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ABSTRACT 
 
The purpose of this paper is to characterize the tiles placed on the walls of the Franciscan convent of “Santo 

Antônio” (Recife-PE) and to obtain information about the several expansions and structural reforms performed 

on the convent by dating the bricks. For this purpose, a portable energy dispersive X-Ray Fluorescence 

(EDXRF) was used to characterize the tiles. The dating of the bricks was performed using the 

Thermoluminescence (TL) technique. The results of the EDXRF analysis show that the dominant component of 

the white pigment is Lead [2PbCO3.Pb (OH)2], used since the ancient times until the twentieth century, while 

the dominant element of the blue pigment is Cobalt (CoO.Al2O3), that has been used from 1807 until nowadays. 

The TL dating of bricks indicate that there were walls with different periods of construction, being one built 

around 1765, with a deviation of 28 years, whereas other was built later, around 1874, with a deviation of 15 

years. These results provide new data towards understanding how and when the Recife Franciscan Convent of 

“Santo Antônio” was designed and built, contributing to other research works presently underway on site. 

 

 

 

1. INTRODUCTION 
 

The Franciscan convent of “Santo Antônio”, located in Recife, capital city of the State of 

Pernambuco (PE), was the seventh Franciscan convent built in Brazil (initial construction 

from 1606 to 1613). During the Dutch occupation of the Northeastern territory of Brazil 

(1630-1654) the convent was incorporated into the Ernesto Fort and the monasterial activities 

were suspended. Many tiles found on the cloister walls of the convent probably date back to 

that time period [1]. After the expulsion of Dutch from the territory of the Pernambuco State, 

the Franciscan congregation retrieved the convent and started several works of restoration 

and enlargements including decoration of the convent walls with large Portuguese Tile panels 

which show biblical passages, such as “The Creation of The World” [2].  
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As a result of those interventions, a wide variety of tiles from different historical periods, 

painting techniques and authorship are found in the convent [3], fact that brings complication 

for the works aimed at preservation of the cultural heritage. Furthermore, with so many 

reforms and interferences in its historical past, the knowledge of when such intervention 

occurred in an attempt to understand how and when the construction of the convent building 

was performed is historically interesting.  

 

For this purpose, two archaeometric techniques were applied in this paper: energy dispersive 

x-ray fluorescence (EDXRF) to characterize some tiles placed on the convent cloister walls, 

trying to find the time period in which the tiles were manufactured, and Thermoluminescence 

(TL) to date bricks removed from two walls of the cloister, in order to understand their 

chronological order of construction. 

 

The application of analytical techniques, such as x-ray fluorescence in archaeology and 

objects of art provides the historians and archaeologists with the possibility to obtain 

information about questions of where, when or by whom historical objects were made. In 

special, the x-ray fluorescence is widely applied to the qualitative and quantitative analysis of 

historical materials because it is a non-destructive technique [4,5]. A successful use of this 

method was undertaken by Roldán et al., when the qualitative study of cobalt-blue pigments 

composition used in highly valuable Valencian ceramics, from the 14
th

 century up to the 20
th

 

century, using EDXRF analysis, allowed the grouping of cobalt blue pigments used in 

ceramics (which had well known fabrication time) through its chemical composition, in such 

a way that it was made possible to establish the period of time in which each group of 

pigments was used [6].  

 

The TL is a physical phenomenon that, over the last decades, has been frequently used to date 

samples such as ceramics, bricks, flints, sediments [7]. The TL dating method is based on the 

property that some of the crystals present in the sample (quartz and feldspar) have to 

accumulate dose due to radiation [8].  When clay was burned to produce a brick, for example, 

the TL component present in these crystals is eliminated, what makes the dose accumulated 

up to this time turn zero. After that, the crystals will accumulate dose due to environmental 

radiation up to the time of sample collection. When these crystals are heated in the laboratory, 

they will emit a certain amount of light which is proportional to the accumulated dose (Dac) 

over the years due to the environmental radiation. The age of the brick material can be 

determined relating this Dac to the annual dose rate of the site where the sample was collected 

[9], according to the Eq. 1: 

 

																																Age	�year	 = 	 Accumulated	Dose	�Gy	
Annual	Dose	Rate	�Gy/year																																												�1		 

 

 

 

2. MATERIALS AND METHOD 
 

2.1. Samples  

The samples used in this archeometry study were collected in the cloister of the convent, in 

order to understand how this part of the convent had been built. To facilitate this study, the 

four walls of the cloister were named A, B, C and D, as shown in Fig. 1.  
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Six tiles named A1, A2, A3, A4, A5 and A6 were randomly chosen for EDXRF 

measurements. For TL dating two bricks, one from the A wall (named T1) and another from 

D wall (named T2) were collected. The place where these bricks were collected for TL dating 

and the locations of the tiles on the cloister walls for EDXRF “in situ” analyses are shown in 

Fig. 2. These locations were chosen aimed at understanding how the construction of the 

cloister occurred. 

 

 

 

Figure 1: Panoramic photo of the cloister of the Franciscan Convent of “Santo 
Antônio”, Recife –PE with the identification of its walls.  

 
 

 
 

Figure 2: Plan of the cloister of the Franciscan Convent of “Santo Antônio”, Recife –PE 
showing the sample positions (circled) and the portable EDXRF system.   

Portable  

EDXRF system 
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2.2. EDXRF measurements  
 

The qualitative determination of the chemical elements present in the samples was performed 

“in situ” using portable energy dispersive x-ray fluorescence (EDRXF) equipment that 

consisted of an x-ray tube MOXTEK, with Tungsten anode and a solid state detector XR-

100CR Si-PIN, made by AMPTEK. The output x-ray beam was collimated to restrict the 

analysis to the sample surface. The measurements on each tile were carried out, setting the 

voltage and the current of the x-ray tube at 30 kV and 25 mA, respectively, during 900 s. The 

characteristic x-rays emitted by the sample were registered in the multichannel analyzer, 

AMPTEK MCA8000A, connected to a portable computer. Fluorescence x-ray spectra were 

taken at 16 different points in total, randomly chosen, on the surface of 6 tiles samples 

painted with 2 different pigments (white and blue) and in the tile matrix, as shown in Tab. 1. 

To hold the qualitative analysis, the x-rays spectra were fitted to the AXIL-QXAS software 

[10]. 

 

 

 

Table 1: Points analyzed in the tiles. 
 

Tile sample Localization 
Analyzed points 

White Blue Tile matrix 

A1 D wall, 1st floor, outside, nearby C wall P01, P02 P03, P04  

A2 D wall, 1st floor, inside, nearby C wall P07 P05, P06 P08 

A3 C wall, 1st floor, outside, nearby B wall P10 P09  

A4 C wall, 1st floor, outside, nearby B wall  P11  

A5 B wall, ground floor, nearby A wall P13 P12 P14 

A6 D wall, 1st floor, outside (restoration)  P15 P16 

 
 
 
2.3. TL dating measurements 

 

The TL dating was carried out on two bricks collected from the walls A and D of the cloister 

as mentioned before. The TL measurements were, lately, done at the laboratory, in the 

absence of light. Initially, the bricks have undergone a chemical treatment with HF (20%) and 

HCl (20%), for 1 hour each, to remove the crystalline material (mainly quartz) and the 

powders sieved to obtain particles with size between 75-100 µm. The accumulated doses of 

natural radiation were determined by the method of regenerative doses applied to coarse 

quartz grains. The TL response curves were drawn with data obtained by the exposition of the 

two samples to a Co-60 gamma rays source with doses of 1, 3, 5, 8 and 11.3 Gy.  To 

eliminate the unstable TL photo peaks (below 200 °C) which are formed during irradiation, a 

preheating at 150 ° C for 20 minutes was performed before the TL measurements. The TL 

glow curves were recorded by using a Harshaw 3500 reader, with a heating rate of 4 
o
C/s. 

The intensity of the TL emission was evaluated by integrating the area under the peaks shown 

in the range of 200 and 400 
o
C.   

 

The annual dose rate of natural radiation (environment) was determined by gamma 

spectrometry carried out with a germanium detector hyperpure (GeHP), taking into 

consideration the contents of U-238, Th-232 and K-40 in the bricks (internal dose) and in 
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samples of plaster and mortar collected from the walls nearby the bricks plus the cosmic rays 

(external dose). The analyses were performed with a Canberra GeHP detector, model 

GC1518, coupled to a Canberra 5004 multichannel analyzer, previously calibrated with a 

source of Eu-152. For these measurements, the samples were crushed, placed in an acrylic 

cylinder pot (3.7 cm diameter) and weighed. Then, the pots were sealed and stored at room 

temperature during 30 days to obtain the secular equilibrium, which allows estimate the 

concentrations of U-238 and Th-232 from the daughter nuclides contents. Each measurement 

took 3 days for its completion. After the achievement of the spectral range, from these spectra 

were subtracted the value corresponding to the spectrum of BG (environmental radiation), 

thus obtaining the net spectrum. From the values of detection efficiency, previously 

determined with the source of Eu-152, for each energy value, the concentrations of U-232, 

Th-238 and K-40 present in the samples were determined.  

 

The concentration of U-238  was evaluated by taking the photo peaks of its daughter nuclides 

Pb-214 (at 295,1 and 351,92 keV) and Bi-214 (at 295,1 and 351,92 keV), while the 

concentration of Th-232  was evaluated by taking the photo peak of its daughter nuclides Pb-

212 (238,63 kV) and Ac-228 (at 338, 911,2 and 966 Kev). The concentration of K-40 was 

measured through its gamma emission at 1460,8 keV [9,11].  

 

The values of annual dose rate for the brick samples were calculated from Eq. 2.  Where DI 

and DE are, respectively, the internal and external doses; �� is the attenuation factor for beta 

radiation in the brick, which, under the conditions of treatment given to samples used in this work, is 

0.9 [12];  ������ , �!"#�$%�, �!&'%($)� and �*+,.		./0,	 are, respectively, the contribution of beta dose 

from the brick, the gamma dose from mortar, the gamma dose from plaster and from the 

cosmic rays radiation of the site. In this work we assumed that the contributions of gamma 

radiation coming from the mortar and plaster were respectively 70 and 30 percent, and a 

cosmic rays value of 0.25 mGy/ year, considered typical for samples collected in Brazil [13]. 

 

Annual	Dose	Rate	 1 23
34567 = D8 + D: = D;<=>?@ +		10.7DCDE=FG= + 0.3DCIJGKFL= + DMNO.		653O	7								(2) 

 

The concentrations of U-238, Th-232 and K-40 were then correlated to the values shown in 

Tab. 2 to find the �� and  �! values [11]. The values shown, in Tab. 2, take into account the 

contribution of radon gas for the calculation of the annual dose rates, once the samples were 

located in the rigid walls of the cloister. Remembering that in these samples, the contribution 

of alpha radiation had been disconsidered due to the previous chemical attack carried out on 

them.  

 

 

 

Table 2: Ikeya table with the values of annual dose rate considering the contribution of 
Rn-222 and Rn-220 [11]. 

Element Alpha (mGy/a) Beta (mGy/a) Gamma (mGy/a) 

Th-232 (1 ppm) 0,7371 0,02762 0,05092 

U-238 (1ppm) 2,6916 0,14273 0,10207 

K-40 (1 %) - 0,67805 0,20287 
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Finally, the ages of the bricks were 

ages were determined using to E

for the accumulated dose and annual dose rate;

standard deviations obtained for the accumulated dose and annual dose rate.

 

 

 

              															PQ = 	R1S/T

3. 
 

 

 

3.1. EDXRF measurements  
 
Fig. 3 (a) and (b) present the XRF spectra measured in the region of the white and blue 

pigment, respectively. The XRF spectra were fitted using AXIL code to obtain

area corresponding to the characteristic x

calibration curve of the spectrometer, 

pigments. 

 

 

 

  (a) 

 

Figure 3: XRF spectra of the 
 

 

 

Tab. 3 and 4 present, respectively, 

lines detected by EDXRF measur

 

 

, the ages of the bricks were estimated using Eq. 1. The standard deviation (Sd) of the 

ing to Eq. 3, where Dac and Dan are, respectively, the average value 

ated dose and annual dose rate; PQS/U and PQS/T are, respectively, the 

deviations obtained for the accumulated dose and annual dose rate.

R1 V
S/T7

W PQ	S/UW +	1X	 S/US/TY7
W PQ	S/TW                            

 

 

 
3. RESULTS AND DISCUSSION 

 

present the XRF spectra measured in the region of the white and blue 

pigment, respectively. The XRF spectra were fitted using AXIL code to obtain

area corresponding to the characteristic x-ray lines of the different elements. Based on the 

calibration curve of the spectrometer, it was possible to identify the elements present in the 

                        

             (b)                                                 

Figure 3: XRF spectra of the a) white pigment and b) blue pigment

, respectively, the normalized net areas of the elements and fluorescence 

lines detected by EDXRF measurements of the white and blue pigments. 

1. The standard deviation (Sd) of the 

ely, the average value 

are, respectively, the 

deviations obtained for the accumulated dose and annual dose rate. 

                            (3)   

present the XRF spectra measured in the region of the white and blue 

pigment, respectively. The XRF spectra were fitted using AXIL code to obtain the net peak 

ray lines of the different elements. Based on the 

the elements present in the 

    

(b)                                                  

lue pigment.  

ormalized net areas of the elements and fluorescence 
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Table 3: Normalized net areas of the elements and fluorescence lines detected by 
EDXRF measurements of the WHITE painted surface of 4 tiles of the cloister walls of 
the Franciscan Convent of “Santo Antônio”, Recife –PE.  
 

Elements 
Net areas of white pigments 

A1 A2 A3 A5 
P01 P02 P07 P10 P13 

S - - - 1630 27 

K - - 1393 - 1212 

Pb 3146 4441 27974 120992 51579 

 
 
 
Table 4: Normalized net areas of the elements and fluorescence lines detected by 
EDXRF measurements of the BLUE painted surface of 6 tiles of the cloister walls of the 
Franciscan Convent of “Santo Antônio”, Recife –PE. 
 

Elements 

Net areas of blue pigments 

A1 A2 A3 A4 A5 A6 

P03 P04 P05 P06 P09 P11 P12 P15 

S 930 1178 238 21 1196 976 336 438 

K - 657 2735 2804 - - - - 

Mn 13 3759 - - - 1280 - - 

Co 3808 11648 6035 26280 17712 8932 8902 4506 

Cu 1226 2897 - - - - - - 

Pb 43930 78459 46353 61183 99079 83834 71604 38677 

 

 

 

The X-ray fluorescence spectra of the white painted areas showed the presence of lead that 

may be related with the pigment lead white (2PbCO3.Pb(OH)2, used since antiquity to the 

20
th

 century [14]. The presence of sulfur is due to the decomposition of lead white into PbO2 

and PbS, and the presence of potassium in A2 and A5 is due, respectively, to a probable 

abrasion in the ink that allowed a greater penetration of x-ray beam into the tile matrix, and 

probably to the residue of plaster that covered A5. 

 

Sulfur and lead, present in all blue points, are probably due to the white pigments under the 

blue painting. Cobalt is a common component to all of the blue areas measured, suggesting 

the use of cobalt blue (CoO.Al2O3). This pigment has been used since 1807 to nowadays [14, 

15]. The A1 tile was the only one to have copper, indicating the use of azurite 

[2CuCO3.Cu(OH)2], commonly used since antiquity (in its mineral origin) or the 17
th

 century 

to the 18
th

 century (artificial origin). The presence of cobalt blue with azurite should bring 

this tile to the beginning of the 19
th

 century. It is also possibly that pyrolusite (MnO2 – black 

pigment used since antiquity to nowadays, has perhaps been used to darken the blue) and 

smalt (due to presence of Mn and K) were used, but it does not affect the time range found 

for production of the tile. The presence of potassium in A2 tile suggests the utilization of 

smalt [Co.O.n SiO2(+ K2O + Al2O3)], used since the 15
th

 century until the 19
th

 century, that 
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indicates that A2 was produced in the course of the 19
th

 century [14,15]. The A3, A5 and A6 

tiles had only cobalt blue as significant pigment, suggesting that their production was after 

1807 [14,15]. The presence of manganese in A4 tile requires more studies to be explained: 

pyrolusite is improbable because A4 blue points have a light tint; on the other hand 

manganese blue [Ba(MnO4)2 + BaSO4] should show also barium presence, but it has not been 

observed. 

 

 

 

3.2. TL dating measurements 
 

The Fig. 4 (a) and (b) shows the TL glow curves of the sample bricks T1 and T2. It is 

observed that the TL glow curves have overlapping TL peaks in the region considered stable 

for dating, above 200 ° C. 

 

 

 
       (a)           (b)    

            
Figure 3: TL glow curves of the sample bricks T1 (a) and T2 (b). 

 

 

 

From these glow curves, shown in the Fig. 4, the calibration curves (Fig. 5) were drawn with 

the average values of three TL readings and subtracting the average of 3 TL sample readings 

zeroed by heat treatment at 400 °C during one hour (called in this paper “zerada”). The 

settings of the points of the calibration curves were obtained by a linear function.  

 

The accumulated dose values (Dac) determined for the bricks T1 and T2 were, respectively, 

0,89 ± 0,04 and 1,92 ± 0,10 Gy.  

 

The concentrations of U-238, Th-232 and K-40 in the samples measured by gamma 

spectrometry are presented in Tab. 5. For the A wall an annual dose rate of 6,49 ± 0,64 

mGy/year was determined while the D wall value was 7,82 ± 0,78 mGy/year.  

 

Applying the Equations 1 and 3 to determine the ages and standard deviations, respectively, 

were estimated an age of 137 ± 15 years for the A wall and an age of 246 ± 28 years for the D 

wall.  
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                                       (a)                 (b)   
 

Figure 4: Calibration curves of the sample bricks T1 (a) and T2 (b). 
 
 

 
Table 5: Concentrations of U-238, Th-232 and K-40 determined for the samples used in 
this archaeometric work.  
 

Wall Sample Type 
U-238   
(ppm) 

Th-232   
(ppm) 

K-40    
(%) 

Cosmic rays 
(mGy/year) 

Dose Rate 
(mGy/year) 

Annual Dose 
Rate (mGy/year) 

A 

T1 Brick   

(internal dose) 
4,88 21,73 3,65 

0,25 

5,74 

6,49 ± 0,64  
Plaster      

(External dose) 
1,70 2,70 1,69 0,65 

Mortar     

(External dose) 
1,36 2,55 0,79 0,43 

            
D 

T2  Brick  

(internal dose) 
7,03 30,39 3,85 

0,25 

7,05 

7,82 ± 0,78 
Plaster     

(External dose) 
1,05 3,75 0,90 0,48 

Mortar     

(External dose) 
1,49 2,77 0,82 0,46 

 
 

4. CONCLUSIONS  
 
It was possible to find the chemical composition of the white and blue pigments present in the 

tiles of the cloister walls through the system of portable EDXRF. From the results it was 

possible to verify that they were made between the end of the 18th century and beginning of 

the 19th century. 

 

The TL dating of bricks indicate that the wall D (246 ± 28 years) was built around 1765, 

before the wall A (137 ± 15 years) which was built around 1874. These ages are in agreement 

with the time of production estimated for the tiles in this work. 

  

Through these results, it was possible to obtain new data to understand how and when the 

Franciscan Convent of “Santo Antônio” (Recife, PE) was designed and built, contributing to 

other research works presently underway, on site. 
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