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@ asecony INgredient Background

Nitroguanidine 9@
U Advantageous properties for use N’N\O@
as, a powerful insensitive fill )|\
A Extremely insensitive to shock H,>N NH,
< (SR) . . NQ
A Large critical diameter (SCJ) 20 | | | | | |
A Mild SCO response (Iib_e_rates . . NOL Gap Data )
water, cools decomposition) 1001 | e e oo
U NQ decomposes upon meltlng 80- Pgap=2.4582(%TMD) -138.4924
(Tyec = 250 °C) _
U Requires PBX formulation % 50 |-
Inert binders dilute explosive o
power or
. Sensitivity 107 kbar

Price, D.; Clairmont, A. R., Jr.; Erkman, J. O. The NOL Large Scale Gap Test. 060 ' ?ID ' BID ' 9'0 ' 100
[ll. Compilation of Unclassified Data and Supplementary Information for
Interpretation of Results; NOLTR 74-40; United States Naval Ordnance %TMD

Laboratory: White Oak, MD, March 1974,
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@ﬁﬁ”fc@ PrNQ

PrNQ NO

U Simply adds propyl alkyl group to nitroguanidine N~ 2

U Decreases NQ melting point to 98-100 °C )|\

.. . H-N N/\/
U Decomposition starts at 220 °C 2 H

U Allows for steam-based melt cast processing

U Propyl group expected to further desensitize NQ with a manageable

performance diminishment

MS00590005 201011115 14:47 x2.0k 30um
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@ avecony) DGX -Al Formulation Family

DGX-Al Formulations

U PrNQ will be combined with aluminum and other particulate solids
to comprise DGX-AIl family of formulations

U DGX-Al formulations will be highly insensitive, enhanced blast,
and environmentally friendly

U Initial Goal: Determine detonation velocity and critical diameter of
candidate DGX-Al formulations
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¥ #oecony Performance Calculations

Detonation Detonation
Formulation Name Ingredients Velocity Pressure
(% of PBXN-109) | (% of PBXN-109)
DGX-1 PrNQ-Al 88.6 63.8
DGX-2 PINQ-Ingredient 89.3 65.4
A-Al
DGX-3 PINQ-Ingredient 98.6 87.8
B-Al
) PrNQ-Ingredient
DGX-4 A-Ingredient B-Al 99.1 89.2
) PrNQ-Ingredient
DGX-5 B-Ingredient C-Al 97.4 101.5
PrNQ- Ingredient
DGX-6 B-Ingredient C-Al 95.8 98.3
(more Ingredient C)

Ingredients B and C are solid particulates
Ingredient C is a sensitizer
Cheetah 6.0 UNLFSM=1160M6,201R |
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¥ #oecony Performance Calculations

PrNQ-Ingredient
B-Al

Detonation Detonation
Formulation Name Ingredients Velocity Pressure
(% of PBXN-109) | (% of PBXN-109)
DGX-1 PrNQ-Al 88.6 63.8
DGX-2 PrNQ"An_gA';ed'e”t 80.3 65.4

PrNQ-Ingredient
A-Ingredient B-Al

DGX-5 PrNQ-Ingredient 97.4 Generation 1
B-Ingredient C-Al
PrNQ- Ingredient
DGX-6 B-Ingredient C-Al 95.8 98.3
(more Ingredient C)

Cheetah 6.0
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¥ #oecony Performance Calculations

Detonation Detonation
Formulation Name Ingredients Velocity Pressure
(% of PBXN-109) | (% of PBXN-109)
DGX-1 PrNQ-Al 88.6 63.8
DGX-2 PINQ-Ingredient 89.3 65.4
A-Al
DGX-3 PINQ-Ingredient 98.6 87.8
B-Al
PrNQ-Ingredient
DGX-4 A-Ingredient B-Al 99.1 89.2
PrNQ-Ingredient
B-Ingredient C-Al
PrNQ- Ingredient
B-Ingredient C-Al
more Inaredient C

Generation 2

Cheetah 6.0 Ul4dNMLFSHM2I160ME6, 201G |

WARFIGHTER FOCUSED.

Approved for public release



Laboratory-scale

mix
.
Approval to
process 10-
gallon mixes
"

k.

Small-scale
sensitivity

Thermal analysis

10-gallon mix
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1-Liter slow
cook-off

Approval to
process 1-gallon
mixes

1-Gallon Mix
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. DGX -Al Generation 1

Y #oeeomd brocessing

Formulation Ingredients Aluminum
DGX-3a PrNQ-Ingredient B-Al Type Il Class 7
DGX-3b PrNQ-Ingredient B-Al Type IV spherical

PrNQ-Ingredient

DGX-4a A-Ingredient B-Al

Type Il Class 7

PrNQ-Ingredient

DGX-4b A-Ingredient B-Al

Type IV spherical

Cheetah 6.0 UdNLFSHMs116ME, 201G |
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¥) AiEcom) DGX -3 Formulation Processing ARL

RRRRRRRRRRRRRRRRRRRRRRRRRR

DGX-3a
(PrNQ, Ingredient B, (PrNQ, Ingredient B,
Type lll Class 7 Al) Type IV spherical Al)

Processed poorly- mix did not pour Processed well- mix poured easily
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¥) AiEcom) DGX -3 Formulation Processing ARL

RRRRRRRRRRRRRRRRRRRRRRRRRR

DGX-3a
(PrNQ, Ingredient B, (PrNQ, Ingredient B,
Type lll Class 7 Al) Type IV spherical Al)

Processed poorly- mix did not pour Processed well- mix poured easily
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¥ roecom) DGX -4 Formulation Processing ARL

RRRRRRRRRRRRRRRRRRRRRRRRRR

DGX-4a
(PrNQ, Ingredient A, Ingredient B, (PrNQ, Ingredient A, Ingredient B,
Type lll Class 7 Al) Type IV spherical Al)

Processed marginally- mix poured Processed well- mix poured easily
with difficulty
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¥ roecom) DGX -4 Formulation Processing ARL

RRRRRRRRRRRRRRRRRRRRRRRRR

DGX-4a
(PrNQ, Ingredient A, Ingredient B, (PrNQ, Ingredient A, Ingredient B,
Type lll Class 7 Al) Type IV spherical Al)

Processed marginally- mix poured Processed well- mix poured easily
with difficulty
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@ asecony Aluminum SEM Images

Type lll Class 7 Aluminum

TM-1000_0002 2012/02/16  14:09 100 um TM-1000_0007 2012/02/16  14:25 100 um

u Type lll Class 7 aluminum particles larger and more irregularly shaped
U Type IV spherical aluminum smaller, but spherical

U Surface area differences likely affected processing success of formulations
with solid particulates
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—_ Small -Scale Sensitivity: DGX -3b and —
4 ARL

=D PGX -4b

Material Impact (Hs,, in) | BAM Friction (N) ESD (J)
DGX-3b
DGX-4b

RDX 8.6 125 0.063

The insensitivity shown by the small-scale sensitivity testing
coupled with favorable thermal safety testing permitted scale-
up to 1-gallon mixes
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Generation 1 Detonation Velocity

DGX-3b DGX-4b
X-ray image x-ray image

" GLDPHWHU [ " ORQJ FKDUJHYV
cast at high theoretical maximum Test set-up
density

WARFIGHTER FOCUSED.

Approved for public release



