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Prevention of scaling of roof tiles in the course of their service under diver.�e 
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 
{J-CaSO4 • 0.5 H20 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, lnter,,,ction 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 [l, 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 schedult, 
for the respective well-defined mixture. 

EXPERIMENT AL 

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 Poro;;;imetry (Carlo Erba, type 1500), (max. pressure 151.98 MPa,

e = 141.3°, YHg = 480 X 10-3 N/m)

RESULTS AND DISCUSSION 

The investigation of the micrm,tructure of roof tile segments (Fig. 1) after expo
sure, with pronounced scaling, revealed the presence of flower-shaped cry;;;tals 
(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 pha.ses were qualitatively determined by comparative 
SEM investigations of the pure components and the morlel sy;;;tem. 

Middle area 

Fig. I. Schematic diagram of roof tile with pronounced scaliny area.• (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 µm [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 further reactions 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 previow, microstructural investigations. 

Nuclei in the imlphate 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 (S03 and S02) atmm,phere for 45 days. 
l\'Iicrostructural 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 pha-,e 

of lamellar type, surrounded by CaO phase, was observed (Fig. Sa). Comparative 
investigation (Fig. Sb) indicated the crystals to be CaS04 . 2 H20. 

The formation of the two types of Ca-sulphate crystals has been explained in the 
following way: 
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Fig. 4. Por,, size rli,stribution in a curved sPgment; a _ sample with JJronounced scaling 
(m = 0.7-54 g). b --- ----------· sample free of scaling (m = 0.752 g). 
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The nuclei of the acicnlar Ca-sulphate phase are formed by the reaction of CaC03 

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 �-Ca.S04 • 0,5 H20 to the a-form [5], the /1-modification being present in the 
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Fig. 9. DSC curve._• of the model . .ystems (------)and CaSO4• 2 H2O (---)· 
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original sample a.pa.rt from small amounts of CaS04 • 2 H20. The conclusion was
drawn on the basis of a different course of CaS04• 2 H20 transformation (Fig. 9b)
with small quantities of P-CaS04 • 0.5 H20 as one of the possible phases being
formed.

C ON CLUSI ON S 

The raw material characteristics, given by the content of peat, CaC03 and clay 
of the montmorillonite type allow nuclei of P-CaS04 • 0.5 H20 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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VLIV O B SAHU RASELIN OVE SL O2KY NA VLASTN OSTI PALENE 
STRESNf K RYTINY 
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K zabran/lni odprysk{w{tni p>th•ne stfesni krytiny v prubehu jejiho pouziti v sirokem spektru 
atmosferickych podminek jn nutno zamci'it se na tiznni slozeni a vlastnostl surovinove sm/lsi . 
• Jelikoz odpryskavani je pl°,sobeno tvorbou nezadouci krystalicke faze, studovalo se jeji slozeni 
a dynamika jejiho vzniku vP spojitosti s vlastnostmi dane surovinove smesi. Srovnavacim mci'enfrn 
r(•alnych systemu. tj. prl°,myslovych vzorku aplikovanych v definovanych atmosferickfch pod
minkach a modelovych systenn', v laboratornich podminkach byla jako hlavni pficina odpryskava
ni zjist/lna tvorba krystalovych zarodki, nove krystalicke faze. Kontakt raseliny, CaCO3 a CaO 
nebo raseliny a CaO s montrnorillonitickym ,jilem, prispivajici_ke vzniku uzavreneho systemu, 
umozrmje tvorbu krystalovfch zarodku fJ-CaSO4 • 0,5 H2O jehlicoviteho habitu v prubehu
vypalu. Pritomnost nuklei jP zakladni pricinou pokracujiciho rustu teto faze v prubehu vystavenf
palene krytiny kyselym destum. Pritomnost pbru s kritickym prumerem, umozimjicich kapilarni
kondenzaci, prispiv>t k pozorovanemu jevu, j<'nz se projevuje odprfsk,\vanim pri pouziti krytiny.
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Obr. 1. Schema sti'dni krytiny s oblasti vyrazneho odpr/;skavani (rah a stfed). 
Obr. 2. SEM rohove oblasti stfesni krytiny, p - otei-feny p6r. 
Obr. 3. SEM rohm•e oblasti sti'esni krytiny, C - CaCO3 , Pt - ra.frlina, 1�1 - montnwrillonitick,,j 

jil. 
Ohr. 4. Rozdeleni velikosti p6ru v zakfiuene oblasti; a) _ _ _ 1·zorek s 1•,11razn,,jm odpr_,jska1.•anil/l, 

(m = 0,7,54 g), b) _______________ i•zorek bn odpryskri1,ani (m = 0,7,52 g). 

Obr. 5. SEM 1u,palene krytiny I! rohove oblasti, CS - siran vapenat,1/, C -- CaCO3 • 

Ohr. 6. Modelod systemy: a, b, c. 
Obr. 7. SEM vzorku s vrstvou uhlicitanu ,·ape1iateho, mo<lely a, b, c. 
Obr. 8n. SEM tabulkovitych krystalu" modelm,ych systemrch. 
Obr. 8b. SEM krystalu CaSO4 • 2 H2O (cista faze). 
Obr. 9. Ki'i,•ky DSC morlelovych systemu ( � ) a CaSO4 • 2 H2O (-------------- ).
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111t!X'l10Jto2u<tec1,uii <Jia 1,yJtb/11e111 .V 111wep1·w111:ma, If 0111,iii C aiJ 

* Ji ay<t1w-uccJ1eiJueanteJtbC1£Uii u11c111 w11y111 uc111,rn1111w.<i .1ta111epua.w, H eo2paiJ 

**HagieiJpa x1.1.Muu Jl11uuep1·w111'11ia, lfom,1it CaiJ 

.D,:rn npc;\0TBIJHII\CBl1H 0Tr:IaHBaHIIH )IORCHOH HIJ0B,111 BO BpCMH cc m·110.11,;mBaHJUI B nrn
poK0M {'IICKTIJC UTMocqiepHl,IX y(',i[OBIIH IIIJHX0/\l!T('}I YilC"flTI, BHHMam,e ynpaB.i[CHJIKJ ('()('TaBa 
11 CBOHCTB ('hlIJhCBOll l'MC!'ll. OTt',ifallBIIHHC BJ,lill,!BaCTL'H o6pa:mBaHHC'M Hcme.JraTejJJ,HOH KpH
('TaJIJIH•Je('!{OH <paau 11 1103T0MY II('(":1e;(0Ba,:111 cc ('0t'.TaB ll ;(HH11MHHY cc oopa:mBaHHH B :ia
Bll!'lfM0CTll OT ('BOii,·TB ;(aHHOH ,·1,1p1,eBoii ('MC(' II. C II0M0IIU,IU \'0II0CTHBHTP,ill,HJ,LX !IaMepe1111ii 
}JC11Jll,Hh!X ('l1l'TCM, T. l'. np0MhUIJ:ICHHhlX O0pa:lllOB, IIIJIIMCHHeMJ.IX B :','l'TilH0B,lleHHl,IX I\TM0-
l'!Jiepwret"HllX y(',;IOBMIX II M0ilCJ[l,HblX ('!l('TCM B Jiaoop,1Topm,1x y(':JOBllflX 01,\:lO yeTaH0BJ!CIIO 
B Kll'IC'l'TBe 0t'H0Blll,[X llPll'IHH 0T(',ilal!BIIHIIH o6pa:icrnaHl!C KIJlll'Ta:r.:1!1'1('('!UIX ;3apO/\hllllCii 
noBoii Hp11na:1:1w1enmii 1pa:i1,1. H'oHTHKT Top1pa, CaCO, 11 Cao H.111 Top<jia u CaO ,· M0HTM0-
p11;1J101111Twrn1·m1M ll,i[0M, 110;1;1epm1rnaKJll\l1H ofipa:10Ba111ie :ia1;p1,1Toii ('ll('T{'Ml,I, npei-(0t'T3BJIHeT 
B0:lM0IBH0t'Th oopa:lOBHHIIH KpHc·TaiUlll'Wt'lillX :rnpo;([,llllCii �-CaSO4. 0,J H20 lll'O,TPiaTOl'0 
rafo1Ta BO BpCMH ofiarnrn. JI IJlll'YTC'TBIIe :rnpn;(l,lllleii 118:IHCTt'H (J('HOBHOii IlJHl'lllHOH npo
;.io.-1ma1onieronr po,·Ta ;lmrnoii qia:i1,r B mmc11oii 1q10B:1u, no;tBcprncMoii H!llt ll('H0J11,:mBaH1111 
Kll{'JIJ,fM i�0IB,!l;HM. Ilp11C'YT{'TBl1C nop {' KPllTll'le,·i;uM ;\HilMCTp0M ;iaeT Bo:!M0)l(!l()('Tb Killll!JlflP
Hoii i;on;�em·aJ\1111 ll TaJ;HM oopa:!OM Bhlilh!BHCT HII0,JJO;laeMOe !18,'TCHIW, upo1rn:1HIOll\CCCll 
B 0Tc·.;ralJBIIJIJ!H IH'IJOJII,:lYCMOii KIJ0B,'Tll. 

Pw·. 1.

Puc. :z.

Pur. 3, 

C.c1'.1ta h'j>Ull.lll ,: 06.uu·111 b/0 JH'3h'O,'o 01111·.,uu111a1-tu,<i (y,•0:1 11 r·epedll!(I/ ). 
SHiil yi,101Jui1 06.w1·111U h'JIOBJW, p -� n111Hp1,111rn.<i nopa. 

SE,l/ y,'.weoit u6Jiar111.u h'JU111J1.11, C -- CaCO,, l't - mop1Ji, .\[ -- .1w1un.1t"f'U.r..w
l-illlllU'Llt<'h'Uit UJl,. 

Puf'. 4. Pa{'/ipeaeJtewu' pru.,tcpa nop u U1'h'}'tlll.u'111wii 06.wf'l1w: 

Puc. 5.

Pul'. 6. 
Puc. 7.

(l - o6padPI/ ,: pPah'll.11 1)/11/'J/(/ll(II/HIIP,H (m = 0,754 ,•),
b ---------- 06pa.1e11 6t'd 011/('Jl,(lll/J{lHIUT. (/)/ = 0,75:Z ,'). 
Sb'll.J 1-lCJICJICelwit h'JJOUJlll 6 Y•',10t/Ol( 06.uu·11111, cs - l'!fcll>rjJ/llll J,fl.lbl/118, C - CaCO3. 

11/ oiJP,1 bl-ll>l-P CUl'/11.P.-\tl,!.' a, b, I'. 

SE1l/ o6pad1/ou co f'.ll!l'.H y;,.w1,111·.w,'u h'/1Jtbl/U8 •• 1wde.t1t a, b, c. 
Puc. 8a. SE1H itlll'IIWUbl.C h'JJUl'IIW.1.w11 11 .11niJl'.1b111,1x 1·uc1111'.1wx. 
Pw·. Sb. SE.11 h'jllU'I/W.1,lOfl Caso.' 2 H 20 ('{llf'lnl/H rjio.lf/ ). 

Puc. 9. Hpw:1,ie DSC ,llOdCJlbf/1,1.C Cllf'll!l',\f (--- - -) ll Caso.' 2 11,0 ( .. ...... -). 
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