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Biobased polymer matrix for 3
» Case of Polylactide (PLA) : A promising biobased polymer
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Fig. 1 : Poly(lactide acid) life cycle [1]

From Biomass (biobased): Corn, sugar-beet
Biocompatible, nontoxic
Compostable, Recyclable
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[2] www.bio-based.eu/reports

D-printing
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Fig. 2 : Simplified process to obtain PLA (adapted from [1])

Global production of biopolymers in 2018/2019 :
37 Mt (270,000t for PLA) [2]

[1] M. Murariu and P. Dubois, “PLA composites: From production to properties,”Adv. Drug Deliv. Rev., vol. 107, pp. 17-46, 2016.



polymer matrix for 3D-printing
» Case of Polylactide (PLA) : General properties and the use in 3D printing

General properties [3]

Density : 1.25 g/cm?
Surface Energy : 40 mJ/m?

Mechanical properties

Breaking stress: 50-60 MPa
Yield stress: 60-70 MPa
Elongation at break: 5-10 %
Elastic Modulus: 3200-3800 MPa

Thermal properties

Glass transition temperature: 50-60°C
Melt temperature: 160-200°C
Temperature On-set : 300°C

Use of PLA in 3D-printing
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Fig. 3 : Fused Deposit Manufacturing (FDM) process [4]

Why PLA in additive manufacturing ?

* Bio-based

* Low melting temperature (nozzle temperature (190-220°C)
* Low volatile emissions

» Used for medical and bio-medical printing

'N' [3] C. Penu and M. Helou, “Acide 1

IMT Mines Alés

Ecole Mines-Télécom

olylactique (PLA),” Tech. I'lngénieur, vol. 33, no. 0, 2017.

[4] M. L. Di Lorenzo and R. Androsch, Industrial Applications of Poly ( lactic acid). 2018.
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Biobased flame retardants
» Case of Lignin (LG) : From paper industry to polymer industry

Biobased aromatic polymer
By-product of paper industry

Major componants of trees and plants
W orldwide annual production 50 millions of tonnes / year [5] *f\@\,‘

MeO

Monolignols

HO,

@

p-coumaryl alcohol  coniferyl alcohol sinapyl aleohol
o

¥ OH OH OH
a2 P = =
1
2 6
3 3 - - o 3.5
f H;CO H5CO OCH; S Oj/ ¥ OH
OH OH OH ibenzodioxocine @
; ; ; " B @ ? %
g

v v Y

Residues in lignin

Fig. 5 : Exemple of lignin molecule [7]

R./Eg\az cho’ﬂ:?\m H,CO OCH, For different extraction processes and different tree species [8]
o o OH  Different molecular weight

» Different alipahtic hydroxide, phenolic, carboxilate and sulfonate
groups concentration

 Different solubility, reactivity

p-hydroxyphenyl guaiacyl syringyl
R;.Ry=H or lignin

Fig. 4 : Principals lignin precursors (monolignols)
and their structures in lignin macro-molecule [6]

[5] D. Kun and B. Pukanszky, “Polymer/lignin blends: Interactions, properties, applications,” Eur. Polym. J., wl. 93, no. April, pp. 618-641, 2017.
[6] S. Laurichesse and L. Avérous, “Chemical modification of lignins: Towards biobased polymers,” Prog. Polym. Sci., wol. 39, no. 7, pp. 1266—1290, 2014.
IMT Mines Alés [7] P. Figueiredo, K. Lintinen, J. T. Hirvonen, M. A. Kostiainen, and H. A. Santos, “Properties and chemical modifications of lignin: Towards lignin-based

Ecole Mines-Télécom nanomaterials for biomedical applications,” Prog. Mater. Sci., vol. 93, pp. 233-269, 2018.
[8] A. Grossman and V. Wilfred, “Lignin-based polymers and nanomaterials,” Curr. Opin. Biotechnol., wol. 56, pp. 112-120, 2019.



Biobased flame retardants

» Case of Lignin (LG) : General properties and applications

Few interesting properties in polymer blends :

 UV-Blocker
« Charring agent
 Mechanical reinforcement

Many lignin chemical modification possibilities

Esterification

T Reaction with

Etherification \ b / isocyanates
/ 2 7

Oxidation
reduction

Sylilation

Phenolation

Fig. 6 : Chemical functionnalization of lignin hydroxyl groups [6]
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Carbon black, insecticides,
herbicides, pesticides,
clays, dyestuffs,
pigments, ceramics

Drilling muds, concrete,
cement grinding,
industrial cleaners,
tanning agents, rubbers,

Soils, road surfaces,
asphalts, waxes,
oil in water, rubbers,
soap, latex, fire foam

Emulsifiers,
stabilizers,
extenders

Industrial water,
agricultural
micronutrients Metal
sequestering
agent

Protein coagulants
protective colloids in
steam boilers,

oxygen scavenger,

plate expanders for
storage batteries

ion-exchange resins,

components in negative

Dispersants

vinyl plastics

Additives

Others

[9] S. Beisl, A. Friedl, and A. Miltner, “Lignin from micro- To nanosize: Applications,” Int. J. Mol. Sci., vol. 18, no. 11, 2017.

Co-polymers

Binder

and Thermoplastics,
adhesives /animal-feed pellets,
printing inks,
minerals, laminates,
foundry cores, ores

Converted
materials
Carbon fibers

Urea-formaldehydes,

epoxides, urethanes,

phenolics, furans,

polyester

Fig. 7 : Various lignin application [9]



DESIGN OF NEW BIOCOMPOSITES
FOR THE 3D-PRINTING



Design of new

-

» Selection of materials

Objectives :
» Improve flame retardant propreties
« Use major biobased materials

Materials :

PLA Ingeo 3251D (NatureWorks, Injection
Grade)

« APP : Ammonium Polyphosphate (Clariant,

AP423)
LG : Kraft Lignin (TCI)

d_nd
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biocomposites for the 3D-printing

Biocomposites

Polymer
mautrix

Intumescent Fire
retardant system
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Design of new biocomposites for the 3D-printing

» Processes

 Temperature : 80°C to 210°C
« Twin-screw extruder, 250 rpm

 Temperature : 200°C (screw), 40°C (mold)
[=eien -« Sample : Plate (100x100x4 mm?3)

molding

« 3Devo : single-screw extruder
* Filament extrusion : Test

d_nd
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Design of new biocomposites for the 3D-printing .

» Fire behavior Characterization

Thermogravimetric -

Jgrav Cone calorimeter test
analysis

« Atmosphere : N, « Position : Horizontal

« Temperature range : 30 to 900 °C * Irradiance : 50 kW/m?2

« Temperature variation : +10°C/min » Distance between sample and cone : 25 mm

Properties : Properties :

« Mass loss in relation with temperature « Time To Ignition (TTI)

* Residue mass  Peak of Heat Release Rate (pHRR)

« Temperature On-set « Total Heat Release (THR)

d_nd
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PROMISING RESULTS



Promising results

> The use of well-know flame-retardant

Polymer : PLA 1004
Flame-retardant : APP
PLAO : Neat PLA M TGA:
PLA1: PLA/APP (80w%/20w%) & @] s | |
é ——PLA 1 * T,.<et Shift due to APP degradation

40 - —_— :
- * Residue for PLA1

APP 344 363 20 r‘\_,r
PLA O 338 367 0-
PLA 1 326 355 0 200 400 600 800 1000

Temperature (°C)
Fig. 8 : TGAresults for PLAO and PLA1
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Promising results

» The use of a intumescent fire-retardant system (IFRS)

Polymer: PLA

Flame-retardant : APP + Lignin

PLA O : Neat PLA

PLA 1 : PLA/APP (80w%/20w%)

PLA S : PLA/APP/LG (80w%/17w%/3w%)
PLA 6 : PLA/APP/LG (80w%/15w%/5wW%)
PLA 7 : PLA/APP/LG (80w%/12w%/8w%)

Ton-ser (°C) | T Max (°C)
38 367

PLAO 3

PLA1 326 3585
PLAS 326 355
PLAG 319 351
PLA7 319 351

TGA:

Ton-set Shift due to APP

* Non significant impact of lignin on
residue mass
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Fig. 10 : TGA results for PLAO/1/5/6/7
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Promising results

» The use of a intumescent fire-retardant system (IFRS)

Polymer : PLA = PHRR ==

Flame-retardant : APP + Lignin .

PLA 1 : PLA/APP (80w%/20w%) PLAO 33 516 108

PLAG: PLAAPPILG (Bowsi/towogionse)  ITNMM 49 25 67
: PLAS 29 180 56

PLA 7 : PLA/APP/LG (80w%/12w%/8w%)
PLAG 26 229 62

PLA7 23 312 82
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Ignition delayed (earlier)
PHRR well reduced
Ratio optimum for APP/lignin (17/3)
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Fig. 11 : Cone calorimetry results for PLAO/1/5/6/7

'N' Fig. 12 : Cone calorimetry residue (PLA1 and PLA5S)
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CONCLUSION




Conc

lusion

PLA * Biobased, Biocompatible, compostable
* Properties in adequation with additive manufacturing

* Biobased biopolymer, paper industry by-product

ngnln » Chemical modification possibilities, large scale of
used
P roCcess * Long processes for 3D-printing composites obtention

* APP + lignin = Flame-retardant Intumescent system
* Best APP/lignin ratio: PLAS
* pHRR decreased by 3

3 D'prl ntl ng * Filament preparation possible for PLA5 and PLAG6
teSt » Other compounds formalution are under tests
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What’s next ?

« Lignin chemical modification to enhance fire
properties

e Have a better understand of the effect of the
lignin inside the polymer matrix

+ Test new formulations
« Compared the effect of the 3D-printing with

injection molding on the mechanical and fire
properties
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