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Table 1 Study on terminal modification of 3-aminobenzonitrile without adding aluminum alkyl”
Entry a(M):n(Ln)® a(CTA):n(Ln)” Time (min)®  Conv. (%)  cis-1,4 (%)® 107*Mm,°2 PDI® Grafting ratio (%)
1 5000:1 0 - 92 98.4 290.8 121
2 5000:1 3:1 960 91 98.2 226.0 1.36
3 2000:1 0 - 86 98.4 76.8 1.48
4 2000:1 9:1 960 91 98.2 66.3 1.36
5 500:1 0 - 83 98.3 15.8 1.70
6 500:1 31 960 86 98.3 149 1.81 1.43

a) Polymerization carried out at 25 °C for 40 min; b) molar ratio; ¢) reaction time with CTA; d) determined by 'H NMR; ¢) determined by GPC in

THF at 40 C in polystyrene standard
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Figure 1 (Color online) FTIR spectra of AT;PIso, Plyggg, AToPLyggg
and CTA.
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Figure 2 (Color online) 'H NMR spectra of CTA, AT;PIy,, and Pls,.
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Table 2 Study on terminal modification of 3-aminobenzonitrile by adding aluminum alkyla)
Entry n(M):n(Ln)” n(HAIBu,):n(Ln)” n(CTA):n(Ln)”  Time/min”  Conv. (%) cis-14 (%)” 107M,°  PDI? Grafting ratio (%)
7 500:1 50:1 3:1 60 95 98.5 13.7 1.98 -
8 500:1 50:1 3:1 60 95 98.4 13.9 1.87 -
9 500:1 25:1 3:1 60 95 98.5 14.2 1.77 84.8
10 500:1 25:1 3:1 60 95 98.4 14.5 1.79 77.9
11 500:1 25:1 3:1 60 95 98.4 13.6 1.82 71.6

a) Polymerization carried out at 25 “C for 40 min; b) molar ratio; ¢) reaction time with CTA; d) determined by 'H NMR. e) Determined by GPC in

THF at 40 C in polystyrene standard
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Figure 3 (Color online) 'H NMR of AlysPlsg-1,2,3 (Repetitive trials).
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Figure 4 (Color online) Speculated terminal aminoized reaction mechanism.
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Table 3 Comparative experiment of adding Al'Bu; and other modifiers”

HaN
entry 12-14: @—cm entry 15: ©\c/,/N entry 16: HzN—©—CEN
NH,
entry 17: HzN—©—\ entry 18:
C=N CEN
HN

Entry aM):n(Ln)®  n(AlBuy):n(Ln)”  n(CTA):a(Ln)” Time (min)®  Conv. (%)  M,/(10%)” PDIY  Grafting ratio (%)

12 200:1 25:1 3:1 60 91 7.1 1.48 38.7
13 200:1 25:1 3:1 60 90 7.8 1.44 353
14 500:1 25:1 3:1 60 92 14.1 1.51 29.1
15 500:1 25:1 3:1 60 87 11.6 1.37 -
16 500:1 25:1 3:1 60 89 11.4 1.49 -
17 500:1 25:1 3:1 60 86 13.5 1.58 -
18 500:1 25:1 3:1 60 91 10.8 1.72 -

a) Polymerization carried out at 25 C for 40 min; b) molar ratio; ¢) reaction time with CTA; d) determined by GPC in THF at 40 C in polystyrene
standard
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Figure 6 (Color online) 'H NMR of Entries 12-14.
YER, A8 S B AE LATEAT . AlysPlsoo- 1R FBERAL AR BEAT AR I BEXT EE, W45 5
‘ L KIS RAFIRSHIR.  AlysPIsgo- 1 HLAH 58 B N
33 ARUEAALRS IR )1 ke 26.12 MPa, LI K% 45398%,  300%; 17T i

% B E 2 5 R AR IR 80 151 H IR(RSS1) 5 19.66 MPa. :300% & i A LLIR80 (16.66 MPa)fZ Tt i

2149



IR B THI ) R ARRG IR B AR AR iy A 3R e L 0 B B S R RERIT 4

-~
/ \
C U
BT AW NETNL P NH,
N, 1
K 3
!
Polymer Region ] %
\ 1 =
\ T
N ' L
N
N ‘ \
1% | i
e 1 | - -
i i ' % 1
i { ‘ i | i
! : ’ 1
1 \ i |
\ /
Toluene Fe
CDCl
o
T T ) T T T T
10 8 6 4 2 F2 [ppm]

B 7 (MEHEE) Entry 140 4E3LIREAZ RS
Figure 7 (Color online) 2D DOSY 'H NMR of Entry 14.
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Figure 8 (Color online) Stress-strain curves.
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Table 4 Swelling ratio and crosslink density of samples

Cross-linking density

Sample Swelling ratio (%) a 0™ mol /cm3)
RSS1 349 3.47
IR80 363 3.25

AlysPlsg-1 324 3.98

#5 IR80. 1S HH A EE(RSS1) 5 ALPlyg,-1 FIHLIK M fE”
Table 5 Mechanical properties of RSS1, IR80, and AIZSPISOO-la)

Tensile strength  Stress at 300%  Elongation at

Sample

(MPa) (MPa) break (%)
RSS1 27.24 20.44 400
IR80 26.36 16.66 445
AlysPIsp0-1 26.12 19.66 398

a) Carbon black vulcanizate
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Table 6 Bound rubber content of samples

Sample Bound rubber content (g/g)
RSS1 0.521
IR80 0.436
AlysPlLs-1 0.519
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B9 A AR () S R R () SEM B A
Figure 9 SEM images of Al,sPl5y-1 (upper) and IR80 (lower).
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Synthesis and properties of terminal aminoized polyisoprene for
natural rubber alternatives

. 12 1 S 1* . 2% . 1
Zhanwei Feng =, Wu Sun , Quanquan Dai ', Jianyun He , Chenxi Bai ~, Xiaoniu Yang

: Key Laboratory of High-Performance Synthetic Rubber and Its Composite Materials, Changchun Institute of Applied Chemistry, Chinese Academy
of Sciences, Changchun 130022, China
? School of Applied Chemistry and Engineering, University of Science and Technology of China, Hefei 230026, China
*Corresponding authors (email: jyhe@ciac.ac.cn; baicx@ciac.ac.cn)
Abstract: A cationic rare earth catalytic system was used to add HAIBu, or AliBu3 at the end of isoprene
polymerization, improve the reactivity of the polymer terminal through chain transfer, and then react with a series of
modifiers such as 3-aminobenzonitrile to obtain terminal aminoized polyisoprene. 'H NMR and 2D DOSY 'H NMR
spectra demonstrated the successful grafting of the modifier, and the product had a cis-1,4 selectivity >98% while
maintaining a narrow molecular weight distribution (PDI < 2). However, the polymerization system without alkyl
aluminum at the end of polymerization makes it difficult to perform a terminal grafting reaction with the modifier.
Compared with rare earth isoprene rubber, the carbon black formula vulcanizate modified by 3-aminobenzonitrile has
achieved a significant increase in stress at 300% while maintaining high strength and elongation at break. The tensile
strength is 26.12 MPa and the stress at 300% can reach 19.66 MPa. It is speculated that the amino group at the end of the
chain reacts with the carboxyl group on the surface of carbon black to form amide bonds and ionic bonds, and forms
hydrogen bonds with hydroxyl and other oxygen-containing functional groups. The joint action of covalent bonds, ionic
bonds and hydrogen bonds enhances the physical adsorption capacity of rubber molecular chains on the surface of
carbon black, thus improving the interface interaction between rubber and carbon black. This strategy provides a new
idea for the development of tread rubber for aviation tires.

Keywords: alkyl aluminum, terminal amination, polyisoprene, performance enhancement
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