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Study of the chemical and mineralogical
composition of romancement synthesized
from Latvia’s clay and dolomite

Beenenue

Ha tepputopuu JlatBun B XX—XIX BB. poMaHIIeMEHT
SIBJISITICS OCHOBHBIM THIAPABIMYECKUM CBSI3YIOIINM, TIPHME-
HSIEMBIM B CTPOMTENbCTBE 3maHMii. Ero mpowusBomunu c
1865 . myTeM OOXHIra MECTHOTO CBIPbSI — JOJOMHMTOBOIO
Mepressi Mpu TemIeparype HUXe TeMIlepaTypbl ClieKaHUs
(800—900°C) ¢ mocnenyoIIMM TOHKUM nomMoJioM. B HacTo-
siiee BpeMsi UHbopMalus o XapakTepucTUukax Marepuana u
TEXHOJIOTUH €T0 peCTaBpallii OTCYTCTBYeT. bojiee Toro, Me-
CTOPOXACHUSI ITOJIOMUTOBOTO MeEpTreisi Ha TEPPUTOPUU
JlaTBUM 1T IPOMBIIIUIEHHBIX Pa3dpadoToOK ceOsl MOJHOCTHIO
ucuepmanu [1-3].

MeTtoauka ucciaenoBaHus

JI1s1 ompenesieHrs XMMUYECKOTO 1 MUHEPaJIOTUIeCKOTO
COCTaBa ChIPbsI U CUHTE3WPOBAHHBIX MaTEPUAIOB MPUMEHSI-
JIUCH CIEAYIONIME METOMIbI UCCIENOBAHMSI:

— XUMMWYECKMIl aHanu3 (MPOBOAMMBIA B COOTBETCTBUU C

EN 196-2 (LVS EN 196-2:2005 «Test methods of cement»);
— penTtreHodasosblii ananus (Rigaku Ultima* ¢ CuK, us-

JIy4EHUEM C MHTEpBaAJIIOM cKaHupoBaHus 0—60° (20) u

CKOPOCTbIO 2°/MUH).

Mertoauka MPOBEACHUA IKCIICPUMEHTA

JIns cuHTe3a UCKYCCTBEHHOTO TOJIOMUTOBOTO OBICTPO-
CXBaTbIBAEMOI0 IIeMEHTa WCIOJb30BaJOCh CBhIpbe U3
MECTHBIX MECTOPOXIEHUI — TJIMHA YETBEPTUYHOTO TepU-
ona (Mecropoxaenue Cnaprakc, JlarBus), ranHa (Kpac-
Has) NeBOHCKOro mnepuoma (MmectopoxieHue Jluena,
JlatBust) u ponomut (MectopoxaeHue KpaHuuemc,
JlatBus). IlpoBeneH aHanu3 XMMU4YecKoro U (ha3oBOro
COCTaBOB ChIpbA. JlJIsl IpoBeaeHUs UCCIeJOBaHUM U3TO-
TOBJIEHBI TPY CMECH U3 JACBOHCKOU TIMHBI U TOJOMHUTA C
conepxxanueM rauHbl 13, 24 1 30% (Al, A2 u A3 cooTBeT-
CTBEHHO) M OJlHa CMECh C CONlep>KaHMEM YEeTBEPTUUYHOM
rHbl 24% (U2). CooTHOIIEHWE NOJOMUTA U TJIWHBI B
CMecsX BbIOPAHO B COOTBETCTBUU C XMMUYECKUM COCTa-
BOM HATypaJIbHOTO IOJOMUTOBOTO Mepresisl — Tpaauiiv-
OHHOTO CBIPbS JIJIsI TPOU3BOACTBA JOJOMUTOBOIO POMaH-
lIeMeHTA.

OO0pasibl U3roTaBJIMBAIM MyTeM FOMOT€HU3AIUU B Cy-
XOM COCTOSTHUM HEOOXOAMMOTO KOJTMYECTBA ChIPbsI — TIIMHBI
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Introduction

During 19th/20th century in territory of Latvia dolomitic
romancement was the main hydraulic binder applied for the
construction of buildings. It was processed since 1865 by fir-
ing local raw material — dolomitic marl below its sintering
temperature (800—900°C) and fine milling. Nowadays there
is absence of information about the material characteristics
and technologies for its restoration. Moreover, local deposits
of dolomitic marl in industrial scale are no more avail-
able [1-3].

Methods of research

In order to detect chemical and mineralogical composi-
tion both of raw materials as well as the synthesized composi-
tions, the following methods were used:

— full chemical analysis carried out according to EN 196-2

(LVS EN 196-2:2005. Test methods of cement.);

— XRD (Rigaku Ultima* with CuK,. Radiation at scanning
interval 0—60° (20) and speed 2°/min).

Experimental procedure

For synthesis of artificial dolomitic fast-setting ce-
ment, local raw materials — Quaternary period clay
(Spartaks deposit, Latvia), Devonian period (red) clay
(Liepa deposit, Latvia) and dolomite (Kranciems deposit,
Latvia) were used. Both the chemical and phase composi-
tion of the raw materials was analyzed. Three composi-
tions from Devonian clay and dolomite with clay content
13,24 and 30% (A1, A2 and A3 respectively) and one com-
position using Quaternary clay with clay content 24% (U2)
were synthesized. The chosen dolomite-clay mass ratio
closely conforms with chemical composition of natural
dolomitic marl — traditional raw material of dolomitic ro-
mancement.

Specimens were prepared by weighing the requisite
amounts of raw materials — clay and dolomite and homoge-
nizing the mixture in dry state. Plate samples measuring
56x26x6 mm were shaped under the pressure of 20 MPa (by
adding 10% water), dried and fired in the temperature range
of 750—950°C in 50°C steps with the holding time at each
temperature for 2 hours. Natural dolomitic marl was paral-
lely treated at the same conditions.
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u poinomurta. KomnuectBo Boabl BO Bcex obOpasuax 10%.
bouin  u3roTtoBiieHBI IIOCKHE OOpas3lbl pa3MepoM
56x26x6 MM nipu gapnenuu 20 MITa, KoTopble 3aTeEM BBICY-
IIABAJIM U o0Xuranu rnpu temneparype ot 750°C ¢ marom
50°C u BpeMeHeM BbIIEePXKKH TPY Kaxk10i TeMreparype 2 4
no 950°C. HatypaiabHBI JOJOMUTOBBI Mepresib THapaji-
JIEJIBHO TIOABEprajy TaKou ke 00paboTKe.

HccnenoBanue ¢a3oBoro cocraBa MoJIy4eHHBIX 00pas-
LIOB NPOBOAWIOCH HEMNOCPELCTBEHHO MOCJIe OO0XMura.
XuMU4YecKil 1 (ha30BbIii COCTABbI CMECU CPaBHUBAJIVCH Y
0003CKEHHOTO TOJIOMATOBOTO MepPTelis U KaXKI0i U3 CUHTe-
3UPOBAHHBIX CMECE.

Chipbe

Ha navanbHOM aTamne npou3BeaeH MOJIHbIM XUMUYECKUIA
aHaim3 chipbsi. Kpome Toro, aHanusy nmoaBeprajivi U MecT-
HBII JOJIOMHUTOBEIM Mepreib (MecTopoxmeHue JIXKykcre,
JlaTBUA) — CHIpbE HATYPaAJIBLHOTO MOJOMUTOBOTO POMAHIIE-
MeHTa. Pe3ysnbTaThl XMMUYECKOTO aHan3a MpPEeACTaBIeHbI
B TAOJIULIE.

Copnepxanue kapboHatoB (CaCO;+CaCO;MgCO;) B
TJIMHE YeTBEPTUYHOTO Tieprona nocturaet 23%. PeHtreHo-
(hazoBBIil aHAIU3 MOKa3ajl, YTO MIMHA U3 MECTOPOXKIACHUS
Cmaprakc sBisgeTcsa KapOOHAaTHOM ITTMHON. JJOMMHAHTHBIM
MUHEPAJIOM TJIMHBI ABJIsSeTCS WAT. KaonuHUT, mojieBoit
IITaT, TUIArMoKIa3 U KBapl (DMKCUPYIOTCS Ha PEHTIeHO-
rpamMMe TJIMHBI YeTBEPTUYHOTO TIeproa.

['mHA 1eBOHCKOTO Teproa coaepkuT 3% KapOOHATOB.
OCHOBHBIM MUHEPAJIOM IJIMHBI SIBJISIETCS] UJUTUT, HO KAOJ M-
HUT TaKXe TMPUCYTCTBYeT. Kpome TOro, mimHa COOep:KUT
00JIbIIOe KOJIMYECTBO KBaplia B BUIe Itecka [4].

HonoMut comepkut 88% KapOOHATOB, B OCHOBHOM JIO-
JIoMHT, U 12% BKITIOUEHUI, TAKUX KaK KBapIl 1 MHUHEPaJTbl
ruHbl. CooTtHomeHne CaO/MgO = 1,6.

XUMUYECKUI aHAIU3 AOJOMUTOBOIO MEpreJssi mokasal,
yTO conepxanue kapooHara (CaCO;+CaCO;MgCO;) co-
craBisieT 80%, a octapiurecs: 20% NpUXOASTCS HA MUHEpa-
JIbI TJIMHBI U KBapll. DTO TMOATBEPXKIEHO pe3yJbTaTaMK
P®A: mooMHT, WITUT U KBapIl OOHAPYKEHBI ITepe]] 00K -
TOM MepreJisl.

O0cyxkneHue pe3yJbTaTOB HCCIEI0BAHUS
Pe3ynbTaThl peHTTeHOBCKOTO aHaIM3a ITOKA3hIBaIOT, YTO

KPUCTAJINIMYECKHE (1)8.35[ CHHTE3MPOBAaHHbIX cMeceil mocie
o0xwura paBHbI KPUCTAJINIMYECKHUM (ba3aM B IOJIOMUTOBOM

Development of phases in obtained material depending
on production temperature has been investigated immedi-
ately after firing. Chemical and crystalline composition has
been compared in fired natural dolomitic marl and synthe-
sized mixtures.

Raw materials

Full chemical analysis of raw materials was carried out. In
addition, local dolomitic marl (Dzukste deposit, Latvia) —
raw material of natural dolomitic romancement — was also
analyzed. The results of chemical analysis are shown in Table.

Content of carbonates (CaCO;+CaCO5;MgCO;) in
Quaternary period clay reaches 23%. XRD analysis approves
that clay from deposit Spartaks is typical carbonate clay.
Dominant clay mineral is illite. Kaolinite, microcline, pla-
gioclase and quartz are also detected.

Devonian period clay contains only 3% carbonates. The
main clay mineral is illite, but kaolinite is also present. In ad-
dition, clay contains a large amount of quartz in sand frac-
tion [4].

Dolomite from deposit Kranciems contains 88% carbon-
ates (mostly dolomite) and 12 % impurities as quartz and clay
minerals. CaO/MgO ratio is 1,6.

Chemical analysis (Table) shows that carbonate
(CaCO;+CaC0O;MgCO;) content in dolomitic marl from
deposit Dzukste is 80% and the rest 20% are clay minerals
and quartz. It is approved by XRD analysis: dolomite, illite
and quartz are the only crystalline phases detected in marl
before firing.

Results and discussion

The results of XRD analysis show that crystalline phases
of synthesized compositions after firing are equal to crystal-
line phases in dolomitic marl fired at the same temperature.
The main crystalline phases are quartz (SiO,), lime (CaO),
dicalcium silicate (2Ca0-Si0O,), tricalcium aluminate
(3Ca0-Al,05), gehlenite (2Ca0-Al,05:Si0,) and periclase
(MgO). At temperatures lower than 850°C undissociated
dolomite (MgCO; CaCOj3) and calcite (CaCO;) have also
been detected.

Hydraulic hardening could not be achieved without for-
mation of cement minerals. Tricalcium aluminate provides
quick setting (characteristic to romancement), but dicalcium
silicate — gradual growth of strength which is important for
longevity of mortar.

[onoMuTOBLIN Mepresnb ['MHa 4eTBEPTUYHOIO FnnHa Jonomut
Conenxanme okenos. % (MecTopoxaeHve nepvoaa (MecTopoxaeHve [eBOHCKOro nepnopa (MecTopoxaeHune
A p' o8, 7o IxykcTe) Cnaprakc) (mecTopoxpaeHue Jlnena) KpaHumnemc)
Oxide content, % - ) . ) ;
Dolomitic marl Quaternary period clay Devonian period clay Dolomite
(Dzukste deposit) (Spartaks deposit) (Liepa deposit) (Kranciems deposit)
MM npm 400°C
4 1,7 1,34
Loss of ignition at 400°C 06 ' 3 06
MNM npn 1000°C
7,87 11,62 31 ,87

Loss of ignition at 1000°C 37.8 6 3.3 38,8
SiO, 13,26 49,52 71,22 8,47
Ca0o 25,87 9,04 0,37 27,88
MgO 16,15 3,48 0,96 17,83
Al,Oqy 477 14,84 14,58 4,92
Fe,04 0,85 5,07 417 0,58
Na,O 0,03 0,5 0,06 0,11
K50 0,1 3,39 3,21 0,21
Ca0/MgO 1,6 - - 1,56
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Mepreie, OOOXKEHHOM IIpU TOM e TeMrmepaType.
OCHOBHBIE KpHUCTaZIMYecKue (a3bl COCTABIISIIOT KBapil
(Si0,), wusBectp (CaO), IBYXKaJblIMEBBI CHUJIMKAT
(2Ca0-Si0,), Tpexxanpuuesslii amomuHaT (3Ca0-Al,05),
reaeHut (2Ca0-Al,05:Si0,) u nepuxinas ((MgO). I1pu tem-
neparype Huke 850°C, Takxke oOHapyXeHbl HEIUCCOLIMU-
posanHblii fotomut (MgCO; CaCOs;) u kanbuut (CaCOj;).

T'uapaBanyeckoe 3aTBeplIeBaHUE HE MOXKET OBITh 10-
CTUTHYTO 0e3 00pa3oBaHUsI LIEMEHTHBIX MUHEPAJIOB.
TpexKaablMeBBI aTIOMUHAT 00ecreunBaeT ObICTPOE CXBa-
ThIBaHME (XapaKTepHOE JUISI POMaHIEMEHTA), a JTBYXKajlb-
[IMEeBBIM CHJIMKAT — TMTOCTOSTHHOE BO3pacTaHUe TBEPAOCTH,
YTO SIBJISIETCS] BaXKHBIM (DAKTOPOM JIJIST OJITOBEYHOCTH CTPO-
WUTEJIBHOTO PacTBOpA.

IIpu cpaBHEHUM cMecelt ¢ OIMHAKOBBIM COOTHOILIEHUEM
nonomuta (A2) u rauabl (U2), ocae ooxura npu 850°C
00pa3oBBIBATIOCH OOJIbIIIEe TPEXKAIBIIMEBOTO aJlOMUHATA B
cMecu U2, comepxarneii 24% TIIMHBI YeTBEPTUIHOTO TepH-
oma u 76% nonomuta. MHTEHCMBHOCTb KPHUCTAJUIM3ALUU
JIByXKaJIbIIMEBOTO CUIMKATa B 00EMX CMeCSX MajJo OTJIMYa-
ercsi. B cmecu A2 dukcupoBasioch 6osbliiee KOJIUYECTBO
KBapua no cpaBHeHuto ¢ U2.

B pe3yibraTe peHTTeHOCKOITMYECKOTO aHAIN3a O0Hapy-
3KE€HO, UYTO KPUCTAJUIM3AlIUs IBYXKAIBIIMEBOTO CUIMKATa 1
TPeXKaJIbLMEBOr0 allOMUHATa B cMecu A2 IpOXOIUT IIpU
temnepatype 750°C, a B cmecu U2 — nipu 800°C. Ux konu-
YECTBO BO3PACTAET C POCTOM TEMIIepaTyphl.

B cmecu U2, comepxalleil TIMHY YeTBEPTUYIHOTO TTEPH-
ona, JTOCTUTHYTO GoJiee BBICOKOE COJECpPKaHVMEe MWHEPAIOB
LIEeMEHTa (PUCYHOK), YTO MOATBEPKIAET JAHHbIE, MOJTYyYEH-
HBIE B IIPEObIAYIINX dKcIepuMenTax [2]. OTMeueHa He3Ha-
yuTeJibHAas pa3HMIla B MHTEHCUBHOCTU KPMCTA/UIM3alMU
MMHEPAJIOB LIEMEHTa MeXIy oOpa3liaMM C pa3HbIM COJep-
>)kaHueM IuHbI (Al, A2 u A3).

Pe3ynbraThl XMMHUUYECKOTO aHaJIn3a cMecHu A2 1iocie 00-
KHTa TOKa3bIBAIOT, YTO KOJMYECTBO akTMBHOTO Si0O, BO3-
pactaet nipu Temmepatype 800°C.

Temnepatypa 800—850°C BbIOpaHa ONTUMAIbHON IJISI
MPOM3BOJACTBA OBICTPOTBEPIALIONIETO TUAPABINYECKOTO BSI-
KYIIIEro U3 CMECH TJIMHBI U IojioMHTa. Eciam mcrmonp3oBa-
JIach TJIMHA JEBOHCKOTO Tepuoja, TO TeMIlepaTypa Morja
OBITH maxke Hrke HaunHas ¢ 750°C. [1pu aToit TemIieparype
NIBYXKAJTbIIMEBBI CUJIMKAT W TPEXKAJbIIMEBBIN aTlOMUHAT
yXe chhopMUPOBaHbI, HO 00pa30BaHME IeJICHUTA e1lle He Ha-
yajock. Kpome Toro, CaO u MgO, 06pa3oBaHHBIE IPU 3TOM
TeMIlepaType, 60jiee aKTUBHBI Y MOABEPraloTCs ruapaTaluy
PEJIITUBHO OBICTPO.

TewmrepaTypsl Bbitre 900°C He MOAXOIAT IS ITOJTYICHUS
TUIPABIMYECKOTO CBA3YIOIIETO U3 I0JIOMMUTA U TJIMHBI U3-3a
obpazoBaHusl HeakTMBHOro MgO (Iepukiasa), KOTOpPBII
TUIPATUPYET MENJIEHHO W MOXEeT BbI3bIBaTh MOBPEXICHUE
TTocJie TIPUMEHEHUsI €T0 B CTPOUTEIBHOM pacTBope. boiee
TOTO, KPUCTAJIU3aIus TeJeHuTa (MUHepai 6e3 THapaBiIn-
YeCKOM aKTMBHOCTH) HaYMHAET TIOSIBJISITBCS TIPU TeMITepa-
Type 859°C u BhilIe. DTa (ha3a ToXe ABISICTCS HEXETaTeTb-
HOI B CBSI3yIOILIEM, IJe TpeOyeTcsl BbICOKasl TMApaBInYe-
CKasl aKTUBHOCTb.

BoiBoapl

HccnenoBano mpon3BOACTBO TUAPABINIECKOTO OBICTPO-
TBEPACIOIIETO BSKYILETO U3 TIMHBI U JOJOMUTA JIJIS1 pECTaB-
PalMOHHBIX cCOCTaBOB. MI3yueHbl CMeCH ABYX BUJOB IJTMHBI B
uHTepBane temmnepatyp 750—950°C. OnpeneneH xumuue-
CKUIi ¥ (ha30BBIi COCTAB CHIPhS W MOJTYYEHHBIX MATEPHAJIOB
rmocJjie ooxura.

YcTaHOBIIEHO, YTO OCHOBHBIC KPUCTAJUIMYECKHE (ha3bl
rocjie Oo0XHWra CHMHTe3UPOBAHHBIX CMecedl Te e, YTO U
y 00O0KCKEHHOT0 AOJIOMUTOBOTO Meprejist: kBapl (Si0,), u3-
BecTh (CaO), nByxkanbiueBblii cunukar (2Ca0-Si0,),
Tpexkanbluesblii  amoMuHaT (3Ca0-Al,0;), reaeHUT
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CpaBHeHVe 0THOCUTENbHOM MHTEHCMBHOCTM KpUcTananyeckux ¢as B cMe-
cax A2 (24% peBoHcKOM rvHbl M 76% nonomuta) 1 U2 [l (24% ravHbl
4eTBEepPTUYHOro nepuoda n 76% nonomuta) nocne ooxura npu 850°C

Comparison of relative intensity of crystalline phases in compositions A2
(24% Devonian clay and 76% dolomite) and U2 [l (24% Quaternary clay and
76% dolomite) after firing at 850°C temperature

Comparing compositions with equal dolomite — clay ra-
tio (A2 and U2), more tricalcium aluminate after firing has
formed in composition U2 composed from Quaternary clay.
Intensity of dicalcium silicate crystallization in both compo-
sitions is similar. Composition A2 contents more quartz due
to higher content of it in Devonian clay.

It is detected by XRD analysis that crystallization of ce-
ment minerals — dicalcium silicate and tricalcium aluminate
— in composition A2 appears in lower temperature (750°C)
than in composition U2 (800°C). Amount of them increases
with temperature.

Higher amount of cement minerals is reached in compo-
sition U2, which contents Quaternary clay (Figure). It has
been observed also in previous experiments [2]. There is in-
significant difference of crystallization intensity of cement
minerals between samples with various clay content (Al, A2
and A3).

The results of chemical analysis of composition A2 after
firing show that amount of active SiO, increases after §00°C
temperature.

Temperature of 800—850°C has been chosen as optimal
for production of hydraulic fast-setting binder from mix-
ture of clay and dolomite. If Devonian period clay is used,
temperature can be even lower — starting from 750°C. At
this temperature cement minerals — dicalcium silicate and
tricalcium aluminate — are already formed, but formation
of gehlenite has not occured. Besides, CaO and MgO
formed at this temperature are more active and hydrate
relatively fast.

Temperatures above 900°C are inappropriate in order to
obtain hydraulic binder from dolomite and clay, due to the
formation of inactive MgO (periclase) which hydrates slowly
and may cause damage after application of it in mortar. In
addition, crystallization of gehlenite (mineral without hy-
draulic activity) occurs starting with 850°C temperature and
higher. This phase also is undesirable if a binder with high
hydraulicity is required.

Conclusions

Production of hydraulic fast-setting binder from clay and
dolomite for restoration needs has been investigated.
Compositions with two different type of clay in temperature
range of 750—950°C were studied. Chemical and phase com-
positions of raw materials as well as obtained material after
firing were determined.
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(2Ca0-Al,054'Si0,) u nepuxiaz (MgO). B cmecsax, conep-
JKaIMX TJIMHY YETBEPTUYHOIO Iepuona, oO0pa3oBbIBAIOCH
0O0JIbIIIe TPEXKAIbLIMEBOTO AIIOMUHATA U BYXKATbIIMEBOTO
cuiukara. TeM He MeHee, B CMECsIX, CoAepKalluX NE€BOH-
CKYIO TJIMHY, KpUCTa/UIM3alusl Mpoucxoawia npu Oosee
Huskoit Temmneparype (750°C). OntumanbHas TeMIieparypa
TPOM3BOACTBA TMIPABIMYECKOTO OBICTPOTBEPILIONIETO BSI-
KYIIETOo, MOA0OHOT0 HATYPaJIbHOMY JOJOMUTOBOMY POMaH-
LIEMEHTY M3 CMeCH IJIMHBI U A0JOMUTa, cocTapisieT 800—
850°C.
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The main crystalline phases after firing in the synthesized
compositions are the same as in fired dolomitic marl: quartz
(8i0,), lime (CaO), dicalcium silicate (2Ca0O-Si0,), trical-
cium aluminate (3Ca0-Al,03), gehlenite (2Ca0-Al,05:Si0,)
and periclase (MgO). More cement minerals have formed in
compositions where Quaternary period clay are used.
Nevertheless, in compositions with Devonian clay crysatl-
lization of them occures in lower temperature (750°C).
Optimal temperature for production of hydraulic fast-setting
binder similar to natural dolomitic romancement from mix-
ture of clay and dolomite is 800—850°C.
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