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Research on laser composite decontamination
technology of radioactive contaminated metal
parts in nuclear power plant
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Abstract: In order to reduce the amount of waste metal produced by nuclear power plants, a new technology for
clean control or reuse of radioactively contaminated metal components is been studied. In this study, laser
composite decontamination technology was proposed for corroded 4140 steel, and compared with dry ice
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decontamination and laser decontamination alone. By testing the microstructure, composition distribution,
metallographic structure, and three-dimensional morphology of the matrix sample, the variation trend of surface
roughness and microhardness was analyzed to determine the composite decontamination effect. Finally, the
engineering verification was realized in the nuclear power plant. The test and verification results show that the laser
composite decontamination technology can completely remove the rust layer on the surface of 4140 steel and
obtain the best decontamination effect. Furthermore, it does not affect the composition, microstructure, and
mechanical properties of the matrix material. The average amount of sewage on the surface of the contaminated
motor impeller after decontamination is less than 0.4 Bg/cm? and the surface contact dose rate is less than 40
nSv/h, which meets the clearance level of solid waste in nuclear power plants. Thus, laser composite
decontamination technology can provide a new method for decontamination of radioactively contaminated metal

components in nuclear power plants and minimize waste.

Keywords: laser composite decontamination; surface morphology; roughness; damage; clean decontrol
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Fig. 5 Surface micro-morphology of the sample before and after decontamination. (a) Substrate; (b) Dry ice decontamination;
(c) Laser decontamination; (d) Laser composite decontamination
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Fig. 6 Surface composition distribution of the sample before and after decontamination. (a) Substrate; (b) Dry ice decontamination;
(c) Laser decontamination; (d) Laser composite decontamination
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Fig. 7 Cross-section metallographic structure of the sample before and after decontamination. (a) Substrate;
(b) Dry ice decontamination; (c) Laser decontamination; (d) Laser composite decontamination
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Fig. 8 Cross-section composition distribution of the sample before and after decontamination. (a) Substrate; (b) Dry ice decontamination; (c)
Laser decontamination; (d) Laser composite decontamination
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s RTaRCRIE IR 20T 205 5 BRIk 15 KT 5 5
BT ACER H B 25, 25 ROR
T 100%, VhBA 275 8RR . T R T5R8CR 1 R A
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F M A &% <40 nSv/h,

7 3 AN SO E A 25105 175 YKk F
R ERAEZE R, R, B g
TUKRETG G, RIEWGT5ACE AR &R KR AR, (H
RAEIR BT I bl . ks ot 2i5is, 205
N ik ®l 28.9, KI5RURIK 96.5 %, ffHALT4E
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IR <40 nSv/h, K FI R B EAR I Y0 T A bR
o & 17 A i R E AL R S R

B 17 FEfRE ettt
Fig. 17 Clean decontrol motor impeller

6 % it

AR TR 05 . O R5 e E & 2505
B, XM 4140 WA T RT5050 @t Ly
SR AR ERE ORI /M, A3 BN 4518

1) BOCE A 27500 LK 4140 802 10 A9 65 1k 2 A
Al dibr, SBEBERN )RR, R 05
FUORYD, O Frm i AR E) 32.5 wt% FEARE] 1.7 wt%,
TR T o — UK 295 Ao 2575 8ok

) WE A KIG)E, B IR 2 rDRURE 3k
] 4.49 pm, IR (11.06 pm) FEAE 59.4 %; FiA#
AR LA, TR Il KB IGHAR #RTH 53
G3AT RAEFEAE 5 25 R AR AR . RIBOEE
B BTG ARN TR LE B s

3) RHIRE & BOCE & BB HAR S
T AL A T 25 PR S, AL AR A A Y
Wi 75 K F 1 <0.4 Bg/em®, 3 T £ fil 77 R Y <
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A FHOCSE A 25 BOR AT A v sl P
SRR TR 25 PR AR, e s AR
WG E R, SCMEWEME. JE8E, FTHEE SRS

A3 FFMEFTRAKFEEOFEFEMNELR

Table 3 Measurement results of pollution level and surface dose rate before and after decontamination

51 FokEis/m WObE TSR
IR TRk mmaRE ISR RmARE  sAF  kmahr  STRT KIRCR
/(Bglem?) /(nSv/h) /(Bglem?) /(nSv/h) (/Ba/cm?) (nSv/h)
RS 6.30 4790 0.92 0.32 29.9 19.7 94.9%
- 5.78 3760 0.8 0.20 10.0 28.9 96.5%
LIl 513 3420 0.83 0.26 31.7 19.7 94.9%
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Research on laser composite decontamination
technology of radioactive contaminated metal
parts in nuclear power plant

Wei Shaochong', Liu Shengyong’, Lu Haifeng"**, Zhang Wenli®, Li Xinxian®,
Nie ]izuz, Chen Guoxingl'3
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Laser composite decontamination

Schematic diagram of laser composite decontamination

Overview: In order to reduce the pressure on nuclear power plants to store and dispose of radioactive solid waste,
waste minimization has become the mainstream development concept. As a new decontamination technology in the
field of nuclear energy, laser decontamination and dry ice decontamination solve the problems that some traditional
decontamination methods are difficult to deal with. However, based on the diversity of radioactive solid waste types and
pollutants in nuclear power plants, a single decontamination scheme is difficult to meet the demand. In this work, laser
composite decontamination was carried out on the surface of corroded 4140 steel, and the decontamination effect of a
single laser and dry ice was compared to explore its decontamination mechanism. By testing the microstructure,
composition distribution, metallographic structure, and three-dimensional morphology of the matrix sample, the
varjation trend of surface roughness and microhardness was analyzed to determine the composite decontamination
effect. Finally, the engineering verification was realized in the nuclear power plant. The main results show that: 1) Laser
composite decontamination can completely remove the rust layer and oxide on the surface of 4140 steel and expose the
metal surface of the matrix. Only a few point objects exist. The oxygen content is reduced from 32.5 wt% of the matrix
to 1.7 wt%, and the decontamination effect is better than that of single dry ice decontamination and laser
decontamination technology; 2) After laser composite decontamination, the surface roughness of the corroded substrate
reached 4.49 um, which was 59.4% lower than that of the substrate ( 11.06 pm ). The metallographic structure of the
matrix cross-section did not change, and it was still tempered sorbite. The composition distribution and hardness value
of the cross-section are similar to the standard value of the matrix before decontamination. It shows that the laser
composite decontamination has no damaging effect on the substrate; 3) The laser composite decontamination
technology parameters determined by the test were used to decontaminate the contaminated motor impeller of the
nuclear power plant. After decontamination, the average contaminated sewage of each part of the motor impeller was
less than 0.4 Bq/cm2, and the surface contact dose rate was less than 40 nSv/h, which reached the solid waste cleaning
and control standard of the nuclear power plant. Laser composite decontamination technology can become a new
technology to minimize waste in nuclear power plants and will be widely used in the future.

Wei S C, Liu S Y, Lu H F, et al. Research on laser composite decontamination technology of radioactive contaminated
metal parts in nuclear power plant[J]. Opto-Electron Eng, 2024, 51(5): 240056; DOI: 10.12086/0ee.2024.240056
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