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Abstract: Compared with neutron irradiation, proton irradiation experiment has the advantages of low cost, short period,
precise control of irradiation parameters and no radioactivity of irradiated samples, which is convenient for facilitating subse-
quent performance testing and microstructures charactering. Therefore, effects of irradiation damage on the reactor pressure
vessel steel have been studied widely by using the method of proton irradiation. In this paper, the research status of proton
irradiation experiment was introduced, the advantages and disadvantages between proton irradiation and neutron irradiation
were compared, how proton irradiation affects the microstructure development and mechanical, electro-magnetic properties of
RPV steels were analyzed, the proton irradiation damage mechanism was discussed, and the current research achievements
and shortcomings were also commented. Carrying out comprehensive and systematic research on the proton irradiation experi-
ment is of great necessity and importance.
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Fig. 1  Schematic of neutron damage for RPV steels
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Table 1 The difference between neutron irradiation and proton irradiation

Trradiation o
Trradiation fluence
fluence rate

Trradiation

temperature

. Depth of uniform )
Radioactivity . L Cost
irradiation layer

There are always some

Very high, domestic
Strong radioactivity , e

. o max10~%n/ . It is difficult to X irradiation experimental
Neutron irradiation ) ) differences between and requires a Up to 100 mm
(em? - s~ control accurately reactor resources
actual and set value hot laboratory
are very scarce
No radioactivity,
Proton irradiation 107% dpa/s Accurate control Accurate control and do not require  Up to 0.001 mm Cheaper

radiation protection
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Table 2 Domestic research work of proton irradiation in recent years
No. Researcher Materials Irradiation temperature  Irradiation fluence Main conclusions

2x10M, 10" Point defect te theformation and

1 Niu GuangyiHJ 2Cr13 40Cr steel Room temperature ’ ’ ot delects Promo .e clorma 10[,1 fm

10'® n/cm? growth of new dislocations and precipitates.
The nano-hardness of irradiated layer
2 Wang Haizhen!®! TiNi alloy 350 K 10 ~10" n/cm? increases with the increase of irradiation
fluence.
Radiation hardening is responsible for
3 Zhang Hongpeng'®! Zr-702 Room temperature 10" ~10'® n/cm? the change of structure and properties
of materials.
0.108, 0.216 Observation and rty Analysis of
4 Ding Hui et al.l”) SA508-1ll steel Room temperature ’ ’ servation dl? pro?e ¥ Analysis o
0.271 dpa dislocation.

KS-01 Manganese atoms are more distributed in

5 Miller et al.'®! 561 K 3.7%10' n/cm? the outer shell of Cu-rich clusters than

weld metal .
Ni atoms.

Quantitative analysis of dislocation rings

6 Zu Xiaotao et al.'®) Zr-4 alloy 623 K 2,5, 7 dpa to determine the size and density of

dislocation rings
Sx10'5 . 1x1016 The increase of fluence has little effect
7 Zhang Zhengbai et al.''’  Martensitic steel Room temperature y ’ on the growth of vacancy cluster, but

16 2
3x107 n/em leads to the increase of defect density.
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Table 3 Some nano-indentation test results

No. Researcher Materials

Irradiation temperature

Irradiation fluence Main conclusions

1 Wang Haizhen et al.'%! TiNi alloy 350 K

2 Zhang Hongpeng et al.'®) Zr-702

3 Wan Qiangmao et al.t? SA508- Il steel

4 Liu Ke et al.'?] Ni based alloy 623 K

Room temperature

Room temperature ,

523 K, 563 K

The nano-hardness H and modulus E of the

irradiated layer of alloy steel gradually in-

10 ~10' n/em?
em crease with the increase of energy or

fluence of irradiated protons.

The nano-hardness of the irradiated sample
1015~ 106 1/em? is constant, and the microhardness of the
- rem irradiated sample is obviously higher than

that of the irradiated sample.

0.054, 0. 108, Nix-Gao model was used to describe the

0. 163 dpa

effect of irradiation on the hardness of ma-

terials.

The results of nanoindentation tests com-
bined with a large number of point defects
2,5, 7 dpa . . L.
observed by TEM analysis the irradiation

hardening effect.
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Fig. 8 The variation of the clusters density with the fluence®!
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Fig.9 The precipitation clusters observed in SA533B steel after proton irradiation using 3DAP2]
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