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Introduction

« We are in an era of unprecedented change with
regards to technological advances

“*L; GOV.UK v Toplcs “ Government activity Q

- Coronavirus (COVID-19) | Latest updates and guidance

« We will need to take advantage of these to meet the
aims of important issues for the UK such as:
— Sovereign capability

Home > Defence and armed forces

. News story
— Security of supply Defence Secretary sets out ambitious
— SQEP sustainment Defence Prosperity Programme

° However, we need tO Iearn |essons from our paSt and Defence Secretary Gavin Williamson has reaffirmed his
ensure that the f|e|d Of energetiCS analySiS keeps commitment to growing defence’s contribution to UK
economic growth.
pace

From: Ministry of Defence. Office of the Secretary of State for Wales. Defence
Electronics and Components Agency, The Rt Hon Earl Howe. and The Rt Hon Gavin
Williamson CBE MP

Published 14 March 2019

https://www.gov.uk/government/news/defence-secretary-
sets-out-ambitious-defence-prosperity-programme--2
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Some lessons - #1 scientists need to learn how to communicate

3

&« Tweet

Weird Science
@weird_sci

The difference between science and engineering.

9:35 pm - 30 Dec 2015 - SocialOomph

319 Retweets 2 Quote Tweets 505 Likes

O T V) Y

Screenshot from Twitter @Weird_Sci Twitter's fair use policy | Twitter Help

Fulmination 2022 Presentation | April 2022 | © QinetiQ 2022
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Some lessons - #2 we need to take ideas from other industries and rapidly employ them in

the UK energetics industry

< Instagram

hiltonlab
UCL School of Pharmacy

PIC-COLLAGE

Qv W

27 likes
hiltonlab #virtualreality #outreach - an amazing way to reach
schools and bring them into #digitaltwin laboratories of #ucl

27 January

Reproduced with the permission of Stephen Hilton

&< Tweet

‘ 4 stephen hilton
. @hiltonlab

How can you not have an #ELN in
your lab???

Out the lab, yet still able to access old
group data on experiments from four
years ago. Electronic lab notebooks
& #RealTimeChem

UCL School of Pharmacy and 3 others
18:52 - 08 Mar 22 - Twitter for iPhone

13 Likes

Tweet

‘ . stephen hilton
3 @hiltonlab

Looking back a few years ago to when
we had 8 @Biotage Horizons in the
lab. Most from auctions - old tech,
but amazing to be able to rapidly and
automatically purify compounds. This
started us on the path to design &
#3dprint our own kit. You can see
examples in the pic

22:11 - 17 Feb 22 - Twitter for iPhone

1 Retweet 13 Likes
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Some lessons - #3 we have to find a way of working smartly and collaboratively

SMART ASSESSMENT & TESTING

BACKGROUND

Dr Peter Barnes - MOD DOSG STé6*
Dr Mike Sharp - MOD DOSG STé6a

NDIA IM & EM Technology Symposium

Miami - 16 October 2007

Smart assessment & testing of munition safety requirements
has been a major objective of DOSG for several years

Smart assessment & testing is defined as the assessment of
intelligent data by competent staff

Intelligent data are defined as results which help to achieve
a desired aim or objective

Don’t do the same old tests just because we have always
done them

Do not ‘gold plate’ assessments; set pragmatic levels of
confidence for particular objectives

This presentation is a first review of issues that have arisen

{elee

g

in trying to achieve smart assessment and testing
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Some lessons - #4 some tests performed at manufacture are inadequate for life prediction

purposes

Abel heat test

Density

Dutch Test (110°C)
Bergmann-Junk Test (132°C)

Vacuum stability

Quantification of compounds by gravimetric methods

Use should be limited to nitrate ester manufacture only
Unlikely to change with ageing

Stability check test

Stability check test

Important to determine likelihood of material to gas but small scale
STANAG test may not be representative of gassing in a large scale
solid rocket motor. Need to be able to determine the concentration of
gases

Some compounds are unlikely to change with ageing. Others may
change but should look to quantify by more modern methods or
understand what is actually changing e.g. molecular mass of
nitrocellulose
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Some lessons - #5 we should be performing targeted testing — failure modes and
mechanisms

* Monday 15:20 — 16:00. Improved methodology for life assurance of guided missiles from a prime perspective,
Gaynor Olliver, MBDA

« Tuesday 11:35 — 12:05. Agile qualification of future minimum-smoke rocket propellants, Phil Gill, Roxel
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There are many reasons why new tests need to be developed

» Understanding behaviour of materials under actual conditions
- E.g. ignition, small scale tests not representative, understand actual hazard and risk, operation under extreme
environmental conditions, to quantify failure modes and mechanisms

» Provide more accurate predictions of life of asset which can then be validated through in-service data

» Take advantage of technological advancements such as increase in instrumentation ability
- Ensure that the right tests are instrumented correctly to give the right information at both the system and sub system level

» To enable the increased use of predictive and descriptive modelling
- To reduce test and evaluation costs and risk both safety and project related

 Investment in better raw material characterisation may reduce issues in the expensive products they go into
- We do not want to find out there is something wrong with our RDX when we trial our missile
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Modelling — another challenge for the UK energetics industry

 To predict the life time of an energetic material, there are four factors 30
which need to be known?:
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2. The rate expression and so the temperature dependence for these ageing
mechanisms from kinetic measurements.

w

o

o
"

glass transition temperature (K)

n

o

o
L

n
[
o

3. The service environment of the asset across storage, deployment and operational T s hh e oy ool e hm a0

u Se molecular weight (g/mol)

4. The design limits of the energetic component.

—egquimolar NC + plasticiser
0.3 —NC (n=1) + 3 plasticiser

loss tangent

—3 NC (n=6) + plasticiser

TA. Rix, "WSTCO0503 Health Usage Monitoring Systems - Strategy for Lifing Algorithms for Complex Munitions," 02
QinetiQ/19/03516/4.0, UK, 2021.
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How do we get new or improved tests into service and is this agile enough for the modern
era?

MSIAC L-266

May 2021

INTERNATIONAL REVIEW OF IN-SERVICE
SURVEILLANCE PRACTICES

Christelle Collet (MSIAC)

all livi4=1 1= I TR e o T imEEE

MSIAC UNCLASSIFIED
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Round robins and collaborative working

-

Munitions Safety Information Analysis Center - MSIAC
Centre d'information et d'analyse sur la sécurité des munitions

MSIAC/NATO/PfP/MD UNCLASSIFIED - MSIAC © 2006

L-127

April 2006

RS-RDX ROUND ROBIN (R4)
PRELIMINARY RESULTS ANALYSIS

By
Duncan Watt (MSIAC)

Ruth Doherty and Lori Nock
(NSWC-IHD)

This document has been prepared for
MSIAC/NATO/PP/MD member nations. Disclosure of
the contents to other nations must be authorised by
the MSIAC Steering Commitiee and AC326 SG1.
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The importance of good analysis — capture all of the information, in the right way

MAKING SENSE OF SENSITIVITY DATA

Ruth M. Doherty
University of Maryland, College Park, MD, USA

rdohert] @umd edu

Abstract:

Sensitivity to & range of stimuli, as measured in smail-scale tests, is routinely re-
ported for new energetic materials. Qften  insufficient information is given for the
results to be interpreted in the context of the behaviour of other energetics. This
paper focuses on small-scale impact sensitivity testing and the information about the
testing that is needed for a meaningful evaluation of those results to be made. The

is dresses impact ity tests, but the lessons are applicable to other
types of small-scale sensitivity testing as well.

Il-scale, v, explosives, impact, Bruceton, D-Optimal, Probit

1. INTRODUCTION

Among the most important assessments performed on new energetic materials is the evalu-
ation of the response of the material to a variety of mechanical and thermal stimuli, including
impact and friction. The ability to respond to such stimuli is referred to as sensitivity or sensi-
tiveness. These terms are often used interchangeably, but a distinction between response to un-
planned stimuli (sensitiveness) and response to a planned level of stimulus (sensitivity) is some-
times made. The former is important in the context of safety and hazards, whereas the latter is
an important consideration for reliability of function. In this paper the term sensitivity will be
applied to both categories. While papers in the literature reporting new energetic compounds
routinely include results of small-scale sensitivity tests, those reports often omit information on
the testing procedure and data analysis methodology, thus making it difficult for the reader to
judge the reliability of the results.

One of the current topics of interest in the energetic materials community is the development
of itive energetic (ie, that require a relatively strong stimulus to
initiate a reaction), s0 the comparison of test results for a new compound will often emphasize
the results of small-scale impact and friction sensitivity testing, comparing the results to a com-
pound that is a candidate for replacement. An example of this is found in reference [1]. The
authers state “Compound 5 has the properties of a high explosive with a performance close to
that of the common high explosive RDX (1,3 5-trinitro-1.3,5-triazacyclohexane) but with lower
sensitivity to impact and friction.” The results are presented as “Dropweight test (cm)” and
“Friction Test (N).” The equipment used for the friction testing is identified in the experimental
section, but no other information is provided about the impact testing. Values are given for both
RDX and Compound 5, but there is no indication of the souree of the data for RDX

1t is known that many factors influence the measured values of impact sensitivity of ener-
geties, including some obvious ones, such as the mass of the dropweight employed and the eri-
teria for determining whether an individual trial is positive, indicating presence of reaction (GO),

R. Doherty, "Making sense of sensitivity data," in 21st NTREM

conference, Pardubice, Czech Republic, 2018.
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The importance of good analysis — report your variables and know that they will affect the

results

WILEY-VCH

On the use of differential scanning calorimetry for thermal hazard
assessment of new chemistry: Avoiding explosive mistakes
Sebastian P. Green **! Katherine M. Wheelhouse  Andrew D. Payne ¥ Jason P. Hallett,**

Philip W. Miller*™ and James A Bull*™

I3 5 P Gemen Drf W Milerand Or J A But

Dapariment of Chematry, imparial Colege London, Molsculr Scisnces Resaarch Hub, Whts Ciy Campus, Wood Lane, Landon W12 08Z, UK

Eamait. | bt imporal.u uk, phite rlieniimoonal oo uk
[b] S P.Groen and Prod . P. Hadet
nupam-uau Chaemical Engmulrng Londan,

London SWF.2A2, UK

Emait |
i Brk M Whesinousa

G5K Medohes

Campus, f

. Giurnels Wood Foad. Sevenage.

A Supply.
Hertiordshire SG12NY, LK
{6l A B Payne

Process Saety, Clncal Suppiy

GEK Modicines

. G Wood Fiad; Swyenage, Herfordsiee SG1 ZNY. UK

“Supparting rrmatcn for S aricis s given via a fink a1 e snd of the document

Mbsiract: Differenlisl seanning calorimelry (DSC) s incressingly
user s svidence 1o suppent 3 levourable ssfely profle of novel
chemistry, o o highlight the need for caullon, DSC enables
preliminary assessment of the ermal hazsrds of & palentialy
eergetic  compound.  However, unike ofher  siandard
chirarterisation methods, which have well defined formals o
teperting dala, the curent reporting of DSC résulls for Wsrmal
hazard assessment his shawn concerning rends. Arcund hall of 8
fesulls in 2019 did ol nchide experimentsl detals required 15
replicate U procedure. Furermore, andysis for thermal hazard
sssessment s oflen only conducted |n Unsesied eruchisd, which

limited sensitvity, but e resulls are accurate and robust
enough to determine process tempesatures to avoid thermal
decomposion (ofien using Tos< the temperalure at which the
time: to maximem: decomposition rate under adiabatic canditions
Is 24 )% estmate the severity of an exntherm (often using the
ediabatic femperature rise, ATw)™ and even make predicions
whethés impact sensillity and exploalvily are & concem by using
the Yoshida cormelation ™ Such data, particulady on novel or
under-explored compounds and resgents, s informatve 1o
chemists wishing 1o employ new synthetic methods. There are
other thermal hezard tests availsble, such as accelemtng rate

coud lead fo miskading resulls and incomect
conchissans. We highlight the specific issues wilh DSG analysis of
hazardous compounds cumently in the organic chemisty Resaturs
and provide simple ‘best pracice’ guidelines which will give chamists
confidence in repoded DSC resiéts and the conclusions drswn from
them.

The development of novel chemical feagents is an esssntial
siep in the advancement of synthetic methodalogy. sccess 1o
new chemical space, and uflimately the discovery of new
medicines and materiaks. Chemists have become acutely aware
of the potential safety hazards of newly discoversd reagents,
and the impact it can have on el wider use and appications.
In particular, a mi ar in the safety

(ARC). reaction impact sensiivity or
explusivity tests, but nons are as ubquiious or simpls to uss as
the humble DSC. Recently, thers have besn studies se=king 1o
characterise am compare the thermal and process hazards of
compound classes, such as peptide-coupling reagents
Oxidisers ™ N«amwuc iodanes, ™ and diazo compounds;™
or processes such as Pd-catalysed s coupiing) 1113 TIPS
EBX"" and NaH with DMFDMSO/DMAC.™

In contrast 1o these in-depth studies, 05 data reported in
the mainstrsam prganic chemistry lterature penerally forms a
small part of a much broader demonstration of the synthetic
utility of & reagent or process, perhaps used to make cautious
statements about the stability or hazardous nature of a resgent.
Compsred 1o the rigorous reporting standands in place for
characierisation deta. i ssems that af too often he vital

profile of & new compound or process can have serious
unforeseen consequences: The use of difierental scanning
calorimetry (DSC) s becoming a common means for organic
chemists 1o either support the favourabie safety profile of their
new resgent orprucess, or to evidence the need for caution.
Inclusion and discussion of potential hazards = ludable and is
one way of helping lmprove swarensss and atiitudes towards
safaty within the chemistry community, which can be daficiant —
& claim particulary kevelled lowands academia "=

DSC fe n invaluable-tool for chemists, enabling & firsy
Iook’ &t & potentially snengetie material. Using small quantities
(spproximately S mg). & rapic assessment of the thermal stability
and the energetic yiekd of a compound of reaction matsre can
be obtained #4 DSC s considered & screening technique, with

details required 1o reproduce & DSC experiment
are lacking. This may be & consequence of the lack of specific
rules in place for publishing this type of dais and a kack of
st knowladge at the aulbor, reviewer and publsher levels
Additionally, DSC experiments are frequently performed, or
resulls interpreted, withou! sdherence to best practices {Figure
1). passibly indicating & lack of familiarity with the technique as
spplied 1o thermal hazard mssessmenl As 3 consequence,
common erors are mace which could lead to the dangerously
mizleading conciusion that a naw resgent i safer or does not
exnibit a significant exotharm when this may not be comect. We
previousy repaned on how the use of unsealed crucivles led 1o
the incomect conclusion that 2-azido-4 S-Emethoxy-1,3,5-
wazne (ADT) had no excthenmic decompositon and was
“intrinsscally safe”; when in fact it is highly ensrgetic.

a) 1 Using sealed, . b) Using non-HP @
HP crucibles crucibles
z L]
3 g @p
§| = @
T up T
' Endo l Area under curve: - Endotherm detected
down AH as gas escapes
Temperature Temperature
c) 4 d)t Whereis Extrapolated /% Toeak
¥ ‘ Tﬂeeomp? anset
% - g Tim
= = |
® §|l— sz
% i Melting X “gompound Is stable up to To."
STA I.ISiI‘Ig pcint * ‘only a gradual decomposition above T,",”E‘
open crucibles T i e R -
| ¥ AHp s 1000 J g ! and 200 kJ mal™?

Temperature
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The importance of good analysis — know when the result is ‘wrong’ / ‘different’ and either
resolve or report limitations

» AOP-48 stabiliser analysis usually performed using
high performance liquid chromatography (HPLC)

— Eluent, column, column temperature, flow rate and
wavelength can all be varied which will affect results

» Are standards being used for quantification?
» Limits of detection should be determined

» Standard deviation of results should be reported

» Accuracy of reported results

Component expected % Result test house A Result test house B

90% * 0.5% 50% % 2% 105 % + 0.001%

QINETIQ



The importance of good analysis — know when the standard is appropriate for your material

and what you can do to achieve meaningful data

NATO/PFP UNCLASSIFIED
STANAG 4582
(Edition 1}

NORTH ATLANTIC TREATY ORGANIZATION
(NATO)

NATO STANDARDIZATIONAGENCY
(NSA)

STANDARDIZATION AGREEMENT
(STANAG)

SUBJECT: EXPLOSIVES, NITROCELLULOSE BASED PROPELLANTS,
STABILITY TEST PROCEDURE AND REQUIREMENTS USING
HEAT FLOW CALORIMETRY

Promulgated on 09 March 2007

.

i )

Major General, POL(A)
Director, NSA

NATO/PFP UNCLASSIFIED

ﬂL ” MSIAC Munitions Safety Information Analysis Center

MSIAC UNCLASSIFIED - MSIAC © 2018

L-222
June 2018

LIFE ASSESSMENT OF NITROCELLULOSE-
BASED ENERGETIC MATERIALS: LOVA,
FLARE AND CCC

by
Dr Matthew Andrews (EM TSQ), Christelle Collet (PT TSQ), Rebecca Millar (Stokes Fellow
2018), Emmanuel Schultz (Eurenca, formery FT TSO)

This paper was presented at 8” International Nitrocellulose Symposium, Bergerac, France,
577" June 2018

This document has been prepared for MSIAC member nations only.
Disdosure of the contents to other nations must be authorised by the
MSIAC Steering Committee.

Neither MSIAC nor the participating Nations can guarantee nor warrant
the adequacy, accuracy, currency or completeness of the Technical
Information contained in this document,

NATO HO = Siage de | GTAN
Buiiing Z - Bitiment 7, Box 1550,
B-1110 Brussels - Belgique Website:

Tel: +32.[0).2.707.54.16
E-mail: mslac@msiac nato int

Wivw msiae nato,in

RIS R Ry jemf i) =
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The importance of good analysis — know what your customer needs and provide it
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Final remarks

Should we be standardising analytical methods
across all test houses?

How do we ensure only the best test methods are
applied and new techniques get accepted and
routinely into a more agile manner?

How do we ensure those with less experience build
expertise quickly and don’t make the same
mistakes as others?

— caveat: mistakes are a very good way to learn

How do we attract and retain SQEP?
What can we learn from our overseas partners?

How can we work together more collaboratively for
the benefit of the UK energetics industry?

%% About -~ Programs - Media -

energetics

technology center

WE SUPPORT THE UNITED STATES NATIONAL SECURITY ENTERPRISE

https://www.etcmd.com/

dstl

Early careers day 2016
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