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JV46F
•Blend of fatty acid derivatives

•DP      85C
•Zn      ~5%

KK 49
•Blend of fatty acid derivatives

•DP       105C
•Zn         10%

CY 48
•Blend of fatty acid derivatives

•DP       97C
•Zn        ~8%

ZB47
•Proprietary zinc compound

•DP        112C
•Zn         ~12%

•Designed to modify sulfur network

HPS11
•Blend of fatty acid derivatives

•DP         85C
•Zn           0%
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Formulations

179.20179.20179.20179.20179.20179.20179.20179.20179.20179.20176.20176.20Total

2.52.52.52.52.52.52.52.52.52.52.52.5Stearic acid

330000000000HPS11

003300000000ZB47

000033000000KK 49

000000330000CY 48

000000003300JV46F

66666666666640MS FL

111111111111TMQ

2.52.52.52.52.52.52.52.52.52.52.52.56PPD

444444444444ZnO

200200200200200200ZS2000MP
020020020020020020ZS1165MP
404040404040404040404040N220

100.20100.20100.20100.20100.20100.20100.20100.20100.20100.20100.20100.20
SIR 3L -
Premass/A96

MassMASSMASSMASSMASSMASSMASSMASSMASSMASSMASSMASSINGREDIENT

LKJIHGFEDCBAFirst Pass
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Formulations

182.20182.20182.20182.20182.20182.20182.20182.20182.20182.20179.20179.20Total

1.51.51.51.51.51.51.51.51.51.51.51.5Sulfur

1.51.51.51.51.51.51.51.51.51.51.51.5TBBS

179.20MB L 

179.20MB K

179.20MB J

179.20MB I

179.20MB H

179.20MB G

179.20MB F

179.20MB E

179.20MB D

179.20MB C

176.20MB B

176.20MB A

LKJIHGFEDCBAFinal Pass
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Mix Spec

FIRST PASS MIX – ROTOR SPEED – 77 – RAM PRESSURE 30 – FILL 
FACTOR 70 
0 SECONDS ADD RUBBER AND PEPTIZER
30 SECONDS ADD BLACK, SILICA, ZINC OXIDE, 6PPD, TMQ AND ADDITIVES
120 SECONDS BRUSH AND SWEEP
180 SECONDS BRUSH AND SWEEP
240 SECONDS DISCHARGE
2ND PASS MIX SPEC – ROTOR SPEED 77 – RAM PRESSURE 30
0 SECONDS LOAD ½ MB, ADD CURES, REST MB
30 SECONDS BRUSH AND SWEEP
120 SECONDS OR 212F DISCHARGE
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Mixing Observations

OKOK197166.2158K
OKOK196164.4158I
OKOK189162.2154G
OKOK183163.5153E
OKOK195162.0151C
OKOK228168.0157A (Control)

Final pass 
comments

First pass
commentsEnergy (WH)

Probe 
Temp(ºC)

Temp 
(°C)Compound

Significantly reduced mix energy for all additives
Lower drop temperature for all additives
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Mixing Observations

OKOK213176.4169L
OKOK209180.6167J
OKOK206173.7163H
OKOK200172.8160F
OKOK218172.5164D
OKOK243185.3171B (Control)

Final pass 
comments

First pass
commentsEnergy (WH)Probe 

Temp(ºC)
Temp 
(°C)Compound

Significantly reduced mix energy for all additives
Lower drop temperature for all additives

9

Rheometer Curves
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Rheometer Curves
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Rheometer Data
160°C; 3° arc; 100 range; 30 minutes – Tech Pro

13.047.876.753.7971.1811.33K

17.049.718.083.9670.4811.45I

16.428.507.083.7974.8410.98G

15.968.296.923.8875.0711.10E

15.507.966.633.7975.2510.75C

13.638.797.504.0870.4813.13A (Control)

T-2 
ReversionT90T50Ts2

Max 
Torque

Min 
TorqueCompound   

Significantly increased cure state with all additives
Lower minimum torque with all additives
Better reversion resistance with JV46F, CY 48, KK 49 and ZB47 with the 
ZS1165MP silica
Cure times approximately equal
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Rheometer Data
160°C; 3° arc; 100 range; 30 minutes – Tech Pro

13.799.137.794.0467.6913.07L

16.7910.428.673.8367.0012.20J

15.929.507.923.8869.0911.91H

14.799.087.633.8371.5312.03F

14.508.677.213.9671.2412.49D

14.179.177.583.9263.7414.41B (Control)

T-2 
ReversionT90T50Ts2

Max 
Torque

Min 
TorqueCompound   

Significantly increased cure state with all additives
Lower minimum torque with all additives
Better reversion resistance with CY 48 and KK 49 with the 
ZS200MP silica
Cure times approximately equal
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Mooney Viscosity
ML (1+4) @ 100°C   age mooney

ML 
(1+4)

Initial  
Viscosity 
4 weeks

ML 
(1+4)

Initial 
Viscosity
2 weeks

ML 
(1+4)

Initial 
Viscosity
1 week

ML 
(1+4)

Initial 
ViscosityCompound

58.7102.259.598.959.2105.354.880.4K

62.5116.261.3107.460.8118.056.384.0I

58.896.157.389.057.296.654.081.5G

58.798.059.190.258.297.554.177.4E

55.295.454.9100.254.9104.751.575.6C

66.6119.566.4139.066.0112.661.386.1A (Control)

Decreased viscosity for better processability with all additives
Better viscosity control with time providing more stable stock storage
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Mooney Viscosity
ML (1+4) @ 100°C   age mooney

70.8157.171.1118.372.1133.766.8100.0L

72.8175.370.2117.670.2141.664.597.7J

69.2151.268.0108.968.2129.962.393.3H

68.6152.467.5116.067.7127.062.192.9F

66.6127.467.4122.067.1139.662.6100.0D

85.3189.377.7148.381.5142.372.698.5B (Control)

ML 
(1+4) 

Initial  
Viscosity 
4 weeks

ML 
(1+4)

Initial 
Viscosity
2 weeks

ML 
(1+4)

Initial 
Viscosity
1 week

ML 
(1+4)

Initial 
ViscosityCompound

Decreased viscosity for better processability with all additives
Better viscosity control with time providing more stable stock storage
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Tensile Data
Unaged

12.97.22.652424.26910K
13.27.42.752224.16710I
13.98.13.052024.87110G
13.47.73.053025.16910E
13.07.52.954625.17110C
12.56.82.455525.36510A (Control)

300% 
Mod. 
(MPa)

200% 
Mod. 
(MPa)

100% 
Mod. 
(MPa)

Elong 
(%)

Tensile 
(MPa)

Shore 
A 

Duro

Cure 
time 
@ 

160°C

Compound

Higher hardness and modulus for all additives
Tensile and elongation approximately equal for all additives
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Tensile Data
Unaged

300% 
Mod. 
(MPa)

200% 
Mod. 
(MPa)

100% 
Mod. 
(MPa)

Elong 
(%)

Tensile 
(MPa)

Shore 
A 

Duro

Cure 
time 
@ 

160°C

Compound

12.56.92.553724.16710.5L

12.87.12.654524.86710.5J

12.67.12.653724.26710.5H

13.27.32.752825.06710.5F

13.07.32.754625.36910.5D

12.06.52.354423.76510.5B (Control)

Higher hardness and modulus for all additives
Tensile and elongation approximately equal for all additives
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Oven Aged
70 Hrs @ 100ºC

23.315.945.810.565.44.3-18.9425-14.520.7574K

31.817.460.811.988.95.1-25.5389-16.220.21077I

28.117.851.912.380.05.4-25.8386-16.120.8677G

20.116.139.010.756.74.7-21.9414-19.120.3776E

28.516.750.711.372.45.0-24.5412-15.521.2677C

36.017.067.611.41004.8-20.0444-11.522.4974A 

Pct 
Chg

300% 
Mod 

(Mpa)

Pct 
Chg

200% 
Mod. 
(Mpa)

Pct. 
Chg

100% 
Mod. 
(Mpa)

Pct. 
Chg

Elong 
%

Pct. 
Chg

Tensile 
(Mpa)

Points 
Chg

Shore 
A

Sample

Rate of change after oven aging for hardness, modulus and elongation
approximately equal to control
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Pct. 
Chg

300% 
Mod 

(Mpa)

Pct. 
Chg

200% 
Mod. 
(Mpa)

Pct. 
Chg

100% 
Mod. 
(Mpa)

Pct. 
Chg

Elong 
%

Pct. 
Chg

Tensile 
(Mpa)

Points 
Chg

Shore 
A

Sample

Oven Aged
70 Hrs @ 100ºC

28.016.050.710.468.04.2-20.1429-13.320.9774L

36.717.564.811.792.35.0-23.1419-10.922.1774J

35.717.163.411.688.54.9-22.2418-10.321.7774H

28.016.954.811.377.84.8-20.8418-13.621.6875F

27.716.650.711.074.14.7-27.1398-17.021.0675D

34.216.164.610.791.34.4-18.4444-9.321.5974B

Rate of change after oven aging for hardness, modulus and elongation
approximately equal to control
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Tear Strength ASTM D – 624 Die C    N/MM

Die B 
100ºC

Die B 
23ºC

Trouser 
Tear 100ºC

Trouser 
Tear 23ºC

Die C 
100ºC

Die C
23ºCCompound

119.1114.650.857.3104.2100.3K

104.9118.644.660.997.8104.5I

128.2134.038.365.895.3139.8G*

110.0123.843.371.999.9130.1E*

110.6130.942.658.2100.691.8C

114.1127.136.658.0107.7124.6A (Control)

* Equal to better tear for additives CY 48 and KK 49
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Tear Strength ASTM D – 624 Die C    N/MM

Die B 
100ºC

Die B 
23ºC

Trouser 
Tear 100ºC

Trouser 
Tear 23ºC

Die C
100ºC

Die C 
23ºCCompound

109.7118.057.361.681.393.7L

131.4134.648.373.6107.5110.0J

120.3154.362.666.6103.6115.2H*

134.4137.050.979.9103.8130.7F*

110.1120.940.174.0104.5102.6D

118.0110.554.864.791.9133.2B (Control)

* Equal to better tear for additives CY 48 and KK 49
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Heat Build Up
250 lb. Weight; 0.325” Throw; 45 minute test

147.76440K
147.06440I
140.26740G
146.86740E
142.46640C
156.85840A (Control)

TempDuro Cure time
160CCompound

Lower heat build-up for all additives
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Heat Build Up
250 lb. Weight; 0.325” Throw; 45 minute test

TempDuro Cure time
160CCompound

166.25942L

163.36242J

150.26242H

155.16442F

155.36442D

206.26242B (Control)

Significantly lower heat build-up for all additives
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Capillary Rheometer Data
100 C, 180 sec preheat 

Die L/D ratio: 15:1: 90 entrance angle: 1.5 mm orifice

1000/s1000/s500/s500/sShear

Apparent 
Viscosity (Pa-s)

Apparent Stress 
(Pa)

Apparent 
Viscosity (Pa-s)

Apparent Stress 
(Pa)

205.17205,180359.09179,530K
219.82219,830377.41188,690I
211.27211,280367.63183,810G
208.83208,840366.41183,190E
200.89200,900355.42177,700C
438.48219,220428.70214,340A (Control)

Significantly reduced apparent viscosity with all additives
Better Extrudability
Less scrap/workaway 
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Capillary Rheometer Data 
100 C, 180 sec preheat 

Die L/D ratio: 15:1: 90 entrance angle: 1.5 mm orifice

1000/s1000/s500/s500/sShear

Apparent 
Viscosity (Pa-s)

Apparent Stress 
(Pa)

Apparent 
Viscosity (Pa-s)

Apparent Stress 
(Pa)

260.12260,140445.80222,890L
249.74249,790426.26213,120J
244.86244,870422.60211,280H
241.19241,210417.71208,840F
244.86244,870417.71208,840D

307.14307,160526.41263,190B (Control)

Significantly reduced apparent viscosity with all additives
Better extrudability
Less scrap/workaway 
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MER
Tension/Compression/Cylindrical / 1 HZ

Tan delta/ average of 3 / 100cTan delta/ average of 3 / 23cCOMPOUND

.094.138K

.088.139I

.091.131G

.100.129E

.100.131C

.110.153A (Control)

Reduction of Tan Delta with all additives provides
lower tire operating temperatures 
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MER
Tension/Compression/Cylindrical / 1 HZ

Tan delta/ average of 3 / 100cTan delta/ average of 3 / 23cCOMPOUND

.108.162L

.109.156J

.105.143H

.103.135F

.106.150D

.148.178B (Control)

Significant reduction of Tan Delta with all additives provides
lower tire operating temperatures 
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Struktol Additives Provide

• Reduced mix energy.
• Increased cure state.
• Better reversion resistance.
• Reduced viscosity for better processability/

extrudability (less scrap/workaway).
• Higher hardness and modulus.
• Equal to better tear.
• Lower heat build-up.
• Lower tan delta providing cooler running 

temperatures.

Conclusions


