This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been madeus tkesfmevBecause
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as apibpeaés. dmly the current version
of the standard as published by ASTM is to be considered the official document.
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INTERNATIONAL

Standard Practice for
Compression Molding Test Specimens of Thermosetting
Molding Compounds *

This standard is issued under the fixed designation D 5224; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This practice coversprocedures-used for the general principles to be followed when compression molding test specimer

of thermosetting molding compounds, such-as+ectangular-or-square-eress-sectionbars, disks, phenolics, aminoplastics, melam
phenolics, epoxies, and-the—“dog-bene’specimens-used-for-tensile-testing. unsaturated polyesters.

Note 1—This standard is similar in content (but not technically equivalent) to ISO 295-1974 (E).

1.2 Molding conditions are given for amino, phenolic, and allyl molding compounds. Materials specification standards should
always be consulted to determine whether the material to be molded has any special requirements.
1.3 The values stated in Sl units are to be regarded as the standard. The values in parentheses are given for information on
| 1.4 This standard does not purport to address all of the safetyproblems, concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards:
I D-647Practice 638 Test Method ferBesign Tensile Properties—ef-Meolds—forTFest-Speeimens—ef-Plastic-Melding—Materials

Plasticg

1 This practice is under the jurisdiction of ASTM Committeg D-20 on Plastics and is the direct responsibility of Subcommittee D20.09 on SpecimadorPrepar
Current edition approvee-eb—15;-4993. Nov. 10, 2000. Published-Ap+it-1993. February 2001. Originally published as D 5224 — 92. Last previGuS2##tio82a3.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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D-6 od-ferTFenstle ehgtn-ot-Motaea+Ete
P-883Terminelogy 883 Terminology Relating to Plastics
D 958 Practice for Determining Temperatures of Standard ASTM Molds for Test Specimens of Plastics

g o NMothad

2 Annual Book of ASTM Standardgol 08.01.
2 Discontinued 1995; se£994 Annual Book of ASTM Standards,-ol 1 08.01.
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2.2 ISO Standard:
ISO 295 Plastics—Compression Moulding Test Specimens of Thermosetting Méterials
ISO 3167 Plastics—Multipurpose—Test Specinfens

3. Terminology

3.1 Definitions—For definitions of terms pertaining to plastics used in this practice, see Terminology D 883.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 breathe stepn—in plastics molding, the part of the molding cycle in which the mold halves-are-separated-just enough
opened momentarily, prior to curing, to release volatiles from the molded part.

3.2.2 skin, n—in plastics molding, the thin resin-rich layer (skin) on the surface of the molded part.

3.2.3 skin effectn—in plastics testing, the positive or negative effect the skin may have on the results of some standard tests.

4. Summary of Practice

4.1 Compression molded test specimens are produced by loading a mold cavity with some form of the molding material,
applying a specified pressure to the mating surface for a specified time and at a specified temperature, and then removing the p
from the cavity.

5. Significance and Use

5.1 The conditions at which compounds are molded are known to influence the properties of the specimens. The degree of cur
elimination of knit-lines between particles, density of the part, and degradation of the polymer are among those factors which will
be affected by the molding conditions. Thus it is important to hold to a standard set of conditions in order to have a valid
comparison of properties between different compounds and different batches of the same compound.

5.2 If the molded specimens show evidence of low-density areas due to trapped gases, they should be discarded. A breathe s
may be necessary to eliminate this situation. It is critical that the breathe step be as brief as possible to avoid precuring of th
compound before full pressure is applied. This would lead to poorly “knitted” areas and lower strength in the molded specimen.

6. Apparatus

6.1 Molds

6.1.1 The mold shall be made of steel, able to withstand the molding temperatures and pressures. The mold shall be design
such that the compressive mold force is transferred to the molding material with no appreciable loss. The molds shown in Figs
1- 1 and-32 arefrom—Practice-B-647. recommended for maintaining the maximum force on the material. Fhey are all of the

%hfee—paFt—type three-plate design; con5|st|ng of a-sheltand an or floatlnq plate with upper and lower compressionplate. The mol
eC|men

ygen index

41SO Standards Handbook 2%ol 2, Plastics, 2nd Ed., 1990, available from The American National Standards Institute, 11 West 42nd St., 13th Floor, New York, NY
10036.
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FIG. 1 Single-Cavity Positive-Compression Mold for Bar Test
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FIG. 2 Compression Mold for Disk Test Specimens

w&h—a—lezﬁm—ﬁ-m—)—&rame{eﬁeﬁvaﬁeus—éeemeal—tests smqle or multlple caV|ty deS|gn

Note—2=The 2—Semi-positive molds-shewrare-hant-motds—orease-ofmotding, they may be m used, and for-materialse such as amino compounds,
may even be preferred.

6.1.2 Although the actual mold cavity may have various forms, the majoricty of tests will use bars 12.7 mm (0.5 in.) in width
by 127 mm (5 in.) or 64 mm (2.5 in.) in length, discs 51 mm (2 in.) or 102 mm (4 in.) in diameter or an appropriate tensile bar
as described in Test Method D 638. The multi-purpose design from ISO 3167 may also be used. The mold shall be capable of
molding thickness from 1.5 mm (0.06 in.) to 12.5 mm (0.5 in.). If the specimens are to be used for flame testing, even thinner
specimens may be needed. In all cases the ASTM Standard Test Procedure to be used shall be consulted for the dimensions of th
required test specimens.

NOTE+M’0+d‘Cﬁ'VﬁY’StH‘f‘&C€S‘S‘hOU|d 3—If at aII pOSSIb|e spemmens shaﬂ-be—f-mshed molded direetty-to-SPH=SPE#2-or the-€tpiivesdsrit-can

v y having dimension, rather than machiree-frem-a-poererguality-sadace. Chro
plat-mg—ef pIaque Thls malntams Hae—e&vﬂy—su#aees—s—meeﬁmﬁeﬁded—btﬁ—ﬁet—neeessary integrity of any skin effect.

Note 4—If specimens are to be machined from plates or plaques, they should not be taken from the edge of the plaque. A minimum margin of 10 mm
(0.5in.) is recommended.

6.1.3 A cavity draft angle not exceeding 3° may be used to facilitate specimen removal.
6.1.4 The clearance between the vertical wall-o mf the cavity and that of the force shall not exceed 0.1 mm (0.004 in.).
6.1.5 Mold surfaces should be finished to a roughness of 0.4 um to 0.8 um (SPI-SPE #2 or eGivallss it is known that

the particular test isp not affected by a coarser surface finish. Chrome plating-is p repcommended but not necessary. All cavity

> Mold comparison kits are available from the D-M-E Company, 29111 Stephenson Highway, Madison Heights, MI 48071.
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surfaces should be draw polished in the direction parallel to the force to facilitate specimen removald.

6.1.6 If ejector pins are used, they shall-retexactly-equivalentwith-regard to all deform the specimens and-theirproperties. Thi
is-beeause placement shall be such that the pin marks are not in the area of test.

6.1.7 The mold shall have a loading chamber of sufficient volume to allow the introduction of the entire charge of material in
a single loading. Preforms may be used to decrease the required loading volume of high bulk materials. The conditions of suc
preforming shall be included in the report.

6.1.8 As the specimen surface-directedtoward facing the lower die is heated for a longer time and to at a higher temperatur
during in the—period time interval between filling and-cempaeting. It compression—tis-therefore recommended that a mark be
placed on one-face-ofthe cavity face in such a position thatit does will not interfere with the testing. When reporting the results
of tests that affect the surfaces unequally, the tested surface-should shall be indicated.

6.2 Press—The hydraulic press shal-be-eapable have a range-ef-mposing pressures sufficient to insure that the specifiec
pressure—+eguired-by is applied and maintained during-the-methed-chosenfrom Table 1 entire molding operatien;-and-controllini
ft-te_of maintaining that pressure within1.5 MPa (=218 psi).

6.2.1 Inorder to prevent precure, the press shall be capable of closing within 15 s after the placement of the material in the molc
A two-speed press is preferred for this purpose. The fast approach speed can be in the range of 200 to 400 mm/s (8 to 16 in./
while the slow closing speed of 5 mm/s (0.2 in./s) is used to prevent gas entrapment.

6.3 Heating System-The molds may be heated by conduction from heated platens, heaters inserted into the mold itself, or by
hot fluids circulated through passageways in the mold. The heating system shall be capable of controlling the mold temperatur
to £3°C (=5°F) from point-to-point on the mold and for the duration of the molding time.

6.3.1 If the mold is heated directly, it shall be insulated from the press platens with a sheet of insulating material.

Note 5—It is generally preferable to heat the mold electrically.

6.4 Temperature-Measurement System

6.4.1 Mold Temperature-A thermometer or pyrometer shall be used in accordance with Practice D 958.

6.4.2 Preheated Compound Temperatdrelf the compound is to be preheated to a definite temperature, a needle-probe
pyrometer sensitive tac2°C shall be used.

7. Conditioning

+1Phenolic-Molding-Cempounds
7—1—1—E*eept
7.1 Except for referee testing and preparatlon of samples for electrlcal tests prlor condmemﬁg—es—net—reqwred
+12Foerreferee—testing
me+d+ng materl i

TABLE 1 Molding Conditions for Compression Molding of Thermoset Molding Compounds

Molding Condition A B C D E F G H
Charge poweder preform” powderorpreform powderpil-orgrandlar  pewderpilb-ergranular  powder  powder preform
Charge powder preform” powder or preform?  powder, pill, or granular  powder or preform® powder  powder preform
Preheating none electronic air oven air oven none air oven electronic
Preheat temperature 104 to 115°C  90°C 90°C 120°C 107°C
Preheat time 30 min 60 min 10 min 25t030 s
Molding temperature®  170°C 170°C 170°C 150°C 150°C 160°C 160°C 160°C
Molding pressure® 17MPaP 17 MPaP 17 MPaP 28 MPa 28 MPa 20 MPa 20 MPa 20 MPa
Molding EressureD -]r?—MPa_E 17 MPaf 17 MPa 17 MPa 28 MPa 28 MPa 20 MPa 20 MPa 20 MPa
Molding time
3.2 mm thickness 5 min 3 min 5 min 4 min 5 min 5 min 3 min 3 min
6.4 mm thickness 5 min
12.7 mm thickness 5 min
Breathing allowed allowed allowed allowed allowed when necessary (keep brief)

A-A single preform, preferably approximating the molded shape, shall be used. If more than one preform is used, weld lines may affect the test value of the specimen.

E-MetdWhen using-tem preforms, the maturerial s-should be prehetdate-wed ithin-326 powder form, the-sn preeifiormed and moldevd immediately.

S-Molding_tempressratures should be held to within-2-MPa_3°C of the specified level.

P-Molding pressure should be held to within 2 MPa of the specified level.

EHighly plastic materials may flash excessively under the molding pressure specified. If that occurs, molding pressure may be reduced to a minimum of 10 MPa, in which
case the pressure used shall be reported.
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7.2 Referee Testmq Phenolic and Amino Molding Compounds

-2 1Exeeptiorreferee-testing,use-materials-asreceived.

-2 2Forreferee-tests,—condition

7.2.1 For the referee testing of all but electrlcal speumens place a sufﬁuent guantity of materlal in an open tray to a maximum
depth of 13 mm (0.51in.) for 72 hi y e. Spread standard laboratory
atmosphere (2% 1°C, 50+ 2 % relative hum|d|ty)

7.2.2 For the preparation of electrical test specimens, place a sufficient sample of the molding material in an open tray to a
maximum depth of 13 mm (0—5—H=|)

tes{—speermeﬁs materlal |mmed|ately after condmomng

7.3 Referee Testing: Allyl Molding Compounds

+31-Exeeptfor

7.3.1 For referee-testing;prior-conditioning-is-hotreqtired.

+3-2Forreferee testing-of-flexure-impact—and-electrical all test specimens, place a sufficient sample quantity-ef-the molding
material in an open tray to-a-maximum depth of 25 mm (1 in.) for 72 h in a standard laboratory atmospher®®@230+ 2 %

relative humidity).

734 Electronic Preheating

I 7.34.1 When electronic preheating is to be used (refer to Molding Condition, Table 1), the objective is to attain a particular

temperature as rapidly as possible. Determine the conditions necessary to attain that temperature with spare preforms which are
then discarded. Do not use this type of preheating when preparing electrical test specimens. The material shall be transferred to
the mold immediately after preheating to prevent cooling or premature curing.

7.5 Preplastification

7.5.1 Preplastification is permissible to insure thermal and mechanical homogenization of the material. The preplasticized
material shall be molded immediately after preplastification to prevent cooling or premature curing. Preplastification conditions
shall be the subject of an agreement between the interested parties and shall be included in the molding report.

8. Procedure

8.1 Mold test specimens under the conditions listed in Table 1.

8.1.1 The “breathe step,” if used, is done by opening the mold for a few seconds to release volatiles generated by the curing
process. The mold opening should be slight and is done after it has already been closed at the molding temperature.

8.1.2 Release agents are not normally needed as molding compounds have internal lubricants to facilitate mold release. If
release agents are used it shall be shown that they have no influence on the test specimen properties. They shall be noted in th
report.

8.1.3 Cooling fixtures may be used to prevent warpage upon removal of the specimens from the mold.

8.2 Phenolic Molding Compounds

8.2.1 Use conditions A or B from Table 1 for impact, flexure, tension, water absorption, heat deflection, heat-aging tests.

I 8.2.2 Use-c Condition C from Table 1 for electrical test specimens.

8.3 Amino Molding Compounds

8.3.1 For urea-formaldehyde compounds-tuse ¢ Condition D from Table 1.

8.3.2 For melamine-formaldehyde compounds-tuse ¢ Condition E from Table 1.

8.4 Allyl Molding Compounds-Use conditions F, G, or H from Table-+—-When-using-the-preheated-material 1.

8.5 Molding Pressures

8.5.1 The molding pressures shown-in-eonditions-G-orH—transfer Table 1 are recommended and shall be used for all referee
molding and testing. If other pressures are to be used;the-material oil pregsunmegapascals (MPa), to be displayed on the

moldHmmediately-afterpreheating pressure gage in orderto-prevent-cooling-or-premature_curing. obtain the specifieg,pressure

in megapascals, is given by the equation:

= (P X A)IA 1)

where
A = the area of the press piston head, and
A, = the total area of the cavities,“m

9.1 Report the following information:
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9.1.1 Type and description of material used,

9.1.2 Description of the mold,

9.1.3 State of material molded (as received or with “referee test” conditioning),

9.1.4 Molding condition used (A, B, C, D, E, F, G, or H) and any variations from the listed condition, and
9.1.5 Whether or not a “breathe step” was used during molding.

9.1.6 The report form (Fig. 3) may be used and identifies all pertinent information.

10. Precision and Bias

10.1 Inasmuch as this practice does not generate a numerical result, a precision and bias estimate is not possible. However, |
procedures used during molding of test specimens will affect the numerical results from tests done on the specimens. Thu
variabilities in the molding procedure will contribute to variability in the final test results.

Compression Molding Report

Date: Material:

Plasticity:
Molded by: Form:
Batch Number:

Without

Oven Preheating Time

Temperature

|Pressure

Preforming Temperature

Weight

Conditioning JDimensions

IPreheater Power

High Frequency Time

Preheating Amperage

INumber of Preforms

IPreform Temperature

IBarreI Temperature

Preplasification IDynamic Pressure

IScrew Speed

IMaterial Temperature

Temperature

Compression Molding JPressure

Cure Time

]Breathing

IReIease Agents

Type
Mold INumber of Cavities

Chrome Plated

JHeating Device

Notes:
FIG. 3 Compression Molding Report
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11. Keywords
11.1 allyl molding compound; amino molding compound; compression molding; phenolic molding compound; plastics;
thermoset

SUMMARY OF CHANGES

This section identifies the location of selected changes to this practice. For the convenience of the user,
Committee D20 has highlighted those changes that may impact the use of this practice. This section may also
include descriptions of the changes or reasons for the changes, or both.

D 5224 —00:

(1) Added editorial changes for clarification; removed reference to discontinued standards.

(2) Added new terms under Terminology.

(3) Rewrote practice to move from a mold design format to a good compression molding practice format.
(4) Added preplastification as a means of preheating the material.

(5) Added mold temperatures to Conditions G, H, and | of Table 1.

(6) Added report format form (Fig. 3).

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



