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ABSTRACT

The reaction kinetics of irradiation-prepolymerized MMA-PU

(polyether) IPNs have been studied by FTIR. The results indicate that the

polymerization of each component in the IPN follows its normal distinct

reaction mechanism with no mutual interference. Increasing the

concentration of TMPTAM (crosslinking agent of PMMA) increased the

formation rate of PMMA, While the formation rate of PU networks

remained almost the same. Increasing the concentration of TMP

(crosslinking agent of PU) increased the formation rate of PU, While the

formation rate of PMMA networks decreased. The formation rate of PU

was obviously faster than that of PMMA. A theory for the cage effect of

the PU network has been proposed.
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Experiment

Precisely weighted amount of various reagents were mixed thoroughly

by ultrasonic wave. The mixture was cast into a mold made by two glass

plates, sealed with rubber, and polymerized by Co60-y radiation at

appropriate radiation does and does rate, and then put in a oven at 100°C

for4h.

Materials:

poly (propylene oxide) with ethylene oxide (PPO-EO) ,

4,4'-Diphene methane diisocyanate (MjM),

stannous octoate (OCSn)

Trimethylol propane (TMP)

Methyl methacrylate (MMA)

Trimethylol-1,1,1 -propane trimethacylate (TMPTMA)

Instrument:

Nicolet 5DXC FTIR, America Nicolet instrument company Fourier

transform spectrometer

Results and Discussion

Macro editor is Nicolet 5DXC FTIR Spectrometer system was used

for the study of reaction kinetics of PU and IPN. The good features of the

study are easy operation, accurate measurement of time and species

concentration, as well as efficient works. It is suitable to study the

polymerization, which was completed only within several minutes. The
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reaction order of polyurethane bulk polymerization was found to be 2

below a specific reaction extent which is depended on the nature of the

catalyst. The absorption peaks at 2280cm"1 was chosen as the

characteristic absorption o TDI or MDI. The intensity of both peaks

showed a gradual decrease with the polymerization of each component

(FIG1)

The relationship between the conversion ratio ( a ) and the

concentration of monomer ( c) can be expressed as

a =(C0-C)/ Co

Where Co is the initial concentration of the monomer at time t̂  A linear

relationship as shown in FIG 2, FIG 5. The rate constants can be

determined from the slopes of the plot.

From FIG 3-4 and Table 1 ,The activation energy for the reaction can

be calculated, the value is 26.6 KJ • mol"1.

The activation energy increases from 26.6 KJ • mol"1 for individual PU

to 48.5 KJ • mol"1 for PU in the IPN. The activation energy increases from

50.9 KJ • mol"1 for individual MMA to 60.5 KJ • mol'1 in the IPN,

References

1. Xue Suchang, Zhang Zhiping, Ying Shengkang, polymer, 1989,30,1269

2.LuoNing, Zhang Zhiping, Spectroscopy and spectral analysis, 1994,4,38

- 2 2 8 -



JAERI-Conf 2000-001

T t-0 NCO

2400 2360 2320 2280 2240 2200 2180

cm"1 I

FIG 1 the absorption peak decreased

as the reaction proceeded MDI at 2280cm"1
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Fig. 2 Conversion of NCO in PU versus time. TMP/(poly-
cthcr + TDI) = 3/IOO; OcSn = 0-25%. Reaction temperature

(SC): « , 60; O, 70; A, 80; A, 90.
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'r'g- 3 a/C — a) °r NCO in PU versus time. Reaction tem-
perature (°C): • , 60; O, 70; A, 80; A, 90.

Fig. 4 In A- of NCO in PU versus \/T.
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Fig. 5 . Conversion of NCO in IPN versus time. PU/PMMA
50/50; TM1'TMA/MMA = 3/100; TMP/(po!yether + TDI)
3/100; OcSn = 0-25%; AII3N = 0-5%. Reaction temperature CC

« , 60; O, 70; A, 80; A. 90.
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TABLE 1. Reaction rate constants and activation energies for individual
PMMA and PU networks

Reaction
temperature

60
70
80
90

4
6
1
1

Reaction

PMMA
Is"1)

•20x 1 0 ' 5

85 x10~ 5

•03 x 10-"
•62 x 10"4

rate constant

PU
(litre mor 's" ' )

M 8 x 10"3

1 -35 x 10"3

208 x 10"3

2 57 x 10"3

Activation
(kJ mol

PMMA

509

energy

PU

26-6

- 2 3 0 -


