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Thermal Properties of Polymers Having Aromatic Rings
in the Main Chains
— Studies on the Polymers Related to Lignin —

Shigeo Hirose and Hyoe Hatakeyama

Thermal properties of polymers having aromatic rings related to lignin were investigated

by differential scanning calorimetry (DSC) and thermogravimetry (TG). The relationship

between chemical structures and thermal properties of polymers was discussed from the

viewpoint of molecular design. It was found that thermal properties such as crystallization,

relaxation in the glassy state and thermal decomposition temperature could be controlled

by the appropriate arrangements of chemical bonds and functional groups such as phenylene

group, methoxyl group, alkylene group and etc.
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Table 1. Chemical structures of lignin-related phenols and polymers.

Compound No. Chemical structure Derivative
p-hydroxypheny! 1
guaiacyl 2 @
H,CO
OH
syringyl 3
H,CO OHOCH3
— R=H
lyeth %O@c CH,)5 a
polyether 4 . C”) b RoocH,
O—f:)—CH:N—N:CH O0—(CH D m=
polyether 5 @ (CHp)p Cs : m, 6
OCH;, OCHj, Cg: m=38
O— CH=N—N=CH — 00— C(CH,)_C o
polyester 6 @ iV 2/my C6 : m=6
OCH, OCH, O 0 Cy: m=38
/O—CH2\ /CHZO\
polyester 7 0 C\H /C\ /CHA@Z— O%R(l% R= —(CH,)y-
OCH, O—CH, CH, O OCH; 0 O
polyacyl - 8 CH O(CH,),_, 0— CH:NNH%—R—ICiNHN R=-m-C¢H, —(CH,),~
hydrazone OCH, OCH, 0 m=2, 4, 6
R R R=0CH;. H
H a2 R'=-p-CgH,—
olyester 9 0 O0—C—R—C sH,
o @ I i b R'=-m-CeH,—
R R0 » ¢ R =—(CHyg—
7
polyether 10 é@O@R—@O i giC(CHa)z
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Table 2. Thermal properties of polyethers 4.
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Polymer 7T, in N, Crystallinit Phase transition
No. R (KD ystatfinity (K)
4a H 507 crystalline not detected
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Fig. 1. DSC curves of polyether 5-Cg.
Heating and cooling rate: 10K/min.
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Fig. 2. DSC curves of polyester 6-Cg.

Heating and cooling rate: 10K/min.
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Fig. 3. Plots of log{log (X H/(Y. H*ZH[)]}against
log ¢ for the crystallization of polyether
5-Cg from the melt. Crystallization tem-
perature and Avrami’s index, n are indi-
cated for each line.
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Fig. 4. Plots of log{log{ T H/(YX H-Y. H,))}against
log t for the crystallization of polyester
6-Cg from the glassy state. Crystallization
temperature and Avrami’s index, n are
indicated for each line.
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Table 3. Thermal properties of polyacyl-
hydrazones 8.

Polyacylhydrazones T T T4
—(CHy),—, m —R— (K) (min) (K)
2 (CH,), 415 169 609

4 ” 388 21.0 609

6 ” 380 274 610

2 m-(CgH,) 484 99 622

4 ” 467 191 618

6 ” 456 197 615

7 : Enthalpy relaxation time.

3.2.2 vy rvFARE T o EEEETARY
AT

EERE ) TRTAD R SN BRE BT 55
THESRE N TV 5, CORKOETFOREE, Y
7= BER Y -/ - VOBEN SRR ELE 0%
THHEMBINE, £CT, Table 1 IRTL ST,
FEBERY T 270 E LT Ia(R = ~<0)-) KU 9 b(R
=O ) &, EIMENiE R 2270 E LTI c(R/=
—(CHp)y ) 2ER LI, V7= HEEEE &S R=
OCH, D 9 &S 57 R=HDI%2AZK L7 Table
41 R=0CH, D 3 i TD TG, DSCRU XLERT
DORERAT Lt T, MK 2E, FEERD IaKk
I DHDIEHER D Sc LD bMBMES RN &5
Dird, F, XEMICHERHETSH 5 9aDDSCHREH
ETRR, SREEE FTETONLIEELED LN,

— 106 —

E
Table 4. Thermal properties of polyester 9
(R= OCH3 ).
Polymer T, in N, FPhase transition
No R’ (K) (Crystallinity)
C 614 not detected
da (crystalline)
Ty, 525K
618 €
9b @ (amorphous)
9c¢ —(CHy)s— 588 T, 367K

( amorphous)

Table 5. Starting temperature of decomposition
(Ty’s) of polyesters 9 (R=OCH; and

R=H).
5 R’ Ta
in biphenyl units (K)
O~ OCH, 614
H 631
\@« OCH;, 618
H 615
OCH;, 588
~(CHy, H 578

>t =7, 9b, ek XEWICEEL THD, T, &
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Table 6. Thermal properties of polyethers 10,

Polymer Tq T4 in N,
No. R (K) (K)
10a ~C(CHy,— 470 778
10b — 498 808
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Fig. 5. Plots of logarithmic heating rate against the

reciprocal temperature where a constant
weight loss was given. Sample: 10a.
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