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Calcinations

Dope: potassium silicate,
y aluminum nitrate

Hydrogen reduction *

( Pure tungsten powder )( Doped-TBO )
|

Pressing E Hydrogen reduction
Sintering E Acid washing
Swaging+ ﬁ Drying
( 1. PW ) ( AKS-doped tungsten powder )

Pressing

Sintering

Swaging e

2. WK82

K1 W KB A WEE S 5 i & i e
Fig.1 Preparation processes of pure W and K doped W-based
alloy

R1 HRHERAGREARBRAFHTRESE
Table 1 Typical chemical impurities and basic properties of

8
samples[ I

Element content/pg-g”’

Before sintering After sintering Densification/ Grain

Sample

% size/um
VAR i SRR T AT B A KBl AL A A2 oK B K Al Si K Al Si
1.2 SHAMFEIIAD KR PWo 6 1 <5 - - - >97 574
DU I 7, W RW-K & &RERmgl A WK82 82 30 185 6 2 30 >971 36l
W Spectrum 1 b W Spectrum 2 c
@ Element /%  at% L Element w/% at%
g20F W 100 100 20 K 238 10.29
z | W 97.62 89.71
§
= 10F 10
W K W W
0 LIL %W 0 u . L%
0 10 15 0 5 10
Energy/keV Energy/keV

K2 W-K 4 SEM R L N EDS Re il
Fig.2 SEM morphology (a) and the corresponding EDS spectra (b, c¢) of W-K alloy (the red arrows in Fig.2a point to the intragranular and

intergranular nanopores)
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D,

A: vacuum pump; B: pressure gauge (1x10° Pa); C: standard tank
(716.28 mL); D: thermocouple gauge; E: diaphragm gauge (1.33
X 10° Pa); F: reactor; G: pressure gauge (1x10° Pa); H: deuterium
storage bed with ZrCo; value 1~11: Swagelok high pressure valve

(20 MPa)

B3 A e R R

Fig.3 Schematic diagram of gas-phase thermal charging device
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2oy BRI REAT Ry, ATERAFFE T D BB
DIAB R R D S RDRE R AR R (1 Hy B0H R
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BB, DA TE S Y I R 25 e HD R ok, R
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2 FHR5WR
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k13 mme

TERFR IR, SR AL ZE AR T ) Bl AL SR B
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PRAUEE, 1 AN BR U X Y. 1 Al A 2R e B Al SR ) AR 2o
Fio & 4a v LIA H, PW AT WKS2 ) D FABE B g 11
H1A, wlReEE A FEBES D 72 454 e
FEAT, DRI A B B BT T I P A B il 2 A A
FILH AL 1 AP0 . PR TR R, AT ZE K

4+ 1 PW
o WKS82

10 K/min

Desorption Rate of D/X 10" D-(m’-s)"
o
T
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Temperature/K

— O = N W b O O
L B e

Desorption Rate of D/ X 10" D-(m®:s)’

Kl 4 PW 4t WK82 TAHMAFE D 14l bt 1%
Fig.4 Thermal desorption spectra of gas phase thermal charge D
for PW and WK82 at 10 K/min (a) and 5 K/min (b)
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Fig.5 Potential energy curve for H atom assumed in

poly-crystalline tungsten by Oda’s study!"”!
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Fig.6 Thermal desorption spectra of PW (a) and WKS82 (b) at

different heating rates



+ 1004 -

Wit e m A RS TRE

5550 4%

16.4
16.2

~ 16.0
15.8
15.6
154
152
15.0
14.8
14.6F
0.0009

= PW
e WK&

(K)-Ing (K's

2InT

70001000011 00012 0.0013

7K
P

K7 s ZaRVEI-G RS D Jat7 00 5 B S A g
Fig.7 Activation energy of thermal desorption based on least

square method fitting
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XHal Wk W-K & Sl B SEAT T RIS B, W&
8 e WILLH Y, fE K7 IEm T, W-K 41
IR RO AR 2 N T2 W EARBEST, 2 Ff
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HIE) AKS 4545, B2 0 RE R BT RAN IR B - AE e 4
R, X2 MR KRB, RN T
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Fig.8 Fracture morphologies of pure W (a) and W-K alloy (b)
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Table 2 D retention of WKS82 samples with different thickness

Sample D atom retention of WK82/D-m™
Powder (1~5 pum) 1.52x10*
@9 mm X 0.3 mm 58.7X 10%
@15 mm X1 mm 15.8 X 10%
@15 mm X2 mm 11.1 X 10%
@15 mm X3 mm 3.14X10%

Y,0; HIHFE AR RSB 4, BR LA AR W s
TR AILIAE#) 5. 10 AT 20 K/min [ FHR# % K D 48
WKS82 H {3 B i 1 i 43 3 ok 1.86x107°, 1.75%10°° FI
1.40x10°°, A[ LA H, AN ) Tl 380 R (¥ D R = A [+
BE 5 T R 189 K, WK D A I B 8328 vk >
FHE A 5 K/min 1803 B i o X 3 BRI A
TS DA TR] P D FRD 8 PR R TR B, — 350 4335 B 11 D ik ok
AN B BB o
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Fig.9 Desorption amount of D atom in W and W-K alloy with

CPW
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Thermal Desorption Behavior of Deuterium by Gas-phase Thermal Charge from
Potassium Doped Tungsten Alloy

Zheng Zhenhua'?, Ye Xiaoqiu®, Wu Jiliang?, Jiang Chunli®, Yang Feilong', Sang Ge'*
(1. Institute of Materials, China Academy of Engineering Physics, Mianyang 621907, China)
(2. Science and Technology on Surface Physics and Chemistry Laboratory, Mianyang 621908, China)

Abstract: As the most promising plasma facing materials (PFMs), potassium doped tungsten alloy exhibits excellent high temperature
mechanical properties. In order to evaluate the hydrogen isotope residence in WK alloy, the pure W and the WK alloys doped with 82 pg/g
potassium were prepared by spark plasma sintering (SPS). After deuterium was introduced into potassium doped tungsten alloy by
gas-phase thermal charge, thermal desorption spectra (TDS) were obtained at different heating rates. The results show that deuterium
release occurs gradually at 600~1200 K. And after doping K, the activation energy of thermal desorption of deuterium reduces from 0.86
to 0.68 eV. The retention of deuterium in tungsten sample is less than 1x10 (atom ratio) and it is enhanced with doping K, but still lower
than that of commercial pure W alloy.

Key words: plasma-facing materials; potassium doped tungsten alloy; gas-phase thermal charge; thermal desorption; deuterium retention
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