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Prevention of scaling of roof tiles in the course of their service under diverse
and changing atmospheric conditions is directly associated with control of the
composition and characteristics of the raw material mixture. Since the scaling
phenomenon is caused by the formation of an undesirable crystalline phase,
the nature and dynamics of its development was studied in relation with the
characteristics of a defined raw material mixture. Formation of the
B-Ca8O0y . 0.5 H,0 crystalline phase was confirmed by comparative investiga-
tion of real systems, i.e. industrial samples exposed to definite atmospheric
conditions, and model systems in laboratory tests. Interaction of the peat and
carbonate components with montmorillonite clay in the closed system is considered
to be the possible cause of the phenomenon observed.
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INTRODUCTION

The corrosion of roof tile caused by atmospheric effects is directly related to
mineralogical composition of the starting raw material and parameters of the
technological process [1, 2]. The scaling phenomenon results from degradation
of the initial texture in the course of roof tile service [3, 4]. Efforts aimed at preven-
tion of this negative phenomenon should be based on optimizing the raw material
composition and preparation, together with ensuring the correct firing schedule
for the respective well-defined mixture.

EXPERIMENTAL

Subject

The microstructural and textural properties of roof tiles were investigated
in comparison with the tiles after one year of atmospheric exposure. Segments
from different areas of each roof tile were analyzed, taking into account possible
effects of internal stresses due to the tile forming process.

The layer model systems were prepared by pressing (p = 1.5198 MPa) a certain
number of specimens of various compositions and firing them at 900 °C for 2 hours.

The model system was made from components present in the real raw material
mixture, i.e. peat, calcium carbonate and montmorillonite clay.
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Methods

— Scanning Electron Microscopy — SEM (Jeol ISM-35)

— Differential Scanning Calorimetry — DSC (Du Pont 1090)

— Mercury Porosimetry (Carlo Erba, type 1500), (max. pressure 151.98 MPa,
O = 141.3°, yug = 480 x 1073 N/m)

RESULTS AND DISCUSSION

The investigation of the microstructure of roof tile segments (Fig. 1) after expo-
sure, with pronounced scaling, revealed the presence of flower-shaped crystals
(Fig. 2), in the immediate proximity of open pores of critical size, as well as at
the points of intimate contact between peat (Pt), carbonate (C) and montmorillonite
particles (M), (Fig. 3). The phases were qualitatively determined by comparative
SEM investigations of the pure components and the model system.

Middle area

Corner area

Fig. 1. Schematic diagram of roof tile with pronounced scaling arcas (corner and center).

Comparison of the texture of tile segments exhibiting pronounced scaling with
those having regular characteristics after exposure (intact specimens taken for
analysis) showed a difference in pore size distribution (Fig.4). A relatively high
content of the critical pore size with respect to water condensation (radius range
0.12—0.25 pm [4, 5]) was found in the scaled sample (Fig. 2 and 4a); the pores
are responsible for condensation of acidic rain with consecutive development
of critical crystals during roof tile service. The phenomenon occurs particularly
in segments with higher internal tension (corner and curved segments), (Fig. 1).

The investigation of fresh tiles showed them to contain the same type of crystalli-
ne phase even before exposure (Fig. 5). According to the conclusions drawn, nuclei
of the critical phase are already present in the fresh tile structure and are subject
to rapid growth by furtherreactions taking place under the conditions of atmosphe-
ric exposure.

The presence of calcium sulphate modifications was considered on the basis
of the raw material characteristics and previous microstructural investigations.

Nuclei in the sulphate phase can be formed at the points of contact between the
peat and carbonate components in the closed system with montmorillonite clay.
The presence of the components was confirmed by detailed analyses of the raw
material in its various layers of deposition.
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This assumption was confirmed by model system investigations. In the prepara-
tion of model systems, the components present in real raw material were used,
i.e. peat, calcium carbonate and montmorillonite clay. The following characteristic
model systems were studied:

The model systems were exposed to acidic (SO; and SO;) atmosphere for 45 days.

Microstructural investigation of samples of the carbonate layer (Fig. 6) showed
the same critical acicular crystals (Fig. 7) to be present.

Besides the critical crystals mentioned, formation of another Ca-sulphate phase
of lamellar type, surrounded by CaO phase, was observed (Fig. 8a). Comparative
investigation (Fig. 8b) indicated the crystals to be CaSO, . 2 H,O.

The formation of the two types of Ca-sulphate crystals has been explained in the
following way:
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The nuclei of the acicular Ca-sulphate phase are formed by the reaction of CaCOj3
and CaO with the high-sulphur gaseous phase originating from the peat component
in the course of firing. In the enclosed system with montmorillonite clay, the
presence of water enables formation of the hydrated Ca-sulphate form instead
of the anhydrous one. The presence of nuclei is responsible for further rapid
growth of the critical crystals in the acidic atmosphere.

The nature and extent of formation of the critical acicular crystals was studied
by DSC analysis.

The DSC curves showed a pronounced exothermal effect in the temperature
region of 300—320 °C (Fig. 9a), The effect is ascribed to transformation
of B-CaS0,.0,5 H,0 to the a-form [5], the f-modification being present in the
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original sample apart from small amounts of CaSO, . 2 H,0. The conclusion was
drawn on the basis of a different course of CaSO,4 . 2 H,O transformation (Fig. 9b)
with small quantities of $-CaSO,.0.5 H;O as one of the possible phases being
formed.

CONCLUSIONS

The raw material characteristics, given by the content of peat, CaCO3 and clay
of the montmorillonite type allow nuclei of $-CaSO4.0.6 HO acicular crystals
to form in the course of tile firing. The presence of the nuclei is the main reason
of extensive growth of this phase during exposure of the tile to acidic rain. The
presence of critical-size pores responsible for capillary condensation contributes
to the deterioration process called tile scaling in the course of long-term atmosphe-
ric exposure.
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K zabranéni odpryskdvani pialené stfedni krytiny v priubéhu jejiho pouziti v girokém spektru
atmosférickych podminek je nutno zaméfit se na fizeni slozeni a vlastnosti surovinové smési.
Jelikoz odpryskavani je prisobeno tvorbou nezadouci krystalické faze, studovalo se jeji slozeni
a dynamika jejiho vzniku ve spojitosti s vlastnostmi dané surovinové smési. Srovnavacim méfenim
realnych systému. tj. pramyslovych vzorku aplikovanych v definovanych atmosférickych pod-
minkach a modelovych systémii v laboratornich podminkach byla jako hlavni pti¢ina odpryskava-
ni zjisténa tvorba krystalovych zarodkn nové krystalické faze. Kontakt rageliny, CaCO; a CaO
nebo rageliny a CaO s montmorillonitickym jilem, piispivajici ke vzniku uzavieného systému,
umoznuje tvorbu krystalovych zirodku f-CaSO,.0,5 H;O jehlicovitého habitu v prubé&hu
vypalu. PFitomnost nuklei je zékladni pFi¢inou pokraéujiciho rustu této faze v prubéhu vystaven{
palené krytiny kyselym destim. Pritommnost pdru s kritickym priamérem, umoznujicich kapilarni
kondenzaci, pFispiva k pozorovanému jevu, jenz se projevuje odpryskavanim pii pouziti krytiny.
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Obr. 1. Schéma stfedni krytiny s oblast! vyrazného odpryskdvant (roh a stied).

Obr. 2. SEM rohové oblasti stresni krytiny, p — otevieny por.

Obr. 3. SEM rohové oblasti stiesni krytiny, C — CaCQj, Pt — rafelina, M — montmorlloniticky
gil.

Obr. 4. Rozdéleni velikosti poru v zak¥ivené oblasti; a) ... . vzorek s vyraznym odpryskdvdnim
(m = 0,754 ¢), b) . vzorek bez odpryskidvdani (m = 0,752 g).

Obr. 5. SEM nepdlené krytiny v rohové oblasti, CS — siran vdpenaty, ' — CaC@®3.

Obr. 6. Modelové systémy: a, b, c.

Obr. 7. SEM vzorkd s vrstvou uhliéitanu vapenatého, modely a, b, c.

Obr. 8a. SEM tabulkovitych krystalv v modelovych systémech.

Obr. 8b. SEM krystalis CaSQ, . 2 HyO (istd fdze).

Obr. 9. K¥ivky DSC modelovych systéma ( ._.. — ) a CuSO4 . 2 H,@ (cccoeeeeen. ).

BANHINE COTEPKRANRIA TOPOHHOTIO RKOMIOHEHTA
HA CBOUCTRA KYKEHOIT KPOBJIN
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. Ist IPe;lOTBPAINCBHA OTCTAMBAHMAH HIKCHOM KPOB.1It BO BPCMs CC HC10.IL30BAHIA B IIN-
POKOM CICKTPE ATMOCQCPHLIX YeI0BHI TPUXOJUITCH Y 1C/IATL BHUMANHNE YIIDABJICHII) ¢OCTABA
M CBOMCTB ¢biPbCBOIl ¢MCCH. OTC/AMBAHMC BLI3LIBACTCS 00PA30OBAHMEM HCHKEJIATEILHOM KPH-
CTAUIUIHYECKOM (Pashl 11 HOATOMY MeC.1€;(0BAIIL CC COCTAB M MBAMURY c¢ 00pPA30BAHMI B 3a-
BHCMMOCTH OT ¢BOHCTB [lAHHOM ¢LIPbeBOil ¢MecH. (C JIOMOIILIO ¢ONOCTABHTC. (LHLIX M3MepeHuit
PCAJILHBIX CHCTCM, T. ¢. NPOMBULLICHHBIX 00PA3IOB, IIPUMCHAEMLIX B YCTAHOBJIEHHLIX 4TMO-
cPepuuecKUX YCIIOBHAX i MOjICILHBIX CHCTCM B JIA00PATOPHBLIX Ye I0BHAX OLLIO YCTAHOBJICHO
B KAUCCTBC OCHOBHLIX NPHUMH OTC.JAMBAHHA 00PA30OBAHUC KPHMCTA LIMUCCKMX  3a POAbLIICH
HOBOH KpucTa mueckoil Qasnl. Kontakr tropda, CaCOz n Ca) man topga 1 CaO ¢ MOHTMO-
PHILIOHHTHMUEC KM H/I0M, HO;LIePAKHBAIOIINI 00PAZ0OBAHIC 3AKPBITOM ¢ HCTCMDI, TPEL0c TaBJIsIeT
BO3MOMKHOCTL 00PA30BAHMS KPHeTATLINYecKAX Rapowineil $-CaS0,. 0,5 H:0) nrosmaroro
raduTa Bo BpeM#a o0kura. Il pieyTeTBite 3apo;ibinicii SBJIACTCs O¢HOBHON IPUUMHOM 11po-
JOKAKOTEr0oCH POCTA JIAHHOI (pashi B 3MKCHOII KPOB.IM, 110,(BCPIaCMOIi TPH M 110 IL30BAHNN
KHCIILIM J0AaM. [TpueYTeTBIE HOP ¢ KPHTHYUEC KM [(HAMCTPOM [(ACT BOBMOMHOCTD KillMJIH P~
HOH KOHJEHCAIMN I TakMM 00pPa30oM Bb3bIBACT Hal:llolaeMoe 5iB.ICHIIE, HPOsBIIsIONICeEs]
B OTC:TAMBAIITH HCHOJL3YCMON KPOB.IL.

Puc. 1. Cresta wposait ¢ ob6aacmvie pearoco omeaqusanus (Yeoa i cepeduiian).

Puc. 2. SIEM yeaosoii obaacmu kposau, p — omepuimas nopa.
Puc. 3. SEM yeavsoit obaacmu kposan, C — CaCQs, Pt — mopgi, M —- monmaopu.teo-

Humuseckuii ua.
Puc. 4. Pacnpedeaenue pazvepa nop ¢ uCkpueaeHiolt obaacmi:

M - 0bpazey ¢ pearum omcaaucarnuesm (m = 0,734 ),

b - obpasey 6es omeaaucanus (m = 0,732 ).
Puc. 5. SEM nencawceroie xposat ¢ yeaovsoit ooaacmu, CS —- cyavghant saavjis, C — CaCOy,
Puc. 6. Modeavunie cucmemnt: a, b, .
Puc. 7. SEM o6pasios co caoem yeaernucaoeo kaavyus, voded a, b, c.

Puc. 8a. SEM aucnosbie kpucnmaaioe ¢ Mo0CAHBLE CUCIHEMAL.
Puc. 8b. SEM rpucmaaaos CaSOs. 2 H20 (wuemas gasa).
Puc. 9. Kpuese DSC wodeavrnr curment (——— =) w CaSOq. 2 10 (o D).
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Fig. 2. SEM micrograph of roof tile corner segment, p — open pore.

Fig. 3. SEM wmicrograph of roof tile corner segment, C—CaCOs, Pt — peat, M — montmorillonite
clay.
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Fig. 5. SEM micrograph of a fresh roof tile corner segment; CS — calcium sulphate, C —CaCOj.

Fig. 7a.
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b)

c)

Fig. 7. SEM micrograph of carbonate layer samples, models a, b and e.

Silikaty ¢. 1, 1990



The Effect of Peat Component Content on the Properties of Final Product...
y2 ¢

Fig. 8a. SEM micrographs of lamellar-type crystals in the model system.

Fig. 8b. SEM micrographs of the CaSOy . 2 HyO crystalline phase (pure phase).
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