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Outline 

• Pre-shaped Cellulose and Derivatives 

 

• Traditional Nitrocellulose Process vs InFuse™ Nitrocellulose Process 

 

• Cellulose Parameters for Propellant Design 

 

• Analysis of InFuse™ Nitrocellulose 

 

• Ballistic Results 

 

• InFuse™ Applications 
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Why Pre-shaped Cellulosics?  

• Simplify propellant processing/manufacturing 

 Cost – Reduce labor, decrease capital/equipment requirements 

 Safety – Less handling/processing of energetic materials 

 Environmental – Reduce/eliminate organic solvent usage (VOC) and waste 

• Access to multiple geometries and configurations 

 Spherical, cylindrical, perforated, complex grain designs (additive mftg.) 

• Multiple Pre-shaped Cellulose and Cellulose Derivatives Options 

 Excellent control of raw ingredients 

− Particle size, moisture, density 

 Range of attainable energies 

 

 

 

3 0

200

400

600

800

1000

1200

H
ea

t 
o

f 
Ex

p
lo

si
o

n
 (c

al
/g

)

HOE of nitrated water soluble polymers

N-CMC

N-HEC

N-HEC/Starch

N-HEC/Starch

N-Guar Gum

M10 propellant

N-CMC 

N-HEC 

N-HEC/starch 

N-HEC/starch 

N-Guar 

SB propellant 

 



Orbital ATK Proprietary 

Traditional NC Manufacturing Process  

CELLULOSE 

POACHING 

& BLENDING 

DEWATERING 

& PACKOUT TO CUSTOMER 

REFINING 

STABILIZATION 

(BOILING) 

ACID 

NITRATION 

TRADITIONAL NC PROCESS 

• Sheeted or baled cellulose 

• Must be cut prior to nitration 

• Refining step needed to control fiber length 

and NC bundles 

• Dewatering options 

• Alcohol dehydration for extruded propellants 

• Simple dewatering for ball propellants 
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InFuse NC Manufacturing Process  

INFUSE™ NC PROCESS 

• Pre-shaped cellulose 

• Dimensions and quality controlled by 

manufacturer 

• Simplify Stabilization Process 

• Eliminate Refining Step 

• Simplify Dewatering Process 

InFuse™ NC Technology Streamlines NC Manufacture  
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Coating 
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Typical Extruded Propellant Manufacturing 

• Traditional propellant production: 

 Labor intensive 

 Equipment/facility intensive 

 Solvent intensive (acetone, ethanol, ethyl 

acetate, ether) 

• Multistep process 

 Many moving parts 

 Plenty of opportunities for problems 

 

 

 

6 



Orbital ATK Proprietary 

7 

InFuse™ Propellant Manufacturing 

• InFuse™ approach an innovative way to produce 
propellant 
 Eliminates over ½ of the traditional processing 

steps 

• Pre-shaped cellulose provides potential access to 
multiple propellant configurations 
 Ball 

 Flake 

 Cylinder 

 Perforated 

 

 

 

InFuse™ Propellant Technology Improves Propellant Manufacture  
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Cellulose Parameters for Gun Propellant 

Cellulose Parameters: 

• Chemical Purity 

 Alpha Cellulose Content 

 Crystallinity/Amorphous regions 

 Molecular Weight Distribution 

 Contaminants 

• Acid Wettability 

• Physical Characteristics 

 Bulk Density 

 Particle Morphology 

− Particle Size Distribution 

− Shape 

− Surface Topography 

 

 

NC Parameters: 

• Chemical Reaction & Predictability 

 % Nitrogen 

 Solubility 

 Viscosity/Molecular Weight 

Distribution 

 Stability 

• Physical Characteristics 

 Bulk Density 

 Particle Morphology 

− Particle Size Distribution 

− Shape 

− Surface Topography 

 Tensile Strength 
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Analytical Results of InFuse™ Nitrocellulose 

Traditional NC InFuse NC Technology 

Cellulose  Lint Pulp Microcrystalline Cellulose          

(MF-1-120) 

Regenerated Cellulose 

(MF-1-110) 

% Nitrogen 12.62 12.61 12.74 12.50 

% Acetone Insoluble <0.40 <0.40 0.19 0.19 

% Ether Alcohol Soluble 99.6 99.1 99.27 55.35 

Shape Fiber Fiber Granular Spherical 

Size      ----     ---- 65 µm 250 µm 

Examples of Grade A type II (12.6 ± 0.15% N) NC 

Traditional NC InFuse NC Technology 

 Cellulose Lint Pulp Microcrystalline Cellulose        

(InFuse™ spherical) 

Regenerated Cellulose  

(MF-1-126) 

% Nitrogen 13.58 13.44 13.47 13.48 

% Acetone Insoluble <0.40 <0.40 0.13 0.19 

% Ether Alcohol Soluble 4.6 7.23 12.43 0.93 

Form Fiber Fiber Spherical Spherical 

Size ---- --- 350 µm 250 µm 

Examples of Grade B (minimum 13.35% N) NC 

InFuse NC Technology 

Cellulose  Regenerated Cellulose  

(MF-1-147) 

Microcrystalline Cellulose 

(MF-1-231) 

% Nitrogen 12.30 12.29 

% Acetone Insoluble 0.19 0.11 

% Ether Alcohol Soluble 99.89 ------ 

Form Spherical Granular 

Size 250 µm 190µm 

Examples of Grade D (12.2 ± 0.10% N) NC 

• Nitrogen levels 

 Controlled via typical nitration 

parameters 

• Solubility 

 Dependent on starting pre-shaped 

cellulose 

 InFuse™ NC viscosities typically 

lower than traditional NC 
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Analytical Results of InFuse™ Nitrocellulose 

 

 C:\OPUS_7.0.129\MEAS\Grade B NC.0          Grade B NC          Instrument type and / or accessory

 C:\OPUS_7.0.129\MEAS\InFuse NC OA9503 033016.0          InFuse NC OA9503 033016          Instrument type and / or accessory
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Grade B NC 

InFuse™ NC 
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• Spectral and thermal characterization 

 No differences between InFuse™ and 

traditional NC 

• Major differences: 

 Molecular weight/viscosity 

 % solubility in typical solvents 

− Acetone, ethyl acetate, ethanol 

 



Orbital ATK Proprietary 

Ballistic First Pass Criteria for Gun Application 

Interior/Exterior Ballistic - First Pass Criteria: 

• Velocity 

• Pressure 

• Temperature Profile 

• Residue in Chamber 
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When designing propellant, it must release  
the right amount of energy at the right time 
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Caliber: .223, InFuse™ double base 

• Early attempt with spherical InFuse™ 
(Stabilizer = Akardite II) 

 Contained low NG (< 10%) 

 Glazed with graphite 

 

• Ballistics showed interesting trend 

 As Fired: 

− Good trend for velocity vs. CW 

− Pressure too high 

 Conclusions: 

− Very decent first attempt 

− Coating/deterrents may benefit P 
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Caliber: 22LR, InFuse™ single base 
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InFuse spherical 

• Particle size and form 

 Increase P and V with 

smaller particle size 

 Obvious way to “tune” 

performance at raw 

ingredient level 

 

• Temperature effects 

 InFuse™ SB propellant 

with good ballistic 

match to standard 

.22LR DB propellant 

 InFuse™ SB: excellent 

ballistic profile at hot, 

cold, and ambient T 
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InFuse™ Applications & Future Investigation 

Small Arms Applications 

• 17 HMR 

• 22LR 

• 9mm 

• 45 ACP 

• .223 

• .308 

Other Applications 

• Rockets 

• Fasteners 

• Black Powder replacement 

• PNC alternative 

• Primers 
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Areas for Investigation 

• Physical effects 

 Surface area 

 Bulk density 

 Degree of polymerization/viscosity 

 

• Coatings/deterrents 

 Ballistic effects 

 Tailored energy release 

 

• Geometry 

 New grain designs 

 Improved performance 

InFuse™ Patent Application:  Methods of Preparing Nitrocellulose Based Propellants and 

Propellants Made Therefrom, U.S. Patent Application No. 14/841,151, August 31, 2015 
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Questions 
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