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Abstract: In order to solve the problem of accidents in the hole encountered in the drilling project, cutters are used for
accident drills. However, rocks could be cut when drills are cut. Therefore, the friction and wear tests of
polycrystalline cubic boron nitride (PCBN) against the Si;N, ball are designed at different annealing temperatures based
on the complex working conditions. Optical microscope, X-ray diffractometer (XRD) , scanning electron microscope
(SEM), X-ray energy spectrometer (EDS) were used to analyze the influence of heat treatment on PCBN and the
tribological behavior of PCBN against the SizN, ball. The results show that: After annealing treatment above 800°C,

PCBN binder oxidation generates T10,. Furthermore, there is slight adhesive wear after PCBN at annealing treatment
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of 800°C against Si;N, ball. Adhesive wear is more serious after PCBN at annealing treatment of 900°C against Si;N,
ball. However, abrasive wear and adhesive wear coexist after PCBN at annealing treatment of 1000°C against Si;N,
ball. In addition, friction coefficients of PCBN against Si;N, ball are associated with the annealing temperatures.

Key words: drilling accidents in hole; polycrystalline cubic boron nitride tool; drilling; friction and wear; rock
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Table 1 Comparison of properties between PCBN and cemented carbide

R o/ i Y A [CRERE HL/ R E R 6/ K R B o/
Hhg ,3 1 ; - o
(geem™) [We(meK) ") GPa C (10°K™)
PCBN 3.48 80~100 35~45 1300~1500 3.5
A 4 15.10 54 13~15 900~1000 4.5

J1 2 E R B 2 AR K 0 U E A R
1) T v AT BE 2 B A T L R R DXL BF 5 100
XF PCBN #4451 15 1 52 e J2& OR ik 77 50 41 %) (Y &
BN Z — . Abrao % HFIT & B, I B D) H
JE F 25 RE U)HI IR E RN D 5L AT, 5 B )
ELRA R S R 2 5 |k T 2R EE T U0 IR
JEE R ARG 5 D0 I Ao X8k R B R T 3k 1500 °C
Shalaby %' 5¢ T PCBN P Hil = 2 9 1l D2 T. 240
AF 1) 1 5 00 R =2 R A 0GR, & B U IR
Wi 5 70 50 SR 88 T R S R N, 24 D) ) R
130 m/min B 9] ] B2 AT 3K 2 1000 °C, Ren 5548
tH PCBN DI 6 5 44 4 i, 0 1 ik 8 %) 3 3 52 39) T
A Bl R 2L 25 A 5 0 A 0 2 2 A A o DD 3R R A
B . Harris 25740 81 T 36 XF PCBN Y520, &
PR I R R T, ) B R AR TR ML K AR T AR
ft o Chen 45" i &3 SR FH P9 A AS [7] A 4 Hi A 000 308 5

2531 7 PCBN X BE GCr15 il & 4K i 171 ) 5 5 L 4]
F B R] 5 U0 ) 3 3 22 TR0 O FR 2 B U0 0 AR 5 s
[E1) (10 388 o0 i 32 0 38 0, O 5 2 T OE M OG | B TR
A 35 %] 1000 °C,

BEE DL EAFgE & B PCBN JJ H 7 U) H) iEEE 3k
1000 °C, Jf H PCBN JJ H. 5 T4 4% fild ik 7 18 | 1) e
F1 Al ik 2~3 GPa'™ Wt 7] B & A R 4 R ATk A
(4 o 0 FH Ao S 01 1 T LK 2 A L D) I A 4
e HL I AR B . PR 9E PCBN JJ HL B8 453 AL 2R
B v U) BRI R AR LB Cerce %751
Br 7 PCBN Y HIl K 5 2k (4 85 45 HIL ), & 3078 U1 1 34
S T T At 1) A7 A6 B J5 0B AN S R, R T 4 R Rk
i o AR (14 A7 A 3 T S 53 5 T B s 1 9 A A
15 | AR T 0 L % A T 0 D T S A [ R e A
SR ) A Bh T 8052 B RS 81 19 & 4= . Braghini
SRS AR AR/ v A ) TR B ) VA R AR



12 B R T 7%

202143 H

ML ] R RS ORI B R R R A TE . Liu
EEE T PCBN JJ B Y HI GCr15 fill 78 4% 1 155 451
T X, % SRS 2 IS 40 2 i ) T A S B AL B
7 B8 401 2 7 ELO 1hT A B S AR ML . Yang VR
3% T PCBN JJ E Y1k oK 16 4 19 171 38 1 B85 453 AL o
S B0 3 AR AL A A R S AR SR A 1h A B 4
152 G B U 2.

I A, AR R 4 o AR BRE |, JT B 4G B
T ] 6 Ak Sk 70 HLb kL5 B 2 8] AR AS R T A% 1R
TN JBE B B A ] Ok TR 5 R R 2 T R
BEFE B VR 2 W0 F R 58 T PCBN 8 (%) B8 462 %
. Watanabe %5/ # % T PCBN #i i, 3¢ 0 58 T M
AN TR T B ) A Rk 1 PR 482 M B Y KT B N 5 B BR
14 JEE 488 2R BN 0.25 224 XoF 85 4 W1l A IsF, i 5 28K A 18
JEE 45 22 B0/, B A AT K 0,065 5 214 Xof J85 28 4 Wil 1
TR B, 2 PR G R A BE 4B R B A 0.075
Chong 2" WF 52 45 1 PCBN X JBE & Ak ik I 114 B8 452 2
L 0.42,

H A, 2 2 65 PCBN Y)Hil T 5T 4 Ja b1 Rk i 5 4t
HLER K U] I #46 PCBN (14 5 Wi 48 $E AT 7 112 1 IR
A58, FLBCIG T KA 25 090 98 s S o SR M
PCBN JJ HAEVIHI &G By B A & 5 A &k
Y1, BT PCBN 5 8 41 44k 0 158 4651 8 2 K
JE AL BRI i A G0 o DR e AR BF A AT U B AR TR
rh il L b B ) R, 2 R R B S e 0 TR
KL FE X PCBN JJ H 19 52 Wi 4 55 5 [7) B X 5 4 19
FE LT SEN,, HF R T SRR SO EE T 1) PCBN &
A R B S1NLER B IO BE 52 S A8 . IR F SR
TR0 Al 1 b L i b T ) AR A T R 0 B
63 M AR

1 XM RFE
1.1 X5k

AR 5k FH A 41 R PCBN & & R fil & L ik
BR(Si;N,) , W Fh A4 R 9 B R AN 26 2 iR o Fr ke
FH i PCBN & & F J2& 4B JH 550 1) 68 6 b1 kA7 BR 28
AR ZE S R ARSI, AR 12.7 mm, &
JE B 4.0 mm, 40 1Ca) FL(h) i . B 1(b) Af
LIt PCBN JZ )R FE N 1.0 mm, Bk fb 9 2L K 1Y
JE R A 3.0 mm, 7E PCBN 2/, 37 J7 E AL B (Cubic
Boron Nitride, fij #k CBN) /& FL & &= 294 75% , If H
Joe 45 K 45 77 o TIN A1 Al MW 1(c) T LU

CBN i B2 9 K 45 70 A0 A2 6, JF B CBN & s (19 °F 3
Rt 2~4 pm. A B0 26 TG SiNLBR , HE#TIT
T P B R A AT R T A LR 6
mm ({1 1d s ) .

&2 PCBN # Si;,N, B4 312 14 R
Table 2 Physical properties of PCBN and Si;N,

MEfE/  MEE ARSI/ ER/(We/ AR

R GPa  Ji/nm GPa (meK)!) 54

PCBN 35~45 40 590~680 80~100 0.19
SiN, 14~16 20~30 300 16~29 0.25

1.2 B kab3g

IR ok A BB e 0 R R b b S B A gk 2% AX
P BR S E] A g SX,-5-12 B 46 =X s e BEL
Ka i B 98 B0 2R i e 5 A AR B 77 5B A [R] B
RE R P A 3R BE Y LR 600~1000 C 22 18], ] 1
HERAKET B PCBNE A HE T d, 1600,
700,800,900 A1 1000 “C 4 i & T 1B k &b # 30 min,
FH Pt=10% Rh # Ha {5 45 il 15 B, I 25 8 £20 C B
KGR ERE S TR N EE R HiR
oK Ak B PCBN FE i 43 530 FH AR R0 RS 75 3 ok
20 min. FEZIAE AR AL FE A PCBN A (i
PCBN) He# .
1.3 BRI

AR 56 B MS-T3001 %1 Bk 4% B 82 31 ¢ 47 g
P, % AR 2 H v B 22 N AR AL B B R A PR
w) A, L E AN 2 BT . SN ERE: i S7 40
SE, H AV F PCBN #0978 B8 48 2% ik o,
PCBN [ 2 LA 3 mm Y JiE % 21 42 F1 300 r/min (i€
T B By, 6 N 4R TR R 94.2 mm/s. T Bl (]
k30 min, B 4 169.56 m. ¥ 17 2 fif A 10 N,
AHNE (4 X () B ) 6 22 4% filk & 03 2 1.46 GPa. Tl
T2 300 ) 0 A R RE 29 O 35 % . fE FE IR B 2 A L, ¥
FIT AT Si;N, BR A 28 #4440 3 PCBN 43 3l 76 A i A1
TP B8 75 3 U 20 ming A AHBL A T BE R AR A 1
LR E S WK BN, FERERE ST AR
5 I AR AT Bl
1.4 LR AR T7 75

TSR PCBN Y B 45 40 300 R0 X 5 35K 1) 5 3
AR 6 1 G o B L o G R X R AT SR
(XRD) . 4l B 7 8 5055 (SEM) Fl X 5 26 fig 1% X



A8 3

B 5 A B B TR S 5 A D L R A AT Y 13

(a) PCBNIE J

(c) PCBNFF: b R A FE B I

50 pm

(d) SiaNFE

B 1 CBN#RRIE
Fig.1 The image of PCBN

Wi
Se
w R
R
|_ FES e
eI € e &

2 T3001 BEZEERXENRERE
Fig.2 The principle diagram of T3001 friction and

wear testing machine

(EDS) 4 #7118 & i B X PCBN A9 52 1 A1 PCBN X
J S1N, B EEHE 24T 2R

e AR 356 R FH 9 6 2 W REE 2 AR AR
B 387 (Olympus) 42 7= 19 BX51 8, XRD 5 4 D/
max2500(Cu Ka,A=1.5406 A) , F % H (1 & 55 %
R JOR EE T PCBN W AHZE AL . SEM FILEDS J& K
TR AR k5 PCBN [ 5 W 55 T 2 40 A o 4
[C A & 3 2 H Buelher 23 & 45 77 19 Micromet—6030
Y ) e R R ) 72k O 9.8 N AR FEHE] Ry 30 s, A%

SIS TE RN FE S RS A 5 AN B I O YR R,
FrH 1 HV 2T 9.8 MPa#Ef7 B 6 5 ,

2 REHER5ITR
2.1 1Bk PCBN Ay RE 4 AIE
201 R T R

Bl 3(a) s T A AR ki B 5 PCBN () fifi 2
Ak, BT S, PCBN [ B bl 25 38 iR B 1Y 7
o T BTG o {HLJ2: 800 “CR Kk &b LIS B i (14 B JiE 4%
700 CHRYA B4, #Ei0 800 °CiB K kb 35 A /b 2 A Ak
W AR, Ak A A BT LS SR B R ARG .
900 “CH1 1000 “CHY A B T 88K 0 S Ak, DR i Bt g
AW F B, W IR PCBN i 8 & o 40 GPa, & it
1000 ‘CHYIR S5 8 2R B % 13 GPa, HF B3 TE
900 “CAHI 1000 “CHf 2 il BTt . X5 Liu & W 58
S5 LIS A R R 1Y o IR P T ARk B g |k
B o H SR R 4 e 700 “CIB ke, 26 1 A R PR
% 173 HV(~1.7 GPa) , # it /N T Si;N, i B & , iX
R E WA 7L 700 CIR KA IE A
YIH) SN AR, 7 ff P AL N S5 5RE , by - e s ol
Az 1000 “CZe A7 B YT HIT e, A 7 sk Gt fiff 31 ) A
T RE R PCBN 22 LU B 5 A 4 44 ) B8 BE FRIE



14 B R T 7%

202143 H

JEF 7 K

r%ls(b@/%TKIﬁJLMﬁF?FPCBNE@%EE
HLURE B A2 4k, 5 % I PCBN M L, 48 1 600, 700,
800 CiB X J5 ,PCBN E@%%E*E*LHEWEE Hzit
600 “CHA AL F 5 14 2% TR B B (B eIk . 4R, & it
900 “CiR ok Ji7 1y 7% 1H FH BE B {8 35 &5 , 78 1000 CH X
REAR . ik — Ui T 223 1000 “CiB k5 ,PCBN 1
YR kA T AR KA,

50r

#9600 700 800 900 1000
B KIEE/C
(a) AN[AIE Kl 5 PCBNFI i 5 A8 1,

S
T

HEREFZ /um

iR 600 700 800 900 1000
BKIREE/C
(b) ANIFIAE A8 J5 PCBN R 2 T FHL S 13 A5 1k
B3 AFEEBMNEERPCBNE LN
Fig.3 Changes in PCBN after annealing at

different temperatures

2.1.2 WiAHS BT

h T i — 25T AR KR E X PCBN (4 52,
i T PCBN MW AHAS A Cn /&1 4 fif 7 ) o ol LA 7
800 “CLATN , Wi iy {7 ' A5 & LT 1% A A8 4k, It %
Wl PCBN A7 R AF i #4k o b4, N I PCBN
i 2 ml L&, PCBN A9 Kl 25 55 45 J2 TiB, . AIN Al
TiN. 2 Bl 5 18 KO T, W s B R AR T
MR o AE 900 CAT 1000 °CR BH S 4G I 2158 (19 T10,
%, 5 4h TiO, B 5% B #E 1000 C RS 38 Jin, i CBN .

TiN HTiB, 40 7% A7 Sz 8 3, X R W 7e 28 5 iR

AL PR AR BT THO, AR AR L 3X 5 2T R Y
R
— ¥R — 600°C —700°C * AIN o TiN
—800°C —900°C —1000°C ¢ TiB. 4 CBN
v Ti0;

v

30 40 50 60 70 80 90 100
20/(°)

4 AEHRAGEE T XRD
Fig.4 XRD patterns after annealing at

different temperatures

2.1.3  RIHIEH 5T

K5 R TR K5 PCBN R EIE S . B A
TP SO TR IR B jﬁﬁmmnr%x_
800 CHI . 5 & 5(a) H i % ik PCBN AH [t , X4 iR k.
YL R 600 °C (& 5b) Fl 700 “C (&l 5¢) I, 2 ifi & 51
AR . B2 800 ‘Cil k &b FE 5 , PCBN
Feum B X, R LA EE E 40N 1
20, G 5(d) R o 438 kO EE 4R 3 900 CH L X

L T 2T AR A5 Ok R K I LR 2 TET AN B AE 4

B 5Ce) iR . 7EE 5() it 78 19 1000 °CilR 2k 1) FE &
TRl DL R R T AR T
2.2 FEEHIA
221  PEEEFRE

A [RGB ok e EE 5 PCBN/SELN, 1Y FE 48 2 %
(Friction coefficient, faj #k CoF ) N E 6 fi s o ASHE %
P, % i PCBN/Si,N, 1y CoF 28 LR - Fa , e & 54 &
HAE 0.45 7247 o AL 4T 600,700,800 “Cil k b #E
J& , PCBN/Si;N, fy CoF 5 # i PCBN £ i A1 b
A B0 A 1 2 18] AR AR O AR B B, CoF R LS
BAE AL T 0.47~0.49 ¥ [l N . A& 3t 900 “CiR k
Ab PR, PCBN/Si;N, ) CoF f & Fa € 78 0.68 £ 47 .
i8R H TR RE R 600~800 CIR Kk Ak F Y RE & A I
fETE M R 22 5%, J 5 &5 F 800 “C LA R M #E i o



S48 3 G 52 A B B TR & S 5 A D B 45 S AT

15

=

(a)25 C

(e)900 C

1000 “CH# AL B 5 (14 FE f CoF £ 2 (E R BE T % IR
FE b AT 600~800 “CH# ik HL 2 J5 (1 A% &, (H 2K F
900 CHYy CoF, N 0.5 &£ 47 HF I B F+, 35 3] 0.61 )5 &
AR e o
2.2.2  XFEEERFI PCBN B8 5143t

h T 385y i CoF 5 iR JOiR BE 22 18] 1Y OC &, %
PCBN R H MBS AT T ik —PF5. BI7TRRT
FE SLN BRI T A B 5 IR 50 T 285 A O 27 0 1 R
R, AT RLE SN BRI Y 5 50 2% 10 B (R )2
P Qin S5 A B9 & B, X SE (0 Tk 2 O T R 4
T2 TR ORI 7 A% R, 33 S 2 8 RS 3] T A 1 R
IS 8 VR T RO, B DA O R — el el B R [
1y A OGO 5 3R WO 0 B B8 TR Y DR A

(£)1000 C
BE5 7AEIRNEERHPCBNRESEM E&
Fig.5 SEM images of annealed PCBN at different temperatures

091 —— i ——600C ——700T
08k ——800C —+—900C ——1000C

0.7 7

051

031

0 10 20 30
B 7] /min
6 A[EHRANIREER PCBN/S;N,H CoF
Fig.6 PCBN/Si;N, CoF after annealing at

different temperatures



16 BAR T 202143 H

AL ONE 7 oA Rl LUE B IR PCBN X 8 Bk B SiNL ER AE X B B0 1 PCBN AR & B 8% 8 HE 3
B B B AR R K, 29N 822 pm , X W] RE 2 1 TR IR IEEU
PCBN (7 A% 3 78 1 K T~ SN, BR A B, Fir DL AE X 45

(a) ¥ (b)600 C (c)700 C

(d)800 C (e)900 C (£) 1000 C
E7 AFEEEIRNAIEEPCBN 3B Si,N, Bk i E B E %

Fig.7 Wear spot images of grinding Si;N, balls after heat treatment at different temperatures
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