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(54) CELLULOSE FIBER REGENERATED FROM JUNCAO BY MEANS OF NMMO SOLVENT
METHOD AND PREPARATION METHOD THEREFOR

(57) Provided in the present invention are a cellulose
fiber regenerated from Juncao by means of an NMMO
solvent method and a preparation method therefor. The
preparation method comprises the steps of (1) adding a
DMSO/NMMO mixed solvent to Juncao pulp, simulta-
neously adding an antioxidant and cobalt chloride there-
to, and mixing same until uniform, so as to obtain a mixed
system; and (2) swelling and dissolving the mixed system
to obtain a Juncao viscose solution, and filtering, defoam-
ing and spinning the Juncao viscose solution to obtain a

cellulose fiber regenerated from Juncao. In the present
invention, Juncao pulp is used to replace traditional
cotton pulp and wood pulp, and the existing dissolution
conditions for regenerated cellulose fibers are innovated,
such that the problem of insufficient raw materials for the
production of cellulose fibers at present is effectively
relieved, and the prepared cellulose fiber regenerated
from Juncao can reach the standard of first-class pro-
ducts.
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Description

[0001] The present application claims the priority to Chinese Patent Application No. CN202211181794.7, titled "N-
METHYLMORPHOLINE-N-OXIDE (NMMO) SOLVENT METHOD-BASED JUNCAO REGENERATED CELLULOSE
FIBER AND PREPARATION METHOD THEREOF", filed with China National Intellectual Property Administration (CNIPA)
on September 27, 2022, which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure belongs to the field of novel chemical textile materials, and specifically relates to an N-
methylmorpholine-N-oxide (NMMO) solvent method-based Juncao regenerated cellulose fiber and a preparation method
thereof.

BACKGROUND

[0003] Lyocell fiber, one of the green fibers in the 21st century, is mainly prepared by subjecting wood raw materials to
refining to obtain a wood pulp, directly dissolving the wood pulp in a solvent N-methylmorpholine-N-oxide (NMMO) to
obtain a cellulose solution without a chemical reaction, and then subjecting the cellulose solution to spinning. In recent
years, the Lyocell fiber has developed rapidly. There has been research and development of bamboo-based Lyocell fiber,
but there are few reports on Juncao-based Lyocell fiber. At present, it has become a technical problem in the research and
development of textile field to make high-value use of Juncao and prepare a Juncao regenerated cellulose fiber with an
excellent performance.
[0004] A solubility degree of cellulose in the NMMO has a great influence on the spinnability of the solution and the fiber
properties. Generally speaking, NMMO has a high melting point, and cellulose and NMMO are easily degraded during co-
dissolving/melting. As a water content in NMMO increases, the melting point of the solution decreases, but an ability of the
water-containing NMMO to dissolve cellulose also decreases. Accordingly, it is of great significance for the preparation of
an NMMO solvent method-based Juncao regenerated cellulose fiber with an excellent performance to solve the
dissolution problem of Juncao fiber in NMMO.

SUMMARY

[0005] Aiming at the problems and deficiencies in the prior art, an objective of the present disclosure is to provide an
NMMO solvent method-based Juncao regenerated cellulose fiber and a preparation method thereof.
[0006] In order to achieve the above objective of the present disclosure, the present disclosure adopts the following
technical solutions:
[0007] A first aspect of the present disclosure provides a preparation method of an NMMO solvent method-based
Juncao regenerated cellulose fiber, including the following steps:

(1) adding a dimethyl sulfoxide (DMSO)/NMMO mixed solvent into a Juncao pulp, and then adding an antioxidant and
cobalt chloride to allow mixing uniformly to obtain a mixed system; and
(2) subjecting the mixed system to swelling and dissolving to obtain a Juncao fiber gel solution, and then subjecting the
Juncao fiber gel solution to filtration, defoaming, and spinning to obtain the Juncao regenerated cellulose fiber.

[0008] Further, the cobalt chloride in the mixed system has a content of 0.01 ppm to 0.5 ppm.
[0009] Further, the Juncao pulp in the mixed system has a concentration of 3 wt% to 5 wt%.
[0010] Further, the DMSO/NMMO mixed solvent is obtained by mixing a DMSO solution and an NMMO solution at a
mass ratio of (2‑20):(80‑98).
[0011] Furthermore, the DMSO/NMMO mixed solvent is obtained by mixing a DMSO solution and an NMMO solution at
a mass ratio of (10‑20):(80‑90).
[0012] Further, the DMSO solution has a concentration of 85 wt% to 99 wt%, and the NMMO solution has a concentration
of 50 wt% to 98 wt%.
[0013] Furthermore, the DMSO solution has a concentration of 90 wt% to 95 wt%, and the NMMO solution has a
concentration of 75 wt% to 98 wt%.
[0014] Further, the swelling in step (2) is conducted at 35°C to 50°C for 30 min to 120 min.
[0015] Furthermore, the swelling in step (2) is conducted at 35°C to 45°C for 50 min to 120 min.
[0016] Further, the dissolving in step (2) is conducted at 80°C to 120°C for 2 h to 5 h.
[0017] Furthermore, the dissolving in step (2) is conducted at 90°C to 115°C for 3.5 h to 5 h.
[0018] Further, the spinning in step (2) is conducted in an NMMO solution with a concentration of 1 wt% to 8 wt% as a
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coagulation bath.
[0019] Further, the antioxidant in step (1) is propyl gallate.
[0020] Further, the propyl gallate is added at 0.01 wt% to 0.05 wt%, preferably 0.01 wt% to 0.025 wt% of the Juncao pulp.
[0021] Furthermore, the spinning in step (2) is conducted in an NMMO solution with a concentration of 1 wt% to 6 wt% as
a coagulation bath.
[0022] Further, the coagulation bath is at 15°C to 30°C, preferably 18°C to 25°C.
[0023] Further, the spinning in step (2) is conducted at a spinning speed of 60 m/min to 180 m/min, preferably 70 m/min to
150 m/min.
[0024] Further, the spinning in step (2) is conducted at a sizing amount of 0.1% to 3.5%, preferably 0.5% to 3.0%.
[0025] Further, the spinning in step (2) is conducted at a spinning metering pump flow rate of 0.54 mL/r to 0.835 mL/r.
[0026] A second aspect of the present disclosure provides a Juncao regenerated cellulose fiber prepared by the
preparation method in the first aspect.
[0027] Compared with the prior art, the present disclosure has the following beneficial effects:

1. In the present disclosure, a DMSO/NMMO mixed solvent is used to replace a traditional solvent system of the
regenerated cellulose fiber, and an antioxidant (preferably propyl gallate) and cobalt chloride are added to promote the
swelling and dissolving of cellulose. A quality of the obtained regenerated cellulose fiber can reach a first-class
standard, where a filament fiber has a dry breaking strength of (3.80‑4.70) CN/dtex and a dry elongation at break of
15.87%; a staple fiber has a dry breaking strength of 2.03 CN/dtex and a dry elongation at break of not less than 16.0%.
2. In the present disclosure, the Juncao pulp used can be made from Juncao through pulping process. The Juncao has
high yield and low price, and can effectively alleviate the problem of insufficient raw materials for the existing
regenerated cellulose fiber production. In addition, the NMMO solvent method-based Juncao regenerated cellulose
fiber can be directly prepared using existing production equipment, thereby greatly reducing a production cost of the
cellulose fiber and improving the economic benefits of enterprises.
3. In the present disclosure, the dissolving has mild conditions, is environmental-friendly, and shows non-toxic, thus
meeting requirements of the national efficient development strategy.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] The present disclosure will be further illustrated below with reference to examples. It should be noted that, unless
otherwise specified, all technical and scientific terms used in the present disclosure have the same meanings as in the
technical field to which the present disclosure belongs. The experimental methods in the following examples without
specifying specific conditions all adopt conventional techniques in the art or follow the conditions recommended by the
manufacturers. All of the used reagents or instruments which are not specified with manufacturers are conventional
commercially-available products.
[0029] To provide clearer understanding of the technical solutions of the present disclosure for those skilled in the art, the
technical solutions in the present disclosure will be described in detail below in conjunction with specific examples.
[0030] In order to study an influence of the dosage of cobalt chloride on a performance of the obtained Juncao
regenerated cellulose fiber, experiments of Examples 1 to 5 and Comparative Example 1 are conducted. The Juncao
cellulose fibers obtained in the following Examples 1 to 5 and Comparative Example 1 are all filaments, and spinning
equipment is a continuous spinning machine.

Example 1:

[0031] A preparation method of an NMMO solvent method-based Juncao regenerated cellulose fiber included the
following steps:

(1) 3 kg of a Juncao pulp was sterilized and disinfected with a 1.2% ethanol solution, and dried for later use;
(2) 90 wt% of a DMSO solution and 96 wt% of an NMMO solution were mixed at a mass ratio of 15:85 to obtain a mixed
solvent, and the mixed solvent was added into a dried Juncao pulp obtained in step (1), and then 0.01 wt% of propyl
gallate and 0.08 ppm of cobalt chloride were added into the Juncao pulp and mixed evenly to obtain a mixed system;
(3) the mixed system obtained in step (2) was subjected to swelling fully at 35°C for 120 min, and then heated to 100°C
to continue dissolving for 4.5 h to obtain a Juncao fiber gel solution; and
(4) the Juncao fiber gel solution was filtered, defoamed, and spun, and a resulting spinning solution was placed in a
coagulation bath to form primary silk, which was then drawn, dried, and oiled to obtain a regenerated cellulose fiber,
which was then directly wound to obtain the Juncao regenerated cellulose fiber; where
the coagulation bath was a 5 wt% NMMO aqueous solution at 23°C, and the spinning was conducted at a spinning
speed of 100 m/min, a sizing amount of 1.3%, and a metering pump flow rate of 0.835 mL/r.
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Example 2:

[0032] Example 2 was substantially the same as Example 1, except that 0.11 ppm of cobalt chloride was added in step
(2).

Example 3:

[0033] Example 3 was substantially the same as Example 1, except that 0.13 ppm of cobalt chloride was added in step
(2).

Example 4:

[0034] Example 4 was substantially the same as Example 1, except that 0.17 ppm of cobalt chloride was added in step
(2).

Example 5:

[0035] Example 5 was substantially the same as Example 1, except that 0.26 ppm of cobalt chloride was added in step
(2).

Comparative Example 1:

[0036] Comparative Example 1 was substantially the same as Example 1, except that no cobalt chloride was added in
step (2).

Performance Test:

[0037] The dry breaking strength and dry elongation at break of the Juncao regenerated cellulose fibers obtained in
Examples 1 to 5 and Comparative Example 1 were tested. The results were shown in Table 1, where a fiber variety was
120D/38F, F represented a number of spinning nozzle holes, and D represented the mass of 9 km fiber (i.e., fineness).

Table 1 Influence of cobalt chloride dosage on fiber filament properties

Item name Example 1 Example 2 Example 3 Example 4 Example 5 Comparative
Example 1

DMSO-NMM O
(solution mass ra-

tio)
15:85 15:85 15:85 15:85 15:85 15:85

Cobalt chloride do-
sage (ppm) 0.08 0.11 0.13 0.17 0.26 0

Spinning speed
(m/min) 100 100 100 100 100 100

Fiber variety 120D/38F 120D/38F 120D/38F 120D/38F 120D/38F 120D/38F

Dry breaking
strength (CN/dtex) 2.83 3.88 4.03 4.66 3.96 3.19

Dry elongation at
break (%) 14.60 14.72 14.78 15.87 14.39 13.46

Fiber quality First-class
filament

First-class
filament

First-class
filament

First-class
filament

First-clas s
filament Qualified

[0038] As shown in Table 1, compared with Comparative Example 1 in which cobalt chloride was not added, the dry
breaking strength and dry elongation at break of the filament fiber products obtained in Examples 1 to 5 in which cobalt
chloride was added during the swelling and dissolving were significantly improved. With the increase of cobalt chloride
dosage, the dry breaking strength and dry elongation at break of the obtained fiber showed a trend of increasing and then
decreasing. When cobalt chloride was 0.17 ppm, the swelling and dissolving effects were the best, making the fiber spun
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by the entire gel system have high strength and desirable toughness. When the cobalt chloride exceeded 0.17 ppm, there
was a too low polymerization degree of the gel solution, resulting in a decrease in the quality of the spun fiber.
[0039] In order to further study the influence of cobalt chloride on the properties of the prepared Juncao regenerated
cellulose fiber staples, the Juncao regenerated cellulose fibers obtained in the following Examples 6 to 7 and Comparative
Example 2 were all staples, and spinning equipment was a continuous spinning machine.

Example 6:

[0040] A preparation method of an NMMO solvent method-based Juncao regenerated cellulose fiber included the
following steps:

(1) 3 kg of a Juncao pulp was sterilized and disinfected with a 1.2% ethanol solution, and dried for later use;
(2) a DMSO/NMMO mixed solvent was added into a dried Juncao pulp obtained in step (1), and then propyl gallate and
cobalt chloride were added to allow mixing uniformly to obtain a mixed system; where
the mixed solvent included 90 wt% of a DMSO solution and 96 wt% of an NMMO solution at a ratio of 15:85; the propyl
gallate was added at 0.01 wt% of the Juncao pulp, and the Juncao pulp in the mixed system had a concentration of 4
wt%; the cobalt chloride was added at 0.09 ppm;
(3) the mixed system obtained in step (2) was subjected to swelling fully at 35°C for 120 min, and then heated to 100°C
to continue dissolving for 4.5 h to obtain a Juncao fiber gel solution; and
(4) the Juncao fiber gel solution was filtered, defoamed, and spun to obtain the Juncao regenerated cellulose fiber;
where
the coagulation bath was a 5 wt% NMMO aqueous solution at 23°C, and the spinning was conducted at a spinning
speed of 60 m/min, a sizing amount of 1.3%, and a metering pump flow rate of 0.835 mL/r.

Example 7:

[0041] Example 7 was substantially the same as Example 6, except that 0.10 ppm of cobalt chloride was added in step
(2).

Comparative Example 2:

[0042] Comparative Example 2 was substantially the same as Example 6, except that no cobalt chloride was added in
step (3).

Performance Test:

[0043] The dry breaking strength and dry elongation at break of the Juncao regenerated cellulose fibers obtained in
Examples 6 and 7 and Comparative Example 2 were tested. The results were shown in Table 2, where a fiber variety was
1.67d×38mm, mm represented a length of the staple fiber and d represented the mass of 9 km fiber (i.e., fineness).

Table 2 Influence of cobalt chloride dosage on fiber filament properties

Item name Example 6 Example 7 Comparative Example 2

DMSO-NMMO (solution mass ratio) 15:85 15:85 15:85

Cobalt chloride dosage (ppm) 0.09 0.10 0

Spinning speed (m/min) 60 60 60

Fiber variety 1.67d×38mm 1.67d×38mm 1.67d×38mm

Dry breaking strength (CN/dtex) 1.89 2.03 1.71

Dry elongation at break (%) 16.2 15.72 15.4

Fiber quality First-class staple First-class staple Qualified

[0044] As shown in Table 2, when cobalt chloride was not added during the swelling and dissolving, the prepared fiber
staples had low strength and poor toughness. The strength and toughness of the prepared fiber staples after adding cobalt
chloride during the dissolving were significantly improved. When the cobalt chloride was added at 0.1 ppm, the dry
breaking strength and dry elongation at break of the regenerated cellulose fiber staples were 2.03 CN/dtex and 15.72%,
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respectively, showing an excellent quality of first-class staples.

Example 8:

[0045] Example 8 was substantially the same as Example 1, except that:
the DMSO solution and the NMMO solution in step (2) were mixed at a mass ratio of 10:90, and the cobalt chloride was
added at 0.08 ppm.

Example 9:

[0046] Example 9 was substantially the same as Example 1, except that: the DMSO solution and the NMMO solution in
step (2) were mixed at a mass ratio of 20:80.

Example 10:

[0047] Example 10 was substantially the same as Example 1, except that: the DMSO solution and the NMMO solution in
step (2) were mixed at a mass ratio of 2.5:97.5.
[0048] The performance indicators of the Juncao regenerated cellulose fibers obtained in Examples 8 to 10 were shown
in Table 3.

Table 3 Properties of products obtained under different solvent ratios

Item name Example 8 Example 9 Example 10

DMSO-NMMO (solution mass ratio) 10:90 20:80 2.5:97.5

Cobalt chloride dosage (ppm) 0.08 0.08 0.08

Spinning speed (m/min) 100 100 100

Fiber variety 120D/38F 120D/38F 120D/38F

Dry breaking strength (CN/dtex) 3.37 3.24 3.29

Dry elongation at break (%) 13.62 13.53 13.57

Fiber quality First-class filament First-class filament First-class filament

[0049] The above examples are specific implementations of the present disclosure, but the implementation of the
present disclosure is not limited by the above examples. Any other combinations, changes, modifications, substitutions,
and simplifications that do not exceed the design idea of the present disclosure shall fall within the protection scope of the
present disclosure.

Claims

1. A preparation method of an N-methylmorpholine-N-oxide (NMMO) solvent method-based Juncao regenerated
cellulose fiber, comprising the following steps:

(1) adding a dimethyl sulfoxide (DMSO)/NMMO mixed solvent into a Juncao pulp, and then adding an antioxidant
and cobalt chloride to allow mixing uniformly to obtain a mixed system; and
(2) subjecting the mixed system to swelling and dissolving to obtain a Juncao fiber gel solution, and then
subjecting the Juncao fiber gel solution to filtration, defoaming, and spinning to obtain the Juncao regenerated
cellulose fiber.

2. The preparation method according to claim 1, wherein the cobalt chloride in the mixed system has a content of 0.01
ppm to 0.5 ppm.

3. The preparation method according to claim 2, wherein the Juncao pulp in the mixed system in step (1) has a
concentration of 3 wt% to 5 wt%.

4. The preparation method according to claim 1, 2, or 3, wherein the DMSO/NMMO mixed solvent is obtained by mixing a
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DMSO solution and an NMMO solution at a mass ratio of (2‑20):(80‑98).

5. The preparation method according to claim 4, wherein the DMSO solution has a concentration of 85 wt% to 99 wt%,
and the NMMO solution has a concentration of 50 wt% to 98 wt%.

6. The preparationmethod according toclaim 5, wherein the swelling in step (2) is conducted at 35°C to50°C for 30 min to
120 min.

7. The preparation method according to claim 6, wherein the dissolving in step (2) is conducted at 80°C to 120°C for 2 h to
5 h.

8. The preparation method according to claim 1, wherein the spinning in step (2) is conducted in an NMMO solution with a
concentration of 1 wt% to 8 wt% as a coagulation bath.

9. The preparation method according to claim 8, wherein the coagulation bath is at 15°C to 30°C.

10. The preparation method according to claim 1, wherein the spinning is conducted at a spinning speed of 60 m/min to
180 m/min, a sizing amount of 0.1% to 3.5%, and a spinning metering pump flow rate of 0.54 mL/r to 0.835 mL/r.

11. The preparation method according to claim 1, wherein the antioxidant in step (1) is propyl gallate.

12. The preparation method according to claim 1 or 11, wherein the antioxidant is added at 0.01 wt% to 0.05 wt% of the
Juncao pulp.

13. A Juncao regenerated cellulose fiber prepared by the preparation method according to any one of claims 1 to 12.
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