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Abstract

Solid-state sintered silicon carbide (SiC) ceramics with respectable performance were successfully prepared with a
gel casting method. Only acrylic resins were used as dispersants to form a thermally gellable SiC ceramic slurry with
reasonable solid load of 45 vol%. The effect of the dispersants and solid load on the stability and rheological behaviour
of the SiC suspensions has been systematically discussed. It has been established that the sintering performance,
microstructure and mechanical properties of SiC ceramics are significantly affected by the rheology behaviour of the
SiC suspensions. Finally, sintered samples with a relative density of 95.16 % (3.05 g/cm?) and a flexural strength of

377.4 MPa were achieved with the gel casting method.
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I. Introduction

Because of their excellent mechanical, chemical, oxida-
tion and thermal properties 1 -3, silicon carbide (SiC) ce-
ramics have been widely applied in the aerospace 4, nu-
clear > and rail transportation industries ¢. Various tradi-
tional forming techniques, such as dry pressing’, cold
isostatic pressing 8, slip casting %, injection moulding 10
and tape casting !1, have been successfully used to pre-
pare SiC ceramics. However, the high hardness and brit-
tleness of silicon carbide ceramics make it difficult to re-
alize complex-shaped SiC parts with excellent mechani-
cal properties. Recently, with the development of differ-
ent three-dimensional (3D) printing methods, it has be-
come possible to resolve this fundamental problem. Some
additive manufacturing techniques have been studied for
the fabrication of SiC ceramics, such as direct ink writ-
ing 12, selective laser sintering 13 and stereolithography 14.
Compton et al. 12 fabricated SiC/C filled ceramics using
a extrusion 3D printing method; the relative density and
flexural strength of the sintered samples measured 50.9 %
and 96.3 MPa, respectively. Larson et al. 15 prepared 3D
SiC structures by means of direct ink writing technolo-
gy with a relative density of 48.9 % and a flexural strength
of 70.4 MPa. But reported densities and strength are still
low, and it remains difficult to prepare silicon carbide ce-
ramics with high precision on account of the low precision
of the direct ink writing technology. Jin ez al. 13 prepared
complex ceramic parts by means of selective laser sinter-
ing (SLS) combined with cold isostatic pressing (CIP) and
polymer infiltration pyrolysis (PIP). The obtained speci-
mens exhibited a flexural strength of 201 MPa. Liu et al. 16
used cold isostatic pressing (CIP) and reactive sintering
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(RS) techniques to increase the density of SLS-printed
complex SiC ceramic materials. The bending strength and
density of the final sintered samples were 292 ~ 348 MPa
and 2.94 ~2.98 g/cm3, respectively. However, laser sinter-
ing introduces high temperature gradients, which can eas-
ily produce internal stress and cracks, thus reducing the
strength of the samples. He et al. 14 prepared 3D-struc-
tured SiC ceramics with the stereolithography method us-
ing polymer precursor, and the strength performance of
sintered samples was improved with the help of precur-
sor infiltration prior to pyrolysis. Their flexural strength
and relative density were 204.6 MPa and 84.8 %, respec-
tively. Zhang et al. 17 prepared photosensitive suspension
including carbon fibres (Cy), fabricated Cy preforms by
means of DLP technology, and used liquid silicon infiltra-
tion to improve their strength, ultimately obtaining a flex-
ural strength of 262.6 MPa. Although precursor infiltra-
tionand pyrolysis or liquid silicon infiltration can improve
densification, the strength still needs to be improved. Be-
sides, the increase in porosity with more organic matter
evaporating in the PIP process makes it difficult to prepare
highly dense ceramic materials.

The preparation of complex SiC ceramic components by
means of gel casting has also been widely studied. Zhang er
al. 18 applied aqueous gel casting and pressureless sintering
to prepare dense SiC ceramics. The flexural strength can
reach 53138 MPa with relative density up to 98 %. How-
ever, ceramic green body made from water-based materi-
als generally requires high-temperature drying for at least
24 hours to remove the water. Compared with traditional
processing methods, the existing 3D printing technologies
still fall short with regard to the mechanical properties of
SiC ceramics. Consequently, attempts have been made by
other researchers to combine 3D printing with tradition-
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al shaping techniques to pave the way for improved SiC
ceramics with reasonably complex shape. Tu ez al. 19 com-
bined 3D printing, gel casting and liquid drying to devel-
op a new method for preparing complex ceramic shapes.
Chen ez al. 20 used a combination of SLA and gel casting
to prepare complex SiC ceramics, the final relative density
of which reached 98.13 %. Water-based slurries are com-
monly used to prepare complex SiC devices by means of
traditional gel casting. However, the use of aqueous SiC
powder suspension easily leads to crack and defect forma-
tion during the drying process. Moreover, the material un-
dergoes high volume shrinkage, and the possible residual
stress linked with this shrinkage is not conducive to im-
proving the material’s mechanical properties. Besides, the
dispersion stability and rheological behaviour of the SiC
suspension system also affect the properties of the sintered
body.

In this paper, high-solid-load SiC suspension with low
viscosity was developed for gel casting, this can poten-
tially provide support for the viable production of high-
performance and -precision SiC complex devices. Acrylic
resin was used to forma strong and solid SiC ceramic green
body in a thermally induced polymerization process. The
problem of the cracking of ceramic samples during curing
caused by water-based materials is largely avoided. The
structure of SiC ceramic samples can be controlled by us-
ing DLP to print the resin mould. The effect of dispersant
type, dispersant dose and solid load on the stability and
rheological behaviour of SiC suspensions were discussed
systematically. Complex SiC honeycomb structures could
be successfully prepared with the developed gel casting
process.
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II. Experimental

(1) Raw materials

SiC and B,C powders (SiC, purity >99 %, D5y =0.5 um,
oxygen content <0.5wt%, Al: 0.34 wt%, Fe <0.2 wt%;
Ningbo FLK Tech. Co., Ltd., China) were used as the
raw materials. Acrylic resins (Zhejiang Jiaxing Ceram-
Plus Tech. Co. Ltd., Zhejiang, China) were used as the
major curable monomers system. Dibenzoyl peroxide
(BPO, Shanghai Aladdin Biochemical Technology Co.,
Ltd., China) was used in this study as an initiator. The
dispersants used in this work were CPD-03 and CPD-05
(Zhejiang Jiaxing CeramPlus Tech. Ltd., Zhejiang, China).

(2) Suspension preparation

The resin mixture was prepared with three resin
monomers (2-hydroxyethyl acrylate, 1,6-hexanediol di-
acrylate and trimethylolpropane triacrylate) with a weight
ratio of 3:4:3, as introduced in a previous study 21. The ef-
fect of the different dispersant types (CPD-03 or CPD-03
+ CPD-05 mixture) and various dispersant doses were
studied to optimize rheology performance. After the
acrylic resins and dispersants had been carefully mixed
and stirred, boron carbide powders were added as sinter-
ing aids. And then SiC powders were added to the mixture.
Finally, SiC powders were mixed into the slurry prior to
the addition of the initiator (BPO). To obtain a uniform
silicon carbide slurry, the mixture was milled further for
1 h. Based on different types of dispersants (CPD-03 or
CPD-03 + CPD-05 mixture), the different proportions
of dispersant (1:1, 2:1, 3:1, 4:1, 5:1, 6:1), dispersant con-
centrations (2.5, 3, 3.5, 4 and 4.5 wt%) and solid load (30,
35, 40, 45, 50 and 52 vol%), twenty-three experimental
groups were evaluated, as summarized in Table 1.

Table 1: Different experimental groups with different dispersants, dispersant concentrations and solid load.

Dispersant

Nobel Dispersant Ratio concentration (wt%) Solid load (vol%)
1# CPD-03 -- 3 45
2# CPD-03+CPD-05 1:1 3 45
3# CPD-03+CPD-05 2:1 3 45
4# CPD-03+CPD-05 3:1 3 45
5# CPD-03+CPD-05 4:1 3 45
6# CPD-03+CPD-05 5:1 3 45
T# CPD-03+CPD-05 6:1 3 45
8# CPD-03+CPD-05 4:1 2.5 45
9# CPD-03+CPD-05 4:1 3 45
10# CPD-03+CPD-05 4:1 35 45
11# CPD-03+CPD-05 4:1 4 45
12# CPD-03+CPD-05 4:1 4.5 45
13# CPD-03+CPD-05 5:1 2.5 45
14# CPD-03+CPD-05 5:1 3 45
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Nobel Dispersant Ratio Dispersant Solid load (vol%)
concentration (wt%)
15# CPD-03+CPD-05 5:1 35 45
16# CPD-03+CPD-05 5:1 4 45
17# CPD-03+CPD-05 5:1 4.5 45
18# CPD-03+CPD-05 5:1 3 30
19# CPD-03+CPD-05 5:1 3 35
20# CPD-03+CPD-05 5:1 3 40
21# CPD-03+CPD-05 5:1 3 45
22# CPD-03+CPD-05 5:1 3 50
23# CPD-03+CPD-05 5:1 3 52

(3) Mould manufacturing and debinding

The silicon carbide mould was printed on a DLP print-
er (CeramPlus DLP-Flex, Zhejiang Jiaxing CeramPlus
Tech. Ltd., China). The model file was imported into the
printer by the relevant software, and then the required
resin mould was printed with adjustment of the appro-
priate printing parameters. Compared with the tradition-
al mould, the DLP mould has the advantages of conve-
nient and quick fabrication; it is also easier to fabricate the
mould with complex structures.

The SiC slurry was defoamed under vacuum for 5 min-
utes, then the obtained homogeneous slurry was poured
into the DLP mould. After the mould had been filled, the
mould was placed into an oven, heated to 80 °C and cured
for 0.5h to obtain SiC green bodies. In order to avoid
cracking or collapse of the sample caused by the quick de-
composition of the resin mould, the heating rate for de-
binding should be kept as slow as possible. Fig. 1 shows
the thermogravimetric curve (TG, NETZSCH-Geritebau
GmbH, Germany) for the resin mould under nitrogen at-
mosphere. The decomposition rate of the mould is slow
before200°C, before acceleratingin the 200—400 °C range
until the decomposition is complete at 600 °C. The follow-
ing debinding and sintering profiles were used in a nitro-
gen-hydrogen mixture atmosphere: various heating rates
of 1 K/min, 0.25 K/min and 0.5 K/min were implemented
for the temperature range of RT — 200 °C, 200-400 °C,
400-600 °C and to keep the temperature at 600 °C for 2 h.
To endow the sample with a certain strength after debind-
ing, the temperature was finally increased to 1250 °C at a
heating rate of 2 K/min, and the temperature was kept for
2 h. Then the samples were naturally cooled to room tem-
perature.

After debinding and burn-out of the mould, the SiC
green bodies were heated to 2100 °C under argon atmo-
sphere and held for 2 h to obtain the final sintered ceram-
ics.

(4) Characterization methods

The rheological behaviour of the different SiC suspen-
sions was characterized by varying the shear rate from 1
to 100 s-1 at 25 °C with a Kinexus pro+ cone-plate toolkit
with a diameter of 40 mm (Malvern, England). A Zetasizer
Nano ZS (Malvern, England) was used to measure the par-
ticle size distribution in the suspensions. Sedimentation

experiments were conducted with 45 vol% suspension to
evaluate the effect of different proportions of dispersant
on the stability of the suspension. The suspensions were
keptand observed in 10-ml cylinders. After deposition for
a period of time, the height of the sediment was record-
ed. The interference was observed for 480 h, and data were
recorded every 12 h to evaluate the stability. The density of
samples was measured with the Archimedes method (Sar-
torius, Germany). The flexural strength was tested with a
three-point bending tester (SUN500, Cardano al Campo,
Italy). The fracture surface of the samples was investigat-
ed with a scanning electronic microscope (SEM, Phenom
Pro, Phenom World, Netherlands). The phase composi-
tion of the SiC raw powder and sintered samples was ex-
amined by means of X-ray diffraction (XRD, TD-3500,
Tongda, China).
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Fig. 1: Thermogravimetric curve of the resin mould.

III. Results and Discussions

(1) Effects of different dispersant types and dispersant
ratios

A SiC ceramic suspension with high fluidity that can be
generally obtained by using multiple dispersants at once
is necessary for the densification of SiC ceramics during
the forming processes and even the subsequent sintering
processes. Adding a mix of dispersant can improve the dis-
persion effect of the powder 22. Therefore, ratios of the
CPD-03 and CPD-05 were selected as two components of
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dispersant for the SiC suspension and discussed, the sol-
id load being 45 vol% and dispersant content 3 wt%. As
shown in Fig. 2 (a, b), compared with the suspension with
only CPD-03 added, when two dispersants (CPD-03 and
CPD-05) are combined, a suspension with lower viscosi-
ty can be obtained when the CPD-03 is the main compo-
nent of the dispersant and a suspension with higher vis-
cosity can be obtained when the CPD-05 is the main com-
ponent of the dispersant. In addition, the viscosity of sus-
pension with only CPD-03 added as dispersant increased
sharply at a shear rate of 40 s-1 owing to an excessive dis-
turbance of particles under the action of external forces
caused by the irregular shape of the powder particles and
poor absorption of dispersant on the particles’ surface. So,
the CPD-03 plays a dispersive role and a limited amount
of the CPD-05 can further improve the dispersion of SiC
particles and eliminate the shear thickening phenomenon.
Finally, as shownin Fig. 2(c,d), a SiC suspension witharel-
atively low viscosity of 2.22 Pa-s and 2.20 Pa-s at a shear
rate of 10 s1 can be achieved when the ratio of CPD-03
and CPD-05 are 4:1 and 5:1, respectively, which is quite
acceptable for the sample-forming process.

(2) Effects of dispersant concentrations

The rheological behaviour curves of different dispersant
concentrations are shown in Fig. 3, with the ratio of CPD-
03 to CPD-05 being 5:1. As shown in Fig. 3a, a suspen-
sion with the optimum viscosity can be achieved when the
dispersant content is 3 wt%. For comparison, the viscos-
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ity at a shear rate of 10 s1 of the suspensions formulat-
ed with different dispersant concentrations are shown in
Fig. 3b. The viscosity decreased gradually from 2.62 Pa-s
to 2.20 Pa- s with the concentration of dispersant increas-
ing from 2.5wt% to 3 wt%, whereas it increased from
2.20 Pa-s to 4.22 Pa- s with the concentration increasing
from 3 wt% to 4.5 wt%. Therefore, 3 wt% dispersant con-
centration can be optimal to reduce the viscosity of SiC
slurry. When the content of dispersant is less than 3 wt%,
the surface of the SiC particles is not fully covered by
the molecule, which leads to the high viscosity of sus-
pension. When the content of dispersant is higher than
3 wt%, the amount of dispersant on the surface of SiC par-
ticles is oversaturated, which can potentially induce tan-
gling between organic molecules, thus leading to floccu-
lation, and thereby increasing the viscosity of the suspen-
sion. Fig. 3¢ shows the shear stress of the SiC slurry with
different dispersant content. As the shear rate increased,
the shear stress increased gradually. The effects of the rhe-
ological behaviour of the suspension can be described with
the Herschel-Bulkley model 23:

T=Tp + Ky" (1)

where 7 is the shear stress of the SiC suspension, T, is
the yield stress of the SiC suspension, K is the consistency
index, n is the flow behaviour index and 7 is the shear rate.

Model parameters are obtained with the fitting method
using K and n.
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Fig.2: (a) Viscosity-shear rate curves of SiC suspensions with various CPD-03:CPD-05 ratio, (b) shear stress-shear rate curves of SiC
suspensions with various CPD-03:CPD-05 ratio, (c) viscosity-shear rate curves of the dispersants CPD-03 and CPD-05 is 4:1 and 5:1, (d)
shear stress-shear rate curves of the proportions of dispersants CPD-03 and CPD-05 is 4:1 and 5:1. (solid load: 45 vol%).
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Fig. 3: (a) Viscosity-shear rate curves of SiC suspensions with different dispersants concentrations, (b) viscosity with different dispersants
concentrations at a shear rate of 10 571, (c) shear stress-shear rate curves of SiC suspensions with different dispersant concentrations, and the
solid lines represent the Herschel-Bulkley model fitted. (the ratio of dispersant is 5:1; solid load: 45 vol%).

Differences between non-Newtonian fluid and Newto-
nian fluid were clearly characterized by the fluid charac-
teristic constant n. The difference between n and 1 can be
used as a non-Newtonian measure of fluid. The closer the
n value to 1, the suspension tends to be a Newtonian flu-
id. And the smaller the k value, a suspension with lower
viscosity can be achieved. Table 2 presents the fitting pa-
rameters, the RZ was above 0.99, indicating a higher degree
of fitting. The minimum 1, value (8.2766 Pa) and K value
(0.5399) were achieved at 3 wt%, which is consistent with
the previous viscosity shown in Fig. 3a.

Table 2: Effects of dispersant concentrations on Herschel-
Bulkley model parameters of SiC suspensions (the ratio of
dispersant is 5:1; solid load: 45 vol%).

Dispersant

concentrations To K n R
2.5 19.3398 1.0156  2.2058  0.9935
3 8.2766  0.5399 1.2955  0.9975
3.5 36.0476  1.8593  4.4582  0.9910
4 43.7256  2.7820  4.9531 0.9912
4.5 52.8671 3.2305 5.4901  0.9945

rheological behaviour was optimal. The viscosity of SiC
suspensions with different dispersant concentrations at a
shear rate of 10 s-! decreases gradually from 2.74 Pa-s to
2.22 Pa- s with the concentration increasing from 2.5 wt%
to 3 wt%, whereas it increases gradually from 2.22 Pa - s to
3.87 Pa-s with the concentration increasing from 3 wt%
to 4.5 wt%. Compared with the results of the rheological
curves in Fig. 4, the rheological behaviour of SiC suspen-
sions is also different when different proportions of dis-
persants are used. From Table 3, when the content of dis-
persant was 3 wt%, it was found that the K was 0.6287,
which is larger than the K (0.5399) of the suspension when
the dispersant ratio is 5:1. So, when the ratio of dispersants
is 5:1 and the content of dispersant is 3 wt%, the SiC sus-
pension exhibits optimum rheological behaviour.

Table 3: Effects of dispersant concentrations on Herschel-
Bulkley model parameters of SiC suspensions (the ratio of
dispersant is 4:1; solid load: 45 vol%).

The rheological behaviour curves of various slurries with
different dispersant concentrations with CPD-03: CPD-
05 ratio fixed at 4:1 are shown in Fig.4. As shown in
Fig. 4a, the rheological curve behaviour was similar to that
in Fig. 3a. When the content of dispersant was 3 wt%, the

concmton © K nw
25 348286 2.1465 7.5627  0.9945
3 79729  0.6287  1.2655  0.9982
35 8.8775  1.1982  1.1494  0.9958
4 10.4302 0.6323  1.3746  0.9988
4.5 50.9860 1.9742  7.5276  0.9755
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(3) Suspension stability

The particle size distribution of the SiC suspensions with
different dispersant ratios was also measured. Fig. 5 shows
the distribution of SiC particles in a 40-vol% solid-load-
ing suspension. Even though dsg of both the true particles
is 458.7 nm, a small amount of particle agglomeration re-
sulted when the ratio of the dispersants was 4:1. It can af-
fectthe properties of sintered samples. Therefore, based on
the above experimental research, when the ratio of disper-
sant CPD-03 to CPD-05 is 5:1, the dispersion and stability
of SiC suspension are optimal.
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A sedimentation test was conducted to gauge the influ-
ence of the dispersants on the stability of the suspension
system. As shown in Fig. 6, the relationship between the
sedimentation height (supernate) and the initial height was
recorded after 480 h, and the stability of the SiC suspen-
sion was evaluated. The optimum sedimentation volume
ratio of 99.4 % was achieved at a ratio between CPD-03
and CPD-05 of 5:1.

In addition to the dispersant that affects the dispersion
of the slurry, the oxygen content in the SiC powder also
has a significant effect on dispersity 24=25, but the oxygen
content in the study is basically unchanged, so it has not
been systematically discussed.
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Fig. 5: (a) Particle size distribution in 40 vol% suspensions with the ratio of dispersant is 4:1, (b) particle size distribution in 40 vol% suspensions

with the ratio of dispersant is 5:1.
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Fig. 6: (a) SiC suspensions with different dispersant ratios after 480 h settling, (b) sedimentation volume ratio of SiC with different proportion
of dispersant CPD-03 and CPD-05. (solid load: 45 vol%; dispersant concentration: 3 wt%).

(4) Effects of the solid load

In order to fabricate SiC ceramic devices with high den-
sity, it is necessary to meet the requirements for a high sol-
id load in the SiC suspension. Based on the above exper-
imental results, the effect of the solid load on the rheo-
logical behaviour of SiC suspension was studied based on
the selection of CPD-03 and CPD-05 at a ratio of 5:1 and
a concentration of 3 wt%. Fig.7 shows that the viscosity
of the SiC suspension is closely related to the solid load;
with the increase in the solid load, the viscosity increases.
When the solid load is lower than 50 vol %, the suspension
system is relatively stable with better dispersion and low-
er viscosity. When the solid load is 50 vol%, the viscosi-
ty of the suspension is 2.78 Pa-s at a shear rate of 40 s,
which is still a low value. When the solid load is 52 vol%,
the rheological behaviour of the SiC suspension changes
considerably. When the shear rate is higher than 25 s-1,
the suspension begins to undergo intense shear thickening,
which indicates the dispersion ability of the dispersant to
reach nearly the maximum. Because the particle distribu-
tion space becomes smaller with the increase of the solid
load, frequent collisions and friction occur between par-
ticles, which makes the viscosity increase rapidly. When
the shear rate is higher than 36 s-1, the viscosity of the sus-
pension decreases with the increase in the shear rate. After
this shear-thickening region, the viscosity can neither be-
come so great that fracture of the sample occurs nor can
the viscosity level out to a new plateau value. In some spe-
cific situations, the viscosity has been seen to decrease yet
again after this Newtonian region 26. According to Fig. 7c,
with the increase in the solid load, the shear stress becomes
dramatically higher. The fitting parameters are given in
Table 4. The R2 values were over 0.99, revealing that the
experiment data were fitted well to the Herschel-Bulkley
model. According to the obtained results, with theincrease
insolidload from 30 vol% to 50 vol% (owing to the special
type of fluid with 52 vol % solid load, the rheological curve
cannot be fitted correctly and reasonably with the mod-
el), K and 1, increased from 0.3566 to 0.4265 and 1.3739
to 22.0589, respectively. It suggests that the viscosity in-
creased with the increased solid load, which shows no dif-
ference to the results in Fig. 7a. As shown in Fig. 7b, when
the shear rate 1s 10 s-1, with the solid load increase from

30vol% to 52 vol%, the viscosity increases gradually from
0.54 Pa-s to 6.82 Pa-s, the viscosity increases significantly
as the solid load increases from 45 vol% to 52 vol%. In-
deed, the shear viscosity increases with the increase in the
SiC solid load and sharply with high solid loads. Different
models have been formulated to describe the relationship
between the solid load and viscosity 27-29. The Krieger-
Dougherty model provides a good estimation of the sus-
pensions’ behaviours:

M gl 9 \Bow
M Ny (1 ¢m)

where B is the Einstein coefficient, 1, is the relative vis-

)

cosity between the suspension (1) and dispersion medi-
um (1 4)- This relationship is a popular choice for fitting to
experimental data, in which case B and ¢, are considered
to be fitting parameters. The fitting parameter ¢, is 56.01.
The results show that the theoretical maximum solid load
can reach 56.01 vol% in the system.

Table 4: Effects of the solid load on Herschel-Bulkley
model parameters of SiC suspensions (dispersant concen-
tration: 3 wt%).

Solid load To K n R2
30 1.3739 03566  1.0220  0.9993
35 3.6729  0.2963  1.2610  0.9978
40 9.4335 0.1077  1.6441  0.9937
45 8.2766  0.5399  1.2955 0.9975
50 22.0589 0.4265 1.4525 0.9951
52 -- - -- --

With the increase in the solid load, the volume occupied
by resin in the suspension is reduced commensurately. So
that the space left for the SiC particles to move is too small
to maintain Brownian motion, the interaction between the
powder particles is increased significantly, which makes
it difficult for the SiC particles to move and leads to an
increase in viscosity.
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Fig.7: (a) Viscosity-shear rate curves of SiC suspensions with different solid-load, (b) relative viscosity of dependence on dispersant
concentration at a shear rate of 10 s°1, and the solid line adjustment to the Krieger-Dougherty Model, (c) shear stress-shear rate curves of
SiC suspensions with different solid-load, and the solid lines represent the Herschel-Bulkley Model fitted (solid-load: 30vol% — 50 vol%).

(dispersant concentration: 3 wt%).

(5) Mechanical properties

The mechanical properties of sintered samples prepared
with different SiC suspensions with varying dispersant
ratios were investigated. The SiC ceramic samples mea-
sured 35 mm x 4 mm x 3 mm in size. For each flexu-
ral test result, >5 samples were tested. The relative den-
sity and flexural strength of different sintered samples are
shown in Fig. 8. For SiC ceramic samples prepared from
different suspensions with dispersant CPD-03 to CPD-
05 ratio at 1:0, 3:1, 4:1, 5:1, the relative density and flexu-
ral strength measured 87.31 %, 90.82 %, 92.81 %, 95.16 %
and 206.4 MPa, 255.8 MPa, 326.7 MPa, 377.4 MPa, respec-
tively. Fig. 9 abed shows the microstructure of the sintered
samples with various CPD-03 : CPD-05 ratios. It can be
seen that the phenomenon of non-homogeneous distribu-
tion of the second phase gradually disappears with the in-
crease in the dispersant ratio. As can be seen from Fig. 9ab,
the non-homogeneous distribution of the second phase is
more serious, so the number of long-column crystals is
greater, and the small pores can be easily adsorbed in the
non-homogeneous distribution, which is not conducive to
the strength of the sintered samples. From Fig. 9¢d it can
be seen that with the weakening of the uneven distribution
of the second phase, the grains gradually grow into fine
equiaxed grains, and the strength increases. However, the
density of B,C is lower than that of SiC, so although the
sintering is dense, as can be seen from Fig. 9d, the relative
density of the final sintered sample only reaches 95.16 %.

The results show that the densification and strength of the
sintered samples are optimum when the suspension ex-
hibits excellent rheological behaviour. As shown in Fig. 10,
the density and mechanical properties of SiC sintered sam-
ples prepared in the gel casting process are better than
those previous reported 30-36. However, Zhang et al. pre-
pared SiC slurry with solid load of 52 vol% and addition-
ally used dextrin as a carbon source, and the highest me-
chanical properties of sintered samples reached 531 MPa.
Therefore, in our future study, the aim is to further im-
prove the solid load in SiC ceramics.
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Fig. 8: Effects of dispersant ratios on the relative density and flexural
strength of SiC samples.
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Fig. 9: Microstructure image of the sintered SiC ceramic with the fracture surface: (a) 1:0; (b) 3:1; (c) 4:1; (d) 5:1.

Fig. 11 shows XRD spectra of SiC raw powders and sin-
tered samples with different dispersant ratios. The phase
of the SiC raw powders and sintered samples are 3-and o.-
SiC phase, respectively, and the -SiC has been completely
transformed into a-SiC on completion of sintering. Fur-
thermore, the XRD diffraction peaks of the sintered SiC
samples have obviously been shifted to the high angle as a
result of the addition of the boron carbide. During the sin-
tering process, the B replaces the Si, and the lattice constant
decreases because the radius of B is smaller than that of Si,
which makes the peak shift to the right 3,37 =38, Uniform-
ly dispersed boron carbide can lead to homogeneous dif-
fusioninsilicon carbide, thus increasing the number of lat-
tice defects, accelerating the growth of fine equiaxed crys-
tals and promoting sintering.
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Fig. 10: Comparison of flexural strength of silicon carbide complex
structures with previous reported.

The SiC test bar for flexural strength testing and a honey-
comb structure were prepared with the gel casting method
based on the optimal SiC slurry formula with a solid load
of 45vol% as shown in Fig. 12. The sintered ceramic sam-
ples have no obvious defects or large cracks. As shown in
Fig. 12a, there is no significant difference between the SiC
test bar and the standard pattern. Fig. 12b shows the hon-
eycomb structure with a wall thickness of 0.7 mm and a
true density of 2.98 g/cm3. There are some small pores and
defects on the surface of the sample owing to the heat cur-
ing reaction, which is also a problem that we need to re-
solve in our future research.
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Fig. 11: XRD spectra of SiC raw powders and sintered samples with
different dispersant ratio.
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Fig. 12: The gel casting of SiC ceramic with test bar and honeycomb structures.

V. Conclusions

In this work, the effect of dispersant types, dispersant
concentrations and solid load on the dispersion behaviour,
rheological behaviour and stability of the SiC suspensions
was discussed in detail. Appropriate dispersant can in-
crease dispersion and reduce the viscosity of the suspen-
sions. Furthermore, a SiC suspension with better rhe-
ological behaviour can be obtained by adding disper-
sants mixed with various components. The rheological
behaviour of the SiC suspension is optimal when the pro-
portion of dispersant is 5:1, the minimum viscosity is
2.20 Pa- s and the shear rate is 10 s-1. The SiC suspension
with 45vol% solid load was prepared based on this for-
mulation. SiC ceramic green bodies were prepared with
the gel casting method without obvious cracks. SiC ceram-
ic with 377.4 MPa flexural strength with 95.16 % relative
density was obtained after sintering. This forms a corner-
stone for the fabrication of SiC ceramics with a complex
structure and acceptable mechanical performance.
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