Technical Information — Product Selection Guide

T

NORDEL™
Hydrocarbon Rubber

NORDEL™ IP and NORDEL™ MG Product Selection Guide
While NORDEL IP provides improved yield, scrap reductions and unparalleled polymer cleanliness, NORDEL MG expands
the NORDEL performance arena to cover the broadest range of EPDM applications in the industry.
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Typical Properties and Applications of NORDEL™ Hydrocarbon Rubber

NORDEL Grade Mooney Ethylene, ENB, Typical MWD Carbon Black
Viscosity Mass % Mass % Molecular Characteristics Content, phr
ML 1+4 at ASTM D 3900 ASTM D 6047 Weight, Dow Test Dow Test
125°C Mw GPC() Method Method
ASTM D 1646 Dow Test
MG calculated Method

NDR 37060.02 60 68 22 176,000 Medium-narrow 28

NDR 46140.01@ 140 58 49 327,000 Medium-narrow 28

NDR 47085.03@ 85 69.5 45 184,000 Medium-narrow 28

NDR 47100.00@ 100 73 49 214,000 Medium-narrow 28

NDR 47130.01@ 130 67 49 308,000 Medium-narrow 28

NORDEL IP 3430 27 42 0.7 135,000 Narrow

NORDEL IP 3640 40 55 1.8 160,000 Medium

NORDEL IP 3670 70 58 18 210,000 Medium

NORDEL IP 3720P 20 70 0.6 130,000 Broad

NORDEL IP 3722P 18 71 0.5 100,000 Medium

NORDEL IP 3745P 45 70 05 150,000 Narrow

NORDEL IP 4520 20 50 49 115,000 Medium

NORDEL IP 4570 70 50 49 210,000 Medium

NORDEL IP 4640 40 55 49 160,000 Medium

NORDEL IP 4725P 25 70 49 135,000 Broad

NORDEL IP 4760P 60 67 49 170,000 Medium

NORDEL IP 4770R 70 70 49 200,000 Medium

NORDEL IP 4770P 70 70 4.9 200,000 Medium

NDR 4820P@ - 85 49 100,000 Narrow

NORDEL IP 5565 65 50 7.5 200,000 Medium

(1)GPC data is specific to the test method, and dependent on column and equipment.
(2)NDR denotes Development Product.

— Continued on next page
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Continued — Typical Properties and Applications of NORDEL™ Hydrocarbon Rubber

NORDEL Grade Product Crystallinity, Tc,°C Form Applications
Density, Mass % DSC, PQ-E-005
glcc 10°C/min Dow Test
ASTM D 297 Dow Test Method
Method
NDR 37060.02( 0.98@ 6 18 Granular Roofing membranes, hoses, belts, peroxide cure
profiles, and inner tubes
NDR 46140.01 0.97@ <1 - Granular Extruded profiles, hose, seals and production of
TPV compounds
NDR 47085.03(" 0.98@ 10 17 Granular Extruded profiles, hose and sheeting
NDR 47100.00( 0.99@ - 40 Granular Industrial hoses and extruded profiles
NDR 47130.01( 0.97@ 9 8 Granular Extruded profiles, hose and sheeting, and
production of TPV compounds
NORDEL IP 3430 0.86 <1 - Bales Thermoplastic modifications; brake parts, molded

gaskets, molded electrical parts, oil modification
(peroxide cured)

NORDEL IP 3640 0.86 4 -10 Bales Blends with butyl rubber in inner tubes, peroxide
cured belts

NORDEL IP 3670 0.86 6 -2 Bales Roofing, liners, insulation, peroxide cured hose

NORDEL IP 3720P 0.88 14 43 Pellets Thermoplastic modification, electrical insulation,
molded connectors, belts, rolls (peroxide cured)

NORDEL IP 3722P 0.88 15 46 Pellets Thermoplastic modification, electrical insulation,
molded connectors (peroxide cured)

NORDEL IP 3745P 0.88 12 34 Pellets Thermoplastic modifications, cable bedding,
sound insulation

NORDEL IP 4520 0.86 <1 - Bales Molded seals, brake diaphragms, gaskets,
sealants, weather-strip corner molding

NORDEL IP 4570 0.86 <1 - Bales Extrusions, automotive and general purpose hose,
profile gaskets and weather-stripping

NORDEL IP 4640 0.86 4 -10 Bales Molded automotive and industrial parts, hose,
and tubing, weather-strip, belts

NORDEL IP 4725P 0.88 12 36 Pellets Roalls, high hardness compounds, gaskets,
extruded profiles

NORDEL IP 4760P 0.88 10 35 Pellets Extrusions, automotive and general purpose
hose, profile gaskets and weather-stripping

NORDEL IP 4770R 0.88 13 34 Rods Automotive and general purpose hose, wire
and cable

NORDEL IP 4770P 0.88 13 34 Pellets Automotive and general purpose hose, extruded
profiles, glass run channel, low voltage wire
and cable

NDR 4820P( 0.91 28 79 Pellets Property modification of thermoplastic polyolefin

and thermoset rubber formulations — high
hardness, weather-strip and molded goods

NORDEL IP 5565 0.86 <1 - Bales Weather-stripping, cellular profiles

(1)NDR denotes Development Product.
(2)Polymer+Carbon Black
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Comparison of NORDEL™ Hydrocarbon Rubber Grades in Peroxide Cure Test Recipe

Polymer NORDEL IP Resins
3430 3640 3670 3720P 3722P 3745P 4520 4570 4640
Mooney Viscosity, ML 1 +4,100°C 44 50 76 25 27 59 32 72 50
Mooney Scorch at 125°C
Minutes to 5 pt. rise >30 >30 20 >30 >30 >30 >30 13 20
MDR at 175°C, 0.5° Arc,
30 min cht
M, dN.m 1.1 14 2.0 0.8 0.8 15 1.0 1.9 1.3
M, dN.m 7.3 8.5 14.0 75 8.1 1.3 10.4 17.9 15.4
ts1, min 0.61 0.6 043 0.6 0.58 0.51 0.82 0.38 0.41
teso, Min 47 6.0 5.1 7.0 75 5.8 76 6.8 7.2

Vulcanizate Properties
Physical Properties at R.T.
Press Cured: tees*+3 min at 175°C

Tensile Strength, MPa 6.0 8.1 11.6 8.0 8.1 12.2 85 12.5 1.1
Elongation, % 386 300 321 324 275 307 253 245 230
Modulus at 100% Elongation, MPa 1.5 1.9 2.3 3.0 33 34 27 30 34

Modulus at 200% Elongation, MPa 3.2 5.1 7.1 5.6 6.3 8.7 6.6 91 8.9

Hardness, Shore A 54 53 57 72 71 67 58 57 61

Compression Set, Method B
Pellets Cured MDR tcgs+15 min

22 hr at-10°C 53 66 66 91 93 98 40 28 2
22 hr at 70°C 27 17 12 30 29 21 9 8 8
22 hr at 100°C 2 12 12 20 20 19 8
70 hr at 150°C 32 21 20 30 29 27 18 16 17
Temperature Retraction,’C
ﬁ';g 47 -39 -39 14 13 18 43 45 30
iyt -39 31 -3 1 1 -6 36 38 20
- 24 A7 20 14 15 9 24 29 23

Change in Properties
Aged in air 70 hr at 150°C

Tensile Strength, MPa 55 79 10.7 77 8.1 114 8.3 11.0 1.9
Elongation, % 398 292 323 314 301 341 250 237 244
Elongation Change, % 33 -2.9 0.7 -2.9 9.3 113 -1.3 =32 6.3
Modulus at 100% Elongation, MPa 14 2.2 2.6 3.3 34 34 2.6 34 3.3
Modulus Change, % -34 16.1 11.1 10.1 49 1.5 -0.8 1.7 -15
Hardness, Shore A 58 59 61 75 75 70 60 64 64
Hardness Change, pts 4 6 4 3 4 3 2 7 3

Test Recipe: Polymer—100 phr, N-650 Black—115 phr, Paraffinic Oil—70 phr, DCP-40%—8 phr, TMQ—1 phr, HVA #2—1 phr. All components tested per standard
ASTM Method.
Test recipe not optimized for high molecular weight NDR 47130 and NDR 46140 grades.
— Continued on next page
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Continued — Comparison of NORDEL™ Hydrocarbon Rubber Grades in Peroxide Cure Test Recipe

Polymer NORDEL IP Resins NORDEL MG Resins
4725P 4760P 4770R NDR 4820P 5565 NDR 37060 NDR 47085 NDR 47100
Mooney Viscosity, ML 1 +4,100°C 31 65 72 22 67 70 82 83
Mooney Scorch at 125°C
Minutes to 5 pt. rise 26 14 1 29 10 19 1 12
MDR at 175°C, 0.5° Arc,
30 min cht
M, dN.m 0.9 1.6 22 0.3 20 1.6 20 2.1
M, dN.m 12.8 18.2 19.6 18.9 16.4 15.8 19.1 20.1
ts1, min 0.48 0.38 0.36 0.39 04 04 0.35 0.36
teso, Min 82 6.7 6.6 9.0 741 6.0 6.3 6.5

Vulcanizate Properties
Physical Properties at R.T.
Press Cured: tees*+3 min at 175°C

Tensile Strength, MPa 12.7 15.0 16.6 171 13.3 14.1 15.9 19.2
Elongation, % 247 254 238 184 214 315 245 263
Modulus at 100% Elongation, MPa 4.1 42 52 9.3 42 30 39 5.2
Modulus at 200% Elongation, MPa 9.6 11.0 13.8 - 12.7 8.8 12.5 15.0
Hardness, Shore A 72 67 7 90 59 60 59 74

Compression Set, Method B
Pellets Cured MDR tcgs+15 min

22 hrat-10°C 99 80 83 99 21 92 89 87
22 hrat70°C 15 9 8 77 6 13 8 6
22 hrat 100°C 11 8 6 8 5 13

70 hrat 150°C 21 16 15 16 15 19 14 13
Temperature Retraction,’C

TR-10 -20 -12 -4 —42 -24 =22

TR-20 -7 2 9 -38 -10 -1

TR-50 10 23 23 -28 7 3

Change in Properties
Aged in air 70 hr at 150°C

Tensile Strength, MPa 12.3 15.5 16.6 16.5 12.9 13.3 15.5 18.8
Elongation, % 247 254 235 181 211 312 246 246
Elongation Change, % 0.0 -0.1 -1.3 -14 -1.3 -0.9 0.2 -6.4
Modulus at 100% Elongation, MPa 45 43 5.2 10.2 4.0 3.3 41 5.7
Modulus Change, % 8.7 26 1.2 9.9 -45 1.3 46 9.5
Hardness, Shore A 74 69 72 93 62 63 63 76
Hardness Change, pts 2 2 1 3 3 3 4 2

Test Recipe: Polymer—100 phr, N-650 Black—115 phr, Paraffinic Oil—70 phr, DCP-40%—38 phr, TMQ—1 phr, HVA #2—1 phr.
Test recipe not optimized for high molecular weight NORDEL MG grades NDR 47130 and NDR 46140.
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Summary of FDA Compliance by Grade ("

NORDEL Grade 21 CFR 177.2600 21 CFR 177.15200) 21 CFR 175.1054) 21 CFR177.1210
NDR 37060.02) TBD No No No
NDR 46140.01 Yest®) No No No
NDR 47085.03@ Yes® No No No
NDR 47100.00@) TBD No No No
NDR 47130.01@ TBD No No No
NORDEL IP 3430 Yes Yes Yes Yes
NORDEL IP 3640 Yes Yes Yes Yes
NORDEL IP 3670 Yes Yes Yes Yes
NORDEL IP 3720P Yes No Yes No
NORDEL IP 3722P Yes No Yes No
NORDEL IP 3745P Yes Yes Yes Yes
NORDEL IP 4520 Yes No Yes No
NORDEL IP 4570 Yes Yes Yes Yes
NORDEL IP 4640 Yes Yes Yes Yes
NORDEL IP 4725P Yes No Yes No
NORDEL IP 4760P Yes Yes Yes Yes
NORDEL IP 4770R Yes Yes Yes Yes
NORDEL IP 4770P Yes Yes Yes Yes
NDR 4820P@ Yes Yes(® Yes No
NORDEL IP 5565 No No Yes No

(1)Review current code of Federal Regulations for specific details pertaining to food contact requirements.

(2)NDR denotes Developmental Product.

(3)Can be used in contact with all foods except water in oil emulsions, high or low fat, and low moisture fats and oil.

(4)Adhesives only

(5)Polymer as sold excludes use in contact with milk or edible oil. Finished goods made with NDR 47085.03 or NDR 46140.01 may be formulated to comply with use in
contact with milk or edible oil, provided they meet the conditions outlined in 21CFR177.2600.

(6)Compliant as a blend component in compliant polymers at levels up to 25% for conditions of use E through G.
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NORDEL™ Package Type

T

NORDEL Grade

Inclusion Bags

Box

Supersack

NDR 37060(

NDR 461400

NDR 47085

NDR 471001

NDR 47130

XX | X | X |X

NORDEL IP 3430

NORDEL IP 3640

NORDEL IP 3670

NORDEL IP 3720P

NORDEL IP 3722P

NORDEL IP 3745P

NORDEL IP 4520

NORDEL IP 4570

NORDEL IP 4640

NORDEL IP 4725P

NORDEL IP 4760P

NORDEL IP 4770R

NORDEL IP 4770P

NDR 4820P()

NORDEL IP 5565

Bag Melting Point, °C

87

87

95

110

Bag Material

EVA/PE

EVA

EVA

PE

Unit Weight, kg

25

25

25

25

385

408

800 1,000

(1)NDR denotes Developmental Product.
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The Dow Chemical Company and its subsidiaries (Dow) has a fundamental concern for all who make, distribute,

and use its products, and for the environment in which we live. This concern is the basis for our Product Stewardship
philosophy by which we assess the safety, health, and environmental information on our products and then take
appropriate steps to protect employee and public health and our environment. The success of our Product Stewardship
program rests with each and every individual involved with Dow products — from the initial concept and research, to
manufacture, use, sale, disposal, and recycle of each product.

Dow strongly encourages its customers to review both their manufacturing processes and their applications of Dow
products from the standpoint of human health and environmental quality to ensure that Dow products are not used in
ways for which they are not intended or tested. Dow personnel are available to answer your questions and to provide
reasonable technical support. Dow product literature, including safety data sheets, should be consulted prior to use of
Dow products. Current safety data sheets are available from Dow.

Dow will not knowingly sell or sample any product or service (“Product”) into any commercial or developmental

application that is intended for:

a. permanent (Long term) contact with internal body fluids or internal body tissues. Long term is a use which exceeds
72 continuous hours (except 30 days for PELLETHANE™ polyurethane elastomers);

b. use in cardiac prosthetic devices regardless of the length of time involved; (Cardiac prosthetic devices include,

but are not limited to, pacemaker leads and devices, artificial hearts, heart valves, intra-aortic balloons and control

systems, and ventricular bypass assisted devices);

use as a critical component in medical devices that support or sustain human life; or

d. use specifically by pregnant women or in applications designed specifically to promote or interfere with human
reproduction.

o

Additionally, all Products intended for use in pharmaceutical applications, other than pharmaceutical packaging,
must pass the current Pharmaceutical Liability Guidelines.

e For the products sold by the Plastics Portfolio, new business opportunities require a business assessment prior
to sale or sampling of Dow products.

o Authorized distributors and resellers will adhere to this medical policy.

e The Dow Chemical Company does not endorse or claim suitability of their products for specific medical applications.
It is the responsibility of the medical device or pharmaceutical manufacturer to determine that the Dow product is
safe, lawful, and technically suitable for the intended use. DOW MAKES NO WARRANTIES, EXPRESS OR
IMPLIED, CONCERNING THE SUITABILITY OF ANY DOW PRODUCT FOR USE IN MEDICAL APPLICATIONS.

NOTICE: No freedom from infringement of any patent owned by Dow or others is to be inferred. Because use
conditions and applicable laws may differ from one location to another and may change with time, the Customer is
responsible for determining whether products and the information in this document are appropriate for the Customer’s
use and for ensuring that the Customer’s workplace and disposal practices are in compliance with applicable laws
and other governmental enactments. Dow assumes no obligation or liability for the information in this document.

NO WARRANTIES ARE GIVEN; ALL IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.

NOTICE: If products are described as “experimental” or “developmental”: (1) product specifications may not be fully
determined; (2) analysis of hazards and caution in handling and use are required; and (3) there is greater potential
for Dow to change specifications and/or discontinue production.

North America Europe/Middle East +800-3694-6367

US. & Canada:  1-800-441-4369 +32-3-450-2240
1-989-832-1426

Mexico: +1-800-441-4369

Latin America South Africa +800-99-5078

Argentina: +54-11-4319-0100

Brazil: +55-11-5188-9222

Colombia: +57-1-319-2100 Asia Pacific +800-7776-7776

Mexico: +52-55-5201-4700 +60-3-7958-3392
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