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Abstract

Pretreatments (water-soaking, pre-mercerization, mercerization under a pressure of 15 bars and steam
explosion) were used to improve the accessibilities and reactivities of celluloses of bleached flax, hemp, sisal,
abaca and jute pulps for the synthesis of methylcellulose. Degrees of crystallinity were determined by X-ray
Diffraction (XRD) spectra. The iodine adsorption accessibilities of pulps were low and accessible fractions
ranged from 1.3 to 5.2%. Accessible fractions in amorphous cellulose were calculated in the 5–18% range.
The accessibilities of these pulps were hemp pulp > flax pulp > sisal pulp > jute pulp > abaca pulp.
Fourier Transform Infrared (FTIR) spectra showed that mean hydrogen bond strengths were weakened
and relative crystallinity indexes were decreased by pretreatments. The accessibility and reactivity of the
abaca pulp were improved by water soaking, mercerization under 15 bars pressure, steam explosion and
preliminary mercerization, of which steam explosion and pre-mercerization were the best treatments.
Species was the main factor for the accessibility and reactivity.

Introduction

Annual plants have received increasing attention
in recent years because they have a high annual
yield of cellulose and may be a substitution for
wood as a resource for paper, paperboard and
cellulose derivatives (Pierce 1991; Pande 1998).
The annual plant pulp is impure cellulose and its
main chemical components are cellulose, hemicel-
lulose, trace lignin and ash. Cellulose is an un-
branched bio-homopolymer consisting of b-D-
glucopyranose units linked by (1 fi 4) glycosidic
bonds (Purves 1954). The degree of polymerization
is about 10,000 glucopyranose units in wood cel-
lulose and 15,000 in cotton cellulose (Sjoström
1981).

Cellulose structurally comprises three hierar-
chical levels (Krässig 1993; Osullivan 1997): (1)
The molecular level of a single molecule; (2) the
supermolecular level of the assembling of the
molecules as crystals in elementary fibrils; and
(3) the morphological level, i.e., the arrangement
and aggregation of fibrils and interstitial voids in
a pulp. Because of the existence of a complex
structure, i.e., fibril aggregation, crystalline re-
gions and intermolecular and intramolecular
hydrogen bonds, the cellulose of dissolving pulp
usually has a low accessibility and low reactivity.
To synthesize methylcellulose, the cellulose needs
to be activated in order to improve its accessi-
bility and reactivity (Krässig 1993). Some phys-
ical and chemical methods have been invented to
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activate cellulose (Tanichev 1972; Su et al. 1989).
Conventional physical activation methods in-
clude dry or wet milling (Kelsey and Shafizadeh
1980), steam explosion (Yamashiki et al. 1990a,
b, c), ammonia explosion (Jung et al. 1975; Su
et al. 1998), and solvent exchange (Robertson
1964; Mantanis et al. 1995) or impregnation
(with or without pressure, water soaking, in an
aqueous or organic solution etc.). Conventional
chemical activating methods include hydrolysis
(Skachkov and Sharkov 1966), oxidation (Glegg
1951; Pekarovicova 1986), thermal activation
(Lewin et al. 1981), radiation (Dilli et al. 1967),
mercerization (Ant-Wuorinen et al. 1958; War-
wicker et al. 1966), and regeneration (Roffael
1970).

During physical pretreatments, morphological
structural changes, such as the disintegration of
aggregated fibers, swelling, separation of assem-
bled fibrils, and increase of accessible surface and
voids, are most important (Krässig 1993). During
chemical pretreatments, the most significant
changes are decrystallinity, depolymerization, the
modification of cellulose polymorph, the weaken-
ing of the hydrogen bond strength and the trans-
formation of crystalline cellulose to amorphous
cellulose (Krässig 1993).

During the pulp preparation process (i.e. pulping
and bleaching), heating and drying influence the
accessibility of cellulose (Ant-Wuorinen et al. 1960;
Hult et al. 2003). Some pretreatments of cellulose
hinder the penetration of the methylation reagent
into the interior of the fiber (Tanichev 1972).

In this study, we have characterized and com-
pared the accessibilities and reactivities of five
annual plant pulps for the synthesis of methylcel-
lulose. Pre-mercerization was used to improve the
accessibilities and reactivities of five pulps. Several
pretreatments (water-soaking, pre-mercerization,
mercerization under a pressure of 15 bars and steam
explosion) were used to improve the accessibility
and reactivity of the abaca pulp, which had the
lowest accessibility and reactivity of these five pulps.

Experimental

Pulps and chemical reagents

A Spanish company, Celulosa de Levante, S. A.,
kindly supplied bleached flax (Linum usitatissi-
mum), hemp (Cannabis sativa), sisal (Agave sisal-
ana), abaca (Musa textilis) and jute (Corchorus
capsuloris) pulps, which were produced by a soda/
AQ pulping process with elemental chlorine free
(ECF) bleaching. The main properties of these
pulps are listed in Table 1. All chemicals were
bought as reagent grade from Sigma-Aldrich
Company and used without pretreatments.

Pretreatments

Water soaking
About 10 g pulp (oven dry weight) was soaked in
500 g distilled water for one hour at room tem-

Table 1. Properties of ECF bleached pulps.

Flax Hemp Sisal Abaca Jute

Degree of polymerization 1165 948 998 1928 1413

Brightness (%) 83.3 85.4 89.3 88.1 73.9

Fiber length (mm) 1.8–6.2 2.1–6.3 1.8–4.5 3.3–6.8 1.5–3.7

Humidity (%) 5.32 5.53 8.53 7.04 7.72

Alpha cellulose (%) 89.77 88.59 88.77 89.43 87.52

Kappa number 0.82 0.55 1.33 0.78 1.21

Lignin (%) 0.12 0.08 0.20 0.12 0.18

Ash (%) 1.51 0.83 1.04 0.97 1.30

Pentosans (%) 5.32 5.22 17.68 11.67 12.59

Accessibility (mg I2/mg pulp) 16.59 21.24 14.88 5.38 14.51

Degree of crystallinity (%) 75 71 75 71 70

Accessible fractiona(%) 4.0 5.2 3.6 1.3 3.5

Amorphous fractionb(%) 25 29 25 29 30

Ratio of accessible and amorphous fraction (%) 16 18 14 5 12

aEstimation by the ratio of accessibility divided by 412 (the accessibility of amorphous cellulose)
bThe amorphous fraction was the value that 100% subtracted the degree of crystallinity.
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perature (about 20 �C). The pulp was collected by
filtration and dried in the air.

Mercerization
About 10 g pulp (oven dry weight) was mercerized
in 200 g 50% sodium hydroxide solution for 1 h at
room temperature (about 20 �C) under ambient
pressure. The mercerized pulp was collected by
filtration and washed with distilled water until the
pH value was close to 7. The mercerized pulp was
dried in the air.

Preliminary mercerization
About 10 g pulp (oven dry weight) was mercerized
in 200 g 15% sodium hydroxide solution for
15 min at room temperature (about 20 �C) under
ambient pressure. The mercerized pulp was col-
lected by filtration and pressed to a press weight
ratio for the solution and pulp of 3. The mercer-
ized pulp was kept in the air at room temperature
for 4 h. The pulp was washed with distilled water
until the pH value was close to 7. The mercerized
pulp was dried in the air.

Mercerization under pressure
About 10 g pulp (oven dry weight) was mercerized
in 200 g 50% sodium hydroxide solution for 1 h at
room temperature (about 20 �C) under 15 bars
nitrogen pressure. The mercerized pulp was col-
lected by filtration and washed with distilled water
until the pH value was close to 7. The mercerized
pulp was dried in the air.

Steam explosion
The saturated steam directly heated about 10 g
pulp (oven dry weight) in steam explosion equip-
ment. The temperature was quickly raised to
140 �C and maintained at 140 �C for 4 min by
adding a little steam at intervals. The pressure was
suddenly decompressed. The pulp was exploded
into a vessel, and then was collected by filtration
and dried in the air.

Methylation of pulps
About 5 g pulp (oven dry weight) was mercer-
ized in 50% NaOH solution of about 120 g at
ambient temperature for 1 h. The mercerized
pulp was filtered and pressed to a weight ratio
of the NaOH solution and the pulp of 3. The
mercerized pulp and isopropanol of 300 ml were
added to a flask of 500 ml. The suspended

solution was stirred for 1 h at room tempera-
ture (about 20 �C). The flask was installed with
a condenser and placed in a water bath. Fifty-
milliliter of Iodomethane was added. The sus-
pended solution was stirred for another 1 h at
room temperature (about 20 �C). The tempera-
ture of the reactants was raised to 60 �C and
maintained for 22 h. After this first methylation,
a second mercerization and methylation were
carried out to obtain a higher degree of sub-
stitution. The synthesized methylcellulose was
collected by filtration, neutralized with glacial
acetic acid and washed with ethanol and ace-
tone three times respectively. The methylcellu-
lose was dried in an oven at 60 �C and stored in
a cooler at 4 �C.

Fractionation of methylcellulose
About 1 g methylcellulose (oven dry weight)
was added to 20 g distilled water in a glass
sample bottle and stirred for 2 h. The bottle
was placed in a cooler at 4 � for 24 h to im-
prove the solubility of water-soluble methylcel-
lulose. The bottle was taken out and the
suspended solution was stirred for 2 h. The
bottle was placed into a centrifuge and centri-
fuged at 4000 rpm for 30 min. The solid was
collected by filtration and washed three times
with distilled water. The solution of methylcel-
lulose and the washed solution were collected
for further dialysis. The solid comprised alkali
soluble methylcellulose and unreacted pulp. The
aqueous solutes mainly comprised water-soluble
methylcellulose and by-products. The solid was
dried first in the air and then in a desiccator
under vacuum. The dried solid, which did not
dissolve in water, was extracted by 4% NaOH
solution. The 4% NaOH solution extracted so-
lid was neutralized with glacial acetic acid, wa-
shed with distilled water until the pH value was
close to 7, and dried first in the air and then in
a desiccator under vacuum. The solid, which
did not dissolve in the 4% NaOH solution, was
assumed to be unreacted pulp, which may
comprise of methylcellulose of a very low degree
of substitution.

The solution of methylcellulose and the solution
washed in water were collected, mixed and placed in
several dialysis membrane bags. Each dialysis bag
was suspended in distilled water for 3 weeks. For
dialysis purification we used the Spectrum� dialysis
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tubing cellulose membrane bag with an average flat
width of 76 mm (3.0 in.), which was supplied by
Spectrum Laboratories Inc., via the Sigma-Aldrich
Company. Each dialysis tube bag was clamped with
two 110 mm dialysis-tubing closures. The cellulose
membrane was able to separate salts and methyl-
cellulose with an Mw of less than 12,000. The dif-
fusion velocity of dialysis was improved by
continuous stirring of the distilled water. The dial-
ysis methylcellulose was dried first in the air and
then in a desiccator under vacuum.

Characterization

Determination of the properties of the pulps
The ash content was determined according to
TAPPI T 211 om-02. The viscosity of pulp was
determined according to TAPPI T 230 om-99. The
intrinsic viscosity of pulp was determined accord-
ing to ISO 5351/1-1981. The kappa number was
determined according to TAPPI T 236 om-99. The
alpha cellulose was determined according to
TAPPI T 203 cm-99. The pentosan content was
determined according to T 223 cm-01. The acces-
sibility of the pulps was determined by an iodine
absorption method (Hon and Yan 2000).

Determination of the degree of crystallinity
The XRD spectra of the pulps showed a very
intense peak at 22.6�, which corresponded to the
crystalline region (plane 002), and other intense
peaks before 18.0� (Segal 1959). The XRD mea-
surements were obtained using a Siemens D5000
diffractometer (Bragg-Brentano parafocusing
geometry and vertical h � h goniometer) fitted
with a curved praphite diffracted beam mono-
chromator, a diffracted beam Soller slit, a 0.06�
receiving slit and a scintillation counter as a
detector. The angular 2h-diffraction range was
between 5 and 70�. The data were collected with an
angular step of 0.05� at 3 s per step and sample
rotation. Cuka radiation was obtained from a
copper X-ray tube operated at 40 kV and 30 mA.

The crystallinity index (CrI) was calculated
using the intensities of diffraction of the crystalline
structure (plane 002, 2h = 22.6�) and of the
amorphous fraction (2h = 18.0�):

CrI ¼ 100� I002 � Iamorphous

I002

� �

FTIR spectra
FTIR spectra were obtained using a JASCO FT/
IR-6300 spectrometer with attenuated total
reflectance (ATR). A total of 64 scans with a res-
olution of 2 cm�1 were recorded. The wave num-
ber region ranged from 4000 to 400 cm�1. Each
sample was measured twice and its average value
was calculated and used. The absorbance band
area, which was calculated from a local baseline
between adjacent peaks, were automatically cal-
culated at the maximum absorbance found by a
noise level of 0.1 using the Spectra Manager for
windows 95/NT from the JASCO Corporation.
The baseline was corrected automatically by the
peak find tool using the Spectra Manager soft-
ware.

The area ratio of band 1375 and 2900 was as-
signed to be the relative CrI (O’Connor et al. 1958;
Nelson and O’Conner 1964; Selim et al. 1994). The
area ratio of band 3300 and 2900 was assigned to
be the mean hydrogen bond strength (O’Connor et
al. 1958; Selim et al. 1994).

Results and discussion

Properties of celluloses of pulps

Pulps used for cellulose ethers are well bleached
and have high levels of purity, low lignin con-
tents and high a-cellulose contents (over 86%).
The a-cellulose contents of the flax, hemp, sisal,
abaca and jute pulps in our study were over
87% (Table 1). Their lignin contents were under
0.20% (Table 1). These ECF-bleached pulps
satisfied the requirements for raw materials of
methylcellulose (Brandt 1986). Flax, hemp, sisal,
abaca and jute therefore have another applica-
tion as raw materials of methylcellulose, thus
upgrading them from low-value to high-value
products.

Celluloses from non-wood plants have different
chemical composition and structures (Han and
Rowell 1997; Focher et al. 2001). The most dif-
ferent properties of celluloses from these pulps are
the pentosan content and the degree of polymeri-
zation (see Table 1). The flax and hemp pulps in
our study had lower pentosan contents than other
pulps. The abaca pulp had the highest degree of
polymerization, which indicates that the abaca
pulp could be used to produce methylcellulose of
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higher molecular weight. The hemp, sisal and flax
pulp could be used to produce methylcelluloses of
lower molecular weight. The jute pulp was a better
raw material for methylcellulose of intermediate
molecular weight.

Accessibility

The accessibility of the cellulose pulp mainly de-
pends on the amorphous cellulose because the
inaccessible crystalline region has little influence
(Timell and Purves 1951; Krässig 1993). After
soda/AQ pulping, ECF bleaching and drying,
pulps usually have different chemical composi-
tions, chemical distributions of components in
their pulps (Treimanis 1996) and morphological
fibrous structures, such as cellulose fibril aggrega-
tion and cellulose structure (Evans et al. 1995;
Hult et al. 2003) which strongly influence their
accessibilities and reactivities (Krässig 1993).
During the pulping and bleaching of annual
plants, pores (capillaries) increase due to the dis-
solution of solid and to swelling (Sjoström 1981;
Treimanis 1996). The chemical reagents are known
to diffuse more easily along the fibrils and reach
the surface of cellulose crystals in more fibrous
pulps with more porous voids. More fibrous pulps
therefore have higher accessibilities and reactivi-
ties.

The accessibilities of these pulps were hemp
pulp > flax pulp > sisal pulp > jute pulp>abaca
pulp (Table 1). All these five pulps need to improve
their accessibilities in order to increase their reac-
tivities.

The sequence of the degree of crystallinity of
these pulps, from high to low, was flax pulp =
sisal pulp > hemp pulp = abaca pulp > jute
pulp (see Table 1). A lower degree of crystallinity
did not mean higher accessibility. For example, the
abaca pulp had the lowest accessibility and a low
degree of crystallinity (Table 1), which indicated
that other factors as well as cellulose crystals, such
as fibril aggregation (Hult et al. 2003), pores
(Treimanis 1996) and other morphological cellu-
lose structures (Krässig 1993), were also impor-
tant.

The sisal pulp had a higher degree of crystal-
linity than the abaca pulp but also higher acces-
sibility (Table 1). The hemp pulp had a low degree
of crystallinity but the highest accessibility

(Table 1). This indicates that the species is a major
factor for accessibility and reactivity.

Accessible fraction in the amorphous cellulose

The amorphous cellulose of dried pulps is not
completely accessible (Timell and Purves 1951).
Drying or irreversible hornification causes the
fibrous amorphous cellulose to be partially inac-
cessible because some of the swollen cellulose
aggregates into amorphous fibrils of a higher
density, which are kept together by strong hydro-
gen bonds and weak van de Waals forces (Timell
and Purves 1951). These aggregated celluloses are
therefore inaccessible to iodine during the deter-
mination of the accessibility of cellulose. The
morphology of the amorphous cellulose is one of
the main factors influencing the accessibility. Dis-
integration, increasing the voids and accessible
surfaces of pulps, weakening the hydrogen bond
strength, depolymerization and decrystallinity are
therefore essential to improving accessibility and
reactivity (Krässig 1993). The species, however, is
the deciding factor.

The sequence of the accessible fraction in the
amorphous cellulose was hemp pulp > flax
pulp > sisal pulp > jute pulp > abaca pulp
(Table 1). The accessible fraction of the abaca pulp
in the amorphous cellulose was 5% (Table 1),
which indicates that about 95% of the amorphous
cellulose was inaccessible. The low accessibility in
amorphous cellulose is reasonable because dipole
and van de Waals interactions, and intermolecular
and intramolecular hydrogen bonds bind the cel-
lulose molecules into inaccessible regions, in which
hydrophobic and hydrophilic reagents cannot
penetrate such well-ordered areas (Krässig 1993).
This small accessible fraction shows that most mi-
crofibrils were aggregated and few voids were
available in the abaca pulp. Most of the amorphous
cellulose of the other four pulps was also inacces-
sible. The hemp pulp had a little more accessible
amorphous cellulose than the other four pulps. This
hemp pulp therefore had the highest reactivity and
the greatest accessibility of the five pulps.

It is essential to activate these pulps in order to
improve their reactivities and accessibilities before
subsequent methylations. Otherwise, synthesized
methylcelluloses will have partially unreacted
celluloses and lower properties, such as a lower
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degree of substitution and a lower molecular
weight of water-soluble methylcellulose (Krässig
1993).

Effect of pretreatments

The relative CrI of each pulp was significantly
decreased by mercerization and preliminary mer-
cerization (Table 2). The mean hydrogen bond
strength of each pulp (Table 2), which relates to
assemblies of cellulose and elementary fibrils
together (Krässig 1993), is weakened also by pre-
treatments (Krässig 1993). During the merceriza-
tion and preliminary mercerization, strong
swelling action and forces rupture inter-fibrils,
thus increasing the accessible internal surface
(Krässig 1993). The strong swelling action and
forces open intra- and inter-hydrogen bonds, thus
causing the lattice transformation and the pene-
tration of sodium hydrate ions into the widened
space between the 101 lattice sheets (Krässig 1993).

After mercerization and preliminary merceriza-
tion, the sisal and abaca pulps had a higher CrI
than the others (Table 2), which indicates that they
were more difficult to mercerize.

Flax had the highest initial CrI but, after mer-
cerization, it was among the lowest of the five
pulps (Table 2). Thus, flax was easily treated to

improve its accessibility and reactivity by mercer-
ization.

The abaca pulp was the most difficult to be
activated in order to improve accessibility and
reactivity (Table 2). All pretreatments of the abaca
pulp had a positive influence on its properties.
Water soaking did not change crystallinity very
much but it greatly decreased the mean hydrogen
bond strength (Table 2) by swelling and solvent
penetration (Krässig 1993). Mercerization under
15 bars decreased the relative CrI (Table 2) and
the degree of polymerization (Table 4). Steam
explosion did not change the CrI much either.
However, it did decrease the mean hydrogen bond
strength (Table 2) and the degree of polymeriza-
tion (Table 4). When both the CrI and the mean
hydrogen bond strength decreased, the accessibil-
ity of reactivity of the treated abaca pulps
increased (Table 7).

The intrinsic viscosities of the treated pulps
decreased after mercerization and after pre-
liminary mercerization (Tables 3, 4). Merceriza-
tion reduced the degree of polymerization and
increased the accessibility and reactivity of the
pulps (Table 6). Water soaking did not change the
intrinsic viscosity or degree of polymerization
(Table 4). Mercerization and mercerization under
15 bars pressure seemed to have a similar effect on
the intrinsic viscosities (Table 4). Neutral steam

Table 2. Properties measured by FTIR.

Pulp Treatment Relative crystallinity indexa Mean hydrogen bond strengthb

Flax Original 5.2 11.4

Flax Mercerization 0.3 9.3

Flax Preliminary mercerization 0.3 10.8

Hemp Original 5.0 10.4

Hemp Mercerization 0.3 10.3

Hemp Preliminary mercerization 0.2 10.0

Sisal Original 2.6 11.4

Sisal Mercerization 0.6 10.9

Sisal Preliminary mercerization 0.5 10.8

Abaca Original 2.3 11.2

Abaca Mercerization 0.5 9.3

Abaca Preliminary mercerization 0.5 9.4

Abaca Water, 1 h 2.2 7.3

Abaca Pressure mercerization 0.6 9.9

Abaca Steam explosion 1.8 9.2

Jute Original 2.6 10.6

Jute Mercerization 0.3 9.6

Jute Preliminary mercerization 0.3 10.2

aCalculated by A1375/A2900.
bCalculated by A3300/A2900.
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explosion decreased the intrinsic viscosity of the
abaca pulp (Table 4). Preliminary mercerization
decreased the intrinsic viscosity considerably
because the pulps were kept in an alkaline envi-
ronment for a long time (Table 4).

Reactivity of pulps

The unreacted pulp content was related to the
accessibility and reactivity of the pulp (Tables 1,
5). The abaca pulp had the lowest accessibility
(Table 1), so it had the highest unreacted pulp
content (Table 5). The hemp pulp had the highest
accessibility (Table 1), so it had the lowest unre-
acted pulp content (Table 5). For the methylation
of pulps without pretreatments, the unreacted
pulp content was related to the inaccessibility of
the pulps. In other words, the methylcellulose
content was proportional to the accessibility.
When pulps were not pretreated, the main com-
ponent of methylcellulose was alkali-soluble
methylcellulose.

After preliminary mercerization, the unreacted
pulp content decreased considerably (Table 6).

The flax and abaca methylcellulose had no unre-
acted pulp (Table 6). The hemp, sisal and jute
methylcellulose had little unreacted pulp (Table 6).
The water-soluble methylcellulose content in-
creased after preliminary mercerization, while the
alkali soluble methylcellulose content decreased.
These data indicate that preliminary mercerization
increased the reactivity of the pulps. The final ef-
fect of preliminary pretreatment depended on the
characteristics of the pulps: pore content and dis-
tribution, content and distribution of lignin and
hemicellulose, and fibril aggregations (Krässig
1993). Pulps of low accessibility and low degrees of
crystallinity, such as the abaca pulp, could use
preliminary mercerization to improve accessibility
and reactivity. However, pulps of high accessibility
and high degrees of crystallinity, such as the hemp
pulp, had less effect.

Several pretreatments were carried out with the
abaca pulp (Table 4). Water soaking reduced the
unreacted pulp content considerably (Table 7).
During the one-hour of water soaking, water dif-
fused and penetrated the capillary and voids, and
the pulp swelled. Water weakened the hydrogen
bond strength (Table 2) and separated the aggre-
gate fibrils (Krässig 1993), which was confirmed by
the FTIR spectrum. Mercerization under 15 bars
of pressure reduced the unreacted abaca pulp
content to 0% (Table 7). The pressure of 15 bars
helped the alkaline solution to penetrate the cap-
illaries, increased the velocity of penetration and
therefore improved the swelling effect. The distri-
bution of the alkali solution in the pulp was
therefore more uniform, which helped the iodom-

Table 3. Intrinsic viscosities of pretreated pulps.

Pulp Flax Hemp Sisal Abaca Jute

Original intrinsic viscosity (ml/g) 747 659 640 1253 946

Mercerized intrinsic viscosity (ml/g) 707 589 626 1032 564

Preliminarily mercerized intrinsic viscosity (ml/g) 547 588 614 917 540

Table 4. Intrinsic viscosities of pretreated abaca pulps.

Pretreatment Intrinsic viscosity (ml/g)

Original abaca pulp 1253

Water soaking 1199

Mercerization 1032

Mercerization under pressure 1004

Steam explosion 995

Preliminary mercerization 917

Table 5. Fractionation of methylcellulose of conventionally mercerized pulps.

Sample MD45 MD41 MD44 MD55 MD42

Pulp Flax Hemp Sisal Abaca Jute

Water-soluble methylcellulose (%) 11.03 16.67 18.82 12.50 18.48

Alkali-soluble methylcellulose (%) 72.47 68.41 43.53 48.56 62.46

Unreacted pulp (%) 16.51 14.93 37.66 38.94 19.06
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ethane to diffuse and react with alkali cellulose.
Steam explosion and preliminary mercerization
significantly improved the water-soluble methyl-
cellulose content (Table 7). The methylcellulose
samples of the abaca pulp had a water-soluble
methylcellulose content of almost 50% (MD53
and MD47, Table 7). Steam explosion could
reduce the degree of polymerization by oxidation
at high temperature and disintegrate the aggre-
gated fibrils by a sudden evaporation of the liquid
in the voids when the pressure is suddenly
decompressed (Yamashiki et al. 1990a, b, c). The
abaca pulp treated by steam explosion therefore
had considerable accessibility.

Conclusions

Flax, hemp, abaca, jute and sisal pulps had low
accessibilities. Most of the amorphous celluloses in
the pulps were inaccessible before pretreatment.
After preliminary mercerization, the intrinsic vis-
cosity, mean hydrogen strength and relative CrI of
the pulps decreased, which improved their acces-
sibilities and reactivities. Water soaking, pre-mer-
cerization, mercerization under 15 bars of
pressure, and steam explosion increased the
accessibility and reactivity of the abaca pulp.
These pretreatments have different effects on dif-
ferent celluloses of annual plants, which indicates
that species is the main influencing factor.
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Unreacted pulp (%) 38.94 3.98 0.00 0.00 0.00
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