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Abstract
The present work describes a comparative study on a pool of 12 dispersants for the de-

agglomeration and stabilization of silicon carbide in aqueous suspensions with solids 

loading relevant for dip coating applications. As silicon carbide slurries may include 

sintering aids, different functional groups, molecular weight, and stabilization 

mechanisms were considered for the dispersants to be able to stabilize both slurry 

components. Additionally, pH effect, toxicity, additive compatibility, and foaming 

properties were considered, giving all the necessary information for developing new 

aqueous formulation of SiC suspensions, including advantages and disadvantages of the 

different candidates. Different de-agglomeration procedures, powder surface area and 

calcination temperature are also considered to study the effect of the SiC surface 

properties.

The outcome is that slurry stabilization provided by an alkaline environment at pH larger 

than 8-9 is significantly more effective than slurry stabilization by any of the tested 

dispersants. Alkaline environments facilitate a negative surface charge on SiC particles 

and provides a stable electrostatic stabilisation mechanism not observed in neutral or 

acidic environments. One among the dispersant candidates (FA 4404) seems to broaden A
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slightly the range of stability towards the acidic regime. Anionic surfactants or block co-

polymers tested exhibited no significant interaction with the SiC particles.

Keywords
Silicon carbide; dispersants; slurries, ceramic processing.

1. Introduction
The stabilisation of silicon carbide (SiC), in aqueous solutions, is well studied in the 

literature and many suitable dispersants have previously been suggested. Dispersants 

include tetramethylammonium hydroxide (TMAH) [1], polyvinylpyrrolidone (PVP) 

combined with polyacrylic acid [2] or the biodegradable polyaspartic acid [3], 

polyethylenimine (PEI) with [4] and without citric acid [5, 6] and various modifications of 

polyacrylates [7] and polymethacrylates [8]. Good stabilisation, without the use of a 

dispersant, has also been reported for alkaline environments [9].

Normally, these studies are, however, focused on a single or a very few dispersants and 

the comparison between results in different publications are not straight forward, because 

the surface properties are sensitive to the powder polymorph, the synthesis procedure, 

possible pre-treatments, the particle size distribution, and the supplier of the raw material. 

The wide range of available analysis techniques, which is used to assess the suspension 

stability, further complicates such a direct comparison. The complexity is further 

increased by differences in dispersant polymer chain lengths, degree of polymer 

branching and solid loading as exemplified with the measurement of zeta-potential in a 

PEI-based system [10]. Despite all these uncertainties, some general results can be 

extracted: The SiC powder has IEP in the pH range from 2 to 4 and a very negative zeta-

potential, suitable for electrostatic stabilisation, can be obtained when using alkaline 

conditions [9, 11]. A charge inversion, and a resulting large shift in the IEP, can be 

obtained by e.g. using PEI [6]. 

The surface properties of SiC are expected to depend strongly on the powder processing 

history as carbon-terminated surfaces have been reported to appear inert to water 

exposure in contrast to silica-terminated surfaces that attain substantial water coverage 

[11]. This might be a contributing cause for variations of the isoelectric point (IEP) in [12], A
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where IEP varied substantially due to a number of factors including the choice of powder 

polymorph (α- vs. -SiC) as well as pre-treatment and particle size distribution (PSD). A 

heat treatment or a leaching in an alkaline or an acidic solution can e.g. cause a change 

in the surface oxygen content and/or remove surface impurities [11]. Changing the PSD 

from micron sized to nanometric can cause significant changes in chemistry due to the 

rapidly increasing fraction of atoms at the surface relative to the bulk [13]. The structure 

of silanol-groups (Si-OH) covering SiC-surfaces, when in contact with water, has been 

suggested [10, 14] to be quite like the structure of silanol-groups covering silica surfaces 

[15]. Based on the qualitative similarities between characterisations of silicon, silica and 

SiC-powders by zeta-potential measurements [16, 17], it seems reasonable to assume 

that the negative surface charge of a SiC-particle in water will increase gradually from 

IEP at pH 2-3 until pH close to 9, past the pKa of Si-OH [18], at which point the surface 

has been fully de-protonated. Addition of a dispersant with a basic functional group will 

be able to form hydrogen bonds to the surface, hence be a good candidate for facilitating 

steric stabilisation of the particles. 

Modifications of the SiC surface by treatment with aluminium alkoxides [19] or aluminium 

nitrate [20] have also been attempted. The resulting coating offers a combination of 

improved sintering, through a liquid phase sintering additive [21, 22], as well as access to 

the many dispersants suitable for alumina.

Despite the effective dispersion of SiC at mild caustic conditions it is still interesting to 

facilitate dispersion in neutral or more acidic environments to being able to combine SiC-

powders with e.g. sintering or microstructure controlling aids. To our knowledge, the 

present work is the first example of a comparative approach investigating many 

dispersants with the same techniques in the same conditions and considering different 

pH values. The technical results regarding dispersing properties were further 

complemented by considerations regarding toxicity, compatibility with other processing 

additives and foaming properties. Therefore, this work provides a good overview on the 

performance of the dispersants and a direct comparison on their effect and significance in 

the entire pH spectrum. In the view of planning a new aqueous formulation for SiC 

processing and eventually upscaling, the information here collected aims at enabling an 

informed choice on the advantages and disadvantages of the different candidates, which 

is particularly relevant if SiC powders are to be processed together with other powders, A
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for which stabilisation at pH around 9 is not necessarily a preferred option. In analogy to 

a strategy commonly used in the paint industry to disperse particles with different surface 

chemistry, anionic surfactants and block co-polymer dispersants are tested for SiC.

The dispersants chosen for the initial experimental screening include a variety of 

molecules (including polymers) with different functional groups and different molecular 

weights. Some products were suggested by suppliers, some were dispersing molecules 

working successfully on other ceramic materials and some are candidates described in 

current literature for SiC. In combination, the candidates cover a range varying from 

almost purely electrostatic to almost purely steric in their expected mode of stabilisation. 

For example, TMAH was shown to stabilize dispersion of SiC by electrostatic mechanism 

[1], PEI by steric or electro-steric mechanism depending on the polymer ionization [5, 6 

and 10]. The commercial products as Zephrym and Anti-Terra-250 (all described below) 

most likely base their effect on a steric mechanism or electro-steric (depending on pH) as 

they contain acrylic co-polymers and high molecular weight acidic polymers.

Though many dispersants have been suggested in literature, some are less promising 

when also considering environmental and toxicological aspects.

For dispersants, such as PEI and TMAH, concerns regarding toxicity and environmental 

impact are considerable. PEI is listed as “toxic to aquatic life with long lasting effects, 

harmful if swallowed, causes serious eye damage and may cause an allergic skin 

reaction” [23]. TMAH is listed as “fatal if swallowed, fatal in contact with skin, causes 

damage to organs, causes severe skin burns and eye damage, toxic to aquatic life with 

long lasting effects and causes serious eye damage” [24].

Issues, such as additive incompatibility, also must be considered. Examples are 

competitive adsorption between binder and dispersant resulting in a segregation of binder 

to the surface [25] or recrystallisation of binder and/or plasticiser exsolution due to 

chemical incompatibilities [26, 27].

Foam creation is also a major concern, in water-based systems, which might have to be 

mitigated by the addition of defoaming or antifoaming agents [28]. Addition of further 

chemicals, however, increases the risk of cross-interactions and is thus preferably 

avoided.

Despite toxicity, TMAH and PEI were included as candidates to compare directly our 

results with the current literature. Some dispersants were included as they were A
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suggested by their respective suppliers: Zephrym PD 3315 and Zephrym PD 4913 (PD 

3315 and PD 4913, acrylic copolymers), Zephrym PD 7000 (PD 7000, a polyoxyalkylene 

amine derivative), Disperbyk-199 (DB-199, a solution of a copolymer with pigment affinic 

groups), Anti-Terra-250 (AT-250, a solution of an alkylolammonium salt of a high 

molecular weight acidic polymer) and Dispex Ultra FA 4404 (FA 4404, a mixture of 2-

aminoethanol and (1-hydroxy-1-phosphonoethyl)phosphonic acid).

Pluronic P 123 (P 123) was chosen as an example of a general-purpose block copolymer 

while PVP has previously been tested together with polyacrylic acid and polyaspartic 

acid.

Tributyl citrate (TBC) and glycerol triacetate (GTA) have both previously been found to 

enhance the zeta-potential of yttria stabilised zirconia in ethanol [27]. These were 

considered interesting due to the inherent large zeta-potential of SiC at alkaline 

conditions especially when considering the increased dielectric constant of water relative 

to ethanol. The solubility in water is however rather limited forcing these dispersants to go 

either to the powder surface or to form a separate liquid phase.

A blank without dispersant was also included as a further reference.

The dispersing properties were investigated by measuring zeta-potential as a function of 

pH as well as sedimentation properties and PSDs at selected conditions. This 

combination has previously been used to distinguish between dispersants acting by a 

steric and/or electrostatic mechanism as well as to evaluate the long-term stability of a 

suspension and the ability of a dispersant to break down agglomerates into primary 

particles [29]. All the experiments have been conducted with slurries having SiC solid 

load relevant for dip/coating applications. Limited beneficial effects of the tested 

dispersants was observed in these conditions, but the situation might turn out different at 

higher solids loading [30].

For the processing to become comparable to large-scale processing in e.g. industry it has 

been decided to use alumina-beads as milling media during all dispersion experiments. 

Possible contamination of the powders with aluminium hydroxide has been deemed 

negligible based on previous results [19], which showed that a substantial coverage of 

SiC-particles with Al(OH)x is necessary to influence and change the surface properties 

from a silica-like surface to an alumina-like surface. Additionally, a set of experiments 

were undertaken to verify the validity of this assumption also in the present setting.A
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2. Experimental

2.1. Materials
As dispersants tributyl citrate (≥97.0 %), glycerol triacetate (99 %), Pluronic P 123, 

polyvinylpyrrolidone (MW 10 k) and a tetramethylammonium hydroxide solution (25 wt. % 

in H2O) were obtained from Sigma-Aldrich and polyethyleneimine (branched, MW 10 k, 

99%) from Alfa Aesar. Zephrym PD 3315, Zephrym PD 4913 and Zephrym PD 7000 

were supplied by Croda, Anti-Terra-250 and Disperbyk-199 by BYK and Dispex Ultra FA 

4404 by BASF.

α-SiC powders with specific surface areas ranging from 7.5 – 22.5 m2/g were obtained 

from two different commercial suppliers.

As binders PVP (Mw 40 k) was obtained from Sigma-Aldrich and a partially hydrolysed 

polyvinyl alcohol (PVA, Mowiol 4-88, Mw 31 k, 86.7 – 88.7 mol% hydrolysis) was supplied 

by Kuraray.

As buffer solutions (citric acid/NaOH/HCl) pH 2.00 (20°C) Certipur and 

(B(OH)3/KCl/NaOH) pH 9.00 (25°C) Certipur were both purchased from Sigma-Aldrich.

Milli-Q water was used as solvent.

2.2. Assessment of dispersing properties
Initially the effect of the milling procedure was compared with the effect of ultrasonication 

for durations up to 20 minutes. This was done to ensure that no detrimental effects would 

be introduced due to the milling procedure.

For the subsequent initial screening of the efficiency of all the 12 dispersants, only 

sedimentation speed and final packing were evaluated. For the tests at native pH, 90 g of 

Milli-Q water was mixed with each dispersant (1 - 10 w/w% dispersant relative to the SiC 

powder), followed by addition of 10 g of a high surface area SiC powder (supplier 2, BET 

surface area of 22.6 m2/g). For the tests in acidic and alkaline conditions, the 

suspensions were prepared similarly, but buffer solutions at pH 2 and at pH 9 were 

respectively used instead of Milli-Q water. All suspensions were milled for 24 hours at 

200 rpm in a 250 mL PE-bottle using 100 g of spherical 3 mm alumina milling beads.A
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The pH of all solutions was tested using pH-indicator paper to estimate the actual 

suspension pH, as both the dispersants and the powder can potentially affect the solution 

pH (e.g. PEI and TMAH are strongly alkaline).

TBC (4 w/w%), PD 4913 (2 w/w%), PD 7000 (2 w/w%) and FA 4404 (1 w/w%) were 

selected for a more thorough investigation. This investigation included measuring zeta-

potential as a function of pH as well as the sedimentation properties and the PSDs at 

selected conditions.

For these samples, milling for 24 h at 200 rpm in a 2 L PE bottle was used. First 675 g of 

Milli-Q water was mixed with the dispersant followed by addition of 75 g of SiC powder 

(supplier 2, BET surface area of 22.6 m2/g) and finally 1125 g of spherical 10 mm 

alumina milling beads. Thereafter the powder was further homogenised without milling 

beads for 24 h at 100 rpm before measuring.

Each sample was divided into two equal portions. For the first portion the zeta-potential 

was measured while titrating until pH 2 using HCl. Similarly, the second portion is titrated 

until pH 10 using NaOH.

Samples for sedimentation tests and particle size determination were extracted at regular 

pH intervals after stable pH conditions had been reached.

2.2.1. Sedimentation speed and final packing
Sedimentation studies were performed with a Turbiscan Lab (Formulaction, France) 

using the Turbisoft software version 2.1.0.52. Essentially the setup follows the position of 

the sedimentation front as a function of time with high precision and this can be used to 

evaluate the overall stability of a suspension as described elsewhere (29).

2.2.2. Zeta-potential
Zeta-potentials were determined measuring the Electrokinetic Sonic Amplitude (ESA) 

with the instrument ZetaProbe Analyzer (Colloidal Dynamic LLC, USA). The 

measurement can be used to assess the extent of electrostatic stabilisation as described 

elsewhere (29).

2.2.3. Particle sizingA
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The PSDs were analysed both using a Beckman Coulter LS 13320 and a Microtrac 

S3500 with each choice providing its benefits and weaknesses. The Beckman Coulter is 

onsite, providing sampling immediately after milling but does not allow for pH changes in 

the measuring chamber. This can cause agglomeration when mixing the sample into a 

large water reservoir with a different pH. For the Microtrac S3500 transport to another 

facility was needed but in this case, pH could be adjusted in the measuring chamber. 

After transportation, the samples were set to roll again for one hour before 

measurements. Even though the results collected are not directly comparable because 

they are affected by the above-mentioned experimental limitations, they still give good 

indications on the suspension stability status.

2.2.4. Specific surface area
Specific surface area was measured by gas adsorption measurements by BET method 

with a Quantachrome Autosorb 1 after degassing for 300 °C for 3 hours and surface 

absorption with krypton gas. The values measured were in good agreement with those 

provided by the suppliers.

2.2.5. Binder dispersant interactions
The potential applicability of each dispersant was further validated by assessing the 

compatibility with two different binders commonly used for water-based processing: PVP 

and PVA. 1:10 ratio between dispersant and binder was chosen based on a review by 

Hotza [31]. The chosen ratio is in the high end, meaning that if unfavourable interactions 

are not observed the chosen binder and dispersant should be compatible in the intervals 

actually used. A plasticiser was omitted to keep the system simple and avoid further 

cross-interactions [26].

The samples for this semi-empirical test were prepared by mixing 1.0 g of dispersant into 

250 g of water. Upon complete mixing, 10 g of binder was added. This mixture was 

homogenised overnight using a roller rack set to 200 rpm. The mixtures were then 

poured into a plastic mould and left to dry before further examination. Upon drying, the 

formed layers were investigated for transparency, as an opaque appearance indicates an 

unwanted binder recrystallisation due to phase segregation. Flexibility was also assessed A
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to evaluate the possible need for a plasticiser. A reference sample without any added 

dispersant was prepared for both binders.

3. Results and discussion

3.1. Initial verification of milling procedure
Dispersing particles of a high surface area SiC powder through extended energy-input by 

ultra-sonic waves has been shown in Figure 1. It may be observed that presence of 

coarser powder agglomerates is disappearing after 15 minutes ultra-sonic agitation and 

that extending time until 20 minutes does not change the particle size distribution 

significantly.

Figure 1 also illustrates that the particle size distributions obtained from milling with 

alumina beads, like undertaken in the dispersion procedure, coincides with the particle 

size distribution of the same powder, ultra-sonicated for 20 minutes.

a) b)

Having established and verified the procedure for ultra-sonication, the zeta-potential of 

the three samples showed in Figure 1b were measured as a function of pH. The results 

are shown in Figure 2 and when taking the experimental scatter into account they seem 

to verify the absence of significant behavioural differences when comparing milled 

powder with ultra-sonicated powder, confirming absence of Al(OH)x contamination on the 

SiC surface due to the milling beads.

3.2. SiC powder
Due to the spread in the reported IEP, mentioned in the introduction, an investigation into 

the effect of surface area, manufacturer and surface treatment was carried out. As seen 

from Figure 3a there is only a little difference in the zeta-potential curves between SiC 

produced by the two manufacturers (labelled as S1 and S2 in the legend) whereas a 

significant variation is visible with the powder surface area. In fact, the IEP shifts in the A
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range from ≈ 2.5 to ≈ 4.5, with high surface area powders having smaller IEP, close to 

IEP of silica surfaces. Heat treatments at 550 °C in air further shift the IEP towards lower 

values, as visible in Figure 3b for the high surface area powder from both manufacturers. 

Variations were also observed on the native pH of the SiC suspensions prepared with 

different surface area powders, showing that some powders have slightly acidic other 

basic properties. These variations in zeta-potential, IEP and native pH of the different SiC 

raw powders can explain much of the data span found in literature.

3.3. Dispersing agents
From the initial screening on a large range of dispersants, some general trends can be 

extracted from Figure 4. Firstly, a rapid sedimentation (Figure 4a) and a poor packing 

(Figure 4b) are observed for all dispersing agents at pH 2. Secondly, for samples 

prepared at a pH of 6 and above rather slow sedimentation and good packing is 

observed and little variation in the sedimentation rate is observed when increasing the pH 

from 6. Thirdly, there seems to be limited influence of the dispersant at all pH values. 

Finally, there is a rather larger spread in sedimentation rate and packing for samples 

prepared at pH 2 but this could be attributed to rapid sedimentation and poor sampling 

reproducibility as also observed during PSD determination. The spread is thus rather due 

to sampling issues than to genuine differences between the samples at these conditions. 

Even dispersants such as TMAH and PEI, which have both previously been reported as 

good candidates in the literature, do not seem to be remarkably better than the reference 

samples in the entire pH range, showing a predominant effect of pH, which affects the 

SiC particle charge, over other stabilization mechanisms.

It is remarkable that even when screening a rather large and varied group of dispersants 

none seem to add extra stability for SiC. At low pH all suspensions are unstable and at 

high pH it seems hard to add extra stability to an already very stable suspension.

For the more thorough study of specific dispersants TBC, PD 4913, PD 7000 and FA 

4404 were chosen. A blank sample without added dispersant was used as reference. The 

selected dispersants were chosen in order to have some variation in the functional 

groups and chemical properties of the candidates but also in order to include dispersants A
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which should act in an almost purely electrostatic way (TBC and FA 4404) as well as 

dispersants which might have an additional steric component (PD 4913 and PD 7000). 

PD 4913 is an acrylic copolymer and resembles the polyacrylates [7] and 

polymethacrylates previously studied [8]. PEI and TMAH were avoided as previously 

studied candidates due to the already mentioned issue with toxicity.

Furthermore, pH adjustment was performed by titration with HCl or NaOH to avoid 

possible interactions from the citric acid or the boric acid present in the buffers. Especially 

citric acid is of some concern as it has previously been shown to have an impact on the 

stabilisation when added together with PEI [4]. Neither HCl nor NaOH have any chelating 

effect or directional bonds and should solely modify the pH without any further interaction.

Nonetheless, as seen from Figure 5, there is little impact from using the dispersants 

when compared to the reference. Neither does the sedimentation rate decrease (Figure 

5a) nor does the cake packing increase (Figure 5b). The major effect is given by the pH, 

which provides slow sedimentation and good packing when its value approaches neutral 

conditions or turns alkaline. The small variations induced by the dispersants fall within the 

scattering range originating from sample preparation.

PSDs are shown in Figure 6. The PSD curves collected with the instrument Microtrac 

S3500 (with adjusted pH in the measuring chamber and after some transportation delay) 

are presented in Figure 6a. The data coming from the instrument Beckman Coulter right 

after sample preparation, but without pH adjustment are displayed in Figure 6b. Each 

graph contains the PSD for all dispersants in the 4 experiments compared with the 

control measurement. To guide the eye all the measurements performed at the same pH 

have the same colour (red for acidic, black for neutral and blue for basic conditions), but 

different markers. Despite the limitations encountered due to measuring procedures, the 

two instruments agree in the general results: 

1) The major difference in particle size originates from the variation in pH rather than from 

the different dispersants. 

2) At neutral and alkaline conditions, a predominant peak at approximately 0.4 µm 

corresponds to the mean diameter given by the powder supplier. 

3) At pH 2 the predominant peak is shifted towards larger diameters (1 – 3 µm). 

4) Tails or separate populations, towards large diameters, either emerge or become more 

dominant going from alkaline to neutral to acidic conditions, thus indicating the formation A
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of particle agglomerates. As sampling proved to be difficult for the very unstable acidic 

suspensions, we believe that the volume fractions of particles at larger diameters are 

somewhat underestimated although clearly visible in the PSDs. 

5) A tail is observed for the reference sample prepared at approximately pH 6 without 

dispersing agent but is not visible at pH 10. It is interesting to note the difference between 

PSD of pure SiC at pH 10 and the PSDs of all other samples in Figure 6, clearly 

highlighting the conclusion that the most efficient SiC-slurry stabilization is achieved by 

surface charging the SiC through de-protonation. indicating that a more alkaline 

environment is beneficial or even needed for stabilisation provided solely from pH 

adjustments

The effect of obscuration and of variations in the imaginary component of the refractive 

index (either directly for the Beckman Coulter or by marking the sample as absorbing for 

the Microtrac) was assessed. These changes had little impact. It was, however, observed 

that it was difficult to reproduce measurements at low pH even maintaining the same 

instrumental parameters, due to fast settling of large particles during sampling. This effect 

was irrespective of the used dispersant and sedimentation was also visible by eye.

To investigate the reasons for the limited effect of the added dispersants, the zeta-

potential was measured as a function of pH. As seen in Figure 7, the addition of the 

dispersants does not significantly shift the IEP or vary the zeta-potential values of the SiC 

suspensions. This indicates weak or no interaction between the dispersants and the 

powder explaining the absence of variation observed in the previous tests.

Only FA 4404, a mixture of 2-aminoethanol and (1-hydroxy-1-

phosphonoethyl)phosphonic acid, shifts the whole curve towards lower pH values 

compared to the reference, indicating some specific adsorption for this dispersant onto 

SiC. At this stage, no detailed investigation was undertaken to identify which functional 

group is responsible for the adsorption. However, based on the shift towards the acidic 

region and the change of IEP to below the values of silica surfaces [32], it may be 

suggested that the phosphonic acid is adsorbed to the SiC surfaces and then provides 

additional stabilization through de-protonation of one or more of its acid groups, hence 

just adding to the overall stabilization through electrostatic repulsion of the silicon carbide 

particles. The phosphonic acid is a relatively small molecule that cannot offer additional 

stabilization through steric hindrance between particles. Because of the increased A
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surface charge, this dispersant could extend the operational pH range by one or two units 

towards the acidic regime, and it will be highly interesting to investigate this in further 

studies, particularly to see if it is possible to work out a stabilization of silicon carbide 

slurries containing sintering aids based on metal oxides. 

For large zeta-potentials (││ > 30 mV) good stabilisation is expected through 

electrostatic repulsion [33]. The zeta-potentials measured at pH 6 are rather close to this 

limit and might not provide full stability to sub-micron agglomerates. This supports the 

large particle fraction seen for SiC especially without an added dispersant at neutral pH 

and supports that a truly alkaline environment is needed for proper electrostatic 

stabilisation. The zeta-potential stabilises between pH 7 and pH 8 which is consistent 

with earlier reported results suggesting a pH of at least 7 [9]. Besides the electrostatic 

forces measurable through the zeta-potential, a steric repulsion could also offer 

stabilisation. However, on evaluating PSD and sedimentation properties as shown in 

Figure 5, possible steric hindrance and particle repulsion from the polymeric PD 4913 

and PD 7000 seems to be absent, hence it is concluded that this stabilization mechanism 

is most likely absent and at least insignificant in comparison to the electrostatic 

stabilisation provided by surface charging.

In general, the variations in zeta-potential caused by varying the dispersant is 

comparable to that obtained by varying the powder surface area or applying a surface 

treatment. This infers that it can be hard to directly compare stability data and dispersant 

performance based on the data present in literature.

It can finally be noted that the formation of a thick and durable foam was observed at all 

pH values for PD 3315, PD 4913, DB-199, P 123 and AT-250. Therefore, these 

dispersants would require the introduction of a defoamer, possibly causing unwanted 

interactions between slurry components. The effect of a defoamer was not studied as a 

simple formulation, avoiding the above dispersants, seems preferable.

3.4. Interactions between dispersants and binders
Dried mixtures of each dispersant combined with PVP or PVA were evaluated by 

checking their transparency, as an increase in opacity is an indication of component 

incompatibility due to phase segregation. Table 1 collects the results of the observations, 

which shows unfavourable interactions for 5 of the 8 samples, indicating that binder and A
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dispersant incompatibilities are rather common, and that care should be taken regarding 

the use and loading of the dispersant.

All PVA-based samples had a reasonable flexibility allowing the sample to be lifted off the 

substrate in one piece. Therefore, this binder could possibly be used without the further 

addition of a plasticiser. On the other hand, all PVP-based samples appeared brittle and 

cracked when attempts were made to remove them from the substrate. This binder would 

thus need a plasticiser, possibly inducing further cross-interactions.

4. Conclusions
A comparative study was conducted to evaluate dispersing agents for SiC in the same 

conditions and with the same characterisation techniques in a large pH range (from 2 to 

10). The SiC suspensions were prepared at a medium-range solids loading, relevant for 

dip coating applications, with a pool of 12 dispersants with different structure, functional 

groups and molecular weight. The dispersing agents were evaluated also for their 

toxicity, environmental hazard and compatibility with binders commonly used in water-

based slurries. This work was performed for giving an overview on all the relevant 

information needed for defining an appropriate slurry formulation including PVA or PVP 

as binders.

Submicron SiC powder in aqueous slurries appears quite stable due to electrostatic 

repulsions when pH is raised above 6, in particular when reaching alkaline conditions at 

pH larger than 8. None of the dispersant candidates proved to be efficient at acidic 

conditions, and none could significantly improve the suspension stability provided by 

alkaline conditions. The dispersant FA 4404 seems to broaden the range of stability 

somewhat towards the acidic regime. A possible future investigation on this subject could 

better identify the adsorption mechanism and address the dispersant’s effect at higher 

SiC solid load in the slurries.

Compatibility tests, foaming issues and toxicity consideration show that it is important to 

be careful in choosing the dispersant and its amount used in slurry formulation. For the 

purpose of an industrial scale-up of SiC processing, simplicity, health and environmental 

protection are of paramount importance. In most cases, when the dispersant adds little 

benefit to the slurry stability, it might be beneficial to use pH adjustments only.A
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In addition, a number of different SiC powders were considered for evaluating the effect 

of surface area and pre-treatment on surface sensitive properties like zeta-potential and 

IEP. These tests were performed to investigate the range of variability given by the raw 

powders and the pre-treatments and to explore the possible variations that can be 

expected when referring to literature data. The variations observed between powders are 

comparable to those observed between dispersants making direct comparisons between 

different studies questionable.

Compatibility tests, foaming issues and toxicity consideration show that it is important to 

be careful in choosing the dispersant and the amount used in slurry formulation. In most 

cases, when the dispersant adds little benefit to the slurry stability, it might be beneficial 

to use pH adjustments only.
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Tables

Table 1: Interactions of the tested dispersants with the binders PVA and PVP.

PVA PVP

No dispersant Fully transparent Fully transparent

FA 4404 Some transparency Fully transparent

TBC Some transparency Fully transparent

PD 4913 Fully transparent Some transparency

PD 7000 Some transparency Some transparency

Figure captions

Figure 1: Particle size distributions of SiC-powder dispersed by milling or ultra-

sonication. a) PSD as function of increasing time with ultra-sonication and b) PSD of the A
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ultra-sonicated powder together with PSD of two batches milled using alumina beads 

according to the procedure outlined.

Figure 2: Zeta-potential as a function of pH for two samples of SiC powder milled using 

alumina beads and one sample of the same powder ultra-sonicated for 20 minutes.

Figure 3: Variation of zeta-potential and IEP with a) surface area and manufacturer and 

b) surface treatment.

Figure 4: Sedimentation rate a) and relative packing b) as a function of pH for a large 

range of dispersants. Dispersant loadings are relative to the SiC powder. Unbuffered 

suspension of PEI and TMAH are very alkaline (pH ≈ 11) when compared to the 

remaining dispersants (pH ≈ 6).

Figure 5: Sedimentation rate a) and relative packing b) as a function of pH for selected 

dispersants.

Figure 6: PSDs for selected dispersants prepared using a) a Microtrac S3500 and b) a 

Beckman Coulter LS 13320. The mean diameter provided by the supplier is marked with 

a dotted vertical line in both figures.

Figure 7: Zeta-potential as a function of pH for selected dispersants. 
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