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Synthesis and curing process of TMA-MDI polyamide-imides
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Abstract. The influence of molecular ratio of monomers, reaction time, reaction temperature and solid content
on the molecular weight of polyamide imides(PAI), heating rate, temperature and time on tensile properties of
PAI film was investigated in detail. The results showed that when monomer molar ratio (MDI: TMA)R >1, PAI
is an isocyanate terminated, intrinsic viscosity increases with the increase of R, reaches maximum value at
R=1.06, then it decreases obviously. Contrarily, when R <1, PAI is terminated with anhydride, intrinsic viscosity
increases with the decrease of R, its maximum value at R=0.97, then it decreases with the decrease of R. The
relation between intrinsic viscosityof PAI and reaction temperature, reaction time, solid content all follows the
parabolic law. The optimal reaction temperature,reaction time, solid content is 140°C, 120 min, 30%. Therefore,
the best synthesis process of the PAI is reacting for 120 min at 140°C when 30% solid content and R=1.06.
Tensile strength and elongation increase with the increase of heating rate, curing temperature and curing time,
after peak value, they decrease with the increase of heating rate, curing temperature andcuring time. The best
curing process of the PAI is curing for 2h at 260 ‘Cand heating rate 100°C/h.

1 Background

Polyamide-imide (PAI) is a kind of high-performance
thermoplastic resin.It isused for advanced applications,
such as in the electrical, aerospace, automobile and energy
fields in the form of adhesives, composite materials and
coating materials, related to their combinationof high
toughness, high thermal stability, high glass transition
temperature and enhanced chemical resistance[l-5].
Polyamide-imide can be obtained from different strategies
of synthesis. Commonly used synthesis routes are the acid
chloride and the diisocyanate route. At the acid chloride
route reaction between trimellitic acid chloride and an
aromatic diamine yields in formation of a poly(amideamic
acid). The formation of imide structures is obtained either
due to dehydration of the acid intermediate, addition of
tertiary amines or anhydrides [6-8]. But this route is long

process flow and the storage stability of the product is poor.

The diisocyanate route is based on the work of Hitachi
Chemical Corp. [9] and today most common for
preparation of PAI resins. Thisroute is simple, but the
subsequent high temperature curing affects the properties
of the material. Additionally obtained PAI product is very
casy to cracking. The PAI structure obtained by
diisocyanate route has been characterized extensively by
NMR techniques [10-12]. Statistical distributions of
imide—imide, amide—imide, and amide—amide linkages
were observed [13]. In fact, the properties of PAI not only
depend on its synthesis, but also curing process [14].
However there are little reports and publications about
synthesis and curing process. It limits the application and
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development of PAI. Therefore, this work investigated
indetail the influence of molecular ratio of monomers,
reaction time, reaction temperature and solid content on
the molecular weight of PAI resin; heating rate, curing
temperature and curing time on tensile properties of
PAIfilm, to understand and determine the best synthesis
and curing process of PAIL.

2 Experimental

2.1 Materials

1,2,4-Benzenetricarboxylic  anhydride (TMA), 4,4'-
Diphenylmethane  Diisocyanate(MDI) and  N-N-
Diommethylacetamide (DMAc) were purchased from
Aladdin. DMAc was dewatered over 4A molecular sieve
before use. TMA and MDI were used as received.

2.2 Synthesis of PAlresin

The PAI from 1,2,4-Benzenetricarboxylic anhydride
(TMA) and 4,4'-Diphenylmethane Diisocyanate(MDI) in
N-N-Dimethylacetamide (DMAc) were synthesized in a
four-neck, round bottom, Pyrex reaction flask equipped
with a mechanical stirrer, reflux condenser, addition
funnel and nitrogen inlet. Its reaction scheme is shown in
Figure 1.
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Figure 1. Reaction scheme of PAI

2.3 Curing of PAI

The curing test was carriedout in high temperature furnace.
The curing samples were prepared by coating PAI resin on
glass slide.

2.4 Characterizations

The molecular weight of PAI before curing were
characterized with intrinsic viscosity 1. which tested with
Ubbelohde Viscometer for 0.5 g/dL at 30°C.

Mechanical properties of PAI film were characterized
with strength and elongation from tensile test which were
carried out on XLW Tensile Tester (Labthink Instruments
Co., Ltd) equipped with a 500 N load cell at a constant
strain rate 50 mm/min for film dimensions of 4 mm width
and 60 mm length and the gauge length was set as 20 mm.
Three samples for each formulation were measured for
statistical accuracy.

3 Results and Discussion

3.1 Synthesis

In the different stages of PAI synthesis, the intrinsic
viscosity of the reaction products will change obviously
with the reaction condition. Therefore, it is possible to
evaluate the synthesis process of PAI by measuring the
intrinsic viscosity of the product.

The results showed that the intrinsic viscosity (1) of
PAI resin is closely related to reaction temperature,
reaction time, solid content and monomer molar ratio
(MDI: TMA) R. As shown in Figure 2, once the reaction
temperature reached 120 ‘C , m, began to increase
significantly, and it increases with temperature; but once
the temperature more than 140°C, the solution tends to be
black and brown, it may be associated with oxidative
crosslinking.
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Figure 2. Variation of intrinsic viscosity of PAI with reaction
temperature.

The reaction time is within 120 min, n, increased with
time, as shown in Figure 3, after 120 min, n.decreases with
time increase; M, increases with solid content, as shown in
Figure 4, it reaches the maximum value at solid content is
30%, then m, decreases with increasing solid content.

As shown in Figure 5, when monomer molar ratio
(MDI: TMA)R>1, PAI is an isocyanate terminated, mr
increases with the increase of R, m, reaches maximum
value at R=1.06, then m; decreases obviously with the
increase of R. Contrarily, when R <1, PAI is terminated
with anhydride, 1, increases with the decrease of R, the
maximum value of n; at R=0.97, then it decreases with the
decrease of R. Therefore, the best synthesis process of the
PAI is reacting for 120 min at 140°C when 30% solid
content and R=1.06.
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Figure 3. Variation of intrinsic viscosity of PAI with reaction
time.
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Figure 4. Variation of intrinsic viscosity of PAI with solid
content.

3.2Curing

The curing process parameters, such as heating rate, curing
temperature and curing time, have important influence on
the tensile properties of PAI film. The influence of curing
parameters on the tensile strength and elongation is almost
the same. As shown in Figure 6, Figure 7 and Figure 8, the
results showed that tensile strength and elongation
increase with the increase of heating rate, curing
temperature and curing time, after peak value, they
decrease with the increase of heating rate, curing
temperature and curing time. For the TMA-MDI
polyamide-imidesstudiedin ~ this  paper,  proposed
bestcuring process of the PAI is curing for 2h at 260 Cand
heating rate 100 C/h. Using this proposed best curing
process, the highest tensile strength and elongation is
respectively up to 117.03 MPa and 14.18%. PAI cured has
good mechanical properties.
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Figure 6. Variation of tensile strength and elongation of PAI
films with heating rate.

045 2h, 140°C, 30%
040 [
035 | R N
030}

0.25

0.20 | \-

090 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30
Monomer molar ratio (MDI:TMA) R

Intrinsic viscosity (dL/g)

Figure 5. Variation of intrinsic viscosity of PAI with monomer
molar ratio.
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Figure 7. Variation of tensile strength and elongation of PAI
films with curing temperature.
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Figure 8. Variation of tensile strength and elongation of PAI
films with curing time.

4 Conclusions

When monomer molar ratio (MDI: TMA) R>1, PAl is an
isocyanate terminated, intrinsic viscosity increases with
the increase of R, reaches maximum value at R=1.06, then
it decreases obviously. Contrarily, when R <1, PAI is
terminated with anhydride, intrinsic viscosity increases
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with the decrease of R, its maximum value at R=0.97, then
it decreases with the decrease of R. The relation between
intrinsic viscosity of PAI and reaction temperature,
reaction time, solid content all follows the parabolic law.
The optimal reaction temperature, reaction time, solid
content is 140 °C, 120 min, 30%. Therefore, the best
synthesis process of the PAI is reacting for 120min at 140°C
when 30% solid content and R=1.06. Tensile strength and
elongation increase with the increase of heating rate,
curing temperature and curing time, after peak value, they
decrease with the increase of heating rate, curing
temperature and curing time. The best curing process of
the PAI is curing for 2h at 260°C and heating rate 100°C
/h.
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