron 50 H,BO, 285.67

Coppes - o 62.60

Iron - Fe, 0, 71.50

Magnesium " MO 8290

Manganese - Mn,y O, 69.40

Silicon ” Si0, 106.76

Titanium - TiOy 83.40

Matrix To Make AL O, 4,237.77

59
L Total 5,000.00

2.5 - Studies for Optimum Excitation Parameters

For the analysis, the ignited AC arc and AC spark sources of excitation were tried. Both
sources were investigated with varnious combinations of capacitances (0.0025, 0.005, 0.0075 and 0.01
microfarads) and inductances (residual, 40 and 300 microhenries). From these studies the ighited AC arc
excitation with residual inductance and 0.0025 microhenries capacitance was selected for the snelysis.
With these conditions, the spectrum obtained had suitable intensity for the analytical purposes.

2.6 - Spectrograph and its Conditions

The spectrograph selected for the analysis 15 a Jarrel-Ash 3.4 meter grating spectrograph having
a 15,000 lines per inch grating. This grating gives a reciprocal linear dispersion of about 5 A/mm in the
first order and 2.5 A/mm in the second order. Both first and second order spectrum were investigated.
Since the spectrum of aluminum atom consists of very few lines, the first order spectrum obtained with
8 slit width of 25 microns gave enough dispersion for resolving the various analytical lines. When grating
angle is tixed at 5.90°, the useful range of the spectrum i.e. 2200 1o 3450 A is contained in only one
plate placed on the right side of the plate hoider. It was found that the densities at the higher end of
the concentration range for many elements was high. To make the densities of these lines suitable for
densitometey 8 step filter was put in front of the slit. The step filter was placed in such s position thet
it producad 8 two step spectrum of 100 and 18% transmission.

2.7 - Volstilisstion Studies

Having fixed the excitation and spectrographic conditions the volstilisetion studies were
underiaken. The volatilisation curves for verious elements obtained by racking plate method sre shown
n Figures 4 & 5. From these studies the exposurs time was fixed at 60 seconds.
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2.8 - Emuition and Processing

The emultion selected is Kodak Spectrum Analysis {SA-1). The plate was developed in
D19 developer for I minutes at 18°C, washed in a stop bath for few seconds and fixed in F-5
tixer for 5 minutes. The plate was then washed in water and dried.

2.9 - Photomatric Evaluation

The Jarrel-Ash microphotometer comparator is used for photometric evaluation. In the
non-recording position of this instrument, either the transmitance or the density of the line and the
background can be read sequentially.

The photographic emulsion was calibrated with the help of an iron spectrum photographed
through a seven step rotating sector having individual step ratio of 2:1 and a maximum speed of 260
rotatiuns per minute. The transmittance value (T) of each step of a line is obtained and converted to
Seidel function A using the formula:

100
Aclogl - - 1)
%T
The analyticat lines are given n Table V.
Table IV

Analytical Lines and Concentration Range

Element Wavelength Filter Concentration
A Step § Range %

Boron 2497.73 a 0.026 - 0
Boron 2497.73 b 01 -1
Copper 324754 [ 0025 - 0.26
Iron 2599.57 b 005 -1
Magnesium 2779.83 2 0.0256 ~ 0.
Magnesium 2779.83 b 025 -1
Manganese 2605.69 ] 0.025 - 0.1
Manganeass 2605.69 b 01 -1
Silicon 251433 b 01 -1
Titanium 3234.52 » 0.026 - 0.26
Titanium 3234.52 b 01 -1
Aluminum 2652.49 ] Int. Std.

$ : a2 and b refer to 100% and 18% transmittance steps,

The tramsmittance vatues for the analytical Yines and the internal standard line sre measured in the
appropriste step and their intensity ratios are calculated.

The inmensity ratios for the standards are plotied against the concentration in a double log
oraph paper 1o obtain the working curves shown in Figures 8-11. In these figures “‘a” and ''b’* mean that
the demity of the hine of the elemant being determurixt is measured in 100% and 18% transmission step
rrspeclively.
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3 -- PRECISION

The precision has been calculated 1in terms of percent coefficient of variation from twenty
values of concentrations obtained from intensity ratios. it is found that the highest coefficient of
vanation is for Cu. Earlier, JAYCOX had observed that Cu is not spectrographically compatible with
alueninum. Even after this incompatibility a variation of ! 17% is obtained which is satisfactory, The
e ecision data is given in Table V. ’

Tabte V

Coetficient of Variation for Elements

Etement Coetficienmt of Variation %
Boron 4
Copper 17
Iron 7
Magnesium 12
Manganese 6
Silicon 7
Titanium 8

4 - CONCLUSIONS

A simple method has been developed for the analysis of aluminum alloys. This method can
replace the dry powder DC arc method of JAYCOX. This method has a better precision than that of
JAYCOX while retaining all other advantages like ability to analyse the samples of all forms and sizes.
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RESUMO

Apresenta-ss um método espectroquimico para a determinacio de B, Cu, Fa, Mg, Mn, Si 8 Ti em éxidn '
sluminio. Transformese 8 smosira metihica em Al;03 &, em saguida fixa-s8 0 6xido ne superficie plans de um edétrodo
de grefita por meio de um adesivo.

Os padeOns $80 properados pela thcnica de homogenaizacBo des impurezss em matriz de Oxido de sluminio.

R‘umu:nn os espectros em placas fotogratices Kodak, tipa SA-1, na primairs ordem de uma rede de
OorfracBo de 15.000 linhas por polegeda

Como pedro interno ur:htiu o prépcio alemanto siuminio.

A precsdn do métada, am tarmas de dasvio pedrfio reiativo, verio de 4% pard o elemento boro 8 17% pers ©

robre. -
\
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