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Abstract: Mixtures of polyvinyl acetate (PVAc) emulsion and laboratory prepared furfuryl alcohol

modified urea formaldehyde resin solution, in different weight ratios were formulated and evaluated as

ceramic tile adhesives. Inorganic fillers were used to reduce the cost and improve the pore filling property.

All the prepared formulations almost gave the same high values of shear strength. The water absorption

was greatly improved by adding the modified urea formaldehyde resin to polyvinyl acetate emulsion. Best

results for binding shear strength (29.6 kg/cm ) and water absorption(2.7 %) was obtained for the formula2

composed of furfuryl alcohol modified urea formaldehyde resin  to PVAc emulsion (4:1).

Key words: Ceramic tiles adhesive, modified urea formaldehyde as ceramic adhesive, urea formaldehyde

emulsion, binding strength of ceramic adhesives.

INTRODUCTION

Glues and sealants have been used in construction

since Biblical times, but the synthetic adhesives

achieved prominence only after World War II. Even

recent decades, however, changes have been dictated

by new adhesive materials and new building materials.

Today, many types of adhesives are in use throughout

industry, including the construction industry.

Commercial formulations commonly used as

ceramic tiles adhesives including: SBR latex emulsions,

high  performance  one- compound  polyurethane,

solvent – free epoxy bonding agent, multipurpose

polyvinyl acetate emulsion adhesive, acrylic emulsion,

modified terpene phenolic resin in aqueous dispersion,

and diethyleneglycol ester rosin in an aqueous

dispersion, etc.

The excellent adhesion of polyvinyl acetate

emulsion to many materials gave rise to an abundance

of its applications. The advantages of polyvinyl acetate

emulsions has been studied in details , such as[1-5]

adhesion to a wide variety of surfaces, high molecular

weight, high solid content, rapid setting speed, solvent

resistance and resistance to micro-organisms. The ease

of compounding is one of the main advantages of

polyvinyl acetate emulsion.

Amino  resins  are  the polymeric reaction

products  of  amino  compounds  with  aldehydes.

The advantage of amino resins stem from their

hardness,  non-flammability, arc resistance and good

thermal  properties. They are used in furniture,

structural works, and miscellaneous applications. The

application  of urea- formaldehyde  resins   for[6 ,7 ]

gluing purposes is based on the fact that excellent

control of the condensation reaction is possible by

variation of the pH. Adding small amounts of an acid

curing agent (hardener) at room temperature produces

no visible change at first, or possibly for many hours,

but finally thickening sets and the resin gels and

hardens to an insoluble material. While the adhesive is

fluid it may be spread on the surfaces to be glued and

joined under pressure, to be united and cured either by

standing at room temperature for  a few days or at

elevated temperature (80 - 100°C) for few minutes. The

adhesive joint is thereby set and a waterproof bond is

created according to the amount of curing agent added.

Urea- and melamine-formaldehyde glues in general

are not suitable for pore- filling gluing. Even when

mixed with filler, there remains a tendency to shrink

on curing and drying when very thick adhesive joints

are formed. Thus urea- formaldehyde adhesives may

contain modifiers  like benzyl alcohol or furfuryl[8-12]

alcohol to make the resin less rigid, craze- resistant,

more stable in storage i.e. less highly cross linked and

able to relief stresses imposed by shrinkage due to cure

and loss of water in the glue lines of nonuniform

thickness.

In this research, mixtures of polyvinyl acetate

(PVAc) emulsion and laboratory prepared furfuryl

alcohol modified urea formaldehyde resin, in different

ratios were formulated and evaluated as ceramic tiles

adhesives. Inorganic fillers were used to reduce the

cost and improve the pore filling property.

It was anticipated that combination of both of them

may produce an efficient ceramic tile adhesive of

higher quality. 
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MATERIALS AND METHODS

Materials:

C Commercial polyvinyl acetate emulsion latex DHS (solid content 50%), obtained from Clariant company.

C Urea, formaldehyde solution (37 – 40%) and ammonium chloride were obtained from EL-NASR pharmaceutical
chemical company, Egypt.

C Furfuryl alcohol, obtained from Koch-Light Laboratories Ltd. 
C Sand

C Servo CD2000 (oil dispersing agent) (Serve Delden BV).
C Cement and ceramic tiles. 

C Commonly commercial local ceramic adhesive paste (CETOX H) obtained from CMB International. Company.

Methods:
Analysis of the Commercial Ceramic Adhesive (CETOX H): Solid content was determined by drying a specimen

of the adhesive for two hours at 110°C.
Filler content was determined by burning a weighed specimen up to 600 - 700°C in an electric muffle.

The binder was dissolved in a suitable solvent, and the solvent was evaporated and the obtained thin film was
analyzed using FTIR Jasco spectrophotometer, Japan.

The inorganic filler was separated by filtration and was subjected to sieve analysis to determine the particle
size distribution. A photograph was taken to the filler particles.

Chemistry and Preparation of Furfuryl Alcohol Modified Urea Formaldehyde Resin: 

Chemistry : The resinification process for urea formaldehyde occurs in two main stages, addition or[13 ,14]

methylolation and condensation.  In methylolation step, urea and formaldehyde are reacted under controlled

condition using an alkaline catalyst (pH.8.0).The methylolation stage usually results in a mixture of methylolated
species, mono, di and low percent of trimethylol urea.

The second stage of the resinification process involves the condensation of the methylolated species with each

2other or with active H  in presence of an acid catalyst.

Furfuryl alcohol reacts with the methylolated species of urea through reaction of methylol groups in presence
of acid catalyst to form modified furfurylated urea formaldehyde resin and water as follows:
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2or furfuryl alcohol attacks urea through active H  as follows:

The condensation reaction proceeds to a predetermined end point.

Preparation:  As previously m entioned , the

polymerization is normally carried out in two

successive stages. The first stage involves the formation

of a low molecular weight, fusible, soluble resin, and

the second stage involves condensation (curing

reactions)  which  lead  to the cross linked product.

The resin preparation was carried out in 250 ml three

– necked round bottom flask, fitted with condenser,

thermometer and magnetic stirrer. The predetermined

amount of urea in grams was dissolved in the

predetermined amount of formaldehyde (37 - 40%)

[Urea: formaldehyde mole ratio of about 1:2-2.5]; and

the pH was adjusted to 8 -9 using 0.1 N sodium

hydroxide solution.

Agitation was started and continued throughout the

process. The mixture was heated to the desired

temperature (70 - 90°C), and hold for a certain time

(20 – 30 min.); then the calculated amount of furfuryl

alcohol [representing 30% of reactants] was added and

the pH adjusted to 4 by the addition of glacial acetic

acid;  the  mixture  was refluxed for a certain time

(20-30 min.) followed by dehydration under vacuum.

The temperature was not allowed to rise much over

80°C. Samples were taken periodically to follow-up the

reaction by measuring the refractive index and amount

of distillate.

The resin after preparation was characterized by

measuring:

C Refractive index (DIN 53491): using Abb' – 

refractometer.

C Solid content. 

C pH.

C Viscosity: using Bubble Viscometer (ASTM: part 

8D  154 – 47).

The  resin  was  clear  and  soluble in water.

After preparation, the resin was neutralized with

triethylamine to pH 7 and it was kept in refrigerator to

prevent successive curing.

Emulsification of the Modified Urea Formaldehyde

Resin: If the prepared modified urea formaldehyde

resin is stored for long time and becomes partially

insoluble in water due to attaining higher degree of

viscosity and higher molecular weight, emulsification

of the resin must be done before preparation of the

predetermined formulations.

Oil dispersing agent (servo 2000) was slowly added

to the acidified furfuryl alcohol modified urea

formaldehyde resin (pH 3.5 – 4.0, solid content 50%)

at 2% concentration and thoroughly mixed.

Preparation of the Adhesive Formulations: Certain

amount of the prepared furfuryl alcohol modified urea

formaldehyde resin solution or emulsion was slowly

added to polyvinyl acetate emulsion ( pH 3.5 – 4, solid

content 50%) to obtain highly homogenized formulae.

Six formulations were prepared using different ratios of

the modified urea formaldehyde solution and polyvinyl

acetate emulsion in different weight ratios of 0: 1, 1:

1, 2:1, 3:1, 4:1, and 1:0 respectively. 

Evaluation of the Prepared Ceramic Tile Adhesive

Formulations: The following tests were used for

evaluation of the prepared adhesive:

C Shear Strength:

Preparation of the Shear Test Specimens: Blocks of

cement tiles (2x2.5x12cm) and strips of ceramic tiles

(2 x 10 cm) were used. The emulsion mixture was

applied on the corresponding surfaces of ceramic and

cement tiles covering area of (2 x 2.5 cm), the two

specimens were adhered in parallel and crosswise

directions as shown in Fig. (1 a,b) The glued

specimens were pressed under hydraulic or hand press

using load of about 30 KN. The pressure was gradually

released through a period of 24 hour. 

Shear Strength Measurement: The shear strength was

used to measure the binding shear strength of the

adhesive formula between ceramic and cement tiles.

The shear strength of the prepared adhesive

formulations was measured after complete setting (7

days) using Universal Tensile- Compression testing

machine (INSTRON 5500R) as illustrated in Fig. (2).

Shear strength = load at fracture / area of adhesion

Single-lap-shear test which is commonly and

simply used for evaluation of adhesive binding strength

between two parallel adhered surfaces unfortunately

failed to give reliable results, since the cement and / or

ceramic specimens were broken at the clamped areas

before the separation of the adhesive bonding layer.

Therefore on the light of (ASTM C321 – 00) 

concerning bond strength of mortars, using crosswise
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adhered specimens was a must to be used for this test.

It succeeded to give the shear strength as shown in

Fig.(2).

C Determination of Water Absorption: Two grams of

each formula was dried in oven at 105°C, and the

percent water absorption was measured for the dried

samples by immersion in water for 24 hrs. 

The water absorption percent was calculated from

the equation:

% water absorption =  w' - w / w

where:

w' = weight of wetted sample.

w  = weight of  dried sample.

C Determination of Adhesive Film Hardness (ASTM : 

D4366 – 95): The mixed emulsions are left for 5

minutes to let the modified  U.F start polymerization

and thicken, and then poured on clean glass plates

using film applicators. The films are left to dry at

room temperature. The film hardness of the six

formulations was  measured using the standard KÖnig

pendulum.

C Adhesion Tests:

Standard Test Methods for Measuring Adhesion by

Tape Test (ASTM: D 3359 – 95): These test methods

cover procedures for the adhesion of coating film to

metallic or glass substrates by applying and removing

pressure –sensitive tape over cuts made in the film.

Adhesion of Adhesive Films on Glass Plates after

Immersion in Water: The adhesion of films are

visually observed after immersion in water for 24

hours, then left to dry.

RESULTS AND DISCUSSION

Analysis of the Local Commercial Ceramic Adhesive

(CETOX H): 

C Solid content  = 73 % , and Water content = 27 %

C Inorganic filler = 52 %

C It was concluded that the binder content represents

21 % of the total formula.

C FTIR proved that the binder is polyvinyl acetate as

clear from the attached IR spectra (Fig. 3). 

C The inorganic filler particles were separated and

subjected to sieve analysis. Table (1) represents the

obtained results. On adding dilute HCl (1:1) to the

filler, gas evolution occurred indicating the

presence of calcium carbonate  filler.  Fig.  (4)

represented a photographic 

Table 1: Sieve analysis of inorganic filler particles

X (% weight) Weight (gm)   Size, mm

25.88 1.3744 - 0.60 + 0.40  

27.71 1.4710 - 0.40  + 0.25  

9.75 0.5176 - 0.25  + 0.16  

36.66 1.9465 Under  0.16  

100 5.3095

picture showing the nature of the inorganic filler

powder which consists of particles of different

size.

C Shear strength of the local commercial adhesive

specimen was found to equal 30.8 kg / cm . 2

Several formulations were prepared according to

the previous analysis using different inorganic fillers

other than calcium carbonate, such as sand, clay, and

cement. Results of the effect of filler type on shear

strength were illustrated in Table (2) which clarifies

that on using sand, or cement as the finer part of the

inorganic filler (under 0.16 mm), the shear strength had

greater value. This indicated the possibility of using

these alternatives inorganic fillers according to the

economical point of view.

It  is  well  known,  that although polyvinyl

acetate  emulsion resin has very good adhesion

strength,  yet it has weak water resistance and it may

be damaged completely on soaking in water. On the

other hand, it is also well known that furfuryl alcohol

modified  urea  formaldehyde  resin has excellent

water resistance.

Combination  of  the  two resins was carried out

to  prepare  six formulations in order to define the

most  efficient  formula  for ceramic tiles adhesive.

The formulations contain modified urea formaldehyde

resin: polyvinyl acetate emulsion at different ratios

(0:1, 1:1, 2:1, 3:1, 4:1 and 1:0 respectively). (2-4) %

ammonium chloride hardener based on the weight of

urea formaldehyde was added to complete the cure of

the modified urea formaldehyde resin, depending on

climate temperature. In summer (30 – 40°C), 2%

ammonium chloride hardener was enough, while in

winter (15 - 25°C), the percent of the hardener was

raised to 4 %. 

Preparation of Furfuryl Alcohol Modified Urea

Formaldehyde Resin:

Solid Content = 60 %

pH = 5.5 - 6.0

Viscosity at 25°C = G = 1.65 stokes

(Gardener tubes)

Refractive index (R.I) = 1.4739   @ 25°C 

The resin was clear, and is kept in refrigerator, 
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Table 2: Effect of inorganic filler type on shear strength of the ceramic adhesive 

Formula No. Shear strength,(Kg/cm2) Sand  -0.60+0.40 mm Sand -0.40+0.25 mm Sand -0.25+0.16 mm Other  material Under 0.16mm

1 27.75 25.88 27.71 9.75 36.669 (sand)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 20.44 25.88 27.71 9.75 36.669 (kaoline)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 29.49 25.88 27.71 9.75 36.669 (cement)

All the formulations contain 55 % of PVAc (solid content of 50 %)

Fig. 1a&b: Shear strength specimens

Fig. 2: Shear strength test of the crosswise glued specimens.

Evaluation of the Prepared Ceramic Tile Adhesive

Formulations:

S h e a r  S t r e n g t h  a n d  W a t e r  A b s o r p t i o n

M easurements: Table (3), illustrates the shear strength

of  the  prepared ceramic adhesive formulations, and

the water absorption of the related dried ceramic

adhesive resins. 

It showed that the shear strength of the prepared

ceramic adhesive increased by increasing the modified

urea formaldehyde content. The values representing

water absorption percents for all the formulations

cleared that adding modified urea formaldehyde resin

to poly (vinyl acetate) emulsion greatly improved the

water absorption.
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Table 3: Shear strength and water absorption measurements

Formula no. Composition of emulsion resin mixtures  Average shear      % water absorption 

     (M odified UF : PVAc) strength, Kg / cm of the dried adhesive resins2

4 0 : 1 22.8 57

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 1 : 1 25.99 7.9

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 2 : 1 25.34 5.9

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 3 : 1 28.59 3.6

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 4 : 1 29.60 2.7

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 1 : 0 30.68 2.5

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 Com mercial Cetox H 30.8 16.4

M odified U.F = furfuryl alcohol modified urea formaldehyde resin.

PVAc = poly (vinyl acetate) emulsion.

Table 4: Relation between the emulsion resin m ixture ratios and the dry film  hardness

Form ula no. Com position of emulsion resin mixtures (M odified UF : PVAc) Hardness (sec.)

4 0:1 63

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 1:1 75

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 2:1 85

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 3:1 130

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 4:1 140

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 1:0 180

Fig. 3: IR  spectra  of  both the resin  of the commercial ceramic adhesive Cetox H and standard

polyvinylacetate resin. 

From the previous results, it was concluded that

the best ceramic adhesive formula was formula no.8

which composed of mixture of modified urea

formaldehyde: polyvinyl acetate emulsion (4: 1) by

weight on dry bases.

From economical point of view, a new formula

was prepared by replacing part of the emulsion resin

mixture of the best formula (no.8) by sand filler of

particle size distribution given in Table (1), and

evaluated as ceramic tiles adhesive. The composition of

this formula was as follow:

Emulsion resin mixture (formula 8) 21%

Sand inorganic filler 52 %

Water 27 %

This  formula  gave  shears  strength value equal

to  29. 0 kg / cm2,  and  water  absorption  percent

equal  to  8 %,  which  indicates  that   replacing

about 70 % of  the emulsion resins  of Formula (8), by

sand  filler  did  not  reduce  the  shear  strength,

though  it  gave a reasonable value of water

absorption.
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Table 5: Adhesion test

Form ula no. Composition of emulsion resin m ixtures (M odified UF : PVAc) classification

4 0:1 5B

---------------------------------------------------------------------------------------------------------------------------------------

5 1:1 5B

---------------------------------------------------------------------------------------------------------------------------------------

6 2:1 5B

---------------------------------------------------------------------------------------------------------------------------------------

7 3:1 5B

---------------------------------------------------------------------------------------------------------------------------------------

8 4:1 5B

---------------------------------------------------------------------------------------------------------------------------------------

9 1:0 5B

Classification of adhesion test results from 0B to 5B

0B indicates that the percent area removed is greater than 65%.

5B indicates that the percent area removed is 0 %( none).

C Adhesive Film Hardness: The hardness of the dried

films  was measured and the results are shown in

Table (4). It showed that adding modified urea

formaldehyde resin to polyvinyl acetate emulsion; gave

rise to  increased film hardness.

C Adhesion Tests:

Standard Test Methods for Measuring Adhesion by

Tape Test: Table (5) illustrated the results obtained of

the adhesion test and it was clear that all the

specimens possessed excellent adhesion.

Adhesion of Adhesive Film on Glass Plates after

Immersion in Water: The adhesion of films was

visually observed after immersion in water for 24

hours, then left to dry. It was noted that the adhesion

of all the films was good. 

Conclusion: The analysis of the locally commercial

ceramic adhesive revealed that it was composed of

polyvinyl acetate emulsion (48%) and inorganic filler

(52%). This ceramic adhesive gave binding shear

strength of 30 kg/cm2, and water absorption of the

dried resin of 16 %. Reasonable values of binding

shear strength were obtained on using different types of

fine inorganic fillers at the same ratio with polyvinyl

acetate emulsion.

Furfuryl alcohol modified urea formaldehyde resin

was laboratory prepared and characterized. Six

formulations containing different weight percent ratios

of polyvinyl acetate emulsion and laboratory prepared

modified urea formaldehyde resin were prepared to

improve the water absorption of the adhesive while

preserving the  high binding strength between ceramic

to cement.

The  six  prepared  formulations  were evaluated

as  ceramic  tiles  adhesives.  All the formulations

gave high binding shear strength, and low water

absorption of the dried adhesives resin films. They also

gave  high values of hardness, but excellent adhesion

on glass.

Fig. 4: Photographic picture showing the shape and

size of inorganic filler particles.

The best formula obtained composed of modified

urea formaldehyde resin solution to polyvinyl acetate

emulsion 4: 1 weight ratio. It gave binding shear

strength 29.6 kg/cm and water absorption of 2.7 %2 

respectively. 

From economical point of view, a succeeded

formula superimposing  in its properties that of the

commercial one, was prepared and evaluated  by

replacing 70%  of the emulsion resin mixture by sand

filler. It possessed high binding strength (30 kg/cm2)

and 50 % reduction in water absorption percent

compared with the locally commercial ceramic

adhesive.

Therefore it was concluded that using modified

urea formaldehyde resin by furfuryl alcohol added a

new and valuable contribution for ceramic tiles

adhesives.
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