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Abstract: In this study, microcrystalline cellulose (MCC) was isolated from
walnut and apricot shells (WS and AS) as agricultural wastes in order to use it
as reinforcement in polymer composites. The microcrystalline cellulose was
extracted by alkaline treatment and bleached by peroxide as an environ-
mentally friendly treatment, called walnut cellulose (WC) and apricot cellulose
(AC). The chemical composition of the samples was set according to the Tech-
nical Association of Pulp and Paper Industry (TAPP). After treatments, the
alpha-cellulose content increased by about 23 % for the two used cellulose
sources. The structural and morphological properties of the samples were
investigated by Fourier transform infrared spectroscopy in the attenuated total
reflectance mode (ATR-FTIR), optical microscopy (OM), X-ray diffraction
and scanning electron microscopy (SEM). The crystallinity index values evalu-
ated for WC and AC via X-ray diffraction were 86.4 and 80.3 %, respectively.
The alkaline soluble fractions of walnut (ASW) and apricot (ASA) shells were
recovered and characterized by OM and ATR-FTIR spectroscopy. Further-
more, their chemical composition was analyzed. The characterization and the
properties of the WC and AC were similar to those of commercial MCC and
MCC prepared in the literature from wood and some agricultural wastes.

Keywords: agricultural wastes; walnut shell; apricot shell; microcrystalline cel-
Iulose; crystallinity index.

INTRODUCTION

Over the last decade, biopolymers and natural fiber-reinforced plastics have
become an interesting alternative to replace petroleum-based plastics. For this,
academic and industrial research use wastes generated by agriculture in order to
develop environmentally friendly composites with good thermal stability.!-2
mechanical properties! and biodegradable.2 These wastes consist of fibrous
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vegetable tissues, mainly composed of cellulose, hemicelluloses and lignin, as
the major constituents, considered as bio-composites, and of pectin, waxes,
proteins, lipids, ash and extractive compounds that could be found as minor con-
stituents.3 Generally, a good dispersion of cellulose in the matrix of polymers
enhance their mechanical and barrier properties of gases and vapors.* Thus, some
researchers used lignin as a coupling agent to improve the interfacial adhesion
between cellulose fibers and polymer matrices, and to enhance the thermal sta-
bility of the composites.> Recall that cellulose is the most abundant renewable
polymer in the world. In cellulose fibers, the cellulosic chains are arranged in
ordered crystallites and less-ordered amorphous regions, while lignin and hemi-
celluloses are amorphous components. Cellulose fibers found their first applic-
ation in paper and clothing manufacturing, due to their high stiffness, low den-
sity and low cost. Cellulose fibers can be extracted from various agricultural
wastes, such as wood, bamboo, flax, wheat,® almond shell,” corn stover,? sisal,?
etc. For this, researchers developed different processes and treatments to valorize
it, such as cellulose fibers,10 cellulose crystals,” microfibers,!! microcrystalline
cellulose,!2 nanofibers,° or cellulose nanocrystals.!3

The isolation of cellulose fibers requires the removal of other components,
such as lignin, hemicelluloses and pectin, from natural fibers. However, the
physicochemical properties depend on the method used and the raw material.
Rajeshkumar et al.!#4 proposed an environmental process to extract cellulose
fibers from petioles of Phoenix Sp. plants. It consists of immersing these petioles
in water for 15 to 20 days, then peeling them manually. On the other hand,
Belouadah et al.!1> proposed the same procedure followed by manually brushing
using a comb with metal teeth for Lygeum spartum L. Some researchers extracted
cellulose fibers just by alkaline treatment.!® However generally, the microcel-
lulose fibers extracted by chemical treatment undergo alkaline treatment in order
to remove the hemicelluloses and soluble lignin fraction, followed by bleaching
with sodium hypochlorite in the presence of acetic acid, in order to remove the
lignin part.!7 Chen et al.® and Reddy et al.ll first dewaxed their samples with
benzene and ethanol mixture using a Soxhlet apparatus. Cellulose crystals were
extracted from almond shells by the same process but not dialyzed, vacuum-
dried’” and the cellulose nanocrystals derived from walnut shell were isolated
using the same process reinforced by homogenization and ultrasonication pro-
cesses.!3 Microcrystalline cellulose was isolated from palm oil fronds by an
original process starting with alkaline hydrogen peroxide, followed by mech-
anical fibrillation, and then a solution of sodium chlorite was added to set pH to
4-5. Finally, this fiber was hydrolyzed in hydrochloric acid and the
microcrystalline cellulose was dialyzed than dried in a vacuum oven.!8 Others
precipitated the soluble lignin, after alkaline treatment or after alkaline peroxide,
using HC1.19
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The aim of the present work was to extract microcrystalline cellulose (MCC)
by alkaline treatment and environmentally peroxide bleaching and remove the
residual fraction after alkaline treatment from two agricultural residues (apricot
and walnut shells). To that end, an alkaline treatment was carried out to remove
the hemicelluloses and the soluble lignin fraction in order to isolate it, and
peroxide bleaching was carried out to eliminate the insoluble lignin and isolate
the MCC. To date, MCC has not been extracted from apricot shell and very few
studies on walnut shells have been reported (Zheng et al.,20 Harini et al.2! and
Hemmati et al.!3). The structure and morphology of this cellulose were charac-
terized by different techniques, i.e., optical microscopy, scanning electron micro-
scopy (SEM), Fourier transform infrared spectroscopy (FTIR), and X-ray dif-
fraction (XRD). The removed fraction after alkaline treatment was analyzed
using optical microscopy and FTIR spectroscopy. The chemical compositions of
fibers and removed fraction were analyzed as per TAPPI standards.

EXPERIMENTAL
Materials

Walnut (WS) and apricot (AS) shell fibers were used as native cellulose fibers. The fruits
come from a local market in Algiers (Algeria). Hydrogen peroxide (H,0,, 50 %) was pur-
chased from Distrim. Hydrochloric acid (37 %) and sulfuric acid (96 %) were purchased from
Carlo Erba Reagents. Sodium hydroxide (98 %) and acetic acid (99.8 %) were supplied by
Scharlab S.L. Methanol was purchased from Chromanorm®. Ethanol (> 97 %), Ferroin sol-
ution (C3¢Ho4FeNgO4S, 0.1 wt. %) and sodium metasilicate pentahydrate (= 97 %) were
supplied by Sigma—Aldrich. Benzene (99.5 %) was purchased from Riedel de Haen. Dichloro-
methane (CH,Cl,, 99.8 %) was supplied by VWR Prolabo. Sodium chlorite (80 %) was
purchased from Fluka, Potassium dichromate (99.97 %) and ferrous ammonium sulfate hexa-
hydrate ((NHy4),Fe(SOy,),-6H,0) were respectively supplied by Labosi and Biochem.

Extraction of cellulose fibers from walnut and apricot shells

The walnut and apricot shells were washed with distilled water five times at 90 °C during
2 h. After filtration, these shells were directly crushed with a knife grinder. Dried product was
sieved and chemically purified according to the following steps: The powders of the walnut
and apricot shells (WS and AS), between 40 and 100 um in size, were treated with 5 % NaOH
for 4 h at 80 °C in order to remove the alkaline-soluble components, such as soluble lignin,
hemicelluloses and pectin. After this treatment, the fibers were centrifuged and washed with
distilled water. The residual fibers were then dried in a hot air oven at 80 °C and crushed with
a knife grinder. The definition of the sample code used is illustrated in Table I.

Recovery of alkaline soluble fraction

The alkaline soluble fraction of the WS and AS was precipitated at pH 1.5 adjusted by
HCI from the supernatant solution of the alkaline treatment. The solution was centrifuged and
washed with distilled water and the residual fraction was recuperated and dried at 60 °C.
Preparation of microcrystalline cellulose from walnut and apricot shells

The dried powder treated with alkaline solution was bleached using alkaline peroxide as
an environmentally friendly treatment. In the alkaline media, H,O, allows the formation of the
hydroperoxide anion (-OOH) that reacts strongly with the chromophores and phenolic ring-
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conjugated ethylenic or carbonyl groups present in lignin and remove them permanently.?2-23

The powder was treated with 5 % hydrogen peroxide solution in the presence of 1 % of
sodium metasilicate pentahydrate, the pH of this solution was adjusted at 9.7+0.3 using 10 %
of NaOH solution. During the first hour, the fibers were treated without any heating (exo-
thermic reaction). The reaction was realized at 80°C during the following three hours.2

TABLE 1. Definition of each sample code

Sample code Definition of sample code

WS Walnut shell

wC Walnut cellulose

WTA Alkaline soluble fraction of walnut
AS Apricot shell

AC Walnut cellulose

APA Alkaline soluble fraction of apricot shell

The fibers were treated with H,O, at pH 9.7+0.3, four times successively, in order to
remove the greatest amount of lignin from the fiber and to obtain white colored fibers. The
treated fibers were isolated by centrifugation and washed 3 times after each treatment. After
the last treatment, the fibers were washed to a constant pH. Then they were dried at 60 °C,
crushed with a knife grinder and sieved to produce fibers smaller than 40 pm.

Fiber characterization

The chemical composition of the untreated and chemically treated fibers was determined
in accordance with the standards of the Technical Association of the Pulp and Paper Industry
(TAPPI). The extractives were removed with an ethanol-benzene mixture according to the T
204 ¢cm-97. The holocellulose content was determined as described by Yokoyama,2* by the
selective degradation of the lignin polymer by sodium chlorite at 70 °C in the presence of
acetic acid. The a-cellulose content was determined by the removal of f and y-cellulose from
the holocellulose by alkaline extraction according to TAPPI T203 om-88. The acid soluble
lignin content was analyzed by reaction with sulfuric acid using a standard method recom-
mended in TAPPI-T222 om-88.

Fourier transform infrared spectroscopy (FTIR) measurements were performed using a
Spectrum Two Perkin Elmer spectrometer, in the attenuated total reflectance (ATR) mode.
The samples were scanned 10 times in the range 650-4000 cm’!, with a resolution of 4 cml.
Microscopic photographs for the untreated WS, AS and for the WC, AC, WTA and APA were
obtained using a Zeiss Axioskop coupled with an Optimas 1.5 picture analysis system. The
magnification was 100x and 1000x. The surface morphologies of samples were investigated
using a JEOL® JSM-6360 model with diverse voltages (5, 10, 15 kV) in order to observe the
structure of the walnut and apricot shells (WS and AS) and the microcrystalline cellulose
extracted from these shells (WC and AC). The crystallinity of the WS, WC, AS and AC was
determined with a PANalytical XPERT-PRO diffractometer fitted with copper anode (Cu)
under (1 = 1.5406 A) wavelength and at 40 kV and 45 mA generator settings. Sample analysis
was performed in the range 3—70° of the 26 region. The crystallinity index (Crl) was calcul-
ated by the empirical method proposed by the Segal formula (1959) for native cellulose:2

Crl =1002200 = Lam (1)
I5oo
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where I,o denotes the maximum intensity of the 200 peak near to 26 = 22.5° and I, is the
intensity of the background scatter measures at 26 value near 18°.

RESULTS AND DISCUSSION
Chemical composition
The chemical composition differs between different plants and different
parts of the same plant, according to the geographic location, age, climate and
soil conditions, among other factors. The chemical composition of the walnut and
the apricot shells used for this study are presented in Table II.

TABLE II. Chemical analysis for untreated and treated wastes

Content, %

Chemical composition Walnut Apricot

WS wC WTA AS AC APA
Extractives 4.3 1.8 13.7 4.4 1.3 11.2
Acid soluble lignin 354 13.4 66.7 325 11.0 60.9
Holocellulose 60.6 85.0 8.8 63.0 87.0 12.4
a-Cellulose 51.6 75.8 - 51.9 75.3 -
Hemicelluloses 9.0 9.1 - 11.1 11.7 —

The holocellulose contents found in walnut and apricot shell were in the
range of 60.6 and 63 %, respectively. They were in the range found for Giant
reed!2 and Posidonia balls2® and somewhat higher those found for Posidonia
leaves,26 Sugar palm27 and Peanut shell.2® The contents of holocellulose and
alpha-cellulose increased after treatment in the WS and AS. This enhancement is
due to the extractive removal lignin after the set treatments. The contents of holo-
cellulose were enhanced by 24.4 and 24 %, respectively, for WS and AS after
treatment. At the same time, the content of alpha-cellulose increased by 18.2 and
23.4 % for WS and AS, respectively,.

The acid soluble lignin contents found, respectively, for WS and AS fibers
were 35.4 and 32.5 %. These results seem considerably higher than the lignin
content in bamboo and wood, (20-25 %)® and lower than that found in piassava,
(=48 %).29 1t is similar to the lignin content in Coir fiber (36.14 %)30 and Peanut
shell (35.2 %).27

The untreated fiber of walnut and apricot shells had a higher percentage of
lignin, and a lower percentage of a-cellulose than WC and AC; the bleaching
treatment cannot eliminate the total lignin content. The alkaline soluble fractions
of the walnut and apricot shells (WTA and APA) contain considerably more
lignin than hemicelluloses and the extracted fractions.

ATR-FTIR spectroscopic characterization

To study the effect of the treatment process on the composition of both WS
and AS, FTIR spectra of each sample before treatment (the raw cellulose fiber),
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after treatment (treated cellulose fiber) and after isolation of lignin (soluble
alkaline fraction) were recorded and are compared in Fig. 1a and b.
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Fig. 1. FTIR spectra of WS, WC and WTA (a) and AS, AC and APA (b).

This FTIR spectroscopic analysis is in good agreement with the chemical
analysis for all the samples. A wide band at around 3360 cm~!, due to the
stretching vibration of the hydrogen bonded hydroxyl group, is observed. It
becomes more prominent for the AC and WC samples as the results of the inc-
reased availability and content of cellulose (75 % a-cellulose), i.e., newly exp-
osed cellulose hydroxyl groups.3!-32 The band at around 2900 cm~! for all
samples is attributed to the aliphatic C—H stretching vibration in methyl (CHj3)
and methylene (CH,) functional groups. The band at 1460 cm~! represents the
aromatic ring C=C of the phenyl propane group of lignin.33 and the asymmetric
bending of -CHj3 group,34 while the band at 1422 cm™! corresponds to vibrations
of the aromatic skeletal and ring breathing with C-O stretching in lignin.35 The
intensity of these bends decreased after the treatment due to the removal of
lignin. The band at around 1730 cm~! was only observed in the spectra of WS
and AS. It is attributed to the stretching vibration of the carbonyl group (C=0) of
hemicelluloses present in these shells.!7-34 This band disappeared after alkaline
and bleaching treatments, but just decreased for WTA and APA due to the red-
uction of hemicelluloses content. These results are in good agreement with the
variation of the chemical composition according to the treatments performed,
which are summarized in Table II. The bands at 1600 and 1509 cm™!, signific-
antly reduced in WC and AC, are attributed to symmetrical stretching vibration
of C=C in plane of the aromatic ring present in lignin.34 The band at 1230 cm1,
which is present in the spectra of WS and AS, is attributed to the out of plane
stretching vibration of C-O of aryl group present in the lignin part. It was
significantly reduced in the WC and AC samples. This reduction is due to the
removed lignin in WC and AC, as seen in Table II. The bands at 1320 and 1370
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cm! are attributed, respectively, to the asymmetric and symmetric stretching of
—~COOH and the bonding of CH,.36 The band at 1032 cm™! is attributed to the
stretching mode of C—O—C bonds in the glucosidic rings.3¢ The absorption band
at 1155 cm! is attributed to C-O—C asymmetric stretch vibration in cellulose
and hemicelluloses, while the band at 894 cm™! is ascribed to the stretching vib-
ration of C1—O-C of f-(1-4)-glycosidic linkages in cellulose I and the amorphous
fraction. The absorbance of these bands is more intense after alkaline and
bleaching treatment due to the increase of cellulose content. The band at around
840 cm! associated with the band at 894 cm~! observed in WTA and APA con-
firmed the presence of 1,2,4-tetrasubstituted aromatics in the lignin.3”

Optical microscopy

Microscopic photographs at magnifications of 100x and 1000x were taken
for the untreated WS, AS and for WC, AC, WTA and APA (Fig. 2). After the
bleaching treatment, microscopic photographs at the same magnifications
as for WC and AC were taken.

Fig. 2. Optical microscopic images of microcrystalline cellulose WC (a) and AC (b).

The microscopic photographs of untreated WS and AS show that a mixture
of almost totally spherical shapes and some cylindrical shapes of inhomogeneous
size, notably for the AS, were obtained. After treatment, microcrystalline cellu-
lose particles of more cylindrical shape, in particular for WC, were obtained (Fig.
2). Their surface was smoother than that of the initial cellulose.

X-Ray diffraction analysis

The XRD results for microcrystalline cellulose derived from WS and AS
before and after treatment are illustrated in Fig. 3a and b, respectively. The X-ray
diffraction patterns of the samples are a combination of the diffraction of the
amorphous region from lignin and hemicelluloses and ordered crystallites and

less-ordered amorphous regions from the cellulosic chains. The XRD analysis of
these samples (WS, WC, AS and AC) revealed a typical cellulose I structure.38
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They have three common peaks for all samples located at 26 14.8, 16.2 and 22.4°
characterized the presence of cellulose /p.33:3

22,1°

Intensity, u.a.
Intensity, u.a.

(AC)

(AS)

IIO ‘ 2‘0 ‘ 3‘0 4‘0 5‘0 1I0 2‘0 3‘0 4:0 5‘0
20/° 20/°
Fig. 3. XRD patterns for WS and WC (a) and AS and AC (b).

The peaks located at 26 of 14.8 and 16.2° have the positions of (101) and
(101-) crystallographic plane reflections, respectively,*0:4! the peak located at
22.4° has the positions of (200) crystallographic plane reflections.38:39 The XRD
results fit well with cellulose Ig crystals and the degrees of crystallinity were
calculated using the Eq. (1). After chemical treatment of the raw materials, the
crystallinity index increased from 55.2 and 60.4 %, for WS and AS to 86.4 and
80.3 % for WC and AC, respectively. Similar values were reported in litera-
ture.#2 These results indicate that after the treatments, the regions with a random
amorphous structure, such as hemicelluloses and lignin, had dissolved and were
removed.*3

SEM characterization

SEM characterization was performed in order to evaluate the changes in
surface morphology of WS and AS after treatment. Images of WS, AS, WC and
AC are shown at 2000x magnification in Fig. 4.

The SEM images of the raw materials (WS and AS) show non-uniform
particles with a rough and irregular surface. This irregularity may be attributed to
the presence of impurities, waxes, hemicelluloses and lignin on its surface.44 The
presence of pores is clearly visible on the surface of WS and AS. After treatment,
more uniform particles could be seen. The WC and AC have, respectively, more
cylindrical and spherical shapes but not a completely rough surface due to the
hydrogen-bonding present between the cellulose fibers.*5

From the SEM micrographs of WS, AS, WC and AC (Fig. 4), it is evident
that a profound morphological change in the shape of the raw material occurred
after treatment. Yet, a high level of aggregation and agglomeration was observed
due to the hydrophilic nature of the cellulose surface. The morphological shapes
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of the microcrystalline cellulose WC and AC are similar to those of commercial
microcrystalline cellulose reported by many authors, such as Karim.45

21 3% SEI

Fig. 4. Scanning electron microscopy images of different fiber surfaces
(WS, WC, AS and AC).

CONCLUSIONS

MCC was successfully prepared from walnut and apricot shells, using only
mercerization (NaOH) and bleaching with alkaline peroxide. The chemical com-
positions of WS and AS are very similar considering the nature of their similar
sources. The chemical composition analysis showed an increasing trend in the
holocellulose and a-cellulose contents after the chemical treatment. The a-cellu-
lose content changed from 51.6 % in WS to 75.8 % in WC and from 51.9 % in
AS to 75.3 % in AC. The ATR-FTIR spectra and chemical compositions are in
agreement and show, on the one hand, that the ratio of lignin had considerably
decreased by 35.4 and 32.5 % in WC and AC, respectively, but are not com-
pletely eliminated by the method used in this work. On the other hand, they show
that alkaline treatment allows considerable quantities of extractable lignin to be
extracted. This alkaline soluble fraction can easily be recovered by acid precipit-
ation. Microscopic characterizations showed the morphological changes occur-
ring on WS and AS fibers during the treatment. The X-ray diffraction analysis
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showed a high crystallinity index (calculated by the Segal formula) of 86.4 and
80.3 % for WC and AC, respectively. This crystallinity index is good enough and
in agreement with the crystallinity index of commercial MCC.
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U3BOJ
KAPAKTEPU3AIIUJA MUKPOKPUCTAJIHE HETYJIO3E EKCTPAXOBAHE U3 JbYCKHU
OPAXA U KOLITHULIA KAJCUJE AJIKATHUM TPETMAHOM

YASMINE MAHMOUD', ZITOUNI SAFIDINE’ u NAIMA BELHANECHE-BENSEMRA'

"Laboratoire des Sciences et Techniques de I’Environnement, Ecole Nationale Polytechnique, 10, Avenue des
freres Oudek, BP 182 El-Harrach, Alger, Algeria u 2Laboratoire de Chimie Macromoléculaire, Ecole Militaire
Polytechnique, BP 17, Bordj El Bahri, Alger, Algeria

Y oBoM papny je MukpokpucTanHa uemynosa (MCC) usonosaHa K3 /pycku opaxa (WS) u
KOLITHIIA Kajcuje(AS) kao Mosp0NpUBPENHOT OTNazja y UH/by Ho0Hjama MyHUIala 3a OjauaBame
nonumepHux komnosuta. MCC je excTpaxoBaHa alKaJHUM TPETMaHOM U H3bebeHa Mepok-
CHUJIOM Kao €KOJIOIIKH MPUXBAT/BUBUM IOCTYIIKOM, YMME Cy JOOHjeHH ysopuu uemynose WC
(om mycke opaxa) u AC (on xomwTtHie Kajcuje). XeMHjCKH cacTaB y3opaka je onpeheH mpema
craHfapauma TexHHUKe acouujaluje UHAyCTpUje nenynose U nanupa (TAPP). Haxon Tpet-
MaHa, cafpxaj a-uenynose ce nosehao 3a oko 23 % 3a oba xopumhena marepujana. CTpyx-
TypHa ¥ MopdoJIoLIKa CBOjCTBa y30paKa Cy UCIUTHBaHa MH(PaLPBEHOM CIIEKTPOCKOIHjOM ca
dypujeoBom TpaHchopmanrjom y TotarnHoj pednekcuju (ATR-FTIR), ONTHYKOM MHKPOCKO-
nujom (OM), penarenckom nudpakuvoHoM aHanu3zoM (XRD) u ckennpajyhom enexTpoHCKOM
muxpockonujom (SEM). MHOEKC KpUCTaIMHHUYHOCTH, ofpeheH Ha ocHOBY pesyntata XRD
aHanuse , u3Hocu 86,4 % 3a WC u 80,3 % 3a AC. AnkanHo pacTtBopsbuBe dpakuuja WS u AS
(ASW u ASA, penom ) Cy U3[BOjeHE M KapaKTEpDHUCaHE ONTHYKOM MHUKpOCKOmujomM B ATR-
-FTIR cnekrpockonujom. Takohe, onpehen je u xemujcku cacras. Kapaktepucrtuke WC u AC
Cy CIMYHE KapaKkTepucTukama komepuujanHux MCC u y3opaxa Lelyno3e KOju Cy y JIuTe-
paTypy NpUIIPEMIBEHH Off IPBETA U HEKUX MOJ/bONPUBPEAHUX OTNaAHUX MaTepHjana.

(ITpumseno 6. arycra 2020, pesunupano 1. dedpyapa, npuxsahero 10. ¢pedpyapa 2021)
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