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Pa)n] 2% . FrLh, AEZEHCEI SRR Hy BB
5 R T H A S TS

FH RSN B 3R 3 37 4ol 140 ¥ M e T A L iR AT
W SR oS8 —30, BT DLARZE B IR SO R Db 27

252 T REAT N AR LA 2 R 2 TR BRSPS 3R T
BAL RN, i AR s i A,
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AG=AG®+RTIn-L. (1)
P

X AGY 2 E IR AR oR T R A0 0 5 B
BEs R JEEERAARHE L, R=8.314 J/(K-mol); T &
&5 p fEsE; p° iR, p®=101 kPa. AG;
AR QR). B)F4)itH:

AGy =AH —TAS; ()

T
AHP = AHS + [ Ac,dT 3)

Ac
AS® = ASS, + LZRTPdT )

b AHY BB T FIIARHEBE/RIGAS, AH g, =1.1
MJ/mol; ASy Sl E T N HIARHEEE RIEAS, AS,=
193.8 MJ/(K-mol); & LLIE c,=a+bT+cT*, 4l
Z¥a. b, c NFE 1.

£ 1 Z10, Zr B O, E R HAE ¢, A K41
Table 1 Empirical constants of heat capacity of ZrO,, Zr

and O,/'*'*

Material a,/l . b,/l o c,/l 3
(Jmol “K') (Jmol “K ) (J'mol -K7)

710, 42.30 6.9000X 1072 —3.750X10°°
Zr 24.00 3.2500X 107 3.750X 10
0, 25.16 1.4025X 107 —4.125X10°°

HETHF—REARESNETE, BE
p=1x10"° pal", U it 5 7 13 A,G=1099925-
372.2897+0.02586257°—6.1875 X 10 °T°—6.86TInT
MAG<0 I, T>2735 K(2462 C), HILE G LA
., ZrO, M R IR N A REREAT, 1T Zr-V-Fe & 411
BOE IR — KT 450 CUS, prAAS kA 20,
IEARL O RN o S50 R B 1 R v i S A
RIS B Ze A1 zeOM, b o2~y 1E 2
SRALY T O JuRARS ISR EEIE
PR A 3 BT B IR SRR T 1 Rt
R, FEAEZE USRS R s i FE v, R TH 4R
AR I ) & NG, AR T IR
TR e TS T g

Oxide passivation

layer
s Thermal activation || o ee 0 % o ea e
in vacuum .2".:.-' AR D

1 R ECHEIR SRR SR R B
Fig. 1 Schematic diagram of thermal activation in vacuum

of non-evaporable getter
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2 Zr-V-Fe &4 MHMMALR
Fig.2 SEM microstructure of Zr-V-Fe alloy
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Table 2 Comparison of absorption capacity of Zr-All6
and Zr-V-Fe getters under different activation conditions at

room temperaturem]

Adsorption capacity
Getter H, Cco
material  Standard Low Standard Low
900 C, 500 C, 900 C, 500 C,
30s 10 min 30s 10 min
Zr-All6 100 3 100 25
Zr-V-Fe 300 67 179 125
105¢
104k
103k
£ 1)
] 0 otp
10! *— 673K
F g e— 723K
100 a— 773K
i v— 823K
10_1 é_ 1 1 1 L 1
0 0.5 1.0 1.5 2.0

Mole ratio of hydrogen to alloy
B3 Zr-V-Fe 5&WEA p—cT %
Fig. 3 Pressure composition isotherms of Zr-V-Fe alloy
for hydrogen absorption
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Tl A Joe 45 A 10 246 K3 40 2 THD 2 AL 9 3R THI A7
1R, SRS T 1E WS RE P30 0 1% i & 72 A T
F2, —RREY B, BRI SR TR Y B
REON 1X107° em®/s, ALFI P2 TR I B R 5
Ty RS FEMILT I TRY L, =6
TP BRELIN 10 em®/s.

& 3 Zr-Alle M Zr-COf )M R IR IR LE
e
Table 3 Comparison of absorption capacity of Zr-All6

and Zr-C getters at room temperature!”

Adsorption capacity (Pa-mL-cm )

Getter
material H, CO N,
Zr-All16 10000 130 50
Zr-C(graphite) 10000 500 200

J 75 B DA T T 2 FLBR A AR Ze-C(f SR E S
T T IR S B SRR . AL SRS TR Y B
Je R TSI B, B FE R I S FLAE I Rl e
BT AR TAERAL R T BOE R, SR
W = 2 2 52 BIRFL A SR U AR I 29 . BAE
Z AWM B 2 R, D AORIE S R
A FLBR AR LR TR, B EA B KR X
T Ze-CCR )AL, BMZEERN 1T mm B, WS
T F AN S ARy A e BRI R AL P RS 4
10 pm,

Zr-C(f S8R SRS IR e, B
I U R 2 3 — 2 H B S B A R A2 A A R
. 1984 4 SAES AFFERWE T 5 —2flkesditk
Zr-ZrVFe 2B SR BE, W a4 St172 &
&, ISR 60%M ZrVEe B &M K5 40%H
Zr Wi AT B e sk, B 4 Fos i 2 5L4
o ZrVFe WAMEHRA & 3 B E AR B0 1
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[33]

Fig. 4 SEM image of Zr-ZrVFe porous getter surface
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5  Zr-ZrVFe G SR N Hyy CO RFTEIIZ
Fig. 5 Absorption characteristics of Zr-ZrVFe alloy for H,
and CO at room temperature and different activation

conditions: (a) 900 ‘C, 10 min; (b) 450 °C, 10 min
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BRI o F TSR R 2 11 H B 2 B A 0 IR SR R
RBOEIREA Hm AR, SAES 2 F| A=
St707 St172 BRI SA R B ORI B2 450~
550 'C, —Uegh MM RMK SR T2 K 52 b s R L RS
W A 4 AR B 4 R AR TBUSUR N 1) S A B B2 4 )
9 250 A1 200 C, BHEIAMAEMH, COyv CHy &)
ML 2R B A IR E T, IR SR SR A —
SERTALIER, SRR ER PR TR . 1997
5, BRI F A 0 (CERN)FIHF 78 A 52 BENVENUTI
AB390%E Tiy Zry HE Nby V R H 084 34T THF
F, KIILBEIRZHLT 400 C, Ti Ml Zr &4
A B ARG IR P A 200~250 “C o 1999 4E, A THF 7%
RIL Ti-Zr-V & 4 A 180 C RN 24 h RI A3
T, XN IR R 2 A R AR AR U R S R
AR, T FAEFAN . AR 55 TR 1
AR, KKY R T A28 R SR R Y
B0, Ti-ze-V EEEEEE S Ti. Zr. V ISR
Lo UIkHOG, Wil 6 frn N6 S REeE iR e S
BT 5 2o BB AN, Ti-Zr-V SRR IR 80w
X, FLysk > A5 i R R SH A R T I R 1 B AL
ARG DO B GoRE ST 3~5 nm 9K S VR
gER AN, NSRRI IR AR E T4 4
HE&%EIE, SAES A FHBE)THF 5+ F RS
TP FEAR AR SR, €4 Zr, Ti-Zr-V. Ti-ZrVFe
EEp Al

" I Low activation
I temperature

6 TiZrV WS EEIE 5 R e R
Fig. 6

composition of TiZrV film

Relation between activation temperature and

(i, (a) Low temperature

activated region; (b) Crystalline structure
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2 PR
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BEE R E R ARG S T EMARE, EERRT
JEIEL . 2Lkt Y R R A AR A BRI S M
JE B AR ZE BN S BE Ze-V-Fe HA B E0E
BRI R AR AR, ENUMERE R % LGS
S5 A Z WU WS R TR 1 R ) B SR R AL
PRORE Z iR, Hisd i & S nfLB R
TAUE A B S RE A BT i T, (HB0E IR 5
H AR, RERYEMA Ze-ZrVFe il Ti-Mo &4
Ve JEL Y S 2 R R ORI B Ti-Ze-V
AARCMBIEIRE, HZRRIAENR, —
FAXFHAE N B R S b . L S dR R HE R
B 5 1 i 2 B AR ZS BB W SRR R R ) B A 2
L R PR & 4, AREYENA Zr-V-Fe. Zr-ZrVFe
A Ti-Mo A4, HARYE & B REE S H T A FE R T
PR

H AT E 28 SO SR St 7 A 1)
G &I I oo s & H A4S R T RBLEE AL
GW; 2) GeRmHSARMERESZ; 3) 4
SrEtER MR AL . IR VR H T AR
B IR SRR S A 38 SE AT 78 RL
e TSR RE, H SIS AR Ry, HAED
REBRAEI LIRS AR SLIHE 7 AT 45 5 IS
PRI, 30 b A OV 25 460 % 2 WL
RS 73 i 4e 5 SE 90 LRI R st S 8. 7
b, ] E R Y ] A RO KV R R L
T8 B AR B8 TR AR RN 4 g oMy AT B R 5 I
ZOMBTT, HrEs HW SR s -+ oo = AR
KA G i b RSTORAL) FRIE ), DA 2 Fh el 1 A 45
G BT IR K B A 0 R R 1 1 T 2 S A O
WS

EHAENZ, MErEE T TR AR <M
F A 7T B A 32 AR R L R AR B IR S 1R R
SMERE, HZAL T AR B SRR ) H AR
PRI S BHODUMR S, FERMIMG, 2k
Kb FRAR L B S 2R IR v TR e, B3R AR (1 ]
PRI BE N B8 AR 22 . 17 HL & 2 SR SR
i g A AT R N, R L ) B SR R R R, I
MR R EBERARET 6 E, AR 2

e TR RS BE AT RO R . DRIBEAE 4 S
Vi RE S A DS s L G T RS i i 2 RPN
SRS TE . 1R & R DTS BEAIR S
BULRBER G MR ET K.
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Research status and progress of non-evaporable getter for
electronic vacuum devices

SONG Yi, FENG Yan, CHENG Yong-jun, PEI Xiao-qiang, FENG Tian-you, GUO Mei-ru,
DONG Meng, WEI Ning-fei

(Science and Technology on Vacuum Technology and Physics Laboratory,
Lanzhou Institute of Physics, Lanzhou 730000, China)

Abstract: Non-evaporable getter extracts active gases to obtain and maintain high vacuum degree after sealing off

the electric-vacuum devices, so its gettering characteristics directly affect the performance of devices even

determine whether the device can work properly. First, the mechanism of non-evaporable getter was briefly

introduced, and the latest advance in non-evaporable getter, comprising powder-pressed, porous sintered and film

types, was reviewed. Besides, problems with various getters were analyzed, it is found that the mechanical strength

of powder-pressed alloy is low, the activation temperature of porous sintered alloy is high, and the absorption

capacity of film alloy is low. Then, modification techniques of non-evaporable getter, including alloying, surface

coating and active surface maximization method, were summarized. Finally, the development trends and the

unresolved technical problems of non-evaporable getter materials were pointed out as well, in a thought provoking

way.

Keywords: Non-evaporable getter, working mechanism, activation temperature, properties of getter
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