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Schematic representation of carbon black surface
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Sites of high activity: crystallite edges (lll), slit shaped cavities (IV)
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PR AR EE (-V) - 5-20%

o



[=4N l-l-l z I-I-l
sanezenchen= SR SBVS R

Carbon black:

Rubber chains are weakly
bound to

filler surface (physical
adsorption)

WIS T Y BER M FE R R R TH

= Sliding of the chains over
the surface of the filler

B> R R BR TR
= Energy loss i& i EEHR %

o

1.0

o
c
]

whd

0.1

%

Silica vs. Carbon black: dynamic properties
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Oﬁ Approach: coupling rubber / carbon black
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O Alternatlve 2: coupling rubber / carbon black _
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(‘77; Alternative 3: activation rubber

Increase of the interaction between carbon black, rubber and the
coupling agent by
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Enhanced Interaction through Surface Activation of Carbon
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@ﬁj AF2X Anti-fatigue agent reduces heat generation mechanism
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@ﬁ AF2X Anti-fatigue agent reduces heat generation mechanism
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Anti-fatigue agent AF28 It is a compound containing functional groups such as
hydrazide and hydroxyl group, which is specially designed for the low heat
generation and fatigue resistance of natural rubber (NR) molecular chains. The
complex can chemically react with the end group of NR molecular chain or the
aldehyde group (C=0) on the macromolecular chain to achieve efficient chemical
modification of NR molecular chain. At the same time, AF28 can also combine with
functional groups on the surface of carbon black particles during the reaction with
NR molecular chains, which not only reduces the free end of rubber molecular
chains, but also enhances the binding force between rubber molecular chains and
filler particles, and promotes the uniform dispersion of carbon black. Together, these
modifications effectively reduce the internal friction of the rubber composite
material, reduce the generation of heat, reduce the lag loss, and then reduce the
rolling resistance of the tire, improve the tire performance.
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What is re\(ersion?
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@ﬁ Reversion is a challenge in the tire industry i%f
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» High temperatures during vulcanization and use of rubber parts can cause sulfur
crosslinking bonds to break.

» Polysulfur crosslinking is broken.

» The crosslinking density decreases.

» The crosslinking type changes.

» The physical properties of rubber parts change (e.g., modulus, tensile strength,

elongation, fatigue behavior, heat resistance).
» The service life of tires is reduced.

> Reversion leads to a reduced tire life time and reduced tire performance
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m(m s Anti-fatigue agent AF28 — Anti-reversion \%
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Anti-fatigue agent AF28
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@ﬁ The application of anti-fatigue agent AF27 in damping products - significantly
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Shanghai Powerflex New Material Co., Ltd (under Sane Zen Group ) The anti-fatigue agent
AF27 developed by Powerflex. Designed to improve the performance of rubber products. The
reaction of surface active groups with the end groups of natural rubber molecular chains effectively
optimized the dispersion of carbon black in rubber, and significantly reduced the dynamic heat
generation of natural rubber carbon black system. This improvement enhances the dynamic
mechanical properties of the compound, improves the heat aging characteristics of rubber products,
and reduces the compression heat generation, thereby extending its service life. The appropriate
use of AF27 can not only increase the hardness, elasticity and constant elongation stress of the
compound, but also have no obvious effect on the tensile strength.

In shock-absorbing products, AF27 prevents vulcanizates from reverting after high temperatures or
prolonged use - a condition in which physical properties decline due to degradation of the cross-
linked network of vulcanizates. AF27 can slow down the degradation rate of polysulfide bonds due
to increasing temperature, thereby improving the thermal stability of vulcanized rubber and
extending the service life of shock absorber products..
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@ﬁ The application of anti-fatigue agent AF27 in damping products - significantly %
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Main functions:

» 1. Reduce dynamic heat generation: significantly reduce hysteresis loss by changing the
structure of the end of the molecular chain.

» 2. Increase elasticity: significantly improve the elasticity of rubber products.

» 3. Reduce the dynamic and stiffness ratio: optimize the effect of shock absorption products.

» 4. Prevent return phenomenon: protect vulcanized rubber to remain stable under extreme
conditions.

» 5. Accelerated vulcanization: improve production efficiency.

Suggestions for use:

» Suitable for natural rubber or rubber based on natural rubber, the recommended dosage is 1~1.8
phr.

» The anti-fatigue agent AF27 must be added when mixing natural rubber NR to maximize its
effect.

L Sane ZenChem (Shanghai) Co., Ltd We are professional and dedicated in Rubber Industry



@ The application of anti-fatigue agent AF27 in damping products -
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The addition of anti-fatigue agent AF27 effectively reduces the dynamic and static stiffness ratio: improves
the performance of shock absorber products.

For shock-absorbing rubber products, we compared two formulations :

Formula 1: This is the basic formula of shock-absorbing rubber products .
Formula 2: On the basis of formula 1, we added anti-fatigue agent AF27, the dosage is 1.2 phr.

The carbon black components in the formulation, including N330 and N774, are 35 phr, and the addition of
anti-fatigue agent AF27 improves the dispersion of carbon black. Specifically, in rubber products, this
improvement results in a lower static/static stiffness ratio (Kd/Ks). It has been reduced from 1.46 to 1.34,
making it more shock absorbing. Other performance changes are minimal.
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@ The application of anti-fatigue agent AF27 in damping products -
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(E)%D'i Application of anti-fatigue agent AF28 in tire - Guarantee of high performance and safety g
‘SANE ZENCHEM —

Shanghai Powerflex New Material Co., Ltd (under Sane Zen Group ) The anti-fatigue agent
AF28 developed by Powerflex effectively improves the dispersion of carbon black, and the highly
active groups on its surface can react with the corresponding groups at the end of the natural rubber
molecular chain, thereby significantly reducing the dynamic heat generation of the natural rubber
carbon black system. Performance, it can improve the dynamic mechanical properties of the rubber
and reduce rolling resistance. It can improve the heat aging resistance of the tire, reduce
compression heat generation, and extend the service life. Adding an appropriate amount of anti-
fatigue agent AF28 can improve the hardness, elasticity, and elongation of the rubber. stress without
significantly changing the tensile strength.

At the same time, it can prevent the vulcanized rubber from returning to its original state after high
temperature or long-term use, that is, the cross-linked network of the vulcanized rubber is degraded,
resulting in a decrease in physical properties. The anti-fatigue agent AF28 can reduce the thermal
degradation of some polysulfide bonds. Degradation occurs, thereby improving the thermal stability
of the vulcanized rubber.

The use of anti-fatigue agent AF28 is crucial to improving the quality, safety and life of tires.
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(EZE%-IDEM Application of anti-fatigue agent AF28 in tire - Guarantee of high performance and safety g
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Main function:

» 1. Reduce heat generation: the end of the molecular chain is modified, the hysteresis loss of
vulcanized rubber is improved significantly, and the dynamic heat generation is reduced.

» 2. Improve elasticity: significantly improve rubber elasticity.

» 3. Reduce rolling resistance: It can improve the dynamic mechanical properties of the compound
and reduce rolling resistance.

» 4. Prevent vulcanization return: Prevent vulcanized rubber from returning after high temperature
or long time use.

» 5. Speed up vulcanization: improve production efficiency.

Suggestions for use:

1. Suggestions for use: Only applicable to natural rubber or rubber based on natural rubber, the
recommended dosage is 1~1.6 phr.

2. Itis necessary to use natural rubber NR as raw material to add anti-fatigue agent AF28 in a stage
of mixing to effectively exert the maximum effect.
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@ﬁi Application of anti-fatigue agent AF28 in tire - Guarantee of high performance and safety
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1 SCR 10 100 100

ML(dN.m) 1.92 2.56
2 N234 47 47

MH(dN.m) 18.1 17.01
3 Zn0 3 3
4 SA 3 3 T10 (min) 3.66 3.26
9 Wax 1 ! T50 (min) 4.91 3.88
6 4020 1.2 1.2

T90 (min) 10.21 7.21
7 RD 1 1
8 S L5 |5 TS2 (min) 3.92 3.35
9 NS 1.1 1.1
10 AF28 1 Vulc?mzatlon f:ondluon of rubber:

151 C X 60min
Total: 158. 8 159. 8 Test standard: GB/T 16584-1996
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@ﬁ Application of anti-fatigue agent AF28 in tire - Guarantee of high performance and sa_ieyb

ooney . 62 75 100°C ASTM D1646
ML (1+4) 100°C
Hardness Shore A 65 66 ASTM D2240
M100% Mpa 2.9 3
M300% \ipa 14. 8 15. 5
. 151°C*30min ASTM D412
Tensile 33.3 32. 9
Strength Mpa
Elongation g, 551 529
Tear
Strength /KN 95 94 ASTM D624
Rebound% 43 49 . ,
151°C X 30min GB/T 1681-
Rebound% A8 51 9009
Tear Strengthl00°C X 48h
Worn volume/cm3 0. 141 0. 144 151°C X 30min 1S0-23337
° 22.01 17. 67
' /MPa 0°C
60°C 12. 45 10. 57
0°C 0. 129 0. 126 DMA 151°C X30min  [1S0-23337
e an o 60°C 0. 098 0. 08
Improvement 100 3816
rate%
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