
PART 1

BLENDS OF 
CIS-POLYBUTADIENE 

WITH NITRILE RUBBER

The butadiene-acrylonitrile copolym ers find wide ap­
plication in various seals and gaskets and other parts, 
which are in constant contact with oil. In such service, 
the oil som etim es tends to extract plasticizer and 
cause shrinkage which might destroy the seal. To 
offset th is effect, It is common practice to blend a 
little S B R  with the NBR.

In th is study, it Is shown that Ameripol C B  can also 
be blended with N B R  to com pensate for shrinkage. In 
addition, a better ratio of low-temperature flexibility to 
oil-swell can be obtained from a blend of Ameripol C B  
and N B R  than from a sim ilar blend of S B R  and NBR.

To demonstrate this phenomenon, a com pound 
based on a blend of Hycar 1052  and Ameripol C B  220, 
having the sam e degree of oil-swell as a Hycar 1052/ 
S B R  1502  blend, exhibits a considerably lower brittle­
ness temperature. Specifically, an 8 0 / 2 0  blend of 
Hycar 1052/Am eripol C B  2 2 0  has the same resistance 
to oil swell as a 7 5 / 2 5  blend of Hycar 1 0 5 2 / SB R  
1502, but with better impact resistance at lower tem­
perature. Other physical properties are comparable 
except for abrasion resistance which is better for 
b lends containing Ameripol CB.

In conducting this study, all com pounds were mill- 
mixed according to a standard m illing procedure. The 
Hycar 1052  was first milled to produce a rolling bank, 
then the Ameripol C B  or S B R  1502  was added and 
blended thoroughly. Com pounding ingredients were 
then added in the usual manner. Subsequent testing 
was done in accordance with A ST M  standards.

The first com parisons were made on the basis of 
equal ratios of nitrite rubber to non-nitrile rubber. 
See com pounds No. 1 and 2, Table 1, based on 75/25  
ratios of nitrile to non-nitrile. When com paring 75/25  
blends of Hycar with S B R  or Ameripol CB, the Hycar/ 
C B  blend showed the lower brittleness temperature, 
only seven test specim ens out of ten having failed at
—  100®F, the lowest attainable temperature with the 
equipment used for these studies. The H ycar/SBR  
com pound had a brittleness temperature (T.) value 
of - 7 5 “F.

Part 2  of this report shows S B R  to have somewhat 
greater resistance to oil-swell than Ameripol CB, there­
fore it was not su rprising  to find that the 75/2 5  blend 
of Hycar/CB produced a greater volume swell in A ST M  
O ils # 1  and # 3  than did the 7 5 / 2 5  blend of Hycar/SBR.

For this reason, It was decided that the blends could 
be more correctly compared on the basis of equal oil 
resistance. Com pound No. 3 based on an 8 0 / 2 0  blend 
of Hycar/CB was found to have the sam e oil resistance 
as Com pound No. 1 based on a 75/2 5  blend of Hycar/ 
SBR . In this case, as in the com parison of the first 
two com pounds, the brittleness temperature of the 
Hycar/CB blend was superior. Only nine out of ten 
test specim ens failed at —  100®F so that again, T^ 
could not accurately be determined.

In com paring Com pounds No. 1 and 3 it is obvious, 
except for low-temperature brittleness and a three-fold 
increase in abrasion resistance, that there is con­
siderable sim ilarity in other properties.



RESISTANCE OF VARIOUS 
RUBBER VULCANIZATES 
TO SOLVENTS ANO OILS
PART 2

Data are presented in th is report which show  the 
volume and weight changes which occur when six 
different rubber vulcanizates are immersed in thirteen 
different solvents and o ils at room temperature for 
one, three and seven days.

THE R U B B E R S  SELECTED  FOR THE STUDY ARE: 

Cis-polybutadiene (9 8 %  cis content) Ameripol C B  220 

Styrene-butadiene rubber, S B R  Ameripol 1500

Natural rubber, N R ..... # 1  R SS
Isobutylene-isoprene rubber, HR Butyl 150

Chloroprene rubber, CR  Neoprene GNA
Butadiene-acrylonitrile (H igh nitrile), N B R  Hycar 1001

TH E IM M ER S IO N  FLU IDS SELECTED INCLUDE  
SEVERAL C O M M O N  CH EM IC A L  GROUPS: 

Aliphatic hydrocarbons N-Hexane

Chlorinated aliphatics Ethylene dichloride

Nitro aliphatics Nitropropane

Aromatic hydrocarbons Benzol

Chlorinated aromatics Monochlorobenzol

Ethers .......................  Isopropyl ether
Esters Ethyl acetate

Alcohols .....................................................Ethanol

Ketones Methyl ethyl ketone, acetone
Terpenes Turpentine

O i l s ..................................Cottonseed oil, mineral oil

The com pounds chosen for th is study are of the 
rnecbanica) goods type and were selected on the basis 
of equal pigment loading and equal plasticizer content 
rather than on physical properties in order to minimize 
com pounding variables which might influence volume 
changes. See Table 2.

The volume and weight changes reported here may 
be considered typical for com pounds containing 80 
phr of carbon black and 14 to 16 parts of softeners 
and plasttcizers which might be extracted by some of 
the solvents. A  volume swell is a measure of the sum  
of solvent swelling action and plasticizer loss, if any.
A  negative value, therefore, would, of course, indicate 
low or zero swell and plasticizer loss. See Tables 3 
and 4.

In interpreting the data it should be kept in mind 
that a higher pigment loading would reduce swell and 
a lower plasticizer content would reduce shrinkage. 
By the same token, temperature variations and testing 
under dynamic rather than static conditions can, also, 
exert significant effect. Also, mixtures of solvents can 
have a substantially different effect than can be pre­
dicted from the actions of the solvents taken sepa­
rately. Another weakness in volume swell data Is that 
it cannot safely be considered to indicate changes in 
other physical properties.

In short, the only truly reliable criterion for predicting 
the suitability of any rubber compound for a specific 
application is to test its performance under actual 
service conditions. It Is believed, however, that these 
volume change data, judiciously interpreted, will assist 
the product engineer and compounder in selecting the 
proper rubber for a given product application.

For example:

1. Ameripol C B  and natural rubber have almost equal 
resistance to swell in the fluids selected for this 
study.

2. S B R  1 500  shows a little better oil resistance than 
Ameripol C B  or natural rubber.

3. Butyl rubber shows greater resistance to the ke­
tones and ethyl acetate than the general purpose- 
rubbers, S B R  and NR.

4. Neoprene and Hycar, as expected, show superior 
oil and aliphatic hydrocarbon resistance.

For the solvent action on unvulcanjzed rubbers see 
Technical Data Report No. 5 and previously published 
articles.1

1. “Solub ility  and Adhesion  of Am eripol C B ” , D. V. Sarbach, 
Rubber World, Novem ber, 1962, p. 74.

"So lu b ility  o f  Unvulcanized Rub be rs” , D. V. Sa rbach  and 
B. S. Garvey, Rubber World, March, 1947.



RECIPE
Hycar 1052

1502, SBfi 
Ameripol CB 220 
Zinc oxicie 
Stearic Kid 
FEF Biacka)
Tetrametiiyl tftturam dUulfid«(2)

yOONEY SCORCH AT 250<>F. —  LARGE ROTOR

Minimum Mooney 
Mooney at 4 minutes 
Scorch time (a 5) (minutes)
Cure time (a 30) (minutu)

ORIGINAL P R O K R T IE S ^ A L L  CURES AT 33S«F. 

MODULUS AT 3 0 0 %  ELONGATIOM (pst)
Minutes cured —  5 

10 
20

ULTIMATE TENSILE STRENGTH (psi)
Minut«fi cured —  5 

10
20

ULTIMATE ELONGATION (% )
Minutes cured —  5 

10 
20

HARDNESS (DURO A)
Minutes cured —  5 

10 
20

COMPRESSION SET — ASTM METHOD B *
70 itti. at 212*F. (% )

ASTM D 1630<59 T ABRASION INDEX*

LOW TEMPERATURE BR ITTU N E^  —  ASTM D 746

P»ss (®F.)
Fail (®F.)
T. m

UHMiERSIONS —  SA M PU S CURED 10 MINUTES AT 338*F 

ASTM Oil afMl 70 hrs. St 212»F.
Ultimate ten^e strength <psi)
Teaste cbM (c (% )
Uttmwte ttongation (% }
Elongation ^ange ( % )
Hardness (Duro A)
Hardness change (points)
Volume change (% )

ASTM Oil # 3  aged 70 bfs. «t 212»F.
Ultimate tensile strength (psi)
Tensile change (% )
Ultimate efonption (% )
Eiongation change (% )
Hardness (Duro A)
Hardness change (points)
Volume change (% )

Air test tube aged 70 hr*, at 250°F.
Ultimate tensile le n g th  (psi)
Tensile change (% )
Ultimate etongation (% )
Elongation change (% )
Hardness (Duro A)
Hardness change (points)

*T«6t »aKiiiM«s cuFia 20 iBtfl. 9  338^.
* ’Snmn m I ^  ten T-50 spacimm t at — 100*F.

***Ninc «ul 4f t*n T-50 smcim*fi< fiiltd  a t 
Pftilb lsdc A, P M It p s  C N n ^ o t  C *.

(2} MetitH A- V- ^nclcitilt 6«.. (nc.

1 2
75 75
25 ___

— 25
S 5
1 1

40 40
3.5 3.5

149.5 149.5

54 56.5
55 57.5
m

14 131/4

1190 1080
1230 1260
1340 1340

2260 1640
2350 1840
2330 1870

540 450
510 410
480 400

55 €0
65 62
65 62

20 25
130 453

-70 -8 0
-75 -85
-7 5 »•

2300 1750
- 2 - 5

430 350
-16 -15

57 52
- 8 -10
+9 + 19

1550 1140
-34 -3 8
330 270
-35 “ 34

39 37
-2 6 -2 5
+57 +71

2380 1970
+ 1 +7
380 320

-2 9 -22
70 67

+5 +5

3
80

20
5
1

40
3.5

149.5

5S
56.5
9

m

1080
1290
1340

2060
2210
2320

590
510
510

59
60

26

453

-80
-85

2240 
+ 1 
450 

*12 
54 

-6  
+9

1420
-36
3S0

-31
42

-1 8
+55

2420
+10
390
-24

66
+6



COMPOUNDS USEO TABLE 2

C iS 'Po lybutad iene S B R N R

Ameripol CB 220 100.0 Ameripol 1500 100.0 #1RSS Plasticated 100.0

Stearic/Palmitic acid'' 4.0 Stearic acid 2.0 Stearic acid 3.0

Zinc oxide 5.0 Zinc oxide 5.0 Zinc oxide 5.0

Nlsopropyl-N'- Phenyl-beta- naphthylamine’ 1.0 Mixture of octylated
phenyl-p-phenylenediamine2 1.0 diphenyl amines> 1.0

Modified Phenolic resin> 3.0 Polymerized petroleum H.C.» 7.0

Naphthenic oil« 8.0 Naphthenic oil 14.0 Naphthenic oil 7.0

Tetramethy! thiuram disuified^ .1 Tetramethyl thiuram disulfide^ .4

Sulfur 1.5 Sulfur 2.0 Sulfur 2.75

N-cyclohexyl-2-benzothiazole N-cyctohexyl-2-benzothiazole
sulfenamide* 1.0 sulfenamide 1.5 Benzothiazyl disulfide'^ 1.0

SRF black 80.0 SRF black 80.0 SRF black 80.0

TO TAL 203.6 205.9 206.75

Sp. Gr. 1.17 1.19 1.18

ML-4@ 212»F. 53 54 40

Optimum Cure @  307®F., min. 15-20 10-15 15-20

Tensile strength (psi) 2100 2550 2550

20 0%  Modulus (psi) 1200 1800 1000

Elongation (% ) 350 350 500

Shore A-2 hardness 62 68 65

1. Groco 50 0 ,  The A. G ross Co. 6. Santocure, M onsanto  Chem ical Co.

2. Flex2one 30 . Naugatuck Chem ical D iv ision. U .S . Rubber Co. 7. AgeRlte Powder. R. T. Vanderbilt Co.

3. Cata lin  Tack ifying Rasin  83 18 . Cata lin  Corporation o f America 8. AgeRite Stallte, R. T. Vanderbilt Co.

4. G ulf O il 566 , Gulf O il Corporation 9. Paraflux 2016 . The C. P. Ha ll Co.

5. M ethyl Tuads. R. T. Vanderbilt Co. 10. Altax, R. T. Vanderbilt Co.

MR C R N B R

Butyl 150 100.0 Neoprene GNA 100.0 Hycar 1001 100.0

Stearic acid 2.0 Stearic acid .5 Stearic acid 1.0

Zinc oxide 5.0 Zinc oxide 5.0 Zinc oxide 5.0

Naphthenic oil 14.0 Phenyl-beta-naphthylamine 1.0 Oioctyl phthaiate^} 14.0

Tetramethyl thiuram disulfide 1.5 Polymerized petroleum H.C. 7.0 Tetramethyl thiuram disulfide .25

Sulfur 1.25 Aromatic oil 7.0 Sulfur 1.5

2-Mercaptobenzothiazolei< 1.00 Light calcined magnesia^ 4.0 Benzothiazyl disulfide 1.5

SRF black 80.0 SRF black 80.0 SRF black 80.0

TO TAL 204.75 204.50 203.25

Sp. Gr. 1.17 1.42 1.29
ML-4 @  212»F. 38 51 86.5
Optimum Cure @  307®F., min. 25-30 10-15 10-15
Tensile strength (psi) 1200 2200 2800
20 0%  Modulus (psi) 380 1550 2500
Elongation (% ) 690 400 250
Shore A-2 hardness 65 74 71

11. Captax, R. T. Vandarbilt Co.

12. M i s l i t s  D. The C. P. Ha ll Co.

13. Good-rite  G P 281, B. F. Goodrich Chem ical Co.



TABLE 3 IM M ERSION VALUES
Solvent Ethylene

Dkhloride Acetone Methirlethyl
Ketone Ethanol Benzol Chloro benzol isopronrt

Ether

Dajrsit 
Room Temperature 1 3 7 1 3 7 1 3 7 1 3 7 1 3 7 1 3 7 1 3 7

Volume Change, Percent

Ameripoi CB 130 119 110 8 7 7 39 35 36 - 2  - 4 --4 199 186 199 219 219 219 67 66 65

SBR 103 99 98 10 8 8 44 42 43 0 - 2 - 3 151 154 155 164 167 169 53 51 51

NR 127 127 127 7 7 7 48 49 69 - 1  -•3 --3 226 229 237 250 259 262 102 107 105

HR 25 19 18 1 2 3 9 9 8 0 - •1 0 108 105 106 172 176 175 73 72 71

CR 98 99 97 23 21 20 58 56 60 0 - 1 0 119 125 123 184 205 211 28 25 25

NBR 184 182 181 106 106 100 125 124 123 9 10 8 95 95 93 146 139 140 4 6 8

Weight Change, Percent

Ameripoi CB 132 127 112 4 4 4 25 22 23 - 2  - 3 - 3 148 138 148 204 206 205 41 41 40

SBR 106 105 98 5 4 3 27 26 27 0 - 2 - 3 109 112 112 151 155 156 30 29 29

NR 132 135 131 4 4 3 32 32 46 - 1  - 3 - 3 169 169 176 233 243 246 63 66 64

MR 28 23 21 0 2 1 6 5 5 0 - 1 0 79 78 78 163 167 166 45 44 43

CR 88 89 83 11 11 9 31 31 32 0 - 2 0 74 76 76 144 161 165 14 12 12

NBR 184 183 177 68 58 64 81 82 82 5 6 4 67 67 67 130 125 126 2 3 4

Solvent N-Hexane NKrspropane Ethyl
Acetate Turpentine

Cottonseed
oil

Mineral
oil

Days at 
Room Temperature 1 3 7 1 3 7 1 3 7 1 3 7 I 3 7 1 3 7

Volume Change, Percent

Ameripot CB 76 79 78 17 15 16 42 41 42 146 151 134 21 38 47 18 30 43

SBR 56 54 55 23 20 20 50 48 47 113 116 113 6 9 17 2 3 6

NR 124 133 134 13 12 13 46 48 51 183 201 209 14 27 50 12 21 37

MR 166 166 168 0 0 1 11 9 7 237 265 247 1 0 0 5 9 15

CR 19 14 14 39 38 39 64 63 63 40 56 56 1 1 3 1 - 1 - 1

NBR 1 2 3 147 150 151 80 81 80 0 2 3 0 0 1 0 - 1 - 1

Weight Change, Percent

Ameripoi CB 43 44 44 15 13 14 32 32 33 106 108 96 16 29 36 14 23 32

SBR 29 28 28 19 17 17 37 35 35 80 81 78 4 7 13 17 3 4

NR 70 76 76 12 11 11 35 37 39 132 144 148 11 20 38 9 16 27

MR 94 95 % 4 1 1 9 7 5 173 192 178 1 0 1 4 7 11

CR 8 6 5 28 27 27 40 40 40 24 33 33 1 0 2 0 0 - 1

NBR 1 1 2 119 122 122 58 59 58 0 1 2 0 0 0 0 0 - 1




