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Standard Test Methods for
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Pasted Mica Used in Electrical Insulation
This standard is issued under the fixed designation D 352; 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 epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope 3.2.1 compressive cregp—the change in thickness of a

1.1 These test methods cover the testing of bonded mic@onded micaceous material resulting from exposure to elevated
splittings and bonded mica paper to be used for commutatdemperature for a specified time while a specimen is under a
insulation, hot molding, heater plates, and other similar insuSPecified compressive load. _
lating purposes. 3.2.2 binder content, n{of pasted mica)—the percent by

1.2 These test methods appear in the following sections:; Weight of binder relative to the original weight of a specimen

Test Sections &S determined by procedures specified herein.

Compressive Creep 4-10 3.2.2.1 Discussior—Binder content includes any residual
Dielectric Strength 38-41 solvent. Pasted mica materials not fully cured (such as molding
Mica or Binder Content 19 and flexible plates) may contain appreciable quantities of
Molding Test 31-36 solvent in the binder. This solvent is usually later removed
Organic Binder 20-24 when the material is cured in the manufacture of electrical
Resistivity 42-46 equipment. In such cases, the binder content after cure is less
Silicone Binder 25-30

Stability Under Heat and Pressure 1118 (by the amount of solvent removed)_than would be determined
, by this method. To determine the binder content after cure of

1.3 This standard does not purport to address all of thenaterials that are not fully cured, but subsequently will be, it is
safety concerns, if any, associated with its use. It is thgecessary, before initially weighing the specimen, to heat the

responsibility of the user of this standard to establish appPro-gpecimen for a time and at a temperature that depends upon the
priate safety and health practices and determine the applicam,aterial from which the specimen is prepared.

bility of regulatory limitations prior to useSee Note 3 and 3.2.3 mica content, n,of pasted mica)—the percent by
Note 5 and 38.1 and 43.1 for specific hazard statements. weight of mica relative to the original weight equal to 100 %

1.4 The values stated in inch-pound units are to be regardeginys the binder content as determined by procedures specified
as the standard. herein.

2. Referenced Documents COMPRESSIVE CREEP
2.1 ASTM Standards: o
D 149 Test Method for Dielectric Breakdown Voltage and4- Significance and Use
Dielectric Strength of Solid Electrical Insulating Materials 4.1 This test determines the compressive creep under labo-

at Commercial Power Frequendes ratory conditions or under conditions that may be encountered
D 257 Test Methods for D-C Resistance or Conductance ofluring manufacture of electrical equipment. It has special

Insulating Materialé significance if the material to be tested is applied as commu-
D 1711 Terminology Relating to Electrical Insulatfon tator segment insulation. It serves as a measure under specified

conditions of the ability of the material to resist deformation
while under compressive load, during exposure to elevated
3.1 Definitions: temperature for a specified time. This test is suitable for
3.1.1 For definitions of terms relating to electrical insula-acceptance tests and for manufacturing control.
tion, refer to Terminology D 1711.
3.2 Definitions of Terms Specific to This Standard: 5. Apparatus
5.1 Hydraulic Press—A hydraulic press having temperature
controlled, electrically heated platens, or a press with other

' These test methods are under the jurisdiction of ASTM Committee D-9 onnrqyjisions for heating the specimen and controlling the tem-
Electrical and Electronic Insulating Materials and are the direct responsibility of

3. Terminology

Subcommittee D09.19 on Dielectric Sheet and Roll Products. peratpre.' The platens shall be at least 4 by 4 'n-_ (102 by 102
Current edition approved Sept. 10, 1997. Published December 1997. Originalyim) in size. The press shall be capable of exerting a force of
published as D 352 — 32 T. Last previous edition D 352 - 92. at least 4000 Ib (18 kN). The apparatus shall be capable of

2 Annual Book of ASTM Standari¥sl 10.01.
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maintaining a specimen temperature of at least 208°C. It be allowed to circulate in ducts provided in the platens. The rate of water
is preferable that the apparatus have platens with water ducts Bow, if use_d, should be_ adjusted t_o_g_ive a cooling rate no greater than the
other provisions for cooling the specimen. (See Note 1 in 7.3.jate at which the specimen was initially heated.
_ 5.2 Pressure Gage-A pressure gage capable of determin-g  cgiculation
ing the pressure on the specimen with an accuracy 6.
5.3 Thickness Gage-A thickness gage capable of measur- ]
ing the thickness of the specimen to the nearest 0.001 in. (0.0igws'
mm). C, % =[(T— T')/T] X 100 (1)
5.4 PotentiometerTemperature measuring instrument and where:
a No.°30 AWG or smaller thermoco_uple with overall accuracy + " yhickness of the stack at 1000 psi (7 MPa) before
of =2°C for measurement of specimen temperature. .
5.5 Steel Plates-Two 4 by 4-in. (102 by 102-mm) or larger heating, and : :

N y ‘AT y . 9 T = thickness of the stack at 1000 psi after heating.
polished steel plates of at lea%ie-in. (1.6-mm) thickness,
surface ground so that the top and bottom surfaces of eaah Report
piece are parallel, one plate each for the top and bottom of the
test specimen.

8.1 Calculate the percentage compressive cr€eps fol-

9.1 Report the following information:

9.1.1 The identity of the material,

6. Test Specimen 9.1.2 The nominal thickness of the pasted mica,
§9.1.3 The observed values of Tant T

9.1.4 The percentage compressive creep, and
9.1.5 The specimen temperature.

6.1 The test specimen shall consist of a sufficient number o
pieces of bonded micaceous plate, 2 by 2 in. (51 by 51 mm) in
size, to form a stack approximately but not greater than 1.000
in. (25.40 mm) in thickness. The pieces shall be selected so 3% Precision and Bias
to be representative of the entire sheet. At least three specimens’

shall be tested for each lot of material. 10.1 This method has been in use for many years but no
statement for precision has been made and no activity is
7. Procedure planned to develop such a statement.

7.1 Center the stacked specimen between the 4 by 4-in. (102 10.2 A statement of bias is not possible due to a lack of a
by 102-mm) steel plates and then center this assembly in th@andard reference material.
press. Place the thermocouple between pieces near the middle
of the stack. Carefully align the stack to form a right parallel- STABILITY UNDER HEAT AND PRESSURE
epiped. Apply a pressure of 1000 psi (7 MPa) to the specimeli1 Scope
surfaces, and carefully determine the average thickness of the” .
stack by means of the gage. Where inside gages are used,ll-l The tesy for st_ab|I|ty under heat and pressure de_tgr-
measure the thickness at each of the four corners as close to tA#n€S mica or binder displacement, or both, under the specified
specimen as possible. Measurements shall be made within @@nditions of test.
min. N

7.2 Pack approximately 2 in. (51 mm) of thermal insulationlz' Significance and Use
material around the specimen without disturbing it. Heat the 12.1 This test serves as a measure of the ability of bonded
specimen to 168 5°C or 200+ 5°C as specified. The time Micaceous materials to maintain their physical integrity under
required to reach the specified temperature should be not le§xposure to heat and pressure. It has special significance where
than 30 min nor more than 75 min. The platen temperaturéhe material to be tested is employed as commutator segment
shall not exceed the specified temperature by more than tHgsulation. This test is suitable for acceptance tests and for
specified tolerance. If the specimen is heated by other mean&anufacturing control.
the surrounding medium shall not exceed the specified tem-
perature by more than the specified tolerance. Allow thet3- Nature of Test

specimen to remain at the specified temperature2fa after 13.1 This test method utilizes the application of a shearing
reaching that temperature, and at the same time maintain tHerce as well as a compressive force, which is accomplished by
1000-psi pressure. placing the specimens between specified wedges, thereby

7.3 Remove the thermal insulation and, while maintainingcausing the applied force to resolve into compression and shear
the pressure, allow the specimen to cool until the temperatureomponents. This test is particularly useful for material used in
is 5°C above the temperature (room ambient) at which theommutator assemblies where shearing as well as compressive
original thickness was measured. Control the rate of coolindorces are encountered. Test results are expressed quantita-
such that it does not exceed the rate at which the temperatutively as units of linear deflection.
was raised. Then determine the thickness of the stack while
under 1000-psi compressive load. 14. Apparatus

Note 1—Experience has shown that in order to cool the specimen to 14.1 Hydra.‘u“C .Press’. Pressure Gage, and Thermocou-
the specified temperature within a reasonable time, forced-cooling mearfd€ @s described in Section 5, except that the hydraulic press

must be employed. It is suggested that a fan be initially utilized to forceshall be (_:apable of producing a force of 26 400 Ib (118 kN) on
air across the specimen for the first 5 min, after which cooling water maythe specimen,
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14.2 Steel WedgesTwo steel wedges of the same size as 17.1.2 The dimensions of the specimen used,
the specimen by approximate¥s in. (19 mm) thick, with one 17.1.3 The temperature used, and
face tapered at an angle of 3° with the horizontal and a center 17.1.4 The average deflection at each of the time intervals in
wedge as shown in Fig. 1. They shall be hardened and surfa@ecordance with 16.3.
ground top and bottom.
14.3 Dial Gages—Two dial gages having 0.001-in. (0.02- 18. Precision and Bias
mm) graduations and a range of at ledstin. (13-mm), 18.1 See 10.1.
designed to be accurate at the specified test temperature, andi8.2 See 10.2.
suitably mounted on the steel wedges described in 14.2.

. . MICA OR BINDER CONTENT
Note 2—Where the dial gages are mounted through nonmetallic

bushings, or if some other suitable method is used to interrupt the metallif;[_9 Significance and Use
thermal path, it shall not be necessary to utilize gages designed to be™"

accurate at the test temperature. 19.1 Physical (such as the ability to hot mold, flexibility)
) and electrical (such as dielectric strength, resistivity) properties
15. Test Specimen of bonded micaceous materials are affected, among other

15.1 The specimen shall consist of two rectangular pieces ahings, by the proportional contents of the binder and mica. The
bonded micaceous plate between 4 and (@580 and 3870 methods for mica or binder content are suitable for acceptance
mn?) in area, the shorter side being not less thamif. (38  tests and manufacturing control.

mm).
ORGANIC BINDER
16. Procedure

16.1 Insert the specimen between the wedges, as shown f9- Apparatus

Fig. 1. Center the assembly in the press and carefully align, 20.1 Burner—Bunsen burner or muffle furnace.

using just enough pressure to hold the assembly together. Insert20.2 Dishes—Platinum or porcelain dishes or crucibles.

the thermocouple and fit it tightly in the hole provided in the .

center wedge. Cement the thermocouple into the hole. Apply &1 Test Specimen

pressure of 10& 10 psi (690* 70 kPa) on the top and bottom  21.1 Specimens from PlatesFrom a plate, cut a sufficient

assembly surfaces. number of individual pieces in accordance with Fig. 2 to obtain
16.2 Pack approximately 2 in. (51 mm) of thermal insulat-a composite specimen weighing 5 to 10 g.

ing material, such as glass or other inorganic fiber mat, around 21.2 Specimens From Fabricated PartsFrom a lot, take a

the specimen without disturbing either the specimen or diatepresentative test specimen weighing 5 to 10 g.

gages. Heat the specimen to 1805°C or 200+ 5°C, as

specified, and allow to remain at the specified temperature fof2. Procedure

5+1, -0 min. Do not allow the platen temperature to exceed nore 3—caution: This test method involves the use of heat to remove

the specimen temperature by more than 10°C. organic material which in a gaseous state may be hazardous. Conduct this
16.3 Adjust both gages to read zero. Apply and hold aest under a hood equipped with adequate ventilation. Alternatively, a

pressure of 4400 psi (30 MPa) withb s on the top andottom muffle furnace with an adequate exhaust system may be used to burn off

assembly surfaces and maintain for 15 min at the specifiefie mica until it is carbon free.

temperature. Record the deflection as determined by the top 22.1 Weigh each specimen to the nearest 0.001 g in a tared

and bottom dial gages after 15 s, 30 s, 1, 2, 5, 10, and 15 midish or crucible.

beginning with the instant that the 4400 psi pressure is 22.2 Place the dish with the specimen over a bunsen burner

obtained. or in a muffle furnace and heat at a low red heat (to avoid the
dehydration of mica) until all the organic material and carbon
17. Report are burned off. After cooling in a desiccator, determine the
17.1 Report the following information: weight of the residue.
17.1.1 The identity of the material,
e A —— >]
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FIG. 1 Apparatus for Stability Test Under Heat and Pressure, FIG. 2 Pattern for Location of Test Pieces for Determination of
Angular Method Mica of Binder Content
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23. Report solvent to the beaker to completely cover the mica sample so
23.1 Report the following information: that the level of the solvent will be flush with the top of the
23.1.1 The identity of the material, crucible. Place a cover with the condenser over the beaker and
23.1.2 Percentage loss in weight of each specimen indicatepil vigorously for 4 h, taking care not to boil mica flakes out

as binder, and of the crucible.

23.1.3 Percentage of residue in the crucible indicated ag 28.2 Remove the crucible, taking care not to lose any of the

mica. fine mica flakes, and place it in the suction flask fitted with a

suitable crucible adaptor. Wash with the contents of the beaker

24. Precision and Bias using a glass rod, if necessary, to return any fine mica flakes
24.1 See 10.1. from the beaker to the crucible.

24.2 See 10.2. 28.3 Clean the beaker and replace the crucible as before. Fill
the beaker to the previous level with normal butyl alcohol,
SILICONE BINDER place the condenser on top of the beaker and boil/dn to
remove the last traces of KOH.

25. Apparatus 28.4 Repeat the procedures described in 28.2 and 28.3, but
25.1 Gooch Crucible containing a prewashed, dried, and boil with toluol instead of butyl alcohol.

weighed glass fiber mat (see Fig. 3). 28.5 Repeat the procedure described in 28.2. Wash with
25.2 Beaker 500-mL, alkali-resistant. ethyl alcohol. Then wash with approximately 250 mL of hot
25.3 Condenserfor condensing reagent vapors. distilled or deionized water.

25.4 Flask—Suction flask, 500-mL, alkali-resistant, fitted 28.6 Dry the crucible and contentsrfb h at 1L0°C, cool in
with Gooch crucible adaptor. a desiccator to room temperature, and weigh.

25.5 Hot Plate for boiling solvent mixture. .
s fing solv i 29. Calculation

Note 4—It is not necessary to use the glass fiber mat of 25.1 if a test 29.1 Compute the percent silicone binder from the ratio:
specimen contains bonded mica splittings. ’ ’

Loss in weight of specime
26. Reagents 100[Original weightofspecimem @)
26.1 Butyl Alcoho] normal, cp grade. 30. Report
26.2 Toluol, cp grade. - nep o _
26.3 Alkaline Solvent-Dissolve aboti5 g of potassium 30.1 Report the following information:
hydroxide (KOH) (ACS grade) in 100-mL normal butyl ~30.1.1 The identity of the material, and _
alcohol and add 400 mL of toluol. 30.1.2 The percentage silicone binder for each specimen.
26.4 Ethyl Alcoho| cp grade. MOLDING TEST
27. Test Specimen 31. Precision and Bias

27.1 Refer to Fig. 2. Cut sufficient material into pieces 31.1 See 10.1.
approximately¥s in. (6 mm) size to obtain a specimen of 1to  31.2 See 10.2.
1.54¢.
g 32. Significance and Use
28. Procedure 32.1 Under the prescribed heating conditions, the binder
Note 5—Caution: This test method involves the use of chemicals US€d in molding pla_te mica softens sufficiently to allow thf—'
which may be hazardous. Conduct this test under a hood equipped witplate to become flexible and to be formed by bending and with
adequate ventilation. Keep flammable solvents away from open flamesslight movement of the component mica splittings to take a
28.1 Weigh the specimen in the previously weighed andlefinite shape. After cooling, the degree of form retention,
dried gooch crucible packed with a suitable mat so as tdlaking, and buckling indicates the suitability of the pasted
prevent loss of fine mica flakes through the bottom (see Not&nica plate for the purpose intended. This test is of considerable
4). Place the crucible with specimen on or near the bottom o¥alue for quality control and acceptance tests.
the alkali-resistant 500-mL beaker. Add sufficient alkallne33. Apparatus

33.1 For specimens having a thicknessyaf in. (1.6 mm)
and less, a mandrel having a diameter #f ih. (38 mm) shall
be used.

33.2 For specimens oveYis in. (1.6 mm) up to and
including %3z in. (2.4 mm) in thickness a mandrel having a

| crucible diameter of 2 in. (51 mm) shall be used.
Specimen—
Asbestos Mm—%/‘j_s““”’ 34. Test Specimen
L/ Hot Plate 34.1 The test specimen shall be 2 in. (51 mm) in width and
of sufficient length to form a butt joint on the mandrel specified
FIG. 3 Apparatus for Determination of Mica or Binder Content in 33.1 or 33.2.

Cold water — —
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35. Procedure TABLE 1 Rate of Voltage Application
35.1 Heat the test specimen on a hot plate or a steam table  Breakdown Voltage Start Voltage for Step Increments for

at a specified temperature between the range from 90 and by Method A Method B Method B

125°C (194 and 257°F) and form around a mandrel as specified 2>V ot Y o

in 33.1 or 33.2. Then roll the specimen on a cold surface plate  over 50 to 100 kv 5.0 KV 5.0 KV

until it is cool and remove the mandrel. over 100 kV 10.0 kv 10.0 kV

36. Report
36.1 Report the following information: .
36.1.1 The identity of the material 40.2.3 If Method A is selected, use a rate of voltage

36.1.2 The nominal thickness of the test specimen prior t&Pplication of 0.5 kV/s.
forming on the mandrel, 40.2.4 If Method B is selected, use a rate of voltage

36.1.3 The specified temperature of the hot surface application in accordance with Table 1 of this standard using a

36.1.4 Astatement as to whether or not the mandrel buckled, Min dwell interval at each step. Make a change from each
36.1.5 A statement as to the presence of flakes on thstep to the_next higher as_rap|dly as possible. Include the time
specimen surface, and to change in the succeeding test interval.

36.1.6 A statement as to whether or not the specimen retaing #0-2-5 Make all tests in air at room temperature unless

its shape. otherwise specified. _ _ _
40.3 From a lot obtain a representative sample sufficient to

37. Purpose prepare specimens which are large enough to provide at least

37.1 The purpose of the molding test is to measure thdive diele(;tric breakdo.wn tests. Unless otherwise spgcifieq,test
ability of the sheet to hold its shape when molded. one specimen. The dielectric strength for any specimen is the

average of the five tests.

38. Precision and Bias

38.1 No statement about precision or bias is warranted sinc&l- Report

this test method is qualitative. 41.1 Unless otherwise specified, report the following infor-
mation:
DIELECTRIC STRENGTH 41.1.1 The identity of the material tested,

41.1.2 The average thickness of each specimen,
41.1.3 The breakdown voltage at each puncture,

39.1 In the applications for pasted mica for hot molding, 41.1.4 The average, minimum, and maximum breakdown
commutator insulation, heating plates, and similar purposeggtage for each specimen,

pasted mica is subjected to electrical stresses in service which41 1.5 The ambient temperature,
are a small fraction of the breakdown stresses determined by 41 1.6 The ambient relative humidity in percent,

the short-time or step-by-step tests. The short-time and step-41 1.7 The dielectric strength for each specimen,

by-step tests are, however, well adapted for specification 41 1.8 Whether Method A or B of Test Method D 149 was
acceptance and factory control purposes in that they will detegjgeq.

spots, impurities, voids, and other defects which may render 41.1.9 The short-time dielectric strength,

the material unsuitable in service. 41.1.10 The deviations, if any, from any of the conditions
specified in Section 39 of this test method, and

40. Procedu're . . 41.1.11 Any preconditioning of the specimens that was
40.1 Warning— Lethal voltages may be present during this |;geq.

test. It is essential that the test apparatus and all associated
equipment that may be electrically connected to it be properly1s>  precision and Bias
designed and installed for safe operation. Solidly ground all

) . . 42.1 See 10.1.
metal parts that any person might come into contact with 429 See 102
during the test. Thoroughly instruct all operators in the proper : o
way to conduct the tests safely. When making tests at high
voltage, particularly in compressed gas or oil, the energy
released at breakdown may be sufficient to result in fire, .

; X 43. Terminology
explosion, or rupture of the test chamber. Design of test o .
equipment, test chambers, and test specimens should be suci3.1 See Test Methods D 257 for definitions relating to
as to minimize the possibility of such occurrences, and tdesistivity. The results are expressed in ohm-centimeter units

39. Significance and Use

RESISTIVITY

eliminate the possibility of personal injury. and ohms, respectively.
40.2 Determine the dielectric strength in accordance with o
Test Method D 149 except as follows: 44. Significance and Use
40.2.1 Select either Method A of D 149 (the short time test) 44.1 The resistivity of pasted mica is a measure of its
or Method B of D 149 (step-by-step test). effectiveness as an electrical insulator under the application of
40.2.2 Use Type 1 electrodes from Table 1 of D 149. constant unidirectional voltage. It serves primarily to indicate



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

A8 D 352 — 97
“afl

the presence of impurities and moisture, and to give informa- 46.1.4 Conditioning of the specimen (cleaning, predrying,
tion as to uniformity in processing. At this time this test is nothours at humidity and temperature, etc.),

recommended as a basis for acceptance or rejection. 46.1.5 Test conditions (specimen temperature, relative hu-
midity, etc., at time of measurement),
45. Procedure 46.1.6 Method of measurement,

45.1 Warning— Lethal voltages may be present during this 46.1.7 Applied voltage,

test. It is essential that the test apparatus and all associated jgig ;\I’/:me of %Iectrllflcatlop ?f measurement, . .
equipment that may be electrically connected to it be properly - easured values o the appropriate resistances in
designed and installed for safe operation. Solidly ground aIIOhms or conductances in mhos, . .
metal parts that any person might come into contact with 46.1.10 Computed values when required, of volume resis-

during the test. Thoroughly instruct all operators in the propert'v'rty nlgmo?rm_cmt un|t?f, VOI?mftisi?n?:Ctirrfe |r: m?fo—
way to conduct the tests safely. perce elre Urits, surtace resistivity ih-ohms, ‘or suriace

. R . conductivity in mhos, and
45.2 Determine the resistivity in accordance with Test y

. . . . 46.1.11 Statement as to whether the reported values are*
Methods D 257 using Foil or Painted conductive electrodesapparem,, or “steady-state”.
under ambient conditions.

47. Precision and Bias

46. Report 47.1 See 10.1.
46.1 Report the following information: 47.2 See 10.2.
46.1.1 Description and identification of the material (name48. Keywords

grade, color, manufactprer, gtC-): . 48.1 binder content; bonded mica paper; bonded mica
46.1.2 Shape and dimensions of the test specimen, splittings; commutator segment insulation; compressive creep;
46.1.3 Type and dimensions of electrodes, heater plates; pasted mica
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