Material Sciences #4¥1$}22, 2026, 16(1), 104-110 Hans X
Published Online January 2026 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2026.161012

Fei2ZMnNiGe& & RO Bic 14 BERF =

% F, s, AR, ARk, FEH, A8, ST
P U TR BB 2 5 TR ABE, 1095 Mt

Wk H . 20254F12 200 FHHEM: 20264F1H13H; KA H: 20264F1H22H

R

FREEMBAERETHTEFLSRIBMERIRTRE T, EEFNE. A%ERAANNREHER
P LA BEEM N AME . MnNiGe S SEATTEFH S RAE BE I SRR 5] KR E R RL, 30
NEBEREEREREEM . EREAE MR, SBRTHERBERRB AR, ERH T %R
TAEWMN#HE. ATRRERE, XFEXHFetR B RAMn, #]%& T —Z&5MniFexNiGed4; fE)
XSRATIAN . BB FEME . R NUSUBIR T ZM R RS BMEHLL R,
BFR, MnoesNiGeFeossHE&ERIH BRI ZREIKATHN, HEMHRPKREUKE0.65%10-6 K1,
B Pl EEEIA167 MPa, TEREFNBRETHBEIH RIFH A RTR .

K §Eia
MnNiGeFe&d &, TR, BT, %4

Thermal Expansion Behavior of Fe-Doped
MnNiGe Alloys

Jun Wu, Tiantian Sun, Wenjun Zhou, Manru Qin, Yanjing Li, Jianxiang Du, Xuefei Miao”

School of Materials Science and Engineering, Nanjing University of Science and Technology, Nanjing Jiangsu

Received: December 20, 2025; accepted: January 13, 2026; published: January 22, 2026

Abstract

Zero thermal expansion materials exhibit outstanding dimensional stability under temperature
variations, holding significant application value in critical fields such as precision instruments, op-
tical systems, and aerospace structures. MnNiGe alloy is considered a promising high-performance
zero-thermal-expansion material due to the significant lattice distortion during its phase transition,
which induces an anomalous thermal expansion effect. However, its intrinsic brittleness is high, and
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it tends to spontaneously pulverize at room temperature, severely limiting its engineering applica-
tion. To address this issue, this study employs Fe element to replace Mn, preparing a series of Mni-
xFexNiGe alloys. Instruments such as X-ray diffractometer (XRD), scanning electron microscope
(SEM), and dilatometer are used to investigate the crystal structure, microstructure, and thermal
expansion properties of the material. The research indicates that the Mno.ssNiGeFeo.35 alloy exhibits
zero thermal expansion behavior over a wide temperature range, with a linear thermal expansion
coefficient as low as 0.65 x 10-¢ K-1. Meanwhile, its compressive strength reaches 167 MPa, showing
promising application prospects in fields such as precision instruments.
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Hort, MnNiGe FEG 4 K HAE B PO AR AR 2 R il 5l 25 00 4% 1) S PR e IR AR, i A 2 WL e o 4
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X il %15 1) Mng 6sNiGeFeo3s & &7 RARME. B, HH X HLLAT ¢ (X-ray diffraction, XRD,
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Figure 1. Room-temperature XRD pattern of the Mno.¢sNiGeFeo 35 alloy
& 1. Mno.ssNiGeFeoss & & =il XRD
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Figure 2. Microstructure of the as-prepared Mno.ssNiGeFeo 35 alloy
B 2. Mno ssNiGeFeoss & & HI £ HEE

Figure 3. Scanning electron microscopy (SEM) image of the Mno.csNiGeFeo.35 alloy
3. Mno.ssNiGeFeoss & €13 F R R(SEM)E
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Figure 4. Differential scanning calorimetry (DSC) curve of the Mno.6sNiGeFeo 35 alloy
B 4. Mno.ssNiGeFeoss & &8I DSC #hZk
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Figure 5. Thermal expansion curve (TD) of the Mno.csNiGeFeo 35 alloy (Inset: testing direction)
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Figure 6. Thermal expansion curve (LD) of the Mno.ssNiGeFeo.3s alloy
& 6. Mno.ssNiGeFeoss & & A E(LD)AM Ak

250

N

o

o
T

x=0.35

-

an

o
T

100

Compressive stress (MPa)
N
o

O 1 1
0.0 0.5 1.0 1.5

Strain (%)

Figure 7. Compressive stress-strain curve of the Mno.6sNiGeFeo 35 alloy
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