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< SUMMARY >

Purpose &
Contents

The final purposes of this research are the development of synthesis technology of
inorganic porous nano—fibers with high porosity by electro—spinning and the
application of the nano—fibers to sound absorbers with high—-temperature resistance.
The detailed research purposes can be explained with the following concepts. The
electro—spinning process will be developed by the preparation of the polymeric
solutions and inorganic precursors as mixed feeds, followed by the application of
high voltage for the formation of fibrous materials. To create the air cavities or
macropores in the nano—fibers, polymeric templates such as latex beads will be
introduced in the feed solution to control the micro—structures of the resulting fibers
with large specific surface area and high porosity. Besides single nozzle process,
multiple nozzle system will be developed for the continuous production of the porous
nano—fibers to prepare the industrial production of the nanofibers and sound
absorbers in the future. By using the inorganic porous nano-fibers as packed layer,
the sound absorber will be developed for the absorption of sound energy.

Results

- In the first year, the nano—fibers with high aspect ratio will be prepared using the
liquid precursor of silica and polymeric templates of latex beads or block copolymers
by electro—spinning process. Successive heat treatment such as calcination can be
performed for the removal of the organic templates to create the pores in the
inorganic nano—fibers. The thickness and the porosity of the nano—fibers will be
controlled by adjusting the electro—spinning conditions and the size of the polymeric
templates, respectively. The continuous production of the fibrous materials will be
carried out during the electro—spinning process, and the raw materials such as
sodium silicate will be developed for the economic production of the nano—fibers.

— In the second year, multiple nozzle system will be developed for the fabrication of
the inorganic nano—fibers with sufficient quantities during the electro—spinning
process. The rotating drum system will be also developed for the coating of the
porous nano—fibers on curved surfaces during the electro—spinning for the application
as sound absorbing materials. The sound absorption coefficient of the porous
nano—fibers will be measured to assess the sound—absorbing characteristic of the
nano—fibers.

Expected
Contribution

- The final development result of this research will be the porous inorganic fiber
materials fabricated by electro—spinning, which can be used as the raw materials for
the sound absorbers. The raw material for sound absorber in this study can be used
for indoor partitions or sound—absorbing walls.

— Besides the fibrous materials, the electro—spinning system for nano—fiber
production can be constructed through this research, and the multiple-nozzle
systems can be also prepared as development result. Additionally, rotating drum or
cylinder will be also prepared for the layer formation of inorganic nano—fibers for
sound absorbing layers.

— Economic contribution: The sound—absorbing materials developed in this study can
be used as construction materials, and the related market scale in Korea is expected
as 1.4 billion dollar including the thermal insulating materials. The growing market
will be also expected for China and Southeast Asian Countries. The worldwide
market of indoor sound absorbing materials is forecasted as 33 billion dollars and
the increasing rate will be 4.7 %.

— Technical contribution: The technical level of materials science and nanotechnology
related with the sound-absorbing or thermal insulators will be upgraded after the
successful end of this research. The academic results such as the patents and
journal papers will be also expected relating to electro—spinning technigue.

Keywords

Sound
L , , Porous ) Nano
Electro—spinning Inorganic Fiber ) Absorbing ) .
Materials , —architecturing
Materials
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Absorbed Energyof Sound Wave
Incident Energyof Sound Wave
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2 dAFoMeE M2ty ZjEel oftsE oM Mfel M2 st 2R0|E FEHEES E8sts WAlsS
LSt Ct Ol& 25t0d EXl el A QXle| SME F3at 8 2 24 T S 2 7HX| Aoz A
gt = JAct M Rt e Aol A2 claE oM M7 Wol ZEE 7|59 F7|E u L
O 222 H|uW™ 22 37(2] HUl ZI=(macropore)ll HEZ SEMAIZ|7] 2510 73 &4 HIZ
(batch reaction)22 ZlAsIFCE Se B8O Z M=E L&A At ¢ 3 dE Fxs= 2 A7
of Exstn U= =™ ZAEHdynamic light scattering)2l [0l 25 Zs== AUEX 2AM7(E =2
st Ct,
Che J8e 2 dA7oAM F3t 8ol &8 AlEo 22X x5 LIERH Zdolch 2ko|24 THAH|
2l AIBAE &-&st0{ A Cl styrenel R3F 82 FHsIFoH, SHEAZ MTCE &&st0 A
= OEX YUXte] mHe| UXSIE Os BUAIZ = JUEE SkHch ol JhwA el
divinyloenzene(DVB)2| &2t2 =H35l09 AT E MO{SIDX} St CH
NH
S5 (!) . CH, | [ H-N N\\N NHa
CH,~¢~C-0-CH:~C 1:—)\4(‘ H,, 2
- S epy NH
CH, Cl d
-2 HCl
Styrene MTC DVB AIBA

a8 14. R2 S0l #BE AltEe| x4
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TCE SHEAMZE, AIBAE HXMEZE &8st w2t 58
1 8

DEA ARl 2 BistE LIEHf D ACt DVBE JHIMEZE &8 49
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nheo, 40 nmel YHS 228 SEM Oln|X|2RE ol J
nm Zel 378 2tond, M7| WAL oM FH 22 B8Y T £ nm 7|0 7132 YN
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100nm INURF  5/12/2016

100nm INURF 5/12/2016
X100,000 15.0kV UED WD 4.0mm

x100,000 15.0kV UED WD 4.0mm

a8 15. (a) 73 S8 2™ F DvBel &0l wE ZZ|AE# AXle x e JaZ. (b) - (d):
Z2|AE[# 2X}e| SEM o|o|X],

O Seeded growth &AlS 2-25h dH|F2eat o 2o ory:

2 AFuME Ft B =HE =Holo] £ nm 29 YEE LU= E(AEHE UXE SHE £
AUAUCH ot2H 7t S Aol s seedZ2 BT B2IAEH AXE MAHEAIA H|FE L E2
AE|E JAE FASH| et AFE AITSHCH Ol2{st HAFE Soff 2ME E2|AE- dAle O o
20| F&o| oiHER, 7 X0l vt =2 XSS 7| 5+ US A0, O|2{F 2EIA Ak
ol = 2EE &5 4dP0e 7ISEE FANE F US AR V|HECH
2 A= A ZM styreneZt diviylbenzene(DVB)E E&3510]1 seed YLAIE M SIFCE F=t
Sl BtE=E & HHHAMOIAM DVBZE XHX|St= Ful 288 16.7 %= oto] HME ZEst 29 Chg
J8(a)el SEM olo|X|et Z2 A 2iElA AXE A &+ AJUCH SEM O[n[X2RH FHot
seed YA W AT= 2F 160 nm¥ 20, H|wAN TjFEe| DVBE F5t0] HlgS MdsiPe==z
7t (crosslinking density)= =€ A2 FHEICH Seed ALl TAE2 ZHwAQl DVBRE THEA 2
styrene 2|0l ZEHEA (comonomer)@l carboxylic acidgE 2-&35t0{ A& =[/UCH Ot FE= seed AL
of Mg fIet =ME Heleh Zo|ch Seed A2 M E St 73t Sl JHAIH (initiator)= KPS
(potassium peroxodisulfate) & Z-&3sIUCt
¥. Seed A9 B E AT =M
KPS Water Styrene DVB Acrylic Acid
sl 0.196 g 393.75 ml 10.75 ml 2.15 ml 2.3625 g
stH, o2 O8 (b)el SEM Ol0|X|= seed UAIE &&EsI0] FIHHCl wat S MR H&h)et
2ol SHEHEICE 12.9 mle| CHEAHE seed |AHE (a))ol Fsto] SMst Hez " dx= <F
250 nm TELE ZIIEUZE 2elg £+ Agct IF (a)2t (b)oll LEHH TEA AE2 2F 7¥
of ME Helg =olg £+ Ao, HEHMel Wea Ses HAM Hold I8 (b)el 4o x 7
ol NEX AR "@MEX] 2sS L 5 Utk ol= OB (a)oll LIEHH seed ARl A7|7F H[IWMA
27| W2z FHEECH o O8(c)e 8 (b)el UAXE seedZ &-E5H0] MEAIZI DEA XIS
SEM O|0|X|& LIEHH Zdolct B Ee= 2F 416 nmZ SHEU20, seeded growthE 2 Xtz =3
o Aol Xl a2 FYHeE RAHIL AUASE =Held = AUt ok E2F 20| 2nd grown
Ao Mg f5t0d 12.9 mIel CHEME FUI2 TSt 73t S22 2@ st
¥. Seeded growth& <8t =AM
KPS Water Styrene DVB Seed Particles
12 A% 0.196 g 305.75 ml | 10.75 ml 2.15 ml 88 ml (Seed ¥ AP
22 Ak 0.196 g 305.75 ml | 10.75 ml 2.15 ml 88 ml (1= AFAIZI 4Ap)
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12 16. (a) seed XAI2] SEM O|o|X|, (b) 1st grown Al2] SEM O|0|X], (c) 2nd grown &X}2|

SEM O|0|X], (d) seed X2} 1st grown AL, 2nd grown XAl Qx 2%

ool Jglof LIEHH DEXF XSS =M 2 sY| 52 AR EAM2 FT-IR 2HE#HS Sof =elst
gch ck2 a8 (a)e FT-IR AHEH 2 29| &0l LIEKH seed YA & 1X}Q} 2XF MES HA &
At DEX AX=0| tiet & Zuolch Seed YARel MOl ZEE S = carboxylic acid®
o022 seed UXISl EHO| =XSI= carboxylic acidoll ZIQIst= FT-IR & AHEZHE2 1,704.9
cm ollAM ZHEtE|Qiond Ft2HEUYT|9| stretching vibrationol 7|QlsteE o2 EChEICE SHH, 1.600.8
cm oM ESXE 54 ABEZO| m3= MM 129 stretching vibrationoll 7[Qlsks o2 HmCiE
Ct.

(@)os (b)
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£ 04 g & —_
[ ] =
= 8 om c
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2 .
- e e 0.38 -
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3 el
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a3 17. (a) seed YA}, 1st grown X}, 2nd grown X2l FT-IR ABEJH. (b) Seed YXIE 11X}
32X} MEAZ O carboxylic acidE StHHAZ 8510 FoE 2xt ME Xl FT-IR AHEH
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A, seed RAtol H|5t0] 1XtRlF 2&F ME| osf HOZR YAER EHl FI=2=4T7(o 2§t FT-IR
=T 437t A5t ASE 29 a8 (a)ollA Zeler 5= Uctk ol 1xF & 2% MES s Flet
CHEFA o SEHEAICl acrylic acidZ7t Zet= X[ 2U7| wfZolct sHd, 2ol O& (b)el Je== sYst
seed YAIE EE5t0{ 1xt 2 2kt MEZ FEste|, A O acrylic acidE ZTAIZ &ME 2Xt 4
A QXY FT-IR &% AHEZS LiEMA Zdolch o Z<olE 1,704.9 cm™' 9 msolAM FT-IR &%
AHEEHO| Lot FHEUSE & 5 UL, TEX A EHo| 25477t =2 EH 2E=2 &
Mol LIEHE MR SAMEICEH o] 29 E B4 Z3 1A ¥ 2k MEeZ Jo{R TEX X}
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s, 2 dAFoME  styreneg  HHEAE E#8SH  seeded  growthE S o0,
methylmethacrylate(MMA)E St 2 E83H A0 vl AFLE FHSUCE o2 O8 (a)= Eal
AE|E JAE seedZ2 EEo0I0] AEAS CHHEMZ Fst 1A AEAA KM=t UXE seedZ EE
sto{ gHM st Zatolct. o A, MMAE CHEHZ 22510 seeded growthE& FHsIR==Z
PS-PMMA =gt At d=ERen, O a2 kg 38 (a)el SEM o[o|X|of LIERHACE
PS-PMMA At @it MAMZAC=2s Yo JIZXE EH2 0lMet SE2FE #dc =deh 2
£ 22 =elsiqict chE I8 (b)e I8 (a)9l PS-PMMA Ate| FT-IR AHEH S 245 Z1i0|
Ch 1,730 cm 'ollA] ZHEFEl &% T 3+= methacrylate 7|0l ZX 5= carbonyl carbonoll 7|9lskHe Z
oz 2kt ME BHOIM MMA tHEHE 2% 2o LiEN EAM m 32t o AHEICE 1,200 cm ol A
LIEt:E &5 T3 = C-0-C Z&ol 7|elsts Z2Z, PMMANIMRE Felist ZAo=2 of AEICt

Absorbance (Arb. Unit)
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a8 20. & dF0M E#EE B4 FEe| HISEs9 =4

- 23 2o 2 Higlof u} 2| AER Xte| iz Mo
2 dFoME 24 BT HEETIe] AV|E EF‘*OMI scale—up™ = JULE FE M=t e, olE
2Zst0] Bt =Rl FE2 =Hsto] Be|AEE dAe] F7|o o|xl= JEs AFsIQct ot O
22 olz{gt B4 S8t 8oty fI5to] 5T 324 Fg Hh37(9| IRl AN AMRlS LIERA



Zdolct,

ghH, ohg O82 0.5 2lEet 2 2[E e 2|24 HS7|E€ &85t 24 S8 EAol 2lsf gdet 2
2| AE[H ARl T HISHE otg st o e HIsA7|HAM SFet 2uE Tz Halst dolct
St EH = At 40,000 g/molel PVP k302 EE5IH o, thEA tie| otEstxel ool Srte
T5 So(2EE Ao Xt Haste dgs selsiinth g3SY|el e HHE o PP
k302 ol e S2|AE[E AR T A Zde2 RAIGH 2HEEIen, oHEEtM o ofE STt
of e etyst gyt S7tst0] LIEHE Zegoz ofdElct 2 70l o Jizet &2 MeS

1200 1

——#—— 05l Reactor
! 2 L Reactor

1000 1

B @ -]
o o o
=] =] =1
i i

Average Particle Size (nm)
]
(=}

0 2 4 6 8 1 12 14 16 18 20 22

Weight % of PVP to Monomer
a8 22. PVP k302 CHH 35I| 2 &8 3 oM siA| o o otE ZE2|AE Xl x HE
(3124 23719 8F =05L X 21L)
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The Amount of PVP (g)

8 23. PVP 3602 ol mE Z2(AEE Xl x HMHEl

rok

HH, CHS AR ALED|Z(SEM) Olo|X|= PVP 3602 =4HZ2 &&835t0 gddEl Ze|AER 2Xte|

SArS mES| 95104 HO{A Zdolch 2ol TIEHZolA 6197 nmol BR QEE 2= ZalAgd
= 2

Atoll cist SEM olo|Xx[o|ct. PVP 3602 EAtZO| H|WX =2 FLMo|2E2, Za|AE dXtel #H
£ 510 AUe Hel2 EX 0l =Hel=[dct S5 Fotgtol ol SHE H7 k ¥ 2k 2EX= SEM
oln|x|e| == atctof] MelE Hiet Zot AEes 48 EEZ(bimodal distribution)& ZO|X| &= THEA
I 3E LEpH S =olg 5= Ut
13 24. PVP 3602 &8sl0{ BME E2|AE/ Xe] SEM o|o|X]|

7| grAtoll olst HCtEA o|A| MR (nonporous fiber)2l &AL

2 AFoMe= MY WAL 7|5 ME8olo] M2iel xAEel ctsZ o|M M7 &FE gAst7] fIstod
7] AL Mg AAEE FEoICEH ©7] HAL 8¥s ZZ5H7| ISt AlZIX] HEZ, 35 MEQ tipol
SaE FAP|, DM M3 Z3Z71(high voltage power supply) &2 A8 MH[E FHoIU20, HA}
= MRA el ZXE 9Isto] BEY collectors EE5IRUct Algo| 8% =S S4Fo=z 4
AL B9 0 ul/min, M2 Z27]e] MAS 12 KVE FAlsI 20|, HEE collectoret

10 cmZ EO{IR| WALS S AIRIK|O| 2AE tpe AZHS 21 G
5 | 7
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8 25. 7| HAL A|AR S JHEFT

CtE O82 25 A2 = d7E Sdlf 75 T7| LA A2l AlRlE HERH Zdo|ct ekl
t

o
=
A &2 chemical hood HWOIA AHE=ACE Chs OB 5 A2 7| BhAL 24

2 MM BEHE collectorol ZXE 0N ARl AES LIERND 9ok AIZIXIE ZMHE teflon A
257E Qe ovleRH ARX HEES 25| i3 B4om Uyt 8ol AlRx Bzt 1
Mool MEMOR QUtElE Z 17| DFO| JHsE| 2ol At ook ARIK HIzSEH W
AFED ®7) MAL MM Ho|ED 22 oM 4ROl HAS LEHHDY, B collectord S£AE #

SiorM oz Ho|H =it

3
PVDFE 14 wt. %2 EsAlZ!I 7, 7| HALS HAESIHUCE Cf
PVDF A&l o|M 7ol Cisto SEM O|o[X|E &Fst Zojct 1 o

= }
DEA OIM MR BluY gdet FAZE &2 FdEASE "old 5 ot



gHE, = AFolM= YA EHe =z PVP 3602 OlEH2S &ESI M7 HALE &&8 oMl HRe
Mzt 7hsBtRl o F8 ERESH| 2510 HAE AElg sdsIqct o2 I8 (a)& PVP 3608 &&
Stod Mz=& o|M 72 SEM O[o|X[E LiEff D ATt 54 1 Djo|A 20l o|gke] oM 77t &=
AZE Yo 7T E YYotn] dSHCE dHEASES "old = Aok sHHE, (a)oll LIEHH HI| AL
HEo| LA Mol TDIP MTFAHE EHI7tet 49 T7| YALE Sof 43S M=z = A0, a8
(b)ol SEM O[O|X|-E LIERHRACE O H =2 TDIPZt EtO[EfL|ote| M2tE ME =R HekE o+ AES Y
M 500 oM LHE|E ATt 222, I8 (a)2F FAMe et 7x9| ME0| MMz MU

=

d | =

2 J8 (b)el SEM O|o[X|& &aff =eld 4 UCt siF HEL H=xZE 2Iet A BHE2 4T &F

T2 F4to| EfolEtot MTtAl =Z(TDIP)e| A=HE fI5He &&= 9 ES
I

a3 28. 7| WAl 3™o| o5 M= H|ck3M o|Ad 72 SEM olo|x|. (a) PVP MZA, (b) titania
XA, (c) PVP matrixol 3 &=l Polystyrene XI=

O M7| girlof o8t chaA Alg|7t o|M M-S (porous silica fiber)Q| BHA:

2 oAM= TT| 2AL 7|&2 M8oto] M2t AMAQ CsE oM MFE gde 5+ AUen, A
2|7t MEAS 7E5H7| {15t TEOSE M7l S22z SISt LA 8do| =M 2 oEISS Soi=2
25U 2nd, PVP 3601 TEOSE &afiAlZl Fl, el Fitnt S{/FE HIISIUCH ot22! Hif 7|
S(macropore)?| g@Ms ¢lstof B Z7F 700 nmel Zz|AEE AXE FH 222 HIlSIRCH
7| LALE Aldst7| Mol YAl U5 =golMA XA Ast(gelation)& FTot o0, ZAst Al
S 0.5 AlZIolM 2AI1ZI7HX| BISIA|7|HA 2 BX o2 ARl A2|7} o|M MRl SAsS FAKKIE
2oz ESIFCE HOU 7|32 dMs 2stod MM 500 TOlA A7 HAF Z3p Ho{A MES &

(o]

°
(calcination)st® 204, ct& O@2 ol2fst 2ot M=& =52 SEM O|o|X[& LiEt 2 Ut Cf
oM M7l M2 olM d7el EH E42 SEM Olo[X|= 2H&Eet Zo2FE Eold 5 Aen,

=A AXZE EXMSHE A2 7L o Foll =EE AU VS22 d-EUASE L F AUt As Ao
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L
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HAst 29 oMl d7el ol 4 olO[AZ0H $ESZ o2 zl #Hold|,
| i Ojo|AZ20[He W2 +F2 HCtE AME
o st AlZbof ofsf AL EHe| HAMO| BIt5to] ™[ AL 6l Sof
@]

o
CI7tsti . NEA 2A Q| AMo| S YOILIX] RS AlAtste 22 siMECH

H
oo
o

2

a7 29. M| YAl SHo| s M= ci34 427t 0| 72 SEM O|o|x|. F7| WAL HE Fo
AL 8o A3t A|Z2 SEM o|o|x|e| == At 7|5IUS.

O 7| giAfofl e|st ct=A Efo|Er of O[M| 4 F(porous titania fiber)2| &HA:

= AAFolME TI| YA 7|52 HESH0] M2te MEQ CisE oM MFE 24 5 AU, Ef
OlEf{ot MAES T2 2I5t0{ TDIPE H7AH =22 HESIUCE WAL Mol =M oSS &

2 235920, PVP 3602 TDIPE ZaliAlZI R, A2k
7|&(macropore)2| AME 2I5t0] Zz|AER UXE BEA}
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CtsZ 89 S=o e &3 A Hat A7 3 (52)
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AsIMoz dHsl= Z40| SR5ICH 0|2{st HHAEES 2510 A a7t £ & Mg Mg = U
= AMAMo| FEEZ, 2 A7 XSt oMM 7SR 25t BT % 3H9|01|A1 T™E 7|
Zo| 7o w=H, =5 Aol tist 5= IS Ystr| /st cis I #2 climate
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a8 84. CI3E AN E3S Aol st o Hekg =AlS57| 218t climate chamber?l =T

(S. Yilmazer et al., Building and Environment, 40, 311-318, 2005)
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electrospinning system) @2 ZXSIU 20| Taylor conell HHo=2Z VA MF AAS 210, 300 nm

FZ=oZ Mojg £ UAct. Eolst M2, duHa 52 oM &3 ME3Q air gapes 5, 10, 15

=22 A= &7tstd AL, &
t

al., J. Chem. Chem.

S8 EME EMoI¥cCE. X7 YA needleless electrospinning system (roller

74
= A= XM= 22l 2 ol FoX|7| ofz{ze =elstAct (M.

Eng., 9, 45-50, 2015).
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