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Thermo-chemical Activities of Liqﬁid Fe-Mn-C Alloy

Hivohumi Enokino, Akira Moro-oka and E%ji IchisE

Synopsis : High carbon ferro-manganese alloys are used to produce high manganese steels for non-magnetic materials. During the

decarburization of the high manganese hot metal, oxidation loss of manganese occurs concurrently. To minimize the
oxidation loss of manganese and to establish an optimum dacarburization process, it is important to know the ther-
modynamic properties of the liquid Fe-Mn-C alloys with high Mn concentration and wide concentration range of
carbon.

In the present study, measurements were carried out of the activity of Mn in liquid Fe-C-Mn alloys. Distribution
equilibrium of Mn between Fe-Mn-C alloys of different C concentration via a liquid Ag-Mn alloy bath was employed
to determine the activity of Mn.

The experimental concentration range of Mn was from 0 to 45 mol% and that of C was 0 to saturation and the
experimental temperatures were 1736, 1773 and 1823K. The activity coefficient on the base of lattice ratio of
manganese was found to be expressed properly with up to the second order terms by the use of lattice fraction as the
concentration of solute elements. The interaction of Mn and C of liquid Fe-C-Mn ternary alloys were given as the
functions of temperature and composition of the alloy.

The activity coefficient of C was also derived from the obtained parameters.

Key words : Thermochemistry ; Fe-Mn-C alloy ; Mn activity ; C activity ; Interaction parameter ; Activity coefficient.
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Fig. 1. Detail of the crusible for experiments.
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Table 1. Chemical Composition of Iron (mass%).

C Si Mn P S Cu B o N
0.001 <0.01 <0.001 <0.001 0.0002 0.001 <0.0001 0.0015 0.0004

2, M UCHMBOFe-Mn&&% AtL, 7 I+ 4ARDA,
IAR, ENRFENHL, 3, 6massBIHMOEER, Hf
Wyt 7o I EDOMDFe-MnA4 2 12#9mass %1814 0 2
SR A T MBI Mo THIGE LB » O L ANRT S 3
Lo Tvs, FiLORR 2 AN HIE 2 ZIRETL0
REf], #910ml/mind Arsii i TnEhirse U B s ¢ 701%,
T EIFAE VERY B LARPFTES LIS,

B L723BHIFef £ Aghfliz 38t L 2 2 skl L

L7z Fedlkh & Agifs i3 LIS 28 55 (AR L 2 BET 3 1205,

FeELOEKH~DAgDOfHE L, b0 d 6 Fe B N~D
AgDIRADED 6 1z, Feilkl % 10% B RS (- i34 L TR
ZEEILL, &BXIROK-> T 2802 M EAgTH 5 & ¥
Wri, 2oLzl b 28/EREDELITV, 13135%42 % Fe
AR E LT s L 7coFefir OMniBE > w TR A
IR A L TY 27 Aghirp OMniBIE S AghHh O 2
LRICTH B LR L, FeEH D AgD 73 #riti %2 Fiv T Fe
AELOMn G EZHIE L 72, Agiith ~DFetHDIRA 1282
Do b oz,

FetH t AgfHh OMnD 3T, @HEE 7 >~ €= AEE{L
BOERS P ) U AHEESCL Y, Fefirh D Ag L Aghirh o
FeDsr#rid, SR 77 X< R HEC L b, Fefl & Ag
T DCOBMIEAT AKBEE N & YT - 12,

2.3 BERBOSESZE

FetlH O MnD{E BRI & AT T KL, = o

PEEY R A T HERE S CHIRGERT 5 Bk, B

AEARET v MR LT f%%ltio’ S THRTETH
ELREDYDH B ,Ban-ya b0 y-FeF OCOIFRZHIE L,
RABFEEET NV RERR L RO BEAMEO L w2 LR
L, Chipman'? 2 & #Fe-C-XZTRAEIZIOVLTH 2 D%E
FhERAT A L PRELL S, BTN T
i 3 NICHEME S A TIEBFe-CAEDCORBIG K Y
B2 L HETERL, BE L ICHER, BiiFe-CAE TR

CRAMEFTNVICEAT 2RISR oA S »EEE LT
WB, LIcH s T, RIFFETIRIERMFe-Mn-CA4 % B
&% Fe, Mn, RABEECY 6 R 35 EFH 2, KR TH
3N B IERARE DMK 2T L 72,

In ¢'Mn (Fe) = 1H¢Mn (Fe) 0 + HMnMnyMn + eMncyC
+ 0™ Yn® + 0™ Yan Ve + AwnS v
In e (Fe) =In ¢c (Fe) 04 ﬁccyc + 6’cM“yMn

Mn,C n 2
Ymn

+ 7y + M yn ye + M

\-sfy ‘E 'f—f‘ﬁﬁ/fc, ¢Mn iC Mn@(ﬁ ?CZC, CZMné'.ﬁ;h
BLRDISICERINTC 2, EROEEREIIVTR
DT b HMRRETH 5,



e PE LB

- aMn/ ZMn

yin
MEAER S5 A—&07, n’, 77F 3 ENF L

de= ac/Zc,

€j—lim (Olng:/ dy;)
i = hm (1/2) (PIn¢; /asz)
Pl "—hm(a Ing./dy;0vk)

yi-1

727270, #%FHzcld, Fe, Mn, CD &N nre, #mn, ne¥
Hw» T,

Zc:ﬂc/(npe+ﬂmn—%c) .................................... (5)
3 BRI AT A RARDIRE & L Tawnid
ZMn:nMn(%Fe"‘nMn—nc)/(nFc+nMn)z """"""""" (6)

CdoTHZOLNA, 212, yo, yunldCIs & FMnDIET-57
RBTHY,

Vc= nc/ (npe+ nMn) y Mvin— %Mn/ (nFe+ %Mn)

DEIEEIND,
2T, Fe-MnZIitRIHBBEAKTH 5 LIRET 5 &,

Ingun (Fe)°=0, Gun™=0, mm""=0 -ooooeeeeeeeees (8)
LB IEDTEL, LD T(2)XIX

Ingwin (Fe) = Oun®ve+ mun™™ymnyc+ manyc? oooeeeeeses (9)
5,

Z ORI B FHEAEA S X — & #Chunlin 6 29472 %
LIcHECL L TERFT -2 6RKD, T4bb, 7
2 OMniGE R A LT, yortlnzun® ZEMnih &R % H
X, DAV TAZRBERCFU 52mDiE KD B, Z
NENDaun & 2unD 5 (4)RIZE Y dunPEFE L, FIRFIZInzMn

@ﬁﬁiy c)yMn%jkéb 60 : 5 Lfiﬁf; Z):Oa)aMn‘:)Jﬁj‘T Z)lﬁj

—yc D (Indwn, Ymn), (Ingmn’, ywn) KD, (9)X e

ALTxrELCTHELNRS (10X,
h’l(‘/’Mn/(pMn,)/(yMn_yMn,) = FMnMn’Cj’C """"""""" (10)

OEADDME Ryl LTy b5 L, ZOHED 6 mun"™C
DRLN 2, O FE, EMaiFERLED 2 8 (Y, ¥0), (s
y)DfE L, FTRD R % (9)RZAL, HELE
BEtTaztitlk-oTHoNnsb

yMn,yc’) }
V') = G’ + mun (ye+ 3c)

{“ In (ZMn/ZMn/) — ™™ (Ymnyec—

/(yc“

DEDDEEE (et y ) ZRLTTr Y ML, 202757
DYFT & 0 O, S L Y " %FF 5, 2D H T LTKD
oMz B A HHEAERI S5 A~ & 5 6, aun b HLD BEMR

K= Mn b CLBT MHFM’FJ%W& DRI TFD

15

E b Fe-Mn-Ca 4 O# 1 ST i

&9 LRBRHI b 3L,

BunC = GNP eneerne e (12)
”cMn = 5cM" + ﬂMnMn’C ....................................... (13)
ﬁCMn'CZZTFMnC_ 6Mnc+ 0CC ................................. (14)

INGOBMREHICTCET 5,39 A —2 &R 12,
3. RERER

SEATEERE 1736, 1773, 1823KT 15 6 4172 amn DI # Fe
Mn-C=TRiEEX(Fig.2 a, b, c)im v b LT, i
12 RIS HRR D 7 — X FRATIC & - TR 6 I IERARE LS
S TEE L 70 Mnif Rl % 8T, R < ac=1 @f—%

CiliB O S FIE TR LI, T HDIREZIL T HCOD
BOFNIA RS B AR I MR FE fRI L 35 TR TR L 72
Schenck?, K%&9%, Healy, Dresler®#i&1f & B —3K
LTw 225, MnigE» & R 22N TINoDImEH L
Y RCIREM~T N EHRIY D 5 AERORERHATILZ
DERZCTNRORKNIFNRETD 5,

Fig. 3 a, b Cﬂili%iﬁﬁff“, aMn—'io)ch ZMn@Ba@f‘?:
PREENC ye, HERHZInaw® Lo T m v b LTS, BiRE,

(a)1736K

0.5

0.6

Fig. 2. Relatlon between Mn and C concentrations
under constant activity of manganese at
1736, 1773 and 1823K. Solid lines are after

e th;uvorl;,‘brok@n lines of @.=1 are

after literatures"®191D,

621 .



Wl 622 £ & $@Vol. 81 (1995)No. 6

0.0

‘Mﬂ'ﬂﬁi
-1.0 oo - -

InzMn

2.0 A A -1

161 m 0.242
86 o 0.339
7 .

o 0.
® 0.1
o 0.21

1 1

0.1 0.2
Ye

—1
0.3

T T 3

Ann mn
o 0.055 =m 0.140

1 OL e 0.071 ¢ 0.178 B

lnzMn

(c)1823K aun an

o 0.052 o 0.178

10W
_2'0_’_—'/—/’7:7’ |
_3'OL5———”—/ |

0.0

InzMn

Ye

Fig. 3. Plots of Inzy, v.s. Y ¢ at constant activity of
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sion with respect to Y ..
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Table 2. Obtained Interaction Parameters.

Parameter Observed Values at
1736K 1773K 1823K
C
Oy —19 —22 —2.1
TS —4.1 —27 —27
T M 3.2 3.3 2.6
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Table 3. Temperature Dependency of Interaction
Parameters.
Parameter Temperature
_Dependency
0.5 —15,830/T+7.93
T 96,620/T—59.32
e —23,980/T+15.24
Iny'? 2,010/T—1.714
fc'® 12,220/T—0.306
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L —39,820/T+23.17
Mn,C
T o 221,290/T—126.87
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Fig. 4. Calculated iso-~activity lines of Mn and C at
1736, 1773 and 1823K.
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Table 4. Comparison of Interaction Parameters from Literature.

Authors | ¢ C | Observed| Exp.Temp. | %C Experimental method Published

(1773K)| param. x year

present { —1.0 0 ,ﬁn 1773 <6.3 |Distribution of Mn between| 1994
work Fe and Ag

Mukai | —3.33| 0, 1843 | <1.2 |Closed chamber 1974

Schenck | —1.39( € }S,, 1773 <0.6 (Distribution of Mn between| 1958
Fe and Ag

Ohtani | —047| € ;ZL 1813 <2.3 Mn Concentration cell 1957

Dresler | —3.44| € 1873 | <4.3 |Equiliblium with slag 1989

Healy | —2.16] £&" |1573~1973| <sat. |Calculation 1990

DUEML E DS MnDIiG RO T v5E 2 - T o 5 ol feikss
»H5,

Dreslerid i @hFe-Mn-CA4OC BT 2 AR F BHAK
PIRETERD, 2o ZEEOBEELLTELTV3,
B ITTSKOWHBE —3 4% e ~ BB LI L D TH 3, 2
DM ARER L W HEXHED D L O KRS L o T 3,
HealydMn-CZICR DO CHRA S DCIEE, MnigE % Al T
FHEIC L ) B Fe-Mn-CA & DOCIZ BT 2 tHEAEHRAR L
PR3 TR®DI, 2 Ofl—2.161%, DreslerD#4 k[
L5 eM™y CBIETH v, AL MDA X -,
CHUEEMniEETH 5 Mn-CItROCHMS T, %R
Fe-Mn-CA4&HCOIFERIREK 2 AHEE MR HvTF
LIt S CTREFERTS L b 6T, Thk
WL Tem P RO T2 LEEL L5,

5. i

HFe-Mn-CA4 b B Ag-Mna4 O " PHrE - &
b, 1736, 1773, 1823KiZ3\> T, Fe-Mn-C=TERDIEE
HIPAMun=0.15~0.45, Nc= 0 ~8LFIT, Mn, COIFE &
ML DOBRZ RD 12,
1. Fe-Mn-CHOMnDiEREALIL,
In¢gwn = (—15,830/T+7.93) yc
+(—23,980/T +15.24) ymnyec
+(96,620/ T —59.32) vc?
rEans,
2. Fe-Mn-CHOCOEEARLKIZL,
Inge= (2,010/T—1.714) + (12,220/T — 0.306) yc
+(—15,830/T+7.93) yun
+(221,290/T —126.87) ymnyc
+(—39,820/T +23.17) Yun?
tEans,
AT B R R OB 213 TiT b vlc, BF%E % %47

18

THEDHN->T, HE 8 CGLARMEEHH) L CNE
T3 F BURER PR ER M L3R O h #1572,
WL BBEERLICG,

s‘«
[N

X R

1) H.Schenck und F.Neumann: Arch. Eisenhuettenwes., 29
(1958), p.263

2) NBIEHE g LR, 43 (1957), p.1211

3) M.Ohtani: The Research Inst. of Mineral Dressing and
Metall., (1957), p.426

4) mIENEE, PWIHBRSR gk L8l 60 (1974), p.325

5) A.Tanaka: Trans. Jim, 21 (1980), p.27

6) E.T.Turkdogan and L.E.Leake: J.Iron and Steel Inst., 179
(1955), p.39

7) E.T.Turkdogan, R.A.Hancock, S.I.Herlitz and J.Dentan :
J.Iron and Steel Inst., 183 (1956), p.69

8) H.Schenck, M.G. Frohberg und E.Steinmetz: Arch. Eisen-
huettenwes., 34 (1963), p.73

9) J.Chipman, R.M. Alfred, L.W.Gott, R.B.Small, D. M. Wil-
son, C. N. Thomson, D. L. Guernsey and J. C. Fulton : Trans. A.
S.M., 44 (1952), p.1215

10) G.W.Healy: Ferrous and Nonferrous Alloy Process, Proc.
Int. Symp., ed. by R.A.Bergman, (1990), p.97[Pergamon
Press)

11) W.Dresler : Trans. Inst. Min. Metall., 98 (1989), p.C61

12) G.Petzov and G.Effenberg: Ternary Alloys, A Comprehen-
sive compedium of Elevated Constitutional Data and Phase
Diagram, 2 (1988), [VCH Publishers N.Y.]

13) AH#EE | B ARESEFLE, 41 (1977), p.60

14) JIS G-1213-1969, “#k¥s L M8ihD = F > ERGE"

15) JIS G1211-1981 “$k3¥ L CSPORFER T F"

16) S.Ban-ya, J.F.Elliott and J.Chipman: Trans. Met. Soc.
AIME, 245 (1969), p.1199

17) J.Chipman: Trans. Met. Soc. AIME., 239 (1967), p.1332

18) HYsGsEife, BEEED &k L4, 66 (1980), p.1406

19) E.Ichise and A.Moro-oka: Trans. ISI]J, 28 (1988), p.153

20) J.Chunlin and Q.Guojum : Trans. JIM., 26 (1985), p.832

21) Swartzendruber : Binary Alloy Phase Diagram, 2nd ed., vol.l
(1984), p.35, ASM International, The Materials Information
Society

22) [EIFEAEE, MEEAS, ALEFIHE | BARSBFSE, 46 (1982), p.487

23) FH f&, Ya—Y wrphr¥xz—o gk, 40 (1978), p.206

24) K.Sanbongi and M.Ohtani: The Research Inst. of Mineral
Dressing and Metallurgy, (1955), p.204

25) ZARAKRER, KBIER £ L4, 40 (1954), p.1106

26) K.T.Jacob, J.P.Hajra and M.Iwase: Arch. Eisen-

huettenwes., 55 (1984), p.421



