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ABSTRACT MY1204150

A bulky used paper supplied to recycling industry may contain water in their internal voids. The presence of 
water has been seriously argued among the paper-recycling industries. This is because the price o f  used paper  
is currently based on their weight and has a huge potential o f suppliers to add water in order to increase the 
price. The purpose o f the study was to establish the neutron calibration curve and to develop a correction factor  
o f weight measurement during purchasing o f  used paper. A fa st neutron source (Am-Be 241) and a portable 
backscattering neutron detector are used fo r  water measurement. The experiment is carried out by measuring a 
series o f  used paper containing different water (moisture) contents. Consequently, a thermal neutron 
calibration curve fo r  water measurement in a bulky used paper is obtained. Six categories from  calibration 
curve have been proposed fo r  correction factor o f  weight measurement.
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INTRODUCTION

Of all the writing materials mankind has employed down through the ages, paper has become the most widely 
used around the world. Today, paper is made from trees mostly grown on working forests and from recovered 
paper. Recycling has always been a part of papermaking. Paper recycling is the process of recovering waste 
paper or most well known as used paper and remaking it into new paper products. However, it should be noted 
that the collection of used paper is the first step in the recycling process. Most of the paper manufacturers buy 
their raw material from recovered paper merchants or supplier for recycling purposes (Misman et al„ 2008). 
Unfortunately, there are some of the bulky used paper supplied to recycling industry may contain or purposely 
added water in their internal voids. Since the price of these used papers is based on the weight, the paper- 
recycling industries faced a tremendous problem in setting the right price of the paper sold to them. The 
presence of water means that more money needs to be paid by the paper manufacturers. For this reason a 
device that is capable of providing instant data on the water content in used papers is very much necessitated by 
the paper-recycling industry.

The presently used technologies to measure the water or moisture are principally intrusive or require certain 
special condition operating condition, A few other methods that based on nuclear device are being able to 
address the problem. A fast neutron transmission and backscatter technique to measure the moisture content in 
various applications have been reported elsewhere (Naqvi, 2003; Jakiel, 2003; Jakiel et al., 2003; Jonah et al., 
1999; Tominaga et al., 2004; Mercer et al., 2007 and Du et al., 2005). Other techniques for moisture content 
measurement in paper industry capable of measuring the percentage of moisture content, its application is 
limited for a sheet of paper at the end line of product only and are not for a bulky used paper. Furthermore, in 
early study on this subject has been conducted by Hasan et al. (2009) who performed an experiment using 
neutron device. They found that the neutrons were incredibly sensitive in detecting hydrogen (water) in a bulky 
used paper and has bright features to be employed as a tool for water measurement but demands to establish the 
thermal neutron calibration curve. The above indicate that the application of neutron device for water 
measurement in a bulky used paper is reliable and has great potential. Thus, the development of a rapid water 
measurement using nucleonic gauge would overcome this problem and give benefit to the paper-recycling 
industry. Therefore, the aims of present work are to establish the neutron calibration curve and to develop a 
correction factor of weight measurement during purchasing of used paper.
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The nuclear technique employed is based on the principle of neutron backscattering. This technique will be used 
to detect the hydrogen or water content in the wet used paper. It consists of high energy or fast neutrons from a 
radioactive source which are beamed onto the samples. A fast neutron source emits high energy neutrons that 
collide with atomic nuclei of tested material and scatter in all directions. Neutron moisture detection is based on 
the fact that fast neutrons (>0.5 MeV) from a neutron source (eg. Am-Be 241) can be greatly attenuated or 
slowed-down to become thermal neutrons (<0.5 MeV) by interaction with hydrogen atoms in water (Not with 
other substances in used paper). The back-scattered slowed-down neutrons can be easily detected by a thermal 
neutron counter (Charlton, 1985). Numbers of backscatter neutrons are directly proportional to the 
concentration of hydrogen atoms in front of neutron detector. Therefore, water content in a wet used paper is 
detected based on hydrogen atom concentration and this concentration can be used to calculate the quantity of 
moisture or water.

METHODS AND MATERIALS

A bulky used paper is considered as sample and has been used in all experiments. The preparation of sample is 
done by measured the weight of used paper and dried in a vented oven at 105°C for about 24 hours in order to 
verify the wetness of paper. A portable and in-situ of nucleonic gauge namely Hydrotector which utilises the 
neutron backscatter techniques, is available as a commercial instrument (CPN MCM-2, CPN International Inc.) 
was employed. This gauge consists of a sealed radioisotope source, detector, telescopic pole handle and the 
electronic controller unit (ratemeter). As consequent, the Am-Be 241 (Half life 458y) source emitted neutrons in 
all direction but due to the presence of shielding, only one beam of fast neutrons is set downwards to the target 
used paper.

An experimental water measurement has been conducted at the laboratory o f the Plant Assessment Technology 
group, Malaysia Nuclear Agency. It is designed to allow the study of different percentage of water that can be 
added in a bulky used paper. The instruments used is shown schematically in Figure 1 and consisted of a 
nucleonic gauge system, a bulky used paper and an appropriate height of bench. Measurement of water in a 
bulky used paper is performed by placing the nucleonic gauge (Hydrotector) on top of the dried paper. At this 
juncture, the detector counts are recorded for uncontaminated (wetness) paper to provide a baseline counts. The 
experiment is carried out by measuring a series of used paper containing different water (moisture) as presented 
in Table 1. As a result, a series of percentage water added in a bulky used paper is counted and recorded by 
detector.

THEORETICAL

Figure 1. Schematic illustration o f the experiment setup for measuring water content in a bulky used paper.
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Table 1. Experimental conditions.

No. Used paper (kg) Amount of water added (ml)
1 35 50 to 15000
2 45 50 to 15000
3 55 50 to 15000

RESULTS AND DISCUSSION

Figure 2 dislays the the results of experiment that listed in Table 1. This figure shows the relationship between 
the thermal neutron counts and the water content obtained from the experiment. The detected thermal neutron 
counts demonstrated a slightly high reading instead of background counts at 0% of water content. This 
phenomenon could probably be explained by the fact that the paper is classified as an organic compound which 
containing one or more C-H bonds. Thus, the hydrogen atoms from an organic compound have resulted in the 
increase in the hydrogen concentration and thereafter increase in the thermal neutron counts that being detected. 
Generally, the detected thermal neutron counts increase sharply with the increasing of water in used paper and 
finally achieved plateau at above 26% of water content. Amazingly, the thermal neutron counts detected are 
similar from the standard block of polyethylene. This can be concerned as a maximum thermal neutron counts 
that can be detected at about 18000 counts or above 26% of water content. Ultimately, the established 
calibration curve has been acquired as indicated in Figure 3. Each point on Figure 3 represents an average of the 
experimental data that take into account the measurement error.
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Figure 2. Relationship between the thermal neutron counts and the percentage of water added.
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Figure 3, An established calibration curve for the thermal neutron counts and the percentage of water added.

Based on the results of Figure 3, an established calibration curve for water content in used paper is lastly 
developed. The correction factor of weight measurement of used paper which was attained from the calibration 
curve is proposed (see Table 2). The correction factors are divided into six category namely as A, B, C, D, E 
and F according to their percentage of water content presence in used paper. Nonetheless, the correction factor 
of weight measurement is completely exemptioned if the precentage of water is less than 1%.

In order to verify the calibration curve, the samples with a random percentage of water content will be measured 
and referred to established calibration curve. Hence, three samples at different percentage of added water have 
been chosen for this purpose. The thermal neutron counts gained from these measurements have been carefully 
cited to the calibration curve and their results are presented in Table 3. Both random samples give a good result 
in which the percentage of deduction from the measured weight can be clearly determined based on the 
calibration curve and their accuracies are less than 7%, respectively. This indicates that the established 
calibration curve can be applied as a correction factor of weight measurement during purchasing o f used paper. 
Moreover, this will be useful for paper-recycling industries to setting the right price for the used paper sold to 
them.

Table 2. The correction factor of weight measurement.

Thermal 
neutron counts

Deduction from 
measured weight (%)

Category

Over 17000 x > 26 A
14501 -  17000 20 < x < 25 B
12001 -1 4 5 0 0 15 < x < 20 C
10001 -  12000 10 < x < 15 D
8001 -  10000 5 < x < 10 E
6500 - 8000 1 < x <  5 F
Under 6500 x <  1 exemption
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Table 3. Verification o f random used papers for the thermal neutron counts.

Used paper 
weight 

(kg)

Thermal
neutron
counts
(Avg.)

Water 
content from 
calibration 
curve (%)

Actual of 
water 
added

(%)
Error
(%)

Deduction 
from 

measured 
weight (%) Category

20 8047 5.2 5.3 1 5 < x <  10 E
20 10457 11.0 10.6 3 10 < x < 15 D
20 14102 20.0 21.3 6 20 < x < 25 B

CONCLUSIONS

The experimental results divulge that the neutrons are vastly sensitive in detecting hydrogen (water) in a bulky 
used paper. The thermal neutron calibration curve for water content in used paper has been successfully 
established. Six categories from calibration curve have been proposed for the correction factor of weight 
measurement during purchasing of the used paper. The study reveals that the established calibration curve has a 
brilliantly prospective in order to develop a smart neutron gauge for rapid and non-destructive detection of 
water in a bulky used papers. Furthermore, the manufactures of the paper-recycling industry can have directly 
advantageous from it.
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