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¥ 1. The effect of curative type

Base Recipe

Hydrin 200-70
Magnesium Stearate

Red Lead
NBC

Niclate

N770 Black
Paraplex G 50
DOP

Z0-9
Curative

on warm(110°F) rolls.
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As noted
All compounds were Banbury mixed upside down, single
pass(full cooling water, slow speed). The stock wes dropped

s

NA-22 NA-22(3,.6 phr)/ Thiate E Diak 238 Imidacure KE
(1.0 phr) Sulfasan R(6.5 phr) (1.5 phr) (2.5 phy) (2.0 phr)
Banbury Data Drop Temperature
Indicator °F 230 225 220 235 230
Pyrometer, °F 255 250 250 265 260
Mixing Time, Mins. 2.5 2.5 2.5 2.5 2.5
Mooney Scorch, Large Roter, 250°F.
Minimum 63 58 59 63 60
t5, minutes 8.0 12 15 28 31*
Specific Gravity 1.47 1.47 1.47 1.47 1.47
Orginals, Cured 457/320°F
M 100, psi 810 790 450 640 710
Tensile, psi 1740 1700 1330 1480 1450
Elongation, % 270 280 400 280 270
Hardness A. pts. 73 75 67 75 74
Graves(Die,0) Tear, with Grain
Lbs. /Inch 200 205 225 180 185
Comprassion Set, Plied Disks, Method B, 22 hrs./212°F.
% set 17 19 38 33 32
D736 Bend at —40°F
Original Pass Pass Pass Pass Pass -
After ASTM 3 Gil
Aging 70 hrs. /302°F Pass Pass Pass Pass Pass
Ozone Aged 70 hrs./120°F, 160 pphm, Bent Loop
No Cracks No Cracks No Cracks No Cracks No Cracks
Fuel C Extractables
mg/in? 0.80 0,67 0.48 0.53 0.88
Ajr Test Tubs Aged 70 hrs./302°F
Modulus Change, % +13 +5 +55 +16 +111
Tensile Change, % —15 —22 ¢ —33 +19
Elongation Change, % —39 —46 —55 —46 —59
Hardness Change, pts. +8 +4 + +8 +10
Ajr Test Tube Aged 168 hrs./362°F
Modulus Change, % —43 —67 —45 —— +27
Tensile Change, % —56 —76 —68 —50 —26
Elongation Change, % - 26 —21 —42 —75 —56
Hardness Change, pts. +5 +5 —1 -1 +
ASTM 7£3 0il Aged 70 hrs./302°F
Modulus Change, % +63 +63 +183 +119 ——



Tensile Change, % +13
Elongation Change, % —48
Hardness Change, pts. +
Volume Change, % +1.4

Fuel C Aged 70 hrs./Room Temperaturz

Modulus Change, % -16
Tensile Change, % —11
Elongation Change, % -32
Hardness change, pts. —14
Volume Change, % +22.4
Volume Change after 24

hrs. /158° dryout, % —0.1
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% 2. The effect of acid acceptors

Magnesium Calcium

Zine Oxide Oxide! Oxide? Litharge

Dibasic Lead

Red Lead Phosphite®

Originals, Cured 30’/347°F

M 100, psi
Tensile, psi
Elongation, 2%
Hardness A, pts.

‘Compression Set, Plied Disks, Method B

22 hrs./212°F, %

Air Test Tube Aged 70 hrs./302°F

Tensile Change, %

Elongation Change, %
Hardness Change, pts.

Ajr Test Tube Aged 168 hrs./302°F

Tensile Change, %

Elongation Change, %
Hardness Change, pts.

1—Maglite D

2—Calcium oxide prespersion B-4493 from Ware Chemlcal Magnesium Stearate

3—Dyphos
4-~Dythal or Stayrite 85160

All compounds were mill mixed on warm(130°F) rolls.

Age Rite
DPPD NBC
Age Rite (0.5 phr) (1.0 phr)

DPPD A0 MB NBC Cumate
(0.5 phr) (g.5 phr) (1.0 phr) (g, 1 phr) 1.0 phr

Originals, Cured 30°/347°F

M 100 psi
Tensile, psi
Elongation, %
Hardness A, pts.

Bloom

550 580 490 520
1840 1870 1960 1950
340 350 380 400
69 70 67 68

None None Slight Heavy

Ozone Aged 100 pphm, 120°F Bent Loop

GC—General Cracking, #1 Type cracks
NC—No Cracks

520
2130
410
68

None

@phr) @ phr) (@ phr) (B phe) (5 phy)
520 470 680 640 600
1380 1820 1640 780 1880
270 300 230 230 280
64 68 67 65 64
10 45 34 8 9
Too —40 —20 —2 —10
Soft —23 -13 0 —4
To —8 —4 —~9 —5
Test
Too —70 —62 —78 65
Soft ) —4 +490 +11
To —22 —14 —31 —24
Test
BASE TEST RECIPE
Hydrin 200 100 NBC
1 Rubars
Acid Acceptor As noted NA-22
N 550 Black 30
# 3. Antioxidant effects
Base Recipe
Hydrin 200 100
Magnesium Stearate 1
Dyphos 5
Dythal 7
Antiexidant As noted
N 550 Black 40
20-9
NA-22 1

Niclate

570
2160
380
70
None

Dibasic Lead
Phthalate?

570
1800
280
67

15

~25
+3

—38.
—43

B b

N

Niclate
(i.0 phr)
NBC

2.0 phr (1,0 phr)

560
2100
400
69

Slight

GC/24 hrs GC/24 hrs NC/168 hrs GC/72 hrs GC/72 hrs GC/72 hrs NC/168 hrs



Air Test Tube Aged 70 hrs/302°F

Tensile Change, % —45 —8 +2 —12 -1 —3 -1
Elongation Change, % —20 —38 31 —47 —44 —42 —42
Hardness Change, pts -2 +5 +3 +2 +4 +2 +5
Air Test Tube Aged 168 hrs/302°F
Tensile Change, % ~76 —35 —25 —29 —28 —27 —18
Elongation Change, % 19 —70 —37 —42 —56 —53 —58
Hardness Change, pts —6 18 +2 +2 +4 +5 +5
Air Test Tube Aged 168 hrs/302°F (Sample first aged in Fuel C 70 hrs/RT)
Tensile Change, % NT NT  Fell Apart NT —22 NT NT
Elongation Change, % —53
Hardness Change, pts +5
Ajr Test Tube Aged 70 hrs/347°F
Tensile Change, % NT NT  Fell Apartt —60  Fell Apart —75 —76
Elongation Change, % —57 53 —53
Hardness Change, pts 0 -8 -9
NT—Not Tested
s Gehman Low Temperature Torsion Test
# 4. The effect of filler type T100, °F
Recipe ECO 1 2 Original —46 —44
" Hydrin 200 100 100 After Air Aging 6 wks/275°F —43 ~42
Magnesium Stearate 1 1 Ozone Aged 100 pphm, 120°F, 72 hrs, Bent Loop
Dyphos 5 5 No Cracks No Cracks
Dythal 7 7 Air Test Tube Aged 70 hrs/275°F
NBC 0.6 0.7 Modulus Change, % +32 +36
Niclate 1 1.5 Tensile Change, % +22 +13
N 770 Black 90 3 % Elongation Change -35 —49
Hi Sil 233 — 35 Pts. Hardness Change +7 +5
Zeolex 23 — 20 180° Bend Pass Pass
Air Test Tube Aged 3 wks/275°F
]P;g;plex G50 i g Modulus Change, % +24 449
70-9 1 1 Tensile Change, % —22 —43
Silane A-189 o 0.5 Elongation Change, % —42 —62
- o L2 1'5 Hardness Change, pts. +9 +6
arecure 218. 3 188. 5 180° Bend Pass Pass
) : Air Test Tube Aged 6 whks/275°F
Both compounds were Banbury mixed upside down. Modulus Change, % —— +95
The Warecure C was added on the drop mill. Tensile Change, % ~82 —60
Meoney Scorch, Large Rotor, 250°F Elongation Change, % —73 —75
Minimum 74 20 Hardness Change, pts. +5 +7
ts;, minutes 7.5 7 180° Bend N I:ass Pass
tys, minutes 17.5 20 ASTM 3 Gil Aged 70 hrs/275°F
Specific Gravity 1.49 1.51 Modulus Change, % +53 32
Tensile Change, % +31 —-13
Originals, Cured 307/320°F Elongation Change, % —31 49
M 100, psi 720 470 Hardness Change, pts. +3 +4
M200, psi 1380 840 9 Volume Change +2 +0.7
Tensile, psi 1450 2210 180° Bend Pass Pass
Elongation, % 260 610 ASTM #3 Oil Aged 2 wks/275°F
Hardness A, pts. 75> 68 Modulus Change, % +31 +64
Compression Set, Method B, Buttons Tensile Change, % +9 —34
(Cured 407/320°F) Elongation Change, % —42 —67
22hrs/250°F, % 35 51 Hardness Change, pts. +1 +5
22hrs/275°F, % 63 58 Volume Change, % +45 —_—
Die C Tear 155 240 180° Bend Pass Pass
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ASTM 73 0il Aged 6 wks/275°F

Modulus Change, % —5 -+55
Tensile Change, % —41 —54
Elongation Change, % —62 —79
Hardness Change, pts. —2 +2
Volume Change, % +9.1 +5.9
180° Bend * Pass Pass

¥ 85% NA-22 in oil from Ware Chemical.
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1. Filler effect, long term air aging
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% 5. Hose and tube compounds
o ACM/EC

Hydrin 100 100 —
Hydrin 200 —— 30
Hycar 4021 ——— 70
Stearic Acid —_ 1.5
Magnesium Stearate 1 _—
Dyphos 5 —_—
Dythal 7 —_—
Red Lead —_— 5
Niclate i e
Cumate 0.1 e
NBC —_ B
Stalite S _— 1
N 770 Black 50 35
N 550 Black _— 40
Paraplex G50 5 5
DOP 7 7
Z0-9 1 _
Warecure C 1.2 1.4
218.3 195.9



Recipe

EPDM NBR CR®@
Epcar 545 100 Hycar 1041 40 Neoprene W* 100
Stearic Acid 1 Hycar 1091-50 60 " Stearic Acid 0.5
Zine Oxide 5 Stearic Acid 1 Maglite D 4
N550 Black 75 Naugard 445 1.5 Aranox 1
Sunpar 2280 25 Agerite Stalite 1.5 Octamine 4
Sulfur 0.5 Zinc Oxide 5 Dodecyl Mercaptan 1.5
MBT 3 N 991 Black 80 N 550 20
TMTD 0.8 Hi Sil 233 40 Laminar 30
NBC 2 Admex 760 15 Linseed Oil 15
Butyl Zimate 1.5 Flexricin P4 10 Zinc Oxide 10
Sulfasan R 0.8 TE-80 2 NA-22 1
214.6 Witco 127 2 247.0
CMS® Sulfur 0.5
Hypalon 40%* 100 CBTS 1.0
Maglite D 5 TMTD 1.5
Litharge 20 TETD L. ‘aj
NBC 1.5 262.5
N 991 Black 50
%;\.flr;;']a;olyethylene IOZ The compounds were Banbury mixed with schedules appropriate for the individual
clastomer The accelerator and/or curatives were added on the drop mill. For
Coldflex 1000 20 the recipes for ECO-1 and 2, see Table. 4
Sundex 890 25
Kenflex A 5 *_Trademarks of E.1, Du Pont DeNemours.
Tetrone A i
HVA-2 2.5
7334.0
€O ECO: ECO2 ACM/ECO EPDM NBR CR CSM
Mooney Scorch, Large Rotor, 250°F
Minimum 43 74 80 56 56 38 29 25
ts minutes 10.5 7.5 7 8.5 7 7 S 14
‘Cure Conditions
Time, minutes 30 30 6 13 10 20
Temperature, °F 320 ———338 320 320 320 320
Originals )
M 100, psi 900 720 470 750 450 230 260 500
Tensile, psi 1370 1450 — 2210 1570 1800 1330 + 1520 1130
Elongation, % 260 260 610 280 500 530 410 230
Hardness A. pts. 80 75 68 69 72 65 65 63
‘Gehman Torsional Stiffness(ASTM Di1053)
Tam °F —24 —46 —44 —27 —58 —24 —38 —35
Alr Test Tube Aged 70 hrs/250°F
% Tensile Change +17 —6 -7 -+
9% Elongation Change —42 —35 -7 —4
Hardness Change, pts. +3 -+ + +1
180° Bend Pass Pass Pass Pass
Ajr Test Tube Aged 504 hrs/250°F
2% Tensile Change +14 +32 +5 +6
9% Elongation Change —31 —74 —90 —33
Hardness Change, pts. +8 +22 23 +6
180° Bend Pass Pass Fail Pass
(Air Test Tube Aged 1008 hrs/250°F
9% Tensile Change —10 -+85 ~18 +16
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% Elongation Change —38
Hardness Change, pts. +10
180° Bend Pass

Air Test Tube Aged 70 hrs/275°F

% Tensile Change +40 +22

% Elongation Change —38 —35

Hardness Change, pts. -+7 +7

180° Bend Pass Pass
Air Test Tube Aged 504 hrs/275°F

% Tensile Change +34 —22

% Elongation Change —42 —42

Hardness Change, pts. +10 +9

180° Bend Pass Pass
Air Test Tube Aged 1008 hrs/275°F

% Tensile Change -+9 —82

% Elongation Change —65 —73

Hardness Change, pts. +12 +5

180° Bend Pass Pass
Air Test Aged 70 hrs/302°F

% Tensile Change 436

% Elongation Change —28

Hardness Change, pts. +10

180° Bend Pass

Air Test Tube Aged 504 hrs/302°F

% Tensile Change —14
% Elongation Change —65
Hardness Change, pts. +8
180° Bend Pass

Alr Test Tube Aged 108 hrs/302°F

% Tensile Change —55
% Elongation Change —62
Hardness Change, pts. +13
180° Bend Pass
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—43
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Pass

—60
—75

+7
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27
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+5
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—62
—75
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—98
—88

Pass

—95 —100 —54
+30 +31 —+11
Fail Fail Pass
+5 ~+26
—46 -+7
-+3 -+
Pass Pass:
+6 +15
—56 —68
+5 -+10
Pass Pass.
+8 -+20.
—64 —93
+8 -+26
Pass Fail
+14 +11
—11 —48
+4 +6
Pass Pass
—33 +7
—43 —68
+11 -+9
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TENSILE, PSI
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HARDNESS A
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(1) Hercules, Inc. Bulletin PRH-22,

20

80 1603
70 SOA‘:}r__

(2) The Neoprenes by
p.60. Table 15.

(8) Hose, Tubes and Covers of Hypalon Synthetic:
Rubber (Bulletin SD-143) by Clever and Straub,
Table 4, Compound 9. (75.4 Rubber World 356,
A1)

Murray and Thompson,

1

ECO 2
{Hydrin 260>

[
(Hypalon 40)

EPDM
(Epcar 543)

2. polymer air aging comparisons, 275°F
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