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Standard Specification for 
PTFE MOLDING AND EXTRUSION MATERIALS’ 

This standard is issued under the fixed designation D 1457; the number immediately following the designation indicates the 
year of original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last 
reapproval. A superscript epsilon (E) indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This specification covers molding and 

extrusion resins of PTFE (polytetrafluoroeth- 
ylene) that have never been melted after pre- 
forming or molding and are normally processed 
by methods similar to those used in powder 
metallurgy or ceramics, or by ram extrusion or 
extrusion with a volatile aid. These PTFE resins 
are homopolymers of tetrafluoroethyleneor co- 
polymers containing not more than l 70 by 
weight of other fluoromonomers. The usual 
methods of plastics processing generally are not 
applicable to these materials because of their 
viscoelastic properties at processing tempera- 
tures. The materials included herein do not 
include mixtures of PTFE resin with additives 
such as colors, fillers, plasticizers, any fabri- 
cated articles, or reprocessed or reground resin. 
The methods and properties included are those 
required to identify the various types of resins. 
Additional procedures are provided in the Ap- 
pendixes for further characterization of the 
resins. 

1.2 The values stated in SI units are to be 
regarded as the standard. 

2. Applicable Documents 
2.1 ASTM Slandurds: 
D 6 18 Methods of Conditioning Plastics and 

Electrical Insulating Materials for Testing’ 
D638 Test Method for Tensile Properties of 

Plastics’ 
D792 Test Methods for Specific Gravity and 

Density of Plastics by Displacement’ 
D 1505 Test Method for Density of Plastics by 

the Density-Gradient Technique’ 
D 1895 Test Methods for Apparent Density, 

Bulk Factor, and Pourability of Plastic 
Materials3 

D 1898 Recommended Practice for Sampling 
of Plastics3 

D3297 Practice for Molding and Machining 
Tolerances for PTFE Resin Parts4 

D 3892 Practice for Packaging/Packing of 
Plastics4 

E I 1  Specification for Wire-Cloth Sieves for 
Testing Purposes5 

E 177 Recommended Practice for Use of the 
Terms Precision and Accuracy as Applied 
to Measurement of a Property of a Materials 

E 380 Standard for Metric Practice6 
2.2 Militar)? Standard:’ 
MIL-STD- 105 Sampling Procedures and Ta- 

bles for Inspection by Attributes 

3. Types 
3.1 This specification covers the following 

six types of PTFE resin generally used for 
compression molding or extrusion, or both: 

3.1.1 Type I-Granular resin used for gen- 
eral-purpose molding and extrusion. 

3.1.2 Type III-Resin produced from a CO- 

agulated dispersion and normally used with a 
volatile processing aid. Type III resins a x  di- 
vided into four grades by such characteristics 

. 
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as bulk density, agglomerate size, melting peak 
temperature, standard specific gravity, tensile 
properties, etc. Each grade is divided into three 
classes to indicate performance in the test for 
extrusion pressure described in 12.8. 

3.1.3 Type IV-Finely divided resin with an 
average particle size less than 100 pm. 
NOTE I-See Tables 1 and 2 for division of types 

by grades and classes and footnotes to Table 1 for 
former classifications. Type II was deleted from this 
specification in an earlier edition. 

3.1.4 Type V-A finely divided granular 
resin typically used in applications requiring 
improved resistance to creep and stress relaxa- 
tion in end use. 

3. i .5 Tvpe VI-Free-flowing resins. Gener- 
ally made by treatment of finely divided resin to 
produce free-flowing agglomerates. Type VI res- 
ins are divided into two grades according to bulk 
density level. 

3.1.6 Type U-Presintered. Resin that has 
been treated thermally at or above the melting 
point of the resin at atmospheric pressure with- 
out having been previously molded or pre- 
formed. 

4. General Requirements 
4.1 The resin shall be of uniform composi- 

tion and shall contain no additives or foreign 
material. 

4.2 The color of the resin as shipped by the 
seller shall be white. 

5. Detail Requirements 
5.1 The resins covered by this specification 

shall conform to the requirements prescribed in 
Tables 1 and 2, when tested by the procedures 
specified herein. Table 1 lists tests to be carried 
out on resins. Table 2 lists tests requiring a 
specimen molded as described in Section 9. 

6. Test Specimens 
6. I Test specimens shall be cut from disks or 

billets molded in accordance with the proce- 
dures given in Section 9. 

7. Sampling 
7.1 Unless otherwise agreed upon between 

the seller and the purchaser, the resin shall be 
sampled in accordance with Sections 9 to 12 of 
Recommended Practice D 1898. Adequate sta- 
tistical sampling prior to packaging shall be 
considered an acceptable alternative. 

7.2 A lot of resin shall consist of one contin- 

uous production run or a blend of two or more 
production runs. The producer shall take (and 
test) sufficient within-lot samples to assure ad- 
equate in-process quaiity control and continu- 
ing conformance to the lot requirements of this 
specification. 

8. Number of Tests i 

8.1 Unless otherwise agreed upon in writing 
by the purchaser and selier, routine lot inspec- 
tion tests shall consist of those specified in 
Table 1, except melting endotherms, plus mea- 
surement of specific gravity (see Table 2). Pe- 
riodic tests shall consist of ali the tests specified 
in Tables I and 2 and shall be made at least 
once per year. 

8.2 The tests listed in Tables 1 and 2, as they 
apply, are sufficient to establish conformity of 
a material to this specification. When the num- 
ber of test specimens is not stated in the test 
method, single determinations may be made. If 
more than single determinations on separate 
portions of the same sample are made, the 
results shall be averaged. The single or average 
result shall conform to the requirements pre- 
scribed in this specification. 

9. Sample Preparation 

I 

9.1 Test Disks: 
9.1.1 The die shown in Fig. 1 shall be used 

for the molding of test disks (Note 2). Place flat 
aluminum disks, 0.08 to 0.38 mm (3 to 15 mils) 
thick and 76 mm (3 in.) in diqmeter, on both 
sides of the resin when molding Type III resins. 
NOTE 2: Caution-Although PTFE resin can be 

used continuously at temperatures of 260°C (500°F) 
or intermittently up to 327°C (620"F), it can evolve 
small quantities of gaseous products when heated 
above 204°C (4ûû'F). Some of these gases are harm- 
ful. Consequently, exhaust ventilation must be used 
whenever the resins are heated above this tempera- 
ture. Since a burning cigarette would exceed 204°C 
(400"F), those working with PTFE resins should 
ensure that tobacco is not contaminated. 

9.1.2 Screen 14.5 g (for tensile properties) or 
7.25 g (for electrical properties discussed in 
Appendix X1.7) of PTFE resin through a No. 
10 hand sieve into the mold. Adjust lower plug 
height so that the resin can be leveled by draw- 
big a straightedge in contact with and across 
the top of the mold cavity. Insert mold in 
suitable hydraulic press and apply pressure 
gradually (Note 3) until a total of 13.8 MPa 
(2000 psi) for Type III resin or 34.5 MPa (5000 
psi) for all other types is attained. After this 
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point has been reached, hold the pressure on 
the disk for 3 min. Remove the disk from the 
die. A wax pencil may be used to write sample 
identification on the disk at this time. 

NOTE 3-As a guide, increasing the pressure at a 
rate of 3.45 MPa (500 psi)/min is suggested until the 
desired maximum is attained. 

9.1.3 Place the sintering oven in a laboratory 
hood (or equip it with an adequate exhaust 
system) and sinter preforms according to Table 
3, Procedure B for Types I, II€, IV, and VI, and 
Procedure C for Type V. 

NOTE 4-Although the rate of pressure applica- 
tion is not critical, the cooling cycle is most important 
and the conditions cited in this procedure must be 
followed very closely. If they are not followed, the 
crystallinity of the disks and the resulting physical 
properties will be markedly changed. Therefore, the 
use of a cam-controlled, automatically timed oven is 
recommended for the most precise sintering cycle 
control so that the hood window may be left down 
during the entire sintering procedure, the .latter being 
an important safety consideration. 

9.2 Test Specimens for Standard Spec@ 
Gravity and Thermal Instability Index: 

9.2.1 A cylindrical preforming mold,8 28.6 
mm ( I  Yi in.) internal diameter by at least 76.2 
mm (3 in.) deep, is used to prepare the pre- 
forms. clearance should be sufficient to ensure 
escape of entrapped air during pressing. Place 
fiat aluminum foil disks, normally 0.013 mm 
(0.005 in.) thick and 28.6 mm (1 % in.) diameter, 
on both sides of the resin, when molding Type 
III resins. The test resin should be near ambient 
temperature prior to molding. 

NOTE %For maximum precision, the weighing 
and preforming operations should be carried out in 
a constant-temperature/humidity room at 23 t 1 “C 
(73.4 f 1.8”F) and 50 rt 2 9% relative humidity. The 
method should not be run below 22°C (71.6”F) due 
to the crystalline transition which leads to possible 
cracks in sintered specimens and differences in spec- 
imen density. Practice D 3297 provides additional 
details. 

I 

. 

9.2.2 Weigh out 12.0 f 0.1 g and place in 
preforming mold. Nonfree-flowing resins shall 
be screened through a’:N?. i0 sieve. Compacted 
resins can be broken úp by hand shaking cold 
resin in a half-filled sealed glass container, 
Condition the resin in the sealed glass container 
in a freezer or dry-ice chest. After breaking up 
resin lumps, allow the sealed container to equi- 
librate to near ambient temperature. Then 
screen and weigh the 12.0 +- O. 1 g sample. Insert 
the mold in a suitable hydraulic press and apply 
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pressure gradually (Note 3) until a total load of 
13.8 MPa (2000 psi) or 34.5 MPa (5000 psi) is 
attained. Hold the pressure on the preform for 
2 min. Remove the preform from the mold. A 
wax pencil may be used to write the sample 
identification on the preform at this time. 

9.2.3 Sinter the preforms by Procedure A or 
B for Type III, Procedure B for Types I, IV, 
and VI, and Procedure C for Type V given in 
Table 3. 

NOTE 6-Improved precision in the standard spe- 
cific gravity test results has been obtained with sin- 
tering Procedure A2, the use of an upright, cylindrical 
oven, and an aluminum sintering rack. The cylindri- 
cal oven has an inside diameter of 140 mm (5 .5  in.) 
and a depth of 203 mm (8 in.) plus additional depth 
to accommodate a 50.8 mm (2 in.) cover and is 
equipped with adequate band heaters and controls to 
accompiish the sintering of specimens according to 
Procedure A2, Table 3. The rack, as shown in Fig. 2, 
allows preforms to be placed symmetrically in the 
center region of the oven. Place six preforms on each 
of the middle oven rack shelves. (If six or less pre- 
forms are to be sintered, place them on the middle 
rack, filling in with “dummy” specimens as needed.) 
Place “dummy” specimens on the top and bottom 
shelves. Specimens must be spaced evenly in a circle 
on each shelf, with none of them touching. An oven 
load must be no less than 18 pieces including the 
additional “dummy” pieces. “Dummies” are used to 
complete the load as necessary. (“Dummies” are 
defined as normal 12-g specimens that have previ- 
ously been through the sintering cycle. “Dummies” 
must only be used for an additional two or three 
thermal cycles, due to eventual loss of thermal sta- 
bility and physical form.) 

9.2.4 Remove flash from each specimen, so 
that no air bubbles will cling to the edges when 
it is immersed in the solution for weighing 
during the standard specific gravity and insta- 
bility index tests. It is recommended for this 
section and during testing that cotton gloves be 
worn while handling test specimens. 

9.3 Test Billets: 
9.3.1 Test specimens cut or skived from bil- 

lets may be used as an alternative to the test 
disks described in 9.1 and 9.2 for Types I, IV, 
V, and VI resins. 

9.3.2 Mold test billets in a die similar to Fig. 
3, having an inside diameter of 57 mm (2.25 
in.) and of sufficient height to contain the 
sample, Clearance should be sufficient to insure 
escape of entrapped air during pressing. A 254- 
mm (10-in.) length will produce a billet ap- 

t~ A “Carver Test Cylinder” has been found satisfactory 
for this purpose. It is available from standard laboratory 
equipment suppliers. 
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proximately 76 mm (3 in.) long from a resin 
charge of 400 f 50 g. The billet length may be 
varied in accordance with the amount of testing 
to be done. 

9.3.2.1 Adjust the lower plug height so that 
the resin level will not come within 13 mm (0.5 
in.) of the top of the cavity. Add the resin to 
the mold, insert the top plug, and apply hand 
pressure making certain that the potential pre- 
form is centered in the mold. Remove the 
support ring, and place the mold in a hydraulic 
press. Do not allow the two end plugs to "bot- 
tom" on the mold shell. 

9.3.2.2 Apply an initial load to the mold of 
3.45 MPa (500 psi) i: 10 % and hold for 1 to 2 
min. Increase the loading smoothly to the final 
performing pressure in 3 to 5 min. The final 
pressure attained should be as recommended 
by the manufacturer for the particular material, 
otherwise 34.5 MPa (5000 psi) for Type I and 
17.2 MPa (2500 psi) for Types IV, V, and VI 
should be used. Hold under maximum pressure 
for 2 to 5 min. ReIease the pressure by gradu- 
ally "cracking" the pressure release valve with- 
out an apparent movement of the press platens. 
Remove the top pusher and force the preform 
vertically out of the mold shell using a contin- 
uous, smooth movement. 
NOTE 7-Care must be taken in removing the 

preform from the die. If a vertical force is not main- 
tained, cracking of the preform may occur. 

9.3.3 Insert the preform in a sintering can 
(Fig. 4) and place the assembly in an oven. 
Sinter according to procedures in Table 3. Use 
Procedure D for Types I, IV, and VI and 
Procedure E for Type V resins. 
NOTE 8-The sintering can may be eliminated if 

an oven is used which provides equivalent uniformity 
of temperature about the specimen being heated. 

9.4 Sectioning and Skiving the Test Billet: 
9.4.1 Divide the test billet into sections by 

making transverse cuts by machining, or by a 
suitable alternate procedure, according to Fig. 
5. The rough cuts between Sections I and II 
may be made with a saw, but the Faces C and 
D must be prepared by machining. 

9.4.2 Prepare five test specimens for the de- 
termination of tensile strength and elongation 
from 0.8 mm (y32 in.) thick slices machined 
from Section II, Face C, and machine a slice of 
suitable thickness for standard specific gravity 
measurements as described in 12.5.1. Care 
should be taken to avoid wedge-shape cuts. Use 
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the remainder of Section II to prepare tape 
specimens by skiving O. 13 mm (5 mils). Discard 
the initial five revolutions of skived tape before 
taking the test sample. The tape may be used 
for the determination of tensile strength and 
elongation, as an alternative to machined disks. 
If electrical properties, discussed in the Appen- 
dix, are to be determined on tape, Sections II 
and III must be left together in order that a 
tape of sufficient width is obtained to allow the 
cutting of a 2-in. diameter electrical test speci- 
men. 

10. Conditioning Test Specimens 
10.1 For tests of standard specific gravity 

and tensile properties the molded test speci- 
mens shall be conditioning in accordance with 
Procedure A of Methods D 6 18, for a period of 
at least 4 h prior to test. The other tests require 
no conditioning of the molded test specimens. 

11. Test Conditions 
1 I. I Tests shali be conducted at the Stand- 

ard Laboratory Temperature of 23 f 2OC (73.4 
f 3,6"F), unless otherwise specified in the test- 
ing methods or in this specification. Since this 
resin. does not absorb water, the maintenance 
of constant humidity during testing is not im- 
portant. 

12. Test Methods 
12.1 Melting Characteristics by Thermal 

Analysis-An initial melting peak temperature 
(Fig. 6) greater than 5°C (4 1 OF) above subsequent 
melting peak temperatures is indicative that the 
resin has not been melted previously. A resin that 
has been melted is not compatible with the scope 
of this specification except for Type VII. The 
peak temperature obtained on the second and 
any subsequent rneltings is defined as the melting 
endotherm and occurs at about 327°C (620.6"F) 
for PTFE resins. If peak temperatures are difficult 
to discern from the curves, that is, if the peaks 
are rounded rather than pointed, straight lines 
should be drawn tangent to the sides of the peak. 
Where these lines intersect beyond the peak 
should be taken as the peak temperature. Multi- 
ple peaks during the initial melting test are not 
uncommon. Where more than one peak occurs, 
the presence of any peak <5"C (C41"F) above 
the peak temperature obtained during first meit- 
ing test may indicate the presence of some pre- 
viously melted material. 
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12.2 Bulk Density: 
12.2.1 Bulk density gives some indication, on 

a volumetric basis, of how the resin may perform 
during feeding of molding and extrusion equip- 
ment. PTFE resins have a tendency to compact 
during shipment and storage, and even though 
the material is broken up by screening or some 
other means, original “as produced” results may 
not be duplicated. Because of this tendency to 
pack under small amounts of compression or 
shear, Test Method D 1895 is not applicable to 
these resins. The procedure given in the following 
paragraphs must be used to measure this prop- 
erty. 

12.2.2 Definition-The bulk density of the 
resin is defined as the weight in grams of a 
volume of 1000 mL of resin measured as de- 
scribed in this specification. 

12.2.3 Apparatus: 
12.2.3.1 Funnel-A funnel arrangement as 

shown in Fig. 7. 
12.2.3.2 Feederg-A feeder with a No. 8 wire 

screen placed over approximately the top two- 
thirds of the trough. The funnel shall be 
mounted permanently in the feeder outlet. 

12.2.3.3 Controller”: 
12.2.3.4 Volumetric Cup and Cup Stand (Fig. 

8)-The volumetric cup shall be calibrated ini- 
tially to 250 mL by frlling with distilled water, 
placing a plane glass plate on top, drying the 
outside of the cup, and weighing. The net 
weight shall be 250 f 0.5 g. The top and bottom 
faces of the volumetric cup and the cup stand 
shail be machined plane and parallel. 

12.2.3.5 Leveling Device-The leveler (Fig. 
9) shall be affixed permanently to the table and 
adjusted so that the saw-tooth edge of the 
leveler blade passes within 0.8 nim (y32 in.) of 
the top of the volumetric cup. 

12.2.3.6 Work Surface-The work surface 
for holding the volumetric cup and leveler shall 
be essentially free from vibration. The feeder, 
therefore, must be mounted on an adjoining 
table or wall bracket. 

12.2.3.7 Balance-The balance having an 
extended beam shali have a capacity of 500 g 
and a sensitivity of O. 1 g or equivalent. 

12.2.4 Place the clean, dry volumetric cup 
on the extended beam of the balance and adjust 
the tare to zero. Select about 500 mL of the 
resin to be tested, place it on the feeder screen 
and vibrate all of the resin through screen and 
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back into the sample container twice to break 
up any lumps. This screening step is not nec- 
essary for Type III resins. Put the cup in the 
cup stand and place the assembly such that the 
distance of free polymer fall from the feeder 
outlet to the top rim of the cup shall be 3 I .8 
f 3.2 mm (1% f % in.). Increased fall causes 
packing in the cup and higher bulk density val- 
ues. Set the controller so that the cup is filled in 
20 to 30 s (usually about 70 on the controller). 
Pour the sample on the vibrating screen and fill 
the cup so that the resin forms a mound and 
overflows. Let the resin settle for about 15 s and 
then gently push the cup and its stand beneath 
the leveler. Exercise care to avoid agitation of the 
resin and cup before leveling. Weigh the resin to 
the nearest O. 1 g. 

12.2.5 Calculation-Calculate the bulk den- 
sity as follows: 
Grams of resin x 4 = bulk density (grams per litre) 

12.2.6 Precision-The precision on a single 
determination shall be between 5 and 6 g/L 
(two u limits). 

12.3 Particle Size: 
- ,12.3.1 The fabrication of PTFE resins either 
by molding or extrusion is affected significantly 
by particle or agglomerate size and size distri- 
bution. (Sek Appendix for further details on 
particle characteristics.) 

12.3.2 Wet-Sieve Method. 
12.3.2.1 Principle of Method-The average 

particle or agglomerate size of PTFE resins is 
determined by fractionation of the material 
with a series of sieves. Fractionation is facili- 
tated by spraying with perchloroethylene (Note 
9) which breaks up lumps ahd prevents clog- 
ging of the sieve openings. This method is 
recommended for Types I, IV, V, VI, and VI1 
resins, but not for Type III. 

NOTE 9: Caution-Perchloroethylene is under in- 
vestigation by government agencies and industry for 
its carcinogenic effects. Protective nitrile or butyl 
gloves should be worn to prevent skin contact and 
adequate ventilation provided to remove the vapors. 

12.3.2.2 Apparatus: 
12.3.2.2.1 Balance, capable of weighing to 

f 0.1 g. 
y A “Vibra-Flow” Feeder, Type FO. Style 1687, Available 

from Syntron Electric Co., 1938 Black Street, Homer City, 
Pa., has been found satisfactory for this purpose. ’” A “Syntron” controller, Type FC05, Style 4283, avail- 
able from Syntron Electric Co., 1938 Black Street, Homer 
City, Pa., has been found satisfactory for this purpose. 

Full document details: ASTM D1457-83

http://www.avadocuments.com/doc/astm-d1457-83
http://www.avadocuments.com/doc/astm-d1457-83


S

12.3.2.2.2 Sieves-U.S. Standard Sieve Se- 
ries, 203-mm (%in.) diameter conforming to 
Specification E 11, except that sieves shall be 
selected from Table 4. 

12.3.2.5.1 Calculate the net percentage of 
resin on each sieve as follows: 
Net percent on sieve Y 

= F X weight of resin in grams on sieve Y, 
12.3.2.2.3 Ventilated Hood. 
12.3.2.2.4 Beakers-Six tared, 150-mL beak- 

ers. 
NOTE 10-As an alternative, sieves may be tared, 

dried, and weighed on a balance to avoid transferring 
of fractionated samples to the tared beakers. 

12.3.2.2.5 Apparatus for  Sieving and Spray- 
ing-A suggested arrangement of an apparatus 
for recirculating perchloroethylene is shown in 
Fig. 10 (a). This must be located in a ventilated 
hood or adequately ventilated area. 

12.3.2.3 Reagents-Perchloroethylene, 20 L 
(5 gal). Other liquids may be used; however, 
their applicability and hazards associated with 
their use must be thoroughly investigated. 

12.3.2.4 Procedure: 
12.3.2.4.1 Select the appropriate sample size 

and combination of sieves from Table 4 for the 
type of resin under test. Adjust the flow rate of 
the perchloroethylene to 6 i 0.5 L/min. 

12.3.2.4.2 Place the weighed resin on the top 
sieve and spray it with perchloroethylene for 1 
k 0.2 min. The shower-head shall be about 
level with the top of the sieve and be moved in 
a circular fashion. Take care to break up all of 
the lumps and to wash the material from the 
sides of the sieve. 

12.3.2.4.3 Remove the top sieve and place it 
in the hood to dry. 

12.3.2.4.4 Repeat the procedure specified in 
12.3.2.4.2 and 12.3.2.4.3 until ali the sieves have 
been sprayed. It is not necessary to spray the 
No. 325 sieve since this serves only to remove 
the resins from the perchloroethylene. The 
resin retained by this sieve may be discarded. 
Air-dry the sieves in the hood for 30 min or 
longer, or oven-dry at 90°C (194°F) for 15 min 
and then cool to room temperature. Remove 
the resin from each sieve by tapping on a piece 
of paper as shown in Fig. 10 (b). Pour each 
fraction into a tared beaker and weigh to f O. 1 
g (See Note 10). 

12.3.2.4.5 Record the weight of resin on each 
sieve. 

12.3.2.4.6 Clean the sieve by inverting it over 
the No. 325 sieve and spraying with perchlo- 
roethylene. Take care to prevent the resin from 
getting into the perchloroethylene. 

12.3.2.5 Calculation: 

where: 
F = 2 for 50-g sample, and 
F = 10 for IO-g sample. 

12.3.2.5.2 Calculate the cumulative percent- 
age of resin on each sieve as follows: 
Cumulative percent on sieve Y = sum of net per- 
centages on sieve, Y and sieves having numbers 

smaller than Y. 
NOTE 1 1-Example-Cumulative percent on No. 

35 sieve = net percent on No. 18 + net percent on 
No. 25 + net percent on No. 35 sieves. 

12.3.2.5.3 Plot the cumulative percent versus 
the sieve opening size (or sieve number) on log 
probability paper as shown in the sample plot 
(Fig. 11). The sieve numbers and sieve opening 
sizes in microns are indicated below the figure. 
Draw the best straight line through the points 
and read the particle size at the 50 96 cumulative 
percentage point (d50). 

12.3.2.5.4 Calculate the average particle di- 
ameter, d, as foUows: 

a= d50 

12.3.2.6 Precision-Because the resin parti- 
cles have complex shapes, and because on each 
sieve there is a distribution of particle sizes, the 
values for particle size and particle size distri- 
bution obtained will be only relative numbers. 
The 95 % confidence limits based on a limited 
series of tests are f 2.8 9% for the average 
particle size. 

12.3.3 Dry-Sieve Method: 
12.3.3.1 Principle of Method-The average 

agglomerate size of PTFE coagulated disper- 
sion powders is determined by fractionation of 
the resin with a series of sieves. Fractionation 
is accomplished by mechanically shaking the 
material in the assembly of sieves for a prede- 
termined period. This method is recommended 
for Type III resins. 

12.3.3.2 Apparatus: 
12.3.3.2.1 Balance, capable of weighing to 

12.3.3.2.2 Sieves-U.S. Standard Sieve Se- 
ries (Table 4). 

12.3.3.2.3 Sieve Shaker-A mechanicalsieve 
shaking device capable of imparting uniform 
rotary and tapping action. 

12.3.3.2.4 Freezer-Any commercial ice 

f 0.1 g. 
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freezer. (A dry-ice chest may be used.) 
1 2.3.3.3 Procedure: 
12.3.3.3.1 Select the appropriate sample size 

and combination of sieves from Table 4 for the 
type of resin under test. Place the sample in an 
aluminum pan. Cool the pan and contents to 
less than 10°C (50°F). The dew-point temper- 
ature in the screening room must be less than 
the temperature in the cooling chamber. Obtain 
the tare weight on the selected sieves. Put con- 
ditioned sample on top sieve of the assembly 
and shake in the sieve shaker for 10 & 0.5 min. 
Determine the weight of resin retained on each 
sieve. 

12.3.3.4 Calculation: 
12.3.3.4.1 Calculate the same as in the wet- 

sieve method; see 12.3.2.5. 
12.3.3.5 Precision-The test precision is 2 

3.2 % (two u limits) for the combination of 25 
+ 35 + 45 - sieve fractions for a resin where 
this combination of sieves retains, on the aver- 
age, 78 % of the sample. 

12.4 Water Content: 
12.4.1 Principle of Method-A sample of 

PTFE resin of known weight is dried in a 
vacuum oven in a tared aluminum weighing 
dish. When the resin is dry, it is removed from 
the oven, placed in a desiccator, allowed to 
cool, and then reweighed. From the weight lost 
during drying, the moisture content is deter- 
mined and reported as ?percent moisture.?? 

12.4.2 Apparatus: 
12.4.2.1 Vacuum Oven. 
12.4.2.2 Aluminum Weighing Dishes, with 

Lids. 
12.4.3 Procedure (Note 13)-Wash the alu- 

minum weighing dish with water and rinse with 
acetone. When the acetone has evaporated 
from the dish, dry it thoroughly in any oven at 
50 to 80°C (122 to 176?F), then store in a 
desiccator until ready for use. Obtain the tare 
weight, B, of the aluminum weighing dish, plus 
lid, to the nearest O.OOO1 g. Place 35 to 40 g of 
PTFE resin in the tared aluminum weighing 
dish and record the weight, A ,  to the nearest 
O.OOO1 g (Note 14). Dry to constant weight in 
a vacuum oven (660 mm (25 in.) Hg) at 150°C 
(302?F), with the dish lid removed. Remove 
the dish from the oven, replace the lid on the 
weighung dish, and ailow to cool in the desic- 
cator for at least 30 min. Reweigh the dish (plus 
the resin and lid), C, and calculate the weight 
loss. 
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NOTE 12-If volatiles, other than moisture, are 
suspected, use the alternative method described in 
12.4.4. 

NOTE 13-From each group of samples, one sam- 
ple is selected, and duplicate moisture determinations 
are run on it. if the difference between ihe duplicate 
results exceeds 0.01 %, the entire group of samples 
must be run over. 

NOTE 14-When a group of samples is run at the 
same time, it is good practice to place the lids from 
the weighing dishes directly under their correspond- 
ing dishes while the samples are drying in the oven. 
This eliminates the possibility of introducing errors 
in the tare weights. Also, overnight drying in a cir- 
culating air oven may be used if the data can be 
shown to be equivalent to those obtained with the 
above procedure. 

12.4.3.1 Calculation-Calculate the percent- 
age of moisture as follows: 

where: 
A = weight of resin, dish, and lid,?g, 
B = weight of dish and lid, g and 
C = weight of resin, dish, and lid after drying, 

12.4.3.2 Precision-The precision of this test 

12.4.4 Alternative Method For Derermination 
of Water By Karl Fischer Reagent?-Weigh 35 
2 1 g of resin into a glass-stoppered flask 
containing about 50 mL of pretitrated metha- 
nol. Shake to mix with a swirling motion for a 
few minutes. Titrate with standardized Karl 
Fischer reagent?* to a visual or electrometric 
end point. 

Moisture, 9°C = [ (A - C ) / ( A  - i?)] x io0 

g* 

* is 2 0.0063 % (two u limits). 

12.5 Spec@ Gravity: 
12.5.1 Slandard Specijîc Graviiy (SSG): 
12.5.1.1 Determine the standard specific grav- 

ity of specimens prepared by one of the proce- 
dures given in 9.2 or 9.3. 

12.5.1.1.1 I f  specimens from 9.2 ( 12 g) a i i  to 
be tested, use them ?as is.? 

12.5.1. i .2 If specimens from 9.3 (from billets) 
are to be tested, use the center portion of the 
sintered billet (Section II of Fig. 5) .  From it, cut 
an approximately cubical shak  yhich weighs at 
least 10 g. 

12.5.1.2 Make SSG determinations in accord- 

? Details of this method can be found in J .  Mitchell. Jr. 
and D. M. Smith?s Aquametry, 2nd Edition. published by 
Interscience Publishers, Inc., New, York, N.Y. 1977. ?? Karl Fischer Reagent (Catalog No. So-K-3) is available 
from the Fischer Scientific Co., Pittsburgh, Pa. 

Exaniples of suitable wetting agents are ?Glim? deter- 
gent, B. J. Babbitt. Inc.; ?Joy? detergent, Proctor and Gam- 
ble, Inc; and ?Triton? X- 100, Rohm and Haas Co. 
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