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A BSTRACT

The presen! work compares cxpcrimcntai results obtained [rom C01l11110 1l procedures ill the
labora tory with results f rom procedures that simulate the preparatiou process of ceramic
<uspcnsion« 011 all industrial scale. The obicctioe lPaS to eralunte the influence of mcasuremeu!
process parameters all the rheological properties of <uspension« of ceramic raw materials. Tile
samples alwlysed presented viscosity t-ariations depelldillg all the measurement process. Tile
results showed that differences ill sample prcparntion procedures cause significun! chnngc« ill the
rheological properties of suspensions. The traditional method of rheological charactcrizntion used
ill the laboratory does not represent the industrial preparation process. The change» ill the
rheological properties due to suspension preparation call be minimized iohen <atupte prcpnrntion
history is considered.

KEYWO RDS: sa m ple prepa ration, rh eology, rh eometry, vis cos ity, ce ram ic
suspensions, ceram ic slurries, ceram ic ra w m aterials .
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INTRODUCTION

The experimen tal methodology for rheol ogical measurements has a fund amen tal
importance for the charac terization of ceramic suspe nsions, with regard to scientific and
technological aspects. On one hand the measuremen ts sho uld accomplish a certa in level
of reprod ucibility and precision, on the othe r hand the measured va lues shou ld p roperl y
represent indust rial processing.

The rheological characte risti cs of slurr ies influence the quality of ceramic produc ts
mad e by we t grinding processes, which are em ployed in many p rocessing routes of
traditional and advanced ceramics. Usually a defloccu lant is added to the slurrv to ens ure
a high solids content, making th e drying process economically viable. In order to define
the optimu m amount of add itive, a defloccu lation curve is d etermined by ad d ing
increasi ng amounts of deflocculant to the slu rry and meas uring the respective viscosity.
The su itable amount of add itive to be used is usually associated w ith a certa in ran ge of
low viscosity in th e defloccu lat ion curve.

In this paper, the influence of the measurement p rocess on th e rheological beh aviour
of cera mic sus pe ns ions was ana lysed . Two expe rimental proced u res were compa red: a
traditional method and an al ternative one . Th e tradition al method represents th e
measurement process usually used in laboratory and th e alte rnative method represents
the measurement process proposed for th e rheological characterization of ceramic raw
materi als sim ula ting the ind us tr ial processing.

EXPERIMENTAL PROCED URE

Raw materi als of different cha rac teristics were selected to compose a typical m ixture
of a clay-based slurry for industrial applica tio ns, e.g. , for th e production of ceramic tiles.

Th e characteri zation of the powder raw ma terials was accomplishe d by X-rav
fluorescen ce (XRF, Phili ps, model PW2400) an d the mineralogical analysis b)' X-ra) '
di ffractometry X (XRD, Ph ilip s, model Xpert), using CuKu radiati on and Ni filter.
Qua ntifica tion of phases was performed by rational analys is, accord ing to the method of
Coel ho et al.!". Particl e size ana lys is was ca rried ou t by laser d iffrac tion (Cilas, model
1064L).

The raw materials were initial ly pa ssed through a 8 mm sieve in order to guarantee
good homogeneity. Moi sture of the sam p les was d etermined after heating at 110°C to
cons tant mass. Th e sa mples were w et milled in a ball mill till a residue from 4 to 5% on a
200-mesh sieve was rea ched. The grind ing media consisted of 1200 g of 20 mm di ameter
alumina sphe res .

The amoun ts of dehyd rated sodiu m silica te (Ma nchester, powder, 27% Na,O) used
as a deflocculant we re calcu la ted on a so lid drv mass ba sis. The viscosity measurements
were accom plishe d with a rot ational rheometer (Bohlin, model V88BV)' w ith con centric
cylinder geometry. Shear rates of 40 S· 1 were used, which correspond to the magnitude of
shea r rates in indust rial mixing and milling processes.

RESULTS AND DISCUSSION

Based on the che m ical and mineralogical ana lyses, the raw materials A, B and C can
be characterize d as clays. Clays A and B p resent relative ly hi gh amou nts of sintering aid
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ele ments (N a, K, Ca l. Clay B has a significant amount of illite, w hat mak es it a good p lastic
c1 av. Raw mater ial C is ch arac te rize d as a kaolin w ith a hi gh silica amou nt. Raw mater ia l
D p resents ap proxim ate ly 24% ~lgO d ue to its major ta lc phase. Raw materia ls E and F
are flu xin g clay min er als consisting of pot assium feldspar w ith a high amount of iron .
Raw m ateria l F als o presents good plasticity, due to the presence of 34% illite .

Th e rheological behaviour of the ra w m ater ia ls exhi bi ted va riations when sam p le
p repara tion proced ures were com pared . In the tra d itional and altern a tiv e sa m p le
preparations, the detl occulatio n curves of raw mate ria ls A, B, 0 and F are qu ite di stan t
from ea ch o ther. Raw mate rials C and E presented na rrower d istances between the cu rves.
Th ese tw o sa m p les con tained the hi ghest amou nt of the non-plastic phases qu artz and
feld spar, 56% and 64%, respect ive ly. Thus, the sa m ple prepara tion proced ure affecte d the
p last ic clayey mater ials more marked ly. Clay minerals typica lly have ad so rbed ions,
w h ich m igrat e to the liqu id phase when the clay particles are suspended in w ater-:", Thi s
leads the surfaces of clay p arti cles to be charged electrically, co n tribu ting to the
detloc cu lati on mechanism by electrosta tic repulsion!'!

At the same detlocculant concen tration, e.g. 0.05%, ra w materi a l A p resented mu ch
smaller viscosity values after traditiona l sa m ple prepara tio n co m p ared w ith the
alterna tiv e method . Thi s material p resented th e highest va lue for loss on ign it ion and was
the only one w ith calcite and p lag iocla se phases . Ap p aren tly som e floccu lating
cons tituen t of th is sa m p le w as washed out by the traditional p rocedure, m akin g the actio n
of the so d iu m silica te easier.

For the amount of defloccu lant correspond ing to the point o f lowest v iscos ity, raw
mater ials C and E presented quite close viscosity values . Th e min imu m viscos ity ob tai ned
for the detlocculation curve s of the raw mate ria l D (0.1 Pa-s} co rresponded to 0.02');,
detlocculant for the tra d itiona l and 0.15% for the a lterna tive method . Raw mate rial F, al so
at a viscosity of 0.1 Pa -s, p res ented an amoun t of 0.1% defloccu lan t for the traditional
me thod an d 0.25%, fo r th e a lternative method . No raw m ate ri al p resented
overd ef loccu lation across the range of additive add itions.

Particle s ize dist ribu tion was measured in the d efl oc culated condition. The
di str ibu tion cu rves p resented the same for m . Only ra w materia ls E and F presen ted a
sligh tly d iffere nt mean particle size. Even the sa m p les p repared traditionally, w hich have
undergone two grin d ing s teps, h ad no sig nificant m odification in particle si ze
d is tribu tion.

All the ra w materials analysed presented remarkably d ifferent deflocculation
behaviou r accord ing to the sam ple prepara tion method . The raw materials p repared by
the traditional met hod presented significan tly low er viscosity values compared with the
sa m p les prep ared by the alternati ve method. This fac t is also observed in indu st ria l
p rocesses.

The alternati ve met hod of sam ple p repara tion for viscosity mea surements proposed
here seems to better accomplish the process th at oc cu rs in ce ram ic in d us tr ies.
Com plementa ry experiments u sing the com bin ation of consti tuen ts in a ceramic mass
co m position should be per for med to con firm th is tendency.

Po - - 21 1



ill QUALI

REFERENCES

2002 CASTELL6:\ (SPAI:" )

III C COELHO, C A. SCOPEL,:-I. ROQ UEIRO A:"D D. HOT ZAo J. Mater, Sci. Lett., Vol. 20, 1\0.11 (2001), p. icu .
(2] P. POZZI A l'\D C. GALASSI: La Reologia dci Ma ter iali Ce rarnici Trad izionali (Facnza. Italy 199.f).

13) A. RAVAGLlOLl : Reologia Ceramica Ap plicate (Societa Cerdrnica lta liana, Italy 1990 ).

(-t ) J.5. REED: Princi ples of Ceramic Proces sing , 2nd cd. (\ \ 'iley, X ew York 1992).

l'os - 212


