2007 International Nuclear Atlantic Conference AlGI 2007

Santos, SP, Brazil, September 29 to October 5, 2007
ASSOCIAGAO BRASILEIRA DE ENERGIA NUCLEAR — ABEN

SEMI-PARAMETRICAL NAA METHOD FOR PAPER ANALYSIS

lica M. M. A. Medeiros?, Cibele B. Zambont, Manuel T. F. da CruZ, José C. O.
Morel?, and Song W. Park®

! Instituto de Pesquisas Energéticas e Nuclear&N(IFCNEN - SP)
Av. Professor Lineu Prestes 2242
05508-000 Sao Paulo, SP- Brasil
immamed@yahoo.com.br
czamboni@ipen.br

2 |nstituto de Fisica da Universidade de Sdo PalFo/SP
Rua do Matéo, Travessa R, 187
CEP 05508-090 Cidade Universitaria, Sao Paulo siBra
tiago@if.usp.br

metrofis@dialdata.com.br

3 Escola Politécnica, Departamento de Engenharimi@aida Universidade de Sao Paulo
Av. Luciano Gualberto, 380 - trv. 3
CEP 05508-90Cidade Universitaria, Sao Paulo — Brasil
sonwpark@usp.br

ABSTRACT

The semi-parametric Neutron Activation Analysishteique, using Au as flux monitor, was applied to
determine element concentrations in white papasaliyscommercialized, aiming to check the quality
control of its production in industrial process.

1. INTRODUCTION

Accurate determination of the elements presenthiteapaper, usually commercialized, it is
very important because the mechanical and physeroal properties of the final product
depend on its composition. Considering that theustigal process of white paper involves
different steps, the projected characteristic ®t@mposition can be altered until to obtain the
final product. Nowadays, there are lot of procedlimethods used for checking these steps; a
summary about these analyses is presented inmet&s¢1] and [2].

An usual way to perform the quality control of thiglustrial process of paper production is
the analysis of the ashes; this is a global bugstrdctive method.

Based on it, in this study, we intend to perfornguali-quantitative determination of the
elements present in white paper by means of the ga@rametric neutron activation technique

followed by the gamma spectroscopy measurementiseophotons generated by beta decay



and/or the electron capture of the radioactive pctgl generated, aiming to propose an
alternative procedure to performed these analyg&ow the need to use the ashes.
Considering that calcium salts and chlorine compisuare used in white paper productien (
1% by weigh) it is predictable the strong preseat€l and Ca group elements in paper
samples so, it is very important to perform a qiiaimte determination of these elements in

all its extension.

2. EXPERIMENTAL PROCEDURE

In this work a large sample of white paper (abdunhlarge) was extracted of the paper-mill
and divided in various sheet-samples of A-4 sizee Of those sheets - sample (~ 2.5cm) was
selected for a preliminary analysis.

This select sample was divided in five bands otrbeach (denominated P1, P2, P3, P4 and
P5) and these bands were submitted to neutronasiotivin the IPEN nuclear reactor. In a
second step, each band (P1, P2, P3, P4 and P3gaasdivided into small fractions eflL

cm size (denominated pll, pl2, pl3, ..., p55) ajanathey were submitted to neutron
activation.

A total of 5 samples of paper (~0.660g each) weedyaed in first step (P1, P2, P3, P4 and P5)
and 25 samples (~0.130g each) in the second ore a2, p13,..., p54 and p55). We used this
procedure to verify the homogeneity of the resioltsall elements quantified.

In order to determine the concentration of the elets in these paper samples, the Cadmium
Ratio Technique was used for the measurement ohtleand epithermal flux distributidB].

In this technique, Au foils, both bare and Cd cederare irradiated together with the paper
sample in the IEA-R1 nuclear reactor at IPEN/SFA{REL, 2-4MW, pool type), for 5 minutes,
allowing the simultaneous activation of these materunder the exact same irradiation
conditions. Using this procedure theay activities induced in the Au foils by both ttreermal
and epithermal neutrons were obtained as well asathivation of paper sample. yA- ray
spectrometer system with a semiconductor deteaonerted to an ADCAM multichannel
analyzer and to a PC computer were then used teurethe induced gamma-ray activity. All
gamma spectra analyses were performed using thedDiputer codpl] and the concentration
of each element was then obtained by using amause softwargs].



3. RESULTS AND DISCUSSION

The time optimization used in this experiment tofguen these analyses: irradiation time of 5
minutes; counting time of 5 minutes for each gad &nd 10 minutes for each sample and
background radiation, in a thermal neutron flux ¥10cm?.s?, allowed us to conclude the

analysis in about two hours or less. Following thriscedure, it was possible to identify and

guantify Ca and Cl as well as Br, Mg, Mn and Nalirsamples.

The results for the five bands (P1, P2, P3, P4RG)danalyzed in the first step are presented
in Table 1. These data represent the mean value tfie two irradiations performed for each
sample. For illustrative visualization in figurele behavior of sodium concentration, in this

step of the analysis, can be appreciated.

The results of others analyses performed in therskstep (pl1, pl2, pl3,..., p54 and p55)
were not presented in tables (due the number ofables to perform it) but, the analysis of

the 5 small fractions from P4 sample (p41, p42, p43 and p45) were summarized in figure
2, where the result of the P4 sample (obtained ftbenfirst step) was also included for

comparison. Yet, in this figurthe confidence interval, taken al and+2 SD, were also

presented to permit an evaluation of the homoggwéithe data.



Table 1. Element concentrations in white paper usmthe semi-parametric Neutron

Activation Analysis technique

Elements
g/kg
Paper samples Br Ca Cl Mg Mn Na
(mass)
P1
(0.648g) 0.024t0.009 | 449 | 1.9#0.19 | 0.990.08| 0.0036-0.007| 2.080.11
(056249) 0.018t0.002 | 598 | 2.56-0.14 | 1.060.10({0.001@-0.0002 2.25+0.17
(Oggsg) 0.011%0.009 | 564 | 2.3#0.15| 1.080.07/0.0038-0.0002 1.75t0.11
© ggSg) 0.001A40.002| 5148 | 2.910.19 | 1.320.13/0.0048-0.0006| 2.14+0.13
PS 0.02A#0.017 | 5910 | 2.920.15| 1.2%0.10| 0.00320.002| 2.660.15
(0.6619)
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Figure 1. The concentration of sodium in paper sanlps (P1, P2, P3, P4 and P5).

The data have been normalized using the P1 samplaluve.
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Figure 2. The behavior of the elements in the smditactions of P4 sample paper (second

step). All the results were normalized using the Pdample value.



The concentration behavior of the elements analyBedCa, Cl, Mg, Mn and Na) in each
small fraction of all samples paper (pll, pl2, pl3,p54 and p55), are in agreement

considering a confidence interval of 95%2 SD).

Although this nuclear procedure needs a lot ofdieon to monitor all extension of
paper (10m), in function of samples size selectedcr), its permits detailed
information about the paper composition and consetiy a very precise monitoring
relate to the performance of the paper-mill.

4. CONCLUSION

The optimization of this quali - quantitative metheas established for paper analysis. Now,
we intend to continue this investigation for ak textension of the paper, as well as to invest
in search of eventual long-range concentration igrasl such as Fe and Co, common
additives used in the production of paper.
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