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APPLICATION OF WATER CYCLES IN CERAMIC INDUSTRY

The problems related to water and wastewater disposal in ceramic industrial works and some
achievements in this respect have been discussed. A considerable increase in the demand for water
observed recently in the ceramic industry is caused by concentration of production and application
of “wet” dust removal devices recently in the ceramic industry. The increase in water demand has
often made some troubles with water supply in ceramic industrial works. The two-step wastewater
purification method which has been devéloped and applied implement has allowed to use of the
reclaimed water for the auxiliary needs in production. Further progress in this field will be possible
after application of the three-step method of wastewater treatment. The quality of the reclaimed
water will be the same as correspond to that required from technological water. Thus it is possible
to close the cycle so that fresh water could be used only to complete the losses.

1. INTRODUCTION

The technologies applied in ceramic industry are not excessive in their water demands.
The amounts of water used are ca. 0.6 %, of the total amount of water consumed by the all
industries in this country. However, the recent growth of production and the moderni-
sation of the equipment in the ceramic works occurring recently have considerably incre-
ased the water demand for the technological processes and for the auxiliary needs. The
introduction of new technologies and equipment have also contributed to the increased
water demand. A significant increase in water demand is moreover, connected with new
dust-removal installations collecting pollutants in water.

All these factors caused the growth of water consumption index calculated for a pro-
duction unit in all the types of the ceramical works. In the whiteware ceramics works this
index increased from 10-20 m3/Mg of the production few years ago [5] to 45-50 m3/Mg.
In this situation the output of water intakes in the majority of works could not meet the
needs of the constantly growing water demands and in some cases it became the limiting
factor of production growth especially, when water could not be supplied from other
sources. This forced the specialists to reuse water in greater scale than it was used till

now.
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In connection with this problem several research works in the field of water wastes balan-
ce have been carried out in Poland during the last few years which enabled a further pro-
gress in the methods of industrial wastes treatment combined with the water reuse.

2. THE QUALITATIVE AND QUANTITATIVE CHARACTERISTIC
OF WATER FOR PRODUCTION NEEDS

Considering of the existing-designing and utilisation-practice, the following indices
of water consumption can be assumed for production needs in each branches of the ce-
ramic industry [2], [5], (table 1). The lower limits of these indices refer to the existing and
modernised works, the upper to the works designed. Water consumption index depends also
on'the air cleaning method used in the dust removal installations. When “wet” dust re-
moval devices are used, the upper values are obligatory.

Table 1
Water consumption

Type of production | index for production
unit (m3/Mg)

Ceramic whiteware 15-20
Sanitary ware 6-15
Stone-ware goods 2-10
Glazed tile — dry

method 0.5-2
Glazed tile — wet

method 4-8

Enrichment of ce-
ramic raw mate-
rials 3-5

The quantity of water demand for production needs in ceramical works are best cha-
racterised by the values given in table 2. The values presented refer to the demand of fresh
water. They take into account the closed cooling water cycle and the fact that the demand
for water used for auxiliary needs is met by the water reclaimed from the purified industrial
wastes.

Chemical composition of water is used for technological needs in ceramic industry has
a great influence on the quality of products. The industry practice shows that technologi-
cal troubles and changes in the qualitative parameters of ceramic body and semi-finished
products are very often caused by the changes in the quality of water applied.

It has been stated that a substantial influence on the total mineralization and the con-
centration of individual ions in used water have the properties of the ceramic body. Du-
ring the production process the highest possible concentration of solid phase is to be achie-
ved in the casting slip and the appropriate viscosity, allowing to obtain the right casting
parameters.




Application of water cycles in ceramic. industry 245

Table 2
. Production Daily
Type of the production plant M demand
gla 3
m
Whiteware ceramic-plant 10 000 1100
Semi-vitreous China ware plant 10 000 800
Sanitary ware plant 12 000 450
Sewerage stone-ware plant 75 000 600
Glazed tile plant 5 000 000* 750
Ceramic raw-material enrichment
plant 200 000 2 500
*) m2/a

An unfavourable influence in this respect is exerted by too high concentration of magne-
sium salts, especially of its chloride, on the ceramic body, mainly on the China body.

Too high concentrations of calcium chloride and sodium salts in technological water
reduce the concentration of the solid phase, especially in the semi-vitreous and faience
body. The smallest influence on the casting processes is exerted by calcium sulphate,
which precipitates when the concentration of electrolytes in the solution increases, especially
due to the addition of the fluidization agent (soluble glass) to the ceramic body.

Some ion composition in water can influence favourably the body fluidization process
and at the same time affect unfavourably the filtration which is the second very important
process in the technological cycle of ceramic goods production. In view of the above it
is necessary to determine the optimal chemical composition of water.

The influence of the ion composition of water on some of parameters of the ceramic
body are presented in table 3. Too high concentrations of calcium and magnesium salts in
the ceramic body causing water hardness are responsible for negative effects on the bisquit
firing process. These salts concentrated in the definite sites of the product, melt during the

Table 3
Ion Concentration Viscosity Thixotropy Castlflg Strength
velocity
Cat? to 150 considerably increases increases decreases
increases
Mgt? to 80 increases considerably increases slightly
increases decreases
Na+4+K+ to 100 considerably decreases decreases slightly
decreases increases
S0;2+C—2 to 500 considerably increases considerably increases
increases increases
HCO3;+CO, to 400 increases considerably increases decreases
increases
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firing process (1350°) and forming efflorescences which being not covered in the glazing
process deteriorate functional quality and aesthetic properties of the goods. Iron com-
pounds have also unfavourable influence on the ceramic body. Too high concentrations
of these compounds reduce the whiteness of the products. The research work [6] and many
years’ experiments in production have allowed to determine the quality-requirements for
technological water presented in table 4.

Table 4
Types of the produced goods
Quality indicator Units China waie Semi-vitreous Faience
ware
Solid residue mg/dm?3 500 400 400
Organic suspension mg/dm?3 20 10 10
Reaction pH 6.5-8.0 7.0-8.0 7.0-8.0
Total hardness mval/dm3 3.6 2.85 2.85
°n 10 8 8
Carbonate hardness mval/dm3 0.71 0.71 0.71
°n 2 2 2
Ca?t4-Mg?+ mg/dm3 60 40 40
SO2-+4Cl-+NOj; mg/dm?3 250 150 200
Fe3+ mg/dm?3 0.3 0.3 0.3

3. WATER CYCLES USED AT PRESENT IN THE CERAMIC
INDUSTRY

The ceramic industrial works have a mixed system of water supply, their water demand
is covered by partially and fully closed cycles. The latter is used for the equipment cooled
with water. Small water losses in the open cycle (4-79%, of total amount of circulating water)
are compensated up with fresh water. The cooling cycle supplies such units as tunnel kiln
fans, air compressors, vacuum pumps, etc.

In the partially closed cycle there one uses water, reclaimed from the industrial wastes.
This water can be used to

supply the washers for air cleaning,

wash technological pipelines for transport to agitate solid and plastic waste materials,

— wash tile floor, containers etc.

It can be said, that the water demand for auxiliary needs in the whiteware ceramic works,
sanitary goods works and in the faience tile works can be covered with reclaimed water.
The demands of mentioned above units for technological water constructed sometimes
even 609, of water consumption in the given factory.

The situation in porcelain clay processing works is a bit different. A part of the waste-
water can be used without treatment in raw material segregation processes. The purified
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industrial wastewater can be used first of all to compensate the losses in water cycle in the
sand-production line. _

The technological units which are used to body and glaze preparation, to finishing pro-
cesses of the goods and to production of gypsum moulds are supplied with water in an
open cycle. This makes about 30-40 %, of the total demand for technological water in the
given plant. So far the quality of the purified wastewater has not allow to use the reclaimed
water for technological needs. In the opened water cycles there are moreover some irre-
claimable losses (drying and fitting of preducts losses) which are estimated at about 40 %
of consumption. The reuse of water in the ceramic industry has already a 20 year old tra-
dition. Tt was initiated with the repeated use of water coming from the filter presses, used
in most the ceramical works to dehydrate the mass. The amount of water reclaimed was
small and made only 10%, of the industrial water demand. Nevertheless in many works
water reclaiming units have been gradually installed. In the beginning of the 70-s a succes-
ful two-step wastewater purification method was developed for this branch of industry [4].

This method enabled a 99 %, reduction of suspended matter in the wastewater, and con-
siderably extended the possibility of the reuse of purified wastewater. This, in turn, made
it possible to arrange a mixed water supply system in some plants. It was just the purified
wastewater, which covered water demand for auxiliary needs of production in several
works (fig. 1). The amounts of the reclaimed water used in the ceramic industry is presented
in table 5. The possibility of the application of the so-called small closed cycle of water,
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Fig. 1. Diagram of a water cycle presently used in ceramic works

Rys. 1. Schemat obiegu wody stosowanego obecnie w fabryce ceramicznej
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Table 5
9% in the total
. The ajlmount. of the athotnt oF the
Production plant | used mdusstrlal WS | o dustrial waste=
tewater m°® per day water
ZPS Lubina 240 60
ZWS Krasnystaw 11 310 65
ZPS Walbrzych —
being built 800 57
ZPSK ,,Maria III”
— being built 920 31

supplying the washers when hydrocyclones for separation of solid wastes from liquids were
used has been also examined. A combination of washer- hydrocyclone with the required
fitting gurantees a repeated use of the same water. Further utilization of the purified indu-
strial water in this branch of industry is connected with the need of more efficient puri-
fication methods than those nowadays used.

4. THE POSSIBILITIES OF CLOSED WATER CYCLES IN CERAMICAL
WORKS

The so far employed wastewater purification methods, consisting in sedimentation and
coagulation with help of inorganic coagulants are becaming inadequate because of the
water protection, in case when the wastewater is carried away to surface water as well
as of the possibility of repeated use of the purified wastewater.

An attempt to estimate the parameters of highly efficient treatment of ceramic waste-
water was carried out in the Institute of Environment Protection Engineering of the Tech-
nical University of £6dz. For crude wastewater with very high pollution indices, (inorga-
nic suspensions and turbidity), a multi-step purification system has been proposed. It
comprises natural sedimentation, flocculation with synthetic polyelectrolytes, after-co-
agulation sedimentation and filtration. The application of suitable parameters allows to
obtain high purifiction effects with relatively low capital costs.

The research works, which were carried out in a quarter technical scale (in the test
station) at the Sanitary Ware Works at Koto allowed to verify the usefulness of the method
proposed under normal work conditions of a production plant. In the water reclaimed after
the last step of wastewater treatment total suspentions ranged within 10.0-0.0 mg/dm?, the
turbidity was almost equal zero, the hardness equaled 2.6-3.3 mval/dm3, the concentra-
tion of anion chloride waned within 20-75 mg/dm?, and that of sulphate ion within
120-145 mg/dm?3.

From comparison of the results obtained with the qualitative requirements for techno-
logical water (table 4) it follows that the values are convergent or they need a small correc-
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tion. The correction of the water parameters (e.g. the concentration of sulphates, chlorides
and the hardness) can be obtained by supplying the fresh water prepared by the water
conditioning station. This is also necessary because of the quantitative balance of water
in the cycle. In the mass balance for the system presented in fig. 2 we can use a dependance,

[ pure water [EZ5] reclaimed water
waste water [ sludges

B water losses [E=3 reclamation of raw material

Industrial
|waste water

Water
purification
plant

Production
departments

Fig. 2. Diagram of the proposed technological water cycle in a ceramic work
Rys. 2. Schemat proponowanego obiegu wody w fabryce ceramicznej

which shows the concentration of the chosen indicator, which characterises the quality
of water as a function of the quantity and quality of the added water

C,— c4 =X ( & ) 1)
i s k Qs+ Qr
where
C, — the concentration of the chosen quality indicator of supplementary water,
a — the load of the relected indicator, passing to the cycling water during one

cycle,
Q,+0Q, — the amount of water, which covers, the technological demands of the pro-
duction plant,

0, — the amount of the supplementary water,
o, — the amount of the reclaimed water,
k — the water supplement index.

The index k defines the ratio of supplementary water to the amount of water used for
technological needs in the production plant

__ 9
0,+0,

As an example of the relations (1) and (2) with respect to anions (SO;~ + Cl~ 4+ NOy),
assuming that their concentration in feed water is 100 mg/dm?® are presented graphically

@
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Fig. 3. The concentration of salts dissolved in industrial water vs. the index of fresh water supplement for
different unit loads of the dissolved salts which go through to the circulating water during one cycle — a
(presumed concentration of ions CI™ + SO~ -+ NOj in make-up water Cu = 100 mg/dm?)

Rys. 3. Zalezno$¢ stezenia soli rozpuszczonych w wodzie technologicznej od stopnia uzupehienia $wieza

woda dla réznych jednostkowych obciazen nierozpuszczonych soli, ktére przechodza do wody obiegowej

W ciagu jednego cyklu — a (zalozone stezenie jonow CI~ + SO, ~ 4+ NO; w wodzie uzupehiajacej Cu =
= 100 mg/dm?)

in fig. 3. Knowing the unit load of the indicators passing to the cycling water during one
cycle — a (mg/h) we can estimate the amount of the supplementary water in the cycle and
the corresponding concentration of the anions in the feed water.

The possibilities of the repeated use of water are confirmed by the investigations on the
mineral raw materials processing and refining-processes, performed at the Technical Uni-
versity of Warsaw. The tests were made without supplementing the cycle with fresh water.
The effluents after the production processes were purified by coagulation and sedimenta-
tion. The wastewater was coagulated with calcium and aluminium sulphate in presence of
a small amounts of non-ionic polyelectrolyte. After 10-15 repeated use of the reclaimed
water the concentrations of sulphates and chlorides, water hardness and the general mine-
ralization of water were increased. This excluding, however, the possibility of the use of
the reclaimed water in the next cycle of the investigated operation of production process.
We can assume that the application of the new method for the wastewater treatment [3]
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and of the proposed method for the estimation of the concentration of the water quality
indicators by choosing the right value of the index of water supply allows to obtain the
required ranges of these limit values.

As it follows from the situation described these methods can be now applied to a closed
industrial water cycle in the ceramic works when fresh water would be used only to com-
pensate the losses.

5. THE RESULTS

1. The usefulness of the reclaimed water obtained from industrial wastewater for the
production and auxiliary needs depends on its quality.

2. The methods of industrial wastewater purification so far used enable a repeated
use of water for auxiliary needs.

3. In several realized and designed ceramical works the amount of water repeatedly
used is about 609, of the total amount.

4. The recenty developed three-step industrial wastewater purification methods,
which ensuring a total purification and the estimation of the qualitative parameters of
water for technological needs, does extend the applicability of reclaimed water in greater
amounts in fully closed water cycle. '

5. The amounts of supplementary water should depend on its losses in the prodiic-
tion processes and also on the indispensible correction of the quality of supplying water.

6. The worked out method allows to reduce the consumption of fresh water an essen-
tial ceramical industry and to discharge the wastes to rivers in extraordinary cases only.
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MOZLIWOSCI STOSOWANIA ZAMKNIETYCH OBIEGOW WODNYCH W ZAKEADACH
PRZEMYSLU CERAMICZNEGO

W ostatnich latach nastapit znaczny wzrost zapotrzebowania na wode w zaktadach przemystu ceramicz-
nego, spowodowany koncentracja produkcji i zastosowaniem ,,mokrych’ urzadzen odpylajacych. Wzrost
wskaznikoéw zuzycia wody powodowal niejednokrotnie ktopoty z zaopatrzeniem tych zaktadow w wode.
Sklad chemiczny wody uzywanej do celow technologicznych ma duzy wplyw na jakos¢ produktu.

Stwierdzono, ze nierzadko trudnosci technologiczne i wahania parametréw jako$ciowych mas
ceramicznych sa spowodowane niekorzystnymi zmianami jakosci stosowanej wody.

W artykule okreslono wplyw stezenia poszczegolnych jonow wystepujacych w wodzie na wlasnosci
mas ceramicznych oraz przedstawiono wymagania jakosciowe dla wody technologicznej. Przedstawiono
rowniez typy obiegdbw wodnych stosowanych obecnie w przemysle ceramicznym.

Wprowadzenie zamkni¢tego obiegu wody technologicznej zwiazane jest z doborem wiasciwego spo-
sobu oczyszczania $Sciekow i odzysku wody.

Przedstawiono opracowana i wdrozona dwustopniowa metode oczyszczania SciekOw, ktora pozwo-
lita wykorzystywa¢ odzyskana wode w produkcji. Dalszy postep w tej dziedzinie stanowi trzystopniowa
metoda oczyszczania Sciekow, ktorej zastosowanie pozwala uzyska¢ wode o jakosci odpowiadajacej wy-
maganiom stawianym wodzie technologicznej.

Skorygowanie parametréow wody zasilajacej mozra uzyska¢ przez uzupelnienie obiegu woda
$wieza przygotowana w zaktadowej stacji uzdatniania. Istricje realna mozliwo$¢ zamknigcia obiegu wody
przemystowej tak, aby tylko straty byly pokrywane wcda {wieza.

*

WASSERKREISLAUFE IN KERAMISCHEN BETRIEBEN

In keramischen Betrieben steigt der Wasserbedarf stindig an, da immer mehr nasse Entstaubungs-
verfahren zur Anwendung kommen. Es ist einsehbar, daB technologische Schwierigkeiten, die mit der
Giite der keramischen Masse zusammenhingen, auf die Qualitit der benutzten Wassers zuriickzufiihren
sind. In diesem Zusammenhang wird die Aufstellung von entsprechenden Richtlinien gefordert, da spe-
zifische Ionen die Wassergiite beeintrichtigen.

Die SchlieBung von Wasserkreisldufen ist sowohl von den Abwasserreinigungs verfahren wie auch
von den Wasseraufbereitungsmethoden abhingig. Im Beitrag wird eine bereits in Betrieb genommene
zWeistuﬁge Abwasserreinigung beschrieben, die die Benutzung des gereinigten Abwassers fiir verschiedene
Zwecke moglich machte. Die Erweiterung der Anlage um eine zusétzliche Stufe, wird eine volle Riickge-
winnung und die Beimischung in die keramische Masse dieses Wassers ermoglichen. Lediglich die Verluste
sollen mit Frischwasser ergdnzt werden.

BO3MOXXHOCTE ITPUMEHEHU A 3AMKHYTBIX LTUKJIOB BO/bI
HA 3ABOJIAX KEPAMMYECKO! TTPOMBIIIJIEHHOCTH

B mociemHne rofibl HAOMIOHAETCS 3HAYUTEIbHOE YBEIMYCHHE NOTPEOHOCTH B BOJAE HA 3aBOJAX Kepa-
MUYECKOl MPOMBIIUIEHHOCTH, BBI3BAHHOE KOHLEHTpALMEH MPOM3BONCTBA M TNPHMCHEHHEM ,,MOKPBIX’
06ecnbUIeBAIOIMX YCTPOMCTB. IIOBBILIEHHE IOKa3aTelel NOTpeOJIeHUs: BOJABI BbI3BAJIO 3HAYMTEIbHBIE
3aTpyJHEHHS B CHAGXKEHHM STHX 3aBONOB BOMOM. XMMHYECKHI COCTAB BOIBI, MCIONB3YeMblH IS TeX-
HOJIOTHYECKHX lieNieii MMeeT OOobOIOe BIIMSHAE HAa KavyeCTBO BOZBI.

BeIsSIBJIEHO, YTO 4aCTO TEXHOJIOTHYECKHME TPYTHOCTH M KOJIeOaHMS KAaYECTBEHHBIX MapaMeTpOB Kepa-
MMYECKHX MAacC BbI3bIBAIOTCS HEGIArONpHATHHIMA W3MEHEHHSIMH KayecTBa MCIIOJIb3yeMOH BOJBI.

B crarse ONpeneneHo BIMSAHHE KOHUEHTPALMA OTAEIbHBIX MOHOB, BBHICTYNAIOIMX B BOAC, HA CBOH-
CTBA KEPAMMYECKMX MAcC, @ TAKXe IpeICTaBJIeHbl KayeCTBEHHbIE TpeGOBaHMs UL TEXHOJOTHYECKOH
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Boapl. IIpABENCHBI TaKKe THIBI UAKIOB BOMbI, HPAMEHSEMBIX B HACTOSIIEE BpeMsl B KEPAMHYECKOM mpo-
MBIJICHHOCTH.

Beenenue 3aMKHYTOTrO IIMK/IAa TEXHOJOTHYECKOH BOIBI CBSI3aHO C MOAGOPOM HPaBHJILHOIO Criocoba
OYHMCTKH CTOYHBIX BOJ W pPEreHepamldd BOIBI.

Ilpeanoxen pa3paGoTaHHbIA M BHENPEHHBIA IBYXCTYHNEHYATHIM METON OYHCTKH CTOYHBIX BOX, KO-
TOpBI TO3BOJAN HCTIONB30BATH PETEHEPHPOBAHHYIO BOLY MUl BCIOMOTATENbHEIX IeJieil IPOH3BOACTBA.

JanbHeHInMii nporpecc B 3TOM OOMACTH IPEACTABIAET COOOM TPEXCTYNEHYATHIH METOI OYHCTKH
CTOYHBIX BOJ, NPAMEHEHHE KOTOPOTrO MO3BOJISIET IOJYYHTh BOJY KadecTBa, COOTBETCTBYIOMIETO Tpebo-
BapMSM, NPENBSIBIAEMBIM K TEXHOJOTHYECKOM BOJE.

OTKOPPEeKTHPOBATh ITAPaMETPhI IUTAIOLIEH BOABI MOXKHO MyTEM NOITONHEHHS LKA CBEXEH BOLOW,
NOATOTOBJIEHHOM HA 3aBOICKOM CTAaHUUK BOMNONOArOTOBKH.

CymiecTByeT peanbHas BO3MOXHOCTh 3aMKHYTHb LMKJI OPOH3BOINCTBEHHON BOABI TAKMM OOPa3’oM,
4TOOBI TOJBKO MOTEPH BO3MEILNAJMCH CBEXEH BOMOIA.



