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Table1 Crystallographic data of phases in zirconium-rich region of Zr-Fe-Si system[*®

Phase Space group Pearson symbol Prototype Lattice parameter/pm
a=323.16
a-Zr P6s/mmc hP2 Mg c=514.75
ZrFe, Fd3m cf24 MgCu, a=702
a=638
ZryFe 14/mcm tl12 Al,Cu =560
a=332
ZrsFe Cmecm 0S16 BRe; b=1100
c=882
. a=660.9
Zr5Si 14/mem t112 Al,Cu c=529.8
. . a=1101
Zr3Si P42/n tp32 TigP =545
. . a=708.2
Zr3Si; P4/mbm tp10 SipUs c=3715
X . =788.
ZrsSis P6s/mcm hp16 MnsSis ‘;5223

1 Zr-Fe-Si 14 % 800 “C45iR #ii
Fig.1 Isothermal sections of Zr-Fe-Si system at 800 ‘C: (a) drawn by Du*® and (b) calculated by Cuil*®
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Table 2 Alloy composition of Zr-Fe-Si system
. Content/at%

Alloy No. Nominal component, w/% -

Zr Fe Si
1 Zr-10.07Fe-7.59Si 66.7 13.32 19.98
2 Zr-14.73Fe-4.94Si 66.7 19.98 13.32
3 Zr-19.17Fe-2.41Si 66.7 26.64 6.66
4 Zr-26.56Fe-1.10Si 60.63 36.37 3.00
5 Zr-18.13Fe-1.03Si 71.05 26.02 2.93
6 Zr-20.91Fe-0.37Si 69.00 29.94 1.06
7 Zr-15.98Fe-0.26Si 75.66 23.58 0.76
8 Zr-27.79Fe-0.13Si 61.14 38.51 0.35
9 Zr-0.76Fe-13.73Si 65.10 0.94 33.96
10 Zr-0.92Fe-11.73Si 68.80 1.19 30.01
11 Zr-0.87Fe-8.46Si 75.84 1.19 22.97
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Fig.2 SEM backscattered electron images of No.1 alloy (a), No.2 alloy (b), and No.3 alloy (c)
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Table 3 EDS analysis results of the alloys annealed at 580 ‘C (at%)
Alloy Phase 1+Phase 2+ Phase 1 Phase 2 Phase 3
No. Phase 3 Fe Si zr Fe Si zr Fe Si Zr
Zr;Si ZrFe 3.40 27.94 68.66 25.40 6.38 68.22 - - -
2 Zr,Si - ZroFe 5.95 25.35 68.70 27.54 3.78 68.68 - - -
3 Zr,Si - ZraFe 1.68 29.38 68.94 25.54 6.33 68.13 - - -
4 ZrFe ZrFe; 28.19 3.58 68.23 61.15 3.1 35.74 - - -
5 ZroFe  ZrsFe 24.56 5.70 68.54 23.89 0 76.11 - - -
6 ZroFe  ZrsFe 30.68 1.06 68.26 24.44 0 75.56 - - -
7 o-Zr Zr,Fe ZrsFe 150 0 98.50 30.12 2.00 67.88 24.20 0 75.80
8 ZrFe ZrFe; 31.25 0.2 68.55 63.32 0 36.68 - - -
9 Zr,Si - ZrsSis 242 30.15 67.43 0.75 35.53 63.72 - - -
10 a-Zr Zr,Si ZrsSis 0 1.35 98.65 1.38 30.76 67.86 0.6 3540  64.00
11 a-Zr  Zr,Si 0.28 0 99.72 3.10 27.94 68.96 - - -
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Fig.3 X-ray diffraction pattern of the No.3 alloy

Fig4 SEM backscattered electron images of No.4 alloy (a), No.5 alloy (b), No.6 alloy (c), and No.7 alloy (d)
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Fig.5 X-ray diffraction patterns of No.4 (a), No.5 (b) and No.7 (c) alloys
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Fig.6 SEM backscattered electron images of No.8 alloy (a), No.9 alloy (b), No.10 alloy (c), and No.11 alloy (d)
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Fig.7 X-ray diffraction patterns of No.9 (a) and No.11 (b) alloys
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Study on the Phase Relations in Zr-Rich Region of Zr-Fe-Si System at 580 °C

Wei Jie*??, Shen Jianyun®, Wu Gang"??, He Zilong"?®, Cheng Zhuging®, Huang Yongzhang"**
(1. National Engineering Laboratory of Biohydrometallury, GRINM Engineering Institute Co., Ltd, Beijing 101407, China)
(2. China GRINM Resources and Environment Tech. Co., Ltd, Beijing 101407, China)
(3. General Research Institute for Nonferrous Metals, Beijing 100088, China)
(4. Nuclear Power Institute of China, Chengdu 610041, China)

Abstract: Phase equilibria in the Zr-rich region of Zr-Fe-Si system at 580 °C was determined by equilibrated alloy method using X-ray powder
diffraction (XRD), scanning electron microscope (SEM) and energy dispersive x-ray analysis (EDS). Five two-phase equilibria Zr,Si+Zr;Fe,
ZrFe+ZrFey, ZrFe+ZrsFe, Zr,Si+ZrsSis, a-Zr+Zr,Si and two three-phase equilibria a-Zr+ZrFe+ZrsFe, a-Zr+Zr,Si+ZrsSiz were included. The
compounds Zr,Fe and ZrsSi; which were marked as unstable phases at 580 °C in the available Zr-Fe and Zr-Si phase diagrams are observed. The
dissolution of Si enlarges the stable temperature range of Zr,Fe. The content of Fe dissolved in ZrsSis is only about 1%, it is unlikely that the phase
stabilization temperature range will be greatly expanded and the stable temperature of ZrsSi; can be re-measured and evaluated. It is shown that
Zr,Fe and Zr,Si with same crystal structure are partially miscible. Solubility of Fe in Zr,Si is up to 5.95at% and solubility of Si in Zr,Fe is up to

6.38at%. ZrFe, (cubic crystal structure) dissolves 3.11at% of Si.
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