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Syntheses, structures and properties of novel oligo(azomethine ether)s

containing or not chlorine atoms in the main chain

Summary — New oligoazomethines were synthesized viz polycondensation of aromatic diamines
with one of two dialdehydes. Both dialdehydes, namely 4-({2-[(4-formylphenoxy)methyllben-
zyl}oxy)benzaldehyde (2-FPMBB), and 4-({4-[(4-formylphenoxy)methyl]benzyl}oxy)benzaldehyde
(4-FPMBB) were prepared from p-hydroxybenzaldehyde with o-xylenedibromide or p-xylenedi-
bromide, respectively. Dialdehydes and oligomers were characterized by FT-IR, 'H NMR and 3C
NMR methods. Size exclusion chromatography (SEC) technique was used to determine molecular
weights and molecular weight distributions of synthesized oligomers. The thermal stability of oligo-
mers was conducted by thermogravimetric analysis (TGA) and differential thermal analysis (DTA).
The weight losses of oligoazomethines (O1, O2, O3 and O4) at 1000 OC were found to be 54.74, 46.27,
54.85 and 53.10 % respectively. In all cases, the imine (-HC=N-) linkage is the first breaking group due
to the high temperature. It can be seen from TGA that oligo(azomethine ether)s containing chlorine
atoms have higher thermal stability at 1000 °C than O1 and O3 oligomers.

Key words: oligoazomethines, dialdehyde monomers, molecular weight distribution, thermal stabi-

lity.

OTRZYMYWANIE, STRUKTURA I WEASCIWOSCI NOWYCH OLIGO(ETEROW AZOMETINO-
WYCH) ZAWIERAJACYCH LUB NIE ATOMY CHLORU W EANCUCHU GEOWNYM
Streszczenie — Zsyntetyzowano dwa monomery dialdehydowe tj.: 4-({2-[(4-formylofenoksy)me-
tylo]benzylo}oksy)benzaldehyd (2-FPMBB) i 4-({4-[(4-formylofenoksy)metylo]benzylo}oksy)benzal-
dehyd (4-FPMBB) (Schemat A). Metoda polikondensacji aromatycznych diamin z jednym z dwu di-
aldehydéw otrzymano oligomery zawierajace ugrupowania azometinowe (01, 02, O3 i 04, Schematy
B i Q). Dialdehydy oraz oligomery charakteryzowano za pomoca FT-IR, 'H NMR i '>C NMR (rys.
1—3, tabele 1—3). Metoda chromatografii zelowej (SEC) wyznaczono rozklad ciezaréw czasteczko-
wych zsyntetyzowanych oligomeréw (tabela 5). Ich stabilno$¢ termiczna oceniano za pomoca analizy
termograwimetrycznej (TGA) oraz réznicowej analizy termicznej (DTA) (rys. 9—11, tabela 4). Stwier-
dzono, ze w temp. 1000 °C ubytek masy oligomeréw O1, O2, O3 i O4 wynosit odpowiednio 54,74,
46,27, 54,851 53,10 %. We wszystkich przypadkach, w wysokiej temperaturze, w pierwszej kolejnosci
rozrywane sa wigzania iminowe (-HC=N-). Na podstawie badain TGA ustalono, ze oligomery O2 i O4,
zawierajace atomy chloru w lanicuchu, charakteryzuja sie¢ w temp. 1000 °C lepsza stabilnoscia termicz-
na niz oligomery O1 i O3 niezawierajace atoméw chloru.

Stowa kluczowe: oligoazometiny, monomery dialdehydowe, rozklad ciezaréw czasteczkowych, sta-
bilnos¢ termiczna.

Polyazomethines (PAMs), known as polyimines of
Schiff bases polymers, were prepared for the first time by
Adams and co-workers from terephthalaldehyde and
benzidine and dianisidine in 1923 [1]. Polyazomethines,
which contain -HC=N- bonds in their structures, may
exhibit attractive physical properties such as electronic,
optoelectronic, nonlinear optical or liquid crystalline
properties that make this kind of polymers particularly
interesting in materials science [2—6]. Polyazomethines
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show also high thermal stability [7], high mechanical
strength [8, 9] and ability to form metal chelates
[10—12]. Many of these polymers form mesophases dur-
ing heating [13]. These types materials have low solubi-
lity in common organic solvents and high melting tem-
peratures. Due to these reasons, the determination of ap-
plication areas of them is difficult. However, several ap-
proaches have been undertaken to improve the pro-
cessability of conjugated polyazomethines by introduc-
ing of differently substituted benzene rings into the
main chains [14, 15], by using monomers containing cer-
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tain heterocyclic units such as thiophene [16], oxadia-
zole, thiadiazole [17—19], pyridine [20], diphenylfluo-
rene [21] and others. Copolymers with phenyl-substi-
tuted quinoxaline rings were proved to be very benefi-
cial [22, 23]. In the recent years, the interest in polyazo-
metines has increased due to their proved capacity to act
as good materials; as reagents or supports in various
applications. For example, poly(imine)s have been used
as reagents to obtain hybrid materials by the linkage of
polypyrrole to the backbone of the polymer [24]. Also,
some poly(imine)s with dendrimer properties are excel-
lent supports for coordination of metal ions [25]. On the
other hand, similarly to polyaniline doping, imine
groups, -HHC=N- in poly(imine)s, can take protons, yield-
ing cationic backbone that have different anions, which
retain interesting properties. Some article in literature
mention the protonation of poly(imine)s with hetero-
polyanion with Keggin structure, which have catalytic
properties [26, 27].

This paper presents the syntheses, characterization
and thermal properties of some oligoazomethines ob-
tained by simple polycondensation reactions of one of
two different aromatic diamines: 2,5-dichloro-p-pheny-
lenediamine (DCPDA) and p-phenylenediamine (PDA)
with two synthesized dialdehydes. The effects of chlo-
rine atoms, in para or ortho positions in benzene rings in
the middle of dialdehydes and ether linkages on oli-
gomer chains were studied.

EXPERIMENTAL

Materials

p-Hydroxybenzaldehyde, dimethylformamide
(DMF), dimethylsulfoxide (DMSQ), anhydrous sodium
carbonate (NayCOj3), methanol, toluene and p-toluene-
sulfonic acid (PTSA, used as a catalyst), 2,5-dichloro-p-
-phenylenediamine (DCPDA) and p-phenylenediamine
(PDA) were purchased from Merck Chemical Company
(Germany).

p-Xylenedibromide and p-xylenedibromide in chro-
matographic grade were supplied by Alfa Aesar Chemi-
cal Company (Germany) and they were used as re-
ceived.

Dialdehyde monomers syntheses

Dialdehyde monomers, namely 4-({2-[(4-formylphe-
noxy)methyl]benzyljoxy)benzaldehyde (2-FPMBB) and
4-({4-[(4-formylphenoxy)methyl]benzyljoxy)benzalde-
hyde (4-FPMBB), were synthesized according to the re-
actions presented in Scheme A and procedure described
in literature [28].

p-Hydroxybenzaldehyde (0.740 g, 0.006 mol) dis-
solved in 30 mL of DMF was added into 250 mL three-
-necked flask equipped with a condenser and magnetic
stir bar.

9 Br—Q Br
2 H— C@ OH + or
B :

Na,COs3, argon
e —
. DMF, reflux

Br

Ly oy L,

2-FPMBB

0

- )-0 - @EH

4-FPMBB
Scheme A. Syntheses of dialdehyde monomers

Anhydrous sodium carbonate (0.795 g, 0.0075 mol)
was added to the flask. o-Xylenedibromide (0,792 g,
0.003 mol, for 2-FPMBB) or p-xylenedibromide (0.792 g,
0.003 mol, for 4-FPMBB) was dissolved in 30 mL of DMF
and added into the reaction mixture under argon atmo-
sphere. The mixture was heated for 4 h at 150 °C under
continuous stirring. After cooling, the product was
poured into 250 mL of cold water (approximately 5—
10 °C). The precipitate was washed 3 times using 250 mL
of water for separation of mineral salts. Then 2-FPMBB
of 4-FPMBB was filtered and dried. Finally the products
were purified by recrystallization from methanol and
dried in vacuum desiccator for 24 h at 60 °C (yields 48.6
% and 29.4 %; melting temperatures: 142—143 °C and
166—167 °C for 2-FPMBB and 4-FPMBB, respectively).
Results of elemental analyses are: calculated for 2-
FPMBB or 4-FPMBB: C, 76.28; H, 5.23; found: C, 76.14; H,
5.10 for 2-FPMBB and C, 76.15; H, 5.11 for 4-FPMBB.

Syntheses of oligo(azomethine ether)s

PDA (0.162 g, 0.0015 mol) or DCPD (0.265 g, 0.0015
mol) and dialdehyde (0.519 g, 0.0015 mol) were dis-
solved in 25 mL DMF in a 250 mL three-necked round
bottom-flask equipped with a reflux condenser, a gas
inlet-outlet, a Dean-Stark trap and a magnetic stirrer.
Then 2 mL of toluene (in order to remove water as an
azeotrope) and p-toluenesulfonic acid as catalyst were
added and purged with a stream of argon. Reaction mix-
ture was stirred for 1 h at room temperature and 6 h at
reflux under argon atmosphere. After cooling at room
temperature, the oligomers were precipitated into
methanol, washed with methanol and dried at 60 °C for
3h in a vacuum oven. The general reactions and the
structures of oligomers are given in Schemes B and C.
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Methods of testing

0 0
H- %O o@ C-H The FT-IR spectra were recorded by Perkin Elmer
Spectrum One FT-IR system using universal ATR sam-
+ cl pling (powder form directly usable) accessory within the
wavelengths of 4000—650 cm ™.

HzN@ NH; or HoN NH, Elemental analysis was carried out using a Carlo

Erba 1106 analyzer.
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Scheme B. General reaction for the synthesis of oligo(azo-
methine ether)s from 2-FPMBB
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Scheme C. General reaction for the synthesis of oligo(azo-
methine ether)s from 4-FPMBB
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The yields of O1, 02, O3 and O4 oligomers were found
to be 75.62, 91.52, 86.64 and 70.79 %, respectively.

Monomers and oligomers were characterized by
"H NMR and ®C NMR spectra [Bruker AC FT-NMR
spectrometer operating at 400 and 100.6 MHz, respec-
tively, and recorded at 25 °C with use of deuterated di-
methyl sulfoxide (DMSO) as a solvent]. TetramethyIsi-
lane (TMS) was used as internal standard.

Thermal data were obtained using a Perkin Elmer
Diamond Thermal Analysis. Thermogravimetric (TG)
and differential thermal analysis (DTA) measurements
were made in the range of temperature 20—1000 °C (un-
der N, atmosphere with heating rate 10 °C/min).

Size exclusion chromatography (SEC) analyses were
performed at room temperature using dimethylfor-
mamide/methanol (4/1 v/v) as eluent at a flow rate of
0.4 mL/min. A refractive index detector was used. The
instrument (Shimadzu 10AVp series HPLC-SEC system)
was calibrated using a mixture of polystyrene standards
[Polymer Laboratories; the peak molecular weights (M)
between 162 and 19 880] using GPC software for the
determination of the number-average molecular weight
(M,)), weight-average molecular weight (M,,) and poly-
dispersity index (PDI) values of the polymer samples.
For SEC investigations a Macherey-Nagel GmbH & Co.
(100 A and 7.7 nm diameter loading material) 3.3 mm i.d.
x 300 mm columns and a refractive index detector at
oven temperature 30 °C were used.

UV-Vis spectra of oligomers were measured using
Perkin Elmer Lambda 25 apparatus and the absorption
spectra were recorded in DMSO solvent.

RESULTS AND DISCUSSION

Solubility of oligomers

01, 02, O3 and O4 oligomers were from opaque yel-
low to orange powder forms and they were completely
soluble in DMSO and some mono and diprotic acids
such as HpSO,, HCI and HNOs3. All oligomers were in-
soluble in hexane, heptane, CHCl,, CHClI3, CCly,
methanol, ethanol, acetonitrile, benzene, toluene, ace-
tone, diethyl ether and ethyl acetate.

FT-IR spectral data of dialdehyde monomers
and oligo(azomethine ether)s

The spectra of dialdehydes are shown in Figure 1,
whereas corresponding spectral data are listed in Table
1. Dialdehyde monomers have similar spectra and show
characteristic signals for aldehyde group in 1670—
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Fig. 1. FT-IR spectra of 2-FPMBB and 4-FPMBB dialdehydes

1700 cm™". Although weak absorption peaks appeared in
the ranges of 3200—2650 cm™! and 2650—1900 cm™!, the
strong absorption peaks appeared in 1700—1000 cm™
and they domain attributed to C-C and C-H vibrations.
In FT-IR spectra of dialdehyde monomers, aliphatic C-H
vibration exerted by -OCH, groups were observed in
2800—2900 cm™!. Furthermore, characteristic aldehyde
-C=0 vibration for a carbonyl group was observed at
1670—1680 cm™".

Table 1. FT-IR spectral data of dialdehydes

Wave number, cm™!
Dialde- .
hyde | Hc=0 | c-O-C -C=C- Ar-cH | Alipha-
tic-CH
2-FPMBB 1678 1265 | 1597,1578, 1511 3074 2828
4-FPMBB 1674 1240 | 1600, 1574,1505| 3077 2882
Table 2. FT-IR spectral data of oligomers
Wave number, em™!
Oligo- lion
mer | OHC- | HC=N- |-C-0-C-| C=C | Ar-CH | 1P
tic-CH
1573—
01 1619 1600 1237 1509 3048 2875 —
02 1622 1598 1239 1575— 3063 2878 751
1508
1573—
03 1618 1602 1244 1508 3053 2860 —
04 1619 1599 1243 lfggg_ 3074 2868 791

Figure 2 and Table 2 indicate FT-IR spectra and data
of O1, O2, O3 and O4 compounds, respectively. There
are different and significant changes in the spectra of
oligomers compared with the spectra of dialdehydes.

Transmittance

-C-0-C-
—

1200 1000 800

-1
v, cm

Fig. 2. FT-IR spectra of O1, O2, O3 and O4 oligo(azomethine
ether)s

1800 1600 1400 600

The aldehyde peaks were not clearly disappeared at the
FT-IR spectra but their small vibrations were about
1610—1625 cm™. The signals at 1595—1605 cm™! clearly
show the azomethine (-HC=N-) link during the oli-
gomerization.

'"H NMR and *C NMR spectra of dialdehyde
monomers and oligo(azomethine ether)s

Dialdehyde monomers were characterized by 'H
NMR and "®C NMR spectra. The protons and carbons
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positions of monomers are listed in Table 3. The chemical
shifts of 2-FPMBB and 4-FPMBB were shown in Figures
3—o6.

Table 3. Positions of signals in '"H NMR and >C NMR spectra
of dialdehydes

Dialdehyde

"H NMR 8, ppm

9.89 (s, 2H, -CHO), 7.84 (d, 4H, Ar-H.),
7.09 (d, 4H, Ar-Hbp), 7.54 (d, 2H, Ar-Ha),
7.44 (t, 2H, Ar-H,), 5.28 (s, 4H, Ar-CH,-O-)

9.88 (s, 2H, -CHO), 7.87 (d, 4H, Ar-H.),
7.10 (d, 4H, Ar-Hy), 7.49 (d, 4H, Ar-Hg),
5.18 (s, 4H, Ar-CHe-O-)
3¢ NMR

190.71 (C1), 129.00 (C2), 133.14 (C3),
115.00 (C4), 163.57 (C5), 68.43 (C6),
134.29 (C7), 130.43 (C8), 129.43 (C9)

190.69 (C1), 129.86 (C2), 131.86 (C3),
115.29 (C4), 163.47 (C5), 70.70 (C6),
135.83 (C7), 127.70 (C8)

2-FPMBB

4-FPMBB

2-FPMBB

4-FPMBB

In the 'H NMR spectra of oligo(azomethine ether)s,
the five types of signals were observed. The azomethine

He He
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Fig. 4.13C NMR spectrum of 2-FPMBB
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Fig. 5. 'TH NMR spectrum of 4-FPMBB
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Fig. 3. TH NMR spectrum of 2-FPMBB

Fig. 6. 13C NMR spectrum of 4-FPMBB
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Fig. 7. TH NMR spectrum of O2 (all number demonstrate the
protons in the main chain of O2)
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Fig. 8. 13C NMR spectrum of 02

(-HC=N-) protons were seen as a singlet at about
8.68—8.92 ppm, the multiplet aromatic protons at about
6.50—8.20 ppm, the singlet at 5.25—5.35 ppm aliphatic
(-O-CHy-) protons, amine end group protons at about
5.62—5.65 ppm and aldehyde end group at about
9.84—10.00 ppm. The ratio values of the integrals corre-
sponding to aliphatic versus aromatic protons and azo-
methine protons agree with the proposed structure.

"H NMR spectrum of O2 is given in Figure 7. In the
"H NMR spectrum of 02, five types of signals were as-
signed to: azomethine (-NC=N-) proton singlet at 8.68
ppm, the multiplet aromatic protons at 7.0—8.0 ppm, the
singlet aliphatic (O-CH»-) protons at 5.32 ppm, amine
end group protons at 5.62 pgm and aldehyde end group
at 9.84 ppm, respectively. °C NMR spectrum of O2 is
given in Fig. 8. In the '3C NMR spectra of 02, peak va-
lues of specific azomethine carbon (-HC=N-) and
(-O-CHj;-) linked to aromatic ring were observed in
163.63 and 68.01 ppm, respectively. The aldehyde and
amine vibrations of end groups were observed in FT-IR
and in 'TH NMR spectra. According to 'H NMR spectra,
the -CHO and -NH; peak values were observed in 9.86
and 5.62 ppm, respectively.

Thermal analyses

The thermal degradation of O1, O2, O3 and O4 was
studied by TGA, DTG and DTA analyses under N
atmosphere and thermal analyses results and the curves
are given in Table 4 and Figures 9—11, respectively.
These results showed that 20 and 50 % weight losses had
occurred in the temperature range of 366—858 °C,
441—824 °C and 402—3801 °C, for O1, O3 and O4, respec-
tively. Oligoazomethines have the onset temperature
range from 314 to 374 °C. The TGA curved the major
weight loss at 335—850 °C, and the residual weight of
oligomers remaining at 1000 °C was in the range of
45.15—53.73 %. This variation in weight loss was due to
the differences in the structures of symmetrical and un-
symmetrical groups (para position or ortho position in
benzene ring in the middle of dialdehydes) of oligomers
and the chlorine atoms in the oligomer chain. TGA data
indicated that chlorine containing O2 and O4 exhibited
higher thermal stability in comparison with the other
ones (O1 and O3). According to DTA data, the oligomers
showed one exothermic peak in the range of 321— 392
°C. It can be clearly seen that the phenyl ring position
has smaller contribution to the thermal decomposition
than the existence of the chloride group in the main

Table 4. Thermal decomposition values of O1, 02, O3 and O4
oligo(azomethine ether)s

TGA DTA
Com- % of

b, d . e
pound T," Tar” Ty Ts,? | carbine | T,,°

°C °C °C °C  |residueat| °C

1000 °C

O1 331 343, 467 366 858 45.26 340
02 314 323 335 — 53.73 321
O3 374 385, 491 441 824 45.15 392
04 337 356, 490 402 821 46.90 356

 Onset temperature. P Maximum weight loss temperature.
920 % weight loss temperature. D50 % weight loss temperature.
® Temperature of exothermic peak.
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Fig. 9. TGA curves of O1, O2, O3 and O4 oligo(azomethine
ether)s
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Fig. 10. DTG curves of O1, O2, O3 and O4 oligo(azomethine
ether)s

chain of the oligomer. Based on similar structures of oli-
gomers, one may assume that, due to the high tempera-
ture, the azomethine (-HC=N-) linkage is the first break-
ing unit, in all cases.

01, 02, O3 and O4 formed carbines residue at high
amounts 45.26, 53.73, 45.15, and 46.90 %, respectively, at

Endo

T T T T
10 200 400 600 800
Temperature, °C
Fig. 11. DTA curves of O1, 02, O3 and O4 oligo(azomethine
ether)s

1000

1000 °C because of long band systems. Oligomers de-
monstrated higher resistance to high temperature. Also,
the initial degradation temperatures of O2 and O4 were
higher than of O1 and O3 oligomers. Figures 9—11
showed the degradation of oligomers is only one step
process. Data presented in Table 4 suggest that these oli-
gomers have good thermal stability (the starting weight
loss temperatures for all oligomers are situated within
the range 300—400 °C). The thermal decomposition be-
haviors of oligomers were similar.

Molecular weight distributions of oligomers

SEC analyses results of oligo(azomethine ether)s
were given in Table 5. Two peaks were observed in the
chromatograms for all oligomers obtained. First peak
corresponds to low-molecular weight fraction (I) and the
other one to high-molecular weight fraction (II).

According to SEC analyses M,,, My, and PDI values of
the low-molecular weight fraction (I) were found to be
650—750, 850—900 and 1.33—1.308 respectively. For the
high-molecular weight fraction (II) of O1 M,, M,, and
PDI were found to be 2550, 2700 and 1.097 respectively,
while in the case of other oligomers 6600—8300, 8700—
9350 and 1.123—1.417, respectively.

It was stated that for O2 the content of high-molecu-
lar weight fraction reached value 47 %, while for O1, O3
and O4 was equal only to 7, 3 and 5 %, respectively.

Table 5. Number-average molecular weight (M,), weight-average molecular weight (M) and polydispersity index (PDI) values of O1,

02, 03 and O4 oligo(azomethine ether)s

Total Fraction I Fraction II
Oligo- oh ioh
mer — v — — weight — — weight
M, M, PDI M, M, PDI fraction, % M, My PpI fraction, %
o1 450 500 1.111 750 850 1.133 93 2550 2700 1.097 7
02 1750 2400 1.371 700 900 1.286 53 6600 9350 1.417 47
03 450 550 1.222 650 850 1.308 97 7750 8700 1.123 3
04 550 650 1.182 700 850 1.214 95 8300 9350 1.127 5
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According to SEC results, the second fractions of O1,
02, O3 and O4 contain approximately 5—6, 12—18,
15—17 and 17—20 repeated units, respectively. It can be
clearly considered from the SEC analyses results, the
first fractions were mostly in dimeric forms, while the
second fractions were in oligomeric forms.

Optical properties
The UV-Vis absorption spectra of oligomers obtained

are given in Figure 12. The optical band gap (E,) values
of oligomers were calculated from their absorption

1.0

0.6

0.4

Normalized absorbance

0.2+

T T T
300 400 500 600
Wavelength, nm

Fig. 12. UV-Vis absorption spectra of O1, O2, O3 and O4
oligo(azomethine ether)s

edges by method described in literature [29—31]. Wave-
length corresponding to maximum of absorbance (A4y)
and optical band gap (E,) values of O1, O2, O3 and O4
were found to be 367, 366, 350 and 368 nm and 2.55, 2.94,
2.58 and 2.46 eV, respectively. The E, value for O2 oli-
gomer containing chlorine atoms was higher than for
other oligomers.

CONCLUSIONS

New oligo(azomethine ether)s were synthesized in
the reaction of p-phenylenediamine or 2,5-dichloro-p-
-phenylenediamine with novel dialdehydes named
4-({2-[(4-formylphenoxy)methyl]benzyljoxy)benzalde-
hyde and 4-({4-[(4-formylphenoxy)methyl]ben-
zylloxy)benzaldehyde. The FT-IR spectra showed the
presence of the absorption band corresponding to the
azomethine (-HC=N-) linkage about 1595—1605 cm™".
The sharp and strong peaks are occuring at 1240—
1265 cm™! in the spectra of oligomers due to the asym-
metrical and symmetrical vibrations of the ether linkage.

Thermal stability of oligomers was found to be high
due to the aromatic groups in the oligomer backbones.

According to TG analyses, O2 showed the highest ther-
mal stability at 1000 °C. In all cases, the imine (-HC=N-)
linkage is the first breaking group at high temperature. It
can bee seen from TG analyses that oligo(azomethine
ether)s containing chlorine atoms (O2 and O4 samples)
have higher thermal stability than O1 and O3 oligomers.
It can be understood that chlorine atoms, not ether link-
ages affect the thermal decomposition of oligomer
chains most. Because of electro negativity of chlorine
atoms the electron density on azomethine linkages
(-HC=N-) was decreased. So, the influence of tempera-
ture during thermal decomposition is firstly concerned
this bond. That is why the onset temperature of O1 is
higher than of O2 and of O3 is higher than of O4 oli-
gomer.
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Call for candidates for the AVK innovation award 2009

The AVK — Industrievereinigung Verstarkte Kunststoffe e.V. (Federation of Reinforced
Plastics) is now requesting nominations for this year's annual AVK innovation awards in the
categories 'industrial applications’, 'environment' and 'university research'.

The objective of the innovation awards is to provide solutions to state-of-the-art
technological issues by means of composites and thermosets, to highlight the
achievements of our industry in the field of environmental protection and to encourage
university research into composites and thermosets. Not least, it is hoped that these

innovation awards will serve as a source of motivation for specialists active in these fields.

The prizes will be awarded at the
International AVK Conference on October 26-27, 2009, to be held in Stuttgart
in conjunction with the COMPOSITES EUROPE Trade Fair (October 27-29, 2009).

Applications for the 2009 innovation awards may be submitted in the following categories:
— Industrial applications

— Environment

— University research

The deadline for the submission of the application papers is April 20, 2009.

Further details and objectives may be obtained under: www.avk-tv.de/innovationaward.php




