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High Temperature Resistant, 370°C (700°F)
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1. SCOPE:

1.1 Formm:| This specification covers a single-component, unfilled,
heat-peactive, thermosetting, acetylene-substituted, aromatic-polyimide
resin|in the form of dry solid powder or particles. The resin thermally
cures| to a polyimide polymer.

1.2 Application: Primarily as a 1aminating and molding resin useful in
cﬁose -die or press-cured fabrication of com‘osite structures [requiring
Tong-term exposure (500 - 1000 hr) up to 315°C (600°F), moderate-term
expostire {25 - 50 hr) up to 370°C (700°F ), or short-term expogure (1 - 2 hr)
up to| 425°C (800°F). '

2. APPLICABLE DOCUMENTS: The following publications form a part df this
speciffication to the extent specified herein. The latest issueg of Aerospace

Materipl Specifications shall apply. The applicable issue of gther documents
shall be as specified in AMS -2350.

2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,
PKTRO9G.

2.1.1 Aerpspace Material Specifications:

AMS| 2350 <_Standards and 'Test Methods "

AMS| 3892/1( - Tow or Yarn, Carbon (Graphite) Fibers, For Stryctural
Composites, GF 400 (2760) Tensile Strength, 33 (228)
Tensile Modulus '

SA§ Teghnica.l Board Rules provide that: ‘'This report is published by SAE to advance the state of te¢hnical and
engineering sciences. The use of this report is entirely voluntary, and its applicability and suitability for any particular
use, including any patent infringement arising therefrom, is the sole responsibility of the user.”’

AMS documents are protected under United States and international copyright laws. Reproduction of these documents
by any means is strictly prohibited without the written consent of the publisher.

Copyright 1985 Society of Automotive Engineers, Inc. RE AFFERME Printed in U.S.
: /0 /

A
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2.2

2.3

2.4

3. TECHNICAL REQUIREMENTS:

ASTM Publications: Available from American Society for Testing and
Materials, 1016 Race Street, Philadelphia, PA 19103.

ASTM D150 - A-C Loss Characteristics and Permittivity (Dielectric Constant)
of Solid Electrical Insulating Materials

ASTM D638 - Tensile Properties of Plastics

ASTM D695 - Compressive Properties of Rigid Plastics

ASTM D790 - Flexural Properties of Unreinforced and Reinforced Plastics and
Electrical Insulating Materials

ASTM D792 - Spec1f1c Grav1ty and Dens1ty of P]ast1cs by D1sp1acement

ASTM D258 : : : ol Impressor

U.S. Goyernment Publications: Available from Commanding Officer, Naval
PubTications and Form Center, 5801 Tabor Avenue, Philadelphia, PA [19120.

Military Standards:

MIL-STD1794 - Parts and Equipment, Procedures for Packaging and Packing of

3.1

3.2

3.3

3.3.1

Materia]: The uncured resin shall be a dry,“solid, single-component,
fusible| thermosetting, aromatic-polyimide powder, soluble in a sqlvent
system ¢f N-methylpyrrolidinone (N-methyTpyrrolidone) or dimethylflormamide,
which cures to form a polyimide molecular structure.

Storage|Life: The dry, solid res1n, stored in vendor-packaged, ailr-tight
conta%n rs at not higher than 30°C (85°F), shall meet the requirenents
specified herein when tested-at’any time up to one year from date |of
manufacture; it shall also meet these requirements when tested at jany time
up to 60 days from date of receipt by purchaser when stored at nof higher
than 507C (120°F).

Propertjes of Uncured Resin: The as-received, dry resin shall corfform to
the folJowing requirements; tests shall be performed on the produdt supplied
and in accordance with specified test methods:

Softening-Temperature: Shall be in the range 175° - 200°C (3479 - 392°F),
deterpined in accordance with 4.5.1.1.

3.3.2 Ratio of Aromatic C-H to Acetylenic C-H: The ratio of the area under the

aromatic C-H peaks to the area under the acetylenic C-H peaks shall be
within the range 18:1 to 24:1, determined in accordance with 4.5.1.2.

3.3.3 Solubility: The resin shall be soluble in N-methylpyrrolidinone

-methylpyrrolidone) to the extent of not less than 13%, determined in
accordance with 4.5.1.3.

3.3.4 Gel Time: Shall be 100 - 230 sec, determined in accordance with 4.5.1.4,
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3.3.5 Infrared Spectrum: The infrared transmission spectrogram of uncured
production resin shall not deviate from that of the preproduction test
sample of 4.4.1 by more than agreed upon by purchaser and vendor,
determined in accordance with 4.5.1.5.

3.4 Properties of Cured Resin: The resin, molded and cured in accordance with
4.5.2 and machined into suitable test specimens, shall conform to the
following requirements; tests shall be performed at 20° - 30°C (70° - 85°F),
unless otherwise specified herein, and in accordance with specified test

methods:
3.4.1 Spdcific Gravity T.30 - 1.40 ASTM D792
3.4.2 Handness, Barcol 5 + 5 ASTM D2583
3.4.3 Tensile Strength, min 10,000 psi ASTM D638, Specimen [Type IV,
(69 MPa) Speed A
or Strain rdte:
0.04 in. [(1.0 mm)
per min.

3.4.4 Elgngation, min 0. 8% Same as 3.4.3
3.4.5 Segant Modulus, min 500,000 psi Same as 3.4.3

(3450:MPa)
3.4.6 Flexural Strength, min 13,000 psi ASTM D790, Method I

(90 MPa)
'3.4.7 Fldxural Modulus, min 500,000 psi  ASTM D790, Method I

(3450 MPa)
3.4.8 Compressive Strength, min 25,000 psi ASTM D695

(170 MPa)
3.4.9 Didlectric(Constant at 3.3+ 0.2 ASTM D150

9.4 + 0,1-GHz

3.4.10 Di|ssipation Factor at - 0.01 max ASTM D150

(A < V. . X 1)

9.-r +—016GHz

3.5 High Temperature Composite Properties: The resin, reinforced with randomly
oriented chopped graphite fibers and molded as specified in 4.5.3, shall
cgngonn to the following requirements, determined in accordance with ASTM
D790:

3.5.1 Flexural Properties: Flexural Flexural
Strength Modulus

3.5.1.1 Flexural Properties at Room Temperature, min 50,000 psi 4,000,000 psi
(345 MPa) (27,580 MPa)
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3.5.1.2 Flexural Property Change, max, at room -10% -10%
temperature after 500 hr at 315°C (600°F)

3.5.1.3 Flexural Property Change, max, at room -10% -15%
temperature after 25 hr at 370°C (700°F)

3.6 Quality: The resin, as received by purchaser, shall be uniform in quality

@ and condition, clean, and free from foreign materials insoluble in
N-methylpyrrolidinone (N-methylpyrrolidone), and free from contaminants
detrimental to usage of the resin.

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsipility for Inspection: The vendor of resin shall supply all samples
@ for vendpr's tests and shall be responsible for performing-all reqyired
tests. Results of such tests shall be reported to the purchaser a required
by 4.6. |Purchaser reserves the right to sample and to perform any
confimatory testing deemed necessary to ensure that the resin conflorms to
the requjrements of this specification.

4.2 Classifi¢cation of Tests:

4,2.1 Acceptlnce Tests: Tests of uncured resinto determine conformande to
requirements for softening temperature.(3.3.1), aromatic C-H/acetylenic
C-H ratio (3.3.2), solubility (3.3.3); and infrared spectrum (3.3.5) and '
of curgd resin to determine conformance to specific gravity (3.4.1)
rqui1 ments are classified as acceptance tests and shall be perflormed on
eac t.

4.2.2 Periodic Tests: Tests of.uncured resin to determine conformance [to
) requi;iments for gel time (3.3.4) and of cured resin to determin
conformance to requiréments for hardness (3.4.2), tensile strength
(3.4.3), elongation((3.4.4), secant modulus (3.4.5), and dielectnrfic
constant (3.4.9) are classified as periodic tests and shall be performed
at a frequency selected by the vendor unless frequency of testing is
specifled by purchaser.

4.2.3 Preprodquction Tests: Tests to determine conformance to all technlical
) requirgments of this specificati ifi ioh tests
and shall be performed prior to or on the first shipment of resin to a
purchaser, when a change in material, processing, or both requi res
reapproval as in 4.4.2, and when purchaser deems confirmmatory testing to
be required.

4.2.3.1 For direct U.S. Military procurement, substantiating test data and, when
specified, preproduction test material shall be submitted to the
cognizant agency as directed by the procuring activity, the contracting
officer, or the request for procurement.

4.3 Sampling: Shall be as follows: ‘
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4.3.1

For Acceptance Tests: Sufficient resin shall be taken at random from each

g

4.3.1.1
!

4.3.1.2

4.3.2

lot to perform all required tests. The number of determinations for each
requirement shall be as specified in the applicable test procedure or, if
not specified therein, not less than three.

A 1ot shall be all resin produced in a single production run from the
same batches of raw materials under the same fixed conditions and
presented for vendor's inspection at one time. An inspection 1ot shall
not exceed 500 1b (225 kg). A Tot may be packaged in small quantities
under the basic lot approval provided lot identification is maintained.

A Hatch shall be the quantity of material run in a reactor or|mixer at
ond time.

For Reriodic Tests and Preproduction Tests: As agreed upon by furchaser

4.4.1

4.4,2

4.5 Te
4.5.1

st Methods:

and

Sample resin shall be approved by purchaser before resin for prdduction
use ils supplied, unless such approval be waived by purchaser. Results of
testg on production resin shall be essentially equivalent to thdse on the

Vendgr shall use ingredients, manufacturing procedures, processes, and
methgds of inspection on production-resin which are essentially [the same
as those used on the approved sample resin. If necessary to make any

in ingredients, in type of equipment for processing, or in
manu ctur1ng procedures, vendor shall submit for reapproval a dtatement
e proposed changes in material, processing, or both and, when
requeisted, sample resin. . Production resin made by the revised procedure
shall| not be shipped-prior to receipt of reapproval.

Uncured Resin:

4.5.1.1

4.5,1,2

Sofitening” Temperature: Shall be determined by heating approximately

0.Y g-of powdered resin between glass plates (microslides) under slight
pre eat sample
quickly to 150°C (300°F), then continue heatlng at a rate of 2°C (4°F)
per minute. The temperature at the first visible evidence of melting
shall be recorded as the softening temperature.

Aromatic C-H to Acetylenic C-H Ratio: Shall be determined by using a
suitable nuclear magnet1c resonance spectrometer (See 8.2). Tests shall
be conducted at 20° - 30°C (70° - 85°F) using 60 MHz in accordance with
the spectrometer manufacturer's instructions. The resin solution shall
be prepared by dissolving approximately 0.15 g of dry powdered resin in
approx1mate1y 0.5 mL of deuterated dimethylsulfoxide at 125°C + 5
(255°F + 9). After cooling to room temperature, one drop of
tetramethylsilane shall be added to the solution.
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4.5.1.3 Solubility in N-methylpyrrolidinone (N-methylpyrrolidone):

Shall be

determined by stirring together at 25 C+ 5 (//'F + 9) a mixture of
3.0 g + 0.2 of powdered resin and 20 mL + 1 of N-methylpyrrolidinone

(N-methylpyrrolidone). Complete solution should be achieved.

4.5.1.4 Gel Time: Shall be determined by placing 0.15 - 0.20 g of .t

he powdered

resin on a hot plate preheated to, and maintained at, 250°C + §

(482°F + 9). When a dark, glazed, liquid melt is observed

be started using a timer. The melt shall be touched continu
spatu1a until the melt has changed to a product having a cre
cQ
13psed t1me shall be designated as the gel time.

4.5.1.5 Infrared Spectrogram:

4.5.1.5.1 |An uncured resin pellet shall be prepared by thoroughly mi
powdered, uncured resin (10% by weight) in dry; powdered,
potassium-bromide and pressing the mixture 4Anto a small pe
withstand handling and mounting on the spéctrophotometer.
4.5.1.5.2 |An infrared transmission spectrogram of 'the pellet shall b
covering wave lengths from 2.5 to 16 microns or 4000 to 62
centimetres on uncured resin pellets of sufficient thickne
produce major spectral bands with transmissions approximat
4.5.1.5.3 |The infrared spectrogram of production resin shall be comp
that of the sample approved’as in 4.4.1.

4.5.2 Curdd, Unfilled Resin Specimen Panel Preparation: Test panels
thickness (dielectric constant specimens shall be not less tha
(1.9 mm) thick) and size to perform the specified tests shall
by nmolding in a hydraulic press at a pressure of 1000 - 2000 p
6,900 -14,000 kPag’and a temperature of 250° - 260°C (480° - 5
2 ht + 0.1. Subsequent]y, they shall be post—cured for 16 hr
3159C+ 5 (60Q°F + 9) and 6 hr + 0.1 at 370°C + 5 (700°F + 9).T

4.5.3 GraphitesFiber-Reinforced, Cured Resin Test Specimen Preparati

timing shall
ously with a
pe rubber

pped and the

xing dry,
anhydrous
let to

b prepared
b reciprocal
5s to

ng 40%.

ared with

of suitable
n 0.06 in.
be prepared
5ig or

DO°F) for

t 0.1 at

pn:  Test

pan
(10

315 approximately 0.70 in. (2.5 mm) thick and not.1ess thgn

4 in.
ng a good

distribution of fiber direction, shall be prepared from a quantity of

AMS 3892/1 graphite fibers impregnated with a 40 - 50% solution of uncured
resin dissolved in hot N-methy1pyrro1idinone (N-methylpyrrolidone) at
175°C + 3 (345°F + 5), dried in a forced air circulating oven for

45 min. + 1 at 175°C + 3 (345°F + 5), and chopped into approximately 1 in.
(25 mm) Tengths. The chopped, 1mpregnated fibers shall be placed in a
steel mold coated with a suitable release agent and preheated to 220°C + 3
(430°F + 5) and cured at a pressure of 1000 ps1g + 10 (6900 kPag + 69).

The mold temperature shall be increased to 260°C + 3 (500°F + 5) over a
per1od of not less than 25 min. and allowed to remain at 260°C + 3

(500°F + 5) for 2 hr + 0.1. The fiber content of the test panel shall be
60% + 3, by weight. Flexural test specimens 0.10 x 0.75 x 3.0 in.

(2.5 x 20 x 75 mm) shall be machined from the cooled, cured panels and

progressively postcured by heating to 230°C + 3 (465°F + 5), raising the
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4.5.3

(Continued):

temperature to 315°C + 5 (600°F + 9), holding at heat for 18 hr + 0.5,
heating to 370°C + 5 T700°F + 9) at a rate of 7 C (13 F) deg per hr,
holding at heat for 8 hr + 0.1, and cooling to room temperature prior to

testing.

4.6 Reports:

4.6.1

4.6.2

4,7

The
res
req
req
pu

num

The
shi
or
num
pu
to
sha
cop
con

vendor of resin shall furnish with each ship
1ts of tests to determine conformance to the acceptance te
irements and stating that the resin conforms to the other
irements of this specification. This report shall include
hase order number, AMS 3616A, vendor's material designatio
er, date of manufacture, and quantity.

vendor of finished or semi-finished parts shall furnish wij
ment a report showing the purchase order number, AMS 3616A
ther direct supplier of resin, supplier's'material designaj
er, and quantity. When resin for making parts is produced

ormance.

Resamgling and Retesting:

5. P

meet

the nr
nonco
speci
and n
repor

he specified requirements, disposition of the resin may be

forming specimen.
ied requirementsishall be cause for rejection of the resin
additional testing shall be permitted.
ed.

REPARATION FORDELIVERY:

5.1

Packaging.and Identification:

howing the
t

echnical
the

, 10t

th each
contractor
tion, part
or

hased by the parts vendor, that vendor’shall inspect each lot of resin
etermine conformance to the requirements of this specification and
1 include in the report either a“statement that the resin ¢onforms or
es of laboratory reports showing the results of tests to détermine

If.any specimen used in the above tests fails to

based on

sults of testing three additional specimens for each original
Failure of any retest specimen to meet the

represented

Results of all tesgts shall be

higher than 30°C (85°F).

containers and maintained at not

Each container of resin shall be identified by an attached label, using

characters of such size as to be legible and which will not be
by normal handling.
following information:

obliterated

Each 1abel shall be marked with not less than the

RESIN, POLYIMIDE, LAMINATING AND MOLDING, UNFILLED ADDITION PQLYMER

AMS 3616A
MANUFACTURER'S MATERIAL DESIGNATION

PURCHASE ORDER NUMBER

DATE OF MANUFACTURE

LOT NUMBER

QUANTITY

STORE AT 30°C (85°F), OR LOWER
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