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Mass Spectrometric Determination of Activity of Phosphorus

in Liquid Fe-P Alloy

Synopsis:

Keisaku Yamapa and Eiichi KaTO

The activities of P and Fe in a dilute solution of P in liquid iron at 1600°C have been determined
with a combination of a mass spectrometer and a Knudsen cell; a magnetic deflection type mass spec—
trometer was used. A pulse counting system was used for the measurement of the ion currents of

P+ and Pj, for the intensities of these ions were very small;

the relatively large ion currents of Fe

were measured with a DC amplifying system. The whole system was computer-controlled, and a high
sensitivity with a large dynamic range and considerable resolution could be obtained by using this

system.

The range of the concentration of phosphorus was from 0.7wt% to 3.2wt% (1.3at% to 5.7at%),
and the method based on the Gises-DunemM relation was used to obtain the interaction coefficient, &%
from the obtained ion current ratios, and ¢f=7.340.1 was obtained.

The accuracy and the precision of the obtained value are discussed.
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Fig. 1. Knudsen cell asseinbly.
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Fig. 2. P{ ion peak measured by the method
developed in this study.

(a) Relation between the measured peak
and the reference peak.

(b) Measured P} ion peak and the foot of
the reference ion peak.
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Fig. 3. The dependence of the ion current
ratio on temperature.
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Fig. 4. Ton current ratios for the Fe-P
system at 1600°C.
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Fig. 6. Activity coeflicient of phosphorus in the
dilute solution of phosphorus in liquid iron.

1

—0.98
0.24 \\R\cmults le_O.gs 2
~~. o
Qre ">~ 094
016 40.92
Q.
o]
0‘08_ Gp
,,,,,, Flenry‘s law
1 1 1
Y 0.02 0.04 0.06

Np
Fig. 7. Activities of phosphorus and iron in the
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Fig. 8. Integration curve for the Fe-P system
at 1600°C.
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Fig. 9. 31P+ peak measured by the pulse
counting system.

RBEGHEEBEEL Tz ek va kT sicd, -+
FISKEE R b OWENAGETH D . — oD & LT Fig.
91y AYEPE 1.52 wt% (2.71at%) B P+ v — 7 %R
3. ZhiE P ©— 2% 120 channel =43, 16 [El4E
DR LIFE], T U THE LR, Kb crih
THifl Y B € — 7 OEH & LFEH 812.7 #iEik.—F
D s4Fer DY — 713+ IeHREN D b WERBEX P+ i@
ERTELIE WD BRERERTESDT, 14 v
MEROFEEXET IY whb ET5. FHELTHER
812.7 ww +15 DFEEDD D & L, (AL v — 7B
OEFBIXZOFMHENCH D) ToOEELHA Fig. 5 ©
ALy (B T), HRD A * Vi O MERBEILER
ERTwB eV X5, FHRORE LHEE L I0D
DHIs R TRES C EDATREIR 2 & B S ARBIE IR E
DENT EDodnb.

Z O, FEBECH U TCIIAIELEHY:® monomer
& dimer D F VIBEHEE S HEORH D, THICX
DIEEERD ZH AT~ £10% BEOHIEREE T
THERCD. L LEhic XL 2o TE b G Rl
HOHEAEERRE @) FEE eE (6f) 2EBT 2T KE
BENAETTLE S5DT, Fe-P Zioxt LTk Py
BRI TS O AP CIRER Lt o
7.
7.2 AEREORECHTZKRE

TR CHRITE Lo 1 A vEREE L IRFE & oPiR % Fig.
SRk Lichd, Np=0.0180 & 0.0522 o —->niHmic
BT HEBOEZ IIRIEE L. Zhit Fig. 5wkl
SRS HMARTRES R s> C b Bl L coME» BT
LDRT, AFEEREE2ZH5ZETHY, G IO
are DEDEREZEITAINZ EEFT. BAY bio X
% RRK 75 EEAE W TE  1600°~1300°C
DOEITIRIBEEOKR E BT E IR T, APF%E
T DI BVER R T HFIECS VOB 2 by, &
BEDRIEREN 1600°C L hFH s LTh, T
RCDOPENE—RE TR S BIEBE bhER
TR EIeBEAE Uine.

ILRERILOFHMES Fig. 3 o1 65E L
T, £1I°CEET If. /1% OfET £0.5% O£ TL
2iel, TNTOPELZBLCLI°CRBELXHIE L
Tl BECBEALCIBEDO WL D TH O ER
bhb.
7.3 HEfEMICET &

44 vBEORKE LREORBEY, (2)(3)Rek
TOEEETH S Nre/Np I 2 THYRER IS,
AP CIE AR AR OMEKR E UTBE L. F

— 101 —



270 g r

% 65 £ (1979) 452 =

F 1 DRBHC OV T D T OEEEEREL (1.63 wtZy P)
LB IS LIchi o TN fTieofk. TofE
b LEE L, Fig. 8wkl Micid&hTuwb X
SIALEITIC X B HE D A DEE &L LRk &7
A oFERLTWS, ZORMEILY ADEEE (Iwt
%P D L) oaHciis  oTENRD Y, DPVEEA
VBB LU £2% OBEXERT 5 ONREE -
DTHAHEBEZDID.

—7, BELUIE-0 ABE& LA TH S 10.2
wt% FHEHRE L, cDEZHAWCUBOHER T
DA, FREASHEBMN 10.2wtY Tix/sd 9wty Th
5ELCHSELLEEL Fig. 8 Rl MR
T3 X5 By R oBRCIxE & A EBER2 e
RESHEK DD ORI &> CARBERE
TR\, Tk 2 EREASHERA 10.2 wty FRiCiX e
=7.3 Thoth, 9wt%P E LCHIERXGRS &
er=8.0 ¢7c%. L L EREOREO HPHEE»S
WHE LA AN S 10.2 wt 2 EAT
5HDTHY, EOEKRDL 10.2wt¥y b rith
TWwishwEBbhs, ¥ 10.2 wt% P 133Kk
Hb, 1450°C CHEUBRRHF L TR, BE
SR CORPIED S L3xFEZ bhis. Fig. 5T b
DI HESAE LR, FRMESCKE L5 Y F 0
B, RS ERBEMIT WS,

PlEoBfe X ) EREORBOSIEL Y, FAH
s BHHE L) ABERY AT EBETLHNFEL
<, BUWEELYfHRcEs LEbhs. Flciiskiled
BIO7 2 —wv - e B & UCHERM LA
T2y ah, RBBREIEL B BT E03TXTH
W o LTh K 0.1 wty ThH. D8
&, BEMCTRRNA X5 eb'=4.6 BT L=y
2RI HER 1B B ERELTH. LHLEBTI7 L
=2V AOBREEREBRG XY 0.1 wty #TFTHE %
boLBbhd., ¥FFRPOMERETIT OB A
JVEETEDIDEEL LD, Thbb) ABED
B0 ARESE AVWTh 22—V - 2ARTIE
%1 1050°C 7 D=1 AEES & Migkn A&biiaD
%. Fi 1050°C DTORETIRERS IV ADES
FiX &I BD TS, I lIEY, V74 A
2 HOHHIE X 5 EREEIISORSTES XL OHE R X
HRD BRI ADERREN D, AW BI 5 BIER
BACIEERBEATER TEL 2 E2E1D BTV
5.

74 IS5TAY M FIUYOEEICHET IR

BHEMNEBWUL 79 72V 14, Thbb

AT KA B-c) TIRIhTHD P, 2HAETS
Pr@onwCEET 2 0EE D S.
A A b= F A F —

Pie=P*+2 I1eV 8-a)
Pyte=Pt+2 12eV 8-b)
Pyt+e=P++P+2e 16eV 8-¢)

ABIFECIE 2at% LLED b A DRHICH LTk A o ViR
g If, oELHE L. 22—y - 2T P &
P, ORICFHIRILLT, Fh(8-)RDA o+ VLRI

DR o T TR,
Po=Kp-I§:T eoveeemriensieeninisinanecninnnnn (9)
Pp,=Kp, It, - T wweeeevveeneenriiencnnicncne s (10)

THIhB. &2 TP, Pp, 13 P, P, DFEKE, Kp, Kp,
EKED, PadT 2EHESVE OREMNREETDH
D, T XEHRETHD. &, P L P, OEOFEEL
K L1, (9K, (10) KexHWTEHLBIL,
K= P, = Kp,-I%,
(Pp)2 Ki-(I3)2-T
ek, LicioT—EEE T, 15/ 1—%ED
EERTC Erinsd. BEP, P.oA + VbEEOME
RIEFEIZIIRD Hhvund, FREREICRIT 514
AR (1A VB LY S A A BROHBE N R
BT ENMBRTNEY) LEDIHESVH ORE D
TR TH B D, EHLCPFEEREZRD D L3 TET:
Vo Ll IE/(I)? ofEix ik K Ui S LA
B I OB THB. b LTI SA VAT
vIRBIE, Porb P TUhvs 72 v iAo 5
BRLEDICEESVIFTOREY K'p, 75 &,
Pr 1 P 1
fET+f%TFWW“
T I3 BIRENRDB D I,/ (IE)? DEF—EL ST,
h ABE (B ap) OHEINE & H Iz OERRD
THETTH L. HReS L In($,/JH)?2) T ey b
Lo Fig. 10 ThHH, FERMTIE—ETHSD. kL

NN e ))

It=

ceeere e (12)

w
[+2)
I

)

+
P
w
S
l

o

lnﬂ%h

[
o
{

--=--—o——0—0—p—]

w
N
!

Fig. 10. The dependence of the ratio of I%, to
(I¥)? on the concentration of phosphorus.
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