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Why do we still use Nitrocellulose?

� Nitrocellulose (NC) is still used as main ingredient in >99% of all 
gun propellants (and in many other explosives) becaus e:
� it is energetic material + binderenergetic material + binder
� it is cheapcheap (≈≈≈≈ 5 US$ / kg)
� it is easy to processeasy to process in many different ways (solvent and 

solvent-less extrusion, ….)
��more than 110 years of experiencemore than 110 years of experience
�products show goodgood --natured burning behaviournatured burning behaviour (low pressure-

exponent →→→→ save and reproducible interior ballisticssave and reproducible interior ballistics ) 
�excellent IM properties achievable (with new formulation and (with new formulation and 

processing methods) processing methods) 

Example: R-type propellant for 155mm Modular Charge  System MCS DM72 / DM92

Bullet Impact BIBullet Impact BI ���� Type VType V
SCJISCJI ���� Type IV (RPG7) Type IV (RPG7) –– V (V (BombletBomblet ))
Slow / Fast Heating SH / FH Slow / Fast Heating SH / FH ���� Type VType V
Sympathetic Reaction (SCJI)Sympathetic Reaction (SCJI) ���� No ReactionNo Reaction
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The Problem

STANAG 4178 Ed 1 ?MIL-DTL 244B ?

DEF STD 13-175 / 
M Methods?

DEF (AUST)
5578B ?

Standard A ?
Standard B ?

Standard XYZ ?

TL 1376-589 ?

FN 102-B-1 ?

Problem: Too many 
National Standards !
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The Problem

� Too many national Standards
�MIL-DTL-244 is the most modern and most 

widely accepted Standard (also outside the USA)
�STANAG 4178 Ed. 1 was never recognized as 

International Standard

� Many of the test methods of STANAG 4178 Ed. 1 did no  longer fit 
into today's production / quality management / workin g safety 
environment as they are:
� too dangerous (e.g. Nitrometer Method – uses Mercury!) 
� too complicated (e.g. Devarda's Alloy Method)
� too costly
� too time consuming (e.g. WILEY Extraction –

requires ≈≈≈≈ 3 days!)
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STANAG
4178 Ed 2 !

STANAG
4178 Ed 2 !

STANAG
4178 Ed 2 !

The Goal

Goal: Internationally accepted 
and used Standard !
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The Strategy

� To provide test procedures for all physical-chemica l properties of the NC
that are regarded as important by the NATO Particip ating Nations

� If test procedure for a certain property is contain ed in MIL-DTL-244C 
(Draft): To adopt this test procedure in STANAG 417 8 Ed. 2 
� Tests in MIL-DTL-244C and STANAG 4178 Ed. 2 will be  identical 
� MIL-DTL-244 has just been updated by the US Industr ial Product Team 

(→→→→ all these test procedures are already "up to date " )

� If no MIL-DTL-244C test procedure for a certain pro perty is available:
� To use best suited test procedure(s) from other nat ional standards
� To improve these test procedures if necessary / pos sible
� Or to develop new test procedure(s)

� To ensure that the test procedures are also applica ble to "chalk ed NC"                  
(as used in the UK and Australia): Alterations / co rrections if necessary

� To include Quality Management Requirements, Safety Precaution Notes, 
and Typical Ranges of Test Results
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The Sample Preparation

Sampling Slurry? yes
Removal of

excess water

Drying

Drying to
constant weight

Dry NC
(moisture <1% )

Testing
(other properties)

NC dried to const. weight
(moisture <0.3% )

Testing
(N-Content)

no

� Filtering under Vacuum
� Hand Screw Press
� Centrifuging

� Drying Oven at 70°C ±10°C for 2 hours
� Hot Air Blower at 65°C ±10°C for ≥ 15'
� Other suitable drying method

� Further drying in Oven at 100°C ±5°C for 1.5 hours
� Other suitable method for drying to constant weight
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The Test Procedures   – Overview

��Nitrogen ContentNitrogen Content
- Ferrous Ion Titration 
- Nitrogen Analyzer 
- Combustion Calorimetry
- (Devarda's Alloy Method)
- (Schulze-Tiemann)
- (Nitrometer) 

��EtherEther --Alcohol Alcohol SolublesSolubles
- Filtration Method
- Evaporation Method

��Acetone InsolublesAcetone Insolubles

Stability

Purity

Fibre Quality

Polymeric Properties

Water / Alcohol Cont.

Other Properties

Basic 
Characterisation

��FinenessFineness
��Fibre Length Distribution Fibre Length Distribution 
��Water Retention ValueWater Retention Value
��DrainabilityDrainability
��AgglomeratesAgglomerates

��Visual Purity TestVisual Purity Test
��Ash Ash 
��GritGrit
��Ionic ImpuritiesIonic Impurities

- Ion Chromatography
- Sulphate Content
- Residual Acidity 
- Alkalinity
- Calcium by Spectroscopy

��Oil and Grease ContentOil and Grease Content
��(Abel(Abel --Type Heat Tests)Type Heat Tests)

��132132°°C Stability TestC Stability Test
- Bergmann-Junk 
- Bergmann-Junk-Siebert

��134.5134.5°°C Heat Test (MV)C Heat Test (MV)

��ViscosityViscosity
��Molecular Mass Molecular Mass DistributDistribut ..

��Total Volatile ContentTotal Volatile Content
- Oven Method 
- Moisture Analyzer

��Water ContentWater Content
- Karl-Fischer Titration 
- Karl-Fischer Oven

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

��Temperature of Ignition Temperature of Ignition 
��Heat of ExplosionHeat of Explosion
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The Test Procedures   – Mandatory Tests

� Testing of the following properties is 
mandatory
� Nitrogen Content * )

� Ether-Alcohol Solubles * )

� Acetone Insolubles 
� Stability * )

*) Different test methods available

� All other tests are not mandatory and 
should only be performed if regarded 
as necessary or if requested by 
contract or customer

��Nitrogen ContentNitrogen Content
- Ferrous Ion Titration 
- Nitrogen Analyzer 
- Combustion Calorimetry
- (Devarda's Alloy Method)
- (Schulze-Tiemann)
- (Nitrometer) 

��EtherEther --Alcohol Alcohol SolublesSolubles
- Filtration Method
- Evaporation Method

��Acetone InsolublesAcetone Insolubles

Stability

Basic 
Characterisation

��132132°°C Stability TestC Stability Test
- Bergmann-Junk 
- Bergmann-Junk-Siebert

��134.5134.5°°C Heat Test (MV)C Heat Test (MV)
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IC of Nitrocellulose A - Cations

0 5 10 15 20 25

Retention Time  [Min]

IC of Nitrocellulose A - Anions

0 2 4 6 8 10

Retention Time  [Min]

� Ion Chromatography Method:
� New method; procedure has been supplied by USA
� Can be used to assess numerous different ionic impu rities
� Principle: Extraction of the ions from the NC with boiling      

water, followed by analysis with ion chromatography
� Recommended method in Ed. 2 !

The Test Procedures   – Analysis of Ionic Impurities

Chromatograms provided by

F- = 4 ppm

Cl- = 15 ppm

NO2
- = 44 ppm

NO3
- = 109 ppm

SO4
2- = 18 ppm Na+ = 

195 ppm

Mg2+ = 
13 ppm

K+ = 
18 ppm

Ca2+ = 
116 ppm
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The Test Procedures   – Polymeric Properties

�� GPCGPC →→→→ Distribution of Degree of 
Polymerisation / Molecular Mass

n

O

CH2 ONO2

H

H

ONO2

ONO2

H
H

OH

O
O

H

ONO2

H

CH2 ONO2

H

ONO2

H
H

�� ViscosityViscosity →→→→ Average
Degree of Polymerisation

Degree of Polymerisation = 
Length of NC Polymer Chain

Typical Value: n = 500 – 1'400
(= Molecular Mass of 300'000 – 800'000 
Daltons; may be lower or higher for 
specific NC qualities)
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The Test Procedures   – Fibre Length Determination

L = 357 µm

The Fibre Length of NC is a process relevant property as it reveals the amount 
of cutting / grinding / refining the NC had undergo ne during manufacture

Indirect Methods

���� Water RetentionWater Retention
Value WRVValue WRV

Direct Method

���� Fibre Length / Fibre Length / 
Shape AnalyzerShape Analyzer

���� FinenessFineness ���� DrainabilityDrainability

Ca-
mera

Light
Source

→→→→ NC settling 
volume

→→→→ NC average 
fibre length and 

distribution

250

30

70

90

50

130

230

250 mL

210

190

170

150

110

10g dry NC
+ water

- shaking

- settling 1h

settling     
volume

→→→→ Water retention 
value = water content   

of centrifuged NC

wet 
NC

centri-
fuging

3000 g

→→→→ Drainability = rate 
of dewatering of pulp

NC 
pulp

small 
Ø

large 
Ø
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Fibre Quality Analyzers – Principle of Operation

CCD
Camera

Pulsed 
Light

Source

Sample
Dispersing

Unit

Cuvette

Sample Flow

- Instrument Control
- Data Acquisition
- Image Analysis
- Output of Result 

Example Picture
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Fibre Quality Analyzers – Picture Frame with Image A nalysis

Example: Beckman-Coulter RapidVUE

Fibre touches frame
→→→→ excluded from 
further analysis  

Round particle (air 
bubble) identified by 
shape factor or 
sphericity factor
→→→→ excluded from 
further analysis  

Red rectangle repre-
sents flattened fibre 
(with calculated 
equivalent length 
and width)  
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Fibre Quality Analyzers – Image Analysis / Skeletoni zing Method 

Example: Sympatec QICPIC

Agglomerates can be 
eliminated from analysis
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Fibre Quality Analyzers – Repeatability of Results

� Excellent 
Repeatability 
(replicate 
analysis)

� Significant 
difference 
between 
samples M2 
and M6 found  
(as expected) 
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Faserlänge / µm

Param. 1
 
NirtoChemie Faser M2

NirtoChemie Faser M2
NirtoChemie Faser M2

NirtoChemie Faser M2
NirtoChemie Faser M2

NirtoChemie Faser M2
NirtoChemie Faser M2

NirtoChemie Faser M2
NirtoChemie Faser M2
NirtoChemie Faser M2

NirtoChemie Faser M2
NirtoChemie Faser M2

NirtoChemie Faser M2
NirtoChemie Faser M2

NirtoChemie Faser M2
NirtoChemie Faser M2

NirtoChemie Faser M2
NirtoChemie Faser M2

Param. 2
 
M2 d

M2 d
M2 d

M2 d
M2 d

M2 d
M2 d

M2 c
M2 c
M2 c

M2 c
M2 c

M2 c
M2 c

M2 c
M2 b US

M2 b
M2 b

x(10 %)
µm
11,17

11,51
12,82

11,32
11,42

11,66
12,90

12,24
11,72
12,49

11,30
12,00

11,80
12,51

12,67
11,08

11,11
11,16

x(50 %)
µm
148,55

148,43
152,23

148,92
147,85

147,89
150,43

151,99
152,95
150,72

148,50
148,84

148,34
150,54

153,97
145,27

147,53
147,28

x(90 %)
µm
459,03

465,82
467,88

461,54
458,59

457,23
465,92

469,29
467,48
455,08

454,53
457,28

458,66
457,00

471,94
454,70

456,91
453,42

opt. Konzentration
%
0,18

0,18
0,18

0,18
0,19

0,19
0,19

0,11
0,11
0,11

0,11
0,11

0,11
0,12

0,12
0,15

0,16
0,17

Partikel in QICPIC-Ausw ertung
 
111138

111934
112159

915304
944728

944292
952901

67838
68684
70457

563775
567366

573572
571649

587504
795358

816595
854051

Ausw .Mode
 
LEFI

LEFI
LEFI

LEFI
LEFI

LEFI
LEFI

LEFI
LEFI
LEFI

LEFI
LEFI

LEFI
LEFI

LEFI
LEFI

LEFI
LEFI

Sympatec GmbH Büro Augsburg

Sample M2
- 4 replicates
- each replicate 

measured 3 to 8 times
- Number of fibres 

measured:
>500’000 fibres 
(= 30s with 400 frames/s)
or ≈≈≈≈ 70’000 fibres
(= 60s with 25 frames/s)

Sample M6
- 2 replicates
- each measured 
3 times

Fibre Length:
(number of pixels)
1       2       3       4



STANAG 4178 NC Testing _ Status May 2010.ppt 19

STANAG 4178 Ed. 2 – Testing of Nitrocellulose

© NITROCHEMIE 2010

 

The Summary and Conclusions 

STANAG 4178 Ed. 2 

�Was prepared in the timeframe 2007 – 2009 in a joint effort of about                                
55 persons from 17 nations 

� Is based on the internationally accepted MIL-Standa rd, but contains 
additional test methods from Ed. 1 and from other s ources

� Incorporates improvements to make tests more accura te and reliab le,                                                             
faster, safer and cheaper 

�STANAG 4178 Ed. 2 is currently in                               
NATO ratification (7 nations have                               
already ratified; a total of 13 needed)
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