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W B RASTHARMNEHET - THMRESWASWER. ATOMTRLIGERET &
SN, RAESE 1-(2- MIEAE)-2- HMPRERMYEIGEN TR, B - FHRE
SYRKAARGEYENE — FERMEH T RSN MR R, e
EREHRBY 5 kV/mm % SERN ATk 6.2 kPa, HEKEREE 3 #: ARMANERE
. AR Ry 5.35, MBRY 2.97x107° S/m, HWEHTFEK. HPRSRLEERET 10
&L IR R Y: ARSI 300 h, HiikENy 89%, MEKIL Y 76%. wEHE
RERERNRETRESE - TREFENES FIER. FRUBHESHEX.
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ABSTRACT Based on molecular self-assembly, a inclusive complex (3-CDP-PAN) of B-cyclodextrin
cross-linking polymer (3-CDP) was prepared. The structure of the inclusive complex was characterized
by using fluorescence spectrophotometer and IR. The results demonstrated that the naphthalene ring of
1-(2-pyridlazo)-2-naphthol (PAN) was included in the glycopyranose unit of 5~CDP. A new method
of synthesis of electrorheological materials was proposed in this paper and two new electrorheological
fluids (ER) were prepared by dispersion of 5—~CDP and its inclusive complex in silicone oil, respectively.
It was obviously observed that the inclusive complex has higher dielectric properties—-the dielectric
constant of —~CDP-PAN is 5.35 and that of conductivity is 2.97x10~2 Sm~!, which is over more 10
times than that of S—CDP—-and much stronger ER effect than S—CDP. Under the electric fields of 5
kV/mm (DC), the static shear stress of S—~CDP-PAN is 6.2 kPa and 2~3 times higher than that of
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B—CDP. This may be due to the supermolecular action between 3—CDP and PAN and possibly relation
to the properties of the guest.
KEY WORDS electrorheological fluids, self-assembly, S—cyclodextrin cross—linking polymer

% B (Electrorheological fluids, f&i# ERF) fEH/EH TRIRE. Aldiustil «MEFEA”,
HEXMMANR U R, ERAEROERELRILNEREE —ENEE, FERAERGR
SRS EERE. BEFHBEEASRE, MASSHHEASEARSE. REANELNRTIM Y NYER
HREE T R E AR 24, s AR B BRI A B B — B L B IR A rr a5 B,
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. ATFEARRETERGET, P FRETERMBHEEEAERASER—REHATH. AF. =2
E. BAEEMSETREEN S FREKSEA TEW. HEBT 4 FIRAME 4R ES AR
BHEE AR B B IS ThaksustE OO W 4 R A T R B A R A TR A
(1) #HWWEHSTGH  (2) BE - FHEMELIRREIMN EAEME, TELIRRZF KA LR, LHAN
B (3) BB, MAK AU - IR EY (5 B-CDP) FEfk, 1-(2- M
BEMRR)-2- =W (PAN) A%k, 2EARTERB ALY (3-CDP-PAN), 4+5|H 6-CDP-PAN
B-CDP f{EX4r 8Bk, FZHEREM VS HARHM ER W, HFREBREFELE.

1 & 8 F &

¥ 3.4 g AIIRYEIERM S 15 g 6 MK E T 250 mL WHESHS, hA 34 mL ikKE N 20% B EE
fLeKIBH. 7E 50 C/KIB EMRER 2 h, FERSBHETERFMA 12 mL FEAFR. FR YRR
BE IR ZARIRTE 50~60 C 2], MEFEFEARFEAIA, BEYAHER K, BRERERERRER. ¥
BEROR B RS A BOK R PO VR TR B e R & Uk i ik U0, M v /5 BB IR7E 105~110 C Tt
F, BHHERAERLE, 53 - AHEERY. BRMEKTH 6-CDP BASH IR PANMZ
BWAER, BEAMHHEERE 12 b = YdiE, AKERZEERITENE FKIMTEET C
THEZTE, BRESFERE, TREBE 0 FNTHEREAYS PAN Gy, HEammae
M —E W4 8l — B B REM (ef = 2.60~2.80 . p = 0.9~1.0 g/cm® . n ~500 mPas(25 C) #&
150 C /2 h #i#ab3) &, 5510 27% B9 R AL AL R

#£ EQUINO 55 BIZL 46X Bl IR, KBr K. %Xt PE LS50B %3t / B8 Y6 & 60
E, HPFMEERIITE dex = 400 nm, K §H5E Sem = 8 nm/Sex = 8 nm BHFEFT. ZEBCER NXS-11A
RUBEFRE B LR s A A WA A SRR, F MRS E B SME P EERIBE Y (2.0£0.01) mm, BYYJE#
TEE N 2.11~135.65 S~1, A Hay MR € KB SERN /. A GYW-010 A ERBEF-ESE,
Y IEE Y 0~10 kV. I WK-4225 & LCR A8 illik (U & BB # S A drke. RERS (F
BHEE N 0.5~1.0 C /min) KHIE, WIEGHEBEN R ESIMEHTINR. RAEEHIER, EZE
FHRA AR ER &/ iR B8N

2 £ R 54w

2.1 (- AHMZBEREYMS PAN a4YMNEHRRE

1-(2- merefB)-2- %/ (PAN) RAEZE, EMRIEK Aex = 400 nm &, HR&HEHE (H 1) 4
7 486, 545, 600 nm 4 HB=FAEE. HF S-CDP 5H%TARER PAN YURIRG /S, RiH
PAN #y¥¢iEid, W2 HARPREEYETHRBEER, REFFRUEFRTE. IRACEYTETE
PAN 4y FRyZEM BT, ¥ f-CDP 5 PAN g4k Ry, G-CDP Xf PAN HiREYH AN
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Fig.1 Fluorescence spectra of B-CDP-PAN, Fig.2 IR spectra of 3~CDP-PAN, g-CDP and
PAN and their mixture B-CD

WA FI¥ER. PAN # B-CDP fgs)5, #AFWINMEEIK. B+ 6-CDP NEEMBIKER. PAN
SFEEMBIRER ET Bk, S5 PAN it TRl K.

WIE 2 ATLAE . G- I SHHE & Wi EIE R 40l &8 6-CDP {RE T B-CD 4 FHy%
Hatitly. 5 B-CDP #ith, 1454 S-CDP-PAN S it BUAY i K HE T 55 3 2 ful. {H7E 1028~1159cm !
TEEN (B A X) B2 C-0 fl C-0-C HMAERARUH 1624cm™" FiE (MH B X) HE W
M MRS RIS, HARES RSB, HE - CHMBYE. £ A K 5-CDP g%
BE®. B-CDP-PAN fyfefi; Wit B XNIE S-CDP-PAN gyfixiiRBERem. O-CDP M. —Mi
TELLANGIEE S, B A S A E AR, REQK, e RERR. Bt B 6- F#
HEAYSHESWE A XA B XGMMEENT, BRE-FIEERRAREGEREX. BT -
TR S SHEEYNEELNFEETEIRA. % 5-CDP k5EMERK EQER NV, KR
BREAST M YRR asmE, T HK e 3 SRR TR/ B 5 SE 0k A RS (R 34K 53 FH%
. FENEHRENNE TS S-CDP 5 PAN BR T @44, H#ABEHERRZ PAN fifh
B/MOEEIR, X — MIESE T SOk [10] BRI 54 .

2.2 EREROFTHNE

WE 3 ATLEY, WEYBSER 82 f-CDP i RE NIBRMES. B5E DC. 5
kV/mm F, @Z&MEYERY ST 6.2 kPa, i -CDP gyEIRN /1 R 2.1 kPa, /] Li@d HA%
AT U S BOF W B R T R A 4R

4 RO, EERES T IR /IBE I R Ay W T K. FI 9 8492 Bingham k.
Wik H, B-CDP @B (LR S5ZHEEA T, WIEHME/DN. T f-CDP-PAN R I
R RS (1kV/mm) F, HEL#&ES 4-CDP %4, EHFHBER/NMTF 2kV/mm gy
WO, EBYYIR H 7R ay U148 R IR ik, BYYIR eI R AT BBk, FEE R
BB EHAT — T TITRR; AT S, A-CDP-PAN H i A8y YIm 415 85 YIS a1
WO Bk, HEEmm RN, HMEhHEBMA. T, BARQEMERELTN ESEEER
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31%) BEERY I S5HGREXRR (T = 27%) W A SHYIEERXE (T =20 C)
207c) Fig.4 Shear stress of —-CDP-PAN and 5-CDP

Fig.3 Static yield stress of 3~CDP-PAN and (- based ER fluids (¢ = 27%) vs. shear rate
CDP based ER fluids (¢ = 31%) vs. Elec- (T=207C)

tric intensity (7' = 20 C)
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Fig.5 Temperature dependence of shear stress of (T=207%)

B-CDP-PAN based ER fluid (¢ = 27%) at Fig.6 Relationship between dielectric constant

different DC electrical field and shear rate (€), conductivity (8) of ~-CDP-PAN and

of 2.110 S—! B-CDP based ER fluids (¢ = 27%) and

frequency in field of 2 V/mm at 20 C
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4 b, B-CDP BmFEARRIEALEF S 0- FHHEROE S FILEY. RS
BRERES TH# LEENFESERGER T2 BAEBRUL BRI AR L, B LE S5 TERIE
HERRTIHEER, 18 5-CDP &5 AA —EMBAERY, ENEREHERNKS TSRO
AR EGY SR S H T REHIRIR ALIREE, BT H A RAEREAE AR AR (4 f=100 Hz, T=10 CHY, friL¥

¥k 4.59, BEHEY 2.8x1071° S/m). % PAN

IENERIE - TR SR RES FILAY 51000 A-CDP-PAN

. BF PAN h&# SH#mpR o MITRy &

B HEHMEEASTHRMRE, FhmeR o |

Bk M FIMEERSFTRAGHREEE. B F Lo
RERBASIIRG © B TR ERRARE £ |

WS, Fitadmi et maeE, m g 80r 2

=100 Hz, T=10 CH}, ArEE¥K 5.35, mE%E § e °
% 2.97x107° S/m, A FEN -CDP®ET & o 100 200 300
10 %58 %, BUHHA AR 4T 6-CDP. Time ! h

2.4 BERFTRATREMEAE
B A3 RS Y i 15 F A A M TR L
B GEWHRRERER 150 h, TIHAZ 3%,
i f-CDP EF—BEAN TR T 20%(8 7), &
BRI B 2 77 R RE S DG PG R T R WL TR
HERE.
3 4

7 (B-CDP-PAN #il p—-CDP E& T (¢ =
27%) HIUIRESE (T = 20 T)

Fig.7 Sedimentation ratio of I~CDP-PAN and
B-CDP based ER fluids (¢ = 27%) at
20 C
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AR PRE A SCHRH, TERMEN RS O- FIHIETE B KRR G4 (6-CDP) XFifk, UEH
4 BT 1-(2- MEEAR)-2- M (PAN) AEE, 20 FHARTLS &H—F82 FLaw
(B-CDP-PAN). - SR XBRR S WIRE T /-CD =4, 5 PAN B HARIE, RIER/MY
BN T I AIE. 2005 Eas P iR A e R AR R RIS S IR 1L,

HMEWERERS.
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