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The work deals with neutron reflectivity measurements performed for Ni films coated on 

different types of the commercially available plexiglass substrates. The Ni coatings were NiCr 
(80% Ni, 20%Cr), 58Ni and natural nickel. The reflectivity behaviors of 58Ni and natural nickel are 
compared with a present measurement performed for a 58Ni film (150 nm thick) coated on glass 
substrate. Some of the present mirrors were measured several years before and are included in the 
presented measurements in order to check the quality of the plexiglass mirrors over years. It has 
been found, from the presented measurements, that plexiglass, as a substrate, successfully 
substitutes glass and the quality of the Ni coating can last for several years without deterioration. 

 
 

INTRODUCTION 
 

Various types of neutron optical elements, such as neutron guides, are constructed 
from mirrors; oftenly made of highly polished glass plates coated with a layer of a material 
whose scattering length is high; such as natural nickel or 58Ni; as in the case of the neutron 
guide system of the CFDF. The geometrical considerations of the neutron optical elements 
could require the use of a light and flexible material, as a substrate of the Ni coating, such 
as plexiglass. Consequently, it was found important to study the neutron reflectivity from 
nickel films coated on such type of substrate; as this should significantly help when 
building a neutron guide system for the ET-RR-2 reactor of Egypt; as it has very limited 
number of horizontal experimental channels; compared with the ET-RR-1 reactor. Such 
measurements started still at the beginning of the 90ies.Accordingly, measurements were 
performed by Maayouf et al. [1-4]  for NiCr (80% Ni, 20%Cr), 58Ni and natural Ni films 
coated on different types of plexiglass (German make). Despite the fact that most of the 
measured coatings gave almost 100% reflectivity, more measurements were still required 
for the conclusive test of the validity of plexiglass as a substitute of glass, in mirror 
manufacturing, as well as the quality of the mirror over years. Another question is 
concerned with the surface roughness of the substrate and the type of coating. The goal is 
to find out an optimum of the parameters for neutron mirror devices designed for use at 
research reactors.    
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More measurements are represented in the present report; and performed for nickel 
mirrors on different types of commercially available plexiglass, in order to test 
conclusively its validity as a substitute of glass; and to find out about their deterioration; 
and which ones, out of the commercially available can last over years. 

 
EXPERIMENTAL DETAILS 

 
Three sets of reflectivity measurements were performed, few years ago, using 

different neutron reflectometers. The first two sets of ref1ectivity measurements were 
performed, using two different monochromatic neutron reflectometers described in details 
elsewhere [6, 7] . The first one of them was performed for four Ni mirrors on different 
plexiglass substrates. While two of the mirrors were with 58Ni coatings (150 nm thick), the 
other two had 700 nm thick coatings from NiCr (80% Ni, 20%).  

The four plexiglass mirrors were prepared in 1991 and neutron reflectivity 
measurements were performed in 1991 and 1993 respectively for one of the NiCr mirrors 
and the Ni one on Makrolon Polykarbonat substrate using the time of flight reflectometer 
of St. Petersburg Nuclear Physics Institute [1, 2]. Regardless, the neutron reflectivity of 
both mirrors was measured again in order to check the quality of such type of mirrors over 
several years. Then measurements were performed, four years later, with the (C3-1-2) 
reflectometer installed at a cold neutron guide tube of JRR-3M reactor of JAERI (Japan), 
using incident neutrons with a long wavelength (12.6Å) while the glancing angle θ was 
varied between 0.5°- 2.9°, covering values of (θ/λ) respectively between 0.0007 and 0.004 
rad/ Å. More details about the reflectometer could be found elsewhere [6]. 

The second set of measurements was carried out for two NiCr films on plexiglass and 
one 58Ni film (150 nm thick) coated on a glass substrate. The two plexiglass mirrors were 
prepared in 1991 and are coated with 700 nm thick layers of NiCr (80% Ni, 20% Cr). 
While one of the two mirrors was on 1 mm thick plexiglass, the other one was on a rather 
thinner foil (100 µm thick). The reflectivity of the two plexiglass mirrors were also 
measured using the (C3-l-2) reflectometer of the JRR-3M reactor (Japan) which was 
mentioned before. The reflectivity of the 58Ni glass mirror was measured using the 
pyrolytic-graphite reflectometer, described in [4], with neutrons of wavelength 4.3 Å. 

The third set of measurements was performed using the D17 reflectometer, at ILL 
(France), working at the time-of-flight mode. The measurements were performed for two 
Ni mirrors. While one of them is a 58Ni film (l50nm thick) coated on boron loaded glass 
(1cm thick), the other one was a natural Ni (99.9%) film of thickness 700nm, coated on 
PMMA plastic substrate (2.5mm thick). The latter mirror was prepared in 1991 and 
measured before. 
 

RESULTS AND DISCUSSION 
 

The dependencies between the neutron reflectivity and θ/λ (rad/Å) deduced, from the 
first set of the measurements, for the 58Ni mirrors are displayed in Fig.1. ; Along with the 
previous measurement [2] performed five years before for one of them and yielded then the 
critical value of θ/λ = 19.1x10-4 rad /Å which is consistent with the value 18.7xl0-4 rad /Å; 
deduced from the presented measurements for both types of plexiglass. This is in favor of 
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the quality of the mirrors as they were prepared seven years before the present 
measurements. 

The neutron reflectivity behaviors deduced from the first set of the present 
measurements for the two NiCr mirrors are presented in Fig.2. ;along with previous 
measurement [1] which was performed six years before (Fig.2b) for the same mirror 
represented in Fig.2a; using a neutron beam spectrum incident on the mirror at a fixed 
glancing angle θ. All the reflectivity behaviors (Fig.2) are much the same yielding 
reflectivity values over 90% at values of θ/λ below 14x10-4 rad/Å. Maxima are also 
observed (see Fig.2) in the reflectivity behaviors at values of θ/λ below 20x10-4 rad/Å. 

 

 
 
 
Figure1: Neutron reflectivities of 58Ni plexiglass mirrors a) PMMA plexiglass substrate; b,c) 
respectively for present and previous measurements of plexiglass Makrolon Polykarbonat substrate. 
 
 

It was confirmed from theoretical calculations [1] and further measurements, with 
58Ni and natural Ni coatings that these maxima are due to a multilayer system which could 
have been developed during the NiCr coating process; possibly because chromium 
evaporates at a temperature which is considerably lower than that of nickel [10]. Moreover, 
such multilayer system was found to be characteristic for the NiCr coatings [6]. Regardless, 
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one finds that the presented measurements, with NiCr coatings are in favor of the quality of 
the plexiglass mirrors as it did not deteriorate throughout several years after preparation. 

 
 
Figure 2: Neutron reflectivities of NiCr plexiglass mirrors, a,b) respectively,for present and 
previous measurements of the same mirrors; c) new PMMA plexiglass mirror. 

 
 

The neutron reflectivities deduced, from the second set of the present measurements, 
for the NiCr mirrors are displayed in Fig.3.; along with previous measurements [2,7] 
performed for NiCr coatings on different plexiglass substrates. The ref1ectivity behaviors 
of the present NiCr mirrors are much the same, as the previously measured ones; yielding 
the highest reflectivity at values of θ/λ. below l4x10-4 rad/Å. The present measurements are 
also in favor of the quality of the mirrors. 

The neutron reflectivity behaviors of the 58Ni glass mirror deduced from the presented 
measurements is displayed in Fig.4; along with the results of measurements performed for 
58Ni and a natural Ni mirrors on plexiglass substrates. One can notice that the reflectivity 
behavior of the Ni mirror (Fig.4b) is similar to that of the 58Ni mirror except for the critical 
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value (-l6x10-4 rad/Å) of θ/λ which is lower than the value 19x10-4 rad/Å of the Ni mirror 
on glass substrate. 

 
 
 

Figure 3: Neutron reflectivities of NiCr mirrors. 
a) NiCr Polycarbonate plexiglass mirror [2]; b) present measurement for the same mirror;  
c) present measurement for the NiCr mirror on Kalle Hostaphan foil. 
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.  
 

Figure 4: Neutron reflectivities of 58Ni coated mirrors. 
a) 58Ni mirror on PMMA plexiglass [7]; b) Ni mirror on PMMA plexiglass [7]; c) present 58Ni 
mirror on glass substrate. 
    

The neutron reflectivities deduced from the presented measurements of 58Ni and Ni 
mirrors, using the D17 reflectometer at ILL., are displayed in Fig. 5. The reflectivity 
behavior of the Ni mirror is similar to that of the 58Ni mirror except for the critical values 
of the θ/λ 

The critical value of and θ/λ = 19X10-4 rad/Å, deduced from the present 
measurements for 58Ni coating on glass is higher than the value 16.6 rad/Å deduced for the 
Ni coating on plexiglass. This mainly due to the fact that the scattering length of Ni is low 
compared to that of 58Ni. Regardless, the present values of θ/λ are consistent with the value 
mentioned before for the reflectivity curves (b and c) displayed in Fig.4; they are exactly 
the same as the present ones. Such consistency between Ni and 58Ni mirrors is in favor of 
using plexiglass substrates instead of glass ones. Besides the quality of the plexiglass 
mirror can last for several years without deterioration.  
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Figure 5: The reflectivities of Ni and 58Ni mirrors, measured at ILL. 

 
It is concluded that the commercially available types of plexiglass, such as PMMA 

and Makrolon Polykarbonate, could successfully replace glass as a substrate for Ni-coated 
mirrors [8, 9]. It offers, almost the same reflectivity behavior with 58Ni coating on glass 
mirrors and the quality of the Ni coating can last for several years without deterioration. It 
is also possible to use neutron mirrors on very thin plexiglass foils for the construction of 
neutron optical devices.  
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