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All materials used. in the design as part of the manufacturing 
system for propellant explosives must be shown to be compatible 
with the explosives used in the system. 

Compatibility is necessary to ensure safety and reliability 
throughout the service life of the store. VFl 

The weapon Design Authorities make the final decision on 
suitability following tests or reference to past experience. 

For MoD use testing normally has to be carried out by DRA RARDE 
although RO can carry out many of the tests. 

The requirements are laid out in various standards. VF2 

The Project Office or the OB may ask RO to justify their use of 
particular materials. For other uses non-MoD RO can do their own 
testing. 

The factors to be considered are given in VF3. 



FACTORS CONSIDERED WHEN 
ASSESSING COMPATIBILITY 

• Level of Proximity 

• Amount of Material Present 

• Degree of Sealing 

• Reliability or Safety Consideration 

~ 

• (. • • . -'Y-i 



COMPATIBILITY REGULATIONS 

DEF STAN 08-5 Design Requirements for Weapon Systems 

DEF STAN 13-102 Testing of materials that are required to be 
compatible with propellant explosives 

DEF STAN 08-3 OB safety guidelines for munitions 

BR 8541 Navy design requirements for ordnance for naval use 

VFl 



ENSURE 

• SAFETY IN MANUFACTURE 

• SAFETY IN STORAGE 

• RELIABILITY IN SERVICE 

• ADEQUATE SERVICE LIFE 
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What do we mean by compatibility? 

VF4 
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EFFECT OF MATERIAL 
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EFFECT OF EXPLOSIVE/ 
PROPELLANT ON MATERIAL 
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What effects do we see? 
,'., ( 

VF5 

(propellant explosives) 



EFFECTS ON EXPLOSIVE/PROPELLANT 

1. Stabiliser Consumption/ 
Loss of Activity 

2. Production of Gas 

3. Self-heating 

IOVALO NAN! 
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What effects do we see? 

(materials) 

VF6 



EFFECTS ON MATERIALS 

1. Softening due to absorption 

2. Softening due to breakdown 

3. Embrittlement 
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How do we test? . 
f" t 

The philosophy is to use cheap but severe tests to see quickly if 

any incompatibility exists. 

VF8 



STANDARD TESTS 

1. VACUUM STABILITY 5g explosive/ ) 
propellant ) 40 hours 1 week 

) at 100°C at BO °C 
5g material ) 

-
Subjective test <5cc gas OK 

2. SILVER VESSEL 

5-10 marginal 
>10cc reject 

70g explosive/propellant ) 600 hours at BO°C 
3~g material ) self heating test 
If temperature rises by 2°C test is stopped. 
Material fails if time < 80% of control. 

3. ELEVATED TEMPERATURE STORAGE 

5g explosive/propellant) 3 days at BO°C 
5g material ) 

plus blank control. 
Analyse for stabiliser depletion/loss of 
activity 

~ 
pH OF AQUEOUS EXTRACT 

Q M ~~~~~-
I 



Heat Flow Calorimetry 

DSC TGA 

NEWER METHODS 

Chromatographic methods HPLC GC etc. 

VF8/1 

Generally 1 off tests no data base at present 
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TESTS ON MATERIALS 
/'-

For polymers these are exposed to 2 standard explosives RDX/TNT and 

Cordite NO for 3-12 months at 60°C and the change in properties 

measured. Few direct tests have been carried out on adhesives. 

Show samples. 

L 
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RESULTS 
,'. 

A large database exists on proprietary materials. Much of the work 
t>. ~SR-Q& (Nit ~(:L\::>t2' 

done in the 1970's by Blay et all - show but DRA and ourselves do 

not always know what the materials were. 

DEMONSTRATE RO RESULTS ON ADHESIVES 

Some general guidelines are given in the next viewfoil. 

VF9 

Remember this is only a guide, you must test your own material 

combinations. 
CAw-- roY ~ ~C')c --1 f4s~Q. 
~~po--~ ~ , ~ ~ h.l"2 (\ 

1\ , \ ~\uu- /~ 
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ADHESIVES - GENERAL GUIDE ONLY 

Material type 

Epoxy - amine cured Generally incompatible 
. especially part cured. 

Epoxy - anhydride cured OK 

Phenolic 

Silicone 

2 part acrylic 

Anearobic 

Rubbery Adhesives 
Inc PU'S 

OK 

OK but may transmit vapour 

OK but may be affected by 
NG 

OK on limited results 

OK except for azides but 
often degraded by 
explosive/propellant 
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RO Summerfield can do many standard and non standard compatibility 
tests on materials including adhesives. 

We have considerable experience of epoxies remember most of our 
rocket motors are 100% bonded together. 

Manufacturers are helpful with both materials and surface 
preparation. 

These days you have to pay the DRA but Fort Halstead has a wide 
experience of adhesives and compatibility. They provide both a 
testing and an advisory service. 
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Assessment Scheme for the Chemical Compatibility of Materials 
with Cast Double Base Propellants 

G. M. Keeton and D. Facer 

Royal Ordnance pic, Rocket Motors Division. Summerfield. Kiddenninster. Worcs DYll 7RZ (United Kingdom) 

Planschema fiir chemische Vertraglichkeitspriifungen \'on Mate­
rialien mit gegossenen Ooublcbase-Treibstorren 

Ein Schema fUr chemische Vcrtraglichkeitsprtifungen von Materia­
lien mil gegossenen Doublebase-Trcibsloffen wird beschricben. wie 
diese bei Royal Ordnance Summerfield durchgeftihrt wcrden, Wich­
tigsler Punkt iSI die Erkennlnis. daB es im Grunde genoillmen 7.wei 
Sicherheilsbereiche gibl fiir die Bewertung der Material\,crtrtiglich­
keil. Diese sind die Anfordemnl!en an die Sicherheit in der Fabrik und 
die Lcbensdauer des Raketen';;-otors unter Einbeziehung dcr chemi ­
schen Slabilitat. der Lang7.eitfunktion und der Betrichssicherheit cines 
Lagers. Zur Ratiol1alisieTUng dcr Untersuchungen winl ein systcillali ­
sches PrUfverfahren entwickelt naeh definierten Kategoricn. die illl 
Hinblick auf Anwendung und Gebrauch eines Materials aufgestcllt 
wurden. 

Summary 

TIle scheme for the chemical compatibility assessment of material s 
with cast double base propellants as operated al Royal Ordnance SUIll­

merfield is descrihed. Central 10 the scheme is the recognition thaI 
evaluation of the compatibility of materials must consider two areas of 
safety. These are on-site process safety.requirements. and rocket 
motor service life whieh includes safe chemical stahility and the long 
term functioning and reliability of a store. To rationali7e testin g. a 
system of compatibility testing to defined categories clas~ iried by the 
application and usage of a material is followed. 

1. Introduction 

It has long heen recognized that as part of ensuring the 
safety and long tenn reliability of a store containing explo­
sive(s) the compatibility of materials and explosive(s) 
which make up the store must be ascertained. This paper is 
concerned with compatibility aspects associated with cast 
double base (COB) rocket motor technology. 

Compatibility testing and specification control includes 
materials such as paints. lacquers. adhesives . in~lIlants. as 
well as the ingredients which make up the actual propellant. 

In addition to the obvious need to identify the compatibi­
lity of materials in intimate contact. adverse rC:lctions may 
also occur due to vapour contact. Physical aspects of com­
patibility, though not under consideration hcre, are equally 
important to determine, for example any deterioration in the 
properties of polymeric and adhesives which ma); feature in 
a design , must be established. 

Questions of compatibility are not only important for 
project motor applications. the materials and process aids 
employed during the manufacturing process must also be 
assessed. Materials used in the process building may also 

© VCH Verlal!<!!csellschaft . D-6940 Weinhcim. 1992 

have to be tested since articles can be affected by contact 
with surfaces of a building or fittings during storage for 
example. 

2. Compatibility Requirements 

The requirements for obtaining clearance for use of 
materials by designers. researchers and engineers are detai­
led in formally controlled documentation. Satisfying the 
relevant specification is a prerequisite to the introduction of 
any novel sllb ~tanceimaterial. 

3. Chemical Compatibility: The Formal Scheme 

All materials contained in explosives and explosive 
compositions have to be compatible. both chemically and 
physically , with each other and with explosives constitu­
ents. The requirement for materials to be compatible applies 
also to materials which are in contact with. or could come 
ill contact with. explosives during production. processing 
and transpotj 7 ta.lt'cn 

The sentencing of materials in respect of compatibility 
requires to take into account the nature of the material 
application. In particular whether the contact with explo­
sives involves propellant. casting liquid or casting powder: 
whether the contact is intimate: whether the material is 
intended ·to be a reactant to fonn a finished material, and if 
so the ma ximum time of contact with explosives in the 
intennediate reactant state e.g. an additive to casting liquid 
involving magazine storage of the liquid requires different 
considerations to an inhibitor material or a rocket case 
external paint application etc. 

0721-3115/92/0??? $3.50+.25/0 



COMPATIBILITY REGULATIONS 

DEF STAN 08-5 Design Requirements for Weapon Systems 

DEF STAN 13-102 Testing of materials that are required to be 
compatible with propellant explosives 

DEF STAN 08-3 OB safety guidelines for munitions 

BR 8541 Navy design requirements for ordnance for naval use 

VFl 



Heat Flow Calorimetry 

DSC TGA 

NEWER METHODS 

Chromatographic methods HPLC GC etc. 

VF8/1 

Generally 1 off tests no data base at present 



-
,.­

.. -

1'--C-O-M-P-A-T-I-B-I-L-I-T-y---'I 

EFFECT OF MATERIAL 
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EFFECT OF EXPLOSIVE/ 
PROPELLANT ON MATERIAL 
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EFFECTS ON EXPLOSIVE/PROPELLANT 

1. Stabiliser Consumption/ 
Loss of Activity 

2. Production of Gas 

3. Self-heating 
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EFFECTS ON MATERIALS 

1. Softening due to absorption 

2. Softening due to breakdown 

3. Embrittlement 



1. 

2. 

STANDARD TESTS 

VACUUM STABILITY 5g explosive/ ) 
propellant ) 40 hours 

) at 100°C 
5g material ) 

Subjective test <5cc gas OK 
5-10 marginal 
>10cc reject 

SILVER VESSEL 

70g explosive/propellant ) 600 hours at 80°C 
3~g material ) self heating test 
If temperature rises by 2°C test is stopped. 
Material fails if time < 80% of control. 

3. ELEVATED TEMPERATURE STORAGE 

5g explosive/propellant ) 3 days at 80°C 
5g material ) 

plus blank control. 
Analyse for stabiliser depletion/loss of 
activity 

4. pH OF AQUEOUS EXTRACT 

Accept if >5 <9. 

VF8 

f'· , 

1 week 
at 80°C 
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ADHESIVES - GENERAL GUIDE ONLY 

Material type 

Epoxy - amine cured Generally incompatible 
especially part cured. 

Epoxy - anhydride cured OK 

Phenolic 

Silicone 

2 part acrylic 

Anearobic 

Rubbery Adhesives 
Inc PU'S 

OK 

OK but may transmit vapour 

OK but may be affected by 
NG 

OK on limited results 

OK except for azides but 
often degraded by 
explosive/propellant 

r'. I 
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