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Table1 Electrodes and composition

Electrode Oxide content (mass fraction)
W-La-Ce-Y W-O.44%La203-0.44%C602-1.32%Y203
W-La-Ce-Y-Re = W-0.44%La,03-0.44%Ce0,-1.32%Y,03-3%Re
W-La-Y-Zr W-l.5%La203-0. 10%Y203-0.10%Zr02
W-La-Y-Zr-Re W-1.5%La,03-0.10%Y,03-0.10%ZrO,-3%Re

®2 BEInELGRIE

Table 2 Actual contents of rare earth elements (/%)

Electrode La Ce Y Zr Re

W-La-Ce-Y-Re 0360 0320 1.280 0.000  2.400
W-La-Y-Zr-Re 1.410 0.000 0.078 0.087 2.342

%3 BEAERSHEE

Table 3 Densities and compactness of sintered bars

Electrode d;g?f;g'gﬂ.g dens',ai\tcyt/lé;alsmﬁ Compactness/%
W-La-Ce-Y 19.050 18.129 95.16
W-La-Ce-Y-Re 19.101 18.121 94.87
W-La-Y-Zr 19.130 18.391 96.14
W-La-Y-Zr-Re 19.180 18.348 95.66

Bl1 ARt R AR A <G AR 2 2
Fig.1 Metallographic microstructures of different finished electrode lengthwise section: (a) W-La-Ce-Y, (b) W-La-Ce-Y-Re, (c) W-La-Y-Zr, and
(d) W-La-Y-Zr-Re



+ 3894 -

WA e MRS TR

%5 51 45

T4 BIRERIHRSH

Table 4 Parameters of electrode erosion experiment

Electrode diameter/mm Welding current/A Ar flow rate/L min™ Arc gap/mm Tip angle/(9 Electrode out of nozzle/mm
3.0 250.0 8.0 3.0 30.0 6.0
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Fig.2  Erosion mass-time curves of electrode with different

composition

2.2 RiGFTEHR

FEHSIAN L SR IEFEE AR, BRI 2 A R
M— AT KEBME SR, H— e kKEESL
At DR AR 7 sRAE KDY, F i A 2 7R A R R
W, nEEAR R . TER S I RRIGRE T, AR v
RRAIEAALTE LR, i R be ik LA FAR IR (1)
A2 6} B AR (/) 51 9IRS B T4 P 3 s AR e, K5I
J SR i (4] 736 T 2 FEE S o H ARG i Joe ot 2 e ) — S SR B
. B 3 kR E T iR B9 2 WK 3
W-La-Ce-Y HUARBAIN 1 h f5 e K AW, RIE R T
FURE IR SR ™ A, IRAERERIGZ) 5 mm (R4 B W 22 3
R NEOY XK, EDS 73H7 4k 528 %Y i %
A, IX 2 AR A ) A G TR AR i R T BT+
MZE: TERRIN 2 h 5 ik Ru S T FE R K, JEREH
R BRI A A AR, A B X R
BB B ) FEARAR B K. B 3b 1, W-La-Ce-Y-Re
HARTERAIR 2 h G TESUOREE R AT, ANAES A W52 2 4
ANEEE IR X, R B B SR B A 1 4 s W-La-Y-Zr
PR R I R A TR , MR SIG Ruity TE 3= AR B KR,
R PR E SRR (B 3c) , Bk ik R &
AR R I P8, etk X /N (& 3d) o RkiA
DNERATHRIVE (4 9 ity % T 5 I S 5

R e P e 47 1) W-La-Ce-Y  Z HLAR 34T ML
%, B4 hdEimRmESir gl ZERE RN
T E R v R SR S A LA A B L,
RS ZE ARG RIS N T 1L T3 XK, F7E



10 ¥

ARS8 R AR P A RE R T PR R b M REATT 52 +3895 -

K3 RIIUE AN IR R AR ok 2 LT 3
Fig.3 Macroscopic morphologies of different electrode tips after burning arc: (a) W-La-Ce-Y, (b) W-La-Ce-Y-Re, (c) W-La-Y-Zr, and

(d) W-La-Y-Zr-Re
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Fig.4 Schematic diagram of W-La-Ce-Y electrode tips after burning arc
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Fig.5 Metallographic microstructures of W-La-Ce-Y electrode tips lengthwise section after burning arc for 1 h: (a) front of electrode tips and

(b) middle of electrode tips



Wiy @A RS TR

K6 W-La-Ce-Y 55 W-La-Ce-Y-Re HIMRARII G ki A R XA KO T 55
Fig.6 Morphologies of different regions of W-La-Ce-Y (a, ¢, e) and W-La-Ce-Y-Re (b, d, f) electrode tips after burning arc: (a, b) area I,

(c, d) area II, and (e, f) area III marked in Fig.4
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Fig.7 Microcosmic morphologies of area III in W-La-Ce-Y (a~c) and W-La-Ce-Y-Re (d) electrode tips after burning arc
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Fig.8 BSE images of electrode tips lengthwise section after burning arc for 1 h: (a) W-La-Ce-Y and (b) W-La-Ce-Y-Re
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Fig.9 Metallographic microstructures of W-La-Y-Zr (a) and W-La-Y-Zr-Re (b) electrode tips after burning arc for 1 h
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Fig.10 Volt-ampere characteristic curves of burning arc for different

electrodes
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Research on Erosion Resistance of Rare Earth Tungsten Electrode in Electric Propulsion

Wei Yinhe, Yang Jiancan, Chen Ran, Guo Yinchen
(Beijing University of Technology, Beijing 100124, China)

Abstract: As the “heart” of the arcjet, cathode is responsible for heating the gaseous propellant to produce propulsion. Due to the long service
cycle and frequent ignition times of satellite, high requirements are put forward for the service life and erosion resistance of cathode materials. In
order to seek cathode materials with excellent erosion resistance, based on W-La-Ce-Y and W-La-Y-Zr electrodes, W-La-Ce-Y-Re and
W-La-Y-Zr-Re electrode materials were prepared by hydrogen reduction-median frequency sintering. By simulating the actual working condition
of the arcjet, the arcing test was carried out at 250 A current, the erosion resistance of each electrode material was studied, and the morphology of
the electrode tip after arcing was observed. The results show that the rhenium electrode has less burning loss quality, better tip morphology
stability, and better burning loss resistance after 2 h of arc burning. Under SEM, it is observed that the rhenium inhibits the growth of dendrites and
weakens the recrystallization degree of tungsten matrix grains. And the migration pathway of rare earth oxides was also discussed. Under the
metallographic microscope, it is observed that the recrystallized grains at the tip of the rhenium electrode are finer, and rhenium plays a role in
refining the recrystallized grains. The cathode voltage drop of rhenium electrode is lower at different currents. The addition of rhenium improves
the electron emission performance of electrode materials.

Key words: rare earth tungsten electrodes; rhenium; erosion resistance; electric propulsion
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