
CA STELLO1\: (SPAI:-J) iii QUAU /? 98

MODIFICATION OF CERAMIC TILE ADHESIVES
WITH REDISPERSIBLE POLYMER POWDERS

Dr. Hardy Herold

Tech nical Service Construction
Poly mer Division

L-B-B/ TMT04 /WB, PK 14, Ll' 751
Wacker Chem ic GmbH

Wcrk Burghau sen
D-84489 Burghauscn
phone -8677 83 5398

Fax. -8677 83 5090

ABSTRACT

The traditional bonding sys tcm for fix ill,\( tile» Ims basically a sim ple portland «'IIICllt
mortar. SlIcll adhesirc« had bcclI applied ill the <a-called tliickhcd method c.S. the mortar Ims fi rst
applicd (buttered) all the backside of tlic (prcue tted) tilt's ill a thickncs« of 10 to 25 mm and thv iilc«
werc prcsscd illto their position all tlu: toall or substrate.

This method is marc and marc substituted by tllCthin-bed technique tohich hcip» to sal'<' time
alltl material. A modcm ceramic tile adhcsire is appliei! by menlls ofa notched trowel ill a thin laucr
Oll tO a flat and smootlt surface.

Aftcncard» till' tile» art' prcsscd O1ltO the ribs of the adltcsil'cs witll a sliSlttly tll'ist illS or
slidi IIg actiOIl .

The IICII' technique needs sophisticated tile adhcsircs due to the thin layers applied. III artier
togllamll tce a stabl«and rcliablcfixins; of the ceramic tile» the used mortars hare to[ulfi! a IllIm/'er
of additional demands compared to thickbed mortars. Rcdispcrsiblc polymer pOIl'ders art' used to
impart the IIcccssary impnJl't'lllcllt ofadhesion properties and flcxibility. Thci; [urihcr improtv the
workability and OpCII tnnc of thinbcd ceramic tile adhcsitv» as uvll as - dcpwdillS all the t!fpc of
rcdispcrsiblc pOiI-der - thixotropic and hydrophobic bclunnour.
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INTRODUCTION

CASTELL0:--/ (SPA I!': )

Thermo plastic polymer d ispersio ns have been used in the cons truction indust ry
since the forti es as modifiers for cementitious construction materials.

The addi tion of d ispersions significantly improves the properties of cementitious
mortars, which othe rwise tend to be somewhat britt le.

For exa mple, addition of mortar modifiers marked ly improves the adhesion of
ceme ntitious mortars to a va riety of subs trates, especially to problem substrates, such as
polystyrene, PVC or steel. The modifiers also have a beneficial effect on mechanical
prop erties, particu larly flexural strength (often compressive strength as well ), as well as
ab rasion resistance.

The polym er modifiers reduce the mortar's mod ulus of elasticity; that is to say they
increase its flexibility. This is important if the bond is to withstand de format ion s resulting
from differential the rma l expa nsion or shri nkage of the subs trate. In add ition, there is less
susce ptibility to cracki ng during hyd rat ion of the cement mat rix.

The processing prop er ties of the wet mortar are also improved by the addi tion of a
dispersion, making it easier and faster to apply, eve n to the exten t of permitting
ap plication wi th mechan ical equipmen t.

Because of these advantages , polym er-modified ceme nt mortars are becoming
established in man y new applications. Typical exa mples include mortars applied in
relati vely th in layers, such as mineral plasters, repair mortars, filling compounds,
construction and tile ad hes ives .

Polymer modificat ion thus has a long tra ck record and also represen ts the state of
the art.

Since the seventies, there has been an increasing tren d towards replacing mortar
add itives in dispersion form with red ispersible polymer powders. To achieve the
advantages afforde d by polym er dispersions, such redispersible powders mu st have a
range of goo d techni cal properties.

The lecture gives an introduction into the appl ication of red ispersible powd ers in
ceram ic tile adhesives and the ir influence on the main prop erties.

APPLICATIONS

Redispersible powders are produced from dispersion s by a special spray-d ry ing
technology and, after redispersion . ha ve properties in the wet mortar comparable to the
o riginal d ispersion .

Such polym er powders are extremely versa tile, since they can replace aqueous
dispe rsions in most cement applications . Here, too, they are generally also applied in
relatively thin layers.

Like dispersions, they ha ve a beneficial effect on important parameters su ch as
adhesion, strength, abrasion resistance, plastici ty and wor kability.
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Rcdi spcrsib le pow ders a re added to mi ne ra l binde rs such as cement o r gypsum to
improve th e q ua lity of morta rs and co nc rete in construction adhesives, repa ir mortars,
plast e rs, filling co m pounds et c. Red ispers ib le powders can replace se para te ly ad ded
mo rtar di spe rsions in any appl ication (Table 1).

Application of redispersible powders Table 1:

Construction adhesives: Tile adhesives. adhesives for thermal insulation systems, adhesive
sealants. flexible adhesives. adhesive mortars
(one- or two-pack)

Plasters: Mineral plasters. finishing plasters, lightweight plasters, renovating
plasters, thermal insulation plasters

Trowelling compounds: Trowelling compounds for thermal insulation systems, wall and floor
trowelling compounds, levelling compounds, joint fillers

Re pairs: Repair mortars, shotcrete. renovating mortars

Wa ll coatings: Sealing slurries. wall trowelling compounds

Floor compounds: Self-leveuinq compounds, screeds, industrial floors, floor covering adhesives

Primers: Anti-corrosive coatings, plaster primers, adhesive slurries, bonding courses

Paints: Limewashes and lime-cement paints, powder paints

HOW REDI SP ERSIBL E POWD ERS WORK

Ce ment is th e m ost impo rtan t mine ral binder. It must be hyd rat ed w ith w a te r to
fo rm a co n tinous cemen t matrix. This w ater of hy d ra tion must be ava ilable over a long
pe riod, since the hardening p rocess is relatively slow.

In the case of so lid, th ick-walled s tructu res th is is usually not a p roblem, s ince th e
su rface a rea is relativel y sm all in co m parision to the vol ume.

Th e thi nner the morta r laye r is ap plied , however, th e less favo u ra ble is th e su rface­
to-vol u me ra tio . As a resul t, the wa te r evaporates too quick ly or soaks int o the substra tes,
and th e cement is insu fficiently well hydrated. Strength is poorer, cracks fo rm as a resu lt
of sh rinkage, and ad hesion is inadequa te .

In suc h thin-laye r applicati ons, red ispersib le powder mod ificat ion is particul a rly
ad van tageous. The rcdi spersible powder which is prod uced from su itable di spersio ns by
the sp ray-dryi ng p rocess can be made into stable d ispers ions again simply by stirring in to
wa te r. A sim ila r p rocess is ca rr ied out w hen read y-mixed mo rtar s are made up wi th wate r.
Redispersibl e powders th us m odi fy wet mortars in exa tly the same way as would polymer
di spersions. Unlike ce men t, th e polymer particles form films as the wa te r evapo rates and
ac t as a second binder. Th e two syste ms -- cemen t and redi spersibl e powder -- co m ple ment
each other id ea lly.

In the ha rd ened cemen t matrix, the film of polymer pa rticles for ms in tercon ne cted
resin domains bet ween th e cement particles and the fillers (Figu res 1 and 2).
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Figure 1.

Fig llrt· 2.

The red ispersible powder binder thus provides ad d itiona l anchoring of th e mineral
compone nts of the mortar.

EFFECTS OF MODIFICATION WITH PO LYMERS

The improvement of mineral binders (usually cement) w ith d ispersions and
red ispersib le powders ha s the effect of enhancing a w ho le range of propert ies (Table 2).

Some of the benefits of redispersible powders (particularly the improvement of
ad hesion, plastici ty and workability) are ve ry important for tile adhesives, too, and will
be di scussed in the following.
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Enhancing the properties of building products
with redi spers ib le powders
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Table 2: ~ Improved adhesion

~ Increased flexural strength

• Reduced E modulus

Increased plasticity

oi Denser structure

J Improved workability

oJ Improved abrasion resistance

... Increased viscosity and cohesion

J Improved water retention

... Slower rate of ca rbonation

..I Reduced water absorption
(hydrophobic redispers ible powders)

Ttlb/c 2.

IMPROV EMENT OF TILE ADHESIVES WITH REDISPERSIBLE POWDERS

Red ispersible powders improve the quali ty of tile adhesiv es quite sign ificantly.
Even a small amount of the modifier provides an im provement in the processing and
ad hesive properties .

The p rocessing propert ies include tho se properties that describe quality, such as
plasticity, smooth an d easy app lication of the ad hesives to a substrate. less nee d to
"smooth off' the mortar an d an increase in its ability to wet the subs trates - as well as good
wa ter retention and non-slu mp p rope rties . A suitable red ispe rsible powder can achieve
significa nt improvements and have a beneficial effect on the mechanical properties of the
tile adhes ives. Parameters such as ten sile ad hesive strength on d ifferent substrates and
plasticity depen d not only on the powder type but also on the formu lation and the
amount of polymer in th e ad hes ive. The particular application w ill determine what
requirements are to be made on the ad hesive 's ad hesio n and plasticity - and therefore
how much po lym er modifier is to be added, i.c. whea the r a slightly imp roved "norma l"
ad hesive is to be used or a flexible ad hesive containing typically 5 % powder.

Special adhesives are already available containing over 10 % polymer. Mod ern
bu ildi ng techniques provide subst ra tes th at are usually flat, an d the adhesives can be
applied by thin-bed techniqu es. Th ey allow a much bigger area to be tiled in the same
time, w ith much lower materi al con sumption. Howev er, such thin-bed mortars of cou rse
have to sat isfy much more stringent requirem ents than conven tiona l thi ck-bed mortars.
Because of the low layer thi ckness, the adhesive mortars also have to sho w better water
retention and plas ticity. For th is reason, thin-bed adhesives are often significantly more
expe ns ive than thi ck-bed ad hesives, but th is di sad van tage is more tha n offset by their
high er yield , high er quality and more efficient (i.e., faster) applicat ion .

Many of the new substrates used in modern building techn iques requi re be tter tile
ad hesives. Typical examp les inclu de tiles laid on gypsu m plas terboard. organic subs tra tes
suc h as wood or I'Ve, or on old tiles in the course of renovation.
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The tiles themselves are increasingly more d ifficult to bond. Mod ern high-quality
tiles are fired with a very dense structure, and absorb virtually no wa ter. Such tiles requ ire
adhesives with outstanding wetting and bonding properties.

Th is can be illustrated by consid ering the effect of a redispersible powder based on
a VC / E/ VL terpolymer (with gla ss transition temperature of -7 DC) in a tile adhesi ve. A
mod el experiment was carried ou t with a form ulation contain ing 35 % Portland cement
and 0.4 %cellulose ether (viscosity 25 000 mPa s),

The values for the ten sile adhesive strength tests were determined by accord ing to
existing Europea n standa rds (Fig. 3). Stoneware tiles of size 5 x 5 ern, with a water
absorpt ion of < 0.5 %, we re bonded to concrete slabs . In addition, the plasticity of all the
adhesives was determined as specified in the draft standards (flexural tests on mortar
strips 280 x 45 x 3 mm) after age ing for 14 days at 100 % relati ve humidity and then for
14 days under standard climatic conditions (Fig. 4).

I C8n1nic1iIe~

Eui~1 .idadzallun I Ceramic TIle Adhesives
European draft8 tor standardization ­

detennlnatlon 01 deIonn8b111ty

Measurement d the 3lIlesional bond strength
valuesof hyaaulic setting tile a<I1esives

=

mortar otnpel' J mOl lhlCk••

~Omm

rC>lln~ "luipmem for .he l>cn 'lmg tnt

dellam:
act1esional bard strengIh values > 0.5N'nm' after
all storage crnditions

Storage conditions:

A 28 days stardard dirrete (23 °a 50 '!oj
B: 7 days starmd dirrete (23 °a 50 '!oj

+ 21 days v.ater imrersion
C: 14 days stardard dirrete (23 °a 50 '!o)

+ 14 days at 70 °C
+ 1 day starmd dirrete (23 °a 50 '!oj

D: 7 days starmd d irrete (23 -o 50 '!oj
+ 21 days v.ater imrersion
+ 25 treeze.thaw.<:yes

Figure 3. Figure 4.

On the concrete substrate under consideration, even the unmodified tile ad hes ive
shows good adhesion aft er dry agei ng (A) . The add ition of a (water repellent)
redi spersible powder further increases this adhesion sign ificantly as a function of the
am ount added (Fig. 5).

As already mentioned above, the soft po lymer and the britt le, rigid cement
matrix idea lly complement one another. Since the polymer sti ll ha s an ad hes ive effect
when dry, th in- layer mod ified mortar s will adhere to the subs tra te even if th e water
evapora tes qu ickly or so aks into th e subs trate, and the miner al cement compone n t of
the binder cannot hydrate su fficien tly. Under wet condition s (suc h as in wa te r
immersion test B), on the othe r hand, the cement is capable o f hydrating furthe r and
is resp onsib le for most of the adhesive strength. However, th e tensile adhesion
streng th values a re not necessarily higher than for dry ageing. This p roperty is highly
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dependent on the substrate . The small amount of polym er has li ttle effect he re. Af te r
red rying. on the other ha nd, the values a re aga in as high as (o r even higher than )
those for d ry ageing, since the mine ral bo nd ing is supplemented by organ ic bond ing.

Ceramic Tlle Adhesives
Adhesional Bond Strength

Figure 5.

Ceramic Tile Adhes ives
Adhesional Bond Strength

I. '

,. ~

~ ,;
redrs pers rhle powde r con tent in • ~

D storage C 0 srcrugc 0

Figure 6.
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This co mbined effect of the mineral and organic binders is a lso demonstrat ed
by the immersion test under a lte rna ting freeze-thaw cond itions D (Fig.6), in which
ex te ns ive hydration of th e ce me nt is again obse rved. It is even more pronounced in
th e test fo r heat ageing C at 70°C. The ad hesion of unmod ified mortar is ve ry poor
in th is case, since, in additi on to being inadequa tely hyd ra ted bec au se the requ ired
wa ter ha s been removed, th ere are also th ermal stresses (d iffe ren t coefficients of
ex pans ion) and inc reased sh rinka ge of the subs tra te. Dra sti c thou gh th ese
co nd itions may be, th ey nevertheless occur in practice pa rtic u la rly w ith da rk ­
co lou red ti les in ou tdoor applica tio ns, w hich a re heated by the su n in su mmer. In
suc h cases modification with redisperslble powders is th e only wa y to ensure go od
ad hes ion. Th is improved ad hes ion under suc h climatic cond itions is par tly the
res ult o f th e improved pl ast icity (ie, red uced brittleness ) o f th e ad hes ive, w hich
ens u res th at the th ermal s tresses (ma inly shear stresses) ca n be more eas ily
d iss ipated.

The imp roved plasticity can be de mo nst rated by, for examp le, the CEl\! test, in
which all the 3 rnm-thi ck mortar st ripes show deflection values which increase as a
function of the proportion of polym er. Fig. 7 shows correspond ing test resul ts.

According to the European draft standa rd, the stripes were aged for 14 days at 100
% relative hu midity, follow ed by 14 da ys in a standa rd climate.

Figure 7 demonstrate s that the flexibi lity of a tile adhes ive is improved by
increasing modification with a (flexible) polym er (increasing deformation at break ).
Furthe ron a redispersible powder improves the streng th values of the mort ars, too
(increasing bend ing force).

Ceramic Tile Adhesives
CEN - Bending Test

delt >m\&h'," ill l'oreal in mm h..·......n~ r,...." ,n '"

" ,-- - - - - - - - - - - - - - - --,
storage: 14 days (>95 %)

+ 14 days standard climate -

-
:-

- - - -1- - -- - - -

1- - -- - - - -- - - -- ;=

.-

-

1--

Polyme r conte nt "
in %

o dd"nnal iun 01.1 m ak • bemhng fo rce

:.

Figrm.. 7.
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Ceramic Tile Adhesives
CEN - Bending Test

Ecmodulus in N/mm2
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storage compare figure 7

Figure S.
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The p lasti city of a sys tem is measu red by the modulu s of ela st icity. We determined
thi s fro m the CEN st rip bend ing test by measuring the in itial g radient of the st ress / stra in
cu rv es. We plotted the mo dulus of elasticity values as a function of th e polymer con ten t
(Fig . 8). As expected, we again fo und that the modulus of elasticity decreased w ith
increasi ng modifier con tent.

SUMMARY

The qual ity of mineral ti le ad hesives can be improve d significantly by the addition
of modern redispersib le powd ers.

Red ispersible powders im prove the app lication characteristics and, toge ther w ith
the thin-bed method, allow increased yields and ea sier and faster working met hods.

Red ispersible powders increase the adhesion and plasticity of ad hesive mortars. These
are extremely important ad va n tages, for example, whe n working on difficu lt substrates (like
e.g . gyp sum bo ards, wood substrates, smooth concrete walls or old tiles) w ith qua lity tiles
having low water absorption, wi th large tiles or under extreme climatic conditions.

Rcdispersiblc powders fu rther im prove the workability and rheo logy of tile adhesives
(either their non-slump properties on the wall or their self-levelling property when appl ied
to floo rs depending on the type of powder used) , and improve the ir w ater-reten tion.

But red ispers ible powders also provide other advan tages. Th ey reduce storage and
transport costs and m inimize environmental pollution from p las tics packag ing. They can
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be used in read y-mixed mortars that do not need to be protected against frost and have a
lon g sto rage life without preservatives.

This powders are env ironme ntally friendly binders. They contain no solvents, no
preservatives, and are reliable and simple to handle.

The use of such ready-mixed mortars can also improve the consistency of the
prod uct - vir tually eliminating mixing errors on site. These additional ad vantages have
ensured the rapid sp read of powder technology, and the increased use of single­
componen t construc tion materials.
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