JOURNAL OF MATERIALS SCIENCE35(2000) 391-397

Characterization of coated particulate fillers
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Stearic acid coated samples of porous and non-porous grades of magnesium hydroxide and
calcium carbonate have been characterized using diffuse reflectance infra red (DRIFT), and
X-ray photoelectron spectroscopy (XPS). Using DRIFT, the signal due to the reacted coating
reached a plateau at a coating level dependent on the filler surface area. XPS showed that
coating thickness increased with the amount of coating, slope changes being observed in
plots at lower levels of applied coating than those observed by DRIFT. The differences
between the measurements for the two techniques is attributed to their different sampling
depths. The FTIR having a greater sampling depth probes the internal surface area of the
agglomerates present in the porous material, whereas XPS does not. The surface chemistry
of the two types of coated filler is compared. © 2000 Kluwer Academic Publishers

1. Introduction 2. Experimental
The programme described here, focuses on the prd@.1. Filler coating
cess of filler coating, and the characterization of coated he fillers studied in detail were two ICI develop-
fillers. The effects of coatings on processing behavioument grades of magnesium hydroxide, one containing
and product properties have also been studied. porous, and one containing non-porous particles. Their
Dry coating is a widely used and cheap method ofsurface areas are listed in Table I, and SEM photographs
coating the surface of fillers. It is a single step pro-of the two magnesium hydroxides are shown in Fig. 1.
cess and does not require drying of the filler after ex-The porous grade is precipitated from sea water, and
posure to aqueous solutions. Despite the commercialonsists of tiny crystallites which cluster together to
importance of the process there appear to have bedorm aggregates, so that much of the surface area is
few published studies of the dry coating of particu-internal. The non-porous grade magnesium hydroxide
late fillers. X-ray photoelectron spectroscopy (XPS)was produced by recrystallization of the first grade to
and diffuse reflectance infra red (DRIFT) techniquesproduce crystals of controlled size and shape.
have been identified as appropriate for the characteri- The two fillers were coated using up to 14% by
zation of filler/coating interaction [1] but their use so weight of stearic acid.
far for coatings on particulate fillers has been fairly The magnesium hydroxides were coated using a
limited. The latter technique was used to investigatéNaring laboratory scale mixer; 100 g filler/stearic acid
the surface treatment of a variety of particulate fillersmixes were heated gradually (over a period of 24 min)
with silane surface coatings [2] and more recently forto 113°C using a rotor speed of 7000 rpm. To investi-
the study of surface modified aluminium hydroxide [3]. gate the applicability of the analysis methods to other
Feketeet al.[4] have used XPS to study the interaction systems, a commercial calcium carbonate was also ex-
between calcium carbonate and stearic acid, and haxamined. The calcium carbonate samples were coated
estimated coating thickness from the results producedvith stearic acid at ECC using a Cowlishaw mixer of
The use of both infra red spectroscopy and XPS for theimilar size to the Fielder. The charge was 1000 g and
analysis of silane treated talc has been reported [5]. the rotor speed was 3000 rpm; heating was carried out
In this work, the XPS and DRIFT results have beenfor 15 min to a temperature of 9C.
used combined to study the stearic acid coating of mag-
nesium hydroxide, and these techniques have also beé2. DRIFT analysis
used to investigate further the coating of calcium car-Filler coatings were analysed using a Nicolet 20DXC
bonate with stearic acid. Fourier Transform Infra Red spectrometer with a

0022-2461 © 2000 Kluwer Academic Publishers 391



(b) ST L

¥

Figure 1 Scanning electron micrographs of magnesium hydroxide samples. (a) Porous; (b) non-porous.

TABLE | Surface areas of fillefs values obtained are if anything an over-estimate of the
true values [10] for a uniform coating/hen photoelec-

i —1
Filler Surface area (fg ) trons are collected from a particulate filler there are a
Magnesium hydroxide (non-porous) 47 full range of take-off angles present. This has been the
Magnesium hydroxide (porous) 132 subject of detailed analysis [10]. The shallow take-off
Calcium carbonate (Polcarb 60) 3.3 angles, around the diameter of the particle in the plane

normal to the direction of photoemission, are not taken

into account if a simple flat model is used to estimate
coating thickness. If the particles are coated then the
diffuse reflectance accessory. The diffuse reflectancphotoelectrons are forced to take a longer path through

technique (DRIFT) was used to obtain quantitative asthe the coating at shallow angles. The error introduced

sessment of the coatings. One part of coated filler wass substantial. Neglecting the difference in attenuation

diluted with four parts of finely ground KBr in order length between coating and substrate also introduces
to obtain the DRIFT spectra. Spectra were analysed tsignificant error.

give quantitative data concerning coating levels.

@Measured by BET method.

2.3. X-ray photoelectron spectroscopy 3. Results and discussion
(XPS) 3.1. Magnesium hydroxides

XPS spectra were recorded on VG ESCALAB spec-FTIR spectra from uncoated magnesium hydroxide,
trometer using NKa radiation. The spectra were quan- and for the same filler coated with 0.5% to 4.5% stearic
tified by measurement of peak area following subtrac2cid are shown in Fig. 2. Various features can be ob-
tion of a Shirley type background. Correction was madeserved. A group of peaks, centred at about 2900'cm
for photoelectron cross-section [6], angular asymmetnflue to symmetric and asymmetric gtretching, in-
parameter [7] energy dependence of the inelastic meafeases with increased coating level. The sharp band at
free path [8] and the transmission of the energy analyse$697 cn1 ' is due to the OH group in the magnesium hy-
[9]. Time under the X-ray beam was minimised anddroxide, but the absence of a carbonyl stretching band
no signiﬁcant beam damage observed. Samp|es We@ about 1700 le showed that no unreacted stearic
placed in a tray to a depth of about 2 mm. Photoelecacid was detectable in any of the samples. A carboxy-
trons were collected at 9Qo the plane of the sample. late band could be detected at 1570¢m
The overall area analysed was approximately O_S,Cm The stearic acid had therefore reacted with the
providing an average surface Composition_ filler surface aCCOfding to the fOIIOWing equation:
Assuming that a surface coating is uniform then the
thickness of that coating may be estimated, for aflat su i
face, from the relative intensity of photoelectron peak  mg Mg
characteristic of substance and over layer respectively.
In the calculation of thickness we have taken the denThe area of the CH group of peaks was ratiod to that
sity of the coating to be equal to that of stearic acidof the OH peak from the substrate, and plotted against
(0.94 g cn1?) and the density of magnesium hydroxide coating level as shown in Fig. 3. It is seen that surface
to be 3.0 g cm®. Inelastic mean free paths in sub- saturation occurs at a coating level of 3%. Similar
strate and overlayer were estimated using semiempiresults for the porous grade of magnesium hydroxide
ical equations [8], the coatings being organic and theare shown in Fig. 4. Again a distinct slope change
substrate inorganic. For analysis of magnesium hydroxis seen at the same peak area ratio, but only when a
ide carbon 1s and magnesium 2p peaks were used. Aseating level of 7-8% is reached, consistent with the
sumption of a flat surface will tend to mean that thegreater surface area of this sample.

+  CH;(CHp)sCOOH —> CH3(CHCOO + M0

392



DRIFT SPECTRA OF COATED NON-POROUS MAGNISIUM HYDROXIDE
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Figure 2 DRIFT spectra of coated non-porous magnesium hydroxide.
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) . . . Figure 4 IR peak ratios for porous magnesium hydroxide coated with
Figure 3 IR peak ratios for non-porous magnesium hydroxide coatedStearic acid
with stearic acid. '

More recent results to be reported later have showisubstrate, was not readily detectable using the DRIFT
that a plateau is not detected when coating is carriechethod. An almost identical result was obtained even
outto higher concentrations using a larger scale (8 litrejvhen excess (15%) stearic acid was mixed with the
Fielder mixer. Itis postulated that due to the high sheaporous magnesium hydroxide. (DRIFT is especially
forces in the Waring the magnesium stearate producesensitive to organic coatings on reflective substrates
by surface reaction is abraded and lost, with the resulince the IR will perform a double pass through the
that a thicker surface coating is not built up. In thecoating.)
less severe conditions in the Fielder, loss of magnesium X-ray photoelectron spectroscopy results for the
stearate does not occur so readily. porous grade of magnesium hydroxide are shown in

The effect of coating temperature is shown in Fig. 5.Fig. 6. A progressive increase in the carbon 1s peak
The non-porous magnesium hydroxide was coated witlwith increased coating weight is detected. XPS data
an excess (4%) of stearic acid, and the spectrum conwere used to calculate coating thicknesses, assuming
pared with that of a cold mix of coating and the filler. uniform coating, for both the porous and non-porous
The CH; peaks were much weaker in the cold mix. It grades of magnesium hydroxide (Figs 7 and 8). The
was seen that unreacted acid, physically mixed with thenaximum thickness observed 2.4 nm) corresponded
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NON-POROUS Mg (OH) 2 COATED WITH 4X STEARIC ACID
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Figure 5 DRIFT spectra of non-porous magnesium hydroxide (a) using standard coating procedure; (b) after cold mixing.
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Figure 6 XPS traces for stearic acid coated porous magnesiumFlgureS_Coatmg_th|c‘kness for non-porous magnesium hydroxide
hydroxide. coated with stearic acid.
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approximately to the length of a fully extended acid coating levels in the FTIR plots than the XPS data. This
chain. The attenuation lengths for the photoelectronss because FTIR detects coating of the internal surface
involved depend on their kinetic energy and whetherof the aggregates which occurs after the outer surface
they are moving in the bulk filler or coating. The atten- has reacted.
uation lengths for all photoelectorns involved was in the
range 2—4 nm [10]. Thickness increased with coating
level, with a slope change being observed at about 1.298.2. Calcium carbonate
for non-porous magnesium hydroxide. This inflexion isThe infra-red spectrum of calcium carbonate itself is
expected to correspond to the completion of one monomore complex than that of magnesium hydroxide. The
molecular layer on the surface of the filler. If all of the free carbonate anion belongs to the,Bpace group,
acid added went to uniformly coat the filler then an ad-and theory predicts that there will be three fundamental
dition of 1.2% of acid to the non-porous filler would infra-red active bands in the spectra [11, 12]. The fun-
produce a coating thickness of 2.8 nm. This is highedamental bands at 713 ch(vs) and 877 cmt (v,) are
than the value calculated from the simple XPS modehssigned as the degenerate bend and out-of-plane bend
which could be due to the fact that magnesium stearateespectively. The large vibrational band from 1350-
is being lost from the surface by abrasion, which is1650 cnt? (v3) contains the fundamental degenerate
consistent with the results reported for the Fielder mixeistretching frequency at1419 cnr?.
earlier in this section. Non-uniformity in coatingwould  The additional bands are accounted for in terms of
also lead to an underestimate in coating thicknesses. combinations and overtones [13, 14]. The maxima at
For the porous filler, scanning electron microscopy2980, 2960(sh) and 2870 cthare the first overtone
(Fig. 1) shows that the particles consist of aggregate§v3) bands derived from the fundamental stretching
of individual platelets. XPS, with a sampling depth of (v3) vibration of the carbonate anions. The bands at
2-3 nm will only probe the outer surface of the ag-2580(sh) and 2520 cm are due to®; (1083 cntl) +
gregate, whereas infra red radiation will penetrate to a;) combination bands. The maximum at 1790¢m
depth of several microns into the aggregates. Thicknedsas been given a number of assignments, with the most
against coating level plots from XPS measurementglausible being a combination ofy(+ vy).
for the porous magnesium hydroxide show a change FTIR spectra for uncoated calcium carbonate and a
in slope at about 2% by weight of filler added. Sinceseries of coated samples are shown in Fig. 9. As with
XPS only probes the outer few nanometers then thisnagnesium hydroxide, a group of alkyl CH peaks is
probably indicates complete coverage of the outermosietected in the coated samples. However this band is
surfaces of the aggregates has been achieved at this lewlperimposed on an overtone band with the result that
of added acid. The changes in slope are seen at highaccurate measurement of the intensity of the CH band

ORIFT S8PECTRA OF COATED CALCIUM CARBONATE
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Figure 9 DRIFT spectra of coated calcium carbonate.
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Figure 10 XPS trace for uncoated calcium carbonate.
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Figure 11 DRIFT spectra of coated calcium carbonate after subtraction of uncoated calcium carbonate.

is not easy without careful spectral subtraction. XPSalso shows appreciable amounts of silicon, suggesting
spectra show that there is appreciable organic carbotie presence of silica/silicate. Clearly the interfacial
(as distinct from carbonate) present on the surface of thehemistry here is a great deal more complex than was
filler prior to coating although this is not immediately the case with the magnesium hydroxide.

obvious frominspection of the unsubtracted FTIR spec- The IR peaks due teCOO™ are also masked, due
trum (Fig. 9). The broad scan XPS spectrum (Fig. 10Xo the strong absorbance at 1419 dmHowever, if
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the uncoated spectrum is subtracted from those of theot immediately obvious without careful spectral sub-
coated fillers (Fig. 11), theCOO™ bands at 1576 and traction. Similar considerations also apply to detection
1540 cntt are then detectable. For the coated calciunof the stearate bands obscured by the carbonate stretch-
carbonates, a€0 band at 1701 cmt due to free acid ing frequency at 1419 cmi. Unlike for magnesium
could be detected, its intensity increasing with % acidhydroxide, unreacted acid is detected on the surface of
added. Results showed that in this case the stearic acttle calcium carbonate filler as coating level increases.
had partially reacted with the calcium carbonate sur-

face to form stearate. XPS measurements indicate that
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