$52% 43 wWEEERMHNETIR Vol.52,  No.3
2023 4 3A RARE METAL MATERIALS AND ENGINEERING March 2023
TiBN MRS WS R ESB MR

S S
(1. #%
(2. HIRT

2
2 e

hax

B E: XSRS G MR T MR TiBN BHE4 1

MR G, b RFEE

X F 2, KA 2,
WLBE R4 LR RE, L% #h3 224051)
UM TRE2: P, 1195 3R 224051)

RAS 4 2

B B 7E TiN s [ 44 . TiBN B i Boks B A R Bk 1K)
FIHOREE TIBN SRR G AT AL, A df 2 20 A 72 B0k

i Bm/NEERN 2 nm £

F. TiBN ¥k A S4B, BEZE N 2.655%10° Qm, T TiN. TiBy. TiCN 2P &kl . %5 4% 0] LLTE

580 ‘C/1 h %A T & Bt A TiN By &KL,
H LR S5 M PR B AR
BIF AR B AN R 0 82 FH B 5%

EHEIR: TiBN M. SHME: Bkl

FEESHKE: TF123.3 XHERFRIRTE: A

AR LB TiN & BURE K 500 ‘CLL L. TiBN #4481 0] F T i
[ B ZEVE A r s . R R A RS . AR M ADGAR s i i B AR . B AR T T A A

XEHES: 1002-185X(2023)03-0975-07

RAK EA T sk S Ear . et e s
Port, fERRRIRM, SRR e S S Ak 52 3
JEZ B9 TIN B4 NaCl 2 ik g ¥y, S —fh g7tk
A BALAY, N RS E 0.5~1.0 2 fa) A8 b, ixfiif5
FETE AN B AR E S TIN S, Rl 5
R — T E, Bl B, C A O %, Ahkic& K
R TIN (RS 003 . Yang 25 AP o — 1k R 74
HHEEREY, $B443 Tio I B MHET5 O HTPAHE
YER =R T, BIK Tio, =4k 1.0 uB [Kiei i
Fi. O MMEVEME TiN #A5R TION, BCAYGEH KL,
FAREH % 1.6 eVE, ZEXF TIN-TiB, 1k &4 EH#EAT SPS
FRAEEFURN RIL TiB, H1 B BEY #LE TiN, JERL TiBN
VAR, 13 A% 5 B 0.4243 nm #8502 0.4250 nm, i
Bl B feEa 2 TiINGL, [V B ik & eid @ i pem
PATS 3B k3% . WC-Co i &4 B it 5 Co. W
KA RN AE i CoWB A, B Co F1 W 3 3 AlLO,
FHRZEC, & B &BI&EMHBUIERE L B MR
IR, B B AR VI T D R T AR A 5
HIMEAETTR, TRT &NG KR HEET. 45 B
(0 ALOs ¥ 27 1000 CATYSRA 1R IF i #ka e 1B

AHFFE S B EVAS] TiN Fr R TiIBN kyikbt
kl. B TiIBN MR FEE KR TR ZEE . TiBN
W2 R A, T LA R 44~48 GPa, L TiN il CrN
w3 0, BT, PUEAREIER), B RN, fE

isHER: 2022-03-19
HEWH: LHANEAA (JSSCRC2021545)
e B ¥, %, 1980 4E4, i,

I LB LA, L5

B 0.54~0.73M3, LKAk 2V g Ra e i DL 4%
TiBN ¥R/JZ K75 £ EA WHEAS MR (PVD)M ik
SESARUTRR CVDM, PVD J5iE R TiB, S R AR K&
ARG Ny RAERNIER TiIBN /2. CVD k25
AILA TiClys BCla 1 N AE Ti U, B JEAT N R, &A1)
TE R R N3 PR AR A 2 I B 3RAS TIBN iR2 . ik
PVD i&s& CVD, TiBN iR)ZHIE#rT LA N, F1 B (1)
freh sk AT RN . TIBN REF T B SR LUAH|
12at%M°F1 18at%!%), SCER[13] A Ti F1 B A4 N8R FH
o B 2 I S8 D7 v 46 1) TIBN R Z 1 B 20 AT Oat%iﬁ
4 8.7at%. B %73 0.2at i IR 2 AL AR i 42K,

SEUREE RO HEX TIBN B2 Eﬁﬁkﬁﬁzﬁ
R, Ir‘ik[14]mﬂiﬁmﬁz§hu£§i7ﬂ£ F/H TiB,
BEAEFD Ar+Ny VA SR TIBN 32, KL NJJAr+N,
LA 0 BEINZE 0.2 iF, TiBN &2 Ti &M 31at%
P25 19at%; B M 69at%[% 2= 42.5at%; N M\ Oat%oih jin F
38.5at%, UL N & %5 Ti AR TiN.

N TR TiIBN AR B R IR, AR
FBMessik & T TiBN MARF#M e WA TiBN #
KA B éﬂéﬂ%*’m%%ﬁﬁ%, NP E TiBN #4
FH R G B — 2 g

-
K FE AR BIEEE R TIBN K. BERS 6

i 224501, E-mail: luping@ycit.edu.cn



<976 » WA SRR T2

52 3%

HAWBA BRI SR R 0 — Rk g T2, FLL
1 1o S LA FE A B LT AT A K TIBN B AR
B (A S B0 06 B o 5 £ B[R AR B I R 36 R —FE, AL
% B4C KBF, Hl SiC 254 FIR AR, i 45 J B bl 1
(1, Hrp i B,C ik B 71, KBF, 1L, SiC A7
HROT IR KDL L ARSI R R <48 pm, 4l
£ 98% M1 Ti ¥y R B NIBWIGE, % B i UG # HAE B g
W B INR ATHE P A 2 $)-0.1 MPa, A5
[ 47 76 N 95%N+5%0, TR & Sk, H R E 1N
~0.03 MPa; Jin#E ¥ 437y 580, 620, 660 700, 740,
780. 820. 860. 940. 980. 1020 °C, i} a3 1 h,
N TRV TIBN B AR K& L], £ 580 CREAT T 5 h
TR A BRI, TiBN MRS L Z S04 ki
JZ, R AR TR 5

TFAES 2 B E P [ B 70 R A 1A 2 RS T F)
WA K

KBF, =BF, T +KF (D

4BF, +3SiC +30, = 2BF, +B,0, + 2SiF, T (2)

+Si0, +3co
B,C+2KF+SiC+40, =[B]+BF, T +B,0, (3)
+K,Sio, +2Cc0 T
B,C+2BF, +20, =[B]+3BF, T+B,0,+COT (4)

3BF, =[B]+2BF, T (5)
2B,0, + 2BF, =3B,0, +3F, 6)
3B,0, =2B,0, +2[B] (7
4B,0, +6SiC + 6BF, =11[B]+3BF, +3Si0, (8)
+3SiF, +6CO T
Ti+B+N=TiBN (D

mfb 2 e N RE RS (1)~ (9) AT, [EA B 7=
A HIE TR F[BIRT N —i2, nI5 Ti By RAEMEZE RN
A/ TiBN.

KM AR EIER % Ag-Ni-TiBN #7818 & B
MRl Bk Ag ¥ ChiE 50 mm, 4R 99.9%) . Ni
CPEIRIE 10 mm, 40/ 99.9%) 1 TiBN ¥ Pk
FE 20 mm) % E L 75:20:5 &G EAT EERBENL IR
45 h, #3500 r/min; RAIFEHGOTERR, BB A
10:1, FTE/K CEEAEREFRIFEGIF): BREE 5 R RAE R
SARP N, 22550 CEN IR KAEFLG, TEMENL
PR EA &R, 5/ 300 MPa, f#)E 30 s A
@20 mm MEHL, FBERERAERSRAES N 780 C
B4k 15 h #l Ag-Ni-TiBN E&MEHEER, BEEE
860 ‘C. 1500 MPa HJ#HF Ik T 254 1F T8 R kit
JE PR @1.35 M2ht, & LIRRIHI& T23R1EM
Ag-Ni-TiBN #5522 b (11 e .

K JSM-5310 (JEOL, Japan) F3iHL 7 & i se

(SEM) HEAT M3 AR JIURL 55 0 42 R RR 4343 BT » K JEOL
JEM-2100F i 5 Hi % (TEM) 34T A B0k 4 2R 454 o
Mo b AR TBE LR Y HR P B 3 40168 7 R Bl R
SECT, FHEAR 3 mm SRR AR, s S R s
FEfh . K D/max 2500pc (Rigaku, Japan)Zd 5447
B R AR HIARAL A M . B DM 2.12°(26), Cu Ko #E
(40 kV, 250 mA), I 20 JEFE N 20290 FHHHE
0.029s. FI Malvern R EEASCRE I A FIORLFE

SKH ST2742B A4 5 5l A i BH 22 MR (I3 S

HFHRARD MEA BN AR B R R AT
T 74D DT SR FH U ity - 22 P A O FELREL . 7 [R5 22 A
M TiN. TiC. TiCN A1 TiB, HrRHIHIR, 54K
TiBN #7714 B H 28 AT % HE

2 SLIGEER

2.1 TiBN #$EREIMFL S

A% TIiBN By oK i R4 A Dgo=19~38 pm, 2K
BIRAS . FA%E % N 0.781~0.855 glem®. & 1a S &k
K SEM JESR, IR7E 820 “C/1 h £k TiBN M A Wik
B, B 1b F1 1c 2Kl la XIR EDS oAl o
BN Ti fI N JCERM . HE la~lc Af0L, #ARM
K5 Ti FIN JeE—— XN, Ul BRURLIE] I 40 Ti AT N
JLF. HT EDS &kl REEAEEM B LRY &
BG, BARIE] B STTERIE A A Ae il 2
e O Il Si TR,
2.2 TiBN #>K XRD 774t

] 2 42 580~1020 C il B Y [l P9 AR I 1 h & Bk K 1)
XRD &3 . [E157 = 1 27 580 CHY, & Rk A1) XRD
S HT R H ) TIN (PDF 38-1420) At m, {HZ&
AT o LU 5 Bl B BRI ()3 BTt v T S i
B, P RSN, AH L RS R I,
M S HMBE A R B I T S, il 3 iR, Ak
LR £ 580 ‘CTH 2] 700 CHY, [ BR &R FiREN Ti did
TERL Ti(N) 2SS 2K, LI 7E A% A7 K= N
AL, A RO R I A R AR, R Ti(N) B EE
WA R i R LA, & iR T 700 °C
W, B R SR B = T TIN, 353 a=0.4242 nm LA L,
BT N AR AR A B JE 1[5 7% 2 TiN sk . Chul*
2 NFBARGE JFUELE 1100 CE R TiN 154 5 B0k
a=0.4240 nm, fKF7£ 700 “C PA_LAEH TiBN B A 1) i
L

7E 700 °C LA R AR X A 55100 A 140 & o B o0 AR 78
TiNO.9 (PDF 31-1383. 0.4239 nm)#1 TiN (0.4242 nm)
21l FEA AR T 700 CHE, £ R4 i SR i %
=T TIN, B B B S TiN kT S0 N 26,



%5 3 Fli 5 TiBN KRR G RG OREH R L T B v RE R 5T 977 -

Intensity/a.u.

| e
q ,"\__v-;“"’,"’\q---—-—,--_,_._r......,....JJ \)I j\
0 1.0 2.0 3.0 4.0 5.0

Energy/keV

1 TiBN ¥°K SEM JE4H K EDS Ju % M4 1 fll EDS REi%
Fig.1 SEM morphology (a); the corresponding EDS element mappings of Ti (b) and N (c); EDS spectrum (d) of TiBN powder synthesized

at820 'C for1 h

Ti2N-v TiN-¢

20 30 40 50 60 70 80 90
2019

2 7 580~1020 ‘C& ik TiBN ¥y A XRD [
Fig.2 XRD patterns of TiBN powders synthesized at 580~1020 C
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Fig.3 Lattice constants of the powders synthesized at 580~1020 ‘C
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Fig.4 Morphology of the particles (a) and HRTEM micrographs of TiBN powder synthesized at 820 “C for 1 h: (b) SAED pattern and labeling of

the particles; (c) high-magnification image of area A in Fig.4a, showing an amorphous layer on the boundaries of the particles and the

microcrystals in TiBN particles (d-f); high-power image of Fig.4d (g); FFT stripes of Fig.4f (h); high-magnification image of area B in

Fig.4a (i); FFT fringe images of the junction of two grains (j, k)
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Table 1 Resistivity test results of various powder materials

Material Resistivity/>10° Q m Pressure/MPa
TiN 9.9 24.05
TiC 8.83 24.24

TiCN 9.7 24.05
TiB, 9.4 2412
TiBN 2.655 24.01
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Table 2  Performance comparison of Ag-Ni-TiBN electric

contact head with similar foreign products®!

Material Density/g cm™ Hardness szls(;sstg'tgl/
AgNi20TiBN5 9.25 911.4 MPa (HV) 2.69

AgNi20 10.13 715.4 MPa (HV) 2.01

AgNi30 9.97 784 MPa (HV) 2.26
AgNi20 (Japan) 9.80 60 (HRB) 2.46
AgNi30 (Japan) 9.60 70 (HRB) 3.13

AgNi20 (Russia) 9.70 637~882 MPa (HV) 2.5

AgNi30 (Russia) 960  539~784 MPa(HV) 3.0

AgNi20 (Germany) 10.1 588 MPa (HV) 2.13
AgNi30 (Germany) 10.0 637 MPa (HV) 2.38
AgNi20 (America) 9.50 784 MPa (HV) 2.65
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Fig.5 Microstructures of the electrical contact material with different components: (a) AgNi20TiBN5, (b) AgNi20, and (c) AgNi30
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Fig.6 XRD patterns of powders synthesized at 580 “C for Land 5 h
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Synthesis, Microstructure and Electrical Conductance of TiBN Powder

Lu Ping’, Liu Shuangyu?, Zhang Qiutao? Zhang Fulong?
(1. College of Automotive Engineering, Yancheng Institute of Technology, Yancheng 224051, China)
(2. College of Mechanical Engineering, Yancheng Institute of Technology, Yancheng 224051, China)

Abstract: In this paper, a TiBN nano-powder was synthesized by boronizing sintering method to form a solid solution of B in TiN crystalline
structure. TiBN powder exhibits a specific micro-nano composite structure composed of TiBN crystals and an amorphous nanometer-sized layer.
The amorphous structure is mostly distributed along particle boundaries with a minimum thickness of 2 nm. TiBN powder shows combined
ceramic and metallic properties, and its electrical resistivity is 2.986>10° Q m (better than that of TiN, TiC, TiCN, and TiB,). Solid dissolution of
B into TiN increases the number of valence bands and conduction bands near Fermi level, contributing to excellent electrical conductivity of TiBN
powder. This proposed method can synthesize single-phase TiBN powder at 580 °C in 1 h, a synthesis temperature 500 °C lower than existing TiN
synthesis temperatures. This TiBN powder synthesis route can be used to prepare bulk materials in engineering materials industry. In addition, it
has attractive research value and broad application prospects in photovoltaic cells and energy storage collector applications including lithium
batteries, supercapacitors, and fuel cells.

Key words: TiBN powder; conductive ceramics; boronizing sintering
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