UNIVERSITY OF LEEDS

This is a repository copy of Deposition and retention of differently shaped micro-particles
on textiles during laundry processing..

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/182773/

Version: Supplemental Material

Article:

Manga, MS orcid.org/0000-0001-8976-4792, Adetomiwa, T, Marks, S et al. (4 more
authors) (2022) Deposition and retention of differently shaped micro-particles on textiles
during laundry processing. Powder Technology, 398. 117143. ISSN 0032-5910

https://doi.org/10.1016/].powtec.2022.117143

© 2022, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0
license http://creativecommons.org/licenses/by-nc-nd/4.0/.

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’'t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/




Figure 1. SEM of a) polyethylene microspheres; and b) polypropylene particles.
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Figure 2. Illustration of the benchtop setup to study particle deposition and retention from
bulk solution onto fabrics. The tubes rotate through 360° to mimic simplistically the tumbling

action that occurs within a washing machine.
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Figure 3. SEM of fabrics used in this study illustrating their structural characteristics and
the locations where spherical polyethylene particle deposition occurs after the tumbling

process. The tumbling and rinse cycle was conducted at 40 rpm for 10 min (Scale bar = 100

um).
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Figure 4. SEM of the fabrics illustrating the locations where irregular polypropylene
particle deposition of the particles occurs after the tumbling process. The tumbling and rinse

cycle was conducted at 40 rpm for 10 min. (Scale bar = 100 pm).
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Figure S. Impact of fabric specific surface area on the level of deposition and retention of
spherical and irregular shaped particulates from the continuous phase. The fabrics are initially
tumbled in the particulate dispersion for 10 min at 40 rpm followed by a cycle in clean water.

The points are annotated with the corresponding fabric materials.
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Figure 6. The effect of fibre perimeter on the level of particles deposited and retained onto
the fabrics from the bulk continuous phase. The fabrics are tumbled in the presence of

particles at 40 rpm for 10 min followed by a rinse cycle. The points are annotated with the

corresponding fabric materials.
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Figure 7. Influence of rotation speed on particle deposition and retention (based on mass

balance analysis) after the 10 minute tumbling and rinse cycles onto tight cotton and

polyester fabrics using a) spherical and b) irregular shaped particles.



a) [ % particles deposited after tumbling
8-

% particles after rinsing cycle

Fabric and cycle time

40 +|__]% particles after rinsing cycle

b) I % particles deposited after tumbling

%

3041
20
R h I——‘
o
& & &

&
o Q © Q
& & & &
& & 5@
& & f &
& x° % N3
'QQ (\(‘){\ R

Fabric and cycle time

Figure 8. Influence of rotation time on particle deposition and retention (based on mass

balance analysis) after the tumbling and rinse cycles at 40 rpm, onto tight cotton and

polyester fabrics using a) spherical and b) irregular shaped particles.
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Figure 9. Median number of particle depositions on fabric front side per 25 mm? after

tumbling and rinsing cycle. Each cycle is performed for 10 min at 40 rpm.
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Figure 10. Median number of particles counted on fabric front and reverse side per 25 mm?
after a) tumbling (deposition) and b) rinsing cycle (retention). Each cycle is performed for 10

min at 40 rpm.




Tables

Table 1. Details of the textile fabrics and their properties used in this study.

Yarn
Weave Yarn Density Twists Fibre
Fabric Type Width
Structure (#/cm) per cm Structure
(mm)
Tight Cotton Plain 0.2 50/50 14 Staple
Loose Cotton  Plain 0.3 27/27 12.5 Staple
Linen Plain 0.4 23/23 6 Staple
Silk Plain 0.3 20/20 8 Cont. Filament
Polyester Twill 0.2-0.3 47/37 10 Staple
Polyester/Poly
Honeycomb 0.4-0.5 - 0 Cont. Filament

amide




Table 2. Changes in the average mass recorded after the tumbling and rinse cycles to
determine the percentage of spherical/irregular shaped particles deposited and retained on the
various fabrics studied. The tumbling and rinse cycle was conducted at 40 rpm for 10 min.

Values in the bracket depict the associated standard deviation.

Spherical polyethylene particles

% of particles Average % of
Average mass
deposited mass lost deposition
gain after
during after rinsing lost after
tumbling (mg)
tumbling cycle (mg) rinse cycle
Tight Cotton 2.7(0.2) 10.8 0.3 (0.05) 11.1
Loose Cotton 2.3(0.3) 9.3 0.4 (0.07) 15.7
Linen 4.8 (0.4) 19.3 0.4 (0.09) 8.3
Silk 5.8(0.4) 23.2 1.0 (0.1) 17.2
Polyester 5.5(0.2) 22.0 0.1 (0.03) 2.4
Polyester/Polyamide 2.9 (0.3) 11.7 0.5 (0.06) 17.0

Irregular polypropylene particles

% of particles Average % of
Average mass

deposited mass lost deposition
gain after

during after rinsing lost after
tumbling (mg)

tumbling cycle (mg) rinse cycle




Tight Cotton

Loose Cotton

Linen

Silk

Polyester

4.6 (0.3)

6.6 (0.3)

6.40 (0.4)

8.13 (0.5)

9.8 (0.4)

Polyester/Polyamide 7.4 (0.3)

18.3

26.5

25.6

32.5

39.2

29.6

0.3 (0.09)

1.1 (0.1)

1.1(0.2)

0.5 (0.06)

2.2(0.1)

1.5 (0.2)

6.6

17.1

17.2

6.6

22.1

19.8




Table 3. Summary of the fibre cross-sectional shape and approximate fibre perimeter for the

different fabrics used in this study.

Approximate
Hydrophilic/ Fibre Cross-sectional Fibre
Fabric Ref
Hydrophobic shape Perimeter
(microns)
Tight Cotton Hydrophilic Bean 125 43
Loose cotton Hydrophilic Bean 125 43
Linen Hydrophilic Polygonal 130 M
Silk Hydrophobic Rounded-triangular 95 M
Polyester Hydrophobic Circular 80 .

Polyester/Polyamide = Hydrophobic Circular 80 .




Table 4. Changes in the average mass recorded after the tumbling and rinse cycles to

determine the percentage of irregular shaped particles deposited and retained onto multiple

fabrics simultaneously. The tumbling and rinse cycle was conducted at 40 rpm for 10 min.

Average % of particles Average % of initial
mass gain deposited mass lost  particle
Sample
Fabrics after during after deposition
name
tumbling  tumbling rinsing retained
(mg) cycle (mg) after rinse
Linen 0.9 3.6 0.64 28.9
™1
Tight cotton 3.5 14 2.9 17.1
Linen 1.80 7.2 1.50 16.7
™2
Loose cotton 0.80 3.2 0.90 -
Linen 0.90 3.6 0.70 22.2
™3
Silk 2.00 8.0 1.44 28.0
Linen 1.60 6.4 1.00 37.5
™4
Polyester 0.80 3.2 0.70 12.5
Linen 0.60 24 0.40 333
™S
Polyester/Polyamide  4.20 16.8 3.60 14.3




