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Fig. 1. Positron lifetime of vacancies and potassium-con-

taining vacancies in tungsten lattice.
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Table 1.  Grain boundary (GB) and dislocation line (DL) model for positron annihilation lifetime calculation.

s X GB plane GB type Rotation axis Angle/(°)
W-GB-1 5 (210) twist 2 (001) 53.15
W-GB-2 13 (510) twist z (001) 22.61
W-GB-3 5 {015} tilt  (100) 22.61
W-GB-4 13 {015} tilt z (100) 53.15

5 Slip plane(z) Burgers vector|[b] Dislocation line[y] Dislocation type b-y Angle/(°)
W-DL-1 (101) (111)/2 (121) EDGE 90
W-DL-2 (101) (111)/2 (111) SCREW 0
W-DL-3 (101) (111)/2 (010) MIX 54.73

2 SR G s (o U ST T T B A

Table 2.  Positron annihilation lifetime of grain boundary and dislocation with vacancies or potassium atoms.

P Intact/ps Vac.1/ps Vac.9/ps K1/ps K9/ps
W-GB-1 116.6 198.2 297.4 110.6 108.4
W-GB-2 117.9 198.0 297.2 116.4 111.7
W-GB-3 135.2 204.8 304.4 142.3 144.1
W-GB-4 142.2 198.0 317.3 141.0 144.6
W-DL-1 133.9 160.3 309.7 133.9 134.2
W-DL-2 106.5 194.7 324.0 104.7 105.8
W-DL-3 123.4 158.0 3154 123.4 123.4

(a) aee00008 8
’_ﬁ ‘: o
; . . L]
Wiy %o o
ol ly, A RRD o o
ity . VY o
o o QR A
o G XY
° & QYA ‘\‘Q‘t °
b :‘?‘\‘ - B e sn
@ %% BB e o

y )\
® BET @ HMET R
B2 IERFERXES  (a) 9 x 9 x 9 1 BCC 143 5 & MM P A AE— 23075 (b) W-GB-1 @il A dh A —Fhf; (c) W-GB-1
M AR AE AR — AN ZE 75 (d) W-GB-1 A i LA A7 — 40

Fig. 2. Distribution of positron annihilation region: (a) 9 x 9 x 9 BCC tungsten lattice supercell with a vacancy; (b) W-GB-1 supercell;
(c) W-GB-1 supercell with a vacancy at the GBs; (d) W-GB-1 supercell with a potassium at the GBs.

T 910 PN B TP a8 (8] 48 oA 5 45 B 1 45

=]
LI IR S AL, b 2 Tl

VA3 JLT- A 2. X TS0 v g A 1 XAV 1 Y WK AR A T 1 L R
B i ARAH 0. At &5, F PATFIT &7 #7804, 458 W
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B S BN B A AL AR R 153 ps, S5
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348 N A B T AR MRS R A A R TER A ) O FL T
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B IR 23 o IR A K (e, S0 5
B F-45 A T2 5 PR 5 A A A {8, SR DL X
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T, bR SOE R 25, FaEA
JiAR—. t T A A R PR B A
) SGE ST 3.1 A PRI AR 0N B A A S 4%
SR AR R 5 | AR IE FL A A s AR /N, O A
Wi AR5 JEE T R R, S22, A SO ST
SASHHAATARY, AL NS (57 AR AR G A
FE508T, 5 | SCHR A 3 48 1) A (B 1 4 153 psi®?,

cal __
=

M (6) 2N (7) B9 AT A3 At s 7 AT 7 1)
Rk BXTRLHIE C, Uk 4 g
k= uC, (6)

ex Ap — 1 ex)\ -1 €x
py = T p(Ao — Lo expAp2) — 1, P (7a)

TD1 — Tl,exp

Iy ex
= 222 (N — Ap + K1), (7b)
Il,exp

T oy T kg 23 L5 AN AL AT R B Ao
o Sy s o AT T VS 38 RN A i L, WD K 75
T, 1/Toep = Ap2, I2exp = Inn; p W IEHFHEER
R TSR R B pis = 1.1 m?-s™' 22 23 (i [A]
R AR R AL

K2

el = Amree D /2, (8)
Ho rege R BB IO BRIE 25 (7 AT 242, AR 3.1
Wi 75 fH A 300 ps 22 A7 1A 235 Ao T8 1) 23 o Bk
9—10 14>, nJ DB Hob A2 0 2 fH 0.3 nm, D B~
UL, R ASEEE 1.4 cm?s 1 B9, Q S JEF{K
R, 028 7 AL AR B 4 3R 3R B et = 3.33 x 1016 571,
AR BN IO BT Cais M LR MR BE Co HITE
IEH AR R (9) 2067 LIy,

1.5 x 10% em™2 < Cyig < 5.4 x 101 ecm™2,  (9a)

14x 1077 < Cy<33x 1074 (9b)

SrHTEe 4 AR E B AORE S BREEA IR L, AT L

S PRER SN 46 1 82 ppm I AYRE A 37 48 45 J3E Al
2L AV EAR L 5y 122 F 144 ppm I EYAR,
MNBRBEFPSE B, o 5 5 B AR A R, T o7 A ik T
AR, X A A R R e A T o BT AR DG, A

3 AFEES A E S B AU I3 IE AT AR A fE

Table 3. Two-component positron lifetime of W-K samples with different potassium content.
e /ppm BT T ep /DS Tiexp /% Toep /DS Dpexp /% VT T fps WIORK /ot kARG el /ps
46 Al 123.4 74.62 296.2 25.38 167.3 1.1999 97.2
82 Bl 123.3 75.68 305.1 24.32 167.5 1.1752 97.4
122 C1 140.1 72.42 332.6 27.58 193.2 1.1395 97.7
144 D1 143.2 77.07 328.3 22.93 185.6 0.9028 100.1
4 RFEBE R RS SRR T s R RN S 1 R
Table 4.  Dislocation and vacancy clusters in W-K samples with potassium content.
PEE/ppm G NEESRRE k1 fps ' BN ko /ps !t NREE Cuis /100 cm? 2 HIHERIE Co /107
46 Al 0.00912 0.00505 0.8289 1.515
82 B1 0.00895 0.00474 0.8136 1.424
122 C1 0.03359 0.01511 3.0534 4.538
144 D1 0.04400 0.01489 3.9991 4.470
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Fig. 3. S-F distribution and fitting curves of PMW and

W-K samples with different potassium content.

F5  AEFERNGSESFERN S SENE
Table 5. Fitted values of S parameters of W-K

samples with different potassium content.

Mg /ppm dS B—2EE /nm B2 HRS,

46 A2 10 0.4521 0.4424
82 B2 11 0.4520 0.4406
122 C2 13 0.4521 0.4455
0 PMW 10 0.4050 0.3880
0.105
= 46 ppm
* 82 ppm
0.095 4 122 ppm
v PMW
0.085
B
0.075 Y .
0.065 | E"
0.39 0.41 0.43 0.45
S

P4 ORRVER & B B0 G R A AE S Y S W oA
Fig. 4. S-W distribution of PMW and W-K samples with
different potassium content.
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Table 6.  Positron diffusion length in tungsten alloy samples with different potassium content.
& /ppm %' Al LS o /mm %' H—JR LY g /nm HJR L3 gy /mm
46 Al 77.59 A2 2.73 £ 0.89 59.75 4+ 9.96
82 B1 78.39 B2 4.98 £+ 1.06 58.61 + 7.86
122 C1 49.22 C2 1.65 4+ 1.56 37.44 £ 7.72
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Abstract

Tungsten alloy is known as a promising plasma-facing material (PFM) in IETR because of high strength,
high-temperature stability, low sputtering erosion, low tritium retention, etc. However, tungsten has some
disadvantages, such as high ductile-brittle transition temperature, low temperature brittleness, and radiation
embrittlement. For the severe environment of PFM, various techniques have been adopted to improve W-based
materials, among which the potassium doping is an effective bubble strengthening method, it can bring in nano-
sized K bubbles, and enhance the toughness and strength, thermal shock performance, irradiation resistance of
the materials. The K bubbles, which can pin grain boundaries (GBs) and dislocations, are the most
characteristic defects in W-K alloy and have been widely reported. However, little attention is paid to other
defects such as vacancies, GBs and dislocations. In fact, high-density dislocations exist in W-K alloy and
vacancies play a considerable role in forming the K bubbles. Thus, positron annihilation technique (including
the positron annihilation lifetime spectrum and slow positron beam Doppler broadening spectrum), which is a
useful technique for detecting defects in solids, can be used to study these defects in W-K alloy samples. The
positron lifetime of potassium bulk is about 376 ps and the positron lifetime of tungsten bulk is about 110 ps.
But by simulating positron lifetime of defects in tungsten, it is found that potassium atoms in tungsten lattice
do not exhibit the characteristic positron lifetime. Therefore, potassium is not considered in analyzing positron
annihilation lifetime spectra of W-K alloy samples with different potassium content (46, 82, 122, 144 ppm).
Three-state capture model is established in this paper, the dislocation density and vacancy cluster concentration
of these samples are obtained. From the results, the dislocation densities in all samples are very high, but
vacancy cluster concentrations are relatively low, and the vacancy cluster concentration in the sample with 82
ppm potassium content is the lowest in all samples. The behavior of potassium atoms in the sintering process is
also discussed. Then the slow positron beam Doppler broadening spectra of W-K alloy samples and pure
tungsten samples are measured and the obtained data are fitted by VEPFIT. It is noted that the defects in W-
K alloy samples are much more than those in pure tungsten sample, and are distributed homogeneously with
depth. The positron diffusion length information simultaneously obtained is compared with these values
computed by dislocation density and vacancy cluster concentration, confirming the positrons trapped by

potassium bubbles and grain boundaries are existent.
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