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Controlling the rheological properties of clay based slu rr ies is often indispensabl e in
ceramic processes. Liquidity at hi gh so lid con ten ts is high ly d esired to reduce energy
consumptio n during drying and constant viscosity val ues are necessar y to obta in a s tab le
manufactu ring pro cess. It has long been known tha t certain co m pou nds h ave a
p ronounced liquefyin g effect on clay / wa te r mixtures. Detloccul ants like w ate r glass,
humic aci ds, anionic p olyel ectrolyt es and ortho- and oligomeric phosphates are co m mon
agen ts for increa sin g the sol id con ten t of ceramic slu rr ies. Whereas the ca tio ns and
posit ive edge charges of the parti cles are responsible for coagul atio n of the negati ve ly
charged clay miner a l surfaces, several multivalent anions cou nterba la nce the coagulating
power of the cations. Systematically influencing the rheo logical properties of cla y / water
systems either in the direction of s tiffening or liquefy in g the sys tem needs pronounced
knowledge of the laws of clay and colloid ch emist ry.
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Sodium-montmorillonite from Wyoming, Kaolin from Cornwall and mi xtures of
both were investiga ted. Slurries were prepared an d mixed w ith sa lt solu tions of vary ing
concentrations. We compared the effec t of a large number of different anions suc h as
sod ium sa lts, their cor resp onding acids and the mixed sodium hydrogen salts . Viscosity
an d yield stress were determined as characte ristic rhe ological parameters with a rota tion
viscometer. Mob ility or ze ta p otential of the pa rt icles caused by the sum of edge and face
cha rges w as investigated by the elec trokinetic sonic amp litude method. Ad di tionally
adsorp tion isotherms of all species were recorded to observe correla tions between specific
adsorption and colloida l properties.

1-0-- 1 %
10 j-A- O.1 %

----~ I-=>- 0.01 %
--____ ---0 % I"-----• 0

1E-J 0.Q1 0.'

C phosphate [mmol/g]

Fig. 1. Ap parcll t piscosit.l/ (:fkao/il l slurries [pith addifioll of 0.01 to 1 ~{ p l/n' sodium-snon ttnorillonib: lit i lllrCIlSfllg
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Fig. 1 shows tha t just small amo unts of swellable clays prevent effective liquefaction
of kao lin slurr ies. Natural clays as raw materials for technical applicat ions are usually
mixtures of different clay minerals. Because each species gives rise to specia l reac tions it
is worth investigat ing first the pure compone nts and then trying to su m up the resu lts.

Pure Kao lin slu rries show the pronounced liquefying effect of multivalent ions up
to high sa lt con centrations caused by deil occulat ion. The rheological behaviour of kaol in
with the addition of some salts is shown in figure 2.
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Fig 2. Vi~co:, it.ll '1{~f kaolin ~lll rr iL',;; IPith increasillg conccntmttone (~f chlorid('~ , nitrates, plwsF/lllfcs and their corrcspolldiliS
acids 11IId mixed salts.

In some ca ses, viscosity increases again a t h igher sa lt concentra tions
('over-liquefying') becau se oi coagulation oi the particles. The influence oi diiieren t
anions is not only determined by the valency bu t a lso by the specific molecul ar pa ttern oi
th e su bs tance.

In the case of mon tmorillo nite, the ini tial s ta te of the high ly charged particles in the
slurry is a lread y di spersed . Th e solid con ten t, where gela tion occurs is only S %. Ad dition
of small amou nts of salts leads to a wea k decre ase in viscositv va lues. Thi s is a ttribu ted to
the electro viscous eiiect. The add ition of high er amounts a t concen tra tions abo ve a critica l
coagula tio n concentration gives rise to more viscous and pl asti c pastes o r stiif ge ls,
characte riz ed by the development of a yield st res s. Aga in, a ll these rheological eiiects a re
stro ng ly dependent on the nature and chem ical st ructure of the added salt an d the
structural sta te oi the clay I water system .

In te ractions of ions w ith surfaces are moni tored by adsorp tion iso therms. The
example oi fig ure 3 demonst rates that the adsorption of anions and ca tio ns on kaolin
infl uence each other, that an ions are adsorbed over the whole concentration ra nge and
sodi u m ions are adsorbed until satu ration is rea ched . There is no obvious correla tion with
the rh eologi cal behaviour.
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Fig. 3. Adsorption isotherms (~f phosphates Ol! kaolin; left anion adsorpt ion right cation ndsorl'titlll.
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