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Polymer modified factory-made dry mortars as modern building 
materials

S u m m a r y  —  N o w a d a y s  m o d ified  form u lated  d ry -m ix  m ortars h ave b ecom e  
inseparable part o f the m od ern  bu ild in g  technologies and practice. Currently  
d ev elop m en t in the construction m aterials industry concerns the u se o f a d d i
tives and polym eric  binders in order to im p rove technical properties o f m o r 
tars, m a in ly  cem ent-based ones. It is not possible to m eet to d a y 's  technical 
d em an d s for m od ern  cem entitious adhesives and grouts for tiles w ith ou t  
u sin g redispersible em u lsion  p ow d ers and cellulose ethers as additives. This 
paper gives an introduction into the application o f redispersible em u lsion  
p o w d ers and cellu lose ethers in ceram ic tiles adhesives and grouts as w ell as 
requirem ents and test m eth od s for ceram ic tiles adhesives and grouts speci
fied in Poland. In the paper requirem ents for ceram ic tiles adhesives and  
grouts specified in the Polish N ational Standards P N -E N  12004 and P N -E N  
13888 h ave been  presented.
K e y  w o r d s : d ry -m ix  m ortars, tile adhesives, pointing m ortars, m odification , 
redispersible p o w d er  resins, cellulose ethers, properties, Standards.

G EN ER A L IN FO RM ATIO N  A N D  RECEN T PRO G RESS 
IN  DRY-M IX M O RTARS FIELD

N o w a d a y s  m o d ifie d  fo rm u la ted  d r y -m ix  m ortars  
h ave b ecom e inseparable part o f m o d ern  bu ild in g  tech
n ologies and practice. In form u lated  products, h ydrau li- 
cly active m inerals such as cem ents, lim es and sulphates  
are m ix ed  w ith  fillers, synthetic resins and adm ixtures in 
order to ach ieve w e ll d efin ed  m acroscopic properties 
typical for specific applications such as fast setting, rapid  
harden ing, h igh  early strengths, shrinkage com p en sa
tion, etc.

The m o st im portant com p on en ts o f a m o d ern  m ortar  
are:

—  m in e r a l b in d e rs  (P o rtla n d  ce m e n ts , h ig h -a lu -  
m in a  c e m e n ts , sp e c ia l p u r p o se s  ce m e n ts , h y d ra te d  
lim e , ca lciu m  su lp h a tes —  a n h yd rite  and  a -  or (3-gyp- 
su m ),

—  p o ly m e r  b in d ers (red isp ersib le  em u lsio n  p o w 
ders),

—  fillers (silica san d s, silica flours, d o lom ite  fillers, 
calcium  carbonate light and special fillers),

—  additives (thickeners, setting and hardening acce
lerators and  retarders, plasticizers, w ater reducers and  
fluidifiers, air entraining agents, fo a m in g  agents, anti
fo a m in g  agents, h yd ro p h ob ic  agents, w ettin g agents and  
pigm en ts).

A ll  th ese  ra w  m a te r ia ls  in teract c h e m ic a lly  and  
physically. The strongest interaction —  because it is on  
pu rp ose —  takes place betw een  the adm ixtu res and  the 
active m aterials or betw een  the active m inerals th em 
selves. There are practically no chem ical interactions be
tw een m ineral binders and  fillers and b etw een  p olym er  
binders and fillers as w ell.

Basic k n o w led g e  o f chem ical reactions, ph ysical p h e
n om en a as w ell as the structures o f h arden ed  m aterials 
form ed  in the process o f cem en t h ydratation  and h y 
drolysis, constitutes one o f the principle conditions for 
the op tim u m  u se o f cem ent. W ith  respect to cem ent, the 
term  "h y d ra tio n " is a sim plification . Processes that occur 
in a m ixture o f cem ent w ith  w ater are m u ch  m ore co m 
plex and  they com prise reactions o f h ydratation  and  h y 
drolysis, d issolu tion  processes o f clinker com p on en ts in 
the liquid ph ase as w ell as chem ical reactions betw een  
particular cem en t com p on en ts taking place in the course  
o f the setting process [1].

In P oland, the last d ecade o f the tw entieth century  
w a s a period o f rapid d ev e lo p m en t o f d ry -m ix  m ortars  
m arket [2]. D u rin g  the last d ecade in P oland n ew  dry- 
m ix m ortar plants o f capacity m ore than tw o  m illion  ton
nes h ave been established. The use o f prepacked d ry - 
m ix m ortars not on ly  significantly  increases the p ro d u c
tion perform ance and the p rodu ctivity  on  construction  
sites but also let a vo id  on -site  m ix in g  errors, thus w ar
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rants a h igh  degree o f application safety and reliability. 
P repacked d ry -m ix  m ortars ensure a lw ays exactly the 
sa m e ratio o f consistently h igh  quality binders, aggre
gates an d  a d d itiv es m ix e d , th us ensure a lw ay s high  
quality o f the m ortar.

C urrently d ev e lop m en t in the construction m aterials 
industry concerns the use o f additives and polym eric  
binders in order to im p rov e  technical properties o f m o r
tars, m a in ly  cem en t-based  ones. W ith  the d evelop m en t  
o f science and  technology, the u se o f different m ortar  
additives has g ro w n  substantially last four decades [3]. 
Thanks to research and d ev elop m en t studies, carried out 
in n u m e ro u s  research  centers, our u n d ersta n d in g  o f  
m ortar structure and  m icrostructure is m u ch  m ore c o m 
prehensive today, g iv in g  us a better opportu n ity  to con 
trol the properties o f the construction m aterials.

TYPES OF R ED ISPER SIB LE  EM U LSIO N  POW DERS 
A S  M O RTAR M O D IFIERS

A m o n g  different m ortar m odifiers, a special role is 
p layed  b y  a g ro u p  o f redispersible em u lsion  pow d ers. 
W id esp rea d  u se o f synthetic p o lym ers in the construc
tion m aterials indu stry began  in the 1950 's . The first re
dispersible h o m o p o ly m e r o f v in yl acetate w as obtained  
in 1957 , w h ile  first redispersible co p o lym er w as d ev e 
lop ed  tw o  years later. T h e first redispersible em u lsion  
p o w d e r , b ased  on  v in y l a c e ta te /e th y le n e  co p o lym er, 
w as p rod u ced  in 1970 [3]. The introduction o f redispersi
b le synthetic resins enabled m odification  o f cem ent m o r
tars w ith  the use o f o n e -co m p o n en t system s.

R edispersible em u lsion  p o w d ers are m a d e  b y  spray  
dryin g  special d ispersion s. W h e n  these p o w d ers are re
d ispersed in w ater, they form  a dispersion  sh o w in g  the 
sa m e particle size  distribution  as that o f the original 
product. R edispersib le em u lsion  p o w d ers are th erm o
plastic resins W ith glass transition tem perature b elo w  
30 °C . M in im u m  film  form in g  tem perature o f em u lsion  
p o w d ers u sed  to enhance cem en t quality sh ou ld  be b e
lo w  20 °C . T oday redispersible em u lsion  p o w d er range  
com prises m a n y  h om op o ly m er, cop olym er and terpo- 
lym er grades for a variety applications in the bu ild in g  
industry. R egard in g their chem ical structure they can be  
o f different types:

—  v in y l acetate h o m o p o ly m ers,
—  v in y l a ceta te /e th y len e  copolym ers,
—  v in y l a cetate /acry lic  cop olym ers,
—  v in y l a ce ta te /v in y l ester o f versatic acid co p o ly 

m ers (VeoVa),

—  sty re n e /b u ta d ie n e  cop olym ers,
—  acrylate h o m o p o ly m ers ,
—  sty ren e /a cry lic  copolym ers.
For m od ification  o f cem ent m ortars m ostly  v in yl ace

ta te /e th y le n e  and  v in y l aceta te /V eo V a  cop olym ers are 
u sed.

The effect o f redispersible em u lsion  p o w d ers on the 
properties o f cem en t m ortars has been a subject of inten

sive studies for m a n y  years [3— 9]. T od ay  the research  
and d ev elop m en t departm ents o f redispersible em u lsion  
p o w d er producers are b u sy  trying to introduce n ew  g e 
nerations o f p o w d er  resins and to m o d ify  the properties 
of those w hich  are already com m ercially  available.

N o w  redispersible em u lsion  p o w d ers are being u sed  
to m o d ify  a technical perform ance o f ceram ic tile a d h e
sives, grouts, adhesives for therm al insulation  system s, 
plasters, trow elling co m p o u n d s, concrete repair m ortars, 
screeds and  se lf levelin g  co m p o u n d s, sealin g slurries 
and w allpaper adhesives. It is not p ossib le  to m eet to
d a y 's  technical d em an d s for m o d ern  b u ild in g  m aterials 
w ith ou t u sin g  o f redispersible em u lsion  p ow d ers.

T h e next part o f this paper gives an introduction  into  
the application o f redispersible em u lsion  p o w d ers and  
cellu lose ethers in  ceram ic tiles adhesives and grouts  
(both these products belon g  to dry m ortars grou p) as 
w ell as requirem ents and test m eth od s for ceram ic tiles 
adhesives and grouts specified in P oland.

STA N D A RD IZA TIO N  OF TILE A D H ESIV ES 
A N D  GRO U TS

In all E uropean C o m m u n ity  countries and  in so m e  
other countries in Europe the E uropean Standard E N  
12004 " Adhesives for tiles —  Definitions and specifications" 
(as the Polish N a tio n a l Standard since 2002) and  the 
E uropean Standard E N  13888 "Grouts for tiles —  Defini
tions and specifications" (as the Polish N ation al Standard  
since begin n in g  o f 2003) regulate the requirem ents and  
classification o f tile adhesives and  grou ts, respectively. 
Both P N -E N  12004 for adhesives and  P N -E N  13888 for 
grouts for tiles regulate the initial type testing, p ro d u c
tion control frequency as w ell as classification and d esig 
nation. Standard P N -E N  1 2 0 0 4 /A 1  regulates CE m ark
ing and labelling o f adhesives for tiles. A d h esiv es  for 
intended use specified as "in tern al and external floor
ings and internal and external w all and ceiling fin ish es", 
according to P N -E N  1 2 0 0 4 /A 1 ,  shall fo llo w  the system  
o f attestation  o f co n fo rm ity  n u m b er  3 (C on stru ction  
Products Directive 8 9 /1 0 6 /E E C  A n n e x , Ш .2.(й), secon d  
possibility).

O ther European Standards [10— 22], w h ich  also have  
already had the status o f the Polish N a tio n a l Standards, 
describe the test m eth od s to be u sed to determ ine the 
characteristics o f ceram ic tile adhesives and grouts.

Currently in P olan d, according to P N -E N  12004, ce
m entitious tile adhesives are categorized  in tw o grou ps:

—  standard adhesives (C l) ,
—  adhesives for special requirem ents (C2).
There are also tw o  grou ps o f cem entitious grouts, ac

cording to P N -E N  13888:
—  standard grouts (C G I),
—  cem entitious grouts w ith  im p rov ed  characteristic 

(C G 2).
Som e o f the requirem ents o f P N -E N  12004  Standard  

concerning the ceram ic tile adhesives are su m m a rized  in
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Table 1. T h ose concerning the grouts for tiles, described  
in P N -E N  13888  Standard, are g iven  in Table 2.

T a b l e  1. Selected specifications for cementitious tile adhesives 
(Cl — standard adhesives and C2 — adhesives for special require
ments) according to PN-EN 12004 Standard

Properties

Requirement of class

Test methodCl
N/mm2

C2
N/mm2

Initial tensile 
adhesion strength

>0.5 >1.0 8.2 of PN-EN 1348

Tensile adhesion 
strength after water 
immersion

>0.5 >1.0 8.3 of PN-EN 1348

Tensile adhesion 
strength after 
heating ageing

>0.5 >1.0 8.4 of PN-EN 1348

Tensile adhesion 
strength after 
freeze-thaw cycles

>0.5 >1.0 8.5 of PN-EN 1348

Open time: tensile 
adhesion strength

>0.5 (after 
>20 min)

>1.0 (after 
>30 min)

PN-EN 1346

T a b l e  2. Specifications for cementitious grouts for tiles (CGI — 
standard grouts and CG2 — grouts with improved characteristic) 
according to PN-EN 13888 Standard

Properties
Requirement 
(value, unit)

Test method

Class CGI

Abrasion resistance <2000, mm3 PN-EN 12808-2

Flexural strength after dry 
storage >3.5, N/mm2 PN-EN 12808-3

Flexural strength after 
freeze-thaw cycles >3.5, N/mm2 PN-EN 12808-3

Compressive strength after 
dry storage

>15.0, N/mm2 PN-EN 12808-3

Compressive strength after 
freeze-thaw cycles

>15.0, N/mm2 PN-EN 12808-3

Shrinkage <2, mm/m PN-EN 12808-4

Water absorption after 30 min ^5, g PN-EN 12808-5
Water absorption after 240 min 210, g PN-EN 12808-5

Class CG2

Abrasion resistance <1000, mm3 
(high)

PN-EN 12808-2

Water absorption after 30 min <2, g (reduce) PN-EN 12808-5

Water absorption after 240 min <5, g (reduce) PN-EN 12808-5

ROLE OF CELLULOSE ETHERS AS ADDITIVES TO TILE 
ADHESIVES AND GROUTS

A s  it w a s a lready m en tion ed  in this paper, n ow ad a y s  
th e m a n u fa ctu re s  o f  tile a d h e siv e s  an d  g rou ts h ave

a broad range o f different additives to ch oose from . The  
m o st im portant o f th em , beside m en tion ed  before redis
persible em u lsion  p o w d ers, are cellu lose ethers.

C ellu lose  ethers are u sed  in tile ad h esives and  grouts  
in order to g iv e  them  sufficient w ater retentivity. It is 
necessary to ensure that the m ix in g  w ater is available to 
the tile a d h e siv e  or g rou t. Th is is a p rerequ isite  for 
strong b o n d in g . H ig h  w ater retentivity also ensures pro
lo n g e d  w e ttin g  cap ability  o f  the a d h e siv e  o n ce  it is 
com b ed  onto the substrate. A n  addition al function  of 
cellu lose  ether is to en h an ce the tile a d h e siv e 's  n on - 
s lu m p y  property.

T h e im p rovem en t o f m ineral b inders (m ostly  cem ent) 
w ith  redispersible em u lsion  p o w d ers sh o w s the effect o f  
enhancing o f a w h o le  range o f properties as fo llow s:

—  im p roved  adhesion
—  increased flexural strength,
—  reduced E m o d u lu s ,
—  increased plasticity,
—  denser structure,
—  im p roved  w orkability,

—  im p roved  abrasion resistance,
—  increased viscosity  and cohesion ,
—  im p roved  w ater retention,
—  slow er rate o f carbonation,
—  reduced w ater absorption.

EFFECT OF REDISPERSIBLE EMULSION POWDERS 
ON THE PROPERTIES OF DRY MORTARS

R ed isp ersib le  e m u ls io n  p o w d e rs  sign ifican tly  im 
prove the quality o f tile adhesives and  grouts. In the case 
o f thin coatings, w h ere the surface is b ig  in com p arison  
w ith the v o lu m e , very often there is not en o u g h  water 
available for com plete h ydration  o f a cem en t and  the dry  
m ortar is therefore not strong en ou gh  [7]. By addin g  
polym eric binder, in the form  of redispersible em u lsion  
p ow der, to the cem ent based m ortar a n ew  system  is cre
ated. In this system  cem ent needs w ater to d ev elop  its 
fu ll strength, w h ile  p o ly m er binder form s a film  b y  g iv 
in g  u p  water. Form ulators o f ceram ic tile adhesives, by  
u sin g  different grades o f redispersible p o w d ers, can in
fluence so m e  properties o f the final p roduct, m o stly  the 
open tim e (i.e. skin  form ation , w h at d o es not w arrant yet 
adequ ate  tensile ad h e sio n  stren gth ), tensile ad h esion  
strength after heat con dition ing (high tem perature cause  
both the tile adhesive and substrate d ryin g u p  exces
s iv e ly ) and  d e fo rm a b ility  (n o rm a l stress d u e  to the 
w orks for w hich  adhesives are assem b led  or installed  
can be properly  accom m od ated ).

U nfortunately, for the characteristics o f w ettin g  capa
bility (m easured in accordance w ith  [14]) and transverse  
deform ation  (m easured in accordance w ith [16]) there 
are no lim it valu es for tile adhesives and  grou ts, bu t it is 
left to the producer to declare the valu es to p rovid e  fur
ther inform ation. Taking into account that tile adhesives  
sh ou ld  resist the d eg rad in g  actions o f  clim ate and  the
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n orm al stress, d u e  to the w ork s for w h ich  they are in
ten d ed , a ssem b led  or installed , the k n o w le d g e  about  
transverse deform ation  o f cem entitious adhesives and  
grouts is crucial for ch oosin g  the appropriate product, 
considering all the possib le risks. Till n ow  on ly  a d h e
sives producers in G erm a n y  h ave reached agreem ent 
that for cem en titiou s a d h e siv es called  "f le x ib le "  the  
valu e o f transverse d eform ation , m easu red  in accord
ance w ith  [16], sh o u ld  not be low er than 2.5 m m  [23].

Taking into a ccou n t that, for satisfactory  service, it 
is n ecessary  to select and  install ceram ic tiles an d  a d 
h esiv es a n d  g ro u ts  for tiles co m p eten tly  an d  to keep  
ap p rop riate  initial treatm en t, protection  an d  m a in te 
n a n c e  o f  th e m , th e fin a l d ra ft o f  T ech n ica l R ep o rt  
p r C E N /T R  1 3 5 4 8 , "General rules for the design and in
stallation of ceramic tiling" w a s  p repared  b y  Technical 
C o m m itte e  C E N /T C  67 an d  p u b lish ed  in June 2003 . 
T h e p u rp o se  o f this d o c u m e n t is to p ro m o te  g o o d  d e 
s ig n  a n d  in s ta lla t io n  s ta n d a r d s  fo r  ce ra m ic  tilin g  
across the E u rop e.
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