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Abstract: Silicon carbide (SiC) ceramics are widely used in critical industries such as aerospace, nuclear energy,
chemical processing, and semiconductor manufacturing due to their unique thermal and electrical properties coupled
with excellent mechanical properties. Nevertheless, conventional forming methods often fall short when it comes to

producing large-sized and complex components. Selective laser sintering (SLS) printing has the advantages of no
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support, high material utilization, high processing efficiency, efc., endowing it suitable for the precise fabrication of
ceramic structural components with complicated shape. Here, the particle grading approach was employed to
systematically investigate the impacts of processes such as cold isostatic pressing (CIP), precursor impregnation
pyrolysis (PIP), and the combination of CIP with PIP followed by solid-phase sintering at atmospheric pressure. The
results revealed that the graded powders significantly enhanced both the bulk density and the flexural strength of the
formed body by over 20% compared to non-graded systems. Relative density of the graded system after CIP and
subsequent solid-phase sintering at atmospheric pressure was over 90%, confirming successful densification during
sintering. In contrast, the non-graded sintered body only achieved a density of 89%. Implementation of the particle
grading led to an increase in bulk density, and it was beneficial for achieving higher densification during sintering.
Consequently, the flexural strength of the grading-sintered body was significantly improved, reaching 136.8 MPa—a
gain of over 37% compared to the non-graded counterpart whose flexural strength was only 99.4 MPa. Meanwhile,
high-density SiC ceramics could be achieved by repeating PIP for four cycles combined with solid-phase sintering of
which SiC ceramics density was comparable to that of CIP compacts. However, the bulk density of solid-phase
sintered body after four PIP cycles was only 2.29 g/cm’, which was accompanied by a flexural strength of 59.6 MPa.

Key words: SiC ceramic; particle grading; selective laser sintering printing; solid-phase sintering at atmospheric

pressure
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Table 1 Parameters for SLS printing

Laser Hatch Scanning Preheating Layer  Energy
power/ distance/ speed/ temperature/ thickness/ density /
w pm  (mm-s’) C mm  (J-mm™)

35 80 7620 60 0.1 0.057

x2 XBIZHERS

Table 2 Abbreviations for experimental procedures

Abbreviation Experimental procedure
SLS-SSiC Solid-phase sintering at atmospheric
pressure after SLS
CIP-SSiC Solid-phase sintering at atmospheric

pressure after SLS and CIP

Solid-phase sintering at atmospheric
pressure after SLS and CIP followed by
PIP once

Solid-phase sintering at atmospheric
pressure after SLS and CIP followed by
PIP twice

CIP-PIP-1-SSiC

CIP-PIP-2-SSiC

Solid-phase sintering at atmospheric

PIP-4-8SiC pressure after SLS and PIP four times

Note: the abbreviations in Fig. 3 without SSiC mean that the samples
do not have solid-phase sintering step

Scanning
mirror

Platform

Selective laser printing

=]
—
-

Pressure medium

Sleeves

Samples

Impregnation CIP

1 SLS fTEN# % SiC M%) L2
Fig. 1 Flow chart of SiC ceramics preparation by SLS printing
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Fig. 2 Properties of SLS printed SiC green bodies after debonding
(a) Bulk density; (b) Flexural strength
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Table 3 Effect of different processes on properties of SiC ceramics with gradation and D5,=82 pm systems

Sample Bulk density/ Open Flexural Elastic Fracture
P (g-em™) porosity/%  strength/MPa  modulus/GPa  toughness/(MPa-m"?)
Gradation 1.41 52.16 3.49 — —
SLS-SSiC
D5y=82 um 1.30 54.23 3.12 — —
Gradation 2.54 6.37 136.8 127 1.98
CIP-SSiC
D5y=82 um 2.29 10.01 99.4 111 1.72
Gradation 2.67 7.43 142.1 118 2.16
CIP-PIP-1-SSiC
D5y=82 um 2.53 7.05 120.5 107 2.09
Gradation 2.69 7.27 150.3 106 2.04
CIP-PIP-2-SSiC
D5y=82 um 2.51 7.59 123.9 113 2.11
Gradation 2.29 20.2 59.6 89 1.37
PIP-4-SSiC
D5;=82 um 2.15 19.8 55.7 75 1.19
2.5(0)
2.5(0) (@)
0.5(0) ®)
3 05(0) _/_\_\/%
< 0500 @
2 050) "
£ 0.50)
g 0.5(0) (®
' 0
0.5(0) ®
0.5(0) o
) . " e .
0.1 1 10 100
Pore diameter / um

K3 FESFLER AR K5t N SEM

Fig. 3 Pore size distribution and corresponding SEM images of the samples

HE

AN

)ﬂl_‘

D5p=82 pm system: (a) SLS, (c¢) CIP, (e) CIP-PIP-1, (g) CIP-PIP-2, (i) PIP-4
Graded system: (b) SLS, (d) CIP, (f) CIP-PIP-1, (h) CIP-PIP-2, (j) PIP-4

196 XU T s v PRI b OIS A K, il 4 B
7N, ZBE CIP-PIP-2-SSiC K45 X. Y Sl 46 R
PR T 6.5%, Z BiAiZ N 13.6%; 1 Ds=82 pm 14
Z CIP-PIP-2-SSiC K45 R 11 X Y Hllic 46 3508 7.5%,

Z AR 0N 16.5% 0 HITT L, 0L 2 B A R T4
FARWL A A SIC PRl dh, % T KRS P B ik

FEpe i FE AR BT

MIEIFARESS SiC M BRI RO 51 (B 5)KE,
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Il Gradation (7 : 3)
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[ Volume shrinkage
24% 28%

—
W

Shrinkage rate / %
S

W

X-axis Y-axis Z-axis
Shrinkage of SSiC
Bl 4 LA Dsg=82 um R & CIP-PIP-2-SSiC KE4i A1) X\
Y. Z i
Fig. 4 X, Y, and Z-axis shrinkage rate of CIP-PIP-2-SSiC for

gradation and Dsp=82 um systems
Colorful figure is available on website

5 #FPreess

F4 AIEFI&ER SICHERZEENMRTRE
5 it fE xS b

Table 4 Comparison of densities and flexural strengths of
SiC ceramics prepared in this work with literature reports

Bulk density /  Open Flexural

Sample Ref.

(g'em™)  porosity/% strength/MPa
CIP-SSiC 2.67 6.37 136.8 This
PIP-4-SSiC 2.29 202 59.6 work
CIP-SSiC — 7.02 56.2 [20]
CIP 2.12 33.88 59.47 [21]
PIP-7 — 10 20 [22]
PIP-8 2.45 5.05 152.6 [23]

BT SLS 4T ER B IALE CIP i FEH 25 &)
i eI e S SRR TR, B CIP T2 Evk4b
PG S s ah i, WSR2 ICE L PIP 456 [
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71N, PIP-4 RAK [ FL428 43 A7 Al CIP-PIP-2 MK AH AN K,
HLORL 2 1) HER 2, B BRI LB BB, 2k
PIP A & AX CIP £ . M T PIP-4-SSiC K45 A iR
BN 229 glem®, FRALEN 20.2%, 5 CIP-SSiC
RRAERIYEREAF(E 0, (HRC PIP-4-SSiC Je4E A
MRS SE N &, HBLESHCIRIG SiC &kz,
B SR, X 07662 mii T AT RS T b1 AR K
FTEk.

& SEM H& Jr

Fig. 5 SEM images of sintered bodies in each stage
Ds5p=82 pm system: (a) SLS-SSiC, (c¢) CIP-SSiC, (e) CIP-PIP-2-SSiC, (g) PIP-4-SSiC
Graded system: (b) SLS-SSiC, (d) CIP-SSiC, (f) CIP-PIP-2-SSiC, (h) PIP-4-SSiC

3 #Hit

FEAIA SLS FTENZHCT, JBCHR R AR 1

PRRREE FE AP 58 L 242 82 um REACLIA R
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