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Abstract: A method is described for the preparation of magnesium carbonate
particles in a nonaqueous hydrocarbon environment. The particles were stabi-
lised in the colloidal sense by the adsorption of an alkyl-aryl sulphonic acid. The
particle morphology and particle-size distribution were examined by small-angle
neutron scattering. It was concluded thar the parricle strucrure was of the core-
shell type, with a core partigle of basic magnesium carbonate, radius ca. 40 A, and
a shell of thickness ca. 13 A. The results suggested that the latter was predomi-
nantly that of the alkyl-aryl part of the stabilising moiety.
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Introduction

Dispersions of inorganic materials in non-
aqueous media are widely used in industrial prac-
tice and, in this context, alkaline earth carbonates
stabilised by surface-active agents form an import-
ant group. They are frequently used as additives to
lubricating oils in order to neutralise acids formed
during the combustion of sulphur-containing fuel
in internal combustion engines. The technical as-
pects of this process have been considered else-
where [1-4].

From the viewpoint of the colloid scientist, they
form an interesting group of model dispersions that
contain particles of the core-shell type, i.e., a core
particle of the alkaline earth carbonate surrounded
by a shell of a surface-active agent. There is, there-
fore, considerable interest in the structure of the
particles, the origin of their colloid stability [5] and
their behaviour in concentrated dispersions [6].

In previous work, parts 1 to 4 [7-10], we have
investigated the nature and behaviour of calcium
carbonate particles stabilised by surface-active
agents in both aromatic and aliphatic hydrocar-
bons. It was found in this work that the size-range

GL 995

of the particles, and the magnitudes of the coherent
scattering length of the core and the shell made
them excellent systems for study by small-angle
neutron scattering. An additional useful feature
was the ability to examine the systems in mixtures
of hydrogenated and deuterated dispersion media
(7, 8, 11, 12].

In this work we have examined the preparation
and properties of magnesium carbonate particles
stabilised by an alkyl-aryl sulphonic acid in an
aliphatic hydrocarbon.

Experimental

Materials

b, g-octane was BDH laboratory grade material.

d,g-octane was obtained from the Aldrich Chemical Com-
pany as 98 + atom % D.

The methanol, acetone, heptane and toluene were all hydro-
genated-materials and were obtained as BDH laboratory grade
solvents.

The surface-active agent was an alkyl-aryl sulphonic acid of
molecular weight ca. 500. This material and a commercial-
grade hydrocarbon with a viscosity of 30 centistokes at 40 °C
were supplied by Exxon Chemical.
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Apparatus

This consisted of a round-bottomed flask equipped with five
inlets. Through the various inlets were inserted a copper-
constantan thermocouple, a stirring paddle, a gas-distribution
tube and a condenser. The thermocouple was connected to a
West Gardian temperature-control unit which monitored and
maintained the pre-selected reaction temperature. This was in
turn connected to the heating mantle which contained the

flask.

Preparation of magnesium carbonate dispersions

A mixture of an alkyl-aryl sulphonic acid (365 g) and tol-
uene (720 g) was placed in the reaction vessel and homogenised
by stirring. Methanol (13 g) was added and the temperature
was stabilised at 25 °C. Magnesium oxide (154 g) was added to
this mixture over a period of 10 min, during which time the
temperature rose and was stabilised at 40 °C once all the oxide
had been added. A solution of an amine cartalyst (89 g) was
then added, followed by a mixture of methanol (82.5 g) and
water (110 g). Carbon dioxide (175 g) was then passed through
the aerator in the mixture at a rate of 39 g/h. This was an
exothermic process and the temperature increased to above
60 °C. On completion of the carbonation, a commercial-grade
hydrocarbon solvent was added. The temperature was then
raised in a regulated manner and a condenser was fitted to the
reaction vessel for a distillation. The distillation process was
then continued under vacuum at a temperature of 165 °C for
105 min until the methanol, water and toluene had been driven
off. Finally, a small amount of filter-aid was added to the hot
mixture and it was filtered under pressure.

In order to concentrate the sample, the colloidal particles
were diluted by heptane and acetone added until the mixture
became turbid. The precipitate formed was centrifuged and
the supernatant discarded. The sediment was then rotary
evaporated to remove the heptane and acetone. The remaining
residue was a glassy form and by rtitration against
0.1 mol dm ™3 perchloric acid the concentration of magnesium
carbonate was found to be 47.5% wt/wt. The samples for
scattering studies were prepared by redispersing known
amounts of the solid material in appropriate mixtures of /-
octane and d,g-octane.

Small-angle neutron scattering

All the scattering measurements were carried out using
the LOQ diffractometer at the ISIS unit of the Rutherford-
Appleton Laboratory [13]. The samples were examined in
optical-quality quartz cells having a path length of 1 mm. LOQ
is a time-of-flight instrument operated from a pulsed source of
neutrons. An area detector 4.2 m from the sample collected
data for neutron wavelengths of 2.0-10.0 A. Afrer allowing for
the wavelength dependence of the sample transmission and the
detector efficiencies, absolute scattering intensities ¢ 2/ 00 were
obtained [13] as a function of Q. The scattering vector of
magnitude Q was defined by

O = 4msin (6/2)/ 4 (1)

with 0 being the scattering angle. The Q-range examined was
ca. 0.01 t0 0.23 AL

Concentric sphere particles

For this geometry the core particle can be defined (as
previously [7, 8]) as having a radius R, and a coherent neu-
tron-scattering length density of p., with an outer shell of
thickness d, and a coherent scattering length density p,. Thus,
the total radius of the particle Ry is given by R, + 6.

The basic scattering equation for the intensity of scattering
of a system of N, concentric-sphere particles can be written in
the form

dr N
E<Q) =

where p., is the coherent scarrering length density of the
medium. A, and A, arc defined by

p[(ps - pm) (AZ -

Ay =3V, [(sinQR, — OR, cos OR,)/Q°R?] , 3)
and

Ay = 3V1[(sin ORy — ORy cos OR1)/QO°R3] (4)
such that,

Vy=4n(R, +6)*3 and V,=4nR3/3. (5)

The volume fraction of the system can also be defined as
¢ = NpVT//(NpVT + Vi) =N Vi /V, (6)

for dilute dispersions with V,, being the volume of the disper-
sion medium.

Polydispersity

Polydispersity of the core particles was taken into account
using a zeroth-order log normal distribution, namely,

_expl — (InR, — In R,,)?/203]

2mY2 6y Ry, explo3/2) )

p(R.)

where p(R.) gives the proportion of core particles of radius R,
with R, the mean modal core radius and o, a parameter
describing the width and skewness of the distribution [14].

Results

Materials

The basic materials used in this work were par-
ticles of magnesium carbonate, an alkyl-aryl
sulphonic acid, h,g-octane and d,g-octane. The
chemical formulae and coherent neutron scattering
densities p for these materials are listed in Table 1.

SANS studies

The results obtained on samples containing 1%
of magnesium carbonate by weight in b, g-octane,
60% d-octane + 40% b, g-octane, 80% d,g-octane
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Table 1. Coherent neutron scattering densities, p

Material  Formula density/g cm ™3 p/10'%cm 2

Magnesium 3 MgCO;Mg(OH),

Carbonate  3H,0O 2.16 3.34
Surfactant  C3,Hs3803 7 1,00t 0.25
bis-octane CgH,g 0.7036 —0.524
dig-octane CgDq 0.815 6.44

Tapproximate value
tapproximate formula

+ 20% h,g-octane and d,g-octane are plotted in
Fig. 1 in the form of [dX (Q)/dQ] against Q.

The experimental data are shown as open circles
in the curves. These were fitted by a least-squares
procedure using the formula given by Eq. (2) with
due allowance for polydispersity of the core par-
ticles using Eq. (7). The continuous lines represent
the fits obtained. Data points at Q values below
0.01 A™! were rather “noisy” and were not in-
cluded in the fitting procedure. A value of 0.05 was
taken for ¢, but the curves were not very sensitive

4.0
a
{u (Q)} =
dQ
2.0~ _
0 | |
0.025 0.050 0.075 0.10
/&’
8.0
[ =4
d 1 (Q) P
'Y
4.0
0 ! |
0.025 0.050 0.075 0.10
QR

to variation of this quantity between 0.05 and 0.10.
The scattering length densities taken were those
listed in Table 1. Thus, the curves were fitted on the
two parameters R, and é and the values obtained
are listed in Table 2. A value of the intensity of
scattering at zero scattering vector, namely,
[dZ(0)/dQ] was also obtained from the fits and is
listed in Table 2.

The Guinier region

As shown in previous work [7, 8], by expansion
of the terms in Eq. (2) it can be shown that for
small values of QR 1, we can write, following Guin-
ier [15], that

dx [ dZ 2 2
<ES_2 <Q)> = (35 (O)>€XP( —R;07/3), (8)
where for a concentric sphere the radius of gyration

is given by

30(ps— Pm)RI — (pc — ps>R§}
R2=C . 9
! 5{(95_%1)1{%—(90_95)1{3 )
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I
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Fig. 1. Curves of [dZ(Q)/dQ] against Q for 1% w/w magnesium carbonate dispersions in /g-octane: d;g-octane systems

a) 100% h;g-octane, b) 60% d,g-octane, c) 80% d,g-octane, d) 100% d,4-octane. O, experimental results;

curve.

, fitred
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Table 2. Core-shell analysis

. o dX

Medium 0/10%m ™2 R /A /A 20 (0)
h,g-octane —0.524 39.0 12.3 1.85
60% d, g-octane 3.404 40.0 13.2 1.97
80% d,g-octane 4.88 40.9 13.2 6.23
dyg-octane 6.44 40.9 13.2 12.00
Average 40.2 13.0

Average Rp=532A
Table 3. Data from Guinier analysis

. 252 . dz

Medium RZ/A R,/A ¥ (O)
h,g-octane 912 30.2 1.63
60% d, g-octane 2580 50.8 2.19
80% d,g-octane 2006 44.8 6.16
d,g-octane 1964 44.3 12.75

Thus, as suggested by Guinier [15], a plot of
In[dX(Q)/dQ] against O allows values of RZ and
[dZ /dQ to be obtained. These values are 1isted
in Table 3. A plot of In[dZ(Q)/dQ2] against O i
given in Fig. 2.

Since p, and p, are volume properties the average
coherent scattering length density of a concentric
sphere particle can be written as

p=(psVe+p.Ve)/Vr s (10)

where V, is the volume of the adsorbed layer of
surfactant given by 4m(R3 — R2)/3.

It can also be shown that when p,, = p, the
contrast between the concentric sphere particle and
the dispersion medium is zero and, hence, the
intensity of scattering at Q = O reaches either a

minimum value reaches either a minimum value or
becomes zero. Hence, the value of p can be ob-
tained from a plot of [d¥(0)/dQ2)]}/? again Pm-
This is shown in Fig. 3 and gives a Value for p of
1.45%10'% cm ™2, . .

Taking the values of R, (40.2 A) and o (13 A)
together with the values of p, and p; listed in Table
1 gives a value of g, calculated from Eq. (10) as 1.45
x 101% cm ™2, which is in good agreement with the
experimental value.

From the theoretical discussion of small-angle
neutron scattering shown in a previous paper [7], it
was shown that a new quantity can be defined to
represent the deviation of § from the scattering
length density of the medium, namely,

P =P Pm> (11)
It then follows that
1
R2:R2T+ (pc_ﬁ)Rz\/c
g g ,DVT { gc
+(pe— IRV}, (12)

and for small particles this gives a reasonably linear
plot of R; against 1/p; (for larger particles see
[16]). The results obtained are plotted in Fig. 4. For
1/p = 0 then R} = RZ_ and, from the figure, this is
found to be 1700 A2 giving R, =41.2 A% More-
over, since R7 = SRZ /3 this glves a value for R of
53.2 + 2 A which can be compared with the aver-
age value obtained from Table 2. The experimental
error in the results made the slope and intercept on
the abscissa somewhat more uncertain than the
intercept on the ordinate; hence, calculations were
only made using the latter.

There appears to be a high degree of self-con-
sistency between the overall particle radius ob-
tained from a computer fit of the whole curve of

Fig. 2. Curves of In [dX(Q)/dQ] against Q?

for 1% w/w dispersions of magnesium carbon-

.0025

ate in b, g-octane: d;g-octane systems. (J, b g-
010 octane; A, 60% dg-octane; O, 80% dyg-
octane; @, d,g-octane.



606

Colloid and Polymer Science, Vol. 270 - No. 6 (1992)

pm/w70 em™?

Fig. 3. [dZ(0)/dQ]"? against coherent neutron-scattering
length of the medium, p,,. 1% w/w magnesium carbonate
dispersions; @, from Guinier plots; O, from fits to complete
curve.
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Fig. 4. R? against 1/p for magnesium carbonate dispersions,
1% w/w, in hydrocarbon media.

[d2(Q)/dQ] against Q using Eq. (2) and the ap-
plication of Guinier’s law to obtain values of R},
and thence the application of Eq. (12). This sug-
gests that within the approximations imposed by
the theory and the error on the experimental data
the results provide a useful assessment of the nature
of the particle.

Discussion

In the work described conversion of magnesium
oxide into magnesium carbonate by carbonation in
the presence of an alkyl aryl sulphonic acid in a
nonaqueous medium led to the formation of
a stable colloidal dispersion of magnesium car-
bonate. An interesting feature of the preparative
technique is that, whereas calcium carbonate
preparations of this type (7) are sensitive to over-

carbonation, the conversion of magnesium oxide to
the carbonate appears to stop naturally once the
amount of carbon dioxide required to form the
basic magnesium carbonate has been added. An
infra-red examination of the magnesium carbonate
dispersion showed a peak in the spectrum at
11.68 um which was assigned to the carbonate. The
spectrum was also consistent with the material
being amorphous and of composition 3 Mg
CO,; Mg(OH), 3 H,0 (20). Thus, this formula was
used to calculate the coherent neutron scattering
length  density of the basic carbonate.
As shown in Table 2 this was found to be
3.34x 10" cm ™2,

Analysis of the small-angle neutron scattering
data were made using the core-shell model de-
veloped previously (7, 8). This model, however,
makes a number of assumptions: that the core
material is homogeneous, that the shell material is
homogeneous, that no changes in the solvency of
the shell occur as the dispersion medium changes
from b, g-octane to djg-octane, and that if any
penetration of solvent into the shell occurs it has the
same composition as the dispersion medium. It is
also assumed that the boundary between the shell
and the core is a sharp one. The profile for such a
model is illustrated in Fig. 5 for the results ob-
tained, namely, a core radius of 40.2 £ 1A and a
shell thickness of 13 + 1 A. The values of the co-
herent scattering length densities taken for the core
and the dispersion medium seem to be firmly based.
The values for the surface-active agent are more
difficult to define precisely. The value taken was

071010 em™

20 L0 60 80
Radius/R

Fig. 5. Coherent scattering length density against distance
profile for:- , single shell + core model; — — —, double
shell + core model.
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that calculated for C;3Hs350;7, which was 0.25
x 101% cm 2. This assumed that the magnesium
atoms of the magnesium alkyl-aryl sulphonate
were part of the particle.

An alternative model is to assume a core particle
and two shells, one of the shells being Mg?™
(SO57),, and the outer shell being the alkyl aryl
hydrocarbon C;4H; . The profile for this model,
assuming the coherent scattering length density of
Mg?* (§O05;7), to be between 2.26 x 10 cm ™2
(density =0.90gcm™3) and 1.85x10'%cm™2
(density = 1.10 ¢ cm_3) and that of C3oHs; ™ to
be — 0.04 x 10'° cm ™2 gave the profile shown as a
dashed line in_Fig. 5; calculations using atomic
radii gave 6.8 A for the length of an Mg-O-S-O
unit. The two-shell model, however, introduces
two additional fitting parameters and was not pur-
sued further.

The fits to the core-single shell model gave con-
sistently, over a range of contrasts, a radius of
40.2 + 1 A and a shell thickness of 13 + 1 A. This
makes it quite clear that the particles have a core-
shell morphology and that the overall particle ra-
dius is 53 + 2 A. Two basically different methods
of analysis, that of fitting the experimental results
over the whole Q-range and that using the Guinier
approach ‘gave mutually consistent results. The
results were fitted using a polydispersity factor o,
of between 0.05 and 0.10, without significant differ-
ence to the fit. This suggested that the particle
distribution was rather narrow and is illustrated in
Fig. 6, which gives a size-distribution of core radii.
The parameters for this distribution were modal
core radius 40 A, mean core radius 40.6 A, and

25 T
20 —
pl Rc] C/o
15 f-
10
5 ——
| | L
30 40 50
R /R
<
Fig. 6. p(R.) against R, (see Eq. (7)) for a magnesium carbon-

ate dispersion (1% w/w) in d;g-octane.

oo = 0.10, giving a standard deviation on the mean
of 4.1%. .

The shell thickness of 13 A is smaller than an-
ticipated from earlier work on calcium carbonate
dispersions 7, 8] where the core particle radius was
found to be 22 +2 A and the layer thickness
18 + A. Thus, the core-size found for the magne-
sium carbonate particles is somewhat larger and
the layer thickness somewhat smaller. The reasons
for this difference are not completely clear, but it
can be speculated that the density of the layer on
the magnesium carbonate is lower and this is con-
nected with the presence of the water molecules in
the basic carbonate. Since the profile assumed in
the model is essentially an “optical”” one a lower
density would affect the thickness obtained, as
would the orientation of the molecules at the sur-
face.

From the value of R, for the core 40.2 A, and the
layer thickness 13 A, a Value of Ry can be obtamed
and, hence, the total particle volume V;. This was
found to be 6.31 x 10~ ' cm?, with a core volume
of 2.72x 107 cm?® and a shell volume of 3.59
X 107'? cm?. Since the molecular mass of the sur-
face-active agent was 500, it can be calculated that
the shell contains 432 molecules. The surface area
of the core particle is 2.03 x 10712 cm? and, hence,
the area occupied per surface-active ion is found to
be 47 A. This calculation is inevitably approximate
but the value obtained is not unreasonable for a
fairly close-packed layer of molecules with the
chains exposed to the hydrocarbon medium. In
earlier work a computer-simulation of the surface-
active ion (11) gave an area per molecule of 40 A2
and a minimum length of the chain as ca 16 A;
these are close to the values found. The molecule
was also found to have a wedge-shaped profile by
computer-modelling (17) and, as illustrated earlier
[7, 11], this may help the molecules to pack on a
spherical surface. It is possible that the packing on
a magnesium carbonate surface could be slightly
different from that of a calcium carbonate surface,
but as mentioned above, this is too fine a detail to
be drawn from the present results. The suggested
tight-packing and the fact that good fits were ob-
tained using the value of p, given in Table 1 would
suggest that octane molecules do not extensively
penetrate into the shell.

The present work supports the conclusion of our
previous work [2,7-10] and the more recent work
of others [18, 19] that small-angle neutron scatter-
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ing over a wide range of scattering vectors provides
a very useful means of characterising dispersions of
alkaline earth carbonates of small particle size in
nonaqueous media. The brownish colour of the
dispersions and the small range of scattering vec-
tors available using time-average light scattering
make it difficult to examine these systems by this
more conventional technique.
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