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Research Progress of Additive Manufacturing SiC Ceramic Mirror
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Abstract: SiC ceramics have excellent mechanical properties and good thermal properties, and are one of the ideal
materials for preparing space optical mirrors. SiC ceramic mirrors prepared by traditional forming technology generally have
problems such as low light weight and long preparation cycle, which are difficult to meet the development needs of space
optical systems. At present, additive manufacturing technology shows its great potential in the preparation of ultra-
lightweight mirrors with low cost and short cycle. In this paper, the material properties of common mirrors are compared
firstly. Then, the research progress of additive manufacturing technology for SiC ceramic mirrors is reviewed. The
component design, preparation process and densification method of SiC ceramic mirrors preparation process are discussed in
detail, and the technical route of SiC ceramic mirrors prepared by additive manufacturing technology is summarized.
Finally, the future development of additive manufacturing technology for SiC ceramic mirrors is prospected.
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Table 1 Properties of typical mirror materials

[31]

Material Density/ Elastic Specific stiffness/ Poisson ratio Thermal conductivity/ Coefficient of thermal
(g+em™3) modulus/GPa (kN - mg™1) (W-m™!'-K™) expansion/ (10 "¢ K1)
SiC 3.21 391 121.81 0.14 ~0.21 150 ~300 2.2~3.5
ULE 2.21 67 ~73 30.32 ~33.03 0.17 1.31 0.03
Zerodur 2.53 91 35.97 0.24 1.64 0.05
Fused silica 2.19 72 32.88 0.17 1.4 0.5
Al 2.7 68 25.19 0.33 167 22.5
Be 1.85 287 155 0.043 216 11.4

2 M ROR AL SiC [ & B EE R IR
2.1 REHHRE(VPP)FEAR

e AL A B AR AN 1 Frs 8 TR R S0 1 B B ORE TAE & LA — )2 R E I
B IR BRSSP B R R B AR R A SR SR A e P U 1 R A R A B AL B S 2RORE TR



%7 Z5 RS RIS SiC M R ST R B o 2663

BN, TG THE—ERE, B2 ik
VR, Bl S = 4ESC AR R il i . 5 A A g T2
FHLE, VPP FAR B RRORS B fi ey, 7 2 s FE S5 A
TN A /) B T 25 R 2 A5 AR 5 T B AT DI
University of Michigan ( 3€ [& )" | University de
Limoges (1£H ) e ERRAE B s ) R AR S T AR
HhC (TRPRR < 2 [RDRE F o™ ) 270 b B R A
R RR B A 35 06 o 3 HLAR -5 ) BT S BT (TR AR

SRAEHLIT ) 2 45 B SR AL A ) 45 B P VPP AR 4 SIC B RS JRHLR 2
M AT T R EWEE TAE, 45 R 2 G 1L Fig. 1 Principle schematic diagram of SiC ceramics
ekl ELAT 5101 TR BR824 R prepare via VPP technology
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B, Ding 45175 B B B AP R 4 B 28 5 BB AL RO BEAT T AHDERFIE TR 1B 2 (a) IR 7B ik
IEIULE G AT ACTR 2 T 2 5 1 SiC RO BEp Rt P A SRR W] M TR AL M e, Sic B B Y
WCRE A AL R R ok e R, P IR BE G R RRER ST Chang 451 2480CR ML REAUEE
PEESRL R ER Sy SiC, J5 2L B HGg s i S AL REE JROR SiC, 22 OB R A BUR AL S 13 B 18 2 (b) PIis Sic
SCSTEEARE, TRYIK: A bR PE I T A= A0 A 51 0 il i o Sicoy AR A T AL AL B, 7 SiC
RMEAER I T Si0, 72)2 %07 EA AR 1L SiC B AL IR BE . 25 8] BT O A FE A
BUPTSRFHA BILY A I UUE T UKL TR HEA T M, BF 5T 1 UKL 5 S O AR 1) VR A T Oy, (R BT R4
L2 . Azuma 55 WFSE T AR HOR) & X SOREE TR ML IO Z R, BIF Y 28 R R WTVR N 5% (B 4350 1
G GRS RORHI R R SR AL SR 2 BRI B SiC PR R ST BERT R ] & BT T R 5L
WHE BF5E T IR (S R S B R G FEX SiC T i 4R 2/ (0 5 o A ATL ) Fr) s el | F 9 1 Bl L i
PRAIR T 24 2 %08 SiC S S B AOMLAH ST A A 2 UL RE S AL AL ) OS2 ), T 5 0 i DR 45 o J3E Xk B I e 4 it
T HRR AV S L ) 3221 R B2 IR REDE AR SiC B RS9 SRR 2R RE 2 B4R T T 359% 1 50% LA L
P 2 () R 1 kAl T A 45 19 A2 620 mm 19 SiC SR BEA B}, 3X 2 H AT T 2 1 38 16 B AL HOR il 2%
K A48 SiC U BRI R

Bl2 36T VPP SR SiC AF, (a) VPP 254 BTSRRI 2R B8 1LY SiC PR R ST BERT R 5 (b) RIS fL i
5 SiC UL # 5) SiC PR RATBEMEH ™ 5 ()620 A1 500 mm 1145 SiC W4 R ATHM R

Fig.2 SiC components fabricated by VPP technology. (a) VPP combined with precursor impregnated pyrolysis densified SiC

(s,

ceramic mirror material **! ; (b) SiC ceramic mirror material prepared by grading silicon oxide and SiC particles

(¢) 620 and 500 mm aperture SiC ceramic mirror material

L5 LA D EEOAR S 5 SiC R R S AT BEpRE A e LA - 0RO [ A s | B BRI | B 1k
Bedh (AR BRI AL B i3 SO DB 4E A5 ) | e JE0RE g BT RORa e 78 v 10 G 1T AL R 45

Rk
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2.2 MRKBELRE (PBF)

W3 A RN il B PR 57 AR 8 1 2 A AR A T R 2 R
TR E L e BRI 1 B A R A R 1 Al B
X IOEHESE (selective laser sintering, SLS) Jg—7ffiLrAY
%) PBF £ 78 SiC BE SN 1z, 1986 4F, 3%
Texas K2FHeEHH ¥E X OGRS FAR , JF 4 £ E DTM
o] FEE EOS 2w Je R iz B AR L AL, IR HE ) SLS
W ARG, G ARG LR, SLS & H#EOEH &
(RO RO B A RHIEA TN T, SLS 120 s R s B

K3 fis . I SERUR AR 6 (R i I Tk K3 SIS HARHIE SiC W R SR
BHE A B RS ETT ¥ T TAEG M EE SR Fig.3 Principle schematic diagram of SiC ceramics
HEHATE TAES L ﬁ/;bk_‘/l\’/fﬁjiﬂipﬁﬂ/‘]*ﬁ}%, prepared via SLS technology
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IR A TR i ABOLRE RS, B B Atk BE [, Abdelmoula %" Fl Monton %5 SR A D-SLS il % T
SiC, YT SiC beshih B2 F o fif i B2 25629 400 K, 2R H] D-SLS HAR T ™4 #21fil SiC ¥y R R M A EE, @it
PR BOCTR AR AT R PR S B FEIOLAL , B A T AR R 87% Y SiC B E ., [RIAT,
Abdelmoula 25" 4§ H 3£ T D-SLS il SiC, 5T L ALHT EN I S BRI A 14378 9y 26 LA S B A 8 28 f I ik
b RS BERI 4G . Wolfgang 251 SR CO, BOGES 76 100 W SR TR SiC 43ty Si, 161k Si 5 Sic Bk
T O M EAE I MBI Si0,, 4% £ 40 s F 25 5 1Y Sic Uk, Hl & TR /N T 1% HiE N
120 mm 19 Si/SiC S8R RE, W& 4 (a) BT . Meyers 2519054 Si B3R SiC By AR TR SVE M IERL, L Si IR
S TORIRGSS Sic BURL, AR T Si/SiC MR, M EIARBFSE AT LUE ), D-SLS HARTES % SicC P i it R
XGRS E SR A R R . A, SiC FRIARTLIR R S5 D-SLS AR 1Y Sic Ut
MR TR S 2 A R SRR AR, SAEPUIRAL Y SiC U AT B REAH L 22 BE AR

HIELT D-SLS i SiC MM , 1-SLS AUBFFTHE M I8, 1995 4F, Nelson 251 1) 5 35 75 0 iR FFY i 0
B SiC,BF9E T SiC MRy 1-SLS MUMHE A, 2853 30 4E AT & R | [ ARG 24 30 3E T 1-SLS 4% SiC
P BRI R T AT M . I, IO IR OBV AR 4% BEAR TR ( Tl A ) FLBR e i | TR e 2 AR I A6 )
Huebner %l Yang % 58 T 25 AR il 25 BT SiC M4, LAE R SiC iR RS . Liu 2519 R
FHE AR AL SiC M A& T Sk SiC AR, m4RH 25 i3 B2 55 5] 348 MPa, fIRIE s A8 HL FB I n]
A RO D2 AR i (] 48 Sl el B, B RUA e 3, SR, 78 s R oA AL
Wk A L RSB e 2 i AR oA WL K AR Al 3 2 7 AR R I s, AR T SiC P8 sURORS FE . it 5B
T TS T B A AR 45 70 S A SiC P G SiC B R B g AR FE A IR0, Chen 250 38
I EER R D) C, AN a-SiC AR JERRIEA T 1-SLS 35, 38 1 I T JEUR A R 1Y L B 5 Sic PERE, SEEL T
B2 150 mm B 2.75 g/em’® HREE 266 MPa [ SiC S BE AR, 1n1& 4 (b) FiR

ZE L RTIR , SLS BRI A8 SiC T BEA RN KRR R & S i BUR LR s S T 2R, D-SLS b
JEAAARIE F AR SiC, 12 A 55 % B 1) B Gt B8 R4 7 A 42 ol A CR T AR PR . 1-SLS 75 1 BRI o1
AHLYSEBL SIC R 8 00 R AR AR DL LT T I AR A 3R 48 iR\ PMMA 45, & A HLY 5 Sic #ik
FEAMIRA TR A A, Hil 85 7 ik B EA MR A R IR | 55 Goad I N Be s | A IR ARt 24 | S5 R Ak
P AR AR ST AL R AL



%7 Z5 RS RIS SiC M R ST R B o 2665

K4 SiC B8Rk, (a) D-SLS F AR Sic™! ; (b) 1-SLS AR B SicH
Fig.4 SiC ceramic mirror material. (a) Fabrication of SiC by D-SLS technology'*’; (b) fabrication of SiC by I-SLSM®’
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I, RGP B AR ] LEZ M, BI KA T
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X MR TEE R,
5 A G il AR, BY FOR BRI I HAA AL
RUHRM L5 H 24 R I 3. Terrani %" R A Bls  BI AR SiC WL EHR 5
BJ Hi ARl & T B AW/ T 45 5 Sic P ER T Fig.5 Principle schematic diagram of SiC ceramics
52 R R T 3 P WA SR AR SR B S R prepared via BJ technology
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FRERESEIFICE 15% LR, B 6(c)JB/RT Fleisher %K H BJ Wil #¢ T2 SiC S Sttt , 2 1 Fil T 25
FESr51M 2. 87 g/em’ Fil 16 kg/m’

{EASFIETE A 2019 4F Zocea % Fl Diener 2570 #EHI A Sic JORMUER BI R FCRLAY Sic Bk, SicC
P 28R K BB AR 0 BRI SIS IR A A, 3 Ao ) TR SiCO R B SRORH 2R TAE & b, TR AL
PRAE R w2 P T ), T E T B0 IS Sk A )2 v e AR I 3 W SR RN 45 ) 3% T 1 SRR R 41 )2 SRR
(layerwise slurry deposition, LSD) %, LSD [ & U0 H4TE T 85 R A HERR R B2 K, IR ] 5] ARICH R , TEREAIR
SiC FfASLIR R 455 SiC ABHERE 7 B A K ANETE S, Bl 7(a) ly LSD AR SiC iwfe e+, ix
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A SiC MR REE T LSD F AR TE 48 B M il ik SiC P %S [ B i Oy T AV A L A i i A Y
SiC 5% A 479 MPa, % KT 3.05 g/cm’,

Bl6  BJ kil & A SICHIF, (a) ALY SiC BPRE™ 5 (b) HAEH 100 mm 9 SiC PR AT ;
(c) AL SiC P e
Fig.6 SiC components prepared by BJ method. (a) SiC material with complex structure!'™® ; (b) SiC ceramic

mirrors with diameter of 100 mm"*!; (¢) ultra-light SiC ceramic mirrors''”

Bl 7 LSD 515007 il & 1 SiC M. (a) LSD HOAR MUY SiC B ; (b) BOH AL HUR 9 SiC ATk
() LSD kil # HYBUH SiC MRHEORATH ; (d) RS ITIA il # Y SiC RO A H
Fig.7 SiC components prepared by LSD method and traditional method™!. (a) SiC preform formed by LSD technology;
(b) SiC material after densification treatment; (c¢) microstructure of dense SiC material prepared by 1.SD method;

(d) microstructure of SiC material prepared by traditional methods

L5 LR B ik £ SiC RO BEARHI R LA RURH 5 ORIy AR BSRORE) RG50S I | SO e be 2
(I SHBE BRAEE) o JEUR N SiC OB R 45 I LT SiC kR L il 55 A9 Sic Pl R fLE AR
s 22 FT YRR 0 2 e Ak PR oo PR PP ) 25 B, PRI S Bl T 2K R B A O SiC, JEURE N SiC 3R
U S — R IORR , T AT R 28 A AL B 70 3 vo ME AR OB A , PR AR 435 70 I3 S5 AN B0 T e 45
BTN A PERE SicC bR
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2.4 WREETHAE (MEX)
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SiC P s 3 i i 5 12022 . BHFE SLEESU TR T B Fig. 8 Principle schematic diagram of SiC ceramics
HRE WM ELAR AT BN R A T A SO Sic gk prepared via MEX technology

TS SOURZEHE) B 2 W BE RS2 MR . T T |

W ELAR AT ERJZIE 435028 180 °C 0.8 F10.2 mm B, Hl #3570 3. 18 ¢/em’ FIFESE Ky 302 MPa 2
FRLERE SiC FPE, QNP 9 (a) BTz, Niu 2582 SRR AR I R ER LA 1) 2 Bl AR S B0 Pl 2 100 il A o5 HL A0 1)
Zbk, Li P05 T RR R 4140 % SiC ARk BE AOSE IR, 78 JFURDRY R A AN 38% ~ 46% (IR0 )
BB S ABEERTRAN B, A H A58 T3 N 3. 12 g/em’  FPEAR B R 425 GPa, HAE 4 300 mm 1
SiC S BEARE, W 9 (b) fin . 5 FRIFFE AR, Cheype %5 ¥ F0RMI AR e i SR B ke Si Al SiC
TORE AR R A, I PR JEORERS AR Si R SiC R 7 ot 45 1) JRURE A 2R 76 0 Rl 285 Bsf ) 285 B ol i PRI 285 B ok oy
3% FEmE Sk s R Zh i IR M G B 45 76 1 400 °C R A B G Y 5 A9 TR RIAA , — Dy T SR B ik o 4 300 A A
K SiC, 5 — 07 TR AEGE 24 1Bk S &2 RN T IR SiC, e & SEBLTC AR ik 1 SiC R 28 S 56 8% 1) il 4%, 4
K 9(c)rms,

19 MEX 459 SICHIfF. (a) WGERET2" 5 (b) 44 300 mm (¥ SiC H % ST HERRE
() THRREHY SIC B BB
Fig.9 SiC components prepared by MEX method. (a) Turbine rotor”"; (b) SiC ceramic mirror material with

diameter of 300 mm'™’; (¢) SiC ceramic mirrors without residual silicon'™

25 BRIk  MEX HOR G2 SiC R B BHIHOR BE A W 2% DFURHG R g B IR 2 A7 155 A SicC 0kLZH
BRI, WS L Y SiC FU A . X SiC Tl (A A7 1 700 B i A B A | 52 BUA BILAD B9 e Ak
W, fRJE B RS AN RS 55 AL R EOR SEIL SiC R B AR BB AL A5 B 1k ; @ Uk
B R BRAELE | Si 3 SiC Ky AF X MEX SR SiC Il (R T il AL B e il T SR e fef e 2R I Sic
1 C, IR C S54EE LR Si T8 BB SiC, S T SiC ST EA Rl 4, AHE THORBRLD, R
B2 QR Tl g PR, (A 25 1Y SiC R B AT X HEA T8O AL SR B A5 D5 T AL FLERAT Y .

2.5 HEHHIE SIC KRR R IR L

w1 LM el i, [ A AMEE RS SLS (BJ \MEX R VPP EORAE R & SiC K S Bebhkl 7 i 2 S 1 — & B F

FEHERE , X LEHEB i SR, VPP B A JRE N IG5 1 1l 4 1) SiC S S AT S PR e vy | 2RI K
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FEUR IR RIFIZETERE . Ml SiC P& rERE 2 5 MiH A D Sic & &R A G, AL R
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VA AR ARG, 53— 5 T 5 Tl (A AR 3 B 2 AR G . ORI 2B 8 4 2 i) 4 K I AR B A il 3 SiC
SRR, B S H A T IR NR Pea i Re v g AR R TR Y S 1 4 o SR G A A SiC R R B R
B, MIGA R T2 B | VPP SR P e SO Y | v s ok 0RE ZOE | 4 BT A 3R A AL 55 20 4 e S 1
o [ SiC TR & . RO B TR WA R &) IR R ) RS Z YRS TR T
TN Sy S TE NG . PR, 7RI e b il 3 BOR |, VPP FE i % SiC Oy S S B 5 T e L T HOR
R =ARSTY e

P10 B4l 1R G R T 2% SiC R B SO BRI EOR B2 . — RSO0 T, 34 b il HOR 4% SiC S5
BEMPRLT A 5 AP RR 1) IR A A IS SiC R B PIr s JsUR— O M R B, 2) B i, 80 A
AR B i T 25 B S5 A5 B BA R E TR ARG Sic B . 3) EBEHRAE , XF SiC Sl A4 k4 7 I A Hl e Ak 3, it
il R b A LA 28 S U , AR H TR, I AL LB, 75 2 2 4L SiC Bk, 4) Bk izt
PETHIG RIS SiC APERE 0 H R AT AT IR Bk 5 SiC Ry & &, BT SRAK T 43 A R AT IR AR SiCRTIRAA
S BURT IR {4 IR 15 24 ( polymer impregnation and pyrolysis, PIP) &7{(,%/5{?}5%{%/}?%% SiC SRR AT LS
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Fig. 10 Technical roadmap for preparation of SiC ceramic mirrors based on additive manufacturing technology
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Table 2 Properties of SiC ceramic mirrors prepared by additive manufacturing technology

Bend Flastic Thermal Coefficient
Molding Densification on astic conductivity/ of linear Density/ Dimension/ Development
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2 SL PIP 165.2 — — — — <50 JEHUHE T R4 34 ]
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4 SLS RMI 195 225 70 4.0 2.65 120 PR 05 B RIS [42 ]
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