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Introduction to O-rings

NT K+D AG draws on its decades of experience in the field of sealing technology in coming up with the optimal 
solution, using the ideal material (compound), for your particular sealing needs. We will be happy to support you in
the associated design work, whether for static or dynamic sealing applications.

Working together with our innovative and reliable suppliers, we are well equipped to satisfy the increasingly onerous
requirements of users and legislative authorities. O-rings are technically demanding sealing elements, so extensive 
knowledge of material properties and applications is required.

The sealing of liquid or gaseous fluids at high temperatures, and at pressures ranging from extremely low (vacuum) to 
extremely high, while providing the required chemical resistance and considering the needs of all applications and 
processes (e.g. CIP and SIP), all at an economically justifiable price – this is our daily challenge. Thanks to our team’s 
experience and ongoing training, you can be sure we will give you the best possible support.

        

Demands on the elastomeric material

The overlapping requirements for the material used to make O-rings might be represented as follows:

The property profile of an elastomer is always a compromise between

its resistance to environmental influences,

temperature conditions, and ...

its mechanical function

There is still no elastomer available that can optimally meet all requirements!

The cost factor

In addition to the chemical and physical properties, the price of the elastomer plays an important role. High-performance 
elastomers usually come at a higher price. The price of the finished elastomer also includes the costs for the other 
materials used to make the compound and the significant effort required. This enables price differences between 
elastomers to be easily justified.

With increasing resistance to temperatures and chemicals, the price increases. Natural rubber (NR), butadiene rubber 
(BR) and styrene-butadiene rubber (SBR) are mainly used to make tyres and are the cheapest. For heat-resistant and 
chemical-resistant elastomers, the cost increases by a multiple. HNBR and FPM are among the most expensive 
products. More expensive are only the perfluoroelastomers (FFKM), which, due to their far superior temperature and 
chemical resistance, are the best that is currently available.

Resistance to 
chemicals, 
fuels, oils, 
acids, alkalis,
etc.

Sealing

temperatures
-100 to +325°

Resistance to
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Materials, their chemical names and key properties

Polar rubbers Non-polar rubbers

NBR nitrile rubber
Polyacrylonitrile butadiene rubber

+ Good resistance to swelling for mineral oils, 
    greases and diesel fuels, low gas diffusion
− Insufficient resistance to weathering and 
    ozone, must be addressed

EPDM ethylene propylene diene rubber
Poly-(ethylene propylene diene monomer) rubber

+ High resistance to ozone, heat, hot water, 
    alkalis and acids 
+ Resistant to polar solvents 
− Not resistant to mineral oil

HNBR hydrogenated nitrile rubber
Partially hydrogenated polyacrylonitrile butadiene

+ Good resistance to swelling for mineral oils, 
    greases and diesel fuels at elevated 
    temperatures
+ Heat and weather resistant, low gas diffusion

NR natural rubber *
Cis-1,4-polyisoprene rubber

+ High tensile strength, elasticity, elongation at 
    break 
+ Cold-resistant 
− Not suitable for mineral oils, grease, ozone

CR chloroprene rubber
Poly-(2-chloro-butadiene) rubber 

+ Little swelling in mineral oils
+ Good resistance to aging and weathering
+ Flame resistant

SBR poly-styrene-butadiene rubber *
Poly-(styrene butadiene) rubber

General purpose rubber, e.g. for tyres 
+ Highly abrasion-resistant and elastic
+ High tear propagation strength

FFPM/FFKM perfluoroelastomer
Copolymers of tetrafluoroethylene and perfluoromethyl vinyl ether 

+ Exceptional temperature and chemical resistance 
− Poor flexibility at low temperatures

BR butadiene rubber *
Cis-1,4-polybutadiene rubber 

+ High abrasion resistance, elasticity and 
flexibility at low temperatures

BIIR bromobutyl rubber * 
Poly-(isobutylene-2-halobutadiene) rubber

+ Good heat/chemical resistance
+ Low gas diffusion

FPM/FKM fluoro rubber
Co-, ter- and tetrapolymers based on vinylidene fluoride

+ Very good stability against chemicals and mineral 
oils, highly heat-resistant
+ Exceptionally low permeability rates for most gases
− Not resistant to polar solvents

CIIR halobutyl rubber *
Poly-(isobutylene-2-halobutadiene) rubber

+ Good heat/chemical resistance
+ Low gas diffusion

VMQ/MVQ silicone rubber
Copolymer of dimethylsiloxane and vinylmethylsiloxane

+ Extremely high resistance to cold and heat
+ Very good ozone resistance, high electrical resistance
− Low resistance to gas diffusion
− Moderate mechanical properties

IIR butyl rubber * 
Poly-(isobutylene-isoprene) rubber

+ Good heat/chemical resistance
+ Low gas diffusion

FVMQ fluorosilicone rubber 
Terpolymer of dimethylsiloxane, trifluoropropylmethylsiloxane & 
vinylmethylsiloxane

+ Higher resistance to swelling than silicone 
rubber for fuels and mineral/synthetic oils, 
especially at elevated temperatures

* Rarely used in sealing technology
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As shown below, highly fluorinated fluoropolymers often offer an economical alternative to perfluoroelastomers.

FPM (also known as FKM) copolymers, terpolymers and tetrapolymers

Copolymers of two monomers, with 65% to 65.5% fluorine content are often referred to as "A" or "E" types. This 
general-purpose material is very commonly used for seals. It has excellent compression set properties (low 
compression set is very important for O-rings) and very good resistance to liquids. These are generally relatively 
inexpensive types of rubber.

Terpolymers with 67% fluorine content are often referred to as "B" types. They contain three monomers, have 
better resistance to liquids and oils/solvents than two-monomer copolymers, but exhibit higher compression set.

Tetrapolymers with 67% to 69% fluorine content are often referred to as "G" types. They contain four monomers 
and are even more resistant to liquids, acids and solvents than the other types. They exhibit lower compression set 
than terpolymers. In addition, certain tetrapolymers offer good flexibility at low temperatures. Of the types mentioned 
here, tetrapolymers are the most expensive.

FFPM (also known as FFKM) copolymers (perfluoroelastomers)
As the fluorine content increases, chemical resistance also increases. The fluorine content in FPM is generally between
63% and 70%, while FFPM typically has 73% or more. Most of the materials on the market are copolymers of TFE/MVE,
for temperatures down to -15 °C, or TFE/PAVE, for temperatures down to -30 °C. (TFE = Tetrafluoroethylene; MVE = 
Methyl Vinyl Ether; PAVE = Perfluoroalkyl Vinyl Ether). Perfluoroelastomers offer outstanding resistance to extreme 
temperatures of up to +325 °C and are almost as chemically inert as PTFE. Universal materials cover most 
requirements, but many special types are also available, precisely tailored to the respective application. For example, 
materials with high-purity nanofillers are produced for the semiconductor industry, and materials that meet the 
requirements of the United States Food and Drug Administration (FDA) are produced for the pharmaceutical industry.

NT K+D offers a range of FFPM (or FFKM) copolymers, with varying temperature and performance characteristics, including 
as shown in the following table:

Special fluoropolymers FPM/FKM and FFPM/FFKM 

Material Temperature Range Shore A
hardness

Tensile
strength

Elongation
at break

Compression set

A25-270
Black

-25 ºC to +270 ºC 78 (±5) 18 MPa 145 % 70 h at 200 ºC   18,5 %

A15-330
Black

-15 ºC to +330 ºC 75 (±5) 17,8 MPa 152 % 70 h at 280 ºC   35 %

LT230
Black/White

-15 ºC to +230 ºC 75 (±5) 11,6 MPa 260 % 70 h at 200 ºC   20 %

HT330
Black/White

-10 ºC to +300 ºC 75 (±5) 13,5 MPa 200 % 70 h at 200 ºC   15 %

W245UP
White

-10 ºC to +245 ºC 75 (±5) 17 MPa 202 % 70 h at 200 ºC   23 %

Further materials available on request.
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Typical operating temperature ranges of various elastomers
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Mechanical properties

Heat resistance – how is it defined? 
The criterion used is when the elongation at break falls below a certain value
The maximum operating temperature drops with prolonged use
Short-term peaks are possible (as occur, for example, during vulcanisation)
In contact with oils or chemicals, the temperature limits are significantly reduced
Higher operating temperatures are possible without oxygen
Excellent heat resistance is offered by fluorine and silicone elastomers and by peroxide cross-linked EPDM and HNBR
Sulphur cross-linking in diene rubbers has a negative effect on temperature resistance

The rubber compound and its components
Softeners are added to the rubber mixture. In the case of non-oil-resistant elastomers such as natural rubber, Buna or 
EPDM, mineral oils such as naphthene or paraffin are mostly used. In the case of oil-resistant types such as Perbunan 
or neoprene, high-boiling organic compounds such as phthalic acid esters are commonly used.
Softeners give the rubber better elastic behaviour and good resistance to cold temperatures.

Chemical resistance
Elastomers come into contact with many media, such as fats, oils, fuels, solvents, alkalis, acids and other chemicals. The 
elastomer swells or is chemically degraded.

What happens when the material swells?
The elastomer absorbs solvents, for example
The volume increases
Softeners are extracted from the elastomer
Flexibility at low temperatures decreases
Swelling by up to 15% does not necessarily lead to problems with static sealing

What happens during chemical degradation?
Chemicals react with the polymer, the elastomer is destroyed

Special attention must be paid to mixtures of different chemicals, e.g.:
- Technical oils with additives – these contain stabilisers to protect the oil against decomposition at high 
temperatures. These additives are generally considerably more aggressive than the pure oil.
- Alcohol-containing fuels (bio) – these cause more swelling than standard fuels.

There is still no elastomer that is resistant to all chemicals at the same time!

Weather and ozone resistance
Ozone destroys an elastomer’s polymer chains, resulting in cracking of the elastomer. Special ozone protection agents 
and waxes can be used to protect the material. UV light is absorbed by the carbon black contained in most 
formulations. Lighter mixtures are less well protected.

Flexibility at low temperatures
Which elastomers are cold-resistant?
Most non-polar elastomers such as NR, BR, SBR, IIR, BIIR and CIIR, as well as EPDM, MVQ and FMVQ.
For the copolymer NBR (butadiene and acrylonitrile) it depends on the acrylonitrile content.

Low Acrylonitrile content of NBR High

High resistance to oilGood flexibility at low temperatures
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Physical properties

Material specifications – Standard NBR NBR 70 Sh A NBR 80 Sh A NBR 90 Sh A

Hardness DIN 53 505
ASTM D 2240 Shore A 70 ± 5 80 ± 5 90 ± 5

Tensile strength DIN 53 504
ASTM D 412 MPa > 14 > 12  > 10

Elongation at break DIN 53 504
ASTM D 412 % > 200 > 150 > 100

Compression set                                    24h / 100°C DIN ISO 815B 
ASTM D 395B % < 25 < 30 > 30

Storage in ASTM No. 1 Oil 

Change in hardness

Change in volume

DIN 53 508
ASTM D 573

Shore A

%

72 h / 100°C

max +6 max +6 max +6

max -8 max -8 max -8

Storage in ASTM No. 3 Oil 

Change in hardness

Change in volume

DIN 53 521
ASTM D 471

Shore A

%

72 h / 100°C

max -10 max -10 max -10

max +15 max +15 max +15

Application temperature range °C -30 to +100 -25 to +100 -25 to +100

Elastomer materials defined as “standard” must comply with various minimum requirements.

Material specifications – Standard EPDM EPDM 75 Sh A  
sulphur cross-linking

EPDM 75 Sh A  
peroxide cross-linking 

Hardness DIN 53 505
ASTM D 2240 Shore A 75 ± 5 75 ± 5

Tensile strength DIN 53 504
ASTM D 412 MPa > 10 > 10

Elongation at break DIN 53 504
ASTM D 412 % > 150 > 125

Compression set   24h / 100°C / 24h / 115°C DIN ISO 815B 
ASTM D 395B % < 25 < 30

Storage in water

Change in hardness

Change in volume

DIN 53 508
ASTM D 573

Shore A

%

72 h / 100°C

max -10 max -3

max +10 max +3

Application temperature range °C -45 to +120 -45 to +140

Material specifications – Standard FPM FPM 70 Sh A FPM 80 Sh A FPM 90 Sh A

Hardness DIN 53 505
ASTM D 2240 Shore A 70 ± 5 80 ± 5 90 ± 5

Tensile strength DIN 53 504
ASTM D 412 MPa > 10 > 10  > 10

Elongation at break DIN 53 504
ASTM D 412 % > 125 > 120 > 100

Compression set   24h / 175°C DIN ISO 815B 
ASTM D 395B % < 20 < 20 > 20

Storage in ASTM No. 3 Oil 

Change in hardness

Change in volume

DIN 53 508
ASTM D 573

Shore A

%

72 h / 150°C

max -5 max -5 max -5

max +5 max +5 max +5

Storage in ASTM Fuel C   72h at 100°C 

Change in hardness

Change in volume

DIN 53 521
ASTM D 471

Shore A

%

72 h / RT

max -5 max -5 max -5

max +10 max +10 max +10

Application temperature range °C -18 to +200 -18 to +200 -15 to +200
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Physical properties / Resistance to substances and temperatures

Material specifications – Standard MVQ/VMQ VMQ 60 Sh A VMQ 70 Sh A

Hardness DIN 53 505
ASTM D 2240 Shore A 70 ± 5 80 ± 5

Tensile strength DIN 53 504
ASTM D 412 MPa > 5 > 5

Elongation at break DIN 53 504
ASTM D 412 % > 100 > 100

Compression set   24h / 100°C DIN ISO 815B 
ASTM D 395B % < 35 < 35

Storage in ASTM No. 1 Oil

Change in hardness

Change in volume

DIN 53 508
ASTM D 573

Shore A

%

72 h / 100°C

max -10 max -10

max +20 max +20

Aging in hot air

Change in hardness

Change in elongation at break

DIN 53 521
ASTM D 471

Shore A

%

72 h / 225°C

max -40 max -40

max -40 max -40

Application temperature range °C -55 to +200 -55 to +200

Resistance to substances
Environmental influences, temperatures and fluids change the mechanical properties of an elastomer dramatically, and 
must be carefully considered when determining limiting operating conditions. The prerequisite for choosing a suitable 
material is its chemical resistance and swelling behaviour. The fluids with which the material will come into contact and 
the temperatures to be expected are critical factors in selecting the material and designing the seal as a whole –
including, for example, the O-ring groove. The effects of exposure to chemicals are similar to those of aging in hot air: 
swelling, shrinking, softening or hardening, loss of strength, elongation at break or elasticity, stress relaxation or creep. 
A small change in volume due to swelling does not pose a risk to the functioning of the elastomeric seal if the seal as a 
whole, including the groove in which it is placed, is suitably designed. In contrast, a volume change due to shrinkage 
results in an impairment of the sealing function in the form of leakage. There is no elastomer that meets all 
requirements for resistance to oils, heat and cold. As a rule, “like dissolves like” – polar solvents dissolve polar 
(hydrophilic) compounds, while non-polar solvents dissolve non-polar (hydrophobic) compounds.

Temperature behaviour
As already mentioned, temperature has a strong influence on the physical properties and chemical resistance of 
rubber-elastic materials. As temperature rises, strength decreases and resistance to chemical attack is also affected. For 
instance, a material that can withstand a given fluid at a temperature of 20 °C may be unable to withstand the same 
fluid at 50 °C.

Storage in ASTM Oil
The behaviour towards liquids, vapours and gases is tested in accordance with DIN ISO 1817 in the fluid/medium to be 
used in practice or in standardised test fluids (e.g. ASTM No. 1 Oil, ASTM Reference Fuel A, B or C, or FAM test fuels). 
Changes in volume or hardness can then be checked against an NBR standard reference elastomer. Such an NBR 
standard reference elastomer (SRE) has already been proposed as the test material NBR 1 and is also standardised in 
accordance with DIN 53538.
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Mechanical & Physical properties

Mechanical and physical properties are collective terms for test values that indicate how suitable a material is for use in a 
specific application. In the case of elastomers, these include hardness, elongation at break, tensile strength, elasticity and 
information relating to abrasion behaviour, tear propagation resistance and compression set.

Hardness: Shore A and IRHD (International Rubber Hardness Degree)
The hardness of an elastomer is generally given in Shore A. Other Shore hardnesses such as B, C or D are not used in sealing 
technology. Unfortunately, there is no direct correlation between the Shore A and IRHD scales. Depending on the thickness 
of the cord, the material used and the surface properties, up to four hardness points can be measured when measuring the 
hardness of the finished part. Normally, O-rings do not allow DIN-compliant Shore A measurements. Therefore, the Shore A 
hardness test is used for mixture approvals before production, while IRHD is preferred for the final test on the finished part. 
The hardness values on the finished part differ from those on standard specimens because the part thickness, curved 
surfaces or values measured at the edge are not comparable and the measurement methods are different. With a cord 
thickness ≤ 3 mm, a meaningful measurement of hardness is only possible according to IRHD (down to a cord thickness of 
1.6 mm). Softer elastomers with lower hardness adapt better to the micro-unevenness of the O-ring groove. Especially in the 
case of low operating pressures, the O-ring is not supported by the pressure of the fluid/medium. In contrast, harder 
elastomers offer greater reliability against extrusion. At pressures of 70 bar or higher, O-rings with a Shore A hardness of 90 
are preferred.

Compression set
If an elastomer is constantly deformed for a period of time, a certain deformation remains after the load is removed. 
This “compression set” (%) is strongly dependent on the temperature. Viscoelasticity plays a role at low temperatures, and 
aging plays a role at higher temperatures. Compression set is relevant to the functioning of O-rings. Test values are 
influenced by vulcanisation state and heat resistance.

Creep, stress relaxation 
If rubber-elastic parts are exposed to constant stress, the deformation increases. The elastomer creeps. Compression set, 
stress relaxation and creep are related phenomena with the same causes.

Tensile strength and elongation at break
The tensile strength (MPa) is the force required to sever an elastomeric test specimen by pulling it apart. Measurements of 
tensile strength may also be used to indicate how much damage is suffered by a material after being in contact with a 
particular fluid/medium for a long period of time. If a significant change in tensile strength is observed, a shorter service life 
can be expected.

Elongation at break is the percentage of the initial length of an elastomeric specimen at the point when it breaks. This 
property indicates the strain that can be applied when installing an O-ring. A change in elongation at break is a clear sign of 
deterioration of the material.

Standards for testing tensile strength and elongation at break include DIN 53505, ASTM D 412 and BS 903 Section A3.

Tear propagation resistance
Tear propagation resistance is the force resistance, measured in MPa, of a defined specimen to tear growth, based on the 
specimen thickness. The results show the degree to which an elastomer is susceptible to tear propagation from cuts and 
tears. This does not necessarily correlate to tensile strength.
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Imperial size table
s = 1.78 mm s = 2.62 mm s = 3.53 mm s = 5.34 mm s = 6.99 mm

ID mm ID mm ID mm ID mm ID mm

-004 1.78 -110 9.20 -210 18.64 -325 37.50 -425 113.67
-005 2.57 -111 10.77 -211 20.22 -326 40.64 -426 116.84
-006 2.90 -112 12.37 -212 21.82 -327 43.82 -427 120.02
-007 3.68 -113 13.94 -213 23.39 -328 46.99 -428 123.19
-008 4.47 -114 15.54 -214 24.99 -329 50.17 -429 126.37
-009 5.28 -115 17.12 -215 26.57 -330 53.34 -430 129.54
-010 6.07 -116 18.72 -216 28.17 -331 56.52 -431 132.72
-011 7.65 -117 20.29 -217 29.74 -332 59.69 -432 135.89
-012 9.25 -118 21.89 -218 31.34 -333 62.87 -433 139.07
-013 10.82 -119 23.47 -219 32.92 -334 66.04 -434 142.24
-014 12.42 -120 25.07 -220 34.52 -335 69.22 -435 145.42
-015 14.00 -121 26.64 -221 36.09 -336 72.39 -436 148.59
-016 15.60 -122 28.42 -222 37.69 -337 75.57 -437 151.77
-017 17.17 -123 29.82 -223 40.87 -338 78.74 -438 158.12
-018 18.77 -124 31.42 -224 44.04 -339 81.92 -439 164.47
-019 20.35 -125 32.99 -225 47.22 -340 85.09 -440 170.82
-020 21.95 -126 34.59 -226 50.39 -341 88.27 -441 177.17
-021 23.52 -127 36.17 -227 53.57 -342 91.44 -442 183.52
-022 25.12 -128 37.77 -228 56.74 -343 94.62 -443 189.87
-023 26.70 -129 39.34 -229 59.92 -344 97.79 -444 196.22
-024 28.30 -130 40.94 -230 63.09 -345 100.97 -445 202.57
-025 29.87 -131 42.52 -231 66.27 -346 104.14 -446 215.27
-026 31.47 -132 44.12 -232 69.44 -347 107.32 -447 227.97
-027 33.05 -133 45.69 -233 72.62 -348 110.49 -448 240.67
-028 34.65 -134 47.29 -234 75.79 -349 113.67 -449 253.37
-029 37.82 -135 48.90 -235 78.97 -350 116.84 -450 266.07
-030 41.00 -136 50.47 -236 82.14 -351 120.02 -451 278.77
-031 44.17 -137 52.07 -237 85.32 -352 123.19 -452 291.47
-032 47.35 -138 53.64 -238 88.49 -353 126.37 -453 304.17
-033 50.52 -139 55.25 -239 91.67 -354 129.54 -454 316.87
-034 53.70 -140 56.82 -240 94.84 -355 132.72 -455 329.57
-035 56.87 -141 58.42 -241 98.02 -356 135.89 -456 342.27
-036 60.05 -142 59.99 -242 101.19 -357 139.07 -457 354.97
-037 63.22 -143 61.60 -243 104.37 -358 142.24 -458 367.67
-038 66.40 -144 63.17 -244 107.54 -359 145.42 -459 380.37
-039 69.57 -145 64.77 -245 110.72 -360 148.59 -460 393.07
-040 72.75 -146 66.34 -246 113.89 -361 151.77 -461 405.26
-041 75.92 -147 67.95 -247 117.07 -362 158.12 -462 417.96
-042 82.27 -148 69.52 -248 120.24 -363 164.47 -463 430.66
-043 88.62 -149 71,12 -249 123.42 -364 170.82 -464 443.36
-044 94.97 -150 72.69 -250 126.59 -365 177.17 -465 456.06
-045 101.32 -151 75.87 -251 129.77 -366 183.52 -466 468.76
-046 107.67 -152 82.22 -252 132.94 -367 189.87 -467 481.46
-047 114.02 -153 88.57 -253 136.12 -368 196.22 -468 494.16
-048 120.37 -154 94.92 -254 139.29 -369 202.57 -469 506.86
-049 126.72 -155 101.27 -255 142.47 -370 208.92 -470 532.26
-050 133.07 -156 107.62 -256 145.64 -371 215.27 -471 557.66

-157 113.97 -257 148.82 -372 221.62 -472 582.68
-158 120.32 -258 151.99 -373 227.97 -473 608.08
-159 126.67 -259 158.34 -374 234.32 -474 633.48
-160 133.02 -260 164.69 -375 240.67 -475 658.88
-161 139.37 -261 171.04 -376 247.02
-162 145.72 -262 177.39 -377 253.37
-163 152.07 -263 183.74 -378 266.07
-164 158.42 -264 190.09 -379 278.77
-165 164.77 -265 196.44 -380 291.47
-166 171.12 -266 202.79 -381 304.17
-167 177.47 -267 209.14 -382 329.57
-168 183.82 -268 215.49 -383 354.97
-169 190.17 -269 221.84 -384 380.37
-170 196.52 -270 228.19 -385 405.26
-171 202.87 -271 234.54 -386 430.66
-172 209.22 -272 240.89 -387 456.06
-173 215.57 -273 247.24 -388 481.41
-174 221.92 -274 253.59 -389 506.81
-175 228.27 -275 266.29 -390 532.21
-176 234.62 -276 278.99 -391 557.61
-177 240.97 -277 291.69 -392 582.68
-178 247.32 -278 304.39 -393 608.08

-279 329.79 -394 633.48
-280 355.19 -395 658.88
-281 380.59
-282 405.26
-283 430.66
-284 456.06
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Groove dimensions for imperial sizes

ID

s

r1
r2

20°
t
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k
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Groove dimensions [mm] for dynamic seals

s
Groove width Groove depth

r1 r2
Gap
(guide
value)b Tolerance t Tolerance

1.78 2,5 +0,2 / -0 1,45 ± 0,03

0,1 0,25

0,06

2.62 3,5 +0.2 / -0 2,25 ± 0,05 0,06

3.53 4,5 +0,3 / -0 3,1 ± 0,1

0,2 0,5

0,08

5.34 7 +0,3 / -0 4,7 ± 0,1 0,1

6.99 9,5 +0,3 / -0 6,1 ± 0,1 0,12

Groove dimensions [mm] for static seals

s
Groove width Groove depth

r1 r2 k
Gap
(guide
value)b Tolerance t Tolerance

1.78 2,5 +0,2 / -0 1,3 ± 0,03

0,1 0,25

2,3 0,1

2.62 3,5 +0,2 / -0 2,1 ± 0,1 3,5 0,1

3.53 4,5 +0,3 / -0 2,9 ± 0,1

0,2 0,5

5,0 0,12

5.34 7 +0,3 / -0 4,4 ± 0,1 7,4 0,12

6.99 9,5 +0,3 / -0 5,8 ± 0,1 9,8 0,12

The given dimensions are guide values



Metric size table
s = 1.00 s = 1.5 s = 1.6 s = 2 s = 2.4 s = 2.5 s = 3 s = 4 s = 5 s = 5.7 s = 7 s = 10

ID mm ID mm ID mm ID mm ID mm ID mm ID mm ID mm ID mm ID mm ID mm ID mm

3 3 3,1 3 3,6 6 6 20 15 44,3 96 20
4 4 4,1 4 4,6 7 7 21 20 47,3 101 30
5 5 5,1 5 5,6 8 8 22 25 49,3 105 40
6 6 6,1 6 6,6 9 9 23 30 52,3 110 50
7 7 7,1 7 7,6 10 10 24 35 54,3 114,7 60
8 8 8,1 8 8,6 11 11 25 40 55,3 120 65
9 9 9,1 9 9,6 12 12 26 45 59,3 124,6 70

10 10 10,1 10 10,6 13 13 27 50 62,3 125 75
11 11 11,1 11 11,6 14 14 28 55 64,3 126 83
12 12 12,1 12 12,6 15 15 29 60 69,3 130 90
13 13 13,1 13 13,6 16 16 30 65 74,3 134,5 100
14 14 14,1 14 14,6 17 17 31 70 79,3 135 125
15 15 15,1 15 15,6 18 18 32 75 84,3 140 140
16 16 16,1 16 16,6 19 19 33 80 89,3 145 160
17 17 17,1 17 17,6 20 19,5 34 85 94,3 152 178
18 18 18,1 18 18,6 21 20 35 90 99,3 155 185
19 19 19,1 19 19,6 22 21 36 95 104,3 155,6 220
20 20 22,1 20 21,6 23 21,5 37 100 109,3 159,5 280
21 21 25,1 21 24,6 24 22 38 105 114,3 160 300
22 22 27,1 22 27,6 25 22,5 40 110 119,3 161,9 310
23 23 29,1 23 29,6 26 23 41 115 124,3 165 330
24 24 32,1 24 31,6 27 24 42 120 129,3 166,7 340
25 25 35,1 25 34,6 28 24,5 43 125 134,3 168,3 350

26 37,1 26 37,6 29 25 44 130 139,3 170 400
27 27 39,6 30 25,5 45 135 144,3 174,6 448
28 28 41,6 31 26 46 140 149,3 175
29 29 44,6 32 26,5 47 145 154,3 181
30 30 47,6 33 27 48 150 159,3 183
31 31 49,6 34 27,5 49 155 164,3 186
32 32 51,6 35 28 50 160 169,3 187,3
33 33 54,6 36 29 52 165 174,3 190
34 34 57,6 37 29,5 57 170 179,3 193,7
35 35 59,6 38 30 60 175 184,3 195
37 36 61,6 39 31 62 180 189,3 200
39 37 64,6 40 31,5 64 185 194,3 209
40 38 67,6 42 32 67 190 199,3 215
41 39 69,6 45 33 70 195 209,3 222
42 40 47 34 72 200 219,3 228
43 41 50 34,5 77 205 229,3 240
44 42 52 35 80 210 239,3 250
45 43 55 35,5 82 215 249,3 266
46 44 57 36 87 220 259,3 279
47 45 60 36,5 90 225 269,3 285
48 46 65 37 92 230 279,3 291
49 47 70 37,5 97 235 289,3 304
50 48 75 38 100 240 299,3 317

49 80 39 102 245 319,3 330
50 85 39,5 107 250 339,3 342
51 90 40 110 260 359,3 355
52 95 41 112 265 379,3 368
53 100 41,5 117 270 399,3 380
54 105 42 120 275 359,3 393
55 110 42,5 122 280 379,3 451
56 115 44,5 127 300 399,3 471
57 120 45 130 305 419,3
58 130 47 132 315 439,3
59 140 49,5 137 325 459,3
60 150 50 140 345 479,3
62 52 142 350 499,3
65 54 147 355
68 54,5 150 400
70 57 152 415
72 59,5 160 425
75 60 162
78 64 170
80 64,5 172
85 67 180
90 69,5 182
96 70 188

74 192
74,5
77

79,5
80
84
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O-ring groove dimensions for metric sizes

Groove dimensions [mm] for dynamic seals

s
Groove width Groove depth

r1 r2 Gap (guide value)
b Tolerance t Tolerance

1,0 1,5 +0,1 / -0 0,8 ± 0,05

0,1 0,25

0,04

1,5 2,0 +0,1 / -0 1,2 ± 0,05 0,04

1,6 2,3 +0,1 / -0 1,2 ± 0,05 0,06

2,0 2,5 +0,15 / -0 1,7 ± 0,05 0,06

2,4 3,2 +0,2 / -0 2,0 ± 0,05 0,06

2,5 3,5 +0,2 / -0 2,1 ± 0,05 0,06

3,0 4,0 +0,3 / -0 2,6 ± 0,1

0,2 0,5

0,08

4,0 5,0 +0,3 / -0 3,5 ± 0,1 0,1

5,0 6,5 +0,3 / -0 4,5 ± 0,1 0,1

5,7 7,5 +0,3 / -0 4,8 ± 0,1 0,1

7,0 9,5 +0,4 / -0 6,1 ± 0,1 0,12

10 12 +0,4 / -0 9,0 ± 0,15 0,2

Groove dimensions [mm] for static seals

s
Groove width Groove depth

r1 r2 k Gap (guide value)
b Tolerance t Tolerance

1,0 1,5 +0,1 / -0 0,7 ± 0,05

0,1 0,25

1,4 0,06

1,5 2,0 +0,1 / -0 1,1 ± 0,05 2,0 0,08

1,6 2,3 +0,1 / -0 1,2 ± 0,05 2,1 0,08

2,0 2,5 +0,15 / -0 1,5 ± 0,1 2,6 0,1

2,4 3,2 +0,15 / -0 1,9 ± 0,1 3,3 0,1

2,5 3,5 +0,2 / -0 2,0 ± 0,1 3,5 0,1

3,0 4,0 +0,2 / -0 2,4 ± 0,1

0,2 0,5

4,0 0,12

4,0 5,0 +0,3 / -0 3,3 ± 0,1 5,5 0,12

5,0 6,5 +0,3 / -0 4,2 ± 0,1 7,0 0,12

5,7 7,5 +0,3 / -0 4,6 ± 0,1 8,0 0,15

7,0 9,5 +0,4 / -0 5,8 ± 0,1 10,0 0,15

10 12 +0,4 / -0 8,5 ± 0,15 15,0 0,25

ID

s

r1
r2

20°
t

b G
ap

45°

k

The given dimensions are guide values



Dimensions and tolerances for O-rings

Permissible tolerances in the internal diameter of O-rings in accordance with DIN 3771

von bis Toleranz von bis Toleranz von bis Toleranz

1,80 2,79 ± 0,13 69,00 70,99 ± 0,61 230,00 235,99 ± 1,75

2,80 4,86 ± 0,14 71,00 72,99 ± 0,63 236,00 242,99 ± 1,79

4,87 6,69 ± 0,15 73,00 74,99 ± 0,64 243,00 249,99 ± 1,83

6,70 8,75 ± 0,16 75,00 77,49 ± 0,66 250,00 257,99 ± 1,88

8,76 10,59 ± 0,17 77,50 79,99 ± 0,67 258,00 264,99 ± 1,93

10,60 11,79 ± 0,18 80,00 82,49 ± 0,69 265,00 271,99 ± 1,98

11,80 14,99 ± 0,19 82,50 84,99 ± 0,71 272,00 279,99 ± 2,02

15,00 16,99 ± 0,20 85,00 87,49 ± 0,73 280,00 289,99 ± 2,08

17,00 18,99 ± 0,21 87,50 89,99 ± 0,75 290,00 299,99 ± 2,14

19,00 21,19 ± 0,22 90,00 92,49 ± 0,77 300,00 306,99 ± 2,21

21,20 22,39 ± 0,23 92,50 94,99 ± 0,79 307,00 314,99 ± 2,25

22,40 24,99 ± 0,24 95,00 97,49 ± 0,81 315,00 324,99 ± 2,30

25,00 25,79 ± 0,25 97,50 99,99 ± 0,83 325,00 334,99 ± 2,37

25,80 27,99 ± 0,26 100,00 102,99 ± 0,84 335,00 344,99 ± 2,43

28,00 29,99 ± 0,28 103,00 105,99 ± 0,87 345,00 354,99 ± 2,49

30,00 31,49 ± 0,29 106,00 108,99 ± 0,89 355,00 364,99 ± 2,56

31,50 32,49 ± 0,31 109,00 111,99 ± 0,91 365,00 374,99 ± 2,62

32,50 34,49 ± 0,32 112,00 114,99 ± 0,93 375,00 386,99 ± 2,68

34,50 35,49 ± 0,33 115,00 117,99 ± 0,95 387,00 399,99 ± 2,76

35,50 36,49 ± 0,34 118,00 121,99 ± 0,97 400,00 411,99 ± 2,84

36,50 37,49 ± 0,35 122,00 124,99 ± 1,00 412,00 424,99 ± 2,91

37,50 38,69 ± 0,36 125,00 127,99 ± 1,03 425,00 436,99 ± 2,99

38,70 39,99 ± 0,37 128,00 131,99 ± 1,05 437,00 449,99 ± 3,07

40,00 41,19 ± 0,38 132,00 135,99 ± 1,08 450,00 461,99 ± 3,15

41,20 42,49 ± 0,39 136,00 139,99 ± 1,10 462,00 474,99 ± 3,22

42,50 43,69 ± 0,40 140,00 144,99 ± 1,13 475,00 486,99 ± 3,30

43,70 44,99 ± 0,41 145,00 149,99 ± 1,17 487,00 499,99 ± 3,37

45,00 46,19 ± 0,42 150,00 154,99 ± 1,20 500,00 514,99 ± 3,45

46,20 47,49 ± 0,43 155,00 159,99 ± 1,24 515,00 529,99 ± 3,54

47,50 48,69 ± 0,44 160,00 164,99 ± 1,27 530,00 544,99 ± 3,63

48,70 49,99 ± 0,45 165,00 169,99 ± 1,31 545,00 559,99 ± 3,72

50,00 51,49 ± 0,46 170,00 174,99 ± 1,34 560,00 579,99 ± 3,81

51,50 52,99 ± 0,47 175,00 179,99 ± 1,38 580,00 599,99 ± 3,93

53,00 54,49 ± 0,48 180,00 184,99 ± 1,41 600,00 614,99 ± 4,05

54,50 55,99 ± 0,50 185,00 189,99 ± 1,44 615,00 629,99 ± 4,13

56,00 57,99 ± 0,51 190,00 194,99 ± 1,48 630,00 649,99 ± 4,22

58,00 59,99 ± 0,52 195,00 199,99 ± 1,51 650,00 669,99 ± 4,34

60,00 61,49 ± 0,54 200,00 205,99 ± 1,55 670,00 689,99 ± 4,46

61,50 62,99 ± 0,55 206,00 211,99 ± 1,59 690,00 699.99 ± 4.57

63,00 64,99 ± 0,56 212,00 217,99 ± 1,63 700.00 709.99 ± 4.63

65,00 66,99 ± 0,58 218,00 223,99 ± 1,67 710.00 719.99 ± 4.68

67,00 68,99 ± 0,59 224,00 229,99 ± 1,71 720.00 729.99 ± 4.74
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Tolerances for the cord thickness of O-rings in accordance with DIN 3771

Cord thickness Tolerance Cord thickness Tolerance Cord thickness Tolerance

1,00 ± 0,08 3,00 ± 0,09 6,99 ± 0,15

2,50 ± 0,08 3,50 ± 0,10 7,00 ± 0,15

1,60 ± 0,08 3,53 ± 0,10 8,00 ± 0,18

1,78 ± 0,08 3,60 ± 0,10 8,40 ± 0,18

1,90 ± 0,08 4,00 ± 0,10 9,00 ± 0,20

2,00 ± 0,08 4,50 ± 0,10 9,50 ± 0,20

2,40 ± 0,08 5,00 ± 0,13 10,00 ± 0,20

2,50 ± 0,08 5,30 ± 0,13 >10,00 ± 1,80%;

2,62 ± 0,08 5,70 ± 0,15 min. ± 0,20

2,70 ± 0,09 6,00 ± 0,15
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Elastomeric NT O-Rings® can be supplied with various degrees of hardness. The hardness must be appropriate in order for a 
seal to be able to perform its function properly.

The hardness of the materials

Most favourable hardness of the material when used 
at different pressures

Pressure (bar)

Hardness in Shore A

Up to 50

75

Up to 100

80

Above 100

88 - 92



Rubbers – groups, composition and main characteristics

The “R” group

Rubbers with an unsaturated carbon chain, e.g. natural rubbers and synthetic rubbers

 

NR  Natural rubber

BR  Butadiene rubber   IIR  Isobutene-isoprene rubber (Butyl rubber)

BIIR  Bromobutyl rubber   CIIR  Chlorobutyl rubber

IR  Isoprene rubber    SBR  Styrene-butadiene rubber

NBR  Acrylonitrile butadiene rubber  HNBR  Hydrogenated nitrile butadiene rubber

CR  Chloroprene rubber

The copolymerisation of acrylonitrile and butadiene produces acrylonitrile butadiene rubber (NBR), a polymer with 
excellent resistance to mineral oils and fuels. The individual polymer chains are connected to one another via the polar 
nitrile side chains. Non-polar liquids such as oil and petrol/gasoline cannot cross this polar barrier.

NBR (also known as acrylonitrile butadiene rubber, nitrile rubber or Buna-N) generally has an operating temperature
range of approx. –30 to +100 °C.

NBR is a copolymer of butadiene and acrylonitrile. The proportion of acrylonitrile is typically between 18% and 50%. 
The quality of an NBR compound depends on the percentage of acrylonitrile in the base polymer.

NBR is the most widely used elastomer in the sealing industry.

With increasing nitrile content, NBR offers excellent resistance to mineral oil products, but its flexibility at low 
temperatures decreases.

NBR resists oil-based hydraulic fluids, greases, animal and vegetable oils, fire-resistant hydraulic fluids (HFA, HFB, 
HFC), lubricants, water and air.

NBR loads very little electrostatic charge, avoiding the formation of sparks. That is why NBR is used, among other 
things, for tanker truck hoses and seals and for oil-lubricated machines.

NBR is specified for many military applications in relation to elastomer for use with fuels and oils.

NBR is typically the standard material for hydraulic and pneumatic applications.

The use of NBR in contact with mineral oil-based fluids at low temperatures is feasible.

However, an NBR with better resistance to low temperatures offers less resistance to high temperatures.

NBR materials are superior to other elastomers in terms of compression set, tear resistance and abrasion resistance.

Due to its double bonds, NBR offers only limited resistance to ozone, sunlight and weathering. It must not be stored 
in the vicinity of electric motors or other ozone-generating devices. The addition of special additives during the mixing 
process improves its stability.
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HNBR (hydrogenated nitrile rubber) generally has an operating temperature range of approx. –30 °C to +150 °C.
If the double bonds of NBR are hydrogenated, an aging-, oil- and hydrolysis-resistant HNBR rubber is created.
Full or partial hydrogenation converts the double-bond-containing butadiene components into single bonds. 
These are important reaction media.

HNBR offers high mechanical strength, enhanced abrasion resistance and low compression set.

HNBR offers a similar level of resistance to fluids/media as NBR, but HNBR is more resistant to steam.

Saturated (fully hydrogenated) HNBR is cross-linked with peroxides. It offers good heat resistance, at a level that is
significantly higher than that of NBR. Its resistance to weathering and ozone is comparable to that of EPDM.

Unsaturated (partially hydrogenated) HNBR exhibits higher resistance to tear propagation than saturated types, and 
greater elongation at break. However, its resistance to weathering and ozone is only comparable to that of NBR.

HNBR is somewhat less flexible at low temperatures than NBR.

HNBR is used when good resistance to both oil and heat is required – e.g. for seals and hoses in automotive and 
mechanical engineering, in refineries and in petrochemical applications.

CR (chloroprene rubber) generally has an operating temperature range of approx. –40 °C to +110 °C

CR has similar properties to NBR.

CR is resistant to refrigerants, acids and alkalis.

CR offers good resistance to heat, weathering and ozone. Due to its good mechanical properties, reasonable oil resistance 
and flame resistance, CR has long been considered one of the most important synthetic rubbers. Today, EPDM is often used 
instead of CR.

CR offers better resistance to heat, weathering and ozone than NBR, but significantly less than saturated elastomers 
such as HNBR or EPDM.

IIR / BIIR / CIIR – butyl rubber, bromobutyl rubber and chlorobutyl rubber
These rubbers are quite rarely used in sealing technology. The main areas of application, due to their low gas permeability, 
are inner liners for tubeless tyres, hoses and coatings for containers.

NT K+D AG  ·  Tel.  +41 (0)55 254 54 54  ·  Fax  +41 (0)55 254 54 55      Subject to change without notice        17

ISO 9001



Rubbers – groups, composition and main characteristics

The “M” group

Rubbers with a saturated chain of the polymethylene type

CSM  Chlorosulphonyl polyethylene rubber (Hypalon)

EPDM  Ethylene propylene diene rubber    EPM  Ethylene propylene rubber

FPM  Fluoro rubber      FFKM  Perfluoro rubber

EPDM (Ethylene propylene diene rubber) generally has an operating temperature range of approx. –40 °C to +150 °C.

EPDM is a terpolymer of ethylene and propylene with a diene component.

EPDM is one of the most important elastomers in sealing technology. The pharmaceutical and chemical industries, 
food and drink manufacturers, dairies and biotechnological process engineering applications rely heavily on EPDM.

EPDM resists many chemicals such as alcohols, polar solvents and strong alkalis, and offers good resistance to hot 
water and steam.

EPDM is not resistant to mineral oil products or to aliphatic, aromatic or chlorinated hydrocarbons.
Due to its saturated main chain, EPDM offers very good resistance to ozone, UV light, aging, weathering, heat and 
oxidation, at a level that is comparable to HNBR. Its mechanical properties (tensile strength, tear propagation strength) 
are at a somewhat lower level than those of NBR.

EPDM can be produced with a significant amount of oil or filler added, which makes it easier to process but reduces 
its quality. Depending on the area of application, the material may then no longer meet all requirements. For example, 
O-rings used in cold or hot water supply systems should preferably have little or no softener.

EPDM offers good resistance to polar chemicals, but not to hydrocarbons, mineral oils, greases, petrol/gasoline, diesel, 
etc.

EPDM is also used where the material will be exposed to the weather and where good resistance to hot water and 
steam is required. Its resistance to low temperatures is good compared with other types of synthetic rubber.

FPM (fluoro rubber) generally has an operating temperature range of approx. –20 °C to +200 °C.

FPM (ISO/DIN designation) or FKM (ASTM designation) offers excellent heat resistance, and is also resistant to many 
chemicals such as aliphatic and aromatic hydrocarbons as well as chlorinated hydrocarbons, concentrated and diluted 
acids, and weak alkalis.

FPM plays a very widespread role in sealing technology due to its wide-ranging resistance to heat, weathering and 
ozone, to many organic and inorganic chemicals, and to flames.

Due to its very low gas permeability, FPM is predestined for use in vacuum applications.

However, FPM has only moderate mechanical properties. Its restoring force is largely retained even after use at 
elevated temperatures. In terms of abrasion resistance, it is significantly inferior to other elastomers.

FPM has a low level of flexibility at low temperatures. Low-temperature properties vary depending on the type and 
proportion of comonomers. Copolymers of two monomers can be used down to –20 °C and terpolymers down 
to –35 °C.

FPM is used to make seals for machines and engines, chemical hoses, membranes, expansion joints and hydraulic zvseals.

FPM is significantly more expensive to manufacture than any other elastomervv
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Kautschuke - Gruppe, Aufbau und Hauptmerkmale

The “Q” Group 

Rubbers with siloxane groups in the polymer chain

FVMQ  Fluorosilicone rubber   VMQ  Methyl vinyl silicone rubber

VMQ (silicone) generally has an operating temperature range of approx. –60 °C to +230 °C.
The main chain of silicone rubbers is made up of combinations of silicon and oxygen atoms. The previously mentioned
elastomers have a main chain made up of carbon compounds.

VMQ has wide-ranging properties and exhibits little or no decrease in stability over a wide temperature range.

VMQ offers excellent flexibility at cold temperatures down to -60 °C (special types down to -90 °C).

VMQ is characterised by high rubber elasticity.

VMQ offers very good resistance to aging and weathering (UV, ozone).

VMQ is dielectric. The electrical conductivity can be increased dramatically by adding special carbon black.

VMQ resists weak acids and alkalis, vegetable and animal fats and oils, water up to 100 °C and diluted salt solutions.

VMQ is not resistant to steam, silicone oils or any aromatic hydrocarbons.

VMQ is highly transparent, easily pigmentable, physiologically harmless, odourless, tasteless, flame resistant, and non-toxic 
when burned.

VMQ can be sterilised (steam, radiation, ethylene dioxide).

VMQ has high gas permeability. Strength and tear propagation resistance are well below those of diene rubbers.

FVMQ (fluorinated silicone rubber) generally has an operating temperature range of approx. –50 °C to +175 °C.

FVMQ combines the good high- and low-temperature properties of silicone with good resistance to fuels and oils. 
Fluorosilicones offer a much wider operating temperature range than fluoroelastomers (FKM).

FVMQ is used with mineral oil-based oils and hydrocarbon-containing fuels at temperatures of up to 175 °C and in 
applications in which the resistance of silicone to dry heat is required.

AFLAS® (black) generally has an operating temperature range of approx. –10 °C to +200 °C.

AFLAS, a product of Asahi Glass Company, is a TPE/P rubber.
(TPE = thermoplastic elastomer, a copolymer of tetrafluoroethylene and propylene. Tetrafluoroethylene (TFE) is the raw 
material for PTFE; propene (propylene) is a colourless, flammable gas.)

AFLAS is resistant to acidic oils, gases and amines (organic derivatives of ammonia). Very good resistance to steam and hot 
water, and good resistance to all types of hydraulic fluid (including alkyl aryl phosphate esters), to all brake fluids (glycol-, 
mineral- and silicone-based), to amine-based corrosion inhibitors and to lubricant additives. Also resistant to ammonia and 
bleaches/alkalis. AFLAS offers good electrical insulating properties.

AFLAS has elastic properties similar to NBR.

AFLAS does not have FDA approval.
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Montage

Installation
Before installing the O-rings, the entire system must be cleaned of dirt and residues. O-rings must not be pulled over 
sharp edges, stepped shafts, threads, grooves, etc. Sharp-edged transitions should be covered during installation to 
prevent damage.
The O-ring must not be twisted during installation. Brief stretching during installation is permitted. However, the ring 
must be allowed time for recovery after installation. When installing as a piston or shaft seal with an external diameter 
of less than 10 mm, special care must be taken due to the relatively large degree of stretching as a percentage of the 
unstretched size. The use of a suitable aid such as a mounting mandrel or an installation sleeve is recommended.

Elongation and compression
Permanent stretching (elongation) should not exceed 6%, as otherwise the O-ring cross-section will be reduced and 
flattened too much.
The compressive strain of the O-ring should not exceed 3% to avoid the risk of the ring becoming distorted or sheared
(during assembly). The given values for elongation and compressive strain are ideal values that cannot always be 
adhered to in practice. The O-ring’s installation space/recess must be adapted accordingly, particularly in cases where 
stretching is more significant, in order to ensure sufficient cross-sectional compression.

Caution! Excessive stretching or compression of O-rings made of FPM/FKM or FFPM/FFKM results in irreversible 
damage. O-rings of these materials that are over-stretched do not return to their original form.
A suitable O-ring installation grease or soap/water mixture can be used for easier installation. It is essential to ensure 
compatibility with the O-ring material.

Modern surface activation processes can be applied to make installation easier without the use of aid materials,
reducing the risk of contaminating the O-ring’s environment.
Such surface activation does not change the O-ring’s material properties or its dimensions. Please do not hesitate to 
contact us for further information.
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