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Thermal analysis, DTA, TG, TMA and DSC were performed on LiKSO 4 in the tempera- 
ture range 300 to S00 K, using a Heraeus TA 500 thermal analyser. The thermal expansion 
coefficients measured along the three fundamental crystallographic axes, together with the 
specific heat Cp, show anomalous behaviour around the phase transition temperature of 
these crystals at T c = 705 K. Anisotropy in the thermal expansion coefficient as well as 
endothermic peaks around T c were also observed, while no loss of weight was detected. 

The temperature-dependence of the thermal conductivity of LiKSO 4 crystals has been 
estimated, using the temperature-variation of the thermal diffusivity. 

Studies of the physical properties of l i thium potassium sulphate (LiKSO 4) [1, 2] 
revealed that these crystals exhibit interesting behaviour in the low-temperature 
region as well as in the high-temperature one. 

From the structural studies on LiKSO 4 crystals, it is well known that they possess 
hexagonal symmetry with polar point group 6 and space group P63 in the temperature 
range 300-700 K. The lattice parameters obtained from X-ray precision photography 
showed that the hexagonal unit  cell of LiKSO4 crystals hasa 0 = 5.15 and co = 8.63 )~ 
[3]. According to Fischmeister and Roenquist [4], the phase transition in LiKSO4 is 
not regarded as of continuous (or X) type, though small changes in the lattice constant 
along both the c and a axes at the transition point were reported. Chung [5] reported 
that LiKSO4 crystals show two different phase transition: the first is an orthorhombic 
one from 708 up to 940 K, while the second is a hexagonal one from 940 K up to the 
melting point. Measurements of the dielectric and thermal properties of LiKSO 4 
crystals were first made by Ando [6] in the temperature range from 300 up to 800 K, 
and later by Delfino et al. [7] in the temperature range from 288 up to 580 K. Their 
results proved the existence of the paraelectric behaviour of LiKSO4 crystals. Using 
a Fizeau interferometer, Sharma [8] observed anomalies in the thermal expansion 
coefficient of LiKSO 4 crystals at 178 and 695 K. However, the different interpre- 
tations given by the different authors on the basis of their studies pointed to the 
necessity of further systematic investigation of the thermal properties of LiKSO4. 

In the present work a Heraeus TA 500 instrument was used to study the tem- 
perature-variations of the linear thermal expansion coefficients as well as the specific 
heat at constant pressure for LiKSO4 crystals in the temperature range from 300 up 
to 800 K. 
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Crystal preparation and experimental techniques 

Single-crystals of LiKSO4 were grown isothermally at 315 K by the dynamic 
method from an aqueous solution containing the initial salts in stoichiometric ratio. 
Rectangular crystal rods measuring 2 X 2 X 20 mm 3 were cut out from the single- 
crystal in accordance with the directions previously proposed for LiKSO4 crystal 
by Shiroishi et al. [9]. The longer axis of the sample is directed in the principal crystal- 
lographic directions (100), (010) and (001). 

The thermal behaviour of these crystals was studied in the temperature region 
300-800 K by applying the following techniques: 

a) Thermomechanicat analysis (TMA) was performed using a Heraeus TMA 500 
dilatometer fitted with a low-temperature furnace. The sample temperature was 
monitored by means of NiCrNi thermocouple fitted in a sample holder of standard 
design. The linear expansion coefficient was calculated on the assumption that the 
quartz expansion coefficient has an insignificant effect on the produced values. The 
heating rate used was 2 degree/min. 

b) The specific heat under constant pressure, Cp, was determined using a differen- 
tial scanning calorimeter (DSC) technique, where a Heraeus DSC cell was connected 
to the Heraeus DTA 500 thermal analyser. Measurements were achieved by applying 
the base line method [10]. Lidded pans, made of aluminium, were used to eliminate 
the sloping of the base line. A P t  100 thermocouple was used as a temperature sensor, 
while a heating rate of 2 degree/min was applied. 

c) For differential thermal analysis, the sample was contained in a glass tube in the 
standard DTA cell connected to the DTA 500 analyser. The temperature sensor used 
was NiCrNi and the heating rate applied was 5 degree/min. 

d) Thermogravimetric (TG) measurements were performed on a Heraeus TG 500 
thermobalance with a Pt-Rh-Pt temperature sensor, and the heating rate used was 
10 degree/min. Dry nitrogen was allowed to f low at a rate of 15 ml/min, while the 
f low rate of cooling water was 10 I/h, 

Results and discussion 

1. Thermal expansion 

The data presented in F~g. 1A, B and C indicate that all lattice parameters a, b and 
c demonstrate a clear change in thermal expansion coefficient only at T c = 705 K. 
Table 2 shows the average values of e in different temperature ranges. The overall 
expansion is positive in the whole temperature region for the Y direction, whereas 
it is negative in parts of the phase-transition region from 705 up to 750 K in the X 
and Z directions. The expansions were represented as straight lines interrupted by the 
contracted region at T c (705-750 K). The straight lines were resumed with different 
slopes. 
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The linear thermal expansion coeff ic ient of  L iKS04 crystals measured along the 

three fundamental crystallographic axes a, b and c appeared to be anisotropic. More 

over, they show a temperature hysteresis of  about 10 degrees, which is probably due 

to domain wal l  mot ion  in the case of  cool ing and heating. 
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Fig. 1A The change of the thermal expansion coefficient of LiKSO4 crystal with heating and 
cooling (along X direction). �9 heating, o cooling 
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Fig. 1B The change of the thermal expansion coefficient of LiKSO 4 crystal with heating and 
coo l ing  (along Y d i r ec t i on ) .  �9 hea t ing ,  o coo l ing  
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Fig, 1C The change of the thermal expansion coefficient of LiKSO 4 crystal with heating and 
cooling (along Zdirect ion) .  �9 heating, o cooling 

Table I Linear expansion coefficients along the different crystallographic 
axes through different temperature ranges 

Temperature range 
K ~11 I~- 1 ~22K- 1 o~33 K -  1 

300--705 1.5 �9 10 -5  1.5. 10 - 5  5.6.  10 -6  
705--750 --5.3 �9 10 -5  1.0 ~ 10 - 4  -- 1.5. 10 -5  
750--800 1.16 �9 10 - 4  2.8 �9 10 -5  5.4 �9 10 -5  

2. Specific heat: Cp 

The results of specific heat measurements under constant pressure are shown in 

Fig. 2. Near the transit ion temperature T c = 705 K there is a X-type anomaly of the 

specific heat, typical  o f  a phase transit ion of  f irst order. The transit ion energy ~Q  was 

calculated by integrating the excess part of  the Cp vs. T curve, and was found to be 

of the order of 25.83 JG -1  . Assuming the temperature-dependence of Cp to  be as 

reported by Deff ino et al. [7] ,  i t  is interesting to note that  agreement w i th  our results 

can arise only when the fo l lowing empir ical  formula is applied: Cp (J mole - 1  K - 1  ) = 

= 2.54 + 0,1247 T +  7.2 �9 10 - 6  T 2. 

Jo Thermal Anal. 29, 1984 



KASSEM et al,: THERMAL ANOMALY IN LiKSO 4 329 

18 ~ 

12i 

06 

I t t I I ~  
300 400 500 600 700 800 

Temperature, K 

Fig. 2 The change of specific heat Cp of LiKSO 4 crystal with change of temperature 

3. Di f ferent ia / thermal  analysis and thermogravimetric measurements 

The DTA measurements revealed a transition peak at T c = 705 K, as shown in 

Fig. 3A, whi le no indication of  weight loss was observed in the range of  measurements. 
The thermogravimetric curve produced was a straight line and is represented in Fig. 3B. 
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Fig. 3 Thermal analysis results of LiKS04 crystal, a) Differential thermal analysis, b) Thermo- 
gravimetry curve 
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4. Thermal conductivity 

The temperature<lependence of the thermal conductivity Kii of LiKSO 4 crystals 
was estimated using the temperature-variation of the thermal diffusivity hii [11~ and 
the simple relation: ki i 

hii = - ~  

where p is the density of the crystal (p = 2.39 g/cm 3) and Cp its specific heat at con- 
stant pressure. The results obtained for the thermal conductivity are shown in Fig. 4. 
It is noted that the thermal conductivity also shows an anomalous temperature- 
dependence around the transition temperature, similarly as for the other thermal 
parameter. 

It can be concluded that the anomalies observed in the thermal properties are due 
to the structural phase transition at T c = 705 K. 
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Fig. 4 Change of thermal conductivity of LiKSO4 crystal with changing the temperature 
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Zusammenfeuung -- LiKSO 4 wurde im Temperaturbereich yon 300--800 K thermoanalytisch 
(DTA, TG, TMA und DSC) mit dem Thermoanalysator Heraeus TA 500 untersucht. Die ther- 
mische Ausdehnung, gemessen in Richtung der drei kristallographischen Hauptachsen, zeigt zu- 
sammen mit der spezifischen W~irme Cp ain anomales Verhalten in der N~ihe der PhasenObergangs- 
temperatur T c = 705 K dieser Kristalle. Ebenfalls wurde eine Anisotrope in den thermischen Aus- 
dehnungskoeffizienten und in den endothermen Peaks um T c beobachtet, vv~hrend kein Gewichts- 
verlust festgestellt wurde. Die Tamperaturabh~ngigkeit der Wiirmeleitf~ihigkeit von LiKSO4-Kr=- 
stallen wurde aus der thermischen Diffusion bestimmt. 

Pea~Me - Hcnonb3yR TepMoaHaJlH3aTop THna Xepayc TA 500, npoee/leH c KpHcTannaMH LiKSO4 
TepMHqeCKH~l eHanH3, ~TA,  TI ' ,  TMA , ~,CK e oSnacTv TeMnepaTyp 300--800 K. KOaCl:)dplau.H- 
eHTb! TepMHqecKoro paCLUHpeHHR, H3MepeHHb!e no TpeM OCHOBbIM KpHCTatlnol'pa(~HqeCKHM 
OCRM, a TaK>Ke aHaqeHHFI yAenbHO~ TenrlOeMKOCTH noKa3anH aHOManbHbl~l xapaKTep OKOnO 
TeMnepaTypbl dpaaoBoro nepexo/1R aTHX KpVlCTaJlnoB npH T c--- 705 K. OKonO T c npoRBnRnacl= 
aHH3OTpOflHR KO3~p(:I)HIJ, HeHTa TepMHqeCKOrO paCUJHpeHHR, HapR.o,y C RORBneHHeM 3H/3,oTepMHqec- 
KHX flHKOB. B TO~Ke CeMOe BpeMR noTepH Beca He Ha6nlo/tattocb. TeMnepaTypHan 3aBHCHMOCTb 
yAenbHO~ TeflnonpoBo/~HOCTH KpHcTannoB LiKSO 4 6blna ycTaHoBneHa, Hcnonb3yR TeMnepa- 
TypHoe HaMeHeHHe KOa(~)~)HU, HeHTa TepMo/],H~(~y3HH. 
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