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Abstract. Two ways for practical use of illite clayswere
studied: chemical treatment and non-conventional gglication to
promote sintering and formation of mullite —ZrO, ceramics

It is shown that treatment of the illite Quaternary clay by
KOH leads to forming of the weakly connected illitestructure.
That results in significant decrease of sintering t@perature of
the obtained ceramic materials. Use of Devonian glaas additive
8 wt.% for mullite — ZrO , ceramics leads to growth of its density
and considerable increase of the compressive strehg by
maintenance of ZrQ, in tetragonal crystalline form.
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1. INTRODUCTION

Deposits of clay - one of the most important mihesav
materials of the Phanerozoic sedimentary covetahéory of
modern Latvia. Devonian clay accumulated togethér sand
and silt material in the shallow epeiric sea envinent. The
sand and clay deposition was intermittent due tangmg
clastic supply and likely altering water depth. YCfzarticles,
as well as coarser silt and sand material werespi@ted into
the basin from northerly source areas — the Scawiin
Caledonides and the Fennoscandian Shield [1]. iflestfclay
particles settled down in local slump depressiantha delta
front environment [2]. The Devonian clay is compbsé illite
with the admixture of up to 12-15 % of kaolinitedasome
chlorite. It is important to note that Devonian dsis
regardless of their considerable geological ageatomlastic,
almost unconsolidated clay material

Quaternary clay deposits were mostly formed indlaeial
meltwater basins. Seasonal changes of ice meltitgnsity
often caused pulsating influx of sand and silt ipbas,
therefore many clay deposits have rhythmically tage
(varved) structure. The Quaternary clay minerdéo are
dominated by illite (75-80%) with admixture of chte. A
few practically useful clay deposits have been fenalso
after glacier retreat — during ancient stages ektbgment of
the Baltic Sea. The main difference in the Devonard
Quaternary clay deposits is the content of carlemathe
Devonian clay generally has a small amount of eoadi
carbonate admixture, but in several deposits tladitgof clay
is reduced due to hard dolomite inclusions. Quatgritiay
typically is rich in fine, scattered carbonated, ard, harmful
inclusions of these minerals are rare [3].

The Devonian and Quaternary clays are used forystamh
of conventional ceramic products such as buildimgks,
blocks, roof tiles, pottery, as well as sorbeMsreover, they

tiles. It is shown [4] that the presence of illitghibits the
formation of mullite and cristobalite, since siliand alumina
tend to form alkaline glass. The presence of samabunt of
goethite in this clay promotes the formation of litey which
could eventually host Fe in its structure. In [B]is also
indicated that use of kaolinites with different temt of
structural iron and crystallinity degree reveals iinpact on
incorporation into mullite in octahedral sites, and
crystallisation kinetic of mullite.

In our previous studies [6] we emphasized the erfe
produced by a small amount (8.0-8.5 wt. %) ofdllgdditive
on mullite -ZrQ (tetr.) phase formation in mullite —Z5O
ceramics.

This study presents two ways for use of illite slay
geopolymers — the purpose of which is to show fifece of
alkalines on transformation of Quaternary clayéllstructure
and in its turn — on some ceramic properties (léksity,
porosity) and compressive strength, while non -veational
application is to promote sintering and consecuthigh-
temperature crystalline phases formation in depsangics.

Il EXPERIMENTAL PROCEDURE

Two types of clays - Quaternafy and DevoniarD from
Latvia and the two compositions with (and withoatiditives
of these clays — were used for development of demgdéte-
ZrO, ceramics. The chemical composition of both clays is
given in Tablel [3].

TABLE 1.
CHEMICAL COMPOSITIONS OFCLAY Q" AND D** (WT.%)
Clay Q
SiO;, Al,O; FeO; TiO, CaO MgO kO NaO
5456 1469 547 059 827 252 335 053
Clay D
50.5 20.8 7.5 0.8 1.9 3.6 5.0 0.1

*- |gnition loss at 1000C — 10.02; ** - Ignition loss at 100CC - 9.8

Quaternary clay samples were taken in the Ane Adit.
samples represent intermediate composition of glayaterial
used to produce bricks and ceramic building blocKsey
were taken from the wall of actively exploited pi linear
sampling method to represent intermediate compositf
commercial beds.

Devonian clay samples were obtained in the Liepad€)
pit. Samples were taken from technological shéet-fpile
created in a step-by-step mining and redepositihgnioed
material. Such an artificially layered technologjipée, which
is kept in open-air conditions for several seasamduding

were added in the percentage of 35 wt. % to a meéxtufrost-thaw processes, allows to regain homogeneityl

composed of feldspar and quartz sand to produceestare
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quality of the raw material for its practical uskinear

sampling method was also used to represent intéateed
composition of technological sheet-like pile.
The composition of D-clay used for
ceramics development is shown in Table 2.

TABLE 2
COMPOSITIONS FOR HIGH-TEMPERATURE MULLITE-Zr9
CERAMICS
Sion HO .
Sample | v Al,03 SiO,- 85% ZrO, Y205 llite clay D
10 62.30 28.00 5.20 4.5(Q -
10i 57.30 25.85 4.70 4.15 8.00

For obtaining the initial powders of clay Q, thevrdried
clays were ball-milled in the laboratory mill foreveral
minutes, and so were compositions -10 and 10i, fouta
different length of time.

Technological ways of formation/study of geopolymél)
and ceramic products Jllinclude the following stepsnd
objects:

() Q-clay powder - treatment byM, 3M and 6M KOH
solution for 24h at 5T
—IR-spectroscopy— shaping of samples drying and
sintering at temperatures 700-800> XRD, bulk density,
open porosity;

(I initial mixtures prepared by planetary milling far
different length of time (4 - 24 hourspforming of dry
powders by axial pressingsintering at temperatures from
1100 to 13006 C (1h) — XRD, SEM, density,
compressive/bending strength.

The equipment used: the planetary laboratory métsBh
PM 400; for IR-spectroscopy — spectrophotometepiéstige-
21(FTIR-8400S); XRD-model Rigaku, Japan, with GuK
radiation at scanning interval from©2=10...60; the
microstructure of sintered ceramic samples wasnéted by
scanning EM, model JSM-T200,
strength was determined by Toni-technic model 262d
Zwick/Rolle model 1486.

Bulk density and open porosity of ceramic samplesew
determined in accordance with EN.

[1l. RESULTS AND DISCUSSION

The qualitative crystalline phase characteristiésboth
clays - Q and D are similar. Crystalline phasesqoértz,
dolomite and calcite predominate. Presence of aityst clay
minerals — illite, chlorite and kaolinite is not poonounced.
Usually the total amount of clay fraction (with tharticle size

high-temperature

— OH-stretching bands at frequency 3618-3626, il
3695 cnf,
- spectral bands at 1435- 1427 trand

- 779 cnit,
100 ,
@ llite
80 - B Chlorite
80 - D Kaolinite
=

Q D1

D2

Fig. 1. Mineralogical composition of clay fraction for Q@i clays (D1-D
carbonate beds, D2 -D siliciclastic beds).

The first three absorption bands appear and grow fo
treated Q-clay and can be related to O-Al-OH grogpwhere
O is associated with neighbour Si- layer. The baatd$435-
1427 cm point at the appearance of new oscillations in
treated Q-clay and obviously are related to devalm of K-
O-Si bands [7, 8] band at 779 ¢m probably with 4
coordinated Al-O stretching vibration.
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less than 2um and determined by sedimentation analysis) in

QuaternaryQ clay is up to 50-55%, but in Devonian clBy

the average share is 70-75 % [1]. The mineralogical

composition of this fraction shows that illite leetdominating
mineral there, Figure 1.

The effect of alkalines on transformation of Quadey
clayl/illite structure shows the FTIR-spectra (Fey@) of both
the raw Q-clay and processed by 1M, 3M and 6M alkal
(KOH) - solution. Significant change in the two mai
oscillations as well as at 779 ¢nfor treated samples of clays
are observed by:

Fig. 2 FTIR spectra for raw Quaternary cléy)) and the clay treated with
1M, 3M and 6M KOH .

The scheme of possible chemical processes of manome
development by treated Q-clay could be depicted thmy
following reactions:

(K,HgO)Alz(OH)z[AISl3010]nHzo + 3K +3 OH"
llite
—— 3 A(OH)+3Si(OH), + 4K —2L—»
> K4A| 3Si3012 +n |-le
Sodalite like zeolite
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Sodalite (zeolite) should be the end product, whiels not
observed.
Comparison of XRD — patterns of both Q-clay and QK - 2
cIay_s_how that there are small changes ip the g well as . "
k'.;tollnlte crystalline phases peaks intensity foKQH clay, R M M
Figure 3. “ . ::f
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MMWMWW Fig.5. XRD patterns of ceramic from compositiddi tilled for 4 and 24
g o s i = ) hours and sintered at 1280 M-mullite 3AL05.2Si0, C-corundun
Two-Theta (deg) Al 203! Z(_ ZrC)Z (tetr.).

Fig.3.XRD patterns of Q-clay and treated by 3M KOH-solution . . .- L.
g P Q-clay y Figure 6 shows the impact of illite clay D1 additien the

development of density and compressive strengththef

The compressive strength of sintered samples X ; . X - -
P g B ¢ Mullite-ZrG, ceramics with and without illite clay additive.

temperatures 78@ to 900C show that for both sintere

samples especially at higher temperature the cosse 175 — &3
strength is significantly higher for the sample QM (Figure ® 150 TTLL o 8 ¥
4.) Overall, the bulk density has the tendencydadgwn. Its % 12% ’ H_,_rﬂ"- 2’6 E
values in above mentioned temperature range ché&oge o KD~ PP 2 o
1.55 to 1.68 g/cthfor sintered samples from untreated clay 5 100 ; Q.--;'P';___d_obl >
and a little higher - 1.65 g/chto 1.72 g/cr for the samples = 75? ! 22 %
sintered from Q/KOH. Such inconsistency gives reafm g 50 2 T
further studies of the type of pores and theirrittigtion in b ol e
sintered samples. 25 1 T T T r 18
4 8 12 16 2 A

mQ
B Q/KOH

Milling time, h

<-4 - without illitic clays
-~ & -~ With illitic clays

: ‘ Fig.6. Strength-) and density (----) - milling time relation of fite-ZrO,
750 900 ceramic samples with and without illitic clay adhet

Temperature, °C

Compressive
strength, MPa
N
o

It is obvious that both values are essentially kcated by

Fig.4. The compressive strength of sintered sangi@smperatures 780 illite Clay additive. Such dEtermmauve roole coulde
and 906C. connected to the structural relaxation at up to"CO@gether

with liquid phase formation starting from this teengture and

Another way to use illitic clays (non- conventionadas the subsequent triggering of diffusion processes byesimg of
application of D1 clay for production of dense nal-ZrQ,  mullite-ZrO, ceramics.

ceramics. That includes two considerations: to miem
formation of high-temperature mullite and ZrQetragonal V. CONCLUSIONS

phase) at lower temperatures along with the acz@ber of U f th ¢ d D . | f Laboa f
densification process and to prevent the changeZr@f,- se ot the Qua_ernary and bevonian clay of Lahoa
development of various ceramic materials is comsitle

tetragonal formed at higher temperature to monoclinic L .
. : ; i Treatment of the illite Quaternary clay with KOHarlyes
modification by cooling. Figure 5 shows the cr phase illite structure, but does not destroy it. Main nbas could be

development for mullite — ZrOceramics at the sintering related to the changes of O-A-OH grouping whereisO

mberatre tratonally vosd for Sermg werkerames. |- 2550cited with the neighbouring Si- layend with the
P y g ' penetration of Kbetween Si-@nd Al-O layers.
The ceramic materials developed from chemicallatee
Quarternary clay and consolidated at %GSOhave the
compressive strength comparable with the same sdbrethe
respective ceramic products sintered at 400
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Gaida Sedmale,Girts Stinkulis, Uldis Sedmalis, Inna Juhnewv€a, Janis KlavinS. lllitu malu raksturojums un pielietojums augst- un
zemtemperatiras keramikas materialu izstradei

Divu veidu laboratorijas tehnalgas ir getitas un pielietotas Latvijas Devona un Kieatgeolagisko periodu ifitu malu izmantoSanai augst-
un zemtemperatas keramikas matatu izstradei. Tas ietver nalu kimisku apstidi, pielietojot dazdas konceniicijas Na vai K- srmus ar
sekojosu noteikta laika izte§anu istabas vai 50-8D temperatra ar sekojoSiem tradiciafi pielietotiem paraugu fora$anas, #vé$anas un
s&epimaSanas procesiem. Pielietojot infrasarkano spekammgl, ir noteikts, ka, apgtdajot malu sarmaira vide, tiek izmainta illitu dahga
strukiira spektru da, kas nofida uz saiSu O-Al-OH, karskabela jons ir saists ar blakus esoSo ®i-kartu, izmaham. Ir norojamas ar
izmaipas, kuras, @ autoru doram, saisimas ar jaunu K-O-Si saiSu izveidoSanos uhsangra ar pielietoi K- sairma koncentcijas
palielina3anos - ar jaunas Al-O saites veido$anos,,Al@um, kur Al — jons ir 4-koordidts.Ss malu struk@iras izmahas turpraka
s&epiraSanas procaslauj pielietot temperatu, kas ir par 200-256C  zemaka par tradicioali pielietoto, piengram, hivkeramikai, 950-
1000°C intenala, sasniedzot spiedes stipmn, kas ir adekta tradicioni skepiratai keramikai un laboratorijas paraugiem, atroda22 MPa
robezs.

Saistba ar augst- un zemtempeieds keramikas matétu izstradi, pielietojot Devona perioda itu malu 8-8.5 % k& s&epSanu veicinoSu
piedevu, ir noskaidrots, ka1 Spiedeva veicina &&pSanas procesu, kas regals [Etitas muliita-ZrO, keramikas hvuma un attiegi an
spiedes iztubas pieaugum S piedeva veicina aZrO, tetragonlas modifikacijas veidosanos.

I'aiina Cenmane, l'mpre Crunkyauc, Yaguc Cenmanuc, Mnna FOxnesuya, SInuc KnsiBunbm. XapakTepucTHKa HIJMTOBBIX [VIMH M UX
NpUMeHeHHe /I pa3padoTKH HU3KO0- M BHICOKOTEMIIEPATYPHOIl KepaMUKH.

HccnenoBansl 1abopaTopHBIE MPOLECCH MO HCHONB30BaHUI0 YeTBEepTHUHBIX U J[€BOHCKHMX WIUINTOBBIX TJIMH JIaTBUM AJISI IPUMEHCHUS IIPH
pa3pabOTKe HU3KO- U BBICOKOTEMIIEPATYyPHBIX KEPaMHUUECKHX MaTepuaioB. [lepBoe BriroyaeT 00padoTKy YeTBepTHUHBIX MIUIMTOBBIX TMH Na
umi K-IIenoupio ¢ BBLIEPXKKOI MpH KoMHaTHOH mimn mpu Temneparype 50-60C B TedeHue OmpeaeTeHHOro BPEMEHH C MOCICAYIOMICH
dopMOBKoil 0OpA3LOB, CyWIKOH H CIIeKaHHeM B HHTepBaie Temmeparyp 100-600.708C. ITpumenennem HH(ppPAKpacHOH CIEKTPOCKOMHH
YCTAHOBJIEHO, YTO IIPU XUMUUYECKOH 00paboTke UeTBEPTUYHON INIMHBI NPOMCXOANT U3MEHEHUE CTPYKTYPBI HIUIUTOB B YaCTH CIIEKTPA, KOTOPAst
yKa3bIBaeT Ha U3MeHeHue mosoxeHus ceszeit O-Al-OH, rae Kuciaopos CBs3aH ¢ psaoM pacrnooxeHHbM cioeM Si-O. Habmomarores Takke
W3MCHEHHUs OTHOCHTEJIbHO BHOBb oOpasoBaBuinxcs cesseil K-O-Siu takxe ¢ BozpactaHueM KoHUeHTparuu K-mienoun oOpasoBaHue HOBOIt
ces3u Al-O, B rpymme AlO, rae uon Al sBisiercss 4-KOOPAMHUPOBAHHBIM. DTH CTPYKTYPHBIC H3MEHEHHS TT03BOJSIIOT CHU3UTH TEMIEPaTypy
o6xura kepamuky Ha 200-250°C 1o cpaBHeHMIO ¢ TpaaMIMOHHO mpuMeHsemoii B mmrepsaze 950-1006C u o6ecrmeunts mpounocTs Ha
cxkarue B npenenax 15-22 MPa.

B OoTHOIIEHMH BBICOKOTEMIEPATYpPHON KEPaMHUKH CJIEAYeT OTMETHTb, 4To Jo0aBka 8-8.5 YuminToBol INIMHBI K MCXOAHOH CMECH MYJUTHTO-
ZrO, KepaMHKHM 3HAYUTEIBHO CIOCOOCTBYET MpOLECCY CIEKaHHsA M YIUIOTHEHHMS 3TOH KepaMMKH. DTa J00aBka CHH)KaeT TeMIepaTypy
obpasoBanus MymmTa Ha 100 -156C, noBbImaeT NPOYHOCTH HA CXATHE M IPEIOTBpamIaeT mepexon ZrO, TeTp B MOHOKIMHHBIN B pomecce
OXJIOKACHUS KEPAMHKH.
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