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Preparation of High Performace (Polymer/Naturai Inorganic Nanotube) Composites
by Procise Interfacial Structure Control
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Surface functionalization of tubular nano-clays of imogolite and halloysite
using the selective surface modified nanotubes in polymer hybrids were studied and precise
characterization was carried out. (1) Inorganic micelles were prepared from immobilization of
hydrophobic molecule in the lumen of halloysite and grafting of zwitter inonic polymer from the
outer surface of halloysite. (2) (Segmented polﬁurethane/modified halloysite with flameretardant)
nanohybrids were prepared. It showed good mechanical properties as well as excellent thermal
stability.(3) Electrospun poly(glycolic acid)/halloysite nanotube hybrid fibers was prepared and
structure-property relationship has been revealed. (4 Halloysite nanotubes/ polyelectrolyte hybrids

as adsorbents for dyes from aqueous solution was designed.(5) Hybrid hydrogels were prepared from
imogolite fibrous nanotubular clay and hyaluronic acid. (6) Hybrid hydrogels were also prepared from
halloysite and hyaluronic acid.



¥ X C—19, F—-19—1, Z—19.

1. WFEBRAE SO &
(EH/IIRE) -/ A7V v RMEHZBI LT
FLLTEBRDECEY T A R XDk,
T8 N % < OWFFENR R ST, 8§
B CEMEROMEINHB SN TE, ot
RIS FAar 7 A4 T7 Uy RTHD,
— . WEHER DT 2 MEHZ OWTIHIRFESR T
I —RF ) Fa—7 (CNT) 24D
WFZEBIN S DD, RIRIZ RN S 30D Bk
) Fa—TERWTFIZD 70,
H—RrF ) Fa—7 (CNT), 75—1L
v (Ceo). T 7 EDF ) I—R L
K& 72 REREM B & L C s BN A T
Wb, T —R L OFREOBIEITENDOT
RIEME & OBRIMEFIRV, —F, RARIZE
CNT,Ceo (2Kt d B L7 /~T U T
LLTCTAI =LA DT a7 =,
AEITTA b, HBDOWVTFEHIROE T 1
FA FBFEET D, T D RE T EO A
HLTWA, 7Tazxzy, A 354 MEk
(LK HR AT 2 chy, Tr>
= VI HRL - OB, 8.5-5nm THREIZIL
DENTRZERIRREDOR— VIR TT £V
7 7 AETIIFERLE DRV IK T L 2 =
TATAMBBTTE LM THY .,
Al203- (Si02)1.3-2- (2.5-3)H20 DOALZAHE D D
5, M1LIRTEIAETTA NI, H
££1.8-2.2nm, B33+ nm - #um Tk
FHRLAIE AlSiOs(OH)4., #if it R IS 7 5L
BDOT NI ) AT ) Fa—TThHD,
ZDOF ) F 2—T71F 1961 I ILREEE D
Wee 7 n—Ic LA sz, B 1IZRT
SorienmA YA v T TFa—T BN
UAbZF R T 2S1205(0H)4 + 2H20 TF
I, £X 1000 nm, NESK 156 nm DK
SOHREFEREEERFO2BOT VI A
Bt . LRI H AU TV S, B
DESTTNAIFETY DL, BRFMED
WS A E D - DI LT ETF = —
TEREMT D, ATITTA M, TRTU0E
NEmD AI-OH,NEHN Si-OH, oA
A MEINFEED AI-OH 2 Si-0-Si T
HbD, INBRART NI )V r—hrF /)T
2= 3 ELS LML TND L DODARE
NN 7 Uy RME~DOIEHIFR ST
W5,

Natural renewable nanofillers
Outer Al-OH

J.J_,
Polar f’l "3

rf
surface

5

Lumen AI-OH

Imogolite

. Halloysite
(8i0,*Al,03°nH,0) .
4255 om, L (AISHO(O 2H0)

K1 A£F274 hE gAY A FOREED
X & SRR

CK—19 (dtm)

2. e B

KIFETIINa LA FHDLINIEFAETT
A RN EDOREBRT NI ) U lr— I F
o— 7 DS AR RS L TR 2k
oot (RU~— /WS ) F=2—7) F/
NA T Uy RAIRR D 72 8 O JEwE ) 0 7L %2 15
HZEEAMETD

3. WO Hk

(1) mnuAHA baEL, NEL T LE
VU UETTEUKIE, SME A R BRLGE S TN
WA A ') ~—% 777 ML, EHEI L
LT,

(2) RUVHAMR, RVvirvxr, KV 7Y=
— LD e YA NREG T NATY
v REPEZ RS L. Z RS & W& fgdT L
720

(3) AT A U AEE T EMEREE P
A A 2L BEAM R~ DS A & fREt
L7z,

4) 41T FHDIWVEI ALY A MR
RHEM UIEHR T )  Fa—T 2 EGTenA T
U Rong Ra A vodisl & Sy 217

ST,

4. HFIERE

(1) ~aA YA b 11

oA YA MMEEICEE LV BT T
CANVEABRGA X Y RGBT
CANEEIZLY . BUKME - BhvEME - Ak
atEE AT LMy TEME T 7 &
oA YA MEREILHERMT 5 Z & T, e
A YA FOEHFEEZRE LTZ, /2. N1
A A FRBEZ T LX LY URRIC LY Bk

@ Toluene, 80 °C, 20 h @ [CuBr}/[bypV[MAPS] @
b3 5% &<, NEEOBUK(L., FEEOBKIL
kM) ) Fa—T IV EEE L,
AU GBG-WN-2-AX 7 VoAt HF T
NN-CAF )T oEF— R T 2L
R =M #EEEM LT e A YA M
WA CEMET A OIzxt L. ik Cok
THZEERWELTWS, T7habb, ik
FEIZ X % HNT OERIRRERIE 2 B L T\ 5,
Fm, BT ) Fa—T7 I BLORHIZLD
BKMEEA OHES « kP L7,

X 2 FHZZ77 MEAICLDIFE A vAHA
N S L PR

(2) AEAFA FRESTAA TV R
RO L & AR

AE et D LSRR T DR Y g
(PLA) iz~ A YA ) F 2—7 (NT) &
A & LTI L 72 B O s b 25 8 & SR
Lic, W®IML7~aA A v Fa—TL
LT, REfi~aA A R F LT
) z1— )L (PEG) Tf&Hfi L 7= HNT-PEG % H\ /=,



RRCIRAE D S FE 2 O EEE TR sk L7
O R EA VR (DSC) lE DFER L v |
(OHNT DA X 0 bR E D E5- @DSC
HE R O FE SRS LR E O T, @il
DFEF DI HERR S, B R Z2 R4 2
ENHLMNE IR T,

VU bEMmB IO Ty 7Y 7
PHWE AT A YA PN L ONEFRE
DOFRAUL L ER 21T o T2, ~aA P A )
J F 2 —TWNILKOINIFE OB L%, #
MENTHDH Y VB AT NMEEH ENE L,
MBS FRIE~ FY v 7 ZA~D5EMED
BN HEREtE oA FERAR L, (X
3) RmEEfMi oA YA~/ RV A
SMEBHZBITF A A A FOSEREE L
T e - BWPE ORI, 72 b ONZEER AR
WEERY U L2 OB AR LIz, 20
MRAING N ALY A FERY UL X AL
DEEED LT, NIt E RS 2 b
AL ENZM ESEDLZENARETH D
ZEEAH L,

=======

3 BT A YA bR L
47V RO

EamEKBEERY 7Y a— g
(Polyglycolic Acid, PGA) & HNT OB A#E
BRI AR AT 2 BB RARIEIC L 0 R (X 4)
L. JF X ARREITEE (WAXD) & BRGSAR 6 AR
WA EIZ L0 . 2 D5 T 8HEERRE L HNT

INEOBZREZ S22 Uiz, WAXDHIE L Y |

PGA @ (020) #&dh i OB & — 27 76 45184
OB EZ Gl U=, F 7=, BEIIR AR
IASYERIE LV . B AR = A EREIRER O R IY
E— 7 0By OB A E 2 R L7, HNT
TINEOBANZE, PGA fbdh. 0 FEEORD
FEIIWT BB R L2, ZAUE INT D4R
A AFELET 5 Si-0H & PGA D 2T )LERNLAH
KEFEAET 5720, INT il ik
FF~OELRDFHE S, fidh. o8O/

MENREK LD EEZOND, TORE,

AR 5 7] D B R AN ) b LT,

Aligned PGA/HNTS hybrid
electrospun fibers (HNTs 1wt%)

B4 ~uAHg b EY S o LR
5 e

HNT PGA

(3) KEfEfiv A YA b DLBEMEL~DIS
H

HF Ao MESFEREE a4 A FD
BAEIICK Y, ~Na YA MEESRY hU—
7 KGR TR LT IR E S E 2 AT
LEa TEAME R LT, AR 7-5E
WEEBIZZIZ L0 . HNT DEEIC L Ak TR
BRI DIERL & WERB L 7=, €D HNT F8
AT NERI | BEMEBIEED T 238
WYE O HEICL DEEEIRAAATEE & 2o
T2o F1o. EAEMKLT- DKL E S BT,
TR CEHEILB T D720, mODEES 7 4L
S —JEIRMNRETH Y, SRR caE e
HLTEEAERMRL 2R8I 5 2 L
MTELHZ L EHRWE LT, &R ERER
\ZHDE INT ~DEBERED A =X L%
A &M LTz,

(4) BREF ) Fa—T 2G4 T Y v R
A R a7 OF R & R
AEITA MEB—#LlceT e
I (HA) KR ZHE L, ~FHAFL oy
T I UL OREARISIC X VAL LB A
kT2 ET, A FETTA bRy NU—7
LB TV VNSRS AR ANEA
BINAT U g RaZFLvoifiidziT-o
72o ([ 6) £ ETTA bOEERDEMEEHE
AFEOMEST 2 [FIFICER T 5 2 L N ATHE
72 pH SR CABRULEAT 9 2 & T, KFIlE
A2 Z e nA T Y v KA
Ra Zvo S ERm B L, BERICL D0
REEMETTAZ 2RV Lz, £7-.
WEIRAETTA MR TIE, A EITTA L
DARYWEBEERDOEHKIZL YV N7 v KR
NA RaF VO EANKTFT52 &b
OGN LTS,

EDC, HOB, HCl at pH
6.7 MES buffer

-~ -
Hexamethylene Diamine (HMDA) ~ Ineubation at37°C

Hyaluronic acid (HA)

S

N

>

X
%

X
Z

e g
‘f\ 4

I

T
\

IG/HA Hybrid Hydrogel

Imogolite 0.02 % Imogolite Imogolite
0.2 %

Imogolite (IG)

2
Lo

Imogolite 0 %

3

X

5 A5 4 N eT A BEASN
Uy RonAg Ra Zvofiidis & % ol
o)

N

5,
N

N

yos

T UL AT VB O A YA &
77 VR AT VI A IEHICE N L2 HA
ZOFHE T 2 BV EA B AIK IR 5y
S8, BAGERR T D 2 LT R oE
NTenA 7Yy g Re v zififl L,



FBEICEA LT VA ARSI S O
BSIC X v oA P & HA OFHEAEH
DEER U, JFrEnm B35 2 L2 5
WL TWA, £/, @72 HNT 473 CTid, HNT
DARLVEREEDIZERIZ LV . BEWrE A, ik
Writs MK L7z,

5.
CHE

)

(FRFER)

)

SE2A

TR R R CE

ream ) (FF 7 R)

Halloysite Nanotubes/
Polyelectrolyte Hybrids as Adsorbents
for Quick Removal of Dyes from Aqueous
Solution, D. Tao, Y. Higaki, W. Ma, A.
Takahara, Chem. Lett. (2015), 11,
1572-1574.
https://doi. org/10. 1246/c1. 150727
Chain Orientation in Poly(Glycolic
Acid) /Halloysite Nanotube Hybrid
Electrospun Fibers, D, Tao, Y,
Shinohara, T. Yano, A. Takahara,
Polymer (2015), 60, 284-291.
https://doi. org/10. 1016/ j. polymer. 2
015. 01. 048

Design and Characterization of Hybrid
Hydrogels Composed of Imogolite
Fibrous Nanotubular Clay and
Hyaluronic Acid, K.-L. Park, W. Ma, Y.
Higaki, A. Takahara, Polymer (2016)
100, 238-243.
https://doi. org/10. 1016/ j. polymer. 2
016. 08. 018
KRS ) F o —T 2= (B
HE) ~A 7V NEPE ERE, e
Faes (2017), 73 (5) 197.
Mechanically Enhanced Hyaluronic Acid
Hybrid Hydrogels with Halloysite
Nanotubes, K.-L. Park, W. Ma, Y.
Higaki, A. Takahara, Chem. Lett.
(2017), 46 (8), 1217-1219.
https://doi. org/10. 1246/cl. 170484
Superamphiphobic Coatings from
Combination of a Biomimetic
Catechol-Bearing Fluoropolymer and
Halloysite Nanotubes, W. Ma, Y. Higaki,
A. Takahara, Adv. Mater. Interfaces,
(2017) 4, 1700907.
https://doi. org/10. 1002/admi. 201700
907

Halloysite Nanotubes: Green
Nanomaterial for Functional
Organic-Inorganic Nanohybrids, W. Ma,
H.  Wu, Y. Higaki, A. Takahara,
Chemical Record (2018), 18, in press.
https://doi. org/10. 1002/tcr. 2017000
93

(PR O H 31 12 1)
A. Takahara, Design and
Characterization of Hybrid Materials

from Natural Inorganic Nanotubes

Japan-Taiwan Joint Workshop on
Nanospace Materials, Fukuoka

March, 2014

A. Takahara, Design and
Characterization of Hybrid Materials
From Natural Inorganic Nanotube

“Hallosite” , 51lst Annual Meeting of
The Clay Minerals Society, Session la.

Functional clay nanoparticles,
College Station, May, 2014

A. Takahara, Characterization and
Functional Properties of (Organic
Material/Halloysite Nanotube)
Hybrids, The 4th Federation of Asian
Polymer Societies International

Polymer Congress (4FAPS-IPC 2015),
October, 2015

A. Takahara, Design of
Material / Halloysite Nanotube)
Hybrids through Selective
Modification of Nanotube Surface and
Lumen, IUPAC 11th International
Conference on Advanced Polymers via
Macromokecular Engineering
(APME2015), Yokohama, October, 2015
A. Takahara, Design and
Characterization of (Polymer/Natural
Inorganic Nanotube) Assemblies, The
International Chemical Congress of

(Organic

Pacific Basin Societies 2015
(Pacifichem 2015), Hawaii,
December, 2015

A. Takahara, Design and
characterization of (Organic
Material/Halloysite nanotube)

Hybrids, 251st ACS National Meeting &
Exposition, San Diego, March, 2016

A. Takahara, Design of (Organic
Material/Halloysite Nanotube)
Assemblies through Precise
Interfacial Structure Control, 2Ist
International Symposium on
Surfactants in Solution (SIS2016),
Jinan, June, 2016.

A. Takahara, Design of Novel Polymer
Nanohybrids from Natural
Aluminosilicate Nanofillers, 10th
Asian—Australasian Conference on
Composite Materials (ACCM-10), Pusan
October, 2016.

A.  Takahara, Design of Organic
Material/Tubular Clay Assemblies
through Precise Interfacial Structure
Control, The 3rd Asian Clay Conference

2016 (ACC-2016), Gouanzhou, November,
2016.

A. Takahara, Design and
Characterization of (Natural Clay
Nanotube/Polymer) Hybrids, 9th



International Conference on Materials

for Advanced Technologies
(TUMRS/ICMAT2017), Singapore, June
2017.

@ A Takahara, Structure and

Properties (Imogolite/Biopolymer)
Hybrids, The 16th International Clay
Conference (ICC2017), Granada, July
2017.

@ A. Takahara, Molecular Aggregation
States and Physicochemical Properties
of (Imogolite/Polymer) Hybrids, ACS
National Meeting, New Orleans, March

2018
(EF) Gt 2 1)

@D Design and Physicochemical
Characterization of Novel
Organic-Inorganic Hybrids from
Natural Aluminosilicate Nanotubes, A.
Takahara, Y. Higaki, Functional

Polymer Composites with Nanoclays,
Chapter 4 (Editors: Y. Lvov, B. Guo
R. F Fakhrullin), 131-156 (2016)

@ Imogolite Polymer Nanocomposites, W.
Ma, Y. Higaki, A. Takahara, Nanosized
Tubular Clay Minerals (Editors: P.
Yuan, F. Bergaya, A. Thill) Chapter
24, Elsevier, 628-671 (2016)

6. BFZTHAK
(D) WFgefzRE
% (Atsushi Takahara)
JUINRE: - Se 8 EA A Fr5ERT - 2%
fFgeE &5 : 20163305

(2) EEEHFTEE

FrdE Bk (Yuji Higaki)

JUIN K- « SeE W B EFSERT - BhE
I E R 40619649

S HEE (Tomoyasu Hirai)
JUMN R - S8 E AL 5erT - Bha
st HE & 60585917



