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Two new samples of poly(amide-imide)-montmorillonite reinforced nanocomposites containing
N-trimellitylimido-L-valine moiety in the main chain were synthesized by a convenient solution intercala-
tion technique. Poly(amide-imide) (PAI) 5 as a source of polymer matrix was synthesized by the direct
polycondensation reaction of N-trimellitylimido-L-valine (3) with 4,4'-diaminodipheny] ether 4 in the pres-
ence of triphenyl phosphite (TPP), CaCl,, pyridine and N-methyl-2-pyrrolidone (NMP). Morphology and
structure of the resulting PA-nanocomposite films (5a) and (5b) with 10 and 20 % silicate particles were
characterized by FTIR spectroscopy, X-ray diffraction (XRD) and scanning electron microscopy (SEM).
The effect of clay dispersion and the interaction between clay and polymeric chains on the properties of
nanocomposite films were investigated by using UV-Vis spectroscopy, thermogravimetric analysis (TGA)
and water uptake measurements.

Keywords: N-trimellitylimido-L-valine moiety; poly(amide-imide); montmorillonite;
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TEPMMWYKH 1 OITUIKN OCOBUHHU HA HOB TIOJIN(AMUA-UMU/I)-HAHOKOMITO3UT
3ACHJIEH CO CJIOJ O] CUJIMKAT HA BA3A O XUPAJIEH
N-TPUMEJINTUNJINMHUIO-L-BAJIUH

Co morojieH MeTO/I CO MHTepKananuja Oea qoOMEeHU JBa HOBU IIPUMEPOKa O TIOTH(aMUI-UMHT)-
MOHTMOPHJIOHHUT 3aCHJICHH CO HAHOKOMITO3UTH KOW BO IVIaBHATA HU3a COJAPIKAT PYIU HA TPUMETUTHIIU-
muo-L-BanuH. [Tomu(amua-umunot) (PAI) 5 koj ciryku Kako MOJIMMEpPEH MaTpUKC Oele CHHTEeTU3UpaH
CO IMpPEKTHA peakiiija Ha MOJIMKOHACH3AN]ja Ha TpuMenuTiinmMuno-L-sanun (3) co 4,4'-mudenunerep 4
B0 npucycto Ha Tpudenundocdur (TPP), CaCl,, nupunun, N-metun-2-nuponujgon (NMP). Mopdomno-
rujara u crpykrypara Ha noouenurte PA Hanokomnosutau Guiamosu (5a) u (5b) co 10 u 20 % cunukarnu
yecTHuku Oca kapakrepusupanu co FTIR-ciekrpockonuja, perareHcka audpaxiuja (XRD) u ckeHnpadyka
enekTpoHcka Mukpockomnuja (SEM). Co yatpaBuoneroBa crekrpockonuja (UV-Vis), TepMorpaBUMETprUCKa
anamm3a (TGA) u arcopriyja Ha Boja Oea UCIUTYBaHU BIMjaHHETO HA JUCIIEP3HjaTa HA TIIMHATA U WH-
TepakijaTa Ha IIIMHATA CO TIOJIMMEPHUTE HU3M BP3 CBOjCTBATa HA HAHOKOMIIO3UTHUTE (DHIIMOBH.

Kiyunu 300poBu: N-TpUMETUTUINMUIO-L-BanuH; monu(aMuI-UMU); MOHTMOPUIIOHUT;
HAHOKOITIOMIIO3UT; ONITHYKU U TEPMUYKHU CBOjCTBA.
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1. INTRODUCTION

Polymer-clay nanocomposites typically
exhibited mechanical, thermal and gas barrier
properties, which are superior to those of the cor-
responding pure polymers [1-9]. Unique proper-
ties of the nanocomposites are usually observed
when the ultra fine silicate layers are homoge-
nously dispersed throughout the polymer matrix
at nanoscale. The uniform dispersion of silicate
layers is usually desirable for maximum reinforce-
ment of the materials. Due to the incompatibility
of hydrophilic layered silicates and hydrophobic
polymer matrix, the individual nanolayers are not
easily separated and dispersed in many polymers.
For this purpose, silicate layers are usually modi-
fied with an intercalating agent to obtain organi-
cally modified clay prior to use in nanocomposite
formation [10—11]. Also, aromatic polyimides are
well recognized as a class of high performance
materials due to their remarkable thermal and oxi-
dative stabilities and excellent electrical and me-
chanical properties for long time periods of op-
eration [10—12]. Unfortunately, strong interaction
between polyimide chains and their rigid structure
make them intractable. Poor thermoplastic fluidity
and solubility are the major problems for wide ap-
plication of polyimides. Thus, to overcome these
processing problems various approaches have
been carried out by incorporating flexible units
such as -NHCO-, —-O—, and —SO -, and some of
which are commercialized [ 12—14]. Among them,
polyamide-imide (PAI) is the most successful
material, which combines the advantages of high-
temperature stability and processability [15-22].
In this article two PAI-nanocomposite films with
10 and 20 % silicate particles containing chiral
N-trimellitylimido-L-valine moiety in the main
chain was prepared by using a convenient solu-
tion intercalation technique.

2. EXPERIMENTAL
2.1. Materials

Trimellitic dianhydride, L-valine, 4,4’-di-
aminodiphenyl ether, acetic acid, triphenyl phos-

phite (TPP), CaCl,, pyridine and N-methyl-2-
pyrrolidone (NMP) were purchased from Merck
Chemical Company and were used without previ-
ous purification. "TH-NMR spectrum was recorded
on a Bruker 300 MHz instrument (Germany).
Fourier transform infrared (FTIR) spectra were
recorded on Galaxy Series FTIR 5000 spectro-
photometer (England). UV-visible spectra were
recorded at 25 °C in the 250-700 nm spectral
regions with a Perkin Elmer Lambda 15 spectro-
photometer in NMP solution using cell lengths of
1 cm. Thermal Gravimetric Analysis (TGA and
DTG) data were taken on a Mettler TA4000 Sys-
tem under N, atmosphere at a rate of 10 ‘C/min.
The morphology of nanocomposite film was in-
vestigated on Cambridge S260 scanning electron
microscope (SEM).

2.2. Monomer synthesis

N-Trimellitylimido-L-valine 3 was pre-
pared according to a typical procedure was
shown in Scheme 1 [23].

2.3. Polymer synthesis

Into a 100 ml round bottomed flask a mix-
ture of N-trimellitylimido-L-valine 3 (0.002 mol),
4,4’-diaminodiphenyl ether 4 (0.002 mol), 0.60 g
of calcium chloride, 1.0 ml of triphenyl phosphite,
1.0 ml of pyridine and 4.0 ml NMP was placed
(Scheme 2). The mixture was heated for 1 h at
60 °C, 2 h at 90 °C and then refluxed at 130 °C
for 8 h until a viscous solution was formed. Then
it was cooled to room temperature and 30 ml of
methanol was added to the reaction mixture. The
formed precipitate was filtered off and washed
with methanol. The resulting polymer 5 was dried
under vacuum. The inherent viscosity of this solu-
ble PA 5 was 0.42 dl/g.

2.4. PAl-nanocomposite synthesis 5a and 5b
PAI-nanocomposites Sa and Sb were pro-

duced by solution intercalation method, in two
different amounts of organoclay particles (10 and
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20-wt.%). The appropriate amounts of PAI solu-
tion in NMP were mixed to yield particular na-
nocomposite concentrations. To control the dis-
persibility of organoclay in poly(amide-imide)
matrix, constant stirring was applied at 25 °C for
24 h. Nanocomposite films were cast by pour-
ing the solutions for each concentration into petri
dishes placed on a leveled surface followed by the
evaporation of solvent at 70 °C for 12 h. Films
were dried at 80 °C under vacuum to a constant
weight. Scheme 3 shows the flow sheet diagram
and synthetic scheme for PAI-nanocomposites
film Sa and 5b.

2.5. The water absorption analysis

The water absorption of PAl-nanocom-
posite films was carried out using a procedure de-
scribed in ASTM D570-81 [24]. The films were
dried in a vacuum oven at 80 °C to a constant
weight and then weighed to get the initial weight
(W,). The dried films were immersed in deionized
water at 25 °C. After 24 h, the films were removed
from water and then they were quickly placed
between sheets of filter paper to remove the ex-
cess water and films were weighed immediately.
The films were again soaked in water. After an-
other 24 h soaking period, the films were taken
out, dried and weighed for any weight gain. This
process was repeated again and again until the
films almost attained the constant weight. The to-
tal soaking time was 168 h and the samples were
weighed at regular 24 h time intervals to get the fi-
nal weight (W). The percent increase in weight of

the samples was calculated by using the formula
(W~ W)W

3. RESULTS AND DISCUSSION
3.1. Monomer synthesis

N-Trimellitylimido-L-valine 3 was syn-
thesized by the condensation reaction of one
equivalent of trimellitic anhydride 1 with one
equivalent of L-valine 2 in an acetic acid solution
(Scheme 1).
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Scheme 1. Synthetic route of
N-trimellitylimido-L-valine 3

The chemical structure and purities of di-
acid 3 was also confirmed by NMR spectroscopy.
The 'H-NMR spectrum of diacid 3 was shown
in Figure 1. The peak relevant to O-H carboxy-
lic acid groups appeared at 13.40 ppm. The dou-
blet appearing between 4.48-4.50 ppm was as-
signed to the CH(e) protons at the chiral center.
The peaks between 0.82-1.08 ppm were assigned
to the aliphatic CH,(g, h) groups. The multiplet
centered at 2.58 ppm corresponds to the CH(f)
proton.
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Fig. 1. '"H-NMR spectrum of diacid 3
3.2. Polymer synthesis

Poly(amide-imide)s 5 were synthesized
by the direct solution polycondensation reaction
of an equimolar mixture of diacid 3, an equimo-
lar mixture of diamine 4 by using triphenyl phos-
phite (TPP) and pyridine as condensing agents
(Scheme 2). PAI § was obtained in good yield
(96 %) and inherent viscosity (0.42 dLg™"). The
structure of resulting polymer 5 was confirmed
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as PAI by using FTIR spectroscopy and elemen-
tal analyses. The resulting polymer have absorp-
tion band between 1776 and 1665 cm™ due to
imide and amide carbonyl groups. Absorption
bands around 1384 cm™ and 719 cm™ demon-
strated the presence of the imide heterocyclic

absorption in these polymers. Also absorption
band of amide group appeared at 3338 cm!
(N-H stretching). The elemental analysis value
of the resulting polymer was in good agreement
with the calculated values for the proposed
structure.

!
CH—COOH + H2N—©—O—©—
HOOC x b CH-CHs TPP
CHs CaCl,
Pyridine
/2 NMP
@ —CH-COHN-@-O—@—NH
oc GH-CHs
o CH3 n
5

Scheme 2. Synthetic route of PAI S

3.3. PAl-nanocomposite films

PAI-nanocomposite films were transpar-
ent and yellowish brown in color. The incorpo-
ration of organoclay changed the colour of films

to dark yellowish brown. Moreover, a decrease
in the transparency was observed at higher clay
contents. Scheme 3 shows the flow sheet dia-
gram and synthetic scheme for PAl-nanocom-
posite films 5a and Sb.
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Scheme 3. Flow sheet diagram for the synthesis of PAl-nanocomposites film 5a and Sb
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100

3.4. Characterization

FT-IR spectroscopy analyses

FT-IR spectroscopy spectra of PAl-na-
nocomposite films PAI and PAI-nanocomposite
5b showed the characteristic absorption bands

of the Si-O, AI-O and Mg-O moieties at 1072,
514 and 450 cm™', respectively (Fig. 2). The in-
corporation of organic groups in PAI-nanocom-
posite films was confirmed by the presence of
peaks a°t 1770, 1720, 1390, 725 (imide rings)
and 1680 cm™ (amide carbonyl group).
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Fig. 2. FT-IR spectroscopy spectra of PAI (a) and PAI-nanocomposite films Sb (b)
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Fig. 3. X-ray diffraction patterns of Cloisite® Na* (a),
Organoclay (b), PAl-nanocomposite films 5a (c¢) and 5b (d)
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X-ray diffraction analysis

Figure 3 shows the XRD patterns of
PAI-nanocomposite films 5a and Sb contain-
ing 10 and 20-wt.% of silicate particles. The
Cloisite® Na gives a distinct peak around 26
equal to 8.93 °, which corresponds to a basal
spacing of around 1.00 nm. The organically
employed for the preparation of nanocompos-
ites has a typical peak at 26 equal to 6.80 °
(1.491 nm) increased d-spacing. When the
amount of organoclay increased (10 and 20
wt.%) in the nanocomposites, small peaks ap-
peared at 20 = 6.40 ° and 4.46 ° corresponding
to d-spacing, 1.623 and 1.522 nm, respectively.
These results indicated significant expansion
of the silicate layer after insertion PAI chains.
This is direct evidence that PAI-nanocompos-
ites have been formed as the nature of interca-
lating agent also affects the organoclay disper-
sion in the polymer matrix. Usually there are
two types of nanocomposites depending upon
the dispersion of clay particles. The first type
is an intercalated polymer clay nanocompos-
ite, which consists of well-ordered multi lay-
ers of polymer chain and silicate layers a few
nanometers thick. The second type is an exfo-

liated polymer-clay nanocomposite, in which
there is a loss of ordered structures due to the
extensive penetration of polymer chain into
the layer silicate. Such part would not produce
distinct peaks in the XRD pattern [25]. In our
PAI-nanocomposite films there are coherent
XRD signal at 6.40 ° and 4.46 ° related to 10
and 20 wt.% nanocomposite films respective-

ly.

Scanning electron microscopy

The surface morphology of the PAI-
nanocomposite films prepared by solution
intercalation technique is compared by SEM
analyses. Figure 4 shows the morphologi-
cal images of 10 and 20 wt.% nanocompos-
ite films respectively. Nanocomposite films
have a very homogeneous distribution with
no preferential accumulation of silica in any
region across the films. The micrographs also
indicate the presence of interconnected silica
domains in the continuous polyamide phase,
which demonstrates better compatibility be-
tween smaller silica nanoparticles and the PAI
in the nanocomposite films.

Fig. 4. Scanning electron micrographs
of PAl-nanocomposite films 5a (a) and Sb (b)
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Optical clarity of PAI-nanocomposite films

Optical clarity of PAI-nanocomposite
films containing 10 and 20 wt.% clay platelets
and neat PAI was compared by UV-Vis spec-
troscopy in the region of 300-800 nm. Figure 5
shows the UV-Vis transmission spectra of pure
PAI and PAl-nanocomposite films containing
10 and 20 wt.% clay platelets. These spectra
show that the UV-Visible region (250-800 nm)
is affected by the presence of the clay particles
and exhibiting low transparency reflected to
the primarily intercalated composites. Results
shows that the optical clarity of PAI-nanocom-
posite films system is significantly lower the
neat PAI system.

600 °C ranged from 51.2 and 57.8 % in nitrogen,
respectively. Incorporation of organoclay into the
PAI matrix also enhanced the thermal stability of
the nanocomposites. Figure 6 shows the TGA ther-
mograms of PAI-nanocomposites under nitrogen
atmosphere. Thus, we can speculate that interact-
ing PAIs chains between the clay layers serve to
improve the thermal stability of nanocomposites.
The addition of organoclay in polymeric matrix
can significantly improve the thermal stability of
PAL

Table 1

Thermal behavior and water uptake of neat PAI 5
and PAI-nanocomposite films 5a & 5b

T T Water
Polyimide © CS)a © C13b Char yield® uptake
120 . (%)
- 5 185 205 51.2 7.40
Sa Sa 190 225 52.3 5.40
$ g0 ap 5b 275 325 57.8 1.14
; “PTemperature at which 5 % and 10 % weight loss was recorded
& by TGA at heating rate of 10 °C/min in N, respectively.
H 60 dPercentage weight of material left undecomposed after TGA
Z analysis 600 °C.
& 40 -
20 | 120
100 1
0 T T T T ]

280 380 480 580 680 780
Wave Numbers (nm)

Fig. 5. UV-Vis spectra of PAI 5,
PAI-nanocomposite films 5a and 5b

Thermogravimetric analysis

The thermal properties of PAl-nanocom-
posite films containing 10 and 20 wt.% clay plate-
lets and neat PAI were investigated by using TGA
and DTG innitrogen atmosphere at arate ofheating
of 10 °C/min, and thermal data are summarized in
Table 1. These samples exhibited good re-
sistance to thermal decomposition, up to
185-275 °C in nitrogen, and began to decompose
gradually above this temperature. T, for these pol-
ymers ranged from 185-275 °C and T, for them
ranged from 205-325 °C, and residual weights at

Maced. J. Chem. Chem. Eng. 31 (1), 79-87 (2012)
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Fig. 6. TGA thermograms of neat PAI 5 and PAI-
nanocomposite films 5a and Sb

Water absorption measurements
The results showed maximum water up-

take for the pure poly(amide-imide) (7.40%) with
monotonic but asymptotic decreased thereafter
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(Table 1). The exposure of polar groups to the
surface of polymer where water molecules devel-
op secondary bond forces with these groups. The
clay platelets obviously restrict the access of wa-
ter to the hydrogen-bonding sites on the polymer
chains. The weight gain by the films gradually
decreased as the clay content was increased. It is
apparently due to the mutual interaction between
the organic and inorganic phases. This interaction
resulted in the lesser availability of polar groups
to interact with water. Secondly, the impermeable
clay layers mandate a tortuous pathway for a per-
meant to transverse the nanocomposite. The en-
hanced barrier characteristics, chemical resistance
and reduced solvent uptake PAl-nanocomposites
all benefit from the hindered diffusion pathways
through the nanocomposite [26].

4. CONCLUSION

The PAl-nanocomposites were success-
fully prepared using solution intercalation meth-
od. The structure and the uniform dispersion of
organoclay throughout the PAI matrix were con-
firmed by FTIR, XRD and SEM analyses. The
optical clarity and water absorption property
of PAI-nanocomposites were decreased signifi-
cantly with increasing the organoclay contents in
PAI matrix. On the contrary, the thermal stability
of PAl-nanocomposites were increased signifi-
cantly with increasing the organoclay contents
in PAI matrix. The enhancements in the thermal
stability of the nanocomposites films 5a and 5b
caused by introducing organoclay may be due to
the strong interactions between polymeric ma-
trix and organoclay generating good intercala-
tion and dispersion of clay platelets in the PAI
matrix.
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