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METHODS OF PRODUCING NITRATE 
ESTERS 

TECHNICAL FIELD 

[0001] Embodiments of the present disclosure relate to 
nitrate ester synthesis and, more speci?cally, to methods of 
producing nitrate esters using ammonium nitrate and sulfuric 
acid. 

BACKGROUND 

[0002] Nitrate-ester plasticiZers are commonly used in 
commercial and military explosives and propellants. For 
example, glyceryl trinitrate (nitroglycerine, or simply NG) is 
used in dynamite and in double-base propellants, and trieth 
ylene glycol dinitrate (TEGDN) is used in tactical propellant 
systems. Nitrate esters are conventionally produced by a 
nitration reaction of a polyol With a so-called “mixed acid,” 
Which includes nitric acid (HNO3) and sulfuric acid (H2SO4). 
See, e.g., J. P. AgraWal and R. D. Hodgson, Organic Chem 
istry of Explosives, pp. 90 and 91 (2007). The mixed acid 
contains nitrating species, such as nitronium ions (NO2+), 
Which react With hydroxyl groups on a polyol starting mate 
rial, substituting a nitro group for the hydrogen in an O-nitra 
tion reaction. The mixed acid nitration reaction is used to 
synthesiZe NG from the polyol glycerin (glycerol) and 
TEGDN from the polyol triethylene glycol (TEG). These 
mixed acid nitration reactions may be performed in a BiaZZi 
nitrator or other continuous -type con?guration, such as a pipe 
nitrator. Mixed acid nitration reactions and reaction equip 
ment are described in Military Explosives, Dept. of the Army 
Technical Manual, TM No. 9-1300-214, pp. 8-10 to 8-13 
(1984). The mixed acid nitration reaction utiliZes an extended 
Washing train system to extract the nitrate ester. Nitration may 
also be conducted utiliZing only nitric acid, Which is referred 
to herein as a nitric acid nitration reaction. 

[0003] Other nitrate esters may be formed by similar 
mechanisms. For example, ethylene glycol dinitrate (EGDN 
or nitroglycol), diethylene glycol dinitrate (DEGDN), diglyc 
erol tetranitrate (DGTN), metriol trinitrate (MTN), 1,2,4 
butanetriol trinitrate (BTTN), 1,2-propanediol dinitrate 
(PDDN), trimethylolethane trinitrate (TMETN), and pen 
taerythritol tetranitrate (PETN) may be formed by the mixed 
acid nitration reaction of ethylene glycol, diethylene glycol, 
diglycerol, methyltrimethylolmethane (metriol), 1,2,4-bu 
tanetriol (BT), 1,2-propanediol, 1,1,1-tris(hydroxymethyl) 
ethane (THME), and pentaerythritol, respectively. 
[0004] HoWever, mixed acid nitration reactions have a 
number of disadvantages. Because the nitration reactions are 
exothermic, special care must be, and is, taken to avoid ther 
mal runaWay and explosions, especially in large-scale pro 
cesses. In addition, the high solubility and thermal instability 
of the nitrate esters in the mixed acid lead to poor separation 
of the nitrate ester. Furthermore, dissolved nitrate esters in the 
Waste acid may react With nitric acid, resulting in violent 
oxidative fume-off. An extended Water Washing train may be 
used to limit these problems. HoWever, additional processing 
equipment may be required to safely remove or destroy the 
nitrate ester residue present in the Waste Water streams. 

[0005] Furthermore, oxidative side reactions and fume-offs 
of nitric acid may reduce the concentration of the active 
nitrating agent in mixed acid nitrations. Therefore, excess 
nitric acid may be required for such reactions. In the case of 
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nitric acid nitration reactions, the molar ratio of HNO3 to 
‘OH is essentially in?nite since the nitric acid also serves as 
the solvent. 
[0006] Because of the dif?culty and expense of processing 
excess reagents and large volumes of haZardous Waste 
streams, some nitrate esters are not in production domesti 
cally. For example, the Naval Surface Warfare Center, Indian 
Head Division, and Copperhead Chemical have both stopped 
current production of TEGDN. The complexity of the 
required equipment makes production of some nitrate esters 
economically unattractive, leading to sporadic commercial 
availability of these compounds. 
[0007] Other methods of nitrating compounds are also 
knoWn. Carbon atoms of some aromatic compounds may be 
nitrated using a mixture of a nitrate salt and sulfuric acid, as 
described in US. Pat. No. 7,737,308, Which is assigned to the 
Assignee of the present application. A polycyclic nitramine, 
such as 4,10-dinitro-2,6,8,12-tetraoxa-4,10-diaZetetracyclo 
[5 .5 .0.05 903 ’l 1] dodecane (TEX), may be formed by nitration 
of nitrogen atoms on a cyclic hydrocarbon using ammonium 
nitrate as a nitrate source, as described in US. Pat. No. 5,529, 
649, Which is assigned to the Assignee of the present appli 
cation. 

BRIEF SUMMARY 

[0008] One embodiment of the present disclosure includes 
a method of producing a nitrate ester. The method comprises 
combining at least one nitrate salt and sulfuric acid to form a 
nitrating solution. An aliphatic polyol is added to the nitrating 
solution. 
[0009] Another embodiment of the present disclosure 
includes a method of producing a nitrate ester that comprises 
reacting an aliphatic polyol With a nitrating solution compris 
ing sulfuric acid and at least one nitrate salt. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming that Which is 
regarded as the invention, advantages of this invention may be 
more readily ascertained from the folloWing detailed descrip 
tion When read in conjunction With the accompanying draW 
ing in Which: 
[0011] FIGS. 1 through 6 comprise HPLC/UV chromato 
grams shoWing the purity of nitrate esters formed according 
to embodiments of the present disclosure. 

DETAILED DESCRIPTION 

[0012] Methods of producing a nitrate ester are described. 
The methods utiliZe a nitrating solution that includes a nitrate 
salt and sulfuric acid as a nitrating source. Nitric acid is 
formed in situ by the reaction of the nitrate salt With the 
sulfuric acid. By reacting an aliphatic polyol With nitronium 
ions in the nitrating solution, at least one nitro functional 
group (iNO2) may be added to oxygen atoms of hydroxyl 
groups of the aliphatic polyol, producing the nitrate ester. By 
utiliZing the nitrating solution, the nitrate ester may be pro 
duced under milder (i.e., less oxidiZing) conditions than the 
mixed acid nitration reaction, Which reduces safety concerns 
and costs associated With disposal of haZardous Waste 
streams. 

[0013] To form the nitrate ester, the aliphatic polyol and the 
nitrating solution may be combined in a reaction vessel to 
produce a reaction mixture. As previously described, the 
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nitrating solution may include the nitrate salt and sulfuric 
acid. The aliphatic polyol may be directly nitrated by nitro 
nium ions in the nitrating solution. The term “directly 
nitrated” means and includes nitrating the aliphatic polyol in 
a single reaction act, Without forming an intermediate com 
pound that is subsequently nitrated. The aliphatic polyol may 
be a starting material for the nitrate ester. Depending on the 
nitrate ester to be formed, the aliphatic polyol may be TEG, 
pentaerythritol, diglycerol, 1, 1, 1 -tris(hydroxymethyl) 
ethane (THME), 1,2,4-butanetriol (BT), glycerin, diethylene 
glycol, ethylene glycol, metriol, cellulose, or 1,2-pro 
panediol. The aliphatic polyol may be a solid (e.g., pen 
taerythritol or THME) or a liquid (e.g., TEG, diglycerol, or 
glycerin) at room temperature. 

[0014] The nitrate salt may be sodium nitrate (NaNO3), 
potassium nitrate (KNO3), ammonium nitrate (NH4NO3), 
calcium nitrate (Ca(NO3)2), magnesium nitrate (Mg(NO3)2), 
another metal nitrate, or a combination thereof. In one 

embodiment, the nitrate salt is ammonium nitrate. The nitrate 
salt may be commercially available from various sources, 
such as from Sigma-Aldrich Co. (St. Louis, Mo.) or from 
Acros Organics (Morris Plains, N.J.). The sulfuric acid may 
be concentrated sulfuric acid (from about 95% to about 98% 
sulfuric acid), Which is commercially available from various 
sources, such as from Sigma-Aldrich Co. (St. Louis, Mo.). 
HoWever, a loWer concentration of sulfuric acid may also be 
used, Wherein sulfuric acid is purchased commercially at a 
loWer concentration, or Wherein concentrated sulfuric acid is 
diluted, such as With Water. The diluted sulfuric acid may 
include a su?icient concentration of sulfuric acid to form 
nitronium ions, as described beloW. The diluted sulfuric acid 
may include a sulfuric acid concentration of greater than or 
equal to about 50% by Weight (Wt %). For instance, in some 
embodiments, the sulfuric acid solution may include from 
about 70 Wt % to about 95 Wt % sulfuric acid, such as about 80 
Wt % sulfuric acid, With Water accounting for the remainder of 
the solution. The term “sulfuric acid” is used herein to refer to 
a concentrated sulfuric acid or a solution of concentrated 

sulfuric acid diluted With Water. Without being bound by a 
particular theory, Water, if present in the nitrating solution, 
may improve the yield of the nitrate ester. For example, the 
aliphatic polyol may be a viscous liquid that is more soluble 
in Water than in concentrated sulfuric acid. Likewise, the 
nitrate salt may be more soluble in Water than in concentrated 
sulfuric acid. By diluting the sulfuric acid With Water, the 
solubility of the aliphatic polyol and the nitrate salt in the 
reaction mixture may be increased, Which increases the rate 
of the nitration reaction and enables shorter reaction times. 

[0015] The nitrating solution may be produced by combin 
ing the nitrate salt and the sulfuric acid. The sulfuric acid may 
be cooled, such as to a temperature of about 50 C., before 
adding the nitrate salt. The temperature of the sulfuric acid 
may be reduced using a cooling source, such as an ice bath or 
a cooling or heat exchange system. For safety reasons, the 
sulfuric acid may be maintained at a temperature beloW about 
20° C., such as beloW about 15° C., as the nitrate salt is added. 
HoWever, the nitrating solution may be maintained at a higher 
temperature if an increased reaction rate is desired. Nitric acid 
is formed in situ by the reaction of the nitrate salt and the 
sulfuric acid. At any given time, the nitrating solution may 
include the nitrate salt, sulfuric acid, nitric acid, nitronium 
ions (iNOf), and H20. The nitrating solution may be 
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milder than a mixed acid system (a mixture of sulfuric acid 
and nitric acids) due to the additional equilibrium that pro 
duces the nitronium ion: 

This equilibrium enables better control over the active nitrat 
ing species and suppresses the amount of oxidiZing species 
present at any given time in solution. 
[0016] The aliphatic polyol may be added to the nitrating 
solution, With stirring, to form the reaction mixture. The 
aliphatic polyol may be added to the nitrating solution step 
Wise, continuously, or in a single portion. The nitration reac 
tion may be conducted in a conventional reaction vessel, such 
as a round-bottom ?ask or a reactor. The reaction vessel may 
be compatible With the conditions of the nitration reaction. By 
Way of example, When commercial quantities of the nitrate 
ester are to be produced, the reaction vessel may be a 5-, 50-, 
or 500-gallon Pfaudler type glass-lined reactor. During the 
addition of the aliphatic polyol, the nitrating solution may be 
cooled (e.g., With an ice bath or a cooling or heat exchange 
system) because the addition of the aliphatic polyol may be 
exothermic. Once the temperature of the reaction mixture 
starts to decrease, the cooling source may be removed or 
operation thereof stopped. During the nitration reaction, the 
temperature of the reaction mixture may be maintained 
betWeen about 0° C. and about 80° C., such as from about 10° 
C. to about 70° C. or from about 20° C. to about 50° C. For 
safety reasons, the reaction mixture may initially be main 
tained at a temperature of less than or equal to about 15° C. 
and then Warmed to room (ambient) temperature (from about 
20° C. to about 25° C.). HoWever, the reaction mixture may be 
maintained at a higher temperature if an increased reaction 
rate is desired, so long as the nitrate ester does not degrade. 
Unlike mixed acid nitration reactions, the reaction mixture of 
the method of the present disclosure may be heated Without 
fuming off nitric acid or other observable oxidiZed nitrogen 
species (e.g., NOX). Since a higher temperature corresponds 
to a higher reaction rate, the reaction time of the method of the 
present disclosure may be decreased by heating the reaction 
vessel or by removing the cooling source, such as the ice bath. 
[0017] The nitronium ions in the nitrating solution may 
react With the aliphatic polyol, forming the nitrate ester, 
ammonium sulfate, and excess sulfuric acid. Depending on 
the aliphatic polyol used, the nitrate ester produced may be 
TEGDN, PETN, DGTN, TMETN, BTTN, NG, DEGDN, 
EGDN, MTN, nitrocellulose (NC), or PDDN. The reaction 
mixture may include from about 1 .0 molar equivalent to about 
2.0 molar equivalents of the nitrate salt for each hydroxyl 
group on the aliphatic polyol. By Way of example, 1.0 molar 
equivalent of the nitrate salt, 1.1 molar equivalents of the 
nitrate salt, 1.2 molar equivalents of the nitrate salt, 1.5 molar 
equivalents of the nitrate salt, or 2.0 molar equivalents of the 
nitrate salt may be used. While equimolar amounts of the 
nitrate salt relative to the number of hydroxyl groups on the 
aliphatic polyol may be used, to ensure complete nitration of 
the aliphatic polyol, the reaction mixture may include about 
tWo or more molar equivalents of the nitrate salt for each 
hydroxyl group on the aliphatic polyol. By Way of example, if 
TEGDN is to be produced from TEG, four molar equivalents 
of the nitrate salt may be used per molar equivalent of TEG 
since TEG has tWo hydroxyl groups. Using greater than tWo 
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molar equivalents of the nitrate salt for each hydroxyl group 
on the aliphatic polyol may enable the nitration reaction to be 
conducted at an increased reaction rate or produce an 
increased yield of the nitrate ester. By using the nitrate salt as 
the nitrating source, instead of nitric acid (as in the mixed acid 
nitration reaction), a loWer molar ratio of nitronium ions may 
be utiliZed for complete reaction With the aliphatic polyol. In 
contrast, in mixed acid nitration reactions or nitric acid nitra 
tion reactions, about 2.2 moles of nitric acid or more per 
hydroxyl group on the polyol are used to ensure completion of 
the nitration reaction. 

[0018] The aliphatic polyol may be reacted With the nitrat 
ing solution for an amount of time suf?cient for the nitrate 
ester to form. By Way of example, the reaction time may range 
from about 10 minutes to about 4 hours. HoWever, the reac 
tion time may be longer or shorter depending on the reaction 
conditions. Furthermore, While the nitration reaction is 
described herein as being conducted in a batch process, the 
nitration reaction may be conducted in a continuous ?oW 
process, in Which case the reaction time may vary depending 
on factors such as reactor volume and How rate. The continu 
ous ?oW process may be conducted in a BiaZZi reactor or 
other suitable reactor con?gured for a continuous ?oW pro 
cess. 

[0019] UtiliZing the nitrate salt as the nitrating source may 
limit the amount of nitric acid present in the nitrating solution 
at any one time, Which in turn, is believed to limit undesirable 
oxidative side reactions of the aliphatic polyol or of interme 
diate reaction products. Excess nitric acid is believed to be 
responsible for the oxidative “fume off’ behavior of Waste 
streams in the mixed acid nitration reaction. Reducing the 
concentration of excess nitric acid in the method of the 
present disclosure may reduce or eliminate safety and dis 
posal concerns With the nitric acid. In addition, utiliZing the 
nitrating solution of the present disclosure may reduce or 
eliminate the handling of nitric acid, Which is highly corrosive 
and toxic. The nitrate salt of the nitrating solution is less 
haZardous than nitric acid and, therefore, may be easier to 
store and use. Because the nitrating solution is milder than the 
mixed acid system, the nitration reaction may be conducted in 
a conventional reaction vessel, rather than utiliZing the BiaZZi 
nitrator and the Washing train system of the mixed acid nitra 
tion reaction. Therefore, the method of producing the nitrate 
ester according to the present disclosure may be less complex 
than the mixed acid nitration reaction. 
[0020] The reduced nitric acid concentration in the nitrat 
ing solution may also minimiZe the amount of nitrate ester 
remaining in a Waste stream of the nitration reaction because 
the nitrate ester is less soluble in the reaction mixture than in 
the mixed acid system of a mixed acid nitration reaction. 
Since degradation and oxidation of the nitrate ester may occur 
When the nitrate ester is exposed to a high concentration of 
nitric acid, the method of the present disclosure may avoid 
such negative effects due to the loWer solubility of the nitrate 
ester in the reaction mixture. Furthermore, a higher yield of 
the nitrate ester may be achieved because of a loWer rate of 
oxidation of the nitrate ester. The loWer nitric acid concentra 
tion in the reaction mixture may also limit or minimiZe the 
amount of haZardous products, such as oxides of nitrogen 
(NOX), formed during nitration of the aliphatic polyol and 
separation of the nitrate ester. 
[0021] After formation of the nitrate ester, the reaction 
mixture may be quenched so that the nitrate ester may be 
recovered. By Way of example, the nitration reaction may be 
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quenched by adding ice to the reaction mixture, Which 
decreases the sulfuric acid concentration and the temperature 
of the reaction mixture. In addition to the nitrate ester, inter 
mediate reaction products in Which the aliphatic polyol is not 
completely nitrated (e.g., under-nitrated intermediate reac 
tion products) may be present in the reaction mixture. The 
identity and concentration of such intermediate reaction 
products may vary based on the reaction conditions preceding 
the quenching. Such intermediate reaction products may be 
separated from the nitrate ester products and recycled (e. g., 
into anotherbatch reaction mixture, or back into a feed stream 
of a continuous ?oW reaction). The concentration of such 
intermediate reaction products may be minimiZed by select 
ing appropriate operating conditions. 
[0022] Since the nitrate ester produced by the nitration 
reaction is relatively insoluble in Water, an emulsion of the 
nitrate ester in the reaction mixture may be formed. The 
nitrate ester may be isolated from the reaction mixture, such 
as by using conventional ?ltration techniques or conventional 
liquid-liquid separation or extraction techniques, Which are 
not described in detail herein. The separation technique may 
be determined by a person of ordinary skill in the art depend 
ing on Whether the nitrate ester is a solid or a liquid. If the 
nitrate ester is a solid, such as PETN, the nitrate ester may be 
isolated from the reaction mixture by ?ltration and Washed 
With Water and/ or an aqueous base (e. g., sodium bicarbonate). 
If the nitrate ester is a liquid, such as TEGDN, the nitrate ester 
may be extracted With an organic solvent, dried, and concen 
trated. The organic solvent may be methylene chloride, ethyl 
acetate, butyl acetate, chloroform, or other Water immiscible 
liquid in Which the nitrate ester is soluble. 

[0023] After separation, the nitrate ester may be Washed, 
dried, and concentrated to remove byproducts (e.g., under 
nitrated intermediate reaction products) or contaminants of 
the nitration reaction. The yield of the resulting nitrate ester 
may be greater than about 50%, such as greater than about 
60%, greater than about 70%, greater than about 80%, or 
greater than about 90%. The nitrate ester may be substantially 
pure, such as greater than 90% purity. If, hoWever, a higher 
purity is desired, the nitrate ester may be subjected to addi 
tional puri?cation, such as chromatography, recrystallization, 
or ?ltration. Because of the loWer amounts of byproducts 
formed and the loWer solubility of the nitrate ester in the 
reaction mixture, the number of Washing acts to separate the 
nitrate ester from the reaction mixture may be reduced. This 
may lead to a decrease in the generation of liquid Waste that 
contains the nitrate ester, an energetic material, and, thus, 
disposal costs and overall operating costs for the production 
of the nitrate ester may be reduced. 

[0024] The nitrate ester may be utiliZed as a plasticiZer in a 
propellant, explosive, or other energetic composition. Such 
compositions are knoWn in the art and, therefore, other com 
ponents of such compositions are not described in detail 
herein. The nitrate ester may have suf?cient purity to mini 
miZe degradation of other components in a composition since 
impurities from the nitration reaction may be incompatible 
With the other components. For example, in military applica 
tions in Which compositions that include the nitrate ester are 
manufactured years in advance of When they Will be used, 
long-term stability may be important. This may be especially 
true for propellants or explosives stored near personnel (e. g., 
on vessels at sea) or in extreme conditions (e.g., in desert 
magaZines). In such cases, users of the compositions may 
demand not only high purity, but characteriZation of the 
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impurities in the composition, such as those in the nitrate 
ester. Utilizing appropriate separation techniques to recover 
the nitrate ester may reduce or eliminate problems associated 
With impurities in ?nished propellants and explosives, includ 
ing necessary characterization of impurities before use, deg 
radation of impurities, and reactions of impurities With other 
components of the compositions. 
[0025] The following examples serve to explain embodi 
ments of the method of forming nitrate esters in more detail. 
These examples are not to be construed as being exhaustive or 
exclusive as to the scope of the invention. 

EXAMPLES 

[0026] The polyol precursors Were purchased from com 
mercial sources, such as Sigma-Aldrich Co. (St. Louis, Mo.) 
or Solvay Solexis, Inc. (West Deptford, N.J.). Ammonium 
nitrate (298% purity) Was purchased from Sigma-Aldrich 
Co. (St. Louis, Mo.). Sulfuric acid (95%-98% concentration) 
Was purchased from Acros Organics (Morris Plains, N.J.). 

Example 1 
Nitration of Triethylene Glycol (TEG) to form Tri 

ethylene Glycol Dinitrate (TEGDN) 
[0027] A round-bottom ?ask Was charged With a magnetic 
stir bar and 10 mL of sulfuric acid, and then chilled in an ice 
bath. Ammonium nitrate (4.8 g (60 mmol)) Was added at a rate 
such that the temperature of the nitrating solution did not 
exceed 20° C. TEG (2 mL (15 mmol), 99% purity, purchased 
from Sigma-Aldrich Co.) Was added at a rate such that the 
temperature of the reaction mixture did not exceed 200 C. 
Once all the TEG Was added and the temperature of the 
reaction mixture began to decrease, the ice bath Was removed 
and the reaction mixture Was stirred for 2 hours at ambient 
conditions. The reaction mixture Was added in one portion to 
50 g crushed ice and stirred gently until all the ice melted. The 
resulting emulsion Was transferred to a separatory funnel and 
extracted three times With 20 mL methylene chloride. The 
combined organic extracts Were dried With MgSO4 and then 
concentrated to produce TEGDN as a clear colorless liquid 
(2.27 g of TEGDN, a 63% yield). The reaction is shoWn 
beloW: 

TEGDN 

[0028] The TEGDN Was characterized by proton and car 
bon nuclear magnetic resonance (1H NMR, 13 C NMR) spec 
troscopy and high performance liquid chromatography 
(HPLC). These analyses Were conducted according to con 
ventional techniques and, therefore, are not described in 
detail herein. As shoWn in FIG. 1, the TEGDN Was about 98% 
pure. The 1H and 13 C NMR spectra (not shoWn) con?rmed the 
synthesis of TEGDN. 

Example 2 
Nitration of Pentaerythritol to form Pentaerythritol 

Tetranitrate (PETN) 
[0029] A round-bottom ?ask Was charged With a magnetic 
stir bar and 10 mL of sulfuric acid, and then chilled in an ice 
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bath. Ammonium nitrate (2.36 g (29.4 mmol)) Was added at a 
rate such that the temperature of the nitrating solution did not 
exceed 15° C. Pentaerythritol (0.5 g (3.7 mmol), 299% 
purity, purchased from Sigma-Aldrich Co.) Was added in a 
single portion, With no notable exotherrn. The ice bath Was 
removed and the reaction mixture Was stirred for 2 hours at 
ambient conditions. The reaction mixture Was added in one 
portion to 50 g crushed ice and stirred gently until all the ice 
melted. The resulting precipitate Was separated by ?ltration, 
rinsed With cold Water, and air dried to produce PETN as a 
White solid (0.72 g of PETN, a 62% yield). The reaction is 
shoWn beloW: 

pentaerythritol 

OZNO oNo2. 

OZNO XONOZ 
PETN 

[0030] The PETN Was characterized by 1H and 13 C NMR 
spectroscopy and HPLC. As shoWn in FIG. 2, the PETN Was 
about 94% pure. The 1H and 13C NMR spectra (not shoWn) 
con?rmed the synthesis of PETN 

Example 3 

Nitration of Diglycerol to form Diglycerol Tetrani 
trate (DGTN) 

[0031] A round-bottom ?ask Was charged With a magnetic 
stir bar and 10 mL of sulfuric acid, and then chilled in an ice 
bath. Ammonium nitrate (3.85 g (48.1 mmol)) Was added at a 
rate such that the temperature of the nitrating solution did not 
exceed 150 C. Diglycerol (1.0 g (6.01 mmol), >90% purity, 
purchased from Solvay Solexis, Inc.) was added at a rate such 
that the temperature of the reaction mixture did not exceed 
150 C. Once all the diglycerol Was added and the temperature 
of the reaction mixture began to decrease, the ice bath Was 
removed and the reaction mixture Was stirred for 1.5 hours at 
ambient conditions. The reaction mixture Was added in one 
portion to 50 g crushed ice and stirred gently until all the ice 
melted. The resulting emulsion Was transferred to a separa 
tory funnel and extracted three times With 25 mL methylene 
chloride. The combined organic extracts Were dried With 
MgSO4 and then concentrated to produce DGTN as a clear 
pale yelloW liquid (1.17 g of DGTN, a 56% yield). The 
reaction is shoWn beloW: 

di glycerol 

ONOZ ONOZ 

OZNO o oNo2. 
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[0032] The DGTN Was characterized by 1H and 13C NMR 
spectroscopy and HPLC. As shown in FIG. 3, the DGTN Was 
about 96% pure. The 1H and 13C NMR spectra (not shoWn) 
con?rmed the synthesis of DGTN. 

Example 4 

Nitration of 1,1,1-Tris(hydroxymethyl)-ethane 
(THME) to form 1,1,1-Tris(methylol)ethane trini 

trate (TMETN) 

[0033] A round-bottom ?ask Was charged With a magnetic 
stir bar and 10 mL of sulfuric acid, and then chilled in an ice 
bath. Ammonium nitrate (2.0 g (25 mmol)) Was added at a rate 
such that the temperature of the nitrating solution did not 
exceed 15° C. THME (0.5 g (4.16 mmol), 99% purity, pur 
chased from Sigma-Aldrich Co.) Was added in a single por 
tion. The reaction mixture Was stirred at a temperature from 
about 0° C. to about 5° C. for 4 hours. The reaction mixture 
Was added in one portion to 50 g crushed ice and stirred gently 
until all the ice melted. The resulting emulsion Was trans 
ferred to a separatory funnel and extracted three times With 25 
mL methylene chloride. The combined organic extracts Were 
dried With MgSO4 and then concentrated to produce TMETN 
as a clear colorless liquid (0.54 g of TMETN, a 51% yield). 
The reaction is shoWn beloW: 

OH 

HO OH + 6NH4NO3 W 

THME 

oNo2 

OZNO oNo2. 

TMETN 

[0034] The TMETN Was characterized by 1H and 13C NMR 
spectroscopy and HPLC. As shoWn in FIG. 4, the TMETN 
Was about 93% pure. The 1H and 13C NMR spectra (not 
shoWn) con?rmed the synthesis of TMETN. 

Example 5 

Nitration of 1,2,4-Butanetriol (BT) to form 1,2,4 
Butanetriol Trinitrate (BTTN) 

[0035] A round-bottom ?ask Was charged With a magnetic 
stir bar and 25 mL of sulfuric acid, and then chilled in an ice 
bath. Ammonium nitrate (10.76 g (134.4 mmol)) Was added at 
a rate such that the temperature of the nitrating solution did 
not exceed 150 C. BT (2 mL (22.4 mmol), 95% purity, pur 
chased from Sigma-Aldrich Co.) Was added at a rate such that 
the temperature of the reaction mixture did not exceed 150 C. 
Once all the BT Was added and the temperature of the reaction 
mixture began to decrease, the ice bath Was removed and the 
reaction Was stirred for 3 hours at ambient conditions. The 
reaction mixture Was added in one portion to 100 g crushed 
ice and stirred gently until all the ice melted. The resulting 
emulsion Was transferred to a separatory funnel and extracted 
four times With 25 mL methylene chloride. The combined 
organic extracts Were dried With MgSO4 and then concen 
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trated to produce BTTN as a clear pale yelloW liquid (4.3 g of 
BTTN, an 80% yield). The reaction is shoWn beloW: 

[0036] The BTTN Was characterized by 1H and 13C NMR 
spectroscopy and HPLC. As shoWn in FIG. 5, the BTTN Was 
about 97% pure. The 1H and 13C NMR spectra (not shoWn) 
con?rmed the synthesis of BTTN. 

Example 6 

Nitration of Glycerin to form Nitroglycerin (N G) 

[0037] A round-bottom ?ask Was charged With a magnetic 
stir bar and 20 mL of sulfuric acid, and then chilled in an ice 
bath. Ammonium nitrate (13.04 g (162.9 mmol)) Was added at 
a rate such that the temperature of the nitrating solution did 
not exceed 150 C. Glycerin (2 mL (27.15 mmol), 100% purity, 
purchased from Sigma-Aldrich Co.) Was added at a rate such 
that the temperature of the reaction mixture did not exceed 
150 C. Once all the glycerin Was added and the temperature of 
the reaction mixture began to decrease, the ice bath Was 
removed and the reaction mixture Was stirred for 3 hours at 
ambient conditions. The reaction mixture Was added in one 
portion to 100 g crushed ice and stirred gently until all the ice 
melted. The resulting emulsion Was transferred to a separa 
tory funnel and extracted four times With 25 mL methylene 
chloride. The combined organic extracts Were dried With 
MgSO4 and then concentrated to produce NG as a clear pale 
yelloW liquid (5.93 g of NG, a 96% yield). The reaction is 
shoWn beloW: 

OH 

HO\)\/OH + 6NH4NO3 W 
glycerin 

ONOZ 

OZNO ONOZ. 

NG 

[0038] The NG Was characterized by 1H and 13C NMR 
spectroscopy and HPLC. As shoWn in FIG. 6, the NG Was 
about 96% pure. The 1H and 13C NMR spectra (not shoWn) 
con?rmed the synthesis of NG. 
[0039] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments have 
been shoWn by Way of example in the draWings and have been 
described in detail herein. HoWever, the invention is not 
intended to be limited to the particular forms disclosed. 
Rather, the invention is to cover all modi?cations, equiva 
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lents, and alternatives falling Within the scope of the invention 
as de?ned by the following appended claims and their legal 
equivalents. 
What is claimed is: 
1. A method of producing a nitrate ester, comprising: 
combining at least one nitrate salt and sulfuric acid to form 

a nitrating solution; and 
adding an aliphatic polyol to the nitrating solution. 
2. The method of claim 1, Wherein combining at least one 

nitrate salt and sulfuric acid to form a nitrating solution com 
prises combining the at least one nitrate salt With from about 
50% by Weight to about 98% by Weight of sulfuric acid. 

3. The method of claim 1, Wherein combining at least one 
nitrate salt and sulfuric acid to form a nitrating solution com 
prises combining at least one of sodium nitrate, potassium 
nitrate, ammonium nitrate, calcium nitrate, and magnesium 
nitrate With the sulfuric acid. 

4. The method of claim 1, Wherein combining at least one 
nitrate salt and sulfuric acid to form a nitrating solution com 
prises adding the at least one nitrate salt into the sulfuric acid 
at a temperature of less than about 20° C. 

5. The method of claim 1, Wherein adding an aliphatic 
polyol to the nitrating solution comprises adding at least one 
of triethylene glycol, pentaerythritol, diglycerol, l,l,l-tris 
(hydroXymethyl)-ethane, 1,2,4-butanetriol, glycerin, diethyl 
ene glycol, ethylene glycol, metriol, cellulose, and 1,2-pro 
panediol to the nitrating solution. 

6. The method of claim 1, Wherein adding an aliphatic 
polyol to the nitrating solution comprises adding the aliphatic 
polyol to the nitrating solution comprising from about one 
molar equivalent to about tWo molar equivalents of the at least 
one nitrate salt for each hydroxyl group of the aliphatic 
polyol. 

7. The method of claim 1, Wherein adding an aliphatic 
polyol to the nitrating solution comprises adding the aliphatic 
polyol to the nitrating solution at a temperature Within a range 
of from about 0° C. to about 80° C. 

8. The method of claim 1, Wherein adding an aliphatic 
polyol to the nitrating solution comprises reacting nitronium 
ions in the nitrating solution With oxygen atoms of the ali 
phatic polyol. 

9. A method of producing a nitrate ester, comprising react 
ing an aliphatic polyol With a nitrating solution comprising 
sulfuric acid and at least one nitrate salt. 

10. The method of claim 9, Wherein reacting an aliphatic 
polyol With a nitrating solution comprising sulfuric acid and 
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at least one nitrate salt comprises reacting the aliphatic 
polyol, the sulfuric acid, the at least one nitrate salt, and Water. 

11. The method of claim 9, Wherein reacting an aliphatic 
polyol With a nitrating solution comprising sulfuric acid and 
at least one nitrate salt comprises producing a nitrate ester. 

12. The method of claim 11, Wherein reacting an aliphatic 
polyol With a nitrating solution comprising sulfuric acid and 
at least one nitrate salt comprises reacting an aliphatic polyol 
With a nitrating solution comprising from about one molar 
equivalent to about tWo molar equivalents of the at least one 
nitrate salt for each nitrate group of the nitrate ester. 

13. The method of claim 11, Wherein producing a nitrate 
ester comprises producing triethylene glycol dinitrate, pen 
taerythritol tetranitrate, di glycerol tetranitrate, l, l , l -tris(me 
thylol)ethane trinitrate, l,2,4-butanetriol trinitrate, nitroglyc 
erin, diethylene glycol dinitrate, ethylene glycol dinitrate, 
metriol trinitrate, nitrocellulose, or l,2-propanediol dinitrate. 

14. The method of claim 9, Wherein reacting an aliphatic 
polyol With a nitrating solution comprising sulfuric acid and 
at least one nitrate salt comprises adding the at least one 
nitrate salt to the sulfuric acid at a temperature in a range of 
less than about 20° C. 

15. The method of claim 9, Wherein reacting an aliphatic 
polyol With a nitrating solution comprising sulfuric acid and 
at least one nitrate salt comprises adding the aliphatic polyol 
to the nitrating solution at a temperature of less than about 80° 
C. 

16. The method of claim 9, Wherein reacting an aliphatic 
polyol With a nitrating solution comprising sulfuric acid and 
at least one nitrate salt comprises: 

adding the at least one nitrate salt to the sulfuric acid at a 
temperature in a range of from about 0° C. to about 20° 
C.; and 

combining the aliphatic polyol With the nitrating solution 
at a temperature in a range of from about 0° C. to about 
80° C. to form a reaction mixture. 

17. The method of claim 16, further comprising separating 
a nitrate ester from the reaction mixture. 

18. The method of claim 17, further comprising purifying 
the nitrate ester. 


