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The kinetics of calcium tungstate crystallization from solutions in sodium tungstate 
melts were studied in a platinum crucible by continuous cooling from an initial crystal- 
lization temperature To = 800 ~ to 1000 ~ to below the eutectic temperature at cooling 
rates Rr = 0.67 ~ to 3.3 ~ min-1. The main crystal growth was diffusion rate-controlled. 
The diffusion rate-constant (kD) values for the growth along the major axis were estim- 
ated. Such values increased with the cooling rate and initial crystallization temperature. 
They were lower than those for diffusion-controlled growth of calcium tungstate from 
sodium tungstate melts in alumina crucibles. The experimental kD values were com- 
pared with the theoretical kD values. 

Ca lc ium tungsta te  is an impor t an t  ceramic material .  This mater ia l  is p r epa red  
for  var ious  app l ica t ions  by crystal l izat ion f rom different suitable solvents [ 1 - 3 ] .  
Ca lc ium tungsta te  crysta l l izat ion f rom l i thium chlor ide  and other  melts has  been 
r epor t ed  [ 4 - 6 ] .  These works  mainly repor ted  studies on the nuclea t ion  processes 
and final crystal  numbers  and sizes in different crys ta l l iza t ions;  some quant i ta t ive  
studies on the kinet ics  of  crystal  g rowth  processes were also repor ted .  The present  
au thors  have r epo r t ed  studies on the kinetics of  crystal  g rowth  of  calc ium tungsta te  
f rom solut ions in sod ium tungstate  melts in a lumina  crucibles  by cont inuous  
cool ing [7]. Hi ther to ,  however,  there has been no reference in the l i terature  to the 
kinetics of  calc ium tungsta te  crysta l l izat ion f rom melts in p la t inum crucibles.  

This  paper  presents  a s tudy on crystal  g rowth  kinetics o f  calc ium tungs ta te  
f rom solut ions in sod ium tungstate  melts in p l a t inum crucibles  by cont inuous  
cool ing at different rates f rom initial t empera tu res  To = 800 ~ to 1000 ~ to ambien t  
tempera ture .  The degree o f  crystal l izat ion,  crystal  lengths and growth  ra tes  were 
measured  by differential  thermal  analysis.  I f  p rope r  exper imenta l  condi t ions  are 
used, D T A  measurements  give rel iable in format ion  a b o u t  the kinetics and mecha-  
nisms of  crystal  growth.  
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Experimental 

Calcium tungstate was prepared in situ in sodium tungstate melts from equi- 
molecular mixtures of the metal carbonate and tungsten trioxide. The saturated 
solutions were prepared at temperatures slightly higher than the initial crystalli- 
zation temperature, by heating for several hours inside a "Carbolite" electric 
furnace (No. 1 2 - 7 0 - 1 1 7 3 ,  Carbolite Co. Ltd., Sheffield, England). These solu- 
tions were then cooled down rapidly to room temperature; the solidified melt was 
ground well and dried at 100 ~ for 24 hours to remove any moisture absorbed 
during grinding. Crystallization was carried out in a differential thermal analyzer 
(No. 990, E. I. du Pont de Nemours & Co., Wilmington, Del:, U. S. A.) at initial 
temperatures To = 800 ~ to 1000 ~ using alumina as a standard. 0 .20-0 .50  g of 
the above sample was taken in a small platinum crl~cible and the temperature was 
gradually raised to slightly higher than To at a rate of 20~ It was held constant 
at that temperature for half an hour to ensure complete melting. Then the temper- 
ature was gradually reduced at rates of (i) 40~ (ii) 120~ and (iii) 200~ 
according to a pre-assigned automatic cooling programme, down to below 300 ~ 
The temperatures were recorded automatically on the chart. 

From the DTA curves, the eutectic temperature (Te) and the degree of crystalli- 
zation (et) at different crystallization times were evaluated. 

The eutectic temperature was determined as the initial melting temperature of 
the mixtures of metal tungstate and sodium tungstate. 

The degree of crystallization at any crystallization time (t) is given by e t=  
= A H t / A H t o t a  1. But A H  t = K A  t and A H t o t a  I = K A t o t a  1 

where AH t = enthalpy change at any time t; 

4Htota 1 = total enthalpy change during crystallization; 
A t = area under AT vs. t plot at any time t; 

A t o t a  I = total area under AT vs. t plot; 
K = thermal conductivity of the sample. 

Neglecting the variation of thermal conductivity with temperature: 

C( t = A t / A t o t a  I (1 )  

The DTA curves were traced on standard millimeter graph paper and cq was 
calculated from Eq. 1. From these cq values the length (/.t) of calcium tungstate 
crystals at any time t was estimated from the relation 

Ft,] 
~'-- L~J 

where If  is the final crystal length. If values were measured by optical microscopy 
from separate crystallization runs in the "Carbolite" electric furnace mentioned 
above. 

J. Thermal Anal. 16, 1979 



ROY, APPALASAMI: DTA OF CALCIUM TUNGSTATE 29 

Kinetics 

Results 

(A) The c~ t vs. t plots presented in Figs 1 -  3 show a regular increase. The at 
value reaches > 0 . 9  in 6 - 8  hr for 40~ 1 . 5 - 3 . 0  hr for 120~ and 1 . 5 - 4 . 0  hr 
for 200~ cooling rate. These plots are linear approximately up to c~ t < 0.13, 

(B) I t vs. t plots are presented in Figs 4 - 6 .  There is no induction period; 
regular growth occurred and reached the final size in about 7 - 1 0  hr for 40~ 
2 - 4  hr for 120~ and 1 . 5 - 2 . 5  hr for 200~ 
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Fig. 2. Crystallization of calcium tungstate from solutions in sodium tungstate melts. T o - - =  

= 900 ~ Extents of crystallization after different times 
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Fig. 3. Crystallization of calcium tungstate from solutions in sodium tungstate melts. To = 
= 1000 ~ Extents of crystallization after different times 

Initial growth-rates ( d l / d t ) a l o n g  the major axis in the early stages were measured. 
The excess solute concentration (ACt) were estimated f rom solubility vs. temper- 
ature plots [7]. The crystal length increased regularly with the growth time and 
so also did the growth-rate as the crystallization proceeded. These values increased 
with increase in the initial crystallization temperature and the cooling rate. In all 
cases, L vs. t plots are approximately linear up to about 70 % of the growth. This 
suggests that the growth of calcium tungstate crystals was probably diffusion- 
controlled. 

T h e  m a i n  g r o w t h  

For a system with no induction period, the kinetics of slow crystal growth 
(rate-controlled by diffusion when growth times are small) may be expressed as [7] 

d l / d t  = ( 2 k D ~ A C t ) / l  = ( 2 k • l a R T t ) / l  (2) 
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Fig. 4. Crystallization of calcium tungstate from solutions in sodium tungstate melts. To ---- 
= 800 ~ Maximum crystal lengths after different times 
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Fig. 5. Crystallization of calcium tungstate from solutions in sodium tungstate melts. To = 
= 900 ~ Maximum crystal lengths after different times 
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Fig. 6. Crystallization of calcium tungstate from solutions in sodium tungstate melts. T~ = 
= 1000 ~ Maximum crystal lengths after different times 

where kDl is the diffusion rate-constant for the growth along the main axis, 
a ( =  dC/dt) is the rate development o f  excess solute concentration by cooling and 
R~(=  dT/dt) is the cooling rate. Then, from Eq. 2: 

kD 1 = (dl/dt)~/2aRT (3) 

The diffusion rate-constants for initial growth along the main axis were calculated 
from Eq. 3 and are collected in Table 1. a values were estimated fi'om the solu- 
bility vs. temperature plots [5, 7]. 

The kDl values increased with the initial crystallization temperature and cool ing 
rate. In general, these values are higher than those for diffusion-controlled growth 
of  calcium tungstate from sodium tungstate melts in alumina crucibles [7]. 
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Diffusion rate-constants and diffusion coefficient 

For crystallization by continuous cooling, the growth-rate of crystals at any 
crystallization time would be expressed by lhe relation [7] 

--dtdl ~_ (4DCAC) [ (4) 

where D is the diffusion coefficient of the metal cations, r is the permeability 
factor, Psol is the density of the solution and p is the density of the crystals. 

From a comparison of Eqs 2 and 4, the minimum value of kD1 for growth of 
one face would be (2D~) (P.~ol/P). 

The diffusion coefficients for self-diffusion of alkaline earth metal cations in 
sodium tungstate or alkali metal tungstate melts have not been reported. Only 
the work of Borucka [8] shows that for the self-diffusion of sodium in NaC1 melts 
at 800 ~ DNa = 9.62 " 10 -5 cm2/sec. With this value, the diffusion coefficient of 
calcium in melts at 800 ~ may be approximated: Dca = 92 " 10 -6 cm2/sec. 

For crystallization in platinum crucibles by slow continuous cooling, the actual 
growth occurred at about 750 ~ . As the actual diffusion coefficient depends on the 
viscosity 07) of the substance, the actual D value of calcium at 750 ~ is [7] Dca = 
= 60 " 10 -6 cm2/sec. 

The density of the solution at 800 ~ was calculated as 5.63 g/ml. Therefore, the 
real value of kD~ should be 111.60 �9 10 -6 cm2/sec. The estimated kD~ values are 
much lower than the (kD1)real values. This is probably because of the low r value 
in the solution. 

The rate-constants varied from 0.002 to 0.069 Dca+ + where Dca+ + is the diffusion 
coefficient of calcium cations at 800 ~ 

Table 1 

Crystallization of calcium tungstate at different temperatures 
Initial growth-rates and diffusion rate-constants 

Crystalliza- 
tion 

temperature 
(To), 
~ 

800 

900 

1000 

Rate of  
cooling 

(RT), 
~ 

40 
120 
200 

40 
120 
200 

40 
120 
200 

Excess solute 
concentration 

(ACt), 
g/g soln 

0.1168 
0.1168 
0.1168 

0.1809 
0.1809 
0.1809 

0.3049 
0.3049 
0.3049 

dC Re(= ~ ) = a R T ,  
g]g soln/~ 

0.0300 
0.0878 
0.0942 

0.0131 
0.0449 
0.0612 

0.0263 
0.0783 
0.1300 

Initial growth- 
rates 

(dl/dt), 
cm]hr 

0.0059 
0.0114 
0.0135 

0.0048 
0.0132 
0.0217 

0.0080 
0.0270 
0.0750 

10-6 kDl, 
cm=/sec 

0.183 
0.228 
0.291 

0.265 
0.560 
1.147 

0.364 
1.382 
6.400 
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Discussion 

The amount of material and the sizes of the crucibles used in this work were 
very much smaller than those in the case of crystallization in alumina crucibles [7]. 
Because of this, the growing crystals probably settled in the crucibles in a densely- 
packed manner, which in turn resulted in a low pore volume or inter-particle void 
space. Also, in this work the solutions were unstirred; because of the low free 
space there was probably very little or no convection in the bulk of the solution. 
Any convection in the solution was probably mainly due to the thermal agitation 
of the particles. Due to these factors, the permeability through the inter-particle 
void space to the reacting surface was possibly hindered. 

A low pore volume leads to a low 4~ value; consequently, diffusion of material 
into the reacting surfaces in a cluster of growing crystals is hindered. This makes 
the diffusion rate of material into the reacting surfaces somewhat lower and thereby 
decreases the rate-constant for crystallization. These factors were possibly respon- 
sible for smaller kD~ values than those for crystallization of calcium tungstate 
from sodium tungstate melts in alumina crucibles [7]. 

Seeger [9] has examined diffusion problems associated with crystal growth 
from dilute solutions. He suggested that a diffusion-controlled growth-rate can 
be expressed more exactly by the relation 

d l / d t =  (kDl)real (A C)eff 
t [(5) 

where (AC)eff is the effective excess solute concentration. Then 

dl (kD,),oa, ( f "  AC) 
d t  = 1 (6) 

where f is a factor < 1. 
Therefore, (kDl)experimenta 1 = f "  (kDl)re~V 
The results suggest that the factor f varies with the initial excess solute concen- 

tration, f is low for high A C. Probably, at very small A C and rate of cooling, 
f ~ 1 and (A C)~ff ~ A C. 
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R~SUM~ --  La  c in6t ique de la cr is ta l l isat ion du  tungs t a t e  de ca lc ium ~t par t i r  de ses so lu t ions  
dans  le t ungs t a t e  de s o d i u m  f o n d u  a 6t6 6tudi6e dans  u n  creuse t  de p la t ine  au  cours  du  refroi-  
d i s semen t  con t i nu  depuis  la t emp6ra t u r e  init iale de cr is ta l l isa t ion T O = 800 ~ 1000 ~  j u s q u ' h  
t emp6ra tu re  inf6rieure ~t celle de l ' eu tec t ique ,  avec des vi tesses de r e f ro id i s semen t  a l lant  de 
0.67 ~ 3.3 ~  �9 m i n  -1. La  c ro issance  des c r i s taux  est contrS16e p r inc ipa l emen t  pa r  le p rocessus  
de diffusion.  Les  va leurs  de la c o n s t a n t e  de vitesse de di f fus ion (kD) on t  6t6 es t im6es  p o u r  la 
c ro i ssance  le long  de l ' axe  principal .  Ces va leurs  a u g m e n t e n t  avec la vi tesse de re f ro id i s sement  
et la t emp6ra tu r e  initiale de cr is ta l l isat ion et son t  p lus  faibles que  les va leurs  c o r r e s p o n d a n t e s  
en  creusets  d ' a l umi ne .  Les va leurs  exp6r imenta les  et th6or iques  de k~  son t  compar6es .  

ZUSAMMENFASSUNG - -  Die Kine t ik  der Kr is ta l l i sa t ion  y o n  C a l c i u m w o l f r a m a t  aus  L 6 s u n g e n  
y o n  N a t r i u m w o l f r a m a t s c h m e l z e n  wurde  im Plat int iegel  du rch  kon t inu ie r l i ches  Kf ih len  von  
de r  Anfangsk r i s t a l l i s a t i ons t empe ra t u r  T O = 800 ~ bis 1000 ~ bis un t e r  die eu tek t i sche  Tempe-  
ra tur ,  bei Abki~hlgeschwindigkei ten  y o n  RT = 0.67 ~ bis 3.3 ~ min  -1, un te r such t .  D a s  H a u p t -  
k r i s t a l lwachs tum wurde  du rch  die Di f fus ionsgeschwind igke i t  bedingt .  Die  Wer t e  der Diffu-  
s i onsgeschwind igke i t skons t an t e  (kr )  in R i c h t u n g  der  H a u p t a c h s e  w u r d e n  gesch/itzt .  Diese 
Wer t e  n a h m e n  mi t  der  Abkf ih lgeschwind igke i t  u n d  der  Anfangsk r i s t a l l i s a t i ons t empera tu r  zu. 
Sie waren  niedr iger  als j ene  des d i f fus ionsbedingten  W a c h s t u m s  v o n  C a l c i u m w o l f r a m a t  aus  
N a t r i u m w o l f r a m a t s c h m e l z e n  in A lumin iumt i ege ln .  Die  exper imente l len  k o - W e r t e  w u r d e n  
mi t  den  theore t i schen  kD-Wer ten  vergl ichen.  

Pe3IoMe - - / / I3yqeHa rdarieTH~a rpncTanJiH3aunrt BOJ~LtbpaMaTa KaJIbIIHg n3 paCTBOpOB pacrma-  
BJIenrtoro ~oar, qbpaMaTa naTprm B nnaTi4noaoM Trrrze nyTeM Henpept, m n o r o  o x n a ~ e n n a  OT 
naqa~,HOfi TeMnepaTypbi xpHcTayt.qH3atLrln To---- 8000 ~0 1000 ~ r n ~ e  TeMnepaTypbi 3BTeKTrlYffI 
np• cKopocTH OXYta~IeHH~ OT R r ---- 0.67 ~ 40 3.3 ~ MrIn -1. POCT KplIcTaYI~OB KOHTpOYIHpyeTc~ 
cropocTbm ~gqbqby314rL YcTaHoBneni, i KOHCTaaTbI CKOpOCTa (kD) ~Inqbqbyan~ pocva Kp~cTanJIoB 
B~IOJIr~ n,X rJIaBHO~ OCrt. ~TH BeJ/!4~mHr~I yBeYn4qHBarOTCg C yBeJmqeriHeM cropocTH oxY~a~leHmq 
~t na sa~Lno~  TeMnepaTyp~,~ rprtcTamaaaaLmH. OHH 6~,~a 6onee HrI3KHMH riO cpaBHeHn~O C TeMH, 
XOTOp/~Ie 6t,IJIH ycTaHOBJIenbI B cJIyqae ~IHqbqby3no-roHTpOYIHpyeMoro pocTa BOYH~d~paMaTa KaJtb- 
~H,q H3 pacnnaBOB BO~qbpaMaTa naTpmq B Tm'Y~X H30KrlCH ani~M~nH~. ~)KcnepHMeHTaYtbnl, Ie 
3Ha~eHYff[ k D ~b~J~H COn0CTaBJ~enbI C TeopeTi4qecrfflM~. 
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