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Design Considerations

FR Fiber physical and chemical properties

Non-shrinking char

Thermal protective performance & capability

Durable wear performance

Comfortable wearability

Protective appearance (dyes, finishes, antimicrobial, IR, etc.)

Available / dependable / high quality supply

Economical lifecycle cost



GENERIC 

NAME

TRADE

NAME

DENSITY       

g/cc

TENACITY      

cN/tex

(gpd)

ELONG.

TO 

BREAK 

%

INITIAL 

MODULUS     

cN/tex

(gpd)

THERMAL 

SHRINKAGE     

%, dry air 

177C

LIMITING 

OXYGEN 

INDEX          

%

CONT. 

USE 

TEMP.                    

C

DECOMP

. TEMP.                    

C

MOISTURE 

REGAIN    

%, 70F & 

65%RH

COST       

$/lb 

(estimate)

FR viscose Lenzing FR® 1.52
16 - 24     

(1.8 - 2.7)
15 - 20 28 **

FR viscose Visil® 1.62
13 - 19     

(1.5 - 2.2)
18 - 25 28 - 31 150 - 200 9 - 11 *

melamine                 

modified poly-

(melamine-

formaldehyde)

Basofil® M80 1.4 20 (2.2) 18 486 (55) <1.0 32 191 370 5.0 ***

melamine                 

modified poly-

(melamine-

formaldehyde)

Basofil® M100 1.4 19 (2.0) 11 486 (55) <1.0 32 191 370 5.0 **

meta-aramid                       

poly-(meta-phenylene 

isophthalamide) 

Nomex® 450 1.37 26 (2.9) 22 28 204 427 ***

meta-aramid                        

poly-(meta-phenylene 

isophthalamide) 

Nomex® 462 1.37 23 (2.6) 21 28 5.0 - 5.5 ***+

meta-aramid                     

poly-(meta-phenylene 

isophthalamide) 

TeijinConex® 1.38
46 - 51     

(5.2 - 5.8)
35 - 45

544 - 680   

(61.7 - 77.2)
<1.0 30

191 -

204
6.5 ***

meta-aramid                      

poly-(meta-phenylene 

isophthalamide) 

Aramet®            

T-200

35 - 40      

(4.0 - 4.5)
35

191 -

204
416 **+

modacrylic                      

modified polyacrylonitrile
Protex® S

20 - 29     

(2.3 - 3.3)
35 238 (27) 33 2.5 *+

novoloid                         

poly-(phenol-aldehyde) 
Kynol® 1.27

12 ï16  

(1.35 - 1.8)
30 - 60

260 - 350   

(29 - 40)
30 - 34 150 6.0 **

PI                                

polyimide
P84® 1.41 38 (4.3) 30

<3%          

@240C/10m
38 260 370 3.0 ****

PBO                                  

poly-(para-phenylene 

benzobisoxazole) 

Zylon® AS 1.54 370 (42) 3.5
11500   

(1303)
68 650 2.0 *****

FR Fiber Properties (mfrôs. data)



FR Fiber Properties (mfrôs. data)
GENERIC 

NAME

TRADE

NAME

DENSITY       

g/cc

TENACITY      

cN/tex

(gpd)

ELONG. 

TO

BREAK

%

INITIAL 

MODULUS     

cN/tex

(gpd)

THERMAL 

SHRINKAGE     

%, dry air 

177C

LIMITING 

OXYGEN 

INDEX          

%

CONT. 

USE 

TEMP.                    

C

DECOMP

. TEMP.                    

C

MOISTURE 

REGAIN    

%, 70F & 

65%RH

COST       

$/lb 

(estimate)

PBO                                  

poly-(para-phenylene

benzobisoxazole) 

Zylon® HM 1.56 370 (42) 2.5 17200 (1948) 68 650 0.6 *****

PPS                            

poly-(phenylene sulfide)
Procon® 1.34 43 (4.9) 34.5

397 - 485    

(45 - 55)

<3.5%       

@180/30m
40 190 285 0.2 **+

PPS                            

poly-(phenylene sulfide)
Torcon® 1.34

26 - 44   

(3 - 5)
30 - 60 34 190 285 0.2 **+

para-aramid                  

poly-(para-phenylene 

terephthalamide)

Kevlar® 29 1.44 203 (23.0) 3.6 4900 (555) <0.1 28
149 -

177
427 - 482 4.5 ****

para-aramid                  

poly-(para-phenylene 

terephthalamide)

Kevlar® 49 1.44 208 (23.6) 2.4 7810 (885) <0.1 28
149 -

177
427 - 482 3.5 ****

para-aramid                  

poly-(para-phenylene 

terephthalamide)

Twaron® 1.44 203 (23) 3.0 6700 (759) <0.1 29 250 500 4.5 ****

para-aramid                  

copoly-(para-phenylene 

3,4'-oxydiphenylene 

terephthalamide)

Technora® 1.39 216 (24.5) 4.6 5900 (669) <0.5 35 330 2.0 ****

PAI                      

aromatic   

polyamideimide

Kermel® 1.34
25 - 35 

(2.8 - 4.0)
30 - 35

200 - 300  

(22.7 - 34.0)
32 200 >450 4 - 4.5 ***

polybenzimidazole

poly [2,2ô-(meta-

phenylene)-5,5ô-

bibenzimidazole)]

PBI® 1.43 24 (2.7) 28.5 280 (31.7) <0.1 41 285 15.0 *****

PAN                      

preoxidized acrylonitrile
Panox® 1.38 16 (1.8) 16 - 28 45 10.0 **

PTFE                            

poly-(tetrafluoroethylene)
Teflon® 2.1 17.7 (2.0) 19.0 115 (13.0) 6.0 99 260 327 0.0 *****



GENERIC

NAME

TRADE

NAME

ACID 

RESIST-

ANCE

ALKALI 

RESIST-

ANCE

ABRASION 

RESIST-

ANCE

ORGANIC 

SOLVENT 

RESIST-

ANCE

UV

RESIST-

ANCE

BLEACH 

RESIST-

ANCE

CHAR 

SHRINKAGE

CHAR 

STRENGTH

FR viscose Lenzing FR® Poor Fair Fair Good Poor Excellent Poor

FR viscose Visil® Poor Fair Poor Good Poor Good Poor

melamine                 

modified poly-

(melamine-

formaldehyde)

Basofil® M80 Fair Excellent Fair Excellent Excellent Excellent Excellent Fair

melamine                 

modified poly-

(melamine-

formaldehyde)

Basofil® M100 Fair Excellent Fair Excellent Excellent Excellent Excellent Fair

meta-aramid                       

poly-(meta-phenylene 

isophthalamide) 

Nomex® 450 Fair Fair Good Excellent Poor Fair Poor

meta-aramid                        

poly-(meta-phenylene 

isophthalamide) 

Nomex® 462 Fair Fair Good Excellent Poor Fair Good Fair

meta-aramid                     

poly-(meta-phenylene 

isophthalamide) 

TeijinConex® Fair Fair Good Excellent Poor Fair Poor

meta-aramid                      

poly-(meta-phenylene 

isophthalamide) 

Aramet®    

T-200
Fair Fair Good Excellent Poor Fair Poor

modacrylic                      

modified polyacrylonitrile
Protex® S Excellent Good Good Excellent Excellent Excellent Poor

novoloid                         

poly-(phenol-aldehyde) 
Kynol® Good Good Fair Good Good Fair

PI                                

polyimide
P84® Good Excellent Excellent Excellent Fair Good Poor

PBO                                  

poly-(para-phenylene 

benzobisoxazole) 

Zylon® AS Good Good Excellent Excellent Poor Good Excellent Excellent

FR Fiber Properties (mfrôs. data)



FR Fiber Properties(mfrôs. data)

GENERIC

NAME

TRADE

NAME

ACID 

RESIST-

ANCE

ALKALI 

RESIST-

ANCE

ABRASION 

RESIST-

ANCE

ORGANIC 

SOLVENT 

RESIST-

ANCE

UV 

RESIST-

ANCE

BLEACH 

RESIST-

ANCE

CHAR 

SHRINKAGE

CHAR 

STRENGTH

PBO                                  

poly-(para-phenylene

benzobisoxazole) 

Zylon® HM Good Good Excellent Excellent Poor Good Excellent Excellent

PPS                            

poly-(phenylene sulfide)
Procon® Excellent Excellent Excellent Excellent Excellent Poor

PPS                            

poly-(phenylene sulfide)
Torcon® Excellent Excellent Excellent Excellent Excellent Poor

para-aramid                  

poly-(para-phenylene 

terephthalamide)

Kevlar® 29 Fair Fair Fair Excellent Fair Poor Excellent Excellent

para-aramid                  

poly-(para-phenylene 

terephthalamide)

Kevlar® 49 Fair Fair Fair Excellent Fair Poor Excellent Excellent

para-aramid                  

poly-(para-phenylene 

terephthalamide)

Twaron® Fair Fair Fair Excellent Fair Poor Excellent Excellent

para-aramid                  

copoly-(para-phenylene 

3,4'-oxydiphenylene 

terephthalamide)

Technora® Good Good Fair Excellent Fair Fair Excellent Excellent

PAI               

polyamideimide
Kermel® Fair Fair Good Excellent Excellent

polybenzimidazole                            

poly [2,2ô-(meta-

phenylene)-5,5ô-

bibenzimidazole)]

PBI® Very Good Fair Fair Fair Excellent Good

PAN                      

preoxidized acrylonitrile
Panox® Good Poor Poor Excellent Good

PTFE                            

poly-(tetrafluoroethylene)
Teflon® Excellent Excellent Fair Excellent Excellent Excellent Poor



100% fiber felts exposed to open flame

melamine ï60 sec
p-aramid ï60 sec

m-aramid ï20 sec

pbi ï60 sec

modacrylic ï5 sec polyester ï5 sec

Non-shrinking Char



Thermal Protective Performance 

Free Shrinkage
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Thermal Protective Performance

Outershell Fabric Shrinkage
(fabrics exposed to 35 TPP - 17.5 seconds of flame)



Thermal Protective Capability
(moisture barrier underlayer after a 

35 TPP exposure = 17.5 sec of flame)
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Heat Absorption Property
Differential Scanning Calorimetry
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Fabric Ensemble

TPP Performance

- with PTFE on m-aramid / p-aramid nonwoven substrate moisture barrier

Outer Shell Thermal Liner TPP Thick Wt.

Fabric w/m-aramid face mils opsy

pbi/                  

p-aramid

  3-layer m-aramid/          

p-aramid
44 114 20

melamine/    

p-aramid

  3-layer m-aramid/          

p-aramid
54 114 20

melamine/    

p-aramid

  1-layer melamine /      

p-aramid / m-aramid
41 87 18

melamine/           

p-aramid

  2-layer melamine /       

p-aramid / m-aramid
44 103 19



Double Layer Knit

TPP Performance
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TPP = 24 
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TPP = 18 
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TPP =14 
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Heat Blocking Capability



Insulation Against Cold

   7.4 osy m-aramid  
    Interlock Knit 

7.0 osy melamine 
/ m-aramid 

Interlock Knit 

Thermal 

Resistance @ 0 F 
(hr-F-ft2/Btu) 

         0.353         0.516 
(a 45% increase) 

Thermal 

Resistance @ 32 F 
(hr-F-ft2/Btu) 

          0.673          0.980 
(a 45% increase) 
 

 
 



1 2 3 4 5 6 7

melamine 60 55 50 55 50 55 50

cotton 40 40 40 40 40 40 40

nylon 6,6 - 5 - - 10 - -

p-aramid - - 5 - - 10 -

m-aramid - - - 5 - - 10

Martindale

Abrasion

15,000 40,000 30,000 25,000 50,000 45,000 25,000

Fiber Blending
for improved durability and reduced lifecycle cost



UV Resistance
for improved lifecycle cost


