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The co-urse oj sinte1·ing oj Ca003 mixt-ures with various types (SrCO 3, 

Na2003 , Ba003 , lcaolin and MnCO,) ancl amou.nts (2 ancl 5 JJercent 
by wt.) oj aclmixt-ures was investigated by continouus measurement oj 
contraction oj JJressings heatecl at constant or linearly rising ternperature. 
The phase composition oj the sarnples ajte1· their heating was cleterrninecl 
by X-ray analysis. Sr003 ancl Na2003 have a javourable effect on the 
sintering oj the prnssings; aclditions oj Ba003 ancl Mn003 somewhat 
reclu.ce the 1·ate oj sin tering, ancl the sintering process is substantially 
retarclecl by adcling a relatively small amount oj kaolin to Ca003 . 

A clisciission is presentecl oj the effect oj phase cornposition on the 
sintering oj samples jollowing their isotherrnal heating. 

INTRODUCTION 

The effects of admixtures affecting the sintering of mixtures with a prevailing 
content of the basic substance in the absence ofliquid, can be essetially divided 
into the following two groups: 

1. The admixtures and the basic substance form either solid solution!': or
compounds, this bringing about exchange of the constituents and change 
in the activities of the structural components that are taking part in the 
basic sintering processes. 

2. The mechanical effects of the a.dmixtures ( or those of their decomposition
products, or those of substances arising from reactions between the admixture 
and the basic substance) bring about changes in the contact surfaces of the 
basic substance particles. 

The effect of many admixtures cannot be classed explicitly ·with either ofthe 
groups; sometimes the type of effect of an admixture is changecl within the 
course of sintering. 

The present study was concernecl with examining the sintering of CaCO3 

mixtures ,vith several admixtures by measuring continuously . the linear 
contraction of the pressing in the direction of the forming pressure. The 
admixtures SrCO3 , Na2CO3 ancl BaCO3 belong by their effects into the first 
group; the presence of kaolin reduces the contact area between the CaCOJ 
particles; MnCO3 can affect the sintering of a mixture of the two carbonates 
in either of the two ways. 

EXPERIMENTAL 

The basic substance: CaCO3 (Čs L-2, Lachema); its properties lrnve been 
clescribed in [ 1]. 

Admixtures: SrCO3 spectpure (Matthey), Na2CO3 A.R. (Lachema), BaCO3 

A.R. (Lachema), Sedlec kaolin la, ancl l\foCO3 C.P. (Lachema). 
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Preparation of samples: The weighed portions (5 g) were homogenized with 
the admixtures ( of 2 and 5 % by wt.) by 8-hour vigorous shaking with 
agate balls. 
The shape and the forming procedure of the pressings have been described 

in [l], together with the method of measuring the linear contraction S in the 
direction of the forming pressure in the course of isothermal heating using 
the Ohevenard dilatometer. 

The present study further included recording of the linear contraction S'

of pressings on increasing their temperature from room temperature up to 
800 °0 (heating temperature rate 10 °0 per min-1). A small overpressure 
of 002 against the atmospherical pressure was maintained both in the furnace 
and the dilatometric head during these measurements. 

The linear contraction values established by isothermal measurements 
were related to the initial height of the pressing which had been heated up to 
the temperature at which the course of sintering was to be determined; in 
the oase of samples whose temperature was increased, the linear contraction 
values were related to the sample height prior to heating. The S' values are 
therefore algebraic sums of contraction and relative thermal expansion. 

AU the samples containing 5 % by wt. of admixture (and even more in some 
cases) were subjected to X-ray puf powder analysis on the Miller 111

diffractograph after 7 to 8-hour isothermal heating. In the oase of samples 
heated at about 500 °0 the phase composition was also investigated after 0.5, 
2 and 4-hour heating. 

DISCUSSION 

The dependences of linear contraction of pressings of OaC03 with admix­
tures on the time of isothermal heating at 450 °0 are plotted in Fig. l (designa­
tion of the mixture components in all the figures: O - OaOO3, thick lines, 
'V -SrOO3, !::, -Na2O03, O -BaO03, O -kaolin, and ◊ � M:nO03). 
The time dependence of Scaco3 

has been obtained by approximate interpolation 
of the respective contraction values of OaO03 pressings at 440 and 473 °0 
respectively [l]. 

The dependences of contraction of specimens heated isothermally for 0.5 
and 7 hrs. respectively on heating temperature, are plotted in Figs. 2 and 3. 

The temperature dependences of contraction of samples heated at a constant 
temperature rate, are plotted in Figs. 4 and 5. 

THE EFFECTS OF THE INDIVIDUAL ADMIXTURES 

ON THE SINTERING OF THEIR MIXTURES WITH CaCO3 

1. SrOO3 and N a2OO3 : Reactions of these admixtures with OaOO3 already
take place at relatively low temperatures, producing either a solid solution of 
(Sr, Ca) 003 , or hexagonal nyerereite Na2Ca(OO3)z. In this case, contraction of 
the pressings is brought about not only by sintering of the basic substance 
particles (with simultaneous expansion of the specimens), but also by the 
above reactions. The contraction which occurs during these reactions, compen-
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sates to a certain degree the effect of decreased contact area between the CaCO3 

particles in these mixtures. For this reason SrCO3 and Na2CO3 have a favourable 
effect on the sintering of CaCO3 mixtures with these admixtures (Figs. 1 to 3). 

At higher temperatures Srz+ diffuses comparatively rapidly into the 
centers of CaCO3 particles [2) and thus also affects the rate of volume diffusion 
of CO� which, according to [l), determines the initial rate of pure CaCO3 

sintering. On increasing the SrCO3 content from 2 to 5 % by wt. the favourable 
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Fig. 1. Dependence oj logarithm oj contraction oj pressed specimens • oj CaCOJ mixtureB
with 5 % by wt. oj admixtures on the logarithm oj the time oj he,ating at 450 °0.
Designation oj the mixture components: O - CaCOJ (thick linť,lf), 'V -SrCOJ, 

6. -Na,C03, D-BaCOJ, 0-kaolin, ◊-MnC03.

s 

(%] 

1.0 

0,1 

0,01 

/ 
_.,;/ 

/ 
······'/·.'':.' .......... . 
,,. 

/,. 

'· L_ __ 3_,_5
0 
____ 4

0
'--o----4c-'5'-c-o----:s=o-=-o----:';t [:::::'Cl 

Fig. 2. Dependence oj logarithm oj contraction oj pressed specimens oj CaC03 mixtures with
5 % by wt. oj admixtitres ajter 30-minute isothermal heating.

For designation oj mixture components rejer to Fi,g. 1. 
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effect of this admixture onto sintering of these carbonate mixtures is probably 
suppressed by its mechanical effects (Figs. 4 and 5; range of approx. 600 to 
800 °C). 

400 

li'ig. 3. Dependence oj logurithm oj contruction oj pressecl SJJecimens oj CaCO3 mixtures with 
5 % by wt. oj aclrnixtures ajter 7-hour isothermul heating. 
For clesignation oj mixtiire components rejer to Fig. 1. 
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Ji'ig. 4. Ternperat·ure clepenclence oj contruction oj pressecl specimens oj CaCO3 mixtui·es 

with 2 % by wt. oj aclrnixtures at constunt heuting rate. 
For closignuticn oj mixtitre components rejer to Fig. 1. 
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The decrease of intensity of strontianite reflection in samples with 5 % by 
wt. of admixture following their 8-hour heating at temperatures over 400 °0 
is an indirect evidence of the formation of solid solutions (Sr,Ca)CO3 ; stron 
tianite was already not determined in these samples following their heating 
above 536 °0. 
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F'ig. 5. Temperature dependence oj contraction oj pressed specimens oj CaC03 mixtwres with 
5 % by wt. oj admixtures during their heating at constant heating rate. 

F'or designation oj mixture components rejer to F'ig. 1. 

The characteristic diffraction lines of Na2Ca(CO3)i, doo2 = 6.11 Á and d400 =

= 4.35 A (3] appeared with samples containing 5 % by wt. Na2CO3 following 
their 2-hour heating at about 550 °0, and with samples containing 10 % by 
wt. of Na2CO3 already after 8-hour heating at 450 °0. 

The increase in Na2CO3 content from 2 to 5 % by wt. increases contraction 
of the specimens within the entire temperature range (Figs. 4 and- 5). 

BaCO3 : This admixture somewhat reduces contraction of isothermally 
heated specimens, especially at lower temperatures (Figs. 2 and 3). An increase 
in the content of this admixture (from 2 to 5 % by wt). has a comparatively 
small effect on the S values (Figs. 4 and 5). 

When heating pressed specimens of CaCO3-BaCO3 mixtures, relatively 
low temperatures bring about formation of a solid solution of (Ba, Ca)CO3 

(with an approximately equal content of the two components) and barytocal­
cite BaCa(CO3)i. The diffraction line of the highest intensity, appertaining 
to both these phases at d = 3.11 Á according to (4], appeared after 8 - hour 
heating of samples containing 5 % by wt. of BaCO3 at 400 °0. Their formation 
is related to the somewhat lower temperature of initial contraction of the 
specimen during their heating up (Figs. 4 a.nd 5). 
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BaCO3 was a.lready not determined by diffractography in specimens with 
5 % by wt. of the admixture following 8-hour heating at 506 °C. After 0.5-hour 
heating of these samples at 547 °C most of the BaCO3 was transformed into 
rhombohedrical solid solution (Ba, Ca)CO3 with a 1 : 1 molar ratio, whereas 
small amounts of barytócalcite were determined in these samples only after 
their 8-hour heating at 506 and 547 °C. It is therefore assumed that sintering 
of pressings of CaCO3 with and admixture of BaCO3 produces first, at lower 
temperatures, a solid solution with an approximately equal molar content 
of the two carbonates, and that this solution is transformed into barytocalcite 
by further heating: this phase was not established in any of the specimens 
above approx. 550 °C (according to [4] barytocalcite is stable up to 520 °C). 
At still higher temperatures ba.rytocalcite is again converted into a rhom­
bohedrica.1- solid solution which is anion-disordered according to [4]. The 
formation of an anion-ordered rhombohedrical solid solution with a low BaCO3 

content is much slower when this admixture is penetrating into the interior 
of the CaCO3 particles [2]. 

Kaolin: The decomposition of kaolinite in pressed specimens of CaCO3 mixtu­
re with 5 % by wt. of kaolin was investigated by measuring the diffraction line 
pertaining to d002 = 3.57 Á. Perceptible decomposition of kaolinite took 
place at 500 °C following 8-hour heating of the samples, and at 550 °C after 
0.5-hour the kaolinite in the pressed specimens was already virtually decompos­
ed. The reaction of CaCO3 with the decomposition products of this admixture 
during heating in the 350 to 550 °C temperature range was not explicitly 
established by X-ray analysis. 

The water vapour and the solid phases arising by decomposition of kaolinite, 
considerably reduce the contact a.rea between the CaCO3 particles, so that 
already a small content of this admixture will practically suppress the sintering 
of CaCO3 mixtures with kaolin (Fig. 1 to 5). 

MnCO3 : This substance is virtually completely decomposed already after 
8-hour heating at 350 °C in the samples. The arising manganese oxides slow
down the sintering rate so that an increase in the content of this aclmixture
from 2 up to 5 % by wt. decreases their contraction (Figs. 4 and 5).

Even though thermal dissociation of lVInCO3 produces gas and solid clecom­
position products similarly to the clecomposition of kaolinite, there is a per­
ceptible fundamental difference in diagrams 1 to 5 between the sintering 
courses of samples with these two admixtures. The relatively small retarding 
effect of MnCO3 on the sintering óf CaCO3 mixtures with this admixture is 
probably due to the rapid formation of a solid solution of the two carbonates 
in the prevailing part of volume of the basic CaCO3 particles with a low MnCO3 

concentration which cannot be determinecl by X-ray analysis [2]. This 
solid solution at least partially eliminates tlw fine fractions of lVInCO3 de­
composition products at the points of contact between the individual CaCO3 

particles. 

Refere nces 

[l] Prol�s I., Šiške V.: Silikáty 12, 13 (1968). 
[2] Proks I.: Silikáty (to be published).
[3] Billhardt H. W.: Glastechn. Ber. 42, 272 (1969).
(4] Chang L. L. Y.: J. Geology 73, 346 (1965).

14 Silikáty 1, 1971 



The Sintering oj CaCO3 Mixtures 

SLIN OVÁNÍ SMĚSÍ CaC03 S NĚKTERÝMI PRÍSADAMI 

Ivo Proks a Vladimír Šiške* 

Ústav anorganickej chémie SA V, Bratislava 
a * Katedra chemickej technólogie silikátov, S V ŠT, Bratislava

Průběžným měfoním lineárního smrštění výlisků byl sledován průběh slinování směsí 
CaCOJ s různým druhem (SrCOJ, Na2C03 , BaCOJ, kaolin a MnCOJ) a obsahem (2 a 5 
váh %) přísad. Výlisky byly zahHvf\.ny 7 až 8 h při teplotě ca 350, 400, 450, 500 a 550 °c 
(obr. 1-3) nebo s konstantní rychlostí teplotního růstu 10 deg min-1 do teploty 800 °C 
v atmosféfo C02 (obr. 4 a 5); jejich fázové složení bylo po záhřevu stanoveno rentgeno­
graficky. 

Příznivý vliv na slinování výlisků mají pHsady SrCOJ a Na2C03 . Tyto uhličitany tvoN 
již ph poměrně nízké teplotě (ca 450 °C) s CaC03 tuhý roztok (Sr, Ca)C03 resp. hexago­
nální nyerereit N a2Ca(C03),. 

PHsadou BaC03 se rychlost slinování výlisků v použitém teplotním intervalu poněkud 
snižuje. BaCOJ tvoří s CaCOJ pl'i teplotách kolem 500 °C tuhý roztok s pi'.-ibližně stejným 
molárním obsahem obou složek a barytokalcit BaCa(C03),. 

Produkty tepelného rozkladu kaolinitu snižují styčnou plochu částic CaC03 , takže již 
poměrně ma.Jý obsah této pHsady ve směsi s CaCOJ slinování výlisků podstatně zpomaluje. 

MnC03 je ve vzorcích již po jejich 8hodinovém záhfovu při 350 °C prakticky zcela 
rozložen. Jeho poměrně malý brzdící účinek na slinování výlisků ve srovnání s kaolinitem 
je pravděpodobně způsoben rychlou tvorbou tuhého roztoku obou uhličitanů v převážné 
části objemu původních částic s nízkou, rentgenometricky nedokazatelnou koncentrací 
MnC03. 

Obr. 1. Závislost logaritmu smrštění výlisků ze směsí CaCOJ s 5 váh. % přísady na loga­
ritmii doby záhřevii při 450 °0. Označení složek směsí: O - CaCOJ (silně vytaženo), 
'v - SrC03 , b.. - Na2C03 , O - BaC03 , 0 - kaolin a ◊ - MnC03. 

Obr. 2. Závislost logaritmu smrštění výlisků směsí ze CaC03 s 5 váh. % přísady po jejich 
30minutovém izotermickém záhřevu na teplotě záhřevu. 
Označení složek směsí je stejné jako v obr. 1.

Obr. 3. Závislost logaritmu sm1·štění výlisků ze směsí CaCOJ s 5 váh. % přísady po jejich 
7hoclinovém izotermickém záhřevu na teplotě záhřevu. 
Označení složek směsí je stejné jako v obr. 1.

Obr. 4. Závislost smrštění výlisků ze směsí CoCOJ s 2 váh. % přísady na teplotě během jejich 
záhřevii s konstantní rychlostí růstu teploty. 
Označení složek směsí je stejné jako v obr. 1.

Obr. 5. Závislost smrštění výlisků ze směsí CaCOJ s 5 váh. %přísady na teplotě během jejich 
záhřevii s konstantní rychlostí růstu teploty. 
Označení složek směsí je stejné jako v obr. 1. 

CTTEHAHHE CMECH CaCO3 C HEHOTOPbIMH .D:OBABH'AMH 

Hao fipoKc, BJJa].\HMnp IllnmHe* 

Jí ay•ino-ucc11eaoeame.11,bch,uií uncmumym neopeanu•1ec1i·oií xu.11,uu 
C.11,oeaip.oií A ,wae..imu H ay1.

* Hagieapa xu,1n111ec1wií mexno.11,oeuu cwrn1.amoe C11oealfli'oeo no.11,umexnu'lec1.oeo
uncmumyma B pamuc.11,aea 

fiocpe].\CTBOM H3MepeHIUI mrneiíHOH yca)].HH 0TnpeccoBaHHI,IX 118)].eJJHÍÍ HCCJI6)].0Bam1 X0H 
cneHaHHlI CMeceíí CaCO3 C paaHb!M BFl)].0M H npon,eHTHhlM C0].\epiirnHHeM (2 H 5 Bec. %) /.\06anol\ 
(SrCO3, Na2CO3, BaCOJ, RaoJIHH u iVInCO3). On1pecconaHHbJe HS)].eJIHlI HarpenanH n npo­
JJ.0Jimemre 7-8 qacoa npH TeMnepaType npn6mrnnTeJibHO 350, 400, 450, 500 H 550 °C 
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(pHC. t-3) HJIH npH IIOCTOlllUIOH CHOJ)OCTH napacTamrn Te�mepaTyp1,1 to ger. MllH. -I AO 
TeMnepaTyJ)hl 800 °C B cpege C02 (pHC. 4 11 5); HX <pa30B!ÚÍ COCTaB noc.ne uarpeBa ycTaHUBJHI­
BUJIH peHTreuorpaq>H'JeCIUI. 

110JIOiIU!TeJihHOe BJIIUIHHe Ha CfJel{aHHe OTnpeccoBaHHblX H3J.(eJI IÚÍ 01(a3blBUIOT go6aBIUI 
SrC03 u Na2C03 . 8TH go6amrn 06paay10T yme npn cpaBHHTeJibHO 1-u,131rnu TeimepaType 
(npH6JJH3HTeJ!hHO 450 °C) c CaCOJ TBepgb!H pacTBOp (Sr, Ca) COJ H.r1u reKcai·ouaJ1bH1,1H 
H11epepeHT N a2Ca(C03)z. 

11pH go6aBJieHim BaC03 CHOJ)OCTb cneHaHHfl OTnpeCCOBUHHhlX i,13gem1Ň B AUHHOM mITep­
BUJJe TeMnepaTyp HeMHOl'O nom1maeTc11. BaCOJ o6pa3yeT c CaCOJ np11 TeMnepaType OKO.no 
500 °C TBepAb!H paCTBOp C np116J1H3HTeJibHO OAHHaT{OBblM MOJUipHl,IM conepmam,eM o60HX 
HOMnoHeHTOB H 6ap11TOiťaJibU.J1T BaCa(COJ)z. 

11poJ�YIO'bl TepMll'JeCHOro pa3JJOil(eHJrn HaOJIHHHTa flOHHil(UIOT peaI{U.HOHHYIO IIOBepxHOCTb 
'laC,THl\ Ca CO,, TaH 11To ne60JJbI1IOe cogepmaH11e ynoMrrHyToH go6amrn B cMecH c CaCOJ 
cy1u.ecTBCHHO 3UM0AJIHeT CfJeKUHHe OTfIJ)eCCOBUHIH,IX H3Ae,TIHH. 

MnCOJ B npo6ax llOCJJe HX BOCbMH'JaCOBOro 1ra1·peBUHHH rrp11 Te�mepaType 350 °C npaKTH­
'JeCIUI Dl lO.!JIIOCTb lO pa3JraraeTCH. Ern cpaBHI1T0JibHO He60JiblllOe T0pM03HUlee getlCTBHe Ha 
caemnrne OT!l])eccoBaHHblX Il3J:(0JIHH no cpaBH0HHIO C lťaOJIHHIITOM ecTeCTBeHHO DJ.13BUHO 
6b!CTJ)h1M o6paaooaHHeM TBepgoro pacTBOpa 06011x Hap60HUTOB B 60JJbllleH •rncn1 06·1,eMa 
aepBOHa•rnJihHbIX '!UC'l'Hl( C HH3KOl1, peHTl'0HOM0TJ)J1 l l0CHH Hego1rnayeMOl1 KOHU.0HTpau.11eH 
MnCOJ. 

Puc. 1. Saaucu.1iocmb .aoeapug3,iia ycao,rn omnpecoaaHHbt.x uaoe.auií. ua c.,uecu CaCOJ c 5 aec. % 
om .aoeapuif3,1ta 11poooM1cume.abHOcmu Haepeaa npu me,1tnepamype 450 °C. 06oa1-u1.1ienu.e 
i.o.mwnmmoa c.1ieceií.: O - CaCOJ (c cu.abHoi'í. 060001.oi'í}, 'V - SrCO,, !:::. - Na2CO,, 
□ - BaCOJ, O - ,woJtttH u◊ - MnCOJ. 

Pu.c. 2. Saeucu,1wcmb .aoeapug3.11a ycaoi.u omnpeccoaan.Hbtx uaoe.auií. ua c.,11ecu. CaCOJ c 5 aec. % 
806aa1;u noc.ae ux uaomep.1iw1.ec1weo HaepeaaHu/1, a me•ienue 30 ,1Ht1-iy,n npu me.11.nepa­
mype HaepeaaHU/1,. 06oaHa11.eHu.e ,w;1inonenmoa c,11.eceií mo i,ce ca.,1we, 1.:aH Ha puc . .l. 

Puc. 3. Saeucu,,1wcmb .aoeapug3.1ia yca81,:u omnpeccoaaHHblX uaéJe.auií ua c,uecu CaC03 c 5 aec. % 
8o6aai.u noc.ae ux uaomep,1ttt•1ec1.oeo HaepeaaHll/1, a me•teHue 7 •wcoa npu 11ie,,1inepamype 
ftaepeaaHU/1,. 06oaHa11.eHue 1;0,1in0Henmoa c.1ieceií ,no itce ca,11.oe, ,.a,. Ha puc. 1.

Puc. 4. Saaucu,,1wcmb yca8i.u omnpeccoaanHbLX uaoe,iuií ua c.,1wce!'í. CaCO, c 2 aec. % 806aa1,u 
om me.1mepamypbt c 1wc11W/l,Hl·toii ci.opocmb/0 ee Hapacnuuut/1, me.,,inepamypbt,. 06oaHa­
•1enue 1.o.At1WHennwa c..ueceií ,no itce ca.,1we, 1;a1; na puc. 1.

Puc. 5. 8aeucu,1wcmb yca8i.u omnpeccoaaHHbtx u.aoeJrnií ua c.,1iecea CaCOJ c 5 eec. % 8o6aa,.u 
om me,1inepamypbt HaepeaaHttll, c 1wcmonHnoií. c1,opocmb10 ee 1-1apacmaHU./I, me.11.nepa­
mypb1 .. 06oaHa11eHue h:o.11none1-111wa c,11.eceií mo itce ca.,1t0e, 1,a 1,: na puc. 1.
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