Grilamid TR

Clear Choice in Transparent Polyamides
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Introduction

Grilamid TR is the trade name for EMS-GRIVORY's fam-

ily of amorphous polyamides based on cycloaliphatic

and aromatic blocks. Careful selection of the mono-
mers results in stellar fransparency threaded in the fam-

ily's DNA.

Grilamid TR product line combines optical clarity with
high-performance attributes:

e Brilliant transparency

® Excellent fafigue resistance

e Superior dynamic strength

e High chemical resistance

* Extraordinary environmental stress crack resistance

([ESCR)
* low specific gravity
*  Minimal water absorption
* longterm thermal stability
® Barrier resistance to O,, N, and CO,
e High impact strength at low temperatures

® Exceptional dimensional stability

e Outstanding resistance to weathering

Grilamid TR

Grilamid TR" robust properties succeed where other
transparent polymers fail in achieving stringent require-
ments in optics, electronics, healthcare, safety, sani-
tary, household, sports, and automotive markets. Gril-
amid TR is a suvitable fit in glass replacement
applications. Reinforced Grilamid TR offers lightweight
metal replacement options exhibiting high stiffness,
high strength, low warpage, very low creep, high heat
distortion temperatures, very low moisture absorption,
and excellent surface appearance. Grilamid TR fami-
ly's outstanding processability, versatility in production
methods, vibrant colorization, and bold printability
fosters creative design freedom.

Meet the Family:

¢ Grilamid TR 30 - The Scratch Resistant
¢ Grilamid TR 55 - The All Rounder

e Grilamid TR 90 - The Tough Guy

e Grilamid TR ICR - The ESCR Challenger
e  Grilamid TR HT - The Hot Performer
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The Clear Choice

Grilamid TR fits in between other amorphous thermo-

plastics balancing stiffness and heat distortion without
compromising fransparency.
Crilamid TR exhibits excellent resistance to UV, stress

/

cracking, and chemicals compared to other trans-

parent thermoplastic polymers.

Grilamid TR 30 resists stress cracking and yields high
impact compared to acrylic polymers. Grilamid TR 55
Grilamid TR 30, and Grilamid TR HTs demonstrate
higher heat deformation temperatures compared to
acrylic polymers.
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Property Comparison

Crilamid TR demonstrates equal to elevated perfor-
mance when comparing key properties such as frans-
parency, chemical resistance, and processability to

Grilamid TR

amorphous  thermoplastics such as  polycarbonate
(PC), polysulfone (PSU), polyethersulfone (PES), and
polyetherimide (PEI).

Properties TR30 | TR55 | TR90 | ICR 20 | HT 170 | HT 200 PC PSU PES PEI
Tronsporenc\/ 000 000 000 000 000 000 000 (o] (o] (o]
Bisphenol A (BPA) Free | ®®® (X Y] (X Y] (X Y] (XY} (XY} o (o] ( X ) ( 1)
Bisphenol S (BPS) Free o000 e00 e00 e00 e00 e00 o0 o o o0
Chemical Resistance ( 1) (1) (1) eoo 1) (1) (o) ( 1) (1) °
Density ° eoeo eoeo (X ) eoo o (o) o (o)
Waterresistance (o] ( X ) ( X ) 000 (X T ) ( X ) (1) (1) -
Steam Resistance o ) ° o0 o00 o0 o0 o0 )
Eﬁ’ir;i':g RVS gieLqu(LL“SOFIQ) oo oo oo ° oo | eoo- ° o o o
Processing [ X ] [ X ] [ X ] [ X ] [ X ] [ X ] [ X ) (o] (o] (o]

e0e® oy Cood * Corona treatment recommended for improved bonding.

ee® Good

° Satisfactory

(o) Poor

Stress Crack Resistance

Environmental stress cracking (ESC) is a failure mode
where a material fractures, either partially or complete-
ly, from chemical exposure under stress. Most amor-
phous polymers demonstrate chemical resistance but
fail under applied stresses. ESC resistance testing,
based on DIN 53449, subjects the material to bend-

ing stress under a 1-minute solvent immersion at 23°C.

Chemical attack observed in the form of cracks,
crazing, or other surface degradation mechanism in-
dicates incompatibility for crucial applications.
Grilamid TR exhibits better resistance to alcohol,
ketone and aromatic solvents compared to polycar-
bonate [PC) and polyethylene terephthalate glycol
(PETC).
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Transmission measured on 3 mm thick plates at 560 nm

Materal nss | mee | miczo | mRHT200 " Al

Outer Fiber Strain [%] 1 3 1 3 1 3 1 3 1 3 1 3
Q0% Ethyl Alcohol (1] o 0 | 00 | 000 o000 o000 o (1] o (1] o
Q0% lsopropyl Alcohol [ 1) O | 00 | 000 | 000 | 000 o0 ( 1) o0 (o) L 1) (o)
Acetone 000 | 00 | 000 000 o000 00 o000 o0 o (o] ( 1] o
Butanone 000 | 00 | 000 00 000 o0 00 oo o o (] o
Toluene 000 | 00 | 000 000 000 00 000 o000 O o o ()

@00 Rcsistant — no visible cracks, no change in surface appearance

00 |imited Resistance — small cracks visible, surface dissolves,

o Not resistant — major cracks, very britile




Sterilization Resistance

Sterilization is an important disinfectant process widely
used in medical applications. It is gaining momentum
in domestic sectors such as households, schools,
restaurant, and sfores.  Sterilization methods require
highly durable materials to withstand the destructive
process.

Grilamid TR is resistant to damaging effects of rigorous
sterilization methods such as ethylene oxide (EtO),
gamma irradiation (40 kGy maximum), and hydrogen
peroxide (54 minutes 50°C). Grilamid TR HT 200,
designed specifically for steam sterilization, shows no
deformation or clouding.  Grilamid TR HT 170, de-
signed for hot water steam resistance, is svitable for
household applications.

Ethylene Oxide (EO) M ]

Gamma Irradiation,
< 40 kGy

Hydrogen Peroxide,
54 minutes 50°C

Steam Sterilization
Cycles, 18 minufes af 0 0
134°C

0 0 500

Cooking Steam
Cycles, 75 minutes at - 160
100°C

> 1000 - -

M Resistant X Not Resistant — Not Applicable

Agency and Regulatory Approvals

Grilamid TR products hold approvals in medical, safe-
ty, food contact, water contact, and automotive mar-
kefs. The following table summarizes approvals within

the different markets. Approvals are limited to specific
product color, product modification, and agency spec-
ification.
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Product Features
Grilamid TR HT 200

Grilamid TR HT 200 is the steam sterilizable member
of the Grilomid TR family. It is an ideal solution for
applications demanding excellent performance under
high heat environments while exhibiting other desir-
able properties:

e 200°C glass transition temperature

e Steam sterilizable at 134°C

e Excellent transparency affer 500 steam cycles

* High chemical and stress crack resistance

* High heat disfortion performance

e Permanent fransparency

* low moisture absorption

e [Excellent scratch resistance
o Adhesion to LSR

Grilamid TR

Grilamid TR HT 200 is suitable for various application
fields such as medical, domestic, industrial, sanitary,
automotive, and electronics.  Some applications in-
clude suction pump jars, anesthesia masks, forced res-
piration valves, sterilization machines, kitchen appli-
ance parts, and polysulfone replacement.




Grilamid TR HT 170

Grilamid TR HT 170 is a modified Grilamid TR 55 with

specialized design for use in hot water steam applica-

tions. Key properties of Grilamid TR HT 170 include:

e 170°C glass transition femperature

® Steam resistant up to 100°C

e High clarity affer over 1000 steam cycles
e Good stress crack resistance

e Low moisture absorption

® Low weight and density

® Good impact performance

® Good processability

Grilamid TR HT 170 presents solutions in domestic,
household, and medical applications such as baby
bottles, cooker lids, and steam cooker housings.
Grilamid TR HT 170 is also an allrounder with prop-

erties desirable in all market segments.

£

Grilamid TR ICR

Grilamid TR ICR 12 LS and Grilamid TR ICR 20 are
parficularly stress-crack resistant members of the Grila-
mid TR family. Both are microcrystalline modifications
of Grilamid TR Q0 bringing together semi-crystalline
and amorphous  properties while maintaining high
transparency. Grilamid TR ICR 12 LS offers improved
stress crack resistance against nonpolar solvents and
alcohols in addition to high UV resistance. Grilamid
TR ICR 20 offers the best chemical and stress crack
resistance, especially against alcohols, of the Grilamid
TR family. Other key features of Grilamid TR ICR prod-

ucts include:

 High transparency and excellent surface quality

Excellent flexural and fatigue strength

High impact af subzero temperatures

Ductile break behavior

Excellent chemical resistance

Grilamid TR

Crilamid TR ICR 12 LS is suited for outdoor applica-
tions and filler bowls in sanitary, electrical, safety, do-
mestic, engineering, and agricultural markets.  Grila-
mid TRICR 20 is suited for alcoholresistant applications
in optical and high flexibility applications in medical,
sports, safety, and domestic markets.




Grilamid TR 90

Crilamid TR QO is the tough guy of the Grilamid TR®-
family. It takes the lead over other amorphous thermo-
plastics in performance and appearance. It meets
rigorous requirements in demanding applications. Gril-
amid TR Q0 elevates the standard for transparency
while presenting a scroll of viable properties:

® Crysto| clear, permanent transparency,
very good impact strength
e Excellent chemical resistance
® Superb sfress-crack resistance
® Exceptional toughness and sfiffness
® Superior fatigue resistance
e Extraordinary strength in ultra-cold tfemperatures
* Medical, safety, food, and water approvals

® Unlimited color ability

Grilamid TR 90 modifications:

LS — Easy processing and demoulding

LXS — Improved alcohol resistance and easy
processing, improved flow

NZ — Improved impact performance
NZZ - Extreme impact performance
TL = Improved stiffness and stress crack resistance

UV = Improved UV resistance

Grilamid TR 55

Grilamid TR 55 is the allrounder member of the Grilo-
mid TR family. It exhibits a balanced property profile
fitting into many different applications across markets
including medical, domestic, industrial, sanitary, auto-
motive, and electronics. Grilamid TR 55 presents desir-
able attributes including:

e Outstanding transparency

High toughness and sfiffness

Excellent stress crack resistance

Good chemical resistance

Medical, safety, food, and water approvals

Unlimited color ability

Grilamid TR

Grilamid TR 55 modifications:

® X — Improved alcohol resistance
® UV —UV resistance

Grilamid TR 55 is suitable for electrical connectors,
sensor housings, fuel separators, lubricant containers,
flow meters, foodstuff containers, and baby bottles.




Grilamid TR 30

Grilamid TR 30 is the member with the best scratch re-
sistance of the Grilamid TR family. The Grilamid TR 30
structure is resulting in very high sfiffness and very high
surface hardness. Key features of Grilamid TR 30 cou-
pled with excellent transparency include:

e Good impact strength

Good chemical resistance especially against oil,
grease, and fuels

Good stress crack resistance

Good scratch resistance

High surface hardness

Grilamid® TR 30 modifications:

e TR 30 LS - Easy processing and demoulding

e TRXE 4139 — Improved heat resistance,
UV resistance, and easy processing.
Suitable for automotive interior components.
Available in piano black color.

Grilamid TR 30 is the ideal solution for fuel filters, fuel
separators, electrical covers, connectors, flow mefers,

and PMMA alternative for displays.

Grilamid BTR

EMS-GRIVORY  Greenline encompasses bio-based
polyamides manufactured from renewable raw materi-
als and contributes to the reduction of emission. The
castor oil plant (ricinus communis) is the renewable re-
source for Greenline products. The product’s bio-con-
fent is the percent of tofal carbon determined in accor-
dance with ASTM D 6866-12. Total emissions from
Greenline manufacturing process reduces environmen-
tal impact up to 75% compared fo crude-oil based
polyamides. Greenline products refain the excellent
properties of its respective family. Despite the use of
renewable raw materials, Greenline products are not
biodegradable. Their durability is comparable to
crude-oil based polyamides.

Crilamid BTR is the Greenline representative of the

Crilamid TR family with up to 54% bio-content. Key
features include:

-

(c[{J3s]Line

Grilamid TR

High transparency

High flexural fatigue strength and
impact resistance

Very good chemical resistance
High gloss and excellent surface quality

Improved melt flow and demolding properties




Grilamid TR Reinforced

The Grilamid TR portfolio offers a series of amorphous

glass fiber reinforced products. Products exhibit excel-

lent dimensional stability, low warpage, low flashing,
minimal sinking, high heat distortion temperature, high
stifiness and strength, high chemical resistance, surface
quality, low moisture absorption, and excellent creep
resistance.

Reinforced Grilamid TR is a top choice for high preci-
sion structural parts as well as an ideal solution to warp-
age and distortion occurrences in thin-walled parts.

Special Feature: Grilamid TR
in Diffused Lighting

Special modifications of Grilamid TR 30 and Grilamid
TR Q0 tune the opacity and light diffusion properties
into a soffened glow desirable in ambient lighting ap-
plications.

Crilamid TR 30 based grades offer excellent scratch
resistance, chemical resistance, and high stiffness.
Crilamid TR Q0 based grades maintain excellent UV
resistance, low density, and excellent stress-crack resis-
fance.

Special Feature: Grilamid TR
in Multi-Material Designs

Grilamid TR products’ versatility continues to multi-ma-
ferial components. The combination of complimentary
EMS-GRIVORY grades presents a solution or enhance-
ment in functional and structural applications.

Best polymerto-polymer adhesion combinations within

the EMS-GRIVORY portfolio:

Grilamid TR 55 Grilamid TR
Grilamid TR Q0 Grilamid TRV
Grilamid ICR Grilamid L
Grilamid TR HT Grilamid LV

Grilon BG
Grilamid TR 30 Grilon TS
Grivory GV

__

Grilamid TRV
® 40% standard glass fibers
Grilamid TRVX

® 50% specialty glass fibers

* Improved transverse dimensional stability

Transparent and ambient lighting Grilamid TR grades
suitable in glass replacement applications as well as

luminary applications in household, sanitary, food pro-

cessing, flooring, aerospace, industrial, commercial,
safety, and automotive markefs.

£

Material Properties
Grilamid TR Assortment

Grilamid TR

. 15O _ 2300/ | 1600/ | 1700/ | 1500/ | 1500/ | 2000/
Tensile Modulus | 505 | MPa [-/2800 | “on00 | w00 | 1700 | 1500 | 1500 | 71999 2000
Fosile el SO | Mpa | /90 | 80/75 | 60/60 | 65/65 | 60/60 | 60760 | /70 | 80/75
Stress 527
Tensile Yield 1ISO
el oo | M | 6 | 79 | 76 | 77 | /7 | e | 77 | 8/8
Charpy SO
Noiched Impact | 15> | K/m2 | /12 | 8/8 | 13/13 | 10/10 | 15/15 [ 14/14 | /9 | 7/11
123°C
Ball Indentation | 1O 130/ 120/ | 100/ | 100/ |, | 130/
Hardness 20301 | MPa | /160 | g | 95790 | 40 | 00 95 / 125
Glass Transifion | 15O oc | 160/~ | 160/~ | 155/~ | 118/ | 145/~ | 140/- | 170/- | 200/-
(10°C/min) 11357
Heat Deflection ISO .

o1 Dele > c | 125/ | 130/~ | 115/~ | 90/ | 105/ | 105/ | 130/- | 165/-

Bty 50y | g/em? | 105/ | 1.06/- | 100/ | 1.02/- | 1.02/- | 1.02/- | 1.04/- | 1.04/

Water SO

Absorpfion, o % 90/ | 35/ | 30/ | 38/ | 30/ | 35/ | 38/ | 45/

23°C

Moisture SO

——— o % 35/ | 15/~ | 15/ | 18/ | 15/ | 15/~ | 1.5/~ | 1.7/-

23°C,/50%

Mold Shrinkage ISO o . : _ . . : :

el o % | 065/ | 060/- | 0.65/- | 045/- | 0.65/- | 0.65/ | 0.60/- | 0.60/

Mold Shrinkage ISO g ] ] ] . . ] ] ]

o o % | 070/- | 070/~ | 0.75/- | 0.50/- | 0.70/- | 0.75/- | 0.70/- | 0.90/

Tool Temperature _ oC 80 to 80 to 60 to 70 to 60 to 60 to 80 to 100 to
P 120 | 110 80 90 80 80 120 | 140

Processing Melt B oC 290 to | 280 to 260to | 260to | 280to | 280to | 290to | 300 to

Rernge 310 | 300 | 280 | 280 | 300 | 300 | 310 | 320

15
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Material Properties Masterbatches

Grilamid TR Reinforced Grades

ties. Table below lists the master batch for the associ-
ated application and base resin.

Grilamid TR with masterbatches [MB) to enhance prop-
erties without adverse effects on mechanical proper-

10000/ 13000/
E-Modulus IS0 527 MPa 0000 12500 All Grilamid TR except TR 30 UV Stabil MB XE 3680 3105
Torslle St T and TR 30 based grades apility ©
ensile Stress a
ISO 527 MPa 130/130 | 170/160 :
break 1R 30, T2 20 lhssed) gredes Eg“e’%‘" Color Correction | \B TR 30 Blue 4548 1t 4
Tensile Break
: ISO 527 MPa 3.5/2.0 2.0/2.0 :
Strain TR 30, TR 30 based grades | DemouIding and Flow MB XE 4140 2105
Chapylmeact | 155170 | W/me | 65/45 | 65/65
+ TR 30, TR 30 based grades | Heat and UV Stability MB XE 4141 2104
Charpy ISO 179 :
Notched Impact | 1ISO11357 kj,/m? 14/14 16/16 TR 55, TR 55 based grades, Demog|d|ng and Flow MB 6960 LS 3105
+23°C TRHT 170 Behavior
Rall Indentation 1SO TR 55, TR 55 based grades, | Natural Color Correction MB TR 55 Blue 4545 2105
Hardness 2030-1 MPa 165/ 160 | 190/190 TR HT 170 Agent Ls S
Glass Transition 1SO 5 TR 55, TR 55 based grades, | Natural Color Correction MB TR 55 Violef 4516 1o 2
(10°C,/min) 11357 e 155/- 125/- TR HT 170 Agent*
; Demoulding and Flow
'1‘"6806 |i/\egsleﬂ ISO 75 oC 135/- 115/- TR 90, TR Q0 based grades Bohavior 9 MB 5032 LS 3tod
Density SO 1183 | g/em® | 1.32/- | 1.50/- TR 90, TR 90 based grades | heiurel Color Coreetion g 1g 60 Blue 4545 2105
Water 9en -
Absorpion, 1SO 62 % 1.5/- 1.3/- 190, TR 90 bused graden | | el Color Cenediion MB TR 90 violet 4516 1 1o 2
23°C Agent
Moisture TR HT 200 Natural Color Correction 115 15 40 Viclet 4518 2105
Absorption, SO 62 % 0.8/- 0.6/- Agent
23°C/50% i
/ TR HT 200 pemoulding and flow MB XE 4034 1S 3105
Shrinkage . Behavior
O 1ISO 294 % 0.05/- 0.05/-
(Longitudinal) )
Sk *FDA and EU Food Contact Compliant
rinkage o . .
(Transverse] 1ISO 294 % 0.40/ 0.15/
Tool Temperature - °C 80 to 100 | 60 to 100
Processing B oC 280 fo 280 to
Melt Range 300 300




Service and Support

EMS-GRIVORY - Your development partner
for innovative solutions

EMS-GRIVORY is global leader in the development and
production of high-performance polymers. As a devel-
opment partner, EMS provides support throughout the
entire development process, from the initial idea fo
series production.

Ideas and solutions

Providing solutions and generating ideas, EMS
develops innovative, costeffective and sustainable
applications together with the customer.

Individual material adaptations

EMS adapts materials precisely for specific appli-
cations and legal requirements, including customer-
specific colors and fest samples.

Simulation and optimization

Simulations are used to optimize component designs
and injection molding processes, thus reducing costs
and saving development time.

Environmentally-friendly solutions and
sustainability

EMS atfaches great importance to environmentally-
friendly and sustainable production and provides a
wide range of bio-based materials and recyclate.
All production sites worldwide are CO,-neutral.

RS

T

= L - e N0 a y Y 3 : , ; .
Short n Qrket

You receive comprehensive technical support from our Application Development Center. introduction

24/7
on-site support

Sustainability
Scope 1-3

Grilamid TR

Product characterization and approvals
Modem and extensively equipped test laboratories
provide fast, targeted support for customer-specific
applications and developments. Materials are ap-
proved worldwide for use in contact with food and
drinking water, sanitary components and electrical
appliances.

Series start-up and on-site support
EMS supports series startup 24/7 on site for effi-
cient production.

Global partner

With global production sites, on-site technical
support and global application  development
centers, EMS provides uniformly high standards
and service quality worldwide.

|
tMS
EMS-GRIVORY

The Best Solution!
Innovative. Fast. Successful.

. 7w A\VA — o P EMS as development partner

Up to 50%
cost savings

Up to 70%
weight reduction

Energy reduction
>30%

The best solution with EMS

19



EMS-GRIVORY worldwide

EMS-GRIVORY - The leading manufacturer of

high-performance polyamides

EMS-GRIVORY is the leading manufacturer of high-per-
formance polyamides and the supplier with the widest
range of polyamide materials. Our products are well-

www.emsgrivory.com

We offer our customers a comprehensive package of

high-capacity and high-quality products along with
segmentspecific advisory competence in distribution

known throughout the world under the trademarks Gril-

amid, Grivory and Grilon.

EMS-GRIVORY Europe
Switzerland

EMS-CHEMIE AG

Business Unit EMS-GRIVORY Europe
Via Innovativa 1

7013 Domat/Ems

Switzerland

Phone +41 81 632 /8 88

welcome@emsgrivory.com

Germany

EMS-CHEMIE (Deutschland) Vertriebs GmbH
Warthweg 14

64823 Gross-Umstadt

Germany

Phone +49 6078 783 0

Fax +49 6078 783 416

welcome@de.emsgrivory.com

France

EMS-CHEMIE (France) S A.

Vélizy Espace, Immeuble Le Blériof
13 avenue Morane Saulnier
78140 VélizyVillacoublay

France

Phone +33 1411006 10
Fax +33 148 25 56 07

welcome@fr.emsgrivory.com

Great Britain
EMS-CHEMIE (UK) LTD

Forest lodge

Dunston Business Village
Dunston

Stafford ST18 9AB

Great Britain

Phone +44 1785283734
Fax +44 1785 283 722
welcome@uk.emsgrivory.com

EMS-GRIVORY,
a business unit of the EMS Group

Italy

EMS-CHEMIE (ltalia) S.r.l.
Via Carloni 56

22100 Como (CO)

ltaly

Phone +39 011 0604522
Fax +39 011 0604522
welcome@it.emsgrivory.com

EMS-GRIVORY Asia
China

EMS-CHEMIE (China) Lid.
227 Songbei Road

Suzhou Industrial Park

Suzhou City 215126

Jiangsu Province

P.R. China

Phone +86 512 8666 8180
Fax +86 512 8666 8210
welcome@cn.emsgrivory.com

EMS-CHEMIE (Suzhou) Lid.
227 Songbei Road

Suzhou Industrial Park

Suzhou City 215126

Jiangsu Province

P.R. China

Phone +86 512 8666 8181
Fax  +86 512 8666 8183

welcome@cn.emsgrivory.com

Taiwan

EMS-CHEMIE (Taiwan) Lid.
36, Kwang Fu South Road
Hsin Chu Industrial Park

Fu Kou Hsiang

Hsin Chu Hsien 30351
Taiwan, R.O.C.

Phone +886 3 598 5335
Fax +886 3 598 5345

welcome@tw.emsgrivory.com

and application development. We maintain our mar-
ket leadership through continual product and applica-
fion development in all segments.

Korea

EMS-CHEMIE (Korea) Ltd.
#817 Doosan Venturedigm,
415 Heungan Daero,
Dongan-gu, Anyangssi,
Gyeonggi-do, 14059
Republic of Korea

Phone +82 31 478 3159
Fox ~ +82 31 478 3157

welcome@kr.emsgrivory.com

Japan

EMS-CHEMIE {Japan) Lid.
EMS Building

2-11-20 Higashikoujiya
Ota-ku, Tokyo 144-0033
Japan

Phone +81 3 5735 0611
Fox ~ +81 3 5735 0614

welcome@ijp.emsgrivory.com

EMS-GRIVORY America
United States of America
EMS-CHEMIE (North America) Inc.
2060 Corporate Way

P.O. Box 1717

Sumter, SC 29151

USA

Phone +1 803 481 91 73

Fax +1 803 481 61 21

welcome@us.emsgrivory.com

£MS

EMS-GRIVORY
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