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SIS triblock copolymers, one of the major raw materials of oil gelling agent, were synthesized by living
anionic polymerization and the resultant copolymers formed with various shapes and sizes were used to exam-
ine their oil gelling capacities. Coupling method was adapted to form final triblock products from diblock liv-
ing polymers. Prior to polymerization, the impurities in monomers and solvents were throughly removed by
killing technique. We experimentally investigated the effects of operating parameters of synthesis and forming
of SIS triblock copolymers on oil gelling capacity. The photocatalytic decomposition of SIS triblock copoly-
mer under ultraviolet circumstance was also investigated and it is found that the addition of P-25 enhances the

photocatalytic decomposition,

Key Words : Living anionic polymerization, SIS triblock copolymer, Oil gelling agent
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Fig. 1. Schematic diagram of monomer purification equipment.
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Fig. 2. Schematic diagram of anionic polymerization equipment.

9
ml
[
o

propanol®} ¥H3- o] nl:=
Ak AxHRHA AdAz
AE AxE ANGH AYBo
Me ZA FEo &t 9>
AEHE TAM] EAsnE, 244
x5 Pug

7} el

2.4. SIS triblock FF gAY 2H2H

SIS triblock F5FAE &< cyclohexaned)

o FABZ Z}z} 0, 2, 5, 10%¢] FE-8) ) (P-25)
E4ete] film 4o2 AHE AZRsIP) A=

<
AHe 27 oz Uy syt oald Bas

ol

=S
=
=
=
€

& pol

rlo

596

#IL(20W, Sankyo denki Co.)Z
e F2 Ue A AFYTE A48}
.ot

20E 7 A9A B A BajE R
$Ao AP A F9 A FT-I
BATZE Z2HsE PA o7 BEF

BHi T

%y

=
m o

3. Ant 9 3%

YalA g8 Az rjeL Fus
aPA Y] EA g A8 s FFE
T9 d3oeg SIS triblock ZEEAE
ol LFHFHOT AZsln v oz Xy}
FHES 2AEE A8y 478 814
g, TFEA dEH FEv P-258 &£F
o I & EAL 2AEEG

3.1. SIS triblock F&&A e A

Uy goleFPHor RHE e BT
2% A&7 Y8l FT-IR 248 A=shgcl
2 AT F4HE nEAe FT-IR A2d9EdS
EE SIS A5 FT-IR 2¥EHY nud 432
Fig. 19 YehiAth Fig 38 2¥ 5 239 peak

-

o =
T 31
= &
I |

d

Sk o | do 2k Jo



AC)
ok
oo

(a)

0+ T

o] Fgol 93 SIS Triblock T5#AY Az L #F 293 54

T T T T
4000 3750 3500 3260 3000 2750 2500

2250 2000 1750 1500 1250 1000 750 500

Wave number cm’’

(a) synthesised

(b) standard

Fig. 3. FT-IR spectrums of SIS triblock copolymers.

£o] 3% (transmittance)ol A= 9F7He] AolE X
ol7)& 3tAIwH FUd FHHelr 54 peak’t B
5]57_ /\:H]EE-\_,] Uo]:t: %X]o}h 3&3 o]_ _;r_ °7C]-_
ol Az HE B dAfoA FAHE nEAE
SIS triblock 2F AL FAE 4 Ak

2 FoleFolME FA diblock FEFTARZ
He #Z AAEQ triblock TEEAE H=s F
Ao A A4 (sequential method)¥} 2 3 (coupling
method)& F2 A3t} o] F uiyl Z ojw
o] SIS triblock 5% AAAF7]0 Agge A
g ZAe7] YA, 47 dhE S Abgste] SIS
triblock FZ2TAS A4S Zze wyoz

A 1t Detector 1
a8k

T T T T T
6.au 12.98 19.v8 24 .40 39.80 36.68
ATF (i

(a) by coupling method

g " SIS triblock % ##E GPC(Gel Permeation
Chromatography)& AM&3te] 243 235 Fig. 4
o ‘/}E‘rlﬁi’it}. Fig. 48 EY, Z¥HoE AzxdH
Ao A$(a) 0 54 peakTrol &8l vt
H dEHoz AzxE AR ADdE 4749
A &L peak’t EAEE AL & T 3 °] G
3 Ads Az 4 GAEZ FAHE GFA
o ECEAA VIUdEe AR FAHEAY, A4 A
A &g FE3 AAsIAR A3 v
Eo] Ay &) Wi EAstn, 4
T o] EEEE 7 vAldA Gt
z 2 B9} AAstn

Re T;A

A 1 Betecle 3

T T T T T
6,40 12.6¢ 18.08 25.80 TN .98
A Zh mind

(b) sequential method

Fig. 4. GPC curves of SIS triblock copolymers.

597



peak 2]
2h B xperol u) s
Wk ol AjHelA
4 3ot 47 “H—E’_—Oﬂ
FUAE 848 doe
2 AR"r

ol AF}g ZAR, AFHEE o]&dld SISE
gAdsta, n¥shge X JFE 2AEHG

SIS triblock %% 9 1soprene block™ styr-
ene blockd] 2l A a”7t F7 23 3H&o] vlA
= QEFE 2A] HElA, B8 xo)d BYEe
isoprene®} styrene G A 2] AlFHQ kg WA
7184 §4& dsidch Az FY4sE iso-
prene @A 9] kS 50~70%E W3IA7|HA] SIS
triblock 5 A E #4383, FYE isoprene @
A7t SIS FF A ¥l isoprene blocke] 3712
7IMEA AR 2AE7] Y8 FT-IR £4&
Pkt isoprene BEFA Y FF Wyl AME
SIS triblock FF &AL T3 vAE 9F&

1r

«

el 9+ Fig. 58 2, 99 isoprene Tk
9 &g FNYFE C-H 2L YElE 3000

H29] peak®} isopreneWlol?t EAdE CH:E
ERlE 1400 29 peak’t /sl AS &
itk webA] Bke AA] Al E313F isoprene WA
= #HF SIS wuiblock 3% A ¥l isoprene
block®] Z71& F7H71% AL & + Uk

L

. A=
32, 1y ggo u|A = 2FAASLEY G
SIS %9 triblock T5HAE g5z 3}% T
LYHAE AEEA FFolt st fE2H FF

= 0.

== 3]'730

9,]

A

113 ;{]

il
Q.
=

5, 2882 1A Az
golt $A4F 2 P4 Fol Ha
= dgdn.

_,>:
o oo

159 2
o [e)
& Ao

(e 3

R

CH=CH(c}

4000 3730 3500 3250 3000 2750 2500 2250 2000 1750 1800 1280 100D 780 S0

Wavenumber cm™

Fig. 5. FT-IR spectrums of synthesized SIS triblock
copolymers with different isoprene content.

598

F A

=
t T

O

SIS triblock TF A EA4FH 22 W9 iso-
prene? styrene®] FFH|7F FF ¥ 3L 1A
T %S ZAY 23E Fig. 601 Yelifl Fig.
S B, f5F 1¥83L_-L SIS triblock 2234 9

A o] FIRSE FobekA|ut, Babgko] 40,000
At HE EARY S77F fF 1¥83ed o
F& AR g AL ¢ F doh o)H T AL
SIS triblock FF A Expo] Mg H o=
FHE L83 & o AEAF FAE] A
o) SHEE ZAAF] Wi n¥3r)r AHA
2 dojux &= RHew FAHG

Fig. 6ol #F 1¥3&
o gFulox A 4L o jsoprene T
o] 50%°lA 70%Z 715t +F 1¥3l&e] 1.5
dA 1552 A FrEte Ao el
isoprene ¥@o] F718A SIS triblock &5 A ¢
gl FI18HA Hed, o] g4 F57 £F 1
Fohgol FAHY 9EE A RoE ddAn

TH LPSAY AFo ALEE LEA QEEY
Aol f+F T8 e dFL FAEH]

isoprene®} styrene

HaA, FA " SIS triblock 5% ]F.—-_T% T3 9
A% 3P AR A¥stn 7 n¥IE 24}
g AA3t9 . Isopropanoldll SIS triblock 23
A FEAE Hojmy TEAE HEAI|L e
FAo2 AYY & AdARY AFHAZRE AAE
o g oy iy I3 nEAE 315} &
°“‘:r‘°ﬂ/‘1 Az GFA SIS triblock T3 9

AMIEE Fig. 79 YeERASIY. Fig. 7 (b)—4 448
‘?J?‘H‘ 4 48E0OE T8 449 VR Hg
gho] A Z2g Zlojt},

SIS triblock FF A9 o] 4§ ¥ 358
WA= dE%E JEZ 9= Fig. 82 B9, iso-
prene®] o] FHAsA F8 A FF n¥3}
go] #4E dA9 #F n¥serRg =A Y
1}, isoprene®] ¥aFe] 70%< A T3 UAte &
F IY3E(155)2 B3t 18380855t

o

Ol gelling capacityfg /g

0.8
15000

20000 25000 30000 50000

Avetage molecular weightlg/mol}

35000 40000 45000

Fig. 6. The effect of molecular weight and isoprene
content on the oil gelling capacity.



(a) sphere particles

ol T8l % SIS Triblock FFFA Az 2

(b) plate particles

(c) plate

Fig. 7. Shapes of SIS triblock copolymer.

Isoprene 70%
V228 |soprene 50%

0.8 1

0.6 4

Qii gelling capacitylg,/9qmpe]

0.4 4

0.2+

0.0

Sphere

. 8. The effect of particle shape of SIS triblock co-
polymer on the oil gelling capacity.

Fig

ug
)
e
2
<t
=

ot
ot
2
e
w
I
it

@ K

=
o
S
g &
>
o i
w s

02 18
2

N
)
to

4

o
oft
Jhe 3‘: Ho
fo
e o
K

=

s
O
i)
2

o
£

Hz g
o |8 :[ng‘

M2 g
rﬂﬂH
o (O ot

it
Hu

1o

=g X

b
e
X
LU

N
S
ok
#
m?{_:
ox

n

off

N i
o

i

=

(o]
M O

U

0.
o
%
2
o
X

il
fo nZ

ox
.
A
)

Ir
e

a
X

“E_lﬂr
Mo &g

N
)
)
)

DL o i oalr X ook fo al -z o o

Jo ré 2L @

=
A M 53 o

1A Az YT Bo] AHEHIL 9

Hu P
o

599

Trammencus]

CH=CH(t)

~— With P~ 75 2%
~—— With P-25 5%
~=— WinP-2510%

CH=CH(c}

4900 3300 3008 3400 3200 3000 400 2600 2400 2200 2000 1NO0 1800 1400 1200 1008 50

Wave numberem’

Fig. 9. FT-IR spectrums of decomposed SIS triblock
copolymers with different P-25 content under
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