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ABSTRACT

A new class of polyamides for adhesive application has been synthesized
by condensation polymerization method using chemically modified di-
aminesand diacids. The synthesized polymerswere characterized by FTIR
and 'H NMR spectroscopic method. Viscosity and thermal studies were
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carried out by Ubbelohde viscometer and TGA respectively. Results
showed that the new polyamide adhesives possess good thermal resis-

tant property. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Polyamideisageneric description for highmolecu-
lar compounds, which consist of monomersthat are
linked by amide bonds. To thelatter the naturally oc-
curring polypeptides and proteins can be added. In
contrast, the members of thegroup of polyamidesare
made of onetype of monomer. Depending onthekind
of, monomer of which they are synthesized, they can
befurther subdivided into theamino carboxylic acid.
Whereasthe chemically synthesized perlon, whichis
produced from aminocaproic acid, isan exampleof the
former, Nylon, which is synthesized from 1,6-
hexanediamino and adipic acid, isan exampleof the
latter. Regarding the composition theaminocarboxylic
homopolyamides arethe ssmplest polyamides.

Theoriginad polyamidesweremadeusinglinear di-
amines®3, A very novel patent was claimed for aspe-
cifictypeof polyamidethat was, madefrom cyclic di-
amines, such aspiperazind. Compared to other dim-

mer-based polyamide, theseresinswere declared to
give unique adhesion to polyvinyl chloride (PVC),
termed vinyl intheremainder of this paper. Although
morethan 35years have passed sincethisdiscovery!,
and there have been over 40 patentsthat invol ve pip-
erazine-dimer acid polyamide, no model hasbeen pro-
posed to explainthisspecificadhesonto vinyl. Inaddi-
tion, theonly polyamide hot melt adhesivesthat have
been reported to bond to vinyl were made from these
secondary diamines. Wholly aromatic polyamide ad-
hesives are one of the most important classes of high
performance polymerd®*7, Therepeseting unitsof these
polymers possess oneamide (-NHCO-) linking bond
between appropriatearomatic nuclel.

EXPERIMENTAL
Synthesis of polyamidediaminein ethanol (50ml)

and NaOH (20ml of pH10) weretakenin 200ml round
bottom flask. The flask wasthen fitted with awater
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Wher e 1=adipicacid, 2=par aphenylenediamine 3=polyamide, 4:aah$ive.

SCHEME 1: Syntheticroutefor thesynthesisof polyamidebased water solubleadhesives

cooled condenser and then refluxed at 60°C for about
6 hours on oil bath. Then the solvent and water are
removed by ditillation, viscousresinisremainsat the
bottom of theflask.

Synthesisof resin

A mixtureof polyamide-amineresnwas(50% agque-
oussolution of theresin was prepared by adding 5.3ml
of water) taken with of epichlorohydrin and the con-
tentswere refluxed for about 6hr at 60°C. After that
the excessof epichlorohydrin wasremoved by distilla-
tion. A viscousresin was obtained.

Characterization

Infrared spectra of the prepared polymers were
recorded using Perkin-Elmer infrared spectrophotom-
eter, '"H NMR.

Spectral char ectarization of compound (4)

IR (KBr) cm*; 3031(C-H, Ar-H); 3376(N-H); 1639
(C=0); '"H NMR (DMSO d,), 6 6.9 (d, 2H, Ar-H,
J8.05),7.3(d, 1H,Ar-H, J=7.65), 2.54 (m, 4H, CH,),
1.12(m,4H, CH,), 2.9(m, 2H, CH), 4.00 (s, 1H, N-
H, J=4.08).
Polymer characterization
Viscosity

Intrinsic viscosity measurementswere carried out
on 0.5% solutionsof theadhesive polymerinDMAc a
30°C using Ubbel ohde viscometer. Energy correction.
Flow times were measured at five different concen
tratios of the polymer sample. All the plots obtained
werelinear. Theintring ¢ viscosity wasdetermined by

usua extrapolation of ggp=Cto zero concentrationand
expressed in deciliter per gram (dl g?b).

Solubility
Solubility of the polymersin variousamidesolvents
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like, DMF, DMAc and DM SO wasdetermined & room
temperature (25°C). It was performed by gradual ad-
dition of the polymer to the solvent till saturation. The
maximum sol ubilities of the polymerswere ca cul ated
as percent weight of the polymer per hundred ml. of
solvent (Yowt/v).

Thermogravimetricanalysis

Thermogravimetricandysis(TG) curveswerere-
corded on aShimadzu TGA-50H inair and nitrogen
atmospheresat aheating rate of 10°C min* and aheat-
ing rangefrom 27°C temperatureto 400°C. Thesamples
weightsranged from 3to 5 mg and the gasflow rate
was30ml min.

RESULTSAND DISCUSSION

Polymer characterization
Viscosity

TABLE representstheintring c viscosity valuesfor
the prepared polyamides. The valuesreflect the high
molecular weight of the polymers. It can be noted that
theintring cviscosity of thepolymers(inDMAca 30°C)
increasein parainkagesand ranges between 0.73 and
4.83 dig*when the paraphenylene rings content in-
creasesfrom 0to 100 mol%. Thisindicatesthat the
polymerschainrigidity increasesasafunction of their
para:linkages. The polymer with al meta-linkageshas
thelowestintringc viscosity, whereasthat with al para-
linkages hasthe highest one. Thepolymerswith various
proportionsof meta-to-paralinkageshaveintermediate
intrindcviscosties. Thehigher intringcviscosity vaue
of wholly p-oriented type of polymer can be attributed
to the higher rigidity, much interchain hydrogen bond-
ing, associated with higher chain symmetry and effi-
ciency. Thisobservation seemsto support the results
whichwere previously reported89,
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Flow timefor solvent (water)=43sec
Concentration, Elncwj\(/ev tito= n,-1= ngl/C In Inn,/C
CPd) g M  Me (g T (diig)
0.2716 915 21287 1.1287 4.156 0.7556 2.782
0.1940 75.28 1.7509 0.7509 3.870 0.5601 2.887
0.1509 67.26 1.5644 0.5644 3.740 0.4475 2.996
0.1235 62.26 1.4481 0.4481 3.629 0.3702 2.998
0.1045 59.00 1.3722 0.3722 3.562 0.3164 3.028

Wavenumbers (cm-1)

Figurel: IR spectraof newly synthesized water soluble
adhesive (polymer) 4

Figurel: IR spectraof newly synthesized water soluble
adhesive (polymer) 4
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Figure 3: Plots of n,. versus C and 1 /C versus C for
adhesivesample

—= Py Paper
Solubility

All theinvestigated polymerswerefoundto behighly
solubleinseverd organic polar solventssuchasDMAC,
DM SO and DMF & roomtemperature. Ingenerd, high
solubility isadesired requirement for polymer process-
ing. Thehigher solubility of polyamidein comparisonto
Kevlar (polyterepthalamide) isdueto their weaker in-
termolecular forcesrel aiveto interaction with thesol -
ventg®3,

Themaximum solubility (wt/%) of these polymers
at 25°C arelisted. Regardless of the nature of the sol-
vent used, it can be noted that polymer with al
paralinkages gppearsto belesssolublereativeto other
polymers containing different proportions of metalin
kages and formsvery high viscous solutions even at
lower concentrations, however, at higher concentrations
these solutions appear asgels. Anincreasein, meta-
phenylene moieties content of the polymersfrom0to
100 mol % resulted in anincreaseinitssolubility from
2210 72wt/iv%in DMAc. Thisbehavior providesad-
ditiond evidencefor theincreased rigidity, packing effi-
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Figure4: TGA spectrafor weight lossand temper ature
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ciency and hydrogen bonding of wholly p-oriented type
of polymer. Thisconclusion would seemto be supported
by the observation made earlier by Satreet a.[9.

Thermal stability

TG wereperformed on the polymersevaluatedin
thiswork inorder toexaminetheinfluenceof their struc-
tural differenceson their degradation behaviour under
the purdy thermad and thermo-oxidativeconditions. These
experimentswere carried out in nitrogenandinair and
thethermogram thusobtained are show infigures2 and
3 respectively. Important parameters characteristic of
these degradation processaresummarizedinTABLE. It
can benoted from theseresultsthat in both degradation
amospheresdll polymersshowed acharacteristicami-
lar thermal behaviour and their weight lossescould be
obsarvedinthreedigtinctivestages. First, asmall weight
loss (1-3wt.% based onthe original polymer weight)
occurred at 80-130°C and assigned to evaporation of
adsorbed water from the surface of the polymer sample.
Second, asignificant loss(11-13.5).

CONCLUSIONS

Several easily processed new wholly aromatic
polyamidesof highmolecular weightshave successfully
been synthesi zed ashighly viscousfilm forming solu-
tions. They werestructurally characterized by various
para-to meta-phenylene moieties contents. These poly-
mers exhibited some desirable propertieswhich mark
them as promising candidatesfor corresponding engi-
neering applications and perhaps a so for some new
ones. Polymer propertieswerestrongly affected by their
structural differences. Substitution of para-phenylene
unitsfor meta-phenylene oneswithin these polymers
greatly affected their physicd, thermal and mechanical
properties. Ingeneral, it wasfound that anincreasein
para-phenyleringscontent leadsto polymersof ahigher
thermal stability ininert aswell asin oxidative atmo-
sphere, of higher tensilestrength and of higher intrinsic
viscogty.

These propertiesindicatethe regularity of super-
molecular packing occurred withinthebulk of thepoly-
mer in addition to the collinear arrangement of the para-
phenyleneunitswhich permitsthe establishment of stron-
ger interchain hydrogen bonding. Thelatter would dso
increasetherigidity of thepolymer. Ontheother hand,
polymer solubility and moistureregain areremarkably
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enhanced asafunction of para-phenyleringsinthe
chains of the polymer by the more flexibilizing
metaphenylene units. Thus, it should becomepossible
to prepare material swith the most favorabl e proper-
tiesrequired for any given engineering application or
desired processing conditions by carefully designing
relativeratios of thetwo typesof these aromatic units
during the polymer synthesis.
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