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RESIN, POLYIMIUE, LAMINATINC~ AND MOLDING 
High Temperature Resistant, 370°C (700°F) 

Unfilled, Addition Polymer 

1. SCOPE: 

1.1 Form: This specffication covers a sirx~le-ca~ponent, unfilled, 
~-reactive, 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 A lication: Primarily as a laminating and r~olding resin useful in 
~d=d~e-or press-cured fabrication of com#osite str~ctures requir~rg 
long-term exposure (500 - 1000 hr} up to 315 C(600°F), moderate-term 
exposure ~25 - 50 h r~ up to 370°C (700°F), ot short-term exposure (1 - 2 hr) 
up to 425'C (800°F). 

2. APPLICABLE DOCUMENTS: The follcrwing publications form a part of this 	~ 
spec cat o~ to t e extent specified herein. The latest issue of Aerospace 
Material Specificatlons sha11 apply. The applicable issue of other documents 
sha11 be as specified in AMS 2350. 

2.1 SAE P~blications: Available from SAE, 400~Comnonwealth Drive, Warrendale, 
. 

2.1.1 Aerospace Material Specifications: . 

AM5 2350 - Standards and~Test Methods 
AMS 3892/1 - Tow or Yarn, ~arbon (6raphite) Fibers, for S~ructura~ 

Composites, GF 400 (2760) Tensile Strength, 33 (228) 
Tensile Moduius 

SAf Technical Boad Rul~s provide that: "Thi~ ~~port is pub4iihed by SAE to ad~ance the staEe of technical a~d 
engineering sciences. The uae of thia report isentirely voluntary, a~d itsapplicability and auitability fqr any particular 
use, including any petent infringement arising therefrom, is the sole responsibility of the user." 

AMS doaxnentaare protectad under United Statesand international c;opyright laws. Reproduction of these documents 
by any meana ia atrictly prohibited without the w~itten consent of the publiaher. 

Copyright 1985 ~~ety  of Automotive Engineen, Inc. 	 Printed in U.S.A. ' 
~ 	 ~ 	 - 	 ... 	 :.. 	 . 	 f 	 . 

/O / 
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2.? ASTM Publications: Available from American Society for Testing and 
ateria s, 	ace 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 0792 - Specific Gravity and Density of Plastics by Displacement 
ASTM D2583 - Indentation Hardness of Plastics by Means of a Barcol Impressor 

2.3 U.S. Government Publications: Available from Commanding Officer, Naval 
u ications an 	orm enter, 5801 Tabor Avenue, Philadelphia, PA 19120. 

2.4 Military Standards: 

MIL-STD-194 - Parts and Equipment, Procedures for Packaging and Packing of 

3. TECHNICAL REQUIREMENTS: 

3.1 Material: The uncured resin shall be a dry, solid, single-component, 
us~'~'ibTe; thermosetting, aromatic-polyimide powde r, soluble in a solvent 
system of N-methylpyrrolidinone (N-methylpyrrolidone) or dimethylformamide, 
which cures to form a polyimide molecular structure. 

3.2 Stora e Life: The dry, solid resin, stored in vendor-packaged, air-tight 
conta ners at not higher than 30°C (85°F), shall meet the requirements 
specified herein when tested at any time up to one year from date of 
manufacture; it shall also meet these requirements when tested at any time 
up to 60 days from date of receipt by purchaser when stored at not higher 
than 50°C (120°F). 

3.3 Pro erties of Uncured Resin: The as-received, dry resin shall conform to 
t e o ow ng requirements; tests shall be performed on the product supplied 
and in accordance with specified t~st methods: 

3.3.1 Softenin Temaerature: Shall be in the range 175° - 200°C (347° - 392°F), 
etermi ne i n ac~nce wi th 4. 5.1.1. 

3.3.2 Ratio of Aromatic C-H to Acetylenic C-H: The ratio of the area under the 
aromatic - pea s to t e area un er t e acetylenic C-N peaks shall be 
within the range 18:1 to 24:1, determined in accordance with 4.5.1.2. 

3.3.3 Solubilit : 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 S ectrum: The infrared transmission spectrogram of uncured 
pro uction resin shall not deviate from that of the preproduction test 
sample of 4.4.1 by mo~e than agreed upon by purchaser and vendor, 
determi ned i n accordance with 4. 5.1. 5. 	 ~ 

3.4 ~Pr~o erties of Cured Resin: The resin, molded and cured in accordance with ' 
.~-5.~ and machined into suitable test specimens, shall conform to the 

following requirements; tests shall be performed at 7_0° - 30°C (70° - 85°F), 
unless otherwise specified herein, and in accordance with specified test 
methods: 

1.30 - 1.40 	ASTM D792 

50 + 5 	ASTM D2583 

10,000 psi 	ASTM D638, Specimen Type IV, 
(69 MPa) 	 Speed A 

or 	Strain rate: 
0. 04 i n. (1. 0 mm ) 
per min. 

0.8~ 	Same as 3.4.3 

500,000 psi 	Same as 3.4.3 
(3450 MPa) 

3.4.1 Specific Gravity 

3.4.2 Hardness, Barcol 

3.4.3 Tensile Strength, min 

3.4.4 Elongation, min 

3.4.5 Secant Modulus, min 

ASTM D790, Method I 

ASTM D790, Method I 

ASTM D695 

ASTM D150 

ASTM D150 

3.4.6 Flexural Strength, min 

3.4.7 Flexural Modulus, min 

3.4.8 Compressive Strength, min 25,000 psi 
(170 MPa) 

3.4.9. Dielectric Constant at 	3.3 + 0.2 
9.4 + 0.1 GHz 	 — 

3.4.10 Dissipation Factor at 	~ 0.01 max 
9.4 + 0.1 GHz 

13, 000 p si 
(90 MPa) 

500,000 psi 
(3450 MPa) 

3.5 Hiqh Tem erature Composite Pro erties: The resin, reinforced with randomly 
oriente c oppe grap ite i ers an molded as specified in 4.5.3, shall 
conform 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 mater~als insoluble in 

N-methylpyrrolidinone (N-methylpyrrolidone), and free from contaminants 
detrimental to usage of the resin. 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibility for Inspection: The vendor of resin shall supply all samples 
0 	for vendo r s tests and sha 1 be responsible for performing all required 

tests. Results of such tests shall be reported to the purchaser as required 
by 4.6. Pur~ haser reserves the right to sample and to perform any 
confirmatory testing deemed necessary to ensure that the resin confortns to 
the requirements of this specifica~ion. 

4.2 Classification of Tests: 

4.2.1 Acceptance Tests: Tests of uncured resin to determine conformance to 
~ 

	

	requirements or softening temperature (3.3.1), aromatic C-H/acetylenic 
C-H ratio (3.3.2), solubility (303.3), and infrared spectrum (3.3.5) and 
of cured resin to determine conformance to specific gravity (3.4.1) 
requirements are classified as acceptance tests and shall be performed on 
each lot. 

4.2.2 Periodic Tests: Tests of uncured resin to determine conformance to 
~ 	requirements or gel time (3.3.4~ and of cured resin to determine 

conformance to requirements for hardness (3.4.2), tensile strength 
(3.4.3), elongation (3.4.4), secant modulus (3.4.5), and dielectric 
constant (3.4.9) are classified a~s periodic tests and shall be performed 
at a frequency selected by the vendor unless frequency of testing is 
specified by purchaser. 

4.2.3 Preproduction Tests: Tests to determine conformance to all technical 
0 

	

	requirements o t is specification are classified as preproduction tests 
and shall be performed prior to or on the first shipment of resin to a 
purchase r, when a change in material, processing, or both requires 
reapproval as in 4.4.2, and when purchaser deems confirtnatory testing to 
be requi red. 

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 
office r, or the request for procurement. 

4.3 Samplin9: Shall be as follows: 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 am
s3

61
6a

https://saenorm.com/api/?name=3dc98e9aa95227a53d4dc8391be2f000


Page 5 	 ~~~~ AMS 3616A 

4.3.1 For Acce tance Tests: Sufficient resin shall be taken at random from each 
~ 	~ot to per orm a 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. 	 ~ 

4.3.1.1 A lot 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 lot shall 
not exceed 500 lb (225 kg). A lot may be packaged in small quantities 

under the basic lot approval provided lot identification is maintained. 

4.3.1.2 A batch shall be the quantity of material run in a reactor or mixer at 
one time. 

4.3.2 For Periodic Tests and Preproduction Tests: As agreed upon by purchaser 
and vendor. 

4.4 Approval: 

4.401 Sample resin shall be approved by purchaser before resin for production 

use is supplied, unless such approval be waived by purchase r. Results of 

tests on production resin shall be essentially equivalent to those on the 
approved sample. 

4.4.2 Vendor shall use ingredients, manufacturing procedures, processes, and 

methods of inspection on production resin which are essentially the same 
as those used on the approved sample resin. If necessary to make any 
change in ingredients, in type of equipment for processing, or in 
manufacturing procedures, vendor shall submit for reapproval a statement 

of the proposed changes in material, processing, or both and, when 
requested, sample resin. Production resin made by the revised procedure 
shall not be shipped prior to receipt of reapproval. 

4.5 Test Methods: 

4.5.1 Uncured Resin: 

4.5.1.1 Softenin Temperature: Shall be determined by heating approximately 

. g o powdere resin between glass plates (microslides) under slight 

pressure on a suitable hot-plate melting-point apparatus. Heat samQle 
quickly to 150°C (300°F), then continue heating at a rate of 2°C (4 F) 

per minute. The temperature at the first visible evidence of inelting 
shall be recorded as the softening temperature. 

4.5.1.2 Aromatic C-H to Acetylenic C-H Ratio: Shall be deterriined by using a 

suitable nuclear magnetic resonance spectrometer (See 8.2). Tests shall 
be conducted at 20° - 30°C (70° - 85°F) using GO 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 

approximately 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 Solubilit in N-meth 1 rrolidinone (N-meth 1 rrolidone): Shall be 
etermine y st~rring toget er at + + a mixture of 
3s0 g+ 0.2 of powdered resin and 20 mL + 1 of N-methylpyrrolidinone 
(N-rnet~iylpyrrolidone). Comp'lete solution should be achieved. 

4.5.1.4 Gel Time: Shall be determinPd by placing 0.15 - 0.20 g of.the powdered 
resi n on a hot plate preheated to, and maintained at, 250°C + 5 
(482°F + 9). When a dark, g'lazed, liquid mel~ is observed, timing shall 
be started using a timer. The melt shall be touched continuously with a 
spatula until the melt has c9~anged to a product having a crepe rubber 
consistency. When this is observed, the timing shall be stopped and the 
lapsed time 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 mixing dry, 
powdered, uncured resin (10% by weight) in dry, powdered, anhydrous 
potassium-bromide and pressing the mixture into a small pellet to 
withstand handling and mounting on the spectrophotomete r. 

4.5.1.5.2 An infrared transmission spectrogram of the pellet shall be prepared 
covering wave lengths from 2.5 to 16 microns or 4000 to 625 reciprocal 
centimetres on uncured resin pellets of sufficient thickness to 
produce major spectral bands with transmissions approximating 40%. 

4.5.1.5.3 The infrared spectrogram of production resin shall be compared with 
that of the sample approved as in 4.4.1. 

4.5.2 Cured, Unfilled Resin Specimen Panel Preparation: Test panels of suitable 

thickness (dielectric constant specimens shall be not less than 0.06 in. 
(1.5 mm) thick) and size to perform the specified tests shall be prepared 
by molding in a hydraulic press at a pressure of 1000 - 2000 psi~ or 
6,900 -14,000 kPag and a temperature of 250° - 260°C (480° - 500 F) for 
2 hr + 0.1. Subsequently, they shall be post-cured for 16 hr + 0.1 at 
315°C + 5(600°F + 9) and 6 hr + 0.1 at 370°C + 5(700°F + 9). 

4.5.3 Graphite-Fiber-Reinforced, Cured Resin Test Specimen Preparation: Test 
panels approximately 0.10 in. (2.5 mm) thick and not less than 4 in. 
(100 mm) square, or any reasonable size consistent with obtaining 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-methy~pyrrolidinone (N-methylpyrrolidone) at 
175°C + 3(345°F + 5), dried in a forced air circulating oven for 
45 min. + 1 at 17~°C + 3(345°F + 5), and chopped into approximately 1 in. 
(25 mm) ~engths. The chopped, impregnated 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 psig ± 10 (6900 kPag ± 69). 
The mola temperature shall be increased to 260°C + 3(500°F + 5) over a 
period 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 pane~T sha11 be 
60% + 3, by weight. ~lexural 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 
heating to 370°C + 5 T100°F + 9)—at a rate of 
holding at heat for 8 hr + 0.1, and cooling to 
testing. 

at heat for 18 hr + 0.5, 
7 C(13 F) deg per hr, 

room temperature prior to 

4.6 Reports: 

4.6.1 The vendor of resin shall furnish with each shipment a report showing the 

results of tests to determine conformance to the acceptance test 

requirements and stating that the resin conforms to the other technical 
requirements of this specification. This report shall include the 

purc hase order number, AMS 3616A, vendor's material designation, lot 

number, date of manufacture, and quantity. 

4.6.2 The vendor of finished or semi-finished parts shall furnish with each 

shipment a report showing the purchase order numbe r, AMS 3616A, contractor 

or other direct supplier of resin, supplier's material designation, part 

number, and quantity. When resin for making parts is produced or 
purchased by the parts vendor, that vendor shall inspect each lot of resin 

to determine conformance to the requirements of this specification and 

shall include in the report either a statement that the resin conforms or 

copies of laboratory reports showing the results of tests to determine 
conformance. 

4.7 Resam ling and Retestin~: If any specimen used in the above tests fails to 

meet t e speci te~ requirements, disposition of the resin may be based on 
the results of testing three additional specimens for each original 
nonconforming specimen. Failure of any retest specimen to meet the 
specified requirements shall be cause for rejection of the resin represented 

and no additional testing shall be permitted. Results of all tests shall be 
reported. 

5. PREPARATION FOR DELIVERY; 

5.1 Packaging and Identification: 

5.1.1 Resin shall be packa~ed in airtight containers and maintained at not 
higher than 30°C (85 F). 

5.1.2 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 obliterated 

by normal handling. Each label shall be marked with not less than the 
following information: 

RESIN, POLYIMIDE, LAMINATING AND MOLDING, UNFILLED ADDITION POLYMER 
AMS 3616A 
MANUFACTURER'S MATERIAL DESIGNATION 
PURCHASE ORDER NUMBER 
DATE OF MANUFACTURE 
LOT NUMBER 

QUANTITY 

ST ORE AT 	 , 
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