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ABSTRACT

The ertects of y-irradiation (5-1000KGy) on the erysialline siructure
(erystallinity  and erystalline size) and the thermal m.ﬁm.u\ oithe A
fraqp weol  were monitored. Wide-angle N-ray dutrastion and DSC
techniques nave been used for thus project Lsmg a nunmerical aralysis
method, the XN-ray diffraction patterns were resolved into two peaks and
background, the crystallinity was calculated to be 58.2% and showed that
wool is a crystalline polymer having an a—keratine folder chain structure.
No change in the lattice structure was cbserved as wool fibers were
irradiated up to 1 MGy,

The apparent endothermic peak at 126.3°C disappeared in Lhe
wradiated sampiles, indicating 2 loss in the boun-l water content as g resuit
of v-irradiation. The endothermic peak that appeared ;_l[ 233 20 uels
broadencd and shified slightly (o a 10wu temperature (234.8-233.3°C) for
the trradiated wool sampte. Thesc thermal behaviours stggest lhc lower
thernwl stability of the nrradiated wool ers, ind ua-mg, sonLe {oss 1
cystinc content. The endothernie pc; ak nppc(.ud at 3144 °C showed a
broader arca and more attened, and shilted slighily to luwu temperature
with Inereastiig dose, Lunduumé the gleate: (l-gm atlen reactions and o
fower stabtlity.
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INTRODUCTION
During the last three decades there has been growing histerest in the
benelicial applicatton of high-cnergy lontzing radiation in the indusiry of
textiles. The radiation  processing ol texdiles have Deen aclu[udd\
reviewed by Mabmood'”. The effects of gamma ionizing radiation (and
neutrons or electrons) on wool fibers were studied CxtLI]SIVBl} ”1Cbb
include, effects on the mechanical ]JIO]JCl‘tlf‘S(z 10 alkali sotubility &1,
amino aclds contents (‘%’)"1"’“), supelcontr'lcuon behaviou O basic
(1.5, 1-3,16) )

clements contenst %%), dyeability ¢ , electrical conductivity"” and
fibre structure using ifrared  absorpti on spcouoscopy G519 Phese
ivestigators concluded that high doc,b of v rays (= 100 kGy) causcd
destruction of wool fibres as revealed by:
a- Decrease in tensile properiies.
b- Increasc in alkali solubility, dye ability aud supercontraction
¢- Oxidation of cystine (Lb)kbhl“‘, wlicn lildtllclllk)ll was carried oul in

air) to cysteic acid and ncrease in cysteine.
d- Decomposition of tryptophane and tyrosine.

hDbestu:mction at high doscs was dtll&llliumd to cleavage of amide
Hinkst™®!™) Cleava;c of di Sdlpl!lc ¢ bonds © ,and breakage of secondary
hydrogen bonds'™
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The wool keratin 1s a multicompoenent fibre and consists of three
main morphological components: cuticle, cortex and cell membrane
complex, which consists of further suwallpemmb (see fig 1) Many
physical  properties of wool are detcrmined by the microfibril-matrix
complex of the cortex™ ™" partly helical, cystine poor microfibrils
ecmbedded in a nonhelical, cystine rich matrix. The wide- angle x-ray and
the differential scanning calorimetr y (DSC) technigues are very powerful
tools for determining, lhu struclure and the stiuctural changes of the
milerofibrii-matrix complex.

X-ray diffraction studies®*?% of wool fibres showed that there are
two principal x-ray diffraction patterns. The o -keratin exhibited by
unstretchicd wool fibre inwhich the main ool chains are cotled up in a
spiral form, and the - keratin characteristics of stretched hbrc where the -
coil extends (¢-helices into -pleated sheets transfo fmatlon) 6-28)

There 1s hardly any repom,d stucty on the changes in the mystalim
structure and thermal stability of wool fibres asa result of nradiation.
Furthermore, Iragi wool has never been characterized by DSC nor x-ray
dilfractometry. The aim of the present study is concerned with DSC and
x-ray diffraction examination of Iraqt wool sample irradiated at different
doses of gamwma photons occurred within ‘rradiated wool fibres, and to
put forward some information that may help in future research topics.

Interpretation of Wide-Ange XN-Ray Dilfraction Pattern
The main {eature of the wide — angle x-ray pattern in unstretched

wool may be summarized as follows

I- A group of strong, sharp, near meridional reflections with spaacing
about 0.514 nm.

2- A weaker meridional refiection of spacing 0.15 nm.

5- A diftuse equatonal reflection or group of reflections with a mean
spacing of about 0.98 nm.

4- A number of diftuse, but discrete, reflections together give the
impression of an elliptical halo,

5- Such refections as occur indicate good crystallite orientation in the
direction of the fibre axis.

In the range of equatorial diffraction angle with which we are
concerned, there are two main components in the unstretched wool
fibers. These are: the composite reflection at O 98 nm which is doe to the
presence ofa coiled =<-helix 1 the wool libie shand the board band in
the region ol 045 nin which was previously considered to be part of the
non- C!};hilmu halo”™” or as entirely amorphous scattering””. However,
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Jaksic®Y, and Jaksic and Jovanovie®™ developed a new theory proposing
the existence of f-crystaliine phase in the unstreched woel fibre, and the
diffuse halo with broad maximum between approximately 0.40 and (247
nm on the equator would be caused, at least partly, by the pressence of
B-crysiallites . The length of these crystallites could be relatively short
and small, in comparsion to the length of the cc-helix and that of the
supermolecular elements of wool structure,

It could cause a lesser degree of orlentation in relation to the degree
of orientation of rigid cc-helices. In this case the degree of crystallinity is
influenced by the $-crystalline form as well as cc-crystaliine form, and 1s
assumed  as the inlegral intensity of the tow pealks i the x-ray diffraction
Curve.

The diffuse background under the two peaks considered to be due
to scattering form the non — crystalline regions of the fibre.

Interpretation of DSC Thermogram

The succession of events that occur when wool is heated in vaccum
can be summarized as follows®? : ordinary drying up to 120°C, removal
of strongly bound water at about 130-150°C, slow formation of amide
crosslinks and giass transition phenomena at for of’amide crosslinks and
glass transition phenomena at about 160°C, melting of a small part of the
ordered phase at 215° with the newly formed amorphous material,
melting of the major part of the wool protein at 235°C, disulphide bond
cleavage at 230-250°C, general pyrolysis above 250°C and a severe
breadown of ppeptide chains about 300°C.

The transition that occure above 260° is refered © 1o as
liquefaction, the broad endothermic peak at 325°c was associated with
melting of P-keratin and with the net heat effects from the degradalion
processes.

The characteristic doublet endotherm: observed in the region of
220-260°C is believed ©% to relate to the thermal stability of the fibre,
and many workers 3339 have reported on the shape and nature of this
doublest. 1t was concluded that the first endothermic transition peak at
235°C  related to the microfibril is caused by an dirreversible helix
unfolding (denaturation process)®>*%*) while the second peak at 254°C
is a matrix decomposition. However only some sulphur-rich ()nmtrix-rich)
keratin such as intact human hair yields clearly this peak @7,

&4
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EXPERIMENTAL
Materials

Scoured Awassi™™ fraqi wool was oblained from the General
Establishment  for Woolen Indusiries. Random samples underwent a
prolonged treatment with ethanol, this was followed by a long rinse in
distilled water (24 hr), after which they were ailowed to dry at room
temperaiure znd moisture. chum of the variability in woaol properties
within the same samnle, cach sample was divide , belore irradiation, into
two identical \Jr)CCIiHCN:: OlIC Was dcsmmt as acontrol (unumdmlud‘)
and the other was rradiated to the required dose, in order to calculate the
relative values rather than the absolute onus.

Irradintion )

trradiation was carried in Canada gamma-cell-220% Co irradiation
faciiity located at the Agricultural and Biological Research Centre / lragi
Atomic Energy Organization ~Baghdad.

Batchos of wool fibers were packagsed in a smail plastic
containers made of polyethylene, and wradiated 0 the dry state at room
teniperature and atmospheric pressure to different doscs ranging from 5
l\a._<_,‘ up to 1 MGy naly, at dose rate avound 3 KRG/

2y Diffraction Facility .

‘*quaio ial wide-angle n-ray diltraction traces were recorded in
cﬂ «clion mode using a Philips PW 1050 diffractometer mounted on

silized Philips x-ray Generator PW 1729 operating at 30ky and 25
A, © Ni-filtered Cuk o radiation was used. The diffractometer i
cortrolled by a Microprocessor PW 1710, and incorporates Piopomonal
Ceuater, Amphlzcl, and Pulse—height and Fulse- height Analyzer. The
diffractometer contains, {lat circular sample holder on which the sample
can be laid and fixed, it was run i the step - scan mode at specified
anagutar steps ranging between 0.1 and 0.5 (”B)

The output data, comprising 20 angle (in the range 4-607) VCISUS
count/sec, was fed digitally to the printer, Finally the data was fed into an
IBM Electronic Computer Touche 486 for analysis.

An oven-dry (st TO3°C for 2 he) test specinien ofwool fibers weie
choppcd"’"\""” sharily with the help of scissors, nto small pleces with
powder liks consistancy . A 100 gim powder of the specimen was pressed
for 15 min to a disk o' 2.5 ¢ diameter and about Tmm thickness.

35
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The data was analysed using the multipeak resolution procedure
of Hindeleh and Johnson "% The intensity data was corrected for air
scatter, compton scalter, polarization and Lorntz factos™", and finally
normalized 1o a conveniel arca in the range 5-35°(20), then the
normalized  dillraction peaks were resolved n terms of combined
Gaussian—Cauchy profiles for cach peak, together with a polynominal
background,

Poaki arca crystaliinity is then delined as the percentage ratio of

x-ray under the resolved peaks 1o the total x-ray scatier under the
corrected normalized scan.
20

1
> {1i(20)d(20)
Crystellinity = 20121 o (N

J-zl (norm)(20)d(20)

20
1

2- Differential Seanning Calorimetry

DSC analysis was achieved ina Mettler DSC Calorimeter Maodel
TA 3000 controlfed by o TC TOA FTA Processor where the heat fiow
against the temperature was scanned. The following analytical [unctions
could be performed: assignment of the peaks temperature, determination
ol the base line, integration of the total heat of fusion and caleulation of
the enthalpy.

DSC measurements were performed for oven—dry and cut® wool
[ibers (weighing exactly 6.5 mg placed in an aluminum crucible) with a
heating rate of 5°C/min, from 35 to 400°C, purging 30cm/min of
nitrogen gas.

An empty standard aluminium pan with perforated lid was used as
a reference, the DSC cell calibration coefficient at the temperature of
interest was found from separate measurements made on indium with
heat of fusion 2845 Jg and melting point 156.6°C. For temperature
calibration, lead and zinc (meling poings 327.4 and 419.5°C respectively)
were used m addition to indium.

~ 00
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crystaliinity of unsstretched Lincoln wool®Y, where 40% of crystaliinity
was attributed to the cc-phase and 17% to the B-phase.

The wide angle x-ray difiraction studies showed that Iraqi weol 15 a
crystaliine material with little amount of w-phase 6.33-8.07%.

2-05C Thermograms

The D5C curves [or the y-irvadiated wool fibers are shown in Fig. 4.
onirol sainple (a) showed a small endotherm spanning from 118 o
46°C with  a peak at 120.3°C, which is apparently due “" 0 the
desorption and vaporization of water in the bound stale.

A shoulder—from endothermic peak is observed aat 235.2° with a
broad endothemic peak m the higher temperature range from 210t
;75“0 which 1s attributed, as snggested by other worker STZ‘ 6 o 11]@
helix peak superiinposed b\ crystine decomposition reactions and various
oiher cm..ompusmon reacticns. After that the DSC curve shifted toward
the exothermic reaction. The endothermic peak at 314.3% in the range
303-342°C may be attributed (o the melting of [I-keratin as mentioned in
the preceding paragraph.

The endsthenmic peake apparent at 1203 °C disappeared in the
iriadiaied samples 1ndicating 2 decrease in the bound waler content as &
resuit of y-icradiation. The endothermic peak that appeared al 235.2°C
became broad and shilted sligutly to lower temperature in the range
(234.8-233.5°C) for the irradiated wool samples. These thermal
) Hdvms suggest the lower thermal stability of the irradiated wool
fibers, indicating loss in cystine content. A support tothis was given
carlier GH3 ”\), where it was stated that, reduction in the number of
crossiinis, especiaily the disulphidelinkage lower the meiting point of
holical regions. However, the obtained results for this endothunnc peak
are inagreemeit with the abservation of other authors @ for y-irradiated
sille fibers, except the shift ol the decomposition peak at 315°¢ toward
iower temperatures was larger compared with the present results. The
cndothermic pesk apparcat  at 314.3 °C became broader and more
{latte ﬂcd, and shilled shightly to lower femperature witl: increasing dose,
stogesting the  greater degradation reactions and lower thermal stability,
this may be due to nwdificarions lavolving the scission of the peptide
bonds in the anterphous region

C
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RESULTS AND RISCUSSION
I-X-Ray Diffraction Patterns:

Fig. 2 shows normalized equatorial wide angle x-ray diffraction
scans of unirradiated wool fibers resolved into two peaks superimposed
ona background, the first peak at about 7.9, corresponding to crystalline
spacing (GO of 142 nm, and the sccond peak at about 22.7°
corresponding 1o crystalline spacing of about 0.39 nm. Tlhe second peak
s much broader than the st one and related to dilTuse reflections. These
o peaks which are characteristics of the oc-pattern of wool fibers®”
have amplitude of 7.91 and 11.73 respecitvely on the relative intensity
scale, thetr angular widih are 2.25° and 12.18° (20) respectively.

The xeray diffraction of wool fibers remained unchanged even alter
wradiation with 1Mgy of y-ray, as shown in Fig3 suggesting that v-
irraciation did not break the crystalline lattice structure of the wool
fibers,

Table 1 displays quantitavely the two peaks parameters of the
unirradiated wool  fibers, with their changes or their relative values
(irradiated/control) as a result of irradiation with different doses of y-ray.
The crystallinities (Ap) (expressed as the percentage peak area) of the
first peak indvidually and of both peaks, as well as their relative values
(R) arc shovn. The peak position {(p) of cach peak and its change (Ap) as
a resuli of nradiation are also shown. in this Tables we can see also the
amplitude (A) and width (W) of each peak with their relative values (R)
as a result of iradiation. Within the limit of the experimental error, the
Chtained results indicate that no change is observed as aresult o'y -
iradiation. The absence of any shift in the x-ray peaks as a resuit of
iradialon Impiies that the unit cell is not altered and that the major
crvstalling structure remained unchanged regardless of y-irradiation. No
reciarkable change is observed in the relative peaks area or width, this
indicates that both crystallinity .and crystallite sizes (oc or B), which are
mversely related to the width G539 remained unchanged. The results of
the present work are consistent with those reported for coiton fibers®?
where the crystal lattice structure of cellulose, ie. elementary cell and
crystallite sizes, was almost unaffected even at high y-rays of 1Mgy. Our
current results are alse in reasonable agreement with those reported for
silk fibers @ irradiated up to 210 Kgy.

The present results for the crystallinity of unirradiated unstretched
Iraqi wool libers {as caleulated from the arcas of the two peaks) is in the
range 47.54-63.18%. Nearly the same result {57%) was observed for

s}
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crystallinity of unsstretched Lincoln wool®Y, where 40% of crystallinity
was attributed 1o the ec-phase and 17% to the B-phase.

The wide angle x-ray diffraction studies showed that Iraqi wool 45 a
crystalline material with little amount of oc-phase 6.33-8.67%.

2-DSC Thermograms

The DSC curves for the y-irradiated wool fibers are shown in Iig. 4.
Control sample (a) showed a small endotherm spanning  from 118 to
146°C with a peak al 126.3°C, which is apparently duc “V to the
desorption and vaporization of water in the bound state,

A shoulder—from  cendothermic peak is observed aat 235.2°%¢ with a
broad endothemic peak in the higher temperature range from 210 to
275°C, which s attribuied, as suggested by other workers®2**%%% 4 )1e
helix peak superimposed by crystine decomposition reactions and various
other decomposition reactions. After that the DSC curve shifted towar
the exothermic reaction. The endothermic peak at 314.3%¢ in the range
303-342°C may be attributed to the melting of B-keratin as mentioned in
the preceding paragraph.

The endothermic peak apparent at 1263 °C disappeared in the
irradiated samples indicating a decrease in the bound water content as
result ol y-uradiation. The endothermic peak thal appeared at 235.2°C
became broad and shifled slightly to lower temperature in the range
(234.8-233.5°C)  for the irradiated wool samples. These thermal
behaviors  suggest the lower thermal stability of the irradiated wool
fibers, indicating loss in cystine content. A support to this was given
carlier G599 \here it was stated that, reduction in the number of
crosslinks, especially the disulphide linkage, lower the melting point of
helical regions. However, the obtained results for this endothermic peak
arc in agreement with the observation of other authors ©* for y-irradiated
stk fibers, except the shifi of the decomposition peak at 315°¢ toward
lower temperatures was larger compared with the present results. The
cndothermic peak apparent” at 314.3 °C became broader and niore
flattened, and shifled slightly to lower temperature with increasing dose,
suggesting the greater degradation reactions and lower thermal stability,
this may be due to medifications involving the scission of the peptide
bonds in the amorphous region.

88
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CONCLUSIONS
In the course of the ebtained resulis (he following conclusions can
be drawn -
J- Widc-angle x-ray diffractomelry revealed that lragi wool s a
crystalline polymer, and has an we-keratin folded chain structure .
2- No change in the laltice structure was observed as a resull of y-
irradiaton up to 1MGy,
3- Thermal stability of wool fibers was slightly alTected by trradiation up
10 200kGy (shift in the helix peak from 235.2 to 233.5°C).
4- The x-ray diffractometry and DSC calorimetry results lead us to
conclude that the effects of y-irradiation at high doses are (e cleavage of
disulphide bonds and scission of the peptide bonds, as suggested carlier
“Yin an explaination of the increase in alkali solubility, and decrease in
teusile properties and hydrophilicity of Iraqi wool fibers.

low.§ high. 8 nuclear sndacutiche
protloms protsmny : temnant!

high-tyr
proleins

©rghit.
hanged 3
- microlibsli macrofibe )l ortho o-l_l)
cor‘?tx
I 1 | 1 1 1
! 2 7 200 2000 20000 rim

Fig. 1: Schematic diagram of the morphological components  of a fine wool
fibre 20].
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