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Abstract: Silicon carbide (SiC), as a widely used material, has great properties. To improve the
flowability of ultrafine silicon carbide slurry, this study used sodium humate, tetramethylammonium
hydroxide (TMAH), and N-(3-monoaminoethyl)-y-aminopropyltrimethyl(ethoxysilane) (KH792)
to modify the ultrafine silicon carbide powder produced by Qingzhou Micro Powder Company.
The effects of different modifiers on improving the flowability of ultrafine silicon carbide slurry
were investigated by means of viscosity tests, sedimentation experiments, and SEM observations.
Their modification mechanisms were investigated by means of zeta potential tests, XPS tests, and
so on. In this paper, the initial modification of SiC was carried out with KH792, followed by the
secondary modification with anionic and cationic modifiers (tetramethylammonium hydroxide and
sodium humate), and the optimal modification conditions were investigated by means of a viscosity
test, which showed that the lowest viscosity of the modified SiC reached 0.076 Pa-s and that the
absolute maximum value of the zeta potential increased from 47.5 at the time of no modification to
63.7 (maximum values) at the time of modification. This means it has an improved surface charge,
which improves dispersion. The adsorption results of the modifier on the silicon carbide surface were
also demonstrated by the XPS test results.

Keywords: superfine SiC powders; surface modification; silane coupling agent

1. Introduction

Silicon carbide (SiC) is an inorganic substance that is mainly synthetic due to its low
natural content [1,2]. The most-used method is to put quartz sand, salt, coke and sawdust
together into the electric furnace, raise the temperature to 2000 degrees Celsius so that
the effective ingredients in the electric furnace (such as silicon dioxide, petroleum coke,
etc.) fully react through chemical methods to remove impurities, and a certain degree of
screening and crushing of the treatment. Through this method, one can obtain the finished
product of silicon carbide powder.

As an advanced material popular in recent years, silicon carbide is utilized in a wide
range of aerospace materials, military, semiconductor, electronic circuit components, and
other industrial fields because of its prominent thermal and electrical conductivity, high
stiffness, remarkable refractoriness, and chemical stability [3-7]. Due to their diversity
of uses, silicon carbide ceramics have a variety of molding methods [5,8-13], such as
injection molding, isostatic molding, roll molding, and slip casting [14,15]. Slip casting has
been extensively used in the production of silicon carbide ceramics in modern society due
to its advantages of low cost, high productivity, and easy-to-control distinctions [16-23].
Therefore, slip casting is being applied to a wide range of in the production process of
silicon carbide ceramics [24].
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On the other hand, a sintering process is also required in the preparation of silicon
carbide ceramics. In fact, there are various sintering methods for silicon carbide ceram-
ics [25], such as reaction sintering, unpressurized sintering, isostatic pressure sintering, and
recrystallization sintering. As an important variety of modern silicon carbide, recrystallized
silicon carbide has the advantages of excellent strength, good conductivity, high degree of
corrosion resistance, and high temperature resistance and is widely used in semiconduc-
tors, aerospace, and other fields. The embryonic density of recrystallized silicon carbide
seriously affects its performance, mainly due to its special sintering mechanism—the evap-
oration condensation mechanism. Therefore, improving the fluidity of the slurry during
the injection molding process—that is, decreasing the viscosity (viscosity < 1 pa-s) and
increasing the solid content of the slurry (solid content > 50 vol%)—is crucial for improving
the properties of recrystallized silicon carbide ceramic products. However, theoretically,
the increase in solid phase content is contradictory to the decrease in viscosity because of
the small particle size and high surface energy of the ultrafine silicon carbide powder. In
the liquid phase, unmodified silicon carbide powder particles are prone to agglomeration
between them. Therefore, in the production process of modern ultrafine silicon carbide
ceramics, it is important to prepare modified silicon carbide powder that is not easily
agglomerated and ultrafine silicon carbide ceramic slurry with good flowability. In fact,
for ultrafine recrystallized silicon carbide, it is extremely important to select a modifier for
ultrafine silicon carbide powder with the advantages of good performance, environmental
friendliness and easy control to improve the performance of ultrafine recrystallized silicon
carbide ceramics.

As a widely used modifier in recent years, silane coupling agent is mainly used for the
bridging reaction between inorganic surfaces and organic compounds, and its chemical
formula is usually RSiX3 [26] (X is usually a chlorine group, methoxy group, ethoxy group,
methoxyethoxy group, acetoxy group, etc., which can be hydrolyzed to form a silanol
group). In recent years, many scholars have studied the viscosity reduction effect of silane
coupling agents on ultrafine silicon carbide powders. In addition, tetramethylammonium
hydroxide (TMAH), as a strong organic alkaline compound, has been widely used in the
fields of polarographic analysis and surface modification of inorganic substances. In the
field of ultrafine silicon carbide modification, many scholars have studied the viscosity-
reducing effect of TMAH on silicon carbide [27]. In addition, sodium humate is an organic
polymer compound that is easily soluble in water and contains functional groups such
as benzene rings and carboxyl groups. It has a wide range of applications in the fields of
medicine and surface modification [28].

It is because of the excellent viscosity reduction ability of both TMAH and sodium
humate that TMAH and sodium humate were used in this paper for compounding with
silane coupling agent N-(f3-monoaminoethyl)-y-aminopropyltrimethyl(ethyl)oxy silane
(KH792), respectively, and a comparative study was carried out. In fact, this paper provides
an innovative report on the study of silane coupling agent compounded with different
modifiers such as sodium humate and TMAH to improve the flowability of ultrafine
silicon carbide slurry. In order to further investigate the effect of silane coupling agent
compound modifier on the surface of ultrafine silicon carbide powder, this paper used N-
(B-aminoethyl)-y-aminopropyltrimethoxysilane (NH, CH,CH, NHCH,CH,CH,Si(OCHs)3,
KH792) compounded with sodium humate (C9HgNayO4) and tetramethylammonium
hydroxide (C4H13NO, TMAH) were compounded to obtain modified ultrafine silicon
carbide powder with good fluidity and low viscosity. By comparing the modification effect
and mechanism of the above modifiers, a modifier with better modification effect was
screened out. On the other hand, the modification mechanism of the above modifiers was
also investigated in this paper. We carried out X-ray photoelectron spectroscopy (XRD)
analysis and other analytical means on the modified silicon carbide powder to investigate
the effect of the modifier on the surface morphology of ultrafine silicon carbide powder
and its modification mechanism. On this basis, the modification mechanism and effect of
the modifier were summarized and discussed. On the other hand, through the mechanism
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study, the reasons for the differences in the viscosity reduction effect of different modifiers
were analyzed.

2. Materials and Method
2.1. Materials

Two types of silicon carbide micropowders were used in this paper, one with a larger
particle size (D5p = 77.22 um) and the other with a smaller particle size (D5p = 1.595 um).
It is also worth mentioning that both silicon carbide powders used in this paper were
purchased from Qingzhou Micro Powder Co. (Qingzhou, China).

KH792 and tetramethylammonium hydroxide were purchased from Shanghai McLean
Reagent Company (Shanghai, China), and the sodium humate is sourced from a Chinese
company, the name of which is Shanghai Yaohua Chemical Corporation (Shanghai, China).
In addition, deionized water and 95 vol% ethanol/water solution were used in this paper.

2.2. Preparation of Modified SiC Powders

As shown in Figure 1, the modification process of ultrafine silicon carbide powder is
divided into the following. First, a certain mass of unmodified ultrafine SiC powder, silane
coupling agent KH792 and a certain mass of solvent (75% aqueous solution of ethanol)
are weighed and mixed into a three-necked flask containing a stirring rotor, and the three-
necked flask is placed on a magnetic stirrer for a certain time. The silicon carbide slurry
obtained was put into a centrifuge for centrifugation (3600 r, 5 min), and the centrifugal
product obtained was washed with deionized water to obtain the washed silicon carbide
slurry. The above steps were repeated three times, and the washed slurry was dried to
obtain the preliminary modified silicon carbide powder. Then, the preliminary modified
silicon carbide powder was mixed with a certain amount of water and modifiers, such as
TMAH and sodium humate, and then stirred, washed, and dried—in addition to other
steps (specific operation as above)—to obtain modified silicon carbide powder.
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Figure 1. Schematic diagram of silicon carbide powder modification experiment.

2.3. Laboratory and Characterization

In this paper, the particle size of the particles was measured using a laser particle
size analyzer (LT3600, Linkoptik Instruments Co., Ltd., Zhuhai, China), the viscosity of
the SiC slurry was measured using a viscometer (NDJ-85, Shanghai Changji Geological
Instrument Co., Shanghai, China), the physical phase compositions of the SiC powders
were measured using an X-ray diffractometer (XRD, D/Max-2400, Rigaku, Tokyo, Japan),
the morphology of the SiC before and after the modification was observed using a scanning
electron microscope (SEM, 5-4700, Hitachi, Chiyoda City, Japan), and the functional groups
and the chemical compositions on the surface of the SiC particles were measured via X-ray
photoelectron spectrometry (XPS, ESCALAB250, ThermoScientific, Waltham, MA, USA). In
addition, the stability of SiC powders was investigated via settling experiments, in which
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certain amounts of modified and unmodified SiC powders were dissolved in a solvent
contained in a measuring cylinder (deionized water was used in this paper and the volume
concentration of SiC powders was 10 vol%), the initial height of the liquid was recorded
(hp), and after a period of time of resting, the height of settling was recorded (h) and the
calculation of h/hy was used to assess the stability of the slurries.

3. Results and Discussions
3.1. Characterization of Unmodified Ultrafine SiC Micropowders

Firstly, this paper performed some characterization analysis of the unmodified SiC
powder, as shown in Figure 2. This paper carried out an XRD test, particle size analysis, and
an SEM test on the unmodified SiC powder, as can be seen in Figure 2a. The unmodified
SiC powder consisted of x-5iC and 3-SiC. On the other hand, as can be seen from Figure 2b,
the particle size distribution of unmodified SiC powder is uniform and specifically bimodal
in distribution, and the D5y of unmodified SiC powder used in this paper is 1.38 pm. As
can be seen from Figure 2¢, there are many agglomerations and larger particle sizes in the
microscopic morphology of unmodified SiC powder, which is mainly due to the fact that
the unmodified particles have high surface energy when the particle size is small, and there
is a tendency for agglomeration between particles through weak interaction forces.

8 150
@ M Beta-SiC (b) Volume
- A Alpha-siC Cumulative volume
A D$ D10 D30 D90 D93
o L Sizm)  03n 0412 1380 5825 7212
alii S
53
= 100 %
=] & £
= S E]
> =
z = g
z = 9
5 S =
c A u s =
A 0 g
- [ ] 5L @]
A A
A A a
L L L L :
s 0 0
2
0 10 60 80 " | 10
20 (degree)

Particle size (um)

Figure 2. Characterization of unmodified SiC powder, (a) XRD pattern, (b) particle size analysis
(c) SEM pattern.

3.2. Rheological and Stability Characterization of Modified SiC Slurry

In fact, viscosity test is used in this paper as an important parameter to measure
the flowability of ceramic pastes. The lower viscosity of the slurry represents its better
flowability. In this paper, several modifiers were selected to modify SiC powder under
different conditions and the best modification results were achieved.

Figure 3 shows the effect of different KH792 concentrations on the viscosity change
of SiC slurry at different rotational speeds when the solid-phase content of SiC is 35 vol%.
As can be seen from Figure 3, when the concentration of KH792 is low, the viscosity of SiC
slurry is high and its thixotropy is poor, and with the gradual increase in the amount of
KH792 added, the viscosity of SiC slurry firstly decreases and then increases. When the
addition amount of KH792 is 0.4 wt%, the viscosity of SiC slurry reaches the minimum,
and its minimum value is 1.51 Pa-s. The main reason for this phenomenon is actually that
when the concentration of KH792 is too low, the modifier fails to adsorb on the surface of
the SiC particles in large quantities, resulting in a low encapsulation rate of the modifier.
Thus, a good modification effect is not achieved [29]. However, when the concentration of
KH?792 is too high, the modifier molecules will undergo the reaction of self-entanglement
and self-polymerization in the liquid phase, which also leads to its hindering the dispersion
of the SiC powder particles, which in turn leads to the high viscosity of the SiC slurry.
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Figure 3. Viscosity of KH792-modified SiC powder slurry at different concentrations.

It is well known that the surface of SiC generates an oxidized layer after prolonged
contact with air, and its main functional groups are Si-OH and Si-O-5i (which depends on
the acidity or alkalinity of the environment) [5,30]. Figure 4 shows the molecular structural
formula of KH792, the presence of -NH, and Si-OH at its terminus provides the possibility
of binding on the surface of SiC particles. When KH792 comes in contact with water, it
will undergo a hydrolysis reaction and generate a large amount of Si-OH, which will pass
through the surface of the SiC particles in the following two ways. Figure 5 below shows
the binding mechanism of the two SiC particles and KH792. As shown in Figure 5a, due to
the large number of hydroxyl groups in the oxidized SiC powder particles, the terminal
amino group of KH792 undergoes a reversible reaction of dissociation in water, which
makes it easier for it to combine with the oxygen atoms in the hydroxyl groups to form a
hydrogen bond and then attach to the SiC particles [31]. In addition, as shown in Figure 5b,
another interpretation of this paper suggests that KH792 undergoes hydrolysis in water
to generate hydroxyl groups and methanol, and in fact, the hydroxyl groups generated
by hydrolysis generate hydrogen bonding with Si-OH on the surface of the SiC particles,
which in turn allows KH792 to bind on the surface of the SiC particles. Therefore, in this
paper, the addition of KH792 at 0.4% was chosen as the result of preliminary modification
and subsequent experiments.

\/
/\/\A/\

Figure 4. Structural formula of KH792.
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Figure 5. Reaction mechanism equation of KH792 (a) Si-O-N binding mechanism and (b) Si-O-5i
binding mechanism.

As shown above, 0.4 wt% KH792 was selected as the optimum addition amount, based
on which this paper will continue to explore the effect of other modifiers compounded with
it on the viscosity of SiC slurry. In order to prepare SiC ceramics with good performance,
the solid phase content of the slurry was increased to 50 vol% in this paper while ensuring
that the slurry had sufficient fluidity. Following studies on the viscosity of the slurry
in this paper will be carried out in the case of a solid-phase content of 50 vol%. The
viscosity changes of 50 vol% modified SiC slurry with different types and concentrations of
dispersants is shown in Figure 6. As can be seen from Figure 6, with the gradual increase
in modifier addition, the viscosities of SiC slurries all showed a tendency of decrease
and then increase, with a lowest viscosity of 0.160 Pa-s, which can be obtained via the
combined modification of 0.75 wt% sodium humate and 0.4 wt% KH792. However, further
increase in the concentration of the modifier leads to an increase in the viscosity of the SiC
slurry. Obviously, from Figure 6a,b, the viscosity-reducing effect of TMAH and KH792
complexed with KH792 is better compared to that of TMAH-modified SiC slurry alone, and
its minimum viscosity reaches 0.189 Pa-s. From Figure 6¢c,d, the viscosity-reducing effect
of sodium humate complexed with KH792 is also stronger than that of sodium humate
alone, and its minimum value of viscosity reached 0.160 Pa-s. The main reason for the
above phenomenon is that with KH792 attached to the surface of SiC particles, more active
sites appeared on the surface of SiC particles, which made it easier to produce hydrogen
bonding with the polar functional groups of the modifier molecules (e.g., -N*, etc.), which
in turn improved the coverage of the modifier on the surface of SiC and enhanced the
mobility of the SiC slurry by means of increasing the spatial site resistance and increasing
the surface charge.

Since all the above modifiers have good viscosity reduction effects for SiC slurry,
this paper is further explored for the modification conditions. Figure 7 illustrates the
effects of different modifiers on the viscosity of SiC slurry under different conditions of
modification temperature and time. It can be seen from Figure 7 that with the increase of
modification temperature, the viscosity of SiC slurry modified by different modifiers was
reduced, and the modification temperature at which the lowest viscosity was achieved
was 90 °C. Furthermore, by fixing the modification temperature at 90 °C, the viscosity of
SiC slurry gradually decreased with the increase in modification time, however, when the
modification time is too long, the viscosity of SiC slurry increases significantly. In this
experiment, the optimal modification condition of TMAH-KH792-5iC slurry was 3 h at
90 °C ambient temperature, the viscosity was 0.096 Pa-s at a rotational speed of 60 rpm,
the optimal modification condition of sodium humate-KH792-5iC slurry was 4 h at 90 °C
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ambient temperature, and the viscosity was 0.076 Pa-s at a rotational speed of 60 rpm. In
fact, the reason for this phenomenon is mainly due to the fact that with the gradual increase
of the modification temperature, the Brownian motion of the particles in the system is
intensified and the speed of the thermal movement of the particles is accelerated. In turn,
this leads to a rise in the probability of intermolecular collision, so the modifier molecules
can be adsorbed on the surface of the SiC particles more quickly and in greater quantities
and thus achieve a better modification effect. In addition. When the modification time is
too short, the modifier cannot be effectively adsorbed on the surface of SiC particles, while
if the modification time is too long, it will lead to the desorption of part of the modifier
from the surface of SiC and self-twisting, self-agglomeration in the system, which will lead
to a sharp increase in viscosity.
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Figure 6. Effect of modifier types and concentration on the viscosity of SiC slurries, (a) TMAH,
(b) TMAH with 0.4 wt% KH792, (c) sodium humate, (d) sodium humate with 0.4 wt% KH792.

Zeta potential is an important indicator for evaluating the dispersive properties of
slurry systems, and the magnitude of the absolute value of zeta potential reflects the good
or bad dispersion performance of powders to a certain extent; the larger the absolute
value is, the better the dispersion performance is [28,32-34]. In addition, the zeta potential
on the surface of the powder particles also realizes the magnitude of the electrostatic
repulsion force on the surface of the powder particles, which then helps to analyze the
dispersion mechanism [35]. Therefore, this paper chose the SiC powder co-modified with
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0.4 wt% KH792 and 0.75 wt% TMAH modified for 4 h at a modification temperature of
90 °C and SiC powder co-modified with 0.4 wt% KH792 and 0.75 wt% sodium humate for
comparative analysis.
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Figure 7. Effect of different modification conditions and types on the viscosity of SiC slurry, (a) tem-
perature on TMAH+KH792 co-modified SiC slurry, (b) time on TMAH+KH792 modified SiC slurry,
(c) temperature on sodium humate+KH792 modified SiC slurry, (d) time on sodium humate+KH792
modified SiC slurry.

As shown in Figure 8, the zeta potential analysis of unmodified SiC slurry, KH792 and
TMAH combined, modified SiC slurry and KH792 and sodium humate combined, and
modified SiC slurry is shown in Figure 8. It can be seen that the absolute value of the zeta
potential of SiC slurry decreases and then increases with the increase in the pH, and the
absolute value of the zeta potential decreases again when the pH is too high. The absolute
maximum value of zeta potential of TMAH-KH792-5SiC slurry was 63.7, and the absolute
maximum value of the zeta potential of sodium humate-KH792-SiC slurry was 58.2. The
main reason for this phenomenon is that when the pH is too high, the ionic strength in the
system is too high, which in turn leads to the adsorbed bilayer on the surface of the SiC
particles being compressed [36], making its dispersion worse. On the other hand, it can
also be seen from Figure 8 that the zeta potential values of SiC-KH792-TMAH are higher
than those of SiC modified with sodium humate. This is due to the fact that when TMAH,
as a cationic modifier, is attached to the surface of SiC powder particles, a large amount
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of N* carried by TMAH is also adsorbed to the surface of SiC, which in turn increases
its zeta potential value. In addition, we can see from Figure 8 that at pH > 5, compared
to the isoelectric point leq = 3.8 of unmodified SiC powder, the modified SiC powder
showed higher absolute value of zeta potential, and its isoelectric point Ieq shifted to the
left compared to the unmodified SiC powder due to the 90 °C heating that exists in the
modification of the SiC powder step in the modification of SiC powder. This resulted in
the formation of -5iO- on the surface of SiC under alkaline heating conditions, which in
turn resulted in the elevation of the negative charge carried on its surface [37,38]. On the
other hand, at pH 4, compared to the unmodified SiC powder, the absolute value of the
zeta potential of the silicon carbide slurry co-modified with sodium humate and KH792
was the highest among the three compared to the surface of unmodified TMAH and of that
combined with KH792 co-modified SiC particles, and the isoelectric point Ieq shifted more
to the left compared to the unmodified SiC powder. The isoelectric point was shifted more
to the left, from which it can be inferred that both TMAH and sodium humate improve
the electrostatic repulsion between SiC powder particles, which undoubtedly improves the
dispersion performance of ultrafine SiC particles in the liquid phase.

40
—&— Original SiC
I —8— S1C-KH792-Sodium humate
20 kL —4A— SiC-KH792-TMAH

(=]

Zeta potential (mv)

Figure 8. Zeta potential of SiC modified by different modifiers at different pH levels.

For the liquid phase stability of SiC slurry before and after modification, a settling
experiment was conducted in this paper to characterize it, and in fact, the smaller value
of h/hg before and after settling represents the better slurry fluidity. Figure 9a shows the
sedimentation experiments of unmodified SiC raw powder. As can be seen from Figure 9a,
the sedimentation rate of unmodified SiC raw powder is faster at lower pH, and when
pH < 6, h/hg rises extremely fast with the increase in time and then reaches equilibrium
at about 25 h, where h/hy is basically unchanged. It then stabilized at about 60, and the
change in h/hy was smaller when the pH was above 8. During the period from 0 h to 40 h,
h/hg increased gradually with the increase of time, and when the settling time exceeded
40 h, h/hg was basically unchanged. The reason for this phenomenon is mainly related to
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the zeta potential, as can be seen from Figure 8 above. At pH < 6, the zeta potential of SiC
is lower, which means that the charge on the surface of SiC particles is lower and that there
is not enough electrostatic repulsion in the liquid phase, which leads to the agglomeration
of SiC particles due to the action of van der Waals forces. Additionally, the mass of the
agglomerated particles is increased and accelerated under the action of gravity. The mass
of the agglomerated particles increases and accelerates under gravity, which ultimately
leads to the extreme increase of h/hg. As can be seen from Figure 9b,c, compared to the
unmodified SiC, the modified SiC raw powder also shows good stability performance at
lower pH, and in fact, this is the same as the trend of the absolute value of zeta potential
shown in Figure 8. In addition, the SiC slurry in Figure 9c, which has been modified
by the combination of sodium humate and KH792, shows a better liquid-phase stability,
and at pH = 12, the liquid-phase stability of the SiC slurry is better. Its h/hg was finally
stabilized at 5.35% at pH = 12, while the h/hg of the SiC slurry co-modified with TMAH
and KH792 was 6.52%, which was attributed to the fact that under alkaline conditions, the
sodium humate provided a higher charge density on the surface of SiC, which improved
the electrostatic repulsion between SiC particles, counteracted the van der Waals’ forces
that led to the agglomeration of the particles, and facilitated the dispersion performance of
SiC particles’ dispersion properties, which in turn led to enhanced stability.
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Figure 9. Settling experiments on modified and unmodified SiC, (a) settling experiments of unmodi-
fied SiC raw powder, (b) settling experiments of SiC slurry modified using KH792 in combination
with TMAH, (c) settling experiments of SiC slurry modified using KH792 in combination with
sodium humate.
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Figure 10 shows the SEM image of modified SiC. Compared to Figure 2c before
modification, it can be clearly seen that the agglomeration phenomenon of SiC powder
particles is weakened and that the number of SiC with smaller particle size increases in the
figure, which also indicates the effect of modification by the modifier.

Figure 10. SEM images of modified SiC (a) KH792-TMAH-SiC, (b) KH792-sodium humate-SiC.

In this paper, XPS analysis was performed for modified and unmodified SiC, and the
results are shown in Figure 11. As can be seen from Figure 11a,b, for the unmodified SiC
spectra, the peaks of Ols, Cls, Sils, and Si2p correspond to the peaks at 528.56, 282.18,
176.51, and 101.03 ev, respectively, whereas—as a comparison—the peaks of N1s appeared
in the XPS broad spectrum of the SiC modified with KH792 at 399.80 [39,40], which indicates
that KH792 was successfully modified to the SiC surface. As can be seen from Figure 11c, for
the spectra of C1s of unmodified SiC, the peaks at 282.40, 284.68, 288.18, and 289.08 ev are
peaks due to the presence of C-5i, C-C, C-O, and C- [41]. For the jointly modified SiC using
KH792 and sodium humate after the joint modification of SiC the jointly modified SiC Cls
spectra, a peak of -O-C=0 at 298.12 ev was observed, which indicated that sodium humate
was successfully bound to the surface of SiC particles [42,43]. On the other hand, Figure 11d
shows the Ols spectra of unmodified SiC and SiC modified with TMAH-KH792, which
can be seen in Figure 11d, and it can be seen that the SiC modified with KH792-TMAH at
531.25, 531.80, and 533.15 ev showed three peaks corresponding to the peaks generated
by C-O, C-5i, and O=C, respectively. As can be seen from Figure 11d, the percentage of
C-O area after modification increased from 74% to 86% before modification, which to some
extent proved the adsorption of TMAH on the SiC surface.
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Figure 11. (a) XPS wide spectra of unmodified SiC, (b) XPS wide spectra of KH792-5iC, (c) Cls
spectra of modified, and unmodified SiC, (d) Ols spectra.

4. Conclusions

In this paper, the silane coupling agent KH792 was compounded with cationic modifier
TMAH and anionic modifier sodium humate to modify ultrafine SiC powders, and the
modification mechanism was discussed. It was concluded that SiC powders modified with
0.4 wt% KH792 could be prepared with a viscosity of 1.51 Pa-s and a solid phase content of
35 vol%. Under the conditions of TMAH addition of 0.75 wt%, modification temperature
of 90 °C, and modification time of 3 h, the modification effect of TMAH-KH792-SiC was
the best, and the viscosity of 50 vol% SiC slurry was 0.096 Pa-s. Under the conditions
of sodium humate addition of 0.75 wt%, temperature of 90 °C, and modification time of
4 h, the sodium humate KH792-SiC had a minimum viscosity of 0.076 Pa-s. The above
modification mainly relies on increasing the electrostatic resistivity effect to promote the
dispersion of SiC particles.
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