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Spatial Distribution of Metallic Vapor in Ar Thermal Plasma on Melting of Fe and Fe-Mn Alloy
Guo Wei He, Kuniyoshi Isun, Yasushi Saxkaiand Yoshiaki Kasniwaya

Synopsis : Metallic vapor pressure distribution in Ar thermal plasma on melting of metal was determined by using the values of
total absorption ratio of spectra (8) which were calculated from Ar density and Ar spectral intensity. There is good
agreement between the vaporization rate obtained from the distribution of metallic vapor pressure by using Hertz-

Knudsen equation and that of measured.

The metallic vapor pressure decreased from molten surface to bulk of Ar plasma. Due to the enhanced vaporization
mechanism, the maximum metallic vapor pressure was not at the anode spot, but at outer region of anode spot which

has the highest temperature at the molten surface.
Ar thermal plasma; spectroscopic measurement ;

Key words :
vaporization rate ; metallic vapor.

1. ¥

]

P AR BRERT 2 ) -V RIANE—RTH 5,
IANF —EEDE  HEEEYES TH 5 v )R
RHEL, BBOMB, B, BEEHPEICD LT AERRL
EiRGE7 et RCIBHANED Tw b, 377 X=10&
HEBEET AT, WM EBOEAEVAEL 5,
771th%%%¥%#&jL OB ELRDE—5
T A2 ERRELRERIIEICL B L, RBESYTS
I RA=HUZIRAT 3 b, BAIREEPBRERIKE(L
iy, 77 A=ORPERMEVEI/LT > EINTL
5, Lo L, ERNLEF I =T, BALRERBHIL
RE—afmLTE Y, 7’7 X=I25 2 28N—51
TRAEALIELLLE L LD, Vervischb I ERRMD
HEEDE {, 77 A= DIRENECTIGEHE DA, SRS
B — VDR T — 2 FE R S 2 e RS L
INRERBASYIELEBEEE LOWCRBIACAD L
NTOBRHTH2 LHMLI, —F, BRITHERE D
2, o X BB R, BRI AR
BOHA (R T4 v o aMBH 2L T 5), BEK
A[DEAR, ArEh 5 X~ OBIE— BiiFES & CIRER
P HB Y25 2 LDHERINTVE, 2OHATek
ZDEHD Iz DL, 77 A= A L EBERDIRE DM
2, EREAEES I EDOZERS MM RLEY D b,

PBBRABT S X =, BT — 27 I ERBEIDRA

law of Boltzmann distribution ; Saha's equation; molten metal;

LT 0RECFCT, BREDEE LRI LIEIZD L0,
Shaw?id €/ 7 un=F v 27HHEFEIZL b 7T—2HDCriER
SR BEIL, B3 CCrARDRAR NV AMEREE D
HEizhsZEPBELL, 272, Dunnb®ldShaw & [F] U
HEHZEZBG, 77 =& L 2REAXOI MMM
FeFAE LI, BRHV/NS CHEE, BBELYVEME
B O EBRMESL TOML T b, BITERVAS O
BAR, SRASEMSBERE L LyBEs e
LR LI, Vervisch 63213 22 M VERDMaxT TR #

BE LT, &BEATIAMERE R AR I Lo sisC
Erp L, 20 O TIAEENIA A Ard KR L T
CABIERIERLI, L2, ROOBIERTE, BELL
AR EE OMAHME L 2Rl s T, 77 X< DEAR
MR L BEERL E ORI LB LR THEI KD G
NTW e, @K, RNBEEIEOLT 254, 77X
= ORI FALBAL T OBEBE RN 2R TRD 605779,
L L, ERHOFI =T, BRALLZEBEAOEE L
PSR HADWE L IIRL Y, ZHTORT»6L LT
A2 TRBELRRBKRTRAEEEHCELTOLC LD
&%KGHNQ~®%n.§ﬁﬁ#%&&%f@ﬂ%u
Rl—DREPBHT 2 LT ERG, 22T, RIFRET
z,mﬁ%x«ﬁbWﬁw%QMEEJof,Tafv—
B DAy . N SR ARY 7% £ O A Sl WIZ CIDTI N &S
ke, ZOWRINELSBERRAD AT PV EH

T, Ar# 7’5 X= 2B 3 BBRTOEE KD,

X 945 H28H 24 TR 94 7 A31HZH (Received on May 28, 1997 ; Accepted on July 31, 1997)
% AbiEEKF T AL E — B T #%Et >~ X — (Center for Advanced Research of Energy Technology, Kita 13-jo Nishi 8-chome Kita-ku Sapporo

060)
* 2 LB KRF T (Faculty of Engineering? Hokkaido University)



2. AlERE

75 X2 ORTF (HF LA A 2) b6 RETS e ar2s
P RO AR VY 2 ORICHED LT L, BRUES
ELTHIES NS ARZ P VIROEIEL, R FHENORM
FRIGEBINCRRNTERI NS,

Inm:N'%ﬁ’—:%exp(—kﬁé%)'ﬁ .................. (1)

2IT, A IRFOERIER, g, 3HETRIEAR, 1oLk
£, EJn#EO A v ¥ —, kgld R vy = EEK, Z(T)
BIREOBKE L TEINARTONHIEREKTH 5,
B, ARZ MWD TS XK= il s 1) A MR, BIE K
FROMINE, L TEXETLRBRROBEROM, R
DD 6 DT, IRAILFFED FTEE X B R
EREUTHRITNREETH 2, ZOR, RHEXFRORIL
AL, RIER RO (IR 3 BOFHEA T R, k7 7 4¥—),
SHHFER O FFREERIE G 121024F v > A v D) 2
YT vA DRI EED B, RERRFFH AN 0 5 ESx
SR OMMUHE LS ORI % H O B REM e C Tl OE
PHWIELTH Y, —ELtELONA, F1, BERUSHER
ROBRIERES SOOI A=BE LT —F L L
T, —F, ARZ MO T 5 =il 5 IR
13, HE0E GRE) LR T S ABAT b, HE, BE,
AR (77 A=) DR 3 (BIk, HmEE&L), KL
Brff, L ERRR RRFOPBRL T L E A LNRE0, —k,
RIFFZD & 5 BRFMCHE T T =T ARS P VIRD
WAz BT R DEN D v, 12, AT, &
SHMEIIZ 351 2 H9100nmik REF N D 227 MviREZRIE
MRETAHDT, WRIZE BREARZ D VERDORIL L HE
MTs2tE2003, SITRPIXDVEFRECH
BLDLEL, TNLRTEHALTATEL, ZEMATLELE
—EERZLTHZELL, Tbb, I X2HAArDIE
NhEF7X=IFNDOIEN £S5 L ERGET UL, RELR
N(2)RL Y, ENELEEOBRIIARNTERINS,

Pur=(Nar+ Nyt kg Tar

—F, ArOBRHERG (Ar—Art+e) D EERRIEIZH B L Th
W, O BRI,

NysNe 27
Nar L

2amekyT,) 2
h3

Eace y...(3)

exp( KT

Tyl Bvy=r70y ML OVRETS, ZHEP,(=
121590Pa) # UL BB DN (2) K, (3) X OHRE
T&d, N (DRNMRALTRHERPRET B2 LHTE
5, b LSz, FMLETOREIR—FEERET I LHT
DT, INEERETRTFH LA AL DRARZ b v
BoEHT L, EREASEF I A A DRARZ v

67

Ar#h7 5 X< ER B 5 SR ESTE S 830l

BMEE»G(1)RICE Y, ZROLOFEEYRETS 5,
D, HFfEHE A A OEERTORVvY =7y b
X YR, kI, ArOBHETFROGFE LT, OAr
DBREEPEPHEBFCELOCNRTU A2 E I »REMTHY,
ON BB FOMEE - L > TECIREIMABRST
HrH, FRER[EEMEL, B2, ArOBHEEIIH 1%
DIECEZ RIEONBDT, BHOBERKRE(LDL
HRI N, EBBAEERIERBIET%E (Ny.) £ &8 A
F VHEE (Nye ) DFE LTEZ LN BDT, AMIRIESE
REHC, BREIEP KR TELLNS,

Pyap= (Nye T Nue ) kg Twie

¥, ZOBRBZRTORERRLZYDT, BEEVGCHD
BFREPHCTIMELL, 7 XA=fIsiBEA LR
L[OBEVLLCEA, BBA X DAY b VRS IR
FTHO, A X A7 MBOBRIN TSI L VAL 2
Vo ARWFRTIEFed A LD AR M NVEEEIRMITETH Y,
Z DFMEX, FelRT%El & UFelf FRERRKAEL LT,
F D EEEFE R D SRR REE S - 12,

3. RBFGE

ARMFEDEBREE AR LR CThH b, BBRX
PRITRT—2 75 X~ IFTCHEMRL, 77 X=2 6 REHT
B ARY P VIR R ESTREE= VT F v VAV R EE
THIE LTz, ES00nmT D& iRfes & o kil z
N2 0N0.05nm, 300mA/WTH 5, REEREIIETD
BAIEEE L b & 2 0%, @K ORIE TS0 (12mm), #HE205%
(5 mm) #6005 DRED 5 FLUNTH THRETH - 12, 2
Nz, BER—&RGHTT7 7 A~BXEOXY 57 X
VE—2ar®iTH 2 LT s, EMREEHIMEL L Fe-Mn
A4 (WIWMniEE 5 mass%) ThHH, FTR={FEr At L
Tt 7 v 272 (99.9995% Ar) & F 72, 53 el E B D %
Bisfb® Table 122 Loz, WIE LI ARZ VRO R
#iE, Arl :340~450nm, Fel :430~440nm, Mn1 :
470~485nm, Mnll : 340~350nmT d %,

%35, Fe-MnA4&»EMT 254, MnOAERL (A
R 7 T AR BARE L B, 2D, FREE
R 23050 AR L 10tk SRBOEREE LT —E L
oIS TIT - 72 (%5 Fig. 5 BRI HESR) ., 2 ORE

Table 1. Melting conditions.

Sample weight:  30g
Plasma gas:  Ar
Gas flow rate: ~ 8000Ncm °/min
Plasma current: 120A
Plasma voltage: 43 ~ 46V
Arc length:  30mm
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Fig. 1. Radial distributions of absorption ratio in
plasma melting of Fe and Fe-Mn alloy.
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Fig. 2. Radial distributions of Fe and Mn spectrum
intensity as a function of height above the
molten surface in plasma melting of Fe and
Fe-Mn alloy.
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Fig. 3. Radial distributions of Fe, Mn and Mn*
density at just above the molten surfaces.
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Fig. 4. Radial distributions of Fe and Mn vapor
pressure at just above the surface of Fe and
Fe-Mn alloy moltens.
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Fig. 5. Relationship between weight loss and melt-
ing time in Ar plasma melting of Fe and Fe-
Mn alloy.

Fig. 6. Distributions of metallic vapor pressure in
plasma melting of Fe and Fe-Mn alloy.

Table 2. Vaporization rates calculated from distribution of vapor pressure.

(1) Fe
r(mm) 0~2 2~4 4~6 6~8 | 8~10| 10~12
S (x10°m’) 12.6 377 62.8 879 113.0 138.2
Tee (K) 4740 4660 4510 4330 4080 3940
P (x107Pa) 5.75 9.68 18.86 13.72 7.60 1.66
Ja(g/s) 3.42x107 [1.74x10° |5.75x10° [5.98x10° [4.39x10° |1.19x10° | = J.=1.94x10* (cal.)
J.(g/s) T J=1.17x10" (obs.)

(2) Fe-Mn alloy
r(mm) 0~2] 2~4| 4~6| 6~8|8~10|10~12
S (x10°m’) 12.6 377 62.8 879 113.0 138.2
Tue (K) 4670 4660 4450 4200 3760 3300
P (x10°Pa) 15.57 25.22 38.83 40.36 13.07 2.19
Ja(g/s)  [9.33x10° [4.54x10° |1.19x10° [1.79x10° |7.86x10° |1.72x10° | = J.=4.48x10° (cal.)
Ja(g/s) Z J=8.67x10° (obs.)

cal. : calculated from distribution of vapor pressure
obs.: measurement value
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