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THERMAL BEHAVIOR OF CELLULOSE FIBERS WITH ENZYMATIC
OR Na,CO; TREATMENT
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New regenerated cellulose fibers were developed during the last decades as environmentally friendly systems. In this work, three fi-
bers: lyocell, modal and viscose were subjected to an enzymatic treatment. Likewise, different lyocell fibers were washed in a
Na,COs solution under severe conditions. Analysis was performed by means of differential scanning calorimetry, thermogravi-
metry and scanning electron microscopy. In all samples, at low temperature, water desorption was detected. Furthermore, thermal
analysis shows wide exothermic processes that began between 250 and 300°C corresponding to the main thermal degradation and it
is associated to a depolymerization and decomposition of the regenerated cellulose. It is accompanied with mass more than 60%
mass loss. Kinetic analysis was performed and activation energy values 152-202 kJ mol™" of the main degradation process are in

agreement with literature values of cellulose samples.
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Introduction

During last decades, the scientific and technological
interest in the development of environmentally friend-
ly systems based in the use of non-aqueous solvents for
dissolution of cellulose has increased [1-3]. Pollutant
emission is one of the main problems in the textile in-
dustry of manufactured fibers from regenerated cellu-
lose. There have been numerous efforts to find an alter-
native to the use of carbon disulphide, CS,, for
regenerated cellulose fiber production [4—6]. Nowa-
days, the most promising is the NMMO process [7, 8],
which uses the monohydrate of N-methylmorphine-
N-oxide, and offers a viable commercial alternative to
the other proposed production methods [9]. No deriva-
tion, as alkalinization and reaction with carbon di-
sulphide in the case of xanthate process is required
[10]. Based on the lyocell technology, also other cellu-
lose products, such as membranes, filaments and films,
are currently developed or are already commercially
produced [11, 12]. For example, the production pre-
dicted in 2005 is approximately of 300,000 tons [13].
When cellulose fibers are thermally treated on
heating, a series of physical changes occur. The physi-
cal properties affected include enthalpy, mass, color,
strength, crystallinity degree and orientation [14]. Fur-
thermore, several chemical reactions are interrelated
with the physical changes. The analysis of the thermal
degradation and stability of cellulose fibers have been
performed by many authors [15—17]. In this work, we
analyze the thermal behavior and degradation kinetics
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of several samples: lyocell, viscose and modal under
different treatment conditions. Furthermore, it is im-
portant to control if cellulose fibers present fibrillation
that adversely affects the launderability of the product
in textile end uses.

Experimental
Materials and methods

Lyocell (Tencel) as well as conventional viscose and
modal fibers, with an average linear density of 1.7 dtex
(0.17 g/1000 m), were analyzed. All products were ob-
tained from the cellulose polymerization and submitted
by textile industries. Two lyocell fibers were subjected
to an enzymatic treatment: fabric samplet+enzymes,
L-A, and fabric sample with industrial fibrillation+en-
zymes, L-B. Comparison with viscose, V, and modal,
M, fibers treated with enzymes was performed. Enzy-
matic treatment is performed to improve mechanical
properties. Furthermore, other lyocell samples were
washed in a Na,COjs solution to analyze related wear un-
der aggressive conditions: L-C (non-fibrillated), L-D
(fibrillated) and L-E (fibrillated+enzymatic treatment).
Details on sample preparation were given in [14—18].
Thermal treatments were performed by means of
differential scanning calorimetry (DSC) and thermo-
gravimetry (TG). DSC analysis was conducted using a
Mettler TA4000 thermo-analyzer coupled with a low
temperature DSC30 calorimeter. TG was performed in
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a TGAS851 Mettler Toledo equipment. The fabric sam-
ple was cut to obtain fibers and ~3 mg of sample was
used. The DSC and TG curves were usually obtained
in the temperature range of 50 to 400°C at a heating
rate of 10 K min". Air atmosphere was used because
air is the real work condition of the fibers.

The microstructure of samples was characterized
by scanning electron microscopy (SEM) in a Zeiss
DSM 960 device. Resolution was 4.5 nm, acceleration
voltage was 15 kV, and working distance was between
15 and 25 mm. Samples had been sputtered previously
with a K550 Emitech equipment.

Results and discussion

The dynamic thermal behavior of the samples was ana-
lyzed using heat flow DSC. Figure 1 shows the DSC
scans of fibers subjected to enzymatic treatment. The
samples were heated to temperatures reaching 400°C. At
low temperature, an endothermic process was detected,
with a maximum at about 80°C. This process is associ-
ated to water desorption [19] and caused by the hydro-
philic behavior of cellulose polymers. Re-heating the
samples, previously heated until 200°C and cooled to
room temperature, this process disappears. Likewise, if
a second heating is performed after one hour in air atmo-
sphere the process is present, as found in other cellulose
samples [19] and associated to a new water absorp-
tion—desorption. Moreover, the broad exothermic poly-
mer decomposition process begins between 250 and
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Fig. 1 DSC scans of textile fibers with enzymatic treatment:
L-A —lyocell, L-B — fibrillated lyocell, M — modal and
V — viscose
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Fig. 2 DSC scans of textile lyocell fibers after Na,COs treat-
ment: L-C, L-D — fibrillated and L-E — fibrillation and
enzymatic treatment

300°C. Figure 2 corresponds to the DSC curves of sam-
ples treated with Na,COs_ In this case, fibrillation pro-
duce more changes than enzymatic treatment. Further-
more, the onset temperature decreases about 8°C.

In all samples, the DSC shape of the decomposi-
tion part indicates the presence of several processes.
Generally, the thermal reactions involved on heating
over 200°C the cellulose fibers can be grouped in dif-
ferent reactions overlapped related with the decompo-
sition of the glycosyl units of cellulose by evolution
of water, carbon dioxide and carbon monoxide and to
depolymerization of the molecule by cleavage of
glycosil units to form mainly 1,6-anhydro-B-D-gluco-
pyranose [20]. Likewise, parameters as heating rate or
atmosphere influence the decomposition process [21].

The onset and peak temperatures of decomposi-
tion, 7 and T, as well as the partial (until 400°C) nor-
malized enthalpy, obtained from the DSC area, are
given in Table 1 and compared with data collected in
other works [14, 22, 23]. A higher onset temperature
is associated with higher thermal stability. From ther-
mal analysis, we can state that usually lyocell fibers
are the most thermally stable if compared with modal
and viscose. Other advantages of lyocell are its excel-
lent mechanical properties: high modulus and tenac-
ity, specially in wet environments [24]. Na,CO; pro-
duces a diminution (about a half) of the enthalpy area.
The solar radiation provokes a diminution, about
10°C and 25%, on thermal stability and enthalpy.

Mass loss during heating was analyzed from TG
measurements. Figure 3 shows the mass loss during
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Fig. 3 TG scans of textile fibers with enzymatic treatment:
L-A —lyocell, L-B — fibrillated lyocell, M — modal and
V — viscose

heat treatment in air atmosphere of samples treated
with enzymes. The overall mass loss can be divided
into different stages [22]. The first mass loss that oc-
curs at about 100°C is generally attributed to the evap-
oration of sorbed water from the fibers. Re-heating
the samples, in the same way as performed by DSC
confirms it. The main mass loss represents more than
60% of mass loss. The beginning shows a slow mass
decrease represented by a shoulder. The onset temper-
ature is given in Table 1. The results are consistent
with DSC analysis. Finally, the last process beginning
at about 350°C corresponds to prolonged char oxida-
tion stages and the slope diminishes.

Figure 4 corresponds to TG scans of lyocell fi-
bers washed in a Na,CO; aggressive solution. The
general shape of the TG curves indicates a similar be-
havior to the samples treated with enzymes. The mass
loss is lower (about 10%) than for lyocell fibers non-
treated with enzymes. Furthermore, sample L-E is the
most stable.

The kinetics of the degradation process was per-
formed from the non-isothermal TG experiments us-
ing the Broido formula [25] as shown in Eq. (1):

m[h{lﬂ __E +(RZ]T; (1)
o RT | EB

where Z is a frequency factor, B is the heating rate, Tp,
is the temperature at the maximum reaction rate and £
is the activation energy. The last term of Eq. (1) is
considered as a constant. The term o corresponds to:
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Table 1 Characteristic parameters of thermal decomposition
obtained from DSC and TG scans. (SOL and UV in-
dicates subjected to solar and UV degradation, re-

spectively)
Sample Ty/°C T,°C  ArealJg' Ty/°C(TG)
lyocell 305 365 1459 315
modal 296 351 1610 297
viscose 282 350 1748 297
L-UV 298 356 1850 305
M-UV 297 347 1969 297
V-Uv 285 345 1852 288
L-SOL 294 354 1543 302
M-SOL 287 352 1532 294
V-SOL 272 347 1489 286
L-A 306 360 1912 312
L-B 308 358 1737 316
M 282 343 1251 297
v 280 328 1671 293
L-C 298 - 852 306
L-D 297 362 1034 308
L-E 300 362 875 317
_m-nm )
my —m,

where m, being the mass at the end of the process and m
being the mass at the beginning. Figure 5 shows the dif-
ferential thermogravimetry (DTG) curves of two sam-
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Fig. 4 TG scans of textile lyocell fibers after Na,COj treat-
ment: L-C, L-D — fibrillated and L-E — fibrillation and
enzymatic treatment
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ples. The main process is related with the beginning of
the degradation process. This kinetics of this process
was used in the range around the DTG peak. The activa-
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Fig. 5 DTG scans of textile lyocell fibers L-A and L-C

/Y

tion energy values are shown in Table 2 and compared
with values obtained with other authors [17, 26-29].
The values are similar to the cellulose. A high value of £
and T,, points to a stable substance because the process
begins at higher temperature and the energy is related to
the reaction of degradation of the substance. Samples
treated with Na,CO; have high energy but the decrease
in the degradation temperature provokes lower thermal
stability. Ulterior analysis of isothermal data can con-
firm this behavior.

Figure 6 shows the micrographs corresponding
to lyocell (a) and modal (b) fiber after thermal treat-
ment in the DSC. The fibers maintain their aspect but
the diameter of the fiber is reduced at about a half if
compared with the original (from ~12 to ~6 um). The
same phenomenon is observed in the other samples.
Micrographie (c) corresponds to viscose fiber before
DSC treatment. In this study, fibrillation effect was
not produced. It is known that fibers produced with
the cellulose/NMMO/water system fibrillate under
condition of wet abrasion [30] and there are several
methods to reduce the tendency of lyocell fibers to
fibrillate [31].

Fig. 6 SEM micrographs corresponding to fiber: a — lyocell, b — modal and ¢ — viscose

Table 2 Activation energy, E, values and characteristic 7 of the main degradation process from this work and the literature

Sample Atmosphere Tw/°C E/kJ mol™ Reference
cellulose nitrogen 339 182 26
cellulose helium not given 203 27
retted flax helium 377 188 27
cellulose air 355-365 193-228 28,29
flax air 324.57 123.7 17
flax nitrogen 319.89 117.2 17
retted flax air 344.13 202.9 17
retted flax nitrogen 348.99 181 17
lyocell-A air 363 176 this work
lyocell-B air 367 174 this work
viscose air 352 170 this work
modal air 347 152 this work
lyocell-C air 336 202 this work
lyocell-D air 335 200 this work
lyocell-E air 362 191 this work
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Conclusions

Lyocell, viscose and modal fibers are analyzed with en-
zymatic or Na,CO; treatment. The process involved on
heating were water desorption, as confirmed by ulterior
cooling and reheating process, and complex thermal de-
composition. Lyocell fibers are the most thermally sta-
ble if compared with modal and viscose. The main mass
loss represents more than 60% of mass loss and the de-
composition that continues after 350°C with a lower
mass loss slope is related to prolonged char oxidation
stages. Furthermore, from the kinetic analysis of non-
isothermal data the activation energy of the main degra-
dation process was calculated, varies between 152 and
202 kJ mol ™', values closer to cellulose as found in liter-
ature. Combination of high degradation temperature and
activation energy is associated to thermal stability. Lyo-
cell fiber usually is the most stable under thermal degra-
dation conditions. Na,CO; aggression provokes higher
activation energy but lower degradation temperature.
Fibrillation of the fibers was undetected.
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