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Melt Spinning Filament Infrastructure

* Winding speed 150 m/min possibilty (KETSE 2040) - Bico-option s ordered and expected to
- continuous (1 g/} come in September 2023

- Winding speed 1500 m/min - Throughput with bico: upto 10 ke/he)

- Winding speed 4200 m/min
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Melt Spinning Staple fibre infrastructure

Upto 10000
filaments

simultaneously

Production speed
between 40-270
kg/h
Temperatures.
upto 330 °C

High speed

crimper

Fixing (segmented
hot/cold air)

IFGAsota channel
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Introduction

+ European Textile Industry: €162 Billion
> Man-made fibers: €80.9 million tons in
2020
> PETis amajor player €48 million tons
> Huge dependence of fossil-based resources

> Focus on biobased polymers

> Market of €98 Billion by 2030

> Majority of dyes used are fossi-based

> Some azo based dyes are even toxic, and
mutagenic

> Can be applied through bath/dope dyeing

* Colorants - one of the most commonly used additives

—

State of the art

today!

18603
Discovery of diazo

2.6008.C2 compounds

First written record
in China of naturalg= "=
dyes =

18565 1900-20003
Development]

30.000B.C* Discovery of N )
Naturally dyed, Mavuine  Of various Biodeg!
flax fibres synthetic dyes

in Georgia

Natural dyes?

Process
optimizing?

Structural
colour?

radable

synthetic colorants?

1Ko, €

State of the art

T
Dyeing

<

No water/chemical u

e

Close to no dye wastage

v Commonly practised

<

V' Easyto change color Production of large quantities

<

Good fastness properties

Dope dyeing

¥ Adding multiple color shades

Bath dyeing

Fabric
roll Dyed olorant Masterbatch
9 Q) fabric C:“ * 3‘5;“ ¥ . 4
7 Mg " g
sl £ = €
oymer | Melt  Polymer Dope dyed
ove ath T compoundre e o

% Additional chemicals are used

4 Changing color s difficult

 High dye loss

Pt e & Efflents led nto water & High temperature is ecessary
& Degradation of material
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Problem Statement Biobased colorants for dope dyeing Materials and Methods
Biobased  pyans Colourant exraction AMIBM/UM * Polylactic acid (PLA)
sources \up Colourant Melt compounding
* Grade L130 from Total | Corbion
i
‘.. * Madder root extract-MR (Red colour)
= ) )
Goal: Develop PLA based textiles with biobased r \ * Contains anthraquinones
colorants it & *  Root of Rubia tinctorum L. was ground
> oyl Siopaymer 1 .
Tuents pollute water resources * Extracted using Ethanol
(ndustrial partner e ® :f::e”’ «  Curcuma Longa extract (Curcumin)
. €
Textile products Dope dyed yarn Melt spinning Biopolymer
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Materials and Methods

Bath dyeing

1. Melt spinning | | 2. Texturizing

3. Knitting 4. Bath dyeing
PLA Texturized Knitted Dyed
granules yarn fabric fabric

Dope dyeing
1. Compounding || 2. Melt spinning || 3. Texturizing 4. Knitting
PLA <
B 1] e — Texturized Knitted
a yarn fabric
ive
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Bath dyeing

1. Melt spinning | | 2. Texturizing 3. Knitting 4. Bath dyeing

PLA Texturized Knitted Dyed
PLA fibres .
anules yarn Fabric fabric
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1. Melt spinning

FET melt spinning line
210°C
Winding speed of 2500 m/min

Fineness of 268 dtex
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2. Texturizing

False twist texturizing

- Heated to 145 °C

Winding speed of 200
m/min

- Fineness of 210 dtex

4. Dyeing
Performed on a Datacolar Ahiba IR
Pre-rinsed in sodium bicarbonate solution
Mordanting with aluminium sulfate and tartaric
acid
Dyed with 5% of madder extract at 98 °C
pH of dye bath was 7
A fabric to liquor ratio of 1:10 was used

Washed with tap water

Dope Dyeing

1. Compounding || 2. Melt spinning || 3. Texturizing 4. Knitting

m:hﬁ " Dyed Dyed varn Texturized Knitted
e masterbatch yedy yarn fabric
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Performed using a

Brabender KETSE

twin-screw extruder

Temperature of 2
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1. Compounding

20-40

10°cC

Granulator

0o

2. Melt spinning

Hopper

B Single screw extruder

- FET melt spinning line
- 210°C
Winding speed of 500 m/min for

Madder Root

Winding speed of 2500 m/min for pure
PLA and PLA dyed with Curcuma Longa

© o
QO
IO
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Toke up roll

3. Texturizing

- False twist texturizing

Heated to 145 °C

- Winding speed of 200
m/min

- Fineness of 210 dtex

- Possible only with

Curcuma Longa

4. Knitting

- Circular knitting machine

o
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Results and Discussion

Investigation
1. Mechanical properties

2. Gel Permeation Chromatography

Results and discussion

Mechanical Properties

 ZwickLine 2.5 low-force tensile machine

DIN EN 1SO 1973, testing length of 200 mm and
testing speed of 200 m/min

Toracly (Ntsx)

Materia

P2g Maastricht University

Results and discussion

Gel Permeation Chromatography
(GPC)

Hexaflurorisopropanol GPC

Wiogh)

was used

Reduction in molecular

weight means degradation

Dope dyeing with Madder root extract
leads to degradation

Molecular weigt (9o
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Conclusion & Outlook

Knitted PLA v/

Bath dyeing of PLA with madder root extract v
Dope dyeing is of PLA with madder root extract X
- Degradation and loss of mechanical properties
- Burnt brown colour

Dope dyeing of PLA with Curcuma Longa v/

Other chemicals (Sugar) present in the extract need to be removed

before dope dyeing

Supercritical CO, dyeing can be a better alternative to use the

extract
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