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Abstract: The paper presents research on the development of ionizing radiation source of iridium-192 for gamma-ray flaw detector.  
Nuclear-physical processes of neutron activation of natural iridium on a nuclear reactor have been studied. 
Iridium disks were irradiated with neutrons of the VVR-SM reactor, radiochemical methods were used to reprocess iridium disks, hermetic 
sources of Iridium-192 were manufactured,  
The iridium-192 source was placed in the source holder and equipped with gamma-defectoscope (gamma-ray flaw detector) of Gammarid-
192/120M. 
With a gamma-ray flaw detector with iridium-192 source, non-destructive testing of welded pipeline seam was carried out. 
X-ray photographs of non-destructive testing of welded seams were obtained, according to the sensitivity, which meet the requirements of the 
GOST-7512-82 «Control nondestructive control. Connections welded. Radiographic method».  
KEYWORDS: NATURAL IRIDIUM, NUCLEAR REACTOR, NEUTRON- IRRADIATION, IRIDIUM-192 RADIONUCLIDE, IONIZING 
RADIATION SOURCE, GAMMA-RAY FLAW DETECTOR, NONDESTRUCTIVE TESTING, X-RAY IMAGE.  
 

 
 Introduction 
    Gamma-ray flaw detectors of Gammarid-192/120M complete 
with iridium-192 ionizing radiation source are universal portable 
hose devices designed for radiographic quality control of 
products with different manufacturing techniques (cast, welded, 
forged, pressed and others) without their destruction [1]. 
     The effective operation of the gamma flaw detector of 
Gammarid-192/120M depends on the timely charging of the 
gamma flaw detector by the iridium-192 source of necessary 
activity. 
     At the Institute of Nuclear Physics, work was done on the 
production of Iridium-192 sources with an 80-120 Curie activity 
and their charging into the radiation head of a gamma-ray flaw 
detector of Gammarid-192/120M. 
 
Preconditions and means for the decision of problem 
    For the production of iridium-192 with a high specific activity 
(≥250 Ci/g Ir)on the VVR-SM reactor, studies were carried out: 
 thermal neutron fluxes density in vertical channels of the 
reactor, the output of the induced radionuclide iridium-192 
activity; cadmium ratios of radionuclide iridium-192; the 
influence of the thickness of the iridium disk on the yield of 
iridium-192 activity.   
   For local monitoring of the thermal neutron flux density, a 
thermo-neutron sensor TND-2,0 [2]was used, which operates in 
the range from 5.⋅1012 neutron/sm2s to 5.1012 neutron/sm2s. 
    Cadmium monitors in form of metal disks (∅=3mm, 
h=0,2mm, m=3,0mg) made from an alloy of aluminum and 
cobalt (0,1%) packed with cadmium cover (h=1,0 mm) and 
without cadmium cover were used to determine cadmium ratios. 
   Activity of monitors cobalt-60 and radionuclide iridium-192 
were measured by spectrometric equipment: multichannel 
analyzer of impulses SU-01P with Ge-Li detector DGDK-100 
with the program «Aspekt, Angamma» and multichannel 
gamma-spectrometer DSA 1000 «Canberra HP» with Ge 
detector GC with standard software package Genie 2000. 
     For the production of Iridium-192 sources, the following 
installations were designed and manufactured: installation for 
radiochemical processing of neutron irradiated iridium disks, 
installation for the production of iridium-192 sources and their 
sealing, equipment for placing the Iridium-192 source in the 
holder and rolling the holder from the sources. 
 
Decision of considered problem  

    The metal iridium disks (diameter - 3,0 mm, thickness - 0,2 
mm, weight - 31,7 mg) were packed in aluminum foil and  
placed in a block-container EC-10 (L=340 mm, ∅=25 mm) [3], 
which was loaded into a vertical channel of reactor, located in 
the internal cavity of the fuel assemble of IRT-4M.  

     Iridium disks were irradiated with neutrons in the following 
regime: reactor power 10 MW, the arrangement of iridium disks 
at a distance of 35-45 sm below the upper point of the reactor 
core, thermal neutron flux density is ≥0,9⋅1014 neutron/sm2 sec, 
exposure time is 800÷1680 hours. 
   After irradiation iridium disks were removed from the 
packaging and and placed in a special device for radiochemical 
processing, where they were treated with a solution of alkali, 
water and dried. 
   Irradiated iridium disks were placed in a stainless steel 
capsule, and are provided with a lid and hermetically sealed with 
argon-arc welding. Verification of the tightness of the Iridium-
192 source was carried out by the immersion method [4]. 
    The iridium-192 source was placed in the holder, then 
 cover  is hermetically sealed with argon arc welding 
 and the holder is connected to a flexible shaft of Gammarid-
192/120M gamma-ray flaw detector. 
 
Results and discussion 
    Natural iridium consists of two stable isotopes: Iridium-191 
(38,5 %) and Iridium-193 (61,5 %) [5].  
    Irradiation of the iridium-191 reactor with neutrons leads to a 
rapid burn up of iridium-192 radionuclide by the resonant 
neutron flux (Table 1).  
    Table 1. The scheme of reception 192Ir radionuclide and 
nuclear - physical characteristics of 192Ir, 193 Ir,  194Ir 
radionuclides [8]. 
 

Nuclear 
transition 

Type of 
nuclear 
reaction 

Cross 
sec-

tion of 
active-
tion, 
barn 

Half
-life 
per-
iod 

Еγ ,МэВ 

191Ir → 192Ir 
 
 
 
 

192Ir → 192Pt 
192Ir → 192Os 
192Ir → 193Ir 
193Ir → 194Ir 

(n,γ) 
 
 
 
 

β- (95%) 
E.C. (5%) 

(n,γ) 
(n,γ) 

700 
 
 
 
 
- 
- 

700 
130 

74,1 
days 

 
 
 
- 
- 
- 

17,4 
hour 

Еγ: 0,296; 0,308; 
0,317; 0,468; 
0,589; 0,604; 
0,612. Еβ:0,24; 
0,54; 0,67. 

- 
- 
- 
 

     
    It should be noted that during the formation of radionuclides 
iridium-193 and iridium-194, iridium-192 burns strongly and the 
yield of iridium-192 decreases. 
    The table 2 shows the potential differences obtained by a 
thermo-neutron sensor TND-2.  
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    Table 2. Potential difference in vertical channels of the reactor 
VVR-SM. 
 

Distance 
below the top 
of  the vertical 
channel , sm 

 
Number of the vertical channel 

 

 5-7 4-4 4-2 3-4 3-7 2  
 mV mV mV mV mV mV 

10 8,0 11,1 10,3 10,0 10,0 6,0 
15 10,2 11,1 14,2 11,1 12,6 8,0 
20 13,7 14,1 18,5 13,9 16,4 10,4 
25 16,2 17,1 22,0 16,7 19,8 12,1 
30 18,4 19,8 25,3 19,2 22,1 13,5 
35 20,0 21,3 27,0 20,5 23,8 14,1 
40 21,1 22,0 28,6 21,2 25,0 14,1 
45 20,0 22,0 28,0 21,0 24,4 14,1 
50 18,6 21,0 25,8 20,0 23,0 13,0 
55 16,0 18,8 23,0 19,0 20,0 12,0 
60 15,5 15,2 22,0 16,4 19,9 11,6 
65 13,2 13,0 15,4 14,2 16,2 10,2 

 
    It can be seen from the table 3 that the potential differences 
and, correspondingly, the neutron flux density have high values 
at a distance of 35-45 sm from the top point of the irradiation 
vertical channel of the reactor. 
    The yield of induced radionuclide iridium-192 activity 
depends on the thickness of iridium disk (Table 3).  
    Table 3. Influence of the yield of induced iridium-192 
radionuclide activity on the thickness of the iridium disk. 
 
 Number  
of reactor 
vertical 

irradiation 
channel  

  

Thickness 
of Ir 
disk, 

micron 
 

Weight of  
Ir disk,  

g 

Activity of 
Ir-192 in the 
iridium disk, 

Ci 

Activity 
of Ir-192 
at Ir disk 
weight 

1⋅10-5 g, 
Ci 

Output of 
induced 

activity of 
Ir-192 

radionuc-
lide  

2 

0,5 
20 
60 
80 

1,5⋅10-5 
4,7⋅10-3 

11,1⋅10-3 
19,7⋅10-3 

8,9⋅10-6 
9,1⋅10-4 

1,95⋅10-3 
2,69⋅10-3 

6,02⋅10-6 
1,93⋅10-6 
1,75⋅10-6 
1,36⋅10-6 

1,0 
0,32 
0,29 
0,22 

4-1 

0,5 
20 
60 
80 

1,5⋅10-5 
6,2⋅10-3 

13,1⋅10-3 
19,5⋅10-3 

2,6⋅10-6 
2,7⋅10-3 

5,05⋅10-3 
2,8⋅10-3 

1,75⋅10-5 
3,35⋅10-6 
2,91⋅10-6 
1,4⋅10-6 

1,0 
0,19 
0,26 
0,23 

  
   It can be seen from the table 3 that the larger the thickness of 
the iridium disk, the less the yield of induced iridium-912  
activity. 
    Table 2 gives the values of cadmium ratios for iridium-192. 
    Table 4. The values of cadmium ratios for iridium-192. 
 

Irradiated 
sample   

Weight of 
iridium sample  

, 
g 

Number 
of the 

vertical 
channel 

Activity 
of 

Iridium-
192, Bq 

Cadmium 
attitude,  

RCd 

Iridium-191  
 1,5 ⋅10-5 2-6 5,97⋅105  

9,19  
Iridium-191 
+ Cd cover 1,5⋅10-5 2-6 2,66⋅104   

Iridium-191  
 1,5⋅10-5 4-1 3,98⋅105  

12,69  
Iridium-191 
+ Cd cover  1,5⋅10-5 4-1 3,13⋅104   

Iridium-191  
 1,5⋅10-5 2 3,32⋅105  

8,13  
Iridium-191 
+ Cd cover  1,5⋅10-5 2 1,67⋅104   

 
    The iridium disk which has been wrapped up in cadmium 
сover is badly activated by thermal neutrons, as cadmium 
absorbs practically all thermal neutrons, as for cadmium, the 
thermal neutron absorption cross section is 2450 barn.  
    Resonant neutrons make a partial contribution to the yield of 
induced radionuclide activity of iridium-192, however, the yield 
of the induced iridium-192 radionuclide activity increases with 
the increase in the thermal neutron flux density.  
Iridium wrapped in a cadmium cover is activated by resonant 
and thermal neutrons by the ratio:         

                                    RCd=а/ар                                                                (1) 
where: RCd - cadmium attitude, а - activity of iridium without 
cadmium cover, ар- activity of iridium with cadmium cover.  
    It follows from formula 1 that the larger the cadmium ratio, 
the smaller the fraction of resonant neutrons in the total neutron 
flux density [6].  
The basic characteristics of pilot Iridium-192 source are given in 
table 5. 
    Table 5. The Iridium-192 source basic characteristics [7]. 
 
 Name, characteristic and unit of measurement Data 
 1. Working surface bottom 
 2. The power of the exposure dose of the source 
measured by the method of direct measurements 
using a dosimeter of the type DKS-04, Ampere/kg  

3,2⋅10-6  

  
 3. The power of the exposure dose of gamma 
radiation when the radiation head is charged with 
iridium-192 source at a distance of 50 mm from the 
surface of the radiation head with Iridium-192 
source, Ampere /kg (milliroentgen/hour) 

 
2,39⋅10-9  

 (40) 

4. Confidence limits of the total error in the results 
of measuring the exposure dose rate of a source at a 
probability of  0,95, in % 

±20 

 5. Date of exposure dose rate measurement 
 02/26/2016 

 6. Radionuclide activity of iridium-192 in the 
source, Bq,  (Curie) 

2,96⋅1012 
(80) 

 7. External dimensions of the source, mm ∅ - 4,5 
h – 8,0 

 8. Dimensions of active part of the source , mm ∅- 3,0 
h – 4,5 

 9. Material of source capsule stainless steel 
 10. Source tightness  
 

hermetic 
capsule  

 11. The level of radioactive contamination of the 
source with radioactive substances when determined 
by the smear removal method 
, Bq, not more than  

 185 

 
    Figures 2 and 3 show x-ray photographs of nondestructive 
testing of welded joints of pipelines of various diameters, 
obtained by radionuclide iridium-192. 

 
   Figure 2. X-ray image of a welded pipeline of a diameter of 
1120,0 mm obtained by gamma-ray flaw detector of Gammarid-
192/120M with the iridium-192 source.  
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    Figure 3. X-ray image of a welded pipeline of a diameter of 
50,8  mm obtained by gamma-ray flaw detector of Gammarid-
192/120M with the iridium-192 source. 
 
    The main results gamma radiography the test sample of the 
metal pipe, received gamma-ray flaw detector of Gammarid-
192/120M with Iridium-192 source are shown in table 4. 
    Table 6. The main results of  gamma radiography the test 
sample of the metal pipe. 
 

Serial 
number of 
Gammarid-
192/120M 

(source 
number of  

Iridium-192) 

Radiation 
thickness  
of metal, 

mm 
 
 

Expo
-sure 
time, 
sec 

 
 
 

The exposure 
dose rate on  

the surface of 
the radiation 

head with  
source, μSv/s 

 

Sensitivity 
of the X-ray 

picture 
according to 

GOST 
7512-82 

(II class of 
sensitivity), 

mm 

X-ray 
optical 
density 

  
 

1128 
(15) 

20,0 25 0,083 0,4 2,0 

 
  
Conclusion 
 
  Nuclear-physical processes of neutron activation of natural 
iridium on a nuclear reactor VVR-SM have been studied. 
    At the reactor neutron irradiation of natural iridium disks 
radionuclide iridium-192 with specific activity ~250 Ci/g Ir (up 
to 8 Ci for one iridium disk) was obtained.  
     The metal disks of natural iridium had been irradiated by 
thermal neutrons in vertical channel of VVR-SM reactor at 
reactor power 10 МW, thermal neutrons stream density is 
0,9⋅1014 neutron/sm2s and irradiation time is 800÷1680 hours. 
    After irradiation of natural iridium disks they were advanced 
by radiochemical method and Iridium-192 sources are made.      
Argon arc welding and check of tightness of Iridium-192 source 
capsule have been spent.  

    The technological line on manufacturing tight Iridium-192 
sources activity 80-120 Ci and their complete sets with gamma-
ray flaw detector of Gammarid-192/120M have been created. 
   The Irtidium-192 source has been placed in holder with whom 
rolling, connection with flexible shaft and charge Iridium-192 
source in radiating head gamma-ray flaw detector of Gammarid-
192/120M are spent.    
    Nondestructive testing of metal pipes welded seams is spent 
and also x-ray pictures are received on sensitivity and quality, 
corresponding requirements of GOST-7512-82 «Control 
nondestructive control. Connections welded. Radiographic 
method» [8]. 
    In the Republic Uzbekistan carrying out of teamwork with 
foreign partners under nondestructive testing over USA 
standards ASME on construction of the thermal power station, 
the gas-chemical plant and, the gas processing plant complex 
has obtained of international recognition and has shown 
efficiency of application of radiographic quality monitoring with 
gamma-ray flaw detector of Gammarid-192/120M completed 
with Iridium-192 sources. 
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