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Research Progress of Magnetic MAX Phases Ceramics:
A Review

FU Shuai, ZHU De-Gui, GRASSO S, HU Chun-Feng

School of Materials Science and Engineering, Southwest Jiaotong University, Chengdu 610031,
China

Abstract: MAX phases ceramics combine many excellent properties of ceramic materials and
metal materials, including low density, high modulus, good electrical and thermal conductivity,
excellent thermal shock resistance, good damage tolerance, and excellent high temperature oxidation
resistance, efc.. They have attracted more and more attentions of researchers. In recent years, MAX
phases ceramics with magnetic characters have been discovered and synthesized successfully. Present
paper focuses on the development status of these magnetic ceramics, and reviews the synthesis
process and magnetic properties of the discovered magnetic MAX phases ceramics.
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Cro AIC BB i T LIOE I S I et i A D), DUARHY (< 50 pum, 21 99.8%; Alfa Aesar
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HATECREL, 20 10% B8R 28 7 iR n o B sR 28 R s A0 2k . Bl e, RS 77208 KL 3he
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(TR AN 28 0.1 ~ 0.2 5 Pl

Wig, FIHBSEFTHEEX CnhAIC 3
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Figure 1 Experimental Cr,AlC neutron powder
diffraction patterns recorded (bottom to top) at 1.8 K,
20K,40K, 60K, 70 K, 80 K, 100 K, 200 K and 299
K. The spectra have been vertically shifted for clarity.
The asterisk indicates the peak from the minority
phase Cr,Al Y
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Figure 2 Magnetization curve obtained from
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Figure 3 Magnetization as a function of temperature

superconducting quantum interference device
measurements at 10 K for a Cr,AlC sample containing
a small amount of Cr,Al minority phase. Inset: zoom
around the origin showing that M(0) # 0"

curves for an applied external field of 0.5 T (top) and
0.05 T (bottom). The vertical dashed line denotes the
estimated Curie temperature !
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1.2:0.8:1.3:1. 0.8:1.2:1.3:1 F10.4:1.6:1.3:1 FIEE/RLEHBHATECRE, K BERNR &241)5, SLikiT 400 MPa
V8 TR, BE G AE SRS FINEVE 1400°C FEARE 1 he A T BEIS B2 2B (Cr,Mn),AIC FEi,
44 Cr:Mn = 1.8:0.2 FIFE SR L R 31T 19645, 76 39 MPa J& /7 FFHEZ 1400°C F£LRiR 3 he

2.2 (Cr,Mn),AIC BRI 34
Mockute 25 Nt BEA% IR 5 4 B (Cr,Mn),AIC FERSHEAT T REVERFZT, RIL (CrogaMng 16),A1C



220- & %, Bl MAX HE LT R R %41 &

HA W BRI S: BARELE 5 K ~ 280 KB ETEE WAk, RS HANE 207 RGN
MAX Mk, CBRAIEFE SRR E. JH, 7€ MHBRIMZ IR BRI S, Ui A
HEPERL L o

TEA R (Cr,Mn),AlIC HefkHt,  Mn 7E CroAIC Wk B 15K BN 3 at% + 1 at%, FTbt N
MAX BN (CroosMngo6),AIC, HEMSH N a =286 A, ¢ =12.82 A; HEMERMEERER, %
FRBIE 2 K ~ 300 K 35 T Py 34 ) BRE PE 2 A8 DA RATART F ke e 52

3 Cr,GeC H# & R a M 4-47

3.1 Cr,GeC Hy#l&
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Figure 4 Top: experimental XAS Cr L,; spectra [.(w)
and /_(w) of the Cr,AlC (red) and Cr,GeC (blue) thin
films recorded at 4.2 K for an applied magnetic field
B =+6T. Bottom: related XMCD signals !
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Figure 6 (a) Examples of temperature dependencies of the magnetization measured at 1 T and
(b) magnetization curves at 2 K '
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Figure 5 Examples of room-temperature XRD
profiles of (Cr;_Mn,),GeC (0 <x <0.25). Close
arrowheads represent diffractions from Mn;;Geg.

Vertical bars stand for peak positions expected for
pure Cr,GeC with the Cr,AlC structure (10]
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Figure 7 The low field magnetization measured with VSM for three different temperatures. A FM response is
seen up to and including 7= 230 K. The diamagnetic response of the substrate has been subtracted. Inset: The
in-plane and out-of-plane magnetic moment m at 50 K, including the diamagnetic contribution from the substrate.
An in-plane magnetic easy axis is observed !
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BB HIHYE 10 min, ZRJ57E 550°C fRIE 60 min DL RIGEZ 20 AT 5 o Gl RE 15402 FEiA, K Min Al
C RIS A A A 2:1 A LR
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A 0:1:1:1, BT X BHRATH T (XRD). B8 PR RMEL T (TEM) K RERE /bt
(EDS), HZHi5E Mn J5iF1E CryGaC s K BEVEFE R 15 at%, BT RN (CrosMng3).GaCo

4k, Petruhins 25 N P34 25 A = AN o0 2 B0 B A5 R TR S A HE (MSE) HR & B T
(CrosMngs),GaC ¥, =NIoEH 58 Bk (L 99.99%). 50:50 at% AW/ (A 99.95%)
R (A7 99.9999%). VAR LAt E SR T 5 x 107° Torr, Fr78@/ <5 /1N 4.5 mTorr. % T4
Ak, 147 3 inch 041, JCE THIRTAHRIEL 35 AL E, FEE Y 180 mm; K%k 2 inch f
PSR, 3 B B EAEAE T (7ER L) 180 mm BEESAL. IR HMS DUE 2 s R IE AT,
Hor MBEE Cr/Mn:Ga:C = 2:1:1 NRHEEIRE R, A0 T 23w Sk T, eSS E F ik
PR R 553« 43 B #E MgO (111) AL O3 (0001) A1 4H-SiC (0001) #t)E EAK T #ME(Cro sMng 5),GaC
WL, ARG, GBI AT X SR T SRS, DA L RS AT IA 100 nm. 23T
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Figure 8 Specific magnetic moment as a function of
temperature for the (Cry;Mny;),GaC sample (6]
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Figure 9 In-plane magnetization vs magnetic field
measured at 30 K, 150 K and 300 K
(the inset expands the low-field region) **!

Mockuté %5 N\ R FHIRBNAE LRI TR S RE R, o VSM RALZEM ELE RN B R S
Quantum Design Hi3t47 . (CrosMng5),GaC 7EII LM 2 5 /e IR HCL (37 wit%) AbFE LIS i 2% FAH

SR AL, N R R 2

Cr,GaC i 15 R P 0 B s SR 28 Y 2 2 M IR AR 20 . AT W] CraGaC (IR FE 75 9 i ik
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Figure 10 Average calculated net magnetic moment
at 5 T and the average net remanent moment,
expressed in ug per M atom in the MAX phase,
versus temperature %!
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Figure 11 XRD pattern of the (Moy sMnj 5),GaC thin film grown on MgO (111) substrate >’
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