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Filled PTFE
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PTFE, because of it’s properties is used in a very large number of applications. Some of its properties can be improved and/or modified by adding suitable fillers, allowing the use of PTFE in fields otherwise precluded to this polymer. The treated PTFE is generally known as filled PTFE. The fillers most commonly used are: glass fiber, carbon, bronze or graphite, in the form of powder intimately mixed with the PTFE; other fillers are: molybdenum bisulphide, metal powders, ceramics, metal oxides and mixtures of two or more additives. 

The addition of fillers to the PTFE improves or modifies its properties depending upon the nature and quantity of filler:
· remarkable increase in wear resistance 

· decrease of deformation under load and of creep 

· reduction of thermal expansion 

· some types of filler increase the thermal and electric conductivity. 

Filled PTFE is often not as strong and resilient as virgin PTFE. The filler limits the resistance to chemical agents and the electrical properties.
	 
	


Filler functions 

Glass fiber 

PTFE is reinforced with glass fibers, the percentage varying between 5 and 40%. The added glass fiber improves the wear properties and, to a minor degree, also the deformation strength under load while leaving substantially unchanged the electrical and chemical characteristics. Glass itself, has a rather poor resistance against alkalis and is easily attacked by hydrofluoric acid. The coefficient of friction is slightly increased and for this reason, graphite is sometimes added to compensate this side effect.

Carbon
Carbon is added to the PTFE in a percentage by weight between 10 and 35%, along with small percentage of graphite. Also, the carbon tends to improve to a considerable degree, wear and deformation strength, while leaving practically unchanged the chemical resistance, but substantially modifying the electrical properties.

Bronze
Bronze, when used as filler, is added in percentages of weight between 40 and 60%. Bronze filled PTFE has the best wear properties, remarkable deformation strengths and good thermal conductivity, but poor electrical characteristics and chemical resistance.

Graphite
The percentages used vary between 5 and 15%. Graphite lowers the coefficient of friction and is, therefore, often added to other types of filled PTFE for improving this property. It improves the deformation under load, strength and, to a minor degree, the wear properties.

Other fillers
Molybdenum sulfide, though decreasing the coefficient of friction, is sometimes preferred to graphite. Some metal powders (stainless steel, nickel, titanium), in consideration of their particular resistance to chemical agents, are sometimes used as fillers for PTFE, even though their wear resistance, with respect to bronze, are inferior. The metal oxides, added to other fillers, give better wear properties.
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	Properties
Method
Unit
Unfilled
typical values – FILLED
LV 2030
LVG 2030
LCG 3030
LCG 3040
Type of filler - % approx.
-
-
-
25 glass
20 glass + 5 graph
25 carbon
35 carbon
Specific gravity
ASTM D792
-
2,17
2,23
2.18
2,10
2,10
Tensile strength
ASTM D1457
N/mm2
30
16
15
15
15
Elongation at break
ASTM D1457
%
300
260
200
180
80
Compressive strength 1% deformation
ASTM D695
N/mm2
4,5
7,0
7,0
10,0
11,0
Deformation under load 14N/mm2 for 24h - Total P
ASTM D621(2)
%
14,5
9,5
6,8
6,5
3,7
Deformation under load 14N/mm2 for 24h - Total T
ASTM D621(2)
%
16,5
13,5
7,0
5,5
3,4
Deformation under load 14N/mm2 for 24h - Permanent P
ASTM D621(2)
%
8,0
5,0
5,0
3,0
1,0
Deformation under load 14N/mm2 for 24h - Permanent T
ASTM D621(2)
%
8,5
7,8
4,0
2,8
1,1
Hardness (shore D - 15 sec)
ASTM D2240
-
55
63
60
63
65
Friction coefficient dynamic
ASTM D3028 (1)
-
0,05
0,07
0,06
0,06
0,06
Wear factor (K)
-
mm3sec/Nmh
1
0,00071
0,00106
0,00082
0,00070
PV limit at 0,05 m/sec
-
Nm/mm2sec
0,040
0,365
0,400
0,365
0,330
PV limit at 0,50 m/sec
-
Nm/mm2sec
0,070
0,475
0,545
0,460
0,400
PV limit at 5,00 m/sec
-
Nm/mm2sec
0,095
0,590
0,800
0,545
0,500
Coefficient of linear thermal expansion from 25 to 100°C
ASTM E831
°C-1
16x10-5
10x10-5
11x10-5
9,5x10-5
9x10-5
Thermal conductivity
ASTM D2214
W/mK
0,23
0,43
0,62
0,64
0,68
Dielectric strength (short-time air thickness 0,5 mm)
ASTM D149
kV/mm
55
13
2,5
-
-
Dielectric constant (50-109 Hz)
ASTM D150
-
2,1
2,5
3,3
-
-
Dissipation factor
ASTM D150
-
<0,0002
0,003
0,0025
-
-
Volume resistivity
ASTM D257
Ohm/cm
1017
1016
1015
103
103
Surface resistivity(3)
ASTM D257
Ohm
1017
1016
1014
103
103
Note:
P - Designates properties parallel to moulding direction
T - Means perpendicular to moulding direction
(1) Speed 0,08 m/sec; load 0,1 N/mm2, sliding surface steel roughness Ra = 0,5 micron
(2) Superseded standard
(3) 100% relative humidity
All the determinations have been made at 23°C 
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	Properties
Method
Unit
Unfilled
typical values – FILLED
LBR 4000
LBR 4003
LV2031
LX7050
Type of filler - % approx.
-
-
-
60 bronze
40 bronze +
3 MoS2
30 glass spec.
50 s.steel
Specific gravity
ASTM D792
-
2,17
3,88
3,15
2,25
3,30
Tensile strength
ASTM D1457
N/mm2
30
14
17
17
18
Elongation at break
ASTM D1457
%
300
100
100
300
280
Compressive strength 1% deformation
ASTM D695
N/mm2
4,5
10,5
10,0
7,0
-
Deformation under load 14N/mm2 for 24h - Total P
ASTM D621(2)
%
14,5
6,0
8,0
9,0
4,9
Deformation under load 14N/mm2 for 24h - Total T
ASTM D621(2)
%
16,5
5,6
7,0
12,0
6,0
Deformation under load 14N/mm2 for 24h - Permanent P
ASTM D621(2)
%
8,0
2,5
4,0
4,5
2,4
Deformation under load 14N/mm2 for 24h - Permanent T
ASTM D621(2)
%
8,5
2,3
3,0
7,0
2,0
Hardness (shore D - 15 sec)
ASTM D2240
-
55
65
66
65
64-72
Friction coefficient dynamic
ASTM D3028 (1)
-
0,05
0,06
0,13
0,07
-
Wear factor (K)
-
mm3sec/Nmh
1
0,00041
-
0,0007
-
PV limit at 0,05 m/sec
-
Nm/mm2sec
0,040
0,545
0,350
0,360
-
PV limit at 0,50 m/sec
-
Nm/mm2sec
0,070
0,680
-
0,450
0,250
PV limit at 5,00 m/sec
-
Nm/mm2sec
0,095
1,020
-
0,540
-
Coefficient of linear thermal expansion from 25 to 100°C
ASTM E831
°C-1
16x10-5
9,5x10-5
9,8x10-5
8x10-5
9x10-5
Thermal conductivity
ASTM D2214
W/mK
0,23
0,74
0,68
0,34
0,65
Dielectric strength (short-time air thickness 0,5 mm)
ASTM D149
kV/mm
55
-
-
12
-
Dielectric constant (50-109 Hz)
ASTM D150
-
2,1
-
-
2,5
-
Dissipation factor
ASTM D150
-
<0,0002
-
-
0,0012
-
Volume resistivity
ASTM D257
Ohm/cm
1017
-
-
1016
-
Surface resistivity(3)
ASTM D257
Ohm
1017
-
-
1015
-
Note:
P - Designates properties parallel to moulding direction
T - Means perpendicular to moulding direction
(1) Speed 0,08 m/sec; load 0,1 N/mm2, sliding surface steel roughness Ra = 0,5 micron
(2) Superseeded standard
(3) 100% relative humidity
All the determinations have been made at 23°C 


All information supplied by or on behalf of Alperton Engineering Ltd in relation to its products, whether in the nature of data recommendations or otherwise is supported by research and believed reliable but Alperton Engineering Ltd assumes no liability whatsoever in respect of application processing or use made of the aforementioned information or products or any consequence thereof. The buyer undertakes all liability in respect of the application processing or use of the aforementioned information or product, whose quality and other properties he shall verify or  any consequence thereof. No liability whatsoever shall attach to Alperton Engineering Ltd for any infringement of the rights owned or controlled by a third party intellectual industrial or other property by reason of the application processing or use of the aforementioned information or products by the buyer.  
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