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ABSTRACT 

 
Piping system design takes into account relevant factors such as: internal coating, 
dimensioning, vibration system, adequate supports and principally, piping material. Cost is a 
decisive factor in the phase of material selection. The non-destructive testing method most 
commonly employed in industry to analyze the structure of an object is radiographic testing. 
Computed radiography (CR) is a quicker and much more efficient alternative to conventional 
radiography but, although CR presents numerous advantages, testing procedures are still 
largely based on trial and error, due to the lack of a consecrated methodology to choose 
parameters as it exists for conventional radiography.  
Notwithstanding, this paper presents a study that uses the technique of computed radiography 
to analyze metal alloys. These metal alloys are used as internal pipe coating aiming to protect 
against corrosion and cracks. This study seeks to evaluate parameters such as basic spatial 
resolution, Normalized Signal-to-Noise Ratio (SNRN), contrast, intensity and also to 
compare conventional radiography with CR.           
 
 

1. INTRODUCTION 
 
 

Piping system design takes into account relevant factors such as: internal coating, 
dimensioning, vibration system, adequate supports and principally, piping material. Cost is a 
decisive factor in the phase of material selection. The expected service life of the piping must 
be considered in cost calculations, since pipe substitution and consequent operation delay 
generate expenses which, when added to the amortization of the initial investment, can be 
crucial for a company. Pipe manufacturing and field installation costs  are a significant 
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portion of the total asset investment, which comprise the materials used, the type of finishing 
and coating (painting and insulation), as well as labor indirect cost. [1].     
 
Some steel pipes have internal coatings which may be: anti-corrosive, anti-abrasive, anti-
erosive and refractory (providing internal thermal insulation). The general objective for the 
use of pipes with some internal coating is to unite the advantages of low cost, good 
mechanical resistance, good weldability and ample availability of steel resistant to abrasion, 
high temperatures and, principally, corrosion. To guarantee manufacturing quality, as well as 
monitor the risks and conditions of the pipes, non-destructive tests (NDT) are conducted 
throughout the course of time.  The non-destructive testing method most commonly 
employed in industry to analyze the structure of an object is radiographic testing.  [2].  
 
New technologies in the area of industrial radiography have brought gains in productivity, 
product and service quality, as well as reduction in costs, time and waste.  Computed 
radiography (CR) is a quicker and much more efficient alternative to conventional 
radiography but, although CR presents numerous advantages, testing procedures are still 
largely based on trial and error, due to the lack of a consecrated methodology to choose 
parameters as it exists for conventional radiography [3]. Notwithstanding, this paper presents 
a study that uses the technique of computed radiography to analyze metal alloys. These metal 
alloys are used as internal pipe coating aiming to protect against corrosion and cracks. This 
study seeks to evaluate parameters such as basic spatial resolution, Normalized Signal-to-
Noise Ratio (SNRN), contrast, intensity and also to compare conventional radiography with  
CR.           
 
 
This study was performed in two phases, as follows:  
 
 

� 1st Phase: Thirty metal alloy samples were evaluated (figure 1), the specifications 
of which are in table 1. In this phase the following parameters of image quality 
were evaluated: Basic Spatial Resolution, Normalized Signal-to-Noise Ratio 
(SNRN) and Intensity. 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 1. Six of the thirty samples used in the study. 
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Table 1. Sample presentation. 
 

 
Alloy 

Length 
(mm) 

Width 
(mm) 

Surface Density 
(g/cm2) 

1 AISI 304     1.62 
2 AISI 310 39.0 15.7 1.52 
3 AISI 316 39.0 15.4 1.26 
4 AISI 321 38.5 14.7 1.31 
5 AISI 347 39.0 15.3 1.31 
6 AISI 410 38.7 15.2 1.45 
7 AISI 430 38.8 15.3 1.64 
8 AISI 440C 39.3 15.0 1.05 
9 AISI 17- 4 PH 39.0 15.0 1.42 
10 CARP 20CB3 39.2 15.3 1.27 
11 A – 286 39.0 15.0 1.40 
12 1-1/4Cr – 1/2Mo 39.0 15.5 1.20 
13 2-1/4Cr – 1Mo 38.8 14.4 1.27 
14 5Cr – 1/2Mo 38.5 15.6 1.33 
15 9Cr – 1Mo 39.2 15.3 1.21 
16 NICKEL 200 39.0 15.0 1.63 
17 MONEL 400 38.7 15.7 1.27 
18 MONEL 500 38.0 15.5 1.32 
19 INCO 625 39.1 15.5 1.42 
20 INCO718 39.0 16.0 1.57 
21 INCO825 39.4 15.2 1.23 
22 WASPALOY 38.7 15.1 1.46 
23 HAST B-2 39.0 15.1 1.60 
24 HAST C-276 38.4 16.0 1.37 
25 HAST X 38.4 15.3 1.21 
26 CDA 706 38.8 15.7 1.26 
27 CDA 715 38.7 15.6 1.58 
28 STELLITE 6B 39.1 15.9 1.71 
29 STELLITE 25 39.0 14.9 1.58 
30 STELLITE 188 39.2 15.7 1.36 
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An X-ray equipment model MGC 41 manufactured by Yxlon International, and a high 
resolution Imaging Plate (IP) model HD 10/24 manufactured by Durr NDT were used to 
obtain the images in the first phase. The computed radiography system used included a 
scanner model CR50P, manufactured by GE IT. The parameters chosen for reading were a 
photomultiplier average gain of 600 V, pixel size of 50 µm and laser focus size of 50 µm. 
After the reading, the IP was erased, and this unit used 16 bits for coding. The setup used to 
expose the samples, with a source detector distance of 100 cm is illustrated in Figure 2. 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Setup assembled to expose 30 samples. 
 
The images used to evaluate normalized signal-to-noise ratio (SNRN) and intensity were 
obtained by placing the samples over the IP which was centralized on the base. The IP should 
always be inside the support to avoid contact with visible light which would impair the 
image. 80 kV, 3 mA were applied over 30 seconds, with focal size of 1 mm. To evaluate 
spatial resolution, using the same technique, the images were obtained conducting  30 
exposures, one for each sample, with the sample positioned over the IP and over it, a duplex 
wire IQI (in accordance with European Norm EN 462-5). 

 

� 2nd Phase: Seven metal alloy samples were manufactured (table 2) with thickness 
greater than the previous 30 samples. A comparative study was realized between 
the conventional and computed X-ray techniques. The seven samples are shown in 
figure 3.        
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Figure 3. Samples, seven metal alloy plates. 
 

 
Table 2. Presentation of samples. 

 

Sample Material Size (mm) Thickness (mm) 

A1 SSA 240/410S 10.1 X 10.0 25.2 

A2 SA 240/UNS 10.2 X 10.0 13.5 

A3 S. AISI/316L 10.2 X 10.0 13.0 

A4 SA 240/TP. 304 10.1 X 10.1 13.0 

A5 SA. 240/TP. 321 10.2 X 10.0 12.8 

A6 SA240/TP. 347 10.1 X 10.1 10.2 

A7 SSA 240/310SS 10. 2 X  10.0 10.8 
 

 
An X-ray equipment model MGC 41 manufactured by YXLON International  and sources of 
γ rays from Iridium-192 with activity of 2.41 TBq and Selenium-75, with activity of 1.13 
TBq were used as radiation sources to obtain conventional radiographic images.   
 
The equipment included Class II radiographic films model AA400 manufactured by Kodak, 
intensifying screens of 0.127 mm and 0.254 mm, chassis and wire (ASTM) and hole-type 
(ASME) IQIs. The computed radiography images were obtained via X-ray equipment model 
Isovolt 450 Titam manufactured by GE IP and gammagraphy equipment with a source of Ir-
192 with activity of 0.48 TBq.   The IP, the computed radiography system and the parameters 
selected were the same as those used in the 1st phase.  
 
The experiment was conducted in two stages: in the first stage the images were obtained by 
conventional radiography and in the second by computed radiography, and then the images 
were compared. X-ray and Gamma (γ) radiation sources were used in both techniques. 
Details of the exposure techniques are shown in tables 3, 4 and 5.   
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 Table 3. Image acquisition by conventional radiography technique  using X-rays. 
 

Sample Voltage (kV) Current (mA) Time (s) 

A1 280 5 25 

A2 175 5 33 

A3 175 5 46 

A4 175 5 33 

A5 175 5 44 

A6 160 5 35 

A7 160 5 45 
 
 

Table 4. Image acquisition by conventional radiography technique  using γ rays. 
 

Sample 
Iridium - 192 Selenium - 75 

Time (s) Time (s) 

A1 190 1080 

A2 90 520 

A3 90 520 

A4 105 520 

A5 105 520 

A6 100 400 

A7 100 400 
 

 
Table 5. Image acquisition by computed radiography technique using X-rays and γ 

rays. 
 

 X-rays Iridium - 192 

Sample Voltage (kV) Current (mA) Time (s) Time (s) 

A1 280 5 18 3700 

A2 175 5 22 2800 

A3 175 5 23 2700 

A4 175 5 20 2700 

A5 175 5 20 2650 

A6 160 5 19 2200 

A7 160 5 20 2350 
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3. RESULTS 
 
 
The basic spatial resolution was determined using images obtained with a duplex wire image 
quality indicator (IQI), according to European Norm EN 462-5. These images were then 
analyzed using the program ISee. In the analysis process, through an image processing 
program, the profile between the pairs of wires is traced, as shown in figure 4, and the 
resolution is determined by the first unresolved wire pair. The first unresolved wire pair for 
metal alloy AISI 347 was that of number 13 resulting in a basic spatial resolution of 50 µm. 
This same analysis was conducted with the 30 metal alloys, and all of them presented a basic 
spatial resolution of 50 µm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 4. Analysis to determine the basic spatial resolution for alloy AISI 347. 
 

 
The normalized signal-to-noise ratio (SNRN) was determined using the same image 
processing program, with a region of interest (ROI) of 20 x 55 pixels marked in the center of 
the sample, as shown in Figure 5.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Analysis to determine the basic spatial resolution for alloy AISI 347. 
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Table 6 presents the intensity results in grey values and SNRN for the 30 metal alloy samples.   
 

Table 6. Intensity and SNRN. 
 

 Alloy Intensity SNRN 

1 AISI 304 7144 224 
2 AISI 310 7380 213 
3 AISI 316 9613 260 
4 AISI 321 9037 177 
5 AISI 347 9439 272 
6 AISI 410 8664 163 
7 AISI 430 7061 252 
8 AISI 440C 14536 188 
9 AISI 17- 4 PH 8602 276 
10 CARP 20CB3 8122 198 
11 A – 286 8172 248 
12 1-1/4Cr – 1/2Mo 11022 270 
13 2-1/4Cr – 1Mo 9896 207 
14 5Cr – 1/2Mo 9519 258 
15 9Cr – 1Mo 10903 277 
16 NICKEL 200 4313 190 
17 MONEL 400 6774 212 
18 MONEL 500 6813 235 
19 INCO 625 4140 185 
20 INCO718 4269 192 
21 INCO825 8208 240 
22 WASPALOY 5334 210 
23 HAST B-2 1868 96 
24 HAST C-276 3527 160 
25 HAST X 7013 220 
26 CDA 706 6325 236 
27 CDA 715 4132 190 
28 STELLITE 6B 4763 196 
29 STELLITE 25 3463 140 
30 STELLITE 188 4254 148 

 
 
The results indicate that the basic spatial resolution, one of the parameters evaluated, was 50 
µm for the 30 samples. This was expected because the resolution of the system  (IP and the 
scanner) for the X-ray source and the geometry used was 50 µm. The thickness variation 
among the samples was small, and thus different resolutions were not obtained, which might 
have happened had the samples been thicker with greater thickness variation. . A combined 
analysis is necessary to understand the intensity results which show that the intensity did not 
decrease linearly when surface density increased. This is due to the difference in thickness 
and, principally, the K absorption lines of the elements that compose the samples. Initially, 
we will analyze the samples Carp 20CB3, 2-1/4Cr – 1Mo and Monel 400, a group with the 
same surface density of 1.27 g/cm2. The sample Monel 400, rich in Nickel, has its K 
absorption line in 8.33 keV, very near to the peak L-α of the Tungsten target. This and the 
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fact that  it presents a considerable quantity of Copper with K absorption of 8.97 keV 
explains Monel’s large absorption and its intensity being the smallest of the  three (4.313).  
 
The sample Carp 20CB3, presents Nickel in its composition, although in a lesser quantity, 
justifying its intensity of 8.122. While the sample 2-1/4Cr-1Mo is almost entirely composed 
of Iron, the K absorption line of which is 7.11 keV, thus it absorbs the least and consequently 
has a greater intensity (9.896).  This behavior was also observed in the other samples, 
explaining the results obtained.  
 
 The components of the next group: AISI 310, AISI 304 and AISI 430 present different 
surface densities, although practically the same elements in their composition, varying only in 
concentration. The K absorption lines are practically the same for the three samples, with 
intensity decreasing as surface density increased.  
 
Tables 7 and 8 display the optic density values (OD) and contrast, the latter determined with 
the help of hole-type (ASME Norm, Sec V E-1025) and wire (ASTM Norm E-747) IQIs, 
encountered after analyzing the radiographic images for  X and γ ray sources , respectively. 
Figures 6 through 8 illustrate some of the results presented in tables 7 and 8, showing 
conventional radiographic images, of some TSs that were digitized. 

 
 

Table 7. OD and contrast values obtained with X-ray sources. 
 

Sample X-rays 

 OD Wire Hole 
A1 2.75 7 2T 
A2 2.30 7 2T 
A3 2.20 6 2T 
A4 2.23 6 2T 
A5 2.45 6 2T 
A6 2.18 6 2T 
A7 2.33 6 2T 
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Figure 6. Conventional radiography, X-rays, of samples A6 and A7. The red arrows 

indicate wire 6 and the green arrow, the essential hole. 
 
 

Table 8. OD and contrast values obtained with γ-ray sources. 
 

Sample Iridium - 192 Selenium - 75 

 OD Wire Hole OD Wire Hole 
A1 2.65 8 2T 2.65 9 2T 
A2 2.42 7 2T 2.42 7 2T 
A3 2.50 7 2T 2.52 7 2T 
A4 2.55 7 2T 2.55 7 2T 
A5 2.66 6 2T 2.64 7 2T 
A6 2.35 6 2T 2.35 7 2T 
A7 2.38 6 2T 2.39 7 2T 

 

 

 

 

 

 
 
 
 
 
 

Figure 7. Conventional radiography, γ rays (Se-75), of samples A4 and A5. The red 
arrows indicate wire 7 in A4 and 6 in A5, and the green arrow, the essential hole. 
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Figure 8. Conventional radiography, γ-rays (Ir-192), of samples A2 and A3. The red 
arrows indicate wire 7 and the green arrow the essential hole.   

 
 
Tables 9 and 10 show the values of  SNRN, BSR  and  contrast,  the last two determined with 
the help of duplex wire and wire IQIs, respectively, encountered after analyzing the 
radiographic images for X and γ ray sources, using the ISee software. Figures 9 through 13 
illustrate some results presented in tables 9 and 10 showing computed radiography images, of 
some TSs.    

 
Table 9. Values of BSR, SNRN and contrast, obtained with X-ray sources. 

 
 X-rays 

Sample 
BSR (µm) Contrast 

(wire) 
SNRN Intensity 

Parallel   Perpendicular 
A1     130               100 7 92.1 30024 
A2     130                80 6 93.4 24829 
A3     130                80 6 94.0 31110 
A4     130                80 6 98.1 29165 
A5     130                80 6 98.5 30255 
A6     100                80 6 126.0 30854 
A7     100                80 6 117.0 28010 
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Figure 9. CR of sample A7, X-rays, BSR of 80 µm (perpendicular). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. CR of sample A7, X-rays, BSR of 100 µm (parallel). 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 11. CR of sample A6, X-rays, the red arrows indicate wire 7 and  the SNRN. 
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Table 10. Values of BSR, SNRN and contrast, obtained with γ rays sources. 

 
 γ rays 

Sample 
BSR (µm) Contrast 

(wire) 
SNRN Intensity 

Parallel    
A1 160 8 67.5 31952 
A2 160 8 68.2 29094 
A3 160 8 68.6 26938 
A4 160 8 69.1 27912 
A5 160 8 68.3 27508 
A6 160 7 68.0 24007 
A7 160 7 72.3                     25791 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 12. CR of sample 7, γ rays, BSR of 160 µm (parallel). 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 13. CR of sample A2, γ rays. The red arrows indicate wire 8 and the SNRN. 
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The analysis of the conventional radiographies obtained with X and γ rays indicates that the 
contrast parameter is within the values required by the norms, for both the wire IQI (ASTM 
E-747) and the hole-type IQI (ASME, Sec V E-1025). The OD in the IQI region is within the 
interval of H-D 1.8 minimum and 4.0 maximum for X-rays and of H-D 2.0 minimum and 4.0  
maximum for γ rays [5]. As previously mentioned,  BSR and  SNRN in computed 
radiography images were analyzed using Petrobras Norm N-2821, developed to analyze 
welded joints, as reference since the N-2820 did not provide limit values for these 
parameters. However, even though N-2821 presented quite rigorous BSR values, the results 
of all of the TSs were within the values required for BSR as well as for SNRN. As could be 
expected, the values of BSR and SNRN for the X-ray source,  were better, but the low activity 
of the IR-192 source also contributed to this fact since the long exposure time provoked a 
large quantity of noise in the radiographic image.  
 
The computed radiography images were obtained  only with the duplex wire IQI positioned 
parallel to the laser scanner reading beam, when the Ir-192 source was used.  This was chosen 
exactly because of the low activity of the source, as the BSR in a parallel direction is always 
worse when compared with the perpendicular direction, and thus it would be sufficient for the 
images to achieve an acceptable BSR value in this direction.   
 

 
4. CONCLUSIONS  

 
 

Although preliminary expectations were to entirely substitute conventional for computed 
radiography, this has not yet occurred, not in Brazil and not in other countries either. But 
corrosion monitoring is the greatest booster of CR both in our country as well as in others. In 
a certain manner, this study ratifies this affirmation, as it shows that it is possible to substitute 
the conventional for the computed technique, once the quality parameters obtained were 
acceptable.     
 
In the experiments of the 1st phase the basic spatial resolution encountered for the samples 
was that of  the system, making it necessary to obtain thicker samples to evaluate if different 
chemical compositions of the samples really have an influence on the BSR, ( which was done 
in the 2nd phase). The sample 9Cr-1Mo presented a greater SNRN and consequently greater 
quality of detail visualization. Intensity did not decrease with the increase of sample surface 
density due to the K absorption line of their chemical elements.   
 
In the 2nd phase, the contrast values obtained for all of the TSs, both in the X-ray and the γ-
ray radiography images were within the expected values. The BSR values of the radiography 
images with the X-ray source, although above those required by Norm (N-2821), were  
considered acceptable, since N-2821 is for welded joints and, therefore, much more rigorous. 
However, the SNRN of all the TSs were compatible with Class I radiographic films, as they 
were greater than 70.   
 
The BSR of the radiography images of all the TSs obtained with a γ-ray source, attained the 
values proposed by the Norm (N-2821) and the SNRN of all the TSs, except A7, was 
compatible with Class II radiographic films, as the values lay in the interval between 60 and 
70, except for the value of TS A7 which was above 70. The basic spatial resolution 
encountered for the samples was that of the system, making it necessary to obtain thicker 
samples to evaluate if the different chemical compositions of the samples really have an 
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influence on BSR. The 9Cr-1Mo sample presented greater SNRN and, consequently, greater 
quality of detail visualization. Intensity did not decrease with an increase of sample surface 
density due to the K absorption line of the chemical elements that compose them.   
 
Although preliminary expectations were of a full substitution of conventional for computed 
radiography, this has not yet occurred, not in Brazil and not in other countries either. But 
corrosion monitoring is the greatest booster of CR both in our country as well as in others.  
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