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Tunable low thermal expansion in calcite-type FeBO, and CrBO,
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METHOD

INTRODUCTION & AIM

Background. Precise thermal expansion control is critical for preventing device failure iIn « Single crystals and polycrystalline samples growth

precision optics and electronics. Materials with low thermal expansion (LTE, <a> < 8 x 10°K-1) « In situ high-temperature single-crystal X-ray diffraction (295-473 K)
are highly sought after. Magnetostriction near magnetic phase transitions can modulate TE « In situ high-temperature X-ray powder diffraction (2951173 K)
behavior offering a route to tailor properties via composition. » In situ variable-temperature Mdssbauer spectroscopy (80-478 K)

Borates. Calcite-type borates tend to exhibit LTE, but systematic comparative studies of end- .
members with contrasting magnetic properties remain scarce. .
FeBO; and CrBO,.

« FeBO;Is a weak ferromagnet (T, = 348 K) and commercial monochromator for synchrotron
Mossbauer spectroscopy. Shows LTE (<a> = 8 x 10% K1, 93-1173 K) with anomalous
behavior near T_[1]

- CrBOsis an antiferromagnet (T, = 6-15 K) paramagnetic at room temperature. DFT predicts
LTE (a =15 x 10 °K-1at 300 K) [2]

Aim. This work presents the first direct experimental comparison of thermal expansion in FeBO,

and CrBO; using a comprehensive suite of in situ techniques: HTPXRD and HTSCXRD,

Mossbauer spectroscopy, magnetometry and thermal analysis (DSC + TG). We quantify LTE

anisotropy, correlate structural evolution with magnetic transitions and establish composition—

property trends across the calcite-type borate family providing a foundation for rational design of
thermally stable functional materials.

Magnetic measurements (5—400 K)
Thermal analysis (DSC + TG) (295-1673 K)

» Original Approach. We developed an original methodology based on the complementary
Independent techniques to accurately determine thermal expansion coefficients (CTE) of
magnetic materials. This multi-method strategy eliminates artifacts and ensures reliable
correlation between structural and magnetic properties.

» Key Advantage. Magnetic phase transitions are detected independently by two routes:

Mossbauer spectroscopy and magnetometry — direct probe of magnetic hyperfine parameters,

magnetic substructures and T, determination

X-ray diffraction — anomalies in unit-cell parameters and volume near T,

v This cross-validation enables correct CTE calculation for magnetics accounting for
magnetostrictive contributions near phase transitions

RESULTS & DISCUSSION

Increased thermal stability upon Cr — Fe substitution

a (A) c(A)
4.75 - 14.67 -
FeBO3 _ _ ] i
*x % * K K kK * 2 R S Full recrystallization 7] ..0'
2 40000 ! Feeo to Fe, O 2y — heating (05Q) Lo T 14.62 - o®
1000 3 L Br 2 3 _ 1.0 rhi:atmg 2 | 101 ’ i ..
-3 '-‘é’ 20000 \_L A L \9.100: .ooomnnooooooum. % 0.8 {:Oulillg - 96 4'65 : ‘ ...
s 0 | 2 80 Vo > o] o1 3 i W 14.57 ] o°
%00F = 20 24 28 32 36 40 44 g 60] . { S o) g5 4.6 - ' ®
s 2 295 K —messired) 3 407 350 ! § 0- ~~ - g 1 46¥inansfinnanuneseaaunsassaaaaaasssaaataii o®
600 5 240000 ‘ ' Ror | 220 I, 0.2 B 455 : 14.52 ] A ...
* < Pt = mehm‘_ i . +———7"®r-—r—T—rrrrrTrrTrTrr . ] PN
~ £20000 1 1 , | = 250 450 650 850 1050 049 ° 250 450 650 850 1050 1250 ] A o
z — A A Temperature (K) 0.6 +———————— 71 1 A_®
400 2 0 I Lo 300 500 700 900 1100 1300 1500 1700 1900 i :/
= Temperature (K) 14.47 -
30 40 50 60 70 . 32, (o??Cusffa 40 44 ]
20 (°), CuKa
V ( AB) 1
14.42 -
275 - -
£ go0o|1173K —a No change of Cr,0O4 | 273 1 _
S Cr,0, 1.2 ) ——— heating (DSC) | exo | 105 271 4 a 14.37 -
1000 E- 4000 A 10 ’hca'ﬂﬂg—' —————- cooling {DSC) o0 | AA A i
5 8 o b 51007 cen o8] o 269 | A
5 E Z 80 Z 06 50 = 267 - 14.32 -
8003 Y0000 24 28 32 36 40 44 g 607 oceo 2 0.41 « cooling [ 35 8 265 | :
£ £10000[295 K =pe 5 4017 o 2] R g0 ' ] A
600 ¢ 2 8000 | cmo, | 2 20- @ 07 == 263 - -
%= S 6000 I - HPS P—— R0 DTSR R 61 | 1427 4 M
=~z 4000 | ﬁ " 250 450 650 850 1050 -0.41 70 i 144
| 400 g 2008% l !i -~ {\ Te"‘pe”lture (K) -0 6+—r—T—"+—"T—+—T1—"—T—"—T—T—T—T—T— 65 259 _ AAAA A
E-ZOOO 300 500 700 'I?CIU 1100 13001{1500 1700 1900 057 - 14.99 J
20 24 28 32 36 40 44 emperature(k) . BffTFTFTITTT T T T T T T T T L L S UL
20 (°), CuKa 26 (), CuKa 250 450 650 850 1050 1250 250 450 650 850 1050 1250
DSC + TG Temperature (K Temperature (K
HT-PXRD data p (K) P (K)
HT-PXRD (e) and SCXRD (a) data for FeBO,; and CrBO,
Anomalies in unit cell parameters in FeBO, near T Low thermal expansion Crystal structure vs CTE
3 C
c () vAy
14.51- 268.5 :h v 304 a
N | I l: n 1 2 Thermal expansion IS maximum
i / Phase transitions \ 251 N M I X p
| s 1st order 2nd order §2°1 A p along the ¢ axis,
. — _ ) ¢ . .
14.49- 26754+ v v ) <™ .0’W"““““‘ |e perpend|C9|ar|y to planeS of the
313 393 473 e 2 isolated BO, triangles,
Temperat“re (K) 54 /M o ]
o and minimum in the ab plane.
344 | . ) ; 250 350 450 550 650 750 850
! s, | |"? 7. T \_ i T Temperature (K)
14.47 1« \_ —/
) - I <
T 26 |MWAMMM‘““‘ -
R 30
% 18_A I . L T/ 25 .
o 0] e M
4.627 104" = 157 a
4 o°, ¥1U1 WMW“"
4 1 ]
4017 ? U > M—-—a‘
313 393 473 373 573 773 % A

» Both FeBO, and CrBO, exhibit low thermal expansion (<a> = 8 and 6 x 10-° K1, respectively)

Temperature (K)

Temperature (K)

CONCLUSIONS

meeting the LTE criterion for precision applications

» Anisotropic expansion is governed by rigid BO;, triangles: minimal in the ab plane, maximal along

the c axis — consistent with calcite-type compounds crystal chemistry

» Magnetostructural coupling in FeBO;: anomalous change in lattice parameters near T, reflects

magnetostrictive contribution correctly accounted for via multi-method approach

» Enhanced thermal stability with Cr: decomposition temperature increases from ~903 K (FeBO,) to

>1173 K (CrBO,), while maintaining LTE behavior

» The comparative study establishes structure—property trends across the calcite-type borate family
providing a foundation for rational development of thermally stable functional materials for optics

and spintronics

550 650
Temperature (K)
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