THE SINTERING OF CaCO; MIXTURES
WITH SOME ADMIXTURES

Ivo Proxs, VLapIiMiR Si3kr*

Institute of Inorganic Chemistry of the Slovak Academy of Sciences,
*Department of Chemacal Technology of Silicates,
Slovak Technical University, Bratislava

Received on 27th May, 1970

The course of sintering of CaCOj3 maatures with various types (SrCOs;,
Na.CO;, BaCOj;, kaolin and MnCOs) and amounts (2 and 5§ percent
by wt.) of admixtures was investigated by continouus measurement of
contraction of pressings heated at constant or linearly rising temperature.
The phase composition of the samples after their heating was determined
by X-ray analysis. SrCO; and Na,COs have a favourable effect on the
sintering of the pressings; additions of BaCO; and MnCOj; somewhat
reduce the rate of sintering, and the sintering process ts substantially
retarded by adding a relatively small amount of kaolin to CaCOs.

A discussion s presented of the effect of phase composition on the
sintering of samples following their tsothermal heating.

INTRODUCTION

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

1. The admixtures and the basic substance form either solid solutions 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 admixtures (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 of the
groups; sometimes the type of effect of an admixture is changed within the
course of sintering.

The present study was concerned with examining the sintering of CaCOj;
mixtures with several admixtures by measuring continuously .the linear
contraction of the pressing in the direction of the forming pressure. The
admixtures SrCO;, Na,CO; and BaCOj belong by their effects into the first
group; the presence of kaolin reduces the contact area between the CaCOj
particles; MnCOj; can affect the sintering of a mixture of the two carbonates
in either of the two ways.

EXPERIMENTAL
The basic substance: CaCO; (Cs L-2, Lachema); its properties have been
described in [1].

Admixtures: SrCOs spectpure (Matthey), Na,COs; A.R. (Lachema), BaCO;
A.R. (Lachema), Sedlec kaolin la, and MnCO; C.P. (Lachema).
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Preparation of samples: The weighed portions (5 g) were homogenized with
the admixtures (of 2 and 5 9, by wt.) by 8-hour vigorous shaking with
agate balls.

The shape and the forming procedure of the pressings have been described
in [1], 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 Chevenard dilatometer.

The present study further included recording of the linear contraction 8’
of pressings on increasing their temperature from room temperature up to
800 °C (heating temperature rate 10 °C per min-!). A small overpressure
of CO, 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 case 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.

All the samples containing 5 9%, 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 case of samples
heated at about 500 °C the phase composition was also investigated after 0.5,
2 and 4-hour heating.

DISCUSSION

The dependences of linear contraction of pressings of CaCO; with admix-
tures on the time of isothermal heating at 450 °C are plotted in Fig. 1 (designa-
tion of the mixture components in all the figures: O — CaCOs, thick lines,
vV —SrC0O;, A —Na,C0s;, [J —BaCOs;, o —kaolin, and ¢ — MnCOs).
The time dependence of Scaco, has been obtained by approximate interpolation
of the respective contraction values of CaCO; pressings at 440 and 473 °C
respectively [1].

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 CaCO;

1. SrCO;3 and Na,COs: Reactions of these admixtures with CaCO; already
take place at relatively low temperatures, producing either a solid solution of
(Sr, Ca) COj3, or hexagonal nyerereite Na,Ca(CO;),. 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 CaCOj3
particles in these mixtures. For this reason SrCO; and Na,COz 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 CaCOj; particles [2] and thus also affects the rate of volume diffusion
of CO% which, according to [1], determines the initial rate of pure CaCOs;
sintering. On increasing the SrCOj; content from 2 to 5 %, by wt. the favourable
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Iig. 1. Dependence of logarithm of contraction of pressed specimens of CaCOas mixtures
with 6 % by wt. of admixtures on the logarithm of the time of keating at 450 °C.
Designation of the mixture components: O — CaCO; (thick lines), ¥ — SrCOs;,

A — Na,CO;, [0 — BaCO;, ® — kaolin, ¢ — MnCOs.
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Fig. 2. Dependence of logarithm of contraction of pressed specimens of CaCO; mixtures with

5 % by wt. of admixtures after 30-minute isothermal heating.
For designation of mizture components refer to I'ig. 1.
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effect of this admixture onto sintering of these carbonate mixtures is probably
suppressed by its mechanical effects (I'igs. 4 and 5; range of approx. 600 to
800 °C).
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Irig. 3. Dependence of logarithm of contraction of pressed spectmens of CaCO; mixtures with
5 9% by wt. of admixtures after 7-hour isothermal heating.
For designation of mizture components refer to I'ig. 1.
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Iig. 4. Temperature dependence of contraction of pressed specimens of CaCO; miztures
with 2 % by wt. of admixtures at constant heating rete.
Tor dosignaticn of maixture components refer to I'g. 1.
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The decrease of intensity of strontianite reflection in samples with 5 9%, by
wt. of admixture following their 8-hour heating at temperatures over 400 °C
is an indirect evidence of the formation of solid solutions (Sr,Ca)CO;; stron
tianite was already not determined in these samples following their heating
above 536 °C.
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Iig. 5. Temperature dependence of contractien of pressed specimens of CaCOs mixtures with
9 % by wt. of admaztures during their heating at constant heating rate.
For designation of mizture components refer to I'ig. 1.

The characteristic diffraction lines of Na,Ca(CO3),, deoz=6.11 A and dasg =
= 4.35 A [3] appeared with samples containing 5 % by wt. Na,CO; following
their 2-hour heating at about 550 °C, and with samples containing 10 9%, by
wt. of Na,COj; already after 8-hour heating at 450 °C.

The increase in Na,COj3 content from 2 to 5 9%, by wt. increases contraction
of the specimens within the entire temperature range (Figs. 4 and 5).

BaCO;: This admixture somewhat reduces contraction of isothermally
heated specimens, especially at lower temperatures (I'igs. 2 and 3). An increase
in the content of this admixture (from 2 to 5 9% by wt). has a comparatively
small effect on the § values (Figs. 4 and 5).

When heating pressed specimens of CaCO;—BaCO; mixtures, relatively
low temperatures bring about formation of a solid solution of (Ba, Ca)COs
(with an approximately equal content of the two components) and barytocal-
cite BaCa(COs),. The diffraction line of the highest intensity, appertaining
to both these phases at d = 3.11 A according to [4], appeared after 8 - hour
heating of samples containing 5 % by wt. of BaCO;at 400 °C. Their formation
is related to the somewhat lower temperature of initial contraction of the
specimen during their heating up (IFigs. 4 and 5).
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BaCO; was already not determined by diffractography in specimens with
5 9%, 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 BaCO; was transformed into
rhombohedrical solid solution (Ba, Ca)CO; with a 1 :1 molar ratio, whereas
small amounts of barytocalcite 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 CaCO; with and admixture of BaCO; 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 barytocalcite is again converted into a rhom-
bohedrical solid solution which is anion-disordered according to [4]. The
formation of an anion-ordered rhombohedrical solid solution with a low BaCOs
content is much slower when this admixture is penetrating into the interior
of the CaCOj; particles [2].

Kaolin: The decomposition of kaolinite in pressed specimens of CaCO; mixtu-
re with 5 %, by wt. of kaolin was investigated by measuring the diffraction line
pertaining to doez = 3.57 A. 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 CaCOj; 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 area between the CaCOs particles, so that
already a small content of this admixture will practically suppress the sintering
of CaCOs; mixtures with kaolin (Fig. 1 to 5).

MnCOj3: 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 admixture
from 2 up to 5 9, by wt. decreases their contraction (Figs. 4 and 5).

Even though thermal dissociation of MnCOj; produces gas and solid decom-
position products similarly to the decomposition 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 MnCO; on the sintering of CaCO; 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 CaCO; particles with a low MnCOs3
concentration which cannot be determined by X-ray analysis [2]. This
solid solution at least partially eliminates the fine fractions of MnCO; de-
composition products at the points of contact between the individual CaCOj;
particles.
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SLINOVANI SMEST CaCO; S NEKTERYMI PRISADAMI
Ivo Proks a Vladimir Sigke*
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Pribéznym méienim linedarniho smréténi vyliska byl sledovan prabéh slinovani smési
CaCO3 s raznym druhem (SrCO;, Na.COj;, BaCOs;, kaolin a MnCO;) a obsahem (2 a 5
vah %) piisad. Vylisky byly zahlivdny 7 az 8 h pii teploté ca 350, 400, 450, 500 a 550 °C
(obr. 1—3) nebo s konstantni rychlosti teplotniho rastu 10 deg min-! do teploty 800 °C
v atmosfére CO, (obr. 4 a 5); jejich fazové slozeni bylo po zéhi'evu stanoveno rentgeno-

raficky.
8 Ptiznivy vliv na slinovéni vyliski maji prisady SrCOs a Na,CO;. Tyto uhli¢itany tvoii
Jiz pri pomérné nizké teploté (ca 450 °C) s CaCOj; tuhy roztok (Sr, Ca)CO; resp. hexago-
néalni nyerereit Na.Ca(COj).. :

Prisadou BaCOj; se rychlost slinovéni vyliska v pouzitém teplotnim intervalu ponékud
snizuje. BaCO; tvoii s CaCOs3 pii teplotach kolem 500 °C tuhy roztok s piiblizné stejnym
moldrnim obsahem obou slozek a barytokalcit BaCa(CO3).

Produkty tepelného rozkladu kaolinitu snizuji styénou plochu édstic CaCOs, takze jiz
pomérné maly obsah této prisady ve smésis CaCOj; slinovéni vyliskti podstatné zpomaluje.

MnCOj; je ve vzorcich jiz po jejich 8hodinovém zéhfevu pii 350 °C prakticky zcela
rozlozen. Jeho pomérné maly brzdici uéinek na slinovéni vyliski ve srovnani s kaolinitem
je pravdépodobné zptisoben rychlou tvorbou tuhého roztoku obou uhlié¢itant v pfevdzné
Gdsti objemu ptvodnich éastic s nizkou, rentgenometricky nedokazatelnou koncentraci

MnCOs.

Obr. 1. Zavislost logaritmu smrstént vyliski ze smési CaCO; s § wvdh. Y% piisady na loga-
ritmu doby zdhievu pii 450 °C. Oznaéent slofek smési: O — CaCOj; (silné vytatenn),
v — 8rCO;3, A — Na,COs;, 0 — BaCO3;, ® — kaolin a ¢ — MnCOs3.

Obr. 2. Zavislost logaritmu smrdtént vyliski smést ze CaCOj3 s § vdah. Y% pitsady po jejich
30minutovém izotermickém zdhievu na teploté zdhievu.
Oznadent slofek smést je stejné jako v obr. 1.

Obr. 3. Zavislost logaritmu smrstént vyliski ze smést CaCOs3 s § wvdh. Y% piisady po jejich
7hodinovém izotermickém zdahievu na teploté zdahievu.
Oznadent sloZek smést je stejné jako v obr. 1.

Oby. 4. Zavislost smrstént vyliski ze smést CoCOs s 2 vdh. % piisady na teploté béhem jejich
zdhievu s konstantni rychlosts ristu teploty.
Oznadlent slozek smést je stejné jako v obr. 1.

Obr. 5. Zdvislost smrstént vyliskd ze smést CaCOs s § vih. Y% piisady na teploté béhem jejich
zdahievu s konstantnt rychlosti ristu teploty.
Oznalent slofel smési je stejné jako v obr. 1.

CUEKAHHME CMECH CaCO; C HEKOTOPBIMU JOBABKAMU
11Bo IIpokc, Buajmvup Ilnmxe*

Hayuno-uccaedosamenvckull UHCIMUMYM HEOP2AHUNECK Ol TUMUL
Caogayroii Arademuu Hayr

*Kaghedpa aumunecroti mexnonozuu cuauramos Cao6ayrozo noaumexHuNeckoeo
uncmumyma B pamucaasa

ITocpeacTBoM H3MepeHLs JUHEHHOI ycaakH OTIPECCOBAHHBIX H3JeJHil HCCIeNOBAIH XOjL
creKanns cMeceit CaCOs ¢ p@3HBIM BHIOM I MPOIeHTHHIM COflepianieM (2 1 O Bec. %) f06aBok
(8rCOs, Na,COs, BaCOs, xaomun 1 MnCOs). OTupeccoBaBHbIe H3EeJHA HarpeBajl B IIpo-
nomxenne 7—8 wacoB mpH TeMmeparype npubmumsntensHo 350, 400, 450, 500 m 550 °C
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(pue. 1—3) man npn HOCTOSIHHON CKOPOCTH HapacTaiuist Temuepatypht [0 mer. Mun.~! j10
remnepatyps 800 °C B cpeie CO, (puc. 4 1 5); nx a3oBuiil cocTas roc/ie Harpesa ycTaHaBI -
BaIl PCHTICHOIDAIUCCKIL.

ITosioxiTeNIbHOG BIIHSIHIE HA ClICKAHHE OTIPCCCOBAHHLIX M3jieliitii OKA3bIBAIOT JO0ABKI
SrCOs 1 Na,CO;. dtin jodaBKrit 00padyloT yke NP CPaBHUTEJILHO HM3KOH TeMmmepaType
(npudsnaurensHo 450 °C) ¢ CaCOs tBepjwiit pactBop (Sr, Ca) COs mai reKcaroHaliLHbIH
uuepepent Na2Ca(COs)z.

ITpn nodasienun BaCO; ckopocTh CrieKaHHsI OTHPECCOBAHHBIX M3JC/IH B JIAHHOM MHTEp-
BaJle TeMrneparyp HemHoro nomipkaercsi. BaCO; oopasyer ¢ CaCOs npir TemiepaType oKomo
500 °C TBCp/bI PAcTBOP € NPIHOJIMBHTEILHO OJUHAKOBLIM MOJISIPHOIM COJIepKaHueM 00011X
KomroHeHToB 11 OapuToraisuuT BaCa(COa),.

[Tpojiy KTBI TCPMITUCCKOI'O PA3JIOMKCHHA KAOJIIHITA HOHIDKAIOT PeaKIOHHYIO IOBEP XHOCTD
qactin, CaCOs, tak uro Hedoubmioe cojepskaHue yrnomaHyTtoil podanru B cmecn ¢ CaCO;
CYIECTBCIHO 3aMEJISICT CIIGKAHIC OTHPECCOBAHMLIX U3J(CIIIIL.

MnCOj; B nnpodax 1nocire X BOCbMHYaCOBOI0 HarpeBaHus! 1pi remmeparype 350 °C npakTu-
YECKIl BIOJHOCTLIO padiaraeTes. Ko cpaBHUTENLHO HEOONLLIOE TOPMO3sIICe AeiiCTBIE HA
CHCKAINC OTIIPECCOBAHHBIX M3JeJHil [0 CPaBHEHIIO ¢ KAOJIHITOM GCTECTBEHHO BhI3BAHO
OblcTpLIM 00pasoBaHHEM TBEP/IOI'0 pacTBopa 000HX KapOoHATOB B 0oJiblleil yacTi o0beMa
{IIGI)(?OH{I‘HI.‘H)HLIX YacTHl[ ¢ HH3KOIH, PEHTI'CHOMETPIUCCKH HEeJ[0OKa3yeMoll KOHIeHTpalyiei
MnCOs;.

Puc. 1. 3asucusocmyv noeapugaa yeadru omnpecosarrviz uzdeanit us caecu CaCOs ¢ § cec. %
om nozapughsa npodoancumenvrocmu nazpesa npu mestnepamype 450 °C. Oboanavenue
roasnornenmoc cateceii: ) — CaCOs (¢ cuavroli 06¢0droii), V — SrCO3, A — Na,COs;,
O — BaCO;, © — raoaur u & — MnCOj;.

Puc. 2. 3asucusocmyv aozapugpaa ycadru omnpeccosarnvir uzdeawii us csecu CaCOs ¢ 5 sec. %,
006a6EU NOCAE UT UBOMEPMUNECKO20 Hazpesarus 6 meverue 30 wuiym npu mesnepa-
mype naepesarun. O6osHauerue KoMNOHEHMOG caeceli mo yce casoe, rak Ha puc. .

Puc. 3. Basucusocmy sozapugaa ycadru omnpeccosannnx usdeanii us caecu CaCOs ¢ § sec. %,
006a6KkU nOCAL UX UIOMEPMUNECKOZ0 HAZPECANHUS ¢ MeneHUe T %aco8 npu memnepamype
nazpesarus. O603HaveHue KOMNOHEHINOG cAatecell mo dce casoe, kak Ha puc. 1.

Puc. 4. Basucusocmv ycadru omnpeccocarnvz usdeauti uz cseceii CaCOs ¢ 2 gec. Y dobasku

om memnepamypvl ¢ ROCMLOIHNOLE CEOPOCMLIO ee napacmanus mestnepamypot. O6oana-

ueHUe KOMNOHEHMOE cateceli mo ce casoe, kar Ha puc. 1.

Basucumocmyv ycadrw omnpeccosannvx uzdesnii us cyeceii CaCOs ¢ b eec. Y dobasru

om mesmnepamypol Ha2pesarus ¢ NOCIMOAHHON CKOPOCNILIO ee HAPACMAHURL Mesnepa-

mypot. O6o3rnaverue KosmnoreHmos cyeceli mo vce camoe, xak na puc. 1.

Puc. 5.
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