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ABSTRACT 

A digital modification of a Perkin-Elmer thermobalance is described. This 
apparatus was used in conjunction -with other thermal analysis equipment to study 
the thermal decomposition of NH4Ta(C20& *2Hz0 prepared by freeze-drying a 
commercial solution of the material. The major decomposition is in the region of 
IO@-300°C and the reaction is too complex to evaluate any intermediate steps. The 
amorphous oxide product crystaliizes around 750°C. This oxide is intimately mixed 
with carbon formed during the decomposition. The carbon burns off around 700- 
SOO’C. Ho=-ever. if the decomposition is performed in hydrogen, the carbon remains 
and at about 12CKl’C tantalum carbide is formed. 

A freeze-dried mixture of lithium and niobium oxaIate was investigated to 
determine its suitability as a starting material for the preparation of lithium niobate. 
The decomposition of this material is compared to that of the conventional mixture 
of lithium carbonate and niobium oxide_ The initial decomposition of the freeze-dried 
material around 100400°C Ieads to a mixture of Iithium carbonate and niobium 
oxide but this subsequently reacts at about 5W’C to form lithium niobate. The 
conventional mixture of these materials does not react until around 750%. Surface 
area and electron micrographs indicate that lithium niobate having a particle size of 
0.05 nm or larger can be prepared from the freeze-dried material. 

INTR03UC3lOK 

The freeze-dry process has recently been shown to be appIIcable to the produc- 
tion of ceramic raw materials’. The process had difficulties coping with the high 
acidities necessary to suppress the hydroIysis of hi&Iy charged ions. Consequently 
these ions are kept in aqueous solution by complexing action. Two such ions of interest 
are tantalum and niobium. Solutions of these ions are commerciaily available as 
the oxalate complex. The thermal decomposition of the freeze-dried tantalum oxalate 
material was investigated along with an equimoiar mixture of the analogous niobium 

*Presented in part at the first annual meeting of the North American Thermal Analysis Society, 
Columbus. Ohio, U. S. A., November, 1969. 
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compIex and lithium oxalate. The Iatter mixture should serve as a suitable material. for 
the preparation of lithium niobate. In this respect the decomposition has been com- 
pared with that of an equimoIar misture of lithium carbonate and niobium oxide 

used for the more conventional production of lithium niobate. 

The Perkin-Elmer thermobalance was modified in order to obtain the data in 
digital form for subsequent computer processing. The equipment used for this purpose 
is the same as reported earlier’. The actual utilization is different, however, because 
of the unique temperature sensor and calibration of the Perkin-Elmer apparatus. The 
platinum furnace winding serves aIso as the temperature sensor. It forms one side of 

a bridge circuit and the other side is driven by the output voltage from the program- 
ming potentiometer. This same voltage is used to supply the temperature portion 
of the digital equipment. It is directly related to temperature by use of the magnetic 
standards recommended by Perkin-Elmer. 

U3 CE.W %FX&iT =C uo/rraK l c 
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Fig. 1. Timing sequence employed by digital thermobaiance. 

The two input voltages are converted to frequency and counted for predeter- 

mined times in an established pattern. Fig. 1 illustrates the particular pattern used in 
this investigation. The temperature signal is counted for 0.1 set and then automatically 
switched to the weight signa for ten sec. This pattern is cycled repeatedly in a com- 
pietely automatic fashion. The output data is constantIy punched on paper tape for 
input to the computer. The necessary quantities for the conventional thermal- 
analysis plots are determined as indicated in Fi g. 1. The digita equipment can readily 
be used for kinetic studies by simply not using the temperature portion and following 
the weight as a function of time under isothermal conditions. 

A sample consisting of about 1 m g each of alumel, nickel, Perkalloy, iron, and 
Hisat 50 is placed on the balance and a small permanent magnet placed in position to 
give rise to an apparent weight gain. As the sampie is heated these materia1s pass 
through their individuai Curie temperatures and loose their magnetic attraction. 
This is rellected in the weight signal as an apparent weight loss. A program was written 
which would take the weight and voltage data and determine the va1ues of a and 6 in 
the follovving equation: 

“C = aVtb. 
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The linearity of the relationship was estabhshed by the use of the controls provided 
by the manufacturer for this purpose. Fig. 2 shows the computer output plot of this 
program. The mV-reading on the ordinate corresponds directly to weight, The 
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Fig. 2. Sample computer output plots of a calibration run; (a) weight FS. voltage; (b) rate of weight 
loss LTI. temperature- 

program establishes the measured Curie temperature for each of the materials based 
on the intersection of tangent lines from the point of maximum slope in the loss and 
from the minimum slope in the following base Iine. These points and intercqts are 
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shown as open circles in Fig. 2_ The voltage of the intercept is placed in the above 
equation along with the appropriate value of the Curie temperature. The five resulting 
equations are solved i-or a and b by a least-squares technique and the computer gives 
the best vaiues along +th the plot. In this favorable example the agreement is within 
a degree for ezch of the five Curie temperatures. All runs can then be processed by 
the computer to give the conventional output plots of % weight loss w temperature 
and rate of weight loss L’S_ temperature. The time averaging feature of the digital 
apparatus is particularly valuable for the latter plot since the differentiation greatly 
ampIil?es the noise in the original data- A sample of the differential plot for the same 
calibration run is also shown in Fig. 2. 

A heating rate of lO’/min was employed for the thelmogravimetry, differential 
thermal analysis, and evolved gas analysis. The DTA used the Fisher apparatus in 
conjunction with a Leeds and Northrup DC amplifier and X-Y recorder_ The sample 
for EGA was placed in a platinum crucible and suspended in a platinum furnace 
tube. The system was continuously pumped and the gases monitored by repeatedly 
scanning the mass range of l-50 usin g a Veeco SPI-IO residual gas analyser. The 
pressure was kept beIow IOm4 torr during the entire heating cycIe. 

SampIes were heated in air for thirty minutes at various temperatures. X-ray 
diffraction patterns of the caIcined samples were determined using a GE XRD3 
difiractbmeter and Cr Kz radiation_ The surface areas of these samples were also 
measured with a Perkin-Elmer Sorptometer using the BET nitrogen adsorption 
technique. 

The sample powders were prepared starting from 1.13~ tantalum oxalate 
solution (Kawecki Chemical Co.) and from an equimolar mixture of 0.67~ niobium 
oxalate solution (Kawecki Chemical Co.) and 0.91;51 lithium oxalate solution (City 
Chemical Co.)_ The resulting spherical agglomerates are strongly hygroscopic and 
were stored in sealed containers. 

Emission spectra-aphic analysis was performed on both freeze-dried materials 
and the results are presented in Table I_ 

RESULTS ABii D-10X 

Fig. 3 presents the differential thermogravimetric curve for ammonium tris- 
oxalatotantalste in flowing oxygen. Thz curve obtained in nitrogen was similar. 
Table II gives some weight-loss data at selected points. The overall weight loss is 
seen to correlate well with the value calculated on the basis of the dihydrate. It is 
difficuIt to say whether the dihydrate is the stable species resulting from the freeze- 
drying or whether it is the product of the subsequent equilibration with the atmosphere_ 
The weight Iosses appear to overlap so much that it is fruitless to attempt to identify 
the intermediates on the basis of the weight-Ioss data. The weight loss at high tempera- 
ture, around 750-C, is interesting_ it represents a ioss of approximately 1.7%. The 
caIcuIated weight Iosses corresponding to the loss of a molecule of carbon dioxide, 
carbon monoxide, and water are 8.8, 5-6, and 3.6%, respectively. From these data it 
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-l-ABLE I 

RESULTS OF EHIssION SPECl-ROGRAPHIC ANAiYSIS OF OXIDE5 PREPARED FROM THE FFEEZE-DRIED OXAIATE 

ICI.% fmgurify in 

0.x 
0.0x 
0.00x 
o.ooox 

Li12’6 0, To205 

ca, Zr Nb 
Al Si, K 
K I&@, Cu, Ai, Fe, Na. Mn 
IQ, Si, Cu, Fe, Mg, Ag - 

TABLE Ii 

WEIGHT LOSS DATA FOR THE THERMAL DECO?.fF’OSITIOS OF NH,Ta(C=O,),- 2HzO 

“C %ux Loss 

02 Theore f icaI 

? 210 40.7 38.7 - 
TazOsf,,fXC 500 54.2 54.4 - 
TazOscc, 1000 56.0 56.0 56-I 

Fig 3. DTG plot for NH4Ta(C~0&-2H+0 heated in O2 (3.49 mg)_ 

would appear that this weight loss corresponded to the loss of half a molecule of 
water, probably bound as hydroxide. The evolved gas analysis presented in Fig_ 4, 
however, cfearly indicates that the gases evolved in this temperature region are carbon 
monoxide and carbon dioxide. It is concluded therefore that the weight loss corre- 

Therm&rim. Ada, I (1970) 465476 



P. K. GALLAGHER, F. S-Y 

Fig- 4- EG_4 pIocs for NH,Tzc(C,03,.2H,O: mass nos.. I7 -. -. IS -. --, 2S---, 44 -. 

sponds to the removal of carbon formed by the disproportionation of carbon monoxide 
during the low-temperature decomposition. Carbon monoxide is unstable with 
respect to carbon dioxide and carbon below about 800°C. The loss of water and 
ammonia are cIearly evident in Fig. 4. There is the complication that mass 17 peak is 
a secondary peak for water and mass 18 peak is a secondary peak for ammonia so 
that they contribute to each other somewhat. The major loss corresponding to the 
decomposition of the oxalate ions occurs almost simultaneously precluding any 
clear distinction of intermediates. 

The DTA curves, shown in Fig. 5 are consistent with the above explanation. 
There are muitiple endothermic peaks in the IOO-300°C region corresponding to the 
overlapping decompositions_ Around 75O’C there is a small exothermic peak which 
could correspond to the removal of the carbon or to the crystahization of the tantalum 
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oxide. This crystallization is evident from the X-ray patterns shown in Fig. 6. There is 
some structure in the freeze dried material itself but it is quickly destroyed during the 
decomposition process and as usual X-ray diffraction is of little help during the 

. 8 r . * I * , t 

Is0 140 130 120 110 100 90 80 70 60 50 40 30 

X-RAY 0iFFRJzT ION PATTERNS OF CALCWED Sm Ci= FREEZE 

Fig. 6. X-ray aiffiaction patterns of NI-i4Ta(C20J3-2H10; heated 30 min in air; (0) 1100’C, 
(b) 800 ‘C, (c) 700 “C, (4 uncakined. 

actual decomposition. The pattern appears to be that of an amorphous material 
even at 700°C; however, at 800°C the pattern of tantalum oxide is clear. It appears 
therefore t&t the icitialiy formed oxide is amorphous and undergoes a sharp cr_ s’al- 
lization between 700 and 800°C. This process is exotherrnic and probably is responsi- 
ble for the DTA peak around 750 “C. The broadening and splitting of the X-ray peaks 
at high temperature indicate a different polymorph of tantalum oxide of some 
reduction brought about by the intermixed carbon. 

There is an interesting sidehght to this decomposition of tantalum oxalate. If 
the material which has been calcined to 500 “C in air is then subjected to a high temper- 

ature firing (around 1200-1400°C) in hydrogen it will form a partially reduced oxide 
as anticipated. If, however, the decomposition is performed from the start in hydrogen, 
that is starting with freeze-dried oxalate, then tantalum carbide is obtained at 1200°C 
as indicated by the X-ray pattern. If a sample of this is subsequently fired in air there 
is a 14.5% gain which is in excellent agreement with the calculated value of 14.4% for 
conversion of TaC to Ta?O,_ The carbon monoxide and dioxide normally formed 
during the decomposition is reduced and a residue of finely divided highly reactive 
carbon remains. This readily reacts with the oxide around 1200°C to form the carbide. 

The difTerentia1 thermogravimetric (DTG) plots for the lithium-niobium sam- 
ples are shown in Fig. 7 for the two samples in oxygen. The results in nitrogen were 
similar. The overall weight loss observed at 1OOO’C was 66.1% for the oxalate and 
13-I % for the mixed carbonate oxide. These compare well with the theoretical weight 
losses associated with: 

Li,C,O,-2HNb(C,0&A2LiNb03 + Hz0 i7CO f 7C02[ - 67.5%] (0 

Li2C0, +NbzOS+2LiNb03 + COJ - 13-O%] (2) 

Thermochim. Acta. 1 (1970) 461476 
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Fig_ 7. DTG curves in 02 ; LilC204- 2HNb(C20& (Z-10 rug), Li2C03-Nb205( 9.44 mg). 

It may bc that there is a partial hydroxide substitution for oxalate in the 
starting material or it may already have been slightly decomposed in the freeze-drier 
before the start of the thermogravimetric experiment_ Either of these reasons wouid 
result in a smaher w-eight loss. 

The composition of a mixed Li&O, -2HNb(C,O&, is reasonable for the 
freeze-dried product The niobium oxalate solution contains excess oxalic acid to 
insure complete complexing action snd the species is completely analogous, except 
for the hydrogen-ion substitution, to the corresponding tantalum compound pre- 
pared in this manner_ The decomposition pattern in Fig. 7 is also directly comparable 
to Fig. 3 for tantalum oxalate. The only difference appears to be the deco,mposition 
of the lithium oxalate. The higher temperature peak around 450-500 “C is probably 
the decomposition of the finely divided reactive lithium carbonate formed during the 
prior decomposition of the oxalate A more complete elucidation of the scheme for 
the decomposition N-ould bc difficult because, as in the case of tantalum oxalate, the 
low temperature decompositions overlap considerably. 

The conventional lithium carbonate-niobium oxide mixture shows that the 
major loss of CO2 occurs around 700°C where it would be expected. Apparently 
there is some slight reaction at lower temperatures around 400 and XKI’C. This 1 or 
2”;/0 weight loss that occurs in the conventional material before the major decomposi- 
tion would seem to correlate with the observation of the low-temperature reaction 
of the reactive material. Probably the mixing and grinding process yield a few percent 
of thoroughly mixed small particle materia1 which is capable of reacting at this iow 
temperature in similar fashion to the freeze dried material. 

Roth the DTA and EGA results summarized in Figs. 8 and 9 are consistent 
with this interpretation. The DTA patterns indicate a similar differential, about 3OO”C, 
between the final decomposition temperature of the freeze-dried and conventional 
material. 
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Fig. 9. EGA curves for Li,C,O,- ZHNb(C,O& ; mass no. 28 0, mass no. 44 a. 

In Fig. 9 there is a background of mass 28 peak due to the partial pressure of 
nitrogen in the system (total pressure about 1 x IO-’ torr). The evolution of carbon 
monoxide can clearly be distinguished, however. The secondary peak for nitrogen 
is 14 whiie that of carbon monoxide is 12. The mass 14 peak is essentially constant 

during the experiment while the mass 12 peak appears only during the 3OO-700°C 
range when there is carbon monoxide or dioxide present. 

The broad X-ray diffraction pattern discernible for the sample calcined at 400 “C 
is that of lithium niobate and this pattern sharpens for samples calcined at higher 
temperatures. X-ray patterns of similarly calcined samples of the mixed lithium 
carbonate plus niobium oxide do not show the lithium niobate pattern until 800°C 

and above. 

niermochim. ACIQ. 1 (1970) 465476 
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The surface areas indicated in Fig. 10 have their peak values immediately 
following the decomposition as expected_ The efficts of higher temperatures upon 
particIe growth are obvious in both the surface and X-ray results. It would Seem that 
lithium niobate could be prepared in a range of particle sizes depending upon the 
choice of calcining conditions- If one assumes spherical particles and a density of 
4.6 g&m’ for the resuhing lithium niobate, then the average particle size would be in 
the range of 0.05 nm at 4CO”C to about I.5 nm at 1000°C. 

20 - 

Fig IO_ Surface areas for sampIes of LizC,Or-2HNb(C204), cakined in air. 

Fig. 11 is an electron micrograph of lithium niobate agglomerates formed by 
the decomposition of the freeze-dried material in oxygen at 500°C for 4 h. The marker 
represent 1~ so that the individual particle size appears to be a few tenths or so but 
they are severely agglomerated_ These agglomerates, of course, are loosely held 
together in the much larger spherical agglomerates corresponding to the initiai 
droplet size. 

This technique does not have the buih in control of stoichiometry that the 
precipitation of a unique compound has, e.g., BaTiO(C20JZ3 or SmFe(CN)64, but 
the starting solutions are subject to accurate assay and, if used fresh, shouid yield a 
stoichiometric product, The purity indicated in Table I is indicative of what can be 
obtained without any purification steps and using readily available starting material. 

(1) Commercially availabIe sohrtions of tantalum(V) oxalate may be readily freeze- 
dried 

(2) Subsequent thermal decomposition yields finely divided spherical aggregates of 
tantalum(V) oxide. 
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Fig. II. Electron micrograph (repIica) of freeze-dried Iithium-niobium oxalate which has be 
heated in oxygen ai 5OO’C for 4 h; marker is I nm. 
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0 
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Calculation based on weight loss suggest that the stable species after freeze- 
drying is NHaTa(C20J3 - 2H,O. 

X-ray, DTA, TGA, and surface area all indicate that amorphous.oxide, formed 
at Iow temperature, crystakes between 700 and 8OO’C. 

Decomposition of the oxalate in a reducing atmosphere yields an intimateiy 

mixed tantalum(V) oxide and carbon which subsequently reacts in a neutral or 
reducing atmosphere at temperatures greater than 1200°C to form tantalum 
carbide, TaC. This t;fpe process may be useful for the formation of refractory 
carbides in general. 

The freeze-dried mixed oxalate is a suitable material for the preparation of 
lithium niobate powder. Its principal advantage is its lower temperature of 
conversion to the compound, around 500 compared to 800°C for the conven- 
tional material. This results from increased reactivity and homogeneity which 

alleviates the need for high-temperature firing and offers a wider range of 
particle size and crystalline perfection. A second advantage is that the product 
preserves the dust free, free flowing, spherical agglomerate so convenient for 
subsequent handling and processing as either a feed powder for crystal growth 
or for use as a polycrystalline ceramic. 

Thmochim. Acra. I (1970) 465476 
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