e Tl 8 B R > ST T B A R A BN ST R i DO'S FERR E NI e o S > Mol

ZRRS: 10384 Ly B
25 20720121150061 UuDC

) B
TR ANATS G
B R AR LB &R SIOC B
AR ERA

Template-free method to fabricate polymer-derived

!

microporous SiOC ceramic composite with magnetic

property and its application

K AR

BERFRLE: HH @ HRK
+ L & A SHrThFHEHE
WIXRXAH: 2015 F 5 A
WX EFFEE: 2015 F A
FEKTFAH: 2015 F A

EMEREER:

paii

PR

2015 % 05 B



Template-free method to fabricate polymer-derived
microporous SiOC ceramic composite with magnetic

property and its application

A Thesis Presented for Master of Science
at Xiamen University
By

Pei Zhang

Advisor: Associate Professor Zhaoju Yu

Department of Materials Science and Engineering
Xiamen University, Xiamen, 361005

May 2015



BIIXFEFAMR R4 FRA

ANEZH AR L ARANAE FINHE T T, ML 58 B AT 7T ik
o ANEREGEHSHHAMAN NSEEAR C 2R FURR, 15
FEICH B = 5 sU AR, IFAF S e (R TR0 Ao
ARFESFE GRATOD-

FA, AR ( ) WA (D BB
R, kT ( ) R () st =B,
( ) SRR SE . GRELL EFG 5 A IS PRy

PO B 5T N BRI A AR, R BRI AR, o ARl B

FIAN (%4):
F H H



B IRFEZ AL ICEERE R A

RN ITRAARYE (e N RSN [E 22 A7 55491 7 A7 <2 )it 7 1
V220 S RIE DR B A e s AR S0, IR AR T B R LA A AL
AL CRFRAUTRA RO, SRVFFALR SCENE TR E
o LR PR B s A1 o AR N IR BT TR S A i SO 4= [
f e e A SO A R PR AT AR R, K A AL SR AR A
FEL W AR, SRITSEED . 4 e el e U7 G PR Hl A 3.

RN SE T

O LARENKRAREERSHEZENRE AR, T4
A B, e ais B AL

O 2. MR, @& R

CE7E LRSS AT “ V7 BUH BN AR PREF LIRS
BfE A E T TR AR E R AL B A AR, REE TR AR
L R B AR ST AT AR S B IR AH S [, BOA
NAFFENLR S, ¥IEH LA

PN (%4):
F H H



H %

H X
BB B ettt II
ADSEIACE ........oeeeieiieieiieee e s aaeaaaaaeaaaaeaaaaaaaeatabaaataaaaaaaaaaa—anaan—a v
BB BRI oot 1
1 =1 =SSOSR 1
1.2 REMSIRARIG BAEHN G Z I oo, 2
12,1 BRI oot 3
1.2.2 ToREHRIE <o 6
1.3 TEME 4B B E TR BREEBE I T oo, 10
L30T ZFZE oot 11
1.3.2 AR E PRI .ot 11
1.3.3 ARZEDIKATEE ..ot 14
1.4 Fe ML IBSBIL FHTIETE. <ottt 15
1.5 T BB I oottt e, 16
BEZE IR oot et 18
B T B0 oottt e e er e 27
2.1 FRTUHIILEE oo 27
21T AT et 27
212 R B oo 27
2.2 TR TTVE oo, 27
2.2 1 FTIR MR T2 oo 28
222 NMR T T V25 et 28
2.2.3 Ny WU T VZZ oo 28
2.2.4 TGA-MS MR TTVE oo, 28
2.2.5 XRD I 5125 oot 28
2.2.6 SEM JUTR 772 oo 28
2.2.7 TEM TR TV oo 28
2.2.8 EDS MHI J71 oot 29
2.2.9 VSM TR TTVE oot 29
2.2.10 HRREBBUMARTTIE oo 29
22,11 AT LA S BE TR TT7% oo 29
2.3 S TV et 29
231 BEZIR oot 29
2.3.2 FUETIRITZIR oo 30
2.3.3 PABEAEITZIR oo 30
2.3.4 AEALBERRSZIE oo 31
BEEUHR oo 32



JE )R B 2 2 1 S

BE=FRFER AV RIS % Fe/SIOC Bt MM TLIR & R A (b Gkl B R 7

TETEIIREFH oot 33
R 70 =1 =TT OT OO 33

3.2 FERE TR oo 34
3.2.1 AHPCS-Fe A TG ZRIE oo 34

3.2.2 AHPCS-Fe FI A FEMLERAIE T oo 37

3.2.3 AHPCS-Fe HIAZBE S B EEAAETT oo, 40

3.2.4 Fe/SiOC TALBR & BIRAE S JBAUHLBE I BT oo, 48

3.2.5 MEALPEAARL FHIIEFEIRZR oo 51

B3 ZRBE/INGE e, 59
BEZE IR oottt et 60
FVIE Fe/SIOC Gk 5 AH M & 1) 25 B IR B RER T, 64
A1 Gl e e 64

4.2 FERETTUR oo 65
421 PEBIAEFITETE oo 65

4.2.2 FEBERETEBE oo 73

423 FEZEIRIBEMERE oo e 77

B3 ZRTEIINGE oo 84
BEZE TR oo, 86
FHE Co/SIOC FIKE MR 5] 26 R B IEMEREIF T oo, 89
70 =1 = OO OO OO RO 89

52 ZEI TR e 90
5.2.1 AHPCS-Co AT FRAE oovoeeeeeeeeeeeeeeeeeeee e, 90

5.2.2 AHPCS-Co FIAZIE G BB TT oo 93

5.2.3 Co/SiOC () FLFRE B A SR e 96

524 FHEIHEEFIIETS <oooooeeeeeeeeeeeeeeeeeeeeee e 97

5.2.5 BBHETERE oo, 100

5.2.6 BRI YEBE oo 101

5.3 ZTEIINGE e 104
TR oot 105
BEANTEIRBEGBEE (oo 107
6.1 JEUEE e, 107

6.2 FEEE oo, 108
e B EHATAI R ZRIR oot 109
BB et 110



Contents

Contents

Abstract inChinese. ... ... ..., II
Abstractin English........ ... v
Chapter 1Introduction........... ... e 1
L IINErOAUCTION. . oottt e 1

1.2 Synthesis of porous ceramics via polymer-derived ceramicroute................ 2
1.2.1 Template-assisted technique.............coooiiiiiiiiiiiits v, 3

1.2. 2 Template-free technique. ..........oeviet o, 6

1.3 Magentic metal modified polycarbosilane..................... .o 10
LR T B 2 o TS ¢ PSP 11

1.3.2 NanOCOMPOSILE COTAMICS ... uuututenttetantenteateeiae et ineeneianeeeaenanes 11

1.3.3 Low-dimensional nanomaterials..................coooiiiiii e, 14
1.4Degradation application of iron-containing compound ..................cc.oeen. 15

1.5 Background and objective of this thesis...............oooi o, 16
RefeTeNCES. . ...ttt 18
Chapter 2 Experimental......... ... ..., 27
2.1 Materials and apparatus...........ooeiveiiiiiiintiiit s e 27
2.1 T Materials. ..o 27

2,12 APPATALUS. . .ottt e e e e e e 27
2.2MEASUTCITIENIES . .+ . es et et e et e et et et e et et e e e et e e e ee eeaeen 27
220 FTIR i e 27

222 NMR . 28

2.2.3 N7adsorption analysiS.........evueetiireitiiie e eeeeeenn 28

2.2 4 TG A S 28

2.2, X R D 28

2.2.6 SEM ..o 28

2.2 7 TEM. . 28

2.2 8 E DS 29

2.2.9 VM 29

2.2.10 Electromagnetic parameters. ..........evuvereenteneeaneeneenneeninineenanns 29

2.2.11 UV-visible spectrophotometer. ...........oovvitiiiiiiiniiiiinieniinannn. 29

2.3 Experiment Methods.........o.ovuiiiiiii i 29
2.3.1 SYNERESIS. .ttt e 29

2.3.2 CeramiC CONMVEISION. . ..tuuttnttttentente et et et entateeteeeenaeeeannanns 30
2.3.3CeramiCCONVETSION. ...ttt entett et ete et et eate et eeeaneeneineeanenas 30

2.3.4 Catalytic degradation.............oouiiuiiiiiiiii it 31
RefOTONCES. . ...t 32



JE )R B 2 2 1 S

Chapter 3 Single-source-precursor synthesis and catalytic application of

magnetic microporous Fe/SiOCceramics..............ccoccoveiniiniiinicniennienieeecnee, 33
3.1 INtrodUCHION. ... et 33
3.2 Results and diSCUSSION. ........vuiitiitiii e 34
3.2.1 Synthesis and characterization of AHPCS-Fe...................oooi 34

3.2.2 Synthesis mechanism of AHPCS-Fe...............cooiiiiiiiin . 37

3.2.3 Cross-linking and ceramic conversion of AHPCS-Fe....................40

3.2.4 Characterization and pore formation mechanism of

Fe/SiOCMICroporous CEramiCs. .......uvueeneenreaneeneenneeniunneineanans 48

3.2.5 Preliminary studies on catalytic degradation of dyes...................... 51

3.3 CONCIUSIONS. ... uetet e e 59
RefeTeNCES. . ...t 60

Chapter 4 Synthesis and microwave absorption properties of Fe/SiOC ceramic

NANOCOMPOSIEES . .. ...ttt et et e et e e ettt e e e e e 64
A INtrOAUCTION. ...t 64

4.2 Results and diSCUSSION. .....ouuiiniitt et e 65
4.2.1 Microstructure evolution of ceramics.............c.cooveviiiiiiieeiennnnnn. 65

4.2.2 Magnetic properties of CeramicCs..........oouvvriiieiiiinieeeeanineninnen, 73

4.2.3 Microwave absorption properties of Ceramics...............ooeevuennnnn. 77

4.3 CONCIUSIONS. ...ttt e e e e e e e et eeae e e 84

R OIENCES. ..ttt 86

Chapter 5 Synthesis and microwave absorption properties of Fe/SiOC ceramic

NANOCOMPOSIEES . ...ttt ettt et et e e et et e e e e aaeeans &9
ST INtrodUCHION . .ouee it &9

5.2 Results and diSCUSSION. .....o.uiuiitiit it 90
5.2.1 Synthesis and characterization of AHPCS-Co.............ccooviviiiinn.n. 90

5.2.2 Cross-linking and ceramic conversion of AHPCS-Co..................... 93

5.2.3 Synthesis and characterization of Co/SiOC microporous ceramics.....96

5.2.4 Microstructure evolution of Ceramics............ocvvviieiiniinienininnnnnn. 97

5.2.5 Magnetic properties Of Ceramics...........coovvvriiiiiiniiiieiinnieniiinns 100

5.2.6 Microwave absorption properties of ceramics..................c.eeuennnne 101

5. 3 CONCIUSIONS . .. ettt ettt e et 104
RefeT@NCES. .. .veeiie e e 105
Chapter 6 Summary and forecast.......................oiiiiiiiiiiiii 107
6.1 SUMMATY . ... e e 107

6. 2F0T@CASE. . ..ttt ettt 108
APPEIAIX. ..o e 109
ACKNOWIEdemMENTS. ... e 110






JE IR 2 B bl L 22 A6 1 3

m =

K FH IR (1 58 A M S IR AR 2 (PDC) ik & 2 fLI %, AR R A%k
A 15 e e Ao R B v i i PR SR A5 e R AR i R 1 AR AL o L T SR
PRTER A A AR AT B R IR AR A, S B ARAIILAN R e . BRI, dnfar 7
5 e R P UL FEE (600-800°C) - i % 1 22 AL AT 2 A L IO ME A SRS, ERAR
KT LALLM E, (AR T 2 L& R 2 M e bR S (w4 25 . AL
SEVIERBATIRAIRZR o BRI e ) 25t 1 2 AL B A o N, Dt — 20
IR 5T

ARSCEET FIR AR, SR & i 4 TR 1 £ I A R A A AR SRR B 3R AT 2
M, 7F 600-700°C N HfF G ) %% AR B 10 SiC FEATLME,  JExd HAE ML YL B
SRS R P BEATER R o BRAMEVE GBI S N R T W e — e Y s g v e, A
2 e B 8 P PR AR S TR M

B, VLB & R A Y(Fe(acac)s~ Co(acac)s) B i s T 36 4 S04k
RWREFE(AHPCS) NERL, JEIL PDC 9%, FI A SeIRAR RIS 3% H K /N 1S 4k
JRALH % Fe/SiOC ffL & Co/SiOC UM fLFa %R . 4REW], LBNEemL &
W SINA R T LB s il w, HoTikE T (1) 224 Co. €O,
SERAL: Q) RECIRIA A AR, — e RN AL I s (3) 4
fi J5 JEAL B AR T U 4 i /4 B A W 7 b MR SEORL, IR IR e M, B kAL
.

HKk, VL Fe/SiOC AL & MMM AR, T FHTETERS FesOu 4K RURIIL 28
R, LA HOp % — BB EAT AL S8 A, X Fe/SiOC AL M BE 7E bk Ak Gkl it
FRAT I N FH BT IR R . 5 RR W, 4 FesO4 KUK 7738 3] Fe/SiOC TUALIGE
J5i, TR R A R S A R

g, LA ERH &K AHPCS-Fe. AHPCS-Co JEIRAATE 1100~1500°C f =il
TR, ISR AR, X P& R R AR REEAT B 5 IR R
i, Fe(acac); /Co(acac); RIERE B-SiC &5 &, P FMBFEM 0.045 I &
0.15 DAE, JEIR TR EmFe, $em 1 & mmkrtae.



Contents

RUEIA: TR BBk TALRR RS AEACRREE, TR ERE



JE )R B 2 2 1 S

Abstract

Template-free synthesis of polymer-derived microporous ceramics is developed
based on therelease of gaseous by-products during the pyrolytic transformation of
polymeric precursors or the carbothermal reaction of ceramics. However, owing to the
significant volume shrinkage, the pores generated during the polymer-to-ceramic
transformation are not stable and disappear as the thermolysis temperature increases.
Therefore, fabricating stable porous ceramics at relatively high pyrolysis temperatures
(600-8007C) is still changelling in the field of PDC. In addition, little attention was
paid on the applications of porous ceramics.

In this thesis, microporous SiC-based ceramics were fabricated by the
thermolysis of magnetic-metal-modified polycarbosilanes at 600-700°C. And then,
catalytic application of Fe/SiOC microporous ceramics was investigatedas an
organicdye as a model molecule. The introduction of magnetic metal endows the
resultant ceramics magnetic propertiesandimproves magnetic loss and microwave
absorption properties of the ceramic nanocomposites as well.

Firstly, Fe/SiOC microporous and Co/SiOC micro/mesoporous ceramics were
successfully fabricated by the pyrolysis (600-700 ‘C) of ferric acetylacetonate
(Fe(acac)s3) and cobalt acetylacetonate (Co(acac)s3) modified
allylhydridopolycarbosilane (AHPCS), respectively. The results show that the
introduction of acetylacetone metal compoundcontributs to preparing microporous
ceramics, as follows: (1) its decompositionevolvesgas molecules such as CO and CO,,
which facilitates the formation of pores; (2) it increases the cross-linking degree of
precursors, which reduces the shrinkage and collapse of pores; (3)itsdecomposition in
situ forms nanofillers including metal and/or metal oxides, which reinforce the
nanoporous structure and reduce collapse of the nanopores as a result of viscous flow.

Secondly, Fe;Os4 magnetic nanoparticles (MNPs) were immobilizedonto the
surface of Fe/SiOC microporous ceramics by magnetic attraction and used to catalyze
the degradation of xylenol orangewith H,O, as oxidant, which shows

significantlyenhanced catalytic degradation of xylene orange, compared with the pure

1 v



Abstract

Fe;O4 nanoparticles.

Finally, Fe/SiOC and Co/SiOC ceramic nanocomposites were prepared by the
pyrolysis of AHPCS-Fe and AHPCS-Co at 1100~1500°C, respectively, and their
electromagnetic and microwave absorption properties were thus investigated. The
results show that the introduction ofmetals improves the growth of B-SiC crystalline,
the average dielectric loss (from 0.045 to 0.15)andmagnetic loss of the final ceramic

nanocomposites.

Keywords: Template-free method; Ferric acetylacetonate and Cobalt acetylacetonate;

Microporous ceramic; Catalytic degradation; Microwave absorption property
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