' Aalto University

Vanhatalo, Kari; Maximova, Natalia; Perander, Anna Maija; Johansson, Leena Sisko; Haimi,
Eero; Dahl, Olli

Comparison of conventional and lignin-rich microcrystalline cellulose

Published in:
BioResources

DOI:
10.15376/biores.11.2.4037-4054

Published: 01/05/2016

Document Version
Publisher's PDF, also known as Version of record

Published under the following license:
Unspecified

Please cite the original version:

Vanhatalo, K., Maximova, N., Perander, A. M., Johansson, L. S., Haimi, E., & Dahl, O. (2016). Comparison of
conventional and lignin-rich microcrystalline cellulose. BioResources, 11(2), 4037-4054.
https://doi.org/10.15376/biores.11.2.4037-4054

This material is protected by colpyright and other intellectual property rights, and duplication or sale of all or
part of any of the repository collections is not permitted, except that material may be duplicated by ?/ou for
your research use or educational purposes in electronic or print form. You must obtain permission for any
other tuhse: Elgctronic or print copies may not be offered, whether for sale or otherwise to anyone who is not
an authorised user.


https://doi.org/10.15376/biores.11.2.4037-4054
https://doi.org/10.15376/biores.11.2.4037-4054

PEER-REVIEWED ARTICLE b | oresources.com

Comparison of Conventional and Lignin-Rich
Microcrystalline Cellulose

Kari Vanhatalo,** Natalia Maximova,® Anna-Maija Perander,® Leena-Sisko Johansson,?
Eero Haimi,? and Olli Dahl #

Three microcrystalline cellulose (MCC) samples were manufactured from
bleached and unbleached softwood kraft pulp, and their properties were
compared to those of the commercial MCC, Avicel PH-101. One of the
produced samples retained a large portion of lignin (10.3%), while the two
others retained only some. The physical, chemical, thermogravimetric,
and molecular properties were analyzed. The presence of lignin caused a
substantial effect on the thermogravimetric and chemical properties of the
MCC, as well as on its surface characteristics. The lignin-containing
sample degraded at lower temperatures, and its UV Raman spectra had a
high intensity aromatic band (1600 cm) arising from the lignin. X-ray
photoelectron spectroscopy confirmed a high surface lignin coverage
(40%) in this specimen only. Particle size and BET surface area
measurement results varied in some limits between MCCs, while the
cellulose crystallinity index showed almost equal values between 0.82 and
0.84. This work introduces a new wood-based product, the lignin-
containing MCC, comparable in properties to the wide-marketed Avicel.
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INTRODUCTION

More than 50 years ago the development of acid degradation of cellulose by
Orlando Battista resulted in commercial forms of microcrystalline cellulose (MCC)
(Battista et al. 1956, 1961). MCC is widely utilized in various industries and applications,
e.g., rheology modifiers, food ingredients (thickeners, emulsion stabilizers, fat mimetics),
pharmaceuticals (as a tableting aid), and chromatography (Vasiliu-Oprea and Nicoleanu
1993; BeMiller 2009; Tuason et al. 2010).

Different organizations, such as the U.S. Pharmacopeial Convention (USP), the
European Commission (EC), and the Joint Food and Agriculture Organization of the
United Nations / World Health Organization Expert Committee on Food Additives
(JECFA), all define MCC as a partially depolymerized, purified cellulose product,
produced from alpha cellulose using mineral acids. Quality requirements include a degree
of polymerization (DP) that is typically less than 400, and a maximum of 10% of the
material can have a particle size of less than 5 um. The carbohydrate content of MCC
material must be over 97%, calculated as cellulose on an anhydrous basis (JECFA 2000;
USP 2005; EC 231 2012).

These organizations also define a similar product, cellulose powder (CP). CP is a
fine, white (or almost white), purified, mechanically disintegrated cellulose that does not
have a DP level definition. JECFA and EU regulations demand a carbohydrate level of
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92% for CP. In the USP regulations, the level is the same as for MCC (97%). Both MCC
and CP have E-codes—the food additive numbers given by European Food Safety
Authority—which are E460(i) and E460(ii), respectively.

Various materials—such as annual plants, wood, and fruit waste—have been used
as raw materials for MCC. Paralikar and Bhatawdekar (1988) used bagasse to produce
MCC. Uesu et al. (2000) chose soya bean husks, and Das et al. (2009) used jute. Myz et
al. (2007) processed aspen, and Vila et al. (2014) used eucalyptus wood to manufacture
MCC. Less typical raw materials such as orange mesocarp (Ejikeme 2008) and pine and
spruce needles (Leppénen et al. 2009) have been used to produce MCC. Softwood kraft
pulp is used as a more common raw material for MCC production (Aranguiz et al. 1994;
Virtanen et al. 2012). All of these materials can be used to manufacture CP as well.

After cellulose, the second largest constituent of plant cell walls is lignin, which is
unique in that it is the only large-scale biomass source of aromatic functionality. It is
composed of up to three different phenyl propane monomers, such as coumaryl alcohol,
coniferyl alcohol, and syringyl alcohol. Coniferyl alcohol occurs in all wood species and
is the dominant monomer in conifers (softwoods). Beyond structural functions, lignin plays
several other important roles in plants. Because it is much less hydrophilic than both
cellulose and hemicellulose, it prevents the absorption of water by these polysaccharides
in plant cell walls, and it allows the efficient transport of water in the vascular tissues. Its
phenolic groups have antibacterial properties that form an effective barrier against attack
by insects and fungi (Zemek et al. 1979; Jung and Vogel 1986; Slavikova and Kosikova
1994; Afrin et al. 2012). For humans, lignin acts as a source of insoluble dietary fiber
(Dhingra et al. 2012).

If whiteness (brightness) as a property requirement of MCC is omitted, the special
properties of lignin biopolymers could be utilized for generating MCC/CP, which could
create a totally new product category and raise the functionality of MCC/CP particles. The
antibacterial properties of lignin could be utilized, and MCC/CP powder could give extra
properties to medicine tablets, where MCC is a common excipient (Reier and Shangraw
1966; Thoorens et al. 2014). Conventional MCC is used in many plastic composite studies
as a filler material (Spoljaric et al. 2009; Ashori and Nourbakhsh 2010; lyer et al. 2015).
The hydrophobic property of lignin facilitates MCC incorporation into plastics by forming
chemical bonds between phenolic groups and plastic polymers giving better mechanical-
and thermal properties to composites (lyer and Torkelson 2015; lyer et al. 2015).

Lignin-based adsorbents have found various applications, e.g. in pharmaceutical
industry for detoxification of biological fluids (Chopabayeva et al. 2014), in water
purification (Srivastava et al. 1994), and soil remediation (Nikolajeva et al. 2005).
Preparation of cation-exchange resin from lignin has been reported (Kamel 2006), as well
as preparation of ion-exchange celluloses (Burton 1995; Choi et al. 2004).

This study introduces a lignin-containing MCC product and compares its properties
to commercial MCC. The lignin-containing MCC was manufactured from unbleached
softwood kraft pulp with an acid hydrolysis method (Dahl et al. 2011; Vanhatalo and Dahl
2014), i.e., AaltoCell™. This paper describes the physical, chemical, thermogravimetric,
and molecular level differences of the lignin-containing MCC sample compared to
conventional MCCs. Particle size (laser diffraction), specific surface area (Brunauer-
Emmett-Teller [BET]), visuality (photography), and micrometer-level appearance
(scanning electron microscopy [SEM]) were used to examine physical characteristics.
Chemical surface analysis (X-ray photoelectron spectroscopy [XPS]), carbohydrate
composition (high-performance anion-exchange chromatography [HPAEC]), and lignin
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sensitive characterization (ultraviolet Raman [UV Raman] spectroscopy) revealed the
chemical properties of the different MCCs. Thermal degradation studies were made by
thermogravimetric analysis (TGA). Molecular size distribution (gel permeation
chromatography [GPC]), crystallinity (X-ray diffraction [XRD]), and DP (intrinsic
viscosity) revealed molecular level features.

EXPERIMENTAL

Materials

The MCC powder Avicel® PH-101 (Avicel) from Sigma-Aldrich (Steinheim,
Germany) was used as a reference material.

Three grades of MCC (AaltoCell™)—denoted as DP300, DP450, and BrownMCC
(the lignin-containing sample)—were manufactured with the following hydrolysis
conditions (Vanhatalo and Dahl 2014): 160 °C, 1.5% dosage (Calculated for oven dry
cellulose weights) of H2SOa, consistency of 10%, and overall hydrolyzing time of 110 min
for DP450 and 140 min for DP300 and BrownMCC. The raw material for DP300 and
DP450 was bleached softwood kraft pulp and for BrownMCC, unbleached softwood pulp.
Hydrolyzed samples were subjected to H202 bleaching to purify from possible precipitates
followed by spray drying. Bleaching was performed with 2.0% of H202 and 1.4% NaOH,
in a consistency of 5.0%, at 70 °C for 10 min. The produced MCCs were spray dried at a
2.0% consistency by using a Blchi Mini Spray Dryer B-290 (Bichi Labortechnik AG,
Flawil, Switzerland). The dryer inlet and outlet temperatures were 180 °C and 105 °C,
respectively.

Methods
Physical characteristics

Particle size was determined by laser diffraction as described by Vanhatalo and
Dahl (2014) using a Mastersizer 2000 (Malvern Instruments Ltd., Worcestershire, UK)
equipped with a Hydro 2000MU wet dispersion unit. The measured d50 value was used as
a particle size value. The specific surface area was measured using the multi-point BET
method (Brunauer et al. 1938) with a Micromeritics Tristar 1l 3020 (Micromeritics,
Norcross, USA) using nitrogen gas as an absorbate. Samples were pretreated under
nitrogen gas stream before measurement with procedure: first 15 min at 25 °C, then 1 h at
60 °C and finally 15 min at 25 °C. Photographs were taken with a digital camera (Ixus 160,
Canon, Tokyo, Japan). The SEM analysis was carried out with a Hitachi S-4700 cold field
emission electron gun instrument (Tokyo, Japan) equipped with a semi-in-lens detector.
Secondary electron micrographs from the samples were taken using a low voltage (3 kV)
charge balance without sample coating. For the secondary electron images, a mixture of
semi-in-lens detector and conventional detector signals was utilized.

Chemical analyses

Chemical analysis of the MCC surfaces was evaluated with XPS, using an AXIS
Ultra electron spectrometer (Kratos Analytical, Manchester, UK) with monochromatic low
power irradiation (100 W) and neutralization. For the experiment, MCC powders were
mounted on double-sided tape and pre-evacuated overnight, together with the in situ
reference (100% pure cellulose) (Johansson and Campbell 2004). Data were acquired from
three locations (200 x 800 um) for each sample. Surface elemental contents were
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determined from low-resolution surveys. Cellulose and lignin contents were analyzed from
the high-resolution carbon C1s region, and the data were fitted into four Gaussian peaks
using CasaXPS software (Casa Software Ltd., Wilmslow, UK), as detailed by Johansson
and Campbell (2004). Carbohydrate and lignin contents were analyzed according to a
method based on the National Renewable Energy Laboratory procedure (Sluiter et al.
2008) using HPAEC-PAD (Dionex ICS-3000, pulsed amperometric detector, CarboPac
PA20 column, Dionex, Sunnyvale, USA). Acid-insoluble lignin was measured
gravimetrically, whereas acid-soluble lignin was determined from light absorbance at 205
nm on a spectrophotometer (Shimadzu UV-2550, Tokyo, Japan). Extractives were
determined gravimetrically, according to the standard SCAN-CM 49:03 (2003), with
acetone extraction. The UV-Raman spectra were measured with a Renishaw 1000 UV
Raman spectrometer (Gloucestershire, UK) connected to a Leica DM LM microscope
(Leica Microsystems, Heerbrugg, Switzerland) and an Innova 300C FreD (Coherent Inc.,
Santa Clara, USA) frequency-doubled Ar*-ion laser. The excitation wavelength of the laser
was 244 nm, and the output power was adjusted to 10 mV, with 10% transmittance. The
laser beam was directed through a 40x objective onto the sample. The measuring time was
30 s. The Raman spectra were scaled so that the highest peak intensity was set to 1.0 and
the baseline to 0.0. Additionally, the baseline was corrected to zero at 800 cm™ and 2000
cm™.

Thermal degradation properties

Thermal degradation studies were carried out with a TGA (TGA?7, Perkin-Elmer,
Waltham, USA). Approximately 5 mg of the sample was placed onto a TGA sample holder;
the measurement chamber was closed and purged with nitrogen. The chamber was heated
from room temperature to 600 °C at a rate of 5 °C/min.

Molecular level investigations

Molar mass distributions were obtained using a GPC technique. Prior to analysis,
samples were prepared according to the procedure described by Testova et al. (2014). GPC
analysis was carried out with a Dionex Ultimate 3000 system with a guard column (PLgel
Mixed-A, 7.5 x 50 mm, Agilent Technologies, Santa Clara, USA), four analytical columns
(PLgel Mixed-A, 7.5 x 300 mm), and refractive index detection (Shodex RI-101, Showa
Denko K.K, Kawasaki, Japan). The XRD patterns were detected with an X’Pert PRO MPD
Alpha-1 (PANalytical, Almelo, Holland) diffractometer using CuKa radiation source (A =
0.154056 nm) operating at 45 kV and 40 mA. The step size, scanning speed, and 20 range
were 0.026°, 0.056 °/s, and 5 to 70°, respectively. Crystallinity index (Crl) values were
calculated as described by Segal et al. (1959). DP values were determined by first
measuring viscosities according to the SCAN-CM 15:99 standard (1999) and by
calculating DPs using the Mark-Houwink equation, as guided by the SCAN-CM 15:88
standard (1988).
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RESULTS AND DISCUSSION

Physical characteristics

All of the samples except BrownMCC were white in color (Fig. 1). The strong brown color
of BrownMCC was caused by the high lignin content (confirmed later by chemical
analysis). The morphology of the MCC samples on a micro-level was shown in SEM
micrographs (Fig. 2).

AALTO-MSE 3.0kV 11.9mm %250 SE(M)
. - e

T W

Fig. 2. SEM micrographs of a) Avicel, b) DP300, c) DP450, and d) BrownMCC

Figure 2 shows that the MCC sample DP450 (Fig. 2c) exhibited clear individual
fiber-like architecture, whereas the Avicel sample (Fig. 2a) was dominated by aggregated
structures or clusters. Both the DP300 (Fig. 2b) and lignin-containing BrownMCC (Fig.
2d) samples showed noticeably smaller particles than the Avicel and DP450 samples (Figs.
2a and 2c), with the BrownMCC having the finest particles of all four samples. The DP300
and BrownMCC samples were subjected to more extensive hydrolysis than the DP450
sample, which could explain their differences in size and morphology. Table 1 presents the
particle size (laser diffraction) and specific surface area (BET) results.
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Table 1. Particle Size and Specific Surface Area of MCC Samples

Sample
Property -
Avicel DP300 DP450 BrownMCC
Particle Size (um) 36.2 16.2 51.5 21.7
BET (m?/g) 0.858 1.358 0.965 0.736

The particle size decreased in the following order: DP450 > Avicel > BrownMCC
> DP300. These results together with SEM imaging confirm that prolonged hydrolysis
affected MCC physical characteristics as shown by Vanhatalo and Dahl (2014) by using
the same manufacturing method. The DP300 sample, which had the smallest particle size,
had the largest specific surface area. Somewhat unexpectedly, the BrownMCC sample
showed the smallest surface area, having particle size similar to that of DP300. This could
be attributed to a heating effect of spray drying at 180 °C, which was above the glass
transition temperature (140 °C) for the kraft lignin (Tejado et al. 2007).

The analyzed Avicel specific surface area value was somewhat lower than literature
data. Steele et al. (2008) and Nam-Tran et al. (1993) obtained 1.22 m?/g, and 1.30 m?/g
respectively, for Avicel PH-101. Ardizzone et al. (1999) obtained 1.30 m%kg for Avicel
PH-102, and Zografi et al. (1984) obtained from 1.10 m?/g to 1.44 m?/g for Avicel PH-101
under varying measuring conditions. The difference in surface area can arise from the
following: a difference in sample pretreatment procedures (Ardizzone et al. 1999; Steele
etal. 2008), used gas in BET technique (Zografi et al. 1984), and the measurement methods

used in different studies.
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Fig. 3. XPS spectra of Avicel (™), DP300 (==), DP450 (™), and BrownMCC (=)

Chemical analyses

Carbon and oxygen were the major elements in all of the XPS survey spectra (Fig.
3). Their elemental depth distributions were uniform within the XPS analysis depth, i.e.,
within the topmost 10 nm (Johansson et al. 2004). Apart from these two elements, only
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trace amounts of sodium were seen in the BrownMCC sample. The most prominent feature
in all of the carbon high-resolution spectra was the cellulose signature, consisting of CO
and OCO components at 286.7 and 288.1 eV. The non-cellulosic component (carbons
without oxygen neighbors) at 285 eV was present in all samples, indicating slight but
unavoidable contamination. However, this peak could also be utilized in surface lignin
evaluations, and it was markedly elevated in the BrownMCC sample. Using calculations
adopted from pulp and paper research (Koljonen et al. 2003), the surface lignin coverage
after contamination correction was around 40%. The chemical composition of the MCC
samples is presented in Table 2.

The Avicel sample exhibited the highest cellulose content, which might be linked
to the precursor material, cotton cellulose; the raw materials for the other samples were
softwood kraft pulps. The cellulose content of the cotton pulp is high, approximately 95%
(Sczostak 2009), whereas bleached and unbleached softwood kraft pulp have around 80%
and 70% cellulose, respectively (Shackford 2003; Joutsimo 2004; Spence et al. 2010).
There was a distinct difference in cellulose content between the DP300 and DP450 samples
due to the prolonged acid hydrolysis of DP300, which reduced the hemicellulose fraction.

Table 2. Chemical Composition of the MCC Samples

Samples
Component (%) -
Avicel DP300 DP450 BrownMCC
Carbohydrates 99.5 99.5 99.4 89.1
Arabinose n/a n/a n/a n/a
Rhamnose n/a n/a n/a n/a
Galactose n/a n/a n/a n/a
Glucose 97.2 95.0 87.3 87.7
Xylose 1.9 2.0 6.4 0.6
Mannose 0.4 2.5 57 0.8
Extractives 0.1 0.1 0.1 0.6
Total Lignin 0.4 0.5 0.5 10.3
Acid-Soluble Lignin 0.3 0.3 0.4 0.3
Acid-Insoluble Lignin 0.1 0.1 0.1 10.0

The BrownMCC sample had a high lignin content, 10.3%, which explained its
brown color. BrownMCC prepared from unbleached kraft pulp, which has usually 20 to
25% hemicelluloses (Gullichsen and Fogelholm 1999) and manufactured using acid
hydrolysis without any further delignification, had a somewhat lower xylose content than
the Avicel sample, and only a small portion of mannose. This result might be due to the
lignin-carbohydrate complex structures connected with the ester linkages that were cleaved
in acid hydrolysis (Lawoko 2005).

Comparison of the surface lignin coverage (40%, as determined by XPS) and the
total lignin content of the BrownMCC sample (10.3%, as analyzed gravimetrically and by
using a spectrophotometer) suggested that most of the lignin in the MCC made from
unbleached pulp was located on the surface rather than the interior of the particles. A
similar phenomenon was observed by Laine et al. (1994). In their study, lignin was
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concentrated on the thin outer surface of kraft pulp fibers, and it decreased linearly with
decreasing total lignin content after alkaline digestion of the pulp.

The UV-Raman spectroscopy is an extremely sensitive method for aromatic and
conjugated structures (Fig. 4). The samples exhibiting an aromatic band around 1600 cm™
were recognized as lignin compounds, and the cellulose band was present at 1100 cm™
(Wiley and Atalla 1987; Halttunen et al. 2001; Saariaho 2004). High sensitivity of UV-
Raman spectroscopy towards aromatic lignin structures due to UV excitation has been
shown previously by Perander et al. (2001). For example, a cooked kraft pulp sample that
had 4 to 5% lignin showed only lignin bands in the UV Raman spectrum; the cellulose
bands were not detected (Perander 2001; Saariaho 2004). Similarly, the lignin band was
dominant in the UV Raman spectrum of the BrownMCC sample having 10.3% lignin. No
cellulosic bands were observed even though the carbohydrate content of the BrownMCC
sample was as high as 89.1% (as determined by HPAEC). The UV Raman spectra of the
Avicel, DP300, and DP450 samples revealed a distinct cellulose band intensity at 1100 cm-
! and an aromatic band at 1600 cm™. As the UV Raman spectra of these three MCCs were
normalized to the 1100 cm* cellulose band, the lignin band was used to compare the overall
lignin content of the samples. The lignin content decreased in the samples from DP450 to
DP300 and finally, Avicel. The intensity of the lignin band of the Avicel sample was the
lowest, indicating the high purity of the sample.
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Fig. 4. UV Raman spectra of Avicel (™), DP300 (=), DP450 (™), and BrownMCC (==).
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Thermal degradation properties

The MCCs thermal degradation (TGA) and first derivative curves are shown in Fig.
5. The Avicel sample, which had the highest cellulose content, started thermally degrading
between 315 °C and 400 °C, which agreed with published data for cellulose degradation
(Yang et al. 2007; Chuayjuljit et al. 2009; Pasangulapati et al. 2012).

The DP300 and DP450 samples, which contain cellulose, xylan, and mannose
(Table 2), started to decompose around 240 °C, first degrading slowly and then with
increased speed. This speed-up point occurred at approximately 350 °C in the DP300
sample, and somewhat earlier, at 340 °C, in the DP450 sample. Degradation continued up
to 415 °C and 425 °C in the DP450 and DP300 samples, respectively.

When studying the thermal decomposition of hemicelluloses, Werner et al. (2014)
and Yang et al. (2007) found that most of these five-carbon carbohydrates start to degrade
between 200 and 250 °C, which agrees with the data presented in Fig. 5. The decomposition
temperatures for xylan, glucomannan, and galactoglucomannan were around 200 °C,
210 °C, and 220 °C, respectively.

The first decomposition point of the BrownMCC sample was observed at 220 °C;
in the range 270 °C to 310 °C, degradation slowed down, whereupon it increased again and
leveled out at approximately 400 °C. The drop region in the BrownMCC derivative curve
was likely due to the combined effect of hemicellulose and lignin degradation. Bartkowiak
and Zakrzewski (2004) measured the thermal degradation of kraft lignin isolated from pine,
noting that degradation started above 200 °C. Pasangulapati et al. (2012) observed similar
results with the model compound lignin.

Lignin has a lowering effect on thermal properties of MCC as shown Fig. 5. Beg
and Pickering (2008) showed the same thermal weakening effect in the case of unbleached
(2.4% lignin content) and bleached softwood kraft fiber. In their study, lignin containing
fiber started to decompose at a temperature lower by 30 °C than bleached lignin free
cellulose. Fatah et al. (2014) and Rayung et al. (2014) used empty fruit bunch from oil
palm and did TGA for lignin containing and chemically purified materials. They did similar
observations, after removing lignin thermal properties developed.
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Fig. 5. a) Thermal degradation (TGA) and b) the first derivative curve of Avicel (™), DP300 (=),
DP450 (™), and BrownMCC (™=)

Molecular level investigations

GPC was used to determine the molecular weight distributions (Mwp) of the MCCs
(Fig. 6). The Avicel and BrownMCC samples had similar Mwp. The DP300 Mwp was
narrower than that of DP450, which clearly had the widest distribution. The difference in
the Mwp of the DP300 and DP450 samples could be explained by extended acid hydrolysis
and the depolymerizing of cellulose through the cleavage of glucosidic bonds, resulting in
shorter molecule chains and narrower Mwp. These results agreed with the findings of Cao
et al. (2012) and Jasiukaityté-Grojzdek et al. (2012), who studied the Mwp of cellulose by
varying hydrolysis time and biomass sources and found that more intensive hydrolysis gave
shorter molecule chains. The Crl values (XRD), average molecular weight (Mw), and DP
are presented in Table 3.
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Fig. 6. Molecular weight distributions (GPC) of Avicel (™), DP300 (™=), DP450 (™), and
BrownMCC (=)

Table 3. The Crystallinity Index, Average Molecular Weight, and Degree of
Polymerization of the MCC Samples

Sample Crl _ Mw DP
Peak Height g/mol
Avicel 0.84 57700 252.7
DP300 0.84 66200 273.3
DP450 0.82 184700 451.2
BrownMCC 0.82 64300 230.2

All MCC samples exhibited similarly high Crl values. In the current study the
MCC'’s have gone through acid hydrolysis manufacturing process which removes some of
the hemicelluloses and amorphous part of cellulose. This might influence Crl values, by
making content of lignin in BrownMCC less effective. Xiao et al. (2011) did severe hot
water extractions (at 200 °C) for Tamarix ramosissima by removing 90% of the
hemicelluloses and raising content of lignin from 23.5% to 41.5%. In spite of high content
of lignin, Crl increased from 0.41 to 0.56. Wan et al. (2010) manufactured eucalyptus pulps
to different hemicelluloses content while keeping the lignin amount almost the same (4.0-
4.9%). The pulps exhibited an increase in Crl from 0.73 to 0.83 by lowering the
hemicelluloses content from 27.6% to 9.9% and increasing cellulose content from 68.5%
to 87.7%. The measured Crl of the Avicel sample was consistent with the literature data
(El-Sakhawy and Hassan 2007; Keshk and Haija 2011; Haafiz et al. 2013; Trache et al.
2014).

The X-ray spectra’s (Fig. 7) exhibit typical diffraction peaks for cellulose: such
values of 20 are recognized as the crystallographic planes (Hult et al. 2003; Park et al.
2010; Jarrett 2011). In the case of BrownMCC, high content of lignin (10.3%) did not
changed the form of diffraction pattern.

All samples exhibit similar Mw values, except for the DP450, which is noticeably
higher. Measurements with SCAN standard methods (SCAN-CM 15:88 and SCAN-CM
15:99) gave similar DP results. The results of Mw and DP confirmed that prolonged
hydrolysis produced cellulose particles with lower molecular weight.
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Fig. 7. X-ray diffraction patterns of Avicel (™), DP300 (™), DP450 (™), and BrownMCC (™=)

CONCLUSIONS

1. A new product from chemical pulp, lignin-containing MCC, has been introduced

2.

by using unbleached softwood kraft pulp as a raw material in a mild acid hydrolysis
process.

The surface and thermal properties of MCC were affected by the chemical
composition of the precursor pulp; unbleached softwood kraft pulp resulted in
MCC with a high surface lignin content (40%) and somewhat lower thermal
properties than bleached kraft pulp-based MCC. The crystallinity, hemicellulose
content, molecular weight, DP, and BET surface area were comparable to the
commercial product Avicel PH-101.

Lignin-containing MCC could be used in applications where the brown color is not
undesirable — for example, as plastic filler or as medicine-tableting aid.

Careful attention should be paid to the analytics of high lignin-content cellulose
products. UV Raman spectrometry confirmed the presence of lignin; the cellulose
content was overshadowed by lignin. The XPS technique was used to quantify the
lignin and cellulose peaks at the same time.
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