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ABST RAC T

The ceramic production processes require rtJw ntatcrials ofgood qllality to ellSllre that titesc
mnterial« funct ion appropriately. Ccrm nist« 11I1I'e diffiwlties ill dell1l1l1dillg qllality of tlu: rtJw
material«fill' lack of 1Il0re detailed kllOwledge of l lu: rtJw materials role ill the properties of the [inat
product. Dispersi1lg agents arc importa1/ t raw materials, 'which arc 110t 'l'cry u-cil k llOWIl, added to
the ceramic SIlSPClISiollS to minimize the effect of panicles gatlterillg. Nowadays, sodilllll
tripolyplwspl1l7te is the ino«! widely Iltili:ed dctloccutant due to its good peljiJrlllallce; hotcerer, it
prcscnt« pllci llatiolls ill its deflocclllallt capacity. I II this work sodium tripolyplwspl1l7 tes produced
by diffe""lIt nutnuiacrurcrs were cOlllpared. The behariour of thc-« matrrial« was mlalysed by
ltydrtJ tioll aiut by the addition ofother oiuiitinc«. This dispersing agClI t Il'as characterized by X-ra!1
[utovcsccn cc spectroscopy, trith a ricu: to esta[llisltillg the presellce of inuntrities and determining
the content of P,D, 011 .1 Na,O. The amoun! of organic nuttier was taken ill considemt ion. The
idcntiiication of cry51aliilie structurc« H'as carried out by X-my diffrtJctioll, ichich is [u ndnntcntal,
l'eCil llse there are i l l nature differen t types of sodunn tripolypilOspl1l7te slmctll res with diffcrcu!
rltCiJlogical bclunnour. With regard to II/( , result», it was certified that its cffcctircncs« increases
with ltydrtJtioll 011.1 does not depelld all II IL' initia! crue tallinc structure or all the sodiusn
tripolyplwsp/1I7te type, ow! the presl'l1ce of the floccnlntion ion docs IWt inflncncc the dcilocculation
( tt rt 'cs.
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INTRODUCTION

The growing competition a mo ng industries, es pecially in the ceram ic sec to r, is a
factor tha t leads to scientific and technological developmen t with a view to ad d ressing the
most intimate loss points, wastes and efficiency in the production p rocess, so that quality
can be improved, product pri ces can be reduced and grea ter p rofi tability can be achi eved .
Qua lity contro l, mainly of the rheological properties, spec ifically viscosity, is fu ndamental
to ass ure the characteris tics and reproducibility of the p rocess step - mainly of glaze and
engobc slips, as well as final product performance. Howev er, predictin g so lu tion viscos ity
is more important th an contro lling it, as we ll as looking for a lte rnatives that improve
process e fficiency wi thout increasing cos ts.

The d eflocculants act on the pa rticles surface inhibiting gathering through attrac tion
forces . These forces can be fragile so that just ga thering or sed ime nts can be formed : or so
stro ng, so th at gatherings can be formed di spersibl e onl y with physical milling
processes.'!' To solve these problem s, ceramists use severa l types of orga nic ad d itives,
including, de flocculants or d ispersants.

Any subs tance whose ad d ition to a clay and water mixture makes the mass more
fluid is called a deflocculating agent, or simp ly, a defloccul an t. They can be hydroxid es of
mon ovalent cations, such as Na, K-, NH;, or sa lts o f these cations that undergo
hyd rolysis in an alka li (Na,CO,or Na,SiO,j, or can be organ ic colloids suc h as tannic acid,
humic acid or alkaline sa lts of these materials. In gene ral, the add ition of a defloccul ant
cha nges the clay to clay-Na, conseque ntly increasing the repulsion amo ng the particles
and decreasing suspension viscosity!"

The deflo cculant most w idely utili zed nowadays to p repare engobes and glazes is
sod iu m tr ipolyphosphate (STP) du e to its low cos t /bene fit rati o; however there are in
nature different types of sodi u m tripolyphosphate. whi ch have differen t crys talline
struc tu re and becau se of this they present different rheological beha viour. Sod iu m
tripolyphosphate ad sorbs onto the particles causi ng their repulsion due to the ele tros teric
stab iliza tion mechanism.

In this work sodi u m tripolyphosphate produced by d ifferen t manufacturers we re
compa red . The behaviour of these materi als was analysed by hydration and by the
ad d ition of othe r add itives .

SODIUM TRIPO LYPHOSPHATE (STP) STRUCTURE AND PROPERTIES

Sod ium tripolyphosphate or pe ntasodiu m triphosphate, Na,P,O ", is a pentasodium
sa lt of a tripolyphosphate anion. Th ree di stinct cry stalline st ruc tu res a re known: two are
an hyd rous and a third one is hexahydrated. Sod iu m tripolyphosphate is a highly efficient
defloccul ant and constitutes a parti cul ar case because it prod uces ve ry flu id slips with a
high so lids content. The action mechan ism uses the fact tha t the ph osphate anion is one
of those preferably ad sorbed on the clay particle, raisin g the negat ive charge and
conseque nt ly raising the Zeta potenti al, which contributes in a determinant mode to a
higher dispersant effect.

Sodi um tr ipolyphosphate (STP), as all the polyphosph ates, is a good d efloccu lating
age nt by acting in the follo win g way: it ad sorbs over the particles caus ing their repulsion
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d ue to the ele trosteric stabiliza tio n mechanism or elimi na tio n of the floccul ating ions,
such as Ca (II) or Ivlg (II), th rough the forma tion of stable complexes w ith these . In both
cases, it is necessary for the STP to d iss olve to make it effe ctive, since it is the anion P,0 ","
that is ac ting. Thus, the va riables that can change the so lu bi lity of the STP w ill affect its
detlocculating capaci ty.!HI

Penta sodium triphosphate, Na,P,O lO. is found in natu re in three crys ta lline
s tructu res , tw o of them anhvdro us and a third one hexah vd rated . The anhvdrous
structures are con sidered stabl~ at room tempera ture an d exis t w ith each ot her in na ture.
d iffering by the ionic coordination of their catio ns.

The anhyd rous structure II presen ts oc tahedral coordination of its oxy ge n while
anhydrous structure I p resents a tetrahedral shape. Th is means th at the a rrangement of its
sod iu m ato ms is su rrounded by four oxygen atoms. In both anhydrous st ructu res the
elec tros ta tic bond cat ion-anion forms a con tinu ou s th ree-d imensional net , bu t in the
st ruc ture II the arrangemen t is fl at, like a lea f.

The hexahvdrated structu re can be formed by the add ition of anv anhvd rous
structure to wa ter or by the hydrolysis of sod iu m trimctaphosphate in an a(kali s~lu tion.
A q u ick hydrolyti c degrada tio n of the pyro phosphate an d ph osph ates occurs at
ap p rox im atel y 1000" C. The salts of sod iu m tripolyphosphate are produced by thermal
deh yd ration by an in ti m ate mixt ure of p hospha te sa lts co n ta in ing a co rrec t
metal! phos phorus ratio . Although a g reat number of STP s are known, only the
pen tasodium ones are importan t. Th at is w hy a variety of com mercially prod ucts made
co me fro m phosp horic acid burnmg.!" .

The crysta lline structu re of the STP has d ifferent p roperties such as so lubility,
di ssolu tion, etc.; for exam p le, it is known th at anhyd rous structu re I is more soluble than
the anhydrous stru cture II. which is more so luble than the hexah vdrated forrn .!"

The hexahydrated st ructure can be converted to anhydro us s tructures if subjected to
thermal tre atment, w it hou t degradi ng th e so d ium tripolyphosphate and without
changing its properties. When subject ed to 330" C it form s the anhydrous structure II and
when subjected to 330" C it forms the anhydrous stru ctu re 1.101•

OBJECTIVE

Sod ium tripolyphosph ates are used in the stab ilizatio n of cera mic sus pens ions . In
this work , deflocc ula n ts p rod u ced by di ffe rent manufacturers were co m pa red ,
co ns idering the effec t of sod ium tripolyphospha te hvd ra tion before bei ng add ed to th e
sus pensions. In order to perform the tests, it was necessary to characterize d ifferen t
sod ium tripolyphosphates and to st udy how the variation of so me of thei r properties
affects the behaviour of su spens ions prepared w ith those add itives.

Th e crys ta lline s tructure of the sodium tripolyphos phate was analyzed by X-ray
diffraction, and it is a fundamental factor d ue to the exis tence of different struc tu res in
nature, which stro ngly a ffec t the rheological beh aviour of sus pens ions. Hydra tion stud ies
of the sodium tripolyphosphate allowed analyzing the formation of crystalline phases.
Co m mercially the m ost com mon process to obtain the sodi u m tr ipolvphosphate consists
o f ca lcina tio n or di sso lu tion of sod iu m phospha tes or sod ium pyrophospha tes .
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One type of commercial sodi um tripolyphosphates was cha racte rized in the present
work, supplied by two d ifferen t companies that market th is product and sell it to the main
Brazilian ceramic ind us tries. These sod ium tripolyphosphates we re refe renced TI'F 1 Y
TI'F 2.

To determine the deflocculat ing capacity of the sod ium tripolyphosphates, a
characterized kao lin su spension prepared wi th 60% solids conten t was used.

DISCUSSION AND RESULTS

Table 1 shows the chem ical ana lys is of the tw o types of sod ium tripolyphosphate
and it can be obse rved that significant differences exist between the ion qu antity that the
STl's form, with a given qu antity of Al,O" which for sample type 1 is almost double that
of sample type 2.

Using the table, it is possib le to calcu late the 1',0 ) Na,O ratio, because through the
period ic table, the molecular weight of 31',0 ,1 5Na,O=1.37 is calcu lated, and this value is
uti lized as the theoret ica l rati o o f "pho sphoru s and sodi um in the sod iu m
trip olyphosphate.

The 1',0 . 1 Na,O ratio for TI'F1 is 1.69 and for TPF2 is 1.42, which is closer to the
theoretica l value, so"tha t TPF1 presen ts a 1',0, 1 Nap ratio about 17% high er than TPF2,
due to the fact that TI'F1 can be formed by long cha in sod ium po lyphosphates with a
higher 1',0, 1 Na.O mass ratio, or can con tain other pho sp hates of a higher 1',0 , 1 Na.O
mass rat io besides sod ium tripolyph osph ates.

As both d iffer from the theoret ical value (1.69) and are quite dif ferent from each
othe r, their efficiencv as defloccu lants tends to be verv d ifferent, because some ions
present in the S'TPs act as flocculants in the suspensions, di sturbing the d ispersion , for
example, as happens with aluminium.

Compound TP F I TPf 2

AI:O , a.OHM 0.045

CaD 11 .0 1-1 0.02'"

F~:O , 0035 IU)29

K,O 0.055 0.0""

\lnO >0.0 1 0.0 13

~a:O 37.24 .J1.61W

P,O, 62.98.J 59. 158

SiO: 0.221 0. 131

Tin Xut detec ted NOI detected

~lgO >0.1 NOI detected

Table 1- Chemica/ Ill/Illy::.is of sodi llHI tripolypllOsplll1tt's.



CA STEL LO:--: ISPA I'J ) I!I QUALI ? 2002

As a p roposal to improve the STP effectiveness, a hydration was performed
accordi ng to the metho d de scribed above and to verify whe ther the hydration method
was efficient or not , X-ray difiraction was carried ou t, as shown by figures 1 and 2. This
was carried out for the two samples, ho wever as th e results are identical, only th e results
for TPFI are shown. Figure 1 shows only the anhydrous crystall ine phase of the STP and
figure 2 presents only th e hexahyd rated form of the STP, wh ich con firm that the proposed
hvdrati on method is efficient.
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Figure 1- TPF before Il ydration, ill natura.
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Figure 2- TPF after hydratioll.

To verify defloccula tion effectiveness, the cu rves were obtained of both products in
natura accordi ng to figure 3 and hyd rated, according figure 4. Figures 5 an d 6 present the
evolution of viscosity vs th e STPI and STP2 % ill nat ura and hydrated.
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Figure 6 - b 'oilltioll l~.f L'i:-' l l)sity .'s 5TP1 %ill natura and hydrated.

Fig/Ire 7 - ;Vlicrtlsraph l~.f 'hill-hydrated STP.

CONCLUSION

FigllreS - Aficrvsmph (~f It.udratcd 5TP

The hyd rat ion of sodium tri polyphospha te is a simple method and highl y efficient,
not requiring the u tilization of CIvIC as an additive to help the detlocculation.

The impurities tha t can be foun d do not significa ntly in tlu ence in its di spersing
capacity.

There are sod iu m tripolyphospha tes in the market with lots of impurities, which are
sold to ot her sec tors of the market, such as detergen t indust ries. For thi s reason, they have
lower p rices compared to those offe red to the ceramic industries . However, with
hyd ra tion these sodium tr ipolyphosphates can be utilized, prod uc ing savings in the price
of this raw material, and the cos t w ith wa te r can be com pensated w ith the w ater that is
alread y utili zed in the slips an d glaze mills, withou t inc reasing costs an d keepi ng id eal
v iscosity and density of the mixture, not cha nging the p rocess.

The m icrograph with 6000X magnifica tion clearly shows the d iffe ren ces be tween the
non-hyd rated and hydrated particles , w hic h give rise to the differences in thei r p roperties.
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