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Ax=Z717F 20~700 nmS] 78 A)FIPALY] AAFG L dAREH oz Azt FPA Bstd HA polymethyl-
silane (PMS) -2 polycarbosilane (PCS) 82} &S FRSehs, 7tal 2 1000~1400°C EE3 st vix|go g B4t
HPLE HEIE A73ke] 84~658 nm 7]F©°] 3342 AHH WA Z}F-A (macroporous) BH3}F4 Allgte] 3} 413
ARl 15~65nm 71F-& 7] W ZthF4) (mesoporous) B84 Al 9-S 23l A= 112nm A7 YA A
2 AFg3skd 1400° Ci AP o), FHZ 58464 m°g e VERE ¥, FA= 20-300m AT FHEAS A5
1000°CE AP a8, Hohe) FUH 6194 m’g 'S YERIT ©]9h Zo] AL A7} YA, ZEA AvA|, 282
dAg 279 2 71FEAHLS SEM, TEM % BETL.2 24 93t

ABSTRACT

Macroporous SiC with pore size 84~658 nm and mEesoporous SiC with pore size 15~65 nm were respectively prepared by infiltrating
low viscosity preceramic polymer solutions into the various sacrificial templates obtained by natural sedimentation or centrifuge of
20~700 nm silica sol, which were subsequently etched off with HF after pyrolysis at 1000~1400°C in an argon atmosphere. Three-
dimensionally long range ordered macroporous SiC ceramics derived from polymethylsilane (PMS) showed surface area 584.64 m’ g
when prepared with 112 jum silica sol and at 1400°C, whereas mesoporous SiC from polycarbosilane (PCS) exhibited the highest
surface area 619.4 m’ g ' with random pore array when prepared with 20 —30 nm silica sol and at 1000°C. Finally, the pore
characteristics of porous SiC on the types of silica sol, polymers and pyrolytic conditions were interpreted with the analytical results
of SEM, TEM, and BET instruments.
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1. M g FANE 2E0) olgg £ 9t} W ZTFEA (mesoporous)

T WA 2034 (macroporous) A9} AHstEEo] T}

A2, ¥ ez HEE vazgIAEDOM) A g d2l7ht wgat FEUYA B A7 12 (self-assembling)
7hY ea? abst ety s 322 g Az # ARERA FHAE °]£°P°4 A AxE & ok 1
g AF7E O RaHA o o] FRe] EHES F 2 FH9" g7, 52 ¥E4E R A8E A=zt
& A7 (optical crystal)’?] & ool /HEE Sl 7] g et a8 ?&H W ByEy QP &
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& 2ol A'? wEty e TeokPAgR YR,
23 71A1H A o] AdE 3DOM EZ 9] o] &
a3k} o]d FHAA vFASIOW Silicon-Carbon-
Boron-Nitride(SiCBN)$} Z+-& H|Atsl2Algte e w2 &
A, 71A4, 38ty g ® 540% s g wuY,
48 E= &9 gAEZA S&371d oL JES Am
2 AdEd. ayd® Bpeal, ASHA AdE o
A BAEE A #3 Bie ook Bx ag.
oo & AFolxe AAFENS] HFAEA polymethyl-
silan, & polycarbonsilanes} ZF2olg A7t FEAE
o|§dte EL EHAE 7H ©3la At g Alx
stazt gk S E vy gskriAgg el Jle &
4L A7t FEAY oFs 2719 o8 2N,
£3] vzt v@slgs A dgHez 19 7t
T FRol= dTte S EH @slats aEA A
TAE o] &3t AxToBAM WIFYT & F U F
WS AjbeAT ol g oA esttA AEe
HS B A FH8E 74 e sledlA ZE
g A Ee AA FEANL && rhesithe &
frst 72T AtEn

2 N 2o
Zooff N

2. 4EYH

HazoaA AZee 9] Yate 1y AEgtE
FPA 2 AgstH. gREA 73 devte 7180 By
g Agel oJs) 24 whgoz §4935 %9t Tetraethyl
orthosilicate(TEOS, 98%, Aldrich)E& ¥4 €3 -£(99.9%,
Aldrich), 252, 18] 5k} &=$(25.0 — 28.0%, Oriental
Chem. Ind.)3} E33te] wkgsttl Aglzle] durad
ARG o 2X, EFE AL B¢ EFZE, TH5S £
3} R Fo)R, EFE BE FF ¥¢FLo TEOS(I
volume ratio)S 747} FH|3HTH EFE AE 500 mLY
53 dle Zka3e] ¥a E3HE BE A2dA Hut
AlZL % 25°Coll A 6A17HE9r oF 80 ipm e E A ojsET). oF
700nm 2719 AEl7t A 025molLe TEOSS}
9mol/Le] £FF, 233 1.5mol/Le] FAks) 4R &
FEZ dojxth TEOS ¥E9 74, 25-60°C Akol¢]
25 ZVh Fe A8 SRFS s=rt SHE we
Az 7} A=} ZL717F 100-700 nm AbelolA ZHH T
PAE F2ol= HEgte QL E 3-5x18 AE Ao
F1, 70°Ce| LB 7-8A7HEet AxAIZIg HTE
A ARgze] At YL BT dstq AAE &
I GFLo A FUIA EA7E, dgde #A

A o3 HElgt 23 e F Zow A B

f
v

j=

9t 92, 9% §A4S AAT T okl Havt Fe
Feold Az A F 120°COIA SR Fot Az E
He] SR AU

Hzohad Mg e 7] A AHeg At F
FA= A oE djsie A A 789 Snowtex
(Nissan, www.snowtex.com)S AF&-slt}. o892 37}A
e A7t &0 B A7 AHE-HUT; Snowtex-ZL
(70~100 nm), Snowtex-20L(40~50 nm), L8} 3L Snowtex-50
(20~30 nm). FEFAE WE7] 95t degt F8d &2
AHAEE 7 E o) &3te] AHg A7 ¥, 100°C FFeE
oAA sHF T AXAZY. FEA B F3HE 3
T FEOE Qg aEA AxA e FIME =] Hs
g &ds) AxsteA L g Fasith

@3t a AgE AFAR ARREe LEREA FF
FE AH&-3t ™. Polymethysilane (PMS; -[Si(H)(CH3)l,-)
< o™ Big upel o] At 15-30% THF
99.9%) &Aoo F3M Agsget” = g sk
24 &g3h4t4a AFAZE allylhydrido polycarbosilane
(AHPCS, SP matrix, www.starfiresystems.com)2 A-&-3}%}
ok AA &AE A7t FHA A FHAT A, EHle
AAG T AFFe AN 160°CoAX X7+ 7hstArt.
e TEX-AIE BdAle AdH 2 7MER oA
o2 7)1EA e stlA 2°C/min £EZ 1000, 1400°C7H
A Y gHgoRA Bskra-deste B
AzE At EdAle A7t FFAE AA ] At
o 45% HF T§H4 22 27}8l3, pH7 $4¢] 2 w7t
A FHRTE WE AFsS ARANA T @shta Al
gge AU I3 Ae] Feet 2rie AAFA
#n] 7 (SEM, LEO1455VP)a} ¥-2}32131 97 (TEM, EM912
Omega)2. & ERIsIth tha/d Mt €4 dde &4
ZZRA7|(TGA, TA Instrument 2950)8 =4 38}9157,
H A& BET(ASAP 2400, Micromeritics)3X|2 ZA4F
o ola] EA&iitt Algty AR 7ze XA EEdd
(XRD, D/MAX-2200 Ultima/PC)Z #2131t}

-

&N IH

dH oz 2 mEdd Ayt FEYR FHOZHE
Az HIZA2FA Bshts Agge 71E

AEEojYy, YR 449 B/ 728 /e A
287 ARIES Fg. 1914 2955 3ot Table 19
Al AEg uie} o], g Mt e 7] Arle Ab
43 A7t FEA A zZrlel o =A==,
FHAN 112-700nm F732] 8 A7MGAE ARS8t
FE = 84-658nme] 71F A7E 2= AgYE 4
Act. Y¥rHoZ 500nm o|&te] YA A7 FIAE
AFEEIS W AT T oF 25-30% F=o wl$-
Z #&& veldle v, 500 nm ol e oA
Aeree] 350] 10% ©l8tR ZAFUTH B 7)FAo)
2 A3 dANAFE 73S 4 70+£10nmme] BXE 7}
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Fig. 1. SEM images of macroporous SiC prepared from various
silica sol templates, pyrolyzed at 1400°C and HF
etching; (a) from 300 nm silica sol, (b) from 243 nm
silica sol. TEM images of the macroporous SiC; (c)
from 300 nm silica sol, (111) plane, and (d) from
243 nm silica sol, (110) plane.

A, ol FRANNN FEREH UE delgh o
A5 37 BEPoRRE F4HUGT B Fh
w3 713e) FHE ALE oy ER9 ATFA, 7

AL

A7 GxgzAe dsiE =FY Aolrt Yot =7
dA7 $xE FEAL Ao Holske gl
s 7A FALEY] BES fold FoEA <F
A3 g3 g@sbta A7 A4 o] o
£3) dRsol 943 FAZLI 1 8 dolju=
600°C olstoll eutdt tdEee SE TEAL <
A3 Aty FRER A7)l ZeEFon 7] o
£ =Y WAazgTA estadel e Fabdxidn]
7 ou|A & Fig. 1914 B 9l TEM o[ r{A]el|A]
AFEE J9L Mgty Fxoln, ¥ gAL v|F It
o]ui’ ;-]]Zz‘;} Elr:'_/a E}-:@],_H_/\;\-”g}ulo] 721;5419_] 3‘],%
TEE 7L % &S ALY 5 sl 713 E FHshe
ZHe A% = o]
Azje} AEA gHef TE FL 7<4Eoﬂ o3 wel g
Zth, ob2# Fig. 1014 HiX&= (1111, [110] 34
olmA| R 7lFulgoe] SUZLEYTR(hep) UE Y F
Fii=3

712377} 100 nm ©]3te] wZuh2A eslqAE A
2371 915t 344 Ayt & A e sty T34
£ AxdA} Fig 22M & B H FmE 22 E

=k Eel#]

Fig. 2. SEM images of mesoporous SiC obtained from various
silica sol templates, pyrolyzed at 1000°C and HF
etching; (a) from 70~100nm silica sol, (b) from
40~50 nm silica sol and (c¢) from 20~30 nm silica sol.
and (d) TEM images of the mesoporous SiC from
20~30 nm silica sol.

42 A SiC A el AAEm)
S
&4}l /\15}9 0N FHuzATR
e v E49s ¥ FAE 7}1‘ ‘ﬂl% 12 o34
ehalta —TLZLJ} A€t 3 4 om 42 2719 4
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FYAE Axsten Aol 2eAR, TE #
290 Sloin AUREYO R AxE AR} Ao E
Holz] ¢kt Fig. 29014 20-30mme] H27t&ES ol
sto] A z3 wWlzuFA @stdad TR o
Uz 7} HelZ:= ule} 7ro] sjge] FEA mgAde ¢
o, Adtdo g FAd3lw ZH3 “wormhole-like” T
“sponge-like” 72 FEHE UefHUTE ole{ gt B4 3 A
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7} agel e dola Ael 7
ow, o9} ¥ Eﬂi BET ZHAG V¥
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-3 (pore volume)”
ol GAE T A e BAY 28
A Areldll HFHo] 57 P@ o2 7% FHet ZWF o]
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Table 1. Pore Characteristics of Macroporous SiC Fabricated Using Various Sizes of Silica Sol by Annealing at 1400°C

SiO, sphere Macropore size (nm) BET surface area Pore volume BET average pore ~ Wall thickness
(nm) (Shrinkage to SiO, sphere, %) (mz/g) (cm3/g) diameter (nm) (nm)
112 84(25.0) 584.64 0.68 485 156
243 175(28.0) 412.14 0.47 4.06 3015
300 220(26.7) 387.05 0.35 4.90 30115
700 658(6) 299.42 0.25 3.36 60+35

o ¥HA 58464m’g (0.68cm’y’ 7}E]o] 2-5nm A7]9] wlA7]Ee] B 8o
o 71F F3)E AUk olEg FAFHE 1000m’g” 0% e Roz = Huygc) 9 BHuE 2 A7)
FHAE Yl vz Bdel vleid e An HA Mz A27t2 MEdHE A2 E dolro £W-IH 3
olAwh, B Ty AsE Aty FolA sldeld BN BEL H00°CAA FADAS o Aeist S B

o i, ofl

¢

F

0% ¥ @ uehd Agelnt E2ldS4Kpolysiloxan)  7F BN F202 Fige & ¢ 01011:}2(” o ¥wA
o7 AZXT SiOC F(foam)yS 600°CE Ex7 FL o A A= 2 A7t EP@H‘% ZA vA7|FE
BET ¥@# o] oF 400 m’g o] A%, 1000°C7HA EAz]  gAsied doid Z&A9 g §ES 4 F 9

A2 Wi 100m’” olshE gARY 24 Moz th A ATAE BHOE 140CAH FAAY
Azd WEE detue] ofdl Aol MisAY o & B AL Holk AWE 24, ggd A
e HWAL TME Ao RuHo] JAT, AZAHl & Fao] g Advt AFYAY AR wset] o
U S00°C oo AXHY T R /1T wask ¥ Bol AY57E AdAsle] 1irk wH @4k amorphous phase)
A 2 ineringEo] Uil M woke BE o] 3 GERRERoR AR, Bad 9 ARe

o] 9t} Ha27] 3 Wzr)Ee] A FEshe thEd gsht
PMSE ##e 500nm A7 EFAE 1100°Ce & AR dE & F3

1400°C 7H7} T2 2xox] A FozA 71Fge] W e o R Zd—?xﬂi slstFE A ©EAPCS)St
E/\—] g HA _j|

sty o, olE 3t A7E Table 29) HIAE 20-30nm A7} & FINE ALl A 23 v z=ohy
stk & M35 AMSS SR grlariel AT 4 Bhelrdae] J1FEALL gt zlolE HRITh & 1000°C
A TR dxl2zd wet g2 AY¢e BAt & EXMOH olsf Az fﬂ At o] EHHL 6194m’g ", 7
Waeoay ssltas dxlg ewrt Zv)ste) uial F B9E 08lcm’g '2AM, B AFeA M 5L HE
THAo] F71elATt oA ditdom & XY & HE S urammq ol At T oA A=
oA ARt} A g Aol FRHY J|F A g A7t JAS] 5 (shrinkage)o] FA et 7] FE
717} #aska, Mgt gudo] Fadits A bt A =710 B8] 23-36%7} 7HAE Z7E vebdt
== Aol lt A7t dxbel A E dsga A7 A& 8 FHFES FURAT Uy 71F
AFA AN, FHAZHE @iz Gitd Ak e FUIAT ole Ze dAe =2 ZHENEE
L Ae]7tel] 93y *ﬁ J9 d2717F EXHHP)o) o8] 4 YA} A7 AFNA vl G e Fabo] whal sl

4o zo n:9

Table 2. Comparative Pore Characteristics of PMS and PCS Derived-SiC Porous Ceramic

Silica size Temperature S V Bimodal pore size (nm

Precursor (nm) (IZ C) (mZI:;ETl) (cm%Jinl) Macro/Mesgpore miciopo)re (E/l:)
PMS 500 1100 137.6 0.25 489 2-5 22
500 1400 362.3 0.26 475 2-5 5.0

70— 100 393.2 054 65 2-6 23

40-50 1000 418.5 0.57 32 2-6 28

POS 20-30 6194 0.81 16 2-5 36
70 -100 218.1 021 60 2-5 29

40-50 1400 240.2 0.39 30 2-5 33

20-30 226.7 0.29 15 2-5 40

Temperature is pyrolytic temperature; Sgpr is BET surface area; Vpgyy is cumulative adsorption pore volume calculated by
BJH method; Sy is shrinkage ratio in comaparison to sizes between average silica sol and mesopore of the derived SiC.
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A 71 3-g AAdsked o E&FoR A8 gEL

E"J.U}. o A8 AT L5F 1400°CE F7t
A7E, EdFo] ZrteteE Wazsdwd Az 7E
EAF g vzoggAd AZee 3ude] = i
Ak £§ ole 7|FA/EEY ¥RE F vio]aR
7% BEo] AAS] ZiEE FAH %l 2 sHe Aot
ole FeltEd ©ahtid A AHAE 1400°C EA
oA B4kl gk WAool ¢ §_ iOC(Silicon Oxy-
carbide) S Ao 2A, BAHHP)Y AFEE W3ty
ulolagr]| e FAdo] Asislriwolgiar dHE 5 3
T} wido] AAH PMSERE A 23 WAZTHEA B
ShtAe FA TR AH Sig EFIL oA, iF
gkl o]ak A4 ote] whgol ola| EAHHF) 2)zto] &
ol3t AElFls A s zkel7t Ut 1400°CE AT
HZoEA B34 XA BEEs|de B-sicel [111],
(2201, &l (31119 3@ ALse HHe R
A A7A dEog Y LxoA X A8
o vl3hH éz“*o} v o] goret] ojEg ik ¢
3k AR 22 SiocHe] Aol 711tk AdE T

d

4@ E

2

wsltael AgATA R uEAE 22
A FEA A A FAst 2 71FEA :% 7
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719] 4 AElg} 2L olgsl Axg WAz ©
girs 400(& A W H BHF 5846mg’S
yebdwidel], 20~100nme] 38 dErt &5 o83t
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2xo g THH W/t s vdEe AEFE W
238 =1 °1t PMSE 2y AzxE o34 AsSE €4
ESFE 33 Ayy) £25E F0E A
2ATzA A% 39 P2 vee
£ g = e ¥hE), PCSE H-E A
¥ FYEF "ahtd FAEE LA WA
o] $-=38 SIOCE AAsted mlA|7]|F 2] geo] &o|3A]
7] oz AyHu Az oy g@shts Aty
2 ARg3 FEA Y A2gE YA 27100 wE 71E 271,
Fw3, z223 71g 2yrt 28705 ¥ ol 44
£ B E A AR A HEF a3 HA S
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