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Rate of Metal Evaporation under Vacuum Condition

Qiu Keqiang Duan Wenjun Chen Qiyuan

Abstract: The rate of metal evaporation under vacuum is systematically analyzed based on description
of concepts about vacuum. The rate of metal evaporation increases with increase of temperature under
vacuum. Three kinds of evaporation occur as vacuum changes, they are “normal evaporation”, “boil-
ing evaporation” , and “molecular evaporation” . The rate of metal evaporation does not vary as vacu-
um while vacuum is high enough, that is the highest rate of evaporation and has positive correlativity
with the temperature.

Keywords: metal; vacuum; evaporation; rate

1 Rzt RE R g s

HRYRFEEE FHZER, SIEETHRAESRESNEES. MAHE “EE" RS,
LRI FREENRE, @il E, TUNEENEEFEMEZI M TR B
= ORI . RN

n =7.244 x 10" x f’—(ﬁﬂ%ﬁ(/mﬁ) (1)

n3RAG T =273. 16K By AR FROS HE H’J?é/%, 1 iR,
1 HEESSU$STFEENXE
Table 1 Effect of residual pressure on density of gas molecules
p/Pa 1.013 x 10° 1333 1.333 1.333 x10~* 1.333 x10°°
N/F¥ - em ™3 2.687 x 10" 3.535 x 10" 3.535 x10" 3.535 x 10" 3.535 x 10®

O AERET (FRfE), 2002 F55 54 %552 # 48 ~52 T,
® funiR, 1987 FEAY TR T REHZR & R BRI, HRBM L0, NP REHE,



h‘>

4. $—k REBE

ME AT FEARERS T, lem’ REBWES, &4 2.687 x 10447, 1E
1.333Pa R EZSE R, lem® (RBIAYA FHOH /K 3. 535 x 1045 76 1.333 x 10 *Pa By
HESET, 4 3.535 x 104 rF. dbal i, EE AR, WA EREWAR,

HRE TR
Lzzwxw*Vl (2)
p

SR T=273. 16K B}, A TZIMMERSHEERRR, MER2 Fr,
®2 SHHTEMERSESENXR

Table 2 Effect of residual pressure on distance between gas molecules

p/Pa 1.013 x 10° 133.3 1.333 1.333x10 73 1.333 x10 %

L/cm 3.27 %1077 2.99 x 10 ¢ 1.39 x10°° 1.39 x10 7% 2.99 x 10 ~*

ME2 L. EARMESET, RENAE “BORE" Mo+, (BT TR
B THRE (K10 em) KBE, S TRULREGEEE )W MNiZshasnE, fEmRfR
BF, S548FUU445 x 10 eny/s! @ BT HGE SN, HERK/NAHR 10 Fem, I
B A AR, ERNEE 10 Cem BOBE B AL ERE E KA T, ENEA AL 100K, I
FEEZAMT, WHSARHET, FI7E 1.333 x10 *Pa (IR ASE T, RES THE
£353.535 x 104, HB—NFEHEs Som ke, Aa5HM4FE—%, ™
BRMYAE 10 RAES . BIW, 78 “EHx" £M4T, HTFREWE, K020
o FE5HMES (WBEF,. ETFREERWY TS ) ZRMEED 208250 %
T A, m%ﬁ%me@Mmﬁm¢T,Eﬁ¢%ﬁFWWWM%%fﬁ Il

BiE, BESEME, s TE3iM 8N, IMERESRETSES FiE3)
m&%%ﬁo

YR —RET, A -1 “AugRLER", B2, AEET, WHEOEAMK
WA T LT 58 e A R A Rt gk [E B R G A R, Mﬁ@ﬂk%@ﬁ?*hruu
2%, R, EESRET, ATREHE, CHEELNYESESFHRERA IR 450
%, FAE—ENEAREERIRET (HREE) ERIREBAEXTED . BILET W, YRR
HREFEBAMUMPTYRMAREERER, MALBRTHEL T TFHIFEERTHEE
J1, WX FEE 132 B SR 8] R SR AT 5 8 BE 2 Ta) Rl R A R

S FizdERLETE AT omE. EEEASEZANIREY, WEEES
BEMASBHIME, S FEaEREEZH B omE, EREFEMNTRT,
MIRERS ¢Mﬁﬁﬁm%mE& FEEMREESES MY, FEhE. ﬁ%ﬁ%
HPHEZE, ZARMEmiEs), RREYIETESR, (2R B LR EE e,
#¢%§¢&o

2 PRAESTIRAS T ARl R JE e

Yz A A S I AR SR R B RBZRA M A TRV sl B . gk AR A T A
Pz sh AR ERERE, RARRSRERARIFIE . B S YR MO A S AY



BEAZRETHEALRS ©5-

), {RJE AR Al R T R B A R i 5 (8] 25 W
AR, SRAZIEILE L,

B 1 e e REFEAeRARE TR o
B, o, BRHEAEFERE F, WWKE; p, B |
ERERBEF, MAESRE, e@dELRE ©

[ X

U BUR IRy p,, SR LI RS ~T¥i\\\\\\\*
LG AR N p,, 505 iV BE T F 10 o) )
Y BUZEREAR N pos Tap NIBERIRE, -

SEARRKRME F, WIRE, T, 2R EEREAY
WRBE; b RIBRMTRE, [ RERR W SR B 4REE R EE
BRmMZIEMEE, oy BERAKEmZ 1% Fig. 1 Schematic diagram of metal evaporation
HARTZ, 8, M AR iR B2 A R o

B 1 T e FUR—FP RGO, IF HBRIREE & 4 B AL F Y BUR T iR R R
EHEATI) . WREBESK FIV I ERBREK, BARSERERRIEERA TR, 5
HAEAR R GBS Z RIPBE R, SRR E ) TR P MY Bt R, & MR
PR AN R ATLE

AT, £REAREKE F, MAREE, EBAEATR FESKET R ITHH
RAER BRI EHE R ZAHSEN, WE LW, TIEFEET, EREEASKET,
Yy I 7 K o R AR AL S T T DU A R

(1) &8 BREmZEREMR, JFmZE R REER TR ZE R IB R AR A
R E BRI

(2) #EXR. BorREERETFHBZELRTHFANEZE,

(3) I8, SREAKMAESHT T BES.

(4) 45, BIRVEIHMNEBESR T TRERES, WRRESNEES T2RBENE
A, MBS WA, RZ, WIS A,

ERAEFETRARSEATSZMHTELR, KAREE=41TRE, Eﬂ*ﬂ‘HB’J TR,
WRAEFRETER, ITEBRELETE FOSHHT; WREEASRESHT, X1MEH
R AEREAE P HT, EHEREGT, uﬂﬁﬂﬁﬁi'ﬁﬁ@ﬂﬁmﬁﬁ%w*E
Ko WMEFEHI2HREIRA, ESEXNSBESEEZMR/D, HENZELRIBRWHIFEER
BRI, FOABEK RSB SRS FERRINFEITE R0, Moz g R
ZHEEIL,

WR LB KPR, BTSSR BE- AN EERE, o, A
KA TEATZAERREANELEE, dn REBRAEBAERL T 0, 5o, +do, Z 8]
TR, PO RAERERTRE -, WO T ARRBRERT A&k k, Bk, #01
Ao 1] PR Eh RS R TR R 4y TR -

AR e
SRR

Ny =[ v, + dn, (3)

WPEZ B o A, EARLT v, 5o, +do, ZIEE TN



dn, = . exp( - U—z‘) + do, (4)

Kb, o HERYIRN I TEE, v, = %gﬁ%ﬂﬁﬁ$,%ﬁ(4)ﬁAﬁ(D,%

B9

kT
Nax = ni J5——esp( - L) (5)
ST, Ny S TR R RO TG & B2 MG m K14 THO it
g W T

JRIE, A RS LA LT A~ IR, R SRR TIRBZ AR, 2

e

kT

Ngyo = n
EEL 2qm

(6)

K, n HEKBEHIESHO S TEE,
MR FE L MEELE R BB AT, W Nyy = Ny, RABRUERRESTE p =nkT J5,
A7
N,, = —£2 — 7
e V2mmkT (7
TEZE R, M TSAR BIRAR S FAE SRR E Es R, AeeaiEEss, &
MEN SRR, ZANS TEROR AN EL, BTl LREEEEN T b — 1B R
¥, I B SRt A B R AR ZE R R B SR R, B

W =4.376 x 10 - ap, /% (g/cm® - 5) (8)

A, p, WERRKYWRAEE N T, SR MAESIE, Pa; M OBHMAXD T HE, g/mol,
(8) RMREHAEEFMTRLERNERAR, BHE T HRRANELERSESEM
WEZ MR HBF T R A E R L E

(1) HRBEMRE T, A, REEREERE &R IEZEE T RAa —EMNESE
X SERR EARY A TR SR, MBI TR ER, Hik, X (8) MEIEN:

W, =4.376 x 10 - a(p m_, 41) (8a)
T, T, .

(2) FEE, R (8) HENTFHRENBRAMRD, NESEFESHEN, MREA
SEBRA G2, X (8) MEWMTFEIE:

W, =4.376 x 107 + a(p, = pyuy) \/%Z (8h)
(3) & FRPRE LR 5 T, WK



SR RE T KA S “ 7

M
W, =4.376 x 107 « a(p, ~Pus) /M -y /T— (8c)
K

Gr BT, PR A 3 ) FE R G A B AR UIAN
3 VIRAERLAIARME PR R AL

Bl 2 25 T &R b 078 Aok R Ha FE AR B AR L SR 45 1

K2 fiid 7 & RAERESRETEEH

KRR EFR—RET, SREMELHE 1107 r
iﬁﬁﬁ SEmAEM, FHEEESERE
AR REIE T 48 2 & R T,

1X107

= I
M TTRIS R 3 AN KB EBR . hnE f“m“ gy ok
K. RARK, 33 KB BIREWE = oo s
3 MR RTE A, 0 B
(1) “REER R —BER”. K 1

R R RAEML LA FHEATHO, B AR B DX0T a0t X107 X0

T R AN TR R p

dy, B A<dy, HIL, 76 “—fgEE" b, B2 ABERIRSRE. HEEmxEY
KESRFEEFEZRASIK, FPMEEE Fig.2 Effect of residual pressure on evaporation
43T 2 I8 % A S R, TS rate of bismuth at different temperature

AR TR LR E IR, AT 2R R R, Wi
BRI A AN BENPUR R =S I BT s FF . AR, eI T, EERNES
TR B A RS R A EHIER .

(2) “WBIEZA" . HEEARSETE R ADE XA, S 8 0 1Ak 7T B A 1< o 7 oy
BCHREARR”, WBTBOE M A, MRTY H RN TS TR LSS RIAER T,
B A <d,, m%%?@%ﬁ#&x%ﬁ?%%%EMWEWE%ﬁ,m%ﬁ?Z@mmﬁ
BT 2, SHRERALT HEST. 5 RS SEEN. #p, NS T
WRES (A=E) B, Ao B S ag, a4 R i d m ik R s T e v
BERLEE, B — 2 A9 A BE LA SE AR b 7 0 7 0 /NS 4 Bl 1 B P A k’*ﬁs
AEREBBERR . EBBEEN, ARFERVHRRES T, EELZNE RN
FIBACHIREE . TEXFMEL T, A %%EFKE,AKTEW¢FEEZ
MG, HORFE R R, MEEK.

(3) “IrFARE". MRHEAKFX, WAZFECHYE, HNKESABRELT
RRZEEIERSE, B A>d,o HBt, RRTRKSESFRLT, S F2 A
FTLLZNE, RAFEZAR R SRD TSR Z RO RERE, U SRS T2 Ml i BB O R
FRAE, CAKMNEIRS TV I T LAZES, W2 RIS ROIE TR HEB &k, 7
Uk Y 45 o 28 OB A A 5 A B 3 5 B V2 i 1

WA, T3 FER B SR F I/ B X -1 1 e R

aFRB(A>d,) >R (A<d) > —BFEL (A<d,)



4 £'nllﬁ

g5 FRTAR, SRR IR 2 WA BUL AR B DRI FSC PR SR R d AR B Ahie

(1) E—EMHESET, &BMZERKEREERZNIEEL,

(2) E—EMIRET, %Eﬂﬁﬂﬁii%ﬁﬁ S 7R A B 3 A AN RN R B Be i X 1
C— KT CWRISZEL” R TR 3HMARMAELER, RANATESH T
BELE, &RMZEREEA S BRI RMEERK,

@)T%ﬁ%ﬁm AREHERER AR EET FRANERER" . BN
TER—IRET, WRNEREFLRMEE L ERARTAZE, HAT LR, P54 FEZE
RERES —EREMNN 0 TER RMETRERER, MESESR—-EREREY
EREE, JFAXM “EHAE” MERFNAFEERBTS, At EHREHIE,
BR CRREEREE” 5 BRAERHEE HEA%, HRENEREARNSES: “4
REZA KRR RYRHEAREME, B TYIRNSH RITAREE, mMERELERE
X7 R R SRR . E—EMIRE T, BRAEERGTLBRA, RBURTHER
#, WESENSK. EHEFNRET, REEREREBRYIR, HE R i
Ko

(4) F—#4&E, £8—-RETF, BEASENEN, BHFEE - “BRERE
7, HSAE L A “BKT FFREXRRE TAEL, EARMERET, BEALS
B, &REEREAE MMM MRRERESR, JFEXNIRESR RO ER”
j(:J:XTIL/EJEﬁEE/J %jﬁikl_,$ » il W|773>W1|22>W973 (@2)0

(5) TERBE “rEE WEZSET, WRNALZHDEFE, NGRS R
EHETHER “AZAEMESE", HRESEEZELMEL, WRELE TRETUBSE
ZARFUA P2, I R O R AE B AR IR 4, RIER AR BIRRI 2%
RERRPNGEERT . RAERSFMERS “0T&EE o, FRESREFNEIBRMN,
FESR A A AT AN LA ] LA B K2R R R B AV BER T .

2 % X #

(1] BEA H=HARIM] (A=HAR) B4E . Jbat: PUM TR, 1979,

(2] Winkler O, Bakish R. Azs/Ee(M]. REE, WEWK, BEREFE. L. EERSSORE MG,
1982, 137.

(3] mAME, #FF. HEEWEIM]. Jbat. Blegipmt, 1983

[4] Wen C. Study on the vacuum distillation of metal bismuth [ A] //Thirteenth international vacuum congress
and Ninth international conference on solid surfaces [ C], 1995. Japan.

(5] EHEZ . GeWBEbsInaIM ] dbat: e Tl iRk, 1982 305.



B AEEMAL (1): HFHRY * 9.

AR S A MUTGE( 1) Bepe

* B #® #HoAkF FAL £ &

OB BV TASRASKBIREFER, SEGEERER. SHERER. B
FeAfead i, NATERIEN BOE R ROR A, MBS RAEARIFLEE ., BaE FH%E
KR,

KA A0SR, AR, Boegin

Study on Vacuum Distillation of Pure Metals ( [ )
Mathematical Models

Liu Rixin Dai Yongnian Li Benwen Wu Hua

1 505

HERWERSBEBSTFAELAAIBEAGEE, AFESBS THEERTNESR .
STEFSERE, BSHNERTBRNEELNSRBS FEAEE F R ETR, [
B e BRI, RRBEMAESENEEERA D ENEN, ZIEEEm,
TEARI = B F R AT LA A BRI, ZERTRNR & T ol LUR R S B, 2Waas htie
W%, HI, SRXa4REMESHEENIERITHI, WELREASEEPNRTMT
b7 R 7 P % S O o SR LB R
2 SER AN

THHEBME PR, | ATERREESEE; 2 HREBRNE; 3 WERES
s 4 8 URIE At 5 R8s 6 X water
HRA; T B WEAL: 8 KT R e,
fs 9 HRRBER; 10 B 11 e 2 @;Hf'f
W 12 RRER; 13 HEER; 14 4 o & _l‘llmlﬂ
EIEX; 15 WESE; 16 HESE, iR ! I '
BRREJG 3 AR, A P o iE R
X, FRHK, FESEMAS, H2 - |
Bk 10Pa JEE R A ERE, Mt 1 S s
e ’ W{ﬁﬁ&ﬁ{ﬁﬁﬁﬁmﬁ , ﬂﬂ%ﬁ’ Fig. | ~Schematic diagram of experimental equipment

O FXEERT (EER¥5HAR), 1996 E5 16 HHE2 W 134 ~139 |,
® XUHF, 1993 FFEN FRAB T R¥HS M RRPISR, FRE8EL20. BIETEHE,



