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Wi B 2R k), )R S gt A% 1 (R U A Y IR AR
AN 2 [ A1 ) T8 s A 5 0l A ek (W 28 0 4k T 21 4
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1.1 KA SEAR

HEE —SURERE (AT 99%, FED¥); WL
i TR e (L 98%); Wk = AURE b (Al E
99%); —HIREGUERL(AEE 99%); —HIE LR
FERE(AE 97%); VUERKIE(THF) (205 99%);
PRI R E I ZBEICMA) (25 98%); HMEIR 2-

FEIECEEICA) (ZFE 98%); =2 R ke = TR 1%
FRER(TMPTA) (2% 95%); 2,4,6-— H3E 2K H I 2 %
FEEIR G BR(TPO-L) (A 97%); REER(2,4,6-—H
FEIR R I AL (8 19) (L1 98%); 7K H i FF iR F
Fis(MBF) (20 98%); 2-F23E-2-F 32K il (HMPP)
(ZHE 99%); 2,2-— L5 7K LI (DEAP) (4%
95%); BAKELERE 95%, M fkife N 2 um); %4k
FEAE 99.9%, FiAkife 20 nm); —EAbREAlE
99.9%, M AKIAZ 5um); —EALER(AE 99%, Kk
it 0.4 um); FAER(ZEE 99%, ¥ ARIAE 0.2 pm);
B 99%, MHAkifE 2 um); BrAGEE(AE
99%, M AKIAE 5 pm); BIALES(ZEE 99%, Ky
% 1um); /K OEE(AEE 99.7%). LA LiAFIEE L
B NREIR D AR AR, BAHE—D R
BHEH. ZS(NHs) (26 99.9%), WHLR R &
SRR EARA A

1.2 AHMBREIIRNEAR

FE-20 C VA BRI 26 A T 5 1) T 8 1 35 388 e 17
ZmA 150 mL PYERREG, BRI 3.15 g
(0.029 mol) = AL &UFERE . 1.49 g(0.01 mol) 3 = 5
fitbes 4.09 g(0.029 mol) 24 202 & ik, 10 g
(0.087 mol) 1 —&lrE bt s FiH: T Ml R B2 HIEA
AR, RME pH I 8, (FIEBANE S . ik
R E A, WERIET . 3R 725 1R 25 DU A
WRIRT, 1920 3 CUFE AR PSZ-VIH®R.5 g, =%
80.5%).

SR LA L SO 25 A SR 36 20 B SR ot
FOE = Skt FP2E EURERE N IRRL , 153 206
B S SR RS PSZ-TVIH. SR = H 5
SRR, PR =AU, B AR N ERI,
BRE AR LSZ-H.

] R HE T AR O 10 g SREERUE, 3 ¢
Tt TR B S AL 2 U AR (I TR 2- o Uk O
ICA), =FiRECHFE 24 h, FINACEGEE R,
10 min, B3 2156 [ 4 S B s o
1.3 AHERRH &

MR B I 10 g BEA M
PSZ-ViH. & & M ZM R AV AL 85 IR ER, 5 R S
JRNAT R AERENL A FEATERES, BREEHRE, WA
3 g IR 2- R RIE ZBE(ICA), BECHERE B 24 h;
IS =2 F L U e = TN BRI (TMPTA) A1 0.5 g
Fer G R 2,4,6- = F 3L 2K F I 3 290 TR 2. I
(TPO-L), 4kZEBEGHEHE 10 min, BI75FE5ME T hE
BB AL
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1.4 EEZRIA DLP TENSHONE

R4 Lambert-Beer 72 3 1] 73 U6 [ 44 )& B Co
BRI T FEE(1) o B RIS RT A] Fr [ 10 B AR
A, AT CATHR RO SRR 32 SR FEE (D) RIS
B GRRE (Ee)o

Cy :Dpln[iszp(lnE—lnEc) (1)

s Dy R AMCAESCBESORE A (138 SR, pm;s
Ec 93 B ORI S ] A B BT 55 222 1 i g o't
B, ml/em?; Cq AWEE G 8] R B RS, um;
E ARFRER AP HE S 215 i O 2 T A R D' i
B, A G UR 6 HE 5 B 5 RO I [R] R 3R AR
ml/cm?,

1.5 JHUERRIA) DLP $TENRE!

HeHE S RE DLP 4T EIHL Photon Mono 4k
AT RE A, e EJE BRI TR 25 s, JRH
N3, DAEERITERfF vl R [E R EFTEIF & by Z
R A 8 mm, FRFHEE 2 mm/s, [EHEHE
2 3mm/s. FIENTERE, F SERRAT BN ERAE 1
R FE e, BN A TS VAL —
Ve, BT BN BN ER S L E AL YERE 20 min
i L [ A0 5E 4
1.6 Hm*&IE

{8 HLIH- A5 e 27 A6 1% (FTIR)AE iCANO {8 HLIH-AR
LA R T e i BH A BR A /) E I,
B RER WA KBr #h A L, Ky
500~4000cm™'. REUE 4em !, FHGIREL 16, Kl
PERT AR B B SRR A [R] B Y Ak 1] F [ £ )52 P8 AE 3
FEIEA(HC-622) Fill&, #H2E: F kAR
HEHL, 12 S ANBENUA B E IO IE . ek
KL I A2 P e 7E B % S AR AZ A (DESKTOP-
BKLJ9S3) L RAE, 7= RAATIRA S ULE R
(1~100s7!, [AIRG 2s7), 9568 —BYPTdE Zah 42
€ BY VI 2 (50 s7) T #EAT 30 & I H 23—
60 ‘C, FHEEZF AN 5C/min), 155iE — IRk,
ZE N B HGE(DSC) /7 #HT7E Mettler-Toledo DSC1
Q2000 # oA BiAT, &< 40 mL/min, FHRI#E
N 10 ‘C/min. #E(TG) T 7E Discovery TGA 55
AT BT, A 40 mL/min, FHEEZR A
10 °C/mino 6 [ A0 FT B 1R 5 8 SR FH ] 5 oK o A
AVEFATIEE, W5 ASPATRES B FIE. M
LW T S8 I b Rk T BB (H S
S4800) AT AL, HF il [ B+ IS A (H 37 S4800)

W% Pd 2 SHRE E RS & L, I &
5kV, HFE<10*Pa.

2 HRERB

2.1 RIS FEMBEME BRI E L5

3 PRSI 7 7 S5 A A SR R AR o [l AL
3D FTED R i 43 0 B £ M R R R I TR R A
(PSZ-ViH). &5 uifi £ M J A1k & 1 5% ek 20 e (PS Z-
TViH). SEARNRRERLN(PSZ-H), &R fEE
IKTCESRAE T HEAT , 8 G R AN =) R A BOK A
W FREE(Si—H) L3 (C=C) R & Pr [FI/E I *F
JelE A BE R o

Kl 1 AR TR REESN FTIR. #1E 1a
Al LAE H, N—H(6=3385 cm™). Si—H(6=2125 cm ™).
LIHEFEF ) C=C(6=1595 cm )M 2 )& It C—H
(0=3050 e ")IHRZNWL il . £ PSZ-TVIH FfE H
ML AR, R N—H(0=3385 cmr™!). 23k
C=C(c=1595 cm™). ZJ&i%+ C—H (6=3050 cm™)
MRS IE ;. € PSZ-H MIZLAM i, K3
N—H(0=3385 cmr!). Si—H(6=2125 cm ") IR S Ui
. FTIR £5 K, Fr e BN EEERR W&
ite B 16 ATRLEH, Stk f5H PSZ-VIH-ICA £
£ C=0(0=1720 cm )R BN I, X TAEE e it
OGN EE ] P JE 7E 2280 cm ! b H BRI
—N=C=0 #rzhlE, LA RPILED>ER TR
BE(ICA).

P 2a F1E 2b NEsPEFT ICMA L ICA A1 TMPTA
kR B 2¢ A 2d 43 3 4k 2 ek B
Ja RAERBC ) 53T 450, A SO 51N B TR A TR
B R A R A OGE L PERRTS O, ] 26 R
fi e LSZ-ViH TR M 8 7 S0k SR ICA B SREAL
B, fEB) N—H X 5 R R R 0 S I U B
B Y BRI 2 5] N B R R 7 b

Bl 3 AN RO SRR U 1 o il Ak B (O
HRR B 4 mW/em?, YEHEI [H] 10's, 2P 7] ICA/ICMA
IO BN SR SR T 2 1 30%( 257 20 TMPTA
TINEA 10%, FeEF) TPO-L N &N 2%). HE
3HLAEH, fH ICA ki, PSZ-ViH KL )E
FEgR, #9259 532 um; HCN PSZ-TViH, LR
JE2) 452 um; PSZ-H [ECJEJE /N, £ 384 um. ff
FI ICMA S, [0 R AR {34 5 ICA Ktk
AHIE: PSZ-ViH WIEACEE R, 2908 503 um;  H
XA PSZ-TViH, [EIEEEZ) 430 um; PSZ-H [Flfk
B, 29360 um. LA EZERERE, BREEE S
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(a) Infrared spectra of polysilazane with different molecular structures
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ICMA and ICA with double bond isocyanate modifiers:
2-Isocyanatoethyl Methacrylate (ICMA): R;: CH;
2-Isocyanatoethyl Acrylate (ICA): Ry: H
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Three different structures of liquid polysilazane:
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(b) Infrared spectra of photosensitive polysilazane PSZ-ViH-ICA

fE & PSZ-VIH-ICA [H4T 41k

Infrared spectra of polysilazane with different molecular structures and photosensitive polysilazane PSZ-ViH-ICA
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O Sc,
0

Multi functional photosensitive monomer:
Trimethylolpropane triacrylate (TMPTA)

0
H,c I o

(b)

H.C, CH CH,

—51 NH+SI—N—)+SI NH%—SI—R2

HC H é 0 CH CH3
NH O R,
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Photosensitive polysilazane modified by ICA

(d

+ /C/N\/\O’C
O/

CH; Vi CH;

H,C- s; NH+S.—NH ‘>—SI—ITI_(_SI NH-)—SI -CH,

H C|OCH, CH;
NH-CH,CH,-0-C-CH=CH,

Reaction mechanism of LSZ-ViH and ICA

K2 gk

()

TERBE I & UEURE, PS5 HE S RS AL B

Fig. 2 Synthetic components, resulting structures, and synthetic mechanism of photosensitive polysilazanes
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— o R TPOLMIT e RO R
modiiie
503 V7 1CMA modified &Nt PSZ-VIH-ICA 6 [EL; {Hflifk TPO-L 5

Y B SRR UG A TV, T 819 51 e

f 400 R (FAEB T ). Bk, ATAERAM TPO-L fEN
P SR SRR U S R DGR T A

é 300 FEX M B R PSZ-VIH(30% ICA i

% 200 7, SN 10% TMPTA #7428 1% 1 )

a ANANF & 8657 TPO-L, k4§ Lambert-Beer 7& 1

100 AR B S BRI E 4 Prox. WE

da MINAF & BHGH TPO-L I Bt

PSZVIH PSLTVIH PSLH [y CorlnE WL 2r LG AT LU, B2 IO BRI I A1,

Types of polysilazane [ LR 2 b PR 07, R R R B

Light intensity is 4mW/cm?; light time is 10's; modifier ICA/ICMA is 30%; I ¥ 4% TPO-L It EEE Cyfx Kk Hiu K &

W3 RS TR IR A S D 6% TPOL I CuIRZ, i Gy B

VSR U O A BRI LE s WNIN 2% TPO-L 1) Cafie/hy, X F2&REAR

Fig. 3 Curing thickness of photosensitive polysilazane with hn 4% TPO-L i, JeHGHNT YR B 5 #4 30E

different molecular structures and modified agents BE, AMEIRBARN, SEEREREI. B

2.2 EHEIEF TPO-L BEXMRERKDLP AI4T 6% TPO-L (1] Ca T 4%H1 2% [, X 2&F il &

ENMRERYS2MR HOECBON S ECRE B BRI . OB IR

DLP fTEIHLGIE K 405 nm. 585 658 N HEALTE R 7E, R 51 R EH B RN, FHAS Y
4 mW/em?, SIREHIFARIE XL (2,4,6- = FF FE 75 H 1 FiERRE, EER &M . @ 2% TPO-L
FVEALBEIBRFR 819)HF1 2,4,6-= FH Ik 4 ik L 2 ik I 51 &G T A SN RTE A A b, S R B e/

1100

wn
(=
S

" 2% TPO-L o 1,00 maD, |12,
1000L ® 4% TPO-L = 400l % 7771 102
A 6% TPO-L S 821 335.03 2
Al
g £ 300t g5
< 3 6 &8
9 | =9
o 800 -§ 2001 7 E
£ 14 =
700 + s S
5 100} 1, S
600} " =
L L L L L L L 0 0
39 40 41 42 43 44 45 46
Exposure InE/(mJ-cm?) Content of TPO-L/%
(a) CInE fitting curves at different photosensitizer (b) Comparison of transmission depth D,
concentrations (light intensity is 4 mW/cm?, and critical exposure intensity £,
light exposure times is 30, 25, 20, 15, 10 s) at different concentrations of photosensitizer

Kl 4 AFEEE TPO-L A YRR St PSZ-VIH-ICA(30% ICA BtHEFIF 10% TMPTA) I [ 1k 251
Fig. 4 Photopolymerization parameters of photosensitive polysilazane PSZ-ViH-ICA (30% ICA modifier and 10% TMPTA) at
different concentrations of TPO-L

Kl 4b NIMAAFE & TPO-L BB RER 23 BUBEHAESEMHNENRERITENLE

BERIE S IRE Dy S5lm A BICRE E XS H: B It RERIFZ M
8GR TPO-L & &EIGIN, BHNARE Dy FFELE/N, i DU/ ] A SRR R ST BN £ R i R P )

FURICHIE E WG, KR UTHA TPOL WA, SRR /R, T DL
SR, B RRE RS G IORBCH S, TR bR RS R B R (05, %
WS SEOLHIERN Tl EFEOURMEARE B3 SNy WS REERU A4 B0 LR L
TS A3 SO LR FEREE o, AR R R ALREMIRERTR PR,
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FR S ORI TR AR RV o AP BSR4 3D 4T BN g

v Aafed SisNa A E R it SR e bR 3R R .
FAL B A B RUORE AR T ' O TR
PSZ-ViH(30% ICA M PEFF 10% TMPTA. 5%
TPO-L)JCIE L Z sz, Wi 5 . HE Sa
AL, AN [ AR A B O OB T AL )R
J5E Y5 BE AR S5 I 0T BT, X TR A s R e
SECEZ A WA, M T B b,
TN 5% 2 pm BAGEER PR PSR HE LR R W
I 10% 2 pm BACTER RIS BHR Z 5 U811 20% 2 pm
BACHER PR B RRHE b SR RS BN o 3% 2 R B A G
RS B 2, SCHCERRBEUN SRk %, 7
BIURBETR/D, FEUEAG )R B RO, & 6 N EAAE
WA [R5 B 5 AR R RLAR I 6 ok B R R
Dy Y5 E.. HE 6 WTLLE Y, A B R E e
B 2 pm EACTERAR S B 5% 2 20%, SR
% Dy 1 63.09 pum F£ % 13.73 um, i FEEEHRE E,
H 3.94 ml/em? T+ & 8.89 mJ/em?; BAL M A& =1
AR AR RIS E . fRiEid e s

400

50 " 5% SisN,(2 um)
e 10% Si;N,(2 um)

300 - a 20% Si;N,(2um)

250 |
mo-r////*///*//*/ﬂ

150 +

gmo-r”ﬂﬂiiﬂﬂ*ﬂi*ﬂﬁ
SIS
0 F

3.6 38 4.0 42 44 4.6 4.8
Exposure In£E/(mJ-cm2)
(a) CgInE fitting curves of photosensitive slurries
with different silicon nitride powder contents
(silicon nitride particle size 2 pm)

.+ 3225 -
JCRREAMEIERESAFE, DASEBLAUNRIE L. £RG

R CRRL IR A A SR B, R
BRI FALRER A 12N 10%.

IIAAS [FPRLAR AR R A B S B SR e e 1)
Co-InE A i a0 5b B, i1 10% 20 nm &4k
A A () D R SRR R e O I A ) B AR R B K
IO 10% 2 pm BALKERD 1A S A ZUe 2R 4K )5
FEMIXT /N, IR AR E AR (5% 2 um &
TERER AR 5% 20 nm FALRER M4, BoHESR:: ek
Sk A DA B 57 7 HEAR I L 25 B2 48%,  IMAAK
okt nT DUEAR BIRORFLERF, B, EFRRE
B 1) SR U 2R A B JE A 9ok g
KRR /N, X E R HUR AR SR X 55, Jea iR
REJIaE Gl R B B R TTHOR SR A4 ) e
SRR S 5, S EE R B IR . ORI K
TR Z GBI R RS EL, PR BRIE R T
WORBURL AT B, DGR E A T8 dighok g 5 it
KB BARER R () 2L 2 [R] 21221,

400

= 10% Si;N,(20 nm)
r e 10% Si;N,(2 um)
| 4 5% Si;N,(2 pm) + 5% Si;N,(20 nm)

W W
S W
S O

250+
200 +

1m:k//,/*///*//r/J
e SR

50F

—
N
(=

Curing thickness C,/um

3.6 3.8 4.0 42 44 4.6 4.8
Exposure InE/(mJ-cm2)
(b) CInE fitting curves of photosensitive slurries
with different silicon nitride particle sizes
(silicon nitride powder content 10 wt%,
silicon nitride particle size 2 pm, 20 nm)

ICA modifier is 30%; TMPTA is 10%, TPO-L is 5%; Light intensity is 4 mW/cm?; Light exposure time is 30, 25, 20, 15, 10 s.

K5 SRR RS BRSNS e B SR UbE PSZ-ViH SR L 2 52 mi

Fig. 5 Effect of silicon nitride powder content and particle size on photopolymerization parameters of photosensitive polysilazane

PSZ-ViH slurries

H B 6 I AT LA H, MR 10% 2 pm ZALEER 4
R REELERR, JERIESRE R 35.58 um, 5K
fi] A0 BT 75 Al S OGRS 7.12 mI/em?s T30 10%
20 nm ZEAREGURAM R 1) SR b R S IR B
K, N 85.27 um, Il SR GIRFE f /)N, 24 3.40 mI/em?;
INRE R (5% 2 pm BACEER A FT 5% 20 nm 4
FEGR ) I SRR BB R SR 52.80 um,
Il FLBE IR N 6.90 m)/em?. K IR INAN KM 14k
2R E S PELE, TR ae &R, 7EARIEY
5T [ B B K TR ok R R S U 5 R A
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Table 1 Printing parameters of resin with different powder
contents and particle sizes

Powder content and particle ~ Single layer curing  Single layer
size thickness/pm exposure time/s

Without Si3Ny 50 6

5% Si3Ny(2 um) 40 3

10% Si3N4(2 pm) 25 5

10% Si3N4(20 nm) 50 3

5% Si3N4(2 um) + 5% 35 5
Si3N4(20 nm)
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Table 2 Density of UV cured printed samples

Powder content and particle size

Density/(g-cm™)

Without SisNy 115
5% Si;Ny(2 pm) 117
10% SisN4(2 pm) 1.18
10% SisN4(20 nm) 1.18
5% SisNy(2 pum) + 5% Si3Ny(20 nm) 1.19
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(d) Photo-cured sample with mixed silicon nitride powder
(5% 2 um particle size and 5% 20 nm particle size) added
has a single-layer slice thickness of 32 um
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Cross-sectional SEM morphology of photo-cured samples with different contents and particle sizes of silicon nitride powder
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Table 3 Ceramic conversion rate of DLP parts during
pyrolysis in nitrogen at 800 ‘C

Ceramic conversion

Powder content and particle size .
rate at 800 ‘C/%

Without SizNy 71.5
5% SizN4(2 pm) 73.1
10% Si3zN4(2 pm) 75.2
10% Si3N4(20 nm) 76.4
5% Si3Ny(2 pm)+5% SizN4(20 nm) 76.7
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Fig. 12 Cross-sectional SEM morphology of DLP printed
samples derived ceramics
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Extended Abstract

Introduction Additive Manufacturing (AM), also known as 3D printing, is widely used due to its advantages such as high design
freedom, no need for molds, mass customization, and the ability to construct complex shaped components. The existing 3D printing
methods are developed, among which DLP technology has the advantages of fast printing speed, high dimensional accuracy, no need
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for molds, close to net shape, and high mechanical performance. Ceramic materials are widely used as high-temperature structural
functional materials due to their high temperature resistance, oxidation resistance, corrosion resistance, and mechanical properties.
However, compared with metal and polymer materials, ceramic materials are still immature in 3D print processing, facing some
problems such as limited availability of suitable raw materials, difficulty in optimizing ratios, high costs, poor process stability, and
limited mechanical properties. To overcome the problems above, combining photopolymerization 3D printing with ceramic sintering
technology becomes an effective method. In this study, ceramic powder and photosensitive preceramic were ground to obtain a
uniform slurry with a good flowability, and then high-precision green bodies were formed through DLP.

Methods Polysilazane PSZ-ViH containing both vinyl and Si-H was prepared via ammonified of trimethylchlorosilane,
methyltrichlorosilane, methylvinyldichlorosilane, and methylhydrogendichlorosilane. Referring to the reaction conditions above, a
Vi-terminated/Si-H containing polysilazane PSZ-TViH was obtained with dimethylvinylchlorosilane, methyltrichlorosilane, and
methyldichlorosilane as raw materials. Si-H containing polysilazane LSZ-H was obtained with trimethylchlorosilane,
methyltrichlorosilane, and methyldichlorosilane as raw materials. When 2-isocyanatoethyl acrylate (ICA) was used as a modifier, the
reaction occurred under stirring in dark conditions at room temperature for 24 h. 2,4,6-trimethylbenzoyl phenyl phosphonic acid
ethyl ester (TPO-L) was added as a photosensitizer and stirred in dark conditions for 10 min. PSZ-ViH and SizN4 powders with
different mass fractions were ground, ICA and TMPTA were added, and then followed by TPO-L. Finally, a photosensitive
polysilazane-based ceramic slurry was obtained after stirring in the dark for 10 min.

The photosensitive slurry was photo-cured and formed on the DLP printer Photon Mono 4k. The infrared spectra were
determined by Fourier transform infrared spectroscopy (FT-IR). The curing thickness of photosensitive resin or slurry at different
exposure durations was measured on a coating thickness gauge (HC622) by an iron-based F probe and an iron reference block. The
rheological properties of photosensitive slurries were characterized by a rotary rheometer (DESKTOP BKLIJ9S3), with steady-state
shear rate scanning at room temperature and dynamic temperature , respectively. The thermo-behavior was characterized by
differential scanning calorimetry (DSC) on a model Mettler Toledo DSC1 Q2000 thermal analyzer, and thermogravimetric analysis
(TGA) on a model Discovery TGA 55 thermal analyzer with an argon gas flow rate of 40 mL/min and a heating rate of 10 ‘C/min,
respectively. The density of photo-cured printed parts was measured by the Archimede displacement method. The cross-sectional
morphology of the material was characterized by field emission scanning electron microscopy (FESEM, Hitachi S4800), and the
sample (ion sputter coated Pd layer) was fixed on the sample stage with conductive adhesive at an acceleration voltage of 5kV and a
vacuum degree of < 107*Pa.

Results and discussion PSZ-ViH with vinyl as side groups can be chemically modified with 2-Isocyanatoethylacrylate, and
PSZ-ViH-ICA shows the maximum light-curing depth compared with PSZ-TViH-ICA and PSZ-H-ICA. Liquid photoinitiator TPO-L
can equilibrate light reactivity and shelf-life via optimizing the TPO-L amount, leading to a good balance of transition depth
(Dp=63.09 um) and threshold exposure intensity (E.=3.94 mJ/cm?). As a result, TPO-L can be chosen as a suitable photoinitiator in
DLP processing for polysilazane slurry. Among the ceramic powders introduced in the slurry, the light-curing depth follows an order
of Si02>AL03 > ZrO2 > SisNg > AIN. SiC slurry shows a low light-curing depth, while ZrB: slurry cannot be light cured totally.
Silicon nitride powder is applied as a slurry additive due to the proper light-curing depth and similar chemical components compared
with polysilazane adhesive. Ideal light reactivity and higher material density can be realized by synergistic effect of combination
addition of micro-sized and nano-sized Si3Ns. Based on the model of the relationship between transition depth (Dp) and threshold
exposure intensity (Ec), the processing parameters are determined (i.e., the layer width is 2/3 of transition depth, the exposure time is
adjusted according to three times of threshold exposure intensity). DLP pringting with a high precision of polysilazane slurry can be
realized for the production of complex structures (e.g., cellular structure). An interlayered adhesion occurs and the width of single
layer is almostly equal to the setting value via analyzing the fracture morphology of light-curing samples with different powder
contents and particle sizes.

Conclusions The distribution of vinyl groups in polysilazane molecules significantly affected the crosslinking density and curing
depth. Polysilazane PSZ-ViH containing vinyl side groups had a larger photopolymerization thickness than PSZ-TViH with
terminated vinyl groups due to the uniform distribution of active sites in the former.

The photosensitizer screening experiment showed that liquid 2,4,6-trimethylbenzoyl phosphate ethyl ester TPO-L balanced the
photo-curing activity and storage stability. The balance between transmission depth and critical exposure intensity could be achieved
via optimizing the TPO-L dosage, making it a suitable photosensitizer for polysilazane slurry.

Oxide/nitride powders (such as SiO2 and Si3N4) could ensure a light penetration due to their low refractive index and light color,
while carbide/boride powders (such as SiC and ZrB2) could suffer from severe light attenuation due to their high refractive index and
dark color. The density of the photocured sample increased to 1.19 g/cm? via mixing nano-/micro-sized ceramic powders (i.e., 5% 2
um SizNs and 5% 20 nm Si3Na4), and reducing the light scattering loss (i.e., transmission depth 52.80 pm), which verified the feasibility
of micro-/nano-sized synergy in photosensitive polysilazane slurry.

Based on the theoretical model of transmission depth D, and critical exposure intensity Ec, the processing parameters in DLP
were proposed, i.e., the layer thickness was set at 2/3 of the transmission depth (A=2D,/3), and the exposure time was calibrated to
equal to three times of the energy of the critical exposure intensity (/=3E¢/I), thus achieving a high-precision DLP printing of complex
structures such as honeycomb.
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