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Table 1 Cooking conditions of the indicated recycled pulps
(RP) from cotton contained waste textiles.

Cooking Alkali Cooking
Pulp codes .
temperature (°C) dosage (%) time (h)
RP 1# 170 50 3
RP 2# 165 60 2.5
RP 3# 165 50 2.5
RP 4# 165 40 2.5
RP 5# 165 35 2.5
RP 6# 165 30 2
RP 7# 155 15 1.5
RP 8# 155 10 1
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Table 2 The composition and proportion of each compound

recycled pulps.
Pulp code Theoretical Composition and proportion
DP value
CRP 1# 558 100% RP 4#
CRP 2# 558 47% RP 3#+53% RP 5#
CRP 3# 558 42.7% RP 2#+25% RP 4#+
32.3% RP 6#
CRP 4# 558 58% RP 2#+30% RP 4#+
12% RP 7#
CRP 5# 558 54.5% RP 1#+30% RP 4#+

15.5% RP 8#
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Table 3 Molecular weight and PDI features of the CRP
1#~CRP 5# pulps.

Pulp codes M, M, PDI (M,,/M,)
CRP 1# 9.88x10% 3.50x10° 3.54
CRP 2# 9.95x10* 3.92x103 3.94
CRP 3# 1.07x103 4.30%x10° 4.00
CRP 4# 1.06x103 4.36x10° 4.10
CRP 5# 9.00x10* 4.80x103 5.34
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Fig. 2 lg w-lg G'and Ig w-lg G" curves of the indicated spinning solutions.

Table 4 Comparison results of the spinnability of the compound recycled pulps with different PDI and their Lyocell

fiber features.

Pulp codes Spinnability Fiber fineness (dtex)  Fiber crystallinity (%) Fiber crystal orientation factor f
CRP 1# Continuous and stable 1.71+0.18 56.89 0.838
CRP 2# Continuous and stable 1.734+0.20 56.20 0.831
CRP 3# Continuous and stable 1.69+0.20 55.36 0.829
CRP 4# Continuous and stable 1.65+0.28 48.85 0.803
CRP 5# Relatively unstable 1.58+0.23 46.80 0.756
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Fig. 3 SEM microphotographs of the Lyocell fibers fabricated by the CRP 1#-CRP5# pulps.
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Fig. 4 Tensile strength (a) and modulus (b) of the Lyocell fibers fabricated by the CRP 1#~CRP5# pulps. ***: p<0.001, A: p>
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Research Article

Effects of the Molecular Weight Distribution of Recycled Cotton Pulp on Its
Lyocell Spinning and Fiber Mechanical Properties

Xiang Yao!?, Yang Liu'2, Hao Li'?, Ge-sheng Yang'?, Yao-peng Zhang'>"
(!State Key Laboratory for Modification of Chemical Fibers and Polymer Materials,
’College of Materials Science and Engineering, Donghua University, Shanghai 201620)

Abstract Due to the significant batch to batch differences in waste cotton textiles, obvious fluctuations in the
degree of polymerization (DP) and molecular weight distribution (MWD) of the recycled pulp will inevitably
occur. To expand the utilization range of recycled pulp, pioneer researches have proposed a pulp blending
spinning strategy, which further magnified the fluctuations of the MWD of related recycled pulps. The MWD of
polymers is a quite important feature to influence related rheological behavior and processability of the polymer
solutions or polymer melts. To reveal the effect of the MWD of recycled pulp on its Lyocell spinning stability and
comprehensive fiber mechanical properties, five kinds of combined recycled pulps (CRP 1#-CRP 5#) with similar
average DP while different MWD (PDI from 3.54 to 5.34) were prepared by blending proper ratios of recycled
pulps with different DP. The recycled pulps with different DP were fabricated by adjusting the fabrication process
and raw waste textile materials. Furthermore, N-methylmorpholine-N-oxide was used to dissolve the CRP 1#-CRP 5#
to form corresponding spinning solutions. Then, the effects of MWD on the spinnability of corresponding spinning

solutions, and the comprehensive mechanical properties of the regenerated Lyocell fibers were systematically
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investigated. Results illustrated that when fixed the average DP of the CRPs at around 558, with the increase of
MWD (PDI from 3.54 to 5.34), the apparent viscosity of the spinning solutions was gradually decreased, the
storage and loss modulus under corresponding viscoelastic transition point were also gradually decreased. The
comprehensive mechanical properties of the corresponding Lyocell fibers could be well maintained among CRP
1#, CRP 2# and CRP 3# (PDI from 3.54 to 4.00), while a significant decrease occurred when the PDI of CRP
increases to about 4.10 (CRP 4#). Overall, suitable widening the MWD of related recycled pulp is expected to be
beneficial for reducing the viscosity of the spinning solution while does not significantly affect the comprehensive
mechanical properties of the regenerated Lyocell fibers. However, an excessively wider MWD is not
conducive to the spinnability of the pulp and the maintenance of the comprehensive mechanical properties of the
resulting fibers. The relevant researches are expected to provide theoretical guidance and experimental basis for
expanding the utilization range of recycled cotton pulps from varied waste textiles. It could also be used for
guiding the spinning of recycled pulp with higher DP based on pulp bending strategy, thus providing guidance for
obtaining high performance Lyocell fibers.

Lyocell Spinnability ?
_ spinning
o Fiber mechanical
/ property?

Waste cotton textile Recycled pulp MWD adjusting Lyocell fiber

Keywords High value recycling of waste textile, Recycled pulp from waste cotton textiles, Molecular weight
distribution, Lyocell fiber, Pulp blending spinning



