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2 ¢ : Vinyl unite] ggFo] Z+zt 2%, 6%, 9% E S Ye 3FFY polybutadiened 4
43}8te] 3F 79 polyethylene(PE)& d%lt}. Polyethylene2] 4§42 solid state NMR3} IR
2 88K T, vinyl unit®] $£43)0) &3 ethyl branch concentrationo) wig} PE(2), PE(6),
PE(@9)0)2} &3l 2™ polybutadiene®] vinyl unit® FE] €oZ ethyl branch®] Fo) o}
5418 ZAIQTE Polyethylene®l o, 8 y-relaxation points= PE(9) < PE(6) { PEQ2)¢o &
QF7re] 2718 B3, crystal lattice= PE(2) ¢ PE(6) < PE(9) 2.2 Z715lgon, JAARE A
Poll 4] PE(9)L strain hardening effecto] &3} 7} =& breaking stress& ¥l F9it}.

Abstract . Three kinds of polyethylenes(PE’s) were obtained from hydrogenation of three
polybutadienes which have vinyl unit of 2%, 6%, and 9%, respectively. Hydrogenation of
polybutadiene was investigated by solid state NMR and IR. According to the differences of
the ethyl branch concentration by hydrogenation of vinyl unit, they were identified as PE(2),
PE(6), PE(9), and their characterizations were examined on effect of branch concentration
given from vinyl unit of different polybutadienes. @, 8 y-Relaxation points of polyethylene in-
creased in order of PE(9) { PE(6) { PE(2). Crystal lattices increased going from PE(2), PE(6),
PE(9). In the tensile test, PE(9) showed the highest breaking stress due to the strain hardening
effect.

Keywords . polyethylene, polybutadiene, hydrogenation, branch concentration.
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Table 1. General Description and Compositional Ratios of Polybutadienes

Material Supplier Commercial name Composition
supplier experimental
cis/trans/vinyl cis/trans/vinyl
cis-PBD goodyear Budene 1208 98/ < 1/ 2 97.2/ 05 /2.3
trans-PBD phillips Trans-4 <1/ 94 /6 08/93.0/6.2
cis, trans-PBD scientific 36/55 /9 37.1/53.9/9.0
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Fig. 1. Solid state NMR spectra for hydrogenated
polybutadienes.
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Fig. 2. Infrared spectroscopy of cis-polybutadiene.
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Fig. 3. Infrared spectroscopy of hydrogenated cis-
polybutadiene.
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Fig. 4. Reaction mechanism for reduction of carbon-carbon double bonds with TSH.
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Table 2. Molecular Weights of the Different Polymers

CpPC LS Viscometer (o- d.vhifcmgk
Samples THF, 30C (THF, 30C)  (toluene, 30C) ' lcl3ct')>r°?: )enzene,
M,x10° M,x10° M,/M, M, x10° [#]¢dL/g) M, x10°
cis-PBD 1.43 3.44 2.41 4.00 2.86
trans-PBD! 1.50 3.15 2.10 1.00 2.0
¢t-PBD 1.58 3.89 2.46 4.51 2.70
PE(2)? 0.22 0.51 2.32 1.63 0.51
PE(6)? 0.27 0.54 2.00 1.72 0.54
PE(9)* 0.34 0.77 2.26 2.14 0.77
. 2 3 4in o-dichlorobenzene at 135°C and [#] M, by viscotek (@=0.701, logk=3.114).
CPC, LS, Viscotek : error within +10%.
Viscometer : error within 15%.
Table 3. Thermal Properties of the Different Polyethylenes
Material TLC) T.C)  4HU/®) e“:t‘tgé,gc/ o) dsc?rySt' (e) =
PE(9) -99.9 -21.6 35.6 84.5 81.7 0.8899 27.9 27.2
PE(6) -99.9 -20.9 35.6 112.7 1185 0.9045 40.5 37.9
PE(2) -96.8 -19.6 38.2 119.9 163.1 0.9241 55.7 51.7

! 4H} =70cal/g, the heat of fusion for perfect crystalline PE.
2 V,=1.170 cm¥/g, V.=1.000 cm?¥/g.

-0.2

Heat Flow(w/g)

-140 -90 -40 10 60
Temperature( T)

Fig. 5. o, B 7 Relaxations of three polyethylenes by

DSC.
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Z=6 o 2 7|98 k. 324 relaxation
point= PE(2) > PE(6)> PE(9)s2o & ZF¥ z}o}
7} At} Fig. 5 A &/ Eejd€led g
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AT WolA1 58 2 kX Ropint. A
3 ke 7HA €y Y relaxatione] #F A
++= Boyer!59} McCrum, Read ¥ Williams!® 2
2] Mckenna, Kajiyama, Macknight!’%3%
Mandelkern!8s] 9Js] ZA}Eo] gith. Figs. 6~8
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PE(6)9} PE(2)2] 3%+ ZAA Al vlaistd are-
laxation point7} Z}z} 20°C, 30°C F2oE °]%
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Fig. 6. DMTA spectra showing the various relaxa-

tions of PE (2).
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Fig. 7. DMTA spectra showing the various relaxa-

tions of PE (6).
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Fig. 8. DMTA spectra showing the various relaxa-
tions of PE (9).
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Fig. 9. Stress-strain curves for the three polyethyl-
ene samples of differing short chain branching.
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Table 4. Crystal Lattice of the Different Poly-
ethylenes

Orthorhomibic a=7.360, b=4.920, c=2.534

unit cell a=90.00, =90.00, y=90.00

Miller Indices  Spacings(A)
(h, k, 1) Cale. Values PE(2) PE(6) PE(9)
(0,2,0) 2.460 2.495 2.497 2.500
(1,1,0)  4.090 4,145 4.200 4.274
(2,0,0) 3.680 3.752 3.801 3.850

Ao} fracturert doPd wi74R] stress= =7}
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t}. olg HAuge TRy F4dle B
B oA %E] Oﬂg 1 & strain hardening effect
£ uej Z& PE9SH PE6) Al 234 9
0-]/(1,] crmcal regiong 7H 1 k= A& F
& # 9it}. Fig. 94 sl MEF9 Zgjogal
9] fracture?} ¥ojd wW7kx)9] stress= PE(2) 4
0 MPa, PE(6) 4.1 MPa, PE(9) 4.6 MPac|t}.
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A7 FE e R A o SASE ¢
S T
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group effectol] 2J3] @, £ y-relaxation points7}h
wolom packing densitys] stz AR =
=30] Wit
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lo [0 3@ X
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541



2l

2, 0), (1,1, 0), (2, 0, 0)& orthorhombic E&]d
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