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Comply with laws and regulations Main featurers

Flame retardant with high efficiency, excellent 

physical properties, and high whiteness.

Manufacturers of high efficiency and environmental protection halogen-free flame retardants: 
Widely used: EPDM NBR NR SBR PVC CPE VMQ, etc

FR98RP

Environmentally friendly halogen-free flame retardant – Powerflex SaneZen--What can we do for the environment?

FR99RP

Flame retardant with high efficiency, high oxygen index, 

and high whiteness.
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FR99RP vs. FR98RP Comparison – In EPDM 70 Shore A Base Formulation 

with Flame Retardant

Test Data

Rheometer Test 180℃×5min

Test Item Unit FR98RP-80 FR99RP-80 FR98RP-100 FR99RP-100

Cure Curve

ML lbf-in 0.92 0.9 1.09 1.04

MH lbf-in 11.18 12.55 11.27 14.62

MH-ML lbf-in 10.26 11.65 10.18 13.58

TS2 sec 59 41 63 41

TC10 sec 50 35 51 36

TC90 sec 207 96 221 112

Conventional Physical Properties Test 175℃×6min

Hardness (Shore A) - 74 74 78 76

Tensile Strength MPa 7.63 9.26 6.35 9.32

Elongation at Break % 406 421 417 497

M100 MPa 2.64 2.77 2.59 2.69

Specific Gravity g/cm³ 1.22 1.238 1.241 1.242

Flame Retardancy Test

Vertical Burning (UL94 

V0)
- V-0 V-0 V-0 V-0

Oxygen Index (LOI) % 42.3 35.4

Heat Air Aging Test 100℃×70h

Hardness (Shore A) - 83 79

Hardness Change - 5 3

Tensile Strength MPa 5.87 8.99

Tensile Strength 

Change
% -7.56 -3.54

Elongation at Break % 275 406

Elongation at Break 

Change
% -34.05 -18.31

Compression Set 120℃×24h

Compression Set % / / 52.94 31.43

Resilience % 37 47 
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FR99RP vs. FR98RP Comparison – In EPDM 70 Shore A Base Formulation with Flame 

Retardant

# Test Formulation 1 (EPDM 70 Shore A)
Material Name Basic Parts, phr
KEP350 50
TER 4038 50
CZ500R 40

Precipitated Calcium Carbonate 20

Flame Retardant (FR98 / FR99) 80 / 100

Paraffinic Oil 6030# 15
ZNO 6
STA 1.5
PEG4000 2
L-24 1
S-80 1.25
EP-33 2.5 
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Conclusion:

A 70 Shore A EPDM base formulation was selected to compare the effects of FR98 and FR99 at different 

loading levels (80 phr and 100 phr) on the compound's curing characteristics, physical-mechanical 

properties, heat resistance, compression set, and flame retardancy. The data indicates significant 

performance differences between the two loadings.

Curing Characteristics (Rheometer): FR98 reduces the cure state (lower MH-ML) and prolongs the 

curing time (higher TC90) of the compound. This delaying effect and reduction in crosslink density 

become more pronounced as its loading increases.

Physical-Mechanical Properties: FR98 primarily reduces the tensile strength of the vulcanizate. In 

contrast, the vulcanizate with FR99 demonstrates higher tensile strength and better elasticity. 

Furthermore, FR98 causes a rapid increase in hardness and a reduction in elasticity as its loading is 

raised.

Flame Retardancy: Both FR98 and FR99 enable the compound to achieve a UL94 V-0 rating. FR98 

yields a higher Limiting Oxygen Index (LOI). However, the FR98 vulcanizate exhibits strong 

intumescence (swelling) upon combustion, resulting in significant soot/ash, whereas the FR99 

vulcanizate more readily forms a ceramic-like char.

Heat Air Aging Resistance: The vulcanizate with FR98 shows poor heat resistance, with greater 

changes in hardness, tensile strength, and elongation at break after aging compared to the FR99 

vulcanizate.

Compression Set & Resilience: The vulcanizate with FR99 exhibits superior compression set 

resistance at high temperatures and better resilience.

In summary, based on the comprehensive data, FR99 demonstrates superior performance overall 

compared to FR98 within this EPDM formulation.

FR99RP vs. FR98RP Comparison – In EPDM 70 Shore A Base Formulation with Flame 

Retardant
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FR99RP vs. FR98RP Comparison – In EPDM 50 Shore A Base Formulation 

with Flame Retardant

# Test Data

Rheometer Test 180℃×5min

Test Item Unit FR98RP-100 FR99RP-100

Cure Curve

ML lbf-in 0.62 0.58

MH lbf-in 9.02 9.89

MH-ML lbf-in 8.4 9.31

TS2 sec 66 41

TC10 sec 53 35

TC90 sec 199 131

Conventional Physical Properties Test 175℃×6min

Hardness (Shore A) - 67 67

Tensile Strength MPa 8.03 9.31

Elongation at Break % 550 553

M100 MPa 1.75 1.85

Specific Gravity g/cm³ 1.166 1.189

Flame Retardancy Test

Test Item Unit FR98RP-100 FR99RP-100

Vertical Burning (UL94 V0) - V-0 V-0

Oxygen Index (LOI) % 41.5 30.5

Heat Air Aging Test 100℃×70h & Compression Set 120℃×24h

Test Item Unit FR98RP-100 FR99RP-100

Hardness Change - / /

Tensile Strength Change % / /

Elongation at Break Change % / /

Compression Set 120℃×24h

Compression Set % / /

Resilience % 44 51 
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Conclusion:

A 50-60 Shore A EPDM base formulation was used to compare FR98 and FR99 at 

equal loadings. Significant performance differences were observed.

Curing: FR98 reduces the cure state and prolongs curing time.

Mechanical Properties: FR99 provides higher tensile strength and better elasticity 

than FR98.

Flame Retardancy: Both achieve UL94 V-0, but FR98 has a higher Limiting Oxygen 

Index (LOI). However, FR98 causes strong intumescence and more soot, while FR99 

promotes ceramic-like char formation.

Resilience: FR99 demonstrates better rebound resilience.

In summary, FR99 offers a more favorable overall performance profile in this EPDM 

formulation.

FR99RP vs. FR98RP Comparison – In EPDM 50 Shore A Base Formulation 

with Flame Retardant

Test Formulation 3 (EPDM 50 Shore A)
Material Name Basic Parts (phr)
KEP350 40
TER 4038 60
CZ500R 40
Flame Retardant (FR98 / FR99) 100
Paraffinic Oil 6030# 35
ZNO 6
STA 1.5
PEG4000 2
L-24 1
S-80 1.25
EP-33 2.5 
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FR99RP vs FR98RP Comparison – In NBR 70 Shore A Base 

Formulation with Flame Retardant

Test Data

Rheometer Test 180℃×5min

Test Item Unit FR98RP-100
FR99RP-

100

ML lbf·in 1.03 0.7

MH lbf·in 9.48 13.23

MH-ML lbf·in 8.45 12.53

TS2 sec 41 38

TC10 sec 33 35

TC90 sec 79 94

Conventional Physical Properties Test 175℃×5min

Test Item Unit FR98RP-100
FR99RP-

100

Hardness (Shore A) - 75 76

Tensile Strength MPa 9.43 9.23

Elongation at Break % 522 455

M100 MPa 2.55 2.94

Specific Gravity g/cm³ 1.28 1.312

Flame Retardancy Test

Test Item Unit FR98RP-100
FR99RP-

100

Vertical Burning (UL94 V0) - V-0 V-0

Oxygen Index (LOI) % 37.8 32.6

Heat Air Aging Test 100℃×70h & Compression Set 120℃×24h

Test Item Unit FR98RP-100
FR99RP-

100

Hardness Change - / /

Tensile Strength Change % / /

Elongation at Break Change % / /

Compression Set 120℃×24h

Compression Set % / /

Resilience % 24 33 



9

Conclusion:

A 70 Shore A NBR base formulation was used to compare FR98 and FR99 at 

equal loadings, revealing significant performance differences.

Curing Characteristics: FR98 substantially reduces the cure state of the 

compound while shortening the optimal cure time.

Physical Properties: The FR98 vulcanizate exhibits higher elongation at break 

and lower modulus, resulting in poorer elasticity.

Flame Retardancy: FR98 demonstrates superior flame retardancy, as indicated 

by its higher Oxygen Index and Vertical Burning rating.

Resilience: Conversely, the FR99 vulcanizate shows better rebound resilience.

In summary, FR98 offers better flame retardancy but inferior mechanical 

elasticity, whereas FR99 provides a valuable balance of physical properties and 

resilience.

FR99RP vs FR98RP Comparison – In NBR 70 Shore A Base 

Formulation with Flame Retardant

Test Formulation 2 (NBR 70 Shore A)

Material Name
Basic Parts, 
phr

NBR 3350 100
CZ500R 40
Flame Retardant 100
Plasticizer IATBC 10
ZNO 5
OSTA 1
PEG4000 1
RD 1.5
4010NA 1
L-12 1
S-80 0.75
TMTD 1.5
CZ 1.5 
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FR Series Flame Retardants: Defining the Future of Halogen-Free Flame Retardants through 

Super-Refinement, Activation, Functionalization, and Compounding.

GreenThink ® FR Series - High-Efficiency Composite Flame Retardant – Mature EPDM formulations 
containing this flame retardant have passed UL certification.

Sanexin Polymer  is an innovative company specializing in the R&D and production of new materials. After years of 
research and development by a team of experts, we have successfully created the GreenThink ® FR Series of high-
efficiency composite flame retardants.

Flame Retardant Mechanism of GreenThink ® FR:
Upon heating, the GreenThink ® FR Series decomposes and expands on the product surface, forming a viscous, charred 
crust and a porous, insulating layer. This barrier isolates the diffusion of oxygen, heat, and small molecules during 
combustion. Furthermore, the decomposition generates free radicals that react with the H· and OH· radicals which 
propagate combustion, thereby terminating the chain reaction. Simultaneously, it releases water and carbon dioxide 
and efficiently absorbs a significant amount of the generated heat, suppressing flames and achieving highly efficient 
flame retardation.

GreenThink ® FR Series: This series is free from halogen-based flame retardants such as polybrominated biphenyls 
(PBBs), polybrominated diphenyl ethers (PBDEs), chlorine, fluorine, and antimony trioxide. It features high flame 
retardant efficiency, low smoke emission, low toxicity, and halogen-free properties, complying with EU environmental 
directives like Reach/RoHS and WEEE.

Compared to currently available products of similar purpose, the GreenThink ® FR Series offers superior flame retardant 
efficiency, excellent physical properties, relatively low density, and convenient processing and molding. It belongs to the 
category of halogen-free, high-efficiency, environmentally friendly synergistic flame retardants.

It is widely used in flame-retardant rubber and plastics, as well as other flame-retardant products, across industries 
including cables, rail transit components, electronic and electrical parts, automotive, and petroleum and coal mining.
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FR Series Flame Retardants: Defining the Future of Halogen-Free Flame Retardants through 

Super-Refinement, Activation, Functionalization, and Compounding.

Excellent performance in rubber:

1.Highly efficient synergistic flame 
retardancy, easily achieves V-0 rating.

2.Halogen-free, complies with 
increasing environmental 
requirements.

3.Meets EU Reach/RoHS, WEEE 
environmental directives.

4.Smooth extrusion products.

5.Relatively low product density.

Good performance in 

compound processing:

1.Good dispersibility in the 
compound.

2.Good fluidity of the compound, 
easy extrusion with excellent 
dimensional stability.

3.Lower energy consumption during 
mixing.

4.Shortens the optimum cure time.

Main characteristics:

1.Platelet structure and surface 

treatment.

2.Large specific surface area.

3.Small particle size and 

reasonable particle size 

distribution.

4.Low impurity content, non-

toxic, odorless.

5.Excellent chemical stability.
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GreenThinking®FR95/96RP -高效复合阻燃剂 – 符合 REACH、Rohs认证

FR Series Flame Retardants: Defining the Future of Halogen-Free Flame Retardants through 

Super-Refinement, Activation, Functionalization, and Compounding.
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Environmentally friendly halogen-free flame retardant – Powerflex Application field

Sane ZenChem (Shanghai) Co., Ltd                                                                    We are professional and dedicated  in rubber&plastic Industry
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Environmental protection halogen-free flame retardant - discuss cooperation and common development

Sane ZenChem (Shanghai) Co., Ltd                                                                    We are professional and dedicated  in rubber&plastic Industry

The development trend of flame retardants：Environmental protection, low toxicity, 

high efficiency, multi-functional

Powerflex： Leading halogen-free flame retardants: ultra-fine, active, functional and compound

Flame retardant 

research

Flame retardant 

application

Laws and 

regulations

Flame retardant 

cooperation
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