TABLE 1 Adsorptive capacity (pmole/mg) of MWCNTs, CNFEs, and ACTC (activated
carbons) for elimination of the ionic dye (average values of three measurements, RSD <
1.8 %). MWCNT-P: MWCNTs in the powder-form (MWCNTs alone), C-MWCNT:
MWCNTs being encapsulated in the cross-linked Ba2+-alginate vesicle. CNF-P, ACTC-P,
C-CNF, and C-ACTC have the same meanings as for MWCNTs. A-O: acridine orange,
ET-Br: ethidium bromide, EQ-B: eosin bluish, and O-G: orange G.

MWCNT-P | CMWCNT | CNF-P C-CNF ACTC-P C-ACTC
A-O 0.39 0.44 0.38 0.43 0.36 . 0.39
ET-Br 0.37 0.43 0.36 0.42 0.35 0.37
EO-B 0.37 0.33 0.09 0.06 0.25 0.19
0-G 0.35 0.31 0.07 0.04 0.22 0.15

c .
B\, $

FIGURE 1 Schematic diagram of the encapsulation system. The symbols are having the
following meanings: A: syringe pump; B: pulsation chamber; C: vibration system; D:
frequency generator; E: electrostatic charge generator; F: nozzle; G: O-ring electrode; H:

coagulation solution; and I: magnetic stirrer.
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FIGURE 2 UV-vis absorption spectrum of the dispersing solution (which was prepared by
dissolving sodium alginate in deionized water at a concentration of 10.0 mg/ml, the bottom
trace) and that of the dispersed MWCNTSs at concentrations of 100, 50, and 25 and 10 ppm
(from top to the bottom direction), respectively.
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FIGURE 3 Zeta potential (£) of the Na’-~ALG/MWCNT colloids (¢, MWCNTs, 100 ppm;
Na*-ALG, 10.0 mg/ml) and & of the dispersing solution (o, Na'-ALG alone, 10.0 mg/ml) as a
function of pH.
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FIGURE 4 FT-IR spectra of Na™-ALG (upper-trace) and that of Na™-ALG/MWCNT colloids
(lower-trace) in the solid state using the potassium bromide (KBr) pellet method.
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FIGURE 5 Effects of Ba**-ALG vesicles, caged-MWCNTs and caged-ACTC (active

carbons) on cell proliferation.
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FIGURE 6 Body weight changes as a function of the dosed-days. Rats treated with, the
Ba®*-alginate control vesicles (the left-hand column), the caged-MWCNTs (the central
column) and the caged-ACTC (the right-hand column), repscetively.

FIGURE 7 Microscopic observation of the Ba’*-alginate coated vesicles containing highly
dispersed MWCNTs. The vesicles were produced using an aqueous colloidal solution
containing 0.10 mg/m! (namely, 100 ppm) MWCNTs and 10.0 mg/ml Na'-ALG as the
precursor solution with an aqueous solution containing 100 mM.BaCl, as the gelatinizing

solution.
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FIGURE 8 UV-vis absorption spectra of an aqueous solution containing 10.0 uM acridine
orange (A-O); 15 ml of this 10.0 pM A-O solution being mixed with, the Ba**-alginate vesicles
(reference vesicles), the caged-ACTC (activated carbons), the caged-CNFs (carbon nanofibers)
and the caged-MWCNTS (from top to the bottom direction), respectively at 30 minutes after the

solution/vesicles mixing.
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FIGURE 9 UV-vis absorption spectrum of an aqueous solution containing 10.0 pM eosin
bluish (EO-B) and that of 15 ml of this 10.0 pM A-O solution being mixed with 3.0 ml of the
caged-CNFs, the caged-ACTC (activated carbons), and the caged-MWCNTs (from top to the
bottom direction), respectively, at 30 minutes after the solution/vesicles mixing. Note that the
solution mixed with Ba**-alginate vesicles (reference vesicles) showed identical adsorption

spectrum to that of the untreated solution.
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FIGURE 10 A (upper) and B (lower)

FIGURE 10A Effects of the Ba*’-cross-linked cage on the rate of uptake of EO-B by
MWCNTs. ®: MWCNTs being encapsulated in the cage; o: MWCNTSs alone. [Ao]: initial
concentration of EQ-B; [A]: the concentration of EO-B in the aqueous solution found at the

time of after mixing the solution with the adsorbents.

FIGURE 10B Effects of the B.a2+-cross-1inked cage on the rate of uptake of humic acids
(HAs) by MWCNTs. : MWCNTs being encapsulated in the cage; o: MWCNTs alone.
[Ao): initial concentration of HAs; [Al: the concentration of HAs in the aqueous solution

found at the time of after mixing the solution with the adsorbents.



FIGURE 11 Schematic representation of the advantageous performances of the caged
MWCNTs. The Ba’"-alginate cross-linked matrix constitutes a cage, which holds the
physically trapped MWCNTSs. The cage carries negative charges (NCS) on its surface. The
cage restricts the access of anions of large molecular weights, such as HAs, because of the
electrostatic repulsion. The cage also restricts colloids of large size (CLS) because of the
size-exclusion. Dyes partition in to the cage and being captured by MWCNTSs based on
probably van der Walls interactions occurring between the hexagonally arrayed carbon atoms
in the graphite sheet of MWCNTSs and the aromatic backbones of dyes. As a result of these
interactions the target species, namely, the ionic dyes were eliminated efficiently by the

MWCNTs of the MWCNTs/Ba”*-ALG composite adsorbents.



F IR OERR - HERB I ORI 5B X A BRI E
FD1 AT RT 47 AT R LD BB RRLT OB B OB AR
F02 HHEREEC DY AY) TOMBIBEEEREET

BEFERZRTEMERETF IFEA- £EMAEETFHY
OFmiE—", FEREFE, M 1

S S R

RPN 4 R THEETAFEDERRTOAFIZHFBL, ELLUTReA A TSNS T7 27
A NRREAE SRR F (RS TE) S BRI T G A ARERIE) 2P O0ICE~ SL, HiliafE kR
DERI) ThHDEY 7Y L et BRI EE A IS ~DEIS R DL, HHFENERS
DBERIC T MBI EWER T AR RMEETORRMIF R LT, AR T = ERICLIHFRDED
BB LS oL — L a ERIZIDMRIEL VWV, IRDRFAEZE > TV, EBMRhFLLT
ORE THRALREIC AR TED TS, A EHHE O BME THEN—R Y F ) Fa—
Z(CNTYIZ2DWTh, Y 7UAVERRIC, FRNERICEL TOAERIEIZ DWW THIl A TF R 161
ZEREITV, HEMORNILEB TS,

1. 2R
@ FIPRLT, w4 T OERE FIH)

T2 RME &I, TR o A7 F OARICEEL TS Mt Lo FEDH A
Y, BESME~DOEERASHEER, A FRRBRT =7 NRUREFHFR 7 = TFAMIBWTELIZHESR
EOIRE L (RRENHE R~ DB S EFERL /= (R R O .

@ BRI A VAl R T AV AFIEC LD R ol —al - R (JIF)

PR F TR T AR RS ORKRERILC, SR T O ARSI RERIR
FHEOFLR | OBELSENS, BIENSRE~v A ra~v R T 47 AT EICE S Lal—a %, BT
YA AREENGA—FEELITILRLTAFHBIZHEL S, EHOT —F (BHbfE - 7 BE5 T Mossbauer
' —4% (spin cantingt§ i EDFIR) LM G TOTETHERBERER .

@ H—RrF)Fa—T PRTLAEREOMERR (5FR)

FROQETHLNI ML F P& BIRL T, FICARRIILBONERZEME THL I —R Y
F/F 2—7 (CNT) #5217, EFEFRANECRIETIFOBEICOWT, VAR -REZROM
EH DA RERER COFIMAED TS, HIEIZS K& TBMREETHE/ VI LV 12 I ERE
HELESD, ONTICOW TR AR RICFR R ORWILEFER L. MO FTOREREX T
LR



SEE, Z03b@L@% HONIEOWEIEEE D

2. MWREVEBORI F OB B X AR BB RO
2.1 B EROKFE

SRR T3 OB FREABD ST KE, SO REL T ORF RIS Tk FRICHRE OB 5
(REBE) BIFTELARVERT RINXF— I LY, KT RSN OEDDHENOD WL —
RESR - Lin %, B(—) B R FORKAOR LRER, BERMHIZIBMEOMEI—H TR E T
FNE—ER/MIT DI EDF NIANTOVAESR TSR, MRAICERKIIEEOT X
— AT (S5 H BT TS - BRI L F —55) MBI L LD, TS BRI ok T4 3%
=R g EdOp% i ohad DYl

BFELAE E B IT 1, R ENIST A3 B3 % L public domain TZ B L TV % OOMMF (The Object
Micro-Magnetic Framework), release 1.2 alpha 3%V . RIGOEFZMITE X RLL, TORMER T
DRALDED BN DN T HENATA-ZE R ELRERBEMRE RS, (RN EIZ OV TERELToT.
THbLLIAOBEBESB LU ECENLZMFAOREEEEL, X, YHFHOESZRAELL
MERE T2 58 E L, ZOMEHERY A XRELZBEELIZ, R FREIZEWT, BE D/ N2 D
HERBRREERK LI ERDEROBERFTESMEALTRY, TOER G MIEE S M TRYIR
W EERIE RO, B TCIRE DS LR EICH L TORER S (RRBMKARITE edge K)) DER/ITA
—HELT, BRICE X DR~ '

2.2 HILBRBEHSE

IV OOMMERE, F (D35 ¢ Landau-Lifshitz-Gilbert DRE(L O ) 73 Z AT -5 T, EANEE
BT LR X — DR/l DR RE R ST S LB LB A SR DD FETHD.

Do =y - e <o 1)
TIT, M FREL, H 122, I;i iXLandau-LifshizB: REIERH, o iddamping 3L, MsiZfiafn
L THS.

BAREYAEF5IITE, Table LIZ/RT R4 {EAREY Table 1 The value of material-parameters.
BRI ELIREL, TOHE—BER T Material-parameters Value
KO DIES BV W T ERERLZTT- Saturation magnetization {(Ms [A/m]) 1.70E+06
Fo. BREIHS R |7 V- B BT A Table 2005 Exchange stiffness (4[J/m]) 2.10E-11
HExt BRI F LU T, Fig. IR HEREE
LIRREL, RS 2U R TR DT 5] Surface crystalline anisotropy constant Variable
L. & LA BT BN SH LA TOAL Y (edge KifJf' )
AT DLV FEICIV 2R THIZR E TR

Crystalline anisotropy constant (K J[/m’]) | 4.80E4

Anisotropy type Uniaxial




Table 2 Environment of computer experiment.

Computer hp Workstation zx2000
CprU Intel Itanium2 900MHz
Memory 1.5Gbyte
0s Red Hat Linux Advanced
Workstation release 2.1AW
Compiler gce 2.96
Software Object Oriented Micromagnetic
Framework (OOMME)
Release 1.223
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Fig. 1 A core-shell model of a magnetic particle. A
particle shape is ellipsoid, in which an equilength of x
axis and y axis (x=y=n, n=30, 40, 50 and 60 nm) is
assumed for a fixed length of 30 nm for z axis.

Bi{Fol. FNETHhOEGIZBWT, edge K,
(4.8x10*~4.8x10" m )2 EFHE L.

S OIHREEICESE, SN (XEH ) FENIILZ LS LE DRI D ORE bEhiRE RO
(Fig. 2). BILLT, BALBE TOE EAORYLKEO—FIEL T, KLFF 240 nmOHITIZE Dedge
K=4.8x10° YVm*DEEITHTD, BHEARICH A OBILREOZLOMR T £ Fig. 4T T
L MRV DR IEEQ@D DAY — LT, ETRENATA—F T TCOVAI: I AT 4T AR
W R R T ORUEIREE()IZ T, SRR ORIz S & 2N OBHEREO ZAL DT (), (92350
R2B. mOIHCLTE & R FHARICDNT, edge K&/ FA—FIZUTORALHER LY B REL
{Ex RO FERAEFig. SIZTT . edge K, DAEDMEINTBIC Ui D3 TREE AT DSERIC ML, S B —8E
B 7 ChE T A XISV NEE RN D<A EINCH DT ENERD.

2.3 ¥»

s F ORI R OREL R BFTLUL, YA XDMBE I NSN LI L DA X RO HOF
EEHDR, Bizﬁ*ﬁ%i%ﬁ@cb5&55%llé*7§§jt%b\:&l:iéi%ﬁ?ﬂﬁ'ﬁb%@%im%é:k0)2;5(“6‘3;
%. F—'8 ThoThREE R BHLEE  HELRE) SUBRORKFHDOE, VoSBT
i, H<OBREE SN TVBIICKF A XY RICEET b0 THD. ZHISH LB HEREEAS
NTET- B RULE (OO EAREEL) I, F T E S TRESEDLBLE(E T T2HEREV) D%
QOMETEREINTEY, EHLONETORETEIUIFRARBICBNT, PNo LIRS
5 B AL RIS (spin canting i) ATFET BN TORBEEL TR (REHR) L2055, b
5= OREHELLT, BEFORRARERE ARICEE TV DPIREMAR T EOHFED

FREMEL RSN TV,



(a) Initial state (O step), (b) 100 calculation step, (c) 500 calculation step,
Bx=0.0 mT. Bx=0.0 mT. Bx=0.0 mT.

(d) 1000 calculation step, (e) 60000 calculation step, (f) 65000 calculation step,
Bx=0.0 mT. Bx=120 mT. Bx=180 mT,

Fig.4 Magnetization state of modeled sample (40 nm particle, edge K;=4.8 X 10° I/m®).
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Fig. 5 Calculated coercivity Hc for various edge K; parameters for 30 nm, 40 nm, 50 nm and 60 nm
rarticles.
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Fig. I Typical load-displacement curves of SWCNT
solids. Processing conditions were 120MPa and (a)
1000, (b)1200 and (c)1400°C, respectively.
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Table 1 Processing conditions and the resultant properties of SWCNT solids prepared by spark
plasma sintering method.

Bulk density  Young's modulus  Fracture strength  Fracture energy

Processing conditions  (Mg/m®) Eb (GPa) b (MPa) Go (N/m)
1000°C, 120MPa 141 23.6 23.8 208
1200°C, 120MPa 1.40 276 52.1 437
1400°C, 120MPa 1.46 325 524 403
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Fig. 2 TEM photographs of fracture surfaces of the SWCNT solids. Processing conditions were 120MPa and (2)1000 and

(b, c}14007C, respectively.
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Fig. 3 Normalized R of SWCNT solids as a function
of processing temperature.
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WTRETE{T27-. ESIZSWCNT/PCS/ /L2 Ak solids. The load-displacement curve of SWCNT solids

FAE kT TR FERICLELODOXRDEIEFE F was also indicated.



Table 2 Processing conditions and the resultant properties of SWCNT solids and SWCNT/PCS solids
prepared by spark plasma sintering method.

Bulk density ~ Young’s modulus  Fracture strength  Fracture energy

Materials (Mg/m?) Es (GPa) s (MPa) Gb (N/m)
SWCNT solids 141 23.6 238 208
SWCNT/PCS solids 1.45 39.6 40.3 301
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Fig. 5 XRD patterns of the (a) SWCNT/PCS
mixed powder and (b) SWCNT/PCS solids.
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Fig. 6 TEM photographs of fracture surfaces of the SWCNT/PCS solids.
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