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Abstract: Additive manufacturing combined with reactive sintering can be used to fabricate extremely
lightweight silicon carbide ceramic mirrors. However, the mechanical properties of silicon carbide pre-

pared by this method, such as flexural strength and elastic modulus, are low and insufficient. A novel
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method was proposed to improve the properties of silicon carbide by high temperature oxidation. First, sili-

con carbide prepared by additive manufacturing and reactive sintering was oxidized at 850 °C. Thereafter,

the effect of oxidation time on material composition and surface defect content was studied. The enhance-

ment mechanism of oxidation time on the properties of silicon carbide was elucidated. The results demon-

strate that when the oxidation time is 2 h, a dense silica film is in-situ grown on the surface of the material,

which can render the surface defects of the material to self-heal and effectively reduce their contents. In ad-

dition, the final body obtained the best comprehensive properties by this method, and the flexural strength
and elastic modulus are 263. 9 MPa and 384. 75 GPa, with increments of 10. 7% and 14.4% , respective-
ly. This method has the advantages of high efficiency, low cost, and easy operation. The study provides

theoretical guidance for improving the performance of additive manufacturing silicon carbide ceramics.

Key words: additive manufacturing; reaction-bonded silicon carbide; oxidation time; properties regulation

1 5l

n|\\4

J2 I 8 45 e A ke B 2 EL AT B v L A
PR K N Ik R BUR R = v Be 2R &
[EPIREY R N NS LT G 7 = A (A T(T: o . 2
0 B B Al BE O 2 RS R YT S MO R R
() 32 L5 7 ) =2 — 6 R S S B A 7 RS
TE Hb AT 2 I8 F1 23 () R 75 22 (8] R Ml — BP0
T B BRI R S AR s R DR AL Bl M Y
PO ORE SR e A R S S B LA A A 1 LA 2
A, 2 R 32 AR AR Tk 114 ] B AN e AR A5 4% 1) &5 4
MIEE o 40, Bk T RE G2 S S5 4% 10 ) o5 2 B0 4%
S5 W R TR R R T A T A AT G . AR
X S 2 48 5 T E LA A e B A% a2 4 1 ik Ak
REFGZ , IFR N EE R OSBRSS R AE . G, Bk fb Rk
B 5 2t 30F ] i R 14 A 5 % T R RO 2 I G
B EEEAEEZ X,

F 2016 4 3 [ 4R 7 0fF 58 52 50 %5 (HRL) & %
T B ) R R A B AR A i DLk
T E ] P SRS S 1 b ) 1 R A% R
AT T Tk W 2 A S T T R R i B
e TR B, 25 5T A% 445 K B 1) A i Ol T B B M
AR AR Lk B AR S O B b i R A
T HAT R AME A S R 1 B B A L TR S A
Jr R AL RIE 7026 SR, RS P A I AR
ok 8 R i 3 B R MBS R £ A0 BT ORHE M
FIRE R 25 0 PR, 5 18 A o) 3 ) B I 8 2
A A 19 25 ity 8 R RN S ASE o 5 3 IR T 250 MPa
1300 GPa, 5 1% ¢ Jr 2 il 4 14 S 17 58 45 ik AL ik
PEREAN A7 72 5 K 22 B, 2 BR % 2 AR G 1) TR

W FEJFRHZ—,

AR, BE A 1 e T R PR S 1) 1 B AR KR
R I S AR L A BB AR R R b A
TEREI 2 534 e B b 4 ik Ak B B & R RE L 4
SRS A5 3 o A S N e 45 i AT K A I 3 2 i
iR E R A R th AR B, BRI EA
oAb mr A rk tE RE AU VE D o AR, H A 4 3G A
i) 38 e A Ak Pl 8 M BB T B A O SR AR TR AR
BRAh IR 0 R EFA & i . MRS Ryskewitch-Duck-
worth ¢ & 20 A H, ARk s B 5 3 I Bk B B
TG HE R RN R A i Ak RE AR B HLE
SN e N TR N RT3 3 R R Y I =R L (|
T TS AE i I BT 2 AR B T R L RN
PR 45 A A 3 THT 1) s 8 P Sy 80 JR UL, BB 1Y
o E s e IR A e RE o R Ak Rl BAT R
WL, R R D R R IR A AR N ) AR
Hh B G ) SR S0 YR A 2 7 R AR R 1Y
MR AL PERE . PRk, DRV I 9 ok 2 % 24 sk
Ak 2 T 1 L0y R R R 4 L 2 RE A
Mgz —

AR S I I A S AR A B 8] 7R RN e 4
Ak T A K — E 20 Y A A Z | LUTH B AR
T A SRR, 8 B B = M R R B .

2 % B

2.1 ZBMBREFFHE

BT BB 3 2 S BN RE A BOR i f 4 4
ik A Ak P S AE o R S 9 b F 3 e Ak fik: B
BRI AT AR A AL B, TR A 3 °C/min,



523 M Z

i, 2« SIS TRDGF 36 A4 ) i 8k ek P B 5 T A9 4 AL 3451

AR 850 CIn i 1,2, 3 h G R A M E X
TR 44 A S1,S2 #1183, a1 4k
FEAE S %k B T 2 05T 9 Pk Re A D, 1w 44 A
RT.
2.2 S5k

K 3 % 518 5 7 BB (Tecnai G2
F20 S-TWIN, ZE [® FELZ &) X #4464 ) 41 48 K i,
S3#EAT 3BT, Horb 3 S AR (200 kV) Y 5253
BN 0. 24 nm, &4 P 0. 102 nm. #4735
S5 oL B UL EE B RE ] M-bond 610 X Kl , I X it F
BE U W 2 20 pm DLR O, R OB T O Y
(Gatan691, 2 [# Gatan 2 ®)) il /F H F WL 82 14 o
X o Sk X 527 5 (D8 Focus, 78 [ 1 & ¢
I BTAER 2A R) ) HEAT B8 45 R 1) 0 AR A3 o AT o AR
i GB/T 4741-1999, 2k F # F Jg 243X 50 AL #F 47
T g R A A AR RS AR A%, Tt
25 B E B & RT3 mm X4 mm X 36
mm, ¥ 85 5 30 mm, 12X #E ZE N 0.5 mm/min,
WA AR GB/T 10700-2006 , 5% F AL 32 i v, 7
T REIR B AL (CMT6503, 245 M Tl & 48 (b )
AR T ) AR i A v D B A P At
T 2H R L5 H R I 25 B IO #4481 R
sf o 125 mmX 25 mmX5 mm. AR ¥ GB/T
25995-2010, FI] FH B 5 K 72 HE 7K 32k T 5% 958 285 14 1)
WAALE . ROk E IR L (STRP500-MCT,
Anton Paar ) Jlll & A5 5 1% 2 1 i 5

3 ZR549F%

3.1 S EI MBS/
RN e 4 ik Ak B B (S1/SIC) 1 2 24 4y
g B AR RE (SIC) FTEE (S1) , 16 % 38 n] 5 4 </ H
A, an =X (1) A= (2) firR
2SiC+30,=2Si0,(s)+2C0O(g), (1)
Si+0,=Si0,(s). (2)
WE 5% & I A B[R] X SiC F ST g2 Gl
it XRD 208l LA & B, 20k vy i Ab B S 0 Be
SEERALRE HP A SIiC AT ST, R WAL AL R
MM, %5 L RT A ST A& 3, & i Ak 3242 Si(20=
28.4%) [ & B AR, R B SRR BT K % 2 h
J& SR AT S 04 5 B BT S A AU 15 W £ I B5F ] 1Y
FEAK fE A5 A HE SiAY I AR, 7E SR I EALE A AL
RO o 24 R L ] ZE 4 2 3 h R, Si Y AT S 1 i

ASiC  @Si
s 1 2t 1 te

52 A lL.l N A J

] l i | R |

~EL_J_LL1J J

10 20 30 40 50 60 70 80
0/(°)

B R )RR T X 8 235 A 9 A A 43 A
Fig.1 XRD image of RT, S1, S2 and S3

tfé.

Intensity/a.u.

JE AR R, Uk B SRR 2 K R A i R T B R
M) ST IR I T MRER T, $2 5 1 Si AT 5 i
B . XRD &5 5 U8 0 01k 2 s, 52 Ry 8 465 ik 1k i
ST B A
3.1.1 &AL 2 SIC A 20 ¥R

Shy Bk — A g s AL B SRR S R B R
ARAS R 3% S A S A B 0 3R B AT 4
FromE 2w, mE2(0) 7, b1 h )5,
AR R A K TR 2N 14. 25 nm Y B0% 3R &
)2 . T E AR LLE )2 1 322 )
g SiF O, 5 B AR SiC 2z 8] B v M. R R
3O HE W, 1z B8 2 o0 S AL EE A (S10,) . AT &R
B o A AAFATE T2 2 b, SIC 5 Si0, Z [\ JL-F
ANAEAEH A 2 B o B8 )2 04 b 78 o 2 5 AR Ak B
] AH 56, 181 2(a) BT s 1Y S10, B 22 6L, 6 &
GEAE o AR S Hh R R R [ R B AR S1O, 1Y TE
B K K, 5 30 SIC 3R T R 2R ¥ 0l JC R 45
¥ o SiO, B 5], 2950 14. 25 nm, JE B B 1 £L
I s . 2ol m iR E 7E SiC Uk 3 i A=
K7 —ZE8U% M SIO 97 )2 . [[EF, X S1,82
1S3 & B, 850 “CF SiC Bl 45 14 & i 1] iy 4E K
SiO, 58 2 5 B T B A8 4k . SiC Y 40 Ak 2o 2 38
B O TR 1) 5 SiC 5 filh & A= %8 Ak 5 B, Bl
BN R AT SIO, 2 B 1T O 5 SiC iy 4% il
W 7 A R A7 T EORL A L A A S v
S I TR B, R BRI B R L S T
RO BE L BEAR T SIC M4 fb s % o (5 Ik, 850 °C
T SIiC & A= 2818 11 PR AL IR R AE KPR TR
I ] AN 23 B S B 28 SiC T Si0, 1R JE



3452

%031 %

. -SiC(103)

{5

B2 STk m 4

254

ot e (i TEM & (b
fETC R 715 (e)BRIT R Al
Fig. 2 Analysis of cross-section structure of S1. (a) TEM image of the cross-section; (b) HAADF image and mapping
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