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Tablel Molecular weight of each units and
polydispersity of the SCCBCS.
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Fig.2 Temperature dependence of shear viscosity
and complex viscosity.
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Fig.3 Images of renal artery angiography. (a) is before embolization, (b) is immediately after

embolization, and (c) is image of a week later.

ZELR

1) KAEM S . A7l (S S5 BriF e 4, 113(167), 81-82 (2013).

2) Shigeru Yao, et. al., MATERIALS TRANSACTIONS, Advanced Materials Development and Integration of
Novel Structured Metallic and Inorganic Materials, 54(8), 1381-1384 (2013).

3) Shigeru Yao, et. al., Nihon Reoroji Gakkaishi(J. Soc. Rheol, Japan), 41(1), 7-12 (2013).

4) Shigeru Yao,et.al., Nihon Reoroji Gakkaishi(J. Soc. Rheol, Japan), 40(5), 253-256 (2012).

5) RS, BARLVF o O—543E 40(1), 37-40 (2012).

6) Shigeru Yao, et.al., Nihon Reoroji Gakkaishi(J. Soc. Rheol, Japan), 39(4), 181-182 (2011).

Polymer Preprints, Japan Vol. 63, No. 1 (2014)



FREK 19)

1Pal105

RA=AT 7 ) b= bRAUSHERET v v 7 REA KR T TR Sifkbie
BEARL ' BRAL® ORGHBE' - KfeM' - PHRT - EOME’ - \BE

wE

TSI BT Vb B E RO L BB OB R TN LR Ty 7 HEAK
X, BE{T7 V4 o HEB TR E Z Ui &t o v 7 3LE SR (Side Chain Block Co-polymer :
SCCBC) &#23, ZhE TCOHRLDHEIZLY 7, =D SCCBC XK Y =F L > (Polyethylene : PE)
& REFRBRHMEREER L, PERAEOHELRBBECEBMECHETCEA I ERALN Lo TS,
F7eZ ORFFEIL SCCBC DR T VL EHEL L PERR L ORLEEREIRLVEL TS,
J%uzfix iz k g ZORLESROBALLETII5E2I SCCBC A PERANOERBM T2 L bHAL

AR o TS,

Ba iz E CRSREAMESMIZAT T IYNT 7Y L— b (Stearyl acrylate : STA) % fiV /= SCCBC
2BV, FHIEEHTR PE #OR TIRE 5B IC SCCBC # PE MM FIRE TR L Thh Im%RERM
THRZLILLD  UEBRITHHROMER V0 UTETCIET T oBFAINRERTILEZRAML
Teo ERZOHBRIT, FRICKVIEEIRBMRLEAS L~V CHM - BfbL, BRBIZL Y FE
HENMETT2REKZ2HNICRTR L0 P—§fifE (Thermal Rheological Fluid : TR Fluid) &725 Z
LERBLUTE M, £/ 2 OIEBIRKEN SCCBC DHR-CREICL Y BRI ETH L b RH LK,

A E1R 4 1%, SCCBC DRIGHRSRIESIZ, STA LV bAFEOFN_~=LT 2 Y L— b (Behenyl
acrylate : BHA) % V>, TR HitbigeRICBE T 3N 21T -7,

B
‘:ﬁ:\"?_o Eé'i ') E\/yi ?/*j’ )I/ﬁ—c'ﬁb AN i?’@]@ﬁ polydispersity ofthe SE}E:BCS'
i S S g Ly s s
T/ =)V N7I7Y Lb—

(n-Buthyl acrylate : n-BA) % #4015 5 ZEREMETIT- Mw (BHA) | Mw (nBA) | Mw/Mn
7o FAV7-BRHAHIIZ Bloc Builder® (Arkema #:£), HE&
BEIX 110°CE LT, ~6,000 ~7,000 1.25

PE PRI 7 BOR DIERRICER L TR, PETRRIF L LT
i Ceridust®3620 Z iV, BHEUZIZP=F A7 4 L— b (Diethyl phthalate) # fv /=, REHLBIIK~
40wt%, 60wt% & L7, F7= SCCBC id PERIFIMEEICH LT, 1wt%. 2wt%. 3wt%iin L7,

YERR U 7= IR TR IR PE MBI+ BURIZ. LA A—4 (Rheosol-2000) % AV, HiEER L UBIRHLEE
DRABHEE R L O RESERFEOBRERLER<E,

BRLBR

Fig.1 iZ1% SCCBC 1wt% TD¥ ABTHEEE 38 L CHERKME O ABHEER X CARBREIRTFHEOREE
{L%2FR/Y, @IXEETEBREEE, O)IXERMELELTWS, Figl@@A 5 35°C~55C Tk SCCBC M3k
MENTVWARVWFY VFARSBFRLIV L 2y U EETLTEY, BRANEEEE C=a—}
UHBNREH LR LN TE Y, SCCBC BRRFLLSBAL LTHRELTWD Z L35, k7= 65CTh
& 75C LBEEAHIMT 5 ICHEVEE O 2R 2 HASEAISHM L, 20853 AR EE R CRREAS

The TR Fluid Function Of The Side Chain Block Co-polymer Constructed with Behenyl Acrylate
Yusuke HASEBE', Toru OHKUMA', Ryoko NAKANO? Hiroshi SEKIGUCHI?, Shigeru YAO'?
(‘Graduation School of Chemical Engineering, Fukuoka University, *Faculty of Engineering Fukuoka
University, 8-19-1 Nanakuma, Jonan-ku Fukuoka 814-0180, Japan)
"Tel: +81-92-871-663 1, 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 Stearyl acrylate monomer (STA) 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 made a new SCCBC with using Behenyl acrylate (BHA) instead of STA. We investigated
viscosity and viscoelastic properties of concentrated PE particle dispersion with this new SCCBC. We found
that the dispersion system also exhibited TR fluid function.

Polymer Preprints, Japan Vol. 63, No. 1 (2014) 2097



2098

Bh, R KDORTIT>TW5, I5SCTIRIBLEAEAY UTNERIEORE LR, 85CTHE
DoRVWIZENHD, 20X 3 IERMHKENE CIXRAFZ TR MEBRSREA TV, — HHEFE
DHETRRHHETH Y | 35CH 0 4SCOREEETHEERTARE Y, ZORBBRENREL &
HIZHMT B A AT, (B U3 COR G CEMBE RN CRIERRML Tl Y, BR%KE
— FTHBREBRONS Z L35,

Fig.2 12 SCCBCIWt% & 3wt% T Ot AMHEEE 1sec-1 35 L U4 I3 3K trad- sec-1 (2361 5 AWK 3
S UBIHBEORERFEER LU LOTH D, IM%THL 65CTHUMIEZIRY . 2D 70°CIZiT T
BRURBEERIMA R Z D EBEEN B L Tl Y | HEFIBMREMEART ZER L, Z0AD=
A AL, SCCBC A% PE Ri-FA R PIC BV T ENICINL L TIFET D DICET D RT Uy v k|
PERIFIZRETHZ LICLDLEL. HHVERPICI AR EOESGEEBRT Sk LICXDLE
{bie EOBMERTEHEIIRFL TWD I L ARBEL TV,

BELHR

1) KAEMS . M-I HUA(E P EITDF e 5, 113(167), 81-82 (2013).

2) Shigeru Yao, et. al., MATERIALS TRANSACTIONS, Advanced Materials Development and Integration of
Novel Structured Metallic and Inorganic Materials, 54(8), 1381-1384 (2013).

3) Shigeru Yao, et. al., Nihon Reoroji Gakkaishi(J. Soc. Rheol, Japan), 41(1), 7-12 (2013).

4) Shigeru Yao,et.al., Nihon Reoroji Gakkaishi(J. Soc. Rheol, Japan), 40(5), 253-256 (2012).

5) MBS, BARVAT U458 40(1), 37-40 (2012),

6) Shigeru Yao. et.al.. Nihon Reoroii Gakkaishi(J. Soc. Rheol. Japan). 39(4). 181-182 (2011).

LE+04 | E+06
o 5
.35 : * & “u 35
1 E+0
(B x s - & . o : ~45
a x » 35
*oy n 53 LE+04 ., *i By i
x
Yo Bn_ o 468 o e, My ¥a 265
LE+2 LA - - . = . o
- Y g 25 * 1E:03 S o - .75
E ° « o i 2 L. . a * 7
é s, ‘ A ’ 85 S : $ an * . L . .85
F e 4s0%0 L x VB2 oo " a .
’ "my 8 § 0 . Qoriginal . T80 . e s original
- =
$ ™ [+ 1E+0! - *u i
- * ” n & a .-y »
. -
1.E+00 ',", ‘,Q o 2.
. s 3
113 Lo Togee, 338
»
1.E-01 L0 ik 8
0.01 0.1 i 10 100 0001 001 0.1 1 10 100
S.RATE(sec-1) w(rad/sec)

Fig.1 Temperature and shear rate dependence of viscosity : (a) and temperature
and frequency dependence of complex viscosity : (b) of 1wt% SCCBC PE particle

dispersion.
1005408 1008408
100808 e o ]
- .
1005004 e at a 3 e
Y . 1008404
. w 1
H 100R 0 b i : 1006403 .
a o 8 !
& _________ ’_,‘0 ,".% T emmmmemm——— i ‘., a-“'
T 100k s > > Sy & 10RO s y
& « / . » = L £ 7
— % ’ .8 & « t 7
o 1008401 N ¢ .-"' 1008401 .-~ k! 5
L = i
Y - -
- = 2 > 7
10080 L -‘\ **/ 100400 Mg \"’1
v ~.e
1.00E-01 g
TR " ® ® o ® @ 2 0 0 © b 0 )
tome{C) tomp{C)
~ % = Seady Flow ~ = = Dynamic Daformation ey T~
= == = Swedy Flow originel = =~ "Dynamic Duformation original = = = Srasdy Floworiginel ~ =~ = Dynamic Flow origioal

Fig.2 Temperature dependence of viscosity and complex viscosity at 1sec'! shear
rate and 1 rad- sec! frequency. (a) : lwt% of SCCBC dispersion, (b) : 3wt%
SCCBC dispersion.

Polymer Preprints, Japan Vol. 63, No. 1 (2014)



FEFEE 20)

531

RISHERMET v v 7 FESEIRSREEEENZR WV
HREtESRAT AU
ERBET ), RRIRT 2 OJUREE 12 - KAEM L - PeBFRAAT 1 - PBRRT 2 - BRI sh 2 -

Creation of Functional Materials by using Crystalline Adhesion Force of
Side Chain Crystalline Block Co-polymer
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Fig.1 Schematic image of adsorption and desorption
mechanism between PE crystal and side chain
crystalline units of SCCBC. (a)low temperature,
(b):high temperature

Table 1 Molecular weight of each units of SCCBCs used in this research

SAMPLE  Crystalline Unit (z/mol)  Functional Unit (/mol)
STANBA ~5,000 ~6,000
STA-DEEA ~5.000 ~9,500

BHA-PGMA ~3.600 ~60.000

3 KREER
3.1 Bvd o DR
Fig.2 1211 STA-NBA 2> & 42 % SCCBC 25 A - 7= B 8
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Creation of Polar Solvent Type TR Fluid
K. 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 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 Stearyl
acrylate monomer (STA) 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 made a new SCCBC with using
Di(ethyene 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. One kind of the polar solvent type TR
Fluid have an ability to be an arterial embolization
material.

1. iXLbic

SN RGE T N B H WAL & BIE M
R YOBBEE R TNy 2 it
BAf, RET D oS CRRLER T
HIGHRE R T 1 7 LEAHE (Side Chain Block
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REDOFEZRAEESBECRECER ¢

C BRALNEROTVWD, £ ORFH/ER
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EXVI0UTETIETT2085BRERT
ZE¢RRHLE, Tz ofERE, FRICEY
FEBEDSRIRING L B LU % ¢ - BikL.
BRREIELYBESERET T8GR THAC
ATV Fu Y —H&E (Thermal Rheological
Fluid : TR Fluid) &3 Z L #RHLTE7%E, &
7o Z OEBIRENSCCBCOMR-PCREIC LY . 3K
PIERTIZ L bRHLE,

S ER 4 1%, SCCBCOMERIEMIL %, FkiED
FEEFOS(=F NS Y a— = FAT—FTIV
7 7 Y L— b (Di(ethyene glycol) ethyl ether
acrylate : DEEA) # A\, 7=/ 2SCCBCOAHL
#fTo7c, ZOSCCBCERAWRZ LT AR ED
BEERICS LTS PERBI F 2 0833 2 L 48
Hisle, 7 ZOSBRITBIETRIt G & UToHE

BRE Uk, ZOBOTRIGED 1 ik, FrRSE

FICHEA TR REAR M BP0 L LTS
BIbREShE,

2. B

BAKEETISCCBCR AT 372 Hic, BBk
EBALICDEEAR AW, V¥V SV NVEART
SCCBCOEA %1T o, MRS SIEMIIT ) v—
L LTk, 77 U AEBA~ZF YT 0 (Hexadecyl
Acrylate:ADHA) B EUSTAZ AWk, B&&h
72SCCBCOERS D FRE X UGFRATIX
Table HZRT L B8Y TH B,

Table 1 Molecular weight of each units and
polydispersity of SCCBC

Mw Mw .
SCCBC (Crystallinc units) {Functional units) Mw/Mn
AHDA-DEEA ~5000 ~5000 14
STA-DEEA ~5000 ~7060 1.3
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#Table 2iIZ7R T,

YERR U 7o B B R PERAI F SR IL, LA A
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xR,

Table 2 Measured samples. PE particle, solvent and
SCCBC content.

Semple | PE particla Safvent sccaec

ADHEY | 30w | Wtord0nts | Ethanoiiowsh | AMDA-DEEAOZwS

AD~EG! 40wt Ethylene gycholS0wtS AHDA-DEEAOAwtS

SD-£12 Imx STA-DEEAD. 7w

Ethanol260% | lameroniOuts
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