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Synopsis:

The ratio of the vapor pressures of P(g) and P,(g) above Fe-P alloys were determined by a com-

bination of a mass spectrometer and a Knudsen cell.

The effused vapors from Knudsen cell were

collected onto target plates and the amounts of phosphorus in the deposits on the target plates were
determined by a secondary ion mass spectrometer. The vapor pressures of P(g) and P,(g) were cal-
culated from these results, and the following values for the standard free energy changes were obtain-

ed.

P(g)=P (%)  4G°=-95.34+1.55x10-2 T (+2.2)
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Fig. 1. Experimental apparatus for effusion study
by collection technique.
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Fig. 2. Experimental apparatus for producing thick
deposited film to make calibration curve for
P in Fe-P alloys by SIMS.

Fig. 2 2 SIMS (Secondary Ion Mass Spectrometer)
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Fig. 3. Effect of temperature on ion intensity ratio
(I#./If) by mass spectrometer.
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Table 1. Relationship between chemical composition of evaporation source and secondary ion
intensity of P, Fe in deposited film obtained by Knudsen effusion.

. . .. . . . Secondary ion intensit
Chemical composition of |Secondary ion intensity of | Secondary ion intensity of . b4 . Y
evaporatioa source P in deposited film Fe in deposited film ratio of P to Fe in depo-
sited film
wto, P G p, Counts o pCounts )E’“Fe, Counts| ¢pe, Counts Cr/C re

0.98 322 122 5.973 x 108 2.09x 104 5.39x10-5

1.09 750 113 5.616x 108 2.98 < 104 1.34%x10-4

1.50 1041 120 5.521 x 10¢ 3.08 x 104 1.89x 104

2.03 1428 145 5.520x 106 | 3.26x10¢ 2.59 % 10~

2.92 2829 202 5.601 x 108 3.32x 104 5.05x 10~

Table 2. Relationship between chemical composition of deposited film by Langmuir evaporation

and secondary ion intensity of P, Fe in the film.

in Fe-P alloy by SIMS).

(To make calibration curve for P

. . . . s . Secondary ion intensity
oF deposted T | o depisicd R | B oot ©f | raio'of 10 Fe in depo-
wto, P Cp, Counts | ¢p, Counts | e, Counts| gpe, Counts Cr/C rFe

1.44 2.038x10¢ | 4.05x102 | 5.515x 108 | 3.66% 104 3.70x 10-2

4.40 7.809%10¢ | 8.57x102 | 5.670x 106 | 3.04x 104 1.38x 10-2

9.92 1.821x 105 2.40x 103 5.614x 108 3.85x 104 3.24x10-2
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Fig. 4. In-depth profiles of Fe* and P+ in depo-
sited film evaporated from Fe-19.7 wto,P
alloy by Langmuir evaporation.
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2, Zhix Table 1 X v Ik de, ol
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53 EHEBBTIRILEDRESIE

Table 312 (1)~ (3) R CRTIKIGOEREL =51
FOREBER L. K4 ORDH TS 1L CHh~<7-&
BHTHD. FIEEHHET £20 DETHS.

Ihbo 46° oREFLOEIMIVTRLTFEIR
L5HHDDOLDTH 5. '

6. % =

61 P, P, HAFHELIBERE

7 R =t Ve V-FREEN BT A DR K
S L, SHEE D AT T P, Py 7 ABH AR
FLTOBENED, BIOK—4y b7 L — LTS
HUEH 7 ADNEEEBE IS 1B TInb bR
L LB BNENTHS 5.

P, P, 7 AFHC VT, XXOBEMHIC IS

WEFEROZTT Fig. 10 0B Baie X 51, REpk

BB DT E DRI LT D = Edidomd.
2B H Np=0.02 TOREEEINESDDNT DA, =
HNZZDRETD P, OERKENKIIx10-2atm L fgd

38
ﬁgu— ©
e
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Fig. 10. Relation between ion intensity ratio It/
(I£)?) and phosphorus content (Np) in
Fe-P alloys by mass spectrometer.
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L. ThbbETd ) v 27ROy Fig. 1 ox—5»y,
PV O TR AT, SOk s — sy
b= M HEZE A B A O— IR AN TR LT
BEAANLTD EREETH IO LbDTHS. F
BIFEIZRFEE, V v 7RO Fe-P 403%EE LT
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EleZ =7y b V— rEMOAT BT v — + DR
TWEEROANILCRETHE LA, 7 %X —w v
NV 1600°C s LTh, ZoRERERMDIZEA
EZL Lol 2Dz & X W REEEY AR
&, =%y b FIRGBERRERLL 2054
i, L 2>TPR IV P, OBMBEIIT 1 &2k
®DLTHAHS EHEE L.

6.2 P, P, DA AV {LWiERE KT/ REHHR

3:1 TR X S CFPECR T HEKEE R L
Rie eE— o RFEE, Py(Dimer) o o v Lk
(op,) 75 P (Monomer) o %4 (6p) © 1.5 fech s
ELRTHD. ThiISETHE IR fboyTFED

Table 3. Standard free energy changes for several reactions.

P(g)=P (%) 4G°=—-95.34+1.55x10-2T (4+2.2)

1/2P,(g ) =P (%) 4G°=—37.740.13x10-2T (+1.1) 1(’{655531‘1”8;1500)
P (g)=1/2P,(g) 4G°=—57.6+1.42X10-2T (£ 1.1)

1/2P,(g) =P (%) 4G°=—29.95-0.46x 10-2T J. B. BOOKEY94

(1540—1 580°C)

1/2P,(g) =P (%) 4G°=-—36.09

H. ScHENCK et al.®
(1515~1 540°C)

P(g)=1/2P,(g)

4G°=—40.0+4+1.17 x10-2

T. Sarro et al.®
(1500~1 600°C)

P (g)=1/2P,(g)

4G°=—-59.4+1.42x10-2T

JANAF Table ®
(1430~1630°C)

— 17 —



2038 % L W

w66 4 (1980) 14=

I X 0IziEw» b LV b0 L Bbhs. i), #XRX
CBVBRTE foq # VEWi AR o #HEE Y, Dimer 12
Monomer o 2f5CTH% &\ 5 MBI LTS &
THLDTHS. *oT op,/op=2 & UTHIIEELT
Sted, K& @ 4G ki L 0.3 keal/mol FEJE DAE
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Bohiz(1)~(3)RORIGOELEH = F L FITD
W M ORIEE & il 7ot # % Table 3 1R
7.

%Pz(g)-——g(wt%) U ¢

& ORIGE\NTIEAESE Bookey?® XD
Ca,P,0, (sol) + 5H, (g) =4CaO (sol)

+P,(g) +5H,0(g) e ()
4CaO (sol) +2P (wt%) +5H,0(g)
=Ca,P,0, (s01)+ 5Hy (g) === (17)

D 2 > OFE GO RERH R L ERAHETRD DIl
LoRHs. LnLohboERO 5 b (16) RO KGN
BT B, [%P1=0.008~1 i€ fThiT %
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ARBEELELTMo#—- rEHATED, Mo ~DD
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FTEEEL B0 %.

#¢- SEHENGK 5% 13 P, R LBHETHI DT
P (SEEE) BRAWT, 1515~1540°Cieisidd (2)&
DFHEfE L LT

log K=4.38 (4G°=—36.09 kcal/mol)
ETB, EORER [%P1=10~30 oOFT
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Db OTHS. Ui L Fe-P ROEERBIL FesP
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B L utide bk XicEp E Ui, Sarmo ik Pb & Pl
e L LT Fe-P &4 L ¥ 5 P, P OPHEARES:
Rt b D TH BN (PEREEER), Kk LBRARELS
QFWT BT L b F Y el & 3B bhig\e.

7. i

72— v e CERE Fe-P A& %W - HKF
x4, 7—4y F 7 U— b LICHE LR DY SIMS
CIVEEIIL, SECEELRLIIRDLATNS
BESWEC X D MERZE L e T, BHERFOHAD
SRS ER F, BH- 0 AR ORI ORI E | =
FAFRRDI.

BERERIKDEROTHS.

P(g) =P (%)
AG° = —95.34+1.55%10-2T (+2.2) kcal/mol

il

5 P2(8) =R.(%)
4G°— —37.740.13x10-2T (-£1.1) kcal/mol

P(g) =1 P.(0)

AG® — —57.64+1.42% 10-2T (1.1) kcal/mol

— 18 —

Gia N\ ig




SR~ DD A DI R = kL ¥ ol 2089

L BR
1) \WHEEME, WpEs—: & &, 65(1979), p. 264
2) \LUIHEEE, MEES—: % &4, 65(1979), p. 273
3) J. B. Bookey: JISI, 172 (1952), p. 61

4) J. B. BOOkEY, F. D. RICHARDSON, and A. J-

E. Wercn: JISI, 171 (1952), p. 404

5) H. ScHENCK, E. STEINMETZ, and R. GOHLKE:
Arch. Eisenhuttenw. 37 (1966), p. 775

6) D. R. StuL and H. PropHET: “JANAF
Thermochemical Table 2nd. ed.” (1971)

7) J. DrowarT and P. GOLDFINGER: Angew.

8)
9)
10)

11)

Chem., 79 (1967). p. 589

LB B, RN 2, AR BRERS R
SHx. 1979 FREESE, p. 19

RAER, ABREPH, =ZHAEE: %im, 54
(1968), p. 143

AT, A% $krm, 61 (1975), p.
2933

T. Sarro, Y. SHiramsHIi, and M. ISMAIL:
“Proceedings of the Fourth International
Conference on Vacuum Metallurgy”, p. 39

— 19 —



