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Abstract Emerald (3BeO- Al;0;-6Si0, . Cr®*) single crystals were grown by flux method of
Li,O-MoO;- V;,0s system. The composition of starting materials were 1, 3, 5 mole ratio of MoO;
-V 0s/Li0, 20-15 % of emerald content to flux composition and 1 % of Cr,0; color dopant to
emerald composition. After mixing those were melted at 1100°C in Pt crucible of electric fur-
nace. Single crystal growth was cooled down slowly rate of 3°C/hr from 1100°C to 650, for
the cooling period it was controlled and prevented the nucleation of microcrystallite from varia-
tion of each thermal fluctuation range. Specially it has been obtained plenty of large emerald

single crystal when thermal fluctuation was treated for cooling period at 1050 ~ 950°C, in 3
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mole ratio of V,0;-Mo0O:/Li;O flux. Emerald single crystal growing effect and Cr*? ion of sub-

stitutional solid solution effect for Al*® ion was good than mole ratio of 5. Emerald single crys-

tals were ¢ (0001) hexagonal crystal face of preferencial direction and m (1010) post side. Em-

erald was hexagonal columnar greenish transparent and 2.65 ~ 2.66 of specific gravity.
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Table 1
Chemical composion of beryl materials
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Material  SiO, AlLO; BeO Fe,0; CaO MgO K;O0 Na,O TiO, P0O; Li,0 Igloss Total
Beryl 1 63.80 19.50 12.10 0.46 0.12 0.05 0.01 0.36 0.01 0.06 0.07 1.86 98.40
Beryl 2 64.00 19.40 12.40 0.49 0.14 0.07 0.46 0.54 0.01 0.07 0.07 1.78 99.43
Beryl 3 64.25 18.27 13.40 0.62 0.13 0.22 0.23 146 0.02 0.06 0.05 1.59 100.30
Beryl 4 63.30 18.66 12.60 1.12 0.12 0.07 1.11 1.02 0.01 0.06 0.05 158 99.70
Average  63.84 20.21 12.63 1.92 0.13 0.10 0.95 1.35 0.01 0.06 0.06 1.70 99.45
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Table 2
Chemical composion of flux and beryl material (%)
FIUX mole ratio VzOs'MOOa leo BeO A1203 SlOZ CI‘203
(V-M/L) =1 68.44 11.25 3.38 4.60 11.93 0.20
(V-M/L) =3 75.54 4.15 3.38 4.60 11.93 0.20
(V-M/L) =5 77.15 2.54 3.38 4.60 11.93 0.20

V-M/L : V,05-MoOy/Li,0
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Fig. 1. Single crystal growth procedure of

emerald by flux method of slow cooling.
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Table 3

Compbsiton of starting materials

Components  Mo0,/V,0; Li,0/dopant Bery 1 Cr,0s Sum.
BeO, Al0;, SiO,

weight % 76.50 4.19 19.12 0.19 100

Substitute of K,0, Nb,O;, B,0; as flux additive to LiO,.

Mole ratio of flux : (MoQ;, V. 0s/Li;0)m .= 3
Amount of beryl . (MoQ,, V,0;s) : beryl=10:1
Color dopant : 1 % of Cr;0s to beryl

Nutrient : beryl : nutrient =4 : 1.

Table 4

Crystal growth conditions of flux constitution and temperature gradient

Testing codes  Flux(V-M/L = 3) Set temperature (°C) Weight of seed (g)

constitution

{(mol %) low hot
Exp. 1 K0 0.5 950 1050 1st 1.365

2nd 1.660

Exp. 2 K0 0.2 950 1050 1.556
Exp. 3 K, 0 0.1 950 1050 1.250
Exp. 4 Nb,Os 0.2 980 1050 1.721
Exp. 5 Nb,Os 0.1 980 1050 1.347
Exp. 6 BO; 0.2 980 1050 1.387
Exp. 7 B.O; 0.1 980 1050 1.276
Exp. 8 K,0 0.2 + Nb,Q; 0.2 950 1000 1.856
Exp. 9 Nb,O;s 0.2 + B,0, 0.2 950 1000 1.224
Exp. 10 K;0 0.2+ B;0; 0.2 950 1000 1.407

M, V/L = 3 : (Mo0Q;, V,0sLi,0) mole ratio.
1st seed : systhetic emerald (starting weight : 0.5g)
2nd seed : natural beryl (starting weight : 0.5g)
Dipping portion : Ist : 2 cm down of melt surface
2nd : 4 em down of melt surface

Dipping face : ¢ plane.
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Fig. 2. Schematic diagrams of (a) 2-zone

furnace and (b) crucible for crystal growth.
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Fig. 3. Crystal growth procedure of emerald
by flux method of temperature gradient.
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Fig. 4. X-ray diffraction pattern of the
grown crystal and emerald single crystal
(a) crystal powder (M-V/L =1, 3, 5), (b)
emerald powder, (¢) c¢ plane and (d) m

plane.
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Weight percentage of doped Cr;0; and specific gravity of emerald crystal

Flux mole ratio

Doped weight Cry0; (%)

Specific gravity

(V-M/L)=3 0.85
(V-M/L)=5 0.69

2.67
2.66
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Fig. 7. Optical photographs of emerald crys-
tals. (a) single crystals and (b) clusters.
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