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ABSTRACT

An experimental study was undertaken to investigate the effect of micro-
wave (MW) heating on natural hemp fibers (NHF). The changesin micro-
structural parameters in these natural polymer fibers have been studied
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using wide angle X-ray scattering (WAXS) method. The crystal imperfec-
tion parameters such as crystallite size <N>, lattice strain (g in %) and
enthalpy (o*) have been determined by line profile analysis (LPA) using
Fourier method of Warren. Exponential, Lognormal and Reinhold functions
for the column length distributions have been used for the determination of
these parameters. The goodness of the fit and the consistency of these
results suggest that the exponential distribution gives much better resullts,
even though lognormal distribution has been widely used to estimate the

similar stacking faultsin metal oxide compounds.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Naturd hempfiber (NHF) isasemicrystdlinepoly-
mer (Cannabis Sativa L.). TheNHF isoneof themost
important fibers, which haslignocd luloscused asaraw
material for themanufacture of cost effective environ-
mentally friendly compositematerids. Itisalso oneof
themost important materialsused in several industries,
in particular textileindustry™. Thisnaturd polymer con-
sstsof Celulose(70.2-74.4%), Hemicellulose (17.9-
22.4%) and lignin (3.7-5.7%). Cellul ose the most
abundant biopolymer on earth, is poly (B-1, 4, D
anhydroglucopyranose), which through aregular net-
work of inter and intramol ecular hydrogen bondsisor-

ganized into perfect sterioregular configuration.
Natura cellulosefiberswidely used are cotton fi-
bersand bast fiberssuch asflax, hempand kenaf. Natura
cellulosefibersarereplacing synthetic fibersin many
aoplicationsduetothe r biodegrability, improved acous-
tics of products, higher processing and operational
safety, higher strength and stiffness, lower weight and
lower production cost’®. NHF havelow density than
theglassfiberswithamost smilar stiffness. Thisstiff-
nessarisesdueto high crystdlinity inthe NHF“, Lighter
polymer materialscan potentialy be madewith hemp
fibersasan additiond reinforcement®®. Natura cellu-
lose based fibersareincreasingly gaining attention as
their application are diverse, afew of them used as
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building materias, and also as structurd partsfor mo-
tor vehicles.

Enormouswork has been carried out and reported
ontheeffect of various solventson hemp fibers. NHF
isused asarenewable sourceof hygienic and environ-
mentd friendly fiberd®®. Recently therma studieshave
been carried out on lignocellulosic fibersand fabricg*
1, With appropriate composition of NHFin polymer
materials, and by varying relevant quality parameters
one can prepare blends appropriateto applicationg*?.
For thispurposeit isessential to have knowledge of
micro crystalline parametersin NHF. Thechangesin
crystd imperfection paraneerslikecrysdlitesze<N>,
lattice strain (g in %) and enthalpy (o) and surface
weighted crystallitesize (D) in NHF have not been
studied so far. Hencewe have carried out X-ray line
profile analysis (LPA) on NHF samples exposed to
microwave (MW) irradiation for different time dura-
tion. Thesechangesare correlated with other physica
measurements, inthis paper.

EXPERIMENTAL

Samplepreparation

The raw materia used in this study was NHF
samples (Cannabis Sativa L.) taken from Gulbarga
region of Karnatakastate (India). The sampleswere
madeinto small bundles and subjected to microwave
(MW) irradiation for agiven period of time, withthe
power of 800 Watt and frequency 2450 MHz.

X-Ray diffraction measur ements

The XRD diffractograms of the NHF polymer
sampleswere recorded using a Bruker D8 Advance
X-ray diffractometer with Ni filtered, CuK a radiation
of wavelength L = 1.5406 A, with a graphite mono-
chromator. The scattered beam was focused on ade-
tector. The specificationsused for therecordingswere
40kV, 30mA.. The sampleswerescannedinthe 26 range
10-50° with a scanning speed and step size of 1° /min
and 0.01° respectively.

Theory

Micro structural parameters such as crystal size
(<N>) andlatticestrain (gin %) areusudly determined
by employing Fourier method of Warren and
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Figurel: X-ray diffractogramsof hemp fibers

Averbach™4 and Warren*¥. Theintensity of apro-
fileinthedirection joining theoriginto the center of the
reflection can be expanded in termsof Fourier cosine
sies,

I(s)= Y. A(n)cos{2rnd(s—sp)} (1)
N=—00
wherethe coefficients of the harmonicsA(n) arefunc-
tionsof thesizeof thecrystalliteand the disorder of the
|lattice. Here, sissin (0)/(1), s being thevalueof sat
the peak of aprofile; nisthe harmonic order of co-
efficient and disthelattice spacing. The Fourier coeffi-
cients can be expressed as,
A(n)=Ag(n).Ad(n) )
For aparacrystallinematerial, A (n) can be obtained,
with Gaussian strain distribution,
Ayn) =exp (-2r°m?n @) ©)
Here, ‘m’ is the order of the reflection and g = (Ad/d)
isthelatticestrain. Normally onea so definesmean
sguare strain <g?>, whichisgiven by g%n. Thismean
sguare strain is dependent on n, whereas not g71€l,
For aprobability distribution of columnlengths (i), we
have;

nd dff "
Ag(n)=1-—-— j|P(n)d|-an(u)d|] (4)
D DL 5

whereD = <N>d_, isthecrystallitesizeand ‘i’ is the
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number of unit clsinacolumn. Inthe presenceof two
ordersof reflectionsfrom the same set of Bragg planes,
Warren and Averbach ™4 have shown amethod of
obtainingthecrystal size(<N>) andlatticestrain(gin
%). Butinpolymer itisvery raretofind multiplereflec-
tions. So, to determinethefiner detailsof microstruc-
ture, we gpproximatethesize profileby smpleanalyti-
cd functionfor P(i) by considering only theasymmetric
functions. Another advantage of thismethod isthat the
distribution function differsaong different directions.
Whereas, asingles zedistribution function that isused
for thewholepatternfitting, whichwefed, may bein-
adequate to describe polymer diffraction patterng®-29,
Hereitisemphasized that the Fourier method of profile
anaysis(singleorder method used here) isquitereli-
ableone as per therecent survey and results of Round
Robin test conducted by IUCI?%. In fact, for refine-
ment, we have d so cons dered theeffect of background
by introducing aparameter [ seefor detailsregarding
theeffect of background on the microcrystalline pa-
rameterg?!.

Theexponential distribution

It isassumed that there are no columns containing
fewer than p unit cellsand those with more decay ex-
ponentidly. Thus, wehaveé?,

. 0 ;if p<i
P = {aexp{—a(i—p)} it pai ©
where, a.=1/(N - p) Substituting thisin equation (4),
weget;

_ [A@)@@-n/<N>)

As(n)= {A(O){exp[—a(n—p)]}/(aN)
Here, a.isthewidth of thedistribution function, ‘i’ is
the number of unit cellsinacolumn, nistheharmonic
number, pisthesmallest number of unit cellsinacol-
umn and <N>, the number of unit cellscountedina
direction perpendicular tothe (hkl) Bragg plane.

ifn<p
ifn>p ©)

Thelognormal distribution
TheLognormad distribution functionisgivenby;

: 2
P)= (rsrg T exp[—“"gz(zf;’] ] G

where, ¢ isthe variance and misthe median of the
digtributionfunction.

—= Fyl] Paper

Substituting for P(i) in equation (4) and smplifying®,
weget,

Ay MRl )2 Moglinl/m) 3172
si= 172 2° ¢
3 2" ‘o
2 1/2 12
_m“exp(2™~ “o) In|erf log(Inl/m) _,1/2 G)
2 21124

+ﬁ erf{log(|n|/m):|
6 21/25
Theabove equationistheoneused by Ribarik et al*7.
Themaximal valueA (0) isgiven by,

2m3 expl(9/4)(2Y 20)?] )
3
Thearea-wei ghted number of unit cellsinacolumnis

givenby

Ag(0)=

1/2
2mexp[(5/4)(2™ “o
<Nogype 2meell 3)( )

and thevolume- weighted number of unit cell inacol-
umnisgiven by

(10)

. am expl(7/0)(2Y 26)?]
4

Therenhold distribution

Withtheexponentid distribution function, P(i) rises
discontinuoudy at p, from zerotoitsmaximum value.
In contragt, the Reinhol d function alowsacontinuous
changeby putting,

i)= {9 ifi<p
P= {Bz(i—p)exp{—p(i-p)} Jifi>p

<N>yg (11)

(12)

2
where B= N_p substitutingthesein eg. (4), weobtan

As(n) = {[AA(?&)%‘JE,’E 218)IN] expl-Bn-p)l} i nsp (19
where,  isthewidth of thedistributionwhich hasbeen
varied tofit the experimental results. pisthesmallest
number of unit cellsinacolumn, <N>isthenumber of
unit cellscounted in adirection perpendicular to the
(hkl) Bragg plane; disthe spacing of the (hkl) planes; A
isthewavdength of X-raysused; i isthenumber of unit
cellsinacolumn; nistheharmonic number and D_is
thesurfaceweighted crystal size(<N>d, ).

All thedistribution functionswere put totest in or-
der tofind out themost suitablecrystal sizedistribution
function for theprofileandysisof the X-ray diffraction.
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The procedure adopted for the computation of the pa-
rametersisasfollows. Initial valuesof gand Nwere
obtai ned using themethod of Nandi et a3, Withthese
valuesinthe equations give numbersearlier givethe
corresponding vauesfor thewidth of distribution. These
areonly rough estimates, so therefinement procedure
must besufficiently robust to sart withsuch vaues. Here
we compute;

A?=[l - (I, +BG)]*/npt (14)
where, BG representsthe error in the background esti-
mation, npt isnumber of datapointsinaprofile, | is
intensity calculated using equations (1)-(13) and I, . is
the experimental intensity. The values of A weredi-
vided by haf themaximumvadueof intensty sothatitis

expressed rel ativeto the mean va ueof intensities, and
thenminimized.

X-ray profileanalysis

For theanalysis, we have used X -ray diffraction
dataintheabove equationsto smulatetheintendty pro-
fileby varying the necessary parameterstill onegetsa
good fit withtheexperimenta profile. For thispurpose,
amultidimengond dgorithm SMPLEX isusadfor mini-
mization?¥. We have used pure and Microwave (MW)
irradiated NHF samples. The computed crystal imper-
fection parametersa ong with reported physica param-
etersaregiveninthe TABLE 1 for different distribution
functionsfor each of thesamples.

TABLE 1: Microstructural parameter sof microwave (MW) irradiated polymer samplescomputed by variousdistribution

functions.

Exponential Reinhold L ognormal
Sample  <N> gin% o* D; deta <N> gin% ao* D; delta <N> gin% a* D; deta
Pure 7.58+0.24 0.5+0.02 0.014 30.36 0.032 7.55+0.26 0.5+0.02 0.014 30.24 0.035 8.04+0.41 0.5+0.03 0.014 32.20 0.050

10 min
20 min
30 min

7.35£0.26 0.5+0.02 0.014 29.08 0.035 7.30+0.29 0.5+0.02 0.014 28.89 0.040 7.91+0.53 0.5+0.03 0.014 31.29 0.060
7.63+0.33 0.4+0.02 0.011 30.68 0.043 7.60+0.24 0.3+0.01 0.008 30.56 0.031 8.19+0.52 0.4+0.02 0.011 32.93 0.060
7.62+0.67 0.5+0.03 0.012 30.26 0.049 7.56+0.23 0.5+0.02 0.014 30.02 0.037 8.17+0.43 0.5+0.03 0.014 32.44 0.050

RESULTSAND DISCUSSION

Figures2(a-d), 3(a-d) and 4(a-d) show the com-
parison between simulated and experimental profiles
for Microwave (MW) irradiated and pure NHF poly-
mer samplesfor clear Bragg’s reflection. The simulated
profilewas obtained with the above equations using
gopropriatemode parameters. Thisprocedurewasfol-
lowedfor all the other samplesheated at different time
duration. The computed microcrystalline parameters
such ascrystdlitesize (number of unit cells) <N>, lat-
ticestraingin %, thewidth of thecrystallitesizedistri-
bution (o), surface weighted crystallite size (D ) aregiven
iNTABLE 1. Itisevident from TABLE 1that al the
asymmetricdigtributionsused givemoreor lesssmilar
results. By and large, exponentia distribution function
givesabetter fit than Reinhold/Lognormal distributions
Herewe emphasize that the standard deviationin al
the casesfor the microstructural parametersaregiven
iNTABLE lasddta

Fromthe TABLE 1, itisclear that thecrystallite
size<N>is7.58, and surfaceweighted crystdlitesize

@ 0
1 N T T T LI T I
+ Bl + Y Bl +
08F #\ Smul — 4 08F 4\ Smul— -
> _,‘ > A
g 06r T\ £ 06t
UEJ l'\"a % k)
£ 04t #4‘ £ 04+ _}*x
i i
02+ 02+ %
A% A
0L 1 | Hie— 0L | 1 i
0125 0.13 0135 014 0145 0125 013 0135 014 0145
sinftheta)/lambda sin(thata)lambda
" © ; d)
T T T T T T T
% Bl + Bl +
08F Simul 08 F Simul
> > "\
IR §oor
Y - ..‘l
S % 2ot \
- % - 3
% A1
02 ¢ \\‘F E 02F \‘1'-:_
- | o (= I | Bl T
0125 018 0135 014 0145 0125 013 013 044 0.145
sin{iheta) lambda sin(fnela)lambda

Figure 2 : (a-d) Experimental and simulated intensity
profilesof x-ray reflection of hemp polymer fibersobtained
with exponential column length distribution function.
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with lognormal column length distribution function.

(D,) is30.36 A for pure sample. For 10 min micro-

—== Py Paper

waveirradiated samplecrystalitesizeis7.35and D, is
29.08 A, in the case of 20 min heated sample crystallite
size7.63and D_is30.68 A and 30 min heated sample
has7.62and D, is30.26 A. From all the cases it was
found that the crystdlite sizeand surfaceweighted crys-
talitesize(D ) isdmost same, thereisno much change
occursduring thetreatment.

Thevariation of thelattice strain (gin %) liesbe-
tween 0.4 and 0.5%in caseof exponentia distribution
for NHF polymer samples. From the obtained microc-
rystalline parameters (<N>, g in %), one can estimate
theminimum entha py ("), which definesthe equilib-
rium stateof microparacrystasindl the polymer fibers,
using there ation postul ated by Hosemann(®!

o =(<N>1/2g) (15)
Theestimated minimum enthapy isgivenin TABLE 1.
It is observed here that the value of o lies between
0.011 and 0.014 for thesefibers. Thevalue of entha py
decreaseswith increasing exposuretime, which corre-
spondsto the state with lower ordered polymer net-
work. We have observed that thelatticestrain andits
variationarevery smal and areamost insignificant.

CONCLUSION

FromthewideangleX-ray scattering (WAXS) study
of microwave(MW) irradiated NHF polymer samples;
we have observed that even though thereisnot much
changeintheposition of the X-ray reflections, asmall
changeinthevauesof micro structurd parametersoc-
curs. Thesmal changein microstructura parametersin
polymer is due to microwave irradiation. We have
shown that among thethreeasymmetric crystalitesize
distributions, Exponential givesabetter fitin polymer
fibers. Theonly justification for the good fit that we
observed with Exponentia distribution in these poly-
mers can beinterpreted on the basisof extensive usage
of thisfunctionin condensed matter to explain various
phenomenon’s like dielectric relaxation, luminescence
decay law and other physical properties. Singleorder
method that we have used hereis capabl e of estimating
both the sizeand thedistortion parametersand couldin
general measurecrystdlitesize, only uptoacertainlimit.
The changesin polymer network with different expo-
suretimearequantified hereintermsof microstructura
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parameters. Our study indicatesthat microwaveirradi-
ated polymer sampleshaveadightly higher values of
crystallite sizethan pure sample. Surprisingly weob-
served that theintrinsgc strainsarevery smal. It isevi-
dent from thisstudy that microwaveirradiation of NHF
polymer samples, the duration upto 30 minisnot suffi-
cient to break the hydrogen bonds. Thisindicatesthat
thesefibersareresistant to microwaveirradiation.
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