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ABSTRACT

Pure and Molybdenum (Mo) doped Potassium Titanyl Phosphate (KTP) inorganic crystals were
grown by high temperature solution growth (HTSG) from poly phosphate (K¢P4O;3) flux using
different KTP/Flux ratios. The pure and doped KTP crystals of size 20x13x5 mm® and 7x5x2.5
mm’ respectively were grown successfully by spontaneous nucleation. The grown crystals were
characterized by XRD, UV, FTIR and Hardness studies. Micro hardness studies show that the
pure crystals are harder than the Mo doped crystals.
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1. INTRODUCTION

Potassium Titanyl phosphate (KTiOPOy) is a nonlinear optical crystal which is most commonly
used in both commercial and military lasers, including laboratory and medical systems, range-
finders LIDARS industry systems and optical communication. It possesses many important
properties such as high thermal stability, good mechanical characteristics, transparency over a
large wavelength range, large nonlinear-optical coefficients, high damage threshold, and broad
angular acceptance spectral bandwidth [1-4]. Their figures of merit for an electro optic wave
guide is nearly double that of any known inorganic material, which makes KTP a potential low-
loss optic wave guide material [5-7]. KTP crystals cannot be grown by melt growth technique, as
it decomposes before its melting point. There are two main techniques presently used to grow a
KTP crystal which includes the hydrothermal and flux method. The hydrothermal process
requires higher temperatures (of the order of 500°C) and pressure (of the order of 1360 bar) and
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the growth rate of KTP crystal is very low [8-9]. Large single crystals of KTP mostly grown by
flux techniques and it is the most popular method. The significant advantage of using the flux
process is that it operates at atmospheric pressure and hence does not require sophisticated
pressure equipment and it is easy to design scaled-up furnaces. To grow KTP crystals by flux
growth technique, different type of fluxes such as Kg, K4, Kg and K;s5 have been used [10-11].
The most commonly used flux is polyphosphate K¢ (K¢P4O13) which has been identified as a
viable high temperature solvent for crystal growth of KTP [12]. The quality and external
morphology of grown the crystals depends on many parameters such as initial chemical
compositions, growth temperature, super saturation around the nuclei, position of the crystal in
the crucible, hydrodynamic conditions, defect content in the crystal, etc. [13-15]. Presently we
have tried to grow crystals of good quality KTP (i) by varying the precursor ratios i.e. KTP-flux
ratios, (ii) by adding molybdenum as a dopant which acts as flux modifier to reduce multi
nucleation.

2. METHODS AND MATERIALS:
2.1 Synthesis

The starting materials potassium di-hydrogen orthophosphate (KH,PO,), Di-Potassium hydrogen
orthophosphate (K,HPQO,), Titanium dioxide (TiO;) were weighed and directly taken in the
Platinum crucible. In the present work two sets of charges were prepared for the growth of KTP
crystals one with (KTP)/ (K¢) flux in the ratio 1:1 and the other with 7:3.

The initial compounds were prepared by the following reaction for KTP/Flux in the ratio 1:1

3KH,PO, + 2K,HPO, + TiO, —» KTiOPO, + K¢P,0,5 + 4H,0 (1)
For KTP/Flux in the ratio 7:3 the following reaction was followed.
13KH,PO, + 6K,HPO, + 7TiO, — 7KTiOPO, + 3(K¢P,0,3) + 16H,0 (2)

These reactions are preferred since it results in the evolution of a smaller volume of gaseous
products [16].

Charge of about 60g weight was loaded into a 50 ml Platinum crucible and subjected to ~30h
soaking through homogenization aided by a constant stirring by Platinum rod. The crucible was
mounted in a double zone resistance furnace with a long hot zone having a relatively small
temperature gradient, not exceeding 2 °C in the solution. The flux used for the growth of pure
KTP is a mixture of potassium phosphates - Polyphosphate (K¢P4O;3). This system has a high
kinematic viscosity which will results in the growth kinetics being dominated by diffusion within
the flux.
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2.2. Growth of Pure and Doped KTP Crystals

A 50ml Platinum crucible containing 60 gms of charge was placed in a 1000°C preheated top-
loaded two -zone furnace to avoid formation of bubbles and creeping of charge and then raised to
1050°C. The charge was kept at this temperature for 30 hrs. With simultaneous stirring for
complete homogenisation. Then the furnace temperature was brought to near-saturation
temperature. Crystals of different sizes were grown depending upon various parameters adopted
in our growth process as presented in Table 1.

Table 1: Growth parameters and size of the KTP crystals.

Growth | KTP/Kg flux | Growth Cooling Dopants | Crystal size and
run ratio temp. rate °C/h Color
range(°C)
1 1:1 980 - 900 0.5 .| 051 mmtiny

crystals - color less
MoOs 0.5-1 mm tiny

2 1:1 980 - 900 0.5
(0.003%) | crystals - Violet Tint
3 .
3 7:3 980 - 900 0.5 .| 20x13x5 mnr- Light
yellowish
M 2. >-Violet
4 7.3 980 - 900 0.5 00; | 7x5x2.5 mm’-Viole

(0.003%) | Tint

Small quantity of additive materials below the 0.002 mole percentage of the flux compound, acts
as a flux modifier. But increasing the additive materials above the value of 0.002% in the
solution resulted in the doping of the crystal [17]. In the present work, molybdenum (MoO3) was
added at a mole weight of 0.005% of the flux compound to grow Mo doped KTP crystals. The
transparent violet tinted Mo doped KTP crystal grown from KTP/Flux ratio 7:3 is shown in
Figure (4).

Figure 1 shows the entire process of heating and cooling for growth of KTP crystal. The starting
and ending of the process is mentioned by the points a & 1 respectively. The process a-b indicates
that the temperature of the furnace was increased to1050 °C with in few hrs. And it was
maintained at this temperature for 30 hrs. This is indicated by the line b-c. The temperature was
decreased to 1000°C at a rate of 1°C/hr. The process d-g is very important one since the crystals
starts to nucleate and grow at this state. The cooling rate in this region was 0.5°C/hr. The curve
g-1 indicates that the cooling carried out at the faster rate (25°C/hr.). The crystals were harvested
after 331 hours.
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Fig. 1. Temperature profile for KTP crystal growth

3. RESULTS AND DISCUSSION

In the present work two types of synthesis process were carried out to grow the crystals of pure
and doped KTP by spontaneous nucleation. Tiny crystals of KTP were grown from the charge
with KTP-solvent ratio (KTP/K6) 1:1 as shown in Fig. 2.

(b)
Fig.2. (a & b). Pure KTP crystals grown from 1:1 KTP/Flux ratio.

°f

(c) (d)
Fig.2. (c & d) schematic morphology of the grown crystals
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The crystals grown from KTP/ solvent ratio (KTP/Ke) 7:3 were bigger in dimensions (20x12x5
mm’) as shown in Fig. 3.
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Fig. 3. (a). Grown crystals of pure KTP at 7:3 flux ratio of size (20x12x5 mm?°).
(b). Schematic morphology of the grown crystal.
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Fig. 4. Molybdenum doped KTP crystal grown from KTP/Flux ratio 7:3. (7x5x2.5 mm°).

In the first case, in addition to the crystals whose morphology is predominantly truncated along
the - ¢ direction (Fig. 2.b), crystals with full morphology crystals were also observed as shown in
Figure 2a. This slight change in the morphologies of the crystals which were grown from same
growth conditions may be due to nucleation at different temperatures [13]. Bigger size
molybdenum doped KTP crystals were also grown from crystal-solvent ratio of 7:3 which is
shown in Fig.4. In the present work KTP crystals grown in the temperature range of 980-900°C
with slow cooling rates of order 0.5°C/hr. are found to be good in quality. At higher cooling
rates, though only single nucleation is formed, it always yielded crystals with inclusions at the
center of the (201) face as reported by Joseph Kumar et al [17] which may be due to low super
saturation at center.
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4. CHARACTERIZATION STUDIES OF GROWN CRYSTAL

4.1. Powder X-Ray Diffraction Pattern of KTP Crystal

Powder X-ray diffraction studies were performed on the crystals of KTP grown from different
precursor ratios and MoOs; doped KTP crystal to identify the phase formation and to determine
the lattice parameter values. X-ray powder patterns of KTP were recorded using bruker D4 X-ray
diffractometer. Monochromatic intense X-ray of wave length 1.540598 A° (cu ko) was used.
Fig.5 shows the X-ray diffraction pattern of KTP crystals grown at different KTP/Kg ratio and
MoO; doped crystals. The powder X-ray diffraction spectrum shows that the data agrees well

with the data of ASTM standard for KTiOPOj.
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Fig. 5. XRD-spectrum of pure and doped KTP crystal

4.2. UV-Absorption Studies

The absorption spectra of grown crystals were studied using Varian Cary SE UV-visible -NIR
spectrometer in the spectral region of 200-2500 nm. Fig.6 Shows the UV-Spectrum of pure and
Mo doped KTP crystals. The curve found to have cut- off wavelength for pure and doped at 353
nm and 398 nm respectively. The MoOs doped KTP crystals shows a very sharp absorption at
the UV-Cut off unlike the pure KTP crystal. In the latter the absorption curve of MoOs doped

KTP shows an absorption peak at 775 nm.
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Fig. 6.UV-Absorption spectrum of pure and doped KTP crystal

4.3. FTIR-Analysis

The grown crystal is subjected to Fourier Transform Infra-Red (FTIR) analysis in order to
determine the functional groups in the crystal. The vibrational mode of KTP in the Fig.7 was
determined with the help of Bruker IFS 66 V spectrophotometer in the range of 2500-450 cm’
by KBr pellet method. The unit cell of KTP contains eight formula units. The structure of KTP
is characterized by chains of corner linked T;0¢ octahedral which are separated by PO,
tetrahedral. Alternating long and short Ti-O bonds occur along the chain resulting in a large
directional polarization. The K+ ion which has high co-ordination number site is weakly
bounded to both T;04 octahedral and PO,tetrahedral which results in the arise of super ionic
conductivity properties. The absorption peak at 2085 cm™ can be assigned to the stretching
vibration of second overtone bands of PO,. The absorption peaks around 973 cm™ and 1648 cm’™
confirms the stretching vibration of first over tone bands of the PO,. The peaks at 1552 cm™ and
1466 cm™' represent the vibration of combination bands of PO,. The absorption peak at 1043 cm’
"and 1022 cm™ indicates the presence of medium board vibration of PO,(v3). The absorption at
970 cm™ and 997 cm™ indicates the vibration of strong PO, bonds. The presence of T;04(v3)
confirmed by the vibration at 822 cm™ and 782 cm™. The very strong vibration of T;Oy is
indicated by the absorption peak at 703 cm™. The absorption at 639 cm™ and 597 cm™ indicates
the vibration of PO,(v4). The absorption peaks at 491 cm™ and 467 cm™ indicates the very
strong vibration of T;0¢(v4).
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Fig. 7. FTIR Spectrum of KTP crystal
4.4. Hardness Studies

The micro hardness of pure and molybdenum doped KTP crystal was measured by REICHERT
MD 4000E ultra micro hardness tester using a Vickers diamond indenter. The variation of micro
hardness (Hv) with the applied loads for KTP crystals is shown in Fig (8).

By knowing the average diagonal length of the indented impression the micro hardness number

Fsin©

—z_- 1 he micro hardness number found decreases with

(Hv) was found from the relation H, =

the increase of load and becomes constant beyond 175g. The hardness of pure KTP crystal is
higher compared to molybdenum doped KTP crystal.
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Fig. 8. Hardness vs load
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5. CONCLUSION

Pure and Mo doped KTP crystals were successfully grown using K¢ flux with varying KTP/Flux
ratios. The dependence of growth parameters and initial precursor ratio on crystal morphology
and size were studied. Crystals grown from KTP/Flux ratios 7:3 found to be bigger in size
compared to the crystal grown from 1:1 ratios. The grown crystals were characterised by XRD,
UV, FTIR, and Hardness studies. The powder X-Ray diffraction study on the grown KTP
crystals was performed to determine the lattice parameters. The UV and FTIR spectrum shows
the presence of absorbance and functional groups of KTP crystals. The hardness of the pure KTP
crystal found to be higher than the Mo doped KTP crystal.
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