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ABSTItXCT 

The synthesis o f  c~arnrite. BaAIzSizOs-H.O, at low temperature (140 ~'C) and 
autogcnous i,~ter ~ p o u r  p ~res~sure has been reported. Through the study of  its thermal 
behaviour, by means of  TG, X-gay and dilatometdc analyses, it has been shown that 
cymdte turns into hexagonal celsian, owing to the depar tu~ o f ~ a t c r  from the struc- 
ture and that  the pror~.~_~ appears to be irreversible at room temperature. A h)Tpothesis 
on the ~ructure of  c~-mrite*, also on the basis o f  the ~ t e r  desorption kinetics data, 
has been worked out. The po~ibili ty of  obtaining celsian, a material o f  interest in the 
Ba-refractorie$ industry, through ignition at 400 ;C of  s3~thetic cymrite, has been at  
last pointed out. 

I ~ g O D U C T I ~ :  

Cymrite. BaAlzSi=Oa-HzO, is a frame~-ork silicate mineral, only few occur- 
ren¢~ o f  which have been formerly reported .--6. Its X-ray diffraction pattern is ,,~z~ry 
dose  to those o f  two synthetic ~.(orthorombi¢) and/]-(hexagonal) polymorphs 7-s of  
celsian (barium feldspa0, BaAl~Si_,Os, although the r~:ant availability of  the mineral 
has no/  allowed until now the complete explanation of  the relationships between 
cymrite and t h e ~  compounds. C)unrhe has been, on the other hand. s~anthesized either 
at  hia~h temperatures (200-500 "C) and very hio~h p ~re~ure$ (I-30 Kb) 9.t°, or, but not  
as a pure phas~ at  low temperature (80 *C) under autogenous ~,~ter vapour pres- 
~ r e 1 1 . 1 2  

The purpose o f  this work is therefore both to define the most suitable physico- 
chemica l  cond i t i ons  f o r  t h e  ~ - y n t h e ~  o f c y m r i t e  a t  low t e m p e r a t u r e s  a n d .  snr~-~<i,~_ly. 

to study it5 thermal behaviour in order to inve~igate the structural relationships be- 
tween cymdte and ~Lcian. 

. See A ~  P- 398. 



EXl~EIU2MUE~t~AL 

S y n t ~  were effected at temperatures ranging between 80 and 140 "C in 
u:akd Teflon containen (capacity ~ 1 0 0  ml) containln~ the reaction mixtures and 
rotated it~ a thermostated o~L-n. The usual time ailment for crystallization ~las ] days. 
Metakaolinite (MTK) ,  obtained through ignition of  MERCK Kaolin 01~ter loss 
-- 14~3 at 600 "C, was used as source of  silica and alumina. 

Tbc mixtures were prepared from ~'ighed amounts of  solution of  reagtmt grade 
L iOH"  w~th approp6atc amounts ofmctakaolinitc and rea~gnt g~ade Ba(OH).-SH:O, 
added as solid because o f  its limite6 solubility in ~ater at room temperature_ The 
mole fraction BaOi(BaO -~ L i .O)  rangt'd b~-cen 0.2 and 0.5. Water was also added 
to  adjus t  the total  h)~lroxide molal i ty at  ~ l u c s  ranging each t ime between 0.8 and  
i _ .  ~ m_ T i ~  ¢~eim'tt rat io M T K : H e O  was maintained a t  1:25 in each run. normal ly  
arranged on the b a ~  o f  I g o f  MTK.  

R e . l i o n  products ~ r e  separated from mother  liquors by filtration, washed 
and dried owem'~L~ht at SO ~C_ ~ ~ r e  then stored o ~ r  saturated Ca(NO~,). solution 
a t  20 ~C ( R . H -  ~ 5 6 ~  be.~ore X-ra) ;  chemical and  thermal a n a l . ~ .  

Gu~nier X-ray powder photographs  were ~ubjected to densi lometer  measure:- 
merits ar~l cell constants  were calculated with the aid o f  a computer  program. The  
~-~ur~t~0~t Of the unit  _-ce41 Ixar-arnetet~ o f  cytlnr~te ~ t h  ternper'~ture ~ e ~ l u a t e d  by 
measurin~ in a sed~ ofdca~tometc~r traces taken from a Guinicr-I.J~nE X-ray p o ~  
tier p h o t ~ p h  (a~ra~et: heating rat(:: 0-38 ~C min- !), the distance between the posi- 
tious, a t  ~adous  temperatures,  o f  the ('21)0) and (004) reflections o f  the synthe~zed 

and,  ~ i ~ : l y .  that  o f  the (102) and  (201) rclk~'tions a t  !0  '°C. of  quartz,  

C h e m i e ~  analyse~ ~ r e  made  u ~ n g  ~ a n d a r d  procedure~ for Si and  AI_ Atomic  
adsorpt ion photometry  ~e~r~d for anal  v . ~  o f  Ba and  l.L T G  analyses were made ,xith 
a Stanton-Mas6flow thennobalanc~ rood- M F-H5 (ave~rag~ heating rate:  6.6 "C m i n -  ~). 
Dehydra t ion  kinetlc~ da ta  were collected from T G  trace~ at  constant  tempcrature~ 

Dilatometric traces ~ r e  obtained employing a Leitz Dilatometer  mod. U B D  
(a~:rage heat ing rate:  4 *C rain-i)..  Samples ~ - r c  prepared through compact ion o f  
c)~mdt© p~d¢:r  in a suitable mould. 

RESULTS 

S.~lhesis and choracteri=n_ tion 
The results o f  the synthesis e~l~rimems widen remarkably the field o f  physico- 

chemical o0nditions under which cymrite crystallizes. Its crystallization is in fact pos- 
sible not only starling from kaolinite, as pr~iously reported 11-12, but also from 
metakaolmite. The ~ l d  is stron~y temperature-dependent, so that complete crystal- 
i ~ t i o n  ~as obtained only at 140 ~'C. The most suitable chemical conditions for a 

o Tncrolcpla3.cdl~iA~ in tbcR~tJoncnv i ronm~th .~sbccndJscumcdinaprcv iouspapcr  t2- 



T A B L E  I 

C ~ K ' A L  A ~ Y S ! ~  _OF ~'~41tlTE 

9~5 

SiO= AlzO ~ ~ 0  I f  zO Total 

Symh~ic cym~ 30~ 25-6 39.3 4.6 a 99.7 
IOO.OO 

Mc~surod from T G  Ir, zcc (.~,cc ~ I)- 

T A B L E  2 

X' , ! f~Y IDi1F1FltACllCKN~ ~ DATA IFCHR ~ A.%.1~ ~ ! G - ~ , ~  ~ C T  

$.r~rT~'-~c cym~te 

d l ~ ;  7;J r . d t~J  X~l. 

?-6"P' ~ 7.'~; a 3S 1301 
4-6?. ~ 14 b !00 
_~_961 100 3_949 !00 I01 
.~-955 90 ~969 87 102 
~671 I00 ~648 75 ! !0 
2 ~  $ ~ . ~ 6  8 003 
?.-524 !0  2-507 16 l l ! 
2-313 37 2.293 27 
7.3.4! 34 2.259 40 103 
2-215 60 ~199 58 23)1 
2_194 20 ~IS9 ~ 112 

! . ~  14 1.975 15 202 
1.92~1 I0  1.945 15 004 
1.1149 33 1~53 40 1!3 
I -T;5 '~ 5 I . ' ~ 0  ~ 5 I04 
1.705 214 1.690 34 211 
1.591 38 1.582 35 212 
1~41 20 1.567 22 114 
1.541 26 1.5~I 21 300 

" ~ no t  ~ fo r  [he mfincmcm o f  the uniz-ccil din~nsions,. 
~' Zom:cmrcrcd by lJ~ rcflc~zio~ ( I  I I )  e l 'P t~NOj )z ,  cmple~cd a~ mz, cmal ~ o d a r d .  

T A B L E  3 

P ~ s ~  OF ~ A.~'D ~ !G~1~rJo~ PI~ODUCT 

c ~  arAJ c~A; v ~ ;  

Ssq~llh~ic ojmlrit¢ 5.34(I) 7.68(0) 189.7 
J ~ o n  product 5 . ~ D  7.78(3) IS&7  
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complete =rod reproducible tran~ormation o f  the reacting magma into cymrite turned 
out to be: total hydroxide molal i ty -- ! ~  m, mole fraction BaO/(BaO ~-. IA20 ) = 0.3. 
These conditions c o ~ n d  to the folloming reaction mixture: 

metakaolinit~ !.00 8 
soln. L iOH !.2 m ! &00 8 
Ba(OH)z-$H20 !.42 8 
water 6.86 g 

A bulk sample o f  c~nri te ~ prepared in this way and utilized for all the su ~ ~eees-_ 
s i r  expe~ments. The chemical analysis o f  this sample appears in Table I, t o~ the r  
with the calculated values for stoichiometric BaAIzSi.Os-H.O. No detectable Li ~,~s 
found in the compound, confirmin~ ~ that  durin8 cgy~-tallization c)~nrite is highly 
selec~-e for Ba :+. The good a ~ t  bet~leen experimental and calculated values 
shows thug the synthesiz~ sample has the same composition o f  the mineral s. 

Tabl~e 2 (first two columns) reports the X-ray diffraction powder data for 
~n the t ic  c3~nrity.. Its diffraction pattern and cell parameters (Table 3) are also ~ ' c t 3  • 

dose  to thof, e of the mineralL 

Tlwrma! I~hariour 
On heating, c~anHte gradually loses water, as shown by the TO and DTG trac~s 

in Fig. I. The anhydrous product appears unable to take up ~ater  vapour aEain, even 
i f  stored for a long time (e.g. 7 days) in an en,iromTmnt o f  saturated water vapour 
put,sure, a t  20 ~C. 

Tabl~ 2 (last two columns) reports the X-ray diffraction powder data for the 
i~nition product ofcymrite. The diffraction pattern is ¢1o~¢1y v ia l ed  to that ofcymrite,  
apart  from a small ~ in the d¢~tr t values affectin~r a-dimension and a small in- 
crease in ~lhose affecting c-dimension. The pattern is, on the contrary, practically 
ident~e*l to  that  o f  the ~(low temperatnre)-form of  the synthetic polimorph ofcelsian ~. 
with consequent coincidenc~ o f  the cell parameters (Table 3 and ref. 8). 

, :  / \ 

~ L W  ~ "q~ ~ 

I . T G  and DTG atzves ofc,~agite- 14eath~ t:Lt~: 6.6*C re_m_- s 
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Fig- ~ ShifL~ on  hc~tin~ of("_00) and  (0043 rcllcction~ ofc~rnri te ,  in ircspo~ o f  the posi t ion offZO I) and  
( !02)  rcllcctions o fqua t - t za t  I0  ~C- I-Ic~tinlp rate:: 0-7~ ~C ra in-  ! 

m ~ • • | 

1 

i 
Fig. 3- Dt-latmnctgk: tt-accs o f  a compac t  o fcymr i t¢  pod-dog. Hc~tlng ra te :  4 eC ra in-  t 

Figure 2 shows the shifts, on heating, of  the (200) reflection (affecting only a- 
dimension) and o f  the (004) reflecXion (affecting only c-dimension) of  cymfite, in 
re~pect to the position of  ('~DI) and (102) ndl~-tions of  quartz a t  10 "C. It may be 
noticed, by comparing Figs. I and 2. that  the gradual water removal causes a continous 
change in the unit-cell parameters ofcymrite ,  which obviously means that  the trarL~ 
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formation cymrite --~ ~high-tempevature)-form of  synthetic ~cp_l_~ian ~ occurs gradually, 
just  as a result o f  water rc~aoval. 

Dilatometri¢ tracts reported in Fig. 3 confirm the above results and summatiT.e 
t l~  whole ~ oftt-,m.~formation$: cTmrite--~/~hexagonal) celsian ~_ ct(orthorombic) 
celsian 7. In the first c-~cle~ on heating the sample remarkably shrin~:s owing to both 
water departut~ and tighter arrangement of  the powdc-r particles. At tempegaturcs o f  
about  600 "C the transformation into celsian is p~ctically complete (see Fig. !). On 

11 I ,', r~ | It 

! ~  4. K~es~cs o f  ~ t c r  desorp6on Im0ccss from c~m~ritc, m.=o is tbc pa'ct'nt rcsidua! 'rater m thc 

lg :  

o 

II \ 

i t  , I f  , , i f  , i f  

!~..  ~,. ~ u s  p~_ t ro r ,~= -  ~ s o q s u ~  pcocgss from ~ 
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c o o l i n ~  in fact ,  t h e / ~  --- ~c i n ~ r s i o n  o1" t h e  cc ls ian  v a t  a b o u t  300 "~C l a k e s  p lace  a n d  
t h e  p h a s e  trarcsit ion ~ / ~  is t he  o n l y  t r a n s f o r m a t i o n  r e c o r d e d  in t he  s e c o n d  cycle  °. 

itraler desorplion kinelics 
The ~radual dcparlure of  u~tcr  from cymHte, although it appears to be an 

irreversible process, considerably resembles the continuous_ zeolite dehydration. The 
plot in Fig. 4 sho~x~ thai, as for zcolilc ~ ,  lhe xl~aler dc~,orplion proc~_~s of  c~'mHlc, 
unti l the point at xvhich Ihc saturation of  the powder layer in the thermobalance 
hinders the i,~alcr remo,~al, is a fir~l-ordcr r~aclion. By plouing (Fi~. ~ the rcaclion 
rates c~lcul-~ted from Ihe cl:zla of" Fi~__. 4 agninst lem~l~lture, according Io the A t -  
rhenius equation 

I n k  ~ ~F_.Ji~T ~ consl. 

a ~zlue of  F~, acti~ation encr~', for the waler d~orpt ion from cymr i l~  o!" 9.5 kcal 
mole- '  has been oblairmd. F~ for the ~z ler  desorplion from zeolite A I~-ns is about 
7 kc~l m o l e - L  

Fig- 6- Siruclurc of  hir, h-lmFc-r~lu~¢ form o f  s}-nthctic c~lmn:. 

* Iz h.~ to tic no,;e,~__ thaL !,e,:=L~ of  the md:sl:l:ilizy o f  the mr- and/;-forms ofsynlh¢lic cdsian la. 
IKe h;gh-lemporalurc form ¢~n. at higher lempcrJlur¢~, lure into Ihc ~t~i~le poI}Tnorph (monodinic 
_,e'~-!~k~" II). ~ I rJn~or!n31iol l  ICNtpL'rJlilII~ oJ" l h k  ml~m-lh(TlilOd)Tlalllil; lmrnilion i~ o f ¢ o ~  ~ron~y 
IJcpcm.dl~| o n  t h e  h ~ l i n S t  p r o < ~ u r c s -  W i l h  a hc:alin~ I~ l c  o f O . J S  ~C r a i n -  i Ib i s  I r a m f o r m ~ l i O n  l a k e s  

=tt =bout K~) "C. 



The whole of the abo~,~ data allow,: a hypothesis to be- worked out on thc struc- 
ture of  c3~mrlte- The structure of  the hish-temperature form of synthetic celsian ~-e 

( D  6-R) pol~'hedra with a ratio D 6-R/Ba equal to I_ Being in the cymrite the mole 
ratio H:O~I~ exactly I, the compound could be re~rded as a hydrated hexagonal 
cdslan and lherefore each ,rater molecule be located in a hexagonal prism, as it some- 
times occurs in zeolite structures_ Such position of water could explain the magnitudc 
o f  the  E= ,~alt~ f o r  th~ dcso_ rption p r o c c s ~  s imilar to  that  o f~eo l i t e~ .  T h e  i ~ b i l i t y  
o f  this pror~g could bejnstifted by considering that water molccules (critical diameter 
3.2A).which pa~v,  ithditT~'ulty throu.eh a $ix-membered ringex-en at high temperature, 
arc no  n'u:,rc adsogbablc at room temperature after the structure shrin -ka~e along the 
a-axis, due to the dehydration (see Table 3). 

The results of  the s - ) ' n t ~  experlmenL~ provide a method for obtaining c3"mrite 
at low temperature (140 ~C:) ~tarting from melakaolinite. This may be of interest for 
res=arcl,,ers in the field o f  refractories, if onc considers that, throush i~nition at about 
400 "C. c)'mrite turns into celsian, a marconi o f  noticeab!e u.sc in the field o f  Ba- 
refractories, o t ~ - i s e  prodttccd by clectrofusion method ~-|6. 
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