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Abstract

The Radiation Vulcanized Natural Rubber Latex (RVNRL) process plants such RAYMINTEX, pipelines 
are used extensively to transfer a latex product from storage vessel and being irradiated to produce a 
high quality of latex. A hydraulically activated Pipeline Intelligent Gauge (PIG) was held back against the 
latex flow. Consequently, the stuck PIG in pipeline was subjected to interrupt plant operation. The 
investigation was carried out using the neutron backscattered technique scanner to track the stuck PIG in 
pipeline of RVNRL plant. The 50 mCi Americium Beryllium (AmBe2 1) fast neutron emitter source in the 
range 0.5-11 MeV has been used and thermal neutrons in the 30 eV- 0.5 MeV was detected using Helium 
3 (He3) detector. It is observed that there is unambiguous relationship between vapour and RVNRL 
consequence o f diverse hydrogen concentration in pipeline. Thus, neutron backscattered technique was 
capable to determine the location of stuck PIG in a RVNRL pipeline.
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Introduction

Natural Rubber Latex (NRL) is the stable dispersion (emulsion) of polymer microparticles in an aqueous 
medium (Bowers et. al, 1990). NRL is extracted from Hevea brasiliensis tree and is used to produce 
different kinds of rubber goods like gloves, condoms, balloons and some part of medical and dental 
equipments, but it is predominantly used in the production of surgical and examination gloves (Sizue O. 
Roger et. al, 2003). Radiation Vulcanized Natural Rubber Latex (RVRVNRL) is low modulus 
prevulcanized latex based on high ammonia latex concentrate, prepared by irradiation of natural rubber 
latex with gamma irradiation from cobalt-60 source. RVNRL is a organic compound where it has C-H 
bond where the chemical formula is (C5H8)n. RVNRL is produced using pipe type continuous gamma 
irradiator at particular plant. The formulated latex is transferred by means of a piston pump, acting 
through the irradiation matrix, which is exposed to the gamma source (Makuuchi, 2003).

The PIG tracking measurements are one of the most important measurements in a RVNRL plant 
environment. Therefore, the neutron backscatter instrument allows us to “see” through the shell of the 
stuck PIG in order to enable a better understanding and diagnosis of what is actually occurring on the 
inside. This is a very effective device in troubleshooting and when optimizing the performance of a stuck 
PIG in pipeline. The technique also allows for measurement and detection of extent of emulsion, location 
of interfaces and liquid levels and level of foam and solids deposition.

Currently, the application of NBT in field was very rare reported due to the strictly confidential by the plant 
owner. As a result, the literature review in this particular technique has been difficult to be summarised. 
However, an Am-Be neutron source-based facility was used to determine the hydrogen content of oil 
samples from Nigeria by Jonah et al. (1999). They applied the principles of thermal neutron reflection 
technique in combination with the foil activation method. They found that this method is economical and 
suitable for the determination of moisture in solid samples. A fast neutron transmission technique to



measure the moisture content in sugar and wood samples has been reported by Naqvi (2003). He used 
neutrons of 2.8 MeV energy, which were produced via D (d, n) reaction and transmitted through the wood 
and sugar samples and detected by an NE213 Scintillation detector. A Monte Carlo simulation was also 
employed to calculate the fast neutron counts. His results demonstrated that the neutron device is 
competent of measuring the moisture in both samples. Thus, N.P.M. Hassan et al, (2009) used of a 
neutron backscatter technique for in-situ water measurement in paper-recycling industry. They used of 
similar technique by using Am-Be241 as a neutron source. Thus, they indicate that the neutrons have the 
potential to be employed by the paper-recycling industry for rapid and non-destructive detection of water 
in the bulk of used papers.

Meanwhile, a fast neutron source emits high energy neutrons that collide with the 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 (e.g. Am-Be 241) can be greatly attenuated or slowed down to 
become thermal neutrons (<0.5 MeV) by interaction with hydrogen atoms in water. The back-scattered 
slowed-down neutrons can be easily detected by a thermal neutron counter. Numbers of backscatter 
neutrons are directly proportional to the concentration of hydrogen atoms in front of the neutron detector 
(Charlton, 1985).

The aim of this investigation focused on the detection of hydrogen concentration in RVNRL pipeline using 
spot measurements. The vary hydrogen concentration provided an information and will be helpful in 
detection of stuck stuck PIG.

Methodology

The Neutron Backscatter Technique (NBT) principles appropriate to the interaction of neutrons with 
matter. The radioactive source emits fast neutrons with high energies which are difficult to detect. These 
fast neutrons interact with matter to become slow or thermal neutrons. Thermal neutrons are most likely 
to interact with atoms of a similar size to the neutron itself. Hydrogen is the atom closest in size and mass 
to the neutron and therefore accounts for the majority of the collisions that reduce the fast neutrons to 
thermal neutrons.

When a fast neutron collides with a hydrogen atom it releases energy and becomes a slow or thermal 
neutron. The thermal neutrons are scattered in all directions but have a short travel path. Some of these 
thermal neutrons are scattered back towards the investigation head and these are the neutrons counted 
by the detector.

Neutrons emitted from radioisotope sources are energetic particles, with energies up to several MeV, 
such energetic neutrons are referred to as 'fast neutrons'. Fast neutrons; do not interact with the electric 
fields of atoms and molecules. In addition, because of the large mass of the neutron compared with that 
of the electron, neutrons are irrelevantly affected by electron collision. The only way in which a fast 
neutron passing through matter can lose its energy is by direct collision with an atomic nucleus. 
Therefore, fast neutrons are penetrating particles, capable of passing through substantial thickness of 
material and hence ideal for the tank floor investigation.

Fast neutrons, in the range 0.5-11 Me V, lose their energy by scattering process. In elastic scattering, the 
neutron is slowed down in the collision and its direction of motion is changed. In the energy range 30eV-
0.5 MeV, elastic scattering is essentially the only process by which a neutron can be slowed down.
If neutron energy before collision is denoted by E1, and after collision by E2, it is possible to show that in a 
head-on collision, the energy transferred to the nucleus is

E2 / E1 = [(A-1)/(A+1)]2 .................................................................... (1)

where A is the mass number of the nucleus. From equation (1) it can be seen that it is possible for a 
nucleus to lose all of its kinetic energy in a head-on collision with a hydrogen nucleus. It is clear that, for



this reason, the presence of hydrogen is a major factor in the slowing down of fast neutrons. It can be 
seen that the number of collisions required to thermalise a fast neutron is lower for elements of lower 
atomic number, such as hydrogen.

Figure 1: Typical result of NBT investigation

It is clear from the above equation that it is possible for a nucleus to lose all of its kinetic energy in a 
head-on collision with a hydrogen nucleus. Hence, the presence of hydrogen is a major factor in the 
slowing down of fast neutrons. The concentration of thermal neutrons near the fast-neutron source is 
increased by the presence of hydrogen. The higher the concentration of these elements, the shorter are 
the distances traveled by the thermal neutrons and the higher is their density near the source (figure 1).

Previously, the plant owner requires dismantling the entire the pipe stainless steel with the intention of 
315 m length, 7.6 cm in diameter and having 30 corners. This course of action will be taken 3 days to 
complete due to the unidentified location of stuck stuck PIG.

As a consequence, RVNRL pipeline is needed to drain off in order to make it empty or in vapour condition 
in this investigation. It will be easier to distinguish a stuck stuck PIG due to low hydrogen concentration in 
vapour condition. The other fraction of stuck stuck PIG leaves RVNRL sustains, where it has high 
concentration of hydrogen. A standard paraffin block which contains high hydrogen atoms will be used in 
sequence to ensure the stability of the equipment before and after measurement. The investigation 
technique used in this measurement was a spot measurement, where counts have been recorded every 5 
cm the length of RVNRL pipeline (figure 2). As a result, the neutron counts are obviously differ where it 
have been compared.

Figure 2: Typical investigation on pipe in RVNRL plant



Result and discussion

The counts on selected location (known material) and samples according were recorded in sequence to 
acquire a reference for this investigation is shown in Table. 1. The recorded data of this investigation 
performed at selected location on the empty pipe and filled pipe of RVNRL were recorded. The high count 
indicates high hydrogen concentration in attendance (eg. Paraffin wax or water), otherwise low count 
represents low hydrogen concentration (eg. vapour).

Table 1: Hydrogen concentration counts at selected location and samples.
Description Thermal Neutron Counts

Standard Block (Paraffin) 25000 - 26000

Vapour at Surrounding 300-700

Water in Hydrant Pipe 13000-14000

Empty Pipe 1000-1500

Pipe Filled with RVNRL 8000-10000

From the table 1, the empty and pipe filled with RVNRL have vary counts and it is apparently can be 
seen. The investigation performed by a spot measurement initiated with the empty pipe until the pipe filled 
with RVNRL has been discovered. Appropriately, the design of pipe was comparable to a heat exchanger 
and the most probably location of stuck PIG stuck was in a corner (see figure 3).

Figure 3: Typical type of PIG used in RVNRL industry

Moreover, Figure 4 shows the comparison of thermal neutron counts obtained from measurements of 
hydrogen inside the pipe. This figure indicates that the increase of the thermal neutron counts has 
indirectly increased of the hydrogen concentrations in addition. This can be explained by the detail that 
the NVRL has the organic compound such as C-H bond. The hydrogen atoms from the organic 
compound have resulted in the increase in the hydrogen concentration and subsequently increase in the 
thermal neutron count detected by the neutron counter. The stuck PIG was found at 5.8 m from the 
reference point. This result has been referred to Table 1 for the thermal neutron counts reference as well.
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Figure 4: The relationship between the thermal neutron counts and measurements distance

The investigation has been performed and found the position of stuck PIG (figure 5) in one the particular 
corner. Simultaneously, this pipe corner was dismantled and stuck PIG has been found and has been 
taken out. Therefore, it is has good agreement with theoretically emphasized that the neutron counts 
decreased with low concentration of hydrogen and increased when it interact with high hydrogen 
concentration. Accordingly, this technique is capable to solve their problem within a few hours and offered 
better instead of cost and time consuming.

Corner where 
separator has 
been found

Figure 5: The location of stuck stuck PIG found at one of the pipe corner.

Conclusion

This investigation presents the relation between hydrogenous material and neutron. The result of each 
spot measurement has been taken on the length of the pipe line and shows that distribution of hydrogen 
content is relatively identical.

Thus, the more hydrogen atoms present in a material the more thermal neutrons that are produced and 
can be detected. The detection of these thermal neutrons creates a Hydrogen Bulk Density of the 
material during investigation. Vapour, with a low hydrogen density, will have few thermal neutrons 
reflected back to the detector. Hydrocarbons or RVNRL have a greater hydrogen concentration so will 
reproduce more neutrons back to the detector resulting in higher count rates. Any hydrogenous material 
may be measured including, but not limited to water, hydrocarbons, acids, bases, organic liquids, 
concrete and earth.



Acknowledgment

The authors would like to extend their appreciations and sincere thanks to the personnel of the Plant 
Assessment Technology Group and RAYMINTEX Plant, Malaysian Nuclear Agency for their support and 
co-operation especially during this investigation. Last but not least thanks also go to Dr. Jaafar Abdullah 
(PAT Manager), Dr. Abdul Nassir Ibrahim (Director) and Dr. Muhammad Lebai Juri (Director General) for 
their support and encouragement.

Reference

1. J. E Bowers et. al, 1990. Natural Rubber-Producing Plants for the United States. National 
Agricultural Library.

2. Charlton, J.S., 1985. Radioisotope Techniques for Problem-Solving in Industrial. Springer, Berlin.
3. Sizue O. Roger et. al., 2003. Extractable proteins from irradiated field natural rubber RVNRL 

Radiation Physics and Chemistry 67, 501-503
4. Jonah, S.A., Zakari, I.I., Elegba, S.B., 1999. Determination of the hydrogen content of oil sample 

from Nigeria using an Am-Be neutron source. Applied Radiation and Isotopes 50, 981 - 983.
5. K. Makuuchi, 2003. An introduction to radiation Vulcanization of Natural Rubber Latex, 168 -  181.
6. Naqvi, A .A, 2003. Moisture measurements of wood and sugar samples using neutron 

transmission technique. Nuclear Instruments and Methods in Physics Research A 497, 569-576.
7. N.P.M. Hassan et. al. 2009. The use of a neutron backscatter technique for in-situ water 

measurement in paper-recycling industry. Applied Radiation and Isotopes 67, 1239 -  1243.


