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About NRC:

« Government of Canada's premier Research & Tachnology Organization

Over 3,550 full-time employees
Provides a broad array of technical and R&D services lo the indusiry
= Supports innovation finance for SME via Industrial Research Assistant Program (IRAP)
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Engineering polymers in automotive applications

Industry Trends: to alleviale the weighl, to reduce Ihe cost and lo use more sustainable materials.
Proposed solutions: lo replace the metal and glass fiber composite parts by PA and ABS bio-
compounds having similar performances.

PA-based parts represent around AMMM
36 Ib/car
EnginaCovers  Hocker vatve covers Gritien "'.,Icm.'ﬂ
Omhud
Inntrument panals
Fasciapansls
Bumpara

Intarior deor assemblies.

NRC’s green vision

+ Substitution of mineral-filled and glass fiber-reinforced engineering
thermoplastics by biocomposite counterparts;

= This substitution of petroleurn-based compounds and composiles

by biocomposites containing cellulosic fibers can allow welght and pogadiniin
cost reductions; S

* The use of injection foaming process allows to further reduce the water Kl Tt n
weight and the cost of the eco-parts.

= The subslitution of a part of the PAG or ABS by a bioplastic is a way
to increase renawable content,

PAG and ABS biocomposites
with equivalent thermal & mechanical performance as
conventional PAG- and ABS-based parts.

Buripers
NRC offers solutions for cost competitive, greener and lighter : hﬁ
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Materials

Polymers:
+ PAB8: Injection maiding / extrusion grade, Ultramid B27 from BASF.
« ABS: Lustran Elite HH 1827, Injection moliding grade for high-heat automotive applications.
= PLA: 83020, amorphous grade from Nature Works, selected as the bio-sourced minor phasa,
» Coupling agents wera used,
+ Properties of PA6 and ABS commercial aulomotive grades wera used in graphs for comparison purposes;
+ PAB / 30% minerl field: Ultramid BIME from BASF
+ PAB J 30% glass & mineral: Utramid B3WGM24 from BASF
+ ABS /30% tolc LNP™ STAT-LOY ™ AXD6484 from Sabic
+ ABS /30% GF- LNP™ STAT-LOY™ AF306 from Sabic

Fibers:

+ Celiulosic fibers contents: up to 40%wt,

» Short flax: was supplied by Schweitzer Mauduit Canada,

» Thermo-mechanical pulp (TMP): was supplied by SEC Papler Masson WB

= Woed fibers {(WF) in the form of dices (WoodForce): were supplied by Sonas Industria.

Py .

Processing & Characterization

Compounding line:

Testing.

« Morphology: Scanning Electron Microscopy (SEM)
+ Tensile properties (TS, TM, e%) - ASTM D838

+  Impact strength (IS} - ASTM D258

Heal Deflection Temperature (HDT) - ASTM D€46
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Bio-based PA6 compounds

Lower-cost biocomposites
Lighter biocomposites
Greener bicblends and biocomposites

Bl joiongfoenn Cometraionsl Canada

Lower-cost PA6 biocomposites
PAG6 containing cellulosic fibers

Excelient interfacial adhesion

0085 570KV, 410g 1907a Dl 5010 5 ary %500 18¢n WDI
x100 x500

Morphology of PAG / 20 wt.% flax biocomposites




Lower-cost PA6 biocomposites

PAG6 containing cellulosic fibers

Approximate prices ($/kg) on the market ;

PAS 130
g [xmeent| G | ciona | caoa
(CAQY)
™ 49 53 1.0 0.3 1.5
(MPa)
Cost reduction
Cellalose contents
2__' wi% 40 wi%

Cost Cost redection Cost Cast reduction

(CAD/Ag) %) (CAD/g) (%)

FAS ! Flas 42 160 14 310

PAS } TMP 4.0 19.0 3.1 36

[PAS ! WF 43 140 36 27.8

Replacing up to 40% of PA6 by
cellulosic fibers resulits in

14-37% cost reduction.

-—PAG
—B—PAB+20%WF

29to 40% areen content
—i—PABSO%WF

-8 PAG+30% "ﬂ.’;ﬂﬁ,'pﬁﬂ“’

Lighter PA6 biocomposites
Glass fibers replacement by cellulosic fibers

echanical properties
10000

PAG hybrids with excellent m

-

g 8
g

Tansile Strength (MPa}
s 8 8

’

2
Tensils Ilt:dullu {MPa)
g

&

§
|

= PAG J0% glass filled

When §0% of glass fibers content is replaced
by cellulosic fibers results in:
- Around 10% weight reduction;
Preservation of mechanical properties.

Impact Strangth {Jim)
B
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Lighter PA6 biocomposites

Processing: foaming by injection molding

Properties of PAG biocomposites and hybrids: unfoamed and foamed
TS (MPa)

Density
{gfem?}
Mechanical properties of fecamed

parts are slightly lower {around 10%}
compared at unfoamed ones.

The foamed parts have similar
performances compared to
commercial reference.

Cont 1Suea (M)

——PAS

=i—PAGHMO% WF unfoamed

=== PAGHEO% WF foamed Ercem 20 up fo 40%
—m—PABY20% WF+20% GF unfoamed  selfulonls content
e - PAG20% WF+20% GF foamed

=4~ PAS JO%GF :_mlel_'cn'lce::i

Lighter PA6 biocomposites
Processing: foaming by injection molding

Morphology of PA6/20 wt.% cellulosic biocomposites:

I'J'hfoamad Foamed

Replacing from 20 up to 40% of PAG6 by cellulosics results leads to 18-35 % cost
reduction.

Furthermore, the PAE biccomposites foaming all S % weigh
reduction which translates in additional 10 % material cost reduction.




Lighter PA6 biocomposites

Hollow spheres as additives

Initial aspect of the hollow spheres:

i e ek i ey

{M30K: density of 0.60 g/cm? IM1EK: density of 0.46 gfcm?

Formulation of extruded composites:

PAB B27 HS Sawdust
90 10% IM30K -
80 10% IM30K 10%
80 20% IM16K =

Lighter PA6 biocomposites

Hollow spheres as additives

Aspect of the hollow spheres after compounding:
PAG J 10%1M30K PAG /10% IM3IOK / 10%WF PAS 120% iM16K

Aspect of the hollow spheres after injection molding:
PAB / 10% iM30K PAG |/ 10% iM30K / 10% WF PAG | 20% iM16K

2016-09-15



Lighter PAS biocomposites

Hollow spheres as additives

Density
{gicm?)

——PAG
—==PAG+10%IMIOK

—i— PAG+10%IMIOK+10%WF
- PAG+20%IM16K

~&~ PAG+30% nﬂggl;lhlplalged

- Simitar performances to parts foamed in

injection molding;

- Good machanical properties;
=  HDT around 190°C;
- 5% to 12% weight reduction comparing

to pure PAG;

- 20% to 30% welght reduction comparing

to minerals filled PA6 (commercial
grade).

Greener PA6/PLA blends and biocomposites

5 (MPa)

HDT {°C)

-o PAG+30% lr;]l.ggmged

E (%) 1Susa({im)
—o—PAS
—5—PAG20%WE
SE-PASIU%AFLA 20 - 40% green content
== PASS D%RPLA+20%WF

Properties of PAG/PLA biocomposites with 20 wt.% cellulosic fibers

HDT increased from 160°C to
189°C for PAG/PLAJ20%WF

£% decreased as expected for
blocomposites

All other mechanical properties
are higher than for PAG alone and
similar to reference PAG/30%
mineral fillad.

2016-09-15
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Bio-based ABS compounds

Lower-cost biocomposites

Lighter biocomposites
Greener bicblends and biocomposites

Rl Noloosifosossh Comelomton Canada

Lower-cost ABS biocomposites

ABS containing cellulosic fibers

Good interfacial adhesion when using CA

/kABS 20

/\NF
o ¥

g1 a5

X1000, with CA

ifigd s H=gA L {ew kDT

X500, no C

X500, with CA

- Very good fiber distribution/dispersion.

There is no adhesion between ABS, hydrophobic polymer, and hydrophilic cellulosic fibers in the

absence of the coupling agent.

- The fracture was produced throughout the cellulosic fiber in the presence of the coupling agent.
Therefore, the use of an adequate coupling agent will allow 1o increase this adheslon and therefore
mechanical properties of ABS blocomposites.

2016-09-15
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Lower-cost ABS biocomposites

ABS containing cellulosic fibers

Density
{glem?}

(MPa' Approximate prices {$/kg) on the market :
\irgin ABS ABS 1 30wt % takc Flax T™P WF
{CAD/Xg) {CAD/Kp) (CADMGN  (CAD/Kg)]  {CADA
a8 1] 10 03 15
™
(MPa)
Cost reduction
Crilnlosic contems
0w 13wi%
Cost Cost redection Cont Cost redection
{CAD/kg) %) {CADINE) %4}
IABS { Flas 1) 143 16 29
{ TMP 19 [[¥] 23 16
g iwe 31 1.6 18 FEl

=+~ ABS talc filled commercial grade
= -ABS / 30 wt. % GF commerclal grade

Lighter ABS biocomposites
Replacement of glass fibers by cellulosic fibers

Density
{gfcm?)

{$ikg)

—a—ABS raference

=a-ABS / 20 wt.% WF

=—i—ABS / 40 Wt.% WP

=+—ABS / 20 wt.% WF/ 20 WL%GF

-4+ ABS [ 30 wt.% GF commercial grade

Replacing up to 40% of ABS by

HDT (*C} i £(%) cellulosic fibers results in a
—e—ABS - reference 10-36% cost reduction .
—a—ABS / 20 WwLHWF
——ABS / 40 WL%WF 20 to 40% gresn content

Advantages In using cellulosic
fiber that replace partially or
totally the glass fibers :

- Equivalent tensile proparties,

= Lower materal density;

- Around 15% cost reduction comparing
to ABS/30% glass fibers commercial
grade,

MC CNC

2016-09-15
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Lighter ABS biocomposites

Processing: Injection foaming
Excellent mechanical properties and cost for foamed ABS based bigcomposites

Approximate prices {$/kg) on the market of polymers and celtulosics;
™ 35 Tis
{MPa) : '
Cost and weight reduction
ellulosle contents: | 20% 40%
rice —ABS/WF 3.2 2.3

Replacing up to 40% of ABS by
cellulosics results is a 12-25% cost

reduction.
($kg) (Jim) S
—8—ABS - reference ABS biocomposites foaming allows a
—+—ABS / 40 wi.% WF unfoamed further welight uction which
~#~ ABS / 40 wt. % WF foamed translates in_a _supplementary 8

—m—ABS / 20 wt.% WF/ 20 wi.% GF unfoamed reduction of material cost ,
=== ABS | 20 wt.% WF / 20 wt.% GF foamed

From 20 i 10 40% celiulosic content

Bioblends and biocomposites based on
Greener ABS/PLA blends

Properties of ABS/PLA based biocomposites with 20 wt.% cellulosic fibers:

T8
{MPa)
HDT Increased up 1o 92°C for
ABSIPLAIZORWE
£% and IS decreased as
expected for biocomposites
HOT - ™
°) \ ; (MPa)
[4 Ishﬂ
) |Jim)
—e—ABS reference
=ir=ABS [ 20 wi.% WP g
-2-ABS /10 wi.% PLA s

—=—ABS/ 10 wt.% PLA / 20 wi.% WF
~-&- ABS | 30 wt.% GF commercial reference

13
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Summary

» NRC bio-based biocomposites are:

*  Equivalent in terms of mechanical and thermal properties to conventional compounds /
composites used curmently in automotive;

»  Lower-cost due to a content up to 40 wt.% of ranewable resources;
= Lighter due to:
» Partlal or complete replacement of glass fibers by cellulosics fibers;
s Foaming in injection molding;
= Greener when a bioplastic, such as PLA, replaces a part of the PAG or ABS matrix.

¥ NRC also developed for automotive part applicalions:
= PP and PP/PLA based biocomposites with cost and weight reductions;
= PAg, ABS and PP based biocomposites with continuous cellulosic fibers using D-LFT process

> These lower-cost, lighter and greener biocomposites could replace the
petroleum compounds and composites in automotive applications.

Thank you!
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