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FLEXZONE® 3P

An outstanding chemical, combining exceptional protection against
Flexing, Ozone, Heat and Oxygen in rubber products
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Recommended Amounts of Flexzone 3P
TYPE OF RUBBER Natural Rubber SBR
No Wax With Wax No With With
Truck Truck Wax Wax Wax
Typical Application Tread Sidewall Tread Tread Sidewall

As General Purpose Antioxidant 1.5-2.0 1.5-2.0 1.0-1.5 1.0-15 1.0-15
(Heat and Oxygen Resistance)
For Maximum Resistance to Flex  1.5-2.0 1.5-2.0 1.0-2.0 1.5-2.0 1.5-2.0

Cracking

For Maximum Resistance to 1.5-2.0 1.0-2.0 1.5-2.0 1.0-2.0 1.5-2.0
Ozone Cracking

Sunproof Improved or Extra Wax - 1.5-2.5 - 1.0-20 2.0-3.0
(PHR)
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Blooming Limits of Flexzone 3P in Natural Rubber Treads
at Various Temperatures

(45 parts of black - no wax)

Type of Black  21°C (70°F) -7°C (20°F) Comments

N-330 (HAF) 2.5% 1.5% no bloom in one year at -7°C (20°F)
N-220 (ISAF) 3% 1.9% no bloom in 6 months at -7°C (20°F)
N-110 (SAF) 4% 2.5% no bloom in 6 months at -7°C (20°F)
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COMPOUNDING TRUCK TREADS WITH FLEXZONE 3P FOR
IMPROVED GROOVE CRACKING RESISTANCE
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Smoked Sheet 100

Furnace Black (as shown) 45

Pine Tar 4.5

Stearic Acid 4.5

Zinc Oxide 4.5

Delac® S 0.5

Sulfur 2.5

BLE® 25 1.0 - 1.0

Flexamine® -- 0.6 0.6

Competitive Antiozonant* 2.0

Flexzone® 3P 1.0 1.5 20 20

* 6-ethoxy-1,2-di-hydro-2,2,4-trimethyl quinoline



A B C D E F
BLE® 25 1.0 1.0
Flexamine® - 0.6 0.6
Competitive Antiozonant* 2.0
Flexzone® 3P 1.0 1.5 2.0 2.0
Unaged deMattia Flexing
Kilocycles to Break
N-330 (HAF) Black 217 356 365 391 430 433
N-220 (ISAF) Black 268 395 388 481 675 629
Flex Crack Growth — mm (0.001
in.) per Kilocycle
Air Aged 96 Hrs at 100°C (212°F)
N-330 (HAF) Black mm .086 .018 011 .008 .008 .005
(0.001 in.) (34) (0.7) (0.4 (0.3) (0.3 (0.2)
N-220 (ISAF) Black mm 109 .038 .043 030 .023 011
(0.001 in.) (43) (15 (17 (@12 (0.9 (0.4)
Outdoor Dynamic Cracking -
Kilocycle to Form Objectionable
Cracking
N-330 (HAF) Black 3,756 12,375 8,480 13,972 23,611 24,000+
N-220 (ISAF) Black 1,991 4,104 5,786 7,586 12,569 13,329

* 6-ethoxy-1,2-di-hydro-2,2,4-trimethyl quinoline
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A B C D E F
BLE®25 1.0 1.0
Flexamine® -- 0.6 0.6
Competitive Antiozonant* 2.0
Flexzone® 3P 1.0 1.5 2.0 2.0
Mooney at 100°C (212°F)
Viscosity, ML(1+4) 66 64 62 62 62 61
Mooney Scorch
MS at 132°C (270°F)
Scorch time, tz minutes 14 15 15 15 14 15
Cured 45 Min. at 144°C (292°F)
Hardness, Shore A 65 64 65 66 66 66
300% Modulus, MPa 12.4 11.5 12.4 11.5 11.6 11.0
(psi) (1800) (1670) (1800) (1670) (1680) (1600)
Tensile Strength, MPa 25.1 25.0 24.8 24.4 23.5 25.2
(psi) (3640) (3630) (3600) (3540) (3410) (3650)
Elongation at Break, % 520 540 510 520 500 550
Air Aged 96 hrs at 100°C (212°F)
Tensile Strength, MPa 4.6 10.2 10.1 11.0 10.3 12.3
( psi) (670) (1480) (1460) (1590) (1490) (1780)
Elongation at Break, % 195 240 260 280 235 240

* 6-ethoxy-1,2-di-hydro-2,2,4-trimethyl quinoline




A B C D E F

BLE®25 1.0 1.0
Flexamine® - 0.6 0.6
Competitive Antiozonant* 2.0
Flexzone® 3P 1.0 1.5 2.0 2.0

Oxygen Aged 96 hrs at 70°C (158°F)
and 2.1 MPa (300 psi)

Tensile Strength, MPa 7.0 15.9 16.6 16.9 16.4 17.1
(psi) (1010) (2310) (2400) (2450) (2380) (2480)
Elongation at Break, % 310 390 370 370 365 380

Flexing Resistance
DeMattia Dumbbell Extension — Kilocycles to Failure

Unaged 217 356 365 394 430 433
Air — 48 Hrs at 100°C (212°F) 80 176 180 226 275 288
Oxygen — 48 Hrs at 70°C (158°F) 50 199 105 139 209 225
and 2.1 MPa (300 psi)
Cut Growth
mm (0.001 In.) per Kilocycle
Unaged mm .018 .008 .005 .005 .008 .008
(0.001 in) (0.7) (0.3) (0.2) (0.2) (0.3) (0.3)
Air — 96 Hrs at 100°C (212°F)
mm .086 .018 .011 .008 .008 .005
(0.001in.) (3.4) (0.7) (0.4) (0.3) (0.3) (0.2)

Oxygen — 96 Hrs at 70°C (158°F)
and 2.1 MPa (300 psi)

mm 122 .020 .020 011 .013 .013
(0.001 in.) (4.8) (0.8) (0.8) (0.4) (0.5) (0.5)
Outdoor Dynamic Cracking
Kilocycles to:
Crack Initiation 404 2029 3683 7109 7109 7109
Very Slight Crack Growth 2503 7109 4967 10684 10684 10684
Small Cracks 3125 10684 7285 12987 20185 24000
Cracked Badly 3756 12375 8480 13972 23611 -

Test stopped at 24,000 kilocycles

* 6-ethoxy-1,2-di-hydro-2,2,4-trimethyl quinoline
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BLE®25 --- 1.0 -

Flexamine® - 0.6

Competitive Antiozonant* 2.0

Flexzone® 3P 1.0

Mooney at 100°C (212°F)

Viscosity, ML(1+4) 82 78 82

Mooney Scorch at 132°C (270°F)

Scorch, MS t3 minutes 16 15 14

Cured 45 min. at 144°C (292°F)

Hardness, Shore A 67 66 66

300% Modulus, MPa 13.0 11.7 12.6
(psi) (1880) (1700) (1820)

Tensile Strength, MPa 25.2 26.9 27.2
(psi) (3650) (3900) (3950)

Elongation at Break, % 480 530 510

Air Aged 96 hrs at 100°C (212°F)

Tensile Strength, MPa 4.3 6.1 6.4
(psi) (620) (890)  (930)

Elongation at Break, % 120 150 140

Oxygen Aged 96 hrs at 70°C (158°F)
and 2.1 MPa (300 psi)

Tensile Strength, MPa 9.2 17.8 17.2
(psi) (1330) (2580) (2490)
Elongation at Break, % 340 430 410

Flexing Resistance
DeMattia Dumbbell Extension — Kilocycles to Failure

Unaged 268 395 388
Air — 48 Hrs at 100°C (212°F) 50 156 108
Oxygen — 48 Hrs at 70°C (158°F)

and 2.1 MPa (300 psi) 50 93 50

15

67
13.0
(1880)
26.1
(3780)
510

7.9
(1140)
140

17.9
(2590)
390

481
132

55

14

68
12.1
(1750)
26.8
(3890)
530

7.2
(1050)
185

18.5
(2680)
400

675
167

70

=
1.0
0.6

2.0

76

14

68
12.1
(1750)
25.2
(3660)
510

6.8
(980)
180

17.8
(2580)
390

629
274

105

* 6-ethoxy-1,2-di-hydro-2,2,4-trimethyl quinoline




A B C D E F
BLE®25 1.0 1.0
Flexamine® -- 0.6 0.6
Competitive Antiozonant* 2.0
Flexzone® 3P 1.0 1.5 2.0 2.0
Cut Growth mm (0.001 In.) Kilocycle
Unaged
mm .020 .011 011 .008 .008 .008
(0.001in.) (0.8) (0.4) (0.4) (0.3) (0.3) (0.3)
Air — 96 Hrs at 100°C (212°F)
mm .109 .038 .043 .030 .023 .011
(0.001 in.) (4.3) (1.5) a.7) 1.2) (0.9) (0.4)
Oxygen — 96 Hrs at 70°C
(158°F) and 2.1 MPa (300 psi)
mm .183 .023 .036 .033 .020 .015
(0.001 in.) (7.2) (0.9) (1.4) (1.3) (0.8) (0.6)
Outdoor Dynamic Cracking
Kilocycles to
Crack Initiation - 408 1381 1999 7263 7623
Very Slight Crack Growth 1381 1381 2627 3260 9978 10629
Small Cracks - 3260 4104 4104 10629 12342
Cracked Badly 1991 4104 5786 7586 12569 13329
* 6-ethoxy-1,2-di-hydro-2,2,4-trimethyl quinoline
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FLEXZONE® 3P IN PASSENGER TIRES
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FLEXZONE 3P AS A SUPER TREAD FLEXING PROTECTANT
FOR REINFORCING CARBON BLACK COMPOUNDS

Aged 96 hrsin O, @ 70°C (158°F)

#N110 (SAF)
0.30 3 B N220 (ISAF)
A N330 (HAF)
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0.20 ~
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0.10

Flex Crack Growth, mm/kc

0.05 +

0.00 T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0

Flexzone® 3P

FLEXZONE® 3P AS A TRUCK TREAD FLEXING PROTECTANT
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Naugard®3, 2= Flexamine® =2 BLE®25= Flexzone® 3P9| AKX M2 HE=8HALY,
5
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FLEXZONE 3P IN PASSENGER TIRE SIDEWALL

G H I J K
Smoked Sheet 60.00
SBR 1500 40.00
NS Whole Tire Reclaim 40.00
N-550 (FEF) Black 40.00
Process Oil 2.00
Pine Tar 4.00
Industrene® R Stearic Acid 3.00
Zinc Oxide 3.50
Sunproof® Improved 1.00
Naugex® MBT 0.50
DPG 0.20
Sulfur 2.75
BLE®25 - 1.00
Flexamine® - 0.60
Competitive Antiozonant* 2.00
Flexzone® 3P -- 1.00 150 2.00

* 6-ethoxy-1,2-di-hydro-2,2,4-trimethyl quinoline

Unaged DeMattia Flexing

700

600 P

500 | [ [ |

40 |+ 1 1 |

kc to failure
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200
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G H | J K

BLE®25 - 1.00 - - -
Flexamine® 0.60 - - -
Competitive Antiozonant* - 2.00 - - -
Flexzone® 3P - - 100 150 2.00

Days to very slight cracking

100

Outdoor Static Cracking (Bent Loop)

80

60

40

20

kc to objectionable cracking

6,000
5,000
4,000
3,000
2,000
1,000

Outdoor Dynamic Cracking

800-243-5098 tel
203-573-2525 fax



BLE®25 1.00
Flexamine® 0.60
Competitive Antiozonant* 2.00
Flexzone® 3P -~ 100 150  2.00
Mooney at 100°C (212°F)

Viscosity, ML(1+4) 51 51 53 53 52

Mooney at 132°C (270°F)

Scorch, MS t3 minutes 10.2 8.8 9.5 10.0 9.0
Free Sulfur - percent

Cured at 144°C (292°F)

Cure Time:

30’ 14 A1 A1 A4 A2

45’ .07 .06 .06 .07 .07

90’ .03 .04 .04 .04 .04

Cured 45 min at 144°C (292°F)

Hardness, Shore A 55 56 55 56 56

300% Modulus, MPa 8.3 7.77 7.8 7.9 7.9
(psi) (1200) (11120) (1230) (11240) (1140

Tensile Strength, MPa 18.3 18.3 16.6 18.2 17.9
( psi) (2650) (2660) (2410) (2640) (2600)

Elongation at Break, % 530 550 510 550 550

Aged 96 hrs in Air at 100°C (212°F)

Tensile Strength, MPa 5.7 7.7 10.1 10.3 11.0
( psi) (830) (1110) (1460) (1500) (1590)

Elongation, % 190 230 260 250 260

* 6-ethoxy-1,2-di-hydro-2,2,4-trimethyl quinoline
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G H I J K
BLE®25 - 1.00
Flexamine® - 0.60
Competitive Antiozonant* 2.00
Flexzone® 3P -~ 100 150  2.00
Oxygen Aged 96 hrs at 70°C (158°F)
and 2.1 MPa (300 psi)
300% Modulus, MPa 8.2 8.6 9.3 9.7 9.7
(psi) (1190) (1250) (1350) (1410) (1400)
Tensile Strength, MPa 10.8 13.9 13.5 13.3 13.4
(psi) (1560) (2020) (1950) (1930) (1940)
Elongation at Break, % 390 440 420 400 420
Flexing Resistance
DeMattia Dumbbell Extension
Unaged
Kilocycles to Failure 301 451 628 683 735
Air Aged 96 Hrs at 100°C (212°F)
Kilocycles to Failure 97 111 108 111 132
Oxygen Aged - 96 Hrs at 70°C (158°F)
Kilocycles to Failure 60 173 155 178 180
Cut Growth
mm (0.001 In.) per Kilocycle
Unaged mm 0.015 0.011 0.0112 0.0112 0.008
(0.001 in.) (0.6) (0.4) (0.4) (0.4) (0.3)
Air Aged- 96 Hrs at 100°C (212°F)
mm 147 .076 .041 .030 .030
(0.001in.) (5.8) (3.0) (1.6) (1.2) (1.2)
Oxygen — 96 Hrs at 70°C (158°F)
mm .030 .006 .005 .008 .005
(0.001 in.) (1.2) (0.23) (0.2) (0.3) (0.2)




G H I J K
BLE®25 1.00
Flexamine® 0.60
Competitive Antiozonant* 2.00
Flexzone® 3P -~ 100 150  2.00
Outdoor Dynamic Cracking
Kilocycles to
Crack Initiation 424 1021 1021 1021
Very Slight Crack Growth 202 1251 1251 1251
Small Cracks 424 1021 3950 4596 5056
Cracked Badly 1021 1251 4596 5056
Outdoor Bent Static Cracking
Crack Initiation 8 22 22 22
Very Slight Cracking 1 22 31 51 96
Small Cracks 31 118 153 160
Cracked Badly 8 118 153 353 390
Ozone Box Data 25 pphm
Ozone at 38°C (100°F)
Hours to:
Crack Initiation 72 72 72 72
Very Slight Cracking 72
Small Cracks
Cracked 504 504 504 >2016 >2016
Torsional Hysteresis at 141°C (285°F)
Tangent Delta 0.111 0.120 0.100 0.098 0.093
x=H
58 AO| £ & (passenger sidewalls)0f| A 1.0~3.0phr2] Sunproof® Improved =2 Extra wax2}
74| 1.5~2.0phr Flexzone 3P AtE.
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FLEXZONE® 3P IN PASSENGER TREAD COMPOUNDS
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FLEXZONE 3P IN A PASSENGER TIRE TREAD

Flexzone 3P= =& EIO|0] EYEE <23t Erst @=L lHHX|X|O|Ct. £8 E3E
AL oM 2 88, 8 2E 23 = O [0 MadES @M= 2-3phre| Flexzone

3PE ALEGIE}.

L M N @) P Q
SBR 1712 68.75
SBR 1500 50.00
N-220 (ISAF) Black 50.00
Industrene® R Stearic Acid 1.00
Zinc Oxide 3.00
Naugex® MBT 0.60
DPG 0.50
Sulfur 1.60
Flexamine® Antioxidant 1.00
Competitive Antiozonant* 2.00
Flexzone® 3P Antiozonant 1.00 1.50 2.00 3.00

* 6-ethoxy-1,2-di-hydro-2,2,4-trimethyl quinoline




L M N o) P Q

Flexamine® Antioxidant 1.00
Competitive Antiozonant* 2.00
Flexzone® 3P Antiozonant 1.00 1.50 2.00 3.00
Outdoor Bent Static Cracking

Days for occurrence of very 6 49 55 59 135 200+

Slight cracking

Outdoor Dynamic Cracking

Kilocycles for occurrence of 2439 9124 9124 11006 19647 42404+
objectionable cracking

2 %4

T —

SBR £8 E 2| E=0{| A 0~2.0phro| Sunproof® Improved =& Sunproof Extra wax 2} &t74| 1.5~2.0
phr Flexzone™ 3PE AtE.

L M N O P Q
Flexamine® Antioxidant 1.00
Competitive Antiozonant* 2.00
Flexzone® 3P Antiozonant 1.00 1.50  2.00 3.00
Mooney at 100°C (212°F)
Viscosity, ML(1+4) 65 62 63.5 63 62 59
Mooney at 132°C (270°F)
Scorch, MS,t3, minutes 18 22 19 16 17.2 16.2
Cured 45 Min. at 144°C (292°F)
Hardness, Shore A 56 56 57 56 56 57
400% Modulus, MPa 8.3 7.6 8.5 7.9 8.8 7.1
( psi) (1200) (1100) (1230) (1150) (1280)  (1030)
Tensile Strength, MPa 17.9 19.1 19.5 19.3 19.0 19.8
(psi) (2600) (2770) (2830) (2800) (2750)  (2870)
Elongation at Break, % 640 640 660 680 650 710

*6-ethoxy-1,2-dihydro-2,2,4-trimethyl quinoline.
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Flexamine® Antioxidant 1.00
Competitive Antiozonant* 2.00
Flexzone® 3P Antiozonant 1.00 1.50 2.00 3.00
Air Aged 96 hrs at 100°C (212°F)
Tensile Strength, MPa 17.1 16.6 14.8 14.8 15.5 16.2
(psi) (2480) (2400) (2150) (2150) (2250) (2350)
Elongation at Break, % 460 505 405 430 450 500
Oxygen Aged 96 hrs at 70°C (158°F)
and 2.1 MPa (300 psi)
Tensile Strength, MPa 19.2 18.7 194 20.1 18.7 19.0
(psi) (2790) (2705) (2805) (2910) (2860) (2760)
Elongation at Break, % 680 695 650 695 675 680
Outdoor Dynamic Cracking
Kilocycles to:
Crack Initiation 406 - - 1070 4317 9124
Very Slight Crack Growth - 1070 1070 - 5576 18541
Small Cracks 1070 2539 2539 2539 9124 20878
Cracked badly 2439 9124 9124 11006 19647 42404+
Outdoor Static Cracking
Crack Initiation 29 29 29 70 125
Very Slight Crack Growth 41 41 49 102 180
Small Cracks 6 49 68 59 135 200+
Cracked badly 29 87 102 129 169
Ozone Box-25 pphm Ozone
38°C (100°F)
Hours to:
Crack Initiation 8 8 8 8 8 8
Very Slight Crack Growth 24 24 24 24 24 24
Small Cracks 72 72 72 72 72
Cracked badly 72 168 168 336 336 336
Bloom Test
Exposure Temperatures
21°C (70°F) No bloom in one year’s exposure — all samples
-7°C (20°F) No bloom in one year’s exposure — all samples

*6-ethoxy-1,2-dihydro-2,2,4-trimethyl quinoline.




FLEXZONE® 3P versus PBNA — NATURAL RUBBER STOCKS

Flexzone 3P= MALE HEO & O L2 k3t EE KNI O] HO|HE= M2 e
Flexzone 3P2} H| &t [} PBNAQ} S S3&17LI 0 L2 L3 E5 & 1HE K| =23IC}

Basic Recipe

SMR Rubber 100.00

N-242 (ISAF-HS) Black 45.00

Pine Tar 5.00

Zinc Oxide 5.00

Industrene® R Stearic Acid 3.00

Antioxidant As Shown

Delac® S 0.50

Sulfur 2.00

R S T U
Flexzone 3P 0.3 0.5
PBNA 1.0
Mooney at 100°C (212°F)
Viscosity , ML(1+4) 55 59 63 57
Mooney at 132°C (270°F)
Scorch time, minutes 18 16 16 17
Unaged Physical Properties
Cured 15 Min. at 160°C (320°F)
300% Modulus, MPa 11.2 11.7 11.4 11.4
(psi) (1620) (1700) (1265) (1650)
Tensile Strength, MPa 25.5 26.8 26.6 26.2
(psi) (3700) (3880) (3850) (3800)

Elongation at Break, % 550 540 550 550
Hardness, Shore A 62 62 65 64
Aged 14 Days at 70°C (158°F)
Tensile Retention, % 54 59 63 60
Elongation Retention, % 69 75 76 75
Aged 70 Hrs at 100°C (212°F)
Tensile Retention, % 25 32 36 27
Elongation, % 43 45 44 42
Aged 96 Hrs in O, at 70°C (158°F)
Tensile Retention, % 15 33 49 45
Elongation, % 39 52 66 64

The information contained herein is correct to the best of our knowledge. Your attention is directed to the pertinent Material Safety
Data Sheets for the products mentioned herein. All sales are subject to Chemtura's standard terms and conditions of sale, copies of
which are available upon request and which are part of Chemtura's invoices and/or order acknowledgments. Except as expressly
provided in Chemtura's standard terms and conditions of sale, no warranty, express or implied, including warranty of merchantability
or fitness for particular purpose, is made with respect to the products described herein. Nothing contained herein shall constitute
permission or recommendation to practice any invention covered by a patent without a license from the owner of the patent.
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