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Abstract 

The objective of this program is to develop novel, innovative solutions for the 
disposal of surplus explosives resulting from the demilitarization of nuclear and 
conventional munitions. Studies related to the conversion of TNT and Explosive 
D to potentially useful materials are described. 

Introduction 

The demilitarization of nuclear and conventional munitions is producing million? 
of pounds of surplus explosives (energetic materials).l Historically, surplus 
explosives have been disposed of by open burning/open detonation (OB/OD). 
The disposal of these materials by OBI00 is becoming unacceptable due to 
public concerns and increasingly stringent environmental regulations. In addition, 
the presence of such a large inventory of militarily useful explosives increases 
proliferation risks. Environmentally sound and cost-effective alternatives to 
OB/OD are needed. We are investigating the chemical conversion of energetic 
materials to higher value products.* This paper describes efforts at Lawrence 
Livermore National Laboratory (LLNL) and elsewhere to use TNT, Explosive D 
(ammonium picrate) and other surplus munitions as starting materials for the 
synthesis of higher value products (Figure 1). 

* Work performed under the auspices of the U.S. Department of Energy by 
Lawrence Livermore National Laboratory under Contract No. W-7405-ENG-48. 
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Figure 1. Use of surplus explosives as chemical feedstocks for higher value 
products. 

Chemical Conversions of TNT 

There are many references in the chemical literature describing the conversion of 
TNT to other molecules. For example, the reduction of TNT to aminodinitro- 
toluenes3, diaminonitrotoluenes4 and triaminotoluene5 is well known. The 
catalytic hydrogenation of TNT to 2,4,6-triaminotoluene (TAT) and the use of TAT 
to prepare monomers for the production of novel polymers has been reported.6 
A. L. Rusanov and co-workers have investigated the use of TNT to prepare 
thermostable polymers.7 TNT was converted into 3,5diaminoanisole which was 
reacted with dianhydrides of aromatic tetracarboxylic acids to prepare a number 
of aromatic polyimides. 

Phloroglucinol is used in the pharmaceutical, cosmetics, textile-dying and 
photographic industries. The commercial conversion of TNT taphloroglucinol is - 
shown in Figure 2.8 TNT is oxidized by dichromate in sulfuric acid to give 

TNT 

Figure 2. 

Phloroglucinol 

Conversion of TNT to phloroglucinol. 
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2,4,6-trinitrobenzoic acid which is then treated with iron and hydrochloric acid to 
allow reduction of the nitro groups and simultaneous decarboxylation to give 
1,3,5-triaminobenzene. Acid hydrolysis (1 080 C) of the 1,3,5-triaminobenzene 
yields phloroglucinol. The use of this process was discontinued in the USA in the 
1970s due to problems associated with the waste disposal of acid liquors, iron, 
chromium and ammonium salts.9 Conversions of TNT to precursors we have 
found useful in our studies are shown in Figure 3. 

t J. 

Figure 3. Conversion of TNT to useful precursors. 

Conversion of TNT to TATB 

The conversion of TNT to TATB was originally described by R. L. Atkinslo and is 
illustrated in Figure 4. The ammonolysis of pentanitroaniline (PNA) yields TATB 
contaminated with polynitrophenol by-products (R. Atkins, personal comrnu- 
nication). We are seeking to improve the production of TATB from TNT with 
respect to waste minimization and increased purity. The recent work of M. F. 
Foltz (LLNL) in preparing 100-2000 pm crystalline TATB11 should facilitate our 
process development studies. 



TNT PNA TATB 

Figure 4. Conversion of TNT to TATB. 

Conversion of TNT to DATNT 

lyer has shown that the TNT molecule is significantly desensitized by substitution. 
of ring hydrogens by -NH2 groups.12 3,5-Diamino-2,4,6-trinitrotoluene (DATNT) 
is less impact-sensitive than TNT. The CJ pressure and detonation velocity 
calculated for DATNT indicate that it should be a more powerful explosive than 
TNT. The presently available syntheses of DATNT require relatively harsh 
reaction conditions and utilize starting materials that are either expensive or 
commercially unavailable.l2,13 

The direct amination of nitroarenes by vicarious nucleophilic substitution (VNS) of 
hydrogen was first reported by Meisenheimer and Patiig who described the 
reaction of hydroxylamine with 1,3dinitrobenzene to yield 2,4-dinitro-l93- 
phenylenediamine. 
sulfenamidesl5 as aminating agents in VNS reactions has been reported. We 
have directly converted TNT to DATNT using VNS reactions (Figure 5). The use 
of VNS reactions to prepare other energetic materials is under investigation. 

The use of 4-amino-l,2,4-triazoIe15 and various 

YNS Reaction 

/ 02Noo2 NO2 NO2 
M T  DATNT 

Figure 5. Conversion of TNT to DATNT by direct amination. 
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Conversion of TNT to TDI and NTDl 

Tolylene 2,4-diisocyanate (TDI) is the basic raw material for production of 
polyurethane foams. It is produced in a reaction sequence where toluene i’s 
dinitrated, the 2,4-dinitrotoluene hydrogenated to yield 2,4-diaminotoluene, which 
in turn is treated with phosgene to yield TDI. In a similar fashion TNT can be 
reduced to 2,4diamino-6-nitrotoluene and then converted to nitrotolylene 
diisocyanate (NTDI). The production of TDI and NTDl from toluene or TNT is 
illustrated in Figure 6. 

Figure 6. Preparation of TDI and NTDI. 

The preparation and characterization of NTDl as a component in the production 
of polyurethanes and related polymers is under investigation. The presence of 
the nitro group is expected to make NTDI a more reactive diisocyanate than TDI. 
This should allow for the production of very rapidly curing urethanes without the 
need for accelerating catalysts. The high reactivity rates of NTDl systems are 
expected to find application in reaction injection molding where a catalyst must 
currently be used to achieve short cycle times. 

Chelating Resins Derived from Trinitroarenes 

The aminopolycarboxylic acids are highly effective chelating ligands.17 They are 
essentially derived from aminoacetic acid (glycine) and related derivatives such 
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as iminodiacetic acid (IDA). The covalent binding of IDA to copolymers of 
styrene-divinylbenzene provides the basis for commercially available chelating 
ion exchange resins. These resins show unusually high selectivity for copper, 
iron and other heavy metals and have been employed in the removal of heavy 
metals from industrial waste streams. Unfortunately, carcinogenic chloromethyl 
methyl ether (CMME)I8 is required for the preparation of commercial chelating 
resins that incorporate polystyrene and IDA. The report of a chelating resin 
which incorporated a tetracarboxymethyl derivative of 3-phenylenediamine1 
suggested the possibility of preparing related materials by grafting trinitroarene- 
derived precursors onto copolymers of styrene-divinylbenzene. 

The general approach we are using (Figure 7) derives from strategies originally 
developed for the preparation of improved resin supports for solid phase peptide 
synthesis.20121 Pathway 1 shows the reduction of a trinitroarene to the 
corresponding triaminoarene followed by complete carboxymethylation prior40 
the incorporation (grafting) of the (IDA)3 -arene derivative onto the copolymer of 
styrene-divinylbenzene. Pathway 2 features the incorporation (grafting) of the 

COzH 

- 
HOZC 
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I @= copolymer of styrene-divinylbenzene @ 
X = H, OH, CHJ, OCk, NH, 

\ 
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Figure 7. General approach to chelating resins from trinitroarenes. 
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trinitroarene onto the styrene-divinylbenzene support prior to the reduction and 
carboxymethylation reactions. The Tscherniac-Einhorn reaction2**21 was 
modified to allow the amidoalkylation of polystyrene by a variety of amide and 
carbamate derivatives. Thus, N-picrylacetamide reacts with paraformaldehyde, 
trifluoromethanesulfonic acid and a copolymer of styrenedivinylbenzene in 
refluxing ethylene dichloride to give the desired amidoalkylation product at 
modest substitution levels. Acid hydrolysis of this product provides picryl- 
aminomethyl-polystyrene. 

Pathway 2 (Figure 7) was originally thought to be the more accessible route to 
the target resin. Limitations have been found in the reduction step, however. We 
have confirmed that although phenylhydrazine22 is the reagent of choice for 
smoothly reducing polynitroarenes to polyaminoarenes, it favors cleavage rather 
than reduction of both the dinitrophenyl and trinitrophenyl derivatives of 
aminomethyl-polystyrene (Figure 8). This finding indicates that pathway 1 
(Figure 7) will be the preferredsroute for the conversion of trinitroarenes and 
related compounds to chelating resins. 

NO- 

1” 
AcNHCH2@ 

Figure 8; Reduction of nitroarylaminomethylpolystyrene resins with 
phenyl hydrazine. 
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Summary and Conclusions 

The disposal of surplus explosives obtained from the demilitarization of nuclear 
and conventional weapons is a large and ever-growing problem with global con- 
sequences. Formerly acceptable and inexpensive destruction technologies 
(OB/OD) are losing acceptance due to environmental concerns. The chemical 
conversion of energetic materials to higher value products represents a win-win 
situation. Liabilities (surplus explosives) are converted to assets (useful 
products) and the environment is spared the burden of presently available 
destruction technologies. 
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