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Aetivation ralysis tecinique has been applied
for the detvection and cstimatlion of trace elenents
cxisting in three 1ron alloys. “{leasureinents were
carried out by a scintillation counbter detector, and
a Li-drifted germanium detector. Moreover, "Moasbauer
effoct! technique was applied for studying the structure

of the three allojs.

Various specimens of the three samples were
investigated after being irradiated with neutrons atv
a filux of 1012 n/cu®.sec. in the A.i.w. Heactor, Atomic
Gnergy Sstablishment. The two spectrometers were calib-
rated for energy and inbensity before carrylng out any
measurement. [he main results achieved in the presend

work are as follows -

1- A>plying the scintillation couater, the Y~cnergy
groups of Go’O (1333, 1175 £aV), FeSg (1295, 1u9t
Zev) in the threc sanples were detected 1n addition
to a ¥- energy group oI ﬁul°3 (497 Kev) ocbserved in

sample "3", anda "CY only. The abundance .ebermina-
tion of these clenents was measured and results were

tapulated.
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Anolylng tioe {i-irifted wermaniun ietector, Y - energy
L BU L By . 124 . .

groups of Co j, reby, and sb were detecbted in

434 4 e er 7o -
addition to otier Y'— energy Lroups of As {559 £eV),

L. 103 et ’ . e ,

and Ru (497 xeV). lloreover, the ¥ - energy gi.up
1) . i . .
of in”° was casily detected in sample "A" only. This
detector is congidered to be more sensitive than the
seintillation counter since the (F¥HM) measured for

the same zroup by both detectors are found to be

1%.62 KeV and 70.2 xeV respectively.

The abundance estimatlion of the elements existing
in the threes samples was negasured applying both
detectors, the resulting guantities of abundance
were almost found to be ol the same ordex for the

same element.

The sbtructural studies of the three samples proved
that the “Mossbauer effect" techique is a helpful

one in stuaying tae state of iron, and the magnetic
srooerties ol tie alloys. uloreover, the considerible
variation in the spectra obtained for the three sawples
indicate a Jdifierence in their structure as well ag in

the method of nreperation of these alloys.
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General Lnoroduction

The great advances 1la nucleal physics during the
past 30 years has produced new técnniques with useful
applications in almost every branch of sclence, medicine
and industry. Among these technigques, the production of
artificial radio—active isotopes togetier with the
possibility of thelr detection and abundance estimation
has proved to be a powerful and sensitive tool in trace

analysis of paysicals; chemical, and biclogical systems.

The bterm “trace” is of a wide range relative to
the main constituents oi the samples. However, 1% is
considered to have an upper liwmit of the anount of a
trace element in a sample of the oruer of 100 parts
ser million by weight. The lower limit is one part

cer billion wiich is called "ultra—~trace'.

Howadys, iren alloys are playing < signlilcanb
role in industry. In general, they have common trace
components as kn, Mo, di, Cr, Co, 5, v, ©, and 81, butb
vary in abundance and day lneclude as well other trace
clements. Such diilferences in composition often seemn
to affect Ghe cowrvesion resistance, webtalurgical, and

asenss -2l ovoocrties of chese alloys.
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So oansalyse an -oon 008 O aligy, various ..o Lo

could be apolied as cnenical trace analysis and solia
ctatbe btrace  ualvsis. the latter is coansilered o lave
Ligice ouperiority and the techniques ap:lied for such
type of analysis are as follows ¢

i~ HNeutron activation.

ii~ X-ray emission spectrograpihy.
iii- Dnission spectrography.

iv-~ Spark source mags—spectrography-

Since Ghie present research work deals with activa—~
+ion analysis so sofe critical evaluation for this
technicue as a method for qualltative and guantitative
determination of trace el.ments is of wvalue to acertain
its advantages and limitations relative Uo the other

existing methods.

The interest in the field of activation analysis
has considerably inecreased 1ln reacent ysars from a purely
Socbrunontal and methodological appreach. Analysis by
codicactivabion was first suggested by aevesy and Levie
in 1936 wien they activated dysporsium (races (U1 %) in
gtbrius sangles as well as europlum traces (0.1 %) in
sadolzniuwm sa 2les, 4ith neutrons from a 300 me radium

barylium souirce.
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The . iscovery of nuclear reactors as sources of

sufficiently high neutron riux uas coL.lderably incresss

the sensitivity of this method. Arplylng valkridge reacto.
I ] ¥

Olark and Overman (1947) determined kn traces (5 x 1o

in Al metal. Later uveruan and Swarthout (1948) estinatsd

2, ¥n, and §i traces in carbonyl iron. Boyed (194G) was

also able to deternmine [n tn 41 and Na in carbonates.

Many other researchers had performea similar

experiments and thelr investigations had gxtended To

cover other fields in biology and 1ndustry. As examples

in biology Tobias and vunn (1949) injected 1U ugnm of Au

for 30U days in mouse tissues and after noutron irradia-

t1on 1n Eanford reacbtor, they were able to estimate

concentrations from U.005 to 4.4 u @il gold/gn. 1o wet

tissue locatbed in various organs of the usouse under test.

Keynes and Lewls (1950) were able To .cteruine concenbiva-

tions of U3 u wie of Ha annd %3 u gn ol & w0 nerves 0¥

L4

irradiating thew in a reactor. The counus wmers F oo

f.rst, tharousgh a brass [ilber of 4.5 ug/em™ Go oblain

s . I ) . - "
gamma rodlation of na” , Al Lvasn throu..r & filber OX

4z

U el gm/cm2 for wetescting K beta radiabion.
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‘N inlusbtry, Wionberiaglhn (1950) roarna a lindit ol

stection of L.l u oo Br in Hobaceoo leaves after Llir.aie—
11

l,..J

-t

; i . a - 4
tion wilth neutrons at 4 vk of 5 x 10 n/cu . Sec.

Liehicon aad seamer (1952) analysed a commnercial olact—
rolytic magnesium through nsutron iriadiation of 1.2 gram
Aisks of that sample in Uakeridge Reactor with neulrons

lUll 2

at a flux of 5 x n/cn.oec. and found the following

trace impurities 1ln D.pe0e

As ¢+ 0.12 Ca 3 Cr 3 0.1 3 Cu ¢ B.0:

1]
o

[AC

-

W
-s

X : 1.4 3 P Sy 3 2.10.

Wiiner and Smales (1954) were able to detcrmine
tantalum in & mixture of Nb and T1 ohtained from stbalnless
steel by irradiating szbout 20 ug of sample for 2 nours
topether with tantalunm oxide as standard, in the Harwell
e etbor. Using a nadl (1i) seintillation spectrometer the
camma acbivity ol 1ll days Talba (1.11 eV )y ) ww dber-
wined and the concentrations of la from OS5 to e dl
sas estinatved. James and RICHATGS (1955) were also dolo
o iocbermine nrsentc in siiicon and estlroted the zenoli-

tiv.ty to be aboulb CL.U0UB pepemns. for leu go A RN
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Srales and fabo (L952) irraalatbed 1o wl of sea wsber
. 1. . B e 4+ - - = ¢ 12 4 2 - . Iy IE
o1t newtbrons at & flux off LU n/cm”.s5ec. Lor YU OGS,
several samples showed bthe existance ol As with concent—

rations ronging from 1.6 to 5.0 peDam.

[t should be pointed out that neutrons could be also
obtained through some nuclear rceacgtions applying accelera-—
tors. Atchison and seamer (1956), for example, used 2 heV
Van de Graff to achieve npeutrons at a flux of 2.5 x 10t
n/cmz.seo. applyine, the reaction Be9 (d, n)'BlO. Utilising
these neutrons for activation analysis, they were able to
determine Cl, Br, and I of the order of micrograms guanti-

ties in samples of agueous solution.

Fith regard to the apslicatlon of activation analysis
to iren alloys, one nas to point out that the first anzlysis
was made by Golibersg (195C), who was able to .dsteet gold an
rheniut in two samoles of iron meteoritles as 2.l Leoer.
1.2 Decenie o2 gold, @5 well as 1.0 DeDeits 1A UeD eseies

Fop Thsaiie. Later meiser and Schneider (1961) irpodiate .
samples of steel wd they were able to .etect tn, Cu, Cr
and ko without chemlcal separation. Ross (1953) irvoal be)
high purity sanples of iron with neutrons at a flux of

1% 2

6 x 1U ASenC.sece  ihree trace elements aere doteraine]
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Ao Loomiricies whiieh were br, o, and Rh.
L il ] ]

{£

tabulatad

s

[

hls resuits as follows

Jaughter isolbope M527 Mnja RhLU4
half life tilme 9.55Cain) 2.56(hr) 42 sec
vetected abundance ( ug) 7 Q.0Ub G022

Wasson (1966) made a determination of Ga and Ge in
samples of iron meteorities. He used in irradiating the
sanples neubrons at a flux of 10%2 n/er®.sec. He was able
to detect Ge and Ga To bhe 0.02 D.p.m. and 0001 Pepeiie
respectivily. Arbyukhin, Gil®bert, and Pronin (1967)
irradiated high purity samples of iron with neutrons at

14

a flux of 1l.& x 10 n/cmg.sec. Trhey were able to deter-

mine Co, Cu, 1ln, 2n, As, Te, and Sn in the oraer of

0

1077 - 1077 gite

The above mentioned experimenits which were dons on
various sauples of iron, can show that the trace ¢lementgs
wiinch couldl be detected do not exgeed Co, CGu, [n, ¥n, io,
Ty W, kg, sih, e, and Ga. Moreover, their trace slenents
can vary from one sanple to another, and so, it 1s recommen

to carry out further investigations on ctuer iron samples.
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For 2 trace eisment determinatlion, the minimunm
detechbable amount of Ghat elsment, which indicate the
sengitivity of the applied method of analysis for that
element, must be estimated. Sensitivity way be exprezsed
in either absolute or relative units. The absolute esti~

mation refers to the smallest detectable weight of the
6 -
0 9@”)’

trace element in micrograms (107~ gu), nanograms (1
or picrograms (10‘12 gm). ‘The relative process is the
smallest detectable concentration in percentage, which may

D& PeD.Ms, MICrograns per gram, or nicrograms per millitre .

Acwivation analysis has been reviewed by nmany author

l

reporting excellent summaries on the sensitivities of this
nmethod of analysis for various elements. For example,
Brooksbank and Leddicotte (1955) irradiated various samples

with neutrons at a flux of 5 x lOll n/cma.sec., and Lound

24’ Br&2 Ga72 19&

that the sensitivities of Ha ' y and Au wera

ranging from C.0U2 o ogm to CW.Owl u gu, while the range for
W2 ,
K was from U.U2 u gm o Uol w gm.
Later, Steele and Meinke (1961) irradiated Cr, Cu,
2

Fl, Fe, N, v, uxi 31 with neutrons at a flux of logn/cm WEED

and they found that the lower linit of deteetion was ransia:
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