Japan Society for Sinulation Technol ogy

123

(Gw 0 i 22-5

oI
E:)d

DFAHRED I L—2 g3 DRA
— PBTO#pfEETY v I~V XZEDICHE —

gt

T OB B Wl KO AR w0 WO e

ABSTRACT The quantitative analysis of the thermal degradation process has been simulated by the “Molic-
Mouse” method for one of the typical engineering plastics, polybutylene-telephtalate (PBT). The model that corre-
sponds with each chemical unit was designed and the stochastic calculation procedure was decided on the basis of
preliminary analysis of the thermal degradation with experimental data of TGA-GC/MS and Py-GC/MS. The generat-
ing ratio of scission products and detailed scission routes could be obtained to discuss the phenomenon. Although it
has been believed that the phenomenon cannot be analyzed unless a quantum chemical method like the first principle
method is applied, the detailed thermal degradation process of PBT (polybutylene-telephtalate) as a concrete example
can be clarified using the “Molic-Mouse” method, combined with the analysis for experimental data and with the
computer simulation. Also, the methodological difference between the experiment and the computer simulation is

discussed.
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£ 1 Function g(x) for each degradation mechnism
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1 Sample results of simulation using equation (1) (C: con-
centration, A: frequency factor)
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2 Supposed thermal degradation routes of PBT 7 B4 Chemical structure of PBT and modeling for Molic-mouse
method
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5 Modeling of a PBT polymer chain and scission reaction for Molic-mouse method
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6 Thermal gravimetric analysis of PBT

%2 Experimental scission products of PBT at 550°C

Mw Structure Y%

Al 122 @—COOH 19.05
g B1 176 @COOCM 4.92
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D1 274 C.H700C—©—Cnoc,u, 13.17
g B2 398 qn,ooc—@—cooc,n,coo—@ 3.23
& c2 | 297 @00C4H,C00© 0.75
s Cy 54 CH2=CH— CH=CH2 22.35
= DP 154 0.65
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3  Objective scission products list using Molic-Mouse mod-
COO0— eling and generation rates of products
g g p
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7 Basic scission points of the PBT polymer chain ]
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4 Degradation routes and scission points of the Molic-
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8 Not measured products of PBT thermal degradation at
550°C
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9 Direct scission routes to Al (left) and B1.(right) product
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10 Flow chart of the Molic-Mouse simulation
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5 Parameters for the simulation

Assumed Molecular Weight 22000
Degree of Polymerization 100
Num. Polymer Chains 10

Total Initial Models 4000
Num. Residue Models 200

6 Comparison of generating rates of PBT degradation prod-

ucts
Symbol | Mw Structure Experiment (%) | Simulation (%)
Al | 122 @““’0“ 24.74 26.17
E B1 | 176 @m"c:”v 6.38 7.89
é C1 | 220 m)()c—@—(:onc‘m 46.60 46.11
D1 | 274 Qn,ooc»@—cooc,m 17.10 18.00
5| B2 | 398 CJ!,OOC—@—CUUCJH,‘C(N)—@ 4.19 1.87
g C2 | 297 @-COOC«'WO‘@ 0.98 0.00

7 Each reaction rate for the degradation route of PBT

Route |Model structure and scission point| Product (%)
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