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Direct Dissolution and Spinning of the Agricultural
Waste of Corn Straw Pulp
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Agricultural waste of corn straw pulp was successfully prepared into
fibers using a tetrabutylammonium acetate (TBAA) and dimethyl
sulfoxide (DMSO) solvent system via a dry-jet wet spinning process at 35
°C. The dissolving process of cellulose in TBAA/DMSO was observed
through a polarization microscope, and the rheological behavior of the
cellulose/ TBAA/DMSO solution was also studied. The crystalline and
microstructure of the regenerated cellulose fibers prepared from corn
straw were investigated by Fourier transform infrared spectroscopy (FT-
IR) and X-ray diffraction (XRD). In addition, the morphology was
characterized with a scanning electron microscope (SEM). The thermal
stability of corn straw pulp and the regenerated cellulose was also
explored. Due to the presence of residual lignin, a longer time was
needed for the complete dissolution of corn straw compared with pure
wood pulp. In addition, the degree of polymerization and the elongation-
at-break of the regenerated fiber had a small amount of attenuation.
Despite the deficiencies, a good spinnability of corn straw cellulose
solution could still be achieved. Fibers with a round and compact
structure as well as a smooth surface were obtained.
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INTRODUCTION

Synthetic polymers permeate every aspect of society, so much that they have not
only simplified daily living and but have also predominantly influenced modern
civilization (Gao et al. 2012). Research studies are now focusing on renewable raw
materials and more environmentally friendly resources, such as biodegradable,
renewable, and abundant cellulosic fibers due to health concerns (Yao et al. 2013),
exhausting fossil resources, and environmental pollution caused by petroleum fuels (Ma
et al. 2015). The utilization of biopolymer-based materials in many applications has
increased so rapidly that a dramatic shift in the development of novel materials derived
from those resources has emerged (Faruk et al. 2012; Thakur et al. 2014).

Cellulose, as the most common abundant renewable organic polymer, has a wide
range of applications in fibers, films, and plastics. Moreover, numerous new functional
materials containing cellulose are being developed. As is well known, wood pulp remains
the most important raw material source for the processing of cellulose. However, most of
it is used for paper making, while only very small amounts are used for the production of
fibers as well as for the synthesis of cellulosic esters and ethers (Li et al. 2012). Though
the vast majority of garments and textile products with non-synthetic components are
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made of cotton, its limited production can no longer keep pace with the steadily
increasing demand driven by the global population growth.

Agriculture is facing unpredicted challenges and risks with the increase of global
population, which will require a rapid increase of global food demand from existing
agricultural land that is unlikely to further increase (Tilman et al. 2011; Bouwman et al.
2013; Zhang et al. 2017). Fortunately, the relatively high yield and easy planting make
corn a better choice. In addition to food, the utilization of abundant, inexpensive, and
readily available corn straw has received increasing attention during the past few
decades. The on-site incineration of corn straw in the large rural area of China has raised
serious problems of air pollution and wasting resources (Song et al. 2017). Given the
need to ensure the demand for food in combination with sustainable land management,
environmental protection, and other sustainability requirements, new and efficient
methods and processes are needed to help unlock the promise of this crop straw.
Therefore, man-made cellulosic fibers are needed to fill this so-called cellulose gap.
Hence, making full use of crop straw to produce regenerated fibers for textile has become
a promising trend.

However, a significant portion of the lignin, hemicellulose, and cellulose in the
plant and unbleached pulp are chemically bonded and present in the cell wall of the plant
fiber in the form of a lignin-carbohydrate complex (LCC). The LCC structure (especially
the benzo-ether bond type) hinders the removal of lignin. Approximately 92% of the LCC
linkages are lignin and xylan, glucomannan, and only approximately 8% of this
comprises the link of lignin and cellulose (Lawoko et al. 2003). Therefore, the processing
of lignocellulosic materials involves energy-consuming separation of the components that
makes it difficult to utilize biomass. Currently, the extraction of cellulose from raw
materials still mainly relies on pulp and paper technology. Due to the high energy
consumption in the pulping process, most of the required energy is generated by
combustion, which aggravates environmental pollution. (Nurmesniemi et al. 2008). The
byproducts formed during the classic pulping process based on hydrogen peroxide,
chlorinated compounds, etc., are toxic, mutagenic, persistent, and bioaccumulating,
which can cause numerous harmful disturbances in biological systems (Techapun et al.
2003). Undoubtedly, environmental pollution has become the most serious problem that
the pulping industry faces. Furthermore, in the pulp and paper industry a huge amount of
water is needed in different stages during the manufacturing process, which means an
increased production of sewage (Ménttari et al. 2004).

Since imidazolium-based ionic liquids (ILs) have been reported to be used to
dissolve cellulose directly and the dissolved cellulose can be easily regenerated by
precipitation upon addition of water or other common solvents, a variety of ILs are
beginning to be studied, such as 1-butyl-3-methylimidazoliumchloride ([BMIM][CI]), 1-
ethyl-3-methylimidazoliumacetate ([EMIM][Ac]), and 1-allyl-3-methylimidazolium
chloride (JAMIM][CI]) (Swatloski et al. 2002; Wu et al. 2004; Liu et al. 2010; Tan et al.
2011; Zhao et al. 2012). ILs are viewed as promising cellulose solvents for properties
such as chemical and thermal stability, recyclability, immeasurably low vapor pressure,
and excellent dissolving capability. On the other hand, there are some disadvantages,
such as slow dissolution rate, high dissolution temperature, and high viscosity of these
dissolution systems that still obstruct the effective use of cellulose.

Recently, a new solvent system, tetrabutylammonium acetate/dimethyl sulfoxide
solution, has been used to dissolve cellulose in our laboratory (Miao et al. 2014).
Compared with ILs has been reported before, the dissolution temperature is lower
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(<60 °C) and the dissolution rate is more rapid (<lh). Furthermore, both TBAA and
DMSO can be recycled. After that, the dissolving power and dissolution mechanism of
TBAA/ DMSO were further studied. Carboxylate anions of TBAA and the cellulose,
forming strong hydrogen bonds was found to be the key factor for the dissolving behavior
of cellulose in the mixed solvent. Meanwhile, DMSO not only reduced the viscosity of
the mixed solvent but also interacted with cellulose to stabilize the dissolved cellulose
molecule from reforming inter- and intramolecular hydrogen bonds (Huang et al. 2016).
So far, the dissolution and regeneration of soft wood pulp (WP), bamboo pulp,
and degreased cotton in tetrabutylammonium acetate/dimethyl sulfoxide solution has
been studied (Jiang et al. 2016), while the application in corn straw pulp (CP) has not
been reported previously. Especially, the corn straw pulp obtained from Jilin Chemical
Fiber Co., Ltd which was produced using a new clean, low-energy process. So, the aim of
this study is to offer an alternative, economical, and environmentally friendly way for the
value-added conversion of agricultural waste, viz., corn straw pulp. New and efficient
solvent TBAA/DMSO was used to help unlock the promise of agricultural waste corn
straw, and the corn straw pulp was successfully spun into corn straw regenerated fibers
(CRF). What’s more, wood pulp regenerated fibers (WRF) were used for comparison.

EXPERIMENTAL

Materials

The corn straw pulp containing 82% a-cellulose, and 2.04% lignin was obtained
from Jilin Chemical Fiber Co., Ltd. (Jilin, China), and softwood pulp with a-cellulose
content of more than 92% was provided by the Shandong Rizhao Senbo Pulp Paper Co.,
Ltd., China. These were used as the cellulose material. The viscosity-average degree of
polymerization (DP) of the corn straw pulp and softwood pulp were estimated to be 750
to 800 and 950 to 1000 based on measurements using an Ubbelohde viscometer (Qihang
Glass Instrument Factory, Shanghai, China) in cupric ethylenediamine hydroxide solution
(CUEN). The solvent tetrabutylammonium acetate (TBAA) was purchased from Tokyo
Chemical Industry Shanghai, China. The dimethyl sulfoxide (DMSO), NaOH, ethanol,
ethylenediamine, and all other chemicals used were analytical grade and used without
further purification (Beijing Chemical Works, Beijing, China).

Preparation of cellulose solution and regenerated fibers

A two-component solvent system containing a homogeneous mixture of 6 g
TBAA and 24 g DMSO was placed in a 100 mL bottle, and then 2.4 g dried cellulose
materials were added to the mixture. The mixture were stirred at 300 r/min for
approximately 10 h at 60 °C until a homogeneous cellulose solution was obtained at last,
and then dried in a vacuum oven at 60 °C for 48 h to remove bubbles generated after the
dissolution process. An oil bath was used to control the dissolution temperature. A
custom made dry-jet wet spinning equipment that consisted of a micro-syringe pump
system, a glass syringe (inner diameter, ® =10 mm with a needle (length of 35 mm; inner
diameter, ®= 0.355 mm) as a spinneret, a spinning bath, and a take-up device but also
draft equipment, was used for the spinning trials. The cellulose solution obtained earlier
was introduced into the glass syringe with a precise drive. The extrusion speed was 0.4
mL/min. Air gap length was fixed at 35 mm. The winding speed was controlled at 12
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m/min. Clear water was used as the coagulation, and the solution temperature was
changed by the heating cylinder. The temperature of the cellulose solutions was kept at
35°C.
Methods
Dissolution of cellulose in TBAA/DMSO

The dissolving process of corn straw pulp cellulose in TBAA/DMSO at room
temperature was real time monitored using a polarization microscope (Pudan, Shanghai,
China) that was equipped with a hot stage and a digital camera. A small quantity of corn
straw pulp and TBAA/DMSO solvent was sandwiched between slides and coverslips and
put on the hot stage at 25 °C. Record the dissolution process using the digital camera and
select images for some certain moments.

Characterization of cellulose solution

The dynamic rheology experiment was conducted on an ARES-RFS Il rheometer
(TA Instruments, New Castle, DE, USA) equipped with a PP20 plate-plate geometry and
a temperature control system. Shear rates varied from 0.001 to 150 s. Changes in
viscosity with shear rate were measured every 5 °C from 25 °C to 60 °C.

Characterization of regenerated fibers: Morphology of regenerated fibers

The morphology of surface and cross-sections of fibers spun from the cellulose
material were observed by means of a scanning electron microscope (Hitachi, Tokyo,
Japan). The fibers were frozen in liquid nitrogen, immediately snapped, and then
vacuum-dried. The samples were sputtered with gold with a high resolution sputter coater
(Cressington, Watford, UK) before being observed and photographed.

Characterization of molecular structure

The Fourier transform infrared (FT-IR) spectra of the cellulose material and
regenerated fibers were the result of averaging 32 scans in wavelengths that ranged from
4000 cm™ to 500 cm™ at a resolution of 2 cm™ by using pellet type samples on an
infrared spectrometer (Tensor 27, Bruker, Karlsruhe, Germany). The pellets were
prepared by combining the samples with KBr.

Characterization of crystal structure

X-ray diffraction (XRD) measurements of the cellulose material and regenerated
fibers were performed on a XRD diffractometer (Shimadzu XRD-6000, Kyoto, Japan).
Samples were vacuum-dried for 24 h before their measurement and ground into powders
to erase the influence from the crystalline orientation of each fiber sample. The patterns
were measured with Cu Ka radiation (k = 0.154 nm) at 40 kV and 30 mA. The powder
samples were scanned from 5° to 40° at a scanning rate of 2 °/min. The crystallinity value
was calculated using a software named MDI jad 5.0.

Thermal stability

Thermogravimetric analysis (TGA) was performed with a STA 449F3 instrument
(NETZSCH Group, Bavaria, Germany). The samples were evenly and loosely distributed
in an open sample pan 6.4 mm in diameter and 3.2 mm deep with an initial sample
amount of 8 to 10 mg. Each sample was heated from 25 °C to 450 °C at a rate of 10
°C-min~t under argon.
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Mechanical properties

A micrometer was used to measure the diameter of the regenerated fibers. The
tensile strength and elongation-at-break of the dried fibers were measured on an
electronic tensile tester (Instron, Canton, USA). Every sample length was 10 cm. Each
specimen was tested for 15 times and the average value was taken.

RESULTS AND DISCUSSION

The Dissolution of Cellulose in TBAA/DMSO

The dissolving process of corn straw pulp in TBAA/DMSO at room temperature
was real time monitored using a polarization microscope. The corn straw pulp with DP
values as high as 750 to 800 and a lignin content of approximately 2% could be dissolved
in the TBAA/DMSO solvent system within 55 min at 25 °C. At room temperature, the
dissolution rate of corn straw pulp in the solvent was quite fast. In pure wood pulps, the
cellulose molecule will swell, such that the molecular chains move apart in the cellulose
solvent system. Moreover, it was remarkable that the corn straw pulp cellulose with a
larger amount of lignin dissolved in TBAA/DMSO rapidly without any pretreatment or
activation at 25 °C. Compared with the speed of pure wood pulp cellulose dissolved in
the solvent TBAA/DMSO, the corn straw pulp cellulose containing lignin became
completely dissolved over a longer period of time (Miao et al. 2014). As previously
reported, any carbohydrates not bonded to lignin or with fewer lignin bonds will be
preferentially dissolved (Sun et al. 2009). At least 90% of the residual lignin in corn
straw pulp is proposed to be covalently linked to carbohydrates, 92% of which is bound
to xylan and glucomannan and 8% is bound to cellulose (Lawoko et al. 2003). Thus, as
shown in Fig. 1, in the first 10 min the cellulose dissolved quickly, after which the
dissolution rate of the cellulose was slowed down and it was completely dissolved until
55 min.
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Fig. 1. Images of corn straw pulp dissolved in TBAA/DMSO at 25 °C at various time intervals: a)
0 min, b) 2 min, ¢) 5 min, d) 10 min, €) 30 min, and f) 55 min
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Rheological Properties of Cellulose Solution
Steady shear rheological behaviors of cellulose-TBAA/DMSO solutions

The rheological properties of spinning solution were tested at various test
temperatures (25 °C, 35 °C, 45 °C, and 55 °C). Figure 2 shows that the initial apparent
viscosity of the spinning solution at 25 °C was largest and the initial apparent viscosity of
the spinning solution at 35 °C, 45 °C, and 55 °C were considerably reduced, which
indicated that the temperature had an effect on the apparent viscosity of the solution and
the apparent viscosity decreased with the increasing temperature. When the shear rate
was increased, the apparent viscosity of the spinning solution decreased sharply at the
four temperature conditions at the shear rate of 10 s quickly approaching zero, which
proved that the shear rate was still an important reason for the apparent viscosity of the
spinning solution.
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Fig. 2. The flow curve of cellulose of corn straw in TBAA/DMSO
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Fig. 3. Steady shear rheological curves for the cellulose of corn straw in TBAA/DMSO solutions
at different temperatures
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The viscosity of the cellulose solutions exhibited shear-thinning behavior, and the
increasing concentration of cellulose solution led to an increase in chain entanglement
resulting in an increase in solution viscosity. Clearly, as the temperature increased, the
viscosity of the solution decreased, and the values of viscosity of 8% cellulose solution in
the new solvent at 25 °C to 60 °C were approximately 180 Pa-s and 700 Pa-s, which was
almost the same as that of pure wood pulp cellulose in TBAA/DMSO (Miao et al. 2014).
Due to its low viscosity and good formability in H.O at room temperature, the
regenerated cellulose fibers prepared from TBAA/DMSO were easily produced under
mild conditions by dry-jet wet spinning.

Non-Newtonian index

The non-Newtonian index represents the degree of deviation from the Newtonian
flow, which is a measure of the shear viscosity change sensitive to the shear rate. At the
same time, it is also dependent on the parameters such as temperature and molecular
mass. The non-Newtonian index is a sign that the polymer fluid deviates from the
Newtonian fluid. Increasing the value allows the flow characteristics of the spinning
liquid to be closer to the Newtonian fluid, which facilitates the control of the spinning
process. The study of the non-Newtonian index of the spinning solution is one of great
importance to the control of the spinning process.

As shown in Fig. 4(a), due to the increase of solution temperature, the
macromolecule chain motion of the solution increased and the intermolecular force
weakened. Consequently, with an increased temperature of the spinning solution, the
non-Newtonian index showed an upward trend. Finally, the non-Newtonian index value
approached 0.81.
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Fig. 4. (a) The temperature dependence of non-Newtonian index of corn straw pulp solution in

TBAA/DMSO; (b) The dependence of non-Newtonian index of corn straw pulp solution in
TBAA/DMSO on shear rate

The effects of shear rate on non-Newtonian index of cellulose solution are shown
in Fig. 4(b). To maintain the stability of the solution during the spinning process, 35 °C
was chosen as the spinning temperature not only for its wide stability zone but also
because low-spinning temperatures could avoid considerable cellulose degradation
(Wang et al. 2015). The shear rate range of the spinning can be selected between 15 s
and 25 s at the spinning temperature.
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Molecular Structure Analysis

The FT-IR spectra of cellulose materials (WP and CP) and regenerated cellulose
fibers (WRFs and CRFs) are shown in Fig. 5. No new peaks appeared in the regenerated
cellulose fibers. The spectra of the original straw cellulose and regenerated cellulose
fibers were similar, and all the expected bond vibrations, including O-H, C-H, and C-O,
were observed. The strong, broad absorption band between 3500 cm™ and 3200 cm™ is
assigned to the O-H group vibration of hydrogen bonding, which takes place between
repeating units within the cellulose matrix (Zhou et al. 2001). After dissolution and
regeneration, the O-H bond vibration shifted to a higher frequency and became sharper
and narrower, indicating the break of hydrogen bonds to some extent (Zhang et al. 2005).
The C-O vibration band that appeared as a strong absorption between 1150 cm™ and 1000
cm* was also the characteristic peak of cellulose. The C-H vibration was also evident at
2920 cm™.
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Fig. 5. FT-IR spectra of cellulose material (CP and WP) and regenerated fibers (CRF and WRF)

The typical lignin peaks, at 1261 cm™ to 1231 cm, and C-O stretching located at
1320 cm™ were also present in the spectrum of the corn straw pulp cellulose and the
regenerated fiber (Labbe et al. 2005). These results indicated that the lignin remained.
However, these three characteristic peaks were small or almost absent in the spectra of
soft wood pulp cellulose. The difference between CP and WP could be established. In
the pulping process, impurities in WP were more thoroughly removed. The strong
absorption peak at 1050 cm™ belonged to the frame vibration of the glycosidic bond of
cellulose (C—O-C). Compared with the cellulose material, the C-O-C vibration of the
regenerated fibers became gentler and broader. This indicated that a part of the C-O-C
bonds of cellulose are broken down in the process of dissolution (Sun et al. 2015).

Crystallinity Analysis

The XRD patterns of cellulose material (CP and WP) and regenerated fibers (CRF
and WRF) are shown in Fig. 6. It was reported that the diffraction peaks or peak clusters
found at 26 values of 14.7°, 16.4°, 22.5°, and 34.4° (26) from cellulose | oriented with the
crystal planes (101), (002), and (040), and 26 values of 12.1°, 20.0°, and 21.7° from
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cellulose Il oriented with the crystal planes (110) and (020) (Mansikkamaki et al. 2005;
Sun et al. 2008). The cellulose fibers studied were obtained from corn straw cellulose and
soft wood cellulose prior to dissolution and the regenerated cellulose. Before the
cellulose dissolved, it was present in its native form, and thus produced a cellulose I
pattern with characteristic diffraction maxima at 26 = 14.8°, 16.5°, 22.3°, and 34.6°,
associated with the (101), (002), and (040) planes, respectively. However, in the
regenerated fibers curve, two crystal peaks appeared at 26 values of 12.3° and 21.6°,
where were assigned to the crystal planes (110) and (020) of cellulose II, respectively
(Cheng et al. 2011). For the pure cellulose, the cellulose I structure was swollen and the
cellulose molecular chain was movable in the cellulose solvent. In this process, when the
solvent was removed, the polar opposite molecular chains were cross-linked to form a
cellulose I crystal. The presence of lignin prevented the interdigitation of cellulose
microfibrils during the recovery process (Revol and Goring 1981). This could be one of
the reasons that the crystallinity index values (yc) of the CP and CRFs were 54% and
29%, respectively. Moreover, after regeneration, cellulose 11 was recovered, which was
evidence that the corn straw pulp cellulose containing lignin was completely dissolved in
the TBAA/DMSO solvent system. Therefore, the XRD result was consistent with the
phenomenon observed via the polarizing microscope. In addition, the crystallinity index
value (yc) of the WP was 59%, and it was reduced to 40% after dissolution and
regeneration. It could be found that y. values of WP and WRFs were greater than CP and
CRFs. More interesting was that the decrease in y. of CRFs after dissolution and
regeneration from CP was more than WRFs. The prevention of the residue to the
interdigitation of cellulose microfibrils was considered to be the cause of this
phenomenon.
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Fig. 6. XRD patterns of cellulose material (CP and WP) and regenerated fibers (CRF and WRF)

Thermal Stability Analysis

The thermo-gravimetric and differential thermo-gravimetric analyses (TGA/DTG)
of the cellulose material and regenerated fibers are shown in Fig. 7. It should be noted
that maximum decomposition temperature (Tamax) at the first stage of TG scan of
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regenerated fibers were approximately 70 °C due to the presence of residual DMSO.
Preferably, the dissolution temperature of the cellulose in the TBAA/DMSO solvent was
controlled to < 70 °C to avoid destroying the stability of the two-component solvent due
to the loss of DMSO. The main weight-loss for the cellulose fiber samples at the second
stage (250 to 390 °C) indicated primary decomposition and charring of cellulose (Alongi
et al. 2013). Compared with WP, the CP was not completely processed and there was
lignin and ash content residue; this was the reason that the residual mass of the CP was
more than WP.
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Fig. 7. TGA scans of cellulose material (CP and WP) and regenerated fibers (CRF and WRF);
and DTG scans of cellulose material (CP and WP) and regenerated fibers(CRF and WRF)

The DTG scans verified that the Tamax Values of corn straw regenerated fibers after
dissolution and regeneration and the corn straw pulp were 315 °C and 345 °C,
respectively. Meanwhile, the temperature for the maximum weight-loss rate for soft
wood pulp and wood regenerated fibers were about 326 °C and 365 °C, respectively.
These findings indicated that the thermal stability of regenerated fibers was slightly
decreased after dissolution and regeneration. The regenerated fibers showed relatively
poor thermal stability due to the decrease in the degree of crystallinity, as measured by
XRD (Carrillo et al. 2004). It can be also speculated that the reason for the lower
maximum weight-loss temperature of CP and CRFs compared with WP and WREFs is
relatively low crystallinity.

Morphology Analysis

The SEM images of the surface and cross-section of the CRFs and WRFs
prepared from CP and WP dissolved respectively in the TBAA/DMSOQO are shown in Fig.
8. It was observed that the regenerated fibers were homogeneous with smooth surfaces
and circular cross-sections, whose diameters were approximately 40 um. This situation
can be explained by the fact that the cellulose materials were completely dissolved in the
solvent and the solution was very homogeneous. This is evidence that CP can be
completely dissolved in the solvent. During the process of shaping, the homogeneity of
the solution was retained and the regenerated fibers acquired a dense and homogenous
structure. In addition, CRF had a circular cross-section that was similar to that of Lyocell
fibers (Cai et al. 2010) and fibers obtained from softwood pulp and bamboo cellulose
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with TBAA/DMSO (Miao et al. 2014, Jiang et al. 2016). Of course, it could be seen that
the surface of A is smoother. From the cross section, WRF is more even and dense than
CRF. It was considered that the remains played a harmful role. Actually, these bad
influences were not very obvious. A crack was seen in the cross-section of the novel
fibers, and this phenomenon was attributed to brittle fracture.

Fig. 8. SEM images of surfaces (al: surface of CRF; bl: surface of WRF) and cross-sections (a2:
cross of CRF; b1: cross of WRF) of the regenerated fibers

Mechanical Properties

Table 1. Mechanical Properties of the Novel Fibers

Sample Elongation-at-break (%) Diameter (um) Tensile Strength (cN/dtex)
Viscose fiber 18-24 2.2-2.6
CRFs 5.07+0.32 36+3 2.07+0.17
WRFs 12.91+0.95 38+3 2.76x0.14

The tensile strength and elongation-at-break of the regenerated fibers (CRFs and
WRFs) are summarized in Table 1. The results indicated that the tensile strength of the
CRFs reached 2.07 cN/dtex. The tensile strength of the CRFs was close to that of viscose
fiber (2.2 cN/dtex to 2.6 cN/dtex). The tensile strength of WRFs regenerated from WP
(almost no lignin and ash residues) was 2.76 cN/dtex, and the elongation-at-break was
2.5 times that of CRFs. Compared with WRFs, the elongation at break and tensile
strength were reduced because of the presence of lignin and smaller content of a-
cellulose. Actually, the mechanical properties of the regenerated cellulosic fibers could
be enhanced with improved spinning technology. In this work, for purposes of gaining an
understanding, the dissolution and spinning of wood pulp were carried out in the same
solvent system. It was found that the regenerated fibers obtained from the more mature
production line was better than the regenerated fiber obtained from the laboratory-made
spinning machine. Therefore, it is speculated that the mechanical properties of straw
cellulose regenerated fiber produced by the production line will be improved. As the
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conditions were limited, the production line could not be used for spinning straw
cellulose regenerated fiber.

CONCLUSIONS

1. A two-component solvent system containing TBAA and DMSO was successfully
used to dissolve corn straw pulp containing small amount lignin under mild
conditions, and homogeneous solution exhibited typical shear thinning behavior with
varying shear rates could be obtained at last.

2. The regenerated fibers were cellulose 11, and they had smooth surfaces and circular
cross-sections. Despite the presence of residual lignin, nice mechanical properties
were also maintained. Although the tensile strength of CRFs was not as large as
WREFs, it reached the level of ordinary viscose fiber.

3. This study provides a new environmentally friendly way for the higher value
application of corn straw.
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