RAXYESH OMBEMAF. KA. BEHE

Introduction
Shake Gel* = * BJ Bfi(shearn)[C&KYU & ILIEDAFERIN DB K
B (shear)
MARNIOFEE0oRIZCEALTHEIZEITARICAZERASIE=IKEE
BURIIG A - o=F/ A,
O H: V=1 /x(T "tan®
VDI HEE: vy = d?

BEHRRBRIADYIE

ghear thickening . shear thickening
~ Newtonian |
=Ny /
O .
O 7= 17} < Newtonian
ear thinning L > shear thinning
Y Y
=
Na,Mg,Ca
sample 2 T i
10 A7g |

Rl F-= 70 FBS % Shake gel
-#IF: Laponite (XLG) (clay)

= 7 F : Poly(ethylene) oxide (PEO) N e S
M,,=400,000 FCH,CH,0} o
BB K
SANSEIE DR IXRELEKEES
(P20 = 102051060 WERE  EEIHE
Rheometer  Small-Angle

RERF)
& B 78 % (macroscopic) Rheometer
MCR-501 (Anton Parr)

E. A HEFE,

&= A 5

LI 32 5\

)'.F-

*ﬁ _._/\ FiES Iﬁl&
ilf* SRBRICESFERMLTHEZHEBE LD,
’“Z*rnnsﬁ nHFZL{DFTEHFTICHSIN TS,
X 7= . shear thickening. shear thlnnmg?‘d~ E BRI RheologyZE E 2R 9 .
Pl F-= 77 FiESia & Dshear thickening" " " P FEES RN FDEIZELCEI A EERAI IR
FFER)I—DEERII—DHF= FFREIDIEE
NEELDIRR MHETILIZHESIHIRAE SRR D5
_ YA A
TR s
Phase dlagram of shear thickening Aging effect
> L - TCIIL'UL 3.0 vi% laponite, 2.0 wi%h :'4::—3}; PEQ . op6688 5"
PEO conceritfation e foundary fossnovyos
! |
£ o4 G’ : Storage modulus NTI LA
?é 0.3 % ..t.“
8 ol z over G” : Loss modulus ¢
B[ Leoes oo o e 5 besnesstt? : S
ookt 5 Dhdal thickening area ﬁ"" L Troon
clay' COREEHTE S tion 9 TR |

tl;\g ; Ph hblthg o ¢ t:xpt iite Q}PE() sha ktz 1[ fo n[xh? O.01 01 1 10
fc rm‘h‘k -gels upon application of shear; the circles represent frequency (Hz)
mixtures that shear-thicken d shoy crease in viscosity fl’equency

Neutron Scattering

- Neutron[y_+"}
= ‘-j

& & 5T (microscopic) /N H % FELEL
SANS-U (RX¥IEH
5 B B
Shear thickening M 5& & ;8|
clay:2 Wt%—PEOI:O.4 wt% F =15/ Mt

2.0

¢D20= 1 I
10° —o—_C2P04 1.8 4’
C2P05 L6
1 C2P06 ‘
10 —o- C2P07 — 14
g 10° B 12
< % 1.0
10™ =
0.8 2P08 @
10° 0.6 1
04 °
> 4 68 é T4 68 > 4 638 [ w [ w
10° 10! 10° 10° 0.5 1.0 1.5 2.0
D, ; yIsT) - clay [wt%]
= N4/ Mper| Tshear thickening @ 58 & 7 514

Rheology & 2D-SANS /N3 —

EER{E Col/SDD=4 m/4 m

shear thickening® £ HRI D &Y li‘ﬁ IR |

2.5

x(}/‘ 400 S_ll;Js-F)

MFEET

C2P08 =1
Pp20 TlIEEAWLGRELNZ2—2 D thlckemng
© MBI AE(S00 ) TIL R A HIBEL S —
Anisotropic scattering pattern!!
4-_1 T 1 R T 1 P T T 1 H T T |A joooo;o°°°;°°°°&

-
T oooO0OOOOO

shear, thickening

p—

—

-
= OO0 QOO0 O0OD0
-

= 0000000000000

. Flow direction -

10_3“ =100 s }/—200 5 )/—%OO 51 ;/—400 5 7 =500 5L
0 100 200 0 50 100 0 50 100 150 0 50 100 150 0 50 100 150
time [ s |
CV-SANSEIZKY . EEM DEEMMZHR N5,

;Eé/ﬁ'/&lhj:bl:\—c

"+ clay-PEO
» shear thickeningh®
*RheologyITEIZKY . BFIFE

*x71-.

':E%%)t/)lbibjj_r_

E DB fE 128 ULy T Hshear thickeningZ &2

but do not gel; and the solid squares represent mixtures that do
r. The molccular

not gel even when subjected to 1‘ arge shear
weight of PEO used is M,, = 300000 g mol ', with a radius of
gyration R, =32 nm.

J. Zebrowski, et al.

Colloid Surface and Interface, 213, 189. (2003)

a2 b5 XA MZE FHSANS(CV-SANS)E

clay, PEO, water 3 ik 73 % D 51 &L B 2

clay: 3 wt%-PEO(500k): 2 wt%

H. A. Baghdadi, et al.
Rheol. Acta, 47, 349. (2008)

I(q) = (P - :OW) Scc(q) + (Pp — pW)zSPP(q) +2(0c = Pw)(Pp = Pw)Scp(q)
Self term C : clay Sl] . Jni ﬁ%&ﬁLFQg%ﬁZ

P : PEO oy BEDREREBE

AR o, :PEODDEE EZE
pe :clayDRELREE
BIEDD,07 ﬁ(,O Ve LR,
TNENDOEEEBEBZERKRD D,
Aging effect
T — I

1 [Pa.s]

0.01 |

-<—F0r SANS

REL ThH oD B EFfE
& H (2 | shear thickening
DEZHUEEE XK T,
EDFFfEIZFH Ly THshear
thlckemng’E 2L 7'" # 1%
’a" 4T < o

circular average

sector average

500 s!

v
4

parallel perpendicular

N

Flow direction

500 s perp

S;; [ x 10%cm’]

I —
1o Sce clay o J‘ pp PEO __SCP PEO layer
- o 100 g ¥
E % o 500s para
o

clayZR E IZPEOW 75 B M FEFZE S 4 | shear thickeningMFEE=HEWME B HELL S
& ﬁliclay&PEOb\ﬁEﬁ TAHEND M=,
IEMFEFESNT=, SAEBREM L D F BB &2k (2 | shear thickening D &2 F 4 55 W& E
LT_&(IHL*&#—% FrEREMHMBTBCSEE TN DT,
Q ~»  shear
\Q - Flow direction

=3
==

gl A"

thickeningMEE 5 & . clayé PEOMI A HFiEN A

75‘\ E:E- At é ;ha 7'-: o

IFETITLHEN



