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The preparation of tissue or organ simulators for magnetic resonance imaging has particularities associated with 
the method of image acquisition. Magnetic permeability 
magnetization similar to human tissues should be considered, avoiding excessive heating of the samples during 
the submission to radiofrequency stimulation. In this work clinical gel with CuSO
of 50 - 500 mg/ 100 ml of gel was prepared. Copper sulphate, because it is paramagnetic, is predicted as a 
favorer in the alignment of the magnetic spins of the mixture at the moment of the submission to the magnetic 
field. To promote the interaction between the materials the mixture was subjected to gamma radiation 
of 10, 50 and 100 kGy and studied by FTIR analyses. 
preparation and two weeks after was studied whit the UV 
dependence on the preparation and time for use. For this, the
to the sulfate group was monitored since the peak between 190 nm and 350 nm is confused wit
clinical gel used. The material was shown to be stable to be prepared two weeks prior to use. The effect of 
radiation on the mixture is discussed in terms of interaction of the radiation with the components of the 
composite.  

 
 

 
The phantoms used for image quality tests in radio diagnosis include both homogeneous and 
body phantoms, in varying degrees of complexity and realism. 
anatomical reproduction of the body structures or simply in the reproduction of the w
interact with the radiation that is being used for the diagnosis [1]. 
 
Therefore, to select suitable materials to create a body simulator it is necessary to know the 
constitution and characteristics of the tissue
MRI implies particularities because the technique is based on different types of radiation and 
physical principles. Should reproduce, for example,
conductivity and magnetic permeability
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ABSTRACT 

The preparation of tissue or organ simulators for magnetic resonance imaging has particularities associated with 
the method of image acquisition. Magnetic permeability and electrical conductivity, important criteria for 
magnetization similar to human tissues should be considered, avoiding excessive heating of the samples during 
the submission to radiofrequency stimulation. In this work clinical gel with CuSO4 compound in the proportions 

500 mg/ 100 ml of gel was prepared. Copper sulphate, because it is paramagnetic, is predicted as a 
favorer in the alignment of the magnetic spins of the mixture at the moment of the submission to the magnetic 

promote the interaction between the materials the mixture was subjected to gamma radiation 
of 10, 50 and 100 kGy and studied by FTIR analyses. The homogeneity of the mixtures at the time of 
preparation and two weeks after was studied whit the UV - Vis Spectroscopy technique to verify if there is any 
dependence on the preparation and time for use. For this, the absorption peak centered at 706 nm corresponding 
to the sulfate group was monitored since the peak between 190 nm and 350 nm is confused wit
clinical gel used. The material was shown to be stable to be prepared two weeks prior to use. The effect of 
radiation on the mixture is discussed in terms of interaction of the radiation with the components of the 

1. INTRODUCTION 

The phantoms used for image quality tests in radio diagnosis include both homogeneous and 
body phantoms, in varying degrees of complexity and realism. May be based on an 
anatomical reproduction of the body structures or simply in the reproduction of the w

is being used for the diagnosis [1].  

Therefore, to select suitable materials to create a body simulator it is necessary to know the 
nd characteristics of the tissue to be simulated. The use of body s

MRI implies particularities because the technique is based on different types of radiation and 
al principles. Should reproduce, for example, T1 and T2 relaxation times, electrical 

conductivity and magnetic permeability [2]. 

 

AND CLINICAL 
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The preparation of tissue or organ simulators for magnetic resonance imaging has particularities associated with 
and electrical conductivity, important criteria for 

magnetization similar to human tissues should be considered, avoiding excessive heating of the samples during 
compound in the proportions 

500 mg/ 100 ml of gel was prepared. Copper sulphate, because it is paramagnetic, is predicted as a 
favorer in the alignment of the magnetic spins of the mixture at the moment of the submission to the magnetic 

promote the interaction between the materials the mixture was subjected to gamma radiation at doses 
The homogeneity of the mixtures at the time of 
Vis Spectroscopy technique to verify if there is any 

nm corresponding 
to the sulfate group was monitored since the peak between 190 nm and 350 nm is confused with peaks of the 
clinical gel used. The material was shown to be stable to be prepared two weeks prior to use. The effect of 
radiation on the mixture is discussed in terms of interaction of the radiation with the components of the 

The phantoms used for image quality tests in radio diagnosis include both homogeneous and 
May be based on an 

anatomical reproduction of the body structures or simply in the reproduction of the way they 

Therefore, to select suitable materials to create a body simulator it is necessary to know the 
to be simulated. The use of body simulators for 

MRI implies particularities because the technique is based on different types of radiation and 
T1 and T2 relaxation times, electrical 
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The relaxation times in T1 and T2 and the contrast obtained in the MRI of a certain tissue 
region is due to the presence of water and fat, since the image is produced from the 
stimulation of the magnetic spins of hydrogen. The hydrogen present in the water has an 
electron configuration around it other than the hydrogen present in the fat. For this work was 
chosen the use of clinical gel to simulate the presence of hydrogen in the body tissues, this 
because of its aqueous and also polymeric constitution to a certain extent. On the other hand, 
its electrical conductivity was considered similar to the human body, since it is used in 
electrotherapy in the skin-electrode coupling [2]. To produce different contrasts in the 
simulated image it is necessary that the gel be modified and this is being tested in this work 
through the addition of CuSO4, which is a paramagnetic material, in different proportions. 
Besides adding the copper sulphate, the interaction between the compounds of the final 
compound gel/CuSO4 is being analyzed.  
 
Irradiating solids with radiation is usually thought to introduce disorder, normally an 
undesirable phenomenon. But recent experiments on electron, gamma or ion irradiation of 
various nanostructures demonstrate that it can have beneficial effects and that electron or ion 
beams may be used to tailor the structure and properties of nanosystems with high precision. 
Moreover, in many cases irradiation can lead to self-organization or self-assembly in 
nanostructures [3]. 
 
On the other hand, the gamma irradiation process is known to cause heating in meio exposto, 
ou seja, na camara de ionização, podendo, eventualmente, também causar aquecimento de 
amostras durante o processo de irradiação. Considering that the phantom tested in this work 
will be subjected to the magnetic field of the resonance equipment and that this also leads to a 
sample heating, the irradiation is being used in this work to simulate also the effects of the 
radio induced heating on the tested material. For this the effects of the radiation on the 
compound is also considered with regard to the material eventually heated. The copper salts 
fall into three distinct classes as judged by their magnetic properties. In the first group the 
principal moments are different for different directions, but all of them are practically 
independent of temperature. In the second class the moments are nearly of the same order as 
before, but they decrease with the lowering of temperature. To the third class belongs cupric 
acetate monohydrate, in which the moments are all very low even at room temperature, and 
they decrease rapidly as the temperature is lowered, the three classes correspond to the non-
cubic part of the field being very different, lowest in the first class and highest in the third [4].  
 
The magnetic susceptibility of the copper sulphate pentahydrate was tested by Benzie and 
Cooke (1951) using the Electron Paramagnetic Resonance (EPR). Paramagnetic resonance 
absorption in single crystals of copper sulphate pentahydrate has been investigated at 
wavelengths of 3.04, 1.23 and 0.85 cm. Only one absorption line is found at wavelengths of 
3.04 and 1.23 cm, and the position agrees with that calculated from susceptibility data. Two 
lines would be expected theoretically for many orientations of the crystal in the magnetic 
field, corresponding to the two inequivalent Cu++ ions in unit cell. At 0.85 cm. wavelength 
two lines are found under the appropriate conditions but not at longer wavelengths [5].  
 
So the choice of the materials studied in this work and the research methodology were chosen 
for theoretical bases and previously tested by other authors. The copper sulphate has already 
been tested to produce contrast in a body simulator in magnetic resonance [6], however in 
this work its interaction with clinical gel and theoretical adequacy for this use is investigated.  
 



INAC 2017, Belo Horizonte, MG, Brazil. 
 

2. MATERIALS AND METHODS 
 
Samples of the CuSO4.5H2O (50-500 mg) in 100 ml of Colorless Clinical Gel RMC® from 
Unigel manufacturer [4] was prepared by manual mixed. In Fig. 1 shows the samples 
produced after mixing and packed in smaller vials for submission of irradiation process. 
 

 
 

Figure 1:  Fraction of Gel (100 ml)/ CuSO4 (50 – 500 mg) samples. 
 
 
Samples were irradiated in Laboratório de Irradiação Gama (LIG) of Centro de 
Desenvolvimento da Tecnologia Nuclear (CDTN) using a Co-60 source at constant dose rate, 
for doses of the 10, 50 and 100 kGy. Optical transmission measurements were taken in a 
Shimadzu UV-2401 PC spectrometer, for wavelengths ranging from 200 to 800 nm. The 
FTIR spectra, each collected with 16 scans each, were measured at a BOMEM 100 
spectrometer for wavenumbers ranging from 300 to 9000 cm-1.  
 
 

3. RESULTS AND DISCUSSION 
 
The first evaluation of the composites made by UV-Vis was about stability of the gel mixture 
with CuSO4. The measurements were taken after mixing and 15 days after, measuring the 
peak-centered absorption at 706 nm, corresponding to the presence of the sulfate group 
(Fig.2). The data for the sample with 500 mg of CuSO4 is not seen in the Fig. 2 because its 
high concentration resulted in a graph with saturated peaks, making it impossible to measure 
the height of the peaks. 
 

 
 

Figure 2:  UV-Vis absorption in 706 nm after prepared the gel/CuSO4 samples and 15 
days after, with different proportions of CuSO4. 
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Fig. 2 shows the evolution of the peak at 706 nm as the CuSO4 ratio increased, as well as the 
stability of the composite after 15 days, since there was no great discrepancy in absorption 
values either after preparation or 15 days after. The UV-Vis technique was also used to 
evaluate the effect of gamma radiation on the composite. The Fig. 3 shows the samples after 
irradiation process, in which we see color change in them. 
 
 

 
 

 
 

a) 
 

b) c) d) 

 
Figure 3:  Gel / CuSO4 samples non-irradiated (a) and irradiated with 10 (b), 50 (c) and 

100 kGy (d). 
 

The color change observed in Fig. 3, from blue to yellow, green to red, as the radiation dose 
increase indicates that the interaction between the radiation and the gel/CuSO4 composition 
causes dissociation of the sulfate releasing metallic copper in solution. This would give the 
compound higher properties with respect to electrical and thermal conditions. For use as a 
resonance body simulator this would not be desirable since CuO is diamagnetic and Cu also. 
On the other hand, the increase of the electrical and thermal conductivity would also be 
undesirable since it would cause excessive heating of the phantom when submitted to 
radiofrequency. The UV-Vis spectra evidence this process by observing a shift of the 706 nm 
centered absorption band of the CuSO4 to lower wavelengths (Fig. 4). We exclude the curve 
referring to the samples with concentration of 500 mg of CuSO4 for better presentation of the 
results, because they have saturation peaks. 

 
 

a) b) 
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c) d) 

 
 

Figure 4:  UV-Vis spectra of gel/CuSO4 non-irradiated (a) and irradiated with 10 (b), 50 
(c) and 100 kGy (d). 

 
 
We observed in Fig. 4 that the peak centered at 706 nm shifts to smaller wavelengths as a 
function of the change in absorption related to different corresponding colors. It is known that 
copper metal is red, while copper sulfate is blue. This color variation demonstrates that 
irradiation causes the breaking of bonds between the sulfate group and the copper, especially 
for doses greater than 50 kGy. For a dose of 10 kGy this effect is lower, although already 
initiated, as can be seen in the sample with 100 mg CuSO4 (Fig. 4 b)). To perform the FTIR 
analysis, a small amount of sample was used, which was spread on adhesive tape for 
submission to the infrared source. The Fig. 5 shows FTIR spectra of the adhesive tape used as 
a support for the analyzes, gel pure sample and gel/CuSO4 (500 mg) non-irradiated, gel pure 
and gel/CuSO4 (100, 500 mg) samples irradiated with 10 kGy. 
 
 

 
 

Figure 5:  FTIR spectra of adhesive tape, gel pure sample and gel/CuSO4 (500 mg) non-
irradiated, gel pure and gel/CuSO4 (100, 500 mg) samples irradiated with 10 kGy. 
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Observing the results of FTIR between 3000 and 6000 cm-1 we see that the sample used as 
support to obtain the spectra does not show peaks between 4750 - 5500 cm-1, as well as the 
pure gel sample. The gel when mixed with CuSO4 has a peak centered at 5160 cm-1, 
corresponding to the stretch vibration of a aqueous solution (νOH + δHOH) [7], showing that in 
fact the addition of copper sulphate is able to modify the characteristics of the gel, in relation 
to the availability of hydrogen in different configurations. Pure gel samples irradiated with 10 
kGy exhibit the same peak even without addition of CuSO4, which the irradiation of the gel 
causes similar effect to the addition of copper sulphate, probably by promoting breakage of 
the gel structure. On the other hand, when irradiating gel/CuSO4 samples the peak shows an 
increase in its absorption intensity, showing that the irradiation with doses up to 10 kGy 
favors the interaction between the gel and CuSO4. However when considering the results of 
UV-Vis irradiation at doses greater than 10 kGy is not advised, as it promotes dissociation of 
the sulfate. 
 
With respect to temperature variation during the irradiation process does not appear to have 
increased enough to promote changes in the compound since the heating caused by 10 kGy 
irradiation would not be different from that promoted by irradiation with 50 or 100 kGy, have 
been irradiated in the same distance. Thus, the possible heating effect should also be seen in 
samples irradiated with 10 kGy. 
 

3. CONCLUSIONS  
 
Gel / CuSO4 samples were prepared to study their structural stability for future use as a body 
simulator for magnetic resonance imaging. CuSO4.5H2O was used between 50-500 mg in 100 
ml of gel and were stable up to fifteen days after preparation. The samples were irradiated 
with doses of 10, 50 and 100 kGy to promote interaction between the components. UV-Vis 
and FTIR analyzes have shown that irradiation at doses up to 10 kGy may favor the 
interaction between the gel and CuSO4, but at higher doses causes sulfate dissociation. It has 
been shown that the addition of CuSO4 in the gel changes the configuration of the available 
hydrogen in the gel, which will allow it to be used to achieve different weighted in the MRI 
image.  
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