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Long Chain Polyamides Portfolio

e Key advantages of LCPA versus PA66

e Key advantages of LCPA versus PA12

Key advantages of LCPA versus Hytrel®

Main applications
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Portfolio of LCPA
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Portfolio

Zytel® LCPA
Family

Zytel® LCPA

Polymer Type RS Content Family

Polymer Type

1000 Series PA1010

20-100%
Zytel FN718 BK230A

2000 Series LCPA Blends > 20 % Toughened
PA6 & PAG6

3000 Series PAG610 20-63% PAG6 Zytel FN727 NC0O10A
4000 Series CM PA610 20-60%

PA* Elvamide 8061
6000 Series
150 Series PA612 N.A.
77G Series Terpolymer

PA* Elvamide 8063

7000 Series CM PAG612 N.A.

8 Zytel® RS renewably sourced polyamides contain 20% to 100% by weight of

P renewable content derived from a non-food crop that can be grown on marginal
w

land with no maintenance.
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Overview of the Long Chain Polyamides subgroups for
unreinforced grades for tubing applications

R
PA612

Based polymer

S

PA612

NS

Zytel 151
Zytel 153HSL
Zytel 157HSL
Zytel 158
Zytel 159
Zytel LC6159

Stiffness 2400 MPa
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=

PAG12-|
NS

Zytel LC6200
Zytel LC6210
Zytel LCBM6301

1100 MPa

7~ N\
CM-PAG12-I

Plasticizer Free

NS

Zytel LC7201
Zytel LC7202

1100 MPa

= =N

PA612-IP CM-PAG612-IP
N NS
Zytel LC6601 Zytel LC7601
Pipelon 401 Zytel LC7602

Zytel LC7603

800 MPa 670MPa 500 MPa
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Overview of the Long Chain Polyamides subgroups for
unreinforced grades for tubing applications

VR
PAG10

Based polymer

~
PN =N

PA610 CM-PAG10-IP
N N
Zytel RSLC3061HSL  Zytel RSLC4601
Zytel RSLC3060 Zytel RSLC4603

Zytel RSLC3090
Zytel RSLC3160

2300 MPa 2000 MPa 750 MPa
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7~ N\
PA1010

Based polymer

~
S N

PA1010-IP CM-PA1010-IP
N— N
Zytel RSLC1600 Zytel RSLC2600

Zytel RSLC1610

600 MPa 880 — 1150 MPa
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Overview of the Long Chain Polyamides subgroups for
reinforced grades for structural applications

7~ N\
PA612 or PA610

Based polymer

N—
PABL2-GF33 PAB12-GF43 PA610-GF30 PA610-GF30 PA610-GE-CF20
Without HS & with HS With HS
__ % S S S
Zytel 77G33  Zzytel 77G43HSLBK  Zytel RS78G33 Zytel Zytel RS32CG20HSL
Series FGRS30G50L BK409

Different functionalities
such as EF / improved for
thermal shock
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Key advantages of LCPA versus PAGG
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Thelr molecular structure allow Flexibility and lower
moisture pick up

H

H

PA66
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H

PA612

H

N-C-C-C-C-C-C-N-

LCPA (such as PA612) has greater spacing
between amide groups on average vs PA66
which will allow more flexibility and less
sensitive to moisture pick up.
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LCPA are less impacted by the moisture than PA66

3500 T

3000

Tensile Modulus, MPa

Increasing flexibility

500
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DAM

2500

™~

2000 |

S~

1500

1000

— TN
50%RH ——y "
PAG66 PA610 PA612 PA1010 PA11 PA12
5 6 7 8 9 10 11
CH,/NHCO Ratio

—

Decreasing amide group concentration

12

Decreasing the amide group concentration
allow getting more flexible materials.

As the nylon polymer chain length increases,
the effect of moisture on flexibility
decreases.

At 50%RH, the difference in flexibility for the
various nylon polymers is significantly
smaller than at DAM.
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Moisture Level per polymer family

16 Differences in moisture absorption at equilibrium for different Polyamide varieties

14
12

10

N

. I I l B B B B m =

PA46 PAG6 PAG9 PA610 PA612 PA1010 PA11 PA12 HTN501
m50%RH  100%RH
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Better chemical resistance

. . Strength .
Higher Resistance Hydrocarbon resistance Lower resistance
Barrier Properties (fuel, CO,)

—

= Zytel® LC2000 Seri
5 O DuPont offer PA12 ytelm s —
Q
—
= O Renewable source PA1010  PA11
] .
< - ytel® 00 Series
@) yte 600 Series ‘ - -
' PA612
e PAG12 -
= modified
ytel® LC3000 Series PA610 PA6IL

modified ytel® LC4000 Series

Lower resistance Polar Fluids resistance Higher Resistance
Moisture resistance

Hydrolysis resistance
ZnClI2 resistance

Stress Cracking resistance ] )
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Key advantages of LCPA versus PA12
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Higher melting point
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PA66

Properties that decrease with decreasing amide group concentration

PA610 PA612 PA1010 PA1l1l

State

Tensile Yield Stress (MPa) - DAM State| 82 65 62 52 43 45
Tensile Modulus (MPa) - DAM State | 3100 | 2300 | 2100 | 1800 | 1350 | 1400
Tensile I\/Iodulusél;gf:) - Conditionned 1400 | 1300 | 1200 950 1000 | 1100
Water Absoprtion 2.5 1.5 1.3 1.1 1 0.8
Density 1.14 1.08 1.06 1.04 1.03 1.01
Melting Temperature (°C) 262 225 218 205 189 180
Properties that increase with decreasing amide group concentration
Tensile Yield Strain (%) - DAM State 4.5 4.5 4.5 4.5 5 5
Tensile Strain at Break (%) - DAM State| 50 100 150 | >100 | 330 250
Notched Charpy ( ki/m?) - DAM State 3.3 > 4.2 > 8 6
Unnotched Charpy ( ki/m?) - DAM NB NB NB NB NB NB
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Lower permeability to fuels and gases
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PA1010 vs. PA12
Barrier Efficiency to Fuel CE10

Permeability to Fuel CE10

16
14

[ —y
o

gm-mm/m2-day

o N = o~ 0o

60% Reduction!

PA12

PA1010

PA612

PA1l

A=60%
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Lower oligomer content (fuel line applications)

Solid Particle Contamination Test per SAE 12260
6 x 8 mm tubes, 60 inch length per sample (total 180 inch length)

0.08
sampie 1
I Msample 2
0.07 sample 3
W average of 3 samples

006 |

o
o
]

Weight Collected, g
o
g

o
o
w

0.02 +

001 4

Conductive PA12 with PAl2 PA12 with EVOH Zytel® LCA601 BX010 Zytel® LC7602 BKO10 Zytel® LC1610 BK387
EVOH
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Key advantages of LCPA versus Hytrel®
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Grade Positioning: Stiffness comparison

1000 Test done at room temperature (23°C)
Data in conditionned stage (50%RH) for PA (1SO62) TPC-ET
900
PA612-1 (LCPA)

800
5 PAG6-F or HI
S 700
v
S 600
>
3

500
=
LLs
@ 400
= TPC -ET
Y 300 J
= f

200

- .

0
Hytrel® Hytrel® Zytel® FN727 Zytel® Zytel® Hytrel®
HTR4275 HTR8730 BM7300THS LCBM6301 HTR8539
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Complementary offer from Polyamid Grades

Advantages of PA

Chemical Resistance AOA Resistance
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Example of Chemical Attacks
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Example of Air Oven Ageing (AOA)
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Applications for the Polyamides
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Main Applications for Zytel® LCPA
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Flexible Solution (Unreinforced grades)

Glass or Carbon Reinforced PA

Automotive Applications

Air brake tubing

(

Vacuum (servo) : e
brake tube Air Conditioning

Coolant Flex Pipes hoses

Filament Applications

7 -

-

Fuel Line
Quick
Connector

)

Battery seals

Hand Held
Devices

PO S

Auto Sensors
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The information set forth herein is furnished free of charge and is based on technical data that DuPont believes to be reliable and falls within the
normal range of properties. It is intended for use by persons having technical skill, at their own discretion and risk. This data should not be used to
establish specification limits nor used alone as the basis of design. Handling precaution information is given with the understanding that those
using it will satisfy themselves that their particular conditions of use present no health or safety hazards. Since conditions of product use and
disposal are outside our control, we make no warranties, express or implied, and assume no liability in connection with any use of this information.
As with any product, evaluation under end-use conditions prior to specification is essential. Nothing herein is to be taken as a license to operate or
a recommendation to infringe on patents.

Caution: Do not use in medical applications involving permanent implantation in the human body. For other medical applications, discuss with
your DuPont customer service representative and read Medical Caution Statement H-50103-5.

Copyright © 2019 DuPont. The DuPont Oval logo, DuPont™, The miracles of science™, Hytrel®, Crastin®, Zytel®, Vamac®, Kevlar® and Nomex® are
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