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Composition and molecular weight dependence of the side chain crystallin
¢ polymer that affect the TR fluid function

OT.Okuma', R.Nakano®, H.Sekiguchi® and S.Yao" ?
'Graduate School of Chemical Engineering, Fukuoka University, *Dep. Chem. Eng. Fukuoka Univ.,
Fukuoka 814-0180, Japan

ABSTRACT: The side chain crystalline block
co-polymer (SCCBC) we had polymerized has
a temperature dependent adsorption-
desorption function to polyethylene surface.
And the polyethylene particle dispersion with
this SCCBC shows dramatically dispersant
and thermal rheological function. In this time,
we investigated the TR Fluid property
dependence of composition and molecular
weight of the SCCBC.
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FrAE L, (SR CISEERIR & 22 5, Z %)
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Fig.2i21ZSCCBCHMHT « £ OPEHhi F o
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Fig.2 SEM images of PE particles. (a) : particles
without SCCBC, (b) : particles with SCCBC. Scale
bar is 10pm.
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T AMTHE0.02~ 100(sec-1), BIEREHERE < A
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VN, EEE DR SRR, AU Wi - B
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Table.1 Molecular weight of each unit of the SCCBC
SCCBC | Mw (STA units) | Mw (nBA units)
N1239 ~3,000 ~9,000
N1156 ~5,000 ~6,000
N1293 ~9,000 ~3,000
3. R -BR

Fig.3 I21% 85°CIz 1) % @R ik E I
k5% TR WA (SCCBC #1E 0.5wt%) &
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Fig.3 Shear rate dependence of viscosity of original
and SCCBC (N 1239, N1156, N1293) added PE particle
dispersion. (35°C, concentration of SCCBC is 0.5wt%)
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Fig.4 Shear rate dependence of viscosity of original

and SCCBC (N1239, N1156, N1293) added PE particle

dispersion. (65°C, concentration of SCCBC is 1wt%)
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Viscoelastic Properties of TR Fluids Constructed with
Various Spherical Polyethylene Particles.
°Kanazawa Yuri’, Ohkuma Toru', Hasebe Yusuke', Hirakawa Kouki', Nakano Ryokoz, Sekiguchi Hiroshi’, Yao
Shigcru“2 (*Graduation School of Chemical Engineering, Fukuoka University, *Dep. Chem. Eng. Fukuoka Univ.,

ABSTRACT: Recently we found that concentrated
polyethylene particle dispersion with a small
amount of side chain crystalline block co-polymer
becomes a Thermal Rheological Fluid. In this time,
we investigated polyethylene particle species
dependence of this Thermal Rheological Fluid
Function with using various spherical polyethylene
particles.
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AL & BRI A & 72 A ISR
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MG - BT 5, Zoiitkosihiz, #
L i A (Thermal Rheological fluid : TR

k)L 5 o Lk S, Figd 21X TR 3
R PEDOFREA 7= X AL F O
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T5 e, By TRAPERT DI
SCCBC % PE ifi > & B L . bR ERE
T 52 L CRIVMEBELRT S, MPOBEENL
LRI L D Z OB 5D B,

0 L 9 I TR HiAEEREL, SCCBC & PE &
i O & OFESLBY TN E L KT
T 5. ElZONi% PE Of&ED D VIS
LEI LR BEZTH LB D LRHEKS,
X B IZ VR OWFEA S, SCCBC HikD 2
£ AGRHE & R C o EES LUV PE Kl
AT A Z L IC L ARENE A EBRBHEICA
VRL->TNBE I BTN, SEFA I
FEOS RN A BBk PE BRI T 2 A L.
D X B TR FlRBERE ~D B AT~
DTHRET D,

Low Temp.. o 8 Surface of the PE particles
. . changed to solvent affinity.
.}“o-x (f: Become eag to disperse.
<. SCCBC desorbed from
the surface of PE particle..

0

Particles aggregate
; each other.
4 O
Very high viscosity. Fig.2 SEM images of PE particles. Scale bar means 20pm.

Fig.1 The mechanism of the TR Fluid effect
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SEIS BT & LTS o w1
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nBA A (Mw=# 6,000)Cd 5, it Eic
1% Rheosol-2000 A Fivy, zi—2 7 L — |Gl
EERIT o1, MEREX 25~75 °C & Lz,
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EIAE U, B imiEph eI YRR L
TW3bE&EIHN5, £LTSCCBC O Ik
BET D SOCHHTOREE Iz T, SCCBC
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2% HE-3040 & Jlk4- 2 L O LHTRIERWZ &,
F 72 SCCBC @ S 2 ABREER IR R HRET
b/MEA RS THBICHML Cwa 2 &4
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Fig.3 Temy depend of shear viscosity
at Isec” of the three PE particle dispersion.
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Creation of Polar Solvent Type TR Fluid and its Function.
OK. Hirakawa', T. Ohkuma', R. Nakano®, H. Sekiguchi?, S. Yao"?
'Graduation School of Chemical Engineering, Fukuoka University,

*Dep.Chem. Eng., Fukuoka University

ABSTRACT: Recently, we have found a block
co-polymer consisted with long aikane side chain units
and functional (such as the solvent affinity) units
would be a side chain crystalline block co-polymer
(SCCBC). This SCCBC has an ability to adsorb onto
polyethylene (PE) crystal. And the concentrated PE
particle dispersion with small amount of SCCBC
{~1wt %) shows very low viscosity at low temperature
and solidity at high temperatare. This phenomenon is
reversible and the fluid is named as Thermal
Rheological (TR) Fluid. In this time, we made a new
SCCBC with using Di(ethylene glycol) ethyl ether
acrylate (DEEA) as a functional monomer units. By
using this monomer, we could disperse PE particle to
polar solvent. And this dispersion system showed
polar solvent type TR Fluid properties. In this time, we
evaluated SCCBC’s chemical sercutre dependence and
PE particle specics dependence of this polar solvent
type TR fluid.
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S BST B Z H oL & BB bk
72 ¥ OB R RIS e AT m y v REA
thix, BSE7 VL ARG TR L AR 2 U
BT 2 v v £ EE K (Side Chain Block
Co-polymer : SCCBC)& 72D, ZhE TOFx DU
FIE U ZOSCCBCH B Y mF L v
(Polyethylene : PE) & BT Ws B4 7R L, PER
T O R % BRI CBE I C & B 2 L S
LinkioTnS, £ 2 OWSHHEIZSCCBCD
BT v S & PESS G & OBEIRERIC &
DA TWAT ), IR 2 X SEliE ok
AU ClESE2IZSCCBCASPER T 5 54 I B
FTHZELHENE IS TNE,

Al SR 4 1, BRPERAUIC B C& HSCCBCE L
T, HEREMEEALIC BRI O B 2 > D (mF L v
Y o= F o= F T 7 Y L | (Di(ethylene
giycol) ethyl ether acrylate : DEEA)% JH U 72 5250
FUZOWTERE LT, ZOSCCBCA WA = & T,
AT E ORI % U C b PERORF 20 5
Z LR, 7 I OSHCRITEETR IR E LT
OEREERET A E R RB L,

R TR O A & UChiRERHITIC X
LI O & 5, DIREERIC L A kicAo
IR E LCHEE 2EH T A, UL,
BEIERIZE DN TN A ¥ T F 0 AR DX
BT CHERTE RN ORI b o

LML, ERRATEIOBENHE L oo TS,

oA VIS A T U7 B TR 2 28k 7
ELTHAT A LI L D XBBER T Ol 2
HURALBHIREEZRICIERTEH I & &—1F
FEREREE LR SR L S REIFE G A L T2, 4]
T4 PXORRREOPERRI T L 2 OSCCRCHEFHE L
THEHETRE RS A L, FofEd kil Lizo 7T
i

92

BKME & R4 SCCBCHE, BEREMEIR{IIZDEEA%
HAWTI e s BRI L DB LE, W
BRI /v —1k, T2 UABAFYTF Y
Jv(Hexadecyl Acrylate: HDAYB L AT 7 U7 7
J b— b(Stearyl Acrylate:STAY% v iz, HA&
ENT=SCCBCOEKS D5 T-hkcks L OG- Reoy 4
HTable R &R TH B,

Table 1 Molecular weight of each units and polydispersity of

SCCBC.

Mw My
SCCBC . . . . Mw/M
(Crystalline wnits) | (Functionalunits) |
HDA-DEEA ~35000 ~5000 1.4
STA-DEEA ~5000 ~7000 L3

PEFRBLT- 0GR OERRIZER U Tk, PERCRIT &
L C Ceridust®3620 & 7 12— &' — XHE-3040% 1\
#2, Fig1l2ZNENOSEMBEHE & 77,

Figd SEM imaging of () Ceridust®3620, and (b) Flow beads
FIE-3040.

DHCRIE VLS UCA A 2 v (Jomeron: IM),
mH )= (Ethanol : EN)% v 7o, IMIZIEA A
PE3— PRI Ch 5, A HESRITPE(Ceridust®3
620) CIXPE:IM:EN=35:40:25(wt%), PE(7 11 —E'—
ZHE-3040) CHIPE:IM:EN=35:40:25(wt%), 40:40:20
(wt%) & Lz, E£7-SCCBCIIPERIEEEICHT L T2
Wi%HSIN U Tne 1Rk L 7 A R PERCRL -0 ik
FIE VA A — 4 (Rheosol-2000)% VT, BhEEE &
UMESERERE O AW BE 6 J2 OV JH ik etk o0
REEER~T,
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Fig 213 PE(Ceridust®3620):IM:EN=35:40:25(Wt%)
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Fig2 Temperature and shear rate dependence of
viscosity of 2wt% SCCBC PE(Ceridust®3620)
particle dispersion mixing ratio 35:40:25(wt%)
Fig.313PE(7 & — £'— XHE-3040):IM:EN=35:40:2
5(wt%) CSTA-DEEAR DSCCBC % il L 7=t
AEHEBE DIREELERT, 25CHH4A5CETO
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2 e,
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Fig3 Temperature and shear rate dependence of viscosity
of 2wi% SCCBC PE(Flow beads HE-3040) particle
dispersion mixing ratio 35:40:225(wt%)

Fig 4{ZPE(7 11— &'~ XHE-3040):IM:EN=40:40:2
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Fig4 Temperature and shear rate dependence of viscosity
of 2wt% SCCBC PE(Flow beads HE-3040) particle

dispersion mixing ratio 40:4020 W%)
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Fig5 The application results for Transcatheter Arterial
Embolization:TAE.
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#wa

RIS RST NV EE BOWN L BERIMESR P o2 RIBMs b5 T oy JHERRE
ik, BEI7 A S TR RL 2R 2 USSRt 7 v v 7 3tEA K (Side Chain Block Co-polymer :
SCCBC) &723, ThETORLDHFEIZL YD, ZDSCCBCIEHRY x=F L > (Polyethylene : PE)
¢ BIFRREEREL T TEHLES TN EREL, PERAEOMELBBREERBELR P oEEORE
WHETEBZEBHALNER->TWS, o ZOKHBSYFENIX. SCCBCORET V1 S8
fLLPEOREY TFRELERETRTELIRIVALTEY, RRRLZICL Y B LELICSCCBC
MPEREHHELIMAET S L bHLN L RoTVS,

B nE CRSKEAHEBMICZAT T IYNALT 2 Y L— (Stearyl acrylate : STA) % v 7= SCCBC
IZEBWT, HHIAETR PE 30k T 1R B R (original)i SCCBC % PE #Bi +BBEIZR L Th P2 Imt%
BERNMTZZ LRI YEBNFABROBER N0 UTECRET T3 08FBRERT L
PRHEUS, 2008 RI., FEICK VEERREMRLBAE L CHM - BieL. BB
L VBESENMET T 5B EMHICRI#L Ao V—fifk (Thermal Rheological Fluid : TR Fluid)
tBZ B RMLTER,

FOMIZ STA LV LRAIEDRRENREZNR~=VT 7 Y L— |k (Beheny! acrylate : BHA) T [RIHk
OBRERTZEBRHLTE -,

SER L X, RS RMESALIZ BHA % V72 SCCBC # PE ${bi FBEEICx L C—E&FmL., PE
PR T BRDOBELREE(LIE TR HESEICHET RN LT O TRET 5,

=B Tablel Molecular weight of each units and

EA L7=SCCBCOLYF & - 4y F 4% Table 1 iz polydispersity of the SCCBCS.
T. BRI L7 I VhNETR., S SERS -
THBBHAN LEA L. FrErmEas, sty | MW(BHA) | Mw@BA) | Mw/Mn
FELTINTANTFATZY L—Fk (n-Buthyl
acrylate : n-BA) Z N4 2 ZBRFME TIT o 7=, BIBEH) ~6,000 ~7,000 1.25
& UTBloc Builder® (Arkema #8{) Fv ., E4BEIX
110C& L7z,

PESBI 75y B R DAERRICEE L Tid. PESCAITF & L CiXCeridust®3620 2 vy, BWici vz FL 74
U— I (Diethyl phthalate:DEP) % AV 7, PESRKLTF 28R DIRE LR IZ4 4 PE:DEP=30:70(wt%).
40:60(Wt%), S50:50(wt%)& L 7=, % 7-SCCBCIIPERIFEEEICX LT IWt%EMmL 7=,

fERR U8R LR PE SR FHO BRI, LA A—4F (Rheosol-G2000) %V, HEEER L UHERE
B ANEER LA BEEIKEEOBREELER~E,

RRLER
Fig.1 IZIZB AR 40:60 (Wt%), 50:50(wi%) TOR ABTHE DBEEILERT, (a)id 40:60(Wt%).
(b)iZ 50:50(wt%) %23 LTV 5, Fig.1(a) CiX 35°C~55°C % SCCBC BHME TV AR original 24y

Polyethylene particle concentration dependence of the function of Thermal Rheological Fluid
Yusuke HASEBE', Toru OHKUMA', Ryoko NAKANO? Hiroshi SEKIGUCHI? Shigeru YAQ'Y
(‘Graduation School of Chemical Engineering, Fukuoka University, “Faculty of Engineering Fukuoka
University, 8-19-1 Nanakuma, Jonan-ku Fukuoka 814-0180, Japan)

"Tel: +81-92-871-6631, E-mail: shyao@fukuoka-u.ac.jp

Key Word: Thermal Rheological Fluid / Long side chain / Living Polymerizations / Side Chain Crystalline
Polymer / Block Co-polymer

Abstract: Recently, we have found a block co-polymer consisted with long alkane side chain units and
functional (such as the solvent affinity) units would be a side chain crystalline block co-polymer (SCCBC).
This SCCBC constructed by using Behenyl acrylate (BHA) as a long alkane side chain monomer has an
ability to adsorb onto polyethylene (PE) crystal. And the concentrated PE particle dispersion with small
amount of SCCBC (~1wt%) shows very low viscosity at low temperature and solidity at high temperature.
This phenomenon is reversible and the fluid is named as Thermal Rheological (TR) Fluid. In this time, we
investigated polyethylene particle concentration dependence of the function of Thermal Rheological
Fluid
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Fig.l Temperature and shear rate dependence of viscosity of Iwt% SCCBC PE particle
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Abstract: In this time, we made a new Side Chain Crystalline Bloch Co-polymer (SCCBC) with using
Di(ethylene glycol) ethyl ether acrylate (DEEA) as a functional monomer units. By using this monomer, we could
disperse poltethylene particle to polar solvent and this dispersion system showed polar solvent type Thermal
Rheological (TR) Fluid properties. We also investigated the artery embolization function of this TR fluid and
found this fluid has an ability to become a good an arterial embolization material.
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Fig.1 Temperature dependence of steady shear viscosity and
complex viscosity of AD-EG1 at Isec” Iradssec™.
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Fig.2 Temperature dependence of steady shear viscosity
and complex viscosity of SD-EI2 at Isec” Iradesec™.
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Fig.3 The application results for Transcatheter Arterial
Embolization: TAE
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