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Instrumental neutron activation analysis was used to determine concentrations of several major and trace elements in
two slag samples. One slag supplied by one of Steel factory and the other one by an Aluminum factory of Egypt. The
aim of the present work is to study the accuracy and precision of Internal Comparator ky and external comparator k,
methods in industrial application. The two slag samples together with an international reference material Soil-7 and two
thin gold foils samples (one bare and the other covered with cadmium) were irradiated at the core of the Second
Research Egyptian Reactor ET-RR-2 of about 13-10"n/(cm” -s) . The elemental concentration of *Sc, *'Cr, “Co, ©°Zn,
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"As, ¥Br, ¥Sr, %7r, "' Ag, 122Sb, *'Cs, *'Ba, '*°La, "*!Ce, *'Nd, '¥*Sm, **Eu, '**Gd, '®Ho, '“Yb, " Hf, ' Ta, '**Au and

*33pa (**Th-series) were calculated.
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Introduction

The disposal of slag produced in large quantities
represents a big problem, could be resolved if it used
as a raw material in other industries, or it used
directly in the construction and agriculture. In
addition, the use of slag preserve the natural
resources of raw materials, and avoid environmental
problems that may result from the disposal of large
quantities of waste, and to this great economic value
of the solutions they provide to the costs of disposal
of slag. All efforts in Egypt have focused on
separating the iron from slag without paying enough
attention to the slag itself.

The problem in Egypt, most types of west from
many steel plants were simply dumped into
neighboring desert. Processing of slag is a very
important step in managing such west material.
Proper processing can provide slag with high value
and open new fields of application.

Also in aluminum industry before aluminum
wastes are used in many applications such as
production of concrete, it is very important to
exactly determine the amounts of trace elements in
different stage of the process [1].

Accurate elemental determination is required for
slag samples before and after processing of the
received by-products. Because it is critical for the
quality control, there are several well-defined
methods for the slag analysis. Neutron activation
analysis is the most and accurate methods used in
different fields such as industrial applications and
quality control [2 - 3].

One important aspect of routine activation
analysis is the simplification of the applied
standardization [4 - 8] procedure to improve the
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accuracy in the calculated method. A new method
using compound nuclear constants (i. e. so called ko-
factors determined experimentally with high
accuracy) was developed [9-11] to eliminate
standard preparations and errors originating from
randomly selected nuclear data. The latest
compilation of recommended nuclear data for use in
ko NAA is published in the Atomic Data and Nuclear
Data Tables [11].

Experiment

Two slag samples weighing 269 and 262 mg and
one international reference martial Soil-7 were
irradiated at the core of the Second Research
Egyptian Reactor ET-RR-2. The cadmium ratio
technique was used for the measurement of neutron
flux measurements. In this technique gold foils, a
bare gold foil weighing 0.00247 mg and another
covered with 1 mm cadmium and weighing 0.00308
mg were irradiated the same irradiation can , and the
y-ray activities induced in the gold foils by both
thermal and epithermal neutrons could be obtained.

All samples and standards were -carefully
weighed into small thin aluminum foil of known
weight. They were irradiated in the reactor °s core
for a period of one hour. The nuclides counting were
carried out at different decay times, ranging from 5
to 30 days, in order to best detect radio nuclides of
various half lives. The counting system for the
measurement of the induced radioactivity in the
samples and standards consisted of P-type coaxial
EG&G Ortec HPGe cylinder with 100 % relative
efficiency, 1.9 keV FWHM at 1.3325 MeV of “Co.
A Canberra 10 thickness ultra low background lead
shield with low carbon steel casing was used in
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Internal comparator kg method [12]

The ratio of weight (W)of an element (a) to

weight of the internal comparator element (y) in any
irradiated sample by ko-based internal mono
standard INAA method is given by the following
expression [13].

o [(SDC)(/+(2(@)] N, (a)

a __ . X

W, [(5.D.C)(1+(0u(@)] Na(¥)

a

(87 )y ‘kO,Au (y)
(g}/)a kO,Au (a)

where N, - the net peak area under the gamma peak

of interest; S - the saturation factor (l—e’l"”'); A -

X

, Q)

the decay constant; #, - the irradiation time; D -

the decay factor e *; ¢, - the decay time; C - term
used for correcting the decay during counting period

(1 —e M )
A

m

and is given by ; t - the measuring real

m

time; f - the thermal to epithermal neutron flux
ratio; Qo(a) - the ratio of the resonance integral
(1,)-to-thermal neutron cross section (o, ) corrected

for a; a - the deviation in the real epithermal

neutron spectrum (% from the ideal l),
E=* E

(gy) - the absolute detection efficiency and %, is a

factor which is calculated from the literature &, ,, -

factors. Eq. (1) was used to calculate the elemental
mass ratio in the case of core irradiation condition.
When the used irradiation position has a high f -
value, we can we can consider the following
approximation [13]:

O (a)=0,,0r a=0.

So we can calculate the thermal to epithermal fluxes
ratio using cadmium difference method as follows:

A,
f =<”—*#=Q{A”’#—1J. @

Sp(Cd)

When all the major and minor elements present
in the sample are amenable to NAA, the absolute
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concentrations can be determined by mass.
If we chose the internal comparator element is
cobalt, Eq. (1) become

w, [(SDC)f+Q,)], §
We, [(SDC)f+00)]

(&), ko (»)
N, (y) (57),1 Ko 4 (a) ‘

External mono-standard k, method [12]

3)

If we used Au as external comparator, the

concentration o, of an element ‘‘a’’ is obtained
using:
(N,/1,WSDC). 1

Pe= (N, 1, WsDC), k. (a)

X

N (f+Q0.Au (a)) S
(f+0. (@) e,

Where the subscript ‘“Au’’ refers to the co-irradiated
gold monitor.

“4)

Detection efficiency calibration

The detector efficiency calibration was done by
using calibrated point-sources, **'Am, "*'Ba, '°Cd,
*TCo, Co, ¥'Cs, **Eu, **Mn and **Na which placed
at “‘reference’’ position, 11.7 cm from the detector
front where true coincidence effects are negligible.
Fig. 1 shows the absolute detection efficiency of the
used coaxial HPGe detector plotted in a logarithmic
scale. In order to fit the experimental points, the
energy was divided into two regions, namely
0-276 keV, 276-end keV. For the first region: a third
degree polynomial was used for fitting. The second
region was fitted with straight line.

Absolute efficiency
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Fig. 1. Absolute efficiency curve using **'Am, '*'Ba,
199¢d, 3'Co, “Co, 'Cs, ?Eu, **Mn and *Na standard

gamma sources.

NUCLEAR PHYSICS AND ATOMIC ENERGY Vol. 11, No.4 2010



INVESTIGATION OF TWO SLAG SAMPLES

The Nuclear Data for the product isotopes are given in Table 1 and taken from Ref. [11].

Table 1. The used nuclear data were taken from the reference

Product isotope Energy To Qo ko
43¢ 889.3 83.83 d 0.43 1.22
Icr 320 27.70 d 0.53 26107
*Fe 142.7 44.50 d 975 1.33-10°
“Co 1332.5 5271 yr 1.32 1.32
7Zn 1115.5 2443 d 1.908 5.72 - 107
®As 563.2 2624 h 13.6 14-10°
“Br 619.4 3530 h 19.3 1.45 - 107
®Sr 514 64.84 d 4.11 9.15- 107
o7 756.7 64.06 d 5.31 1.1-10°
mA g 1384 249.8d 2.9 1.59 - 107
1228h 564.2 2.724d 33 438
BCs 604 2.065y 12.7 4.14 - 107
BB 133.6 11.5d 24.8 3.24-10°
101 9 328.8 1.678 d 1.24 2.87 - 107
HICe 145.4 32.51d 0.83 3.66 - 107
INd 531 10.98 d 2 4.56 - 10™
53Sm 69.7 46.5h 14.1 3.25- 107
gy 963.4 13.54 yr So=1.25 6.46
5Gd 97.4 240.4 d 0.77 8.56 - 10~
Yb 396.3 4,185 d 0.46 3.12- 107
"HE 343.4 70 d 0.78 9.06 - 107
18279 100.1 114.4d 33.3 3.18 - 107
8 Au 411.8 2.695d 15.7 1
23pa (**’Th series) 311.9 26.97d 11.5 2.52 - 107
15 1Eu(n, y)‘SzEu is seriously violating the 1/v Results and discussion
dependence. So for a 1/v thermal cross-section
behavior, one has, to a good approximation [12]: A portion of gamma ray spectrum of IAEA
) Soil-7 reference material which used to calculate the
S, =TQO —0.484 factor, concentration of Cobalt in the two slag samples is
d shows in Fig. 2. Non-shaded peaks refer to the
where s, is called Westcott s, factor. background spectrum.
hk
45K
4k
3.5k
T 3K Fe-59
Z.5K|

chit 3518
1360.56 keV
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o608 ©
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Fig. 2. A portion of gamma ray spectrum of IAEA Soil-7 reference material.

In order to study the accuracy and precision of gamma-ray spectra applying both Internal
the used methods, the concentration percentage Comparator ko and External Comparator ko methods
values of seven elements: Cr, Cs, Eu, Fe, Hf, Sc and as reported in Table 2.

Zr have been estimated using the data of the delayed
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Table 2. Comparison of elemental concentrations (ppm) of IAEA Soil-7 using
internal and external comparator method

Bl . ) Elemental The Proper values of elemental
Product | Energy, emental concentrations concentrations using concentration in Soil-7 [14]
using external .
element keV internal comparator Confidence Recommended
comparator method
method Interval value

Cr 320 493+1.2 48.81+2.5 49 - 74 60

Cs 604.7 4.83+0.14 473+0.16 4.9-6.4 54

Eu 963 1.2+0.04 1.18+0.05 09-1.3 1

Fe 1099 25300 + 506 24829 + 774 25700 - 26300 25700

Hf 482 4.81+0.12 4.10+0.16 4.8-55 5.1

Sc 889 7.77 £0.09 7.62+0.2 6.9-9 8.3

Zr 756 186+ 5 181.4+7 180 - 201 185

To study the accuracy of the used method in sample and 19 elements in iron slag sample. Figs. 3
industrial applications, two slag samples were and 4 show elemental concentration comparison
irradiated and the elemental concentrations were values (using the two comparator method in mg/kg)
measured. Tables 3 and 4 indicate the elemental of aluminum and iron slag samples respectively.
concentration of 23 elements in aluminum slag

Table 3. The elemental concentrations values of aluminum slag sample using
external and internal mono standard method (ppm)

Product isotope Internal comparator (Co) External comparator (Au) Standard deviation
method method
*Sc 0.7569 0.7384 0.013
ICr 900.44 878.39 15.59
YFe 4147.00 4045.5 71.77
7Zn 246.02 240.00 425
*As 0.0227 0.0221 0.00042
“Br 0.0064 0.0062 0.00014
®Sr 0.2264 0.2208 0.00396
87y 495.74 483.60 8.58428
HomA o 0.6311 0.6311 0
1228h 1.4600 1.4201 0.028
By 0.3177 0.3098 0.005
B1Ba 0.4000 0.3903 0.006
M0 9 0.0050 0.0048 0.00014
HiCe 4.5433 44321 0.078
INd 0.0263 0.0256 1.142
53Sm 0.0032 0.0032 0
2By 0.0687 0.0670 0.0012
Gd 17.628 17.197 0.304
19Yh 0.1090 0.1088 0.0001
"SHE 2.1436 2.0911 0.037
1827, 0.0974 0.0950 0.0017
B Au 0.2073 0.2022 0.003
23pa(*Th series) 0.0604 0.0589 0.001

Table 4. The elemental concentration values of iron slag sample using external
and internal mono standard method (ppm)

Product isotope Internal comparator (Co) method External fﬁ;ﬁ?;éator (Au) Standard deviation
43¢ 1.1301 1.1091 0.01485
ey 136.86 134.31 1.80312
SFe 5237.3 5139.9 68.8722
7n 1586.4 1556.9 20.85965
As 3891.9 3819.5 51.19453
5Sr 0.3753 0.3683 0.00495
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Continuation of the Table 4

Product isotope Internal comparator (Co) method External Ic;):}?;riator (Au) Standard deviation
7y 64.713 63.510 0.85065
1229h 0.593 0.5816 0.00806
B34Cs 0.2412 0.2365 0.00332
BIga 255.4 250.65 3.35876
140 g 3.160 3.1020 0.04101
Hlce 43916 43100 0.0577
I2Ey 0.0744 0.0730 0.00099
13Gd 22.865 22.440 0.30052
"vb 0.1993 0.1989 0.0003
PHf 1.8097 1.7761 0.0237
82Tq 0.245 0.2376 0.0052
8 Au 0.2139 0.2100 0.0028
*3pa(**’Th series) 43381 4.2570 0.0573
Elemental concentration, ppm Elemental concentration, ppm
0404 1
] BB |nternal Comparator 4000
0.354 - External praratOf 3500_- - Internal C(]Tparator
j ] [ External Comparator
030 3000
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0.20 20004
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Fig. 3. Elemental concentration comparison values of aluminum slag samples

Elemental concentration, ppm

using two comparator method (mg/kg).
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Fig. 4. Elemental concentration comparison values of iron slag samples using two comparator methods (mg/kg).
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Fig. 5 gives elemental concentrations comparison values of aluminum and iron slag samples using

internal comparator method.

ooooo

B Aluminum Slag Sample
[ Iron Slag Sample

— T —T 7T
Sc Cr Fe Zn As Zr Sr Sbh Cs Ba La Ce Eu Gd Yb Hf Ta Pa

Fig. 5. Elemental concentration comparison values of aluminum and iron slag samples
using internal comparator method (mg/kg).

The above results indicate that Aluminum and
Iron slag concentrations differ manly in Cr, Fe, Zn,
As, Ba and Gd. Iron slag is more polluted in arsenic,
protactinium, while aluminum slag is more polluted
in chromium and zirconium.

Conclusion

For industrial application it is very convenient to
investigate trace elements content in different
industrial stage. In this work, the nondestructive
multi-elements neutron activation analysis technique
was applied to identify the elemental constitute of
two slag samples using k, method through two
different standardization methods (Internal and
external Comparator Method). The results indicate
that, the used method gives good accuracy and

precision as the relative method, if all the reactor
parameters are accurately determined.

As an industrial application 25 elements in slag
samples are calculated. The identified elements are:
Sc, Cr, Fe, Zn, As, Br, Sr, Zr, Ag, Sb, Cs, Ba, La,
Ce, Nd, Sm, Eu, Gd, Yb, Hf, Ta, Au and Pa.

The results show a good agreement between the
two standardization methods. For routine work, it is
recommended to use the internal comparator
method, if at least one major or minor element is
known and the irradiation parameters are steady at
all time for the used irradiation positions. Internal
comparator method helps in reducing radioactive
waste and radiation exposure resulting from
irradiation of gold monitor.
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with highly thermalized neutrons: A simple kg

AOC/UKEHHA NBOX 3PA3KIB IIJIAKIB 3 BUKOPHCTAHHAM ko HEﬁTPOIjI_HOFO
AKTUBAHNIMHOI'O AHAJII3Y PI3HUMHU METOJAMHN CTAHIAPTHU3AIII

M. Aoa Eab-Caman, A. Xamen, H. ®@. Coaiman

[IpomMucnoBmii MeTOJ HEHTPOHHOTO aKTUBAIIHOTO aHaJi3y 3aCTOCOBAHO IS AOCIHIIKEHHS KOHLIEHTpAIll Pi3HUX
OCHOBHUX Ta CYIIyTHIX €JIE€MEHTIB y JABOX 3pa3kax nuiakiB. OJMH 3pa3oK MUIAKy HaJaHO CTaJeIUIaBUIILHUM 3aBOJIOM, a
JpYTuid - aloMiHieBUM 3aBojoM y €runti. Meroro naHoi poOOTH € BUBUEHHS HAJIMHOCTI Ta TOYHOCTI Ko-MeToniB
BHYTPIIIHBOTO Ta 30BHIIIHHOIO KOMIIAPATOPIB NPH HPOMHUCIOBOMY 3acTOCyBaHHI. [IBa 3pa3ku NIIaky pasoMm 3
eTAJIOHHUM MaTtepiasioM Soil-7 Ta JBOMa TOHKMMH 3pa3kamMH 30JI0TOi (GOJbrH (OIMH YHCTHH, a JPYTHH TOKPUTHH
KaJMi€M) ONPOMIHIOBAJINCh B aKTHUBHIA 30HI JApyroro nociigHuibkoro peakropa €runty ET-RR-2 mpm moromi
13-10" meitrpon/(cm® - ¢). Omepxkano KOHuUEHTpawii Takux emxementis: “°Sc, *'Cr, “Co, “Zn, ™*As, **Br, *Sr, *Zr,
llOmAg’ me, 134Cs, mBa, 140La, MlCe, 147Nd, ]53Sm, 152Eu, 153Gd, 166H0’ 169Yb’ 175Hf, lnga, 198A4 and 2°Pa (232Th
JIAHITFO’KOK ).

Kniouosi cnosa: 3ami3HAN TUIaK, aMOMIHIEBHH IUTAaK, aKTHBAIlil HEHTPOHAMH, 3a0pyIHEHHS HAaBKOJHIITHHOTO
CepeOBHIIIA, 30BHIITHII KOMITApaTop, BHYTPIITHIA KOMITapaTop.

HCCJIEJOBAHMS JIBYX OBPA3IOB IIIJIAKOB C MCHOJIb30BAHUEM k, HEUTPOHHOI'O
AKTUBAIIMOHHOI'O AHAJII3A PA3ZHBIMU METOJAMU CTAHJAPTU3ALINU

M. Ao dan-Caman, A. Xamen, H. ®. Comuman

[TpoMbINUIEHHBIH METOJ HEWTPOHHOI'O AKTHBAIMOHHOTO aHaIW3a IMPUMEHEH IS WCCIIEJOBAaHMs KOHIEHTpALUU
pa3IMYHBIX OCHOBHBIX M COIyTCTBYIOIIMX 3JIEMEHTOB B JByX oOpasumax mnuiakoB. OnuH oOpasen mniaka Obul
MIPEIOCTABIICH CTaNCTIaBIIBHBIM 3aBOIOM, @ BTOPOH — alOMMHHUEBBIM 3aBoJoM Ermnta. Ilenpto Hacrosmei paboTs
SIBIISIETCSl M3Yy4YCHHWE HAJISKHOCTH M TOYHOCTH K(o-METOZOB BHYTPEHHETO U BHEIIHEIO KOMIIAPATOPOB IIPH
MIPOMBIIUICHHOM NpUMEHEeHuH. J[Ba oOpas3na muiaka COBMECTHO C 3TAJOHHBIM MarepuaioM Soil-7 M 1Ba TOHKHX
oOpa3ua 30J0Toi (onbru (OJUH YKHCTHIH, a BTOPOW MOKPBITHIH KagMHeM) OOJydaluch B aKTHBHOW 30HE BTOPOrO
mccieoBaTensckoro peakropa Erunta ET-RR-2 mpu notoke 13-10° meiitpor/(cm? - ¢). TTomydensl KOHIEHTPALUI
CIIEIYIOUINX HJIEMEHTOB! 4680, ey, 6OCo, 87n, 74As, 82Br, 8 Sr, 86Zr, 110mAg, 122Sb, 134Cs, 13 'Ba, 14OLa, 141Ce, 147Nd, 153Sm,
152Ey, 13Gd, '%°Ho, '°Yb, '°Hf, '**Ta, "** Au and **’Pa (mTh LEIOYKA).

Kniouegvie cnosa: ene3Hslil IUIAK, AIIOMUHHEBBIM LIAK, aKTUBAIWSA HEWTPOHAMM, 3arpSI3HEHHS OKpY’KaromeH
Cpelibl, BHEIIHUI KOMIIApaTOp, BHYTPECHHUN KOMIIApATop.

Received 07.10.10,
revised - 23.12.10.

NUCLEAR PHYSICS AND ATOMIC ENERGY Vol. 11, No.4 2010 427



