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Effects of Reaction Temperature and Polymer Surface Area
on the Radiation-Induced Grafting of MMA

onto Radiation Polymerized Polyethylene

Takancbu SUGO, Takeshi WADA, Sueo MACHI

and Masaaki TAKEHISA

Pilot Scale Research Station, Takasaki, JAERI

(Recerved December 27, 19273}

Radiation-Induced polymerization can produce powder
polyethylene of large surface area, and constant
crystallinity with the surface areas cariable as desired,
These samples are therefore suitable to study the effect of
surface area in radiation grafting, The radiation grafting
of MMA is gas phase by pre-irradiation in the air has been
investigated, to observe the effect of surface area on the
temperature dependence of grafting rate, In grafting at low
temperature (20-30°C) the grafting rate depends on the rate of
radical migration to the polymer surface, where the grafting
takes place, The rate thus increases with surface area, At
high temperatures (40-60°C), on the other hand, the grafting
rate is determined by the radical concentration in the
initial stage since the radicals decay rapidly. Temperature
dependence of the grafting rate is smaller for polyethylene

with large surface area.
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Table 1. POLYMERIZATION CONDITIONS OF y-RADIATION
POLYMERIZED POLYETHYLENE

Run Ro. Polymn. Temp. Ftow Rate Pressure
°C Kg/hr Kg/cm?
p- 2 g5 15 400
P-11 30 13 325
P-12 70 13.1 400
P-13 30 13.6 400
P-16 45 12.0 400
F-18 30 13.5 225
p-29 30 9.0 400
P-31 30 27.5 400
Table 2. PHYSICAL PROPERTY of POLYETHYLENE
Folyethylene Polymn.Temp. Molecular Wt. Melt.Point Branches Density sp.Surface Area
°C Mn X 107* °C CH4/1000C g/ce m?/g
p- 2 95 2.2 115 9.0 0.933 22
P-11 30 5.8 120 — 0.940 88
P-12 70 3.5 17 6.4 0.934 47
P-16 a5 8.8 119 3.0 0.935 102
p-18 30 2.8 121 2.4 0.943 115
P-31 30 12.0 118 4.0 0.933 94
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Table 3. GRAFT CO-POLYMERIZATION of M M A onto POLYETHYLENE

Polyethylene Pre-Irrad. Reaction Reaction Degree of

Dose ~ Temp. Time Grafting

Mrad. *C Min. %
P~ 12 1 20.5 60 7.04
P-12 1 20.5 180 31.8
P-12 1 20.5 310 45.6
P-12 1 20.5 1260 145.4
P-12 1 20.5 1440 180.0
P-12 1 20.5 1590 218.0
P-12 1 20.5 2940 300.0
P-12 1 30 30 31.4
P-12 1 30 60 50.1
P-12 1 30 120 77.7
P12 1 40 10 32.8
P-12 1 40 30 63.3
P~ 12 1 40 .60 101.3
P-12 i 40 95 129.7
P-12 1 60 5 28.0
P-12 1 60 10 52.0
P-12 1 60 15 62.0
P12 1 60 60 124.8
P - 31 1 20.5 60 34.2
P - 31 1 20.5 180 73.1
P - 31 1 20.5 310 138.0
P - 3 1 20.5 1260 220.0
P -3 1 20.5 1590 254.5
P - 31 1 30 20 13.4
P-3 1 30 40 49.0
P - 31 1 30 60 56.5
P - 31 1 30 90 69.8
P - 31 1 40 10 - 30.5
P - 31 1 40 30 64.8
P - 3 1 40 60 85.6
P -3l 1 40 95 104.8
P - 31 1 60 5 30.8
P - 31 1 60 15 55.8
P - 3] 1 60 60 95.4
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Table 4. GRAFT CO-POLYMERIZATION of M M A onto POLYETHYLENE

Polyethylene Reaction temp. Degree of grafting

| % 7
P-12 20.5 7.04
P-12 30 50.1
p-12 40 101.3
P-12 60 124.8
P-31 20.5 3.2
P-31 30 56.5
P-31 40 85.6
P-31 60 95..4
p- 2 20.5 4.0
p- 2 60 140.0
P-11 60 97.3
P-16 60 85.5
P-18 60 78.5

Pre-Irrad.dose;1Mrad., Reaction Time§60min,

Table 5. APPARENT ACTIVATION ENERGY of GRAFT CO-POLYMERIZATION

Polyethylene sp. Surface Area Activation Energy
m2/g Kcal/mol
P-12 47 16.3
P - 31 94 7.6
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Table 6. RADICAL CONCENTRATION of IRRADIATED POLYETHYLENE

Polyethylene sp. Surftace Area Radical Conc.

m?/g spin/g
P-13 116 2.4 x 1017
P-12 47 5.3 x 10'3

Pre-Irrad. Dose ; 1.0 Mrad.,
Irradiation Temp.;30°C

Reaction Time Rt / Rig Rpt / RpO
{hr) (calc.data) {exp.data)
3 0.88 1
5 0.81 1
10 0.66 0.95
20 .44 0.84
30 0.29 0.61
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REACTION TEMP- ( °C ) a " Pre-Irrad. Dose 3 Mrad
60 40 30 20 EXIO” Reaction Temp. o 20 °c
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Fig. 9. Arrhenius Plot for Graft Copolymeri- Fig. 10. Decay Curve for Alkyl Radical of
zation of MMA onto Polyethylene. Polyethyleme in MMA vapour.
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Fig. 11 Adsorption of MMA on Graft Copolymer.
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Fig. 3. Plot of Degree of Grafting Against Fig. 4. Plot of Degree of Grafting Against

Reaction Time at 60°C. Reaction Time at 40°C.
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Fig. 5. Plot of Degree of Grafting Against
Reaction Time at 30°C.
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Fig. 6. Plot of Degree of Grafting Against Fig. 7. Plot of Degree of Grafting Against

Reaction Time at 20.5 °C.

Reaction Time at 20.5 °C.
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Fig. 8. Relation of Degree of Grafting with

Specific Surface Area of Polyethylene.
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