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AR SEM BRRW  Brie /I A 82 B A BRI BIE 69 XRD
GRS 2 0 AT LB AT 35 R /N R LY Fig.1 XRD pattern of starting material

— B, BRI 0.5 110 pm,

2 WK AR SEM B ((a) 0.5 pm 4 WA # . (b) 10 pm 4 Kl 8D
Fig.2 SEM image of starting material ((a) 0.5 pm diamond powder, (b) 10 pm diamond powder)
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56 5 U A 45 MPa, in#AT R 2.1 kW, 6 7 ) 52 B R g R0 S B il B 4304 5.5 GPa #1500 °C,
G5 T — PR R — I — ORI — BRI — R S R 25 AR LA B & AT Y S B A T

it FH 4 I 8 6 G B0 PCD R S 147 2R 181 D' Ak B, AR J5 6 JFL A 8 3 . S 6 T PR
S H = FV-700 BIZE FCREFE 1, NEEE S 49. 0 N, Sk R ARE i Z S5 BRI (] 15 s, BN AE i 1 18 B
W& 4 A ERAF 1A SR TR,

Pyrophyllite — vzg;gﬁgo 60k — Pressure curve 4
Steel ring — Power graph
Graphite heater st 3
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Molybdenum capsule 15k 1
disc Mixed powders of
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Fig. 3 Bi-layered assembly of experiment Fig.4 Temperature and pressure condition
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Table 1 Vickers hardness of PCD samples
£ H,/GPa
% T/C ¢t/ min - - -
§ »=5.0GPa »=5.5GPa
'g 5 15—22 15—22
= 1300
£ 15 15—22 15—22
-
.;—) 5 53.03 32. 14
1400
15 47.08 50. 33
10 5 19. 22 18. 36
L ‘l_ L I_ _I I— 1450
1300 1350 1400 1450 1500 1550 15 30. 84 52.56
Temperature/°C 5 21,922 42.97
S - T X 1500 . g
PS5 RTRNR T & i PCD R i i) 4 PG A 15 39.95 57.03
Fig.5 Vickers hardness of sintered PCD samples 5 23. 40 39. 14
1550
at different temperatures v 15 48. 40 43.97

2.2 XRD #1845 #

X SEE A LA PCD R b 2F 17 3 ik i G AL BR L SR 5 XA S 24T XRD 4387, &1 6 S & L PCD FE i 1y
XRD Eli&% ., m& 6 al %0, & L PCD FE & HPA7E 78 S 5 A A WA AL 85 8 3 Rl oy . AR s A &
H 5.5 GPa, iR 1500 C, RIRBT IR 15 min, B 7 HSLE A 8 PCD #F i 0 W7 &, 5 al DL i
WER 32 AR AEE X, MRS A X1 4 0.5 pm 4 NG ROk HIEE 28 0.8 mm; X1 2
A 10 pm S RA K R 1.4 mm; X3 3 5 WC-16 % Co LK, JE LN 2.9 mm,

1200
v
1000} = Co
v Diamond
800 * WC
2
‘%z 600F
g
S 400}
b on -
200 + . I Y s
o ofle o
O L
20 40 60 30 100 1 mm
20/(°)
B 6 5.5GPa.1500 CF A& PCD £ & 9 XRD i B 7 4k PCD RE S I i [
Fig. 6 XRD spectrum of sintered PCD at 5.5 GPa and 1500 ‘C Fig. 7 Fracture surface of the sintered PCD sample

2.3 SEM FSRFEFLE BT (EBSD) 47 #7

D—D HEEE A5 DU T H 2 B2 PCD FE S B AP IR A & EZAE R . 8 T WA A L PCD A i
T D—D P EEA O, I AE X SE R A B PCD FE S EAT 24 h SRR AL BE , SR 5 X R Ab BHS A9 A o
1 SEM PR, 4 &l 8 R . X 8 () HE AT REAR GE 3t vl 45, & AL AY PCD A 5 A ki R SF 358 326 nm,
BEAk B8 T LU BIVE 2 0 A/ INBURE L Uk B FE R I8 2 4R B 4 A A R & AR TR L i — 2B AT
& 8 WA, & B PCD FE i i AFAE K& B D—D 8. XS EF7 i BH I & 2 7 , 7€ 5.5 GPa.,1 500 °C f}
TELHE N 15 min 54 F A B PCD RE S 9 LB AT 35 1. 553 Q. fr it nf DL E A 8 PCD KE S P A7 16 35
K D—D A IEN .

Co fE R EEES R AEAE TR S, LA S B F R4S M I R B A ER RN S HEMME. MRE
R Ab # A PCD #£ &4 T EBSD 4387, LLULEE Co FERE M I 3 A i B . & 9 S & 1 PCD A 0 1]
B BB B EE A Co, 1T LA L Co TEAE S P 3 A e 83 50 s LUFLIE AF AR T 4 NI A B0RL Z ] I
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KR RAEE —RAEN . X R R (LB 9(b)) kB, Co £ 76 T 4 WA UKL 22 1], I 58 79 4: NI
A1 URE 22 (8] HE B A4 B AL B

Kl 8 5.5GPa,1500 C F& MIHK PCD #: i Zid BRAL LS ) SEM [&]
Fig. 8 SEM image of sub-micron PCD sample sintered at 5.5 GPa and 1500 °C after acid treatment

K19 5.5 GPa,1500 ‘CF& MIEHAK PCD #E 4 19 EBSD &
Fig. 9 EBSD image of sub-micron PCD sample sintered at 5. 5 GPa and 1500 ‘C

2.4 BEIE(EDS) iR

T 3A% Co FEA B PCD A& b By & 1 XT & iy PCD FE i 54T EDS fgig4r#r. B 10 A Ak
PCD Hf i i 2 181 BB 15 A, b 21 1 @ R Y A R ISR MR R AR 5% . 3R 2 il i EDS 2 #1 15
F19 PCD A S R 2K 0 R W& i, Horh w Fll oy 43 51 8 i3 2 43 E50ORT4 o %) 1 43 85, fR 3R 2 mTAT, Co 1)

R 13.84%

Intensity

6 8 10 12 14 16 18
Energy/keV

Bl 10 5.5 GPa.1500 ‘C F& MK PCD H: 4 EDS
Fig. 10 EDS image of sub-micron PCD sample sintered at 5.5 GPa and 1500 C
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Table 2 Element content of sub-micron PCD sample at 5.5 GPa and 1500 'C
Element w/ % x/ % Element w/ % x/ % Element w/ % x/ %
C (K) 77.70 92. 80 Co (K) 13. 84 3.37 W (M) 2.69 0.21
O (KD 3.69 3.31 Mo (L) 2.08 0.31
3 & it

PL0.5.10. 0 pm 42 W7 S0B W 36 85 BE . LA WC-16 % Co by BE TR A1 RE, A1) T 72 i 20 6 X1 400 t
R A 6, DLy R 7 i PCD 16 UL 34T TR R ESL I, JF X & A f itk A7 1
— ZRBVI AT R, BB,

(D PEREME S 1 ROK 2 PCD R AT E A W T 28 K J1 5.5 GPa, i 1500 °C , {4 il 5 8]
15 min, SEEA AWK G PCD A i i B2 3K 3 57 GPa, i 8 Tl ™= 8 .

(2) filfi 43 J2 455 09 )5 vk ml LA Co 240 i3 BAE PCD #E &b, 3 58 6 4 WA J80kE =22 el A 1 54
TE LB AT PR IERE § 25 3457 L = i PERE

(3) I J3 R I B ) X B B PCD A i M BB HL A AR IR %) 52 Wi 368 3 % B0 %) 90 5 0 £ 3 ) T LA
G PERE R AF 1Y PCD AR .

S 3k

(1]

(2]

(3]

[4]

[5]

L6]

[7]

[8]
(9]

[10]
[11]

[12]

[13]

KANER R B,GILMAN J J, TOLBERT S H. Designing superhard materials [J]. Science,2005,308(5726) :1268-
1269.

HUANG Q.YU D L.,XU B, et al. Nanotwinned diamond with unprecedented hardness and stability [ J]. Nature,
2014,510(7504) :250.

ZHAO Y,.HE D W,DAEMEN L L,et al. Superhard B-C-N materials synthesized in nanostructured bulks [J].
Journal of Materials Research,2002,17(12):3139-3145.

IRIFUNE T,KURIO A,SAKAMOTO S, et al. Materials: ultrahard polycrystalline diamond from graphite [ J]. Nature,
2003,421(6923) :599-600.

CHUNG H Y,WEINBERGER M B.LEVINE ] B.et al. Synthesis of ultra-incompressible superhard rhenium diboride
at ambient pressure [J]. Science,2007,316(5823) :436-439.

DUBROVINSKAIA N, SOLOZHENKO V L, MIYAJIMA N, et al. Superhard nanocomposite of dense polymorphs of
boron nitride: noncarbon material has reached diamond hardness [J]. Applied Physics Letters,2007,90(10):101912.

QIN J Q.HE D W,WANG J H,et al. Is rhenium diboride a superhard material? [ J]. Advanced Materials,2010,20(24)
4780-4783.

TIAN Y J,XU B,YU D L,et al. Ultrahard nanotwinned cubic boron nitride [ J]. Nature,2013,493(7432) :385-388.
TANG H.WANG M Z.HE D W,et al. Synthesis of nano-polycrystalline diamond in proximity to industrial conditions
[J]. Carbon,2016,108;1-6.

BUNDY F P,HALL H T,STRONG H M,et al. Man-made diamonds [J]. Nature,1955,176(4471) :51-55.
SKURY A L D.BOBROVNITCHII G S.MONTEIRO S N. The graphitization process and the synthesis of diamonds
from a C-Ni-Mn system []J]. Carbon,2004,42(12/13) :2369-2373.

HONG S M, AKAISHI M,KANDA H,et al. Dissolution behaviour of fine particles of diamond under high pressure
sintering conditions [ J]. Journal of Materials Science Letters,1991,10(3):164-166.

YAO B,WANG A M,DING B Z,et al. Study on structure of a new binding phase in polycrystalline diamond [J].
Journal of Materials Science Letters,1995,14(13):931-933.

023302-6



532 % R A < SRR 3R < A A e L v R R A %2

[14] HONG S M, AKAISHI M, KANDA H, et al. Behaviour of cobalt infiltration and abnormal grain growth during
sintering of diamond on cobalt substrate [J]. Journal of Materials Science,1988,23(11):3821-3826.

[15] HALL H T. Sintered diamond:a synthetic carbonado [J]. Science,1970,169(3948) :868-869.

[16] KATZMAN H,LIBBY W F. Sintered diamond compacts with a cobalt binder [ J]. Science,1971,172(3988) :1132-
1134.

[17] WILKS J,WILKS E. Properties and applications of diamond [ M]. Oxford: Butterworth-Heinemann,1991.

[18] AKAISHI M,OHSAWA T,YAMAOKA S. Synthesis of fine-grained polycrystalline diamond compact and its microstruc-
ture [J]. Journal of the American Ceramic Society,1991,74(1):5-10.

[19] BOVENKERK H P,KIBLER G M. Diamond and cubic boron nitride abrasive compacts using size selective abrasive
particle layers: US 4311490 A [P]. 1982-01-19.

[20] ZHANG Y,KOU Z,LI Y,et al. High pressure and high temperature sintering of fine-grained PCD using bi-layered
assembly [J]. High Pressure Research,2009,29(2) :325-334.

[21] XU C,HE D W,WANG H K,et al. Nano-polycrystalline diamond formation under ultra-high pressure [J]. International
Journal of Refractory Metals &. Hard Materials,2013,36(1) ;232-237.

[22] UEESBT, BOM4E . BREE . 55 D—D 458 AL NLA RS0 s A U sE L], s R E% 4R . 1990,4(2) :105-113.
HONG S M,LUO X J,CHEN S X, et al. Experimental on sintering diamond with direct bonding between diamond
particles [J]. Chinese Journal of High Pressure Physics,1990,4(2):105-113 .

Sub-Micron Polycrystalline Diamond Synthesis under High Temperature
and High Pressure

LU Jingrui,KOU Zili,LIU Teng,ZHANG Leilei, DING Wei,ZHANG Qiang,
WANG Qiang, YANG Ming, GONG Hongxia, HE Duanwei

(Institute o f Atomic and Molecular Physics ,Sichuan University ,Chengdu 610065,China)

Abstract: Due to its wide range of applications as a superhard material, polycrystalline diamond (PCD)
has been used in oil- and gas-drilling, tool cutting, making of wear-resistant parts. At present, the
average size of industrial synthetic PCD is above the micron dimension,but synthesizing the PCD with
a size below the micron dimension remains a tough challenge. In this work,we succeeded synthesizing
sub-micron polycrystalline diamond under high temperature and high pressure using the infiltrating
technique. The samples were characterized by X-ray diffraction (XRD), scanning electron microscope
(SEM) ,electron backscatter diffraction (EBSD) ,energy dispersive spectrometer (EDS) and hardness
test. These results show that the hardness of the PCD thus synthesized is 57. 0 GPa under 5. 5 GPa and
1500 °C when the hold time of temperature is 15 min;that the Co can disperse uniformly in PCD as a
round hole used the bi-layered assembly so that the PCD demonstrates uniform and excellent performance;
and that it is found from its sintering process that the temperature and holding time play an important
role in its synthetic process.

Keywords: sub-micron; synthesis; Vickers hardness; high temperature and high pressure; binder; polycrystal-

line diamond
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