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ABSTRACT 

Synthetic rubber is used in building architectural sealing and provides superior energy 
conservation and safety. Extruded rubber architectural seals provide the best in long-term 
performance, low construction/assembly costs, and the best weatherproof resistance. 
EPDM is primarily used due to its high filler extending properties and excellent UV 
resistance. Careful selection of extending fillers enhances finished compound properties 
and improves processability. Using Thermal Carbon Black designated as N-990 by 
ASTM D 1765, enhancements to the performance of architectural extrusions are made 
possible.  

A design of experiments shows optimized formulations, ingredient cost details, relevant 
specification performance, and both rheometric/dispersity analysis and actual extrusion 
trial validation.  

Thermal Carbon Black (N-990) provides extrusion performance and long-lasting 
resistance in architectural sealing applications.   
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INTRODUCTION 

History 

Architectural sealing encompasses many distinctive designs and applications involving 
insulation of structures from the environment. Window and door seals are of the most 
prominent in application. Architectural seals are often referred to as compression seals, 
gaskets, setting blocks, and in some cases, spacers. While glass windows were commonly 
used since the 17th century, building with glass façade windows, also known as “glazing,” 
became common in the 20th century; a relatively recent human endeavor. Architectural 
sealing in the more general sense has become the benchmark of a modern technological 
society. In Babylonian times, building stature and austerity of ascription may have been a 
display of wealth and power. Later in Roman Egypt, glass windows were used in 
Alexandria around 100AD as a show of design advancement. However, as societies 
further advanced architectural design, a more public use of glazing ushered in the era of 
insulating buildings from the harshest of weather by enclosing and sealing public venues. 
Engineered architectural sealing directly resulted from this endeavor to shield occupants 
of buildings, arenas, and meeting places from harsh weather.  

During the advent of modern transportation, railway stations and underground transit 
routes needed a shift from the antiquated open-air concepts of the past to systems 
designed for climate control. Additionally, the necessity for natural lighting in these 
venues encouraged the usage of window glass in their construction. This effectively 
eliminated any darkness during the day, thereby inspiring a welcoming feeling of 
openness solely through choice of design. It was here, in the contemporary societies of 
Europe and North America, that window glazing and door sealing found major 
application. However, these early designs lacked rubber, instead they were available with 
materials such as clay mixed with linseed oils, or tar and held in place by asbestos rope or 
brass and copper. The concept of window sealing began in this manner.  

Still later, the modern high-rise building concept of the early 20th century led to glass 
facades referred to as the window curtain (1). A great desire of those designing these 
buildings was to purposefully control the climate inside through heating and cooling 
systems that would require ducting and insulation. Doing so, would provide even 
temperatures throughout the building, and the insulation would reduce the load on such 
systems. That began the next era of architectural sealing, an era of energy conservation. 
We are presently within this era, and building codes and governmental requirements 
dictate architectural fenestration design. The rubber seals used in these systems 
significantly contribute to overall design considerations.  

Background 

With modernization in building design, the evolution of the many mechanical 
components of windows and doors have brought about new methods of manufacture and 
installation. Take for instance the evolution in design of window glazing. The first 
concept, from a 1922 design out of Sweet’s catalog, is known as window casement and is 
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shown in Figure 1. This manufacturing concept used extruded bronze casement where 
sealing would rely on linseed oil and clay applied to the casement brass springs. These 
windows were installed in parliaments and government venues throughout Europe, but 
many reports of water seepage or weeping required continual maintenance of the sealing 
materials. 

 

Figure 1: Advertisement: McCoy Bronze Company, Sweets Catalog, 1922 

Figure 2 is from a 1928 Sears catalog of glass framing. This design shows the use of 
asbestos for sealing held in place by lead – with load bearing and bolted supports. Steel 
glazing bars held the window in place and supported the glass with zinc, copper, or lead 
caps. These systems were employed in railway station, market halls, baths, schools, and 
factories throughout the USA and abroad during the roaring twenties.  

 

Figure 2: John E. Sears (ed.) The Builder Compendium and Catalogue (London, 1928) 
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Figure 3 details a 1946 design in which a mastic (referred to as “Mastacon”) was used. 
This may be the first use of a polymeric window sealing compound in a glazing design. A 
mastic is a putty like base that can be applied in a fillet shape at the glass to metal 
interface. The mastic was said to have been made from a tar based substance that would 
cure in some manner over time providing a rigid and waterproof perimeter support for the 
glass.   

 

Figure 3: Advertisement: “Masticon” – system of glazing, Architects, Builders’ and Civil 
Engineers’ Technical Catalogue, London, Country Life, 1946. 

Modern designs have transitioned from mastic to glazing gasket. Figure 4 shows a 
common design that uses each component previously discussed: an aluminum casing is 
set against an elastomeric setting block and an extruded gasketing is used to secure the 
glass in front and in back. The seals are made to assemble with a snap-in-place design.  

 

Figure 4: Maxest Industrial Corp. Window Catalog, 2001. 
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For window glazing applications, EPDM is the most common, followed by silicone, butyl 
rubber, and thermoplastic elastomers. EPDM is used because of its natural UV resistance 
and ability to withstand moderate levels of ozone.  

 

Figure 5: EPDM Weather Stripping applied to a widow casing – Courtesy of Trelleborg 
Sealing Solutions 

Weather stripping in fenestration is an important consideration regarding architectural 
sealing materials. In figures 5 and 6, a weather strip can be applied to a door or window 
and is the mating seal for closure at the jam or sill. These seals are more mechanically 
durable as it is necessary for them to have dynamic performance. The seal will be 
compressed upon closure and released upon opening of the door or window. Therefore, it 
must have good physical properties and abrasion resistance. EPDM is a common weather 
stripping material for this reason.   

 

Figure 6: EPDM Weather Stripping applied to a door sill – Courtesy of Trelleborg 
Sealing Solutions 

Due to the increased wear and tear of opening and closing the window or door, several 
specifications have been adopted that impose properties that will meet the use and 
functional requirements of these applications. ASTM C864 and DIN7863-1 are the most 
common specifications. Tear Die C level of 23 KN/m is required for ASTM C863. 
Meeting these higher physical properties yet maintaining a cost-effective material is often 
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a challenge. In the extrusion process of these intricate shapes there is a desire for good 
processability in both speed of the process for economics and dimensional quality of the 
extruded architectural seal.  

Problem Statement 

Indoor heating and cooling accounts for a significant amount of North American energy 
consumption. A US Government study estimates that it is responsible for 40% of 
greenhouse gasses emitted, or over 6 billion metric tons per year in 2016. This is more 
than cars and planes contribute to our CO2 footprint annually. 

The open-feel design in fenestration is becoming an integral part of 21st century 
architecture and requires 21st century engineering with residential and commercial 
buildings moving towards window curtain concepts. With larger and in greater number, 
windows and doors drive an increased need for efficient architectural sealing.  The 
current technology has only been able to achieve two of three key desired features:  

1. Cost efficiency 
2. Processability 
3. Durability 

Innovation of architectural sealing through formulated rubber technology should advance 
all three of these features through optimization.  

Evaluation of EPDM rubber formulations to achieve all three of these desired features 
should be possible and this paper explores the use of new filler technology of N-990 
carbon black and particularly unique EPDM polymers that can be optimized to realize all 
three. For consumers, this may provide longer lasting, energy conscious, budget-friendly, 
and durable window and door sealing. Architectural seals with enhanced physical 
properties, permeation resistance, improved static charge dissipation, that remain 
aesthetically pleasing, yield potential increased adoption that ultimately lowers our 
impact on the environment.  

EXPERIMENTAL 

Raw Materials 

Thermal Black 

Carbon black of the grade Thermax® N990 has an amorphous quasi-graphitic molecular 
structure unique in the carbon black family. Thermax® N990 is a thermal black, as 
opposed to a furnace black, and it has a large particle size with mean diameters of 240 to 
320 nm. The morphology of Thermax® N990 exhibits very little particle aggregation or 
structure. The structure is primarily spherical and ellipsoidal in individual particle form 
(2).  
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Figure 7: Morphology comparison of various carbon blacks with Thermax® N990 
(Courtesy of Cancarb Corporation (2) 

These particle features provide improved processability and can interact with other filler 
types to gain synergistic effects in areas of processability and vulcanizate physical 
properties. Blends of both thermal and furnace blacks are known to provide high strength 
and improved processability. In this study, Thermax® N990 will be paired with N330. As 
a third filler, Dixie clay is used as an economic “diluent,” a necessary component to 
achieve the lowest overall compound cost.   

Ethylene Propylene Polymers 

EP(D)M has a heat resistance that is distinctly better than that of natural rubber, SBR, 
and butadiene rubber. The molecules of both EPM and EPDM have a completely 
saturated hydrocarbon backbone, through which excellent ozone resistance and very good 
resistance to heat and oxidation are achieved (3).  

 

Figure 8: EPDM Polymer 

 



9 

 

These polymers continue to serve as the most widely used and fastest growing of the 
synthetic rubbers. Polymerization and catalyst technologies in use today provide the 
ability to design polymers to meet specific and demanding application and processing 
needs. Modern formulation design techniques can take advantage of this enhanced 
performance resulting in a broad usage in weather-stripping and architectural sealing 
applications. 

EPDM polymers are non-polar, they have good electrical resistivity, as well as resistance 
to polar solvents, such as water, acids, alkalis, phosphate esters, and many ketones and 
alcohols. These allow for high filler and plasticizer loading, thereby providing 
economical compounds. They can develop high tensile and tear properties, and excellent 
abrasion resistance. Low crystalline grades have excellent low temperature flexibility 
with glass transition points of about minus 60°C.  With properly selected sulfur 
acceleration systems, 130°C heat stability can be obtained. With peroxide cured 
compounds, heat resistance at 160°C can be obtained. Compression set resistance is 
good, particularly at elevated temperatures, with either cure system.   

Specifications 

The typically applied specification for architectural seals is ASTM C864, (4) “Dense 
Elastomeric Compression Seal Gaskets, Setting Blocks, and Spacers.” This specification 
outlines physical property requirements for several durometer grades. For this study, we 
have chosen the 60 shore A hardness grade. The requirements are shown in Table 1. 

ASTM C864 Requirements 

Durometer Shore A ±5 60 

Tensile Strength (MPa) 11 

Elongation (%) 250 

Tear Strength (KN/m) 26 

70hrs @ 100C Heat Age Durometer Increase, Max 10 

70hrs @ 100C Heat Age Tensile Loss, Max (%) -15 

70hrs @ 100C Heat Age Elongation Loss, Max (%) -40 

Compression Set, Max (%) 30 

Ozone Resistance, 100 mPa, 100hr @ 40C, 20% Elongation No Cracks 

Non-staining No Migratory Stain 

Brittleness Temperature, max, °C -40 

Flame Propagation, option 1 100 mm max. 

Flame Propagation, option 2 No limit 

Table 1: ASTM C864 Physical Property Outline 
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DIN specifications are popular in Europe and one does apply to architectural sealing. 
DIN 7863-1 “Elastomer Glazing and Panel Gaskets for Windows and Claddings” (5) is 
compared against ASTM C864 in Table 2, where we see that ASTM C864 has the more 
severe physical property requirements. 

Physical Property Called Out DIN 7863-1 ASTM C864 

Tensile, min. (MPa) 8.3 11 

Elongation, min. (%) 200 250 

Comp. Set, max (%) 35 30 

HA Hardness Increase, max (pts) 15 10 

HA Tensile Change, max (%) -25 -15 

HA Elongation Change, max (%) -50 -40 

Table 2: Comparison of Physical Properties of DIN 7863-1 to ASTM C864 

Processability Factors for Continuous Vulcanization 

Meeting of specification requirements are certainly necessary as this relates to the 
consumers’ concern of a durable architectural seal. Therefore, meeting specification is 
paramount and must be the first consideration. For fabrication of the seal, the efficient 
processing of materials through a fast extrusion process provides economical results. 
Continuous vulcanization (CV) processes for extruded profiles are considered the most 
economical approach. For continuous vulcanization, both microwave and salt bath 
techniques are common. See figure 9 showing the general process train descriptions.    

 

 

Figure 9: CV Extrusion Process Trains 

For these process systems, a general sulfur curable EPDM formulation provides fast 
curing of the vulcanizate with reliable performance in extrudate quality. Surface tack 
must be minimal and porosity must be eliminated for architectural seals. A cure 
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chemistry based on caprolactam disulfide (ASTM: DTDC) as a sulfur donor is especially 
suited for microwave and salt bath CV systems with its non-volatile byproducts of 
vulcanization. It provides mono- and di-sulfidic bridging for low compression set and 
durability in sealing. It is formulated with other mercaptan based accelerators such as n-
tert-butyl-2-benzothiazyl sulfonamide (ASTM: TBBS), benzyl zimate (ASTM: ZBEC), 
benzothiazyl disulfide (ASTM: MBTS), and zinc dibutyl dithiocarbamate (ASTM: 
ZDBC). These accelerators are activated by diphenyl guanidine (ASTM: DPG). The 
accelerator system provides a semi-efficient cure system with low sulfur level eliminating 
unsightly “sulfur” bloom in the vulcanizate. In the design, cure chemistry levels and 
distribution were held constant.  

Design of Experiments  

Using modern formulation techniques in mixture designs. The dependent variables of the 
experiment define the leverage for the desired responses. The responses of the design are 
held to the ASTM C864 specification as the overriding requirement. In addition to these 
responses, processability factors were also be optimized.   

Total Filler Loading (phr) 
(including N330) 

Ratio 
N990/Clay Ratio (phr/phr) 
Paraffinic Oil Level (phr) 

80 to 160 
N990/Dixie Clay 0/40 22/44 62/31 120/0

Oil (phr) 46 54 62 70

100 to 180 
N990/Dixie Clay 0/60 32/54 72/40 140/0

Oil (phr) 51 59 67 75

120 to 200 
 

N990/Dixie Clay 0/80 37/69 86/46 160/0

Oil (phr) 56 64 72 80

Table 3: Design of Experiments Variable Dependency Table 

Mixtures are smartly designed to accommodate the dependence of ingredient levels. That 
is, adjusting one ingredient’s level will change the concentration of the other ingredients 
proportionality and must be considered to determine the effects those changes will have 
on the responses. Considering the proportionality, a ratio distribution, or sliding ratio, is 
often used to take the dependency of ingredient factors into consideration. Hypothesizing 
that Thermax® N990 will have beneficial effects on desired properties, a Thermax® 
N990 to clay ratio can best separate the dependencies and show the relative effects on the 
rubber vulcanizate properties. However, further consideration to the Thermax® N990 to 
clay ratio should also consider. plasticizer level (oil) in a manner that maintains the 
specification requirement of 60+/-5 shore A durometer. These ratios are then evaluated 
across three (3) total filler loading ranges, 80 to 160, 100 to180, and 120 to 200. 
Proportionality of both Thermax® N990/Clay and filler loading is maintained and a full 
factorial evaluation can then be mapped as a response surface. 
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A full factorial design of a three (3) by four (4) array provides twelve (12) runs. To add to 
the evaluation, we have looked at to EPDM materials (KELTAN® 8550C and 
KELTAN® 7470Q). KELTAN® 8550C is a 70 Mooney (ML (1+4) 125C), 67% 
ethylene content, 4.7% ethylidene norbornene (ENB) content, polymerized with Ziegler 
Natta catalyst. KELTAN® 7470Q is an 80 Mooney (ML (1+4) 125C), 55% ethylene 
content, 5.5% ethylidene norbornene (ENB) content, with controlled long chain 
branching based on newer catalyzation methods. 

	 Experimental	Runs:	

Ingredient	Levels	
(phr) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

KELTAN®	8550C 100 “ “ “ “ “ “ “ “ “ “ “             

KELTAN®	7470Q	 	            100 “ “ “ “ “ “ “ “ “ “ “ 

Thermax®	N990 0 22 62 120 0 32 72 140 0 37 86 160 0 22 62 120 0 32 72 140 0 37 86 160

Dixie	Clay 40 44 31 0 60 54 40 0 80 69 46 0 40 44 31 0 60 54 40 0 80 69 46 0 

Paraffinic	Oil 46 54 62 70 51 59 67 75 56 64 72 80 46 54 62 70 51 59 67 75 56 64 72 80

N330 40 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

PEG	4400	 2 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Calcium	Oxide 10 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Rhenogran®	CLD‐80	 1 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Vulkalent® E/C .3 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Rhenogran® TBBS-
80 

.63 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Richon	ZBEC 2 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Richon	MBTS 1.3 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Rhenogran® ZDBC-
80 

2 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Richon	DPG .50 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Rhenogran® S-80 .85 “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ “ 

Table 4: Run Formulations  

These twenty-four (24) formulations were mixed in a 00C Farrell (Banbury) mixer 
sequenced in order the formulation is written. Temperatures were in the range of 80C and 
mix time was about 8 minutes.  

Test Results 

ASTM C864 (Grade 60) was chosen to be the model specification for testing. The results 
are posted in response surface format for each of the physical property defined in the call 
out. KELTAN® 8550C and KELTAN® 7470Q are compared side by side. All testing 
was performed on ASTM Slabs and buttons. Press cure was 10 minutes at 177C. 
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Hardness of 60+/-5 is required. KELTAN® 8550C was well centered within the 
specification for all twelve (12) test formulations. KELTAN® 7470Q had slightly lower 
durometer and runs 16, 20, and 24 fell below specification. See Figure 10.  

 

Figure 10: Hardness Response Surface Graphs 

Tensile Strength at 11 MPa minimum is required. KELTAN® 8550C showed better 
results overall for this property. The design principally covers the range from slightly 
below the specification (11 MPa) to values approaching 20 MPa. For optimization 
considerations, stress properties are improved lower the better for N-990 ratio and lower 
the better for total filler loading. See Figure 11. 

 

Figure 11: Tensile Response Surface Graphs 

Elongation at 250% minimum is required. The design had high values for elongation 
ranging from 600% to 800% well above the specification. For optimization 
considerations, strain properties do not have to be considered. See Figure 12. 
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Figure 12: Elongation Response Surface Graphs 

Tear Strength at 26 KN/m minimum was required. KELTAN® 8550C showed better 
results overall for this property. The design principally covers the range from slightly 
above the specification to values approaching 38 KN/m. For optimization considerations, 
tear properties are improved higher the better for N-990 ratio and higher the better for 
total filler loading. See Figure 13. 

 

Figure 13: Tear Response Surface Graphs 

A heat age for 70 hrs. at 100C hardness change was calculated and compared to the +10 
shore A maximum requirement. The design formulations cover the range from +8 to -8 
shore A. For optimization considerations, hardness increase is minimized at the 0.5 N-
990 ratio and total filler loading has little bearing. See Figure 14. 
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Figure 14: Heat Age Hardness Change Response Surface Graphs 

A heat age for 70 hrs. at 100C tensile loss was calculated and compared to the 15% 
maximum requirement. KELTAN® 8550C showed better results overall for this 
property. The design formulations cover the range from +3 to -20%. For optimization 
considerations, tensile loss is minimized at the 0.5 N-990 ratio and total filler loading has 
little bearing. See Figure 15. 

 

Figure 15: Heat Age Tensile Change Response Surface Graphs 

A heat age for 70 hrs. at 100C elongation loss was calculated and compared to the 40% 
maximum requirement. KELTAN® 8550C showed better results overall for this 
property. The design formulations cover the range from +8 to -41%. For optimization 
considerations, elongation loss is minimized at the 0.5 N-990 ratio and total filler loading 
has little bearing. See Figure 16. 
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Figure 16: Heat Age Elongation Change Response Surface Graphs 

A compression set for 22 hrs. at 100C was calculated and compared to the 30% 
maximum requirement. KELTAN® 7470Q showed better results overall for this 
property. The design formulations cover the range from 10 to 16% well within the 
specification limits. For optimization considerations, compression set does not have to be 
considered. See Figure 17. 

 

Figure 17: Compression Set Response Surface Graphs 

Processability 

Processability factors are important in consideration as previously noted in this report. 
Fast extrusion requires low viscosity and has structural rebuild that assists in feeding of 
the extruder. Throughput is primarily a measure of how fast materials can be pushed 
through an extruder. With that in mind, structural rebuild is measured in two ways, with 
G’ and Tan Delta measurements after a high shear followed by a 60-minute rest period. 
In this manner, structural rebuild provides a relative understanding of how materials feed 
into an extruder and hold the take up of strip into the throat of the extruder. Stocks with 
lower G’ and higher Tan Delta process well, this means they soften readily and have a 
formable “plastic-like” behavior, ideal for extruder operations. Dynamic viscosity also 
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plays a role in extruder process performance. The lower the viscosity, the more efficient 
the extruder becomes and allows an extruder to operate at a higher linear output level.  

Processability factor in dynamic viscosity, is best when values are lower. KELTAN® 
7470Q shows better results overall for this property. The design formulations cover the 
range from 20,000 to 26,000 Pa-s. For optimization considerations, viscosity is 
minimized at the 0.5 N-990 ratio and higher total filler loading. See Figure 18. 

 

 

Figure 18: Processability Factors – Dynamic Viscosity 

Processability factor in structural rebuild G’, is best when values are lower. KELTAN® 
8550C shows better results overall for this property. The design formulations cover the 
range from 200 to 300 KPa. For optimization considerations, G’ is minimized at the 0.5 
N-990 ratio and total filler loading has little bearing. See Figure 19. 

 

Figure 19: Processability Factors – Structural Rebuild - G’ 

Processability factor in structural rebuild Tan Delta, is best when values are higher. 
KELTAN® 8550C shows better results overall for this property. The design formulations 



18 

 

cover the range from .50 to .90. For optimization considerations, Tan Delta is maximized 
at the 0.5 N-990 ratio and higher total filler loading. See Figure 20. 

 

Figure 20: Processability Factors – Structural Rebuild - Tan Delta 

Validation 

Optimal performance in in physical properties can be summarized in Table 5.  

Physical Property  Thermax® N990 ratio  Total Filler Loading  KELTAN® 8550C or 
KELTAN® 7470Q 

Durometer  Adjustable  Adjustable  Adjustable 

Tensile   Lower the Better  Lower the Better  Strong for KELTAN® 
8550C 

Elongation   Adjustable  Adjustable  Adjustable 

Tear   Optimum at 0.5  Adjustable  Strong for KELTAN® 
8550C 

Heat Age Hardness Change  Optimum at 0.5  Adjustable  Adjustable 

Heat Age Tensile Loss  Optimum at 0.5  Adjustable  Strong for KELTAN® 
8550C  

Heat Age Elongation Loss  Optimum at 0.5  Adjustable  KELTAN® 8550C 

Compression Set   Adjustable  Adjustable  KELTAN® 7470Q 

Table 5: Optimal Performance in Physical Properties 

Optimal performance in processability can be summarized in Table 6. 

Processability  Thermax® N990 ratio  Total Filler Loading  KELTAN® 8550C 
 or KELTAN® 7470Q 

Viscosity  Higher the Better  Adjustable  KELTAN® 7470Q 

Structural Rebuild G’   Optimum at 0.5  Adjustable  Strong for KELTAN® 
8550C 

Structural Rebuild Tan Delta  Optimum at 0.5  Higher the Better  Strong for KELTAN® 
8550C 
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Table 6: Optimal Performance in Processability 

Examining the runs and comparing them to tables 5 and 6, the obvious choice is Run 11. 
Except for tensile strength, the response position of 0.50 Thermax® N990 ratio and 
maximum total filler loading is the collective optimal conclusion. The basis is then clear, 
and with 0.50 Thermax® N990 ratio and maximum total filler content provides both a 
high performance and an economical response. It also meets both the applicable 
specifications and provides the best processability factors.   

The validation was carried out with two (2) Runs 11-1 and 11-2 and compared to Run 11 
to confirm the response outcome. In Table 7, the results are posted confirming that this is 
the optimal position within the design of experiments. This then, satisfies the hypothesis 
as true, using Thermax® N990 and selective EPDM polymers, an optimal Architectural 
Seal rubber can be achieved. 

Validation Runs Run 11 Run 11-1 Run 11-2 

Durometer 63.2 61.0 62.0 
Tensile (PSI) 1631.4 1643.77 1641.2 

Elongation (%) 908.4 724.9 796.2 
Tear (lbf/in) 215.2 204.4 204.0 

Heat Age Durometer 64.3 62.5 63.0 
Heat Age Tensile (PSI) 1613.8 1613.0 1621.2 

Heat Age Elongation (%) 792 700.5 721.8 
Heat Age Tensile Change (%) -1.1 -1.9 -1.2 

Heat Age Elongation Change (%) -12.8 -3.4 -9.4 
Heat Age Durometer Increase 1.1 1.5 1.0 

Comp Set (%) 10.66 12.12 11.61 

Table 7: Validation Run Data  

Conclusions 

From the design of experiments, Thermal Carbon Black (N-990) provides extrusion 
processability and durable performance in architectural sealing applications. 

The design of experiments clearly indicates an optimized formulation considering: 

1. Cost efficiency 
2. Processability 
3. Durability. 

A fast extrusion compound for CV microwave or salt bath extrusion of architectural seals 
can be achieved by the addition of Thermax® N990 while maintaining the economic 
constraints, processability, and durability, of such formulation in EPDM rubber 
compounds.  
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SUPPLEMENTAL INFORMATION 

Product Descriptions 

Product Description Brand and Grade Manufacturer 
N990 Carbon Black Thermax® CANCARB  
EPDM 1  Keltan 8550C Arlanxeo
EPDM 2 Keltan 7470Q Arlanxeo
DTDC M/B (80%) Rhenogran CLD-80 Rhein Chemie 
Sulfonamide Retarder Vulkalent E/C Lanxess
TBBS M/B (80%) Rhenogran TBBS-80 Rhein Chemie 
ZBEC Richon ZBEC Dalian Richon 
MBTS Richon MBTS Dalian Richon 
ZDBC M/B (80%) Rhenogran ZDBC-80 Rhein Chemie 
DPG Richon DPG Dalian Richon 
Sulfur M/B (80%) Rhenogran S-80 Rhein Chemie 

Table 8: Product Descriptions 
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