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a  b  s  t  r  a  c  t

Nanocellulose  fibers  (NCFs)  aerogels  were  prepared  from  poplar  alkaline  peroxide  mechanical  pulp
(APMP)  using  physical  ultrasonication  method.  As  raw  materials,  the  unique  mechanical  effects  of  APMP
cause  the  fiber  folding  and  loose  during  the pulping  process,  which  was  beneficial  to further  chemical
purification  and  subsequent  treatment  for long  and  entangled  NCFs.  The  obtained  NCFs  exhibited  higher
crystallinity  (77.8%)  compared  with  that  of APMP  (72.6%)  together  with  diameters  range  from  20  to
eywords:
anocellulose fiber
PMP
ltrasonication
erogel

90 nm  and  self-assembled  to network.  The  primary  thermal  degradation  of  NCFs  occurred  at  331.5 ◦C.  The
prepared  NCFs  network  aerogels  acted  as  matrix  which  can  prevent  the  growth  and  aggregation  of ferro-
magnetic  CoFe2O4 nanoparticles.  The  ratio of  the  CoFe2O4 of  magnetic  composites  increased  from  34  wt%
to 75  wt%,  and  the  magnetic  properties  were  all increased  with  increasing  the reaction  concentration  of
FeSO4/CoCl2 salt.
agnetic

. Introduction

Cellulose is an abundant and naturally occurring polymer that
an be obtained from many sources. Nano-sized single-crystal cel-
ulose, which is commonly referred to as nanocrystalline cellulose,
anowhiskers or nanofibers, can be obtained from various sources
uch as natural fibers and sea animals (Habibi, Lucia, & Rojas, 2010).
anocellulose fibers (NCFs) were an ideal candidate for medical,
ptical materials and reinforced composites due to its advantages
f abundance, renewability and biodegradability, and excellent
echanical properties (Bhatnagar & Sain, 2005; Fleming, Gray, &
atthews, 2001; Ruiz, Cavaille, Dufresne, Graillat, & Gerard, 2001;
egner & Jones, 2006; Zhang, Zhang, Lu, & Deng, 2012). Different

pproaches have been applied to the preparation of NCFs. Currently,
cid hydrolysis methods are widely used for the removal of amor-
hous cellulose (Habibi et al., 2010). However, the use of acid has

 number of important drawbacks, such as potential degradation
f the cellulose, corrosivity, and environmental incompatibility. In
ddition, it significantly decreases the thermal stability of NCFs.

The isolation of NCFs from cellulose fibers using a simple, low
ost and environment-friendly method is a great challenge (Wang

 Cheng, 2009). Several mechanical processes have been used

o extract NCFs from cellulosic materials. These methods include
reatments, such as pulping beating (Iwamoto, Nakagaito, Yano, &
ogi, 2005; Nakagaito & Yano, 2004), high pressure homogenizing
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(Bruce, Hobson, Farrent, & Hepworth, 2005; Leitner, Hinterstoisser,
Wastyn, Keches, & Gindl, 2007) and cryocrushing (Alemdar & Sain,
2008; Wang & Sain, 2007). Recently, the ultrasonic technique has
been employed to isolate NCFs (Chen et al., 2011; Cheng, Wang,
& Han, 2010). Among all NCFs preparation routes, ultrasonication
seems to be a method well suited for isolating NCFs with relatively
high lengths network (Cheng, Wang, Rials, & Lee, 2007; Cheng,
Wang, & Rials, 2009; Tischer, Sierakowski, Westfahl, & Tischer,
2010). Ultrasonication is the application of sound energy to physi-
cal and chemical systems. The violent collapse induces microjets
and shock waves on the surface of the purified cellulose fibers,
causing erosion which leads to a split along the axial direction.
The sonification impact can break the relatively weak interfaces
between the microfibers bonded mainly by nonbonding interac-
tions such as Van der Waals forces (Filson & Dawson-Andoh, 2009;
Suslick, Choe, Cichowlas, & Grinstaff, 1991; Zhao, Feng, & Gao,
2007). The preparation of individual NCFs were investigated from
wood using high-intensity ultrasonication combined with chemical
pretreatments (Chen et al., 2011). The high-intensity ultrasoni-
cation was  used in a batch process to isolate fibers from several
cellulose sources. Using this process a mixture of microscale and
nanoscale fibers was  obtained (Cheng et al., 2010). Compared with
above-mentioned materials, alkaline peroxide mechanical pulp,
a relatively new process called the alkaline peroxide mechani-
cal pulping (APMP) process reportedly produces pulp approaching

the quality of chemical pulp while having yield and environmen-
tal impact approaching that of mechanical pulps. Meanwhile, it
also had a relative high crystallinity (Yang, Lucia, Chen, Cao, & Liu,
2011).

dx.doi.org/10.1016/j.carbpol.2013.01.052
http://www.sciencedirect.com/science/journal/01448617
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NCFs are excellent polymeric materials to improve the
ispersion of nanoparticles. Nowadays, polymer–nanoparticle
omposites are attractive in applications requiring multifunctional
haracteristics, and their mechanical, optical and catalytic proper-
ies, among others, have been extensively explored (Balazs, Emrick,

 Russell, 2006; Lin et al., 2005; Mackay et al., 2006; Warren et al.,
008). Above all, there is an increasing interest in magnetic fer-
ite nanoparticles because of their broad applications in several
echnological fields including permanent magnets, magnetic flu-
ds, magnetic drug delivery, microwave devices, and high density
nformation storage (Chinnasamy et al., 2003; Kitamoto, Kantake,
hirasaki, Abe, & Naoe, 1999). However, the high nanoparticle con-
ent may  bring the problems of aggregation (Prozorov, Prozorov, &
edanken, 1998). The challenge there is how to reduce nanoparticle
ggregation and control the nanoparticles size at high concen-
rations, while other properties of the nanomaterials were not
ffected.

In our previous work, rod-like NCFs were prepared from MCC
sing high intensity ultrasonication without any additional chem-

cal treatments and the ultrasonic mechanism was  elaborate in
epth in the preparation process (Li, Yue, & Liu, 2012). In the present
ork, APMP as starting material, high intensity ultrasonication was
sed to prepare long and entangled NCFs with uniform diameters.
he chemical composition, morphology, crystalline structure, and
hermal behavior of the NCFs and their intermediate products were
haracterized, respectively. Meanwhile, a magnetic composite was
repared using NCFs as matrix and the dispersion of magnetic par-
icles was investigated.

. Experiments

.1. Preparation of NCFs

APMP with brightness of 82% ISO was used, which was obtained
rom poplar wood chips and kindly supplied by a pulp factory in
ilin Province of China. 2 g APMP was mixed into an acidified NaClO2
olution at 75 ◦C for 1 h to remove lignin content; this process was
epeated twice times, and the obtained holocellulose fibers (Ho-
Fs) were further treated with 4 wt% NaOH at 80 ◦C for 2 h to remove
emicelluloses and residual lignin, the residues was  filtered and
insed with distilled water until pH = 7, the obtained solid product
as alkali-treated cellulose fibers (Al-CFs). After then, the prepared
l-CFs was soaked in distilled water at approximately 0.2% (w/w)
olid content. 150 mL  Al-CFs solution was placed in an ultrasonic
enerator (JY98-IIID, Ningbo Scientz Biotechnology Co., Ltd., China)
0–25 kHz in frequency and equipped with a cylindrical titanium
lloy probe tip 2.5 cm in diameter. The ultrasonication was  con-
ucted in an ice/water bath for 15 min  at an output power of 900 W,
esulting in a suspension of nanocellulose fibers (NCFs). The result-
ng suspension was centrifuged to separate the large bundles from
he NCFs, and then were freeze-dried and stored at 5 ◦C for further
est.

.2. Preparation of magnetic NCFs

The NCFs aerogel pieces (20 mg)  were immersed in 200 mL  of
reshly prepared aqueous solutions of FeSO4 and CoCl2 with a molar
atio of [Fe]/[Co] = 2. In brief, the NCFs were swelled for 15 min
o ensure that a homogeneous distribution was obtained inside
he NCFs networks. Three different solutions with total concen-
rations of the FeSO4/CoCl2 salts ([Fe]/[Co] = 2) of 0.03 mol/L (note

s C1), 0.09 mol/L (note as C2) and 0.15 mol/L (note as C3) were
sed. The systems were heated to 90 ◦C for 3 h to promote further
ransformation of soluble initial iron/cobalt hydroxides to insoluble
ron/cobalt oxyhydroxide complexes. The NCFs network was then
ers 94 (2013) 278– 285 279

transferred into 200 mL  of a 1.32 mol/L NaOH solution with KNO3
([Fe2+]/[NO3−] = 0.44) at 90 ◦C for 8 h. The particle-modified NCFs
network was  then washed thoroughly. The particle functionalized
networks were immersed in liquid nitrogen and freeze-dried to
generate the ferromagnetic aerogel nanocomposites (Olsson et al.,
2005, 2010; Salazar-Alvarez et al., 2007).

2.3. Chemical composition measurement

The chemical composition of APMP, Ho-CFs, Al-CFs and NCFs
were measured in accordance with the standards of Technical
Association of Pulp and Paper Industry (TAPPI). The holocellulose
(cellulose + hemicelluloses) content was determined as described
in TAPPI T19 m-54. The �-cellulose content of the fibers was then
determined by further NaOH treatment of the fibers to remove the
hemicelluloses. The difference between the values of holocellulose
and �-cellulose gives the hemicelluloses content of the fibers. The
klason lignin content of the samples was determined as described in
TAPPI T222 om-06. Three samples of each material were tested, and
the averaged values were obtained. Degree of polymerization (DP)
of BSKP and prepared NCC was  measured by the viscosity method
described by Iwamoto, Nakagaito, and Yano (2007).

2.4. Characterizations

Microstructural analysis was performed using a scanning elec-
tron microscope (FEI QUANTA200) (FEI, Hillsboro, OR, USA). The
sample surfaces were coated with a thin layer of gold using a BAL-
TEC SCD 005 sputter coater (Leica, Wetzlar, Germany) to provide
electrical conductivity. Fourier transform infrared spectroscopy
(FTIR) was  carried out using a Magana-IR560E.S.P (Nicolet, USA)
spectrometer to identify functional groups. X-ray diffraction XRD
measurements were performed on a D/max-r B X-ray diffrac-
tometer (Rigaku Corp., Tokyo, Japan) using Cu K� radiation. The
samples were scanned over a 2� range varying from 10◦ to 80◦. The
crystallinity index of cellulose materials was calculated from the
height of the 2 0 0 peak (I2 0 0, 2� = 22.6◦) and the intensity mini-
mum  between the peaks at 2 0 0 and 1 1 0 (Iam, 2� = 18◦) using the
Segal method (CI (%) = (1 − Iam/I2 0 0) × 100). I2 0 0 represents both a
crystalline and amorphous material, and Iam represents an amor-
phous material. Thermogravimetric analysis (TGA) was  performed
using a TG209-F3-Tarsus (NETZSCH, Selb, Germany) instrument.
Temperature programs for dynamic tests were run from 25 ◦C to
600 ◦C at a heating rate of 10 ◦C/min. The BET surface area (SBET),
total pore volume and pore size of the samples were obtained
from N2 adsorption–desorption isotherms at 77 K using an Auto-
mated Surface and Pore Size Analyzer (ASAP 2020, Micromeritics,
USA). Both adsorption and desorption isotherms were measured
and the surface area was  determined from the adsorption curve by
the Brunauer–Emmet–Teller (BET) method. The mesopore diame-
ter distributions were determined from desorption isotherms by
the Barret–Joyner–Halenda (BJH) method. The magnetic measure-
ments were carried out on an instrument of National Institute of
Metrology P.R. China (Lake Shore 7410 VSM) at room temperature
using a maximum applied field of 20 kG.

3. Results and discussion

3.1. Preparation of magnetic nanocellulose fibers aerogel

The synthesis pathway of NCFs and magnetic nanocomposites
is described in Fig. 1. In order to obtain the higher purity of cellu-

lose fibers from APMP (step a, Fig. 1), the lignin and most of the
hemicellulose were removed according to methods with NaClO2
and NaOH solutions, respectively (step b). Fibrillation on the cellu-
lose surface can be clearly observed after chemical pre-treatment
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ig. 1. Prepared procedures of magnetic nanocellulose fibers aerogel. (a) The stru
hemical pre-treatments; (c) the structure of the nanocellulose fibers after high in
anocellulose fibers; (e) the formation of magnetic nanocellulose fibers aerogel.

hich indicated that the cohesion between the microcellulose
bers was reduced further. These changes were beneficial for the
ubsequent ultrasonic treatment to prepare the NCFs (step c). A
reeze-dried porous NCFs aerogel matrix was immersed in an aque-
us FeSO4/CoCl2 solution at ambient temperature (step d) before
eating the system to thermally precipitate the metal hydrox-

des/oxides on the NCFs matrix. The precipitated precursors were
ransformed into ferrite crystal nanoparticles on immersion in
aOH/KNO3 solution through heating (step e), resulting in mag-
etic aerogels. Micrographs of freeze-dried samples showed that
he nanoparticles were located on the NCFs surfaces and dispersed
ell (step e, Fig. 1).

.2. Cellulose fibers purification

The chemical composition changes of fibers with different pre-
reatment process are presented in Table 1. APMP contained the
ighest percentage of hemicelluloses (23.7%) and lignin (klason

ignin 17.4% and acid–insoluble lignin 1.7%) and the lowest per-
entage of �-cellulose (55.9%). When the fibers were subjected to
aClO2 treatment, the lignin content of the Ho-CFs decreased to
.5%, whereas the �-cellulose and hemicelluloses content of the
o-CFs increased to 68.7% and 29.8%, respectively. After NaOH
reatment, the �-cellulose content of the Al-CFs increased to 88.7%,
esulting in highly purified cellulose fibers. The cellulose fiber struc-
ure changed according to the removal of mainly components
Fig. 2). As raw cellulose fibers, the unique mechanical effects of

able 1
hemical compositions and DPn of APMP, Ho-CFs, Al-CFs and NCFs.

Material �-Cellulose (%) Hemicelluloses (%) 

APMP 55.9 ± 1.4 23.7 ± 0.7 

HO-CFs 68.7 ± 1.5 29.8 ± 0.8 

Al-CFs 88.7 ± 2.1 11.3 ± 0.4 

NCFs  90.4 ± 1.8 9.6 ± 0.2 
 of the original cellulose fiber; (b) the structure of the microcellulose fibers after
y ultrasonication treatment; (d) the magnetic precursors deposit on the surface of

APMP was  due to its especial pulping process, caustic and hydro-
gen peroxide were used in the process to soften and brighten wood
chips before refining in a disc refiner. After refining, the cohesion
force of the fiber decreased and become looser and softer, the S1-
layer was  peeled into flakes (Fig. 2a) and the fibrillation extent of
treated fiber enhance swelling and absorption capability which can
more easily be permeated with NaClO2 and NaOH solution, and
also decreased the treatment time and amount of the chemical
reagent in comparing with the previous report (Chen et al., 2011).
However, there are no detailed changes of APMP surface that can
be observed in Fig. 2b. The APMP surface exhibited some wrinkle
and the local areas exhibited smooth relatively. The fiber structure
was also maintained after NaClO2 treatment removed most of the
lignin. However, continuous web-like nanofibers are observed in
the Ho-CFs due to the removal of the lignin (Fig. 2d). When NaOH
treatment was  performed to hydrolyze most hemicelluloses and
residual lignin, fibrillation on the cellulose surface can be clearly
observed (Fig. 2e and f). These changes were favorable to the sub-
sequent high intensity ultrasonic treatment which can accumulate
the ultrasonic stress for an efficient defibrillation process.

3.3. SEM analysis of NCFs
The structures of the aerogels consisting of NCFs are illustrated
in Fig. 3. It is interesting to note that the long and entangled
NCFs formed a network structure. When the dispersing aqueous
medium was removed by freeze-drying, NCFs were assembled

Klason lignin (%) Acid–insoluble lignin (%) DPn

17.4 ± 1.2 1.7 ± 0.1 788 ± 12
1.5 ± 0.1 – 765 ± 8

– – 743 ± 10
– – 657 ± 5
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ig. 2. SEM images of (a and b) the structure of the raw APMP; (c and d) the struct
igh  magnification SEM graph of Ho-CFs), (e and f) the structure of the fibers after a

pproximately interlaced to each other. The low magnification SEM
mages (Fig. 3a and b) showed that the lengths of these individual
CFs were longer than 100 �m which was almost 500 times of the
ellulose nanocrystals produced by acid hydrolysis methods (Beck-
andanedo, Roman, & Gray, 2005). About 70% NCFs were obtained
ith the diameters ranged from 20 to 90 nm (Fig. 3e). Moreover,

s listed in Table 1, the DPn of NCFs was 657, decreased only 16.6%
omparing with that of APMP. This revealed that more long-chain
olysaccharide of cellulose was maintained comparing with tra-
itional acid hydrolysis method during chemical and ultrasonic

rocess (Bondeson, Mathew, & Oksman, 2006). It was generally
nown that the scission of cellulose polymers bond as a result of
olvodynamic shear was created by ultrasonic cavitation, which
nvolves the nucleation, growth, and collapse of microbubbles in
 fibers after acidified sodium chlorite treatment (Ho-CFs) (insert images shows the
treated (Al-CFs).

solution (Caruso et al., 2009). Certain sizes of ultrasonic cavitation
bubbles in the liquid medium may  suddenly be collapsed, creating
powerful shock waves, and generating a large amount of mechani-
cal and thermal energy in the liquid. A liquid jet propagates toward
the cellulose surface at a velocity of several hundred meters per
second, and makes violent contact with the cellulose surface result-
ing in the morphology changes of cellulose. Fig. 2f and g shows
a NCFs sheet that is light and flexible. Based on the adsorption
isotherms and the BET equation, surface areas were calculated. The
Barrett–Joyner–Halenda method was  used to analyze and charac-

terize the pore structures of the NCFs. The SBET and average pore
width of NCFs sheet were 23.4 m2 g−1 and 13.4 nm, respectively.
Such a porous sheet consisting of long and entangled NCFs, are
expected to be used in various applied fields, such as reinforcement
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Fig. 3. SEM images of (a–d) of NCFs; (e) diameter dis

anocomposites, advanced functional material, fiter membrane;
nd opened new possibilities for templating inorganic matter for
arious functionalities.

.4. FT-IR and XRD analysis of APMP, Ho-CFs, Al-CFs and NCFs

FT-IR spectra of APMP, Ho-CFs, Al-CFs and NCFs are shown in
ig. 4a. The 1506 and 1459 cm−1 peaks of APMP represent the C C
tretching vibration in aromatic ring vibration and C H deforma-
ion vibration of lignin, respectively (Sain & Panthapulakkal, 2006;
un, Tomkinson, Wang, & Xiao, 2000). The intensity of these peaks
lmost disappeared for Ho-CFs, which is attributed to the removal
f most of lignin. The peaks at 1733 cm−1 of Ho-CFs represent
ither the acetyl and uronic ester groups or the ester linkage of car-
oxylic group of the ferulic and p-coumeric acids of hemicelluloses
Alemdar & Sain, 2008; Chen et al., 2011). These were further con-

rmed according to the result in Table 1. After ultrasonic treatment,
he spectrum of the NCFs was almost similar to that of the Al-CFs.
his fact indicated that a larger amount of hemicelluloses and lignin
ere removed during the treatment of NaClO2 and NaOH; and the
ion of NCFs and (f and g) photographs of NCFs sheet.

original molecular structure of cellulose was  maintained even after
these components removal and ultrasonic treatments.

Fig. 4b is the X-ray diffraction profiles and the crystallinity of
APMP, Ho-CFs, Al-CFs and NCFs. All samples had diffraction peaks
at 2� = 16.5◦ and 22.5◦ and were believed to represent the typical
cellulose I pattern (Nishiyama, Sugiyama, Chanzy, & Langan, 2003).
The crystallinity of APMP was 72.6%. After NaClO2 treatment, the
crystallinity of Ho-CFs increased to 74.7% owing to the removal
of lignin. The crystallinity of Al-CFs increased to 75.6% because of
the hemicelluloses removal which exist in the amorphous regions.
After ultrasonic treatment, the crystallinity of NCFs increased to
77.8%. From the XRD profiles of NCFs, it can be observed that the
intensity of amorphous and crystalline areas were all decreased.
This means that it can remove both amorphous and crystalline
cellulose. The increase in crystallinity may  due to slow decline in
the proportion of crystalline areas (Li et al., 2012). The ultrasonic
activation effect in heterogeneous systems is primarily the conse-

quence of cavitation. In the CFs–water system, both the crystalline
and amorphous regions were subjected intense collisions (Cintas
& Luche, 1999). It can be concluded that on the CFs surface, the
intense physical stresses cause hydrogen bond breakage between
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ig. 4. FT-IR spectra (a) X-ray diffraction patterns (b) of APMP, Ho-CFs, Al-CFs, and
CFs.

he microfibers of CFs and then defibrillated to NCFs. The high crys-
allinity of NCFs could be more effective in providing better strength
or composite materials (Sakurada, Nukushina, & Ito, 1962). The
atio of such amorphous regions to the crystalline regions is a
ritical parameter in the design of preparation methods for NCFs

Hamad, 2006). The isolation of perfect crystals requires the con-
ideration of many factors, such as the significant crystallinity,
ield and economic efficiency. Therefore, we concluded that a
5 min  ultrasonication (900 W)  was a high-efficiency technology

Fig. 6. SEM images of magnetic N
Fig. 5. TGA (a) and DTG (b) curves for APMP, Ho-CFs, Al-CFs and NCFs.

for preparing NCFs in comparing with the previous reports (Chen
et al., 2011).

3.5. TG and DTG analysis

Fig. 5 shows thermogravimetric curves of APMP, Ho-CFs, Al-CFs
and NCFs. All of them showed a slight weight loss at low temper-
ature (<150 ◦C), which corresponds to the evaporation of absorbed

water. The primary degradation of APMP corresponds to the pyrol-
ysis of cellulose occurred at 265.5 ◦C, and the dominant peak was
observed at 296.4 ◦C (Fig. 5b). Due to the removal of lignin, the ini-
tial degradation and the main degradation peak of Ho-CFs increased

CFs (a) C1, (b) C2 and (c) C3.
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Table 2
Crystallite size and magnetic properties of the magnetic NCFs at different reaction concentration.

Sample Average crystallite sizes (nm) Coercivity (Hc) (Oe) Magnetization (Ms) (emu/g) Retentivity (Mr/Ms)

t
c
A
2
p
&

3

t
a
m
r
b
t
N
2
i

F
p

C1 31.1 478.51 

C2 32.4 733.63 

C3 32.8 862.63 

o 294.9 ◦C and 322.6 ◦C, respectively. After most parts of the hemi-
elluloses were hydrolyzed by NaOH treatment, the degradation of
l-CFs increased to 303.1 ◦C. For NCFs, the degradation started at
96.4 ◦C. The initial pyrolysis temperature shifted to a lower tem-
erature, due to the increased hydroxyl groups (Glasser, Taib, Jain,

 Kander, 1999).

.6. SEM analysis of magnetic NCFs aerogels

The magnetic nanoparticles fraction can be controlled by adjus-
ing the total concentration of the FeSO4/CoCl2 salts using NCFs
s matrix. SEM images of magnetic NCFs prepared by different
agnetic nanoparticle of CoFe2O4 content of 34, 62 and 75 wt%,

espectively are shown in Fig. 6. CoFe2O4 particles were com-
ined closely together with the NCFs after rinsing. It indicated that

he metal oleation/oxolation was affected in the presence of the
CFs matrix (Jolivet, Chanéac, & Tronc, 2004; Salazar-Alvarez et al.,
007). The dispersity of the magnetic particles was excellent with

ncreasing of the concentration of the FeSO4/CoCl2 salts. Even the

ig. 7. (a) X-ray diffraction patterns for NCFs and magnetic NCFs and (b) magnetic
roperties of nanocomposites.
19.211 0.30
21.466 0.41
50.024 0.48

content of CoFe2O4 was up to 75%, the nanoparticles still showed
an excellent dispersion (Fig. 6c). A mechanism of formation of the
nanoparticles is presented (Fig. 1). First, a nano-scale or micro-
scale reactor that was formed by bonding between the hydroxyl
groups of NCFs long-chain during the freeze-dried process which
can inhibit the growth and aggregation of the magnetic precur-
sors. And also, the reactions simultaneously proceeded within the
NCFs inside network reactor as well as within the absorbed metal
hydroxo/oxo cation layer on the NCFs. Second, the hydroxo/oxo
cation complexes may  also adsorb on the NCFs surfaces via pro-
ton exchange reactions with the cellulose hydroxyl groups (Jolivet
et al., 2004; Olsson et al., 2005, 2010; Salazar-Alvarez et al., 2007).

3.7. XRD and magnetic properties analysis of magnetic NCFs
aerogels

The XRD patterns of magnetic NCFs (Fig. 7a) confirmed the pres-
ence of spinel type lattice of CoFe2O4 (JCPSD nos. 22-1086). The
average crystallite sizes of CoFe2O4 particles were determined from
the full-width at half maximum of the (3 1 1) peak using the well-
known Scherrer equation (Jiang, Rühle, & Lavernia, 1999; Qu et al.,
2006) and results are presented in Table 2. It is shown that the aver-
age crystallite size increase slightly with increasing of the metal salt
concentration. This indicated that lower reaction concentrations
were suitable for the control the CoFe2O4 crystals grow.

Magnetic properties of the prepared magnetic NCFs were mea-
sured at room temperature with VSM. The hysteresis loops are
shown in Fig. 7b. The coercivity, magnetization and the remanence
ration were all increased with increasing of the reaction con-
centration. The nanocomposites exhibit coercivities (Hc = 478.51,
733.63 and 862.63 Oe for C1, C2 and C3, respectively) and satu-
ration magnetization per ferrite volume (Ms = 19.211, 21.466 and
50.024 emu/g for C1, C2 and C3, respectively). When the concentra-
tion was  0.09 mol/L (C2), Hc increased from 478.51(C1) to 733.63 G
and Ms  changed slightly. When the concentration was  0.15 mol/L
(C3), Ms  reached to 50.024 from 21.466 (C2) and the Hc only
changed from 733.63 G to 862.63 G. This indicated that a critical
reactive concentration between the 0.09 mol/L and 0.15 mol/L is
existed.

4. Conclusions

We  have demonstrated a facile approach to constructing a
kind of longer and entangled network NCFs with diameter of
20–90 nm from poplar APMP by using high intensity ultrasonica-
tion. The NCFs was mainly cellulose because the cellulose I crystal
structure was  maintained, with the removal of the lignin and
parts of hemicelluloses during the chemical process. The obtained
NCFs exhibited higher crystallinity (77.8%) compared with that of
APMP (72.6%). The main thermal degradation temperature of the
NCFs (331.5 ◦C) was higher than that of APMP (296.4 ◦C) duo to
removal of the lignin and parts of the hemicelluloses. Also, mag-
netic CoFe2O4 nanoparticles were precipitated on a NCFs matrix
in order to improve the dispersity of the nanoparticles. The ratio

of the CoFe2O4 of magnetic composites, coercivity, magnetization
and remanence ratio increased with the increasing of the con-
centration of the FeSO4/CoCl2 salt. Because the concepts of the
procedure were relatively simple and NCFs was sustainable and
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