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Abstract

New block terpolymers of the poly[oxytetramethylebleck(multi-methylene terephthalat®locklaurolactam] (aGT-b-PO4-b-PA12)
with potential applications as elastomers have been obtained by melt polycondensation of dimethyl terephthalate or isophthalate (DMT,
DMI), glycols (aG), poly(oxytetramethylene)diol (PQM,, =~ 1000 g mol %) anda,w-dicarboxylic-oligolaurolactam (PA12 2250 g mol'Y).
The degree of polycondensation (DP) of poly(multi-methylene terephthalate) aGT amountsrte: BPFThe influence of the number of
carbons (a) separating the terephthalate groups as wekt®r parapositions of the ester groups in the benzene ring of other blocks, on the
synthesis, properties and structure of these elastomers have been evaluated. The influence of changes in chemical composition of ester blocl
(GT) on the structure and thermal and mechanical properties of the terpolymers have been determined by differential scanning calorimetry
(DSC), dynamic mechanical thermal analysis (DMTA), wide-angle X-ray diffraction (WAXS) and other standard physical methods. The
properties of aGT-b-PO4-b-PA12 depend upon the mutual interaction of PA12 blocks with PO4 blocks, whereas aGT with PO4 and aGT with
PA12, respectively. The characteristic properties of the aGT-b-PO4-b-PA12 terpolymers is the large content of the intgiphadeds).
The fraction of the interphase is dependent on the compatibility of aGT with PA12 blocks. The terpolymers prepared with the use of 3G and
4G exhibit the highest content of interphase. However, the 4Gl-b-PO4-b-PA12 terpolymer has the highest degree of soft phase separation.

© 1999 Elsevier Science Ltd. All rights reserved.
Keywords Poly[etherblock-esterblock-amide]; Terpolymer block; Soft phase

1. Introduction

occur with their simple mixtures [1-3]. In order to classify

the block elastomers to TPE, their internal structure must

A part of multiblock copolymers of the —(8,),— type
which have the heterophase structure are classified to a,
group of thermoplastic elastomers (TPE). A macromolecule
of the block elastomers consists of flexible and hard blocks
distributed alternately. These blocks differ considerably in
the physical and chemical properties. The flexible blocks are
capable of formation of matrix (soft phase). The hard
blocks, as a result of aggregation form the domains of
these blocks, constituting the hard phase. Such heterophase
systems are unique in that the dispersed domain structures.
are thermodynamically stable in the dispersed state. The
phase separation in the block copolymers is restricted to
molecular dimensions as a consequence of the incompatible
block components being joined together, thus preventing
gross physical separation of the two components as would
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comply the following conditions:

the soft phase (responsible for the elastic properties) must
possess a relatively small elasticity modulus and a
relatively low glass transition temperaturgg) and a
small density. Hence, the chemical composition of blocks
incorporated into the composition of this phase must
assure weak intermolecular interactions, and a large
capability for motion and rotation of the short sequences
of chain (small cohesion energy); and

the hard phase (responsible for the mechanical and
processing properties) has to possess a relatively large
modulus of elasticity, a high glass transition temperature
(Tg) and melting temperaturd ), and also a relatively
high density. The blocks forming this phase have to char-
acterise a tendency towards the aggregation with the
same kind of segments. Thus, the strong intermolecular
interactions occur, and so-called “pseudo cross-linking”
reversible thermally, (van der Waals bonds, hydrogen
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A,=aGT -oligoester block, a=2to6, x= 4 (m.w.~3880)
B,= POb - oligoether block, b= 4, y = 14 (m.w. ~1000)
C, = PAc+1 - oligoamide block, c= 11 z=11 (m.w. ~2250)

Scheme 1.

bonds, ionic bonds, the ability to crystallisation, the polar being a mixture of oligoether and short oligoester
and dispersive interactions). The intermolecular inter- sequences, a small interphase and the spherulite crystalline
actions of hard blocks affect the stabilisation of the phase relatively free from the lattice defects (crystal defects)
phase structure of the entire polymeric system. The [13-19,22].
hard blocks have to be characterised by a considerably From a hitherto own achievement in the field of PEE
larger cohesive energy density of matter than the flexible syntheses [36—40] and the research experience of the relaxa-
blocks, thereby a higher thermodynamic potential. The tion processes in the multiphase systems [41,42], out comes
potential difference comprises the driving force for the the idea of preparation of previously unknown poly(ester—
formation of a heterophase structure [1,3]. ether—amide) block elastomer TPEEA, i.e. the terpolymer
. _ of the —(AB,C),— or —[(B,AJ)(B,C)],— type. Predicting
Therefore, important and a necessary feature of multi- \he gccurrence of beneficial intermolecular interactions in
block elastomers is a mutual thermodynamic incompatibil- g,ch 4 ternary system, the possibility of preparation of a new
ity of blocks which depends upon both the chemical e of polymers with the specific features was assumed by
composition anq the molecular. yve|ght. This feature deter- o composition of polyamide with polyether and polyester
mines the selection of blocks utilised for the manufacture of using the method of block melt condensation polymerisa-
block TPES. Summarising above, it can be concluded that o "The system of the three blocks creates greater possibi-
the characteristic properties of block TPEs are a result of |5 of controlling the desired (expected) features through
their specific molecular composition and the phase structure o change of the quantitative composition or by preferential

[4-6]. - joining of segments. This also facilitates the synthesis
General characteristics of the block elastomers has bee'brocess.

pre;entgd in anu'mber.of literature (reviews) surveys [7-91 " An initial point of TPEEA preparation was a typical
Taking mto_ Con3|der_at|on thg chemical composition, for a synthesis of block PEE obtained from dimethyl tereph-
group of widely applied multiblock elastomers (AB)ave  najate, 1,4-butanodiol andw-oligo(oxytetramethylene)diol
been classified [3,10,11]: with the molecular weight 1000 g mol, where dicar-
Cpoxylic oligoamid is additionally introduced. Therefore, it
can be assumed, that the synthesis of multiblock poly(ester—
ether—amide) relies on a deep modification of PEE by
dicarboxylic amide block [43—48].

In this paper | have described the synthesis of TPEEA and

Numerous aspects of micro- and macrostructure of thesethe relationship between the chemical composition of ester
elastomers have been elucidated in the last quarter of theblock and the properties in connection with the phase
century. The influence of the chemical and physical compo- structure of TPEEA block elastomers.
sition of the respective blocks on the relaxation properties, The approximate chemical composition of the prepared
structural composition and on the microphase separation ofterpolymer is represented by formula as shown in Scheme 1.
the multiblock elastomers in copoly(ester—ether)s [12—26], | have prepared and studied these terpolymers, in wdinh
polyurethanes [4,27—-30] and copoly(ether—amide)s [2,31- PE block is 2, 3, 4, 5, and 6, to determine the effect of
35] have been investigated in detail. A model of the super- lengthening the aliphatic component and of having odd
molecular structure which is distinctive of PUE and PAE and even numbers of carbon atoms in it. Wdh=4, |
has been proposed for PEE elastomers. PUE and PAE have Aave also prepared the PE block in the terpolymer with
well-shaped amorphous phase, a large interphase and thésophthalic acid, to study the effect of symmetrical and
pseudocrystalline or semicrystalline phase [2,5,23,27,30]. non-symmetrical substitution in the benzene ring. The
Whereas PEE elastomers possess the amorphous phadellowing terpolymers were selected for the examinations:

o copoly(ether—urethane)s, copoly(ester—urethane)s an
copoly(ether—urethaneurea)s (PUE);

o copoly(ester—ether)s (PEE);

o copoly(ether—amide)s (PAE).
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o poly[(multi-methylene terephthalaté&jock{oxytetra-
methylene)block{laurolactam)] (aGIb-PO4b-PA12)
¢ poly[(tetramethylene isophthalatb)ock{oxytetra-
methylenedblock{lauro-lactam)] (4Gib-PO4b-PA12).

2.3. Sample preparation

Samples were obtained by injection moulding and by
compression moulding. Injection moulding was carried
out at ~50 MPa at a temperature approximately°Q0
higher than the melting pointT{) determined with a
Boéthius apparatus. Compression moulding was performed
at~8 MPa at a temperature approximately@higher than
the melting point.

2. Experimental
2.1. Materials

Synthesis oaGT-b-PO4b-PA12 multiblock elastomers
were carried out using the commercially available 2.4. Determination
substrates, namely: dimethyl terephthalate (DMT), dimethyl
isophthalate (DMI), and ethylene glycol (2G)—Chemical  The relative viscosityy, of the a,w-dicarboxylic oligo-
Plant “Elana”; 1,3-propanediol (3G) 1,5-pentanediol (5G), amides was determined by an Ubbelohde viscometer,
and 1,6-hexanediol (6G)—Aldrich Chemie; 1,4-butanediol according to PN 83/C-89039 (solveny$0,). The concen-
(4G)—BASF; «,w-oligo(oxytetramethylene)diol (Tera- tration of residual carboxylic end-groups [-COOH] was
thane)—Du Pont with the number average molecular determined by means of titration analysis. A solution of
weight 1000 g mol%; dodecano-12-lactam (laurolactam), oligoamide in a phenol—ethanol mixture was titrated by
and sebacic acid—Aldrich Chemie. The lactam and the 0.02 N HCI in the presence of bromophenol blue until the
dicarboxylic acid are the substrates prepared in our labora-colour changes to pink-violet. The concentration of amine
tory: o, w-dicarboxylic oligo(laurolactam) (PA12) with the groups [-NH] was determined by the titration of an oligo-
number average molecular weight 2250 g md#3]. amide solution in benzyl alcohol with 0.02 N NaOH in the

A catalyst, magnesium—titanate complex (Mg-Ti) presence of phenolphthalein until the colour changes to
prepared in our laboratory from tetrabutoxy titanate, was pink.
also utilised in the syntheses. The limiting viscosity number +f] of the poly[ether
block-esterblock-amide] terpolymers in phenol-trichloro-
ethylene (50:50 vol/vol) was determined by an Ubbelohde
viscometer Il at 38C. The melt flow index (MFI) of terpoly-
mers was examined by a plastometer (CEAST type 6841) at

Synthesis of poly[etheblock—esterblock—amide] terpo- 18C°C. Optical melting pointd,, were determined using a
lymers with various chemical composition of ester block Boetius microscope (HMK type Franz Kustner Nacht KG)
was a three-step process in the presence of magnesium-at a heating rate of°€/min. HardnessH) measurements
titanate organometalic complex as catalyst. The first stepwere performed on a Shore A and D apparatus (Zwick, type
was the transesterification reaction of dimethyl terephtha- 3100) according to standard DIN 53505(1SO 868, PN-80/C-
late (DMT: 2 moles) and glycol (G: 3 moles). As a result 04238). The tensile data were collected at room temperature
GTGTG+ 4CH,OH1 is formed. The second step, taking with an Instron TM-M tensile tester at a cross-head speed of
place simultaneously in another reactor, was the esterifica-20 cm min .

2.2. Synthesis

tion reaction ofa(w-dicarboxylic-oligolaurolactam (PA12)
with poly(oxytetramethylene)diol (PO4, PTMO). The
obtained product is POB-PA12-b-PO4+ 2H,O1. The

The microcalorimetric examinations were recorded on a
DSC-2 (Perkin—Elmer) apparatus. The samples were exam-
ined in a triple cycle (heating—cooling—heating) in the

third step was the polycondensation reaction of these twotemperature range from-120 to +200°C. The rate of

previously prepared intermediate compounds. GTGTG
PO4b-PA12b-PO4— [PO4b-PAL12b-PO4b-(GT)], + G1.
Analysing the quantity of methanol and water collected
from the reaction environment respectively, it was

both heating and cooling was t@min. The glass transi-
tion temperature and melting temperature observed in the
low-temperature regionly, and Ty, respectively, refer to
the soft phase. The endotherms observed in the high-

concluded, that the conversion in the transesterification temperature regiorly, and Tn,,, refer to the hard phase.
reaction amounts to 98%, and the degree of esterification The dynamic mechanical thermal analyses (DMTA) were

of this reaction 88%. The degree of conversion of esterifica-

performed on a Rheovibron DDV-II viscoelastometer in the

tion and transesterification reactions were expressed as aemperature range from120 to +200°C at 35 Hz. The

ratio of mass of released water or methanol to the stoichio-

storage modulus’, loss modulus”, and loss tangent

metric amounts of these products, and reported as a percentan é were determined.

tage. A detailed description of this synthesis is given in

previous papers [44—-48]. The obtained products are light-

WAXS experiments were carried out on a Rigaku goni-
ometer and Ni-filtered CuKradiation from a Rigaku rotat-

cream coloured; they resemble PUE polyurethane elasto-ing anode generator. X-ray diffraction patterns were taken at

mers by their appearance and on touch.

room temperature.
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Table 1

Properties of oligoamide

Symbol Nrel” [COOH] (neq g™ [NH] (neqg*° My, (g mol™)° My (g mol ™) T (C)'
PA12 1.101 893 8 2225 2250 172-178

2 According to PN 83/C-89039.

P Solution of oligoamide in a phenol—ethanol mixture, titrated with 0.02 N HCI in the presence of bromophenol blue to change of color to pink-violet.
¢ Solution of oligoamide in benzyl alcohol in the presence of phenolphthalein, titrated with 0.02 N NaOH to change of color to pink.

d Calculated from the content of carboxylic groups.

€ Calculated from the stoichiometric ratio of the substrates.

" Determined by means of the Boethius microscope, type HMK, heating tatin3®,

3. Results and discussion the polycondensation reaction progress. Fig. 1 illustrates the
changes of ] values during the polycondensation reaction
Some properties of obtained,w-dicarboxylic-oligo- in the synthesis of poly[ethdrlock—esterblock—amide]

amide PA12 are compiled in Table 1. A high content of terpolymers, differing in the chemical structure of oligoester
carboxylic groups in these products attests to the reactivity (GT) block. The terpolymers with 2GT block undergo the
of sebacic acid utilised for the regulation of the molecular fastest polycondensation. The terpolymers with 4GT and
weight. The differences between a value of the molecular 4Gl blocks achieve the largest molecular weights. During
weight enumerated from the amounts of the carboxylic the polycondensation of these three terpolymers, the highest
groups and the viscometric testing, and this assumed theopower consumption by stirrer motor was observed.
retically, do not exceed 5% of measuring error, which  The aGFb-PO4b-PA12 terpolymers have good mechan-
implies to the correctness of the experimental assumptions.ical properties. The “stress—strain” curves of these terpoly-
A value of the melting temperature of oligomer is lower mers are characteristic for the thermoplastic elastomers
than the temperature of respective polyamide, which is in (Fig. 2). The tensile strength values of the samples of
agreement with the commonly known influence of the mole- terpolymers are satisfactory and similar to urethane elasto-
cular weight of polymers on their melting temperature. mers (PUEs) with the same hardness. The elongation
Multiple syntheses of the dicarboxylic oligopamide PA12 smaller than for PUE.
were performed achieving the repeatability of results The composition and preliminary characteristics of the
verified at a significance level of 99%. terpolymers are given in Table 2. The number of carbons
a separating the terephthalate groups in the ester block of
aGT-b-PO4b-PA12 terpolymers influences their limiting
viscosity number, tensile datd,,, MFI and elastic residue
An increase in the limiting viscosity number values] [ after 100% elongation. Hardness is the largest for the 2GT-
determined during the synthesis was used as a measure df-PO4b-PA12 terpolymer. The best mechanical properties
have the terpolymers with the numbees= 2 and 4, whereas
2 the best elastic residues exhibit terpolymers with 3GT, 4GT,

3.1. Properties of PO4-b-GT-b-PO4-b-PA12

4Gl. The elastic residues are significantly better than that for
(a1, 4G, PEE elastomers and comparable with PUE. The elongation
. € is smaller than that for PUE. The terpolymers with 4GT
g (4GT),
.q N 15 (2GT), (3GT), (4GI),
E PA12-b-(4GT), o
@©
% 10 (5GT),
0,51 SI
[%2]
o
&5
0 40 80 120 160 200 240 0
Time, min 0 100 200 300
Strain, €, %

Fig. 1. The polycondensation reaction progress, expressed as an increase
in [n] with time, for aGTh-PO4b-PA12 terpolymers NI, block: Fig. 2. The stress—strain curves of aB-RO4b-PA12 terpolymers at room

PO4= 1000, GT= 880, PA12= 2250). temperature.



Table 2

The composition and the propertiesa@T-b-PO4b-PA12 terpolymers (DP, degree of polycondensation of ester block (gF)iriting viscosity number; MFI, melt flow index, hardness Shore A and Bj;,

residue after 100% elongation, whiyes the initial length of sampld, the find length of sample after

tensile strength¢, elongation;T,, melting point with Boethius apparatust, oo = [(Ix — 1,)/1,1100%

“elongation—recovery” cycle)

€ (%) Al o (%) Tm (°C)

[n1 dg™ MFI (g min~9 H (Shore A) H (Shore D) o, (Mpa)

PO4/PA12/GT
weight ratio

(%)

DPgr

PO4/PA12/
DMT/BD-1,4
molar ratio

Polymer sample

166—170.

90
160
290
330
260
270

15.4

33
28
30
28
29
29

96
91
92
91
92
92

0.34
1.22
0.59
1.04
0.73
0.65

1.21
1.44
1.70
1.38
1.49
1.64

42/41/17

4
4
4
4
4
4

2/1/5/9
2/1/5/9
2/1/5/9
2/1/5/9
2/1/5/9
2/1/5/9

2GT

138-146.

10
13
18
22

14.9

42/41/17

3GT
4GT

136-145.

16.4

42/41/17

140-148.

12.3

42/41/17

5GT

142-150

10.1

42/41/17

6GT
4Gl

©o
<
—
Lo
(921
—

14.5

15.8

42/41/17
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12,5

-[PO4-b-PA12-b-PO4-b-(aGT),]-,

o
e
Z
L
-100 -50 0 50
Temperature, °C
-[PO4-b-PA12-b-PO4-b-(aGT) -, 2GT,
3GT,
4GT,
8 5GT,
=z
L

6GT,

50 0 50 100 -150
Temperature, °C

Fig. 3. The DSC thermograms of aG¥PO4b-PA12 terpolymers in low-
temperature region (heating, cooling).

and 4Gl blocks exhibit the lowest melting points among the
discussed set of the samples. Simultaneously, they are char-
acterised by the smallest MFI, which attests about their
highest viscosity in the molten state. This property was
observed during the injection molding and compression
molding of the samples. Their injection temperature was
about 10C higher than the other samples. In terpolymer
with the numbera=4, the change of positions of the
ester groups in the benzene rings frgrara into meta
does not affect the mechanical and thermal properties of
terpolymer.

3.2. Differential scanning calorimetry and dynamic
mechanical thermal analysis

A suitable way of rapid investigation of the phase ratios is
to combine DSC examination with DMTA. The results of
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-[PO4-b-PA12-b-PO4-b-(aGT) -, 163

130

PA12 m.w.=2000

ENDO
ENDO

0 50 100 150 200 , , , , ,
Temperature, °C -100 -b0 0 50 100 150 200
Temperature, °C

-[PO4-b-PA12-b-PO4-b-(aGT) -, %2

Fig. 5. The DSC thermograms of 4GFPO4h-PA12 and 4Glb-PO4b-
PA12 terpolymers in low and high-temperature region.

PA12 m.w.=2000

from the hard phase in the samples of terpolymers
composed from the 3GT, 4GT, 5GT, 6GT and 4Gl blocks.
A slight increase ofly, in these terpolymers in relation to
Ty, pos= —88°C, allows to conclude that amorphous soft
phase incorporated in the matrix composition is composed
from the PO4 blocks and a small amount of the GT and
PA12 blocks. The 2Gb-PO4b-PA12 terpolymer has a
10°C higher glass transition temperature than the other
terpolymers. This indicates the increasing fraction of 2GT
in the amorphous phase. Probably, the polydispersity index
0 50 100 150 200 of the —(2GT)- block formed during the polycondensation
Tempenmture, °C is larger than that of the remaining blocks (which is asso-
ciated with the reactivity of glycols under the same reaction
conditions). Therefore, in the polymer system of 26T
PO4b-PA12 occurs more shorter segments 2GT than in
the remaining samples of examined series. The short
DSC examinations ocdGT-b-PO4b-PA12 terpolymers are  sequences of 2GT are introduced in the PO4 amorphous
presented in Figs. 3—5. The samples of terpolymers werephase as a result of segregation. The Hildebrand’s solubility
heated, cooled and reheated in the temperature range fronparameters for 2GT, 4GT, PO4 and PA12 amount to
—100 to +25C°C. The glass transition temperatuf, 8,67 = 19.8/21.9 ¥%cm®? [50]; S467= 21.6/23.15 Fcm®?
change of the specific heAC,, crystallisation temperature  8pos= 17/17.5 ¥¥cm?¥? [2,50]; 8paro= 22.1 F%em? [2],
T, enthalpy of crystallisatiomH,, melting enthalpyAH,, respectively. From these parameters results, it is clear that
melting temperaturg&,, for the soft phase as well as the hard the 2GT sequences are more readily soluble in PO4. This
phase in a series of terpolymers, were determined. Theconfirms the aforementioned conclusion. The 4GT block
values are compiled in Table 4. Additionally, the data of mixes well with PA128,c1= 6pa1» and probably forms
DSC analysis for the (4GT,)PO4p00 PA124y blocks and the system of a homogeneous mixture. A decrease of melt-

ENDO

Fig. 4. The DSC thermograms of a@fPO4b-PA12 terpolymers in high-
temperature region (first and second heating).

(4GT)-b-PAl2g0s PO4gogh-PAL12g and PO4grb- ing temperature of PA1B-4GT significantly belowl,, of
(4GT), co-blocks are cited in Tables 3 and 4 for the compar- pure blocks, suggests the formation of disordered crystalline
ison purposes. structure and a spacious interphase. Thus, a hypothesis may

The constant value of the glass transition temperature be taken, that the 4GT block plasticise the polyamide hard
(Tgo = —70°C) of a low-temperature region, is characteristic phase [34]. The phenomenon of plasticisation of the hard
for aGT-b-PO4b-PA12 terpolymers with numbexr= 3, 4, phase also occurs in the 4@&MPO4b-PA12 and 4Glb-

5 and 6. This implies a good separation of the soft phase PO4b-PA12 terpolymers. The total fraction of PA12 and



1899

§'00¢ 8'v¢ 6¢1-98 T'ee LT 6 0¢ S'¢ 0§ 6'¢ SV — €y G€- vZ0 STL - 19v
S'TTC €',.Z 8ET-96 0'S¢e [ 96 134 0€ T8 0'S T- €9 LlE€— €20 G€L— 199
80¢ 9'8¢ 9€T—¢0T 2'9C 0¢ €0T €¢ 6'¢ i4 L6 L 9¢ LE-— 6T0 €L- 19§
00¢ 9'G¢ 0T [ T4 g'¢ 6 o€ L'E 18 VT S - [ 20 % 00 0L-— 197
T1¢ 9'6¢ OvT—90T §'9¢ 0¢ 90T ve o€ i4 6'v 4 §'¢ 8€-— 9T0 ¢l - 19¢
60¢ L'T€ L¥T—-90T 2'8¢ LT OoTT 14 €¢ 18 0'TT €T 99 8T - 9¢0 19— 19¢

(0:) L2 (B0 HY (D) PL (B0 PHY (DB0)PHY (0)PL (D) 2L (B 0)2HY () P11 (6)™HY (0)™L (Br)PHV (D) PL (;Bep, 6r)™ov (D) *Lajdwes swAjod

<Y me Bunjsw Jo 1eay = °Hypue Uge Bunpw Jo esy = UHy @] P ulresy uonesijeishin = ¥HY

‘udfpweInreladwal-ybiy ul Ajaanoadsai ‘sainyeladwa) Julod Bunjaw pue uonesi|elsAId ‘uonisuel} sse|f = 4] 2 ) 20 @) @) Ty eay uonesijelsAid = PHy T ge Bunjaw jo eay = ™Hy 01 ul
abueyo Aioedes 1eay ‘wolf@yainelsdwal-mo| ul AjaAnoadsal ‘saineiadwsal Juiod Bunisw pue uonesi|eisAio ‘uonisuen sselb = M) ‘©) 8hpwAjodial ZTVd-0-7Od-0-19e o) synsal Apnis Dsa ay L
¥ 8lqel

"aseyd preH ,

R. Ukielski / Polymer 41 (2000) 1893—-1904

‘aseyd 1os ,

STy G'9Z T8T-9ST 9z 8GT - ov - - - - - 20 19— YU9v) —q-—2T0d
19 6’6 €9T-LET LE vET - - 4E |14 (014 g€ §E€- 600 LL- 000y, 0d-0-2%%%y d
19 0'Gr GET-62T 8¢ 6 8T0 91 - - - - - - {19¥)-q2%%Tvd
S8 0'T8 69T—VET 9'GL vET LT0 ot - - - - - - 000z Tvd
0'€9 G'06 €6T—6VT 6'€8 121 8T'0 09 - - - - - - 1oy -
S'v9 TTT 6T €16 4 ¥9'0 88— 000}, 0d

@) M (BO)™MHY (D)L (BC)PHV (0,)PL (Bep B2V (0,021 (@) *m (B0)™HV (D)™L (Br)™HY (D)L (. bep . 6r)™ v (0.) %L a|dwres JawAjod

([2] ;B £ 96 =21y [06] 22T =1V :[6v]

SHT =127 HpwA|od suleisAio Aj@191dwod jo Aydeius Jaw-""Hy TWHV Jo 2UHy sidwres JswAjod Jo Aydieius yaw *HY ((C'HY/HVY)peulaw ouawLiofed Ag pauiwisiap AlulelsAio jo asibap) “Hom
W) e Buppw Jo Jeay=2Hy 2] ul Jeay uonesielsAio =dtfps ainresadwsl-ybly ur  APAndadsas  ‘sainreadws) juiod Bupdsw  pue uonesielsAio  ‘uomisuely  sselb
=aw) @) b 19 yeay uonesijeIsAio = PHy IV ge Bunaw Jo Jeay =MHy 2iu abueyd Aloedes jeay = 2oy Iy sbueyd Anoedes resy = apybai aunelsadwal-moj ul AjaAnoadsal ‘sainjeiadwa)l
wiod Bunjsw pue uonesieisAo ‘uonisuen sse|b =Yg Eay pasedaid aie siswAjodial Jo uomsodwod sy ol paresodioour s18wA0dod S)0|g-NNW pue ‘sy20|q urew aaiyi 1oy Apnis DSa 8yl
€ 9lqel



1900 R. Ukielski / Polymer 41 (2000) 1893—1904

Table 5

The DSC study results for aGT-b-PO4-b-Pal2 terpolym&e, fo,=0.72 J g'dag * = heat capacity change i PO4 completely amorphous [2AH; .=
melt entalphy of completely crystalline polymetH;pos= 172; AH;coer= 140 [50]; AHcscr= 145 [49]; AH,cecr= 143 [49]; AH;c4ci= 192 [49];
AHicpp12=96 J g’1 [2]; ws=fraction of soft block PO4 in terpolymet 0.42; w,= (Wpa12 + Wgr) sum of fractions of hard blocks PA12 and
GT=0.41+ 0.17= 0.58; SR= degree of soft phase separati®nmin = (AHm2/WhAH; cc1), Wermax = (AHm2/WhAH; cpa12), Minimal and maximal degree
of crystallinity of high-temperature regiom,, = (1 — SR)Ws + (1 — WenmadWh, fraction of interphase; and the other notations same as in Table 4)

Polymer sample _ ACp AHm  SR(%) TwposTe(C)  TeoT2(C)  Tuparz Tm2 (°C)  Worrmin (%) Wopmax (%) Wign (%)
WsACypos  WsAHicpos

2GT 86 15.2 101.2 27 65 21 39 57 -
3GT 53 6.8 59.3 16 82 30 53 44.4
4GT 66 2 68 18 64 39 30 46 44.8
5GT 63 13.4 76.4 15 80 34 51 38.3
6GT 76 6.9 82.9 145 61 31 33 49 37.0
4Gl 79 5.4 84.4 16.5 74 40 22 445 38.7

4GT in these terpolymers amounts to 58%. This suggests thePA12, whereasAHg, for the reorganisation of structure
formation of a rigid polymer with a moderate elasticity. (inclusion of relatively short segments of GT into the poor
However, the data in Table 2 contradict with this sugges- ordered crystallites). Table 5 presents the evaluations of the
tion. Comparing the whole series of terpolymers without degree of soft phase separation. For the three-component
2GT-b-PO4b-PA12, it may be concluded that they have systems, the mutual influence of the particular components
the T, values close to 4Gb-PO4b-PA12. This allows to on the degree of their phase separation should be expected.
put a thesis in relation to them concerning the plasticised The method reported by Xie and Camberlin [2]was used for
action of the GT blocks on the hard phase. This implies that the determination of the degree of phase separation SR
3GT, 4GT, 5GT and 6GT with the average degree of poly- However, this method was successfully applied for block
merisation, DP= 4, have the similar solubility parameters, copoly(ether—amide)s, in the case of 26 PO4b-PA12,
which is closed to PA12 with the molecular weight of 2000. does not give an ambiguous result. The calculated SR
The 2GTb-PO4b-PA12 terpolymer is the only non-trans- this terpolymer amounts to 101% (?), which is contradictory
parent plastic, harder than the other terpolymers, and crys-to its considerable increase @f in relation to the other
tallised in a greater degree. The endothermic effect terpolymers. This means that the heat effectTgfof the
determiningT,, is observed in all the examined samples polyester amorphous phase overlaps with the effect of amor-
during the first heating. This effect overlaps with the effect phous transition of 2GT or/and PA12, (in the discussed
of the specific heat variation of the hard pha3g).(After terpolymers, the most probable is that the effects of transi-
cooling down, it appears again only just after 1 h. This effect tion of amorphous GT overlaps, because it has a relatively
was observed for many polymers crystallised from the melt. small molecular weight in relation to PA12). Good, or even
It is admitted that this is responsible for melting of micro- very good separation of PO4 blocks implies their small
crystalline species between the boundary layers of the largecontribution in the formation of interphase. The minimal
crystallites. For the terpolymers with odd number of carbons and maximal degree of crystallinity\,) of a high-
ain the ester blockT 1, is by 5°C lower than in the case of temperature region was determined. The minimal degree
the other terpolymers. The disorder of the chain symmetry of crystallinity of a high-temperature region was calculated
in the ester block does not affect the value of this tempera- with the assumption, that crystallites originate from the ester
ture. The enthalpy of this effect achieves a constant value blocks, whereas a maximum degree from the amide blocks.
independent on the chemical composition of ester block The WAXS results quoted below for the discussed terpoly-
after 18 h. This may imply about the formation of the mers confirm the occurrence in them, mainlyand-y(crys-
constant amount of fine crystallites being a part of the crys- talline structure of polyamide 12. Hence, the results of the
talline structure of aggregates. The small endotherms occur-maximum value\,y seem to be more truthful. The degree
ring before the main endothermic effect, connected with of crystallinity was calculated in relation to the amount of
melting of the crystalline structures, originate from the fractions of the rigid blocks. This procedure is justified since
deformation of crystalline lattice. Their values are contained the PA12 and GT blocks are mutually soluble. The
in the enthalpy of melting of the high-temperature region. performed calculations enable the evaluation of the magni-
The difference in the chemical composition of ester block tude of interphase. The interphase fractiof,= (1 —
practically does not influence on the maximal temperature SR)Ws + (1 — WepmayWh in the evaluated terpolymers
range of application in practiceT, — Ty = 200°C = amounts from~35 to ~45% by weight per terpolymer.
constant). During cooling of terpolymers, two exothermic The interphase is composed of hard blocks in about 60—
effects in the high-temperature region were observed. Prob-80%, whereas only 20—-40% of soft blocks. Taking into
ably they correspond taAH,, for the formation of crystal-  account the aforementioned deductions, it may be assumed
lites and disordered crystalline structures with GT and that these are the GT blocks.
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Fig. 6. The storage modulug’); the loss modulusH") and DSC thermograms afGT-b-PO4b-PA12 terpolymers vs. temperature.
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The relaxation behaviour of all samples was studied by 1,0E+00
DMTA, measuring the storage modullg, the loss modu- -[PO4-b-PA12-b-PO4-b-(aGT) I
lus (E"), and the loss tangent (ta). The results oE’ and
E” in comparison with the DSC are presented in Fig. 6 and
tané in Fig. 7.

In the evaluated series of terpolymers, the storage modu-
lus E' shows rapidly decreasing values ndgrand a wide
“plateau” of elastic state. After that, a quick decreas&of
values near the melting temperature is observed. The width
of a plateau of the elastic state practically determines the
range of elastomer utilisations. The loss modulus shows a
wide maximumE” of relaxations of terpolymers that corres-
ponds to the glass transition of the amorphous phase (relaxa-
tion a coupled with the large changes of modulus). The
tané curves show (Fig. 7) damping peaks relevant to
the amorphous phase. In the high-temperature region, the
DMTA investigations completely overlap with the DSC 1,0E-01
results. The drops of modulus in th = f(T) curves are
observed, whereas in thi&’ = f(T) curves, the maxima of
losses in the points determining the relaxation processes
pertinent withTys, Tgs, Tz @and T In the low-temperature
region, the DMTA method appeared to be a finer method
than DSC. Therefore, this method widen our knowledge  1,08-02 =o—0r—— o —— o
about the amorphous phase and the interphase ob-GT
PO4b-PA12 terpolymers. For the majority of examined Fig. 7. The loss tangent (taf) of aGT-b-PO4b-PA12 terpolymers vs.
samples, theE” = f(T) curves possess a broad relaxation temperature.
peak o, composed of three smaller relaxation effects
(relaxation transitions)y, o, as. They may be linked
with the glass transition temperatures for regions composedPA12 exhibits pronouncedly outlined diffraction peaks of
of pure PO4 and the mixture of PO4/GT and PO4/PA12 of the polymorphic forms of the and~ type corresponds to
the amorphous phase and interphase. The phenomenon gbolyamide 12 (Fig. 8). This confirms a previous assumption
overlapping of three relaxation transitions is best seen in thethat the crystalline phase of a high-temperature region is
peaka of 2GT-b-PO4b-PA12 terpolymer (SR> 100% in mainly composed of PA12.
this terpolymer confirms this fact). The distribution of In conclusion of these deductions, a general, demonstrative
relaxationa between the effecta;, a, andas disappear in scheme of the structure of adFPO4hb-PA12 terpolymers
the terpolymers with the ester blocks 4GT and 4Gl. Thus, it
can be assumed, that these blocks solubilise mainly in PA12 [PO45-PA12-b-POMb(aGT)]-
and only in a slight degree in PO4. The maxima of the 21,4
damping values in the ta®h=f(T) curves have similar
courses to the maxima afrelaxation of theE” = (T) func-
tion. The terpolymers with 2GT, 3GT and 6GT blocks exhi-

n
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1,0E-01

1,0E+00

1 1,0E-02
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bit broad maxima of damping, and their shape is the result of ;

overlapping of several relaxation transitions relevant to -

melting, and the glass transition of the amorphous phase @ ~ PAT2”
and interphase. The shape of these maxima is influenced S [ ' R
by dispersion in the amorphous phase of non-crystallisable E JJM, //\ e 36T

blocks GT and PA12. The terpolymers with blocks 4GT, 4
Gl and 5 GT exhibit narrower and higher damping peaks Mf 26,
than the other terpolymers. Thus, the greater the miscibility

of the GT blocks in PA12 and smaller in PO4, the higher and i)
narrower are the peaks.
The investigations of GHb-PO4b-PA12 terpolymers by 5 o TS

WAXS method were performed in order to confirm their
structure, previously determined by the DSC and DMTA

methO(_js. A quality assessment for the comparison of the rig. 8. The WARD patterns faGT-b-PO4b-PA12 terpolymers and PA12
diffraction patterns allows to conclude that a ®¥P0O4b- homopolymer [35]. The PA12 homopolymer is richyrphase.
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may be proposed. However, it should be emphasised, thatare partially miscible), possess the properties similar to the
this diagram is only a probable approximation of the internal soft rubbers, whereas the polymers with well-shaped phases
composition of these terpolymers, since the quantity rela- (a residual interphase) similar to hard rubbers.

tionships in the systems PO4/GT, PO4/PA12 and GT/PA12 The functional, elastic and processing properties, techno-
have not been determined. logically simple synthesis as well as the accessibility of the
S raw materials allow to conclude, that this type of block

| terpolymers may find applications in practice.
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