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M LI TARY SPECI FI CATI ON

PLASTI C MOLDI NG and EXTRUSI ON MATERI AL,
POLYETHERETHERKETONE ( PEEK)

This specification is approved for use by all Departnents and
Agenci es of the Department of Defense.

1. SCCPE

1.1 Scope. This specification covers polyetheretherketone (PEEK) therno-
plastic materials suitable for injection nolding or extrusion (See 6.1).

1.2 dassification. The PEEK thernoplastic materials shall be of the
foll owi ng types and cl asses (see 6.2):

Type | - Nonreinforced plastic
Type Il - dass fiber reinforced plastic (G-RP)
Cass 1 10 2% GFRP (by wt)

+
Class 2 20 * 2% GFRP (by wt)
Class 3 30 * 2% GFRP (by wt)

Type 111 - Carbon fiber reinforced plastic (CFRP)

Class 1 20 * 2% CFRP (by wt)
Class 2 30 * 2% CFRP (by wt)

2. APPL| CABLE DOCUMENTS

2.1 CGovernnent docunents.

2.1.1 Specifications and standards. Unless otherw se specified, the
foll owi ng specifications and standards of the issue listed in that issue of the
Depart ment of Defense |Index of Specifications and Standards (DoDl SS) specified
inthe solicitation, forma part of this specification to the extent specified
her ei n.

Beneficial comments (recomendations, additions, deletions) and any pertinent
data which may be of use in inproving this docunment shoul d be addressed to:
Director, US. Arny Mterials and Mechani cs Research Center, ATTN. DRXVR- SM5
Wat ert own, MA 02172 by using the self-addressed Standardi zati on Docunent

| mprovenent Proposal (DD Form 1426) appearing at the end of this document or by
letter.

FSC 9330
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SPECI FI CATI ONS
FEDERAL

PPP-D- 723 - Druns, Fiber
PPP-D- 729 - Druns, Shipping and Storage, Steel, 55-Gallon, (208 Liters)

STANDARDS

M LI TARY

M L-STD-129 - Marking for Shipnent and Storage

(Copi es of specifications and standards required by manufacturers in
connection with specific acquisition functions should be obtained fromthe
contracting activity or as directed by the contracting officer.)

2.2 Oher publications. The follow ng docunment(s) forma part of this
specification to the extent specified herein. The issues of the documents which

are indicated as DoD adopted shall be the issue listed in the current DoDl SS and
t he suppl enment thereto, if applicable.

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM D149 - Dielectric Breakdown Voltage and Dielectric Strength of Solid
El ectrical Insulating Materials at Commercial Power Frequencies

ASTM D256 - Inpact Resistance of Plastics and Electrical Insulating
Material s

ASTM D257 - D-C Resistance or Conductance of Insulating Materials

ASTM D570 - Water Absorption of Plastics

ASTM D638 - Tensile Properties of Plastics

ASTM D648 - Deflection Tenperature of Plastics Under Flexural Load

ASTM D790 - Flexural Properties of Unreinforced and Reinforced Plastics

ASTM D792 - Specific Gravity and Density of Plastics by Displ acenent

ASTM D2863 - Measuring the M nimum Oxygen Concentration to Support Candle
Li ke Conbustion of Plastics (Oxygen | ndex)

ASTM D3171 - Fiber Content of Resin-Matrix Conposites by Mtrix Digestion

ASTM D3418 - Transition Tenperatures of Polyners by Thermal Analysis

ASTM D395 - Practice for Commercial Packagi ng

ASTM E380 - Metric Practice

ASTM F8l 4 - Test Method for Specific Optical Density of Snoke Generated
by Solid Materials for Aerospace Applications

(Applications for copies of ASTM publications shoul d be addressed to Anerican
Society for Testing and Materials, 1916 Race Street, Philadel phia, PA 19103.)
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(I'ndustry associ ation specifications and standards are generally avail able
for reference fromlibraries. They are also distributed anong technical groups
and usi ng Federal agencies.)

2.3 Oder of precedence. 1In the event of a conflict between the text of
this specification and the references cited herein, the text of this
specification shall take precedence.

3.  REQUI REMENTS

3.1 Material. The material shall consist of PEEK thernoplastic granul es,
pell ets or powder, with or w thout fiber reinforcenent.

3.2 Physical and nechanical properties. The properties of the PEEK
t her nopl astic shall be as specified herein when tested in accordance with 4. 3.
Mechani cal properties are to be measured on specinens that have been injection
nol ded to net shape.

3.2.1 Nonreinforced PEEK (type I). The properties of the unpignented, non-
rei nforced PEEK thernoplastic shall be as specified in table |

TABLE |. Properties of nonreinforced PEEK (type 1).1/
Property Property Val ues
Mel ting point (mninmm 3340C (633°9F)
Gass transition tenperature (Tg), nin | 430C (2899F)
Specific gravity .30 * 0.04
Tensile strength 2 (m ni num
(at 230C) 90 MPa
(13,000 psi)
(at 20090 20 MPa
(2,900 psi)
El ongati on at break (m ninmum 10%
Fl exural rmodul us (m ni mum 3400 MPa

(500, 000 psi)

Heat deflection tenperature (m ninum
(at 1820 kPa) 1499C (3009F)

WAt er absorption (maxi mun
(24-h inmmersion) 0.2%

1/ Property values are expressed in Sl units in accordance with ASTM E380.
2/ MPa x 145 = psi
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3.2.2 dass fiber reinforced PEEK (type I1). The properties of glass fiber
rei nforced PEEK thernoplastic shall be as specified in table |1

TABLE I I. Properties of glass fiber reinforced PEEK (type 11).

Property Val ues

Property Cass 1 Cass 2 Cass 3
(10% gl ass fiber) (20% gl ass fiber) (30% gl ass fiber)

d ass fiber content [0 + 2% (by wt) 20 + 2% (by wt) 30 + 2% (by wt)
Specific gravity 1.37 + 0.04 1.44 + 0.04 1.49 + 0.04
Tensile strength u 110 MPa 120 MPa 152 MPa

(m ni num (16, 000 psi) (17,400 psi) (22,000 psi)
El ongati on at break 5% 4% 3%

(m ni num
FI exural nodul us 5000 MPa 6200 MPa 6900 MPa

(m ni mum (730, 000 psi) (900, 000 psi) (1, 000, 000 psi)
| npact strength 2/ 50 J/m 60 J/m 80 J/m

(m ni mum (0.9 ft-Ibf/in) (1.1 ft-Ibf/in) (1.5 ft-I1bf/in)

1/ MpPa x 145 = psi
2/ Notched, 0.25 in; J/mx 18.73 x 10-3 = ft-1bf/in

3.2.3 Carbon fiber reinforced PEEK (type II11). The properties of carbon
fiber reinforced PEEK t hernopl astic shall be as specified in table II1

TABLE I11. Properties of carbon fiber reinforced PEEK (type [11).

Property Val ues

Property Cass 1 Cass 2
(20% carbon fiber) (30% carbon fiber)
Car bon fiber content 20 + 2% (by wt) 30 + 2% (by wt)
Specific gravity 1.38 + 0.04 1.42 + 0.04
Tensile strength 159 MPa 185 MPa
(m ni num (23, 000 psi) (27,000 psi)
El ongati on at break 5% 2%
(m ni num
Fl exural rmodul us 10, 300 MPa 12,800 MPa
(m ni mum (1,500,000 psi) (1, 850,000 psi)
| mpact strength (m ni num
(notched, 0.25 in) 45 J/'m 50 J/m
(0.8 ft-Ibf/in) (0.9 ft-Ibf/in)
(unnot ched, 0.25 in) 400 J/ m 530 J/ m

(8.0 ft-Ibf/in) (10.0 ft-1bf/in)




Downloaded from http://www.everyspec.com

M L- P- 46183
3.3 Form The formof the PEEK thernoplastic shall be granules, pellets or
powder. \When specified by the procuring activity, the formshall be in the size
and shape specified (see 6.2).

3.4 Flammmbility and burning.

3.4.1 Oxygen index. The oxygen index for all types of PEEK thernoplastic shal
be 35% m ni mum (see 4.3). The thickness of the test specinmen shall be 3.2 nmm

3.4.2 Specific optical density. The maxi numspecific optical density, Dygy, in
the flam ng nmode for all types of PEEK thernoplastic shall be 25 (see 4.3 and
6.3). The Dygyx in the nonflam ng node shall be 5. Sanples for snoke eni ssion
tests in accordance with ASTMF 814 (see table V) shall be slabs

0.125 in thick x 3 inx 3 in (3.1 mmthick x 76.2 mqmx 76.2 mm.

3.5 Electrical properties. The electrical properties of the PEEK therno-
plastic shall be as specified in table IV (see 4.3).

TABLE | V. El ectrical properties of PEEK

Property M ni mum Property Val ues
Type | Type 11 Type 11
(nonreinforced) (30%qglass fiber) (30% carbon fiber)
Vol une resistivity 1/ 1015 ohmcm 1015 ohmcm 1200 ohm cm
Dielectric strength 2/ 400 volts/ m | 450 volts/ m | ----
(15.8 MW/ m (17.7 W/ m

1/ Volune resistivity in ohmmhas a value of 1/100 of the value in ohmcm
2/  The thickness of the test specinmen shall be 0.125 in (3.1 mMj.

4. QUALITY ASSURANCE PROVI SI ONS

4.1 Responsibility for inspection. Unless otherw se specified in the contract
or purchase order, the contractor is responsible for the performance of al

i nspection requirenents as specified herein. Except as otherw se specified in
the contract or purchase order, the contractor may use his own or any ot her
facilities suitable for the performance of the inspection requirenments specified
herei n, unless disapproved by the Government. The CGovernnent reserves the right
to performany of the inspections set forth in this specification where such

i nspections are deemed necessary to ensure supplies and services conformto
prescribed requirenents.

4.2 (dassification of tests. The exanmi nation and testing of the plastic
nmol di ng and extrusion material shall be classified as foll ows:

a. Preproduction tests
b. Quality conformance tests
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4.2.1 Preproduction tests. Unless otherw se specified (see 6.2), prepro-
duction tests shall consist of tests for the follow ng properties:

Fl exural nodul us

Heat deflection tenperature
WAt er absorption

| mpact strength

Oxygen i ndex

Specific optical density
Vol ume resistivity
Dielectric strength

ST anoe

The supplier shall furnish to the procuring activity (in lieu of continuous
lot-to-lot testing) a certificate of conpliance, which certifies that the
requirenents for the properties listed in (a) through (h) above have been mnet
(see 3.2 through 3.5).

4.2.2. Quality conformance tests. Unless otherw se specified (see 6.2),
quality conformance tests shall consist of tests for the follow ng properties:

Mel ting point
Specific gravity
Tensile strength

El ongati on at break
Fi ber content

Panoe

4.2.2.1 Lot size. Lot size shall consist of all the nmpolding or extrusion
mat eri al manufactured at one tine, fromone batch, form ng part of one contract
or order, and submtted for acceptance at the same time and pl ace.

4.2.2.2 Sanpling. Unless otherw se specified (see 6.2), a sufficient quantity
of material fromone unit representative of each ot (4.2.2.1) shall be selected
at random for quality conformance testing. Each container of material shall be
considered as a unit of product. Failure of sanple to neet the quality
conformance requirenments shall be cause for lot rejection

4.3 Test nmethods. The properties of the PEEK thernopl astic materials specified
in 3.2 through 3.5 shall be determ ned in accordance with the applicable test
nmethod in table V.
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TABLE V. Test nethods.

Property Test Met hod
Mel ting point ASTM D3418
@ ass transition tenperature ASTM D34l 8
Specific gravity ASTM D792
Tensile strength ASTM D638
El ongati on at break ASTM D638
Fl exural rmodul us ASTM D790
Heat deflection tenperature ASTM D648
WAt er absorption ASTM D570
Fi ber content (types Il and Il only) ASTM D3I 71
| zod i npact strength ASTM D256
Oxygen i ndex ASTM D2863
Specific optical density ASTM F8l 4
Vol urme resistivity ASTM D257
Dielectric strength ASTM D149

5. PACKAGQ NG

5.1 Preservation. Preservation shall be level A or Industrial as specified
(see 6.2).

5.1.1 Level A Unless otherw se specified, the material shall be packed in one
of the follow ng types of containers:

a. Fiber drums conformng to PPP-D-723, type Il, grade A or type IlI,
grade A in quantities of 90 kg (200 | bs) maxi mum
b. Metal drunms conforming to PPP-D-729, type I1l or type IV, in quantities

of 181 kg (400 Ibs), maxi num

I nsofar as practical, drums shall be of uniform shape and size, with mnimm
cube and tare consistent with the protection required. Druns shall contain
identical quantities and shall be closed in accordance with the applicable
cont ai ner specification. Fiber druns shall be furnished with a 4 m| thick
pol yet hyl ene Iiner properly heat seal ed.

5.1.2 Industrial. The material shall be packed in accordance with
ASTM D395l
5.2. Marking. |In addition to any special marking required by the contract or

purchase order, shipping containers shall be marked in accordance with ML-STD
129, with the exception that industrial marking in accordance with ASTM D3951
applies for industrial packaging only.
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6. NOTES

6.1 Intended use. Polyetheretherketone (PEEK) thernoplastic materials are

i ntended for use as a matrix for glass fiber and carbon-graphite conposites, for
i njection nolded parts and nonofilanment, and as insulation for electrical wire
and cable. The material has very low flanmability, | ow snoke and toxic gas

em ssi on, and resistance to gamma radi ation

6.2 Odering data.

6.2.1 Acquisition requirenments. Acquisition docurments should specify the
fol |l owi ng:

Title, nunber and date of this specification

Type and class of material.

Specific pellet size, if required (see 3.3).

VWhet her a preproduction sanple is required and, if so, pertinent details
(see 4.2.1).

e. Quality conformance tests, if other than specified in 4.2.2.

f. Sanpling plan, if other than specified in 4.2.2.2.

g. Level of packing required (see 5.1).

aeoop

6.3 Specific optical density. The maxi mum specific optical density, Dpygx.
represents total snoke accummul ation

6.4 Ganmma radiation resistance. Polyetheretherketone is extrenmely resistant to
enbrittlenent by gamma radiation. Wre sanples, coated with various grades

(rol ecul ar wei ghts) of PEEK polymer to a total diameter of 1.5 mm have been
exposed to gamra radiation from 60co spent fuel cells.

Sanpl es were renoved at 250 Mad intervals until a maxi mum dose of 2000 M ad had
been absorbed. The sanples were subjected to a wap test around a 1D nandre
followed by a standard dielectric test (1.5 kV for 1 minute in water). 1In the
range suggested for high performance wire covering (nelt viscosity = 0.4 to 0.5
khbnTz), t he dosage | evel of ganma radiation required to cause failure of the
insulation is of the order of 1100 Mad (11 M3y). Note: 1 rad = 0.01 gray.

6.5 Sources of supply. PEEK materials may be obtained from

a. |ICl Americas
Concord Pi ke and New Mur phy Road
W m ngton, DE 9897

b. LNP Corporation
41 2 King Street
Mal vern, PA 19355
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