Journal of Korean Association of Crystal Growth

Vol. 4, No. 2 (1994) 139-147

Fayell 93 S2Q44 P §47 A BF QS

Z =Ry
Z 2 etn 7)) 8FE, v, 520-714

Studies on the growth and properties of orthophosphate
crystals by the hydrothermal method

Pan-Chae Kim
Dept. of Inorganic Materials Engineering, Dongshin Univ., Naju 520 - 714, Korea

2 oF &aqlaty AAY $4& FAadel o atdom, sA4AA] JAe XA FHA,

od k. AIPO,9} GaPO.2) &9 g+ AlLO, =& Ga,0,
¢} NHH.PO, o] &35S 3k A7l 5 doix ub-g-E8S Tdxesle] gdo 2 Azt
Sa9latyd AA o] KAl 9l = F9xRe o7 2otk &, AIPO,
A 25w, 170~200T; =3, 15~20C; 94, 4% HCIgH, GaPOAA 1 x4
2], 210~240C; 2%3} 25~30C; 94, 45 HCl&Ho) ek S AA ) Hef 220 4
(1010), (1011), (0111)wo} wdsts AL Bout FA4LE7F Frhgel ozt (0001) o)
2 arabsbolok, g, &4k A A(AIPO/GaPO) ] Adale odst zisich &, AxAS:
(nm); a=0.494, c=1.094/ a = 0.490, ¢ = 1.105, W& (gem *); 2.62/3.56, A = (Nm ?); 1.02x10"
/ 7.06x10", FA2&; n.=1529+0.003, n,=1.519+0.003/ n.=1.611+0.006, n,=1.599+0.006,
A4, +001/ £0012, FAE(Fm'); 6/701ch
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Abstract Orthophosphate crystals were grown by the hydrothermal method and the properties of
grown crystals were investigated by means of X-ray diffraction. Vickers hardness tester, etc. The
starting powders of AIPO, and GaPO, were prepared as a single phase by the solid state reaction of a
stoichiometric mixture of AlLO; or Ga,O; and NHH,PO, and the subsequently by the hydrothermal
treatment. The hydrothermal conditions for high growth rates of the orthophosphate crystals are as
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follows . AlPO, crystal; temperature ranges, between 170 and 200°C ; temperature difference, 15 ~
20°C, hydrothermal solvent, 4m HCI, GaPO, crystal; temperature ranges, between 210 and 240C;
temperature difference, 25~307C, hydrothermal solvent, 4 m HCl. Morphologies of grown crystals
tended to be bounded by (1010), (1011) and (0111) faces at low temperatures, and grew with well
developed (0001) faces by increasing the growth temperature. On the other hand, the properties of

orthophosphate crystals (AlPG,/GaPO,) were as follows ! lattice parameters (nm); a = 0.494, ¢ =1.
094/ a =0.490, ¢ = 1.105, density (gem *); 2.62/ 3.56, Vickers hardness (Nm ?#); 1.02x 10"/ 7.06

% 10%, refractive indices;

n. = 1.529 +£0.003, n,=1.519+0.003/ n,=1.611+0.006, n,=1.599+£0.

006, birefringence; +0.01 / +£0.012, dielectric constant (Fm™); 6/7.
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Fig. 1. Thermogravimetric and differential

thermal analysis of the reaction product be-
tween AlgOg and NH4H2PO4.
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Fig. 2. X-ray diffraction profiles of ALO;-NH,

H.PO. mixture (a) reacted at 800°C for 24 hrs

and (b) hydrothermally treated at 180°C for
48 hrs in 4 m H;PO;, solution.
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Table 1

Results of hydrothermal treatment of ortho-

phosphate crystals in several solvents

HT solvent Temp. Duration Effect of
('C) (day)  solvent

0.1 m NaOH 300 5 No
0.1 m KOH 300 5 No
0.1 m Na,CO; 300 5 No

4 m NaCl 180 5 Slight

4 m KCl 180 5 Shight

4 m NH,H,PO, 180 5 Slight

4 m NH.C! 180 5 Slight

4 m HsPO, 180 5 Good

4 m HCl 180 5 Good

4 m H,S0, 180 5 Good
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Fig. 3. Photograph of AlPO, single crystal

grown hydrothermally by the horizontal tem-

perature gradient method at 190°C for 14 days
in 4 m HCI solution.
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Table 2
Dislocation densities on the (0111) face of or-
thophosphate crystals grown hydrothermally in

several solvents

Solvent Dislocation density
(cm %)

4 m HyPO, -7 X10°

4 m HCl 10" -8 x 10°

4 m H,SO, 10*-10x10°

Table 3

The physical properties of AIPO, single crystals

Lattice parameter (nm) ;

a 0.494

c 1.094
Density (g/cm?) 2.62
Hardness (N/m*) 1.02 x 10"
Refractive index :

n 1.529+0.003
I 1.519+0.003
Birefringence +£0.01
Dielectric constant 6
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Table 4
The physical properties of GaPO; single crystals

Lattice parameter(nm) :

a 0.490

c 1.105
Density (g/cm?*) 3.56
Hardness (N/m’) 7.06 x 10°
Refractive index :

n, 1.611+0.006
n, 1.589+0.006
Birefringence +0.012
Dielectric constant 7
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Fig. 4. Dielectric constant as a function of fre-
quency for orthophosphate crystals along E ¢

at room temperature.
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