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Sructureregulation ability of 2,2-bis(5-methyl-2-tetr ahydrofuranyl)propane
in anionic polymerization of butadiene-styrene
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Abstract: Anionic copolymerization of butadiene and styrene with n-butyllithium (r-BuLi) as initiator,
2,2-bis(5-methyl-2-tetrahydrofuranyl)propane (BMTFP), ethyl tetrahydrofurfuryl ether (ETE) and
ditetrahydrofuranyl propane (DTHFP) as polar regulators was carried out under different dosage of
regulator and polymerization temperatures, respectively. The microstructure, relative molecular mass and its
distribution of styrene-butadiene copolymer produced were then characterized and analyzed by 'HNMR and
GPC. The results showed that there was no side reaction in BMTFP polymerization system, while the
relative molecular mass distribution of copolymer was narrow, which was consistent with the characteristics
of living anionic polymerization. Moreover, BMTFP exhibited strong capacity in regulating the
microstructure of styrene-butadiene copolymer. When the polymerization temperature was 50 °C and
n(BMTFP) : n(n-BuLi)=2.0 : 1.0, the relative content of 1,2-structure in styrene-butadiene copolymer
reached 69.7%, and the content of styrene microblock approached zero. Though BMTFP, ETE and DTHFP
displayed the same level in terms of their ability in regulating the microstructure of styrene butadiene
copolymers under the same experimental conditions, the raw materials required for BMTFP synthesis were
bio-based platform compounds, indicating BMTFP had great development potential in the preparation of
solution styrene butadiene rubber with high vinyl content considering the aspects of environmental
protection, energy security and potential economic value.
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19.8%, FHEEHEHT ETE (11.1%) #l DTHFP
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ETE 1 DTHFP #9875 68 S A

® 1 AT ZE KRR & T T AR IR YR 1 45
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Table 1 Molecular structure parameters of styrene butadiene

copolymers with regulator types and different
dosages

) (W) -

n(n-BuLi)
BMTFP 0.5:1.0 58.2 29.6 0.5 1.4 1.02
BMTFP 1.0: 1.0 66.6 32.5 0.2 1.4 1.02

cad%” /% ol% MyJx10* PDI

BMTFP  2.0:1.0 69.7 31.5 0 1.3 1.02
ETE 0.5:1.0 63.0 30.9 0.5 0.9 1.02
ETE 1.0:1.0 66.7 32.1 0.2 1.0 1.02
ETE 2.0:1.0 70.0 31.0 0 1.2 1.02

DTHFP 05:10 635 331 07 1.0 1.02
DTHFP 1.0:10 67.1 319 02 1.0 1.02
DTHFP 20:10 684 300 0 1.1 1.02

Q4 mBUA—EHA IR T K 12-ZHExEE; K
W5 T B Eh 3: 7; WM TR 100005 R4
M 50 °C,

T4 M6 SSBR BURIR LM soc e R Yy
BRI AR 1A, TORILRYh SR
LI EAE 30% 4T, SIOHEMFT . Fifiy BMTFP
FHE XN, SR Yk B b 2R 206 S B & w5
W/, 24 BMTFP 5 n-BuLi ¥R IR 2.0 : 1.0
B, RO B A = OAREIH . X2 T BMTFP
FH AR (38 0SB0 O Ty, R R o Ak
TARER & sk 26 A RS T MRS 0R , AERE K R
ROEPARE T 05 RS R 2 MR8/, it
KOS R Y T O, aEad s
ETE F1 DTHFP PR M 8 15 70 i 25 1 el L&
th, BMTFP X OB Ie/pyl s mmiE e 1 5
X HEA Y, 8% BMTFP X2 20 75 50 fi
HARHWIAERET . 1o, MR 1B LUER,
K GPC M SR Yy A X o i i 5 e F B A
XAy T A AR, PDI ¥ 1.02, AHXTA %
WM, BRGNS TFRE, £ 3 F
FRFERT, REBTRIR N EE,

235 RABENTRERYBILE M0

T m(St) : m(Bd)=3 : 7. n(YHT37) : n(n-BuLi)=
1.0 1.0 MM, BEAFREGEE (30, 40,
50 °C )X T AILIRYHOEE R RSN , 45 541 T3 2,

TET - OGRS TR e, Bl RS RO
T BT, ORI, B R
O IR N EEEE R 1] o-If N RES AL, BT LLASH
TT I AR A 1,2-854

R2 OARFRGRET TARILRY 745025
Table 2 Molecular structure parameters of styrene butadiene
copolymers at different polymerization temperatures

WAH BECC /%’ /% ol/%  M/x10°  PDI

BMTFP 30 73.8 33.7 0 1.3 1.02
BMTFP 40 68.4 31.5 0.1 1.3 1.02
BMTFP 50 66.6 325 0.2 1.4 1.02
ETE 30 71.8 32.8 0 0.9 1.02
ETE 40 68.4 30.5 0.1 0.9 1.02
ETE 50 66.7 32.1 0.2 1.0 1.02
DTHFP 30 71.3 33.2 0 1.0 1.02
DTHFP 40 68.9 30.8 0.1 1.2 1.02
DTHFP 50 67.1 31.9 0.2 1.0 1.02

OFRH B R T 0 1,2-25 M 3 i

2 2 ATIEH, 24 n(BMTFP) : n(n-BuLi)=
1.0 : 1.0 i}, 7R AEE T, BREWH 1,2-454
FEXT B i 4>65%, K OMmimB S m i T 0, JfiE
i S5V ETE Al DTHEP X1, 4558 W%,
HFAWRE ) 5XMEMEY, E2RTWHE. Btk
B, BMTFP J&—Fh @ R i i a5 570, ZE AR ) 815
FHET, MERGEENT G, LRYP 1,2-45
FA AR g2l X 5 SCRk[15,22]4)% 38 B 15 L — 2.
B 3 AR, &80 n-Buli 4G HR T
K, RABTER, MMM T4 8%, HE 2
WA, TRLBYPLEEERLIE TR 30%4L
Fi, SEIHEMS, HMERGREN TR ILRY
HR A OIS F 52 AN B o FE SR AR E R
30 °CH}, 2K M i BE & BN BB I H 540 1 50 °C
B, RO HIRBE S B <02%. REW,
REBAEET, BMTEP X3 2 4% BT 5 91 43 A3 1)
P RE SRR, IR O FRARTE SR Y s T IC R
I3

3 #it

(1) LA n-BuLi A5 &%, BMTFP M4 MR
FWT - KOs RS Rt , b
BMTFP HIf 3, TR 1,2-55F AT 7 ik
JFE, 4 BMTFP 5 n-Buli ¥R E A 2.0 : 1.0
B, ToRIERYH 1,2-25 XS AT iE 69.7%:;
MG R ARE RN T, TARILRY T 1,2-458 AEXT
T TR, ARG SIS ROR



© 1028 «

A% 4m 4 T FINE CHEMICALS

540 &

(2 Y4B AIRELE 30~50 °C,BMTFP 5 n-BuLi
YRR 05: 1.0, 1.0: 1.0, 2.0: 1.OK, T
RILRY PR LR BE B R <0.5%, ST R
Cd BARTE T AR IL R Y v (1 TC 43

(3) BMTFP 5 Hiiiffi ) ETE 1 DTHFP X}
1,2- S5 A 2 B IR 1T BB 1 b T TR — K OF (B A
BRI G a Y, NIRRT ARIR%E
S UL TR B 2B I %5 5 T % B , BMTFP 7 il %
1 £ SSBR Jy T HA R & A .

B2 3k

[1] DHANORKAR R J, MOHANTY S, GUPTA V K. Synthesis of
functionalized styrene butadiene rubber and its applications in
SBR-silica composites for high performance tire applications[J].
Industrial & Engineering Chemistry Research, 2021, 60: 4517-
4535.

[2] YAN H S ([E#4). Current situation and future development
analysis of synthesis rubber in China[J]. New Chemical Materials ({k
THRBTED, 2021, 49(2): 38-42.

[31] CHENYY (%57), ZHAO S H (R E &), ZHANG X Y (7K2%3%),
et al. Application of high-vinyl SSBR in tire tread compound[J].
China Rubber Industry (15 T\ll), 2018, 65(3): 268-272.

[4] SUN C Z, WEN S P, MA H W, et al. Improvement of silica
dispersion in solution polymerized styrene-butadiene rubber via
introducing amino functional groups[J]. Industrial & Engineering
Chemistry Research, 2019, 58: 1454-1461.

[S] FUCHS D, H HUBNER, KRAUS T, et al. The effect of THF and the
chelating modifier DTHFP on the copolymerization of f-myrcene
and styrene: Kinetics, microstructures, morphologies, and mechanical
properties[J]. Polymer Chemistry, 2021, 12: 4632-4642.

[6] LIAOMY, WANG Q F, WANG N N, et al. Preparation and dynamic
mechanical properties of copolymers based on butadiene, isoprene,
and styrene[J]. Polymer Science, 2014, 56(6): 753-761.

[77 BASKARAN D, MULLER AXEL H E, SIVARAM 8. The effect of
TMEDA on the kinetics of the anionic polymerization of methyl
methacrylate in tetrahydrofuran using lithium as counterion[J].
Macromolecular Chemistry and Physics, 2000, 201(14): 1901-1911.

[8] TAO X W (Fglfh), LIAO M Y (B ), LIU G C (KI5t E), et al.
Copolymerization kinetics of synthesis of styrene and butadiene
rubber using tetrahydrofuryethylether as a polar modifier under the
high temperature[J]. Polymer Materials Science and Engineering (/5
S FAERRE 5 TR), 2010, 26(1): 29-32.

[97 TOMMASO V G TROMBINI C, MUSIANI

copolymerization of conjugated dienes and vinyl arenes in the

L. Anionic

presence of alkyl ethers of tetrahydropyranyl methanol: US5914378[P].

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

1999-06-22.

GRAVES D F, HALL T E. 2,5-Substituted tetrahydrofurans as
anionic initiator modifiers: US5385994[P]. 1995-01-31.

HAN J S (#Z%4%). Synthesis of 1,2-ditetrahydrofurfurylpropyl and
application of anionic polymerization[J]. Journal of Qingdao
University of Science and Technology (7 &MY K#244), 2015,
36(S2): 72-74.

RASMUSSEN H, SORENSEN H R, MEYER A S. Formation of
degradation compounds from lignocellulosic biomass in the biorefinery:
Sugar reaction mechanisms[J]. Carbohydrate Research, 2014, 385:
45-57.

RUIZ H A, RODRIGUEZ-JASSO R M, FERNANDES B D, et al.
Hydrothermal processing, as an alternative for upgrading agriculture
residues and marine biomass according to the biorefinery concept: A
review[J]. Renewable & Sustainable Energy Reviews, 2013, 21(4):
35-51.

ISIKGOR F H, BECER C R. Lignocellulosic biomass: A sustainable
platform for the production of bio-based chemicals and polymers[J].
Polymer Chemistry, 2015, 6(25): 4497-4559.

WANG X (EF), KANG X H (FEH#), XU L (i&#k), et al.
Application of different polar regulators in solution-polymerized
styrene-butadiene rubber[J]. Petrochemical Technology (f1i#fkT),
2020, 49(5): 474-477.

ZHANG T (3K¥#%), LIG Y (%) "{2), LIN (Z=T), et al. A method for
preparing aviation kerosene or diesel oil: CN103087748A[P].
2013-05-08.

HIRAO A, GOSEKI R, ISHIZONE T. Advances in living anionic
polymerization: From functional monomers, polymerization systems,
to macromolecular architectures[J]. Macromolecules, 2014, 47(6):
1883-1905.

POLYMEROPOULOS G, ZAPSAS G, NTETSIKAS K, et al. 50th
Anniversary perspective: Polymers with complex architectures[J].
Macromolecules, 2017, 50(4): 1253-1290.

TIAN Z Z (H2%), GONG G B (38)t#), DONG J (i), et al.
Relationship between structure and performance of solution styrene-
butadiene rubber and its modification methods[J]. Contemporary
Chemical Industry, 2015, 44(11): 2639-2641.

LIU L A1), HU B J (1 JU), WANG P (i), ef al. Preparation
and properties of solution styrene and butadiene rubber (SSBR) using
novel structure modifier[J]. Journal of Chemical Engineering of
Chinese Universities (i AL T RE244R), 2008, 22(2): 294-298.
PAN Z R (##H{7). High molecular chemistry[M]. Beijing: Chemical
Industry Press (fb2# Tl i itt), 2011: 168-174.

KANG X H (FE#%%), LTIU S Q (XIEE), WANG X (E£F), ef al.
Polymerization kinetics behavior of styrene/isoprene/butadiene
terpolymer with 2,2-bis(5-methyl-2-oxolanyl)propane as polar
modifier[J]. Polymer Materials Science and Engineering (#4344
BIRLE 5 TR, 2018, 34(5): 17-23.



