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Abstract 

The novel polymer modified tiles are the co mbination of portland cement, fine and coarse sa nd, developed water dispersib le 
interpolyme r co mplexes alongwith some additi ves and modifiers required fo r enha ncing tbe surface texture and fini s h. Higb press ure 
compaction technique has been designed and used for the development of novel tiles which ha ve the excellent physico-mechar1ica l 
pro perties, To assess the reaction mec hanism during the hydration of ceme nt in presence of water di spersib le polymers. DTA and 
SEM studies were conducted. From these studies, it is observed that water dispersible [lolymers interact with the Ca" ' formed 
during the hydration of cement a nd coalescc to form a continuous film which im parts improved physico-mechanical properties to 
the tiles . 
@ 2004 Publi shed by Elsevier Ltd, 
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]. Introduction 

Tiles made with portland cement and aggregate ha s 
been recognized as a popular construction materia l and 
has sa tisfied several performance requirements. H ow
ever, it possesses certain inherent drawbacks like low 
flexural and tensile strength , poor chemical resistance, 
impact resistance and wear resis tance. A lthough port
land cement based tiles are highl y e rsatile construction 
material , a definite need exi sts fo r improvi ng tensile 
slrengt h , toughness and ductility. O ne valid approach is 
to combine the cement mortar with water d isp rsible 
polymers [1 - 8] and develop new components and tcr::h
nologies. Since addition of polymer reduces the water 
content in the mix resulting into a less permeable 
hardened matrix [9, I 0]. Keeping the a bove merits into 
views, Cen tral Building Resea rch Ins titute Roorkee has 
worked on the sys tems in which modifica tion of lbc 
existing systems was initi ated which resulted into the 
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development of Polymer Mo dified Cemenlilious Tiles 
nCimed (I S polycem liles. These developed tiles have sub 
stantia l improvement over the existing one and are 
suitable for floor s of residential , co mmercial and in
dustrial buildings, where mild chemical resistance is 
req uired. 

2. Experimental 

2.1. Dere/opmenl of po/)'cem I iles 

In this Stlldy, poJycem tiles were developed by using 
white cement with siliceous aggregates to which water 
dispersible interpolymer complex, i.e ., SBR latex and 
acrylic emulsion (A) and modified epoxy system (B) 
a longwith some ad ditives are added prior to cast ing of 
tiles, H igh pressure compaction technique has been used 
to get highly co mpacted /de nse tiles, T he polymer con
tent, pressure , temperature and mix designs are the mai l) 
variables, A ll the parameters such as mix design (content.' 
of mate rials to be used), curing conditions, compacting 
pressure, etc., were optimized for the development of 
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I i:; I . (a) Phot ograp h showi ng polycem lik. (b) D lfTe ren l POlyccI111i les 
showing \ ariety of tex ture . 

tiles. T iles thus develop d are shown in Fig. l ea ) an d (b) 
T hese tiles were su bjl.:ctcd for determining the fo llowi! g 
pro perties, viz. , den sity. wa ter a bsorp tion . wea r resis 
tance, fl ex ural strengt h, compress ive strength, lc., a 
per IS:1237-1997 [111 a nd ha ve been compa red with the 
can enl io nal commercia lly avai labk tiles. Re'ults an: 
reported in T able I . 

2.2. Rcact ion 171!;'c//(/l1i.l'111 

T o understa nd the reactioll mechan ism uuring hy 
dration of cemen t with polymer, uifTcn.: ntial therm al 
analysis (DTA ) and scanning electron microscope 
(SEM) have been utili zed . 

f)TA studies. The therma l analy !>cr ST ;\ -1 500 PL, 
Stanton Rcdcro ft model ( UK ) ,vas lI seu for this stud y. 
f he cal ibra tio n was done with A I10) as standa rd. ;\ 11 

Tabl e I 

Phy~io-mech,tnical propenie. oC poly\:cm t ik , 


the sca ns were ca rr i d out at a heating rate of 10 °C/min 
and cha rt spl.:cd 200 Illm/hr. All the scan s were run in 
:,ta tic a ir. T wo types of water d ispersi ble polymer were 
utilized for th is study, i.e., copo lymer of SBR latex and 
acrylic emulsion (A ) dnd wa ter dispersible modified ep
oxy syslem (8). T hermograms o f hardened portland 
cemen t mortar a lone as well as with above mentio ned 
polymer loaded cement mortars , have been reco rded. 
A II the DTA scan, are 'hown in Fig. 2. 

SEM studies: To study the morphology of the C a
pol ymer lat x complexes, scanning electron microscopic 
studies o f the cemen t III nar alongwith polymer loaded 
ccmcl t mortars were carried out on SEM -501. F or th is 
fract ured and unl'ractl1red specimen of size lO x lO x 
5 mm were CLI l from the ti les prepared by using the 
ceme nt mo rta r a lone as we ll as with different polymer 
loaded cement mo rtar. T hc,(; cut samples we re fixed on 
the stud wi th silver paint, afterward go'ld coating was 
appli ed on the specimens in the vacuum a pparatus. i.e., 
ill sp utter coat er unit. T hese coated speci m ns were 
p laced in SEM C1 ppara tus and were moved vertically and 
horimnla ll y with the help of rotating knobs fo r taking 
the S M micrograph at the different locations. F ig. 3(a~ 
and (b) shows the micrograph of hardened matrix ha v
ing no polymer, wh rcas J-igs. 4(a) ,(b) and 5(a),(b ) show 
microgra phs of hard ned matrix hav ing water dispers
ible po lymers. 

3. Re ults and discussion 

Per usal of T able 1 shows the mecha nical properties of 
pol_ lTler modified cement itious tiles are much more su 
pe rior as compared to unm od ified tiles (having no 
polymer) and conventionall y llsed commercial tiles. 
Flexural strengt h inc reases from 4.0 to 9.0 MPa, com
press ive strength frOID 40.0 to 65.0 MPa , wear resistance 
from 2.6 to O. S! mm. Percent water absorption decreases 
apprecia bly, i.e. , from 12'% to 6.0'/<,. T his is due to pore 
filling characteristic of water dispersible polymer when 
inco rpo ra ted in cement mortar composit ions. Wear re
si stance increases as the polymer bridge the microcracks 
propagation inside the matrix and a t the aggregate · 
matrix interlace. Increase in strength properties ca n be 

Properl y P I:ti n co lo ured tik., Modi fied t il c~ 

W it ho ut po lymer With po lymer A With polymer B 

D ensity (glee) 
W ater abso rption ('~,~, ) 

Comprc' 'i ive stn.: nglh (MPa) 
Flex mal ~,trength (Ml'a ) 
Wear res ist ance (mm) 

~. 0 5 

12 .0 
38. 5 
4.2 
2 .7 

2.02 
9. 5 

50. 1 
6.2 
2.90 

2.15 
6.0 

64.7 
9. 5 
0.9 5 

2 . 16 
5.0 

68.5 
10.0 
0.90 

l , . 
Values given are the a \'LJ'a~e of five \·J lues . 
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Fig. 2. D f'A scan or polycem tile having no polymer, polymer ,\ a nd polymer B. 

I'jg. J, Micrograph of' polycem tile having no polymer: (a) sur fa ce vicw; (b) bulk view. 

att ributed to the microcrack arresting action of po ly
mers and also to the bonding p rovided b\!tween the 
aggregate and matrix. 

3.l. DT/! studies results 

Perusal of differen t thermograms show that in case of 
cement mortar (Fig , 2) endothermic peak below 200°C 
corresponds to expulsion of wat r from C. H phase and 
next endotherm at 470 and 490 °C is due to decompo
sition of C a(O Ii 12 while peak at 605, 690 and 815 0(' on 

the DTA curve represents t il dehydration of highly 
crystalli ne a(0 1-1)2 and highly crystalli ne CSH , re
spective ly, The rmograms of polymer loaded cement 
mo rtal'. endo therm,' at 90, 190, 260 C correspond to the 
expU ls ion of capillary water and water of CS II phase 
which i still p rese nt ill po lymer cement mortar but they 
have changed li tt le in shape and size in comparison to 
cement morta r 'done. Endotherm ic pea k in polymer 
cemen t thermogram at 315 °C (Polymer A ) and 700 °C 
(Polymer B) can be attribut d d ue to decomposition of 
polymers. Di. appearance of endothermic peak at 470, 
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Fig, 4, Micrograph of polycem tile conta ining polymer A: (a) surf' lce view; (b) bulk view, 

(a) (b) 

Fig. 5. icrogr<lph of polycem tile containi ng polymer B: (a) surface view, (b) bulk view, 

490, 605 and 690 DC in case of polymers indicatcs the 
possible reaction betwee n the hydrated cement and the 
pol ymer. Thi s infers that polymer interact with Ca2+ 
and a(O l l h released duriqg the hydratio n of cement 
and cross link to 00 - ions o f polymer, thus the poly
mer has considera ble influence on the crystallization of 
C a(OHh, C'a2 1 - react with carhoxylate groups, ge l for
mati on is possible. Carbo xyla te group of polymer panly 
interact with free valences of calcium a toms on the 
surface of a( OHh so lid pa rticles. 

3.2. S EJ'vi studies rfsults 

which a(OHh crystallites are embedded (F igs. 4(a),(b) 
and 5(a),(b )) . 

The average grain size of the Ca(OH )2 crysta llites was 
a lso affected due to presence of polymer as sho wn in 
Figs. 4 a nd 5. The orienta tion is defini tely initia ted by 
chemical bond form ation between the polymer and 

a(OH h formed during hydration of cement. 

4. Conclusions 

O n the basis of above studies, it is co ncluded tha t 
with the add itio n of polymers and modification of pro 

The micrographs having cement + aggrega te + poly
mer cla rifies that the nature of hydration product 
change significantly due to the polymer addition. In the 
cement + aggrega te ti le, the needle like and acicular 
crys tallites are predominating (Fig. 3(a) and (b)), 
whereas for the polymer contain ing paste the gel seems 
to be amorphous consolidated into a compact mass in 

cess, there is substantial improvemen t in physico-me
chanical properties of the til es. From th e DTA a nd SE M 
st udies, it is inferred that the polymer interacts with the 
Ca ~+ fo rmed d uring the hydrati on of cement and coa- 1, 

lesce to form a co ntinuous film which may be the reason 
for gett ing the improved physico-mechan ical properties 
in the tiles. 
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