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Femc oxide of the highest analytrcal purny ‘was used to prepare products organophlhzed to
various extents with an aqueous'solution of ammonium stearate or a benzene solution of stearic
acid. The selection of the degiee of sorptive surface modification (organophilization) was made on
the basis of the results of preliminary sedimentation and sorption studies. The surface propertieés of
the products were mvestlgated by-immersion microcalorimetry. From - this, conclusions were drawn
as to the nature of the sorption, the specific surface area of the pigment, and the extent of coverage
of the surface. The sediment volumes of the organophilized products were determined in organic
media of different polamres Detailed studies were made of the rheological properties of concentrated
(coherent) suspensions in a paraffin oil medium of the products.organophilized to various degreés.
. The parameters calculated from the correlation between the Bingham flow limit and the concentra-
tion of the suspension proved characteristic of the structures of the suspensions. Correlations were
established between the results of adsorption; sedimentation and rheological examinations. )

Introduction

Suspensions in organic media are ﬁnding ever wider application in modern
technology. A knowledge of their properties is not only of interest from a theore-
tical aspect; it is also of fundamental importance during the preparation and use
of, among others, varnish paints, oil-based boring muds, lubricating greases and
metal-casting nucleus coating materials (black washes). The need often arises for,
the preparation of organosuspensions possessing suitable sedimentation constants
and rheological propertles (viscosity, flow limit, plasticity, tixotropy). For this task
to be fully achieved, it is absolutely necessary to know the basic laws that govem :
the sedimentation and structure-forming properties of suspensions.

In suspensmns in non-aqueous media the aggregation is generally more extensrve
than in suspensions in aqueous media. The explanation of this is that in the large
majority of cases particles with polar surfaces are suspended in a less polar, or
even an apolar medium, and consequently it is not possible for a lyosphere of appro-
priate thickness and Structure to develop, this lyosphere leading to a substantial
decrease in the interactions (adhesion forces) between the particles [1, 2].

"The condition for the formation of incoherent suspensions, that there is prac-
tically no interaction at all between the particles of the disperse part, is only rarely
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valid in the case of organosuspensions. Even at a relatively low suspension density,
the flow gives rise to a considerable hydrodynamic interaction (which is not con-
stant in space and time) between the particles. Generally accepted laws are available
in connection with the stability and rheological propemes of such incoherent or
semicoherent systems [3—5] ‘The same can by no means be said inconnection with
the structure-formmg, sedimentation and rheologlcal properties of 'coherent (struc-
tured) suspensions. At the same time, the majority of real suspensrons belong in
this group, for the forces between the particles’ (termed: adhesion forces below, in
accordance with BUZAGH [1]) cause aggregation leading to the development of a
looser or more compact structure at the suspension densities employed in practice.

Fundamental‘investigations on the structure-forming characteristics of organo-
suspensions have been reported by VoET [5], MCDOWELL and UsHER [6], ROSCOE
[7], PAREITT [8) and REHBINDER [9, 10]. ‘

The stability of the structure developing in a structured system is governed
by the number and strength of the binding points between the particles. The number
of binding points is determined by the spatial filling of the disperse part, and by
the dimensions and shape of the particles. The strengths of the linkages and the
tate of their reformation after their shearing are determined primarily by the par-
ticlé’— particle and the parficle — medium interactions, i.e. by the adhesion and the
lyophlhty If the lyophility of the particles of the disperse part towards the disper-
sion medium is increased, a decrease results in the magnitude of the adhesion forces
between, them, and hence in the structure-forming tendency of the system.” =

. "The lyophility and accordingly the properties of the structure developing in
suspension can be regulated in the case of a given disperse part by the use:of homo-
geneous. organic media ensuring different degrees of wetting, .and in the case of -
a ‘given disperse part and a given dispersion medium by the modification of the
jnterfacial ‘layer between the medium and the particles with ‘additives, generally
tensides (2, 11, 12].°

The 1nﬂuencmg of the sedimentation and rheological properties of suspensions
with tensides may be achieved in various ways:

(a) the lyosphere developrng on the surface of the pamcles may be altered
w1th tensides dissolved in the dispersion medium; or

“(b) -the particles of a hydrophilic disperse part, for example may be organo-
phrllzed by the adsorptlon or chemisorption of- tensrdes prror to the formanon
of the suspension. -

~ The lnterature [2, 8, 11—18) contains a reasonable number of research results
mvolvmg studies on the effects of the tensides dissolved in the _dispersion medium -
or ‘the tensides used for organophlllzatlon on the stability and rheological pro-
perties of suspénsions. However it is much rarer [18, 19] to find publications in which
investigations are made of the correlations between the interaction between the

dnsperse part and the tenside” (sorptlon), and the sedlmentatlon and rheologlcal
" properties of "the suspensions.

. We have. therefore studied what changes occur in the sedlmentatlon and rheolo-
gical prOpertles of ferric oxide.suspensions in a paraffin oil medium (otherW1se pre-
pared in a ﬁxed manner and with a fixed concentratxon) if: L

- (a) the’ stearic acid -used -to modrfy the mterface is drssolved in: the dlspersnon
medlum o e Cn

sy
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~ (b) the stearlc acid is sorbed onto the surface of the ferric oxide from a-benzene
medium -prior ta- preparatlon of. the suspension;

. (c) the ferric oxide in a water-i-propanol mixture is- prellmmarrly reacted wrth
the modrfymg stearate ion in the form of ammonium stearate. -

.. A choice may be.made from among these possibilities in, among others the
varnish paint industry, if the tensides are employed as dlspersmg, wetting or stabi-
lizing agents., ‘ . : :

O Experimental

Materials.- The ferric oxide used was Reanal Fe,O; of the highest analytical
purity, :with- a content of other oxides of less than 0.3%. The specific surface area
of the ferric-oxide was determined . with the BET method in a nitrogen atmosphere
and was found to be 7.0 m?/g; this value did not change essentially as a result of the
organophilization (surface modification). The dispersion medium was paraffin oil
of pharmacopoeial quality. Fluka stearic acid of the'highest analytical purity, and
ammonium stearate prepared from stearic acid’ and ammoma gas, were used as
wettmg agents and for organophilization. S

Methods. The surface of the ferric oxide was modlﬁed to various extents in a
10% suspension in benzene, by treatment with a 0.1% solution of stearic acid in
benzene. In order to avoid the disturbing effect of water bound on the surface [20],
before the suspension was prepared the ferric oxide was dried to constant weight
at 105°C in a vacuum drying-oven. The benzene was made anhydrous with metallic
sodium. In the organophilization with ammonium stearate, a 10% aqueous suspen-
sion was prepared from the ferric oxide ; an equivalent amount of ammonium stearate,
in the form of a 0.1% aqueous solution also containing 33% i-propanol, was added
to the suspension at 60°C during vigorous stirring. After the adsorptron equi-
librium had been established (a period of 48 h proved sufficient for this in both cases),
the ferric oxide was separated by centrifugation from the equlllbrrum solution, and
then washed several times with the solvent. The washings were combined with the
equilibrium solution. The organophilized samples were dried to constant weight at
60 °C.in a vacuum drying-oven, powdered, and passed through a DIN—30 sieve.

The rheologrcal 1nvest1gatrons were carried out with a Haake rotary viscosi-
meter, with the use of a two-slit, thermostatable measuring vessel. The shear gra-
dient was varied in the interval 1.62—262 sec™, in 10.stages. For the rheological
measurements the suspensions were prepared in an Erweka rotatable homogenizer
fitted with a closed agate vessel, in which the mild shear and homogemzatron are
ensured by a fairly large agate ball. The suspension concentration was in all cases
359 g/lOO g.

Results and discussion

- The effects of the quantrty of stearic acid or ammonium. stearate on the sedi-

mentatron propertres of ferric.oxide suspensions in a benzene medium are shown
in.-Fig. 1.. |

In pure benzene the ferrlc oxide gives a ‘loose” sediment with a large” volume,

the sedrmentatxon .occurs in_an aggregated manner, wnth a sharp mterface. As a
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consequence of the adhesion decrease resulting both from the stearic acid and from
the ammonium stearate, the sediment volume grows progressively smaller and the
sedimentation becomes diffuse in character. It is also striking that the effect of the
stearic acid is practically independent of the mode of its application. From the aspect
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Fig. 1. The effects of the quantity of stearic acid
or ammonium stearate on the sedimentation properties
of ferric oxidé suspensions in a benzene
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Fig. 2. The sedimentation rates of benzene suspensi-
ons of fetric oxide as functions of equilibrium con-
centration of stearic acid or ammonium stearate

of the sediment volume-diminishing
effect, it is irrelevant whether the
stearic acid is sorbed onto the sur-
face of the ferric oxide particles
and the suspension is then made in
benzene, or whether the same qu-
antity of stearic acid is dissolved
in the dispersion medium (benzene)
and hydrophilic ferric oxide is sus-
pended in it. However, if the stearate
ion reacts in the dissociated form
in. aqueous medium' with the sur-
face of the ferrici.oxide particles,
and after drying the organophilized
ferric oxide is suspended in an or-

‘ganic medium, then it is able to

exert a larger adhesnon—decreasmg
effect, and accordingly the sediment
volume too' naturally decreases to
a greater extent. ‘

" * These findings are supported by
the results of sedimentation rate stu-

" dies, which are illustrated in Fig. 2.

Fig. 2 shows the sedimentation

rates of benzene suspensions of

ferric oxide samples previously orga-

'nophlhzed with stearic acid or

ammonium stearate as functlons

" of the equilibrium concentration of
" 'stearic acid or ammonium stearate.
. In agreement with the data of ear-

lier authors [2, 22—24), the sedi-
merntation rate varies according to
a complex (minimum-maximum)
function with the quantity of the
tenside. This complex correlation
can be explained in that the sedi-
mentation rate is influenced not
only by the adhesion decrease res-
ulting from the action of the adsor-
bed stearic acid or stearate ion, but
at the same time by the disaggrega-
tion which takes place in parallel to

- this and by the increase in the



SEDIMENTATION AND RHEOLOGICAL CHARACTERISTICS OF FERRIC OXIDE SUSPENSIONS 201

-

number of particles per unit volume
too. Even so, however, it is quite
clear that the ferric oxide samples
organophilized with ammonium ste-
arate in aqueous medium give sus-
pensions \that are more stable and
sediment out at a substantially lower
rate than the- samples surface-trea-
ted with stearic acid.

The essential difference between

. the stearate adsorptions from the

organic and the aqueous media is -
shown by the adsorption-desorption

isotherms presented in Fig. 3.

On the basis of Fig. 3, it may
be stated that in the first short sec-
tion of the isotherms the equilibrium .
concentration is zero, and accor- Chemisorption of stearic acid
dingly irreversible sorption may be
assumed. During the further sorp-
tion of stearic acid the active sites : .
on the surface of the ferric oxide 0 20 30 40 50 60 70 80
particles rapidly become saturated Equilibrium concentrationmoliTdr?
and the adsorbed quantity increa-
ses. In this stage a considerable
proportion of the amount of stearic
acid -adsorbed may be removed :
from the surface by extraction with the solvent. Subsequently, the concentratlon
of the equilibrium solution gradually rises while the adsorbed quantity remains
practically unchanged.: The surface -coverage calculated from the BET surface area
of the adsorbent, the maximum amount chemisorbed and the surface area require-
ment of the stearic acid molecule (0.205 nm?), does not attain 100%.

In the course of the sorption of ammonium stearate the situation is different.
In this case, a measurable equilibrium concentration is already observed at compa-
ratively low adsorbed amounts. On proceeding towards hlgher equilibrium con-
centrations, however, here too there are gradual increases in the quantities of both
the reversibly and the 1rrever51bly bound stearate ion. At the same time, our cal-
culations indicate that the maximum quantity of chemisorbed stearate ensures total
monomolecular coverage of the surface.

We also used immersion microcalorimetry to investigate the surface character-
istics of the organophilized ferric oxide samples. These results will be reported
in our following publication. ' '

The effect of organophilization is 'manifested most markedly in the rheological
properties of the concentrated suspensions. The degree of organophilization of
the ferric oxide used for the rheological examinations was determined from the cha-
racteristic points. of the adsorption-desorption isotherms.

Flgure 4 deplcts the branches of the equilibrium flow curves of paraﬂin oil
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Fig. 3. The adsorption-desorption isotherm
of stearic acid and ammonium stearate
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suspensions of ferric oxxde organophlhzed to various-éxtents with- steanc acnd these
results bemg obtained at increasing shear gradient values: ™ - .
“Fig:"4"shows that the Bingham flow limit found by extrapolatlon of “the ﬁnal
linear section of the flow curve increases slightly ‘on the action-of 4 *$mall amount of
stearic acid, which is in good agreement with the variation “of the sedlmentatlon
rate values in Fig. 2."As the quantity of stearic acid chemnsorbed incréases, ‘the flow
limit progressively decreases to a limiting value. The plastic viscosity’ values arising
from the slopes of the linear sections do not vary “substantially with- the‘amount of
stearic acid.chemisorbed. Paraffin oil suspensions of the hydrophilic “fetric oxide
and of the ferric oxide organophilized to various extents. are otherwrse plastlc sys-

tems, and display practically no thlxotropy o . cen
- oo f
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Fzg 4. Rheologlcal curves of Fe,,Os organophlhzed wnth
. different quantities of steanc acid in paraffin oil

Essentlally totally 1dent1cal ﬂow curves were obtained when the stearic ac1d
was dissolved in paraffin oil and hydrophlhc ferric, ox1de was always used in the
suspension preparation.

If the: preliminary organophlllzatlon of the ferric oxide was carried out w1th
ammonium stearate in aqueous medium, under the same conditions the flow curves
span a substantlally larger shear stress interval (Fig. 5. . .

The. suspension prepared with the hydrophilic ferric oxide is a form-retammg
system possessmg a relatively high Bmgham flow limit (200 mNm‘Z) In the. case
of a given suspension concentration, an increase'in the amount of ammonium stearate
causes the suspension to become progressively dilutely fluid, and its flow limit falls
practically to zero. The adhesion decrease resulting from the organophilization,
and the disaggregation occurring in parallel, are well observable in the colour of
the suspensions t6o; this gradually changes from a dull light-red to ‘a shiny dark-red.

If the ammonium stearate'is ‘dissolved in increasing amourit in paraﬁin oil and
the hydrophilic ferric oxide is suspended in it, the effect of the ammonium stearate
is by no means so considerable. This is to'be seen in Fig: 6, where it may “readily be
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Fig. 5, Rheologlcal curves of Fe, O, organophlhzed with: dxﬁ‘erAen‘t
quantltles ‘of ammomum stearate in parafﬁn oil’ o
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* Fig. 6. Rheological curves of Fe,,Oﬁl in paraﬁ‘in oil in presence
of dlﬂ‘erent amounts of ammonjum ‘stearate

observed that the flow limit has a value of only about 55 mNm‘2 even for the
highest quantity of, ammonium stearate,

Fig. 7 shows together the equilibrium flow curves of paraffin oil suspensions of
the starting hydrophilic ferric oxide, and ferric oxides modified with the same quan-
tity of dissolved or preliminarily adsorbed: stearic acid or ammonium stearate. :
*  From Fig. 7 too it may be stated quite cledrly that thé mdst extensive flow’ limit
and plastic viscosity-decreasing effects can be obtained with the chemlsorbed ammo-
nium stearate. -3t
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Fig. 7. Rheologlcal curves showing the adsorbed and the added amounts
© of stearic acid and ammonium stearate

On the basis of the experimental results reported here, it may be said that
congrete conclusions concerning the ‘optimum- conditions of organophilization of
a pigment to be ‘ground into a given dispersion medium may be drawn from the
results of adsorption, sedimentation and rheological examinations that are relatively
simple to carry out. Our experimental results may serve as additional data in support
of the fact that-not only the correct choice of the nature and quantity of the pigment
and the tenside, but also the conditions of the pigment — tenside interaction exert
a substantial influence on the practically important characteristics of varnish paints.
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BJIMAHUE HOBEPXHOCT HOWU MOI[PI(DI/IKAI.II/IM OKCI/II[A )KEJIEBA .
HA CEAVIMEHTAIIMOHHLIE VI PEOJIOTMECKUE XAPAKTEPUCTUKU EI'O
. CYCIIEH3U B HEBOJHBIX CPEJAX

A. A. Aby-Da-Xaxum, A. baraxnc u @. Canmo

OXcHJ, %eje3a BLICOKOM. CTENCHM YMCTOTHI MCHOJB30BAJCA JUIA TONYHYEHHsS OPTaHO(DHIA30-

_ BAHHBLIX [0 Pa3HOM CTENEHH OPOXYKTOB. OpraHo(HIM3aLKMIO NPOBONH/IH CTEAPATOM AMMOHHS U3

. BOJHOM M CTEapHHOBOH KACIOTOH M3 GemsonbHOH cpenbl. [I0BEPXHOXTHEIE CsOHCTBA NPOAYKTOR

* GBI H3yYEHBI C IOMOLILIO MMMEPCHOHHON MUKpOKanopuMeTpuy. IIpoBeieHo OAPOBHOE HCCIENO-

BAHHE DPEONIOTHYECKHX CBOHUCTB KOHIEHTPHPOBAHHBIX CYCIEH3HH, OPraHO(MIM3OBaHHBIX O pa3s-

HBIX Ctemeneii o0pasiios, B cpeae napadgmuoBoro Macna. HalileRo xopoimee COOTBETCTBAE MEXAY
pe3ybTaTaMH AACOPOLHMOHHBIX, CEMMMEHTALMOHHBIX H PEOJIOTHYECKHX MCIBITAHHM,



