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Abstract— Synthetic processes of organic resorcinol/formaldehyde(RF) aerogel and RF-polystyrene(PS) composite aero-
gel were proposed based on sol-gel processing technique. Also, by synthesizing TMOS-aniline composite aerogel, the po-
tential utility of aerogel for conducting materials was conformed. RF aerogel obtained by supercritical fluid drying was
found to retain low density, high porosity and specific surface properties. However, it shows intrinsic structural fragility
against impact. To improve such a drawback with the RF aerogel, a new organic composite RF aerogel with polystyrene
(RF/PS) was also made. In synthesizing the RF/PS aerogel, RF solution was impregnated into PS foam, which was ob-
tained by an emulsion polymerization. Then the RF/PS wet gel was cured and residual liquid in the internal pores of the
gel was removed by a conventional drying. In contrast to the RF aerogel, we found that the RF/PS acrogel showed re-
latively lower homogeneities in its porosity, pore sizes and pore structures than the RF. However, it showed significantly
the enhanced mechanical strength and the improved machining aspect. Furthermore the overall process of obtaining RF/PS
was simpler than the case of RF acrogel. We also found that the average size of pores of the RF/PS.depended on the con-
ditions of the polymerization. Also, the morphology and stability of the PS foam was controllable by the amount of chang-
ing emulsifying agent, the reaction temperature and stirring rate.

Key words : RF/PS Aerogel, TMOS/Aniline Aerogel, Organic Aerogel, Supercritical Drying

445



446 EREIRIL EWRE L PSEIE S B S

1. M £

A= 9|A)7]F &2 (low density microcellular materials; LDMM)
o]z Uukd o 0.1g/em’ o3k WEe} 25um o819 v)is|E
TEE Z+ EAZE, olF Azshe vt whiEol a1 ¢
t}. LDMM FoilA] o 24L& 22 vl3A4(50-98 %), 2014 7]&
o A F2E Jehlle E42(1,2], =dd7x, S5 33, o,
A7l a3 71AA 53& 2o oleH3,4]. o] 22 A=
8t A 2AL A7), AgAA, TEETE, F47], A
22}, FEIY delex, wrErAdE 24, 9% ddfed,
RGBT Hool o] 2717x] ThaR Fobeld] AFEET glon
S 7k B4 HARE 27 ek

AEH o2 LDMMY 3§ 71A) el ZobgA dej2Ae
A ARiAs e B8 UEL sod Aol gk, E ©
W, <4 &F-A}o] = (tetramethoxy silane, tetraisopropoxy titanate, tan-
talum ethoxide )¢} Z+-& F7)5-& 715Es), S3uke 2 294
Az 59 FA4E& AA Az} 7Fssich4-6). H2 B AFAe &-
AFATY AL 2UA Az o)4sle] T Ags) ool
Ao Az WS il ent(7] §7] A7) e 2AL 7)AH
A B Ade] wi$- F ot TEA Q] FAAEE Y2 gl

wefA FFolls F7) clel2Ale] e S uekslr) 913}
F718E Q82 s #7) o2 Az A2 FAle] }F
=2 gie}. Heinz[8]= t}712H4- 7] sHE-2}(multifunctional mono-
menyE o] 4% 7] S-ATAHE o438l g4} XELH o=
£ o]83td AT Feo] X5 FAs L, Yukio[9h= g
5 7AE Asked ATt o ol8o) Az 249 A
< Ao] A5 xWate] U9 ool 2A sdtelle A3} 1
2} 2 Pekala 5[10]2 8] 44| = (resorcinol)e v} #2}2] (melamine)
3 2 gAddslo] =] $84 FguSol] A7 £8AS] Azl A
T8l ALE 7] Ao zZAL Az 7FsA S A 9l gl

£ ATl 821 -F-F L8] = (resorcinol-formaldehyde, RF)
71 el 27 Al z9} )26 APS) WEA W] Z80-8 JFA
A 71AA 7}=7}t 3712 REPS B3} f7] ool 248 A zsl3 o)
Eoll it BAE S0l of, whe-o, 2w uke-Ee] 24 Se
W wWste] Znloly $A3laal slgich. w3 Alels) ooz A
DS Folx A7) AEAL = 317 8] TMOS(tetramethyl
orthosilicate}} XA ¥ A}(polyaniline)Z &E3§}3}¢3 TMOS-o}
2 oo 2AE Axslgd on o) Eo g Al EAL Hr)
3hgdct.
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RF/PS B3} o]l 24L& 1A Ze|~e](PS) LEAE AZXT F,
W Aol RF $-& &3 JFAA Azl o|d, F RF/
PS B3} ojoi2Ae] A P2 PSLEAQ] FEo JFE WHon
2, Ause] e A T2E e PSHEAY A3vt Foj W
olt}. PSE ol BA ukg 7}3}A| 2= u]dwl Al(divinylbenzene)yS A}
salgdon, EAe AToz AT st ARGAA
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phasey BHEgith. E3 2.9le] Fuju)y} 852504 95/5 H17} =
TE njo]FH el Z2FTE 9, 1wt%] 334 L} EF(sodium per-
sulfate) #7}ste] 29ARE 500-1000 pm o2 wHbshEA dAn]
&9 B& A3 7lele] oEAE HAHRES ssich. d=t 2R
o] YA o|& wla] A Exol X3, 30-70 Cell A o 24417k
Zoke] 1A &3-S AA 2xYue FeagAE A3
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7} AU =% st
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TMOS £, 2 723 948 1:1.3:107°9] 2u|2 &3lsle =}
A IHP)E o)43te] ieanbsln] 109 A7t Ax uhg-g 2134
Ak 4k RV H(NHOH)} HezdS 93l 3Ag4ujz2
O E, 12)3 Zeloldae ALY FAL 1% Ax Arisin
A a5 o] 43le] Qg 4Ae FUSA i) -
Ag 40 °C F2xoM FHPR-S APA F, $4A9 Axe
RF 48742 Azl AM-" A ol|A 22 259 gl Az
A& Fsidel
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3-1. RF Ojo{=la} RF/PS Sit oloi=ze SA

2 2AE TAEE 5%} 40 °CollA] &) E-§(Na,CO,) Zvif2)
F& el ASAZE A sl o o] Ao § o8 Fig. 14
Yehglel. R/Crisorcinol/catalyst) B]7} S7}8422, & Zu)9) o
o] ZIAg4E AsARe] AFH o7 Zylsla, Sl ko] F71
B4E FPRSo] wlzA AP=lE Ao et} & A9
pHE 6.5-7.4 Wsigl o, o] 99| Welde 24 uhgA AAY
Abo] WAl Sujido] wlg- & Alle] PYAFct & UL B
ol Wi SAAIFIHA A& APAA o L4 27lde
3 Aol T, LA T2)7 AL Ao el
1h3o] A= E AL BT 5 ok
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Fig. 1. Effect of catalyst on gelation time for RF aerogel of 5 solid
percent RF solution.

Fig. 2= R/C= 50, €5+ 40°CE TA L & T UEE 2
A7) 3l AMAZ gol& £2f < sl § dnAlE LS
wstol] b2 As} A17ke] =3olct. A9 o] FTVEE As)
A7ke] F7slehrt LARE 2% olslellA & Asprt douiA] d,
A E-go] 220% o|HlellA F-AFAo] 7H5d ALZ vehytc.
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1A HheAIZRE SR AR ARHA N = ALz
ASAZEE A Aoz udsle L2 &5 Asp}
w2 7| o] Foj x| = 72 0 F viepytel.
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N AALE/ZEUTe] v]go] 1820 A= et} R/C7}
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Fig. 2. Effect of diluent on gelation time for RF aerogel of 50 re-
sorcinol/catalyst ratio.
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Fig. 3. Effect of gelation temperature on gelation time for RF aero-

gel of 10 solid percent RF solution.
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Fig. 4. Deviation between target and measured densities for various
R/C ratios.

dojut AL E o A9 Azol] EFH A2 Hrigch B o
Tl AlxH HAUEL olle] 24 R/CE 350, 40 Colla] 7U7H
o] AstAZte g Az 442 L% 0.015 glem’)gic}.

RE/PS 53 ole]24 AzAlol RF oloj2A4rc} 75} A
o} A elatsirls Azo] old ubde 2w zwg A}
4% 5 e Aol sle AL eyl Ax A Eu) oy
A Ao S Az Fo| Ruisiy) Ao waex] gigton]
A4S =5 glgdch RFPS 2 ofjoj2Ae] mlgi= pS bz )9
ol HE Ao AT RFEA9 w28 24 o=5=
ALZ Jelton] PS 2tz e Ur 2 9 (styrene +divinylbenzene
+SPAN 80)] ko2 4% 4= 9lgic).

Fig. 55 PS X A Al 2A] A48 dAEHe Ak 2 292] 2
FE-gol v e HEE Yepd Aoz 299 ko] S}t
ot WEE Frkshe A0 Jehgon, 29o] 5% o Wx 0.05
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Fig. 5. Effect of oil percent on the density of the PS foam.
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Fig. 6. Effect of solid percent of RF solution on RF/PS composite
aerogel.
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5 olEHs} Ak 27071 2ol 1, 2 A $AT HEAY A
o] Z7)7h A5 FdI AL BREY 4 9Isic). Fig 108 odx s}
A4 1000 pm o2 FRFAZ] F 50 CollA] S A7 AL E
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Fig. 10. An example of SEM of PS foam obtained with 1000 rpm

Fig, 7. An example of SEM of RF aerogel.
stirring rate and cured at 50 °C.

20KY

Fig. 8. An example of SEM of PS foam obtained with 500 rpm stir-
ring rate and cured at 30 °C. Fig. 11. An example of SEM of PS foam obtained with 1000 rpm

stirring rate and cured at 70 °C.

Efwiz ¥
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Fig. 9. An example of SEM of PS foam obtained with 1000 rpm stir-

ring rate and cured at 30 °C. Fig. 12. An example of SEM of RF/PS composite aerogel.
el 53] Fig. 11 70 °CollAl 544170 ZAo2 A Fde] 7|2 PS 2tz A o] aiol] RFYJAFES] A3 702 velyte).
Eo ko e BAHA) I 710l e el s e d
o] MHsHE Aoz vehdeh. WA 7]30) Sl A& rHE 2 3-3. YHTGA) BY
ZAE A3 ASoll= 30-50°Ce] XA SAA]F)= Ao) Agk Fig. 13¢]] R/C& 350, A1 &8 5%2] RF oloj 24 PS ¥ 4], =1
3j}. Fig. 12 RF/PS 53} oo 2/9] SEM APE el 7o 2|3 RFPS 53 ooizAe] dAg} #AAAE Jehd Aoz,
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Fig. 13. Examples of TGA of RF aerogel, PS foam and RF/PS com-
posite aerogel.
Table 1. Results of mercury porosimeter analysis
RF PS RF/PS
aerogel foam composite aerogel
Aver. pore radius(A) 3909 9693 12490
Total porosity(%) 60 25 24
Specific surface area(m’/g) 50 23 25

RE/PS ollol2Ae] e 28-S RFs} PSREAS] F703he2
ehgeh 24743 AWAo R 2laAE nAEE W] G RF
ool Az g, TAREo] LSS APPse
A Z, 5% o ke] TAREE 2H= A4 A Wskle] 50% 3
w9 o] ol gl o2 hehte}. 5k RE/PS 2 ofoi 27
o) %97} RF el 2Anc} Aazts H57} & AL ngow,
RF §o8] 524 8-go] A7l e} Qabrtart dolxle Age »
Ak,

3-4. 52 EFH Mercury Porosimeter)0f| 2|5 7|2 24
ojz] Algell tlsbe] ubalo] 48 porosimeterol] 2sle] 7| TE
48 A5HE Table 10 vFehigich RF ooz Ae Bd7) 3
Hk7e] 390342 Ao 2 viehton PS uEZ A 9693 A, RF/PS
B o] 2 AL 12490A9] HE/)F WS 2= AoE Jehyt
o}t 71AA 7t == RF/PS B o] 243 e} Bolx) x|t thgaio)
71329 =71, vl E ™A RF oo} 2Ae] tha 43 AL o
4 At

il

3-5. TMOS-0KdEl Oloj2Ze] MIIFEE &5

AEze] ooi2 AL A28 8 TALEE 1% Y5 He
kol Eelopda g Hrlste] & gole 5T o3 AsAlF)EY)
= & Al $dcl. A71AE %7} 10-10'S/em A £ BAL
B A, 10-10'S/em H£2] £AL AT A2 BFE =), Egjopd
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A¢ WK I 2AY AINEEE 248 23} 10 ° Sem HE
=%} 24 ol A9 Y2Alel e Aoz AEA
e AIAS Az AdAE Prlske Ejopdas] o
UHGE o142 Yrhstelol he Ao vhehiteh.

4. A =

o o lo
X

7 T2AYETY 24 AZHE o) gste] 0.015g/em’e] A
WX RF o] 2A4¢ Azslg] o, odAs} ukgol 23l 0.05y
cm’®] PS LEAE A Z3}o] o]o] RF & 448 A5 Hejsle] U
% 0.07g/em’®] RF/PS £3} o) 278 A x3}ch. RF $7] oe]
EAL AZA RAEEE 220% B oA S-AFAe] 753l
ALEE FETE 209 FL ALFE AxAA A A
o] AA doytrt.

PS L ZAE Alxshs A A= PR3]} uhge] Lxe}l wul
455 zAsluzA b A 7)Fe] 77240 715, PS
L2 A8 7k27} A4 REPS £3} o|o] 242 RF o] 212] 3%
b e 24A AzgA $842 Wil AFshe £ nuke
29 Sl FAS ATY 5 Uk G- 24 )12 2
A3} RFPS £3 oo] 242 RF §7] ol|o]2A3} PS W A9
FH A4S 2= 222 e} =8 TMOSe| Zglopdal e
H7lete] Sdnss Axpy) A9 o R sk Folol] W E 7
24 ool 2 A AR 754l & gl
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