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Fig. 1. The diagram of V-shaped area for industrial

diamond growth.
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Fig. 2. Sketch map of the assembling chamber: 1, Pyro-
phyllite; 2, copper; 3, Plug; 4, catalyst; 5, carbon tube;
6, dolomite lining; 7, dolomite ring; 8, saline; 9, carbon
source; 10, seed crystal; 11, crystal bed; 12, carbon sheet;

13, conductive steel ring.
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Fig. 3. The process curve diagram of large diamonds

synthesis.
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Table 1. The diamond crystals grown along (100) face

at different temperatures.

s \WE/CC W/h B EHiE ®mE Rk
1 1200.5 11 m — — —

2 1205.9 11 Rk 3.46 1.28 0.37
3 12101 11 HR 348 146 042
4 1215.5 11 ¥R 350 1.86 0.53
5  1225.9 11 BPR 355 235 0.66
6 1230.7 11 BPR 339 282 083
7 1260.3 11 R# 3.63 353 097
8 1290.1 11 REF 3.69 3.63 0.98
9 1360.2 11 REF 3.66 3.62 0.99
10  1370.2 11 &S — — —
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Fig. 4. The diamond crystals grown along (100) face at different temperatures.
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Table 2. The diamond crystals grown along (111) face

at different temperatures.

5 WE/CC WE/K & BE BE SRk

1 1227.5 11 i — — —

2 1233.4 11 IR 3.80 244  0.64
3 1238.5 11 MR 3.65 172 0.47
4 1240.7 11 R 3.63 1.61 0.44
5 1243.2 11 PR 375 150 0.40
6 1248.3 11 MR 373 1.47  0.39
7 1301.7 11 BOR  3.82  1.36  0.36
8 1351.4 11 MR 378 1.34  0.35
9 1364.1 11 BOR 3.89  1.38  0.35
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Fig. 5. The diamond crystals grown along (111) face at different temperatures.
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Fig. 6. Selection method for theratio of height to diameter.
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Fig. 7. The ratio height-diameter and the correspond-

ing temperature of large diamond crystals.
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Fig. 8. The schematic of V-shaped growth area for large diamond crystals along different growth face.
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Abstract

The shape controlled growth of diamond is beneficial to its subsequent processing. The shape controlled growth for
abrasive grade diamond, whose particle size is less than 1 mm, has been studied extensively, while the shape controlled
growth of large diamond crystals, which have important commercial and scientific applications, has not been investigated
in detail. Therefore, it is necessary to do further researches. In this study, we synthesize large type Ib diamond crystals
and investigate their growth shapes at pressures of 5.3-5.9 GPa and temperatures of 1200-1370 °C, by using FegsNisg
alloy as the catalyst and (100) or (111) face of seed as growth face. Experimental results show that for the diamond
crystals grown along the (100) face, the crystal shapes presents plate shape at 1206-1215 °C, tower shape at 1216-1260 °C,
and tower steeple shape at 1261-1360 °C; in sequence while for those grown along the (111) face, the crystal shape is
of tower at 1233-1238 °C and becomes plate at 1239-1364 °C. The ratio of height to diameter, which can provide a
standard to quantify the shape of a diamond, is used to describe the crystal shape in detail. For large diamond crystals
growing along the (100) face, under a high pressure of 5.6 GPa, the ratio of height to diameter increases with temperature
increasing but the ratio of height to diameter, when growing along the (111) face, decreases. The shape distributions of
large diamond crystals in the V-shaped region can be determined in the experiments of large diamond crystal synthesis
at different temperatures (1200-1370 °C) and pressures (5.3 GPa, 5.6 GPa, 5.9 GPa). The lower limit temperature of
large diamond crystal growing along the (111) face in the V-shape region is obviously higher than that growing along
the (100) face, but the difference between the higher limit temperatures for growing along these two faces is not obvious.
The difference between the lower temperature limits of large diamond crystals growing along the (100) and (111) face can
be explained by the different energies of the crystal surface and diamond/graphite equilibrium line in the phase diagram
of carbon/alloy. Therefore, it has been realized that the shapes for type Ib large diamond crystals are controlled.

Keywords: high temperature and high pressure, large diamond crystal, the shape of crystal, the ratio
of height to diameter
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