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Fig. 1. (color online) Sample assembly to treat dia-

mond with high pressure and high temperature.
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Table 1. Part names of type-Ib diamond sample as-

sembly.
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Fig. 2. Schematic diagram of the formation of pyro-

phyllite sealing edge.
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Fig. 3. Relationship curves of the oil pressure and the

synthesis pressure.

BTN, TR A H SR 8RR
FEV 1564, G e ih TR RS, R
A AR I 77 ) A% 35 N R s JE IR 045k I
A Baf s s S5 S RS 8 S 77 1
FE Ik, 2 O R RT3 K, s e A
JEA BERRE PN AR A% S e R AR T E S A A
B B A, T B T 4 A R AR K
BRI s A3 R B 2 SR BT U4 8. LRI
T4 RS T A e WA B A b AR SR i R X
K. 5, 3R A A A R R RS
B IBAT IRASTEAANRIHTIR T, 287 b B
W, AT 7= B A2 72 RO 2 K BRI, 53— 7
T, 8 MPa 15 i Hs R B ALRRE A i 2 Bk A #15  J5t
Ea AR R, X T 50 2N 5 5 1

070705-3


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

38 % 3k Acta Phys. Sin.

Vol. 65, No. 7 (2016) 070705

PR ISR E , B RS TOURE (R AR A BT N T
JRAR, TE 7= AR TR S AL PR, R R R
A R AREAT T R WA B A Sl
B BT RO AR, R A R 2
DR at.

3.2 @mirEK

Bt T b 4 WA 58 T Boer RS 3.0—
3.5 mm [ b 28 7S T 44 4 MIA 0 it B B FH 75 5K, 3R
MIRGH T T G AR RE R I BN THi AR = A )
SWIAF KRR, 7835 h A KB R P, 4
e R SF N 614 mm A $26 mm & B, JT
J& T R FRE B AN Ib BN THNAR £ MR K
i ) R A AR AT

e, IRATEFH $14 mm (4 BEAK, [FI R
FH B A, 12E4T Tb B 7N T R 5 A 4 WA B
KA. B 445 T1E5.6 GPa, 1260 °C 11
JE A7 IR E SR, 8 30 h A= Kk a] & i
£4.9 mm. FE & 95.8 mg HILH Ib B % A4 K 4N
A NE4SERDE RAE A B EEH,
BT & it A AR S N THARTESR, BR T 1E b AR 6
VU &G 5 IR o0 A (3850 42 )8 B AR IR BT A, dndd
PN TG PRI PR T AL PR S AR BT, T T PR i R it S5

4 (MTIRA) &M 014 mm ik, RA S EFEEK
0 <6 A B ' 2 S O
Fig. 4. (color online) Optical photo of the diamond by

the #14 mm synthesis cavity and the one seed method.
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Fig. 5. (color online) Optical photo of the diamonds
by the #14 mm synthesis cavity and the five seeds
method.
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Fig. 6. (color online) Optical photo of 14 diamonds by
the #26 mm synthesis cavity.

2i ERE, AT A: 1) BT 14 mm &
PRI FE 3 ()35 S VERE O B0, SR F B di bk ] DA s
L5 mm A5 Ib BRI 7S /\ T A4 4 WA K B
R B A B4 F T (R GO I 7 T A4 4=
B K AR, AR A S IR 3R i ) ] B R
PR, F4h, KA 5 SR AR K AR5 Ib BRI

eI g, Fol d iR 2ARTE N AR SR, S E
f A AR IR N\ TR TE SRR AL, 128 A A KAt
UESE G114 mm A B i 2 37 R 2 50 1 R x40
I FE 4G 18 2) XA TR ©26 mm 5 1%
JEEAR, JLIR I I SRR BLhf. SR 2 S AhiE
SEHL T 145 Th 47 T 4R < A K 54 8 1S T
K.

3.3 REEKERERE

T IR R AR A K S E i AT VA g A
7 35 h iR A KA Y, B EA9 2] T 614 mm &8
A @26 mm fE A4 73 5l G B 5 FIUR 14 FpR i Ib 24
S NI R IR R A AR K 5 AR B TR] 11 9% &R
2, WKl 7 FR.

—=— $26 mm Ik
20+ —e— 14 mmEk

1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
ESSTTN

7 (TR ) PR R G A o S A BE 5
ISRIEIESA
Fig. 7. (color online) Relationship curves of the over-

allgrowth rate and growth time.
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Fig. 8. Raman spectra of diamond single crystals:
(a) Synthesis Ib-type diamond single crystal; (b) nat-

ural diamond single crystal.
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Effects of cavity size on the growth of hexahedral
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Abstract

In the paper, using the one-seed method and multiseed method separately, the hexahedral type-Ib diamonds are
synthesized in a cubic anvil under high pressure and high temperature. This cubic anvil is of 550 mm hydraulic cylinder
with the sample chambers of 14 mm or 26 mm in diameter under 5.6 GPa and 1200-1400 °C. The FeNiMnCo alloy
is chosen as catalyst. The high-quality abrasive diamonds each with a diameter of 0.9 mm are used as seed crystals.
High purity-graphite powder (99.99%, purity) is selected as the carbon source. The effects of cavity size on the growth
of hexahedral type-Ib Gem-diamond single crystal are studied carefully. The Relationship between oil pressure and
synthesis pressure is obtained in our studies. When the pressure is transmitted the same distance, in the catalyst melt,
the pressure loss is less than in the pressure transmitting medium. By expanding synthesis cavity size, the pressure
transmission efficiency of the oil pressure increases significantly, which can be attributed to the transmission distance
shortening in the pressure transmitting medium and transmission distance lengthening in the catalyst melt. Using the
@14 mm synthesis cavity, by the one-seed method, the 5 mm grade diamond single crystals of cubo-octahedral shape
are synthesized, but the 5 mm grade diamond single crystals of perfectly hexahedral shape could not be synthesized.
Choosing the €14 mm synthesis cavity, by the five-seed method, the 3 mm grade diamond single crystals in the center
each present a perfectly hexahedral shape, but each outside of the crystals exhibits a cubo-octahedral shape. According to
the application requirement for the type-Ib hexahedral diamond single crystal with a size of 3.0-3.5 mm on an industrial
diamond single crystal tool, the diamond single crystals of perfect hexahedral shape are synthesized by the multiseed
method. Using the $26 mm synthesis cavity, many 3 mm grade diamond single crystals of perfectly hexahedral shape

are synthesized in one synthesis cavity. In our studies, up to 14 diamond single crystals of perfect hexahedral shape are
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synthesized in one synthesis cavity by the multiseed method. We find that the uniformity of temperature field of the 26
mm synthesis cavity is better than that of the #14 mm synthesis cavity, so the $26 mm synthesis cavity is suitable for
growing 3 mm grade diamond single crystals of perfect hexahedral shape by the multiseed method. In 35 h growth time,
the overall growth rate of the 26 mm synthesis cavity (25.2 mg/h) synthesizing 14 diamonds in one time (9.4 mg/h) is
2.68 times that of the $14 mm synthesis cavity by five-seed method. Moreover, the Raman spectra of the synthesized
high-quality hexahedral type-Ib diamond single crystals and natural diamond single crystal indicate that the structure
and quality of the synthesized high-quality diamond single crystal is better than that of a natural diamond.

Keywords: high temperature and high pressure, temperature gradient method, type-Ib diamond,

multiseed method
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