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Synthesis and Hydrogenation of 1,2-1,4-1,2- 
Stereotriblock Polybutadienes and the Study of 
Their Properties 

HONGQUAN XIE and LIREN MA 

Hubei Research Institute of Chemistry 
Wuhan, People's Republic of China 

A B S T R A C T  

The effects of various polar modifiers, their concentration, and 
the polymerization temperature on the microstructure of poly- 
butadiene obtained during anionic polymerization using lithium 
a-methyl naphthalene as the bifunctional initiator were studied. 
1,2- 1,4- 1,2-Stereotriblock polybutadiene was synthesized by 
polymerization in cyclohexane to a certain conversion and polym- 
erization was completed in the presence of diethylene glycol di- 
methyl ether. The microstructure of the stereotriblock copolymer 
was characterized by IR and 'H-NMR. GPC showed that the stereo- 
block polybutadiene has a narrow MWD. Two T * s of the copoly- 
mer  with higher molecular weight exist, as shown by dynamic 
mechanical test. The stereotriblock copolymer was hydrogenated 
using cobalt 2-ethyl hexanoate and triisobutyl aluminum as the 
catalyst. The hydrogenated product was shown to be a (butene-1- 
eth lene-butene- 1) triblock copolymer which consists of more than 

tomer. The relationship between stress-strain properties arid the 
contents of the blocks was also studied. 

g 

30 d o crystallinity and exhibits the behavior of a thermoplastic elas- 
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1334 XIE AND MA 

Stereoblock copolymer is a special type of block copolymer. Early 
in 1958 Fox and co-workers synthesized an isotactic-syndiotactic 
block polymethyl methacrylate [l]. Then in 1963 Kern made a tactic- 
atactic stereoblock polystyrene [2]. About 10 years ago, Falk [3], 
Duck [4], and A s a i  [5] found separately the stereoblock polymerization 
of butadiene using butyllithium initiator through adding polar modifier 
in the course of polymerization, resulting in a 1,4- 1,2-stereodiblock 
polybutadiene. In 1980 Cohen e t  al. [6], using dipiperidene ethane as 
polar modifier, synthesized 1,4- 1,2-stereoblock polybutadiene. How- 
ever, most of these works were concerned with diblock copolymer. 
Only Falk [3] coupled the diblock copolymer with ethylene bromide, 
forming 1,4- 1,2- 1,4-triblock polybutadiene. 

This paper deals with the synthesis of 1,2- 1,4- 1,2-~tereotriblock 
polybutadiene, using lithium a-methyl naphthalene as a bifunctional 
initiator and cyclohexane as the solvent, and changing the 1,4-polym- 
erization into 1,2-polymerization by means of adding polar modifier 
in the course of polymerization. The copolymers thus obtained were 
characterized by IR, NMR, GPC, and the torsional pendulum test. 
The 1,2- 1,4- 1,2-stereotriblock polybutadienes were hydrogenated into 
(butene- 1-ethylene-butene- 1)triblock copolymers, which behave like 
a thermoplastic elastomer. 

E X P E R I M E N T A L  

1. M a t e r i a l s  

Butadiene was purified by passing i t  through a 4A molecular sieve. 
Cyclohexane, n-butyl chloride, and a-methyl naphthalene were purified 
by having them stand over a 4A molecular sieve overnight. Tetrahydro- 
furan, N, N' -tetramethyl ethylene diamine, and diethylene glycol di- 
methyl ether were treated both with a 4A molecular sieve and lithium 
ribbon. n-Butyllithium, lithium a-methyl naphthalene [ 71 , and cobalt 
2-ethyl hexanoate [ 81 were self-made according to the literature. 

2 .  P o l y m e r i z a t i o n  

The preparation of catalyst solution and the polymerization were 
carried out in baked glass bottles under a purified nitrogen atmosphere. 
n-Butyllithium was used as a scavenger for  removing impurities in 
the polymerization system. After the addition of lithium a-methyl 
naphthalene as initiator, polymerization was carr ied out in a thermo- 
stat at 30°C. After a certain conversion, the polymerization bottle 
was cooled to 0°C. Then a certain amount of polar modifier was added 
and the polymerization was continued in a 0°C thermostat. A t  the end 
of polymerization, ethyl alcohol containing 0.5% antioxidant 264 was 
added to stop the reaction. The product was vacuum dried at 50°C. 
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3. H y d r o g e n a t i o n  
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The stereotriblock polybutadiene was dissolved in cyclohexane and 
put in an autoclave. After purging with purified nitrogen, a catalyst 
composed of cobalt 2-ethyl hexanoate and triisobutyl aluminum at a 
molar ratio of Al/Co = 3.2 was added. The content was s t i r red and 
heated to 50°C. Then hydrogen was bubbled in for  30 min at 2.5-2.8 
kg/cm2, The hydrogenated product was washed with 6% hydrochloric 
acid, several times with water till neutral, precipitated with isopropyl 
alcohol containing 0.5% antioxidant 264, and vacuum dried at  50°C. 

4. C h a r a c t e r i z a t i o n  

The IR was measured by a Perkin-Elmer 580B spectrophotometer 
using a KBr crystal  coated with the specimen. Absorptions at 738, 911 
and 967 cm-I are characteristic of cis-1,4, 1,2, and trans-1,4 
microstructures, respectively. Proton NMR spectra were obtained 
with a 100-MHz spectrometer using CC14 as solvent and TMS as the 
internal standard. The peak at 5.126 is due to =CH- protons of 1,4 
and 1,2 microstructure; 4.76,2.00, 1.19, and 1.818 a r e  for  the =CH2, 
-f!!H-, and -CH2- of the 1,2 microstructure and -CH - of the 1,4 micro- 
structure respectively, [9]. The molar content of 1,4 and 1,2 units can 
be calculated from 2M1,4 + 0. 5M1,2 = A and 2.5M = B, where A and 
B represent the relative integral heights of the peaks a t  5.12 and 
4.766, respectively. GPC was carr ied out in a SN-01 type apparatus, 
using THF as the eluant. The glass transition temperature was de- 
termined by a torsional pendulum apparatus made by Fudan University. 
Crystallinity was measured by a Rigaku 3015 x-ray diffraction ap- 
paratus. 

2 

1 9 2  

R E S U L T S  AND DISCUSSION 

1. T h e  E f f e c t  of P o l y m e r i z a t i o n  T e m p e r a t u r e  a n d  
P o l a r  M o d i f i e r  o n  t h e  M i c r o s t r u c t u r e  of 
P o l y b u t a d i e n e  

Figure 1 shows how the polymerization temperature affects the 
microstructure of polybutadiene. Without the addition of polar modi- 
fier, the 1,2 contents of the polybutadienes were almost constant at 
polymerization temperatures above 30°C, whereas below 30°C the 1,2 
content increases with a decrease of polymerization temperature. In 
the presence of polar modifier, the 1,2 content decreases with an in- 
crease of temperature in the range from -20 to 50°C. 

Different kinds of polar modifiers have different influences on the 
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FIG. 1. Dependence of 1,2 content of polybutadiene on polymeriza- 
tion temperature. (A)  Without polar modifier. (B)  TMEDA/Li = 3/1. 
( C )  DGM/Li = 3/1. 

microstructure of polybutadiene, as shown in Table 1 and Fig. 2. Di- 
ethylene glycol dimethyl ether showed the most evident effect of the 
polar modifiers studied, and when its molar ratio to initiator is 3, 
the 1,2 content can reach to 90%. 

2 .  C o n t r o l  of B l o c k s  R a t i o  

Preliminary experiments indicated that when the butadiene con- 
centration was 100 g/L and the solvent was cyclohexane, polymeriza- 
tion of butadiene using lithium a-methyl naphthalene as the initiator 
was better when carried out a t  30°C. Not only was the 1,4 content 
higher, but there was little temperature r ise  and the polymerization 
was easier to control. Figure 3 represents the conversion-time curve 
and Iinear relationship between conversion and molecular weight. This 
condition is convenient for  the addition of polar modifier in the course 
of polymerization in order  to control the blocks ratio. Since the 1,2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1,2- 1,4- 1,2-STEREOTRIB LOCK POLYB UTADIENE S 

TABLE 1. Effect of Different Polar Modifiers on the l,2-Content of 
Pol ybutadiene 
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Polar modifier /initiator, 
molar ratio 

Polar modifiers 1: 1 4: 1 40: 1 80: 1 

Tetrahydrofuran 37.1 49.9 - 80.2 
Dioxane - - 61.8 76.1 

Anisole - - 40.3 63.4 

Ethylene glycol dimethyl ether - 66.2 78.2 - 
Diethylene glycol diethyl ether 79.2 88.6 - - 
Diethylene glycol dimethyl 

ether (DGM) 90.5 91.5 - - 
Tetramethyl ethylene di- 

amine (TMEDA) 82.2 82.5 - - 

100 
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ae 
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k 70 
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60 
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1 2 3 

FIG. 2. Dependence of 1,2 content on concentration of polar modi- 

Polar modifierfinitiator, molar ratio 

fiers. (A) DGM. (B) TMEDA. 
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FIG. 3. Relation between time-conversion and conversion-molecu- 
lar weight. 

Time 

content of polybutadiene increases with a decrease of polymerization 
temperature in the presence of a polar modifier, the formation of 1,2 
block was better when carr ied out at  0°C. Table 2 compares the pre- 
dicted molecular weight and the 1,2/1,4/1,2 blocks ratio of the stereo- 
block polybutadiene with experimental ones. The experimental blocks 
ratios were calculated by 

C = 0.21B + 0.90 ( 1  - B )  and A = ( 1  - B)/2 

where C represents the 1,2 content of polybutadiene measured by IR 
o r  IH-NMR spectrometry, and B and A are the percentages of 1,4 
block (79% 1,4) and 1,2 block (90% 1,2), respectively. 

Both IR spectra (Fig. 4) and 'H-NMR spectra (Fig. 5) show the 
presence of cis- 1,4, trans-1,4, and 1,2 microstructures in stereotri-  
block polybutadiene. Their contents, calculated by both methods, were 
within a relative e r r o r  of 5%. 

polybutadiene can be well controlled during synthesis. 
It can be seen from Table 2 that the blocks ratio of stereotriblock 
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I 
6 5 4 3 2 1 ppm 

Chemical shift 

FIG. 5. 'H-NMR spectrum of a stereotriblock polybutadiene. 

3. M o l e c u l a r  W e i g h t  D i s t r i b u t i o n  of 
S t e r e o t r i b l o c k  P o l y b u t a d i e n e  

Both homopolybutadiene and the stereotriblock polybutadiene have 
a quite narrow molecular weight distribution ( Mw/Mn = 1.1) when 
synthesized using lithium a-methyl naphthalene initiator. Figure 6 
shows the GPC curve of the stereotriblock polybutadiene. This indi- 
cates that the addition of polar modifier in the course of polymeriza- 
tion did not induce chain termination of the transfer process and that 
the synthesized polybutadiene was not a blend. 

4. D y n a m i c  M e c h a n i c a l  B e h a v i o r  of t h e  
S t e r e o t r i b l o c k  P o l y b u t a d i e n e  

Figure 7 is a plot of the dynamic mechanical properties of one of 
the stereotriblock polybutadienes with Mn = 2.4 X lo5 and a blend of 
1,4 and 1,2 homopolybutadienes with close molecular weights. Both 
of them are shown to be heterogeneous, having two transition tempera- 
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25 24 23 22 21 20 19 1 8 V e  

FIG. 6. GPC curve of a stereotriblock polybutadiene. 
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FIG. 7. Dynamic mechanical property of stereotriblock poly- 
butadiene (dashed curve) and blend of 1,4 and 1,2 homopolybutadiene. 

tures close to those of the homopolybutadienes. This implies that the 
polybutadiene we synthesized is not a random copolymer. 

5 .  M i c r o s t r u c t u r e  of  t h e  H y d r o g e n a t e d  
S t e r e o t r i b l o c k  P o l y b u t a d i e n e  

The IR spectrum of the hydrogenated product in Fig. 8 shows the 
presence of the characteristic absorption of -CH2-CH2- at 720 cm-l,  

that of CH2-CH(C2H5)- at 775 and 1379 cm-l,  and almost the total 
disappearance of double bond absorption at 738, 911, and 967 cm-l.  

The hydrogenated stereotriblock polybutadiene was treated in two 
ways. ( 1 )  It was dissolved in tetralin, which is usually a solvent for  
polyethylene, and precipitated with phenyl ethyl alcohol. ( 2 )  It was 
dissolved in o-dichlorobenzene, a good solvent for  polybutene- 1, and 
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then precipitated with dimethylformamide. These two precipitates 
had the same content of ethylene and butene units as measured by IR. 
This means that the hydrogenated product is indeed a (butene-l- 
ethylene-butene- 1) triblock copol mer. X-ray diffraction analysis 
showed that i t  contained over 30 B o crystallinity. 

6. M e c h a n i c a l  P r o p e r t i e s  of  t h e  S t e r e o t r i b l o c k  
P o  1 yb  u t a d  i e n e  s a n d  T h e  i r H yd  r o g e n a  t e d  P r o d u  c t s 

The steroetriblock polybutadiene can be hot-pressed into film. Its 
tensile strength was - 10 kg/cm2 and the elongation was 500% with- 
out vulcanization. The hydrogenated product behaves like a thermo- 
plastic elastomer. Its tensile strength, elongation, and permanent set  
varied from 20 to 50 kg/cm2, 400 to 800%, and 4 to 22%, respectively. 
Table 3 shows that elongation of the hydrogenated block copolymer in- 
creases  with an increase of the polybutene- 1 block length, whereas 
the tensile strength increases with an increase of the polyethylene 
block length. When the microstructure of the copolymers are almost 
the same, tensile strength and elongation increase with increasing 
molecular weight. In general, the mechanical properties are better 
when Mn > 2.0 X lo5 and the polybutene-1 content varies from 20 to 60%. 
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