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Table 1 Composition and phase transformation temperatures of experimental alloy
Mass fraction, w/%
Sample No. Phase transformation temperature/C
C Ta Fe

Al 0 0.1 Bal. 760.6 907.5 1392.0 -

A2 0.57 0.1 Bal. 714.3 1422.0 1479.0 1487.0

A3 0.91 0.1 Bal. 714.1 1373.7 1460.0 1471.5

A4 1.15 0.1 Bal. 696.7 1366.0 - 1457.2

A5 1.46 0.1 Bal. 719.3 - 1272.9 1414.4

A6 1.73 0.1 Bal. 720.7 1258.7 — 1398.0

AT 2.00 0.1 Bal. 729.8 - 1170.0 1403.7

A8 2.30 0.1 Bal. 720.9 1197.7 1328.4 1411.1

A9 2.59 0.1 Bal. 720.6 — 1155.0 1393.8

Al0 2.93 0.1 Bal. 719.6 1136.9 1335.9 —

All 3.17 0.1 Bal. 721.4 1140.8 1248.0 —

Bl 0 0.5 Bal. 766.7 931.1 1365.7 —

B2 0.30 0.5 Bal. 748.1 877.0 1448.0 —

B3 0.56 0.5 Bal. 720.5 1413.3 1475.5 —

B4 0.89 0.5 Bal. 716.9 1335.2 1388.4 1451.5

B5 1.17 0.5 Bal. 719.8 - 1393.0 1450.5

B6 1.46 0.5 Bal. 723.1 889.0 1240.5 1417.6

B7 1.72 0.5 Bal. 721.7 1026.9 1309.0 1399.0

B8 231 0.5 Bal. 722.0 1138.7 1338.0 —

B9 2.55 0.5 Bal. 723.3 1136.7 13155 —

B10 2.95 0.5 Bal. 722.7 1137.7 12515 —

B11 3.15 0.5 Bal. 735.0 1148.0 1248.0 —
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Fig.1 DTA curves of as-cast samples of Fe-C-Ta alloy during

heating and cooling: (a) Fe-2.93C-0.1Ta and (b) Fe-
2.31C-0.5Ta
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Table 2 Thermodynamic parameters describing the Fe-C-Ta system obtained by optimization

Phase and models Thermodynamic parameters/J mol™ Reference
_— 0 Lig
Liquid: (C, Fe, Ta)1o L . = 124320 + 285T (23]
19 10300 [23]
2 |_LC'q -, =49260 - 19T [23]
OLLFi:, 1. =~ 35806.85+6.67T [17]
1LLF2 o=~ 7151.11+8.36T [17]
2 LLF': 14 = 25785.04+6.19T [17]
0 qu 1. =~ 173413 7.186T [16]
1LLCif' 1, 523643 [16]
OLLCi? Fo. 74 = 435500 - 82T This work
1|_';if4 ro. 7, 4245 - 345T This work
bec: (Fe, Ta)y(C, Va)s OGE:C  =322050+75.667T +GHSERFE+GPFEBCC+3GHSERCC+3GPCGRA [23]
’1 Efc < =1043 [23]
0 ,BE:C c=222 [23]
° tl):(;c C, Va =~ 1907 [23]
0 LI;EC Ta va =8770.23+2.46T [17]
1Lt;f: Ta va= ~ 16912.44+0.228T [17]
Oefzc  =601379 - 61.123T +GHSERTA+3GGRACC [16]
OL:Z? C. va= ~ 749073 [16]
0 t;zc s, ¢ =~ 550000 - 10T This work
fcc: (Fe, Ta)1(C, Va), Oeic: ¢ =77207 - 15.877T +GFEFCC+GHSERCC+GPCFCC [23]
OTCfF(:f c=-201 [23]
° 'E(;C c=-21 (23]
OLf;: C. va= ~ 34671 [23]
0 Lfﬁf, T2 va= "~ 3137.0-9.12T [23]
0 fﬁec . C. va= ~ 8300+8001T This work
1 ]:Sec . C. va =200T This work
M-Cs: (Fe)7(C)s 0022 jcé =75000 - 48.2168T +7GHSERFE+3GHSERCC [23]
Fe,Ta: (Fe, Ta, C)2(Fe, Ta, C)1 OG::ZT; =15000+3GHSERFE [17]
O06F™ _15000+3GHSERTA [17]

Ta: Ta
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0 _Fe,Ta
G, re = 30000+105310.45 - 35.2T +2GHSERTA+GHSERFE [17]
0 _Fe,Ta
Gp,’ 14 = ~105310.45+35.2T +GHSERTA+2GHSERFE [17]
Continued
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ro Ja = 45970 - 6.6T [17]
0 Fe,Ta
e, Ta = “14914+14.6T [17]
0 _FeT
FeTa: (Fe, Ta);Tax(Fe, Ta)s GF:: aTa: Fe =~ 65000+3173211.95 - 115.56T — 393068.11+117.39T +7GFCCFE+2GHSERTA+4GHSERFE [17]
0 _FeTa _ [17]
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0 FeTa _ [17]
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o Ta. Ta =43319.562+55.5326T [17]
0 FeTa _ [17]
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e . va= ~ 6917554 [16]
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TaC: (Ta, Fe)y(C, Va); Gy, v “GFCCTA [16]
0T L 163843.55+ 266.903T — 44.9575T In(T) -~ 3.6198x 10°T°
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Fig.3 Calculated liquidus projection of Fe-C-Ta system in the
Fe-rich corner (a) and comparison with experimental re-
sults™ (b)
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Table 3 Comparison between the temperature of nonvariant reactions and the experimental temperature

Reaction Calculated temperature/'C Experimental temperature/ C
u1 Liquid+bccefec+TaC 1443.26 1435143
E1 Liquid—bcc+Fe,Ta+TaC 1413.90 142613
E2 Liquid—FesC+TaC+fcc 1122.42 11330
U2 Liquid+Ta,C—TaC+Fe,Ta 1508.64 —
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Experimental Investigation and Thermodynamic Calculation of the Fe-C-Ta System

Xu Zhanyuan, Ouyang Xuemei, Yin Fucheng, Li Zhi
(Key Laboratory of Materials Design and Preparation Technology of Hunan Province, Xiangtan University, Xiangtan 411105, China)

Abstract: Two vertical sections of the Fe-C-Ta system with 0.1 wt% and 0.5 wt% Ta were experimentally investigated by DTA, and the
phase transformation sequences of the alloys Fe-2.93C-0.1Ta and Fe-2.31C-0.5Ta were analyzed. A thermodynamic calculation of this
system was carried out using CALPHAD technique. The results show that the thermodynamically calculated results agree well with the
experimental data. There are four nonvariant reactions in the liquidus projection of Fe-C-Ta system in the Fe-rich corner: Liquid+bcc «—
fcc+TaC, Liquid < bcet+Fe,Ta+TaC, Liquid <« FesC+TaC+fcc, and Liquid+Ta,C < TaC+Fe,Ta. The temperatures of the nonvariant
reactions are as following: 1443.26 <C, 1413.90 <C, 1122.42 <C, and 1508.64 <C. The eutectoid reaction of the alloys Fe-2.93C-0.1Ta and
Fe-2.31C-0.5Ta occurs at 726.6 <C.
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