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The changes of the cotton Ùbre microstructure as a result of annealin g
at tem peratures from 20£ C to 300 £ C w ere in vestigated by positron lif etime
spectroscopy and di ˜erential scanning calorimetry . T he aim of the pap er w as
to examine the cotton cellulo se thermal degradation pro cess.
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1. I n t rod uct io n

Cel luloseis one of the most abun dant bi opolym ers. It is a l inear hom opolym er
of D -glucose uni ts wi th carb on 1 of the non-reduci ng end l inked to carbon 4 of the
glucose of the reduci ng end. The most com mon crysta l l ine form of nati ve cellul ose
is cellulose I , whi ch can be converted into another, seldom m ade in nature, crys-
ta l l ine form s: cellulose I I, II I, and IV, whi ch are general ly the products of swell ing
and di ssoluti on of cellulose I [1]. D i ˜erent ki nds of cellulose can be identi Ùed by
i ts characteri sti c X- ray or electron di ˜ra cti on pattern [2]. The cellul ose polym ers
are packed para llel to each other in structures kno wn as m icroÙbri ls composed
less tha n 36 cellulose chains. The m icroÙbri ls are often associated in bundl es or
m acroÙbri ls. Cellulose is not onl y a m ajor structura l com ponent of both pri m ary
and seconda ry pl ant cell wal ls or extra cellular m atri x, but also very importa nt
techno logical m ateri al . Mo st of natura l cellul ose is found in: cotto n Ùbres (92%),
Ûax (71%), jute (71%), and wo od (45%) [3]. The nati ve cellul ose conta ins ordered
(crysta l l ine) and disordered (am orpho us) regions [4{ 6]. The cellulose polym ers of
di ˜erent bi ological ori gin vary in degree of crysta l l ini ty from 40% in bacteri al to
60% in cotto n and 70% in Valonia cellulose.

The aim of thi s paper is to exam ine the cotto n cellulose therm al degrada-
ti on pro cess. The m icrostructura l inform ati on about cotto n Ùbres under di ˜erent
tem perature condi ti ons was obta ined usi ng positro n li feti me spectro scopy and di f-
ferenti al scanni ng calorim etry .
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2. Ex p er i m ent a l m et hod s

The inv estigati ons of the therm al cotto n cellul ose polym ers degradati on was
perform ed on pressed (at the same pressure 11 M Pa) nati ve cotto n Ùbres. Before
di ˜erenti al scanni ng calorim etry m easurem ents in order to elim inate f ree water
and obta in dry m ass, sam ples were dri ed in an oven duri ng 48 hours at the tem -
perature of 50£ C. Calori metri c m easurem ents were perform ed in the tem perature
range from 20£ C up to 300£ C using a Perki n{ Elm er D SC-7 di ˜erenti al scanni ng
calorim eter. The output signal (heat Ûow | dQ =dt ), proporti onal to the di ˜erence
between the power input to the sam ple and tha t to the ref erence, was recorded
as a f uncti on of the sam pl e tem perature. For positro n l i feti m e m easurements the
two parts of the exam ined sam ple were sandwi ched wi th positro n source 2 2 Na ,
envel oped in a polyethylene foi l to prevent get moist, and located in a fast{ fast
positro n l if eti me spectro meter wi th NE 111 scinti l lators. The source acti vi ty was
0.2 m Ci , ti m e resoluti on (F W HM) 300 ps, a positro n l i feti me spectrum conta ined
106 counts. Bef ore PAS experim ents sam ples were heated duri ng 48 hours in pre-
determ ined temperature and next slowl y cooled to the room tem perature. Thi s op-
erati on perm i tted us to elim inate therm al dyna mics of the sampl e m icro structure
and exam ine onl y i ts permanent changes. D ata were analysed using the com puter
pro gram cal led LT [7]. In the analysis of the spectra the background and source
correcti ons were ta ken into account.

3 . R esul t s an d d iscu ssio n

The calorim etri c m easurements were perform ed in ai r and in hel ium used as
a purg e gas, both for ori gin sam pl esand after thei r cooling wi tho ut rem ovi ng sam -
pl es from the calori meter. The scanni ng rate was 30£ C/ m in. The dependence of
the heat Ûow absorb ed by cotto n Ùbres vs. tem perature is presented in Fi g. 1a, b. A
very wi de bum p is seen on the therm ogram in the temperature range of 20Ë 1 5 0 £ C
for both origin sampl es. Thi s gives evi dence for the endotherm ic pro cess ta ki ng
pl ace in the m ateri a l. Integ rati on of these anom alies (af ter subtra cti on of arbi -
tra ry chosen l inear background) leads to the value of the absorb ed heat whi ch is
estim ated to be equal to ca. 120 J/ g. The shapes of the anom alies al low us to sup-
pose tha t the pro cesses have an acti vati on character, and can be associated wi th a
change in the physi cal sta te whi ch is probably cotto n cellulose depolym erisati on.
Thi s pro cess does not depend on the oxygen concentra ti on and occur in a sim i lar
wa y simi lar both in ai r and hel ium envi ronm ents. The com pari son of therm ograms
for ori gin sampl es (o ) and after thei r cool ing (c) indi cates tha t depolym erisati on
of the sampl es is not reversi ble. From the l i tera ture [3] i t is kno wn tha t at tem -
peratures hi gher tha n 160£ C the dehydra ti on and oxi datio n of cellul ose m olecules
ta kes pl ace and a lot of gaseous and l iquid products are form ed; i t could be the
pi tch and vari ous hydro carbons (C O 2 , H2 O, C2 H 4 , CH 3 { CO{ CH 3 , CH 3 COOH,
and others). The form atio n of new pro ducts depends pro babl y on the oxyg en con-
centra ti on whi ch could be deduced from the m easurements in air and in hel ium
Ûow. Fi gure 1a, b shows smal l di ˜erences in the hi gh tem perature ta i ls of the ther-
m ograms. At tem peratures higher tha n ca : 2 7 0 £ C some exotherm ic process starts
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Fig. 1. T hermograms (d Q =d t vs. temp erature ) for cotton Ùbres: (a) measurements in

air, (b) measurements in helium Ûow; o | thermogram for origin cotton Ùbres, c |

thermogram for the same sample af ter cooling .

whi ch m ani fests i tsel f as a lowering of the therm ograms. It is pro babl y due to the
beginni ng of the carboni sati on of the cotto n cellul ose.

From the positro n li feti me spectra m easured for sam ples heated at di ˜erent
tem peratures three l i feti m e com ponents were extra cted. The shortest one, §1 , was
Ùxed at the value of 125 ps and related to the pa r a -Ps decay. The com ponent, §2 ,
ranging from 336 ps to 365 ps wa s due to the free positro n anni hi lati on in a sing let
conÙgurati on wi th respect to orbi ta l electrons. The longest one, § 3 , was attri buted
to the or t ho -Ps decay in the pi ck-o˜ process wi th electrons in the free volume. Fi g-
ure 2a, b presents the dependences of §3 and the intensi ty of thi s com ponent, I 3 , on
anneal ing tem perature. Based on T ao' s spheri cal m odel [8] the free volum e radius
can be evaluated, see Fi g. 3. At the tem peratures in the range of 20À 2 7 0 £ C the
average free vo lume radius decreases f rom 0.23 nm to 0.19 nm and next strongly
increases to ca. 0.27 nm . The intensi ty of the longest l i feti m e com ponent slightl y
increasesfrom 13.4% to 17.1% at tem peratures in the range of 20À 2 0 0 £ C and next
stro ngly decreases to 10.2% at the tem perature of 2 7 0 £ C. At the temperatures in
the range of 270{ 300£ C the next increase in I 3 ta kes place. Cao et a l. observed
the correl ati on of the o -Ps intensi ty wi th crysta l lini ty f or the cellul ose powders
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Fig. 2. Dep endences of the longest lif etime comp onent §3 (a) and its intensity (b) on

anneali ng temp erature.

depending on the mi l l ing ti m e [9]. o -Ps intensi ty decreased as the degree of crys-
ta l l ini t y increased. It seems tha t the ini ti al increase in I 3 (Fi g. 2b) agrees well
wi th the depolym erisati on pro cesswhi ch decreases the crysta ll ini ty of the sampl e.
The behavi our of I 3 at hi gher tem peratures reÛects the chemical changes of the
cellulose m olecules. Based on Fi gs. 2 and 3 i t seems tha t at temperatures in the
range f rom ca: 2 0 0 £ C to 2 7 0 £ C som e new f ree vo lum es may be form ed, som e may
be Ùlled up or divi ded into parts by oxi dati on pro ducts. The stro ng increase in al l
the characteri stics of o -Ps at tem peratures higher tha n 2 7 0 £ C is caused pro babl y
by carb onisati on of the cotto n cellul ose polym er, where i ts structure is destroyed.

The cotto n Ùbre under high tem perature condi ti ons changes i ts m icrostruc-
ture. Thi s phenomenon could be well correl ated wi th chemical pro cessesoccurred
in cotto n Ùbres duri ng thei r heati ng. The depolym erisati on, oxi dati on, and hy-
dra ti on of the cotto n cellulose, whi ch take place at higher tem peratures, cause a
decrease in free vo lum edi mensions. At tem peratures hi gher tha n 270£ C the stro ng
increase in the radi us of f ree volum es coul d be seen, whi ch is caused by the fast
carboni sati on of cotto n cellulose.
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Fig. 3. Free volume radius vs. anneali ng temp erature.
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