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2 NbEMnH] gk # P
MnX{NbiE E R KRGS

REH A F OZHAF MER

U S SR

RN, EEUMARERMTEE XAk S Nb siEd Nb a9 S & 58
BEEARYRHTTHE., AXESEENDNANETAFRAKSE, 2 &
FHE Mn 3t No BRERMNTES., KXHHACOES-XRFELE &, ©
153K X s K HAREEGRE. AfiX i@, REFRHAE & NbO, fUARH &
BmNDO . WAENITIEES, sfkdey (NBI T NLO. EF FNbO,, W&
HikchH ESE (Nb BHRET, (Mol BRERERND.O, MEH ff £ MnO
#R.HZ, aEBREIERE, 55 %,

Mo | Mo, MoOQ; | ZrO.(MgQ) [ (Nb],NbO, [ Mo, Mo + Zr0, 2 B 5s
BIEMBET R {Nb] + 2007 = Nb(y,s
BB AT aoF - Have, RIS, ¥ (NDI1%K, CMn) EENbO, R
WA LS. HEBAT X HREESIFER NG, CEELEZRF #
TIRNLO,:, RF\HA XM Fe Nb T RAOEHE, SARRKEELE &kt
s M ERABEN AN (UMn) REEE, NEFESLEESR E—KH
ko, 1853K, e§§=0.1a; 1873K, ef;j;ao.u. HEeMEEXTAE Ly TH®

& efp =2t —6.35

Lk ch (%NbY /F0.584, (Mnl SRREEE Nb.O;, HEEER S,
FEEMnO-Nb, 0, -NbO, 89k, TNDO, ZMnNb,O, T aTIMLA, #5E
R AAEM R B . 2 HBHE A HMoNDO, R d ey,

Mnygy y + Nbes 3 + 30, = MnND, Qg5 5y AG* = — 367000 +13.3T, §

MOy + NB: Oyt ) = MOND.Oy ;5 AG® = 156000 ~93.2T, £
HEEET X RG4S, ZHF MaNb.O,, Nb.O,, NbO, & — FeNb,O,
HE. SBHEFE (Nb3 By Fe-Mn-NbZRRFRN, B BEERABRE
NbQ.,

T RXRIHVELEPLERIBIEREGH LR NGBAAE, BOA Lo NRREFHEE;
19835 5 BasEIE(.
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M4 Nb Bk Nb, EEAnl Nb ZEEE Rk h2ETh. B e, B %t
ENbEHEPNMBSEERTIFARK e RHEATE., AABENb ERR PR HERT
AR LIRS, KEMETRE Mo 3Nb FRERRGRW, HAIKEH Mo Nb &
GEMEERERR X '

] 5 WA 8 B ORI A SR 1570°CH el 50,0073, HEFITW 1
B e M2H0.0083, A BLERERRASEEFABUNE AL 2 XAABREH BF
ERBMETRE, FAEENISSIK X 18T3K, BHEAENT: '

Mo Mo,MoQ. 1Zr0,(MgO) [[Nb], ‘NbO .| Mo, Mo+ ZrO,&rBME
FREZFERXRHFEMEGHERLE X0, MEEKEBRN S T RRHENIRE ST
WM IE, A eHBEE{ERERERNIRE, BREBEATRHEENERAD, K
AEdi Fe &R Nb SEIX VR AR, BHE Mo &4r2%: C0.021, P0.005 S0.02
—0.06, Mr_>>00.8%. ' '

HE XA RZAET, 2XBRARESESRE ROESTEZES NV, E2RE
Nb:Os, BEERFLIIHE R

[Nb]+2(01=NbOQ;u, (1)
HF.
BohEsriEY (FHABMREEERELRERE 1), S&kEPm (NbI>1X .
AEEF Nb,0; LEANLO,:

- (NBI+NbOsrr= - NbOser3  AG®=—25830+9.437 (2)

(B HEBAG M Ehr A cal, TRED, HREDH (Mnl>0.5% BB 5Nb,O £ R B+

® 1 S|RAHRIFEEER
Table 1 Thermodynamic data cited

Reaction AGe, cal Range,°C Ref. No.
Mo FO:=M00, ., —1172804-28.28T 1400—1700 3
_;_og=[01 32750+1.86T 1400—1700 3
[Nb}+2[0]=NbOyes) —897104-28.27T 1400—1700 1
Nbes +0=ND0,, —1873004-39.89T 252150 4.5
Nb¢s; =[Nb] —32094-7.90T 14001700 1
2Nbiy) +5/20,=N5:0O%( ) —426380-+86.35T 15122000 45
ZNDeyy HO=ZNbO ¢y ~ 19800041407 151937 4,5
Macs) + —5—0:=MnOq, —92940+18.24T : 251244 56
Mncs, =My ) 2500—1.90T 1244 5,7

My ,=[Mn] 976—9.12T 1400—1700 ]
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(Mo +Nb;Osety=2NBOsies + MuOus3 AG® = —45040+22.69T (3)
ERE (No) BETF, (NbJ A MaO I
L INY+ MoOu = L NbOs, +IMaT; AG°=19210~13267  (4)

X (3) H5F& (4) &FMEAR (2). REAFTLEN, £KE (Nb] EET, (Mol
A g (R e A NBO, FEM. shoh, NbO, RBEMN, EATREHE (Nb] & (Ma]
NbO geey+ LNb I=2NBOes »; AG®=21390—6.30T (5)

(Mol +~5-NoOza = MoOis, +—-[NbJ; AG°==19210+1826T  (6)

R (6) HARERAE, T 140K BORUGES. MEEHRHEE S 1R Ma
REFE (o >4.5) B, £ (6) ERTBK AfEAATER. R (6) BR (M
R, X (2) AR (8) HELERREHZE—IERTEH, DESTTLLE.
Sk, & Nb, MnRodkil, AFHENSE (Nb) FEMKET, RINTL AR
(1) ¥%c (Mo) 3 (Nb) B RN,
% (NG) B0k, BEA Nb,O, A EARMAE NbO,, KRAEN 5 #
e 5 2F 5 7 IR

TRHREAH

#2, 3o3%H 1853K, 1STASK FEHAEIBEERITE i o, L aw, #

W} 2 Fe-Nbe-MnZRIBSIKFAEBNIE
Table 2 Expetimental data of Fe-Nb-Mn system at 1833 K

[Nb] [Mn] E I
No. wi-% Wt-% v pAx10 40 G
9 116 0.03 0.31%4 1.04 0.0070 0.82
10 1.40 0.28 43277 1.04 00062 1.02
i1 1.07 0.37 0.31% 104 0.0070 g.82
12 160 0.41 03350 104 0.0057 1.24
13 143 0.44 0.3320 104 0.0059 1.14
14 i.64 0.47 £.3386 1.04 0.0054 137
15 1.54 .51 0.3370 1.04 0.0055 131
®} 3 FeNd-MnZIST3KNHLIGEE
Table 3 Experimental data of Fe-Nb-Mn system at 1873 K
[Mb] ™ [Mn] E 1

No, Wi “ W% v P w104 ao dNb
10 1.22 0.15 8.3153 1.30 0.0082 077
11 1.13 032 03143 130 0.0083 07s%
i2 149 0.44 0.3235 130 0.0074 0.96
13 18% - 0.70 .3333 1.30 0.0054 1.25

14 1.74 : 081 0.3320 1.30 0.0066 L.21
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Aol ZEFEREINTRSRUN TS RMERHASE, ALURESSHFER
REEEFREmENRE,
Fe-Mo-Nb HbHy fm BT FIX R
fr{b=fﬁ11: - M5
HTFHEES (0] SRMBRA, R~ BRETHEEEN:
F o ='f§|§ - fab

L) Pag=Soe-

R MERMESE: (1) R—kEE (2) §iEgE, B-—-RESSEZ X
% Fe-Mo-Nb RYj fae FIZIL A Fe-Nb F89 /it BH R —m BN (%¥Nb), BHZ &
FTHAE—ES (XUN] ZRARCERARENESNBESIN:

Mn be — Qb (Fo-Ma-b)
Nb T wh a T
Nb MhiFe-Nb)

FIRE -GBSk e, HF .
Ayn= Fup L 2% NbJeeontosta = F un L% NbTeeonin

pit LT
KT E Fe-Nb 8558, ARTICOUIE6 B 7 748k ) 1853 K & 1873K B —
AW E (Nb] #9le 755, _
ATETFEHZEIXER Fe-Nbo-Mob (NLIFEMEEEKN R Fe-Nb FH—iF BE
Ay (Nb] B, MBI XIRR 2L 3 A M\ 1853 K & 187T3K % oy, ¥ [Nb] &
EYi% REmAE ],

#4, 573 EFe-Nb-Mn REISIK
18T K iRTe — e M R 1% B it B
Ay Ig FAE.

_ FIREh 2% & g SN 3 (%Mo)
B EERER. B (XMo)>-08, /-1, B
ZHHEATORE IR A, A B & e,
HitHERn#Ek6,

qLEY, BR—-REEER—EES
R Aels £A FEREY. B
5, RAZEFe-Nb K Fe-Nb-Ma /R AE M
TRERDE N R foBET LW, B M

O . -

0 Nbl ?M_.,! HRHM e ErHEE FARBE RS
B 1 Fe-Nb Bt any 7 [Nb] EIBE My elt & FHRE, REE—MHITA,
Fig. 1 ay, vs [Nb] of Fe-Nb melt fnidk Al eNp(E1853 K F 240.18; 1873 K&

25011, M AR EEEH R RATE M HEFRED
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. Q-
=120 655
»® 4 FE'Nb-MﬁﬁlaﬁKW&ﬁ—#REEE@‘EEE#IH&E@I Nb
Table 4 Calculated value of ig f4r of Fe-Nb-Mn system at 1853 K
by methods of same. concenr_.rationk and, activity

No. [%Nb] (%Ma]) axe Same concentration method Same activity method
“Tgfw igfi: Igfir  (BNBIre-nb  lefNp

9 11§ 0.03 0.82 . —0.151 —0.185 0034 1.24 0.029
10 140 0.28 1.02 —0.137 —0.197  0.060 1.60 0.058
11 1.07 0.37 0.82 —0.115 —0.180 0064 1.24 0064
12 160 041 124 -5.411  -0.201  0.050 2.00 0.097
13 143 0.44 1.14 —0098 0198 0.100 1.80 0.100
4 164 0.67 137 —0.078 —0.202 0.124 2,20 0.128
15 1.54 081 131 —0.070 —0.200 0.130 2,10 0.135

% 5 Fe-Nb-MnR1873K tiE—kE ik RFA—EERITH B £
Table 5§ Calculated value of 1g f4¥? of Fe-Nb-Mn system at 1873 K
by methods of same concentration and activity

No. [%NDb] [%Ma] b Same concentration method Same activity method
lgfve  lefip 1gfy  [(%Nblec-nn  lafin
10 1.22 0.15 037 -—0.200 -0.210 0010 130 0.028
11 1.18 032 075 —0.197 —0.205 0.003 1.26 0.028
12 1.4% 0.44 095 —0.181 —0.230 0.039 1.63 0.052
13 1.85 - 0.70 1.25 -0.170 —.250 0.080 2.24 0.083
14 1.74 0.81 1.21 —0.158 ~{.245 0.087 2.18 0.098

® 6 FA-EEEEA—EEERHSERNERXANERRE -

Table 6 Value e¥° obtained by methods of same concentration
and activity as well as corresponding value of correfation
coefficient, r, for straight-line relation

Same concentration method Same activity method

Temperature
K em r edn r
1853 0.18 0.963 0.19 0.967
1873 0.10 0.961 0.12 0.985

151 172

e s R, 2 (%NbI<O5A, AX (1) 4#EHm AT HELERA R —
mEERE—EEYE, BRRE, RAE ki HEEH # (Nb] BEAD M, &EBEA
W EsEy NbO,, & NbO: 5Nb.Os MigHHREAX. R EHKN (3) 20
MaO [ 5 Nb,Os {64 % MaNb 0. B2, #ERE R MoO-NbO,-Nb,O; HIfE &, ¥ &
NbO. EMoNb.Os ¥ H 7 R 2EfE. RN TS, LEATEaERHERE.
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RAE XM ot RATIS of K8, HERK (NbI KB MR oo HFHH
ay,-ad-afll, RERDHE TRES. FLURN, E— @R TREFRK = 0w ad- 5
* 7 183K T (NOI BRI sORUR T

Table 7 Analysis of low [Nb] concentration data at 1853 K
ex}=—0.21 €7=0.18 efz=0 ef1=0.11

No.  [%Nb] (%Mn] ao any ayn auaadyaf
1 019 0029 00152 0.8 0030 12010~
2 020 0056 00145 0.09 0059 2.00X10-1*
3 020 0.089 00137 019 0.094 22410~
4 021 0,090 00133 020 0095 2.10X10-1¢
5 028 012 o018 026 013 - 237x10-
6 023 014 00125 022 015 277x10~0
7 032 019 001z 0.30 021 37310~
3 048 027 0.0090 043 030 295%10-+

av. 24210~
¥ B 183K TR INO] REROBRESHT
Table 8 Analysis of low [Nb} concentration data at 1873 K'
€33=-0.22 e¥y=0.11 €¥2=0 e}i2=0.07

No.  [%NB) {%Mn) a0 axs ay, e )
1 036 0040 0018 030 0042 397%10-
2 031 0048 0.0156 027 0.050 5.25%10-1¢
3 033 0.056 . 00139 028 0059 3.34x10-4
4 029 0060 - 00140 025 0063 296X10-1+
5 037 0.070 00123 031 0074 ‘2.46X10-1
6 037 0.073 0.0126 03t 0077 L2.96X10~1
7 032 0.076 00127 028 0080 2.63x10~
8 038 012 0.0122 030 0.43 386x10-
9 043 043 0.0104 036 04 230x30-1¢

av. 3301044

WA bR —HE, 1853K M K/MEEIE N 42X 10“‘, T18TIK I K (A %,
3.30x 107", BRBEFATAR M &

[MoJ+2(N6)+6(0J=MaNb:Oseer; & K:E’%‘&+ 10

AG® = —107000—1577
e H I T S AR A A Y R M
Mnq ,+ 2Nbes, +30: =MnNb;Oscs 53 AG® = —367000+13.37
B Kﬁﬂ:%)ﬂ AR R B BRI ’ .
 M50Ou++ Nb:Osay~MaNbs O i AG® =156000— “93. 2r
#HYF MoNb,Os AR, XUTR (3) WEHNESREETH#E:
(Mo +2Nb; 05, =2NbOse s+ MaNb: O s  AG®=111000—7057
Fekife LOFERT XA RENIT (R 9) EW, 4 (%XNoID>LE, fEkE T &
#igE B AL NbO, (&M Nb;Os BMaNb.O,), M4 (%NbI<L 1, ik W&
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%‘ NbOzs NbaOs; MﬂNBzOs R—*‘EPFBthos.M ) '
AR PR RAE, AR I ERE R A NLO, 5 Fe-Mo-Nb ## ¥ 17 F
i, #i NbO, "rdr{b 24 Nb,O, 7 1100°C Eif2h H H,<RE#H,

% o

W& NDD>1% 898 Mo 8hilf, SR Nb.Os HikEH, FIBEHLBRTE &
NI+ 2001 =Nb0 o KRR, Bt oo BMIZE TS Mn 3 Nb 15 E R 805 W,
— R BEETIR —EEER A BN
1853 K, elf=0.18; 1873K, eXNs=0.11
8L ARET S

—B6.35

MR A Nb BB (<05%), #EE NbO,-NbOs-MnO Mitiith, The & i@
HMHMoNb.Os K NbO MEMAE. BHEJEMTE, EH 3 MoNb,O, Eﬁ*m’%éﬁi%l

HHEA
Muc; +2Nb » 30, =MoNb, O )5 AG®=-367000+ 1337

Mn'@u ;-‘["szos.:l:.:ManzOs:s 13 ] &G°m156000-93.2?‘.
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EFFECT OF Mn UPON THE ACTIVITY COEFFICIENT
OF Nb IN IRON MELT CONTAINING Nb AND Mn

by ZHANG Shengbi; TONG Ting, WANG Jifang; WEI Shoukun
(Beifing University of Iron and Steel Technology)
(Manusecript received 25 May, 1983)
ABSTRACT

In the previous paper'!’ written by the present authors, an investigation on
the self interaction coefficient of the activity of Nb in molten iron with the solid
electrolyte oxygen cell technique was reported. This paper is a continuation of the
same research on the siudy of the thermodynamic behaviour of Nb in iron meit,
the effect of Mn upon the activity coefficient of Nb being studied at 1853 K and
1873 K with the same experimental method and eguipment. Instead of using solid
NbO, as the slag layer over the iron melt, liquid Nb,O;, was used. Preliminary
thermodynamic analysis has shown that [Nb] in the iron melt could reduce Nb,O,
into NbO,, and in the presence of a certain fair amount of [INb] in the iron meit,
[Mn] in the iron melt would not take part in the reduction of Nb,O; and no
MnQ was formed, so that the cell assembly could be written similarly as in the
previous paper as:

Mo ! Mo,Mo0, || ZrG,(MgO} | [Nb], NbO, | Mo,Mo + ZrQ, cermet Henceforth,
value of a,, could be calculated from values of a, by the same reaction as pefore:
- {Nb] + 2[0}=NbLO,,,,

It was shown experlmentally that an amount of [Nb] bigger than 1% would suffice
to suppress the reduction of {Mn] upon Nb,O; and prevent the formation of MnO.
X-ray diffraction analysis of the slag layer confirmed that practically all Nb,O;
was converted into NbO, by [Nb] under equilibrium conditions. with data from the
previous work for the binary Fe-Nb system, values of f¥» for the ternary Fe-
Nb-Mn system were calculated on the “same concentration” as well as the “same
activity”” basis, and these values, after treating lg fiie »s [%Mn] at the two different
tzmperatures as a straight-line relation, led to practically identical results for eX:
1853 K, e¥o=0.18; 1873K, e¥"=0.11. Its relation with temperature might be

roughily represented by:
Ma__ 12100

Nb —

~6.35

When the [%NDb]} contént in the ron mek. wag small, say below 0.5%, 1t was
found that [Mn] would react with Nb,O. to form a slag layer of complicated compo-
sition of Nb,0;-Nb0,-Mn0, probably saturated with NbO, and MnNb,O,, and
forming a wviscous two-phase melt. Evaluation of the experimental data gave esti-
mated values of the free energy of formation of MnNb,O; as followr

Mn,,, + Nb,, , + 30, =MaNb,Q;, , ‘AG® = 367000+ 13.3T, cal

MnQ,, ,+ Nb,0y,, =MnNb,0¢,, AG®=156000—93.2T, cal
X-ray diffraction analysis of the complicated slag identified the presence of MnNb,O,,
Nb,O. and some FeNb,O;. It is to be recommended that it would be more prefer-
able to use NbO, as the slag layer over the iron melt in case that the Fe-Nb-Mn
system of rather small content of [Nb] is to be studied.



