*’-‘l rRHEINMETALL
NITROCHEMIE

Status of NATO-Standard for Nitrocellulose Testing
(STANAG/AOP 4178)

Beat Vogelsanger, Michael Ramin, Marc Miiller, Patrick Folly



STANAG/AOP 4178 *J RHEINMETALL

IIIIIIIIIII

Contents

® |Introduction

= Basis of AOP-4178 Ed. 3

® Main Changes in AOP-4178 Ed. 3
® Summary and Way Ahead

© Rheinmetall AG | 2018



STANAG/AOP 4178 *J fRHEINMETALL
NITROCHEMIE

Introduction
Recent History of Standards for NC Testing

MIL-N-244A UK M22 / M23 / M39 Other SDT'fAfE':E;:SO':‘_*Z‘;’;:"
(1962) (1987/89/88) Standards

i B i and MIL-DTL-244:
MIL- DTL 2448
(1996)

STANAG 4178 Ed. 1 J STANAG/AOP-4178 i
NATO/PfP AC/326 SG/1 CNG + US Industrial

Product Team (IPT) + international NC Experts
\_ 55 Persons /// 36 Institutions /// 17 Nations Y,

— nitrocellulose that also
MIL-DTL-244B/ECP ' _?:::a STANAG ‘_”.'78 Ed. 2 contains test procedures
(2012) Procedures (2009; ratj'fied 2013) | (but only the ones that

(1991) a compendium of
~ nitrocellulose test
2007 - 2009 procedures

MIL-DTL-244 is a
specification for

are needed for this
specification)

AOP 4178 Ed. 3
(completed, in NATO
acceptance process)

identical Test-

MIL-DTL-244C (2014) Procedures
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STANAG/AOP 4178

Test Methods of STANAG/AOP-4178 Ed. 3 / MIL-DTL-244C

Basic
Characterisation

Purity

Fibre Quality

» Visual Purity Test

» Fineness

» Nitrogen Content
- Ferrous lon Titration

- NIR Spectroscopy

- Nitrogen Analyzer Method
- (Devarda's Alloy Method)

- (Schulze-Tiemann Method)
- (Nitrometer Method)

- (Combustion Calorimetry)

» Ash
» lonic Impurities
- lon Chromatography
- Sulphate Content
- Residual Acidity
- Alkalinity
- Spectroscopy / AAS/ICP

» Fibre Length Distribution
» (Water Retention Value)
» (Drainability)

» Fiberization Q. / Elutriation

Water / Alcohol Cont.

» Oil and Grease Content

» Ether-Alcohol Solubles
- Filtration Method

- Evaporation Method

» Abel-Type Heat Tests
- (76.6°C Abel Heat Test)

» Acetone Insolubles

Polymeric Properties

Stability

» Viscosity
- Falling Ball Viscometer

» 132°C Stability Test
- Bergmann-Junk

- Bergmann-Junk-Siebert

» 134.5°C Heat Test (MV)

- Alternative Method
» Mol. Mass Distribution

» Total Volatile Content
- Oven Method
- Moisture Analyzer

» Water Content
- Karl-Fischer Titration
- Karl-Fischer Oven

» Alcohol and/or Water
- Gas Chromatography
- NIR Spectroscopy

Others

» Ignition T / Heat of Explosion
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Test method
contained
in both
documents

Test method
only in
AOP-4178
Ed. 3
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Basis of AOP-4178 Ed. 3

P UN |
ble to Mediterranean Dialogue Nations, A lia, Japan, Singapore and South Africa
Il' AR NATO STANDARDIZATION AGENCY N/‘$A
. pe A\ 4 AGeENCE OTAN pe NORMALISATION 7
= STANAG 4178 Ed. 2 (2009; ratified 2013) =
= Main basis of the revised document sow ot N T
= Document fully rewritten, many parts rephrased / See CNAD AC/326 STANAG diarbuton
clarifie d, redundant information removed STANAG 4178 (EDITION 2) - TEST PROCEDURES FOR ASSESSING THE
QUALITY OF DELIVERIES OF NITROCELLULOSE FROM ONE NATO NATION

TO ANOTHER

= MIL-DTL-244C (2014) A" VRS 188 MUIS/4178 dated 6 August 1991

. B. PFP(AC/326)D(2009)0009 dated 8 October 2009
= All differences between STANAG 4178 Ed. 2 and B | |
MIL-DTL-244C eliminated natons a5 relcied i the NATO Standardzason Document Databsse (NSOD). o

promulgated herewith

] The 16 joint test procedures are now identical 2. The references listed above are to be destroyed in accordance with local

document destruction procedures.

ACTION BY NATIONAL STAFFS

3. National staffs are requested to examine their ratification status of the

B |nternational Survey / Questionnaire (2016)
= Survey on STANAG 4178 methods (by armasuisse) R Rion i ek neuood dalecaker a8 aco EerEam of ok Lastor feomuii

its ratification and implementation

= 12 participating laboratories
* Findings / conclusions included in revision N cmangms.%cw

Director, NATO Standardization Agency

® Workshop on NC Testing in Montreal (2016) SR, 178 Eciton 2

= 110 international participants ENATOIOTAN
) i ) i i L. NATO Standardization Agency — Agence OTANh de'ngnn:ﬁs‘:ﬁi:n
» Findings / conclusions included in revision E.mall nta@nea natosn - Tol 322707 5536 - Fax 353 707 o710

NATO/PFP UNCLASSIFIED
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Basis of AOP-4178 Ed. 3

MIL-DTL-244C
w/AMENDMENT 1
[ 20 May 2014
SUPERSEDING
MIL-DTL-244C
| 31 March 2014

DETAIL SPECIFICATION
NITROCELLULOSE

This specification is approved for use by all Departments and Agencies of the Department of
Defense.

= MIL-DTL-244C (2014) 1. SCOPE
1.1 Scope. This specification covers the requirements, examinations and tests for

[ ] AI I d iffe re n Ces b etwee n STA N AG 4 1 7 8 Ed . 2 a n d various grades, types, and classes of nitrocellulese (NC) for use in propellant and

combustible case manufacturing.

IVI I L- DT L- 244C e I i m i n ate d 1.2 Classification. Nitrocellulose is classified into the following grades, types, and

classes.

= The 16 joint test procedures are now identical T —T N
A Typel Pyrocellulose 12,60 =0.10%
ATypell | Pyrocellulose 1260 =0.15%

] BTypel Guncotton 13.35% minimum

BType Il | Guacotton 13.20% minimmm
B Type Il | Guncotten 13.55% minimum

| CTypel Blend of pyrocellulose and goncotton | 13.15 = 0.05%
CTypell Blend of pyrocellulose and goncotton | 13.25 = 0.05%
D Pyrocellulose 12.20=0.10%

. E Pyrocelulose 12.00=0.10%
3 Pyrocellulose 11.55=0.25%

] Class 1 - For combustible cartridge case (CCC) applications

Class 2 - For solvent and solventless propellant applications
Class 3 - For propellants made from lacquer applications
{Laceuer apphications are propellant products that are made
| with completely solvated nitrocellulose from a homogenons
mixture of nitrocellulose, stabilizer and solvent.)

Comments, suggestions, or questions on this docoment should be addressed to:
Commander, U.S. Army ARDEC. ATTN: EDAR-EIQ-SE. Picatinny Arsenal New
Tersey 07806-5000, or emailed to nsarmy.picatinny.ardec. list. ardec-stdzn-

m branchamail. mil. Since contact information can change, you may want to verify the
currency of this information using ASSIST Cnline database at hitps://assist.dla mil .

© Rheinmetall AG | 2018 7
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Basis of AOP-4178 Ed. 3

Even when test parameters had to be further restricted
O (e.g. for Nitrogen Content with FS/FAS Titration), this was
n done by adding a note rather than by changing the test
procedure to maintain equality with MIL-DTL-244C

NOTE 7: Results of FS/FAS fitration strongly depend on several experimental
parameters. In particular volume and initial temperature of the sulphuric acid as well
as maximum temperature dunng titration significantly influence the result. Main

u M".-DTL-Z44C (20 14) reason is that sensitivity toward these parameters is different between potassium

nitrate calibration and nitrocellulose titration. Even if all parameters are kept within

u A” differences between STANAG 4178 Ed 2 and the range given above, not tolerable systematic deviations of obtained nitrogen
.. content values may appear, often together with excellent precision which makes it

MIL-DTL-244C ellmlnated difficult to recognize such effects. Investigations have shown that most relevant
.. . . systematic effects lower the obtained nitrogen content value; e g. due to loss of NC

u The 16 JOIﬂt test prOCEdureS are now Identlcal fibres during preparation, due to incomplete dissolution of NC in the acid, and due to

loss of formed nitrogen oxides from the solution by small gas bubbles. Therefore test
parameters can be optimized by targeting the maximum nitrogen content value (as
[ the maximum value obtained is the most plausible one). Thus it was found that:
(i) Adding the nitrocellulose into the dry beaker and spilling the beaker walls with
m sulphunc acid prevents the loss of fibres which otherwise tend to stick on acid
droplets on the beaker wall above the solution. (ii) A larger amount of sulphuric acid
m reduces loss of formed nitrogen oxides from the solution and assists dissolving the
sample; it is recommended to use 100 ml at least, better 150 ml for 300 mg of
- sample. (i) Temperature of added sulphuric acid is relevant, lower temperature
reduces loss of formed nitrogen oxides but slows down dissolution of sample; 5°C
sulphunc acid temperature is a good compromise. (iv) Long duration of stimng
ensures completeness of sample dissolution but increases loss of formed nitrogen
oxides; different nitrocellulose grades might require different stirring times, typically
5 minutes to max. 30 minutes of stiming at around 5°C. (v) Maximum temperature
during fitration has a strong systematic influence on result due fo loss of formed
nitrogen oxides if temperature is too high; it is therefore strongly recommended to not
exceed 25°C during entire sample dissolution and titration although both this
standard and MIL-DTL-244C would allow to go up to 40°C.

© Rheinmetall AG | 2018 8
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Basis of AOP-4178 Ed. 3

m STANAG 4178 Ed. 2 (2009; ratified 2013)
= Main basis of the revised document

= Document fully rewritten, many parts rephrased /
clarified, redundant information removed

= MIL-DTL-244C (2014)

= All differences between STANAG 4178 Ed. 2 and
MIL-DTL-244C eliminated

" The 16 joint test procedures are now identical

® International Survey / Questionnaire (2016)
= Survey on STANAG 4178 methods (by armasuisse)
= 12 participating laboratories
= Findings / conclusions included in revision

® Workshop on NC Testing in Montreal (2016)
= 110 international participants
* Findings / conclusions included in revision

© Rheinmetall AG | 2018
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Test 2: Nitrogen Content

Test Method

Comb. Calor. NIR  °ther

6% 6% 6%
Nitrometer
6% -
Schulze-T i
6%
D ETET E]
18%

FAS/FS
23%

N-Analyzer

29%

Standard used

Lab.
Method
33%
other
Standard

17%
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= Workshop on NC Testing in Montreal (2016)
= 110 international participants
= Findings / conclusions included in revision
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Main Changes in AOP-4178 Ed. 3 (Compared to STANAG 4178 Ed. 2)

. 4.1.1. Sampling of Nitrocellulose
o Procedure for Sampllng Of NC added 1. Nitrocellulose may be sampled at various stages of its manufacture. The

samples shall be taken in their onginal form (e.g. as nitroceliulose slury, as water-
wet or as alcoholwet nitrocellulose) and will require preliminary treatment before

- analysis can begin.
- 2. The sample must be representative for the respective lot to be tested. The
following guidelines apply (based on MIL-DTL-244C):
m a. Sampling from process vessels (before pack-out): To ensure homogeneity
of the matenal, the process vessel shall be stimed or vigorously agitated
m for an adequate time before sampling, and the slumy sample shall be

obtained from the process vessel while stirring or being agitated, by a
means that ensures the sample is representative of the total contents.
m Recommended minimum sample size for complete analysis is 500 g.

b. Sampling during pack-out (e.g. for visual purty test and for verification of
total volatile, water or alcohol content, of cil and grease content, or of
fiberization quality): At th Z
container, one grab ¢
containers or less. In o
less than 30, a minimu
beginning (first transpo
third of the batch) and

| packed. In most cass
individually. Recommen

c. Sampling after pack-o

| shall be selected for sa

of 10 containers might
of 3 containers should |

lots). These samples s

sample. Recommendedie
500 g.

© Rheinmetall AG | 2018 12
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Main Changes in AOP-4178 Ed. 3 (Compared to STANAG 4178 Ed. 2)

® Determination of Nitrogen Content:
= FAS/FS Titration-Method improved
= Near Infrared Spectroscopy NIR-Method included
= No longer used test procedures omitted

]
- FAS/FS Titration is reference method, NIR and N-Analyzer
are alternate methods; all are described in AOP-4178 Ed. 3

- Devarda's Alloy, Schulze-Tiemann, Nitrometer and Com-
bustion Calorimetry Methods are listed but not described
in Ed. 3; they still may be used (Reference to Ed. 1 / Ed. 2)

© Rheinmetall AG | 2018 13
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Main Changes in AOP-4178 Ed. 3 (Compared to STANAG 4178 Ed. 2)

B Procedure for Sampling of NC added

®m Determination of Nitrogen Content:
= FAS/FS Titration-Method improved
= Near Infrared Spectroscopy NIR-Method included
= No longer used test procedures omitted

® 65.5°C Abel Heat Test and Grit Test omitted

m Viscosity: Alternative Viscosity Test method which |
is also suitable for low viscosity NC grades added | )

N 7’
® Method for Fibre Length Distribution improved
B Fiberization Quality / Agglomerates: Wet Sieving
Method replaced by Elutriation Method
m Clearly stated that some methods are only suitable
for comparative testing s Grit = Sand N

© Rheinmetall AG | 2018 14
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Main Changes in AOP-4178 Ed. 3 (Compared to STANAG 4178 Ed. 2) T
"/
N "MIL Viscosity" (falling sphere viscometer /
¥ 10% NC solution) remains standard viscosity Ity
n method |

" Alternate viscosity method based on

German TL 1376-589 (3% NC solution in
acetone) allows using different visco-
meter types such as
] Hoeppler, Ubbelohde,

® Viscosity: Alternative Viscosity Test method which
is also suitable for low viscosity NC grades added

or rotational viscometer;
= all viscometers give
equivalent results
[ |

© Rheinmetall AG | 2018 15
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Main Changes in AOP-4178 Ed. 3 (Compared to STANAG 4178 Ed. 2)

® Procedure for Sampling of NC added e '\’ _—
Unit =~

Example Picture

B Determination of Nitrogen Content:
= FAS/FS Titration-Method improved —
= Near Infrared Spectroscopy NIR-Method included Light

Source

CCD
Camera

" No longer used test procedures omitted I =
-~ n men ntr
B 65.5°C Abel Heat Test and Grit Test omitted { Cuvette :::):ttamAc:utis?t?or: o
- Image Analysis

m Viscosity: Alternative Viscosity Test method which - Output of Result

is also suitable for low viscosity NC grades added

Sample Flow

10F 3100%  cumulati
Test methOd funy Density distribution g N F——— Disl::ri];uiittl):eQ

- - ° . ° . of fibre length of Fibre Length
Method for Fibre Length Distribution improved rewritten + conside- | ‘I ~,

as histogram %

T

® Fiberization Quality / Agglomerates: Wet Sieving  Fably improved; §° aariionne " ?\ I
Method replaced by Elutriation Method automated calcu- |3 .
lation of fibre length I {20% 3
m (Clearly stated that some methods are only suitable  distribution; ... edis mﬂ\o
for comparative testing ’ Fore Lenght /o -

© Rheinmetall AG | 2018 16
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Main Changes in AOP-4178 Ed. 3 (Compared to STANAG 4178 Ed. 2)

m Wet Sieving Method as described in
Ed. 2 is not suitable for NC with low

" agglomerate contents and cumbersome
= for certain NC types
n
o
H
[
. New Fiberization Quality Test /

Elutriation Method is more robust
and also applicable for NC with low
agglomerate contents; on the other
hand, precision is inferior for NC
with extremely high agglomerate
contents

® Fiberization Quality / Agglomerates: Wet Sieving
Method replaced by Elutriation Method

© Rheinmetall AG | 2018 17
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Main Changes in AOP-4178 Ed. 3 (Compared to STANAG 4178 Ed. 2)

e Mw comparison
) | zigna "n|| aress 126406 7 :
4 I baze Ine consiruction using Mw fgmol] NG 11 0%
[ 1 siugram regices 12 ang 15 ane 216%| on
2 II | J— 1.06406 + .» NC 13.56%
I definEon of Integration limits :
I| | from Zato I T Of NC
| | BOE0S 1= I
| | f1 | I
| {
. g 2a | || Zn ] m :
| ! | | 08405 +11 } 1 1 “
| |I | i ‘ 8¢ 1l
u | | I 1A i
| Voo T - I
I | " I
| 4_/"\ A |
—~1 [~ o]
| Bazz | e sution tme
o voium
2 I 2 AWE-TDA  CUave PVIT 1CT Ave Denel  GDOTS  Wimmis TNO  IndianHead ave [ATK)
Normalized Cumulative Length-Weighted Fibre Length Distribution Q, for Sample M2
[ | 100 Instrument 2: -
0 Fibres > 12 pm
L, =218 47 pm

80 Instrument 1: & = -
. = Fibres > 5 pm & 5
@ 70 = e r
L, =198 +4 um i »7
L _‘." ; Instrument 2:
i o Fibres > 36 pm
: g5 ".:;?, f \ L, =273 4 um
j ’ k=
3 40
- - Instrument Control E
~ Cuvette taith a3
- Data Acquisition o 0
\ - Image Analysis = Instrument 3:
. - Output of Result T
s e Flow 20 Fibres =42 pm
ample L, =268 +4um
10
0
. L] 100 200 300 500 800 700 800

400
Fiber Length (pm)

Molecular Mass and Fibre Length Distribution Tests yield
valuable information; their numerical results, however,
strongly depend on instrument type and/or experimental
conditions — only suitable for comparative testing

© Rheinmetall AG | 2018 18
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Summary and Way Ahead

NATO UNCLASSIFIED
Releasable to PfP

= Numerous corrections and improvements have been NATQ STANBRRD
implemented in AOP-4178 Ed. 3 AORSHIER
_ _ o TEST PROCEDURES FOR ASSESSING
® The document is now consistent within itself and THE QUALITY OF DELIVERIES OF
harmonised with MIL-DTL-244C PTHE: ST R T
® Many persons / laboratories / agencies / institutes / Finai Drart| February 2017
companies have contributed to this revision - |
directly or by participating in the survey /
questionnaire or NC testing workshop - this is greatly L / \ L

appreciated \\ /
|

= The final draft Of AOP-4178 Ed. 3 has been NORTH ATLANTIC TREATY ORGANIZATION
submitted for NATO acceptance process Y~ i

Published by the
NATO STANDARDIZATION OFFICE (NSO)
© NATO/OTAN

NATO UNCLASSIFIED
Releasable to PfP
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