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Fig. 1. Using the JMAK model to fit the evolution of the recrystallization fraction in the isothermal annealing experiment of pure

tungsten, the experimental data used for the fitting were taken from Lopez!".
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EY*' = 6.04x10° J/m®, Qn = 6.08 eV, n, ~ 2.55.
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Fig. 2. Evolution of defect cluster size and density with irradiation time at different neutron irradiation temperatures: (a), (c), (e),

(2), (i), (k) Evolution of V cluster at 750, 850, 950, 1100, 1200, 1300 °C; (b), (d), (f), (h), (j), (1) I clusters evolution of cluster at
750, 850, 950, 1100, 1200, 1300 °C.
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Fig. 3. Rate coefficients of the reaction between V, and V at different temperatures: (a) Rate coefficients of V,, absorption V reac-

tions at different temperatures; (b) rate coefficients of V,,,; emission V reactions at different temperatures.
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Fig. 4. (a) Evolution of driving force P at different irradiation temperatures; (b) proportion of defects contribution to driving force

at different irradiation temperatures and time; (c) evolution of R at different irradiation temperatures; (d) evolution of product of

driving force and grain boundary mobility (Px M) at different irradiation temperatures.

P 5 g 2% B AR BRI 0. P KON, LA e R g i
PR AN M AN AR R P25 i 43 50 i o ] 7

AR, AT A U A Y

5P, X4 R

AR T 850 °C B, PIAFENERA 2= KA B 1

ZEEIIG, H 1200 C TR 171 h k5| —

—H

B M Z T, A iR R PR MR

NEFE ET, 850 °C I 441 tx—o.5 b

HA2) 503 h,

M 1200 C '~ HFEZ) 27 h giRe A 2] —2f Fah o
B, X EE 2 R IR P AR IR T 144 he 4R
P Lopez[™ A4 BT SRR KL A5 4L, 1200 C
SRS tx—0.5 294 300 h, R, AT LIGA b 748
TRk B T 20 P AL MO OIS 7E 1200 C R Y
tx—o0.5 40 273 h.

PR IR ISR P A M ER R F 850 °C By

162801-7



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 16 (2023) 162801

PILERE HFIR 3#E 850 °C FrPF4miRES 24 d (576 h)
KB P2 i B A5 R 13 A TR AT DR B,
BRI tx—0.5 (503 h) 5B FLATT A (HIE /N
B SEUR I tx —o.5 MG A SR RPN 2 HFIR HE
A Tl R IR T A AR TR (Re fil Os
R HIAF] 3.3% F1 1.9% JRFr 8 19). X seiE
ICESTE AUOKHT ok, I ETFLA A, ™
"= Zener BT, BEARSLAERE 4 5340, (KL, HFIR
HE 850 °C F A SEIRZE FAREL THRLPLEE SR & A 5
KMWtx_os.

1.0F
e
o
S 08F
pe]
o
g
&
- 06
8
ge]
<
N 04r
i)
%
£ o0z}
3
9]
~
O 1 1 1 1
100 10! 102 103 104
Time/h
- -750°C, P — 750 °C, P+ M
850 °C, P 850 °C, P+ M
- -950°C, P — 950 °C, P+ M
= =1100 C, P = 1100 C, P+ M
1200 °C, P 1200 °C, P+M
- -1300°C, P — 1300 °C, P+ M

* HFIR, 850 “C[13]
5 LUk AR P % I AR NERER PRI M (P4 M)
VP25 o o 0 A
Fig. 5. Recrystallization fraction (X) evolution curve consid-
ering only irradiation enhancement on driving force (P) and

both irradiation enhancement driving force and grain
boundary mobility (P+M).

[l IS} PR A5 P A MOE, AR M IR S
B, {H 1100 °C Fl 1200 °C f5¢ 4 45 it A
HULT-HITR). X2t T7E 1100 °C 5 FRIEEE T 178
LG, PS5 MMFRBIKIEE K (K 4(d)), F8U5
WIFZE . 5 — AR XIS =T
1300 °C A4RRRIEEE T, H 2% JRHR REE5R P FN4R IR
Hanm P MERE R T A RIE L FES. X
P s R = O N S 1 & 3 VAIE es S oA < B
h 1, P 3 A R 22 RN K.

& 6 S AN [m) il BT TR TMAK BEARITS
B tx 0.5 1 TIR FLEYAG B ) tx 0.5, AT LA R FH
H Vhak e 3 A R R R € x 0.5 AT ZE N,
AHEEF AR BE T B PGE P45 fhad 2, 750 C R T
WIBT M tx—os 408 T 8 N4, 1000 °C T B4

ST 5 AN ES, 1 1300 °C FRYNIAHZTEIL. X
M TR IR R T, RS S T AT, B
TR R T 1100 °C 5 i IR I B 25 B R RT KR T
R, [F940 BRI S 4h I G R T 2k

® B Radiation
101 . .
@ Unirradiated
3 + HFIR 850 C
109 F [ ]
o F
= 7
2 107 F ()
I E
<
105 f
E [ ]
., |
3
10% D ¢ P
3 L -
10 . . " e
800 1000 1200

Radiation temperature/C

Kl 6 o4 B 5 R4 MR A Y A R (tx—0.5)
Wi it £ Y 5

Fig. 6. Evolution of semi-recrystallization time (tx—g.5) of
tungsten under neutron irradiation and non-irradiation with

temperature.

4 H %

AW 5T i 7. CD AR AT IR BRI 40 T
AN [ EE T v A dR o AT 556 AR 245 it 0 B8
AL, FLAEBAUL) 4 BRI e RO RS () RUBE 233k
F T JLGR A 2, S5 R AR T 3 .

1) CD B4l 45 S & WA [R] L B F 1 AT RE A
V ARG ] A A AN ], X BT A
FE R M AN IR T R 3500 b e 28 S BRI 3 B
9V B RSHER IR B 1100 C 2247 i ik 2]
WA, X5 4R RS AR B 45 R — 3. 255
WM PS5 MR, $E 1100 C F e
2k FLET A AT 1200 °C R A9 JLF-AHTH].

2) ASCIERR B IR o Sy a5
NGBR3 AT N R 87 TR TIR AR
FEADL 25 S 5 BT HFIR H#E 850 °C 148 FR S 6 AH
¥, 2 I BRI o, ot LT B S 5 4 RS 3 A
HRMEZNR. BEEITE R 850 °C T FHE
(2 FERES R E] (tx—05) AR5 LS5 R ILT-HH
[, (AR IO 1) ¢ x —o.5 FH A0 T SC B 45 5 | X AT B
2 PR TR Z2 W% T A AR ATt Ak ke e A N o A
IEFEREMR 2R T B RS SRS ) 4R
WA Pl B G, BRAT BE—20 i SE g A
1ot

3) dd TR BT T AN [F) 4 BEORLEE T 29 15

162801-8



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 16 (2023)

162801

HH
TR NTE A R B e i e B R TRl BT
BT BRI A B B - PR R ). 25 R SR
8 iR A3 AR RIE AR SRl AN [R) ARG R AR
T AR IR SRRSOV 7 F2 5, Rl DU ph P Ak
IS

J34k, BT HETH IR AR A SE %, TER
HREZALLT R DL E— 2D ) 58 A5,

1) A IOUL LS FA) B 22 A AR 7T 3% 0 Bk
AL L2 iy BT (N, A5 (5758 Rt S A A2 LA
Lot BT Agad e, bS5 kB A A B

2) RE-FRES ST 6 1T Y (0] 52 B Be g AR, R
8 PR A 2 A TR K S 1200 °C ARSI T ]
A FEAS R A% A B BB

3) AT i K LR B PR A R R A LA
JRA%, RIVPEJEL IS (8] P9 R4S it i At © 284N, XA
e AR IR O T AT RESE AN, (AR B — 2D 4R
FEMAZ A R LS DT A4 DA v BT A5 145
IS OR

4) St CD B, 8 R R A It B A
—E BIREBIPE L R A B R 5 5 B A A ELA .

ZEAMM BN ZR, g T T R BB AT RIS AT IRLIE DX 6] Py

S7% 30k

[1] Philipps V 2011 J. Nucl. Mater. 415 S2
[2] Rieth M, Dudarev S L, Gonzalez de Vicente S M, et al. 2013
J. Nucl. Mater. 432 482
[3] Norajitra P, Abdel-Khalik S I, Giancarli L M, Ihli T,
Janeschitz G, Malang S, Mazul I V, Sardain P 2008 Fusion
Eng. Des. 83 893
[4] Abernethy R G 2017 J. Mater. Sci. Technol. 33 388
[5] Coenen J W, Antusch S, Aumann M, et al. 2016 Phys. Ser. T
2016 014002
[6] Hu X, Koyanagi T, Fukuda M, Katoh Y, Snead L L, Wirth B
D 2016 J. Nucl. Mater. 480 235
[7) Lopez A A 2015 Ph. D. Dissertation (Copenhagen: Technical
University of Denmark)
[8] Alfonso A, Jensen D J, Luo G N, Pantleon W 2014 J. Nucl.
Mater. 455 591
[9] Kang W A, Dr A, Xiang Z, Lla B, Xz B, Ywab C 2021
Mater. Sci. Eng. A 806 140828
[10] Budaev V P, Martynenko Y V, Karpov A V, Belova N E,
Zhitlukhin A M 2015 J. Nucl. Mater. 463 237
[11] Bonnekoh C, Reiser J, Hartmaier A, Bonk S, Hoffmann A,
Rieth M 2020 J. Mater. Sci. 55 12314
[12] Ciucani U M, Thum A, Devos C, Pantleon W 2019 Nucl.
Mater. Energy 20 100701
[13] Gietl H, Koyanagi T, Hu X, Fukuda M, Hasegawa A, Katoh
Y 2022 J. Alloys Compd. 901 163419
[14] Duerrschnabel M, Klimenkov M, Jaentsch U, Rieth M,

(15]

[16]

(17]
(18]
(19]
(20]

21]
(22]

(23]
(24]

[25]
[26]
[27]
28]
[20]
[30]

31]
(32]

[33]
[34]
[35]
[36]
[37)
[38]
[30]
[40]
[a1]

[42]

43]
(44]
[45]

(46]

162801-9

Schneider H C, Terentyev D 2021 Sci. Rep. 11 7572
Klimenkov M, Jaentsch U, Rieth M, Schneider H C,
Armstrong D E J, Gibson J, Roberts S G 2016 Nucl. Mater.
Energy 9 480

Fukuda M, Kumar N A P K, Koyanagi T, Garrison L M,
Snead L L, Katoh Y, Hasegawa A 2016 J. Nucl. Mater. 479
249

Fukuda M, Tanno T, Nogami S, Hasegawa A 2012 Mater.
Trans. 53 2145

Ma P W, Mason D R, Dudarev S L 2020 Phys. Rev. Mater. 4
103609

Mannheim A, van Dommelen J A W, Geers M G D 2018
Mech. Mater. 123 43

Mannheim A, van Dommelen J A W, Geers M G D 2019
Comput. Mater. Sci. 170 109146

Barbu A, Clouet E 2007 Solid State Phenom. 129 51

Gilbert M R, Marian J, Sublet J C 2015 J. Nucl. Mater. 467
121

Gilbert M R, Sublet J C 2018 J. Nucl. Mater. 504 101
Setyawan W, Nandipati G, Roche K J, Heinisch H L, Wirth
B D, Kurtz R J 2015 J. Nucl. Mater. 462 329

Huang C H, Gilbert M R, Marian J 2018 J. Nucl. Mater. 499
204

Troev T, Nankov N, Yoshiie T 2011 Nucl. Instrum. Methods
Phys. Res. B 269 566

Caturla M J, Rubia T, Victoria M, Corzine R K, Greene G A
2001 J. Nucl. Mater. 296 90

Vrielink M A O, Shah V, van Dommelen J A W, Geers M G
D 2021 J. Nucl. Mater. 554 153068

Yi X, Sand A E, Mason D R, Kirk M A, Roberts S G,
Nordlund K, Dudarev S L 2015 Epl 110 36001

Sand A E, Mason D R, De Backer A, Yi X, Dudarev S L,
Nordlund K 2017 Mater. Res. Lett. 5 357

Ghoniem N M, Sharafat S 1980 J. Nucl. Mater. 92 121

Li' Y G, Zhou W H, Ning R H, Huang L F, Zeng Z, Ju X
2012 Commun. Comput. Phys. 11 1547

Humphreys F J, Hatherly M 2004 Recrystallization and
Related Annealing Phenomena (Oxford: Elsevier) pp232-242
Fanfoni M, Tomellini M 1998 Il Nuovo Cimento D 20 1171
Hallberg H 2011 Metals 1 16

Yi X, Jenkins M L, Hattar K, Edmondson P D, Roberts S G
2015 Acta Mater. 92 163

Yi X, Jenkins M L, Kirk M A, Zhou Z, Roberts S G 2016
Acta Mater. 112 105

Yi X 2014 Ph. D. Dissertation (Oxford: University of Oxford)
pp207-234

Was G S 2017 Fundamentals of Radiation Materials Science
(Berlin: Springer) pp191-—203

Rollett A D, Gottstein G, Shvindlerman L S, Molodov D A
2004 Zeitschrift Fur. Metallkunde 95 226

Favre J, Fabregue D, Piot D, Tang N, Koizumi Y, Maire E,
Chiba A 2013 Metall. Mater. Trans. A 44 5861

Klimenkov M, Duerrschnabel M, Jaentsch U, Lied P, Rieth
M, Schneider H C, Terentyev D, Van Renterghem W 2022 J.
Nucl. Mater. 572 154018

Li Y H, Zhou H B, Jin S, Zhang Y, Deng H, Lu G H 2017
Nucl. Fusion 57 046006

You Y W, Kong X S, Wu X, Liu C S, Fang Q F, Chen J L,
Luo G N 2017 Nucl. Fusion 57 086006

Setyawan W, Selby A P, Juslin N, Stoller R E, Wirth B D,
Kurtz R J 2015 J. Phys. Condens. Matter 27 225402

Nes E, Ryum N, Hunderi O 1985 Acta Metall. 33 11


http://doi.org/10.1016/j.jnucmat.2011.01.110
http://doi.org/10.1016/j.jnucmat.2011.01.110
http://doi.org/10.1016/j.jnucmat.2011.01.110
http://doi.org/10.1016/j.jnucmat.2011.01.110
http://doi.org/10.1016/j.jnucmat.2011.01.110
http://doi.org/10.1016/j.jnucmat.2012.08.018
http://doi.org/10.1016/j.jnucmat.2012.08.018
http://doi.org/10.1016/j.jnucmat.2012.08.018
http://doi.org/10.1016/j.jnucmat.2012.08.018
http://doi.org/10.1016/j.fusengdes.2008.05.022
http://doi.org/10.1016/j.fusengdes.2008.05.022
http://doi.org/10.1016/j.fusengdes.2008.05.022
http://doi.org/10.1016/j.fusengdes.2008.05.022
http://doi.org/10.1016/j.fusengdes.2008.05.022
http://doi.org/10.1080/02670836.2016.1185260
http://doi.org/10.1080/02670836.2016.1185260
http://doi.org/10.1080/02670836.2016.1185260
http://doi.org/10.1080/02670836.2016.1185260
http://doi.org/10.1080/02670836.2016.1185260
http://doi.org/10.1088/0031-8949/2016/T167/014002
http://doi.org/10.1088/0031-8949/2016/T167/014002
http://doi.org/10.1088/0031-8949/2016/T167/014002
http://doi.org/10.1088/0031-8949/2016/T167/014002
http://doi.org/10.1016/j.jnucmat.2016.08.024
http://doi.org/10.1016/j.jnucmat.2016.08.024
http://doi.org/10.1016/j.jnucmat.2016.08.024
http://doi.org/10.1016/j.jnucmat.2016.08.024
http://doi.org/10.1016/j.jnucmat.2016.08.024
http://doi.org/10.1016/j.jnucmat.2014.08.037
http://doi.org/10.1016/j.jnucmat.2014.08.037
http://doi.org/10.1016/j.jnucmat.2014.08.037
http://doi.org/10.1016/j.jnucmat.2014.08.037
http://doi.org/10.1016/j.jnucmat.2014.08.037
http://doi.org/10.1016/j.msea.2021.140828
http://doi.org/10.1016/j.msea.2021.140828
http://doi.org/10.1016/j.msea.2021.140828
http://doi.org/10.1016/j.msea.2021.140828
http://doi.org/10.1016/j.jnucmat.2014.11.129
http://doi.org/10.1016/j.jnucmat.2014.11.129
http://doi.org/10.1016/j.jnucmat.2014.11.129
http://doi.org/10.1016/j.jnucmat.2014.11.129
http://doi.org/10.1016/j.jnucmat.2014.11.129
http://doi.org/10.1007/s10853-020-04801-5
http://doi.org/10.1007/s10853-020-04801-5
http://doi.org/10.1007/s10853-020-04801-5
http://doi.org/10.1007/s10853-020-04801-5
http://doi.org/10.1007/s10853-020-04801-5
http://doi.org/10.1016/j.nme.2019.100701
http://doi.org/10.1016/j.nme.2019.100701
http://doi.org/10.1016/j.nme.2019.100701
http://doi.org/10.1016/j.nme.2019.100701
http://doi.org/10.1016/j.nme.2019.100701
http://doi.org/10.1016/j.jallcom.2021.163419
http://doi.org/10.1016/j.jallcom.2021.163419
http://doi.org/10.1016/j.jallcom.2021.163419
http://doi.org/10.1016/j.jallcom.2021.163419
http://doi.org/10.1016/j.jallcom.2021.163419
http://doi.org/10.1038/s41598-021-86746-6
http://doi.org/10.1038/s41598-021-86746-6
http://doi.org/10.1038/s41598-021-86746-6
http://doi.org/10.1038/s41598-021-86746-6
http://doi.org/10.1038/s41598-021-86746-6
http://doi.org/10.1016/j.nme.2016.09.010
http://doi.org/10.1016/j.nme.2016.09.010
http://doi.org/10.1016/j.nme.2016.09.010
http://doi.org/10.1016/j.nme.2016.09.010
http://doi.org/10.1016/j.nme.2016.09.010
http://doi.org/10.1016/j.jnucmat.2016.06.051
http://doi.org/10.1016/j.jnucmat.2016.06.051
http://doi.org/10.1016/j.jnucmat.2016.06.051
http://doi.org/10.1016/j.jnucmat.2016.06.051
http://doi.org/10.2320/matertrans.MBW201110
http://doi.org/10.2320/matertrans.MBW201110
http://doi.org/10.2320/matertrans.MBW201110
http://doi.org/10.2320/matertrans.MBW201110
http://doi.org/10.2320/matertrans.MBW201110
http://doi.org/10.1103/PhysRevMaterials.4.103609
http://doi.org/10.1103/PhysRevMaterials.4.103609
http://doi.org/10.1103/PhysRevMaterials.4.103609
http://doi.org/10.1103/PhysRevMaterials.4.103609
http://doi.org/10.1016/j.mechmat.2018.04.008
http://doi.org/10.1016/j.mechmat.2018.04.008
http://doi.org/10.1016/j.mechmat.2018.04.008
http://doi.org/10.1016/j.mechmat.2018.04.008
http://doi.org/10.1016/j.commatsci.2019.109146
http://doi.org/10.1016/j.commatsci.2019.109146
http://doi.org/10.1016/j.commatsci.2019.109146
http://doi.org/10.1016/j.commatsci.2019.109146
http://doi.org/10.4028/www.scientific.net/SSP.129.51
http://doi.org/10.4028/www.scientific.net/SSP.129.51
http://doi.org/10.4028/www.scientific.net/SSP.129.51
http://doi.org/10.4028/www.scientific.net/SSP.129.51
http://doi.org/10.4028/www.scientific.net/SSP.129.51
http://doi.org/10.1016/j.jnucmat.2015.09.023
http://doi.org/10.1016/j.jnucmat.2015.09.023
http://doi.org/10.1016/j.jnucmat.2015.09.023
http://doi.org/10.1016/j.jnucmat.2015.09.023
http://doi.org/10.1016/j.jnucmat.2018.03.032
http://doi.org/10.1016/j.jnucmat.2018.03.032
http://doi.org/10.1016/j.jnucmat.2018.03.032
http://doi.org/10.1016/j.jnucmat.2018.03.032
http://doi.org/10.1016/j.jnucmat.2018.03.032
http://doi.org/10.1016/j.jnucmat.2014.12.056
http://doi.org/10.1016/j.jnucmat.2014.12.056
http://doi.org/10.1016/j.jnucmat.2014.12.056
http://doi.org/10.1016/j.jnucmat.2014.12.056
http://doi.org/10.1016/j.jnucmat.2014.12.056
http://doi.org/10.1016/j.jnucmat.2017.11.026
http://doi.org/10.1016/j.jnucmat.2017.11.026
http://doi.org/10.1016/j.jnucmat.2017.11.026
http://doi.org/10.1016/j.jnucmat.2017.11.026
http://doi.org/10.1016/j.nimb.2011.01.010
http://doi.org/10.1016/j.nimb.2011.01.010
http://doi.org/10.1016/j.nimb.2011.01.010
http://doi.org/10.1016/j.nimb.2011.01.010
http://doi.org/10.1016/j.nimb.2011.01.010
http://doi.org/10.1016/S0022-3115(01)00569-4
http://doi.org/10.1016/S0022-3115(01)00569-4
http://doi.org/10.1016/S0022-3115(01)00569-4
http://doi.org/10.1016/S0022-3115(01)00569-4
http://doi.org/10.1016/S0022-3115(01)00569-4
http://doi.org/10.1016/j.jnucmat.2021.153068
http://doi.org/10.1016/j.jnucmat.2021.153068
http://doi.org/10.1016/j.jnucmat.2021.153068
http://doi.org/10.1016/j.jnucmat.2021.153068
http://doi.org/10.1016/j.jnucmat.2021.153068
http://doi.org/10.1209/0295-5075/110/36001
http://doi.org/10.1209/0295-5075/110/36001
http://doi.org/10.1209/0295-5075/110/36001
http://doi.org/10.1209/0295-5075/110/36001
http://doi.org/10.1209/0295-5075/110/36001
http://doi.org/10.1080/21663831.2017.1294117
http://doi.org/10.1080/21663831.2017.1294117
http://doi.org/10.1080/21663831.2017.1294117
http://doi.org/10.1080/21663831.2017.1294117
http://doi.org/10.1080/21663831.2017.1294117
http://doi.org/10.1016/0022-3115(80)90148-8
http://doi.org/10.1016/0022-3115(80)90148-8
http://doi.org/10.1016/0022-3115(80)90148-8
http://doi.org/10.1016/0022-3115(80)90148-8
http://doi.org/10.1016/0022-3115(80)90148-8
http://doi.org/10.4208/cicp.030311.090611a
http://doi.org/10.4208/cicp.030311.090611a
http://doi.org/10.4208/cicp.030311.090611a
http://doi.org/10.4208/cicp.030311.090611a
http://doi.org/10.4208/cicp.030311.090611a
http://doi.org/10.1007/BF03185527
http://doi.org/10.1007/BF03185527
http://doi.org/10.1007/BF03185527
http://doi.org/10.1007/BF03185527
http://doi.org/10.1007/BF03185527
http://doi.org/10.3390/met1010016
http://doi.org/10.3390/met1010016
http://doi.org/10.3390/met1010016
http://doi.org/10.3390/met1010016
http://doi.org/10.3390/met1010016
http://doi.org/10.1016/j.actamat.2015.04.015
http://doi.org/10.1016/j.actamat.2015.04.015
http://doi.org/10.1016/j.actamat.2015.04.015
http://doi.org/10.1016/j.actamat.2015.04.015
http://doi.org/10.1016/j.actamat.2015.04.015
http://doi.org/10.1016/j.actamat.2016.03.051
http://doi.org/10.1016/j.actamat.2016.03.051
http://doi.org/10.1016/j.actamat.2016.03.051
http://doi.org/10.1016/j.actamat.2016.03.051
http://doi.org/10.3139/146.017938
http://doi.org/10.3139/146.017938
http://doi.org/10.3139/146.017938
http://doi.org/10.3139/146.017938
http://doi.org/10.3139/146.017938
http://doi.org/10.1007/s11661-013-1914-5
http://doi.org/10.1007/s11661-013-1914-5
http://doi.org/10.1007/s11661-013-1914-5
http://doi.org/10.1007/s11661-013-1914-5
http://doi.org/10.1007/s11661-013-1914-5
http://doi.org/10.1016/j.jnucmat.2022.154018
http://doi.org/10.1016/j.jnucmat.2022.154018
http://doi.org/10.1016/j.jnucmat.2022.154018
http://doi.org/10.1016/j.jnucmat.2022.154018
http://doi.org/10.1016/j.jnucmat.2022.154018
http://doi.org/10.1088/1741-4326/aa5893
http://doi.org/10.1088/1741-4326/aa5893
http://doi.org/10.1088/1741-4326/aa5893
http://doi.org/10.1088/1741-4326/aa5893
http://doi.org/10.1088/1741-4326/aa70b2
http://doi.org/10.1088/1741-4326/aa70b2
http://doi.org/10.1088/1741-4326/aa70b2
http://doi.org/10.1088/1741-4326/aa70b2
http://doi.org/10.1088/1741-4326/aa70b2
http://doi.org/10.1088/0953-8984/27/22/225402
http://doi.org/10.1088/0953-8984/27/22/225402
http://doi.org/10.1088/0953-8984/27/22/225402
http://doi.org/10.1088/0953-8984/27/22/225402
http://doi.org/10.1088/0953-8984/27/22/225402
http://doi.org/10.1016/0001-6160(85)90214-7
http://doi.org/10.1016/0001-6160(85)90214-7
http://doi.org/10.1016/0001-6160(85)90214-7
http://doi.org/10.1016/0001-6160(85)90214-7
http://doi.org/10.1016/0001-6160(85)90214-7

#) 32 % 3R Acta Phys. Sin. Vol. 72, No. 16 (2023) 162801

Simulation of neutron irradiation-induced
recrystallization of tungsten”

Zhang Guo-Shuai  Yin Chao! Wang Zhao-Fan
Chen Ze  Mao Shi-Feng  Ye Min-You*?

(School of Nuclear Sciences and Technology, University of Science and Technology of China, Hefei 230026, China)

( Received 4 April 2023; revised manuscript received 31 May 2023 )

Abstract

Tungsten is the candidate for divertor target material in future fusion reactors. The tungsten divertor
target is expected to long serve in a harsh environment of high temperature and high-energy neutron
irradiation. This can lead to neutron irradiation-induced recrystallization of tungsten, thereby increasing the
possibility of intergranular brittle failure and compromising the safe operation of the divertor. Thus, clarifying
the mechanism of neutron irradiation-induced tungsten recrystallization is important. However, the current
model, which only considers the irradiation-enhanced effect on recrystallization driving force, underestimates the
irradiation effect on recrystallization compared with the results observed in recent high-temperature neutron
irradiation experiments in the HFIR reactor. It indicates that other irradiation effects can also influence the
recrystallization process.

In this study, we introduce the irradiation-enhanced grain boundary migration factor (R) into the
established irradiation-induced recrystallization kinetic model, on the assumption that the grain boundary
migration velocity is proportional to the self-diffusion coefficient. The simulation results show that after
considering both irradiation-enhanced recrystallization driving force and grain boundary migration effect, the
calculated half-recrystallization time (tx=¢.5) at 850 “C from the model matches the one obtained in the neutron
irradiation experiment in the HFIR reactor. This result indicates that the irradiation-enhanced grain boundary
migration effect is one of the important factors affecting irradiation-induced recrystallization. In addition, the
difference between irradiated and unirradiated ty_, 5 decreases with temperature increasing. This phenomenon is
due to the fact that as the temperature increases, the contribution of irradiation defects to the driving force for
recrystallization decreases owing to the irradiation defect recombination. Moreover, the increase of thermal
activation diffusion coefficient is more significant than the increase of the irradiation-enhanced diffusion
coefficient. These findings suggest that the thermal activation effect eventually dominates the recrystallization

process over the irradiation effect as temperature increases.
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