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Table 1 The summary of synthesis and preparation technology of high unsaturated butyl rubber

Author Initiator polymerization Degree of Molecular Polymerization
method unsaturation weight/10° temperature
Exxon-2’ AICL;-HCI Slurry 6.0~42. 2mol % 157.0~295.0(M ) —120C
Lanxess"! AlCl;-H, 0 Slurry 7.0~8. 0mol % 100. 0~140. 0(M ) —100C~—95C
Bayer'*! AlCl,-H, 0 Slurry 1. 9~6. 2mol% 75.0~397.0(M ) —93C
Lanxesst 323 ZrCl,-H, 0 Slurry 0.8~11. 2mol % 228.5~523. 8(Mq) —95°C, 90°C
Lanxess'33] VCl,-H, 0 Slurry 2.5~4. Tmol % 79.2~181.3(M ) —95C, —90C
CumOAc, CumOPr,
Kaszas et al. [ DiCumOMe-TiCl, Slurry 24. 0~38. 0mol % 1.2~1.6(M ) —40°C
Faust et al, [ CumOAc-BCly Slurry 1.2~7. 8mol¥% 2.4~9.1(M ) —30°C
Wu et al, ©*%] Isopropanol/FeCl, Slurry 14. 5mol % 16.0(M ) —80°C
Puskas et al, [6%7 (DiCumOMe)-TiCl, Slurry 4,0~24. 0mol% 16.6~53.5(M ) —80°C
Zirconocene complexes Cp, ZrMe, ,
Cp * ,ZrMe, or [CpyZrH(p-H)J,)
Carr et al, 197 Slurry 1. 3~1. Tmol% 58.0~220.0(M )  —30°C, —50C, —78C

activated with B(C4F;), or
[Ph,CI[B(C,F,), ]

, [Cp,ZrH, ],/CPhy —25T, —35C,
Garratt et al, ™ Slurry 1. 3~4. 4mol % 148.0~295. 0(M )
[ON{B(C,F2)s ), ] —50°C, —78C

Half-sandwich scandium and

1. 1~6. 6mol% 13.7~56.4(M ) —35C, —45TC

lutetium complexes activated by Slurry

[Ph,C] [B(C,F),]

Cui et al, [

Meclnenly et al. (811 [n-Cy; Hys CO, H] [B(C4F5), T, Slurry 2.0~22. 0wt% 130. 0~940. 0(M ) —30°C, —70C
[Mn(NCCH,), ]
Vierle et al, (%%’ Slurry 2.3~7. Tmol% 2.8~5.9(M ) 30°C
[B{CsH; (m-CFy), ), ],
Jacob et al. ' (CH,) 3 SI[B(CF5), ] Slurry 1.2~14. 3mol% 45.0~170. 0(M ) —35C
Adam et al, 1% Et, AICI « EtAICL,-H, O Solution 1. 4~1. 8mol% 290. 9~339.5(M ) —80°C
PetroChina -%%J Et, AICI « EtAICL,-H, O Solution 1. 4~3. 6mol% 81.6~264. 7(M ) —70°C ., 80°C
Arlanxeot*"! Et, AICl + EtAICL,-H, 0 Solution 7.3~9. 6mol % 121~701(M ) —65C, —80°C, —90°C
[Zn(C4F5), ] * toluene-t-BuX )
Garratt et al, [1°0] Slurry 1. 4~14. Tmol% 255.0~1223.0(M ) —78°C
(X=Cl, Br, D
Bochmann et al, 1! EtZnCl-cumenyl chloride Slurry 0.97~5. 7Tmol % 121.5~149. 0(M ) —78C
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Figure 1 The summary of synthesis and preparation technology of high unsaturated butyl rubber
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Figure 2 The chain transfer reaction during polymerization of isobutene and isoprene
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Bl 4 [Ph,C] [B(CF, R, J5[Cp,ZrH, ], (Cp'=C; H,SiMe,) [ i 1% 3] lLA% L& 4
[Cp.Zr,H,] [B(C,F,R),] (1: a» R=F; b, R=SiPr'3)
Figure 4 The reaction of [Ph,C] [B(C,F,R),] with [Cp,ZrH, ], (Cp" C; H,SiMe,) gives the binuclear complexes
[Cp,Zr,H,] [B(C,F,R),] (1: a, R=F; b, R=SiPr'3) (Reprinted with permission from Ref. [70];
Copyright (1999) ACS Publications)
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It =R L BCA Y (MR, 5 i PR ER R RS ECAR (CpHD 22 [4] #4198 58 S 1 B0 24 B9 # -+ 1 R 4 15 36 1% —
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CeFs CeFs
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\ B/ N\ B/
(
CeFs™ | \\ CoFs
CSFS Cst

5 (a) CN{B(C;F:),}, 5(b) H,N{B(C,F;),}, BI%E#
Figure 5 The structural formulae of (a) CN{B(C4F;),}, » and (b) H,N{B(C,F;),},
(Reprinted with permission from Ref. [71]; Copyright (2003) ACS Publications)
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P 9 2= TR S B/ s Lewis BRAR PEACHR (1 5| Ko AR A HA @ i 1, ol DUAE — 35°C F il 46 7 M 4 5 it
ik 6. 6mol Yo KL oy T HE 8.5 % 107 WY T AR . TEIZTI AR T, 5 0 0 B9 47 78 [ B 23 In D B %
Mo i T2 40 3R A W0 BE B IS A L S BOL R W) 0 T AR

I =
Q/\g @ R/ a

C
K6 HASBEAEANREENAX HERMEERENT LREYWA DB SER A =4 Cp KW
i LB E 95 (B AD B S JBACE M Cp FUA By S JeF R S AL a9 . (CED B S BRL G —1
Cp BRI e B 1A . Cp M R HMRERI L TIHELAE T W &R ik
Figure 6 Rare-earth complexes bearing different numbers of cyclopentadienyl and alkyl ligands per metal
(Rare-earth complexes bearing three Cp ligands per metal (type A). monoalkyl and monohydride rare-earth complexes
with two Cp ligands per metal (type B), dialkyl rare-earth complexes bearing one Cp ligand per metal (type C)).

Cp, M, R represent cyclopentadienyl monoanion, rare-earth metal, alkyl ligands, respectively.

(Reprinted with permission from Ref. [78]; Copyright (2015) ACS Publications)
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==
| 2B(CeFsh
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Bl 7 (a)[(C;Me;) Ln (AlMe,), J[(Ln=Y(2a), La(2b), Nd(2¢)J5 (A)[Ph,C] [B(CF;), IR E F 1L
(W[{[(C;Me;) La{(m-Me), AlMe(C; F;) ) J[Me, AICC, Fy), 1), TR A
Figure 7 (a)Cationization of [ (C;Me;) Ln (AlMe,), ] (Ln=Y(2a), La(2b), Nd(2¢)) with borate reagents (A)
[Ph,C] [B(C4F;), ] and (B)[PhNMeH J[B(C;F;), ]. (b) Synthesis of [{[ (C;Me;) La{(m-Me), AlMe(C;F;)}]
[Me, AICCsF;), ]}, ] (Reprinted with permission from Ref. [78]; Copyright (2008) Wiley-VCH)
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4 5 6

B8 WEM B EGY
Figure 8 Alkyl rare-earth metal complexes (Reprinted with permission from Ref. [79]; Copyright (2019) Elsevier)
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ARGEER. B SR AIZS R KRR —85CE —30C &M FMAE T b/ P RBER P H &S TS 2,3-
TURHETL 3T U SRR A T A B SR R R A R

“0—>B(C4Fs)3

O—>B(CeFs)3
RCO,H + 2B(CeFs)s —» HY|R—CI-

)

B9 B IE T RERENL B(CF), 51E+H /N R (n-C,; Hy; CO, HD[B(CF;); 1, »
Kl 2 J2& (@ #r#F R-CO, C, il . M[n-Cy; Hys CO, HIIB(C, Fo) 5 1, A MR ()T K R-CO, T2 B A%l 5
O Ji 58 2 BRMUZE AR 52 1 — T8 73 3 19 [ n-C,; Hys CO, HI[B(Cy F;), 1, CRK 43 F AL,
(HEFRE,.CHEFRE.FIERFHA,ORFLE,BEF&E)

Figure 9 Formula (1) describes the highly electrophilic borane B(C4F; ), reacts withnn-octadecanoic acid
(n-Cy; H;; CO, H., stearic acid) to form 2 : 1 adducts [n-C,; H;; CO, H] [B(C4F;), J,. Figure 2 is the CPK molecular
model of [n-C;; H,;; CO, H] [B(C;F;); ], looking (a) along the R-CO2 C2 axis, from the right of
[n-Cy; H;; CO,H] [B(C;F5); 1, and (b) along an axis perpendicular to the R-CO2 plane; the O atom are
completely hidden from the opposite side. (H atom grey, C atom black, F atom white, O atom red, B atom green).

(Reprinted with permission from Ref. [80]; Copyright (2006) Elsevier)
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(2)[Mn(NCCH;) J[B(CsF;), 1,3 (3)[Mn(NCCH;)s ] [B{CsH; (m-CF;), }, ],
Figure 10 The general formulae of Mn(ii) complex initiators. (1) [Mn(NCCH,)s J[N,C, H, {B(C;F;);}, 1,
(2) [Mn(NCCH;) J[B(C;F;), ], » and (3) [Mn(NCCH;), ] [B{C; Hy (m-CF,), }, J,.
(Reprinted with permission from Ref. [83]; Copyright (2003) Wiley-VCH)
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Research Progress and Perspectives of in Synthesis and Preparation
Technology of High Unsaturated Butyl Rubber

LIU Ying-xue', HAN Yang', WANG Xiao-hai®, WANG Jia-dong', LU Yong-lai', HAO Fu-lan®,
QIN Xuan'", XU Hong-de** , ZHANG Li-qun'
(1. State Key Laboratory of Organic-Inorganic Com posites » Beijing University of Chemical Technology »
Beijing 100029, Chinas 2. Shandong Chambroad Sinopoly New Materials Co. » Ltd » Binzhou 256500, China ;
3. Chambroad Chemical Industry Research Institute Co. sLtd s Binzhou 256500, China)

Abstract: Butyl rubber, also known as isobutylene-isoprene rubber (IIR), is a synthetic elastomer produced by cationic
copolymerization of isobutylene with around 0. 6 to 2. 5 percent isoprene in chlorocarbon solvents at low temperature. Butyl
rubber has unique elastomeric properties that makes it a good choice for a wide variety of rubber goods. Its excellent
impermeability to gas diffusion together with its flexibility makes it the ideal material for inner tubes of tires and other high-
pressure tubes. The isoprene provides the necessary unsaturation sites for crosslinking. Thus, improving the degree of
unsaturation (D, %) of butyl rubber can enhance the vulcanization efficiency, and the bonding property between the butyl
rubber and other kinds of rubber is improved, which will broaden the application of butyl rubber. In this review, we
provide an overview of the research progress of the synthesis and preparation of high unsaturated butyl rubber. Four kinds
of initiators, for instance, Lewis acids and organic halides, coordination complex consisting of cationic source derived from
metallocene or organometallics and weak coordinate anions, alkyl halides of aluminum and chlorides of zinc alkyls, are
summarized and elaborated in this review. Moreover, we prospect the development of high unsaturated butyl rubber. This
review will undoubtedly act as a great reference and theoretical guidance for researchers engaged in synthesizing and
preparing high unsaturated butyl rubber.

Key words: Butyl rubber; Degree of unsaturation; Isobutene; Isoprene
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