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Synthesis of SIS Triblock Copolymer
by Living Anionic Polymerization and
Examination of Oil Gelling Capacity

Jae Joon Heo

Department of Chemical £ngineering, (radiate Sc/ool
Pukyong National University

Abstract

Conventional spilt oil treatment method using oil fence and
emulsifying agents causes secondary contamination in ocean and/or
river. Treatment of spilt oil using oil gelling agents is a promising
alternative method which is simple and does not cause secondary
contamination. Furthermore, oil gelling agent collects spilt oil to
make low density lumps quickly, and the lumps are easily removed
because they float on the water.

In this study, SIS triblock copolymers, one of the major raw
materials of oil gelling agent, were synthesized by living anionic
polymerization, and the resultant copolymers were formed into
various shapes and sizes to examine their gelling capacities. We
experimentally investigated the effects of operating parameters of

synthesis and forming of SIS triblock copolymers on oil gelling

capacity.
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SIS triblock copolymers were synthesised by living anionic
polymerization using coupling method. Prior to polymerization, the
impurities in monomers and solvents were throughly removed by
killing technique.

Isoprene content in synthetic SIS triblock copolymers had a major
effect on the gelling capacity of the copolymers, and the oil gelling
capacity was increased with the isoprene content. Also, the higher
average molecular weight showed better oil gelling capacity.

Shape and size of SIS triblock copolymer particles had also an
effect on the oil gelling capacity. Spherical SIS particles gelled
more oil than plate - shaped SIS particles. And the smaller particles
showed better oil gelling capacity.

The photocatalytic decomposition of SIS triblock copolymer under
ultraviolet circumstance was promoted by addition of P-25 which is
one of the most effective photocatalysts whose molecular formula is

TiO».
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Table 1. Number and amount of oil lost in terms of oil spill

size during 1991~2000

Year Total <1ki  1~100k¢ 100~1000k¢ >1000k(
. Number 3735 3,332 367 27 9
o ofspill  100% 89% 10% 0.7% 0.3%
 Amount of 43,073 415 3,679 7,043 31,036
Pospikd)  100% 1% 9% 18% 72%
1991 340 208 28 4 ;
1992 328 266 58 3 1
1993 371 325 38 5 3
1994 365 313 52 i ;
1995 299 257 34 4 4
1996 337 296 37 4 ;
1997 379 339 35 4 1
1998 470 431 37 2 ;
1999 463 440 23 i ;
2000 483 457 25 1 ;

A5 AFERY HFedagdF LA H, 2001)
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of & Ao =z FotHET}

a8y A FWelAE 1~ BEY FAVHANA FEF TAE
7 n¥FAE Az Asta Jou, ofF I AARH A PRI
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21 g S ¥ (Living polymerization)

A H 75 (chain  addition polymerization)e ®hg-Ao] & FJAIA
(initiator) 2 QIsf ®k-g-o] WA HAA I FFA 7L FItE A= T W50
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Fig. 1. Reaction mechanism of living polymerization.
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Initiation RL — R + L

Propagation  Li+ (5H=CI—5 — L[ CH%—I]nCI—IZéH
Termination L[ C%—I ]nCI—%H +R— [Cl-lzéH ]nCHZéH +RLi

dat A" WS SHA Y TS T BS T FE 2He #7A

sto] Zolglal, =3 FE3] I FHe FARH F RAACE 7 27]0

- 11 -



T (M) B A %2 Poisson EEel| w2t
M, =M,(v+1)
M,=M*+3v+1)/(v+1)

A7 M @A BEAFo|n, v ALD dFA F AF <)
ANAE shte] SEkd g HFetd. MAA SEA s HAFEx god

gdFA Y F AFe T =NV Wi dEEAFMWD)= I}

i)
o

M, 1 1
MWD=Z =1+ % "y

A7A X2 FHd F FR=cH wEA FHE F FH=7E 10009

2ol T & A FHE §7 Aol BAFS ANY + A7)

ol dot= BAFS AFAAE e 5 Ao ARtEe FeF A

1 — Weight of inlet monomer (g)
k Mole number of intiator

g gole T A FIT HE& A TEA o2 BEHHAZ JAA
A BEE FTTA HEAAAN, B AEA Lol&e A THEHAS HAA
A7 7] wWiEo] 9st= block FEHAE T8 YA

= Fddte &AXE FYdorstth. olE& =W, polystyrene 0]

fo

methacrylacid @AY ethylene oxideE 7HAISt]  FFA71A L,
polymethylacrylatet} polyacoxide +©]-2 styrene @ ZFA S 7] A3t
FAIZN A ZET o] H§ AL 7 DAl e pKaghol o] AFH=H &

off o

- 12 -



Al Ael pKagte] @Al B pKa#kdt #AMstALU =LA Xebd B G A=
A AFA ool g8 TEHHA Fevtar B Fsit. tiEZ <l pKa
o2+ styrene©] 41~42, dieneA|7} 43, methacrylacid”} 27~28, vinyl
ketone©] 19, siloxan¥7} 10~14, lactone®| 4~5°]t}[23].
g Fol2 FTHoIA block FFHFAE HHste HHE EFHoE A
£2Q1 W3 coupling W F 7HA7F Ao
AL WHE st dFAY SIS dEed s dFAE 2ol
&

FE WHoEA TP ad Rl shley, o W F oA &

THE AYPArEr] oHl Y triblocks FAE7I7F olg k. o] WA
triblock& #4387l i = F2H9] tricke] BQastH, oA

GFA 7 FAHAA ) dFAE 100%2] =2 JHA ks e A 71Eo
g g )t}

Coupling }'H2 diblock &/ % coupling agentE FalA F+ 7HY

AsH o

AnBn LEAES ATAA AnBawmAn triblocks Al gt o] WS AHAH
diblocks A S ZHN triblocks FASt=H AE5HQ WHEY o &
g ozt & 4 AAMeY coupling agent’} 100% diblockS

triblock®. 2 A3 A 7| RX = E3).
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31. 43 As

B A7 AleH AFAFE Table 20 YeERY ATt

MAAZ AFE-E n-butyllithium2 AcrosAtell A F3ste] ARES Aoz
n-hexanete] 1.6molo] &3] Qlt}. Styrene®} isoprene] A Ao A}
£5 g 7fAIAQl dibutyl magnesium-> heptaned] o 1 molo] &35 o]
Ae AES AldrichZF 8  FYsted A8 A . NNN,N-tetramethyl
ethylene diamine(TMEDA)2 F % A (polar promoter)24] A}-§ & o
n-butyl lithiumel] &3] &A4std @& Fo]2Y S = Tl I
He AS E9<F . Methylbenzoate(MBZ)= diblock 1 A&5 coupling
3kl triblock FFHFAE B3t 9&S 3= coupling agentZ XA AF-8-3f

St
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Table 2. Properties of materials used

Name Formula Structure MW b.p/ m.p(T)  Manufacturer
2
Monomer ASStY{gg_e 42.5] CsHg oY 104.15 145.2/ -30.69 Junsei
L
Monomer (- fg?;g{‘;g_ﬂ CsHs f\f 68.12 34.07/-145.95  Aldrich
Initiator [g_zugy%g};gg] CsHoLi R 64.06 —f — Acros
Weak Dibutyl- '
o magnesium  [CH3(CHzs)2]Mg = ""Mg "~ 138.53 —/ -71 Aldrich
initiator  [C.A.S.:7439-95-4]
i ca
Purifier %fg%@g _%E{t;] CaH, o e 110.98 1600/ 782 Junsei
Polar TMEDA CeHoN ~ w"lﬂx 116.20 121/ -55 Aldrich
promoter  [C-A.5.:110-18-9] otlelN2 Fil - ¢
Solvent [CCXCSIC??%(%IEH CroHo O 84.16 81/ 6.5 Junsei
-Continued-



Name Formula Structure MW b.p/ m.p(T)  Manufacturer

Anti-solvent [gsgpsr%%&}gg_lo] C3Hs0 PN 60.09 82/ 89.5 Jundei

Couplin Methyl
ping benzoate(MBZ) CsHsOo = o 136.15 198/ -12 Acros
agent  [C.A.5.:93-58-3] o

Terminator Methanol
[C.A.5.:67-56-1]

Manganese(II) a o
e tat i
Purifier tetj;ﬁy%ﬁate CsHeMnO,.4H,0 /”\O,Mnﬁo L 245.08 —/ 300 Junsei
[C.A S.:6156-78-1]
Hydrochloric
Purifier acid HCl H-CI 36.46 57/ -35 Osaka
[C.AS.:7647-01-0]

CH.O —0OH 32.04 64.7/ -98 Hayman

. Tetrahydrof -
Purifier [stylggggr%f]‘ C,H.,0 5 72.10 66/ -108.4 Junsei
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g Fol FH7IES o] &3t SIS triblock copolymerE A &3} th.
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T+ 7he #(line)o] FAY Bad FE AFH argons L T UA
Hoju ot
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monomer burette
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TRetA HH, 2708 WF& FehaAe HAxE IR A e A A &
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Vac. Pump

.:.. 3
- 10
7 8 1
1. Vacuum Gauge 6 Purification Flask
2. Chemglass valves 7 Stir Hot Plate
3. Pressure Gauge 8.  Liquid N2 Dewar
4, Cajon UltraTorr Unions 9 Solvent Trap
5. Purification Flask 10. Liquid N2 Dewar

11. Monomer Burettes

Fig. 2. Schematic diagram of monomer purification.
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Fig. 3. Monomer purification equipment.

_19_



E B AP E A5ZH wylog F3eS WP A o= Fig 3

FAE ol &ote] GFAE AA St FAol AHESEA AL, coupling WH o=

FHWSS AT Aot GFAS BAF ARG S ANA %3, Bg
7 el g4 Hgel A oMol ANASY BEES ARAA Be

0] AEA Abgo] AFste AAoAN T B4 F ook AdFet= whe

g Aol AAE BEE killing 71ES AP

OO
oX,

322 g0l FTHAA
g Sol& FFoA 1
T8 A}

g FA A argory X1F dual lined F2E WEE i1 FF5O0ZA

A

M
il
el
o,
QE
rr

A FES Fig. 49 59 2o

670 ¢ portE T3t argon gastt I&°] TFEH.

MnO column- argon gasE argon T E FF3al7] o v &Fe] iAo}

B

E< vermiculited] TAE manganese(ll) oxideMnO)E A}&3Fe] #| A
&

o}, MnOE Eo|it} Aba &4 oA MnO,2 A ET) o] ZFXE ol

o
bl

o =YdEHE 7IA Wl e =S 1 ppbE HE T AT &4 MnO<=
3 A/ ZH0)3 MnOye ZMo|BE ) column® FAEE MWz O
A Column® =¥ (coating) vermiculiteE 30wt% manganese acetate
tetrahydrate methanol &< ZFolA IZ®3}il, 45T o4 methanolE A| A%t
T, 5% F&/argon EFVIAE 10 mL/ min®] &E=F 300T o A 4843t
5

oF acetateE MnO= WHIA|AH A3t A7l

_20_



7

% &;\;(X)

—_

© ©® N O O &~ W D

o o e o
© O N o o b~ 0w DN~ O

I )8

N N

L) Vac.
Pup

Howrreter

Pressure Release Valve
Rdoc Qu Gounm

Reservoir

Vac. Gauge

Pressure Gauge

Vec. Line

ArLine

CddTrap

Aexide Stainiess Sted Vacuum Tuoing
Silicon ol Manometer

Cajon Utra lon Urion (3/8%)
Condenser

5 Oistillation Aask

Heating Mantle

Isotherrrel Bath

Reaction Aask

Syiinge

Monorrer Burette

Fig. 4. Schematic diagram of anionic polymerization.
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Fig. 5. Anionic polymerization equipment.
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MnO column®] AL 5%%] F4&/argon EF7IAE 10 mL/ min® &
£ 250T columngo 2 1243 & FHAA AT

Gas T2 argon@ ¥ JAFHoZ F Qo #E& FASAT o #L &)
AA Fep=et wvhg EgtaAd AU Ao R argon T T3S 7HE
T A== AtHEAY. Argon #el #E 2 AHAS FFste] HF 7]
Aol ko] 30 emHgE Z2#6tA EA . 2HE dHE F2 AlolE
71Z7F Hol 712 wiEE

| T/ FA= &F7] FFY dAFE T A argory IF S argon
ojtf Fol &l FF/F FAZ =UYEH. positive FHo] A7IH gaso]

7} silicone oil bubblerE FdstA HEZ & F A 579

chemglass WHE A&3t BwlE AT AIAY Fg~az2 Bd F
AT
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3.3.2. SIS triblock ¥ @A 3

B AFgAE block FFEAY blockst WHOo 2 AL w3
coupling *}'H& A&t

7 zyol W EL wo] o] YeElE A o] A& WS styrene
= n-butyllithivmo = w55 7jAste] GAEE dIFAE FAsHA

SIStriblock copolymerE §7d 8= W o] .

e
iy
o

Coupling {2 ¥ A poly(styrene-isoprene)diblock-s A8
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After charging cyclohexane(solvent), styrene andeEDM\(polar promoter) in purified
reaction flask, and killing the impurities usingtiator, and reaction is started.

After styrene polymerization is completed, isoprenadded
to form polystyrylisopryllithium anion

Styrene is added to form SIS triblock copolym

D
p

(a) Sequential method.

After charging cyclohexane(solvent), styrene angisene in purified reaction
flask, and killing the impurities using initiatand reaction is started

After styrene polymerization is completed, TMEDAadded
to form polystyrylisopryllithium anion

Coupling agent is added to form SIS triblock
copolymer

(b) Coupling method.

Fig. 6. Procedures of block copolymerization reaction.
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Hs= JhA st S eke Ut
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Fig. 72 4% SIS triblock F5&A o 434F A ved Aol
A HE SIS triblock 35 @AY A AFL wkso] dgd FALEHS

& ¢l isopropanole] Heolmy HHAES AL F, IHES 7F XY
%

AFEHE P & F FUY
H AAE d=H
SIS triblock F5 &A= &< cyclohexanedl= &3=7F # &3l 5 o
AA] v

, W&l isopropanol Wl LR S HAxEHS W= &=t

wj-g- ol HHo] dojdnt. M Ao A= isopropanol#H ®EG &4 o] H]
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Precipitation by dropping polymerization solution
into isopropanol(anti-solvent)

Precipitated products(plate-type or particle-tyigejryed
under atmosphere for 24 hrs

Formation of porous product through vacuum drying
after drying at atmosphere

Fig. 7. Procedures of forming experiment.
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Adding the product to sea water with 20 ml of burken beaker

Gelling the oil by shaking the beaker for 20 min

Separating the gelling product by sieve

Examining oil gelling capacity by measuring weighthe product

Fig. 8. Procedures of oil gelling test.
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= 212 dAsA FA AT
AolX SIS triblock T HA= AFANTER AA A2E Foto] 1342

2% F s Axdo2A g4 dAR dIsan. Ad AxE FE3
=

334 SIS triblock T ¢A B3

m

SIS triblock ¥ &A E3 AP FX+= Fig. 91 Jelf At 23429
=

Ee 2E2EOR Aol A0S & WAL 5 U=

ol WREAS YA ] F/ 2 BT F A= T A #AT
Be gxstgon, @4 B AR5

SIS triblock FZ @A ] Ha AP HEHA F=Hvj o el TiOE A
7bete] AFe]d #E (20 W, Sankyo denki Co.)dlellA dstAth. A
TiO= TiOF oA 71 Hold Edlss 71 Aoz 48 P25 AF=
ol &3ttt FHvl(P-25)9 A P92 360~400 nmo| FHFES VA= A

A oA v S el

B Ay AHEE A9 Bz UV-C 33S F2 Ye A9 a9
ZE AHgstAT Aelde Ao TRl wekd o Addo] oM, &
Zto] a9 %S a3 vk AL o] M= 100 nm~400 nm(Hh

=, 1 nm =107 cm)& Ho] 91&d 100 nm~280 nmE UV-C(7}),
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Ultraviolet Lam:p

Fig. 9. SIS triblock copolymer decomposition equipment.
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Dissolving 4g of SIS triblock copolymer by in 50 oflcyclohexane

Stirring for 10 min after adding photocatalyst(p-25
at the ratio of 0, 2, 5, 10 weight%

Forming the solution into film-type

The half of the film is in the dark,
and the other film is under ultraviolet

Fig. 10. Procedures of SIS triblock copolymer

decomposition experiment.
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280 nm~315 nmE UV-B(53), 315 nm~400 nmE UV-A(F3HE EFH
thoolE g RFS JdTHeE M AeHer e FRoEA, AT A
Z 7} o] &Hal Utk UV-A(RIHE e Fq Aol Axdd

H
g A9 A Tl M B d9S AR

H

B3 49 #AHL Fig. 109 JerAoh. 49L& SIS triblock FFTAE
&1 2] cyclohexane®] o FAHVIZA Z+7} 0, 2, 5, 10%E FY3st, film
FozZ AAS AxAY. AxH AHLS 424 btz Uy sty A

HAstal, sy Ao A stoq T dd& stk
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of FEs 54 AR

2 Aol A AFESE FWHFES Table 39 YERY AT

3 HA W2l blocking W2 block FF&A Ao dojA dlxFA
T OHH dA&H
Al Z 8 AT

T A W 18R F9 isoprened] T2 block FE A FAAE

[*]

1 7 coupling W F 71AE ARate] 1EAES

Ao A EEHQ EAAS AA3= o] AFo|A A xH= SIS triblock ¥
T &A= poly styrened} poly isoprene, TFA] poly styreneo] ZAF = o] 3
E FHEA styrenee AAHE TEANAN wmuad AL Rosin,

isoprene® REAo| 1 BAH 4AL RolAr) o|H @ vk ol

Table 3. Experimental conditions for synthesis and forming of

SIS
Experiment variable Range
Block method sequential, coupling
Content of Isoprene[%] 50~70
Average molecular weight[g/ mol] 15,000~45,000
Shape of polymer Sphere, plate
Content of photocatalyst(P-25)[%] 0, 2,5, 10
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Fig. 11. FT-IR spectrum of standard SIS triblock copolymer.
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Detentor 1

Voltage(mV)
T 53 :
44 v
a4
18
36
32 .
2B 4
2 T Y .
149 ) 1 oaf
[I-3y E— S — | aY
11 I|'
G i
2 | |
-2
—B |:I
1
15 |I
19 I
24
=28 et
T T T " T T
[N 12 .88 16 .88 480 30 AR 3h 06
Time(min)
Result of Calculation
Overall peak 15,87 . 1522 17.42 (mind Mw distribution :1-44
Peak [Mp] E Number average[Mn] @ 493
Mw* average T hHEY Z average[Mz] R ]
Calculation of slice "+ &7 | Report of slice HE LI
Peak 1 D 15.BY . 15.22 - 16.3F Imind Mw distribution ©1.81
Peak [Mp] t HATLE Number average[Mn] : G196k
Mw average 1 RRGES Z average[Mz] R G L
Peak 2 §1R.58 . 16.32 - 17.42 (mind Mw distribution P 1A
Peak [Mp] Tl Number average[Mn] & 4867
Mw average S k1T Z average[Mz] ETCL]

Fig. 12. GPC curve of standard SIS triblock copolymer.

( * : Mw = Molecular weight)
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Fig. 13. FT-IR spectrum of SIS tribrock copolymer synthesized.
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B AFoMes FA4"E ZEAY FT-IR 2HEYH peakst A #EHE= SIS
FT-IR 23 EH peak® HuE FalA W ol FHo g3 SIS
triblock FF&A 9 &4 AFE ADASAT. Fig. 117 12 EF SIS
triblock 3549 IR 2T EHI} GPC 18 Zo|t}.

Fig. 132 W Sol T osiA 4= SIS triblock 3% %A <]

i

T-IR ~HEHo|t}, F FT-IR 2HEHE B T} (transmittance)ol] A

o}zte] Aol AT, 2 54 peakolH 2HEo] FAHN 2T e

e

o] moF ek Ao gowrmz FAHE IEAE SIS triblock 35 FA Y S
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Detentor 1

Voltage(mV)
T TE3 .
44 T
a5
18
36
32 .
26 £ o
b T T
19 .
1iT| - — —— e T | |I| ||ul|
11 I
G |
2 | |
=&
—f |! -
1 |
-15 |; 1
-1%9 | ]
4
o ' T ’ T T —
I'.'-..Fﬂ 12,88 1684 4,88 BN 3h, 06
Time(min)
Result of Calculation
Overall peak :159.87 . 15.2 17,42 (mind Mw distribution i 1.94
Peak [Mp] E = Number average[Mn] @ 55434
Mw* average 1 hEEd Z average[Mz] T BEIG
Calculation of slice "= &¥ 5| Report of slice L |
Peak 1 o 15.BY . 1G22 - 16.3F (mind Mw distribution :1.81
Peak [Mp] T A3 Number average[Mn] = 196Gk
Mw average t hRO3S Z average[Mz] N
Peak 2 $1R.58 . 16.3F - 17.42 (mind Mw distribution P 1.A2
Peak [Mp] T ArHe Number average[Mn] i 4BGR?
Mw average T 41304 Z average[Mz] P 4189

Fig. 14. GPC curve of SIS triblock copolymer by sequential method.
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© Detector 1

Voltage(mV)
 a4m ]

415 | ;

297

s

453

441

414

24 3

206

5

3 |

281 | | |

17% | [ ||

156

136 '-1'| |

114 I! II\

az | '.,T:u |

71 WA~ R BT R

19 )

27

- . S - ; T -
b Bl 12.88 14.88 24,08 3888 b, B8
Time(min)
Result of Calculation

Overall peak P18.38 , 16.18 - 188 (min) Mw distribution SREEL]
Peak [Mp] t 16137 Number average[Mn] * 15649
Mw* average r 17913 Z average[Mz] P O2E4E
Calculation of slice = g9 = Report of slice e Al
Peak 1 DAT.d . 16.18 17.35 tmind Mw distribution E
Peak [Mp] 1 3250 Number average[Mn] = 33267
Mw average . 33EL4 Z average[Mz] T 423
Peak 2 t1E.2A . 17,35 - 2188 (min) Mw distribution 1 1.18
Peak [Mp] : 16137 Number average[Mn] : 14E59
Mw average r 16317 Z average[Mz] 1 17485

Fig. 15. GPC curve of SIS triblock copolymer by coupling method.
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Fig. 16. FT-IR spectrum of synthesized SIS triblock copolymers

with different by isoprene content.
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Oil gelling capacity[d,,/Jampiel
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Fig. 17. The effect of molecular weight and monomer contents

on the oil gelling capacity.
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(a) Sphere particles

(b) Plate particles

(c) Plate

Fig. 18. Shapes of polymers.
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(c) Picture of removed oil

Fig. 19. Procedures of oil gelling test.
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Oil gelling capacity[goil/dsamplel
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(b) 7:3(isoprene : styrene) plate particle.
(c) 5:5(isoprene : styrene) sphere particle.

(d) 5:5(isoprene : styrene) plate particle.

Fig. 20. The effect of shape of polymers

on the oil gelling capacity.
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Oil gelling capacity[g/9sampie]
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Fig. 21. The effect of plate particle size

on the oil gelling capacity.
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Fig. 22. FT-IR spectrum of decomposed SIS triblock copolymer

without P-25 under ultraviolet circumstance.
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Fig. 23. FT-IR spectrum of decomposed SIS triblock copolymers

with P-25 under ultraviolet circumstance.
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