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RDECOM THE PROBLEM

Army needs more powerful

and balanced propellants

Barrel wear and erosion is a problem
BN is interesting because.

Hexagonal BN is lubricating
Boron doping of steel improves its hardness
Boron has low molecular weight

Resistant to chemical attack
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RDECOM THE PROBLEM

=Currently fielded 155mm artillery propelling
charge, M232/M232A1, has exhibited spiral
wear and erosion problems.

- Wear reducing liner
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ADVANTAGES OVER PRIOR ART

Many Low Vulnerability (LOVA) Propellant Formulations
contain RDX.

RDX is highly chemically erosive

New, experimental low-erosivity LOVA propellants have been
produced by

Reducing RDX content
Introducing nitrogen-rich energetic binder or filler compounds.
Compromises between performance, sensitive and erosivity

must be reached in these cases
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Kie~gny  PRIOR ART AND ADVANTAGES

OVER PRIOR ART

- Ceramic additives to the propellant can theoretically
reduce barrel deterioration by coating the inside of the
barrels[3]

- Challenges with dispersing the particles in the propellant, and
due to abrasion from incomplete sublimation, propellant and
ceramic composites that produce regenerative wear-resistant
coatings have not been demonstrated

. Ceramic Barrel Liners have been identified as a promising
technology for some time.

- Very good wear characteristics and thermal resistance

_ Susceptibility of ceramics to fracture, driven by stress, induced by
the different thermal expansion properties of steel and ceramics
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RDECOM' DETAILED DESCRIPTION

Approach:

i —

e . -~ BN,O, coating
Additive +
Propellant Fired (dramatized image)
Propellant Propellant Coated and
Composite Hardened Barrel
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us. ARMY A BORON NITRIDE STATUS AND TESTING
@ ROECOm

CHARACTERIZATION

Particles Size / Surface Area Control

: - Surface Area| Calculated Particle
Synthesis Condition :
(m?2/g) Diameter (nm)
143

High Conc. A 20.0
High Conc. B 23.0 124
Intermediate Conc. A 37.8 76
Intermediate Conc. B 51.2 56
Low Conc. 7.4 37
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CHARACTERIZATION
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SEM Imaging

AccV Spo’r Magn Det WD | e AccV  Spot Magn  Det WD |
15.0kV 4.0 5000x SE 45 1094 _'?-. 15.0kV 4.0 20000x SE 45 1092
. R 5 T g i, : 37 .

=
i

BN NANO PARTICLE SPHERES

O Particle agglomerate upon drying
O Individual particles are spheres

O Spheres with diameters in the nanometer range.
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CHARACTERIZATION

TEM Imaqing

A4-01.tif — A4-02.tif ——
A4 - BN 500 nm A4 - BN 100 nm

TEM images showing nano-spheres of boron nitride used
for propellant additive testing (US Patent Pending).
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CHARACTERIZATION

EELS Analysis

3007 E MK

SpEctrum

2501

¥ Background| | Eynerimental Conditions

200- Sighal Beam Eneryy: 200 keV
Converjence Semi-Angle: 5 mrad

+
é H-zection " -
- 1o Collection Semi-Angle: 1.5 mrad
=
|
Y 100] Composition Information
Elem. Momic ratio (/B) Percent content
B 1.00 * 0.000 S237
501 N 0.91 % 0.129 47.62
|:| T r‘_ﬁ%‘_\_‘_‘_ T g T T
101 200 200 401 500 B00

Energy Loss (e\)

EELS Analysis, showing the material has a 1:1 B:N ratio (US Patent Pending).
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ﬁﬁ?’ca’"@ BORON NITRIDE STATUS AND TESTING

CHARACTERIZATION

XPS Analysis — N 1s Region XPS Analysis — B 1s

10000 2500
9000 nitride
I 8000 | 5000
I 7000 ——BN Nano-spheres
- 6000 ——Commercial BN - 1500
5000 9

Q

4000 L 1000

- 3000

2000 | o0

F 1000

B.E. (eV)

XPS Analysis showing (a) the N 1s region, and (b) the B 1s
region for the BN nano-particle propellant additive compared to a
commercial hexagonal boron nitride sample.
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ﬁﬁi"_."ca’wo PROPELLANT STATUS AND TESTING

CHARACTERIZATION

IMR-4198 Composition

Nitrocellulose | Dinitrotolulene
Propellant Name | Composition Composition
(Wt%) (Wt%)

Other Components
(Wt%)

3% Dibutylphtalate
1% Diphenylamine
2% Dibutylphtalate
1% Diphenylamine
90% 8% 0.7% Residual solvent
0.6% Moisture
0.2% Graphite
IMR 4198 <10% Non-hazardous

>85% <10% .
(Hodgdon) ’ ° additives

86% 9.9%

DISTRIBUTION STATEMENT A: Approved for public release; distribution is unlimited.

APRIL 23-26,2018 UNCLASSIFIED



UNCLASSIFIED

US. ARMY

RDECOMI Propellant Testing
DSC Testing
Propellant | Heating Sample

Material Rate Amount | Onset| Peak
Tested (°C/min) (mg) e e

IMR4198 10 0.36 162 206 265
w/o BN 10 0.15 162 207 265
10 0.58 159 207 265

Average 161 207 265
IMR4198 10 0.22 163 207 265
w/ BN 10 0.40 158 207 265
10 0.45 161 207 265

Average 161 207 265
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RDECOMI Propellant Testing

Heat of Combustion

Heat of Combustion;

Material Tested ASTM D240 (J/g)

IMR-4198 w/o BN
IMR-4198 w/ BN
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RDECOM' Propellant Testing
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200 CC CLOSED BOMB
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RDECOM' Propellant Testing

US.ARMY )

Closed Bomb Testing

A Closed Bomb
Mount | chamber pressure Observations

Material Tested
(gram)

(psig)

5.0 10k Oxidation (rust color)
IMR-4198 w/o BN 7.5 15k Deep oxidation (rust)
Mix 50/50 of pure Black residue on the
and composite (WITH 5.0 10,250 surface, no visible
A% BN) oxidation
Black residue on the
5.0 10k surface, no visible
oxidation

IMR-4198 w/ BN

Possible slight oxidation

7.5 15k
(green color)
IMR 4198 as received Rgfer(fnce sam Ieyused.
75 15,470 Pe,

high speed DAQ system.
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RDECOM'

Characterization

Closed Bomb Inserts
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RDECOM' Characterization
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.L @ RDECOM Characterization

XPS Analysis

25%

More oxidized appearance
........................................................... ) [ B

20%

Surface Composition {mole %)

5gw/BN 75gw/BN 5gw/oBN 7.5gw/oBN
Sample
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Characterization

SEM - Fresh Insert

AccY SpotMaan Det WD — 500 pm AccV Spot Magn Det WD p———— 10pm
120kV b0 bix SE 10.1 10-50-A 120kV 50 2500x SE 101 10-50-A
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RDECOMI Characterization

SEM - Insert Fired w/o BN

&

#

5,

fi

A
B AcCY  Spot Magn  Det WD
20kv50 50x  SE 99 1050C S 120 kv 5.0 2500k SE 99

ccV Spot Magn  Det WD
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RDECOM™  Characterization

Han,

03-Jul-13 WD 9.7mm 15.0kV x10k
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RDECOMI Characterization

SEM —= Insert Fired with BN

o 2 : : = - 3 £ - <
et WD ———— Det WD
SE 101 10-50-B SE 102 10-50-B

- S

£2
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RDECOM WEAR AND EROSION TEST

Figure 1: RPD380 w/o BN - Figure 2: RPD-380 w/BN
Single Perf grain used in Single Perf grains used in
erosion testing erosion testing

; DISTRIBUTION STATEMENT A: Approved for public release; distribution is unlimited.

APRIL 23-26,2018 UNCLASSIFIED



UNCLASSIFIED

| @ ﬁﬁ?ﬂﬂM WEAR AND EROSION TEST RESULTS

®

RPD380 vs B% BN-RPD380 Erosive Loss

Bornon Nitride Erosion Study
s 0.008 n " B IT A4 |B%BN-RPD3SO
< 0.007 3 |RPD380
i F 60
2 0.006
- =0 0059 o >
v 0,005 .
o R2=0.1185 B Baseline ;40 .
% 0.004 O With BN 9" 037
2 0,003 y=0.0007x+0.0021 5.0
F . ——=00314  —lj i g
5 0002 0314 Linear (Baseline) | =
é 0.001 ——Linear (Wlth BN) Y A
8 13 A 13 A
E O | 1.0
0 1 o

0 0.1 0.2 03 0.4 0.5

Run Sequence Number

Tube Hardness (0 UnHardened and 1 Hardened)

Figure 10: Wear and Erosion Test Results for hard and unhardened sleeves (US Patent Pending).
Note: Sleeves 1 and 2 were hardened to approximately Rockwell Hc 41. Sleeves 3 and 4 were approximately

Rockwell Hc 12. See ICP

The effect of the BN propellant additive (US Patent Pending) suggests an apparently
significant reduction in the mass loss for both hardened and unhardened insert sleeves
relative to baseline RPD-380 propellant. The results look compelling at 2.8 and 1.8
times life increase for hard and unhardened insert sleeves, respectively
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RDECON].
’VGVEAR AND EROSION CHARACTERIZATION

. Hardened and cleaned — both with and
without BN

. Unhardened and un-cleaned — imaged cleaned areas of both with and without BN
(un-cleaned areas were too resistive).

e |CP:
« Hardened and cleaned — both with and without BN

e XPS:

« Hardened and cleaned — both with and without BN
« Unhardened and cleaned —

 Unhardened and un-cleaned coating

«  Saw material —

% Moh’s Hardness Testing:
. Hardened and cleaned — both with and without BN
. Unhardened and cleaned — both with and without BN
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RBDECOM" \WEAR AND EROSION SLEEVE INSERTS

Figure 3. Hardened Steel Sleeves (a) RPD380 P2 flow
entrance end, sleeve 1. (b) BN-RPD380 P5 Flow Exit end,
sleeve 2 — cleaned after 3 shots
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RDECQM» AND EROSION SLEEVE INSERTS

. o)
A ol 3 N,
b & N\

Figure 4: Insert Sleeve 2 — (a) hardened Steel, after firing 3 shots
RPD380 Propellant (Cleaned) , RPD380 P - Flow Entrance End —
cleaned after 3 shots (b) RPD380 P - Flow Exit End — cleaned after

3 shots
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RDECOMI Light Micrographs

Hardened, Cleaned
Without BN With BN
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RDECOMI SEM (1,250x

P

AccV  SpotMagn Det WD | e AccY  Spot Magn  Det WD
120kv 40 1250x SE 9 A ‘A 120kv40 1250x SE 152 B
G o D i 2 g b Ty ] =3 : = Y L R |

el T

i

Hardened, cleaned
Without BN With BN
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RDECOM  SEM (10,000x)

et .Jo -
B e BN i T TR = g ﬁ i “
Accy  Spot Magn Det WD | ' I e cCV Spot Magn Det WD F
W (120kvV 40 10000x SE 139 A e @ 20kvV 40 10000x SE 152 B
G s L T T SR . : o, TR P

Hardened, Cleaned
Without BN
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B3

Unhardened, un-cleaned surface
Without BN With BN
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ROEcom SEM (1,250x)

: l'LL:'-', g o i
: ol B, < ST o N Y y G ) : Fr e g e,
AccY  Spot Magn  Det WD = = AccY SpotMagn Det WD
120KV 4.0 1250x SE 1562 C . | - 120kvV 40 1260x SE 144 D

o
B s

Unhardened (clear area)

Without BN With BN
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RDECOMI SEM (10,00x)

& "G ’
“AccV  Spot Mag Det WD | y AccY Spot Magn  Det WD |
120kvV 40 10000x SE 152 C 120kv 4.0 10000x SE 144 D

Unhardened (clear area)

With BN
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RDECOM' XPS and ICP Analysis

Relative Composition
Element | Hardened |Hardened | Unhardened | Unhardened Coating from
(0% BN) | (B%BN)| (B%BN) (B% BN) Unhardened B% BN

C 65.2% 19.9% 29.9% 13.1% 64.6%
B 0.0% 0.0% 0.0% 0.4% 2.3%
N 2.8% 1.4% 0.0% 0.9% 5.2%
Fe 32.0% 78.7% 70.1% 85.6% 27.9%

Hardened and cleaned surface composition
After firing, the samples were analyzed by XPS to determine

surface composition, and ICP analysis to determine the bulk
composition.

> Relative surface composition for samples fired in wear and
> erosion testing.
ICP analysis showed less than 0.01% B in all samples, and
the remaining composition is consistent with the respective
steel specification.
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rbEcoM  HARDNESS AND TESTING

Unhardened steel reference 55
Hardened, without BN 7.0
Hardened, with BN 75
Unhardened, without BN 55
Unhardened, with BN 75
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' \®) AdEcom’ | ARDNESS AND TESTING

Unhardened steel reference 55
Hardened, without BN 7.0
Hardened, with BN 75
Unhardened, without BN 55
Unhardened, with BN 75
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RDECOM' CONCLUSIONS

= Evidence for reduced erosion observed.

— The results look compelling at 2.8 and 1.8 times life
Increase for hard and unhardened insert sleeves,
respectively.

= Propellant with BN generates a lower flame temperature.

» Increased hardness was observed in unhardened steel
fired with BN additive.

= SEM imaging showed less surface crack density in the
samples fired with boron nitride.

= No destabilizing effects on propellant.
= Boron-based coating was observed.
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RDECOMI FUTURE WORK

=More quantitative hardness testing after extended
firing would be useful to verify a hardening
mechanism

= Characterization of the boron, possibly in or on the
steel surface, would also be beneficial.

= Further wear and erosion testing of the propellant
additive is In progress in a 25mm gun test
fixture/projectile test stand that will simulate the
conditions of 155 mm artillery.

— Larger amount of propellant necessary to
support a sufficient number of firings to
generate supportable statistical conclusions

— Alternate grain form to allow larger bomb
loading density
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