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ABSTRACT
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1 INTRODUCTION

Aluminum hdi rriar.y ui-rs in r",u:H'i tt'ciirvjlorjy rind industry. It readily combines with fy\any
otlw" elements to (orm iilpy, jruj 'liurrfdre many v,.ri.>;iiis ot aluminum base alloys have been
developed. At times, these ailoyirnj »lBni.;nts 3n> in miner amounts. For example, the addition of
0 05 0 2% of Ti To aluminum results in jn alloy with icfirwrj qrain structure and this alloy gives better
castings. The addition of B has a simil.ir utinri Thp presence of Si hai a deleterious effect on the tenjile
properties of aluminum but Si and Fe ar? pres.-nl m it as an impurity dunny extraction from bauxite
ore. A maximum of 1% 13 specified (or thesi* two elements in aluminum alloys Manganese is normally
added to aluminum to improve its tensile prcH*rt:»s at elevated temperatures and the addition of Cu to
aluminum affords greater response to hoa; treatment The nominal composition of some of the
aluminum alloys used 10 industry is givsn in 1 "

For its use in reactor technology, tlw most important factor to be considered is neutron
economy. Table!! I'sts the thermal neutron absorption cross section of aluminum and some of its
alloying elements. It n seen that aluminum has a !yw thermal neutron absorption cross section which
makes it useful as a cladding and structural material in reactors up to 100°C. At higher temp»atures it
corredet and pits badly unless \hs water used is of very high purity. For its use at higher temperature»
with ordinary water, it has to be alloyed with cthtr elements to make it mote corrosion resistam and
strong. Since conservation of neutrons is the primcv consideration in 1 factors, the alloying element*
also should have a low thermal neutron absorption cross section, fable II also gives the relative cros
Mction of »ma alloying elements, on equal wetght basit, taking the relative cro» section fr
aluminum as 1.00. The elements having a .elative cross u>c:ion of less than 1 will reduce the overall
neutron absorption v/hen alloyed with aluminum and vice verta. Thus, from this data it is possible to
theoretically calculete trw neutron absorption o-osi inct.cn of an aluminum alloy if the alloying
oomponenti are precisely known.

At W; A! Crosi Sfic. Elflrn
* Rel/inve Cr.;'.-, Section x -•• •

Croi« 'hex. H\ At W! fl'Nn.



Table I

Nominal Composition ot Some Aluminum Alloys

j Aluminum

Association

N°

Commercial

N°

Al

Cr

Cu

Fe

Mg

Mn

Ni

Si

Ti

Zn

Others

1100

2S

99

0 2 Max

0.05 Max

0 1 Max

0.15 Msx

Max - Maximum

2024

24S

^ompojition,

Remainder

0.1 Mix

4.5

0.5

1.5

0.6
—

0.5
.—

0.1 Max

0.15 Max

6063

63S

Weight %

Remainder

0.1 Max

0.1 Max

0 35 Max

0.7

0.1 Max
—

0.4

0.1 Max

0.1 Max

0.15

M388

Remainder

—
—

0.5
—
—
1.0

0.1
—
—

—

Tabled

Relative Absorption of Thermal Neutrons on Equal Weight Basis

Element

Al

B
Cu
Fa
Mg

Mn

Si
Ti

Atomic
Weight. 1

26.96

10.82
63.64

55.85

24 32

54.84

28 09

47 90

Absorption

Cross-Section,

Barns. II

0.23
765

3.69
2.53
0.063

13.12
0.13
5 0

Ratio 1 / II

117.3043
0.0143

17.2195

22.0750

386.0317

4.1621

216.0769

8 5535

Relative Cross-

Section f

1

8203
6.8
6.3
0.3

28.2
0.64

13.17
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to i>l,i".' spark tm hfiiqui- of CRAMPTON and solution rotating disc spark technique of MURPHY and
.JVMWOHTENSÍ N n : i l JAYCOX1 1" has su$|estt!d a nn-thod in which the sample is converted to sulphate,

mixed with graphite and excited in a DC arc. A drop of phosphoric acid is added to the electrodes and
they are heated uiior to their excitation

Though the AC spark and DC arc technique of excitation have been extensively used, the AC
arc technique has not been utilised so often LADER has used the AC arc for the analysis of 65-35
ami 50 50 magnesium-aluminum alloys by dryirxi the sample solution on the top of flat electrodes.
OlUf-tELD and FERM did some work on the analysis of aluminum alloys using an intermittent AC
aru. but details of their work are not available. GUSARSKII and T A R A S E V I C H " 0 1 determined only Na
m these alloys using AC arc. O8UKHQVA122 ' and others have used a contact spark for simpling and
then used AC arc for excitation of 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
;ome important features of this source.

The AC arc was first used by DUFFENDACK and WOLFE191. The AC arc source operates at
high voltages of 2200 to 4400 volts if il is to be of self igniting type. Figure 1 gives the circuit diagram
of a self ignited AC arc source'201. A variable inductance t in the primary circuit and a variable
resistance R in the secondary circuit control the current which is usually upto 5 amperes.

L T

Figura 1 - Circui' Diagram For a Self Ignited AC Arc Source

Figure 2 show» the circuit diagram of an ignited AC arc source'121 which can operate at
voltages of HOOvolf or less. Here a tesla transformer T? induces high frequency current in the main
circuit containing analytical gap 8 T r * voltaije across capacitor C- rises rapidly and the arc starts
through the (jap 8 The arc is extinguished automatirally when the voltage is not enough to sustsin it,
Pfieistickw had user) an ou'iide means in the form of a rotating disc containing metallic (conducting)



anil insuMted segments to start and stop the arc. Transform» T ( and cxindenser C1 arc used to give

(X)wder to tesla transformer T.,. By adjusting the auxiliary gap A, the power in the analytical gap B can

be regulated. L,, l_2 and C3 are used to filter out the high frequency from the mains.

Ftgur*2 - Circuit Diagram of t Tesia Igniter* AC Arc Source

The current and voltage chanctenitict of an AC arc are given in Figure 3 I 2 O ) . A i the currant
ehangat from zero at A to a maximum on potitive side and back '.o zero at B end maximum on negative
tide and back again to zero at C, th« voltage hat a maximum twice; ones In each cycle. In each half
cycle, the arc breacki at maximum voltage it sustairmd at lower voltage and then extinguished. Thus
there m* 100 or 120 different arc» p» wconri Otwsen tho nlectrodâj depending upon whether
the inirt hei a 50 O' 60 cydm frpqunnry rm;)«rtrv"ly
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Figura 3 — Courrem and Voltage Characteristics of an AC Arc

It is observed that though the DC arc excitation gives the best sensitivity, the precision it gives

is not satisfactory because two factors. First, it gives selective volatilisation of elements present in the

trc according to their boiling points. Second, the DC arc has a tendency to strike at some selected

points known as "hot spots" and it continues to burn at these points. In an AC arc the arc strikes

100 - 120 times per second (depending on the supply being 50 or 60 cycles per second) and each time

the arc area is only a fraction of a square millimeter. Every time the arc strikes a fresh surface and

entire electrode surface is sampled by the arc during the period of exposure. Thus the difficulty

in a DC arc burning at frw piplerrnrl (pois is eliminated. Though the local temperature in the

small arc area is htijh, th« oviv.i'i r"n>[><'.iiiiip aTtAinml it much loss than in DC arc and thus the

selorfive volatilisation is rij<Jii'nl



2-EXPERIMENTAL

2.1 - Outline o( «tw MA* hot!

The aluminum Alloy saiTip!»» m (mivwlint to ntufniiutm (IKIIIP. The o«ide s*> obtained is glued to
the flat emh of a pail o! giaphite fllectroili»'. without any ftirthvi treatment. T!H> standards are prepared
synll»>ti<ally on purr; aluminum oxi'ie The samples itnrt Mami.mh HII* excitai l>v a " ignited AC «Ft
source ind recordetl on photm(ijphic ptafp with the help of à grating *i>«f:tm.:jrapii ihe densities of
selected lines are obtained ami then «lensitip? calculated by a calibration of the photographic plate. The
'ntemity is afco calculated foi B Ime of aluminum which serves as an internal standard Intensity ratios
matysis line and internal standard line are calculated These intensity ratios arc related to the
concentration by the help of the workirx) curves obtained from synthetic standards.

2.2 — Preparation of the Sa'iple

The sample is converted (a aluminum oxide by the following procedure The metal is dissolved
in a minimum quantity of hiiih purity hydrochloric ,v:id .jnd amonmm hydroxide is added to it.
Aluminum hydroxide is precipitated The (>recipitate along with the supernatant solution is first
evaporated in a water bath ami then nalcinec ovei a buruen burner in a platinum crucible til l a constant
weight is obtained The aluminum oxi'.le so obtained is ííirectty used for analysis.

2.3 - Preparation of the Standards

Standards in the form of rnetai lods for the determination of elements mentioned except B
coukl be obtained enrrunprc. .illy ftom Johnson Matthey and Co. Si.ice the determinaiion of B was also
required and no commercial standards were available for this, it was decided to do the analysis on 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 laboratory In the case of metal standards, the analysis is limited
to nine elements only but even these nine elements 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 compojnds taken for the preparation of the standards and their weights used to obtain 1%
standard are given in Table III

Further standards are prepared by diluting 1% standard with pure aluminum oxide. Six
standards were prepared in all and the'." contained I, 0.5, C.?5, 0 .1, 0 05 and 0.025% of each of the
seven elemenis mentioned, in aluminum oxide matrix

2.4 -Selection of Electrode» «nd Fixing Glue

In an AC arc the polarity of the electrodes changes in each half cycle. Therefore, tha mo j '
efficient excitation is obtained if both electrodes contain sample. For this, it is necessary to hold the
sample to electrodes with » glue Out of many qlues tried, a glue named Ratio TV Service Cement (G.
C. Electronics, Illinois, U.S.A.) when diluted with ethyl acetate and toluol was found to be most
suitable. It was found that the sample sticks to the electrodes better for th« purpose of excitation when
the sample is uniformly sprr-ar* over the flat ends of the electrodes Other forms of electrodes were also
tried but were found to lie unsuitable Both the electrodes used are V 4 inch diameter, 2 inch
lot", have flat ends and 6 mq sa'iirj^ n glued to each These electrodes were cut from 12 inch
rod» supplied by National Crirhon ( imiwiiy' n»1 loaded Hertrodes are dried under an infrared
lamp prior to exnu i i im



Table I I I

u( t". Standard on Aluminum Oxkte

tlernwi»

Boron
Coppei
Iron
Magnesium
Manganese
Silicon
Titanium
Matrix

Quantity
Required

my

50
• •

• •

• •

To Make

Compound
Taken

MSBO«
CuO
Fe.Oj
MgO
Mn,O4

SiO,
TiO,
AljOj

Total

Amount
Taken

mg

285.67
62.60
71.50
82.90
6940

106.76
83.40

4,237.77

5,000.00

2.5 - Studies for Optimum Excitation Parameters

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

2.6 - Spectrogriph and its Conditions

The spectrograph selected for the analysis is a Jorrei 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 tha
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
a slit width of 25 microns gave enough dispersion for resolving the various analytical lines. Whan grating
angle is fixed at 5.90°, the useful range of the spectrum i.e. 2200 to 3450 A is contained in only one
plate placed on the right side of the plate holder. 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
densitometry a step filter was put in front of the slit. The step filter was placed in such a position that
•t produced a two step spectrum of 100 and 18% transmission.

2.7 - Volatilisation Studies

Having fixed the excitation and spectrographic conditions the volatilisation studies ware
undertaken. The volatilisation curves for various elements obtained by racking plate method ara shown
m Figures'* & 5 From thenc studies the exposure (imp was fixed at 60 seconds.
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2.8 - Emulsion and Processing

The emulsion selected is Kodak Spectrum Analysis (SA-1). The plate was developed in
D 19 developer lor 3 minutes at 18 C. washed in a stop bath for few seconds and fixed in F-5
fixer foi 5 minutes. The plate was then washed in water and dried.

2.9 - Photometric Evaluation

The Jan el Ash microphoto meter 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 transmittanc» value (T) of each step of a line is obtained and convened to
Seidel function A using the formula:

100
A " l o g I •-• - 1 )

%T

The analytical lines are given in Table IV.

Table IV

Analytical Lines and Concentration Range

Element

Boron
Boron
Copper
Iron
Magnesium
Magnesium
Manganese
Manganês*
Silicon
Titanium
Titanium
Aluminum

Wavelength

A

2497 73
2497.73
3247.54
259957
2779 83
2779.83
2605 69
2605.69
251433
3234.52
3234.52
2652.49

Filter
Step%

a
b
b
b
a
b
a
b
b
a
b
a

Concentration
Range %

0.025 - 0.1
0.1 - 1
0.025 - 0.25
0.05 - 1
0.025 - 0.1
0.25 - 1
0.025 - 0.1
0.1 - 1
0.1 - 1
0.025 - 0.25
0 . 1 - 1 '
Int. Std.

i : t and b refer to 100% and 18% transmittance steps.

The transmittance values for the analytical tines and the internal standard line ire measured in the
appropriate step and their intensity ratios are calculated.

The intensity ratios for the standards are plotted against the concentration in a double log
graph paper to obtain the working curves shown in Figures6-11. In these figures "a" and "b" mean that
the density of the line of the element being riftcrmimxl is measurnl in 100% and 18% transmission step
respectively.
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3 PRECISION

The precision has been calculated in tnrms of percent coefficient of variation from twenty
values of concentrations obtained from intensity ratios. It is found that the highest coefficient Of
variation is for Cu. Earlier. JAYCOX had observed that Cu is not speetrographically compatible wi'h
aluminum. Even after this incompatibility a variation of ' 17% is obtained which is satisfactory. The
infusion data is given in Table V.

Table V

Coefficient of Variation for Elements

Element

Boron
Copper
Iron
Magnesium
Manganese
Silicon
Titanium

Coefficient of Variation %

4
17
7

12
6
7
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

Apraxnu-M um método npKiroqufmico para a datarminaçJ» da B, Cu. F«, Mg, Mn, Si a Ti am 6xidn m
alumfn» Tramform»M • amoftra metálica am Al jO j a. am «nguido fixa M o 6«ido na supsrffcle plana da um atétrodo
da gralita por maio d« um adauvo.

O* padrflm «fo pritparedoi pola técnica da homogarmizaçfc d » impureiM am matril d* Axtdo da alumínio

Ragiitn«ai>i ia oi aipectroí «m placat (oioqrélicai Kodak, lipo SA-1, na prlmalra ordam de um* rede da
drfracio da 15 000 linrvn por polag^do

Como parirão interno ut i l i /àVi* o próprio nlamunlo «lumMio

A pracitDn do mOlorto, rnn m m « <l« <««vio omliflo íalmivo, v»rle d« 4% para o alimento boro • 17% pira o
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