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ABSTRACT

Using small angle X-ray scattering (SAXS) data recorded by E.Wojciechowska et al.™™ for iPP/PLA fibers, we have
computed microstructural parameters by simulating SAXS pattern employing one-dimensional Hosemann’s
paracrystalline model. For this purpose we have used the SAXS data of the fibers containing 100wt% of iPP and
40wt% of PLA. The supramolecular structure of fibers was correlated in terms crystalline and amorphous phase
lengths. It is observed that there are significant changes in phase lengths owing to the presence of biodegradable

PLA when compared to polypropylenefibers.

INTRODUCTION

Polypropylenefibersaresynthetic fiberswhich are
widely used inthetextileindustry becauseof their abra-
sion resistance, resistanceto chemical and biological
agents. Alsoit hasgood heat-insulating propertiesand
of low manufacturing cost?3. The main drawback of
thesefibersisnon-biodegradability. Inview of thisear-
lier investigators have made an extensivework to ob-
tain modified polypropylenefibersthat would be partly
biodegradabl€*®. The polylactide (PLA) isacompo-
nent in polypropylenefiberswhich has biodegradabil -
ity. Adding of PLA to polypropylenewith different com-
positionit wasobserved that thereissignificant change
in biodegradability and their propertied®”. Extensive
work on SAX Sstudy of iPP (melt of polypropylene)/
PLA (polylactide) fibers[ S ovnaft i sotactic pol ypropy-
lene TATREN TI 992 with MFI 309/10 min (230C/
2.16 Kg) and poly(L-lactide) RESOMERR L 207 pro-
duced by Boehringer Ingelheim Pharma GmbH were
used] werecarried out by E.Wojciechowskaet al ..

Using one-dimensional linear paracrystalline
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Hosemann’s model we have carried out SAXS profile
andysisof different compaositioniPP/PLA fibers andwere
ableto computeand quantify thecompositionof PLA in
iPP onthebasisof phaselengths, long periodicity and
digtribution functionsintermsof biodegradability.

THEORY

Thelinear paracrystallinemodel of polymer mor-
phology like synthetic fiber comprises of stacks con-
taining afinitenumber of crystalinelame lae separated
by amorphous segments. Thethickness of successive
lamellaea ong astack israndomly selected from acer-
tain probability density function, asthelength of amor-
phous segment, although they may be distributed ac-
cordingto adifferent function. If itisassumed that the
transversewidth of astack isinfiniteand that thelamd -
lae boundariesareflat and normal to theaxis, thenthe
X-ray beam normd to stack axiswill bescattered dong
alineinreciprocal spaceparalel tothestack axison
thedistribution of intensity dlong thiswill begiven at
small angles. Theequationisgiven by,
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whereH, and J, arerespectively the Fourier transforms
of thenormalized distributionfunction of lengthsY and
Z of theamorphous and crystalline phase segments,
S(=2sn0/)) isthescattering vector, 20 isthe scatter-
ing angleand A isthewavel ength of radiation (CuK a,
A=1.542A), N(=20 units) isthe number of repeating
unitsinastack, Ap isthedifference betweentheelec-
tron densities of the phases and I(s) isthe scattering
intengty asafunction of scatteringanglepardld to stack
axis. If itisassumed that thefiber comprisesof paraled
stacks, incoherently arranged, therewill bedistribution
of intengity scattered by fiber. A correction of broaden-
ing of intensity profile has been reported® and incor-
porated here.
Using exponential distributions for H, and J,,

Hosemann’s equation (1) is expressed in a form which
isamenableto computationa analysisandisgiven by

{N(1-Jz)+

21(nS)? _C,(D+E)

A2 FR2 @)
where
F =1+ A%B? - 2ABcosX ©)
C=N{1-A%B?-A(1-B?)cos¢—B(1- A?)cosy} e\

B[(1- A%)(1- AB?)sinXsin¢ +{(1+ A’B?)
cosX — 2ABH (1+ A?)cosdp— 2A}] 5
G

D=

G =1- ANBN cosNX (6)

E=ANBN*1snNX[(1- A2B2){(1+ A%)cosp — 2A} @
snX —(1- A%)x{(1+ A?B?)cosX — 2AB}sin¢]

For given values of A, B, y and ¢, I(S) can be
evaluatingfromtheequations(2) to (7). A, B, yand ¢
arethevauesof Fourier transformsof the probability
distributions of theamorphousand crystalline phase
lengths. A and y arerd ated to thedistribution of phase-
Y segment lengthsand B and ¢ to that of phase-Z seg-
ment lengthg™,

EXPERIMENTAL

SAXSdaaof iPP/PLA fiberscollected usng Philips
PW1830 X-ray generator of A=1.542A and reported
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Figurel: Exponential and ssmulated SAXSprofilesusing
paracrystallinemodel (a) iPP/PLA composition of (100/
0), (b) iPP/PL A composition of (90/10), (c) iPP/PL A com-
position of (80/20) and (d) iPP/PL A composition of (60/40)

by E.Wojiechowskaet a.™M. wasused inthis paper.
RESULT AND DISCUSSIONS

Figure 1(a-d) show thesmulated and experimenta
small angle X -ray scattering profile of supramolecular
structure of melt iPP/PLA fibersof composition (100/
0, 90/10, 80/20 and 60/40). Thevaluesof <y2> (good-
ness of fit) averaged over 10 successivepointsarea so
showninthefigurel. Theobjectiveof thisinvestigation
hasbeento establishthegenera vdidity of theparacry
gdlinemodd and dsotoinvestigatethe detal ed changes
in morphology dueto biodegradabl e property of dif-
ferent composition of melt iPP/PLA fibers. Figure2(a-
b) showsthenormaized exponentia probability distri-
bution function of thelengthsof thephasescrystaline
(v,) and amorphous(y, ). Thevauesof morphologica
parameterslikelong period (L), phaselength (<Y>and
<Z>), phaseratio (Y/Z) and probability distribution of
the phases (y, and, ) for different composition of iPP/
PLA fiber giveninthe TABLE 1. Herethelong period
significantly decreaseswithincrease of composition of
polylactidein polypropylene. Thephaseratioasoin-
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TABLE 1. Morphological parameter sof supramolecular structureof iPP/PLA fibers

Composition Long period in Phaseratio

<Y> <Z> Crystallanity

iPP/PLA A (Y/Z) vy 1z inA  inA <zsiysi<zs N <x>
100/0 104.0 0.30 0031 0250 312 728 0.70 20 0.004
90/10 101.0 0.25 0110 0235 252 758 0.75 20 0.001
80/20 91.9 0.30 0280 0200 272 643 0.70 20  0.001
60/40 87.0 0.35 0255 0200 305 565 0.65 20 0.001
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Figure2: Thenormalized &&Emtial digribution function of thelengthsof the phases(a) Gamma-Y (amor phous) and
(b) Gamma-Z (crystalline) of iPP/PL A composition of (100/0), (90/10), (80/20), (60/40) r espectively

creaseswithiPP/PLA compaosition. Theprobability dis-
tribution function for amorphousregion alsoincreases
ggnificantly for thesame compositions. Theamorphous
phaselengthincreaseswith thecompositionof PLA in
iPP, but the crystallinelength and the crystal lanity de-
creaseswith theincrease of PLA compositioniniPPR It
isevident from TABLE 1 that, there are significant
changesinthemorphologicd parametersduetothefact
that thereisachangeinthepolymer network inascale
of theorder 100to 500A. Changes of this magnitude
normally facilitates biodegradable ability since these
changes areattributed to the presence of weak hydro-
gen bonds.

CONCLUSIONS

Simulated small angle X-ray scattering pattern for
different composition of iPP/PLA filament using
Hosemann’s linear paracrystalline model fits very well
with experimenta dataand the changesin morphol ogi-
ca parametersaredueto compositiona aswell asor-
ganizationd differenceswhichinfluencetherearrange-
ment of the crystalline and amorphousregions. We
observe from these studiesthat asPLA components
increaseini PP, thereisanincreaseof amorphouslengths
and decreaseof crystdlinephaselengthsfacilitating the
biodegradability.
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