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Fig. 1. Phase diagram of molybdenum borides [32].
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Fig. 2. Synthesized sample of TMBs: (a) Single crystal of ZrBi2; (b) single crystal of MnBy; (c¢) powder of
TiB2; panels (d), (e), (f) are FeB4, MoB2, and WBj respectively, which are synthesized by high pressure

and high temperature (15,17,39—41,44]
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()

K3 TMBs 4K (a) OsB, RuB; (b) OsaBa; (¢) OsBz, RuBa; (d) WBa; (e) ReBy; (f) WBy [1]

Fig. 3. Structure of TMBs: (a) OsB, RuB; (b) OszBs; (¢) OsBa, RuBg; (d) WBa; (e) ReBo; (f) WBy4 141
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Fig. 4. (a) The enthalpies of formation in Mn-B system; (b) the enthalpies of formation in Fe-B system;
(c) formation enthalpy of W-B system, and phonon band structures of W-B system [54,60,63]
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Fig. 5. Scanning Electron microscope results of TiBs with different dwell time under high pressure and high
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temperature, and the hardness pattern of TiBo with different synthesized time, temperature, and pressure .

2 U A F B R TMIBs Hh % A 5% 3 1) T T,
2011 4¢, Mohammadi %5 %] #1 % 1t WBy JEFR L 7E
0.49 NI & I WB, A B ik 40 GPa, it il
ML 51 T 0 WBy (KR I, (521 m 8
4.9 NI, WBy [ £ 21K T 30 GPa. GuZs [ b
il %% H WBy, JF 3543 H A Y SL{E N 26 GPa,
I WB, FAEEEREA R SR1 BT WBy 45 44 4
W E, Kk, LLWB; 1458 254 BT LA 5 ]
5. (HE WBs NEIREE W, I HH 45 AT
FEEERINE, L, 23 30 GPa RS 2 /2 aft: DL FE fig
(. BT % WB; I A4 75 5 & O, ok & il

SRR IR B-B 1), B-B i B B AR, L AE
FEAR R 30 GPa, DA G A B2 ) 3-B A g 2= X
WB; [RE 45 it s, seat 4t BN, Kt
JEIR REAE WB3 b (G5 3-B XA FE 1 52 i) 3545
i) WB3 HIRE B N 25.5 GPa ™. /E A B & #8 4
2 2R TMBs #1kL, WB3 B & /T 25 GPa i)
%, R T WB; |2 2 [0 2L A& R 0 B 55 7%, 4
BN ESRPIEIDIE /). BRI RER, W
5 B2 [AF1E K EW AT, 1T LA & WB; 1
PUEIUIGE 71, (H2 02 A7 AR AL 1) sp? A A, B
&7 B— BB (K6 ) [T,

036103-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

4 32 % 3%  Acta Phys. Sin. Vol. 66, No. 3 (2017) 036103

- (a) -37.82eV 35.71eV - 33.87eV 31.65eV

1500+

1000+

Intensity /counts

500t 4

0 O

S T 9 o)o 09000

’ 38Bingir?§ energj;le\/' - Q IO 0 0 0 0
PO O

0 0.0.0 0

Q10 ©0-0 0 (0
8 N Yelle

=]

(b) 187.90 eV—i—wi =1 18748V
: 186.84 ¢V

3000 ¢

188.42 eV

1}
i
g 2] 0
< 2000+ (2) ] = (h)
> Normal sp’
3 s
% P
it
= 1000 oo Distorted sp?
. TS Ow
191 190 189 188 187 186 185 . B

Binging energy/eV

6 WBs ) X H2R i LT Rl 15 TR LA R L 45 H1L ORS00 ) b e e 2 g (71
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Abstract

Transition metal borides (TMBs) are hard or potential superhard materials due to abrasion resistant, corrosion
preventive, oxidation resistance and high hardness. However, few TMBs are superhard materials, so, discussing the
strength of TMBs to understand hardness mechanism is necessary. Moreover, there are superconductors, magnetic
materials, and catalysts in TMBs. But uncovering more functions in TMBs is important for finding a new kind of
functional hard or superhard material. While, high energy is necessary to synthesize TMBs due to strong B—B covalent
bonds and high melting of transition metal. Thus high temperature or extreme condition is necessary for synthesizing
single crystal or bulk sample with high density, which is important for testing physical properties. Various ways of
hybridizing boron atoms and high content of valence electron of transition metal are used to induce a large number of
structures and potential new properties in TMBs. Boron atoms can form different substructures with different content
of boron in TMBs, such as one-dimensional, two-dimensional and three-dimensional (3D) structures. These different
boron atom substructures can affect the stability of structure and physical properties, especially hardness, because of
the strong covalent bonds between boron atoms. Thus the structure and hardness of TMBs have always received much
attention. The multiple electron transfer between transition metal and boron induces diverse chemical bonds in TMBs.
All of covalent bonds, ionic bonds, and metal bonds in TMBs determine the mechanic performances, electricitic and
magnetic properties, and chemical activity of TMBs. In this work, synthesis method, stability of structure, hardness, and
functional properties of TMBs are discussed. The using of high pressure and high temperature is an effective method to
prepare TMBs, because under high pressure and high temperature the electrons can transfer between transition-metal
atoms and boron atoms in TMBs. There are not only stable TMBs which are even under very high pressure, but
also many metastable structures in TMBs. Hardness values of TMBs are discussed by different content of boron, the
high boron content or even 3D boron structure is not superhard material. Because insufficient electron transfer can
form the distorted B—B covalent bond which is weaker than directional covalent bonds like C—C in diamond. Thus
electron transfer is significant in TMBs for designing hard or even superhard materials. Besides high hardness, there are
superconductor, magnetic material, and catalyzers in TMBs, but there are many potential properties of TMBs which
are unknown. Further study to uncover the new properties of TMBs is significant for finding a new kind of functional

hard material.
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