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Microstructure characterization and thermionic emission
performance of barium-tungsten cathode

Wang Ziyu,  Shang Jihua, Yang Xinyu, Zhang Jiuxing
(School of Material Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: The effect of the parameters (sintering temperature, pressure, holding time) of spark plasma sintering
technique on the W porosity of Ba-W cathode was studied by orthogonal method. When the W porosity varied in the
range of 23%—30%, the corresponding process parameters were obtained. On this basis, the spherical and traditional
irregular W matrix with different porosity were sintered. The results show that the spherical porous W particles were
packed and arranged orderly, and the pore size distribution was concentrated and uniform. When the porosity of
spherical W was 26.3%, the size of the median pore was 1.41 um. The vickers hardness of spherical tungsten matrix
was lower than that of conventional irregular tungsten matrix. Under the condition of pulse width 10 ps and frequency
1000 Hz, the impulse current density of Ba-W cathode increased at first and then decreased with the increase in
porosity. The maximum current density belonged to the Ba-W cathode with the matrix porosity of 26.3%. At 1050 °C,
the off-point emission current density of Ba-W cathode reached 24.62 A/cm?, the corresponding zero-field current
density and workfunction were 7.62 A/cm?® and 1.95 eV, respectively.
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Fig. 1 Two kinds of raw material powder and their particle size distribution
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Foy A 114 B A i PR 7E PR 45 B 1 B2 45 2 45 (Japan Sinter Land Inc.) HV5E S8 o B0 HL 25 85 T-B2 45 £ R (SPS)
R — R B ARG A R AS B, ML AR I I T A R B B AR L BTG A MR A MR & . R TR S
S R SRR 4 1 B AR S AR ) 4 T3, SR P B AR 3 3 DR T 23 T U Ik e L A A R ORI
93 A JIURE [0 1) W o 308 38 T R T8 285 W B s, L 2538 0 B, AR DR ARON T, SUR 2 T 10U 475 il 6 45 1T e 4 0, 3
Fofr 5 05 B A0 < AR RN T T 22 LA LA A TE B A B PR 3 L A AF 530 A 2 U A AR 1 1 0720

PREE SRR BREE IR EE Sl 1500~ 1700 °C, FE 77 15~ 25 MPa, {5 15 I [8] B8 76 3 min N . 5845 52 R, {8 R[]
H 0 4 WA RS AR 6 0 SRS T S ARAL S . KOG 5 AR R E SR T 1 2 1 89 Hy0,(30%) + NH,OH(25%~
28%) ZI PV 20 1t 3 min AT ¥ 2 18 FL B, SR 5 76 & il SN P Al DL R BR 20 ko AR gL A 2R I o AR AE
1700~ 1800 °C F [ i il S A HiR 15t 6-1-2 FRiREL . 1 X IR S (1) 2 FL A SE AR A0 4R 0 47 4 A A B 22 PR 2 i
ZRWRBY, S Ja K B R S AT 55 8 20 0 S S — R R 25 0.5 pm (AR .

K BOERE 43 HT A (Malvern MS-2000) X JEURHRS AR BEHEAT 43810 R X S 26477 51X (Rigaku-SmartLab3KW)
Xt TR A A HEAT WA A3 BT o SR FH AT R K 4 3k ik B0 B, HE R OR AR AL BRE o R FH R R AL (Poremaster GT-60,
Quantachrome Inc.) X Z fLARHE T FLAE 0 A ik o (B 3485 /B F S 53085 (SEMD) ( Zeiss Sigma-300) X8 K Fll 22 FLAK By
THOIE SR HEAT RAE .l H B3 A (EDS) #4770 R W40 40 M o (8 F 4 QA 2 () (DHV-1000Z) Il it 2 FLARIE & . SR
FHHLF 2% R0 BHINR 22 58 (QX-350) 328 B B 1) #4421k I, A3 b 5 B R 1) 79 3 25 ok 0.8 mm, R FH ik v 7 2 0 £ 4
RSN L B, Dk R B R 10 ps, S 1000 Hz.
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(B) . & J1(C) R RS AR I A i 50, i I T 5% RAE OC i 8 38 WAL BT E 18%~ 32% I 483 B A LA B3 4 1) 2 Sk
A 2B AR S DAL 23% 19 ZFLARFE g B ARFLBR R, 6l 25 5 RSN 620 mm X S mm 9 B A4, 256 7% &
IR FE 1500~ 1700 °C . fRIRIHA] 1~3 min, JEJJ 15~25 MPa B 520, 1F 381056 N Z K 1 s .

®1 SHEZAT

Table 1 Parametric factor level

level temperature/ C holding time/min pressure/MPa
1 1500 1 15
2 1600 2 20
3 1700 3 25

IEAS RIS R LO(3) BYIEAZ R, I 7 RS A5 R K 2 Fios, R A, B, C B 3& 1 Hh TS i = Fh s mi P R,
Error 51 CARTCRIN, T Wl LA, 8 B0 T 2 AL FLBRRE X 25 7= A 52 i), BEAE e TRl . PRl Nk 8] LA & T
TN, Z LR ECE AL, FLBARRN

F2 EXHEARRER

Table 2 Orthogonal experimental results

number A B C error porosity/%
1 1500 1 15 1 28.34
2 1500 2 20 2 25.33
3 1500 3 25 3 21.00
4 1600 2 15 3 22.05
5 1600 3 20 1 19.56
6 1600 1 25 2 21.97
7 1700 3 15 2 19.46
8 1700 1 20 3 18.15
9 1700 2 25 1 15.97
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Xt 2% 2 FEAT I 2 Mr s SR 3 3 iom, b K 45 B KM 25 RN, R 45 IR ik 25 . He B 45 5 i 1
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JIN, X R P KT B SR a2 i R 2R R B B O K, BRI 4 2 T 4% R R B B K F R A2BICL, BIFLIREE Sl 23% (1)
2 FUAR T B Y B AR 45 45 14 M TR EE 1600 °C. | A IE 8] 1 min, JE /7 15 MPa.
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Table 3 Orthogonal experiment range analysis

A B C error

74.67 68.46 69.85 63.87

K 63.58 63.35 63.04 66.76
53.58 60.02 58.94 61.20

R 21.09 8.44 10.91 5.56

NHAESR 3 R 22 MO 452K, PR 3% 2 BEAT 7 22 00 W, IR BN 4 s W7 22 W 3 o 05 22 93 B Rk A2
SRR Y B F R, S — R A ] R 3K AR A BT 5 | B K 8 5 SR I 19 2 S 15 15 2 Bl T )k o 4 2R 1 14 22
XM TP BB G Ir ik o XT3 4 v, Sy A IR B0 25707 Rl O B s o MBS FOM IR Y 07 22 5 iR
2RI T7 22 VAR, MO ARDBR R 3R 7 12 TR 28 X D1 5 418 s 4 5 Wi e I 3%

R4 EXREFESH, ERRRAENSH.BEHE () SERFE (0

Table 4 Orthogonal experiment variance analysis, sum of variance(S,), degree of freedom(f ) and confidence (@) of each factor

source Sa f F o degree
temperature(A) 74.20 2 14.39 0.1 high
holding Time(B) 12.05 2 2.34 0.25 low
pressure(C) 20.25 2 3.93 0.25 middle
error 5.16 2
SUM 111.66 8

FRUE F AT I L8 26 T A5 S5 B4 000 0.1 5 0.25, H P, I U N Fo(2,2) =9, Fyps(2,2) =3, ZH 5% 4 h
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ZoAE SR AT, i A5 B he s AL AR b JRLEE L R T L PR IR IR ) X 22 AL AL B 1 R ) 3 AR R
U R T 23% FLBR I 22 FLAY SRR, S fl B4l 451 1600 °C, 15 MPa. {535 1 min. [5)38, 78 S0 5 1F 58 S5 5 243
A E] T LB 4 B R 26%, 30% B, BT T B A BE4E T4 S 805 5 R 1500 °C, 20 MPa, {4 i 2 min( ¢25 mm X
5mm); 1500 °C, 15 MPa, 1 min($25 mm X5 mm), il & 15 2] 17 FL B 505 20 4 23%, 26%, 30% (1) Z LA 3Lk, 3 DL
WA R 52, B R A R LA R i & T ) - B A A R B P
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R DT DR 58 E B B 58 i T A R 3 22 FLAES SRR A il w8 i B o AE GRS W 0T ) IR B B, By R B et B
Tk B2 T g T AN BT 38 A, 33 DR A 5 o oy AR A B A7 TR K T) B Tl SR R, R SR P AR HE S B, SR S P e
KA B g A = A i K, (7 R 1 K Bl IR UE— 2 TR & 1200 °C BF, AR R EASUR S 2, 8002 ik,
HH AR T IS8 B T, 72 IARE S HUMRE RO S [RIVE T, B2 IR o TR SR R AR T, 0 B /NS I B0 4k, JF — B
Fret B hedb ot . B 2(0) BRIZ MY 53530 200 1 e 547 ot b, AT LA H 35 300 AS B0 0004 AR 78 8 45 55 29 1000 °C
I, SERG T 3B B B B, (RS T IR AR AR S, SR A 1 2 M R I 5 58 28 R 1) B0 WAL 4 T 4 T K IR 4k
SETV T, AR S TR G T — AN BB R K 0, 3 Hh T e 5 R PN Ry A SR B A AN R B T — 2 i 19 B AT AL
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Fig.2 Spark plasma sintering curves
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OB AR ORI ) SR AR R . FR UL AT UL, By AR IE ST T 2 LR B O ZS F A AR K SE ), i TERE My R B A R 47
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FLBR, A A U (8] 1A B8 235 350 R ST 34050, 7 45 W93 R SR 5 08 245 85 2 1) B0 A ) B 342 30 1) 22 FLFL B, 3 (0 A3 BR T 29 0 e 245
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(b) matrix of irregular tungsten powder

(a) matrix of spherical tungsten powder

Fig.3 Microstructures of the porous tungsten matrix
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Fig. 6 Microstructure and component analysis of the impregnated matrix
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P 7 Sk N TR AL B BRI 59 93 3k A o) 45 15 380 1 00 423 BF AR P AR 22 bk i 2o v, 81 7(a) 24 1050 °C F 3 FALER
JERARR A AR 2 R i 42, i ] 7(a) T LA Y, FLBREE X 1 B & G 68 52 i) J 3, b 26.3% 1L Bl 13 B A Hh 9 %
S5 4% B2 WY S o T A P A LB RE B9 I o 11 7(b) o FL IR EE 26.3% 1Y BRTE F A AR 78 A [R) il B2 T B AR e et it 4%,
1 7o) w1, Bt R R T s A A e 3 A B % B AR BT K. 7E 950 °C T, AR 119 4 ) R A PR DX DN, R
UL % B 1) A B SR I 5, 294 1000 VO E I35 i B a5 (UL BR 43 50, BRIV 2 (8] Ha ap B ] X 55 0 3 X 43 050) , i &
HEA TR X, % 554 VR U0 2 8 I % 5 it T (Y 8, s i) e 77 B o) DX K, i 3 A 1) o e R XU RS . S
5 T AN [ FL B BROE A5 B BFIAR A A (8] A 0 T 0% O 25 S L 5 B . PR 3R S T R, 4% IR ) i 2 v 9 288 B 1)
B o I B T TS K, 7E 900 °C B, 23.4% B 3RO JE AR B0 -85 [T A% s 25 i P 08 %% B2 Ry 8.42 Aem?, 4 ik 5 i — 20 7t
15 2 1000 °C, 1050 °C F1 1100 °C B, i 25 A4 HL 370 %5 B2 40 3100 10.66, 12.37 T 13.95 AJem?. X 4% FLBR BE (O BRIE 344
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Fig. 7 Volt-ampere characteristics and Schottky curve of cathode thermal emission performance
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Table 5 Cathode deviation point values of different temperature and porosity

J4ey With different spherical matrix cathode/(A-cm™)

temperature/ C 3% 26.3% 20.5%
900 8.42 10.27 8.60
1000 10.66 14.77 11.43
1050 12.37 24.62 13.00
1100 13.95 33.07 14.56

P 7(e) S AN [ FLER B2 BRIE JEAA BB AR 1050 °C T B4 1 e BE 1 2k, 38 3 B 1) A2 K 1 0 5 DX 28 A /i T oy 2 1)
A RSB 1o, FETTSR A3 B L A 88 2 Ty S5 R R @, RN %37 e S R W R Ry 1R R DT R E

lgJ= 1gJ0+0.191$ U (D

e a Ry ZACE SRR U ANk b i s J o SE PR U B s T o AR CAR IR EE o Herh A 20 e BT LIAR 4
Richardson-Dushman J5 #2152, Bl
®, = —kTIn(J,/120.4T2) 2)
AP kSRR H 22 2 W, k=8.62X107 eV/K,
HARAER 6 h 4y i, 26.3% fLIGUEE T M BRIE BR 1A 4% 22 375 v Ui 2% 12 e K HL D sR 8RR /)N, R PR BB AR 4T o

*6 1050 CTEHB LS @
Table 6 J, and @ values of three cathodes after activated at 1050 C

Jo/(A-em™?) @/eV
activated temperature/ °C
23.4% 26.3% 30.5% 23.4% 26.3% 30.5%
1050 3.79 7.62 3.10 2.03 1.95 2.05

3 & i

(1) Bl AL A5 S e gl 2 FL ARG AR op, SR L R T L PR T RS IRD X T 22 AL AL B BE A 52 i) (8 38 MK U3t i, 45 FLBR
JE 6T 7 1) B R 285 A5 nT 3 A 1 28 IR B0 B E o

(2) 4535 38 45 0 il £ 1) 2 FLAS LR A LL, BRI 800 2 FLAS SLIR 25 F M RE TR A 57, A BB AP i FLA5 # : FLAR /0 A
AT, FLEE R, 78 26% MFLBRE T PEFLE R 1.41 pm.

(3) 5538 30 A 0 1l 45 1) Z2 AL SEAAAR L, BROE B9 83 22 FLAS SEORFE LA R Jy T JF A HL & B A0 34, 1 3 4 EC
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