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HISTORICAL EVOLUTION OF CERAMIC TILE
ADHESIVES AND THEIR CONTRIBUTION TO

EXPANDING THE MARKET FOR CERAMIC TILE
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Henry M. Rothberg received his degree in Chemical Engin eering and attended
Harvad University Graduate School of Business Adminis tration . He has been closely
associated with the construction industry in the ceramic tile, m arble and stone areas f or
over f orty-five years bcginnig with his early days as a ceramic tile, marble an d terrazzo
con trac tor.

He developed and in troduced the fi rst la tex Portland cem en t adhesives used in the
tile in d ustry in North America. and also int rodu ced this technology to Europe. the Pacifi c
Region. Autralia , Nell' Zelatul an d Sou theast A sia in the early 1960's .

He also developed the f irst water cleanable. non-toxic exposy m odified Portland
cement m ortars an d introduced them to the construction trade as adhesives. concrete repair
m aterials and coating. His developments include the f irst thin load bearing wat erproof
m enbranes as well as so und control underlayments for use under ceram ic tile.

Mr. Rothberg is the h older ofmany patents and is recouigzod worldwide as one of
tho leading authorities in lutex and polymer modifi ed Portland cemen t technology. His
articles and technical reports ha s been tras lotcd into many lan guages and distributed
worldwide.

Mr. Rothberg is Chairman of the Board LATICRETE INTERNATIONA L INC.
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Th e introducti on of adhesives has dramatically changed many phases of construc tion.
With adhesives , the floor surfaces must first be flat , tru e and level or th e walls must be flat
and plumb. This is usually the responsibility of the concre te worker for floors , and the
plastering worker for preparing th e walls. It is necessary for the architect and bu ilder to
und ers tand the adhesive technology limitations so they can prep are th e building properl y.

Th e adhesive method for install ing ceramic tile differs greatly from the traditional
mortar method . Prior to th e introduction of adhesives, mort ar was the material of choice for
installing ceramic tile. Th e mortar method requires an application of Portland ceme n t and
sa nd wit h a minimum thi ckness of 25 mm . This thi ckness ensures that the ce me n t will
retain moi sture over a period of time in order to develop strength and cure. However, thin
layers of cement/sand mort ars, applied in the traditional method never develop high strength.
Losing moi sture through evapora tion , Portl and cement never develops its full s trength wh en
prep ared in the traditional manner.

Th e traditional method acco mmodates varia tions in wall or floor surfaces because
mortar ca n he applied from 20 10 70 mm in thi ckness. Thi s allo ws th e ti le installer to
accommoda te poor qua lity concre te floors , or un even brick and masonry walls. This method
requi res that the tile ins taller be compe tent in order to ensure a flat wall or level floor wi th
uniform joints in ceramic tile.

What is the Ad hesive Method?

The adhesive method calls for applying a thin layer of ad hesive to bond or adhe re th e
ceramic tile to a clean and stable sur face, genera lly a floor or wall. It is essential to have a
strong, sound and flat sur face. The adhes ive method uses a paste applie d in a layer as thin
as :1mm , or eve n as thick as 12 mm . In order to apply th e adhesive mixture in a uniform
layer. a notch ed trowel is used, its teeth giv ing the prop er depth of adhesive. A trowel with
notches of GxGmm will apply a series of ribs , whi ch wh en flatten ed under th e pressure of
the ceramic tile, wil l become a uniform layer approximately :l mm in thi ckness.

Rem ember that the fini sh or ap pearance of the ceramic surface is only be as goo d as
the condition of the sur face to which it is attach ed . Ceramic tiles installed by the adhesi ve
method will follow the contour of the wall or floor, and reflect any un evenness that occurs
in the sub-surface. The skill of the installer is very important- he mu st judge the suitability
of the sur face before ins talling ceramic tile by adhesiv e method .

Adhesiv es ca n be classifi ed in th e following groups:

1. Thin-set Mortar Cement Adhesives or Hydraulically Hardened Mortars- are usually
a mixture of Portl and cement. mineral aggregates and organi c additives. Th ey co ns ist of a
dry powder that is site -mixe d with wa ter to make an adhesive that is then be applied with
a notch ed trowel. When hard , it becomes a very strong. durable adhes ive for ceramic tile.
These adhes ives are wat er-resi stant.

In th e past 20 years. many manufacturers have int roduced th ese ceme nt adhesiv es so
that now "cement adhesive" is readily available in man y countries .

2 . Pa stelMast ic Ad hes ives or Organic Adhesives- commonly called "one-part "
adhesives. cons ist of mixtures of latex or res ins containing fillers suc h as quartz flour , or
marb le du st. This produces a thi ck mastic pas te or organic ad hes ive suitable for application
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with a notched trowel. Generall y these pastes are easy to use but have one major weakness .
Th ey arc not suitable for ceramic til e installations th at are continua lly exposed to water.
suc h as showers. baths, fountain s or swimming pools. Th ey are frequently used in dry areas
such as kitch en. hospital and bathroom walls which are not exposed to shower water. Th ese
organic adhesi ves are not su itable for installing floor til es which will be exposed to heavy
traffi c in comme rcial or industrial service .

3. Latex Thin-Set or Dispersion/Cement Adhesives- were the earliest Port land ce ment
adhesive compositions to provide weather-proof, frost -proof adhesive suitable for installing
ceramic til es on in teriors, exteriors and under a wide range of weather conditions.

They consist of a liquid latex which is sit e-mixed with ordina ry Portland cement or a
mixture of Portland cement and sa nd. The liquid latex can also be mixed on-site with a
prepared , pre-p ackaged sand/cement powder.

Th ese latex Portland ce ment adhesives provide a high level of serv ice and intiated the
concept of using adhesives for installing sma ll and large ceramic til es on ex terior facad es
and industrial floors.

Over the years, producers in many countries have marketed a ran ge of ce ment powder
adhesives .

4. Solvent-based or Dissolved Resin Adhesives-are factory-prepared , ready-to-use
mixtures consisting of fillers dispers ed in a solution of an organic binding agent in vol atile
solvent. Th ese adhesives have declined in popularity because of environmen tal problems.

5 . Epoxy Adhesives or React ive Resin Adhcsives- provide high che mical resistan ce
and are used primarily in dai ries, cheese and othe r food factories. In industrial applica tions,
wh ere ceramic tile is exposed to severe che micals, epoxy resin adhes ives are used as adhesive
and grouting mater ials because of their che mica l resis tance.

Wh en I developed the first latex Portland ceme nt adhesive suitable for both exterior
and interi or ceramic til e installations , I met great resistan ce from the cons truction industry
because it was not traditional. Forty years ago , it was necessary to instruct both architects
and building contractors in floor and wall surface preparation. I would then teach cera mic
tile installers how to use a not ch ed trowel in app lying a th in layer of cemen t based adhesiv e.

Over th e yea rs , the many ceramic til e and epoxy resin adhesive manufacturers have
accelerated the acceptance of thi s adhes ive method.

In th e last 10 to 15 years, many companies have introduced latex cement adhesives
for exterior and commercia l ceramic tile installations. Th e wide availability of these adhes ives
has helped expand the ceramic tile market.

Today, advanced co untries in North Ameri ca an d western Euro pe and less advanced
countr ies accept adhesive technology for ceramic installations. In many countries , adhesi ves
repres ent more than 50 percent of th e ceramic til e installati ons.

Changes in Ceramic Materials

Ceramic til e adhesives have changed the ceramic til e indust ry dramatir.ally in th e las t
30 years . Traditionally, sma ll mosaic tiles were fixed in ceme nt mortar. Th e mortar came up
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around the edges providing additiona l adhesion. Th eir rough-finished backs facilitated a
mech ani cal bond . These tiles have been replaced with larger (200x200 mm. 300x300 mm ,
and even 600xllOOmm) porcelain tiles. Consequently, the old method of fixing tiles in cement
would not provide long-lasti ng service with the new, large tiles.

Technology advances in the adhes ives industry supported tech nology adva nces in
the ceramic ind us try. As the ceramic industry pro duced larger and more imperviou s tiles ,
they requ ired ne w ad hes ive tech nology to provide problem-free insta lla tions.

So, adhesives technology moved hand in hand with ceramic technology.

Cons truc tion techn ology also adva nced to accept th e new er adhesive technology and
ceramic technology. As in all in dus tries, an adva nce in technology in one area assists the
adva nce in technology in another area .

Wh at changes has adhesive technology created in the ceram ic industry?

Adhesive technology opene d up vast new markets for ceramic til e that were not
access ible without thi s new technology. For example, 30 years ago, I met with th e des igners,
including the archit ect I.M. PEl, wh o were developing two 100-story build ings in New York
City. We rev iew ed the problem s of ceramic tile in su ch structur es when installed by the
tra ditional mortar met hod. We crea ted a study reviewing costs and savings of ceramic
installation with the new adhes ive method and traditi ona l mortar method. Th ese were the
res ults:

TRADITIONAL METHOD
25 ton s of mortar are required on each floor: 100 floors total 2,500 tons. This would
require:
Elevator time of approxima tely 600 hours at $US 200/hr.................. ..... S120,OOO
Four men to load and unload the elevators with sa nd
and cement. Estimated time 600 hours X 4 men ,
at US$20 / hr (no t including taxes and pen sion) ben efits....................... S48, 000

TOTAL LABOR AND ELEVATOR COS'!'.. . $168,00 0

After reviewing the cement ad hesive method , we concluded th at on ly 10 percent of
th e mortar weigh t would he required usi ng th e ad hes ive method . Thi s re presented
ap proxima tely 250 ton s of ad hes ive in the building. not 2,500 ton s as req uired by the
traditional mortar method.

ADHESIVES METHOD
Total for labor and elevator time, ap proximately
10 perce nt of tradit ional method .................. ............................ ................ S16,800
The traditional method cos t for elevator tim e and materia!.. Sl 118,000

Sav ings for using ad hesives S151.200

Th e bu ilding engineers were qui ck to point out that if they could remove 2.250 ton s of
dead weigh t from th is building they cou ld save approximately 100 tons of stee l framing. At
this time, stee l framing cost over $1 ,000 per ton erec ted , so there was an ad ditional savings
of at least $100,000 us ing the adhesive method.
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T he to tal savings by the
adhesive method represented more
than $250 .000 , equal in today's
dollars to more th an $1 mill ion.
These savings rep res ent labor.
e levato r time and stee l fram ing.
There w ere ad d iti onal sa vings
becau se installing ceramic til e by
th e a d hes i ve m eth od wo u ld
in crease p rod u c t ivit y 200-400
percen t, saving ad d itio na l labor.

The architects and enginee rs
quickl y accepted th e ad hesive for
ceramic tile th roughout these two
100-story huildings.

If the adhesive metb od was
not ava ilable for ceramic til e or if
the techn ology was not advanced
enough, there would have been
little or no ceramic tile sold on thi s
pro ject. The owne rs would have
ch osen car pe t, v in yl or
thermoplasti c flooring.

What building c h a nges
h a ve w e seen in the la st 25 or
30 years?

.:- QUALI{at/ 96
.-

The central column and entire structure of the Tele Diffusion Tower in

Paris. France. is designed to moveas muchas 30 em. in a strong wind.

As real es ta te has becom e
more valuable, cities have become more crowde d. Build ings have become taller and slimmer
to accommodate people and office space. It is now common in many cities to see buildings
of 25 to 100 stor ies in height. These buildings are th inner. lighter, and more flexibl e. As a
res ult. the buildi ngs "move" more. Conseque ntly, ceramic tile insta llations mu st be desig­
ned to accommoda te the cha nges in struc tu re and the movem ent.

For instance, the 100- story World Trade Center in New York City is designed to mov e
as much as 15 cm in a high wind.

Also. the Telediffus ion Tower, ou tside of Paris, Fran ce is 160 meters high and is the tallest
occupied slip -formed concrete structure in Euro pe. At the top of th is slender. concrete column
are th ree stori es of s tud ios, living quart ers and administra tive offices. Each story co nsis ts of
approxima tely 1,200 tons of precast conc rete faced with ceramic til e. Th e centra l co lumn
and enti re struc ture is designe d to move as much 30 em in a stro ng wind. Latex/Portland
cement adhes ives mad e possible the cla dding of thi s tower with ceramic ti le.

Seismic Shocks

On e of the most severe conditions that ceramic or masonry materi als are subjected to
is earthquake tremors (seismic shock). Becau se normal ceme nt mortars are hard . rigid and
infl exib le they are not able to withstand wracking and vibrat ion that occ ur in the first 20-30
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sec onds of a se ismic shock. For mort! than :15 years. our compa ny has proven that latex
Portl and ce ment adhesives used for installing ce ramic tiles have the qualities and ab ili ty to
absorb phy sical shock. wracking and the trem ors th at occur during ea rthq ua kes. and to
provide permanent ceramic installat ion s.

Some of the wo rld 's most severe earthqua ke regions are in high population areas . Th e
most severe earthquake region in North Ameri ca is along the coast of California up to Alaska,
along the Paci fic Ocean , called the Pacific Ring of Fire.

In California , ceramic facad es install ed with adhesive mortars have survived se ven
major earthquakes, each one over 6 on th e Richter sca le. Th e Ring of Fire circles the Pacifi c
and comes down through the center of the city of Wellington, the ca pitol of New Zealand.
In Wellington. an ea rthqua ke ce nter , there are numerous buildings wi th ceramic facad es
install ed with the latex ceme nt adhesive method that have survived majo r earthqua kes over
th e past 20 years with no damage.

Th e secon d most severe
ear th q u a ke regi on in or th
America is located in Montreal.
Canada. Ad he sive install at ions
of ceram ic til e in Mo ntreal 's
Met ro sys tem have survived 35
years of e ar th qu a ke trem or s
wit hou t problems or failures.

T here is now a 3D·yea r
his tory of ad hes ive installations
performed in cl imates from the
Artie to the Tropics around th e
world that confirm the durability
of ceramic facad es and
installations.

Thermal Shock

In many cl imates , th e ti le
cladding (facad e) is subjec ted to
severe thermal shock. This may
be s low. seaso nal cha nges or
rapid day-to-night cha nges,

Rapid th ermal s h ock
occurs after exposure to th e sun
which heats the ce ramic facad e
or plaza, A western exposure can
rai se the thin ce ra mic skin to
60°l.. The sa me tile can then be
chil led 15·111°C by a rain shower.
T he h ea vy con cre te s u ppo rt
structure remains at a steady 18·
20°C. T he thermal movement

The Tele Diffusion Tower in paris. France. is 160 meters high. the tallest.

occupied. slip-formed concrete struclure in Europe. each story of the tower

consist of approximately 1.200 tons of precast concrte facedwith ceramic tile.
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and sho ck of th e tile facade must
be absorb ed by a flexible
adhesive.

T he la tex-modified Po rt­
land cemen t adhesives provide
this flexibility. Th ey also provide
th e hi gh adhes ive strength and
wea ther-res is ta nce need ed for
long-lasting insta- llations.

What h ave adhesives
con t r ibu ted to the Ceramic
Market?

Th e a rc h i te c ts a nd
designers of th e Telediffusi on
Tower (top) wanted a gleaming.
white towe r clad wi th ceramic
t ile over slip- for med concre te.
Aft er ex te nsive tes t ing . th ey
c h ose lat ex Por tl and cemen t
adhe sive mo r tar because of it s
durability. adhesi ve strength and
a b i l i ty to acco m mo d a te the
s truc tu ra l mo veme n t. Th e
bu ilding n ow s ta nds as a
gleaming white monument to the
usc of ce ra m ic til e . Su c h an
ap p lica tion would never hav e
hee n p oss ibl e i f traditional
ceme nt mortar had been the only
option .

•••• • QUAU Ct2t./ 96...

At the top pf the Tete Diffusion Tower in Paris. France, are three
stories of studios. living quarters and adm inistrat ive offices .

Adhesiv e technology has mad e it possib le to fix large ceramic ti les. from :lOOx300
nun , 400 x400 mm . up to fiOO x600 mm on building facades in climates from the Arct ic to the
Tropics. This new mar ket for ce ramic tile has been op ened by the development of adhes ives.

We now have adhesives that can be used to fix ceramic tiles in a wide var iety of
composit ions and sizes. Th ese adhesives acc ommo date buildings th at move in the wind.
floors that flex under load ing. plazas subjected to veh icles and heavy traffic. and sho pping­
mall floors subjected to heavy foot traffic and abuse and metro sta tions subject to vibration .

Limitations

Mod ern cera mic tile and ad hesive tech nology is Iimit ed by the qual ity of workmanship
in making the install ation. That workmans hip is dependen t up on training the new generat ion
of tile install ers.

Ins ta llers must ens ure th e co ncrete or mason ry surface is cl ea n and fre e fro m
contami nation that would inh ibit or prevent the adhesive from bonding. Years ago. trad itiona l
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This tower in Zaire was clad in ceramic tite using LATICRETE
installacion materials over 20 years ago.

In th e Un i te d S tat e s .
England . Au stralia . and man y
other countries. there are no formal training programs for tile install ers.

method s . util izing Po rt land
cement and sand . were used for
installing floors. Lime was adde d
for making wa ll mortars . Very
little knowledge was required by
a ce ra m ic inst a ll er to sel ect
mixtures. Th ere were on ly tw o or
three mi xtu res to choose from.
Now.they mu st al so match th e
adhesive to the sur face and th e
use.

In Germany. th ere is an
exce llen t sys te m for training
young people th rough work and
sc hool in a forma l program
s pa n n ing three years . Thi s
program gives th em all of th e
knowledge as well as the practical
informa tion to make the so und
judgments.

Un le ss the cera m ic
in st all ers underst and c u rre n t
techno logy and techniqu es. th ey
wil l not have the kn owledge
necessary to make high qu ality.
perman ent. m a in te nance -free
ce ra m ic ins ta llati ons. Trad e
ed ucation. formerly provided by
a father or old er person is not
adequa te wh en technol ogy is
constantly cha nging.

The governme nts do not support suc h train ing programs so we have young peop le
working with an older ti le ins talle r. and then going offon their own . claiming to be a quali fied
tile fixer. Unfortunately they are not getting the ed uca tion necessary to learn the man y
types and var ieties of ceramic ti le and typ es of adhesives. Th ey do no t adequa tely learn
product limitations an d appro priate ap plica tions . Curren tly. the weakest link in th e sys tem
is the workman ins talling the tile.

In the United States. Canada . Australia and in the Far East our co mpa ny has a stro ng
program to educa te installers in
place. We have also encouraged this program in other countries . We believe that in order for
the ceramic industry to prosper an d grow. ceramic ins talla tions mu st he attractive. long­
lasting and free of problems. To accomplish thi s it is necessary to hire well trained install ers.
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Concl us ion

• Ad hesives now exis t to fix cera mic tile with a wide var iety of compositions and
sizes both in in ter ior and exterior sett ings .

• The introdu ction of adhes ives has made ceramic ti le
co mpe tit ive with alt ernate floo-
ring materials. Limited by traditional mortar installation methods, ceramic tile was often
not a co ns truc tion option.

• Adhesives reduce weight , time and labor cost for ceramic installa tion s. Years ago.
there was a limited rang e of ceramic tiles available. Cons truction was simple - heavy, low
buildings of two to five stories , built pri marily of concre te and masonry. These build ings
were mass ive, moved very littl e with changes in temperature, and certainly wo uld not move
at all un der wind loading. Ad hesives have mad e ceramic installation s si mpler by re ducing
weight.

• Adhesives give ceramic manufacturers unlimited freed om in designing size and
materi als.

• Adhes ives also give architects and owners great flexibility in selection and use of
ceramics .

• Cera mic tiles have changed dra matically with new technology, sizes and qua li ty.
Adhesive tech nology has kept pace with these changes.
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