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Thermodynamic Activities in Fe-Mn Alloys at 1 833K

Synopsis:

Minoru ARITA and George ST. PIERRE

Ratios of the vapor concentrations of Mn to Fe have been determined for Fe—Mn binary alloys having

50 at% Mn or less at 1833 K by a vapor transport method.

In the present transport method, vapor satu-

ration needs not be satisfied in order to measure vapor concentration ratios. The thermodynamic acti-
vities were calculated with the aid of the Gibbs-Duhem equation. The calculation has shown that a
maximum of the Mn activity coefficient (yyy,) exists near 17 at% Mn, and that negative deviation of yyp
from ideality below 6 at% Mn and positive deviation above 6 at% Mn are seen. It has been shown that
the experimental results are in qualitative agreement with the behaviors of other physical chemical proper-
ties such as inter—diffusivity, viscosity, and electrical resistivity. The existence of a maximum of yMn has
been accounted for by considering a plausible variation of the liquid structute of Fe-Mn alloys in connec-
tion with the phase diagram. On combining the present data and other data, the most reliable values of
the activities in Fe-Mn alloys at 1833 K have been presented in tabular and graphical forms.

1. 4

Fe-Mn #4403 SR FEE L —n84 T b
0, EPWCBEBAR TS bR TERY. oh
i, WRAREMRED S X OCEREHEY X 5EBNES
X O ZELHIRTEY® IC X D TEBRNICHERZh, o
TCIARL A GVIERIEAE D LR E s 54 LRI FE L
TZIBARTH S LI TWw5. Huuteren 513 1970 43
TOXERZFHE L CIRE & OB FHIE OHERE
ERERLED. R XU, IEFICIEA L S8 LTy
HEARR ERBORENIETOHIEED OFEE & >T
Fe-Mn A 4135 9 —voiEAI 50 LECREE L
TWw5bH ERLT

SREE LEIIERIE, A ORETER IR
By b biite, BE, R, BERENRE L, £
DENFHMEE T inb b, RAMLETHS. &K
BRNCIAEREERS D 0, a3 S
Wi, Lrsit, a4, BoskzsELERSE
HMOEET IO X 5 EBERSERICH SR -
LRIV RO Bi9vx Fe-Mn Znisfl &4 03
UVEBE AN DR D L KRR D —o % [
L, HEZ2XOB#ECEZE L, FoEEE E tho i

il

LR L2 LB T 5 LT 5.

2. R B A&

21 RREBHIUEAME
ARETIRFAKERIEC XD Mn & Fe OXGED
R BIE Uz, KGRI B 20005 & o =3I v
LNDE, TRbLEIEEREET 5 —ODEHETDH
D, FETORGOEEOHEE L LCELEEEOS
WHETH%. Fig. LAWK TH W R SiEE 0%
BT HERO KL EE CIIERAEFCOERRD
BaFN I B MBELEED— DI DTS, —F, &K
WIZE TR U728k Tld— 2 D RS O 3R AU DR SHE
ZRET HDTHRL, RS OER[EDOREEIET 20
HBTENDT, —fRCEKEFNIE RS hgvw*. e
MTLELEDOHIERETHD Z L1, 2R — R
EHESTR L 2 AT HECTERIICTER I T
V5.

WL Trx Mn @SR X 5 RITIREERK DY %15
{TeDBEIHEEBRIRAR SN2, —E R

T —RERATMEER I N LRATETERRDC & 2 EHT
% [EREECHE URKTEM UEXY 2 2, ERICHE L
WHEORT O SIS S 2 THERT 5 .

* A0 51 4 Annual AIME Meeting i C %%

WA 52 4£4 A 4 AET (Received Apr. 4, 1977)

B Fong NS R (B BT %K%) (Ohio State University, Now Tokyo Institute of Technology,

2-12-1 Ookayama Meguro-ku Tokyo 152)

X Fosq A Mz k% (Ohio State University)

— 92 _



75E Fe-Mn &0 1833K (T 5 BT EMIGE 207

to wet test
gas meter

)

Fig. 1. Schematic drawing of the melting equip—
ment with a vapor condenser. = : car-
rier gas, = :carrier gas with metal
vapors, a: induction coil, b: excess gas
outlet and vacuum pump, c: glass wool,
d: crucible lid.
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Table 1. Summary of preliminary results.

Run Tube . Wt W ** Xy, X Cold
T . X % Fe Mn Mn Fe
No. emp Mn height Var* Xpo XM XY Xyun trap
F M- 10-3 cm? mg _mg
K % mm s 0.0Ims  0.0[m®
24-1 1832 1.29 2 3.48 1.67 880 535 yes
24-2 1834 1.32 1.5 6.85 1.21 621 522 yes
24-3 1834 1.31 3 9.95 1.21 634 533 yes
24-4 1835 1.56 2 13.30 0.926 452 496 yes
25-3 1834 1.38 2 18.25 1.05 503 487 yes
25-1 1833 1.40 4 11.33 0.731 297 413 yes
25-2 1832 1.38 6 11.75 0.833 253 309 yes
3-2 1833 2.30 2.5 4.76 0.719 564 80 no
4-2 1832 1.43 2 14.13 0.214 216 103 no
5-3 1833 1.25 3 8.36 0.542 548 103 no
I'/Arzcarrier gas flow rate (STP)
** W;i/X;=weight of condensate, mg per mol-fraction per 0.0lm3 of carrier gas (STP);
X;=mole fraction in the alloy phase;
X% =mole fraction in the vapor phase.
Xw=0.0015 X w=0.0015 I
- 800} T =1833K sool T =1833K |
><j . tube height= 2 mm
% = .
~ £ i
S =
< 4007 ° 2 ———
. < 400f A
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TUBE HEIGHT /mm 00 3 5

Fig. 2. Measured concentration ratio vs condensa-
tion tube height.
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Fig. 3. Measured concentration ratio vs carrier
gas flow rate.
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Table 2. Summary of valid results.

Tub . X3 :
Nl Temp X oggh Fat o Tmew Shede
F M- K mm 10-3m3 s
24-1 1832 0.00129 2 12.6 60 535
24-2 1834 0.00132 1.5 12.7 31 522
24-3 1834 0.00131 3 13.1 22 533
24-4 1835 0.00156 2 12.8 16 496
25-3 1834 0.00138 2 13.2 12 487
23-2 1831 0.0109 2 11.8 16 660
20-1 1833 0.0592 2 17.1 23 878
26 1834 0.113 2 13.4 19 1122
22 1833 0.159 2 13.9 18 971
27-2 1832 0.163 2 13.7 20 1020
27-1 1835 0.169 2 14.6 21 878
18 1834 0.302 2 11.0 15.3 848
11 1832 0.385 2 12.3 17 788
13 1833 0.497 2 10.4 14 605
* V¥ ,.=total volume of carrier gas (STP).
*¥*%  time for condensation.
3-1 ¥ T 7 T T %).
log (Xl\‘&nXFe/X}"eXMn)
F ° 1 =a;+ 0 Xyn e X mn+dy X fpeeeeeeneeeen (1)
3.0 | T ay=2.7244-0.014, 5,=3.794-0.06,
’ ¢,=14.6+0.03, d,=14.6+0.1
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(=]
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Fig. 4. Measured concentration ratio vs alloy
composition.
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Fig. 6. Present and other data of the Mn activity
coeflicient.
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Fig. 8. Comparison of the calculated excess partial
molar free energy with inter—diffusibility2®
and viscosity?”) of Fe-Mn alloys.
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Table 3. Selected values of the activities in Fe-

Mn at 1833K

XMn amn 7Mn aFe TFe

0 0 0.667 1 1

0.1 0.115 1.15 0.879 0.977
0.2 0.250 1.25 0.772 0.965
0.3 0.345 1.15 0.718 1.03
0.4 0.443 1.11 0.628 1.05
0.5 0.537 1.07 0.537 1.07
0.6 0.628 1.05 0.443 1.11
0.7 0.718 1.03 0.3845 1.15
0.8 0.809 1.01 0.240 1.20
0.9 0.902 1.00 0.126 1.26
1.0 1 1 0 1.33

Note : For Xy, <0.2, the results of the present study were taken.
For Xy,<0.3, SaneonNGgI and OHTANI's3’7) data were taken.
Between Xyp=0.2 and 0.3, values were taken in such a way
that the Gibbs-Duhem equation is obeyed.
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Fig. 9. Selected activity curves in Fe-Mn alloys
at 1833 K.
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