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Abstract


Our synthetic work at LLNL may generally divided into two main thrust areas: 1) synthesis of new energetic compounds which are predicted to be more energetic than HMX; and 2) synthesis of new insensitive energetic explosives (IHE's) with more energy than TATB.  From this latter effort we have synthesized 2,6-diamino-3,5-dinitropyrazine-1-oxide (LLM-105), an insensitive energetic material with 25% more energy than TATB (81% of HMX).  The energy content and thermal stability of this material make it very interesting for several applications, including insensitive boosters and detonators, and deep oil well perforation.  In this paper we will describe the synthesis and scale-up to 0.4 Kg scale of this interesting new HE and report on our experimental studies of its shock initiation, thermal stability (ODTX), and performance.   We will also describe our research in the synthesis and characterization of 1,1-diamino-2,2-dinitroethyelene (DADE) and 3,6-dinitropyrazolo[4,3-c]pyrazole (DNPP), insensitive energetic materials with good predicted performance.
Synthesis of LLM-105

The synthesis of LLM-105 through the oxidation of 2,6-diamino-3,5-dinitropyrazine with trifluoroacetic peracid at room temperature was first reported by us in 19951.   The synthesis of the immediate precursor to LLM-105, 2,6-diamino-3,5-dinitropyrazine (ANPZ), was first reported by D.S. Donald at DuPont2 and repeated in our laboratories in the initial synthesis of LLM-105.  The DuPont2 synthesis involved the condensation of diaminomaleonitrile with diiminosuccinonitrile in trifluoroacetic acid to give tetracyanopyrazine, which when reacted with ammonia gives 2,6-diamino-3,5-dicyanopyrazine.  This was hydrolyzed to the dicarboxylic acid and then nitratively decarboxylated with a nitric/sulfuric acid mixture to give ANPZ.  Our first synthesis of 10g of LLM-105 provided enough material to perform small-scale safety tests and characterization of the physical properties of LLM-105.  It was found to be a dense (= 1.913 g/cc), thermally stable (DSC =  347 oC), relatively insensitive energetic material ( Dh50 = 117cm) with 81% the energy of HMX.  

Recently we scaled-up the synthesis of LLM-105 to produce 400g using a procedure described in a Russian patent3 for the synthesis of ANPZ (Fig. 1). This provided enough material for performance, shock sensitivity and ODTX (One-Dimensional-Time-to-Explosion) measurements.  The DuPont2 synthesis of ANPZ was determined to be too difficult for scale-up and so this new procedure was employed.  We made significant improvements during our research and development stage of the scale-up process to the yields and ease of work-up of the Russian procedure.  The scale-up was performed in a batch process with energetic intermediates synthesized at the 100g or less scale. The final oxidation step involved treatment of 2,6-diamino-3,5-dintropyrazine with a mixture of trifluoroacetic acid and 30% hydrogen peroxide at room temperature overnight.  This is a heterogeneous reaction and the product is easily filtered from the reaction mixture and washed with water to give LLM-105 as a brilliant yellow powder in 95% yield.  Recrystallization of LLM-105 to remove acid impurities was accomplished by dissolving LLM-105 in hot DMSO (120 oC) and adding an equivalent amount of hot water to yield LLM-105 as fine needles. We are currently investigating other solvents of recrystallization in order to improve the crystal morphology of the product.
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Fig. 1.  Synthesis of LLM-105.3
Shock Sensitivity and ODTX Experiments

LLM-105 was formulated with Kel-F (92.4% LLM-105, 7.4% Kel-F) using a traditional slurry coating process, hydrostatically pressed into parts, and the explosive parts were used in a series of shock sensitivity experiments.  As mentioned earlier our recrystallization process yielded LLM-105 as fine needles with a high aspect ratio.  These were difficult to formulate and press into high-density parts.  Therefore, the explosive parts could be pressed to only 92.4% TMD, but still encouraging results from the shock sensitivity experiments were obtained.  Three experiments were performed at 30, 42 and 58 Kbar shock loading pressures, respectively.  At 30 kbar pressure no reaction was observed while at 42 kbar some reaction occurred but transition to full detonation did not occur at the maximum measured travel distance of 19.7 mm.  At 58 Kbar LLM-105 rapidly transitioned to full detonation.  These results are encouraging for a material with 7.5% porosity.  In comparison to other materials (including TATB) with similar pressing densities LLM-105 approaches TATB in shock sensitivity and is superior to HMX and HNS.  


 ODTX (One Dimensional-Time-to-Explosion) experiments were also performed on LLM-105.  The results indicate LLM-105 has essentially the same thermal stability as TNT, and is intermediate between HMX and TATB.  These experiments placed the critical temperature of LLM-105 at 190-214 oC.  Another observation made during ODTX experiments is the violence of reaction.  The violence of reaction observed for LLM-105 was mild with little damage to the hemispherical anvils used in the experiment.  This contrasts the fairly violent reaction and substantial damage to the anvils caused by HMX or RDX in ODTX experiments.

1,1-Diamino-2,2-dinitroethylene (DADE) and 3,6-dinitropyrazolo[4,3-c]pyrazole (DNPP) 


We have recently scaled-up the synthesis of two new, insensitive energetic materials whose performance are predicted at 85-90% of HMX (Fig. 2).   1,1-diamino-2,2-dinitroethylene (DADE) was synthesized at the 400g scale. Small-scale safety tests performed on DADE indicated it was friction and spark insensitive with a Dh50 = 72 cm.  DADE has a crystal density of 1.87 g/cc and an exotherm at 241 oC, as determined by Differential Scanning Calorimetry (DSC).   Approximately 60g of DADE was formulated and pressed into parts for ODTX measurements, and the remainder will be used in shock sensitivity experiments in the near future.   The ODTX experiments showed it to have similar thermal stability to TNT with a fairly mild reaction, as determined by the damage done to the anvils used in the experiment.    

We have synthesized 40g of 3,6-dinitropyrazolo[4,3-c]pyrazole (DNPP), using a method similar to that reported by Shevelev and coworkers.4  DNPP is thermally stable with a peak exotherm of 330 oC, as determined by DSC, and a density of 1.865 g/cc, as determined by x-ray crystallography5.  It has a Dh50 = 68 cm and is spark and friction insensitive.   This compound is also being investigated as a precursor to two other target molecules: 1,3,4,6-tetranitropyrazolo[4,3-c]pyrazole and 1,4-diamino-3,6-dinitropyrazolo[4,3-c]pyrazole.
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Fig. 2.  1,1-Diamino-2,2-dinitroethylene (DADE) and 3,6-dinitropyrazolo[4,3,-c]pyrazole (DNPP).
Summary

The synthesis of LLM-105 was scaled-up to 400g and shock sensitivity and ODTX experiments were performed on the formulated material.  These experiments indicated that LLM-105 approaches TATB in both thermal stability and shock sensitivity and surpasses both HMX and HNS.  They suggest LLM-105 may have applications in both insensitive booster and main charge applications.  We also reported the synthesis and small-scale safety testing of DADE and DNPP, both interesting new insensitive energetic materials, with predicted performance 80-90% of HMX.  The synthesis of these materials will be scaled up in the near future to produce enough material for ODTX, shock sensitivity, and performance measurements and the results reported at a later date.
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