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3D printing of SiOC(Fe) polymer-derived ceramics and
their structure-performance
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Guangdong, China)

Abstract: Integration of polymer-derived SiOC(Fe) ceramic technology with 3D printing successfully enables the development of a
photosensitive polymer precursor resin modified with vinyl-ferrocene (VcFe). This resin combines low viscosity, high photo-
sensitivity, and excellent curing strength, enabling fabrication of precursor models with complex geometric structures and micro-
nano features. Following pyrolysis at 1000 °C in an argon atmosphere, structurally intact and uniformly shrunken SiOC(Fe) ceramic
components are obtained, with a mass retention rate of 45.27%, a density of 1.89 g/cm3, and a linear shrinkage of 32.94%. The study
systematically investigates phase evolution and volumetric shrinkage behavior during pyrolysis and characterized the ceramic
hardness (achieving 5.93 GPa after pyrolysis at 1000 °C). This work effectively validates the feasibility of fabricating complex-
structured SiOC(Fe) ceramics via 3D printing combined with polymer-derived ceramic technology, providing guidance for its
practical application.
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Table 1 Experimental material information

Reagent name Molecular formula Product type  Specification(purity)
Liquid polymethylsiloxane (CH;308Si(CH3),0)n MSE100 70%Si10,
3-(trimethoxysilyl)propyl methacrylate C1oH50s5Si MEMO 97%
Trimethylolpropane triacrylate (H,C=CHCOOCH,);-CCH,CH; = TMPTA GC
Diphenyl(2,4,6-trimethylbenzoyl) phosphine oxide =~ C,sHp;05P 819 >97%
Vinylferrocene C,H,Fe VcFe 97%

Hydrochloric acid HCl HCI 37%
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Fig. 1 Flowchart of the synthesis of photosensitive resin doped with Fe precursor
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Fig. 2 Viscosity changes of TMPTA precursor resins with dif-
ferent mass fractions (stored for 3 hours )
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Fig. 3 Change of light curing properties of TMPTA precursor

resin with different mass fractions
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Table 2  Strength and flatness of the cured films at different VcFe doping levels

Mass fraction of VcFe/%  Whether the solution has precipitated

Strength of the cured film Film smoothness

1.5 Clear without precipitation
3 Clear without precipitation
4.5 Clear without precipitation
6 Clear without precipitation
7.5 Clear without precipitation

High hardness, general toughness Smooth surface

High hardness, general toughness Smooth surface

High hardness, good toughness Smooth surface

Moderate hardness, good toughness Smooth surface

Low hardness Wrinkles occur
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Fig. 5 Cured films with 6% (a) and 7.5% (b) VcFe
doping amount
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Fig. 6 Viscosity curve of VcFe doped precursor resin over
storage time

23 ZHBEZRKBUERIETIRERIASFTED B

FEFEAT G AL 3D +T BRI, 0 5 A7 9K A4 oy

ROLIE b e S8 D, B E,, Wi# 56 & & 8 Jir
o it WA IR BB A 6%V cFe BT IR
B i B 37 S5 BE A 127.99 pm, Il 5 BE DG H K
2340.65 mJ/em’,

e RS 50% S DLP SGE L 3D ITEN T2
(e 3 Fos ), MLEATER /A B (181 9) L 35K
SR M2 A R UG AR, A AR SR T ST A L TE ik
B, B UE T B RR 1L 5 OB A

B 7 A5AF 48 h(a)F1 132 h(b)FTENf /S 5 MR

Fig. 7 Octagonal lattice structure printed after 48 h (a)
and 132 h (b)

w
by
[¢;]

w

N

[
T

N

N

[¢)]
T

Curing thickness/um
N
~
[&)]

N
~
a1

92 94 96 98 100 102 104
In(E/mJ)
K8 184 6%VcFe RIgRIRINR E. 55 D, KA
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Table 3 Printing parameters for 6%VcFe doped precursor resin

VcFe mass

Bottom exposure Exposure time  Current exposure Layering Inclined pulling Return .
fraction/%  time/s per layer/s coefficient thickness/um  speed/(mm + min )  speed/(mm - min )
6 60 50 160 50 100 300
6 75 60 160 100 100 300
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Fig. 9 Printed models of precursor resin
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Fig. 10 Thermogravimetric curves of the precursor resin
doped with VcFe
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Fig. 11 Infrared spectra at different pyrolysis temperatures
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Fig. 12 Raman spectrum analysis of precursor ceramics at
different pyrolysis temperatures
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Fig. 14 Different ceramic pyrolysis regimes (a) the first pyrolysisregime; (b) the second pyrolysisregime
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Table 4 Different pyrolysis regimes for different ceramics

Difference in pyrolysisregimes Pyrolysisregime of Fig.14 (a) Pyrolysisregime of Fig.14 (b)
1000 °C holding time 180 min 240 min
Cooling rate from 1000 °C to room temperature 2 C/min 1.25 °C/min
Total time of pyrolysis 3400 min 3090 min
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Fig. 15 Microstructures of ceramic samples after pyrolysis process shown in Fig.14 (a)
(a) cross-linking point of lattice structure linkages; (b) surface of cell structure
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Fig. 16 Microstructures of ceramic samples after pyrolysis process shown in Fig.14(b)  (a) cross-linking point of lattice
structure linkages; (b) surface of cell structure
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Fig. 17 EDS surface scan image of VCFe-doped ceramics at 1000 °C  (a) represents the overall distribution of elements;

(b) represents the electron image; (c) C element distribution; (d) Fe element distribution; (e) O element distribution
(f)Si element distribution

XPS &5 3 (2 5) R P & Fe JR T & 1N
0.79%, H. EDS T 414 (8] 17)UESE Fe JTLE 541
A, XA Fe Fl Si 1Y 3557 H2 fl Fi sz o7 46 1L 1 JE Al
JH 4 B By K B (R R BE (29 900~ 1000 °C)
5 XRD ™1 Fe,Si AT 5 06 i 30 A 3 B 3 [ (800~
1000 °C) &, RFKEAOCR A A Y 7, B
ST Fe-Si J W 5l J1 2t 72
2.5.3  FEEEYyEE I RE K b R

Wi 25 E 24 ik 2o B v A7 A T R L IR AR IR
a5 5% N B A AR IS Ol o B 18 AN [R] SR At il
BE T B B R AR ZR R R % 1 AR fb

# 5 XPSllE 1000 C ZHIRE F 572 VeFe i1y
[IE SN SVIvE Sy
Table 5 XPS determination of the proportion of precursor
ceramic elements doped with VcFe at 1000 °C
pyrolysis temperature

Element Atomic fraction/%
Si 16.14

(0] 35.08

Fe 0.79

C 47.99

Total 100
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Fig. 18 Changes of physical properties of PDC-SiOC(Fe) after pyrolysis at different temperatures
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at different temperatures
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