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Abstract

The aim of the research project was to develop new glazes
and new dry gl azing Technol ogies for single fired and double
fired floor and wall tiles, with specified surface
characteristics (in terns of aspect of the surface itself,

conpactness of the glaze Iayer, nechanical and chem cal

resi stance)

The research activities have included: (i) a |aboratory
scale experinentation, to develop the new dry glazes and
study their application characteristics, {ii) a design
phase for new glaze application processes and equipnents,

suitable to give glazed surfaces wth the specified
characteristics, and (iii) pilot line experinmentations in
order to optimse the new glazing process, as well as to
veri fy the achievenment of the scheduled objectives.
Envi ronnental inpact and possible environmental benefits of
the new technol ogi es have al so been consi dered.

The new processes and products devel oped have been finally
qualified. The cost/benefit ratio has been studied for all
the products/processes developed, in order to obtain useful
indications for the future exploitation and industriali-
sation activities.

i1. Introduction

This research project has dealt wth the glazing operations

of ceramc floor and wall tiles. The conventi onal
technol ogies present various technical, productive ,
operative Ilimtations, due to which the glazing- phase

accounts at presents for sone of the main obstacles to the
achievenent of a fully reliable and automated ceramc
process, in a full quality perspective.

The objectives of this project were the follow ng:

.to develop glazes and dry gl azing-processes to be used to
produce even tint, snooth and gloss or matt gl azed surfaces,
as well as conpact glaze layers, when fired in the
conventional firing cycies for ceramc til es;

.to develop glazes and dry glazing process where the use of
water (as well as water wasting) is effectively m nim sed.

The attention has been focused on tw types of nechanical
dry glaze applications:

i) glaze application in the dust pressing phase (in Itali an,
smaltopressatura) , and

ii) dry glaze application in form of powder distributed on
the dried or fired tile surface.
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(2. Materials and nethods

2.1 WMaterials

20 different glazes, identified and specified as a function
of i) product type; ii) surface type; iii) type of
application; iv} type of powder glaze have been initially
consi dered and experienced at | aboratory level:

Pr oduct Sur f ace Application Powder Sample N°
Single fired d oss Dust Pressing S 1
BI tiles G 2
Spr eadi ng G 3
MF 4
Matt Dust Pressing S 5
G 5
Spr eadi ng G 7
M- 8
Single fired d oss Dust Pressing S 9
BIII tiles G 10
{Moneoporosa) = emmemeemmmeeo
Spr eadi ng G 11
MF 12
Matt Dust Pressing S 13
G 14
Spr eadi ng G 15
MF 16
Double fired d oss Spr eadi ng G 17
BIITI tiles MF 18
Mat = Spr eadi ng G 19
MF 20

Legenda for Powder Type:

S = Spray dried powder
G = Granul ate (granul ated powders with- adhesi ves]
MF = MIlled "flowable® frits/glasses

2.2 - Technical approach

Each product/process devel oped has passed four steps, as
specified in the follow ng:

Step 1. Laboratory experinentation, directed towards
determining, on a l|aboratory scale, the conditions which
permt the achievenent of dry glazed surfaces wth the
specified characteristics (in terns of conposition of the
gl azes, powder norphology and particle size distribution,

powder flowability, adhesion conditions between glaze and
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body, firing behaviour of the gl azes)

Step 2: Planning and design of the pilot production
line. This step has been devoted to devel op the nachinery,
the lay-out and the tentative operative paraneters for the
pilot line experinmentation. These experinmentations were
schedul ed, of course, only for those products for which the
previous step had given successful, or at least prom sing,
resul ts.

Step 3: Pi | ot line experimentation included the
installation and the experinmentation of the pilot production
lines.

Step 4: Environnental considerations was ainmed to the
study of the environnmental problens related to the new
process devel oped.

It is worth enmphasising the “iterative” nature of such a
techni cal approach, with each technical choice/option to be
subjected to a feed-back optimsation process, on t he—basi s
of the progress results achieved.

In this framework, anong the 20 starting glazes the nost
prom sing products have been identified, on the basis of the
results of the early |lab experinments. These are five gl azes,
as specified in Table I, on which the attention has been
focused, to cover the whol e devel opnent path, from Step 1 to
Step 4.

Sanpl es of these glazes have been produced and progressively
optim sed by Torrecid, and subnmitted to Emilceramica for the
gl aze application experiments.

This report if focused -just on the glazes listed in Table I.

Table 1 - Glazes on which t he experi mentation and
devel opment activities have been focused.
Glaze Corresponding Glazed Tile
Form Colour Use Techn. Glaze Surface EN
| Appl. Class
Spray- | white Floor | single dust Gleoss BI
dried firing | press. BITIa
powder
Spray- blue Floor | single dust Gloss BI
dried firing | press. BITa
powder
Milled | white Floor | single drop Gloss BI
frit firing BIIa
Spray- white Floor single dust Matt BI
dried firing | press. BIXIa
powder
Milled | white Wall double drop Gloss BIIT
frit firing
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2.3 - Methods

All the glazes, and in particular those prepared for the
pilot line experiments, have been characterised as regards:
the chemical analysis
the dilatometric anal ysis
the thermal expansion coefficients for specific
t enperature ranges;
heati ng stage.

aAll the glazed tiles produced, and in particular those

manufactured in the pilot line experinments, have been

characterised, according to the existing standards [1, 2] as

regards:
- Water Absorption (EN 99}

Mobs Hardness (EN 101)

Vi ckers Har dness

Abrasi on Resistance (I1SO 10545-7)

Chem cal Resistance (EN 122)

Crazing Resi stance (EN 105)

d aze porosity {(total porosity and pore size

distribution - light optical observations of the

pol i shed cross section and inage analysis)

The processes developed and experienced for both glaze
preduction and gl aze application have been characteri sed and
assessed as regards:

t he nost significant processing and operative
paraneters, including production yield, of the
pilot line experinents carried out;

wat er bal ance

envi ronmental i npact

production costs.
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[3. Results and discussion

A selection of the results achieved is presented and
di scussed in the follow ng sections. This selection does not
include confidential results. However, it is suitable to
hi ghlight and docunent the “performance” o such results, in
an exploitation perspective. Mreover, this selection has
been made with the purpose of docunenting to what extent the
proj ect objectives have been achieved.

3.1 - The glaze production processes

Three different glaze production processes (DRYGLACER, WET
PREPARATION and DRY GRINDING & SIZE CLASSI FI CATI ON)
have been devel oped and experienced by Torrecid. The flow
sheets of these processes are reported in Figures 1, 2 and
3, respectively.

Two main innovative aspects are worth of nention at this
poi nt :

.the new process DRYGLACER is characterised by a cycle
time appreciably shorter, compared ‘to that of the
convent i onal processes for the production of spray dried
glazes. In fact, the total tinme to spray drier is reduced to
8 h, against 17.5 h required by the conventional process.
This is a very interesting result. This process, however,
cannot be applied to the production of glazes of conplex
conposi tion. Exanples of such glazes are 1s/7 and 5S/8, for
which the wet preparation process is, at present, wthout
accept abl e alternatives;

the DRY GRINDING & SIZE CLASSIFICATION as well
represents a new devel opment (as such, not comercially

available) . The main advantages are the following: i) it is
based on a dry grinding process, and therefore do not
require water; ii) it is suitably efficient, in terms of
grain size reduction: any required grain size can be
achieved, according to the product demand; iii) it is highly
flexible: it can be used to prepare every type of mlled

gl azes, both for direct application by spreading/drop, and
for the preparation of granules by either granulation or
spray drying.
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Glaze: [ 1s/5 |

\ Process { DRYGLACER |

T L

DRY COMPOSITION WET - L
GRINDING PREPARATION HOMOGENISATION CONDITIONING SPRAY DRYING
ADDITIVES & T
COMPONENTS
Time required 2h 30 min 30 min 2h 3h
Total
time to
{ref.: 5000 kg spray
of frit} drier
&h
Figure 1 - The DRYGLACER Process
| Glaze [ 15/7; 5518 |
{ Process: | WET PREPARATION |

FRIT

COMPONENTS

SPRAY DRYING
( ADDITIVES & } f

]

COMPOSITION »
PREPARATION WET GRINDING B CONDITIONING

Time required 30 min 14 h 3h
Total
time to
(ref.: 5000 kg spray
of frit) drier
175 h
Figure 2 - The WET PREPARATION Process
[ Glaze: [ aMFH: 18MF_ |
[ Process: | DRY GRINDING & SIZE CLASSIFICATION
T Gasaois
Emission
FABRIC
FILTER
e e BAGHOUSE
FRIT v ‘ 1 !
e INERTHAL
DRY L 1st SRE LOADING » 2nd  SIZE { SEPARATOR
GRINDING CLASSIFICATION DEVICE CLASSIICATION 1~ — {Cyelon}
T N T
{ ! [
{.___._J P I
Loy MILLED
% FINE ‘ FRITS
8| { €. sracrions | (MF)
— — — — Path 1 —t )
e Path 2
Figure 3 - The DRY CRINDING & SIZE CLASSIFICATION Process
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3.2 - The glaze application experinents

The flow sheets of the pilot lines installed and operated by
Emilceramica to manufacture the new dry glazed tiles are
reported in Figures 4, 5 and 6. Figure 4 refers to the
single fired products glazed by dust pressing, Figure 5 to
the single fired product glazed by spreading/drop, and
Figure 6 to the double fired product, glazed once again by
spr eadi ng/ dr op.

The main paranmeter on which attention has been focused to
sunmari se the general behaviour or performance of the pilot
line experinents is the “l1st choice yield” resulted.

3.2.1 - Sprav dried glazes for dust pressing glazing
For all of the three products under exam nation, the first
choice yield was |ow, conpared to a conventional production

line . This means that each process needs further
optimsation activity (e.g. in a possible industrialisation
phase) . It is worth noting that, while for 5S/8 no tile

W t hout defects could be produced, for the other products
top quality levels ranging from 37 % (for 1S/5)to 45 % (for
1S/ 7) have been achieved.

3.2.2 — Mlled frits for application by spreading/drop

For the single fired product (4MF1+18MF), a 47.7 % lst
choice yield has been achieved in the pilot Iine
experiments . Rejects are as high as 10%

For the double fired product {18Mr) a 30 % 1lst choice vyield
has been achieved. Rejects are at a 4 % level.

Also in these cases, the results achieved, which docunent
the need of further optimsation to be carried out in the
i ndustrialisation phase, should be <considered as
unsatisfactory for any industrial production |ine. However,
in the light of the effective devel opnent of the project,
and considering the early stage of the devel opment activity,
the results achieved are worth of interest, and prom sing as
wel | .

In summary, for the production yield point of view the
pilot line experinments were not successful, but neverthel ess
prom si ng, with respect to future industrialisation
activities.
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Contract N° BRE2-CT33-0469 - Project
Jaze [S/5; 18/7;58/8
cycle Single Firing
Glaze application: DUST PRESSING
BODY RAW
MATERIALS y
BODY » SS| > Nty
PRESSING CERAMIC
PREPARATION {double layer) DRYING FIRING TILES

( oz )

Figure 4-Single firing cycle with glazing by DUST PRESSING

Glaze: [ sMFi1«1sMF (7030}
Cycla: ' Single Firlng
! SPREADING/DROP

Glaze application: |

BODYRAW
MATERIALS
BODY | GLAZE
PRESSING DRYING APPLICATION FIRING

PREPARATION

GLAZE
MIX{4MFS I+ 18MF}
other materials}

Figure 5-Single firing eycle with glazing by SPREADING/DROP

Glaze: 18MF
Q’Cle: Double Firing
seze @I 1 Cat 1 on: SPREADING/DROP
BISQUIT
TIiLES l
GLAZED
GLAZE > CERAMIC
APPLICATION ¢ FIRING TILES

*

GLAZE {18MF} &
other materials)

i

Figure 6-Double firing cycle with glazing by SPREAD NG DROP
Page S/16
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3.3 - \Water bal ance

The reduction of water consunption and wasting was one of
the main expected advantages of the new processes to be
devel oped in the framework of the project.

3.3.1 - Spray dried glazes for dust pressing glazing

These products do not” require any water for the glaze
application process.

As regards the glaze preparation process, the product 1S/5,

prepared by the DRYGLACER process, s characterised by |ower
wat er requirenents and consunption (0.55+0.95 L/kg, against
0.94+1.35 L/ kg for 1S/7 and 55/ 8).

The achi evenent of the project objectives can be considered
as fully satisfactory for 1S/5, due to the remarkable
reduction of water needs, wth respect to conventional

technologies for both glaze preparation and glaze
application. For the other two glazes, prepared by the wet
process, the achievenent of the objective is considered
acceptable, due to the fact that, for these products as
well, no water is required for the application phase.

3.3.2 - Milled frits for application bv spreading/drop

For these glazes (4Mrl, 18MF and their mixes) no water
consunption is associated to the glaze Preparati on process.
The application of 4MF1+18Mr in a single fired floor product
requires 1.29 L/m2. This value is quite |ower, conpared to
the reference levels associated to the “glaze preparation
and application phase” in the existing sectorial ‘stu-dies [3]
{(7+15 L/n2 for conventional technologies, 3 L/n2 for high
washi ng efficiency techniques) . Emilceramica has conpared
this glazing line with one of its glazing |ines producing a
rather simlar product, wusing conventional wet glazing
technologies, and has found that the water consunption,
strictly associated only to the glaze application phase, is
reduced by 23 %

The application of 18MF in a double fired wall product
requires 0.95 L/n2. (Once again, this value is quite |ower,
conpared to the reference sectorial levels [3] . Emilceramica
has conpared this glazing line with one of its glazing |lines
producing a rather simlar product, using conventional wet
gl azing technol ogi es, and has found that the water
consunpti on, strictly associated only to the glaze
application phase, is reduced by 12 %

I'n summary, considering the whole g-laze cycle - from glaze
production to glaze application --the achievenent of the
project objective related to water balance should be
considered as satisfactory.

3.4 - Technical specifications of the glazed tiles
devel oped

Table 11 reports the results of the characterisations
carried out o-n the five products under exam nation (products

Synt hesi s Report Page 10/1¢
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whi ch have reached the pilot line experinent phase; it is
worth mentioning that these results reflect the progressive
optimsation process carried out by Emilceramica, based on
the feed-back of several internmediate experinents)

Tabl e - Techni cal specifications of t he products
devel oped. Summary Table .

Water Absorption (%) EN 99 2.8/ 3.5 5.6 3.4
Mohs Hardness EN 101 3 3 5 5 4
Abr asi on Resi stance IS0 v Il v v v
{(PEI O ass) 105" 45-7

Methilene bl ue EN 122 2 1 3 1 1
(Resi stance (C ass)

K- per ranganat e EN 122 3 2 3 2 1

{Resi stance Class)
HC1l (Resistance C ass) EN 122 AA | AA AA A AA
KOH (Resi stance Class) EN 122 AA | Ah AA | AA | AA

Crazing Resi stance EN 105 | yes | yes  yes yes | yes
Pores area (% 4.7 | 5.3 23.2 | 4.4 | 0.5
Pore average di aneter 10.1] 9.'7 | 12.6 |21.2  11.7
(Mm)

The results achieved can be evaluated with reference to the
standard requirenents reported in [1] and [2]

As far as the products giazed bv dust pressing (15/5, 1s/7
and 55/8) are concerned, the overall picture can be
consi dered as unsatisfactory. Only 1S/7 is acceptable, since
all the surface characteristics are in conpliance with the
standards [1, 2] (despite the rather low levels of Mobs
har dness and abrasi on resistance, to be associ ated, however,
to the gloss surface and to the rather dark colour,
respectively) . Mreover, with IS/ T a rather |ow porosity of
the gl aze layer coul d be reached.

For the white products, on the contrary, |low levels of stain
resi stance have been achi eved.

As regards the _single fired floor tiles glazed by
spreading/drop (glaze 4MFI + 18MF} the technical

specification, reported in Table 11, docunments the
conpliance wth the standard requirenents for all the
surface characteristics. Further inprovenents are expected
in a successive possible industrialisation phase. In any

Synt hesi s Report Page 11/ 16
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case, the achievenent of the project objectives under
consideration can be considered as satisfactory: the
position of this new product, conpared to the convectional
products, is good.

Finally, as regards the double fired wall tiles (glaze
I8MF) | glazed bv spreading/drop, all the surface
characteristics result at the highest level, according to
the respective standard classifications. Al so Mbs hardness
(4) can be considered as a rather high level, for a wall
tile with a gloss surface. An alnost fully conpact glaze
| ayer has been obtained. Therefore the achievenent of the
proj ect objectives under consideration can be considered as
satisfactory, and particularly interesting and pronising.

3.5 Cost/benefit analysis

A detailed cost analysis has been carried out for all the
five products wunder consideration. The cost have been
determned and analysed, making reference to both the
manuf acturing phase, and to the main cost itens (materials,
manpower, energy, etc.). A conparison has therefore been
made possible anobng the new devel oped products and the
conventional ones (i.e. products of the sane type/class,
gl azed by wet methods) . Mreover, sonme considerations on the
cost/benefit ratio have been made for each product.

As far as the products glazed by dust pressing (1S/5, 15/7
and 5S/81 are concerned, the cost of the new products
developed is quite higher, conpared to that of the
correspondi ng conventional products. There is, of course, a
remar kabl e i nmpact associated to the cost of the glaze, that
is strongly influenced by the developnent costs. Anyway,

despite the cost reduction which can be envisaged, assum ng
that this glaze is produced at large industrial scale, a
circunmstance nust be considered: that the dust pressing
glazing technology 1is “intrinsically” associated to the
application of quite high amounts of glaze per unit surface,

conpared to the conventional or alternative glazing
technol ogi es. Therefore, the cost of a dust pressing glazed
product is expected to be always higher than for any glazed
tile. As discussed above, this cost increase is not
counterbal anced and justified by a conparably strong
increase in quality and performance.

In sumnmary, from the cost/benefit ratio point of view, the
product s/ processes under consi deration are unsatisfactory.

As regards the single fired ficor tiles (qlaze 4MF1 + 18MF),
and the double fired wall tiles (glaze 18MF), both glazed by
spreading/drew, the production costs of the new
product s/ processes devel oped are of the sane order of the
correspondi ng conventional products/processes. O course, it
shoul d be considered that this relation is valid, once the
production yield problens encountered in the pilot line
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experinments will have been solved. Taking into account this
[imt, but considering also the technical and environnental
benefits associated to the new products, as di scussed above,
the new products/processes developed can be considered as
acceptable fromthe cost/benefit ratio point of view

3.6 Scientific results

As reported in section 2.2, the technical approach adopted
was based on a prelimnary formulation of glazes and
prelimnary application experinents, starting from the
act ual know edges and experiences of the industrial
partners, followed by a devel opnment phase through iterative
experinents and a feed-back optimsation process, until
(hopefully) the expected results.

During these experinents several probl ens have been
encountered: nore precisely, several deviations from the
expected results (for exanple, defects on the glazed
surface, or bad behaviour of the glaze in the application
stage, etc.) .

These problens have been faced with a systematic approach,
based on a clear identification of the origin of the defect,
and successively on the identification of the nore
convenient way to prevent its occurrence.

Both these phases - the phase of “diagnosis” and the phase
of “therapy” - involved sone basic scientific and/or
t echni cal aspects which were not suitably known or
understood. Therefore, it was decided to dedicate tine and
resources to a systematic study and experinentation of these
aspects.

The following is a list of the nore significant studies
carried out in the framework of the project.

. Effects of the addition of different binders and plasticizers
to the glaze slip on the characteristics of dust pressing
gl azes and their pressing behaviour

. Cccurrence of surface defects for inconplete covering of the
surface. Influence of the applied weight, grain size and
viscosity of the melt of the Milled Frit

. Spray drying of glazes for dust pressing glazing. |nfluence of
the physical parameters (nunber and type of nozzles, pressure
and drying tenperature)

. Spray drying of glazes for dust pressing glazing. Influence of
the theol ogi cal paraneters of the slip

. Glazes for dust pressing. |Influence of npisture content, clay
fraction content and grain size distribution on the pressing
behaviour
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. Milled frits for application by spreading/drop. Study on the
possi bility of inproving norphology and flowability

. Single fired tiles produced by dust pressing glazing. Effects
of grain size distribution, pressing pressure and firing
tenperature on the porosity of the glaze |ayer

. Single fired tiles produced by dust pressing glazing. Effects
of the gaseous enissions from the body during firing on the
porosity of the glaze | ayer

. Single fired tiles produced by dust pressing glazing. Effects
of the firing cyclie on the occurrence of defects

. Single fired tiles produced ky dust pressing gl azing.
I dentification, anal ysis and prevention of the defects

associated to the pressing phase

The results of these studies have had a renarkabl e impact on
the behaviour of the project and on the technical
devel opnent of the activities: nost of the problems
encountered have been identified and solved through these
studies. Mreover, these studies have brought about a
significant progress in the know edges, awareness and know-
how of the partners, and should therefore be regarded as a
basi ¢ output from the project.

4. Conclusions

Five glazes to be dry applied on single fired and double
fired floor and wall tiles have been devel oped. Three gl azes
were in the form of spray died powders, to be applied by
dust pressing glazing; two glazes were in the formof mlled
frits, to be applied by spreading/drop,

Both the respective production and application processes
have been designed, devel oped and realised at pilot scale.

Pilot line experiments have been carried out. The glazed
tile manufactured have been characterised, as regards the
surface chem cal and mechani cal properties. The
manuf act uri ng processes have been characterised as regards
(i) the production yield, (ii) the environnmental impact,
wth particular regard to the water consunption; (iii} the
production costs. Considerations on the cost/benefit ratio
of the new products and processes devel oped have been nade,
on the basis of the results above.

It has been found that, while the glazes for dust pressing
are still affected by serious problens, as regards the
surface properties of the tiles, and are characterised by
hi gh costs, the glazes for spreadi ng/drop have good surface
characteristics (in particular, beside a full conpliance
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with the standard requirenents, a very conpact structure

conpared to the conventional glazes for wet application) ,

and costs which make these products very promsing, fromthe
cost/benefit ratio point of view

For all the products, water consunption associated to the
whole glaze cycle (from glaze preparation to glaze
application) resulted appreciably reduced, in conparison
with the conventional glazes and glaze production and
application processes. No other environmental problem has
been identified. Therefore, dry glazing has been shown as
characterised, as a whole, by a lower environmental inpact,
conpared to conventional wet gl azing.

From a general point of view the partners do consider
positively the Dbehaviour of the project and the results
achi eved, despite the fact that sonme specific objectives
have not been achieved.

In any case, it is worth pointing out that, according to the
contract programe (as well as to the Brite Euram Programme
pre-competitive “philosophy”) , the products devel oped are
not ready to be put on the market, since their aesthetic
aspect is too poor (even tint tiles are not commercially

suitable, in a tine where the narket requires nainly
decorated tiles, and decorations are often applied also on
ungl azed tiles, 1like porcelain stoneware, typically never
decorated in the past).

For this reason, the results achieved - and which will be
exploited - are associated mainly to the knowhow - in
glaze production and glaze application - subtended to the
products and processes devel oped.

In this respect, the inportance of the technical and
scientific results achieved, as l|listed in section 3.6, is
worth of further enphasis: these outputs represent, in

particular for the industrial partners of this project, and
subsequently for the whole European ceramc industry as
wel |, i mportant and concrete results, suitable for a
“conpetitive” exploitation, and effective in view of the
rei nforcenment of the conpetitiveness of the European ceramc
tile industry.
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