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T h e  combination of vinylidene fluoride and  hexafluoro- 
propylene represented in Viton has been carefully chosen to 
give good processing compounds and  high quality vulcanizates. 
However, the proper utilization of any  elastomer is dependent,  
to a large extent,  on the development of safe processing curing 
agents. T h e  following tables contain da t a  obtained with a num- 
ber of materials as curing agents for Viton A and  Viton A-HV. 

Table I. Triethylenetetramine and Benzoyl Peroxide as 
Curing Agents for Viton A 

Compound ‘4-1 B- 1 

Viton A 100 100 
Zinc oxide 10 10 

M T  carbon black 20 . . .  
Dibasic lead phosphite 10 10 

Fine silica-silicone oil (100/20) ’ . . .  20 
Triethylenetetramine 1 , . .  

Benzoyl peroxide , . .  2 

Minutes to a 10-point rise 2 3 
Mooney scorch at 250” F. (MS) 

Stress-strain, original 
Modulus at loo’?&,, p.s.i. 1180 360 
Modulus at 2007’c, p.s.i. . . .  580 
Tensile strength, p.s.i. 2650 2250 
Elongation at break, 180 720 
Hardness, shore A 75 75 
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for Viton Fluoroelastomers 

Further details on specific curing agents will be found in 
the article of the same title on page 831, July 1959 I/EC. 

T h e  influence of these curing agents on processing safety as well 
as original and  aged vulcanizate properties is shown. 

Unless otherwise specified in the tables, the press cure is 30 
minutes at 300” F., and  the oven cure is step cure to 400” F. and  
24 hours at 400” F. 
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Table II. Hexamethylenediamine Carbamate as a Curing 
Agent for Viton An and Viton A-HV 

Compound A-2 B-2 C-2 D-2 E-2 
Viton A 
Viton A-HV 
Zinc oxide 
Dibasic lead phosphite 
Magnesium oxide ’I 

M T  carbon black 
M T  carbon black 
Hexamethylenediamine carbamateh 

100 

10 
10 

20 
20 
1 

. . .  

. . .  

100 100 . . . . . .  
. . . . . .  100 100 
. . . . . . . . . . . .  
. . . . . . . . . . . .  

15 15 15 15 

20 60 20 60 
20 

1 1 1 1  
Mooney scorch at 250” F. (MS) 

Minutes to a 10-point rise 36 12 9 7 6 
Stress-strain, original 

Modulus at 100’j7,,, p.s.i. 370 310 950 390 1200 
Modulus at 2007’0, p.s.i. 1040 860 1880 1130 . . . .  
Tensile strength, p.s.i. 2450 2325 2200 2500 2400 
Elongation at break, 340 340 200 320 170 
Hardness, shore A 67 68 87 67 85 

“Darlington 601, Darlington Chemical Co., Philadelphia, Pa 
’Diak No. 1, E. I. du Pont de Nemours & Co., Inc. 

Table Ill. Ethylenediamine Carbamate as a Curing Agent for Viton A-HV 
Compound A-3 B-3 C-3 D-3 Stress-strain, original A-3 

Viton A-HV loo 100 100 100 Modulus at loo%, p.s.i. 390 
Magnesium oxide 15 15 15 15 Modulus at 2 0 0 ~ c ,  p.s.i. 1130 
M T  carbon black 20 20 20 60 Tensile strength, p.s.i. 2500 
Hexamethylenediamine Elongation at break, 7’ 320 

carbamate 1 . . .  . . .  . . .  Hardness, shore A 67 

B-3 c - 3  
350 380 

1190 1330 
2875 2875 
350 320 
69 68 

Ethylenediamine Compression set, Method B 

Mooney scorch at 250” F. (MS) 
. . .  

35 
carbamate 0.85 1.0 0.85 

70 hours at 250’ F. 
Stress-strain, after 5 days at 500” F. (oven) 

Tensile streneth. 47, retained 57 59 68 Minutes to a 10-point rise 7 36 25 32 

34 23 

- ”  
Elongation, retained 97 92 81 
Hardness, change + 6  + 7  + 8  

D-3 
1050 

2600 
190 
84 

. . .  

32 

62 
105 
+5 

“Darlington 601. 
’Diak No. 2, E. I. du Pont de Nemours & Co., Inc 

276 JOURNAL OF CHEMICAL AND ENGINEERING DATA 



Table IV. Effect of Remilling on Properties of Stocks 

Containing Ethylenediamine Carbamate and 
Hexamethylenediamine Carbamate 

Compound A-4 B-4 

Viton A-HV 100 100 
Magnesium oxide ' 15 15 
M T  carbon black 20 20 
Hexamethylenediamine carbamate 1 . . .  
Ethylenediamine carbamate , . .  0.85 

Stress-strain, original (no remill) 

Modulus at lOO~'& p.s.i. 
Modulus at 20097,, p.s.i. 
Tensile strength, p.s.i. 
Elongation at break, yo 
Hardness, shore A 

Stress-strain, original (remilled) 

Modulus at 10070 
Modulus at lOOyo, p.s.i. 
Modulus at 20070, p.s.i. 
Tensile strength, p.s.i. 
Elongation at break, yo 
Hardness. shore A 

"Darlington 601 

400 
1100 
1675 
260 
69 

410 
1200 
2400 

340 
69 

390 350 
390 350 

1130 1190 
2500 2875 

320 350 
67 69 

Table V. Curing Viton A-HV with a Combination of 
N,N'-bis(o-hydroxybenzylidene)-l,2-propylenediamine 

and Hexamethylenediamine Carbamate 
Compound A-5 B-5 C-5 D-5 

Viton A-HV 100 100 100 100 
Magnesium oxide ' 15 15 15 15 
M T  carbon black 20 20 20 20 
Hexamethylenediamine carbamate 1 1 
.V,N '-bis(o-hydroxybenzy1idene)- 

0.7 0.7 

1,2-propylenediamine . . .  1.3 1.0 0.7 
Mooney scorch at 250" F. (MS) 

Minutes to a 10-point rise 7 30 > 45 30 
Curing conditions 

Press cure, 30 minutes at 300" F. 
Oven cure, step cure to 400" F. and 24 hours at 400" F. 

Stress-strain, original 
Modulus at lOOy', p.s.i. 390 580 400 380 
Modulus at 2007", p:s.i. 1130 2075 1200 1110 
Tensile strength, p.s.1. 2500 2525 2250 2475 
Elongation at break, Yo 320 240 290 300 
Hardness, shore .4 67 69 65 66 

Compression set, Method B 
70 hours at 250" F. 35 16 29 34 

Stress-strain. after 5 days at 500" F. (oven) 
Tensile strength, Yo retained 57 87 76 61 
Elongation, yo retained 97 46 69 90 
Hardness, change + 6  +18  + 8  + 6  

"Darlington 601 

Table VI. Effect of Various Diimine Additives on Scorch and Compression Set of Viton A 

Additive 

Viton A 100 Press cure. 30 minutes at 300" F. 
Magnesium oxide ' 15 
M T  carbon black 60 
Hexamethylenediamine carbamate 1.1 
Additive 1 .3  

Oven cure. Step + 24 hours at 400" F 

Compression Set 

None 

N,W-bis(c-hydroxybenzylidene)-l,2- 
propylenediamine 

N,N'-Diisobutylideneet hylenediamine 

N,N-Dicyclohexylideneet hylenediamine 

N,N-(ppheny1enedimethylidyne)bis- 
'butylamine 

N,W-Dibenzylideneet hylenediamine 

N,N-(pphenylenedimethy1idyne)bis- 
phenol 

N,N'-Di-l -naphthylideneethylene- 
diamine 

N,N'-  (2-hydroxy- 1 -naphthylidene)- 
ethylenediamine 

Glyoxilidene-bis-o-hydroxyaniline 
1 I I I I i I 
0 10 20 30 40 50 60 

Compression Set, Method B, 70 hours at 250" F 

OMaglite D 
1. Same as N,N,,N'-bis(o-hydnoxybenzylidene)-1,2-propylenediamine (40 minutes).c 
2. Between N,N'-bis(o-hydroxybenzylidene)-l,2-propylenediamine and hexamethylenediamine carbamate 
3 .  Same as hexamethylenediamine carbamate (6 minutes).c 

CMooney scorch at 250" F. (MS), minutes to a 10-point rise. 

Scorch Rating 

3 

1 

3 

3 

2 

2 

2 

2 

2 

2 
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Table VII. 2,J-Dimethyl Piperazine as a Curing 
Agent for Viton A-HV 

Compound A-7 B-7 C-7 
Viton A-HV 100 100 100 
Magnesium oxide 15 15  15 
M T  carbon black 20 20 20 
Hexamethylenediamine carbamate 1 . . .  . . .  
2,5-Dimethyl piperazine . . .  0.8 1 .o 

Mooney scorch at 250" F. (MS) 

Stress-strain, original 
Minutes to a 10-point rise 7 42 31 

Modulus at 100To, p.s.i. 390 330 380 
Modulus at 200770. p.s.i. 1130 1050 1350 
Tensile strength, p.s.i. 2500 2725 2750 
Elongation at break, yo 320 380 320 
Hardness, shore A 67 65 65 

70 hours at 250' F. 35 32 25 
Compression set, Method B 

Stress-strain, after 5 days at 500" F. (oven) 

Table VIII. Sulfenamide Derivatives of Diamines as 
Curing Agents for Viton A 

Compound A-8 B-8 
Viton A 100 100 
Magnesium oxide a 15 15 
M T  carbon black 18 18 
Piperazine-bis-thiobenzene 2.7 . . .  
Piperazine-bis-2-t hiobenzot hiazole , . .  2.7 

Mooney scorch at 250" F. (MS) 
Minutes to a 10-point rise > 45 > 45 

Curing conditions 
Press cure, 180 minutes at 500" F. 
Oven cure, step cure to 400" F. and 24 hours at 400" F. 

Stress-strain, original 
Modulus at 100VO, p.s.i. 470 660 
Tensile strength, p.s.i. 2050 2250 
Elongation at break, yc 300 290 
Hardness. shore A 71 74 

Tensile strength, yo retained 
Elongation, yo retained 
Hardness, chanqe 

57 5 s  66 Compression set, Method B 
97 71 53 

+ 6  + 8  + 7  70 hours at 250" F. 

'Darlington 601. 'Keasbv and Mattison XLC, Ambler, Pa 
52 29 

Table IX. N,Nf-Bis(o-hydroxybenzylidene)-l,6-hexylenediamine as a Curing Agent for Viton A-HV 
Compound A-9 B-9 c -9  

Viton A-HV 100 
Magnesium oxide" 15 
M T  carbon black 20 
Hexamethylenediamine carbamate 1 
N,N,"-bis(o-hydroxybenzylidene)-l,6-hexylenediamine . . .  

100 
15 
20 

. . .  
2 

100 
15 
20 

2.5 
Mooney scorch at 250' F. (MS) 

Minutes to a 10-point rise 7 > 45 > 45 
Curing conditions 

Press cure, 30 min. 300° F. 400' F. 300' F. 400" F. 300" F 
Oven cure, step cure to 400" F. and 24 hr. at 400' F. 

Stress-strain, original 
Modulus at lOOyc, p.s.i. 
Modulus at 20070, p.s.i. 
Tensile strength, p.s.i. 
Elongation at break, yo 
Hardness, shore A 

Compression set, Method B, 70 hours at 250" F. 
No oven cure 
Step + 24 hours,'400" F 

Stress-strain, after 5 days at 500' F. (oven) 
Tensile strength, To retained 
Elongation, yo retained 
Hardness, change 

"Darlington 601. 
bBlowing during test. 
Blowing during oven cure 

390 410 
1130 1200 ' 
2500 2400 

320 300 
67 68 

270 430 270 
640 1140 750 

2800 2975 2700 
470 350 400 

68 71 68 

6 65 67 , . .  94 , .  

35 37 . . .  36 . .  c 

6 
c 

57 61 49 65 59 
97 100 90 85 100 

+ 6  + 8  + 4  + 11 + 6  

400" F .  

580 
1600 
2925 
330 

73 

85 
27 

75 
61 

+ 11 

Table X. Miscellaneous Diimines as Curing Agents for Viton A 

Compound A-10 B-10 c-10 
Viton A 100 100 100 
Magnesium oxide a 15 15 15 
M T  carbon black 18 18 18 
Hexamethylenediamine carbamate 1.1 . . .  . . .  
N,~"-bis-(~,N-dimethyl-paminobenzylidene)-I,6-hexylenediamine , , , 2.1 . . .  
N,N '-bis-cinnamylidene-1,6-hexylenediamine . . .  . . .  2.1 
N,N '-bis- (o-methoxybenzy1idene)- 116-hexylenediamine . . .  . . .  . . .  
N,N '-bis-(pmethoxybenzy1idene)-1 ,6-hexylenediamine . . .  . . .  . . .  

Mooney scorch at 250" F. (MS) 
Minutes to a 10-point rise 

Compression set, Method B 
70 hours at 250" F. 

OKeasby & Mattison. 

11 22 29 

25 25 25 

D-10 
100 
15 
18 

. . .  

. . .  
2.1 

> 45 

20 

E-10 
100 
15 
18 

. .  

. .  
2.1 

> 45 

23 
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