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NAUGARD® 445
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NAUGARD ® 445
GENERAL INFORMATION
Q43 MYAS JX|E T Y

Naugard 445= JUiM{oz H|-HMQI Ot Lol X[Ao|ct. 1 g-gi

o
£3}2 Naugard 4455 129t SEHAE0] O|AXQl ot Kot ¥ A2 PHSOjELY,
R #Z

Naugard 445.= NBR, CR, NR, ACM, BR I} SBR ZL}2 0| AR0| HAEICt Z3} Z2|H
TZE 7HX2 A= CPE Z2 Royalene® EPDMZ2 i< Efgot & 3t £4Y,
Foh et Med s 7t A2 2 & €2 QACH Naugard 445= EPDM 22 CME 7|=2
St 02 AMREQ| LY &4, 53] 7|2t 120| &&= HORE9| LHEE S TS|
=X|
O -

Naugard 445= 12, AAQL 7t8
H S0 Naugard 4452| 2 3idbM
|SHCE Naugard 4459| M2 AIZHO Z & OFl L3}EX|
I

e 09 FaHEo|ct.

T4 22 HO|AE Naugard 445 gjEA ZHOREQO| FAY| HIES FCt
0.25m}EDH2 0| M2 stQ2toz L SBR, 7I22AI3} SBR, NBRI} NRS Zatst= 2}EIA
A2 E0 & =3t50f Yl x| = F|-d(embritlement)Of CHot EF2ot Mabd S M-S oHCt

Naugard 4452} THH| 2-Mercaptotolylimidazole(MTI1)Q| =3t AtE0|A= A|HX| ZAH7}
ZHAEICE O] g2 01 2utAQl L3lX| I{7|X|E HMSSt=0l, Naugard 445 Qf 2-
Mercaptotolylimidazole2 EPDMI} NBR ZLI2L0| 243t S0t EIgst 23 B8

ME5E7| /et W8 ot XK 2 25| AHEE Lt
H2 oM 8t HF

Naugard 445= NBR, EPDM, CR, CM, NR, BRI} SBR= 2ot CHFol AES

M
AL}
=
M|

Chemtura



St 18 ZAOREO Ojf =atHQl 3tEEX|H|O|CH Naugard 4459| CHA{CHs gt
D20MO O &It= A|E 18 HE - A 7{H, 52, ZiH0|0] HE, MMt MM m|=,
R A 831 XA 52 MY 1F HEF - o Ciet #HR A& =0 0%
olgHo|ct. EE HEO|M2| Naugard 445 AREO| CHoh XpMiet HE= Chemtura
Corporation )2 £ H=t6tH =IC}

ofzff Hlw HIO|H= 29 =
FEEE BOEL 4 LotYX M= ER0E FHE7(0 177 °C o] 2=0| == 512, 15,
602 =0 Y d2ws= FYoIALL. Naugard 4459 &2 g2 120

o
721 =25= 220 HoAMe RAIEHS 2T},

A

8 27.7%
= 7 E 60 minutes in 15'
3 @ 15 minutes
g 6 e
o
das b B
nO
mo 4B
., e B8R
2
N T e e
S
R A e I B I B [ S I
N~
AR T —— I | ‘ ‘

Va) A S a) S ® \g
%) % Q o

© v & > N S 5@ S O

> 1S X > 9 S e >
S <@ R © N
o Q e'b é’b




L| E 2(NBR)Z I}2 E0j A{2] NAUGARD® 445

20 74 oL OAY e Paracril BJLT — M40 100.0
EZOINBREME=E P52 HS, Hydrated Amorphous Silica 40.0
=82 Q5 CIAtQIE O] B2 E+= CHE | Hard Clay 30.0
e L slH} f=3 Polyester Sebacate Plasticizer 20.0
HE LoUX[K A+E0] Cidi Naugard Zine Oxide 50
A45CH= 11 MTIRQES| Z=8HE B7IH5H | Stearic Acid 1.0
o|& oc|of Antioxidant Ol & &=
FIoto A8 El AL Naugex® MBTS 25
Naugard 445= 12 ol £ 250t A& Ethyl Tuex® 1.5
QA MBoD, oY AN 2y | v LS

Spider Sulfur 0.2
7 X8 GA| M St
Antioxidant A B C D E F G
Control Nazggrd AO-1° AO-2° AO-3" AO-4° AO-5°
Naugard 445 3.0 15
Antioxidant 15 3.0 3.0 3.0 3.0
Mooney Scorch at 121 °C ASTM D-1646
Scorch time, minutes 14.5 16.0 31.2 21.2 13.2 19.5 16.0
Physical Properties
Unaged Cured 8 min. at 160 °C
Hardness, Shore A 66 67 65 67 66 65 66
300% Modulus, MPa 2.3 2.3 2.1 2.3 2.5 2.5 2.2
(psi) (330) (330) (300) (330) (360) (360) (320)
Tensile Strength, MPa 12.6 11.8 12.3 12.6 11.6 12.5 12.6
(psi) (1830) (1720) (1780) (1830) (1680) (1820) (1830)
Elongation, % 740 750 770 770 750 750 770
Aged 168 hrs at 121 °C ASTM D573
Hardness, pts, change +15 +13 +13 +16 +14 +17 +14
Tensile Strength, % retention 86 90 95 85 93 91 83
Elongation, % retention 92 95 90 73 89 73 86
Aged 336 hrs at 121 °C ASTM D573
Hardness, pts. change +21 +13 +18 +21 +19 +22 +15
Tensile Strength, % retention 44 72 79 75 79 79 68
Elongation, % retention 34 77 84 47 63 49 73

Oil Immersion (#1 Oil), 72 hrs at 179 °C, ASTM D471
followed by air aging 72 hrs at 121 °C, ASTM D573

Hardness, pts. change +4 +23 +25 +23 +21 +25 +23
Tensile Strength, % retention, 34 80 62 68 76 64 55
Elongation, % retention 4 49 36 40 48 37 18

Reference: Job 34279
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L§ ! EPDM Z4IH2 E.0j| A 2] NAUGARD® 445

Royalene® 580 HT 100.0
EPDMZ It 2 £ 0| Naugard 4452| H7t= Zinc Oxide 20.0
o Lo . N 650 Black 60.0
U =2 =02l B2 ths Paraffinic Oil 10.0
MNgde dAXs| HHAIZE 5= ULt Zinc Stearate 1.5
Naugard 445= 1phr@t29| Lte NAUGA@BD 445 Ofei# &=
Wolgeoz e LY gy 39 Too " METS 08
SIMO0|2t= Z4E of2fe| EPDM Butazatg® 1.5
HIOLQ Sl0|SH A O] Naugex SD-1 0.8
AR SO A golgt 4= ULt S 0
H I J
Naugard 445 1.0 3.0
Mooney Scorch at 125 °C ASTM D1646
Scorch time, minutes 17 18 19
Physical Properties
Unaged, Cured 10 min. at 165 °C
Hardness, Shore A 73 73 73
200% Modulus, MPa 6.8 6.6 6.3
(psi) (990) (960) (920)
Tensile Strength, MPa 12.9 12.6 13.0
(psi) (1880) (1840) (1900)
Elongation, % 410 430 460
Aged 14 days at 165 °C, ASTM D865
Hardness, pts. change +10 +10 +10
Tensile Strength, % retention 91 104 95
Elongation, % retention 37 66 61
Aged 21 days at 165 °C, ASTM D865
Hardness, pts. change +15 +13 +12
Tensile Strength, % retention 40 59 75
Elongation, % retention 2 14 26
Compression Set, ASTM D395 Method B
Aged 22 hrs at 150 °C, plied samples
% set 60 64 63

Reference: Job #29684




Chlorinated Polyethylene (CM)0j| A 2] NAUGARD® 445

H|-E OiH| 85 7|=2 2 Naugard 445& Paraclor 200 100.0
@as Z2|0|L(CM) B0 2o sy | N762 Black - 100.0
SEALE| B S = ah= R SHCh A E of X Al Polyester Sebacate Plasticizer 20.0
ddE 22 2ars Mt @R dd Trioctyl Trimellitate 20.0
A A2 E= CMO|| 28| A= 1S Magnesium Hydroxide 5.0
=3 K| X 2 Naugard 445 A5 B7tg glsf | Anfioxidant OtE BE
_ Beutene 1.0
A2 E|Q{CH Naugard 445= CHE =2 24 Echo S Thiadiazole Derivative 2.0
=28 =0 Naugard XL-11} Z=9HA|Of L3
HSEE H2sto}.
Antioxidant K L M N @] P Q R
Naugard Naugard
Blank 445 AO-6 AO-7 AO-8 AO-9 AO-10 4A;(5La;d
Naugard 445 15 0.75
Antioxidant 15 15 1.5 15 15
Naugard XL-1 0.75
Mooney Scorch at 121 °C
Scorch time, min. 20.7 21.0 22.9 30.5 30.0 14.4 27.0 18.0
Physical Properties
Unaged Cured 15 min. at 172 °C
Hardness, Shore A 82 82 81 80 81 81 82 81
300% Modulus, MPa 15.0 14.2 14.5 13.0 14.3 14.0 14.0 14.2
(psi) (2170) (2060) (2110) (1880) (2070) (2030) (2040) (2060)
Tensile Strength, MPa 15.0 14.4 15.0 13.6 14.7 14.4 14.1 14.5
(psi) (2180) (2090) (2170) (1970) (2130) (2090) (2050) (2100)
Elongation, % 310 300 330 380 330 340 300 330
Aged 70 hrs at 160 °C ASTM D865
Hardness, pts, change +14 +3 +11 +12 +10 +11 +13 +9
Tensile Str., % retention 88 95 92 99 93 97 89 92
Elongation, % retention 42 47 36 45 39 44 43 42
Aged 70 hrs at 170 °C AST M D86&
Hardness, pts. change +13 +12 +9 +14 +11 +9 +12 +7
Tensile Str., % retention 55 78 71 57 76 59 65 79
Elongation, % retention 16 23 15 13 18 15 10 24

Ref: Job #35284
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Hydrogenated Nitrile-Butadiene Rubber (HNBR)0j| A{ 2] NAUGARD® 445

Naugard 445= Etab2 FH|0f QIS FE0 D20M 2| 2|2 &40 i 2ot 22 5=
HEBHCh 0|40 2 HNBRZ2 D20) S43 LIET 2 B0 0j2 $83 HES Ts+ UL
Q™ o 2, HNBR K| Z=X+= Naugard 4452} 2t7H zinc 2-mercaptotoluimidazole (AO-11) Z2 A|LHX|
CRHXINE S A S A2 FHTICE H|F AO-112| AL 0| 3t 243 SHATA|7| X 2t
Naugard 4452| =7+= & [ ZHH 2l 20| H|=ot eatds |dS EE &+ UCL

Zetpol 2010 100.0
N762 Black 50.0
Zinc Oxide 5.0
Struktol WB-212 Process Aid 2.0
HVA-2 Coagent 3.0
Naugard 445 Antioxidant ot & &=
AO-11 Ot & &=
VulCup 40-KE Peroxide 8.0
S T U Vv wW
Naugard 445 1.0 1.0 1.0 2.0
AO-11 1.0 2.0 1.0
Physical Properties
Unaged Cured 15 min. at 172 °C
Hardness, Shore A 71 71 70 71 70
100% Modulus, MPa 11.7 10.5 11.2 9.7 8.2
(psi) (1690) (1530) (1620) (1410) (1190)
Tensile Strength, MPa 27.1 24.3 254 274 274
(psi) (3930) (3520) (3680) (3980) (3980)
Elongation, % 190 180 190 230 250
Aged 70 hrs at 175 °C
Compression Set, % 23 25 25 28 26
Aged 168 hrs at 177 °C ASTM D865
Hardness, pts, change +5 +6 +6 +6 +7
Tensile Strength, % retention 96 105 104 98 97
Elongation, % retention 79 89 89 74 84
Aged 504 hrs at 177 °C ASTM D865
Hardness, pts. Change +15 +9 +11 +11 +11
Tensile Strength, % retention 2 100 95 92 81
Elongation, % retention 11 72 58 39 40
Immersed 72 hours at 150 °C in IRM 903 Oil, then
Aged 168 hrs at 177 °C ASTM D865
Hardness, pts. change +16 +14 +17 +12 +13
Tensile Strength, % retention 36 46 42 63 56
Elongation, % retention 5 17 5 26 20
Ref: Job #40098




Polyacrylate Elastomer (ACM)0{| A& 2] NAUGARD® 445

QX £ (Under the hood)S£ 0| AfQ-El = CE E 9 L Y 12 = polyacrylate elastomer
(ACM) O|Ct. Naugard 4450] o|ot 2[4} == XMed2 ACML| 120|M2| L3t fMS <
2881 sict.

O] A+0f M= O e Hytemp AR72LF (ACM) 100.0 100.0

TCYZtW A|A"EN F O N550 Black 65.0 65.0

Lo Stearic Acid 2.0 2.0

2EA e Bl F/RE 7t Struktol WB-222 Process Aid 2.0 2.0

A& & 7tu A 2"S Zisnet F-PT (TCY) Curative 1.0

H| s} C}. Butazate® 1.5 ---
Santogard™ PVI Retarder 0.2

Sodium Stearate 3.0

Potassium Stearate 0.5

Spider Sulfur 0.3

Naugard 445 Antioxidant As indicated As indicated

X Y z AA AB

TCY Cure System 2.7 2.7 2.7

Soap/Sulfur Cure System 3.8 3.8

Naugard 445 --- 2.0 4.0 2.0 4.0

Unaged Properties Cured 30 min. at 177 °C
Then Post Cured 4 hrs. at 177 °C

Hardness, Shore A 72 67 71 65 62
100% Modulus, MPa 9.3 8.7 9.0 6.0 54
(psi) (1350) (1260) (1310) (870) (780)
Tensile Strength, MPa 11.7 9.4 11.3 10.5 10.1
(psi) (1690) (1360) (1640) (1520) (1460)
Elongation, % 130 110 150 190 210
Aged 70 hrs at 175 °C
Compression Set, % 49 44 41 75 73
Aged 168 hrs at 177 °C ASTM D865
Hardness, pts, change +18 +17 +9 +18 +16
Tensile Strength, % retention 53 85 71 62 59
Elongation, % retention 8 72 67 84 86
Aged 504 hrs at 177 °C ASTM D865
Hardness, pts. Change +21 +23 +23 +23 +22
Tensile Strength, % retention 5 80 68 81 79
Elongation, % retention 15 27 20 21 33

Immersed 72 hours at 150 °C in IRM 903 QOil, then
Aged 168 hrs at 177 °C ASTM D865

Hardness, pts. change +9 +19 +13 +15 +16
Tensile Strength, % retention 43 43 36 92 90
Elongation, % retention 8 18 7 47 57

Ref: Job #40273
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Ethylene-Acrylic Elastomer (EAM=AEM)0| A 2] NAUGARD® 445

MNER E HE, 2 Xt 12 = Vamac™ ethylene-acrylic elastomer (EAM)O|L}.

Naugard 445= EAMO| 112 Lot = dS Aot 7t 7&8¢ et XX O|Ct.

Vamac G (EAM) 100.0
N762 Black 60.0
Stearic Acid 1.5
Armeen 18D Processing Aid 0.5
DOTG 4.0
Diak™ No. 1 Crosslinking Agent 1.5
Naugard 445 Antioxidant As indicated
AC AD AE
Naugard 445 2.0 4.0
Physical Properties
Unaged Cured 10 min. at 175 °C
Post Cured 4 hrs. at 175 °C
Hardness, Shore A 65 63 66
200% Modulus, MPa 14.5 12.5 12.1
(psi) (2100) (1820) (1760)
Tensile Strength, MPa 17.7 17.9 17.2
(psi) (2560) (2590) (2500)
Elongation, % 280 330 320
Aged 70 hrs at 175 °C
Compression Set, % 19 18 19
Aged 168 hrs at 177 °C ASTM D865
Hardness, pts, change +5 +4 +3
Tensile Strength, % retention 113 102 99
Elongation, % retention 86 82 91
Aged 504 hrs at 177 °C ASTM D865
Hardness, pts. Change +12 +9 +7
Tensile Strength, % retention 51 70 76
Elongation, % retention 25 42 50
Immersed 72 hours at 150 °C in IRM 903 Oil, then
Aged 168 hrs at 177 °C ASTM D865
Hardness, pts. change +3 +4
Tensile Strength, % retention 54 62
Elongation, % retention 41 53
Ref: Job #40359
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2} Ell A 0| A{2] NAUGARD® 445

Naugard 445& izt E50= HME|X| SOl UV =2 sH8l0] =2 Of 7t BHAEICE
OfBl LBt X|K| THBIO| XTeH 2431 422 Naugard 4457} 2tE|A ZHOlEgO=
O|AtM Ol LolEIX| Kol € OHHXN 2 TH=LC} Naugard 445 242 SBR, 72245} SBR,
NBRi} NR 2}l A 0| AFRSH=G| & & siCt.

2tey 2 HIt o

riot

HS|7| |2t Naugard 4459| =2 At 2 Of2fet 20| =H|g 4= QUL

0.35phrOt20| O§Q A2k Naugard 4452 &Q38l= ZIEIA AHDIRCL 132°CO|AMQ| &

315 9| | (embrittlement) 0| CH3t EFSEH XSt S JHRICEH

Naugard 445 24t =X}

Parts by Weight

Water 187.00
sodium salt of naphthalene sulfonic acid (Tamol SN) 2.5
15% ammonium caseinate solution * 20.00
potassium hydroxide 0.50
sodium hexametaphosphate (Calgon) 0.12
Naugard 445 100.00

Total 310.12

Ball Mill 24 hours
Active Solids 32.2%

* Freshly prepared as follows:
15% Ammonium Caseinate Solution
Casein (lactic acid) 15.0 pts.
Ammonia (24%) 7.5 pts
Water @ 65 °C (150 °F)  77.5 pts
With stirring, add casein to water, hold 15 minutes,
add ammonia, stir 15 minutes.

BHiE XS Zazet| 5, SEERYH WHE A §EE 800-1100 cps
(Brookfield #4 @ 10 rpm)2 ZA3}7| 2310 sodium polyacrylate S|A K| (ParaGum
131)2 H7}sict



Fl2 2 A%} SBROJA{2] NAUGARD® 445

Dry Weights

AF AG AH Al
Carboxylated SBR Latex 100 100
Type B
Carboxylated SBR Latex 100 100
Type D
Naugard 445 0.35 0.35
0.030in.(0.76 mm) E7Ho| 22 S2|HO| XL AL20| A 24A[ZF AX.
Heat Aged at 132 °C Appearance
48 hours Very flexible  Brittle Very flexible  Brittle
72 hours Very flexible  Brittle Very flexible  Brittle
96 hours Very flexible  Brittle Very flexible  Brittle
120 hours Very flexible  Brittle Very flexible  Brittle
Sunlamp Exposure
24 hours Very flexible  Very flexible  Very flexible  Flexible
48 hours Very flexible  Very flexible  Very flexible  Stiff

Color

Unaged White White Off-white  Off-white
Heat aged at 132 °C
48 hours Lt. Y-B B Lt. T Dk. Y
72 hours LtB B T Dk. T
96 hours Med.Dk.B B T Dk. Y-B
120 hours Dk. B Dk. B Y-T Dk. Y-B
Sunlamp Exposure
24 hours Dk. Y Lt. Y Dk. Y Y
48 hours Dk. Y Lt. Y Dk. Y Y
NOx Exposure
15 mins. Lt. Y V. Lt Y Lt. Y V.LtY
30 mins. Lt. Y V.LtY Lt. Y V. Lt Y

B=Z M, Dk.=O|F2M, Lt=52M, Med=F

Zt, T=Tan, V=018, Y=}

Chemtura"




Naugard 445& D|U & 22{S Frot et A AD2E 22 40| 09 =H40[Ct. Naugard
44591 CHEFO| O|H| ¥ T2 Qo te A AL 2EE 132°CO| A 12042 =3}t
o
=

= = O —
2o ot RHEdE 7L
Percent Wet Weight
Active
Solids Al AK AL
49.5  Carboxylated SBR Latex 202 202 202
Whiting(Bi 7}&) 350 350 350
Thickener 4 4 4
Water (to 70% solids) 86 86 86
32.2 Naugard 445 - 0.8 1.6

Lt 2 72 72| FHoj 0.76mm F7H 2| 5 EZEoIUH, EE2 20| A 24A[ZE
7 C}

Heat Aged at 132 °C Appearance
0 hours Flexible Flexible Flexible
24 hours Brittle Flexible Flexible
72 hours Brittle Flexible Flexible
96 hours Brittle Flexible Flexible
Heat Aged at 132 °C Color
0 hours White White White
24 hours Yellow White White
48 hours Brown White White
72 hours Brown White White
96 hours Dark Brown Very Very
Slightly Slightly
Yellow Yellow
Reference: Job #26816




GLOSSARY

Chemtura Chemical and Polymers used in this work.

Trade Name Material
AMINOX® AO-3, low temperature reaction product of diphenylamine and acetone
BUTAZATE® zinc dibutyl dithiocarbamate
ETHYL TUEX® tetraethyl thiuram disulfide
INDUSTRENE® R stearic acid
NAUGEX® MBTS benzothiazyl disulfide
NAUGEX® SD-1 4,4-dithio dimorpholine
NAUGARD® 10 AO-8, tetrakis[methylene(3,5-di-t-butyl-4-hydroxy hydrocinnamate)] methane
NAUGARD® 445 4,4-bis(alpha,alpha,dimethy benzyl) diphenylamine NAUGARD® Q
AO-6, polymerized 1,2-dihydro-2,2,4-trimethyl quinoline NAUGARD®
XL-1 2,2’-oxamido bis[ethyl-3(3,5-di-t-butyl-4-hydroxyphenyl) propionate]
NOVAZONE® AS AO-4, mixed ditolyl-p-phenylene diamine
OCTAMINE® AO-5, octylated diphenylamine
ROYALENE®580HT  EPDM elastomer, 52/48 E/P ratio, 1.5% ENB
TUEX® Tetramethyl thiuram disulfide
Other Compounding Ingredients Used in This Work
Name Material Supplier
AO-1 2-mercaptotoluimidazole R.T. Vanderbilt
AO-2 N,N’-di-beta-naphthyl-p-phenylene diamine R. T. Vanderbilt
AO-7 nickel bis |O-ethyl (3,5-dI-t-butyl-4-hydroxy benzyl )| Ciba Specialties
phosphonate
AO-9 calcium bisfmonoethyl (3,5-di-t-butyl-4-hydroxybe nzyl)] Ciba Specialties
phosphonate
AO-10 1,2—bis_[monoethyl (3,5—(_ji—t—butyl—4—hydroxy Ciba Specialties
hvdrocinnamov) hvdrazine
AO-11 zinc 2-mercaptotoluimidazole R. T. Vanderbilt
Armeen™ 18D processing aid Akzo Corp.
Calgon™ sodium hexameta phosphate di- Calgon Corp.
DOTG ortho-tolyl guanidine MLPC
Diak™ No. 1 hexamethylene diamine carbamate DuPont Co. Geo
Echo™ S mercapto thiadiazole derivative Specialty Zeon
Hytemp™ AR72LF polyacrylic elastomer (ACM) Chemicals
HVA-2™ m-phenylene bismaleimide DuPont Dow
Tamol™ SN sodium salt of naphthalene sulfonic acid Rohm and Haas
Paragum™ 131 sodium polyacrylate thickener Para-Chem
Paraclor™ 200 chlorinated polyethylene, 32% CI BASF
Paracril™ BJLT M40 acrylonitrile-butadiene elastomer, 32% ACN Paratec

Santogard™ PVI
Spider™ Sulfur
Struktol™ WB-212
Struktol™ WB-222
Vamac™ G
VulCup™ 40-KE
Zisnet™ F-PT
Zetpol™ 2010

N-cyclohexylthio phthalimide

easy dispersing form of elemental sulfur
processing aid

processing aid

ethylene acrylic elastomer (EAM)
a,a-bis(t-butylperoxyisopropyl) benzene
trithiocyanuric acid

hydrogenated nitrile-butadiene rubber (HNBR)

Flexsys America

Struktol Corp.
Struktol Corp.
DuPont Co.
Geo Specialty
Zeon Chemicals
Zeon Chemicals

Chemtura




