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ABSTRACT

The Buckypaper actuator ( BP actuator ) was more appropriate to be applied in
biomimetic system than other actuators. Many researchers had demonstrated the performance
of it. The goal of our research is to increase the performance of BP actuator. The previous
research increased the performance of BP actuator by analyzing different types of BP or the
manufacturing parameters. The ionic liquid (IL) also had a strong influence on BP actuator
through the past researches. Thus, our research analyze the performance of BP actuator based
on four different IL, and propose an optimal IL to manufacture BP actuator with better
performance. It has a high potential to applicate in robot or micro electro mechanical systems.
First, our research manufacture Buckypaper ( BP) with SWCNT-to- MWCNT ratio at nine to
four, and propose a process of manufacturing BP. It also has a high performance. The BP
actuator is made of the Buckypaper( BP )which our team manufacture. After that, our research
analyze the influence of ionic types and ionic volumes about four IL by measuring the force
and the displacement. Our research find the smaller volumes of ion has a better force and
displacement. The BP actuator with cation EMI*and anion SCN- has a bigger force, and the
Buckypaper actuator with cation EMI* and anion Otf" has a better displacement. According to
these result, our research find an optimal IL to manufacture BP actuator.

Keywords : Single-wall Carbon Nanotube, Multi-wall Carbon Nanotube, Buckypaper,
Actuator, lonic Liquid.
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21233 N EAP %# ® (lonic EAPs)

B+ N EAP KB B (B 2.3) £i8% T B enlb o I gt il p
5%ﬁ¢%ﬁ@ﬁ@¢mﬁﬁﬁﬁ4@54’ﬁ%ﬁﬂﬁﬁﬁ?ﬁéuT
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B R ER o A T2 E g A 2 FIV IR %R R EAE

# 7 & L4 (Conductive polymer; CP) § - f&# 5% » — & a3
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2.2 EAP ¥ B—= P i» % # (Sandwich structure )

SR EE- ¥ A E MR (B 24) 4 17
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Face skin (blue)

_

Face skin (blue)

W24 =Zpissi
74 % & : Konka, Wahab, and Lian (2012)
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FRMALE L E G ERAREEE S RE R AR o B3R N
ST Ak e g FRNE o7/ AP AT S RB R
SR 2 A S BAER (3412 0 2014) -

B R TR N EAP KRB EZ P s T TR o g
A REF Y A ?ﬁﬂ*éw RS RN R E S S i
BER R T HEF RS S EAP KB Eend eefre@ew?uexmz
FURE LB RMEE YRS N EAPREBET TS A G
ﬁ& goivp AR AME o E 5 mms Bl mm2 EBE wn’vﬁ—ﬁ

B a W gy s R E - 7 g i R R LY T
FHEEBETEHREY > ok A B S {omR It X ea A
TF A DB - R iEr (A xgeepg > 2013) -

Kikuchi and Tsuchitani (2009) f|* 87 4##%-42F (&) R &4 %
WL X 2] - ¢¥%ﬁ*%4ﬁwﬂ’ﬁ$‘?$+ﬂwéﬁ fa g
SRS IPMC s 4 IV SRR > B F kB3 a7 BT 0.2

et
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(]

| 1m?t; UH_IPMC‘]SK%’* Kg A A fz?}iif“\é"ﬂlﬁi%]ﬂﬂ B ER S
LAY HE o F I B e g o x Chenetal (2012)
B AEORRE AR SR EF AN A P RN R R 0T
T AREAXZARFARGE > S 1 VORRY A4 5 mmaif
e 0.4 %0 4 (Strain) > &2 1% 2 K g AIRARS R > b b 3T
R EF RETCER T FIRGEF VEAPRB B I T #
LAY & e = L
24$+ﬁwﬁ,mé ﬁm&+*BWk%$m£$
= Pis e 5 EAP R$ E L EBEEZ AR LT D
4iﬁ$é{$+¢ﬁm&ﬂ¢mﬁ€# ARy TRPRTR UL TR
FAABBREPINEAPREFE -G H TR TR AILEE B
PR R B S gARERRR] BB IR - Rl X d N H - BT o
- regs <o Bl g B AL SRR 3 Tl e - RIPE g @ Ibe B IR

V

|

pa)
%‘:‘(

-+
V- ‘ﬂ
‘Nafioni e ——
| ¥ e 1 = 7/‘ 7
o) & 5= fp+
\]) BMI) = M = *
e = | x — "
BMI) e P BMI‘\—- - +
Wi i SIA !
- ;L._ﬁ \ BP =
Nafion

B 2.5 #+ ;¢ EAP &Ré BiRH hie

ke AR o T T R RF B o 5 S R AR T
ﬂﬁ&i%ﬂﬁﬁﬁg%¢~ﬁﬁubﬁﬂ%4°

R 74 (2014) F SRt eh L 2 AT R BT R ez P On R B



;v EAP 3
SN L Ll
hEE S

¥ E
T FE
» H @

‘}EP\’? "\ﬁ’sﬁ- i'@

Main Effects Plot for Conductivity

,ﬂ’b EAP _ff(frfréﬁ‘fl]? T‘}ﬁ}l\?‘f— l“/\ /;% -
%I R ﬂ_,ﬁ*?ﬁ‘}% IR KFXIE’H”}J-

\/
fk;\

Rl

I‘;&
PR L

& >

ous H

4R

4+ e g (B 26)-

Main Effects Plot for Displacement

Data Means Data Means
BEEH BEEA EREFR HEEH BERE LTS
600 4 >
500 7
. \\ 3 /
400 T~ e " /
=~ - - —
= e AN - - /
200+ . 14 /
5 . . - . . - 5 - - . : * -
£ 60 120 mt swat 2 60 120 nwnt swnt
[EZT Y] VAT EERN [Tt Y] S BEER N
600 - ) \ 4 N
/
500 / 3
. / .
400 . —— _
~ 24 —
300 e \ // - -
\ 8 / | /
200 s
s T T
e 0 ———1 sahution flm S
Main Effects Plot for Force Main Effects Plot for Modulus
Data Means Data Means
0 HERAH HERR FHRBE K HEE H HEER RS TR
204 250
/
90 // 200
. - / . . .
60 — - 7 150 — - ——
/ 100
30 /
£ T T T T T T -] 504
E § T T - T - :
g 60 120 8 ‘mwnt swnt E &0 120 = mwat swat
T RBE TR [EX T Y] S BTFER N
1204 0] 74 \Y
90 200
‘ . e / //
o 150 - \
7 ~ -
. 100 v
30 / \ /
50-1 . ,
solution film BMI EMI lution film BT NI

B 2.6 3+ pinE L |2

TR KR G

(2014)

B+ M eoT A (tuneability) 3 > e xR 2R TF DR R E

£ L

( Freemantle » 1998 ) -

SRR

12

el s AT

2k
fe

X
/\

| (designer solvent)



=% B3
*sr?“—“‘ AL AR E B G WA R AR ARBED
F oA 2 H@w E'Jm‘* HFEERIEI RE 0 TR E Ao 2R

Vg0 Bt G::;/w\%'-’r’\”s EDEHE Rz EgREFT A nENGH -
31 RHHFEERE

NTARHUTR R E AR ZHRE ARG BRI ERE T
AEPRPIEHEFEZRE o
311 2 FRE AL R %M
1. # st (Carbon nanotube; CNT)

z ‘fﬁﬁi’g 51991 #d p A2 8 2L F T hatghiaY I,
2d g+ 2% 0T &4 (Graphene) A #% = & & F koo 5 > § 1
SRR 5 PP AT 2 RS EAR k> A d 2 A
S FRBRFS RN R DR E e g RT Y g 2
R IRE T ABDR R~ 5 SWCNT 4o MWCNT(Wlklpedla)o
FARE G A BLSEET o blde 224 F 0 < 2k (Young’s
modulus) ~ fxx e £ § s it A T E RGEE L P X4 0E
R G RS R a R R TR AR e B
BTV RAETATE A B RSN (P sH2013) i
RS R OLEEMEE o FRREES BP T Y 5 2P xd SWCNT
R 2 H i MWONT #ieid i £ fer Apdts 137 5 0 Bl &
3% 0.35g 7 SWCNT %2 0.15g <7 MWCNT » 12 91 4 &0t G #a s @1
T BP et » #pF %3 SWCNT eh i+ aid Blgdoc s o

231 Ayt 2 HEEE K ALE

HEE% K ¥ (Single-wall carbon nanotube ; SWCNT)

Conductive SWCNTs

e

|
e

&
=t

SouthWest Nano Technologies ( SWeNT )

T i:e 5 0.84 nm

TaE b | 940

13



H k2% £ et g (Single-wall carbon nanotube ; SWCNT)

R 95 Wt%
6 770 me/g

F# & ik © Tikalon, 2011
132 AP LR AR

5 ke% 4 s (Multi-wall carbon nanotube ; MWCNT)
& v AC tube-100L

R B kg

TiaE e |20nm

TiaE R | 100 pm

R > 96%

14




%33 REF @ 2 A KA

% K BCE 4 4ges Al (Triton X-100)

R Bitkgans
a3 N CuH220 (C,H,0) » n=9-10
% 1.07 g/cm?
AR CR) | TRk

15



H3C n
H3C
H;C H3C CHgj

B 3.3 Triton X-100 - & 44 3¢
7 kiR - SIGMA-ALDRICH, 2015
312 2 ¥ REMRFBLARHE
1. 9: 4% FaF N (F34)

ARG AT R e B S R AR a0t B B8R A R
BoERmEE? (234) AFLFRADERES A E MRS B
i szt s o m B 5] ST M =914 th3 R E M ERE Bl 4p
Hr 4 d nHEBEZARFEIBEIAME TR RLAE Y < (HEBL
SREen20~30 R ) P AY RIS ARMAS BAG T A PER
LB STM=9 4% K E N B AL R

34 2Rt bl K pE KA R R ARPE

FABREN | H»S |[SIM=9:4|S:M=1:1|S:M=4:9| &M

= #% (mm) >10 8.359 1.030 0.856 0.879

ﬁ%l a4 (mN) | 930 896 890 725 515

HEZ4mtg 0350
SRR SlaE 1 015¢
% K g A et &) Triton X-100 : 1.25 ml

16




2. FH R

Bl 3.4 % K ag A
T kR

AP EFR

B+ 2 #0508 % W4 2% (DuPont) = @ <7 Walther Grot #1960 #
RERS - BEFRFIFENELIREL S 2 - FJIRAL - d 303
REr e R RIEEF AR OBHRI T NEE o A IS o
Bg kR Mo kA e R TIRg  R E ME T dok g .

%35 AT R 2 FF AT

DuPont™ Nafion® 117

EER FATIRL B LT
ZaE C7HF1305S « CoF4
HE 30 cm x 30 cm /piece

H\ /Cle /Cle\

O

\

0
CF, o ek, /
~ e U 2.
FC™ S X H,0
| CF, \ )
| o
CF5 HO
B35 73 24k uiiist

7 kiR - SIGMA-ALDRICH, 2015
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3.

ERL

WA - AR B BAE > & 1970 & N AHE I endr S e kg > A
PR EFPP LR E f PP B4R RS Gl R &

An % B3 100°C chB ap e o 0 { 24 hﬁ%mrs RIS S
EP R B -FTEFRBRTAREFFT kA2 24 2310 &5
o d SRR A BT ey A et c H R E R
FHCF = o - A P EF R ARERST S I G AR U HIRE O
BEipsimm 2 - F v ant g EF (specific conductivity) * & o i
FERBRENTETAAT - APT R 45 R TAIES SR

M F @mﬁ@_, #-H 0T 5 7 s g £ (Sealants )( L4520 2014 ) -
ARG 5 BET IS foa gt A B K RE MR E G VR
FOUFEREHY 5 A BIERIAIRE Z BIERSF PR e RS R
W (H36) M REBRIHZARE ARFEDRELE L Fon
BT R MWhoT 4rm (% 35):

1-Butyl-3-methylimidazolium tetrafluoroborate (BMI'BF; ) (a)

J

34

1-Ethyl-3-methylimidazolium tetrafluoroborate (EMI*BF;) (b)
1-Ethyl-3-methylimidazolium trifluoromethanesulfonate (EMI*Otf) (c)
1-Ethyl-3-methylimdazolium thiocyanate (EMI*SCN~) (d)

18



[:|/CH3 N: BF -
/ BF4 / ®
) L
CHs (a) CHa (b)
CHs N,,('.)Hg,
] ry
\
4 ND O \ ‘SCN
L FC-S-O L
O
CHs (c) CHs (d)

B 3.6 3+ x4l
7 kiR Sigma-Aldrich, 2015

19



% 36 *FTy it 2

ERL

$ 1 2 3 4
BMIMBF4 EMIMBF,4 EMIMOtf EMIMSCN
b ( 1-Butyl-3-methylimidazolium | (1-Ethyl-3-methylimidazolium | (1-Ethyl-3-methylimidazolium | (1- Ethyl-3-methylimdazolium
tetrafluoroborate ) tetrafluoroborate ) trifluoromethanesulfonate ) thiocyanate )
WP Sigma — Aldrich, USA
A ] ol N SO LA
AT 5 CsHisBF4N2 CeHu1BF4N; C7H11F3N2O3S C7H11F3N3S
3 BMI* EMI*
£y BFs otf SCN-
%32 4.3 mS/cm 14 mS/cm 9.2 mS/cm 20 mS/cm

20




313 REHFITRE

L #ikT 5

= X 4
LL%&_BE': i%"l‘ ;Ik‘

R
TRRIRMAR S P B

Yo

A o

5

%37 @ik

ESSCU Rt RS BV E L B £
DGR 0 A RE BB R AR

KS 90 Large Filter Holder, 90mm, 304 Stainless Steel

=R STERLITECH

7 304 7 4ddh

H 2090 mm-~ T 5 EE 45 cm?
£E

B 3.7 #\mT o
FTHR&R: 277 FR

Vacuum Oven ( E % 4§ )

WEp | FEREF AL
MRE | BEEEFRSP

21



Vacuum Oven ( E 7 £ 4

A5 DOV-50

HAE (WxDxH) | p 30 0 50x50x50 cm ~ ¢k 3% @ 80x96x108 cm

TR 220V /38A

ERFF | 40°C ~200°C

BB R + 0.5°C

®3.8 %4
FHR AR AT R

4, B = A
% 3.9 #B A

BB A

S IEY T

A5 GT-7014-30C

gk | 106x70x165 mm

EAFE | FE~300°C

Ui I N S

22



AR = A

THEBEE | L e T LA

B 3.9 #E A4
THLKR AR IR

5. &+ s
% 3.10 42§ A

Aeh A

] Qsonica

350 Q700

Power 700 watts

4B 20 kHz

=3 120 VAC~50/60 Hz NOM

23



Fl 3.10 4g s eLesth
FALK R © AP ] FER

3.14 i RiRIK &
1. 3 s ds3t
BRI Ed T R IFPE (Position Sensitive Detector ;

PDS) F &g SfELBLIRI K cha ® o JEd BRIF BT Stghcniz § 0 3t B )
RN o PRI A G Dk E B g T EET T sl
P pRE g o3 Bl EaE L - CMOS 5 iR %;{gé T opE
- p B ke kg R o 2w { BAE@ R kgl (FLPEHE
FRAF ) P B RERIZ KRR ARE BhihE = -

% 311 T et

MKII-SA § & =45 3+

CRF | F LRGP
415 | LTC-200-100-SA

/ 1 1% & 20~30VDC
At

TR 41 0~10VDC ~ T I 4~20mA

TR E | 200450 mm

+9 um

100 pum

24




MKII-SA 3 b (=45 2+

TH AR | 12°
B 3.11 F B4 3t
FALK R © AP ] FER
2. imEt

PREFRP AL FRAR L EORER L 50mN . 3 & 2
. J—gr,r‘gﬁ:}fi\gf»r‘]mﬁ%\ﬁrfﬁn@%ﬁgﬁ X‘E'_

% 312 &t

i\i"ﬁa‘“nﬁ\ 73t

Wi w KYOWA, Japan

N
=i

R | WEHRR T T

A5 LVS-5GA

2t +0.5 %RO
7% & [Fl £0.5 %RO
= e ¥ 3F 1+ 0.5 %RO max
X >pE v R 6VACoOrDC
ik poE 7R 1~2VACor DC

25



;\—Eﬁ ¥ N et
# o~ 2212004+ 10Q
ﬁ%l I3 rE 1200+ 10Q
Rl F | 50mN (5.099 gf)
=
<D
B 3.12 FE
TR KR = B, 2015
3. dBA A AL E
SHc A L BRI T AR, (B - gk~ AR R
rfeie ) f?'iig’%%}f*?—r REFL L (1~10V) 0 A7+ iR
BE T AR ARFBATRERBRRY o

4313 Sn@ch 4 4 B

20 MHz Function / Arbitrary Waveform Generator

wWiEw Agilent Technologies
35 33220 A
=Rk | 110-240 VACE10%
S| 261.1 mm x108.8 mm x303.2 mm
e 4 kg
# TR B | 0°C-55°C
B R | R 110V S 1 uHZ-20 MHz
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T ESEEs =

Ssssags @

B 3.13 Snfcdk 74 4 F
F‘”‘q‘—'iﬁfﬂ : KEYSIGHT TECHNOLOGIES, 2015
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3.2 R%&inAE

)~

Az “

e

% o= 2 Nafion

A

TR

Nafion£_% #% o

Bl 3.14a §F % inAL
FH kR AL R
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A

BP/Nafion/BP

SRR T )

i 7Rl

B 3.14b F =it Az
FH KR A ER

ri s AT ZF kA (B 313 FinAR) A SR wm A R L
BB IR BT A2 MR A L E AR R KR
ARPES BINL
321 2 ¥ RRE XN

AR E AEE KR E R A 28 - BENWA K 0 s 3 F A
FEG ST AR FB o T AR Y 2 3 AR Keh
fEomAzias & (B 3.18) -
% Z- : 035 g E R A E fo 1.25 ml s Fd )~ 250 ml (4
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K¥ o pEy #0159 0% B E AR o 1.25 ml shs AR E) ~ ¥
- W EARY ST ERREE
B AL ABESP LN i HEZ KRy A4S F 10

%?ﬁ?Em%&?#kﬁﬁgn%%—@~4%’%§%%§
R ARTI EAORY O RS RIFR o A TR B AL
TeEARTR 2 AL RIJETRIFRY AW AN A
%gﬂi%énﬁﬁﬁ*%ﬁﬁ&hﬁ%ﬁﬁsvnvQﬁ 2 s (W
3.14 % ‘}Eﬁl\? xR ) “'P’?xaﬁ%b,ﬁ? 0

EN]

Bl 3.15 z KA E R TR

F4L %k : CANOE, 2015
HE= CREEIARERFRI B AR ERIFRE - AT
FEOWEREB FEEFHIe 0 2 AR ERIFRI G FRF R

* K HpER o

HRe D RFFEORFRE RS I ERORIL > SR B
FRIBAHAY > B OF BRESE Ao DRFREHRF R
4

-z
=L
» (A
F]E

.,

T AR ARG AR LA PR AR
%7}‘511 E—@/}a‘\mhﬂ|j‘- L: ¢} I'*"] L”’ \;:/;‘Ih'-:' m,,’%%
‘,j/i'g ’ '&f’ﬁ’_lﬁ,g g > Z\,-,-'r.l L:’ v Fé&ﬁ—,/}’%‘,g\? EE,};K}}:\IJ ‘?j”;ljt

HHI G B2 )EFERIFY PR ARERFR2EFLI TS
@ oo ez A K E €32 500 mb P K- SR R g WUECT S B
TR AR MIGR T A o deiip? A H (RF] W AER
B EARREE AN LE ) TR EE A F
WA F 2 0 PIT S S AL RS (F3.15)
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] 3.16 /}'a“’i‘{{ljllﬁz ,]%‘—1]3
FR AR AT R
HFS R R MAGRA AT ko 2% A 5 Teflon T AR K AL

-

A e B AR
B TG A RTH

i .

A S N R T - N

:xﬂv =
mh"ﬁ =1
Ao
>
pos
_‘3‘3}

Wi Fb B R chid ikt

HF= 1l K RE SR PG B2 % R M MR g s IPA
g AR o B3 F AR MR ARG 0 MUE R 200 °C
1= B4k LR LR g K e SellEd -

ﬁ%A:%ﬁﬁﬁ%ﬁﬁ%%@ﬁ%m’#ﬁ$?S:M=924ﬁ§%ﬁ
o

322 2 KR E A B

Bep e K ALY M AR RO RHTR L AL B AR
?’qi(:f"% @ AT AR a4 (2012) 2 F R R ?, R E A
HF o S8 g RE A4 B il AR miR/RT ED U e
Mk A SRS B R Al W AT R S AR R

\ &

TG A KRE ARG BB (T4 (B 3.19) -

#H - e A3 R 4 Nafion 2z » ¥ 45425 - % 120°C 445 1] p# o
H pend & B3R & Nafion b ek 4 =+ Z% > @ Nafion » ;23 =@

M e PR fﬁ%’ﬁ-; 7 48 g & fe Nafion — #:£ 3] 120 °C >
# Nafion f4p ¢ 8 iR D BT R o

HI= L eI W LR o Bk A S g Nafion & Bl e fE
;%sﬁt—? kY > 7 120°C sk i A - o) pF > % Nafion 420 /5 8
F ot ARG T 2 Nafion £ A & 2 SO RO % 0 4

&
4
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-
[
iy
AT

& I Nafion iz e @3+ 2R T B F > 2733+ 7
A#rth Nafion ¥ @ xRz BR %24 (B 3.16)-

] 3.17 Nafion # &
TR kR Ay KR

I

D4R B e A e A o Nafion 3 2 2 p R enR SF R KRR
&Mz Pk ( BP/Nafion/BP ) #3538 dn2c » ¥ # * Teflon
A Ad Pl o * > 3 ¢ BP/Nafion/BP A ek 3k o

% Fw o K- FK o0 BP/Nafion/BP 2 & 4 90 kg/em?» if & 100°C £ /R

WR 13 4~ 4 #RiE (s o BP/Nafion/BP + T £ 5 gad 22 > 7 i
dos 3 n\z\ﬂmf TR AREFE (B 317 a) > P~ E R4

m BP& 2 5k 23 45 BP¢4x (B317b)> 277 %

LRe s BRFIET A RO E AL BRLL R fw 3l

ARG KA MR IE AR ERTRDATE K ALY M o

% 2

F13.18 2 4 ph g A B
TR kR AR I
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X

#

DR G (5 m*#ﬁ?x;ﬁ% Flidfz R ERGEE G

B EIFFEIA 1 7 18k i {¢ e BP/Nafion/BP *» &) = £ X
% 30 mmx10 mm 3= /] ’?'P;; AT R 22 AREE o

Bed ok E MR BT H AR R R A AR AR
‘%$ﬁi#i?1éi% B4 EFEHE 2 E R TG

FERE & o Nafion + - @ BP &2 & # fl 3 KR E A
& Tl EATIRFRR D BP ) g Nafion pk£

ETI
o
Y
[
S
- =

-~

¢
.
=
AR
—
15
o

BP S fiii 3 i 0 BRED
Nafion i e o Pl4s o i 154050 § 43 i
B AREEAR D P

\
(g8
e
(%

=1

Pty
Sre
|
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Step 1

Step 2

Step 3

SWCNT suspension MWCNT suspension

|
Step 4

9:4 CNT suspension

o
@ O

Pressure Source

Pressure Vessel

7

B 3.19a % 3 BLE NF SinAR
FAL KR A R
34

Filtration Device
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N

Step 5
Teflon
Buckypaper @

Step 6

R

e

R e
Step 7

Vacuum Oven

U

B13.10b % kb E M Bnd

FAL KR @ AP ] ER
35



Step 1

C» > < . TR — . 5 « L8 <
Nafion EMIMOtf -~ EMIMSCN -~ EMIMBF, — BMIM B,
Step 2 @
— ———
Step 3 < 'Teﬂon . .
Doped Nafion —__ &/ > Buckypaper
Step 4

U
e

B 3.20a 2 A% F A ad B A

FHR KR R
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3.3 & $rianfe

& ¥ & Buckypaper

BPA B A D> RES
BL

x

BPi§ 4-Nafionfi

4 éjactuator
|
F i A
\ 4 A
N N BEE KN - Ko

I | |

X

Bl 3.21 73 A 45 inde
FH KR AR
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M FTIRAR R AT R 32 (B13.20) 0 I ik ena 473 50 i
Yo SR B VE R R b {5 DT SRR AT o iR R
- B p WenBP B4se 74 47> W 1% BP cu42? > ¥ iv § AR &
ﬁ?% T W p @WenBP it A i 2SS @ > FP - BN
FAXE BP A E R AAFL PR KR E ARBFEY > RypH 3.14
9 3¢ > 10 BP AT w59 &7 Nafion 4F & k2% BP £.F i J # * 5/ e 59
BP st i 2 t6 > #-BP &2 Nafion 47 & = 5 2 F g AR& F > &% § 5
EHFERES AP ERY GFEFERS O] FIH S By R

St
I

RS R B LR R R E Bulend P g k] B Rl ok el

BET ReHF <M ART Rut o ATy AR H T R R A4S )
s M FER B R A D R T Rl < ) 230 2 SN R MK
B RORFLEA S TRNPARDRET WA EEY B2 AP AF
EL

2o AT A LT 5 ek B R eniicdp L4
TRYHRG M AT RMET RS > A kaz K
AR # Eéij‘hi‘éu ;o ho S B Rl endicdy £ ETAE S <o) iAp Bl 0 B
Aotk BB KA ARE Bl )]m. BT RV g

s RE o S BT g A o REFRMOET R > 2 By A
+ %] 3 BBk ok B F Fle kg %k 1“3 FREd BT kRl A
LT RfedrF ahr ) REIN Ri AR E RBE

R

B

g
7

\\\
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Sr® REHREEFEERAST
AR &R E R AR ARFEDT RS EF A4 7
T2 ARE AP & U FRIESZ AR AREBR L ®

o

o

~

Ppo Y% H By CRIRBP MRS LA ARE AR BhiH 2 %
SEEE o IR R IPAR - L R S S S BNV L el B - &

T2 AR$ %o
41 2 AR E KB %A

AR ENEF TR Y Z 2N E DT B 2 N EE T
B2Fhl B AFEY jlg;;g? A2 %At A PHE My > ¥ FSU
( Florida State UnlverS|ty) Mzoz KRR MGEE R (£ 41) R
P (9:4) iR > I AT p Wz KA Y Ky g 8 DER o
A if L s W 3 & (Tension force) eh¥RA > FSU ehz o g8 Map 4
o BRI S 0 R P ERen SR 0 %2 FLE M Nafion #
BEoaFmp U EAAT KTRE S R EAZ S AALE
FEREE DR M A R AL RS BIR R T RE D > KRR AL
EREARE AN GaviE- RF S BAMRL PRI Y > wd e Ty
PR AR TR LR ARFE o

# 41 7 A pg M

FSU 9:4 p# 94
E#3L & (Slem) 46.6 326.2956
X ¥k (mPa) 716.56 590.05
£ ® gk (mPa) 17.2 15.89
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W4l p @z 3 pmy s

TR kR ATy KR
Fobptg MEe gl b o R H AR TR 0 G T BT A
ERABS L RLA R T A pch FF =
L 2FRERFRAH R 2D
AT AR AR B A ":“?k%i L] 0 e A A AT H B R
FBE FIR 2T R AAATE BR AE FI R 2 A AT o 2
OF #- SWCNT R is i # 3 3 0°Cens i » 2 MWCMT ik = 2 4 4%
by ipiAEY SWCNT #ac ¢ £ R B % ERELRIFR AT
DRFAELE R 2ORIRIR RS KA K § R AR TER
P ERORRREAR T ZRFREF S o A EE R iR o A g0
MHERAMEF ML > AP B H B R R o

2. /- F0A| Triton-X 7 7 v g

i

ETTRS

|

8
2%

ZOFBCE MY Aok 3 AT Triton-X o g B H & R I B A
PEERBERABAE AdrakiR  Triton-X 7 £ § 0 AR 4
- EBKEFERF2 AL RREF 2 040% Triton-X 7 & 5 » & SWCNT
%% B 0°Cx Feifer > 2 KAy Vo g L@ R A4 00k #
B R Fnd & o g - & > Triton-X 7 £ AR Ay K
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