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MOoAIB #2 & £7 £ i 7 Y0 FEl R 73 0 7 31.3%~34.1%
Mo, 32.8%~36.5% Al, 31.4%~34.2% BF™,

fHAE, M ae 2 m o2 o — o o o 2
MOAIB ' Al 7t & 5 AN N 159 2% A1 4K SR B s 17 4E
Yl MoAIB EAHK MM miaett. Bar, &M
MoAIB L F ZAFER AR . Hf . BRANRE.
1.2.1 MoAIB # &

1976 4£, Sinel’nikova Z5M2LE I 7E 2184 HI ) Al
KSRV B RS, K13 T B S 4E L MoAIB . 1997
4, Okada 253V [E] B SR FH w5 18 4 JB VA W%, R Mo Al
B MoK, TEMERL AR AEK T FRFIERR ) MoAIB
g, HEAR SR 0.3 mm>7.0 mm>9.3 mm. 2018 4,
shi M™% MoB 1 Al M KRS, EE&E T

(1100~1500 ‘C) %84t 20 h A HIE =i, KA HCI
ZIh 2 42 Al R )5 B8 T4 10 h 3R/95 =465 MoAIB H
i PR RN RO 35 T s sk 1 e e 45 1 B & AL AT MoB
[ EL IR RS o B, Fu ZESER AR AR B SE VA & ik
TREAE 10 pm ARSI BIRE ] MoAIB 4, 45
A R S . 2022 4F, Huang 2P H
R S RV T AR T T A 1 R IR MoAIB B
b, PSR T B =4 5 R K

1 MOoAIB () HRSTEM 14 Rl & 44 £ ¥4 7 2
Fig.lL HRSTEM image of MoAIB along the [001] zone axis (a)!*® and crystal structure of MoAIB phase (b)F®!
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Table 1 Lattice constants, crystal cell volume and atomic position parameters of MoAIBF%*2

Calculated value

Experimental value

Lattice constants (a, b, c)/nm

Volume, Vo/nm®

Atomic position

(0.318 98, 1.390 24, 0.309 28)
0.136 84
Mo (0, 0.410 55, 0.25)
Al (0, 0.198 53, 0.25)
B (0, 0.033 46, 0.25)

(0.319 87, 1.392 18, 0.309 27)
0.137 77
Mo (0, 0.410 52, 0.25)
Al (0, 0.198 49, 0.25)
B (0, 0.033 83, 0.25)
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Fig.2 Ternary phase diagram of the Mo-Al-B system at 1000 ‘C")

1.2.2 MoAIB #4k

2016 4F, Kota U819 YR OB B 4
MoB 1 Al ¥ K7 1200 ‘C. 39 MPa & &1 T %
5 h JG& T B4k MoAIB. FEMEURE (94%) Fal
FERAHEAR, SHEZ AlsMo fl AlL,Os S 44 JFi A, 7F
1300 ‘CRERIM MR B HUEANE, M MoAIB #1k}
BN R M R R RS . Bl S, AT T 2
MOoAIB #4122 020, 75 298 K T AR e A4 ks
—132.043.2 kJ-mol™. 2018 4, Xu ZEWISR R —kess T
214 7 MoAIB, ESG7E 1100 ‘C Kk Ress & plm 4l
FE MoAIB #ioK, SRt #kkess (RAE 1600 C. £
77 60 MPa. f/ift 1 hotfil#% 1 350 B =ik 96.7%(1 MoAIB
etk . AL T Kota PSR 58 i 5, % MoAIB [ &
W44 W % 2% A MoB,. 2018 4, Lu 2181z f
Mo:Al:B=1:1.3:1 (EE/REL) BIRER A, FHHJE B
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e, HrhE bR ALO; Ml AlsMo 24 il . b4k, Lu
2 BOLE RV T iR B 45 (1 7 VA% T MoAIB B
&, BPJE{E 300 MPa F5%f MoB 1 Al [i7R & 8y K HEAT
A5, SR J5 7E 1000 C T he4h 15 h J5 il % MoAIB Hifk .
HOE AT L, AHLGT#ORRegs, WIE R4 il 4 MoAIB
T T B TR TRV A I B, B R A . (R
S, SRR L5 4 MoAIB e % 14 75 7E v il v JE 2%
PEF ARG BEFERE .

2019 4F, Wang ZMIDnEm AR N ER, St
10 MPa &k 5 min SRR, S8 J5 K 55 & 7
B4k (spark plasma sintering, SPS) J5 i fE A A 6 J&¥

(800~1200 C) . 40 MPa £ 77 N4t 10 min il 4% T
MOoAIB Bt , 7 800 ‘Clesh MFE 5 Hh 558 K I MozAlg
Al MoB, 24 i #H, {HFE 1100~1200 ‘Cleds ke 1
A B A0 MoAIB. 2020 4, Su Z5E0M 5% H] SPS J7 VA 1E
1100~1200 ‘C i % T 5140 MoAIB P& ik, s i m
K 97.1%. FHULTTOL, M HUERELE L, SPS Jiik
il £ MoAIB i % il e 4 i F 0 35 PR AIG . R &5 1 [B) 4
i, ATIRAS RN EUE A A 2.
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b i B B AT, L T VR R A SR A
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K, Bk RAFECR. 2020 4, Liu 25800 ALL B. Mo
WA NE R, f#H 160% 1)kt & Al, 7E45 L NaCl &
I (1000 'C) K5ke 6 h J53R1H T M4l MoAIB #i A,
F+ H MoAIB ki &I 3 FAF AR S, R
FTERRL (1~5 pm)  FoRERL (ELAR/NT 5 pm)
BAARFRKE (K20 pm) MELE (RAS5pm) 1
R S SRR AR Pl @ i s i e 4 T2 %
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AN N
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MOoAIB It 5 I 471 S Ab 1 e A H A Dy i B 97
2 BA R N BT A5 MoAIB 5 i, i s 1 47 221 1 4%
ZAF LR FEE IR H] T MoAIB ¥4 241 4 2 ok BERIF 9T
YIRS AHDORY, WGy, 24 MAB AH I E
AR, FEPRTF: JIBRTH “HETIL” iR
JZ R S R R s R RBE M SR A T B
it MAB Bk % £ . Achenbach® 2019 4557 i w4

(MoB, AD 4%t il £ H MoAIB 1=, {HUTAR
JE i35 700 C, R Py ORI B4 B FH SZ PR 5 o]
JFiAH MoB, Fl AIB, PEAIC T 3R Z 40 thah, DIRE R
JERARKMAERGR (B 30 , FiREIAMMERE
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B30, AR 3b FioR, )2 AR BUE M K R
Ji B TR % ST MoAIB iR )2 .
1.3 FIFMEREMIIIR A

T PERE R MOAIB 1y o i 45 1 M 8 5 vy L ik
JEM RN SEAMERE, F 2 M4 T MoAIB AL
MAB #H4b &4 e #7 MAX FEAL A9 JE A 22 P e
AP ERERE . HR T4, AN SCHER A MoAIB #4 %} 1
RENS A 25 57, IX S5 RHO 1 2 T2 R O 45 4 CBIU
frRER ST A4 BRAD B UIA 5% . i Kota™ il it 7 MoAIB
153 BT R 7 AT PAT T 38K 05 [ (R B SR R, 495
9 1940 H1 1420 MPa, A[F] 77 [m] A4} i BT 1 22 e 5T
MR RLR ) B AR AN . NS 2, HarikiE
(1 MoAIB #4 K} 4 F R 2 2y 8.4~13.95 GPal'®4247%0],
FU 25 AR A 306.8~476.6 MPal ™, i K 45 i K
1620~1940 MPal'®4749%0 -z gy kN 4.3~
6.5 MPa-m 217500 i iH % )y 34.4~49 pQ.cm 1184247501
SRR 29.2~37.6 W-mK?T BB R ik R BN
9.5~10.110°° K880 A1 Lt A R B 23k, S P e 2
BT hegh R £ 1) MOAIB 4k} PR 45 4 B35 4% i A
BRI LA TR R T i SRR
5= R AL, MoAIB R B A%, BRI AL b
THEREBT . b, K APBETIR, MoAIB ik 7
9.8 N M8 I, ATE IR IA A AL =43 il 240, B
B MoAIB HA7 — & (145 4 75 PR M .

H#E 2 LAY, £ MAB i, 5 Mn,AlB,
FHLE, MOAIB I )5 R s 5 FeAlB #HLL, —
HWEEA Y, (H MoAIB #IPEAI Al pH AL, S5 A

Pt-layer @

Coating

Substrate

MAX FA#4 R A B, MOAIB B4R} 14 % FE « i B ANt 1 4
SRIERCE, DU heR R, HBTRPIERAK, Y
MoAIB it iy Hytdi i fe /1 2 38 o SR
M, HEARIFFHEMAR.
1.4 EAMEMBRREMN

MoAIB P & i i I FH 11 G B L 2 ThI B8 75 28 B
o ALO; PRI, AR AR o H R - A2 UL 5 A
I . Mou “£8IRE 52 7 MoAIB [ % 75 Hh /%3 450~850 C
o [ N PEF AL 100 h (%647 9. £ 450~550 CR
AW (50 h) , BT MoOs. B,O; fIHE Kk S EUFE
MR E; 50 h JE, A ALO; KR E A MoOz. B,0;
4% R B KR 7F 650~850 C F, MOAIB K4t
BT JEFEZ) 0.4~0.6 um R EE ESE ALO; AR, AT A
RCSHPS A 3 BB, Sz MoOs,. B0, L ZE &, AL
HLEE I 5 . AHELT Mo-Si-B B, MoAIB
7E 750~850 C P A ERE R &7, ATl K 2 FL4A b
JEE (R TE BRI MoOg 1758 1T 3 B RE R A2 43 fil 1 A 35
SN . Kota 250725 1 MoAIB Hifk 78 1100~1350 °C %
1k 200 h B R A AR OE SR a-AlLOs PRI, AR
1300 #11 1350 ‘C4A A 5)) 77 7 I AL I S J7 B4, ] 6
Fizns H ALO; AMIE S HEikss & RIF, X2MT
MoAIB [k &% (9.5x10° K1) B8Rl 4 Al,0,
(8.5%10° K™) BONBET, Wl & kbt s A7 A
(RTT 2L MITE . (ELE 1400 CAEALIN, 2 TH A AL 5 ™ 8
FRERE . dhAh, fAf1x MoAIB Hfk7E 1200 C ik
ITIEREAM 125 &k, BRI 1 h, SAHBEKAS
MoAIB 45 & R 1, R RIFHIEHRILAMRE 1. Xu
W AIES2 T MoAIB BR1E7E 800~1400 °C B AT R 45 1)
PriEE AL ERE; 7F 1600 CEHF 4L 5 K Ril 50 h
5, MOAIB RIIKAER T 46 RIFHEE AlLO;
. {H/Z, MOAIB £ 1200 C L. K A% AL )5 2 1 &b
Rt R AT, i 7 fross AT MAX K Ti,AIC
7E 1200 ‘C4 4k 2800 h J& 1932 #3747 v] {4 7 B

Coating

Substrate

B3 Wb AN 55 8 1 IS 3 T A 1 46 B MoAIB i J2 i 2 21

Fig.3 Cross-section microstructures of magnetron sputtered (a)®® and plasma sprayed (b)®*"! MoAIB coating
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Table 2 Physical and mechanical properties of some MAB and typical MAX phases
Vickers Bending  Compressive  Fracture  Thermal conductivity Electrical Coefficient of
Compound Preparation hardness/ strength/ strength/ toughness/ coefficient/ resistivity/ thermal
method GPa MPa MPa MPa-m*/? w-mtK? puQ-cm  expansion/K™
MoAIB Metal Al
single crystal™?  solutions 10976 ) ) ) ) 68 )
MoAIB bulk™® HP 10.640.3 - 1940103 - 35 36-49 9.5x10°®
MoAIB bulk!” HP 9.330.4  456.4#19.1 1620.2485.6  4.30.1 29.2140.01 34.4 -
MoAIB bulk!“® HP 8.40540.3  306.810.2 - 4.9120.09 - - -
MoAIB bulk! SPS 12.3 476.6 1670 6.5 - - -
MoAIB bulk? SPS 13.9520.93 465.8 1467.6 5.45 37.56 37 10.1<10°
Fe,AlB, bulk™ HP 10.240.2 232425 21012202 5.440.2 - 227 10.3x10°C8
Fe,AlB; bulk® HP 10.740.5 33748 - 4.640.2 - - -
Fe,AIB; bulkP®  HP 10004 2apazy  oeST 5003 - - ;
1992476,  5.3%0.6,
18.6x10°°%4
Mn,AIB; bulk? HP 8.740.6 - 1240100 - - 18.52-20 14,050
TisAIC; bulk™® HP 3.3-5.0 375 785 5.3 275 32 8.7<10°
TizAlC, bulk®! HP 2.7 340 764 7.2 - 28.7 -
TisAIC, bulk™*4 SPS 3.8-4.2 - - - - - -
TisSiC, bulk® HP 3.5-5.5 420 854 5.8 33.97 21 9.0x10°
TisSiC, bulk!® HP 4 260420 580420 - 34 22.2 9.2x10°
TisSiC, bulk® SPS 4.8 ~610 - ~5.42 ~28.5 - -
Ti,AIC bulk®! HP 45 - - - - 37 8.2x10°
Ti,AIC bulk®! HP 2.8 275 - 6.5 - 22.6 -
Cr,AlC bulk®® HP 6.4 513 - 47 - - -
Cr,AIC bulk!®”] HP 35 378 - - 17.5 71.4 1.33x10°
B, XU MoAIB il Atk 5 1 R~ R e v
145 aRetis 7=, (B EAREREMAHB. k4, MoAIB [ ZIR 451
2r 4 — This work A AR RIS 10 R bk, Shi %1 1100
ST g — 1300 C 45l # th T ERFI IR MOAIB £, KL
% gk (010D T B T AR K, 72 S A I B i AR 1 1 BIU3F AL O,
g 6 tRy I, AR AEDE T (00D Al (100D i
§ ak B H AT A MoAIB B % 4t A AL R AL
L B, (HEFRER BEFENTERLF: (D
oL Xu 251745 5% MoAIB 7 1200 ‘CE AL A2 51 AlLO;
0 Ry 2 LR RS, 7E 1400 C F A% i Kota

4 REFHM T MoAIB Bk i 4 LA
Fig.4 Vickers micro indentation hardness at different indentation
loads for MoAIB bulk (inset shows indent formed under a

9.8 N load)™

250278 1100 C FRLME S T EUE ALO; Z. k4,

Xu 2R 1% MoAIB 76 1200 ‘C R 44k 10 h (R 5 1
N 0.28 kg m?, & Kota 252 % (11 MoAIB £ 218
A& T AL B 1 (0.003~0.007 kg -m2) )
40~93 ff%. (2) Xu ZEWLAFEE S /E 1400 C AL
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Fig.5 Schematic diagrams of the oxidation mechanisms for MoAIB bulk at temperature ranges of 450-650 ‘C (a) and 750-850 ‘C (b)
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10 h WEALZEEN 5 um, T Kotal /5B i 78
1300 C F4AAM 5 h MEMEEE O EIX 6 pm. (3D
Kotal™I7E 1400 ‘CHLEEH 7 AAL)Z R AEVERITE, 10 Xu
WV I LA E 1400 CBA b4 B S A BUH 1)
ALO; 412, HAE 1600 CHITEHEIL %M T AlOq
SRR GRS A BT, (4) Xu 2P 800 C
F1 1000 ‘C4AL 5 B MoAIB & [H % 5 ML 52 21 37 A1 A4
I, (EH BRI T ERBRE . AR, I
S S0 T] BB AL RN A R Mo Oy (2<x<3) & #l A
F, FNTE 700 CLLLE, MoO; % K & 54 Bk
FEHIFITS. MoAIB Hik S Ak 5 11 2% b 10 &35 22 7 7] g
HHMMEER CRRL RS 8UREE. SR =
AR, IR 7% EEIR N B S RE A 72 R 38 77 MoAIB #4 %}

Kl 7 MoAIB B fa & il AL J5 13 F b TOW T 35t
Fig.7 Morphologies of MoAIB samples corners after isothermal oxidation under different conditions™™: (a) 1100 °C/200 h, (b) 1200 °C/200 h,
(c) 1300 ‘C/10 h, and (d) 1350 C/10 h
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(48 Ak FE S LB

AR RIAR L, MoAIB 5 A 2 Bl H AN [F] 1 Pt A
RS . Kota 2572 B MoAIB ¥ K 7E 1100~1400 C
At 100 h JEEAMNT=YIN AlgB4Oss, T MoAIB
ik i L 2 E A P2 ) ALOs. Wang 25UV 52 T MoAIB
¥ R AE 700~1000 CHF HIaH AT 9 (B 8) , KIL
MoAIB # AR £ 690 CFF iR %Ak, FK1H A HibEik MoOs;
BE%E FALIRE T 2 950 C, % MoOs; fll B,Os ¥ K
AR E; 7E 800 CEALI FFUEA K AlB,Og, Fifi
FHilmEFEmAE 1000 C, BEZMRFKIR AlB,Oy H #51E
MoAIB £, AIFH+4 MoAIB ¥ Kt — &k,
R LLE H, SEAA R L, B R MoAIB B A5 @it
KM, FEEA R R E - T A U
TESE AT FE T, ALO; R B,Os 5 5 S B T 1 Al-B-O A .

HAT, KT MoAIB )2 I S Ak Bk 72 i A 4
i . Achenbach®®1 g H 4 4% Wk 5 /£ 700 °C #1 &
MoAIB )2, (HiR/ZEREHE (2 um) , HA KM
MREE N AR T PO B, WRZ7E 1200 CH b
30 min J&, {&H& S A ALY MoO;s. B,0; kK S AL G 1

“# MoAIB/MoOs

MoOs(g) and(B,0s(g)}
becccccns
1 {_p )
/

700 C 800 C

.. Amorphous Al;B20s and B20;

Mo0s(g) and B,0s(g)

ALO; EALJZRZE . WA S A B L fLIH, f#
WERSH RS %%E, WK 9 fir. REW
I, MoAIB ¥ 2 1 503 1) S AT T4 ) S A 4% 1R T
1 MAX # TiAlIC &EU, oAk T
Ti,AIC ¥%)Z. 1L MoAIB REVIM LE . WiERZE
WOMEER, IR E MoAIB 42 Hi A tb Itk RE Y e B .
MoAIB 5 ff] Mo-B 21 Al J& -T2 12 8] 45
HETY, 43 MoAIB MR Z) 73 fif AR B I — o4k
PRI TR Al Kota 2P 72 7 MoAIB 78 & < 4R
HAKM PG e, RICYIREEE 1435 CHY,
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possible existence of gas phases is marked by dotted boxes)™

Pt-layer

Coating

Substrate

Schematic diagram of the reaction process mechanism of MoAIB powders exposed to air at 700 ‘C-1000 C in the initial stage (the
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Fig.9

STEM morphologies of MoAIB coating: (a) as-deposited and (b) after oxidation in ambient air at 1200 ‘C for 30 min®®!
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Fig.10 Thermal stress cracks in the MoAIB samples subjected to

thermal shock through quenching in water at 1000-1400 ‘C™
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Fig.13 SEM microstructure of the healed zone on the surface of
the MoAIB sample after healing at 1200 °C for 4 h*l:
(a) secondary electron image and (b) backscattered

electron image
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Research Progress of Ternary-Layered Boride MoAIB

Liu Yanming®, Zhang Yicai', Wang Xin? Wang Chen*
(1. College of Materials Science and Engineering, Xi’an Shiyou University, Xi’an 710065, China)
(2. Northwest Institute for Non-ferrous Metal Research, Xi’an 710016, China)

Abstract: Binary transition metal borides have an important application prospect in aerospace field because of their high melting point,
high hardness and high thermal conductivity, but their intrinsic brittleness and poor oxidation resistance seriously restrict their high
temperature application in extreme environment. MAB phase is a new ternary transition metal boride obtained by introducing I11A and IVA
atoms into binary boride cells, which shows many excellent properties like ceramics and metals. In all the MAB phases, MoAIB has
become the research focus due to its excellent fracture toughness, oxidation resistance, damage tolerance and machinability. Thus, the
preparation methods and some basic properties of the MoAIB powder, bulk and coating, including physicochemical properties, mechanical
properties, friction and high temperature oxidation resistance, were summarized in this paper. Additionally, the modification method and
mechanism of MoAIB materials were discussed in order to clarify the key problems and possible solutions in the preparation and
application of MoAIB materials, and the potential application fields of MoAIB materials were also presented.
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